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RCA Solid State 
Total Data Service System 

The RCA Solid State DATABOOKS are supplemented 

throughout the year by a comprehensive data service system 

that keeps you aware of all new device announcements and 

lets you obtain as much or as little product information as 

you need — when you need it. 

New solid-state devices and related publications announced 

during the year are described in a monthly newsletter entitled 

"What's New in Solid State". If you obtained your DATA-

BOOK(s) directly from RCA, your name is already on the 

mailing list for this newsletter. If you obtained your book(s) 

from a source other than RCA and wish to receive the news-
letter, please fill out the form on page 4, detach it, and mail it 

to RCA. 

Each newsletter issue contains a "bingo"-type fast-response 

form for your use in requesting information on new devices 

of interest to you. If you wish to receive all new product in-

formation published throughout the year, you may subscribe 

to a mailing service which will bring you all new data sheets, 

application notes, and product guides in a package every 

other month. You can also obtain a binder for easy filing of 

all your supplementary material. Provisions for obtaining in-

formation on the update mailing service and the binder are 

included in the order form on page 4. 

Because we are interested in your reaction to this approach 

to data service, we invite you to add your comments to the 

form when you return it, or to send your remarks to one of 

the addresses listed at the top of the form. We solicit your 

constructive criticism to help us improve our service to you. 
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Order Form for "What's New in Solid State" 
and for further information on Update Mailings and Binders 

Please fill out just one copy of this form, and mail it to: 

(a) from U.S.A. and Canada: 

RCA Solid State Division 
Box 3200 
Somerville, N. J., U.S.A. 08876 

(b) from Latin America and Far East: 

RCA Solid State 
International Sales 
Somerville, N. J., U.S.A. 08876 

(c) from United Kingdom, Europe, Middle East, and Africa: 

RCA Limited 
Sunbury-on-Thames 
Middlesex TW16 7HW, England 

RCA s.a. 
or 4400 Herstal 

Liege, Belgium 

El Please add my name to the mailing list for "What's New in Solid State" 

Name 

Company 

Address 

Home D 
Business CI 

Please send me details on obtaining update mailings for my DATABOOKS 

and a binder for filing of supplementary material. 

(Last) (Initials) 

(Number) 

(City) 

(Street, RFD, P.O. Box) 

(State or Prov.) 

Function: (Check One) 

Au Executive/Administration 
B D Purchasing/Procurement 
C o Research/Development 
DO Design Engineer 
E 0 Application/Components 

Engineer 

F O Production/Manufacturing 
Go Documentation/Library 
H 0 Reliability/OA 
I 0 Education/Training 
J o Program/Project Management 
K D Marketing 

(Country) 

Activity: (Check One) 

A o 
B o 
Co 
D 0 
E 
F 
G O 
Ho 
I o 
J 
K o 
L 
M 
N 
00 
P 

Broadcast 
Communication 
Instrumentation/Control 
Computer/Data Processing 
Computer, Peripheral 
Automotive 
Industrial 
Medical 
Research 
Transportation 
Consumer, Electronic 
Consumer, Appliance 
Space 
Ordnance 
Avionics 
Electronic Warfare 

(Zip or Pstl. Zone) 

Product Interest: 
find cate order of interest d 
more than one is marked) 

AD Linear IC's 

BD Digital IC's, COS/MOS 

CD Digital IC's, Bipolar 

DD Thyristors/Rectifiers 

ED Liquid Crystals 

F DSemiconductor Diodes 

GE RF Power Semiconductors 

HDMOSFETS 

I DPower Transistors 

J DPower Hybrid Circuits 
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Index to RF Power Devices 
Output Power (W) or Frequency Supply File 

Type No. Noise Figure (dB) (MHz) Voltage IV) No. Page 

2N918 NF = 6 60 6-15(VcE) 83 18 
2N1491 0.01 70 20 10 22 
2N1492 0.1 70 30 10 22 

2N1493 0.5 70 50 10 22 
2N2631 7.5 50 28 32 26 

2N2857 NF = 4.5 450 6-15(VcE) 61 31 

2N2876 10 50 28 32 26 
2N3118 1 50 28 42 35 
2N3119 1 50 28 44 39 
2N3229 15 50 50 50 43 

2N3262 56 46 
Uigge 

2N3375 3 400 28 386 50 
2N3478 NF = 4.5 200 6-15 (VcE) 77 58 
2N3553 2.5 175 28 386 50 

2N3600 NF = 4.5 200 6-15 (VcE) 83 18 

2N3632 13.5 175 28 386 50 
2N3733 10 400 28 72 62 

2N3839 NF = 3.9 450 6-15 (VcE) 229 67 
2N3866 1 400 28 80 71 

2N4012 2.5 1000 28 90 75 
(tripler) 

2N4427 1 175 12 228 79 
2N4440 5 400 28 217 85 

2N4932 12 88 13.5 249 90 

2N4933 20 88 24 249 90 
2N5016 15 400 28 255 94 
2N5070 25 ( PEP) 30 28 268 98 

2N5071 24 76 24 269 103 
2N5090 1.2 400 28 270 107 
2N5102 15 136 24 279 111 
2N5108 1 1000 28 280 116 
2N5109 NF = 3 200 15 281 120 

2N5179 NF = 4.5 200 61VcE) 288 126 
2N5180 NF = 2.5 200 8(VcE) 289 132 
2N5470 1 2000 28 350 136 
2N591 3 2 470 12 423 142 

2N5914 2 470 12 424 148 

2N5915 6 470 12 424 148 
2N5916 2 400 28 425 154 
2N5917 2 400 28 425 154 
2N5918 10 400 28 448 160 
2N5919 16 400 28 426 165 

2N5919A 16 400 28 505 172 

2N5920 2 2000 28 440 178 
2N5921 5 2000 28 427 184 

2N5992 7 88 12.5 451 192 
2N5993 18 88 12.5 452 197 

2N5994 15 & 35 118 & 175 12.5 & 28 453 202 
2N5995 7 175 12.5 454 208 

2N5996 15 175 12.5 455 213 
2N6093 75(PEP) 30 28 484 219 

2N6104 30 400 28 504 224 

2N6105 30 400 28 504 224 
2N6265 2 2000 28 543 231 
2N6266 5 2000 28 544 237 
2N6267 10 2000 28 545 243 
2N6268 2 2300 22 546 249 

2N6269 6.5 2300 22 546 249 

Output Power (WI or 

Noise Figure (dB) Frequency Supply File 
Type No. or Power Gain (dB) (MHz) Voltage (V) No. Page 

40080 0.1 27 12 301 260 

40081 0.4 27 12 301 260 

40082 3 27 12 301 260 
40279 Premium high-reliability version of 2N3375 46 264 

40280 1 175 13.5 ee 268 
40281 4 175 13.5 68 268 
40282 12 175 13.5 68 268 
40290 2 135 12.5 70 272 

40291 2 135 12.5 70 272 

40292 6 135 12.5 70 272 
40294 Premium high-reliability version of 2N2857 202 276 
40296 Premium high-reliability version of 2N3839 603 283 
40305 Premium high-reliability version of 2N3553 144 290 
40 306 Premium high-reliability version of 2N3375 144 290 

40 307 Premium high-reliability version of 2N2632 144 290 
40 340 25 50 13.5 74 295 
40 341 3) 50 24 74 295 
40414 Premium high-reliability version of2N2857 259 299 
40446 3 27 12 301 260 

40577 Premium high-reliability version of 2N3118 297 305 
40578 Premium high-reliability version of 2N3866 298 312 
40581 3.5 27 12 301 260 
40582 3.5 27 12 3)1 260 
40605 Premium high-reliability version of 2N3553 389 318 

40606 Premium high-reliability version of 2N3632 600 325 
40608 NF = 3 200 15 356 332 
40665 13.5 175 28 386 50 
40666 3 400 28 386 50 
40836 0.5 2000 21 497 336 

40837 1.5 2000 28 497 336 
40893 15 470 12.5 514 342 
40894 Gpe = 15 200 12 548 347 
40895 G = P 15e 200 12 548 347 
40896 G Pe = 15 200 12 548 347 

40897 Gpe = 18 200 12 548 347 
40898 2 2300 22 538 351 

40899 6 2300 22 538 351 
40909 2 2000 25 547 359 
40915 NF = 2.5 450 10 574 363 

40934 2 470 12.5 550 367 
40936 20 (PEP) 30 28 551 371 

40940 5 400 28 553 375 
40941 1 400 28 554 380 

40953 1.75 156 12.5 579 384 

40954 10 156 12.5 579 384 
40955 25 156 12.5 579 334 

40964 0.4 470 12 581 389 

40965 0.5 470 12 581 389 
40967 2 470 12.5 596 393 

40968 6 470 12.5 596 393 

40970 30 470 12.5 604 397 
40972 1.75 175 12.5 597 402 
409 73 10 175 12.5 597 402 
40974 25 175 12.5 597 402 

40975 0.05 118 12.5 606 406 
40976 0.5 118 12.5 606 406 
40977 6 118 12.5 606 406 
R47M10 10 440-470 12.5 605 410 
R47M13 13 440-470 12.5 605 410 
R47M15 15 440-470 12.5 605 410 
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RF Power Transistors for Operation from 28 or 50 V 
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RF Power Transistors for Operation from 22 or 28 V 
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RF Power Transistors for Operation with 12.5-V Supplies 
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Types For Microwave Applications 

Type 

Operating 
Frequency 
(GHz) 

Output 
Power 
(Min.) 
(W) 

Collector- 
Supply 
Voltage 

(V) 

Power 
Gain 
(Min.) 
(dB) 

Collector 
Efficiency 

(%) 
Package 
Type 

File 
No. Page 

2N5108 1 1 28 5 35 TO-39 280 116 
40836 2 0.5 21 20 TO-215AA 497 336 
2N5470 2 1 28 5 30 TO-215AA 350 136 
40837 2 1.25 28 20 TO-215AA 497 336 
2N5920 2 2 28 10 40 TO-215AA 440 178 
2N6265 2 2 28 8.2 33 HF-28 543 231 
40909 2 2 25 20 TO-201AA 547 359 
2N5921 2 5 28 7 40 TO-201AA 427 184 
2N6266 2 5 28 7 33 H F - 28 544 237 
2N6267 2 10 28 7 35 HF-28 545 243 

2N6268 2.3 2 22 7 33 H F-28 546 249 

40898 2.3 2 22 7 35 TO-215AA 538 351 

40899 2.3 6 22 6 35 TO-201AA 538 351 

2N6269 2.3 6.5 22 5 32 H F - 28 546 249 
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Types For UHF Military Applications ( 225-400 MHz) 

Type 

Operating 
Frequency 

(MHz) 

Output 
Power 
(Min.) 

(W) 

Collector- 
Supply 
Voltage 

(V) 

Power 
Gain 
(Min.) 
(dB) 

Package 
Type 

File 
No. Page 

2N3866 400 1 28 10 TO-39 80 71 

40941 400 1 28 10 H F -31 554 380 

2N5916 400 2 28 10 TO-216AA 425 154 

2N5917 400 2 28 10 H F - 31 425 154 

40940 400 5 28 5.2 TO-216AA 553 375 

2N5918 400 10 28 8 TO-216AA 448 160 

2N5016 400 15 28 5 TO-60 255 94 

2N5919 400 16 28 6 TO- 216AA 426 165 

2N5919A 400 16 28 6 TO-216AA 525 172 

2N6104 400 30 28 5 HF - 32 504 224 

2N6105 400 30 28 5 TO-216AA 504 224 

2N6I05 
PIN .8W 

QUAD 

son 

2 
2N6105's 
IN PUSH-
PULL 

2 
2N6105's 
IN PUSH-
PULL 

QUAD 

son 

OUT 
(TYP) 

Block diagram of a 100-watt 225-400 MHz amplifier employing 2N6105's in 
the driver and output stages. Schematic diagram shown in 2N6105 data sheet. 

12 



Types For Mobile-Radio Applications (450-470 MHz) 

Type 

Operating 
Frequency 
(MHz) 

Output 
Power 
(Min.) 
(W) 

Collector 
Supply 
Voltage 
(V) 

Power 
Gain 
(Min. 
(dB) 

Package 
Type 

File 
No. Page 

40964 470 0.4 12 6 TO-39 581 389 

40965 470 0.5 12 7 TO-39 581 389 

2N5914 470 2 12.5 7 TO-216AA 424 148 

40934 470 2 12.5 7 HF -31 550 367 
40967 470 2 12.5 7 HF-44 596 393 
2N5915 470 6 12.5 4.8 TO-216AA 424 148 

40968 470 6 12.5 4.8 HF-44 596 393 

40893 470 15 12.5 5.2 HF -36 514 342 

40970* 470 30 12.5 5 HF -40 604 397 

* Internal nput matching 

Power Hybrid Module For Mobile-Radio Applications (440-470 MHz) 

R47M 10 440-470 10 12.5 20 M IC- 12 605 410 

R47M 13 440-470 13 12.5 20 M IC- 12 605 410 

R47M 15 440-470 15 12.5 20 M IC- 12 605 410 

pm . W5 W-0 R47MI5 40970 
-*POUT ' 3°W 

Block diagram of a 30- watt, 440-470 MHz amplifier for mobile 
equipment. Schematic diagram available upon request. 

Types For Mobile- Radio Applications ( 148-175 MHz) 

2N4427 175 1 12 10 TO-39 228 79 

40280 175 1 13.5 9 TO-39 68 268 

2N5913 175 1.75 125 12.4 TO-39 423 142 

40972 175 1.75 12.5 12.4 TO-39 597 402 

40281 175 4 13.5 6 TO-60 68 268 

2N5995 175 7 12.5 9.7 TO-216AA 454 207 

40973 175 10 12.5 7.6 H F -44 597 402 

40282 175 12 13.5 4.8 TO-60 68 268 

2N5996 175 15 12.5 4.5 TO-216AA 455 213 

40974 175 25 12.5 4.5 H F-44 597 402 

Types For Mobile- Radio Applications ( 50-88 MHz) 

40340 50 25 13.5 7 TO-60 74 295 
40341 50 30 24 10 TO-60 74 295 
2N5992 88 7 12.5 10 TO-216AA 451 192 
2N4932 88 12 13.5 5.3 TO-60 249 90 
2N5993 88 18 12.5 10 TO-216AA 452 197 

2N4933 88 20 24 7.5 TO-60 249 90 
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Types For Aircraft — Radio Applications ( 108-156 MHz) 

Type 

Operating 
Frequency 

(MHz) 

Output 
Power 
(Min.) 

(W) 

Collector- 
Supply 
Voltage 

(V) 

Power 
Gain 
(Min.) 
(dB) 

Package 
Type 

File 
No. Page 

2N5994 118 15 12.5 7 TO-216AA 453 202 

40290 136 2 12.5 6 TO-39 70 272 

40291 136 2 12.5 6 TO-60 70 272 

40292 136 6 12.5 4.8 TO-60 70 272 

2N5102 136 15 24 4 TO-60 279 111 

40975 118 0.05 12.5 10 TO-39 606 406 

40976 118 0.5 12.5 10 TO-39 606 406 

40977 118 6.0 12.5 10.8 HF-44 606 406 

Types For Marine — Radio Applications ( 108-156 MHz) 

40953 156 1.75 12.5 12.4 TO-39 579 384 

40954 156 10 12.5 7.6 H F —44 579 384 

40955 156 25 12.5 4.5 H F —44 579 384 

PIN .° I W- 40953 40954 40955 -*Pour' 25w 

Block diagram of a 25-watt amplifier for 156-162 MHz marine 
application. Schematic diagram shown in data sheet. 

PIN .° I W 40953 40954 
Poui- 1° w 

Block diagram of a 10-watt amplifier for 156-162 MHz marine 
application. Schematic diagram shown in data sheet. 
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Types For Single—Sideband Applications ( 2-30 MHz) 
and For Military Communications ( 30-76 MHz) 

Output Collector- Power 
Operating Power Supply Gain 
Frequency (Min.) Voltage (Min.) Package File 

Type (MHz) (W) (V) (dB) Type No. Page 

40082 30 2.5(PEP) 12.5 10 TO-39 301 260 

2N5992 30 15(PEP) 12.5 10 TO-216AA 451 192 

40936 30 20(PEP) 28 13 TO-60 551 371 

2N5070 30 25(PEP) 28 13 TO-60 268 98 

2N6093 30 75(PEP) 28 13 TO-217AA 484 219 

2N5071 76 24 24 9 TO-60 269 103 

PIN .° 5 W (PEP)-8112N5070 

--012N60931-

—•12N6093 

-i>pouT .100 W (PEP) 

Block diagram of a 100- watt SSB amplifier for 2-30 MHz operation. 
Schematic diagram available in Application Note AN-4591. 

PIN' ° 3 W-• 2N3375 2N5071 -*PouT.24 W 

Block diagram of a 24- watt amplifier for 30-76 MHz operation. 
Schematic diagram available upon request. 

15 



Types For CATV/MATV and Small—Signal, Low—Noise Applications 

Type 

Operating 

Frequency 

(MHz) 

Noise 

Figure 

(dB) 

Collector— 

to- Emitter 

Voltage 

(V) 

Power 

Gain 

(Min.) 

(dB) 

Package 

Type 

File 

No. Page 

2N918 60 6 6 13 TO-72 83 18 

2N5179 200 4.5 6 15 TO-72 288 126 

40894 200 3 12 15 TO-72 548 347 

40895 200 12 15 TO-72 548 347 

40896 200 12 15 TO-72 548 347 

2N3600 200 4.5 15 17 TO-72 83 18 

40897 200 12 18 TO-72 548 347 

40915 450 2.5 10 11 TO-72 574 363 

2N2857 450 4.5 6 12.5 TO--72 61 31 

2N3839 450 3.9 6 12.5 TO-72 229 67 

2N5109 200 3 15 11 TO-39 281 120 

40608 200 3 15 11 TO-39 356 332 
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Technical Data 
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MOM 
Solid State 
Division 

File No. 83 

RF Power Transistors 

2N918 

2N3600 

RCA-2N918 and RCA-2N3600 are double-diffused 
epitaxial planar transistors of the silicon n-p-n type. 
They are extremely useful in low-noise-amplifier, oscil-
lator, and converter applications at VHF frequencies. 

These devices utilize a hermetically sealed four-
lead JEDEC TO-72 package. All active elements of 
the transistor are insulated from the case, which may 
be grounded by means of the fourth lead in applications 
requiring minimum feedback capacitance, shielding of 
the device, or both. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

2N918 2N3600 

COLLECTOR-TO-BASE 

VOLTAGE, VCBO  

COLLECTOR-TO-EMITTER 

VOLTAGE, VcE0  

EMITTER-TO-BASE 

VOLTAGE, VEgo  

COLLECTOR CURRENT, lc   

TRANSISTOR DISSIPATION, PT : 

For operation with heat sink: 

At case { up to 25°C . .. 

temperatures** above 25°C .. 

For operation at ambient 

temperatures: 

{ At ambient up to 25°C . .. . 

temperatures above 25°C .   

TEMPERATURE RANGE: 

Storage and Operating (Junction). . 

LEAD TEMPERATURE 

(During Soldering): 

At distances > 1/16 inch from 

seating surface for 60 seconds 

max   

30 30 max. V 

15 15 max. V 

3 3 max. V 

50 * max. m A 

300 300 max. mW 

Derate at 1.71 mW/°C 

200 200 max. mW 

Derate at 1.14 mW/°C 

-65 to +200 °C 

300 300 max °C 

Limited by transistor dissipation. 

*• Measured at center of seating surface. 

O 5 10 15 20 25 30 

COLLECTOR MILLIAMPERES (IC) 

SILICON N- P-N 
EPITAXIAL PLANAR 
TRANSISTORS 
For VHF Applications 

In Military, Communications, 

and Industrial Equipment 

FEATURES 

• high gain- bandwidth product 

• hermetically sealed four- lead package 

• low leakage current 

• high 200-MHz power gain 

2N3600 

• low noise figure 
NF 4.5 dB max. at 200 MHz 

• low collector- to- base time constant 
rb.Cc r 15 ps max. 

• high power gain as neutralized amplifier 
Gpe = 17 dB min. at 200 MHz 

JEDEC 
TO-72 

  COMMON- EMITTER CIRCUIT, BASE INPUT;   
OUTPUT SHORT-CIRCUITED 

FREQUENCY If ) • 100 MHz 
COLLECTOR- TO-EMITTER VOLTS VEE • 6 
AMBIENT TEMPERATURE (TA )• 25. C 

92C5- 12865R1 

Fig.? - Small- signal beta characteristic for types 2N918 
and 2N3600. 
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File No. 83   2N918, 2N3600 

ELECTRICAL CHARACTERISTICS 

Characteristics Symbols 

TEST CONDITIONS LIMITS 

Units 
Ambient 

Temperature 

TA 

Frequency 

f 

DC 

Collector- 
to- Base 
Voltage 

VCB 

DC 
C°Dube" 
to- Emitter 
Voltage 

VCE 

DC 
Emitter" 
to- Base 
Voltage 

VEB 

DC 
Emitter 
Current 

It 

DC 
Collector 
Current 

IC 

DC 
Base 

Current 

ID 

Type 
2N918 

Type 
283600 

°C MHz V V V mA mA mA Min. Typ. Max. Min. Typ. Max. 

Collector-Cutoff Current ICB0 25 
150 

15 
15 

0 
0 

- 
- 

0.01 
1 - 

- 

• 

0.01 

1 

1.,A 

m-A 

Collector-to- Base 
Breakdown Voltage 

BVCBO 25 0 0.001 30 - - 30 - V 

Collector-to-Emitter 
Sustaining Voltage 

BVcE0(sus) 25 3 0 15 - - 15 - - V 

Emitter- to- Base 
Breakdown Voltage 

BVEB0 25 0.01 0 3 3 - - V 

Collector-to- Emitter 
Saturation Voltage 

VcE(sat) 25 10 1 - • 0.4 - • 0.4 V 

Base•to-Emitter 
Saturation Voltage 

VBE(sat) 25 10 1 • 1 - - 1 V 

Static Forward Current-
Transfer Ratio 

hFE 25 1 3 20 - - 20 • 150 

Small- Signal Forward 
Current-Transfer Ratio' hfe 25 

100 
100 
1 kHz 

10 
6 
6 

4 
5 
2 

6- 
- 
• 

- 
- 
• 

- 

8.5 
40 

- 

- 
• 

- 

15 
200 

Commun-Base Output 
Capacitanceb 

Cob 25 0.1 to 1 10 
0 

0 
0 

1.7 - • pF 

Collector- to- Base 
Feedback Capacitanceb 

Ccb 25 0.1 to 1 10 0 - • • - 1 pF 

Common-Base Input 
Capacitance` 

Cib 25 0.1 to 1 0.5 0 - 2 1.4 - pF 

Collector-to- Base 
Time Constant' 

!II ' Cc 25 40 
31.9 

6 
6 

2 
5 

- 
- 

15 
• - 4 

• 
• 

- 
15 

ps 
po 

Small- Signal Power Gain 
in Neutralized Common- 
Emitter Amplifier Circuit' 
(See Fig.2 8 Fig.3) 

Coe 25 200 
12 

6 

6 
5 

15 21 - - 
17 

• 
- 

- 
24 

dB 
dB 

Small- Signal Power Gain 
in Unneutralized Common- 
Emitter Amplifier Circuit° 
(See Fig.4) 

G Pe 25 200 10 5 . 13 - • - - dB 

Power Output in Common-
Emitter Oscillator Cir• 
cud' ( See Fig.5) 

Po 25 > 500 10 12 30 - 20 • mW 

Nose Figure' ( See Fig.2) NF 25 200 6 1.5 -----4.5 dB 

Noise Figured NF 25 60 6 1 - • 6 - 3 dB 

° Lead No.4 (case grounded. 

Three-terminal measurement of the collector-to-base capacitance 
with the case and emitter leads connected to the guard terminal. 

Lead No.4 (case) floating. 

d Generator Resistance (Rg) = 400 ohms. 
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TURNS 

No 18 WIRE 

fID xi LONG 

VIN 1000 
pF 

92C5-11930R2 

3 TURNS 
No. 22 WIRE 

(ID X73; LONG 

C7 

2200 
OHMS 

Cg 

NOTE: ( Neutralization Procedure): ( a) Connect a 50-Q rf voltmeter 
to the output of a 200-MHz signal generator (Rg = 50 Q), and adjust 
the generator output to 5 mV. (b) Connect the generator to the input 
and the rf voltmeter to the output of the amplifier, as shown above. 
(c) Apply VEE and Vcc, and adjust the generator output to provide 
an amplifier output of 5- mV. (d) Tune C2, Cg, and C7 for maximum 
amplifier output, readjusting the generator output, as required, to 
maintain an output of 5 mV from the amplifier. (e) Interchange the 
connections to the signal generator and the rf voltmeter. ( f) With 
sufficient signal applied to the output terminals of the amplifier, 
adjust CN for a minimum indication at the amplifier input. (g) Repeat 
steps ( a), ( b), ( c), and (d) to determine if retuning is necessary. 

Q = Type 2N3600 

Fig.2 - Neutralized amplifier circuit used to measure 
power gain and noise figure at 200 MHz for type 2143600. 

.1.VcC 

25eFI 1 Œ05F 

0.05 µF 

INPUT 

L1 

0.05 µ 

R.F.C. 
1...200 MHz 

D.C. 
COMM 

R.F.C. 
1,.200 MHz 

1000 

L1 - 1 loop # 12 AWG wire; ID = 13/16 " 

L2 - 1/2 loop * 12 AWG wire; ID = 1-3/16" 

Q = 2N518 

pF _L 
15 pF 

OUTPUT 

15pF 

g00 
l 

-VEE 

92CS-128913RI 

SOURCE 
IMPEDANCE 
.50 OHMS 

+VcC 

3 1000 pF 

100 
OHMS 

1000 
OHMS 

- VEE 

0.001 µ.F 
LOAD 

IMPEDANCE 
.50 OHMS 

µF 

92CS-12801R1 

L1 - 3.5 turns No.16 tinned copper wire; 5/16" dia.; 7/16" long; 

turns ratio 4:2 

L2 - 8 turns No.16 tinned copper wire; 1/8" dia.; 7/8" long; 

turns ratio 8:1 

L3 - MILLER « 4303 (0.4 - 0.65 mil) or equivalent 

Q = Type 2N918 

Fig.3 - Neutralized amplifier circuit used to measure 
power gain at 200 MHz for type 214918. 

2200 1000 NOTE 2 1000 
I pF RFC I pF OHMS 

92CS-121349R2 

Note 1 - Coaxial-Line output network consisting of: 

2 General Radio Type 874 TEE or equivalent 

1 General Radio Type 874-020 Adjustable Stub or equivalent 

1 General Radio Type 874- LA Adjustable Line or equivalent 

1 General Radio Type 874-WN3 Short-circuit termination or equivalent 

Note 2 - RFC = 0.2 m.H Ohmite «2-460 or equivalent 

Note 3 • Lead Number 4 (case) floating 

L1 - 2 turns « 16AWG wire, 3/8 inch OD, 1-1/4 inch long 

Q = 2N918 or 2N3600 

Fig.4 - Circuit used to measure 200-MHz unneutralized Fig.5 - Circuit used to measure 500-MHz oscillator 
power gain for type 2H918. power output for types 214918 and 2143600. 
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File No. 83   2N918, 2N3600 

TWO-PORT ADMITTANCE (y) PARAMETERS AS FUNCTIONS OF 
COLLECTOR CURRENT c) FOR RCA TYPES 2N918 AND 2N3600 

COMMON-EMITTER CIRCUIT, BASE INPUT; 
OUTPUT SHORT- CIRCUITED. 

FREQUENCY 11/.200 MHx 
AMBIENT TEMPERATURE ITAI•25% 

I
N
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T
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5 15 •. 20 COLLECTOR MILLIAMPERES C) 
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Fig.6 - Input admittance (yie). 
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(T 
....Al 
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_ 
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L--- * • • r.O.R. -,/7C-° 
TO T". ei? 

VOLTS (vCE) -1 

: bf e 

O 5 10 15 
COLLECTOR MILLIAMPERES IIC) 

20 

92C5- 12759R2 

Fig.8 - Forward transadmittance 

DIMENSIONAL OUTLINE TO- 72 

230 MAX 
209 MIN r 

DIA. 

F 
.500 MIN. 

.100 1 

INSULATION 

15; 

INDEX — 
TAB 

(NOTE 3) 
.046 MAX. 
.036 MIN. 

.20 MAX. 

.170 MIN. 

SEATING PLANE 

0 MAX. 

4 LEADS 
• 002 

.017 _boi DIA. 

(NOTE 1) 

\ J00 

(NCO1ATE 2) 

NOTE 4 

Dimensions in Inches 
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COMMON- EMITTER CIRCUIT; 
INPUT SHORT-CIRCUITED. 

FREQUENCY lf 1.200 MHz 
AMBIENT TEMPERATURE (TA).25t 

I 
6 

.___. 

— COLLECTOR 
• 

— 
-To 

EMITTER VOLTS ft, . 
emis 

111111111 
s 1    • • 

VcE 6 

/5 
Sloe 

o 5 10 15 
COLLECTOR MILLIAMPERES 

92CS-127511R2 

Fig.7 Output admittance (y00). 

O 

î 

 CIMIZel—tagàaarkl 

EL  Is 

  COMMON  EM TTER CIFtCUIT, 
INPUT SHORT -C RCUITEO. 

FREQUENCY f 200 MM. 
AMBIENT TEMPERATURE TA •25.0 

  ,R COLLECTOREvot_Ts T ITT  )...%   

" - Male 

5 10 15 
COLLECTOR MILLIAMPERES IC) 

20 

92[5 - 12760R2 

Fig.9 - Reverse transadmittance (yre)• 

NOTE 1. THE SPECIFIED LEAD DIAMETER APPLIES IN THE 
ZONE BETWEEN 0.050 " AND 0.250 FROM THE SEATING PLANE. 
FROM 0.250 ' TO THE END OF THE LEAD A MAXIMUM DIAMETER 
OF 0.021 IS HELD. OUTSIDE OF THESE ZONES, THE LEAD 
DIAMETER IS NOT CONTROLLED. 

NOTE 2: MAXIMUM DIAMETER LEADS AT A GAUGING PLANE 
0.054" + 0.001' - 0.000" BELOW SEATING PLANE TO BE WITHIN 
0.007" OF THEIR TRUE LOCATION RELATIVE TO MAX. WIDTH 
TAB AND TO THE MAXIMUM 0.230" DIAMETER MEASURED WITH 
A SUITABLE GAUGE. WHEN GAUGE IS NOT USED, MEASURE-
MENT WILL BE MADE AT SEATING PLANE. 

NOTE 3: FOR VISUAL ORIENTATION ONLY. 

NOTE 4: TAB LENGTH TO BE 0.028 " MINIMUM - 0.048 " MAXIMUM, 
AND WILL BE DETERMINED BY SUBTRACTING DIAMETER A 
FROM DIMENSION B. 

TERMINAL DIAGRAM ( Bottom View) 

LEAD 1- EMITTER 

LEAD 2 • BASE 

LEAD 3. COLLECTOR 

LEAD 4 - CONNECTED TO CASE 
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File No. 10 

LKICEM 
Solid State 
Division 

RF Power Transistors 
2N1491 
2N1492 
2N1493 

RCA-2N1491, 2N1492, and 2N1493 are triple-diffused transistors of the 
silicon n-p-n type. These transistors are intended for a wide varietyof appli-
cations in industrial and military electronic equipment. They are particu-
larly useful in large-signal power-amplifier, video-amplifier, and oscillator 
circuits operating in the HF and VHF regions over wide ranges of ambient 
temperature. 

RATINGS 

Maximum Ratings, Absolute-Maximum Values: 

2N1491 2N1492 2N1493 

COLLECTOR-TO-BASE VOLTAGE  V 30 60 
COLLECTOR-TO-EMITTER VOLTAGE: C130 

With emitter-to-base reverse biased VCEV 30 60 
EMITTER-TO-BASE VOLTAGE  VEBO 1 2 
COLLECTOR CURRENT  I 500 500 C 
EMITTER CURRENT   500 500 
TRANSISTOR DISSIPATION. See Fig.3: PT 

Operation in free air: 
Ambient temperature = 25° C   
Ambient temperature = 100° C  

Operation with heat sink: 
Case temperature = 25° C   
Case temperature = 100° C  

AMBIENT TEMPERATURE RANGE: 
Operating and storage   

100 max. 

100 
4.5 
500 
500 

max. V 
max. V 
max. mA 
max. mA 

0.5 0.5 0.5 max. 
0.25 0.25 0.25 max. W 

3 3 3 max. W 
1.5 1.5 1.5 max. W 

—65 to 1175 

VHF 

Amplifier & 

Oscillator 

Service 

JEDEC 
TO-39 

• High Vcs Ratings — up to 100 V 

• High Transistor - Dissipation 
Ratings — up to 3 watts 

• High Typical FT at lc = 25 mA — 
up to 380 MHz 

• High Typical Power Gain at 
70 MHz — up to 12 db at 
500-mYl output 

°C • JEDEC TO-39 Package 

ELECTRICAL CHARACTERISTICS, Ambient Temperature = 25° C 

Characteristics Symbol 

TEST CONDITIONS LIMITS 

Units 
DC 

Collector 

V°1 °g° (vo ti) 

DC ,- .. 
‘.._!?Iiisctor 
Current 
(mA) 

DC 
Emitter 
Current 
(mA) 

Type 
2N1491 

Type 
2N1492 

Type 
2N1493 

VCB VCE Min. Max. Min. Max. Min. Max. 

Collector Breakdown 
Voltage 

 BVCI30 0.1 0 30 60 100 volts 

Collector Cutoff 
Current IC/30 12 0 10 10 10 IAA 

Emitter Cutoff 
Current IEBO 

VEB 
0.5 

0 100 100 100 MA 

Collector-to-Base 
and Stem Capacitance — 30 0 5 5 5 pF 

Small-Signal Current 
Transfer Ratio: 
at 1 KHz hfe 20 15 15 200 15 200 15 200 

Power Gain at 70 MHz 
Power Output (roW) 
See Fig.I1 
= 10 
= 100 
= 500 

PG 20 
30 
50 

—15 
—15 
—25 

13 
13 

10 

dB 
dB 
dB 

Thermal Resistance 
Junction-to-case R T 50 50 50 °C/W 
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File No. 10   2N1491-2N1493 

PERFORMANCE CHARACTERISTICS 

so 

40 

I 30 

e 

E 20 

e 
10 

O 
0.1 2 466 1 2 4 6 810 2 4 6 8 

FREQUENCY— MHz 

CB•COMMON-BASE CIRCUIT,EMITTER INPUT 
CE. COMMON-EMITTER CIRCU1T,BASE INPUT 
COLLECTOR-TO-EMITTER VOLTS•25 
EMITTER MILLIAMPERES. - IS 
POWER OUTPUT CMILLIWATTSI•10 
AMBIENT TEMPERATURE l•CI•25 

02 2 4 

CB 

92C5-10517R1 

Fig. 1 

TYPICAL COLLECTOR CHARACTERISTICS 

COMMON EMITTER CIRCUIT, BASE INPUT. 

AMBIENT TEMPERATURE • 25•C 
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Fig. 2 

o 

DISSIPATION DERATING GRAPH 

50 100 

TEMPERATURE—'C 

Fig. 3 
92CS-105011R2 

TYPICAL CHARACTERISTICS 

60 

540 

1,A 20 

BM 
U. 
U. 

COMMON EMITTER CIRCUIT, BASE INPUT 
COLLECTOR-TO-EMITTER VOLTS= 30 

AMBIENT TEMPERATURE ( .0=25 

O 0.2 0.4 0.6 

BASE -TO-EMITTER VOLTS 

Fig. di 

0.6 

92CS-10506 

TYPICAL DC BETA CHARACTERISTICS 

COLLECTOR-TO-EMITTER VOLTS (VW • I0 
FREE-AIR TEMPERATURE ITFAI 25. C  

-re  100 

o 
ao 

71, 

.,‘"c 60 

g 40 

o 
'4 20 

8 o 
0.01 0i 1.0 10 100 1000 

COLLECTOR CURRENT II& — MILLIAMPERES 
112LM-1487 92C2-12260 

Fig. 5 
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File No. 10 2N1491-2N1493 

POWER GAIN TEST CIRCUIT 

INPUT 
(SOURCE•5011) TI 

OUTPUT 
LOAD•50.D. 

EMITTER 
SUPPLY 

COLLECTOR 
SUPPLY 

92LS-14911 

CI: 3-20 pF variable 

C2' C6 '• 0.01 tiF 

r • 3-20 pF verinble 

• 7-100 pF variable 
C 4'  
• 3-20 pF variable 

C 5'  
Q: All Types 

T1: 8 turns No.24 wire tapped at 1 turn 

T2'• 8 turns No.24 wire tapped at 2.5 turns 

DIMENSIONAL OUTLINE 

JEDEC TO-39 

.100 
MIN. 

.370 MAX. 
.335 MIN. 

DIA 

.335 MAX. 

.305 MIN. -1 
DIA. 

.260 MAX. 

.009 TO 
.125 

DETAILS OF OUT-
LINE IN THIS 

ZONE OPTIONAL 

LEAD 
INSULATING 
EYELETS 

OUTSIDE 

ADO 45. 
.007 MAX. 

.030 MAX. 
028 MIN 

INDEX TAB 

DIMENSIONS IN INCHES 

no 

.045 MAX. 
029 MIN.. 

SEATING PLANE 

.5 
MIN. 

3 LEADS 
.019 MAX. 
.016 MIN. 

DIA. 

92CS-1274211 

Fig. 12 

TERMINAL CONNECTIONS 

Lead No.3 — Emitter 

Lead No.2 — Base 

Case, Lead No.3 — Collector 
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DUCWin 
Solid State 
Division 

FilelMo.32 

RF Power Transistors 

2N2631 

2N2876 

RCA- 2N2876 and 2N2631 are triple-
diffused planar transistors of the silicon 
n- p- n type. These devices are intended 
for applications in AM, FM, and CW service 
at frequencies up to 150 Mc. 

The 2N2876 utilizes a stud- mounted 
TO- 60 package which is electrically iso-
lated from all the electrodes and is de-
signed to provide excellent performance at 
very high frequencies. The 2N2631 TO- 39 
package is identical to the JEDEC TO- 5 
package except for shorter leads (0.5 inch). 

RF SERVICE 

Maximum Ratings, Absolute-Maximum Values: 

2142876 2142631 
COLLECTOR- ID- BASE 

VOLTAGE, VcEo. . . . 80 80 max. volts 

COLLECTOR- 1D- EMITTER 
VOLTAGE: 
Wi th base open. VcEo. 60 60 max. volts 
Wi th VBE = - 1. 5 

vol ts, VcEv. . 80 80 max. vol ts 

EMI TFER- TO- BASE 
VOLTACE, VE93. . 4 

COLLECTOR CUFIRENT, I c. 2. 5 1.5 max. amp 

TRANS! Site DISSI-
PATION, PT: 
At case lup to 25°C 17.5 8.75 max. 

tempera turesL above 25°C Der ate Derate 
linearly linearly 
100 mw/°C 50 mw/oC 

TEMPERATURE RANCE: 
Storage  -65to+ 200 - 65to+ 200 
Operating (Junction) - 65to+200 - 65to+200 

LEAD TEMPERATURE 
(During soldering): 

At distances > 1/32" 
from ceramic- wafer 
for 10 sec. max. . 230 

At di stances > 1/ 32" 
from seatinisurface-  
for 10 sec. max. . 

4 max. volts 

max. 

Watts 

°C 
oc 

oc 

230 max. °C 

For Large-Signal, 

High-Power, 

VHF Applications in 

Military and 

Industrial 

Communications 

Equipment 

, 

'T r 
I I 

JE DEC TO-39 

i 1 i 

1 

JE DEC TO-60 

• High Power Output, unneutralized %P( ) our,: 
10 w min. at 50 Mc 
3 w min. at 150Mc ) 2142876 

7.5 w min. at 50 Mc ) 
3 w min. at 150 Mc 2N2631 

• High Voltage Ratings: 

Vuo = 80 volts max. 
VCEO = 60 volts max. 

• 100 per cent tested to assure freedom from second 
breakdown in class A operation at maximum ratings 

RCA-2N2876 Features: 

• Low Thermal Resistance (j_c)--

high-thermal-conductivity ceramic insulation between 
collector and mounting stud 

• Isolated Stud Package: 

all three electrodes electrically isolated from case 
--for design flexibility 

heavy copper mounting stud--- for effective contact 
with heat sink 

pin terminals arranged on a . 200" pin-circle diameter 
--fit commercially available sockets 
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File No. 32   2N2631, 2N2876 

TO AVOID SECOND BREAKDOWN THE B AS POINT 
FOR CLASS A OPERATION MUST BE LOCATED IN REGION A 

I 5 

rà I 

4.5elre.  

de de a   
Mar iaggese  
er•W 'gee .  gememeA Abenr.  
r45532#72MeleFeqin  

10 20 30 00 50 60 
COLLECTOR-TO-EMITTER VOLTS VcE) 

92C5-12036 

TO OSECOND BREAKDOWN THE BIAS PO NT 
FOR CLASS A OPERAT ON MUST BE LOCATED IN REGION A   

06 

05 
U 
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02 

01 

it 

AA 
0 10 20 30 00 50 60 

COLLECTOR-TO- EMITTER VOLTS ( VcE 

92C S-12039 

Fig.1 -Region of Safe Operation (Without second Fig. 2 - Region of Safe Operation ( Without second 
breakdown) in Class A Service for Type 2/V2876. breakdown) in Class A Service for Type 2/V263/. 

ELECTRICAL CHARACTERISTICS 

Case Temperature = 25 ° C Unless Otherwise Specified 

Characteristic Symbol 

TEST CONDITIONS LIMITS 

Units 
DC 

Collector 
Volts 

DC 
Base 
Volts 

DC 
Current 

(Mil iamperes) 
2N2876 2N263I 

Vcg VcE VgE 1E I g IC Min. Max. Min. Max. 

Collector-Cutoff Current 1cgg 30 0 - 0.1 - 0.1 ga 

Collector-to-Base 
Breakdown Voltage BVcgg 0 0.5 80 - 80 - volts 

Collector-to-Emitter 
Breakdown Voltage ( Sustaining) BVcEesus) 0 500' 60 - 60 - volts 

Collector- to- Emitter 
Breakdown Voltage 6VCEV -1.5 0.1 80 - 80 - volts 

Emitter- to-Base Breakdown Voltage BVEBO 0.1 0 4 - 4 - volts 

Collector-to-Emitter 
Saturation Voltage VcE(sat) 

300 

500 

1.5 
amp 

2.5 
amp 

- 

- 

- 

1 

- 

- 

I 

- 

volt 

volt 

Feedback Capacitance 
(Measured at 140 Kc) Cb'c 30 0 - 20 - 20 Pf 

RF Power Output, Unneutralized 
(see Fig.3): 

Measured at 50 Mc 
50 Mc 
150 Mc 

Pout 

28 
28 
28 

500 
375 
275 

10a 
- 
3b 

- 
- 
- 

- 
7.5b 
3b 

- 
- 
- 

watts 
watts 
watts 

Gain-Bandwidth Product fT 28 250 200 (typ.) 200 (typ.) Mc 

Base Spreading Resistance 
(Measured at 400 Mc) rbb, 28 250 6.0 (typ.) 6.0 (typ.) ohms 

Collector-to-Case Capacitance Cc - 1 6 - 1 - Pf 

" Pulsed. Pulse duration L 5 µsec; duty factor 1%. 

a For IN = 2 watts. 

For PIN = 1 watt. 
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IN 
(NOTE 2) 

2N287 
ryns6 (NOTE I 

" 
2N2631 

Pour 
(NOTE 3) 

IOUS-12040 

NOTE I: COLLECTOR GROUNDED TO CASE IN TYPE 2N26 31, 
SEE TERMINAL DIAGRAM. 

NOTE 2: GENERATOR IMPEDANCE = 50 OHMS. 

NOTE 3: LOAD IMPEDANCE = 50 OHMS. 

For 50—Mc Operation 

C1 C2 C3 C4 

C5C6 

8-60 pf 

0.005 id 

LI 8 turns No. 16 
wire, 3/8 « ID x 
9/16" long 

L2 Ferrite choke, L2 Ferrite choke, 
Z = 750 (± 20%) Z = 750 (±20%) 
ohms ohms 

L3 10 µh L3 1.5 µh 

L4 7 turns No. 14 L4 3 turns No. 14 
wire, 1/2" ID x wire, 3/8" ID x 

7/8" long 3/4" long 

For 150—Mt Operation 

CI C2 C3 C4 4-40 pf 

C5C.6 0.005 tif 

LI 1 turn No. 16 
wire, 1/4" ID x 
3/16" long 

R1 

tap 2 turns from 
ground end 

5000 ohms RI 

t ep 1-1/2 turns 
from ground end 

50 ohms 

Fig.3 - Circuit of Unneutralized Amplifier Used to Measure Power Output of Types 2V2876 and 2V263/. 

TYPICAL OPERATION CHARACTERISTICS FOR TYPE 2N2876 

COMMON-EMITTER CIRCU T BASE INPUT. 
COLLECTOR-TO-EMITTER VOLTS (VW 28 
CASE TEMPERATURE Tc/•25. C 

IS 

mum um 
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Fig. 4 

COMMON-EMITTER CIRCUIT, BASE INPUT. 
COLLECTOR- TO-EMITTER VOLTS ( VcE).28 
CASE TEMPERATURE IT 425. C 
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TYPICAL OPERATION CHARACTERISTICS FOR TYPE 2N2631 

COMMON-EMITTER CIRCulT,BASE INPUT. 
COLLECTOR- TO- EMITTER VOLTS (VcE 1•28 
FREE-AIR TEMPERATURE ITFAI•25° C 
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COMMON-EMITTER CIRCUIT, BASE INPUT 
COLLECTOR- TO-EMITTER VOLTS DicE1.28 
FREE-AIR TEMPERATURE (TFA)•25° C 
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Fig. 10 

COMMON-EMITTER CIRCUIT, BASE INPUT. 
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2N2876 

— :318 
DIA-

3 PINS DIA. 

(NOTE II 

10-32 UNF2A 
THREAD 
(NOTE 2) 

455 
.375 

DIMENSIONAL OUTLINES 

.100 
MIN. 

.009 TO 
.125 

DETAILS OF OUT-
LINE IN THIS 

ZONE OPTIONAL 

LEAD 
INSULATING 
EYELETS 

OUTSIDE 
CORNER 
RADII 

.007 MAX. N_45. 

.034 MAX 

.028 MIN 

INDEX TAB 

2N263I 

.370 MAX. 
.335 MIN. 

DIA 

.335 MAX. 

.305 MIN.1 
DIA. 

0 0 
.200 

44-- DI A. - 14 
(NOTE 4) 

.260 MAX. 
240 MIN. 

¡SEATING PLANE 

.5 
MIN. 

.045 MAX. 

.029 MIN. 

3 LEADS 
.019 MAX. 
.016 MIN. 

DIA. 

92CS-12742 

NOTE 1: THIS ZONE IS CONTROLLED FOR AUTOMATIC HANDLING. 
THE VARIATION IN ACTUAL DIAMETER WI THIN THE ZONE SHALL 

SZCS-12045115 NOT EXCEED 0.010". 

NOTE 1: THE PIN SPACING PERMITS INSERTION IN ANY SOCKET 
HAVING A PIN-CIRCLE DIAMETER OF 0.200" AND CONTACTS WHICH 
WILL ACCOMMODATE PINS HAVING A DIAMETER OF 0.035" MIN.. 
0.045" MAX. 

NOTE 2: THE TORQUE APPLIED TO A 10-32 HEX NUT ASSEMBLED 
ON THE THREAD DURING INSTALLATION SHOULD NOT EXCEED 
12 INCH-POUNDS. 

NOTE 3: THIS DEVICE MAY BE OPERATED IN ANY POSITION. 

EMITTER 

2N2876 

BASE 

NOTE 2: THE SPECIFI ED LEAD DI AMETER APPLIES IN THE ZONE 
BETWEEN 0.050" AND 0.250" FROM THE SEATING PLANE. BETWEEN 
0.250" AND 1.5', A MAXIMUM OF 0.021" DIAMETER IS HELD. 
OUTSIDE OF THESE ZONES THE LEAD DI AMETER IS NOT CONTROLLED. 

NOTE 3: MEASURED FROM MAX. DI AMETER OF THE ACTUAL DEVICE. 

NWT 4: LEADS HAVING MAXIMUM DI AMETER (0.019 ") MEASURED 
IN GAUGING PLANE OF 0.054" + 0.001" - 0.000" BELOW THE 
SEATING PLANE OF THE DEVICE SHALL BE WITHIN 0.007" OF 
THEIR TRUE LOCATIONS RELATIVE TO A MAXIMUM-WIDTH TAB. 

TERMINAL DIAGRAMS 

(Bottom View) 

COLLECTOR EMITTER 

2N263I 

BASE 

COLLECTOR 
(CONNECTp 
TO CASE) 
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MOM 
Solid State 
Division 

RF Power Transistors 

2N2857 

RCA- 2N2857 is a double- diffused 

epitaxial planar transistor of the silicon 

n- p- n type. It is extremely useful in 

low- noise- amplifier, oscillator, and con-

verter applications at frequencies up to 

500 MHz in the common- emitter configuration, 

and up to 1200 MHz in the common- base 

configuration. 

The 2N2857 utilizes a hermetically 

sealed four- lead JEDEC TO- 72 package. All 

active elements of the transistor are insu-

lated from the case, which may be grounded 

by means of the fourth lead in applications 

requiring shielding of the device. 

Maximum Ratings, Absolute-Maximum Values: 

COLLECTOR- TO- BASE VOLTAGE, Vcsoo. . 30 
COLLECTOR- TO- EMITTER VOLTAGE, VEE0 15 
EMITTER- TO- BASE VOLTAGE, VE. . . 2.5 
COLLECTOR CURRENT, IC  40 
TRANSISTOR DISSIPATION, PT: 

At case tew-lup to 25 C  300 max. 
peratures labove 25° C. . Derate at 

max. 
max. 

max. 
max. 

At ambient ¡up to 25°C   200 max. 
temperatureslabove 25° C. . Derate at 1.14 

TEMPERATURE RANGE: 
Storage andOperating ( Junction) - 65 to + 200 

LEAD TEMPERATURE ( During soldering): 
At distances ≥ 1/32 inch from 
seating surface for 10 
seconds max   265 max. 

* Measured at center of seating surface. 

0 3-5 
(NOTE I) 

Ve!..)_) (NÓTE 2) 5°° 

500 

RG.50A - 

5001 6,00 

= 2N2857 

• 

500 

(NOTE 2) 

8-8 
C4 VOUT 

• U2 TURN. No. I6 WIRE: LOCATED 

Us CRON ANC PARALLEL TO L2 

RESISTANCE VALUES IN WINS. 
CAPACITARCE VALUES IN pO. 

VEE' 75 V 
92C5-04112 

NOTE I: ( NEUTRALIZATION PROCEDURE): ( A) CONNECTA 
450- MHz SIGNAL GENERATOR ( WITH PG = 50 n) TO THE 
INPkT TERMINALS OF THE AMPLIFIER. ( B) CONNECT A 
50-Si RF VOLTMETER ACROSS THE OUTPUT TERMINALS OF 
THE AMPLIFIER. ( C) APPLY VEE, AND WITH THE SIGNAL 
GENERATOR ADJUSTED FOR 5 mV OUTPUT FROM THE AMPLI-
FIER. TUNE Cl. C3, AND C4 FOR MAXIMUM OUTPUT. 

• v 

mA 

e* 1.72 me C 

mW 
mW/ C 

°c 

SILICON N- P-N 
EPITAXIAL PLANAR 
TRANSISTOR 
For UHF Applications 
in Industrial and Military Equipment 

FEATURES 

PC 
, 

, 

JEDEC 

TO- 72 

• high gain- bandwidth product--
f = 1000 MHz m in. 

• high converter ( 450- to- 30 MHz) gain--
6c = 15 dB typ. for c j rcu it bandwi dth of 

approximately 2 MHz 

• high power gain as neutralized ampl if ier--

Gp e = 12.5 dB min. at 450 MHz for circuit 
bandwidth of 20 MHz 

• high power output as uhf oscillator--

mW min., 40 mW typ. at 500 MHz 

°C ° =? 20 mW typ., at I GHz 

• low device noise figure--

NF =14.5 dB max. as 450 MHz ampl ifier 

17.5 dB typ. as 450- to- 30 MHz converter 

• low collector- to- base time constant--

rb 'C e = 7 ps typ. 

• low collector- to- base feedback capacitance— 

Ccb = 0.6 pF typ. 

(D) INTERCHANGE THE CONNECTIONS TO THE SIGNAL 
GENERATOR AND THE RF-VOLTMETER. ( E) WITH SUF-
FICIENT SIGNAL APPLIED TO THE ournrr TERMINALS OF 
THE AMPLIFIER, ADJUST C2 FOR A MINIMUM INDICATION 
AT THE INPUT. ( F) REPEAT STEPS ( A), ( 6), AND ( C) 
TO DETERMINE IF RETUNING IS NECESSARY. 

NOTE 2: LI & L2 -- SILVER-PLATED BRASS ROD, 1-1/2" 
LONG x 1/4" DIA. INSTALL AT LEAST 1/2" FROM 
NEAREST VERTICAL CHASSIS SURFACE. 

NOTE 3: EXTERNAL INTERLEAD SHIELD TO ISOLATE THE 
COLLECTOR LEAD FROM THE EMITTER AND BASE LEADS. 

Fig.I - Neutralized amplifier circuit used to 

measure 450 MHz power gain and noise figure 

for type 2N2857. 
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ELECTRICAL CHARACTERISTICS, At an Ambient Temperature, TA = 25° C, Unless Otherwise Specified 

Characteristic Symbol Frequency 

f 

TEST CONDITIONS LIMITS ---1 

Units 

DC 
Collector- 

to- Base 
Voltage 

VCB 

DC 
Collector- 
to- Emitter 
Voltage 

VCE 

DC 
Emitter- 
to-Base 
Voltage 

VES 

DC 
Emitter 
Curren t 

IE 

DC 
Base 

Curren t 

I g 

DC 
lc- 

tor 
Current 

lc 

Type 
2N2857 

MHz V V V mA mA mA Min. Typ. Max. 

Collector-Cutoff 
Current 

1,....,. 
"'" 

IA = 25°C 
TA.150°C 

15 
15 

0 
0 

- - 10 
1.0 

nA 
i.,A 

Collector- to- Base 
Breakdown Voltage BVCBO 0 0.(101 30 - - V 

Collector- to-Emitter 
Breakdown Voltage 

„u 
"'CEO 

0 3 15 - - V 

Emitter-to- Base 
Breakdown Voltage BVEBO -0.01 0 2.5 - - V 

Static Forward-
Current Transfer 
Ratio 

hFE I 3 30 - 150 

Small- Signal Forward- 
Current Transfer 
Ratio 

hfe 0.001 c 
100c 

6 
6 

2 
5 

50 
10 

- 
- 

220 
19 

Collector-to-Base 
Feedback Capacitance Ccb 0.1 to lb 10 0 - 0.6 1.0 pF 

Input Capacitance Cit, 0.1 to la 0.5 0 - 1.4 - pF 

Collector- to- Base 
Time Constant rb'Cc 319c 

6 -2 4 7 15 Ps 

Small- Signal, Common-
Emitter Power Gain in 
Neutralized Amplifier 
Circuit ( See Fig.1) 

',  pe 450c 6 1.5 12.5 - 19 dB 

Power Output as Oscil-
lator ( See Fig.2) 

po >fflola 10 -12 30 - - mW 

UHF Device Noise Figure NF 450c,d,f 6 1.5 - 3.8 4.5 dB 

UHF Measured Noise NF 450c'd 6 1.5 - - 5.0 dB 
_Figure 

VHF Device Noise Figure NF 60b,d 6 I - 2.2 - dB 

a Fourth lead ( case) not connected 

b Three- terminal measurement: Lead No.! ( Emitter) and lead No.4 ( Case) connected to guard terminal. 

C Fourth lead ( case) grounded. 

Generator resistance, Ft, = 50 ohms. 

e Generator resistance, Hg = 400 ohms. 

f  Device noise figure is approximately 0.5 dB lower than the measured noise figure. The difference is due to the 
insertion loss at the input of the test circuit ( 0.25 dB) and the contribution of the following stages in the test set-
up ( 0.25 dB). 

0.2 
pH 

1 500 

-VEE 

Q = 2N2857 

+VCC 

250 
DOUBLE- STUB TUNER 

(Zo 50 III 

3 TURNS mo.16 
250 WIRE 3/6' O.D. 

• I- Iii - LONG 

0.2 
S° 

POWER 
METER 

CAPACITANCE VALUES IN of. 

giCS-A111 

Fig.2- Oscillator circuit used to measure 500-MHz 

Power output for type 2N2857. 
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O 5 10 15 20 25 30 

COLLECTOR MILLIAMPERES (IC) 
35 

COMMON-EIATTER CIRCUIT, BASE INPUT• 
OUTPUT SHORT-CIRCUITED 
FREQUENCY • 10014111 
AMBIENT TEMPERATURE TA • 25 •C 
COLLECTOR-TO EMITTER VOLTS (\Ic) 6 

• • , 

• à 

1""  

92CS- .169 

Fig.3 - Small- signal beta characteristic 

for type 2N2857. 

COMMON-EMITTER CIRCUIT. BASE INPUT; 
OUTPUT SHORT-CIRCUITED. 

FREQUENCY (f 1. 450 MHz 
AMBIENT TEMPERATURE (TA)• 25 C 

z. COLLECTOR- TO-EMITTER VOLTS (VcE). 6105 

TT1 

2 6 8 lO 2 2 4 6 8 10 12 

COLLECTOR MILLIAMPERES ( Ic) 

92CS-12.8R1 
Fi g. 6 - Output admittance ( yoe ). 

... 

--AMBIENT TEMPERATURE ( TA) 
CASE TEMPERATURE IT ) 

300 

0 250  

. e200 

‘e.-1150  
4ej   

;-&- 100  

50  

-100 -50 0 50 100 150 200 
TEMPERATURE — •C 

92CS-12483R1 

I-ig. (4- Rating chart for type 2(42857. 

COMMON-EMITTER CIRCUIT; INPUT ::::::: ::• -f 
SHORT-CIRCUITED. 

FREQUENCY If (• 450 MHz ••-•  
AMBIENT TEMPERATURE ( TA) • 25' C 

..C9LLECTORTO-EMIy ER -.VOLTS:-.(VcE) ... 
 ...... . 6: Doe 

..:::........... 

... 

COLLECTOR MILLIAMPERES (ICI 

92CS - 42150141 
Fig.5 - Input admi ttance ( yi e ). 

25 

-so 

-75 

COMMON-EMITTER CIRCUIT, BASE NPUT; 
OUTPUT SHORT-CIRCUITED 
FREQUENCY If I•450 MHz 
AMBIENT TEMPERATURE (TA)• 25•C 
COLLECTOR-TO-EMITTER VOLTS (VcE(•6 TO IS 

4 6 8 0 12 
COLLECTOR MILLIAMPERES 11c) 

O 

: 

92cs-121491r, 

Fig.7 - Forward transadmittance 

COMMON-EMITTER CIRCUIT INPUT 
SNORT - CIRCUITED. 

FREQUENCY If ) • 450 É MHzAMBIENT TEMPERATURE TA) • 25" 

.  . ......  

gre : IS NEGLr,G BLY,:SMALL A•F :THIS FREQUENCY 

F: 

COL ECT 

. .( 450 .Pe.t4;.) ......... - 
":.  /-.., ........  

 t  
0-EMITTER-VOLTS 

6 

• 4-44 

..... 
. 4 .... 

•": ........ 

0 2 4 6 8 10 12 
COLLECTOR MILLIAMPERES (Ic) 

92CS-12134R2 

Fig.8 - Reverse transadmi ttance 1 
dre ,  
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COMMON-EMITTER CIRCUIT BASE INPUT. 
OUTPUT SHORT-CIRCUITED. 

COLLECTOR-TO-EMITTER VOLTS1VcE)•6 
COLLECTOR MILLIAMPERES(IC) L5 
AMBIENT TEMPERATURE (TA • 25 •C 
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Fig.9- Input admittance 

COMMON-EMITTER CIRCUIT, BASE INPUT; 
OUTPUT SHORT-CIRCUITED 
COLLECTOR-TO-EMITTER VOLTSO.tL) .6 
COLLECTOR MILLIAMPERES11C) • I.5 
AMBIENT TEMPERATURE TA)* 25•C 

: 

200 400 600 800 1000 
FREQUENCY (1)-MHz 

92CS - 12152R1 

Fi g. 11 - Forward transadmittance ( yfe ). 

DIMENSIONAL OUTLINE 

JEDEC TO- 72 

.195 I..4A—X 

.1715 MIN. —111 
DIA. 

.500 MI 

.1001 

INSULATION 

4%. 

IND( X 
TAB 

(NOTE 3) 
.046 MAX 
.036 MIN 

230 MAX. 
209 MIN. r_ 

DIA. 

210 MAX. 
170 MIN. 

-é- 9 SEATING PLANE  

4—.030 MAX. 

NOTE • 

• LEADS 
- •.002 

-.001 
(NOTE 1) 
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COMMON-EMITTER CIRCUIT; INPUT 
SHORT-CIRCUITED. 

COLLECTOR-TO-EMITTER VOLTS (VcE)• 
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AMBIENT TEMPERATURE (TA) • 25•C 
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92C5-,21S6R2 

Fi g. 10 - Output admittance ( yoe ). 

COMMON-EMITTER CIRCUIT; INPUT SHORT-CIRCUITED. 
COLLECTOR-TO-EMITTER VOLTS (VcE)•6 

COLLECTOR MILLIAMPERES (IcI•1.5 
AMBIENT TEMPERATURE ( TA): 25* c 
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6 
10 100 

FREQUENCY 10— MHz 
92CS- IMPS 

Fi g. 12 - Reverse transadmittance 1 

NOTE I: THE SPECIFIED LEAD DIAMETER APPLIES IN THE 
ZONE BETWEEN 0.050 AND 0.250' FROM THE SEATING PLANE. 
FROM 0.250' TO THE END OF THE LEAD A MAXIMUM DIAMETER 
OF 0.021' IS HELD. OUTSIDE OF THESE ZONES. THE LEAD 
DIAMETER IS NOT CONTROLLED. 

NOTE 2: MAXIMUM DIAMETER LEADS AT A GAUGING PLANE 
0.054" + 0.001' - 0.000' BELOW SEATING PLANE TO BE 
WITHIN 0.007' OF THEIR TRUE LOCATION RELATIVE TO MAX. 
WIDTH TAB AND TO THE MAXIMUM 0.230' DIAMETER MEASURED 
WI TH A SUITABLE GAUGE. WHEN GAUGE IS NOT USED, MEASURE-
MENT WILL BE MADE AT SEATING PLANE. 

NOTE 3: FOR VISUAL ORIENTATION ONLY. 

NOTE N: TAB LENGTH TO BE 0.028' MINIMUM - 0.048' 
MAXIMUM, AND WILL BE DETERMINED BY SUBTRACTING DIAMETER 
A FROM DIMENSION B. 

TERMINAL DIAGRAM 
Bottom View 

LEAD 1- EMI TTER 

LEAD 2- BASE 

LEAD 3 - COLLECTOR 

LEAD 4- CONNECTED 
TO CASE 
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[RIC« 
Solid State 
Division 

RF Power Transistors 

2N3118 

RCA- 2N3118 is a triple- diffused planar 
transistor of the silicon n- p- n type in-
tended for use in RF amplifiers in military 
and industrial HF and VHF communication 
equipment. It is designed especially for 
large- signal Class- C and small- signal 
Class- A service. 

Maximum Ratings, Absolute-Maximum Values: 

Collector- to- Emitter Voltage: 
Reverse bias (VŒ) 

For VBE = - 1.5 volts  

With base open (VŒ)   

Emitter- to- Base Voltage ( VEB0)  
Collector Current ( Ic)  

Transistor Dissipation ( PT): 
At case temperatures 

up to 25° C   

At free- air temperatures 
up to 25° C   

At temperatures above 250 

Temperature Range: 

Storage  65 to + 200 °C 
Operating ( Junction) 

85 max. 

60 max. 
4 max. 

0.5 max. 

4 max. 

volts 
volts 

volts 

ampere 

watts 

1 max. watt 

See Fig.) 

-65 to + 200 °C 

For Large-Signal VHF 

Class-C and Small-Signal 

VHF Class-A Amplifier 

Service 

4, High power dissipation --
4 watts at case temperature of 25° C 

4› High output power--
Class-C service; 28-volt operation: EDEC TO-5 

I watt minimum at 50 Mc; 0.4 watt minimum at I50 Mc 
• High collector-to-emitter voltage ratings--

Vux = 85 volts; VcE0 = 60 volts 

• High gain-bandwidth product--
380 Mc typical 

• High power gain -- Class-A service, neutralized: 
25 db at 50 Mc, 200 mm output 

ELECTRICAL CHARACTERISTICS 

Characteristics Symbols 

TEST CONDITIONS 

LIMITS 

Units 

Case 
Tempera- 

turc 
(IC) 

°C 

Fre-
quency 

Mc 

DC 
Collector- 
to- Base 
Voltage 
(volts) 

Val 

DC 
Collector- 
to-Emitter 
Voltage 
(volts) 

VCE 

DC 
Emitter- 
to- Base 
Voltage 
(volts) 

VE8 

DC 
Collector 
Current 

(ma) 

IC 

DC 
Emitter 
Current 

(ma) 

IE 

DC 
Base 

Current 

(ma) 

18 

Min. Max. 

Collector-Cutoff 
Current Icw .?..rFe 30 

30 
0 
0 

0.1 
100 

ma 
ga 

Emitter- to- Base 
Breakdown Voltage BVE110 25 0 0.1 4 volts 

Collector- to- Emitter 
Breakdown Voltage 
(Sustaining) 

BVcE0 (sus) 25 
10 - 

pulsed, 
0 60 volts 

Reverse Collector- to-
Emitter Breakdown 
Voltage 

BVCE  X 25 1.5 0.1 85 volts 

Feedback Capacitance Cb'o 25 1 28 0 6 pf 
rbb. Ct,,, Product rbb.Cli.'c 25 50 28 25 60 psec 
DC Forward-Current 
Transfer Ratid3 hFE 25 28 25 50 275 

Small- Signal Forward-
Current Transfer Ratio hfe 25 50 28 25 5 

Real Part of Short-
Circuit Input Impedance hie (real) 25 50 28 25 25 75 ohms 

Real Part of Short-
Circuit Output Impedance UY22( re.1 ) 25 50 28 25 500 1000 ohms 

Output Power 
Class-C Service 
Pin = 0.1 watt 
(with heat sink) 

P OUT 
25 
25 

501 
150. 

28 
28 

1.0 
0.4 

watt 
watt 

Power Gain 
Class-A Service 
Pout = 0.2 watt 
(with heat sink) 

PG 25 
 * 

50 28 25 18 db 

FA= ree-air temperature Pulse duration, 300osec; duty factor, less than 1.8% * See Fig.5 >See ¿'( g .3 * See Pig. 13 
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RATING CHART 

-50 O 50 100 150 

TEMPERATURE--- *C 

200 

92CS- , 2281 

Fig.1 

TYPICAL LARGE-SIGNAL OPERATION, CLASS-C SERVICE, 150 MC 

COMMON -EfflTER CIRCUIT. BASE INPUT. 
CLASS-c SERVICE, MO Me 
CASE TEMPERATURE (Tc . 25 C .."-e . 

L • MS 1 ., . • Lun . 
IMINIMINIII   _         

FRF 
POW

ER 
OUT

PUT
 (P

OUT
)-W

ATT
SC,

F ........... 
wr  

aaaaala .adill. PI 

WA Al13.2 :"2-P   57         ii  
qi   UM Alm   mu le 

a@ .404111MUM   

MU 

M eraiaaaar   illiffi::-

nire::firlear.200 

25 50 75 100 125 

RE POWER NPuT (PW-MILLIWATTS 

Fig.2 

150 

92CS-12273 

INPUT 
ISOURCE•50 OHMS) 

C3 L4 

C6 
OUTP- u- T 

(LOAO• 50 OHMS) 

COLLECTOR 
SUPPLY 
VCC 92CS-12249 

C1. C2: 1.5-20 pf Li: 0.1 gh, 4 turns, No.18 wire, 
C3: 4-40 pf 1/4" ID, closely wound 

C4: 7-100 pf L2: 750—ohm terri te choke 

C5: 1800 pf 13: 0.075 ph, 4 turns, No.16 wire, 
1/4" ID x 3/8" long 

C6: 0.01 gf 
L4: 0.055 ph, 3 turns, No.16 wire, 

R: 100 ohms, variable 1/4" ID x 1/4" long 

Fig.3 

TYPICAL LARGE-SIGNAL OPERATION, CLASS-C SERVICE, 50 MC 

COMMON-EMITTER CIRCUIT, BASE INPUT. • .::::::::. : 
CLASS - C SERVICE, 50 Mc ....... ... 
CASE TEMPERATURE ( Tcl • 25. C .............. " • "  ...... 
- 2. • 

20 40 60 BO 100 

12F POWER NPUT (P.N) - MILLIWATTS 

Fig.4 92C5- 2272 

INPUT 
ISOURCE•50 OHMS) 

Cl: 70-350 pf 

C2,C4.C5: 7-100 pf 

C3: 0.01 gf 

C6: 0.002 gf 

C2: 0.02 gf 

R: 1000 ohms, variable 

COU_ECTOR 
SUPPLY 
vcc 

OUTPUT 
(LOAD•50 MAW 

92CS-12224 

LI: 0.13 gh, 4 turns, 80.18 wire, 
1/4" ID, closely wound 

L2: 2.0 
4606 

choke. 

L3 Miller 206 ph, 10 turns, No.18 wire, 
3/8" ; D, closely wound 

L4: 0.6 ph, 10 turns, No.18 wire, 
3/8" ID, closely wound 

Fig.5 
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TYPICAL CLASS-A-SERVICE OPERATION, 50 MC, NEUTRALIZED 

COMMON- EMITTER CIRCUIT, BASE INPUT 
CLASS-A SERVICE, 50 hic 
COLLECTOR-TO- EMITTER VOLTS (vcE1•28 
COLLECTOR MLL AMPERES ( 1c)• 25 
CASE TEMPERATURE Tc) 25 C 

04  

02 
o 

01 

2 3 

RF POWER INPUT Pit,i)—miLLIWATTS 

4 

92CS- 12278 
Fig.12 

. COMMON-EMITTER CIRCUIT, BASE INPUT. 
• " CLASS-A SERVICE, 50 hoc 

  COLLECTOR- TO-EMITTER VOLTS ( vc(1•28 
 COLLECTOR MILLIAMPERES 110.25 
7 CASE TEMPERATURE ( Tc .256 C 

100 200 300 400 500 

POWER OUTPUT WouT)--miLLIWATTS 

Fig.14 

DIMENSIONAL OUTLINE 

All Dimensions in Inches 
JEDEC No.T0-5 

.370 MAX. 
.335 MIN. 

.100 

.335 MAX. 

.305 MIN.1 
DIA 

.260 MAX. 

.240 MIN. 

92CS-12277 

SEATING PLANE 

.009 TO 
.125 

DETAILS OF OUT-
LINE IN THIS 

ZONE oP7iCefAL 

LEAD 
INSULATING 
EYELETS 

°CUOTRSail 
RADII N. 45" 

e07 MAX. 

e34 MAS 
028 MM 

0 0 lk.....____________ 200 3 LEADS 
«.-- DIA. - •• .019 MAX. 

016 MIN. 
DI*, 

1.5 
MIN. 

045 MAX. 
e29 MIN. 

INDEX TAB 92CS- I 2656 

miPuT 
OIOURCE•50 046) 

Cl: 7-100 pf 

C2: 8-60 pf 

C3: 14-150 pf 

Cµ: 6-80 pf 

C5,C6: 0.005 µf 

C7: 0.9-7 pf 

W . 
EMITTER 
SUPPLY 
vcc 

OHMS) 

C6 

COsLeCift yO 

vCC h2cs-122To 

LI: 0.12 ¿dl, 3 turns. NO.16 wire, 
7/16" ID x 1/4" long, 
tap at 1 turn from ground 

L2: 0.23 mh. 5 turns, No.16 wire, 
7/16" ID x 1/2" long, 
tap at 3 turns from collector 
termi nal 

Fig.13 

COMMON-EMITTER CIRCUIT, BASE INPUT   
CLASS-A SERv CE 50 Mc 
OUTPUT POWER mILLIwATTS 200 
CASE TEMPERATURE Tc) 25' C 

20 30 40 50 60 70 00 90 100 
COLLECTOR CURRENT (I)- MILLIAMPERES 

92C9-12276 

Fig.15 

NOTE I: THIS ZONE IS CONTROLLED FOR AUTOMATIC HANDLING. 
THE VARIATION IN ACTUAL DIAMETER WITHIN THE ZONE SHALL 
NOT EXCEED 0.010. 

NOTE 2: THE SPECIFIED LEAD DIAMETER APPLIES IN THE ZONE 
BETWEEN 0.050 AND0.250 FROM THE SEATING PLANE. BETWEEN 
0.250 AND 1.5 A MAXIMUM OF 0.021 DI AMETER I S HELD. OUTSI DE 
OF THESE ZONES THE LEAD DIAMETER IS NOT CONTROLLED. 

NOTE 3: MEASURED FROM MAX. DIAMETER OF THE ACTUAL DEVICE. 

NOTE N: LEADS HAVING MAXIMUM DIAMETER ( 0.019) MEASURED 
IN GAUGING PLANE 0.054 0.001 - 0.000 BELOW THE SEATING 
PLANE OF THE DEVICE SHALL BE WITHIN 0.007 OF THEIR TRUE 
LOCATIONS RELATIVE TO A MAXIMUM-WIDTH TAB. 

TERMINAL DIAGRAM 

LEAD 1- EMITTER 

LEAD 2 - BASE 

LEAD 3- COLLECTOR, 
CASE 
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File No. 44 

[RCM 
Solid State 
Division 

RF Power Transistors 

2N3119 

High-Power Silicon N-P-N 
Planar Transistor 

For Switching and Pulse-Amplifier Applications 

Features: 

• High voltage ratings: 

VCEX = 100 V, VcE0 = 80 V 

• Fast rise time: 

10 ns with 50-V pulse, 1-K2 load 

• High power dissipation: 

4 W at Tc = 25° C 

RCA-2N3119 is a triple-diffused planar transistor of the silicon amplifiers and high-voltage saturated switches in military and 
n-p-n type intended for high-voltage high-frequency pulse industrial equipment. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

*COLLECTOR-TO-BASE VOLTAGE   

COLLECTOR-TO-EMITTER VOLTAGE: 

• With base open   

With base-emitter junction reverse-

biased (VBE = — 1.5 V)   

*EMITTER-TO-BASE VOLTAGE   

*COLLECTOR CURRENT: 

Continuous   

*TRANSISTOR DISSIPATION: 

At case temperatures up to 25° C  

At free-air temperatures up to 25° C   

At temperatures above 25° C 

*TEMPERATURE RANGE: 

Storage & Operating (Junction)   

•LEAD TEMPERATURE (During soldering): 

At 1/16 in. ± 1/32 in. ( 1.59 mm ± 0.8 mm) from seating 
plane for 10 s max.   

•ln accordance with JEDEC registration data Format 

VCBO 

VCEO 

VCEX 

VEBO 

IC 

PT 

100 v 

80 v 

loo V 
4 V 

0.5 A 

4 

1 

See Fig. 1 

—65 to +200 °C 

255 °c 
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ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc) = 25" C unless otherwise specified. 

CHARACTERISTIC 

TEST CONDITIONS LIMITS 

UNITS 

_ 

SYMBOL 

DC 

COLLECTOR 

VOLTS 

DC 

EMITTER 

VOLTS 

DC 

CURRENT 

(MILLIAMPERES) LL IAMPER ES) 
MIN . MAX. 

V CB V CE V BE IE 1, 
IC 

Collector-Cutoff Current 

At TFA .. 25° C 

= 150° C 
'ceo so 

so 

o 
o 

- 
- 

50 

50 

nA 

4A 

Reverse Collector Current 
ICEV 60 -1.5 - 0.2 bal 

Emitter-Cutoff Current At T FA = ze c) IE B0 --3 0 - 100 nA 

Base Current ,F3 60 -1.5 - 0.2 mA 

Collector-to- Emitter Breakdown 

Voltage (Sustaining) BVcE0 (sus) o lo• 80 - V 

Reverse Collector- to- Emitter 

Breakdown Voltage 8VCEX -1.5 0.10 100 V 

Collector- to- Base Breakdown Voltage BVcBo 0 0.10 100 - V 

Em.tter-to-Base Breakdown Voltage BV EB0 0.10 0 4 - V 

DC Forward-Current Transfer Ratio hF E 

10 

10 

10 

10 

100 

250 

40 

50 

20 

--

200 

- 

Collector-to-Emitter Saturation 

Voltage 
V CEI sat) 

10 100 - 0.5 V 

Base-to- Emitter Saturation Voltage VBE (sat) 10 100 - 1.1 V 

Base- to- Emitter Voltage ( Pulsed) 
V BE 10' 100 - t 1.1 V 

Feedback Capacitance ( At 1 Mc) Cb'c 28 0 - 6 pF 

Common-Base Output Capacitance 

(at 1 mC) Cob 28 0 - 6 PF 

Gain- Bandwidth Product ( At 50 Mc) 
tT 28 25 250 - Mc 

Pulse-Amplifier Delay • Rise Time 

(See Figs. 9 & 10) td -t- tr V CC = 8° 
10 - 20 ris 

Sat. Switch Turn-On Time 

(delay time + rise time) 

(See Figs. 7 & 81 
ton V CC = 28 

IB I = 10 100 - 40 ns 

Sat. Switch Turn-Off Time 

(storage time + fall time) 

(See Figs. 7 & 8) 

toff 
V CC = 28 IB2 - - 10 100 - 700 ris 

Thermal Resistance: 

(Junction-to-Case) 
ROJC 

- 44 oC/W 

• In accordance with JEDEC registration data format 

•Puiseci; pulse duration 300 usec; duty factor - 1.8% 

CASE TEMPERATURE ( T0) 
AMBIENT TEMPERATURE ( TM  .  

0'  
I-50 0 50 100 150 

-65 TEMPERATURE—•C 

Fig. 1—Rating chart 

I 1 

91  

rupe.. 

200 

92CS-12281. 

COLLECTOR -TO- EMITTER VOLTAGE DicE1•28 V 
CASE TEMPERATURE Tc l• 25 C 
FREQUENCY III • 50 MHz 

:BC 
MOB 

O 10 20 30 00 50 60 70 
COLLECTOR CURRENT Ic)— mA 

80 90 1:10 
QVIST 

Fig. 2- Typical gain-bandwidth product char-

acteristic 
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COLLECTOR-TO••EMiTTER VOLTS ( v0E) 10 
FREE-AIR TEMPERATURE ITFA) 25' C 

I.., 100 

.f. 

'! 80 

(% 

60 

e 
,i-e 40 
4 
≤ 20 
e 
W 
‘.. 
8 o 

0.01 01 1.0 e loo ma 
COLLECTOR CURRENT (IC) — MILLIAMPERES 

92C5-12280 

Fig. 3- Typical dc beta characteristic 

O 5 10 15 20 25 30 35 
COLLECTOR- TO- BASE VOLTAGE IVE81— V 92C5-12283R1 

Fig.5- Typical variation of feedback capaci-

tance vs. collector-to-base voltage 

INPUT FROM 
MERCURY-

RELAY PULSE 
GENERATOR 

(ZB • 50 OHMS) 150 OHMS 2 

.-162 
50 

OHMS 

VEE • 28V 

270 
OHMS 

INPUT PULSE: 

tr < 3 Ps« 
tv < 10 flue 

REP. RATE - 120 CPS 

PULSE WIDTH •• 300 mum 

OUTPUT TO 
OSCILLOSCOPE 

(NOTE II 

TYPE 
2N3It9 

92CS-12275 

NOTE 1: WITH CIN < 1 pf 

SHUNTED BY 5,000 OHMS; 

87 - 1 non. 

CASE TEMPERATURE ( TE1•256 C 
FREQUENCY ( f)• 50 MHz 

GAIN 
MHz 

-BANDWIDTH 
•fT 

PRODUCT IN 

— 

C
O
L
L
E
C
T
O
R
 
C
U
R
R
E
N
T
 
1
/
c
)
 
—
rn

A a
 

.----......................... 

1/111111.1111.11.1i\ 320 

P e' 360 

0 

360 

380  

' 11. *360-
---
340. 

320 

u 

0 5 10 15 20 25 30 35 40 45 50 
COLLECTOR-TO-EMITTER VOLTAGE VEG)—V 

92C5- I2286 

Fig. 4- Typical variation of IT with collector 
current and collector-to-emitter volt-

age 

COLLECTOR- TO- EMITTER VOLTAGE I VcE1•28 
FREQUENCY IN • 50 NI-N 
CASE TEMPERATURE ITC t• 25•C 

54:  

e 47 
o 
b 4 

45 

44 
20 40 60 BO 100 

COLLECTOR CURRENT act —  NA 92CS-12284 

Fig. 6- Typical rbb'Co-o product vs. collector 

current 

RELAY 
CLOSES 

"TURN-ON 
TIME 

RELAY OPENS 

10 rn4 ton 40 rot« 

18 2 -10 ma teT - 700 no« 

IC « 100 ma 

ON 

90% 

10% TIME 

'TURN-OFF' 
TIME 

OUTPUT WAVE FORM 

TIME 
 • 

INPUT WAVE FORM 

92C5 , 2285 

Fig. 7-Circuit used to measure ton and toff for 2N3119 Fig. 8-Waveforms for saturated switch circuit shown in Fig. 7 

operating as • saturated switch 
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5 - VOLT 
INPUT 
PULSE 

TYPE 
2N3119 

2 

-VEE 

(NOTE 

OUTPUT TO 
OSCILLOSCOPE 

(NOTE 2) 

RL 
1000 
OHMS 

C3 

.002 
/•1 

VCC • + 80V 

92C5-12279 

NOTE 1: VEE ADJUSTED FOR lc = 10 nu WITH NO INPUT. 

NOTE 2: WITH Cm G 1 pf SHUNTED BY 100,000 OHMS; 

tr . 1 mac. 

Fig. 9—Pulse-amplifier test circuit 

70V 

1—  OUTPUT VOLTAGE 

90%  20 

1- INPUT VOLTAGE 

  5 V 

90% 

DIMENSIONAL OUTLINE 

JEDEC TO-5 

INCHES MILLIMETERS 
SYMOOL NOTES 

MIN. 3.14%. MIN. MAX. 

A 0240 0.2W 8.10 13.00 

Sb 0018 0.021 0.405 0533 2 

862 0.018 0019 0405 0.483 2 

•13 0.336 0370 8.51 9.40 

001 11306 0.336 7.75 8.51 

• 0.200 T.P. 5.08 T.P. 4,6 

14 0.1037.P. 2.64 T.P. 5 

6 0.000 0.125 0219 3.18 

1 0.029 0.034 0.711 01354 5 

k 0.029 0.046 0737 1.14 1 5 

1.500. - 31110 - 2 

II - 0.060 - 1.27 2 

'2 0.250 - 0.36 - 2 

P 0.100 - 2.64 - I 

O - - - - 6 
- 0.007 - 0.179 

• 45. 1 P. 6,7 

NOTE& 

I. TM ma h oMIdlod purl. bondbok The »OW» Io 
NOW ~ Mr PONY am dull oat toond 0.0101. 10.284 ow/. 

2. rn..rda •••0 mowUd Ii Ud 12. MOM 1.1111.10. 
12 old 1.51. 13020 NW Imo nano lim.131wour roomoNIP 

Mrpod 1.111. 1311.10PN hero Nolki Om. 

lAnoold Ow «door «mar of 11•4•Nol PPP 

4. Lark WAN mobrame Imaraor 0.0191.10.483 mod roprod 1. 
040648 Pm 0.6E41. 11.371•40 • 0.11011. 1026 oloO - 00001. 
10.0604440 Wow *maw plop of Or der droll 04 0.0071. 
10.17114mol of Mok op palm IOW« is Oa r000kwuroo6016 

11.4414y1prop Poolorel by am maw* or by Or pp and few 
prorire duollod ow pp *PM. 0151. 

60,19 8.131.411441 I. PO roe Naked. 

7. Ur «Nam 1314.1821 

— LOAD CURRENT 

I1, •- 92CS-12202 

Fig. 10—Waveforms for pulsa-amplifier test circuit shown in Fig 9 

TERMINAL CONNECTIONS 

Lead 1 - Emitter 

Lead 2 - Base 

Case, Lead 3 - Collector 

7 
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File No. 50   

BUÍP-re 
Solid State 
Division 

RF Power Transistors 

2N3229 

RCA- 2N3229 isatriple-diffusedplanar 
transistor of the silicon n- p- n type. 
This device is intended for applications 
in AM, FM, and CW service at frequencies 
up to 150 Mc. 

The 2N3229 utilizes a new stud- mounted 
package which is electrically isolated 
from all the electrodes and is designed 
to provide excellent performance at very 
high frequencies. 

RF SERVICE 
Maximum Ratings, Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE, V. 105 max. 

COLIECTOR-TO-EMITTER VOLTAGE: 

With base open. VC EO   60 max. volts 
With VBE = - 1.5 volts, VcEv. •   105 max. volts 

EMITTER-TO- BASE VOLTAGE, V. • • 4 max. volts 

COLLECTOR CURRENT, Ic 2  5 max. amperes 

TRANSISTOR DISSIPATION, 

At case temperatures 
up to 25° C 17  5 max. watts 

At case temperatures 
above 25° C Derate linearly 100mw/°C 

TEMPERATURE RANGE: 

Storage  -65 to 200 
Operating ( Junction) 

LEAD TEMPERATURE 
(During soldering): 

At distances _1 1/32" from 
ceramic wafer for 
10 sec. max  230 max. 

PT: 

REGION OF SAFE OPERATION (WITHOUT SECOND 
BREAKDOWN) IN CLASS-A SERVICE FOR TYPE 2N3229 

TO AVO D SECOND BREAKDOWN THE BIAS POINT 
FOR CLASS A OPERATION MUST BE LOCATED IN REGION A 

o 10 20 30 40 50 60 
COLLECTOR-TO- EMITTER VOLTS ( VcE1 

A U  
legoiO4•? A    
d/I#110à/dWpd . e .  
II40I#46,Wd%dIte   

. e • xklueeln:.  
d.aiiInee"Y",„erem.  

eo   . e ,,,,,expedgexeneeee   
.  Àrrérse,  .. eroedreem,  
eeeeerreereeeeeeme  

92[5,2038 

Fig.1 

°c 
  -65 to 200 °C 

For Large-Signal, 

High-Power, 

VHF Applications in 

Military and Industrial 

Communications 

volts Equipment 

tea 

JEDEC TO-60 

• High Power Output, Unneutralized (POUT ): 

15 w min. at 50 Mc 

5 w min. at 150 Mc 

• High Voltage Ratings: 

VCB0 = 105 volts max. 

VcEv = 105 volts max. 

VcE0 = 60 volts max. 

• 100 per cent tested to assure freedom 
°c from second breakdown in class-A opera-

tion at maximum ratings 

• Low Thermal Resistance (o_) — 

high thermal-conductivity ceramic insu-
lation between collector and mounting 
stud 

• Isolated Stud Package: 

all three electrodes electrically iso-
lated from case-- for design flexibil ity 

heavy copper mounting stud-- for effec-
tive contact with heat sink 

pin terminals arranged on a . 200" pin-
circle diameter-- fit commercially 
available sockets 
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ELECTRICAL CHARACTERISTICS 
Case Temperature = 25° C Unless Otherwise Specified 

Characteristic Symbol 

TEST CONDITIONS 

LIMITS 
Units 

DC 
Collector 

Volts 

DC 
Base 
Volts 

DC 
Current 

(Milliamperes) 

VCB VCE VBE IE IB IC Min. Max. 

Collector-Cutoff Current ICB0 30 0 - 0.1 ma 

Collector- to-Bese 
Breakdown Voltage BVCB0 0 0.5 105 - volts 

Collector- to-Emitter 
Breakdown Voltage (Sustaining) 161NcE0(sus) 0 500 60 - volts 

Collector- to-Emitter 
Breakdown Voltage BVCEV -1.5 0.1 105 - volts 

Emitter- to-Bese Breakdown Voltage BVEBO 0.1 0 4 - volts 

Collector- to-Emitter 
Saturation Voltage VcE(sat) 

500 2.5 
amp 

- 1 volt 

Feedback Capacitance 
(Measured at 140 Kc) Cb ,c 30 0 - 20 pf 

RF Power Output, Urineutralized 
(See Fig.2.): 
Measured at 50 MC 

150 MC 

Pout 

50 
50 

550 
250 

15a 
5b 

- 
- 

watts 
watts 

Gain-Bandwidth Product f1 28 250 200(typ.) Mc 

Base-Spreading Resistance 
(Measured at 400 MC) rbb' 28 250 6.0(typ.) ohms 

Collector- to-Case Capacitance Cc - I 6 pf 

Pulsed. Pulse duration Z 5 µsec; duty factor Z 1%. 
a 

For IN = 2 watts 

For PIN = 1 watt 

CIRCUIT OF UNNEUTRALIZED AMPLIFIER USED TO MEASURE POWER OUTPUT OF TYPE 2N3229 

CI L1 

Pm 

WOTE0 

C2 

TYPE 
2N3229 

2 

Ica 

2 

Cy 

3 

L3 

C4 

RifCe P2 C7-{- T . 

.Vce.50V 

NOTE I: GENERATOR IMPEDANCE = 50 OHMS. 

NOTE 2: LOAD IMPEDANCE = 50 OHMS. 

POUT 
(NOTE 2) 

wcs,ms 

C5,C6,C7: 

Fig.2 

7-100 pf 

For 50—Mc Operation 
Cl: 4-40 pf 

C2, C4: 

C3: 1.5-20 pf 

0.005 gf 

Li: 5-1/2 turns No.18 
wire, 1/4" ID, 
closely—wound 

L2: Ferrite choke, 
Z = 750(±20%) ohms 

L3: 6 turns No.18wire, 
3/8" ID, wire 
spacing = 1 wire 
dia. ( slug- tuned) 

L4: 8 turns No.18 wire, 
3/8" ID, closely— 
wound ( slug— tuned) 

RI: 1,000 ohms 

R2: 3.9 ohms 
(non-inductive) 

For 150-Mc Operation 
Ci,C2: 4-40 pf 

C3. C4: 1.5-20 pf 
C5,C2: 0.005 uf 

L 1: 1-1/Z turns No.16 
wire, 1/4" ID, 
wire spacing = 
1 wire dia. 
Ferrite choke, 
Z = 750(±20%) ohms 
2.4 ph 

6 turns No.16 
wire, 3/8" ID. 
closely—wound 

100 ohms 

= 0 ( Emitter con— 
nected to ground) 

L2: 

L3: 

L4: 

R2: 
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TYPICAL-OPERATION CHARACTERISTICS 
FOR TYPE 2N3229 

2N3229 

TYPICAL-OPERATION CHARACTERISTICS 
FOR TYPE 2N3229 
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TERMINAL DIAGRAM 

BASE 

EMITTER 

150 200 

92 CS - 13427 

COLLECTOR 

NOIE I: THE PIN SPACING PERMI TS INSERTION IN ANY SOCKET 
HAVING A PIN—CIRCLE DIAMETER OF 0.200" AND CONTACTS 
WHICH WILL ACCOMMODATE PINS HAVING A DIAMETER OF 0.035" 
MIN., 0.0 115" MAX. 

NOTE 2: THE TORQUE APPLIED TO A 10-32 HEX NUT ASSEMBLED 
ON THE THREAD DURING INSTALLATION SHOULD NOT EXCEED 
12 INCH—POUNDS. 

DIMENSIONS IN INCHES NOTE 3: THIS DEVICE MAY BE OPERATED IN ANY POS! TI ON. 
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  File No. 56 

RF Power Transistors 
IECOM 
Solid State 
Division 2N3262 

FEA-2N3262 is a triple- diffused planar trans-
istor of the silicon n- p-n type intended for high-
voltage, high- frequency pulse amplifiers and high-
voltage saturated switches in military and 
industrial equipment. The high- current switching 
capability of the 2N3262 makes it especially 
suitable for memory- core driver applications. 

The 2N3262 utilizes the JEDEC TO- 39 package 
which is identical to the JEDEC TO- 5 package 
except its leads have a minimum length of 0.5". 

• High Voltage Ratings --

• Fast Rise Time at High Collector Currents--

20 nsec rise time ( max.) at I ampere 

Maxi mum Ratings, Absolute-Maximum Values: 

Collector- to- Base Voltage, Vcm, . 100 max. volts 
Collector- to-Emitter Voltage 

Reverse bias, V))(For VEB = 1.5 volts   100 max. volts 

With base open ( sustaining 
voltage), VŒ0(sus)   80 max. volts 

Emitter- to-Base Voltage, VEBO . . .   4 max. volts 
Collector Current, 1c 
Transistor Dissipation, PT: 

At case temperatures 
up to 25° C   8.75 max. watts 

1  5 max. amperes 

For High-Voltage, 

High-Speed 
Switching and 
Pulse-Amplifier Applications 

• Power Dissipation --

JEDEC TO-39 

• Low Collector to Emitter Saturation Voltage at 

High Collector Currents--

0.6 volts ( max.) at I ampere 

At case temperatures 
above 25° C   Derate linearly ( 50 mw/°C) 

to 175° C 
At free- air temperatures 

up to 25° C   1 max. watt 
At free- air temperatures 

above 25° C . . . . . Derate linearly ( 5.71 mw/°C) 
to 175° C 

Temperature Range: 
Storage   -65to+200 
Operating (Junction)  -65to+200 

Lead Temperature: 
1/16" ± 1/32" from seating 
surface for 10 sec. max.  230 

Electrical Characteristics, Case Temperature = 250 C Unless Otherwise Specified 

Characteristic Symbol 

TEST CONDITIONS LIMITS 

Units 
DC 

Collector 
Volts 

DC 
Emitter 
Volts 

DC 
Current 

(Milliamperes) Min. 14". 

VCB VCE VEN IE IB IC 

Collector-Cutoff Current at TFA = 25° C ICB0 30 0 0.1 ma 

Emitter-Cutoff Current Imo 3 0 100 ea 

Collector- to- Emitter Sustaining Voltage with 
External Base- to-Emitter Resistance (11BE) 
= 10 ohms VaRlsus) 500. 90 volts 

Collector- to-Emitter Sustaining Voltage VFEigesus) 0 500* 80 volts 

Reverse Collector- to- Emitter Breakdown Voltage BVCEX 1.5 0.25 100 volts 

Emitter- to-Base Breakdown Voltage evEB0 0.1 0 4 volts 

Base- to-Emitter Saturation Voltage VEesat) 100 1000 1.4 volts 

Collector- to-Emitter Saturation Voltage VŒ(sat) 100 1000 0.6 volts 

DC Forward Current Transfer Ratio hyE 4 500 40 

Input Capacitance ( at 1 Mk) cib 3 0 300 pf 

Feedback Capacitance ( at 1 M4) Cb'c 28 0 20 pf 

Pulse-Amplifier Rise Time (See Figs. 138.14) tr Von v80 25 20 naco 

Sat. Switch Turn-Ch Tine— 
Delay Time • Rise Time (See Figs. 81110) ton 28 410,2 .00 40 naec 

Sat. Switch Turn-Off Time— 
Storage + Fall Time ( See Figs. 88,10) toil 28 iel-lea 

. 100 750 nsec 

Forward Current Transfer Ratio ( at 50 Mk) hFn 28 100 3 

• Rased; pulse duration • 15 maco; duty factor . 0.15%. 

• 

°C 
oc 
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SATURATED-SWITCHING CHARACTERISTICS AND TEST CIRCUIT 

COMMON— EMITTER CIRCUIT, BASE INPUT. 
COLLECTOR MILLIAMPERES 11.0•1000.0R 500 
FREE—AIR TEMPERATURE (TAA)•25.0 

COMMON— EMITTER CIRCUIT, BASE 

CIRCU IT USED TO MEASURE tc,n AND t FOR FOR 

OPERATION AS A SATURATED SWITCH 

WALT'Row 
IdERCWIT-

RELAY RoLSE 
GENERATOR 

120 • 50 Owed51 OUTPUT TO 



File No. 56 2N3262 

NOTE 

PULSE-AMPLIFIER TEST CIRCUIT 

INPUT PULSE 
5» SEC 

t, n SEC 

V EE 

OUTPUT To 
OSCILLOSCOPE 

93 
100 
OHMS 

C3 
002 
HI 

-VEE VCC '780V 
(NOTE II 

92cs-1248.4 

ADJUSTED FOR IE = 35 Ma WITH NO INPUT. 

Fig. 13 

DIMENSIONAL OUTLINE 
JEDEC TO-39 

.370 MAX. 
.335 MIN. 

OIS 

3.3à MAS. 
.305 MIN. - 1 

DIA. 

.260 MAX. 
240 MIN. 

SEATING PLANE 

.009 TO 
.125 

DETAILS OF OUT-
LINE IN THIS 

ZONE OPTIONAL 

LEAD 
INSULATING 
EYELETS 

OcUoTRSelin 

7., 
RADIIp 

00 A 

.034 MAX. 

.028 MIN 

0 0 
1:.\...__________ 200 3 LEADS 

.4-- DIA. .019 MAX. 
(NOTE 41 I .016 MIN. 

DIA. 

.5 
AUN. 

— X 
.100 

DIMENSIONS 

IN INCHES 

045 MAX 

INDEX TAB 029 MIN 92C5-12742 

NOTE I: THIS ZONE IS CONTROLLED FOR AUTOMATIC HANDLING. 
THE VARIATION IN ACTUAL DIAMETER WITHIN THE ZONE SHALL 
NOT EXCEED 0.010". 

NOTE 2: THE SPECIFIEDLEADDIAMETER APPLIES IN THE ZONE 
BETWEEN 0.050" AND 0.250" FROM THE SEATING PLANE. 
BETWEEN 0.250" AND 1.5", A MAXIMUM OF 0.021" DIAMETER 
IS HELD. OUTSIDE OF THESE ZONES THE LEAD DIAMETER 
IS NOT CONTROLLED. 

NOTE 3: MEASURED FROM MAX. DIAMETER OF THE ACTUAL 
DEVICE. 

NOTE 4: LEADS HAVING MAXIMUM DIAMETER (0.019") MEASURED 
IN GAUGING PLANE OF 0.054" + 0.001" — 0.000" BELOW THE 
SEATING PLANE OF THE DEVICE SHALL BE WITHIN 0.007" OF 
THEIR TRUE LOCATIONS RELATIVE TO A MAXIMUM—WIDTH TAB. 

WAVE FORM FOR PULSE-AMPLIFIER TEST CIRCUIT 

70V 

OUTPUT VOLTAGE 

"% 20 V 

92cs. 12462 

Fig.14 

TERMINAL DIAGRAM 

LEAD 1— EMITTER 

LEAD 2— BASE 

LEAD 3 - COLLECTOR, 
CASE 
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  File No. 386 

ME,50 RF Power Transistors 
2N3375 2N3632 

Solid State 2N3553 40665 
Division 40666 

RCA 2N3632, 2N3553, 2N3375, 40665 and40666 are 
epitaxial silicon n- p-n transistors of the " overlay" emitter 
electrode construction. They are intended for use in 
class A, B, and C amplifiers, frequency multipliers and 

oscillators. The 2N3375, 2N3553, and 40666 are es-
pecially intended for VHF-UHF applications while the 

2N3632 and 40665 are designed for use in VHF circuits. 

All the pins of the 2N3632 and 2N3375 are electri-

cally isolated from the case. In the 40665 and 40666 
(variants of types 2N3632 and 2N3375, respectively), 

the emitter is connected internally to the case. 

Maximum Ratings, Absolute-Maximum Values: 
2N3553 2N3375 2N3632 

40666 40665 

COLLECTOR-TO-BASE 
VOLTAGE  VCBO 65 65 65 

COLLECTOR-TO-EMITTER 
VOLTAGE: 
With base open   VCEO 40 40 40 V 
With VBE = — 1.5V   VcEv 65 65 65 V 

EMITTER-TO-BASE 
VOLTAGE  VEBO 4 4 4 V 

COLLECTOR CURRENT: 
Peak   1.0 1.5 3.0 A 
Continuous  ic 0.33 0.5 1.0 A 

TRANSISTOR 
DISSIPATION .... PT 
At case temperatures 

up to 25° C   7.0 11.6 23 W 
At case temperature above 25° C. Derate linearly to 0 watts 

at 200° C 

TEMPERATURE RANGE: 
Storage & Operating 

(Junction)   
LEAD TEMPERATURE 

(During soldering): 
At distances_1/32 in. (. 793 run) 
insulating wafer (T0-60 
package) or from seating 
plane (T0-39 package) 
for 10 s max   

SILICON N- P-N OVERLAY 

TRANSISTORS 
For 

VHF-UHF 

Applications 

RCA1 
•••,- r e 

2N3553 2N3632 
2N3375 
40666 
40665 

JEDEC TO-39 JEDEC TO-60 

• High Power Output, Class-C Amplifier: 

TYPE 400 MHz 260 MHz 175 MHz 100 MHz 

2N3632 
40665 

10 el Typ. 13.5 W Min. 

2N3553 2.5 W Typ. 2.5 W Min. 

2N3375 
40666 3 W Min. 7.5 W Min. 

• High Power Output, Oscillator: 

2.5W ( Typ.) at 500 MHz, (2H3375) 
-65 to 200 °C 1.5W (Typ.) at 500 MHz, (2N3553) 

• High Voltage Ratings 

• Internally Grounded Emitter Types (40665 and 40666) 

available. 

230 lac 
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File No. 386 2N3375, 2N3553, 2N3632, 40665, 40666 

ELECTRICAL CHARACTERISTICS: At Case Temperature (Tc) = 25°C 

Characteristic Symbol 

TEST CONDITIONS LIMITS 

DC 
Col actor 

Volts 

DC 
Base 
Volts 

DC 
Current 

(Milliamperes) 

40665 
2N3632 2N3553 

40666 
2N3375 Units 

VCB VCE VBE IE IB IC Min. Max. Min. Max. Min. Max. 

Collector-Cutoff Current 'CEO 30 0 0.25 • 0.1 0.1 mA 

Collector-to-Base 

Breakdown Voltage 
V(BR)EBO 0 

0 
0 

0.1 
0.3 
0.5 

• 

65 

- 65 • 
V 

Collector-to-Emitter 
Breakdown Voltage 

V(BR)CEO 0 0 to 200a 40b 40b 40b V 

v (BR)CEV -1.5 0 to 200a 65b 65b 65b V 

Emitter-to-Base 
Breakdown Voltage 

v ( BR IEBO 0.1 
0.25 

0 
0 4 

• 4 4 V 

Collector-to-Emitter 

Saturation Voltage 
VCE (sat) 100 

50 
500 
250 

1 • 1 
V 

Collector-to-Base Capacitance 
Measured at 1 MHz 

C obo 
30 0 • 20 10 10 pF 

RF Power Output 
Amplifier, Unneutralized 

At 100 MHz (See Fig. 24) 
175 MHz (See Fig. 22 

8. 27) 
260 MHz ( See Fig.21, 

23, & 28) 

400 MHz (See Fig. 25) 
26) 

pOE 
28 

28 

28 

28 

13.5e 

lot 

• 

(typ.) 

• 

' 

2.5g 

- • 

3d 

W 

Gain-Bandwidth Product q 28 
28 

100 
150 

' 
400 ( 

- 
yp.) 

500 
. 

tvP.) - 
500 (Pip.) 

- MHz 

Base-Spreading Resistance 
Measured at 100 MHz 

200 MHz 
400 MHz 

rbb' 

28 

28 
28 

100 

250 

250 

I • 
6.5 ( tYP.) 
• 1 • 

12.0 

- 
- 

(typ.) 

- 
• 

- 
10.0 

- 

- 
typ.) 

ohms 

aPulsecl through an inductor ( 25 m1-1); duty factor = 50%. 

bMeasured at a current where the breakdown voltage is 
a minimum. 

cFor PIE = 1.0 W; minimum efficiency = 85%. 

dFor PIE = 1.0 W; minimum efficiency = 40%. 

COLLECTOR SUPPLY VOLTS I Vcc ) • 28 

CASE TEMPERATURE ( Tc) • 25. C 
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92C5-,2829,11 

e For PIE = 3.5 W; minimum efficiency = 70%. 

f For PIE = 3.0 W; typical efficiency = 60%. 

gFor PIE = 1/4 W; minimum efficiency = 50%. 
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Fig.1 - Power output vs frequency for 2N3632 & 40665 Fig.2 - Power output vs frequency for 2N3375 & 40666 
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Fig.3 - Power output vs frequency for type 2N3553 
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Fig 4 - Gain-bandwidth product vs collector current for 
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Fig.7 - Series input resistance vs frequency for 

type 2N3632 
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Fig.9 - Series input resistance vs frequency for 2N3553 Fig.W - Series input reactance vs frequency for 2N3632 
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Fig 11 - Series input reactance vs frequency for 2N3375 Fig. 12 - Series input reactance vs frequency for 2N3553 
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Fig.I3 - Parallel output capacitance vs frequency 

for 2N3632 for 2N3375 

COLLECTOR SUPPLY VOLTS ( VW • 28 
CASE TEMPERATURE ( Tc) 25. C 

25 

5`î 
20 

15 

ilO 

5 

O 
ao 

04, 

P ERE (lc )• 50  

250 

8 100 2 

FREQUENCY 11)— MH2 

4 500 

92CS -1257691 

Fig. 74 - Parallel output capacitance vs frequency 
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Fig. IS - Parallel output capacitance vs frequency 

for 2N3553 
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Fig.16 - Parallel output resistance vs frequency 
for 2N3632 
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Fig. 18 Parallel output resistance vs frequency 
for 2N3632 

FREQUENCY 1•1MH 
CASE TEMPERATURE ( Tc1•25. C   

o 15 

00,10 
4 0 

î 
5 

0 10 20 30 40 50 60 70 
COLLECTOR- TO-BASE VOLTS (VCB) 

92C5-12738111 

Collector- to-base capacitance vs collector- to- Fig.20 - Collector-to-base capacitance vs collector- to-
base voltage for 2N3553 base voltage for types 2143632 8 40665 
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File No. 386 2N3375, 2N3553, 2N3632, 40665, 40666 

PIN 
Z. 50 OHMS 

212 t_2 
OR 

40665 
L2 

4,10c 28 92C5-, 2025R, 

ROUT 
L5 cs zi.• 50 OHMS 

n 'en 

* Emitter in type 40665 is connected internally to case. 

C1: 3-35 pF 

C2, C7: 8-60 pF 

C3, C5: 0.005 pF, 

disc ceramic 

C4: 1000 pF 

C6: 1.5-20 pF 

L1: 3 turns No. 18 wire, 

1/4 in. ID, 1/4 in. long 

L2: 3/16 in. wide copper 

strip, 3/8 in. long 

L3: Ferrite choke, Z = 450 ohms 

L4: RF choke, 0.47 pH 

L5: 3-1/2 turns No. 16 wire, 

1/4 in. ID, 7/16 in. long 

L6: 1 turn No. 16 wire, 

1/4 in. ID, 3/8 in. long 

R l •. 50 ohms 

Fig.21 - 260 MHz amplifier test circuit for measurement 
of power output for 2143632 & 40665 

IN 
20•50 OHMS 

01 

TYPE 
26 3375 

OR 
L, 40666 

2 

C2 L5 

C3 

R1 

L4 

L3 

C4 

C2T  

+vcc 

I L• 50 

OHMS 

92CS-125684, 

* Emitter in type 40666 is connected internally to case. 

C 5 and RI*•  are not used for 40666 test 

C1: 2.25 pF 

C2, C3, C4: 4-40 pF 

C5: 50 pF, disc ceramic 

C6: 1500 pF 

C7: 0.005 pF, disc ceramic 

L1: 1 turn No. 16 wire, 1/4 in. ID, 1/8 in. long 

L2: Ferrite choke, Z = 450 (+20%) ohms 

L3: 0.47.pH choke 

L4: 2 turns No. 16 wire, 3/8 in. ID, 7/16 in. long 

R1: 1.35 ohms, non-inductive 

PIN 
ZG • 50 OHMS 

TYPE 
2813632 

OR 
40665 3 

2 

707 

VCC 28 

P OUT 

2L • 50 OHMS 

92L5-14 7 2RI 

* Emitter in type 40665 is connected internally to case. 

C1, C2, C3, C4: 7-100 pF 

C5: 1000 pF 

C6: 0.01 pF, disc ceramic 

L1: 1.5 turns No. 16 wire, 3/16 in. ID, 5/16 in. long 

L2: Ferrite choke, 2 = 450 ohms 

L3: 1 turn No. 16 wire, 1/4 in. ID, 3/8 in. long 

L4: 2 turns No. 16 wire, 1/4 in. ID, 1/4 in. long 

Fig.22 175 MHz amplifier test circuit for measurement 
of power output for 2143632 ct 40665 

PIN 

Zs • 50 OHMS 

TYPE 
21433 75 

OR 
40666 3 

V. 28 

P OUT 

• 50 OHMS 

921_5-81T3RI 

* Emitter in type 40666 is connected internally to case. 

C1, C2, C3, C4: 7-100 pF 

C5: 0.005 pF, disc ceramic 

C6: 1000 pF 

C • 0.01 pf, disc ceramic 

LI : 2 turns No. 16 wire, 3/8 in. ID, 3/4 in. long 

L2, L3: 1.5 pH choke 

L4: 7 turns No. 16 wire, 3/8 in. ID, 1 in. long 

R 1000 ohms 

Fig.23 - 260 MHz amplifier test circuit for measurement Fig.24 - 100 MHz amplifier test circuit for measurement 

of power output for 2143375 & 40666 of power output for 2143375 & 40666 
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2N3375, 2N3553, 2N3632, 40665, 40666 File No. 386 

PIN  

ZO• 50 
OHMS 

3-
STUB 
TUNER 

ci 
500 
OF 

BIAS 
TEE 

R zec2 

U- 20 
OHMS 

T VCC 

TEE 1- 1STUB 
TUNER 

TYPE 
2N3375 
OR 

40666 

TypE +Vcc• 213 V 
2N3375 
2N3553 OR 

Poo, 40666 

_‹, 

ZL.50 
OHMS 

9ZCS.2566R2 

—V(( 020 V 92C5 - 127452 

* Emitter in type 40666 is connected internally to case. * Col lector in type 2N3553 is internally connected to the case. 

Fig.25 - 400 MHz amplifier test circuit for measurement Fig.26 - 500 MHz oscillator circuit for measurement of 

of power output for 2143375 & 40666 power output for 2143553 & 2N3375 

For 50-MHz Operation: 

C1, C2: 24-200 pF L1: 5 turns No. 16 wire, 

C3: 32-250 pF 1/4 in. ID, 1/2 in. long 

C4: 7-100 pF L2: Ferrite choke, Z = 450 ohms 

C5: 1800 pF, L3: 7-pH choke 
disc ceramic L4: 6 turns No. 20 wire on 3/8 in. 

C6: 2000 pF coil form (slug-tuned), 

C7: 0.01 pF, 1-1/8 in. long 

disc ceramic R1: 1.35 ohms, non-inductive 

For 175 MHz Operation: 

C1: 2-25 pF L1: 1-1/2 turns No. 16 wire, 

C2: 4-40 pF 5/16 in. ID, 1/2 in. long 

C3: 1.5-20 pF L2: Ferrite choke, Z = 750 ohms 

C4: 1.5-20 pF L3: 4 turns No. 16 wire, 

C5: 100 pF, 5/16 in. ID, 1 in. long 

disc ceramic L4: 7 turns No. 16 wire, 

C6: 2000 pF 5/16 in. ID, 1-1/8 in. long 

C7: 0.01 pF, RI: 1.35 ohms, non-inductive 

disc ceramic 

Fig.27 - Amplifier circuit for measurement of power out-
put for 2N3553 at 50 and 175 MHz 

0.5VN  21436321- 
lee -I 40165  

10.15 W 2N3632 

40665 

125- 30N) 

+Vcc • 28 
92CS-12 740R2 

C1, C4: 1.5-20 pF 

C2, C3: 3-35 pF 

C5: 1,000 pF 

C6: 0.005 pF, 
disc ceramic 

L1: 4 turns No. 16 wire, 
3/8 in. ID, 3/8 in. long 

L2: 3/16 in. wide copper 

strip, 7/16 in. long 

L3: Ferrite choke, 

Z = 450 ohms 

L4: 1/2 turn 3/16 in. wide 

copper strip, 1/4 in. ID 

L5: 2 turns 3/16 in. wide 

copper strip, 1/4 in. ID, 

1/2 in. long 

Fig.28 - 260 MHz amplifier circuit for measurement of power 
output for 2143553 

I:75 (3VN 

10 I WI 2013375 

40666 

363632 
OR 

40665 

(IOW) 

-I2N3632 

4°665 1— 92, 1,32e. 
OR 

92CS - 1282 ,RI 

Fig.29 - Typical 175 MHz amplifier chain for POE of Fig.30 - Typical 260 MHz amplifier chain for P0E of 

25 to 30 watts 10 watts 
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File No. 386 2N3375, 2N3553, 2N3632, 40665, 40666 

For types 2N3375, 40666 
2N3632, 40665 

JEDEC TO-60 

o 

DIMENSIONAL OUTLINES 

For type 2N3553 

JEDEC TO-39 

 ".• 

A 

SEATING 
PLANE 

RUU 12 
•02 --7?  

fl- '-

SEATING 
PLANE " 

10-32 UHF 20 
THREAD 
[NOTE 31 

1040 

SYMBOL 

INCHES MILLIMETERS 

NOTES MIN. MAX. MIN. MAX 

A 215 320 546 813 

A, 165 4.19 2 

:5 030 046 .762 1.17 

:D 360 .437 911 II 10 2 

eD, .320 .360 8.13 9.11 

E 424 437 10 77 11.10 

e 185 215 4.70 546 

At 090 110 229 279 

F 090 135 2.29 343 I 

1 355 480 902 12 19 

AM 163 189 4.11 4.80 

N 375 .455 9.53 11.56 

NI 078 1 98 

iTIF .1658 1697 4 212 4 310 3 

NOTES: 

1. Dimension does not include sealing flanges. 

2. Package contour optional within dimensions specified. 

3. Pitch diameter - thread 10-32 UNF-2A (coated). Reference 
(screw thread standards for federal services - Hondbook 
H-28). 

92[5 ,56. 

TO.39 

INCHES MILLIMETERS 
SYMBOL MIN. MAX. MIN. MAX. NOTES 

• a .190 .210 4.83 5.33 

A .240 .260 6.10 6.60 

10 .016 .021 .406 .533 2 

: 52 . 016 . 019  .106 . 483 2 

ID .350 .370 8.89 9.40 
: DI .315 .335 8.00 8.51 

h .009 .125 .229 3.18 

I .028 .031 .711 .864 

.029 .040 .737 1.02 3 

1 .500 12.70 2 

II .050 1.27 2 

12 .250 6.35 2 
P .100 2.54 I 

Q I 

a 45° NOMINAL 
90° NOMINAL 

Note 1: This zone is controlled for automatic handling. The 
variation in actual diometer within this zone shall not 
exceed .010 in (. 254 mm). 

Note 2: (Three leads) CI, b2 applies between I and 12. Cijb 
applies between 12 and .5 in ( 12.70 mm) from seating 
plane. Diameter is uncontrolled in and beyond .5 
in ( 12.70 mm) from seating plane. 

Note 3: Measured from maximum diameter of the actual device. 

Note 4: Details of outline in this zone optional. 

TERMINAL DIAGRAMS 

For Type 2N3553 
(Bottom View) 

For Types 
2N3632 & 2N3375 

(Top View) 

LEAD 1 EMITTER PIN 1 • EMITTER 
LEAD 2 - BASE PIN 2 - BASE 
LEAD 3 - COLLECTOR, CASE PIN 3 - COLLECTOR 

STUD - NO CONNECTION 

For Types 
40665 & 40666 
(Top View) 

PIN 1 - EMITTER, CASE 
PIN 2 - BASE 
PIN 3 - COLLECTOR 
STUD • EMITTER 
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File No. 77 

'ECM 
Solid State 
Division 

RF Power Transistors 

2N3478 

RCA-2N3478 is an epitaxial planar transistor of 
the silicon n-p-n type with characteristics which make 
it extremely useful as a general purpose RF amplifier 
at frequencies up to 470MHz. These characteristics 
include an exceptionally low noise figure at high fre-
quencies, low leakage current, and a high gain-band-
width product. 

The 2N3478 utilizes a hermetically sealed four-
lead package in which active elements of the transistor 
are insulated from the case. The case may be grounded 
by means of a fourth lead in applications requiring mini-
mum feedback capacitance, shielding of the device, 
or both. 

Maximum Ratings, Absolute-Maximum Values: 

Collector-to-Base Voltage, VcEo 30 max. 

Collector-to-Emitter Voltage, VcE0  15 max. 

Emitter-to-Base Voltage, VE E0  2 max. 

Collector Current, lc  limited by dissipation 

Transistor Dissipation, PT: 

at ambient } up to 25°C   200 max. mW 

temperatures above 25°C  See Fig. I 

Temperature Range: 

Storage and Operating (Junction) -65 to 200 

Lead Temperature ( During Soldering): 

At distances not closer than 
1/32" to seating surface for 
10 seconds max.  265 max. 

. ... 

-50 0 50 100 150 

AMBIENT TEMPERATURE (T51-•C 

200 

92CS-12754R1 

Fig.1 - Rating chart for type 2N3478 

V 

SILICON N- P-N 
EPITAXIAL PLANAR 
TRANSISTOR 
For VHF/UHF Applications 
in Industrial and Commercial Equipment 

FEATURES 

• high gain- bandwidth product — 

V fT = 900MHz typ. 

• low noise figure 

NF = 5dB typ. at 470MHz 
4.5dB max. at 200MHz 
2.5dB typ. at 60MHz 

• high unneutralized power gain 

Gpe 11.5dB min. at 200MHz 
oc 

• hermetically sealed four- lead package 

• all active elements insulated from case 

o low collector- to-base feedback 

capacitance, Cd, 0.7 pF max. oc 

COMMON- EMITTER CIRCUIT, BASE INPUT; 
OUTPUT SHORT-CIRCUITED. 

FREQUENCY CI) • 100 NFU 
AMBIENT TEMPERATURE (TA) • 25*C 

...... 

4 6 8 10 
COLLECTOR MILLIAMPERES (IC) 

92C5- 1215652 

Fig. 2- Typical small-signal beta characteristics 

for type 2N3478 
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File No. 77   2N3478 

ELECTRICAL CHARACTERISTICS, It an Ambient Temperature, ( TA) of 25° C. 

Characteristics Symbols 

TEST CONDITIONS LIMITS 

Units 

Frequency 
f 

DC 
Collector- 
to- Base 
Voltage 

VCB 

DC 
Collector- 
to- Emitter 
Voltage 

VCE 

DC 
Emitter 
Current 

IE 

DC 
Collector 
Current 

IC 

Type 
2N3478 

MHz V V mA mA Min. Tip. Max. 

Collector-Cutoff Current 1C130 I 0 - - 0.02 .. \ 

Collector-to-Base 
Breakdown Voltage 

BVCB0 0 0.001 10 - - V 

Collector-to-Emitter 
Breakdown Voltage 

HVCEO 0.001 l 

Emitter-to-Base 
Breakdown Voltage 

BVEBO -0.001 0 - - - % 

Static Forward-Current 
Transfer Ratio 

h V1-: 8 2 2'1 - 

Magnitude of Small•Signal 
Forward-Current 
Transfer Ratio 

hico 100 8 2 7.5 9 16 

Collector-to-Base 
Feedback Capacitance 

Ca b 0.1 to I 8 0 - - 0.7 pl.' 

Small-Signal, Common-Emitter 
Power Gain in Unneutralized 
Amplifier Circuit (See Fig. 3) 

( o 2))0 8 - 11.7, - 17 .11i 

Small-Signal, Common-Emitter 
Power Gain in Neutralized 
Amplifier Circuit 

f: a, c 
I, 

170 6 1.7, - 12 - dB 

UHF Noise Figure NE°, e 470 6 I . 5 - 5 - dB 

VHF Noise Figure (See Fig..3) NF° 
NF°, d 

200 
60 

8 

o 

2 
I 

- 
- 2.5 

4.5 
- 

dB 
dB 

° Fourth lead (case) grounded. 

bCch is a three terminal measurement of the collector-to-base capacitance 
with the emitter and case connected to the guard terminal. 

-= 

C1, C4 = 510 pF 

C2, C7 = 2300pF 

C3, C5 = 2-25pF 

C6 10pF 

R1 = 2000ohms 

Q = 2N3478 

L1 = f4 Turn al4 Formvar•center 
tapped 

Length1,11 = 2 inches 

L2 = 54 Turn # 14 Formvar • 

Length2,i2 = 114 inches 

• L3 = I oH RF choke 

'vE E Source (Generator) Resistance 

R = 50 ohms 

Load Resistance RI, = 50 ohms 

e Trademark, Showindian Products Corporation. 

Fig. 3-200MHz power gain and noise figure test circuit for type 2N3478 

eSource Resistance, Rs = 50ohms. 

d Source Resistance, Rs = 400ohms. 

92CS-12753 
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2N3478  File No. 77 

Typical Two- Port Admittance (y) Parameters as Functions 

of Collector Current for Type 2N3478 

COMMON- EMITTER CIRCUIT. BASE INPUT;:: 
OUTPUT SHORT-CIRCUITED 

FREQUENCY If / • 200 MHz 

AMBIENT TEMPERATURE 1 Tal• 25.0 

COLLECTOR MILLAMPERES 

92CS-127521t 

Fig. 4- Input admittance (yi e ) 

COMMON- EMITTER CIRCUIT, 

INPUT SHORT CIRCUITED 
FREQUENCY III • 200 MHz 

  AMBIENT TEMPERATURE ,T5/ 25 

.7-14 !"."------"'"+. • • • 

boe ' OL -TO- EMIT TER VETS ( V 7 cOLL' 

COLLECTOR MILLAMPERES III 

2 4 6 8 lO 12 14 

Fig. 5- Output admittance (yee) 

42C5-1275811 

0 25 5 75 10 123 e 
COLLECTOR MILLIAMPERES IC 

  COMMON-EM TIER CIRCu T. BASE INPUT 
OUTPUT SHORT-CIRCUITED 

FREQUENCY r I • 200 MHz 
AMBIENT TEMPERATURE IT& • 25•C 

92CM-14172 

Fig. 6- Forward transadmittance (y fe) 

COMMON- EMITTER CIRCUIT; 
INPUT SHORT-CIRCUITED 

FREQUENCY III. 200 MHz 

AMBIENT TEMPERATURE ( T5)• 25" 

C-4 

COLLECTOR MILLIAMPERES lIc) 

gre IS NEGL GIBLE 5-r 1= 200 MHz 

4 6 10 12 

92CS-12760R1 

Fig. 7 -Reverse treesocimittance (Yre) 
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File No. 77   2N3478 

DIMENSIONAL OUTLINE 

DIA' 

Lead 1 - Emitter 
Lead 2- Base 

.210 

.170 

7.03. 
.5. 
MIN. rt/- 4 LEADS 

tr 
MAX. 

.046 
.036 .028 

.048 

.100 DIA. 

&LEAD NO 4 • 375 MIN. 

92c S-1470 

Dimensions in Inches 

TERMINAL DIAGRAM 
Bottom View 

Lead 3 - Collector 
Lead 4 - Connected to 

Case 
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  File No. 72 

uuceei 
Solid State 
Division 

RF Power Transistors 

2N3733 

10-W, 400-Mc Silicon N-P-N 

Overlay Transistor 
For Large-Signal, High-Power 
VHF/UHF Applications 

Features: 

• High power output, unneutralized Class C amplifier: 

at 400 Mc 10 W min. 

at 260 Mc 14.5 W typ. 

• High voltage ratings: 

VCBO = 65 V max. 

VCEV = 65 V max-
VCEO = 40 V max. 

RCA-2N3733 is an epitaxial silicon n-p-n planar transistor 

intended for class A, B, and C amplifier, frequency-

multiplier, or oscillator operation. The 2N3733 was de-

veloped for vhf/uhf applications. 

The transistor employs the overlay concept in emitter-

electrode design -- an emitter electrode consisting of many 

microscopic areas connected by a diffused-grid structure and 

an overlay of metal applied on the silicon wafer by means of 

MAXIMUM RATINGS, Absolute-Maximum Values: 

• 100 per cent tested to assure freedom from second 

breakdown for operation in Class A applications 

• Low thermal resistance 

a photo-etching technique. This arrangement provides the 

very high emitter-periphery-to-emitter-area ratio required for 

high efficiency at high frequencies. 

*COLLECTOR-TO-BASE VOLTAGE   VCBO 65 V 

COLLECTOR-TO-EMITTER VOLTAGE: 

With base-emitter junction reverse-biased (VBE = - 1.5 V)   VCEV 65 V 

With base open   VCEO 40 V 

*EMITTER-TO-BASE VOLTAGE   VEBO 4 v 

*COLLECTOR CURRENT: 
Continuous   Ic 1 A 

Peak   3 A 

*CONTINUOUS BASE CURRENT     1B 1 A 

*TRANSISTOR DISSIPATION: PT 

At case temperatures up to 25°C   23 W 

At case temperatures above 25°C   Derate linearly to 0 watts at 
200°C 

*TEMPERATURE RANGE: 
- °C 

Storage and operating (junction)   -65 to 200  

*LEAD TEMPERATURE ( During soldering): 
At distances .›. 1/32 in. ( 0.8 mm) from insulating wafer for 10 s max.. . 230 °C 

'In accofdance with JEDEC registration data 
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File No. 72   2N3733 

ELECTRICAL CHARACTERISTICS, At Case Temperature IT c) = 25°C unless otherwise specified 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS 

LIMITS UNITS 
VOLTAGE 
V dc 

CURRENT 
mA dc 

VCB VCE VBE I E 1B IC MIN. MAX. 

Collector Cutoff Current: 

With base open CEO 30 o - 0.25 

mA 
With base-emitter junc-

tion reverse-biased ICEV 
65 -1.5 - 5 

At Tc = 200°C 30 -1.5 - 10 

With emitter open 
ICB0 65 0.5 

Emitter Cutoff Current IEBO -4 0.25 mA 

Collector-to-Base 

Breakdown Voltage V (BR)CB0 0 0.5 65 y 

Collector-to- Emitter 

Breakdown Voltage: 

With base-emitter junc- 

tion reverse-biased 
VIBRICEV -1.5 0 to 200e 65" - y 

Emitter-to- Base 

Breakdown Voltage 
VIBRIEBO 0.25 0 4 y 

Collector-to- Emitter 

Sustaining Voltage: 

With base open 
V CE0 (sus) 0 200 40 

V 
With external base-to-

emitter resistance 

(RBE) = 100 n 
VCER (sus) 200 40 - 

DC Forward Current 

Transfer Ratio 
hF E 

5 

5 

1 

0.25 

5 

10 

- 

150 

Collector-to- Emitter 

Saturation Voltage 
VcE(sat) 200 1000 1 y 

Base- Emitter Voltage VBE 5 1000 1.5 y 
Magnitude of Common-

Emitter, Small-Signal, 

Short-Circuit Forward 

Current Transfer Ratio 

If = 100 Mc) 

I hiel 

28 

28 

250 

250 

2.5 * 

4.0 I 

- 

VP.) 

Collector-to-Base Capacitance 

If = 0.1 to 1 Mc) 
Cob 28 250 25 pF 

Available Amplifier Signal 

Input Power 

Ro = 10 W, ZG = 50 n, 
f = 400 Mc 

Pj - 4 W 

Collector Circuit Efficiency 

Po = 10 W, ZG = 50 ft, 

f = 400 Mc 

nc 45 - % 

Base-Spreading Resistance 

Measured at 200 Mc rbb 28 250 6.5 I VP.) sz 

Collector-to-Case Capacitance Cs - 6 pF 

Thermal Resistance 

(Junction-to-Case) 
ROJC - 7.5 °C/W 

°Pulsed through an inductor 125 mH); duty factor = 50% 

" Measured at a current where the breakdown voltage is a minimum 

*In accordance with JEDEC registration data 
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COLLECTOR- TO- EMITTER VOLTS (VcE)•28 
CASE TEMPERATURE (TO• 25. C 

R
E
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E
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T
S
 

IQ
 
-
4
 

œ
 

0
 
5
 
 

4 

4:e 

0 3 

2 

I)). 

200 250 300 350 400 450 500 600 700 800 
FREQUENCY— Mc 

Fig. 1—Power output vs. frequency. 

COLLECTOR SUPPLY VOLTS 1Vcc) • 28 
CASE TEMPERATURE ITC). 25. C 
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50 i00 150 200 250 31 

COLLECTOR MILLIAMPERES IT C ) 
92c3-13134 92C9-12830,31 

Fig. 2— Gain-bandwidth product vs. collector 

current. 

COLLECTOR SUPPLY VOLTS 1Vcc ) • 28 
CASE TEMPERATURE (Tc) 25 C 

6 
3 6 8 9 

COLLECTOR MILLIAMPERE ei•`-' 

40 100 2 

FREQUENCY In— MHz 

500 

92GS-12843AI 

Fig. 3—Series input resistance vs. frequency. 

COLLECTOR SUPPLY VOLTS Vcc ) • 28 

CASE TEMPERATURE (Tc) 25. C 
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COLLECTOR SUPPLY VOLTS IV) • 28 
CASE TEMPERATURE 1Tc) 2e c 

'e 10 

8 
31 

ri 6 

4 
O 

5i 2 
° 

a -2 
31 

-4 

40 100 

FREQUENCY ( 1)— MH3 

3 4 503 

92C9-1284118 

Fig. 4—Series input reactance vs. frequency. 

COLLECTOR SUPPLY VOLTS IV") . 28 

CASE TEMPERATURE II) • 2S. C 
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File No. 72 2N3733 

IN 
125•50 OHMS) 

TYPE 
283733 3 

FREQUENCY • I Mc . 
CASE TEMPERATURF Tcl • 25 C 

  BIM 

O 5 10 15 20 25 30 35 40 

COLLECTOR-TO-BASE VOLTS V0B) 

92CS-12831 

Fig. 7— Variation of collector-to-bass capaci-

tan«. 

92C3-13132 CI,C2•28-17pF 114.056 olas 

Fig. 8—RF amplifier circuit for power output test at 400 Mc. 

POUT 
Ls C7 C8 12L•50 orem 

+Vcc 28 V 112C3- J.39 

CI: 3-35 pF 

C2,C4,C6 : 8-60 pF 

C3,C6: 0.005 µF, 

disc ceramic 

C6: 1,000 pF 

C6: 1.5 - 20 pF 

L1: 3 turns No. 18 wire, 

1/4 in. (6.35 mm) ID, 

1/4 in. (6.35 mm) long 

L2: 3/16 in. (4.76 mm) wide 

copper strip, 

3/8 in. (9.52 mm) long 

Fig. 9—RF amplifier circuit for power output test at 260 Mc. 

L3: 

L4: 

R: 1 
R • 

Ferrite choke, Z = 450 ohms 

R F choke, 0.47 pH 

3-1/2 turns No. 16 wire, 

1/4 in. (6.35 mm) ID, 

7/16 in. ( 11.11 mm) long 

1 turn No. 16 wire, 

1/4 in. (6.35 mm) ID, 

3/8 in. (9.52 mm) long 

50 ohms 

0.56 ohms 
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DIMENSIONAL OUTLINE 
JEDEC TO-60 

SEATING 
PLANE 

92CS•1110111 

TERMINAL CONNECTIONS 

Pin No. 1 - Emitter 

Pin No. 2 - Base 

Pon No. 3 - Collector 

SYMBOL 

INCHES 

MIN. MAX. 

MILLIMETERS 

MIN. MAX. 
NOTES 

A 0.215 0.320 5.46 8.13 

A1 - 0.165 - 4.19 2 

Ab 0.030 0.046 0.762 1.17 4 

01) 0.360 0.437 9.14 11.10 2 

ODi 0.320 0.360 8.13 9.14 

E 0.424 0.437 10.77 11.10 

e 0.185 0.215 4.70 5.46 

fei 0.090 0.110 2.29 2.79 

F 0.090 0.135 2.29 3.43 1 

J 0.355 0.480 9.02 12.19 

GM 0.163 0.189 4.14 4.80 

N 0.375 0.455 9.53 11.56 

N1 - 0.078 - 1.98 

oW 0.1658 0.1697 4.212 4.310 3, 5 

NOTES: 

1. Dimension does not include sealing flanges 

2. Package contour optional within dimensions specified 

3. Pitch diameter - 10.32 UNF 2A thread (coated) 

4. Pin spacing perimts insertion in any socket haying a 
pin-circle diameter of 0.200 in. 15.08 rnrn) and con. 
tacts which will accommodate pins with a diameter 
of 0.030 in. (0.762 min) min., 0.046 in.11.17min) max. 

5. The torque applied to a 10.32 hex nut assembled on the 

thread during installation should not exceed 12 inch• 
pounds. 
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File No. 229 

I treal RF Power Transistors 

Solid State 
Division 

RCA-2N3839* is a double-diffused epitaxial planar 
transistor of the silicon n-p-n type. It is extremely use-

ful in low-noise-amplifier, oscillator, and converter 
applications at frequencies up to 500 MHz in the com-
mon-emitter configuration, and up to 1200 MHz, in the 

common-base configuration. 

The 2N3839 is mechanically and electrically like 
the 2N2857, but has a substantially lower noise figure. 

The 2N3839 utilizes a hermetically sealed four-
lead JEDEC TO-72 package. All active elements of 
the transistor are insulated from the case, which may 

be grounded by means of the fourth lead in appli-
cations requiring shielding of the device. 

Maximum Ratings, Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE, % Ito  30 max. 

COLLECTOR-TO-EMITTER 

VOLTAGE, VcEci   15 max. V 

EMITTER-TO-BASE VOLTAGE, VEB0  2.5 max. V 

COLLECTOR CURRENT, IC   40 max. mA 

TRANSISTOR DISSIPATION, PT: 

For operation with heat sink: 

temperatures"{above 25°C  Derate at 1.72 mW/°C 

At case up to 25°C  300 max. mW 

For operation at ambient temperatures: 

temperatures above 25°C   

At ambient { up to 25°C  200 max. mW 

Derate at 1.14 mW/°C 

TEMPERATURE RANGE: 

Storage and Operating (Junction)  -65 to +200 °C 

LEAD TEMPERATURE (During Soldering): 

At distances > 1/32 inch from seating 

surface for 10 seconds max.   265 max. °C 

• Formerly Des. No. TA. 2363 

•" Measured at center of seating surface. 

(NOTE 2) 

0 3-5 
(NOTE Il 0.3-5 

(Non 2) 500 

▪ 500 

RG.5011 - 

5001 680, 

= 2N3839 

C4 
-a 

Vow. 

V 

=. • In TURN. NO.6 WIRE: MATED 

UN" FRov An PARALLEL TO LE 
(_ i_1000 

VEE 75 V 
92C5 - 14112 

RESISTANCE «LIM IN OINS. 
CAPACITANCE VALUES IN pF. 

Fig.? Neutralized amplifier circuit used to measure 
450-MHz power gain and noise figure for type 2N3839. 

2N3839 

SILICON N- P-N 
EPITAXIAL PLANAR 
TRANSISTOR 
For Low-Noise UHF Applications 

in Industrial and Military Equipment 
FEATURES 

• very low device noise figure — 
NF - 3.4 dB max. as 450-MHz amplifier 

J EDEC 
TO- 72 

• high gain-bandwidth product — 
fT 1000 MHz min. 

• high converter (450- to- 30 MHz) gain 
- 15 dB typ. for circuit bandwidth of approximately 
2 MHz 

• high power gain as neutralized amplifier — 
Gpe r 12.5 dB min. at 450 MHz for circuit bandwidth 

of 20 MHz 

• high power output as UHF oscillator — 
P. 30 mW min., 40 mW typ. at 500 MHz 
- 20 mW typ. at 1 GHz 

• low collector- to- base time constant — 
rb ,Ce - 7 ps typ. 

• low collector- to- base feedback capacitance — 

Ccb = 0.6 pF typ. 

NOTE 1: (NEUTRALIZATION PROCEDURE): (A) CONNECT A 
450-MHz SIGNAL GENERATOR (WITH Re = 50 OHMS) TO THE 
INPUT TERMINALS OF THE AMPLIFIER. ( B) CONNECT A 
50-OHM RF VOLTMETER ACROSS THE OUTPUT TERMINALS OF 
THE AMPLIFIER. (C) APPLY VEE, AND WITH THE SIGNAL 
GENERATOR ADJUSTED FOR 5 mV OUTPUT FROM THE AMPLI-
FIER, TUNE Cl, C3, AND C4 FOR MAXIMUM OUTPUT. (D)INTER-
CHANGE THE CONNECTIONS TO THE SIGNAL GENERATOR AND 
THE RF VOLTMETER. ( E) WITH SUFFICIENT SIGNAL APPLIED 
TO THE OUTPUT TERMINALS OF THE AMPLIFIER, ADJUST C2 
FOR A MINIMUM INDICATION AT THE INPUT. ( F) REPEAT 
STEPS (A), ( B), AND (C) TO DETERMINE IF RETUNING IS 
NECESSARY. 

NOTE 2: Li 8. L2—SILVER-PLATED BRASS ROD, 1-1/2" LONG 
x 1/4 " DIA. INSTALL AT LEAST l'2 " FROM NEAREST VERTICAL 
CHASSIS SURFACE. 

NOTE 3: EXTERNAL INTERLEAD SHIELD TO ISOLATE THE 
COLLECTOR LEAD FROM THE EMITTER AND BASE LEADS. 
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ELECTRICAL CHARACTERISTICS, At an Ambient Temperature, TA, of 25°C, Unless Otherwise Specified 

CHARACTERISTICS SYMBOL 

TEST CONDITIONS LIMITS 

UNITS FREOUENCY 

t 

DC 
COLLECTOR- 

TO- BASE 
VOLTAGE 

VCB 

DC 
COLLECTOR- 
TO- EMITTER 
VOLTAGE 

VCE 

DC 
EMITTER- 
TO- BASE 
VOLTAGE 

VEB 

DC 
EMITTER 
CURRENT 

IE 

DC 
BASE 

CURRENT 

IB 

DC 
COLLECTOR 
CURRENT 

IC 

TYPE 
2N3839 

MHz V V V mA mA mA Min. Typ. Max. 

Collector- Cutoff Current 
TA = 25°C 
TA = 150°C ICB0 

15 
15 

0 
0 - 

10 
1.0 

nA 
gA 

Collector-to- Base 
Breakdown Voltage 

BVCBO 0 0.001 30 - V 

Collector- to- Emitter 
Breakdown Voltage BVCEO 0 3 15 - • V 

Emitter- to- Base 
Breakdown Voltage BVEBO 0.01 0 2.5 • - V 

Static Forward Current-
Tralsfer Ratio hFE 1 3 30 - 150 

Small- Signal Forward 
Current-Transfer Ratio 

hte 
0.001' 
100' 

6 
6 

2 
5 

50 
10 

- 
- 

220 
20 

Collector-to- Base 
Feedback Capacitance 

Ccb 0.1 to 1.0b 10 0 - 0.6 1.0 pF 

Input Capacitance Cjo 0.1 to 1.0 0.5 0 • 1.4 • pF 

Collector-to-Base 
Time Constant 

rb , Cc 31.9' 6 -2 1 7 15 ps 

Small- Signal, Common-
Emitter Power Gain in 
Neutralized Arnplifier 

Circuit (See Fig.1) 

GPo 450` 6 1.5 12.5 - 19 dB 

Power Output as Oscillator 
(See Fig 2) 

po > 500° 10 -12 30 - • mW 

UHF Measured Noise Figure 
(See Fig]) 

NF 450" 6 1.5 - - 3.9 dB 

UHF Device Noise Figure NF 450`,'" 6 1.5 3.4 dB 

VHF Measured Noise Figure NF 60‘,. 6 1 - 2 - dB 

o Lead No.4 (case) not connected. 

li 3-terminal measurement with emitter and case connected to guard 
terminal. 

• Lead No.4 (case) grounded. 

d Generator resistance, Rg = 50 ohms. 

— VEE 

Q = 2N3839 

250 
DOUBLE — STUB TUNER 

(20 • 50 II) 

3 MPS NU. i6 
250 run 3/8" 0.0. 

LONG 

0.2 

50 II 
POWER 
METER 

CAPACITANCE VALUES III of. 

92CS -14111 

° Generator resistance, Rg = 400 ohms. 

Device noise figure is approximately 0.5 dB lower than the meas--
sured noise figure. The difference is due to the insertion loss at 
the input of the test circuit (0.25 dB) and the contribution of the 
following stages in the test setup ( 0.25 dB). 

Fig.2 - Oscillator circuit used to measure 500-MHz 

power output for type 2N3839. 
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COMMON-EMITTER CIRCU T, BASE INPUT. 
OUTPUT SHORT-CIRCUITED 
FREQUENCY ( II •100 MHz 
AMBIENT TEMPERATURE TA . 25 °C 
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Fig.3 - Small- Signal Beta Characteristic for Type 2N3839. 
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Fig.4 - Rating Chart for Type 2N3839. 

TWO- PORT ADMITTANCE (y) PARAMETERS AS FUNCTIONS OF COLLECTOR CURRENT ( lc) 

: COMMON- EMITTER CIRCUIT, BASE INPUT; 
OUTPUT SHORT-CIRCUITED. 

• FREQUENCY (I). 950 MHz 
: AMBIENT TEMPERATURE (TA)• 25 C 
COLLECTOR-TO-EMITTERVOLTS ( icE)• 6 7015 

"  
7 -  

gle 

  4 8 lO 12 
COLLEC- T- OR MILLIAMPERES (ICI 

92CS - ,215091 

Fig.5 - Input Admittance (Yie)• 

COMMON-EMITTER CIRCUIT,BASE INPUT; 
OUTPUT SHORT-CIRCUITED 
FREQUENCY » • 450 MHz 
AMBIENT TEMPERATURE (TA). 25"C 
COLLECTOR-TO-EMITTER VOLTS (VcEl• 6 TO15 ', 

b>4 

4 6 a 0 12 
COLLECTOR MILLIAMPERES ( ICI 

92C5-1214991 

Fig.7 - Forward Transadmittance (yfe). 

ere IS 

COMMON-EMITTER CIRCUIT; INPUT 
SHORT-CIRCUITED. 

FREQUENCY If 1.450 MHz 
AMBIENT  TEMPERATURE ( TM . 2r c  

H COLLECTOR-TO- EMIT TER -VOLTS - ( VcE) = 6 

15 

boe 

Igoe 
15 

O 2 4 6 8 10 12 

COLLECTOR MILLIAMPERES ( IC) 
92C5 - 1214841 

Fig.6 - Output Admittance (y"). 

COMMON- EMITTER CIRCUIT; INPUT 
SHORT - CIRCUITED. 

FREQUENCY (f I . 450 MHz 
AMBIENT TEMPERATURE ( TAO • 25 ° C 

, 

' I •  

. . .  NEGLIGIBLY SMALL AT THIS FREQUENCY • 

(450 MHz 

COLLECTOR-TO-EMITTER VOLTS (VCE) 

6 

O 2 4 6 lO 

COLLECTOR MILLIAMPERES (ICI 
92[5 - 1215442 

Fig.8 - Reverse Transadmittance (yre ). 
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TWO- PORT ADMITTANCE (y) PARAMETERS AS FUNCTIONS OF FREQUENCY (f) 

COMMON-EMITTER CIRCUIT, BASE 
OUTPUT SHORT-CIRCUITED. 

COLLECTOR-TO-EMITTER VOLTS 
COLLECTOR MILLIAMPERES( 
AMBIENT TEMPERATUREITA 

INPUT, 

(VcE1•6 
cl 15 
• 25 C 

IN
PU

T 
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ND
UC
TA
NC
E 
(4
)
 

OR
 

SU
SC

EP
TA

NC
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( b
ie
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— M

IL
LI
MH
OS
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a
 

al
  

--r* 
i 

io • 6 8 2 
100 

FREQUENCY MHz 

Fig.9 - Input Admittance (lie). 

COMMON-EMITTER CIRCUIT, BASE INPUT; 
OUTPUT SHORT-CIRCUITED 
COLLECTOR-TO-EMITTER VOLTS (VcE1 .6 
COLLECTOR MILLIAMPERES ( Ic1 • L5 
AMBIENT TEMPERATURE TA) • 25•C 

0 200 400 600 800 
FREQUENCY If - MHz 

• 6 8,000 

92CS - 12157R1 

92CS - 12152R1 

Fig.I I - Forward Transadmittance (Yfe)• 

DIMENSIONAL OUTLINE 

JEDEC TO-72 
.230 MAX. 

—.1209 MIN.  
DIA. 

195 MAX. I 
.178 MIN. —1 
DIA. 

.500 MIN. 

103 1.1 

INSULATION 

INDEX -
TAB „ 

(NOTE 3) 4* 
.046 MAX. 
.036 MIN. 

NOTE 4 

;SEATING PLANE 
4—.030 MAX. 

4 LEADS 

.017 I•goof 
(NOTE I) 
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CE
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ri,
 COMMON-EMITTER CIRCUIT; INPUT 

SHORT-CIRCUITED. 
COLLECTOR-TO-EMITTER VOLTS (VcEI• 

COLLECTOR MILLIAMPERES Iol• 1.5 
AMBIENT TEMPERATURE )TA) • 25•C 
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100 
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Fig. 10 - Output Admittance 

1000 

92CS -1215682 

COMMON-EMITTER CIRCUIT: INPUT SHORT-CIRCUITED.  
COLLECTOR-TO-EMITTER VOLTS (VcE1•6 

COLLECTOR MILLIAMPERES ac)•1.5 
AMBIENT TEMPERATURE (TA) • 25• C 

bre ere 

-----...... 

IA
NS

FE
R 
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ND
UC
T 
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TA

NC
E ria

 
 

2 • 6 8 2 • 6 8 
10 100 

FREQUENCY Ill- MHz 
1000 

92CS - 05183 

Fig. 12 - Reverse Transadmittance (Ire). 

TERMINAL DIAGRAM Bottom View 

LEAD 1- EMITTER 

LEAD 2 - BASE 

LEAD 3- COLLECTOR 

LEAD 4 - CONNECTED TO 

CASE 

Note 1: The specified lead diameter applies in the zone be-
tween 0.050" and 0.250 " from the seating plane. From 0.250" 
to the end of the lead a maximum diameter of 0.021" is held. 
Outside of these zones, the lead diameter is not controlled. 

Note 24 Maximum diameter leads at a gauging plane 0.054" + 
0.001" - 0.000" below seating plane to be within 0.007" of 
their true location relative to max, width tab and to the mord-
mum 0.230" diameter measured with a suitable gauge. When 
gouge is not used, measurement will be made at seating pl one. 

Note 3: For visual orientation only. 

Note 4: Tab length to be 0.028" minimum - 0.048"moximum, 
ad will be determined by subtracting diameter A from di-

92C5-;28:t , sion B. 
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EnCEM 
Solid State 
Division 

RF Power Transistors 

2N3866 

JEDEC TO- 39 .4.1W 

Silicon N-P-N Overlay Transistor 

High-Gain Driver for VHF/UHF Applications 
in Military and Industrial Communications Equipment 

Features 

• High Power Gain, Unneutralized Class C Amplifier 

1 W output at 400 MHz (10 dB gain) 

1 W output at 250 MHz ( 15 dB gain) 

1 W output at 175 MHz ( 17 dB gain) 

1 W output at 100 MHz ( 20 dB gain) 

• Low Output Capacitance 

Cobo = 3 pF max. 

MAXIMUM RATINGS, Absolute-Maximum Values 

• COLLECTOR-TO-BASE VOLTAGE  Vc5o 55 

COLLECTOR-TO-EMITTER 
VOLTAGE: 
With external base-to-emitter 
resistance ( RBE) lost VCER 55 

• With base open  VCEO 30 

• EMITTER-TO-BASE VOLTAGE  VE50 35 

* CONTINUOUS COLLECTOR 
CURRENT  lc 0.4 

• CONTINUOUS BASE CURRENT  If; 0.4 

• TRANSISTOR DISSIPATION PT 
At case temperature up to 1000C • • 5 
At case temperatures above 1000C • See Fig. 4 

• TEMPERATURE RANGE: 

Storage & Operating (Junction)  

• LEAD TEMPERATURE 

At distances > 1/16 in. ( 1.58 mm) 
from seating plane for 10 s max.   

—65 to +200 

• RCA-2N3866 is an epitaxial silicon n-p-n planar transistor 

employing an advanced version of the RCA-developed 

"overlay" emitter-electrode design. This electrode consists of 

• many isolated emitter sites connected together through the 

• use of a diffused-grid structure and a metal overlay which is 

• deposited on a silicon oxide insulating layer by means of a 

photo-etching technique. This overlay design provides a very 

A high emitter periphery-to-emitter area ratio resulting in low 

A output capacitance, high rf current handling capability, and 

substantially higher power gain. 

The 2N3866 is intended for class-A, - 8, or -C amplifier, 

frequency-multiplier, or oscillator circuits: it may be used in 

0C output, driver, or pre-driver stages in vhf and uhf equipment. 

230 0C 

• In accordance with JEDEC registration data format JS-6 RDF-3. 

COLLECTOR SUPPLY VOLTAGE (Vcc) • 28 V 
CASE TEMPERATURE (Tc) • 29°C 
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30 'N 

100 200 400 

FREQUENCY (0— MHz 

Fig. 1 - Power output vs. frequency 

600 800 

92CS-I3146Ri 

PIN 
(Z6•50 C2 

TYPE 
2N3866 

Cs L5 ZLP•OOrrial 

L3 

CI 

C1: 3-35 pF 

C2, C5: 8-60 pF 

C3: 12 pF 

C4: 1,000 pF, feedthrough 

C6: 0.9-7 pF 

LI: 2 turns No. 18 wire, 
1/4" ID, 1/8" long 

L2: Ferrite rf choke, 

1 turn, Z = 45012 

L4 

C4) 

VEE • - 28 V 

C6 

L3,t4: RF choke, 0.1 pH 

L5: 2-1/2 turns, No. 18 wire, 
1/4" ID, 3/16" long 

R1: 5.612, 1 W 

92C S• ISI•5 

Fig. 2 - RF amplifier circuit for power output test (400-MHz 

Operation) 
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• 

• 

• 

ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc) = 250C 

STATIC 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS 

LIMITS UNITS 

DC 

Vol age 

(V) 

DC 

Curren 

(mA) 

VCE VEB IE IB lc Min. Max. 

mA 

Collector-Cutoff Current: 

Base-emitter junction reverse biased 10EX 55 1.5 - 0.1 

Tr, = 2000C 30 1.5 0.1 

Base open 'CEO 28 0 20 µA 

Collector-to- Base Breakdown Voltage V(BR)CB0 0 0.1 55 - V 

Collector-to- Emitter Breakdown Voltage: 

With base open V(BR)CEO 0 5 30 - 
V 

With base connected to emitter through 
10-ohm resistor V(BR)CER o 5 55 - 

Emitter-to-Base Breakdown Voltage VIBRIEBO 0.1 0 3.5 - V 

Emitter-Cutoff Current IEBO 3.5 0.1 mA 

Collector-to- Emitter Saturation Voltage Vc Elsat) 20 100 - 1.0 V 

DC Forward-Current 

Transfer Ratio 
hFE 

5 

5 

360 

50 

5 

10 

— 

200 

Thermal Resistance: 

(Junction-to-Case) 0J-C - 35 0C/W 

DYNAMIC 

TEST & CONDITIONS SYMBOL FREQUENCY 

MHz 

LIMITS 
UNITS 

MINIMUM MAXIMUM 

Power Output ( Vcc = 28 V): 

PIE = 0.1 W POE 400 1.0 - W 

Large-Signal Common-Emitter Power Gain ( Vcc = 28 V): 

PIE = 0.1 W GPE 400 10 - dB 

Collector Efficiency ( Vcc = 28 V): 

PIE ' 0.1 W. POE = 1 W,Source Impedance = 500 77C 400 45 % 

Magnitude of Common-Emitter, Small Signal, Short-Circuit 

Forward-Current Transfer Ratio 

IC = 50 mA, VcE - 15 V 
lhfe I 200 2.5 - 

Available Amplifier Signal Input Power, POE = 1 W, Source 

Impedance = 500 (See Fig. 2) Pi 400 - 0.1 W 

Common-Base Output Capacitance (Vat = 28 V) Coba 1 - 3 pF 

• In accordance with JEDEC registration data format JS-6 RDF-3 

Í
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Fig. 3 - Gain-bandwidth product vs. collector current 
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CASE TEMPERATURE ( Tc)• 100 C 

lc MAX. 

HOT SPOT TEMPERATURE 
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— NOTE: Ta  IS DETERMINED BY 

— USE OF INFRARED 
SCANNING TECHNIQUE 
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Fig. 5 - Safe area for dc operation 
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Fig. 6 - Variation of collector-to-base capacitance 

DESIGN DATA 

t • ' • ? .... T  

REFLECTION COEFFICIENT SCALE CENTER 

lo 

INPUT REFLECTION 
COEFFICIENT ( S11) 

COLLECTOR-TO- EMITTER VOLTAGE rice) = 15 v -90° 

COLLECTOR CURRENT (ICI 50 "'A 

CASE TEMPERATURE ( Tc) = 25"C 

2 3 4 5 

MAGNITUDE-FORWARD TRANSMISSION GAIN (S21) 

92CS-17672 

Fig. 7 - Typical S parameters vs. frequency 
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COLLECTOR-TO-EMITTER VOLTAGE (1/cE1 • 15 V 
CASE TEMPERATURE Tcl• zec 

35 

es 
I 

î 30 

g 
i 25 

i 
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Fig. 8 - Typical series input resistance vs. frequency 
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Fig. 10 - Typical parallel output resistance vs. frequency 

DIMENSIONAL OUTLINE 

JEDEC No. TO-39 

TEMPERATURE 
MEASURING POINT 92CS•15641R2 

Note 1: This zone is controlled for automatic handling. The variation 

in actual diameter within this zone shall not exceed 0.010 in 

(0.254 mm). 

Note 2 ( Three leads) eb2 applies between Is and 12. e applies 

between 12 and 0.5 in ( 12.70 mm) from seating plane. 

Diameter is uncontrolled in 11 and beyond 0.5 in ( 12.70 

mm) from seating plane. 

Note 3: Measured from maximum diameter of the actual device. 

Note 4: Details of outline in this zone optional. 
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Fig. 9 - Typical series input reactance vs. frequency 
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Fig. 11 • Typical parallel output capacitance vs. frequemy 

SYMBOL 
INCHES  MILLIMETERS 

NOTES 
MIN. MAX. MIN. MAX. 

0a 0.190 0.210 4.83 5.33 
A 0.240 0.260 6.10 6.60 
Oh 0.016 0.021 0.406 0.533 2 

0b2 0.016 0.019 0.406 0.483 2 
o 0.350 0.370 8.89 9.40 

0D1 0.315 0.335 8.00 8.51 
h 0.009 0.041 0.229 1.04 
j 0.028 0.034 0.711 0.864 
k 0.029 0.040 0.737 1.02 3 
1 0.500 0.562 12.70 14.27 2 

11 0.050 1.27 2 

12 0.250 6.35 2 
P 0.100 2.54 1 
0 4 
a 450 NOMINAL 

0 900 NOMINAL 
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File No. 90 

Men 
Solid State 
Division 

RF Power Transistors 

2N4012 

High-Power Silicon N- P-N 
Overlay Transistor 

For Applications as a Frequency Multiplier 

Into the UHF or L- Band Range 

Features 

• 2.5 W output with 4 dB conversion gain ( min.) as tripler to 1 GHz 

• 3 W output with 4.8 dB conversion gain ( typ.) as doubler to 800 MHz 

• High voltage ratings 

• Freedom from second breakdown 

RCA-2N4012 is an epitaxial silicon n-p-n planar transistor of 

the "overlay" emitter electrode construction. It is especially 

designed to provide high power as a frequency multiplier into 

the uhf, or L-band, frequency range for military and 

industrial communications equipment. 

Frequency multiplication — with power amplification — is 

possible with the overlay structure because the variable 

collector-to-base capacitance becomes the nonlinear element 

of a harmonic generator. The collector-to-base capacitance 

acts like a variable-capacitance diode, or varactor, in parallel 

with the amplifier section of the transistor. 

In the overlay structure, there are a number of individual 

emitter sites which are all connected in parallel and used in 

MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-EMITTER VOLTAGE: 
With base open   
With VBE = — 1.5 volts  

COLLECTOR-TO-BASE VOLTAGE 
EMITTER-TO-BASE VOLTAGE   
COLLECTOR CURRENT 

TRANSISTOR DISSIPATION: 
At case temperatures up to 25°C 11.6 
At case temperatures above 25°C See Fig. 12 

TEMPERATURE RANGE: 
Storage & Operating ( Junction)   65 to +200 °C 

LEAD TEMPERATURE ( During soldering): 
At distances > 1/32 in. 10.8 mm) from 

insulating wafer for 10 s max.   230 °C 

40 V 

65 V 
65 V 
4 V 

1.5 A 

VCEO 
VCEV 
VcB0 
VEB0 

IC 

PT 

conjunction with a single base and collector region. When 
compared with other structures, this arrangement provides a 

substantial increase in emitter periphery for higher current or 

power, and a corresponding decrease in emitter and collector 

areas for lower input and output capacitances. The overlay 

structure thus offers greater power output, gain, efficiency, 

and frequency capability. 

The 2N4012 pellet is mounted in a JEDEC TO-60 package 

electrically isolating all three electrodes from the case for 

design flexibility and features low lead inductance and 

thermal resistance. The heavy copper mounting stud provides 

effective contact with a heat sink. 

CASE TEMPERATURE ( Tc). 25•C 
CURVE A. DOUBLER 
CURVE 8 TRIPLER 
CURVE C QUADRUPLER 

„, 3 

t 2.5 

2 

o 

5 
O 

OB 09 10 11 1 2 13 I 4 
OUTPUT FREQUENCY (foutl — Gc/t 92C5-13•65 

Fig. 1—Output power vs. output frequency 

a al  

f: 
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ELECTRICAL CHARACTERISTICS, Case Temperature = 250C 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS 

LIMITS UNITS 

DC 

Collector 

Volts 

DC 

Base 

Volts 

DC 

Current 

(Milliamperes) 

VCB VCE VBE 1E IB IC Min. Max. 

Collector- Cutoff Current 'CEO 30 0 - 0.1 mA 

Collector-to-Base Breakdown 

Voltage BVCBO 0 0.1 65 - volts 

Collector-to- Emitter 

Breakdown Voltage 

BVCEO 0 0 to 200e 40b - volts 

BVCEV -1.5 0 to 200a 65b - volts 

Emitter-to-Base 

Breakdown Voltage 

BVEBO 0.1 0 4 - volts 

Collector-to- Emitter 

Saturation Voltage 

VCE(sat ) 100 500 - 1 volt 

Collector-to-Base Capacitance 

(See Fig. 4) 

Cob 30 0 - 10 pF 

RF Power Output 

Triplet At 1002 Mc/s (See Fig. 2) 

Doubler At 800 Mc/s ( See Fig. 3) 

POUT 28 

28 

2.5c 

3.0d (typ.) watts 

Gain-Bandwidth Product fT 28 150 500 ( typ.) Mc/s 

Collector-to- Base 

Cutoff Frequencye fc 28 0 25 ( typ.) Gc/s 

a Pulsed through an inductor 125 m1-0; duty factor = 50%. 

b Measured at a current where the breakdown voltage is a minimum. 

e For PIN = 1.0 W; at 334 Mcis; minimum collector efficiency = 25%. 

d For PIN = 1.0 W; at 400 Mc/s; typical collector efficiency = 35%. 

TRIPLER CIRCUIT FOR POWER OUTPUT TEST 

INPUT FREQUENCY + 2BV 
51, • 334 tAcis 

CI = 0.9 - 7 pF 

C2 = 1 - 10 pF 

CI C4, C6. C6 = 0.8 - 10 pF 

• = 1000 pF 

Cs = O.2 8F 

RFC-I = 0.22 pH 

RFC2 = 0.33 ohms, W.W. Resistor 

• e 2 turns, 3/8" diameter, 
No. 16 wire 

L2 = 1/16" width copper strip, 
3/8" long 

OUTPUT FREQUENCY 
iCitir 002 Md. 

92C5-13442 

L3 - 2 turns, 3/8" diameter, 
No. 18 wire 
1-1/2 turns, 3/8" diameter, 
1/16 copper strip 

R = 2.7 ohms 

Output Cavity = 1-1/4" x 1-1/4-

x 2-1/4" 

Center Conductor = 1/4" OD tube 

Output direct couple = 1/2" from 
shorted end 

Fig. 2 

e Cutoff frequency is determined from Q measurement at 210 Mc/s. 

The cutoff frequency of the collector-to-base junction of the trans-

istor, fc = Q x 210 Mc/s. 

DOUBLE CIRCUIT FOR POWER OUTPUT TEST 

INPUT FREQUENCY 
.400 Mc is 

+ 28V 

C1 = 0.9 - 7 pF 

C2 = 1 - 10 pF 

CI C4. Cs = 0.8 - 10 pF 

C6 = 1000 pF 

C2. = 0.2 pf 

RFCs= 0.22 sfH 

RFC2 = 0.33 ohms, W.W. Resistor 

R = 2.7 ohms 

L1 = 1 turn, 3/8" diameter, 
No. 16 wire 

OUTPUT FREQUENCY 
ouT•800 Idea 

920-15443 

1.2 = 1/16" width copper strip, 

3/8" long 

L3 = 2 turns, 3/8" diameter, 

No. 18 wire 
Output Cavity = 1.1/4" x 1-1/4" 

x 2-1/4" 

Center Conductor = 1/4" OD tube 

Output direct couple = 1/2" from 

shorted end 

Fig. 3 
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COLLECTOR-TO-BASE CAPACITANCE vs. 
COLLECTOR-TO-BASE VOLTAGE 

70 

60 

5400 

FREQUENCY • I %Ica 

CASE TEMPERATURE ( TO . 2 5•C 

30 

.S 20 

o 
10 

o 

ID 20 30 40 50 60 70 

COLLECTOR-TO- BASE VOLTS VCB1 

Fig. 4 92CS-13441 

POWER OUTPUT vs. COLLECTOR SUPPLY VOLTAGE 

TRIPLER CIRCUIT 
INPUT POWER: I WATT 

COLLECTOR SUPPLY VOLTAGE (Vcd— VOLTS 

Fig. 6 92CS-13445 

SERIES INPUT RESISTANCE vs. FREQUENCY 

COLLECTOR SUPPLY VOLTS ( Vcc 1 • 28 

CASE TEMPERATURE (Tc • 25°C 
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POWER OUTPUT vs. POWER INPUT 

TRIPLER CIRCUIT 
CURVE A: CIRCUIT RETUNED AT EACH 

INPUT POWER LEVEL. 
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RF POWER INPUT ( Pin/ - WATTS (334 MCI,) 

CURVE B CIRCUIT TUNED AT I-WATT 
INPUT LEVEL ONLY. 
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GAIN-BANDWIDTH PRODUCT vs. 
COLLECTOR CURRENT 

COLLECTOR SUPPLY VOLTS 1 Vcc1 • 28 
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SERIES INPUT REACTANCE VS. FREQUENCY 
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PARALLEL OUTPUT CAPACITANCE vs. 
FREQUENCY 
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PARALLEL OUTPUT RESISTANCE vs. 
FREQUENCY 

COLLECTOR- TO-EMITTER VOLTS ( V0E1.28 
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DISSIPATION DERATING CURVE 

CASE TEMPERATURE - •C 

Fig. 12 92C5-15446 

500 
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DIMENSIONAL OUTLINE 

SYMBOL 

INCHES 

MIN. MAX. 

MILLIMETERS 

MIN. MAX. 
NOTES 

,-

A 0.215 0.320 5.46 813 

Al - 0.165 - 4.19 2 

Ob 0.030 A046 0.762 1.17 4 

olD 0.360 0.437 914 11.10 2 

OD, 0.320 0.380 8.13 9.14 

E 0.424 0.437 10.77 11.10 

e 0185 0.215 4.70 5.46 

el eeee 0.110 2.29 2.79 

F 0.090 0.135 2.29 3.43 I 
J o.aes 0.480 9.02 12.19 

061 0.163 0.189 4.14 4.80 

N 0.375 eeee 963 11.56 

N1 - 0.078 - 198 

VW 0.1668 0.1697 4.212 4.310 3,5 

NOTES: 

1. Dimension does not include sealing flanges 

2. Package contour optional within dimensions specified 

3. Pitch diameter - 10 32 ONE 2A thread ( coated) 
4. Pin spacing perm's inseitton in any socket haying a 

pin circle diameter cl 0.200 in. ( 5.08 mrn1 and con-
tacts which will accommodate pins with a diameter 
of 0.030 in. 10.762 rnm) min.. 0.046 in.11.17mml max. 

5. The torque applied to a 10.32 hex nut assembled on the 

thread doming rnstallallon should not eac2ed 12 meh• 

pounds 

TERMINAL CONNECTIONS 

Pin No. 1 - Emitter 

Pin No. 2 - Base 

Pin No. 3 - Collector 

REFERENCES 

I. The Ovelay Transistor, Electronics, August 23, 1965. 

Part I - New Geometry Boosts Power, D.R. Carley, 

P.L. McGeough, and J.F. O'Brien. 

Part 11 - Putting the Overlay to Work at Hi-Freguency, 
Dr. DJ. Donahue and B.A. Jacoby. 

2. Frequency Multiplication Using Transistors, N.C. Lee 
and R. Minton, RCA Application Note SMA-40. 
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MCP-2M 
Solid State 
Division 

RF Power Transistors 

2N4427 

Silicon N-P-N 
Overlay Transistor 

High-Gain Driver for VHF-UHF 

Features: 

• 1 W output with 10 dB gain ( min.) at 175 MHz 

Vcc = 12 V 

• 0.4 W output with 5 dB gain (typ.) at 470 MHz 

VCC = 12 V 

RCA-2N4427 is an epitaxial silicon n-p-n planar transistor of 

the "overlay" emitter electrode construction. It is intended 

for class A, B, or C amplifier, frequency-multiplier, or 

oscillator circuits; it may be used in output, driver, or 

pre-driver stages in vhf and uhf equipment. 

In the overlay structure, a number of individual emitter sites 

are connected in parallel and used in conjunction with a 

single base and collector region. When compared with other 

structures, this arrangement provides a substantial increase in 

emitter periphery for higher current or power, and a 

corresponding decrease in emitter and collector areas for 

lower input and output capacitances. The overlay structure 

thus offers greater power output, gain, efficiency, and 
frequency capability. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

• COLLECTOR-TO-BASE VOLTAGE  VCBO 40 V 

* COLLECTOR-TO-EMITTER VOLTAGE: 

With base open   VCEO 20 V 

* EMITTER-TO-BASE VOLTAGE  VEBO 2 V 

• CONTINUOUS COLLECTOR CURRENT   IC 0.4 A 

* CONTINUOUS BASE CURRENT  I g 0.4 A 

* TRANSISTOR DISSIPATION: PT 
At case temperatures up to 100°C  2 

At case temperatures above 100°C   See Fig. 14 

* TEMPERATURE RANGE. 

Storage & Operating (Junction)   —65 to 200 °C 

* LEAD TEMPERATURE ( During soldering): 

At distances > 1/32 in. (0.8 mm) from insulating wafer for 10 s "'ay   230 

* In accordance with JEDEC registration data format JS-6 RDF-3. 
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ELECTRICAL CHARACTERISTICS, At Case Temperature (TC) = 250C. 

Characteristic Symbol 

TEST CONDITIONS 

Units 

DC 

Voltage 

(V) 

DC 

Curren 

(mA) 

Limits 

VBE VEB VCB VCE 1E 1B 1c Min. Max. 

Collector-Cutoff Current: 

With base open 'CEO 12 0 — 0.02 
mA With base-emitter junction 

reverse- biased 
ICEV 

—1.5 40 0.1 

Tc = 150°C —1.5 12 5 

Emitter- Cutoff Current 
1E130 2 — 0.1 mA 

Collector-to- Base Breakdown 

Voltage VIBRICB0 0 0.1 40 V 

Collector-to- Emitter Sustaining 

VlItage: 

With base open VcE0Isus) 0 5 20 — 
V 

With external base-to-emitter 
resistance IRBE) = 10S2 VcERIsus) 5 40 — 

Emitter- to- Base Breakdown 

Voltage VIBR)EBO 0.1 0 2 V 

Collector-to- Emitter 

Saturation Voltage 
VCEIsall 20 100 — 0.5 

DC Forward Current 

Transfer Ratio hF E 
5 

5 

360 

100 

5 

10 200 

Magnitude of Common- Emitter 

Small- Signal, Short- Circuit 

Forward Current Transfer 

Ratio I f = 200 MHz) 
Ihfe I 

15 50 2.5 — 

Collector-to- Base Capacitance 

If = 1 MHz) Cob 12 o 4 pF 

RF Power Output 

Class C Amplifier, 

Unneutralized ( f =. 175 MHz. 

PIE = 0.1 W, r/c > 50%) 

See Fig. 2 

POE 
12 

(VCC) 
1 

Available Amplifier Signal 

Input Power If = 175 MHz, 

POE ' 1 W. ZIN = 50 .(.2) 
See Fig. 2 

PI 
12 

(VCC) 
— 0.1 W 

Collector Efficiency 

lf = 175 MHz, POE = 1 W, 

ZIN = 50 ., 21 See Fig. 2 
'?C 

12 

(VCC) 
50 % 

Thermal F4.;istance 

Junction- to- Case ROJC 50 °C/W 

• In accordance with JEDEC regist ation data format JS-6 RDF-3. 
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175 MHz OPERATION 

2N4427 

20 40 60 60 100 120 (40. 160 180 

RF POWER INPUT PIE)- eiW 

 SUPPLY VOLTAGE (V0c) r• 2 V 
FREQUENCY),) 175 MHz 

92L9-1758 

Fig.!— Power output vs. power input. 

92LS-1739 

C1, C2, C3, & C4: 3-15 pF trimmer. ARCO 403 or equivalent 

C5: 1,000 pF feedthrough 

C6: 0.01 HF disc. 

LI: 2 turns No.16 wire, 3/16 in. (4.76 mm) ID. 

1/4 in. (6.35 mm) long 

L2: Ferrite choke, Z = 450 St 

L3: 2 turns No.16 wire, 1/4 n. ( 6.35 mm) ID, 

1/4 in. ( 8.35 mm) long 

L4 - 4 turne No.16 wire, 3/8-in. (0.52 mm) ID, 

3/8 in. (9.52 mm) long 

Fig.2-175-MHz rf amplifier circuit for power-output test. 

470 MHz OPERATION 

0.4 

I 0.39 

0.3o 

2 
0.25 

COLLECTOR SUPPLY VOLTAGE V0Q) 12 V 
FREQUENCY(11.470 MHz 

0.1 
40 60 70 80 90 100 10 20 130 

RF POWER INPUT (PIE)—ne 

112Lti-17141 

CI, C2, C5, & C6: 0.9-7 pF trimmer, ARCO 400, or equivalent 

C3: 1000 pF feedthrough 

C4: 0.02 MF disc. 

L1: 1 turn No.20 wire,3/16 in. (4.76 mm) ID, 

Space wire diameter 

L2: 0.47 pH Nytronics Corp., or equivalent 

L3: 2 turns No.18 wire, 1/4 in. 16.35 mm) ID. 

Space wire diameter C.T. 

L4: 2 turns No 20 wire,3/16 in. (4.76 mm) ID, 

Space wire diameter 

F19,3— Power output vs. power input. Fig.4-470-MHz rf amplifier circuit. 
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Fig.8— Parallel output resistance vs. frequency. 
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DIMENSIONAL OUTLINE 

JEDEC No. TO-39 

SEATING 
PLANE 

TEMPERATURE 
MEASURING POINT 92CS•15641P2 

SYMBOL 
INCHES MILLIMETERS 

NOTES 
MIN. MAX. MIN. MAX. 

pa 0.190 0.210 4.83 5.33 
A 0.240 0.260 6.10 6.60 

Ob 0.016 0.021 0.406 0.533 2 

032 0.016 0.019 0.406 0.483 2 
OD 0.350 0.370 8.89 9.40 

001 0.315 0.335 8.00 8.51 

h 0.009 0.041 0.229 1.04 

j 0.028 0.034 0.711 0.864 
k 0.029 0.040 0.737 1.02 3 
1 0.500 12.70 2 

I 1 0.050 1.27 2 
12 0.250 6.35 2 
P 0.100 2.54 1 
0 4 
a 450 NOMINAL 

13 900 NOMINAL 

Note 1 This zone is controlled for automatic handling. The variation 

in actual diameter within this zone shall not exceed 0.010 in 
(0.254 mm). 

Note 2: (Three leads) ob2 applies between li and 12. ob applies 

between 12 and 0.5 in ( 1 2.70 mm) from seating plane. 

Diameter is uncontrolled in Il and beyond 0.5 in ( 1 2.70 mm) 
from seating plane. 

Note 3: Measured from maximum diameter of the actual device. 

Note 4: Details of outline in this zone optional. 

TERMINAL CONNECTIONS 

LEAD 1 - EMITTER 

LEAD 2 - BASE 

LEAD 3 - COLLECTOR. CASE 
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File No. 217 

UUCELM 
Solid State 
Division 

RF Power Transistors 

2N4440 

Silicon N- P-N Overlay Transistor 

For Class A, B, or C VHF/UHF 
Military and Industrial Communications Equipment 

Features: 

• 5 W output min. at 400 MHz 

• 6 5 W output typ. at 225 MHz 

RCA-2N44406 is an epitaxial silicon n-p-n planar transistor 

of the overlay emitter-electrode construction. It is intended 

for Class AA, B, and C rf amplifier, multiplier, or oscillator 

operation for military and industrial communications service 

(175 to 400 MHz). 

In the overlay structure, a number of individual emitter sites 
are connected in parallel and used in conjunction with a 

common collector region. When compared with other struc-

tures, this arrangement provides a substantial increase in 

MAXIMUM RATINGS, Absolute-Maximum Values: 

emitter periphery for higher current or power, and a corre-

sponding decrease in emitter and collector areas for lower 

input a-id output capacitances. The overlay structure thus 

offers greater power output, gain, efficiency, frequency capa-

bility, and linearity. 

°Formerly RCA Dev. No. TA2875. 

•COLLECTOR-TO-BASE VOLTAGE   

*COLLECTOR-TO-EMITTER VOLTAGE: 

With base-emitter junction reverse-biased ( VBE) = - 1.5 V   

• With base open 

•EMITTER-TO-BASE VOLTAGE   

*CONTINUOUS COLLECTOR CURRENT   

*CONTINUOUS BASE CURRENT   

*TRANSISTOR DISSIPATIONA: 
At case temperatures up to 25°C   

At case temperatures above 25°C   

*TEMPERATURE RANGE: 

Storage and operating (junction)   

LEAD TEMPERATURE ( During soldering): 

At distances 1/32 in. (0.8 mm) from insulating wafer for 10 s max 

'in accordance with JEDEC registration data 

°Secondary breakdown considerations limit maximum dc operating 
conditions., contact your RCA Representative for specific data. 

VCBO 

VCEV 

VCEO 

VEBO 

IC 

113 

PT 

65 

65 

40 

4 

1.5 

0.2 

11.6 

See Fig. 2 

-65 to 200 

230 
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ELECTRICAL CHARACTER ISTICS, At Case Temperature IT cl = 25°C unless otherwise specified 

CHARACTERISTIC 

TEST CONDITIONS 

LIMITS UNITS SYMBOL 
VOLTAGE 

V dc 

CURRENT 

mA dc 

V CB V CE V BE IB IC 
MIN. MA X. 

Collector Cutoff Current. 

With base open 'CEO ao o 1 

With base-emitter Junction 

reverse-biased 

ICEV 

65 -1 5 

At Tc = 200°C 30 -1 5 

Emitter Cutoff Current 1E130 
-4 01 ctA 

Collector- to- Base 

Breakdown Voltage V IBR)CB0 
01 65 

Collector.to-Emitter 

Breakdown Voltage 

With base-emitter unction 

reverse-biased 
V IBRICEV 

-1 5 0 to 200. 65 — 

Emitter- to- Base 

Breakdown Voltage 
VIBRIEBO 

01 0 4 

Collector•to-Ernitter 

Sustaining Voltage. 

With base oPen VCE0("') 
200. 40 

V 

With external base-to-

emitter resistance 

IR BE ) = 100St 
V CE18 1" ) 

200• 40 

DC Forward Current 

Transfer Ratio h F E 
5 

5 

1350 

125 

3 

10 200 

Collector•to-Ernitter 

Saturation Voltage  
VcE(sat) 

250 1 V 

Magnitude of Comrnon-

Emitter, Small-Signal, 

Short-Circuit Forward 

Current Transfer Ratio 

If = 100 MHz) 

In,e1 2E1 125 

5 Ityg I 

Collector- to- Base Capacitance 

If = 1 MHz> 
Cob 29 125 12 pF 

Available Amplifier Signal 

Input Power 

(Po = 5 W, ZG = 5011, 

f = 400 MHz) 

Pi 
1 7 W 

Collector Circuit Efficiency 

IPo = 5 W, ZG = 50.12, 

f = 400 MHz) 
hC 

45 

Base-Spreading Resistance 

Measured at 200 MHz 'lab' 28 
250 10 (typ I St 

Collector-to-Case Capacitance C, 6 oF 

Thermal Resistance 

Llunction-to-Case) 
ROJO 

15 'C/W 

..ulsed through an inductor 125 rnI11, duty factor.50% 

• • Measured at a current where the breakdown voltage is a minimum 

• In accordance With JEDEC registration data 
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COLLECTOR-TO- EMITTER VOLTS ( Vcc ) • 28 
CASE TEMPERATURE ( Tc 1 • 25 C 
COLLECTOR CA. IC 
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40 5 6 7 8 9100 2 3 4 500 

FREQUENCY - PAN 

Fig. 7— Typical output resistance 

guency 

+Vcc 

92LS-I357 

vs. (re 

92CS-I256693 

Fig. 8—RF amplifier circuit for power output test et 400 

MHz 

PIN 
Z9•50 OHMS 

C1 

264440 

C3 

3 
L4 

L1 
2 3 

2 2 
C6 

CSI RI CI 

+VCC 

CI: 2-25 pF 

C2, C3, C4: 4-40 pF 

C6: 50 DE, disc ceramic 

C6: 1500 pF 

C7: 0.005 uF, disc ceramic 

1 turn No. 16 wire, 

1/4 in. (6.35 mm) ID, 

1/8 in. ( 317 mm) long 

ZL•30 

OHMS 

92CS-IM61392 

L2: Ferrite choke, 

Z = 450 It 20%) ohms 

L 47-01 choke 

L4: 2 turns No. 16 wire, 

3/8 in. (6.52 mm) ID, 
7/16 in. ( 11.11 mm) long 

RI: 1.35 ohms, non-inductive 

Fig. 9—RF amplifier circuit for power output test at 225 
MHz 
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DIMGNSIONAL OUTLINE 

JEDEC TO-60 

SEATING 
PLANE 

eats. itO it 

N 

TERMINAL CONNECTIONS 

Pin No. 1 - Emitter 

Pin No. 2 - Base 

Pin No. 3 - Collector 

SYMBOL 

INCHES 

MIN. MAX. 

MILLIMETERS 

MIN. MAX. 
NOTES 

A 0.215 0.320 5.46 8.13 

A 1 - 0.165 - 4.19 2 

Ob 0.030 0.046 0.762 1.17 4 

OD 0.360 0.437 9.14 11.10 2 

013 1 0.320 0.360 8.13 9.14 

E 0.424 0.437 10.77 11.10 

e 0.185 0.215 4.70 5.46 

el 0.090 0.110 2.29 2.79 

F 0.090 0.135 2.29 3.43 1 

J 0.355 0.480 9.02 12.19 

0M 0.163 0.189 4.14 4.80 

N 0.375 0.455 9.53 11.56 

N1 - 0.078 - 1.98 

oW 0.1658 0.1697 4.212 4.310 3.5 

NOTES: 

1. Dimension does not include sealing flanges 

2. Package contour optional within dimensions specified 

3. Pitch diameter - 10-32 UNF 2A thread ( coated) 

4 Pin xparing perimts insertion in env socket having a 
pin-circle diameter of 0.200 in. 15.08 rnm) and con-
tacts which will accommodate pins with a diameter 
of 0.030 M. 10.762 mrn) min., 0.046 in.11.17mm) max. 

5. The torque applied to a 10-32 hex nut assembled on the 

thread during installation should not exceed 12 inch-

pounds. 
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  File No. 249 

IECEM 
Solid State 
Division 

RF Power Transistors 

2N4932 

2N4933 

RCA-2N4932* and RCA-2N4933• are epitaxial silicon 
n-p-n planar transistors of the " overlay" emitter elec-
trode construction. They are especially intended to pro-
vide high power as class C rf amplifiers for International 
VHF Mobile and Portable Communications service (66 to 
88MHz). The 2N4932 is designed to operate from a 13.5-
volt power supply; the 2N4933, from a 24-volt power sup-
ply. 

The transistors feature protection against load mis-
match. 

In the overlay structure, there are a number of indivi-

dual emitter sites which are all connected in parallel and 
used in conjunction with a common collector region. 
When compared with other structures, this arrangement 
provides a substantial increase in emitter periphery for 
higher current or power, and a corresponding decrease in 
emitter and collector areas for lower input and output 
capacitances. The overlay structure thus offers greater 
power output, gain, efficiency, frequency capability, and 
linearity. 

* Formerly RCA-Dev. No.TA2828 
• Formerly RCA-Dev. No.TA2792 

For International VHF Mobile and Portable Communication, 
66 to 88 MHz 

Operation From a Power Supply of — 
13.5 volts (2N4932) 
24 volts (2N4933) 

Power Output (Min.) at 88 MHz 
12 watts (2N4932) 
20 watts (2N4933) 

Load Protection 
High Voltage Ratings 

RATINGS 

Maximum Ratings, Absolute-Maximum Values: 
2144932 2N4933 

COLLECTOR-TO-BASE 
VOLTAGE   ITCH° 50 70 V 

COLLECTOR-TO-EMITTER 
VOLTAGE: 
With base open  VCEO 25 35 V 
With VBE= —1.5V  VCEV 50 70 V 

EMITTER-TO-BASE VOLTAGE V. Ewa 4 0 V 
COLLECTOR CURRENT: 

Peak   10 A 
Continuous   IC 3.3 A 

RF INPUT POWER .   Pin 
At 88 MHz   3.5 
Below 88 MHz   See Fig.7 

TRANSISTOR DISSIPATION.. PT 
At ease temperatures up to 25° C  70 
At case temperatures above 25° C   See Fig.1 

TEMPERATURE RANGE: 
Storage & Operating (Junction) .. —65 to 200 °C 

LEAD TEMPERATURE (During soldering): 
At distances 1/32 in. from 

insulating wafer for 10 s max  230 °C 

DISSIPATION DERATING CURVE 

-a° -50 50 100 150 

CASE TEMPERATLME - •C 

200 

Fig.1 

921_5 - 1)14 

90 



File No. 249   2N4932, 2N4933 

EltC1RILAL CHARAL I ERIS f ILS FUR 2N4932 
Case Temperature = 25° C 

Cbaructeristic Symbol 

TEST CONDITIONS 

Limits Units 
DC 

Collector 
Volts 

DC 
Base 
Volts 

DC 
Current 

(Milliamperes) 

VCB VCE VBE 1E 1B IC Mir, Moo. 

Collector-Cutoff Current 
l CEO 1.0 n);\ 

ICB0 10 mA 

Collector-to-Emitter 
Breekdowt Voltage 

VcEvIeus) 2011° 50 V 

V su CEO( 's ) ) 2I)i)° 25 \ 

Emitter-to-Base 
Breakdown Voltage By EBO V ,, ; \ 

Collector-to-Base 
Capacitance C ob 

0 12 ,, I 

RF Power Output 
(See Fig.2) 

12c  

ELECTRICAL CHARACTERISTICS FOR 2N4933 
Case Temperature = 25° C 

Characteristic Symbol 

TEST CONDITIONS 

Limits Units 
DC 

Collector 
Volts 

DC 
Base 
Volts 

DC 
Current 

IM Iliamperes1 

VCB VCE VBE 1E 1B 1C Ml°• Mao. 

Collector-Cutoff Current 
'CEO 1.0 inA 

ICB0 II 10 „, ..\ 

Collector-to-Emitter 

Breakdown Voltage 

V CEV( su's ) I A 200° 70 \ 

V (s) CEO u 's ,, 200. Li\ 

Emitter-to-Base 
Breakdown Voltage BVEBO 10 Il ; 

Collector-to-Base 
Capacitance 

0 I 

RF Power Output 
(See Fig.) .9 p,-,ffi ,b  

°Pulsed through an inductor ( 25m1-1), duty factor = 50% 

bFor Pin = 3.5 W. at 88 MHz; Vec = 24V. minimum efficiency = 70% 

'For Pin = 3.5 W. at 88 MHz; Vec = 13.5V, minimum efficiency = 70% 
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(P iry 
12G•500.) 

C1 = 7-100 pF 

C2 = 14-150 pF 
C3 = 1000 pF 
C4 = • 05 'IF 
C5 -- 70-350 pF 
C6 = 32-250 pF 

2N4932 

RF AMPLIFIER CIRCUIT FOR POWER OUTPUT TEST 

(66 to 88 MHz Operation) 

C5 ;- 

L3 

C6¡, 

C3 

OUT 
(ZL• 50 n) 

13.5V Ui. 92LS-131561 

LI = 1 turn. No.16 wire, 1/4" ID, 1/8" long 
L2 = Ferrite Choke, Z = 450 Q. 

Ferroxcube @VK200 01-3B 
L3 = 2 turns, No.16 wire, 1/4" ID, 3/8" long 
L4 = 2 turns, No.I0 wire. 1/2" ID. 1/2" long 

Q 2N4932 
Ferroxcube Corp. of America 
Saugerties, N.Y. 

F ig. 2 

(PIN ) 
(IG• 50 .0.) 

2N4933 

7.14,17 on. 

17+0111. 
2 

Cl 

Poo.) 

(ZL•50.11) 

24 V • 92U-1316R1 

= 7-100 pF L1 = 1 turn. No.16 wire, 1/4" ID. 1/8" long 
C2 = 14-150 pF L2 = Ferrite Choke, Z = 450Q, 

C3. C5 = 1000 pF Ferroxcube @VK200 01-313` 
C4, C6 = .05 tiF L3 = 3.5 turns, No.16 wire, 1/4" ID, 1/2" long 

C7 = 70-350 pF L4 = 3 turns, No.I0 wire, 1/2" ID. 3/4" long 
Ca = 32-250 pF Q 2N4933 

R = 0•33 Q sFerroxcube Corp. of America 
Saugerties, N.Y. 

Fig. 3 

TYPICAL POWER OUTPUT vs POWER INPUT 
2N4932 

COLLECTOR- SUPPLY VOLTS (Vcd• 13. 5V 
CASE TEMPERATURE (V. 2 5. C 
OPERATING FREQUENCY • 66 MHz — 
OPERATING FREQUENCY • ee folHz — 

05 LO 20 25 3.0 3.5 
RF POWER INPUT (Pip,/ -WATTS 

92.5 - 131T 

2N4933 

COLLECTOR- SUPPLY VOLTS (V)• 24V 
CASE TEMPERATURE (Tc). 25' C 
OPERATING FREQUENCY • 66 MHz 
OPERATING FREQUENCY 88 

25 

.1, 20 

15 

e8".. 10 

2 

O 
0.5 10 5 20 25 30 

RF POWER INPUT (p N )- WATTS 
3.5 

9215 - 1316 

Fig. 4 Fig. 5 

BLOCK DIAGRAM FOR MISMATCH TEST 

SPECIAL PERFORMANCE DATA 

The transistor can withstand any mismatch in load, 
which can be demonstrated in the following test: 

I. The test is performed using the arrangement in Fig.6. 

2. The tuning stub is varied through a half wavelength, which 
effectively varies the load from an open circuit to a short 
circuit. 

3. Operating conditions: Vcc= 13.5V (2N4932).24V(2N4933): 
RF input power = 3W @ 66 MHz. 

4. Transistor Dissipation Rating must not be exceeded. 
During the above test, the transistor will not be damaged 
or degraded. 

DRIVER 

RF 
AMPLIFIER 
CIRCUIT 

SEE FIG 2, 294932 
OR FIG. 3, 294933 

Fig. 6 
92LS-131961 
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INPUT DE RATING CURVE 

3 PINS DIA. 

(NOTE I) 

10-32 UNF 2A 
THREAD 
(NOTE 2) 

92GS-120G555 

DIMENSIONS IN INCHES 

TERMINAL CONNECTIONS 

R
F
 
R
O
W
E
 R
 

O 

.... , 

h:I 

,,i1E•111 

t   
742 

60 70 80 

INPUT FREQUENCY ( fin) - MHz 

:4180 

455 
.375 

Fig. 7 

DIMENSIONAL OUTLINE 

JEDEC TO-60 

Case, Mounting Stud, Pin No.1 - Emitter 

Pin No.2 - Base 

Pin No.3 - Collector 

90 

92LS-1320 

NOTE 1: The pin spacing permits insertion in any socket 

having a pin-circle diameter of 0.200" and contacts which will 

accomodate pins having a diameter of 0.035" min., 0.046" 

max. 

NOTE 2: The torque applied to a 10-32 hex nut assembled on 

the thread during installation should not exceed 12 inch-

pounds. 

NOTE 3: This device may be operated in any position. 

REFERENCES 

1. The Overlay Transistor, Electronics, August 23, 1965. 

Part I - New Geometry Boosts Power, D. R. Carley, 

P. L. McGeough, and J. F. O'Brien. 

Part H - Putting the Overlay to Work at Hi-Frequency, 

Dr. D. J. Donahue and B. A. Jacoby. 

2. Design Trade-Offs for RF Transistor Power Amplifiers, 

R. Minton, RCA Publication No.ST-3250. 

3. Semiconductor High-Frequency Power Amplifier Design, 

R. Minton. RCA Publication No.ST-3230. 

4. RF Power Transistors in Vehicular Radio Communications 

Equipment, S. Matyckas, RCA Publication No.ST-3219. 
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MCPM 
Solid State 
Division 

RF Power Transistors 

2N5016 

Fict 

JEDEC TO-60 1307 

High-Power Silicon N- P-N 
Overlay Transistor 

For VHF/UHF Communications Equipment 

Features: 

• For class B or C vhf/uhf military and industrial communications 

• 15 W output ( min.) at 400 MHz 

• 23W output (typ.) at 225 MHz 

• Emitter grounded to case 

RCA 2N5016* is an epitaxial silicon n-p-n planar transistor 

of the "overlay" emitter-electrode construction. It is inten-

ded for large-signal, high-power, class B and C rf amplifiers 

for military and industrial communications service (200 to 

700 MHz). 
In the overlay structure, a number of individual emitter sites 

are connected in parallel and used in conjunction with a 
common collector region. When compared with other struc-

tures, this arrangement provides a substantial increase in 

emitter periphery for higher current or power, and a 

corresponding decrease in emitter and collector areas for 

lower input and output capacitances. The overlay structure 

thus offers greater power output, gain, efficiency, frequency 

capability, and linearity. 

• Formerly RCA Dey. Type TA2675. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

"COLLECTOR-TO-BASE VOLTAGE   

COLLECTOR-TO-EMITTER VOLTAGE: 
With base-emitter junction reverse-biased,VBE = — 1.5 V  VCEV 65 V 
With external base-to-emitter resistance, R BE = 30 Ft  VCER 40 V 

* With base open  VCEO 30 V 

"EMITTER-TO-BASE VOLTAGE  VEB0 4 V 

*CONTINUOUS COLLECTOR CURRENT   lc 4.5 A 

*CONTINUOUS BASE CURRENT   IB 1.5 A 

*TRANSISTOR DISSIPATION: PT 
At case temperatures up to 50°C   30 W 

At case temperatures above 50°C   See Fig. 1 

*TEMPERATURE RANGE: 
Storage & Operating (Junction)   —65 to 200 °C 

*LEAD TEMPERATURE ( During soldering): 
At distances 21/32 in. (0.8 mm) from insulating 
wafer for 10 s max.   230 °C 

40 

— 
e..- 14. 

u 

0   
-100 -50 0 50 100 150 200 

CASE TEMPERATURE 11k1—•C 

92LS-136IR2 

Fig. 1—Dissipation derating curve. 

•ln accordance with JEDEC registration data. 

VCBO 65 V 
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ELECTRICAL CHARACTERISTICS, Case Temperature ( Tc) = 25°C 

2N5016 

STATIC 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS 

LIMITS UNITS 
DC 

COLLECTOR OR BASE 

VOLTAGE - V 

DC 

CURRENT 

mA 

VCB VCE VBE 1E Ig Ic MIN. MAX. 

Cotlector-Cutoff Current 

With base open 'CEO 30 0 10 

mA With base-emitter junction 

reverse-biased 
ICEV 

so -1.5 10 

IC - 150°C 30 -1 5 10 

Emitter Cutoff Current 

VBE ' 4 V 
1E130 5 mA 

Collector-to-E mine, 

Sustaining Voltage 

With base open 

VcEolsus) 0 200a 30 

V 
With extet irai base-to-emitter 

resistance 

(RgE1 , 30 S2 
VCER (sus) 0 200a 40 

With base-emitter junction 

reverse-biased 
VcEvIusl 1 5 200a 66 

Emitter-to-Base Breakdown 

Voltage VIBRIEBO 5 o 4 - v 

Collector-to- Emitter Saturation 

Voltage VCE ('ef ) 400 2000 1  v 

DC Forward Current Transfer 

Ratio hFE 
4 

4 

4500 

500 

3 

10 200 

Thermal Resistance: 

Junction-to-Case (3 0.1-C 5 'Cm 

DYNAMIC 

Available Amplifier Signal 

Input Power 

(POE = 15 W, Zirg = 50 S-2, 

Vcc = 28 V, f = 400 MHz) 

See Fig. 3 

P' 
5 W 

Collector Efficiency 

(PIE - 5 W- POE ' 15 W. ZL ' 50 1-2, 
f = 400 MHz) 

See Fig. 3 

f7C 50 % 

Magnitude of Common-Emitter, 

Small-Signal, Short-Circuit, 

Forward Current Transfer 

Ratio 

If = 400 MHz) 

Ihfel 15 500 1.25 _ 

Gain-Bandwidth Product fT 15 500 600 Ityp I MHz 

Collector-to-Base Capacitance 
If = 1 MH z) Cob 30 0 - 25 pF 

TYPICAL APPLICATION INFORMATION 

RF Power Output 

Amplifier, Unneutralized 

At 225 MHz (See Fig.2) 

400 MHz (See Fig.3) 

POE 28 

28 

23 -,., Ityp.) 
15c 

I 

W 

Dynamic Dynamic Input Impedance at 

400 MHz (See Fig 3) ZIN 28 1 c 2.5 y 5 Itypi 

I 

E2 

aPulsed through an inductor ( 25 mH); duty factor = 50%. 

b For PIE = 5.0 W; minimum efficiency = 60%. 

cFor PIE = 5.0 W; minimum efficiency = 50%. 

•In accordance with JEDEC registration data. 
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-vcc 

C1: 4-40 pF trimmer, ARCO 422' 

C2: 7-100 pF trimmer, ARCO 423' 

C3: 3-35 pF trimmer, ARCO 403* 

C4: 8-60 pF trimmer, ARCO 404 • 

C5,C8: 1500 pF feedthrough 

C7: 0.01 µF disc, ceramic 

RE: 0.68 nwire-wound 1W 

L1: 1.5 turns No. 16 wire 1/4 in. (6.35 mm) ID, 3/16 in. 

(4.76 mm) long 

Ferrite choke, 2 = 750 SZ 
1.5 turns No. 16 wire, 

1/4 in. (6.35 mm) ID 

4.5 turns No. 16 wire, 1/4 in 
(76.20 mm) long 

• Or equivalent. 

92LS-135282 

L2: 

L3: 

L4: 

VcC 

(6.35 mm) ID, 3 in. 

Fig.2--RF amplifier circuit for power output test at 225 

MHz. 
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lc  MAX. • A •• CASE TEMPERATURE I Tc I • 100. C C4.5 

NOTE: Tjs IS DETERMINED BY USE OF 
INFRARED 
TECHNIQUES 

SCANNING 

HOT- SPOT 
TEMPERATURE I Tje• 20CPC 

CEO MAX. 

4 6 8 io 2 4 6 8 o 2 4 6 8,000 

COLLECTOR-TO- EMITTER VOLTAGE ( VcE)-V 
92C5-19153 

Fig.4-Safe area for dc operation. 

Note 1: For optimum performance, C2 in Fig. 3 should be 

mounted between emitter and base with minimum 

lead lengths. 

Note 2: The emitter resistor, RE, in Fig. 2 provides self bias 

and is recommended for improved stability and 

collector efficiency. 

Fig.3-RF amplifier circuit for power output test at 400 

MHz. 

92LS -1862.2 

C2,C3,C4,C5,C8: 

C7: 

C8: 

L2: 

L3: 

L5: 

0.1-10 pF piston capacitor 

1.0-30 pF piston capacitor ( Note 2) 

0.01 µF disc ceramic 

1000 pF )eedthrough 

1/4 in. ( 6.35 mm) OD copper tubing; 1-1/4 in. 

131.75 mm) long ( Note 1) 

0.12 µH choke 

0.27 1.2 wire-wound 

1/8 x 1/32 x 5/8 in. ( 3.17 x 0.79 x 15.87 mm) 
long copper strap 

1/4 in. (6.35 mm) OD copper tubing, 2-1/4 in. 

(57.15 mm) long ( Note 1) 

Note 1: Li and L5 are mounted coaxially within a 1-5/8 x 

1-5/8 x 6 in. (41.27 x 41.27 x 152.40 mm) box. 

Note 2: For optimum performance, C3 should be mounted 

between emitter and base with minimum lead 

lengths. 

Fig. 5- Typical 400-MHz rf amplifier circuit, 
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CASE TEMPERATURE ( Tc)•25.C. 
POWER INPUT ( P 1E) • 5 W 
__ 2 2 5 MHz 

400 MM."  

10 14 18 22 26 30 

COLLECTOR SUPPLY VOLTAGE ( Vcc)- V 92LS-18741t2 

l-ig.6- Typical power output and collector efficiency vs. 

collector supply voltage. 

100 

- BO 

13 60 

b 40 

o 

20 

E O 

CASE TEMPERATURE IT 25 
COLLECTOR- TO- EMIT TER VOLTAGE ( VcEl• 28 V   

c).. 

" "" ' ' ' ' • ' I . 1 ''''' • -------

3 4 5 

RE POWER INPUT (Pic)- W 

6 O 

Fig.8-Collector efficiency vs. power input. 

7 

9219-1875q2 

25 

g? 20 

o 15 
o 

cc 

lO 

5 

O 
600 700 

CASE TEMPERATURE ( Tc ) • 2 5* C 

COLLECTOR-TO- EMITTER VOLTAGE 1Vcc • 28 V 

TW. 

100 200 300 400 500 

FREQUENCY ( 1) MH 
921 S- 2042 RI 

Fig.9- Typical power output vs. frequency. 

FREQUENCY III • 1 MHz 
CASE TEMPERATURE ( TC) • 25•C 

  '  

10 20 30 40 50 60 70 
COLLECTOR TO- BASE VOLTAGE Vcel-V 90LS-l0S$Ri 

Fig. 7- Typical variation of collector-to-base capacitance. 

DIMENSIONAL OUTLINE 

(JEDEC TO-60) 

TERMINAL CONNECTIONS 

Case, Pin No. 1 - Emitter 

Pin No. 2 - Base 

Pin No. 3 - Collector 

J 1 

1 t 

SEATING 
PLANE 

SYMBOL 

INCHES 

MIN. MAX. 

MILLIMETERS 

MIN. MAX. 
NOTES 

A 0.215 0.320 5.46 8.13 

A l - 0165 - 4.19 2 

Ob 0.030 0.046 0.762 1.17 4 

00 0.360 0.437 9.14 11.10 2 

001 0.320 0.360 8.13 9.14 

E 0.020 0.437 10.77 11.10 

• 0.185 0215 4.70 5.46 

ei 0.090 0110 2.29 2.79 

F 0.090 0.135 2.29 3.43 1 

J 0.355 0480 902 12.19 

01.1 0.163 0.189 4.14 4.80 

N 0.375 0.455 903 11.56 

N1 - 0.078 - 1.98 

OW 0.1658 0.1697 4.212 4.310 3.5 

NOTES: 

I. Dimension does not include sealing flanges 

2. Package contour optional within dimensions specified 

3. Pitch charnels,. - 10.32 UNF 2A thread (coated) 

4. Pin spacing permits insertion in any socket haying a 
pin circle diameter of 0.200 in. 15.08 min) and con. 
tacts which will accommodate pens with a diameter 
of 0.030 tn. 10762 min) min.. 0.046 in. ( 1.17mrn1 max. 

5. The torque applied to a 10.32 free nut assembled on the 

thread during installation should not exceed 12 inch 
pounds. 

•IC 1, • 11•0•1 
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MOM 
Solid State 
Division 

RF Power Transistors 

2N5070 

JEDEC TO-60 

Silicon N-P-N Overlay Transistor 

For High- Frequency Single-Sideband 

Communications Equipment 

Features: 

• Suitable for class A or class B amplifiers 

• 25 W PEP output min. at 30 MHz with 

gain: 13 dB 

40% min., 

IMD: 30 dB max. 

• Low thermal resistance 

RCA-2N5070• is an epitaxial silicon n-p-n planar transistor 

of the overlay emitter-electrode construction. It is especially 

designed for linear applications to provide high power in class 

A or class B service. This device is intended for 2-to-30-MHz 
single-sideband power amplifiers operating from a 28-volt 

power supply. 

The inherent high-frequency capability of the overlay 

MAXIMUM RATINGS, Absolute-Maximum Values: 

structure together with individually ballasted emitter sites 

makes it possible to forward-bias the device into the active 

region without incurring thermal instability. 

The emitter pin is common to the case to minimize lead 

inductance. 

*Formerly RCA Dev. No. TA2793. 

'COLLECTOR-TO-BASE VOLTAGE   

COLLECTOR-TO-EMITTER VOLTAGE: 

With base-emitter junction reverse-biased (VBE) = -1.5 V   

With external base-to-emitter resistance ( RBE) 

" With base open   

'EMITTER-TO-BASE VOLTAGE   

"COLLECTOR CURRENT: 

Continuous   

Peak   

'CONTINUOUS BASE CURRENT   

"TRANSISTOR DISSIPATION: 

At case temperatures up to 25°C   

At case temperatures above 25°C   

'TEMPERATURE RANGE: 

Storage and operating (junction)   

"LEAD TEMPERATURE (During soldering): 

At distances 1/32 in. (0.8 mm) from insulating wafer for 

10s max.   

'In accordance with JEDEC registration data 

VCBO 

VCEV 

VCER 

VCEO 

VEBO 

IC 

IB 

65 

65 

40 

30 

4 

3.3 

10 

1 

70 

See Fig. 2 

-65 to 200 

230 
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E LECTR I CAL CHARACTER ISTICS, At Case Tempera ure ( Tc) = 25° C unless otherwise specified 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 
VOLTAGE 

V dc 

CURRENT 

mA dc 

V CB VCE V BE 1E 1B IC MIN. MAX. 

Collector Cutoff Current: 

With base-emitter junction 

reverse- biased 
ICEV 

60 -1.5 — 10 

mA 
At Tc = 150° C 60 -1.5 10 

With emitter open 
ICB0 60 0 10 

Wit e base open CEO 30 0 — 5 

Emitter Cutoff Current 
IEBO 4 — 10 mA 

Collector-to- Emitter 

Sustaining Voltage: 

With base-emitter junction 

reverse-biased VCEV (sus) -1.5 200a 65 

V 
With base open VCE0(s") 0 2008 30 

With external base-to-emitter 

resistance ( RB E) = 512 VCER (sus) 2008 40 

Emitter-to- Base 

Breakdown Voltage V (BR)EBO 10 4 — V 

DC Forward Current 

Transfer Ratio hF E 
5 

5 

3000 

1000 

10 

20 

100 

Magnitude of Common- Emitter 

Small-Signal Short-Circuit 

Forward Current Transfer 

Ratio If = 50 MHz) 

I hfel 15 1000 2 

Output Capacitance (f = 1 MHz) 
Cob 30 0 85 pF 

Available Amplifier 

Signal Input Power 

(See Fig. 8) 

ZG = 5012, po = 25 W(PEP) 

f1 = 30 MHz, f2 = 30.001 MHz 

P¡ 
1.25 

PEP 
W 

Intermodulation Distortion 

ZG = 51312, 130 = 25 W(PEP) 

f1 = 30 MHz, f2 = 30.001 MHz 

IMD 30 dB 

Collector Efficiency 

ZG = 5012, P, = 25 W(PEP( 

f1 = 30 MHz, f2 = 30.001 MHz 
ric 40 — % 

Thermal Resistance 

Junction-to-Case R OJC 2.5 °C/W 

• I n accordance with JEDEC registration data format 
aPulsed through a 25-rnH inductor; duty factor = 50% 
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5 10 15 20 25 30 35 40 

COLLECTOR SUPPLY VOLTAGE (VccI • 28 V 
FREQUENCIES (110-TONE) • 30 MHz. 30 001 MHz 
COLLECTOR QU ESCENT CURRENT lco) • 20 rnA 
CASE TEMPERATURE (Tc).25 C OR UP TO C   

RF POWER OUTPUT POUT) - U (PEP) 

Fig. 1- Typical intermodulation distortion vs. 

ri power output. 

92LS-117781 
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C
U
R
R
E
N
T
 
l
I
c
 I
—
A
 

P
 

TEMPERATURE ( Tc • 100.0 I I i -CASE 
NOTE , T., IS DETERMINED BY 

USE OF INFRARED 
TECHNIQUE Ic MAX. 

%.....\\ HOT 
(Tal•200•C 

-SPOT TEMPEFtATURE 

VCEO 
LIMITED 

ic) 

COLLECTOR-TO-EMITTER VOLTAGE VcE)—V 

420s-Peee 

Fig. 3-Safe operation with dc forward bias. 

0 COLLECTOR SUPPLY VOLTAGE (Vcc) • ze v 
FREQUENCIES (TWO.TONE) • 30 1111z, 30 001 MHz   
COLLECTOR QUIESCENT CURRENT IlcQ) = 20 mA 
 -   

40 

RD ORDER IMO 

  78010ER 
:•  

40 60 80 100 120 140 

CASE TEMPERATURE ( Tc) - OC 
92LS-18811,1 

Fig. 5- Typical ri power output and inter-

modulation distortion vs. case tem-

perature. 

CASE TEMPERATURE ITC) - AC 

0 50 100 150 200 250 

42L5-68282 

Fig. 2-Dissipation derating chart. 

COLLECTOR SUPPLY VOLTAGE ( Vcc) • 28 v 
FREQUENCIES (TWO-TONEI•30 MHz, 30 001 MH:   
QUIESCENT COLLECTOR CURRENT • 20 rflA :  

50 CASE TEMPERATURE Tc) • 25.C. 

::::::::: ......... . 

OUTPUT POWER ( P0E - ( PEP) 

92Ls ) 86042 

Fig. 4- Typical collector efficiency vs. rf 

power output. 

50 

e 
e_-
.1 40 

8 
20 

E 
t 

FREQUENCIES (110-TONE1= 30 MHz. 30 831MHz 
COLLECTOR QUIESCENT CURRENT ilcQI = 20 mA   
IND 30 (1 
CASE TEMPERATURE ( Tc) • 25 C • 

..... : : 

2 10 0 

COLLECTOR SUPPLY VOLTAGE (VW - V 

92L5- 08382 

Fig. 6- Typical rf power output vs. collector 

supply voltage. 
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COLLEC OR SUPPLY VOLTAGE tetc) coy 
CASE TEMPERATURE (Tc) 25.0 

er. 

C4 

C5 

C6 

LI. 37 No. 12 wire,1/4 in. 16.35 nun) ID, 

1/2 in. ( 12.7 min) long 

L2: 67 No.14 vvire,3/8 on. 19.52 min) 11). 

3/4 in. ( 19.05 min) long 

L3: ST No. 10 wire,3/4 in. 119.05 min) ID, 

3/4 in. ( 19.05 nun) long 

CI. 140-680 pF. Arco 468 
or equivalent 

C2: 170-780 pF, Arco 469 

or equivalent 

C3. 0.05 pF, ceramic 

C7 

03 04 05 06 07 08 

BASE- TO EMITTER VOLTAGE (VBE).-V 

Fig. 7 -Typical transfer characteristics. 

0.1 µF. ceramic 

1000 pF leedthrough 

24.200 pF, Arco 425 

or equivalent 

32-250 pl/ Arco 426 

or equivalent 

RI: 1f1, 5W 

R2: 5011, 25 W 

RFC: 350 Ferrite choke, Ferroxcube 

/A/6200 01-038 or equivalent 

09 I 0 

92LS- 2153R1 

Note 1: Adjust VBB for a collector quiescent current of 

20 mA with no rf input signal. 

Note 2: Impedance measurements are made at transistor socket 

pins. 

Single-Sideband Suppressed-Carrier Service 

Peak envelope conditions for a signal having 

imum peak-to-average power ratio of 2. 

Test Operation 

In test circuit shown, with "Two- Tone" 

Modulation, at Tc = 30° C, and at 30 MHz. 

min 

Collector Supply Voltage   28 V 

Collector Bias Current   20 rnA 

RF Power Output: 

Average   12.5 min. W 

Peak Envelope  25 min. W 

lntermodulation Distortiona   30 max. dB 

Collector Efficiency  40 min.% 

aReferenced to either of the two tones and without the use 

of feedback to enhance linearity. 

Fig. 8—Linear if amplifier circuit for power output test at 30 MHz. 
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DIMENSIONAL OUTLINE 

JEDEC TO-60 

I   

I All t 

SEATING 
PLANE 

92C 5-.80e, 

TERMINAL CONNECTIONS 

Pin No. 1 - Emitter 

Pin No. 2 - Base 

Pin No. 3 - Collector 

SYMBOL 

INCHES 

MIN. MAX. 

MILLIMETERS 

MIN. MAX. 
NOTES 

A 0.215 0.320 5.46 8.13 

A 1 - 0.165 - 4.19 2 

Ob 0.030 0.046 0.762 1. 17 4 

D 0.360 0.437 9.14 11.10 2 

001 0.320 0.360 8.13 9.14 

E 0.424 0.437 10.77 11.10 

e 0.185 0.215 4.70 5.46 

ei 0.090 0.110 2.29 2.79 

F 0.090 0.135 2.29 3.43 1 

J 0.355 0.480 9.02 12.19 

oM 0.163 0.189 4.14 4.80 

N 0.375 0.455 953 11.56 

N1 - 0.078 - 1.98 

OW 0.1658 0.1697 4.212 4.310 3.5 

NOTES, 

1. Dimension does not include sealing flanges 
2. Package contour optional within dimensions specified 

3. Pitch diameter - 10-32 UNF 2A thread ( coated) 

4. Pin spacing perirnts insertion in any socket haying a 
pin-circle diameter of 0.200 in. (5.08 mm) and con-
tacts which will accommodate pins with a diameter 
of 0.030 in. (0.762 rt.) min.. 0.046 in. ( 1.17mm) max. 

5. The torque applied to a 10.32 hex nut assembled on the 

thread during installation should not exceed 12 inch. 

pounds. 
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ERCRM 
Solid State 
Division 

RF Power Transistors 

2N5071 

JEDEC TO-60 1113117 

24-W (CW), 76-MHz Emitter-
Ballasted Overlay Transistor 

Silicon N- P- N Device for 24-Volt Applications 

in VHF Communications Equipment 

Features: 

• For class B or class C amplifiers 

• For 24-V FM ( 30 to 76 MHz) communications 

• 24 W output at 76 MHz with 9 dB gain ( Min.) 

• Low thermal resistance 

RCA type 2N5071 a is an epitaxial silicon n-p-n planar 

transistor featuring overlay emitter electrode construction. 

This device utilizes many separate emitter elements and has 

individual ballast resistance in each of the emitter sites for 
stabilization. It is especially designed as a high-power, class 

B and C rf amplifier for FM communications with a 24-volt 

power supply. It is useful for both narrowband and wideband 

applications in the 30- to 76-MHz frequency range. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

The transistor can be operated under a wide range of 
mismatched load conditions. All units are tested for a load 

mismatch having a VSWR of 3:1 which is varied through all 

phases. The test is performed at 30 MHz and 30 watts 
output. 

aFormerly RCA Dey. No. TA2827. 

•CO LLECTOR-TO-BASE VOLTAGE   V CBO 

• CO LLECTOR-TO-EM ITTE R VOLTAGE   V CEO 

• EMITTER-TO-BASE VOLTAGE   VEBO 

*COLLECTOR CURRENT: 

Continuous   IC 

Peak   

*CONTINUOUS BASE CURRENT  IB 

*TRANSISTOR DISSIPATION: PT 

At case temperatures up to 25°C   

At case temperatures above 25°C   

*TEMPERATURE RANGE: 

Storage and operating (junction)   

*LEAD TEMPERATURE ( During soldering): 

At distances ≥ 1/32 in. ( 0.8 mm) from insulating wafer for 
10 s max. 

•In accordance with JEDEC registration data 

65 

30 

4 

3.3 

10 

1 

70 

See Fig. 5 

—65 to 200 

230 

V 

V 

V 

A 

A 

A 

°c 

°c 
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ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc) = 25°C. 

STATIC 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS 

LIMITS UNITS 
DC 

Collector 
Voltage-V 

DC 
Base 

Voltage- 

V 

DC 

Current 

mA 

VCB VCE V BE I E IB IC MIN. MAX. 

Collector-Cutoff Current: 

I CEV 
60 —1.5 — 10 

mA At T = 150°C C 
60 —1.5 — 10 

With base open CEO 
30 o - 5 

With emitter open ICB0 60 — 10 

Emitter-Cutoff Current IEBO 4 — 10 mA 

Collector-to- Base 
Breakdown Voltage VIEIR)CB0 o zoo° 65 — V 

Collector- to- Emitter 
Breakdown Voltage: 

With base open V(BR)CEO 0 2008 30 — V 

Collector-to-Emitter 

Sustaining Voltage: 

With base open VCEO ( sus) 
0 200a 30 

V 
With external base-

to-emitter resistance 

(R BE )= 5 12 

VCER (sus) 200a 40 — 

Emitter-to-Base 

Breakdown Voltage v REBO I lB 10 o 4 — V 

DC Forward Current 

Transfer Ratio 
hFE 

5 

5 

3 A 

1 A 

10 

20 

100 

— 

Thermal Resistance 

(Junction-to-Case) 
R OK 

— 2.5 °C/W 

'Pulsed through a 25-mH inductor; duty factor = 50%; repetition rate > 60 Hz. 

DYNAMIC 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS 
LIMITS UNITS DC Collector 

Supply (Vccl—V 

Input Power 

(PIE"' 

Frequency 

(f) - MHz MIN. MAX. 

Power Output POE 24 3 76 24 — W 

Power Gain GpE 24 3 76 9 — dB 

Magnitude of 

Common- Emitter, 

Small-Signal, Short-Circuit 

Forward Current 

Transfer Ratio 

Ihfel 
VcE = 15 V 

I C = lA 
50 2 — 

Available Amplifier 
Signal Input Power 

Pi Source impedance 

(Zg) = 50 

p = 24 w  
OE 

76 _ 3 W 

Collector Efficiency '?C 24 3 76 60 — % 

Load Mismatch LM 24 1.2 30 GO/NO GO 
VSWR = 3:1 

Collector-to-Base Capacitance Cebe VCB = 30 V — 1 — 85 pF 

• In accordance with JEDEC registration data 

TYPICAL APPLICATION INFORMATION 

APPLICATION Circuit g.) 
(Fi 

DC Collector 

Supply Voltage 

(VCC)—V 

Input 

Power ( PIE)—W 

Output 

Power (POE)—W 

Collector 

Efficiency 

76-MHz Amplifier 7 24 3 26 70 

30- to 76-MHz 

Broadband Amplifier ( FM) 
8 24 0.9 — 2.5 20 48-54 
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2N5071 File No. 269 

C3 Lo 

.vcc 24V 

Fig.7-Narwwband rf amplifier cituit for power output test 
(76-MHz operation). 

(21..50 SI 

92L5-183602 

(Z L SOW 

9 2C - 1916 2 

Fig.8-Wideband rf amplifier circuit (30- to-76 MHz). 

DIMENSIONAL OUTLINE JEDEC TO-60 

SEATING 
PLANE 

SECS- MO. 

TERMINAL CONNECTIONS 

Mounting Stud, Case, Pin No. 1 - Emitter 

Pin No. 2 - Base 

Pin No. 3 - Collector 

C1' C2' 55-300 pF trimmer capacitor, ARCO 427, or equivalent 

C3' C4' 32-250 pF trimmer capacitor, ARCO 426, or equivalent 

C5' 1000 pF feedthrough 

C6' 0.1 yoF (50V) electrolytic 

: 1 turn, No.16 wire, 5/16 in. (7.93 mm) ID 

L2 :1 Ferroxcube No.VK200 01-35, or equivalent 

L3, L4: 3 turns, No. 10 wire, 5/16 in. ( 7.93 mm) ID, 

1/2 in. ( 12.7 mm) long 

Note: Impedance measurements are made at transistor socket pins. 

C1' C2' 55-300 pF trimmer capacitor, ARCO 427, or equivalent 

C3, C5: 0.47 pF ceramic 

C4: 1000 pF feedthrough 

L1•• Ferroxcube No. VK200 01-3B, or equivalent 

T1' T2' T3' 6 twisted pairs ( 10 turns/in.) of No. 28 

wire connected in parallel. 3 1/2 turns 

on Indiana General CF- 108-02 

ferrite core, or equivalent. 

T4' T5: 2 lengths of RE-196A/U cable connected in parallel. 

7 turns on Indiana General CF- 111-01 ferrite core, 

or equivalent. 

SYMBOL 

INCHES 

MIN. MAX. 

MILLIMETERS 

MIN. MAX. 
NOTES 

A 0.215 0.320 5.46 8.13 

A1 - 0.165 - 4.19 2 

Ob 0.030 0.046 0.762 1.17 4 

OD 0.360 0.437 9.14 11.10 2 

OD I 0.320 0.360 8.13 9.14 

E 0.424 0.437 10.77 11.10 

e 0.185 0.215 4.70 5.46 

0.1 0.090 0.110 2.29 2.79 

F 0.090 0.135 2.29 3.43 1 

J 0.355 0.480 9.02 12.19 

OM 0.163 0.189 4.14 4.80 

N 0.375 0.455 9.53 11.56 

N1 - 0.078 - 1.98 

OW 0.1658 0.1697 4.212 4.310 3, 5. 

NOTES: 

1. Dimension does not include sealing flanges 

2. Package contour optional within dimensions specified 

3. Pitch diameter - 10.32 UNF 2A thread (coated) 

4. Pin spacing perimts insertion in any socket haying a 
pin-circle diameter of 0.200 in. 15.08 min) and con. 
tacts which will accommodate pins with a diameter 
of 0.030 in. ( 0.762 mm) min., 0.046 in. ( 1.17mm) max. 

5. The torque applied to a 10.32 hex nut assembled on the 

thread during installation should not exceed 12 inch-
pounds. 
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ucem 
Solid State 
Division 

RF Power Transistors 

2N5090 

JEDEC TO-60 

High-Power Silicon N-P-N 
Overlay Transistor 

High-Gain Type for Class A, B, or C 

Operation in VHF/UHF Circuits 

Features: 

• Maximum safe-area-of-operation curve 

• 1.2 W ( min.) output at 400 MHz (7.8 dB gain) 

• 1.6 W (typ.) output at 175 MHz ( 12 dB gain) 

• Hermetic stud-type package 

• All electrodes isolated from stud 

RCA-2N5090 is an epitaxial silicon n-p-n planar transistor 

employing the RCA- developed "overlay" emitter-electrode 

design. It is intended for rf amplifier, frequency-multiplier, 

and oscillator service in vhf and uhf communications 

equipment. 

The overlay structure contains many isolated emitter sites 

MAXIMUM RATINGS, Absolute-Maximum Values: 

*COLLECTOR-TO-BASE VOLTAGE VcBc 55 V 

COLLECTOR-TO-EMITTER 

VOLTAGE: 

With external base-to-emitter 

resistance, RBE = 101-2   VCER 55 v 
* With base open   VCEO 30 V 

*EMITTER-TO-BASE VOLTAGE VEgo 3.5 V 
*CONTINUOUS COLLECTOR 

CURRENT   lc 0.4 A 

*CONTINUOUS BASE CURRENT  IB 0.4 A 

TRANSISTOR DISSIPATION   PT 

At case temperatures up to 100°C  4 

At case temperatures above 100°C. Derate linearly at 0.04 WPC 

*TEMPERATURE RANGE: 

Storage & Operating (Junction)  —65 to +200 °C 

*LEAD TEMPERATURE (During soldering): 

At distances ≥ 1/16 in. ( 1.58 mm) from 

insulating wafer for 10 s max.   230 oc 

* In accordance with JEDEC registration data format JS-6 RDF-3. 

connected in parallel by means of a diffused grid structure 

and a deposited metal overlay. The overlay design provides a 

very high emitter- periphery-to-emitter-area ratio and results 

in low output capacitance, high rf-current-handling capa-

bility, and high power gain. 

•Formerly RCA Des. No.TA7146. 
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ELECTRICAL CHARACTERISTICS, At Case Temperature (TC) = 25°C 

STATIC 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS 

LIMITS UNITS 

DC 

Collector 

Voltage-V 

DC 

Base 

Voltage-V 

DC 

Curren 

mA 

VCE VBE IE IB lc MIN. MAX. 

Collector-Cutoff Current: 

With base open 'CEO 28 0 - 0.02 

mA With base-emitter junction reverse-biased 

ICEV 

55 -1.5 - 0.1 

With base-emitter junction reverse-biased & 

Tc = 200°C 30 -1.5 5 

Emitter-Cutoff Current IEBO 3.5 - 0.1 mA 

Collector-to-Base Breakdown Voltage 1/1BRICB0 
o 0.1 55 - V 

Collector-to- Emitter Sustaining Voltage: 

With base-open VCEOIshs) 
0 5 30 

_ 

V 
With external base-to-emitter resistance 

(RBE) = 1052 
VcE ',thus) 5 55e - 

Emitter-to-Base Breakdown Voltage V(BRIEBO 
0.1 0 3.5 - v 

Collector-to-Emitter Saturation Voltage VCE(Sat) 20 100 - 1.0 v 

DC Forward-Current 

Transfer Ratio 
hFE 

5 

5 

360 

50 

5 

10 

- 
200 

Thermal Resistance (Junction-to-Case) Ro jc - 25 °C/W 

aPulsed through a 25-mA inductor; duty factor = 0.05%. 

DYNAMIC 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS 

LIMITS UNITS 
DC Collector 

Voltage 

V 

Output 

Power (P0E) 

w 

Input 

Power IPIE) 

w 

Collector 

Current 11c) 

mA 

Frequency 

IN 

MHz MIN. MAX. 

Power Output (Class C amplifier, 

unneutralized) (See Fig. 2) 
POE VCC ' 28 0.2 400 1.2 - W 

Gain-Bandwidth Product fT VCE ' 15 50 500 - MHz 

Magnitude of Common Emitter, 

Small-Signal, Short-Circuit Forward- 

Current Transfer Ratio 

I fife  VCE = 15 50 2.5 - 

Available Amplifier Signal Input Power P, 1.2 400 - 0.2 w 

Collector Efficiency nc 1.2 45 - % 

Collector-to-Base Capacitance Cobo V CB ' 30 
1 - 3.5 pF 

- 

* In accordance with JEDEC registration data forma JS-6 RDF-3. 

PIE 
(Zge5011) E1 

255090 
z LP•OsEon) 

VCC'4"2" 9255-3620R2 

Li 

Fig.2-400-MHz rf amplifier for output power test. 

C1: 0.9-7 pF, ARCO 400, or equivalent 

C2, C3: 1.5-20 pF, ARCO 402, or equivalent 

C4: 1,000 pF, feedthrough type 

L.1: 2 turns No.18 wire, Y. in. (6.35 mm) ID, 

1/8 in. (3.17 mm) long 

L2: 3 turns No.16 wire, %. in. (6.35 mm) ID, 

3/8 in. (9.52 mm) long 

L3: 0.1 µH, RFC 

L4: 2 turns No.18 wire, 1/8 in. (3.17 mm) ID, 

1/8 in. (3.17 mm) long 
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FREQUENCY III • I µHz 
CASE TEMPERATURE (Tc)•25C 

SEATING 
PLANE 

b 

NI 

10 20 30 

COLLECTOR-TO-BASE VOLTA/3E (Vcg)- V 

92C5- 13157R2 

DIMENSIONAL OUTLINE, JEDEC TO-60 

SYMBOL 

INCHES 

MIN. MAX. 

MILLIMETERS 

MIN. MAX. 
NOTES 

A 0.215 0.320 5.46 8.13 

A1 - 0.166 - 4.19 2 

Ob 0.030 0.046 0.762 1.17 4 

oCi 0.360 0.437 9.14 11.10 2 

OD.1 0.320 0.360 8.13 9.14 

E 0.424 0.437 10.77 11.10 

e 0.185 0.215 4.70 5.46 

el 0.090 0.110 2.29 2.79 

F 0.090 0.135 2.29 3.43 1 

J 0.355 0.480 9.02 12.19 

ofA 0.163 0.189 4.14 4.80 

N 0.375 0.455 9.53 11.56 

N1 - 0.078 - 1.98 

oW 0.1658 0.1697 4.212 4.310 3,5 

NOTES: 

1. Dimension does not include sealing flanges 

2. Packege contour optional within dimensions specified 

3. Pitch diameter - 10.32 UN F 2A thread (coated) 

4. Pin spacing perimts insertion in any socket haying a 
pin-circle diameter of 0.200 M. 15.08 rnnil and con-
tacts which will accommodate pins with a diameter 
of 0.030 in. 10.762 mml min., 0.046 in.11.17mml oteo. 

5. The torque applied to a 10-32 hex not assembled on the 
thread during installation should not exceed 12 inch-
pounds. 

TERMINAL CONNECTIONS 

Pin No. 1 - Emitter 

Pin No. 2 - Base 

Pin No. 3 - Collector 

Case- Isolated 
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IM.CP-2M 
Solid State 
Division 

RF Power Transistors 

2N5102 

e.--sero 

JEDEC10-60 

High- Power Silicon N-P-N 

Overlay Transistor 

For Class C, AM Operation in VHF Circuits 

Features: 

• 15 W output min. at 136 MHz 

• For 24 V aircraft communication 

• Load mismatch protection 

• High voltage ratings 

• Emitter grounded to case 

RCA-2N5102. is an epitaxial silicon n-p-n planar transistor of 

the overlay emitter-electrode construction. It is especially de-

signed with integral ballast resistors in each emitter site to pro-

vide high power as a class C rf amplifier for vhf aircraft com-

múnications service ( 108 to 150 MHz) with amplitude mod-

ulation and 24-volt power supply. 

The transistor features complete protection against any load 

mismatch. Each unit is tested at 118 MHz with full modula-

tion and no current limiting for all load-mismatch conditions 

from short-circuit to open-circuit. 

In the overlay structure, a number of individual emitter sites 

are connected in parallel and used in conjunction with a com-

mon collector region. When compared with other structures, 

this arrangement provides a substantial increase in emitter 

periphery for higher current or power, and a corresponding 

decrease in emitter and collector areas for lower input and 

output capacitances. The overlay structure thus offers greater 

power output, gain efficiency, frequency capability, and 

linearity. 

*Formerly RCA Des,. No. TA2791 

MAXIMUM RATINGS, Absolute-Maximum Values: 

*COL L ECTOR-TO-BASE VOLTAGE   VcB0 90 V 

COLLECTOR-TO-EMITTER VOLTAGE: 

With base-emitter junction reverse- biased, VBE = — 1.5 V   VCEV 100 V 

With external base-to-emitter resistance, R BE = 5 n   VCER 50 v 
• EM I TTE R -TO-BASE VOLTAGE   VEBO 4 V 

*CONTINUOUS COLLECTOR CURRENT   lc 3.3 A 

PEAK COLLECTOR CURRENT   10 A 

*CONTINUOUS BASE CURRENT  1B 1 A 

*TRANSISTOR DISSIPATION: PT 

At case temperatures up to 25°C   70 

At case temperatures above 25°C   See Fig. 6 

*TEMPERATURE RANGE: 

Storage & Operating (Junction)   —65 to 200 °C 

• LEAD TEMPERATURE ( During soldering): 

At distances 1/32 in. ( 0.8 mm) from insulating wafer for 10 s max   230 °C 

•In accordance with JEDEC registration data. 
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2N5102 

ELECTRICAL CHARACTERISTICS, At Case Temperature ( Tc) = 25°C unless otherwise specified 

File No. 279 

CHARACTERF6TIC SYMBOL 

TEST CONDITIONS 

LIMITS 
UNITS 

VOLTAGE 

V dc 

CURRENT 

mA dc 

VCB VCE VBE IE IB lc MIN. MAX. 

Collector Cutoff Current: 

With base-emitter junction 

reverse biased 
ICEV 

83 -1.5 20 
mA 

At Tc = 150°C 30 -1.5 10 

With external base-to-emitter 

resistance ( RBE) = 5 S2 
ICER 50 10 

Emitter Cutoff Current IEBO -4 10 mA 

Collector- to- Emitter 

Sustaining Voltage: 

With base-emitter junction 

reverse biased 

VcEV(sus) -1.5 600a 100 - 

V 
With external base-to-emitter 

resistance ( R BE) = 
VcE R ( sus) 200a 50 - 

With base open VCE0(sus) 0 200a 35 - 

Emitter-to- Base Breakdown 

Voltage 
V(BR(EBO 10 0 4 - V 

DC Forward Current Transfer Ratio hF E 
4 

4 

3 A 

0.5 A 

10 

10 

- 

100 

Magnitude of Common- Emitter, 

Small- Signal, Short-Circuit Forward 

Current Transfer Ratio 

(f = 150 MHz) 

l hfel 24 500 1 - 

Output Capacitance If = 1 MHz) Cob 30 o 85 pF 

Available Amplifier Signal Input 

Powerb 

(Po = 15 W, ZG = 50 S-2, f = 136 MHz) 

Pi 6 W 

Collector Circuit Efficiency 

(PIE = 6 W, ZG = 50 0, f = 136 MHz) r1C 
70 - % 

Modulationc 

(f = 118 MHz) 
M 

24 

(VCC) 
- % 

Load Mismatchd 

(f = 118 MHz) 
LM 

24 

(VCC) 
1100 

Will not be 

damaged 

Dynamic Input Impedance ( See Fig. 

10) ( PIE = 6 W, f = 150 MHz) 
ZIN 

24 

(VCC) 

1.7 + j 2.6 

OW 
S2 

Thermal Resistance 

(Junction to Case) ROJC - 2.5 °C/W 

•In accordance with JEDEC registration data. 

.Pulsed through a 9-mH inductor; duty factor = 50%. 

bUnmodulated carrier. 

F See Figs. 9 & to. Carrier Power, PCAR , = 15 W: 

Vcc modulation = 100%; M - 
2 PAM 'CAR ) 

PCAR 

dUnder conditions of footnote c, the transistor is subjected to 
all conditions of load mismatch from short-circuit to open-circuit. 
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90 

CASE TEMPERATURE (Tc) 1.350 C 

COLLECTOR- TO- EMITTER VOLTAGE (Vcc) 24 V 
RF POWER INPUT (Piz() 6 W 

011. 

20 

, I  
t  

,  

rt- jr4' 
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15'  

0:11 

10  
90 

oo 

20 

_0 
90 

• • . 
130 140 150 100 110 110 

OUTPUT FREQUENCY ItouTI—IAH 

Fig. 1— Typical power output vs. frequency. 

CASE TEMPERATURE (Tc)254 C 
COLLECTOR- TO- EMITTER VOLTAGE (Vcc)- 14 V 
OF POWER INPUT 1%1=6 1)1 

.. _ 
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OUTPUT FREQUENCY ( 1001-141/x 

4— Typical power output vs. power input. 

92513161 

9235,3666 

FREQUENCY = 1 MHz 
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COLLECTOR- TO- BASE VOLTAGE (VcB)--V 

Fig. 5— Typical variation of collector- to-base 

capacitance. 
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Fig. 2— Typiosi rf power output vs. collector-

to-emitter voltage. 
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Fig. 3— Typical collector efficiency vs. 

frequency. 
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TEMPERATURE ITC • 100°C I I I _CASE 
NOTE : T js IS DETERMINED BY 
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lc MAX. 

USE OF INFRARED 
TECHNIQUE 
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I%) 
-SPOT TEMPERATURE 
•200•C 
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LIMITED 
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COLLECTOR-TO-EMITTER VOLTAGE vc.6)— V 

92C5 - 19139 

Fig. 7—Safe operation area with dc forward 

bias. 

RF 
SOURCE 

10Ornel 

DRIVER C2, C7: 7-100 pF 

C3: 0.1 pF 

C4: 0.05 pF 

C6: 1,000 pF L4, 1_6: 350 II Ferrite choke, Ferroxcube 

R: 1 I2 wire wound A VK200 01-38 

Fig. 9—Block diagram for modulation test. Fig. 10—RF amplifier circuit for power output test. 

RCA 
40290 
(NOTE I) .-119 

RCA 
40291 
(NOTE I) 

RCA 
40292 
(NOTE I) 

I2V, 12V, i2v, 

MODULATED MODULATED MODULATED 

SEE NOTE 2) (SEE NOTE 2) 

RCA 
2N5IO2 

15 
4. WATTS 
CARRIER 
POWER 

Note 1: 

Note 2: 
24V, 

MODULATED 

•11.1...1/1,2 

For technical bulletin write 

RCA Solid State Division 

Box 3200 

Somerville, N.J. 08876 

Upward modulation only. 

Fig. 8—Block diagram of a typical narrowband aircraft radio transmitter chain. 

MODULATOR 
OSCILLOSCOPE 

vcc 

C5 

L3 

PIN POUT 
(26•500.) L1 (to 50fU 

C1, C6: 3-35 pF RF 
AMPLIFIER 
CIRCUIT 

(SEE FIG 10) 

C6 

RF POWER 
METER 
OR 

VARIABLE 
LOAD 

MISMATCH 
CIRCUIT 

92LS-1276R2 

92LS 1215R2 

L1: 3 1/4 turns, 1/8 in. 13.17 mrn) dia. 
No. 14 wire 

L2: 2 turns, 3/8 in. ( 9.52 mm) dia. No. 14 wire 

L3: 4 turns, 3/8 in. 19.52 mm) dia. No. 14 wire 
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•I0OrnW 

(29•50/21 

L3 

RCA 
40290 

C3 

12 V. MODULATED 
(SEE NOTE) 

L4 

C1, C3, C5, C7, C16: 3-35 pF 

C2, C4, C6, Cg, C17: 8-60 pF 

Cg, Cii, C13: 0.03 pF 

C10, C12, C14: 1,000 pF 

C15: 0.1 p F 

RCA 
40290 
OR 

00291 

Li. Lg: 3 turns, 1/4 in. ( 6.35 mm) dia., No. 16 wire 

L2, L5: Ferrite choke, Z = 450 ohms, Ferroxcube 

# VK200 01-46 

L3: RF choke, 1.5 pH 

DIMENSIONAL OUTLINE 

JEDEC TO-60 

SEATING 
PLANE 

92C • 11,0,7 

12 V. MODULATED 

RCA 
00292 

L7 

L4, L7: 

1 6: 

Lg: 

1 10: 

1 11: 

1 12: 

L13: 

c,, 

20 V. MODULATED 

CI4 

Li 265102 3 
0 2 

L11 

Cie. I-12 

4 turns, 1/4 in. (6.35 mm) dia., No. 16 wire 

RF choke, 1.0 PH 

wire-wound resistor, R = 2.4 ohms 

3 turns, 1/8 in. ( 3.17 mm) dia.. No. 14 wire 

2 turns, 1/2 in. ( 12.7 mm) dia., No. 16 wire 

4 turns, 1/2 in. ( 12.7 mm) dia.. No. 16 wire 

350 12 ferrite choke, Ferroxcube # VK200 01-36 

Note: Upward modulation only. 

Fig. 11 - Circuit diagram of a typical narrowband aircraft radio transmitter chain. 

TERMINAL CONNECTIONS 

Case, Pin No. 1 - Emitter 

Pin No. 2 - Base 

Pin No. 3 - Collector 

Pour 
(z L•50/.1) 

92LN-1271012 

SYMBOL 

INCHES 

MIN. MAX. 

MILLIMETERS 

MIN. MAX. 
NOTES 

A 0.215 0.320 5.46 8.13 

A1 - 0.165 - 4.19 2 

Ob 0.030 0.046 0.762 1.17 4 

OD 0.360 0.437 9.14 11.10 2 

OD 1 0.320 0.360 8.13 9.14 

E 0.424 0.437 10.77 11.10 

e 0.185 0.215 4.70 5.46 

el 0.090 0.110 2.29 2.79 

F 0.090 0.135 2.29 3.43 1 

J 0.355 0.480 9.02 12.19 

OM 0.163 0.189 4.14 4.80 

N 0.375 0.455 9.53 11.56 

N1 - 0.078 - 1.98 

OW 0.1658 0.1697 4.212 4.310 3, 5 

NOTES: 

1. Dimension does not include sealing flanges 

2. Package contour optional within dimensions specified 

3. Pitch diameter - 10-32 UNF 2A thread (coated) 

4. Pin spacing perimts insertion n any socket haying a 
pin-circle diameter of 0.200 10.(5.08 mm) and con-
tacts which will accommodate pins with a diameter 
of 0.030 in. 10.762 mm) min., 0.046 in.11.17mm) max. 

5. The torque applied to a 10.32 hex nut assembled on the 

thread during installation should not exceed 12 inch. 

pounds. 
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!ECM 
Solid State 
Division 

RF Power Transistors 

2N5108 

RCA-2N5108* is an epitaidal silicon n-p-n planar 

transistor of the "overlay" emitter electrode construc-

tion. It is intended as a high power amplifier, funda-

mental frequency oscillator and frequency multiplier. 

It may be used in final, driver, and pre-driver amplifier 

stages in UHF equipment and as a fundamental fre-

quency oscillator at 1.68 GHz. 

In the overlay structure, there are a number of 

individual emitter sites which are all connected in 

parallel and used in conjunction with a common col-

lector region. When compared with other structures, 

this arrangement provides a substantial increase in 

emitter periphery for higher current or power, and a 

corresponding decrease in emitter and collector areas 

for lower input and output capacitances. The overlay 

structure thus provides greater power output, gain, ef-

ficiency, frequency capability, and linearity. 

High-Gain Device for Class-B or C 

Operation in UHF Circuits 

JEDEC TO-39 

H - 1381 

• 1 Watt Output Min. at 1 GHz (5 dB Gain) 

• For Sonde Applications 

•Formerly RCA-Dev. No.TA2710 0.3 Watt Output Typ. at 1.68 GHz 

RATINGS 

Maximum Ratings, Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE . . . VCB° 55 V 

COLLECTOR-TO-EMITTER 
VOLTAGE: 

With external base-to-emitter 

resistance, RBE = 10 Q  VCER 55 V 

With base open   VCEO 30 V 

EMITTER-TO-BASE VOLTAGE   VEBO 3 V 

COLLECTOR CURRENT  0.4 A 

TRANSISTOR DISSIPATION  PT 

At case temperatures up to 25° C . .   3.5 W 
At case temperatures above 25° C . .   See Fig.7. 

TEMPERATURE RANGE: 

Storage & Operating (Junction)   -65 to 200 °C 

LEAD TEMPERATURE (During soldering): 

At distance -1" 1/32 in. from 

insulating wafer for 10 s max. . . 230 °C 

TYPICAL POWER OUTPUT vs. FREQUENCY 

CASE TEMPERATURE (Tc)25'C 

COLLECTOR TO-EMITTER VOLTAGE 11,/cE / • 28 V 

2.5 

20 

.8 1.5 

!!  

Poive.   
" /Neu, rp   

1. 03w  

 I  

till  
04 0.8 08 1.0 

FREOUDICT —Gilt 

Fig. 1 

12 

sas- Nang 
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ELECTRICAL CHARACTERISTICS 

Cose Temperature = 25° C 

Charocteristic Symbol 

Test Conditions 

Limits Units 

DC 

Col lector 

Volts 

DC 

Current 

(mA) 

VCB VCE IE IB 1C Min. Max. 

Collector-Cutoff Current 
'CEO 15 0 - 20 il A 

ICES 50 1 liA 

Collector-to-Base 
Breakdown Voltage 

 BV CB0 o 0.1 55 - V 

Collector-to-Emitter 
Sustaining Voltage: 
With extemal base-to-emitter 
resistance (RBE) = 10 Q 

VCER(Bus) 5 550 — V 

Emitter-to-Base 
Breakdown Voltage 

BVEBO 0.1 0 3 - V 

Collector-to-Emitter 
Saturation Voltage 

VCE(sat) 10 100 - 0.5 V 

Capaci-Collector-to-Base Capaci- 
tance at 1 MHz) Cob 30 0 - 3.0 pF 

Small Signal (Common 
Emitter) Forward Current 
Transfer Ratio 
(Measured at 200 MHz) 

I hfel 15 50 6.0 - 

RF Power Output 

Common Emitter Amplifier 
at 1 GHz (See Fig.2.) 

ROUT 28 16 _ W 

RF Power Output 

Fundamental Frequency 
Oscillator at 1.68 GHz 
(See Fig.4.) 

P OUT 2(1 O.3  ( yp.) W 

°Pulsed through an inductor (2.5 mH), duty factor = 50%. 

bFor in = 0.316 W, minimum efficiency = 35%. 

RF AMPLIFIER CIRCUIT FOR POWER OUTPUT TEST 

(1 -GHz Operation) 

Buis TRANSISTOR VCC . •U V 
TEE MOUNT 

Pg0 1 rd. („ 1 

d1: 1" Input line, center conductor 
width = .280" 

d2: 1" Output line, center conductor 
width = . 125" 

Q: 2N5108 
R: 3.9 ohms 

T1, T2: Microlab Double Stub Tuner 
Bias Tee: Microlab 08N, or equivalent 

Transistor Mount: 1/32" Microstrip board 

Mote: Imdepance measurements are made of transistor socket 
pins. 

'Minimum efficiency = 15%. (VEB = 1.5 V) 

TYPICAL RF POWER OUTPUT vs. 
COLLECTOR-TO-EMITTER VOLTAGE 

R
E
 
P
O
W
E
R
 
O
U
T
P
U
T
 
(
P
0
,
1
)
 

o
 

c
c
a
 

7,1
 

o
 

CASE TEMPERATURE ( Tcl• 2 5•C 

RF POWER INPUT ( PIN l• 0.3 W 

FREQUENCY • I GHz 
CIRCUIT OF FIG.2 

-- 
.-.-. 

O 5 10 15 20 25 30 35 40 

COLLECTOR TO EMITTER VOLTAGE VCE 

Fig, 3 

Fig. 2 
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RF FUNDAMENTAL-FREQUENCY 
OSCILLATOR CIRCUIT for 

POWER OUTPUT TEST ( 1.68-GHz Operation) 

C1, C2: 0.35-3.5 pF 
C3, C4: 500 pF feed through 3/4" output line, center 

d: 3/4" output line, center conductor 

width = 0.160" 
LI, L2: RF choke — 5 turns, No.28 wire, 1/8" dia. x 

1/2" long 
Q: 2N5108 
R: 0-50 ohms 

Transistor Mount: 1/16" microstrip board 

Fig. 4 

TYPICAL RF AMPLIFIER CIRCUIT 
(1-GHz Operation) 

Fig. 6 

TYPICAL OSCILLATOR POWER OUTPUT vs. 
COLLECTOR SUPPLY VOLTAGE 

FREQUENCY • 1.68 GHz 
CIRCUIT OF FIG. 4 

COLLECTOR CURRENT (le 80m A 
CASE TEMPERATURE ( T c 1• 25° C 

ft" 0.3 

8 
rr 
Az 0.2 

o 

0. I 

O 5 10 15 20 25 30 35 40 

COLLECTOR SUPPLY VOLTAGE( Vcc) — V 
92LS. 2167 

Fig. 5 

DISSIPATION DERATING CURVE 

'entiMMEMBEFTE+.1  
- fl1E-M 

:ward 

-50 0 50 100 150 

CASE TEMPERATURE — ."C 

200 

92LS-122401 

Fig. 7 
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DIMENSIONAL OUTLINE 

JEDEC 10.39 

.100 ( 2.54) 
MIN. 

J_ 
.125 13.181 
.009 1.2291 

DETAILS OF OIT-
LINE IN THIS 

ZONE OPTIONAL' 

.210 (5.331 

.190 4.831 

LEAD 
INSULATING 
EYELETS 

OUTSIDE 
CORNER 
RADII N 45 

.007(.178) 
MAX. 

.0341.864) 
0281.711 

INDEX TAB 

.370 19.401 
.335 18. 891—'"' 

DIA 

.33518.51 1 T.30518.00/1 
DIA 

0 0 0 

.045(1.021 

.029 .7371 

.260 16.601 

.240 16.10 I 

SEATING PLANE 

.5 ( 12.70) 
MIN. 

3 LEADS 
.0191.4831 
.0161.4061 

DIA. 

.100 ( 2.54) 

.100(2.54) 

92CS-12 74 251 

DIMENSIONS IN INCHES AND MILLIMETERS 

TERMINAL CONNECTIONS 

Lead No.1 - Emitter 
Lead No.2 - Base 

Case, Lead No.3 - Collector 

Note: Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
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DUCEM 
Solid State 
Division 

RF Power Transistors 

2N5109 

JEDEC TO-39 

RCA-2N5109" is an epitaxial 

employing "overlay" emitter 

especially designed to provide 

tortion, and low noise as a 

vhf range. 

Silicon N-P-N Overlay Transistor 

High Gain for Line Amplifiers in 

CATV and MATV Equipment 

Features: 
• High gain-bandwidth product 
• Large dynamic range 

• Low distortion 

• Low noise 

silicon n-p-n planar transistor 

electrode construction. It is 

large dynamic range, low dis-

wideband amplifier into the 

MAXIMUM RATINGS, Absolute-Maximum Values: 

• COLLECTOR-TO-BASE VOLTAGE  V CBO 40 V 

• With base open   V CEO 20 V 

With external base-to-emitter resistance 

(ABE) = 10 n   vCER 40 

• EMITTER-TO-BASE VOLTAGE  VEBO 3 

• CONTINUOUS COLLECTOR CURRENT  /C 0.4 

• CONTINUOUS BASE CURRENT   IB 0.4 

• TRANSISTOR DISSIPATION:   PT 
At case temperature up to 75°C   2.5 W 

At case temperature above 75°C   See Fig. 10 

• TEMPERATURE RANGE: 
Storage and operating (Junction)   -65 to +200 °C 

• LEAD TEMPERATURE (During Soldering): 
At distances > 1/32 in. 10.8 mm) from 

the seating plane for 10 s max .... 

COLLECTOR-TO-EMITTER VOLTAGE: 

• In accordance with JEDEC registration data 

V 

A 

A 

A high gain-bandwidth product over a wide range of collec-

tor current makes the 2N5109 ideally suited for such ap-

plications as CATV and MATV line amplifiers and low-

noise linear amplifiers. 

•F ormer ly RCA Dee. No. TA2800. 

230 OC 20 40 60 80 00 120 140 

COLLECTOR CURRENT ( Lc -- rnA 

Fig. 1—Gain-bandwidth vs. collector current for type 2N5109. 

921-5-2168.12 
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• 

ELECTRICAL CIIARACTERISTICS, Case Temperature TC) = 260C 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS 

LIMITS UNITS 

DC 

COLLECTOR OR BASE 

VOLTAGE — V 

DC 
CURRENT 

(mA) 

VB VBE VE VEB 1E 1B IC MIN. MAX. 

Collector- Cutoff Current: 

With base open 
'CEO 15 0 — 20 mA 

With base-emitter junction reverse-
biased ICEV -1.5 35 — 5 

mA 
TC= 1500C -1.5 15 — 5 

Emitter-Cutoff Current IEBO 3 — 0.1 mA 

Collector-to-Base Breakdown Voltage VIBRICB0 a 0.1 40 — v 

Collector-to- Emitter 

Sustaining Voltage, 

With external base-to-emitter 

resistance (ReE) = 100 

VcER ( susla 5 40 — ‘,/ 

With base open VCE0 (10,) 0 5 20 — v 

Emitter-to-Base Breakdown Voltage V(BR)EBO 0.1 0 3 — v 

conectorfo-emin?, 

Saturation Voltage 
vcosai) 10 100 — 0.5 v 

Collector-to-Base Capacitance 

If = 1 MHz) Ccb 15 0 — 35 pF 

DC Forward-Current Transfer Ratio hF E 
15 

5 

50 

360 

40 

5 

120 

— 

Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

If = 200 MHz) 

hte 
15 

15 

15 

25 

50 

100 

4.8 

6 

4.8 

— 

— 

— 

Magnitude of Common-Emitter 

Small-Signal Forward 

Current Transfer Ratio 

If = 200 MHz) 

l hi fe I 15 50 6 —  

Available Amplifier Signal 

Input Power (See Fig. 9) 

(Pout = 1.26 mW, Source 

Impedance = 50 0,1 = 200MHz) 

P. 
15 

I VCCI 
50 — 0.1 mW 

Voltage Gain, Wideband, 50 to 216 

MHz (See Fig. 8.) GVE 15 50 11 dB 

Cross Modulation @ 54 dBmV0 

Output (See Fig.13.) 
CM 15 50 —57 (typ.) dB 

Power Gain, Narrowband 

If = 200 MHz, 

IN = —10 dBm) 

GpE 15 10 11 dB 

Noise Figure If = 200 MHz) 

(See Fig. 9.) 
NF 15 10 3 I Yo.) dB 

aPulsed through a 25 mH inductor; duty factor = 50% 

• In accordance with JEDEC registration data 

b O dBmV = 1 millivolt 
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j 50 

j 25 j 100 

j I 0 

— j 1 0 

COLLECTOR TO EMITTER VOLTS (VcE) = 15 
CASE TEMPERATURE ( Tc) = 250 C 

4 = ZL = 5011 

950 MHz 
/ I I 

450 
a a 
a a. 

— j 25 

100 
50 MHz 

0.2 0.4 0.6 08 
FREQUENCY (n - GHz 

1.0 

— j 50 

Fig.2—Input reflection coefficient (.3171e) vs. frequency for type 2N5109. 

— j 100 

j 150 

j 250 

— j 250 

— j 150 

92SS. 4424 

COLLECTOR.TGEMITTER VOLTS PiCEI IS   
CASE TEMPERATURE IC • 2 •C 

ZG • ZL 80 41 
140 

110 

«e' 100 

80  

e. 60 

4,   

0 02 0.4 .6 0.8 

FREQUENCY - Gila 

870.4428 9201.4127 

Fig.3—Magnitude of common-emitter forward transfer coeffi- Fig.4—Angle of common-emitter forward transfer coefficient 

cient (521e) vs. frequency for type 2N5109. (321e) vs. frequency for type 2N5109. 
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02 1 06 0 

FREQUENCY (0 - G11 

I.0 

j 50 

-j 50 

Fig.5—Output reflection coefficient .&22e) vs. frequency for type 2N5109. 

COLLECTOR-TO- EMITTER VOLTS (VcE) = 15 

CASE TEMPERATURE = 250 C 

ZG = ZL = 50 11 

92SS•4425 

COLLECTOR•TO.EmITTER VOLTS (VCE) IS 
CASE TEMPERATURE ( Tc) • 25•C 
Z..  z1 • so o 

..._. _ .. .. _ ..... 
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, 9.....: 

gs.....81—,..n ........ .......... 
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FREQUENCY (0 - GM 

120/4421 
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Fig.6—Magnitude of common-emitter, reverse transfer coeffi- Fig 7—Angle of common-emitter reverse transfer coefficient 

cient (612e) for type 2N5109. (512e) vs. frequency for type 2N5109. 
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z5 .7so 

92LS-1929R3 

C1, C2, C5: 0.002 µF, disc ceramic 

C3: 8-60 pF, ARCO 404, 

or equivalent 

C4: 0.03 µF, disc ceramic 

C6; C7: 1,500 pF, feedthrough 

RI: 3900,1/2W, carbon 

R2: 6.8 0, 1/2W, carbon 

2,• 7511 

4 

DETAIL 
OF TRANSFORMER 

rl 

R3: 330D, 1 W, carbon 

R4: 2700, 1/2 W, carbon 
1-1, 4 turns No. 30 wire 

bifilar wound on 

"Indiana General" 

Core No. CF-102-01, 

or equivalent 

Fig.8—RF amplifier for voltage-gain testing of type 2N5109. 

92LS- ,628.2 

C1, C2, C3: 1.0-30 pF, mica trimmer, ARCO or equivalent 

C4: 1.0-20 pF disc ceramic 

C5: 10,000 pF disc ceramic 
C5, C7 1,000 pE disc ceramic 

C8: 0.01 µF disc ceramic 
LI: 4-1/2 turns, No. 22 wire, 3/16 in. (4.76 mm) I -0. 

L4: 3-1/2 turns, No. 22 wire, 3/16 in. ( 4.76 mm) I.D. 

L2, L3: 0.82 µH RFC 

RI: 240 ft, 2 W, carbon 

Fig. 9-200-MHz amplifier for power-gain and noise-figure test-
ing of type 2N5109. 

-100 - 50 so oo 50 200 
TEM PE RATURE lTc —•C SUCS - 19174 
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Fig. 11—Sustaining voltage vs. base-to-emitter resistance for 
type 2N5109. 

Fig. 10—Dissipation derating curve for 

type 2N5109. 
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Fig. 12—Power gain and noise figure vs. collector current for 
type 2N5109. 
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1 MATCHING NETWORK I 
150 ce, 75 0 I 

COMBINER. 

RF 

GENERATOR 

H VARIABLE 
ATTENUATOR 

AMPLIFIER UNDER TEST 

1 MATCHING NETWORK 1 
ISO or 7501 

I  RF 
GENERATOR 

FIELD 
STRENGTH 
METER, 

a Provides 20 db isolation between generators 

b 50-220 MHz with detector output 

CI Hewlett-Packard HP 608 D or equivalent 

Ballantine 861 or equivalent 

Fig.13-Test set-up for measuring cross modulation in type 
2N5109. 

POTENTIO-
METER 

FILTER IMIE 

AC 
VOLTMETER, 

CROSS-MODULATION TEST PROCEDURE: 

9. S. Irt5Rt 

1. Set up equipment as shown in Fig.13. 

2. Set generator 1 to 150 MHz modulated 30% by 1,000 
Hertz, and tune field strength meter to 150 MHz. 

3. Adjust output level of generator 1 to give rated output 

from the amplifier under test. 

4. Adjust potentiometer and AC voltmeter for a convenient 

level. This level then corresponds to 100% cross modula-
tion. 

5. Remove modulation. Readjust output level of generator 1 
if necessary, to obtain the AC voltmeter "100% level". Do 
not readjust generator 1 during the following steps. 

6. Set generator 2 to 210 MHz modulated 30% by 1,000 
Hertz and tune field strength meter to 210 MHz. 

7. Adjust output level of generator 2 to give rated output of 
the amplifier; i.e., the AC voltmeter indicates the " 100% 
level". 

8. Tune field strength meter to 150 MHz CW and read the 
AC voltmeter (a change of the AC voltmeter scale may be 
necessary). 

9. Calculate percentage of cross modulation by comparing 
the reading of step 8 to the " 100% level". 

DIMENSIONAL OUTLINE 

JEDEC No. TO-39 

SEATING 
PLANE 

TEMPERATURE 
MEASURING POINT 92CS•15641112 

SYMBOL 
INCHES MILLIMETERS 

NOTES 
MIN. MAX. MIN. MAX. 

Oa 0.190 0.210 4.83 5.33 

A 0.240 0.260 6.10 6.60 

Ob 0.016 0.021 0.406 0.533 2 

$12 0.016 0.019 0.406 0.483 2 

OD 0.350 0.370 8.89 9.40 

mDi 0.315 0.335 8.00 8.51 

h 0.009 0.125 0.229 1.04 

j 0.028 0.034 0.711 0.318 

k 0.029 0.040 0.737 1.02 3 

1 0.500 12.70 2 

11 0.050 1.27 2 

12 0.250 6.35 2 

P 0.100 2.54 1 

0 4 

a 45° NOMINAL 

13 90° NOMINAL 

Note 1: This zone s controlled for automatic handling. The variation 

in actual diameter within this zone shall not exceed 0.010 in. 

(0.254 mm). 

Note 2: (Three leads) Ob2 applies between 1 and 12. Ob applies 

between 12 and 0.5 in. ( 12.70 mm) from seating plane. 

Diameter is uncontrolled in.11 and beyond 0.5 in.(12.70 mm) 

from seating plane. 

Note 3: Measured from maximum diameter of the actual device. 

Note 4: Details of outline in this zone optional. 

TERMINAL CONNECTIONS 

Lead No.1 - Emitter 

Lead No.2 - Base 

Lead No.3 - Collector 

Case - Collector 
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mcem 
Solid State 
Division 

RF Power Transistors 

2N5179 

RCA-2N5179* is a double-diffused epitaxial 
planar transistor of the silicon n-p-n type. It is 
extremely useful in low-noise tuned-amplifier and 
converter applications at UHF frequencies, and as 
an oscillator up to 500 MHz. 

The 2N5179 utilizes a hermetically sealed four-
lead JEDEC TO-72 package. All active elements of 
the transistor are insulated from the case, which 
may be grounded by means of the fourth lead in 
applications requiring minimum feedback capaci-
tance, shielding of the device, or both. 

Formerly Dey. No. TA7319. 

Maximum Ratings, Absolute-Maximum Values: 

COLLECTOR-TO-BASE 
VOLTAGE, VCR()   20 max. 

COLLECTOR-TO-EMITTER 
VOLTAGE, VCR°   12 max. 

EMITTER-TO-BASE 
VOLTAGE, VERO   2.5 max. 

COLLECTOR CURRENT, lc 50 max. 

TRANSISTOR DISSIPATION, PT: 
For operation with heat sink: 

mA 

At case 5 up to 25°C 300 max. mW 
temperatures.* 1 above 25°C Derate at 1.71mW/°C 

For operation at ambient 
temperatures: 

At ambient f up to 25°C 200 max. mW 
temperatures 1 above 25°C Derate at 1.14mW/°C 

TEMPERATURE RANGE: 
Storage and Operating (Junction) —65 to +200 °C 

LEAD TEMPERATURE 
(During Soldering) : 
At distances ≥ 1/32" from seating 
surface for 10 seconds max. 265 max. °C 

•• Measured at center of seating surface. 

SILICON N- P-N 
EPITAXIAL PLANAR 
TRANSISTOR 
For UHF Applications in Military, 

Sc 

JEDEC TO-72 

Communications, and Industrial Equipment 

• high gain- bandwidth product — 1000MHz min. 

• hermetically sealed TO- 72 four- lead metal package 

• low leakage current 

• high power gain as neutralized amplifier — 

G 15dB min. at 200MHz 

• high power output as UHF oscillator — 

20mW typ. at 500MHz 

• low noise figure — 

NF = 4.5dB max. at 200MHz 

• low collector- to- base time constant — 

rC 14ps max. 

• high reliability — 

production lots of RCA-2N5179 are subjected to and 
meet the minimum mechanical, environmental, and 
life- test requirements of the basic MILITARY speci-
fication MIL-S-19500. See page 5 for a descrip-
tion of the Group A and Group B Tests. 

COMMON-EMITTER CIRCUIT, BASE INPUT, 
OUTPUT SNORT-CIRCUITED 
FREQUENCY ( I) • 100 MN: 
AMBIENT TEMPERATURE (TA • 25 °C 
COLLECTOR-TO-EMITTER VOLTS VcE).6 

_ 

5 10 15 20 25 30 35 

COLLECTOR MILLIAMPERES (IC ) 92C5 .59 

Fig 1 — Small- Signal Beta Characteristic for Type 2N5179 
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ELECTRICAL CHARACTERISTICS 

Characteristics 

TEST CONDITIONS LIMITS 

Units 
Symbols 

Ambient 
Temp. 

TA 

Frequency 

f 

DC 
Collector- 
to- Base 
Voltage 
VcA 

DC 
Collector- 
to- Emitter 
Voltage 
VCE 

DC 
Emitter. 
to.Base 
Voltage 
VC, 

DC 
Emitter 
Current 

I. 

DC 
Collector 
Current 

IC 

DC 
Base 

Current 

le 

Type 
2N5179 

°C MHz v V V mA mA mA Min. Typ. Max. 

Collector-Cutoff Current it-too 150 
15 
15 

0 
0 

0.02 
1 

Ai 
Ao gA 

Collector-to-Base 
Breakdown Voltage V ( un)crio 25 0 0.001 20 - V 

Collector-to-Emitter 
Sustaining Voltage V c„(sus) 25 3 0 12 - V 

Emitter-to-Base 
Breakdown Voltage V ( un)Eno 25 —001 0 2.5 - V 

Collector-to-Emitter 
Saturation Voltage Vce(sat1 

• 

25 10 1 - - 0.4 V 

Base-to- Emitter 
Saturation Voltage 

VBE(sat) 25 10 1 - 1 V 

Static Forward Current- 
Transfer Ratio 

hri: 25 1 3 25 70 250 

Magnitude of Small-Signal 
Forward Current-Transfer 
Balisa 

I hfe I 
25 100 

1 kHz 
6 
6 

5 
2 

9 
25 

14 
90 

20 
300 

Collector-to-Base 
Feedback Capacitanceu Ccb 25 0.1 to 1 10 0 - 0.7 1 pF 

Common-Base Input 
Capacitancec C.b 25 0.1 to 1 0.5 0 • - 2 pF 

Collector-to- Base 
Time Constant. 

r..C. 25 31.9 6 2 3 7 14 ps 

Small-Signal Power Gain 
in Neutralized Common-
Emitter Amplifier Circuit, 
(See Fig. 21 

G5. 25 200 12 5 15 21 dB 

Power Output in Common-
Emitter Oscilator Cir- 
cuitc (See Fig. 3) 

P. 25 >500 10 -12 20 - - mW 

Noise Figurea NF 25 200 6 1.5 - 3 4.5 dB 

a Lead No.4(case) grounded; Rg z 125.0 
Three-terminal measurement of the collector-to-base capacitance 
with the case and emitter leads connected to the guard terminal. 

C/C COMMON 

1200) 

/ 

FROM 
son 0.02 
SOURCE HF 

92C5 14755 

TYPE TYPE 
1N3195 1N3195 

91f1 

L, 

- 

L3 

oI EXTERNAL 
SHIELD 

L2 

CIN C2 
3-35 2-10 

120:p 

0.1 
» F 

RFC 
10K I 0.001 lH 

vcc 

c Lead No. 4 (case) floating. 

NOTE: (Neutralization Procedure): (a) Connect a 504l rf voltmeter to 
TO the output of a 200-MHz signal generator (R., = 500, and adjust the 
sofa generator output to 5mV. (b) Connect the generator to the input and 

2-10 LOAD the rf voltmeter to the output of the amplifier, as shown above. 
(c) Apply VE5 and Vcc, and adjust the generator output to provide 
an amplifier output of 5mV. (d) Tune C2, C6, and C, for maximum 

c-7 amplifier output, readjusting the generator output, as required, to 
maintain an output of 5mV from the amplifier. (e) Interchange the 

2-10 connections to the signal generator and the rf voltmeter. If) With 
c6 sufficient signal applied to the output terminals of the amplifier, 

adjust C. for a minimum indication at the amplifier input. (g) Repeat 
steps (a), (b), (c), and Id) to determine if retuning is necessary. 

0 = Type 2N5179 

» r 1 1200 
» F• T. ) Fig. 2 — Neutralized Amplifier Circuit Used to Measure 

Power Gain and Noise Figure at 200MHz for Type 2N5179 
vcc 
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NOTE 2 
RFC 

NOTE 2 1000 
RFC I pF 

Note 1 — Coaxial- line output network consisting of: 

2 General Radio Type 874 TEE or equivalent 

1 General Radio Type 874-D20 Adjustable Stub or equivalent 

I General Radio Type 874-LA Adjustable Line or equivalent 

1 General Radio Type 874-WN3 Short-circuit termination or equivalen. 

Note 2 — RFC = 0.20 Ohmite # 2-460 or equivalent 

Note 3 — Lead Number 4 (case) floating 

Li — 2 turns # 16AWG wire, 3/4  inch OD, 11/4 inch long 

= 2N5179 

92CS-,2899R2 Fig. 3 — Circuit Used to Measure 500MHz Oscillator 
Power Output for Type 2N5179 

TWO-PORT ADMITTANCE ( y) PARAMETERS AS FUNCTIONS OF 
COLLECTOR CURRENT II, I FOR RCA TYPE 2N5179 

COMMON- EMITTER CIRCUIT, BASE INPUT, 
OUTPUT SHORT- CIRCUITED. 

FREQUENCY ( 11. 200 MHz 
AMBIENT TEMPERATURE (TA1•25°C 
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TWO-PORT ADMITTANCE (y) PARAMETERS AS FUNCTIONS OF 
FREQUENCY (f) FOR RCA TYPE 2N5179 

COMMON-EMITTER CIRCUIT BASE INPUT, 
OUTPUT SHORT-CIRCUITED. 

COLLECTOR- TO- EMITTER VOLTS ( VcE) • 4 
COLLECTOR MILLIAMPERES) cl IS 
AMBIENT TEMPERATURE (TA = 25 C 
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COMMON-EMITTER CIRCUIT, BASE INPUT, 
OUTPUT SHORT - CIRCUITED 
COLLECTOR-TO-EMITTER VOLTS (VcE) • 4 
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GROUP A AND GROUP B QUALITY SAMPLING TESTS 

PRODUCTION 
LOT 

100% 
FACTORY 
TESTS 

QUALITY 
SAMPLING 

f 
CUSTOMER 

ITEM 

GROUP A TESTS 

Subgroup 1. Visual and Mechanical Examination   5% 

Subgroup 2. Electrical   10% 

GROUP B TESTS  

Subgroup 1. Physical Dimensions   20% 

Subgroup 2. Solderability, Temperature Cycling, 
Thermal Shock, Moisture Resistance  20% 

Subgroup 3. Shock, Vibration Fatigue, Vibration 

Variable Frequency, Constant Acceleration   20% 

Subgroup 4. Terminal Strength   20% 

Subgroup 5. Salt Atmosphere   20%, 

Subgroup 6. High-Temperature Life, Non-Operating 

(TA = 200°C)   À =- 10 % 

Subgroup 7. Steady- State-Operation Life 

300mW, TA = 25°C)   À = 10% 

TEST DESCRIPTION LTPD 
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DIMENSIONAL OUTLINE 
JEDEC TO-72 

.230(6.84\ 

.209 5.3)/ 

. I95(4.95\ 
.178 1/44.52) 

DIA. 

.030 (. 162) 
MAX 

SEATING 
PLANE )500 (127 ) 

MIN 

i_ Lm 
4 LEADS 

019 482) 
OIE ,406 

NOTE 2 

45° TP 

036 91,1 
046( 11 7) 

DSC:W 

250N1064512 MIN. 

) — .050 ( 1.27) MAX. 
NOTE 2 

.100 (2 54) T P 

.050(127) TP 
NOTE 3 

NSULAT ION 

.028 711 
°48(t 22) NOTE 4 

97GS-1194142 

Dimensions in inches and millimeters 

Note 1: Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 

Note 2: The specified lead diameter applies in the zone be-
tween 0.050" ( 1.27 met) and 0.250" (6.35 mm) from the seating 
plane. From 0 250" (6.35 mm) to the end of the lead a maxi-
mum diameter of 0.021" (0.533 mm) is held. Outside of these 
zones, the lead diameter is not controlled. 

Note 3: Leads having ° maximum diameter of 0.019" (0.482 met) 
at di 0%zu..g irogazilenmerno)f 10.e.01504,‘" (51.37.2 rem f0.1.1 ,11"1 (01;e02w5irtnia) 

0.007" ( 0.177 mm) of their true peoastiTigon p lane(loc at ion) relative to a 
maximum width of tab. 

Note 4: Measured from actual maximum diameter. 

LEAD 1 — EMITTER 

LEAD 2 — BASE 

TERMINAL DIAGRAM 

Bottom View 

LEAD 3 — COLLECTOR 

LEAD 4 — CONNECTED TO CASE 
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MCEDEJ 
Solid State 
Division 

RF Power Transistors 

2N5180 

JEDEC TO-104 

H 1379 

Silicon N- P-N 
Epitaxial Planar Transistor 
For VHF Applications in 
Industrial and Commercial Equipment 

Features: 

• High gain- bandwidth product 

• Low noise figure 

• High unneutralized power gain 

• Hermetically sealed four- lead metal package 

• All active elements insulated from case 

• Low collector- to-base feedback 

RCA-2N5180 is an epitaxial planar transistor of the silicon 

n-p-n type with characteristics which make it extremely use-

ful as a general-purpose RF amplifier at vhf frequencies. 

These characteristics include an exceptionally low noise figure 

at high frequencies, low leakage current, and a high gain. 

bandwidth product. 

The 2N5180 utilizes a hermetically sealed four-lead metal 

package in which all active elements of the transistor are in-

sulated from the case. The case may be grounded by means 

of a fourth lead in applications requiring minimum feedback 

capacitance, .shielding of the device, or both. 

• Formerly Dey. No. TA7303. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

•COLLECTOR-TO-BASE VOLTAGE   

*COLLECTOR-TO-EMITTER VOLTAGE   

*EMITTER-TO-BASE VOLTAGE   

*CONTINUOUS COLLECTOR CURRENT   

*TRANSISTOR DISSIPATION: 

At ambient temperatures up to 25°C 

At ambient temperatures above 25°C 

*TEMPERATURE RANGE: 

Storage & Operating (Junction)   

•LEAD TEMPERATURE ( During Soldering): 

At distances > 1/32 in. (0.8 mm) from seating plane for 10 s max. 

* In accordance with JEDEC registration data format JS-9 RDF-1. 

VCBO 

VCEO 

VEBO 

IC 

PT 

30 

15 

2 

limited by dissipation 

180 

See Fig.2 

—65 to 175 

265 

V 

V 

mW 

°C 

°C 
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ELECTRICAL CHARACTERISTICS, at TA = 25°C 

Characteristics Symbols 

TEST CONDITIONS LIMITS 

Units Frequency 
f 

DC 
Collector- 
to- Base 
Voltage 
Vcn 

DC 
Collector- 
to- Emitter 
Voltage 
Vca 

DC 
Emitter 
Current 
IF: 

DC 
Collector 
Current 
IC 

Type 
2N5180 

MHz V V mA mA Min. Typ. Max. 

Collector-Cutoff Current Ica° 8 0 - 0.5 ,rit 

Collector-to-Base 
Breakdown Voltage BVcao 0 0.001 30 • V 

Collector-to- Emitter 
Breakdown Voltage BVcao 0.001 15 • V 

Emitter-to-Base 
Breakdown Voltage BVErm -0.001 0 2 V 

Static Forward-Current 
Transfer Ratio hrE 8 2 20 200 

Magnitude of Small-Signal 
Forward-Current 
Transfer Ratio 

I hr. I a 100 8 2 6.5 9 17 

Collector-to-Base 
Feedback Capacitance C„k 0.1 to 1 8 0 • • I pF 

Small-Signal, Common-
Emitter Power Gain in 
Unneutralized Amplifier 
Circuit (See Fig. 11 

GPEa 200 10 2 12 19 dB 

VHF Noise Figure 
(See Fig. 1) 

NFa 
NF'-' 

200 
60 

8 
8 

2 
1 25 

4.5 dB 
dB 

Collector-Base 
Time Constant rb'Ec 31.9 8 -2 2 — 16 po 

Real Part of Common-
Emitter Small-Signal 
Short-Circuit Input 
Impedance 

Reid 200 10 2 60 — 240 St 

Bandwidth I3W 200 10 2 650 — 1700 MHz 

'Fourth lead (case) grounded. 
kC„ is a three terminal measurement of the collector-to-base capacitance 

with the emitter and case connected to the guard terminal. 

* In accordance with JEOEC registration data format JS-9 ROF-1. 

'Source Resistance, R:=400 otms 

L3 CI, C4 = 510pF 

C2, C7 = 2300pF 

• C-, = 2-25PF 

Co = 10pF 

= 2000 ohms 

Q = 2N5180 

• = 1/2  Turn # 14 Formvare center tapped; 

length = 2 inches 

• = 1,4 Turn # 14 Formvar*; 

length = 11/2  inches 

-vcc L3 = 1*H RF choke 

*VEE - E Source ( Generator) Resistance 

92CS,2753 R = 50 ohms 

Load Resistance Rs, = 60 ohms 

• Trademark, Shawinidan Products Corporation. 

Fig.1 — 200 MHz pover gain and noise figure test circuit for type 2N5180 
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I 2 4 e e 10 12 14 

COLLECTOR MILLIAMPERES ( lc) 
92CS 14784 

-100 - 50 0 50 100 150 
AMBIENT TEMPERATURE (TA) ••• •C 

200 

92CS 14777 

Fig.2 - Rating chart for type 2N5180 

COMMON- EMITTER CIRCUIT,BASE INPUT; 
OUTPUT SHORT-CIRCUITED. 

FREQUENCY ( I) • 100 MHz 
AMBIENT TEMPERATURE ( TA • 25•C 

;JO!   
•1 5̀,,B  

à.‘g. 6 

i 're :1 4  .e   
2 4 lO 

COLLECTOR MILLIAMPERES Ic 
92CS - 14785 

Fig.3 - Typical small-signal beta characteristics 

for type 2N5180 

TYPICAL y PARAMETER CHARACTERISTICS 

COMMON- EM TIER CIRCUIT, BASE INPUT,   
OUTPUT SHORT-CIRCUITED. 

FREQUENCY I I • 200 MHz 
AMBIENT, TEMPERATURE (TA ) • 25•C 

Fig.4 - Input admittance (yre) vs collector current I el 
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COMMON - EMITTER CIRCUIT; 
INPUT SHORT-CIRCUITED. 

FREQUENCY III• 200 MHz 
AMBIENT TEMPERATURE (TA /• 25•C 

• 
NEGLIGIBLE AT It» 200 MHz 

COC 

1 2 4 e e 10 

COLLECTOR MILLIAMPERES ( lc) 

92CS 14780 

12 

Fig.6 - Reverse transadmittance lyre) vs collector 

current (1e) 

14 

u) 

25 

2 

.1) 

COMMON- EMITTER CIRCUIT,   

jjjjj  
FREQUENCY ( f « 20° 
AMBIENT TEMPERATURE ( TA ) • 25•C  Sr! URI  

INPUT SHORT-CIRCUITED. 

COLLECTOR TO -EMITTERVOLTS yCE) ' 10  

usemuni=e1..a.  

Mire- NNIOL. • =mum lllllll gum!  BeireEii 

—  

4 6 e 10 
COLLECTOR MILLIAMPERES c 

14 

92CS 14781 

Fig.5 - Output admittance lyee,) vs collector cur ant (le) 

COMMON-EMITTER CIRCUITBASE INPUT 
AMBIENT TEMPERATURE (TA) • 25•C 
FREQUENCY ( 11 • 200 MHz 
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CO MON -EMITTER C1RCU ASE INPUT 
AMBIENT TEMPERATURE ( TA) 25•C 
COLLECTOR-TO -EMITTER VOLTS ( 31cE) 10   
COLLECTOR MILLIAMPERES lc 2 

(00 50 200 
FREQUENCY ( I) 

250 

92CS 14782 

Fig.8 — Forward transadmittance (y Fe, LB) vs. 
frequency (f) 

DIMENSIONAL OUTLINE 

JEDEC TO-104 

j DIA 
(610 
5 59 

f 030 

70 (Z ee) 050(1 27) MAX    r NOTE 2 

t t 
5 - - 

(12 701 
▪ 250(6 35) MIN MIN 

NOTE 2 NOTE 2 • \ 
4 LEADS 

g1: 01A ( 407, 
NOTE 2 

100 
(2 54) 
T P 

NOTE 3 

INSULATION 

45 11 
TP 

050 II 27) T P 
NOTE 3 

100 (2 54) 
TP NOTE 3 

001: (1962) g'21: t)NOTE 4 

92CS-I2916R4 

Dimensions in inches and millimeters 

Note 1: Dimensions in parentheses are in millimeters and are derived 

from the basic inch dimensions as indicated. 

Note 2: The specified lead diameter applies in the zone between 

0.050" ( 1.27 mm) and 0.250" (6.35 mm) from the seating plane. 
From 0.250" (6.35 mm) to the end of the lead a maximum dia-
meter of 0.021" (0.533 mm) is held. Outside of these zones, the lead 
diameter is not controlled. 

Note 3: Leads having a maximum diameter of 0.019" (0.482 mm) at 
a gauging plane of 0.054" ( 1.372 mm) + 0.001" (0.025 mm) - 0.000" 

(0.000 mm) below seating plane shall be within 0.007" (0.177 mm) of 
their true position ( location) relative to a maximum width of tab. 

Note 4: Measured from actual maximum diameter. 

TERMINAL CONNECTIONS 

Lead 1 — Emitter 

Lead 2 — Base 

Lead 3 — Collector 

Lead 4 — Connected to case 
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UCEM 
Solid State 
Division 

RF Power Transistors 

2N5470 

RCA-2N5470* is an epitalcial silicon n-p-n planar 

transistor employing the overlay emitter-electrode con-
struction. It is intended for solid-state microwave 
radiosonde, communications, and S-band telemetr3. 
equipment. 

The ceramic-metal coaxial package of the 2N5470 

features low parasitic capacitances and inductances 
which provide for stable operation in the common-base 

amplifier configuration. This transistor can be used in 
both large and small-signal applications in coaxial, 

stripline, and lumped-constant circuits. 

For application information on the 2N5470, see RCA 

Application Note AN3764, "Microwave Amplifiers 
and Oscillators Using the New RCA 2N5470 Power 
Transistor," by G. Hodowanec, O.P. Hart, and H.C. 
Lee. 

•Formerly RCA Dev. Type No. TA7003 

Maximum Ratings, Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE   VCBO 55 V 

COLLECTOR-TO-EMITTER VOLTAGE: 

With external base-to-emitter 
resistance (RBE) .• 10 n   vCER 55 V 

EMITTER-TO-BASE VOLTAGE VEBO 3.5 V 

PEAK COLLECTOR CURRENT  0.4 A 

CONTINUOUS COLLECTOR CURRENT  I 0.2 A 

TRANSISTOR DISSIPATION:   PT 

At case temperatures up to 25 °C . . 3.5 W 

At case temperatures above 25 °C  See Fig. 2. 

TEMPERATURE RANGE: 

Storage and operating (junction)  -65 to + 200 °C 

SILICON N- P-N 
"overlay" TRANSISTOR 

I. . 
For UHF/Microwave 1110 y 

Power Amplifiers,  sir-Y .17-1398 

Microwave Fundamental- Frequency Oscillators, 

and Frequency Multipliers 

FEATURES 

• 1-W output with 5-dB gain (min.) at 2GHz 

• 2-1Y output with 10-dB gain (typ.) at 1 GHz 

• Ceramic-metal hermetic package with low inductance 

and low parasitic capacitances 
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COLLECTOR SUPPLY VOLTS (Vcc) • DO   
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FREQUENCY (1) 

12114/10 

Fig. 1- Typical Output Power vs. Frequency 
for Common-Base Power Amplifier 
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ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) a 25 °C 

CHARACTERISTICS SYMBOL 

TEST CONDITIONS 

LIMITS 
UNITS 

DC 

Col lector 
Voltage ( V) 

DC 
Current 
(mA) 

VCB VCE I E IR lc Min. Max. 

Collector-Cutoff Current ICES 50 0 — 1 mA 

Collector-to- Base 
Breakdown Voltage V(BR)CB0 0 0.1 55 — V 

Col lector-to- Emitter 
Sustaining Voltage: 
With external base-to-emitter 
resistance ( RRE) = 10 SI 

VcER(sus) 5 55 — V 

Emitter-to-Base 
Breakdown Voltage V(BR)EBO 0.1 0 3.5 — V 

Collector-to- Emitter 
Saturation Voltage 

VcE(sat) 10 100 — 1.0 V 

Collector-to-Base Capacitance 
(Measured at 1 MHz) 

Ccb 30 0 — 3.0 pF 

RF Power Output 
(Common- Base Amplifier): 
At 2 GHz° ( See Fig. 5.) 
At 1 GHzb ( See Fig. 12.) 

POB 28 

28 

1.0 
2.0 ( 

— 
yp.) 

W 

W 

RF Power Output 
(Common-Base Oscillator): 

At 2 GHz ( See Fig. 15.) P0R 24 BO 
l 

0.3 ( typ.) W 

°For PIB = 0.316 W; minimum efficiency = 30% 

bFor 1.16 = 0.20 W; typical efficiency = 50% 

Fig. 2- Dissipation Derating Curve 
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Fig. 3- Maximum Operating Area 

for Forward-Bias Operation 
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Fig. 4- Typical Output Power vs. Input Power 

for 2-GHz Common- Base Power Amplifier 

SIG-
UEN 

soft 

10.11B 
PAD 

TRIPLE. 
STUB 

TUNER 

HARDA 
901N, OR 
EQUIV. 

TRANSISTOR 
-TEST F1XTURe— 

(SEE FIG 15) 

BIAS 

TEE 

MIC/90LAB 
1111.15h 
OR EQUIV. 

TRIPLE. 
STUB 
TUNER 

HARDA 
904N. OR 
EQUIV. 

k.5011. 

9253.155M 

Fig. 5- Block Diagram of Test Set-up for Measurement 

of Output Power from 2-GHz Common-Base Amplifier 

2845470 BERYLLIUM OXIDE 
MASHER 

560 (( 4.22) 

1.213 
(30.81) (48.16) 

911.S-1160111 
Dimensions in Inches and Millimeters 

Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 

Fig. 6- Suggested Test Fixture for Test Set-Up 

Shown in Fig. 5. 
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CLASSPERATION 
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.. 
e 4t.e„h„ 

10 4 KG 

RF INPUT MILLIWATTS (P1 s) 
12553155 

Fig. 9- Typical Power Gain vs. Input Power for 

2-GHz Common-Base Power Amplifier 

2145470 

rett 500 

VCC • '5V 

C1: 

c2: 

C3: 

0.8-10 pF 
Johanson 4355, 
or equivalent 

1,000 pF, feed-
through, Allen-
Bradley E'B2B, or 
equivalent 

0.3-3.5 pF 
Johanson 4701, 
or equivalent 

C4: 

C2 

0.35-3.5 pF 
Johanson 4702, 
or equivalent 

LI, L2: RF choke, 3 turne 
Nc. 30 wire, 1/16 in. ( 1.57) ID 
3/16 in. (4.75) long 

X1' X2 '• Coaxial lines; see 
Fig. 11 for details. 

9215.31% 

Dimensions in Inches and Milli  

Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 

Fig. 10 - Typical Circuit for 2-GHz, Coaxial-Line Power 

Amplifier Shown in Fig. 11. 

350 
01.09) C5 Ll 
DIA. 

3/4 
(19.05) 
DIA. 

(20.32) 

COAXIAL INPUT 205470 
CONNECTOR (NOTE 2) 

1.450 
(36.83) 

1.200 
(30.48) 

29 ,64 
(11.51) 
DIA. 

C3 

BERYLLIUM OXIDE 
MASHER 

COAXIAL 
OUTPUT 
CONNECTOR 
(NOTE t) 

szess) 

Note 1: Dimensions in parentheses are in millimeters and are Note 2: Conhex 50-045-0000, Sealectro Corp., or equivalent. 
derived from the basic inch dimensions as indicated. 

Fig. 11 - Constructional Details of 2-GHz Power Amplifier Shown in Fig. 10. 

91%1/91 

(7 97) 
_1_ 

4- 4 
es' 
toss) 

Dimensions in Inches and Millimeters 

Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 

C1, C5, C6: 1-14 pF, air-dielectric, Johanson 
3901, or equivalent 

C2: 0.35-3.5 pF, air-dielectric, Johanson 
4701, or equivalent 

C3, C4: 1000 pF, feed-through, Allen-Bradley FA5C, 
or equivalent 

C7: 1000 pF, ceramic, leadless 

L1. L2'• RF choke, 0.1µH, Nytronics Deci-Ductor 

L • 0.01-in. (.254) thick, 0.157 in. ( 3.98) wide copper strip 
shaped as shown in inset drawing 

RI: 100û,½W 

Fig. 12- Typical Circuit for 1-GHz Power Amplifier 
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91SS11100 

L 1' L2: 

L3: 

X1: 

R1'• 

R2: 

R3: 

COLLECTOR4043ASE VOLTS (Vca) • IS 

FREQUENCY ( 1) 1 Glls 

14 

12 

10 

-a 8 

u 6 
‘I‘ 
W 
2 4 

2 

0 

1 1 
CLA S-B 8. -!»13 OPERATION 

•t, i. 

ec44-7.-1, -

-8/4..• 
' ‘ COLLECTOR 

(QUIESCENT 
MILLIAMPERES 
CONDITIONS) 

(lc) 1 

10. 100 

RF INPUT NILLIMAT TS (PIg) 

2 

MS3,19 

Fig. 13- Typical Power Gain vs. Input Power 

for 1-GHz Power Amplifier 

C1' 0.01µF disc ceramic •  

C2' C3' 100 pF, feed-through, •  
Allen-Bradley FA5C, or 
equivalent 

C4. C5' 0.35-3.5 pF, Johanson •  
4701, or equivalent 

RF choke, 4 turns, 
No. 33 wire, 0.062 in. ( 1.57) 
ID, 3/16 in. (4.75) long 

3/64 in. ( 1.17) length of No. 22 wire 

0.82pF, "gimmick", Quality Components 
type 10% QC, or equivalent 

5-10 Q , 1/2 W 

51 (2, 1/2 W 
1200 Q, 1/2 W 

Dimensions in Inches and Millimeters 

Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 

Fig. 14- Typical Circuit for 2-GHz Grounded-Collector 
Power Oscillator 

C 1' C3: 

C2' C4 • '' 

100 pF, feed-through, 
Allen-Bradley FA5C, 
or equivalent 

0.35-3.5 PF, 
Johanson 4702, or 
equivalent 

RF choke, 5 turns 
No. 33 wire, 1/16 in. ( 1.57) 
ID, 3/16 in. ( 4.76) long 

2: 50-Q miniature coaxial line 
1.5 in. ( 38.1) long 

X1'• Microstripline circuit; see 
Fig. 16 for details. 

Dimensions in Inches and Millimeters 

Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 

Fig. 15- Typical Circuit for 2-GHz Grounded-Base 

Power Oscillator 

0.46 
(1168) 0.43 

(10 92) 

(2.03) 

003 
(0.76) 

\N\N •11  

(017778) 
NOTE 2  

I 32 

BETAL GROUND PLANE 9511.102 

Dimensions in Inches and Millimeters 

Note 1: Dimensions in parentheses are are in millimeters and are 
derived from the basic inch dimensions as indicated. 

Note Produced by removing portion of upper layer of double-clad, 
Teflon board, Budd Co. Po(ychem Div. Grade 108T, 1 oz, 1/32 in. 
(293) thick, (e= 2.6), or equivalent. 

Fig. 16- Detail Drawing of Microstripline, X1 

Specified in Fig. 15. 
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COLLECTOR MILLIAMPERES ild • 80 

FREQUENCY 0 • 2 GH• 
ZEINEllig::: 

CASE TEMPERATURE ITC) • Z39 c RE   
E,ummalliihela 

:: REweelefaffie. 
EgefflEEM— 11 @mum@     :-:=•=.. .......=.m...m,,-:eigr 
"" - -='fflffl PA .1 1 ra — r :.• 1 .    =  = = 

W•-sgeeiiiffer-2:8-.,.    
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M -MÉMIUMIMeetril 

:: 
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--"e-ÉllaffiffiffiRriinUi .... 

12 II 16 18 20 

COLLECTOR SUPPLY VOLTS (vcc 

22 

920S•180 

Fig. 17 - Typical Output Power vs. Collector 
Supply Voltage for 2-GHz Grounded-Base 

Power Oscillator 

DIMENSIONAL OUTLINE 

87L0148481 

24 

SYMBOL 
INCHES MILLIMETERS 

MN. MAX. MIN. MAX 

OH .118 .122 L997 3.098 

OBI .D9D .D94 2.286 2.387 

OD .497 .503 12.624 12.776 

ODI .I80 NON. 4.57 NOM. 

OD2 .162 MOM. 4.11 NOM. 

F 046 055 1.168 1.397 

F1 .009 .011 .229 .279 

F2 .114 .124 2.90 3.14 

L .099 .103 2.515 2.616 

L1 .179 .191 4.55 4.85 

NOTES: 
1. Gold-plated KOVAR* 

2. Solid silver 

• Trademark, Westinghouse Electric Corp. 
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MCELM 
Solid State 
Division 

RF Power Transistors 

2N5913 

RCALr 

JEDEC TO-39 

Silicon N-P-N Overlay Transistor 
12.5- Volt, High-Gain Type for Class-C 
Amplifiers in VHF/UHF Communications Equipment 

Features: 
• High Power Gain, High Power Output . . . 

At 12.5 V: 

2-W (typ.) output at 470 MHz (7-dB gain) 
2-W (typ.) output at 250 MHz (9-dB gain) 
2-W (typ.) output at 175 MHz ( 13-dB gain) 

At 8 V: 
1.5-W (typ.) output at 470 MHz (4.8-dB gain) 
1.5-W ( typ.) output at 250 MHz (7.0-dB gain) 
1.5-W (typ.) output at 175 MHz ( 10-dB gain) 

MAXIMUM RATINGS, Absolute-Maximum Values: 

*COLLECTOR-TO-BASE VOLTAGE. V 
CB0 

COLLECTOR-TO-EMITTER 

BREAKDOWN VOLTAGE: 

With base shorted to emitter .  V(BR)CES 

*With base open  V (BR)CEO 

*EMITTER-TO-BASE VOLTAGE.   VEB0 

*CONTINUOUS COLLECTOR 

CURRENT  IC 

*TRANSISTOR DISSIPATION: 
P T 

At case temperatures up to 75°C.. 3.5 W 

At case temperatures above 75°C . Derate at 0.0028 W/°C 

*TEMPERATURE RANGE: 

Storage & Operating (junction) .. -65 to 4200 °C 

*LEAD TEMPERATURE: 

At distances > 1/32 in. (0.8 mm) 

from seating plane for 10 s max. 230 °C 

36 V 

36 V 

14 V 

3.5 V 

0.33 A 

*In accordance with JEDEC registration data format JS-6 

RDF-3/JS-9 RDF-7. 

RCA Type 2N5913' is an epitaxial silicon n-p-n planar tran-
sistor featuring "overlay" emitter electrode construction. It 
is intended for VHF/UHF mobile, portable, and VHF marine 
transmitters, as well as UHF CB, sonobuoy, beacon, and 

other applications where intermediate power output is re-
quired at low supply voltage. 

' Formerly RCA Developmental Type TA7477. 
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ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc) = 25°C 

STATIC 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS 

LIMITS 
UNITS 

DC 
Voltage 

(V) 

DC 
Current 
(mA) 

VCE VEB 1E IB lc Min. Max. 

Collector- Cutoff Current 

Base Connected to Emitter ICES 12.5 0 1.0 b mA 

Base Open 'CEO 10 0 0.3 mA 

Collector- to- Base 
Breakdown Voltage V(BR)CB0 0 0.5 36 — V 

Collector- to- Emitter 
Breakdown Voltage: 
With base open V(BR)CEO 0 25° 14 — V 
With base connected 

to emitter V(BR)CES 0 25° 36 

Emitter- to- Base Breakdown 
Voltage V(BR)EBO 0.5 0 3.5 —  V 

Thermal Resistance: 
(Junction- to- Case) 'IC — 35.7 °C/W 

° Pulsed through a 25-mH inductor; duty factor 50%. 

DYNAMIC 

Tc = 100°C 

TEST & CONDITIONS SYMBOL 
FREQUENCY 

MHz 

LIMITS 
UNITS 

MINIMUM TYPICAL 

Power Output (Vcc = 12.5 V): 

PIE 0•1 W 
POE 175 1.75 W 

Large- Signal Common- Emitter Power 
Gain ( Vcc = 12.5 V): 

PIE 0.1 W 
GPE 175 12.4 dB 

Collector Efficiency (Vcc = 12.5 V): 
PIE = 0.1 W riC 175 50 % 

Common- Base Output Capicatance 
Vc B = 12 V Cobo 1 15 ( max.) pF 

Gain- Bandwidth Product 

VCE ' 12 V, lc = 200 mA fT 
_ — 900 MHz 

In accordance with JEDEC registration data format JS-6 RDF-3/JS-9 RDF-7. 
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PERFORMANCE DATA 

TYPICAL AMPLIFIER PERFORMANCE (Yc 

FREQUENCY 
(1)— MHz 

INPUT 
POWER 

(P IB )- W 

OUTPUT 
POWER 

(P 0E1 ). W 

COLLECTOR 
EFFICIENCY 

77C 

CIRCUIT 

175 0.1 2 60 Fig.6 

250 0.25 2 65 Fig.6 

470 0.4 2 65 Fig.7 

156 
(Marine 
Transmitter) 

.005 2 Fig.8 

12 5 V) 

COLLECTOR- SUPPLY VOLTS I Vccl• 2.5 4-1--14,„.,4:4 

CASE TEMPERATURE 

Í 

ITcl • 25 . C 
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Fig.? - Typical power output vs. frequency. 
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Fig. 3 - Typical power output vs. power input at 
250 MHz for circuit shown in Fig.5. 

FREQUENCY I 4175 MIN 
CASE TEMPERATURE I Tc)• 25•C 

0.05 0 I 015 02 0.25 
RE INPUT WATTS 1P.EI 92CS-136•6R1 

Fig. 2 - Typical power output vs. power nput at 
175 MHz for circuit shown in Fig.5. 
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Fig. 4 - Typical power output vs. power input at 
470 MHz for circuit shown in Fig.7. 
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DFSIGN DATA 

REFLECTION COEFFICIENT SCALE 

.0"'t1C't 

1500 

18o° 

120° 

270° 

:7> 
650 
\ 450 150MHz I 

OUTPUT REFLECTION 

COEFFICIENT (S22) 

Collector-to-Emitter Voltage (VcE) • 12.5 V 

Collector-Current ( lc) 100 mA 

Case Temperature (Tc) • 25°C 

CENTER 

60° 

3 

1 2 3 4 5 

MAGNITUDE-FORWARD TRANSMISSION GAIN IS21I 

Fig. 5 - Typical S parameters vs. frequency. 

300° 

92CM.16066 

330° 

00 

360° 
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APPLICATION DATA 

C1, C2, C3, 8. C4: 7-35 pF, ARCO 403, or equivalent 

C • 1 000 pF, feed-through 

C • 0.005 µF, disc ceramic 

Ll•• 2 turns No.16 wire, 3/16 in. ID, 1/4 in. long 

L2: Z 450 ohms; Ferroxcube VK200-09/313, or equivalent 

L3' 2 turns No.14 wire, 1/4 in. ID, 5/16 in. long 

L4: 3 turns No.14 wire, 3/8 in. ID, 3/8 in. long 

Fig. 6 - 175/250-MHz amplifier test circuit for 
measurement of power output. 

Za•50* 

RCA RCA 
10637 1052 r 40637 

J L2._ 

- L2: 10-1/2 turns, close-wound, #22 enameled wire 

L3 • L4: 4-1/2 turns, close-wound, # 22 enameled wire 

L5 - L6: 1-1/2 turns, 1/4 in. length, # 20 bare wire 

L7: 2 turns, 3/16- in. length, 3/16- in. dia., # 20 bare wire 

1_8: 2-1/2 turns, 1/4- in. length, # 20 bare wire 

RFC: 4 turns, #30 enameled wire on Ferroxcube7 ferrite bead 
#56-590•65 '48, or equivalent 

RCA 
2145913 

C1, C2, C3: 0.9-7 pF, ARCO 400, or equivalent 

C4: 7-35 pF, ARCO 903, or equivalent 

C5: 22 pP ± 5% silver mica 

C • 470 pF, feed-through 

C 1 MF, disc ceramic 

92CS - 156 39R1 

L1' L3' L4"• 1 turn No.18 wire 

1/4 in. ID, 1/8 in. long 

L2 '•  0. 39 p.F1, Nytronics Deci- 
Ductor. or equivalent 

Mount C5 as close as possible to base and emitter pins. 

Fig. 7 - 470-MHz amplifier test circuit for 
measurement of power output. 

RCA 
40637 

RCA 
2115913 

1 5-201. 

La 2c. 50 

PŒ • 2 Vt 

, 

12 5 V 

o. 
W.- 15631R. 

All coils on slug-tuned forms 15/64- in. o.p. Corbonyl• S.F. 10.32 
threaded slug or equivalent, with 1/2- in, x 1/2- in. x 1- in, shield cans. 

All capacitor values are in picofarads unless otherwise specified. 
All resistances are in ohms and are 1/4-watt types. 

• Arnold Magnetics Corp., Los Angeles, Cal. 

f Ferroxcube Corp. of America, Saugerties, N.Y. 

Fig. 8 - Typical circuit for o frequency-multiplier chain (f = 114 13 MHz, four= 156 MHz) 
for 156-MHz marine-radio transmitter. 
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DIMENSIONAL OUTLINE 

JEDEC No.70-39 

SEATING 
PLANE  

TEMPERATURE 
MEASURING POINT 92CS S.1 

Note 1: This zone is controlled for automatic handling. The variation 
in actual diameter within this zone shall not exceed . 010 in 
(.254 mm). 

Note 2: (Three leads)ct,b2 applies between II and 12. cPb applies be• 
tween 12 and .5 in ( 12.70 mm) from seating plane. Diameter is 
uncontrolled in l and beyond .5 in ( 12.70 mm) from seating 
plane. 

Note 3: Measured from maximum diameter of the actual device. 

Note 4: Details of outline in this zone optional. 

SYMBOL 
INCHES MILLIMETERS 

NOTES MIN. MAX. MIN. MAX. 

.;',a .190 .210 4.83 5.33 
A .240 .260 6.10 6.60 
;A) .016 .021 .406 .533 2 

(r-b2 .016 .019 .406 .483 2 

çt D .350 .370 8.89 9.40 

1'Di .315 .335 8.00 8.51 
h .009 .125 .229 3.18 
I .028 .034 .711 .864 
k .029 .040 .737 1.02 3 
I .500 12.70 2 

11 .050 1.27 2 
12 .250 6.35 2 
P .100 2.54 1 
Q 4 
a 45° NOMINAL 

/3 90° NOMINAL 

TERMINAL CONNECTIONS 

LEAD 1 - EMITTER 

LEAD 2 - BASE 

LEAD 3 - COLLECTOR, CASE 
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MIMM 
Solid State 
Division 

RF Power Transistors 

2N5914 2N5915 

High-Power Silicon N-P-N 

Overlay Transistors 
12.5- Volt, High-Power Types For Class-C Amplifiers in 

VHF UHF Communications Equipment 

Features: 

• Low inductance radial leads— particularly useful for strip- line circuits 

•Hermetically sealed ceramic- metal package 

• Electrically isolated mounting stud 

•6 watts minimum output from 2N5915 amplifier at 470 MHz 

•7-dB gain from 2N5914 driver at 470MHz 

MAXIMUM RATINGS, Absolute-Maximum Values: 

2N5914 2N5915 

• COLLECTOR-TO-BASE BREAKDOWN 

VOLTAGE  V(BR)CB0 36 

• COLLECTOR-TO-EMITTER BREAKDOWN 
VOLTAGE'  

With base connected to emitter V(BR)CES 36 

With base open   
V( BR)CE0 14 

*EMITTER-TO-BASE VOLTAGE VE go 3.5 

*COLLECTOR CURRENT: 

Continuous  IC 

'TRANSISTOR DISSIPATION:   PT 

At case temperatures up to 75°C 

At case temperatures above 75°C 

*TEMPERATURE RANGE: 

Storage & Operating (Junction) .   

("CASE TEMPERATURE 
(During soldering): 
For 10 s max  

0.5 

RCA 2N5914° and 2N5915b ' are epitaxial silicon n-p-n 

planar transistors featuring overlay emitter electrode con-

struction. 

36 V 2N5914 and 2N5915 feature an hermetic, ceramic- metal 
package having leads isolated from the mounting stud. 

These rugged, low-inductance, radial-lead types are de-

signed for strip-line, as well as lumped-constant circuits. 

°Formerly RCA Dev. Type TA7408. 

36 V 

14 V 

3.5 V bFormerly RCA Dev. Type TA7409. 

1.5 A 

5.7 10.7 W 

See Fig. 7 

-65 to + 200°C 

230 

*In accordance with JEDEC registration data format 

JS-6 RDF-3/JS-9 RDF-7. 

°C 
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ELECTRICAL CHARACTERISTICS, Case Temperate,. ( Tc) r. 25°C 
Static 

• 

• 

• 

• 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS LIMITS 

UNITS 
DC 

COLLECTOR 
VOLTS 

DC 
BASE 
VOLTS 

DC 
CURRENT 

mA 
2N5914 2N5915 

VCE VBE I E I B I c MIN. MAX. MIN. MAX. 

Collector- Cutoff Current 'CEO 10 0 — 0.3 — 1.0 mA 

Collector-to- Base 
Breakdown Voltage V ( BR) CB0 0 

0.5 

1.0 

36 

— 

— 

— 

— 

36 

— 

— 
V 

Collector-to- Emitter 
Breakdown voltage: 
With base open V ( BR)CEO 0 

25° 

75° 

14 

— 

— 

— 

— 

14 — V 

With base connected 
to emitter V(BR)CES 0 

25° 

75° 

36 

— 
— 
— 

— 
36 

— 
— 

Emitter-to- Base 
Breakdown Voltage V(BR)EBO 

0.5 

1.0 

0 

0 

3.5 

— 

— 

— 

— 

3.5 

— 

— 
V 

0 Pulsed through a 25-mH inductor; duty factor = 50% 

• 

• 

• 

• 

Dynamic 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS LIMITS 

UNITS DC Collector 
Supply ( Vcc)— Volts 

Input Power 
(PI E)— Watts 

Frequency 
(f)— MHz 

2N5914 2N5915 

MIN. TYP. MIN. TYP. 

Power Output POE 12.5 
0.4 

2.0 
470 

2.0 
W 

— 6 

Power Gain GpE 12.5 
0.4 

2.0 
470 

7 — 
dB 

4.8 

Collector Efficiency 77c 12.5 
0.4 

2.0 
470 

65 
% 

65 

Load Mismatch 
(Fig. 14) LM 12.5 

2N5914 
2N5915 

0.4 

2 
470 GO/NO GO 

Collector-to- 
Base Capacitance Cobo 

12 

IC ' 0 
1 15 

(max.) — 30 
(max.) 

pF 

Gain- Bandwidth 
Product fT 12 

I c = 200 mA 900 
MHz 

lc = 300 mA _ 800 

• In accordance with JEDEC regist ation data fromat JS-6 RDF-3/JS-9 RDF 

Typical Application Inlormat'on 

Application 
Output 

Power ( POE) 
W 

Input 
Power ( Pi E) 

W 

Collector 
Efficiency (11 c) 

% 
Circuit 
(Fig.) 

470 MHz Amplifier 

2N5915 6.5 2 70 13 
2N59 14 2.3 0.4 70 13 

175 MHz Amplifier 

2N5915 9 1 70 15 
2N5914 4 0.25 70 15 

470MHz Amplifier 6 0.4 — 16 
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PERFORMANCE DATA 

200 Mg 

FREQUENCY (0 - MHz 

600 800 

9:LS103191 

Fig. I - Typical output power vs. frequency 

for 2H5914 

O
U
T
P
U
T
 P
O
W
E
R
 
(
 P
O
E
)
-
 W
 

FREQUENCY (8) .470 MHz 
CASE TEMPERATURE ( TO • 25. C 

..11181 
BURR 

0 02 0.4 06 
INPUT POWER ( P, E ) — 

0.8 

92 LS-3038/11 

Fig. 3 - Typical output power vs. input power at 470 MHz 

for 2N5914 in circuit shown in Fig. 8 

4 

3.5 

o 3 

!, 2.5 

8 2 

1.5 

FREQUENCY 10 • 125 mil• 
CASE TEMPERATURE (To • 2S. C 1: 

:OM 

0 0.05 0.1 0.15 0.2 0.25 

INPUT POWER (PIE) - le 

9255419/ 

Fig. 5 - Typical output power vs. input power 

at 175MHz for 2N5914 (Fig. 15) 

COLLECTOR SUPPLY VOLTAGE (Vcc) • 12S V 

CASE TEMPERATURE ( Tc) • 2.S• C 

lo   

2   
MR à 

o 200 400 

FREQUENCY (n 
600 800 

9211.00281 

Fig. 2- Typical output power vs. frequency 

for 2N5915 

FREQUENCY ( I) • 470 MHz 

CASE TEMPERATURE (1).25C 

0.5 1.0 15 20 2.5 30 

INPUT POWER I P,E1—W 

82 LS- 503700 

Fig. 4- Typical output power vs. input power at 470MHz 

for 2145915 in circuit shown in Fig. 8 

2 us 
  COL3-ECIOR:10.EMISIE6  V)..5   

VOC1 AGE Olce) •  

2 75 

8 s 

2.1 

FREQUENCY ( 11 • 175 MHz 
CASE TEMPERATURE ( Tc) • 25°C   

Ti 

0.5 1.0 

INPUT POWER 11'1E/ - W 

2.0 

133 - 1191 

Fig. 6- Typical output power vs. input power 

at 175 MHz for 2145915 (Fig. /5) 
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File No. 424   2N5914, 2N5915 

DESIGN DATA 

-100 - 50 0 50 100 150 zoo 
CASE TEMPERATURE 

SZL5-30313R1 

Fig. 7- Dissipation derating for 2N5914 and 2145915 

COLLECTOR SUPPLY VOLTAGE IVcc) • 12.5 V 
CASE TEMPERATURE ac) = 25°C 

EEM: 

400 100 200 300 

FREQUENCY (0- RN. 

500 

9215.1195 

Fig. 9 - Large signal parallel equivalent input capacitance 

vs. frequency for 2N5914 and 2145915 

20 

18 

U _1 

100 

INPUT PONER (PIE) • 1.5 14 
COLLECTOR SUPPLY VOLTAGE Olcc) = 123 V 
CASE TEMPERATURE (Tc) = 25°C 

•:".• 

200 300 400 

FREQUENCY 10 - MX. 

500 

9 SS. UY  

Fig. 11- Large signal parallel load resistance 

vs. frequency for 2N5915 

6 

8 

11:: 

?30 300 400 

FREQUENCY In -MN. 
SOO 

COLLECTOR SUPPLY VOLTAGE (Vcc) • 12.5V 
CASE TEMPERATURE (Tc) 254C 

Meisel 

100 

9222.4494 

Fig. 8- Large signal equivalent parallel input resistance 

vs. frequency for 2145914 and 2N5915 

COLLECTOR SUPPLY VOLTAGE ( Vcc) • 12.5V 
CASE TEMPERATURE ( Tc) • 25°C 

e60   

SO   

40 

e 3. e, 

'1 10 

44. 

•• 

e•BIl 
INPUT PO / 

 Jaià  
100 200 300 

FREQUENCY 10- MX. 

400 500 

97SS-14% 

Fig. 10- Large signal equivalent parallel output 

capacitance vs. frequency for 2N5914 and 2N5915 

100 200 300 400 500 

FREQUENCY 11) - Alit  

925'..." 
Fig. 12- Large signal parallel load resistance 

vs. frequency for 2145914 
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APPLICATION DATA 

470 MR: 
DRIVER 

CI 

RCA 
255914 
2115915 

9213 304101 

CI, C2, C3 - 0.9.7.0 pF,. ARCO a 400, or equivalent 

C4 • 1.5-20. pF, ARCO a 402, or equivalent 

C5 - 1000 pF ( feed-through) 

C6 . 0.14./F (ceramic) 

C7 - 2.18 pF, Amperes HT1OMA 218, or equivalent 
connect between the base and emitter with the 
shortest possible leads. 

LI, L2-1 turn a 16 wire, 3 16 in. I.D., 1 8 in. long 

L3.1 turn a 20 wire, 3 16 in. 1.0., 1 8 in. long 

Lp - Ferrite choke, 450Climpedonce, Femoscube 
VK-200-09-39, or equivalent 

Fig. 13. 470MHz amplifier used for measuring power 

output and power gain in 2N5914 and 2145915 

470 MN: 
AMPLIFIER 
(FIG 13) 

STU9 

SPECIAL PERFORMANCE DATA 

The transistor can withstand any mismatch in load, 
which can be demonstrated in the following test: 

1. The test is performed using the arrangement shown. 

2. The tuning stub is varied through a half wavelength, 

which effectively varies the load from an open cir-

cuit to a short circuit. 

3. Operating conditions; Vc, = 12.5 

RF input power = 0.4 W for 2N5914, 2.0W for 2N5915 

4. Transistor Dissipation Rating must not be exceeded. 

92U- 1319R2 During the above test, the transistor will not be dam-

aged or degraded. 

Fig. 14- Test set-up for testing load mismatch capability 

of 2N5914 and 2N5915 

DETAIL OF 

TRANSFORMER T 

TO 
SUPPLY 

TO 
COLLECTOR 

Ti 

L1-1 2 turn a 14 wire, 1 .4- in. 1.D. 

RFC - 2 v 450n, Ferroscube VA-200-09 313, or equivalent 

C1-7-100 pF, Arco 423, or •quivolent 

C2 - 4-40 pF, Arco 422, or equivalent 

C3 - 0.1MF coron. 

C6 Cp - 0.0010F feedthrough 

C5 - 61 pF silver mica 

C6 - 14.150 pF, Arco 424, or equivalent 

C7-24-200 pF, Arco 425, or equivalent 

ZL •500 11- Twisted poir of 020 enameled wire; 14 turns in. 
Formed in o loop 3 8 in. diameter, cross connected 
(End of one winding connected to beginning of other) 

SUS 1579202 

Fig. 15- 175-MHz amplifier for measuring power output 

and power gain in 2N5914 and 2N5915 
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vcc • 12.5 v 

2N5914, 2N5915 

L 

82 

CI, C2, C4, C5, C7, Cg 0.9 - 7.0 pF 

Co, C6 18 pF L4 1 TURN NO. 18 WIRE 1 4 IN. ID., I 8 IN. LONG 
TAP AT I 4 TURN FROM COLLECTOR 

CII 0.140 L5 I TURN NO. 20 WIRE I 8 IN. I.D., 1 8 IN LONG 
Cig, C12 .001 pF Lg 1 TURN NO. 18 WIRE 1 4 IN. I.D. 1 8 IN. LONG 

Li 1 TURN NO. 16 WIRE 3 16 IN. I.D. 1 8 IN LONG 

I-2, I-6 FERRITE CHOKE Z 450(1 FERROX CUBE VK-200-09.3B OR EOUIV. 

L3, L..2 I TURN NO. 20 WIRE 3 16 IN. I.D. I 8 LONG 

CONNECT C3 AND C6 BETWEEN THE BASE AND EMITTER 

TERMINAL No. 4 

TERMINAL No. I 

TERMINAL 116 2 

N1 

Ori 

Fig. 16 - Typical 470 MHz amplifier with 
0.4 W input and 6.0W output 

DIMENSIONAL OUTLINE 

L1 

E 

TERMINAL No. 3 

SEATING PLANE Cl 
1  

725H 44 -(1 

SYMBOL 
INCHES MILLIMETERS 

NOTES 
MIN. MAX. MIN. MAX. 

A .150 .230 3.81 1.84 - 
B .195 .205 4.96 5.20 - 

BI .135 .145 3.43 3.68 - 

82 .095 .105 2.42 2.66 - 
C .004 .010 .11 .25 3 

150 .305 .320 7.4 112 - 

001 .110 .1» 2.80 3.30 I 
E .271 .»0 6.99 7.62 - 

G .590 .705 14.99 17.90 - 

L .265 .290 6.74 

1.1 .455 .510 11.56 1295 

OM .120 .163 3.05 4.14 - 
N .425 .470 10.80 11.93 - 

NI - .078 ' 1.98 4 
N2 .110 .150 2.80 3.81 - 
0 .120 170 3.05 4.31 - 

01 .025 .045 .64 1.14 - 

94 . 1399 .1437 3.531 1632 2 

Hann/EN MEMO'S ANE DAHAED FROM CHENAL INCH DINENEONS 

NOTES 1 . 053- . 064 NCH ( . 35- 1.62..1 WRENCH FLAT 

1. PITCH DIA OF 8.32 UNC 2A COATED THREAD. ( ASA BI. 1.1960), 

3. TYPICAL FOR ALL LEADS 

4. LENGTH OF INCOMPLETE OR UNDERCUT THREADS OF. 14 

AMS•1 ,631,3 

TERMINAL CONNECTIONS 

Terminal No. 1, 3 - Emitter 
Terminal No. 2 - Base 
Terminal Nol 4 - Collector 
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File No. 425 

Solid State 
Division 

RF Power Transistors 

2N5916 2N5917 

*COLLECTOR-TO-BASE 
VOLTAGE  

High-Gain Silicon N-P-N 
Overlay Transistors 

For VHF/UHF Communications Equipment 

FEATURES 

• Radial leads for microstripline circuits 

• 2 watts ( min.) output at 400 MHz (10-dB gain) 

• 2 watts ( typ.) output at 1 GHz ( 5-dB gain) 

• Low- inductance, ceramic-metal hermetic packages 

• All electrodes isolated from stud 

MAXIMUM RATINGS, Absolute-Maximum Values: RCA 2N5916 and 2N59174 are epitaxial silicon n-p-n 
planar transistors featuring "overlay" emitter electrode 

construction. They are intended for large-signal and 

small-signal high-gain rf amplifiers and driver applica-

tions for VHF/UHF communications equipment. 

Type 2N5916 features a new hermetic, ceramic-metal 
package having terminals isolated from the mounting 

vCE0 V stud. These rugged, low-inductance, radial leads are 

'EMITTER-TO-BASE designed for microstripline as well as lumped-constant 
VOLTAGE VE B0 3.5 V circuits. 2N5917 is a 2N5916 without the mounting stud. 

'COLLECTOR-TO-EMITTER 
VOLTAGE 
With base open   

VCBO 

2N5916 
2N5917 

55 

24 

*CONTINUOUS COLLECTOR 
CURRENT IC 0.2 A 

*TRANSISTOR DISSIPATION . PT 

At case temperatures up to 100°C   4 

At case temperatures above 100°C Derate linearly 
at 0.04 W/°C 

*TEMPERATURE RANGE: 

Storage & Operating (Junction). . —65 to + 200 °C 

• CASE TEMPERATURE (During soldering): 

For 10 s max   230 °C 

*In accordance with JEDEC registration data format JS-6, 

RDF- 3/JS - 9 RDF - 7 

iFormerly RCA Dev. Type Nos. TA7411 and 

TA7852, respectively. 
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• 

ELECTRICAL CHARACTERISTICS, Case Temperature ( Tc) = 25°C 

STATIC 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS 

LIMITS UNITS 
DC 

Col lector 

Voltage 

DC 
Base 

Voltage 

DC 
Current 

mA 

VCE VBE IE IB IC MIN. MAX. 

Col lector-to-Emitter 

Cutoff Current: 

Base-emitter junction shorted 
ICES 50 0 — 1 mA 

Collector-to- Emitter 

Breakdown Voltage: V(BR)CES 0 5a 55 _ 

V 
With base open V(BR)CEO 5a 24 — 

Emitter-to-Base 

Breakdown Voltage V(BR)EBO 0.1 0 3.5 — V 

Col lector-to-Emitter 

Saturation Voltage 
VcE(sat) 10 100 — 0.5 V 

Thermal Resistance: 

(Junction-to-Case) 
69J-C — 25 °CW 

a Pulsed through a 25-mH inductor; duty factor = 50% 

DYNAMIC 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS 

LIMITS UN ITS 
DC Collector 

Supply 

(VCC) —V 

Output 

Power 

(POE) —W 

Input 

Power 

(PIE) — el 

Frequency 

(f) — MHz 
MIN. MAX. 

Power Output 

(See Fig. 10) POE 28 0.2 400 2.0 — W 

Power Gain GpE 28 2 400 10 — dB 

Collector Efficiency 
77C 28 0.2 400 50 — % 

Col lector — Base 

Capacitance Ccb 30(VcB) 1 — 4.5 pF 

*In accordance with JEDEC registration data format JS-6 RDF-3/J3-9 RDF-7. 

TYPICAL APPLICATION INFORMATION 

CIRCUIT 
Output 
Power 

(POE) — ed 

Input 
Power 

(PIE) — Vd 

Collector Efficiency 

(77c) 

Fi gure 

No. 

400— MHz Amplifier 2.2 0.2 60 10 

50/450— MHz Broadband Amplifier 0.1 0.01 — 11 

1—GHz Amplifier 2 0.6 45 12 

155 



2N5916, 2N5917 File No. 425 

CASE TEMPERATURE ( Tc • 25•C 
COLLECTOR SUPPLY VOLTAGE (VW = 78 

: : : : • • : 

PERFORMANCE DATA 

O 0 400 600 600 1000 I200 

FREQUENCY (I) - whi 

1400 600 11300 

91Q.1471RI 

Fig. 1 - Typical power output vs. frequency 
(for both types). 
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COLLECTOR SUPPLY VOLTAGE IWCC) • 28 • 

FREQUENCY (8) • 400 MI16 

INPUT POWER (PIE) • 02w 
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20 80 100 

CASE TEMPERATURE (Tc) - •C 
35$5.38,41 

Fig. 3 - Typical power output vs. case temperature 
(for both types). 
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COLLECTC61.TO-EMITTER VOLTAGE (vce _ 

Fig. 5 - Safe operating area, for dc operation 
( for both types ). 
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Fig. 2 - Typical power output and collector efficiency 
vs. power input (for both types). 
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Fig. 4 - Typical power output or collector efficiency vs. 
collector supply voltoge (for both types). 
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Fig. 6 - Derating curve (for both types). 
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S
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,
1X

) 

COLLECTOR SUPPLY VOLTAGE ( Vcc) • 211V 

OUTPUT POWER (P0E) • 2W 

' 
+ 

:::: 

1"7:1 

I -•-. : 

-TÉi • ::::.:., . . :t:::i •I 

400 600 MX 1000 

FREQUENCY - NH. 

1200 1400 

Fig. 7 - Typical large- signal series input impedance 

vs. frequency (for both types). 

o 
200 400 600 600 

FREQUENCY ( I) - Wit 

COLLECTOR SUPPLY VOLTAGE ( Vcc) • 26V 

OUTPUT POWER (P0E) • 2E 
SI»   
magnum 

EMU 

 COLLECTOR LOAD RESISTANZ fe  

MMM MM MN 

NUM 

1000 

9,144501 

Fig. 8 - Typical large- signal, parallel collector load and 

parallel output capacitance vs. frequency (for both types). 

REFLECTION COEFFICIENT SCALE 

2,00 COLLECTOR•TO.EMITTER VOLTAGE IVCEI • 15 V 

COLLECTOR CURRENT ( lc) • 60-100mA 

CASE TEMPERATURE ( Tc) • 25°C 

CENTER 

900 

I 2 3 4 5 

MAGNITUDE-FORWARD TRANSMISSION GAIN ( S21) 

92 SS - 4504 

Fig. 9 - Typical S parameters vs. frequency (for both types). 
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C1, C3 - 0.9-7 pF, ARCO 400* 
C2 - 1.5-20 pF, ARCO 402* 
C4 - 0.0015 µF, disc ceramic 
C5 - 1,000 pF, feedthrough type, 

Allen-Bradley FA5C* 
C6 - 1 F, electrolytic 

Lb L5 - 1 turn • 
L2 - RFC, .1 µH 
L3 - 3 turns • 
L4 - 2 turns • 
- 1012 , carbon 

* Or equivalent 
am coils 5/32 in. (3.96mm) 

1.1). # 18 wire, 12 turns per inch 

Fig. 10 • 400-MHz amplifier test circuit for 

measurement of power output. 

Cl, C3: 0.35-3.5 pF, Johanson 
4701, or equivalent 

C2: 470 pF, feed-through type, 
Allen Bradley FA5C, or equivalent 

LI: 3 turns No. 22 wire 
5/32 in. ( 3.96 mm) ID, 3/8 in. ( 9.52 mm) long 

L2•• 11/2 turns No. 22 wire 
5/32 in. ( 3.96 mm) ID, 3/8 in. (9.52 mm) long 

R0-1' 1 S2, 1/4-W carbon 

X1, X2' Microstrip details given in Fig. 13 •  

17G • 5001 

7.1591,1 on >15,11) 

c, 
y Cs 

ycc av 

- 0.0015 F, disc ceramic 
C2, C8 - 2-18 pF, Amperes H.T. 10mA/218, 

or equivalent 

C3, C4 - 680 pF, chip cap.,Allen-Bradley 
B166811, or equivalent 

C5 - 1 µF, electrolytic 
C6, C7 - 1,000 pF, feedthrough type 

- 2 kn., 1/2 W, carbon 
R2 - 50012, I/2w, carbon 

R3, R4 - 25012, I/7w, carbon 

T - Twisted pair of # 22 wire, 
10 twists, 1 in. long 

2, • 501/1 

Fig. 11 - 50/450 -MHz broadband amplifier using 

type 2145916 or 2145917. 

NOTE 2 ii 

INPUT \ OUTPUT 

\ X, 
STRIP STRIP 

i  X2 

_r _. 1  

.172 _I 1.._ 1.375 _..1 2  .1i .09 
14371 (34.92)_.1 ". 150.81 (2.281 

18.121 

.06 
0.521 

1—  \-- GROUND PLANE 

DIELECTRIC-_\ 

Note 1: Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 

Note 2: Produced by removing upper layer of double-clad, 
Teflon board, Budd Co. Polychem Div. Grade 108T, 
1 oz. 1/16 in. ( 1.52 mm) thick, ( E = 2.6), or equivalent. 

Fig. 12 - 1-GHz amplifier using type 2145916 or 2145917. Fig. 13 - Typical microstrip layout for 1-GHz power 

amplifier circuit shown in Fig. 12. 

158 



File No. 425 2N5916, 2N5917 

DIMENSIONAL OUTLINE TYPE 25916 

01 

1 
o 

N1 

  SEATING PLANE 

10 -a.  OM I 

SYMBOL INCHES MILLIMETERS NOTES 
MIN MAX. mIN. MAX 

A .150 .230 3.81 184 
B .195 .205 4.96 120 
Di .135 .145 3.43 3.68 - 
B2 .095 .105 142 166 - 
C .004 .010 .11 .25 3 
OD .305 .320 7.48 8.12 
OD, .110 .1» 2.80 3.» 1 
E .275 .»0 6.99 7.62 - 
G .590 .705 14.99 17.90 
L .265 .290 6.74 /36 
1.1 .455 .510 11.56 12.95 
Om .120 .163 3.05 4.14 
N .425 .470 10.80 11.93 - 
N1 - .078 - 1.98 1 
N2 110 .150 2.80 181 - 
0 .120 .170 3.05 4.31 
01 .025 .045 .64 1.14 - 

08 .1399 .1437 3.531 3.632 1 

MILLIMETER OMIENSICRIS ARE KRIM FROM MURAL MGR DIMENSIONS 

NOTES: 1. .053-.064 NCH ( . 35- 1.62 NO WRENCH FLAT. 
2. PITCH DIA OF 8.32 UNC-2A COATE0 THREAD. ( ASA BI. 1-19601. 
3. TYPICAL FOR ALL LEADS 
I. LENGTH OF INCOMPLETE OR UNDERCUT THREADS OF OR 

VSS-10303 

TERMINAL CONNECTIONS 

Terminals 1,3 - Emitter 
Terminal 2 - Base 

Terminal 4 - Collector 

DIMENSIONAL OUTLINE TYPE 2N5917 

TERMINAL No I 

TERMINAL No. 2 

Ii 
0, 0,-1 
e  

L1 

E 

TERMINAL No. 3 

LI 

r 0 ¡ 

SEATING PLANE 

SYMBOL 
INCHES MILLIMETERS 

NOTES MIN. MAX. (AIN. MAX. 

A .090 .135 2.29 3.42 - 
B .195 .205 4.96 5.20 - 
B1 .135 .145 3.43 3.68 - 
B2 .095 .105 2.42 2.66 - 
C .004 .010 .11 .25 I 

.00 .305 .320 7.48 8.12 - 
E .275 .») 6.99 7.62 - 
L .265 .290 6.74 7.36 
L1 .455 .510 11.56 1195 
0 .055 .070 1.» 1.77 - 
Xi .025 .045 .64 1.14 - 

MILLI« TE R »EN SiONS ARE DERIVED CRC. ORIGINAL no( ontmUNN 

ROTC 1 TYPICAL FOR ALL L(ROS Ile11671Y1 

TERMINAL CONNECTIONS 

Terminals 1,3 - Emitter 

Terminal 2 - Base 
Terminal 4 - Collector 

"WARNING: RCA types 2N5916 and 2N5917 should 

be handled with care. The ceramic portion of these 

transistors contains BERYLLIUM OXIDE as a major 

ingredient. Do not crush, grind, or abrade these por-

tions of the transistors because the dust resulting 

from such action may be hazardous if inhaled." 
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alCEM 
Solid State 
Division 

RF Power Transistors 

2N5918 

10-w, 400-MHz High-Gain Silicon 

N-P-N Emitter-Ballasted 

Overlay Transistor 
For VHF/UHF Communications Equipment 

Features 

• 10 W output at 400 MHz (8dB min. gain) 
• Emitter-ballasting resistors 

• Broadband performance (225-400 MHz) 

• Low-inductance, ceramic-metal hermetic package 

• All electrodes isolated from stud 

• Radial leads for stripline circuits 

MAXIMUM RATINGS, Absolute-Maximum Values. 

• COLLECTOR-TO-EMITTER VOLTAGE: 
With base open   VCEO 30 V 

• COLLECTOR-TO-BASE VOLTAGE . , Vcgo 60 V 

• EMITTER-TO-BASE VOLTAGE . . . VEgo 4 

• CONTINUOUS COLLECTOR CURRENT lc 0.75 A 

• TRANSISTOR DISSIPATION   

At case temperatures up to 75°C . .   10 W 

At case temperatures above 75°C . .   Derate linearly at 
ociawrc 

• TEMPERATURE RANGE: 

Storage & Operating (Junction) . . . . -65 to +200 °C 

• CASE TEMPERATURE ( During soldering): 

For 10 s max.   230 °C 

*I n accordance with JEDEC registration data format JS-6 RDF-3/JS-9 
RDF-7. 

RCA type 2N5918` is an epitaxial silicon n-p-n planar 

transistor employing "overlay" emitter-electrode construc-

tion. This device features emitter-ballasting resistors which 
improve ruggedness and overdrive capability, and a hermetic 

ceramic- metal package with terminals isolated from the 

mounting stud. The terminals are rugged, low- inductance, 
radial leads suitable for microstrip as well as lumped-constant 

circuits. 

The 2N5918 is intended for use in large-signal, high-power, 

broadband and narrow-band amplifiers in vhf/uhf commun-

ications equipment. 

• Formerly RCA Dey. Type No. TA7367. 
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File No. 448 2N5918 

ELECTRICAL CHARACTERISTICS, Case Temperature 11 cl = 25-C 

STATIC 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS 

LIMITS UNITS 
DC 

Collector 

Voltage 

DC 

Base 

Voltage 

DC 

Current 

mA 

VCE VBE 1E IB IC MIN. MAX. 

Collector-to- Emitter 
Cutoff Current: 
Base-emitter junction 
shorted 

ICES 30 0 — 5 mA 

Collector-to- Emitter 

Breakdown Voltage: 
V(BR)CES 0 100a 60 — 

V 

With base open V(BR)CEO 100a 30 — 

Emitter-to-Base 

Breakdown Voltage 
VIBRIEBO 1 0 4 — V 

Thermal Resistance: 

(Junction-t o Case) 0 .1-C — 12.5 °C/VV 

a Pulsed through a 25-mH inductO ; duty factor . 50% 

DYNAMIC 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS 

LIMITS 
UNITS DC Collector 

Supply 

(VCC)—V 

Output 

Power 

1P0E1—W 

Input 
Power 

(PI E)—W 

Frequency 

(f)—MHz 
MIN. MAX. 

Power Output 

(See Fig. 10) 
POE 28 1.59 400 10 — W 

Power Gain GPE 28 10 
400 8 — dB 

Collector Efficiency nC 28 10 400 60 — % 

Collector-to-Base 

Output Capacitance 
Cot o 30(VCB) 

 1 — 13 pF 

• In accordance with JEDEC registration data format JS-6 RDF-3/JS-9 RDF-7 

TYPICAL APPLICATION INFORMATION 

CIRCUIT 

Output 

Power 

(POE)—W 

Input 

Power 

(PIE )—W 

Collector Efficiency Figure 

No. 

400—MHz Amplifier 10.0 1.35 75 10 

225/400—MHz Broadband Amplifier 10.0 1.25-1.55 63-81 11 
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COLLECTOR SUPPLY VOLTAGE ( VEc)•213 V 

CASE TEMPERATURE ( Tc • 25•C 

1  

PERFORMANCE DATA 

J. 3 

il 

....... .... .. 
• . 1 • 

400 600 800 

FREQUENCY (1)— MHf 

Fig. 1 - Typical output power vs. frequency. 
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COLLECTOR SUPPLY VOLTAGE (Vcc)— V 

CASE TEMPERATURE (IC). 25 .0 
--- f• 225 MHz, P,E • 05 W 

— f • 900 MHz, PIE • I W 

COLLECTOR SUPPLY VOLTAGE (Vcc).28 V 

CASE TEMPERATURE (Tc)25C 

10 

O 0.2 0.4 06 08 I 1.2 
INPUT POWER (PIE/ — W 92CS-17186 

Fig. 2 - Typical output power or collector efficiency vs. input 
power at 400 MHz. 

COLLECTOR SUPPLY VOLTAGE 1VcEI • 26 V 
—I • 225 MHz, PIE • 0 55W 
—1•400 NFU, W 
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92GS-17199 CASE TEMPERATURE (7E)— •C 92C5-17200 

Fig. 3 - Typical output power or collector efficiency vs. Fig. 4 - Typical output power vs. case temperature. 
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Fig. 5 - Maximum operating area for dc operation. 
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Fig. 6 - Dissipation derating curve for rf class-C operation. 
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DESIGN DATA 

WM I  OOOOOO Mee« 
 1..  111.. • 111111NMenliMill. BBBBBBBBBB .C.I111Milffl MINIM« BBBBBB 

10 20 30 40 
COLLECTOR-TO-BASE VOLTAGE ( VCB1- V 92CS - 17203 

Fig. 7 - Typical variation of collector-to-base capacitance. 
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FREQUENCY (1)-MH2 
350 375 400 

92CS-17204 
Fig. 8 - Typical large-signal parallel collector load and parallel 
output capacitance vs. frequency. 
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FREQUENCY 1(1-MHz 92CS-17205 

Fig. 9 - Typical large-signal series input impedance 
[RelZin) + j Im (Zin )1 vs. frequency. 

1,4 CE TI  

T   
J o 

--M ICROSTRIP 
(7.N5918 

o son) 

CS 

C1,C2,C3: I2-18pF, AMPERES HTIOMA/ 218, OR EQUIVALENT 
4, C6- I000pF, ATC-I00, OR EQUIVALENT 
C6 1.0,e, ELECTROLYTIC 
L1, 0.14H RF CHOKE 
R1: 5.10.1/2 W CARBON 

18.13) 

338 NOTE 2 (85.73) 

NOTE I 

0.250 (6.35) 

4-le:Sri.- 71311%1 

0094 12.38) 

0485 (12.32) 

1._0.115 12.92) 
  3.52   (89.281 

I.  

003)2 10.7931 
\ OUTPUT STRIP 
METAL GROUND PLANE 

DIMENSIONS IN INCHES AND MILLIMETERS 
DIMENSIONS IN PARENTHESES ARE IN MILLIMETERS AND ARE DERIVED FROM THE BASIC INCH DIMENSIONS AS INDICATED 

NOTE 2 PRODUCED BY REMOVING UPPER LAYER OF DOUBLE- CLAD TEFLON BOARD, I/ 32 IN. THICK, I. • 2.6). 

Fig. 10 - 400-MHz amplifier test circuit for measurement of power output. 
92C4-17206 
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C2 - C4 

Cl 

L2 L3 

ci-P - 4 

295918 

L4 
2 

y 1 05 i C6 i Cy 

C1 - 3 pF, ATC -100* 

C2 - 08-I0Ø, JOHANSON 3957* 
Cy -5 pF SILVER MICA 

C4 - 2-18 pF, AMPERES HTIOMA/218. 
Cy -24 pF, SILVER MICA 
C6 - 51 pr, ATC -1000 

C7 - 47pF,ATC - 100. 

Cy - 68 pr, ATC-I00 
Cy - I4 F, ELECTROLYTIC 
Cl/y-10004F, FEEOTHROUGH TYPE, 

ALLEN- BRADLEY FA5C 
C12-1.5-20 pF, ARCO 402. 

Cil - 0.9-7 pF, ARCO 400* 

. OR EQUIVALENT 

L2 CII 

L6 

(C10 - 

vcc 

C12 

L, - 0124H RFC, NY TRONICS, P No 00-0.18. 

L2 - No 1E1 WIRE, 0 64 IN LONG 
L y - COPPER STRIP 5 MILS THICK, 150 MILS 

W, 670 MILS L 
L 4- TRANSISTOR BASE LEAD, 0.16 IN. LONG 

LS - 0.I4H RFC, NYTRONICS, P No. DO-0.10. 

L6-74018 WIRE, 1.08 IN LONG 

L7-2 TURNS, 5/32 IN. ID No 18 WIRE, 12 
TURNS PER IN 

RI - 1000,112 W, CARBON 

R2-5.111,1/4 W, CARBON 

92[5.17207 

Fig. 11 - 225/400-MHz broadband amplifier using 2N5918. 

DIMENSIONAL OUTLINE 

131 

L - 

132 

TERMINAI. /1.. 4 

TERMINAL He I 

TERMINAL N. 2 

NI 

Li 

TERMINAL He 3 

8 SEATING PLANE C I  
..1  

OW I 
OW I 

N 

TERMINAL CONNECTIONS 

Terminals 1, 3 - Emitter 

Terminal 2 - Base 

Terminal 4 - Collector 

IMO 
Be» 

 ..16.314 

POWER GAIN (%) 

  COLLECTOR  SUPPLY VOLTAGE (1/cc) 28V 

OUTPUT POWER ( P,E ) • IOW 

CASE TEMPERATURE ( Tc )• 25•C 

 ireande  
'u... 
 "WM. 

250 300 •00 

FREQUENCY lf I- MHz 9204-1720. 

Fig. 12 - Typical broadband performance of the 
225/4t» MHz amplifier circuit shown in Fig. 11. 

SYNBOL 
INCHES MILLIMETERS NOTES 

MIN MAX MIN At% 

A .150 230 3.81 584 

8 .195 205 4.94 520 - 

81 .135 .145 143 168 - 

82 .095 .105 242 2.66 

C .004 010 .11 25 3 

00 .305 .320 7.48 el: 
Uoi .115 .130 2.80 130 I 

E .275 .300 6.99 7.62 - 

G .590 .705 14.99 17.90 

L .265 .290 6.74 736 

L1 .455 .510 11.56 12.95 

Or .120 63 305 4.14 

N .425 .470 10.80 11.93 

NI - 078 - 1 98 4 

82 .110 .150 2.80 181 

CI .120 .170 3.05 411 

01 .025 845 .64 1.14 - 

OW .1399 .1437 3.531 3.632 2 

Intl« TER ONKNYCNS INRIvED ,NO.IONGN.N. INCH DINENS,C.5 
NOTES 1. . 053-.064 NCH( . 15- 1.62 WRENCH FLAT. 

2. PITCH DIA OF RO? UNC.2A COATED THREAD. ( ASA 81. 1.19601. 

3, TYPICAL FOR ALL LEADS 
I LENGTH OF INCOMPLETE OR UNDERCUT THREADS OF 0« 

WARNING: RCA Type 2N5918 should be handled 

with care. The ceramic portion of this transistor contains 

BERYLLIUM OXIDE as a major ingredient. Do not 

crush, grind, or abrade these portions of the transistor 

because of dust resulting from such action may be 

hazardous if inhaled. 
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rECEBEI 
Solid State 
Division 

RF Power Transistors 

2N5919 

High-Power Silicon N-13-11 

Overlay Transistor 
For Class-C Service in VHF/UHF 
Communications Equipment 

Features: 

• Radial leads for strip-line circuits 

• 16 watts ( min.) output at 400 MHz (6 dB gain) 

• Broad-band performance (225 — 400 MHz) 

• Low-inductance, ceramic-metal hermetic package 

• All electrodes isolated from stud 

MAXIMUM RATINGS, Absolute-Maximum Values: 

*COLLECTOR-TO-EMITTER VOLTAGE: 

With base open  

*COLLECTOR-TO-BASE VOLTAGE  

*EMITTER-TO-BASE VOLTAGE  VEBO 

*CONTINUOUS COLLECTOR CURRENT lc 

*TRANSISTOR DISSIPATION  

At case temperatures up to 75°C  

At case temperatures above 75°C   

V CEO 
V 
CB0 

*TEMPERATURE RANGE: 

Storage & Operating (Junction)  

*CASE TEMPERATURE (During soldering): 

For '10 s may  

30 V 

65 V 

4 V 

4.5 A 

25 

Derate linearly at 

0.2 W/°C 

-65 to I-200 °C 

230 oc 

* In accordance with JEDEC registration data format JS-6 RDF-3/JS-9 
RDF-7. 

RCA Type 2N5919* is an epitaxial silicon n-p-n planar 

transistor employing "overlay" emitter-electrode construc-

tion. It is intended for large-signal, high-power, broadband 

amplifiers in VHF/UHF communications equipment. 

The 2N5919 features a new hermetic, ceramic- metal pack-

age having terminals isolated from the mounting stud. These 
rugged, low- inductance, radial leads are designed for micro-

strip as well as lumped-constant circuits. 

• Formerly RCA Dey. Type No. TA7344. 

165 



2N5919 File No. 426 

ELECTRICAL CHARACTERISTICS, Case Temperature (Tc) = 25°C 

STATIC 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS 

LIMITS UNITS 
DC 

Col lector 
Voltage 

DC 
Base 

Voltage 

DC 
Curren 
mA 

VCE BE IE IB lc MIN. MAX. 

Collector- to- Emitter 
Cutoff Current: 
Base-emitter junction 
shorted 

ICES 30 0 _ IT rnA 

Collector- to- Emitter 
Breakdown Voltage: V(BB)CES 0 200 ° 65 - 

V 
With base open 

°(13R)CE0 200° 30 

Emitter- lo- Base 
Breakdown Voltage V, BB)EBB 5 0 4 - V 

Collector-to-Em Iller 
Saturation Voltage Vc Ersat) 400 2000 1 V 

Thermal Resistance: 

i Junction-to- Case I J-C - 5 °C W 

° Pulsed thr ough a 25-mH Inductee: duty factor 

DYNAMIC 

CHARACTERISTIC SYMBOL 
TEST CONDITIONS 

LIMITS UNITS DC CnIleclor 
Supply tVcc l - V 

Power Input 

IP IE I - W 

Power Output 
(POE ) - W 

Frequency 
III- 1.1Hz MIN MAX 

Power Output 
(See Fig 11 POE 28 4 400 16 - 

Power Gam GPE 28 16 400 6 dB 

Collector 
Elticrency 

''C 28 4 400 60 X 

Collector- to- Base 
Output Capac itance Cobo 30 O/c& I 22 pF 

In accordance with JEDEC regional on data lama .15-6 ROF-3/15-9 RDF-7 

C1' C2' C7: 2-18 pF, Amperex HTIOMA/218, 

or equivalent 

C3: 0'03 tiF disc type 
C4: 470 pF feed-through type, 

Allen-Bradley FA5C, or equivalent 

C5' C6: 0.005 µF disc type 

LI: 0.22 4.1 rf choke 

Ri: 5.1 sz. 1/2 W carbon 

OUTPUT STRIP FEED THROUGH 

NETAL GROUND PLANE CAPACITOR DIELECTRIC 

DETAIL or FEED THROUGH 
CAPACITOR NOUN TING 

Dimensions in Inches and Millimeters 

Note 1: Dimensions in parentheses are in millimeters and are derived 

from the basic inch dimensions as indicated. 

Note 2: Produced by removing upper layer of double-clad, Teflon 

board, Budd Co. Polychem Div. Grade 108T, 1 oz, 1/16 in. 
thick, ( r = 2.6), or equivalent. 

Fig. 1 - 400-MHz amplifier test circuit for measurement of power output. 
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PERFORMANCE DATA 
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9255-3750R1 

Fig. 2 - Typical power output vs. frequency. 
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Fig. 4 - Typical power output or collector efficiency vs. 

collector supply voltage. 
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Fig. 6 - Maximum operating area for dc operation. 
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Fig. 3 - Typical power output or collector efficiency vs. 

power input at 400 MHz. 
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DESIGN DATA 
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Fig. 9 - Typical large-signal parallel collector load and parallel 
output capacitance vs. frequency. 

400 

a 
I. ...... 
 ̀ 3   

2.. 

.-f ,   
4   

È 2  

'i 

ttà 

1. 
I.( 
I- 1   

i 

liki 
U .   

COLLECTOR SUPPLY VOLTAGE (V)2R V 
OUTPUT POWER (P0E • 16 W 

la UUUUUU \ IC 

RESISTANCE —Ite (2In !."j-•_ "'        .. 

• :::3 •   u uP 
m 1  ...  es"  

....:10 
..•  

e -ele  
• 

 ..  U .. U 
225 250 275 300 325 

FREQUENCY If I—TAHT 
92GS-46047 

Fig. 10 - Typical large-signal series input impedance vs. 

frequency. 

168 



File No. 426   2N5919 

• 6 5 • 

REFLECTION COEFFICIENT SCALE 

2700 

COLLECTOR-TO-EMITTER VOLTAGE (%) = 15 V 
COLLECTOR CURRENT 11cI = 500 mA 

CASE TEMPERATURE (TC) = 25°C 

CENTER 

0 0.5 1 

MAGNITUDE-FORWARD TRANSMISSION GAIN 1521 I 

Fig. 11 - Typical S parameters vs. frequency. 

92CM• 16052 
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2N5919 

APPLICATION DATA 

File No. 426 

C1 - 10 pF silver mica 

C2 - 0'8-10 pF, Johanson 3957* 

C - 2.2 pF Quality Components type 10% QC, "gimmick" * 

C4 • 1.0 pF, Quality Components type 10%0C, "gimmick" * 

C - 1.5 pF Quality Components type 10%0C, "gimmick" * 

C6 - 36 pF, ATC-100 * 

C7 - 51 pF, ATC-100* 

C8 - 47 pF, ATC-100 * 

C9 - 68 pF, ATC-100* 

C10 - 12 pF, silver mica 

C11 - 0'8-20 pF, Johanson 4802* 

C12 -1000 pF feedthrough type, Allen-Bradley FA5C* 

C13 - 1 pF electrolytic 

vcc 92C - ,605] 

L1 1-1/2 turns. 

12 - Copper strip 5/8 in. 115.875 mm) L. 5/32 in. 13.96 mm) W 

L3 - Transistor base lead, 3/6 in. (4.74 mm) L 

14' 16 - 3 turns. 

L5 - 2 turns. 

L7' L8' L9 - 0'18 pH RFC, Nytronics, P.PDD-0.18 * 

L10 - 0.1 pH RFC, Nytronics, P.#DD-0.10* 

R - 1000, 1 W, carbon 
1 

R2' R3 - 100 0, 1/2 W, carbon 

R - 5.1 e2 1/2 W carbon 

* Or equivalent 

Allen-Bradley Co., Milwaukee, Wis. 

American Technical Ceramics, Huntington Station, N. Y. 11746 

Johanson Mfg. Corp., Boonton, N. J. 07005 

Nytronics, Inc., Berkeley Heights, N. J. 

• All coils are 5/32 in. 13.96 mm) I. D. #18 wire, 12 turns 
per inch. 

Fig. 12 - 225/400-MHz broadband amplifier using 2N5919. 
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Fig. 13 - Typical broadband performance of the 
225/400-MHz amplifier circuit shown in Fig. 12. 
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DIMENSIONAL OUTLINE 

OD% - 411«.-  .2 

} 

!EATING PLANE C  

SYMBOL INCHES MILLIMETERS NOTES 
MIN MAX MIN mAX. 

A .150 230 181 584 
Et 195 205 196 120 
BI .135 145 343 368 - 
02 .095 .105 2.42 166 - 
C .004 010 .11 .25 3 
OD .305 .320 7 ea 8.12 - 
001 .110 .130 180 130 1 
E .275 300 6.99 7.62 - 
G .590 .705 14.99 17 90 - 
L 265 290 6.74 I 36 
L1 .455 .510 11.56 12.95 - 
0 lé .120 163 305 III - 
N .425 .470 1080 11.93 - 
N1 - .078 - 1.98 4 
142 .110 .150 2.80 3.81 
0 .120 .170 105 4.31 
01 .025 .045 14 1.14 

Or .1399 .1437 3131 3.632 2 
MILLIMETER DIMENSIONS ARE DERIVED fROM ORIGINAL INCN DIMENSIONS 

NOTES I. . 053- .064 NCH 1 . 35- 1.62 mm) WRENCH FLAT. 
2. PITGil VIA OF 832 UNE EA COATED THREAD t Ai. 1•14601. 
3. TYPICAL FOR ALL LEADS 

LENGTH OF INCOMPLETE OR UNDERCUT THREADS OF 44» 
V,1,1'SO,1 

TERMINAL CONNECTIONS 

Terminals 1, 3 - Emitter 

Terminal 2 - Base 

Terminal 4 - Collector 
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113CEM 
Solid State 
Division 

RF Power Transistors 

2N5919A 

JEDEC TO-216AA 

16-W, 400-MHz, Silicon N-P-N 
Emitter- Ballasted 
Overlay Transistor 
Improved Version of 2N5919 Features 
Overdrive Capability of 20-W Output 

Features: 
• 6-dB gain ( min.) at 400 MHz with 16 watts ( min.) output 

• Integral emitter-ballasting resistors 

• Broadband performance (225-400 MHz) 

• Low-inductance, ceramic- metal, hermetic package 

• Radial leads for microstripline circuits 

• All electrodes isolated from the stud 

RCA Type 2N5919A e is an epitaxial silicon n- p-n planar 

transistor with "overlay" emitter-electrode construction. 

The 2N5919A is unilaterally interchangeable with the 

2N5919. Both types employ a construction which features 

many separate emitter elements; however, for stabilization, 

the 2N5919A has integral emitter ballast resistance. 

*Formerly RCA Dee. No.TA7532. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

*COLLECTOR-TO-EMITTER VOLTAGE 

With base open   

*COLLECTOR-TO-BASE VOLTAGE   

*EMITTER-TO-BASE VOLTAGE  

VCEO 

VCBO 

VEBO 

*CONTINUOUS COLLECTOR CURRENT lc 

*TRANSISTOR DISSIPATION 

At case temperatures up to 75°C .... 25 W 

At case temperatures above 75°C  Derate at 0.2 W/°C 

*TEMPERATURE RANGE: 

Storage & Operating (Junction)   —65 to +200 °C 

30 V 

65 V 

4 V 

4.5 A 

PT 

*CASE TEMPERATURE (During soldering): 

For 10 s max.   230 °C 

*In accordance with JE DEC registration data format JS-6 RDF-3/ JS-9 

RDF-7. 

The 2N5919A features the same hermetic, ceramic-metal 

package with rugged, low- inductance radial leads. for 

microstripline as well as lumped-constant circuits. 

This transistor is intended for use in large-signal, high-power, 

broadband and narrowband amplifiers in vhf/uhf equipment. 

225 250 275 300 325 350 375 400 
FREQUENCY 11)— MHz 92CS-19142 

Fig.1—Typical performance of the 225-400-MHz broadband 

amplifier circuit shown in Fig. 12. 
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ELECTRICAL CHARACTERISTICS, at Case Temperature ITcl = 25°C 

STATIC 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS 

LIMITS UNITS 

DC 

Collector 

Voltage-V 

DC 

Base 

Voltage-V 

DC 

Current 

mA 

MIN. MAX. VCE VBE IE IB IC 

Collector-to- Emitter Cutoff 

Current: 

With base connected to 
emitter 

ICES 
30 0 10 mA 

Collector-to- Emitter Break-

down Voltage: 

With base connected to 

emitter 
V(BR)CES 0 200a 65 V 

With base open V(BR)CEO 200a 30 

Emitter-to-Base Breakdown 

Voltage VIBRIEBO 5 0 4 V 

Thermal Resistance: 

(Junct ion-to-Case) 
ROJC 

5.0 0CAV 

a Pulsed through a 25-mil inductor; duty factor = 50% 

DYNAMIC 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS 
LIMITS 

UNITS 
DC Collector 

Supply (Vcc)-V 

Input Power 

(PIE)-W 

Output Power 

(POE)-W 

Frequency 

(f)—MHz MIN. MAX. 

Output Power (See Fig. 11 ) 

POE 
28 4.0 400 16 — 

W 
Overdrive Objective Test 28 7.0 400 20 

Power Gain GPE 28 16 400 6 — dB 

Collector Efficiency 
nC 28 4.0 400 65 — % 

Collector-to- Base Out-

put Capacitance Cobo 30 ( VCB) 1 — 22 pF 

* In accordance *nth JEDEC regIstratlon data format JS-6 RDF.3/JS-9 RDF-7. 

TYPICAL APPLICATION INFORMATION 

CIRCUIT 
COLLECTOR SUPPLY 

VOLTAGE (Vcc)—V 

OUTPUT POWER 

(POE)—W 

INPUT POWER 

(PIE)—W 

COLLECTOR EFFICIENCY 

225-400-MHz 

Broadband 

Amplifier 

(See Fig 12) 

28 16 2-3.2 66-80 

400-MHz 

Narrowband 

Amplifier 

(See Fig.11) 

28 18.5 4.0 78 
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FREQUENCY —MHz 

COLLECTOR-SUPPLY VOLTAGE (Vcc)•28 V 
CASE TEMPERATURE (TG)•25 °C 
• 

92C5-19143 

Fig.2—Typical output power vs. frequency. 
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Fig.3—Typical output power and collector efficiency vs. 
input power. 

10 8 CASE TEMPERATURE ( Tc t00°C 

6 

4 

0.21 
2 

0.1  

NOTE: Tsis IS DETERMINED BY USE OF 

INFRARED SCANNING TECHNIQUE 
1 

lc MAX.. 
(CONTINUOUS) 

2 4 6 8 2 4 6 
1 10 I 6 30 
COLLECTOR- TO- EMITTER VOLTAGE ( VcE)— V 

9 2CS- 1914 5 

.0- VCE0 - 1.1» 
LIMITED 

Fig.4—Maximurn dc operating area for type 2N59 19A. 

100 
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10 IS 20 5 
COLLECTOR - SUPPLY VOLTAGE 1 vcci—V 

92CS - 19146 

F195— Typical output power and collector efficiency vs. 

collector-supply voltage. 

. -50 0 50 100 150 200 

-65 CASE TEMERATURE 1Tc 1—*C 
92C5-19140 

Fig.7—Dissipation-derating curve for class C operation. 

ez: 

e 

e-îlo 

COLLECTOR- SUPPLY VOLTAGE I vcc > 28 v 

OUTPUT POWER ( POE)' 16W 
CASE TEMPERATURE 170•25•C 

-- - 
• 

200 300 400 500 
FREQ uENCY 111— MN: 

99[5-19150 

iq 2  

20 

W 19 

Ot le 

g 17 

I. 

8 

14 

20 40 

COLLECTOR-SUPPLY VOLTAGE (VccI• 28 V  
FREQUENCY ( f )• 400 MIN 
INPUT POWER (Pie •4W 

. Is. u... 
ff.▪ .. 

OM▪ B 

60 80 100 120 MO 

CASE TEMPERATuRE ITC) — 'C 
92CS 19147 

Fig.6—Typical output power vs. case temperature. 

O 10 20 30 40 SO 60 

COLLECTOR- TO- BASE VOLTAGE 1 Vc V 
92CS-19149 

Fig.8-- Typical variation of collector- to-base capacitance with 

collector- to-base voltage. 

COLLECTOR SUPPLY VOLTAGE 1 Vc0•28 V 
OUTPUT POWER IN* • 16 W 

CASE TEMPERTURE 1Tc 1•23•C 

100 200 300 400 500 
FREQUENCY 1— MM, 

92CS-151151 

Fig.9—Typical large-signal parallel collector load resistance Fig.10—Typical large-signal series input impedance vs. 

and parallel output capacitance vs. frequency. frequency. 
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C1' C2' C7: 2-18 pF, Amperes HT1OMA/218, 
or equivalent 

C3: 0.03 btE disc type 
C4: 470 pf  feed-through type, 

Allen-Bradley FA5C, or equivalent 

C5' C6: 0'005 pF, disc tyre 

LI: 0.22 p.H,rf choke 

R1: 5.1 32, 1/2 W carbon 

ZG•500 

.06 
(1.52) 

METAL 
GROUND PLANE 

OUTPUT STRIP FEED-THROUGH 
CAPACITOR 

DIELECTRIC 

DETAIL OF FEED-THROUGH 
CAPACITOR MOUNTING 9/SS.1/61 

Dimensions in Inches and Millimeters 

Note 1: Dimensions in parentheses are in millimeters and are derived 

from the basic inch dimensions as indicated. 

Note 2: Produced by removing upper layer of double-clad. Teflon 

board, Budd Co. Polychem Div. Grade 108T, 1 oz, 1/16 in. 

thick, 1c = 2.61, or equivalent. 

Fig. 11-400-MHz narrowband amplifier test circuit for measurement of power output. 

C1 - 0.8-10 pF, piston type, Johanson 3957 * 

C2 - 18 pF, silver mica 

Cg - 33 pF, chip type, Allen-Bradley. B16* 

C4 - 47 pF, chip type, Allen-Bradley B16* 

C5, C6 - 62 pF, chip type, American Technical Ceramics. ATC-100* 

C7 - 0.8-20 pF, piston type, Johanson 4802 * 

C8 - 15 pF, silver mica 

Cg - 1000 pF, feedthrough, Allen-Bradley FA5C * 

C10 - 1 µF, electrolytic 

L1, L5, L7 - Two turns** 

L2 - 1/2-in. 112.7 mm) length of No.20 wire 

L3 - Inductance of 5/32-in. 13.97 mm) long base lead of 2N5919A 

L4 - 0.1 pH, r-f choke, Nytronicse* 

L6 - 1-1/2 turns" 

R1 - 5.1G, Y.-W carbon 

* or equivalent 

*Johanson Mfg. Corp., Boonton, N. J. 07005 

Allen-Bradley Co., Milwaukee, Wisc. 

American Technical Ceramics 

Huntington Station N.Y. 11746 

Nytronics Inc., Berkeley Heights, N.J. 

** No.20 wire, 14 turns/inch, 5/32 in. 13.97 mm) ID, 5/32 in. (3.97 mm) 

leads. 

Fig. 12-225 to 400-MHz broadband amplifier circuit. 
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DIMENSIONAL OUTLINE 

2N5919 

TERMINAL 
RAI 

TERMINAL 
No.2 

02 41-

SEATING PLANE 

O•Di REF. 

SECTION A-A 

OM 

A 

tsoi 

N 

A 
N2 

92SS- 3,63. 

SYMBOL 
INCHES MILLIMETERS 

NOTES 
MIN. MAX. MIN. MAX. 

A 0.150 0.230 3.81 5.84 - 

B 0.195 0.205 4.96 5.20 - 

Bi 0.135 0.145 3.43 3.68 - 

B2 0.095 0.105 2.42 2.66 - 

C 0.004 0.010 0.11 0.25 3 

OD 0.305 0.320 7.48 8.12 - 

001 0.110 0.130 2.80 3.30 1 

E 0.275 0.300 6.99 7.62 - 

L 0.265 0 290 674 7.36 - 

L1 0.455 0.510 11.56 12.95 - 

OM 0.120 0.163 3.06 4.14 - 

N 0.425 0.470 10.80 11.93 - 

N1 - 0.078 - 1.98 4 

N2 0.110 0.150 2.80 3.81 - 

0 0.120 0.170 3.05 4.31 - 

01 0.025 0.045 0.64 1.14 - 

OW - - - - 2 

NOTES: 

1. 0.053 0.064 INCH ( 1.35 - 1.62 nun) WRENCH FLAT. 

2. PITCH DIA. OF 8 32 UNC-2A COATED THREAD 

(REF.: UNITED SCREW THREADS ANS 131.1 - 19601. 

THE APPLIED TORQUE SHOULD NOT EXCEED 5 IN. - 

LB. CLAMPING FORCES MUST BE APPLIED ONLY TO 

THE FLAT SURFACES OF THE STUD. 

3. TYPICAL FOR ALL LEADS. 

4. LENGTH OF INCOMPLETE OR UNDERCUT THREADS OF 

0W. 

TERMINAL CONNECTIONS 

Terminals 1, 3 • Emitter 

Terminal 2 - Base 

Terminal 4 - Collector 

WARNING: The ceramic heat-sink portion of this device 

contains beryllium oxide. Do not crush, grind, or abrade 

this portion because the dust resulting from such action 

may be hazardous if inhaled, Disposal should be by burial. 
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Solid State 
Division 

File No. 440 

RF Power Transistors 

2N5920 

2-W,2-GHz,Emitter-Ballasted 
Silicon N-P-N Overlay Transistor 
For UHF /Microwave Power Amplifiers, Microwave 

Fundamental-Frequency Oscillators and 

Frequency- Multipliers 

Features: 
• 2-W output with 10-dB gain ( min.) at 2 GHz 

• 3-W output with 12-dB gain (typ.) at 1 GHz 

• Ceramic-metal hermetic package with low inductance and 

low parasitic capacitances 

• Stable common-base operation 

• For coaxial, microstripline, & lumped-constant circuit 

applications 

• Integral emitter-ballasting resistors 

RCA 2N5920 is an epitaxial silicon n-p-ri planar transistor 

featuring the overlay multiple-emitter-site construction. It is 

intended for solid-state equipment for microwave communi-

cations, S-band telemetry, microwave relay link, phased-array 

radar, distance measuring equipment and collision avoidance 

systems. 

Integral emitter-ballast resistance is employed for improved 

ruggedness and increased overdrive capability. 

The ceramic-metal coaxial package of the 2N5920 features 

low parasitic capacitances and inductances which provide for 

stable operation in the common-base amplifier configuration. 

Ideal as a driver for the 2N5921, this transistor can also be 

used in large signal applications in coaxial, stripline and 

lumped-constant circuits. 

• Formerly RCA Dey. Type No. TA7487. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

• COLLECTOR-TO-BASE VOLTAGE   

• COLLECTOR-TO-EMITTER VOLTAGE: 

With external base-to-emitter resistance ( RBE) = 10 sz, sustaining   
• EMITTER-TO-BASE VOLTAGE   

• DC COLLECTOR CURRENT (CONTINUOUS)  

• TRANSISTOR DISSIPATION: 

At case temperature up to 750C   

At case temperatures above 750C, derate linearly   

For point of measurement of temperature 

(on collector terminal), see dimensional outline. 

• TEMPERATURE RANGE: 

Storage and Operating (Junction)   

• CASE TEMPERATURE ( During Soldering): 

For 10 s max.   

* In accordance with JEDEC registration data format 1.18-6-RDF-3/JS-9-RDF-71. 

VCBO 

VCER("s) 

VEBO 

lc 

PT 

50 V 

50 V 

3.5 V 

0.25 A 

3.5 

0.028 W/oC 

—65 to +200 OC 

230 OC 
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ELECTRICAL CHARACTERISTICS, at Case Temperature (Tc) = 25°C, unless otherwise specified. 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS 

LIMITS UNITS 

DC 

COLLECTOR 
OR BASE 

VOLTAGE IV) 

DC 

CURRENT 

(RA) 

v CE VUE IE  IB lC MIN. MAX. 

Collecte-Cutolt Current 

ICES 

45 0 - 2 

mA 

At 7, = 100°C 55 0 — 3 

Collector-to- Base 
Breakdown Voltage 

VIBRICB0 0 5 50 V 

Collector-to- Emitter 
Breakdown Voltage: 
With external base-to-emitter 
resistance ( RBE). 10 f-1 

%RICER e 50 - V 

Emi Her-to- Base 
Breakdown Voltage 

V( BR1EBO 
0.1 0 3.5 V 

Collector-to- Emitter 
Saturation Voltage 

OC E) sat) 10 100 1 V 

Thermal Resistance: 
(lunctroo-to-collecta 'mural) 

ROJCT 10  
100 - 30 °C'W 

a Pulsed test, 60% duty factor. 

DYNAMIC 

CHARACTERISTIC SYMBOL 

POWER 

INPUT 

PraiWI 

POWER 

OUTPUT 

ff081 5 1 

SUPPLY 

VOLTAGE 

VcclY 1 

FREQUENCY 
„i 

Gilt 

LIMITS 
UNITS 

MIN. MAX. 

Power Output i See Fig. 51 
Poe 0.2 28 2 2 W 

Power Gain 
GPB 0.2 2.0 28 2 10 dB 

Collector Efficiency c 0.2 2.0 28 2 40 % 

Collector-to-Base Capacitance Coo 3"CW 1MHz 3 pF 

TYPICAL APPLICATION INFORMATION 

CIRCUIT & FREQUENCY DC Collector 
Supply Voltage 

(vcc) - V 

Input Power 

IPIBI - w 
Output Power 

(Poe) - w 

Coaxial - Line 
2 - GHz Amplifier 

(Fig. 91 

28 .2 2.1 

Microstripline 

Forward - biased 2-GHz amplifier 

(Figs. 11 & 131 

28 0.075 1.0 

Lumped Constant 

Oscillator 

(F igs. 15 & 161 

24 .90 

Lumped Constant 

1 - GHz Amplifier 

(Fig. 101 

28 0.18 3 

In accordance with JEDEC registration data format (.15-6-RDF-3/15-9-RDF-7). 
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File No. 440 

DESIGN DATA 

2N5920 
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Fig. 7 - Typical large .signa/ series input impedance or 

large-signal collector load impedance vs. frequency. 

INPUT CONNECTOR 
GENERAL RADIO No. 617874 
TYPE'N. MALE 
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92C3- 20627 

Fig. 8 - Temperature derating of power dissipation of the 

2N5920. 

APPLICATION DATA 

116 HOLE (2 84) 
200 DEEP (5 08) 

090 HOLE (2 281 
300 DEEP (762) 

Fig. 9 - Constructional details of 2 GHz power amplifier. 

SOLDERING INSTRUCTIONS 

When soldering the 2N5920 into a microstripline or 
lumped-constant circuit, the collector and emitter 
terminals of the device must be pretinned in the region 
where soldering is to take place. The device should 
be held in a high-thermal resistance support for this 

92C 5.17111 

tinning operation. A 60/40 resin-core solder and a 
low-wattage (47 watts) soldering iron are suggested for 
the pretinning operation. The case temperature should 
not exceed 230°C for a maximum of 10 seconds during 
tinning and subsequent soldering operations. 
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I-Vecee 

RCA 
2N5920 

RCA 2N5920 

DIELECTRIC MATERIAL 

.2 MILS THICK 

APPLICATION DATA(confd) 

• 5012 
Cl, C5, C6: 1-14 p F, air-dielectric, Johanson 

3901, or equivalent 

C2: 0.35-3.5 p F. air-dielectric, Johanson 
4701, or equivalent 

C3, : 1000 pF, feed-through, Allen-Bradley FA5C, 
or equivalent 

C7: 1000 pF, ceramic, leadless 

LI, L2: RF choke, 0.1e, Nytronics Deci-Ductor 

L3: 0.01-in. (. 254) thick, 0.157 in. ( 3.98) wide copper strip 

shaped as shown in inset drawing 

RI: In, 1/2 W 

Fig. 10 - Typical circuit for 1-GHz power amplifier. 

C1, C2, C4: 
C3: 

C5: 
C6, C7, C8: 

RI: 
R2: 
R3: 

& L2: 

X1: 

0.005 uf 
This capacitance results from the moun-

ting (See Fig. 12) 
.001 uf ATC 
.001 uf feedthrough capacitor 

75 12 
0-750 17 potentiometer 
220 rt 

RF 6 turns No. 28-wire 
0,062 in. ( 1.57)1. D., 
3/16 in. (4.75) long 

UNIFORM MICROSTRIPLINE 

0.107 in. ( 27. 9mm) wide 
0.475 in. ( 120. 8mm) long 
am in. (0.13mm) thick copper 

X2: UNIFORM MICROSTRIPLINE 

0.065 in. ( 1.65mm) wide 
1.150 in. (29.21mm) long 
0.005 in. (0.13mm) thick copper 

• Allen - Bradley 

• American Technical Ceramics, Huntington Station, N.Y. 11746 

Fig. 11 - Typical foreerd-biased 2-GHz common-base amp-

lifier using the 2N5920. 

GROUND SIDE OF C3 
(ALUMINUM) 

BASE SIDE OF C3 

(ALUMINUM) 
DIELECTRIC MATERIAL 
(DUPONT H-FILM OR EQUIVALENT). 

EMITTER INPUT 
MICROSTRIPLINE (COPPER) Xi 
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COLLECTOR SUPPLY VOLTAGE 1V,, • 2111V 
FREQUENCY III. AGM, 
COLLECTOR TERMINAL TEMPERATURE (T,T )• 25*C 

QUIESCENT COLLECTOR CURRENT 11o, • 10 nsA 

/ 

0001 01 0 I 
INPUT POWER ( Pie— W 

12C5- 17113 

Fig. 12 - Construction details of low inductance base-bypass Fig. 13 - Output power vs. input power of 2N5920 in a 

capacitor C3 shown in Fig. 11. forward-biased 2-GHz amplifier. 
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BER.LL1Vm OXIDE 
OR BORON NITRIDE 
0 35 iN (A 89•70 00 
0 25 IN.16.35mml I D 
0.18 IN. 01,57.1.1 THICK 

DIELECTRIC 
MATERIAL 

(SEE FIG 13) 

OUTPUT (COLLECTOR/LINE 
(COPPER SHEET) 

02 

RCA 285920 

INPUT (EMITTER) LINE 
(COPPER SHEET) 

x 

METAL BAR 

DIELECTRIC MATERIAL 

92C5 - 15669.2 

Fig. 14 Suggested mounting arrangement of the 2N5920 in 

a microstripline circuit. 

-20 -25 
EMITTER-TO COLLECTOR VOLTAGE Vc, —V 

92C5-17114 

Fig. 16 - Typical output power vs. supply voltage and current 

for 2-GHz grounded collector oscillator. 

DIMENSIONAL OUTLINE 

TERMINAL No.) 

TERMINAL No.2 

F1 

TERMINAL No. 3 

REFERENCE POINT 
FOR CASE -TEMERATURE 
MEASUREMENT 

4,8 = 23 CERAMIC 

001 

H• L 

, 
F2 I 3 

L1 

SOCS- 19062 

C2, C3: 
0.01 4F, disc ceramic 
100 pF, feed- through 
Allen-Bradley FA5C, or 
equivalent 

C4, C5: 0.35 - 3.5 pF, Johanson 
4701, or equivalent 

Li, L2: RF choke, 4 turns, 
No. 33 wire, 0.062 in.(1.57) 
ID, 3/16 in.(4.75) long 

L3: 3/64 in(1.17) length of No. 22 wire 
X1: 0.82 pF, "gimmick", Quality Components 

type 10% QC, or equivalent 
RI: 5 - 10 1/2 W 
R2: 51 11, 1/2 W 
R3: 1200D, 1/2 W 

Fig. 15 - Typical circuit for 2-GHz grounded-collector power 

oscillator. 

SYMBOL 
INCHES MILLIMETERS 

NOTES 
MIN. MAX. MIN. MAX. 

oB 0.118 0.122 2.997 3.098 1 

061 0.090 0.094 2.286 2.387 2 

oD 0.497 0.503 12.624 12.776 3 

00 1 0.180 NOM. 4.57 NOM. 

002 0.162 NOM. 4.11 NOM. 

F 0.028 0.039 0.71 0.99 

F1 0.009 0.011 0.229 0.279 

F2 0.114 0.126 2.90 3.20 

L 0.098 0.104 2.49 2.64 

L1 0.179 0.191 4.55 4.85 

NOTES: 

1. Silver or KOVAR• 

2. Solid silver 

3. Gold.plated KOVAR 

•Tredemark, Westinghouse Electric Corp. 

TERMINAL CONNECTIONS 

Terminal No. 1 - Emitter 

Terminal No. 2 - Base 

Terminal No. 3 - Collector 
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  File No. 427 

ITUCEM 
Solid State 
Division 

RF Power Transistors 

2N5921 

Silicon N- P-N Overlay Transistor 
For UHF/Microwave Power Amplifiers, 

Microwave Fundamental- Frequency 
Oscillators and Frequency Multipliers 

Features: 

• 5-W output with 5.5-dB gain ( typ.) at 2.3GHz 

• 5-W output with 7-dB gain ( min.) at 2 GHz 

• 10-W output with 11-dB gain (typ.) at 1.2GHz 

• Ceramic-metal hermetic package with low inductance 
and low parasitic capacitances 

• Beryllium oxide ceramic for low thermal-resistance 
path between collector stud á base flange 

• Stable common-base operation 

• For coaxial, microstripline, & lumped-constant 
circuit applications 

MAXIMUM RATINGS, Absolute- Maximum Values: 

"COLLECTOR-TO-BASE VOLTAGE. . . . VcB0 50 

*COLLECTOR-TO-EMITTER VOLTAGE: 

With external base-to-emitter 
resistance (RBE) lo   

*EMITTER-TO-BASE VOLTAGE V ERO 3.5 

*CONTINUOUS DC COLLECTOR 
CURRENT   I( 0.7 

*TRANSISTOR DISSIPATION   

VCER 50 

At case temperature up to 100°C 
At case temperatures above 100°C 
derate linearly  

*TEMPERATURE RANGE: 

Storage & Operating (Junction)   

*CASE TEMPERATURE (During soldering): 

For 10 s max   

(See Soldering Instructions on page 8 ) 

'In accordance with JEDEC registration data 
format (JS-6-RDF-3/JS-9-RDF-7). 

V 

V 

V 

A 

8.3 W 

0.083 W/oc 

-65 to 200 °C 

230 oc 

RCA 2N5921 is an epitaxial silicon n-p-n 

planar transistor featuring the overlay multiple-emitter-

site construction. It is intended for solid-state equip-

ment for microwave communications, S-band telemetry, 

microwave relay link, phased-array radar, distance 

measuring equipment and collision avoidance systems. 

The ceramic-metal coaxial package of the 2N5921 

features low parasitic capacitances and inductances which 

provide for stable operation in the common-base amplifier 

configuration. This transistor can be used in large 

signal applications in coaxial, stripline, and lumped-

constant circuits. The 2N5921 can withstand load mis-

match conditions at 2 GHz up to VSWR of 10:1 ( all phases) 

in the common-base  circuit shown in Fig. 9. 

• Formerly RCA Day. Type No. TA7205. 
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ELECTRICAL CHARACTERISTICS, at Case Temperature ( Tc) = 25°C 

STATIC 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS 

LIMITS UNITS 
DC 

Collector 
Voltage ( V) 

DC 
Current 
(mA) 

VcE IE IB lc Min. Max. 

Collector-Cutoff Current 

ICES 45 0 — 1 

mA ICES 
(Tc = 100°C) 

45 — 5 

Collector-to-Base 
Breakdown Voltage V(BR)CB0 0 1 50 — V 

Collector-to- Emitter 
Breakdown Voltage: 
With external base-to-emitter 
resistance ( RBE )= 10 Ç.) 

V(I3R)CER 10 50 — V 

Emitter-to-Base 
Breakdown Voltage v(BR)EBO 01 . 0 3.5 —  V 

Collector-to-Emitter 
Saturation Voltage 

VcE(sat) 20 100 — 1 V 

Thermal Resistance: 
(J unction-to-F lange) '91-F — 12 °C/W 

DYNAMIC 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS 

LIMITS 
UNITS Frequency 

(f) — GHz 
DC Collector 
Supply Voltage 

(VCC) ' V Min. Max. 

Output Power 
RIB = 1W (See Fig. 9) Poe 2 28 5 — VI 

Power Gain 
PoB = 5 W 

GPB 2 28 7 — dB 

Collector Efficiency 

POB ' 5 VI nC 2 28 40 % 

Collector-to-Base Capacitance 

VCB = 30 V Cobo 1MHz — — 8.5 pF 

*In accordance with JEDEC registration data format (JS-6-RDF-3/1S-9-RDF-7). 

TYPICAL APPLICATION INFORMATION 

CIRCUIT & FREQUENCY See Fig. DC Collector 
Supply Voltage 

(VCC) — V 

Input Power 

(P113) — W 

Output Power 

(POB) — W 

Coaxial- Line 
2-GHz Amplifier 9 28 1 6 
1.2-GHz Amplifier 28 0.75 10 

Microstripline 
2-GHz Amplifier 11 28 1 5 

Lumped-Constant 
1.4-GHz Amplifier 15 28 1 6.8 
1-GHz Amplifier 14 28 1 10.6 

Microstripline 
1.2-1.4 GHz Tunable Oscillator 16 28 4 

For application information on 2N5921 see application note 

''Microwave Amplifiers and Oscillators using the RCA-2N5921 Power Transistors" 
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PERFORMANCE DATA 
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vs. power input at 1.2GHz for circuit shown in Fig. 9. 
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Fig. 5 Block diagram of test set-up for meaeurement of 

output power from 1.2- or 2-GHz common-base amplifier. 
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DESIGN DATA 

2N5921 

1.2 1.1 .6 

FREQUENCY - Glia 

2.2 

COLLECTOR.SUPPLY VOLTAGE (Vcc) • 2IV 

OUTPUT POWER; SATURATED 

CASE TEMPERATURE (Tc) • 2S.0 

-POINT FOR Za   

MEASUREMENT 

920.118 

24 

Fig. 7 - Typical large-signal series input impedance or 

large-signal collector load impedance vs. frequency. collector- to-base voltage. 
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Fig. 8 - Typical collector-to-base capacitance vs. 

APP LICATION INFORMATION 

92GS-1566611 

à Use only in the 2-GHz coaxial- line power amplifier circuit. 

Use only in the 1.2-GHz coaxial- line test circuit. 

* Johanson Mfg. Corp., Boonton, N.J. 07005 

CIRCUIT 
CI 

pF 

C2 

pF 

C3 

pF 

C4 

p.F 

C5 

pF 

C6 

pF 

C7 

pF 

Cg 
pF 

R 
Q 

1.2 GHz 
(Test 
Circuit) 

1-10 1000 1000 0.01 1-10 - - 0.3-3.5 0.75 

2 GHz 
(Test 
Circuit) 

1-10 470 4700.01 1-10 - - - 0.43 

2 GHz 
(Ampl if ier ) 1-10 470 470 0.01 0.3-3.5 0.3-3.5 0.3-3.5 - 0.43 

Cl & C5, 1- 10pF Range: Johanson 4581, or equivalent* 

C5, C6, C7 & C8, 0.3-3.5 pF Range: Johanson 4700, or equivalent* 

RFC: For 2-GHz Circuits: 3 turns No.32 wire 1/16 in. ( 1.59 mm) ID, 
3/16 in. (4.76 mm) long. 

For 1.2-GHz Circuit : 6 turns No.32 wire 1/16 in. ( 1.59 mm) ID, 
3/16 in. ( 4.76 mm) long. 

X1, X2: Coaxial-line circuits, see Fig. 10. 

Fig. 9 - 1.2/2GHz coaxial- line amplifier circuits. 
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 D 
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APPLICATION INFORMATION (Cont'd) 

RFC 
750 

119.051 C1 
DIA. 

(En?) ,I. 

COAXIAL INPUT 
CONNECTOR " 

Fv-- INPUT 1X11 

BORON NITRIDE 
SLEEVE 

A 

01 r 
1 25) COAXIAL OUTPUT 

CONNECTOR ° BORON NITRIDE 
SLEEVE 

TABLE 1 Dimensions of coaxial lines X1 8. X2 
for 2 CH. amplifier 8. 1.2 8. 2-Glic test circuit 

DIMENSIONS 

CIRCUIT INPUT ( XI OUTPUT ( X2) 

A B C Center 
Conductor D E F Center 

Conductor 

1.2 GHz 1.385 .875 .282 .825 1.778 1.268 .213 1.05 
(Test 
Circuit) (35.18) (22.22) (7.(6) (20.95) (45.16) (32.21) (5.41) (26.67) 

2 GHz .940 .430 .266 .380 1.04 .530 .266 .370 
(Test 
Circuit) (23 88) • 

(10.92) (6.76) (9.65) (26.42) (13.46) (6.76 (9.391 

2 GHz .860 .350 .265 .300 1.06 .550 .270 .385 

(Amplifier) (21.84) (8.89) (6.73) (7.62) (26.92 (13.97) (6.86 (9.78) 

ac • km) 

"SHORT SECTION OF 
TRANSMISSION LINE 
FORMED BY COLLECT-

OR STUD & SURROUND-

ING METAL BAR ( CHASSIS) 
...See Fig. 12. 

AWITH SOME DEVICES, 

LOAD END OF X2 MAY 
REQUIRE A SLIGHT TAPER 
TO INCREASE Zo FOR 
OPTIMUM MATCH CONDITION. 

35° DIA 
18.89/ 

RFC 

OUTPUT.) 021 

625 ¡ 
05 87) 
DIA 875 
BOTH (22 22) 
ENDS ¡ 

- 4-

92C5- I5663Oi 

Dimensions in Inches and Millimeters 

Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 

MATERIAL: Center conductor - copper 

Outer conductor for input & output- brass 

* Conhex 50-045-0000 Sealectro Corp., or equiv. 

Fig. 70. Constructional details of 1.2/2 GHz coaxial- line test circuits. 

RCA 2N5921 

V . 2" 

ZL. 50 R1 

92CS -15661Ri 

CliC5: 300 pF disc ceramic 

C2,C3: 47.0 pF, feed through, Allen-Bradley FA5C, or equivalent 

C4: 0.01 µF, disc cer amic 

R: 0.43 0 
RFC: No.32 wire, 0.4 in. ( 1.02 mm) long 

Xl: TAPERED MICROSTRIPLINE - 
0.15 in. (3.81 mm) wide, input end 
0.30 in. (7.62 mm) wide, output end 
0.25 in. ( 13.33 mm) long 
0.005 in. (0.13 mm) thick, copper 

X2: UNIFORM MICROSTRIPLINE - 
0.25 in. (6.35 mm) wide 
0.36 in. (9.14 mm) long 
0.005 in. ( 0.13 mm) thick, copper 

DIELECTRIC MATERIAL: 0.5 in. ( 12.7 mm) wide 
0.75 in. ( 19.05 mm) long 
0.005 in. (0.13 mm) thick 
DuPont H- Film, or equiv. 

NOTE: See Fig. 12 for suggested mounting arrangement of 2N5921. 

Fig. 11- Typical circuit for 2-GHz grounded-base microstripline power amplifier. 
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APPLICATION INFORMATION (Cont'd) 

2N5921 

BERYLLIUM OXIDE 
OR BORON NITRIDE 
0 351N 011.89rnen) OD 
0.25 rN.16.35nunl I D 
0.18 IN. (4 5YmmITHICK 

DIELECTRIC-
MATERIAL 

ISLE FIG II / 

r OuTPuT (COLLECTORILINE 
(COPPER SHEET) 

RCA 2N5921 

INPUT (EMITTER) LINE 
(COPPER SHEET) 

XI 

METAL BAR 

DIELECTRIC MATERIAL 

NOTE. FOR DIMENSIONS OF x, AND 12 SEE FIG II 

92CS-15669R1 

Fig. 12- Suggested mounting arrangement of the 2145921 

in a microstripline circuit. 

RCA 
C1, H- FILM TYPE 2N5921 C3 

INPUT CIRCUIT 

INPUT 
CONNECTOR 

X, METAL BAR RFC BERYLLIUM 'OXIDE RFCVF H- FILM 
OR 

BORON NITRIDE 

OUTPUT CIRCUIT 

Fig. 13 - Suggested mounting arrangement of components for 2-GHz microstripline circuit shown in Fig. 11. 
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APPLICATION INFORMATION (Cont'd) 
RCA 
2145921 

(OG • so ri) Ci L1 L3CI (21_ ) sow 

Bandwidth = 100MHz (1 dB) 14, 

C1, C7: 510pF, ATC-200* 

C2, C6: 1-10pF, Johanson 2954* 

C3: 10pF, ATC-100* 

C4, C5: 470pF, feed-through type, Allen-Bradley FA5C 

3.7nH 

L • 0 8nH 

L • 2 3nH 

R: 0.47 Ç-2 

RFC: 5 turns, No. 28 wire, 0.05 in. 

(1.27mm) 0.4 in. ( 10.16mm) long. 

*Or equivalent 

American Technical Ceramics, Huntington Station, N.Y. 11746 

Johanson Mfg. Corp., Boonton, NJ. 07005 

Fig. 14 - Typical lumped-constant circuit for 1-GHz power amplifier. 

RCA 
2N5921 

*Or equivalent 
American Technical Ceramics, Huntington Station, N.Y. 11746 
Johanson Mfg. Corp., Boonton, N.J. 07005 

Fig. 15 - Typical lumped-constant circuit for 1.4 GHz power amplifier. 

C) C2 

INPUT 
CONNECTOR 

RCA 
2145921 

OUTPUT 
CONNECTOR 

C1, C10: 510 pF, ATC-100* 

C2, Cg: 0.3-35pF, Johanson 4700* 

C3: Single, parallel-plate variable capacitor approx. 19 pF 

C4, C7: 0.01 mF, disc ceramic 

C5, C6: 470 pF, feed-through type, Allen-Bradley FA5C 

Cg: 140 pF, Johanson 2954* ( series resonant 
in this frequency range and used as a variable inductor) 

L • 3 4nH 

L • 2 5nH 

R: 0.47f1 

RFC: 5 turns, No. 28 wire, 0.05 in. ( 1.27 mm) I.D., 
0.4 in. ( 10.16mm) long. 

RFC 

10 AF C2 
50 V 
(OPT1CNAL) 

H.F11.21 
(DIELECTRIC) 

975 4501 

Fig. 16- Suggested mounting arrangement of components for 1.4-GHz 

lumped-constant power amplifier circuit shown in Fig. 15. 
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APPLICATION INFORMATION (Cont'd) 
L C3 

RFC 

CI IZL 50(1) 

- vcc 28V 

*Johanson Mfg. Corp., Boonton, N.J. 07005 

,SS 

Fig. 17- Typical circuit for tunable 1.2 - 1.4 GHz, 4-

SOLDERING INSTRUCTIONS 

When soldering the 2N5921 into a microstnpline or 
lumped-constant circuit, the collector and emitter 
terminals of the device must be pretinned in the region 
where soldering is to take place. The device should 
be held in a high-thermal resistance support for this 

DIMENSIONAL OUTLINE 

Li 

ODI 1OD   

‘  r-413 I 
1 , TERMINAL NeI 

I I TERMINAL Ne2 

-f--- 1 ir, 

--i-

L2 

TERMINAL No.3 

082 

• 02 92CS-15611,11 

TERMINAL CONNECTIONS 

Terminal No. 1- Emitter 

Terminal No. 2 - Base 

Terminal No. 3 - Collector 

C1:  300 pF, disc ceramic 

C2 C4• 

C3*•  

LI: 

R1•• 1200 f2 

R • 0-250 f2 

R3'• 5 

470 pF, feed-through type, 
Allen-Bradley FA5C, or equivalent 

0.3-3.5 pF, Johanson 4702, or equivalent* 

1.3 in. (33.02 mm) length of 5011 coaxial line 

RFC: 3 turns, No. 29 wire, 0.06 in. ( 1.59mm) I.D., 
0.18 in. ( 4.77mm) long. 

X: TAPERED MICROSTRIPLINE - 
0.1 in. ( 2.54 mm) wide, input end 
0.24 in. (6.09 mm) wide, output end 
0.475 in. ( 12.06 mm) long 

0.005 in. (0.13 mm) thick, copper 

DIELECTRIC MATERIAL: same as that for Fig. 11 
(See Fig. 12 for mounting of output section) 

W microstripline power oscillator. 

tinning operation. A 60/40 resin-core solder and a 
low-wattage (47 watts) soldering iron are suggested for 
the pretinning operation. The case temperature should 
not exceed 230°C for a maximum of 10 seconds during 
tinning and subsequent soldering operations. 

SYMBOL 
INCHES MILLIMETERS 

MIN. MAX. MIN. MAX. 

OB .165 .175 4.19 4.44 

OB1 .115 .125 2.92 3.17 

(1)B2 .090 .110 2.29 2.79 

CkB .495 .505 12.57 12.83 

/c1)1 .245 .255 6.22 6.48 

OD2 .055 .065 1.39 1.65 

ckB3 .245 .255 6.22 6.48 

F .045 .060 1.14 1.52 

Fi .025 .035 .63 .88 

F2 .145 .175 3.68 4.44 

L .095 .115 2.41 2.92 

L1 .165 .195 4.19 4.95 

L2 .040 .060 1.02 1.52 
M .045 .055 1.14 1.39 

R .027 .033 .68 .83 

NOTE: Ceramicmaterial of this device 
contains BERYLLIUM OXIDE. 

"WARNING: This device should be handled with-

care. The ceramic portion of this transistor con-

tains BERYLLIUM OXIDE as a major ingredient. 

Do not crush, grind, or abrade these portions of 

the transistor because the dust resulting from 

such action may be hazardous if inhaled." 
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  File No. 451 

RF Power Transistors 

2N5992 

7-W AM,66-to-88-MHz 
Emitter- Ballasted 
Silicon N-P-N Overlay Transistor 

For 12.5-V Amplifiers in VHF Communications Equipment 

Features 

• 7-W min. ( carrier) output, 10-dB min. gain at 88 MHz 

• 90% min,modulation 

• Emitter ballasted 

• Infinite VSWR tested at rated output power under full modulation at 66 MHz 

• Hermetically sealed stripline ceramic-metal package 

• Electrically isolated mounting stud 

MAXIMUM RATINGS, Absolute-Maximum Values: 

• COLLECTOR-TO-BASE VOLTAGE VCBO 

COLLECTOR-TO-EMITTER 
BREAKDOWN VOLTAGE: 

With base shorted to emitter   v (BRICES 

With base open   v (BR/CEO 

* EMITTER-TO-BASE VOLTAGE. '   V 
EBO 

" CONTINUOUS COLLECTOR 

CURRENT  

* TRANSISTOR DISSIPATION: 

At case temperatures up to 75°C 

At case temperatures above 75°C • 

• TEMPERATURE RANGE: 

Storage & Operating (Junction) 

• LEAD TEMPERATURE: 

At distances > 1/32 in. ( 0.8 mm) 
from seating plane for 10 s max.   

IC 

PT 

RCA type 2N5992a is an epitaxial silicon n-p-n planar tran-

65 v sistor featuring overlay emitter eletrode construction. This 

device utilizes many separate emitter elements and has indi-

vidual ballast resistance in each of the emitter sites for stabi-

65 V I izati on. 
30 V 

15 V The transistor is completely tested for load-mismatch capa-

bility at 66 MHz with an infinity-to-one VSWR through all 

5 A phases under rated power with full modulation. 

35.7 W 

See Fig.5 

  -65 to + 200 °C 

230 °C 

• In accordance with JEDEC registration data format JS-6 
RDF-3/JS-9 RDF-7. 

This device features a hermetic, ceramic-metal package 

having leads isolated from the mounting stud. These rugged, 

low-inductance, radial leads are designed for stripline as well 

as lumped-constant circuits. 

aFormerly RCA Dey. Type TA7920 
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File No. 451 2N5992 

ELECTRICAL CHARACTERISTICS, At Case Temperature (TC) = 25°C 

STATIC 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

DC 

Collector 

Voltage 

(V) 

DC 

Base 

Voltage 

(V) 

DC 

Current 

(mA) 

V CE VBE 1E IB lc Min. Max. 

Collector-to-Emitter 

Cutoff Current: 

Base-to-emitter shorted 
ICES 60 o — 1 ob mA 

Collector-to- Emitter 

Breakdown Voltage: 

With base open 
v (1313)CE0 0 2003 30 — V 

With base connected 

to emitter V (BR)CES 0 2003 65 — 

Emitter-to- Base Breakdown 

Voltage V(BR) EBO 10 o 3.5 — V 

Thermal Resistance: 

(Junction-to-Case) 9 
J-C 

— 3.5 °C/W 

a Pulsed through a 25-mH inductor; duty facto = 50%. 

DYNAMIC 

b Tc = 25 to 100°C 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS 
LIMITS 

UNITS DC Collector 

Supply (VCC) 

V 

Output Power 

(Carrier) PDE 

W 

Frequency 

(f) - MHz 
Min. Typ. Max. 

Power Input PIE 12.5 7 
66 

88 

_ 

— 

0.35 

0.5 

0.5 

0.7 
vv 

Power Gain GpE 12.5 7 
66 

as 

11.5 

10 

13 

11.5 

— 

— 
dB 

Collector Efficiency CC 
12.5 7 

66 

ee 

55 

60 

60 

70 

_ 

— 
% 

Modulation° m 12.5 7 
66 

88 

90 

90 

97 

95 

— 
_ 

% 

Load Mismatchc 
(Fig 10) 

LM 12.5 7 66 GO/NO GO 

Collector-to- Base 

Capacitance 
Cob. 12.5 

(VCB ) 

1 — 60 70 pF 

Clnput power and collector supply voltage are modulated 

*In accordance with JEDEC registration data format JS-6 RDF-3/JS-9 RDF-7 
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2N5992 File No. 451 

PERFORMANCE DATA 

50 75 100 125 150 175 200 225 

FREQUENCY ( f) — MHz 
92C5- 17373 

10 
e 

• 

2 

I 10 

• 

o 
u 

• 
2 

0.1 

Fig. 1 - RF output power (cw) vs. frequency. 

12   

II 

5 

-..10211 

q‘V, 

WWII 
FREQUENCY () I • 66 MHz 
MODULATION INDEX (m)•0.95 AT Vcc • 12.5 V 
CASE TEMPERATURE ( Tc / • 25•C 

9(AV) • P(CARRIER) + 

9 10 II 12 13 14 15 16 17 

COLLECTOR SUPPLY VOLTAGE Il/cc) — V 

92C5-17374 

Fig. 2 - Typical output power vs. collector supply voltage. 

12 

II 

o 9 
a. 

o 

7 

6 

20 30 40 50 60 70 80 90 100 110 

CASE TEMPERATURE ( Tc) — 

COLLECTOR SUPPLY VOLTAGE IV) • 12.5 V 

MODULATION INDEX (m) • 0.95 

FREQUENCY ( f I • 66 MHz 

...244WW 
..111 

 Pie 035 W 
.. 

-CASE TEMPERATURE (Tc)•100•C 

104451 

92C G-17375 

Fig. 3 - Typical output power vs case temperature. 

NOTE: 

Tjs IS DETERMINED BY USE OF 

INFRARED SCANNING TECHNIQUES 

HOT-SPOT 
TEMPERATURE 
(Tjs1•200•C 

VCE0 

1 2 • 6 io 2 • 6 8 100 2 

COLLECTOR-TO-EMITTER VOLTAGE (VcE 1—V 
92C5,7340 

Fig. 4 - Safe area for dc operation. 

40 
fr 

30 
o 

0 20 

10 

3 

»MU  

: 

1  

  ••••:;: 
I,  

i!i: Luf  

111411 E 

-75 - 50 -25 0 50 100 150 200 

CASE TEMPERATURE ( Tc 

Fig. 5 - RF dissipation cleaning. 

9255-422952 
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File No. 451 2N5992 

DESIGN DATA 

COLLECTOR SUPPLY VOLTAGE ( Vcc) • 12.5 V 

OUTPUT POWER ( P0E) • 7 W 

25 50 75 100 125 150 175 200 
FREQUENCY ( 8) — 92C3- 17 316 

Fig. 6 • Typical large-signal parallel collector load and 

parallel output capacitance vs. frequency. 

APPLICATION DATA 

92C5 - : 7372 

COLLECTOR SUPPLY VOLTAGE ( Vcc) • 12 5 V 

OUTPUT POWER IP0 E) • 7W 
2  

O 

1, L5 

1 

0.5 

° 

0.5  

BB 

1/4tee 

e 
ee. SERIES INPUT IMPEDANCE • 

[R.IZIN) + 1.1.02 ) 

25 50 75 100 125 150 175 200 

FREQUENCY ( f)— Wit 

SECS- 17277 

Fig 7 - Typical large-signal series input impedance vs. 
frequency. 

O 20 40 60 BO 
COLLECTOR- TO- BASE VOLTAGE (V)—V 

9235-4228 

Fig. 8 - Typical collector-to-base capacitance vs. collector-

to-base voltage. 

C1, C2: 9-180 pF, ARCO 463 or equivalent 

C3: 0.02 µF ceramic 

C4: 0.01 µF feedthrough 

4, C6: 5-380 pF, ARCO 465 or equivalent 

11: 1 turn No. 14 B.T., 1/4- in. ID., 3/16- in. long 

12: RFC, Z = 450 12, Ferroxcube or equivalent 

L3: 4 turns No. 16 B.T., 1/4- in. ID., 5/16-in. long 
14: 2 turns No. 14 B.T., 9/16-in. ID., 3/8-in. long 

R1: 12e, 1/4 watt 

Fig. 9 - 66-88-MHz amplifier for measuring output po wer, 

power gain, and modulation index. 
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2N5992   File No. 451 

12.5-V 
POWER 
SUPPLY 

66- 68- MHz 

OSCILLATOR 

1- kHz 

MOOULATOR 

66-138MHz 66-88- MHz 
TEST 

DRIVER -BP AMPLIFIER 
AMPLIFIER 

( SEE FI89 

POWER 

METER 

DIRECTIONAL COAXIAL 

COUPLER I I SWITCH 

• 

OSCILLOSCOPE 

STUB , 

32C5- 17)30 

Fig. 10 - Test setup for testing output power, power gain, 

modulation index, and load-mismatch capability. 

DIMENSIONAL OUTLINE 

L 

TERMINAL No. 4 

TERMINAL No. I 

TERMINAL No. 2 

N1 

  = 4441 

00 

L1 

L1 

j 
} 

7 
SEATING PLANE C  

N 

.:410, N2 

TERMINAL CONNECTIONS 

Terminals 1, 3 - Emitter 

Terminal 2 - Base 

Terminal 4 - Collector 

SPECIAL PERFORMANCE DATA 

The Infinite load-mismatch capability of the transistor 

can be demonstrated in the following test: 

1. The test setup is shown in Fig. 10. 

2. The tuning network is varied through a half wave-

length, which effectively varies the load from an 

open circuit to a short circuit. 

3. Operating conditions are as follows: Vcc = 12.5 V, 

rf output power = 7 W under full modulation at 

66 MHz. 

Care should be taken not to exceed the maximum 
junction temperature by providing sufficient heatsinking 

during the above test to prevent device damage or degra-
dation. 

SYMBOL INCHES MILLIMETERS NOTES 
MIN MAX MIN MAX 

A 0.150 0.230 3.81 5.84 
8 0.195 0.205 4.96 5.20 
B1 0.135 0.145 3.43 3.68 
B2 0.095 0.105 2.42 2.66 
C 0.004 0.010 0.11 0.25 3 
OD 0.305 0.320 7.48 8.12 
OD) 0.110 0.130 2.80 3.30 1 
E 0.275 0.300 6.99 7.62 
G 0.590 0.705 14.99 17.90 - 
L 0.265 0.290 6.74 7.36 
L1 0.455 0.510 1156 12.95 

Om 0.120 0.163 3.05 4.14 
N 0.425 0.470 10.80 11.93 - 
N1 - 0.078 - 1.98 4 
N2 0.110 0.150 2.80 3.81 - 
0 0.120 0.170 3.05 4.31 - 
01 0.025 0.045 0.64 1.14 - 
95Y4 0.1399 0.1437 3.531 3.632 2 

Millimeter dimensions are derived from original inch dimensions 

NOTES 
1. , 053 - . 064 INCH ( 1.35 - 1.62 616) WRENCH FLAT. 
2. PITCH DIA. OF 8-32 UNC-2A COATED THREAD. ( ASA BI. 1.1960). 
3. TYPICAL FOR ALL LEADS 
4. LENGTH OF INCOMPLETE OR UNDERCUT THREADS OF I, W 

WARNING: RCA Type 2N5992 should be handled 

with care. The ceramic portion of this transistor contains 

BERYLLIUM OXIDE as a major ingredient. Do not 

crush, grind, or abrade these portions of the transistor 

because the dust resulting from such action may be 

hazardous if inhaled. 
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File No. 452 

IMCBDE1 
Solid State 
Division 

RF Power Transistors 

2N5993 

18-W (CW) 88-MHz Emitter-
Ballasted Overlay Transistor 
Silicon N- P-N Type for 12.5- Volt Applications 
in VHF Communications Equipment 

Features: 
• Emitter-ballasting resistors 

• Low-inductance radial leads 

• Hermetically sealed ceramic-metal package 

• Electrically isolated mounting stud 
• 18 W min. output, 10 dB min. gain at 88 MHz 

• Infinite load mismatch tested at 66 MHz 

MAXIMUM RATINGS, Absolute-Maximum Values: 

•COLLECTOR-TO-BASE 
VOLTAGE  

• COLLECTOR-TO-EMITTER 

VOLTAGE: 
With base connected to emitter 
With base open 

VCBO 

  %RI CES 36 

  VCEO 18 

• EMITTER-TO-BASE VOLTAGE   VEBO 15 

• COLLECTOR CURRENT: 

Continuous   IC 

• TRANSISTOR DISSIPATION. PT 
At case temperatures up to 750C . 35.7 W 

At case temperatures above 75°C . See Fig. 9 

• TEMPERATURE RANGE: 
Storage & Operating (Junction) . -65 to +200 0C 

• CASE TEMPERATURE 
(During soldering): 

For 10 s max.  230 °C 

•In accordance with JEDEC registration data format JS-6 
RDF-31J5-9 RDF-7. 

RCA type 2N5993a is an epitaxial silicon n-p-n planar tran-

sistor featuring overlay emitter electrode construction. This 

36 V device utilizes many separate emitter elements and has 
individual ballast resistance in each of the emitter sites 

for stabilization. 

The transistor is completely tested for load mismatch 

capability at 66 MHz with a VSWR of infinity-to-one 

through all phases under rated power. 

5.0 A This device features a hermetic, ceramic-metal package 

having leads isolated from the mounting stud. These rugged, 

low- inductance, radial leads are designed for stripline as well 

as lumped-constant circuits. 

aFormerly RCA Dev. Type TA7921. 
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2N5993 

ELECTRICAL CHARACTERISTICS, Case Temperature (Tc) = 250C 

File No. 452 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS 

LIMITS UNITS 
DC 

Collector 

Voltage-V 

DC 

Base 
Voltage-V 

DC 

Current 
mA 

VCE VBE IE 113 IC MIN. MAX. 

Collector-Cutoff Current CEO 10 0 - 5.0 mA 

Collector-to-Base 

Breakdown Voltage VIBR1 C80 o 15 36 _ V 

Collector-to- Emitter 

Breakdown Voltage: 

With base open VIEIR) CEO 
o 200, 18 - 

V 

With base connected 

to emitter VIBR10ES o 200, 36 - 

Emitter-to- Base 

Breakdown Voltage \ICBM EBO 
10 3.5 - V 

Thermal Resistance 

Junction-to-Case 
0 J-C - 3.5 °C/W 

,Pulsed through a 25-mH inductor; duty facto 50%. 

DYNAMIC 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS 
LIMITS 

UNITS DC Collector 

Supply ( Vcc) - Volts 

Input Power 
(PIE) -Watts 

Frequency 
(f) - MHz MIN. TYP. MAX. 

1.0 66 18 20 — 
W  

Power Output POE 12.5 
1.75 88 18 20 - 

1.0 66 12.5 13 - 
dB  

Power Gain GPE 12.5 1.75 88 10.1 10.6 - 

1.0 66 65 80 
% 

Collector Efficiency 71C 12.5 1.75 88 65 80 - 

Load Mismatch 
LM 12.5 1.0 66 GO/NO GO 

(Fig. 11) 

. 

12 
Collector-to-

Cubo IC ' 0 
1 100 pF 

Base Capacitance 

• I n accordance with JEDEC egistrat ion data format JS-6 RDF-3/JS-9 RDF 7 
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File No. 452 

PERFORMANCE DATA 

2N5993 

W 
I 25 

1 
5 

o 

6•11 BUR 636 BOB 
COLLECTOR SUPPLY vOLTAGE 1Vcc1•12 5 V   

CASE TEMPERATURE ( Tc1•25•C 

 z” 1111 

50 75 100 125 150 175 200 225 
FREQUENCY If 1—MH• 

Fig. 1 — RF output power vs. frequency 

CASE TEMPERATURE (Tc1.25•C 
INPUT POWER 11111E l• I w AT 66 WM 
INPUT POWER (RIE) • 1.75 W AT 88 »Hz 

92C9-17366 

9 10 11 12 13 14 15 16 

COLLECTOR SUPPLY VOLTAGE IVGQ)— V 

92C5-17366 

I;
1;
11
MI
ZM
UI
;L
il
lt
il
Mi
i 

6 

2 

0.1 

— 20 

175 
— IS 

—12.5 

eelb 

COLLECTOR SUPPLY VOLTAGE (Voc)•12 5 V 

CASE TEMPERATURE (Tc)25C 

50 60 eo 
40 100 

FREQUENCY (8)— MHz 

Fig. 2 — RF input power vs. frequency 

150 
200 

92CS - 17353 

0 0.5 I 1.5 2 2.5 
INPUT POWER 1 pi(1-

92C5-17365 

Fig. 3 — Typical output power vs. collector supply voltage Fig. 4 — Typical output power and collector efficiency vs. 
input power at 66 and 88 MHz (amplifier tuned at Vcc = 12.5 V) 

20.5 

BB BB RR WW 
an 
• 

COLLECTOR SUPPLY VOLTAGE 1vccl•12 5v 
INPUT POWER CPIE)•IW AT 66 MHz 
INPUT POWER (PIE )• I.75 W AT 88 NIH• 

e 20  
W 
2195 

19 •••• 
8 

18.5 

18 

30 40 50 60 70 80 90 100 110 120 
CASE TEMPERATURE 1Tc 1— •C 

92C5-17367 

Fig. 5 — Typical output power vs, case temperature 

2
=
1
;
W
I
C
I
2
 

I° a _ CASE TiMPERATU 

— IC MAX   

•  

2 

6 

• 

.1 

RE tTc, 1.1ero• 

NOTE: Tjs IS DETERMINED BY USE 
OF INFRARED SCANNING 
TECHNIQUE   

I I 
HOT- SPOT TEMPERATURE 
1Tjs) 200•C   

',CEO MAS 

2 • 6 1, • IS 6 ioo 

COLLECTOR-TO- EMITTER VOLTAGE 1vcE1— V 

92C9-17349 

Fig. 6 — Safe area for dc operation 
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2N5993 

DESIGN DATA 

File No. 452 

2 

15 

05 

O 

COLLECTOR SUPPLY VOLTAGE ( Vee)• 12 5 V 
OUTPUT POWER Poe 18 W 

CASE TEMeERATURE Tel • 25•C 

MP. 

"Mr-

SERIES NPUT IMPEDANCE. 

[R,IZ 80+ real!) 

50 75 100 125 150 175 200 225 250 

FREQUENCY(f) — MHz 
92CS-17370 

Fig. 7 — Typical large-signal series input impedance vs. 

frequency 

APPLICATION DATA 

50 75 100 125 150 175 200 225 

FREQUENCY If 1— MHz 
92CS-17364 

COLLECTOR SUPPLY VOLTAGE IVeol•12.5V 
OUTPUT POWER 1P0E/• 18 W 
CASE TEMPERATURE ITo 25•C 

200   

fC 

•É 150 

Fig. 8 — Typical large-sieal parallel collector load and 

parallel output capacitance vs. frequency 

-50 0 50 00 150 
CASE TEMPERATURE To)—•C 

Fig. 9 — RF dissipation derating. 

Ci, C2: 
C3: 

C4: 

C5, C6: 

Li: 

L2: 
L3: 

L4: 

R 1: 

92C5-17360 

9-180 pF, ARCO 463 or equivalent 

0.02 µF ceramic 

0.01 µF feedthrough 
5-380 pF, ARCO 465 or equivalent 

1 turn No. 14 B.T., 1/4- in. ID., 

3/16-in. long 

RFC, Z = 450 S2, Ferroxcube or equivalent 

4 turns No. 16 B.T., 1/4-in. I.D., 

5/16- in. long 

2 turns No. 14 B.T., 9/16-in. I.D., 

3/8-in. long 

12 n, 1/4 watt 

92CS- 17372 

Fig 10 — 66-88-MHz amplifier for measuring output power, 

power gain, and modulation index 
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File No. 452   

SPECIAL PERFORMANCE DATA 

2N5993 

The infinite load-mismatch capability of the transistor can 

be demonstrated in the following test: 

1. The test setup is shown in Fig. 11. 

2. The tuning stub is varied through a half wavelength, 

which effectively varies the load from an open cir-

cuit to a short circuit. 

3. Operating conditions are as follows: VCC 12.5 V 

RF input power = 1 W at 66 MHz 

Care should be taken not to exceed the maximum junction 
temperature by providing sufficient heatsinking during the 
above test to prevent device damage or degradation. 

DIMENSIONAL OUTLINE 

îl 
o 

L -41 

B2 

TERMINAL N. 4 

TERMINAL No. 1 

TERMINAL No. 2 

L 

TERMINAL No. 

0 01 N2 

7 Ai 
SEATING PLANE C  

TERMINAL CONNECTIONS 

Terminals 1, 3 - Emitter 

Terminal 2 - Base 

Terminal 4 - Collector 

66 MHz 
DRIVER 

66 MR: 
AMPLIFIER 
(FIG 101 

STUB = 

7 

92CS-11371 

Fig. 11 - Test setup for testing load-mismatch capability 

SYMBOL 
INCHES MILLIMETERS 

NOTES 
MIN MAX MIN MAX 

A 0.150 0.230 3.81 5.84 

B 0.195 0.205 4.96 5.20 

13 1 0.136 0.145 143 3.68 - 

B2 0.095 0.105 2.42 2.66 

C 0.004 0.010 0.11 0.25 3 

OD 0.305 0.320 7.48 8.12 

4,01 0.110 0.130 2.80 3.30 1 

E 0.275 0.300 6.99 7.62 _ 

G 0.590 0.705 14.99 17.90 

L 0.265 0.290 6.74 7.36 

L1 0.455 0.510 11.56 12.95 

Om 0.120 0.163 3.05 4.14 

N 0.425 0.470 10.80 11.93 - 

N1 - 0.078 - 1.93 4 

N2 0.110 0.150 2.80 3.81 _ 

0 0.120 0.170 3.05 4.31 

Oi 0.025 0.045 0.64 1.14 _ 

Ow 0.1399 01437 3.531 3.632 2 

Millimeter dimensions are derived from original inch dimensions 

NOTES 

I. . 053 - . 064 INCH 11.35 - 1.62 mml WRENCH FLAT. 

2. PITCH DIA. OF 8-32 UNC-2A COATED THREAD. ( ASA Bi. I-1960). 

3. TYPICAL FOR ALL LEADS 

4. LENGTH OF INCOMPLETE OR UNDERCUT THREADS OF qc W 

WARNING: RCA Type 2N5993 should be handled 

with care. The ceramic portion of this transistor contains 

BERYLLIUM OXIDE as a major ingredient. Do not 

crush, grind, or abrade these portions of the transistor 

because the dust resulting from such action may be 

hazardous if inhaled. 
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File No. 453 

Solid State 
Division 

RF Power Transistors 

2N5994 

r,1693 

15-W AM and 35-W CW 
Emitter- Ballasted 
Overlay Transistor 
Silicon N- P-N Device for 12.5-V AM and 28-V FM 

Amplifiers in VHF Communications Equipment 

Features: 

• In 12.5 V AM ( 118-136 MHz) commercial aircraft 

communications equipment 15 W ( min.) carrier at 118 MHz: 

Gain = 7 dB min; nc = 70% min; Modulation = 90% min 

• In 28 V FM communications equipment: 
Output = 35 W typ. at 175 MHz; Gain = 7.5 dB; ne = 65% 

MAXIMUM RATINGS, Absolute-Maximum Values: 

• COLLECTOR-TO-EMITTER VOLTAGE: 
Base shorted to emitter  VIBRICES 65 V 

30 With base open   VCEO V 

• COLLECTOR-TO-BASE VOLTAGE .   Vcgo 68 V 

• EMITTER-TO-BASE VOLTAGE   VEB0 3.5 V 

• CONTINUOUS COLLECTOR CURRENT • IC 5 A 

• TRANSISTOR DISSIPATION: 
At case temperatures up to 750C . . 
At case temperatures above 75°C . . 

• TEMPERATURE RANGE: 
Storage & Operating (Junction) . . . 

• CASE TEMPERATURE 
(During soldering)• 

For 10 s max.   

PT 
36.7 W 

See Fig. 6 

-66 to + 200 OC 

230 °C 

*In accordance with JEDEC registration data format .15-6 
RDF-3/JS-9 RDF-7. 

• Infinity-to-one VSWR tested at rated output at 118 MHz 

under full modulation 

• Hermetically sealed stripline ceramic metal package 

• Electrically isolated mounting stud 

RCA type 2N5994 is an epitaxial silicon n-p-n planar 

transistor featuring overlay emitter-electrode construction. 

This device utilizes many separate emitter elements and has 

individual ballast resistance in each of these emitter sites for 

stabilization. It is especially designed for use in 12.5-volt 

amplitude-modulated class C rf amplifiers operating in the 

aircraft frequency band (118-136 MHz). This device is also 

useful for FM and AM applications at 175 MHz. 

This transistor is completely tested for load mismatch capa-

bility at 118 MHz with a VSWR of infinity-to-one through 

all phases under full modulation. 

The 2N5994 features a hermetic ceramic-metal package 

having terminals isolated from the mounting stud. These 

rugged, low- inductance, radial leads are designed for stripline 

as well as lumped-constant circuits. 

• Formerly RCA Des. Type TA7589. 
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File No. 453 2N5994 

ELECTRICAL CHARACTERISTICS, at Case Temperature (Tc) = 25° C 

STATIC 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS 

LIMITS UNITS 

DC 
Collector 
Voltage-V 

DC 
Base 
Voltage-V 

DC 
Current 
mA 

VCE VBE 1E lc MIN. MAX. 

Collector-Cutoff Current 

Base-to-E miner 

Shorted ICES 60 o - 5b mA 

Collectorto-E miner 

Breakdown Voltage: 

With base open VIBR1 CEO 2000 30 — V 

With base connected 

to emitter %RI CES 2ooa 65 — V 

Emitter-to-Base 

Breakdown Voltage VIEIR) EBO 5 3.5 — V 

Thermal Resistance 

Junction-to-Case °J-C — 3.5 0C/W 

a Pulsed through a 25-mH inductor; duty factor = 50%. bTc = 25 to 100°C. 

DYNAMIC 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS 
LIMITS 

UNITS DC Collector 

Supply ( Vcc) -V 

Carrier Output 

Power ( POE)-W 

Frequency 
lf I -MHz MIN. MAX. 

Power Input PIE 12.5 15 118 — 3 W 

Power Gain GPE 12.5 15 118 7 — dB 

Collector Efficiency T1C 12.5 15 118 70 — % 

Modulationc m 12.5 15 118 90 — % 

Load MismatchP 

(Fig. 121 
LM 12.5 15 118 GO/NO GO 

Collector-to- Base 

Capacitance f = 1 MHz Cobo 
12.5 

(VCF1i 
1 — 70 OF 

c input power and collector supply voltage are modulated. 

•in accordance with JEDEC registration data format JS-6 RI:W-3/15-9 RDF-7. 

TYPICAL APPLICATION INFORMATION 

APPLICATION 
CIRCUIT 

(FIG.) 

DC COLLECTOR 
SUPPLY VOLTAGE 

(VCC)-V 

INPUT 
POWER (PIE) 

W 

OUTPUT 
POWER (POE) 

W 

MODULATION 
INDEX ( ni) 

% 

COLLECTOR 
EFFICIENCY 

(T/C1% 

118 MHz Amplifier (AMI 10 12.5 3 16.5 95 75 

150 MHz Amplifier (AM) 11 12.5 3.5 15 95 80 

175 MHz Amplifier ( FMI 11 28 6 35 — 65 
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2N5994 

PERFORMANCE DATA 

File No. 453 

70 90 110 130 150 170 
FREQUENCY ( 1) — MHz 

190 

6236-422581 
Fig. 1 - Typical output power vs. frequency. 
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Fig. 3 Typical output power vs. collector supply voltage. 
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-CASE TEMPERATURE (Tc)•100•C 

NOTE' 

lc (MAXI 
• 

Tjs IS DETERMINED BY USE OF 

INFRARED SCANNING TECHNIQUES 

HOT- SPOT 
TEMPERATURE 
(Tjs) 200•C 

VCEO 
LIMITED.,. 

1 
2 • 6 8 io 2 4 6 8 100 

COLLECTOR-TO- EMITTER VOLTAGE (VcE )—V 
92C5-17340 

Fig. 5 - Safe area for dc operation. 

0 201 40 60 80 100 120 

25 CASE TEMPERATURE Tc) -•C 
92CS-17344 

Fig. 4 - Typical output power vs. case temperature. 
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FREQUENCY 111•118 MHz ---, I36 MHz - 
CASE TEMPERATURE (Tc) • 25•C 

. 

•• ::•: 
.. 
:• 

I 

RF INPUT POWER ( PIE 92S3- 422602 

Fig. 2 - Typical output power vs. input power. 

COLLECTOR SUPPLY VOLTAGE ( Vcc1•12.5 V 

FREQUENCY ( i) • 118 MHz 

CASE TEMPERATURE ( Tc) — •C 

Fig. 6 - RF dissipation derating. 
925S-422982 

204 



File No. 453 

DESIGN DATA 

2N5994 

250 

'A& 
*.4 200 

if 150 

e 100  

3 
50 

•B   
COLLECTOR SUPPLY VOLTAGE ( Igtc) • 12.5 V 

OUTPUT POWER( Poe • 15 W 

CASE TEMPERATURE ( Tcl* 25C 9 e 

8 

  7  

O 

6 g!, 

5 t53. 

 4 g, 
—   

50 75 100 125 50 75 200 225 

FREQUENCY ( 1— MHz 

92CS-17339 92M-17PQ 

Fig. 7 - Typical large-signal parallel collector load and peral- Fig. 8 - Typical large-signal series input impedance vs. frequency. 
lel output capacitance vs. frequency. 

COLLECTOR SUPPLY VOLTAGE (Vccl• 12 5 V 
OUTPUT POWER POE • 15 W 

e 2 CASE TEMPERATURE ( Tc) • 25•C 

" 

0  
 • 

05 

  SERIES NPUT IMPEDANCE • 

[R.IZ IN  

50 75 100 125 150 as 200 225 250 

FREQUENCY ( i) — MHz 

0 20 40 60 BO 
COLLECTOR TO BASE VOLTAGE Vc 8 ) — V 

9255-•220 

Fig. 9 - Typical collector-to-base capacitance vs. collector-to-

base voltage. 
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2N5994 

APPLICATION DATA 

File No. 453 

92SS - • 2•51i2 

Cl. C5: 3-35 pF, Arco 403 or equiv. 

C2: 8-60 pF, Arco 404 or equiv. 

C3: 0.1 MF ceramic 
Ce: 1000 pF feedthrough 

Cg: 14150 pF, Arco 424 or equiv. 

RI: 1ft, 1W (wirewound) 
L1: 2 turns No. 16 wire Y. in. dia. 1/8 in. long 

L2: RFC 1.2 pH 

L3: 2 turns No. 14 wire, 3/8 in. dia., 3/16 in. long 
Le: 3 turns No. 14 wire, 3/8 in. dia., % in. long 

Fig. 10 - 118—MHz amplifier for power output test. 

118 MHz 

OSCILLATOR 

118 MHz 
DRIVER 

AMPLIFIER 

DIRECTIONAL 
COUPLER 

I KHz 

MODULATOR 

118 MH TEST 
AMPLIFIER 
(FIG 101 

OSCILLOSCOPE 
VARIABLE 
REACTIVE 

LOAD 

POWER 

METER 

1/4 
WAVELENGTH 

LINE 

92CS-1,338 

82C5- 17431 

Ci, C2, Cg: 3-35 pF, ARCO 403 or equiv. 
C3: 0.1 pF ceramic 
Ce: 1000 pF feedthrough 

C6: 

R1: 
Li: 

L2: 
L3: 

L4: 

7-100 pF ARCO 423 or equiv. 

in, i w lvvirewoundl 
1 turn No. 16 wire % in. dia. 1/8 in. long. 
RFC 1.2 pH 

2 turns No. 14 wire 3/8 in. dia. 3/16 in. long 

3 turns No. 14 wire 3/8 in. dia. % in. long 

NOTE: 111 150 MHz, Vœ • 12.5 V, Modulated 

121 175 MHz, Vcc • 28 V. Unmodulated 

Fig. 11 - Typical 150- or 175-MHz rf power amplifier. 

SPECIAL PERFORMANCE DATA 

The infinite load-mismatch capability of the transistor can be 

demonstrated in the following test: 

1. The test setup is shown in Fig. 12. 

2. The tuning network is varied through a half wavelength, 

which effectively varies the load from an open circuit to a 

short circuit. 

3. Operating conditions are as follows: Vcc = 12.5 V, rf 

output carrier power = 15 W under full modulation. 

Care should be taken not to exceed the maximum junction 
temperature by providing sufficient heatsinking during the 
above test to prevent device damage or degradation. 

Fig. 12 - Test setup for testing output power, modulation index, and load-mismatch capability. 
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File No. 453 

DIMENSIONAL OUTLINE 

2N5994 

L -051 

TERMINAL N. 4 

TERMINAL No. I 

TERMINAL No 1 

rir Di 

--1J--Net2 

TERMINAL No. 2 

E 

WARNING: RCA Type 2N5994 should be handled 

with care. The ceramic portion of this transistor contains 

BERYLLIUM OXIDE as a major ingredient. Do not 

crush, grind, or abrade these portions of the transistor 

because the dust resulting from such action may be 

hazardous if inhaled. 

SYMBOL INCHES MILLIMETERS NOTES 
MIN MAX MIN MAX 

A 0.150 0.230 181 5.84 
B 0.195 0.205 4.96 5.20 
B1 0.135 0.145 3.43 3.88 - 
B2 0.095 0.105 2.42 2.66 - 
C 0.004 0.010 0.11 0.25 3 
OD 0.305 0.320 7.48 8.12 
ODI 0.110 0.130 2.80 130 1 
E 0.275 0.300 6.99 7.62 - 
G 0.590 0.705 14.99 17.90 
L 0.286 0.290 6.74 7.36 
L1 0.455 0,510 11.56 12.95 

9S M 0.120 0.163 3.05 4.14 
N 0.425 0.470 10.80 11.93 - 
N1 - 0.078 - 1.98 4 
N2 0.110 0.150 2.80 3.81 - 
0 0.120 0.170 3.05 4.31 
01 0.025 0.045 0.64 1.14 - 
OW 0.1399 0.1437 3.531 1632 2 

Millimeter dimensions are derived from original inch dimensions 

NOTES 
I. . 053- . 064 INCH ( 1.35- 1.62 inrn) WRENCH FLAT 
2. PITCH DIA. OF 8-32 UNC-2A COATED THREAD. ( ASA BI 1-19601. 
3. TYPICAL FOR ALL LEADS 
4. LENGTH OF INCOMPLETE OR UNDERCUT THREADS OF W 

TERMINAL CONNECTIONS 

Terminals 1, 3 - Emitter 

Terminal 2 - Base 

Terminal 4 - Collector 
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File No. 454 

MODU RF Power Transistors 

Solid State 
Division 

2N5995 

7-W, (CW)175-MHz Silicon 
N-P-N Overlay Transistor 
For 12.5- Volt Applications in VHF 

Communications Equipment 

Features: 
• Low-inductance radial leads 

• Hermetically sealed ceramic- metal package 

• Electrically isolated mounting stud 

• 7 watt ( min.) output at 175 MHz 

• 9.7 dB ( min.) gain at 175 MHz 

• Infinite load mismatch tested at 175 MHz 

MAXIMUM RATINGS, Absolute-Maximum Values: 

• COLLECTOR-TO-BASE 
VOLTAGE  VCBO 36 V 

• COLLECTOR-TO-EMITTER 

BREAKDOWN VOLTAGE: 

With base connected to emitter 
With base open   

VIBRICES 36 
%RICE° 14 V 

• EMITTER-TO-BASE VOLTAGE   VEB0 3.5 V 

• COLLECTOR CURRENT: 
Continuous   1.5 A 

• TRANSISTOR DISSIPATION. PT 
At case temperatures up to 75°C . . 10.7 W 

At case temperatures above 75°C . See Fig. 9 

• TEMPERATURE RANGE, 
Storage & Operating (Junction) 

CASE TEMPERATURE 
(During soldering): 

For 10 s max.   230 °C 

-66 to + 200 °C 

*In accordance with JEDEC registration data format JS-6 
IMF-3/15-9 RDF-7. 

RCA type 2N5995a is an epitaxial silicon n- p-n planar tran-

sistor featuring overlay emitter-electrode construction. This 

type features a hermetic ceramic- metal package having leads 

isolated from the mounting stud. This rugged, low- inductance, 

radial- lead type is designed for stripline as well as lumped-

constant circuits. 

This transistor is completely tested for load-mismatch 

capability at 175 MHz with an infinity-to-one VSWR 

through all phases under rated power. 

aFormerly RCA Des, Type TA7922 
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File No. 454 2N5995 

ELECTRICAL CHARACTERISTICS, Case Temperature ( Tc) = 250C 

STATIC 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS 

LIMITS UNITS 

DC 

Collector 

Voltage-V 

DC 

Base 

Voltage-V 

DC 

Current 
mA 

VCE VBE lE 18 IC MIN. MAX. 

Collector-Cutoff Current 

With base open CEO 10 0 — 2.5 
ni,a, 

With base connected 

to emitter ICES 12.5 0 — 5b 

Collector-to- Base 

Breakdown Voltage VIBRICB0 o 5 36 _ V 

Collector-to- Emitter 

Breakdown Voltage: 

With base open V(BR1 CEO o 75a 14 _ 
V 

With base connected 

to emitter V11381 CES 0 75a 36 — 

Emitter-to- Base 

Breakdown Voltage %RI EBO 2 o 3.5 — V 

Thermal Resistance 

(Junction-to-Case) 
0 j_c 

— 11.7 °CM 

a Pulsed through a 25-mH inductor; duty facto = 50% 

DYNAMIC 

Tc 100°C 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS 
LIMITS 

UNITS 
DC Collector 

Supply (./ cc) - Volts 

Input Power 
(PIE) - Watts 

Frequency 
(f) - MHz MIN. MAX. 

Power Output POE 12.5 0.75 175 7 — W 

Power Gain GPE 12.5 0.75 175 9.7 _ dB 

Collector Efficiency 77C 12.5 0.75 175 65 _ 

Load Mismatch 

(Fig. 11) 
LM 12.5 0 75 175 GO/NO GO 

Collector- to-

Base Capacitance Cob 12 — 1 — 80 Ph 

In accordance with JEDEC registration data format JS-6 RDF-3/JS-9 RDF-7 
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2N5995   File No. 454 

PERFORMANCE DATA 

150 200 250 300 350 
FREQUENCY ( f) - MHz 

400 450 500 

92CS - 17 396 

Fig. 1 — Typical rf output power vs. frequency. 
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INPUT POWER (PIE)•075 W 

• FREQUENCY ( 11•175 MN: 
CASE TEMPERATURE (Tc)•25•C 

ERNWEin 
@lute 

Rani 
EZNETEM pm! 

ngraMME:"  md 
6 

5 

........... 

•▪ es1:  ••••  
10 II 12 13 14 15 16 

COLLECTOR SUPPLY VOLTAGE ( Vcc)- V 

92C5,7398 

• 4 

• z 

I. 
, 0.8 

2. 0.6 

11,•. 0.4 

0.2 

0.1 

COLLECTOR SUPPLY VOLTAGE 1VGG / • 12.5V 
CASE TEMPERATURE 1Tc / • 25•C 

7 
6 

100 
2 3 • 5 

FREOUNCY IlI-MH 

8 6 
1000 

92G5- r7 397 

Fig. 2 — Typical rf input power vs. frequency. 

15 

o 

!I 5 

COLLECTOR SUPPLY VOLTAGE ( Vcc)•12 5 V  

CASE TEMPERATURE (Tc)•25 •C 

 @BUM 
 66161813 

60 

90 

85 «e? 

eo 

75 ti 

0 025 05 0.75 1 1.75 1.5 

INPUT POWER ( P151-3 
1.75 2 

9285-17399 

Fig. 3 — Typical output power vs. supply voltage (amplifier Fig. 4 — Typical output power and collector efficiency vs. 

input power at 175 MHz. tuned at V cc = 12.5 V). 

9 

COLLECTOR SUPPLY VOLTAGE ( Vcc)•12.5 V 

INPUT POWER (PIE)•0.75 W 
FREQUENCY (11•175 MHz 

e   

2 6 

5  

4 

3 
30 40 50 60 70 BO 90 100 110 120 

CASE TEMPERATURE (Tc1- •C 

92C5- 72400 

6 

4 

1 2 

000.2 

o 

CASE TEMPERATURE (Tc)•100•C 

Man 

N RARED  SCANNI NG  TECHNIQUE 

NOE s S DE ERM NED 

HOT- SPOT EMPERA RE s 00 

lig.111110 

• • 

2 4 6 .14 20 

COLLECTOR- TO- EMITTER VOLTAGE (Vcs)-V 

Fig. 5 — Typical output power vs. case temperature. Fig. 6 — Safe area for dc operation. 

92CS-174101 

100 
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DESIGN DATA 

2N5995 

R
E
A
C
T
A
N
C
E
/
R
E
S
I
S
T
A
N
C
E
 
-

11
 

COLLECTOR SUPPLY VOLTAGE ( Vcc)• 12.5 V 

OUTPUT POWER PoE) 7 W 

CASE TEMPERATURE ( Tc) 25•C 

4-

RESISTANCE R.(Z IN 

• 
• 

MM. 

SERIES INPUT MPEOANCE • 

[Re(11NOlIn, 1,r.] 

eo 150 200 250 300 350 400 450 500 

FREQUENCY III— MHz 

92GS-17402 

Fig. 7 — Typical large-signal series input impedance vs. 

frequency. 

-100 -50 0 50 100 50 

CASE TEMPERATURE (Tc1— .0 
200 

92C5- r7004 

Fig. 9 — le dissipation derating. 

WARNING: RCA Type 2N5995 should be handled 

with care. The ceramic portion of this transistor contains 

BERYLLIUM OXIDE as a major ingredient. Do not 

crush, grind, or abrade these portions of the transistor 

because the dust resulting from such action may be 

hazardous if inhaled. 

COLLECTOR SUPPLY VOLTAGE ( Vcc)• 12.5 V 
OUTPUT POWER POE 7 W 

  CASE TEMPERATURE Tc)•25 •C mmmmm MIR 

PI.  WWII MR 

! MMMMMMMM WMUM 

100 150 200 250 300 350 400 450 500 

FREQUENCY (I)— MHz 

9205-17403 

Fig. 8 — Typical large-signal parallel collector load resis-

tance and parallel output capacitance vs. frequency. 

APPLICAIION DATA 

TO 
SUPPLY 

TO 
COLLECTOR 

CI 

Li • 1/2 turn No.14 wire, 1/4- in. 1.0. 

RFC • Z = 450 Cl, Ferroxcube VK-200-09/38 or equivalent 
C1 • 7-100pF, Arco 423 or equivalent 

C7 - 4-40 PF, Arco 422 or equivalent 

C3 - 0.1 pF ceramic 

Ce - 0.001 pF feedthrough 

C5 62 pF silver mica 

C6 - 14•150pF, Arco 424 or equivalent 

C7 -24-200 pF, Arco 425 or equivalent 

T1 • Twisted pair of No. 20 enameled wire; 14 turn/jo. 

Formed in a loop 3/8 in. diameter, cross connected 

(End of one winding connected to beginning of other) 

Fig. 10 — 175-MHz amplifier for measuring power output 
and power gain. 
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2N5995 File No. 454 

175 MHz 
DRIVER 

175 MHz 
AMPLIFIER 

-4-

> 

STUB - 
92C5 , 394 

Fig. 11 - Test setup for testing load mismatch capability. 

SPECIAL PERFORMANCE DATA 

The infinite VSWR load-mismatch capability of the tran-

sistor can be demonstrated in the following test: 

1. The test setup is shown in Fig. 11. 

2. The tuning stub is varied through a half wavelength, 

which effectively varies the load from an open circuit 

to a short circuit. 

3. Operating conditions are as follows: VCC = 12.5 V, 

RF input power = 0.75W. 

Care should be taken not to exceed the maximum junction 
temperature by providing sufficient heatsinking during the 
above test to prevent device damage or degradation. 

DIMENSIONAL OUTLINE 

TERMINAL N. 2 

N, 
_i 

SEATING PLANE C é  

2 • 5011 
1 • I75 MHz 

PIN •0.1W 

Vcc . 12 5V VGG . 12 5 V 

C3 Le 

92[5- 7393 

2N9427 

C1, C2, C6 
C3, C5: 

C4, C3: 

C5: 

C7: 

C10, C11 , 

L1: 

Cg 

Le7 

8-60 pF, ARCO 404 or equivalent 

0.02 pF disc ceramic 

0.001 pF feedthrough 

15 pF silver mica 

14.150 pF, ARCO 424 or equivalent 

24.200 pF, ARCO 425 or equivalent 

2 Turns No. 18 wire, 1/4- in. I.D., 

1/16- in long 

L7, L5: RFC, 2 = 450 S2, Ferroxcube No. 

VIC-200-09/3B or equivalent 
L3 1 pH, Nytronics Deci-Ductor or 

equivalent 

L4 2 Turns No. 18 wire, 1/4.in. I.D., 

3/16- in, long 

3 Turns No. 16 wire, 1/4- in. I.D., 

3/8- in. long 

L7: 1 Turn No. 16 wire, 1/4- in. I.D., 

3/16- in. long 

RI, R7: 12 12, 1/2 W 

Fig. 12 - 175-MHz two-stage amplifier using 2N5995 

L6: 

z.5ort 
Pour 7* 

SYMBOL 
INCHES MILLIMETERS 

NOTES 
MIN MAX MIN MAX 

A 0.150 0.230 3.81 5.84 

B 0.195 0.205 4.96 5.20 

Bi 0.135 0.145 143 3.68 

67 0.095 0.105 2.42 2.66 

C 0.004 0.010 0.11 0.25 3 

4)D 0.305 0.320 7.48 8.12 

4)Di 0.110 0.130 2.80 3.30 1 

E 0.275 0.300 6.99 7.62 

G 0.590 0.705 14.99 17.90 

L 0.265 0.290 6.74 7.36 

L1 0.455 0.510 11.56 12.95 - 

94  0.120 0.163 3.05 4.14 

N 0.425 0.470 10.80 11.93 - 

N1 - 0.078 - 1.98 4 

N2 0.110 0.150 2.80 3.81 _ 

0 0.120 0.170 105 4.31 _ 

01 0.025 0.045 0.64 1.14 _ 

OW 0.1399 0.1437 3.531 3.632 2 

Millimeter dimensions are derived from original inch dimensions 

NOTES 

I. . 053- . 064 INCH 11.35- 1.62 WRENCH FLAT 

2. PITCH DIA OF 8-32 UNC-2A COATED THREAD. ( ASA B1 1-1960). 

3. TYPICAL FOR ALL LEADS 

4. LENGTH OF INCOMPLETE OR UNDERCUT THREADS OF OW 

92SS-376383 
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File No. 455 

MIDE1 
Solid State 
Division 

RF Power Transistors 

2N5996 

15-W (CW)175-MHz Emitter-

Ballasted Overlay Transistor 

Silicon N- P- N Device for 12.5- Volt Applications 
in VHF Communications Equipment 

Features: 

• Emitter- ballasting resistors 

• Low-inductance radial leads 

• Hermetically sealed ceramic-metal package 

• Electrically isolated mounting stud 

• 15-watt min. output at 175 MHz 

• Infinite load mismatch tested at 175 MHz 

MAXIMUM RATINGS, Absolute-Maximum Values: 

• COLLECTOR-TO-BASE 

VOLTAGE  

• COLLECTOR-TO-EMITTER 
BREAKDOWN VOLTAGE: 

With base connected to emitter   
With base open   

lf EMITTER-TO-BASE VOLTAGE   

• COLLECTOR CURRENT: 

Continuous   

• TRANSISTOR DISSIPATION: 

At case temperatures up to 750C . . 

At case temperatures above 75°C . 

• TEMPERATURE RANGE: 
Storage & Operating (Junction) . . 

• CASE TEMPERATURE 
(During soldering): 

For 10 s max.   

VCBO 36 V 

VIBFOCES 36 V 
V(BR)CEO 18 V 

VEBO 3.5 V 

IC 5.0 A 

PT 
35.7 W 

See Fig. 9 

RCA type 2N5996a is an epitaxial silicon n-p-n planar tran-

sistor featuring overlay emitter electrode construction. This 

device utilizes many separate emitter elements and has 

individual ballast resistance in each of the emitter sites for 

stabilization. 

The transistor is completely tested for load mismatch 

capability at 175 MHz with an infinity- to-one VSVVR 

through all phases under rated power. 

This device features a hermetic, ceramic-metal package with 

leads isolated from the mounting stud. These rugged, low-

inductance, radial leads are designed for strip) ne as well as 

lumped-constant circuits. 

-66 to + 200 0C aFormerly RCA Dey. Type TA7923 

230 °C 

•In accordance with JEDEC registration data format .18-6 
RDF-3/JS-9 RDF-7. 
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2N5996 

ELECTRICAL CHARACTERISTICS, Case Temperature (Tc) = 250C 

File No. 455 

• 

• 

STATIC 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS 

LIMITS UNITS 

DC 

Collector 
Voltage-V 

DC 
Base 
Voltage-V 

DC 
Current 
mA 

VCE VBE lE IB IC MIN. MAX. 
Collector-Cutoff Current 

Base-to-Emitter 

Shorted ( Tc = 1000C) ICES 12.5 o - 10 
mA 

With base open CEO 10 0 — 5 

Collector-to-Base 

Breakdown Voltage VIBR) CB0 o 15 36 _ V 

Collector-to-Emitter 

Breakdown Voltage: 

With base open V(BR) CEO 0 200a 18 — 
V 

With base connected 

to emitter VIBR) CES o 200a 36 — 

Emitter-to-Base 

Breakdown Voltage VIESR) EBO 10 o 3.5 — V 

Thermal Resistance 

Junction-to-Case 8 J-C — 3.5 0C/W 

aPulsed through a 25-mH Inductor; duty facto = 50% 

• 

DYNAMIC 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS 
LIMITS 

UNITS 
DC Collector 
Supply ( Vcc) -Volts 

Input Power 

(PIE) -Watts 

Frequency 
(f) -MHz MIN. MAX. 

Power Output POE 12.5 5.3 175 15 — W 

Power Gain GPE 12.5 5.3 175 4.5 — dB 

Collector Efficiency 1-1C 12.5 5.3 175 75 — % 

Load Mismatch 

(fig. 11) 
LM 12.5 5.3 175 GO/NO GO 

Collector-to-

Base Capacitance Cob. 12 1 — 100 pF 

I n accordance yeah JEDEC rewstratIon data format JS-6 RDF•3/JS-9 RDF-7 
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File No. 455   2N5996 

PERFORMANCE DATA 

COLLECTOR SUPPLY VOLTAGE (14cc1•12 5 V  
CASE TEMPERATURE (Tc)•25 

50 75 PO 125 150 175 200 225 
FREQUENCY (8)- MHz 

92C5-17352 

Fig. 1 — Typical rf output power vs. frequency. 

25 

FREQUENCY ( 11•175 MHz 
INPUT POWER (1111E1•5.3 
CASE TEMPERATURE Urc,1•25 •C   

,,, 

10 II 12 13 14 15 16 17 
COLLECTOR SUPPLY VOLTAGE (VDD1—V 

92C5-17354 

108 

6 

4 

ià 2 
0. 

0. 
z 
1. 4, 

2 

01 

— 20 

17.5 
— IS 
—12.5 COL ECTOR SUPPLY VOLTAGE (VccI•12 5 V 

CASE TEMPERATURE (Tc1•25•C 

I  
50 60 60 150 

40 100 200 
FREQUENCY ( 11—MHz 

92C5-17353 

Fig. 2 — Typical rf input power vs. frequency. 

COLLECTOR SUPPLY VOLTAGE (Vcc)•12.5 V  

CASE TEMPERATURE (Tc)•25C 

 , 

2 3 4 5 6 7 8 

INPUT POWER 0.10-111 

10 

92C5-17355 

Fig. 3 — Typical output power vs. supply voltage collector Fig. 4 — Typical output power and collector efficiency vs. 

input power at 175 MHz. (amplifier tuned at Vcc = 12.5 V). 

30 40 50 60 70 BO 90 

CASE TEMPERATURE 1Tc1— •C 
92C5-17356 

Fig. 5 — Typical output power vs. cue temperature. 
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10, CASE TEMPERATURE (Tc1.100•C 

Ic(MAA1   

2 

4 

HOT-SPOT TEMPERATURE 
Tal• 200.0 

VcE0(MAX.)..,„ 

I 
NOTE TJA IS DETERMINED BY USE OF 

2 - INFRARED SCANNING TECHNIQUE 

0.1 
2 " 8 10 2 4 

COLLECTOR-TO- EMITTER VOLTAGE 11/cE1—V 

92C5-17357 

Fig. 6 — Safe area for dc operation. 
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2N5996 

DESIGN DATA 

File No. 455 

2 

1.5 

e 
1•1 
CC 

05 

o 

05 

COLLECTOR SUPPLY VOLTAGE 0/cc /• 12.5 V 
OUTPUT POWER POE 15 W 

CASE TEMPERATURE ( Tc)•25•C 

SERIES NPUT IMPEOANCE• 

SO 75 100 125 150 (75 200 

FREQUENCY If / — M10 

225 250 

9205-17359 

Fig. 7 — Typical large-signal series input impedance vs. 

frequency. 

.... 250 

COLLECTOR SUPPLY VOLTAGE IN,tc/• 12 5 V  
OUTPUT POWER1P0E ) • 15 W 

CASE TEMPERATURE ( Tc) 25•C 

200  

:1 50 

o 

r, 

9 

8 17i 

60 

 5 

4 g 

o 

50 75 100 125 150 175 200 225 

FREQUENCY 1 /— MHz 92C5- 17359 

Fig. 8 — Typical large-signal parallel collector load and 

parallel output capee tance vs. frequency. 

-50 0 50 100 150 
CASE TEMPERATURE ITC)—•C 

200 

Fig. 9 — RF dissipation derating. 

9205-17360 
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APPLICATION DATA 

VCC • '2 '5V 

C3 

Cl 

4 

TO 
SUPPLY 

TI 

TO 
COLLECTOR 

CG 

92C5-17361 

ZL•5011 

L1 - turn No. 14 wire, '4- in. I.D. 

RFC - Z = 450 l, Ferroxcube VK-200-09/3B or equivalent 

C1 - 7-100pF, Arco 423 or equivalent 

C2 - 4-40 pF, Arco 422 or equivalent 

C3 - 0.1 µF ceramic 

C4 0.001 MF feedthrough 

C5 - 62 pF silver mica 

C6 - 14-150pF, Arco 424 or equivalent 
C7 - 24-200pF, Arco 425 or equivalent 

T1 - Twisted pair of No. 20 enameled wire; 14 turns/in. 

Formed in a loop 3/8 in. diameter, cross connected 

(End of one winding connected to beginning of other) 

Fig. 10 — 175-MHz amplifier for measuring power output 

and power gain. 

92C6-17363 

C1, C2, C5: 8-60 pF, ARCO 404 

or equivalent 

C3, C6, Cm 0.05 µF ceramic 

C4, C7, Ci: 0.001 µF feedthrough 

Cg, Cg: 7-100 pF, ARCO 423 

or equivalent 

C12, C13: 14-150 pF, ARCO 424 

or equivalent 

175 MHz 
DRIVER 

175 MHz 
AMPLIFIER 
(FIG 101 

7 

STUB 

92C5- 17362 

Fig. 11 — Test setup for testing load mismatch capability. 

SPECIAL PERFORMANCE DATA 

The infinite VSWR load-mismatch capability of the tran-

sistor can be demonstrated in the following test: 

1. The test setup is shown in Fig. 11. 

2. The tuning stub is varied through a half wavelength, 

which effectively varies the load from an open circuit 

to a short circuit. 

:3. Operating conditions are as follows: VCC = 12.5 V, 

RF input power = 5.3 W. 

Care should be taken not to exceed the maximum junction 
temperature by providing sufficient heatsinking during the 
above test to prevent device damage or degradation. 

Li: 

L2: 

L3: 

L4: 

L5: 

3 turns No. 20 enam. wire, 1/8- in. ID., 

1/4- in. long 

1 turn No. 20 enam. wire on Ferroxcube bead 

No. 56-590-65-4A or equivalent 

5 turns No. 20 B.T., 1/4- in. I.D., 3/8-in. 

long, tapped 4-1/2 turns from collector 

3/8-in. loop No. 20 Ferroxcube bead 

No. 56-590-65-4A or equivalent 

Ferroxcube No. VK-200-09-38, Z = 450 12 

or equivalent 

T1, T2: No. 20 enam. wire twisted pair, 14 turns/in., 

formed into 3/8- in. dia, loop, cross connected 

Fig. 12 — Typical 175-MHz amplifier using 2N5996. 

217 



2N5996 File No. 455 

DIMENSIONAL OUTLINE 

Gli 

TERNI 

TERMINAL N.. 2 

o 
  SEATING PLANE C  

ow   OM I 

001 N2 

N1 
__I 1 

" 

LI 

SYMBOL INCHES - MILLIMETERS NOTES 
MIN MAX MIN MAX 

A 0.150 0.230 3.81 5.84 
8 0.195 0.205 4.96 5.20 
BI 0.135 0.145 3.43 3.68 
B2 0.095 0.105 2.42 2.66 
C 0.004 0.010 0.11 0.25 3 
OD 0.305 0.320 7.48 8.12 
OD i 0.110 0.130 2.80 3.30 1 
E 0.275 0.300 6.99 7.62 
G 0.590 0.705 14.99 17.90 
L 0.265 0.290 6.74 7.36 
L1 0.455 0.510 11.56 12.95 

9SPA 0.120 0.163 3.05 4.14 
N 0.425 0.470 10.80 11.93 - 
N1 - 0.078 - 1.98 4 
N2 0.110 0.150 2.80 3.81 - 
0 0.120 0.170 3.05 4.31 _ 
01 0.025 0.045 0.64 1.14 _ 
OW 0.1399 0.1437 3.531 3.632 2 

Millimeter dimensions are deri ed from original inch dimensions 

NOTES. 
1. . 053 - . 064 INCH (1.35 - 1.62 rem) WRENCH FLAT 
2. PITCH DIA. OF 8-32 UNC-2A COATED THREAD. ( ASA BI. I-19601. 
3. TYPICAL FOR ALL LEADS 
4. LENGTH OF INCOMPLETE OR UNDERCUT THREADS OF cil> W 

TERMINAL CONNECTIONS 

Terminals 1, 3 - Emitter 

Terminal 2 - Base 

Terminal 4 - Collector 

WARNING: RCA Type 2N5996 should be handled 

with care. The ceramic portion of this transistor contains 

BERYLLIUM OXIDE as a major ingredient. Do not 

crush, grind, or abrade these portions of the transistor 

because the dust resulting from such action may be 

hazardous if inhaled. 
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File No. 484 

MEal 
Solid State 
Division 

RF Power Transistors 

2N6093 

75-W (PEP) Emitter-Ballasted 
Overlay Transistor with 
Temperature-Sensing Diode 
Silicon N- P- N Device for High-Gain Linear 
Amplifiers in HF Single-Sideband Equipment 

Features: 

• For 2- to- 30-MHz Single-Sideband Communications 

• 75 Watts PEP Output ( min.) at 30 MHz 

• with Gain: 13 dB ( min.) 

n: 40% (min.) 

IMD: 30 dB (max.) 

• 3:1 VSWR tested at rated power 

RCA-2N6093' is an epitaxial silicon n-p-n planar transistor 

of the "overlay" emitter-electrode construction. This device 

utilizes many separate emitter elements and has individual 

ballast resistance in each of these emitter sites for stabiliza-

tion. Linearity and greater protection from second break-

down are achieved by equalizing the current sharing between 

the emitter sites. 

The 2N6093 is especially designed for linear applications to 

provide high power in class A or class B rf amplifier service. 

• Low Thermal Resistance 

• Isolated Pin-Pad Electrodes 

The device is intended for 2- to- 30-MHz single-sideband 

power amplifiers operating from a 28-volt power supply. 

Forward-bias control with temperature change is obtained by 

use of the built-in temperature-sensing diode. 

Type 2N6093 features a molded silicone-plastic case with 

low-inductance, isolated electrodes. The case provides circuit 

flexibility for wiring to lumped-constant, strip-line, and 

printed-board circuits. 

• Formerly RCA Type No.40675. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-EMITTER VOLTAGE: 

Base connected to emitter   

• With base open   

•COLLECTOR-TO-BASE VOLTAGE  

•EMITTER-TO-BASE VOLTAGE   

*COLLECTOR CURRENT: 

CONTINUOUS   

PEAK   

DIODE CURRENT ( DC, Max.)   

*TRANSISTOR DISSIPATION: 

At case temperatures up to 750C   

At case temperatures above 750C   

*TEMPERATURE RANGE: 

Storage & Operating (Junction)   

*CASE TEMPERATURE 

(During soldering): 

For 10 s max.   

'In accordance with JEDEC registration data format JS-6 RDF-3/JS-9 RDF-7. 

VCES 

VCEO 

VCBO 

VEgo 

IC 

IF 

PT 

70 

35 

70 

3.5 

10 

30 

100 

83.3 

See Fig. 9 

A 

A 

mA 

-65 to +200 0C 

230 0C 
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2N6093 File No. 484 

ELECTRICAL CHARACTERISTICS, Case Temperature = 250 C 

STATIC 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS 

LIMITS 
UNITS 

DC 

Collector 

Voltage-V 

DC 

Base 

Voltage-V 

DC 

Current 

mA 

VCE VBE I .E lc ID Min. Max. 

Collector-to- Emitter Breakdown Voltage: 

With base connected to emitter VIBRICES 0 200a 70 — V 

With base open V(BR)CEO 0 200a 35 — V 

Emitter-to- Base Breakdown Voltage V(BR)EBO 20 0 3.5 — V 

Collector- to- Emitter Cutoff Current: 

Base-emitter junction shorted, Tc = 55°C 

(Diode Voltage = 0) 
ICES 60 0 — 30 mA 

Compensating Diode 

Forward Voltage Drop VF 0 10 — 0.8 V 

DC Forward-Current Transfer Ratio hFE 6 5A 20 — 

Thermal Resistance 

Junction-to-case 0J-C — 1.5 OC/',// 

a pulsed through a 25-mH inductor; duty factor = 50%. 

DYNAMIC (Operating in a 30 MHz single-sideband amplifier) 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS 

LIMITS 
UNITS 

DC 

Collector 

Voltage-V 

Power 

Output 

W(PEP) 

Frequency 

MHz 

DC Collector 

Bias 

Current-mA 

VcB VCC POE f lc Min. Max. 

RF Power Input" (See Fig. 12): 
Average PIE 28 37.5 30 20 — 1.88 W 

Peak envelope (PEP) PIE 28 75 30 20 — 3.75 W 

Power Gain GPE 28 75 30 20 13 dB 

Collector Efficiency 
T(C 28 75 30 20 40 — % 

Magnitude of Common-Emitter, 

Small-Signal, Short-Circuit, 

Forward-Current Transfer Ratio 
1 hfe I 

28 

(VCE) 
50 1A 2 — 

Intermodulation Distortion IMD 28 75 30 20 — —30 dB 

Collector-to-Base Capacitance Cobo 30 1 — 250 pF 

• In accordance with JEDEC registration data format JS-6 RDF-3/JS 9 RDF-7. 
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File No. 484 

PERFORMANCE DATA 

2N6093 
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Fig. 1— Typical output power vs. frequency. Fig. 2— Typical output power or collector efficiency vs. 
collector supply voltage. 
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Fig. 3— Typical IMO vs. collector bias current. 
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Fig. 5—Typical RF power output and intermodulation 

distortion vs. case temperature. 
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Fig. 4— Typical IMO vs. output power (PEP). 
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HOT - SPOT 
TEMPERATURE 
(Tjs)• 200 .0 

NOTE 
Tjs IS DETERMINED BY USE OF 

INFRARED SCANNING TECHNIQUES 

VcE0 (MAX) 

• 35 V 

2 
I II 
• 6 B io 

COLLECTOR- TO- EMITTER VOLTAGE VcE — V 

Fig. 6—Safe area for dc operation. 
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2N6093 

DESIGN DATA 

File No. 484 
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Fig. 7— Typical large-signal parallel collector load resistance 

and parallel output capacitance vs. frequency. 
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Fig. 9— RF dissipation derating. 
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Fig. 10— Typical variation of collector- to-base capacitance 

vs. collector- to-base voltage. 
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Fig. 11— Typical transfer characteristic. 

222 



File No. 484   2N6093 

vcc 
APPLICATION DATA 

Z1N 50 11 

vcc + 28 V 

VEE . - 6 V 

C2 

C1, C4: 1 ;IF, 3 V, electrolytic 

C2: 32-250 pl. 

Cg: 55-300 pF 

C5, C7: 0.0027 µF 

C6: 100 ;IF, 3 V, electrolytic 

Cg: 1000 pF feedthrough 

Cg: 0.3 µF, 50 V 

Cm: 170-780 pF 

C11: 90-480 PF 
L1: 3 turns No.14 wire, % in. I.D. V. in. long 

L2: 3 turns No.10 wire, % in. I.D. 3/8 in. long RFC: Ferroxcube No.VK200-01-38, or equivalent 

Lg: 3% turns No.10 wire, 5/8 in. I.D. V. in. long All resistors V. watt 

Fig. 12-30-MHz linear rf amplifier with temperature compensation. 

DIMENSIONAL OUTLINE 

41 bei 

L2 

CHD 

RCA 
2560931 

e I 

ZOUT ' 50n 

C H 

9255-367652 

PAD 

GAGE PLANE L 4 
1-
o 

SEAT ING1PLANE 

NOTE 1 
N, 

92CS - 1576551 

PIN 

TERMINAL CONNECTIONS 

Pin. No.1-Emitter & Diode Cathode 

Pin. No.2-Collector 

Pin. No.3-Base 

Pin. No.4-Diode Anode 

RI, R8: 510 32 

R2, R5: 2511 

Rg: 33 11 

R4. 100 11 

R6: 200 f/ 

R7: 39 11 

R6: 50 31 

R10: 24 k 

811: 10011 

R12: 1.5 k £.1 

SYMBOL 
INCHES MILLIMETERS 

NOTES 
MIN. MAX. MIN. MAX. 

A 0.295 0.325 7.50 8.25 - 

81 0.135 0.150 3.43 3.81 - 

82 0.235 0.250 5.97 6.35 - 

B3 0.055 0.065 1.40 1.65 5 

ob 0.020 0.025 0.508 0.635 4 Pins 

D 0.650 0.680 16.51 17.27 - 

E 0.360 0.380 9.15 9.65 - 

e 0.111 0.131 2.82 3.32 1 

el 0.213 0.233 5.42 5.91 1 

L 0.110 0.133 2.90 3.37 

oNI 0.220 0.249 5.59 6.23 - 

N 0.420 0.460 10.67 11.68 - 

N1 - 0.090 - 2.28 - 

0 - 0.015 - 0.038 - 

oW - - - 2 

1. The pin center-to-center dimensions are measured at the gage plane. 

2. % in. 28 UNF 2A ( Mod). Applied torque not to exceed 12 inch-

pounds. 

3. This device may be operated in any position. 

4. Seating plate to be flat within 0.003 inches. 

5. Typical 4 places. 

WARNING: The body of this device contains beryllium 

oxide. Do not crush, grind, or abrade that portion 
because the dust resulting from such action may be 

hazardous if inhaled. Disposal should be by burial. 
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File No. 504 

[nfEM 
Solid State 
Division 

RF Power Transistors 

2N6104 
2N6105 

çt‘ 
2N6105 
JEDEC TO-21t iAA 

14,5 

2N6104 

RCA H F-32 — 

30-W 400- MHz Broadband 
Emitter- Ballasted Silicon 
N- P-N Overlay Transistors 

Features: 

• 5-dB gain ( min.) at 400 MHz with 30 watts ( min.) output 

• Emitter-ballasting resistors 

• Broadband performance (225-400 MHz) 

• Low-inductance ceramic-metal hermetic package 

• Radial leads for microstripline circuits 

• All electrodes isolated from the stud (2N6105) 

• Flange is emitter lead (2N6104) 

RCA types 2N6104 and 2N6105e are expitaxial silicon n-p-n The ceramic-metal hermetic packages have low parasitic in-

planar transistors with overlay multiple-emitter-site con- ductances, and are ideally suited for use in microstripline 

struction and emitter-ballasting resistors. These transistors and lumped-constant broadband and narrow-band amplifiers. 

are intended for use in large-signal high-power cw and pulsed 
amplifiers in vhf/uhf communications equipment. • Formerly RCA Dev. Nos. TA7707 and TA7706, respectively. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

• COLLECTOR-TO-EMITTER VOLTAGE: 

With base open   VCEO 30 

• COLLECTOR-TO-BASE VOLTAGE   VcB0 65 

• EMITTER-TO-BASE VOLTAGE   VEBO 4 

• CONTINUOUS COLLECTOR CURRENT   lc 4.5 

• TRANSISTOR DISSIPATION   PT 

At case temperatures up to 75° C   36 

At case temperatures above 75° C   Derate linearly at 0.288 W/0C 

• TEMPERATURE RANGE: 

Storage & Operating (Junction)   — 65 to +200 0C 

• CASE TEMPERATURE ( During soldering): 

For 10 s max.   230 0C 

• In accordance with JEDEC registration data format JS-6 RDF-3/JS-9 RDF-7. 

V 

V 

V 

A 
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File No. 504   2N6 .104, 2N6105 

ELECTRICAL CHARACTERISTICS, at Case Temperature ( Te) = 25°C unless otherwise specified 

STATIC 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS 

LIMITS UNITS 

DC 

Voltage 

V 

DC 

Current 

mA 

VCE VBE I E IC MIN. MAX. 

Collector-to- Emitter Cutoff Current: 

Base connected to emitter, Tc=550C ICES 30 0 — 10 mA 

Collector-to- Emitter Breakdown 

Voltage: 

With base connected to emitter V(BR)CES 0 200a 65 — 
V 

With base open V(BR)CEO 200a 30 — 

Emitter-to- Base Breakdown Voltage V(BR)EBO 5 0 4 — V 

Thermal Resistance (Junction-to-Case) Rex 3.5 0C/VV 

a Pulsed through a 25-mH inductor; duty factor -- 50%. 

DYNAMIC 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS LIMITS 
UNITS DC Collector 

Supply (VCC)-V 

Input Power 

(Pi E)-W 

Output Power 

(POE)-W 

Frequency 

10—MHz Min. Max. 

Output Power (See Fig. 10) POE 28 9.5 400 30 — 
W 

Overdrive Test (See Fig. 10) POE0 28 12.0 400 34 — 

Power Gain GPE 28 30 400 5 — dB 

Collector Efficiency 
71C 28 9.5 400 65 % 

Collector-to-Base Output 

Capacitance Cpbo 30 ( VCB) 1 — 35 pF 

In accordance with JEDEC registration data format JS-6 RDF-3/JS-9 RDF-7. 

TYPICAL APPLICATION INFORMATION 

CIRCUIT 
COLLECTOR SUPPLY 

VOLTAGE (Vcc)—V 

OUTPUT POWER 

(POE)—W 

INPUT POWER 

(PIE)—W 

COLLECTOR 

EFFICIENCY 

Inc) — % 

FIG. 

NO. 

225-400 MHz 12N61051à 28 30 5 — 7.5 69 — 77 13 

Broadband Amplifier 20 20 5 — 7 70 — 82 13 

400 MHz (2N6104-5) 

Narrow-Band Amplifier 
28 34 9.5 78 10 

225-400 MHz (2N6105)A 

Push- Pull Amplifier 
28 60 11.5 — 18 72 — 84 16 

• Similar performance can be obtained with the 2N6104. 

RCA Application Notes 

AN-4421 "16— and 25—Watt Broadband Power Amplifiers Using RCA-2N5918, 2N5919, and TA7706 UHF/Microwave 

Power Transistors." 

AN-6010 "Characteristics and Broadband (225-to-400-MHz) Applicatkins of the RCA-2N6104 and 2N6105 UHF Power 

Transistors." 
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2N6104, 2N6105 File No. 504 

COLLECTOR SUPPLY VOLTAGE (Vcc1•28 V 
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62c,, 8052 

Fig. 1- Typical output power vs. frequen-

cy for both types. 
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Fig. 4- Typical output power vs. case 

temperature for both types. 
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Fig. 2- Typical output power and col-

lector efficiency vs. input power 

for both types. 
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Fig. 3-Typical output power and col-

lector efficiency vs. collector sup-

ply voltage for both types. 
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Fig. 5-Safe area for dc operation for 
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Fig. 6-Dissipation derating for class C 

operation for both types. 
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Fig. 8— Typical large-signal parallel col-
lector load resistance and parallel 
output capacitance vs. frequency 

for both types. 

COLLECTOR SUPPLY VOLTAGE (VBB1• 213 V 
— OUTPUT POWER (Pix) • 30 • 

CASE TEMPERATURE TD1•25•C  

w• 
SERIES NPUT IMPEDANCE • 

Re ZIN ITT Z1N 

1111111111111111111  
200 300 400 

FREQUENCY (fl— MHz 
500 

szcs-140421•1 

Fig. 9—Typical large-signal series input 

impedance vs. frequency for both 

types. 

NOT2 POINTS OF APPLICATION P011 C, AND C., AJC 
SNOWN ON TNE INPUT AND OUTPUT STRIPS 
IN TOE CRANING AT RIGHT I 11.) 

JOHANSON MANufACTLINING CORP @OONT.,N J MOOS 
AMPRIC•N TECHNICAL CERAMICS HUNTINGTON STATION. ET 112.0 

92C5 - 18061 

0 01232 
12 SG/ 

,21 • sr—m-r•-ve,m,:e" 
I 02 ,N MGM.. • 2 61.. IOU, PALL N1 

ea reIZOIS. ,: PARENTNESES ARE 

Fig. 10-400-MHz amplifier test circuit for measurement of output power for both types. 

s.cl-rese. 
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225 250 275 300 325 350 375 400 
FREQUENCY ( 

92C5 - 18058 

Fig. 11- Typical performance of a 225-400-

MHz amplifier using RCA 2N6105 

in circuit of Fig. 13, at Vcc = 28 V. 

RI 

92C5- 18060 

le 5 

4 

o 

"Mee 

BBB--
-'e  

  CASE  TEMPERATURE (Tc)•25 •C 
COLLECTOR SUPPLY VOLTAGE I Vccl• 20 V 
OUTPUT POWER ( PoE) • 20 W 

lall 
Me 

' 

70 

10'1 

   I 

RCA 
c5 2N6105 L6 

C1: 8.2 pF chip, Allen-Bradley 

C2: 18 pF silver mica 

C3: 33 pF chip, Allen-Bradley• 

C4: 47 pF chip, Allen-Bradley• 

C5: 68 pF chip, ATC-100• 

Cg: 62 pF chip, ATC-100• 

CT 1 yF electrolytic 

Cg: 1000 pF feedthrough 

Cg, C12: 1000 pF chip, Allen-8radley• 

C10: 29 PF chip, Allen-Bradley. 

C11: 6.9 pF chip. Allen-Bradley. 

225 250 275 300 325 350 375 400 
FREQUENCY If 1— Mili 

92[5-18059 

Fig. 12- Typical performance of a 225-400-

MHz amplifier using RCA 2N6105 

in circuit of Fig. 13, at Vcc = 20 V. 

C13: 0.8-10 pF variable air, Johanson No.3957• 
L1: 2 turns, 5/32 in. 13.968 mm) I.D. coil 

L2: 17/32 in. ( 13A9 mm) long wire 

L3: RFC, 0.1 µH, Nytronics• 
1...4: 5/32 in. ( 3.968 mm) long transistor base lead 

L5, L7: 13/16 in. 120.638 mm) long wire 

Lg: 9/16 in. 114.287 mm) long wire 

Lg: 7/8 in. 122.225 mm) long wire 

R1: 5.0 1/4 W 

All wire is No.20 AWG 

• Or equivalent. 

Fig. 13-225-400-MHz amplifier using RCA 2N6105. 
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7  

0 
e 6 

o 

. . a ....8163111•681 

90 

80 ge 

 70 '« 

8 

...46660164 

COLLECTOR SUPPLY VOLTAGE Vcc1• 28 V 
OUTPUT POWER (POE • 60 W 

  CASE  TEMPERATURE (TO•25•C 
UMW  01 

  e 

225 250 275 300 325 350 
FREQUENCY ( /-

375 400 

92C5- 20378 

Fig.15—Typical performance of a 225-400-

Ml-Ir- pushipull amplifier using two 

RCA 2N6105's in circuit of Fig. 16. 

28 VOC 

28 VDC 

9225- 20371 

cl 
C2 

CC4, 

C5.C6 = 1000-pF chip, Allen-Bradley type * 

C7,C8 = 1000 pF, feedthrough 

LI = 0.18 pH RFC, Nytronics.type. 

L2, L3 = No. 20 wire, 0.75 in.(19.05 mm)long 

T1 = coaxial line, Zo = 2511, 3.75 in. 
(95.25 mm) long 

T2 = coaxial line, Zo = 25n, 4.50 in. 

1114.30 mrn1 long 

= 2 — 18 pF, Amperex HT1OMA/ 218. 

= 56-pF chip, ATC-100* 

.of equivalent 

Fig. 16-225-to-400-MIN push-pull amplifier using two RCA 2N6105's. 
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DIMENSIONAL OUTLINE FOR 2N6104 

RCA HF-32 

al A 

1 I 

bI b 

...,,,,,..0 TERMINAL No 4 

TERMINAL Nol 

TERMINAL No 2 

T, 

TERMINAL No 5 

SEATING lot  

PLANE 

92CS- 19827 

SYMBOL INCHES MILIMETERS opoEs 

MIN. MAX. MIN. MAX. 

A 0.160 0.210 4.07 5.33 

b 0.135 0.145 3.429 3.663 

1,, O. 0.105 2413 2.687 

0.004 0010 0102 0.254 1 

OD 0.306 0.320 7.75 8.12 

E 0.275 0.300 6.99 7.82 

P, 0.057 0.087 1.448 1.701 

L eess 0.610 11.56 12.96 

OE 0.115 0125 2.921 3.175 

0 0.085 0.105 2.16 266 

0, - _ _ _ 2 

9 0590 0610 14.99 15.49 

R 0.115 0.125 2.921 1176 

NOTES. 

1. TYPICAL TWO LEADS. 
2. BODY CONTOUR OPTIONAL WITHIN 01. 0 D. 
AND E 

TERMINAL CONNECTIONS 

2N6104: 2N6106: 

Flange (Terminals 1,3) - Emitter Terminals 1,3 - Emitter 

Terminal 2 - Base Terminal 2 - Base 

Terminal 4 - Collector Terminal 4 - Collector 

WARNING: The ceramic heat-sink portions of these 

devices contain beryllium oxide. Do not crush, grid or 

abrade these portions because the dust resulting from 

such action may be hazardous if inhaled. Disposal 

should be by burial. 

DIMENSIONAL OUTLINE FOR 2N6105 

JEDEC TO-216 

L 

TER/ANAL 
No.4 

TERMINAL 
No.1 

TERMINAL 
No.2 

1--

- 01 
j SEATING PLANE 

Pm 

eav 

r-1- M e  

REF. 

SECTION A-A 

-1 I-

TERMINAL 
Ne3 

b E 

1 - A 

A 
N2 

4.01 

9253- 376304 

SYMBOL 
INCHES MILLIMETERS 

NOTES 
MIN. MAX. MIN. MAX. 

A 0.150 0.230 3.81 5.84 - 

b 0.195 0.205 4.953 5.207 - 

b1 0.135 0.145 1429 3.683 - 

b2 0.095 0.105 2413 2.667 - 

C 0.004 0.010 0.102 0.254 3 

OD 0.305 0.320 7.75 8.12 5 

0171 0.110 0.130 2.80 3.30 1 

E 0.275 0.300 6.99 7.62 5 

L 0.265 0.290 6.74 7.36 - 

12 0.455 0.510 11.56 12.95 - 

M 0.053 0.064 1.35 1.62 - 

OM 0.120 0.163 3.05 4.14 - 

N 0.425 0.470 10.80 11.93 - 

N1 - 0.078 - 1.98 4 

N2 0.110 0.150 2.80 3.81 - 

0 0.120 0.170 3.05 4.31 - 

Cli 0.025 0.045 0.64 1.14 - 

Q2 5 

OW - - 2 

Mol.rnete, clonensions are denved from nnginal Inch chnlenSIOM 

NOTES: 

1. 0.053 0.064 INCH 11.35 - 1.62 mm) WRENCH FLAT. 

2. PITCH DIA. OF 8-32 UNC•2A COATED THREADS ( REF. 

UNITED SCREW THREADS ANS 81.1 . 1960). THE APPLIED 

TOROUE SHOULD NOT EXCEED 5 IN.• LBS. CLAMPING 

FORCES MUST BE APPLIED ONLY TO THE FLAT SUR• 

FACES OF THE STUD. 

3. TYPICAL FOR ALL LEADS. 

4. LENGTH OF INCOMPLETE OR UNDERCUT THREADS OF 

OW. 

5. BODY CONTOUR OPTIONAL WITHIN 02. 00. AND E. 
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IMEDU 
Solid State 
Division 

RF Power Transistors 

2N6265 

2-W, 2-GHz, Emitter- Ballasted 

Silicon N- P- N Overlay Transistor 
For UHF/Microwave Power Amplifiers, 

Microwave Fundamental- Frequency 

Oscillators and Frequency Multipliers 

Features: 
• VSWR capability of at 2 GHz 
• 2-W output with 8.2-dB gain (min.) at 2 GHz 

• 3-W output with 12-dB gain (typ.) at 1 GHz 

• Ceramic-metal hermetic stripline package with low inductance 
and low parasitic capacitances 

• For microstripline and lumped-constant circuit applications 

RCA - 2N6265 is an epitaxial silicon n-p-n planar transistor 

featuring the overlay multiple-emitter-site construction. It is 
intended for solid-state equipment for microwave communi-

cations, S-band telemetry, microwave relay link, phased-array 

radar, distance measuring equipment, transponder, and col-

lision avoidance systems. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

The ceramic-metal stripline package of the 2N6265 features 

low parasitic capacitances and inductances which provide for 

stable operation in the common-base amplifier configuration. 

Ideal as a driver for the 2N6266 or 2N6267, this transistor 

can also be used in large-signal applications in microstripline, 

stripline, and lumped-constant circuits. 

* Formerly RCA Day. No. TA7993. 

*COLLECTOR-TO-BASE VOLTAGE  VcB0 

*COLLECTOR-TO-EMITTER VOLTAGE: 

With external base-to-emitter resistance 

(RBE) = 10 VCER 
EMITTER-TO-BASE VOLTAGE  VEBO 

*CONTINUOUS COLLECTOR CURRENT   IC 

*TRANSISTOR DISSIPATION: 

At case temperature up to 75°C   

At case temperature above 75°C   

*TEMPERATURE RANGE: 

Storage and operating (Junction)   

*CASE TEMPERATURE (during soldering) 

For 10 s max. 

•In accordance with JEDEC registration data format JS-6 RDF-3/JS-9 RDF-7. 

PT 

50 

50 

3.5 

0.275 

V 

V 

V 

A 

625 

Derate linearly at 0.05 WfC 

-65 to +200 

230 OC 
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• 

ELECTRICAL CHARACTERISTICS, at Case Temperature ( Tc) = 25°C unless otherwise specified 

STATIC 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS 

LIMITS UNITS 

DC COLLECTOR 

OR BASE VOLTAGE 

(V) 

DC CURRENT 

(rnA) 

V CE V BE 1E 113 lc MIN. MAX. 

Collector-Cutoff Current 
ICES 

4.5 0 - 2 
mA o 

At Tc = 55C 40 0 - 2 

Collector-to-Base Breakdown Voltage 
V IBRICB0 

0 5 50 - V 

Emitter-to-Base Breakdown Voltage 
V IBR/E80 0.1 0 3.5 V 

Collector-to-Emitter Breakdown Voltage 

external base-to-emitter resistance RBE =10f2 V (BR10ER 10 50 - V 

Collector-to-Emitter Saturation Voltage '1 VcEisat) 10 100 - 1 V 

Thermal Resistance: (Junction-to-Flange( Re JF - 20 °C/W 

DYNAMIC 

CHARACTERISTIC SYMBOL 

POWER 

INPUT 

PIB (W) 

POWER 

OUTPUT 

PoB (W) 

SUPPLY 

VOLTAGE 

V CCI V I 

FREQUENCY 

(fl 

GHz 

LIMITS 
UNITS 

MIN. MAX. 

Power Output (See Figs. 5&12( POB 0.3 28 2 2 - w 

Power Gain 
G PB 0.3 2.0 28 2 8.2 - dB 

Collector Efficiency nc 0.3 2.0 28 2 33 - % 

Collector-to-Base Capacitance Cob. 301Vc B1 1 MHz _ 5 pF 

•1n accordance with JEOEC registration data format JS-6 FIDF-3/JS-9 RDF-7. 

TYPICAL APPLICATION INFORMATION 

CIRCUIT AND FREQUENCY 

DC COLLECTOR 

SUPPLY VOLTAGE 

(Vccl - V 

INPUT POWER 

(P i 81-W 

OUTPUT POWER 

(P0B1-W 

Microstripline 2-GHz Amplifier ( Fig. 12) 28 0.30 2.1 

Lumped Constant 1-GHz Amplifier ( Fig. 10/ 28 0.15 3.2 

PERFORMANCE DATA 
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COLLECTOR 
CASE TEMPERATURE 

SUPPLY VOLTAGE 
ITC) 

VEE . 28V 
2STC 
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•- - 

0. 03 . 
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2 22 

92C S-17631 

O
U
T
P
U
T
 
P
O
W
E
R
 
1
1
.
0
6
1
—
 W
 

_
 
 

COLLECTOR SUPPLY VOLTAGE 1VEE/•28 V . 
FREQUENCY 11.2 GM: 
CASE TEMPERATURE 1Tcl• 25•C 

C
O
L
L
E
C
T
O
R
 
E
F
F
I
C
I
E
N
C
Y
 

-. 
. • ......... 

—• ' - • • • • .... - • - • 
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IC 
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-. 
, 

- - --

o 1 02 03 
INPUT POWER I P 8)— vi 

92C5- 17632 

Fig. 1— Typical output power vs frequency for common-base Fig. 2— Typical 2-GHz output power and collector efficiency 

amplifier in the test set-up of Fig. 5. vs. input power in the test set-up of Fig 5. 
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PERFORMANCE DATA (coned) 

2N6265 

P
O
W
E
R
 
O
U
T
P
U
T
 
(
P
o
e
)
—
W
 

na
 

ta
 

COLLECTOR SUPPLY VOLTAGE I VDD I • 28 V 

'6
' 

0
 

0
 

U.
 
0
 

C
O
L
L
E
C
T
O
R
 
E
F
F
I
C
I
E
N
C
Y
 
I
 n
c
l
-
-
.
 

INPUT POWER I P181•0. 3 W 
FREQUENCY 111• 2 GHz 

ii-
+ 

-1-

—..,.   _ 
c - . 

, --t,...........„-t _—_—_1_____ 
, 

t  t 1 t 
zo 40 GO 80 

CASE TEMPERATURE 11-&— •C 

00 

92CS-17033RI 

3 

2 

FREQUENCY If • 2 6142 

INPUT POWER Pis) 0.3W 
CASE TEMPERATURE Tc1425•C 

41"  

• 

I t I -t 
16 18 20 22 24 26 28 30 

COLLECTOR— SUPPLY VOLTAGE (VW— V 

se 

50 

so 

o 

92CS - 171634181 

Fig. 3— Typical output power and collector efficiency at Fig. 4— Typical 2-GHz output poner and collector efficiency 

2-GHz vs. case temperature in the test set-up of vs. supply voltage in the test set-up of Fig. 5. 

Fig 5. 

POWER 
SOURCE 

PAD 
VARIABLE 

A  
REFLECT 

DOUBLE STUB TUNER 
CROLAB 52 -05N OR 

EQUIVALENT 

vcc 
o 

TEST 
CIRCUIT 

CALORI-
METER 

92C S - , 659 

Fig. 5—Block diagram of test set-up for measurement of 

performance from 1- or 2-GHz common-base ampli-

fier. 

" ns CASE TEMPERATURE Tcl • 10IPC 

6 

2 

NOTE: TA IS OFT RIMED BY USE OF 
INFRARED SCANNING TECHNIQUES 

1-

IC  mA CONTINUOUS I I I 

HOT.SPOT 
 TEMPERATURE 

(T.'s> 200 vC 

2 4 6 8 10 II 20 zi 40 60 80 mo 
COLLECT13R•TOEMITTER VCLTAGE 1VCE) - V 

92CS- 199/111 



2N6265 

DESIGN DATA 

File No. 543 

COLLECTOR SUPPLY VOLTAGE ( Vcc) • 28 V 
CASE TEMPERATURE ITC • 25•C 
OUTPUT POWER • SAT 

Re (zci. 

Re ( ZIN1 

• POINT FOR Z IN 

SERIES INPUT MEASUREMENT 
IMPCANCE • 

R IN T X IN 

COLLECTOR LOAD 
IMPEDANCE • POINT FOR ZcL 

RCL I XCL MEASURE MENT 

06 0.8 I I 2 1.4 1.6 1.8 2 2 2 2 4 

FREQUENCY ( f) — GHz 
92CS- 19690 

Fig. 7— Typical large-signal series input impedance and large-
signal collector load impedance vs. frequency. 

03, 1125 
(6.35) 

h 
41 -é 

0.20 
0165  
14.191 

0.7 
17 78) 

1.27 
(32.26) 1 0.58 

(14.22 
INPUT 

RCA 

0.50 

CASE TEMPERATURE ITC • 25•C 

FREQUENCY ( f)• I MHz 

5 10 15 20 25 30 35 40 45 

COLLECTOR-TO- BASE VOLTAGE ( VcE3 — V 
92C5-19691 

Fig. 8— Typical collector-to-base capacitance vs. collector-

to-base voltage. 

NOTE. AMPLIFIER MADE ON 
+28 V 1/32 IN (0.79mm) TEFLON 

-FIBERGLASS BOARD 

0.165 
((2.70) (4.19) 

-(34.931 (2946) 
1.375 1.16 

OUTPUT 

DIMENSIONS IN PARENTESES ARE IN MILLIMETERS AND ARE DERIVED 
FROM TFIE ORIGINAL INCH DIMENSIONS 

Fig. 9— Typical 1-GHz microstripline power amplifier. 

RCA 
2N6265 

APPLICATION DATA 

Tn 3 
314" 
(797) 

j— 

(698) 

CI,C4: 1000 pF CERAMIC, ATC-I 00, OR EQUIVALENT 

C2,C3) 0.001 p.F FEEDTHROUGH 

RI: 0.2411 

RFC: 5 TURNS, NO 28 WIRE, 0.05IN. ( 1.27 rpm) 
ID, 004 IN ( 1.02nvn) LONG 

92C 5-19692 

Ci, C7: 1000 pF, ceramic, leadless 

C2, C6: 0.35-3.5 pF, air-dielectric. 
Johanson 4701, or equivalent 

C3, C5: 1-10 pF, air-dielectric. 
Johanson 2957, or equivalent 

C4: 1000 pF, feedthrough, 
Allen-Bradley FA5C, or equivalent 

L1, L4: 0.01 in. (0.254)• thick, 
0.157 in. ( 3.98)• wide copper strip 

shaped as shown in inset drawing 
L2, L3: RF choke, 0.1H, Nytronics Deci-Ductor, or equivalent 

•Note: Dimensions in parentheses are in millimeters and are derived 

92C0 176410, from the original inch dimensions shown. 

Fig. 10— Typical lumped-element circuit for 1-GHz power amplifier. 
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RFC 

CI 

+Vcc 92CS-19693 

C,,C3 FILTERCON, ALLEN-BRADLEY 
SMFB-AI, OR EQUIVALENT 

APPLICATION DATA (coned) 

-&T 
X2 

( ?4%)  1--
C4 

NOTE LINE MADE ON 1/32 IN 
(0.791) TEFLON-
FIBERGLASS ,,BOARD 

1.1 1 0 IN ( 25 4 mn1) SECTION 
MINIATURE 50 CABLE 

CI,C3, 0.35-3.5 pF, AIR- DIELECTRIC, + VCC 
JOHANSON 4701, OR EQUIVALENT 

1000pF,FEEDTHROUGH, ALLEN BRADLEY 

FA5C, OR EQUIVALENT 

Lg ,L3, MICROSTRIPLINE, 202 COPPER - CLAD 
1/32 IN (0 e) TEFLON- FIBERGLASS 

C2 03-35 pF, JOHANSON 4700, RFC 3 TURNS, NO 32 WIRE 00625 L2,I,4. RF CHOKE, 4 TURNS 
OR EQUIVALENT IN 11 5Bnim) 10,0 187 IN 1476 NO 2B WIRE, 0 062 IN. II 571• 

C4 300 pF, ATC - 100, OR mm) LONG ID, 3/161N 14 75r LONG 
EQUIVALENT 

D 

E 

G 

IN. 

0 350 

0.300 
0.750 

0.275 

0.180  

0.100 

0.400 

mm 

8.89 

7.62 

1.91 

6.98 

4.57 

2.54 

10.16 

92C5-19694 

• NOTE: DIMENSIONS IN PARENTHESES ARE IN MILLIMETERS AND ARE DERIVED 
FROM THF ORIGINAL INCH DIMENSIONS SHOWN. 

Fig. 11—Typical 1.7-GHz oscillator circuit. Fig. 12— Typical circuit for 2-GHz microstripline amplifier. 

AI OR Cu 
CIRCUIT BLOCK 

INPUT LINE 

500 
INPUT 

RFC 

RFC 500 
/OUTPUT 

OUTPUT LINE 

STRIPLINE 
TRANSISTOR 

C1, C5: DC-blocking capacitors 

C2, C3: Feedthrough or filter capacitors 

(a) Typical circuit 

92CS-1745581 

2 HOLES 
(TO CLEAR SCREWS 
USED TO HOLD 
DEVICE DOWN AT 
MOUNTING FLANGE) 

92C5 19339 

Note: Dimensions in parentheses are in millimeters and are derived 

from the original inch dimensions shown. 

(b) Circuit shield (Place over device and screw down to 

circuit board). 

NOTE: The circuit shield (b) can be made as a pert of a ridge in the 

circuit board la) instead of the slot shown, and the device can be 

mounted upside down in a slot in this ridge for equivalent circuit 

isolation. For operation in the 2-2.4 GHz range, it is recommended 

that the circuit be completely shielded to prevent losses due to circuit 

radiation at these frequencies. 

Fig. 13— Typical circuit construction. 
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TERMINAL 
No 3 — 

INDEX MARX 
AREA 

OP 

TERMI NAL 
No 4 

DIMENSIONAL OUTLINE 

ERMINAL 
No I 

NOTE. EMITTER IS GOLD PLAT ED 

RI 

MO-

E, 

92CS-11609 

SYMBOL 
INCHES MILLIMETERS 

MIN. MAX. MIN. MAX. 

A 0.225 0.250 5.72 6.35 

B 0.145 0.160 3.69 4.06 

B1 0.165 0.180 4.20 4.57 

C 0.004 0.010 0.102 1 0.254 

D 0.657 0.667 16.69 16.94 

DI 0.190 0.210 4.83 5.33 

E 0.155 0.165 194 4.19 

E 1 0140 0.165 3.56 4.19 

F 0.058 0.063 1.48 1.72 

L 0.235 0.265 5.97 6.73 

Op 0.090 0.096 2.286 2.438 

a 
a 

0.062 

0.420 

0.077 

I 0.440 

1.58 

10.67 

, 1.95 

1 11.17 

Dimensions in millimeters are de iced from the basic 

inch dimensions as shown. 

TERMINAL CONNECTIONS 

Terminal 1 — Emitter 

Terminals 2 & 4 — Base 

Terminal 3 — Collector 

SOLDERING INSTRUCTIONS 

When soldering the 2N6265 into a microstripline or lumped-

constant circuit, the collector and emitter terminals of the 

device must be pretinned in the region where soldering is to 

take place. The device should be held in a high-thermal-

resistance support for this tinning operation. A 60/40 resin-

core solder and a low-wattage (47 watts) soldering iron are 

suggested for the pretinning operation. The case temperature 

should not exceed 230°C for a maximum of 10 seconds 

during tinning and subsequent soldering operations. 

WARNING: The ceramic body of this device contains 

beryllium oxide. Do not crush, grind, or abrade these 

portions because the dust resulting from such action may 

be hazardous if inhaled. Disposal should be by burial. 
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MOM RF Power Transistors 

Solid State 
Division 

2N6266 

5-W, 2-GHz, Emitter- Ballasted 
Silicon N- P-N Overlay Transistor 
For UHF/Microwave Power Amplifiers, 

Microwave Fundamental- Frequency 

Oscillators and Frequency Multipliers 

Features 

• Emitter-ballasting resistors 
• VSWR capability of : 1 at 2 GHz 

• 5 W output with 7 dB gain ( min.) at 2 GHz 

• 13.5 W output with 11 dB gain ( typ.) at 1 GHz 

• Ceramic- metal hermetic stripline package with low inductance and 

low parasitic capacitances 

RCA — 2N6266 is an epitaxial silicon n- p-n planar tran- • Stable common-base operation 

sistor featuring the overlay multiple-emitter-site construction • For microstripline, stripline, and lumped-constant 

and emitter- ballasting resistors. It is intended for solid-state circuit applications 

equipment for microwave communications, S-band telem-

etry, microwave relay link, phased-array radar, distance-

measuring equipment, transponder, and collision- avoidance stable operation in the common-base configuration. The use 

systems. The device can be used in large-signal cw or pulsed of emitter- ballasting resistors and the low-thermal- resistance 

applications over the range of 0.5 GHz to 2.4 GHz in package provide ruggedness and reliability. 

stripline, microstripline, or lumped-constant circuits. 

The ceramic- metal stripline package of the 2N6266 features 

low parasitic capacitances and inductances which provide for 

MAXIMUM RATINGS, Absolute-Maximum Values: 

*Formerly RCA Dey. No. TA7994. 

COLLECTOR-TO-BASE VOLTAGE   

COLLECTOR-TO-EMITTER VOLTAGE: 

With external base-to-emitter resistance 

(RBE) = 10 E2   

• EMITTER-TO-BASE VOLTAGE   

• CONTINUOUS COLLECTOR CURRENT   

• TRANSISTOR DISSIPATION: 

At case temperature up to 75°C   

At case temperature above 75°C   

VCBO 

VCER 

VEBO 

IC 

PT 

50 

50 

3.5 

V 

V 

V 

A 

14.8 

Derate linearly at 0.118 Wf C 

• TEMPERATURE RANGE: 

Storage and operating (Junction)   -65 to +200 

• CASE TEMPERATURE (during soldering) 

For 10 s max.   230 

•In accordance with JE DEC registration data forrnat JS-6 ROF-3/JS-9 RDF -7. 

°c 

'c 
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ELECTRICAL CHARACTERISTICS, at Case Temperature (kV = 25°C, unless otherwise specified 

STATIC 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS 

LIMITS UNITS 

DC Collector 

or Base 

Voltage ( V) 

DC 

Current 

(mA) 

Collector-Cutoff Current 

At Tc = 55°C ICES 

\ICE VBE IE IB lc Min. Max. 

mA 45 0 — 2 

40 0 2 

Collector-to-Base Breakdown 

Voltage 
V(BR)CB0 0 5 50 — V 

Emitter-to-Base Breakdown 

Voltage 
V(BRIEBO 0.1 0 3.5 — V 

Collector-to-Emitter Breakdown 
Voltage 

With external base-to-emitter 

resistance ( RBE) = 10 St 

V(BR )CER 
10 50 — V 

Collector-to-Emitter Saturation 
Voltage 

VcE(sat) 20 100 — 1 V 

Thermal Resistance: 

(Junction-to-F lange) 
POJF — 8.5 °C/W 

DYNAMIC 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS 

LIMITS UNITS Frequency 
(f) — GHz 

DC Collector 

Supply Voltage 

(VCC) — V Min. Max. 

Output Power, PIB = 1 W 

(See Figs. 7 & 11) 
P OB  2 28 5 — W 

Power Gain, PcB = 5 W GPB 2 28 7 — dB 

Collector Efficiency, POB ' 5 w nc 2 28 33 % 

Collector-to-Base Capacitance 
VcB = 30 V 

C0b,,, 1 MHz — 10 pF 

In accordance with JEDEC registration data format US-6 ROF-3/JS-9 RDF-7) 

TYPICAL APPLICATION INFORMATION 

CIRCUIT & FREQUENCY See Fig. 

DC Collector 
Supply Voltage 

(VCC) — V 

Input Power 

(PIB) — W 

Output Power 

(POB) — W 

Microstripline 

1—GHz Amplifier 10 28 1 13.5 

Microstripline 
2—GHz Amplifier 

11 28 1 6 

Microstripline ( Broadband) Pulsed Power: 

1.2- 1.4-GHz Amplifier Pulse Duration = 1.3 ms 
Duty Factor = 30% 

12 28 1 12 

Microstripline 
1.7- 1.8-GHz Tunable Oscillator 13 28 — 3 

238 



File No. 544 

PERFORMANCE DATA 

2N6266 

O
U
T
P
U
T
 
P
O
W
E
R
 
(
P
a
i
d
-

14 

12 

E:ng 

à;:e11:111Re ..... 

- COLLECTOR SUPPLY VOLTAGE (Vcc)•28 V  

CASE TE PERATURE ( Tc/•25 •C 
• 

;:i111:21:18¡• 
•••••••e:••••••0 
brqUillonme• 
•••Z•••111ma .  

10  

e 

6 

4 

2 

o 
as 1.0 12 1.4 1.6 Le 2.0 2.2 2.4 2• 

FREQUENCY (8)-011z 

`41MBIMMOS.  
."2.••••• ..  ....   

«MM  

/4,07••••.  Wm 
  ... Ntb.  

4'6% 4,74 

'640 
IP 

• • • '` 

Be. 

BIM 

92C5-17643 
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Fig. 2—Typical output power or collector efficiency vs. input 
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Fig. 5— Typical output power vs. case temperature at 2 GHz. 

lector supply voltage at 2 GHz in test set-up of Fig. 7. 
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DOUBLE STUB TUNER 
CROLAB 52-05N OR 

EQUIVALENT 
92C S - 7665 

Fig. 7—Block diagram of test set-up for measurement of il 

performance from 1- or 2-GHz common-base 

amplifier. 
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Fig. 8— Typical large-signal series input impedance or large-

scale collector load impedance vs. frequency. 

RCA 

-1 (3'85101 
0.40 
(10 161 

_1 080 [:11- 
(2032) 

022 

(10.161 [ [°• 2f-2 

0.4 

ni 15.581 

92c ,,o2 

060 
11524 

C1, C2, C5, C6: 0.8-10 pF, Johanson 5202, or equivalent 

C3, C4: Filtercon, Allen-Bradley SMFB-Al, or equivalent 

RFC: No. 32 wire, 3 turns, 0.0625 in. ( 1.58 mm) ID, 0.187 in. 

R1: 1 St (4.76 mm) long 

Dielectric material: 1/32 in. (0.79 mm) thick Teflon-fiberglass 

double-clad circuit board 4e = 2.6). Lines X1 and X2 are produced by 
removing upper copper layer to dimensions shown. 

• Note: Dimensions in parentheses are in millimeters and are derived 

from the original inch dimensions shown. 

Fig. 10— Typical 1-GHz microstripline power amplifier 

circuit. 
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92C5- 176X9 

Fig. 9— Typical collector-to-base capacitance vs. collector-to-

base voltage. 
RCA 

256266 

0.33 
18.381 

1._(100..49r,i-T NOTE I 
NOTE 

SHUNT STUBS CAN BE TRIMMED 

TO SHORTEN- Cut OVERALL LENGTH 
TO LENGTHEN- CUT TAPER IN 

STUBS AS SHOWN 

13.171 

'Tl2 .191 92C 5 - 176 57 RI 

C1, C3, C4: 0.3-3.5 pF, Johanson 4700, or equivalent 

C2: F iltercon, Allen-Bradley SMF B-A 1, or equivalent 

RFC: No. 32 wire, 0.4 in. ( 10.16 mm) long 

Dielectric material: 1/32 in. (0.79 mm) thick Teflon-fiberglass 

double-clad circuit board le = 2.6). Lines X1 and X2 are produced by 

removing upper copper layer to dimensions shown. 

• Note. Dimensions in parentheses are in millimeters and are derived 

from the original inch dimensions shown. 

F ig. 11— Typical 2-GHz microstripline power amplifier 

circuit. 
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C1, C3, C4, C6: 1000 pF ceramic, ATC-100, or equivalent 
C2, C5: 1000 pF feedthrough 
L1, L2: RFC, 5 turns No. 32 wire, 0.0625 in. ( 1.58 mm) 

ID, 0.25 in. (6.35 mm) long 
L3: 0.005 in. (0.127 mm) lead length (C3 (cad) 
L4: 0.250 in. (6.35 mm) lead length (C4 lead) 
R1: 0.4752 
Z1: 0.34 in. x 0.525 in. (8.63 mm x 13.34 mm) 

Z 0.215 in. x 0.235 in. (5.46 mm x 5.97 mm) 
23: 0.075 in. x 0.4 in. x 0.77 in. ( 1.91 mm x 

10.16 mm x 19.56 mm) 
Z 0.075 in. x 0.575 in. x 0.435 in. ( 1.91 mm x 

14.61 mm x 11.05 mm) 

Z5: 1.12 in. (28.45 mm) x 0.59 in. (14.98 mm) 

Dielectric material: 1/32 in. (0.79 mm) thick Teflon-fiberglass 

double-clad circuit board (r = 2.61. Lines X1 and X2 are produced by 

removing upper copper layer to dimensions shown. 

Fig. 12- Typical 1.2-1.4-Gl-lz broadband amplifier circuit. 

AI OR Cu 
CIRCUIT BLOCK 

INPUT LINE 

CI 

500 
INPUT 

RFC 

RFC 5011 
OUTPUT 

OUTPUT LINE 

SLOT 

STRIPLINE 
TRANSISTOR 

C1, C5: DC-blocking capacitors 

C2, C3: Feedthrough or filter capacitors 

(al Typical circuit 

12C1-17655Ri 

NOTE: The circuit shield ( b) can be made as a part of a ridge in the 

circuit board (a) instead of the slot shown, and the device can be 

mounted upside down in a slot in this ridge for equivalent circuit 

isolation. For operation in the 2-2.4-GHz range, it is recommended 

that the circuit be completely shielded to prevent losses due to circuit 

radiation at these frequencies. 

92CS-17656 RI 

12 5I41 

li 
0.3 

(7.62) 

" 115 241 

C1, C3: Filtercon, Allen-Bradley SMFB-Al , or equivalent 

C2: 0.3-3.5 pF, Johanson 4700, or equivalent 

C4: 300 pF, ATC-100 or equivalent 

L1: 1.0 in. (25.4 mm) length section miniature 50 12 cable, or 

microstrip equivalent 

RFC: 3 turns, No. 32 wire, 0.0625 in. ( 159 mm) ID, 

0.187 in. ( 4.76 mm) long 

X2: 0.013 in. (0.33 mm) thick Teflon-Kapton double-clad circuit 

board (Grade PE-1243 as supplied by Budd Polychem Division, 

Newark, Delaware), or equivalent. 

Line X2 is exponentially tapered 

NOTE: Oscillator is single screw tunable 1.6 GHz to 1.8 GHz 

•Note: Dimensions in parentheses are in millimeters and are derived 

from the original inch dimensions shown. 

Fig. 13- Typical 1.7-GHz oscillator circuit. 

2 HOLES 
(TO CLEAR SCREWS 
USED TO HOLD 
DEVICE DOWN AT 
MOUNTING FLANGE ) 

(4 441 

0 200 
(5 08) 

0.40 
110.161 

92C3 19333 

(b) Circuit shield (Place over device and screw down to cir-
cuit board). 

Fig. 14- Typical circuit construction. 
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D 

DI 

B 

TERMINAL 
No 3 — 

INDEX MARK 
AREA 

Os 

TERMINAL 
No 4 

k-81 

TERMINAL 
No 2 

TERMINAL 
No I 

NOTE EMITTER IS GOLD PLATED 

SOLDERING INSTRUCTIONS 

resistance support for this tinning operation. A 60/40 resin-

When the 2N6266 is soldered into a microstripline or core solder and a low-wattage ( 47 watts) soldering iron are 

lumped-constant circuit, the collector and emitter terminals suggested for the pretinning operation. The case temperature 

of the device must be pretinned in the region where soldering should not exceed 230°C for a maximum of 10 seconds 

is to take place. The device should be held in a high-thermal- during tinning and subsequent soldering operations. 

.5— A —• 

10_ 

F 

92[5,609 

SYMBOL 
INCHES MILLIMETERS 

MIN. MAX. MIN. MAX. 

A 0.225 , 0.250 5.72 6.35 

B 0.145 0.160 3.69 4.06 

B1 0.165 0.180 4.20 4.57 

c 6.004 0.010 0.102 0.254 

D 0.657 0.667 16.69 16.94 

DI 0.190 0.210 4.83 5.33 

E 0.155 0.165 3.94 4.19 

El 0.140 0.165 3.56 4.19 

F 0.058 , 0.063 1.48 1.72 

L 0.235 ! 0.265 5.97 6.73 

oP 0.090 0.096 2.286 2.438 

a 0.062 0.077 1.58 1.95 

sl 0.420 1 0.440 10.67 11.17 

Dimensions in millimeters are de ived from the basic 
inch dimensions as shown. 

TERMINAL CONNECTIONS 

Terminal 1 - Emitter 

Terminals 2 & 4 - Base 
Terminal 3 - Collector 

WARNING: The ceramic body of this device contains 

beryllium oxide. Do not crush, grind, or abrade these 

portions because the dust resulting from such action may 

be hazardous if inhaled. Disposal should be by burial. 
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MOM 
Solid State 
Division 

RF Power Transistors 

2N6267 

RCA H F-28 PACKAGE 

10-W, 2-GHz, Emitter- Ballasted 

Silicon N- P-N Overlay Transistor 

For UHF/Microwave Power Amplifiers, Microwave 

Fundamental-Frequency Oscillators, and Frequency Multipliers 

Features 

• Emitter-ballasting resistors 

• 10 W output with 7 dB gain ( min.) at 2 GHz (28 V) 

• 8 W output with 6 dB gain ltyp.) at 2.3 GHz (28 V) 
• VSWR capability of 10:1 at 2 0Hz 

• Ceramic metal hermetic stripline package with low inductance and low parasitic 
capacitances 

RCA — 2N6267 is an epitaxial silicon n-p-n planar transistor 

featuring the overlay multiple-emitter-site construction and 

emitter-ballasting resistors. It is intended for solid-state 

equipment for microwave communications, S-band 

telemetry, microwave relay link, phased-array radar, dis-

tance-measur ing equipment, transponder, and colli-

sion-avoidance systems. The device can be used in large-signal 

cw or pulsed applications over the range of 0.5 GHz to 2.4 

GHz in stripline, microstripline, or lumped-constant circuits. 

• Stable common-base operation 

• For microstripline, stripline, and lumped-constant 

circuit applications 

The ceramic-metal stripline package of the 2N6267 features 

low parasitic capacitances and inductances which afford 

stable operation in the common-base configuration. The use 

of emitter-ballasting resistors and the low-thermal- resistance 

package provide increased ruggedness and reliability. 

°Formerly RCA Dev No. TA7995 

MAXIMUM RATINGS, Absolute-Maximum Values: 

*COLLECTOR-TO-BASE VOLTAGE   VC80 50 

*COLLECTOR-TO-EMITTER VOLTAGE: 

With external base-to-emitter resistance 

(RH) = 10 SI   VCER 50 

*EMITTER-TO-BASE VOLTAGE   VEgo 3.5 

*CONTINUOUS COLLECTOR CURRENT 

*TRANSISTOR DISSIPATION: 

At case temperature up to 75°C   

At case temperature above 75°C   

*TEMPERATURE RANGE: 

Storage and operating (Junction)   

*CASE TEMPERATURE (during soldering) 

For 10 s max. 

•In accordance with JEDEC registration data format JS-6 RDF-3/JS-9 RDF-7. 

  IC 1.5 

PT 

V 

V 

V 

A 

21 

Derate linearly at 0.168 WPC 

-65 to +200 

230 
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ELECTRICAL CHARACTERISTICS, at Case Temperature ( Tc) = 25°C unless otherwise specified 

• 

• 

STATIC 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS 

LIMITS UNITS 

DC COLLECTOR 

OR BASE 

VOLTAGE (V) 

DC 

CURRENT 

(mA) 

VCE VBE 1E 1B lc MIN. MAX. 

Collector-Cutoff Current 

At Tc = 55°C ICES 
45 0 — 2 

mA 
40 0 — 2 

Collector-to- Base 
Breakdown Voltage V(BR)CB0 0 5 50 — V 

Emitter-to-Base 

Breakdown Voltage 
VIBRIEBO 0.1 0 3.5 — V 

Collector-to-Emitter 

Breakdown Voltage: 

With external base-to-emitter 

resistance M B E) = ion 

V IBRICER 
10 50 V 

Collector-to-Emitter 

Saturation Voltage VCE (sat) 20 100 — 1 V 

Thermal Resistance: 
(Junction-to- Flange) 

ROJF — 6 °C/W 

DYNAMIC 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS 

LIMITS UNITS FREQUENCY 
(f) — GHz 

DC COLLECTOR 

SUPPLY VOLTAGE 

(VCC) — V MIN. MAX. 

Output Power, PB3 = 2 W POB 2 28 10 W 

Power Gain, PoB = 10 W Gpg 2 28 7 dB 

Collector Efficiency, POB ' 10 W nc 2 28 35 — % 

Collector-to- Base Capacitance 

VCB ' 30 V 

Cobo 1 MHz 13 pF 

'In accordance with JEDEC registration data format ( JS- 6 RDF-3/JS 9 ROF - 71 

TYPICAL APPLICATION INFORMATION 

CIRCUIT & FREQUENCY 
SEE 

FIG. 

DC COLLECTOR 
SUPPLY VOLTAGE 

(VCC) — V 

INPUT 

POWER 

(PIB) — W 

OUTPUT 

POWER 

(POB) — W 

Microstripline: 
1—GHz Amplifier 14 28 1.5 14 

Microstripline: 
2—GHz Amplifier 

13 28 2 12 

Microstripline: 

2.3—GHz Amplifier 16 28 2 8 

Microstripline: Pulsed Power: 

1.3—GHz Amplifier Pulse Duration = 1.3 ms 

Duty Factor = 30% 15 28 2 18 

Microstripline: 

1.6- 1.8—GHz Tunable Oscillator 17 20 — 4 
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Fig. 7- Typical output power in oscillator circuit shown in 

Fig. 17. 
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Fig. 8-Block diagram of test set-up for measurement of rf 
performance from 1- or 2-GHz common-base 

amplifier. 
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Fig. 10- Typical large-signal collector load impedance vs. fre-
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(9 65) 

NOTE I SHUNT STUBS CAN 
BE TRIMMED. 
TO SHORTEN CUT 
OVER-ALL LENGTH. 
TO LENGTHEN: 
CUT TAPER IN R1 
STUBS AS SHOWN. 

x 0.50 
((2.70) 

0.38 Fa._ 

048 
(12.191 

030 
(762) 

APPLICATION DATA 

NOTE I 

92C5 - i9325 RI 

C1, C4, C5: 0.3-3.5 pF, Johanson 4700, or equivalent 

C2, C3: Filtercon, Allen-Bradley SMFB-Al, or equivalent 

RFC: No. 32, wire, 0.4 in. ( 10.16 mm) long 

R1: 0.24 

Dielectric material: 1/32 in. (0.79 mm) thick Teflon-fiberglass 

double-clad circuit board le = 2.6). Lines X1 and X2 are produced by 

removing upper copper layer to dimensions shown. 

Fig.13—Typical 2-GHz power amplifier circuit. 

C1, C2, C6: 1-10 pF JFD Electronics, MVM010, or equivalent 

C5, C2: 0.3-3.5 pF, JFD Electronics, MVM003, or equivalent 

C3, C4: 1000 pF feedthrough, Allen-Bradley FA5C, or equivalent 

R1: 0.75 12 

Dielectric material: 1/32 in. (0.79 mm) thick Teflon-fiberglass 

double-clad circuit board le = 2.6). Lines X1 and X2 are produced by 

removing upper copper layer to dimensions shown. 

Fig.15—Typical 1.3-GHz power amplifier circuit. 

RCA 

0 40 
(10 16) 

080 
(2032) 

--1 ISO (38 10) 

0.22 

0.4 L 0 60 
(10.1610 30 j 17022115 24 

(7 62 (5 58) 

92CS - e.s. 

C1, C2, C5, C6: 0.8-10 pF, Johanson 5202, or equivalent 

C3, C4: Filtercon, Allen-Bradley SMFB-A1, or equivalent 

RFC: No. 32 wire, 3 turns, 0.0625 in. ( 1.58 mm)113 x 0.187 in. 

R1: 1 It (4.76 mm) long 

Dielectric material: 1/32 in. (0.79 mm) thick Teflon-fiberglass 

double-clad circuit board le = 2.6). Lines X1 and X2 are produced by 

removing upper copper layer to dimensions shown. 

Fig.14—Typical 1-GHz power amplifier circuit. 

RCA 
256267 

RFC 

NOTE I SHUNT STUBS CAN 
BE TRIMMED 
TO SHORTEN CUT C2 
OVER-ALL LENGTH. 
TO LENGTHEN 
CUT TAPER IN —1 
STUBS AS SHOWN. 

0.50 
(12.701 

92C, '33, 

RFC 

3 

IL 5C)(1 

0.35 
(8 89) 

—)  
t 019 X2 (4 831 

0.30 0.10 
( 7 62) (2.541 048 NOTE I 

(12.19) 

'MS -.9352 CI 

C1, C4: 0.3-3.5 pF, Johanson 4700, or equivalent 
C2 ,C3: Filtercon, Allen-Bradley SMFB-A1, or equivalent 

RFC: No. 32 wire, 0.4 in. ( 10.16 mm) long 

R1'• • 0 24 Cl 

Dielectric material: 1/32 in. (0.79 mm) thick Teflon-fiberglass 

double-clad circuit board (e = 2.6). Lines X1 and X2 are produced by 

removing upper copper layer to dimensions shown. 

Fig. 16— Typical 23-G1-1z amplifier circuit. 
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TVEE 

0.37 
(9 391 

06   
15 24 

,2C5 - ,9328111 

Ci , C3: Filtercon, Allen-Bradley SMF B-A1, or equivalent 

C2: 0.3-3.5 pF, Johanson 4700, or equivalent 

C4: 300 pF, ATC-100 or equivalent 

L1: 1.0 in (25.4 mm) length section miniature 50 St cable, or microstrip 

equivalent 

RFC: 3 turns, No. 32 wire, 0.0625 in. ID, ( 1.59 mm) ID, 

0.187 in. (4.76 mm) long 

X2: 0.013 in. (0.33 mm)-thick Teflon-Kapton double-clad circuit 

board (Grade PE-1243 as supplied by Budd Polychem Division, 

Newark, Delaware), or equivalent. 

Line X2 is exponentially tapered 

Dimensions in parentheses are in millimeters and are derived from the 

original inch dimensions as shown. 

NOTE: Oscillator is single screw tunable 1.6 GHz to 1.8 GHz 

Fig. 17- Typical 1.7-GHz oscillator circuit. 

0.19 0.11 
(4.1321 (2:79) 

TERMINAL CONNECTIONS 

Terminal 1 - Emitter 

Terminals 2 & 4 - Base 

Terminal 3 - Collector 

WARNING: The ceramic body of this device contains 

beryllium oxide. Do not crush, grind, or abrade these 

portions because the dust resulting from such action may 

be hazardous if inhaled. Disposal should be by burial. 

DIMENSIONAL OUTLINE 

D 

DI 

TERMINAL 
No 3 - 

INDEX MARK 
AREA 

Oa 

TERMINAL 
No 4 

-••• 

ERMINAL 
No I 

TERMINAL L 
No 2 1 

NOTE EMITTER IS GOLD PLATED 92[5-11609 

CIRCUIT BLOCK 1la 13LOCK 

INPUT LINE 

C, 

50171 
INPUT 

RFC 

RFC 
C2 RE 

C1, C5: DC-blocking capacitors 

C2, C3: Feedthrough or filter capacitors 

(a) Typical circuit 

2 HOLES 
(TO CLEAR SCREWS 
USED TO HOLD 
DEVICE DOWN AT 
MOUNTING FLANGE) 

SLOT 

rson 
/ OUTPUT 

OUTPUT LINE 

TRANSISTORRIP-INE  92C5- 17455R1 

Dimensions in parentheses are in millimeters and are derived from the 

original inch dimensions as shown. 

(b) Circuit shield (Place over device and screw down to 

circuit board). 

NOTE: The circuit shield (b) can be made as a part of a ridge in the 

circuit board (a) instead of the slot shown, and the device can be 

mounted upside down in a slot in this ridge for equivalent circuit 

isolation. For operation in the 2-2.4 GHz range, it is recommended 

that the circuit be completely shielded to prevent losses due to circuit 

radiation at these frequencies. 

Fig.18-Typical circuit construction. 

SYMBOL 
INCHES MILLIMETERS 

MIN. , MAX. MIN. MAX. 

A 0.225 0.250 5.72 6.35 

B 0.145 0.160 3.69 4.06 

B1 0.165 0.180 4.20 4.57 

C 0.004 0.010 0.102 0.254 

D 0.657 0.667 16.69 16.94 

D1 0.190 0.210 4.83 5.33 

E 0.155 0.165 3.94 4.19 

El 0.140 0.165 3.56 4.19 

F 0.058 0.063 1.48 1.72 

L 0.235 0.265 5.97 6.73 

0.090 0.096 2.286 2.438 

0 0.062 ' 0.077 1.58 195 

A 0.420 I 0.440 10.67 11.17 

248 
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IMEM 
Solid State 
Division 

RF Power Transistors 

2N6268 2N6269 

6.5- and 2-W, 2.3-GHz, Emitter- Ballasted 

Silicon N-P-N Overlay Transistors 

For Use in Microwave Power Amplifiers 

Fundamental- Frequency Oscillators, and Frequency Multipliers 

Features 

• Designed for 20- to 24-V equipment 

• Emitter-ballasting resistors 

• VSWR capability of 10:1 at 2.3 GHz 

• 7-W output with 7 dB gain ( min.) at 2.3 GHz ( 22V) - 2N6268 

• 6.5-W output with 5 dB gain ( min.) at 2.3 GHz - 2N6269 

• Stable common-base operation 

RCA-2N6268 and 2N6269 are epitaxial silicon n- p-n planar • Ceramic-metal hermetic stripline package with low induc-

transistors featuring the overlay multiple-emitter-site con- tance and low parasitic capacitances 

struction. They are designed especially for equipment using • For stripline, microstripline, and lumped-constant circuit 

20- to 24-V collector supplies in microwave communications, applications 

S- band telemetry, microwave relay link, phased-array radar, 

distance-measuring equipment, transponder, and collision-

avoidance systems. 

The ceramic-metal stripline package of these devices features 

low parasitic capacitances and inductances, which affords 

stable operation in the common-base configuration. 

Ideal as a driver for the 2N6269, type 2N6268 can also be 

used in large-signal applications. The use of emitter-ballasting •Formerly RCA Dev, Nos. TA8407 and TA7995A, respectively. 

resistors and the low- thermal-resistance package make the 

2N6269 especially suitable for large-signal, cw, or pulsed 

applications over the range of 0.5 GHz to 2.4 GHz in strip-

line, microstripline, and lumped-constant circuits. 

MAXIMUM RATINGS, Absolute-Maximum Values: 2N6268 2N6269 

•COLLECTOR-TO-BASE VOLTAGE   VCBO 45 45 V 

•COLLECTOR-TO-EMITTER VOLTAGE: 

With external base- to- emitter resistance 

(RBE) = 10 1/   VCER 45 45 V 

*EMITTER-TO-BASE VOLTAGE   VEBO 3.5 3.5 V 

*CONTINUOUS COLLECTOR CURRENT   IC 0.350 1.5 A 

•TRANSISTOR DISSIPATION: PT 

At case temperature up to 75°C   6.25 21 W 

At case temperature above 75°C Derate linearly at 0.05 0.168 WfC 

*TEMPERATURE RANGE: 

Storage and operating (Junction)   —65 to +200 °C 

*CASE TEMPERATURE (during soldering) 

For 10 s max.   230 °C 

•In accordance with JEDEC registration data format JS-6 RDF-3/JS-9 RDF-7. 
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ELECTRICAL CHARACTERISTICS, at Case Temperature ( Tc) = 25°C unless otherwise specified. 

STATIC 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS LIMITS 

UNITS 

DC 

COLLECTOR 

OR BASE OR 

VOLTAGE ( V) 

DC 

(mA) 

2N6268 2N6269 

VCE VBE IE IB IC MIN. MAX. MIN. MAX. 

Collector-Cutoff 

Current 
ICES 

40 0 2 — 2 

rnA 

At Tc = 55°C 
30 
35 

0 
0 

1 

2 

Collector-to- Base 
Breakdown Voltage 

V(BR)CB0 0 5 45 45 V 

Emitter-to- Base 
Breakdown Voltage V(BRIEBO 0.1 0 3.5 3.5 V 

Collector-to- Emitter 
Breakdown Voltage 
With external base- 

to-emitter resistance 

(138E) = 10 12 

V/BirocEB 10 45 45 V 

Collector-to- Emitter 
Saturation Voltage VCE (sat ) 

10 
20 

100 
100 

1 
1 

V 

Thermal Resistance 
(Junction-to- Flange) ROJF 20 — 6 °C/W 

DYNAMIC 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS LIMITS 

UNITS 
FREQUENCY 

(f) — GHz 

DC 
COLLECTOR 
SUPPLY 
VOLTAGE 

(VCC) -- V 

2N6268 2N6269 

MIN. MAX. MIN. MAX. 

Output Power, PIB = 0.4 W 

= 2 W ROB 
2.3 
2.3 

22 
22 

2 
— 6.5 

W 

Power Gain, PoB = 2 W 
= 6.5 W 

G pB 
2.3 
2.3 

22 
22 

7 
— 5 

dB 

Collector Efficiency, ROB = 2 W  
= 6.5 W , •-- 

2.3 
2.3 

22 
22 

33 
— 32 

Collector-to- Base Capacitance 
VCB = 30 V 

Cobo 1 MHz 5.5 — 13 pF 

'In accordance with JEDEC registration data format JS-6 RDF-3/JS-9 RDF-7. 

TYPICAL APPLICATION INFORMATION 

CIRCUIT & FREQUENCY SEE FIG. 
DC COLLECTOR 
SUPPLY VOLTAGE 

(VCC ) — V 

INPUT POWER 

(RIB ) — W 

OUTPUT POWER 

(ROB ) — W 

Microstripline: 2.3-GHz Amplifier 28 22 2 7 

Microstripline: 2-GHz Amplifier 25 22 2 9 

Microstripline: 1.3-GHz Amplifier 27 22 1 11 

Microstripline: 2-GHz Amplifier 23 22 0.3 2.1 

Microstripline 1.6- 1.8-GHz Tunable Oscillator 29 20 3 

Lumped Constant: 1-GHz Amplifier 22 22 0.15 3.2 
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PERFORMANCE DATA 

File No. 546 

CASE TEMPERATURE ( Tc )• 25°C 

INPUT POWER ( Pio)• 0 3 VI 

Tc 2 f12);-• 

60 

55 

45 

40 

30 

5 g 
0 20 

14 16 18 20 22 24 26 

COLLECTOR SUPPLY VOLTAGE (Vcc) -V 
92cs-19.1 

Fig. 7— Typical 1- and 2-GHz output power and collector 

efficiency vs. supply voltage for type 2N6268. 

3.0 

25 

j1 2.0 

e, 5 

ià 1.0 

5 

COLLECTOR SUPPLY VOLTAGE Vcc1•22V 
FREQUENCY If . 2 Gil 2 
INPUT POWER ( P83 ).0 3W  

' 

: 

50 

ae. 

45 

40 

35 e 

30 E: 

25 

20 30 40 50 60 70 BO 90 100 

CASE TEMPERATURE ITC ( -°C 

92CS ,9808 

Fig. 9— Typical output power and collector efficiency vs. case 

temperature for type 2N6268 at 2 GHz. 

4 

e3 

e 

COLLECTOR SUPPLY VOLTAGE ( Vcc) 22V 
CASE TEMPERATURE ( Tc I. 25°C 

FREQUENCY If 1 GHz 

Re 0 2411 
  70 

 ene. 
 Bann 

 F e111•111P 
 MIRROR 

à 2   

40 

ae 

o 01 02 03 
INPUT POWER P 8 - W 

12 

Pi8 .1W ( IGHa( 

. 2W (2 Glià 
Re = Ill ( I GHal 

.0 24D (2 GIN) : : : : : : 

. : : • : 
 ,§3(` 

z2e/ :9° . • 

9, (2 GHz): 

90 

80 

70 9-
H 

so e, 

40 e' 

30 

16 18 20 22 24 26 28 30 

COLLECTOR SUPPLY VOLTAGE ( Vcc)- V 
92CS- t9340 RI 

Fig. 8— Typical I. and 2-GHz output power and collector 

14 

W 12 

? 10 

8 

4 

efficiency vs. supply voltage for type 2N6269. 

COLLECTOR SUPPLY VOLTAGE (Vcc)• 22V 

INPUT PCNIER ( 1)8 2 W 

20 30 40 50 60 70 80 90 PO 
CASE TEMPERATURE Tc °C 

92CS-19809 

Fig. 10— Typical output power and collector efficiency vs. 

case temperature for type 2N6269 at 2 GHz. 

 En  

-4.•• 

 -maze 

COLLECTOR SUPPLY VOLTAGE Vcc l• 22 V   
CASE TEMPERATuRE Tc I • 25°C 

FREQUENCY 111.1 GH: 
Re 111 

110 

100 

90 
.e; 

80 

70 . 

60 

50 

04 0.25 05 0.75 10 I. 5 1.5 1.75 2.0 2. 5 

INPUT POWER P181- W 
92CS- 19813 92C3 19E182 

Fig. 11— Typical 1-GHz output power and collector effi- Fig. 12— Typical 1-GHz output power and collector effi-

ciency vs. input power in test set-up of Fig. 14 for ciency vs. input power in test set-up of Fig. 15 for 

type 2N6268. type 2N6269. 
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PERFORMANCE DATA 

POWER 
SOURCE 

PAD VIMe RcZgiT.- 
DOUBLE SLUG TUNER 
M CROLAB SF- 31N OR 
EQUIVALENT 

14 

12 

2 

O 

COLLECTOR SUPPLY VOLTAGE IVecl 22V   
CASE TEMPERATURE ITc I 25.c 
FREQUENCY Ill 2 GFIE 
Re 0 2411 

Ilœ." a 

 mumandie 

-8- .6... 

MI:1111:11 

::::::,'"..ms  

90 

BO 

70 

60 LI 

50 EE 

40 g 

30 

025 05 075 0 25 15 75 20 225 
INPUT POWER (Pule- W 

ROCS- 19681 

Fig. 13— Typical 2-GHz output power and collector effi-

ciency for type 2N6269 in the circuit of Fig. 25. 

.04 TEST 
CIRCUIT 

CALORI-
METER 

92C 5 -. 7659 

Fig. 14—Block diagram of test set-up for measurement of 
performance from 1- or 2-GHz common-base ampli-

fier for type 2N6268. 
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N
A
 

.
.
!
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CASE TEMPERATURE TO • 00•C 

NOTE: Tjs IS DU 
NFRARED SCANNING 

RIMED BY 
TECHNIOUE 
USE 0 

lc (MAX) CONTINUOUS 

\ HOT-SPOT 
TEMPERATURE 

I 

— (1)51. 200 ••C 

2 4 6 è 10 20 o 60 80 IRO 

COLLECTOR-TO-BASE VOLTAGENce —V 
920$- 446262 

TRIPLE STUB TUNER 
MICROLAB 53-15N OR 
EQUIVALENT 

92[5-11665 

Fig. 15—Block diagram of test set-up for measurement of rf 

performance from 1- or 2-GHz common-base ampli-

fier for type 2N6269. 
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IcIAIAX I CONTINUOUS 
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\\ FIOT-SPOT 
TEMPERATURE 
ITJ5I•zocec 

NOTE- T 
USE 
SCANNING 

5 IS DETERMINED 
OF INFRARED 

TECHNIQUES 

BY 

_ 
6 13 10 20 40 

COLLECTOR-TO-BASE VOLTAGE (Vc131— V 
SUCS -19310 RI 

Fig. 16—Maximum operating area for forward-bias operation Fig. 17—Maximum operating area for forward-bias operation 

of type 2N6269. of type 2N6268. 
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DESIGN DATA 

File No. 546 

COLLECTOR SUPPLY VOLTAGE (Vcc).22 V 
CASE TEMPERATURE ( TC)•25•C 
,19PUT POWER SAT. 

PONT FOR 
MEASUREMENT 

: POINT FOR Z.. 
-10 :Erfir r ,MEASUREMENT 

./ 

SERIES INPUT IMPEDANCE • 

Rm. I GIN 
COLLECTOR LOAD IMPEDENCE 

RCL+ ' XCL 
06 0.8 10 12 14 1.6 le 2.0 

FREQUENCY If 1 — GHz 

22 24 

92CS- 9816 

Fig. 18— Typical large-signal series input impedance and large. 

signal collector load impedance vs. frequency for 

type 2N6268. 

b' 

CASE TEMPERATURE ( Tc) • 25•C    : I t 
FREQUENCY (11.1MHz 

6 
Irt-1 

I
M
P
E
D
A
N
C
E
 
(
2
)
-
 A
 

L
à

 
4 

o 
4
 
E
a
 

COLLECTOR SUPPLY VOLTAGE ( Vcc1.22V 

CASE TEMPERATURE ( Tc1.25•C 

INPUT POVIER.I.5 Vi 
SERIES INPUT IMPEDANCE. 

RiN+ I x, N 

---A------.L— 
.„..«. 

COLLECTOR LOAD IMPEDANCE. 1,,,e, 
RCL+ I XCL 

...• 

Re IZIN 

-- POINT PON Z. 
• MEASUREMENT l 

Il 
POWT FOR Z.. 

MEASUREITr MENT 

t 1 
06 0.8 1.2 14 I. 

FREQUENCY Ill- SHE 

4 

92C S-19817 

Fig. 19— Typical large-signal series input impedance and large-

signal collector load impedance vs. frequency for 

type 2N6269. 

CASE TEMPERATURE (Tc) • 25•C   

FREQUENCY (f) • I MHz 

15 20 25 30 35 0 5 10 15 20 25 30 35 40 45 

COLLECTOR -TO-E1ASE VOLTAGE IVc61-V 92CS - 198 8 COLLECTOR- TO- BASE VOLTAGE ( VcB1 — V 

92CS-Is338 

Fig. 20— Typical collector- to-base capacitance vs. collector-. Fig. 21— Typical collector- to-base capacitance vs. collector-

to-base voltage for type 2N6268. to-base voltage for type 2N6269. 
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2N6268 APPLICATION DATA 

2N6268, 2N6269 

*Vcc = 28 

C1, C7: 

C2, C6: 

C3, C5: 

C4: 

L1, L4: 

L2, L.3: 

RCA 
2N6268 

_L3 
314" 
(797) 

(6.98) 

92C9-17641RI 

1000 pF, ceramic, leadless 

0.35-3.5 pF, air-dielectric, Johanson 4701 4 

1-10 pF, air-dielectric, Johanson 2957 • 

1000 pF, feedthrough, Allen-Bradley FA5Ce 

0.01 in. 10.2541 thick, 0.157 in. 13.981• wide copper strip 

shaped as shown in inset drawing 

RF choke, 0.1µH, Nytronics Deci-Ductore 

"Note: Dimensions in parentheses are in millimeters and are derived 

from the original inch dimensions shown. 

.or equivalent 

Fig. 22— Typical lumped-element circuit for 1-GHz power 

amplifier. 

C.1, C3: 

C2: 

C4: 

RFC: 

92C9 - 19137E1 

0085 
(2.161 

X2 

055 
((4.09) 

92GS-19819 

C1 C3: 

C2: 

L1, L3: 

L2, L4: 

0.35-3.5 pF, air-dielectric, Johanson 4701 . 

1000 pF, feedthrough, Allen-Bradley FA5Ce 

Microstripline, 2 oz. copper-clad 1/32 in 10.81• Teflon-

fiberglass 

RF choke, 4 turns, No. 28 wire, 0.062 in. 11.571• ID, 

0.187 in. 14.751• long 

"Note: Dimension In parentheses are in millimeters and are derived 

from the original inch dimensions shown. 

.or equivalent 

Fig. 23— Typical circuit for 2-GHz microstripline amplifier. 

leTE, LINE MADE ON 
I/32 iN. TEFLON-
FIBERGLASS BOARD 

Filtercon, Allen-Bradley SMFB-A1 e 

0.3-3.5 pF, Johanson 4700. 

300 pF, ATC 100e 

1.0 in. 125.41• section miniature 50 cable 
3 turns, No. 32 wire, 0.062 in ( 1.571• 10,0.187 in 14.751 • long 

"Note: Dimensions in parentheses ere in millimeters and are derived 

from the original inch dimensions shown. 

cor equivalent 

Fig. 24— Typical 1.7-GHz oscillator circuit. 
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2N6269 APPLICATION DATA 

5° h-(38 10) 

RCA 

RCA 
256269 

RFC RFC 

NOTE 1 SHUNT STUBS CAN 
BE TRIMMED, C2 
TO SHORTEN. COT 
OVER-ALL LENGTH. 
TO LENGTHEN 0 
CUT TAPER IN n1 
STUBS AS SHOWN. 

C.1, C4, C5: 

C2, C3: 

RFC: 

R 1' 

Xi 
050 
(12.70) 

Ve 

(-1 

gg, 13.171 
0.125 

048 
(12.19) 

0.3-3.5 pF, Johanson 47006 

Filtercon, Allen-Bradley SMFB-A1 e 

No. 32, wire, 0.4 in. ( 10.2) • long 

0.24 SI 

ZL .50.0. 

0.30 
(7.62) 

0.30 
(762) 

NOTE I 

92CS-19677 

Dielectric material: 1/32 in. (0.79 mm) thick Teflon-fiberglass 

double-clad circuit board (e 2.6). L:nesX1 and X2 are produced by 

removing upper copper layer to dimensions shown. 

• Note: Dimensions in parentheses are in millimeters and are derived 

from the original inch dimensions shown. 

e or equivalent 

Fig. 25— Typical 2-GHz power amplifier circuit. 

0.40 I x2 I022 
I_Lli_61 (10.181 

0 • 115 24 
t 0 60 

(20.32) 
110.161 

_ 01 -{ 

17 62 -4 -.-- 030 0.22 15.58) 

Se2CS 

C1, C2, C5, C6: 0.8-10 pF, Johanson 5202e 

C3, C4: Filtercon, Allen-Bradley SMFB-A1 e 

RFC: No. 32 wire, 3 turns 0.062 in. ( 1.581• ID x 0.187 in. 

(4.76)• long 

R1: 112 

Dielectric material: 1/32 in. (0.79 mm) thick Teflon-fiberglass 

double-clad circuit board le - 2.6). Lines Xi and X2 are produced by 

removing upper copper layer to dimensions shown. 

•Note: Dimensions in parentheses are in millimeters and are derived 

from the original inch dimensions shown. 

e or equivalent 

Fig. 26— Typical 1-GHz power amplifier circuit. 

92CS-i9873 

C.1, C2, C6: 

C5, C7: 

C3, C4: 

R.1: 

1-10 pF JFD Electronics, MVM010e 

0.3-3.5 pF, JFD Electronics, MVM003e 

1000 pF feedthrough, Allen-Bradley FA5Ce 

0.7512 

Dielectric material: 1/32 in. (0.79 mm) thick Teflon-fiberglass 

double-clad circuit board (e 2.6). Lines X1 and X2 are produced by 

removing upper copper layer to dimensions shown. 

•Note: Dimensions in parentheses are in millimeters and are derived 

from the original inch dimensions shown. 

e or equivalent 

Fig. 27— Typical 1.3-GHz power amplifier circuit. 
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2N6269 APPLICATION DATA 

2N6268, 2N6269 

Zg 500 

RCA 
256269 

RFC 

NOTE SHUNT STUBS CAN 
BE TRIMMED. 
10 SHORTEN. Cut C2 
OVER-ALL LENGTH. 
TO LENGTHEN: 
CUT TAPER IN ^ I 
STUBS AS SHOWN. 

0.50 
(12.701 

Vcc 

RFC 

C3 

0.35 
(8.139) 

_ 

X2 
019 
(4 63) 

0.30 
(7.62) 0.10 ( 2.54 ) -NOTE I 

0.48 
(12.19) 

+ Vcc 

92C - « 73 

92C5-1.14 

C1, C4: 0.3-3.5 pF, Johanson 4700e 

C2, C3: Filtercon, Allen-Bradley SMFB-A1 . 

RFC: No. 32 wire, 0.4 in. ( 10.2)• long 

R1: 0.24 St 

Dielectric material: 1/32 in. ( 0.79 mm) thick Teflon-fiberglass 

double-clad circuit board le = 2.6). Lines X1 and X2 are produced by 

removing upper copper layer to dimensions shown. 

•Note: Dimensions in parentheses are in millimeters and are derived 

from the original inch dimensions shown. 

e or equivalent 

Fig. 28— Typical 2.3-GHz amplifier circuit. 

0.19 ail 
14.821 (2,79) 

C1, C3: Filtercon, Allen-Bradley SMFB-A1 . 

C2: 0.3-3.5 pF, Johanson 4700e 

C4: 300 pF, ATC-100e 

L1: 1.0 in 125.4)• section miniature 50 St cable, or microstrip 

equivalent 

RFC: 3 turns, No. 32 wire, 0.062 in ( 1.57)• ID, 0.187 in. (4.75)• 

long 

X2: 13-mil thick Teflon-Kapton double-clad circuit board 

(Grade PE-1243 as supplied by Budd Polychem Division, 

Newark, Delaware), or equivalent. 

Line X2 is exponentially tapered 

Oscillator is single screw tunable 1.6 GHz to 1.8 GHz 

•Note. Dimensions in parentheses are in millimeters and are derived 

from the original inch dimensions shown. 

cor equivalent 

Fig. 29— Typical 1.7-GHz oscillator circuit. 
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2N6268, 2N6269   File No. 546 

TOP VIEW 

TYPE N CONNECTOR 

(FEMALE) 

2N6268 & 2N6269 APPLICATION DATA 

H0 125A-. 0 25x   

Zo 20.11 Z 0 )17.30 

NOTE I USE JIG AS SHOWN ABOVE 
FOR 2- Gm: TESTS 

2 REVERSE JIG FOR 2 3-GH: 
TESTS 

ten) 137..$47 5 

0.736 

e///4 z. ....73. l / 
/// ///// 

200 LINE CROSSECTION 

0.062 
1157) 

gyve 
(16.76) 

OUTER 
CONDUCTOR 

0.1321135) 

0.062 
11.571 

INNER CONDUCTOR 

TYPE N CONNECTOR 

(FEMALE) 

1730 LINE CROSSECTION 

06333( 8?  

0.6213.35) 

92CS-19120 

Dimensions in parentheses are in millimeters and are derived from the 

original inch dimensions shown. 

Fig. 30— Typical circuit for 2- or 2.3-G Hz stripline test jig for measurement of performance from 2- or 2.3-G Hz common-base 
amplifier for 2N6268. 

AI OR Cu 
CIRCUIT BLOCK 

INPUT LINE 

Cl 

5011 
INPUT 

RFC 

C2 

RFC 

C1, C5: DC-blocking capacitors 

C2, C3: Feedthrough or filter capacitors 

(a) Typical circuit 

son 
OUTPUT 

OUTPUT LINE 

SLOT 

STRIRLINE 
TRANSISTOR 125S-17(15M 

2 HOLES 
(TO CLEAR SCREWS 
USED TO HOLD 
DEVICE DOWN AT 
MOUNTING FLANGE) 

SliCS / 9333 

Dimensions in parentheses are in millimeters and are derived from the 

original inch dimensions shown. 

(b) Circuit shield (Place over device and screw down to 

circuit board). 

NOTE: The circuit shield (b) can be made as a part of a ridge in the 

circuit board (a) instead of the slot shown, and the device can be 

mounted upside down in a slot in this ridge for equivalent circuit 

isolation. For operation in the 2-2.4 GHz range, it is recommended 

that the circuit be completely shielded to prevent losses due to circuit 

radiation at these frequencies. 

Fig. 31— Typical circuit construction using 2N6268 or 

2N6269. 
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DIMENSIONAL OUTLINE FOR 2N6268 & 2N6269 

TERMINAL 
No 3 

INDEX MARK 
AREA 

TERMINAL:. 
No 4 

TERMINAL 

No 2 

el 
TERMINAL 
No I 

NOTE EMIT TER IS GOLD PLATED 

A —a. 

92CS-C609 

SYMBOL 

INCHES MILLIMETERS 

MIN. MAX. MIN. MAX. 

A 0.225 0.250 5.72 6.35 

B 0.145 0.160 3.69 4.06 

B 1 0.165 0.180 4.20 4.57 

C 0.004 0.010 0.102 0.254 

D 0.657 0.667 16.69 16.94 

Di 0.190 0.210 4.83 5.33 

E 0.155 0.165 3.94 4.19 

E 1 0.140 0.165 3.56 4.19 

F 0.058 0.063 1.48 1.72 

L 0.235 0.265 5.97 6.73 

‘DO 0.090 0.096 2.286 2.438 

CI 0.062 0.077 1.58 1.95 

cl 0.420 0.440 10.67 11.17 

Dimensions in millimeters are derived f om the 

basic inch dimensions as shown. 

TERMINAL CONNECTIONS 

Terminal I — Emitter 

Terminals 2 & 4 — Base 

Terminal 3 — Collector 

SOLDERING INSTRUCTIONS 

When the 2N6268 or 2N6269 are soldered into a micro-

stripline of lumped-costant circuit, the collector and emitter 

terminals of the devices must be pretinned in the region 

where soldering is to take place. The device should be held in 

a high-thermal-resistance support for this tinning operation. 

A 60/40 resin-core solder and a low-wattage (47 watts) 

soldering iron are suggested for the pretinning operation. The 

case temperature should not exceed 230 °C for a maximum 

of 10 seconds during tinning and subsequent soldering 
operations. 

WARNING: The ceramic bodies of these devices contain 

beryllium oxide. Do not crush, grind, or abrade these 

portions because the dust resulting from such action may 

be hazardous if inhaled. Disposal should be by burial. 
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ipicwii 
Solid State 
Division 

,,,.._. 3 .. 
40581 

JEDEC TO-39 ... 

.,.H. 

\ 

40090 
.i..l....leale. 40081 

40582 JEDEC TO-5 
40446 

RF Power Transistors 

40080 40082 40581 
40081 40446 40582 

Silicon N-P-N 
Planar Transistors 
For Class C Operation in 
27-MHz "CB" Circuits 

• OSCILLATOR: 40080 (T0-5) 

• DRIVER: 40081 (T0-5) 

• OUTPUT: 40082, 40581 (TO-39) 

40446,40582 (TO-39 + Flange) 

RCA-40080, 40081, 40082, 40446, 40581, and 40582 are 

triple-diffused, silicon planar n-p-n transistors, specifically de-

signed for application in a 5-watt-output, 27-MHz citizens-

band transmitter. Type 40581 is a higher-power version of the 

MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-EMITTER VOLTAGE: 

40082 and is intended to provide an output power of 3.5 W 

in this application. Type 40582 is a higher-power version of 

the 40446. These types have factory-attached diamond-

shaped mounting flanges. 

With VBE = -0.5 volts   

with base open   
VCEV 

VCEO 

EMITTER-TO-BASE VOLTAGE   VEBO 

PEAK COLLECTOR CURRENT   

TRANSISTOR DISSIPATION: 

At case temperatures up to 25°C   

At free-air temperatures up to 25°C   

At case temperatures above 25°C   

TEMPERATURE RANGE: 

Storage & Operating (Junction)   

LEAD TEMPERATURE (During soldering): 

At distances 1/32 in. (0.8 mm) from insulating wafer for 10s max   

PT 

40080 40081 40082 40446 

40581 40582 

30 

0.25 

60 

2.0 

0.25 

2.5 

1.5 

so 

2.5 

1.5 

- 2.0 5.0 10 

0.5 - - - 

41—See Fig. 2 --... 

65 to 200 —gx. 

40-- 230 —go 

.0 

°C 
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ELECTRICAL CHARACTERISTICS, Car.? Temperature (Tc) = 25°C 

TEST CONDITIONS LIMITS 

DC 
DC 

EMITTER DC 40681 

CHARACTERISTIC SYMBOL 
COLLECTOR 

OR BASE CURRENT 40582 UNITS 
VOLTAGE 

VOLTAGE mA 
40080 40081 

40082 
V 

V 40446 

VcB VcE Vcc VBE lc IE IB MIN. MAX. MIN. MAX. MIN. MAX. 

10 0 30 - 

V CEO - V 

Collector- to-Emitter - - 

Voltage: _ _ 

VCEV -0.5 100µA 60 - V 

-0.5 500AA 60 - 

_ _ 
Ernitter-to-Base 

Voltage: 
VEBO 0 500µA 2.0 - V 

0 500u A 2.5 - 

15 0 - 10 
Collector-Cutoff 

Current ICB0 15 0 - 10 gA 

15 0 - 10 

Collector-to Base 30 6 
Capacitance: 

Cob 30 6 PF 
(Measured at 30 20 
1 MHz) 

RF Power Output: 

Oscillator 
POUT 12 32 100 - - - - mW 

If = 27 MHz) 

Driver 

If = 27 MHz, PouT 12 85 - - 400 - - mW 
PiN = 75 mW) 

3.0 (mini 

Output Amplifier 12 415 140082, 

If = 27 MHz, POUT 404461 W 

IN = 350 mW) 3.5 (min.) 
12 415 140581, 

405821 

17.5 (max.) 

Junction-to-Case [40446, 

Thermal Rex 
350' 87.5 405821 °C/W 

Resistance: 
(max.) (max.) 

35 Imax.) 

[40082, 

405811 

to Ambient Thermal Resistance, Raj, 

TYPICAL C.B. TRANSMITTER PERFORMANCE (Vcc = 13.8 VI 

STAGE RCA TYPE 

NO MODULATION 100% MODULATION 

lc 

mA 
RF ROUT 
W 

ic 
mA 

RF Pour 
W 

Oscillator 40080 15 — 15 

Driver 40081 55 — 50 — 

Output 
40082, 40581 

40446, or 40582 
330 3.5a 330 4.8 IWPJ 

a Adjusted for maximum legal power output 
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C 1: 

C2: 

C3' 

C4: 

C5: 

C 6' C 12: 
C7: 

C8' 

C9: 

C 10: 

C11' 

X TAL 

40080 

2 

<6 

40081 CI; 

47 pF 

100 pF 

30 pF 

51 pF 

75 pF 

0.01 µF 

0.001 µF 

0.002 µF 

24 pF 

90-400 pF, ARCO 

No. 429 or equiv. 

220 pF 

DIMENSIONAL OUTLINE 

JEDEC TO-5 
SEATING PLANE 

-7.-21111 

I 

 O vcc 

C4 7. 

RFC, 

iL2  
40682. 40446 
40581, 40582 

RFC 2 

Ct 2 L3 1_42 

/ 

e 

C3 

 < RF OUT 
0L .500 

Vc , (MODULATED) 

L1: Primary 14 turns, Secondary 3 turns No. 22 wire Y. in. (6.35 mm) 

CTC coil form with "green dot" core 0.75-1.2 µH, O = 100 

L2 Primary 14 turns, Secondary 2-% turns No. 22 wire % in. (6.35 mm) 

CTC coil form with "green dot" core 0.75-1.2 µH, Q = 100 

L3' 11 turns No. 22 wire Y. in. 16.35 mm) CTC coil form with 

"green dot" core 0.5-0.9 µH, Q= 120 

L4: 7 turns No. 22 wire % in. (6.35 mm) CTC coil form with 

"green dot" core 0.21-0.34 µH, Q = 140 

RFC 1, 

RFC2: 1541-1,Miller No. 4624 or equiv. 

Fig. 1- Typical 27-MHz amplifier chain. 

INCHES • MILLIMETERS 
STIMIOL NOTES 

MIN. MAX. MIN. MAX. 

A 0.240 0.280 6.10 tee 
eb 0018 0021 0406 0533 2 

063 0.018 0.019 asos 0.483 2 

MD 0.335 0370 8.51 9.40 

4D1 ax* 0335 7.75 851 

02001P• . 5.08 T.P. 4,5 

41 0.1C0 T.P. 2.54 T.e. 5 

h 0.009 0125 0229 3.18 

i am 0.034 am am 5 

0029 0.045 0737 1.14 3.5 

I 1,506 - 38.10 - 2 

t I - aceo - 1.27 2 

.7 0250 - 5.0s - 2 

P 0.100 - 2.54 - 1 

0 
_ _ 

.' _ 
6 

- 0.007 - 0.179 

a 45° P. _ 5.7 

9711101 

TERMINAL CONNECTIONS 

Lead 1 - Emitter 

Lead 2 - Base 

Case, Lead 3 • Collector 

WS, 5699. 

R1: 

R 2' 

R3: 

R 4' 

R5' 

V CC : 
XTAL: 

.50 50 193 

CASE TEMPERATURE 

150 200 

Fig. 2-Dissipation derating curve. 

NOTES: 

1. ON tone et controlled for eutornetac hardline The renenon 
«NY dimmer within the zone eel not exceed 0.010 in. 10.254 nenl. 

IThne Ire 0)2 NOW Noreen 13 and 12. eb applies between 
12 end 1.5 M. 138.20 men) front »mine Pb.,.. Dimmer is uncentmlled 

in 13 end beyond 1.5 if I. 138.10 nonl from meting One. 

Maeoured from eminent, diameter of theft-be/ drake. 

4. Leech Multi memineum &ma. 0.019 in. (0.483 non) memund 
pee plane 0.064 in. ( 1.37 non) • 0.001i...10.25nm, - 0.000 in. 
ioacomi 5.5.05 metMe ohne of the device AM be within 0.007M. 
(0.171 rentl at their true positions relethe N the rneximutowidth teb. 

5. The *eke tney be fneenund by direct methods« by ve pp. and 9001 
procedure deetribed on pp drew*, 081. 

R. 0546 outline I, this eone ootiend. 

7. TN omerline. 1111S-3821 

510 0 

5,100 n 
510 

120 

47 0 

11 to 15 V 

27 MHz 
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DIMENSIONAL OUTLINE 

JEDEC TO-39 

SEATING 
PLANE 

•••-1 

f=1 

CI 
GEI 

r17b 
:52 

TEMPERATURE 
MEASURING POINT 5205•1561,112 

SYMBOL 
INCHES MILLIMETERS 

NOTES 
MIN. MAX MIN. 

oa 9190 9210 4.83 5.33 

A 0.240 0.260 6.10 6.60 

ob 0.016 0.021 0.406 0.533 2 

052 9016 0.019 0.406 0.483 2 

oD 0.350 0270 8.89 9.40 

001 0.315 0.335 000 8.51 

h 0.009 0125 0.229 3.18 

j 0.028 0034 0.711 0.864 

k 0.079 9040 0.737 1.02 3 

I 0.500 12.70 2 

It 0.050 1.27 2 

12 9250 6.35 2 

P 0.100 254 1 

0 4 

A 45. NOMINAL 

0 900 NOMINAL 

Note 1: This zone is controlled for automatic handling. The variation 

in actual diameter within this zone shall not exceed 0.010 in 

(0.254 mm). 

Note 2: (Three leads) G1,b2 applies between 1.1 and 12 Ob applies be-

tween 12 and 0.5 in ( 12.70 mm) from seating plane. Diam-

eter is uncontrolled in 1.1 and beyond 0.5 in ( 12.70 mm) 

from seating plane. 

Note 3: Measured from maximum diameter of the actual device. 

Note 4: Details of outline in this zone optional. 

TERMINAL CONNECTIONS 

FOR ALL TYPES 

LEAD 1 - EMITTER 

LEAD 2 - BASE 

LEAD 3 - COLLECTOR, CASE 

DIMENSIONAL OUTLINE 

JEDEC TO-5 WITH MOUNTING FLANGE 

O 

••• 

_t 

SYMBOL 
INCHES  MILLIMETERS 

NOTES 
MIN. MAX. MIN. MAX. 

A - 0.328 - 8.33 

Et 0.240 0.260 6.10 6.60 

R1 0.009 0.125 0.229 3.18 

Ob 0.016 0 019 0 406 0 483 

D 0.335 0.370 8.51 9.40 

Di 0.305 0.335 7.75 8.51 

E 0.495 0.505 12.57 12.83 

e 0.200 T.P. 5.08 T.P. 1 

el 0.100 T.P. 2.54 T.P. 1 

F 0.062 0.068 1.57 1.74 

G 0.995 1.005 25.27 25.53 

i 0.028 0.034 0.711 0.864 

k 0.029 0.045 0.737 1.14 

L 1.43 - 36.32 - 

0 0.685 0.691 17.40 17.55 

0 1 0.559 0.565 14.20 14.35 

° 2 0.128 0.132 3.25 3.35 

R 0.156 T.P. 3.96 T.P. 1 

R I 0.064 0.066 1.63 1.67 

a 45° T.P. 1, 2 

NOTES: 

1. Tnr portion. 

2 Tr% anlerline. 

2 SCREWS. 440 
SOT SUPPLIED ClOS DcvIct 

0165à. 
MICA INSULATOR 

MEAT SINK 

0953311 - 8 
2 NYLON INSULATING BUSHINGS 
D.• 913013.301 

SHOULDER Or. • 0.21815.541 
SHOULDER 1,11CKNESS • 
0.05011.2,1 MAX. 

2 METAL WASHERS CD 

2 LOCK WASHERS le NOT SUPPLIES WITH DEVICE 

2 HER NU TS 12CS - I/ASS 

Fig. 3-Suggested mounting hardware for JEDEC TO-5 with mounting 

flange. 
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  File No. 46 

Encem RF Power Transistors 

Solid State 
Division 

40279 

The RCA-40279 is the ultra-high reliability version of the 
RCA-2N3375 epitaxial silicon N-P-N planar transistor intended for 
class-A, - B, or -C amplifier, frequency multiplier, or oscillator 
operation. This device is subjected to special preconditioning 
tests for selection in ultra-high-reliability, large-signal, high-
power, VHF-UHF applications in Space, Military, and Industrial 
communications equipment. 

• Ultra- High Reliability 

• Complete Qualification Testing 

RF SERVICE, Maximum Ratings ( Absolute-Maximum Values) 

Collector-To- Base Voltage, Vc B0 65 volts 

Collector-To- Emitter Voltage: 

With base open, VCEO 40 volts 

With VBE =-1.5 volts, VcEv 

Emitter-To- Base Voltage, VEBO 

Collector Current, lc 

65 volts 

4 volts 

1.5 amps. 

High-Power 

VHF-UHF 

Amplifier 

Transistor Dissipation, PT: 

At Tc up to 25°C 

At Tc above 25°C   Derate linearly to 0 watts at 200°C 

Temperature Range: 

Storage 
Operating (Junction) 

Lead Temperature ( During soldering): 

At distances 1/32" from insulating 
wafer for 10 sec. max. 230 

JEDEC TO-60 

ELECTRICAL CHARACTERISTICS - Case Temp. = 25°C ( Unless Otherwise Specified) 

11.6 watts 

-65 to 200 
-65 to 200 oc 

OC 

°C 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS 

LIMITS UNITS 
DC 

COLLECTOR 
VOLTS 

DC 
BASE 
VOLTS 

DC 
CURRENT 

(MILLIAMPERES) 

VCB VCE VBE IE IB IC Min. Max. 

Collector-Cutoff Current 'CEO - 30 - - 0 - - 0.1 pa 

Collector To- Base Breakdown Voltage BVcB0 - - - 0 - 0.1 65 - Volts 

Collector-To-Emitter Breakdown Voltage BVcE0 - - - - 0 0 to 200* 40** - Volts 

Collector-To-Emitter Breakdown Voltage BVcEv - - -1.5 - - 0 to 200* 65** - Volts 

Emitter-To- Base Breakdown Voltage BVEB0 - - - 0.1 - 0 4 - Volts 

Collector-To-Emitter Saturation Voltage VcE ( sat) - - - - 100 0.5 amp - 1 Volt 

Output Capacitance Cob 30 - - 0 - - - 10 pf 

RF Power Output Amplifier, 
Unneutral i zed 

At 100 Mc (See Fig. 1) 

At 400 Mc ( See Fig. 2) 
POUT - 

- 
28 
28 

- 
- 

- 
- 

- 
- 

- 

- 

7.50 

3 à 

- 

- 

Watts 

Watts 

Forward Current Transfer Ratio hFE 150 10 - - 

• Pulsed through an inductor (25 mh) duty factor = 50% 

•• Measured at a current where the breakdown voltage is a minimum. 

• For Pi, = 1.0 w; minimum efficiency = 65% 

A For Pr, = 1.0 w; minimum efficiency = 40% 
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File No. 46   40279 

TO-60 DIMENSIONAL OUTLINE 

INSULATION 

3 PINS :g:g DIA 

(NOTE I) 

.320 
215 

10-32 uNF 2A 

THREAD 

( NOTE 2) 

— 118 

.215 
185 

.437 

.424 

453 

.375 

92C5-1204555 

(NOTE 0 

FIGURE 1 

RF AMPLIFIER CIRCUIT FOR 40279 
POWER-OUTPUT TEST 

(100-Mc Operation) c3 

+Vcc 

NOTE 1: GENERATOR IMPEDANCE = 50 OHMS. 

NOTE 2: LOAD IMPEDANCE = 50 OHMS. 

FOR 100-MC OPERATION 

POUT 
(NOTE 2) 

C 1, C2 : 7-100 PF 

C3 . C.: 4-40 PF 

C e : 330 PF, DISC CERAMIC 

Ce : 1500 PF 

C7 : 0.005/1F, DISC CERAMIC 

1- 1: a TURNS NO. 15 WIRE, 1/4" ID, 5/18" LONg 

1- 2 : FERRITE CHOKE, Z = 7501±20%1 OHMS 

L3 : 2.4-gli CHOKE 

L.: 5 TURNS NO. IS WIRE. 5:18" ID, 7 ,16" LONG 

R I : 1,35 OHMS, NON-INDUCTIVE 

FIGURE 2 

RF AMPLIFIER CIRCUIT FOR 40279 

POWER-OUTPUT TEST 
(400-Mc Operation)*vcc 

RELIABILITY TESTING 
Electrically, the RCA-40279 is similar to the RCA-2N3375; fication Approval test series ( Group B Tests) is performed on a 

the exception being the 40279 CEO is 100 nanoamperes max- semi-annual basis. All units are tested to assure freedom from 
imum. In addition to Preconditioning and Group A tests, a Quali- second breakdown in Class-A applications. 

Preconditioning ( 100 Per Cent Testing of Each Transistor) 

1. Serialization 

2. Record IcEo, hFE, VcE(sat) 

3. Temperature Cycling- Method 102A of MIL-STD-202, 5 cycles, 
-65°C + 200°C 

4. Bake, 72 hours minimum, + 2000C 

5. Constant Acceleration-Method 2006 of MIL-STD-750, 10, 000G, 
Y1 and Y2 axes 

6. Record IcEo, hFE, VcE (sat) 

7. Reverse Bias Age, TA = 150°C, Vcg = 28 V, t = 168 hours 

'9. Record CEO, hFE, VcE(sat) 

*10. Record IcEo, hFE, VcE (sat) at 168 hcturs and 500 hours 

11. Helium Leak, 1 x 10'8 cc/sec. max. 

12. Methanol Bomb, 70 psig, 18 to 24 hours 

13. X- Ray, RCA spec. 1750326 

14. Record Subgroups 2 and 3 of Group A Tests 

Delta criteria after 168 hours Reverse Bias Age and after 168 hours 
and 500 hour Power Age 

'CEO + 100% or + 10 nanoamperes whichever is greater 

8FE ±30% 

A VcE(sat) ± 0.1 V 
9. Power Age, TA = 25°C. Vc g = 28 V, t = 500 hours, 

Pp = 2.6W, free air 265 
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Group A Tests 

TEST METHOD PER 

MIL-STD-750 EXAMINATION OR TEST CONDITIONS LTPD SYMBOL 
LIMITS 

MIN. MAX. UNITS 

Subgroup 1 10 

2071 Visual and Mechanical — — — — — — 
Examination 

Subgroup 2 5 

3036D Col lector-To- Emitter 
Cutoff Current 

VcE = 30 V, I g = 0 — IcE0 — 100 namps 

30010 Col lector-To- Base 
Breakdown Voltage 

lc - 100/A, 
IE = 0 

— BVCBO 55 — Volts 

3026D Emitter-To- Base 
Breakdown Voltage 

IE = 100/2a, 
IC = 0 — BVEBO 4 — Volts 

3011D Col lector-To- Em itter lc = 0 to 200 ma — BVCEO 40 — Volts 
Breakdown Voltage (Inductive) IB = 0 

3011A Col I ector-To-Em i tter Ic = 0 to 200 ma — BVCEV 55 — Volts 
Breakdown Voltage (inductive) 

VBE = ' UV 

3071 

3076 

Col lector-To- Em itter 
Saturation Voltage 

Forward Current 

lc = 500 ma, 
IB = 100ma 

lc = 150 ma 

— VcE ( sat) — 1 Volt 

Transfer Ratio "CE ' 5V — hFE 10 — 

Subgroup 3 5 

3236 Output Capacitance f = 140 Kc, 
vu  = 30 V, 

IE ' 0 

— Cob — 10 Pf 

See Fig. 1 R.F. Power Output VcE = 28 V — POUT 7.5 — Watts 
(Min. Eff. = 65%) P¡ = 1W, 

f = 100mc 

See Fig. 2 R.F. Power Output 
(Min. Eff. = 40%) 

V E -- 28 V, 
P¡ = 1W, 
f = 400mc 

— POUT 3 — Watts 

Subgroup 4 15 

3036D Collector Cutoff Current TA -- 150°C ± VC, 

VCB = 3° V, 
IE = 0 

— Icgo — 100 /lamp 

3076 Forward Current 
Transfer Ratio 

TA = 150°C ± 3°C, 
lc= 150ma, 
VCE ' 5V 

— hFE — 200 — 
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Group B Tests 

40279 

TEST METHOD PER 

MIL-STD-750 EXAMINATION OR TEST CONDITIONS LTPD* SYMBOL 

LIMITS 

UNITS MIN. MAX. 

Subgroup 1 ( 10 samples) - 7 - - - - 

2066 Physical Dimensions TO-60 - - - - - 

202/102A Temperature Cycle 5^-, - 65°C, 200°C - - - - - 

1056B Thermal Shock 0°C, 100°C - - - - - 

1021 Moisture Resistance Omit lead fatigue - - - - - 

20360 Torque-To-Stud 1 minute, 12 inch 
pounds 

- - - - - 

Subgroup 2 ( 10 samples) 7 

2016 Impact Shock 500G, 5 blows - - - - - 
X1, Y1, Z1, 1 msec. 

2046 Vibration Fatigue - - - - - - 

2056 Vibration Var. Freq. - - - - - - 

Subgroup 3 ( 10 samples) 7 
-.. « 

2026 Solderability - - - - - - 

1066 Dew Point 25oc, . 65oc 

read ICE() 

_ _ _ _ _ 

1001 Barometric Pressure 100,000 ft. 
read CEO 

- - - - - 

Subgroup 4 ( 25 samples) 7 

1031 Storage Life 200°C, 1000 hr - - - - - 

2006 Constant Acceleration 20,000G, Y1, y2 - - - - - 

Subgroup 5 ( 25 samples) 7 

1026 Operating Life 1000 hrs - - - - - 
Tc = 140°C, 
VcB = 28 V, 
PD = 4W 

End Points 
Subgroups 1, 2, 3, 4, 5 

30360 Collector-Cutoff Current VCE = 30, IB = 0 - In° - 1 µamp 

3011A Col lector-To-Emi tter lc = 0 to 200 ma - BVCEV 60 - Volts 
Breakdown Voltage (inductive) 

VBE —1.5 V 

R.F. Power Output 
(See Fig. 1) 

f = 100 mc, 
VCE - 28 V, 
P¡ = 1W 

- POUT 6.5 - Watts 

3076 Forward Current Transfer 
Ratio 

iii 1505 a, - hFE 9 - - 

30260 Emitter-To- Base IE = 1004, lc= 0 - BVEBra 3.5 - Volts 
Breakdown Voltage 

• Acceptance/Rejection Criteria of Group B tests: For an LTPD plan of 7% the total sample size is 80 for which 

the maximum number of rejects allowed is 2. Acceptance is also subject to a maximum of one ( ) reject per Sub-
group. 

Group B tests are performed once every six months as part of Qualification Approval. 267 



File No. 68 

rirEM 
Solid State 
Division 

RF Power Transistors 
40280 
40281 
40282 

40281, 40282 

JEDEC TO-60 

40280 

JEDEC TO-39 

1,4,8'12-W075-MHz 
Overlay Transistors 

Silicon N- P-N Devices for High-Power 

VHF Amplifier Service 

Features 

• Suitable for low-voltage supplies ( 13.5 V) 

• High output power at 175 MHz, unneutralized 

class C amplifier 

• High efficiency at 175 MHz 

• Low input impedance 

RCA-40280, 40281, and 40282 are epitaxial silicon n-p-n 

planar transistors of the "overlay" emitter electrode con-

struction. They are intended especially for high- power 

output, vhf class-C-amplifier service in low-voltage-supply 

applications. 

In the overlay structure, a number of individual emitter 

sites are connected in parallel and used in conjuction with 

MAXIMUM RATINGS, Absolute-Maximum Values: 

40280 40281 40282 
COLLECTOR-TO-BASE 

VOLTAGE  %imp 36 36 36 V 

COLLECTOR-TO-EMITTER 

VOLTAGE: 

With base open   VcE0 18 18 18 V 

With Vim =-1.5V  VCEv 36 36 36 V 

EMITTER-TO-BASE 

VOLTAGE  VEBO 4 4 4 V 

COLLECTOR CURRENT  lc 0.5 1 2 A 

TRANSISTOR DISSIPATION PT 

At case temperatures 

up to 25°C   7.0 11.6 23.2 W 
At case temperatures 

above 250C  Derate linearly to 0 watts at 200°C 

TEMPERATURE RANGE: 

Storage 8, Operating (Junction)   — 85 to 200 0C 

LEAD TEMPERATURE ( During soldering): 

At distances 21/32 in. ( 0.8 mm) from insulating 
vvafer ( T0-601 package or from seating 

plane (TO-39 package) for 10 s max.   230 0C 

a single base and collector region. When compared with other 

structures, this arrangement provides a substantial increase in 

emitter periphery for higher current or power, and a 

corresponding decrease in emitter and collector areas for 

lower input and output capacitances. The overlay structure 

thus offers greater power output, gain, efficiency, and 

frequency capability. 

COMMON- EMITTER CIRCUIT, BASE INPUT 
COLLECTOR-TO-EMITTER VOLTAGE (VcE) • 13 5 V   
CASE TEMPERATURE ITcl• 25' C • 
FREQUENCY • in MHz  

o 3 4 5 e 
POWER INPUT ( PIN) — W RF 

92LS - 15284 

Fig.1—Typical rf power output vs. rf power input at 175 

Ml4z. 
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File No. 68   40280, 40281, 40282 

ELECTRICAL CHARACTER ISTICS, At Case Temperature ( Tc) = 250C 

CHARACTERISTICS SYMBOL 

TEST CONDITIONS LIMITS 

UNITS 

DC 

Collector 

Volts 

DC 

Base 

Volts 

DC 

Current 

(Milliamperes) 

Type 

40280 

Type 

40281 

Type 

40282 

VCB VCE VBE IE IB IC Min. MaxiMin. Max. Min. Max. 

Collector Cutoff Current 'CEO 15 0 - 100 - 100 - 250 LiA 

Collector-to- Base Breakdown Voltage Vu3p )cao 0 0.25 36 - 36 - - - 
V 

Emitter-to- Base Breakdown Voltage V(Bp)Ego 
0.10 
0.25 

0 4 - 4 - - - 
V 

Collector-to- Emitter Breakdown 

Voltage V(BRICEV -1.5 200e 36 - 36 - 36 - V 

Collector-to- Emitter Sustaining 

Voltage VcEO(sus) 0 200a 18 - 18 - 18 - V 

Real Part of Common- Emitter 
High- Frequency 

Input Impedance ( f = 175 MHz) 

hie(reall 

13.5 

13.5 

13.5 

100 

400 

800 

101 
- 

- 

yp.) 
- 

- 

- 
7 ( typ.) 

- 

- 

- 

- 
- 

5 (typ.) 

- 
- 12 

RF Power Output: 

As class C amplifier unneutralized 

(f = 175 MHz) See Figs. 2 & 3 
POUT 13.5 lb - 4c - 12d - W 

Gain- Bandwidth Product fT 

13.5 

13.5 
13.5 

100 

400 
800 

550 ( Ism.) 

- 
_ 

- 
_ 

- 
400 
_ 

- 
typ.) 
- 

- 
- 

350 1 

- 
- 

YP.) 

MHz 

Collector-to- Base Capacitance 

(f = 1 MHz) Cob 13.5 0 - 15 - 22 - 45 pF 

Collector-to-Case Capacitance Cs - - - 5 - 5 pF 

Thermal Resistance, Junction-to-Case Ft« - 25 - 15 - 7.5 OC/W 

',Pulsed through an inductor 125 m141; duty factor = 50%. 

bFor PiN = 0.125 w; minimum efficiency = 60%. 

Cl, C2, 

C3, & C4: 7-100 pF 

C5: 8-60 pF 

C6: 1,000 taF 

Cr 0.01 µF 

LI: 3 turns No.I 6 wire, 
3/16 in. 14.76 mm) ID, 
5/16 in. 17.93 mm) long 

L2: Ferrite Choke, 

Z = 450 ohms 

+ VCC 921_5 - 2147 

L3: 1 turn No.16 wire 

1/4 in. 16.35 mm) ID, 
3/8 in. (9.52 mm) long 

L4: 2 turns No.16 wire, 

1/4 in. 16.35 mm) ID, 

1/4 in. 16.35 mm) long 

0: 40281,40282 

Fig.2-RF amplifier circuit for power-output test at 175 MHz 

for types 40281 and 40282. 

CF O PIN = 1.0W; minimum efficiency = 70%. 

dP,7 PIN = 4.0W; minimum efficiency = 80%. 

+vcc 

Ci , C2, 

C3, & C4: 3-30 pF 

C5: 1.000 pF 

C6: 0.01 
LI: 2 turns No.16 wire, 

3/16 in. 14.76 mm) ID, 

1/4 in. 16.35 mm) long 

L2: Ferrite choke, 

2 = 450 ohms 

921.5 - 2148 

L3: 2 turns No.16 wire, 

1/4 in. 16.35 mm) ID, 
1/4 in. (6.35 mm) long 

L4: 4 turns No.16 wire, 

3/8 in. (9.52 mm) ID, 

3/8 in. (9.52 mm) long 

0: 40280 

Fig.3-RF amplifier circuit for power-output test at 175 

MHz for type 40280. 
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40280, 40281, 40282   File No. 68 

e21.8-2149 

Capacitors 

C1 3 35 pF 

C2. C6. CIO. C74 8 60 PF 

C3. C7. C11 0.01 eF 

C4. C8. C12 1500 pF 

C9, C10. C13. C14. C23 7,100 pF 

C15 1 5-20 pF 

Ci7. C18. C19 0 2 PF 

C20, C21, C22 1500 isF 

Transistors 

40280 

02: 40281 

03-4 40282 

Wire ID Length 

Inductors Turns S420 linnt) 1.1.1 (inns) 

L1 2 16 3/16 476 1,4 635 

L2, L. L8 ferrite choke, Z = 450 it 

L3. Ls, LI,. 1 pH choke 

L4. 17 3 16 3/16 4.76 1/4 6.35 

19 1 1/2 16 1/4 6.35 3/8 9.52 

110 2 16 1/4 6.35 5/16 793 

112, L13, L14 (adjustable core) 31/2 16 1/4 6.35 3/8 9.52 

115,116.117 2 18 1/8 3.17 1/8 3.17 

L18. L19. L20 2 18 1/4 6.35 1/4 6.35 

vcc 

Note: Drwer and final supply voltages. Vcc = 13.5 V. 

Fig. 4— Typical 175-MHz amplifier. 

Y210-250 
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File No. 68   40280, 40281, 40282 

DIMENSIONAL OUTLINE 

FOR TYPE 40280 

JEDEC TO-39 

SEATING 
PLANE 

TEMPERATURE 
MEASURING POINT 

YMBOL 

92CS-1564., 

INCHES MILLIMETERS 
MIN. MAX. 

A 

b2 

D 

DI 

h 

/1 

12 

0.190 

0 240 

0.016 

0.016 

0.350 

0.315 

0.009 

0.028 

0029 

0.500 

0.250 

0.100 

0.210 

0.260 

0.021 

0.019 

0.370 

0.335 

0 125 

0.034 

0.040 

0.050 

450 NOMINAL 

900 NOMINAL I 

4.83 

6.10 

0.406 

0.406 

8.89 

8.00 

0.229 

0.711 

0.737 

12.70 

6.35 

2.54 

5.33 

660 

0.533 2 

0.483 2 

9.40 

8.51 

3.18 

0.864 

1.02 3 

2 

1.27 2 

2 

1 

4 

Note 1: This zone is controlled for automatic handling. The variation 

in actual diameter within this zone shall not exceed 0.010 in 

(0.254 mm) 

Note 2: (Three leads) Ob2 applies between Is and 12. ob applies 
between 12 and 0.5 in ( 12.70 mm) from seating plane. 

Diameter is uncontrolled in li and beyond in ( 12.70 mm) 
from seating plane. 

Note 3: Measured from maximum diameter of the actual device. 

Note 4: Details of outline in this zone optional. 

TERMINAL CONNECTIONS 

FOR ALL TYPES 

Pin or Lead No. 1 - Emitter (40280) 

Emitter, Case (40281, 40282) 
Pin or Lead No. 2 - Base 

Pin or Lead No. 3 - Collector (40281, 40282) 

Collector, Case (40280) 

DIMENSIONAL OUTLINE 

FOR TYPES 40281, 40282 

JEDEC TO-60 

4 

A 
1 A, 

SEATING 
PLANE 

92CS- ,1110,11 

N 

191 

SYMBOL 

INCHES 

MIN. MAX. 

MILLIMETERS 

MIN. MAX. 
NOTES 

A 

A1 
ob 

oD 

0D1 
E 

e 

el 

oM 

N 

N1 

OW 

0.215 

0.030 

0.360 

0.320 

0.424 

0.185 

0.090 

0.090 

11355 
0.163 

0.375 

0.1658 

0.320 5.46 8.13 

0.165 4.19 2 

0.046 0.762 1.17 4 

0.437 9.14 11.10 2 

0.360 8.13 9.14 

0.437 10.77 11.10 

0.215 4.70 5.46 

0.110 2.29 2.79 

0.135 2.29 3.43 

0.480 9.02 12.19 

0.189 4.14 4.80 

0.455 9.53 11.56 

0.078 - 1.98 

0.1697 4.212 4.310 3, 5 

NOTES: 

1. Dimension does not include sealing flanges 

2. Package contour optional within dimensions specified 
3. Pitch diameter - 10•32 UNF 2A thread (coated) 

4. Pin spacing perirnts insertion in any socket haying a 
pin-circle diameter of 0.200 in. ( 5.08 mm) and con. 
tacts which will accommodate pins with a diameter 
of 0.030 in. (0.762 mm) min., 0.046 in. I1.17mml max. 

5. The torque applied to a 10.32 hex nut assembled on the 
thread during installation should not exceed 12 inch. 
pounds. 
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File No. 70 

50 50 50 volts 

[ECEM 
Solid State 
Division 

RF Power Transistors 
40290 
40291 
40292 

RCA- 40290, 40291, and 40292 are 
epitaxial planar transistors of the 
silicon n- p- n type. They employ an 
"overlay" emitter electrode design and 
are intended for low- voltage, high- power 
output, amplitude modulated, VHF Class-C 
amplifier service. 

The voltage ratings for these transis-
tors include RF voltage breakdown charac-
teristics necessary to assure safe transis-
tor operation with high RF voltages on 
the collector; a condition normally 
encountered in amplitude- modulated 
Class-C amplifiers. 

RF SERVICE 

Maximum Ratings, Absolute-Maximum Values: 

40290 40291 140292 

COLLECTOR-TO- EMITTER 
VOLTAGE: 
With VBE .- 1.5volts, 

VCEX   
At f= 100 Mc, 

VCEY(W)  90 90 90 
EMITTER-TO- BASE 

VOLTAGE, VE BB  4 4 4 volts 

COLLECTOR CURRENT, I.   0.5 0.5 1.25 amperes 

TRANSISTOR 
DISSIPATION, PT: 
At case temperatures 

up to 25° C  7.0 11.6 23.2 watts 
At case temperatures 

above 25° C  Derate linearly to 0 watts 
at 200° C 

TEMPERATURE RANGE: 
Storage  -65 to 200°C 
Operating (Junction)   -65 to 200°C 

PIN OR LEAD TEMPERATURE 
(During soldering): 
At distances > 1/32 

frominsulatingwafer 
(10-60 package) or 
from seating plane 
(T0-39 package) for 
10 seconds maximum 

volt. 

For Low Supply Voltage, 

High Power Output, 

Amplitude Modulated, 

VHF Class-C Amplifier 

Service in Aircraft, 

Military, and Industrial 

Communications Equipment 

Ak 

40290 40291,40292 

JEDEC TO- 39 

FEATURES 

JEDEC TO-60 

• High carrier output power as 135 Mc Class-C am-
plifier with 12.5 volt collector supply voltage 
40290 — 2 watts ( min.) at PIN = 0.5 watt 
40291 — 2 watts ( min.) at PIN = 0.5 watt 

40292 — 6 watts ( min.) at PIN - 2.0 watts 

• 100% testing of all transistors performed to assure 
excellent upward modulation characteristics 

• High collector efficiency at 135 Mc 

230 • All electrodes isolated from case ( 40291 and 40292) 
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File No. 70   40290, 40291, 40292 

ELECTRICAL CHARACTERISTICS, At Case Temperature Cc) = 250 C 

Characteristic Symbol 

TEST CONDITIONS LIMITS 

Units 
DC 

Collector 
Volts 

DC 
Base 
Volts 

DC 
Current 

(Milliamperes) 

Type 

40290 

Type 

40291 

Type 

W3292 

VCB VCE VBE IE IB lc Min. Max. Min. Max. Min. Max. 

Collector Cutoff Current IcE0 15 0 - 100 - 100 - 250 ga 

Emitter- to-Base Breakdown Voltage BVEB3 
0.1 

0.25 

0 

0 

4.0 

- 

- 

- 

4.0 

- 

- 

- 

- 

4.0 

- 

- 

volts 

volts 

Collector- to-Emitter 

Breakdown Voltage 

BVCEX -1.5 200a 50 - 50 - 50 - volts 

VCEV(Ie) 
. 

-2 

-2 

50 

100 

90b 

- 

- 

- 

90b 

- 

- 

- 

- 

90b 

- 

- 

volts 

volts 

Real Part of Common-Fmitter 

Input Impedance ( At f = 135 Mc) hie(real) 
12.5 

12.5 

100 

400 

12 (typ.) 

- - 

12 (typ.) 

- - 

- 

6.5 (typ.) 

- ohms 

ohms 

RF Carrier Power Output; 

As Class-C Amplifier, 

(At f = 135 Mc) 

P U OT 12.5 2.00 - 2.0C - 6.0d - watts 

Gain- Bandwidth Product fT 
12.5 

12.5 

100 

400 

500 ( typ.1 

- - 

500 ( typ.1 

- - 

- 

300 (typ.) 

- Mr 

Mc 

Collector- to- Base Capacitance 

(At f = 1 Mc) 
Cob 12.5 0 - 17 - 17 - 30 pf 

Collector- to-Case Capacitance Cs - - - 6.0 - 6.0 pf 

Thermal Resistance 

(Junction- to-Case) 8J-C - 25 - 15 - 7.5 °C/w 

a Pulsed through an inductor (25 mh); FIRE = 39 ohms; duty factor = 50%. C For P N= 0.5w; minimum efficiency =70%. 

At frequencies of 100 Mc or higher. d For P N = 2.0 w; minimum efficiency =70%. 

RF AMPLIFIER CIRCUIT FOR POWER-OUTPUT TEST 
(135-Mc Operation) 

Q = 40290,40291 

C1.C3 r- 3-35 Pf 

= 8-60 pf 

C6 = 1000 pf 

C6 = 0.02 bif 

L = 3 turns No.16 wire, 1 5/16" 10,5/16" long 

L2 = Ferrite choke, 
Z = 450 ohms 

3 turns No.18 wire, 
1/4" ID. 5/16" long 

= 5 turns No.16 wire, 
7/16" ID, 5/8" long 

L3 

Q = 40292 

Ci,C 3 = 3-35 pf 

C2,C, = 8-60 pf 

C5 = 1000 Rf 

C6 = 0.02 mf 

L = 3 turns No.16 wire, 
1 5/16" 10,5/16"10ng 

L2 . wire wound resistor, 
R = 2.4 ohms 

L3 = 1 turn No.16 wire, 
5/16" ID, 1/8' long 

= 4 turns 80.16 wire, 
7/16" ID, 3/8" long 

PM 
(Z5•50 OIMS1 

cl 

-= 

C2 

C3 

03 POUT 
L4 (Z'500MMS) 

L3 

C4 
C5 

112CS-130911 
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40290, 40291, 40292   File No.70 

Ci,C3,C 5,C9 = 3-35 of 
c2,c 4,c 6,c io = 8-60 Pf 

C7' C8 = 1.5-20 Pf 

C Ci3 ,C 16 = 

C 12' C 14' C 16 = 1000 pf 
LI = 3 turns No.16 wi re, 

1/4" ID, 1/4" long 

L 2' 1_ 5 = Ferrite choke, 
Z = 450 ohms 

L3 = RF choke, 1.5 e 
= 4 turns No.16 wi re. 

1/4" ID, 3/8" long 
L6 ,1_ 2 = RF choke, 1.0 µh 

L8' L9 = 3 turns No.16 wire, 
I/4" ID, 3/8" long 

L10 = 1 turn No.16 wi re, 
5/16" 10,1/8" long 

= 4 turns No.16 wire, 
3/8. ID 1/” long 

AMPLITUDE-MODULATED AMPLIFIER 
135-Mc Operation, Carrier Power = 2 watts minimum, Bandwidth . 5% 

CI' C3,C 5 = 3-35 pf 

C2' CC 6 = 8-60 Pf 

C7' C9 = 0.03 µf 

C8' C10 = 1000 Pf 

= 3 turns No.16 wire, 
1 1/4" ID, 1/4" long 

L2' L5 = Ferrite choke, 
Z = 450 ohms 

L3 = RF choke, 1.5 gh 

L = 4 turns No.16 wi re, 
1/4" ID, 3/8" long 

L6 = 3 turns No.18 wi re, 
3/16" ID, 3/8" long R1 = 220 ohms 

L7 = 5 turns 60.16 wire. R2 = 180 ohms 
3/8" ID, 1/2" long SR = 102858 

PIN 
100 MW 

TYPE 
40290 

TYPE 
40290 
OR 

40291 

SR R 

Ly 

POUT 
2 WATTS 

TO 
ODULATOR 

VCC• 12.5 
92C5- I3093 

AMPLITUDE-MODULATED AMPLIFIER 
135-Mc Operation, Carrier Power = 6 watts minimum, Bandwidth = 5% 

TYPE 

CI' C3,C 5, C7 = 3-35 pf C3 40290 
C5 

C2, Cu,C 6, C8 = 8-60 of PIN XL 3 48:91 3 41.0112 

C9' C11' C13 = 0.03 µf i0o fAw 
4.k L7 

C 10' C 12' C14 = 1000 pf 
L L 3 turns No.16 wire. 

l' 9 1/4" ID, 1/4" long 

L2' L5 = Ferrite choke, — 
Z = 1150 ohms 

L3 RF choke, 1.5 µh 

LV L7 4 turns 60.16 wire, 
1/4" ID, 3/5" long 

L6 = RF choke, 1,0 mh 

L8 = wi re wound resistor, 
R = 2.4 ohms gi = 220 ohms 

R =  L10 = 5 turns No.16 wire, 2 180 Ohms 
3/8" 10. 1/2" long SR = 1N2858 

SR 

AMPLITUDE-MODULATED AMPLIFIER 
135-Mc Operation, Carrier Power = 10 watts minimum, Bandwidth = 5% 

TYPE 
40292 3 

Le 2 

PIN 
100 MW I L 

TYPE 
40290 

R1 = 33 ohms 
R2 = 36 ohms 

SR = 102858 

TYPE 
40290 
OR 

40291 3 

C5 

1_10 

P OuT 
6 WATTS 

TO 
MODULATOR 

VCC",2.5 
920-13094 

POUT 
10 WATTS 

gmeATOR 
VCC .13.5 

9M0,3095 
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File No. 70   40291,40291,40292 

DIMENSIONAL OUTLINE 
FOR TYPE 40290 

JEDEC TO- 39 

.100 
MIN. 

J_ 

.370 MA).. 
.335 MIN. 

DIA 

.335 MAX. 

.305 MM. -1 
DM. 

.260 MAX. 

.240 MIN. 

SEATING PLANE 
.009 TO 

.125 
DETAILS OF OUT-

LINE IN THIS 
ZONE OPTIONAL 

LEAD 
INSULATING 
EYELETS 

OUTSIDE 
CORNER 
RADII 45. 

.007 MAX. 

.034 hoot 

.028 MIN. 

INDEX TAS 

045 MAX. 
.029 MIN. 

Dimensions in Inches 

3 LEADS 
.019 MAX. 
.016 MIN. 

DIA. 

9US-12742 

NOTE I: THIS ZONE IS CONTROLLED FOR AUTOMATIC 
HANDLING. THE V‘RIATION IN ACTUAL DIAMETER 
WITHIN THE ZONE SHALL NOT EXCEED 0.010". 

NOTE 2: THE SPECIFIED LEAD DIAMETER APPLIES IN 
THE ZONE BETWEEN 0.050" AND 0.250" FROM THE SEATING 
PLANE. BETWEEN 0.250" AND 1.5", A MAXIMUM OF 

0.021" DIAMETER IS HELD. OUTSIDE OF THESE ZONES 
THE LEAD DIAMETER IS NOT CONTROLLED. 

NOTE 3: MEASURED FROM MAXIMUM DIAMETER OF THE 
ACTUAL DEVICE. 

NOTE 4: LEADS HAVING MAXIMUM DIAMETER ( 0.019") 
MEASURED IN GAUGING PLANE OF 0.054" + 0.001" - 0.000" 
BELOW THE SEATING PLANE OF THE DEVICE SHALL BE 
WITHIN 0.007" OF THEIR TRUE LOCATIONS RELATIVE 
TO A MAXIMUM-WIDTH TAB. 

TERMINAL DIAGRAM 

BASE 

EMITTER 

(Bottom View) 

COLLECTOR, 
CASE 

DIMENSIONAL OUTLINE 

FOR TYPES 40291 & 40292 

JEDEC TO-60 

.360 
— .320 

DIA. 
215 
185 

110 
090 

INSULATION 

3 PINS Z e: DIA. 

(NOTE I) 

0-32 UNE 2A 
THREAD 
(NOTE 2) 

Dimensions in Inches 

.110 

.090 .437 
.424 

458 
.375 

9ZGS-1204546 

NOTE I : THE PIN SPACING PERMITS INSERTION IN ANY 
SOCKET HAVING A PIN- CIRCLE DIAMETER OF 0.200" AND 
CONTACTS WHICH WI LL ACCOMMODATE PINS HAVING A 
DI AMETER OF 0.035" MINIMUM, 0.045" MAXIMUM. 

NOTE 2: THE TORQUE APPLIED TO A 10-32 HEX NUT 
ASSEMBLED ON THE THREAD DURING INSTALLATION SHOULD 
NOT EXCEED 12 INCH- POUNDS. 

NOTE 3: THIS DEVICE MAY BE OPERATED IN ANY POSITION. 

NOTE 4: ALL ELECTRODES ISOLATED FROM CASE. 

TERMINAL DIAGRAM 

BASE 

-2 

EMITTER I 3 COLLECTOR 

(Bottom View) 
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Solid State 
Division 

  File No. 202 

RF Power Transistors 

40294 

RCA-40294 is an ultra-high-reliability double-dif-
fused, epitaxial planar transistor of the silicon NPN 
type for low-noise amplifier, mixer, and oscillator appli-
cations at frequencies up to 500 MHz (common-emitter 
configuration), and up to 1200 MHz (common-base con-
figuration). 

This transistor is electrically and mechanically 
like RCA-2N2857, but is specially processed, precon-
ditioned, and tested for critical aerospace and military 
applications. 

The 40294 utilizes a hermetically sealed JEDEC 
TO-72 package. All active transistor elements are 
insulated from the case, which may be grounded by 
a fourth lead in applications requiring shielding of 
the device. 

The curves of Typical Characteristics shown in 
the technical bulletin for RCA-2N2857 also apply 
for RCA-40294. 

Maximum Ratings, Absolute-Maximurg Values: 

COLLECTOR-TO-BASE VOLTAGE, Val°. 30 max. V 

COLLECTOR-TO-EMITTER VOLTAGE, VCED 15 max. V 

EMITTER-TO-BASE VOLTAGE, VEEto 2  5 max. V 

40 max. mA COLLECTOR CURRENT, IC  

TRANSISTOR DISSIPATION, PT, 

For operation with heat sink: 

At case tern- } up to 25°C  300 max. mW 

peratures* above 25°C   Derate at 1.72 mW/°C 

For operation in free air: 

At ambient } up to 25°C  200 max. mW 

temperatures above 25°C   Derate at 1.14 mW/°C 

TEMPERATURE RANGE: 

Storage and Operating (Junction)   -65 to +200 °C 

LEAD TEMPERATURE (During soldering): 

At distances ≥ 1/32 inch from 
seating surface for 10 seconds maximum... . 265 max. 

Measured at center of seating surface. 

ULTRA-HIGH-RELIABILITY 
SILICON N- P-N EPITAXIAL 
PLANAR TRANSISTOR 

For UHF Applications 
in Critical Aerospace 
and Military Equipment 

Features 

JEDEC 
TO- 72 

• Meets performance requirements of TX2N2857 MIL- S-
19500 343 USAF, 7 March 1966 

• Extra- rigorous control and inspection of all parts, 
materials, and internal assemblies before sealing 

• 100% thermal and mechanical preconditioning after 
sealing 

• complete electrical and mechanical QUALITY CON-
FORMANCE test program 

• 100% RELIABILITY ASSURANCE testing 

• 100% PERFORMANCE-REQUIREMENTS testing 

• 100% Noise Figure and Power Gain Tests at 450 MHz 

• high gain- bandwidth product - 
fT = 1000 MHz min. 

• very low Device Noise Figure - 
NF = 4.5 dB max. at 450 MHz 

oc • high power gain as neutralized amplifier - 
Gpe = 12.5 dB min. at 450 MHz for circuit 

bandwidth of 20 MHz 

• high power output as uhf oscillator - 
P. = 30 rnYl min. at 500 MHz 

• low collector- to-base time constant - 
rb ,Cc = 15 ps max. 
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FROM 

SEALING 

SEALING 

100% 

PRECONDITIONING 

(SEE TABLE I) 

TWO 100% INSPECTIONS 
OF PELLET ASSEMBLIES 
AND SHELLS PRIOR 

TO SEALING 

WAFER SELECTION 
AND 100% 

PELLET INSPECTION 

».11. 

100% 

FACTORY 

ELECTRICAL 
CLASSIFICATION 

TESTS 

GROUP A VISUAL 
EXAMINATION AND 

ELECTRICAL TESTS 
(SEE TABLE III 

GROUP B 

MECHANICAL, 
ELECTRICAL, AND 

LIFE TESTS 

(SEE TABLE III)  

(AWAITING 
COMPLETION 

OF GROUPS 
A & B 

TESTS) 

SERIALIZE 

Fig.l - High- Reliability Testing Process Flow Diagram 

.111. 

100% 

RELIABILITY 

ASSURANCE 

TESTS 
(SEE TABLE IV) 

100% 

PERFORMANCE 
REQUIREMENTS 

TESTS 
(SEE TABLE V) 

TABLE I 100% PRECONDITIONING 
BEFORE FACTORY, QUALITY, RELIABILITY-ASSURANCE AND PERFORMANCE REQUIREMENTS TESTS 

STABILIZATION BAKE  48 hours minimum at 200° C 

TEMPERATURE CYCLING 
(PER MIL-STD-750 METHOD 1051, COND. C)   5 complete cycles from -650 C to +200° C. each including 

15 minutes at -650 C, 15 minutes at +200° C. and 5 minutes at 250 C 

HELIUM-LEAK TEST (PER MIL-STD-202, METHOD 112 COND. C, PROC.111A). . . . Leakage may not exceed 10-8 atm cc/a 

BUBBLE TEST ( PER MIL-STD-202, METHOD 112 COND. A)   150° C minimum, 1 minute, ethylene glycol 

CONSTANT-ACCELERATION (CENTRIFUGE) TEST ( PER MIL-STD-750, METHOD 2006).. 20,000 G's; Yi plane, 1 minute 
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1ABLt 

GROUP A TESTS 

Sub- 
group 

Lot 
Toler- 
once 
Per 
Cent 

Defect-
ive 

Characteristic 
Test Symbol 

MIL-STD 
750 

Reference 
Test 

Method 

TEST CONDITIONS LIMITS 

uni, 

bZ A 

Tern- 
pera-
turn 
TA 

F.c. 
goon- 

cY 
f 

DC 
Collect., 

... 
V01 
"CB 

DC 
Collector- 

to- 
Emitter 
Voltage 
VCE 

DC 
Collector 
Current 

IC 

DC 
Emitter 
Current 
1E 

DC 
Base 
Cur- 
rent 
IB 

RCA 
40294 

° C MH• V V mA mA mA Min. Max. 

1 5 
Visual and Mechanical 
Examination 

-- 2071 -------- __ 

2 
3 

Collector- 
Cutoff 
Current 

IcE0 
3036 

Bias Condi- 
tion D 

25,3 -- 15 0 -- 10 nA 

Collector- 
Cutoff 
Current 

ICES 

3041 
Bias Condi- 

lion C 
25.3 -- 16 -- 100 nA 

Collector-to-Bose 
Breakdown 
Voltage 

B1ifcB0 
3001 

Test Condi- 
'ion D 

25,3 -- 0.001 0 30 -- V 

Collector-to- Emitter 
Breakdown 
Voltage 

BVCE)0 
(sus  

3011 
Test Candi- 

tina D 
25,3 -- 3* 0 15 -- V 

Emitter-to-Base 
Breakdown 
Voltage 

BVEBO 
3026 

Test Condi- 
lion D 

25.3 -- 0 -0.001 2.5 -- V 

Base-to- 
Emitter 
Voltage 

VBE 

3066 
Test Condi- 

tion A 
25,3 -- 10 1 -- 1 V 

Collector-
to-Emitter 
Voltage 

VCE 3071 25,3 -- 10 1 -- 0.4 V 

Static Forward 
Current-Transfer 
Ratio 

hFE 3076 25,3 -- 1 3 30 150 

3 10 

Small-Signal Power 
Gaina ( See Fig. 2 
for Test Circuit) 

Gpe 25,3 450 6 1.5 12.5 19 dB 

Device Noise Figure.: 
Generator Resistance 
(RG) , 50 12 ( See 
Fig. 3 for Test Circuit) 

NF 25,3 450 6 1.5 -- 4.5 dB 

Measured Noise Figure 
Generator Resistance 
RG 
for test circuit) 

NF 25 ,3 450 6 1.5 -- 5.0 dB 

Collector-to-Base Time 
Constants (See Fig. 4 
for Test Circuit) 

rbiCc 25,3 31.9 6 -2 4 15 P. 

Oscillator Power 

(Sei 'Fig. 5 for 
Test Circuit) 

Po 25,3 500 10 -12 30 -- ,,IW 

Collector- to- Base • 
Feedback Capacitance Ccb 253 

è 0. 1 
di 10 0 -- 1 pF 

4 10 

Static Forward Current 
Transfer Ratio 
(Low Temperature) 

hFE 3076 -55 • 3 -- 1 3 10 --

Collector-Cutoff 
Current ( High 
Temperature) 

Ice) 
3036 

Bias Condi. 
tion D 

150'.°5 -- 15 0 -- 1 uA 

Small-Signal, Short 
Circuit Forward Cur- 
rent-Transfer Ratios 

hfe 3206 25.3 0.001 6 2 50 220 

Magnitude of Small- Signal, 
Short- Circuit Forward 
Current Transfer Ratio• i fe ! 

3206 25,3 100 6 5 10 19 

• Pulse Test 

• Lead No. 4 ( Case) Grounded 

*Device noise figure is approximately 0.5 dB lower thon the measured noise figure. 
The difference is due to the insertion !ass at the input of the test amplifier and 
the contribution of the following stages in the test setup. 

Three- terminal measurement with emitter and case leads guarded. 
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TABLE 111 

GROUP B TESTS 

Subgroup Tn. , 
MIL-STD 

7" 
Reference 

INITIAL AND ENDPOINT 

CHARACTERISTICS TESTS 

Un its 
L 

.r.i ot .,one. 

Per Cent 
B.,‘ ,,,.,„ 

charas. 

tiStiC m 
Test 

M1 ,1-....STD 

B.e.„,. 

RCA-40294 

Test 
Conditions 

Ini iol 
Volues 

End Point 
V•1ues 

Min. Mos. Min. Mos. % 

1 
PHYSICAL DIMENSIONS 
(See Dimensionol Out- 
lin• Drawing on pogo 7) 

2066 20 -- -- -- -- -- -- --

2 

SOLDERABILITY 

Solder Temp. = 260±5°C 
2026 

10 

ICB0 30360 
TA . 25,3°C 

VcBs15 V 
— 10 -- 10 nA TEMPERATURE. 

CYCLING TEST 
(Condition CI 

1051 

THERMAL-SHOCK TEST: 

T,,,,„ . 02 °C 

T,n .,, ,, 100 ...? °C 

1056 

T•st Condi- 
tion A 

hFE 
3076 

TA =25.3.0 

YCE' V 
IC 3 MA 

30 150 30 150 

MOISTURE-RESISTANCE 
TEST 

1 
021 

3 

SHOCK TEST: 
NON-OPERATING 
1500 G's, 0.5 ms 
5 blows stock in Xi. 
el. Y2, and Z I planes 

2016 

10 

I 
CBO 

30360 
TA =25-3°C 

VCBsISV 
- 10 nA 

VIBRATION FATIGUE 
TEST: NON-OPERATING 
60.20 Hs, 20 G's 

2046 

hFE 

3076 

TA . 25-3°C 

V CE' i V 
Ic.3 ,nA 

30 150 30 150 VIBRATION VARIABLE- 
FREQUENCY TEST 

2056 

CONSTANT-ACCELERA-
TION TEST: 20,000 G's 

2006 

, 
" 

TERMINAL STRENGTH 
TEST 

2036 

Test Condi- 
'ion E 

20 

Helium 
Leak 

Test 

MI130.5270 

klethod112 
Cond,tion C 

Procedore 
Ill A 

__ 
-- 104  cme 37. 

Bubble 
Test 

MIL•STD 
202 

Condition 
A 

TA „1500c 

, 
' 

SALT-ATMOSPHERE 
TEST  

1041 20 

ICBO " 360 

T A =25.3 °C 

VcBs15 N.( -- 10 nA 

hFE 3076 

TA ,25-3°C 

VCEs1 V 

ICs3 mA 

30 ISO 30 150 

6 

HIGH-TEMPERATURE 
LIFE TEST ( NON- 
OPERATING), 
TA  -200- 10•C 

Donation - 1000 hr•. 

1031 A= 7% 

I cm) 30360 T A 25...3* C 

= vc8 V 15 
nA 

hFE " 76 

TA .25-3.0 

V CE'l V 
Ic=3 ,nA 

30 150 24 180 

7 

STEADY-STATE OPERA- 
TION LIFE TEST: 
Correnon•Bos• Circuit 
TA 25,3 C 
vce=123,o.5 v 
Pr.2oo .4 
Durotion.1000 hrs. 

1026 As 7% 

1CB0 3036D 
T A . 25,3°C 

VcBs15 V 
nA 

1.1rE 3076 

TA .253°C 

vcerl V 

IC=3 .1A 

30 150 24 180 
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TABLE IV 

100% RELIABILITY ASSURANCE TEST 

THE CUMULATIVE REJECTS OF TABLES IV AND V SHALL NOT EXCEED 10%0F THE LOT 

Test 
MIL-STD 

750 
Reference 

INITIAL AND ENDPOINT CHARACTERISTICS TESTS 

Chorocteristic 
Test 

RCA 40294 MIL-STD 
750 

Reference 

Test 
Conditions Initial 

Value 
Endpoint 
Value 

POWER BURN-IN: 
Common-Base Circuit 

TA =75t3°C 

Vc5=12.5,0.5 V 

PTx200 m W 

Duration=340 hours 

1026 

,\ ICB0 1° n'Ix• 
nA 

\- ±5 
nA 

3036 
Bias Candi. 

 tion D 

TA r25r3 °C 
Vcig=15 V 

AhFE 
30 min. 

1 max. 50 
.'1. -±15% 3076 

TA =25-3°C 

YCE- 1 V 

Ic=3 mA 

TABLE V 

100% PERFORMANCE REQUIREMENTS TESTS 

THE CUMULATIVE REJECTS OF TABLES IV AND V SHALL NOT EXCEED 10% OF THE LOT 

Test Symbol 
MIL-STD 

750 
Reference 

TEST CONDITIONS LIMITS 

Units Ambient 

Te :",.."'" 
lul- 
TA 

Fre-

qu.n. 
cl 
f 

DC 
Collector- 
to-Bose 
Voltage 
VCB 

DC 
Collector- 
to-Emitter 
Voltage 
VCE 

DC 
Col- 
lector 
Current 

IC 

DC 
Emit- 

, ter 
Current 

IE 

DC 
B ... 

Current 

IB 

RCA 
40294 

OC MHz V V mA mA mA Min. Max. 

Collector-Cutoff 
Current ICB0 

3036 
Bios Condi- 

tion D 
25,3 -- 15 0 -- 10 

nA 

Collector-Cutoff 
Current ICES 

3041 
Bias Condi- 

tion C 
25,3 -- 16 

__ 100 nA 

Collector-to•Bose 
Breakdown Voltage 

evaso 
3001 

Test Condi• 
tion D 

25,3 -- 0.001 0 

Collector-to-Emitter 
Breakdown Voltage 

BVCEO 
(. 0.) 

3011 
Test Condi- 

rien D 
25,3 -- 3* o Is -- y 

, 

Ernitterdo-Bdse B 
reakdown Voltage BVEBO. 

3026 
T•st Condi- 

Hon CI 
25,3 -- 0 —0.001 2.5 -- V 

Base-to-Emitter 
Voltoge VBE 

3066 
Test Condi- 

tion A 
25,3 -- 10 1 -- 1 V 

Collector-to-Emitter 
Voltage VCE 3071 25,3 -- . 10 1 

Stotic Forward 
Current-Transfer 
Ratio 

hFE 3076 25,3 -- 1 3 30 150 

Device Noise 
F igure•: Generator 
Resistance (R0)5O 
Ohms (See Fig. 3 
for Test Circuit) 

NF -- 25,3 450 6 1.5 -- 4.5 dB 

Measured Noise 
Figure Generator 

Resistance RG = 
50Ç- (See Fig.3 

for test circuit)* 

NF 25±3 450 6 1.5 -- 60 dB 

Visual Examination 
(E 11 
Under 20.Power 
Magnification 

Examine leads, heoder, and shell for visual defects. 

*Puls• Test 

• Lewd No. 4 (Case) Grounded 
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0 3-5 
(NOTE II 

LI 
VIN (NOTE 2) 500 

500 

Rg•50.11 

(NOTE 2) 

- 
500 

0.3-5 

C4 VOUT 

I/2 TURN. lio.16 WIRE: LOCATED 
I/ A" FROM an PARALLEL TO L2 

"0i 6800 RESISTANCE VALUES 10 ODIC. 
CAPACITANCE VALUES IN pf. 

vEEe." 

= RCA Type 40294 
92C5-12:0081 

NOTE 1: (NEUTRALIZATION PROCEDURE): (A) CONNECT 
A 450-MHz SIGNAL GENERATOR (WITH Ro = 50 OHMS) TC 
THE INPUT TERMINALS OF THE AMPLIFIE-R. ( B) CONNECT 
A 50-OHM RF VOLTMETER ACROSS THE OUTPUT TERMI-
NALS OF THE AMPLIFIER. (C) APPLY VEE, AND WITH THE 
SIGNAL GENERATOR ADJUSTED FOR 5 mV OUTPUT FROM 
THE AMPLIFIER, TUNE Ci C3, AND Czt FOR MAXIMUM 
OUTPUT. (D) INTERCHANGE THE CONNECTIONS TO THE 
SIGNAL GENERATOR AND THE RF VOLTMETER. (E) WITH 
SUFFICIENT SIGNAL APPLIED TO THE OUTPUT TERMI-
NALS OF THE AMPLIFIER, ADJUST C2 FOR A MINIMUM 
INDICATION AT THE INPUT ( F) REPEAT STEPS (A), ( B), 
AND (C) TO DETERMINE IF RETUNING IS NECESSARY. 

NOTE 2: Li & L2—SILVER-PLATED BRASS ROD, 1-1/2" 
LONG 1/4" DIA. INSTALL AT LEAST I/2" FROM NEAR-
EST VERTICAL CHASSIS SURFACE. 

NOTE 3: EXTERNAL INTERLEAD SHIELD TO ISOLATE 
THE COLLECTOR LEAD FROM THE EMITTER AND BASE 
LEADS. 

Fig. 2 - Neutralized Amplifier Circuit Used to Measure 450-MHz Power Gain end Noise Figure for RCA-40294 

PULSED POWER SUPPLY FOR NOISE SOURCE 

UHF NOISE SOURCE 
(HEWLETT-PACKARD_.„ 

TYPE 3I9A 
OR EQUIVALENT) 

50-Q 
10 DB 
PAD 

450-NHe 

R F( S E E  F AMPLIIFIER G 2 .   

FOR CIRCUIT) 

450- MHz 
RF AMPLIFIER 

AND 
450/390-MHz 

MIXER 

390- MHz 
OSCILLATOR 

(HEWLETT-PACKARD 
TYPE 608C 

OR EQUIVALENT) 

F AMPLIFIE 

- Block Diagram of 450-MHz Noise- Figure Test Circuit for RCA-40294 

NOISE FIGURE 
( MEASURED WITH 
HEWLETT-PACKARD 

TYPE 342A 
OR EQUIVALENT) 

281 



40294   File No. 202 

001 

319 MHA SIGNAL 
GENERATOR 
IFIEWLETT-
PACKARD 

TYPE 606A OR 
EQUIVALENT/ 

•vcc 

Q = 

RF ATUAI 

(BOONTON 
TYPE 91-C OR 
EOUNALENT 

WITH 
UN-FERIA/HATED 

PROBE 

NOTE: Careful shielding must be used between input and out-
put to keep signal feed-through to an absolut• minimum. 

PROCEDURE: 

1. Before inserting the transistor in the test fixture, connect 
a short circuit between the collector and emitter terminals 
of the fixture and adjust the 31.9-MHz input for 0.5 V RMS 
at the emitter terminal. 

2. Remove the short circuit between the collector and emitter 
terminals of the fixture, insert the transistor to be tested, 
and adjust Vcc and VEE for VCB = 6 V, lc = 2 mA. 

-VEE MS-14465 3. Read rh,Cc on ri-voltmeter scale ( rb'Cc in picoseconds = 10 
times meter indication ir, millivolts) ( 1 millivolt = 10 pico-

RCA Type 40294 seconds). 

Fig.4 - Collector-to- Base Time Constant Measurement Circuit 

0.2 

VCC 
- VEE 

DOUBLE-STU8 TUNER 

( Zo• 50 OHMS/ 

3 TURNS 110.16 
250 RIRE 0.3. 
(_± . I- I/O . L0116 

0.2 

POWER 
METER 

CAPACITANCE VALUES IN pl'. 

92C5- i2141.11 

Q = RCA Type 40294 

Fig.5 - Oscillator Circuit Used to Measure 500-MHz Power Output for RCA-40294 

DIMENSIONAL OUTLINE 
JEDEC TO-72 

.195 64A1 

.178 MIN. --(1 
DIA. 

.230 MAX. 

.209 MIN. r  
DIA. 

F 
.500 MIN. 

.100 Al 

INSULATION 

INDEX — 
TAG / 

(NOTE 3) I. 
.Q46 MAX. 
.036 MIN. 

Ill 

NOTE 4 

.210 MAX. 

.170 MIN. 

SEATING PLANE 
MAX. 

4 LEADS 

.017 1'80°F DIA. 

(NOTE 1) 

TERMINAL DIAGRAM 
Bottom View 

LEAD 1— EMITTER 

LEAD 2— BASE 

LEAD 3— COLLECTOR 

LEAD 4 — CONNECTED 
TO CASE 

NOTE I: THE SPECIFIED LEAD DIAMETER APPLIES IN THE 
ZONE BETWEEN 0.050' AND 0.250" FROM THE SEATING PLANE. 
FROm 0.250" TO THE END OF THE LEAD A MAXIMUM DIAMETER 
OF 0.021' IS HELD. OUTSIDE OF THESE ZONES, THE LEAD 
DIAMETER IS NOT CONTROLLED. 

NOTE 2: MAXIMUM DIAMETER LEADS AT A GAUGING PLANE 
0.054 + 0.001" — 0.000" BELOW SEATING PLANE TO BE 
WITHIN 0.007' OF THEIR TRUE LOCATION RELATIVE TO MAX. 
WIDTH TAB AND TO THE MAXIMUM 0.230" DIAMETER MEASURED 
WITH A SUITABLE GAUGE. WHEN GAUGE IS NOT USED. MEASURE— 
MENT WILL BE MADE AT SEATING PLANE. 

NOTE 3: FOR VISUAL ORIENTATION ONLY. 

NOTE 4: TAB LENGTH TO BE 0.028" MINIMUM — 0.048' 
MAXIMUM, AND WILL BE DETERMINED BY SUBTRACTING DIAMETER 

92C5-1281' A FROM DIMENSION B. 
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MEDO 
Solid State 
Division 

RF Power Transistors 

40296 

Ultra- High- Reliability Silicon 
N- P-N Epitaxial Planar Transistor 
For UHF Applications in Critical 

Aerospace and Military Equipment 

Features: 
• Meets performance requirements of TX2N2857 MILS-

19500/343 USAF, 7 March 1966 

• Extra-rigorous control and inspection of all parts, 

materials, and internal assemblies before sealing 

• 100% thermal and mechanical preconditioning after 

sealing 

RCA-40296 is an ultra-high- reliability double-diffused, epi-

taxial planar transistor of the silicon n-p-n type for low-noise 

amplifier, mixer, and oscillator applications at frequencies up 

to 500 MHz (common-emitter configuration), and up to 

1200 MHz (common-base configuration). 

This transistor is electrically and mechanically like RCA-

2N2857, but is specially processed, preconditioned, and 

tested for critical aerospace and military applications. 

The 40296 utilizes a hermetically sealed JEDEC TO-72 

package. All active transistor elements are insulated from the 

case, which may be grounded by a fourth lead in applications 

requiring shielding of the device. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

• Complete electrical and mechanical QUALITY CON-

FORMANCE test program 

• 100% RELIABILITY ASSURANCE testing 

• 100% PERFORMANCE-REQUIREMENTS testing 

• 100% noise figure and power gain tests at 450 MHz 

The curves of Typical Characteristics shown in the technical 

bulletin for RCA-2N2857 also apply for RCA-40296. 

COLLECTOR-TO-EMITTER VOLTAGE   

COLLECTOR-TO-BASE VOLTAGE   

EMITTER-TO-BASE VOLTAGE   

CONTINUOUS COLLECTOR CURRENT  

TRANSISTOR DISSIPATION   

With heat sink, at case` temperatures up to 25°C   

With heat sink, at case ° temperatures above 25°C   

At ambient temperatures up to 25°C   

At ambient temperatures above 25°C   

TEMPERATURE RANGE: 

Storage & Operating (Junction)   

CASE TEMPERATURE (During soldering): 

At distances > 1/32 in. ( 0.8 mm) from seating 

surface for 10 seconds max.   

*Measured at center of seating surface. 

VCEO 

VCBO 

VEBO 

lc 

PT 

15 

30 

2.5 

40 

300 

Derate linearly 1.72 

200 

Derate linearly 1.14 

-65 to +200 

265 

V 

V 

V 

mA 

mW 

mW/°C 

mW 

mWr C 

°C 

°C 
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LOT 
FROM 

SEALING 

SEALING 

100% 

PRECONDITIONING 

(SEE TABLE I) 

TWO 100% INSPECTIONS 
OF PELLET ASSEMBLIES 
AND SHELLS PRIOR 

TO SEALING 

WAFER SELECTION 
AND 100% 

PELLET INSPECTION  

100% 

FACTORY 

ELECTRICAL 

CLASSIFICATION 
TESTS 

GROUP A VISUAL 
EXAMINATION AND 

ELECTRICAL TESTS 
(SEE TABLE II) 

GROUP B 
MECHANICAL, 

ELECTRICAL, AND 

LIFE TESTS 

(SEE TABLE III) 

LOT 
(AWAITING 

COMPLETION 

OF GROUPS 
A 8 

TESTS) 

SERIALIZE 

Fig.1 - High-Reliability Testing Process Flow Diagram 

2 •=. 
(NOTE 2) 

0 3-5 
(NOTE I) 

VIN (NOTE 2) 500 

0—) G. 
500 -e 

• 1/2 TURN. No.16 WIRE: LOCATED 
1/4 PROM AND PARALLEL TO 12 

5°°I 6800 RESISTANCE VALUES IN ONWS. 
,r CAPACITANCE VALUES IN pr. 

vEE't" 

Q = RCA Type 40296 
92CS-12140141 

100% 

RELIABILITY 

ASSURANCE 

TESTS 
(SEE TABLE IV( 

100% 

PERFORMANCE 
REQUIREMENTS 

TESTS 
(SEE TABLE V) 

NOTE I: (NEUTRALIZATION PROCEDURE): (A) CONNECT 
A 450-MHz SIGNAL GENERATOR (WITH Ra = 50 OHMS) TO 
THE INPUT TERMINALS OF THE AMPLIFI R. (B) CONNECT 
A 50-OHM RF VOLTMETER ACROSS THE OUTPUT TERMI-
NALS OF THE AMPLIFIER. (C) APPLY VEE, AND WITH THE 
SIGNAL GENERATOR ADJUSTED FOR 5 mV OUTPUT FROM 
THE AMPLIFIER, TUNE Ci C3, AND C4 FOR MAXIMUM 
OUTPUT. (D) INTERCHANGE THE CONNECTIONS TO THE 
SIGNAL GENERATOR AND THE RF VOLTMETER. (E) WITH 
SUFFICIENT SIGNAL APPLIED TO THE OUTPUT TERMI-
NALS OF THE AMPLIFIER, ADJUST C2 FOR A MINIMUM 
INDICATION AT THE INPUT. ( F) REPEAT STEPS (A), ( B), 
AND (C) TO DETERMINE IF RETUNING IS NECESSARY. 

NOTE 2: Li & L2—SILVER-PLATED BRASS ROD, 1-1/2" 
LONG x 1/4" DIA. INSTALL AT LEAST 1/2. FROM NEAR-
EST VERTICAL CHASSIS SURFACE. 

NOTE 3: EXTERNAL INTERLEAD SHIELD TO ISOLATE 
THE COLLECTOR LEAD FROM THE EMITTER AND BASE 
LEADS. 

Fig. 2 - Neutralized Amplifier Circuit Used to Measure 450-MHz Power Gain and Noise Figure. 

TABLE I 100% PRECONDITIONING 
BEFORE FACTORY, QUALITY, RELIABILITY-ASSURANCE AND PERFORMANCE REQUIREMENTS TESTS 

STABILIZATION BAKE  48 hours minimum at 200° C 

TEMPERATURE CYCLING 
(PER MIL-STD-750 METHOD 1051, COND. Cl   5 complete cycles from -650 C to +2000 C. each including 

15 minutes at -650 C. 15 minutes at +2000 C, and 5 minutes at 250 C 

HELIUM-LEAK TEST (PER MIL-STD-202, METHOD 112 COND. C, PROC.IIIA). . . . Leakage may not exceed 10-8 atm eels 

BUBBLE TEST ( PER MIL-STD-202, METHOD 112 COND. A)   1500 C minimum, 1 minute, ethylene glycol 

CONSTANT-ACCELERATION (CENTRIFUGE) TEST ( PER MIL-STD-750, METHOD 2006).. 20,000 G's; Y1 plane, 1 minute 
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TABLE fi 

GROUP A TESTS 

Sub- 
group 

Lot 
Toler-
once 
Per 
Cent 

Defect- 
ire 

Characteristic 
Test Symbol 

MIL-STD 
750 

Reference 

Method 

TEST CONDITIONS LIMITS 

LI its 
n 

bAie"e; 

Tom. 
..,... 

TA 

Fre- 
amen- 
• 
.1' 
f 

DC 
Collector-

„(°-,15**• 
1,011age 

VCB 

DC 
Collector- 

to- 
Emitter 
v.N.9. 
VCE 

DC 
Collector 
Current 

IC 

DC 
Emitter 
Current 
IF 

DC 
Base 
Cur- 
rent 
1B 

RCA 
40296 

^ C MHs V V inA mA mA Min. Max. 

1 5 Visual and Mechanical 
Examination -- 2071 ------ -- -- -- -- -- -- 

2 3 

Collector- 
Cutoff 
Current 

IGB0 
3036 

Bias Condi- 
tion D 

25.3 -- 15 0 -- 10 nA 

Collector- 
Cutoff 
Current 

ICES 

3041 
Bias Condi- 

tion C 
25,3 -- 16 -- 100 nA 

Collector-to-Base 
Breakdown 
Voltage 

BVGB0 
3001 

Test Condi- 
tion D 

2513 -- 0.001 0 30 -- V 

Collector-to-Emitter 
Breakdown 
Voltage 

19 VCE,0 
( sus) 

3011 
Test Condi- 

tion D 
25.3 -- 3• 0 15 -- V 

ce mitter•to-Base 
Breakdown 
Voltage 

BVEBO 
3026 

Test Candi- 
Con D 

25,3 -- 0 0.001 2.5 -- V 

Bane-to. 
Emitter 
Voltage 

VBE 

3066 
Test Condi- 

tion A 
25,3 -- 10 1 -- 1 V 

Collector-
to-Emitter. 
Voltage 

VGE 3071 10 1 -- 0.4 V 

Static Forward 
Current-Transfer 
Ratio 

hFE 3076 25,3 -- 1 3 30 150 

3 10 

Small-Signal Power 
Coins (See Fig. 2 
for Test Circuit) 

Gpe 25,3 450 6 1.5 11.5 16.5 dB 

Device Noise Figure*: 
Generator Resistance 

Fig. 3 for Test Circuit) 

NF 
25,3 450 6 1.5 -- 3.4 dB 

Measured Noise Figure 
Generator Resistance 

for test circuit, 

NF 25,3 450 6 1.5 4.2 dB 

Collector-to-Base Time 
Constants (See Fig. 4 
for Test Circuit) 

rbiC. 25.3 31.9 6 -2 4 15 P. 

Oscillator Power 
Output 
(See Fig. 5 for 
Test Circuit) 

P. 25,3 1500 10 -12 30 -- P,W 

Collector- to- Base • 
Feedback Capacitance , -̀.1, 25.3 è0.1 di 10 0 -- 1 PF 

4 10 

Static Forward Current 
Transfer Ratio 
(Low Temperature) 

hFE 3076 -55.3 -- 1 3 10 --

Collector-Cutoff 
Current -(High 
Temperature) 

1CBO 
3036 

Bias Condi- 
tion D 

0 150, -- 15 0 -- 1 ‘A r. 

Small-Signal, Short 
Circuit Forward Cur- 
rent-Transfer Ratios 

hfe 3206 25,3 0.001 6 2 50 220 

Magnitude of Small- Signal, 
Short- Circuit Forward 
Current Transfer Ratioa 

hfe 3206 25,3 100 6 5 10 20 

• Pulse Test 

• Lead Na. 4 ( Case) Grounded 

*Device noise figure is approximately 0.5 dB lower than the measured noise figure. 
The difference is due to the insertion loss at the input of the test amplifier and 
the contribution of the following stages in the test setup. 

° Three- terminal measurement with emitter and case leads guarded. 
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TABLE III 

GROUP B TESTS 

Subgroup Test  
MIL-STD 
R.,7.52n‘. 

Lot 
T.i., nc. 
1!...od:leinv.t 

INITIAL AND ENDPOINT 
CHARACTERISTICS TESTS 

Units 
0,g« 
terTeissttic 

MIL-STD 
R.,7.5,0.nc. 

Test 
Conditions 

RCA-40296 
loi ial 
Values End E'sn''' Values 

Min. Ma, Mon. Moog. % 

1 
PHYSICAL DIMENSIONS 
(See Dornensoonal Out- 
lone Drosving On page 7) 

2066 20 -- -- -- - -- - - 

2 

SOLDERABILITY 
Solder Temp. 260±5°C 2026 

10 

I 
CB0 3036D 

TA .25,3 AC 
vcAz is V -- 10 - 10 nA TEMPERATURE. 

CYCLING TEST 
(Condotoon C) 

1051 

THERMAL-SHOCK TEST: 

T,,,,„ = 0:(5) °C 

T„,.. 1001 °C 

1056 
Test Conti,. 

'ion A 
, E 
-FE 

3076 

TA s25- 3°C 

VCE= 1 V 

IC 3mA 

30 150 30 150 

MOISTURE-RESISTANCE 
TEST 1021 

3 

SHOCK TEST: 
NON-OPERATING 
1500 G's, 0.5 Ills 
5 blows eoch on )( 1, 
T1, T2, ond 21 planes 

2016 

10 

ICB0 
30360 

TA .25-3°C 

VC13=15V 
10 nA 

VIBRATION FATIGUE 
TEST: NON-OPERATING 
60 - 20 Hz, 20 G. 

2046 

hFE 

3076 
TA . 25-3°C 

VCE'l V 
ic-3 mA 

30 150 30 150 VIBRATION VARIABLE. 
FREQUENCY TEST 2056 

CONSTANT•ACCELERA-
TION TEST: 20,000 G's 2006 

, TERMINAL STRENGTH 
TEST 

2036 
Test Condo- 20 

%hum 
Look 
Test 

M1150-S2TD 

Method112 
Cond... C 
¡P•osedure 

111 A 

-- -- 1043 cm."375 

Bubble 
Test 

MIL-STO 
202 

Con.d.toon 
Ts 150°C A 
, rn'n'.,:un;: 

g SALT-ATMOSPHERE  
TEST 1041 20 

I 
CB0 30360 

y A .25-3°C 

VCES/5 V -- 10 10 nA 

hFE 3076 

TA s25•3°C 
VEEs1 V 

lc=3 mit 

30 150 30 150 

6 

HIGH-TEMPERATURE 
LIFE TEST ( NON- 
OPERATING) 
TA 200-10•C 
Duratoon - 1000 hrs. 

1031 A= 7% 

IcB0 
30360 

-, TA 25.3 C., 
vC13''S v 

-- 10 -- 20 MA 

hFE 3076 
T A .25-3°C 

VCE'l V 
ic.3 mA 

30 150 24 180 

7 

STEADY-STATE OPERA- 
TION LIFE TEST: 
Cornrnon-Bas• Corsi,. 
TA -25t 3- C 
ucE3:12.5±65 V 
Pz.200 mW 
Durat.ons1000 hrs. 

1026 As 7% 

ICB0 30360 Ts253°C A, 
Vc8.15 V 

-- 10 20 nA 

hFE 3076 

TA .25,3 0C 
YcErl Y 

1C=3 mA 

30 150 24 180 
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TABLE IV 

100% RELIABILITY ASSURANCE TEST 

THE CUMULATIVE REJECTS OF TABLES IV AND V SHALL NOT EXCEED 10% OF THE LOT 

Test 
MIL-

750STD 

Reference 

INITIAL AND ENDPOINT CHARACTERISTICS TESTS 

Characteristic 
Test 

RCA. 40296 MIL-STD 
750 

Re f.. rence 
Test 

Conditions Initial 
Value 

Endpoint 
Value 

POWER BURN-IN: 
Common-Bose Circuit 

TA .25.3°C 

VC8=12-5 ,0.5V 

P.u.2001 rnW 

Durotionr340 hours 

1026 

.\ICB0 I°" x• 
nA 

.\ ' 5 
nA 

3036 
Bias Condi- 

ton D 

TA ,25-3°C 
Vcg.-.15 V 

‘hFE 
30 min. 

150 max. 
\-:q5% 3076 

TA ' 25.3°C 

VCE-1 V 

IC- 3 mA 

TABLE V 

100% PERFORMANCE REQUIREMENTS TESTS 

THE CUMULATIVE REJECTS OF TABLES IV AND V SHALL NOT EXCEED 10% OF THE LOT 

Test Symbol 
MIL•STD 

750 
Reference 

TEST CONDITIONS LIMITS 

RCA 
40296 

Units 
Ambient 
Temper.' 

tore 
TA 

Fre. 
q.en• 
cr 
r 

DC 
Collector- 
to- Bose 
Voltage 

vcs 

DC 
Collector. 
to- Emitter 
Voltage 
VCE 

DC 
Col. 
lector 
Current 

IC 

DC 
Emit. 
ter 

Current 

IE 

DC 
Bose 
c Otte, 

IB 

oc NH. V V rnA mA mA ,11n. Mex. 

Collector-Cutoff 
Current 

ic80 
3036 

Bias Cond.. 
tion D 

25-3 - 15 o nA 

Collecier-Cutoff 
Current ICES 

3041 
Bias Cond... 

tion C 
25-3 -- 16 -- 100 rIA 

Col lector-to•Booltsaege 
Breokdown V BVCBO 

3001 
Test Condi- 

tion D 
25.3 -- 0.001 0 30 _ V 

Collectoi-to-Eminer 
Breakdown Voltage 

BVCEO 
k,„) 

3011 
Test Condi- 

tine D 
25-3 -- 3* 0 15 - V 

Emitter-to-Bose 
Breakdown Voltoge BVEBO 

3026 
Test Cond.. 

tion D 
25.3 -- 0 0.001 

Bose-to- Emitter 
Voltage VBE 

3066 
.Test Cond.- 

tion A 
25-3 -- 10 1 _- I V 

Coll ageector-to-Emitter 
Vo lt  VCE 3071 25-3 -- 10 1 

Static Forward 
Curtent•Tronsfer 
Ratio 

hFE 3076 25-3 -- 1 , 3 30 150 

Device Noise 
Figures: Generator 
Resistance ( R0).50 
Ohms ( See Fig. 3 
for Test Circuit) 

NF -- 25.3 450 6 1.5 -- 3.9 dB 

Visual Examination 

(Under 20-E I)Power 

Magnification 

Examine leads, header, and shell for visual defects. 

• Puise Test 

• Lead No. 4 ( Cose) Grounded 
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40296 

PULSED POWER SUPPLY FOR NOISE SOURCE 

File No. 603 

4  

UHF NOISE SOURCE 
(HEWLETT-PACKARD, 

TYPE 349A 
OR EQUIVALENT) 

SI 9 IMP SIGNAL 
GENERATOR 
(HEWLETT - 
PACKARD 

TYPE 6015A OR 

EQUIVALENT / 

= 

0.002RF 

.VCC 

50-12 
10-DB 
PAD 

450- MHz 
RF(SAEMEPFLIG 2 AMPLIFIER 

FOR CIRCUIT) 

450- MHz 
RF AMPLIFIER 

AND 

450/390-MHz 
MIXER 

390- MHz 
OSCILLATOR 

(HEWLETT-PACKARD 
TYPE 608C 

OR EQUIVALENT) 

F Á01; LeAtF t M E 

Fig.3 - Block Diagram of 450-MHz Noise- Figure Test Circuit 

—10 

NOISE FIGURE 
(.MEASURED WITH 
HEWLETT-PACKARD 

TYPE 342A 
OR EQUIVALENT) 

NOTE: Careful shielding must be used between input and out. 
00 put to keep signal feed-through to an absolut• minimum. 

PROCEDURE: 

1. Before inserting the transistor in the test fixture, connect 
a short circuit between the collector and emitter terminals 
of the fixture and adiust the 31.9-MHz input for 0.5 V RMS 
at the emitter terminal. 

2. Remove the short circuit between the collector and emitter 
terminals of the fixture, insert the transistor to be tested, 
and adiust Vcc and VEE for Vcg = 6 V, lc = 2 mA. 

92C 3-.465 3. Read rbiCc on rf-voltmeter scale ( rh•C, in picoseconds = 10 
times meter indication in millivolts) ( 1 millivolt = 10 pico-

Q = RCA Type 40296 seconds). 

Fig.4 - Collector-to- Base Time Constant Measurement Circuit 

RE vTVM 

(BOONTON 
TYPE 9.—C OR 
EQUIVALENT I 

WITH 
UNTERMINATED 

PROBE 

-GEE 

250 

0.2 
CH 

DOUBLE- STUB TUNER 
I Zo• 50 OHMS/ 

VCC 
-GEE 

3 TOMS 1..16 
250 Roe ur 0.0 

. I.I/s . LORE 

0.2 
pH 

? SO- a 
POWER 
METER 

CAPACITANCE VALUES . o,. 

92C5 

Q = RCA Type 40296 

Fig.5 - Oscillator Circuit Used to Measure 500-MHz Power Output 
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DIMENSIONAL OUTLINE 

JEDEC TO-72 

SEATING 
PLANE 

92CS - 17444 

TERMINAL CONNECTIONS 

Lead 1 — Emitter 

Lead 2 — Base 

Lead 3 — Collector 

Lead 4 — Connected to case 

SYMBOL 

INCHES MILLIMETERS 

NOTES 

MIN. MAX MIN MAX 

A 0170 0210 4.32 533 

06 0016 0.021 0406 0533 2 

062 0.016 0.019 0406 0.483 2 

00 0.209 0.230 531 5.84 

001 0.178 0195 452 485 

e 0.100 T.P. 2.54 T.P 4 

el 0050 TP. I 27 T.P 4 

6 0030 0762 

0.036 0046 0 914 1.17 

k owe 0 048 0 711 I 22 3 

I 0500 12 70 2 

II 0050 1 17 2 

12 0250 635 2 
o 45' T P 45" T P 4.6 

Note 1: (Four leads). Maximum number leads omitted in this out-
line, "none" (0). The number and position of leads actually present 

are indicated in the product registration. Outline designation deter-

mined by the location and minimum angular or linear spacing of 

any two adjacent leads. 

Note 2: ( All leads) 0 2 applies between 11 and 12. 0 applies be-

tween 12 and 0.50 in. ( 12.70 mm) from seating plane. Diameter is 

uncontrolled in 11 and beyond 0.50 in. ( 12.70 mm) from seating 

plane. 

Note 3: Measured from maximum diameter of the product. 

Note 4: Leads having maximum diameter 0.019 in. 10.484 mm) 

measured in gaging plane 0.054 in. ( 1.37 mm) +0.001 in. 10.025 

mm) — 0.000 (0.000 mm) below the seating plane of the product 

shall be within 0.007 in. (0.178 mm) of their true position relative 

to a maximum width tab. 

Note 5: The product may be measured by direct methods or by 

Pee • 

Note 6: Tab centerline. 
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Mgü 
Solid State 
Division 

RCA-40305, 40306, and 40307 are high-relia-
bility variants of RCA-2N3553, 2N3375, and 2N3632 
epitaxial silicon n-p-n overlay transistors. They 
are intended for Class-A', -B, or -C amplifier, fre-

quency multiplier, or oscillator operation. 

These devices are subjected to special pre-
conditioning tests for selection in high-reliability, 

large-signal, high-power, VHF-UHF applications 

in Space, Military, and Industrial communications 
equipment. 

RF Power Transistors 
40305 
40306 
40307 

High 

Reliability 

High-Power 

VHF-UHF 

Amplifier 40306 
40307 

JEDEC TO-60 

40305 
JEDEC TO-39 

FEATURES 

• High- Reliability Assured By Seven (7) Precon- • 100 Per- Cent Tested to Assure Freedom from Sec-
ditioning Steps ond Breakdown for Operation in Class-A Applica-

tions 

• Data Recorded Before and After " Power-Age Test'' 
and Held to Critical Delta Criteria 

• High Voltage Ratings — 

VcB0 = 65 volts max. 
VCE V = 65 volts max. 

VCEO = 40 volts max. 

• High Power Out put, P • OUT, Unneutralized Class-C 
Amplifier — 

At 400 Mc, 3 w min. (40306) 

113.5 w min. (40307) 
175 Mc 2.5 w min. (40305) 

100 Mc, 7.5 w min. (40306) 

RF SERVICE A 

Maximum Ratings, Absolute-Maximum Values 

40305 40306 40307 40305 40306 40307 

COLLECTOR-TO-BASE 
VOLTAGE, Vcgo  65 65 65 volte 

At case temperatures 
COLLECTOR-TO-EMITTER above 25°C Derate linearly to 0 watts at 200°C 
VOLTAGE: 
With base open, %/EEO  40 40 40 volts TEMPERATURE RANGE: 

With VBE = -1.5 volte, VEEN/  65 65 65 volte Storage -65 to 200 °C 
EMITTER-TO-BASE Operating (Junction) -65 to 200 oc 

VOLTAGE, VEBO  4 4 4 volte PIN OR LEAD TEMPERATURE 
COLLECTOR CURRENT, IE  1.0 1.5 3.0 peres (During soldering): am  

At distances 1/32" from 
TRANSISTOR insulating wafer (T0-60 
DISSIPATION, PTa: package) or from seating 
At case temperatures plane (TO-39 package) 
up to 25°C   7.0 11.6 23 watts for 10 sec. max  230 °C 

ASecondary breakdown considerations limit maximum DC operating conditions — contact your RCA representative for specific data. 
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ELECTRICAL CHARACTERISTICS 
Case Temperature = 25° C 

Characteristic Symbol 

TEST CONDITIONS LIMITS 

Units 
DC 

Collector 
Volts 

DC 
Base 
Volts 

DC 
Cur ent 

(Milliamperes) 
40305 40306 40307 

VcB VcE VBE IE IB Ic Min. Max. Min. Max. Min. Max. 

Collector-Cutoff Current 'CEO 30 0 - 0.1 - 0.1 - 0.25 garnP 

Collector-to-Base 
Breakdown Voltage BV CB0 

0 
0 

0.1 
0.3 
0.5 

- 
65 

- 
- 

65 
- 

- 
- - - 0volts 

Emitter-to-Base 
Breakdown Voltage BVEBO 

0.1 
0.25 

0 
0 volte 

Collector-to-Emitter 
Breakdown Voltage 

BVCEO 0 0 to 200° 40b - 40b - 40b - volts 

BvCEX -1.5 0 to 200° 65 b - 65 b - 65 b - volts 
Collector-to-Emitter 
Saturation Voltage VCE(sat) 100 

50 
500 
250 - volt 

DC Forward-Current 
Transfer Ratio hFE 

5 
5 

150 
300 

10 - 10 - - - 

Collector-to-Base Capacitance 
Measured at 1 Mr Cob 30 0 - 10 - 10 - 20 Pf 

RF Power Output 
Amplifier, Unneutralized 
At 100 Mc ( See Fig.2) 

175 Mc (See Fig.') 
175 Mc ( See Fig.3) 
400 Mc (See Fig.4) 

POUT 
28 
28 
28 
28 

2 5d 
- 
f - 10.0e - watts 

o Pulsed through an inductor (25 mh); duty factor = 50%. 

Measured at a current where the breakdown voltage is a minimum. 

• For PIN = 1.0 w; minimum efficiency = 65%. 

d 
For PIN =1/4 w; minimum effciency = 50%. 

° For PIN = 3.5 w; minimum efficiency = 70%. 

For P/N = 1.0 w; minimum efficiency = 40%. 

RELIABILITY TESTING 

RCA types 40305, 40306, and 40307 are electrically lower collector-cutoff current. ICE() for the 40305 and 
similar to RCA-2N3553, 2N3375, and 2N3632 respec- 40306 is 100 nanoamperes maximum and 'CEO for the 
tively; but they differ in that they have substantially 40307 is 250 nanoamperes maximum. 

Preconditioning ( 100 Per-Cent Testing of Each Transistor) 

1. Helium Leak, 1 x 10'8 cc/sec. max. 

2. Temperature Cycling-Method 102A of MIL-STD-202, 
3 cycles, -65° C to +200° C 

3. Methanol Bomb, 70 psig, 16 hours minimum 

4. Bake, 72 hours minimum, + 200° C 

8. Power Age, TA = 25° C, VcB = 28 V, t = 168 hours, 
free air 

PD(40305) = 1 watt 

'D 40306, 40307) = 2.6 watts 

e 9- Record ' EEO' hFE' V CE(set) 

10. X-Ray Inspection, RCA Spec. 1750326 

11. Record Subgroups 2 and 3 of Group A Tests. 

* Delta criteria after 168 hours Power Age 

5. Constant Acceleration-Method 2006 of MIL-STD-750, 40305 + 100% or + 10 nanoamperes 
10,000G, Y1 axis 

CEO 40306 whichever is greater 

/CEO 40307 + 100% or + 25 nanoamperes 
6. Serialization whichever is greater 

hFE ±30% 

7. Record IcE0, hFE, VEE(sat) VEE(ser) ±0.1 V 
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Group A Tests 

TEST 
METHOD 
PER 

MIL-STD-750 

EXAMINATION 
OR 

TEST 
SYMBOL CONDITIONS 

LIMITS 

UNITS LTPD 40305 40306 40307 

Min. Max. Min. Max. Min. Max. 

2071 

Subgroup 1 

Visual and Mechanical 
Examination 

- - 

10 

- - - - - - - - 

3041D 

Subgroup 2 

Collector-To-Emitter 
Cutoff Current 

IcE0 VcE = 30 V, IB = 0 

5 

- - 0.1 - 0.1 - 0.25 gamp 

3001D 
Collector-To-Base 
Breakdown Voltage 

lc = 300 ,an. 1E = 0 - 65 - - - - - volts 

 BVCB0 lc = 100 µa, IE = 0 - - - 65 - - - volts 

IC = 500 P,a. 1E = 0 - - - - - 65 - volts 

3026D Emitter-To-Base 
Breakdown Voltage BVEBO 

IE = 100 µa, lc = 0 - 4 - 4 - - - volts 

1E = 250 gs. IC = 0 - - - - - 4 - volts 

3011D 
Collector-To-Emitter 
Breakdown Voltage BVCEO lc = 0 to 200 ma°, IB = 0 - 40 1, - 40 13 - 40 13 - volts 

3011A 
Collector-To-Emitter 
Breakdown Voltage BVCEX 

lc = 0 to 200 ma°, 
VBE = - 1.5 V 

- 65b - 65 b - 65 b - volts 

3071 Collector-To-Emitter 
Saturation Voltage VCE(880 

lc = 250 Ma, 43 = 50 Ma .. - 1 - • • .. volts 

lc = 500 ma, IB = WO ma •• • - - 1 • 1 volts 

3076 Forward Current 
Transfer Ratio hFE 

I c = 150 ma, VcE = 5 V - 10 - 10 - - - 

lc = 300 ma, VcE = 5 V - - - - - 10 - 

3236 

Subgroup 3 

Open Circuit 
Output Capacitance 

Cob f = 1 Mc, VcB = 30 V, 
1E = 0 

5 

- - 10 - 10 - 20 pf 

See Fig.1 

See Fig.2 

See Fig.3 

See Fig.4 

R. F. Power Output POUT VCE = 28 V, 
PiN = 0.25 watt, 
f = 175 Mc, 
Min. Effic. = 50% 

- 2.5 - - - - - watts 

VcE = 28 V, 
PIN = 1 watt, 
f = 100 Mc, 
Min. Effie. = 65% 

- - - 7.5 - - - watts 

VcE = 28 V, 
IN = 3.5 watts, 

f = 175 Mc, 
Min. Effic. = 70% 

- - - - - 13.5 - watts 

VcE = 28 V, 
PIN = 1 watt, 
f = 400 Mc, 
Min. Effic. = 40% 

- - - 3 - - - watts 

3036D 

Subgroup 4 

Collector Cutoff 
Current 

ICB0 TA = 150°C i 3°C 
VcB = 30 V, IE = 0'  

15 

- - 100 - 100 - 250 µamp 

3076 Forward Current 
Transfer Ratio hFE 

TA = 150° C t 3° C, 
Ic = 150 ma, VcE = 5 V 

- - 200 - 200 - - 

TA = 150°C t 3°C, 
IC = 300 ma, VcE = 5 V 

- 

° Pulsed through an inductor ( 25 mh); duty factor = 50%. 

Measured at a current where the breakdown voltage is a minimum. 
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RF AMPLIFIER CIRCUIT FOR 40305 
POWER-OUTPUT TEST 

(175-Mc Operation) 

IN 
IZG•50 OHMS) 

CI 

C2 L2 

Cl,C2,C3,C4: 3-35 pf 

C6: 1,000 pf 

C7: 0.005 pf, 
disc ceramic 

Li: 2 turns No.16 
wire, 3/16" ID, 
1/4" long 

L2: Ferrite choke, 
Z = 450 ohms 

Fig.1 

IN 
(2G 50 OHMS) 

C3 

L4 

L3 

44 

"CC 

POUT 
(ZL.50 OHMS) 

_ 
92C5, 27 39R1 

L3: 2 turns No.16 wire, 1/4" IC, 
1/4" long 

L4: 4 turns No.16 wire, 3/8" ID, 
3/8" long 

RF AMPLIFIER CIRCUIT FOR 40307 
POWER-OUTPUT TEST 

(175-Mc Operation) 

CI 

Lf L2 

C2 

C3 1 -. 

For 175-Mc Operation: 

CI,C6: 3-35 Pf 

C2,C7: 8-60 pf 

C4: 1,000 pf 

C3,C5: 0.005 i-tf, 
disc ceramic 

Li L5: 4 turns No.18 wire, 
1/4" ID, 3/16" long 

Ly 

POUT 
Ly C5 C7 IZL.SOOHMSI 

C8 

L8:LS 

(-1 

• I Cy 

+ Vc2 28 V 
92C5 - 13120 

L2: 1 turn No.16 wire, 
1/4" ID, 3/16" long 

L3: Ferrite choke, Z = 450 ohms 

L4: RF choke, 1.0 14:: 

L6: 2-1/2 turns No.16 wire, 
1/4" ID, 1/4' long 

RI: 50 ohms 

Fig.3 

RF AMPLIFIER CIRCUIT FOR 40306 
POWER-OUTPUT TEST 

(100-Mc Operation) 

PIN 
(NOTE I) 

C2 

2 

2 

Cy' 

C3 

3 
L4 

L3 

c4 

c6 

+VCC 

POUT 
MOTE 2) 

92CS-125613 

NOTE 1: GENERATOR IMPEDANCE = 50 OHMS. 

NOTE 2: LOAD IMPEDANCE 50 OHMS. 

For 100-Mc Operation: 

Cl,C2: 7.100 pf 

C3,C4: 4-40 pf 

C5: 330 pf, disc ceramic 

C6: 1500 pf 

C7: 0.005 0, disc ceramic 

Li: 3 turns No.16 wire, 1/4" ID, 5/16 long 

L2: ferrite choke, Z = 750(t20%) ohms 

L3: 2.4-ph choke 

L4: 5 turns No.16 wire, 5/16" ID, 7/16' long 

RI: 1.35 ohms, non- inductive 

Fig.2 

RF AMPLIFIER CIRCUIT FOR 40306 
POWER-OUTPUT TEST 

(400-Mc Operation) 

92CS-12566R1 

Fig.4 

+VcC 
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DIMENSIONAL OUTLINES 

FOR TYPES 40306, 40307 FOR TYPE 40305 
JEDEC TO-39 JEDEC TO-60 

3 PINS .ge, DIA. 

(NOTE I) 

135 
1 0;0 

10- 32 UNE 25 
THREAD 
(NOIE 2) 

Dimensions in Inches 

455 
.375 

92C5-1204545 

NOTE 1: THE PIN SPACING PERMITS INSERTION IN ANY 
SOCKET HAVING A PIN-CIRCLE DIAMETER OF 0.200" AND 
CONTACTS WHICH WILL ACCOMMODATE PINS HAVING A 
DIAMETER OF 0.035" MIN., 0.045" MAX. 

NOTE 2: THE TORQUE APPLIED TO A 10-32 HEX NUT 
ASSEMBLED ON THE THREAD DURING INSTALLATION 
SHOULD NOT EXCEED 12 INCH-POUNDS. 

NOTE 3: THIS DEVICE MAY BE OPERATED IN ANY POSI-
TION. 

.100 

.370 MAX. 
.335 MIN. 

DIA 

.335 MAX. 

.305 DIAMIN. 

.260 MAX. 
240 MIN. 

SEATING PLANE 

.009 TO 
.125 

DETAILS OF Cur-
LINE IN THIS 

ZONE OPTIONAL 

LEAD 
IN 
EYELETS 

OUTSIDE 
CORNER 
RADII 45" 

.00  

.034 MAX. 

.028 MIN 

0 0 
[k.____________ 200 3 LEADS 

DIA. .019 MAX. 
.016 MN. 

01k 

.5 
MIN. 

.100 

INDEX TAR 

.045 MAX. 

.029 MIN. 

Dimensions in Inches 

92Cs-127.2 

TERMINAL CONNECTIONS 

Pin or Lead No.) - Emitter 

Pin or Lead No.2 - Base 

Pin or Lead No.3 - Collector ( For 40306,40307) 
Collector, Case ( For 40305) 
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File No. 74 

MCEM 
Solid State 
Division 

RF Power Transistors 

40340 

40341 

JEDEC TO-60 

High- Power 50-MHz 
Emitter- Ballasted 
Silicon N-P-N Overlay Transistors 

For 13.5-V and 24-V Applications in Mobile 

Communications Equipment 

Features 

• Emitter ballasting resistors 

• 13.5 V-25 W min. power output, 7 dB min. gain (40340) 

• 24 V-30 W min. power output, 10 dB min. gain ( 40341). 

• Emitter connected to case 

• Infinite load mismatch tested at 50 MHz 

RCA-40340 and 40341 are epitaxial silicon n- p-n planar 

transistors of the "overlay" emitter electrode construction. 

They are intended especially for high-power-output,class-

C amplifier service at frequencies up to 100 MHz. 

In the overlay structure, a number of individual emitter sites 

are connected in parallel and used in conjunction with a 

single base and collector region. When compared with other 

structures, this arrangement provides a substantial increase in 

emitter periphery for higher current or power, and a 

corresponding decrease in emitter and collector areas for 
lower input and output capacitances. The overlay structure 

thus offers greater power output, gain, efficiency, and 

frequency capability. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-EMITTE R VOLTAGE: 

With base open   VCEO 

With base-emitter ¡ unction reverse-biased ( VBE) = — 1.5 volts   VCEV 

COLLECTOR-TO-BASE VOLTAGE  VCBO 

so 
so 

EMITTER-TO-BASE VOLTAGE   VEBO 4.0 

PEAK COLLECTOR CURRENT   10 

CONTINUOUS COLLECTOR CUR RENT   lc 3.3 

TRANSISTOR DISSIPATION   P-r 
At case temperatures up to 250C   70 

TEMPERATURE (Operating junction)   Tj 200 200 

40340 40341 

25 35 

70 

70 

4.0 

10 

3.3 

V 

V 

V 

V 

A 

A 

70 

oc 
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ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc) = 25°C 

STATIC 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS LIMITS 

UNITS 

DC 

Collector 

Voltage 

(V) 

DC 

Base 

Voltage 

(V) 

DC 

Current 

(mA) 

40340 40341 

V CB VCE V BE IE IC Min. Max. Min. Max. 

Collector-Cutoff Current: 

With base open 
I CEO 

30 

15 

— 
— 

— 
1.0 

— 

— 

1.0 

mA 

With emitter open 
I CBO 

50 
40 — 

— 

10 

— 

— 

10 

Collector-to- Emitter 

Breakdown Voltage: 

With base open v (BRICE° 
200a 25 — 35 

V 

With base-emitter junction 

reverse biased, and external 

base-to-emitter resistance 

(R BE ) ' 20 S2 V IBRICEV —1.5 200a 60 — 70 — 

Emitter-to- Base Breakdown 

Voltage 
V IBRIEBO 

10 4 — 4 V 

Thermal Resistance: 

(Junction-to-Case) ROJC 2.5 2.5 °C/IN 

ePulsed through a 25.mH inductor; duty factor = 50%. 

DYNAMIC 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS LIMITS 

UNITS DC Collector 
Supply 

(VCC)—V 

Input 

Power 

(PIE)—W 

Frequency 

(f) " MHz 

40340 40341 

Min. Max. Min. Max. 

Power Output POE • 13.5 5 50 25 — — W 
24 3 50 — — 30 — 

Power Gain G • 13.5 5 50 7 — — — dB p E 

:.. 24 3 50 _ — 10 — 

Collector Efficiency nC 
• 13.5 

24 

5 

3 
.50 
50 

60 
_ 

— 
— 

— 
60 

— 
— 

% 

Load Mismatch LM 
• 13.5 5 50 GO/NO GO 
'• 24 3 50 

Collector-to-Base 

Capacitance 
Cobo 

VCB = 30 

VCB ' 15 

1 
1 — 120 I — 

85 pF 

In circuit shown In FIg.l. 

In circuit shown in Fig.?. 



File No. 74 40340, 40341 

C1: 14-150 pF 

C2: 90-400 pF 

C3: 1000 pF 

C4: 0.02,uF 

C5: 32-250 pF 

C6: 32-250 pf 

L1: 1 turn, No.16 wire, 5/16 in. ( 7.93 mm) ID„ 

1/8 in. ( 3.17 mm) long 

L2: Ferrite Choke, Z = 450 52 

1_3 . 10 turnf, No 20 onilmol wire, ciose wieund, 

1/4 in. ( 6.35 mm) ID 

L4: 3 turns, No.10 wire, 3/4 in. ( 19.05 mm) ID, 

3/4 in. ( 19.05 mm) long 

Fig.1—RF amplifier circuit for 40340 power-output test 

(50-MHz operation). 

R
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O
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R
 O
U
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U
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COLLECTOR SUPPLY VOLTAGE Vcc•I3 5 V.1.50104 • L1-1 
CASE TEMPERATURE ITc1•25 C •• 

.-
1' 

4 
+ 

• ' • ' • 

1 

•-• 

-I-

• + • 

t ii 
tt 

-41 
t t t I 

o 2 3 4 5 6 7 8 
RE POWER INPUT CP,1— W 

921-5-14914I 

Fig.3—Typical performance of type 40340 in the common 

emitter amplifier shown in Fig. 1. 

L 4 

C1: 14-150 pF 

C2: 110-580 pF 

C3. C5: 1000 pF 

C4: 0.0018 e.iF 

C6: 0.2 MF 

C7: 140-680 pF 

C8: 32-250 pF 

L1: 2 turns, No.16 wire, 1/4 in. ( 6.35 mm) ID, 
1/4 in. ( 6.35 mm) long 

L2: Ferrite Choke, Z = 450 52 

L3: 10 turns, No.20 enamel wire, close wound, 

1/4 in. ( 6.35 mm) ID 

L4: 3 turns, No 10 wire. 3/4 in. ( 19.05 mm) ID, 

3/4 in. ( 19.05 mm) long 

81: 0.33 ohms 

Fig.2—RF amplifier circuit for 40341 power-output test 

(50-MHz operation). 
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Fig.4—Typical performance of type 40341 in the common-

emitter amplifier shown in Fig. 2. 
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C
O
L
L
E
C
T
O
R
 
C
U
R
R
E
N
T
 
I
I
C
)
-
A
 

0
 

CASE TEMPERATURE (Tc/•100•C I i 

lc MAX 1 NOTE T jg IS DETERMINED BY 

L INFRARED SCANNING 4 TECHNIQUE i 1 
HOT- SPOT 
T jg • 200 

TEMPERATURE 
•C 

1 I 

I-

VCE0 MAX- ---. 

6 e 2 
" 100 

COLLECTOR- TO- BASE VOLTAGE (VC) - V 
9205-19064 

Fig. 5-Safe area for dc operation. 

DIMENSIONAL OUTLINE 

JEDEC TO-60 

00, 

SEATING 
PLANE 

92C • ' so., 

TERMINAL CONNECTIONS 

Pin No.1 - Emitter 

Pin No.2 - Base 

Pin No.3 - Collector 

Case, Mounting Stud - Emitter 

-t-

-roo -50 o 50 ioo 150 200 250 

CASE TEMPERATURE (Tc) - °C 

921-5-1882R2 

Fig. 6- Dissipation derating curve. 

SYMBOL 

INCHES 

MIN. MAX. 

MILLIMETERS 

MIN. MAX. 
NOTES 

A 0.215 0.320 5.46 8.13 

A 1 - 0.165 - 4.19 2 

Yb 0.030 0.046 0.762 1.17 4 

oD 0.360 0.437 9.14 11.10 2 

00 1 0.320 0.360 8.13 9.14 

E 0.424 0.437 10.77 11.10 

e 0.185 0.215 4.70 5.46 

el 0.090 0.110 2.29 2.79 

F 0.090 0.136 2.29 3.43 1 

J 0.355 0.480 9.02 12.19 

oM 0.163 0.189 4.14 4.80 

N 0.375 0.455 9.53 11.56 

N1 - 0.078 - 1.98 

OW 0.1658 0.1697 4.212 4.310 3.5 

NOTES: 

1. Dimension does not include sealing flanges 

2. Package contour optional within dimensions specified 

3. Patch diameter - 10-32 UN F 2A thread ( coated) 

4. Pon spacing perirnts insertion in any socket haying a 
pin-circle diameter of 0.200 in. ( 5.08 mm) and con-
tacts which will accommodate pins with a diameter 
of 0.030 in. (0.762 mm) min.. 0.046 in. ( 1.17min) max 

5. The torque applied to a 10-32 hex nut assembled on the 

thread during installation should not exceed 12 inch-
pounds. 
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File No. 259   

IMEM 
Solid State 
Division 

RF Power Transistors 

40414 

High- Reliability Silicon N- P-N 

Epitaxial Planar Transistor 
For UHF Applications in Industrial 
and Military Equipment 

Features: 

High gain-bandwidth product: fT = 1000 MHz min. 

High converter (450-to-30 MHz) gain: Gc = 15 dB typ. for circuit 
bandwidth of approximately 2 MHz 

High power gain as neutralized amplifier: GpE = 12.5 dB min. at 450 MHz 

for circuit bandwidth of 20 MHz 
30 mW min., 40 mW typ. at 500 MHz 

High power output as uhf oscillator: POE = 
20 mW typ., at 1 GHz 

RCA-40414 is a double-diffused epitaxial planar transistor of 

the silicon n-p-n type. It is extremely useful in low-noise-

amplifier, oscillator, and converter applications at frequencies 

up to 500 MHz in the common-emitter configuration, and up 

to 1200 MHz in the common-base configuration. 

The 40414 is electrically and mechanically like the RCA. 

2N2857, but each shipment of the RCA-40414 is accom-

panied by a certified summary of the results of the Group A 

Electrical Tests and the Group B Environmental Tests shown 

in Tables I and Il, respectively. The Test Data Summary and 

Certification shown in the Specimen Copy on page 5 are the 

results of the acceptance tests for the production lot from 

which the shipment is made. 

• Low device noise figure: 

NF = .14.5 dB max. as 450 MHz amplifier 
(7.5 dB typ., as 450-to-30 MHz converter 

• Low collector-to- base time constant: rb'Cc = 7 ps typ. 

• Low collector-to- base feedback capacitance: 

Ccb = 0.6 pF typ. 

RCA-40414 utilizes a hermetically sealed 4- lead JE DEC TO-72 

package. All active elements of the transistor are insulated 

from the case, which may be grounded by means of the fourth 

lead in applications requiring shielding of the device. 

The curves of Typical Characteristics shown in the Technical 

Bulletin for RCA-2N2857 also apply for RCA-40414. 

Maximum Ratings, Absolute-Maximum Values: 

COLLECTOR-TO-EMITTER VOLTAGE   

COLLECTOR-TO-BASE VOLTAGE   

EM I TTE R-TO- BASE VOLTAGE   

CONTINUOUS COLLECTOR CURRENT  

TRANSISTOR DISSIPATION   

At case temperatures* up to 25°C   

At case temperatures above 25°C   

At ambient temperatures up to 25°C   

At ambient temperatures above 25°C   

TEMPERATURE RANGE: 

Storage & Operating (Junction)   

CASE TEMPERATURE ( During soldering): 

At distances > 1/32 in. ( 0.8 mm) from seating 

surface for 10 seconds max  

Measured at center of seating surface. 

VCEO 

VCBO 

VEBO 
lc 

PT 

15 

30 

2.5 

40 

300 

Derate linearly 1.71 

200 

Derate linearly 1.14 

—65 to +200 

265 

V 

V 
V 

mA 

mW 

mW/°C 

mW 

mW/°C 

°C 

°C 
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40414 

TABLE I— GROUP A TESTS 

File No. 259 

..,_ 
Sub- 
group 

Lot 
Toler- 
ance 
Per 
Cent 

Defect- 
ive 

Test 
Symbol 

MIL-STD 
750 

Reference 
Test 
Method 

TEST CONDITIONS LIMITS 

Units 

Am- 

bient 
Tern- 
pera- 
lure 
TA 

Ere- 
quen- 
cy 

f 

DC 

to-Base 

Voltage 

Vc8 

DC 
Collector- 

to- 
Emitter 
Voltage 
VCE 

DC 
Collector 
Current 

IC 

DC 
Emitter 
Current 

IE 

RCA 
40414 

OC MHz V V mA mA Min. Max. 

1 10 
Visual and Mechanical 

Examination 
-- 2071 — - — — — — -- --

2 5 

Collector- 

Cutoff 

Current 

lceo 

3036 

Bras Condi- 

bon D 

25.3 -- 15 0 -- 10 nA 

Collector-to- Base 

Breakdown 

Voltage 

BVDB0 

3001 

Test Condi- 

iron D 

25.3 -- 0.001 0 30 — V 

Collector- to- Emitter 

Breakdown 

Voltage 

BVCEO 
isusl 

3011 

Test Good,- 

tino D 

25• 3 — 3. IB = 0 15 -- V 

Emitter-to- Base 

Breakdown 

Voltage 

BVEBO 

3026 

Test Cond, 

tron D 

25.3 -- 0 -0.01 2.5 — V 

Stec Forward 

Current- Transfer 

Ratio 
'FE 3076 25-3 -- I 3 30 150 

3 15 

Small-SIgnal Power 

Gain a (See Fig.! 

for Test Crrcurt) 

Gpe 25.3 450 6 1.5 12.5 19 dB 

Device Norse Figure« 

Generator Resistance 

1126) - 50). i See 

Fig.2 for Test Circuit) 

NF 25- 3 450 6 1.5 — 4.5 dB 

Measured Noise Figure: 

Generator Resistance 

(RG) - 50 ). ( See Fig.2 

for test circurti a 

NF 25.3 450 6 1.5 -- 5.0 dB 

Collector-to- Base Time 

Constant arSee Frg.3 

for Test Circuit) 

fb.Cc 25.3 31.9 6 2 4 15 Ps 

Oscillator Power 

Output ( See Fig.4 

for Test Circuit) 

Po 25-3 2 500 10 -12 30 -- mW 

Collector- to- Base 

Feedback Capac dance* 
Ccb 25.3 

_> 0.1 

i 1 
10 0 -- I pF 

4 15 

Static Forward Current 

Transfer Ratio 

(Low Temperature) 

hFE 3076 -55 .3 -- 1 3 10 — 

Collector-Cutoff 

Current ( High 

Temperature) 

lag) 

3036 

Bras Coed,- 

iron D 

.0 

150 

-5 

— 15 0 -- 1 .41 

Small-Signal, Short 

Circuit Forward Cur- 

rent-Transfer Ratina 

hie 3206 25,3 0.001 6 2 50 220 

Magnitude of Small-

Signal, Short-Circuit 

Forward Current-

Transfer Ratro i 

I I 
114 1 

3206 25.3 100 6 5 10 19 

Pulse Test 

'Lead No.4 (Case) Grounded 

•Three-termrnal measurement with emitter 
and case leads guarded. 

*Device noise figure is approx mately 0.5 dB lower than the measured noise figure. 
The difference is due to the insertion loss at the input of the test amplIfier and 
the contribution of the following stages in the test setup. 
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TABLE Il - GROUP B TESTS 

Subgroup Test 
MIL-STD 

750 
Reference 

Lot 
Tolerance 
Per Cent 

Defective 

INITIAL AND ENDPOINT CHARACTERISTICS TESTS 

Units 
Charac• 
teristic 
Test 

MIL-STD 
750 

Reference 

Test 
Conditions 

RCA-40414 

loi ial 
Values 

End Point 
Values 

% Min. Max. Min. Max. 

1 

PHYSICAL DIMENSIONS 

(See Dimensional Out- 

line Drawing on page 61 

2066 20 - — — — — 

2 

SOLDERABILITY 

Without Aging 
2026 

20 

IcEe 30360 
TA = 25 r 3°C 

VCB = 15 V 
— 10 -• 30 nA 

TEMPERATURE-

CYCLING TEST 

(Condition Cl 

1051 

THERMAL-SHOCK TEST: 

Trsie = 01 °C 

Tmas = 1001 °C 

1056 

Test Condi-

Iron A 
hFE 3076 

TA = 25 : 3°C 

VcE = I V 

= lc 3 mA 

30 150 18 -- 

MOISTURE-RESISTANCE 

TEST 
1021 

3 

SHOCK TEST: 

NON-OPERATING 

1500 Ws, 0.5 ms 

5 blows each in XI, 

Y1, Y2 and Z1 planes 

2016 

20 

IcE0 3036D TA - 25 • 3°C 

VCB - 15 V 
— 10 — 30 nA 

VIBRATION FATIGUE 

TEST: NON-OPERATING 

60 • 20 Hz, 20 G's 

2046 

hFE 3076 

TA = 25 • 3°C 

VcE - I V 

lc - 3 mA 

30 150 18 — 

VIBRATION VARIABLE- 

FREQUENCY TEST 2056 

CONSTANT-ACCELERA- 

l'ION TEST: 20,000 Ws 2006 

4 

TERMINAL STRENGTH 

TEST 

2036 

Test Condo- 

bon E 

20 

..  .. .. — — — — 

.. .. .. .. — . — 

5 
SALT-ATMOSPHERE 

TEST 
1041 20 

ICBO 3036D 
TA = 25 n 3°C 

VCB r-- 15 V 
— 10 •• 30 nA 

hFE 3076 

TA = 25 • 3°C 

VcE - I V 

IC - 3 mA 

30 150 18 — 

6 

HIGH-TEMPERATURE 

LIFE TEST ( NON- 

OPERATING): 

TA' 200 • 10°C 

Duration - 1000 his. 

1031 • - 104o 

ICB0 30360 
TA = 25 • 3°C 

VCB = 15 V 
— 10 — 30 nA 

hFE 3076 

TA - 25 • 3°C 

VcE - I V 

IC = 3 mA 

30 150 18 — 

7 

STEADY-STATE OPERA-

TION LIFE TEST: 

Common-Base Circuit 

TA = 25 r 3°C 

VCB = 12.5 • 0.5 V 

Py = 200 mW 

Duration -- 1000 has. 

1026 ''= 10% 

ICWO 30360 
TA - 25 • 3°C 

VC5 = 15 V -- 10 — 30 nA 

hFE 3076 

TA = 25 • 3°C 

VcE - I V 

lc = 3 mA 

30 150 18 — 
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2 NOTE 1: (NEUTRALIZATION PROCEDURE): (A) CONNECT 
C2 (NOTE 2) A 450-MHz SIGNAL GENERATOR (WITH RO = 50 OHMS) TC 

0 3-5 THE INPUT TERMINALS OF THE AMPLIFIER. (B) CONNECT 
(NOTE 11 NOTE 0.3-5 A 50-OHM RF VOLTMETER ACROSS THE OUTPUT TERMI-

Li • NALS OF THE AMPLIFIER. (C) APPLY Vgg, AND WITH THE 
VIN (NOTE 2) 500 

SIGNAL GENERATOR ADJUSTED FOR 5 mV OUTPUT FROM 
0—) THE AMPLIFIER, TUNE CI, C3, AND C4 FOR MAXIMUM 

500 OUTPUT. (D) INTERCHANGE THE CONNECTIONS TO THE 
SIGNAL GENERATOR AND THE RF VOLTMETER. ( E) WITH 

RG.50L1 SUFFICIENT SIGNAL APPLIED TO THE OUTPUT TERMI-
NALS OF THE AMPLIFIER, ADJUST C2 FOR A MINIMUM 
INDICATION AT THE INPUT ( F) REPEAT STEPS (A), ( B), 
AND (C) TO DETERMINE IF RETUNING IS NECESSARY. 

NOTE 2: Li & L2—SILVER-PLATED BRASS ROD, 1-1/2" 
LONG x 1/4" DIA. INSTALL AT LEAST 1/2" FROM NEAR-
EST VERTICAL CHASSIS SURFACE. 

NOTE 3, EXTERNAL INTERLEAD SHIELD TO ISOLATE 
92CS 409 THE COLLECTOR LEAD FROM THE EMITTER AND BASE 

LEADS. 

Fig.! - Neutralized Amplifier Circuit Used to Measure 450-HMz Power Gain and Noise Figure for RCA-40414. 

5001,800 

4  

R1/2 TURN. No.16 WIRE: LOCATED 

FROM AND PARALLEL TO LO 

vEE' 75v 

= 40414 

C4 VOuT 

RESISTANCE VALUES MOIRAS. 
CAPACITANCE VALUES IN II 

PULSED POWER SUPPLY FOR NOISE SOURCE 

UHF NOISE SOURCE 
(HEWLETT-PACKARD 

TYPE 349A 
OR EQUIVALENT) 

319 MHz SIGNAL 
GENERATOR 
(HEWLETT-
PACKARD 

TYPE 6066 OR 

EQUIVALENT 

50-
10.D13 

PAD 

450- MHz 
,_AeRF(sAEMEPFLIG 2 AMPLIFIER 

FOR CIRCUIT) 

4.50- MHz 
RF AMPLIFIER 

AND 
450/390-MHz 

MIXER 

YA-MHz 
OSCILLATOR 

(HEWLETT-PACKARD 
TYPE 608C 

OR EQUIVALENT) 

60-MHs 
F AMPLIFIE —I> 

NOISE FIGURE 
(MEASURED WITH 
HEWLETT-PACKARD 

TYPE 342A 
OR EQUIVALENT) 

Fig.2 - Block Diagram of 450-MHz Noise-Figure Test Circuit for RCA-40414. 

001,,F 

Q - 40414 
•ucc -vEE 

-9 I 
FIF VIVRA 

(BOONTON 
TYPE 9I-C OR 
EQUIVALENT I 

WITH 

UNTERMINATED 
PROBE 

92[5,4465 

NOTE: Cor•ful shi•Iding must be used between input and out-
put to keep signal feed-through to on absolut• minimum. 

PROCEDURE: 

1. Before inserting the transistor in the test fixture, connect 
a short circuit between the collector and emitter terminals 
of the fixture and adjust the 31.9-MHz input for 0.5 V RMS 
ot the emitter terminal. 

2. Remove the short circuit between the collector and emitter 
terminals of the fixture, insert the transistor to be tested, 
and adiust Vcc ond Vgg for Vcg = 6 V, lc = 2 rnA. 

3. Read C, on rf-voltmeter scale ( rb'C c in picoseconds = 10 
times meter indication ir. millivolts) ( 1 millivolt = 10 pico-
seconds). 

Fig.3 Collector- to-Base Time Constant Measurement Circuit. 

250 
0 2 E IrUEILE - STUB TUNER 

(Z0.50 OHMS) 
AH 

+ Vcc 
-VEE Q - 40414 

3 TURNS No.16 
250 ', IRE 3/8 0.0 

. LORD 

50- II 
POWER 
METER 

CAPACITANCE vALUES IN OF. 

Fig.4 - Oscillator Circuit Used to Measure 500-MHz Power Output for RCA-40414. 
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RCA SOLID STATE DIVISION 

SOMERVILLE, NEW JERSEY 

TEST DATA SUMMARY AND CERTIFICATION 

RCA TYPE  40414  

ITEM TEST DESCRIPTION LTPD 

GROUP A TESTS 

Subgroup 1 Visual and Mechanical 10, 
Examination 

Subgroup 2 Electrical 5 

Subgroup 3 Electrical 10 

Subgroup 4 Electrical 211 

GROUP B TESTS 

Subgroup 1 Physical Dimensions 

Subgroup 2 Solderability; Tempera-
ture Cycling; Thermal 
Shock; Moisture Resis 

Subgroup 3 Shock, Vibration Fatiga 
Vibration, Variable 
Frequency, Constant 
Acceleration 20 

Subgroup 4 Terminal Strength 20 

Subgroup 5 Salt Atmosphere 20 

Subgroup 6 High-Teruperature Life, 
Non-Operating = Kr, 

Subgroup 7 Steady-State Operation 
Life 

SEAL 

10"; 

TEST DATA SUMMARY 

SAMPLE 
SIZE 

LOT IDENTITY 

DEFECTS DEFECTS 
ALLOWED FOUND 

CERTIFICATION 

I hereby certify that the data listed above is complete, accurate 
and representative of the product week indicated. The above data 
was obtained in accordance with RCA specifications. 

SIGNATURE 

QUALITY CONTROL MANAGER 
DATE  
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DIMENSIONAL OUTLINE 

JEDEC TO-72 

SEATING 
PLANE 

92C5-17444 

TERMINAL CONNECTIONS 

Lead 1 - Emitter 

Lead 2 - Base 

Lead 3 - Collector 919e• 

Lead 4 - Connected to case Note 6: Tab centerline. 

SYMBOL 
INCHES MILLIMETERS 

NOTES 
MIN. MAX. MIN. MAX. 

A 0.170 0.210 4.32 533 
Ph 0 016 0.021 0406 0.533 2 
002 0.016 0.019 0406 0.483 2 
AO 0209 0.230 331 584 
001 0.178 O195 432 495 
e 0.100 T.P. 234 TP. 4 
el 0.050 T.P. 1.27 T.P. 4 
h 0.030 0.762 

Ik 
0036 0046 0.914 1.17 
0.02E1 0 048 0.711 1.22 3 

1 0300 12.70 2 
II 0.050 127 2 
12 0.250 6.35 2 
a 45' T.P 45' T.P 4.6 

Note 1: ( Four leads). Maximum number leads omitted in this out-

line, -none" (0). The number and position of leads actually present 

are indicated in the product registration. Outline designation deter-

mined by the location and minimum angular or linear spacing of 

any two adjacent leads. 

Note 2: ( All leads) Øb2 applies between I and 12. Øb applies be-

tween 12 and 0.50 in. ( 12.70 mm) from seating plane. Diameter is 

uncontrolled in I and beyond 0.50 in. ( 12.70 mm) from seating 

plane. 

Note 3: Measured from maximum diameter of the product. 

Note 4: Leads having maximum diameter 0.019 in. (0.484 mm) 

measured in gaging plane 0.054 in. ( 1.37 mm) +0.001 in. (0.025 

mm) - 0.000 (0.000 mm) below the seating plane of the product 

shall be within 0.007 in. (0.178 mm) of their true position relative 

to a maximum width tab. 

Note 5: The product may be measured by direct methods or by 
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IECOM 
Solid State 
Division 

RF Power Transistors 

40577 

HIGH- RELIABILITY TRANSISTOR 

RCA-40577* is a high-reliability variant of the 

RCA-2N3118, a triple-diffused transistor. It is espe-

cially processed for high reliability. It is intended for 

Class A and C amplifier, frequency multiplier or oscil-

lator operation in high-reliability, large-signal, high-

power VHF applications in Space, Military, and Indus: 

trial communications equipment. 

High reliability is assured by eight precondition-

ing steps, including drift temperature measurements 

after the High Temperature Reverse Bias and Power 

Age tests. The 40577 also features complete qualifi-

cation and lot acceptance testing. 

*Formerly RCA-Dev. No. TA7079 

High- Gain Device for Class A or C 

Operation in VHF Circuits 

• 8 Preconditioning Steps 

• Complete Qualification and 
Lot Acceptance Testing 

• 1.0 Watt Output Min. at 50 MHz 

• 0.4 Watt Output Min. at 150 MHz 

RATINGS 

Maximum Ratings, Absolute-Maximum Values: 

COLLECTOR-TO-EMITTER 
VOLTAGE: 

With VBE = — 1.5 volts  VCEV 85 V 

With base open  VCEO 60 V 

EMITTER-TO-BASE VOLTAGE  VEBO 4 V 

COLLECTOR CURRENT  1C 0.5 A 

TRANSISTOR DISSIPATION  PT 

At case temperatures up to 25° C  3 W 

At free-air temperatures up to 25° C   0.5 W 

At case temperatures above 25° C   See Fig.4 

TEMPERATURE RANGE: 

Storage & Operating (Junction)   —65 to 200 °C 

LEAD TEMPERATURE (During soldering): 

At distances It 1/32 in. from 
insulating wafer for 10 s max  230 °C 

TYPICAL POWER OUTPUT vs. POWER INPUT 

COMMON - EMITTER CIRCUIT BASE INPUT 
CLASS - A SERVICE, 50 MHz 
COLLECTOR - TO - EMITTER VOLTS ( VcE) • 28   
COLLECTOR M LL AMPERES ( Ir • 25 
CASE TEMPERATURE (TO 25 . C 

. 0.5 

g 04 

0.3 
a. 

02 

8 
0.1 BUZZ ,: 

•••,  
F  

2 

RF POWER INPUT ( P N ) — MLLIWATTS 

Fig. 

4 

52L9 792 
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ELECTRICAL CHARACTERISTICS 
Case Temperature = 250 C 

Except As Indicated 

Characteristics Symbols 

TEST CONDITIONS 

LIMITS Units Pre- 
quency 

(MHz) 

DC 
Collector- 

to-Base 
Voltage 

(volts) 

DC 
Collector. 
to- Emitter 
Voltage 

(volts) 

DC 

Base 
Volts 

DC 

Current 
I I iamperes) (Milliamperes) 

f VCB VCE VBE IC IE IB Min. Max. 

Collector-Cutoff 25 °C° 

Current 150 °C° 
1 CBO 30 

30 
0 
0 

10 
5 

nA 
µA 

Emitter-to-Base 

Breakdown Voltage 
BVEI30 0 0.1 4 volts 

Collector-to-Emitter 

Breakdown Voltage 
(Sustaining) 

BV CEO ( sus) 10 
pulsedb (1 60 volts 

Reverse Collector-to-Emitter 
Breakdown Voltage 

BVCEX —1.5 0.1 85 volts 

Output Capacitance Cob 1 28 0 6 PI: 

'lib' Cb 'c Product 'lb' C b'c 50 28 25 60 Ps 
DC Forward-Current 

Transfer Ratioh hFE 5 100 50 275 

Small-Signal Forward-Current 
Transfer Ratio hfe 50 28 25 5 

Real Part of Short-Circuit 
Input Impedance 

h ie(real) 50 28 23 95 75 ohms 

Real Part of Short-Circuit 
Output Impedance 1/Y22(reall 50 28 25 500 1000 ohms 

Output Power 

Class-C Service 
Pin = 0.1 watt 
Ovith heat sink) 

P OUT 
50c 

150d 
28 
28 

1.0 
0.4 

watt 
watt 

Power Gain 

Class-A Service 

P out = 0.2 watt 
(with heat sink) 

PG 50e 28 25 18 dB 

°TFA = free air temperature. 

hPulse duration 300 is; duty factor, less than L8%. 
cSee Figure 9. 

See Figure 3. 

°See Figure 5. 

TYPICAL LARGE-SIGNAL OPERATION, CLASS—C SERVICE 

150 MHz 

COMMON-EMITTER 
CLASS-C SERVICE, 
CASE TEMPERATURE 
COLLECTOR-TO-EMITTER 

CIRCUIT, BASE INPUT. 
j50 MHz 

Tc1.25•C 
Mannal 

MZIMMKI 

En IMBURIZ IMMilin»...N 

eVOLTÍSVaminmansai 

Ei ... 
I rig ffi 
CIRCE 

-
 

PI
 

I
 

r
 ...... 

Immi-em  
lirotellie:  mr. , 
0 25 50 75 a° es 

RP POWER INPUT (IN1-11111.1WIITTS 

Fg. 2 

150 

IBM-22731B 

INPUT 
(SOURCE • 50 OHMS) 

L1 

C1, C2: 1.5-20 pF 
C3: 4-40 pF 
C4: 7-100 pF 
C5: 1800 pF 

C • 0.01 µF 
R: 100 ohms, 

variable 

3 

vcc 

OUTPUT 
C3 (LOC40 • 50 OHMS) 

9M5-122691,0 

LI: 0.1 pH, 4 turns, No.18 wire, 
1/4.• 11), closely wound 

L2: 750—ohm ferrite choke 
L3: 0.075 pH, 4 turns, No.16 wire, 

1/4" ID x 3/8" long 
L • 0 0551.114, 3 turns, No.16 wire, 

1/4" ID x 1/4" long 

Q: 40577 

Fig. 3 
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RELIABILITY SPECIFICATIONS . • 

In addition to Preconditioning and Group A tests, 
a Qualification Approval test series (Group B tests) is 

perfumed on each lot. 

Preconditioning ( 100 Per Cent Testing of Each Transistor) 

1. Serialization 

2. Record IcBo, hFE 

3. Temperature Cycling-Method 107B, Cond. C of 
MIL-STD-202, 5 cycles, —65° C to 200° C 

4. Bake, 72 hours minimum, 200° C 

5. Constant Acceleration-Method 2006 of MIL-STD-750, 
10,000g, Y1 and Y2 axes 

6. X-Ray 

7. Record IcB0, hFE 

8. Reverse Bias Age, TA 175° C, VcB = 60 V, 
t = 96 hours 

d9. Record lam), hFE. 

Group A Tests 

TEST METHOD 

PER 

MIL- STD-750 

EXAMINATION OR TEST CONDITIONS LTPD SYMBOL 
LIMITS 

UNITS 

Mln. Moo. 

Subgroup 1 
\lu,•hanical Examination — 

1, 

Subgroup 2 

3036D Collector-Cutoff Current VC13 = 30V, IE = 0 ICB0 — 10 nA 

3001D Collector-to-Emitter Breakdown Voltage IC = 100 gik, VBE = — 1.5 V BVCEV 859 — volts 

3026D Emitter-to-Base Breakdown Voltage IE = 100 tiA, IC = 0 BVEBO 4 — volts 

3011D Collector-to-Emitter Breakdown Voltage IC = 10 mAf 

IB = 0 — VCEO 609 — volts 

3076 DC Forward-Current Transfer Ratio lc = 100 mA, VCE ' 5‘. — hFE 50 275 

3236 

Subgroup 3 

Output Capacitance f = 0.1 to 1.0MHz, VC B=28V. 
5 

See F ig.3 Power Output 

IE = ii 

f = 50 MHz, VCE = 28V 

— Cob — 6.0 PI . 

See F ig.5 RF Power Output (Min. Eff. = 45%, 

Pin = 0.1 W 

VCE = 28 V, PIN= 0.1 W 

f = 150 MHz 

— 

— 

POUT 

POUT 

1.0 

0.4 

— 

— 

watt, 

watts 

3306 Small-Signal Forward-Current 

Transfer Ratio IC = 25 mA, VCE = 28 V 

f = 50 MHz hie — 5.0 

Subgroup 4 

3036D Collector-Cutoff Current TA = 150° C. VCB = 30 V ICB0 — 5 PA 
3201 Input Impedance VCE = 28 V, IC = 25 mA 

f = 50 MHz hie 25 75 ohms 

3231 Output Admittance VCE = 28 V, IC = 25 mA 
f = 50 MHz — V22 1 2 minty, 

10. Power Age, TA = 25° C, VcB = 28 V,t = 340 hours, 
PT = 1 W, free air 

d1L Record IcBo, hFE at 340 hours 

12. Helium Leak, 1 x.10 —7 cc/sec. max. 

13. Gross Leak, MIL-STD-202, Method 112 

14. Record Subgroups 2 and 3 of Group A Tests 

dDelta criteria after 96 hours Reverse Bias Age and 
340 hours Power Age. 

A IcBo 
hF,E 

+100% or +5 nanoamperes whichever is greater 

,±20% 

Definitions 

Delta (a): Delta shall be determined by subtracting the para-
meter value measured before application of stress 
from the value measured after the application of 
stre es. 

Pulsed through an inductor ( 25 pH); duty factor = 50%. gMeasured at a current where the breakdown voltage is a minimum. 
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General Reliability Specifications that are applicable to all rf power transistors are given in booklet RFT-701 

and must be used in conjunction with the specific Preconditioning, Group A Tests, and Group B Tests shown below. 

Group B Tests h 

TEST METHOD 
PER 

MIL- STD-750 

EXAMINATION OR TEST CONDITIONS 

Subgroup 1 (13 Samples) 

2066 Physical Dimensions JEDEC TO-5 Pkg. 

Subgroup 2 (13 Samples) 
2026 Solderability Omit aging, Dwell time -.., 

10 s ± I s 
1051 Thermal Shock (Temp. Cycling) Test Condition C 
1056 Thermal Shock (Glass Strain) Test Condition B 

Seal (Leak Rate) Method 112 of MIL-STD-202 
Test Cond. C. procedure 111; 
Test Cond. A for gross leaks 

1021 Moisture Resistance 

Subgroup 3 (13 Samples) 
2016 Shock 1,500 g, 0.5 ms, 5 blows each 

orientation: 
X1, Y1. y2, z1 

2046 Vibration Fatigue Nonoperating 
2056 Vibration Var. Freq. — 
2006 Constant Acceleration 20,000 G Y1. Y2 

Subgroup 4 (13 Samples) 
2036 Terminal Strength (Lead Fatigue) Test Cond. E 

Subgroup 5 (13 Samples) 
1041 Salt Atmosphere 

Subgroup 6 (25 Samples) 
1031 High Temperature Life (Non-operating) Tstorage = 200° C 

t = 1000 hrs. 

Subgroup 7 (25 Samples) 
Steady-State Operation PT = 1.5 W, Tc = 100° C 

t = 1000 hrs. VCB = 40 V 

TEST METHOD 
PER 

MIL- STD-750 
EXAMINATION OR TEST CONDITIONS SYMBOL 

LIMITS 
UNITS 

Min. Max. 

End Points 
Subgroups ( 2, 3, 5, 6) 

3036D Collector Base Cutoff Current VcB = 30 V, 1E = 0 ICB0 1.0 iiA 
3001D Collector Base Breakdown Voltage VBE = — 1.5 V, lc= 100 µA BYcEv 80 
3076 DC Forward-Current Transfer Ratio lc :WO mA.VcE = 5 V hFE 35 325 — 

hAcceptance/Rejection Criteria of Group B teats: For an LTPD plan of 7% the total sample size is 115 for which the maximum 
number of rejects allowed is 4. Acceptance is also subject to a maximum of one ( 1) reject per Sub-group. Group B tests are per-
formed on each lot for Qualification or Lot Acceptance. 

¡Pulsed through an inductor ( 25 mH); duty factor 50%. 

kMeasured at a current where the breakdown voltage is a minimum. 
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TYPICAL CLASS A—SERVICE OPERATION, 50 MHz NEUTRALIZED 

DISSIPATION DERATING CURVE 

-50 0 50 00 00 

TEMPERATURE- C• 

200 

92CS-122111111 

Fig. 4 

.... 

qii.1 • - 
:.::--. 
• • • 

COMMON-EMITTER CIRCUIT, BASE INPUT 
' CLASS-A SERVICE, 50 MHz 

_ •• • • :, COLLECTOR- TO-EMITTER VOLTS ( VEEI•28 
:-1 COLLECTOR MILLIAMPERES (10.25 

P
O
W
E
R
 
G
A
I
N
 
(
P
G
)
-

01
1 

n
 

— • • ' • • :: .. :: CASE TEMPERATURE (TE .25. C 

_,•4 ,_.• 1., -Ft : ..:.1:.--7-.-:: :::: :::: - - :::,. - ; ".: !ill 

-..---

-••• -- ---• 

_..._ 
-: ,-,;7 ;';  

4. I 

:-_-. 
.... 

f.T.- ',ii: ' '':-',4•¡-:: i'; .—.., •-•: ::: 

0 100 200 300 400 500 

POWER OUTPUT ( Poo. —MILLIWATTS 

92C5-12277 

Fig. 6 

INPUT 
(SOURCE • 50 OHMS) 

CI: 7-100 pF 
C2: 8-60 pF 
C3: 14-150 pF 
C4: 6-80 pF 

C5, C6: 0.005 PF 
C7: 0.0-7 pF 

OUTPUT 
ILOAO • 50 OHMS) 

VEE VCC 92CS-1227C5, 

LI: 0.12 µH. 3 turns, No.16 wire, 
7/16" ID X 1/4" long, 
tap at 1 turn from ground 

L • 0.23 pH, 5 turns, No.16 wire, 
7/16" ID x 1/2" long, tap 
at 3 turns from collector 
terminal 

Q: 4057 

Fig. 5 

COMMON-EMITTER CIRCUIT, BASE INPUT 
CLASSA SERVICE, 50 PAHx 
OUTPUT POWER MILLIWATTS 200 
CASE TEMPERATURE TC) 25•C 
COLLECTOR-TO- EMITTER VOLTS. V 

25 

20 

S 15 

10 

man 
BM 
B. 

WOW 
BB, 
IMP 

BMW, 
111•13 

sag à 

 I°  
Rgala." 

1;4-
• :4  

4Rintteram 

 . men 

10 20 30 40 50 60 70 80 90 too 
COLLECTOR CURRENT (IC —MILLIAMPERES 

Fig. 7 

TYPICAL LARGE—SIGNAL OPERATION, CLASS—C SERVICE, 50 MHz 

COMMON 
CLASS 
CASE 

COLLECTOR 

co 

'76 

1-
o 
A 
I-

œ 

'e.. 
4. 
rc • 

-C 
TEMPERATURE 

-EMITTER 
SERVICE, 

-TO -EMITTER 

CIRCUIT. 
50 NH: 
(TO= 

BASE 

ze 
VOLTS 

- 

INPUT. 

c 

• 

• VCE 

• • • 

. . 
. , 

:::: 
- 

. 

28 

... 
. 

• 
, 

0.5 

• • 

• • 

•::: 
::i : ... 

- 

100 I I 

RF POWER INPUT IP,N)—MILLIWATTS 

92C5 :221251 

Fig. 8 

INPUT 
(SOURCE • 50 OHMS) 

= C6 

C 70-350 PF 

C2' C4' C5: 7-100 PF 
C • 0.01 pF 
C • 0 002 pF 

C7: 0.02 PF 
It: 1000 ohms, 

variable 

92[S- 12279W 

OUTPUT 
c4 (LOAD • 50 OHMS) 

L4 

• 

VCC 
92CS-12268R1 

LI: 0.13 µH, 4 turns, No.18 wire, 
1/4" ID, closely wound 

L2: 2.4 choke, 
Miller Part No.4606 

L3: 0.6 µH, 10 turns, No.18 wire, 
3/8" ID, closely wound 

L4: 0.6 µH, 10 turns, No.18 wire, 
3/8" ID, closely wound 

Q: 40577 
Fig. 9 
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TYPICAL SMALL- SIGNAL OPERATION CHARACTERISTICS 

File No. 297 

CASE TEMPERATURE (Tc).25. C 
FREOUENCY•50 MHz 

GA 
MHz 

N-BANDWIDTH 
•Ii. 

PRODUCT IN 

— 

C
O
L
L
E
C
T
O
R
 
C
U
R
R
E
N
T
 
(
I
c
)
—
 M
I
L
L
I
A
M
P
E
R
E
S
 ....,...........,,,,,.........._ 

r 320-
"1/4...... 360 

O. 

I> 
360 

'1' • 360' 

340-
- 

320 

O 5 10 15 20 25 30 35 40 45 50 
COLLECTOR-Ito-EMITTER VOLTS (VC& 

92GS-12286 

Fig. 10 

FREQUENCY • M14. 
CASE TEMPERATURE IT? •25. C 

e 6  

2. 

It  

4 

3 
g2 

fl• 62.5 
82 

O 5 10 15 20 25 30 35 
COLLECTOR- TO-BASE VOLTS ( Vce 

92GS-12283R1 

Fig. 12 

'/Y22(rOan — 

We • 26V 

CASE TEMPERA-
Tun (Tc)•25. 

60 1200 

e 
50 .1 1000 à 

OQ e, 
  4007-800% 

((V.; 
" 

Jl.) 
‘e: 

cc° o 
150 2011 4004 e 

•11,- e-

t0 We. le i Z 200 8 FREQUENCY 10.ÇeHRo 

150 

o 
• 20 90 60 ao ioo 

COLLECTOR CURRENT (Id)—MILLIAMPERES 

Fig. 14 

92G5- 12289R1 

COLLECTOR-1D-EMITTER VOLTS 11.1cE) 28  
CASE TEMPERATURE ITC • 25° C 
FREQUENCY • 50 MIN 

`g1 
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O 10 ZO 30 40 50 60 TO 80 
COLLECTOR CURRENT ( IQ )— MILLIAMPERES 

Fig. 11 
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DIMENSIONAL OUTLINE 

JEDEC No.T0-5 

.370 (9.401 
Ye--.335 1851 

DIA. 

.335 (8.51) 

.305 17.751 
DIA 

.100 (2.54) 
PAIN. 

DETAILS OF OUT-
LINE IN TéeS 

ZONE OPTIONAL 

LEAD 
INSULATING 
EYELETS 

45. 

nt (V) 

J_ 

WOES TAB 

0 0 
200 
(5.013) 
DIA. 

1%)(2:f8) 

¡SEATING PLANE 

1.5 138.101 
MIN. 

.045 (A7) 

3 LEADS 

8:: 1:::1 

.100 12.541 

92n-1265662 

Note Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as indi-
cated. 

TERMINAL CONNECTIONS 

Lead 1 — Emitter 

Lead 2 — Base 

Lead 3 — Collector, 
Case 
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[MUM RF Power Transistors 
Solid State 
Division 

40578 

HIGH- RELIABILITY TRANSISTOR 
RCA-40578* is a high-reliability variant of the 

RCA-2N3866, an epitaxial n-p-n planar transistor of 

"overlay" emitter electrode construction. It is espe-

cially processed for high reliability. It is intended for 

Class A, B, and C amplifier, frequency multiplier, or 

oscillator operation in high-reliability, driver or pre-

driver stages, VHF-UHF applications in Space, Military, 

and Industrial communications equipment 

High reliability is assured by eight preconditioning 

steps, including drift temperature measurements after 

the High Temperature Reverse Bias and Power Age 

tests. l'he 40578 also features complete qualification 

and lot acceptance testing. 

*Formerly RCA—Dev. No. TA7080 

High- Gain Device for Class A,B, or C 

Operation in VHF- UHF Circuits 

•8 Preconditioning Steps 

•Complete Qualification and Lot Acceptance Testing 

•High Power Gain, Unneutralized Class C Amplifier 
At 400 MHz, 1 W output with 10 dB gain (min.) 

250 MHz, 1 W output with 15 dB gain (typ.) 
175 MHz, 1 W output with 17 dB gain ( typ.) 
100 MHz, 1 W output with 20 dB gain ( typ.) 

RATINGS 

Maximum Ratings, Absolute-maximum Values: 

COLLECTOR-TO-BASE 
VOLTAGE   VCBO 55 V 

COLLECTOR-TO-EMITTER 
VOLTAGE: 

With external base-to-emitter 
resistance  VCER 

RBE = 10 ohms 

With base open  VCEO 30 V 

EMITTER-TO-BASE VOLTAGE  V EBO 3.5 V 

COLLECTOR CURRENT  IC 0.4 A 

TRANSISTOR DISSIPATION  PT 
At case temperatures up to 25° C  5 W 
At free- air temperatures up to 25° C   1.0 W 

At temperatures above 25° C   See Fig. I 

TEMPERATURE RANGE: 

Storage & Operating (Junction)  —65 to 200 

LEAD TEMPERATURE (During soldering): 

At distances 1/32 in. from 
seating plane for 10 s max.   230 °C 

55 V 

oc 

DISSIPATION DERATING CURVE 

CASE TEMPERATURE Tc) 

FREE-AIR TEMPERATURE TFA 11112111: 

muumuu%   
monammakii ih  
nommum      

MEMBIBIZMili•  

  UP  

IMILID.1111m   
MARERRIBig 

!il   
-so 50 100 

TEMPERATURE — % 

Fig.1 

150 200 

92C5-10446R3 
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ELECTRICAL CHARACTERISTICS 
Case Temperature = 25° C 

Characteristic Symbol 

TEST CONDITIONS 

LIMITS 
Units 

DC 
Col lector 
Volts 

DC 
Bose 
Volts 

DC 
Current 
(mA) 

VcB VcE VBE IE IB IC Min. Max. 

Collector-Cutoff Current 'CEO 28 o - 100 nA 

Collector-to-Base 
Breakdown Voltage BVcB0 0 0.1 55 - NT 

collector-to-Emitter 
Voltage (Sustaining) 

VCER(sus)° 5 55 - v 

VcE0(eus) 0 5 30 - v 

Emitter-to-Base 
Breakdown Voltage 

BVEB0 0.1 o 3.5 - v 

Collector-to-Emitter 
Saturation Voltage VCE(8°0 20 100 - 1.0 v 

Collector-to-Base Capacitance 
(Measured at 1 MHz) 

Cob 30 0 - 3.0 pF 

RF Poner Output 
Class-C Amplifier,Unneutralized 
At 100 MHz 
At 250 MHz 
At 400 MHz ( See Fig.3) 

ROUT 28 13 

28b 
28b 

1.8 (typ.)c 
1.5 (typ.)d 
1.0° l 

w 

Gain-Bandwidth Product fT 15 50 800 (typ.) MHz 

°With external base-emitter resistance (RBE) = 10 Q. 

bVcc value. 

cFor P/N = 0.05 W; minimum efficiency = 60%. 

dFor P N = 0.1 W; minimum efficiency = 50%. 

°For PIIN = 0.1 W; minimum efficiency = 45%. 

POWER OUTPUT vs. FREQUENCY 

COLLECTOR SUPPLY VOLTAGE (VW • 26 V 
CASE TEMPERATURE 1Tc1 25•C 
R F POWER INPUT • Pit, 

R
F
 
P
O
W
E
R
 
O
U
T
P
U
T
 
(
P
O
U
T
)
—
W
 

0
 
0
 
—
 

so
 

.0
 
.
0
 
 

lo 

„ 

eo0 

/o0 

$o 
.30 onv 

100 200 400 

FREQUENCY— MN: 

600 800 

92CS-3146 

RF AMPLIFIER CIRCUIT FOR POWER-OUTPUT TEST 
(400-MHz Operation) 

ty 

2s•50 C2 
O 

L, 

(2,7•°5°0T41 

3 

RI 

Cl: 3-35 pF 
C2,C5: 8-60 pF 

C3: 12 pF 
Cet: 1,000 pF 
C6: 0.9-7 pF 
LI: 2 turns No.18 wire, 

1/4" ID, 1/8" long 

C4 

C6 - 

VEE ' -28 V 92C5•15143.11 

L2: Ferrite rf choke, 
1 turn, Z = 450 

L3,1_4: RF choke, 0.1 pH 
L5: 2-1/2 turns, No.18.wire, 

1/4" ID, 3/16" long 

Rl: 5.6 0, 1 W 

Q: 40578 

Fig. 2 Fig. 3 
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RELIABILITY SPECIFICATIONS . 

1. Serial ization 

2. Record IcE0, hFE 

3. Temperature Cycling-Method 107B Cond. C of MIL-
STD-202, 5 cycles, —65° C to 200° C 

4. Bake, 72 hours minimum, 200° C 

5. Constant Acceleration-Method 2006 of MIL-STD-750, 
10,000g, Y1 and Y2 axes 

6. X-Ray 

7. Record Ica), hFE 

8. Reverse Bias Age, TA = 200° C, Vc /3 = 50V, 
t = 96 hours 

d9. Record Ica), hFE 

10. Power Age, TA = 25° C, Vcr3 = 28 V,t = 340 hours, 
PT = 1 W, free air  

Group A Tests 

TEST METHOD 
PER 

MIL-STD-750 

EXAMINATION OR TEST CONDITIONS LTPD SYMBOL 
LIMITS 

UNITS 

Min. Moo. 

Subgroup 1 10 

2071 Visual and Mechanical Examination — — — — — — 

Subgroup 2 5 

3041D Collector-Cutoff Current VcE = 28 V — IcE0 — 100 nA 

3001D Collector-to-Base Breakdown Voltage Ic = 100 µA — BVcB0 55 — volts 

3026D Emitter-to-Base Breakdown Voltage IE = 100 µA — BV EBO 3.5 — volts 

3011D Collector-to-Emitter Breakdown 
Voltage lc = 0 to 5 mAf — BVCEO 3Bil — volts 

3011B Collector-to-Emitter Breakdown 

Voltage lc = 0 to 5 mAf 
R BE ' 10 ç? — RVCER 559 — 

volts 

3071 Collector-to-Emitter Saturation Voltage lc = 100 mA, IB = 20 mA — Vc E(sat) — 1 volt 

3076 DC Forward-Current Transfer Ratio lc = 100 mA, VcE = 5 V — hFE 10 — — 

Subgroup 3 5 
3236 Output Capacitance 

V CB = 30 V _ Cob — 3-0 PF 
3261 Extrapolated Unity Gain Frequency Ic = 50 mA, Vc E = 15 V, 

f = 200 MHz — frr 500 — MHz 
See Fig. 3 RF Power Output (Min. Eff. = 45%) VcE = 28 V, IN = . 1 W, 

f = 400 MHz — POUT 1.0 — watts 

Subgroup 4 15 

3036D Collector-Cutoff Current TA  = 150° C ± 3° C, 

V CB = 3° V — IcBci — 100 µA 

3076 DC Forward-Current Transfer Ratio TA = —55° C ± 3° C, 

I = 100 mA, VcE = 5 V C — hFE 5 — — 

In addition to Preconditioning and Group A tests-, performed on each lot. 
a Qualification Approval test series (Group B tests) is 

Preconditioning (100 Per Cent Testing of Each Transistor) 

dll. Record 'CEO' hFE, V E at 340 hours 

12. Helium Leak, 1 x 10-7 cc/sec. max. 

13. Gross Leak, MIL-STD-202, Method 112 

14. Record Subgroups 2 and 3 of Group A Tests 

dDelta criteria after 96 hours Reverse Bias Age and 340 

hours Power Age 

àhFE 

Definitions 

+100% or +20 nanoamperes whichever is greater 

±20% 

Delta (s): Delta shall be determined by subtracting the para-
meter value measured before application of stress 
from the value measured after the application of 
stress. 

f Pulsed through an inductor ( 25 rii); duty factor = 50%. 
gMeasured at a current where the breakdown voltage is a minimum. 
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General Reliability Specifications that are applicable to all if power transistors are given in booklet RFT-701 
and must be used in conjunction with the specific Preconditioning, Group A Tests, and Group B Tests shown below. 

Group B Tests 

TEST METHOD 
PER 

MIL-STD-750 
EXAMINATION OR TEST CONDITIONS 

Subgroup 1 (13 Samples) 

2066 Physical Dimensions 

Subgroup 2 (13 Samples) 

2026 Solderability 

1051 Thermal Shock (Temp. Cycling) Test Condition C 

1056 Thermal Shock (Glass Strain) Test Condition B 

2036 Terminal Strength (Tension) Test Condition A. weight = 
5 lbs. time = 15 s each 
terminal 

Seal (Leak Rate) Method 112 of MIL-STD-202 
Test Cond. C, procedure Ma, 
Teat Cond. A for gross leaks 

1021 Moisture Resistance 10-8 cc/s 

Subgroup 3 (13 Samples) 

2016 Shock 1,500 g, 0.5 ms, 5 blows each 
orientation: 
X1, y1' zl' (15 blows total) 

2046 Vibration Fatigue Nonoperating 

2056 Vibration Var. Freq. — 

2006 Constant Acceleration 20,000 G Y1, Y2 

Subgroup 4 (13 Samples) 

2036E Terminal Strength (Lead Fatigue) 

Subgroup 5 (13 Samples) 

1041 Salt Atmosphere 

Subgroup 6 (25 Samples) 

1031 High Temperature Life ( Nonoperating) I' m...age = 200° C 

Subgroup 7 (25 Samples) 

1026 Steady-State Operation TFA = 25° C t = 1000 hrs. 
F'T  = 1 W, VcB = 28 V 

free air, no heat sink 

TEST METHOD 
PER 

MIL-STD-750 

EXAMINATION OR TEST CONDITIONS SYMBOL 
LIMITS 

UNITS 

Min. Max. 

End Points 
Subgroups ( 2, 3, 5, 6, 7) 

30410 Collector-to-Emitter Cutoff Current VCE ' 28 V ICE0 — 1.0 PA 

3011B Collector-to-Emitter Breakdown 

Voltage IC = 5 mA (Inductive)' 

RBE ' 10 RVCER 50k — volts 

See Fig. 3 RF Power Output (Min. Eff. = 45%) VcE = 28 V, PIN = 0.1 W, 
f = 400 MHz POUT 

0.95 — watts 

3076 DC Forward-Current Transfer Ratio IC = 100 mA VcE = 5 V hFE 9 " — 

30260 Emitter-to-Base Breakdown Voltage IE = 100 mA BVE go 3.0 — volts 

hAcceptance/Reject'on Criteria of Group B tests: For an LTPD plan of 7% the total sample size is 115 for which he maximum 
number of rejects allowed is 4. Acceptance is also subject to a maximum of one ( I) reject per Sub-group. Group B tests are 

performed on each lot for Qualification or Lot Acceptance. 

(Pulsed through an inductor ( 25 mH): duty factor = 50%. 

kMeasured at a current where the breakdown voltage is a minimum. 
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GAIN-BANDWIDTH PRODUCT vs. COLLECTOR CURRENT 

File No. 298 
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PARALLEL OUTPUT RESISTANCE 8. 
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DIMENSIONAL OUTLINE 
JEDEC TO-39 

.10012.54) 
MIN 

.370 (9.401 
•••—.335 ‘8.51 -••• 

CHA. 

.335 /8.51‘ 

.305 17.75/ -4.1. 
DIA 

gg(tt,g) 

SEATING PLANE 

.86;UA 
DETAILS OF OUT-

LINE IN THIS 
ZONE OPTIONAL 

LEAD 
INSULATING 
EYELETS 

45. 

INDEX TAB 

0 0 

.200 

r- 1r1 

—1(er 

I 5 138.101 
MIN. 

•'ie (A . 7) 

3 LEADS 

2:: (.: 1116) IA 

.100 (2.54) 

92CS- 265 652 

DIMENSIONS IN INCHES AND MILLIMETERS 

Note: Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 

VARIATION OF COLLECTOR-TO-BASE CAPACITANCE 
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TERMINAL CONNECTIONS 

Lead No. 1 — Emitter 

Lead No. 2 — Base 

Case, Lead No. 3 — Collector 

92C5- I3157 51 

317 



File No. 389 

MCEA1 
Solid State 
Division 

RF Power Transistors 

40605 

RCA-40605* is an epitaxial silicon n-p-n planar 

transistor featuring "overlay" emitter electrode con-

struction. It is intended for class-A, -B, or -C amplifi-

er, frequency multiplier, and oscillator service in VHF/ 

UHF equipment. 

Premium high-reliability type410605 is identical to 

RCA-2N3553 but is preconditioned and tested for use in 

critical aerospace and industrial equipment. 

*Formerly RCA Dey. Type No. TA7361. 

Maximum Ratings, Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE   

COLLECTOR-TO-EMITTER VOLTAGE: 

With-1.5 volts (VBE) of reverse bias & 

external base-to-emitter resistance 

(RBE) 33 0   

With base open  

EMITTER-TO-BASE VOLTAGE  

CONTINUOUS COLLECTOR CURRENT  

PEAK COLLECTOR CURRENT  

TRANSISTOR DISSIPATION:   

At case temperatures up to 25°C   

At case temperatures above 25°C 

derate linearly at   

At ambient temperatures up to 25°C   

At ambient temperatures above 25°C 

derate linearly at   

TEMPERATURE RANGE: 

Storage & Operating (Junction)   

LEAD TEMPERATURE (During Soldering): 

At distances 1/32 in. (0.8 mm) from 

seating plane for 10 s max.  

VCBO 

VCEX 

VCEO 

VEBO 

IC 

ICpk 

PT 

65 V 

40 V 

4 V 

0.33 A 

1 A 

7 W 

0.04 W/°C 

1 W 

5.71 mW/°C 

-65 to +200°C 

230°C 

SILICON N- P- N " overlay" 
TRANSISTOR 
"Premium" 

High- Reliability Type 

For Class- A,-13, or -C 
Service in VHF/UHF 
Military, Industrial, and 
Commercial Equipment 

FEATURES: 

• High Power Output 

Class - C Amplifier . . . 

2.5- W ( min.) at 175 MHz 

Oscillator . . . 

1.5- W ( typ.) at 500 MHz 

H-1301 

JEDEC TO- 39 

COLLECTOR SUPPLY VOLTS (V r, 28 
CASE TEMPERATURE ( 1/4 1.25. C 

e 

_ 
to A 

efr_ 
41,/, iiuiuiuii 
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Fig.1 - Typical power output vs. frequency. 
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ELECTRICAL CHARACTERISTICS, Case Temperature (Tc) = 25°C 
STATIC 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS 

LIMITS UNITS DC 
Collector 
Volts 

DC 
Base 
Volts 

DC 
Current 
mA 

VCE VBE IE IB IC MIN. MAX. 

Collector-Cutoff Current 'CEO 30 0 - 0.1 FLA 

Collector- to- Base 
Breakdown Voltage V(BR)CB0 0 0.3 65 - V 

Collector-to- Emitter 
Breakdown Voltage: 
(See Fig. 2.) 

With base open 
V(BR)CEO 

0 200° 40b - 

V 

With base-emitter junction 
reverse biased & external 
base-to-emitter resistance 
(RBE) = 33 (-2 

v ( BR)CEX -1.5 200° 65b - 

Emitter-to- Dag. 
Breakdown Voltage V(BR)EBO 0.1 0 4 - V 

Collector-to- Emitter 
Saturation Voltage 

VCE(sat) 50 250 - 1 V 

° Pulsed through a 25-m1-1 inductor, duty facto( = 50% 

b Measured at a current where the breakdown voltage is a minimum. 

DYNAMIC 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS 
LIMITS 

UNITS OC Collector 
Supply ( MCC) - V 

Input Power 
(PIE) - W 

Frequency 
(f) - MHz 

MIN. TYP. 

Power Output 
(See Fi g. 3.) POE 28 0.25 175 2.5e - W 

Collector- to- 
Base Capacitance Cobo 

VCB ' 30 V 

IC ' 0 

- 1 - 10 pF 

Gain- Bandwidth 
Product 

fi 
 VcE = 28 V 

lc - 125 mA 
- - 350 - MHz 

C Minimum efficiency = 50% 

RESISTIVE 
LOAD 

HORIZONTAL 
DEFLECTION 

SCOPE 
COMMON 

VERTICAL 
DEFLECTION 

R VCC 
20 IC 

CLAMPED 
INDUCTIVE 

LOAD 

UNCLAMPED 
INDUCTIVE 
LOAD 

OF 
INDUCTANCE 

92CM-15054 

L: 25 mH at 100 mA 

R BB1: 15° n 
Rs: 1 1-2 

S: Clare Mercury Relay or equivalent 

Vcc: 20 V 

V BB1: 2° V 

V (1311)CE0 Measurement 

RB B2 = 

V BB2 = ° 
R of inductance = 83 1-2 

V(BR)CEX Measurement 

Fig.2 - Circuit used to measure voltages V(BR)CEO damped). and V(BR)CEX (un 

RBB2 = 33 1-2 

VBB2 = - 1.5 V 
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Cl, C2 

C3, C4: 3-35 pF 

C5: 100 pF, feed-through 

C6: 0.005 /./F, disc-ceramic 

1,1: 2 turne No. 16 wire. 3/16 in. ID, 

'A in. long 

L2: Ferrite choke, 450 n impedance 
L3: 2 turns No. 16 wire, in. ID, 

'A in. long 

L4: 4 turns No. 16 wire, 3/8 in. ID, 

3/8 in. long 

Fig.3 - 175 MHz amplifier test circuit for measurement 

of power output. 
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RELIABILITY SPECIFICATIONS . . . 
General Reliability Specifications that are applicable to all rf power transistors are given in booklet RFT-701 
and must be used in conjunction with the specific lot screening,Group A Tests,and Group B Tests shown below. 

Lot Acceptance Data 

Conditioning Screens ( 100% Testing, see Table I) 
a) Attributes Data on Burn- In b) Attributes Data on Radiographic Inspection C) Variables Data on Burn- In 

Group A (Lot Sampling, see Table II) 

a) Variables Data 

Group B (Lot Sampling, see Table Ill ) 

a) Attributes Data ( From a member of the family) 

Table 1. Description of Total Lot Screening — 100% Testing 

TEST CONDITIONS 
MIL-STD- 750 MIL-STD-202 

METHOD CONDITIONS METHOD CONDITIONS 

1. Lot identification — — — — — 

2. Pre-seal visual inspection 
In accordance with 

RCA's RFT-701 

(See note 1) 

_ _ 
' 

_ 

3. Temp. cycling 5 cycles 1051 C — — 

4. High Temp. storage 72 hrs. at min. 

TA = 200° C 
— — — — 

5. Acceleration 20,000 g min.; 

Y1 direction only 
2006 — — — 

6. Fine leak — — — 112 C 

7. Gross leak 
Fluorocarbon bubble test 
(See note 2) 

— — — — 

8. Serialize — — — — — 

9. Pre burn- in electrical See Table 1 A — — — — 

10. Burn- in (See note 3) — — — — 

11. Post burn- in electrical 
Delta requirements 

See table 1 A 
— — — — 

12. Radiographic inspection — — — — — 

Note 1: Complete title of RFT-701 is: ' General Reliability Specifications of RCA RF Power Transistors". 

Note 2: Immersed in fluorochemical FC 78 at 65 psig for 4 his, unit is than placed in fluorochemical FC 48 at 80° C (nominal) 
and observed for bubbles. 

Note 3: Burn- in tests: 

Reverse bias age — all transistors shall be operated for 96 hrs 
at TA = 150° C, Vcg = 50 V 

Power age — all transistors shall be operated for 340 hrs 

at TA = 25° C ± 3° C, VcB = 30 V, PT = 1 W. 
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Table A. Pre Burn-In & Post Burn- In Tests and Delta (A) Limits 

TEST SYMBOL 
MIL-STD- 750 LIMITS 

UNITS 

METHOD CONDITIONS MIN. MAX. 

Collector- Cutoff Current CEO 3041 VcE = 30 V, bias cond. D — 0.1 /-1A 

DC Forward-Current 

Transfer Ratio hFE 3076 VcE = 5 V, lc = 150 mA pulsed 15 150 — 

Delta (A) Limits: 

lcup and hFE of Table IA shall be retested after each burn- in test and the data recorded for all devices in the lot. 

The tests measured shall not have changed during each burn- in test from the initial value by more than the specified 

amount as follows: 

A IcEo ,± lom or 10 nA, whichever is greater 

A hFE 20% 

All transistors that exceed the delta (A) limits or the limits of Table IA after each burn- in test shall be removed 

from the lot and the quantity removed shall be recorded in the lot history. 

Table II. Group A Electrical Sampling Inspection 

EXAMINATION OR TEST 
MIL-STD- 750 

LTPD SYMBOL 
LIMITS UNITS 

METHOD CONDITIONS MIN. MAX. 

Subgroup 1 

Visual and Mechanical Examination 2071 — 

10 

— — — — — 

Subgroup 2 

Collector-Cutoff Current 

Collector-to- Base Breakdown Voltage 

Emitter-to- Base Breakdown Voltage 

Collector-to-Emitter Breakdown Voltage 

Collector-to-Emitter Breakdown Voltage 

Collector-to-Emitter Saturation Voltage 

DC Forward-Current Transfer Ratio 

30410 

30010 

30260 

30110 

See Fig. 2. 

3011B 

See Fig. 2. 

3071 

3076 

VCE = 30 V, IB = CI 

lc = 0.3 mA 

IE = 0.1 mA 

lc = 200 mA° 

lc = 200 mA°, VBE = 4.5 V, 

RBE = 33 Q 

lc = 250 mA, IB = 50 mA 

lc = 150 mA, VcE = 5 V 

5 

— 

— 

— 

— 

_ 

— 

— 

'CEO 

V(BR)CB0 

V(BR)EBO 

V(BR)CEO 

V(BR)CEX 

Vc E (sat) 

hFE 

— 

65 

4 

an b 
— 

65b 

— 

15 

100 

— 

— 

— 

— 

1 

150 

nA 

V 

V 

V 

V 

V 

— 

Subgroup 3 

Output Capacitance 

Extrapolated Unity Gain Frequency 

RF Power Output (Min. Eff. = 50%) 

3236 

3261 

See Fig. 3. 

VcB = 30 V, lc = 0 

lc = 125 mA, VcE = 28V, 

f = 100 MHz 

VcE = 28 V, PIE = 0.25W, 

f = 175 MHz 

5 

— 

_ 

_ 

Cube 

fT 

POE 

— 

350 

2.5 

10 

— 

— 

pF 

MHz 

W 

Subgroup 4 

Collector-Cutoff Current 

DC Forward-Current Transfer Ratio 

30360 

3076 

TA = 150° C ± 3° C, 

VcB = 30 V 

TA = - 55° C ± 3° C, 

lc = 150 mA, VcE =5 V 

15 

— 

— 

ICB0 

hFE 

— 

10 

100 

— 

µA 

— 

° Pulsed through a 25 mH inductor; duty factor = 50% 

b Measured at a current where the breakdown voltage is a minimum 
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Table Ill. Group B Environmental Sampling Inspection 

40605 

EXAMINATION OR TEST 
MIL-STD-750 

LTPD SYMBOL LIMITS UNITS 
METHOD CONDITIONS MIN. MAX. 

Subgroup 1 

Physical Dimensions 2066 — 

20 

— — — — 

Subgroup 2 
Solderability 
Thermal Shock (Temp. Cycling) 
Thermal Shock (Glass Strain) 

Seal ( Leak Rate) 

Moisture Resistance 

End Points: 

Collector-Cutoff Current 

Collector-to- Emitter Breakdown Voltage 

DC Forward- Current Transfer Ratio 

RF Power Output (Min. Eff = 50%) 

2026 
1051 
1056 

— 

1021 

3041D 

3011D 

See Fig. 2. 

3076 

See Fig. 3 

— 
Test Condition C 
Test Condition B 

Method 112 of MIL- STD-202 

Test Cond. C, procedure III a 
For Gross Leaks, Refer 
to Note 1 in Lot Screen-
ing sequence 

— 

VCE ' 38 V, 113 ' o 

lc = 200 mA ° 

lc = 150 mA, VCE = 5 V 

f = 175 MHz PIE 0.25 W, 

15 
— 
— 
— 

— 

__ 

— 

'CEO 

V(BR)CEO 

hFE 

P OE 

— 
— 
— 

— 

— 

— 

40 

12 

2.5 

— 
— 
— 

1 X 10'7 

_ 

— 

100 

— 

— 

— 

— 
— 
— 

atm ccis 

_ 

— 

nA 

V 

— 

W 

Subgroup 3 
Shock 

Vibration Fatigue 

Vibration, Variable Frequency 

Constant Acceleration 

End Points: 

(Same as Subgroup 2) 

2016 

2046 

2056 

2006 

1,500 g, 0.5 ms, 5 blows each 

orientation: 

X1, Y1, z1, v2,(15 blows 

total) 

Nonoperating 

— 

20,000 g Y1, Y2 

15 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

Subgroup 4 
Terminal Strength ( Lead Fatigue) 2036E — 

15 
— — — — 

Subgroup 5 
Salt Atmosphere 1041 — 

15 
— — — — 

Subgroup 6 

High Temperature Life (Nonoperating) 

End Points: 

Collector-Cutoff Current 

Collector-to- Emitter Breakdown Voltage 

DC Forward-Current Transfer Ratio 

RF Power Output (Min. Eff. = 50°.) 

3041D 

3011D 

See Fig. 2. 

3076 

See Fig. 3 

Tstg ,-- + 200° C, t = 1000 his. 

V E = 30 V, 15 = 0 

lc = 200 mA° 

lc = 150 mA, VCE = 5 V 

VCE ' 28 V. PIE ' 0-25 W. 
f = 175 MHz 

— 

— 

— 

— 

— 

— 

'CEO 

V(BR)CEO 

hFE 

POE 

— 

— 

48 

12 

23 

— 

1 

_ 

_ 

_ 

— 

pA 

V 

_ 

vi 

° Pulsed through a 25 H inductor; duty factor = 50% 
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DIMENSIONAL OUTLINE 
JEDEC No.70-39 

File No. 389 

SEATING PLANE 

12 

1=1 

lE=3 
I‘ • 
02 0 

92C5-15641 

Note 1: This zone is controlled for automatic handling. The variation 
in actual diameter within this zone shall not exceed . 010 in 
(.254 mm). 

Note 2: (Three leads)q5b2 applies between l and 12. ,t)b applies be-
tween 12 and .5 in ( 12.70 mm) from seating plane. Diameter is 
uncontrolled in l I and beyond .5 in ( 12.70 mm) from seating 
plane. 

Note 3: Measured from maximum diameter of the actual device. 

Note 4: Details of outline in this zone optional. 

SYMBOL 
INCHES MILLIMETERS 

NOTES MIN. MAX. MIN. MAX. 

IA .190 .210 4.83 5.33 
A .240 .260 6.10 6.60 
,,,t)b .016 .021 .406 .533 2 

:b2 .016 .019 .406 .4E3 2 

D .350 .370 8.89 9.40 
.,t,01 .315 .335 8.00 8.51 

h .009 .125 .229 3.18 

I .028 .034 .711 .864 

k .029 .040 .737 1.02 3 

I .500 12.70 2 

11 .050 1.27 2 

12 .250 6.35 2 

P .100 2.54 1 

Q 4 
a 45° NOMINAL 
3 90° NOMINAL 

TERMINAL DIAGRAM 

LEAD 1 - EMITTER 

LEAD 2 - BASE 

CASE, LEAD 3 - COLLECTOR 
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IMEM 
Solid State 
Division 

RF Power Transistors 

40606 

JEDEC TO-60 H 1307 

High- Reliability 
Silicon N- P-N Overlay Transistor 
For Large-Signal, High-Power VHF/UHF 

Applications in Military and Industrial 
Communications Equipment 

Features: 

• High power output, unneutralized class C amplifier 

• High voltage ratings 

• 100 per cent tested to assure freedom from second breakdown for operation 

in class A applications 

• All three electrodes electrically isolated from case for design flexibility 

RCA-40606 is an epitaxial silicon n- p-n planar transistor. 

This device is intended for class A, B. C amplifier, fre-

quency multiplier, or oscillator operation. The device 

was developed for vhf/uhf applications. 

The transistor employs the overlay concept in emitter-

electrode design — an emitter electrode consisting of 

MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE 

COLLECTOR-TO-EMITTER VOLTAGE: 

With base-emitter junction reverse-biased 
With base open 

many microscopic areas connected together through the 

use of a diffused-grid structure and an overlay of metal 

which is applied on the silicon wafer by means of a 

photo-etching technique. This arrangement provides the 

very high emitter periphery-to-emitter area ratio required 

for high efficiency at high frequencies. 

(VBE = - 1.5 VI   

EMITTER-TO-BASE VOLTAGE 

COLLECTOR CURRENT 

TRANSISTOR DISSIPATION   

At case temperatures up to 25'C   

At case temperatures above 25°C   

TEMPERATURE RANGE: 

Storage and operating (junction)   

TEMPERATURE ( During soldering): 

At distances 1/32 in. ( 0.8 mm) from insulating wafer for 10 s max.. . 

VCB0 

VCEV 

VCEO 

VEBO 

lc 
PT 

65 

65 

40 

4 

3 

23 

Derate linearly to 0 watts at 

200C 

-65 to 200 

230 
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40606 

ELECTRICAL CHARACTERISTICS, At Case Temperature ( Tc) = 25°C 

File No. 600 

Characteristic Symbol 

TEST CONDITIONS 

LIMITS Units 

DC 
Collector 

Volts 

DC 
Base 
Volts 

DC 
Current 

(Milliamperes) 

VCB V CE VBE IE IB IC Min. Max. 

Collector-Cutoff Current !CEO 30 0 - 0.25 mA 

Collector-to-Base 
Breakdown Voltage BVCBO o 0.5 65 - volts 

Collector-to- Emitter 

Breakdown Voltage 

BVCEO 0 0 to 200* 40" - volts 

BVCEV -1.5 0 to 200• 65" - volts 

Emitter-to-Base 
Breakdown Voltage 

BVEBO 0.25 o 4 - volts 

Collector-to- Emitter 
Saturation Voltage 

VcE(sat) 100 500 - I volt 

Collector-to- Base Capacitance 
Measured at 1 MHz 

Cob 30 0 - 20 pF 

RE Power Output 
Amplifier, Unneutralized 

At 260 MHz (See Fig. 3) 

400 MHz ( See Fig. 2) 

POE VCC ' 
28 
28 

14.5*(typ.) 
10. - 

watts 

Gain-Bandwidth Product fT 28 150 400 leyp.) MHz 

Base-Spreading Resistance 
Measured at 200 MHz 

'lb' 28 250 6.5 ( typ.) ohms 

Collector-to-Case Capacitance C, - 6 pF 

DC Forward-Current 

Transfer Ratio 
hFE 5 300 10 - 

Second-Breakdown 

Collector Currenta 
(Base forward-biased) 

IS/b 28 0.33 - A 

• Pulsed through an inductor ( 25 mh); duty factor = 50%. 

•• Measured at a current where the breakdown voltage is a minimum. 

• For PIE = 4.0 w; minimum efficiency 60%. 

• For PIE = 4.0 w; minimum efficiency v 45%. 

a Pulse duration = I s. 

COLLECTOR- TO- EMITTER VOLTS (VcEI•28 

CASE TEMPERATURE (TO- 23- c 

R
F
 
P
O
W
E
R
 
O
U
T
P
U
T
 
(
 
P
O
E
 
)
 
—
 W
A
1
 

to
 
5
 
=
 

r7
, 

i.
 

4 4,,,.s..***''''''..s..**''''....`• 

.N3 

04, 

N N\ 

2 

:: 
200 250 300 350 400 450 500 600 700 800 

FREQUENCY — MHz 92CS - 13130 

Fig. 1—Power output vs. frequency. 

28V 

92C5-20618 

C1, C2: 7.8-17 pF 1R • 0.56 ohm 

Fig.2-RF amplifier circuit for power-output test at 400 MHz. 
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POE 
C7 C8 (A_ • 50 OHMS) L5 CI: 3-35 pF L3: Ferrite choke, Z = 450 ohms 

406U 3 C2, C4, Cg: 8-60 pF L4: RF choke, 0.47 µH 

PIE (2a • 50 OHMS) Li L2 2 C3, C6: 0.005 µF L5: 3-1 /2 turns No. 16 wire, 
4 LE, disc ceramic 1/4 in. 16.35 mm) ID, 

Ci C5 1,000 pF 7/16 in. (11.11 mm) long 
C2 

1-3 C6: 1.5-20 pF L6: 1 turn No.16 wire, 

_ _ L1: 3 turns No.18 wire, 1/4 in. (6.35 mm) ID, 
3/8 in. (9.52 mm) long 

R2 1/4 in. 16.35 mm) ID, 

C3i_ 1/4 in. 16.35 mm) long R 1 50 ohms C4 7 . R1 C6/ , _L L2: 3/16 in. (4.76 mm) wide R2 0.56 ohms 

- -_-. .... copper strip, 3/8 in. (9.52 mm) 

+Vcc 28 V 92CS-2069 long 

Fig.3-RF amplifier circuit for power-output test at 260 MHz. 

COLLECTOR-TO-EMITTER VOLTS IVCE) • 28 
CASE TEMPERATURE ITcl• 25• C 
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Fig.4-Gain-bandwidth product vs. collector current. 
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Fig 6-Series input reactance vs. frequency. 
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92C5-I2843 

COLLECTOR-TO-EMITTER VOLTS I Vcc1•28 
CASE TEMPERATURE I Tc1225•C 
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Fig. 7-Output capacitance vs. frequency. 
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RELIABILITY SPECIFICATIONS: 

Lot Acceptance Data 

Conditioning Screens (100% Testing, see Table I) 

la) Attobutes Data on Burn- In (b1 Attributes Data on Radiographic Inspection (c) Variables Data on Burn-In 

Group A ( Lot Sampling, see Table II) 

la) Variables Data 

Group 8 ( Lot Sampling, see Table III) 

(al Attributes Data ( From a member of the family) 

Table 1. Description of Total Lot Screening - 100% Testing 

TEST CONDITIONS 
MI L - STD-750 LIMITS 

UNITS 
METHOD CONDITIONS MIN. MAX. 

1 Read: 

Collector-to- 

Emitter Current 

DC Forward-Current 

Transfer Ratio 

VCE -- 30 v, le = 0 

lc = 300 mA, VCE = 5 V i 

:, l) 

2. Temp. Cycling 5 cycles, -65°C to + 200°C 1051C 

3. High-Temp. Storage TA = 200°C, t = 72 hrs. 

4. Acceleration 20,000 g; Y1, Y2 

5. Helium Leak 

6. Gross Leak Ethylene Glycol, 

Temp. = 150°C, 

t = 15 s min. 

7. Serialization 

8. Radiographic 

Inspection 

9 Read and Record: 

Collector-to- 

Emitter Current 

DC Forward-Current 

Transfer Ratio 

VCE - 30 V, 18 = 0  

lC = 300 mA, VE = 5 V 1 

10. Reverse-Bias Age TA = 150°C, Vc8 = 50 V, 

t = 96 hrs. 

11. Read and Record 

Reverse-Bias End 

Points 

See Table 1A. 

12. Power Age TA = 25°C, Val = 30 V, 

t = 340 hrs. Pp = 2.6 W free air 

Interim down period = 168 hrs. 

13. Read and Record 

Power- Age End 

Points 

See Table 1A. 

14. Read and Record 

Subgroups 2, 3 of 

Group A; Sample 

Subgroup 4 of Group A 
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Table 1A. Power Age and Reverse- Bias Age 

40606 

TEST SYMBOL 
MIL-STD- 750 LIMITS 

UNITS 
METHOD CONDITIONS MIN. MAX. 

Collector- Cutoff Current 'CEO 3041 VCE ' 30 Vi IB = 0 — 250 nA 

DC Forward- Current 

Transfer Ratio 
hFE 3076 VCE = 5 V, lc = 300 mA pulsed 10 — — 

Delta IA) Limits: 

'CEO and hFE of Table lA shall be retested after each burn- in test and the data recorded for all devices in the lot. 

The tests measured shall not have changed during each burn- in test from the initial value by more than the specified 

amount as follows: 

A 'CEO= ± 100% or 25 nA, whichever is greater 

à hFE = 20% 

All transistors that exceed the delta (à) limits or the limits of Table lA after each burn- in test shall be removed 

from the lot and the quantity removed shall be recorded in the lot history. 

Table II. Group A Electrical Sampling Inspection 

EXAMINATION OR TEST 
MIL- STD- 750 

LTPD SYMBOL 
LIMITS UNITS 

METHOD CONDITIONS MIN. MAX. 

Subgroup 1 10 

Visual and Mechanical Examination 2071 — — — — — — 

Subgroup 2 5 

Collector-Cutoff Current 30410 
VCE ' 3° V. 1B = ° — 'CEO — 250 nA 

Collector-to- Base Breakdown Voltage 30010 lc = 0.5 mA, IE = 0 — V(BR)CB0 65 — V 

Emitter-to- Base Breakdown Voltage 3026D IE = 0.25 mA, lc = 0 — V(BR)EBO 4 — V 

30110 
Collector-to- Emitter Breakdown Voltage lc = 200 mAa, I 8 = 0 — V(BR)CEO 401' — V 

Collector-to- Emitter Breakdown Voltage 3011A lc = 200 mA°. = -1.5 V, V BE _ ,, 
'IBRICEV 63E' — 

V 

RBE 

Collector-to- Emitter Saturation Voltage 3071 lc = 500 mA, 1g = 100 mA — VE (sat) — 1 V 

DC Forward- Current Transfer Ratio 3076 lc = 300 mA, VCE = 5 V _ hFE 10 — — 

Second Breakdown Collector Current — VCE = 28 V, t = 1 s pulse — 'Sib 0.33 — A 

Subgroup 3 5 

Output Capacitance 3236 VcE = 30 V, le = 0 — Cob° — 20 pF 

Common-Emitter, Small-Signal Short 

Circuit Forward Current Transfer Ratio 

RF Power Output ( Min. Eff. = 45%) 

— 

See Fig. 3. 

lc = 250 mA, VCE = 28 V, 

f = 100 MHz 

VCE = 28 V, PIE = 4 W, 

f = 400 MHz 

— 

— 

hie 

PEE 

24 

10 

— 

— 

— 

W 

Subgroup 4 15 

= TA 1500 C t 3° C, 
Collector-Cutoff Current 30360 

V CE = 3° V 

_ 
ICB0 — 250 r-,A 

DC Fm Transfer Ratio 3076 
TA = -55° C ± 3° C,ward-Current 

— hFE 10 — — 
IC = 300 mA, VCE = 5 V 

° Pulsed through a 25 mH inductor; duty factor = 50% 

b Measured at a current where the breakdown voltage is a minimum 
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Table Ill. Group B Environmental Sampling Inspection 

File No. 600 

EXAMINATION OR TEST 
MIL-STD-750 

LTPD SYMBOL 
LIMITS UNITS 

METHOD CONDITIONS MIN. MAX. 

Subgroup 1 20 

Physical Dimensions 2066 — — — — — 

Subgroup 2 15 

Solderability 2026 — — — — — 

Thermal Shock (Temp. Cycling) 1051 5 cycles — — — — 

—65°C to +200°C — — — — 

Seal ( Leak Rate) 1071 — — 1 X 10"7 atm cc/s 

Terminal Strength 2036 — — — — 

Moisture Resistance 1021 — — — — — 

End Points: 

Collector-Cutoff Current 30410 VcE = 30 V, 16 = 0 CEO — 250 nA 

Collector-to- Emitter Breakdown Voltage 
30110 lc = 200 mA° , IB = 0 VrBRICE0 

40 — V 

DC Forward- Current Transfer Ratio 3076 lc = 300 mA, VcE = 5 V hFE 10 — 
_ 

P VcE = 28 V, IE = 4 W, 
RF Power Output (Min. Eft = 45%) See Fig. 3 

f. = 400 MHz 
POE 10 — w 

Subgroup 3 15 

Shock 2016 500 g, 1.0 ms, 5 blows each 

orientation: 

X1, yl, Z1, Y2,(20 blows 

total) — — — — 

Vibration Fatigue 2046 Nonoperating — — — — 

Vibration, Variable Frequency 2056 — — — — — 

Constant Acceleration 2006 20,000 g Y1, Y2 — — — — 

End Points: 

(Same as Subgroup 2) 

Subgroup 6 

High Temperature Life (Nonoperating) 1031 Tstg = 4 200° C, t = 1000 hrs. _ — _ — 

End Points: 

Collector-Cutoff Current 30410 VcE = 30 V, IB = 0 — 'CEO — 2.5 il-A 

Collector-to- Emitter Breakdown Voltage 30110 
lc = 200 mA°, iB = 0 — VIBR)CE0 4° — V 

DC Forward-Current Transfer Ratio 3076 lc = 300 mA, VcE = 5 V — hFE 9 — — 

= 4 VcE = 28 V, PIE W, 
RF Power Output (Min. Eff. = 45%) 

f = 400 MHz 
— POE 10 — W 

Subgroup 7 

Operating Life 

Steady-State DC 1026 VcB = 28 V, PD = 4 W. — _ — 
TA = 170°C 

End Points: 

(Same as Subgroup 6) 

° Pulsed through a 25 /Ai inductor; duty factor = 50% 
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COLLECTOR-TO-EMITTER VOLTS ( VcE)•28 
CASE TEMPERATURE I Tc )• 25 C 
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920$ -128.0 

Fig.8-Output resistance vs. frequency. 

DIMENSIONAL OUTLINE JEDEC TO-60 

A 

SEATING 
PLANE 

TERMINAL CONNECTIONS 

Mounting Stud, Case, Pin No. 1 - Emitter 

Pin No. 2 - Base 

Pin No. 3- Collector 

soo 

FREQUENCY • I MHz 
CASE TEMPERATURE (Tc) • 25° C 

5 e m 20 25 30 35 

COLLECTOR-TO-BASE VOLTS YCB) 

ROCS- 20 31 

Fig.9-Variation of collector•to-base capacitance. 

SYMBOL 

INCHES 

MIN. MAX 

MILLIMETERS 

MIN. MAX. 
NOTES 

A 0.215 0.320 5.46 8.13 

A1 - 0.165 - 4.19 2 

Ob 0.030 0.046 0.762 1.17 4 

oD 0.360 0.437 9.14 11.10 2 

oDi 0.320 0.360 8.13 9.14 

E 0.424 0.437 10.77 11.10 

e 0.185 0.215 4.70 5.46 

el 0.090 0.110 2.29 2.79 

F 0.090 0.135 2.29 3.43 1 

J 0.355 0.480 9.02 12.19 

0M • 0.163 0.189 4.14 4.80 

N 0.375 0.455 9.53 11.56 

N1 - 0.078 - 1.98 

oW 0.1658 0.1697 4.212 4.310 3,5 

NOTES: 

1. Dimerzsion does not include sealing flanges 

2. Package contour optional within dimensions specified 

3. Pitch diameter - 10-32 UNF 20 thread ( coated) 

4. Pin spacing permits insertion in any socket haying a 
pin-circle diameter of 0.200 in. 15.08 mm) and con-
tacts which will accommodate pins with a diameter 
of 0.030 in. ( 0.762 mm) min., 0.046 in. ( 1.17mm) max. 

5. The torque applied to a 10.32 hex nul assembled on the 

thread during installation should not exceed 12 inch-
pounds. 
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DUCEM 
Solid State 
Division 

RCA-40608 is an epitaxial silicon n-p-n planar transis-
tor. It is especially designed for operation as a Class A, 
wide-band power amplifier in VHF circuits. 

The features of high gain-bandwidth product and low 
cross-modulation make the 40608 especially suited for 
use in CATV and MATV systems. 

•Formerly RCA De". Type No. TA2761 

MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE . . 

COLLECTOR-TO-EMITTER 
VOLTAGE: 
With external base-to-emitter 
resistance, ( RBE) = 100H   

EMITTER-TO-BASE VOLTAGE  

COLLECTOR CURRENT  

TRANSISTOR DISSIPATION  
At case temperatures up to 25°C   3.5 W 
At case temperatures above 25°C See Fig. 1. 

TEMPERATURE RANGE: 
Storage & Operating (Junction)  -65 to + 200 

LEAD TEMPERATURE (During soldering): 
At distances _. 1/32 in. (0.79 mm) from 
seating plane for 10 s max  230 °C 

VC BO 40 V 

VCER 

VEBO 

IC 

PT 

40 

2 

0.4 

V 

V 

A 

oc 

RF Power Transistors 

40608 
- 

SILICON N- P- N "overlay" 
TRANSISTOR 

For Class A Wide- Band 

CATV and MATV 

Applicatiations 

Features: 

• High Gain- Bandwidth Product 

• Low Cross-Modulation 

JEDEC TO-39 

-100 -50 0 50 100 150 200 

CASE TEMPERATURE - •C 
921-5-122451 

Fig. I - Dissipation Derating Curve 

332 



File No. 356   40608 

ELECTRICAL CHARACTERISTICS, Case Temperature = 25° C 

Characteristic Symbol 

Test Conditions 

Limits Units 
DC 

Collector 
Volts 

DC 
Curren 
(mA) 

VCB VCE IE IB IC Min. Man. 

Collector-Cutoff Current 'CEO 20 0 100 p.A 

Collector-to-Base 
Breakdown Voltage V( BR) CB0 0 0.1 40 V 

Collector-to- Emitter 
Voltage ( Sustaining) 

VcER(sus) 50° 40 V 

Emitter- to- Base 
Breakdown Voltage 

V(BR)EBO 0.1 0 2 V 

Co I lector-to- Emi tter 
Saturation Voltage 

Vc E(sat) 10 50 1.0 V 

Collector-to- Base Capacitance 
(Measured at 1MHz) 

Cob 30 0 3.0 pF 

Gain- Bandwidth Product fr 15 50 700 MHz 

DC Forward- Current 
Transfer Ratio 

hFE 15 50 35 120 

Voltage Gain 
(See Fig. 2.) 

VG 15 50 11 dB 

Cross Modulation 
4. 46 dB mV ( See Fig. 3.) 

CM 15 50 —57 ( Typ.) dB 

°Pulsed through an inductor ( 20 mH) duty factor = 50%; RBE = 100Ç2. 

RF 
GENERATOR 

COMBINER 

POTENTIOMETER 

MATCHING NETWORK I 

AMPLIFIER 
UNDER TEST 
(SEE FIGURE 2) 

92LS-1225R1 

VARIABLE 
AT TE NUATOR 

ATCHING NETWORK 2 

Generator No. 1 & No. 2 Hewlett-Packard, HP608D, 

Matching Network No. 1 or equivalent 
& No. 2: 50 to 75 f1 

Combiner: 20 dB isolation between generators 

Variable Attenuator: As required 

Field Strength Meter, 

with Detector Output: 50-220MHz 

Potentiometer: 100 kl-2 

Filter: 1000 Hz 
AC Voltmeter: Ballantine 861, or equivalent 

Fig. 2- Block Diagram for Cross-Modulation 

Test Set-Up 

OPERATING INSTRUCTIONS FOR 
CROSS-MODULATION TEST 

1. Set up equipment as shown in Fig. 2. 

2. Set generator No. 1 to 150MHz modulated 30% by 1000 Hz, 

and tune field strength meter to 150MHz. 

3. Adjust output of generator No. 1 to give rated output of 
the amplifier. 

4. Adjust potentiometer to calibrate voltmeter for a convenient 

level. This level then corresponds to 100% cross modulation. 

5. Remove modulation. 

6. Set generator No. 2 to 210MHz modulated 30% by 0000 Hz 
and tune field strength meter to 210MHz. 

7. Adjust output of generator No. 2 to give rated output of the 

amplifier. ( If the amplifier has a flat response then the out-

put of the two signal generators will be equal.) 

8. Tune field strength meter to 150MHz CW and read voltmeter. 

9. Turn voltmeter to proper scale for reading. Calculate per-

centage of cross modulation based upon 100% level set in 
step 4. 
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,2' 5 - 54 

C1, C2, C5: 0.002µF 

C3: 7-100 pF, ARCO 423, 
or equivalent 

C4: .03µF 

C8, C7: 1,500 pF 

C8, C9: 8-60 pF, ARCO 404, 
or equivalent 

RI: 390n, Yz W 

R2: 6.8 f2, ½ W 

Ft3: 330S-2, 1W 

R4: 270f2, 1/2 W 

T: 4 turns No. 30 wire, bifilar 
wound; toroidal core: 3/8 in. OD, 
3/16 in. ID, 1/8 in. thick, IGC* 
type Q-1, or equivalent. 

'Indiana General Corp., Electronics/Ferrites Div., 
Keasbey, N.J. 

Fig. 3 - RF Amplifier Circuit for Voltage Gain Test 

TYPICAL ADMITTANCE CHARACTERISTICS 

(Common-Emitter Circuit) 
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TYPICAL ADMITTANCE CHARACTERISTICS 

(Common-Emitter Circuit) 
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TERMINAL DIAGRAM 

Lead 1 - Emitter 

Lead 2 - Base 

Lead 3 - Collector, Case 
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Men 
Solid State 
Division 

RF Power Transistors 

40836 
40837 

High-Frequency Overlay 
Power Transistors 
For Oscillators And Amplifiers In UHF/Microwave Equipment 

Features 

• 0.5 W ( min.) oscillator output at 2.0 GHz (40836) 

• 1.25 W (min.) oscillator output at 2.0 GHz (40837) 

• Ceramic-metal hermetic coaxial package with low 
inductances and low parasitic capacitances 

• Emitter connected to flange (for increased 
internal feedback) for higher efficiency at S-band 
frequencies in Colpitts oscillator circuits 

• For coaxial, stripline, and lumped-constant circuits 

RCA-40836 and 40837' are epitaxial silicon n- p-n planar Applications 

transistors employing the "overlay" emitter-electrode 
• L- and S-band power oscillators 

construction. These devices feature a low-loss, ceramic-metal, • Common-emitter Class A amplifier 
coaxial package and are intended primarily for power 

oscillator applications in the L- and S-band frequency ranges. 

If the safe-area-of-operation conditions are not exceeded, 

they may be used in class A amplifiers. 

'Formerly RCA-Dev. types TA7403 and TA7679, respectively. 

MAXIMUM RATINGS, Absolute-Maximum Values: 40836 40837 

COLLECTOR-TO-BASE VOLTAGE   V CBO 50 50 v 

COLLECTOR-TO-EMITTER VOLTAGE: 

With external base-to-emitter resistance ( RBE ) =-. 1011   VCER 50 50 V 

EMITTER-TO-BASE VOLTAGE   VEBO 3.5 3.5 v 

DC COLLECTOR CURRENT (CONTINUOUS)   IC 0.2 0.275 A 

TRANSISTOR DISSIPATION:   PT 

At case temperatures up to 75°C   2.5 4.15 W 

At case temperatures above 75°C   See Fig. 5 See Fig. 6 

For point of measurement of temperature 
(on collector terminal), see dimensional outline. 

TEMPERATURE RANGE! 

Storage and Operating (Junction)   -0---- 65 to + 200 --8.- °C 
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ELECTRICAL CHARACTERISTICS, at Case Temperature (7c ) = 25°C 

Static 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS LIMITS 

UNITS 
DC 

COLLECTOR 

VOLTAGE(V) 

DC 
CURRENT 

(mA) 

40836 40837 

VCE IE IB IC MIN. MAX. MIN. MAX. 

Collector- Cutoff Current 
ICES 45 0 1 — 1 mA 

Collector-to- Base 

Breakdown Voltage V (BRICB0 
0 

0 

0.1 

1 

50 

— 

— 

— 

— 

50 
V 

Collector-to- Emitter 
Sustaining Voltage: 
With external base-to-emitter 
resistance ( RBE ) = 10 S2 

V ' CER Isus) 5 50 — 50 — V 

Emitter-to- Base 
Breakdown Voltage V (BR)EBO 0.1 0 3.5 3.5 — V 

Collector-to-Fmitter 

Saturation Voltage 
VCE (sat) 10 

20 
100 
200 

— 
— 

1 
— 

— 

— 
— 
1 

V 

Thermal Resistance: 
(Junction-to- Collector Terminal) ROJCT — 50 — 30 °C/W 

Dynamic 

CHARACTERISTIC SYMBOL 

POWER 

OUTPUT 

(POB)—W 

SUPPLY 

VOLTAGE 

(VCC)—V 

FREQUENCY 

GHz 

LIMITS 

UNITS 40836 40837 

MIN. TYP. MIN. TYP. 

Common-Collector Oscillator 

Output Power 
POB 

21 

28 

2 

2 

0.5 0.65 

— 

— 

1.25 

— 

1.35 
W 

Oscillator Circuit Efficiency 

(See Fig. 11) 
n o 

0.5 

1.25 

21 

28 

2 

2 

20 

— 20 

— 

— 

r, 

Collector- to- Base Capacitance 
Cobo 3°(VCB ) 1 MHz 3.0 ( Max .) 3.0 ( Max.) pF 

25 

I ' 
2 075  

à  05 

SUPPLY VOLTAGE - 21 V 

CASE TEMPERATURE Tc 25 •C 

MUM 

UUUUUUU emmum181 

' 0 25 

O 

1' •IMUMUMBHUMUMBUSU BBBBBBBB 

nee 

H UUUUU BIM SOB 

1381111UMBUSIN 
MID 
UUUUU alge 

u.uuu5 
I 5 2 25 

FREQUENCY If I — Ger 

3 

9255 - 38213 

15 

SUPPLY VOLTAGE IVEG/ - 25V 

CASE TEMPERATURE(Tc). 25vC 

FREQUENCY ( I) - CH. 

Fig. 1— Typical power output vs. frequency for grounded Fig.2—Typical power output vs. frequency for grounded 
collector power oscillator for 40836. collector power oscillator for 40837. 
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6 

4 

CASE TEMPERATURE 1Tc) • 100.0 

NOTE: TJs IS DETERMINED ay USE OF 
INFRARED SCANNING TECHNIQUES 

k (RAM CONTINUOUS 

2 

10 

HOT-SPOT 
TEMPERATURE 
1T251•200 "1C 

2 4 6 8 10 20 25 40 60 80 100 

COLLECTOR-TO-EMITTER VOLTAGE (Vcel - V 
92CS - 19063 

100(18 

6 

CASE TEMPERATURE (Tc) • 100TC 

4 

2 

10 

IC 04481 CONTINUOUS 

NOTE: Te IS DETERMINED BY USE OF 
INFRARED SCANNING TECHNIQUES 

1 1 
HOT-SPOT 
TEMPERATURE 
(T25). 200 TC 

2 4 6 8 10 20 40 60 80 100 

COLLECTOR-TO- EMITTER VOLTAGE 1TCE' - T 
IMMESH 

Fig.3—Maximum operating area for forward-bias operation Fig.4—Maximum operating area for forward-bias operation 
for type 40837. for type 40836. 

0 50 100 150 200 
SVCS-19066 

CASE TEMPERATURE 110-6C 

Fig. 5—Dissipation derating curve for type 40836. 

SUPPLY CURRENT ('EE) • - 110 rnA 
FREQUENCY 10 I• 2 014: 
CASE TEMPERATURE IT I•25•C 

-I -I -14 -16 -It -20 -22 -24 

DC SUPPLY VOLTAGE DicG1—V SECS -, 9061 

Fig.7—Typicaloutput power vs. supply voltage for the 2-GHz, 
grounded-collector oscillator (Fig. 11) for type 40836. 

-30 

-100 - so o so ioo so zoo 
sns4.1301 

CASE TEmPERATuRE(TG)« 25°C 

Fig. 6—Dissipation derating curve for type 40837. 

SUPPLY CURRENTOcc) • - 150.A 

FREQUENCY 15 • 2 G114 
CASE TEmPERATURECT I • 2STC 

-10 -IS -20 -25 

OC SUPPLY VOLTAGE ( Vcc) - V 
1204461.1 

Fig.8— Typical output power vs. supply voltage for the 

2-GHz, grounded-collector oscillator (Fig. 11) for 

type 40837. 
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Fig.9—Typical outlet power vs. collector-terminal Fig. 10— Typical output power vs. collector- terminal 

temperature for 40836 (circuit shown in Fig. 11). 

-21 V 1408361 
Vcc.- 213 v 1408371 

RCA 
40836 
40837 

temperature for 40837 (circuit shown in Fig. 11). 

APPLICATION DATA 

CI, C3, C4: 470 pF, feedthrough 
Allen-Bradley FA4C, or 
equivalent 

C2: 0.2p F, disc ceramic 

C5, C6: 0.35 to 3.5 pF, Johanson 
4702, or equivalent 

LI, L2: RF choke, 0.5 in. ( 12.70 mm) 
length of No. 32 wire 

L3: Copper strip: 
0.005 in (0.1271mm) thick 
0.18 in. ( 0.457 mm) wide 
0.3 in (0.76 mm) long 

R1: 10 SI, W 

R2: 0 to 500 , 2 W 

R3: 1200 0Z, '/,W 

SASS- 383182 

NOTES 1. The circuit shown above is tunable over the range of 1.8 GHz 

to 2.1 GHz. 

2. For operation below 1.8 GHz, increase emitter-base capacitance 

and the value of L3. 

3. For operation between 2.1 GHz and 2.3 GHz, increase the collector-
base capacitance and decrease the value of L3. 

Fig.11—Typical 2-GI1z, grounded-collector power oscillator. 
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R3 

HOLD-DOWN SCREW 
(4-40 X I IN., NYLON) 

RCA 
40836 LI 
OR 

40837 

EMITTER 

BASE 

5O1 SCREW-ON TYPE 
BULKHEAD RECEPTACLE 
SEALECTRO NO 50-046-0000, 
OR EQUIVALENT 

92SS-3832 R2 

SYMBOL INCHES MILLIMETERS 

A 0.53 1.35 
Es 0.16 0.41 
C 0.25 0.63 
D 0.75 1.90 
E 0.75 19.05 
F 0.625 15.87 
G 1.25 28.57 
H 0.062 1.57 
.1 1.0 25.4 
K 0.375 9.52 
L 0.281 7.14 
M 0.75 19.05 
N 0.93 2.36 
P 0.421 10.69 
O 0.625 15.87 
R 0.25 6.63 
S 0.375 9.52 
T 0.75 19.05 

NOTE: 

MATERIAL: 1 16 ( 1.52) THICK COPPER 

Fig. 12-Constructional details of 2-GHz power oscillator 

shown in Fig. 11. 
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DIMENSIONAL OUTLINE 

40836,40837 

TERMINAL No .1 

TERMINAL No.2 

FI 

TERMINAL No. 3 

REFERENCE POINT 

FOR CASE-TEMERATURE 
MEASUREMENT 

4, D 

OB h. 

- i6D1 

4302 

SYMBOL 
INCHES MILLIMETERS 

NOTES 
MIN. MAX. MIN. MAX. 

o B 0.118 0.122 2.997 3.098 1 

o Bi 0.090 0.094 2.286 2.387 2 

o D 0.497 0.503 12.624 12.776 3 

0 Di 0.180 NOM. 4.57 NOM. 

o D2 0.162 NOM. 4.11 NOM. 

F 0.028 0.039 0.71 0.99 

F1 0.009 0.011 0.229 0.279 

F2 0.114 0.126 2.90 3.20 

L 0.098 0.104 2.49 2.64 

L.i 0.179 0.191 4.55 4.85 

NOTES: 

1. Silver or KOVAR• 

2. Solid silver 

3. Gold.plated KOVAR 

'Trademark. Westinghouse Electric Corp. 

TERMINAL CONNECTIONS 

Terminal No. 1 Base 

Terminal No. 2 Emitter 

Terminal No. 3 — Collector 

CERAMIC 

L1 

92CS-I9062 
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File No. 514 

IMCEM RF Power Transistors 

390 400 420 440 460 490 500 520 

FREQUENCY If I—Mw 

Solid State 
Division 

40893 

15-W, 470-MHz Emitter-Ballasted 
Overlay Transistor 
Silicon N- P-N Type for Class C Amplifiers in 12.5-V 

Mobile Communications Equipment 

Features: 

• 5.2-dB gain ( min.) at 470 MHz, POE = 15W ( min.) 

• VSWR tested — co : 1, IE = 4.5 W 

• For operation in the 406-512-MHz band 

• Integral emitter- ballasting resistors 

• Hermetically- sealed, ceramic-metal, stud package 

• Low- inductance radial leads for stripline circuits 

• All leads isolated from mounting stud 

RCA-40893* is an epitaxial silicon n-p-n planar transistor The 40893 features a hermetic, ceramic-metal package with 

with "overlay" emitter-electrode construction, rugged, low- inductance radial leads for stripline or lumped-

Integral emitter- ballast resistance is employed for improved constant circuits. 

ruggedness and increased overdrive capability. This transistor is intended for use in high-power, broadband, 

mobile uhf amplifiers operating from a 12.5-volt supply. 
• Formerly RCA Des. No. TA7686 

COLLECTOR - SUPPLY VOLTAGE lYGQ )• I2 5 V 
CASE TEMPERATURE ITc)•25•C 

22 
.. 

20   
) .......  

• •• • 
) 

Fig. 1- Typical output power n frequency. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-EMITTER VOLTAGE: 

With base open    VCEO 14 V 

COLLECTOR-TO-BASE VOLTAGE  VCBO 36 V 

EMITTER-TO-BASE VOLTAGE   VEB0 4.0 V 

CONTINUOUS COLLECTOR CURRENT IC 3.0 A 

TRANSISTOR DISSIPATION   PT 
At case temperatures up to 1200C . .   20 W 

At case temperatures above 1200C Derate at 0.25 W/PC 

TEMPERATURE RANGE:   

Storage & Operating (Junction)   -65 to +200 PC 

CASE TEMPERATURE (During soldering): 

For 10 s max.   230 PC 
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ELECTRICAL CHARACTERISTICS, At Case Temperature (Te) --- 250C 

40893 

STATIC 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS 

LIMITS 
UNITS 

DC 

Collector 

Voltage—V 

DC 

Base 

Voltage—V 

DC 

Current—mA 

VcE VEB IE lc Min. Max. 

Collector-Cutoff Current ICES 12.5 0 10 mA 

Collector-to- Base 

Breakdown Voltage VIBRICB0 0 20 36 V 

Collector-to-Emitter 

Breakdown Voltage: 

With base open 
VIBRICE0 0 200 14 — 

V 

With base connected 

to emitter 
VIBRICES 200 36 — 

Emitter-to- Base Breakdown 

Voltage 
VIBR)EBO 5 4.0 V 

Thermal Resistance: 

(Junction-to-Case) POJC 
4.0 0C/W 

DYNAMIC 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS LIMITS 

UNITS Supply 

Voltage 

)VccI—V 

Input Power 

(PIE ) - W 

Frequency 

I(I - MHz Min. T yp. 

Power Output POE 12.5 4.5 470 15 W 

Power Gain GPE 12.5 4.5 470 5.2 dB 

Collector Efficiency riC 12.5 4.5 470 60 % 

Load Mismatch 
(See Fig. 10) 

LM 12.5 4.5 470 Go/No Go 

Collector-to- Base 
Capacitance Cobo 121 1./cg) 1 60 ( max.) pF 

TYPICAL APPLICATION INFORMATION 

CIRCUIT 
OUTPUT POWER 

(POE )—W 

INPUT POWER 

(PIE )—W 

Collector Efficiency 
Figure No. 

406-MHz Amplifier 18.0 4.5 68 4• 

512- MHz Amplifier 14.5 4.5 65 4* 

450-470- MHz Amplifier 15.0 4.5 60-72 4 • 

• Amplifier tuned to indicated frequency. 

• Amplifier tuned at 470 MHz for maximum gain and minimum input reflection. 
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Fig. 2— Typical output power and collector efficiency vs. Fig. 3— Typical performance of the 450-470-MHz amplifier 
shown shown in Fig. 4 input power. 
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(5 08) 

002▪ ;4 - L, a L2. 
10 

13175) H (25 4)1 

DIMENSIONS IN INCHES AND MILLIMETERS 
(MILLIMETER VALUES IN PARENTHESES) 

FREQUENCY (11•470 MHz 
CASE TEMPERATURE ( Tc)• 25 C   
INPUT POWER (PIE) 4 W 

92CS-19413 

C1, C2, C4, C5 - 2-18 pF, Amperex HT1OMA/218 • 
C3 - 30 pF, American Technical 

Ceramics ATC-100 • 
Cg - 0.01 pF, disc ceramic 

C7 - 1000 pF, feedthrough 
Allen-Bradley FA5C • 

Cg -. 1000 .pF, ATC-100 • 
81- 0.47 SZ, 1 W 
L3 - 0.22 µH, rf choke 
L4 - 10 turns No. 22 

wire, 0.12- ID 

• Or equivalent 

Allen-Bradley Co., Milwaukee, Wisc. 
American Technical Ceramics 
Huntington Station, N.Y. 

• Produced by etching upper layer 
of double-clad teflon board: 
1/16 in. thick, E = 2.6 

Fig 4—Amplifier test circuit for measurement of output 
power, gain, efficiency, and load mismatch. 

COLLECTOR-SUPPLY VOLTAGE VW —V 

COLLECTOR - SUPPLY VOLTAGE ( Vcc)•12.5 
FREQUENCY (I) . 470 Mil: 

 SO 
-  

• 14 

o 
- 12 

17 J,  

6W 

INPUT POWER ( Pi ). 3w 

 ern_  

........ = 

 , '7- t 1 
0 20 40 60 80 100 120 

CASE TEMPERATURE ITC)--- °C 

92C5-19414 92C5- I9415 

Fig. 5— Typical output power vs. collector-supply voltage. Fig. 6— Typical output power vs. case temperature. 
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Fig. 8— Typical large-signal series input impedance 
vs. frequency. 

COLLECTOR- SUPPLY VOLTAGE ( Vcc)•12.5 V   
•UTPUT POWER ( PoE)• 15 W 

CASE TEMPERATURE (Tc)25C 

8G' 
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10  

8  

k• 4  

2  
à' °  
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400 420 440 460 480 500 520 
FREQUENCY ( II— koN 

9225-19417 

Fig. 9— Typical large-signal parallel collector load 
impedance vs. frequency. 

470-MHz 
AMPLIFIER —0 
(FIG. 4( 

O 

o 

sr.;;Ti-t-

POwER 
METER 

9 2 C S - 19 418 

SPECIAL PERFORMANCE DATA 

The transistor must withstand any load mismatch provided by 

the following test conditions: 

1. The test is performed using the arrangement shown. 

2. The tuning stub is varied through a half wavelength, which 

effectively varies the load from an open circuit to a short 

circuit. 

3. Operating conditions: Vcc = 12.5 V. rf input power = 4.5 W. 

4. Transistor dissipation rating must not be exceeded during 

the above test so that the transistor will not be damaged 

or degraded. 

Fig. 10— Test set-up for testing load-mismatch capability. 
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DIMENSIONAL OUTLINE 

TERMINAL 
NAI 

TERMINAL 
No.2 

'Oi 1 

SEATING PLANE  

TERMINAL CONNECTIONS 

Terminal No. 1, 3 - Emitter 

Terminal No. 2 - Base 

Terminal No. 4 - Collector 

01a 

0V4 

001 
N2 

92C$- 19419 

SYMBOL 
INCHES MILLIMETERS 

NOTES 
MIN. MAX. MIN. MAX. 

A 0.185 0.240 4.70 6.11 - 

B 0.195 0.205 4.96 5.20 - 

81 0.135 0.145 3.43 3.68 - 

82 0.095 0.105 2.42 2.66 - 

C 0.004 0.010 0.11 0.25 3 

013 0.319 0.335 8.12 8.52 - 

0 DI 0.033 0.065 0.84 1.65 1 

0 D2 0.305 0.320 7.48 8.12 - 

E 0.275 0.300 6.99 7.62 - 

G 0.635 0.730 16.11 18.51 - 

L 0.265 0.290 6.74 7.36 - 

L1 0.455 0.510 11.56 12.95 - 

OM 0.120 0.163 3.05 4.14 - 

N 0.450 0.490 11.41 12.45 - 

N1 - 0.078 1.98 4 

N2 0.095 0.135 2.42 3.43 - 

0 0.145 0.170 3.68 4.31 - 

0 1 0.025 0.045 0.64 1.14 - 

0 W 0.1399 0.1437 3.531 3.632 2 

MILLIMETER DIMENSIONS ARE DERIVED FROM ORIGINAL INCH DIMENSIONS 

NOTES: 1. 0.053-0.064 INCH ( 1.35 - 1.62 mm) WRENCH FLAT. 

2. PITCH DIA. OF 8-32 UNC-2A COATED THREAq. (ASA 81. 1-19601. 

3. TYPICAL FOR ALL LEADS. 

4. LENGTH OF INCOMPLETE OR UNDERCUT THREADS OF 0W 

5. RECOMMENDED TORQUE - 5 INCH-POUNDS 
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DUCMI 
Solid State 
Division 

RF Power Transistors 

40894 40896 
40895 40897 

Rel 

JEDEC TO-72 H-1299 

High - Frequency 
Silicon N- P-N Transistors 
For TV-Tuner, FM and AM/FM " Front- End", and 

IF Amplifier, Oscillator, and Converter Service 
Features: 

• High gain- bandwidth products: 

fT = 1200 MHz typ. for tuner types 

= 800 MHz typ. for if-amplifier types 

• Very low collector-to-base feedback capacitance: 

Ccb = 0.7 pF typ. for 40894, 40895 

• Low noise figure: 

3 dB typ. at 200 MHz for rf amplifier type 

RCA-40894, 40895, 40896, and 40897 are high-frequency 

n-p-n silicon devices characterized especially for rf, mixer, 

oscillator, and if stages of vhf, SSB, and FM receivers. 

These devices utilize a hermetically sealed four- lead JEDEC 

TO-72 package. All active elements of the transistor are in-

sulated from the case, which may be grounded by means of 

the fourth lead in applications requiring minimum feedback 

capacitance, shielding of the device, or both. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

• High power gain as neutralized amplifier: 

GpE = 15 dB min. at 200 MHz (40894) 

• High power output as uhf oscillator: 

P OE = 20 mW typ. at 500 MHz (40896)  

• Low noise figure: 

NF = 4.5 dB max. at 200 MHz (40894) 

• Low collector-to-base time constant: 

rb,C, = 14 pa max. 

COLLECTOR-TO-EMITTER VOLTAGE   

COLLECTOR-TO-BASE VOLTAGE   

EMITTER-TO- BASE VOLTAGE   

CONTINUOUS COLLECTOR CURRENT   

TRANSISTOR DISSIPATION   

With heat sink, at case temperatures up to 25°C   

With heat sink, at case temperatures above 25°C   

At ambient temperatures up to 25°C   

At ambient temperatures above 25°C   

TEMPERATURE RANGE: 

Storage & Operating (Junction)   

CASE TEMPERATURE (During soldering): 

At distances > 1/32 in. (0.8 mm) from seating 

surface for 10 seconds max.   

VCEO 
Vc80 

VEBO 

IC 

PT 

12 

20 

2.5 

50 

300 

Derate linearly 1.71 

200 

Derate linearly 1.14 

-65 to +200 

265 

V 

V 

V 

mA 

mW 

mW/°C 

mW 

mW/°C 

oc 
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40894-40897 

ELECTRICAL CHARACTERISTICS at Ambient Temperature (TA ) = 25°C unless otherwise specified 

File No. 548 

CHARACTERISTICS SYMBOLS 

TEST CONDITIONS LIMITS 

UNITS FREQUENCY 

Illie 

DC COLLECTOR OR 

EMITTER VOLTAGE 

V 

DC CURRENT 

rnA 

TYPE 40894 

RF AMPLIFIER 

TYPE 40895 

MIXER 

TYPE 40696 

OSCILLATOR 

TYPE 40397 

IF AMPLIFIER 

VCR VCE VER 1E IC 'Li Min. 
TV, leP1 en- TVE  M. Min. Tee. M.  kilo, Tel,. Moo 

Collector.CutoN 

Current 
1cao 

15 o 002 0.02 002 0.02 

MA 

TA - 150°C 15 o 1 I I 1 

Collector .to.Base 

Breakdown Voltage 
vassuceo o 0.001 20 20 20 20 V 

Collectorto.Ernitter 

Sustaining Voltage 

VEEEFIsus) 3 0 15 15 15 15 V 

Emitterto•Base 

Breakdown Voltege 
VIBRIEBO 001 0 2.5 2.5 26 2.5 V 

Collector.to.Emitter 

Saturation Voltage 

VcElsat1 10 1 0.4 04 04 es V 

Base.to.Emitter 

Saturation Voltage 

VgElsatl 10 1 I 1 I 1 V 

Static Fonvard Current• 

Transfer Reo 

"FE e I 50 80 250 40 70 250 27 50 250 70 120 250 

Magnitude of Common-

Emitter. Senall.Signa 

Short-Circuit, For 

ward Current 

Transfer Ratio. 

, et. , 
100 

I kHr 

6 

6 

5 

2 

9 

25 

14 

90 

20 

300 

9 

25 

14 

93 

20 

300 

9 

25 

14 

90 

20 

300 

9 

25 

14 

90 

20 

300 

Colkctor•o.Base 

Feedback C.P. 

tanceb 

Ccb 01 to I 10 0 0.7 1 07 1 07 1 0.7 1 pF 

Cornmon.Base Input 

Capacitance• 

Gig, 0.1 to 1 as 0 2 2 2 2 pF 

Conector.to.Base 

Time Constant. 
'11Cc 31.9 6 2 3 7 14 3 7 14 3 7 14 3 7 14 ps 

5..11.5*W Power Gàn 

in Neutralite0 CO7r1 

mon•Erniner Amp', 

her Circuit. Ism 

Fig. 6/ 

CrgE 
107 

200 

12 

12 

5 

5 15 21 15 21 

- 

15 21 

18 25 
dB 

Noise Figure. NF 200 6 1.5 3 4.5 dB 

Mo 41.41 m.o.. A. - 12511 

meemxern• 101 
vole . ard enut... comm. to Me... ter.. 

‘1... Mo 4 lane limm. 
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File No. 548 40894-40897 
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COMMON- EMITTER CIRCUIT, BASE INPUT, 
OUTPUT SHORT-CIRCUITED 
FREQUENCY (f ) • 100MHz 
AMBIENT TEMPERATURE (TA . 25 •C 
COLLECTOR-TO-EMITTER VOLTAGE ( Vc,E) • 6V 

iHI 

0 5 10 15 20 25 30 35 

COLLECTOR CURRENT ( 1,1-mA 92C5 .1169R1 

Fig. 1—Small-signal beta characteristic for all types 

TWO-PORT ADMITTANCE (y) PARAMETERS AS FUNCTIONS OF 

FREQUENCY (f) FOR ALL TYPES 

COMMON-EMITTER CIRCUIT BASE INPUT; 
OUTPUT SNORT-CIRCUITED. 

COLLECTOR-TO-EMITTER VOLTAGE ( VcE) • 4V 
COLLECTOR CURRENT lIc • I.5mA 
AMBIENT TEIRPERATUREITA • 25 C 
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92C3-14 3171 

Fig. 2-Input admittance (yid 

COMMON-EMITTER CIRCUIT, BASE INPUT; 
OUTPUT SNORT - CIRCUITED 
COLLECTOR-TO-EMITTER VOLTAGE ( VcE) • 4V 
COLLECTOR CURRENT ( lc). I 5mA 
AMBIENT TEMPERATURE( TA) • 25C 
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 COMMON-EMITTER CIRCUIT; INPUT 

SHORT-CIRCUITED. 
COLLECTOR- TO-EMITTER VOLTAGE I VcE) • 4V 
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AMBIENT TEMPERATURE( TA) 25 °C 
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Fig. 3-Output admittance (y0e) 

COMMON-EMITTER CIRCUIT; INPUT SHORT - CIRCUITED. 
COLLECTOR-TO-EMITTER VOLTAGE ( VW • 4V 
COLLECTOR CURRENT ( IcI• I SmA 
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40894-40897   File No. 548 

DC COMMON 

FROM 
son 0.02 

SOURCE 

>-

TYPE TYPE 
1143195 1113195 

910 

CH 

L3 

EXTERNAL 

SHIELD 
L2 

NOTE: (Neutralization Procedure): (a) Connect a 5041 rf volt-

meter to the output of a 200-MHz signal generator ( F19 5002), and 

adjust the generator output to 5 mV. (b) Connect the generator to 

the input and the rf voltmeter to the output of the amplifier, as 

TO shown above. (c) Apply VEE and Vcc, and adjust the generator 

50II  2 output to provide an amplifier output of 5 mV. (d) Tune C2, C6, 
10 LOAD 

and C7 for maximum amplifier output, readjusting the generator 

output as required to maintain an output of 5 mV from the ampli-

fier. (e) Interchange the connections to the signal generator and the 

rf voltmeter. (f) With sufficient signal applied to the output terminals 
240 

of the amplifier, adjust CN for a minimum indication at the amplifier 

6 input. (g) Repeat steps (a), ( b), ( c), and (d) to determine if retuning 

is necessary. 

C2 
10X I 0.001 

3-35 2-10 0 = Type 40894, 40895, 40896, or 40897 

0.1 
» F 

» F 

RFC 

ImH 

1200 

+ vcc 
92CS 1475391 

L1 1-3/4 turns No. 18 wire 0.5 in. ( 12.7 mm) long, 0.5 in. ( 12.7 

mm) ID 

L2: 2 turns No. 16 wire, 0.5 in. ( 12.7 mm) long, 0.5 in. ( 12.7 mm) 

1 D 

L3: 2 turns No. 18 wire, 0.25 in. (6.35 mm) long, 0.5 in. ( 12.7 mm) 

ID. Position approximately 1/4 in. (6.35 mm) from L2. 

All capacitances in pF unless otherwise specified. 

Fig. 6—Neutralized amplifier circuit used to measure power gain and noise figure at 200 MHz for all types 

DIMENSIONAL OUTLINE 

JEDEC TO-72 

SEATING 
PLANE 

92CS - 17444 

TERMINAL CONNECTIONS 

Lead 1 - Emitter 

Lead 2 - Base 

Lead 3 - Collector 

Lead 4 - Connected to case 

SYMBOL 

INCHES MILLIMETERS 

NOTES 

MIN. MAX MIN MAX. 

A 0.170 0.210 432 533 

Ob 0016 0.021 0.406 0533 2 

002 0.016 0 019 0006 0083 2 

OD 0209 0230 531 584 

OD1 0.178 0 195 451 4.95 

e 0.100 T.P. 264 T.P .4 

el  0.050 T.P. 12 T.P. 4 

h 0.030 0.762 

0.036 0.046 0814 1.17 

k 0028 0.048 0.711 122 3 

I 0 500 12.70 2 

Il 0.050 127 1 

12 0.250 6.35 2 

a 45' T.P. 45' T.P. 4. 6 

Note 1: ( Four leads). Maximum number leads omitted in this out-

line, "none" (0). The number and position of leads actually present 

are indicated in the product registration. Outline designation deter-

mined by the location and minimum angular or linear spacing of 

any two adjacent leads. 

Note 2: ( All leads) Ob2 applies between 1.1 and 12. Ob applies be-

tween 12 and 0.50 in. ( 12.70 mm) from seating plane. Diameter is 

uncontrolled in 1.1 and beyond 0.50 in. ( 12.70 mm) from seating 

plane. 

Note 3: Measured from maximum diameter of the product. 

Note 4: Leads having maximum diameter 0.019 in. (0.484 mm) 

measured in gaging plane 0.054 in. ( 1.37 mm) +0.001 in. (0.025 

mm) - 0.000 (0.000 mm) below the seating plane of the product 

shall be within 0.007 in. (0.178 mm) of their true position relative 

to a maximum width tab. 

Note 5: The product may be measured by direct methods or by 

flege• 

Note 6: Tab centerline. 

350 



File No. 538 

eir 

[RŒM 
Solid State 
Division 

RF Power Transistors 

40898 
40899 

_ RCA-40898 

(JE DEC TO-215AA 

Package) 

N 15. 

RCA-40899 

(JE DEC TO-201AA 

Package) 

6- and 2-W, 2.3 -GHz Emitter-Ballasted 

Silicon N-P-N Overlay Transistors 
For Microwave Power Amplifiers, Fundamental-

Frequency Oscillators, and Frequency Multipliers 

Features: 

• Designed for 20- to 24-V equipment 

• Emitter-ballasting resistors 
• 6-W output with 6-dB gain ( min.) at 2.3 GHz, 22 V — 40899 

• 2-W output with 7-dB gain (min.) at 2.3 GHz, 22 V — 40898 

• Stable common-base operation 

• Ceramic-metal hermetic packages with low inductances and low parasitic capaci-

tances 
• For coaxial, microstripline, and lumped-constant circuit applications 

The RCA-40898 and 40899 are epitaxial silicon n-p-n planar 

transistors with overlay multiple-emitter-site construction, de-

signed especially for 20- to 24-volt operation. They are in-

tended for solid-state equipment in microwave communica-

tions. S-band telemetry, microwave relay links, phased-array 

radar, distance-measuring equipment, and collision-avoidance 

systems in the frequency range from 0.5 to 2.4 GHz. 

'Formerly RCA Dey. Nos. TA8439 and TA8440. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE •  V CBO 

COLLECTOR-TO-EMITTER VOLTAGE: 

With external base-to-emitter resistance 

)RBE) 10 0   VCER 45 45 

EMITTER-TO-BASE VOLTAGE:   VEBO  

CONTINUOUS COLLECTOR CURRENT -  IC 0.35 1.5 

TRANSISTOR DISSIPATION:   PT 
At case temperatures up to 75°C   4.15 14.8 

At case temperatures above 75°C, derate linearly   0.033 0.118 

TEMPERATURE RANGE: 

Storage & Operating (Junction)   — —65 to +200 — 

CASE TEMPERATURE (During soldering): 

For 10 s max     230   

(See Soldering Instructions on page 7.) 

The ceramic-metal packages of the 40898 and 40899 have low 

parasitic capacitances and inductances for stable operation in 

the common-base amplifier configuration. The use of emitter-

ballasting resistors provides ruggedness and reliability. 

These transistors can be used in large-signal applications in 

coaxial, stripline, and lumped-constant circuits. The 40898 is 

a good driver for a 40899 output stage. 

40898 40899 

45 45 V 

V 
V 

A 

wrc 

351 



40898, 40899     File No. 538 

ELECTRICAL CHARACTERISTICS, at Case Temperature ( Tc) = 25°C 

STATIC 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS LIMITS 

UNITS 

DC 

VOLTAGE 

V 

DC 

CURRENT 

mA 

40898 40899 

V CE IE IB lc MIN. MAX. MIN. MAX. 

Collector-Cutoff Current 
ICES 40 — 2 2 mA 

Collector-to-Base Breakdown Voltage 
V IBRICB0 0 5 45 45 V 

Collector-to-Emitter Breakdown Voltage: 

With external base-to-emitter 

resistance ( RBE I = 10 It %RICER 10 45 45 V 

Emitter-to-Base Breakdown Voltage 
V (BRIEBO 0.1 0 3.5 3.5 V 

Collector-to-Emitter Saturation 

Voltage 
VcE ( sat) 

10 

20 

100 

100 

— 

— 

1 

1 
V 

Thermal Resistance: (Junction-to-

Collector-Terminal) 
R OJCT 30 85 C'W 

DYNAMIC 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS LIMITS 

UNITS 

INPUT 

POWER 

(PI B)-W 

OUTPUT 

POWER 

)P08)-W 

SUPPLY 

VOLTAGE 

(VCC" 

FREQUENCY 

If I-G Hz 

40898 
. 

40899 

MIN. MAX. MIN. MAX. 

Output Power 0.4 22 2.3 2.0 — — — 

(See F ig. 17) POB 1.5 22 2.3 — 
W 

Power Gain Gp B 
OA 2 22 2.3 7.0 — — — 

dB 
1.5 6 22 2.3 6.0 — 

Collector Efficiency nC 
0.4 

1.5 

2 

6 

22 

22 

2.3 

2.3 

35 

— — 

— 

35 

— 

— 
% 

Collector-to-Base Capacitance C.b. 
30 (V CB ) 1 MHz 4 — 11.5 pF 

TYPICAL APPLICATION INFORMATION 

CIRCUIT & FREQUENCY 
SEE 

FIG. 

SUPPLY 

VOLTAGE 

(VCC" 

40898 40899 

INPUT POWER 

(PI B) W  

OUTPUT POWER 

(P08 )-W 

INPUT POWER 

(P IB )-W  

OUTPUT POWER 

(POB )-W 

Coaxial-Line 

2.3-GHz Amplifier 

17 

21 

22 

22 

0.4 2.1 

1.5 6.5 

Coaxial-Line 

1.2 -GHz Amplifier 
21 22 1 13.5 

Lumped-Constant 

1-GHz Amplifier 
19 22 0.21 3.8 

Lumped-Constant 

2-GHz Oscillator 
18 22 0.75 

352 



File No. 538 

PERFORMANCE DATA 

40898,40899 

CASE TEMPERATURE ( Tc • 25 C 

COLLECTOR - SUPPLY VOLTAGE (Vcc ) • 22V 

.74 

11111:1111:: 11111:11M 

.2•8 

•11.7. 

1.0 15 20 2.5 3.0 

92C5-19842 

Fig. 1- Typical output power vs. frequency for type 40898 

measured in the test set-up of Fig. 17. 

FREQUENCY (11- GM, 

3 

CASE TEMPERATURE ( Tc / • 25 °C 

COLLECTOR - SUPPLY VOLTAGE ( vcc / • 22 V 

FREQUENCY ( 1) • 2.3 GHz 

A°. 2  

. _ 50 111 

40 1", 

d 
 30 

0.1 0.2 0.3 0.4 

INPUT POWER(PrB)-W 
9244-19146 

Fig. 3- Typical output power and collector efficiency vs. 
input pobver at 2.3 GHz for type 40898. 

o 

CASE TEMPERATURE (Tc) • 25•C 
COLLECTOR - SUPPLY VOLTAGE • 22 V 
FRE UENCY ( P1.1.2 6Hz 

0.1 0.2 03 0.4 
INPUT POWER 1P181-6 

42c3-14444 

Fig. 5- Typical output power and collector efficiency vs. 

input power at 1.2 GHz, for type 40898 in common-
base coaxial-line amplifier circuit 

oe 1.2 1.6• . 4 

CASE TEMPERATURE ( Tc) • 28•C 
COLLECTOR- SUPPLY VOLTAGE ( Vcc) • 22 V   

EMITTER RESISTANCE ( R.) • 0.750 AT 1.2 OH: 

• 0.240 AT 2.3 ON: 

FREQUENCY (f)-
92GS-19643 

Fig.2- Typical output power vs. frequency for type 40899, 

measured in the test set-up of Fig. 17. 

CASE TEMPERATURE ( Te)• 25•C 

COLLECTOR SUPPLY (Vcc) • 22 V   

FREQUENCY ( f) • 230Hz 

EMITTER RESISTANCE ( R.) .0.240 

A 10  

°  
P, 6 

g 4 
UP.. 

2  

o 
0.4 0.8 1.2 1.6 2.0 

92C4-191147 

Fig. 4-Typical output power and collector efficiency vs. 

40 L7/ 

20 

INPUT POWER (Pie)-W 

input power at 2.3 GHz for type 40899. 

24 

20 

16 

2 12 

CASE TEMPERATURE ( Tel • 25•C 

COLLECTOR- SUPPLY VOLTAGE IV) • 22 V 

FREQUENCY ( f • I.2 Gliz 
EMITTER RESISTANCE ( R.) •O.75 ISM 

e  

s. . 

4  

0 0.4 08 1.2 1.6 

INPUT POWER(PIB1-W 
92C5-19845 

Fig. 6- Typical output power and collector efficiency vs. 
input power at 1.2 GHz for type 40899. 
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40898,40899 

PERFORMANCE DATA (coned.) 

File No. 538 

-18 

CASE TEMPERATURE (Tc 25•C   
INPUT POWER (Pie • O.  W 
FREQUENCY If) • 2.3 GHz 

 prOMIM..• 

 :17M.  

16 20 24 28 

COLLECTOR-SUPPLY VOLTAGE (Vcc)-V 
92C5-19548 

Fig. 7— Typical output power and collector efficiency vs. 

collector-supply voltage at 2.3 GHz for type 40898. 

CASE TEMPERATURE ( Tc 1 • 25•C   

FREQUENCY If 1 • 2 G412 

-20 -24 -28 -30 

EMITTER-TO-COLLECTOR VOLTAGE WE& -v 
92CS-19850 

Fig. 9— Typical output power and collector current vs. 

emitter- to-collector voltage, for type 40898 in 2-GHz 

grounded-collector oscillator circuit shown in Fig. 18. 

350 

E 2 

.100 

g 
6 

• 

10 

CASE TEMPERATURE (Tc1•100.0 

Ic ( MAX I CONTINUOUS 
HOT-SPOT 

TEMPERATURE 

1741.200*C — 

NOTE: 

HOT- SPOT TEMPERATURE 
(T,$) IS DETERMINED BY 
INFRARED SCANNING   

2 4 ei e 
10 20 

COLLECTOR-TO-BASE VOLTAGE(Vce -V 
SUCS-18853 

Fig. 11—Safe area for dc operation of type 40898. 

CASE TEMPERATURE ( Tc ) • 25•C 

INPUT POWER ( Pm) • I W 

EMITTER RESISTANCE ( Re ) • 0.24 11 

FREQUENCY ( f ). 2.3 GHz 

3, 20  

;12. '6  

ffi 

12 

1 e 

4 

O 

7.11e  gm . 

100 -p9' 

Bo 

60 

40 

18 20 22 24 2 

COLLECTOR- SUPPLY VOLTAGE (Vcc )— V 

92C5-19849 

Fig. 8— Typical output power and collector efficiency vs. 

collector supply voltage at 2.3 GHz for type 40899. 

CASE TEMPERATURE I Tc • 25•C  

FREQUENCY ( f)' 1 MHz 

O 10 20 30 40 

92GS-19851 

Fig. 10— Typical collector- to-base capacitance vs collector-

to-base voltage for types 40898 and 40899. 

2 

1.5 

1.0 

3 6 

o 

0.1 

4 

2 

COLLECTOR-TO-BASE VOLTAGE ( ka) -V 

CASE TEMPERATURE1Tc1.100•C 

IC (MAX( CCAIT1NOLLS 

NOTE: 
HOT-SPOT TEMPERATURE 
(Tel IS DETERMINED 

BY INFRARED SCANNING 

\T -SPOT 
  TEMPERATURE 

 (T44200.0  

2 4 
lO 

COLLECTOR-TO-BASE VOLTAGE(Vce - V 

15 20 

92C5-19852 

Fig. 12—Safe area for dc operation of type 40899. 

354 



File No. 538 

DESIGN DATA 

40898,40899 

COLLECTOR - SUPPLY VOLTAGE (Vcc) • 22 V OUTPUT POWER: SATURATED CASE TEMPERATURE (Tc I • 25•C 
JSERIES INPUT IMPEDANCE • RIN+IX IN 
* COLLECTOR LOAD IMPEDANCE • CLTIXCL 

H-S.-'. POINT FOR ZIN MEASUREMENT 
10  POINT FOR ZcL 
_1104:*::: Tiwm:F„Fv MEASUREMENT 

RCA 40898 

1  

1.0 1.5 2.0 2.5 30 FREQUENCY (f 
92GS-191355 

i
 

i
 

I
M
P
E
D
A
N
C
E
 
(
Z
)
—
 I
I 

, 
ut
 

o
 

o
 

0
 

ts
 

3
 

F.
 

COLLECTOR - SUPPLY VOLTAGE (Vcc) • 22V OUTPUT POWER: SATURATED CASE TEMPERATURE ( Tc) • 25•C 
SERIES NPUT MPEDANCE• Rug +/XIN COLLECTOR LOAD IMPEDANCE • Rcf_ +jXct. 

I 

,. 
• ••• - ..-, - 1--- 

 -  
..... ,..... 

^." 
- .r......-- 

- 
Re Um) 

•- ..,v  Re (Zipz) 
... 

I ,..., 

PO NT FOR 218 l'..-.Zi,fezre MEASUREMENT RCA- 40899 
--....< 

t. , POINT FOR ZCL MEASUREMENT __LLIJ_LI III 11111111111111[1 11111 I 08 1.2 1.6 2. 
FREQUENCY 11) GHz 

92CS (9856 

Fig. 13- Typical large-signal input impedance and large-signal Fig. 14- Typical large-signal series input impedance and large-

collector load impedance vs. frequency for type signal collector load impedance vs. frequency for 

40898. type 40899. 

AMPHENOL UG 21/DU 
/ 100 DEPTH 

.560 - 

AMPHENOL PIN 
.062 

U 5k. 
C2 

RFC 
0150 
09051 C, DIA 

110 

-77 
.so 

.120 
.625 

AM PHENOL US 21/DU INSERT 11/16 - 24 THREAD 

.0005 SILVER PLAT PHOSPHOR BRONZE 170 DIA. 

-200 .185 Lf-.485 -070 .155 HF 

.387 

- 1-.550 

7 COOLING FINS .012 SLOTS .100 DEPTH SCREW .375 DIA. AM PHE NOL PIN 

1-.-.187 
I AIR VENT NOISE .375 SUPPRESSOR PRESS FIT 

BRASS .0005 20 SILVER PLATE 

Fig. 15- Type 40898 in coaxial-line test fixture for 1.2- and 2.3-GHz amplifiers. 

D E 001 
1025) BORON NITRIDE SLEEVE 

COAXIAL INPUT CONNECTOR • 
I.- INPUT 0, OUTPUT X2 

COAXIAL OUTPUT CONNECTOR. 

0 623 
é  1 

115 871 DIA 0 875 BOTH 122 22/ ENDS 
 1-

92C5,566.1 

92C5-191354 

AMPHENOL UG 2I/DU 
10-32 BOB FITTING 

CIRCUIT 
DIMENSIONS 

INPUT (XII OUTPUT 187 
A B C 

Center 
Conductor 

O E F Center 
Conductor 

1.2-Glir 
Arnplif or 

1.385 
135.18) 

0.875 

122.22) 

0.282 

17.161 

0.825 
120951 

1.778 
M5.16I 

1.268 
132.211 

0.213 
15.411 

1.05 
126.67) 

2.3-GM, 
Amplifier 

0.772 
119.611 

0.262 
16.65) 

0.265 
16.731 

0.212 

15.391 

0.922 

(23.49/ 

0.412 
110.42) 

0.270 

16.881 

0.245 

16.221 

DIMENSIONS IN INCHES AND MILLIMETERS 

Dimensions in parentheses are in millimeters and are derived from the 

basic inch dimensions as indicated. 

MATERIAL: Center conductor-copper 

Outer conductor for input & output-brass 

•Conhex 50-045-0000 (Sealectro Corp.), or equivalent. 

Fig. 16- Type 40899 in coaxial-line test fixture for 1.2- and 2.3-GHz amplifiers. See Fig. 21 for component values. 
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APPLICATION INFORMATION 

R.•0 

POWER 
SOURCE 

25•50I1 
PAD REFLECTOMETER 

TEE 

RHODE & SCHWARZ 
DC FEED UNIT 

DIELECTRIC 
DOUBLE- SLUG 

TUNER 

1.110ROLAB 
FXR 31N 

TRANSISTOR 
TEST FIXTURE 
(SEE FIGS 15816) 

VCC 
U(FOR 40899 

ONLY ) 

DIELECTRIC 
DOUBLE-SLUG 

TUNER 

MICROLAB 
FXR 31 N 

+VCC ? 13( FOR 4089 
ONLY) 

BIAS* 50a 
TEE 

POWER 
METER DO NOT USE BIAS TEES 

FOR 40899 TEST 

92CS-19857 

Fig. 17—Block diagram of test set-up used for measurement of output power from 1.2- and 23-GHz common-base amplifiers. 

92%1MR 

CI: 0.01 b4F, disc ceramic 

C.2 ,C3: 100 pF, feed-through.Allen-Bradley FA5C, or equiva-

lent 

c4,c 5: 0.35 — 3.5 pF, Johanson 4701, or equivalent 

L1, L2: RE choke, 4 turns, No. 33 wire, 0.062 in. ( 1.57 mm) 
ID, 3/16 in. 14.75 mm) long 

L3: 3/64-in. 11.17 mm) length of No. 22 wire 

X1: 0.82 pF, "gimmick", Quality Components type 10% 

QC, or equivalent 
R1: 5 — 10 Q, 1/2W 

R2: 51 St, 1/2 W 

R3: 1200 Si, 1/2 W 

Fig. 18— Typical circuit for 2-GHz grounded-collector power oscillator using type 40898. 

RCA 
40898 

+VCce22V (6.98) 

L3 c7z csoü 

714 - 
lift L.3 

(7.97) 

C,C5,C6: 1-14 pF, air-dielectric, Johanson 3901, or equivalent 
C2: 0.35-3.5 pF, air-dielectric, Johanson 4701, or equiv-

alent 
C3,C4: 1000 pF, feed-through, Allen-Bradley FA5C, or equiv-

alent 

C7: 1000 pF, ceramic, leadless 

• Li,L2: RF choke, 0.1 µH, Nytronics Deci-Ductor 
L3: 0.01-in. (0.254 mm) thick, 0.157-in. ( 3.913 mm) wide 

copper strip shaped as shown in inset drawing 

R1: 1 1/2 W 

Fig. 19— Typical circuit for 1-GHz power amplifier using type 40898. 

9:SSA11114, 
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APPLICATION INFORMATION (cont'd) 

40898,40899 

1-dB Bandwidth = 100 MHz 

(zG •sorn 
C1 

RCA 
40899 

C7 ( IL 500) 
Ci,C2: 510 pF, ATC-200 or equivalent 
C2,C6: 1-10 pF, Johanson 2954 or equivalent 

C3: 10 pF, ATC-100 or equivalent 
C4,C5: 470 pF, feed-through type, Allen-Bradley FA5C 

L1: 3.7 nH 
L2: 0.8 nH 

L3: 2.3 nH 
R: 0.47 St 

RFC: 5 turns, No. 28 wire, 0.05 in. ( 127 mm) ID, 0.4-in. ( 10.16 

mm) long 

Fig. 20— Typical lumped-constant circuit for 1-GHz potter amplifier using type 40899. 

RCA 40899 
C5 

U,• 50W 

I 
_u JA • 

,1-C6 RFC 
•”-C 7 

V .•  22V 

92CS - 15666 R I 

• Use only in the 2.3-GHz coaxial-line power amplifier circuit. 
• Use only in the 1.2-GHz coaxial-line power amplifier circuit. 

CIRCUIT 
C1 

pF 

C2 

pF 

C3 

pF 

Ce 

pF 

C5 

pF 

C6 

pF 

C7 

pF 

R. 

n 

1.2-GHz 
Amplifier 

1-10 1000 1000 0.01 1-10 — 0.3-3.5 0.75 

2.3-GHz 
Amplifier 

1-10 470 470 0.01 0.3-3.5 0.3-3.5 — 0.24 

C1 & C5: 1-10 pF Johanson 4581 or equivalent 

C5, C6 & C7: 0.3-3.5 pF Johanson 4700 or equivalent 

RFC: For 2.3-GHz circuit, 3 turns No. 32 wire 1/16 in. 11.59 mml ID, 

3/16 in. (4.76 mm) long. 
For 1.2-GHz circuit, 6 turns No. 32 wire 1/16 in. ( 1.59 mm) 

ID, 3/16 in. (4.76 mm) long. 

X1, X2: Coaxial-line circuits; see Fig. 16. 

Fig. 21—Coaxial-line amplifier circuits using type 40899 for operation at 1.2- and 23-GHz. 

SOLDERING INSTRUCTIONS 

When the 40898 or 40899 is to be soldered into a m icrostrip-

line or lumped-constant circuit, the terminals of the device 

must be pretinned in the region where soldering is to take 

place. The device should be held in a high-thermal-resistance 
support for this tinning operation. A 60/40 resin-core solder 

and a low-wattage (47 watts) soldering iron are suggested for 

the pretinning operation. The case temperature should not 

exceed 230°C for a maximum of 10 seconds during tinning 

and subsequent soldering operations. 
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DIMENSIONAL OUTLINE 

OF RCA-40898 

TERMINAL No.I 
TERMINAL No .2 

TERMINAL No. 3 

REFERENCE POINT 
FOR CASE-TEMERATURE 
MEASUREMENT 

oe r.__ OEM CERAMIC 

002 

• 0 92CS-19oL2 

SYMBOL 
INCHES MILLIMETERS 

MIN. MAX. MIN. MAX. 

OB 0.118 0.122 2.997 3.098 

01111 0.090 0.094 2.286 2.387 

OD 0.497 0.503 12.624 12.776 

ØD1 0.180 NOM. 4.57 NOM. 

002 0.162 NOM. 4.11 NOM. 

F 0.028 0.039 0.71 0.99 

F1 0.009 0.011 0.229 0.279 

F2 0.114 0.126 2.90 3.20 

L 0.098 0.104 2.49 2.64 

L1 0.179 0.191 4.55 4.85 

TERMINAL CONNECTIONS 

Terminal No. 1-Emitter 

Terminal No. 2-Base 

Terminal No. 3-Collector 

DIMENSIONAL OUTLINE 

OF RCA-40899 

ri.:10- 1 1 
TERMINAL 

 ▪ • D  

Na I 

TERMINAL No2 

T--

1-

T"____ TERMINAL No.3 

LI 

0E12 

• .2-1 1- 92CS-1567IM 

SYMBOL 
INCHES MILLIMETERS 

MIN. MAX. MIN. MAX. 

OB 0.165 0.175 4.19 4.44 

ØB1 0.115 0.125 2.92 3.17 

0132 0.090 0.110 2.29 2.79 

OD 0.495 0.505 12.57 12.83 

ØD1 0.245 0.255 6.22 6.48 

002 0.055 0.065 1.39 185 

ØD3 0.245 0.255 6.22 6.48 

F 0.045 0.060 1.14 1.52 

F1 0.025 0.035 0.63 0.88 

F2 0.145 0.175 3.68 4.44 

L 0.095 0.115 2.41 2.92 

L1 0.165 0.195 4.19 4.95 

L2 0.040 0.060 1.02 1.52 

M 0.045 0.055 1.14 1.39 

R 0.027 0.033 0.68 023 

TERMINAL CONNECTIONS 

Terminal No. 1-Emitter 

Terminal No. 2-Base 

Terminal No. 3-Collector 

WARNING: The ceramic body of the RCA-40899 contains 

beryllium oxide. Do not crush, grind, or abrade these 

portions because the dust resulting from such action may 

be hazardous if inhaled. Disposal should be by burial. 
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Solid State 
Division 

RF Power Transistors 

40909 

gle 

H-1629 

JEDEC 10-201AA PACKAGE 

2-W, 2-GHz Emitter- Ballasted 
Silicon N-P-N Overlay Transistor 
For Microwave Fundamental-Frequency Oscillators 

Features: 
• Emitter-ballasting resistors 

• 2-W ( min.) output at 2 GHz 

• 4-W (typ.) output at 1 GHz 

• Emitter connected to flange (for increased internal feedback) for higher 

efficiency at S-band frequencies in Colpitts oscillator circuits 

• Beryllium-oxide ceramic for low thermal resistance between collector stud and 
emitter flange 

• For coaxial, stripline, and lumped-constant circuit applications 

RCA-4090e is an epitaxial silicon n-p-n transistor with over-

lay multiple-emitter-site construction. It is designed for use 

in power oscillators at microwave frequencies. The ceramic-

metal coaxial package of the 40909 has low parasitic capa-

citances and inductances, and lends itself to mounting in 

coaxial, stripline, or lumped-constant circuits. Intended 

applications for this transistor include microwave communi-

cations, relay links, distance-measuring equipment, and 

collision-avoidance systems. 

*Formerly RCA Dev. No. TA7943 

MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE   

COLLECTOR-TO-EMITTER VOLTAGE: 

With external base-to-emitter 

resistance ( 8 BE) = 10 2   
EMITTER-TO-BASE VOLTAGE 

CONTINUOUS DC COLLECTOR 
CURRENT 

TRANSISTOR DISSIPATION   

At case temperature up to 75°C 

At case temperatures above 75°C 

derate linearly 

TEMPERATURE RANGE: 

Storage & Operating ( Junction) 

CASE TEMPERATURE (During soldering): 

For 10 s max. 

(See Soldering Instructions on page 4.) 

Vc130 50 

VCER 50 

VEBO 3.5 

lc 0.7 

PT 
10.4 

0.083 

—65 to 200 

230 
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ELECTRICAL CHARACTERISTICS, at Case Temperature (Te) = 25°C unless otherwise specified. 

STATIC 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS 

LIMITS UNITS 

DC 

Collector 

Voltage ( V) 

DC 

Current 

(mA) 

VCE 1E IB IC Min. Max. 

Collector-Cutoff Current 

ICES e - 2 

mA ICES 

(Tc = 100°C) 
45 - 5 

Collector-to-Base 

Breakdown Voltage V(BR)CB0 o 5 50 V 

Collector-to- Emitter 

Breakdown Voltage: 

With external base-to-emitter 

resistance ( RBE) = 10 st 
V IBRICER 10 50 V 

Emitter-to- Base 

Breakdown Voltage V (BR)EBO 0.1 o 3.5 V 

Collector-to- Emitter 

Saturation Voltage VCE (sat) 20 100 1 V 

Thermal Resistance: 

(Junction to Collector-Stud) ROJCT - 8.5 °C/IN 

DYNAMIC 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS 

LIMITS UNITS Frequency 

(f) — GHz 

DC Emitter 
Supply Voltage 

(VEE ) — V Min. Max. 

Oscillator Output Power 

(See Fig. 6) Po 2 25 2.0 W 

Oscillator Circuit 

Efficiency n 2 25 20 % 

TYPICAL APPLICATION INFORMATION 

Application 
Collector Current 

(IC) — 'A 

DC Emitter 

Supply Voltage 

WEE) — V 

Output Power 

(P0) — W 

2-GHz Oscillator 400 25 2.5 

1-GHz Oscillator 400 25 4.0 
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PERFORMANCE DATA 

40909 

"; 
'e 
2 
'3 30 

o 

CASE TEMPERATURE ( % I • 25•C 

COLLECTQR L). 
Et) 

t : y.400 

SI y. 

• 

12 14 6 18 1  

FREQUENCY If - GHz 
o 20 

7:72: 

925S-19796 

Fig. 1— Typical oscillator output power vs. frequency for the 
test set-up of Fig. 5. 

CASE TEMPERATURE • 25°C 
FREQUENCY ( I • 25118 
EMITTER- SUPPLY VOLTAGE YEE) • 25 V 

100 200 300 400 500 
COLLECTOR CURRENT ( 10-mA 

9 2CS-19798 

Fig. 3— Typical oscillator output power and circuit efficiency 

vs. collector current. 

POWER 

SUPPLY 

TEST 

OSCILLATOR 
wAvEMETER 

CALORIMETER 

92C5-19794 

Fig. 5—Block diagram of test set-up for measurement of 
oscillator output power. 

CASE TEMPERATURE iTc l• 25°C 

FREQUENCY (0• 2 Mr 

16 18 20 22 24 

EMITTER- SUPPLY VOLTAGE 1VEE1-V 

92C5 - PA797 

Fig. 2— Typical 2-GHz oscillator output power vs. emitter-

supply voltage. 

C
O
L
L
E
C
T
O
R
 C
U
R
R
E
N
T
 I
 lc
) 
-
.
4
 

—
 

..
 

CASE TEMPERATURE ITO = ne c 

au CONTINUOUS _1C 

TrinkieT. 

(Ejsl• 200•C 

NOTE NOT-SPOT TEmpERATuRE ( T.'s) 
is DETERANNED NY INFRARED 
SCANNING 

l 1 Ill 
I I io 79• 

COLLECTOR TO- BASE VOLTAGE (Vail - v 

100 

9/11401 

Fig. 4—Safe operating area for dc operation. 

C2 

RCA 
40909 

RFC 

RE 

-YEE 1011 

Re 
0-5E11 

75- ohm 
TRANSMISSION 
LINE 

RFC 

C3 

OUTPUT 

•C, Rave cum. emearepe. low, G. 
0141 W. Johnen MOO lIalkawaR 4.4 00,4 . 0.000 

0100.1. co Renee. 

RFC Swam 0.011... 0 )7m.. 04 14. 00 14.4.1 

ion 

92CS - 19795 

Fig. 6—Schematic diagram of basic oscillator circuit 
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UNIVERSAL BREADBOARD OSCILLATOR CIRCUIT 

FOR OPTIMIZING MECHANICAL DIMENSIONS 

Fig. 7- Top view of test oscillator with cover removed. 

COLLECTOR 
SUPPORT 

• 

EK AVFLCK 

ADJUSTABLE 
OUTPUT COUPLING.-. 

CAPACITOR 

2C 1.• 15•7111. 

RE GOL I TE 
SUPPORT 

CAVITY 

'END BLOCK 

LOTS ALLOW PROPER 
POSITION OF OUTPUT 
COUPLING 

COVER 

92CS - 19799 

OUTPUT COUPLING CAPACITOR 

Fig. 8-Side view of test oscillator with cover removed. 

Oscillation 
Frequency 

A B C D E F G 

1 GHz 
3.10 0.775 2.30 0.600 0.775 0.250 1.20 

(78.74) tam (58.42) (15.24) (19.69) (6.35) (30.48) 

2 GHz 
2.00 0.775 0.975 0.160 0.775 0.250 0.600 

150.801 (19.69) (24.77) (4.06) (19.661) (6.35) (15.24) 

Dimensions in parentheses are in millimeter , derived from the basic 

inch dimensions shown. 

Fig. 9-Drawing (inside view) of oscillator, showing dimension& 

SOLDERING INSTRUCTIONS 

SYMBOL 
INCHES MILLIMETERS 

MIN. MAX. MIN. MAX. 

08 0.165 0.175 419 4.44 

081 0.115 0.125 292 117 
082 0.090 0.110 2.29 179 
00 0.495 0.505 1267 12.83 
001 0245 0.255 6.22 648 

0172 0.055 0.0E6 1.38 1.65 
003 0.245 0.255 622 6.01 
F, 0.045 0.060 1,14 1.52 
F, 0.025 0.036 0.63 0.88 
F2 pie 0.175 3.69 4.44 

L 0.095 0.115 2.41 292 
L1 0.166 0795 4.19 4.96 
12 0040 0.0E0 1.02 1.52 
M 0.045 0.066 1.14 1.39 
R 0 027 0033 aca 0.83 

TERMINAL CONNECTIONS 

Terminal No. 1 - Base 
Terminal No. 2 - Emitter 
Terminal No. 3 - Collector 

WARNING: The ceramic body of this device contains 

beryllium oxide. Do not crush, grind, or abrade these 

portions because the dust resulting from such action may 

be hazardous if inhaled. Disposal should be by burial. 

When the RCA-40909 is soldered into a circuit, the terminals 

must be pretinned in the region where soldering is to take 

place. The device should be held in a high-thermal-resistance 

support for this tinning operation. A 60/40 resin-core solder 
and a low-wattage (47 watts) soldering iron are suggested for 

the pretinning operation. The case temperature should not 

exceed 230°C for a maximum of 10 seconds during tinning 
and subsequent soldering operations. 
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MCEM 
Solid State 
Division 

ACt 

JEDEC TO-72 H-1299 

RF Transistors 

40915 

0.2- to- 1.4 -GHz Low-Noise 
Silicon N-P-N Transistor 

For High-Gain Small-Signal Applications 

Features: 
• Low noise figure. 

NF = 2.5 dB ( max.) with 11 dB gain at 450 MHz 

= 3.0 dB (typ.) at 890 MHz 

= 4.5 dB (typ.) at 1.3 GHz • High gain-bandwidth product 

• High gain (tuned, unneutralized): • Large dynamic range 

GpE = 14 dB ( min.) at 450 MHz • Low distortion 

= 6.5 dB Ityp.1 at 1.3 GHz 

RCA-40915' is an epitaxial silicon n-p-n planar transistor in-

tended for low-power, small-signal applications where both 

low noise and high gain are desirable. It utilizes a hermetically 

sealed four- lead JEDEC TO-72 package. All of the elements 

of the transistor are insulated from the case, which may be 

grounded by means of the fourth lead. 

Formerly RCA Dev. No. TA8104. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

Collector-to- Base Voltage   VCBO 35 V 

Collector-to- Emitter Voltage   VCEO 15 V 

Emitter-to- Base Voltage   VEBO 3.5 V 

Collector Current (Continuous)   lc 40 mA 

Transistor Dissipation: PT 

At ambient temperatures up 

to 25°C   200 mW 

At ambient temperatures above 

25°C   Derate linearly 

at 1.14 mWPC 

Temperature Range: 

Storage and Operating 

(Junction)   —65 to +200 °C 

O 200 400 600 BOO roc* 1200 
FREQUENCY If 1— MHz 

COLLECTOR-TO- EMITTER VOLTAGE ( VcE1•101/ 
COLLECTOR CURRENT ICI. IS mA 
AMBIENT TEMPERATURE ( TA)•25 C 

1400 

92CS-20042 

Fig — Typica none figure vs. frequency. 

3  

5‘ 2 

î 

I 

Billirà 

mar 
emu 

ef 
• I 
I 

MO 

COLLECTOR TO- EMITTER VOLTAGE  10V   

AMBIENT TEMPERATURE TA) 25.0 

NOTE 1T CALCULATED FROM MEASURED 
VALUES OF S- PARAMETERS 

• 
o 5 lO 15 

COLLECTOR CURRENT II& - 

Fig.2—Gain-bandmdth product vs. collector 
current. 

20 

92CS 9735 
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ELECTRICAL CHARACTERISTICS at Ambient Temperature (TA ) = 25 C 

File No. 574 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS 

LIMITS UNITS 

DC 

COLLECTOR 

VOLTAGE 

(V) 

DC 

CURRENT 

(mA) 

V CB VCE lE IB IC MIN. MAX 

STATIC 

Collector Cutoff Current 
ICB0 10 0 20 11A 

Collector-to- Base 

Breakdown Voltage 
VIBRICB0 0 0.01 35 V 

Collector-to- Emitter 

Breakdown Voltage 
V(BR)CEO 0 0.1 15 V 

Emitter-to- Base 

Breakdown Voltage 
V(BR)EBO 0.01 0 3.5 V 

DC Forward-Current 

Transfer Ratio 
hF E 10 3 20 

Thermal Resistance: 

(Junction-to- Case) 
RoJC 880 C W 

DYNAMIC 

Device Noise Figure ( f = 450 MHz) NF 10 1.5 2.5 dB 

Small- Signal Common- Emitter 

Power Gain ( f = 450 MHz) 

Unneutralized Amplifier 

GpE 10 1.5 14 dB 

At minimum noise figure GpE 10 1.5 11 0 dB 

Collector-to- Base Output 

Capacitance ( f = 1 MHz) 
Cobo 10 0 0.8 pF 

,
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pRE.„E 
iGN: 

COLLECTOR 

AMBIENT 

-TO 

TEMPERATURE 

-EMITTER VOLTAGE 

ITA • 25•C, 
RecE) Th  
Z. 

10V 

ZL • 50/1   

0 2 4 6 8 10 12 14 16 18 

COLLECTOR CURRENT 00 - 18A 9,cs 19756 

Fig.3—Typical insertion power in vs. collector current. 
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III• 
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3 V 
6V 

.---.--- 

'— — 

- .-

COLLECTOR- TO- EMITTER 
VOLTAGE (VcE1•10V 

COLLECTOR CURRENT Irc I -.8A 

Fig.4—Typical noise figure vs. collector current. 
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Y 

a 

FREQUENCY (0.450 M114 
AMBIENT TEMPERATURE (TAlz 26.0 

cso 

 vOLTeGE  
"""""  

11111111111111111111111111111111111 

4 6 12 14 

‘410 ,1 

6si 

COLLECTOR CURRENT (1c mA 

Fig.5—Typical power gain (at minimum noise 

figure) vs. collector current. 
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FREQUENCY (1 
AMBIENT TEMPERATURE 

•450 NH: 
(T4 (. 25C 

0`1_...... „i 

4 6 El e 
COLLECTOR CURRENT (ICI-rnA 

20 

92CS-I9739 

Fig.6—Typical output power level (with 1 dB of 

gain compression) vs. collector current. 

COLLECTOR - T0-08,1314 mCs.1111ME 04,1.41/9 

113111.14.30•43. SON 

SR  111111143NOMIIE (44.14erC 

90. 

SO-

S12 3it 410,41 1 

200 

. L . 
40 -0 -40 -40 

RCM» 11.1110111110111140611211N 101 11 144-41 1161111616 MAW» OXIINCIDOT 

4404411444 

Fig.7—Typical forward and reverse transfer coefficients. 
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Fig.8—Typical input reflection coefficient. 

10-49 
 H . PAD  

SIGNAL 
GENERATOR 

V.. • • VCC .V)V 

DOUBLE - 
rti.ËRs rtITÍ1E. 

BIAS 
TEE 

10-013 
PAD 

NOISE 
SOURCE 

•••"' BIAS 
DEVICE TEE 
UNDER 
TEST• 

RF 
AMPLIFIER 

SELECTIVIT 
FILTER 

PRECISION 
AT TENONTOR MIXER 

LOCAL 
OSC ILLATOR 

4203,9743 

• In General Radio type 1607-P44 transistor mount, 

or equivalent. 
• • VBB adjusted for lc = 1.5 mA. 

Fig.9—Block diagram of test setup for measurement 

of power gain and noise figure. 
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° OiO2O,3Q409Q$O7°'  • 
cONTER 

Fig.10-Typical output reflection coefficient. 

DIMENSIONAL OUTLINE 

JEDEC TO-72 

h 

SEATING 
PLANE 

OD 2 

BOTTOM 

VIEW 

- RD 

IIIIIALJECTOR COEMOIDAT OCALA 

INSULATION 

92CS 1744491 

11O-1110411 

92C5 - 19144 

C1: 1.0- 30 pF 

C2,C3: 1.0-20 pF 

C4,C5: 0.04 f.iF 

C6: 1-10 pF 

LI: 2 turns No. 18 wire, 3/16 in. (0.188 mm) 

ID, 0.10 in. (2.54 mm) long 

L2 3 turns No. 18 wire, 3/16 in. (0.188 mm) 

ID, 0.15 in. ( 3.81 mm) long 

0.22-µH rf choke 

L5 3 turns No. 18 wire, 3/16 in. 10.188 mm) 

ID, 0.15 in. ( 3.81 mm) long 

VBB adjusted for IC = 1.5 mA 

Fig. 11-Circuit diagram of 450-MHz amplifier 

(unneutralized) used for measurement 

of power gain and noise figure. 

SYMBOL 

INCHES 

MIN MAX 

MILLIMETERS 

MIN MAX 

NOTES 

A 0 170 0 210 431 533 

..0 0 016 0 021 0 406 0 533 2 

...b2 0 016 0 019 0 406 0 483 2 

,I) 0 209 0 230 531 584 

...Di 0 178 0 195 452 496 

0 100 TP 2 54 T P 4 

0 050 T P I 27 T P 4 

6 0 030 0 762 

0 036 0046 0 914 I 17 

0 028 0 048 0 711 1 22 3 

0 500 12 70 2 

II 0 050 I 77 2 

0 250 635 2 

u 45 T P 45 T P 46 

Note 1: ( Four leads). Maximum number leads omitted in this out-

line, "none" 10). The number and position of leads actually present 

are indicated in the product registration. Outline designation deter-

mined by the location and minimum angular or linear spacing of 

any two adjacent leads. 

Note 2: ( All leads) 0132 applies between I, and 12. Øb applies be-

tween 12 and 0.50 in. ( 12.70 mm) from seating plane. Diameter is 

uncontrolled in 1, and beyond 0.50 in. 112.70 mm) from seating 

plane. 

TERMINAL CONNECTIONS 

Lead 1 - Emitter 

Lead 2 - Base 

Lead 3 - Collector 

Lead 4 - Case 

Note 3: Measured from maximum diameter of the product. 

Note 4: Leads having maximum diameter 0.019 in. (0.484 mm) 

measured in gaging plane 0.054 in. ( 1.37 mm) +0.001 in. (0.025 

mml - 0.000 in. (0.000 mm) below the seating plane of the product 

shall be within 0.007 in. (0.178 mm) of their true position relative 

to a maximum width tab. 

Note 5: The product may be measured by direct methods or by 

9e-

Note 6: Tab centerline. 
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Me&I 
Solid State 
Division 

RF Power Transistors 

40934 

RCA HF-31 Package 

("Studless TO-216 AA") 

High- Power Silicon N-P-N 
VHF/ UHF Transistor 

12.5-Volt Type For Class C Amplifier Applications 

Features: 

• Low-inductance radial leads — particularly useful for stripline circuits 

• Hermetically sealed ceramic-metal package 

• Electrically isolated mounting surface 

• 2-watt minimum output at 470 MHz 

• 7-dB gain at 470 MHz 

RCA-40934 is an epitaxial silicon n-p-n planar transistor 

that features overlay emitter-electrode construction and 

a hermetic ceramic-metal package with leads isolated from 

the mounting surface. This rugged, low-inductance, radial-

lead device is designed for stripline as well as lumped-

constant circuits. 

Formerly RCA Dey. No. TA7941. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

Type 40934 is electrically identical to the RCA-2N5914, 
but employs a "studless TO-216AA" package. 

COLLECTOR-TO-BASE BREAKDOWN VOLTAGE   V(BR)C80 36 V 

COLLECTOR-TO-EMITTER BREAKDOWN VOLTAGE: 

With base connected to emitter   V(BR)CES 36 V 

With base open   V(BR)CEO 14 V 

EMITTER-TO-BASE VOLTAGE   VEBO 3.5 V 

COLLECTOR CURRENT: IC 
Continuous   0.5 A 

TRANSISTOR DISSIPATION: PT 

At case temperatures up to 750C   5.7 W 

At case temperatures above 750C, derate linearly at   0.0456 W/0C 

TEMPERATURE RANGE: 

Storage & Operating (Junction)   -65 to 

+2000C 

CASE TEMPERATURE ( During soldering): 

For 10 s max.   230 0C 
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40934 

ELECTRICAL CHARACTERISTICS, at Case Temperature ( Tc) = 25°C 

File No. 550 

STATIC 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS 

LIMITS UNITS 

DC 

COLLECTOR 

VOLTAGE 

(V) 

DC 

BASE 

VOLTAGE 

An 

DC 

CURRENT 

linAl 

VCE VBE 1E 18 1C MIN. MAX. 

Collector-Cutoff Current CEO 10 0 — 0.3 mA 

Collector-to-Base 

Breakdown Voltage VIBRICB0 0 0.5 36 — V 

Collector-to-Emitter 

Breakdown Voltage: 

With base open VIBRICE0 0 25a 14 — V 

With base connected 

to emitter 
VIBRICES 0 258 36 — 

Emitter-to-Base 

Breakdown Voltage 
VIBRIEBO 0.5 0 3.5 — V 

aPulsed through a 25-mH inductor; duty factor = 50% 

DYNAMIC 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 
DC Collector 

Supply (Vecl—V 

Input 

Power 

)PIE)—W 

Frequency 

(f)—MHz 
MIN. TYP. 

Power Output POE 12.5 0.4 470 2.0 W 

Power Gain GPE 12.5 0.4 470 7 dB 

Collector Efficiency 'lc 12.5 0.4 470 65 % 

Load Mismatch ( Fig. 8) LM 12.5 0.4 470 Open circuit 

through short 

circuit 

— 

Collector-to-Base Capacitance Cob° 12 

I c = 0 
1 — 

15 

(max.) 
pF 

Gain-Bandwidth Product fT 
12 

lc = 200 mA 
— 

900 
MHz 
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6.0 

so 
e it. 40 

n. 10 

1'§ 20 

COLLECTOR SUPPLY VOLTAGE (Vcc) • 12. 

CASE TEMPERATURE (Tc) • 254 C 

tUi-

5 Y 

200 400 

FREQUENCY - PHs 

600 

: 11 

1300 

921.5-3034 52 

Fig. 1—Typical output power vs. frequency. 

100 200 300 400 

FREQUENCY ( f 

500 

92CS- 20003 

Fig. 3—Large-signal parallel equivalent input resistance 
vs. frequency. 

9. 30 

ce° 

e 
e 26 

24 

22 

n  

13- 18 

COLLECTOR SUPPLY VOLTAGE IVcc)•12.5 V  
CASE TEMPERATURE • 25•C 

mo:  
100 200 300 400 

FREQUENCY 0) - 1013 

500 

9205-

Fiá. 5- Large-signal parallel equivalent output resistance 
vs. frequency. 

3 

e 2 

e   
,  

FREQUENCY If )•470M11. 
CASE TEMPERATURE( Tc) • 25•C 

RR» 
MIRMR 

4111.. 

à 

O 02 0.4 0.6 0.6 
INPUT POWER Of , E1—M 

92L5 -303662 

Fig. 2—Typical output power vs. input power at 470 MHz for 

o 

/ 75   

40934 in circuit shown in Fig. 7. 

OLLECTOR SUPPLY VOLTAGE (VCC)•12 5 V 
ASE TEMPERATURE Tc)• 25•C 

100 200 300 400 

FREQUENCY I f MHz 

500 

92CS- 20004 

Fig. 4—Large-signal parallel equivalent input capacitance vs. 

frequency. 

COLLECTOR SUPPLY VOLTAGE ( VCC)12.5 ' 
t. CASE TEMPERATURE ( Tc 1•25•C 

2 60  

50   

k 40  

g 

e,1.30 

E, 20 

10 

En 
ERE 

POWER Pie.° 75 by 

100 200 300 400 500 

FREQUENCY ( f) — MHz 

SUS- 20005 

Fig. 6—Large-signal parallel equivalent output capacitance 
vs. frequency. 
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C6 

C5 

RCA 
40934 

92C5 

C C C • 0 9-7 0 pF ARCO 400 or equivalent 

C • 1 5-2 0 pF ARCO 402 or equivalent 

C5: 1000 pF, feedthrough 

C6: 0.1 µF, ceramic 

C7: 2-18 pF, Amperes HT1OMA/218 or equivalent, con-

nected between the base and emitter with the shortest 

possible leads. 

Li,L2: 1 turn No.16 wire, 3/16 in. (4.78 mm) 1.0., 1/8 in. (3.18 

mm) long 

L3: 1 turn No.20 wire, 3/16 in.14.78 mm) 1.0., 1/8 in. 13.18 mm) long 
L4: Ferrite choke, 45012 impedance; Ferroxcube 

VK-200-09-313 or equivalent 

Fig. 7-470-MHz amplifier test circuit for measurement of 

output power, gain, and load-mismatch capability. 

470- Wu 
DRIVER 

P1( .0.4 VI 470 NMS 
AMPLIFIER 
(FIG 71 

(ID 
Vcc • I2.5 V 

STUB 

92CS - 19792 

The transistor must withstand any mismatch in load; the load 

can be varied from open circuit to short circuit by adjustment 

of the tuning stub through a half wavelength. (The dissipation 

rating of the transistor should not be exceeded during the 

test.) 

Fig. 8- Test set-up for checking load-mismatch capability of 

40934. 

01 

DIMENSIONAL OUTLINE 

RCA HF-31 ("Studless TO-216AA-) 

  , 
# 

SYMBOL 
INCHES MILLIMETERS 

NOTES 
MIN. MAX. MIN. MAX. 

A 0.090 0.135 2.29 3.42 - 

B 0.195 0.205 4.96 5.20 - 

131 0.135 0.145 3.43 3.68 - 

B2 0.095 0.105 2.42 2.66 - 
C 0.004 0.010 0.11 0.25 1 

OD 0.305 0.320 7.48 8.12 - 

E 0.275 0.300 6.99 7.62 

L 0.265 0.290 6.74 7.36 - 

Li 0.455 0.510 11.56 12.95 - 
0 0.055 0.070 1.40 1.77 - 

(11 0.025 0.045 0.64 1.14 - 

MILLIMETER DIMENSIONS ARE DERIVED FROM 

ORIGINAL INCH DIMENSIONS 

NOTE: I. TYPICAL FOR ALL LEADS 

11. 

TERMINAL CONNECTIONS 

Terminal No. 1, 3 - Emitter 

Terminal No. 2 - Base 

Terminal No. 4 - Collector 

WARNING: The ceramic heat-sink portion of this device 

contains berylium oxide. Do not crush, grind, or abrade 

this portion because the dust resulting from such action 

may be hazardous if inhaled. Disposal should be by 

burial. 
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DUCELM 
Solid State 
Division 

RF Power Transistors 

40936 

20-W(PEP) Emitter-Ballasted 
Overlay Transistor 
For 2- to- 30-MHz Single-Sideband 

Linear Amplifier Applications 

Features: 

• For class A or class B amplifier service 

• Integral emitter-ballasting resistors 

• 20 W(PEP) output (min.) at 30 MHz with: 

gain = 13 dB (min.); collector efficiency = 40% (mini; 

intormodulation distortion = -30 dB (max.) 

▪ Low-Thermal-Resistance Package 

RCA — 40936* is an epitaxial silicon n-p-n planar transistor The inherent high-frequency capability of the overlay struc-

with overlay emitter-electrode construction. It is designed ture, together with individually ballasted emitter sites, makes 

especially for use in linear amplifiers to provide high power it possible to forward-bias the device into the active region 

in class A or class B service. This device is intended for without incurring thermal instability. 

2-to-30-MHz single-sideband power amplifiers operating from 

28-volt power supplies. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-EMITTER VOLTAGE: 

With VBE -1.5 V   VCEv 65 V 

With external base-to-emitter resistance 

RBE 511   VCER 40 V 

EMITTER-TO-BASE VOLTAGE   VEBO 4 V 

COLLECTOR CURRENT: 

Peak   10 A 

Continuous   lc 3.3 A 

TRANSISTOR DISSIPATION  PT 

At case temperatures up to 75°C   50 w 

At case temperatures above 750C   Derate linearly 

et 0.4 wrc. 
TEMPERATURE RANGE: 

Storage & Operating (Junction)   -65 to 200 °C 

LEAD TEMPERATURE (During soldering): 

At distances 2 1/32 in. (0.787 mm) from 
insulating wafer for 10 s max   230 °C Fig. 1— Typical intermodulation distortion vs. output power. 

Formerly RCA Day. No. TA8236. 

o 

6 -10 

COLLECTOR SUPPLY VOLTAGE ( tc) • 28 V 
FREQUENCIES (TWO-TONE) • 30 MHz , 30.001 MHz 
QUIESCENT COLLECTOR CURRENT 20 mA 
CASE TEMPERATURE IT 1 • 25•C 

MM. ••••Ba 

25 5 0 15 20 25 
OUTPUT POWER ( P0E1 - W ( PEP/ 

92CS-19770 
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ELECTRICAL CHARACTERISTICS, at Case Temperature ( Tc) = 25°C 

STATIC 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS 

LIMITS UNITS 

DC 

COLLECTOR 

VOLTAGE 

(V) 

DC 

BASE 

VOLTAGE 

(V) 

DC 

CURRENT 

(mA) 

VCB VCE VBE IE lc MIN. MAX. 

Collector-to- Emitter 

Sustaining Voltage: 

With base-emitter 

junction reverse biased 

VCEV(sus) —1.5 200a 65 — V 

With external base-to-

emitter resistance ( RBE)=5,1-2 
VCER(sus) 200a 40 — v 

Emitter-to- Base 

Breakdown Voltage VIBRIEBO 20 4 — V 

Collector-to-Emitter 

Cutoff Current 'CEO 30 — 5.0 mA 

Collector-to-Base 

Cutoff Current ICB0 60 — 10 mA 

Collector-to- Base Capacitance 

If = 1 MHz) Cobo 30 — 85 pF 

Thermal Resistance 

(Junction-to-Case) ROJC — 2.5 °C/W 

aPulsed through an inductor 125 mH); duty factor = 50%. 

DYNAMIC (30MHz Single-Sideband Amp ¡fier) 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS 

LIMITS UNITS 

DC 

COLLECTOR 

SUPPLY 

VOLTAGE 

(V) 

OUTPUT 

POWER 

W(PEP) 

FREQUENCY 

MH ( z) 

DC 

CURRENT 

(mA) 

VCC POE f lc MIN. MAX. 

RF Input Power: 

Average PIE 28 10 30 20 — 0.5 W 

Peak envelope (PEP) PIE 28 20 30 20 — 1.0 W 

Power Gain GpE 28 20 30 20 13 — dB 

Collector Efficiency TIC 28 20 30 20 ao — % 
Intermodulation Distortion • IMD 28 20 30 20 — -30 dB 

•Referenced to either of the two tones, and without the use of feedback to enhance linearity. 
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L1: 3 turns No. 12 wire, 1/4 in. ( 6.35 mm) 

I.D., 1/2 in. ( 12.7 mm) long 

L2: 6 turns No. 14 wire, 3/8 in. 19.53 mm) 

ID., 3/4 in. ( 19.05 mm) long 

L3: 5 turns No. 10 wire. 3/4 in. 119.05 mm) 

I.D., 3/4 in. ( 19.05 mm) long 

C1: 140-680 pF, Arco 468, or equivalent 

C2: 170-780 pF, Arco 469, or equivalent 

C3: 0.05 pF, ceramic 

C4: 0.1 ceramic 

C6: 1000 pF, feedthrough 

C6: 24.-200 pF, Arcè 425, or equivalent 

C7: 32-250 pF, Arco 426, or equivalent 

R1: 20S2, 1 W 

R2: 30012, 5 W 

RFC: 35012,F errite choke, Ferroxcube• No. 01-038, or equivalent 

• Ferroxcube Corp. of America, Saugerties, N.V. 

NOTES: 

1. VBB adjusted for a quiescent collector current of 20 mA. 

2. Impedances measured at socket terminals. 

Fig. 2-30-MHz linear amplifier test circuit used for measurement of dynamic characteristics 
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DIMENSIONAL OUTLINE 

JEDEC TO-60 

TERMINAL CONNECTIONS 

Case, Mounting Stud, Pin No. 1 - Emitter 

Pin No. 2 - Base 

Pin No. 3 - Collector 

SYMBOL 

INCHES 

MIN. MAX. 

MILLIMETERS 

MIN. MAX. 
NOTES 

A 0.215 0.320 5.46 8.13 

A 1 - 0.165 - 4.19 2 

Ob 0.030 0.046 0.762 1.17 4 

oD 0.360 0.437 9.14 11.10 2 

001 0.320 0.360 8.13 9.14 

E 0.424 0.437 10.77 11.10 

e 0.185 0.215 4.70 5.46 

el 0.090 0.110 2.29 2.79 

F 0.090 0.135 2.29 3.43 1 

J 0.355 0.480 9.02 12.19 

oM 0.163 0.189 4.14 4.80 

N 0.375 0.455 9.53 11.56 

N1 - 0.078 - 1.98 

oW 0.1658 0.1697 4.212 4.310 3, 5 

NOTES: 

1. Dimension does not include sealing flanges 

2. Package contour optional within dimensions specified 

3. Pitch diameter - 10-32 UNF 2A thread (coated) 

4. Pin spacing perirnts insertion in any socket having a 
pinsircle diameter of 0.200 in. ( 5.08 rnm) and con-
tacts which will accommodate pins with a diameter 
of 0.030 in. ( 0.762 mm) min., 0.046 in. ( 1.17 mm) max. 

5. The torque applied to a 10-32 hex not assembled on the 

thread during installation should not exceed 12 inch. 

pounds. 
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Solid State 
Division 

RF Power Transistors 

40940 

JEUEL, 1.0-21bAA 

5-W, 400-MHz Silicon N-P-N 
Overlay Transistor 

For VHF/UHF High-Power Amplifiers 

Features: 

• 5 W output at 400 MHz with 5.2 dB power gain 

• 7.5 W output at 100 MHz with 8.7 dB power gain 

• Low-inductance, ceramic- metal, hermetic package 

• All electrodes isolated from the stud 

RCA type 40940 is an epitaxial silicon n-p-n planar tran- power, and a corresponding decrease in emitter or collector 

sistor with -overlay- emitter-electrode construction. In the areas for lower input and output capacitances. The overlay 

overlay structure, a number of individual emitter sites are structure thus offers greater power output, gain, efficiency, 

connected in parallel and used in conjunction with a single and frequency capability. 

base and collector region. This arrangement provides a sub-
stantial increase in emitter periphery for higher current or Formerly RCA Dev. No. TA7982. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-EMITTER VOLTAGE: 

With base open   

COLLECTOR-TO-BASE VOLTAGE   

EMITTER-TO-BASE VOLTAGE   

COLLECTOR CURRENT: 

Continuous   

Peak   

TRANSISTOR DISSIPATION: 

At case temperatures up to 75°C   8.33 w 
At case temperatures above 75°C, derate linearly at   0.067 WfC 

TEMPERATURE RANGE: 

Storage & Operating (Junction)   -65 to +200 °C 

CASE TEMPERATURE ( During Soldering): 

For 10 s max.  230 °C 

V CEO 

VCBO 

VEBO 

IC 

PT 

40 V 

65 V 

4 V 

1.5 A 

0.5 A 
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ELECTRICAL CHARACTERISTICS, at Case Temperature ( Tc) = 25°C 

STATIC 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS 

LIMITS UNITS 

DC 

COLLECTOR 

VOLTAGE-V 

DC 

BASE 

VOLTAGE-V 

DC 

CURRENT 

mA 

VCE VBE IE IB lc MIN. MAX. 

Collector-to- Emitter Cutoff Current: 

With base open 'CEO 30 0 — 0.1 mA 

Collector-to- Emitter Saturation 

Voltage Vc E (sat) 100 500 — 1 V 

Collector-to-Emitter Breakdown Voltage: 

With base connected to emitter V(BR)CES 0 200a 65 — V 

VVith base open 
V (BRICE0 0 200a 40 — 

Emitter-to-Base Breakdown Voltage 
V IBRIEBO 0.1 0 4 — V 

Thermal Resistance: 

(Junction-to-Case) Rex — 15 °C/W 

'Pulsed through a 25-n111 inductor; duty factor = 50%. 

DYNAMIC 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS 

LIMITS UNITS  DC COLLECTOR 

SUPPLY 

(V CCI-V 

INPUT 

POWER 

(P IE )-W  

OUTPUT 

POWER 

(POE)M 

FREQUENCY 

(0—MHz 
MIN. MAX. 

Output Power (See Fig. 11) 
POE 

28 1.5 400 5 — 
W 

(See Fig. 9) 28 1 100 7.5 

Power Gain 
G PE 28 5 400 5.2 — dB 

Collector Efficiency nC 28 400 50 — % 

Collector-to-Base 

Capacitance 
Cobo 30 (VCB) 1 — 11 pF 

TYPICAL APPLICATION INFORMATION 

CIRCUIT 
COLLECTOR SUPPLY 

VOLTAGE (Vcc )-V 

OUTPUT POWER 

(POE )-W  

INPUT POWER 

(P IE )"W  

COLLECTOR EFFICIENCY 

Incl.% 

400-MHz Narrowband Amplifier 

(See Fig. 10) 
28 5 1.5 60 

100-MHz Narrowband Amplifier 

(See Fig. 9) 
28 7.5 1 70 
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Fig. 1—Output power vs. frequency. 
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Fig. 7—Parallel output capacitance vs. frequency. 

Ycc•28 V 92CS - 19787 

C.1, C2, C3, C4: 7-100 pF 

C5: 0.005 µF disc ceramic 

C6: 1000 pF 

C7: 0.01 µF disc ceramic 

L.1: 2 turns No. 16 wire, 0.375 in. (9.5 mm) ID, 0.75 in. 

(19.05 mm) long 

L2, L3: 1.5 µH 

L4: 7 turns No. 16 wire, 0.375 in. (9.5 mm) ID, 1 in. 

(25.4 mm) long 

R1: 1000 

Fig. 9- 100-MHz amplifier test circuit for measurement of 

power output. 
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C2, C3: 2-18 pF, Amperex HT1OMA/218, or equivalent 

C4, C5: 1 µF electrolytic 

C6' 1000 pF, ATC-100, or equivalent 

R1*• • 5.1 rz % W carbon 
RFC: 0.12 µH 

NOTES: 

1. Dimensions in parentheses are in millimeters and are derived 

from the basic inch dimensions as indicated. 

2. Produced by removing upper layer of double-clad, Teflon board, 

Budd Co. Polychem Div. Grade 108T, 1 oz, 1/32 in. (0.79 mm) 

thick, (e 2.6), or equivalent. 

Fig. 10-400-MHz amplifier test circuit for measurement of 

power output. 
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DIMENSIONAL OUTLINE, JEDEC TO-216AA 

40940 

TERMINAL 
Nol 

TERMINAL 
No.2 

-.1521.-

L51 -1 

02 
QI 

I SEATING PLANE 

OW 

REF. 

SECTION A-A  'DI 

TERMINAL 
No.3 

E 

9255-37,4.4 

SYMBOL 
INCHES MILLIMETERS 

NOTES 
MIN. MAX. MIN. MAX 

A 0.150 0.230 3.81 5.84 

b 0.195 0.205 4.953 5.207 - 

b1 0.135 0.145 3.429 3.683 - 

b2 0.095 0.105 2413 2.667 _ 

C 0.004 0010 0 102 0.254 3 

OD 0.305 0.320 7.75 8.12 5 

OD1 0.110 0.130 2.80 3.30 1 

E 0.275 0.300 6.99 7.62 5 

L 0.265 0.290 6.74 7.36 - 

L2 0.455 0.510 11.56 12.95 - 

M 0.053 0.064 1.35 1.62 

oM 0.120 0.163 3.05 4.14 - 

N 0 425 0.470 10.80 11.93 - 

N1 0.078 - 1.96 4 

N2 0.110 0.150 2.80 3.81 - 

0 0.120 0.170 3.05 4.31 - 

Di 0.025 0.045 054 1.14 - 

02 - - - - 5 

oW - - - 2 

M.II.meteg emern.ons are der.reO Iron, or.onal ,,,ch chmensoons 

NOTE 3. 

1. 0.053 • 0.064 INCH 11.35 - 1.62 rnmI WRENCH FLAT. 

2. PITCH DIA OF 832 UNC•2A COATED THREADS ( REF 

UNITED SCREW THREADS ANS BI 1 1960) THE APPLIED 

TORQUE SHOULD NOT EXCEED 5 IN. LBS. CLAMPING 

FORCES MUST BE APPLIED ONLY TO THE FLAT SUR• 

FACES OF THE STUD. 

3. TYPICAL FOR ALL LEADS. 

e LENGTH OF INCOMPLETE OR UNDERCUT THREADS OF 

5. BODY CONTOUR OPTIONAL WITH 02, 013. AND E. 

TERMINAL CONNECTIONS 

Terminals 1, 3 - Emitter 

Terminal 2 - Base 

Terminal 4 - Collector 

WARNING: The ceramic body of this device contains 

beryllium oxide. Do not crush, grind, or abrade these 

portions because the dust resulting from such action may 

be hazardous if inhaled. Disposal should be by burial. 
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File No. 554 

MCOBEI 
Solid State 
Division 

RF Power Transistors 

40941 

Silicon N- P-N Overlay Transistor 

High-Gain Driver for VHF/UHF Applications 

in Military and Industrial Communications Equipment 

Features: 

• High power gain, unneutralized class C amplifier: 

1 W output at 400 MHz ( 10 dB gain) 

1 W output at 250 MHz ( 15 dB gain) 

1 W output at 175 MHz ( 17 dB gain) 

1 W output at 100 MHz (20 dB gain) 

• Low output capacitance 

p Cobo 4F max. 

RCA-40941' is an expitaxial silicon n-p-n planar transistor 

employing an advanced version of the RCA-developed "over-

lay" emitter-electrode design. This electrode consists of many 

isolated emitter sites connected together through the use of a 

diffused-grid structure and a metal overlay which is deposited 

on a silicon oxide insulating layer by means of a photo-

etching technique. This overlay design provides a very high 

MAXIMUM RATINGS, Absolute Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE 

emitter periphery-to-emitter area ratio resulting in low 

output capacitance, high rf current handling capability, and 

substantially higher power gain. 

The 40941 is intended for class-A, -8, or -C amplifier, 

frequency-multiplier, or oscillator circuits: it may be used in 

output, driver, or pre-driver stages in vhf and uhf equipment. 

•Formerly RCA Dey. No. TA7680. 

COLLECTOR-TO-EMITTER VOLTAGE 

With base open 

With external base-to-emitter 

resistance ( R BE) = 10 1-2 

EMITTER-TO-BASE VOLTAGE 

COLLECTOR CURRENT: 

Continuous   

TRANSISTOR DISSIPATION: 

At case temperatures up to 75°C   

At case temperatures above 75°C, 

derate linearly at   

TEMPERATURE RANGE: 

Storage & Operating ( Junction)   

CASE TEMPERATURE 

(During soldering): 

For 10 s max 

VCEO 

VCER 

VEBO 

IC 

PT 

55 

30 V 

55 V 

3.5 V 

0.4 A 

5 

0.04 WrC 

—65 to +200 °C 

230 °C 
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File No. 554 40941 

ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc) = 25°C unless otherwise specified. 

STATIC 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS 

LIMITS UNITS 
DC 

Vol age 

(V) 

DC 

Current 

(mA) 

VCE VEB IE IB lc Min. Max. 

Collector-Cutoff Current: 

With base-emitter junction reverse-biased 10EX 55 1.5 — 0.1 
mA 

At Tc = 200°C 30 1.5 — 0.1 

With base open 'CEO 28 o — 20 µA 

Collector-to- Base Breakdown Voltage V(BR)C130 o 0.1 55 — V 

Collector-to- Emitter Breakdown Voltage: 

With base open V(BR)CEO 0 5 30 — 
V 

With external base-to-emitter resistance 

MBE) = 10 S2 
V( BR)CER 0 5 55 — 

Emitter-to-Base Breakdown Voltage V(BRIFB0 0.1 0 3.5 — V 

Emitter-Cutoff Current 1E130 3.5 — 0.1 mA 

Collector-to- Emitter Saturation Voltage VCE(sat) 20 100 — 1.0 V 

DC Forward-Current 

Transfer Ratio 
hFE 

5 
5 

360 

50 

5 

10 

— 
200 

Thermal Resistance: 

(Junction-to-Case) ROJC — 22 °CAN 

DYNAMIC 

TEST & CONDITIONS SYMBOL 
FREQUENCY 

MHZ 

LIMITS 
UNITS 

MINIMUM MAXIMUM 

Power Output ( Vcc = 28 V): 

PIE = 0.1 W ( See Fig. 2) 
POE 400 1.0 — W 

Large-Signal Common-Emitter Power Gain ( Vcc = 28 V): 

PIE ' 0-1 W 
GPE 400 10 dB 

Collector Efficiency ( Vcc = 28 V): 

PIE = 0.1 W, POE = 1 W, Source Impedance = 50 sz 
nC 400 45 % 

Magnitude of Common-Emitter, Small Signal, Short-Circuit 

Forward-Current Transfer Ratio 

IC ' 50 mA, VCE ' 15 V 
hfe 200 2.5 — 

Common-Base Output Capacitance ( VcB -- 28 V) Cobo 1 — 4 pF 
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PERFORMANCE DATA 

File No. 554 
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Fig. 4—Safe area for dc operation. 
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40941 
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Cy L, POUT 
(205001 

CI: 3.35 pF 

C2, Cs: 8-60 pF C4) 

C3: 12 pF 
VEE • - 28 V • 92C3- 19884 C4: 1,000 pF tomItMough 

C6: 0.9-7 pF 

LI: 2 tums No. 18 wire, 0.25 in. 1635 min/ ID, 0.125 in. 
1117 rnm) 1.9 

L2: Ferrite Aeon& 1 tum. 2 - 450 SI 

L3, Liu RF choke, al pH 

Ls: 11/2 turns, No. 18 Mot 0.25 in. (6.35 non) 10,0.187 in. 
14.78 Awn/ long 

RI: &en, 1 v4 
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L• 
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Fig. 2—RF amplifier circuit for power output test (400-MHz 

operation). 
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COLLECTOR SUPPLY VOLTAGE ( Vcc)•15 V 
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Fig. 7— Typical series input reactance vs frequency. 
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Fig. 9— Typical parallel output capacitance vs. frequency. 

DIMENSIONAL OUTLINE 

TERMINAL Mo. 4 

TERMINAL No. 

TERMINAL No. 2 

e 

L 

TERMINAL No. 3 

LI 

SYMBOL 
INCHES MILLIMETERS 

NOTES 
MIN. MAX. MIN. MAX. 

IS
. 

O
p
r
r
I
T
I
O
C
)
C
A
0
3
1
:
0
>
 

P.
.›
 -
. 

0.090 0.135 2.29 3.42 - 

0.195 0.205 4.96 5.20 - 

0.135 0.145 3.43 3.68 - 

0.095 0.105 2.42 2.66 - 

0.004 0.010 0.11 0.25 1 

0.305 0.320 7.48 8.12 - 

0.275 0.300 6.99 7.62 - 

0.265 0.290 6.74 7.36 - 

0.455 0.510 11.56 12.95 - 
0.055 0.070 1.40 1.77 - 

0.025 0.045 0.64 1.14 - 

MILLIMETER DIMENSIONS ARE DERIVED FROM 

ORIGINAL INCH DIMENSIONS 

NOTE: 1. TYPICAL FOR ALL LEADS 

3233.4_2 RI 

TERMINAL CONNECTIONS 

Terminals 1, 3— Emitter 

Terminal 2 —Base 

Terminal 4 —Collector 

WARNING: The ceramic body of this device contains 

beryllium oxide. Do not crush, grind, or abrade these 

portions because the dust resulting from such action may 

be hazardous if inhaled. Disposal should be by burial. 
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File No. 579 

MOM RF Power Transistors 

Solid State 
Division 

40953 40954 40955 

40953 

JEDEC TO-39 

40954 
40955 

RCA HF-44 

1.75-, 10-, and 25-W, 156- MHz 
Silicon N- P-N Overlay Transistors 
For High- Power VHF Amplifiers 

Features 

• Designed for vhf marine transmitters 

• 25 W ( min.) output at 156 MHz ( 12.5-V supply) 

• Infinite VSWR load-tested at constant input power, 

f = 156 MHz, Vcc = 15.5 V ( 40955) 

RCA-40953, 40954, and 40955" are epitaxial silicon n-p-n 

planar transistors of the overlay emitter electrode con-

struction. They are intended for high-power-output, vhf, 

class-C amplifier service in low-voltage-supply applications. 

These devices are especially intended for use in vhf marine 

MAXIMUM RATINGS, Absolute Maximum Values: 

transmitters operating from a 12.5-volt supply. The 40954 

and 40955 are emitter-ballasted, and all 40955 units are 

tested at constant input power ( f = 156 MHz, Vcc = 15.5 V, 

infinite load VSWR I. 

* Types 40954 and 40955 are the former RCA Dev. Nos. TA8559 
and TA8561, respectively. 

40953 40954 40955 
COLLECTOR-TO-EMITTER BREAKDOWN VOLTAGE: 

With base shorted to emitter   V(BRICES 36 36 36 V 

With base open   V(BR ( CEO 14 14 14 V 

EMITTER-TO-BASE VOLTAGE   VEBO 3.5 3.5 3.5 V 

CONTINUOUS COLLECTOR CURRENT   IC 0.33 4.5 5 A 
TRANSISTOR DISSIPATION: PT 

At case temperatures up to 75°C   3.5 25 35.7 W 

At case temperatures above 75°C, derate linearly   0.028 0.2 0.286 WPC 

TEMPERATURE RANGE: 

Storage and operating (Junction)   

LEAD TEMPERATURE ( During soldering): 

At distances > 1/32 in. ( 0.8 mm) from seating plane for 
10 s max.   

65 to +200 - 

  230  
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File No. 579   40953,40954,40955 

ELECTRICAL CHARACTERISTICS, At Case Temperature ( Tc) = 25°C 

STATIC 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS LIMITS 

UNITS 

DC 

Voltage 

V 

DC 

Current 

mA 

40953 40954 40955 

VcE VEB IE IB IC MIN. MAX. MIN. MAX. MIN. MAX. 

Collector-Cutoff Current: 

Base connected to emitter ICES 12.5 0 - 1 - 10 - 10 mA 

Collector-to- Emitter 

Breakdown Voltage: 

With base open V(BR)CEO 

0 

0 

25a 

200 

14 

- 

- 

- 14 - 14 - 
V 

With base connected 

to emitter V(BR)CES 0 
25a 

200 

36 

- 

- 

- 36 - 36 - 

Emitter- to- Base Breakdown 

Voltage VIBRIEBO 
0.5 

5 

0 

0 

3.5 

- 

- 

- 3.5 - 3.5 - 
V 

Thermal Resistance: 

(Junction-to- Case) POJC - 35.7 - 5 - 3.5 C/W 

a pulsed through a 25.mH Inductor duty factor = 50%. 

DYNAMIC 

TEST & CONDITIONS SYMBOL 

DC COLLECTOR 

SUPPLY VOLTAGE 

(Vcc) - V 

FREQUENCY 

(f)-MHz 

LIMITS 

UNITS 40953 40954 40955 

MIN. MAX. MIN. MAX. MIN. MAX. 

Power Output: 

PIE = 0.1 W (40953) 

2 W (40954) 

9 W (409551 

POE 12.5 156 1.75 - 10 - 25 - W 

Large- Signal Common-

Emitter Power Gain: 

POE = 2 W (40953) 
10 W (40954) 

25 W (40955) 

GPE 12.5 156 12.4 - 7.6 - 4.5 - dB 

Collector Efficiency: 

POE - 1.75W (40953) 

10 W (40954) 

25 W (40955) 

nc 12.5 156 50 - 60 - 60 - % 

Collector-to- Base 

Output Capacitance Cobo 12.5 O/c& 1 - 15 - 30 - 80 pF 
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12.5 13.5 14.5 

COLLECTOR SUPPLY vOLTAGE (Vcc)—V 

92CS-20III 

Fig.2—Power output vs. supply voltage for 

amplifier shown in Fig. 7. 
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Fig. 7—Power output vs. supply voltage for 

amplifier shown in Fig. 6. 
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at 156 MHz for type 40955 in circuit 

shown in Fig. 9. 
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Fig.5—Typical power output vs. supply volt-

age at 156 MHz for type 40953 in 

circuit shown in Fig. 8. 
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File No. 579   40953, 40954, 40955 

92,1d- 20,01 

Cl, 2: 18 pF silver mica 

C3, 9, 12: 0.02 pF disc ceramic 

C4, 10, 14 , 0.001 pF feedthrough 

C5: 10 pF silver mica 

C6: 100 pF silver mica 

Cz 15. 16: 14-150 pF, ARCO 424, or equivalent 

Cg, 13: 120 pF silver mica 

C11: 7-100 pF, ARCO 423, or equivalent 

111 . 3. 4: 1221 1/4W 

Fig.6-156-MHz, 

71 OR T2 

82: 2022, 1/4 W 

L1: 2 turns No. 20 enameled wire 3/16 in. (4.76 mm) ID, 1/8 in. (3.175 mrn) long 

L2: 1 turn No. 28 enameled wire on Ferroxcube bead #56 590/48 

L3: 0.39 pH. Nytronics Deci.Ductor, or equivalent 

1.21: 1 turn No. 20 enameled wire 1/8 in. (3.175 mm) ID, 1/16 in. 11.58 mm) long 

L5, 6: Z = 4500, Ferroxcube VK-200-09/38, or equivalent 

T1,2 ; Twisted pair of No. 20 enameled wire 14 turns/in. 

Formed in a loop 3/8 in. ( 9.52 mm) diameter, cross connected 

(End of one winding connected to beginning of other) 

25-W amplifier for marine equipment 

CI . 2: 18 pF silver mica 

C3: 5 pF 

C.4. 7: 0.001 pF feedthrough 

C5: 50 pF silver mica 

C6: 82 pF silver mica 

Cg: 0.002 pF ceramic 

Cg: 15-115 pF, ARCO 406, or equivalent 

RI: 390. 1/4 W 

R2: 3600, 1/4 W 

LI: 2 turns No. 20 enameled wire 3/16 in. (4.76 mm) ID, 1/8 in. ( 3.175 mm) long 

L2: 4 turns No. 18 bare tinned wire 5/32 in. ( 3.96 rnm) ID, 5/16 in. ( 7.93 mml 

long; tap 3-1/2 turns from collector 

L3: 8 turns No. 18 bare tinned wire 5/32 in. ( 3.96 mm) ID, 9/16 in. ( 14.28 inm) 

long; tap I turn from Cg 

L4: RFC, Z = 45022. Ferroxcube VK-200-09/38, or equivalent 

Fig.7-156-MHz, 10-W amplifier for marine equipment. 

C1, Z 3. 4: 7-35 pF, ARCO 403, or equivalent 

C5: 1.000 pF feedthrough 

C6: 0.00524F disc ceramic 

LI: 2 turns No. 16 wire, 3/16 in. (4.76 rnrn) ID, 1/4 in. (6.35 mm) long 

L2: Z = 4500 Ferrocube VK-200-09/38, or equivalent 
L3: 2 turns No. 14 wire, 1/4 in. ( 6.35 mm) ID, 5/16 in. ( 7.93 mml 

L4. 3 turns No. 14 wire, 3/8 in. ( 9.52 mm) ID, 3/8 in. ( 9.52 mm) long 

Fig.8-156-MHz amplifier test circuit for measurement of power 

output of 40953. 
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CI: 7-100 pF, ARCO 423, or equivalent 

C2: 4-40 pF, ARCO 422, or equivalent 

C3: 0.1 0F ceramic 

Ca: 0.001 pF feedthrough 

C5: 150 pF, ATC100-8-150, or equivalent 

C6: 14-150 pF, ARCO 424, or equivalent 

C7: 24-200 pF, ARCO 425, or equivalent 

LI: 1/2 turn No. 14 wire, 1/4 in. ( 6.35 mm) ID 

L2: RFC, Z = 4509, Ferroscube VK-200-09/313, or equivalent 

T1 : Twisted pair of No. 20 enameled wire; 14 turns/in. 

Formed in a loop 3/8 in. ( 9.52 mm) diameter, cross connected 

(End of one winding connected to beginning of other( 

Fig.9-156-MHz amplifier test circuit for measurement of power 

output of 40954 and 40955. 

DIMENSIONAL OTU LINE FOR 40953 DIMENSIONAL OUTLINE FOR 40954 AND 40955 

JEDEC TO-39 RCA HF -44 

TEMPERATURE 
MEASURING ROAM IT" ,StAP: 

SYMBOL 
INCHES MILLIMETERS 

NOTES 
MIN. MAX. MIN. MAX. 

*a 0.190 0.210 4.83 5.33 

A 0.240 0260 6.10 6.80 

gob ems 0.021 0.406 0533 2 

.62 0.018 0.019 0406 11483 2 

.0 0.360 o.370 8.89 9.40 

.01 0.315 0.335 500 851 

h 0.009 5125 0.229 118 

I eon 0.034 0.711 0 864 

k 0.029 eat° 5737 1.02 3 

I 0.500 12.70 2 

'1 0550 1.27 2 

i2 0.250 6.36 2 

P 

a 
0.100 /54 1 

4 

a 480 NOMINAL 

0 oor, NOMINAL 

Note 1: This zone is controlled for automatic handling. The variation 

in actual diameter within this zone shall not exceed 0.010 in 

(0.254 mm). 

Note 2 (Three leads) 502 applies between l and 12. Pb applies 

between 12 and 0.5 in. ( 12.70 mm) from seating plane. 

Diameter is uncontrolled in. li and beyond 0.5 in.112.70 

mm) from seating plane. 

Note 3: Measured from maximum diameter of the actual device. 

Note 4: Details of outline in this zone optional. 

TERMINAL CONNECTIONS 

LEAD 1 EMITTER 

LEAD 2 — BASE 

LEAD 3 COLLECTOR, CASE 

VM8OL 
INCHES MILLIMETERS 

MIN. MAX. MIN. MAX. 

A 0 250 0.275 6.35 698 

A 1 0 163 0 173 1 141 4 394 

8 0 299 0 307 7.595 1 797 

b 0 221 0 229 5.814 5.816 

171 0 110 0 115 2.794 2 921 

C 0 0045 0 006 0.113 0 152 

OD 0 370 0 390 9.40 990 

0121 0 320 0 330 8.128 8 182 

* L 1 040 1 05E, 26.42 26 79 

L2 0 520 0 530 13 208 13 462 

M 0 070 0 080 1 778 2 032 

H1 0 055 0 065 1 397 1 651 

N 0 455 0 475 11 56 12 08 

02 0 100 0 134 254 330 

CI 0 085 0 095 2 159 2 413 

111 45 NOM 45 NOM 

MILLIMETER DIMENSIONS ARE DERIVED FROM 

ORIGINAL INCH DIMENSIONS 

NOTE PITCH DIA OF 832 UNC 2A COATED THREAD 

IASA BI 1 1960, 

TERMINAL CONNECTIONS 

LEADS 1 & 3 EMITTER 

LEAD 2 •BASE 

LEAD 4 -- COLLECTOR 

WARNING: The body of types 40954 and 40955 contains 

beryllium oxide. Do not crush, grind, or abrade that portion 

because the dust resulting from such action may be 

hazardous if inhaled. Disposal should be by burial. 
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JUCEDO RF Power Transistors 

Solid State 
Division 40964 

40965 

1191 

JE DEC TO-39 

Silicon N-P-N 
Overlay Transistors 

High-Gain Devices for Class C 
VHF/UHF Multiplier and Amplifier Service 

Features: 

• High power gain: 

6 dB ( min.) up to f = 470 MHz (40964 tripler) 

7 dB ( min.) at f = 470 MHz (40965 amplifier) 

RCA types 40964 and 40965• are epitaxial silicon n-p-n Type 40964 is especially useful as a frequency tripler into the 

planar transistors featuring the overlay emitter-electrode 450-to-470-MHz band. The 40965 is intended for amplifier 

construction. They are intended for vhf/uhf mobile and service in this band. 

portable transmitters where intermediate power output is 

required at low supply voltage. • Formerly RCA Dey. Nos. TA7514 and TA7588, respectively. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE VCBO 

COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE: 

With external base-to-emitter resistance 

(FIBE) = 331.2   VcER(sus) 

VcE0(sus) 

EMITTER-TO-BASE VOLTAGE  VEBO 

CONTINUOUS COLLECTOR CURRENT   IC 

TRANSISTOR DISSIPATION: PT 

At case temperatures up to 250C   

At case temperatures above 250C   

TEMPERATURE RANGE: 

Storage & Operating ( Junction)   

LEAD TEMPERATURE ( During soldering): 

At distances > 1/32 in. (02 mm) from seating plane for 10 s max  

With base open 

36 V 

36 V 

14 V 

2 V 

0.2 A 

3.5 

See Fig. 6 

-65 to 200 0C 

230 0C 
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ELECTRICAL CHARACTERISTICS, Case Temperature (Tcl = 250C 

STATIC 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS LIMITS 

UNITS Voltage 

V dc 

Current 

mA dc 

40964 

40965 

VcE IE IB IC Min. Max. 

Collector-Cutoff Current 'CEO 10 0 - 0.1 mA 

Collector-to-Base Breakdown Voltage V(BR)CB0 0 36 - V 

Collector-to-Emitter Sustaining Voltage: 

With base open VcE0(sus) 0 5a 14 - V 
With external base-to-emitter 

resistance ( RBE) = 331.2 VcER(sus) 5a 36 - 

Emitter-to-Base Breakdown Voltage VIBRIEBO 0.1 0 2 - V 

Thermal Resistance: 

(Junction-to-Case) ROJC - 513 oC/W 

apulsed through a 25-mH inductor; duty factor = 50%. 

DYNAMIC 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS LIMITS 

UNITS Collector 

Supply (VCC) - V dc 

Input Power 

(PIE) - W 

Frequency 

(f) - MHz 

40964 40965 

Min. Typ. Min. Typ. 

Power Output POE 

12 0.1 
156.7-470 0.4 0.44 - - 

W 
470 - - 0.5 0.55 

8 0.1 
156.7-470 - 0.33 - - 

470 - - - 0.33 

Power Gain GPE 

12 0.1 
156.7-470 6 6.4 - - 

dB 
470 - - 7 7.4 

8 0.1 
156.7-470 - 5.2 - - 

470 - - - 5.2 

Collector Efficiency r)C 

12 0.1 
156.7-470 25 - - - 

% 
470 - - 40 - 

8 0.1 
156.7-470 - 25 - - 

470 - - - 40 

Collector-to- Base 

Capacitance Cub° 

VcB = 12 V 

lc = 0 
- 1 - 

5 

(max.) 
- 

5 

(max.) 
pF 

Gain-Bandwidth 

Product fT 
VcE = 12 V 

lc = 50 mA 
- 700 - 700 MHz 
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Fig. 1— Typical power output vs. 

quency for 40965. 

Cl, C2: 
C3: 
C4: 
C5: 
C6: 

Cl. C8: 
L1, L2: 

925.4 - 4100RI 
fre-

OUTPUT FREQUENCY ( I . 970 NH, 
CASE TEMPERATURE Tc) 25 °C 

50 100 150 200 

INPUT POWER (PIE) — rnW 

Fig. 2— Typical power output vs. power 

input for 40964 in the tripler 

circuit shown in Fig. 4. 
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 FREQUENCY 1 470 MHz 

CASE TEMPERATURE (Tc) • 25°C 

1 I 

IuIIIIIuIullIII ‘2Y 
II 

. ,10-

CP" 

III 
III 

I!!iillllllll, 
MR 

111 1111 

50 100 ISO 

INPUT POWER We— wW 

8-60 pF, ARCO 404, or equivalent 
0.01 ¡IF, disc ceramic 
1000 pF, feedthrough 
1.5-20 pF 
0.9-7 pF, ARCO 400, or equivalent 
1.5-20 pF, ARCO 402, or equivalent 
2 turns No. 18 wire, 

1/4 in. (6.35 mm) ID, 
1/4 in. (6.35 mm) long 

L3: 3 turns No. 18 wire, 
1/4 in. (6.35 mm) ID, 
5/16 in. (7.93 mm) long 

L4: 2 coils ( 1-1/4 turns No. 22 enamel wire, 1/4 in. 
(6.35 mm) ID, close-wound) wound in opposite 
directions, with 1/8 in. ( 3.17 mm) space between 
each section 

R: 33 1-2, 1 / 4 W, carbon 

Fig. 4— Tripler circuit ( 156.7 to 470 MHz) for measurement of power 

output for type 40964. 

9255-4104 lil 

Fig. 3— Typical power output vs. power 

input for 40965 in the amplifier 

circuit shown in Fig. 5. 

C1, C2, C3: 0.9-7 pF, ARCO 400, or equivalent 
C4: 7-35 pF, ARCO 403, or equivalent 
C5: 22 pF silver mica 
C6: 470 pF, feedthrough 
C7: 0.1 ¡IF, disc ceramic 
L1: 1-1/2 turn No. 18 wire, 1/4 in. ( 6.35 mm) 

ID, 1/8 in. (3.17 mm) long 
L2: 0.39 µH, Nytronics Deciductor, or equivalent 
L3: 1 turn No. 18 wire, 7/32 in. (5.55 mm) 

ID, 1/8 in. ( 3.17 mm) long 
L4: 1 turn No. 18 wire, 1/4 in. (6.35 mm) 

ID, 1/8 in. ( 3.17 mm) long 

•Mounted as close as possible to base and emitter leads. 

Fig. 5— 470-MHz amplifier test circuit for measurement of power 

output for type 40965. 
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-1 0 -50 0 50 100 150 200 
CASE TEMPERATUREIT,)-- .0 92,„224. 

Fig. 6- berating curve for both types. 

DIMENSIONAL OUTLINE 

JEDEC TO-39 

TEMPERATURE 
MEASURING POINT Ws .5651, 

Note 1: This zone is controlled for automatic handling. The 

variation in actual diameter within this zone shall not 

exceed 0.010 in. ( 0.254 mm). 

Note 2: (Three leads) 0132 applies between li and 12. et, applies 
between 12 and 0.5 in. ( 12.70 mm) from seating plane. Note 4: Details of outline in this zone optional. 

SYMBOL 
INCHES MILLIMETERS 

NOTES 
MIN. MAX. MIN. MAX. 

ea 0.190 0.210 4.83 5.33 

A 0.240 0.260 6.10 6.60 

Rb 0.016 0.021 0.406 0.533 2 

ob2 0.016 0.019 0.406 0.483 2 

CD 0.350 0.370 8.89 9.40 

001 0.315 0.335 8.00 8.51 

h 0.009 0.041 0.229 1.04 

j 0.028 0.034 0.711 0.864 

k 0.029 0.040 0.737 1.02 3 

I 0.500 12.70 2 

11 0.050 127 2 

12 0.250 626 2 

P 0.100 2.54 1 

0 4 

o 454 NOM INAL 

0 904 NOM INAL 

Diameter is uncontrolled in f and beyond 0.5 n. 

(12.70 mm) from seeng plane. 

Note 3: Measured from maximum diameter of the actual 

device. 

TERMINAL CONNECTIONS 

LEAD 1 - EMITTER 

LEAD 2 - BASE 
LEAD 3 - COLLECTOR, CASE 
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ai 
r)L/LJ 

Solid State 
Division 

RCA HF-44 PACKAGE 

H-1779 

RF Power Transistors 

40967 
40968 

2-W and 6-W 470- MHz 
Silicon N- P-N Overlay Transistors 
For UHF Amplifier Service 

Features 

• All devices tested at infinite VSWR with rated power input 

and Vcc = 15.5 V 

• Devices capable of rated power output at elevated heat-sink 

temperatures 

RCA-40967 and 40968• are epitaxial silicon n-p-n planar 

transistors with overlay emitter-electrode construction. They 

are intended especially for uhf class C amplifier service in 

low-voltage-supply mobile applications. 

° Formerly RCA Dev. Nos, TA8562 end TA8563, respectivelY• 

MAXIMUM RATINGS, Absolute Maximum Values 

COLLECTOR-TO-BASE VOLTAGE   VCBO 
COLLECTOR-TO-EMITTER VOLTAGE: 

With base open   VCEO 

EMITTER-TO-BASE VOLTAGE   VEBO 

CONTINUOUS COLLECTOR CURRENT   IC 

TRANSISTOR DISSIPATION: PT 

At case temperatures up to 75°C   

TEMPERATURE RANGE: 

Storage and operating ( Junction)   

LEAD TEMPERATURE ( During soldering): 

At distances > 1/32 in. ( 0.8 mm) from seating plane for 10 s max . 

40967 40968 

36 36 V 

14 14 V 

3.5 3.5 V 

0.5 1.5 A 

5.7 10.7 

—65 to +200 —4. °C 

200 °C 
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ELECTRICAL CHARACTERISTICS, at Case Temperature (Tc) = 25°C 

STATIC 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS LIMITS 

UNITS 

DC 

Vo tage 

IVI 

DC 

Curren 

ImAI 

40967 40968 

VCE VEB 1E IB lc MIN. MAX. MIN. MAX. 

Collector-Cutoff Current: 

Base connected to 

emitter ICES 12.5 o — 1 — 5 mA 

Collector-to-Emitter 

Breakdown Voltage: 

With base open 
V(BR)CEO 

0 

0 

25 

7512 

14 

— 

— 

— 

— 

14 

— 

— 
V 

With base connected 

to emitter V(BR)CES 
0 

0 

25 
75a 

36 
_ 

— 
_ 

— 

36 

— 
_ 

E mitt er -to- Base Breakdown 

Voltage VIBRIEBO 
0.5 

1 

0 

o 
3.5 

— 
_ 

— 
— 
3.5 

— 
— 

V 

Thermal Resistance: 

(Junction-to-Case) ROJC — 22 — 11.7 °C/W 

Pulsed through a 25-mH inductor; duty factor 50% 

DYNAMIC 

TEST CONDITIONS SYMBOL 

DC COLLECTOR 

SUPPLY VOLTAGE 

1VCC) — V 

FREQUENCY40967 

(f) — MHz 

LIMITS 

UNITS .40968 

MIN. MAX. MIN. MAX. 

Power Output: 

PIE = 0.4 W (40967) 
2 W 1409681 POE 12.5 470 2 — 6 — W 

Collector Efficiency: 

POE = 2 W 1409671 

6 W (40968) n c 12.5 470 60 — 60 — % 

Collector-to-Base Output Capacitance Cob° 12.51VcE0 1 — 15 — 30 PF 

COLLECTOR SUPPLY VOLTAGE ( Vcc1•12.5 V UME 3" ...    3"  .. 
FREQUENCY 111•470 MHz 

..... :e d   

- "muffigaggi'Mr-9 .. 
.. us.  wa nn 

  ....  .... 
. — . sm_...... 

ZNSIIE@=   

ZEKIZ sr= .cusr 

T
 I
 P
 

: CASE TEMPERATURE  .„,  ... ... . ...,.... .,, ___, ,,, .„, ... 0. .4...-.... .............„.   ..„....„............ _ 
0 05 1 1.5 2 25 3 

POWER INPUT 1PIE1—W 
92CS-20416 

Fig. 1— Typical power output vs. power input 

at 470 MHz for both types. 

FREQUENCY 111•470 MHz 
CASE TEMPERATURE ( To •25.c 

  • 

_
 

P
O
W
E
R
 
O
U
T
P
U
T
 ZRZZEr-s*   2           :  

MMENISPe,               - 

Banff--

EmEMERIEBEILEF., 
100 200 300 400 

POWER INPUT 1PIE 1—rnW 

92CS-20229 

Fig.2—Typical power output vs. power input 

for 40967. 
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5 

POWER INPUT ( PIE )— W 

92CS- 202 30 

Fig.3—Typical power output vs. power input 
for 40968. 

NOTES: C3 placement as close to base lead as possible. 
C2 tapped 0.6 in. ( 15.24 mm) from base. 
C4 tapped 0.70 in. ( 17.78 mm) from collector. 

C1,3: 15 pF, American Technical Ceramics, ATC-100" 
C2,4,5: 2-18 pF,Amperex HT 10KA/21e 

C6: 300 pF, ATC-100e 
C7: 1000 pF, feedthrough 
C8: 0.0 1/4F ceramic disc 
L1: 0.22pH RFC 

•Or equivalent 

_L 

50 _ ce 

16.35, 
0.2 ,,* I m?, 

fICS-20232 

•Produced by etching upper layer 
of double copper-clad Teflon-fiber 
board, 0.0625 in. ( 1.58 mm) thick 
le = 2.6). 

L2: See Detail "A" 
L3: See Detail "8" 
L4: 10 turns No. 18 wire, 0.125 in. ( 3.17 mm) ID 
L5: Ferroxcube bead No. 56-590-65/ 4e over resistor lead 
R1: 0.47R, 1W 

Dimensions in parentheses are in millimeters and are derived 
from the original inch dimensions. 

Fig.4-470-MHz test amplifier for 40967 and 40968. 
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DIMENSIONAL OUTLINE FOR BOTH TYPES 

RCA HF-44 

41 

SEE NOTE 

92.1.10.74 

YM S BOL INCHES MILLIMETERS 
MIN. MAX. MIN. MAX. 

A 0.250 0.275 6.35 6.96 

Al 0183 0.173 4.141 4.394 

8 0.299 0.307 7.595 7.797 

b 0.221 0.229 5.614 5.816 

bi 0.110 0.115 2.794 2921 

C 0.0046 0.006 0.113 1152 

00 1370 0.390 9.40 /90 

001 0.320 0.3.93 8.128 8.382 

I. 1.010 1.055 26.42 2179 

L2 0.520 0.530 13.2011 13.482 

M 0070 0060 1.778 2.032 

M1 0.066 0.065 1.397 1.651 

N 0.456 0 475 11.56 12.06 

Nz ono 0130 2.54 130 

0 0.015 0.095 2.159 2.413 

.1 41 NOM. 

MILLIMETER DIMENSIONS ARE DERIVED FROM 
ORIGINAL INCH DIMENSIONS 

NOTE. PITCH DIA. OF en UNC.2A COATED THREAD 
{ASA 131. 1 19601 

TERMINAL CONNECTIONS 

Leads 1 & 3 - EMITTER 

Lead 2 - BASE 

Lead 4 - COLLECTOR 

WARNING: The ceramic bodies of these devices contain 

beryllium oxide. Do not crush, grind, or abrade these 

portions because the dust resulting from such action may 

be hazardous if inhaled. Disposal should be by burial. 
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Solid State 
Division 

RF Power Transistors 

40970 

44414i 

RCA H F-40 H-1781 

30-W,12.5-V,UHF Mobile, 

Silicon N- P-N Overlay Transistor 
With Internally Mounted Passive 

Input- Matching Network 

atures: 

• Internally mounted input "T" matching network 

using MOS capacitors, base-to-emitter 

• Low input CI and increased Rin for optimal broad-

band design and performance 

• 100% 00 : 1 load mismatch tested at rated Pín' 

with Vcc = 15.5 V 

• Emitter-ballasted, low Rex for added reliability 

RCA-40970 is a contoured epitaxial silicon n-p-n planar 

transistor featuring the overlay multiple-emitter-site con-

struction and emitter-ballasting resistors for improved rugged-

ness and increased overdrive capability. 

The 40970 features internally mounted base-to-emitter MOS 

capacitors which provide an individual "T" matching network 

for each base cell. This arrangement provides a high Rin and 

low input 0, which increases broadband performance capa-

bility. 

This transistor is intended for use in high-power, broadband 

mobile uhf amplifiers operating from a 12.5-volt supply. 

• Formerly RCA Dey. No. TA8172. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

COLLECTOR-TO-BASE VOLTAGE   

COLLECTOR-TO-EMITTER VOLTAGE   

EMITTER-TO-BASE VOLTAGE   

TRANSISTOR DISSIPATION: 

At case temperature up to 120°C   

At case temperature above 120°C   

TEMPERATURE RANGE: 

Storage and Operating (Junction)   

CASE TEMPERATURE (during soldering) 
For 10 s max.   230 °C 

VCBO 

V CEO 
VEB0 

PT 

36 

14 

3.5 

53.5 

Derate linearly at 0.67 wr c 

—65 to +200 °C 
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0 2 4 6 8 10 
INPUT POWER (PiEl—W 

12 
9285- 20658 

ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc) = 250C 

STATIC 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS 

LIMITS 
UNITS 

VOLTAGE 

V dc 
CURRENT 

mA dc 

VCE VEB IE tc Min. Max. 

Collector-to-Emitter 

Breakdown Voltage: 

With base open 
V(BR)CEO 0 200 14 — 

V 
With base connected 

to emitter V IBR)CES 200 36 — 

Emitter-to- Base Breakdown 

Voltage VIBRIEBO 25 3.5 — V 

Collector-Cutoff Current ICES 12.5 0 — 20 mA 

Thermal Resistance: 

(Junction-to-Case) ROJC — 1.5 0C/W 

DYNAMIC 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS LIMITS 

UNITS Supply 

Voltage 

IVcc)—V 

Input Power 

(PIE) - W 

Frequency 

If) - MHz Min. Typ. 

Power Output POE 12.5 10 470 30 — W 

Power Gain GPE 12.5 10 470 4.7 — dB 

Collector Efficiency liC 12.5 10 470 60 — % 

Load Mismatch 
(See Fig. 12) LM 15.5 10 470 Go/No Go 

Collector-to-Base 
Capacitance Cob° 'Mc& _ 1 110 ( max.) pF 

COLLECTOR SUPPLY VOLTAGE I Vcc/•12.5 V 
CASE TEMPERATURE Tc • 25°C 
FREQUENCY I 470 MHx 
AMPLIFIER RETUNED AT EACH INPUT LEVEL 

Fig. 1— Typical output power and collector efficiency vs. input power. 

COLLECTOR SUPPLY VOLTAGE 0/ccl• 12.5 V 
CASE TEMPERATURE ITc /• 25•C 
AMPLIFIER WAS TUNED AT 470 PAHr FOR MINIMUM 
INPUT VSWR AND MAXIMUM OUTPUT POWER 

450 460 470 4130 490 
FREQUENCY IT — MHz 9285- 20659 

Fig. 2—Typica broadband ou put power and collector efficiency vs. 

frequency for amplifier circuit shown in Fig. 3. 
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NOTE: Capacitors C3 and C4 are placed directly 

under Base and Collector leads to ground. 

C1, C2 : 2-18 pF, Amperes No. HT1.0MA/218 * 

C3 : 22 pF, disc, Allen-Bradley • 

C4 : 33 pF, disc, Allen-Bradley* 

C5 : 4.7 pF, disc, Allen-Bradley . 

C6 : 1000 pF, feedthrough 

C7 : 0.01 , disc, ceramic 

L1 : 0.22 pH RFC 

L2 Ferroxcube Bead No. 56-590-65/48* 

L3, L4 : See detail of construction ( Fig. 4) 

L5 : 10 turns, No. 20 wire, 0.187 in. 

(4.75 mm) ID 

R1 : 0.47 0, 1 w 

*Or equivalent Allen-Bradley Co., Milwaukee, Wisc. 
Amperex, Hicksville, N. Y. 

Ferroxcube Corp. of America, Saugerties, N. Y. 

Fig. 3-450-470-MHz broadband amplifier circuit. 

1.050 
126.671 

0.120 
(3.041 

1.000 
(25.4) 

0 585 
(14.851 

0.820 
(20.82) 

"iimi pen, 

1 521 

(4 061 0.425 
0.160 

0 060 

(10.791 
kp.650_ 

(16.511 

0300 
(7.621 

0.420 
110 661 

1.200 
(30 48) 
é  

1°2 100 e, 

92CS - 20667 

NOTE 1: Produced by etching upper layer of double copper-clad 

Teflon glass epoxy board: 1/16 in. ( 1.58 mm) thk, e = 2.6. 

NOTE 2: Dimensions in parentheses are in millimeters. 

Fig. 4-Detail construction of L 3 and L4 for 450-470-MHz broad-

band amplifier circuit of Fig 3. 

92C5-20669 
NOTE A 0.002-in. (0.05-mm) insulator must be used under each 

Emitter lead to prevent grounding of the microstrip lines 

(see Detail " A"). 

C1, C4 : 10 pF, disc, Allen-Bradley. 

C2 22 pF, disc, Allen-Bradley• 

C3, C6, C9 : 0.8-10 pF, Johanson* 

C5, C10 : 8.2 pF, disc, Allen-Bradley . 

C7 : 1000 pF, feedthrough 

C8 : 0.01 pF, disc, ceramic 

L1 : 0.22 pH RFC 

L2 : Ferroxcube Bead No. 56-590-65/48* 

L3, L4 : See detail of construction ( Fig. 6) 

L5 : 10 turns, No. 20 wire, 0.187 in. 

(4.75 mm) ID 

R • 0 47 ft 1 W 

Allen-Bradley Co., Milwaukee, Wisc. 

Amperes, Hicksville, N. Y. 

Ferroxcube Corp. of America, Saugerties, N.Y. 

Johanson Mfg. Corp., Boonton, N. J. 
INSULATOR 

EMITTER 
(TERMINAL il 

'Or equivalent 

BASE 
(TERMINAL 2) 

EMITTER 
(TERMINAL 3) INSULATOR 

TYPE 40970 92CS- 20670 

Detail A 
Fig. 5-Amplifier test circuit for measurement of output power, 

gain, efficiency, and load mismatch. 

2.25   
(57.151 

MICROSTRIP LINE 

COLLECTOR 
(TERMINAL 41 

0500   
(12.71 

0450 TYP 
()1.431 

92[5-20660 

NOTE 1: Produced by etching upper layer of double copper-clad 

Teflon glass epoxy board: 1/16 in. ( 1.58 mm) thk, e = 2.6. 

NOTE 2: Dimensions in parentheses are in millimeters. 

Fig. 6-Detail construction of L3 and L4 for amplifier test 

circuit of Fig. 5. 

4 ..-(6.351 
Q250 
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O
U
T
P
U
T
 
P
O
W
E
R
 
(
P
0
0
-

COLLECTOR SUPPLY VOLTAGE (Vco1•12.5 V   
CASE TEMPERATURE IT •25•C 

35  

30 

25 

20 

  NPUT  POWER (P E 6W   

15   

390 410 430 450 470 

FREQUENCY If 1—Mux 

COLLECTOR SUPPLY VOLTAGE ( Vœ1•12 5 V   
FREQUENCY (fl• 470 MHz 

490 510 530 0 20 40 60 80 100 120 
CASE TEMPERATURE ( Tc1— •C 

92 CS -20661 

Fig. 7— Typical output power vs. frequency. 

FREQUENCY 111• 470 MHz 
CASE TEMPERATURE ( To 1 25. C 
INPUT POWER (P/E1 IOW 

92C5- 20662 

Fig. 8— Typical output power vs. case temperature. 

6 e 10 12 14 16 

COLLECTOR SUPPLY VOLTAGE (Vool —V 

92CS- 20663 

Fig. 9— Typical output power vs. collector supply voltage. 

COLLECTOR SUPPLY VOLTAGE ( Vcc1•12 5 V 
INPUT POWER ( PIE • 10 W 

CASE TEMPERATURE ( Tcl• 25•C 

380 400 420 440 460 480 

FREQUENCY al— M/9 
500 520 

92CS -20664 

Fig. 10— Typical large-signal series input impedance vs. frequency. 

400 420 440 460 480 500 520 

92CS- 20665 

COLLECTOR SUPPLY VOLTAGE (Vcc > 12.5 V 
OUTPUT POWER POE 31.5 W 
CASE TEMPERATURE TO 25•C 

FREQUENCY (1)— MHz 

Fig. 11— Typical collector load resistance and collector load reactance 

vs. frequency. 
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SPECIAL PERFORMANCE DATA 

470-Mkt 
SIGNAL 
SOURCE 

•-«e• CIRCULATOR 
470- MN: 
AMPLIFIER -0 POWER METER 

> 
sTu„Tri-

The transistor must withstand any load mismatch provided by 

the following test conditions: 

1. The test is performed using the arrangement shown. 

2. The tuning stub is varied through a half wavelength, which 

effectively varies the load from an open circuit to a short 

circuit. 

3. Operating conditions: Vcc = 15.5 V, rf input power = 10 W. 

4. Transistor dissipation rating must not be exceeded during 
92CS-19.18 the above test so that the transistor will not be damaged 

or degraded. 

Fig. 12-Test set-up for testing load-mismatch capability. 

DIMENSIONAL OUTLINE 

•Fab›1*  

TERMINAL No. I 

TERMINAL No.4 

TERMINAL No.2 

g 
92C S- 20666 

L2 

WARNING: The ceramic body of this device contains 

beryllium oxide. Do not crush, grind, or abrade this 

portion because the dust resulting from such action may 

be hazardous if inhaled. Disposal should be by burial. 

SYMBOL 
INCHES MILLIMETERS 

MIN. MAX. MIN. MAX. 

A 0.260 0.280 6.604 7.112 

b 0.153 0.157 3.866 3.987 

b1 0.210 0.220 5.334 5.588 

b2 0.203 0.207 5.156 5.257 

0.006 0.007 0.153 0.178 

D 0.240 0.250 6.096 6.350 

.)13 0.490 0.510 12.446 12.954 

e 0.070 0.080 1.778 2.032 

41 0.045 0.055 1.143 1.397 

F 0.165 0.185 4.191 4.699 

L 0.970 0.990 24.638 25.146 

L2 1.430 1.470 36.322 37.338 

L3 0.070 0.080 1.778 2.032 

.:,P 0.115 0.125 2.921 3.175 

cl 0.723 0.728 18.364 18.491 

R 0.120 0.130 3.048 3.302 

B 450 450 

TERMINAL CONNECTIONS 

Terminals No. 1 & 3 - Emitter 

Terminal No. 2 - Base 

Terminal No. 4 - Collector 
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Solid State 
Division 

RF Power Transistors 

40972 40973 40974 

40973 
40914 

RCA HF-44 

40972 

JEDEC TO-39 

H•1381 H,1779 

1.75-00-, and 25-W, 175- MHz 

Silicon N- P-N Overlay Transistors 

For High-Power VHF Amplifiers 

Features: 

• Designed for yhf mobile transmitters 

• 25 W (min.) output at 175 MHz (Vcc = 12.5 V) 

• Infinite VSWR load-tested at constant input power, 

f = 175 MHz, Vcc = 15.5 V 140974) 

RCA-40972, 40973, and 40974 are epitaxial silicon 

n- p-n planar transistors of the overlay emitter-electrode 

construction. They are intended for high- power-output 

vhf class C amplifier service in low-voltage-supply 

applications. 

MAXIMUM RATINGS, Absolute Maximum Values: 

These devices are especially intended for use in vhf mobile 

transmitters operating from a 12.5-volt. supply. The 40973 

and 40974 are emitter-ballasted, and all 40974 units are 

tested at constant input power If = 175 MHz, Vcc = 15.5 V, 

infinite load VSWR). 

COLLECTOR-TO-EMITTER BREAKDOWN VOLTAGE: 

With base shorted to emitter   

With base open   

EMITTER-TO-BASE VOLTAGE   

CONTINUOUS COLLECTOR CURRENT   

TRANSISTOR DISSIPATION: 

At case temperatures up to 750C   

At case temperatures above 750C, derate linearly   

TEMPERATURE RANGE: 

Storage and operating (Junction)   

LEAD TEMPERATURE ( During soldering): 

At distances > 1/32 in. (0.8 mm) from seating plane for 

10 s max.   

40972 40973 40974 

VIBRICES 36 36 36 V 

V(BRICE0 14 14 14 V 

VEBO 3.5 3.5 3.5 V 

IC 0.33 4.5 5 A 

PT 

3.5 25 35.7 W 

0.028 0.2 0.286 W/0C 

65 to +200  OC 

230   OC 
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ELECTRICAL CHARACTERISTICS, At Case Temperature (TC) = 25°C 

STATIC 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS LIMITS 

UNITS 
Voltage 

V dc 

Current 

mA dc 
40972 40973 40974 

VcE VEB IE Ig IC MIN. MAX. MIN. MAX. MIN. MAX. 

Collector Cutoff Current: 

Base connected to emitter ICES 12.5 0 0 — 1 — 10 — 10 mA 

Collector-to- Emitter 

Breakdown Voltage: 

With base open V(BR)CEO 

0 

0 

25a 

200 

14 

— 

— 

— 

_ 

14 

_ 

— 

_ 

14 

_ 

— 
V 

With base connected 

to emitter V(BR)CES 0 
25a 

200 

36 

— 

— 

— 

— 

36 

— 

— 

— 

36 

— 

— 

Emitter-to- Base Breakdown 

Voltage V(BR)EBO 
0.5 

5 

0 

0 

3.5 

— 

— 

— 

— 

3.5 

— 

— 

— 

3.5 

— 

— 
V 

Thermal Resistance: 

(Junction-to- Case) ROJC — 35.7 — 5 — 3.5 °C/W 

a pulsed through a 25-mH Inductor. duty factor = 50% 

DYNAMIC 

TEST & CONDITIONS SYMBOL 

OC COLLECTOR 

SUPPLY VOLTAGE 

(Vcc) — Y 

FREQUENCY 

If)- MHz 

LIMITS 

UNITS 40972 40973 40974 

MIN. MAX. MIN. MAX. MIN. MAX. 

Output Power: 

PIE = 0.1 W (40972) 
1.75 W (40973) 

9 W (40974) 

POE 12.5 175 1.75 — 10 — 25 — W 

Large-Signal Common-

Emitter Power Gain: 

POE = 1.75 W (40972) 

10 W (40973) 

25 W (40974) 

GPE 12.5 175 12.4 — 7.6 — 4.5 — dB 

Collector Efficiency: 

POE =1.75 W (40972) 
10 W (40973) 

25 W (40974) 

Tic 12.5 175 50 — 60 — 60 — % 

Collector-to- Base 

Output Capacitance Cobo 12.5 ( Vcg) 1 — 15 — 30 — 80 pF 
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8 9 10 I 12 3 
COLLECTOR TO-EMITTER VOLTAGE ( VcE)-

14 

92CS-20419 

Fig.1—Typical output power vs. supply 

voltage for RCA-40972 in the cir-

cuit of Fig 4. 

FREQUENCY ( I. 75 M11 
CASE TEMPERATURE Tc)•25 •C 

3 4 5 6 7 8 9 10 
INPUT POWER (PIE 1—W 

92CS- 20418 

Fig.3—Typical output power and collector 

efficiency vs. input power for 

RCA-40974 iq the circuit of Fig 5. 

I 5 2 
INPUT POWER PIE — W 

2.5 

92CS- 20417 

Fig2—Typical output power and collector 

efficiency vs. input power for 

RCA-40973 in the circuit of Fig. 5. 

CI, 2, 3. 4, 7- 35 pF ARCO 403, or equivalent 

C5: 1,000 pF )eedthrough 

C6: 0.1305 siF disc ceramic 

Ls: 2 turns No. 16 wire, 3/16 in. 14.76 mm) ID, 1/4 in. ( 6.35 mm) long 

L2: 2 = 450 n Ferrocube V K-200-09/38, or equivalent 

1.3: 2 turns No. 14 wire, 1/4 in. ( 6.35 mm) ID, 5/16 in. ( 7.93 mm) 

Le: 3 turns No. 14 wire, 3/8 in. ( 9.52 mm) ID, 3/8 in. ( 9.52 mm) long 

Fig.4-175-MHz amplifier test circuit for measurement of output 

power from RCA-40972. 

Cs: 7-100 pF, ARCO 423, or equivalent 

C7: 4-40 pF, ARCO 422. or equivalent 

C3: 0.1 siF ceramic 

C4: 0.001 MF feedthrough 

C5: 150 pF, ATC-100-8-150, or equivalent 

C6: 14-150 pF, ARCO 424, or equivalent 

C7: 24-200 pF, ARCO 425, or equivalent 

Ls: 1/2 turn No. 14 wire, 1/4 in. ( 6.35 mm) ID 

L2: RFC, Z = 4500. Ferrovcube VK-200-09/38, or equivalent 

T1 : Twisted pair of No. 20 enameled wire; 14 turns/in. 

Formed in a loop 3/8 in. 19.52 mm) diameter, cross connected 

(End of one winding connected to beginning of other) 

Fig.5-175-MHz amplifier test circuit for measurement of output power and collector efficiency of 

RCA-40973 and 40974. 
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DIMENSIONAL OUTLINE FOR 40972 

JEDEC TO-39 

seteî 

SYMBOL INCHES MILLIMETERS 
NOTES MIN. MAX. MIN. MAX. 

a. 0.190 0.210 453 533 
A 0.240 0.280 6.10 6.80 
kb 0.016 0.021 0.406 0.533 2 
0/3 0.016 0.019 0406 0.483 2 
•D 0.360 0370 8.89 9.40 
401 0315 0.1» 8.00 8.51 
A 0.009 0.125 4229 118 

I 0.028 0034 0.711 ea« 
k 0.029 0040 0.737 1.02 3 
I 0.500 12.70 2 

II 0050 1.27 2 
12 0.250 635 2 
P 0 100 2.54 1 
O 4 
a 46. NOMINAL 

0 90. NOMINAL 

Note 1 This zone is controlled for automatic handling. The variation 

in actual diameter within this zone shall not exceed 0.010 in. 

(0.254 mm). 

Note 2 (Three leads) an applies between 11 and 12. 4,b applies 

between 12 and 0.5 in. ( 12.70 mm) from seating plane. 

Diameter is uncontrolled in I and beyond 0.5 in. ( 12.70 

mm) from seating plane. 

Note 3 Measured from maximum diameter of the actual device. 

Note 4 Details of outline in this zone optional. 

TERMINAL CONNECTIONS 

LEAD 1 - EMITTER 

LEAD 2 - BASE 

LEAD 3 - COLLECTOR, CASE 

DIMENSIONAL OUTLINE FOR 40973 AND 40974 

RCA HF-44 

H, 

92CS 20,>6 

SYMBOL INCHES MILLIMETERS 
MIN. MAX MIN. MAX. 

A 0.250 0275 6.35 6.98 
A1 0183 0.173 4.141 4.394 
B 0.299 0.307 7.595 7.797 
b 0.221 0.229 5.614 5.816 

.1 0.110 ells 2.794 2521 
C 0.0045 0.008 0.113 0152 
013 0.370 0.390 9.40 9.90 
001 0.320 0.330 8.128 8.382 
L 1.040 1.066 21.42 26.79 
L2 0.520 0.530 13.208 13.482 
M 0.070 eoeo 1.778 2032 
MI 0.035 0.085 1.397 1.661 
N 0.466 0.475 11.58 12.06 

62 0.100 0.130 2.54 3.30 
0 0.085 0.096 2.159 2.413 
Al 4.5 NOM. 45° NOM. 

MILLIMETER DIMENSIONS ARE DERIVED FROM 
ORIGINAL INCH DIMENSIONS 

NOTE, PITCH DIA. OF 8-32 UNC.2A COATED THREAD 

IASA B1. 1.19801 

TERMINAL CONNECTIONS 

LEADS 1 & 3 - EMITTER 

LEAD 2 - BASE 

LEAD 4 - COLLECTOR 

WARNING: The bodies of types 40973 and 40974 

contain beryllium oxide. Do not crush, grind, or abrade 

that portion because the dust resulting from such action 

may be hazardous if inhaled. Disposal should be by burial. 
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  File No. 606 

Solid State 
Division 

RF Power Transistors 

40975 40976 40977 

40975 
40976 
JE DEC TO-39 

H-1381 

40977 
RCA HF-44 

H 1779 

0.05-50.5-, and 6-W, 118-136 - MHz 

Silicon N- P-N Overlay Transistors 

For High-Power VHF Amplifiers 

Features: 
• Designed for vhf aircraft transmitters 

• 6 W ( min.) output at 118 MHz ( 12.5-V supply) 
• Infinite VSWR load-tested at constant input power, 

f = 118 MHz, Vcc = 25 V (40977) 

RCA-40975, 40976, and 40977 are epitaxial silicon n-p-n 

planar transistors of the overlay emitter electrode con-

struction. They are intended for high-power-output, vhf, 

class C amplifier service in low-voltage-supply applications. 

MAXIMUM RATINGS, Absolute Maximum Values: 

COLLECTOR-TO-EMITTER BREAKDOWN VOLTAGE: 

With base shorted to emitter 

These devices are especially intended for use in vhf AM 

transmitters operating from a 12.5-volt supply. The 40977 

is emitter-ballasted, and all 40977 units are tested at constant 

input power ( f = 118 MHz, Vcc = 25 V, infinite load VSWR). 

40975 40976 40977 

V(BR)CES 55 60 60 V 

With base open   V(BR)CEO 30 30 30 V 

EMITTER-TO-BASE VOLTAGE  VEBO 3.5 3.5 3.5 V 

CONTINUOUS COLLECTOR CURRENT   IC 0.4 0.5 5 A 

TRANSISTOR DISSIPATION: PT 

At case temperatures up to 75°C   3.5 5 25 W 

At case temperatures above 75°C, derate linearly   0.028 0.04 0.2 W/°C 

TEMPERATURE RANGE: 

Storage and operating (Junction)   

LEAD TEMPERATURE ( During soldering): 

At distances > 1/32 in. (0.8 mm) from seating plane for 

10 s max  

10 

9 

08 

Fe 6 
a 

3 
5 

4 

FREQUENCY if i • 118-136 MHz cw 
INPUT POWER ( PIN • 5 onW 
COLLECTOR SUPPLY VOLTAGE Vcc) 12.5 V 
CASE TEMPERATURE ( Tc i • 25 .0 

118 124 130 
FREQUENCY I i— MHz 

92C5- 206I I 

Fig.1 — Typical power output vs. frequency 
for amplifier shown in fig .3 

136 

  65 to +200 °C 

  230  oc 

100 

95 

90 
o 

51 85 

o o 
80 

75 

70 

FREQUENCY If I•118-136MHz am 
INPUT POWER ( PIN ) • 5 m1/4 
COLLECTOR SUPPLY VOLTAGE1Vcc )• 12 5 V   
MODULAI ON FREQUENCY 1 kHz 
CASE TEMPERATURE IT ) 25 C 

MUNN: 

118 124 130 

FREQUENCY if i — MHz 

92C3-20012 

Fig.2 — Typical modulation characteristics 
for amplifier shown in Fig.3 

136 
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ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc) 25°C 

STATIC 

CHARACTERISTIC SYMBOL 

TEST CONDITIONS LIMITS 

UNITS 
DC 

Voltage 
V 

DC 
Current 

mA 

40975 40976 40977 

VCE VEB IE 113 lc MIN. MAX. MIN. MAX. MIN. MAX. 
Collector-Cutoff Current: 

Base connected to emitter ICES 12.5 o — 0.1 — 1 _ 10 mA 

Collector- to- Emitter 

Breakdown Voltage: 

With base open V(BR)CEO 

0 

0 

5 

200" 

30 - 30 - 

- 

- 

30 - 
V 

With base connected 

to emitter VIBRICES 0 

5 

200" 

55 - 60 

- 60 - 

Emitter- to- Base Breakdown 

Voltage V(BR)EBO 

0.5 

5 

0 

0 

3.5 - 3.5 - 

3.5 - V 

Thermal Resistance: 

I.Junction•to-Case) ROJC 35.7 - 25 - 5 ociw 

a Pulsed through a 25-mH inductor; duty factor = 50%. 

DYNAMIC 

TEST & CONDITIONS SYMBOL 

DC COLLECTOR 

SUPPLY VOLTAGE 

(VCC) - V 

FREQUENCY40975 

(f) - MHz 

LIMITS 

UNITS 40976 40977 

MIN. MAX. MIN. MAX. MIN. MAX. 

Power Output: 

PIE = 0.005 W 140975) 
0.05 W 140976) 
0.5 W (40977) 

1.2 W 140977) 

POE 12.5 

12.5 
12.5 
25 

118 
0.05 

- 
- 

- 

- 
- 

- 

- 

0.5 
- 

- 

- 

- 
- 

- 

- 

- 
6 

22b 

- 

- 
- 

W 

Large-Signal Common. 
Emitter Power Gain: 

POE = 0.05 W (40975) 
0.5 W (40976) 

6 W (40977) 

GPE 
12.5 118 10 - 10 - 10.8 - 

dB 

Collector Current: 

POE = 0.05 W (40975) 
0.5 W (40976) 
6 W (40977) 

IC 12.5 118 - 60 - 140 - 950 
mA 

Collector Efficiency: 

POE ' 6 W (40977) r(C 25 118 - 55 - % 

Collector-to- Base 

Output Capacitance Cobo 12.5 ( Vcg) 1 - 4 - 15 - 30 pF 

b Pulsed Input: Rep. rate = 1 kHz 

Envelope shape = Square wave 
Duty factor = 50% 
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CI, C2, Cg, Cii: 1,000 pF feedthrough 
C3: 0.02 irF disc ceramic 
C4: 250 pF silver mica 
C5: 300 pF disc ceramic 
C6: 2-18 pF Amperes, or 

equivalent 
C7: 50 pF silver mica 
Cg: 68 pF silver mica 

C10: 120 pF silver mica 
C12: 6-80 pF, ARCO 

405, or equivalent 
C13: 62 pF silver mica 

VCC'12 5V 

Ci: 0.2 RF disc ceramic 
C2: 470 pF feedthrough 
C3: 250 pF silver mica 
C4: 300 pF disc ceramic 
C5: 50 pF silver mica 
C6: 39 pF silver mica 

Di: 1N5397, or equivalent 

Li: 8 turns No.20 wire, 
3/16 in. ID, 3/4 in. 

long; tap 1-1/2 turns 
from Vcc side 

L2 1 turn through Ferroxcube 
ferrite bead No.56-690-65/48, 
or equivalent 

L3: 7 turns No.20 wire, 3/16 in. ID, 

5/8 In, long; tap 1.1/2 turns 

from Vcc side 

4,, 

92CS- 20613 

L4: Z = 450 Ferroxcube No. 

VK200-09/3B, or equivalent 

L5: 10 turns No. 20 wire, 3/16 in. ID, 5/8 in. 
long; tap 3 turns from output side 

L6: 3 turns No. 20 wire, 3/16 in.ID 1/4 in. long 

Ri, R5: 15 0, 1/2 W carbon 
R2: 1.5 KU, 1/2 W carbon 
R3: 470 0, 1/2 W carbon 
R4: 47 It, 1/2 W carbon 

Fig.3 — 118-to- 136 MHz, 6-W AM amplifier for aircraft equipment. 

Li: 8 turns No.20 wire, 3/16 in. ID, 
5/8 in. long CT 

Ri: 1.5 1/2 W carbon 
R2: 470 0, 1/2 W carbon 
R3: 47 U, 1/2 W carbon 

Vcc .125V 

(zG• sow 

C4 50 SI) 

RCA 
40976 

92C5-20615 

Ci: 1,000 pF feedthrough Li: 8 turns No.20 wire, 3/16 in. ID, 5/8 in. 
C2: 0.05 AF disc ceramic long; tap 3 turns from ground 
C3: 50 pF silver mica L2: 7 turns No.20 wire, 3/16 in. ID, 5/8 in. 

C4: 68 pF silver mica long; tap 3-3/4 turns from collector 
L3: 1 turn ferrite choke, Ferroxcube Corp. 

ferrite bead No. 56-590-65/48, or 
equivalent 

Fig.4 — 118-MHz amplifier test circuit for 40975. Fig.5 — 118-MHz amplifier test circuit for 40976. 
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Vcc • I2.5 V 

IZG• 5001 

C4 
L2 

C 3 

Cs 

IC2 

RCA 
40977 

L4 

C6 (ZL . 50 al 

C7 

L5 

9205-20616 

C1: 0.05µF disc ceramic 
C2: 1,000 pF feedthrough 

C3: 7.5 pF disc ceramic 
C4: 68 pF molded mica 
C5: 120 pF silver mica 
C5: 62pF silver mica 
C7: 8-60 pF ARCO 405, or equivalent 
L1: Z = 750 1--1, Ferroxcube VK200-10/38, 

or equivalent 

L2: 7 turns No.20 wire, 3/16 in. ID, 5/8 in. 
long; tap 1-1/2 turns from ground side 

L3: Z = 450 s-2, Ferroxcube VK200-0938, or 
equivalent 

L.4: Nine 3/4-turns No.20 wire, 3/16 in. ID, 
13/16 in. long; tap 3 turns from output side 

L5: 3 turns No.20 wire, 3/16 in.ID, 3/8 in. long 

Fig.6 — 118-MHz amplifier test circuit for 40977. 

DIMENSIONAL OUTLINE FOR 40975 and 40976 

JEDEC TO-39 RCA HF-44 

DIMENSIONAL OUTLINE FOR 40977 

lEmPERATURE 
MEASURING POINT 111,, 

o 

0.190 

0 240 

0 016 

0 016 

0 350 

0 315 

0 009 

0 028 

0 029 

0 500 

0 210 483 533 

0 260 610 660 

0 021 0 406 0 533 

0 019 0 406 0 483 

0 370 889 940 

0 335 00 851 

0 125 0 229 318 

0 034 0 711 0 864 

0040 0 237 1 01 

12 70 

0 050 1 27 

6 35 

254 

460 NOMINAL 

904 NOMINAL I I 

3 

4 

Note 1 This zone is controlled for automatic handling. The variation 

in actual diameter within this zone shall not exceed 0.010 in. 

(0.254 mm). 

Note 2 (Three leads) 002 applies between II and 12 tob applies 

between 12 and 0.5 in. ( 12.70 mm) from seating plane. 

Diameter is uncontrolled in II and beyond 0.5 n. ( 12.70 

mm) from seating plane. 

Note 3 Measured from maximum diameter of the actual device. 

Note 4 Details of outline in this zone optional. 

TERMINAL CONNECTIONS 

LEAD 1 — EMITTER 

LEAD 2 — BASE 

LEAD 3 — COLLECTOR, CASE 

SYMBO L  INCHES MILLIMETERS 
MIN. MAX. MIN. MAX. 

A e250 0.275 6.36 6.98 

AI 0 163 9173 4.141 4.394 

8 9299 ctaitz 7.595 7.797 

b 9221 0.229 5914 5816 
bi 0 110 0.116 2.794 2921 
C 0.0046 6006 0.113 0 152 

oD 0.370 0.390 9.40 9.90 

oDI 6320 0330 8.128 8 382 

L 1.040 1.065 26.42 26.79 

L2 0520 0.530 13.208 13062 

M 0.070 0.090 1.778 2932 

MI 9055 0.085 1997 1.651 

N 9455 0.475 11.56 1206 

N2 0.100 0.130 2.54 330 

a 9085 0.096 2.159 2.413 

«1 45 NOM. 45 NOM 

MILLIMETER DIMENSIONS ARE DERIVED FROM 
ORIGINAL INCH DIMENSIONS 

NOTE PITCH DIA OF 832 UNC 20 COATED THREAD 

'ASA 81 1 19601 

WARNING: The body of type 40977 contains beryllium oxide. 

Do not crush, grind, or abrade that portion because the dust 

resulting from such action may be hazardous if inhaled. Dis-

posal should be by burial. 

TERMINAL CONNECTIONS 

LEADS 1 8, 3 - EMITTER 

LEAD 2 — BASE 

LEAD 4 — COLLECTOR 
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'ECM 
Solid State 
Division 

RF Power Hybrid Modules 

R47M10, R47M13,R47M15 

H-1782 

10-W, 13-W, and 15-W 
Integrated UHF Power Amplifiers 
For 12.5-V Operation 

Features: 

• High power output 

• High power gain 

• High collector efficiency 

• Infinite load VSWR capability 

• 50-S2 input and output impedances 

• Small size for high packing density 

RCA-R47M10, R47M13, and R47M15 are complete solid-

state hybrid integrated power amplifiers for use in mobile 

communications equipment. Each amplifier consists of three 

cascaded stages interconnected by matching networks that 

use microstrip lines and thick-film capacitors on alumina 

substrates. 

Formerly RCA Dec. Nos TA8712, TA8713, and TA8425. 
respectively. 

When incorporating RCA Solid State Devices in equipment, it es 
recommended that the designer refer to "Operating Considerations for 
RCA Solid State Devices". Form No. 10E-402, available on request 
from RCA Solid State Division. Bos 3200, Somerville, N.J. 08876. 

ELECTRICAL CHARACTERISTICS: 

DIMENSIONAL OUTLINE 

-r-
0 82 

0.175 

0.275 

2.65 
2.405 

TOP 

2 SLOTS 
0.14 

1111 
4_0.200 
ALL LEAD 
LOC. 0.015 

0.70 

0.061 13.3 Mr'? 

COVER 

BASE 

LDEIAAD:"'- 1.--:-1 I 0.067 

0.020 
10.002 

1:163.C.72 
ir bIN 2 3 I 4567 

0.29 

Li • • I •• •• . •  

FREQUENCY RANGE   

POWER OUTPUT   (Min.) 

SUPPLY VOLTAGE   (Nom.) 
POWER GAIN   (Min.) 

OVER-ALL EFFICIENCY  ¿(Min.) 
)(Typ.) 

OUTPUT LOAD VSWR CAPABILITY AT 14 V 

STABI LITY   

INPUT AND OUTPUT IMPEDANCES   
INPUT VSWR 
OPERATING TEMPERATURE RANGE   

POWER OUTPUT TEMPERATURE SLUMP: 

Slump @ Tc = 80°C 

Slump @ Tc = 100°C 

SECOND HARMONIC 

(Max  I 

(Max) 

(Max  I 

(Max  

0.017 0.107 
10010 

92GS-1996551 

PIN 
NO. FUNCTION 

1 RF OUTPUT 
2 GROUND 
3 A+ 
4 GROUND 
5 GAIN CONTROL 
6 GROUND 
7 RF INPUT 

R47M10 R47M13 R47M15 

440-470 

10 
12.5 
20 
35 
40 

440-470 

13 
12.5 
20 
35 
40 
001 00:1 

Stable for Vcc and/or Vcontroi of 
5-15 V and Pin of 10-200 mW 

50 50 50 
2:1 2:1 2:1 

—35 to 100 

440-470 

15 
12.5 
20 
35 
sto 

0.5 dB below ROUT W Tc = 25°C 

1.0 dB below POUT @ Tc = 25°C 

—25 —25 —25 

MHz 

V 
dB 

nC 

dB 
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DUCEM RF Power Transistors 
Solid State 
Division Application Note 

10E-402 

Operating Considerations for 

RCA Solid State Devices 

Solid state devices are being designed into an increasing 

variety of electronic equipment because of their high 
standards of reliability and performance. However, it is 
essential that equipment designers be mindful of good 
engineering practices in the use of these devices to achieve 

the desired performance. 
This Note summarizes important operating recommen-

dations and precautions which should be followed in the 
interest of maintaining the high standards of performance of 
solid state devices. 

The ratings included in RCA Solid State Devices data 
bulletins are based on the Absolute Maximum Rating 

System, which is defined by the following Industry Standard 
(JEDEC) statement: 

Absolute-Maximum Ratings are limiting values of opera-
ting and environmental conditions applicable to any electron 
device of a specified type as defined by its published data, 

and should not be exceeded under the worst probable 
conditions. 

The device manufacturer chooses these values to provide 
acceptable serviceability of the device, taking no responsi-
bility for equipment variations, environmental variations, and 
the effects of changes in operating conditions due to 
variations in device characteristics. 

The equipment manufacturer should design so that 
initially and throughout life no absolute-maximum value for 
the intended service is exceeded with any device under the 
worst pa.bable operating conditions with respect to supply-

voltage variation, equipment component variation, equip-
ment control adjustment, load variation, signal variation, 

environmental conditions, and variations in device charac-
teristics. 

It is recommended that equipment manufacturers consult 
RCA whenever device applications involve unusual electrical, 
mechanical or environmental operating conditions. 

GENERAL CONSIDERATIONS 
The design flexibility provided by these devices makes 

possible their use in a broad range of applications and under 
many different operating conditions. When incorporating 

these devices in equipment, therefore, designers should 
anticipate the rare possibility of device failure and make 
certain that no safety hazard would result from such an 

occurrence. 
The small size of most solid state products provides 

obvious advantages to the designers of electronic equipment. 
However, it should be recognized that these compact devices 

usually provide only relatively small insulation area between 
adjacent leads and the metal envelope. When these devices 
are used in moist or contaminated atmospheres, therefore, 
supplemental protection must be provided to prevent the 
development of electrical conductive paths across the 
relatively small insulating surfaces. For specific information 
on voltage creepage, the user should consult references such 
as the JEDEC Standard No. 7 "Suggested Standard on 
Thyristors," and JEDEC Standard RS282 "Standards for 
Silicon Rectifier Diodes and Stacks". 

The metal shells of some solid state devices operate at the 
collector voltage and for some rectifiers and thyristors at the 
anode voltage. Therefore, consideration should be given to 
the possibility of shock hazard if the shells are to operate at 
voltages appreciably above or below ground potential. In 
general, in any application in which devices are operated at 
voltages which may be dangerous to personnel, suitable 
precautionary measures should be taken to prevent direct 
contact with these devices. 

Devices should not be eonnected into or disconnected 
from circuits with the power on because high transient 

voltages may cause permanent damage to the devices. 

TRANSISTORS WITH FLEXIBLE LEADS 

Flexible leads are usually soldered to the circuit 
elements. It is desirable in all soldering operations to provide 
some slack in- an expansion elbow in each lead, to prevent 
excessive tension on the leads. It is important during the 
soldering operation to avoid excessive heat in order to 
prevent possible damage to the devices. Some of the heat can 
be absorbed if the flexible lead of the device is grasped 
between the case and the soldering point with a pair of pliers. 

TRANSISTORS WITH MOUNTING FLANGES 

The mounting flanges of JEDEC- type packages such as 

the TO-3 or TO-66 often serve as the collect& or anode 
terminal. In such cases, it is essential that the mounting 
flange be securely fastened to the heat sink, which may be 
the equipment chassis. UNDER NO CIRCUMSTANCES, 

HOWEVER, SHOULD THE MOUNTING FLANGE BE 
SOLDERED DIRECTLY TO THE HEAT SINK OR 

CHASSIS BECAUSE THE HEAT OF THE SOLDERING 
OPERATION COULD PERMANENTLY DAMAGE THE 
DEVICE. 

Such devices can be installed in commercially available 
sockets. Electrical connections may also be made by 
soldering directly to the terminal pins. Such connections may 
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be soldered to the pins close to the pin seals provided care is 
taken to conduct excessive heat away from the seals; 
otherwise the heat of the soldering operation could crack the 
pin seals and damage the device. 

During operation, the mounting-flange temperature is 
higher than the ambient temperature by an amount which 
depends on the heat sink used. The heat sink must have 
sufficient thermal capacity to assure that the heat dissipated 
in the heat sink itself does not raise the device mounting-
flange temperature above the rated value. The heat sink or 
chassis may be connected to either the positive or negative 
supply. 

In many applications the chassis is connected to the 
voltage-supply terminal. If the recommended mounting 
hardware shown in the data bulletin for the specific 
solid-state device is not available, it is necessary to use either 
an anodized aluminum insulator having high thermal con-
ductivity or a mica insulator between the mounting-flange 
and the chassis. If an insulating aluminum washer is required, 
it should be drilled or punched to provide the two mounting 
holes for the terminal pins. The burrs should then be 
removed from the washer and the washer anodized. To insure 
that the anodized insulating layer is not destroyed during 
mounting, it is necessary to remove the burrs from the holes 
in the chassis. 

It is also important that an insulating bushing, such as 
glass-filled nylon, be used between each mounting bolt and 
the chassis to prevent a short circuit. However, the insulating 
bushing should not exhibit shrinkage or softening under the 
operating temperatures encountered. Otherwise the thermal 
resistance at the interface between transistor and heat sink 
may increase as a result of decreasing pressure. 

PLASTIC POWER TRANSISTORS AND THYRISTORS 
RCA power transistors and thyristors (SCR's and triacs) 
molded-silicone-plastic packages are available in a wide 

range of power-dissipation ratings and a variety of package 
configurations. The following paragraphs provide guidelines 
for handling and mounting of these plastic-package devices, 
recommend forming of leads to meet specific mounting 
requirements, and describe various mounting arrangements, 
thermal considerations, and cleaning methods. This informa-
tion is intended to augment the data on electrical character-
istics, safe operating area, and performance capabilities in the 
technical bulletin for each type of plastic-package transistor 
or thyristor. 

Lead- Forming Techniques 
The leads of the RCA VERSAWATT in-line plastic 

packages can be formed to a custom shape, provided they are 
not indiscriminately twisted or bent. Although these leads 
can be formed, they are not flexible in the general sense, nor 
are they sufficiently rigid for unrestrained wire wrapping 

Before an attempt is made to form the leads of an in-line 
package to meet the requirements of a specific application, 
the desired lead configuration should be determined, and a 
lead-bending fixture should be designed and constructed. The 
use of a properly designed fixture for this operation 

eliminates the need for repeated lead bending. When the use 
of a special bending fixture is not practical, a pair of 
long-nosed pliers may be used. The pliers should hold the 
lead firmly between the bending point and the case, but 
should not touch the case. 

When the leads of an in-line plastic package are to be 
formed, whether by use of long-nosed pliers or a special 
bending fixture, the following precautions must be observed 
to avoid internal damage to the device: 

1. Restrain the lead between the bending point and the 
plastic case to prevent relative movement between the 
lead and the case. 

2. When the bend is made in the plane of the lead 
(spreading), bend only the narrow part of the lead. 

3. When the bend is made in the plane perpendicular to that 
of the leads, make the bend at least 1/8 inch from the 
plastic case. 

4. Do not use a lead-bend radius of less than 1/16 inch. 
5. Avoid repeated bending of leads. 

The leads of the TO-220AB VERSAWATT in-line 
package are not designed to withstand excessive axial pull. 
Force in this direction greater than 4 pounds may result in 
permanent damage to the device. If the mounting arrange-
ment tends to impose axial stress on the leads, some method 
of strain relief should be devised. 

Wire wrapping of the leads is permissible, provided that 
the lead is restrained between the plastic case and the point 
of the wrapping. Soldering to the leads is also allowed. The 
maximum soldering temperature, however, must not exceed 
275°C and must be applied for not more than 5 seconds at a 
distance not less than 1/8 inch from the plastic case. When 
wires are used for connections, care should be exercised to 
assure that movement of the wire does not cause movement 
of the lead at the lead-to-plastic junctions. 

The leads of RCA molded-plastic high-power packages 
are not designed to be reshaped. However, simple bending of 
the leads is permitted to change them from a standard 
vertical to a standard horizontal configuration, or conversely. 
Bending of the leads in this manner is restricted to three 
90-degree bends; repeated bendings should be avoided. 

Mounting 
Recommended mounting arrangements and suggested 

hardware for the VERSAWATT transistors are given in the 
data bulletins for specific devices and in RCA Application 
Note AN-4124. When the transistor is fastened to a heat sink, 
a rectangular washer (RCA Part No. NR231A) is recom-
mended to minimize distortion of the mounting flange. 
Excessive distortion of the flange could cause damage to the 
transistor. The washer is particularly important when the size 
of the mounting hole exceeds 0.140 inch (6-32 clearance). 
Larger holes are needed to accommodate insulating bushings; 
however, the holes should not be larger than necessary to 
provide hardware clearance and, in any case, should not 
exceed a diameter of 0.250 inch. 

Flange distortion is also possible if excessive torque is 
used during mounting. A maximum torque of 8 inch-pounds 
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is specified. Care should be exercised to assure that the tool 
used to drive the mounting screw never comes in contact 

with the plastic body during the driving operation. Such 
contact can result in damage to the plastic body and internal 
device connections. An excellent method of avoiding this 

problem is to use a spacer or combination spacer-isolating 
bushing which raises the screw head or nut above the top 

surface of the plastic body. The material used for such a 
spacer or spacer-isolating bushing should, of course, be 

carefully selected to avoid "cold flow" and consequent 
reduction in mounting force. Suggested materials for these 
bushings are diallphtalate, fiberglass-filled nylon, or fiber-
glass-filled polycarbonate. Unfilled nylon should be avoided. 

Modification of the flange can also result in flange 
distortion and should not be attempted. The transistor 
should not be soldered to the heat sink by use of lead-tin 
solder because the heat required with this type of solder will 

cause the junction temperature of the transistor to become 

excessively high. 
The TO-220AA plastic transistor can be mounted in 

commercially available TO-66 sockets, such as U1D Elec-
tronics Corp. Socket No. PTS-4 or equivalent. For testing 
purposes, the TO-220AB in-line package can be mounted in a 

Jetron Socket No. CD74-104 or equivalent. Regardless of the 
mounting method, the following precautions should be 
taken: 

I. Use appropriate hardware. 
2. Always fasten the transistor to the heat sink before the 

leads are soldered to fixed terminals. 
3. Never allow the mounting tool to come in contact with 

the plastic case. 
4. Never exceed a torque of 8 inch-pounds. 
5. Avoid oversize mounting holes. 
6. Provide strain relief if there is any probability that axial 

stress will be applied to the leads. 
7. Use insulating bushings to prevent hot-creep problems. 

Such bushings should be made of diallphthalate, fiber-

glass-filled nylon, or fiberglass-filled polycarbonate. 

The maximum allowable power dissipation in a solid 

state device is limited by the junction temperature. An 
important factor in assuring that the junction temperature 

remains below the specified maximum value is the ability of 
the associated thermal circuit to conduct heat away from the 

device. 
When a solid state device is operated in free air, without a 

heat sink, the steady-state thermal circuit is defined by the 
junction-to-free-air thermal resistance given in the published 
data for the device. Thermal considerations require that a 
free flow of air around the device is always present and that 
the power dissipation be maintained below the level which 

would cause the junction temperature to rise above the 
maximum rating. However, when the device is mounted on a 
heat sink, care must be taken to assure that all portions of 
the thermal circuit are considered. 

To assure efficient heat transfer from case to heat sink 

when mounting RCA molded-plastic solid state power 
devices, the following special precautions should be ob-

served: 

I. Mounting torque should be between 4 and 8 inch-

pounds. 
2. The mounting holes should be kept as small as possible. 

3. Holes should be drilled or punched clean with no burrs or 
ridges, and chamfered to a maximum radius of 0.010 

inch. 
4. The mounting surface should be flat within 0.002 

inch/inch. 
5. Thermal grease (Dow Corning 340 or equivalent) should 

always be used on both sides of the insulating washer if 

one is employed. 
6. Thin insulating washers should be used. (Thickness of 

factory-supplied mica washers range from 2 to 4 mils). 
7. A lock washer or torque washer, made of material having 

sufficient creep strength, should be used to prevent 

degradation of heat sink efficiency during life. 

A wide variety of solvents is available for degreasing and 

flux removal. The usual practice is to submerge components 
in a solvent bath for a specified time. However, from a 

reliability stand point it is extremely important that the 
solvent, together with other chemicals in the solder-cleaning 

system (such as flux and solder covers), do not adversely 
affect the life of the component. This consideration applies 
to all non-hermetic and molded-plastic components. 

It is, of course, impractical to evaluate the effect on 
long-term transistor life of all cleaning solvents, which are 
marketed with numerous additives under a variety of brand 
names. These solvents can, however, be classified with 
respect to their component parts, as either acceptable or 

unacceptable. Chlorinated solvents tend to dissolve the outer 
package and, therefore, make operation in a humid atmos-
phere unreliable. Gasoline and other hydrocarbons cause the 

inner encapsulant to swell and damage the transistor. Alcohol 
and unchlorinated freons are acceptable solvents. Examples 
of such solvents are: 

1. Freon TE 
2. Freon TE-35 
3. Freon TP-35 (Freon PC) 
4. Alcohol (isopropanol, methanol, and special denatured 

alcohols, such as SDA1, SDA30, SDA34, and SDA44) 

Care must also be used in the selection of fluxes for lead 

soldering. Rosin or activated rosin fluxes are recommended, 
while organic or acid fluxes are not. Examples of acceptable 

fluxes are: 

I. Alpha Reliaros No. 320-33 
2. Alpha Reliaros No. 346 
3. Alpha Reliaros No. 711 
4. Alpha Reliafoam No. 807 
5. Alpha Reliafoam No. 809 
6. Alpha Reliafoam No. 811-13 
7. Alpha Reliafoam No. 815-35 
8. Kester No. 44 

If the completed assembly is to be encapsulated, the 
effect on the molded-plastic transistor must be studied from 

both a chemical and a physical standpoint. 
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RECTIFIERS AND THYRISTORS 

A surge-limiting impedance should always be used in 
series with silicon rectifiers and thyristors. The impedance 
value must be sufficient to limit the surge current to the 
value specified under the maximum ratings. This impedance 
may be provided by the power transformer winding, or by an 

external resistor or choke. 
A very efficient method for mounting thyristors utilizing 

packages such as the JEDEC TO-5 and "modified TO-5" is to 

provide intimate contact between the heat sink and at least 
one half of the base of the device opposite the leads. These 
packages can be mounted to the heat sink mechanically with 

glue or an epoxy adhesive, or by soldering. Soldering to the 
heat sink is preferable because it is the most efficient 
method. 

The use of a "self-jigging" arrangement and a solder 
preform is recommended. Such an arrangement is illustrated 
in RCA Publication MHI-300B, "Mounting Hardware 
Supplied with RCA Semiconductor Devices". If each unit is 

soldered individually, the heat source should be held on the 
heat sink and the solder on the unit. Heat should be applied 

only long enough to permit solder to flow freely. For more 
detailed thyristor mounting considerations, refer to Appli-
cation Note AN3822, "Thermal Considerations in Mounting 
of RCA Thyristors". 

MOS FIELD-EFFECT TRANSISTORS 

Insulated-Gate Metal Oxide-Semiconductor Field- Effect 

Transistors (MOS FETs), like bipolar high-frequency transis-
tors, are susceptible to gate insulation" damage by the 
electrostatic discharge of energy through the devices. Electro-
static discharges can occur in an MOS FET if a type with an 
unprotected gate is picked up and the static charge, built in 

the handler's body capacitance, is discharged through the 
device. With proper handling and applications procedures, 

however, MOS transistors are currently being extensively 
used in production by numerous equipment manufacturers in 

military, industrial, and consumer applications, with virtually 
no problems of damage due to electrostatic discharge. 

In some MOS FETs, diodes are electrically connected 

between each insulated gate and the transistor's source. 
These diodes offer protection against static discharge and 

in-circuit transients without the need for external shorting 

mechanisms. MOS FETs which do not include gate-
protection diodes can be handled safely if the following basic 

precautions are taken: 

I. Prior to assembly into a circuit, all leads should be kept 
shorted together either by the use of metal shorting 
springs attached to the device by the vendor, or by the 
insertion into conductive material such as "ECCOSORB* 
LD26" or equivalent. 
(NOTE: Polystyrene insulating "SNOW" is not suffi-
ciently conductive and should not be used.) 

2. When devices are removed by hand from their carriers, 
the hand being used should be grounded by any suitable 
means, for example, with a metallic wristband. 

*Trade Mark: Emerson and Cumming, Inc. 

3. Tips of soldering irons should be grounded. 

4. Devices should never be inserted into or removed from 

circuits with power on. 

INTEGRATED CIRCUITS 

In any method of mounting integrated circuits which 

involves bending. or forming of the device leads, it is 
extremely important that the lead be supported and clamped 

between the bend and the package seal, and that bending be 
done with care to avoid damage to lead plating. In no case 

should the radius of the bend be less than the diameter of the 
lead, or in the case of rectangular leads,such as those used in 
RCA 14-lead and 16-lead flat-packages, less than the lead 

thickness. It is also extremely important that the ends of the 
bent leads be straight to assure proper insertion through the 
holes in the printed-circuit board. 

COS/MOS (Complementary-Symmetry MOS) 

Integrated Circuits 
Although protection against electrostatic effects is 

provided by btiilt-in circuitry, the following precautions 

should be taken in handling these circuits: 

1. Soldering-iron tips and test equipment should be 

grounded. 
2. Devices should not be inserted in non-conductive 

containers such as conventional plastic snow or trays. A 
conductive material such as "ECCOSORB LD26" or 
equivalent should be used. 

Low-source-impedance pulse generators connected to the 
inputs of these devices must be disconnected before the dc 
power supply is turned off. All unused input leads must be 
connected to either Vss or VDD, whichever is appropriate 
for the logic circuit operation desired. 

SOLID STATE CHIPS 
Solid state chips, unlike packaged devices, are non-

hermetic devices, normally fragile and small in physical size, 
and therefore, require special handling considerations as 

follows: 

I. Chips must be stored under proper conditions to insure 
that they are not subjected to a moist and/or contam-
inated atmosphere that could alter their electrical, 
physical, or mechanical characteristics. After the shipping 
container is opened, the chip must be stored under the 

following conditions: 
A. Storage temperature, 40°C max. 
B. Relative humidity, 50% max. 
C. Clean, dust-free environment. 

2. The user must exercise proper care when handling chips 
to prevent even the slightest physical damage to the chip. 

3. During mounting and lead bonding of chips the user must 

use proper assembly techniques to obtain proper elec-
trical, thermal, and mechanical performance. 

4. After the chip has been mounted and bonded, any 
necessary procedure must be followed by the user to 

insure that these non-hermetic chips are not subjected to 
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moist or contaminated atmosphere which might cause 
the development of electrical conductive paths across the 
relatively small insulating surfaces. In addition, proper 
consideration must be given to the protection of these 
devices from other harmful environments which could 
conceivably adversely affect their proper performance. 

SOLID STATE LASERS AND EMITTING DIODES 
Optoelectronic devices should employ the same 

mounting and heat-sink procedures utilized with other solid 
state devices. The temperature ratings established for storing, 
mounting, and operating these devices must not be exceedçd 
to avoid damaging the emitters. Because the extremely small 
size and high driving-current requirements of some of these 

devices preclude the use of polarity marks on the housing 
and package configurations, care must be taken to insure that 
voltage is always applied in the proper direction. It is 
important, therefore, to refer to the data bulletin for the 
proper polarity before applying voltage to the device. Pulse 
driving circuitry should be designed to prevent transients 

(positive or negative) or momentary surges from exceeding 
drive conditions. The following suggestions are offered: 

I. High-speed clipping diodes should be placed at terminals 
to bypass negative transients. 

2. High-speed, sense-and-clamp circuitry should be used to 
prevent overdrive in peak or average current by clamping 
or disconnect techniques. For short pulses, ordinary 
thermal fuses should not be used because they do not 
provide adequate device protection. 

The characteristics of solid state emitters vary substan-
tially with changes in ambient temperature. Threshold, the 
point at which lasing starts, is highly dependent on 
temperature and requires compensation of drive current in 
applications where operation over a wide temperature range 
is a design requirement. A room-temperature laser can be 
damaged if a constant drive current is maintained while the 
ambient temperature is reduced to cryogenic levels. Pub-
lished data bulletins for individual devices specify safe levels 
of operation. 

In most cases, the voltage drop across a solid state 
emitter is of comparatively low amplitude; however, the 
required drive current may be many amperes. As in the case 

of other high-operating-current devices, therefore, clean and 
low-impedance contacts are required in all applications. 

High voltage may be present in pulse-driven circuits 
utilizing these devices. Therefore, consideration should be 
given to the possibility of shock hazard which may result 
from contact with these high voltages. In general, where 
devices are operating at potentials which may be dangerous 
to personnel, suitable precautionary measures should be 
taken to prevent direct contact with these devices. 

Radiation Safety Considerations 

Injection laser diodes emit electromagnetic radiation at 
wavelengths which may be invisible to the human eye. 
Suitable precautions must be taken to avoid possible damage 
to the eye from overexposure to this radiant energy. 
Precautionary measures include the following: 

I. In Systems with No External Lens — Avoid viewing the 
laser source at close range. Since the emitted beam is not 
collimated, increasing the distance to the laser source 
greatly reduces the risk of overexposure. 

2. In Systems Utilizing External Optics — Avoid viewing the 
emitter directly along the optical axis of the radiated 
beam. 

3. Reflections From Surfaces — Minimize unwanted 
specular reflections in the system. 

ADDITIONAL DATA 

Additional information on handling, mounting, and 
operating RCA Solid State Devices is given in the following 
publications which are available on request from RCA/ 
Commercial Engineering, Harrison, N.J. 07029. 

MHI-300B 

ICE-338 

AN-3822 

AN-4124 

"RCA Mounting Hardware Supplied with RCA 
Semiconductor Devices" 

"RCA Integrated Circuits Mounting and Con-
nection Techniques" 

"Thermal Considerations in Mounting of RCA 
Thyristors" 

"Handling and Mounting of RCA Molded-Plastic 
Transistors and Thyristors" 
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AN-3749 

40-Watt Peak-Envelope-Power 
Transistor Amplifier for AM Transmitters 
in the Aircraft Band (118 to 136 MHz) 

By 

Boris Maximow 

This Note describes a broadband amplifier for use 

in amplitude-modulated (AM) transmitters operating in 

the aircraft communication band (118 to 136 MHz). The 

amplifier circuit is simple and easy to duplicate and 

requires a minimum of adjustments. The design leaves 

ample room for modification, improvement, or adaptation 

to specific needs. Fig.1 shows the schematic diagram 

of the amplifier, Fig.2 shows its performance over the 

aircraft band, and Table I lists its features. 

The amplifier shown in Fig.1 uses RCA 2N3866, 

40290, 40291, and 40292 epitaxial silicon planar tran-

sistors of the " overlay" emitter-electrode construction. 

These transistors are intended for low-voltage, high-

power operation in amplitude-modulated class C amp-

lifiers. In addition to standard breakdown-voltage ratings, 

the 40290, 40291, and 40292 transistors have rf break-

down-voltage characteristics which assure safe operation 

with high rf voltages on the collector. The 40292 tran-

sistors used in the final amplifier stage are 100-per-cent 

tested for load mismatch at a VSWR of 3:1. During this 

test, the transistor is fully modulated to simulate actual 

operation for added reliability. 

The amplifier is capable of delivering peak envelope 

power of 40 watts at a modulation of 95 per cent with a 

collector voltage of 12.5 volts dc. Unmodulated drive of 

5 milliwatts is required at the input. The over-all ef-

ficiency of the amplifier is 48 to 53 per cent, and the 

envelope distortion is less than 5 per cent for amplitude 

modulation of 95 per cent. 

Load Mismatch Test 

The suitability of 40292 transistors for use in the 

output stages of amplitude-modulated transmitters is 

determined by means of a load mismatch test which simu-

lates the adverse load conditions that may occur in 

actual practice. The test setup is shown in Fig.3. The 

choice of C and L in the load circuit is dictated by practi-

cal values of these components. The circuit should 

resonate with the variable capacitor half-way in. With a 

variable reactive load, the impedance moves along the 

outer circle of a Smith Chart so that the loading changes 

between short and open circuit with intermediate values 

of capacitive and inductive reactances. The VSWR at 

the output of the transistor is limited to 3:1 by the 3-dB 

pad inserted between the variable load and the output of 

the test circuit. The transistof under test and the input 

drive are modulated to assure that the transistor operates 

near its full peak power capability. 

At the start of the test cycle, the variable capacitor 

begins to rotate through its 360-degree range. When the 

capacitor plates are 50- per-cent engaged, the tuned 

circuit resonates. The resonant circuit presents an 

apparent short or open circuit to the 3-dB pad, depending 

on whether the )\./4 line is in or out of the circuit. All 

intermediate positions present reactances of varying 

amplitudes. 

Output Power and Modulation 

Because the only useful power in an AM transmitter 

is sideband power, it is reasonable to use this power as 
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cis 
TYPE RCA RCA 
283866 n. 40290 40291 

'CI 
• 118-136 M/U 
P14.5 

Z •son 

C 300 pF, silver ARCO,or equiv. 1 ver mica, C20 8-60 pF, ARCO # 404, or equiv. 

C2 0.005µ F ceramic RI 470ohms 0.5 W 

C3 C4 C5 C8 ClIC17- 1000pF feedthrough R2 1500 ohms 0.5W 

C6 C9 Ci2 C18 - 0.5 iLiF ceramic R3 47 ohms 0.5W 

C7 50 pF, silver mica, ARCO,or eq R4 --I5 ohms 0.5W uiv. W/L6 

C10 C13 C15 -82 pF, silver mica, 
ARCO,or equiv. 

C14C16 C19 -150 pF, silver mica, 
ARCO,or equiv. 

Fig.1 - A 40-watt peak envelope power transistor amplifier. 

R5 —33ohms 0.5W 

LI -7T. # 22-13/64" dia. 9/19" 
L. tap 1.5 T. 

o 
MOD Vcc 
.125v DC 

L - 55T # 22-13/64' dia. Closely 
Wound tap 2.0 T. Cambion 

L3 —6T, # 22-13/64" dia. interwind IRN-9 
W/L4 core inat'l 

L4 -4T. #22-13/64" dia. interwind or equiv" 
W/L3 

L5 5T. # 22-13/64" dia. C.T. interwind 

TABLE I - PERFORMANCE FEATURES OR 40-WATT 
PEAK ENVELOPE POWER TRANSISTOR AMPLIFIER 

DCSupply Voltage 12.5 

Peak Envelope Power 40 

Modulation 95 

Efficiency 48-53 

Envelope Distortion for 95% AM < 5 

Second Harmonic > 10 

AVERAGE POWER 
16  

AMPLITUDE—MODULATED 95 PER CENT - 

CARRIER POWER Pc 

10 
135 115 120 125 130 

FREQUENCY— NFU 

140 

Fig.2 - Typical output power as a function of frequency. 

dB down 

ODULATOR 

SOURCE OF 118 NH: 
MODULATED DRIVE 

UN TSETOSRT 

-5T. # 22-13/64" dia. interwind W/L5 

R.F.C. 1T. #28 ferrite bead Ferroxcube 
# 56-590-65/4B or equiv. 

3- dB 
PAD 

Fig.3 - Load mismatch test setup. 
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a reference in evaluation of the transmitter. When a 

single-tone sinusoidal modulating signal is used, the 

total sideband power PsB in a modulated wave is given by 

2 

P SB PAV m 2 ) 
2 + m 

(1) 

where Pm, is the average power and m is the modulation 
index. This relationship is convenient to use because 

PAv is easy to measure and 

SB 
AV 

P - — 
3 

for 100-per-cent modulation. 

The performance of an AM transmitter can also be 
expressed in terms of peak envelope power PPE. The 

peak envelope power is equal to 2.66 Pm/ in a 100-per-

cent modulated wave. The value of PPE indicates the 

ultimate peak power-handling capabilities of the tran-

sistors being used. 

It is unfortunate that carrier power is sometimes 

used as a reference in evaluation of the performance of AM 

transmitters, especially transistorized transmitters. Un-
like the sideband power PsB, the carrier power Pc does not 

always have a definite relationship to PAV and PpE. 

When the carrier is used for a reference, "carrier shift" 

and " upward modulation" must be considered. Use of 

these terms in conjunction with PC to define transmitter 

modulation only complicates the definition of per-cent 

amplitude modulation. For example, Fig.4 shows an 

_ 

Vcar. 

T--

V- enin 

-T 
Venax. 

Fig.4 - The amplitude modulated wave; Vco, is the 

amplitude of carrier before modulation. 

amplitude-modulated wave. The amplitude modulation 

AM in per cent is defined as follows: 

Vmax - Vmin 

AM - ( v v x 100 
max min 

(2) 

Use of this equation indicates that when Vinin = 0, 

the wave is 100-per-cent modulated without reference to 

the carrier. The following expressions are based on 

carrier amplitude Vear or carrier power Pc : 

AM - Vmax - 1) X 100 

V car 

PA V = Pc ( 1 + -nL2-) 
2 

(3) 

(4) 

These expressions contain the tacit assumption that 

carrier level must not vary from the unmodulated state, 

which may not be the case. If the modulation is adjusted 

to 100 per cent by the use of Eq. (2) and PAv is measured, 

values can easily be computed for PsE, PPE, and even 

Pc. 

Design Considerations 

The need for wideband performance in aircraft trans-

mitters precludes the use of sharply tuned circuits to re-

duce harmonic power in the output; instead, low-pass 

filters are used. Any configuration of active devices 

that reduces the harmonic content in the output helps to 

ease the requirements placed upon these filters. One 

such configuration is a push-pull amplifier, which in-

herently has low even harmonics in the output. The 

higher input impedance of a push-pull stage as compared 

to a single-ended parallel combination of two transistors 

is also advantageous for obtaining wider bandwidths be-

cause only one-half as much current is injected into the 

input of push-pull transistors as into parallel devices 

during one-half cycle. 

The coupling circuits in the amplifier of Fig.1 are 

basically double-tuned interstage circuits, as shown in 

Fig.5. Ri and Ci represent the collector output re-

TRANSISTOR No.I TRANSISTOR No.2 
Fig.5 - A double- tuned interstage. 

sistance and the collector output capacitance of the 

driver transistor. Li and Ri represent the input series 

inductance and the input series resistance of a tran-

sistor. (For simplicity, coil resistances are omitted.) 

Q values for the two circuits shown in Fig.5 are ex-

pressed as follows: 

R I 

QI - 

Q2 - w (L2 1- L" 
Ri 

(5) 

(6) 

For large bandwidths, it is desirable that Ql be much 

larger than Q2. L2, C2, and Li are series resonant at 

some frequency fa within the bandwidth; Li and C1 can 

then be determined as follows: 

Li CI 
1 , 

(w )2 

In practice, the resonant frequency fa may not be exactly 

the center frequency of the passband, but may tend 

(7) 
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toward the high end of the bandwidth to compensate for 

degradation of the frequency response of the transistor 
itself. Normally, there is no problem obtaining relatively 

high values of Qi because transistors have large col-

lector output resistance RI. However, it is more diffi-
cult to obtain a low value of Q2 in a transistor double-

tuned interstage circuit because high-power transistors 

have low series input resistance Ri. The ontribution of 

the inductive series input reactance Li may be sufficient 
to raise the value of Qi to undesirable levels and thereby 

limit the obtainable bandwidth. 

This problem can be solved by use of an L-section 

and its transforming properties. The inductive input 
impedance of a transistor may be represented by the 

solid lines of Fig.6. 

The definite Q value associated with this input 

impedance may be represented as Qi. If a capacitor Ci 
is added to the transistor input of Fig.6, as shown by the 

Fig.6 - Transistor input as an L-section. 

dotted line, the resistance Ri can be transformed up by 

the L-section to a new value RT, as follows: 

RT + Ri (Qi2 + 1) (8) 

The value of the capacitor Ci is calculated as follows: 

1 RT i Li 
C. . ..— — — _   
1 c.)RT Ri 0,2/12 1. Ri2 (9) 

When an L-section is used in conjunction with a double-

tuned interstage circuit, the value Q'2 of the second 

circuit is given by 

w L2 
(10) 

4;12 RT 

This value is, of course, lower than that shown in Eq. 
(6). Consequently, an L-section can be used to match 

resistances of not-too-different magnitudes and at the 

same time maintain low values of Q. The value of Li 

in the circuit is given by 

R. R 
L. T 1 

co V Ri 
(11) 

There are limits to the results that can be accom-

plished with this type of transformation. For some 
combination of Li and Ri, the required value of Ci may 

be too large to be practically realizable. In addition, 
RT is a frequency-dependent parameter. For very low 

values of Qi, the capacitor Ci loses its effectiveness 
because RT becomes very nearly equal to R. 

Double-tuned interstage coupling circuits were used 

throughout the amplifier shown in Fig.l. When it was 
necessary to use a two-winding transformer, as in the 

case of Ti and T2, bifiliar windings were employed for 
tighter coupling. In other cases, autotransformers with 
their high coefficient of coupling were used quite suc-
cessfully. Eq. (7) was used as the starting point for 
determination of the inductances in the primaries of the 
double-tuned interstages; the collector to base capaci-

tance CCBof the transistor was substituted for C1. Turn 

ratios were determined by the impedance levels to be 
transformed. The load resistance RL for each stage was 

determined as follows: (vcc)2 

RL - — (12) 
2Po 

where Vcc is the collector supply voltage and Po is the 
power output. The collector-emitter saturation voltage 

is omitted for simplicity. 

A single 40292 transistor is capable of delivering 

6 watts of output power with an input of 2 watts and a 
supply of 12.5 volts dc at 135 MHz. For these conditions, 
the load resistance RL is given by 

(12.5) 2 
RL = — = 13 ohms 

12 

This value of 13 ohms from one-half of the primary winding 
of T2 is transformed to 50 ohms in the secondary winding. 

This impedance level allows the use of a 1:1 transformer, 
which is convenient for bifilar winding. For 40292 

transistors, Ri is approximately 6 ohms and XLi is about 
3 ohms. An L-section is used in the inputs to the 40292 

transistors in the push-pull amplifier. To maintain a low 
value of Qi, the leads on the base-to-emitter capacitors 

(C14 and C16) were kept short and the capacitors were 
placed as close to the base and the emitter as possible. 
The values of C14 and C16 of Fig.1 were determined 
empirically. The effective capacitances may differ 
appreciably from the nominal value of 150 picofarads shown. 

Drive power of about 3 to 3.5 watts is required for 
the push-pull amplifier. This power is provided by the 

40291 driver transistor operating into a 24-ohm load, 

[ RL —(vcE)2 (12.5)2/65] 
2P0 

Because the input resistance to the driver is sufficiently 
high (12 ohms), no L-section is used. The load re-

sistance for the 40290 pre-driver transistor is selected 
to provide the required input to the driver of about 0.6 
watt. The 100-milliwatt input required for the pre-driver 
stage is supplied by the 2N3866 class A input stage. 
Again, a double-tuned interstage circuit is used for 

coupling. The class A amplifier is biased to a quiescent 

current of 40 milliamperes for maximum gain, and has a 

load line of approximately 300 ohms, which is computed 

from 
VCC 

R load line  
IC 

(13) 
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An autotransformer is used to transform the 300-ohm 

load down to about 12 ohms at the predriver. The input 
of the 2N3866 stage is matched to the 50-ohm source. 
This stage has a gain of about 13 dB which increases 
the power from the 5-milliwatt input. The problem of 

subharmonic generation was solved by use of cores in 
the interstage transformers. Stable operation is obtained 
if the stages are kept 1.25 inches apart. 

The final amplifier and the driver are modulated 
symmetrically about the carrier level. The predriver 

is modulated more in a positive direction as a result 

of the resistor-diode arrangement (R4,R5,DI,D2) shown in 

the circuit diagram. 

Several precautions should be taken to avoid con-
ditions which may lead to the destruction of transistors. 

For example, over-modulation should not be allowed to 
occur because excessive negative excursions of the 
collector voltage may forward-bias the collector-to-base 

junction to a destructive point. Also, when a trans-

mitter is keyed off, a steady-state current flow of the 
order of 2 amperes is suddenly interrupted in the modu-

lation transformer. The resulting transient voltages may 
easily exceed the transistor breakdown ratings. Use of a 

zener diode rated at twice the supply voltage in the 
collector circuit provides a protection from this type of 

transient. Finally, if the 3:1 VSWR in the output is 
likely to be exceeded, a load-mismatch protective device 

such as a VSWR detector circuit (described in Ref. 1) 
should be used. 

Performance and Adjustment 

The curves of Fig.2 show typical values of average 

modulated power Pm/ at an amplitude modulation of 

95 per cent, and carrier power PC, as measured by a 

a bolometer-type power meter. The peak envelope power 

PPE is computed as follows: 

P - P PE AV 
1 + m2 

(1 + /112) 

2 

Output- power variation across the aircraft band is about 

0.5 dB for both curves shown in Fig.2. For this perform-
ance, the coil L1 was stretched or compressed for maxi-
mum power output at 136 MHz and optimum bandwidth, 
and the trimmer C20 was adjusted for the best combi-
nation of output flatness and efficiency. Efficiency is 
somewhat better at higher than lower frequency; harmonic 
rejection is better at lower frequencies, and may be as 
good as 20 dB. A spectrum analyzer is required for 
detection of subharmonics when the slugs in L2 and T1 
are adjusted. 

Conclusion 

Because of the normal variation in the transistor 

parameters, weaker drivers should be p aired with "hotter" 
output transistors and vice versa for better uniformity in 

the output power. Because of their adaptability to broad-
band circuits, low working voltages, and small size, the 
above transistors are the logical choice for aircraft trans-

mitters. The use of these transistors in aircraft trans-

mitter requires no expensive tuning mechanisms such as 

those used with tubes that have inherently high-Q cir-
cuits and, consequently, narrow bandwidth. 
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UHF Power Generation Using 

RF Power Transistors 

by H.C. Lee 

One major usage of rf power transistors is in uhf/ 
microwave power generation. RF power transistors are 

widely used for both narrowband and broadband power 

amplification. Transistors suitable for power ampli-

fication must be capable of delivering power efficiently 

with sufficient gain at the frequency band of interest. 

The usefulness of an rf power transistor is not measured 

by its power-frequency product or its emitter geometry, 

but rather by its ability to meet cost limitations and 

over-all performance objectives including reliability re-

quirements in a given application or circuit. 

This Notediscusses the use of rf power transistors 

in high-power generation that uses multiple transistors, 

pulse operation, and broadband power amplifiers. Oper-
ational principles and design approaches for these appli-

cations are presented, and practical and reliability 

aspects are discussed. The selection of an rf power 
transistor for a given application involves two steps: 

(1) determination of the rf capability of the device, and 

(2) establishment of the reliability of the device for its 

actual operat ion. 

RF Performance Criteria 

The important rf performance criteria in transistor 

power-amplifier circuits are power output, power gain, 

efficiency, and bandwidth. State-of-the-art single over-

lay transistors, as shown in Fig.1, can now produce cw 

power as follows: 

Frequency Power Gain Efficiency 

(MHz) (W) (dB) (%) 

76 100 7 90 

400 50 6 70 

1200 10 10 50 

2300 7 6 40 

When transistor performances are compared, it is important 

to consider gain and efficiency, as well as power output 

and frequency, because additional gain can be achieved 

only at the expense of collector efficiency with the use 

of additional transistors. For example, Fig.2 demonstrates 

the use of two transistors which have the same power 

output, but different gain and collector efficiency. The 

high-gain unit shown in Fig.2(a) is capable of delivering 

an output of 2.5 watts at 1 GHz with a gain of 10 dB and 

a collector efficiency of 50 per cent. The low-gain unit 

shown in Fig.2(b) is also capable of 2.5 watts output at 

1 GHz, but has a gain of only 5 dB and a collector ef-

ficiency of only 30 per cent. As shown in Fig.2, two 

low-gain transistors are required to provide the same 

performance as the high-gain, high-efficiency unit. Be-

sides the use of an additional transistor, the system of 

Fig.2(b) requires twice as much dc power as that of 

Fig.2(a). In this case, the additional gain of 5 dB is 

achieved at the expense of 5.9 watts of dc power. From 

the practical point of view, the system of Fig.2(b) is 

more complex, and the dissipation of the output transistor 

is higher. 

Package Considerations 

The package is an integral part of an rf power 

transistor. A suitable package for uhf applications 
should have good thermal properties and low parasitic 

reactance. Package parasitic inductances and resistive 

losses have significant effects on circuit performance 

characteristics such as power gain, bandwidth, and 

stability. The most critical parasitics are the emitter 

and base lead inductances. Table I gives the inductances 

of some of the more important commercially available rf 

power-transistor packages. Photographs of the packages 

are shown in Fig.3. The TO-60 and TO-39 packages 
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POWER GAIN PG 198 

Package 

90 

COLLECTOR EFFICIENCY, 

80 5c 90. 
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40 
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fi 20 
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4 

2 

PG 608 
705'. 

PG 098 

'IC 50% 

PG 698 
.0 40: 

IUD 200 400 1300 2000 

FREQUENCY- MHz 

Fig.1 - State- of-the art power output of single rl power 

transistor as a function of frequency. 

PIN- 0 25 WATT 

PIN . 025 WATT 

GH: 

I GHz 

fPcic• 5 WATTS 
TRANSISTOR 

Po. 2 5 WATTS 

I GHz 

lo) 

P461'264 WATTS 2 .8 3 WATTS 

TRANS STOR 2 

PSI 

079 WATT 

GH1 

TOTAL P..P,,,.(PG, PG2) 

TOTAL COLLECTOR EFFICIENCY 

TRANS STOR 2 P..2 5 WATTS 

PG2 

TOTAL P. 

Pdc, • Pdc2 

Fig.2 - A comparison of one-and two-transistor systems that have 

the same output power but different gain and collector efficiencies. 

I GH: 

TABLE I - Inductances of Packages shown in Fig.3. 

Lead Inductances - nH 
Le Lb 

TO - 39 3 3 
TO - 60 (isolated emitter) 3 3 

TO - 60 (grounded emitter)(2N5016) 0.6 2 

HF - 19 (hermetic stripline) Approximately Same 
HF - 11 (coaxial case) (2N5470) 0.1 0.1 
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JEDEC TO-39 

I I I 

1 r 

JEDEC TO-60 

HF-11 
Coaxial Package 

HF-19 
Hermetic Strip- Line Type 
Ceramic-to-Metal Package 
(Isolated Electrodes) 

Fig.3 Commercially available rf power transistor packages. 

were first used in devices such as the 2N3375 and the 

2N3866. The base and emitter parasitic inductance for 

both TO-60 and TO-39 packages is in the order of 3 

nanohenries; this inductance represents a reactance of 

7.5 ohms at 400 MHz. If the emitter is grounded in-

ternally to a TO-60 package (as in the 2N5016), the 

emitter lead inductance can be reduced to 0.6 nanohenry. 

The plastic stripline package (used in the 2N5017) has 

an emitter lead inductance of 0.4 nanohenry and a base 

lead inductance of 0.6 nanohenry. The main advantage 

of the rf plastic package is that a substantial reduction 

in parasitic inductance is achieved because the emitter 
and base leads can be placed closer to the transistor 

chip. Hermetic low-inductance radial- lead packages are 

also available. The HF-19 package introduced by RCA 

utilizes ceramic-to-metal seals and has rf performance 

comparable to that of an rf plastic package. The parasitic 

inductances can be reduced further in a hermetic coaxial 

package. The HF-11 package used in the 2N5470 has 
parasitic inductances in the order of 0.1 nanohenry. 

Table Il compares the performance of the TO-39 

package, the HF-19 hermetric stripline package, and the 

HF-11 coaxial package with the same transistor chip. 

At a frequency of 1 GHz and an input power of 0.3 watt, 

TABLE II - Package Inductances with some transistor 

chip. 

Using Same Transistor Chip 

(-CH: Pin-W Po-W P.G.-dB 77c (28 V)..% 

TO - 39 1 0.3 1 5 35 
HF - 19 1 0.3 1.5 7 45 
HF - 11 1 0.3 2.2 8.6 50 
HF -il 2 0.3 1 5 35 

the coaxial package performs significantly better than 

either the stripline or the TO-39 package. The coaxial 

package results in an increase of output power by a 

factor of two as compared to the TO-39 package. In 

addition, the coaxial-package transistor is capable of 

delivering an output of more than 1 watt with a gain of 

5 dB at 2 GHz. A well-designed coaxial package out-

performs any other rf package currently available. 

Reliability Consideration 

When the rf capability of a transistor has been 

established, the next step is to establish the reliability 

of the device for its actual application. The typical 
acceptable failure rate for transistors used in commercial 

equipment is 1 per cent per 1,000 hours (10,000 MTBF); 

for transistors used in military and high-reliability 

equipment, it is 0.01 to 0.1 per cent per 1000 hours. Be-

cause it is not practical to test transistors under actual 

use conditions, dc or other stress tests are normally used 

to simulate rf stresses encountered in class B or class C 

circuits at the operating frequencies. Information derived 

from these tests is then used to predict the failure rate 

for the end use equipment. The tests generally used to 

insure reliability include high-temperature storage tests, 

dc and rf operating life tests, dc stress step tests, burn-

in, temperature cycling, relative humidity, and high-

humidity reverse bias. The end-point measurement for 

these tests should include collector-to-emitter voltage 

VcEo, in addition to the common end points collector-to-

emitter current lcEo, collector-to-base voltage VcBo, 

collector-to-emitter saturation voltage VcE(sat), power 

output, and power gain. 

One of the common failure modes in uhf/micro-

wave power transistors is degradation of the emitter-to-

base junction. The high-temperature storage life test 

and the dc and rf operating life tests can excite this 

failure mode. The failure mode can be detected by 

measurement of VEB0, which is not included in most 

life-test end-point specifications. 

Plastic uhf power transistors are more sensitive 

to emitter-to-base-junction degradation than similar 

hermetic devices. It is believed that the enhancement 

of this failure mode in plastic devices is caused by 

moisture penetration into the very close geometries used 

in uhf power transistors. Temperature cycling is also 

a problem that affects the reliability of uhf plastic 

power transistors because large thermal-expansion differ-

ences exist between the plastic and the fine bonding 

wires (usually 1 mil) used in the devices. 

UHF power transistors are complex electrical, 

thermal, chemical, and mechanical systems. The well-
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designed uhf power transistor is a systems solution to 

the integration of these parameters. It appears that the 
plastic environment is a less viable solution to this 

systems problem than a hermetic approach. Although a 

plastic environment has been an excellent systems 

solution for low-frequency and vhf power transistors, in 
which much larger bonding wires, metallic strips, and 

rugged device geometries are used, it is not a completely 

satisfactory solution for uhf power transistors. 

Safe-Area Curves for RF Operation 

The important parameters of a transistor which 

are directly related to reliability and rf performance 

include rf breakdown voltages, thermal characteristic, 
and load-mismatch capability. 

Although a safe-area curve to avoid second break-

down on the collector-current-vs-collector-to-emitter volt-
age (Ic - VcE) plane can be established for forward-bias 

or class A operation, such a curve for class B, class C, 
or pulsed operation is difficult to define because the 
breakdown voltages under rf conditions are considerably 

higher than the dc breakdown voltages, and the thermal 
resistance is a function of VcE and lc. The safe oper-

ating area for class B or C conditions at rf frequencies 

is a function of these parameters, as well as the thermal 

time constant of the device. In general, the safe oper-

ating area for class C or B operation can be expected to 

be higher than that for dc conditions. 

VSWR capability, or the ability of an rf power 
transistor to withstand a high VSWR load, is another 

important consideration. VSWR capability is a function 

of frequency of operation, operating voltage, and circuit 
configuration. A well-designed circuit operated at low 

supply voltage at a frequency at which power gain is 
not excessive is less prone to VSWR mismatch. Four 
modes of difficulty are experienced in the load-mismatch 
test, as follows: 

(1) slow thermal failure as a result of low rf swing 

and very poor efficiency; 

(2) high-speed failure as a result of the high 

positive peak value of rf swing; 

(3) an instability (non-destructive) which occurs 

because the high value of VcE causes ava-

lanching (such a condition in the common-

emitter configuration produces a negative re-
sistance characteristic and results in a spurious 
signal generator); 

(4) an instability caused by the negative overswing 
which can severely forward-bias the collector-

base junction and trigger a low-frequency oscil-
lation which resembles a motorboating or 

squelched oscillation. 

Additional work is required for further characterization 
of transistor parameters, as related to VSWR capability, 

rf breakdown, and safe operating area. 

Pulse Operation of RF Power Transistors 

A large potential application for rf power tran-

sistors is in pulse equipments such as DME (distance 
measuring equipment), CAS (collision avoidance system), 

and radar. The ratio of peak to average or cw power 
obtainable with a transistor is much less than that which 
can be obtained with a vacuum tube because a transistor 

is a current-amplification device, while a vacuum tube is 

a voltage-amplification device. The ability of an rf power 
transistor to deliver higher pulsed output power than cw 

power depends on the transistor current-handling capa-
bility, thermal capability, and rf voltage capability. No 
significant improvement in power output or gain can be 

achieved if an rf power transistor is operated under pulse 
input conditions at the same supply voltage and the same 
input power level used under cw conditions. Fig.4 shows 

curves of peak output power as a function of duty cycle 

for twotransistor types: the 2N5016 measured at 225 MHz 

and 400 MHz, and the 2N5470 measured at 2 GHz. 

These measurements were performed with a constant 

supply voltage of 28 volts and constant input-power 

pulses of 5-microsecond duration applied at various 
pulse repetition rates (PRR). At the same peak input 
power level, the gain and power output remain approxi-

mately the same for duty cycles ranging from 100 per 

cent (cw) down to 0.1 per cent. 

Fig.5 shows the 2-GHz amplifier circuit used for 
the measurements shown in Fig.4. The 2N5470 tran-
sistor is placed in series with the center conductor of 
the line, or cavity, and its base is properly grounded to 

separate the input and output cavities. The input section 
consists of a 20-ohm line section and a capacitance C1. 

The output section consists of a 36-ohm line section and 
capacitances C2 and C3. Direct coupling is used at both 

30 

25 

20 

°-" 
‘8E 

o 

Vcc • 28 VOLTS 

PULSE WIDTH • 5,. 

2N5016 - I • 225Mhir P„o5W 

2N50 

> 

6-f r 400 MHz P , 5W 

2N5470 1•2GH: P„00 3W 

0 I 10 10 

DUTY CYCLE— PER CENT 

,00 

Fig.4 - Peak output power as a function of duty cycle 

for the 2N5016 and 2N5470 transistors at selected 

frequencies. 
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No. 4702 
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Fig.5 - A 2-GHz coaxial amplifier circuit that uses 

2145470 transistor. 

input and output. Fig.6 shows the 400-MHz lumped-

element amplifier circuit used for the 2N5016 pulse 

measurements. 

POUT 
5 IZL•3013/ 

CI = 1 to 10 pF, piston capacitor 

C2'CC 4'C5'C6 = 1 to 30 pF, piston capacitors 

C = 0.01 e disc ceramic 

Cs = 1000 pF, feedthrough 

LI = 1/4- inch 0.D. copper tubing; 1- 1/4-inches long 

L2 = 12 µ H, choke 

L3 = 0.27 ohm, wire wound 

L4 = 1/8- by 1/32-by 5/8- inch long copper strip 

L5 = I/4- inch 0.0. copper tubing, 2- 1/4- inches long 

Note 1 - LI and L5 are mounted coaxially within a 
1-5/6-by 1-5/8-by 6- inch box. 

Note 2 - For optimum performance C8 should be mounted 

between emitter and base with minimum lead lengths. 

Fig.6 - A 400-MHz amplifier circuit that uses a 2145016 

transistor. 

The major difference between cw and pulse oper-
ation, however, is that the input drive level can be Fig.8 - Peak output power as a function of duty cycle 

increased substantially under pulsed input conditions, for pulse operation of the 2145016 transistor at 225 MHz. 

Fig.7 shows peak power output as a function of duty 

cycle for the 2N5470 at a frequency of 2 GHz and a 
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Fig.7 - Peak output power as a function of duty cycle 

for the 2145470 transistor operating at 2 GHz. 

constant supply voltage of 28 volts with input power as 

a parameter. Under cw operation in the 2-GHz amplifier 

circuit shown in Fig.5, an increase of input power from 

0.3 to 0.5 watt does not result in an increase of power 

output , i.e., the power output seems to be saturated at 

1.1 watts. However, under pulsed input conditions of 

5-microsecond pulse duration and 10- per-cent duty cycle, 

the output power increases substantially from 1.1 watts 

to 1.9 watts as the input power increases from 0.3 to 0.7 

watt. These requirements indicate that the power input 

to the 2N5470 transistor at 2 GHz under cw conditions 

is limited by thermal capability rather than by peak 

current or periphery. This transistor appears to be 

capable of operating at much higher peak current under 

pulse conditions than would be permissible under cw 

conditions. This improvement is possible because the 
pulse duration of 5 microseconds is probably smaller 

tl.an the thermal time constant of the transistor, and the 

junction temperature is more a function of average device 

dissipation than of peak dissipation. A similar im-

provement in peak power output and gain can be ob-

tained by pulse operation of the 2N5016 at 225 MHz, as 

shown in Fig.8, but the improvement is not as great as 

that obtained for the 2N5470. 
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A second major difference between cw and pulse 
operations is that a transistor can be operated at much 

higher voltage under pulse conditions. Fig.9 shows 
peak power output as a function of supply voltage Vcc 

for the same transistor types (the 2N5016 measured at 

225 MHz and 400 MHz, and the 2N5470 measured at 
2 GHz). These measurements were performed with con-
stant peak input power pulses at 1-per-cent duty cycle 

and 5-microsecond pulse duration. At an input power 

level of 0.5 watt, the 2-GHz power output of the 2N5470 
increases from 1.9 watts at 28 volts to 2.5 watts at 45 

volts. At an input power of 9 watts, the 400-MHz power 
output of the 2N5016 increases from 25.5 watts at 28 

volts to 40 watts at 45 volts. At 225 MHz, the increase 
in power is even greater. These results indicate that 

60 
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./.................." 
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ss 

Fig.9 - Peak output power as a function of supply voltage 

Vcc for the 2N5470 and 2N5016 transistors at selected 

frequencies. 

rf power transistors can be operated at much higher volt-

age under pulse conditions, and, consequently, can 

deliver more pulsed power. It appears that rf power tran-
sistors can withstand much higher voltage under short-
pulse conditions without operating in the second-break-

down region. The average current resulting from short-
pulse operation is much lower than that of cw operation. 

Broadband Power Amplifier 

RF power transistors are often used in broadband 

amplifier circuits for commercial and military appli-
cations. Transistor transmitters are superior to tube 

transmitters with respect to broadband capability, re-
liability, size, and weight. The aircraft communication 

bands of 116 to 152 MHz and 225 to 400 MHz are of 
interest for both military and commercial applications. 
Another area of interest is ECM (electronic counter-

measures) applications. Transistors suitable for broad-

band applications must be capable of providing both the 

required power output within the entire frequency range 
of interest and constant gain within the passband. The 

bandwidth of a transistor power amplifier is limited by 
the following: intrinsic transistor structure, transistor 
parasitic elements, and external circuits such as input 

and output circuits. 

Intrinsic Transistor Structure 

The parameters which determine the inherent band-

width of a transistor intrinsic structure are the emitter-

to-collector transit time, the collector depletion-layer 

capacitance, and the base-spreading resistance. The 
emitter-to-collector transit time, which represents the 

sum of the emitter-capacitance charging delay, the base 
transit time, and the collector depletion-layer transit 

time, affects the over-all time of response to an input 

signal. Of particular importance is the emitter-capaci-
tance charging delay, which is current-dependent and 

equal to 1/fT , where fT is the gain-bandwidth product 
of the transistor. A high fT is essential for broadband 
operation; in additiOn, a constant fT with current level 

is required for large-signal operation. The ratio of the 

fT to the product of the base-spreading resistance and 
the collector depletion-layer capacitance (rbCc) comprises 

the gain function of a transistor. 

Under conjugate-matched input and output con-

ditions, the power gain as a function of frequency (which 
is equal to fT /87d2rbCc) falls off at a rate of 6 dB per 

octave. In a power amplifier, the power gain usually 
decreases by less than 6 dB per octave, as shown in 

Fig. 10(a), because the load resistance RL presented to 
the collector is not equal to the output resistance of 

OUTPUT 
NETWORK 

GENERATOR 
INPUT 

NETWORK 

FALL OFF OF 
6 OR TO 3 dEl PER OCTAVE 

_ LOAD 

ti 12 

Fig.10(a) - Output power as a function of frequency in 
a power amplifier; ( b) equivalent broadband amplifier. 
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the transistor, but is dictated by the required power out-
put and the collector voltage swing. The curve in 

Fig.10(a) indicates that one approach for achieving a 
broadband transistor amplifier is to optimize the matching 

at the higher end of the frequency band and to introduce 
mismatch in the input, or output, or both at the lower 
end of the band so that a constant power output is ob-

tained from f1 to f2, as shown in Fig.10(b). The power 
output that can be obtained in a transistor broadband 
amplifier is comparable to that measured at the high end 

of the band in a narrowband amplifier; efficiency and 

power gain are slightly lower than in a narrowband 
amplifier because the load and source impedance cannot 
be ideally matched to the transistor over a broad fre-

quency band. 

The disadvantage of this approach for broadbanding 
is the relatively high input VSWR at the low end of the 
band. A more sophisticated approach for achieving 

broadband performance is to consider the intrinsic tran-
sistor structure, the transistor parasitic elements, and 
the external circuits as part of the over-all band-pass 
structure, in which the input and output circuits are 
coupled together by the transistor feedback capacitance. 
This combined structure reproduces the power-output or 

power- gain curve of Fig.10(a) from f1 to f2. External 

feedback is then applied to control the input drive to 

flatten the power output over a broad frequency band. 

Parasitic Limitations 

Any discrete transistor contains parasitic elements 
which impose further limitations on bandwidth. The most 

critical parasitics are the emitter lead inductance Le and 
the base inductance Lb. These parasitic inductances 

range from 0.1 to 3 nanohenries in commercially available 

cf power transistors. In the simple representation of a 

common-emitter equivalent transistor input circuit at high 
frequency shown in Fig.11, the inductance Lin represents 

Fig.11 - Equivalent input circuit of an rf power transistor. 

the sum of the base parasitic inductance and the re-
flected emitter parasitic inductance, and Rin is the 

dynamic input resistance. The real part Rin is inversely 

proportional to the collector area and, therefore, the 

power-output capability of the device; the higher the 

power output, the lower the value of Rin. A low ratio 
of the reactance of Lin to Rin is important as the first 

step in broadbanding and for ease of circuit design. 
Unless the reactance of Lin is appreciably lower than 

the input resistance Rin, the reactance must be tuned 
out and thus the bandwidth limited. 

External Circuits 

For a broadband amplifier circuit to deliver con-

stant power output over the frequency range of interest, 
a proper collector load must be maintained to provide 

the necessary voltage and current swings, and the input 

matching network must be capable of transforming the low 

input impedance of the transistor to a relatively high 

source impedance. 

Suitable output circuits for broadband amplifiers 

include constant-K low-pass filters, Chebyshev filters 
(both transmission-line and lumped-constant), baluns, 

and tapered lines. Fig.12(a) shows a conventional 

constant-K low-pass filter. The input impedance Z11 
is substantially constant at frequencies below the cut-

off frequency a) = 1/ if LKCK. A constant collector 
load resistance can be obtained if the shunt arm (1-1) 
of CK is split into two capacitances, as shown in 

Fig.12(b); part of the capacitance represents the Cob of 
the transistor, and the other part has a value which 

makes the total capacitance equal to CK. Further im-

provement of bandwidth can be obtained by cascading 
of more sections. 

Fig.12(c) shows a short-step microstrip impedance 

transformer which consists of short lengths of relatively-

high-impedance transmission line alternating with short 
lengths of relatively- low-impedance transmission line. 

The sections of transmission line are all exactly the 
same length; the length of each is k/16. A constant 

load resistance can be maintained across the collector-
emitter terminals over a wide frequency band if the 

circuit is desigped to have a Chebyshev transmission 
characteristic 1,2. Fig.12(d) shows a lumped-equivalent 

L K  

GK. 14.0 RI-

(a) —L-

(a) 

Fig.12(a) - A conventional constant-K low-pass filter; 
(b) a method of obtaining a constant-collector load 

resistance; (c) a short step microstrip impedance trans. 

former; (d) a lumped-equivalent Chebyshev impedance 

transformer. 

428 



AN-3755 

I DI 

(CI 

Chebyshev impedance transformer which consists of a 

ladder network using series inductances and shunt 
capacitances. Transmission-line as well as strip line 
baluns with different step-down ratios (4:1, 9:1, 16:1) 

can also be used in the output to provide the broadband 

impedance transformation. 

One difficulty in broadbanding a transistor power 

amplifier is to maintain the desired bandwidth in an 

input circuit which provides the required impedance 

transformation from the extremely low input impedance 

of a transistor to a relatively high source impedance. 

The design of the input circuit depends on the approach 

chosen: optimizing the matching at the high end only, 

or using the transistor parasitic elements as part of a 
low-pass structure. A simple way of optimizing the 
matching at the high end is to introduce a capacitance 

between the base and the emitter terminals of the tran-
sistor to tune out the reactive part of the parallel equiva-
lent input impedance of the transistor. The networks in 

Fig.13 show that the lower the inductance Lin or Qin, 

the less frequency-sensitive is the equivalent parallel 

resistance Req. This arrangement also provides a first 
step-up transformation for the real part of the input im-
pedance of the transistor. When a capacitance is con-

nected to the network of Fig.13(a), the circuit has the 
same form as a half-section of a constant-K low-pass 

filter. If the cutoff frequency co c = 1/01771C is high as 
compared to the frequency of interest (f2 in Fig.10), the 
total input impedance of the transistor input and the 
capacitance C combination is approximately equal to 

(1-a.2/c,:c2) and is constant if ( c...2/c,c2)t t 1. 

The remaining step is to design a proper network 

to provide the necessary impedance transformation over 
the entire frequency band. Circuits suitable for the 

input include multi-section constant-K filters, Chebyshev 

%on : 

0. n. X, n/R,,, 

Reeet,„(i.o,n2) 

xeq .x,„ti. 

Re NBEI•l/R,n(1.0,,, 21 

(÷:) 2  
I ,n EYBEI • ° 

Fig.13(a) - Series equivalent input circuit of an rf power 

transistor; ( b) equivalent parallel input; ( c) equivalent 

parallel input circuit with external base-emitter 

capacitance. 

filters, and tapered lines. A more sophisticated approach 

to obtain a broadband transformation in the input is to 
treat the parasitic inductance Lin of Fig.11 as part of 

the transformation network. For example, Lin can be 
considered as one arm of the Chebyshev low-pass filter 
of Fig.12(d). For a given bandpass characteristic, the 

number of sections increases .with the value of Lin. 
Again, therefore, low package parasitic inductance is 

important. 

The 2N5919 Transistor 

At present, plastic uhf power transistors are used 
exclusively in 225-to-400-MHz broadband applications. 

UHF plastic packages have substantially lower para-

sitic inductances than either TO-60 or TO-39 packages, 

as discussed previously. 

The introduction of the RCA hermetic low-in-

ductance stripline package makes it possible to design 

broadband power amplifiers without compromising re-
liability. This new radial- lead package utilizing ceramic-
to-metal seals is superior to uhf plastic packages in two 
respects: it has lower parasitic inductances, and it is 

hermetically sealed. For example, the RCA-2N5919 tran-

sistor, first in a series of hermetic radial-lead devices, 
has a dynamic input impedance of 1.5 + j1.2 at 400 MHz. 

Fig.14 shows typical curves of power output and efficiency 
as a function of input power for the 2N5919 at a frequency 
of 400 MHz and a collector-to-emitter voltage of 28 volts. 

This transistor is capable of delivering an output of 
19 to 20 watts with gain of 6.5 dB and collector 

efficiency approaching 70 per cent at 400 MHz. One 
important feature of this device is that the power gain 

is linear with 1.6 dB at power levels between 7 and 
20 watts. The 2N5919 is also capable of an output of 

20 watts with gain of more than 10 dB at 225 MHz, as 

shown in Fig.I 5. 

High•Power Generation 

When more rf power is required than can be pro-
vided by a single transistor, combining techniques 
must be used. Two of the more commonly used methods 

of combining transistors to obtain high power are: (1) 
the "brute-force" method of paralleling several tran-

sistors at a single point, and (2) the use of hybrids to 

combine several individual amplifier chains or modules. 

RF power transistors can be directly paralleled at 

a single point, as shown in Fig.16. All collectors and 
bases are connected together, and a single input matching 
circuit and a single output matching circuit are used. 

Although this arrangement offers circuit simplicity, it 

has several disadvantages. First, the transistors used 
must be matched for power output and power gain at the 
desired frequency to obtain good load sharing. Second, 
direct paralleling of a large number of transistors at a 

single point leads to poor reliability; a failure of one 

transistor usually causes a total failure of the over-all 

amplifier circuit. 
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Fig.14 - Output power and efficiency as functions of 

input power for the RCA-2N5919 transistor at 400 MHz 

and 28 volts. 
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Fig.16 - A method of paralleling rf power transistors at 

o single point. 

Of particular importance is the reduction in both in-

put and output impedances resulting from paralleling tran-

sistors. The impedance levelcan be of the same order as 

the if losses in the input and output elements. The input 

resistance of an if power transistor at 400 MHz is typically 

1 to 5 ohms. If a 0.1-microhenry inductor with an un-

loaded Q of 150 is used in the input circuit, the rf loss 

in the inductor at 400 MHz is 1.6 ohms (Rioss r 

This rf loss increases as more transistors are paralleled. 
Consequently, the total power output which can be 

obtained from several transistors paralleled at a single 

point is less than the calculated total power output. 

430 



AN-3755 

Fig.17 shows the paralleling efficiency as a function of 

the number of transistors in direct paralle13. Paralleling 
efficiency is defined as the ratio of the measured total 

power output to the calculated total power output (i.e., 

the number of units multiplied by the power output of an 
individual unit). The paralleling efficiency decreases 

rapidly as the number of transistors increases. For 
example, when the 2N5016 is used at a frequency of 

400 MHz and a collector-to-emitter voltage of 28 volts, 
the paralleling efficiency is 95 per cent for two tran-

sistors connected in parallel, 90 per cent for three trans-

sistors, 85 per cent for four units, and 55 per cent for 

eight units. 
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f• 400 MR, 
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N Po OF ONE UNIT 

NUMBER OF UNITS PARALLELED —N 

e 

Fig.I7 - Efficiency as a function of the number of tran-
sistor in parallel. 

Most of the disadvantages of the "brute-force" 

direct-paralleling method can be avoided by a more 
sophisticated approach, shown in Fig.18, in which 
several amplifier modules or chains are combined by 

the use of an input hybrid divider and an output hybrid 
combiner. This arrangement provides a reliable and 
efficient method of achieving high vhf/uhf power. Re-
liable operation results because of the isolating proper-
ties of the hybrid. A failure of one amplifier chain or 

module reduces the total power output, but does not 
cause failure of the other amplifier chains or modules. 

In addition, this arrangement provides a highly efficient 

method of combining vhf/uhf power because the insertion 
loss of a hybrid is small. 

INPUT HYBRID ER 

AMPLIFIER 

AMPLIFIER 

AMPLIFIER 

3 

HYBRID 
COMBINER 

OUTPUT 

Fig.I8 - Use of hybrids to combine several individual 

amplifiers. 

A hybrid is an n-port network used as a constant-

impedance circuit for power summing and dividing. It 
maintains phase and amplitude equality between any 

number of outputs, and also provides isolation between 

matched outputs. F ig.19(a) shows a two-way transmission-
line hybrid power divider which consists of two quarter-
wave transmission lines, each having a characteristic 
impedance of Zo R0.4 The generator port 1 and 

distribution ports 2 and 3 are terminated by resistors 
Ro. A lumped resistor of value Ro is connected from 

each of the distribution ports to a common point. When 
a signal is fed into the power divider (port 1), it divides 
by virtue of symmetry into two equiphase and equi-

amplitude ports. No power is dissipated by the resistance 

R when matched loads are connected to the outputs be-

cause port 2 and 3 are at the same potential. The input 
(port 1) of the power divider is also matched when the 

conditions for isolation between the two outputs are 
satisfied. The input impedance of port 1 is the parallel 

combination of the two output loads Ro after each has 
been transformed through a quarter-wavelength of the 

line Zo. If a reflection or mismatch occurs at one of 
the output ports, the reflected signal splits; part travels 

directly to the input, splits again, and then returns to 
the remaining output port. Thus, the reflected wave 
arrives at the remaining output port in two parts; the 

path-length difference between the two paths of travel 

is 180 degrees out of phase when the lines are À./4 in 
length. The value of the resistor R is properly chosen 

(R = Ro) so that the two parts of the reflected wave are 
equal in amplitude and 180 degrees out of phase; thus, 
complete cancellation occurs. The hybrid shown in 
Fig.19(a) can also be used as a two-way combiner ( i.e., 

power introduced at ports 2 and 3 will combine or add 
at port 1). The lumped equivalent of the quarter-wave 

transmission-line hybrid is shown in Fig.19(b). 

-1100 

500 

J50 

Li 

100n: 

150 

i-j10011 

101 

-31000 

50 

Fig.19(a)-A two-way, transmission- line, hybrid power 

divider; (b) a lumped-constant equivalent of this power 

divider. 
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The technique illustrated in Fig.19 can be ex-

tended to an n-way power divider or combiner, as shown 

in Fig.20.4 The characteristic impedance of each quar-

ter-wave line should have a characteristic impedance of 

Ro, and the resistor R should have a value of 
Ro. 

Fig.20 - N-way, quarter-wave hybrid. 

Fig.21(a) shows another hybrid, the 6 )\./4 ring. 

Each port is separated from the adjacent port by a À./4 

section, except for the 3 )\•/4 section between ports 3 

and 4. Because of this arrangement, power introduced 

at port 1 appears at equal levels at the adjacent ports 

(2 and 4), but does not appear at the opposite port 3. 

In a similar way, power introduced at ports 2 and 4 
combines or adds at port 1. 

The VSWR and the isolation of both the 6 À./4 

hybrid ring of Fig.21(a) and the À./4 hybrid of Fig.20 
are sensitive to frequency deviations. A version of the 

hybrid ring which is less sensitive to frequency deviation 
is the quadrature hybrid. shown in Fig.21(b), in which the 

3 /./4 arm of the 6 X./4 hybrid ring is replaced by a 
frequency-insensitive reversal of. phase. Because the 

SIGNAL G L 

ISOLATED 0  
POINT 

X3dEl 

 0 1/2 INPUT Zn 

Fig.21(a) - A 

(b) 
0 1/2 INPUTZ_ 

6 V4 ring hybrid; (b) a quadrature hybrid. 

balance of this ring is not a function of frequency, its 

bandwidth can be expected to be wide. The quadrature 

hybrid accepts an input signal at any of its four ports, 

and distributes half to a second port and half to a third 

port with 90-degree or quadrature phase difference. The 

fourth port is isolated. 

The choice between hybrids and single-point paral-

leling for high-power generation depends on the required 

over-all performance, size, and cost. The most effective 

system usually employs hybrids to combine several ampli-

fier chains in which several transistors are connected 

in parallel. Consideration must be given to both the 

paralleling efficiency (shown in Fig.17) and the insertion 

loss of the hybrid. As a rule of thumb, direct single-

point paralleling should be used for applications in which 

maximum power output is essential up to a point where 

the reduction of output power caused by decreasing 

paralleling efficiency approaches that results from 

the insertion loss of the hybrids. Fig.22 demonstrates 

INPUT 
E 

e 

AMPLIFIER MODULE 

2N016 

4 
255016 

OUTPUT 

Fig.22 - Block diagrams of single-point paralleled and 

hybrid systems used to generate 200 watts of cw power 

at 400 MHz. 

the use of such techniques to generate cw power of 200 

watts at 400 MHz. The system consists of a four-to-one 

hybrid divider, four amplifier chains or modules, and a 

four-way hybrid combiner. Each individual amplifier 

module utilizes «four 2N5016 units connected in parallel 

and driven by a single 2N5016. With a supply voltage 

of 28 volts, each module is capable of delivering output 

power of 54 watts at 400 MHz with gain of 12.4 dB and 

collector efficiency of 50 per cent. The four-to-one 

hybrid combines the output of four modules to produce 

cw power of 200 watts at 400 MHz. 

A similar technique has been used successfully 

to generate cw power of more than 1000 watts at 400 MHz 

by use of sixty-four 2N5016 units, and power of 10 watts 

at 2.3 GHz by use of sixteen 2N5470's.5 The use of 

hybrids in conjunction with single-oint paralleling has 

become an accepted technique for generating vhf/uhf 

high power. Such techniques are now found in practical 

systems that deliver output power up to 300 watts in the 

low uhf range. 
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Microwave Amplifiers and Oscillators 

Using the RCA-2N5470 

Power Transistor 
by 

G. Hodowanec, O. P. Hart, and H. C. Lee 

The RCA-2N5470, the first commercially available 
1-watt 2-GHz coaxial transistor, is designed for use in 
uhf/microwave power amplifiers, microwave funda-
mental-frequency oscillators, and frequency multipliers. 
Projected uses of this device should include sophisti-
cated military and commercial applications such as L-

and S-band power circuits, small-signal amplifiers, and 
microwave power oscillators. 

This Note describes the capabilities and some of the 
uses of the 2N5470 in uhf/microwave amplifiers and 
oscillators which are the essential building blocks for 
solid-state microwave, radiosonde, and S-band teleme-
try equipment. Device and package construction and 
reliability considerations are discussed along with large-

and small-signal operation at microwave frequencies. 
Detailed designs and performance data are given for 
practical circuits incorporating the 2N5470. 

Device and Package Construction 

An efficient microwave power transistor has a sur-
face geometry and cross-sectional structure optimized 
for gain at a specific frequency, and is enclosed in a 
low-loss low-inductance package. The surface geometry 
of the 2N5470 is optimized for gain at 2 GHz; a 16-
emitter-stripe overlay geometry is used in conjunction 
with shallow diffusions and thin epitaxial material. Al-
though emitter and collector areas are minimized, 

enough emitter periphery is maintained to insure ade-
quate current-handling capability at microwave fre-
quencies. 

The 2N5470 is hermetically sealed in the specially 
designed coaxial package shown in Fig. 1. This pack-
age is mechanically strong and has low parasitic induc-
tance, low interelectrode capacitance, and good thermal 

properties. The top section of the package consists of 
a solid silver stud that serves as the collector terminal. 

An A1203 disc insulates the collector from the gold-
plated Kovar flange which serves as the base terminal. 
Another A1 203 disc separates the base flange and the 
gold-plated nickel emitter cap. 

COLLECTOR 

BASE 

EMITTER 

Fig. 1 - Specially designed, hermetically sealed, coaxial 
package for the 2N5470 il power transistor. 

Fig. 2 shows the bonding arrangement for the 
2N5470. The pellet is mounted on the collector stud 
and is oriented to allow for two emitter- and two base-
lead connections. Because each pair of leads is 180 

degrees apart, mutual coupling is minimized between 
the leads and lead inductance is decreased. The base 
flange shields the collector output circuits from the 
emitter input circuits. The base parasitic inductance 
is of the order of 0.1 nanohenry; the emitter parasitic 
inductance is slightly higher. The interelectrode capaci-
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tances are 0.7 picofarad between collector and base, 
1.5 picofarads between emitter and base, and 0.1 pico-
farad between collector and emitter. The extremely low 
parasitic feedback capacitance between collector and 
emitter makes the 2N5470 an ideal device for ampli-
fier applications. In oscillator applications, the feedback 
required to sustain oscillation must be provided ex-
ternally between collector and emitter. 

GOLD-
PL ATE:, 
(OVAR 
BASE 
FLANGE 

COLLECTOR 
STUD 

ULTRASONIC 
EMITTER BOND 

ULTRASONIC 
BASE BOND 

Fig. 2 - Bonding arrangement for the 2N5470. 

CERAMIC 
INSULATOR 

RF Performance of the 2N5470 

The introduction ot the RCA-2N5470 transistor 
makes possible the design of class C amplifier circuits 
which supply a minimum power output of 1 watt at a 
frequency of 2 GHz with gain of 5 dB and collector 
efficiency of 35 per cent, or 2 watts at 1 GHz with 
gain of 10 dB and collector efficiency of 50 per cent. 
Fig. 3 shows typical power output and power gain as 
functions of frequency for a 2N5470 transistor in a 
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Fig. 3 - Power output and power gain as functions of 
frequency for a 2N5470 in a common- base amplifier 

configuration. 

common-base amplifier configuration. Fig. 4 shows 
power output as a function of collector-to-base voltage 
at 2 GHz for a 2N5470 in the same configuration. The 
2N5470 provides higher gain and is more stable in the 
common-base amplifier configuration than in the com-
mon-emitter configuration. 

1.2 

04 
19 16 18 20 22 24 

SUPPLY VOLTAGE (Ike — V 

Fig. 4 - Power output as a function of collector-to-base 
voltage at 2 GHz for a 2N5470 in a common-base 

amplifier configuration. 
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In both high-power and small-signal operation at uhf 
and microwave frequencies, package parasitics must be 
considered an integral part of the transistor character-
istics. In a common-emitter configuration, the relatively 
high extrinsic collector-to-base feedback capacitance 
can produce a negative input impedance. However, the 
degenerating effect of the emitter parasitic inductance 
helps to stabilize the feedback effect. The extrinsic 
collector-to-base feedback of the transistor chip can 
be overcome by use of the transistor in a common-base 
configuration in which the extrinsic collector-to-base 
capacitance is in shunt with the output circuit. In such 
arrangements, however, the degenerating effect of the 
base parasitic inductance can also produce a negative 
input impedance. Therefore, common-base operation of 
a transistor is possible only when the base-lead induc-

tance is minimized as in the 2N5470. 

An additional advantage of common-base operation 
of the 2N5470 is that burn-outs due to low-frequency 
oscillation are minimized. Low-frequency oscillations 
can occur in microwave transistors in any configuration 
because the gain of the transistor is much higher at 
low frequencies than at the operating frequency; how-
ever, the common-emitter configuration is particularly 
susceptible to the production of low-frequency oscilla-
tions because the gain at low frequency is much higher 
than that of the common-base configuration and the 
highly capacitive base-emitter junction and the input 
rf choke form a resonant circuit at low frequency. Low-
frequency instability is minimized in the common-base 
configuration because the power gain of the transistor 
is substantially lower in this configuration than in the 
common-emitter configuration. 
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Because the 2N5470 is a stable amplifier device, 
fundamental-frequency oscillation must be sustained 
by the use of external feedback. In fundamental-fre-
quency oscillator circuits such as those described in this 
Note, the 2N5470 can provide an output of 0.5 watt 
at 2 GHz and 1 watt at I GHz. The 2N5470 can also 
be used in class A linear amplifiers in which a wide 
dynamic range is required. Forward bias of the emitter-
to-base junction is required for operation at input power 
levels below 50 milliwatts. When forward-biased, the 
2N5470 should be operated at a supply voltage less 
than the 28 volts normally used for class C operation. 
The exact voltage value depends on the collector 
current to be used. 

Reliability 

Reliability of the 2N5470 is assured through environ-
mental and mechanical tests including temperature-
cycling, moisture-resistance, shock, constant-accelera-
tion, vibration-fatigue, and vibration variable-frequency 
tests. Life tests include high-temperature storage, dc 
operation, and rf operation at 2 GHz. The rf life-test 
arrangement, shown in Fig. 5, consists of a 2-GHz 
fundamental-frequency oscillator with an output of 300 
milliwatts followed by a 2-GHz amplifier with an out-
put power of 1 watt. 

DC 
SUPPLY 

Fig. 5 - RF hfe test arrangement for the 2N5470. 

Large- Signal Amplifier Operation 

The design of any large-signal rf power-amplifier 
circuit involves two steps: ( 1) the determination of 
load and input impedance under dynamic operating 
conditions, and ( 2) the design of properly distributed 
filtering and matching networks required for optimum 
circuit performance. 
The large-signal impedances for the RCA-2N5470 

transistor shown in Fig. 6 were measured under con-
ditions of optimum circuit performance with the tran-
sistor connected in the common-base configuration. 
Slotted-line impedance determinations were made over 
the range of 1 to 2.3 GHz. Confirming vector voltmeter 
measurements were also made in the range of 1 to 1.4 
GHz. 

Microwave Power-Amplifier Design 

One-step transformation network designs can be used in 

most narrow-band amplifier applications. However, most 
broadband amplifiers require two or more step transform-
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Fig. 6 - Dynamic impedance as a function of frequency for 
the 2N5470 in a common-base configuration. 

ations capable of transforming a large impedance ratio 
over a wider frequency range. In both instances, distrib-
uted-line design techniques are preferred. 

The use of quarter-wave or eighth-wave uniform 
transmission-line techniques results in simplified cir-
cuit designs which yield performance advantages. For 
example, quarter-wave transformer techniques may be 
used to transform the small, real parts of the dynamic 
impedances of the 2N5470 closer to that of the source 
(or load) resistance provided that the reactive parts 
of the impedances are tuned out. When the character-
istic impedance of an eighth-wave line section is made 
equal to the magnitude of the complex terminating 
impedance, a complex impedance can be transformed 
to a real value with minimum line VSWR and, thus, 
minimum line loss. In some cases, it is advantageous 
to use shorter line sections which may transform a 
complex impedance directly to 50 ohms, where feasible, 
or to 50 ohms with an imaginary component which can 
be tuned out. Because the line lengths are generally very 
short, the higher line VSWR's in such cases do not 
necessarily result in excessive line losses. A Smith 
Chart is useful in determining the line lengths. 

Direct complex-to-50-ohm transformations (by use 
of transmission-line techniques) usually have a 3-dB 
bandwidth of 10 per cent. When an additional trans-
formation step is needed ( e.g., a reactive divider net-
work may be needed to match a real component which 
is not exactly 50 ohms to the 50-ohm source or load), 
the 3-dB bandwidth is generally reduced to about 5 to 
6 per cent. Tapered transmission lines may be used for 
wider frequency-band response; these lines can be 
tapered directly to a desired real impedance. In addi-
tion, because of the nature of the TEM mode of 
propagation in these lines, substantial reductions in line 
lengths are possible. However, techniques required to 
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accomplish this transformation are complex and only 
a circuit description is given in this Note. 
The design principles discussed thus far are illus-

trated in the circuit designs given in the following 
pages. 

2-GHz Coaxial-Line Power Amplifier 

A coaxial-line circuit using the 2N5470 at 2 GHz 
is shown in Fig. 7. This circuit operates at 28 volts and 
can develop a power output of 1.2 watts with a drive 
power of 0.3 watt. Collector efficiency is in the order 
of 40 per cent. The coaxial transistor is in series with 
the center conductors of the coaxial air lines, and the 

50-OHM 
INPUT 

RFC 

28V 

TYPE 
2N5470 50 OHM 

OUTPUT 

C3 

CI — 0-10 pF, Johanson 4355 or equiv. 

C2-0.35.3.5 pF; Johanson 4701 or equiv. 

C3-0.35-3.5 pF; Johanson 4702 or equiv. 

Cs— 1000 pF, feedthrough; Allen-Bradley FB2B or equiv. 

RF chokes- 3 turns No. 30 wire, 1/2 4 in. ( 1.59 nwn) ID, in. (4.75 

mn) long 

LI L2— coaxial lines; see Fig. 8 for details 

Fig. 7 - A 2-GHz coaxial-line power-amplifier circuit 

base is grounded in such a way that the input and 
output lines are separated as shown in Fig. 8, In Fig. 7, 
the input line L1 has a characteristic impedance Zo of 
20 ohms and is approximately 0.80 inch long. This line 
length (including the effects of the capacitive loading 
at the base flange and the fringe line effects introduced 
by capacitor C1) is 0.214 ( where A„ is the wavelength 
for a given circuit) and transforms the input imped-
ance of 7.5 + j8 ohms to about 53 ohms of real 

INPUT ANO OUTPUT CHOKES 
WIRE 016 • 10 MILS, APPROX 
3 TURNE...062"LO. 
COIL LENGTH• 3/16" 

JOHANSON 
Na 4335 
OR EOU1V. 

INPUT TYPE 
CONNES 2N5470 

50-045-0000 OR EOU1V. 
(BOTH INPUT AND OUTPUT) 

FEEDTHROUGH 
CAPACITOR 1000 PF 

(ALLEN- RAD EY FF1211) 

BERYLLIUM OXIDE WASNER 
.500" 0.0. JOHANSON 
.1951.0 Na 4702 
.040"THICKNESS OR EOUIV 

OUTPUT 

JOHANSON 
Na. 470* 
R OUIV 

Fig. 8 - Construction details for the 2-GHz coaxial-line 
power amplifier shown in Fig 7. 

resistance. Capacitor C1, in conjunction with the small 
fringe capacitance at the input end of the input line, 
acts as a reactive divider network for the final trans-
formation to the 50-ohm resistance of the driving 
source. 
The output load impedance required for the 1.2-watt 

output is approximately 6.5 + j35 ohms at 2 GHz and 
is transformed by 1/2 , which has an electrical length of 
approximately %A. and an impedance of 36 ohms. 
The electrical length of 1,2 is approximately 110 degrees 

when correction is made for capacitive loading effects 
at the collector end of the line, dielecttic loading effects 
of the beryllium oxide heat-sink washer shown in Fig. 
8, and fringing field effects at output capacitors C2 and 
C3. A %A. line section was used in the output circuit 
in this particular design, rather than an eighth-wave 
section because of the difficulty of incorporating capaci-
tor C3 near the end of L2 (which would be required 
for the step-up needed with the A/8 line). The % A. line 
section performs in the same manner as the eighth-
wave line length, but has somewhat increased line 
losses as a result of the large increase in line length. 
Typical performance curves for a 2N5470 transistor 
in the circuit of Fig. 7 are shown in Fig. 9. Because a 
network transformation is used in this circuit, the 3-dB 
bandwidth is only of the order of 6 per cent. 
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Fig. 9 - Typical performance curves for the 2N5470 in the 
2-GHz coaxial-line power amplifier of Fig. 7. 

1-GHz Coaxial- Line Power Amplifier 

The design of a 1-GHz coaxial-line amplifier circuit 
is similar to that for the 2-GHz circuit and fixture 
shown in Fig. 7 and 8. However, because of the in-
creased device dissipation at 1 GHz, the coaxial lines 
are loaded with boron nitride insulation to reduce the 
thermal resistance between the active device and the 
external heat sink as represented by the outer coaxial-
line cylinder in Fig. 8. Boron nitride has thermal and 
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electrical properties similar to those of A1 203, and has 
the additional advantages of being readily machinable 
and non-toxic. 
The input line of a 1-GHz coaxial-line power ampli-

fier has an electrical length equal to 23 per cent of a 
wavelength and transforms the input impedance of 
approximately 3 + j 1 ohms to a real component of 
about 49 ohms. Capacitor C1 is used in conjunction 
with input stray capacitance to match the value of 49 
ohms to the 50-ohm driving source. The actual line 
length, corrected for capacitive and dielectric loading 
effects as well as fringe line effects, is about 1 inch. 
The characteristic impedance of the line is about 30 
ohms for an air line or about 13 ohms when the line 
is loaded with the boron nitride dielectric. 
The output line is basically a %I transformer which 

transforms the complex output load impedance of 
about 12 + j53 ohms to a real component of about 
270 ohms. Capacitors C2 and Ca are reactive dividers 
and step down this resistance to the 50 ohms required 
at the output. The actual line length, again corrected 
for loading and fringe field effects is about 1.64 inches 
The loaded output line impedance is approximately 27 
ohms. 
The use of the boron nitride dielectric makes pos-

sible the design of a 1-GHz coaxial-line amplifier cir-
cuit comparable in size to the 2-GHz coaxial-line 
circuit designed with air lines. Therefore, a substantial 
reduction in the size of the 2-GHz amplifier circuit is 
possible when the dielectric loading technique is used. 
In addition, improvement in power gain and efficiency 
can be expected because of the improved thermal re-
sistance between the active device and the final heat 
sink. 

The construction of a 1-GHz amplifier is, as men-
tioned above, similar to that shown in Fig. 8 except 
that the beryllium oxide washer is not used; press-fit 
boron nitride cylinders form the dielectric portion of the 
coaxial lines. In both circuits, the fixture is built with 
separate coaxial-line cavities for input and output; the 
cavities are locked together across the 2N5470 base 
flange by means of a locking nut. Although tuning of 
the amplifiers is not critical, some adjustment of the 
wire rf chokes (by spreading or closing of turns) may 
be required for optimum performance at each fre-
quency. Thus, the rf chokes can be used as a fine ad-
justment of the terminating impedance. 

1.6-GHz Stripline Power Amplifier 

Although the 2N5470 transistor is designed pri-
marily for coaxial-line use, it can also be adapted to 
stripline and microstripline circuits. Fig. 10 shows an 
experimental microstrip circuit capable of developing 
a power output of 900 milliwatts over the range of 1.6 
to 2 GHz with a drive power of about 200 milliwatts. 

Collector efficiency at 1.6 GHz is of the order of 50 per 
cent with a collector supply voltage of 28 volts. 

TYPE 
2N5470 

300 pF 

150-OHM OUTPUT 

Fig. 10 - An experimental 1.6- to-2-GHz broadband 
microstripline amplifier. 

The input line of this circuit has a characteristic 
impedance of 8 ohms, and is constructed of 5-mil 
copper sheet mounted on the circuit ground plane with 
5-mil Dupont H-Film* as the dielectric. A conducting 
strip of the copper only 3A8 inch wide is sufficient to 
provide the 8-ohm line impedance. The physical line 
length of 0.4 inch is equivalent to an electrical length 
of an eighth wave and transforms the complex input 
impedance of approximately 5.3 + j6 ohms to a real 
component of about 21 ohms. Capacitor C1, a copper 
strip 5 mils thick located in the vicinity of the 150-
picofarad de blocking capacitor is used to reactively 
match the value of 21 ohms to the 50-ohm source 
impedance. 
The output line is a tapered line section constructed 

of 1/32-inch teflon-fiberglass board. The characteristic 
impedance at the collector end is 35 ohms and is 
approximately equal to the magnitude of the complex 
load impedance of the device at 2 GHz ( under circuit 
operating conditions). The eighth-wave line section 
(approximately 0.3 inch long) is tapered to a charac-
teristic impedance of 50 ohms at the output end of the 
line and thus matches the output directly; the 300-
picofarad capacitor is used for dc-blocking purposes 
only. 

The VSWR is low at both input and output ports 
over the range of 1.6 to 2 GHz. Below 1.6 GHz, the 
input and output VSWR increases because of mismatch 
conditions; however, circuit power output remains es-
sentially constant because of increased device gain at 
the lower frequencies. As a result, the experimental 
1.6-GHz stripline power amplifier exhibits a relatively 
flat output response of 900 milliwatts (with a 200-
milliwatt drive) over the range of 1.2 to 2 GHz. 

Pulse Operation of the 2N5470 

One major difference between cw and pulse opera-
tion of a transistor is the substantial increase in input 
drive level possible under pulsed input conditions. The 
ability of a transistor to deliver higher pulsed-output 
power than cw power depends on the transistor 

• Trademark of E.I. du Pont de Nemours and Co., Inc. 
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current-handling, thermal, and rf-voltage capabilities. 
No significant improvement in power output or gain 
can be achieved by operation of an rf power transistor 
under pulse input conditions at the sanie supply voltage 
and input power level used under cw conditions. 

Fig. 11 shows peak power output as a function of 
duty cycle for the 2N5470 operating under pulse con-
ditions. Peak power was measured at a frequency of 
2 GHz; the constant supply voltage was 28 volts. Under 
pulsed input conditions with pulses of 2-microsecond 
duration and 10-per-cent duty cycle, the output power 
of a 2-GHz amplifier circuit such as the one shown in 
Fig. 8 increases substantially from 1.1 to 1.9 watts as 
the input power increases from 0.3 to 0.7 watt. When 
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Fig. 11 - Peak power output as a function of duty cycle for 
the 2N5470 operating under pulsed conditions. 

the same circuit operates under cw conditions, an in-
crease in input power from 0.3 to 0.5 watt does not 
increase power output; in fact, power output stabilizes 
at 1.1 watts. These measurements indicate that the 
power input at 2 GHz under cw conditions is limited 
by thermal considerations rather than peak-current 
capabilities or emitter periphery. The 2N5470 tran-
sistor is thus be capable of operating at much higher 
peak current under pulse conditions than would be 
permissible under cw conditions. 
A second major difference between cw and pulse 

operation of a transistor is the much higher voltage at 
which the transistor can be operated under pulse con-

ditions. Fig. 12 shows the peak power output measured 
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Fig 12 - Peak power output at 2 GHz as a function 
supply voltage for the 2N5470. 

at 2 GHz as a function of supply voltage for the 
2N5470. The measurements were performed at a con-
stant peak input power with pulses of 10-microsecond 
duration and duty cycles of 1, 10, and 30 per cent. At 
2 GHz and an input power level of 0.5 watt, the power 
output of the 2N5470 increases from 1.9 watts at 28 
volts to 2.5 watts at 45 volts. These measurements 
indicate that the 2N5470 transistor can be operated at 
much higher voltage under pulse conditions than under 
cw conditions and, consequently, can deliver more 
pulsed power. 

Microwave Power-Oscillator Design 

The 2N5470 transistor is suitable for use in micro-
wave power oscillators at L-band and low S-band fre-
quencies. The 2N5470 has high power amplification, 
a necessary condition for good oscillator performance; 
however, because of the high degree of isolation that 
exists between the transistor chip and the case as a 
result of the coaxial design, an external feedback path 
must be provided to assure reliable oscillation at micro-
wave frequencies. Except for this feedback loop, the 
design of oscillator circuits is similar to that discussed 
for amplifier circuits. 

Fig. 13 shows the 2N5470 in its basic oscillator con-
figuration, a Colpitts oscillator circuit. In this circuit, 
the collector is grounded for maximum heat dissipation; 
therefore, power output is taken from the base circuit. 

50-010A 
OUTPUT 

Fig. 13 - Basic Oscillator configuration for the 2N5470, a 
Colpitts oscillator circuit. 

The parasitic elements of the 2N5470 (the parasitic 
inductance L and the parasitic capacitances C1 and C2) 
can be made use of in oscillator design. The internal 
package capacitance C2 is usually insufficient to sus-
tain oscillation and must be increased externally. The 
Colpitts circuit shown in Fig. 13 can be changed to a 
Hartley oscillator circuit if L and C1 are made external 
components and C1 is connected to the center point of 
the inductor. 

Reliable starting conditions are assured by use of a 
slight forward bias in the common-base oscillator cir-

of cuit through the bias network formed by resistors R2 
and R3. Once oscillations have been started, the circuit 
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is biased toward class C operation by the base current 
flowing through resistors R1 and R2. Resistor RI also 
serves as a limiting resistance which tends to maintain 
the bias point at stable oscillator power-output levels. 

Although many oscillator designs are possible, the 
two circuits described in the following paragraphs are 
descriptive of the types employing the 2N5470 tran-
sistor. 

2-GHz Microstripline Oscillator 

The circuit shown in Fig. 14 is a 2-GHz microstrip-
line oscillator which can deliver 300 to 350 milliwatts 
of rf power with a 24-volt collector supply. Although 
separate bias supplies are shown, a single "floating" 
bias supply can also be used. 

Ci C2 — 0.35-3.5 pF, Johanson 4702 or equiv. 

C3 — 100 pF, feedthroughj Allen-Bradley FA5C or equiv. 

— 50-ohm miniature coaxial line, 1.5 in. (38.1 mm) long 

L2 — micrestrip line, %2 in. teflon-fiberglass, 0.08 in. wide, 0.43 in. 
long 

L3 — micrestrip line, 1/42 in. teflon-fibergloss, 0.03 in. wide, 0.7 In. 
long 

RF choke — 5 turns No. 33 wire, %e in. ( 1.59 mm) ID, Vio in. (4.75 
mm) long 

Fig. 14 - A 2-GHz microstripline oscillator. 

A grounded-base configuration is used in the circuit; 
output power is taken from the collector circuit in the 
conventional manner. L2 is a section of microstripline 
which provides the susceptance required to tune out 
the output capacitance of the 2N5470. The real part of 
the output load impedance ( about 225 ohms) is trans-
formed by a quarter-wave section of microstripline to 
a real component of about 53 ohms. Capacitor C2, in 
conjunction with some stray capacitance C„, is used to 
match the circuit output to the 50-ohm load. Correctly 
phased feedback is provided by the loop circuit formed 
by L1 and C1. Frequency adjustment over the range 
of 1.8 to 2.1 GHz is controlled by capacitor C1. 
The circuit of Fig. 14 is fabricated on a 1/32-inch 

teflon-fiberglass board. The 2N5470 is mounted with 
the base flange flat against the ground plane of the 
board; a beryllium oxide washer provides a thermal 
path between the collector post and the ground plane. 
The 1.5-inch line section L1 is used to contact the base 
of the 2N5470 on the other side of the board. 

2-GHz Lumped- Constant Power Oscillator 

The circuit shown in Fig. 15 has a single bias supply 
and makes use of a grounded collector for better heat 
dissipation. The circuit is tunable over the range of 1.8 
to 2.1 GHz and can deliver 300 milliwatts of output 
power at 2 GHz with a 21-volt power supply. Circuit 
operation is similar to that of a Hartley oscillator, with 
L1 and the parasitic inductance of capacitor C1 com-
prising the tapped inductance used in the feedback 
loop. Tuning is provided largely by capacitor C4, C3 
is adjusted for optimum match to the load of 50 ohms. 
Resistor R1 can be made variable (0 to 100 ohms) to 
permit optimum adjustment of bias conditions. Output 
power can be adjusted without great effect on the 
oscillator frequency by variation of the value of re-
sistor R3. A minimum supply of about 15 volts is 
sufficient for stable circuit operation. 

C1-0.82 pF, -gimmick") Quality Components type 10% QC or equiv. 

C2 C6 — 100 pF, feedthroughj Allen-Bradley FA5C or equiv. 

C3 C4 — 0.35-3.5 pF, Johanson 4701 or equiv. 

Cs — 0.01 µF, disc, ceramic 

Li — No. 22 wire, '&1 in. ( 1.17 mm) long 

RF chokes- 4 turns No. 33 wire, %6 in. ( 1.59 mm) ID, 4irs in. (4.75 
mm) long 

Rs — 51 ohms, 0.5 W 

R2 — 1200 ohms, 0.5 W 

R3 — 5-10 ohms, 0.5 W 

Fig. 15 - A 2-GHz lumped- constant oscillator circuit. 

Widebond Power Oscillator Circuits 

Although the basic Colpitts oscillator circuit shown 
in Fig. 12 can be made a varactor-tuned wideband 
oscillator by use of a high-0 varactor in place of the 
inductance L, a simpler technique can be used with the 
2N5470. Fig. 16 shows a proposed circuit using the 

2N5470 which is capable of wideband single-screw 
tuning. Basically, the circuit is the oscillator arrange-

ment of Fig. 14 with the broadband tapered-line out-
put section of Fig. 10. Capacitor C2 is selected for 
best output match at the center oscillator frequency 
desired, and capacitor C1 is used to control the oscil-
lator over a bandwidth of approximately 20 per cent. 

440 



  AN-3764 

-Vcc 4-VcC 

Fig. 16 - A wideband single-screw-tuned oscillator circuit. 

Biasing Arrangement for Class A and 
Class B Operation 

In addition to class C operation, the 2N5470 can be 
used in class A or B service when large dynamic range 
is required. Only common-base operation is discussed 
in this Note because the 2N5470 is constructed with 
the base connected to the flange. In such an arrange-
ment, positive voltage must be supplied to the collector 
and negative voltage to the emitter to permit forward-
biased operation. A 100- to 200-ohm resistor should 
be connected in series with the emitter to bias the 
emitter and to prevent excessive collector-current flow. 

If one power supply with a grounded negative or 
positive line is used, the base of the 2N5470 must be 
dc-isolated from ground. One method of accomplish-
ing this isolation is to use a thin tape material, such as 
1-mil Mylar* tape, between the ground plane and the 
flange or base of the transistor. The resulting capaci-
tance between the flange and the ground plane through 
the tape dielectric provides a satisfactory bypass for 
the base. A low-frequency bypass must also be pro-
vided along the base power-supply line. This biasing 
arrangement is shown in Fig. 17. 

O  
INPUT 

O  

INPUT 
RF 

CIRCUITS 

Class A and Class B Power Gain 

Figs. 18 and 19 show the power gain of a 2N5470 
transistor in a common-base amplifier configuration at 
1 and 2 GHz, respectively. In each case, a class C curve 
measured at a supply voltage of 15 volts is included for 
reference. 
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Fig. 18 - Power gain as a function of power input 
1-GHz common-base amplifier configuration. 
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Fig. 17 - A bias circuit with the transistor base grounded. 

*Trademark of E.I. du Pont de Nemours and Co., Inc. 
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Fig. 19 - Power gain as a function of power input in a 
2-GHz common-base amplifier configuration. 

The collector-current values shown for class B oper-
ation represent quiescent current levels set for each test 
prior to the application of rf power. The true collector 
current for each test level is somewhat higher, the 

amount depending upon the level of the applied rf 
power. The circuit was returned for each test point to 
provide maximum power output and, therefore, maxi-
mum power gain. 

Class A performance was measured with collector 
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currents from 10 to 50 milliamperes. At these levels, 
class A gains exceeding the values shown can be readily 
obtained. 

At 1 GHz with a supply voltage of 15 volts, the 

maximum class C power gain for a 2N5470 transistor is 
about 9 dB; maximum gain occurs with an input drive 

of about 75 milliwatts applied to the device. At 2 GHz 
with a 15-volt supply, the maximum class C power 
gain is about 5 dB with about 90 rnilliwatts of input 
power. 
The selection of class B or class C operation and 

the appropriate operating conditions for a circuit in 
which power gain is important can be made for fre-
quencies of 1 or 2 GHz with the help of the curves in 
Figs. 18 and 19. Class B gains in excess of 10 dB can 
be obtained at either frequency; however, the stability 

of the amplifier must also be considered. 

1- and 2-GHz Lumped-Constant Common-Base 
Amplifiers 

Lumped-constant common-base amplifiers using the 
2N5470 have been designed for I- and 2-GHz opera-
tion; circuit diagrams are shown in Figs. 20 and 21, 
respectively. Both amplifiers are designed for operation 

either with two power supplies or with one supply with 
neither positive nor negative line grounded. Both 
amplifiers are tuned by means of emitter terminal 
inductances and Johanson air-type dielectric tuning 
capacitors. These components step the impedance down 
from 50 ohms to that required by the transistor. The 
tuning range of the capacitors is sufficient to permit 
tuning for maximum gain or minimum noise. 
A pi network is used in the output circuit of each 

amplifier so that the output impedance can be varied 
and thus the degree of mismatch controlled. With the 
line lengths shown, the circuits can be tuned to the 

desired frequencies with a large mismatch and provide 
stable class A operation. In class B or class C opera-
tion, when either a slight mismatch or matched condi-
tions are needed, a reduction in the series inductance 
changes the transformed output impedance to a value 
closer to that required for matched conditions. 

TYPE 
255470 

-VEE 4-VcC 

C1 C5 C6— 1.14 pF, air dielectric trimmer capacitor, Johanson 3901 or 

equiv. 

C2-0.35-3.5 pF; Johanson 4701 or equiv. 

C3 C4— 1000 pF, feedthrough 

L1— 10-mil copper wire, 0.4 crn wide, 2.2 cm long, formed into open 

loop 

RF chokes — 0.1 µH, Nytronics or equiv. 

Fig. 20 - A 1-GHz lumped-constant common-base 
amplifier. 

TYPE 
255470 

-VEE 

Ct C2 C5 Co — 0.35-3.5 pF; Johanson 4701 or equiv. 

C3 Q— 1000 pF, feedthrough 

LI— 10-mil copper strip, 0.3 cm wide, 1.3 crn long 

Fig. 21 - A 2-GHz lumped-constant common-base 
amplifier. 
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The Use of Coaxial-Package Transistors 

In Microstripline Circuits 

by 

H. C. Lee and G. Hodowanec 

It is generally accepted that a well-designed coaxial 
transistor package (such as that used for the 2N5470) 
outperforms other transistor packages ( including strip-
line packages) at the microwave frequencies. This 
performance is based on the low values of the parasitic 
elements and the excellent isolation between the input 
and output circuits associated with the coaxial con-
figuration. As a result, microstrip or stripline amplifier 
circuits using the 2N5470 coaxial-package transistor 
can have thermal and electrical performance equal to 
that of coaxial-line circuits. 

This Note describes the design, construction, and 
performance of microstripline circuits using 2N5470 
coaxial trans istors. Two complete circuits are described: 
a 1.5-GHz amplifier which can provide 1.5 watts of out-
put power with 8.0-dB power gain and 50-per-cent col-
lector efficiency and a 2-GHz amplifier which can provide 
1.2 watts of output power with 6-dB power gain and 40-
per-cent collector efficiency. 

MOUNTING ARRANGEMENT 

Fig.1 shows the circuit mounting arrangement of the 
2N5470 coaxial transistor in microstripline and lumped-
element circuits. The transistor is mounted vertically 
through a hole in the metal block which serves as both 
a heat sink and ground for the device. The bottom side 
of the metal block is counter-bored so that the base 
flange of the transistor is level with the surface of the 
block. The hole through the metal block has a somewhat 
larger diameter than that of the ceramic portion of the 

transistor which separates the base flange and the 
collector stud. This larger diameter permits insertion 
of a press-fit cylindrical sleeve of beryllium oxide or 
boron nitride between the transistor and the metal block 
to provide a heat-conducting path from the collector stud 
to the block. The diameters of the hole through the 
metal block and the cylinder of beryllium oxide ( or boron 
nitride) are determined by the desired characteristic 
impedance of the short coaxial-line section which is 
formed by this mounting technique. Beryllium oxide and 
boron nitride have excellent heat conductivity and low 
electrical losses and thus provide satisfactory heat 
dissipation from the coaxial transistor without adversely 
affecting the rf performance. 

The circuit arrangement shown in Fig.1 is excellent 
for isolation of the input and output circuits. The out-

COLLECTOR TERMINA 

BERYLLIUM OXIDE OR 
BORON NITRIDE 

2N5470 

METAL 
CIRCUIT 
BLOCK 

BASE TERMINAL 

EMITTER TERMINAL 

Fig I Mounting arrangement for the 2145470 in a micro-
stripline circuit. 
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put circuit is constructed on the top portion of the metal 
block and the input circuit on the bottom portion. Fig.2 
shows the construction of the microstripline circuit. The 
output circuit is constructed of standard microstripline 
mounted to the top surface of the metal block. The input 
circuit is constructed of another microstripline placed 
directly over the bottom surface of the metal block. A 
stripline circuit can be formed by placing another strip 
of dielectric material and ground plane above the con-
ductor strips of Fig. 2. 

BERYLLIUM OXIDE 
OR BORON NITRIDE 

DIELECTRIC 
MATERIAL 

2N5470 
INPUT ( EMITTER) LIRE 

(COPPER SHEET 

OUTPUT (COLLECTOR) LINE 
( COPPER SFEET) 

METAL 
BLOCK 

DIELECTRIC MATERIAL 

Fig.2 - Construction of the microstripline circuit. 

DESIGN OF MICROSTRIP AMPLIFIER CIRCUITS 

Fig.3 shows a basic microstripline transistor 
power-amplifier circuit. The input circuit consista of a 

Fig.3 - Schematic of a basic microstripline transistor 
power amplifier. 

line section ,Q1 with a characteristic impedance Z01 and 
a capacitor C1. The length of line in conjunction 
with the capacitance C1 transforma the input impedance 
of the transistor to the driving-source resistance of §0 
ohms. The output circuit consista of a line section X2 
with a characteristic impedance Z02 and a capacitor C2. 
The combination of the line J  2 and capacitance C2 
transforma the load resistance of 50 ohms to the re-
quired collector load impedance of the transistor, which 
is determined by the required power output at the frequency 

of interest. The two rf chokes and a small emitter re-
sistance RE complete the biasing arrangement of the 
transistor power amplifier. 

The first step in the design of a 2-GHz power ampli-
fier is todetermine the input impedance Zin and the col-
lector load impedance ZEL of the 2N5470 at 2 GHz 
under dynamic operating conditions. These values, 
obtained from the published values in the data sheet, 
are as follows: 

Zin = 7.5 +j8 ohms (1) 

ZEL =6.5 +j33 ohms (2) 

For the design of the input circuit, a characteristic 

impedance Zo of 19.4 ohms is chosen. This value of 
Zoi is calculated by use of the quarterwave transformer 

equation. The input impedance Zm is normalized with 
respect to the characteristic impedance, as follows: 

Z in=Zin/Zoi =(7.5 + j8)/19.4 =0.386 + j0.414 (3) 

This impedance value point foi is located on the 
Smith Chart shown in Fig.4. The point is then rotated 
about the constant VS WR circle toward the generator to 
the intersection of the 2.57 constant-resistance circle 
(the normalized 50-ohm driving-source resistance). This 
point is designated as Z1' and has the value 

Z1' =2.57 + j1.1 (4) 

The actual impedance Z1 is then equal to 

Z 1 = Zo1 Z1 ' = 19.4 (2.57 + j1.1) =50 + j21.3 ohms (5) 

The line length required to transform the transistor input 
impedance from 7.5 + j8 ohms to a driving-source re-
sistance of 50 ohms or from 50 ohms to 7.5 - j8 ohms, as 
determined from Fig.4, is equal to 0.155 NE, where X€ is 
the wavelength in the dielectric. At 2 GHz, NE is equal 
to 3.66 inches (fora dielectric constant E = 2.6); there-
fore, the length of the input line section is calcu-
lated to be 0.56 inch. The width of the line for a char-
acteristic impedance of 19.4 ohms when a 1/32-inch 
teflon* fiberglass board is used in determinedl to be 
0.27 inch. A capacitor C1 with a reactance of 21.3 ohms 
is needed to complete the input circuit. This capacitor 
also provides de isolation for the input bias network. 

Fig.4 shows that a direct transformation between 
the input impedance of the transistor (7.5 + j8 ohms) 
and the driving source resistance of 50 ohms is also 
possible by proper choice of the characteristic impedance 
Z01 and the length of the input line. The value of Zo1 
can be determined from the Smith Chart. Because the 
input impedance Zin at 2 GHz is inductive, the input 

must be less than a quarter-wave long to provide 
the necessary impedance transformation. The input 

Trademark of DuPont de Nemours, Inc. 
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Fig.4 - Smith Chart diagram showing 
the direct transformation between the 
transistor input impedance and the 
driving source resistance made pos-
sible by proper selection of the charac-
teristic impedance and length of the 
input line. 

Fig.5 - Smith Chart diagram showing 
the length of line required to achieve 
the desired transformation between the 
transistor collector load impedance and 
the load-termination resistance. 
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impedance Z ' in is then rotated on the Smith Chart of 
Fig.4 toward the generator to intersect the zero-reactance 
line at point Zi ". The normalized impedance at point 
Zi " is 3.1 ohms and, therefore, the impedance Z1 is 
60 ohms ( 3.1 x 19.4). The use of a value of Zoi of 
19.4 ohms results from direct transformation from 7.5 + j8 
ohms to 60 ohms, which is 10 ohms higher than the 
required value. The reduction of Z01 to 17.5 ohms with 
Ji = 0.17 )%€, however, provides a direct transformation 
from 7.5 + j8 to 50 ohms. 

The characteristic impedance Zo and length,eof the 
transmission line required to provide direct transformation 
from a pure resistance Ri to an impedance Z2 =R2 + :0(2 
can also be determined by use of the following equations: 

X 2 2 

Zo = \II R2 (R1 - R2) (6) 

- R2 
tan ei( = Z° (7) 

R1 X2  

If the impedance Z2 is a resistance ( i.e., X2 = 0), Eq. (6) 
reduces to the quarter-wave transformer equation andii= 

Far the design of the output circuit, direct transfor-
mation using a simple transmission line from 50 ohms to 
the required collector load impedance of Eq.(2) is not 
possible because the term X22/R2 ( R1 - R2) of Eq.(6) is 
larger than unity. The characteristic impedance and the 
length of the output line must be chosen so that the 
capacitance C2 shown in Fig.3 can have a reasonable 
value. The characteristic impedance Zo2 is chosen to be 
28 ohms. The transistor collector load impedance ZcL 
is first normalized as follows: 

ZICL = ZCL/Zo2 (6.5 + j33)/28 

=0.232+ j1.18 
(8) 

Fig. 6 - Cross-sectional view of the RCA 2N5470 tran-
sistor (output section). 

0.17 inch. A capacitor C2 with a reactance value equal 
to 100 ohms again is needed to complete the output 
circuit. 

The output circuit actually consists of two line 
sections: the short coaxial-line section formed by the 
transistor collector section mounted in the circuit block, 
as shown in Figs.1 and 2, and the output microetripline 
section shown in Fig.2. In the power amplifier shown in 
Fig.3, the output microstripline section,2 has a charac-
teristic impedance of 28 ohms. To avoid complicated 
transformation determinations, it is desirable to make 
the characteristic impedance of the coaxial-line section 
as nearly equal to a nominal impedance cif 28 ohms as 
practical. 

Fig.6 shows a cross-sectional view of the 2N5470. 
The internal structure of the line section consists of a 

Al2 03 

CERAMIC 

PELLET 

BASE 
FLANGE 

0.010" 

0130" 

CIRCUIT MOUNTING BLOCK 

0.155* 

COLLECTOR STUD 

BORON NITRIDE 

- {.-0 360" 

4(0.040") 

The ZIc 1., point is then located on the Smith Chart 
shown in Fig.5. The chart is then rotated about the 
constant VSWR circle toward the load to the point of 
intersection with the 1.78 constant-resistance circle 
(the normalized 50-ohm load resistance). This value, 
designated Z2', is 1.78 - j3.6. The actual load impedance 
therefore, is equal to 

Z2 = Z21. Z02 =28 ( 1.78 - j3.6) 

= 50 - j100 ohms 
(9) 

The line length required to transform the 50-ohm load to 
the required collector load impedance Zci, of 6.5 + j33 
ohms is determined from Fig.5 to be 0.352 )%.E. The 
width of the microstripline for 28-ohms characteristic 
impedance on a 1/32 -inch teflon fiberglass board is 

tapered-line section and a very short uniform line section 

Yu• The tapered-line section is surrounded by an air 
space which is enclosed by the A1203 ceramic insulator 
of the 2N5470 package and the boron nitride sleeve!' 
The section designated ,f u extends directly to the boron 
nitride sleeve. For the dimensions shown in Fig.6, a 
characteristic impedance in the order of 28 olups requires 
that the outer conductor of the line section f u have an 

* An average characteristic impedance and electrical 
length can be calculated for this tapered-line section, 
or this section can be considered as contributing a small 
inductive component which can be calculated from its 
physical dimensions. 
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inside diameter of the order of 0.36 inch.l. This coaxial-
line section transforms the normalized load impedance 
Z' CL to the point Z lc, as shown on the Smith Chart of 
Fig.5. This transformation length must also be con-
sidered in designing the output network. The length of 
microstripline needed to continue the transformation be-
tween points Z and Z2' of Fig.5, therefore, is 0.300 À€-
Fcr the 1/32-inch teflon fiberglass board, the length 
0.300 )%€ corresponds to 1.10 inches. 

Fig.7 shows the complete schematic for the 2-GHz 
amplifier. In practice, the calculated lengths of the 
input and output microstriplines are reduced by 20 per 
cent to account for the fringe-line effects resulting from 
the length of piston-type capacitors C1 and C2, and the 
inductance effects caused by the connecting leads of 
the device to the stripline sections. 

0.3-3pF 
(JOHANSON 

TYPE) 
\ 45" 

E.-- RFC 

Z. • 20 OHM 
UNE WIDTH•270MILS 
I32-INCH-THICK 
TEFLON BOARD 

+26V 

I I3 

(JOHANSON 
0.3- 3pF 

TYPE) 
.0.9" 

Z. • 213 OHMS 
LINE WIDTH•170 MILS 
1/32-INCH-THICK 

TEFLON BOARD 

Fig.7 - Schematic of a 2-GHz microstripline transisto: 

amplifier. 

PERFORMANCE OF THE 2-GHz AMPLIFIER 

The 2-GHz amplifier is constructed by use of the 
layout shown in Fig. 1 and the configuration and di-
mensions shown in Fig.7. The metal block is aluminum. 
The input and output circuits are constructed on 1/32-inch 
teflon fiberglass board, which is mounted atop the alumi-
num so that the input and output lines are on opposite sides 
of the aluminum block. Fig.8 shows a photograph of the 

Fig.8 - Photograph of the output- circuit section of the 
2-GHz amplifier shown in Fig.7. 

output-circuit section. When operated at 28 volts, this 
circuit can deliver cw power output of 1.2 watts with a 
gain of 6 dB and a collector efficiency of 43 per cent. 
The 3-dB bandwidth is 12 per cent. The performance 
of this microstripline amplifier is equivalent to that of 
a cavity or coaxial-line amplifier circuit. 

PERFORMANCE OF THE 1.5-GHz AMPLIFIER 

The same procedure was used to design the 1.5-GHz 
amplifier circuit shown in Fig.9. The output circuit, as 

0.3- 3p 
(JOHANSON 
TYPE) RF 

1•0.895' 

20 . 13.8 OHMS 
LINE WIDTH•70 MILS 
5 - MIL H-FILM 

28V 

RE 

0.3- Sp 
(JOHANSON 
TYPE( 

I.S . 

Zo SO OMS 
LINE WIDTH• 140 MILS 
1,16- ,NCH-THICK 
TEFLON BOARD 

Fig.9 - Schematic of a l.5-GHz microstripline transistor 
amplifier. 

shown in Fig.10, is constructed on 1/16-inch teflon 
board which is mounted on one surface of an aluminum 
block. The input line is constructed on the opposite 
side of the aluminum block, which serves as the ground 
plane of the line. The input line is formed by mounting 
a 5-mil copper sheet over a 5-mil-thick dielectric material 
(DuPont H-film) which is placed directly over the alumi-
num-block surface. The width of required input line can 
be determined from Fig. 9. The required line impedance 
must be increased about 6 per cent to allow for fringe-field 
effects resulting from the use of a 5-mil line thickness. 

Fig. 10 - Photograph of the output- circuit section of the 
amplifier shown in Fig.9. 

This amplifier circuit, which operates at 28 volts 
and uses a typical 2N5470 transistor, provides 1.5 watts 
of output power with 8.0-dB gain and 50-per-cent col-
lector efficiency. The 3-dB bandwidth of this amplifier 
is in the order of 10 per cent. 
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CONCLUSION 

The performance of the two amplifier circuits de-
scribed in this Note clearly demonstrates the advantages 
offered by coaxial-packaged transistors in microstrip or 
stripline circuits. The coaxial package provides thermal 
and electrical performance equal to that of coaxial-line 
circuits. In addition, the mounting arrangement of coaxial-
package transistors results in a built-in heat sink for 
the device and improved isolation between inputs and 

outputs. Similar techniques have been used successfully 
to obtain 6 watts of cw output power at 2.0 GHz by use 
of a coaxial-package higher-power transistor, RCA-

2N5921. 
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16- and 25-Watt Broadband 

Power Amplifiers Using RCA-2N5918, 

2N5919,and 2N6105 UHF/Microwave 
Power Transistors 

by C. Leuthauser and B. Maximow 

The advent of uhf power transistors has made possible 
broadband amplification of large rf signals without use of 
ganged tuned circuits, which have very limited bandwidths 
and mechanical complexity. Wide bandwidths are now 
attainable as a result of improved intrinsic transistor 
characteristics, as well as package design. In a 
225-to-400-MHz broadband high-power amplifier, good 
transistor package design is of special importance. Low 

parasitic inductances are essential because the real part of the 
transistor input impedance is inherently low. 

The RCA-2N5918, 2N5919, and 2N6105, which feature 
a stripline package, are examples of improved rf power 
transistors designed specifically for use in high-power 
broadband amplifiers in the 225-to-400-MHz frequency 
range. The development of rf transistor packages has 
progressed from the early hermetic TO-60-style con-
figuration through the stripline plastic package, to the 
highly reliable, ceramic-to-metal, hermetic stripline package 
used in these types. This Note discusses general design 
considerations for broadband rf amplifiers, and describes the 
design of a 2N5919 amplifier that provides a constant power 
output of 16 watts with gain variation within 1 dB over a 
bandwidth of 225 to 400 MHz. The 2N5919 amplifier can be 
connected in direct cascade with a 2N5918 driver amplifier, 
or two 2N5919 amplifiers can be connected in parallel, to 
provide a constant power output of 25 watts from 225 to 
400 MHz. A single TA7706 can be used in a similar 
configuration to provide 25 to 30 watts of rf power across 
the same frequency band. 

The schematic diagram for the 2N5919 amplifier is 
shown in Fig. 1, and broadband performance of the 2N5919 
in the circuit is shown in Fig. 2. Performance is shown for 
class C operation, which is basic for high-power 
amplification. In the case of an amplitude-modulated system, 
linearity requirements are met by either envelope correction 
or slight forward-biasing, or both. 

GENERAL DESIGN CONSIDERATIONS 

Broadbanding a transistor rf amplifier is difficult 
because changes in output loading affect the input 
impedance and may cause errors in the input-network design 
if the design is based on narrowband input-impedance 
information. The design of a broadband amplifier, therefore, 
should begin with the output network. 

Evaluation Circuit 

A quick method of evaluating the design of an output 
network is to construct an amplifier which uses the particular 
output circuit and a tunable narrowband input circuit. Over 
the required frequency band, the resulting amplifier should 
display smooth gain and collector-efficiency characteristics. 
Sharp changes in either of these characteristics indicate 
improper loading of the collector and can result in higher 
thermal resistance than would normally be anticipated. 
Under improper loading conditions, the transistor dissipation 
is not spread uniformly across the device pellet; as a result 
there is heat concentration and an equivalent increase in 
thermal resistance. 

The interim circuit described above can also be used to 
determine the broadband input impedance of the rf 
transistor by measuring the input-circuit impedance at the 
device terminals at each frequency of interest. In each case, 
the input network should present a good 50-ohm match to 
the generator during tuneup and should be terminated 
(source side) by 50 ohms when the impedance measurement 
is made. The device impedance is then the conjugate of the 
circuit impedance. 

Package Design 

If the upper frequency of operation is in the uhf range, 
the imaginary part of the input impedance usually appears 
inductive. For good broadband performance, package 
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Ly 

3 

C2 Le L9 

4 C5 

R2 

f6 

R4 

Lio 

L2 

C, • 10 pf silver mica 

C2 - 08-10 pF. Johanson 3957* 

C3 . 2.2 pF, Quality Components type 10% QC, "gimmick" 

- 1.0 pf. Quality Components type 10% QC, "gimmick" • 

C, • 1.5 pF, Quality Components type 10%0C, "gimmick" • 

C, - 36 pF, ATC•100* 

C7 - 51 of. ATC-100• 

ce - 47 pF, ATC•100• 
C9 68 of, ATC-100* 

C10 • 12 pf, silver mica 

C11 - 0.8-20 pF, Johanson 4802 * 

C12 . 1000 pF leedthrough type, Allen-Bradley FA5C* 

C13 - 1 siF electrolytic 

* Or equivalent 

Allen-Bradley Co., Milwaukee, Wis. 

American Technical Ceramics, Huntington Station, N. Y. 11746 

Johanson Mfg, Corp.. Boonton, N. J. 07005 

Nytronics, Inc., Berkeley Heights, N. J. 

• All coils are 5/32 in. 13.96 mml I. O. = 18 wire, 12 turns per inch. 

L3 

2 
C7 Ce 

21,15919 Le 

4 

1,3 

L4 

vcc 

L1 • 1-1/2 turns. 

L.2 - Copper strip 5/8 in. 115875 mrn) L: 5/32 in. ( 3.96 mrn) W 

L3 - Transistor base lead, 3/6 in. 14.74 mml L 

L4' L6 • 3 turns. 
L, - 2 turns. 

L7. Le, 0.18 pH RFC, Nytronics, P.40136.113 

L10 - 0.1 pH RFC, Nytronics, f.a01)0.10 

R1 - 100 11, 1 W, carbon 

R2, R3 • 100 St, 1/2 W, carbon 

R4 - 5.1 ri. 1/2.W, carbon 

Fig. 1 — 16-watt broadband amplifier circuit using the 
2N5919. 

parasitics must be low enough to allow the series input 
inductance to be used by the first section of the input 

matching network. If the inductance is lower than the input 
network requires, additional inductance (a little extra lead) 
can be added; however, excess inductance cannot be 

removed. 
The 2N5919 package is designed to provide reliable 

hermetic-package performance with parasitics low enough for 

suitable broadband performance. In comparison with earlier 
metal and plastic packages housing the same pellet, the input 

inductance has been reduced by a factor of four and the gain 
increased by 1.5 dB. The present package consists of 
alternate layers of ceramic and metal in a hermetic sandwich 
structure. Prior to assembly, all electrical parts are 
silverplated. The heat-sinking stud is brazed to the 
bottom-layer ceramic (beryllium oxide), which serves to 
isolate the pellet (collector) from the stud and yet provide 
good heat transfer. The emitter lead is then sandwiched by 
another ceramic piece that serves as an insulator and support 

for the base and collector leads. Electrical connection for the 
collector is made with a pin through a small hole in the top 

ceramic; this hole is sealed by the collector lead itself. A 
larger hole in both the top ceramic and the base lead serves 

for electrical and physical access to the transistor pellet. A 

solid silver cap covers the hole in the base lead and provides 
the final seal. 

Gain and VSWR Control 
Various approaches may be used to achieve low input 

VSWR and power-gain flatness in a broadband amplifier. 
Roll-off of transistor gain can be compensated for by 
designing a given amount of mismatch into the input 
network. However, this technique also increases the input 
VSWR at the low end of the band and results in stressing of 
the lower-level driving stages. An alternate method is to 

employ a gain-leveling loop around the entire amplifier chain 
to compensate for the low-end turnover, and to design each 
stage for minimum input VSWR. The gain-leveling loop may 
also be used for envelope correction when low-distortion 

amplitude modulation is required. 
Lossy input-network design can also be used to provide 

gain and VSWR control. In this case, dissipative loss is 

introduced in the input network at lower frequencies of 
operation by selective RLC networks. This method should be 
reserved for the input circuits, and preferably for lower-level 

stages, to avoid excessive heat generation. 
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Fig. 2 — Typical performance of circuit of Fig. 1 from 225 to 
400 MHz. 

Hybrid Combiners 
Four-port hybrid combiners have been the most 

successful approach to higher-power broadband structures. 
Combination of power at the 50-ohm level is more easily 
accomplished than direct paralleling of transistors and design 
of matching networks to accommodate a lower impedance. 
Hybrid combining also provides isolation between the 
paralleled amplifiers and avoids destruction of adjacent 
transistors in the event of a single transistor failure. 

Two forms of hybrid junctions can be used to provide 
various phasing between the paralleled amplifiers. The 
"Magic T" combiner, when connected for zero-degree 
phasing, sums (or splits) the powers of the two side ports. 
The fourth port is terminated to dissipate any power 
unbalance. The Magic T can also be connected so that the 
two side ports are 180 degrees out of phase. A pair of 
amplifiers paralleled in this mode operates in push-pull, and 
all even harmonics are dissipated in the fourth port. 

A quadrature combiner sums or splits signals 90 degrees 
out of phase. When used at the input and output of two 
parallel amplifiers, this hybrid junction delivers the input 
reflected power of each amplifier to the fourth port of the 
input combiner. The input to the amplifier pair then appears 
matched and presents no problem to the driving amplifier. 
Because of this characteristic, quadrature hybrid junctions 
are the most widely used combiners in the 225-W-400-MHz 
band. 

Amplitude Modulation 
A majority of amplifiers used in the 225-to-400-MHz 

band must handle amplitude modulation. Low-level 

modulation followed by linear amplification is generally 
preferred to high-level collector modulation because ( 1) 
collector modulation can result in circuit instability as a 
result of varying collector supply voltage, and (2) low-level 
modulation does not require a high-power modulator and 
can, therefore, result in a size and weight reduction. Linear 
amplification for AM signals is efficiently accomplished by 
class AB operation, in which the transistor emitter-base 
junction is slightly forward-biased during a zero-signal 
(quiescent) condition. In some cases, the forward bias is 
sufficient to cause a quiescent collector-current flow. The 
bias must be allowed to degenerate under peak drive 
conditions to allow efficient operation and to avoid device 
destruction. Bias degeneration can be provided by use of dc 
emitter or base resistance; it must be temperature-
compensated to match the device transconductance changes 
with temperature. 

CIRCUIT DESIGN 

Output Circuit 
The design of the output circuit of a broadband if 

power transistor amplifier depends on two basic premises: 
(1) that the real part of the collector load is of constant 
(frequency-independent) magnitude, determined by the 
collector voltage and the output power, and (2) that the 
output capacitance is also of constant (frequency-
independent) magnitude, determined by the collector-to-base 
capacitance Cobo. These premises have theoretical founda-
tion and have been verified experimentally at least to the 
first-order approximation. The collector load resistance for a 
particular transistor and its large-signal parallel equivalent 
output capacitance are usually specified in published data. If 
these values are not available, the following well known 
approximations can be used for the output-network design: 

RL 
[VCC — VCE (sat)] 2 

2P0 

where RL is the parallel equivalent of the real part of the 
collector load, Vcc is the supply voltage, VE (sat) is the 
high-frequency collector-to-emitter saturation voltage, and 
po is the expected output power. The value of VE (sat) 
usually is not known, but a value of 3 volts is a good 
approximation for the power level of the 2N5919. The 
large-signal parallel equivalent output capacitance Co is given 
by Co = K Cobo, where Cobo is the collector-to-base 
capacitance and the constant K is between 1 and 1.5 for class 
C operation. 

The design of the output circuit then reduces to the 
matching of two resistances over a given frequency band: the 
real load presented to the collector, which is usually the 
smaller of the two resistances for an rf power-transistor 
amplifier, and the 50-ohm load. The choice of circuit 
configuration to be used for this purpose is somewhat 
restricted by the presence of a capacitance across the smaller 
resistance. Fig. 3 shows a circuit which transforms a smaller 
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C3 , 3 

R2 , 

Fig. 3 — Broadband transformation circuit. 

resistance RI into a larger resistance R2 over almost an 
octave. Although the transformation is not complete with 
large bandwidths, the circuit can be designed to favor the 
higher frequencies of the band. The small degree of mismatch 
at lower frequencies can be compensated by the higher gain 
of the transistor. 

It is often advantageous to consider a network problem 
qualitatively, even with an oversimplification at first, so that 
the physical phenomena can be perceived before they 
become obscured by the formulas, tabulations, and graphs 
which may be required in exact numerical analysis. This 
approach can also provide a starting point for an exact 
solution, indicate the type of circuit, and yield approximate 
magnitudes and the range of component values to be used. 
As an example, the following paragraphs discuss the design of 
the output circuit of the 16-watt broadband amplifier shown 
in Fig. I. 

Perhaps the simplest way to explain the operation of 
the output circuit is to consider an L-section such as that 
shown in Fig. 4. For transformation of RI into R2, the 
magnitudes of the reactances XL and Xc are determined 
solely by RI and R2, regardless of frequency, as follows: 

XL= (R1 R2— R1 2)1/2 

Xc — R2 ( RI ) 1/2 

R2 — R1 

If it is desired to transform RI into R2 over a band of 
frequencies, therefore, XL and k should be kept constant 
over the band. Although this conclusion is an apparent 
contradiction of the fact that XL = WL and Xc = 1/WC are 
frequency-dependent parameters, the circuits of Figs. 5 and 6 
provide the steps for an approximate solution to the 
problem. 

XL 

Xçs R2 : 

Fig. 4 — L-section. 

(a) 

(e) (d) 

Fig. 5— Frequency effect on the parallel-to-series transfor-
mation: (al Physical circuit, (b) series equivalent circuit 
below resonance, (c) series equivalent circuit at resonance, 
WI series equivalent circuit above resonance. 

In the circuit of Fig. 5 (a), if Cl and LI are selected to 
resonate within the band, the effective value of the series 
inductance is increased below resonance, as shown in Fig. 5 
(b); it remains equal to L2 at resonance, as shown in Fig. 5 
(c), and is decreased above resonance, as shown in Fig. 5 (d). 
Because of the presence of Cl and LI, RI is transformed 
into lower series equivalent values (RI', RI", R1'", and so 
on) which are different at each frequency. At resonance, RI 
retains its original value in the series equivalent circuit. 
Although the exact conditions of Fig. 4 are not met, the 
general trend in the variation of the equivalent series 
reactance is in a favorable direction, i.e., toward greater 
effective inductance at the lower end of the band and smaller 
effective inductance at the upper end of the band. 

A shunt capacitance can also be made to vary by use of 
a series resonant circuit, as shown in Fig. 6. C3 and L3 in the 
circuit of Fig. 6 (a) are selected to resonate at the high end of 
the band and have no effect at that point, as shown in Fig. 6 
(b). Below resonance, C3 and L3 provide a net parallel 
equivalent capacitance Cp, as shown in Fig. 6 (c), which adds 

to C2 of Fig. 3. As the frequency is decreased, Cp assumes 
greater effective values. 

C3 L3 

R' R2 

(a) (b) (c) 

Fig. 6 — Frequency effect on the series- to-parallel transfor-

mation: (a) physical circuit, (b) parallel equivalent circuit at 
resonance, (c) parallel equivalent circuit below resonance. 
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The circuits of Figs. 5 and 6 can be combined to form 
the circuit shown in Fig. 3. The component values are 
selected in the following manner: 

RI is the real part of the collector load. 
C 1 is the shunt output capacitance of the transistor. 
LI is selected to resonate with Cl around mid-band. 
L2 and C2 are selected to make the L-section 

transformation at the frequency where the best 
matching is desirable, i.e., 400 MHz. 

L3 and C3 are selected to resonate at the highest 
frequency and to provide the maximum equivalent 
parallel capacitance at the lowest frequency. 

When the component values have been selected, the 
L-section transformation can be computed at any frequency 
for the part of the circuit of Fig. 3 which is to the left of the 
a-b line. The resultant L-section is shown in Fig. 7. Table I 
lists the results of computer solution for component values at 
25-MHz intervals. Rp is the value of parallel resistance into 
which the collector load is transformed by the resultant 
L-section for given values of Cl, LI, and L2. The capacitance 
Cp is the value of capacitance necessary to make the 
transformation complete. 

The extent to which the part of the circuit to the right 
of the c - d line in Fig. 3 is effective in providing a variable 
capacitor is shown in Table II. Values for equivalent parallel 
resistances and capacitance are computed at 25-MHz 
intervals. Comparison of the results in Tables I and II is 
helpful in determining the component values for the circuit 
of Fig. 3. 

:R. X. Cp = R., 

Fig. 7 - Resultant L-section for left part of Fig. 3. 

TABLE I - Transformed Component Values for L-Section 

shown in Fig. 7. (For R1= 2on, C1 = 16 pF, Li = 13 nH, 
L2 = 11 nH in Fig. 3) 

F-MHz Rs-1/ Xs-12 XT-S2 CI Rp-S2 Cp-pF 

225 14.24 9.06 24.61 1.73 56.76 21.53 

250 16.30 7.77 25.05 1.54 54.80 17.86 

275 17.06 6.06 25.07 1.40 52.95 15.26 

300 19.13 4.08 24.81 1.30 51.30 13.41 

325 19.80 1.98 24.44 1.23 49.97 12.10 

350 20.00 -0.08 24.11 1.21 49.06 11.17 

375 19.80 -2.00 23.92 1.21 48.69 10.53 

400 19.29 -3.71 23.94 1.24 49.00 10.08 

TABLE II - Transformed Component Values for Circuit 

shown in Fig. 6(c) ( For R2 = 50, L3 = 13 nH, C3 = 12 pF 

in Fig. 3) 

F-MHz 

225 

250 

275 

300 

325 

350 

375 

400 

Rp-S-2 cp-pF 

82.91521 

71.29604 

63.27814 

57.76598 

54.06837 

51.73186 

50.44882 

50.00470 

6.95 

5.85 

4.75 

3.62 

2.58 

1.63 

0.80 

0.08 

Table III gives the transformed admittance/impedance 
values for the entire circuit of Fig. 3 to the right of the e - f 
line. These values represent the collector load applied to the 
transistor over the 225-to-400-MHz band and are given as 
parallel and series equivalent values. 

Circuit Impedances 
Knowledge of the input and output impedances of a 

transistor is an invaluable aid in designing rf amplifiers and is 
essential when broadband operation is required. However, 
transistors operating in class C or class B at high frequencies 
are not readily adaptable to equivalent-circuit analysis in 
which input, output, and transfer parameters are specified. 
Fortunately, this problem can be resolved by specifying the 
circuit impedances of the input and the output networks of 
an amplifier. These impedances are measured at the transistor 
terminals after the amplifier has been optimized, the 
transistor removed, and the circuit terminated with 50 ohms. 
Because transistor input impedance depends to some extent 
upon the output circuit, some variation of impedances 
obtained in this manner should be expected in different 
circuit configurations. 

The Input Circuit 
The input impedance of the 2N5919 transistor varies 

from 2.5 + j0 ohms at 225 MHz to 1.5 + 1.7 ohms at 400 
MHz. In matching this varying impedance to a 50-ohm 
source, certain assumptions and approximations facilitate the 
problem by using already developed techniques. One such 
technique is the "Tables of Chebyshev Impedance-
Transforming Networks of Low-Pass Filter Form" compiled 
by George L. Matthaei.' These tables permit selection of 
values for the filter elements to obtain a given performance. 
The tables assume constant impedances across the band. 
Although the input impedance of an rf power transistor 
varies with frequency (especially its reactance), the tables pro-
vide a good starting point. The following discussion is based 
on the Matthaei Tables. 

For this discussion, Ri represents a real part of the 
transistor input impedance and Rs a resistive source 
impedance of 50 ohms. It is assumed that Ri has a value of 
1.65 ohms and is constant across the band of interest. The 
value of 1.65 ohms is selected because it falls between 1.5 
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TABLE III - Transformed Admittance/Impedance Values 
for Circuit shown in Fig. 3. ( For R2 = 5012, C3 = 12 pF, 
C2 = 10 pF, Li = 13 nH, L2 = 11 nH, L3 = 13 nH in 

Fig. 3.) 

F-MHz G-mhos B-mhos Rp-11 Xp-S2 Rs-12 Xs-12 

225 0.03 -0.02 35.62 40.48 20.08 17.66 

250 0.04 -0.02 27.39 47.85 20.63 11.81 

275 0.04 -0.02 22.61 47.54 18.44 8.77 

300 0.05 -0.02 29.08 41.42 16.26 7.88 

325 0.05 -0.03 19.00 34.94 14.66 7.97 

350 0.05 -0.03 18.82 30.28 13.58 8.44 

375 0.05 -0.04 19.17 27.29 12.84 9.02 

400 0.05 -0.04 19.78 25.41 12.31 9.59 

and 2.5 ohms, the real parts of the transistor input 
impedance at 400 MHz and 225 MHz, and yields an 

impedance transformation ratio of 30, for which the values 

for the filter elements can be taken directly from the tables 
without the need of interpolation. 

The parameters to be used are the transformation ratio 
r; the fractional bandwidth w, and the number of filter 

elements n. The bandwidth w is defined as follows: 

fb fa 
w - 

where fa is the low-frequency cutoff, fb is the high-frequency 

cutoff, and fm is the midband frequency. 
Table IV gives values for the filter elements as 

computed from the Matthaei Tables for values of w = 0.8, n 

= 8, and r = 30, where L's and C's are as defined in Fig. 8. 
The value of 0.8 was selected for the fractional bandwidth 

rather than a smaller value to permit computation of 

filter-element values for midband frequencies of both 310 
MHz and 400 MHz. It is often useful to try other values for 

n. 
Several observations can be made from Table IV. First, 

the value of LI is so low that C 1 must be placed as close as 

possible to the transistor base so that the inductive part of 
the transistor input impedance at 400 MHz is part of LI. 

TABLE IV - Values for Filter Elements of Input Circuit 
as Computed from Matthaei Tables1 IL's and C's are 
defined in Fig. 8) 

L1 

Cl 

L2 

C2 

L3 

C3 

L4 

310 

1 07 

200 

3.2 

98.4 

8.1 

39 

16.6 

13 

400 

0.4 

157 

2.48 

77 

6.27 

30 

12.8 

10.3 

MHz 

nH 

pF 

nH 

pF 

nH 

pF 

nH 

PC 

Fig. 8 - Definition of filter elements for values given in 

Table IV. 

Second, the values of C I and C2 are so high that hardly any 
inductance can be tolerated in series with these capacitors. 

Third, L2 and L3 are very small and appear to be critical. 
Physical dimensions of commercially available components 
make it difficult to separate two capacitors with an inductor 
of 3.2 or 2.5 nanohenries. Therefore, some experimentation 

may be required before acceptable performance can be 
obtained. For example, a copper strip 0.14 inch wide and 0.4 

inch long has an inductance of about 5 nanohenries. When 
lower values of inductance are needed, the length of the strip 

becomes about the same as the width. This fact, coupled 
with the physical size of the capacitors, makes experimenta-

tion unavoidable. 
Plotting the values of Table IV on a Smith Chart shows 

the impedance variations along the filter from Rin to Rs. Fig. 
9 shows such a plot for three frequencies: 225 MHz, 310 
MHz, and 400 MHz. This chart can be used to study the 
effect of each element in the filter on the over-all matching. 

For example, reducing L4 improves matching at 400 MHz 
and 225 MHz, but has an opposite effect in matching at 310 

MHz. The component values in the practical circuit shown in 
Fig. I were selected to be closer to those computed for 400 

MHz in Table IV because it was desired to optimize the gain 
at that frequency. 

Reducing VSWR 
The amplifier designed by use of the procedure 

described has much higher gain at 225 MHz than at 400 
MHz. For full utilization of the transistor gain capabilities at 

400 MHz, the amplifier is adjusted for the best match at 400 
MHz. Inevitably some VSWR appears at other frequencies. 
Ideally, the circuit is designed for the highest VSWR at the 
frequency where maximum gain occurs (i.e., 225 MHz). The 
forward power, as well as the reflected power, is then 

attenuated by introducing a resistive element in shunt with a 
node in the input network. The greater the ratio of the 
forward power to the reflected power, the smaller the 
VSWR. The attenuator is made frequency-selective, i.e., it is 

a series RLC circuit. These RLC networks can be staggered in 

frequency. By selection of R's and L's, the amount of 
attenuation and Q's can be controlled. However, a series LC 

circuit appears to be capacitive below resonance and may 
limit the maximum size of a capacitor. For this reason, shunt 

RLC circuits which resonate at frequencies higher than 225 

MHz are placed at the second node where the shunt capacitor 
is larger. 
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CIRCUIT PERFORMANCE 

The basic amplifier developed by use of the technique 
described is a 16-watt, one-stage, 225-to-400-MHz broadband 
amplifier using the 2N5919 transistor. This circuit requires a 
driving power of 3 to 4 watts, which would normally be 
supplied by a cascaded chain of transistors. The performance 
of two amplifiers in cascade is also described to demonstrate 
this technique. When the required power exceeds the 
capability of the largest transistor in the chain, paralleling 
can be used to develop larger outputs. 

16-Watt Amplifier 
Fig. 1 shows the schematic diagram of the 2N5919 

amplifier, which can be considered the main "building 
block" of the chain. Typical amplifier performance is shown 
in Fig. 2. For a constant power output of 16 watts, response 
is fairly flat; the gain variation is within 1 dB across the band. 
Maximum input VSWR is 2:1. Such flatness of response and 
low input VSWR were obtained by designing for the best 
possible match across the band and then dissipating some of 
the power at the low end of the band through dissipative 
RLC networks. The effectiveness of this technique can be 
evaluated by comparison of the gain and input VSWR curves 
in Fig. 2 (a) with those in Fig. 2 (b). The flatter the response, 
the smaller the dynamic range required in the output leveling 
system. Low input VSWR is necessary for protection of the 

C2 =. C4 
L2 L3 

2N59113 

4 

L4 

— C3 g I C 6 i Ce 

CI 

C1 - 3 pF, ATC -100• 
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C4 - 2A8 pF, AMPERE% HTICIMA/218* 
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L5 
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9 

R2 

L7 CIi 

L6 

Vcc 
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-012,..H RFC, NY TRON1CS, P No DD-0113. 
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L3- COPPER STRIP 5 MILS THICK, 150 MILS 

W, 670 MILS L. 
L4- TRANSISTOR BASE LEAD, 0.16 IN. LONG 

Ly -0.1sH RFC, NYTRONKS, P p4 00010* 

L6-No.18 WIRE, 1.08 IN, LONG 

L7-2 TURNS,5/32 IN. ID. No .18 WIRE, 12 
TURNS PER IN. 

RI - 1000,1/2 W, CARBON 

R2-5.111,1/4 W. CARBON 

Fig. 10 — Driver amplifier using the 2N5918. 

driving stage in a cascade connection. The collector 
efficiency is not constant, but has a minimum value of about 
63 per cent. The second harmonic of the 225-MHz signal is 
12 dB down and that of the 400-MHz signal is 30 dB down 
from the fundamental. Further reduction of the second 
harmonic of the 225-MHz signal is difficult to obtain because 
the amplifier bandwidth covers almost an octave. 

Cascade and Parallel Connections 
In a cascade arrangement, a lower-power transistor, the 

2N5918, is used to drive the 2N5919. The output circuit for 
the driver is modified to accommodate a higher collector 
load. The input circuit remains essentially the same as for the 
2N5919. The 2N5918 amplifier schematic is shown in Fig. 
10, and the performance of the two amplifiers connected in 
cascade is shown in Fig. 11. When the two stages are 
connected together, the broadband characteristics of the 
amplifiers minimize the number of adjustments required. 

A parallel combination of two 2N5919 transistors can 
be achieved by use of two quadrature couplers, as shown in 
Fig. 12 (a). Fig. 12 (b) shows gain and efficiency curves for 
such a combination for a constant power output of 25 watts. 
The input VSWR curve is omitted because it is very small and 
independent of the magnitude of the reflected power at each 
amplifier input as a result of the properties of the 90-degree 
combiners. 

70 

60 

I 

nc 
Vcc 28 VDC 

Po • 15 W 

GAIN 

ofVc--°•. 
VSWR 

4:1 

3: I ‘e 

225 250 275 300 325 350 375 400 

FREQUENCY — MHz 

Fig. 11 — Performance characteristics of amplifiers shown in 
Figs. 1 and 10 connected in cascade. 
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TA7706 25-Watt Amplifier 

Fig. 13 shows the schematic diagram of a 25-watt, 
225-to-400-MHz broadband amplifier using a 30-watt, 

400-MHz transistor, the RCA type 2N6105 Amplifier per-
formance is shown in Fig. 14. 

This amplifier includes some modifications in the 
matching circuits which represent a somewhat different 

design approach. For example, the input Chebyshev filter 
uses three sections rather than four. As a result, there is a 
poorer match at 225 MHz, with a resulting increase in the 
input VSWR and a consequent loss of gain. Some loss of 

amplifier gain can be tolerated at 225 MHz because of the 
transistor gain reserve at that frequency. The increased input 

VSWR is not a problem if the amplifier is used in 

conjunction with quadrature couplers because low* input 
VSWR is then not nearly as important as in a direct cascade 

connection. 

400 The collector load resistance for the 2N6105 should be 

about 10 ohms, half of that for the 2N5919. Therefore it 
appears that a 4:1 transformer can be used in the output. 
The circuit shown in Fig. 13 uses a twisted wire pair 

Fig. 12 — Performance of two 2N5919 transistors connected connected as a 4:1 autotransformer. The length of the 
transformer is determined primarily by the amount of 

TYPE 
2N6I05 4 

Ti- TWISTED PAIR OF Na. 20 ENAMELED 
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INCH, CROSS CONNECTED AND 
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Li - I TURN No 20 WIRE, WOUND IN 
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▪ - INDUCTANCE OF BASE LEAD 5/16 IN LONG 

• - 0.12 p.H RFC 

• - 2 TURNS No 20 WIRE, WOUND IN 9/64 IN DIA 

cio 

c9 

• - OR EQUIVALENT 
ALLEN- BRADLEY Co , MILWAUKEE, WIG 
AMERICAN TECHNICAL CERAMICS:HUNTINGTON STATION, NY 11746 

JOHANSON MFG CORP, BOONTON, NJ 07005 

Fig. 13 — 2N6105 broadband amplifier circuit. 
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Fig. 14 — Performance of 2N6105 in the circuit of Fig. 13. 

inductance required to tune out the output capacitance at 

400 MHz. Collector efficiency is somewhat poorer at the 
225-MHz end of the band as a result of incomplete tuning 

out of the output capacitance at the lower frequencies. 
Although twisted-wire transformers are rather difficult to 
analyze, experiments have shown that they have large 

bandwidths and can be successfully used in the output of 
high-power broadband amplifiers. 
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Use of the RCA-2N6093 HF Power 

Transistor in Linear Applications 

by Z.F. Chang and J.F. Locke 

The rapidly growing technology in semiconductor devices 

has resulted in the development of power transistors designed 
especially for use in hf single-sideband (SSB) equipment. 
Unlike most commercially available rf power transistors, 
which are designed primarily for class C operation, the 
RCA-2N6093 provides a high degree of linearity for class 
AB operation, emitter ballast resistance for stabilization 
and low distortion, and an internally mounted temperature-
sensing diode for bias compensation. 

This Note discusses the advantages of single-sideband 
operation, some basic transistor characteristics and trade-offs 

involved in the choice of a transistor for linear applications, 
broadband matching networks, and the basic performance 

of the RCA-2N6093 in narrowband and broadband applica-
tions. The design features that make this device suitable for 

linear amplification are described. 

SINGLE SIDEBAND 
Single-sideband communication systems have many 

advantages over AM and FM systems.' In applications where 
reliability of transmission and power conservation are of 
prime concern, SSB transmitters are usually employed. 
Advantages of SSB include reduced power consumption for 
effective transmission and reduced channel width, which 
permits more transmitters to be operated within a given 
frequency range. Any discussion of SSB operation includes 
the terms "intermodulation distortion" and "peak envelope 
power"; these terms are defined below. 

lntermodulation Distortion 
For an amplifier to be linear, the output power must be 

directly proportional to the input power at all signal 
amplitudes. Alternatively, for a fixed load the amplifier must 
maintain a constant gain within its useful power range. An 
approximate check on the linearity of an rf power amplifier 
is a curve of power output as a function of power input. The 
curve in Fig. 1(a) shows two regions that depart from linear 
operation: region A, high-power operation with current 

saturation; and region B, low-power operation with insuf-. 
ficient forward bias. 

The Po-PIN graph requires measurement at several power 
levels, which is cumbersome and time-consuming, and yields 
results that are only approximate. For final equipment 
testing, the most widely accepted test method requires the 
use of a two-tone signal. The two tones have equal amplitude 
and are separated by an audio frequency. The output 
waveforms can be displayed on a spectrum analyzer to show 
the two tones and the intermodulation-distortion (IMD) 
product. The ratio of the amplitude of the strongest 
distortion product to the amplitude of one of the test signals 
is called the ¡MD ratio. A distortion specification of -30 dB, 
for example, means that the strongest distortion product will 
be less than 0.1 per cent of a signal output level for any 
two-tone signal at power levels up to the peak envelope 
power rating of the amplifier. Fig. 1(b) is a typical curve of 
IMD as a function of output power; the increased distortion 

in regions A and B are readily noted. 
The important intermodulation-distortion products are 

those close to the desired output frequencies, because they 
fall within the passband and cannot be filtered out by normal 
tuned circuits. 1ff1 and f2 are the two desired output signals, 
third-order 1MD products take the form (2f1 - f2) and (2f2 • 
fl). The other third-order terms, (2f1 + f2) and (2f2 + f1), 
correspond to frequencies near the third-harmonic output of 
the amplifier and are greatly attenuated by tuned circuits. It 
is important to note that only odd-order distortion products 
appear near the fundamental frequencies. The frequency 
spectrum shown in Fig. 2 illustrates the frequency relation-

ship of some distortion products to the test signal. 
Even-order distortion products do not occur near the 

desired frequencies fl and f2; all are either in the 
difference-frequency region or in the harmonic regions of the 
original frequencies. Therefore, filters following the non-
linear elements can effectively remove all products generated 
by the even-order components of curvature, and the 
second-order component that produces second harmonics 
will produce no distortion in an SSB linear amplifier. 
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Fig. 1— Two ways to evaluate power amplifier linearity: (a) 
output power as a function of input power; (b) 
intermodulation distortion as a function of output 
power. 

Peak-Envelope-Power Rating 
The maximum power that a device can deliver is usually 

limited by its current and voltage ratings. When a cw signal is 
used, the output is a constant, undistorted, sinusoidal 
waveform that is not suitable for linearity testing. If a 
two-tone signal is used in which the amplitude of each tone 
equals one half of the cw amplitude, and if the two tones are 
separated by a small frequency, the two tones add or 
subtract depending on the phase relationship. When in phase, 
the two tones add to yield an amplitude equal to the cw 
amplitude. When out of phase, the two tones subtract; the 
resultant amplitude becomes zero. Essentially the resultant is 
an undulating wave that varies from zero to maximum 
amplitude at the rate of the difference frequency. Because 
each tone of the two-tone signal has an amplitude equal to 
one half of the cw amplitude, the power contained in one 
tone is only one quarter of the power in the cw signal. The 
total average power in a two-tone signal, therefore, is one 

THIRD- ORDER DISTORTION 

FIFTH-ORDER DISTORTION 

I 2 

e e 

FREQUENCY 

Fig. 2— Frequency spectrum of intermoclulation-distortion 
products. 

half of the power in the cw wave. Because peak power occurs 
when the two tones are in phase, the peak-envelope-power 
(PEP) rating of an amplifier is equal to twice the average 
reading obtained from a power meter such as a calorimeter. 
For a signal of three equal-amplitude tones, the PEP-to-
average-power ratio is 3 to I. 

TRANSISTOR OPERATION 

In a class B amplifier the transistor conducts half of the 
time and the average collector current is directly propor-
tional to the amplitude of the signal voltage. This fact implies 
that the circuit is linear for the fundamental components. A 
class A amplifier conducts all of the time. It provides the 
most linear amplification and is characterized by high gain, 
low distortion, and low efficiency. The low-level stages of a 
power-amplifier chain commonly operate in class A. Because 
of its high quiescent collector current, class A operation is 
seldom used for a power amplifier, particularly in portable 
equipment where high efficiency and light weight are the 
design geals. Therefore, if the primary design goal is to 
achieve low IMD with the highest efficiency possible, the 
transistor should be operated at a power level low enough to 
avoid the nonlinear saturation region, and a bias level beyond 
the nonlinear base-to-emitter "turn-on" region. Fig. 3 shows 
the reduction in IMD with increase in bias. When the 2N6093 
is operated at a PEP output level of 50 watts, it can have an 
IMD of less than -40 dB. 

For bias currents above 60 milliamperes, the reduction in 
IMD becomes less significant. To avoid catastrophic tran-
sistor failures caused by forward-bias second breakdown, the 
bias current should not be. set much beyond the level 
required to meet the power and distortion design objectives. 
Furthermore, once the bias current has been established the 
designer must make sure that the collector quiescent point is 
within the safe dc operating curve of the transistor. 
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collector bias current for the RCA-2N6093. 

TRANSISTOR SELECTION 
To date, most high-frequency power transistors have 

been designed for class C operation. Forward-biasing into 
class B or class AB places such devices in a region where 
second breakdown may occur. The susceptibility of a 
transistor to second breakdown is frequency-dependent; 
experimental results indicate that the higher the frequency 
response of a transistor, the more severe its second-
breakdown limitations. Physically, second breakdown is a 
local thermal-runaway effect induced by severe current 
concentrations. Improving the safe dc operating region of a 
transistor, therefore, must be the first step in providing a 
rugged device suitable for SSB application. 

The RCA-2N6093 is a power transistor designed specially 
for use as a linear amplifier. This transistor can be 
forward-biased into class AB and has a good high-frequency 
response. Improvement of second breakdown is accom-
plished by subdividing the emitter and resistively ballasting 
the individual sites. The transistor has an overlay2,3 
structure, with the emitter sites interconnected by metal 
fingers in parallel. Current-limiting resistors are placed in 
series with each emitter site between the metallization and 
emitter-to-base junction. 

The maximum operating area of a forward-biased 
2N6093 is illustrated in Fig. 4 for various case temperatures. 
If the device is operated within the curves of Fig. 4 under dc 
conditions, second breakdown will not occur and the 
junction temperature will not exceed 2000C at any point. 
The hot-spot temperature for these curves were determined 
by infrared scanning. 

Emitter Ballast Resistance 
To show the effect of emitter ballast resistance on second 

breakdown, three groups of high-VcEo(sus) overlay tran-
sistors were made with different ballast-resistor values. The 
collector-to-emitter voltage needed to cause each transistor 
to go into second breakdown at a collector current of one 

— HOT - SPOT 
— TEMPERATURE 

js)•200.0 

NOTE: 
Tjs IS DETERMINED BY USE OF 

INFRARED SCANNING TECHNIQUES 

I II 
4 6 8 10 2 4 6 8 ,00 

COLLECTOR-TO-EMITTER VOLTAGE VCs)— V 

VCE0 
,LIMITED 

Fig. 4- Safe area for dc operation of the RCA-2N6093. 

ampere, measured on a curve tracer with a single base step, is 
shown in Table I. These data indicate that the addition of 

resistors improves device second-breakdown capability. A 
relatively large value of ballast resistance prevents second 
breakdown, improves thermal stability, and provides linear 
transfer characteristics. However, excessive ballasting can 
seriously degrade the rf performance of the transistor. The 
ballast resistors are in series with the load; therefore, in a 
high-frequency power amplifier with low supply voltage, the 
emitter resistance can be an appreciable portion of the 
reflected load at the collector, and thereby limit the output 
power. The power loss in the emitter resistance should be 
taken into account when the resistance value is decided; a 
compromise must be made empirically to obtain sufficient 
second-breakdown protection without seriously affecting rf 
performance. The ballast resistance can be measured by use 
of a Tektronix 576 curve tracer equipped with a Kelvin 
probe. 

Because the value of VBE at the transistor base-to-
emitter terminals includes the voltage drop across the ballast 
resistance, the transistor transconductance is affected by the 
value of ballast resistance. The curves of lc as a function of 
VBE in Fig. 5 for three different values of resistance show 
that ballast resistance improves the linearity of the device; 
the resistance also reduces the input Q. 

The adverse effects of high ballast resistance are reduced 
rf output power and increased saturation voltage. Viewed 

Table I - Effect of Emitter Resistance on Second-Breakdown 
Voltage 

Total Emitter Resistance Second- Breakdown Voltage 
(ohms) (volts) 

0.005 

0.013 

0.08 

50 

65 

108 
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Fig. 5— Current-voltage characteristics at various ballast-
resistance levels. 

externally, the total saturation voltage includes the voltage 
drop across the ballast resistance. This additional voltage 
makes the "soft" output characteristics of a transistor at high 
current even softer. As a result, it limits the available linear 
region through which the signal can swing. 

An attempt to make a transistor more linear by 
increasing the forward bias causes the collector efficiency to 
decrease and results in increased transistor dissipation. 
Dissipation produces heat, which causes VBE to decrease at 
the rate of about 0.002 volt per OC, and can cause thermal 
runaway unless temperature compensation is used to 
maintain collector current relatively constant over a wide 
temperature range. 

As discussed above, some transistors fail when the bias 
current is increased for class AB operation. Investigations of 
the failures revealed that these devices exhibited a maximum 
VBE and then went into a negative-resistance region as 
shown in Fig. 6. The onset of negative resistance, called 
bend-back, results in a runaway condition that ultimately 
destroys the transistor. 
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Fig. 6— The bend-back phenomenon. 

In most linear applications where the operating point of 
the device is biased with a voltage source, this IC-VBE curve 
becomes an accurate means of predicting device stability. It 
is difficult to maintain a stable quiescent point of a transistor 
with low bend-back. Laboratory results indicate that a 
minimum bend-back current of 1 ampere at 22 volts is 
needed for a transistor to operate safely at 40-per-cent 
efficiency with approximately 50 watts of dissipation. 

Bend-back occurs when the increase of VBE with 
collector current is just balanced by the decrease in VBE 
caused by junction-temperature rise. Therefore at bend back 

KT/g + IERt = Oi.c(0.002V/0c) IE VEE 

where 

KT/q = 0.032 volt @ 1000C 

Rt = total ballast resistance 

= junction-to-case thermal resistance 

0.002V/0E = base-to-emitter junction 
temperature coefficient 

IE = emitter current 

IC = collector current 

VE = collector-to-emitter voltage 

If IC = 1E, Eq ( 1) can be solved to find IE at bend-back: 

1E — 
Rt — Bke (0.002V/oC)VcE 

—KT/cl 

(1) 

(2) 

Thermal runaway can be attributed to the fact that the 
base-to-emitter junction of a transistor has a negative 
temperature coefficient. For example, the RCA-2N6093 
transistor is forward-biased by 0.65 volts to produce a 
quiescent collector current of about 20 milliamperes at VCC 
= 28 volts. This operating point is shown as point A in Fig. 7. 
When rf drive is applied, the collector current increases to 3 
amperes. If the efficiency is 40 per cent, the power dissipated 
in the transistor is given by 

Pcliss. = 28 x 3(1 — 0.40) = 50 watts. 

If the ambient temperature is 25°C, the case temperature 
is 500C, and the thermal resistance is 1.5 OC per watt, the 
junction temperature is given by 

Tj Tcase Pdiss. 0j-c 

= 50 + 50 x 1.5 = 1250C. 

The junction temperature is thus 100°C above ambient 
temperature. At this junction temperature the VBE required 
to maintain a collector current of 20 milliamperes is only 
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Fig. 7— Collector current as a function of base- to-emitter 
voltage in the RCA-2N6093 for two values of 
junction temperature. 

0.65 — 100 x 0.002 = 0.45 volt, as shown at point B. If the 

bias voltage is fixed at 0.65 volt, however, and the drive is 
removed instantaneously, the quiescent current will no 
longer be 20 milliamperes. Instead, the collector current will 
move to point C, where the operating point falls outside of 
the safe area of Fig. 4. Therefore catastrophic failure will 
occur as a result of thermal runaway. 

Compensating Diode 
To provide a bias voltage that varies with temperature in 

the same manner as VBE of the transistor, the 2N6093 
incorporates a compensating diode as shown in Fig. 8. To 
insure fast thermal response time, this diode is mounted on 
the same beryllia disc as the transistor chip. The diode, 
forward-biased through RBias, serves as a temperature-
sensing element. The voltage developed across the diode is 
amplified to provide a "stifr' bias-voltage source. 
A bias-compensation circuit is included in the 30-MHz, 

75-watt (PEP) amplifier shown in Fig. 9. The current 
amplifier uses Q1 and Q2 in a differential-amplifier arrange-
ment so that the output voltage is independent of 
ambient-temperature variations. Q3 and 04 provide the 
necessary current amplification. The bias current in rf 
transistor 05 can be adjusted by varying RI. 

As shown in Fig. 10, with no rf signal the forward-biased 

transistor is statically stable up to a case temperature of 
1600C. The dashed line in Fig. 10 shows that without 
temperature compensation the transistor tends to thermal 
runaway around 800C. To further show the effectiveness of 
compensation, the third-order distortion and output power 
are plotted as a function of case temperature in Fig. 11. The 
decrease in output power at high temperatures is caused by a 
drop in high-frequency gain and an increase in rf saturation 
voltage. The decrease in hfe produces a soft saturation knee 
that causes the degradation of distortion. 

vcc 

L J 
LOW- CONDUCTANCE 
COMPENSATING DIODE 

Fig. 8— Block diagram of 30-MHz amplifier with tempera-
ture compensation. 

BROADBAND CIRCUIT DESIGN 

Transistor Parameters 
Before any circuit can be designed, the transistor input 

impedance and the collector load impedance over the 
required frequency band and at the desired levels of output 
power, IMD, case temperature, and collector supply voltage 
must be known or measured. The circuit designer must also 
know the transistor power gain over the same band. Curves 

of these characteristics for the RCA-2N6093 are shown in 
Figs. 12-14. A broadband transistor should be selected for 
minimal impedance variation and low input Q across the 
frequency band. A transistor with ft well above the highest 
operating frequency, if available, can provide constant gain 
under broadband operation; such a transistor eliminates the 

need for additional gain-leveling circuitry. Because circuit 
optimization becomes more difficult with high-power broad-
band operation, the need for thermal stability becomes more 
acute and the necessity of diode compensation at high 
output powers becomes greater. To provide this stability, the 
transistor should have an internally mounted compensating 

diode. 
The advantages which especially suit the 2N6093 for 

broadbanding are its low input Q and its internally mounted 
compensating diode. Its main disadvantage is a 15-dB gain 
decrease from 2-30 MHz due to operation on a power-gain 

slope of 6 dB per octave. 

Transmission Line Transformers4,5,6 
After selection of the transistor and measurement of its 

broadband parameters, the next step is to select the circuit 
approach. The most practical broadbanding method to 
provide an effective impedance transformation over four 
octaves (2-30 MHz) is a transmission-line-transformer/ferrite-
core combination. The major disadvantage of a transmission 
line transformer is the limited number of impedance 
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Fig. 10— Quiescent collector current in the RCA-2N6093 as 

a function of case temperature with and without 
temperature compensation. 

transformations available: 1:1, 4:1, 9:1, etc. The two 

fundamental configurations are the 1:1 reversing transformer 
and the 4:1 impedance transformer shown in Fig. IS. 

Ferrite Cores 

At low frequencies, a high primary reactance can be 
obtained with a few turns of transmission line on a 

1 
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Fig. 11— Output power and intermodulation-distortion as a 

function of case temperature for the RCA-2N6093 
amplifier shown in Fig. 9. 

high-permeability ferrite core. At high frequencies where 

length becomes critical the permeability of the core 

decreases, thereby maintaining approximately the same levels 
of reactance with a short length of transmission line. 
Ferramic-Q core material7 is available in three high-
frequency grades; a tabulation of their useful properties is 

given in Table II. Because the transformer performance is less 
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Fig. 12— Typical output power as a function of frequency 

for the RCA-2N6093. 
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Table Il - Permeability and Frequency Dependence of 

Ferramic-Q Materials 

Approximate Frequency 

at which core losses 

increase by a factor of 10 
Material Permeability (MHz)  

Q-1 125 

Q-2 40 

Q-3 16 

10 

so 

225 

dependent on core material at the higher-frequency end of its 

useful range, the poor intrinsic Q of Q-1 material above 

20 MHz does not degrade the transformer operation at 

30 MHz. Q-2 material, having lower permeability, requires 

more turns for operation at the lower frequencies. 

Hybrid Combiner/Dividers 

Hybrid combiner/dividers can be made by use of 

combinations of the 1:1 and 4:1 transformers on ferrite 

cores to provide high impedance transformation ratios6. As 

an example, Fig. 16 shows a 1800-phase hybrid divider that 

matches a 50-ohm source to a 3.12-ohm push-pull configura-

tion. Two 1:1 transformers are used to make the 4:1 

transformation, rather than one 4:1 transformer, to provide 

the balanced output needed for a push-pull configuration. An 

equivalent transformation also can be made with one 1:1 

transformer and one 4:1 transformer, as shown in Fig. 17. 

Fig. 16— A 4:1 broadband transformation network that uses 

two 1:1 transformers to provide a balanced ou4put. 
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Zo.R iN/ 4 

Fig. 17- A 4:1 broadband transformation network that uses 
a 1:1 transfortner and a 4:1 transformer to provide 
a balanced output. 

Fig. 18 shows a 16:1 broadband transformation network 
for a push-pull configuration. The circuitry to the left of V2 
is the same as in Fig. 16; to the right of V2, an extra 
transformer and dissipating resistor have been added. Points 
A and B are transistor base inputs, R2 represents the resistive 
input to a conducting transistor, and R3 is a resistor much 
larger than R2 that is connected in shunt with each 
base-to-emitter junction. (Thus A-to-ground represents a 
conducting transistor, while B-to-ground represents a cut-off 
transistor, in Fig. 18.) RI dissipates any imbalances in power 
or phasing. 

To find the input resistance to the network of Fig. 18, 
the network equations are written as follows: 

11=12=13=14 V2 - = - V3 

15 = 16 = 211 2(V2 - V3) 

17=15-18 V.4= RI 110 

18 = 19 V2 = 17 R2 

111' 19+ 16 V3=R3 Ill 

110 = 18 + 19 

These equations yield VI/11 as a function of RI, R2, and 
R3: 

V1 (RI R2 + RI R3 + R2R3) 
RIN - - 16   

1 4R + R2 + R3 

Fig. 18- A 16:1 broadband transformation network with 
balanced output. 

If R1 = 1/2 R2 and R3 = 5R2, RIN = 16 R2. Thus the 
3.12-ohm transistor resistance is transformed to 50 ohms. 

Because of symmetrical loading, the same hybrid 
configuration provides an 8:1 impedance transformation 
when used as a 1800-phase power combiner at the transistor 
collectors. This combiner operation of the network is shown 
in Fig. 19; the output resistance is given by 

your (R1 R2 + R3 + R2 R3 
RouT= - 16   

OUT 4R 1 + R2 + R3 / 

1f the collector load-line resistance is RL, let R1 = I,4RL and 
R2 = R3 = RL. Then 

ROUT = 8RL 

Thus each collector is provided with a 6.25-ohm load-line for 
ROUT = 50 ohms. The inductance of the transmission line 

and its connectors is utilized to tune out both input and 
output negative reactances. 

2-to30-MHz Broadband Circuit Design 
The push-pull configuration is used not only because the 

1800-phase hybrids provide a high transformation ratio, but 
also because this configuration suppresses second harmonics 
and thus minimizes filter requirements at the output. 
Knowing the output power level and the input and output 
impedance values at that power level, the circuit designer can 
use a combination of 1800-phase hybrids, hybrid resistance 
values, and additional transmission-line transformers to 
complete the proper transformation at the input and output. 
After the transformation closest to optimum match at the 
highest operating frequency has been selected, individual 
transformers are wound and measured over the desired 
frequency band. The HP 4815A vector impedance meter, RX 
Boonton Meter, or a similar instrument can be used for these 
measurements. 
A 150-watt (PEP) linear amplifier for the 2-to-30-MHz 

frequency range has been built with a pair of RCA-2N6093 
transistors in ptish-pull, 1800-phase hybrid power combiner/ 
dividers, and single-ended 4:1 transformers. The block 
diagram of this amplifier is shown in Fig. 20, and the circuit 
diagram and parts list are given in Fig. 21. 

Fig. 19- The network of Fig. 18 used as a 1800-phase power 
cotnbiner. 
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2N6093 

4:1 
IMPEDANCE 

TRANSFORMER 

IBM - PHASE 
HYBRID POWER 

DIVIDER-PROVIDES 
4:1 IMPEDANCE 

TRANSFORMATION 

ZiN.I2.5 21 

2N6093 

I r. , 

71,4.3 20 FOR 
CONDUCTING 
TRANSISTOR 

IS n FOR 
NONCONDUCTING 
TRANSISTOR 

I80.-PHASE 
HYBRID POWER 

COMBINER-PROVIDES 
2 1 IMPEDANCE 

TRANSFORMATION 

4.1 
IMPEDANCE 

TRANSFORMER 

6.25 n LOAD LINE 2.50 

Fig. 20— Block diagram of push-pull linear amplifier that 

provides 150 watts PEP at 2 to 30 MHz. 
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C2 
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e-
I 

1 I 
L. _ 
2N6093 

I 0 TEMPERATURE- 0 0 I 
COMPENSATING BIAS CIRCUIT 

_1 

CI • C2 • 0.15 µF ELECTROLYTIC 

C3 . C9 • 0.04F CERAMIC 

C4• 0.0027µF CERAMIC 

C5 • 100µF ELECTROLYTIC 

C6 . Cl 0.1 µF ELECTROLYTIC 

C8. 1000 pF FEEDTHROUGH ALLEN BRADLEY FA5C 

C10.5µF ELECTROLYTIC 

RI • 2.70, 0.5 WATT PARALLELED WITH 3.3 n, 0.5 WATT 
R2. R3 • 30.0, 0.5 WATT PARALLELED WITH 300, 0.5 WATT 

R4. 2.70,'WATT 

LI • L2. 0.75µH RFC 

L3 . L9 • 7 TURNS NO. 20 
WIRE ON QI CF III 
INDIANA GENERAL 
FERRITE CORE . 

-.151eUT 

T4 T5 TA 

O 
Vcc + 28 VOLTS 

zouT' 500 

TI . 12 • T6 . NO. 26 WIRE. TWO TWISTED 

PAIRS (9 TURNS/ IN. I 
PARALLELED IS TURNS/IN.) 
8" TOTAL LENGTH. FIVE TURNS 

ON QI CF III INDIANA GENERAL CORP. 

FERRITE CORE. 

13. T9 • T5 . TWO COPPER STRIPS (WIDTH . 85M1LS, 
THICKNESS . 8 MILS PARALLELED, 
3.5" TOTAL LENGTH). FIVE TURNS ON QI 

CF 106 INDIANA GENERAL CORP. 
FERRITE CORE. 

Fig. 21— Circuit diagram and parts list for 150- watt, 2-to-

30-MHz push-pull linear amplifier. 

Typical performance of this amplifier across the hf band 
is shown in Fig. 22. The power gain exhibits the same 
6-dB-per-octave slope at mid-band and low-frequency roll-off 
noted in the narrowband measurements ( Fig. 12). Total gain 

variation is approximately 15 dB. 

The intermodulation distortion exceeds -30 dB at fre-

quencies below 6 MHz. The circuit is capable of -35 dB IMD 
over a good portion of the band if operated at the reduced 
output power of 100 to 110 watts PEP, as would be 

expected from the curve of Fig. 3. If the same circuit 
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components and transformation networks are utilized, the 

efficiency is somewhat reduced at the reduced power level 

because the collector circuit is optimized for higher power. 

The efficiency of the amplifier is 40 to 50 per cent across 
the band. When operated at 150 watts PEP with Vcc of 28 

volts, the amplifier becomes current limited at frequencies 
below 3 MHz. The increase in VSWR is related to the 

increase in the real part of the transistor input impedance 
(see Fig. 13). 

Fig. 23 shows the performance of the 150-watt PEP 
amplifier as a function of case temperature at 30 MHz. 
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Fig. 22— Typical performance of the broadband l50-watt 

(PEP) amplifier with two RCA-2N6093 transistors. 
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Fig. 23— Performance of the 150- watt PEP amplifier as a 
function of case temperature at 30 MHz. 

The main advantages of this type of circuit are its 
simplicity and compactness. The disadvantages are lack of 

gain leveling and low efficiency at lower frequencies because 
of increased VSWR. 

Because the real value of the transistor input impedance 
increases with decreasing frequency, which affects both VSWR 

and ¡MD, a resistance-inductance series combination placed 
in parallel with the 50-ohm input or placed from base to base 

aids the transformation network in making a practical match 
at low frequencies. The impedance match is improved and 

some input power is absorbed at low frequencies; therefore 
the VSWR improves and some gain leveling occurs. Other 
methods of gain leveling include collector-to-base feedback 
and loop feedback; for high-power circuits, the loop 

feedback system shown in Fig. 24 would be the most 

effective. In this system, input and output signals are 
compared and gain differences are compensated by com-

mensurate increases in input attenuation. 
For higher powers, modules of push-pull pairs can be 

pyramided by the same hybrid-combining techniques. 

INPUT VOLTAGE-
CONTROLLED 
ATTENUATOR 

RF 
AMPLIFIER 

1 LINEAR   PEAK 
DETECTOR 

DIgT,C"F`,'L 

DIFFERENTIAL 

AMPLIFIER GAIN 
'5 ADJUST 

LINEAR 
PEAK 

DETECTOR 

RF 
AMPLIFIER 
LOAD 

Fig. 24-- A loop feedback system for gain-leveling. 
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RF Power Transistors 

by C. B. Leuthauser 

Some rf power transistors can suffer a long-term 
deterioration of performance during linear operation (class A 

or AB) or when operated with high collector supply voltage 
or into a high load VSWR, even though the dissipation is 
within the limit set by the classical junction-to-case thermal 
resistance. This performance degradation is caused by a 

localized heating effect called "hotspotting". Hotspotting 
results from local current concentrations in the active areas 
of the transistor; it can cause catastrophic thermal runaway 
as well as long-term failure. 

The presence of hotspots can make virtually useless the 

present method of calculating junction temperature by 
measurements of average thermal resistance, case tempera-
ture, and power dissipation. However, by use of an infrared 
microscope, the spot temperature of a small portion of an rf 
transistor pellet can be determined accurately under actual or 

simulated device operating conditions. The resultant peak 
temperature information is used to characterize the device 

thermally in terms of junction-to-case hotspot thermal 
resistance, ejs.c. 

The hotspot thermal resistance can be used in reliability 
predictions, particularly for devices involved in linear or 
mismatch service. 

DC Safe Area 

The safe area determined by infrared techniques repre-
sents the locus of all current and voltage combinations within 
the maximum ratings of a device that produce a specified 
spot temperature (usually 200°C) at a fixed case tempera-

ture. The shape of this safe area is very similar to the 
conventional safe area in that there are four regions, as 
shown in Fig. 1: constant current, constant power, derating 
power, and constant voltage.. The dotted lines denote a 

three-region form of safe-area plot, in which the fourth 
region is outside of VcE0 or Ic(max). 

Regions I and IV, the constant-current and constant-

voltage regions, respectively, are determined by the maxi-

mum collector current and VcE0 ratings of the device. 
Region II is dissipation-limited; in the classical safe area 
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Fig. 1— Safe area curve for an rf power transistor, 
determined by infrared techniques. 

curve, this region is determined by the following relation-
ship: 

Tj(max) — Tc  
Pmax ej (1) 

where Tj(max) is the maximum allowed junction tempera-
ture, Tc is the case temperature, and ej_cis the junction-to-
case thermal resistance. 

This relationship holds true for the infrared safe area; 
"max may be slightly lower because the reference tempera-

ture Tj(max) is a peak value rather than an average value. 

The hotspot thermal resistance (8 JS-C) may be calculated 
from the infrared safe area by use of the following definition: 

Tjz — Tc 

9.1S-C Pdiss (2) 

where TB is highest spot temperature [Tj(max) for the safe 
area] and Pdiss is the dissipated power (=I x V product in 
Region II). 
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The collector voltage at which regions Il and Ill intersect, 

called the knee voltage Vk, indicates the collector voltage at 
which power constriction and resulting hotspot formation 

begins. For voltage levels above Vk, the allowable power 

decreases. Region Ill is very similar to the second-breakdown 
region in the classical safe area curve except for magnitude. 

For many rf power transistors, the hotspot-limited region can 
be significantly lower than the second-breakdown locus. 
Generally Vk decreases as the size of the device is increased. 

Fig. 2 shows the temperature profiles of two transistors 

with identical junction geometries that operate at the same 

dc power level. If devices are operated on the dissipation-
limited line of their classical safe areas, the profiles show that 

the temperature of the unballasted device rises to values 
130°C in excess of the 200°C rating. Temperatures of this 
magnitude, although not necessarily destructive, seriously 
reduce the lifetime of the device. 
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OF PELLET OF PELLET 

Fig. 2— Thermal profiles of a ballasted and an unballasted 
power transistor during dc operation. 

Emitter Ballasting 
The profiles shown in Fig. 2 also demonstrate the 

effectiveness of emitter ballasting in the reduction of power 

(current) constriction. In the ballasted device, a biasing 
resistor is introduced in series with each emitter or small 
groups of emitters. If one region draws too much current, it 

will be biased towards cutoff, allowing a redistribution of 
current to other areas of the device. 

The amount of ballasting affects the knee voltage, Vk, as 

shown in Fig. 3. A point of diminishing returns is reached as 

Vk approaches VcEo. 

30 

20 

l° 

0 01 02 03 04 

TOTAL BALLASTING RESISTANCE—OHMS 

Fig. 3— Safe-area knee voltage for an rf power transistor as 

a function of total ballasting resistance. 

RF Operation 

In normal class C rf operation the hotspot thermal 

resistance is approximately equal to the classical average 
thermal resistance. If the proper collector loading (match) is 
maintained, (i)Js_c is independent of output power at values 
below the saturated- or slumping-power level, and is 

independent of collector supply voltage at values within +30 
per cent of the recommended operating level. 

Power constriction in rf service normally occurs only for 
collector load VSWR's greater than 1:1. A transistor that has 
a mismatched load experiences temperatures far in excess of 

device ratings, as shown in Fig. 4 for VSWR of 3:1. For 
comparison, the temperature profile for the matched con-

dition is also shown in Fig. 4. 

365 
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83 
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PELLET DISTANCE (MAJOR AXIS)— INCH 

Fig. 4— Thermal profile of a power transistor during rf 
operation under mismatched conditions and under 

matched conditions. 

Fig. 5 is a typical family of thermal resistance curves that 
indicate the response of a dei,ice to various levels of VSWR 

and collector supply voltage. ejs.c responds to even slight 
increases in VSWR above I : 1 and saturates at a VSWR in the 

range of 3:1 to 6:1. The saturated level increases with 
increasing supply voltage. Devices with high knee voltages 

tend to show smaller changes of Eiiis.c with VSWR and supply 

voltage. 0is.c under mismatch is independent of frequency 
and power level, and reaches its highest values at load angles 
that produce maximum collector current. Power level does, 
however, influence the temperature rise and probability of 

failure. 
Device failure can also occur at a load angle that 

produces minimum collector current. Under this condition, 
collector voltage swing is near its maximum, and an 
avalanche breakdown can result. This mechanism is sensitive 

to frequency and power level, and becomes predominant at 
lower frequencies because of the decreasing rf-breakdown 

capability of the device. 

Broadband Operation 
The amount of hotspotting produced by wideband 

operation of a transistor depends upon both device and 
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OD'28 V 
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24 V 

IC • 100•C 

2:1 31 4:1 5:1 

LOAD VSWR 

6:1 7:1 

Fig. 5— Mismatch-stress thermal characteristics for the 
RCA-2N5071. 

network characteristics. The output network in a broadband 
if amplifier usually does not provide ideal collector loading 
across the entire range of frequencies. Therefore the hotspot 
thermal performance is characterized for these devices when 
terminated by a specified output network. 

The RCA-2N5071 is a 24-watt transistor developed for 
wideband applications in the frequency band from 30 to 76 
MHz. In the wideband circuit shown in Fig. 6, this transistor 
has a nominal collector efficiency of 50 per cent and an rf 
gain that varies from 13.5 dB at 30 MHz to 9 dB at 76 MHz 
for a power output of 20 watts. The hotspot thermal 
characteristics for the 2N5071 in this circuit are shown in 
Fig. 7 for a matched load and for a 3:1 VSWR (worst-case 
phase angle) load condition. The high case temperature, 
100°C, simulates actual environmental conditions. 

The RCA-2N6105, a 30-watt transistor, is similarly 
characterized for use in the 225-to-400-MHz band. In the 
wideband circuit shown in Fig. 8 this device has a nominal 
collector efficiency of 75 per cent and an rf gain that varies 
from 7.5 dB at 250 MHz to 6 dB at 400 MHz for a power 
output of 30 watts. The hotspot thermal performance of the 
2N6105 is shown in Fig. 9 for matched and 3:1 VSWR load 
conditions with a case temperature of 85°C. 

Case-Temperature Effects 
The thermal resistance of both silicon and beryllium 

oxide, two materials that are commonly used in rf power 
transistors, increases about 70 per cent as the temperature 
increases from 25 to 200°C. Other package materials such as 
steel, kovar, copper, or silver, exhibit only minor increases in 
thermal resistance (about 5 per cent). The over-all increase in 
Ois_c of a device depends on the relative amounts of these 
materials used in the thermal path of the device; typically the 
increase of Eiejs_c ranges from 5 per cent to 70 per cent. Fig. 
10 shows the rf and dc thermal resistance coefficients for 
two typical rf transistors. For both cases, the coefficient is 
referenced to a 100°C case and is defined as follows: 

eis-c  
Keloo Ojs_c at Tc = 100°C 

The rf coefficient changes more than the dc coefficient, 
because of power constriction that occurs in rf operation at 
elevated case temperature. 

(3) 

(2, 5011) 

CI, C2: 55-300 pF trimmer capacitor, ARCO 427, or 
equivalent 

C3, C5: 0.47 µF ceramic 

C4: 1000 pF feedthrough 

LI: Ferroxcube No. VK200 01-3B, or equivalent 

TI, T2, T3: 6 twisted pairs ( 10 turns/in.) of No. 28 wire 
connected in parallel. 3 1/2 turns on Indiana 
General CF-108-02 ferrite core, or equivalent 

T4, T5: 2 lengths of RG-196A/U cable connected in 
parallel. 7 turns on Indiana General CF-111-Q1 
ferrite core, or equivalent. 

Fig. 6— Wideband rf amplifier circuit for operation from 30 
to 76 MHz. 
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Fig. 7— Broadband thermal performance of the RCA-
2N5071 in the circuit of Fig. 6. 
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vcc 

Cl: 0.8-10 pF, Johanson 2954* 

C2: 15 pF silver mica 

C3: 33 pF chip, Allen-Bradley B163301* 

C4: 47 pF chip, Allen-Bradley B164701* 

C5: 62 pF chip, ATC-I 00* 

C6: 68 pF chip, ATC-100* 

C7, CIO: 1000 pF chip, Men-Bradley BI61021* 

C8: 22 pF chip, Allen-Bradley B162201* 

C9: 6.7 pF chip, Allen-Bradley B166791* 

C11: I-20pF,Johanson 5502* 

C12: 1000 pF feedthrough 

C13: 1 MF electrolytic 

LI: 2 turns, 5/32-in. I.D. No. 20 wire 

L2: 17/32-in. length No. 20 wire 

U: 5/32-in, length transistor base lead 

L4, L6: I3/16-in. length No. 20 wire 

L5: 9/I6-in. length No. 20 wire 

L7: 7/8-in. length No. 20 wire 

L8: RFC 1 µH Nytronics* 

RI: 5.1 ohms, 0.25 watt 

*or equivalent 

Fig. 8— VVideband rf amplifier circuit for operation from 
225 to 400 MHz. 
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Fig. 9— Broadband thermal performance of the RCA-

2N6105 in the circuit of Fig. 8. 
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Fig 10— Thermal resistance coefficients of the RCA-2N5071 
and RCA-2N6105. 
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by Boris Maximow 

The 2N6104 and 2N6 I 05 uhf power transistors feature 
the silicon overlay multiple-emitter-site construction with 
internal ballasting resistors connected in series with the 
emitter structure. These transistors, which are electrically 
identical, are intended primarily for use in large-signal, 
high-power cw and pulsed amplifiers in vhf and uhf 
equipment at frequencies up to 600 MHz. The 2N6 I 04 is 
supplied in the RCA HF-32 flanged ceramic-metal hermetic 
stripline package, and the 2N6105 is supplied in the RCA 
HF-19 (JEDEC TO-216AA) studded ceramic-metal hermetic 
stripline package. These packages are characterized by low 
parasitic inductance and are ideally suited for use in either 
rnicrostripline or lumped-constant vhf and uhf power 
amplifiers. 

This Note describes basic performance characteristics and 
specific circuit design details related to the application of the 
2N6104 and 2N6105 transistors in broadband uhf power 
amplifiers intended for use over the frequency band from 225 
to 400 MHz. The circuit designs shown in this Note use 2N6105 
transistors. Equivalent performance can also be achieved, 
however, when 2N6104 transistors are used in the designs 
provided that adequate consideration is given to the 
mechanical differences of the package. 

Overdrive Capability 

The 2N6104 and 2N6105 transistors are made more 
electronically rugged by use of emitter ballasting. The 
electronic ruggedness of rf power transistors is manifested by 
their overdrive capability and by their ability to withstand 
the effects of load-pulling. Overdrive tests, rather than 
load-pulling tests, are used to define the electronic rugged-
ness of rf power transistors, however, because load-pulling 
tests are destructive and the results obtained have poor 
repeatability. Despite these shortcomings, load-pulling tests 
can still be very useful. For example, load-pulling experi-
ments have shown that the capability of the 2N6104 and 
2N6 105 transistors to withstand load-mismatch conditions is 
at least 1.5 times greater for operation under pulsed 
conditions with a duty factor of 50 per cent than for cw 

operation. This factor is important for applications in which 
amplitude modulation is employed. 

Overdrive specifications are extremely important for rf 
power transistors because in many applications the transis-
tors are subjected to inputs that are substantially larger than 
those specified for normal operation. The 2N6104 and 
2N6 105 transistors are required to withstand overdrive tests 
in which an input drive of 12 watts is applied. This input 
drive is 25 per cent larger than the normal input drive of 9.5 
watts recommended for these devices at 400 MHz. The 
ability of the transistors to operate safely under these 
overdrive conditions is effectively controlled by careful 
definition of the amount and type of emitter ballasting 
employed in them. The emitter ballasting resistance is pro-
vided by a polycrystalline silicon layer between the active 
emitter regions and the emitter bond pads. This layer is 
doped to obtain a positive temperature coefficient of 
resistivity so that the effective amount of ballasting increases 
with a rise in temperature. 

Hot-Spot Thermal Resistance 

The classic definition of the thermal resistance of a 
transistor assumes that the pellet is uniformly heated 
whenever power is dissipated in the device. Recent investi-
gations, however, have shown that the voltage-current 
combinations in a power transistor during rf operation may 
cause hot spots to be developed in localized areas across the 
transistor pellet. These hot spots severely restrict the 
maximum power dissipation of the transistors. The classic 
thermal resistance, therefore, cannot be used to provide 
accurate predictions of the power-dissipation capability of rf 
power transistors. This thermal resistance continues to be 
very useful, however, because it serves as the basis for the 
determination of the required size of the transistor pellet and 
provides an indication of the effectiveness of the thermal 
bond of the pellet to the metallized pad. 

The hot-spot thermal resistance of an rf power transistor 
takes into account the nonuniform temperature profile 
across the pellet. This thermal resistance is determined on the 
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basis of the highest temperature of the entire pellet. The hot 
spots in an rf power transistor are a function of the operating 
frequency, the degree of load mismatch, the case tempera-

ture, and the collector voltage. Figs. I through 4 show the 
relationship of each of these factors to the hot-spot 
temperature and thermal resistance of the 2N6104 and 

2N6105 transistors. The use of emitter ballast resistors in 
these transistors results in a more uniform temperature 

profile across the pellet so that the formation of hot spots is 
substantially reduced. The peaks in the curve shown in Fig. I 

indicate emitter regions, and the valleys indicate base regions. 
The curves shown in Figs. 1 through 4 were obtained by 

infrared scanning measurements of the pellet temperature. 
For these measurements, the sealing cap was removed from 
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Fig. 1— Typical thermal profile across a 2N6104 or 2N6105 

pellet during rf operation. 

400 

o 

300 

3 

.6 200 

z 100 

.‘ ySVI 8 

Vcc • 28 V 

TCASE . 88.0 
ROUT 25 W 

- 111 VSWR 

.?•1 VS618  

IA vs 

5 250 275 300 325 350 375 400 

FREQUENCY— NH: 

Fig. 2— Hot-spot temperature and hot-spot thermal resist-
ance of a 2N6104 or 2N6105 as a function of 

frequency. 

250 

% 200 

le 150 

1g, 

50 

I I 
• 25 W 

VcD • 28 V 
VSWR• I:I 

Se en' 

7.0 

zià 5.0 

40 

o 

30 

.500 i 

50 60 70 80 90 100 

CASE TEMPERATURE —• C 

Fig. 3— Hot-spot temperature and hot-spot thermal resist-
ance of a 2N6104 or 2N6105 as a function of 

case temperature. 

• 300 

A 250 

7.0 

r 
TCAsE 

VSWR• 

• 85 •C 

I:I 

I 

0° eee 

t 

WM zz, 

400 h°" 

e 60 

5 0 

o 

4.0 

2 

375 MHz— 
, 

,,....• 400 MHN 

ze 29 30 31 32 33 

COLLECTOR VOLTAGE —Y 

34 35 

Fig. 4— Hot-spot temperature and hot-spot thermal resist-

ance of a 2N6104 or 2N6105 as a function of 
collector voltage. 

474 



AN-6010 

the top of the transistor. Removal of the sealing cap results 
in some reduction in transistor gain. As a result, the hot-spot 
measurements are somewhat conservative because the over-all 
operating efficiency would be increased for the normally 
higher transistor gain. These measurements were taken with 
the transistor operated in the broadband circuit shown in 
Fig. 5. (A broadband circuit does not always present an ideal 

load for the transistor.) 

RI 
TYPE 
256105 L6 L7 

C5  

C1: 8,2 pF chip, Ailen.Bradieve 

C2: 18 pF silver mica 

C3: 33 pF chip, Allen-Bradlee 

C4: 47 pF chip, Allen-Bradley 

C5: 68 pF chip, ATC-1000 

C6: 62 pF chip, ATC-100. 

C7: 1 MF electrolytic 

Cg: 1000 pF feedthrough 
Cg, Ci 2: 1000 pF chip, Allen-Bradley• 

C10: 22 pF chip, Allen-Bradley• 

C11: 6.9 pF chip, Allen-Bradley4 

C13: 0.8.10 pF variable air, 

Johanson No. 3957. 

L1: 2 turns, 5/32 in. 1.0. coil 

L2: 17/32 in. long wire 

1_3: RFC, 0.1 H. Nytronicsie 

L4: 5/32 in. long transistor. 

base lead 

L5,1-7: 13/16 in. long wire 

L6: 9/16 in. long wire 

Lg. 7/8 in. long wire 

R1: 5.011, 1/4 W 

All wire is No. 20 AWG 

liOr equivalent. 

Fig. 5— 225- to-400-MHz broadband power amplifier. 

Pulsed Operation 

Two factors contribute to the increased capability of a 
transistor to handle rf power with changes from operation in 
the cw mode to pulsed operation at lower duty factors. For a 
given peak power level, the transistor dissipation decreases 

significantly with a reduction in the duty factor; conse-
quently, a substantial increase in power-handling capability 
results. A moderate increase in power-handling capability 
also results because the peak current-handling capability of 

the transistor improves as the duty factor becomes smaller. 
Although the power-handling capability of an rf tran-

sistor increases with decreases in duty factor, the transistor 
power gain is independent of duty factor. Full utilization of 
the increased rf power-handling that results from pulsed 
transistor operation, therefore, requires that the collector 
supply voltage be increased to assure that the gain is 
maintained at reasonable levels. Care must be taken, 
however, to assure that the breakdown voltages of the 
transistor are not exceeded. The maximum collector supply 
voltage that can be safely applied to an rf power transistor 
without breakdown levels being exceeded is a function of the 

type of load circuit into which the transistor operates. The 
supply-voltage limits recommended for the 2N6I04 and 
2N6105 transistors are determined on the basis of dynamic 
voltage breakdown tests in which the devices are subjected to 
an "all phase" load-mismatch condition during pulsed 
operation. Experimental results obtained from pulsed opera-
tion of these transistors are shown in Fig. 6. These results 

were measured with the transistors operated in the 400-MHz 
microstripline amplifier circuit shown in Fig. 7. For the 
load-mismatch conditions of the tests, the transistors 
demonstrated the ability to handle peak rf power outputs in 
excess of 70 watts when operated from a collector supply of 
40 volts. For the transistors to survive these output levels, 
the test circuit must be non-oscillatory. 

FREQUENCY lfl.400MHa 
PULSE DURATION p1.100jas 
DUTY FACTOR • I0 % AND I % 

I 

May 
BEM 
MIIMMIEM 

, 

Voo • 40 V 

VCo• 35 v 

Voo 26Y 

10 20 30 

PEAK INPUT POWER— W 

4 

Fig. 6— Pulse operation of the 2N6104 or 2N6105. 

Broadband Circuit Design Approach 

In general, either of two basic approaches is used in the 
design of broadband high-power rf amplifier chains. In one 
approach, each stage of the chain consists of a pair of 
transistors combined by use of quadrature combiners. In the 
other approach, a single-ended configuration is used for each 
stage throughout the chain except for those stages in which 

the power-output requirements exceed the capability of a 
single transistor. In such stages, combined pairs of transistors 
must be used. The block diagrams of the three-stage amplifier 
chains shown in Fig. 8 illustrate the basic configurations that 
result from each design approach. 

Obviously, the use of combined pairs of transistors in 
each stage, as shown in Fig. 8(a), is the more complex design 
approach. With this approach, the space requirements of the 
amplifier chain are greater, and a larger number of transistors 
and combiners are used. Moreover, each time a combiner is 
used, the gain and efficiency of the over-all circuit are 
reduced. For these reasons, the approach that uses a 
single-ended configuration per stage is generally preferred. 
One definite advantage of the combined-transistor-pair 
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C1, C5, C7: 1000 pF chip, ATC-100. 

C2, C4: 1-20 pF air variable, Johanson 41302. 

C3: 15 pF silver mica 

C6: 1 1./F electrolytic 

L1: 0.1 gH RF choke 

R1: 5.1 121/2W 

•Or equivalent. 

NOTE: POINTS OF APPLICATION FOR C1 AND C7 ARE 
SHOWN ON THE INPUT AND OUTPUT STRIPS 
IN THE DRAWING AT RIGHT > 1 

INPUT 

QUADRATURE 

COMBINER 

AMP. 

AMP. 

 r— ,40 89)1 I(?i5Le INPUT STRIP 
(38M)** 

025 
16.351 

0503 
112 71 

0 0937 
(2 38) 

.OUTPUT STRIP 

-•—• 0.32 
1E1.131 

  4 050 
003.01 

i 490 
137 841 

(6.351 

0 25 

• PRODUCED BY REMOVING UPPER LAYER 

OF DOUBLE— CLAD TEFLON BOARD, 
1 02 , I/ 32 IN THICK, le - 261,08 EQUIVALENT 

•• DIMENSIONS IN PARENTHESES ARE 
MILLIMETERS 

Fig. 7-400-MHz amplifier test circuit for measurement of output power. 
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Fig. 8—Broadband power amplifier chains: (a) cascade of combined-pair amplifier stages; 

(14 cascade of two single-amplifier stages and one amplifier-pair stage. 
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approach, however, is that cascading of successive stages in 
the chain is relatively simple and straightforward. Each stage 
is a building block that, because of the properties of the 

quadrature combiners, has a very low input VSWR across the 
entire frequency band, an essential requirement for trouble-
free cascading. 

In the single-ended-configuration approach shown in Fig. 

8(b), a low input VSWR across the entire frequency band is 
much more difficult to attain, and each stage of the amplifier 
chain must be very carefully designed. The increased over-all 

gain, higher efficiency, smaller size, and reduced cost made 

possible by the successful cascading of single-ended stages 
usually provides sufficient justification for the additional 

engineering effort required in this approach to the design of 
broadband rf power-amplifier chains. 

Single-Ended Amplifier 

Insofar as the function of the output network of a 
high power broadband 'ill(' amplifier is to provide proper 

Cei 

loading for the transistor, the design of this network is 

essentially the same whether the amplifier is to be used singly 

or is to be combined with another amplifier by use of 
quadrature combiners. In the design of a 225-to-400-MHz 
power amplifier, the first step may be to design a broadband 

Chebyshev filter to match the real part of the transistor 

parallel equivalent load impedance ( approximately 10 ohms 

for the 2N6I05 transistor) to the output impedance (usually 
50 ohms) over the specified frequency band. 1,2 After the 

component values for the filter have been computed, these 
values are plotted on a Smith chart and are changed as 

required to compensate for the capacitive output of the 
transistor. This admittedly tedious process, when supple-

mented by laboratory experimentation, yields highly 

acceptable results. The effectiveness of this approach is 
illustrated by a plot of the output network of the broadband 
amplifiers shown in Figs. 5 and 9 on the Smith chart shown 

in Fig. 10. The curves on this chart should be compared with 
the output-impedance trace obtained on a circuit analyzer, 
shown in Fig. 11. This comparison indicates that some of the 

components in the output network may require precise 
values. 

TYPE 
2N6105 

C6 

C1: 0.8.18 pF variable, Arnperex 

C2: 24 pF, silver mica 

C3: 22 pF chip, Allen-Bradley• 

C4: 33 pF chip, Allen-8redley• 

Ce: 47 pF chip, Allen-Bradley 

C6: 62 pf chip, ATC-100 

C7: 68 pF chip, ATC-100 

Ce: lie, electrolytic 

Cg: 1000 pF feedthrough 

C10,  C13: 1000 pf chip, Allen-Bradley 

C11: 6.9 pF chip, Allen.Brad/ey• 

C12: 6.9 pF chip, Allen-Bradley• 

C14: 0.8-10 pF variable air, Johanson #39570 

C 1 0 

C9 

Le 013 

LI: 2 turns, 5/32 in. I.D. 

L2: 1/2 in. long wire 

L3: 13/32 in. long wire 

L4: RFC, 0.1 1.1H, Nytronics 

Le: 5/32 in. long transistor base lead 

L6, Le: 13/16 in. long wire 

L7: 9/16 in. long wire 

Le: 7/8 in. long wire 

R1: 5.0 a 1/4 W 

All wire is No. 20 AWG 

•C/r equivalent. 
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Fig. 9—Broadband 225-to-400-MHz amplifier with input network designed for minimum 
input VSWR; (a) circuit diagram; (b) performance data. 
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Fig. 11— Circuit-analyzer output-impedance trace for broad-

band amplifiers using output network shown in Fig. 

10. 

The design of the input network for a single-ended 

broadband amplifier depends, to a large extent, on the final 

application intended for the amplifier. If the amplifier is to 
be combined with another identical amplifier by use of 

quadrature combiners, the major design objective is flatness 
of response, and the input VSWR is of lesser importance. For 

a single-ended amplifier that is to be used in a cascade 
connection, a low input. VSWR is the main requisite for 

successful cascading of individual stages. 
In one approach to the design of broadband input 

networks for high-power transistor rf amplifiers, lossy 

elements are introduced into the network to equalize the 
gain across the specified frequency band.' This technique 

should be reversed for amplifiers stages that operate at 

moderate power levels. The inconvenience that results from 
the use of large resistors in the input network would 
probably be the limiting factor for this approach. 

In general, the input matching network for a high-power 

amplifier should use only reactive components and should be 
designed for a minimum input VSWR across the band. The 
achievement of a minimum input VSWR across the band, 

however, is accompanied by some degradation in the flatness 
of the amplifier gain-frequency response. The input network 

of the 225-to-400-MHz amplifier shown in Fig. 9(a) is 
designed to reduce the input VSWR across the band. The 
performance data for the amplifier, shown in Fig. 9(b), 
reveals that this approach results in a gain variation of as 

much as 3 dB across the band. In a chain of such stages in 
cascade, the excess gain is cumulative with the number of 

stages. The cumulative excess gain may result in an excess out-

put within the amplifier chain that may possibly overdrive a 
following stage to destruction. Consequently, it is advanta-

geous to introduce some method of gain equalization 
between adjacent stages. The output leveling schemes 

employed are usually looped about several stages and have no 
control over the gain of individual stages. 

Gain Equalizer 

Fig. 12 shows a suggested broadband gain equalizer. 
When this equalizer is used with the broadband amplifier 
shown et Fig. 9, the resultant stage has a very low input 

TRANSMISSION LINES 
OPEN 

Fig. 12— Gain equalizer for broadband uhf power amplifier. 

VSWR and a gain response that is essentially flat. The basic 
amplifier-equalizer connection and the performance of the 

resultant circuit are shown in Fig. 13. A comparison of the 

gain curve shown in Fig. 9 with that shown in Fig. 13 
indicates the effectiveness of the gain equalizer. 

The gain equalizer shown in Fig. 12 makes use of the 

frequency-selective characteristics of two open-ended trans-
mission lines. The 0-degree and 90-degree ports of the 

quadrature combiner are shorted at the operating frequency 
fo for which each transmission line is one-quarter wavelength 

long. Consequently, at this frequency, the resistors RI and 
R2 have no effect on the circuit, and all the input power is 
reflected from the 0- and 90-degree ports and appears at the 

output. At other frequencies, some input power is dissipated 

INPUT 

LOWER VSWR 

I 8 

; 4 

; 2 

GAIN 
EQUALIZER 

LOW VSWR 
AMP 

OUTPUT 

Gp 

INPUT VSWR 

I  

225 250 275 300 325 350 375 400 
FREQUENCY— MH: 

(b) 

Fig. 13— Typical amplifier/gain equalizer-connection and 
performance data. 
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in resistors RI and R2, so that only a fraction of the input 
reaches the output, i.e., the input is effectively attenuated to 
some extent. The amount of attenuation gradually increases 
as the operating frequency deviates from the frequency fo. 
The amount of attenuation at any given frequency and the 
rate of change of attenuation across the frequency band is 
determined by the values of resistors RI and R2. The total 
amount of input power the device can handle is determined 
by the characteristics of the quadrature combiner and the 
dissipation capabilities of resistors RI and R2. 

The design of a gain equalizer is illustrated by the 
following example in which the amplifier to be equalized is 
assumed to have a low input VSWR and a gain that gradually 
increases toward the low-end of the band at which point it is 
3-dB higher than at the high end. In order that the output 
power from the equalizer is 3-dB less than the input power at 

any given frequency, both the 0- and 90-degree ports must be 
terminated so that they present a VSWR that results in a 
reflected power equal to the expected output power from 
the equalizer. This VSWR is expressed by the following 
relationship: 

I +%/Frr—Pf 
VSWR 

l 

where Pf is the input power and Pr is the power (disregarding 
any insertion losses) that is reflected to the output. 

For an attenuation of 3 dB (i.e., Pr = 0.5 Pf), the VSWR 
presented by the 0- and 90-degree ports should be 5.8 to I. A 
semicircle that corresponds to a VSWR of 5.8 to 1 is plotted 
on the capacitive side of the Smith chart shown in Fig. 14. 
The electrical length of the transmission lines connected to 
the 0- and 90-degree ports of the quadrature combiner is 

Fig. 14- Smith Chart design curves for broadband gain equalizer. 
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one-quarter wavelength at 400 MHz. At 225 MHz, the 
electrical length of these lines is reduced to 0.14 wavelength 
(i.e., 0.25 X x 225/400 = 0.14 X). 

The point A shown on the Smith chart corresponds to a 
distance of 0.14 wavelength from the open end of the line at 
225 MHz. The point B shown on the Smith chart is 
determined by the intersection of the constant susceptance 
circle drawn through point A and the circle for a VSWR of 
5.8 to 1. The normalized admittance at point B defines the 
resistor value, as follows: 

50 ohms  
R — -- 0.45 100 ohms 

The amount of attenuation at any frequency can be 
determined from the VSWR values on the constant admit-
tance circle through points B and C. The 225-to-400-MHz 
frequency band is represented by the shorter arc between 
these points. 

Combined-Transistor Stage 

In many instances, the power-output requirements of 
transmitters far exceed the capability of a single transistor; 
the circuit designer is then forced to use combinations of 
transistors. Quadrature combiners have the ability to channel 
the reflected power from an amplifier into the waste port of 
the combiner. The mismatch at the input of the individual 
amplifiers is of small concern except for the reduction in gain 
that results. The individual amplifiers in the combination can 
be made simpler than the amplifiers used in a direct cascade 
of single-ended stages. This simplification can be effected 
only in the input matching network. As mentioned pre-
viously, the requirements of the output matching network 
are the same for both single-ended and combined-pair 
transistor stages. 

In the simplification of the individual amplifiers of a 
combined-pair stage, the first step can be to reduce the 
number of circuit elements in the input matching network. 
This simplification is apparent from a comparison of the input 
networks for the circuits shown in Figs. 5 and 9. The 
resulting deterioration in the performance at the low end of 

LOW VSWR 

REFLECTED 
POWER 
WASTE 

QUADRATURE 

COMBINER 

HIGH 
VSWR 

HIGH  
VSWR 

PI 
QUADRATURE 

COMBINER 

OUTPUT 

the frequency band is relatively unimportant provided that 
the gain in this region is not less than that at the high end of 

the band. 
When transistors are to be combined by use of 

quadrature combiners, several factors must be considered. An 
amplitude unbalance of ±0.5 dB exists between the 0- and 
90-degree ports. The relative power levels at these ports 
varies over the frequency band as shown in Fig. 15. As a 
result of these variations, the individual amplifiers of a 

Ode 

-2dB 

-3dB 

-4 d 

POWER LEVEL 
AT PORT I 

POWER LEVEL 
AT O• PORT 

POWER LEVEL 
AT 90* PORT 

Fig. 15— General coupling characteristics of a quadrature 
combiner over an octave bandwidth. 

combined pair, such as shown in Fig. 16, are subjected to 
unequal operating conditions. Moreover, the amplifier that is 
driven harder at the low and high ends of the bands will have 
the lighter drive at mid-band. For the other amplifier, the 
Mnverse conditions are applicable. 

The performance data shown in Fig. 16 show the effects 
of combining two amplifiers. These data were obtained with 
an input duty factor of 50 per cent and a constant peak 
output power of 55 watts. Further combinations do not 
require the use of quadrature combiners because there are no 
high VSWR's and, therefore, no high reflected power to be 
dissipated. For such conditions, simpler and less expensive 
combiners may be used. Other power combiners that may be 
used include the Wilkinson type, i.e., a simple transmission-line 
network formed by quarter-wavelength (at 400 MHz) 
70-ohm, lines that are jointed at one end and separated by 
100 ohms at the other ends. Fig. 17 shows the circuit 
configuration and performance data for an amplifier chain 
that uses the latter type of power combiner. This amplifier 
chain can be driven to provide up to 110 watts of peak 
output power at a duty factor of 50 per cent. 
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Fig. 16— Two broadband amplifiers combined by use of two quadrature combiners to obtain 
a low input VSWR: (a) circuit configuration; (b) performance data. 
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High-Power Transistor 
Microwave Oscillators 

G. Hodowanec 

Low-power transistor oscillators that provide power out-
puts of up to several hundred milliwatts have become impor-
tant components in microwave communications and test sys-
tems. Microwave transistors are rapidly replacing electron 

tubes in fundamental-frequency signal sources and local 
oscillators at L- and S-band frequencies. Such transistors are 
also available for frequency-doubler oscillators and fundamen-
tal-frequency oscillators that drive frequency multipliers in 
C- and X-band power sources. Low-level transistor signal 

sources that feature low residual FM noise, good frequency 
stability, and a capability for voltage tuning and phase locking 

are currently being produced at relatively low cost. These 
sources, which are very competitive with the newer diode and 
bulk devices, are available in a wide range of options from a 
growing number of commercial suppliers. 

During recent years, a growing interest has evolved in 

higher-power signal sources that can supply several watts of 
fundamental-frequency oscillator power at L- and S-band 
frequencies. If the low noise level and frequency stability of 
the low-level signal sources can be maintained, such higher-

level sources will simplify system requirements and conse-
quently reduce system costs, and the system reliability and 
performance required in today's highly competitive communi-

cations and test-equipments systems can still be retained. 
This Note describes a rather novel, simplified approach to 

the design of transistor microwave power oscillators. This 
approach, which may be considered an extension of the more 

familiar techniques used in the design of large-signal class C 

power amplifiers, has resulted in the design of L- and S-band 

power sources that provide power output of I to 10 watts. 
These power sources offer high efficiency, apparently have 
low residual FM noise and very good frequency stability, and 

are readily adapted to voltage-tuning and phase-locking 
techniques. 

GENERAL CONSIDERATIONS 

In selecting a transistor for a power oscillator, the circuit 
designer should realize that any transistor capable of power 

amplification is also suitable for power oscillation. The basic 

requirements of a transistor oscillator, shown in Fig. 1, are 

LOAD 

92C 9- 20596 

Fig. 1—Basic requirements of a transistor oscillator. 

very similar to those of a class C transistor power amplifier. 

In each case, the transistor must provide power gain at the 
desired operating frequency. The major difference is that the 
oscillator must include a feedback network that couples a 
portion of the power output back to the input circuit in the 
proper phase to sustain oscillations. The oscillator power de-
livered to the load is the equivalent amplifier power output 
less the amount of power fed back to the input circuit and 
any power loss in the feedback network. In the design of an 
oscillator circuit, therefore, the approach used can be very 
similar to that employed in the design of an amplifier, but 

must be extended to include the design of the required feed-
back network. 

The choice of the proper transistor and the optimum cir-
cuit configuration for a transistor microwave oscillator are 

largely determined by the circuit power output and efficiency 

required over the frequency range of interest. In general, 
these requirements will be similar to those necessary for good 

amplifier performance. 

The common-emitter configuration has moderate input 
and output impedances, and thus simplifies matching require-
ments in the feedback loop. The high power gains of this 
configuration, together with lower feedback losses, can re-
sult in a highly efficient oscillator circuit. This mode of oper-
ation, however, is generally limited to frequencies much 

below the gain-bandwidth product ( eT) of the transistor be-
cause operation of this configuration at higher frequencies 

may result in power-output and frequency instabilities that 

can be avoided in the other configurations. 
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The common-base configuration has the lowest input im-
pedance and the highest output impedance. This impedance 
relationship results in high amplifier power gains, especially 
at frequencies above the fT of the transistor for which the 
current gain is still appreciable. The feedback loop, however, 
must match significantly different impedances. Unless this 
match is maintained, the feedback loop can be lossy. More 
feedback energy may be provided to compensate for this loss, 
but the circuit then becomes less efficient. A relatively easy 
start for self-excited oscillations can be achieved with the 
common-base configuration because this type of oscillator 
configuration initially operates under the class A conditions. 
Once oscillations start, bias conditions can be arranged for a 
shift to class B or C conditions to obtain higher circuit effi-

ciencies. 
The common-collector configuration has a high input im-

pedance and a moderate output impedance. Matching require-
ments in the feedback loop, therefore, are not as severe as 
those of the common-base configuration. The common-col-
lector circuit requirements are similar to the common-base 
requirements. The fact that the collector terminal can be 
grounded results in a significant advantage for the common-
collector configuration. As a result of this factor, packaged 
devices can be constructed with very low thermal resistance; 
the power-handling capability of the devices, therefore, is 
substantially increased. 

BASIC MICROWAVE OSCILLATOR CIRCUITS 

At microwave frequencies, the most effective transistor 
configuration for an amplifier is the common-base type. This 
type of configuration can provide higher gains, efficiencies, 
and stabilities at higher frequencies (frequencies above the 
transistor fT) than any other configuration. Because an oscil-
lator may be considered as a regenerative-feedback amplifier, 
these conditions also apply to the oscillator under well-
designed conditions. The basic microwave oscillator circuit 
considered in this Note is the common-base feedback oscil-
lator shown in block form in Fig. I. The feedback network 
can be an external loop, an internal loop, or a combination of 
internal and external elements. Although many variations of 
the feedback networks are possible, three general families of 
oscillators, shown in Fig. 2, are found to be effective at 
microwave frequencies. 

C2 

COLPITTS HARTLE 

( I ( b) 

CLARP 
92C5-2059 7 

Fig. 2— Basic transistor oscillator circuits: (a) Colpitts, (b) Hartley, 

and (c) Clapp. 

The Hartley oscillator circuit employs an amplifying ele-
ment together with a tapped-inductor tuned circuit. The 
Colpitts oscillator uses an amplifying element with a capaci-
tive voltage divider in the tuned circuit. The Clapp oscillator 
is simply a modified Colpitts circuit in which another capaci-
tance is added in series with the tuned-circuit inductance. 
This modification results in improved frequency stability, but 
does not alter the feedback mechanism. In all these cases, the 
feedback elements form a part of the resonant LC circuit 
which determines the frequency of oscillation. In practice, 
the frequency-determining tuned circuit is also part of the 
output impedance-matching network as well as the feedback 
loop. On the basis of these requirements, the basic Hartley 
and Colpitts oscillators must satisfy a number of conditions 
simultaneously if the circuit is to be an efficient oscillator. 
Because of the difficulty involved in the construction of 
high-Q tapped inductors at the low inductance values required 
for microwave oscillations, the Colpitts type of oscillator cir-
cuit has generally been preferred at microwave frequencies. 
In many cases, the parasitic capacitances of the packaged 
transistor can be used to advantage in establishment of the 
required capacitive divider employed in the feedback network. 
A typical Colpitts oscillator circuit that uses lumped-circuit 

elements is shown in Fig. 3. This circuit, which uses an RCA-
40836 transistor, can develop a power output of 0.6 watt at 

Ct C2- 0.35 to 3.5 pF, Johanson 4701 or equmalent 

C3 C. • 100 pF, feedthrough, Allen Bradley FA5C 
equwalent 

L1 • 0.18-by 030-by 0.005 met, copper me0 

Ay - 10 Glyn, 1/2 wen 

142 • potenuometer. 500 ohms 

R3. 1200 ohms, 1/2 wan 

RFC . 11.mil wore. 0.30 Inch long 92C 5 - 205 9 8 

Fig. 3—A lumped-element circuit that requires no external feedback 

loops for sustained oscillation. 

2.0 GHz, and has an over-all circuit efficiency of 22 per cent 
when operated from a 21 -volt supply. No external feedback 
loop is required. The feedback required to sustain oscillation 
is provided by the parasitic capacitances of the package of the 
40836 transistor. In the oscillator circuit shown in Fig. 3, 
the collector of the transistor is grounded, and this transistor, 
at first glance, appears to be connected in a common-collector 
configuration. In this circuit, however, the collector of the 
transistor is grounded to improve the heat dissipation of the 
device, and the circuit is actually a common-base configu-
ration, as is apparent when the basic elements of the circuit 
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are redrawn as shown in Fig. 4(a). The circuit is then recog-
nizable as the basic Clapp circuit shown in Fig. 2(c). The 
equivalent tuned circuit for this oscillator is shown in 
Fig. 4(b). In the common-base configuration, the feedback 
signal is returned between emitter and base. As the emitter 
goes negative, the collector also goes negative, and potentials 
are developed across the feedback capacitors CcE and CEB 

r--1. 
RFC  

9tCS-20599 

L _ 

BASIC CIRCUIT 

(c) 

EQUIVALENT TUNED CIRCUIT 

Fig. 4—Analysis of circuit of Fig. 3. 

as shown. The feedback voltage across the capacitor CEB, 
which is across the emitter-base junction, also goes negative. 
The required in-phase relationship at the emitter is, therefore, 
maintained in this common-base oscillator circuit. 

Several limitations of the basic Colpitts oscillator circuit 
can be observed from the equivalent circuit shown in 

Fig. 4(b). For example, the dynamic output capacitance Co 
of the transistor appears across the feedback capacitances 
CcE and CEB. The series combination of CcE and CEB can 
be made small at microwave frequencies; the highest fre-
quency of oscillation (within limits of the device parameters) 

is then established largely by the values of Co and the minimal 
inductances present in this configuration. 

The ratio of the collector-to-emitter capacitance CcE to 
the emitter-to-base capacitance CEB also establishes the im-
pedance match between input and output in the feedback 
loop. The large impedance ratios of the common-base configu-
ration require that the reactance of CEB be very low com-
pared to that of CcE. The collector-to-emitter feedback 
capacitance CcE of a microwave packaged transistor is usually 
very small; in some cases, however, it may be necessary to 
increase the value of CEB externally to assure proper feed-
back levels in the common-base configuration. This adjust-
ment in CEB (and possibly CcE), needed for feedback 
matching, can result in an effective increase in feedback losses 
and may impose another limitation on the high-frequency 
performance of this oscillator. In addition, the series LC cir-
cuit, L1 and C2, together with capacitor C1, must also satisfy 
the requirements of an impedance match to the external load 
of this oscillator, as is apparent from Fig. 3. 

The previous discussion indicates that many diverse and 
frequency-sensitive requirements are demanded of the com-
plex output tuned circuit of typical Colpitts (or Hartley) 
oscillators. These requirements, to a large measure, can be 
satisfied over a limited frequency range with low-power tran-
sistors which have relatively large input and output imped-
ances. With careful design and choice of the proper transistor, 

wide-band oscillator performance with reasonable efficiencies 

C2 

is also possible. However, for high-power transistor oscillators, 
in which the impedance-matching ratios for both the feedback 
and output networks are so great that it becomes more and 
more difficult to satisfy the diverse requirements of the basic 
Colpitts tuned circuit, it is necessary to return to the basic 
oscillator concept shown in Fig. I. The oscillator-frequency-
determining resonant circuit is placed in a portion of the feed-
back loop and is divorced from the output matching network. 
In this way, both the feedback and output matching networks 
can be optimized, and the oscillator design becomes simpler 
so that the basic "regenerative feedback" amplifier design 
concepts can be applied. 

RESONANT FEEDBACK-LOOP OSCILLATORS 

An examination of Fig. 1 indicates that the frequency-
determining portion of the oscillator can be separated from 
the output matching network by placement of a high-Q LC 
resonant network in the collector-to-emitter feedback net-
work, the input matching network, or the base-to-ground 
circuit. In each case, the output network can be designed 
from large-signal class-C collector-load conditions, while the 
feedback network can be treated essentially independently of 
this network. Because of these degrees of freedom, large-signal 
(i.e., high-power) oscillators can be designed from large-signal 
amplifier parameters given by most power-transistor manu-
facturers. The design conditions for placement of the resonant 
network in the input (emitter-to-base) circuit and in the col-

lector-to-emitter feedback network, the two most useful ar-
rangements at microwave frequencies, are analyzed in the 
following paragraphs. 

Resonance in Emitter-to-Base Circuit 
Large-signal impedances are generally specified by most 

transistor manufacturers as an input impedance and a col-
lector-load impedance. Analysis of a large-signal oscillator can 
be simplified if the output of the transistor is considered as a 
dependent generator that has an internal impedance equal to 
the conjugate of the specified load impedance. For a typical 
microwave power transistor operating at L-band frequencies, 
the large-signal simplified model for the transistor is as shown 
in Fig. 5(a). The input impedance is usually inductive. The 
output dependent generator is generally capacitive at low 
L-band frequencies, but may become inductive in a packaged 
device at S-band frequencies. In Fig. 5(b), the model is con-
verted to its parallel equivalent, and the feedback capacitance 

CcE is added to the model. At resonance (i.e., the frequency 
of oscillation), the input inductance is tuned out by an ex-
ternal high-Q capacitor C, so that only the real component 
RINI of the complex impedance,remains in the model. The 
dynamic output capacitance Co is also tuned out by the 
output matching network which introduces the external shunt 
element Xo . The simplified model for the resonant condition, 
shown in Fig. 5(c), indicates that the output voltage devel-

oped across the new collector load resistance, Rj.,", is fed back 

to the emitter [in phase, as shown in Fig. 5(d)] by the RC 
network formed by RIN' and CcE. In this manner, the de-
sired portion of the output power can be returned to the in-
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put to sustain oscillations. The ratio of XccE to RIN' deter-
mines the level of the feedback. Minor changes in, the value of 
RIN' can be achieved by adjustment of the )(IN component 
of the input impedance, i.e., by adjustment of package lead 

I.) SIMPLIFIED LARGE-SIGNAL IMPEDANCES 

lb) PARALLEL EQUIVALENT OF ABOVE 

(c) SIMPLIFIED MODEL AT RESONANCE 

CCE 
-COLLECTOR 

RL 

4. BASE 

(d) PHASE RELATIONS AT EMITTER AT RESONANCE 

92CS- 20600 

Fig. 5—Analysis of emitter-to-base resonant-loop circuit. 

lengths. However, more meaningful adjustments can be made 
by variation in the feedback capacitance CcE. Because of the 
RC time constant involved in the feedback network in this 
mode, the method is generally limited to L-band and lower 
oscillator frequencies for which this time constant is not a 
limiting factor. 

Resonance in Collector-to-Emitter Circuit 
When the resonant portion of the feedback network is 

placed in the collector-to-emitter circuit, higher frequency of 
oscillation is possible. This increased frequency capability is 
attributed largely to the removal of any limiting time con-
stants in the feedback network. Fig. 6(a) shows the large-
signal impedances for this type of oscillator arrangement. 
Operation is assumed to be at S band; the output dependent 
generator is, therefore, inductive because of package parasitics. 
An external LC feedback loop is connected across the col-
lector-to-emitter terminals of the transistor as shown in 
Fig. 6(b). The values of the inductance L and the capacitance 
C are chosen so that the series combination of these corn-

ponents and the reactances )(IN and X0 is still slightly induc-
tive at the operating frequency. Capacitor C serves to "tune" 
this inductance so that the resultant is the variable inductance 
L' that shunts the feedback capacitance CcE' as shown in 
Fig. 6(c). In a practical circuit, capacitor C also provides dc 
blocking between the input and output bias networks. The 
feedback capacitor CcE and the equivalent inductance L' can 
be made very small; the resonance frequency of this combina-
tion, therefore, can be made very high. At resonance, a real 
impedance Ro appears across the tuned circuit formed by L' 
and CcE. The value of the real impedance depends upon the 
Q of this tuned circuit and any circuit losses. As shown in 
Fig. 6(d), the voltage developed across the collector load RL' 
is fed back, in phase, to the emitter by a purely resistive volt-
age divider. Both RIN and Ro can be adjusted externally to 

(0) SIMPLIFIED LARGE-SIGNAL IMPEDANCES 

(b) MODEL WITH EXTERNAL LC LOOP 

(c) EQUIVALENT CIRCUIT OF (b) 

(AT RESONANCE) 

Id) PHASE RELATIONS AT EMITTER AT RESONANCE 92C S- 20601 

Fig. 6—Analysis of collector-to-emitter resonant-loop circuit. 

some extent, independently of the collector-load resistance 
RL', to obtain the optimum feedback match. Because the 
feedback network does not involve any time constants and 
the parasitic elements of the packaged device can be "lost" in 
this feedback network, this arrangement is capable of oper-
ating at a much higher oscillator frequency than the previous 
case. Feedback losses are low; oscillator efficiency, therefore, 
can be made only slightly less than that obtained for class-C 
amplifier conditions. 
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DESIGN EXAMPLE (4-watt, 420-MHz Power Oscillator) 

The approach employed in the design of practical high-
power transistor microwave oscillators can be illustrated by 
use of a design example. In this example, the objective is to 
design a transistor oscillator circuit that provides a power out-
put of 4 watts at an operating frequency of 420 MHz. A 
tuning range of 400 to 450 MHz (i.e., a bandwidth of 12 per 
cent) is also desired. 

The 2N3375 rf power transistor is suitable for use in the 
oscillator circuit. The published data on the 2N3375 indicate 
that the transistor can provide a power output of 4 watts and 
a power gain of 6 dB at 400 MHz when operated from a col-

lector supply of 28 volts. The input and output impedances 
of the 2N3375 transistor at 420 MHz, determined from the 
large-signal parameters specified in the published data, are as 
follows: 

Zin 8 + j13 ohms 
Zout ≥ 17 — j25 ohms 

These impedance values are determined for saturated collector 
currents in the order of 400 milliamperes. 
A resonant feedback loop which is tuned In the emitter-to-

base branch was chosen as the optimum configuration to a-
chieve the desired frequency tuning range of 400 MHz to 
450 MHz. Because of the requirement for a 1-dB bandwidth 
of 12 per cent, a tapered-line section was chosen to transform 
the 17-ohm real collector-load impedance to the 50-ohm ter-
minal impedance. ] The 25-ohm capacitive reactance of the 
output dependent generator was "tuned out" with a lumped 
inductance (i.e., a proper length of 20-mil wire) of approxi-
mately 13 nanohenries. 

The input impedance of approximately 8 + jl 3 ohms is 
converted to its parallel equivalent as shown in Fig. 7(a). A 
capacitance of approximately 2 picofarads is required to tune 
out the input reactance XIN at 420 MHz. A high-Q air-piston 
variable ( 1-to- 10 picofarad) capacitor was chosen for this fre-
quency-tuning element. 

The measured value of feedback capacitance CE for the 
TO-60 package that houses the 2N3375 transistor is in the 
order of 3 picofarads. The reactance of this capacitance at 
420 MHz is in the order of 120 ohms, as shown in Fig. 7(b). 
The ratio of XccE to RIN, therefore, is approximately 4 to I. 
In other words, one-fourth of the output power, in the proper 
phase, is available at the input of the transistor. This amount 
of feedback should be adequate because, under class C con-
ditions, the 2N3375 transistor provides a power gain of 6 dB 
at 400 MHz. The time constant CcER1N, which is very much 
shorter than a quarter cycle at 420 MHz, can be neglected. 

The test oscillator shown in Fig. 7(c) employs a common-
base configuration. Forward bias of a few mils is established 
by the 2200- and 120-ohm resistor network. The base of the 
2N3375 transistor is returned to electrical ground through a 
33-picofarad ceramic-disc capacitor. This capacitor is broadly 
self-resonant at 420 MHz. The emitter resistor Re is used to 
establish class-C bias conditions once the rf oscillations have 

0 15,H 

>3 9 
> Re 

INPUT 
—e» 

I - 10pF 

RIN 
30 

Ca 2 pF TO TUNE 

OUT % IN AT 420 MHz 

(o) INPUT CONDITIONS FOR 2N3375 AT 420 1411. 

(b) FEEDBACK NETWORK FOR 293375 AT 420 MHz 

33 pF 

2N 3375 

0.01 

4. VCC 

(e) TEST OSCILLATOR CIRCUIT 92CS-20002 

Fig. 7—Design ola 4-watt, 420-MHz oscillator. 

1000 pF 

50— OHM 
470 OUTPUT 

started. The transformer X1 is a tapered-line section over 
which the impedance varies from 17 to 50 ohms. 

Evaluation of the test oscillator indicates that adjustment 
of capacitor C provides a tuning range of 380 to 490 MHz. 
The test oscillator develops a power output greater than 4 
watts over the range of 400 to 450 MHz, and has an over-all 
circuit efficiency that exceeds 40 per cent over this frequency 
range. The output power is free of any spurious responses, 
and the FM noise, on the basis of spectrum-analyzer compar-
isons with known low-FM-noise sources, appears to be low. A 
power output of 5.2 watts at the design frequency of 
420 MHz was achieved by optimization of the inductance L 
and the line section X1. For this condition, the circuit effi-
ciency was in the order of 48 per cent. 

SAMPLE CIRCUITS 

Several sample oscillators that illustrate the effectiveness 
of the techniques described in this Note have been con-
structed and evaluated. Circuit %description and performance 
are given below. In addition, some proposed oscillator circuits 
are also described. 
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Pulsed Oscillator 
Fig. 8 shows an oscillator circuit that can be cleanly pulsed 

with pulse lengths as short as 10 microseconds and that has a 
duty factor of 1 per cent. Power output can be controlled 
with the pulse input voltage, or with the 5000-ohm series po-
tentiometer control to the 2N2102 switch if a fixed pulse in-
put is used. A positive pulse polarity is required. The oscillator 

TYPE 
INPUT EI _ L+ 2 N2 I 02 

RFC 

A RCA 
DEV. N. 50- 0111.1 
TA8647 OUTPUT 

+ 20V 

100 

C 03- 2 6 88 15•81.4nc, coffooll 

Cf Cltoofe to 54 Noadlv morult of I. 

f c,.,,. fora v.v. low vonsfor ow. 

C, Oyu,. match ion, Ifino control, 

RFC 

1000 

sacs- 20603 

Fig. 8-Pulsed oscillator that can supply a power output of 3 to 4 

watts over a frequency range of 1.1 GHz to 1.4 GHz. 

frequency is contr.ollable over the range of about 1.1 to 
1.4 GHz. Power output is between 3 and 4 watts over this fre-
quency range. The RCA Dev. No. TA8647 transistor used in 
this circuit is a stud-mounted stripline transistor which is 
bonded in the common-emitter configuration. in the pulsed 
oscillator, however, this transistor is connected to operate in 
the common-base mode. The oscillator output is clean with 
very good frequency stability. The frequency remains essen-
tially constant with supply-voltage variations from 18 to 28 
volts. The frequency of the oscillator is also relatively immune 
to wide variations in the load terminating the oscillator. In-
jection phase-locking can be achieved at point A. 

Voltage-Controlled Oscillator 
The oscillator circuit shown in Fig. 9 is a modification of 

+20 A RCA DEV No. 
108647 OUPuT 

C OC Iffocàfn. capecoto. 

C, Chi:1014f°. r11 eforLente • by end of fun, rape 

C, •40 eLatana. • up, end of tun, rm. 

81, 8,rmy control 

8, P., level cooffol 

02C5.20604 

Fig. 9- Voltage-controlled oscillator. 

that shown in Fig. 8.1n the modified circuit, a varactor diode 
is included in the emitter-to-base tuning circuit. The tuning 
range is limited by the output matching network to about 
300 MHz. Frequency control is provided by potentiometer 
111. A power output control R2 is included in the circuit to 
set the level of the oscillator output. With this method, power 
output is controlled without affecting the frequency of oscil-
lation. Injection phase-locking can be achieved at point A. 

1.7-GHz Oscillator Circuit 
Fig. 10 shows a typical oscillator circuit in which the reso-

nant feedback loop is placed in the collector-to-emitter cir-
cuit. As pointed out above, higher-frequency performance is 
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Fig. 10- Typical 1.7-GHz oscillator circuit. 

possible with this mode of operation. Evaluation of this cir-
cuit shows that a power output of 5 to 6 watts is obtainable 
at 1.7 GHz when a 28-volt supply is used. Frequency stability 
at 1.7 GHz is better than 0.1 per cent for voltage or current 
excursions of ±25 per cent. Oscillation (essentially on fre-
quency) starts as soon as any collector current is drawn. Fre-
quency drift is less than 1 MHz from cold-start to the stabil-
ized conditions of one hour of operation. The second-har-
monic power output is more than 45 dB down from the fun-
damental. Evaluations of this oscillator with a microwave 
spectrum analyzer indicate that the FM noise is very low, al-
though direct measurements have not been made on the cir-
cuit. Phase-locking can be achieved at point A. 
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Oscillator-Doubler/Tripler 
Because oscillators that use the techniques described in 

this Note operate as true class C circuits (with the feedback 
and frequency control independent of the output matching 
network), it is logical to assume that ordinary amplifier-

doubler or tripler techniques could also be applied to these 
oscillators. Fig. 11 shows a proposed circuit of an oscil-
lator/tripler that uses the TA8647 transistor. Idler circuits for 
fj and f2, as well as the filter and matching network for f3, 
can be realized in microstrip form. This oscillator-multiplying 
action has been confirmed with uhf transistors in previous 
tests. 

RCA DEV. No 
TAB 6 47 

.6VCC 

SOCS- 20606 

50-OHM 
OUTPUT 

Fig. 11—Proposed oscillator/tripler microwave power source. 

1.68-GHz Oscillator Circuit 
Fig. 12 shows a simple 1.68-GHz oscillator circuit suitable 

for radiosonde service. This circuit, which uses the TA8647 
transistor, is an example of a circuit in which the high-Q fre-
quency-determining network. is placed in the base-to-ground 

RCA 
DEV. No 
TARA 47 

50-OHM 
OUTPUT 

C 04-60F 1,160 mg mum ups., 
X, 6 XII. 60 11 upend hne ximtorrne• 9255-2060 7 

Fig. 12- 1.68-GHz radiosonde oscillator. 

circuit. Capacitor C is selected to be series-resonant with the 
common-base inductance at the operating frequency. The 
base, therefore, is effectively placed at rf ground at this fre-
quency only. At 1.68 GHz, the collector load of the TA8647 
transistor is effectively about 5.5 ohms real impedance, which 
simplifies the design of this oscillator. A 5.5-ohm-to-50-ohm 
tapered-line output transformer is used to keep the second-
harmonic output more than 40 dB down from the funda-
mental output power. Package parasitics provide the correct 
level of capacitor feedback to sustain oscillations at 1.68 GHz, 
with no further external circuit adjustments needed for the 
range of about 1.4 to 1.8 GHz. 

Evaluation of this oscillator at 1.678 GHz shows that the 
oscillator frequency remains constant at 1.678 GHz over a 
range of supply voltages from 20 to 28 volts. For operation at 
the design value of 24 volts, power output at 1.678 GHz is 
1.2 watts, and the circuit efficiency is 29 per cent for an 
emitter resistance Re of 7 ohms. At 28 volts, power output is 
1.9 watts, and the circuit efficiency is 28 percent. At 20 volts, 
the power output is decreased to 0.4 watt, and the circuit 
efficiency is reduced 20 per cent. However, this performance 
can be substantially improved simply by modifying the out-
put transformer for operation under the new load conditions 
for this transistor at the 20-volt supply level. 

CONCLUSIONS 
Although the techniques described for achieving high 

power from transistor oscillators are not new, they have not 

been well understood in the past. The evaluation made in this 
Note of these oscillator circuits has shown not only that high-
powered oscillators with good circuit efficiency are obtain-
able, but that good frequency stability and low noise can also 
be expected. An understanding of the techniques discussed in 
this Note will make possible the design of a wide variety of 
power sources at very low cost without sacrifice of the per-
formance required in the most advanced system. 
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Concurrent with the present state of the art, the most 
economical amplifier chain for 12.5-volt uhf mobile applica-
tions employs the modular approach up to the 15-watt level 

and an add-on amplifier using a discrete device to raise the 
output to higher power levels. This Note describes a 15-watt 
module, the RCA-R47M15, a high-power broadband ampli-

fier module designed for uhf mobile applications, that can 

raise a 100-milliwatt input to the 15-watt level. Also 
described is a 30-watt uhf transistor, the RCA-40970, that 

can be used in an add-on amplifier with the R47M10 
(10-watt module) to form a 30-watt chain capable of raising 
a 100-milliwatt input to 30 watts output. Block diagrams of 

the I5-watt module and of the 30-watt chain are shown in 

Fig. I. 

The R47M15, 15-Watt Module 
The R47M15, 15-watt module is specifically designed to 

cover the 440- to 470-MHz band, although it can be used 
over a wider range (the RCA Dey. No. TA8423 is designed to 

cover the 390- to 440-MHz band). Fig. 2 shows the 
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Ebb 92CS- 20651 

Fig. 1— (a) 15- watt module; (b) 30-watt transmitter chain. 

performance of the R47M15 module under various condi-
tions over the frequency range of 420 to 470 MHz; Fig. 3 

shows TA8423 performance in the range of 390 to 440 
MHz. The minimum guaranteed gain is 20 dB at 12.5 volts at 
the nominal output power of 15 watts. The typical 
performance indicated in Fig. 2 was obtained with an input 

power of 100 milliwatts. The output power level can be 
controlled by the voltage imposed on the first stage 

(gain-control pin); Fig. 4 shows the effect of gain control on 
module performance. Regulation of the gain reduces the 

total dissipation and consequently the heat generated by the 

module. The regulated variable voltage for the gain-control 

function is easily provided. The nominal collector current of 
the stage to be regulated is 200 milliamperes; this current 

increases to about 240 milliamperes at a Vcc of 15 volts. 
Therefore, the current capability of the power supply does 
not have to exceed 240 milliamperes. The current require-
ments of the final stages approach 3.5 amperes at the 15-volt 
level when the gain control is not used; this condition makes 

it difficult to regulate the supply. However, because the 
output level can be controlled from the predriver stage, the 

circuit designer is allowed great flexibility; the output 
levelling that can and should be incorporated in the 

transmitter design takes the emphasis off the need to regulate 
the supply voltage on the final stages. 

Oscillations and the generation of spurious responses are 
normally understood under the general term instability. The 

performance of the R47M15 module was checked under 

varying operating conditions, such as drive variation and 
supply-voltage variation. No instability was detected in the 

R47M15 module under drive variation between 10 and 200 
milliwatts with a supply voltage of 12.5 volts. The lower 

portion of this range of variation is plotted in Fig. 2(d) as a 

function of output power. Variation of the supply voltage 

between 0 and 15.5 volts with a drive of 100 milliwatts also 
produced no detectable instability. When the control voltage 

alone was varied with a constant final-stage supply voltage of 
12.5 volts and a constant drive of 100 milliwatts, spurious 

responses began to appear at control voltages below 6 volts in 
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Fig. 2— Typical R47M15 module performance. 

some modules. The second harmonic in the output was 
measured from -25 to -40 dB, depending upon frequency. 
The input VSWR was measured near 1.8:1 on the R47M 15 
over the frequency range of 400 to 500 MHz; the maximum 
input VSWR for the TA8423 was 1.6:1 under a normal Vcc 
of 12.5 volts and an input power of 60 milliwatts. The 
modules have been load-pulled at a Vcc of 14 volts, an 
output power of 17 watts, and a frequency of 470 MHz with 
an output VSWR of all phase. 

Module Construction and Assembly 
The modules are fabricated by using thin-film microstrip 

circuitry on high-quality alumina substrates with better than 
8 micro-inches of surface fmish. The rf matching networks 
are composed of rnicrostrip inductors and thick-film capaci-
tors and resistors. The metallization of the lines is formed by 
a combination of vacuum deposition and electroplating to 

produce a titanium-palladium-gold film stable at tempera-
tures up to 500°C. Photolithographic techniques are used to 
produce the required circuit pattern, including transmission 
lines, inductors, and interconnections. DC and rf grounding is 
achieved through metallized substrate holes which are filled 
with conductive silver epoxy during the assembly of the 
module. The rf transistor pellets of the first and second 
stages are mounted on silver heat spreaders, while the 
third-stage pellet is in the form of a chip carrier consisting of 
a beryllia substrate with internal input-matching circuitry. 

Pellet-acceptance criteria are established by mounting 
random pellets of each wafer on conventional packages and 
testing them for power output, gain, and efficiency at the 
highest end of the frequency band, 470 MHz. Wafers with 
borderline characteristics are rejected, and the probability of 
high module yield is increased. Static de beta tests are also 
performed on the module during the assembly cycle to assure 
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that the pellets have not been damaged during the cleaning 
and mounting operation: Dynamic if evaluation of the 
third-stage chip-carrier is performed prior to its insertion into 
the module. Each carrier is pre-tested in a discrete-circuit 
plug-in fixture at 470 MHz for power output, gain efficiency, 
and load-pull capability. 

Chip Carrier 
RF characterization of high-frequency power-transistor 

pellets in chip form has, up to now, been a major problem in 
the fabrication of rf power-hybrid modules because the exact 
input/output and gain characteristics of each of the pellets 
used in the circuits were not known. Recent developments in 
high-frequency chip-carrier construction have provided a 
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Fig. 4- Typical effects of gain control on R47M15 module 
performance. 

vehicle that allows the evaluation of each transistor pellet to 
be made under dynamic conditions. In addition, because of 
its minimum parasitics, the carrier serves as a tool to evaluate 
the ultimate performance capability of a transistor chip. 

The chip carrier shown in Fig. 5 has been designed to aid 
in the determination of the characteristics of a I 5-watt 
12-volt output pellet prior to its insertion into the final 
module. An emitter-base thin-film capacitor is placed on the 
carrier and, together with the parasitic base-lead inductance 
of the bond-wires, performs an impedance transformation, 
effectively increasing the real part of the input impedance of 
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CHIP CARRIER Vcc (i) Vc,12) 

Fig. 5— Chip carrier used in the output of the R47M15 

module. 

the pellet. Impedance measurements on the input of the 
carrier, made using slotted-line techniques, show an input 

impedance at 470 MHz with a real part of approximately 

2.2 ohms and an imaginary part of +j I ohms. Table I shows 
the typical performance of the carrier at 470 MHz using a 

discrete component fixture. The use of a chip carrier with its 
beryllia substrate in the final stage considerably improves the 

thermal characteristics of that stage. Fig. 6 shows a 

stage-by-stage diagram of the R47M15 module with the 
approximate dissipation indicated for each stage. 

The 40970, 30-Watt Add-On 
Developments in transistor design and manufacturing 

technology and techniques, and improvements in internal 
matching-circuit design have produced a uhf 30-watt device, 
the 40970, capable of a 5- to 6-dB gain across the 406- to 
512-MHz band. Details of this technolgy are shown in Fig. 7. 

Table I — RF Performance of Chip Carrier at 470 MHz 

With Discrete Component Fixture 

FREQUENCY: 470 MHz 

Vcc: 12.5 VOLTS 

Pin Pout n% 

3 watts 15.8 watts 61 

3.5 16.3 60 

4.0 17.0 61 

10 EMITTER SITE BALLASTING,LTO 

92C5- 20636 

Pd. 1.5W PdA 3W 

CHIP CARRIER 

Pd m10 TO I2W 

92C S-20655 

Fig. 6— Stage-by-stage diagram of the R47M15 module. 
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Fig. 7— Details of the 40970 technology. 
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The input-circuit design enables the user to build reproduc-
ible broadband circuits with minimal input VSWR, yet 
provides flexibility for special performance requirements. 
The device design provides reliable high-power operation and 
assures the ability of the transistor to function after severe 
equipment malfunction. 

40970 Technology 
The problem of input-impedance matching normally 

associated with uhf transistors at low collector voltages ( 12.5 
volts) has been solved in the form of the built-in 
input-matching network in the 40970. A calibrated length of 
base-bond wire along with an internally mounted shunt 
capacitor is used to produce a lumped-constant, miniature, 
T-section, matching network within the transistor package. 
Fig. 7(c) shows the actual bonding arrangement and 
equivalent circuit. Note that the transistor base inputs are 
connected at a high impedance level with some isolation 
between cells. 

There are some power-sharing advantages to the arrange-
ments of Fig. 7(c); however, the main advantages are the 
higher input impedance and low device Q. These features are 
of great advantage in both narrowband and broadband circuit 
design. Impedances in excess of 2 ohms, with a Q of 1 to 2, 
are easily realizable. The 2-ohm impedance level was chosen 
to provide maximum flexibility for the user; further increases 
in impedance would result in general frequency-response 
limitation along with an inability to optimize the circuit for 
narrowband conditions within the operating-frequency range 
of the transistor. Additional advantages are derived from the 
nature of the input-matching networks. The quarter-wave 
impedance-matching characteristics of the networks provide 
for optimization in one portion of the band, usually the 
high-frequency end. This optimization provides for gain 
roll-off at lower-band frequencies; however, this circuit-
induced roll-off is generally compensated by the approxi-
mately 6-dB-per-octave increase in transistor gain with 
decreasing frequency. The result of a properly optimized 
input circuit, therefore, is a flat response over the frequency 
range of interest. 

The results of such an input circuit optimization can be 
shown by reviewing the performance of the 40970, a 
30-watt, 12.5 volt, 406- to 51 2-MHz transistor with internal 
input matching. Narrow-band performance is shown in Table 
II. The data show that the gain is actually flat across the uhf 
mobile band. The input matching network is quite broad-
band; the impedance variation is small and well within 

Table II — Narrowband Performance of 40970 

FREO Pin 
(MHz) (W) 

406 9 

470 9 

512 9 

Po 
(W) 

32 

32 

31.5 

TIC Zin (RANGE) 
(%) (OHMS) 

70 

70 

68 

2.9+j 2.0 

3.1+j 3.9 

3.2+j 2.6 

2.35+j 1.8 

2.6+j 3.6 

2.8+j 2.2 

broadband-circuit range. The device has its highest real 
impedance, and hence is easiest to use, at the highest 
frequency in its bandwidth. The imaginary-reactance varia-
tion is basically a result of the response of a T network in 
which the largest inductor, L3 in Fig. 7(c), is the input 
base-lead inductance. 

The 40970 in a Broadband Circuit 
To demonstrate the broadband performance capability of 

the 40970, a 450-to-512-MHz amplifier was constructed; the 
amplifier is shown in Fig. 8. Both input and output matching 
networks were developed from Chebyshev lumped-constant 
tables; they are pseudo-Chebyshev networks in this design 
because of the input and output reactive terms which cannot 
be totally resonated over the entire amplifier bandwidth. In 
the amplifier design, the package inductance is used as the 
first matching element, and forms a T with a low-loss 
capacitor to ground (Allen-Bradley leadless discs are excel-
lent for minimum losses at uhf frequencies). The remainder 
of the LC components are formed using 1/32-inch Teflon-
fiberglass board. The inductors were specified lengths of 
high-Z0 line, while the capacitors were specified lengths of 
low-Z0 line. Values of each were calculated in the following 
manner: 

AIR LINE er = 1 

Zo = VEré 

v= 1/•,= 3 ( 101°)cm = 1.18 ( 101°)in. 

Inductance-per-length 

Zo/v =— — L; L —  Zo (a) 

I/NAT 1.18(101°)in. 

= (Zo) 0.085 nH/in. 

Capacitance-per-length 

1 1 

Zov NAT* I/NAT 

1 
C —  1 )85 pF/in. 
Zo • 1.18(10 10)in. Zo 

MICROSTRIP LINE @ er 

Inductance-per-length 

= .Ç(Z0) 0.085 nH/in. 

Capacitance-per-length 

e =,,i(—zo) 85 pF/in. 
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Fig. 8- 450- to-512-MHz broadband 
40970. 

amplifier using the 

Therefore, for a 50-ohm line on Teflon-fiberglass (er = 
2.6), L = ( (50) (0.085) nH/in., or 6.8 nH/in., while a 
20-ohm line on the same material would yield C = ( 
(1/20)(85 pF/in.), or 6.8 pF/in. 

Performance across the 450-to-5I 2-MHz band under 
rated input, overdrive, and high line-voltage conditions, in 
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addition to elevated heat-sink temperature, is shown in 
Fig. 9. 

The broadband circuit design includes one input- and one 
output-tuneable capacitor. These capacitors allow for ampli-
fier optimization for gain and/or efficiency at the frequencies 
of the lower band. This optimization provides for better 
performance in band-edge areas and gives the mobile-radio 
manufacturer greater flexibility in meeting a customer's 
special needs. 

Improved Thermal and Load-Mismatch 
Capability of the 40970 

The most stringent requirement to be met by a transistor 
used in a mobile unit is that of load-mismatch. This 
requirement demands that the transistor be capable of 
withstanding any amplifier load from open to short circuit. 
Many times this condition occurs at high line Vcc, which 
can reach 15.5 volts after line and fuse losses. The solution to 
the mismatch problem lies in the emitter and collector 
ballasting. Emitter ballasting, as shown in Fig. 7(b), consists 
of a silicon resistor placed over each emitter site; the reverse 
bias caused by the resistor tends to equalize the current flow 
in each emitter: as one emitter attempts to draw more 
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current, the resulting increased leRe voltage drop reduces the 
effective VBE to that cell and, therefore, reduces the drive to 
that cell. Ballasting also improves the forward second-

breakdown characteristics, as the leRe back-bias tends to 
cancel a portion of the VBE increase with temperature. 
Collector ballasting utilizes an optimal collector epitaxial 

resistivity and thickness to provide reverse second-breakdown 
protection. The combination of these transistor design 
features enables the 40970 to be 100-percent load-mismatch 
tested at .0:1 VSWR, rated Pin, and with Vcc at 15.5 volts 
under JEDEC load-mismatch notation. 

The ability to operate at elevated heat-sink temperatures 
has been met in the 40970 through a layout that provides an 
Raw of 1.5°C/W; this low thermal resistance allows the 

device to operate satisfactorily under adverse temperature 
conditions. At a po of 30 watts, a heat-sink temperature of 
100°C produces a pellet temperature of approximately 
145°C. 

The effect of ballasting protection and thermal capability 
is of prime importance in broadband operation. While 
average thermal resistance appears to allow operation under a 
200°C pellet temperature, the non-optimum load conditions 
inherent in a broadband circuit can cause peak pellet 
temperature to exceed 200°C. Only through uniform 
ballasting located as close to each emitter site as possible and 
coupled with an excellent thermal system can a device 
provide reliable operation under such conditions. 

The 30-Watt Chain 

The R47M10 and the 40970 represent the first steps 

toward a "power-gain-block" approach to mobile-radio, 
rf-power-amplifier design. They provide the tools for 6-, 12-, 
and 25-watt radio design, broadband or narrowband, with a 

minimum of design work for the mobile-radio manufacturer. 
An example of this approach is the RCA "Instant Radio" 

circuit shown in Fig. 10. This two-stage gain block provides a 
minimum of 30 watts of output power from a 0.1-watt input 

from 450 to 470 MHz; the driver is a 10-watt R47M 10, while 
the output stage consists of a 40970 mounted in a 450- to 
470-MHz broadband circuit. While this circuit is compact, it 
measures approximately 5 by 3 inches, it produces the 30 

watts of broadband power with typical efficiencies of 40 to 
45 percent; performance is shown in Fig. 11. The RCA 
thermal systems, both modular and discrete, assure excellent 
performance at elevated heat-sink temperatures; the two-
stage gain block will power-slump less than 10 percent at a 

heat-sink temperature of 75°C. 

The flexibility of the power-gain block concept using the 
R47M10 and 40970 can be extended to output power 
regulation through the use of the R47M10 gain-control stage. 
Through regulation of the control-pin voltage, which controls 

the Vcc of the first-module stage, the output power can be 
maintained at a desired level independent of the circuit-gain 
characteristics of the R47M10 or 40970. An example of the 

result of the use of this technique is shown in Fig. 12. The 
control voltage necessary to maintain the constant output 

Fig. 10— Two-stage gain block providing 30-watts output and 

consisting oían R47M10 and a 40970. 
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power of 30 watts is plotted as a function of the supply 

voltage at 440 and 470 MHz; the tests were run on a 15-watt 
R47M10 and on the 40970 in the 450-to- 512-MHz broad-
band circuit. The plot shows a constant output power of 30 
watts until the supply voltage becomes too low to sustain 

that level of output power. 
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10-, 16-, 30-, and 60-Watt Broadband 
(620-to- 960-MHz) Power Amplifiers 
Using the RCA- 2N6266 and 2N6267 
Microwave Power Transistors 
by J. Locke 

This Note describes basic broadband circuit design and 
the design of the following 620-to-960-MHz, 28-volt-Vcc 

amplifiers: 
(1) a 10-watt 2N6266 driver amplifier capable of 10 

±0.8-dB power gain, 42- to 55-percent collector efficiency, 

and a maximum input VSWR of 3.4: I at an input power of 1 

watt. 
(2)a I 6-watt 2N6267 power amplifiereapable of 8±0.5-dB 

power gain, 42- to 55-percent efficiency, and a maximum 
input VSWR of 2.5:1 at an input power of 2.5 watts. 

(3) a quad coupler design. 
(4) a 30-watt module producing 15.9±0.4-dB power 

gain, 42- to 49-percent collector efficiency, and a maximum 
input VSWR of 2.6:1 at an input power of 0.75-watt. 

(5) a 60-watt module producing 15±0.5-dB power gain, 

26-. to 34-percent collector efficiency, and an input VSWR of 
1:1 at an input power of 1.75 watts. 

Broadband Design 
The following broadbanding steps are well established: 
I. Determine the required broadband operating condi-

tions. 
2. Select the proper transistor and predict the tradeoffs. 
3. Estimate broadband impedance variations. 
4. Design tunable narrowband circuits for the band of 

interest. 
5. Optimize transistor performance in narrowband cir-

cuits and accurately measure the impedance variations with 
frequency. 

6. Choose the broadband approach to satisfy the 
impedance variations obtained. 

7. Design broadband circuitry and probe for the pre-
dicted impedance variations. 

8. Confirm circuit design with rf performance. 

CIRCUIT DESIGN AND PERFORMANCE 

10-Watt 2N6266 Driver Amplifier 

In the design of the driver amplifier ( the fabricated 
amplifier is shown Fig. I), initial impedance values were 

Fig. 1— Assembled 2N6266 driver amplifier. 

obtained from the impedance curves in the 2N6266 

data sheet; the curves are specified under saturated-output 
power conditions. These impedance values were then utilized 
as a starting point for the design of the driver amplifier. 
Three narrowband test circuits were designed that would be 
capable of matching the impedance of the 2N6266 at thé 
end- and mid-frequency points of the 620-to-960-MHz 
frequency spectrum. The circuit impedances were measured 
by slotted-line techniques at the optimum operating condi: 
tion to determine the exact impedance variation across the 
frequency band. Narrowband optimization at the band end 
points and at three points equally distributed within the 
band provided the impedance variations shown in Fig. 2. 

Because of the moderate cost, reproducibility, small size, 
and availability of broadbanding techniques, a hybrid 

combination of stripline and lumped elements on alumina 
was utilized. The broadband amplifier circuit is shown in Fig. 
3. The following is a synopsis of the input and output 

transformation designs utilized: 
Input Circuit The initial design is derived from two 

stages of two-step 1/16X Chebyshev transformation networks 

based on the Matthaei tables. I By using the Matthaei tables 

with a nominal transistor input-impedance value of 1.67 

ohms, the following values are obtained for the parameters 
listed: 
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Fig 2— Impedance variations of the 2N6266. 
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Fig. 3— Schematic diagram of the 2N6266 620- to 960-MHz 
broadband amplifier. 

1st section 2nd section 

(Two-Step (Two-Step 
Chebyshev) Chebyshev) 

Ripple attenuation (LA,V) = 0.1113 0.6361 

Number of steps (n) = 2 2 

Transformation ratio (r) = 3 10 

Fractional bandwidth (W) = 0.3 0.3 

Then, from the same tables: 

Z1 = 14.6 ohms 

Z2 = 57 ohms 

Z3 = 2.32 ohms 

Z4 = 12 ohms Fig 4— 2N6266 driver amplifier transformation. 

Since the input inductance of the transistor may be 

utilized as the last Chebyshev 1/16X transformation step, Z1 
through Z3 can provide the transformation to conjugate 
match the range of measured transistor input impedances. 

Numerous articles2-6 relating the characteristic imped-

ance of stripline to its dielectric and thickness are available. 
An equation which has been empirically fitted to design 
curves7 is the following: 

Zo 377 h 

‘/Ew + 1.735 e —0.0724 w —0.836 

where Zo is the characteristic impedance of the stripline, e 
is the dielectric constant, h is the thickness of the dielectric 

and w is the width of the dielectric. Selection of the 
dielectric can be made with available curves or the above 
relationship. 

Output Circuit The initial stripline output transforma-

tion is designed to transform with less than a X/4 throughout 
the 620-to-960-MHz range to a capacitance variation (nom-
inal 10-ohm real value). This variation is combined with an 

inductive shunt to produce an impedance load variation, Fig. 
4, consistent with the required load. The required load 

impedance is shown by line A in Fig. 4. As indicated by the 
actual impedance load variation, line B, a double-noded rf 
performance response is expected; this performance is 
illustrated in Fig. 5. At a frequency somewhat above 620 
MHz and at a second frequency close to 960 MHz, the rf 

performance (output power, collector efficiency) is opti-
mum. 

A point-by-point impedance measurement of the com-

pleted broadband circuit can be made by slotted-line, 
polar-display, or computer-aided methods. Results of meas-
urements of a preliminary output transformation design by 

P.• MICR 

to • RIV 

F 

• 
A. TYPICAL LARGE-SIGNAL SERIES COLLECTOR LOAD IMPEDANCE 

Si0.12..,y1 1551411 vs. FREQUENCY NORMALIZED TONES 
MEASURED UNDER OPTIMUM MARMOREAN,' CIMIOITIONS. 
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means of a computer-aided automatic network analyzer are 
shown in Table I. The amplifier was optimized for the rf 
performance shown in Fig. 5 by adjusting L3 for optimum 
collector efficiency and output power across the band. The 
stripline input, Z4 in Fig. 3, was then adjusted in length to 
provide minimum input VSWR at the frequency-band end 
having the lowest gain capability. The series RILIC I 
circuitry8 was utilized to improve the input VSWR and to 
level the gain capability at other frequencies within the band. 

Table I - Computer-Aided Analysis of Preliminary Output 
Transformation Design 

Impedance (Ohms) - 50.0 Ohm System 

FREO 

550.0 
570.0 
600.0 
625.0 
650.0 
675.0 
700.0 
725.0 
750.0 
775.0 
800.0 
825 0 
850.0 
875.0 
900.0 
925.0 
950.0 
975.0 
1000.0 

MAGN ANGLE REAL IMAG 

9.15 
10.27 
11.37 
10.53 
6.94 
9.68 
10.79 
11.65 
11.53 
10.88 
9.92 
8.77 
7.75 
6.88 
6.03 
5.37 
5.34 
5.28 
5.14 

75.4 
72.0 
63.5 
39.8 
62.4 
66.3 
59.7 
51.4 
42.6 
34.1 
26.8 
23.6 
21.1 
22.8 
23.0 
32.0 
36.0 
41.4 
45.4 

2.31 
3.17 
5.07 
8.09 
3.21 
3.89 
5.45 
7.26 
8.50 
9.01 
8.85 
8.03 
7.23 
6.35 
5.55 
4.55 
4.32 
3.96 
3.61 

8.85 
9.77 
10.18 
6.74 
6.15 
8.86 
9.31 
9.11 
7.80 
6.10 
4.48 
3.52 
2.80 
2.66 
2.36 
2.84 
3.14 
3.49 
3.66 
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Fig 5- RF performance of the circuit of Fig. 3. 

16-Watt 2N6267 Power Amplifier 
Narrowband test circuits were optimized for maximum 

2N6267 rf performance within the 620-to-960-MHz fre-
quency range by using the same impedance-measuring 
procedures as those described for the 2N6266. Saturated-
output power levels at 18-watts cw provided the impedance 
variations shown in Fig. 6. The amplifier schematic is shown 
in Fig. 7; the fabricated amplifier is shown in Fig. 8. 

The following is a synopsis of the input and output 
transformation designs utilized: 

.4.. 

A. TYPICAL LARGE-SIGNAL SERIES INPUT 
IMPEDANCE [Re (4,0 • , Im ( Zmil] ... FREQUENCY 

IL TYPICAL LARGC SIGNAL SERIES F,ULLECTOR 
LOAD RIPEDANCE e (Zoe • 11m (7.,, ... FREQUENCY 
• 

pouT • saTuRAVED 

• ,kc • 21 v 

Fig 6- Impedance variations of the 2N6267. 
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A. flays. AMY 
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Fig. 7- Schematic diagram of the 2N6267, 16-watt power 
amplifier. 

Input Circuit The input circuit design for the amplifier is 
the same as that for the driver described above. Open-stub 
transmission-line sections were added to provide a lower real 
value of the conjugate match presented to the 2N6267. 
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Fig 8- Fabricated 2N6267, 16-watt power amplifier. 

Output Circuit To supply to the collector the load/ 
frequency variation measured under optimum narrowband 
conditions, a four-stage stripline hybrid transformation was 
designed. The initial starting point for the collector 
transformation design is derived from a four-step (X/16) 
transformation network based on the Matthaei tables.' By 
using the Matthaei tables and a nominal transistor load 

impedance of 6.25 ohms, the following values are obtained: 

Ripple attenuator (LAy) = 0.0344 

Number of steps (n) = 4 

Fractional bandwidth (W) = 0.4 

Transformation ratio (r) = 8 

Then, from the same tables: 

Zo = 6.25 ohms 

Z1 = 24.2 ohms 

Z2 = 4.43 ohms 

Z3 = 70.5 ohms 

Z4 = 12.92 ohms 

Z5 = 50 ohms 

By maintaining the characteristic impedance values and 
designing the electrical lengths to match the required load 
variation, the hybrid-collector-circuit transformation shown 
in Fig. 7 was produced. The transformation process, 
illustrated on the Smith chart of Fig. 9, is outlined below: 

1. Normalize 50 ohms to 12.92 ohms, combine the 
lumped-element shunt inductance, and transform 0.0625X at 
960 MHz. 

2. Re-normalize to 70.5 ohms, and transform 0.082X at 
960 MHz. Combine with lumped-element shunt inductance. 

3. Re-normalize to 443 ohms, and transform 0.059X at 
960 MHz. 

4. Re-normalize to 24.2 ohms, and transform 0.088X at 
960 MHz. Re-normalize to 50 ohms. 

5. Combine with 1.5 nanohenries in shunt at collector. 
The variation shown at point 5 in Fig. 9 represents those 
impedances presented to the transistor collector from 620 to 
960 MHz. The dashed line represents the optimum load 
measured under narrowband conditions. 

Fig. 9- 2N6267 output transformation. 

Fig. 10 shows the actual input/output circuit variation as 
probed by the Hewlett-Packard network analyzer. Fig. 11 
illustrates the HP4810A network analyzer test setup. The rf 
performance for the 2N6267 alumina power-amplifier is 
shown in Fig. 12. 

30-Watt Module 

By combining two final amplifiers as shown in Fig. 13, 
the rf performance shown in Fig. 14 was produced. The 
2N6267 circuit configuration was utilized in the driver 
position shown in Fig. 15 to provide maximum power gain 
and input VSWR capability. With an input power of 0.75 
watt and a Vcc of 28 volts, the configuration shown in Fig. 
15 provided the typical performance shown in Fig. 16; the 
assembled module is shown in Fig. 17. A summary of the 
performance shown in Fig. 16 is as follows: 

Power gain = 15 ±0.4 dB 
Power-output = 26.5 to 32 watts 

Collector efficiency at output = 42 to 49 percent 
Module efficiency = 33 to 38.5 percent 
Input VSWR - 2.6: 1 to 1.5:1 
Frequency = 620 to 960 MHz 

60-Watt Module 
The performance for two combined 30-watt modules 

operating at an input power of 1.75 watts and a Vcc of 28 
volts is shown in Fig. 18 and summarized below: 

Power gain = 15.0 ±0.5 dB 
Power output = 50 to 62 watts 
Module efficiency = 26 to 34 percent 
Input VSWR = 1:1 
Frequency = 620 to 960 MHz 
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Fig. 10— Actual input and output transformations of the 

2N6267 power amplifier as measured on the 

network analyzer. 

Fig. 11— The HP8410A Network Analyzer. 

e 
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FREQiiiloCi ambit • 

2.55 

Vcc • 28 

Fig. 12— RF performance of the 2N6267 power amplifier. 

Fig. 13— Combination of two 2N6267 amplifiers to form a 

30- mitt, Z5-d8 module. 

s 
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Fig 14— RF performance of the circuit of Fig. 13. 
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Coupler Design 
Although commercial couplers were utilized for the 

modules described in this note, custom couplers could be 
designed that would reduce cost and space requirements. A 

synchronous branch-line coupler was designed and fabricated 
on 25-mil-thick, 1-inch by I-inch alumina; the coupler is 

shown in Fig. 19. The design, based upon data given by 
Matthaei, et al, is for a 3-dB coupler that has an R of 5.84 
ohms and a bandwidth-contraction factor, j3, of 0.62. For the 

desired 45-percent coupler bandwidth, therefore, 

0.45 0.45 
Wq a ==-0.62 = 0 8 • 

Wq is the fractional bandwidth. Coupler impedances are: 
Z1 = 37.1 ohms 

Z2 = 91.2 ohms 

Z3 = 53.4 ohms 

Fig. 15— Combination of two 2N6267 amplifiers to form a 
30- watt, 16-(18 module. 

••••• 

a 

b?C 250 

FREQUENCY 4z. 

Fig 17— Assembled 30-watt module. 

lo 

10 

••••••-•  
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Fig 18— The performance of two 30-watt modules com-
bined to form a 60-watt module. 
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Fig 16— RF performance of the circuit of Fig. 15. Fig 19— Design of a synchronous branch-line coupler. 
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60— and 100-Watt Broadband 

(225-to- 400-MHz) Push- Pull RF 

Amplifiers Using RAC-2N6105 

VHF/UHF Power Transistors 
by B. Mix irnow 

In many applications of rf power transistors, the 
output-power requirements are greater than can be realized 
by any single transistor, and combinations of transistors are 
inevitable. In such cases, successful circuit operation is 
critically dependent upon proper choice of the rf power 
transistors to be employed in the combinations and selection 
of circuit configurations that provide high combining 
efficiency. RCA-2N6105 vhf/uhf power transistors offer 
features, such as high output-power capability, high collector 
efficiency, and internal emitter ballasting, that make them 
well suited for use in rf power amplifiers. In addition, the 
low parasitic reactances and package dimensions of these 
transistors result in exceptional broadband capabilities that 
make possible useful power outputs over more than an 
octave in the vhf and uhf ranges. 

This Note discusses the use of 2N6105 transistors in 
push-pull rf power amplifiers designed for operation over the 
frequency rant from 225 MHz to 400 MHz. The design and 
performance of a basic single-stage push-pull amplifier and 
use of combined pairs of this basic circuit to obtain higher 
output-power levels are explained. An improved version of 
the basic push-pull circuit is also described. 

CIRCUIT DESIGN APPROACH 
Two RCA-2N6105 transistors can be combined in a 

push-pull circuit to obtain a highly efficient broadband 
amplifier that can supply an output power of 60 watts in the 
frequency range from 225 MHz to 400 MHz. Two such 
push-pull amplifiers combined by use of quadrature com-
biners can provide an output power of 100 watts in this 
frequency range. 

The push-pull circuit is an excellent configuration for use 
in applications that require combinations of transistors. The 
basic push-pull circuit includes a combination of two 
transistors and, therefore, eliminates the need for two extra 
combiners that would be required with two single-ended 
amplifiers. In multiple transistor combinations, the push-pull 
approach requires two less combiners for each pair of 
transistors used in the total combination. In addition, the 

inherent low second-harmonic component of the push-pull 
circuit significantly facilitates filter design, a desirable feature 
in amplifiers that have bandwidths that approach or exceed 
an octave. 

The collector-to-collector load resistance in the push-pull 
amplifier is twice the collector load resistance of a 
single-ended amplifier, and the collector-to-collector output 
capacitance is smaller than the collector output capacitance 
of a single-ended amplifier. These features result in a lower 
transformation ratio in the critical output circuit and, 
therefore, in easier impedance matching for a given band-

width. 
The push-pull circuit design approach described in this 

Note results in a very simple circuit, as shown in Fig. I. The 
circuit and the transistors, however, must be viewed as 

02 
2N6105 

L3 

C4 + 8 

Cg 
Vcc 

vcc 

C1 - 2 TO 18 pF VARIABLE, AMPERES HT 10 MA/218 OR EQUIV. 

C2 - 56 pF, CHIP, ATC-I00 OR EQUIV. 

C3,C4,C3,C6 - Iwo pF,CHIP, ALLEN-BRADLEY OR EQUIV. 

C7, Ce - 1 »F, ELECTROLYTIC 
Cg, C1,0 - 1000 pF,FEEDTHROUGH 

L1 - RFC, ale NYTRONICS OR EQUIV. 

L2,L3 - 0.75 INCH.LONG,NO. 20 WIRE 
- COAXIAL LINE,TEFLON DIELECTRIC,Zp• 25 OHMS, 3.75 INCHES LONG * 

T2 - COAXIAL LINE, TEFLON DIELECTRIC,Z, • 25 OHMS, 4.5 INCHES LONG * 

* SHIELED TEFLON CABLES SUCH AS ALPHA WIRE TYPE 2831,DABUN 
ELECTRONICS AND CABLE CORP. TYPE 2455 ON EQUIV. 

Fig. 1— Circuit diagram for the basic push-pull amplifier. 
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inseparable parts because each must complement the other. 
For example, transistor parasitics reactances must be 
designed into the circuit very carefully, and the transistor 

package dimensions should be such as to enable the designer 
to layout his circuit so that parasitic reactances complement 

the external elements of the over-all amplifier circuit. 
The basic 60-watt push-pull circuit shown in Fig. I can 

be used as the building block for a variety of power 
amplifiers. Combinations of these blocks can be formed by 

use of either quadrature or Wilkinson types of combiners to 
attain higher output-power levels. 

AMPLIFIER PERFORMANCE 

Fig. 2 shows the typical broadband performance of a pair 
of 2N6105 transistors used in the basic push-pull amplifier, 
and Fig. 3 shows the physical layout of this simple amplifier 

circuit. The performance data show that the collector 
efficiency is highest at the upper end of the frequency band. 

This factor is important because the transistor dissipation is 

the function of the amplifier efficiency. This efficiency is 
computed on the basis of the total ( rf and dc) power input to 

the transistor. At the high end of the band, the rf component 
of the input power is greater than at the low end because of 
the gain difference. Consequently, higher collector efficiency 

compensates for the high rf power input. The computation 
shows an amplifier efficiency of 63 per cent at 225 MHz, of 
56 per cen at 300 MHz, and of 67 per cent at 400 MHz. 
These resul s show that the difference between the over-all 
efficiency at the low end of the frequency band and that at 

"C 

GPE 

CASE TEMPERATURE ( Tc) • 25•C 
COLLECTOR SUPPLY VOLTAGE (Vcc) • 28V 

OUTPUT POWER (Por._ • 60W  

VSWR 

the high end is not nearly as great as the difference in the 
collector efficiency at these frequency extremes. 

Fig. 4 shows the linearity characteristics of the basic 
push-pull amplifier ( i.e., the power gain of the amplifier as a 
function of the input power) at the extremes of the 

frequency band and at mid-band. The harmonic content of 
the output is also shown for the fundamental frequency of 

225 MHz, which is considered most critical frequency in 
terms of output-filter design. 

The basic amplifier shown in Fig. I has a relatively high 

input VSWR and, therefore, is best suited for use with 

quadrature combiners. Fig. 5 shows a block diagram of the 
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Fig. 2— Typical performance of the pair of 2N6105 
transistors used in the basic push-pull amplifier. 
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Fig. 3— Physical layout of the basic (60- watt) broadband 
push-pull amplifier: (al top view; (b) bottom view. 
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1 .500 
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—0 
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Fig. 5— 100-watt amplifier using combined pair of push-pull 

stages: (a) block diagram; (b) performance curves. 
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circuit arrangement and the performance of such a combina-

tion. Fig. 6 shows a photograph of the complete amplifier 

which uses four 2N6105 transistors and two quadrature 

combiners. This circuit provides an output of 100 watts in 
the frequency range from 225 MHz to 400 MHz. The over-all 

efficiency for this amplifier, shown in Fig. 5, differs from the 
amplifier efficiency of the single push-pull stage discussed 
previously. For the single push-pull amplifier, only the actual 

rf input to transistors was considered as a contributing factor 

I NPU 
OUTPUT 

Fig. 6- Physical layout of the 100-watt push-pull amplifier. 

to the device dissipation. In the curve of over-all efficiency 

shown in Fig. 5, the entire rf input, part of which is 
dissipated in the waste ports of quadrature combiners, is 

taken into account. Any collector-current imbalance among 
transistors that exist in a push-pull amplifier before 

combining is somewhat aggravated by the characteristics of 

the quadrature combiners. For comparison, two tables of 
actual readings are given. For these readings, the collector 

current of each transistor was monitored. Table I shows the 
data for the push-pull amplifier, and Table II shows the data 
for the two push-pull amplifiers combined as shown in Fig. 5. 

The single push-pull amplifier shown in Fig. 1 because of 

its high input VSWR, is not very suitable to be driven 
directly by another transistor amplifier. The input VSWR, 

however, can be improved to about 2.7:1 by addition of 
simple LC series network, as shown in Fig. 7. This 

improvement in input VSWR is accompanied by a corre-

sponding increase in gain. Fig. 8 shows performance for the 
modified circuit. The gain-frequency response, which shows a 

difference in power gain of about 3 dB between high and low 

ends of the frequency band, can be flattened by use of 

Table I - Forward Input Power (PO, Reflected Power (Pr), 

and Collector Current (Is) for an Improved 

Version ( Fig. 7) of the Basic Push-Pull Amplifier 

Vcc = 28 V; Po = 60 W Vcc = 28; Po = 60 W 

f Pf Pr 1C1 1C2 Pf Pr IC1 IC2 
(MHz) (IN) MI (A) (A) MI (Ni) (A) (A) 

400 13.6 0.1 1.13 1.08 17.6 0.0 1.28 1.25 
375 12.2 0.6 1.27 1.23 15.5 0.7 1.41 1.38 
350 11.6 1.2 1.40 1.37 14.6 1.6 1.57 1.52 
325 10.6 1.5 1.48 1.43 14.2 2.0 1.68 1.60 
300 9.8 1.6 1.48 1.43 13.0 2.1 1.70 1.60 
275 8.8 1.6 1.43 1.38 11.4 2.1 1.63 1.56 
250 7.5 1.3 1.32 1.28 9.6 1.7 1.48 1.45 
225 5.8 1.2 1.19 1.20 7.8 1.6 1.35 1.35 

Table II - Input Power and Collector Currents for the 100-
Watt Push-Pull-Amplifier Combination 

Vcc = 28 V; Po = 100 W 

f PIN 
(MHz) (W) 

400 28.2 
375 24.1 

350 21.9 

325 19.7 
300 19.0 
275 20.0 
250 23.1 
225 27.2 

IC1 
(A) 

1.12 

1.16 
1.32 
1.40 
1.40 
1.26 
1.14 
1.26 

1C2 1C3 
(A) (A) 

1.09 
1.14 
1.33 

1.38 

1.36 
1.20 
1.06 
1.16 

1.19 
1.19 
1.20 

1.20 
1.25 
1.23 
1.37 
1.32 

Ic4 

(A) 

1.19 

1.21 
1.23 
1.23 

1.30 
1.38 
1.44 
1.42 

broadband gain-equalizer techniques' provided that an 
insertion loss of approximately 0.7 dB can be tolerated. Fig. 

7 also shows that, in addition to the LC series network, two 
base-to-ground resistors and one base-to-ground choke are 
added in the modified circuit. These components are helpful 

in suppression of spurious responses which can occur (usually 
at lower power levels) at some frequencies. The added 
components do not affect other performance characteristics 
of the amplifier. 

AMPLIFIER DESIGN 
A necessary prerequisite for a push-pull amplifier is a 

balun transformer. This balun transformer must provide the 

vcc 

L5 

CI 

CII 
R1 

TI 

L1 L2 

231Q605 

02 
2N6 I05 

R2 L6 L3 

I C3 +1C7 ICS 

vcc C4 f8 
- 2 TO 18 pF VARIABLE, AMPERE% HT 10 MA/218 OR EQUIV. 

C2 - 56 pF, CHIP, ATC-I00 OR EQUIV. 

C3. C4, C5, C6 - 1000 pr, CHIP, ALLEN-BRADLEY OR EQUIV. 
Cy, Ce - 1 µF, ELECTROLYTIC 

C9, Ce- 1000 pF FEEDTHROUGH 

C11- 20 pF, VARIABLE, JOHANSON OR EQUIV. 
Li.L4 - RFC, 0.18 pH,NYTRONICS OR EQUIV. 

L2.L3- 0.75 INCH LONG, NO. 20 WIRE 
L5.0.5 INCH LONG, $020 WIRE 

RI,R2- 100 OHMS, 1/2 WATT, 

TI- COAXIAL LINE, TEFLON DIELECTRIC.Z.• 25 OHMS,3.75 INCHES LONG *... 

T2 - COAXIAL LINE,TEFLON DIELECTRIC, Zo•25 OHMS, 4.5 INCHES LONG -

*SHIELDED TEFLON CABLES SUCH AS ALPHA WIRE TYPE 2631, DABURN 
ELECTRONICS AND CABLE CORP. TYPE 2455 OR EQUIV. 

92CS- 2o776 

Fig 7- Circuit diagram for improved single-stage push-pull 
amplifier. 
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Fig. 8— Performance curves for the improved push-pull 
amplifier. 

necessary impedance-matching transformation. In high-power 

rf broadband amplifiers, such transformations always involve 
complex impedances and almost never have transformation 
ratios, such as 4:1 or 9: I, which are associated with a certain 
standard types of broadband balun transformers. In the 
broadband rf power amplifier described in this Note, a 
coaxial transmission is used as the required balun trans-
former. The coaxial line, when supplemented by lumped-
constant components, is the simplest and most versatile type 
of impedance-matching device with balun properties. The 
transformation properties of this type of transformer are 
frequency dependent, but the balun property is not. 

The coaxial transmission-line type of balun transformer 
offers three major advantages. First, the transmission line can 
match almost any two impedances, if the length and the 
characteristic impedance of the line are properly chosen. 
Second, a coaxial transmission line is a perfect balun. The 
grounded braid end of the coaxial cable makes an unbalanced 
termination, and the floating-braid end makes a balanced 
termination. The voltages on the center conductor and the 
braid have a 180-degree phase relationship to each other at 
any given point along the line. These voltages are also evenly 
split, because apparently no rf leakage currents exist between 
the floating part of the braid and the ground to any 
appreciable degree. (This assumption was verified in an actual 
amplifier by reversal of the input line at the bases of 
transistors. No evidence of any change in the drive levels to 
either transistor was detected.) Finally, in the frequency 
range of 225 to 400 MHz, the line lengths required for 
proper transformations are convenient and do not present 
any layout problems. 
A graphical design approach to the design of the 

amplifier transformations consists of making a model for the 
matching network, reducing this model to a form that can be 
plotted on a Smith Chart, and then plotting component 
reactances. This approach involves a trial-and-error type of 
iterative process that is tedious and time-consuming. 
Unfortunately, it does not seem likely that this design 
method can be easily reduced to a set of steps and 

procedures that invariably lead to a prescribed broadband 
impedance match. 

Output Circuit 
Fig. 9 shows a diagram of a model that simulates the 

output circuit of two 2N6105 transistors operated into a 
50-ohm load impedance. This diagram shows that the 
push-pull circuit requires a collector-to-collector load resist-
ance that is twice the value of the collector load resistance 
required by a single-ended amplifier. The collector-to-
collector capacitance of the push-pull amplifier should be less 
than the output capacitance of transistor in a single-ended 
amplifier. This latter factor should be helpful in the 
achievement of broadband amplifier characteristics. Some of 
the components shown in the diagram can be either 
measured or computed, and other components must be 
determined by approximations. The approximations are 
believed to be reasonable and therefore admissible, because 
the purpose of this exercise is not to compute exactly the 
transformation made by this rather complex network, but to 
ascertain whether this circuit-design approach could provide 
a broad estimate of the load impedance. An optimum 
impedance match can then be effected by experimentation. 

Fig. 9(a) illustrates a balanced-to-unbalanced impedance 
transformation showing the minimum of critical compo-
nents. The capacitors C I represent the output capacitance of 
a transistor. The resistor RI is the real part of the collector 
load impedance. Although the transistor output does not 
require the conjugate match, for the purposes of computa-
tion, the output can be treated as though such a match is 
required by assignment of the value of a real part of the 
collector load impedance to the real part of the source 
impedance. The inductor LI is the parasitic inductance of 
the package made up by the path from the pellet to the 

3 1•0.215A AT 400 MHz 

...WISP. AT 300 MHz 

b01211 AT 225 PAH: 

(10 

50 

NOTES. 
VALUES FOR R. AND C, ARE TAKEN FROM 2N6105 DATA SHEET AND ARE 
ALSO GIVEN IN TABLE 

THE TRANSMISSION LINE USES A TEFLON DIELECTRIC AND HAS A 
z0.25 OHMS 
OTHER COMPONENT VALUES AS SHOWN 

92CS- 20778 

Fig. 9— Output-circuit model with assumed component 
values. 
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connecting point of L2. The inductor L2 is the shunt 
inductance which also serves as the dc feed. The inductor L3 
consists of a transistor collector lead in series with a 
1000-picofarad blocking capacitor and the unavoidable 
lengths of the center conductor and the braid at the end of 

the coaxial line. 
The transmission line, L2, and, to some extent, L3 are 

controlled by the designer; the other components are not, 
except by collector voltage variation. For the suggested 
graphical approach to be useful, the circuit scheme is 
simplified to the one shown in Fig. 9(b). The simplified value 
of the output capacitance is approximated by (C1)12. 
Admittedly, the exact way in which the output capacitors 
combine in a class C push-pull transistor amplifier is 
somewhat obscure, but the approximation seems reasonable. 
The 2N6105 data sheet indicates the load impedance for 
three frequencies. The values of these impedances are 
tabulated in the left-hand column of Table III. The 

Table Ill — Collector-to-Collector Load Resistances and Out-
put Capacitances for 60-Watt Broadband Push- Pull 
Amplifier 

Desired Values Values Obtained 
from Fig. 10 

(MHz) 

225 
300 
400 

Rc 
(ohms) 

28 
22 
16 

Co 
(pF) 

17.5 
17.0 
15.0 

RDI_ 
(ohms) 1pF) 

26 
18 
24 

10.0 
11.7 
18.6 

impedance plot shown in Fig. 10 uses the assumed values 
given in Fig. 9. The impedance plot starts at 50 ohms and 
goes towards the load so that it ends on the capacitive side of 
the chart at a point that represents the source for the circuit 
shown in Fig. 9. If the data-sheet values for the 2N6105 and 
the assumed approximations in the model of Fig. 9 are not 
taken as something inviolate, but rather as very good 
approximations for design guidance, then the two sets of 
values in Table Ill come close enough to each other to 
indicate that the proposed method warrants a trial. 

Input Circuit 
Matching requirements in the input circuit are very 

similar to those in the output although there are some 
significant differences. First, a canjugate match at the base is 
required for maximum power transfer. Second, the 
maximum-power-transfer condition is most desirable at 
upper frequencies, because some reflected power can be 
tolerated at lower frequencies. In fact, the greater the 
difference in transistor gain at the low and high ends of the 
frequency band, the greater the amount of reflected power 
that can be tolerated at lower frequencies. These statements 
are valid for a single-stage amplifier provided that means are 
available to handle the reflected power. 

If a graphical method similar to that used for output 
matching is employed in the design of the input circuit, a 

112C3-20171 

Fig. 10— Output-circuit impedance/admittance chart. 

model with assumed values, such as shown in Fig. 11, is 
devised. With the 50-ohm source used as the starting point, 
values are chosen to match the source to the load at 
400-MHz. (In this case, the load is the input to the 
transistors.) Once the match is obtained, all the values are 
resealed to 225-MHz, and the plotting steps are retraced from 
the load towards the source. The impedance plot in Fig. 12 
shows a transformation from 50 ohms to 2.5 + j 3.25 at 
400-MHz. However, the 225-MHz load-to-source retrace 
shows an input VSWR referenced to 50 ohms of 9 to 1. With 
this VSWR, approximately 65 per cent of the total forward 
power will be reflected. Six watts of input power is needed 
to obtain 60 watts in the output from two 2N6105 
transistors at the gain of 10 dB at 225 MHz. For an input 
VSWR of 9 to 1, a total forward power of 17 watts would be 

r / 0.171».  AT 400 141 

.0.100k AT 225 MHz 

SOURCE L3.1 5 nH 

IC2'5 PF 

L3 
lo) 

2L2 2L1 
2R, 

(b) 
ir2CS- 20710 

Fig. 11— Input-circuit model with assumed component 
values. 
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tics- 2070o 

Fig 12— Input-circuit impedance/admittance chart. 

required. At 400 MHz, an input of 16 watts is required, to 
obtain an output of 60 watts from a pair of typical 2N6105 
transistors. These results provide enough impetus for 
laboratory trial. In fact, the experimental results yielded 
considerably better performance than anticipated by these 
calculations. Further refinements, such as the series-resonant 
LC circuit added to the amplifier shown in Fig. 7, and the 
resultant performance improvement are achieved by 
extention of the graphical method outlined above. This 
extension technique consists of determining circuit changes 
that improve the match at lower frequencies without any 
degradation in the match at 400 MHz. 

LAYOUT CONSIDERATIONS 
An examination of the circuit models and the Smith 

Chart plots for them provides some indication of the extreme 

importance of the circuit layout. For example, the base-to-
base capacitor value is indicated as 10 picofarads. This value 

is very high for use at 400 MHz; consequently, care must be 
excercised in the placement of this capacitor to assure a 
minimum of lend length. Another critical area is that near the 
transistor collectors. When inductance values of 1 to 2 
nanohenries are significant, extreme care must be excercised 
in the placement of components. A suggested layout for the 

pair of 2N6105 transistors is shown in Fig. 13. Placement of 
the transistors further apart than indicated may present 
problems in the critical areas mentioned above. 

CHIP CAPACITOR le x 

COAX COAX 

CHIP CAPACITOR 

BENT UP COLLECTOR LEAD 

92CS-20 782 

Fig. 13— Suggested layout for a pair of 2N6105 transistors 
employed in a broadband push-pull rf amplifier. 
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Developmental-Number-to-Commercial-Number Cross-Reference Index 
DATA- DATA-

Product Comm. File BOOK Product Comm. File BOOK 
Dey. No. Line No. No. Vol. No. Page Dey. No. Line No. No. Vol. No. Page 

TA144 RECT 18536 3 SS13-206A 265 TA1216 RECT 1N1189A 38 SSD-206A 332 
TA145 RECT 18537 3 SSD-206A 265 TA1217 RECT 1N1 190A 38 SSD-206A 332 
TA146 RECT 18538 3 SSD-206A 265 TA1222 SCR 283228 114 SSD-206A 161 
TA147 RECT 18539 3 SSD-206A 265 TA1225 SCR 2N3525 114 SSD-206A 161 
TA148 RECT 18540 3 SSD-206A 265 TA1614 PWR 28301 14 SSD-204A 572 

TA149 RECT 181095 3 SSD-106A 265 TA1614A PWR 2N301A 14 SSD-204A 572 
TA1000 RECT 18547 3 SSD-206A 265 TA1680G PWR 40050 14 SSD-204A 572 
TA1003 RECT 1N440B 5 SSD-206A 262 TA1680G PWR 40051 14 SSD-204A 572 
TA1004 RECT 1N4418 5 SSD-206A 262 TA1863 RF 281491 10 SSD-205A 22 
TA1005 RECT 18442E1 5 SSD-206A 262 TA1883 RF 281492 10 SSD-205A 22 

TA1006 RECT 184438 5 SSD-206A 262 TA1884 PWR 282015 12 SSD-204A 500 
TA1007 RECT 1N444B 5 SSD-206A 262 TA1844A PWR 282016 12 SSD-204A 500 
TA1008 RECT 184458 5 SSO-206A 262 TA1910A PWR 28697 16 SSD-204A 472 
TA1011 RECT 1N2859A 91 SS13-206A 280 TA1928A PWR 283731 14 SSD-204A 572 
TA1012 RECT 1N2860A 91 SSD-206A 280 TA1931 PWR 281183 14 SSD-204A 572 

TA1013 RECT 1N 2861A 91 SS D-206A 280 TA1931A PWR 2N1183A 14 SSD-204A 572 
TA1014 RECT 1N2862A 91 SSD-206A 280 TA1931B PWR 2811838 14 SSD-204A 572 
TA1015 RECT 1N2863A 91 SSD-206A 280 TA1932 PWR 281184 14 SSD-204A 572 
TA1016 RECT 1N2864A 91 SSD-206A 280 TA1932A PWR 2N1184A 14 SSD-204A 572 
TA1049 RECT 1N 248C 6 SSD-206A 326 TA 19328 PWR 2811848 14 SSD-204A 572 

TA1050 RECT 1N 249C 6 SSD-206A 326 TA1936 PWR 281066 14 SSD-204A 572 
TA1051 RECT 1N250C 6 SSD-206A 326 TA 1936A PWR 281397 14 SSD-204A 572 
TA1052 RECT 1N1195A 6 SSD-206A 326 TA1945 PWR 281479 135 SSD-204A 474 
TA1053 RECT 1N1196A 6 SSD-206A 326 TA1945A PWR 281480 135 SSD-204A 474 
TA 1054 RECT 1N1197A 6 SSD-206A 326 TA1946 PWR 281481 135 SSD-204A 474 

TA1055 RECT 1N1198A 6 SSD-206A 326 TA1946A PWR 281482 135 SSD-204A 474 
TA1066 HECT 11428b8A 91 SSD-206A 280 TA1947 PWR 2N1483 137 SSD-204A 479 
TA1076 HECT 1N 1199A 20 SSD-206A 320 TA 1947A PWR 281484 137 SSD-204A 479 
TA1077 RECT 1N 1200A 20 SS D-206A 320 TA1948 PWR 281485 137 SSD-204A 479 
TA1078 RECT 181202A 20 SS D-206A 320 TA 1948A PWR 281486 137 SSD-204A 479 

TA1079 RECT 1N 1203A 20 SSO-206A 320 TA1949 PWR 2N1487 139 SSD-204A 484 
TA1080 RECT 1N 1204A 20 SSD-206A 320 TA 1949A PWR 281488 139 SSD-204A 484 
TA1081 RECT 1N 1205A 20 SSD-206A 320 TA 1950 PWR 281489 139 SS D-204A 484 
TA1082 RECT 181206A 20 SSD-206A 320 TA1950A PWR 281490 139 SS D-204A 484 
TA 1085 RECT 1N 1183A 38 SSD-206A 332 TA1951 RF 281493 10 SS D-205A 22 

TA1086 RECT 181184A 38 SSD-206A 332 TA1986 PWR 28699 22 SS D-204A 320 
TA1087 RECT 1N 1186A 38 SSD-206A 332 TA2045 PWR 281906 14 SSD-204A 572 
TA1095 RECT 1N1197A 6 SSD-206A 326 TA2046 PWR 281905 14 SSD-204A 572 
TA1096 RECT 183194 41 SSD-206A 268 TA2047 PWR 282147 14 SSD-204A 572 
TA1111 RECT 183193 41 SSD-206A 268 TA2048 PWR 282148 14 SSD-204A 572 

TA1112 RECT 183195 41 SSD-206A 268. TA2049 PWR 281700 141 SSD-204A 489 
TA1113 RECT 183196 41 SSD-206A 268 TA2050 PWR 281701 141 SSD-204A 489 
TA1120 RECT 183253 41 SSO-206A 268 TA2051 PWR 281702 141 SSD-204A 489 
TA1121 RECT 183254 41 SSD-206A 268 TA2053 PWR 281613 106 SSD-204A 323 
TA1122 RECT 183255 41 SSD-206A 268 TA2053A PWR 281711 26 SSD-204A 328 

TA1123 RECT 183256 41 SSD-206 268 TA2053B PWR 282102 106 SSD-204A 323 
TA1133 RECT 181612 18 SSD-206A 315 TA2083 PWR 283730 14 SSD-204A 572 
TA1134 RECT 181613 18 SSO-206A 315 TA 2188 PWR 2N3732 14 SSD-204A 572 
TA1135 RECT 181614 18 SSD-206A 315 TA2192A PWR 282270 24 SSD-204A 338 
TA1136 RECT 181615 18 SSD-206A 315 TA2199 PWR 282338 141 SSD-204A 489 

TA1137 RECT 181616 18 SSD-206A 315 TA2235 PWR 281893 34 SSD-204A 332 
TA1171 SCR 28681 96 SSD-206A 233 TA2235A PWR 282405 34 SSD-204A 332 
TA1172 SCR 28682 96 SSD-206A 233 TA2267 RF 282631 32 SSD-205A 26 
TA1173 SCR 28683 96 SSD-206A 233 TA2275 PWR 282895 143 SSD-204A 342 
TA1174 SCR 28684 96 SSD-206A 233 TA2276 PWR 282896 143 SSD-204A 342 

TA1175 SCR 28685 96 SSD-206A 233 TA2277 PWR 282897 143 SSD-204A 342 
TA1176 SCR 28686 96 SSD-206A 233 TA2302 PWR 2N718A 14 SSD-204A 572 
TA1177 SCR 28687 96 SSD-206A 233 TA2303 PWR 2N720A 14 SS0-204A 572 
TA1178 SCR 28688 96 SSD-206A 233 TA2307 RF 2N3375 386 SSD-205A 50 
TA1179 SCR 28689 96 SSD-206A 233 TA2311 RF 2N2876 32 SSD-205A 26 

TA1182 RECT 183563 41 SSD-206A 268 TA2333 RF 282857 61 SSD-205A 31 
TA1195 RECT 183756 39 SSD-206A 258 TA2358 RF 28918 83 SSD-205A 18 
TA1197 RECT 11,13754 39 SS D-206A 258 TA2358A RF 283600 83 SSD-205A 18 
TA1198 RECT 183755 39 SSD-206A 258 TA2363 RF 283839 229 SSD-205A 67 
TA1204 SCR 2N1842A 28 SSD-206A 221 TA2388 RF 2N3229 50 SSD-205A 43 

TA1205 SCR 281843A 28 SSD-206A 221 TA2402A PWR 2143054 527 SSD-204A 20 
TA 1206 SCR 281844A 28 SSD-206A 221 TA2403A PWR 283055 524 SSD-204A 28 
TA1207 SCR 281845A 28 SSD-206A 221 TA2412 PWR 282869 14 SSD-204A 572 
TA1208 SCR 281846A 28 SSD-206A 221 TA2412A PWR 282870 14 SSD-204A 572 
TA1209 SCR 281847A 28 SSD-206A 221 TA2442 SCR 283870 578 SSD-206A 243 

TA1210 SCR 281848A 28 SSD-206A 221 TA2444 SCR 283871 578 SSD-206A 243 
TA1211 SCR 281849A 28 SSD-206A 221 TA2447 SCR 283872 578 SSD-206A 243 
TA1212 SCR 281850A 28 SSD-206A 221 TA2458 PWR 2143439 64 SSD-204A 222 
TA1214 RECT 181187A 38 SSD-206A 332 TA2462 RF 283118 42 SSD-205A 35 
TA1215 RECT 1N1188A 38 SSD-206A 332 TA2463 RF 283119 44 SSD-205A 39 
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TA2468A PWR 2N3442 528 SSD-204A 44 
TA2469A PWR 2N3441 529 SSD-204A 36 
TA2470 PWR 2N3440 64 SSD-204A 222 
TA2492 PWR 2N3263 54 SSD-204A 354 
TA2493 PWR 2N3264 54 SSD-204A 354 

TA2494 PWR 2N3265 54 SSD-204A 354 
TA2495 PWR 2N3266 54 SSD-204A 354 
TA2501 RF 2N3262 56 SSD-205A 46 
TA2509 PWR 2N3878 299 SSD-204A 360 
TA2509A PWR 2N3879 299 SSD-204A 360 

TA2510 PWR 2N3583 138 SSD-204A 229 
TA2511 PWR 2N3584 138 SSD-204A 229 
TA2512 PWR 2N3585 138 SSD-204A 229 
TA2515 SCR 2N690 96 SSD-206A 233 
TA2544 PWR 2N3772 525 SSD-204A 52 

TA2551 RF 2N3553 386 SSD-205A 50 
TA2579 RECT 1N 1341B 58 SSD-206A 317 
TA2580 RECT 1N 13428 58 SSD-206A 317 
TA2581 RECT 1N 134413 58 SSD-206A 317 
TA2582 RECT 1N 1345B 58 SSD-206A 317 

TA2583 RECT 1N1346B 58 SSD-206A 317 
TA2584 RECT 1N1347B 58 SSD-206A 317 
TA2585 RECT 1N13488 58 SSD-206A 317 
TA2586 RECT 1N 1341R B 58 SSD-206A 317 
TA2587 RECT 1N1342RB 58 SSD-206A 317 

TA2588 RECT 1N 1344R B 58 SSD-206A 317 
TA2589 RECT 1N 1345R B 58 SSD-206A 317 
TA 2590 RECT 1N 1346R 8 58 SSD-206A 317 
TA2591 RECT 1N 1347R 8 58 SSD-206A 317 
TA2592 RECT 1N1348R 8 58 SSD-206A 317 

TA2597 SCR 2N3528 114 SSD-206A 161 
TA2598 SCR 2N3669 116 SS D-206A 214 
TA2600 RF 40282 68 SSD-205A 268 
TA2606 RF 2N3478 77 SS D-205A 58 
TA2616 RF 2N3632 386 SS D-205A 50 

TA2617 SCR 2N3529 114 SS D-206A 161 
TA2618 SCR 2N3670 116 SSD-206A 214 
TA2620 RF 40281 68 SS D-205A 268 
TA2621 SCR 2N3668 116 SS D-206A 214 
TA2644 MOS/F ET 3N140 285 SSD-201A 610 

TA2645A PWR 2N3773 526 SSD-204A 60 
TA2650 PWR 2N3771 525 SS D-204A 52 
TA2651 PWR 2N4036 216 SSD-204A 428 
TA2653 SCR 40553 306 SSD-206A 175 
TA2654 SC R 40554 306 SSD-206A 175 

TA2655 SCR 40555 306 SSD-206A 175 
TA2657 RF 40341 74 SS D-205A 295 
TA2657A RF 40340 74 SSD-205A 295 
TA2658 RF 2N3866 80 SSD-205A 71 
TA2669 PWR 2N5039 367 SSD-204A 371 

TA2669A PWR 2N5038 367 SSD-204A 371 
TA2670 PWR 2N4037 216 SSI3-204A 428 
TA2670A PWR 2N4314 216 SSD-204A 428 
TA2672 PWR 40462 14 SSD-204A 572 
TA2675 RF 2N5016 255 SS D-205A 94 

TA2676 TRI 40429 351 SSD-206A 41 
TA2685 TRI 40430 351 SSD-206A 41 
TA2692 RF 2N3733 72 SSD-205A 62 
TA2694 SCR 2N3896 578 SSD-206A 243 
TA2695 SCR 2N3897 578 SSD-206A 243 

TA2696 SCR 2N3898 578 SSD-206A 243 
TA2703A PWR 40349 88 SSD-204A 129 
TA2705 SCR 2N3873 578 SS D-206A 243 
TA2707 SCR 2N3899 578 SSD-206A 243 
TA2710 RF 2N5108 280 SSD-205A 116 

TA2714 RF 2N4012 90 SSD-205A 75 
TA2728 TRI 40431 477 SSD-206A 48 
TA2729 TRI 40432 477 SSD-206A 48 
TA2733 PWR 40319 78 SSD-204A 510 
TA2733A PWR 40362 78 SSD-204A 510 

TA2758 RF 2N6093 484 SSD-205A 219 
TA 2761 RF 40608 356 SSD-205A 332 
TA2765 PWR 2N5239 321 SSD-204A 241 
TA2765A P VVF1 2N5240 321 SSD-204A 241 
TA2773 SCR 2N4101 114 SSD-206A 161 

DATA-
Product Comm. File BOOK 

Dey. No. Line No. No. Vol. No. Page 

TA2774 SCR 2N4102 114 SSD-206A 161 
TA2775 SCR 2N4103 116 SSD-206A 214 
TA2791 RF 2N5102 279 SSD-205A 111 
TA2792 RF 2N4933 249 SSD-205A 90 
TA2793 RF 2N5070 268 SSD-205A 98 

TA2800 RF 2N5109 281 SSD-205A 120 
TA2808 PWR 2N4348 526 SSD-204A 60 
TA2809 PWR 2N4347 528 SS D-204A 44 
TA2819 PWR 2N5415 336 SSD-204A 437 
TA2819A PWR 2N5416 336 SSD-204A 437 

TA2827 RF 2N5071 269 SSD-205A 103 
TA2828 RF 2N4932 249 SSD-205A 90 
TA2834 TRI 40575 300 SSD-206A 105 
TA2835 TRI 40576 300 SSD-206A 105 
TA2836 TRI 2N5441 593 SSD-206A 127 

TA2837 TRI 2N5442 593 SSD-206A 127 
TA2838 TRI 2N5444 593 SSD-206A 127 
TA2839 TRI 2N5445 593 SSD-206A 127 
TA2840 MOS/F ET 3N128 309 SSD-201A 568 
TA2845 RECT 1N5214 245 SSD-206A 286 

TA2845A RECT 1N5213 245 SS D-206A 286 
TA28458 RECT 1N5212 245 SSD-206A 286 
TA2845C RECT 1N5211 245 SS D-206A 286 
TA2862 PWR 40421 14 SSD-204A 572 
TA2871 PWR 2N4240 138 SSD-204A 229 

TA2875 RF 2N4440 217 SSD-205A 85 
TA2892 TRI 40525 470 SSD-206A 27 
TA2829A TRI 40528 470 SS D-206A 27 
TA2893 TRI 40526 470 SS D-206A 27 
TA2893A TRI 40529 470 SSD-206A 27 

TA2894 TRI 40527 470 SSD-206A 27 
TA2894A TRI 40530 470 SSD-206A 27 
TA2911 PWR 2N5294 332 SSD-204A 76 
TA2918 TRI 40485 352 SS D-206A 54 
TA2919 TRI 40486 352 SS D-206A 54 

TA2920 PWR 2N4346 14 SSD-204A 572 
TA2921 PWR 40440 14 SSD-204A 572 
TA2928 PWR 40439 14 SSD-204A 572 
TA5032 LIC CA3000 121 SSD-201A 290 
TA5033 LIC CA3001 122 SSD-201A 304 

TA5035 LIC CA3002 123 SSD-201A 258 
TA5037 LIC CA3004 124 SSD-201A 318 
TA5112 LIC CA3005 125 SSD-201A 324 
TA5112A LIC CA3006 125 SS D-201A 324 
TA5115B LIC CA3007 126 SS D-201A 331 

TA5124 LIC CA3008 316 SSD-201A 507 
TA5158 LIC CA3015 316 SSD-201A 507 
TA5164 LIC CD2150 308 SSD-201A 443 
TA5165 LIC CD2151 308 SSD-201A 443 
TA5166 LIC CD2152 308 SSD-201A 443 

TA5180 LIC CA3010 316 SSD-201A 507 
TA5183 LIC CA3033 360 SSD-201A 488 
TA5183A LIC CA3033A 360 SSD-201A 488 
TA5213 LIC CA3011 128 SSD-201A 264 
TA5214 LIC CA3012 128 SSD-201A 264 

TA5218 LIC CA3023 243 SSD-201A 278 
TA5219 LIC CA3021 243 SSD-201A 278 
TA5220 LIC CA3020 339 SSD-201A 270 
TA5222 LIC CA3018 338 SSD-201A 204 
TA5222A LIC CA3018A 338 SSD-201A 204 

TA5225 LIC CA3019 236 SSD-201A 162 
TA5234 LIC CA3013 129 SSD-201A 62 
TA5235 LIC CA3014 129 SSD-201A 62 
TA5236 LIC CA3022 243 SSD-201A 278 
TA5253 LIC CA3016 316 SSD-201A 507 

TA5254 LIC CA3030 316 SSD-201A 507 
TA5261 LIC CD2153 308 SSD-201A 443 
TA5277 LIC CA3001 122 SSD-201A 304 
TA5278 LIC CA3029 316 SSD-201A 507 
TA5282 LIC CA3004 124 SSD-201A 318 

TA5315 LIC CA3043 331 SSD-201A 57 
TA5316 LIC CA3041 318 SSD-201A 90 
TA5317A LIC CA3042 319 SSD-201A 98 
TA5327C LIC CA3040 363 SSD-201A 284 
TA5333 LIC CA3036 275 SSD-201A 202 
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TA5334 LIC CA3035 274 SSD-201A 74 TA5842 LIC CA3088E 560 SSD-201A 42 
TA5334 LIC CA3035V1 274 SSD-201A 74 TA5855A LIC CA3091D 534 SSD-201A 417 
TA5345 LIC CA3028A 382 SSD-201A 344 TA5858 LIC CA3081 480 SSD-201A 170 
TA5345A LIC CA30288 382 SSD-201A 344 TA5866 LIC CA3075 429 SSD-201A 53 
TA5346 LIC CA3015A 310 SSD-201A 516 TA5867V COS/MOS CD4023AK 479 SSD-203A 55 

TA5347 LIC CA3010A 310 SSD-201A 516 TA5867W COS/MOS CD4023AD 479 SSD-203A 55 
TA5348 LIC CA3030A 310 SSD-201A 516 TA5867X COS/MOS CD4023AE 479 SSD-203A 55 
TA5349 LIC CA3029A 310 SSD-201A 516 TA5872V COS/MOS CD4027AK 503 SSD-203A 129 
TA5350 LIC CA3016A 310 SSD-201A 516 TA5873V COS/MOS CD4028AK 503 SSD-203A 135 
TA5351 LIC CA3008A 310 SSD-201A 516 TA5876W COS/MOS CD4035AD 568 SSD-203A 173 

TA 5360 LIC CA3044 340 SSD-201A 78 TA5878W COS/MOS CD4034AD 575 SSD-203A 164 
TA5369 LIC CA3040 363 SSID-201A 284 TA5884AV COSMOS CD4022AK 479 SSD-203A 109 
TA5371B LIC CA3062 421 SSD-201A 401 TA5884W COS/MOS CD4022AD 479 SSD-203A 109 
TA5385CV COS/MOS CD4024AK 503 SSD-203A 114 TA5884AX COS/MOS CD4022AE 479 SSD-203A 109 
TA5401 LIC CA3038 316 SSD-301A 507 TA5897X LIC CD2501E 392 SSD-201A 437 

TA5401 LIC CA3038A 310 SSD-201A 516 TA5898X LIC CD2503E 392 SSD-201A 437 
TA5402 LIC CA3037 316 SSD-201A 507 TA5899 X LIC CD2500E 392 SSD-201A 437 
TA5402 LIC CA3037A 310 SSD-201A 516 TA5900X LIC CD2502E 392 SSD-201A 437 
TA5457 LIC CA3045 341 SSD-201A 221 TA591213 LIC CA3072 468 SSD-201A 143 
TA5458 LIC CA3046 341 SSD-201A 221 TA5914C LIC CA3068 467 SSD-201A 117 

TA5460AV COS/MOS CD4016AK 479 SSD-203A 78 TA5920V COSIMOS CD4025AK 479 SSD-203A 24 
TA5507 LIC CA3050 361 SSD-201A 372 TA5920W COSIMOS CD4025AD 479 SSD-203A 24 
TA5513 LIC CA3026 388 SSD-201A 336 TA5920X COSIMOS CD4025AE 479 SSD-203A 24 
TA5516 LIC CA3039 343 SSD-201A 166 TA5925V COS/MOS CD4029AK 503 SSD-203A 140 
TA5517C LIC CA3064 396 SSD-201A 84 TA5925W COS/MOS CD4029AD 503 SSD-203A 140 

TA5519V COS/MOS CD4008AK 479 SSD-203A 43 TA5925 X COS/MOS CD4029AE 503 SSD-203A 140 
TA5523A LIC CA3048 377 SSD-201A 250 TA5926V COS/MOS CD4036AK 613 SSD-203A 181 
TA5537 LIC CA3049T 611 SSD-201A 363 TA5926W COS/MOS CD4036AD 613 SSD-203A 181 
TA5551 COS/MOS CD4000AK 479 SSD-203A 24 TA5932 LIC CA3090C1 502 SSD-201A 36 
TA5553 COS/MOS CD4007AK 479 SSD-203A 24 TA5940V COS/MOS CD4030AK 503 SSD-203A 147 

TA5554 COS/MOS CD4001AK 479 SSID-203A 24 TA 5940W COS/MOS CD4030AD 503 SSD-203A 147 
TA5555 COS/MOS CD4002AK 479 SSD-203A 24 TA5940X COS/MOS CD4030AE 503 SSD-203A 147 
TA5556B COS/MOS CD4006AK 479 SSD-203A 31 TA5951V COS/MOS CD4038AK 503 SSD-203A 159 
TA5561 LIC CA3047A 360 SSD-201A 488 TA5951W COS/MOS CD4038AD 503 SSD-203A 159 
TA5562 LIC CA3047 360 SSD-201A 488 TA5951 X COS/MOS CD4038AE 503 SSD-203A 159 

TA5578V COS/MOS C04014AK 479 SSD-203A 68 TA5957 LIC CA3018L 515 SSD-201A 545 
TA5579V COS/MOS CD4015AK 479 SSD-203A 73 TA5958 LIC CA3039L 515 SSD-201A 545 
TA5580V COSIMOS CD4018AK 479 SSD-203A 89 TA5959 LIC CA3045L 515 SSO-201A 545 
TA5615A LIC CA3059 490 SSD-201A 380 TA5960 LIC CA3054L 515 SSD-201A. 
TA5625A LIC CA3066 466 SSD-201A 125 TA5963V COS/MOS CD4032AK 503 SSD-203A 159 

TA5628C LIC CA3089E 561 SSD-201A 46 TA5963W COS/MOS CD4032AD 503 SSD-203A 159 
TA5634 LIC CO2154 402 SSD-201A 455 TA5963X COS/MOS CD4032AE 503 SSD-203A 159 
TA5645 LIC CA3060E 537 SSD-201A 466 TA5964 LIC CA 3015L 515 SSO-201A 545 
TA5649A LIC CA3070 468 SSD-201A 143 TA5975 LIC CA3028AL 515 SSD-201A 545 
TA5652V COS/MOS CD4019AK 479 SSD-203A 94 TA5978 LIC CA3084L 515 SSD-201A 545 

TA5655 LIC CA3051 361 SSD-201A 372 TA5979 LIC CA3741L 515 SSD-201A 545 
TA5660V COS/MOS CD4009AK 479 SSD-203A 48 TA5998 LIC CA3083 481 SSD-201A 174 
TA5668V COS/MOS CD4010AK 479 SSD-203A 48 TA5999W COS/MOS CD4037AD 576 SSD-203A 188 
TA5672 LIC CA3052 387 SSD-201A 28 TA6007W COS/MOS CD4051AD Prel. SSD-203A 245 
TA5675V COS/MOS CD4013AK 479 SSD-203A 62 TA6010V COS/MOS CD4047AK Prel. SSD-203A 228 

TA5677V COS/MOS CD4044AK 590 SSD-203A 214 TA6010W COS/MOS CD4047AD Prel. SSD-203A 228 
TA5681V COS/MOS CD4011AK 479 SSD-203A 55 TA6010X COS/MOS CD4047AE Prel. SSD-203A 228 
TA5682V COS/MOS CD4012AK 479 SSD-203A 55 TA6014 LIC CA3068 467 SSD-201A 117 
TA5683V COS/MOS CD4021AK 479 SSD-203A 104 TA6018V COS/MOS CD4026AK 503 SSD-203A 120 
TA5684V COS/MOS CD4017AK 479 SSD-203A 84 TA6018W COS/MOS CD4026AD 503 SSD-203A 120 

TA5690X LIC CD2501E 392 SSD-201A 437 TA6018X COS/MOS CD4026AE 503 SSD-203A 120 
TA5702B LIC CA3071 468 SSD-201A 143 TA6029 LIC CA3741CT 531 SSD-201A 501 
TA5716W COS/MOS CD4057AD Prel SSD-203A 254 TA6031V COSIMOS. CD4041AK 572 SSD-203A 199 
TA5718 LIC CA3054 388 SSD-201A 336 TA6031W COS/MOS CD4041AD 572 SSD-203A 199 
TA5721 X LIC CD2500E 392 SSD-201A 437 TA6031X COS/MOS CD4041AE 572 SSD-203A 199 

TA5733 LIC CA3053 382 SSD-201A 344 TA6033 LIC CA3082 480 SSD-201A 170 
TA5752 LIC CA3067 466 SSD-201A 125 TA6037 LIC CA3748CT 531 SSD-201A 501 
TA5757 LIC CA3076 430 SSD-201A 70 TA5037A LIC CA37487 531 SSD-201A 501 
TA5758 B LIC CA3085 491 SSD-201A 409 TA6044 LIC CA3086 483 SSD-201A 234 
TA5776V COS/MOS CD4020AK 479 SSD-203A 99 TA6051 LIC CA3079 490 SSD-201A 380 

TA5785X LIC CD2503E 392 SSD-201A 437 TA6062W COS/MOS CD4045AD Prel. SSD-203A 222 
TA5786X LIC CD2502E 392 SSD-201A 437 TA6062X COS/MOS CD4045AE Prel. SSD-203A 222 
TA5790 LIC CA3060D 537 SSD-201A 466 TA6065V COS/MOS CD4040AK Prel. SSD-203A 195 
TA5795 LIC CA3058 490 SSD-201A 380 TA6065W COS/MOS CD4040AD Prel. SSD-203A 195 
TA5797 LIC CA3741T 531 SSD-201A 501 TA6065X COS/MOS CD4040AE Prel. SSD-203A 195 

TA5799A LIC CA3084 482 SSD-201A 178 TA6080V COS/MOS CD4043AK 590 SSD-203A 214 
TA5807 LIC CA 3078T 535 SSD-201A 479 TA6080W COS/MOS CD4043AD 590 SSD-203A 214 
TA5814 LIC CA3065 412 SSD-201A 106 TA6080X COS/MOS CD4043AE 590 SSD-203A 214 
TA5816 LIC CA3080 475 SSD-201A 458 TA6081V COS/MOS CD4044AK 590 SSD-203A 214 
TA5820 LIC CA3541D 536 SSD-201 A 429 TA6081W COS/MOS CD4044AD 590 SSD-203A 214 
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TA6081 X COS/MOS CD4044AE 590 SSD-203A 214 TA7149 MOS/FET 40600 333 SSD-201A 624 
TA6084 LIC CA3146AE 532 SSD-201A 210 TA7150 MOS/FET 40603 334 SSD-201A 632 
TA6091 LIC CA3118AT 532 SSD-201A 210 TA7151 MOS/FET 40604 334 SSD-201A 632 
TA6094 LIC CA3183AE 532 SSD-201A 210 TA7155 PWR 2N5293 332 SS D-204A 76 
TA6111 LIC CA3458T 531 SSD-201A 501 TA7156 PWR 2N5295 332 SS D-204A 76 

TA6111A LIC CA3558T 531 SSD-201A 501 TA7189 MOS/FET 40602 333 SSD-201A 624 
TA6116V COS/MOS CD4046AK Prel. SSD-203A 224 TA7199 PWR 2N5036 244 SS D-204A 68 

TA 7200 TA6116W COS/MOS CD4046AD Prel. SSD-203A 224 PWR 2N5037 244 SS D-204A 68 
TA6116X COS/MOS CD4046AE Prel. SSD-203A 224 TA7201 PWR 2N5034 244 SS D-204A 68 
TA6119 LIC CA3093E 533 SSD-201A 196 TA7202 PWR 2N5035 244 SS D-204A 68 

TA6145V COS/MOS CD4039AK 613 SSD -203A 181 TA7205 RF 2N5921 427 SSD-205A 184 
TA6145W COS/MOS CD4039AD 613 SSD-203A 181 TA7238 PWR 2N5262 313 SSD-204A 383 
TA6145X COS/MOS CD4039AE 613 SSD-203A 181 TA7244 MOS/FET 3N139 284 SSD-201A 577 
TA6153W COS/MOS CD4052AD Prel. SSD-203A 245 TA7262 MOS/FET 40601 333 SSD-201A 624 
TA6154W COS/MOS CD4053AD Prel. SSD-203A 245 TA7264 PWR 2N5954 435 SSD-204A 138 

TA6157 LIC CA3747CE 531 SSD-201A 501 TA7265 PWR 2N5955 435 SSD-204A 138 
TA6157A LIC CA3747E 531 SSD-201A 501 TA7266 PWR 2N5956 435 SSD-204A 138 
TA6164 LIC CA3094T 598 SSD-201A 388 TA 7270 PWR 2N5781 413 SSD-204A 100 
TA6165A LIC CA3094AT 598 SSD-201A 388 TA7271 PWR 2N5782 413 SSD-204A 100 
TA6181 LIC CA3146E 532 SSD-201A 210 TA7272 PWR 2N5783 413 SSD-204A 100 

TA6182 LIC CA3118T 532 SSD-201A 210 TA7274 MOS/FET 3N141 285 SSD-201A 610 
TA7275 TA6183 LIC CA3183E 532 SSD-201A 210 MOS/FET 3N143 309 SSD-201A 568 

TA 6220 LIC CA2111AE 612 SSD-201A 112 TA7279 PWR 2N6248 541 SSD-204A 153 
TA6237V COS/MOS CD4054AK Prel. SSD-203A 249 TA7280 PWR 2N6247 541 SSD-204A 153 
TA6237W COS/MOS CD4054AD Prel. SSD-203A 249 TA7281 PWR 2N6246 541 SSD-204A 153 

TA6237X COS/MOS CD4054AE Prel. SSD-203A 249 TA7285 PWR 2N5202 299 SSD-204A 360 
TA6238 V COS/MOS CD4055AK Prel. SSD-203A 249 TA7289 PWR 2N5784 413 SSD-204A 100 
TA6238W COS/MOS CD4055AD Prel. SSD-203A 249 TA7290 PWR 2N5785 413 SSD-204A 100 
TA6238X COS/MOS CD4055AE Prel. SSD-203A 249 TA7291 PWR 2N5786 413 SSO-204A 100 
TA6245V COS/MOS CD4058AK Prel. SSD-203A 262 TA7303 RF 2N5180 289 SSD-205A 132 

TA6245W COS/MOS CD4058AD Prel. SSD-203A 262 TA7306 MOS/FET 3N142 286 SSD-201A 582 
TA6246V COS/MOS CD4049AK 599 SSD-203A 237 TA7311 PWR 2N5496 353 SS D-204A 85 
TA6246W COS/MOS CD4049AD 599 SSD-203A 237 TA7312 PWR 2N5497 353 SS D-204A 85 
TA6246X COS/MOS CD4049AE 599 SSD-203A 237 TA7313 PWR 2N5494 353 SS D-204A 85 
TA6250V COS/MOS CD4048AK Prel. SSD-203A 233 TA7314 PWR 2N5495 353 SSD-204A 85 

TA6250W COS/MOS CD4048AD Prel. SSD-203A 233 TA7315 PWR 2N5492 353 SS D-204A 85 
TA6250X COS/MOS CD4048AE Prel. SSD-203A 233 TA7316 PWR 2N5493 353 SS D-204A 85 
TA6251 V COS/MOS CD4056AK Prel. SSD-203A 249 TA7317 PWR 2N5490 353 SS D-204A 85 
TA6251W COS/MOS CD4056AD Prel. SSD-203A 249 TA7318 PWR 2N5491 353 SS D-204A 85 
TA6251 X COS/MOS CD4056AE Prel. SSD-203A 249 TA7319 RF 2N5179 288 SS D-205A 126 

TA6265V COS/MOS CD4050AK 599 SSD-203A 237 TA7322 PWR 21/15189 296 SSD-204A 378 
TA6265W COS/MOS CD4050AD 599 SSD-203A 237 TA7323 PWR 2N5671 383 SSD-204A 395 
TA6265X COS/MOS CD4050AE 599 SSD-203A 237 TA7323A PWR 2145672 383 SS D-204A 395 
TA6269X LIC CA3095E 591 SSD-201A 240 TA7327 RF JANT X-2N 3866 — — 
TA6270 X LIC CA3096E 595 SSD-201A 185 TA7328 RF JANT X-2N 3553 — — 

TA6270AX LIC CA3096AE 595 SSD-201A 185 TA 7329 RF JANTX-2N 3375 — — 
TA7337 TA6289X LIC CA3747CE 531 55D-201A 501 PWR 2N6032 462 SS D-204A 401 

TA6289AX LIC CA3747E 531 SSD-201A 501 TA7337A PWR 2N6033 462 SS D-204A 401 
TA6309 LIC CA3049L 515 SSD-201A 545 TA7344 RF 2N5919 426 SSD-205A 165 
TA6330T LIC CA3094AT 598 SSD-201A 388 TA7352 MOS/FET 3N153 320 SSD-201A 593 

TA7003 RF 2N5470 350 SSD-205A 136 TA 7353 MOS/FET 3N152 314 SSD-201A 588 
TA7005 PWR 2N6249 523 SSD-204A 276 TA 7354 RF JA N -2N 4440 — — 
TA7006 PWR 2N6250 523 SSD-204A 276 TA 7355 RF JANT X-2N 4440 — — 
TA7007 PWR 2N6251 523 SSD-204A 276 TA7358 RF JANTX-2N5071 — — 
TA7016 PWR 2N5575 359 SSD-204A 92 TA7360 RF JAN -2N5071 — — 

TA7017 PWR 2N5578 359 SSD-204A 92 TA7361 RF 40605 389 SSD-205A 318 
TA7032 MOS/FET 3N138 283 SSD-201A 573 TA7362 PWR 2145297 332 SSD-204A 76 
TA7047 RF 2N4427 228 SSD-205A 79 TA7363 PWR 2N5298 332 SSD-204A 76 
TA7048 RECT 1N5218 245 SSD-206A 286 TA7364 TRI 40668 364 SSD-206A 73 
TA7048A RECT 1N5217 245 SSD-206A 286  TA7365 TRI 40669 364 SSD-206A 73 

TA7048B RECT 1145216 245 SSD-206A 286 TA7367 RF 2145918 448 SSD-205A 160 
TA7048C RECT 1145215 245 SSD-206A 286 TA7374 MOS/FET 3N159 326 SSD-201A 618 
TA7078 RF 40606 600 SS D-205A 325 TA7375 MOS/FET 3N154 335 SSD-201A 596 
TA7079 RF 40577 297 SSD-205A 305 TA7381 PWR 2N6098 485 SSD-204A 111 
TA7080 RF 40578 298 SSD-205A 312 TA7382 PWR 2N6099 485 SSD-204A 111 

TA7090 RF JAN-2143866 — — — TA7383 PWR 2N6100 485 SSD-204A 111 
TA7121 PWR 2145320 325 SS D-204A 389 TA7384 PWR 2N6101 485 SSD-204A 111 
TA7122 PWR 2N5321 325 SS D-204A 389 TA8385 PWR 2N6102 485 SSD-204A 111 
TA7124 PWR 2N5322 325 SS D-204A 389 TA7386 PWR 2N6103 485 SSD-204A 111 
TA7125 PWR 2N5323 325 SSD-204A 389 TA7399 MOS/FET 40673 381 SSD-201A 679 

TA7130 PWR 2N5804 407 SSD-204A 247 TA7401 DIAC 45412 577 SS D-206A 353 
TA7130A PWR 2N5805 407 SS D-204A 247 TA7403 RF 40836 497 SSD-205A 336 
TA7134 PWR 2N6177 508 SSD-204A 268 TA7404 SCR 40868 501 SSD-206A 200 
TA7137 PWR 2145296 332 SS D-204A 76 TA 7405 SCR 40869 501 SSD-206A 200 
TA7146 RF 2145090 270 SSD-205A 107 TA7408 RF 2N5914 424 SSD-205A 148 
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TA7409 RF 2N5915 424 SSD-205A 148 TA7571 SCR 40755 418 SSD-206A 225 
TA7410 PWR 2N6212 507 SSD-204A 443 TA 7579 TRI 40684 414 SSD-206A 22 
TA7411 RF 2N5916 425 SSD-205A 154 TA7580 TRI 40685 414 SSD-206A 22 
TA7420 PWR 2N5840 410 SSD-204A 253 TA7581 TRI 40686 414 SSD-206A 22 
TA7426 TRI 2N5443 593 SSD-206A 127 TA7583 TRI 40671 459 SSD-206A 112 

TA7427 TRI 2N5446 593 SSD -206A 127 TA7584 TRI 40672 459 SSD-206A 112 
TA7428 TRI 2N5567 457 SSD-206A 83 TA7589 RF 2N5994 453 SSD-205A 202 
TA 7429 TRI 2N5568 457 SS D-206A 83 TA7590 SCR 2N3650 408 SSD-206A 236 
TA 7430 TRI 2N5571 458 SSD-206A 98 TA7591 SCR 2N3651 408 SSD-206A 236 
TA 7431 TRI 2N5572 458 SSD-206A 98 TA7592 SCR 2N3652 408 SSD-206A 236 

TA7434 SCR 40654 496 SSD-206A 191 TA7593 SCR 2N3653 408 SSD-206A 236 
TA7435 SCR 40655 496 SSD-206A 191 TA7596 SCR 40746 417 SSD-206A 206 
TA7441 TRI 40660 459 SSD-206A 112 TA7597 SCR 40747 417 SSD-206A 206 
TA7442 TRI 40661 459 SSD-206A 112 TA 7598 SCR 40748 417 SSD-206A 206 
TA7443 RECT 40808 449 SSD-206A 311 TA 7599 SCR 40758 418 SSD-206A 225 

TA 7444 RECT 40809 449 SSD-206A 311 TA 7600 SCR 40759 418 SSD-206A 225 
TA7452 SCR 40640 354 SSD-206A 179 TA7601 SCR 40760 418 SSD-206A 225 
TA 7453 SCR 40641 354 SSD-206A 179 TA7602 TR 40805 459 SSD-206A 112 
TA 7454 RECT 40642 354 SSD-206A 290 TA 7603 TR 40806 459 SS D-206A 112 
TA 7455 RECT 40643 354 SSD-206A 290 TA 7604 TR 40807 459 SSO-206A 112 

TA 7456 RECT 40644 354 SSD-206A 290 TA7614 TR 40779 443 SSD-206A 90 
TA 7461 TRI 40662 459 SSD-206A 112 TA7615 TR 40780 443 SSD -206A 90 
TA 7462 TRI 40663 459 SSD-206A 112 TA7616 TR 40781 443 SS D-206A 90 
TA7463 SCR 40656 496 SSD-206A 191 TA7617 TR 40782 443 SSD -206A 90 
TA 7464 SCR 40657 496 SSE/ -206A 191 TA7618 TR 40783 443 SSD -206A 90 

TA7465 SCR 40658 496 SSD -206A 191 TA7619 TR 40784 443 SSD -206A 90 
TA7466 SCR 40659 496 SSD -206A 191 TA 7620 TR 40785 443 SSD -206A 90 
TA 7467 TRI 40795 457 SSD -206A 83 TA7621 TR 40786 443 SSD -206A 90 
TA7468 TRI 40797 458 SSD -206A 98 TA7625 H YB H C1000 565 SSD -204A 550 
TA7477 RF 2N5913 423 SSD -205A 142 TA 7625A HY B HC2000 566 SSD -204A 555 

TA7479 TRI 2N5569 457 SSD -206A 83 TA 7626 H YB HC1000H 565 SSD -204A 550 
TA7480 TRI 2N5570 457 SSD-206A 83 TA7626A H YB HC2000H 566 SSD-204A 555 
TA7481 TRI 40796 457 SSD-206A 83 TA7642 TRI 40775 443 SSD -206A 90 
TA7482 TRI 2N5573 458 SSD-206A 98 TA7643 TRI 40776 443 SSD-206A 90 
TA7483 TRI 2N5574 458 SSD-206A 98 TA 7644 TRI 40777 443 SSD-206A 90 

TA7484 TRI 40798 458 SS D -206A 98 TA7645 TRI 40778 443 SSD-206A 90 
TA7487 RF 2N5920 440 SSD -205A 178 TA7646 TRI 40787 487 SSD-206A 119 
TA 7500 TRI 2N5754 414 550-206A 22 TA7647 TRI 40788 487 SSD-206A 119 
TA7501 TRI 2N5755 414 SSD-206A 22 TA7648 TRI 40790 487 SSD-206A 119 
TA 7502 TRI 2N5756 414 SSD-206A 22 TA7649 TRI 40790 487 SSD-206A 119 

TA7503 TRI 2N5757 414 SSD-206A 22 TA 7650 TR 40791 487 SSD-206A 119 
TA7504 TRI 40688 593 SSD-206A 127 TA7651 TR 40792 487 SSD-206A 119 
TA7505 TRI 40689 593 SSD-206A 127 TA 7652 TR 40793 487 SSD-206A 119 
TA7506 TRI 40690 593 SSD 206A 127 TA7653 TR 40794 487 SSD-206A 119 
TA7507 SCR 40681 578 SSD -206A 242 TA 7654 TR 40769 441 SS D-206A 35 

TA7508 SCR 40682 578 SSD -206A 242 TA 7655 TR 40770 441 SS D-206A 35 
TA7509 SCR 40683 578 SS D -206A 242 TA 7656 TR 40772 441 SSD -206A 35 
TA7513 PWR 2N5838 410 SSD -204A 253 TA7657 TR 40772 441 SSD -206A 35 
TA7530 PWR 2N5839 410 SSD -204A 253 TA 7669 MOS/F ET 3N187 436 SSD -201A 636 
TA 7532 RF 2N 5919A 505 SSD-205A 172 TA 7670 SCR 40680 578 SSD -206A 242 

TA 7534 PWR 2N6354 582 SSO-204A 415 TA7671 TRI 40773 442 SSD -206A 67 
TA7543 SCR R CA 1060 555 SSD-206A 150 TA7672 TRI 40774 442 SSD-206A 67 
TA7545 SCR R CA 106Y 555 SSD-206A 150 TA 7673 PWR 2N6078 492 SSD-204A 260 
TA7546 SCR R CA 106F 555 SSD-206A 150 TA 7679 RF 40837 497 SSD-205A 336 
TA7547 TRI 40799 457 SSD-206A 83 TA7680 R F 40941 554 SS D-205A 380 

TA 7548 TRI 40800 457 SSD-206A 83 TA7684 MOS/F ET 3N200 437 SSD-201A 644 
TA 7549 TRI 40801 457 SSD-206A 98 TA7686 RF 40893 514 SSD -205A 342 
TA7550 TRI 40802 458 SSD-206A 98 TA 7706 RF 2N6105 504 SSD -205A 224 
TA7551 TRI 40803 458 SSD-206A 98 TA 7707 RF 2N6104 504 SSD -205A 224 
TA7552 TRI 40804 458 SSD -206A 98 TA7719 PWR 2N6211 507 SSD -204A 443 

TA7553 SCR 40735 408 SSD-206A 236 TA7739 PWR 2N6175 508 SSD -204A 268 
TA7554 PWR 2N6178 562 SSD-204A 407 TA7740 PWR 2N6176 508 SSD -204A 268 
TA 7555 PWR 2N6179 562 SSD-204A 407 TA7741 PWR 2N6107 488 SSD -204A 145 
TA7556 PWR 2N6180 562 SSD -204A 407 TA 7742 PWR 2N6109 488 SSD -204A 145 
TA 7557 PWR 2N6181 562 SSD -204A 407 TA7743 PWR 2N6111 488 SSD -204A 145 

TA 7560 SCR 40738 417 SSD-206A 206 TA7752 TRI 40916 549 SSD -206A 134 
TA7561 SCR 40739 417 SSD-206A 206 TA7753 TRI 40917 549 SSD -206A 134 
TA 7562 SCR 40740 417 SSD-206A 206 TA 7754 TRI 40918 549 SSD -206A 134 
1A7563 SCR 40750 418 SSD-206A 225 TA 7755 TRI 40919 459 SSD -206A 134 
TA 7564 SCR 40751 418 SSD-206A 225 TA7756 TRI 40920 549 SSD-206A 134 

TA7565 SCR 40752 418 SSD-206A 225 TA7757 TRI 40921 549 SSD-206A 134 
TA7567 SCR 40742 417 SSD -206A 206 TA 7782 PWR 2N6292 542 SSD-204A 161 
TA 7568 SCR 40743 417 SSD-206A 206 TA 7783 PWR 2N6290 542 SSD-204A 161 
TA7569 SCR 40744 417 SS D-206A 206 TA 7784 PWR 2N6288 542 SSD-204A 161 
TA7570 SCR 40754 418 SSD-206A 225 TA7802 RECT 44003 495 SSD-206A 296 
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TA7803 RECT 44004 495 SS D-206A 296 TA8202 PWR 2N6386 610 SSD-204A 461 
TA7804 RECT 44005 495 SS D-206A 296 TA8210 PWR 2N6106 488 SSD-204A 145 
TA 7805 RECT 44006 495 SSD-206A 296 TA8211 PWR 2N6108 488 SSD-204A 145 
TA7806 RECT 44007 495 SS D-206A 296 TA8212 PWR 2N6110 488 SSD-204A 145 
TA7821 SCR 40937 578 SS D-206A 243 TA8231 PWR 2N6293 542 SSD-204A 161 

TA7823 SCR 40938 578 SSD-206A 243 TA8232 PWR 2N6291 542 SSD-204A 161 
TA7825 SCR 40951 578 SS D-206A 243 TA8236 RF 40936 551 SSD-205A 371 
TA7852 RF 2N5917 425 SS D-205A 154 TA8241 HYB HC3100 564 SSD-204A 563 
TA7920 RF 2N5992 451 SSD-205A 192 TA8242 MOS/F ET 40841 489 SSD-201A 673 
TA7921 RF 2N5993 452 SSD-205A 197 TA8247 PWR 40887 508 SSD-204A 268 

TA7922 RF 2N5995 454 SS D-205A 208 TA8248 PWR 40885 508 SSD-204A 268 
TA7923 RF 2N5996 454 SSD-205A 213 TA8249 PWR 40886 508 SSD-204A 268 
TA7936 MOS/F ET 40819 463 SSD-201A 650 TA8330 PWR 2N6213 507 SSD-204A 443 
TA7937 TRI 40922 549 SSD-206A 134 TA8344 RF 40895 548 SSD-205A 347 
TA7938 TRI 40923 549 SSD-206A 134 TA8345 RF 40895 548 SSD-205A 347 

TA7939 TRI 40924 549 SSD-206A 134 TA8346 RF 40896 548 SSD-205A 347 
TA7941 RF 40934 550 SSD-205A 367 TA8347 RF 40897 548 SSD-205A 347 
TA7943 RF 40909 547 SSD-205A 359 TA8348 PWR 2N6385 609 SSD-204A 455 
TA7955 HYB HC4005A 571 SSD-204A 566 TA8349 PWR 2N6383 609 SSD-204A 455 
TA7957 HYB HC4012A 571 SSD-204A 566 TA8352 PWR 2N6372 608 SSD-204A 169 

TA7982 RF 40940 553 SSD-205A 375 TA8353 PWR 2N6373 608 SSD-204A 169 
TA7985 RECT 40958R 580 SSD-206A 333 TA8354 PWR 2N6374 608 SSD-204A 169 
TA 7986 RECT 40959R 580 SSD-206A 333 TA8357 TRI 40901 540 SSD-206A 143 
TA7987 RECT 40960R 580 SSD-206A 333 TA8358 TRI 40902 540 SSD-206A 143 
TA 7988 SCR 106A 555 SSD-206A 150 TA87 PWR HC4015A 571 SSD-204A 566 

TA 7989 SCR 1066 555 SSD-206A 150 TA8407 RF 2N6268 546 SSD-205A 249 
TA 7990 SCR 106C 555 SSD-206A 150 TA8425 RF R47M15 605 SSD-205A 410 
TA 7991 SCR 106D 555 SSD-206A 150 TA8428 PWR 2N6254 524 SSD-204A 28 
TA 7993 RF 2N6265 543 SSD-205A 231 TA8429 PWR 2N6253 524 SSD-204A 28 
TA 7994 R F 2N6266 544 SS D-205A 237 TA8430 PWR 2N6258 525 SSD-204A 52 

TA 7995 RF 2N6267 545 SS D-205A 243 TA8431 PWR 2N6257 525 SSD-204A 52 
TA 7995A RF 2N6269 546 SSD-205A 249 TA8432 PWR 2N6259 526 SSD-204A 60 
TA 7996 RECT 44001 495 SS D-206A 296 TA8433 PWR 2N6261 527 SSD-204A 20 
TA 7999 MOS/F ET 40820 464 SS D-201A 658 TA8434 PWR 2N6260 527 SSD-204A 20 
TA8000 MOS/F ET 40821 464 SS D-201A 658 TA8435 PWR 2N6262 528 SSD-204A 44 

TA8001 MOS/F ET 40822 465 SSD-201A 666 TA8436 PWR 2N6264 529 SSD-204A 36 
TA8002 MOS/F ET 40823 465 SS D-201A 666 TA8437 PWR 2N6263 529 SSD-204A 36 
TA8004 PWR 2N6077 492 SSD-204A 260 TA8439 RF 40898 538 SSD-205A 351 
TA8005 PWR 2R6079 492 SSD-204A 260 TA8440 RF 40899 538 SSO-205A 351 
TA8104 RF 40915 574 SSD-205A 363 TA8485 PWR 2N6387 610 SSD-204A 461 

TA8141 HYB HC3000 539 SSD-204A 560 TA8486 PWR 2N6384 609 SS D-204A 455 
TA8158 SCR 40888 522 SSD-206A 187 TA8559 RF 40954 579 SS D-205A 384 
TA8159 SCR 4088£, 522 SSD-206A 187 TA8561 RF 40955 579 SSD-205A 384 
TA8160 RECT 40890 522 SSD-206A 304 TA8562 RF 40967 596 SSD-205A 393 
TA8161 RECT 40891 522 SSD-206A 304 TA8563 R F 40968 596 SSD-205A 393 

TA8162 RECT 40892 522 SSD-206A 304 TA8591 PWR HC4005 571 SSD-204A 566 
TA8197 TRI 40925 593 SSD-206A 127 TA8595 PWR HC4012 571 SSD-204A 566 
TA8198 TRI 40926 593 SSD-206A 127 TA8599 PWR HC4015 571 SSD-204A 566 
TA8199 TRI 40927 593 SSD-206A 127 
TA8201 PWR 2N6388 610 SSD-204A 461 
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Military-Specification (JAN and JANTX) Types 

For data on basic type, see 
DATA. 

MIL-Spec Product File BOOK 
Type No. 19500/ Line No. Vol. No. Page 

JAN-2N918 301 RF 83 SSD-205A 18 
JAN-2N1184 143 PWR 14 SSD-204A 572 
JAN-2N 1184A 143 PWR 14 SSD-204A 572 
JAN-2N 11848 143 PWR 14 SSD-204A 572 
JAN-2N1224 189 PVVR 14 SSD-204A 572 

JAN -2N14 /9 207 PWR I 35 BSD-204A 474 
JAN-2N 1480 207 PWR 135 SSD-204A 474 
JAN-2N 1481 207 PVVR 135 SSD-204A 474 
JAN-2N 1482 207 PWR 135 SSD-204A 474 
JAN-2N 1483 180 PVVR 137 SSD-204A 479 

JANTX-2N 1483 180 PWR 137 SSD-204A 479 
JAN-2N 1484 180 PWR 137 SSD-204A 479 
JANTX-2N 1484 180 PWR 137 SSD-204A 479 
JAN-2N 1485 180 PWR 137 SSD-204A 479 
JANTX -2N 1485 180 PWR 137 SSD-204A 479 

JAN-2N 1486 180 PWR 137 SSD-204A 479 
JANTX-2N1486 180 PWR 137 SSD-204A 479 
JAN-2N 1487 208 PWR 139 SSD-204A 484 
JAN-2N 1488 208 PWR 139 SSD-204A 484 
JAN-2N 1489 208 PWR 139 SSD-204A 484 

JAN-2N1490 208 PWR 139 SSD-204A 484 
JAN-2N1493 247 RF 10 SSD-205A 22 
JAN-2N2015 248 PWR 12 SSO-204A 500 
JAN-2N2016 248 PWR 12 SSD -204A 500 
JAN-2N2857 343 RF 61 SSD-205A 31 

JANTX-2N2857 343 RF 61 SSD-205A 31 
JAN-2N3055 407 PWR 524 SSD -204A 28 
JANTX-2N 3055 407 PWR 524 SSD -204A 28 
JAN-2N3375 341 RF 386 SSD-205A 50 
JANTX-2N3375 341 R F 386 SSD-205A 50 

JAN-2N3439 368 PWR 64 SSD-204A 222 
JANTX-2N3439 368 PWR 64 SSD-204A 222 
JAN-2N3440 368 PWR 64 SSD-204A 222 
JANTX-2N 3440 368 PWR 64 SSD-204A 222 
JAN-2N3441 369 PWR 529 SSD-204A 36 

JAN-2N3442 370 PWR 528 SSD-204A 44 
JAN-2N3553 341 RF 386 SSD-205A 50 
JANTX-2N3553 341 RF 386 SSD-205A 50 
JAN -2N 3584 384 PWR 138 SSD-204A 229 
JANTX-2N3584 384 PWR 138 SSD-204A 229 

JAN-2N3585 384 PVVR 138 SSD-204A 229 
JANTX-2N3585 384 PWR 138 SSD-204A 229 
JAN-2N3771 413 PWR 525 SSD-204A 52 
JANTX-2N3771 413 PWR 525 SSD-204A 52 
JAN-2N3772 413 PWR 525 SSD -204A 52 

JANTX-2N3772 413 PWR 525 SSD -204A 52 
JAN-2N 3866 398 RF 80 SSD-205A 71 
JANTX-2N3866 398 RF BO SSD-205A 71 
JAN-2N4440 341 RF 217 SSD-205A 85 
JANTX-2N4440 341 RF 217 SSD-205A 85 

JAN-2N5038 439 PWR 367 SSD-204A 371 
JANTX-2N5038 439 PWR 367 SSD-204A 371 
JAN-2N5039 439 PWR 367 SSD-204A 371 
JANTX-2N5039 439 PWR 367 SSD-204A 371 
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Subject Index 

AC-DC isolation 

Active filter, integrated-circuit 

AC voltage regulators, thyristors 

Adders, scaling 

Admittance parameters, short-circuit 

AGC 

Alarm system, intrusion 

AM broadcast receivers 

AM modulator, integrated-circuit 

AM radio, integrated circuit for 

Applications 

Circuit description 

AND-OR bi-phase pairs, COS/MOS triple 

(technical data) 

Amplification, sound-carrier 

Amplifier array, general-purpose, 

integrated-circuit (technical data) 

Amplifier array, integrated-circuit, 

Circuit applications 

Circuit description 

Gain-frequency response 

Noise voltage and current 

Output swing vs. supply voltage 

Quick selection chart 

Stability requirements 

Amplifier array, integrated-circuit, ac 

(technical data) 

Amplifier array, ultra-high-gain, 

wide-band, integrated-circuit 

(technical data) 

Amplifier, broadband 1118-to- 136-MHz), 

4-watt (PEP): 

Design considerations 

Load-mismatch test 

Output power and modulation 

Performance and adjustment 

Amplifier, broadband, rf, linear, 

push-pull, 150-watt PEP 

Amplifier circuit, broadband, uhf 

Amplifier, class B, circuit description 

Amplifier, class B. integrated-circuit 

Amplifier, control, and special-function 

integrated circuits: 

Application notes on 

Quick selection chart 

Technical data 

Amplifier, dc, integrated-circuit 

Applications 

Circuit description 

Operation 

Technical data 

Amplifier, differential detector, 

dc amplifier, and voltage regulator, 

integrated-circuit (technical data) 

Amplifier-discriminators, omtegrated-

circuit (technical data) 

Amplifier economics 

Amplifier, feedback 

Amplifier fidelity 

Amplifier-filter, high-gain 

Amplifier, FM detector, af preamplifier 

integrated-circuit (technical data) 

Amplifier, gain-controlled, 

integrated-circuit 

Amplifier, if, integrated-circuit 

Applications 
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206A 453 

201A 475 

206A 

202A 273 

202A 93 

202A 46,47 

202A 247 

202A 43 

201A 476 

202A 42 

202A 43 

202A 42 

203A 188 

202A 46 

201A 42 

202A 68 

202A 72 

202A 68 

202A 70 

202A 72 

202A 72 

201A 10 

202A 70 

201A 28,250 

201A 74 

205A 419 

205A 417 

205A 417 

205A 421 

205A 467 

205A 473 

204A 599 

202A 79,189 

202A 88-260 

201A 12 

201A 257-456 

202A 130 

201A 136 

201A 130 

201A 130 

201A 290 

201A 84 

201A 62 

204A 596 

202A 137 

204A 596 

202A 259 

201A 90,98 

202A 75 

202A 141 

202A 146 

Characteristics 

Circuit description 

Operating modes 

Technical data 

Amplifier, narrow-band, tuned, integrated-

circuit 

Amplifier, rf, integrated-circuit 

Amplifier, servo, integrated-circuit 

Amplifiers, integrated-circuit: 

Audio 

Driver 

Frequency-shaping 

Operational 

Output 

Power 

RF 

Video 

Wide-band 

Amplifier, tint-control, integrated-

circuit 

Amplifier, twin-T, bandpass 

Amplifier, video, integrated-circuit 

Amplitude modulation 

AM receiver subsystem, integrated-circuit 

(technical data) 

Analog or digital signals, transmission 

and multiplexing of 

AND-OR gates, COS/MOS, triple bi-phase 

pairs ( technical data) 

AND-OR select gate COS/MOS quad 

AND-OR select gate. COS/MOS quad 

(technical data) 

Arcing 

Arithmetic unit, COS/MOS 

Circuit description 

Operation 

Performance data 

Arithmetic arrays, COS/MOS 

Arrays, integrated-circuit 

Application notes on 

Technical data 

Astable multivibrator, integrated-circuit 

Astable multivibrator, COS/MOS 

Audio amplifier, hybrid-circuit 

Audio amplifier, integrated-circuit 

Capacitor-coupled cascaded circuits 

Circuit description 

Direct-coupled cascaded circuits 

Technical data 

Audio amplifiers, integrated-circuit 

Audio amplifier, line-operated 

Audio amplifier, transformer-coupled 

Audio driver, integrated-circuit: 

Dual-supply circuit 

Single-supply circuit 

Autodyne converter, integrated-circuit 

Automatic-fine-tuning systems, 

integrated-circuit 

Automatic shut-off and alarm system 

Axial-lead silicon rectifiers 

(technical data) 

Audio power transistors, special 

(technical data) 
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202A 144 

202A 141 

202A 141 

201A 258 

202A 1:38 

202A 78,80 

202A 194 

202A 150,190 

202A 193 

202A 272 

202A 261-334 

202A 58 

202A 187 

202A 163 

202A 268 

202A 173,191, 

195,201 

202A 62 

202A 281 

202A 153,182, 

268 

205A 451 

201A 42,46 

203A 379 

203A 188 

203A 373 

203A 94 

206A 460 

203A 373 

203A 373 

203A 374 

203A 378 

203A 373 

202A 67-86 

201A 161-256 

202A 73,307 

203A 353 

204A 670 

202A 150 

202A 153 

202A 150 

202A 151 

201A 331 

202A 190 

204A 5138 

204A 671 

202A 152 

202A 153 

202A 163 

202A 33 

202A 258 

206A 262-271, 

280-289, 

296-299 
204A 509-542 
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Subject Index 

Balanced detector, integrated-circuit 

Balanced modulator, integrated-circuit 

Ballasting circuits, solid-state 

Ballast resistors 

Bandpass amplifiers 

Bandpass shaping 

Bass roll-off 

BCD data, conversion of 

Beam-lead (sealed-junction) IC's 

(technical data) 

Bidirectional thyristors, gated 

(technical data) 

Bilateral switch, COS/MOS quad 

Digital control of signal gain, 

frequency, and impedance 

Features 

Logic functions 

Multiplexing/demultiplexing 

Operation 

Sample-hold applications 

Switch and logic applications 

Technical data 

Binary counter 

Bi-phase pairs, AND-OR, COSMOS 

(technical data) 

Bi-polarity comparator 

Bistable multivibrator 

Bridge circuits, SCR 

Bridge rectifier 

Broadband rf circuit design 

Broadband rf operation 

Broadband rf power amplifier 

Broadband transistor rf amplifier 

Broadband uhf amplifier 

Broadband uhf circuit, design approach 

Broadcast receivers, AM 

Buffer, converter-circuit 
Buffer, COS/MOS quad, true/complement 

(technical data) 

Buffers/converters, COS/MOS hex 

(technical data) 

Burst (popcorn) noise, meansurement of 

Pass-fail criteria 

Test conditions 

Test configuration 

Test-system circuits 

Bus register, COS/MOS MSI, 8-stage 

(technical data) 

Capacitor-input circuits, design of 

Capture ratio 

Case-temperature effects 

Characteristics of COS/MOS 

integrated circuits ( chart) 

Charge transport during irradiation 

Chips (technical data): 

COS/MOS integrated-circuit 

Linear integrated-circuit 

Power-transistor 

Chroma amplifier, integrated-circuit 

(technical data) 

Chroma demodulator, integrated-circuit 

(technical data) 

Databook Page 

202A 33 

202A 82 

204A 504 

204A 684 

202A 281 

202A 46 

202A 39 

202A 244 

201A 545-566 

206A 105 

203A 379 

203A 384 

203A 379 

203A 383 

203A 384 

203A 379 

203A 388 

203A 383 

203A 78 

203A 328 

203A 188 

202A 332 

202A 309 

206A 442 

204A 652 

205A 453 

205A 470 

205A 427 

205A 417 

205A 477,481 

205A 475 

202A 42 

204A 666 

203A 199 

203A 48 

202A 327 

202A 330 

202A 330 

202A 327 

202A 331 

203A 164 

206A 384 

202A 25 

205A 471 

203A 8 

203A 410 

203A 268-276 

201A 534-544 

204A 543-547 

201A 148 

201A 129,151 

Chroma signal processor, integrated-

circuit (technical data) 

Chopper circuits, MOS-transistor 

Basic chopper circuits 

Basic MOS chopper circuits 

Equivalent circuit of MOS chopper 

Ideal chopper characteristics 

Relative merits of available devices 

Typical circuits 

Use of MOS transistors in choppers 

Circuit factor charts for thyristors 

(SCR's and Triacs) 

Current-Ratio curves 

Full-wave ac triac circuit 

Full-wave dc SCR or Triac circuit 

Full-wave SCR circuit 

Per cent ripple in load 

Three-phase half-wave SCR circuit 

Class B transistor amplifier 

Circuit description 

Complementar-symmetry type 

Economics of 

Effective power-supply series 

resistance 

Fidelity of 

Music-power rating 

Power dissipation, ideal 

Power-output 

Power-supply regulation 

Practical circuit 

Transistor dissipation 

Clocked D latch, COS/MOS quad 

(technical data) 

Clock/timer, battery-operated, 

Digital-display, COS/MOS: 

Applications 

Circuit operation 

Display-driver circuits 

Performance characteristics 

Coaxial-line rf power amplifier 

Coaxial-package transistors 

Color demodulator, integrated-circuit 

Application of 

Demodulation and matrix 

Demodulator preamplifier 

F ilteri ng capactiors 

Output amplifiers 

Tint-control amplifier 

Color matrix, integrated-circuit 

Color system, RGB 

Color TV receivers, if system for, 

integrated-circuit 

Colpitts oscillator, integrated-circuit 

Common-base rf power amplifiers 

Common-mode gain 

Common-mode rejection 

Common-mode rejection ratio 

Commutating dv/dt lof thyristors) 

Comparator: 

Bi-polarity 

DC 

Differential 

Micropower 

Phase 

Tri-level 

Databook Page 

201A 126,144 

202A 347 

202A 347 

202A 448 

202A 350 

202A 347 

202A 347 

202A 352 

202A 348 

206A 379 

206A 379 

206A 380 

206A 381 

206A 379 

206A 383 

206A 382 

204A 594 

204A 599 

204A 595 

204A 596 

204A 596,600 

204A 596 

204A 596,600 

204A 597 

204A 595 

204A 594 

204A 595 

204A 595 

203A 208 

203A 444 

203A 434 

203A 436 

203A 434 

205A 437 

205A 443 

202A 58 

202A 65 

202A 59 

202A 61 

202A 61 

202A 58 

202A 62 

202A 59 

202A 65 

202A 51 

202A 73 

205A 432 

202A 266 

202A 157 

202A 98.157, 

266 

206A 455 

202A 332 

202A 309 

202A 231 

202A 324 

203A 427 

203A 409 
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Subject Index 

Controlled-avalanche rectifiers 

(technical data) 

Control systems, triac 

Conversion, digital-to-analog 

Converter-circuit driver stage 

Converter-circuit oscillator 

Converter-circuit output stage 

Converter, off-line, driven, 1-kilowatt 

Characteristics 

Circuit description 

Efficiency/cost considerations 

Performance characteristics 

Transformer design considerations 

Converter, ringing-choke 

COS/MOS chips ( technical data) 

COS/MOS digital integrated circuits 

Applications information 

Functional diagrams 

General features 

Technical data 

COS/MOS IC's for low-voltage 

Applications ( technical date) 

COS/MOS integrated circuits, functional 

diagrams 

COS/MOS integrated circuits, 

general features 

COS/MOS integrated circuits, typical 

characteristics chart 

COS/MOS logic gates, noise immunity of 

COS/MOS power-supply considerations 

COS/MOS switch 

Counter, COS/MOS binary/ripple, 

12-stage (technical data) 

Counter, COS/MOS, 21-stage 

Counters, COS/MOS, applications of: 

Decade, 7-segment-output 

Divide-by-N 

Divide-by-R 

Divide-by- 12 

Divide-by-60 

Fixed, single-stage, divide-by-N 

Programmable, multidecade, 

Divide-by-N 

Counter, COS/MOS, fixed and programmable, 

Design of 

Counters, COS/MOS MSI, design and 

applications of 

Counters, COS/MOS (technical data): 

Binary, 7-stage 

Decade 

Divide-by-N 

Up/down, presettable 

Counting circuit, COS/MOS, digital-display 

Counter/dividers, COS/MOS, applications of: 

Decade 

Divide-by-8 

Counter-latch-timer control circuit 

Counter/timers, digital 

Cross-modulation distortion 

Crosstalk 

Crowbar trigger circuits. 

Crystal oscillators: 

Bipolar integrated-circuit 

COS/MOS integrated-circuit 

Current-amplifier pair, hybrid-circuit 

(technical data) 

Databook Page 

206A 311 

202A 247 

203A 296 

202A 218 

204A 666 

204A 665 

204A 666 

204A 664 

204A 664 

204A 665 

204A 668 

204A 667 

204A 667 

204A 605 

203A 268-276 

203A 1 

203A 289-449 

203A 10 

203A 23 

203A 24-276 

203A 24 114 

203A 10-19 

203A 23 

203A 8 

203A 344 

203A 368 

203A 302 

203A 195 

203A 222 

203A 434 

203A 422 

203A 427 

203A 445 

203A 445 

203A 363 

203A 361 

203A 327 

203A 114 

203A 120 

203A 89 

203A 140 

203A 416 

203A 333 

203A 334 

202A 332 

203A 

202A 102 

203A 343 

204A 685 

202A 136 

203A 431 

204A 560,563 

Current limiting, foldback 

Current mirrors 

Current-ratio curves (SCR's and triacs) 

Current source, diode-transistor 

Curves, rf power-transistor power-

frequency 

DC amplifier, integrated-circuit 

Applications 

Circuit description 

Operation 

Technical data 

DC power supply, ac voltage-regulated 

DC safe area ( power transistors) 

Decade counters, COS/MOS, 7-segment output 

Decoder, COS/MOS, BCD-to-decimal 

(technical data) 

Decoder-Drivers, MS1, BCD-to-7-segment 

Fail-safe circuit 

Logic description 

Logic diagram 

Multiplex operation 

Operating characteristics 

Static-drive applications 

Technical data 

Decoder stero multiplex, integrated-

circuit (technical data) 

Deflection circuit, magnetic 

Delayed agc 

Demodulation, color-signal 

Demodulator, color, integrated-circuit 

Demodulator preamplifier, integrated-

circuit 

Detection, sound-carrier 

Diacs, silicon bidirectional: 

Technical data 

Use of for thyristor triggering 

Voltage-current characteristics 

Differential-amplifier array, dual 

independent, integrated-circuit 

(technical data) 

Differential amplifiers, integrated-

circuit. Basic configuration for 

Differential amplifiers, integrated-

circuit high-reliability types 

(technical data) 

Differential/cascode amplifiers, 

integrated-circuit ( technical data) 

Differential comparator, integrated-

circuit 

Differentiators, integrated-circuit 

Diffused-junction n-p-n power transistors 

(technical data) 

Digital-clock prototypes, COS/MOS 

Digital-display clock, COS/MOS 

Digital-display clock/watch 

configuration, COS/MOS 

Digital-display devices 

Digital-display metering application, 

COS/MOS 

Digital-display timer, COS/MOS 

Digital frequency synthesizer, COS/MOS 

Digital meter applications, COSMOS 
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Digital signals, transmission and 

multiplexing of 

Digital timer/clock/watch applications, 

COS/MOS 

Digital- to-analog conversion, general 

considerations 

Digital-to-analog converter, COS/MOS 

Digital-to-analog switch, COS/MOS 

Diode Array, integrated-circuit 

Applications 

Circuit configuration 

Operating characteristics 

Technical data 

Diodes, light-emitting 

Display-lamp turn-on characteristics 

Double-tuned interstage filter 

Down-conversion, heterodyne 

Down-converter, heterodyne, COS/MOS 

Driver amplifiers, integrated-circuit 

Driver, audio, integrated circuit 

Drivers circuits for digital 

displays, types of 

Driver for 600-ohm balanced-line 

Driver stage, converter-circuit 

D-type latch, clocked, COS/MOS 

quad (technical data) 

Dv/dt suppression ( in thyristor 

circuits) 

Dual Darlington array, integrated-

circuit (technical data) 

Dual differntial amplifiers 

(technical data) 

Dynamic performance of AFT system 

Economics, amplifier 

Electric-heat application 

Electron radiation 

Emitter ballasting 

Emitter ballast resistance 

Envelope detector 

Epitaxial-base power transistors 

(selection chart) 

Epitaxial-base power transistors, 

(technical data) 

Epitaxial-base, high-power, p- n-p 

transistors (technical data) 

External noise 

False turn-on (of thyristors) 

False turn-on (of thyristors) 

Fast-recovery silicon rectifiers 

Fast-turn-off silicon controlled 

rectifiers (technical data) 

Feedback amplifier, integrated-circuit, 

cascaded, RC-coupled 

Feedback factor 

Feedback-type volume-control circuit 

Ferrite cores 

Filament pre-heating circuit 

Filter, active, integrated-circuit 

Filters, interstage 
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203A 301 

203A 297 

202A 81 
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202A 81 

202A 81 

201A 162,169 

203A 438 

202A 248 

202A 23 

203A 421,431 

203A 421 

202A 193 

202A 152,153 

203A 436 

202A 75 

204A 666 

203A 208 

206A 462 

201A 202 

201A 372 

202A 35 

204A 586 

206A 492 

203A 405 

205A 470 

205A 461 

202A 147 

204A 18 

204A 137-220 

204A 153 

203A 343 

206A 462 

206A 462 

206A 333 

206A 236 

202A 137 

202A 38 

202A 38 

205A 464 

206A 451 

201A 475 

202A 23 

Flanged-case silicon rectifiers 

(technical data) 

Flasher circuit, thyristor 

Flashover current 

Flip-flop, COS/MOS dual D-type: 

Technical data 

Use of in arithmetic unit 

Flip-flop, COS/MOS dual J-K 

master-slave (technical data) 

Flourescent readouts, low-voltage vacuum 

FM broadcast receivers, integrated 

circuits for 

FM front-end circuits (( C's) 

FM if amplifier and detector, 

integrated-circuit 

FM if amplifier, limiter, and 

discriminator, integrated-circuit 

FM if amplifier-limiter, detector, 

and audio preamplifier, integrated-

circuit (technical data) 

FM if strip integrated-circuit 

FM if system, integrated-circuit 

(technical data) 

FM receiver synthesizers, COS/MOS 

Prescaler system design 

System requirements 

FM subsystems, integrated-circuit 

FM synthesizer system, COSMOS 

FM tuner, integrated-circuit 

FM tuner using MOS-transistor 

rf amplifier 

Circuit considerations 

Performance 

RF stage design 

FM tuner using MOS-transistor 

rf amplifier and mixer 

Conversion transconductance. 

calculation of 

Mixer-circuit considerations 

Oscillator-circuit considerations 

Over-all tuner performance 

Performance features of MOS transistors 

RF-circuit considerations 

Tuner design 

Foldback current limiting: 

Analysis of 

Basic ciwuit configuration 

Characteristics 

Circuit parameters 

Purpose and advantage 

Forward-bias second breakdown, testing for 

Four-quadrant multiplier, integrated-

circuit 

Frequency converter, three-phase 750-watt: 

Circuit description 

Inverter 

Logic and driver circuits 

Output transformer 

Performance 

Power supply for 

Frequency-modulation if amplifiers, 

integrated-circuit 

Frequency multipliers, COS/MOS 

Frequency-shaping amplifiers, 

integrated-circuit 
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Frequency synthesizer, COS/MOS 

low-power digital 

Full adder, COS/MOS four-bit: 

Technical data 

Use in arithmetic unit 

Full-wave motor controls 

Regulated 

Unregulated 

Gain controlled amplifier, 

integrated-circuit 

Gain control, rf-amplifier 

Gain equalizer (for uhf amplifier) 

Garage-door electronic control system 

Gate characteristics (of thyristors) 

Gate, COS/MOS dual complementary pair 

plus inverter (technical data) 

Gate, COS/MOS quad AND-OR select 

Gate. COS/MOS quad exclusive-OR 

(technical data) 

Gate-oxide field analysis 

Gate-oxide protection circuit 

Gates, COS/MOS quad, 2-input NAND 

Gates, COS/MOS quad 2-input NOR 

Gates, COS/MOS triple AND-OR 

bi-phase pairs (technical data) 

Gates, high-speed 

Series 

Shunt 

Series-shunt 

Ground-line noise 

Gyrator, integrated-circuit 

Half-wave motor controls 

Unregulated 

Regulated 

Half-wave SCR circuit 

Harmonic distortion 

Hartley oscillator, integrated-circuit 

Heat control 

Heat controllers 

Heater control, three-phase 

Heater regulation 

Heterodyne down-conversion 

Heterodyne down-converter 

High-current transistors 

(technical data) 

High-frequency power transistors 

(technical data) 

High-gain selective building blocks, 

evolution of 

High-power generation 

High-reliability transistor 

(technical data) 

High-speed gates 

High-speed switching power 

transistors (technical data) 

High-voltage application of 
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General application considerations 

Hysteresis effect, lamp-dimmer 

IF-amplifier circuits, integrated 
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Inrush current 

Insertion loss 

Institute of High-Fidelity Manufacturers 

(IHFM) 

Integral-cycle heater control, 

proportional 

Integrated-circuit arrays: 

Application notes on 

Technical data 

Integrated-circuit chips, linear 

(technical data) 

Integrated-circuit FM, IF amplifiers, 

design approaches for 

Integrated circuits, COS/MOS digital 

Integrated circuits, linear (bipolar) 

Integrators 

Interfacing of COS/MOS devices 

Active pull-ups 

Bipolar driving COS/MOS 

COSIMOS-bipolar HTL interface 

COS/MOS driving bipolar 
COS/MOS-ECUECCSL interface 

COS/MOS-to-N-MOS interface 
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Push-pull types 
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Latched memory circuit 

Level converters, COS/MOS 
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Light-activated control 

Light control 

Light-control circuits 
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Single-time-constant types 
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Trouble shooting 
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Limiter, integrated-circuit 
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Limiter characteristics (of IC r) 
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Linear applications of rf power 
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Index to 
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Linearity 

Linearity circuit 

Linear mixer, four-channel, 

integrated-circuit 
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Loudness contouring 
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Magnetic deflection circuit 
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Characteristics of 
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Starting current for 

Solid-state ballasting circuits 
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Memory, integrated-circuit, latched 
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Design of 

Mounting arrangement 

Performance of 

Microstripline oscillator 
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Microwave power amplifiers 

Biasing arrangements 

Coaxial-line types 

Device and package construction 

Design of 

Large-signal amplifier operation 

Lumped-constant, common-base types 

Performance of practical circuits 

Power gain 

Pulse operation 

Reliability 

Stripline type 

Microwave power oscillators 

Basic configuration 

Design of 

Device and package construction 

Lumped-constant type 

Microstripline type 

Reliability 

Wide-band type 

Mixer capabilities (of integrated-

circuit rf amplifiers) 

Mixers, integrated-circuit: 

Balançeçl 

Four-channel linear 

Low-frequency 

Mixers, MOS-transistor: 

FM-receiver 

VHF-receiver 

Molded-Plastic transistors and 

thyristors 

Lead forming techniques 

Mounting 

Thermal-resistance considerations 

Types of packages 

Monochrome TV receivers, thyristor 

horizontal deflection system for 

Monostable multivibrators, COS/MOS: 

Basic configuration 

Compensated circuit 

Low-power circuit 

Monolithic n-p-n Darlington power transistors 

(technical data) 

Monostable multivibrator, integrated-

circuit 

MOS chopper circuits 

MOS/FET's (see MOS field-effect transistors) 

MOS field-effect devices ( see MOS 

field-effect transistors) 

MOS field-effect transistors: 

Application notes on 

Technical data 

MOS field-effect transistors, dual-

gate-protected types: 

Breakdown mechanism 

Cross-modulation considerations 

Current-handling capability 

Electrical requirements 

Gate-protection diodes 

Gate-protection methods 

Input capacitance and resistance 

Noise factor 

Operating conditions 

Power gain 
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RF applications 

Stability considerations 

Static discharge, effect of 

MOS field-effect transistor, vhf 

applications: 

Biasing requirements 

Circuit configurations 
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RF considerations 
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MOS-transistor vhf mixer, design of 
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Multiplexer, integrated-circuit, 
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Multiplexing of analog and digital 

signals 

Multiplex system, integrated-circuit, 

two-channel linear 

Multiplier, integrated-circuit, 

four-quadrant, analysis of 

Multiplier, integrated-circuit, 
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Multiplier, integrated-circuit, 

two-quadrant 
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Multivibrators, integrated-circuit: 

Astable 

Bistable 
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Music power output 

NAND gates, COS/MOS quad 

2- input 

NAND gates, ( positive logic) 

COS/MOS ( technical data) 

NAND R/S latch. 3-state COS/MOS 

quad ) technical data) 

Noise immunity (of COS/MOS logic gates): 

Crosstalk noise immunity 
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Ground-line noise immunity 
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Types of noise 

Noise performance (of integrated-circuit 

rf amplifiers) 

Noise-limited amplification 
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NOR gates, COS/MOS quad 2-input 

NOR gates (positive logic), COS/MOS 

(technical data) 

NOR R/S latch, COS/MOS quad, 3-state 

(technical data) 

Numitron devices 

Oscillator, converter-circuit 

Oscillators. COS/MOS astable and monstable: 

Astable multivibrator circuits 

Applications 

Compensation for 50-per-cent duty 

duty cycle 

Monostable multivibrator circuits 

Oscillator, COSMOS crystal-controlled 

Oscillator, COS/MOS phase-locked, 

voltage-controlled 

Oscillator, COS/MOS voltage-controlled 

Oscillators, integrated-circuit 

Crystal-controlled 

Modulated 

Oscillator, microstripline 

On-off switching circuits 

Operational amplifier 

Operational amplifiers, high-performance 

integrated-circuit 

Circuit description 

Noise figure 

Phase compensation 

Slewing rate 

Applications 

Technical data 

Operational amplifiers, high-reliability 

integrated-circuit types (technical data) 

Operational amplifiers, integrated-circuit 

Applications 

Basic theory 

Bias current, input 

Characteristics and features chart 

Circuit description 

Common-mode gain 

Common-mode rejection 

DC levels, input and output 

Design criteria 

Equivalent-circuit model 

External modifications 

Gain-frequency response 

General considerations 

Input and output impedances 

Inverting configuration 

Load impedance, effect of finite 

Noninverting configuration 

Offset voltage and current 

Operating characteristics 

Output-power capability 

Output-power modifications 

Output swing 

Phase compensation 
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202A 268 
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Phase shifts, feedback 

Power-supply stability 

Quick-selection chart 

Technical data 

Transfer characteristics 

Transfer function 

Operational amplifiers, integrated-circuit, 

application notes on 

Operational amplifiers, integrated-circuit, 

characteristics and features chart 

Operational amplifiers, integrated-circuit 

high-output-current (technical data) 

Operational amplifiers, integrated-circuit 

quick selection chart 

Operational amplifier, micropower 

integrated-circuit (technical data) 

Operational amplifiers, power-hybrid-circuit: 

Applications 

Circuit description 

Constant-source amplifier 

Electrical characteristics 

Power-supply considerations 

Technical data 

Use with monolithic integrated• 

circuits 

Operational transconductance amplifiers, 

integrated-circuit, high-performance: 

Amplitude modulation 

Applications 

Circuit description 

Gain control 

Multiplexing 

Technical data 

Output amplifiers, integrated-circuit 

Output stage, converter-circuit 

Output stages, integrated-circuit 

Overlay transistors ( see rf power transistors) 

Pass elements,external 

Peak-envelope-power rating 

Phase comparator, COS/MOS 

Phase-locked loop, fundamentals of 

Phase-locked loops, practical digital types 

Phase-shift transformer, discriminator 

Photo-coupled isolators 

Photo detector and power amplifier 

(technical data) 

Photo-detector and power amplifier, 

integrated-circuit 

Circuit description 

Technical data 

Typical applications 

Pinlite 

Lumped-constant 

Microstripline 

Wideband 

Power output, noise 

Power hybrid circuits: 

Application notes on 

Technical data 

Power hybrid operational amplifier 

Power-hybrid-circuit series voltage 

regulators: 

Basic structure 
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Circuit description 

Operating considerations 

Power dissipation 
Power supplies, auxiliary 

Power supplies, compact, high-current 

5-volt, regulated 

Bask design concept 

Design example 

Major elements 

Power supply, bridge-rectifier 

Power supply considerations for COS/MOS 

devices: 

AC dissipation characteristics 

AC performance characteristics 

Filtering requirements 

High dc source 

Quiescent dissipation 

Regulation requirements 

System power calculation of 

Switching characteristics 

Power-supply consideration for integrated-

circuit FM sound section subsystems: 

Dissipation derating curve 

General considerations 

Series dropping resistor, 

calculation of 

Voltage-current curves 

Power supply, regulated 60-watt 

20-volt 

Circuit description 

Construction 

Design considerations 

Foldback current limiting 

Performance 

Voltage regulation 

Power supply, with hybrid-circuit regulator 

Power-transistor chips 

(technical data) 

Power transistors and power hybrid circuits 

Power transistors, selection charts 

Power transistors ( technical data): 

Audio types, special 

Epitaxial-base n- p-n and p-n-p types 

High-speed switching n-p-n types 

High-voltage n-p-n types 

Hometaxial-base n-p-n types 

Monolithic n-p-n Darlington types 

Other p-n-p types 

Power transistors, thermal-cycling ratings 

for 

Power transistors, thermal-cycling 

requirements 

Power transistor, vhf/uhf, broadband 

power-amplifier applications of 

Pis-if system, integrated-circuit 

Planar transistor, rf power (technical data) 

Plastic-package transistor and thyristors 

Lead-forming techniques 

Mounting 

Thermal-resistance considerations 

Types of packages 

Plastic-package transistors and thyristors, 

types of 
Plug-in type high-voltage rectifiers 

(technical data) 

P-N-P power transistors, selection chart 

Popcorn noise 
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Power amplifiers, broadband, uhf/microwave 

Amplitude modulation 

Cascade and parallel connections 

Circuit impedances 

Circuit performance 

Evaluation circuit 

Gain and VSWR control 

Hybrid combiners 

Input-circuit design 

Output-circuit design 

Package design 

Practical circuits 

Reduction of VSWR 

Power amplifier, hybrid-circuit multipurpose, 

7-ampere (technical data) 

Power amplifiers, integrated-circuit 

multipurpose wideband 

Applications 

Circuit description 

Operating characteristics 

Operation 

Technical data 

Power amplifiers, linear, hybrid-circuit 

types: 

AC operation 

Assembly 

Audio-amplifier applications 

Basic structure 

Circuit description 

Frequency and efficiency 

Heat removal 

Power dissipation 

Protection circuit 

Reactive Loads 

Power control 

Power control, proportional 

Power controls, triac, for three-phase 

systems 

Basic design rules 

Circuits 

DC logic circuitry isolation of 

Inductive-load systems 

Resistive-load systems 

Trigger circuit 

Power dissipation, ideal (for class B 

amplifier) 

Power-frequency curves for rf power 

transistors 

Power-line noise 

Power one-shot control 

Power oscillators, microwave: 

Design of 

Preamplifier, demodulator, integrated-

circuit 

Prescaler, COS/MOS 

Prescal ing 

Preset-channel memory COS/MOS 

Product detector, integrated-circuit 

Program-switch ("N"-select) options 

Proportional power control 

Protection circuit COS/MOS gate-oxide 

Pull-up resistor 

Pulse applications, high-current 

Pulse-width circuit, COS/MOS voltage-

controlled 

Push-pull inverter 
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Quadruple-tuned interstage filter 

Quiescent dissipation (of COS/MOS devices) 

Radio frequency interference ( R FI) 

Suppression network 

Suppression of 

Radiation effects (on COS/MOS devices) 

Radiation, electron 

Radiation hardening, methods of 

Radiation-induced failure, types of 

Radiation, long-term effects of 

Radiation resistance 

Radiation tests 

RAM, COS/MOS, binary, 4-word, 8-bit 

(technical data) 

Ramp generator 

Raster correction circuit 

Rating chart, thermal-cycling 

Rating curves, rectifier 

RCB color system 

Reactor element, switching-regulator 

Read-only-memory, COS/MOS (technical data) 

Readouts, incandescent 

Receiver circuits, integrated 

Quick selection chart 

Technical data 

Receiver subsystem, AM, integrated-

circuit (technical data) 

Receiver synthesizer, COS/MOS FM 

Receiver turn-on transient 

Recovered audio 

Rectifier current, calculation of 

Rectifier product matrix 

Rectifier rating curves 

Rectifiers controlled-avalanche types 

(technical data) 

Rectifiers, fast-recovery 

Rectifiers, high-voltage (technical data) 

Rectifiers, silicon 

Product matrix 

Technical data 

Rectifiers, stud-mounted types 

(technical data) 

Rectifier surge-protection resistance, 

calculation of 

Reed-relay thyristor gate control 

Registers, COS/MOS MSI, design and 

application 

Remote sensing 

Remote-sensing circuit 

Resistance ladder networks 

Resistance networks for DAC's 

Resistance, rectifier surge-protection 

calculation of 

Resistor, pull-up 

Reversawatt transistors, epitaxial base 

silicon n-p-n and p-n-p ( technical data) 

Reversing motor control 

RF amplifiers, integrated circuit 

Applications 

Cascode type 
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Characteristics 

Circuits 

Circuit description 

Differential-amplifier type 

Operating modes 

Supply-voltage connections 

Technical data 

RF amplifier, MOS-transistor 

RF) (see radio frequency interference) 

RF operation 

RF power amplifiers 

RF power devices 

Application notes for 

Power-frequency curves 

Selection charts 

Technical data 

RF power transistors, power-frequency 

curves 

RF power transistors, selection charts for: 

Aircraft and marine-radio applications 

Microwave applications 

Military applications 

Military communications and CATV/MATV 

and small-signal applications 

Mobile-radio applications 

Single-sideband applications 

RF power transistors in linear applications 

RF power transistors, pulsed operation of 

RF power transistors, safe-area curves for 

RF power transistor, for single-sideband 

linear amplifier 

Ringing-choke converter 

Ring modulator, integrated-circuit 

Ripple blanking 

R/S latches, COS/MOS quad 3-state 

(technical data) 

Sample-and-hold circuits 

Sample-hold applications of COSMOS 

bilateral switch 

Scaling adders 

Scan regulation 

Schmitt circuit 
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1N248C RECT THC-50013 6 SSD-206A 326 
1N249C RECT THC-500B 6 SSD-206A 326 
1N250C RECT THC-50013 6 SSD-206A 326 
1N440B RECT THC-500B 5 SSD-206A 262 
1N441B RECT THC-500B 5 SSD-206A 262 

1N442B RECT THC-500B 5 SSD-206A 262 
1N 443B RECT THC-500B 5 SSD-206A 262 
1N44413 RECT THC-500B 5 SSD-206A 262 
1N4458 RECT THC-500B 5 SSD-206A 262 
1N536 RECT THC-500B 3 SSD-206A 265 

1N537 RECT THC-500B 3 SS D-206A 265 
1N538 RECT THC-500B 3 SSD-206A 265 
1N539 RECT TH C-50013 3 SSD-206A 265 
1N540 RECT T H C-50013 3 SSD-206A 265 
1N547 RECT THC-500B 3 SSD-206A 265 

1N1095 RECT THC-500B 3 SSD-206A 265 
1N1183A RECT THC-500B 38 SSD-206A 332 
1N1184A RECT THC-500B 38 SSID-206A 332 
1N1186A RECT THC-50013 38 SSD-206A 332 
1N1187A RECT THC-500B 38 SS D-206A 332 

1N1188A RECT THC-500B 38 SSD-206A 332 
1N1189A RECT THC-500B 38 SS D-206A 332 
1N1190A RECT THC-500B 38 SS D-206A 332 
1N1195A RECT THC-500B 6 SS D-206A 326 
1N1196A RECT THC-500B 6 SSD-206A 326 

1N1197A RECT THC-500B 6 SSD-206A 326 
1N1198A RECT TH C-5008 6 SSD-206A 326 
1N1199A RECT THC-500B 20 SSD-206A 320 
1N1200A RECT THC-500B 20 SSD-206A 320 
1N1202A RECT THC-500B 20 SSD-206A 320 

1N 1203A RECT THC-500B 20 SSD-206A 320 
1N 1204A RECT THC-500B 20 SS D-206A 320 
1N1205A RECT THC-500B 20 SSD-206A 320 
1N 1206A RECT THC-500B 20 SS D-206A 320 
1N1341B RECT THC-500B 58 SSD-206A 317 

1N1342B RECT THC-500B 58 SSD-206A 317 
1N1344B RECT THC-500B 58 SSD-206A 317 
1N1345B RECT THC-500B 58 SSD-206A 317 
1N1346B RECT THC-500B 58 SSD-206A 317 
1N134713 RECT THC-500B 58 SSD-206A 317 

1N13d18B RECT THC-500B 58 SSD-206A 317 
1N1612 RECT THC-500B 18 SSO-206A 315 
1N1613 RECT THC.500B 18 SSD-206A 315 
1N1614 RECT THC-500B 18 SSD-206A 315 
1N1615 RECT THC-500B 18 SSD-206A 315 

1N1616 RECT THC-500B 18 SSD-206A 315 
1N1763A RECT THC-500B 89 SSD-206A 272 
1N1764A RECT THC-500B 89 SS D-206A 272 
1N 2858A RECT THC-500B 91 SSD-206A 280 
1N2859A RECT THC-500B 91 SSD-206A 280 

1N 2860A RECT THC-50013 91 SSD-206A 280 
1N2861A RECT THC-500B 91 SSD-206A 280 
1N2862A RECT THC-500B 91 SSD-206A 280 
1N2863A RECT THC-500B 91 SSD-206A 280 
1N2864A RECT THC-500B 91 SSD•206A 280 

1N3193 RECT THC-500B 41 SS D-206A 268 
1N3194 RECT THC-500B 41 SS D-206A 268 
1N3195 RECT THC-500B 41 SSD-206A 268 
1N3196 RECT THC-50013 41 SSD-206A 268 
1N3253 RECT THC-500B 41 SSD-206A 268 

1N3254 RECT THC-500B 41 SSD-206A 268 
1N3255 RECT THC-500B 41 SSD-206A 268 
1N3256 RECT THC•500B 41 SSD-206A 268 
1N3563 RECT THC-500B 41 SSD-206A 268 
1N3754 RECT THC-50013 39 SSD-206A 258 

1N3755 RECT THC-500B 39 SSD-206A 258 
1N3756 RECT THC-50013 39 SSD-206A 258 
1N5211 RECT TH C-5008 245 SSD-206A 286 
1N5212 RECT TH C-5008 245 SSD-206A 286 
1N5213 RECT THC-500B 245 SSD-206A 286 

1N5214 RE CT THC-500B 245 SSD-206A 286 
1N5215 RECT THC-500B 245 SSD-206A 286 
1N5216 RECT THC-500B 245 SSD-206A 286 
1N5217 RECT THC-500B 245 SSD-206A 286 
1N5218 RECT THC-500B 245 SSD-206A 286 

DATA. 
Product File BOOK 

Type No. Line Catalog No. Vol. No. Page 

1N5391 HECT THC-500B 478 SSD-206A 300 
1N5392 HECT THC-500B 478 SSD-206A 300 
1N5393 RECT THC-500B 478 SS D-206A 300 
1N5394 RECT THC-5008 478 SSD-206A 300 
1N5395 RECT THC-500B 478 SSD-206A 300 

1N5396 RECT THC-500B 478 SSD-206A 3)0 
1N5397 RECT THC-500B 478 SSD-206A 300 
1N5398 RECT THC-500B 478 SSD-206A 330 
1N5399 RECT THC-500B 478 SSD-206A 300 
2N176 PWR SPG-201J 14 SSD-204A 572 

2N217 PWR SPG-201J 14 SSD-204A 572 
2N274 PWR SPG-201J 14 SSD-204A 572 
2N301 PWR SPG-201J 14 SSD-204A 572 
2N301A PWR SPG-201J 14 SSD-204A 572 
2N351 PWR SPG-201J 14 SSD-204A 572 

2N376 PWR SPG-201J 14 SSD-204A 572 
2N404 PWR SPG-201J 14 SSD-204A 572 
2N414 PWR SPG-201J 14 SS D-204A 572 
2N681 SCR THC-500B 96 SS D-206A 233 
2N682 SCR THC-500B 96 SSD-206A 233 

2N683 SCR THC-500B 96 SSD-206A 233 
2N684 SCR THC-500B 96 SSD-206A 233 
2N685 SCR THC-500B 96 SSD-206A 233 
2N686 SCR THC-500B 96 SSD-206A 233 
2N687 SCR THC-500B 96 SSD-206A 233 

2N688 SCR THC-500B 96 SSD-206A 233 
2N689 SCR THC-500B 96 SSD-206A 233 
2N690 SCR THC-500B 96 SSD-206A 233 
2N697 PWR PTD-187D 16 SSD-204A 472 
2N699 PWR PT D-187D 22 SSD-204A 320 

2N718A PWR SPG-201J 14 SSD-204A 572 
2N720A PWR SPG-201J 14 SSD-204A 572 
2N918 RF RFT-700K 83 SSD-205A 18 
2N1066 PWR SPG-201J 14 SS D-204A 572 
2N1183 PWR SPG-201J 14 SSD-204A 572 

2N1183A PWR SPG-201J 14 SS D-204A 572 
2N118313 PWR SPG-201J 14 SS D-204A 572 
2N1184 PWR SPG-201J 14 SSD-204A 572 
2N1184A PWR SPG-201J 14 SSD-204A 572 
2N1184B PWR SPG-201J 14 SSD-204A 572 

2N1224 PWR SPG-201J 14 SSD-204A 572 
2N1225 PWR SPG-201J 14 SS D-204A 572 
2N1226 PWR SPG-201J 14 SSD-204A 572 
2N1285 PWR SPG-201J 14 SSD-204A 572 
2N1395 PWR SPG -201J 14 SSD-204A 572 

2N1396 PWR SPG-201J 14 SSD-204A 572 
2N1397 PWR SPG -201J 14 SSD-204A 572 
2N1479 PWR PTD-1871) 135 SSD-204A 474 
2N1480 PWR PTD-187D 135 SSD-204A 474 
2N1481 PWR PTD-187D 135 SSD-204A 474 

2N1482 PWR PTD-187D 135 SSD-204A 474 
2N1483 PWR PTD-187D 137 SSD-204A 479 
2N1484 PWR PTD-187D 137 SSD-204A 479 
2N1485 PWR PTD-1870 137 SSD-204A 479 
2N1486 PWR PTD-187D 137 SSD-204A 479 

2N1487 PWR PTD-1870 139 SSD-204A 484 
2N1488 PWR PTD-187D 139 SSD-204A 484 
2N1489 PWR PTD-187D 139 SSD-204A 484 
2N1490 PWR PTD-187D 139 SSD-204A 484 
2N1491 R F R FT-700K 10 SSD-205A 22 

2N1492 RF R FT-700 K 10 SSD-205A 22 
2N1493 RF R FT-700K 10 SSD-205A 22 
2N1613 PWR PT D-187D 106 SS D-204A 323 
2N1683 PWR SPG-201J 14 SS D-204A 572 
2N1700 PWR PTD-187D 141 SSD-204A 489 

2N1701 PWR PTD-1870 141 SSD-204A 489 
2N1702 PWR PTO-1870 141 SSD-204A 489 
2N1711 PWR PTD•187D 26 SSD -204A 328 
2N1842A SCR THC-500B 28 SSD-206A 221 
2N1843A SCR THC-500B 28 SSD-206A 221 

2N1844A SCR THC-500B 28 SSD-206A 221 
2N 1845A SCR r1-1C-50013 28 SSD-206A 221 
2N 1846A SCR (HC-500B 28 SSD-206A 221 
2N1847A SCR THC-500B 28 SSD-206A 221 
2N1848A SCR THC-500B 28 SSD-20A 221 
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2N 1849A SCR T I-4C -500B 28 SSD -206A 221 2N4037 PWR PT D-1870 216 SSD-204A 428 
2N1850A SCR THC-500B 28 SSD-206A 221 2N4063 PWR PTD-187D 64 SSD -204A 222 
2N1893 PWR PT D -187D 34 SSD-204A 332 2N4064 PWR PTD-187D 64 SSD-204A 222 
2N1905 PWR SPG -201J 14 SSD-204A 572 2N4101 SCR THC-500B 114 SSD -206A 161 
2N1906 PWR SPG-201J 14 SSD-204A 572 2N4102 SCR THC-500B 114 SSD -206A 161 

2N2015 PWR PT D-1870 12 SSD-204A 500 2N4103 SCR THC-5008 116 SSO-206A 214 
2N2016 PWR PTD - 187D 12 SSD-204A 500 2N4240 PWR PTD-187D 135 SSD-204A 229 
2N2102 PWR PTD-187D 106 SS D-204A 323 2N4314 PWR PTD-187D 216 SSD-204A 428 
2N2147 PWR SPG -201J 14 SSD -204A 572 2N4346 PWR SPG-201J 14 SSD-204A 572 
2N2148 PWR SPG-201J 14 SSD-204A 572 2N4347 PWR PTD-187D 528 SSD-204A 44 

2N2270 PWR PTD - 187D 24 SSD-204A 338 2N4348 PWR PTD-187D 526 SSD-204A 60 
2N2338 PWR PT D-187 D 141 SSD-204A 489 2N4427 R F R FT-700K 228 SSD-205A 79 
2N2405 PWR PTD - 187D 34 SSD-204A 332 2N4440 RF AFT-700K 217 SSD -205A 85 
2N2631 RF R F T -700 K 32 SSD-205A 26 2N4932 RF R FT-700 K 249 SSD-205A 90 
2N2857 RF R FT-700 K 61 SSD -205A 31 2N4933 RF AFT-700K 249 SSD-205A 90 

2N 2869/2N 301 PWR SPG -201J 14 SSD-204A 572 2N5016 RF AFT-700K 255 SSD-205A 94 
2N2870/2N 301A PWR SPG -201J 14 SSD-204A 572 2N5034 PWR PTD-187D 244 SS D-204A 68 
2N2876 RF R FT-700K 32 SS D-205A 26 2N5035 PWR PTD-18713 244 SSD-204A 68 
2N2895 PWR PTO-1870 143 SS D-204A 342 2N5036 PWR PTD-187D 244 SSD-204A 68 
2N2896 PWR PTD-187 0 143 SSD-204A 342 2N5037 PWR PTD-187D 244 SSD-204A 68 

2N2897 PWR SPG -201J 143 SSD -204A 442 2N5038 PWR PTD-187D 367 SSD-204A 371 
2N3053 PWR PTD-187D 432 SSD -204A 348 2N5039 PWR PTD-187D 367 SSD-204A 371 
2N3054 PWR PTD - 187D 527 SSD -204A 20 2N5070 RF R FT-700K 268 SSD-205A 98 
2N3055 PWR PT D - 187 D 524 SSD-204A 28 2N5071 RF R FT-700 K 269 SSD-205A 103 
2N3118 RF RFT-700K 42 SSD-205A 35 2N5090 RF R FT-700 K 270 SSD -205A 107 

2N3119 RF AFT-700K 44 SS D-205A 39 2N5102 RF R FT-700K 279 SSD -205A 111 
2N3228 SCR TI-IC-500B 114 SSD -206A 161 2N5108 RF R FT-700K 280 SSD-205A 116 
2N3229 RF R FT-700 K 50 SSD -205A 43 2N5109 RF R FT -700K 281 SSD-205A 120 
2N3262 RF R FT-700 K 56 SSD -205A 46 2N5179 RF R FT-700K 288 SSD-205A 126 
2N3263 PWR PT D - 1870 54 SSD -204A 354 2N5180 RF R FT-700K 289 SSD-205A 132 

2N3264 PWR PTD-187D 54 SSD-204A 354 2N5189 PWR PT D - 187D 296 SSD-204A 378 
2N3265 PWR PTD-187D 54 SSD-204A 354 2N5202 PWR PT D - 187 D 299 SSD-204A 360 
2N3266 PWR PTD-187D 54 SSD-204A 354 2N5239 PWR PT D-187D 321 SSD-204A 241 
2N3375 RF R FT-700K 386 SSD-205A 50 2N5240 PWR PTD-1870 321 SSD -204A 241 
2N3439 PWR PTD-187D 64 SSD -204A 222 2N 5262 PWR PTD-187D 313 SSD-204A 383 

2N3440 PWR PT D-187D 64 SSD -204A 222 2N5293 PWR PTD-187D 332 SSD-204A 76 
2N3441 PWR PTO-1810 529 SSD -204A 36 2N5294 PWR PTD-187 0 332 SSD-204A 76 
2N3442 PWR PTD-187D 528 SS D -204A 44 2N5295 PWR PTD-187D 332 SSD-204A 76 
2N3478 RF R FT-700 K 77 SSD-205A 58 2N5296 PWR PT D-187 D 332 SSD-204A 76 
2N3528 SCR THC-500B 114 SSO -206A 161 2N5297 PWR PT D-187 D 332 SSD-204A 76 

2N3529 SCR THC-50013 114 SSD -206A 161 2N5298 PWR PT D - 187 D 332 SSD-204A 76 
2N3553 RF AFT-700K 386 SSD-205A 50 2N5320 PWR PT D-1810 325 SSD-204A 389 
2N3583 PWR PTD-187D 138 SSD-204A 229 2N5321 PWR PTD -187D 325 SSD-204A 389 
2N3584 PWR PTD-187D 138 SS D-204A 229 2N5322 PWR PTO-187D 325 SSD-204A 389 
2N3585 PWR PTD-187D 138 SSD-204A 229 2N5323 PWR PTD-1870 325 SSD-204A 389 

2N3600 RF R FT-700K 83 SSD-205A 18 2N5415 PWR PTD - 187D 336 SSD-204A 437 
2N3632 RF R FT-700K 386 SSD -205A 50 2N5416 PWR PTD-187D 336 SSD-204A 437 
2N3650 SCR THC-500B 408 SSD -206A 236 2N5441 TRI THC-500B 593 SSD-206A 127 
2N3651 SCR THC -500B 408 SSD-206A 236 2N5442 TRI THC-500B 593 SSD-206A 127 
2N3652 SCR T H C -500B 408 SSD-206A 236 2N 5443 TRI THC-500B 593 SSD-206A 127 

2N3653 SCR THC-500B 408 SSD-206A 236 2N 5444 TRI THC-500B 593 SSD-206A 127 
2N3668 SCR THC-500B 116 SSD -206A 214 2N5445 TRI THC-500B 593 SSD-206A 127 
2N3669 SCR THC-500B 116 SSD -206A 214 2N5446 TRI THC-500B 593 SSD-206A 127 
2N3670 SCR THC-500B 116 SSD-206A 214 2N5470 RF R FT-700K 350 SSD-205A 136 
2N3730 PWR SPG -201J 14 SSD -204A 572 2N5490 PWR PTD-187D 353 SSD-204A 85 

2N3731 PWR SPG -201J 14 SSD-204A 572 2N5491 PWR PTD-1870 353 SSD-204A 85 
2N3732 PWR SPG -201J 14 SSD-204A 572 2N5492 PWR PTD-187D 353 SSD-204A 85 
2N3733 RF R F T -700K 72 SSD-205A 62 2N5493 PWR PTD-187D 353 SSD-204A 85 
2N3771 PWR PTD-187D 525 SS D-204A 52 2N5494 PWR PTD-187D 353 SSD-204A 85 
2N3772 PWR PTD-187D 525 SSD-204A 52 2N5495 PWR PTD-187D 353 SSD-204A 85 

2N3773 PWR PTD-1870 526 SSD-204A 60 2N5496 PWR PTD-187D 353 SSD-204A 85 
2N3839 RF R FT-700K 229 SSD -205A 67 2N5497 PWR PTD-187D 353 SSO-204A 85 
2N3866 RF R FT-700K 80 SSD -205A 71 2N5567 TRI TH C-5006 457 SSD-206A 83 
2N3870 SCR f HC-500B 578 SSD-206A 243 2N5568 TRI THC-500B 457 SSD-206A 83 
2N 3871 SCR THC-50013 578 SSD -206A 243 2N5569 TRI THC-500B 457 SSD-206A 83 

2N3872 SCR THC-500B 578 SSD-206A 243 2N5570 TRI THC-500B 457 SSD-206A 83 
2N3873 SCR THC-50013 578 SSD-206A 243 2N5571 TRI THC-500B 458 SSD-206A 98 
2N3878 PWR PTD-187D 299 SSD-204A 360 2N5512 TRI THC-500B 458 SSD-206A 98 
2N3879 PWR PTD-187D 299 SSD-204A 360 2N5513 TRI THC-500B 458 SSD-206A 98 
2N3896 SCR THC-500B 578 SSD-206A 243 2N5574 TRI THC-500B 458 SSD-206A 98 

2N3897 SCR THC-500B 578 SSD-206A 243 2N5575 PWR PTD-187D 359 SSD-204A 92 
2N3898 SCR THC-50013 578 SSD-206A 243 2N5578 PWR PTO-1870 359 SSD-204A 92 
2N3899 SCR THC-500B 578 SSD-206A 243 2N5671 PWR PTD-187D 383 SSD-204A 395 
2N4012 RF R FT-700K 90 SSD-205A 75 2N5672 PWR PTD-187D 383 SSD-204A 395 
2N4036 PWR PTD-187 0 216 SSD-204A 428 2N5754 TRI THC-500B 414 SSD-206A 22 
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2N5755 TRI THC-500B 414 SSD-206A 22 2N6259 PWR PTD-187D 526 SSD-204A 60 
2N5756 TRI THC-500B 414 SSD-206A 22 2N6260 PWR PTD-187D 527 SS D-204A 20 
2N5757 TRI THC-500B 414 SSD-206A 22 2N6261 PWR PT D-187 D 527 SSD-204A 20 
2195781 PWR PT D- 187D 413 SSD-204A 100 2N6262 PWR PTD-187D 528 SSL)-204A 44 
2195782 PWR PT D-187D 413 SSD-204A 100 2N6263 PWR PTD-187D 529 SSD-204A 36 

2N5783 PWR PTD-187D 413 SSD-204A 100 2N6264 PWR PTD-187D 529 SSD-204A 36 
2N5784 PWR PT D-187D 413 SSD-204A 100 2N6265 RF RFT-700K 543 SSD-205A 231 
2N5785 PWR PT D-187D 413 SSD-204A 100 2N6266 RF RFT-700K 54-4 SSD-205A 237 
2N5786 PWR PTD-187D 413 SSD-204A 100 2N6267 RF R F T-700 K 545 SSD-205A 243 
2195804 PWR PT D-187 D 407 SSD-204A 247 2N6268 RF RFT-700K 546 SSD-205A 249 

2N5805 PWR PT D-187D 407 SSD-204A 247 2N6269 RF R FT-700K 546 SSD-205A 249 
2N5838 PWR PT D-187 D 410 SSD-204A 253 2N6288 PWR PT D-187 D 542 SSD-204A 161 
2N5839 PWR PT D-187 D 410 SSD-204A 253 2N6289 PWR PTD-187D 542 SSD-204A 161 
2N5840 PWR PT D-187 D 410 SSD-204A 253 2N6290 PWR PTD-187D 542 SS D-204A 161 
2N5913 RF RFT-700K 423 SSD-205A 142 2N6291 PWR PT D-187 D 542 SSD-204A 161 

2N5914 RF R F T-700 K 424 SSD-205A 148 2196292 PWR PTD-187D 542 SSD-204A 161 
2N5915 RF R FT-700K 424 SSD-205A 148 2196293 PWR PTD-187D 542 SSD-204A 161 
2N5916 RF R FT-700K 425 SSD-205A 154 2N6354 PWR PTD-187D 582 SSD-204A 415 
2195917 RF R FT-700K 425 SSD-205A 154 2N6371 PWR PTD-187D 607 SSD-204A 119 
2195918 RF R FT-700K 448 SSD-205A 160 2N6372 PWR PTD-187D 608 SSD-204A 169 

2N5919 RF R F T -700 K 426 SSD-205A 165 2N6373 PWR PTD-1870 608 SSD-204A 169 
2N5919A RF RF T-700K 505 SSD-205A 172 2N6374 PWR PTD-187D 608 SSD-204A 169 
2N5920 RF R FT-700K 440 SSD-205A 178 2N6383 PWR PTD-187D 609 SSD-204A 455 
2N5921 RF R F T - 700 K 427 SSD-205A 184 2N6384 PWR PTD-187D 609 SSD-204A 455 
2N5954 PWR PT D-187 D 435 SS D-204A 138 2N6385 PWR PTD-187D 609 SSD-204A 455 

2N5955 PWR PT D-187 D 435 SSD-204A 138 2N6386 PWR PTD-187D 610 SSD-204A 461 
2N5956 PWR PTD-187D 435 SSO-204A 138 2N6387 PWR PTO- 1870 610 SSD-204A 461 
2N5992 RE R F T -700K 451 SSD-205A 192 2N6388 PWR PTD-187D 610 SSD-204A 461 
2N5993 RF R F T -700K 452 SSD-205A 197 3N128 MOS/FET MOS-160C 309 SSD-201A 568 
2N5994 RF R F T -700K 453 SSD-205A 202 3N138 MOS/FET MOS-160C 283 SSD-201A 573 

2N5995 RF R F T -700K 454 SSD-205A 208 3N139 MOS/FET MOS-160C 284 SSD-201A 577 
2N5996 RF RF T -700K 455 SSD-205A 213 3N140 MOS/FET MOS•160C 285 SSD-201A 610 
2N6032 PWR PT D-187 D 462 SSD-204A 401 3N141 MOS/FET MOS-160C 285 SSD-201A 610 
2N6033 PWR PTD-187D 462 SSD-204A 401 3N142 MOS/FET MOS-160C 286 SSD-201A 582 
2N6055 PWR PT D-187D 563 SSD-204A 450 3N143 MOS/FET MOS -160C 309 SSD-201A 568 

2N6056 PWR PTD-187D 563 SSD-204A 450 3N152 MOS/FET MOS -160C 314 SSD-201A 588 
2N6077 PWR PT D-187 D 492 SSD-204A 260 3N153 MOS/FET MOS - 160C 320 SSD-201A 593 
2196078 PWR PT D-187 D 492 SSD-204A 260 3N154 MOS/FET MOS•160C 335 SSD-201A 596 
2196079 PWR PT D-1870 492 SSD-204A 260 3N159 MOS/FET MOS-160C 326 SSD-201A 618 
2N6093 RF RF T -700K 484 SSD-205A 219 3N187 MOS/FET MOS - 160C 436 SSD-201A 636 

2196098 PWR PT D-1870 485 SSD-204A 111 3N200 MOS/FET MOS - 160C 437 SSD-201A 644 
2196099 PWR PT D-187D 485 SSD-204A 111 29 PWR PT D-187D 583 SSD-204A 175 
2196100 PWR PT D-187 D 485 SSD-204A 111 29A PWR PT D-1870 583 SSD-204A 175 
2196101 PWR PTD-187D 485 SSD-204A 111 298 PWR PTD-187D 583 SSD-204A 175 
2N6102 PWR PT D-1870 485 SSD-204A 111 29C PWR PT D-1870 583 SSD-204A 175 

2N6103 PWR PT D-1870 485 SSD-204A 111 30 PWR PTD-18713 584 SSD-204A 180 
2N6104 RF R F T -700K 504 SSD-205A 224 30A PWR PT D-187D 584 SSD-204A 180 
2N6105 RF R F T -700K 504 SSD-205A 224 308 PWR PTD-187D 584 SSD-204A 180 
2N6106 PWR PT D-187 D 488 SSD-204A 145 30C PWR PTD-187D 584 SSD-204A 180 
2N6107 PWR PT D-187 D 488 SSD-204A 145 31 PWR PTD-187D 585 SSD-204A 185 

2N6108 PWR PT D-187 D 488 SSD-204A 145 31A PWR PTD-187D 585 SSD-204A 185 
2N6109 PWR PT D-187 D 488 SSD-204A 145 318 PWR PTD-187 D 585 SSD-204A 185 
2N6110 PWR PT D-187 D 488 SSD-204A 145 31C PWR PTD-187 D 585 SSD-204A 185 
2N6111 PWR PT D-187D 488 SSD-204A 145 32 PWR PTO-187D 586 SSD-204A 190 
2N6175 PWR PT D- 187D 508 SSD-204A 268 32A PWR PTD-187D 586 SSD-204A 190 

2N6176 PWR PT D-187D 508 SSD-204A 268 328 PWR PTO-187D 586 SSD-204A 190 
2N6177 PWR PT D-1870 508 SSD-204A 268 32C PWR PTD-187D 586 SSD-204A 190 
2N6178 PWR PT D-187D 562 SSO-204A 407 41 PWR PTD-187D 587 SSD-204A 195 
2N6179 PWR PT D-187D 562 SSD-204A 407 41A PWR PTO-187D 587 SSD-204A 195 
2N6180 PWR PTD-187D 562 SSD-204A 407 418 PWR PTO-187D 587 SSD-204A 195 

2196181 PWR PT D-187D 562 SSD-204A 407 41C PWR PTD-187D 587 SSD-204A 195 
2196211 PWR PT D- 187 D 507 SS D-204A 443 42 PWR PTD-187D 588 SSD-204A 200 
2N6212 PWR PT D-1870 507 SSD-204A 443 42A PWR PTD-187 D 588 SSD-204A 200 
2196213 PWR PT D-1870 507 SSD-204A 443 428 PWR PTO-187D 588 SSD-204A 200 
2196214 PWR PT D-1870 507 SSD-204A 443 42C PWR PTD-187 D 588 SSD-204A 200 

2N6246 PWR PT D-1870 541 SSD-204A 153 101 PWR PTO-187D 557 SSD-204A 205 
2N6247 PWR PT O.1870 541 SSD-204A 153 102 PWR PTD-187D 557 SSD-204A 205 
2N6248 PWR PT D-187 D 541 SSD-204A 153 103 PWR PTD-1871) 557 SSD-204A 205 
2N6249 PWR PT D-1870 523 SSD-204A 276 104 PWR PT D.1870 557 SSD-204A 205 
2N6250 PWR PTD-187D 523 SSD-204A 276 105 PWR PT D-187 D 556 SSD-204A 209 

2N6251 PWR PT D-187 D 523 SSD-204A 276 106A SCR THC-500B 555 SSD-206A 150 
2N6253 PWR PTD-187D 524 SSD-204A 28 1068 SCR THC-500B 555 SSD-206A 150 
2N6254 PWR PT D-187 D 524 SS D-204A 28 106C SCR THC-5008 555 SSD-206A 150 
2N6257 PWR PTD•187D 525 SSD-204A 52 1060 SCR THC-5008 555 SSD-206A 150 
2N6258 PWR PTD-187D 525 SSD-204A 52 106E SCR THC-500B 555 SSD-206A 150 
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106F SCR THC-500B 555 SSD-206A 150 40314 PWR PTD-187D 78 SSD-204A 510 
106M SCR THC-5008 555 SSD-206A 150 40315 PWR PTD-187D 78 SSD-204A 510 
1060 SCR THC-5008 555 SSD-206A 150 40316 PWR PTD-1870 78 SSD-204A 510 
106V SCR THC-500B 555 SSD-206A 150 40317 PWR PT D-1870 78 SSD-204A 510 
107A SCR THC-500B 555 SSD-206A 150 40318 PWR PT D-187D 78 SSD-204A 510 

107B SCR THC-500B 555 SSD-206A 150 40319 PWR PTD-187D 78 SSD-204A 510 
107C SCR THC-5008 555 SSD-206A 150 40320 PWR PTD-187D 78 SSD-204A 510 
1070 SCR THC-500B 555 SSD-206A 150 40321 PWR PTD-187D 78 SSD-204A 510 
107E SCR THC-500B 555 SSD-206A 150 40322 PWR PT D-1870 78 SSD-204A 510 
107F SCR THC-500B 555 SSD-206A 150 40323 PWR PT D-1870 78 SSD-204A 510 

107M SCR Tl-IC-500B 555 SSD-206A 150 40324 PWR PTD-187D 78 SSD-204A 510 
1070 SCR THC-500B 555 SSD-206A 150 40325 PWR PTD-187D 78 SSD-204A 510 
107V SCR THC-500B 555 SSD-206A 150 40326 PWR PTD-187D 78 SSD-204A 510 
201 PWR PT D-1870 557 5S0-204A 205 40327 PWR PTD-187D 78 SSD-204A 510 
202 PWR PTD-187D 557 SSD-204A 205 40328 PWR PT D-187D 78 SSD-204A 510 

203 PWR PTD-187D 557 SSD-204A 205 40340 RF R FT -700K 74 SSD-205A 295 
204 PWR PTD-187D 557 SSD-204A 205 40341 RF AFT-700K 74 SSD-205A 295 
205 PWR PTD-187D 556 SSD -204A 209 40346 PWR PTD-1870 211 SSD-204A 237 
370 PWR PT D-187D 558 SSD-204A 213 40346V1 PWR PTD-187D 211 SSD-204A 237 
371 PWR PT D-187 D 558 SSD-204A 213 40346V2 PWR PTD-187D 211 SSD-204A 237 

410 PWR PTD-187 0 509 SSD-204A 284 40347 PWR PTD-187D 88 SSD-204A 129 
411 PWR PTD-1870 510 SSD-204A 290 40347V1 PWR PTD - 187 D 88 SSD-204A 129 
413 PWR PT D- 187D 511 SSD -204A 296 40347V2 PWR PTD-187D 88 SSD-204A 129 
423 PWR PT D-1870 512 SSD -204A 302 40348 PWR PTD-187D 88 SSD-204A 129 
431 PWR PT D-187 D 513 SSD-204A 308 40348V 1 PWR PTD-1870 88 SSD -204A 129 

520 PWR PT D-187 D 558 SSD-204A 213 40348V2 PWR PT D-187 0 88 SSD -204A 129 
521 PWR PTD-1870 558 SSD-204A 213 40349 PWR PT D-1870 88 SSD-204A 129 
1000 PWR PT D-187D 594 SSD-204A 468 40349V1 PWR PTD - 187 D 88 SS D-204A 129 
1001 PWR PT D-187D 594 SSD -204A 468 40349V2 PWR PTD - 187D 88 SSD-204A 129 
40022 PWR SPG -201J 14 SSD-204A 572 40360 PWR PTD - 187D 78 SSD-204A 510 

40050 PWR SPG -201J 14 SSD-204A 572 40361 PWR PTD-187D 78 SSD-204A 510 
40051 PWR PTD-187D 14 SSD-204A 572 40362 PWR PTD-187D 78 SSD-204A 510 
40080 RF R FT-700K 301 SSD-205A 260 40363 PWR PT D-1870 78 SSD-204A 510 
40081 RF R FT-700 K 301 SSD-205A 260 40364 PWR PT D-1870 78 SSD -204A 510 
40082 RF R FT-700K 301 SSD-205A 260 40366 PWR PT D-187 0 215 SSD -204A 421 

40084 PWR PT D-187D 40 SSD -204A 505 40367 PWR PT D-1870 215 SSD-204A 421 
40108 RECT T HC -5006 48 SSD -206A 319 40368 PWR PTD - 187D 215 SSD-204A 421 
40109 HECT THC-500B 48 SSO-206A 319 40369 PWR PTO - 187D 215 SSD-204A 421 
40110 RECT THC-5008 48 SSD-206A 319 40372 PWR PTD-187D 527 SSD-204A 20 
40111 RECT THC-5008 48 SSD -206A 319 40373 PWR PTD-187D 529 SSD-204A 36 

40112 RECT THC-500B 48 SSD -206A 319 40374 PWR PT D- 1870 128 SSD-204A 229 
40113 RECT THC-500B 48 SSD-206A 319 40375 PWR PT D-1870 299 SSD-204A 360 
40114 RECT THC -500B 48 SSD-206A 319 40385 PWR PT D-1870 215 SSD-204A 421 
40115 RECT THC:500B 48 SSD-206A 319 40389 PWR PTO-1870 432 SSD -204A 348 
40208 HECT THC-500B 120 SSD-206A 324 40390 PWR PTD-1870 64 SSD -204A 222 

40209 RECT THC-500B 120 SSD-206A 324 40391 PWR PTD - 187D 216 SSD-204A 428 
40210 RECT THC-5008 120 SSD-206A 324 40392 PWR PTD - 187D 432 SSD-204A 348 
40211 RECT THC-500B 120 SSD-206A 324 40394 PWR PTD - 187D 216 SSO-204A 428 
40212 HECT THC-500B 120 SSD -206A 324 40406 PWR PT D- 187D 219 SSD-204A 516 
40213 RECT THC-50013 120 SSD-206A 324 40407 PWR PT D-187D 219 SSD-204A 516 

40214 RECT THC-5008 120 SSD-206A 324 40408 PWR PT D-1870 219 SSD-204A 516 
40216 SCR THC-500B 247 SSD-206A 250 40409 PWR PT D-1870 219 SSD-204A 516 
40250 PWR PT D-187D 112 SSD-204A 124 40410 PWR PT D-1870 219 SSD-204A 516 
40250V 1 PWR PTD-187D 112 SSD 204A 124 40411 PWR PT D-1870 219 SSD-204A 516 
40251 PWR PT D-187D 112 SSD-204A 124 40412 PWR PT D-1870 211 SSD-204A 237 

40254 PWR SPG -201J 14 SSD-204A 572 40412V1 PWR PT D-187 0 211 SSD-204A 237 
40266 RECT TH C-5008 75 SSD -206A 309 40412V2 PWR PTD-187D 211 SSD-204A 237 
40267 RECT THC-500B 75 SSD-206A 309 40414 RF R FT-700K 259 SSD-205A 299 
40279 RF AFT-700K 46 SSD-205A 264 40421 PWR SPG-201J 14 SSD-204A 572 
40280 RF AFT-700K 68 SSD-205A 268 40429 TRI Tl-IC-500B 351 SSD -206A 41 

40281 RF AFT-700K 68 SSD-205A 268 40430 TR I THC-500B 351 SS D-206A 41 
40282 RF AFT-700K 68 SSD-205A 268 40431 T R I Tl-IC-500B 477 SSD-206A 48 
40290 RF AFT-700K 70 SSD-205A 272 40432 T R I THC-500B 477 SSD-206A 48 
40291 RF RFT-700K 70 SSD-205A 272 40439 PWR SPG -201J 14 SSD-204A 572 
40292 RF R FT-700K 70 SSD-205A 272 40440 PWR SPG -201J 14 SSD-204A 572 

40294 RF AFT-700K 202 SSD-205A 276 40446 RF AFT-700K 301 SSD-205A 260 
40296 RF R FT-700K 603 SSD-205A 283 40462 PWR SPG -201J 14 SS D-204A 572 
40305 RF RFT-700K 144 SSD-205A 290 40467A MOS/F ET MOS-160C 324 SSD-201A 601 
40306 RF R FT-700K 144 SS D-205A 290 40468A MOS/F ET MOS - 160C 323 SSD-201A 606 
40307 RF R FT-700K 144 SS D-205A 290 40484 PWR SPG-201J 14 SSD-204A 572 

40309 PWR PTD-1870 78 SSD-204A 510 40485 T R I THC-500B 352 SSD-206A 54 
40310 PWR PTD-187D 78 SSD-204A 510 40486 T R I TH C-5008 352 SSD-206A 54 
40311 PWR PTD-187D 78 SSD-204A 510 40502 TRI THC-500B 351 SSO-206A 41 
40312 PWR PTD-187D 78 SSD-204A 510 40503 T R I THC-5008 351 SSD-206A 41 
40313 PWR PTD-187D 78 SSD-204A 510 40504 SCR THC-50013 266 SSD-206A 168 
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40505 SCR THC-500B 266 SSD-206A 168 
40506 SCR THC-500B 266 SSD-206A 168 
40509 TRI THC-500B 352 SSD-206A 54 
40510 TRI THC-500B 352 SSD-206A 54 
40511 TRI THC-500B 477 SSO-206A 48 

40512 TRI THC-5008 477 SSD-206A 48 
40513 PWR PTD-1870 244 SSD-204A 68 
40514 PWR PTD-187D 244 SSD -204A 68 
40525 TR TAC-5008 470 SSD-206A 27 
40526 TR THC-50013 470 SSD-206A 27 

40527 TR THC-500B 470 SSD-206A 27 
40528 TR T H C-50013 470 SSD-206A 27 
40529 TR TH C-5008 470 SSD-206A 27 
40530 TR TAC-5006 470 SSD-206A 27 
40531 TR THC-500B 470 SSD-206A 27 

40532 TRI TH C-5006 470 SSD-206A 27 
40533 TRI TAC-5006 470 SSD-206A 27 
40534 TRI THC-500B 470 SSD-206A 27 
40535 TRI TAC-500B 470 SSD-206A 27 
40536 TRI THC-500B 470 SSD-206A 27 

40537 PWR PT D-187 D 320 SSD-204A 523 
40538 PWR PTO-1870 320 SSD-204A 523 
40539 PWR PT D-1870 303 SSD-204A 527 
40542 PWR PTD-187D 304 SSD-204A 531 
40543 PWR PTD-187D 304 SSD-204A 531 

40544 PWR PT D-1870 303 SSD-204A 527 
40546 PWR SPG-201J 14 SSO-204A 572 
40553 SCR THC-5008 306 SSD-206A 175 
40554 SCR THC-500B 306 SSD-206A 175 
40555 SCR THC-500B 306 SSD-206A 175 

40559A MOS/F ET MOS-160C 323 SSD-201A 606 
40575 TRI TH C-5008 300 SSD-206A 105 
40576 TRI TAC-5008 300 SS D-206A 105 
40577 RF AFT-700K 297 SSD-205A 305 
40578 RF AFT-700K 298 SS0-205A 312 

40581 RF AFT-700K 301 SSD-205A 260 
40582 R F AFT-700K 301 SSD-205A 260 
40594 PWR PT D-1871) 358 SS D-204A 537 
40595 PWR PTO-1870 358 SSD-204A 537 
40600 MOS/FET MOS-160C 333 SSD-201A 624 

40601 MOS/F ET MOS-160C 333 SSD-201A 624 
40602 MOS/F ET MOS-160C 333 SSD-201A 624 
40603 MOS /F ET MOS-160C 334 SSD-201A 632 
40604 MOS/F ET MOS-160C 334 SSD-201A 632 

40605 R F RF T-700 K 389 SS D-205A 318 

40606 RF AFT-700K 600 SSD-205A 325 
40608 RF RFT-700K 356 SSD-205A 332 
40611 PWR PT D-1870 358 SS D-204A 537 
40612 PWR SPG-201J 14 SSD-204A 572 
40613 PWR PT D-1870 358 SSD-204A 537 

40616 PWR PT D-187 D 358 SSD-204A 537 
40618 PWR PT D-187 D 358 SSD-204A 537 
40621 PWR PT D- 187D 358 SS D-204A 537 
40622 PWR PT D-187 D 358 SSD-204A 537 
40623 PWR SPG -201J 14 SSD-204A 572 

40624 PWR PT D-1870 358 SS D-204A 537 
40625 PWR PTD-187D 358 SSD-204A 537 
40626 PWR SPG-201J 14 SSD-204A 572 
40627 PWR PT D-1870 358 SS D-204A 537 
40628 PWR PTD-187D 358 SSD-204A 537 

40629 PWR PTO- 187D 358 SS D-204A 537 
40630 PWR PTD-187D 358 SSD-204A 537 
40631 PWR PT D-187 D 358 SSD-204A 537 
40632 PWR PTO- 1810 358 SS D-204A 537 
40633 PWR PTD-187D 358 SSD-204A 537 

40634 PWR PTO-187D 358 SSD-204A 537 
40635 PWR PT D-1870 358 SSD-204A 537 
40636 PWR PTD-187D 358 SSD-204A 537 
40637 PWR SPG-201J 14 SS D-204A 572 
40638 TRI TAC-500B 352 SSD-206A 54 

40639 TRI THC-50013 352 SS D-206A 54 
40640 SCR T IA C-500B 354 SSD-206A 179 
40641 SCR TAC-500B 354 SSD-206A 179 
40642 R E CT TAC-5006 354 SSD-206A 290 
40643 RECT THC-500B 354 SSD-206A 290 
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40644 RECT TAC-500B 354 SSD-206A 290 
40654 SCR THC-500B 496 SSD-206A 191 
40655 SCR THC-500B 496 SSD-206A 191 
40656 SCR l'HC-500E1 496 SSO-206A 191 
40657 SCR THC-500B 496 SSD-206A 191 

40658 SCR THC-500B 496 SSD-206A 191 
40659 SCR THC-500B 496 SSD-206A 191 
40660 TRI TAC-500G 459 SSD-206A 112 
40661 TRI THC-500B 459 SSD-206A 112 
40662 TRI THC-50013 459 SSD-206A 112 

40663 TRI T H C-50013 459 SSD-206A 112 
40664 TRI THC-50013 375 SSD-206A 61 
40665 RF AFT-700K 386 SS D-205A 50 
40666 RF R FT -700 K 386 SSD-205A 50 
40667 TRI THC-500B 375 SS D-206A 61 

40668 TRI TAC-5008 364 SSO-206A 73 
40669 TRI TAC-5006 364 SS D-206A 73 
40671 TRI THC-500B 459 SSD-206A 112 
40672 TRI TAC-5008 459 SSD-206A 112 
40673 MOS/F ET MOS-160C 381 SSD-201A 679 

40680 SCR TAC-5008 578 SSD-206A 242 
40681 SCR TAC-50Q8 578 SSD-206A 242 
40682 SCR THC-500B 578 SSD-206A 242 
40683 SCR TAC-500B 578 SSD-206A 242 
40684 TRI TAC-500G 414 SSD-206A 22 

40685 TR THC-500B 414 SSD-206A 22 
40686 TR THC-500B 414 SSD-206A 22 
40687 TR THC-500B 414 SSD-206A 22 
40688 TR TAC-500B 593 SSD-206A 127 
40689 TR THC-500B 593 SSD-206A 127 

40690 TR TAC-500G 593 SSD-206A 127 
40691 TR TAC-5008 431 SSD-206A 34 
40692 TR THC-500B 431 SSD-206A 34 
40693 TR THC-5008 406 SSD-206A 141 
40694 TR TAC-500B 406 SSD-206A 141 

40695 TR TAC-500B 406 SSD-206A 141 
40696 TR T H C-50013 406 SSD-206A 141 
40697 TR TAC-5006 406 SSD-206A 141 
40698 TR TAC-500B 406 SSD-206A 141 
40699 TR THC-5006 406 SSD-206A 141 

40700 TR TAC-5006 406 SSD-206A 141 
40701 TR THC-5008 406 SSD-206A 141 
40702 TR TAC-5006 406 SSD-206A 141 
40703 TR TAC-5008 406 SSD-206A 141 
40704 TR TAC-5006 406 SSD-206A 141 

40705 TR TAC-5006 406 SSD-206A 141 
40706 TR TAC-5006 406 SSD-206A 141 
40707 TR TAC-5006 406 SSD-206A 141 
40708 TR TAC-5006 406 SSD-206A 141 
40709 TR TAC-5006 406 SSD-206A 141 

40710 TRI TAC-5006 406 SSD-206A 141 
40711 TRI TAC-500B 406 SSD-206A .141 
40712 TRI TAC-5006 406 SSD-206A 141 
40713 TRI TAC-5008 406 SSD-206A 141 
40714 TRI TAC-600B 406 SSD-206A 141 

40715 TRI TAC-5006 406 SSD-206A 141 
40716 TRI TAC-5006 406 SSD-206A 141 
40717 TRI TAC-5006 406 SSD-206A 141 
40718 TRI TAC-5006 406 SSD-206A 141 
40719 TRI TAC-5006 406 SSD-206A 141 

40720 TRI THC-5008 406 SSD-206A 141 
40721 TRI TAC-5006 406 SSD-206A 141 
40722 TRI TAC-5006 406 SSD-206A 141 
40723 TAl TAC-5008 406 SSD-206A 141 
40724 TRI TAC-5008 406 SSD-206A 141 

40725 TRI TAC-5006 406 SSD-206A 141 
40726 TRI TAC-5006 406 SSD-206A 141 
40727 TRI TAC-500B 406 SSD-206A 141 
40728 TRI THC-50013 406 SSD-206A 141 
40729 TRI TAC-5006 406 SSD-206A 141 

40730 TRI TAC-5006 406 SSD-206A 141 
40731 TRI TAC-5008 406 SSD-206A 141 
40732 TRI TAC-500G 406 SSD-206A 141 
40733 TRI TAC-5006 406 SSD-206A 141 
40734 TRI TAC-5006 406 SSD-206A 141 
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40735 SCR THC-500B 408 SS D-206A 236 40823 MOS/FFT MOS-160C 465 SSD -201A 666 
40737 SCR T HC-5008 417 SSD-206A 206 40833 SCR TH C-5008 496 SSD -206A 192 
40738 SCR THC-5008 417 SSD-206A 206 40834 SCR THC-500B 496 SS D-206A 192 
40739 SCR THC-500B 417 SSD-206A 206 40835 SCR THC-500B 496 SSD-206A 192 
40740 SCR THC-500B 417 SSD-206A 206 40836 RF R FT-700 K 497 SSD -205A 336 

40741 SCR THC-500B 417 SSD -206A 206 40837 R F R FT-700K 497 SSD-205A 336 
40742 SCR THC-500B 417 SSD -206A 206 40841 MOS/FET MOS-160C 489 SSD-201A 673 
40743 SCR THC -5008 417 SSD-206A 206 40842 TRI THC-500B 493 SSD-206A 79 
40744 SCR THC-500B 417 SSD-206A 206 40850 PWR PTO-187D 498 SSD-204A 314 
40745 SCR THC-500B 417 SSD-206A 206 40851 PWR PTD-187D 498 SSD-204A 314 

40746 SCR THC-500B 417 SSD-206A 206 40852 PWR PTD-187D 498 SSD -204A 314 
40747 SCR THC-500B 417 SSD-206A 206 40853 PWR PTD-187D 498 SSD -204A 314 
40748 SCR THC-500B 417 SSD-206A 206 40854 PWR PTD-187D 498 SS D -204A 314 
40749 SCR THC-5008 418 SSD-206A 225 40867 SCR THC-500B 501 SS D -206A 200 
40750 SCR THC-500B 418 SSD-206A 225 40868 SCR THC-500B 501 SSD -206A 200 

40751 SCR THC-500B 418 SSD-206A 225 40869 SCR THC-500B 501 SS D -206A 200 
40752 SCR THC-500B 418 SSD-206A 225 40885 PWR PTD-187D 508 SSD-204A 268 
40753 SCR THC-500B 418 SSD -206A 225 40886 PWR PT D-1870 508 SSD-204A 268 
40754 SCR THC-500B 418 SSD -206A 2.,5 40887 PWR PTD-187D 508 SSD-204A 268 
40755 SCR THC -5006 418 SSD -206A 225 40888 SCR THC-500B 522 SSD-206A 187 

40756 SCR THC-500B 418 SSD -206A 225 40889 SCR THC-500B 522 SSD-206A 187 
40757 SCR THC-5008 418 SSD-206A 225 40890 RECT THC-500B 522 SSD-206A 304 
40758 SCR THC-500B 418 SSD-206A 225 40891 RECT THC-500B 522 SSD-206A 304 
40759 SCR THC-500B 418 SSD -206A 225 40892 RECT THC-5008 522 SSD-206A 304 
40760 SCR THC-500B 418 SSD-206A 225 40893 RF R FT -700K 514 SSD -205A 342 

40761 TRI THC-500B 431 SSD-206A 34 40894 RF R FT-700 K 514 SSD-205A 342 
40762 TRI THC -5006 431 SSD-206A 34 40895 RF R FT-700 K 514 SSD -205A 342 
40766 TRI THC-500B 431 SSD -206A 34 40896 RF R FT-700K 514 SSD -205A 342 
40767 TRI THC -500B 431 SSD -206A 34 40897 RF R FT-700K 514 SSO -205A 342 
40768 SCR THC -500B 476 SSD -206A 185 40898 R F RFT-700K 538 SSD -205A 351 

40769 TRI THC-500B 441 SSD -206A 35 40899 RF RFT-700K 538 SSD-205A 351 
40770 TRI THC-500B 441 SSD -206A 35 40900 TRI THC-500B 540 SSD-206A 143 
40771 TRI THC-500B 441 SSD-206A 35 40901 TRI THC-5008 540 SSD-206A 143 
40772 TRI THC-500B 441 SSD-206A 35 40902 TRI THC-500B 540 SSD -206A 143 
40773 TRI THC-5006 442 SSD-206A 67 40909 RF R F T -700K 547 SSD -205A 359 

40774 TRI THC-500B 442 SSD-206A 67 40910 PWR PT D-187 D 527 SS D -204A 20 
40775 TRI THC-500B 443 SS D-206A 90 40911 PWR PT D-187 D 527 SS D -204A 20 
40776 TRI THC-500B 443 SS D-206A 90 40912 PWR PTD-187D 529 SSD -204A 36 
40777 TRI THC-500B 443 SSD -206A 90 40913 PWR PT D-187 D 529 SSD -204A 36 
40778 TRI THC -5006 443 SSD -206A 90 40915 RF AFT-700K 574 SSD-205A 363 

40779 TA THC -5006 443 SSD -206A 90 40916 TRI THC-500B 549 SSD-206A 134 
40780 IR T HC -5006 443 SS D-206A 90 40917 TRI THC-500B 549 SSD-206A 134 
40781 IR THC -500B 443 SSD-206A 90 40918 TRI THC-500B 549 SSO-206A 134 
40782 TA THC-50013 443 SSD -206A 90 40919 TRI THC-500B 549 SSD-206A 134 
40783 IR THC-500B 443 SSD-206A 90 40920 TRI THC-500B 549 SSD-206A 134 

40784 TA THC-500B 443 SSD-206A 90 40921 TRI THC-500B 549 SSD-206A 134 
40785 IR THC -500B 443 SS D-206A 90 40922 TRI THC-500B 549 SSD-206A 134 
40786 IR THC-500B 443 SS D-206A 90 40923 TRI THC-500B 549 SSD-206A 134 
40787 IR THC -500B 487 SSD-206A 119 40924 TRI THC-500B 549 SSD-206A 134 
40788 IR THC -500B 487 SSD-206A 119 40925 TRI THC-500B 593 SSD-206A 127 

40789 TA THC-500B 487 SSD -206A 119 40926 TRI THC-500B 593 SSD-206A 127 
40790 TR T HC -500B 487 SSD-206A 119 40927 TRI THC-500B 593 SSD-206A 127 
40791 IR THC-500B 487 SSD -206A 119 40934 RF AFT-700K 550 SSD-205A 367 
40792 IR THC-500B 487 SSD -206A 119 40936 RF RFT-700K 551 SSD-205A 371 
40793 IR THC-500B 487 SSD-206A 119 40937 SCR THC-500B 578 SSD-206A 243 

40794 TRI THC-500B 487 SSD-206A 119 40938 SCR THC-500B 578 SSD-206A 243 
40795 TRI THC -5006 457 SS D-206A 83 40940 RF R FT-700K 553 SSD-205A 375 
40796 TRI THC -500B 457 SS D-206A 83 40941 RF RFT-700K 554 SSD-205A 380 
40797 TRI T HC -5006 458 SS D-206A 98 40942 SCR THC-500B 567 SSD -206A 161 
40798 TRI THC-5006 458 SSD-206A 98 40943 SCR THC-5008 567 SSD-206A 161 

40799 TA T HC -5006 457 SSD-206A 83 40944 SCR THC-500B 567 SSD -206A 161 
40800 TA THC-500B 457 SSD -206A 83 40945 SCR THC-500B 567 SSD -206A 161 
40801 TA T H C -500B 457 SSD -206A 83 40946 TRI THC-50013 351 SSD-206A 41 
40802 IR THC-500B 458 SSD -206A 98 40947 TRI TH C-5006 351 SSD -206A 41 
40803 IR THC-500B 458 SSD -206A 98 40948 TRI THC-500B 352 SSD -206A 54 

40804 IR THC-5006 458 SSD -206A 98 40949 TRI TH C -500B 352 SSD -206A 54 
40805 IR THC-5006 459 SSD -206A 112 40950 TRI THC-5006 352 SSD -206A 54 
40806 IR THC-500B 459 SSD-206A 112 40952 SCR THC-500B 578 SSD -206A 243 
40807 IR THC-500B 459 SSD -206A 112 40953 RF R FT-700 K 579 SSD-205A 384 
40808 RECT THC -5006 449 SSD-206A 311 40954 RF R FT-700 K 579 SSD -205A 384 

40809 RECT THC -5006 449 SSD-206A 311 40955 RE R FT-700K 579 SSD -205A 384 
40819 MOS/FET MOS-160C 463 SSD-201A 650 40956 RECT THC-5006 580 SSD -206A 333 
40820 MOS/FET MOS-160C 464 SSD-201A 658 40957 RECT THC-500B 580 SS D -206A 333 
40821 MOS/FET MOS-160C 464 SSD-201A 658 40958 RECT THC-500B 580 SSD -206A 333 
40822 MOS/FET MOS - 160C 465 SSD-201A 666 40959 RECT THC-5006 580 SS D-206A 333 
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40960 RECT THC-5006 580 SSD-206A 333 CA3028AH LIC COL-820E 516 SSD-201A 534 
40964 RF RFT-700K 581 SSD-205A 389 CA3028AL LIC COL-820E 515 SSD-201A 545 
40965 RF RFT-700K 581 SSD-205A 389 CA3028AS LIC COL-820E 382 SSD-201A 344 
40967 RF R FT-700K 596 SSD-205A 393 CA3028B LIC COL-820E 382 SSD-201A 344 
40968 RF RFT-700K 596 SSD-205A 393 CA302813/1-4 LIC CDL-820E 400 SSD-201A 355 

40970 RF R FT-700 K 604 SSD-205A 397 CA3028BF LIC CDL-820E 382 SSD-201A 344 
40972 RF R FT-700K 597 SSD-205A 402 CA3028BS LIC CDL-820E 382 SSD-201A 344 
40973 RF RFT-700K 597 SSD-205A 402 CA3029 LIC COL-820E 316 SSD-201A 507 
40974 RF RFT-700K 597 SSD-205A 402 CA3029A LIC COL-820E 310 SSD-201A 516 
40975 RF RFT-700K 606 SSD-205A 406 CA3030 LIC COL-820E 316 SSD-201A 507 

40976 RF RFT-700K 606 SSD-205A 406 CA3030A LIC COL-820E 310 SSD-201A 516 
40977 RF R FT-700K 606 SSD-205A 406 CA3033 LIC COL-820E 360 SSD-201A 488 
44001 RECT THC-50013 495 SS D-206A 296 CA3033A LIC COL-820E 360 SSD-201A 488 
44002 RECT THC-50013 495 SS D-206A 296 CA3033H LIC COL-820E 516 SSD-201A 534 
44003 RECT THC-50013 495 SS D-206A 296 CA3035 LIC COL-820E 274 SSD-201A 74 

44004 RECT THC-500B 495 SSD-206A 296 CA3035H LIC COL-820E 516 SSD-201A 534 
44005 RECT THC-50013 495 SSD-206A 296 CA3035V1 LIC COL-820E 274 SSD-201A 74 
44006 RECT THC-50013 495 SSD-206A 296 CA3036 LIC COL-820E 275 SSD-201A 202 
44007 RECT THC-5006 495 SSD-206A 296 CA3037 LIC COL-820E 316 SSD-201A 507 
45190 PWR PT D- 187D 559 SSD-204A 217 CA3037A LIC COL-820E 310 SSD-201A 516 

45191 PWR PTO- 1870 559 SSD-204A 217 CA3038 LIC CDL-820E 316 SSD-201A 507 
45192 PWR PTO- 1870 559 SSD-204A 217 CA3038A LIC CDL-820E 310 SSID-201A 516 
45193 PWR PTO- 18713 559 SS D-204A 217 CA3039 LIC COL-820E 343 SSD-201A 166 
45194 PWR PTD-187D 559 SSD-204A 217 CA3039H LIC COL-820E 516 SSD-201A 534 
45195 PWR PTD-187D 559 SSD-204A 217 CA 3039 L LIC COL-820E 515 SSD-201A 545 

45411 D I AC THC-500B 577 SSD-206A 354 CA3040 LIC COL-820E 363 SSD-201A 284 
45412 DIAC TIC-5008 577 SSD-206A 354 CA3041 LIC COL-820E 31$ SSD-201A 90 
CA2111AE LIC COL-820E 612 SSD-201A 112 CA3042 LIC COL-820E 319 SSD-201A 98 
CA2111AQ LIC COL-820E 612 SSD-201A 112 CA3043 LIC COL-820E 331 SSD-201A 57 
CA3000 LIC COL-820E 121 SSD-201A 290 CA3043H LIC COL-820E 516 SSD-201 A 534 

CA3000/1-4 LIC CD L -8208 368 SSD-201A 296 CA3044 LIC COL-820E 340 SSD-201A 78 
CA 3000H LIC COL-820E 516 SSD-201A 534 CA3044V 1 LIC COL-820E 340 SSD-201A 78 
CA3001 LIC COL-820E 122 SSD-201A 304 CA3045 LIC COL-820E 341 SSD-201A 221 
CA3001/1-4 LIC COL-820E 369 SSD-201A 310 CA3045/1-4 LIC COL-820E 401 SSD-201A 227 
CA3001H LIC CDL-820E 516 SSD-201A 534 CA3045 F LIC COL-820E 341 SSD-201A 221 

CA3002 LIC CDL-820E 123 SSD-201A 258 CA3045H LIC COL-820E 516 SSD-201A 534 
CA3002H LIC COL-820E 516 SSD-201A 534 CA3045L LIC COL-820E 515 SSD-201A 545 
CA3004 LIC COL-820E 124 SSD-201A 318 CA3046 LIC COL-820E 341 SSD-201A 221 
CA3005 LIC COL-820E 125 SSO-201A 324 CA3047 LIC COL-820E 360 SSD-201A 488 
CA3005H LIC COL-820E 516 SSD-201A 534 CA3047A LIC COL-820E 360 SSD-201A 488 

CA3006 LIC COL-820E 125 SSD-201A 324 CA3048 LIC COL-820E 377 SSD-201A 250 
CA3007 LIC COL-820E 126 SSD-201A 331 CA 3048 H LIC COL-820E 516 SSD-201A 534 
CA3008 LIC COL-820E 316 SSD-201 A 507 CA3049H LIC COL-820E 516 SSD-201A 534 
CA3008A LIC COL-820E 310 SSD-201 A 516 CA3049L LIC COL-820E 515 SSD-201A 545 
CA3010 LIC COL-820E 316 SSD-201A 507 CA 3049T LIC COL-820E 611 SSD-201A 363 

CA3010A LIC COL-820E 310 SSD-201A 516 CA3050 LIC COL-820E 361 SSD-201A 372 
CA3011 LIC COL-820E 128 SSD-201A 264 CA3051 LIC COL-820E 361 SSD-201A 372 
CA3012 LIC COL-820E 128 SSD-201A 264 CA3052 LIC C DL -820E 387 SSD-201A 28 
CA3012H LIC COL-820E 516 SSD-201A 534 CA3053 LIC COL-820E 382 SSO-201A 344 
CA3013 LIC CD L-820 E 129 SSD-201A 62 CA3054 LIC COL-820E 388 SSD-201A 336 

CA3014 LIC COL-820E 129 SSD-201A 62 CA3054H LIC COL-820E 516 SSD-201A 534 
CA3015 LIC COL-820E 316 SSD-201A 507 CA3054 L LIC COL-820E 515 SSD-201A 545 
CA3015A LIC COL-820E 310 SSD-201A 516 CA3058 LIC COL-820E 490 SSD-201A 380 
CA3015A/1-4 LIC COL-820E 371 SSD-201A 525 CA3059 LIC COL-820E 490 SSD-201A 380 
CA3015H LIC COL-820E 516 SSD-201A 534 CA3059H LIC COL-820E 516 SSD-201A 534 

CA3015L LIC COL-820E 515 SSD-201A 545 CA3060AD LIC COL-820E 537 SSD-201A 466 
CA3016 LIC COL-820E 316 SSD-201A 507 CA3060BD LIC COL-820E 537 SSD-201A 466 
CA3016A LIC COL-820E 310 SSID-201A 516 CA3060D LIC COL-820E 537 SSD-201 A 466 
CA3018 LIC CDL-820E 338 SSD-201 A 204 CA3060E LIC COL-820E 537 SSD-201A 466 
CA3018A LIC COL-820E 338 SSO-201A 204 CA3060H LIC COL-820E 516 SSD-201A 534 

CA3018H LIC COL-820E 516 SSD-201A 534 CA3062 LIC COL-820E 421 SSD-201A 401 
CA3018L LIC COL-820E 515 SSD-201A 545 CA3064 LIC COL-820E 396 SSD-201A 84 
CA3019 LIC C DL -820E 236 SS D-201A 162 CA3065 LIC COL-820E 412 SSD-201A 106 
CA3019H LIC COL-820E 516 SS D-201A 534 CA3066 LIC COL-820E 466 SSD-201A 125 
CA3020 LIC COL-820E 339 SSD-201A 270 CA3067 LIC COL-820E 466 SSD-201A 125 

CA3020A LIC COL-820E 339 SSD-201A 270 CA3068 LIC COL-820E 467 SSD-201A 117 
CA3020H LIC COL-820E 516 SSD-201A 534 CA3070 LIC COL-820E 468 SSD-201A 143 
CA3021 LIC COL-820E 243 SSD-201A 278 CA3071 LIC COL-820E 468 SSD-201A 143 
CA3022 LIC COL-820E 243 SSD-201A 278 CA3072 LIC COL-820E 468 SSD-201A 143 
CA3023 LIC COL-820E 243 SSD-201A 278 CA3075 LIC CD L -820E 429 SSD-201A 53 

CA3023H LIC COL-820E 516 SSD-201A 534 CA3075H LIC COL-820E 516 SSD-201A 534 
CA3026 LIC COL-820E 388 SSD-201A 336 CA3076 LIC COL-820E 430 SSD-201A 70 
CA3026H LIC COL-820E 516 SSD-201A 534 CA3076H LIC COL-820E 516 SSD-201A 534 
CA3028A LIC COL-820E 382 SSD-201A 344 CA3078AS LIC COL-820E 535 SSD-201A 479 
CA3028AF LIC COL-820E 382 SSD-201A 344 CA3078AT LIC COL-820E 535 SSD-201A 479 
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CA3078H LIC CDL-820E 516 SSD-201A 534 CA3748CS LIC CDL-820E 531 SSD-201A 501 
CA3078S LIC COL-820E 535 SSD-201A 479 CA3748CT LIC CDL-820E 531 SSD-201A 501 
CA3078T LIC CDL-820E 535 SSD-201A 479 CA3748S LIC CDL-820E 531 SSD-201A 501 
CA3079 LIC CDL-820E 490 SSD-201A 380 CA37487 LIC CDL-820E 531 SSD-201A 501 
CA3080 LIC CDL-820E 475 SSD-201A 458 CA6078AS LIC COL-820E 592 SSD-201A 496 

CA:3080A LIC CDL-820E 475 SSD-201A 458 CA6078AT LIC COL-820E 592 SSD-201A 496 
CA3080AS LIC COL-820E 475 SSD-201A 458 CA6741S LIC COL-820E 592 SSD-201A 496 
CA3080H LIC CDL-820E 516 SSD-201A 534 CA67417 LIC CDL-820E 592 SSD-201A 496 
CA3080S LIC COL-820E 475 SSD-201A 458 CD2150 LIC CDL-820E 308 SSD-201A 443 
CA3081 LIC COL-820E 480 SSD-201A 170 CD2151 LIC COL-820E 308 SSD-201A 443 

CA3081H LIC COL-820E 516 SSD-201A 534 CD2152 LIC COL-820E 308 SSD-201A 443 
CA3082 LIC COL-820E 480 SSD-201A 170 CD2153 LIC COL-820E 308 SSD-201A 443 
CA3082H LIC COL-820E 516 SSD-201A 534 CD2154 LIC COL-820E 402 SSD-201A 455 
CA3083 LIC COL-820E 481 SSD-201A 174 CD2500E LIC COL-820E 392 SSD-201A 437 
CA3083F LIC COL-820E 481 SSD-201A 174 CD2501E LIC COL-820E 392 SSD-201A 437 

CA3083H LIC COL-820E 516 SSD-201A 534 CD2502E LIC COL-820E 392 SSD-201A 437 
CA3084 LIC CDL-820E 482 SSD-201A 178 CO2503E LIC COL-820E 392 SSD-201A 437 
CA3084H LIC COL-820E 516 SSD-201A 534 CD4000AD COS/MOS COS-278B 479 SSD-203A 24 
CA3084L LIC COL-820E 515 SSD-201A 545 CD4000AE COS/MOS COS-278B 479 SSD-203A 24 
CA3085 LIC COL-820E 491 SSD-201A 409 CD4000AH COS/MOS COS-278B 517 SSD-203A 268 

CA3085A LIC COL-820E 491 SSD-201A 409 CD4000AK COS/MOS COS-278B 479 SSD-203A 24 
CA3085AF LIC COL-820E 491 SSD-201A 409 CD4001AD COS/MOS COS-278B 479 SSD-203A 24 
CA3085AS LIC COL-820E 491 SSD-201A 409 CD4001AE COS/MOS COS-27813 479 SSD-203A 24 
CA3085 B LIC COL-820E 491 SSD-201A 409 CD4001AH COS/MOS COS-27813 517 SSD-203A 268 
CA3085BF LIC COL-820E 491 SSD-201A 409 CD4001AK COS/MOS COS-27813 479 SSD-203A 24 

CA3085BS LIC COL-820E 491 SSD-201A 409 CD4002AD COS/MOS COS-278B 479 SSD-203A 24 
CA3085H LIC COL-820E 516 SSD-201A 534 CD4002AE COS/MOS COS-27813 479 SSD-203A 24 
CA3085F LIC COL-820E 491 SSD-201A 409 CD4002AH COS/MOS COS-27813 517 SSD-203A 268 
CA3085S LIC COL-820E 491 SSD-201A 409 CD4002AK COS/MOS COS-278B 479 SSD-203A 24 
CA3086 LIC COL-820E 483 SSD-201A 234 CD4004A Series Replaced by CD4024A Series 

CA3088E LIC COL-820E 560 SSD-201A 42 CD4006AD COS/MOS COS-278B 479 SSD-203A 31 
CA3089E LIC COL-820E 561 SSD-201A 46 CD4006AE COS/MOS COS-278B 479 SSD-203A 31 
CA30900 LIC COL-820E 502 SSD-201A 36 CD4006AH COS/MOS COS-278B 517 SSD-203A 268 
CA3091D LIC COL-820E 534 SSD-201A 417 CD4006AK COS/MOS COS-27813 479 SSD-203A 31 
CA3091H LIC COL-820E 516 SSD-201A 534 C D4007A 0 COS/MOS COS-278B 479 SSD-203A 37 

CA3093E LIC COL-820E 533 SSD-201A 196 CD4007AE COS/MOS COS-27813 479 SSD-203A 37 
CA3093H LIC COL-820E 516 SSD-201A 534 CD4007AH COS/MOS COS-2788 517 SSD-203A 268 
CA3094AT LIC COL-820E 598 SSD-201A 388 CD4007AK COS/MOS COS-278B 479 SSD-203A 37 
CA 3094BT LIC COL-820E 598 SSD-201A 388 CD4008AD COSIMOS COS-278B 479 SSD-203A 43 
CA3094T LIC COL-820E 598 SSD-201A 388 CD4008AE COSIMOS COS-278B 479 SSD-203A 43 

CA3095E LIC COL-820E 591 SSD-201A 240 CD4008AH COS/MOS COS-278B 517 SSD-203A 268 
CA3096AE LIC COL-820E 595 SSD-201A 185 CD4008AK COS/MOS COS-278B 479 SSD-203A 43 
CA3096E LIC COL-820E 595 SSD-201A 185 CD4009AD COS/MOS COS-278B 479 SSD-203A 48 
CA3102E LIC COL-820E 611 SSD-201A 363 CD4009AE COS/MOS COS-27813 479 SSD-203A 48 
CA3118AT LIC COL-820E 532 SSD-201A 210 CD4009AH COS/MOS COS-278B 517 SSD-203A 268 

CA3118H LIC COL-820E 516 SSD-201A 534 CD4009AK COSIMOS COS-278B 479 SSD-203A 48 
CA31187 LIC COL-820E 532 SSD-201A 210 CD4010AD COS/MOS COS-278B 479 SSD-203A 48 
CA3120E LIC COL-820E Prel. SSD-201A 159 CD4010AE COS/MOS COS-2788 479 SSD-203A 48 
CA3121E LIC COL-820E Prel. SSD-201A 141 CD4010AH COS/MOS COS-2788 517 SSD-203A 268 
CA3146AE LIC COL-820E 532 SSD-201A 210 CD4010AK COS/MOS COS-2788 479 SSD-203A 48 

CA3146E LIC COL-820E 532 SSD-201A 210 CD4011AD COS/MOS COS-278B 479 SSD-203A 55 
CA3146H LIC COL-820E 516 SSD-201A 534 CD4011AE COS/MOS COS-278B 479 SSD-203A 55 
CA3183AE LIC COL-820E 532 SSD-201A 210 C04011AH COS/MOS COS-278B 517 SSD-203A 268 
CA3183E LIC COL-820E 532 SSD-201A 210 CD4011AK COS/MOS COS-27813 479 SSD-203A 55 
CA3183H LIC COL-820E 516 SSD-201A 534 CD4012AD COS/MOS COS-2788 479 SSD-203A 55 

CA3458S LIC COL-820E 531 SSD-201A 501 CD4012AE COS/MOS COS-278B 479 SSD-203A 55 
CA34587 LIC COL-820E 531 SSD-201A 501 CD4012AH COS/MOS COS-278B 517 SSD-203A 268 
CA3541D LIC COL-820E 536 SSD-201A 429 CD4012AK COS/MOS COS-278B 479 SSD-203A 55 
CA3541H LIC COL-820E 516 SSD-201A 534 CD4013AD COSIMOS COS-278B 479 SSD-203A 62 
CA3558S LIC COL-820E 531 SSD-201A 501 CD4013AE COS/MOS COS-278B 479 SSD-203A 62 

CA3558T LIC COL-820E 531 SSD-201A 501 CD4013AH COS/MOS COS-278B 517 SSD-203A 268 
CA3741CH LIC COL-820E 516 SSD-201A 534 CD4013AK COS/MOS COS-278B 479 SSD-203A 62 
CA3741CS LIC COL-820E 531 SSD-201A 501 CD4014AD COS/MOS COS-278B 479 SSD-203A 68 
CA3741CT LIC COL-820E 531 SSD-201A 501 CD4014AE COS/MOS COS-278B 479 SSD-203A 68 
CA3741L LIC COL-820E 515 SSD-201A 545 CD4014AH COS/MOS COS-2788 517 SSD-203A 268 

CA3741S LIC COL-820E 531 SSD-201A 501 CD4014AK COS/MOS COS-2788 479 SSD-203A 68 
CA3741T LIC COL-820E 531 SSD-201A 501 CD4015AD COS/MOS COS-278B 479 SSD-203A 73 
CA 3747C E LIC COL-820E 531 SSD-201A 501 CD4015AE COS/MOS COS-278B 479 SSD-203A 73 
CA3747CF LIC COL-820E 531 SSD-201A 501 CD4015AH COS/MOS COS-27813 517 SSD-203A 268 
CA3747CH LIC COL-820E 516 SSD-201A 534 CD4015AK COS/MOS COS-278B 479 SSD-203A 73 

CA3747CT LIC COL-820E 531 SSD-201A 501 CD4016AD COS/MOS COS-278V 479 SSD-203A 78 
CA3747E LIC COL-820E 531 SSD-201A 501 CD4016AE COS/MOS COS-2788 479 SSD-203A 78 
CA3747 F LIC COL-820E 531 SSD-201A 501 CD4016AH COS/MOS COS-27813 517 SSD-203A 268 
CA3747T LIC COL-820E 531 SSD-201A 501 CD4016AK COS/MOS COS-27813 479 SSD-203A 78 
CA3748CH LIC COL-820E 516 SSD-201A 534 CD4017AD COS/MOS COS-278B 479 SSD-203A 84 
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CD4017AE COS/MOS COS-278B 479 SSD-203A 84 
CD4017AH COS/MOS COS-27813 517 SSD-203A 268 
CD4017AK COS/MOS COS-278B 479 SSD-203A 84 
CD4018AD COS/MOS COS-278B 479 SSD-203A 89 
CD4018AE COSIMOS COS-278B 479 SSD-203A 89 

CD4018AH COS/MOS COS-278B 517 SSD-203A 268 
CD4018AK COS/MOS COS-278B 479 SSD-203A 89 
CD4019AD COS/MOS COS-278B 479 SSD-203A 94 
CD4019AE COS/MOS COS-27813 479 SSD-203A 94 
CD4019AH COS/MOS COS-278B 517 SSD-203A 268 

CD4019AK COS/MOS COS-278B 479 SSD-203A 94 
CD4020AD COS/MOS COS-27813 479 SSD-203A 99 
CD4020AE COS/MOS COS-278B 479 SSD-203A 99 
CD4020AH COS/MOS COS-278B 517 SSD-203A 268 
CD4020AK COS/MOS COS-278B 479 SSD-203A 99 

CD4021A0 COS/MOS COS-27813 479 SSD-203A 104 
CD4021AE COS/MOS COS-278B 479 SSD-203A 104 
CD4021AH COS/MOS COS-278B 517 SSD-203A 268 
CD4021AK COS/MOS COS-278B 479 SSD-203A 104 
CD4022A D COS/MOS COS-278B 479 SSD-203A 109 

CD4022AE COS/MOS COS-278B 479 SSD-203A 109 
CD4022AH COS/MOS COS-278B 517 SSD-203A 268 
CD4022AK COS/MOS COS-278B 479 SSD-203A 109 
CD4023A D COS/MOS COS-278B 479 SSD-203A 55 
CD4023AE COS/MOS COS-278B 479 SSD-203A 55 

C D4023A H COS/MOS COS-27813 517 SSD-203A 268 
CD4023AK COSMOS COS-278B 479 SSD-203A 55 
CD4024AD COSMOS COS-278B 503 SSD-203A 114 
CD4024AE COS/MOS COS-278B 503 SSD-203A 114 
CD4024AH COS/MOS COS-278B 517 SSD-203A 268 

CD4025A D COS/MOS COS-278B 479 SSD-203A 24 
CD4025AE COS/MOS COS-278E1 479 SSD-203A 24 
CD4025AH COS/MOS COS-278B 517 SSD-203A 268 
CD4025AK COS/MOS COS-278B 479 SSD-203A 24 
CD4026AD COS/MOS COS-278B 503 SSD-203A 120 

CD4026AE COS/MOS COS-278B 503 SSD-203A 120 
CD4026AH COS/MOS COS-278B 517 SSD-203A 268 
CD4026AK COS/MOS COS-278B 503 SSD-203A 120 
CD4027AD COS/MOS COS-278B 503 SSD-203A 129 
CD4027AE COS/MOS COS-278B 503 SSD-203A 129 

CD4027AH COS/MOS COS-27813 517 SSD-203A 268 
CD4027AK COS/MOS COS-278B 503 SSD-203A 129 
CD4028AD COS/MOS COS-278B 503 SSD-203A 135 
CD4028AE COS/MOS COS-27813 503 SSD-203A 135 
CD4028AH COS/MOS COS-27813 517 SSD-203A 268 

CD4028AK COS/MOS COS-278B 503 SSD-203A 135 
CD4029A D COS/NAOS COS-278B 503 SSD-203A 140 
CD4029AE COS/MOS COS-278B 503 SSD-203A 140 
CD4029AH COS/MOS COS-2786 517 SSD-203A 268 
CD4029AK COS/MOS COS-278B 503 SSD-203A 140 

C D4030A D COS/MOS COS-278B 503 SSD-203A 147 
CD4030AE COS/MOS COS-278B 503 SSD-203A 147 
CD4030AH COS/MOS COS-278B 517 SSD-203A 268 
CD4030AK COS/MOS COS-278B 503 SSD-203A 147 
CD4031AD COS/MOS COS-278B 569 SSD-203A 152 

CD4031AE COS/MOS COS-27813 569 SSD-203A 152 
CD4031AH COS/MOS COS-278B 517 SSD-203A 268 
CD4031AK COS/MOS COS-278B 569 SSD-203A 152 
C D4032A D COS/MOS COS-27813 503 SSD-203A 159 
CD4032AE COS/MOS COS-278B 503 SSD-203A 159 

CD4032AH COS/MOS COS-278B 517 SSD-203A 268 
CD4032AK COS/MOS COS-278B 503 SSD-203A 159 
CD4033A D COS/MOS COS-27813 503 SSD-203A 120 
CD4033AE COS/MOS COS-278B 503 SSD-203A 120 
CD4033AH COS/MOS COS-278B 517 SSD-203A 268 

CD4033AK COS/MOS COS-278B 503 SSD-203A 120 
C D4034A D COS/M1S COS-278B 575 SSD-203A 164 
CD4034AE COS/MOS COS-278B 575 SSD-203A 164 
CD4034AH COS/MOS COS-278B 517 SSD-203A 268 
CD4034AK COS/MOS COS-27813 575 SSD-203A 164 

C D4035A D COS/MOS COS-278B 568 SSD-203A 173 
CD4035AE COS/MOS COS-278B 568 SSD-203A 173 
CD4035AH COS/MOS COS-278B 517 SSD-203A 268 
CD4035AK COS/MOS COS-278B 568 SSD-203A 173 
C D4036A D COS/MOS COS-278B 613 SSD-203A 181 
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CD4036AE COS/MOS COS-278B 613 SSD-203A 181 
CD4036AH COS/MOS COS-278B 517 SSD-203A 268 
CD4036AK COS/MOS COS-27813 613 SSD-203A 181 
CD4037AD COS/MOS COS-278B 576 SSD-203A 188 
CD4037AE COS/MOS COS-278B 576 SSD-203A 188 

CD4037AK COS/MOS COS-278B 576 SSD-203A 188 
CD4038AD COS/MOS COS-278B 503 SSD-203A 159 
CD4038AE COS/MOS COS-278B 503 SSD-203A 159 
CD4038AH COS/MOS COS-278B 517 SSD-203A 268 
CD4038AK COS/MOS COS-278B 503 SSD-203A 159 

CD4039AD COS/MOS COS-27813 613 SSD-203A 181 
CD4039AH COS/MOS COS-278B 517 SSD-203A 268 
CD4039AK COS/MOS COS-278B 613 SSD-203A 181 
C D4040A D COS/MOS COS-278B Prel. SSD-203A 195 
CD4040AE COS/MOS COS-278B Prel. SSD-203A 195 

CD4040AK COS/MOS COS-278B Prel. SSD-203A 195 

CD4041AD COS/MOS COS-278B 572 SSD-203A 199 
CD4041AE COS/MOS COS-278B 572 SSD-203A 199 
CD4041AH COS/MOS COS-278B 517 SSD-203A 268 

CD4041AK COS/MOS COS-278B 572 SSD-203A 199 

CD4042AD COS/MOS COS-278B 589 SSD-203A 208 
CD4042AE COS/MOS COS-278E1 589 SSD-203A 208 
CD4042AK COS/MOS COS-27813 589 SSD-203A 208 
CD4043AD COS/MOS COS-278B 590 SSD-203A 214 
CD4043AE COS/MOS COS-278B 590 SSD-203A 214 

CD4043AK COS/MOS COS-27813 590 SSD-203A 214 
CD4044AD COS/MOS COS-278B 590 SSD-203A 214 
CD4044AE COS/MOS COS-278B 590 SSD-203A 214 
CD4044AK COS/MOS COS-278B 590 SSD-203A 214 
CD4045AD COS/MOS COS- 27813 Prel. SSD-203A 222 

CD4045AE COS/MOS COS-278B Prel. SSD-203A 222 
CD4045AK COS/MOS COS-278B Prel. SSD-203A 222 
CD4046AD COS/MOS COS-278B Prel. SSD-203A 224 
CD4046AE COS/MOS COS-278B Prel. SSD-203A 224 
C 04046A K COS/MOS COS-278B Prel. SSD-203A 224 

CD4047AD COS/MOS COS-278B Prel. SSD-203A 228 
CD4047AE COS/MOS COS-278B Prel. SSD-203A 228 
C04047AK COS/MOS COS-278B Prel. SSD-203A 228 
C 04048AD COS/MOS COS-278B Prel. SSD-203A 233 
CD4048AE COS/MOS COS-278B Prel. SSD-203A 233 

CD4048AK COS/MOS COS-278B Prel. SSD-203A 233 
CD4049AD COS/MOS COS-278B 599 SSD-203A 237 
CD4049AE COS/MOS COS-27813 599 SSD-203A 237 
CD4049AH COS/MOS COS-278B 517 SSD-203A 268 
CD4049AK COS/MOS COS-278B 599 SSD-203A 237 

C D4050A D COS/MOS COS-27813 599 SSD-203A 237 
CD4050AE COS/MOS COS-278B 599 SSD-203A 237 
CD4050AH COS/MOS COS-278B 517 SSD-203A 268 
CD4050AK COS/MOS COS-278B 599 SSD-203A 237 
CD4051AD COS/MOS COS-278B Prel. SSD-203A 245 

CD4051AE COS/MOS COS-278B Prel. SSD-203A 245 
CD4051AK COS/MOS COS-278B Prel. SSD-203A 245 
C D4052A D COS/MOS COS-278B Prel. SSD-203A 245 
CD4052AE COSIMOS COS-27813 Prel. SSD-203A 245 
CD4052AK COS/MOS COS-2786 Prel. SSD-203A 245 

CD4053AD COS/MOS COS-27813 Prel. SSD-203A 245 
CD4053AE COS/MOS COS-278B Prel. SSD-203A 245 
CD4053AK COS/MOS COS-278B Prel. SSD-203A 245 
CD4054AD COS/MOS COS-278B Prel. SSD-203A 249 
CD4054AE COS/MOS COS-278B Prel. SSD-203A 249 

CD4054AK COS/MOS COS-278B Prel. SSD-203A 249 
C D4055A D COS/MOS COS-27813 Prel. SSD-203A 249 
CD4055AE COSIMOS COS-278B Prel. SSD-203A 249 
C D4055 A K COS/MOS COS-278B Prel. SSD-203A 249 
C D4056A D COS/MOS COS-278B Prel. SSD-203A 249 

CD4056AE COS/MOS COS-278B Prel. SSD-203A 249 
C 04056A K COS/MOS COS-27813 Prel. SSD-203A 249 
CD4057AD COS/MOS COS-278B Prel. SSD-203A 254 
CD4058AD COS/MOS COS-278B Prel. SSD-203A 262 
CD4058AK COSIMOS COS-278B Prel. SSD-203A 262 

CI-12102 PWR SPG-201J 469 SSD-204A 544 
CH2270 PWR SPG-201J 469 SSD-204A 544 
CH2405 PWR SPG-201J 469 SSD-204A 544 
CH3053 PWR SPG-201J 469 SSD-204A 544 
CI-13439 PWR SPG-201J 469 SSD-204A 544 
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CH3440 PWR SPG-201J 469 SSD-204A 544 CR324 RECT TH C-5008 60 SS D-206A 344 
CH4036 PWR SPG-201J 469 SSD-204A 544 CR325 RECT THC-5006 60 SS D-206A 344 
CH4037 PWR SPG-201J 469 SSD-204A 544 CR331 RECT THC-500B 60 SS D-206A 344 
CH5320 PWR SPG-201J 469 SSD-204A 544 CR332 RECT THC-500B 60 SS D-206A 344 
CH5321 PWR SPG-201J 469 SSD-204A 544 CR333 RECT THC-500B 60 SS D-206A 344 

CH5322 PWR SPG-201J 469 SSD-204A 544 CR334 RECT THC-500B 60 SS D-206A 344 
CH5323 PWR SPG-201J 469 SSD-204A 544 CR 335 RECT THC-500B 60 SS D-206A 344 
CR101 RECT THC-500B 84 SSD-206A 337 CR341 RECT THC-500B 60 SS D-206A 344 
CR102 RECT THC-50013 84 SS13-206A 337 CR 342 RECT THC-500B 60 SS D-206A 344 
CR103 RECT THC-500B 84 SSD-206A 337 CR 343 RECT THC-500B 60 SS D-206A 344 

CR105 RECT THC-500B 84 SSD-206A 337 CR344 RECT THC-500B 60 SS D-206A 344 
CR106 RECT THC-500B 84 SS D-206A 337 CR351 RECT THC-5008 60 SS D-206A 344 
CR107 RECT THC-500B 84 SS D-206A 337 CR352 RECT THC-500B 60 SS D-206A 344 
CR108 RECT THC-500B 84 SS D-206A 337 CR 353 RECT THC-500B 60 SS D-206A 344 
CR109 RECT THC-500B 84 SS D-206A 337 CR354 RECT THC-5006 60 SS D-206A 344 

CR110 RECT THC-500B 84 SS D-206A 337 HC 1000 HYB PHC-600A 565 SSD-204A 550 
CR201 RECT THC-500B 86 SSD-206A 341 HC 1000H RYE PHC-600A 565 SSD-204A 550 
CR203 RECT THC-500 B 86 SSD-206A 341 HC 2000 HYB PHC-600A 566 SS D-204A 555 
CR204 RECT THC-500B 86 SS D-206A 341 HC2000H HYB PHC-600A 566 SS D-204A 555 
CR206 RECT THC-50013 86 SSD-206A 341 HC 3000 HYB PHC-600A 539 SS D-204A 560 

CR208 RECT THC-500B 86 SSD-206A 341 HC 3100 HYB PHC-600A 564 SS D-204A 563 
CR210 RECT THC-500B 86 SSD-206A 341 HC4005 HYB PHC-600A 571 SSD-204A 566 
CR212 RECT THC-500B 86 SSO-206A 341 HC4005A HYB PHC-600A 571 SS D-204A 566 
CR273/8008 RECT THC-500B 100 SSD-206A 350 HC4012 HYB PHC-600A 571 SSD-204A 566 
CR 274/872A RECT THC-50013 100 SSD-206A 350 HC4012A HYB PHC-600A 571 SS D-204A 566 

CR275/866A/ HC4015 HYB PHC-600A 571 SS D-204A 566 
3825/3628 RECT THC-500B 100 SSD-206A 350 HC4015A HYB PHC-600A 571 SSD-204A 566 

CR280 RECT THC-500B 86 SS D-206A 341 QR 2900 RECT THC-500B — SSD-206A 8 
CR301 RECT THC-5006 60 SS D-206A 344 0R2901 RECT THC-500B — SS D-206A 8 
CR302 RECT THC-500B 60 SSD-206A 344 0R2902 RECT THC-500B — SSD-206A 8 

CR.303 RECT THC-500B 60 SSD-206A 344 0132903 RECT THC-500B — SS L)-206A 8 
CR304 RECT TH C-5008 60 SSD-206A 344 0R2904 RECT THC-500B — SS D-206A 8 
CR 305 RECT THC-50013 60 SSD-206A 344 OR 2905 RECT THC-500B — SS D-206A 8 
CR 306 RECT THC-500B 60 SSD-206A 344 0R2906 RECT THC-500B — SS D-206A 8 
CR307 RECT THC-500B 60 SSD-206A 344 0132907 RECT THC-500B — SS D-206A 8 

CR 311 RECT THC-500B 60 SSD-206A 344 0132908 RECT THC-500B — SSD-206A 8 
CR312 RECT THC-500B 60 SSD-206A 344 0132909 RECT THC-500B — SS D-206A 8 
CR313 RECT THC-500B 60 SSD-206A 344 0R2910 RECT THC-500B — SS D-206A 8 
CR 314 RECT THC-500B 60 SSD-206A 344 0132911 RECT THC-500B — SS D-206A 8 
CR315 RECT THC-500B 60 SSD-206A 344 R47M10 RF RFT-700K 605 SSO-205A 410 

CR316 RECT THC-500B 60 SSD-206A 344 R47M13 RF RFT-700K 605 SS D-205A 410 
CR317 RECT THC-500B 60 SSD-206A 344 R47M15 RF RFT-700K 605 SSD-205A 410 
CR321 RECT THC-500B 60 SSD-206A 344 
CR322 RECT THC-500B 60 SSD-206A 344 
CR323 RECT THC-500B 60 SS D-206A 344 




