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BOOK 1 (Parti)

SEMICONDUCTOR DEVICES

Transistors
AC127 to BF451

MULLARD LTD., MULLARD HOUSE, TORRINGTON PLACE, 
LONDON, WC1E 7HD

Telephone 01-580 6633 Telex: 264341



DATA HANDBOOK SYSTEM

The Mullard data handbook system is made up of three sets of books, each comprising 
several parts.

The three sets of books, easily identifiable by the colours on their covers, are as follows:

and assemblies.

Book 1 (blue) Semiconductor devices and 
integrated circuits

Book 2 (orange) Valves and tubes

Book 3 (green) Passive components, materials.

Each part is completely reviewed annually; revised and reprinted where necessary. Revisions 
to previous data are indicated by an arrow in the margin.

The data contained in these books are as accurate and up to date as it is reasonably 
possible to make them at the time of going to press. It must however be understood that no 
guarantee can be given here regarding the availability of the various devices or that their 
specifications may not be changed before the next edition is published.

The devices on which full data are given in these books are those around which we 
would recommend equipment to be designed. Where appropriate, other types no longer 
recommended for new equipment designs, but generally available for equipment 
production are listed separately with abridged data. Data sheets for these types may be 
obtained on request. Older devices on which data may still be obtained on request are 
also included in the index of the appropriate part of each book.

Requests for information on the data handbook system and for individual data sheets should 
be made to

Central Technical Services
Mullard Limited
New Road
Mitcham
Surrey CR4 4XY

Telephone: 01 -648 3471 Telex: 22194

Information regarding price and availability of devices must be obtained from our 
authorised agents or from our representatives.
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1. SMALL/MEDIUM SIGNAL TRANSISTORS
Germanium types
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P-N-P Silicon alloy types
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Case

>15 >30 >60 <30 <60 >60

BCY30 ★ ★ ★ ★ 250 TO-5
BCY31 ★ ★ ★ ★ 250 TO-5
BCY32 ★ ★ ★ ★ 250 TO-5
BCY33 ★ ★ ★ ★ 250 TO-5
BCY34 ★ ★ ★ ★ 250 TO-5
BCY38 ★ ★ ★ ★ 410 TO-5
BCY39 ★ ★ ★ ★ 410 TO-5
BCY40 ★ ★ ★ ★ 410 TO-5
BCY54 ★ ★ ★ ★ 410 TO-5



SMALL/MEDIUM SIGNAL TRANSISTORS (coni.)
N-P-N Silicon planar types

fAlso available to BS 9365-F112

Type 
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>15 >30 >60 <0-4 <10 >10

BC107t ★ ★ ★ ★ 300 TO-18
BC108t ★ ★ ★ ★ 300 TO-18
BC109f ★ ★ ★ ★ 300 TO-18
BC147 ★ ★ ★ 300 lock-fit
BC148 ★ ★ ★ 300 lock-fit
BC149 ★ ★ ★ ★ 300 lock-fit
BC547 ★ ★ ★ 300 TO-92
BC548 ★ ★ ★ 300 TO-92
BC549 ★ ★ ★ ★ 300 TO-92
BCW31R ★ ★ ★ 200 p min
BCW32R ★ ★ ★ 200 p min
BCW33R ★ ★ ★ 200 p min
BCW71R ★ ★ ★ 200 p min
BCW72R ★ ★ ★ 200 p min
BCX19 ★ ★ ★ ★ 310 p min
BCX20 ★ ★ ★ ★ 310 p min
BCX31 ★ ★ ★ 1000 lock-fit
BCX32 ★ ★ ★ 1000 lock-fit
BCX33 ★ ★ ★ 1000 lock-fit
BCX34 ★ ★ ★ 1000 lock-fit
BF180 ★ ★ ★ 150 TO-72
BF181 ★ ★ ★ ★ 150 TO-72
BF194 ★ ★ ★ ★ 220 lock-fit
BF195 ★ ★ ★ ★ 220 • lock-fit
BF196 ★ ★ ★ ★ 250 lock-fit
BF197 ★ ★ ★ 250 lock-fit
BF200 ★ ★ ★ ★ 150 TO-72
BF336 ★ ★ ★ 3000 TO-39
BF337 ★ ★ ★ 3000 TO-39
BF338 ★ ★ ★ 3000 TO-39
BF355 ★ ★ ★ 3000 TO-39
BF362 ★ ★ ★ 120 T pack
BF363 ★ ★ ★ 120 T pack
BFR63 ★ ★ ★ ★ 3500 Capstan
BFR64 ★ ★ ★ ★ 3500 Capstan
BFR90 ★ ★ ★ ★ 180 T pack
BFR91 ★ ★ ★ ★ Î80 T pack



SMALL/MEDIUM SIGNAL TRANSISTORS (cont.) 
N-P-N Silicon planar types (cont.)

tAlso available to BS 9365-F012 
JVceo max = 5V
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BFR92 ★ ★ ★ ★ 180 p min
BFR93 ★ ★ ★ 180 p min
BFS17R ★ ★ ★ ★ 200 p min
BFS20R ★ ★ ★ 200 p min
BFT24 ★ ★ t ★ 30 T pack
BFT25 ★ ★ : ★ 30 p min
BFW16 A ★ ★ ★ ★ 1500 TO-39
BFW17A ★ ★ ★ 1500 TO-39
BFW30 ★ ★ ★ ★ 250 TO-72
BFX84 ★ ★ ★ ★ 800 TO-5
BFX85 ★ ★ ★ ★ 800 TO-5
BFX86 ★ ★ ★ ★ 800 TO-5
BFX89 ★ ★ ★ ★ 200 TO-72
BFY50+ ★ ★ ★ ★ 800 TO-5
BFY51t ★ ★ ★ ★ 800 TO-5
BFY52f ★ ★ ★ * 800 TO-5
BFY53 ★ ★ ★ 800 TO-5
BFY90 ★ ★ ★ ★ 200 TO-72
BSS40 ★ ★ ★ 360 TO-18
BSS41 ★ ★ ★ 360 TO-18
BSV52R ★ ★ ★ 200 p min
BSW66 ★ ★ ★ 800 TO-5
BSW67 ★ ★ ★ 800 TO-5
BSW68 ★ ★ ★ 800 TO-5
BSX19 ★ ★ ★ ★ 360 TO-18
BSX20 ★ ★ ★ ★ 360 TO-18
BSX21 ★ ★ ★ 300 TO-18
BSX59 ★ ★ ★ 800 TO-5
BSX60 ★ ★ ★ 800 TO-5
BSX61 ★ ★ ★ 800 TO-5
BSY95A ★ ★ ★ 300 TO-18
2N1613 ★ ★ ★ ★ 800 TO-5
2N1711 ★ ★ ★ ★ 800 TO-5
2N2297 ★ ★ ★ ★ 800 TO-5
2N2369A ★ ★ ★ 360 TO-18
2N3053 ★ ★ ★ 800 TO-5



SMALL/MEDIUM SIGNAL TRANSISTORS (cont.) 
P- N- P Silicon planar types

t Also available to BS9365-F009
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BC157 ★ ★ ★ 300 lock-fit
BC158 ★ ★ ★ 300 lock-fit
BC159 ★ ★ ★ ★ 300 lock-fit
BC327 ★ ★ ★ 625 Plastic
BC328 ★ ★ ★ 625 Plastic
BC557 ★ ★ ★ 300 TO-92
BC558 ★ ★ ★ 300 TO-92
BC559 ★ ★ ★ ★ 300 TO-92
BCW29R ★ ★ ★ ★ 200 p min
BCW30R ★ ★ ★ ★ 200 p min
BCW69R ★ ★ ★ 200 p min
BCW70R ★ ★ ★ 200 p min
BCX17 ★ ★ ★ ★ 310 p min
BCX18 ★ ★ ★ ★ 310 p min
BCX35 ★ ★ ★ 1000 lock-fit
BCX36 ★ ★ ★ 1000 lock-fit
BCX37 ★ ★ ★ 1000 lock-fit
BCY70f ★ ★ ★ ★ ★ 350 TO-18
BCY711 ★ ★ ★ ★ 350 TO-18
BCY72T ★ ★ ★ ★ ★ 350 TO-18
BF324 ★ ★ ★ ★ 250 TO-92
BF450 ★ ' ★ ★ ★ 250 TO-92
BF451 ★ ★ ★ ★ 250 TO-92
BFX29J ★ ★ ★ ★ 600 TO-5
BFX30J ★ ★ 600 TO-5
BFX87 ★ ★ ★ ★ 600 TO-5
BFX88 ★ ★ ★ ★ 600 TO-5
BSV68 ★ ★ ★ 250 TO-18
2 N2904 ★ ★ ★ ★ 600 TO-5
2N2904A ★ ★ ★ 600 TO-5
2N2905 ★ ★ ★ ★ 600 TO-5
2N2905A ★ ★ ★ ★ 600 TO-5
2N2906 ★ ★ ★ ★ 400 TO-18
2N2906A ★ ★ ★ ★ 400 TO-18
2N2907 ★ ★ ★ ★ 400 TO-18
2N2907A ★ ★ ★ ★ 400 TO-18

J Also available to BS9365-F010/F011



2. L.F./H.F. POWER TRANSISTORS 
Silicon types
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BD131 ★ ★ ★ ★ ★ 15 TO-126
BD132 ★ ★ ★ ★ ★ 15 TO-126
BD133 ★ ★ ★ ★ ★ 15 TO-126
BD135 ★ ★ ★ ★ ★ 6-5 TO-126
BD136 ★ ★ ★ ★ ★ 6-5 TO-126
BD137 ★ ★ ★ ★ ★ 6-6 TO-126
BD138 ★ ★ ★ ★ ★ 6-5 TO-126
BD139 ★ ★ ★ ★ ★ 6-5 TO-126
BD140 ★ ★ ★ ★ ★ 6-5 TO-126
BD181 ★ ★ ★ 117 TO-3
BD182 ★ ★ ★ 117 TO-3
BD183 ★ ★ ★ 117 TO-3
BD184 ★ ★ ★ 117 TO-3
BD201 ★ ★ ★ ★ 55 Plastic
BD202 ★ ★ ★ ★ 55 Plastic
BD203 ★ ★ ★ ★ 55 Plastic
BD204 ★ ★ ★ ★ 55 Plastic
BD232 ★ ★ ★ 300V 7 TO-126
BD233 ★ ★ ★ 25 TO-126
BD234 ★ ★ ★ 25 TO-126
BD235 ★ ★ ★ 25 TO-126
BD236 ★ ★ ★ 25 TO-126
BD237 ★ ★ ★ 25 TO-126
BD238 ★ ★ ★ 25 TO-126
BD433 ★ ★ ★ 36 TO-126
BD434 ★ ★ ★ 36 TO-126
BD435 ★ ★ ★ 36 TO-126
BD436 ★ ★ ★ 36 TO-126
BD437 ★ ★ ★ ★ 36 TO-126
BD438 ★ ★ ★ ★ 36 TO-126
BDX35 ★ ★ ★ ★ ★ 15 TO-126
BDX36 ★ ★ ★ ★ ★ 15 TO-126
BDX37 ★ ★ ★ ★ ★ 15 TO-126
BDY20 ★ ★ ★ ★ 115 TO-3
BDY38 ★ ★ ★ ★ 115 TO-3



L.F./H.F. POWER TRANSISTORS (cont.)
Silicon types (cont.)
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BDY90 ★ ★ ★ ★ ★ ★ 40 TO-3
BDY91 ★ ★ ★ ★ ★ ★ 40 TO-3
BDY92 ★ ★ ★ ★ ★ ★ 40 TO-3
BDY93 ★ ★ ★ ★ 30 TO-3
BDY94 ★ ★ ★ ★ 30 TO-3
BDY95 ★ ★ ★ ★ 30 TO-3
BDY96 ★ ★ ★ 350V 40 TO-3
BDY97 ★ ★ ★ 300V 40 TO-3
BDY98 ★ ★ ★ 250V 40 TO-3
BSV64 ★ ★ ★ ★ ★ 5 TO-39
BU126 ★ ★ 750V 30 TO-3
BU133 ★ ★ 750V 30 TO-3
B U 204 ★ ★ 1300V 10 TO-3
BU205 ★ ★ 1500V 10 TO-3
B U 206 ★ ★ 1700V 10 TO-3
BU207 ★ ★ 1300V 12-5 TO-3
B U 208 ★ ★ 1500V 12-5 TO-3
BU209 ★ ★ 1700V 12-5 TO-3
2N3055 ★ ★ ★ 115 TO-3
2 N 3442 ★ ★ ★ 117 TO-3
2 N4347 ★ ★ ★ 100 TO-3

Germanium types

Type 
No.
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>15 >30 >60

AD149 ★ ★ ★ 22-5 TO-3
AD161 ★ ★ ★ ★ 4 SO-55
AD162 ★ ★ ★ ★ 6 S 0-55
OC28 ★ ★ ★ ★ 30 TO-3
OC29 ★ ★ ★ ★ ★ 30 TO-3
OC35 ★ ★ ★ ★ 30 TO-3
OC36 ★ ★ ★ ★ 30 TO-3



3. R.F. POWER DEVICES 
N-P- N Transistors

fAt70MHz J A.M. (Carrier) § At 100MHz

Type 
No. V.H.F. U.H.F.

VCEmax 
(V)

Po(C.W.) 
(W at MHz) Case

>18 >33 175 400 470 1000

BLX13 ★ ★ 25f Capstan
BLX14 ★ ★ 501 Stripline
BLX65 ★ ★ ★ 2 2 TO-39
BLX66 ★ ★ ★ 3 2-5 Capstan
BLX67 ★ ★ ★ 3 3 Capstan
BLX69 ★ ★ 20 Capstan
BLX91 ★ ★ 1-4 1-4 Capstan
BLX92 ★ ★ 3 2.5 Capstan
BLX93 ★ ★ 8 5 Capstan
BLX94 ★ ★ 20 Capstan
BLY33 ★ ★ 2Î TO-39
BLY34 ★ ★ 3 TO-39
BLY35 . ★ ★ 7 TO-60
BLY36 ★ ★ 13 TO-60
BLY53A ★ ★ ★ 7-2 7 Capstan
BLY55 ★ ★ 4 TO-60
BLY83 ★ ★ 7 Capstan
BLY84 ★ ★ 13 Capstan
BLY85 ★ ★ 0-2 Capstan
BLY89A ★ ★ 25 Capstan
BLY90 ★ ★ 50 Stripline
BLY93A ★ ★ 25 Capstan
BLY94 ★ ★ 50 Stripline
BLY97 ★ ★ 0-14 Capstan
2N3375 ★ ★ ★ 7-5§ 3 TO-60
2N3553 ★ ★ 2-5 TO-60
2N3632 ★ ★ 135 TO-60
2N3866 ★ ★ ★ 1 TO-39
2N4427 ★ ★ ★ 1 0-4 TO-39

Broad Band U.H.F. Amplifier Modules

Type No. Frequency 
range 
(MHz)

V. supply

(V)

Po min at Pdr

(W) (W)

BGY22 380-512 13-5 2-5 005
BGY22A 420-480 12-5 2-5 005
BGY23 380-512 13-5 7 2-5
BGY23A 420-480 12-5 7 2-5



4. DARLINGTON TRANSISTORS

Type 
No.

N
-P

-N

P-
N

-P

VCE max 
(V)

hFE min Ptot max

(W)

Case
at c

(A)45 60 80 100

BCX21 ★ ★ 2000 0-15 3-5 TO-39
BDX42 ★ ★ 1500 0-5 5 TO-126
BDX43 ★ ★ 1500 0-5 5 TO-126
BDX44 ★ ★ 1500 0-5 5 TO-126
BSS50 ★ ★ 1500 0-5 5 TO-39
BSS51 ★ ★ 1500 0-5 5 TO-39
BSS52 ★ ★ 1500 0-5 5 TO-39
BD262 ★ ★ 750 1-5 36 TO-126
BD262A ★ ★ 750 1-5 36 TO-126
BD262B ★ ★ 750 1-5 36 TO-126
BD263 ★ ★ 750 1-5 36 TO-126
BD263A ★ ★ 750 1-5 36 TO-126
BD263B ★ ★ 750 1-5 36 TO-126
BDX62 ★ ★ 1000 3 90 TO-3
BDX62A ★ ★ 1000 3 90 TO-3
BDX62B ★ ★ 1000 3 90 TO-3
BDX63 ★ ★ 1000 3 90 TO-3
BDX63A ★ ★ 1000 3 90 TO-3
BDX63B ★ ★ 1000 3 90 TO-3
BDX64 ★ ★ 1000 5 117 TO-3
BDX64A ★ ★ 1000 5 117 TO-3
BDX64B ★ ★ 1000 5 117 TO-3
BDX65 ★ ★ 1000 5 117 TO-3
BDX65A ★ ★ 1000 5 117 TO-3
BDX65B ★ ★ 1000 5 117 TO-3



5. FIELD-EFFECT TRANSISTORS
(n-channel, depletion)

Type 
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U.H.F. VDSmax 
(V)

Case

BF245A ★ ★ ★ 30 TO-92
BF245B ★ ★ ★ 30 TO-92
BF245C ★ ★ ★ 30 TO-92
BFQ10 ★ ★ ★ 30 TO-71
BFQ11 ★ ★ ★ 30 TO-71
BFQ12 ★ ★ ★ 30 TO-71
BFQ13 ★ ★ ★ 30 TO-71
BFQ14 ★ ★ ★ 30 TO-71
BFQ15 ★ ★ ★ 30 TO-71
BFQ16 ★ ★ ★ 30 TO-71
BFR29 ★ ★ ★ 30 TO-72
BFR30 ★ ★ 25 p min
BFR31 ★ ★ 25 p min
BFS28 ★ ★ ★ ★ 20 TO-72
BFW10 ★ ★ ★ 30 TO-72
BFW11 ★ ★ ★ 30 TO-72
BFW61 ★ ★ 25 TO-72
BSV78 ★ ★ ★ 40 TO-18
BSV79 ★ ★ ★ 40 TO-18
BSV80 ★ ★ ★ 40 TO-18
BSV81 ★ ★ ★ 30 TO-72
2N3823 ★ ★ ★ 30 TO-72
2N3966 ★ ★ 30 TO-72
2N4091 ★ ★ ★ 40 TO-18
2N4092 ★ ★ ★ 40 TO-18
2 N 4093 ★ ★ 40 TO-18
2N4391 ★ ★ ★ 40 TO-18
2N4392 ★ ★ ★ 40 TO-18
2N4393 ★ ★ 40 TQ-18
2 N4856 ★ ★ ★ 40 TO-18
2N4857 ★ ★ ★ 40 TO-18
2N4858 ★ ★ ★ 40 TO-18
2N4859 ★ ★ ★ 30 TO-18
2N4860 ★ ★ ★ 30 TO-18
2N4861 ★ ★ ★ 30 TO-18



6. MICROMINIATURE TRANSISTORS

Type 
No.

N
-P
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P-
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Noise
VCEmax Tr 

(MHz)
Ptotmax 
(mW)(V)

>15 >30 >60 <200 <500 >1000

BCW29R ★ ★ ★ ★ ★ 200
BCW30R ★ ★ ★ ★ ★ 200
BCW31R ★ ★ ★ ★ 200
BCW32R ★ ★ ★ ★ 200
BCW33R ★ ★ ★ ★ 200
BCW69R ★ ★ ★ ★ 200
BCW70R ★ ★ ★ ★ 200
BCW71R ★ ★ ★ ★ 200
BCW72R ★ ★ ★ ★ 200
BCX17 ★ ★ ★ ★ ★ 310
BCX18 ★ ★ ★ ★ ★ 310
BCX19 ★ ★ ★ ★ ★ 310
BCX20 ★ ★ ★ ★ ★ 310
BFR30f ★ ★ 200
BFR31f ★ ★ 200
BFR92 ★ ★ ★ ★ ★ 180
BFR93 ★ ★ ★ ★ 180
BFS17R ★ ★ ★ ★ ★ 200
BFS20R ★ ★ ★ ★ 200
BFT25 ★ ★ ★ Î ★ 30
BSV52R ★ ★ ★ ★ 200

tField effect transistors 
ÎVCE0 max = 5V



7. LOCK-FIT TRANSISTORS

Type 
No.

N
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-N

z 1
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Noise
VCEmax 

(V)
fT 

(MHz)
P tot 
max 

(mW)
>15 >30 >60 <200 <400 >400

BC147 ★ ★ ★ ★ 350
BC148 ★ ★ ★ ★ 350
BC149 ★ ★ ★ ★ ★ 350
BC157 ★ ★ ★ ★ 350
BC158 ★ ★ ★ ★ 350
BC159 ★ •fa ★ ★ ★ 350
BCX31 ★ ★ ★ ★ 1W
BCX32 ★ ★ ★ ★ 1W
BCX33 ★ ★ ★ ★ 1W
BCX34 ★ ★ ★ ★ 1W
BCX35 ★ ★ ★ ★ 1W
BCX36 ★ ★ ★ ★ 1W
BCX37 ★ ★ ★ ★ 1W
BF194 ★ ★ ★ ★ ★ 220
BF195 ★ ★ ★ ★ ★ 220
BF196 ★ ★ ★ ★ ★ 250
BF197 ★ ★ ★ ★ 250

8. SPECIAL DEVICES

Type 
No. Description Case

BCY87 r High performance in first and TO-71
BCY88
BCY89

i Differential amplifiers -^second stages of d.c. amplifiers TO-71
TO-71

BRY39 P-N-P-N Silicon controlled switch TO-72
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SEMICONDUCTOR TYPE

DEVICES NOMENCLATURE
Section 1

Mullard semiconductor devices are registered by Pro Electron.
The type nomenclature of a discrete device or, in certain cases, of a range of 
devices, consists of two letters followed by a serial number. The serial number 
may consist of three figures or of one letter and two figures depending on the 
main application of the device.

The first letter indicates the semiconductor material used:
A — germanium
B — silicon
C — compound materials such as gallium arsenide
D — compound materials such as indium antimonide
R — compound materials such as cadmium sulphide

The second letter indicates the general function of the device:
A — detection diode, high speed diode, mixer diode.
B — variable capacitance diode
C — transistor for a.f. applications (not power types)
D — power transistor for a.f. applications
E — tunnel diode
F —transistor for r.f. applications (not power types)
G — multiple of dissimilar devices; miscellaneous devices
L — power transistor for r.f. applications
N — photo-coupler
P — radiation sensitive device such as photodiode, phototransistor, photo- 

conductive cell, or radiation detector diode
Q — radiation generating device such as light-emitting diode
R —controlling and switching device (e.g. thyristor) having a specified break

down characteristic (not power types)
S — transistor for switching applications (not power types)
T — controlling and switching power device (e.g. thyristor) having a specified 

breakdown characteristic
U — power transistor for switching applications
X — multiplier diode such as varactor or step recovery diode
Y — rectifier diode, booster diode, efficiency diode
Z —voltage reference or voltage regulator diode, transient suppressor diode

The remainder of the type number is a serial number indicating a particular 
design or development and is in one of the following two groups:

(a) Devices intended primarily for use in consumer applications (radio and 
television receivers, audio amplifiers, tape recorders, domestic appliances, 
etc.).
The serial number consists of three figures.

(b) Devices intended mainly for applications other than (a), e.g. industrial, 
professional and transmitting equipments.
The serial number consists of one letter (Z, Y, X, W, etc.) followed 
by two figures.

Mullard
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TYPE SEMICONDUCTOR

NOMENCLATURE DEVICES

Range Numbers
Where there is a range of variants of a basic type of rectifier diode, thyristor or 
voltage regulator diode the type number as defined above is often used to identify 
the range; further letters and figures are added after a hyphen to identify indi
vidual types within the range. These additions are as follows:

Rectifier Diodes and Thyristors
The group of figures indicates the rated repetitive peak reverse voltage, 
Vrrm, or the rated repetitive peak off-state voltage, Vrrm, whichever value 
is lower, in volts for each type.
The final letter R is used to denote a reverse polarity version (stud anode) 
where applicable. The normal polarity version (stud cathode) has no special 
final letter.

Voltage Regulator Diodes, Transient Suppression Diodes
The first letter indicates the nominal percentage tolerance in the operating 
voltage Vz.

A—±1% D-±IO%
B — ±2% E — tl5%
C-±5%

The letter is omitted on transient suppressor diodes.
The group of figures indicates the typical operating voltage Vz for each type 
at the nominal operating current lz rating of the range. For transient suppressor 
diodes the figure indicates the maximum recommended standoff voltage VR.
The letter V is used to denote a decimal sign.
The final letter R is used to denote a reverse polarity version (stud anode) 
where applicable. The normal polarity version (stud cathode) has no special 
final letter.

Examples:
BF362 Silicon r.f. transistor intended primarily for ‘consumer’ applica

tions.
ACYI7 Germanium a.f. transistor primarily for ‘industrial’ applications.
BTW24-800R Silicon thyristor for ‘industrial’ applications. In BTW24 range 

with 800V maximum repetitive peak voltage, reverse polarity, 
stud connected to anode.

BZY88-C5V6 Silicon voltage regulator diode for ‘industrial’ applications. In 
BZY88 range with 5-6V operating voltage ±5% tolerance.

RPY7I Photoconductive cell for ‘industrial’ applications.

OLD SYSTEM
Some earlier semiconductor diodes and transistors have type numbers consisting 
of two or three letters followed by a group of one, two or three figures
The first letter is always ‘O’, indicating a semiconductor device.
The second (and third) letter(s) indicate the general class of device:

A —diode or rectifier C —transistor
AP — photodiode CP — phototransistor
AZ — voltage regulator diode

The group of figures is a serial number indicating a particular design or develop
ment.

Mullard
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SEMICONDUCTOR

DEVICES

Section II
LIST OF SYMBOLS FOR SEMICONDUCTOR DEVICES

These symbols are based on British Standard Specification No. 3363: 
“Letter Symbols for Semiconductor Devices.” A full description of the 
system is contained in this publication.

QUANTITY SYMBOLS
V Voltage
I Current
P Power

"1 Tev I- with subscripts« b
Pj 1°
¡1 CE
v i-with subscripts« B 
pj Lc

instantaneous value of the varying component.

instantaneous total value.

I'] f e J the r-m-s. value of the varying component, or
V Lwith subscripts^ b [ with appropriate additional subscript the peak 
PJ ( c f(m) or average (d.c.) (av) value of the varying

J component.
IJ CE J the no-signal (d.c.) value or, with the appropriate

V > with subscripts« B [-additional subscripts the total average value (AV) 
Pj Lc J with signal or the total peak value (M).

Examples:
Ie d.c. emitter current no signal.
Ie r.m.s. value of varying component of emitter current.
ie Instantaneous value of varying component of emitter current.
¡e Instantaneous value of total emitter current.
Ieiav) Average (d.c.) value of total emitter current with signal applied.
le(av) Average (d.c.) value of the varying component of the emitter current.
Iem Peak value of the varying component of the emitter current.
Iem Peak value of the total emitter current.

Mullard
G.E.N. Notes Page 1OCTOBER 1972
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NOTES

SEMICONDUCTOR.
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Subscripts for quantity sumbols
A, a Anode terminal 1, i Input
AV, av Average J. j Junction
B, b Base terminal K, k Cathode terminal
BO Breakover M, m Peak value
BR Breakdown O, o Open-circuit, output
C, c Collector terminal, conversion, OV Average value of overload

capacitive R, r Resistive, reverse, repetitive
D, d Delay, Off-state (i.e. non trigger) S, s Short-circuit, series, shield,

drain terminal source
E, e Emitter terminal T, t On-state (i.e. triggered)

F, f Forward W, w
X, x

Working
Specified circuit, reactive

G, g Gate terminal Z, z Reference or regulator
H, h Holding (i.e. Zener), impedance

The letter O is used with three terminal devices as a third subscript only 
to denote that the terminal not indicated in the subscript is open-circuited. 
The letter S is also used with three terminal devices as a third subscript to 
denote that the terminal not indicated in the subscript is shorted to the 
reference terminal.

Sequence of subscripts
The first subscript denotes the terminal at which the current or terminal 
voltage is measured.
The second subscript denotes the reference terminal or circuit mode that 
the current or terminal voltage is measured.
Where the reference terminal or circuit is understood the second subscript 
may be omitted where its use is not required to preserve the meaning of 
the symbol.
The supply voltage shall be indicated by repeating the terminal subscript.
The reference terminal may then be designated by the third subscript.

Examples Vee , VCc , Vbb . VEEU

In devices having more than one terminal of the same type, the terminal 
subscripts shall be modified by adding a number following the subscript 
and on the same line.

Example B2

In multiple unit devices the terminal subscripts shall be modified by a 
number preceding the terminal subscript.

Example 2B

Mullard G. E. N. Notes Page 2
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Where ambiguity might arise the complete terminal designations shall be 
separated by hyphens or commas.

Example Vici-2ci
the voltage at the first collector of the first unit referred to the voltage 
at the first collector of the second unit.
The first subscript in the matrix notation shall identify the element of the 
four pole matrix.

i input
o output
f forward transfer
r reverse transfer

A second subscript may be used to identify the circuit configuration, 
e common emitter
b common base
c common collector

Example Vie = h)e. Iie+hre. Voe
When the common terminal is understood the second subscript may be 
omitted.
Static value of parameters shall be indicated by the upper case (capital) 
subscripts.

Example hjE , hiB
The four pole matrix parameters of the device are represented by lower 
case symbols with the appropriate subscripts

hib
The four pole matrix parameters of external circuits and of circuits in which 
the device forms only a small part are represented by upper case symbols 
with the appropriate subscripts.

Hj, Z„
Symbols for the components of small-signal equivalent circuits used to 
represent devices are qualified by lower case symbols.

fb , re, rbb-

ELECTRICAL PARAMETERS Associated
Device circuit

Resistance r R
Reactance x X
Impedance z Z
Admittance y y
Conductance g G
Susceptance b B
Mutual inductance m M
Inductance 1 L
Capacitance c C
Distortion D
Frequency limits f max.

f min.
Bandwidth Af
Bandwidth (for associated circuits) B
Noise factor N

-------------------- Mullard
r
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List of Symbols for Semiconductor Devices
Cd 
c, 
Cib 
Cie 
Ci 
Cmin
C„ 
Cob
Coe 
Cp 
cs
CTe 
Ctc 
fco 

fhtbT 
fhle f
ft 
fmax 
fr 
fl

diode capacitance (reverse bias)
diode capacitance (forward bias)
transistor input capacitance (grounded base)
transistor input capacitance (grounded emitter)
junction capacitance (of the intrinsic diode)
diode capacitance (at breakdown voltage)
diode capacitance (zero bias)
transistor output capacitance (grounded base)
transistor output capacitance (grounded emitter)
parasitic (parallel) capacitance
stray capacitance
capacitance of the emitter depletion layer
capacitance of the collector depletiomlayer
varactor diode cut-off frequency
transistor cut-off frequency (the frequency at which the 
parameter indicated by the subscript is 0.7 times its low 
frequency value)
frequency of unity current transfer ratio modulus
maximum frequency of oscillations
tunnel diode resistive cut-off frequency
transition frequency (common emitter gain-bandwidth

product)
gj 
gp 
Gp 
hiB Ì 
hiE > 
hic J 
hib (hu) 
hie (hit) S 
hie J

hRB Ì 
hRE A 
hue J 
hib (hl2) 
hre (hl2) > 
hre J
hpB Ì 
hpE > 
hre J 
hib (h2i) Ì 
hte (h2l) > 
htc J

hoBÌ 
hoE >■ 
hoc J 
hob (h22) 'I 
hoe (h2a) )■ 
hoc J

hpE(sat)

hpEL

tunnel diode negative conductance (of the intrinsic diode) 
small signal power gain
large signal power gain
the static value of the input resistance with the output voltage 
held constant

The small-signal value of the input impedance with the output 
short-circuited to alternating current

The static value of the reverse voltage transfer ratio with the 
input current held constant

The small-signal value of the reverse voltage transfer ratio 
with the output voltage held constant

The static value of the forward current transfer ratio with the 
output voltage held constant

The small-signal forward current transfer ratio with the 
output short-circuited to alternating current

The static value of the output conductance with the input 
current held constant

The small-signal value of the output admittance with the 
input open-circuited to alternating current 
transient forward current transfer ratio in saturation

|C“i C BOinherent forward current transfer ratio = ---- r-----
ib+ Icbo

Mullard G.E.N. Notes Page 4
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lB , lc , Ib total d.c. current
Ib(av) lc(AV) Ie(av> average (d.c.) value of total current
lBBx base current (with both junctions reverse biased)
Ibex , Icex base (respectively collector) cut off current in a specified 

circuit
Ibm. Icm , Iem 
lb , Ie , L 
Ibm , lem , Lm 
¡B > ¡C. iß 
ib , ¡e > ie 
l(BO) 
IcBO 
lens > Ices 
IcBX

IcEO 
IcER

Id

Iebo 
Iebx

If 
ìf 
If|AV) 
Ifg 
Ifgm 
Ifm 
lF(OV) , Ifom 
IF RM 
Ifsm 
IcD 
1er
Igq 
hl 
11.
Io
Iorm
Ip 
lp/lv 
1r 
¡R 
Irg 
Irrm 
Irsm
Is 
It 
It(OV) 
It(av) 
Itrm 
Itsm

peak value of total current
r.m.s. value of varying component of current
peak value of varying component of current
instantaneous total value of current
instantaneous value of varying component of current
thyristor breakover current (d.c.)
collector cut-off current (emitter open-circuited)
collector cut-off current (emitter short-circuited to base)
collector current with both junctions reverse biased with 
respect to base
collector cut-off current (base open-circuit)
collector cut-off current (with specified resistance between 
base and emitter)
thyristor continuous (d.c.) off-state current, field effect 
transistor drain current 
emitter cut-off current (collector open-circuit)
emitter current with both junctions reverse biased with
respect to base
D.C. forward current
instantaneous forward current
average forward current
thyristor forward gate current
thyristor peak forward gate current
peak forward current
overload mean forward current
repetitive peak forward current
surge (non-repetitive) forward current
thyristor gate non-trigger current
thyristor gate trigger current
thyristor gate turn-off current
thyristor holding current (d.c.)
thyristor latching current
average output current
repetitive peak output current
tunnel diode peak point current
tunnel diode peak to valley point current ratio
continuous (d.c.) reverse leakage current
instantaneous reverse leakage current
thyristor reverse gate current
repetitive peak reverse current
non-repetitive peak reverse current
source current
thyristor continuous (d.c.) on-state current
thyristor overload mean on-state current
thyristor average on-state current
thyristor repetitive peak on-state current
thyristor non-repetitive peak on-state current

-------------------- Mullard G. E. N. Notes iPage 5
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lv 
lz

Iz(AV) 
IzM
Lc 
Ls 
Nf 
Nit
N„ 
Nr
Pg 
Pgm 
P tot
Qs 
rbb-
Rs 
rs
Rth
Fz 
Sts
Sz

Tamb 
Tease
T
Tmb 
Tstg 
t<i 
tr 
trr 
tgt 
tea 
tp 
tp 
ton 
totr 
tr 
trr 
ts 
6b 
81 
0j-amb 
0j-case 
Oj-nib 
Tc 
TS 
Tf

Til

tunnel diode valley point current
voltage regulator (zener) diode continuous (d.c.) operating 
current
voltage regulator (zener) diode average operating current
voltage regulator (zener) diode peak current
conversion loss
series inductance
flicker noise
noise figure at intermediate frequency
overall noise figure
noise temperature ratio
thyristor average gate power
thyristor peak gate power
total power dissipated within the device
recovered (stored) charge
extrinsic base resistance
source resistance
series resistance
thermal resistance
voltage regulator (zener) diode differential resistance
tangential signal sensitivity
voltage regulator (zener) diode temperature coefficient of the 
operating voltage
ambient temperature
case temperature
junction temperature
mounting base temperature
storage temperature
delay time
fall time
forward recovery time
thyristor gate controlled turn-on time
thyristor gate controlled turn-off time
pulse duration
thyristor circuit-commutated turn-off time
turn-on time
turn-off time
rise time
reverse recovery time
storage time
thermal resistance of heat sink
contact thermal resistance
thermal resistance junction to ambient
thermal resistance junction to case
thermal resistance junction to mounting base
collector time coefficient of a switching transistor
carrier storage time coefficient of a switching transistor 
fall time factor
rise time factor

Mullard
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VBE(sat) 
V(BO) 
V(BR) 
V(BR)CBO 
V(BR)CBS

V(BR)CEO 
V(BR)CBR

V(BR)CBS

V(BR)CBX

V(BR)EBO 
V(BB)R 
Vcb 
VcBO 
VcBB
Vcc 
Vcb 
Vceo 
Vce 
VcE(knee) 
VcE(sat) 
VcE(sust) 
VD 
Vdg 
Vdm 
Vdrm 
Vds 
Vdsm 
Vdwm
Vrb 
Vebo 
Veb
Ve Bn 
Vécu
Vf 
vf
Vfg 
Vfgm
V,r
Vqb
Vgd
Vgs 
Vgt
Vr
VlRM 
VlSM 
VlWM 
Vo

base-emitter saturation voltage
thyristor breakover voltage
breakdown voltage
breakdown voltage collector to base (emitter open-circuited) 
breakdown voltage collector to base (emitter and base short- 
circuited)
breakdown voltage collector to emitter (base open circuited) 
breakdown voltage collector to emitter (with specified 
resistance between base and emitter)
breakdown voltage collector to emitter (emitter and base- 
short-circuited)
breakdown voltage collector to emitter (with specified 
circuit between base and emitter)
breakdown voltage emitter to base (collector open-circuited) 
reverse breakdown voltage
collector-base voltage (d.c.)
collector-base voltage (with emitter open-circuited)
collector-base floating potential
collector supply voltage (d.c.)
collector to emitter voltage (d.c.)
collector to emitter voltage (with base open-circuited)
collector to emitter r.m.s. voltage
collector knee voltage.
collector to emitter saturation voltage
collector to emitter sustaining voltage
thyristor continuous (d.c.) off-state voltage
drain to gate voltage
thyristor peak off-state voltage
thyristor repetitive peak off-state voltage
drain to source voltage
thyristor non-repetitive off-state voltage
thyristor crest (peak) working off-state voltage
emitter-base voltage (d.c.)
emitter-base voltage (with collector open circuited)
emitter-base r.m.s. voltage
emitter-base floating potential
emitter-collector floating potential
D.C. forward voltage
instantaneous total value of the forward voltage
thyristor forward gate voltage
thyristor peak forward gate voltage
signal diode forward recovery voltage
gate to substrate voltage
thyristor gate non-trigger voltage
gate to source voltage
thyristor gate trigger voltage
input voltage
repetitive peak input voltage
non-repetitive peak input voltage
crest working input voltage
output voltage

Mullard
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Vp peak point voltage
Vpp projected peak point voltage
Vr D.C. reverse voltage
Vr instantaneous total value of the reverse voltage
Vrg thyristor reverse gate voltage
Vrgm thyristor peak reverse gate voltage
Vrm peak reverse voltage
Vrrm repetitive peak reverse voltage
Vrsm non-repetitive peak reverse voltage
Vrwm crest (peak) working reverse voltage
Vt thyristor continuous (d.c.) on-state voltage
Vt(to) thyristor threshold voltage
Vv valley point voltage
Vz voltage regulator (zener) diode operating voltage
Zi( intermediate frequency impedance
zv video impedance

y-parameters
Common 

base 
yib (yn) 
gm (gn) 
Clb (cn) 
<t>lb 
yOb (ysa) 
gob (g22) 
Cobs (C22) 
4>ob 
|ytb|(|y2i|) 
gib 
Cfb 
+b (<¡>21) 
l/rb| (yi2) 
grb 
Crb 
$rb fà^)

Common 
emitter 
yie (y '11) 
gie (g'n) 
Cie (c'n) 
4>ie 
yoe (y'22) 
goe (g'22) 
Coes (C 22) 
Aoc 
lyteldy'ail) 
gfe 
Cfe

(<¡>'21)
|yre| (y'12) 
gre
Cre
<j)re (Kia)

Input admittance
Input conductance
Input capacitance
Phase angle of input admittance
Output admittance
Output conductance
Output capacitance
Phase angle of output admittance
Transfer admittance
Transfer conductance
Transfer capacitance
Phase angle of transfer admittance
Feedback admittance
Feedback conductance
Feedback capacitance
Phase angle of feedback admittance

^Output

I short-circuited
J

I Input
I short-circuited

J
^Output

I short-circuited
J

Input 
short-circuited

Scattering parameters
In distinction to the conventional h, y and z parameters, s-parameters relate to 
travelling wave conditions. The figure below shows a two-port network with 
the incident and reflected travelling wave quantities av b1z a2 and b2, which 
are square roots of power.

D5527
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2 = the power incident at the input (= f—)

. \j, 2.
a22 = the power incident at the output ( = -f-1 

' 4-0 '

I Vr12\ b,2 = the power reflected from (or generated at) the input (= )

/ Vr22\ b22 = the power reflected from (or generated at) the output ( = —— )

Zo = the characteristic impedance of the transmission line in which 
the two-port is connected

Vj = incident voltage

Vr = reflected (generated) voltage

The four-pole equations for s-parameters are:

bi = s, i a, +St 2aa- 
ba = s2i a, +s22a2

Using the subscripts i for 11. o for 22, f for 21 and r for 12, it follows that

bJ
Si = S” = a a - 0 a [ d2 — v

Sf - S21 - - 
a 1)02 — u

_ b21
So ~ S22 - — 

d2 | di — U

_ bJ 
Sr 5,2 a2|a,=0

a, can be made zero by terminating the input side with Zs = Zo (no input power 
and no reflection from the source).

a2 can be made zero by terminating the output side with Z, = Zo (no reflection 
from the load).

bi VrlBecause = it can be seen that s, is the input reflection coefficient; in the 
a,

same way so is the output reflection coefficient.

Mullard
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The s-parameters can be named and expressed as follows:

Sj = s,, = Input reflection coefficient (for the given characteristic impedance) 
- Ratio between the square root of the power reflected from the 
input and the square root of the power incident at the input, output 
terminated with the characteristic impedance.

sf = s2i = Forward transmission coefficient (for the given characteristic 
impedance) - Ratio between the square root of the power 
generated at the output and the square root of the power incident 
at the input, output terminated with the characteristic impedance.

so = s22 = Output reflection coefficient (for the given characteristic imped
ance) - Ratio between the square root of the power reflected from 
the output and the square root of the power incident at the output, 
input terminated with the characteristic impedance.

sr = s, 2 = Reverse transmission coefficient (for the given characteristic 
impedance) - Ratio between the square root of the power 
generated at the input and the square root of the power incident 
at the output, input terminated with the characteristic impedance.

Mullard
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Section III. Explanation of Handbook Data

1. FORM OF ISSUE
The semiconductor data published in the Handbook follows the same 
pattern, as much as possible, concerning, (a) the forms of issue, (b) the 
ratings system and (c) the ratings presentation.

1.1 Types of Data
The Handbook data is published either as tentative or final data.
Tentative Data
Tentative data aims at providing information on new devices as early as 
possible to allow the customer to proceed with circuit design. The tentative 
data may not include all the characteristics or ratings which will be 
incorporated later in the final data and some of the numerical values 
quoted may be slightly adjusted later on.

Final Data
The transfer from tentative data to final data involves the addition of those 
numerical values and curves which were not available at tentative data 
stage and small adjustments to those values already quoted in tentative data. 
Reissue of final data may be made from time to time to incorporate 
additional information resulting from prolonged production experience 
or to meet new applications.

1.2 Presentation of Data
The information on the published data sheets is presented in the following 
form:

—description of basic application and physical characteristics of the 
device.

—quick reference data giving the most important ratings and 
characteristics.

—outline and dimensions. Reference to standard outline nomenclature 
if applicable and lead connections.

—Ratings. Voltage, current, power and thermal ratings.
—Characteristics.
—Application information or operating conditions.
—Mechanical and environmental data if applicable.
—Charts showing ratings and characteristics.

2. RATINGS
A rating is a limiting condition of usage specified for a device by the 
manufacturer, beyond which the serviceability may be impaired.
A rating system is a set of principles upon which ratings are established 
and which determines their interpretation. There are three systems which 
have been internationally accepted and which allocate responsibility 
between the device manufacturer and the circuit designer differently.
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2.1 Rating Systems
Unless otherwise stated the ratings given in semiconductor data sheets 
follow the absolute maximum rating system.
The definitions of the three systems accepted by the International Electro
technical Commission are as follows:

ABSOLUTE MAXIMUM RATING SYSTEM
Absolute maximum ratings are limiting values of operating and environ
mental conditions applicable to any device of a specified type as defined 
by the published data, and should not be exceeded under the worst 
probable conditions.
These values are chosen by the device manufacturer to provide acceptable 
serviceability of the device, taking no responsibility for variations in equip
ment or environment, and the effects of changes in operating conditions 
due to variations in the characteristics of the device under consideration 
and of all other devices in the equipment.
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 probable operating conditions with respect 
to variations in supply voltage, environment, equipment components, 
equipment control adjustment, load, signal or characteristics of the device 
under consideration and of all other devices in the equipment.

DESIGN-CENTRE RATING SYSTEM
Design-centre ratings are limiting values of operating and environmental 
conditions applicable to a bogey device of a specified type as defined by 
its published data, and should not be exceeded under normal conditions. 
These values are chosen by the device manufacturer to provide acceptable 
serviceability cf the device in average applications, taking responsibility 
for normal changes in operating conditions due to variations in supply 
voltage, environment, equipment components, equipment control adjust
ment, load, signal or characteristics of all other devices in the equipment. 
The equipment manufacturer should design so that initially no design
centre value for the intended service is exceeded with a bogey device in 
equipment operating at the stated normal supply voltage.

DESIGN-MAXIMUM RATING SYSTEM
Design-maximum ratings are limiting values of operating and environ
mental conditions applicable to a bogey device of a specified type as 
defined by its published data, and should not be exceeded under the 
worst probable conditions.
These values are chosen by the device manufacturer to provide acceptable 
serviceability of the device, taking responsibility for the effects of changes 
in operating conditions due to variations in the characteristics of the 
device under consideration.
The equipment manufacturer should design so that initially and throughout 
life no design-maximum value for the intended service is exceeded with a 
bogey device under the worst probable operating cdnditions with respect 
to variations in supply voltage, environment, equijrment components, 
equipment control adjustment, load, signal or characteristics of the device 
under consideration and of all other devices in the equipment.

Mullard Page D2



GENERAL EXPLANATORY
NOTES

SEMICONDUCTOR

DEVICES

3

3.1

Transistor ratings
The ratings are presented as voltage, current, power and temperature 
ratings. The list of these ratings and their definitions is given as follows:

Transistor voltage ratings
Collector to base voltage ratings
Vcb max The maximum permissible instantaneous voltage

between collector and base terminals. The collector 
voltage is negative with respect to base in PNP 
transistors and positive w.r.t. base in NPN types.

Vcb max (Ie = 0) The maximum permissible instantaneous voltage 
between collector and base terminals, when the 
emitter terminal is open circuited.

Emitter to base voltage ratings
Veb max The maximum permissible instantaneous reverse

voltage between emitter and base terminal. The 
emitter voltage is negative w.r.t. base for PNP 
transistor and positive w.r.t. base for NPN types.

Veb max (Ic = 0) The maximum permissible instantaneous reverse 
voltage between emitter and base terminals when 
the collector terminal is open circuited.

Collector to emitter voltage ratings
Vce max The maximum permissible instantaneous voltage

between collector and emitter terminals. The 
collector voltage is negative w.r.t. emitter in PNP 
transistors and positive w.r.t. emitter in NPN types. 
This rating is very dependent on circuit conditions 
and collector current and it is necessary to refer 
to the curve of Vce Versus Ic for the appropriate 
circuit condition in order to obtain the correct 
rating

Vce max (Cut-off) The maximum permissible instantaneous voltage 
between collector and emitter terminals when the 
emitter current is reduced to zero by means of a 
reverse emitter base voltage, i.e. the base voltage 
is normally positive w.r.t. emitter for PNP transistor 
and negative w.r.t. emitter for NPN types.

NOTE: The term "cut-off” is sometimes replaced by Vbe > x volts, or
which are equivalent conditions under which the device may

Kb 
be cut-off.
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Vce max (Ic = x mA) The maximum permissible instantaneous voltage 
between collector and emitter terminals when the 
collector current is at a high value, often the max, 
rated value.

Vce max (lB = 0) The maximum permissible instantaneous voltage 
between collector and emitter terminals when the 
base terminal is open circuited or when a very high 
resistance is in series with the base terminal. 
Special care must be taken to ensure that thermal 
runaway due to excessive collector leakage current 
does not occur in this condition.

Due to the current dependency of VCE it is usual to present this information 
as a voltage rating chart which is a curve of collector current versus 
collector to emitter voltage (see Fig. 1).
This curve is divided into two areas:
A permissible area of operation under all conditions of base drive provided 
the dissipation rating is not exceeded (area 1) and an area where operation 
is allowable under certain specified conditions (area 2).
To assist in determining the rating in this second area, further curves are 
provided relating the voltage rating to external circuit conditions, for 
example:

■ Rb , Zgg , Vbe > Ib or ^22.
n

An example of this type of curve is given in Fig. 2 as Vce versus g— for Re
two different values of collector current.

It should be noted that when RE is shunted by a capacitor, the collector 
voltage Vce during switching must be restricted to a value which does 
not rely on the effect of RE .
In the case of an inductive load and when an energy rating is given, it may 
be permissible to operate outside the rated area provided the specified 
energy rating is not exceeded.

Mullard Page D4



GENERAL EXPLANATORY
NOTES

SEMICONDUCTOR

DEVICES

3.2 Transistor Current Ratings
Collector current ratings
Ic max The maximum permissible collector current. 

Without further qualification, the de value is 
implied.

Ic(av) max The maximum permissible average value of the total 
collector current.

Icm The maximum permissible instantaneous value of 
the total collector current.

Emitter current ratings
)E max The maximum permissible emitter current. Without 

further qualification, the de value is implied.
Ieiav) max The maximum permissible average value of the total 

emitter current.
Ibr(av) max The maximum permissible average value of the total 

emitter current when operating in the reverse 
emitter-base breakdown region.

Iem The maximum permissible instantaneous value of 
the total emitter current.

Ierm The maximum permissible instantaneous value of 
the total reverse emitter current allowable in 
the reverse breakdown region.

Base current ratings
Ib max The maximum permissible base current (without 

further qualification, the de value is implied).
Ib(av) max The maximum permissible average value of the total 

base current.
Ibiì(av) max The maximum permissible average value of the total 

reverse base current allowable in the reverse 
breakdown region.

Ibm The maximum permissible instantaneous value of the 
total base current. The rating also includes the 
switch off current.

Ibkm The maximum permissible instantaneous value of 
the total reverse current allowable in the reverse 
breakdown region.
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3.3 Transistor Power Ratings
Plot max: The total maximum permissible continuous power dissipation 
in the transistor and includes both the collector-base dissipation and the 
emitter-base dissipation. Under steady state conditions the total power is 
given by the expression:

Pun = VcbX Ic+VheX li>
In order to distinguish between “steady state” and "pulse” conditions 
the terms “steady state power (Ps)’’ and “pulse power (Pp)” are often used. 
The permissible total power dissipation is dependent upon temperature 
and its relationship is shown by means of a chart as shown in figure 3.

The temperature may be ambient, case or mounting base temperatures. 
Where a cooling clip or a heatsink is attached to the device, the allowable 
power dissipation is also dependent on the efficiency of the heatsink.
The efficiency of this clip or heatsink is measured in terms of its thermal 
resistance (0h) normally expressed in degrees centigrade per watt 
(deg. C/W). For mounting base rated device, the added effect of the 
contact resistance (Oj) must be taken into account.
The effect of heatsinks of various thermal resistance and contact resistance 
is often included in the above chart.
Thus for any heatsink of known thermal resistance and any given ambient 
temperature, the maximum permissible power dissipation can be estab
lished. Alternatively, knowing the power dissipation which will occur 
and the ambient temperature, the necessary heatsink thermal resistance 
can be calculated.
A general expression from which the total permissible steady state power 
dissipation can be calculated is:

where 6j-amb is the thermal resistance from the transistor junction to the 
ambient. For case rated or mounting base rated devices, the thermal 
resistance 0j_amb is made up of the thermal resistance junction to case 
or mounting base (0-mb). the contact thermal resistance (0,) and the 
heatsink thermal resistance (0h).
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For the calculation of pulse power operation Pp , the maximum pulse 
power is obtained by the aid of a chart as shown in figure 4.

the general expression from which the maximum pulse power dissipation 
can be calculated is:

p Tj—Tamb—Ps X Oj-amb
" “ 0t+d(0case-amb)

where 0t and d are given in the above chart and Ocase-amb is the thermal 
resistance between case and ambient for case rated device. For mounting 
base rated device, it is equal to 0t, + 0, and is zero for free air rated device 
because the effect of the temperature rise of the case over the ambient 
for a pulse train is already included in (It •

3.4 Temperature Ratings
Tj max The maximum permissible junction temperature

which is used as the basis for the calculation of 
power ratings. Unless otherwise stated, the con
tinuous value is implied.

Tj max (continuous The maximum permissible continuous value, 
operation)
Tj max (intermittent The maximum permissible instantaneous junction 
operation) temperature usually allowed for a total duration of

200 hours.
Tmb The temperature of the surface making contact with

a heatsink. This is confined to devices where a 
flange or stud for fixing onto a heatsink forms an 
integral part of the envelope.

Tca,Se The temperature of the envelope. This is confined
to devices to which may be attached a clip-on 
cooling fin.
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Section IV. Mounting and Soldering Recommendations

1. MOUNTING OF "LOCKFIT" TRANSISTORS

1.1 Mounting on printed-wiring boards
The "Lockfit" encapsulation is usable with printed-wiring boards having 
either the standard e-grid or the more closely spaced e-grid. The relevant 
dimensions of these boards are given in Table 1.

TABLE 1
Dimensions of Printed-wiring Boards

Board Grid
Hole 

diameter
Maximum 

board 
thickness

e-board 2-54mm
(0-1in)

1 05i0 05mm 
(upto 1 -30mm allowable)

1 -7mm

e-board 0-635mm
(0025in)

0-80±0 03mm 1 '1mm

The pins of "Lockfit" transistors each have three enlargements along 
their length, as shown in Fig. 1. At the tip is a spade-shaped (lock 'B'); 
partway up is a tapered cross-piece (lock 'A') that projects further left 
and right than lock 'B'; and nearest to the body of the assembly is 
another cross-piece (lock 'C) that extends even further left and right 
than lock A'.
Hole spacing in either type of grid allows the insertion of the "Lockfit" 
pins; but as the holes of the closely spaced c-grid are necessarily of 
smaller diameter than those of the other grid, the pins cannot be (or 
should not be) pushed in beyond the middle expansion - lock 'A'. Thus 
the functions of the three locks are as indicated in Fig. 1a for e-grid

Lock A

Lock B
board

boards and Fig. 1b for e-grid boards.

Lock C

Lock A

Lock B

(b) D5536

Fig. 1 - Detail of "Lockfit"pins, and function of three "locks" when used with 
(a) e-grid and (b) e-grid printed-wiring boards
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1.1.1 Mounting procedure with e-grid boards
The best insertion procedure with the e-(2-54mm) grid is as follows: 
(1) Place the rear two pins into their corresponding printed-circuit board 
holes with the transistor at a slight angle to the vertical (Fig. 2a).
(2) Place the centre pin into the remaining hole by light pressure at a 
slight angle to the vertical on the device. Continue this light pressure 
until both the ‘A1 locks of the rear two leads are inside the holes (Fig. 2b). 
(3) Tiltthe device with light pressurefrom the rear until it is in a vertical 
position. Lock ‘A' of the centre lead will now enter the hole (Fig. 2c). 
(4) Move the device perpendicularly downwards with light pressure until 
all three ‘A’ locks snap into position beneath the printed-wiring board, 
and the ‘C’ locks rest on the upper side of the board (Fig. 2d.)

Fig. 2 - Mounting procedure for “Lockfit" transistors using e-grid printed-wiring 
boards ; procedure is similar for e-grid boards
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1.1.2 Mounting prodedure with e-grid boards
The best insertion procedure with the e-(0-635mm) grid is as follows: 
(1) Place the rear two pins into their corresponding printed-circuit board 
holes with the transistor at a slight angle to the vertical.
(2) Place the centre pin into the remaining hole by light pressure at a 
slight angle to the vertical on the device. Continue this light pressure 
until both the 'B' locks of the rear two leads are inside the holes.
(3) Tilt the device with light pressure from the rear until it is in a vertical 
position. Lock ‘B' of the centre lead will now enter the hole.
(4) Move the device perpendicularly downwards with light pressure until 
all three ‘B’ locks snap into position beneath the printed-wiring board, 
and the ‘A’ locks rest on the upper side of the board.
No attempt should be made to force lock 'A' through this type of board.

1.2 Soldering
For both boards, the temperature should not exceed 300°C and the 
application time should not exceed 3 seconds.
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INTRODUCTION TO TECHNICAL DATA

1. LEAD DESIGNATIONS
Source S, s. Drain D, d. Gate G, g. Substrate B, b.

2. SEQUENCE OF SUBSCRIPTS
The first subscript denotes the terminal at which the current or voltage is 
measured.

Where the reference terminal or circuit is understood, the second subscript 
may be omitted where its use is not required to preserve the meaning of 
the symbol.

The letter 0 is used with three terminal devices as a third subscript only to 
denote that the terminal not indicated in the subscript is open circuited. 
The letter S is used as a third subscript to denote that the terminal not 
indicated in the subscript is short circuited to the reference terminal. 
The letter X is used as a third subscript to denote measurements taken 
under specified circuit conditions.

2.1 Quantity Symbols
V — Voltage
I — Current
P — Power

i d
v with subscripts s instantaneous value of varying component
o g
i D
v with subscripts S instantaneous total value
P G
I d the r.m.s. value' of the varying component or
V with subscripts s with appropriate subscript the peak (m) average
P g (d.c.) (av) value of the varying component
I D the no-signal (d.c.) value of or with the
V with subscripts S appropriate additional subscripts the total
P G average value (AV) with signal or the total peak

value (M)

The letter symbol usually indicates by two subscripts the two reference 
terminals. The first subscript indicates the terminal which is positive with 
respect to the second subscript.
eg.

Vos = 6V: Drain is 6V positive w.r.t. Source

Vos — — 6V: Drain is 6V negative w.r.t. Source
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Reversal of the subscripts also changes the polarity sign 
For example the following statements are identical

Vds = — 6V; Vsd = 6V; -VI)S = 6V
The supply voltage shall be indicated by repeating the terminal subscript.
The reference terminal may then be designated by the third subscript.

Examples Vdd, Vss, VSSD

2.3 Current
Conventionally, current which flows into the transistor terminals has a 
positive value.

e.g. Id — 1mA means 1mA flowing into the drain terminal 
(in the conventional sense)

Is —1mA means 1mA flowing out of the source terminal 
(in the conventional sense) —

No | t
—-signal ---------------With signal-----------------------------► 0113

Examples
Id d.c. drain current—no signal
Id( \v) Average (d.c.) value of total drain current with signal applied
Idm Peak value of total drain current
Idirms) Root-mean-square value of total drain current
ii> Instantaneous value of total drain current
l<im Peak value of the varying component of the drain current
Idims) Root-mean-square value of varying component of drain current 
id Instantaneous value of varying component of the drain current

The following are examples of the implied relationship

ll)M -- IniAVI lldl»; ¡D - IdiAV) + i<lj — V 11>( A V)2 + I dlHHS, 2
To avoid any misunderstanding with maximum or minimum values the 
negative sign is always put in front of the letter symbol and not in front 
of the value given.
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For example in quoting a limit value

— Is max 50mA

and in quoting a spread value
— Vp(gs) < 1 '5V

In devices having more than one terminal of the same type the terminal 
subscripts shall be modified by adding one number following the subscript 
and on the same line.
Examples:

Vcis, Voss, refers to a dual gate MOS device
|Vgisi —Vg2»2| refers to a matched pair of junction FET's 

where the gate-source voltage of the first device is referred to the gate
source voltage of the second device, as a modulus of their difference 
over a given temperature range.

2.4 The first subscript in the matrix notation identifies the element of the 
four pole matrix.

i — input 
o — output 
f — forward transfer 
r — reverse transfer.

A second subscript may be used to identify the circuit configuration, 
d — common drain
s — common source 
g — common gate 

Examples
Cis Cos Crs 

Input, output and reverse feedback capacitances in common source 
configuration.

3. TYPES OF FIELD EFFECT TRANSISTORS
3.1 Junction gate Field effect transistors

N-channel-junction FET

Mullard G.E.N. Page 3



FIELD EFFECT
TRANSISTORS

GENERAL EXPLANATORY
NOTES

P-channel-junction FET
(Vp(GS) >0, loss < 0)

(Vp(gs) < 0, loss > 0) IB9804I

N-channel-M.O.S.-FET (enhancement mode) leasosl

(Vp(GS) > 0 Idss <=» 0)
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VGS 
lB9a07l

4. BASIC CIRCUITS CONFIGURATIONS

Grounded-source 
The source is 
common to input 
and output

Grounded-drain 
The drain is 
common to input 
and output

Grounded-gate 
The gate is 
common to input 
and output

An additional subscript s, d or g may be used to identify the circuit 
configuration

Example Cis is input capacitance with grounded source

5. CHARACTERISTICS
The characteristics are given in data sheets as either typical values 
and/or minimum and maximum values. Published curves are usually 
typical curves and are applicable only at the stated temperature.
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5.1 Cut-off Voltage (V^asi)
The cut-off voltage Vp(cs> is the 
gate-source voltage for a given 
small value of drain current Id at a 
stated drain source voltage Vds

TEST CIRCUIT FOR Vp(gs)

5.2 Drain-source short circuit 
current (loss)
The drain-source short circuit 
current I(dss) is the current flowing 
between drain and source with the 
gate short-circuited to the source 
(Vcs = 0) and at a stated drain
source voltage (Vds)

TEST CIRCUIT FOR loss
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Gate-source leakage/current 
less

Drain-source leakage current 
loss 

(enhancement mode device)

B9614

Drain-source leakage current 
Idsv, at specified VDs and Vos 

and grounded source

B9B15

Source-drain leakage current 
Isdv with specified Vsd and Vos 

with grounded drain

Drain-substrate leakage current 
Ions

Source-substrate leakage current 
I SUS

6. SMALL SIGNAL-Y PARAMETERS

Four-pole equivalent circuit
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yu = yi ___ iln
Vm

Vout -  0 input admittance with output short 
circuited

y 12 = yr =T7i!------ Vin = 0 
V out

y2i = yr —Vout = 0
V in

ya2 = yn =4/7^— Vin = 0
V out

reverse transfer admittance with input 
short circuited 
forward transfer admittance with output 
short circuited
Output admittance with input short 
circuited

A second subscript on the y-parameter indicates the circuit configuration 
e.g. yis = input admittance in common source configuration

where yis is the complex form
yis ~ gis+jbis and bis = wcis

For example
Ci, = input capacitance in common source

and
Crs = feedback capacitance in common source

The forward transfer admittance in common source configuration at low 
frequency (e.g. below about 1MHz) is indicated in the following forms

gm = g2is = grs = |yrs|

at high frequency this parameter is a complex quantity and the modulus 
|yis| is usually given i n the data with a specified frequency of measurement.

ABSOLUTE MAXIMUM RATING SYSTEM

7. Absolute maximum ratings are limiting values of operating and environ
mental conditions applicable to any device of a specified type as defined 
by the published data, and should not be exceeded under the worst 
probable conditions.

These values are chosen by the device manufacturer to provide acceptable 
serviceability of the device, taking no responsibility for variation in 
equipment or environment, and the effects of changes in operating 
conditions due to variations in the characteristics of the device under 
consideration and of all other devices in the equipment.

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 probable operating conditions with respect 
to variations in supply voltage, environment, equipment components, 
equipment control adjustment, load, signal or characteristics of the device 
under consideration and of all other devices in the equipment.
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7.1 Ratings (maximum permissible values) 
Vds max — Drain-source voltage
Vdb max — Drain-substrate voltage
Vsir max — Source-substrate voltage
Van max — Gate-drain voltage
V(;s max — Gate-source voltage
Vcb max — Gate-substrate voltage
In max — Drain current
Is max — Source current

"Ig max — Gate Current
"applies only to junction F.E.T.'s if a forward-voltage is applied to the gate.

7.2 Power Dissipation
where Tj max = maximum permitted junction temperature 

Tamo max = maximum permitted ambient temperature 
Tease max — maximum permitted case temperature 
Rtnipamb) — Thermal resistance junction to ambient 
Rth( case-amb) — Thermal resistance case to ambient.

The limiting value of the maximum permitted device dissipation Pt.,t max 
is stated for either max -Tamb max

Tainb — -----5-------------
nth(j-ainb)

8. SOLDERING AND WIRING RECOMMENDATIONS
8.1 When using a soldering iron, transistors may be soldered directly into 

the circuit, but heat conducted to the junction should, if possible, be 
kept to a minimum by the use of a thermal shunt.

8.2 Transistors may be dip-soldered at a solder temperature of 245°C for a 
maximum soldering time of five seconds. The case temperature during 
soldering must not at any time exceed the maximum storage temperature. 
These recommendations apply to a transistor mounted flush on a board 
having punched-through holes, or spaced at least 1-5mm above a board 
having plated-through holes.

8.3 Care should be taken not to bend the leads nearer than r5mm from 
the seal.

8.4 If devices are stored at temperatures above 100°C before incorporation 
into equipment, some deterioration of the external surface is likely to 
occur which may make soldering into the circuit difficult. Under these 
circumstances, the leads should be retinned using a suitable activated flux.

9. OPERATING NOTE (M.O.S. insulated gate F.E.T.'s) 
Mounting and handling instructions
To exclude the possibility of damage to the gate oxide layer by an 
electrostatic charge building up on the high resistance gate electrode, 
the device is fitted with a conductive rubber ring around the leads. This 
ring should not be removed until after the device has been mounted 
in the circuit.
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SECTION VI
Safe Operating ARea for power transistors

INTRODUCTION
One of the main restrictions in the operation of power transistors is the phenomenon 
known as ‘second breakdown'. This is the name given to a transistor condition 
whereby the collector-emitter voltage abruptly switches from a high to a low 
voltage with increased current.

A diagram illustrating the output characteristics of a power transistor is shown 
in Fig. 1. It is not representative of any particular device but merely serves to 
demonstrate the Ir against Ven characteristics of a transistor as it goes into second 
breakdown. On the horizontal axis the forward and reverse-biased base regions 
are clearly grouped, with the base open-circuit condition dividing the two regions.

The transistor will enter second breakdown at a certain critical current value

Fig. 1—Output characteristics of a power transistor

Milliard
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which is low at high collector-emitter voltages and higher at low voltages. Three 
loci for critical current values are shown on the diagram; these represent d.c., 
pulse, and short pulse operation. The extension of the second-breakdown locus for 
pulse operation is dependent on the pulse duration tp and also, to a lesser extent, 
on the duty cycle d (see Figs. 2 and 3). Thus the greatest extension is permissible 
with single-shot pulses (d = 0 Q1) of short duration, say 1 Oy.s. (The value d = 0 01 
can be considered as single-shot because there is ample time for cooling between 
power pulses).

Observation of second breakdown
Consider the lc against Ven characteristic ABCDE shown in Fig. 1. At point B 
the device goes into avalanche, otherwise known as first breakdown. At this point 
the collector current starts to rise sharply for very little increase in the collector- 
emitter voltage. If the current is allowed to increase up to a critical value at C the 
device will enter second breakdown. This is noted by an abrupt switching of the 
collector-emitter voltage to a low value at point D. In second breakdown the 
device offers only a very low resistance to collector current, and is invariably 
destroyed if the current is not specially limited by a circuit external to the transistor. 
Beyond point C the process is generally'irreversible whereas up to point C in 
avalanche the trace can be returned with no serious alteration to the transistor 
properties. It is in the forward-biased mode of operation that the phenomenon of 
second breakdown has been extensively studied over recent years, and a method of 
presenting the Safe Operating ARea (abbreviated to SOAR) is now being published 
in Mullard data for power transistors.

, In many applications, however, the reverse-bias breakdown characteristics are 
also of importance. For example, when a power transistor with an inductive .load 
is turned off by reverse biasing the base, the collector voltage will rise above the 
supply voltage because of the stored inductive energy of the coil. For such applica
tions transistors have been developed which permit excursions outside the VcEomax 
rating under specified conditions.

With reverse bias on the base, second breakdown is always preceded by first- 
breakdown. At low collector currents the voltage across the transistor can exceed 
the Vceo rating as shown in Fig. I. ln first breakdown, or avalanche, the device 
goes through a negative resistance region until a critical current value is reached at 
which point the collector-emitter voltage abruptly switches to a very low value in 
second breakdown.

Second breakdown in the transistor is usually caused by current concentration 
at a point in the emitter active area; this is described in detail elsewhere*1)

SIMPLE METHOD OF USING PUBLISHED SOAR CURVES
In addition to the methods described in the MTC article I1) sufficient SOAR 
information is provided in the published data of each power transistor to cover 
90% of all applications.

'■TP 1454 reprinted from MTC No. 122 APRIL 1974

Mullard
SOAR Page 2



GENERAL EXPLANATORY
NOTES

SOAR

Thus, in most cases the user will merely select the appropriate SOAR curve 
already constructed—without having to calculate and manipulate Msb values.

In general, the data provides SOAR curves for pulse durations in multiples of 
1, 2, 5, and 10, starting at pulse durations in the region 10 to SOy.s. The families of 
curves are plotted at duty cycles of 0-01 (single-shot) 0-1, 0-2, 0-5, and 10 (d.c.). 
The transient thermal impedance curves are also included so that the operating 
mounting-base temperature can be calculated. Typical SOAR data curves for duty 
cycles of 0-2, 0-5 are illustrated in Figs. 4 and 5.

These curves will be used in the examples that follow.
In the few applications (about 10%) which are not covered by the published 

SOAR curves, the user can derive Msb curves from the single-shot and d.c. SOAR 
information, and construct the boundaries using the method fully described in 
the reference TP 1454

All Mullard data, including pulsed power ratings, assume the use of square 
waves and resistive loads. Therefore, the system for using the SOAR and transient 
thermal impedance curves to be described deals with this type of waveform first, 
and then methods for other practical cases will be considered. It is assumed that the 
electrical and time conditions are the fixed parameters of an application at the design 
stage, and that the thermal conditions can be most easily adjusted. The maximum

Fig. 2—Typical thermal impedance curves at various duty cycles

Mullard
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power must be calculated at the worst-case condition ; when the worst-case condition 
is not obvious, all discrete sets of conditions need to be assessed.

Construction of SOAR using published data
The procedure for constructing a SOAR for one specific set of conditions is des
cribed with reference to the curves shown in Figs. 4 and 5, and to the transient 
thermal impedance curves in Fig. 2.
1) Note the pulse duration tp (for example, 1 -7ms).
2) Note the time between pulses (T — tp) (for example, 2-9ms).
3) Calculate the dutycycle d from the equation d = tp/T (in this example 0-37).
4) Note the peak collector current 1cm (for example 300mA).
5) Note the peak collector emitter voltage Vcem (for example, 35V).
6) Select the SOAR curve with time conditions greater than or equal to the time 

conditions of the application (in this example, for d = 0-37 use d = 0-5 and for 
tp = 1 -7ms use tp = 2-0ms).

7) Plot the point given by the specific Icm and Vcem values, shown as point Q in 
Fig. 5.

8) The point Q is acceptable if it is contained within the area of the 2ms/0-5 SOAR 
as shown in this example.

Thermal calculations
The maximum permissible mounting base temperature is now determined as 
follows:—

1) Determine peak power by multiplying lent by Vcem.

2) Calculate the transient thermal impedance for 1 -7ms at 0-37 duty cycle.

The equation used is:

Ztli(td) — {Rth —Zth(to,}d 4 Zthltoh

Where Zthmn is the thermal impedance for pulse duration t at duty cycle d, and 
Zth(to) is the thermal impedance for pulse duration t at duty cycle d — 0-01 (from 
Fig. 2).

Mullard
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3) Calculate the difference between the junction and mounting-base temperature 
from:

(Tj—Tmb)=Zth(td) X IcM XVcEM.

4) Calculate the maximum permissible mounting-base temperature Tmtmax from:

Tmurnax =Tjmax—(Tj—Tmt).

5) A heatsink which limits the mounting-base temperature to this value is required. 
The thermal capacity of the heatsink will be such that the transient effect of the 
power will be averaged. Hence the thermal resistance is calculated using average 
power. Thus:

Tmbmax—Tamb ,
Rth(h-a) =---------- —-------------- — Rthfmb h)degC/W,

Icm x Vcem x d

Where Rth(h-a) is the thermal resistance of heatsink to ambient and Rthjmb h> is 
the contact thermal resistance.

6) The physical size of the required heatsink can be determined from heatsink pub
lished data or from the nomogram in Appendix 1.

Operating selected outside SOAR

Suppose the application had required an Icm of 400mA instead of 300mA. In this 
case the point P on Fig. 4 would be given. Point P is outside the 2ms area which 
indicates that the condition may be unacceptable. Thus a closer approximation to 
the true conditions is necessary.

1) Using linear interpolation between the 1 and 2ms curves at d = 0-5 (Fig. 5) 
draw a SOAR curve for tp = 1 -7ms. If point P is within this area then the con
ditions are acceptable and the heatsink thermal resistance can be calculated.

2) If point P is outside the 1 7ms area, then determine the 1 -7ms area on the family 
of curves for d = 0-2 (Fig. 4). A further linear interpolation between the two
1 -7ms areas is then needed to approximate to the 1 -7ms SOAR at duty cycle of 
0-37.

3) If point P is outside this area, then the condition is unacceptable, and a different 
transistor should be considered.

The above method is not absolutely accurate, but the approximation errors in
volved are allowed for in the published data tolerances. More accurate calculations 
can be made by going back to first principles, and calculating the multiplying factor 
for the specific condition. T)

ii iyp 1454 reprinted from MTC No. 122 APRIL 1974
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Fig- 5—Typical SOAR family for d = 0 5 (50% duty cycle)
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PRACTICAL APPLICATION
This section discusses a typical application in which power transistors are used.

Audio application
The example describes how the output transistors of an audio amplifier are 

checked for excursions outside the specified SOAR when the amplifier is being 
tested under a sinewave overdrive condition.

This example describes how the SOAR curves are used to check the suitability of 
the BD131 power transistors in a television audio amplifier application. The 
amplifier is a class A design capable of delivering an output of 2W. The circuit 
configuration is shown in Fig. 6.

Fig. 6—Circuit configuration of television audio output stage

Mullard
SOAR Page 7



The amplifier provides the required output power but the second breakdown 
acceptability has to be checked, and the thermal requirements of the heatsinks are 
to be calculated.

In this example the SOAR acceptability is considered in the event of the transis
tors being overdriven by a sinewave signal of period 960;«. A test resistor of 01Q is

Fig. 7—Method of connecting dual-trace oscilloscope to 
obtain simultaneous display of lc and VCE

Time (ps)

Time (ps)
Fig. 8---- VCE and lc characteristics ^lit

Mullard
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inserted in the emitter circuit of the lower transistor TRi. A simultaneous display 
of the Vcb and Ic waveforms is then obtained by connecting the probes of a dual
trace oscilloscope in the manner shown in Fig. 7. The traces of Vcb and Ic taken 
from the oscilloscope are shown in Fig. 8 and the measurements from the wave
forms are recorded in Table 1. These readings were recorded every 20(xs through 
the complete cycle of 960(zs. In the final column of Table 1, values of instantaneous 
power are calculated and plotted against time in Fig. 9. This curve is then converted 
into a series of equivalent squarewave pulses having the same peak power values as 
the actual pulses. The equivalent squarewave pulses are shown by the dashed line 
and are marked Pi, Pa, and Ps in Fig. 9.

Each pulse is then checked individually. The duty cycle for each equivalent 
squarewave pulse is calculated, and the Vcb and Ic values recorded over the dura
tion of the pulse are checked on the appropriate SOAR curve.

TABLE 1

Measured values of Ic and Vcb and derived P(tot> obtained 
from oscilloscope display

Time 
(gs)

Ic 
(mA)

Vcb 
(V)

P(tot) 

(W)

0 260 2 0-52
20 220 6 1-32
40 180 12 2-16
60 140 16 2-24
80 90 20 1-80

100 50 25 1-25
120 5 29 015

then no important changes until
500 5 25 044
520 40 25 100
540 80 20 L60
560 130 15 1-95
580 180 10 1.80
600 220 5 1-10
620 260 1 0-26

until
940 280 1 0-28
960 260 2 0-52

Mullard
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Consider pulse Pi: the equivalent pulse time tpi is 82-5fzs and the total cycle 
time T is 960(j.s. Therefore the duty cycle di is 82-5/960 or 0 086. The VCe and Ic 
values recorded up to the end of the pulse time tpi are then plotted on the SOAR 
curve for d = 01 as shown in Fig. 10. Thè locus of this plot falls well within the 
tp = 100p.s limit, therefore this condition is acceptable. In figs. 10 to 12, the 5mA 
point is plotted on the 10mA line for convenience, this makes no difference to the 
result.

The same procedure is followed for checking the acceptability of pulses P2 and P3. 
For P2 the duty cycle is 420/960 or 0-44; thus the Vce and Ic measurements recorded 
for pulse P2 are plotted on the SOAR curve for d = 0-5 as shown in Fig. 11. For P3 
the duty cycle is 70/960 or 0-073, so the Vce and Ic measurements recorded for pulse 
P3 are again plotted on the SOAR curve for d = 0-1 as in Fig. 12.

In all three cases the pulse conditions are acceptable since not even the d.c. 
SOAR limits are exceeded. Thus, the transistor will not fail through second break
down even when the amplifier is continuously overdriven.
Heatsink calculations
The heatsinks have to be designed to keep the junction temperature below the 
rating of 150°C. The known thermal restraints are the standard ambient tempera
ture of 60°C allowed for in television enclosures, and the thermal impedances 
associated with the BD131. The thermal impedance curves for the BD131 are shown 
in Fig. 13, and the contact thermal resistance Rth(mb -id is 1 degC/W.

Fig. 13—Thermal impedance curves for BD131

-------------------- Mullard---------------------
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The calculations used to determine the size of the required heatsinks involve 
average power values, as follows:

_Tmbmax-Ta
Kth(h-a)--------—------- — Kth(nib-h), • ■ -U)

rav

where: Tmbmax=Tjmax—(Tj—Tmb)max. ...(2)

™ f D /Tjmax-iTj Trnblmax Tai
Therefore: Rth(h-a) = |---------------------------------------- I — Rth(mb-h) .. .(3)\ Pav /

Two average powers have to be considered;that during the overload condition 
and that during the quiescent state. Since this is a class A amplifier, 2W will be 
dissipated in each of the output transistors during the quiescent condition, and this 
will be the d.c. bias condition. Under the overload condition the average power 
value is calculated as follows:

average heat input per cycle

=f(tpi XPi)+(tP2 X Pa)+(tp3 x Pa)]/T, .. .(4)

=[(82.5x2.24)+(420x0.15)+(70xl.96)]/960 =o.4W.
960p.s

The calculation of heatsink sizes should be determined under worst-case condi
tions. This occurs when the quiescent state is followed by the overload conditions. 
Since the average overload power is less than the quiescent power the first cycle of 
overload will define the (Tj—Tmb)max.

The maximum value of (Tj—Tmb) is to be the greater of the two values given 
by the equations (5) and (6) below.

(Tj—Tmb)rnax = PQ x Rtn+fPi —PQ)Zthtpi, .. .(5)

and (Tj—Tmb)max = PQXRth+(Pi—PQ)Zth(tpi + tp2+tP3)

“ (Pl— P2)Zth(tp2+tp3)+(P3— P2)Zthtp3, • • .(6)

where:
quiescent power Pq=2W tP3=70p.s

Pi=2.24W Rth=6degC/W
P2=0.15W Ztntpi =0.72degC/W
P3 = 1.96W Zth(tpi+tp2+tp3) = 2.0degC/W
tpi = 82.5p.s Zth(tp2+tp3) = 1,8degC/W

tPi+tp2+tP3 = 572.5p.s Zthtp3 =O.63degC/W.
tp2+tP3=490. Ous

Mullard
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Thus, Eq. 5 becomes:

(Tj-Tmb)max=(2 x 6)+(0.24 x 0.72) =(12 +0.2) = 12.2degC.

Eq. 6 becomes:

(Tj —Tmb)max=(2 x 6)+(0.24 x 2) -(2.09 x 1.8) + (1.81 x 0.63),

= 12+0.48 3.76 + 1.14 =9.9degC.

Therefore the maximum value of (Tj—Tmb) is 12.2degC from Eq. 5 .

Thus Eq. 3 becomes :

„ /150 —12.2—60\ ,Rthiba)= I--------- - --------- 1 —1 =37.9degC/W.

Therefore the maximum value of (Tj—Tmt) is 12.2 degC from Eq. 5.
Therefore heatsinks used for the BD131 transistors in this application should 

each have a thermal resistance of 37degC/W or less. The foregoing calculations 
assume a contact thermal resistance value of IdegC/W, which is true only if a heat
sink mounting compound is used.

APPENDIX I
Transistor heatsink sizes

The heatsink size for any transistor can be found from the nomogram shown 
in Fig. 14 provided that the power dissipation is no greater than 100W, and that 
the heat is dissipated by free convection. This nomogram should not be used where 
forced air cooling is employed, or where heatsink material other than aluminium 
is desired. The nomogram is 'operated as follows, with reference to the simplified 
curves in Fig. 15.
1) Calculate the worst-case dissipation Ptotmax and hence the thermal resistance 

of heatsink to ambient Rth(h—a). Thus:

D Tmbmax Tamb _
—a) = --------------------------- Rthfmb—h)

Ptot

2) Enter the nomogram in section I of Fig. 15. Move horizontally to the left until 
the appropriate orientation (either horizontal or vertical) and the appropriate 
surface finish is reached.

3) Move vertically upwards to intersect appropriate power dissipation curve 
(Ptot) in section II.

4) Move horizontally to intersect the curve in section III for the desired thickness 
of sheet aluminium heatsink. If an extrusion is required, move vertically upwards 

Mullard
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from the point of intersection on the chosen extrusion curve and read off the 
required length on the top horizontal scale. (The 30D and 40D are shown in 
outline in Fig. 16. These types belong to the family of extrusions which has been 
used with Mullard power devices requiring special heatsink considerations, such 
as thyristor stacks and power rectifiers. Similar curves for alternative extrusions 
could also be plotted in section III using the heatsink manufacturer’s data 
relating Rtnui- a) and power, and length).

5) Move vertically down from point A in section III to intersect with the appro
priate curve for the transistor encapsulation style.

6) Move horizontally to the left and read off the required area of one side of flat 
aluminium heatsink.

7) The heatsink dimensions of height to width should not exceed the ratio 1-25:1.

--------------------Mullard---------------------
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ACI27GERMANIUM N-P-N
HIGH-GAIN TRANSISTOR

Germanium n-p-n high gain alloy junction transistor intended for 
complementary symmetrical Class 'B' output stages. TO-1 construction 
with envelope isolated.

RATINGS

QUICK REFERENCE DATA

V max. (I - 0)Cr> IL
+32 V

VCER maX’ (RBE <6QS!) +32 V

ICM 500 mA
P, , max. (T = 25°C)
tot amb 340 mW

h (typ) (I = 500mA) 50

fT (typ) 2.5 Mc/s

Limiting values of operation according to the absolute maximum system as 
defined in publication 134 of the International Electrotechnical Commission

Electrical

VCB maX‘ ^E=^

VCER maX’ <RBE<60£1> (See Page C1)

+32

+32

V

V

ICM max. 500 mA

^(AV)““’ 500 mA

iem max- 525 mA

^(AV) maX- 525 mA

W max- 25 mA

^BfAV) maX‘ 25 mA

P. . max. tot

♦Averaged over any 20ms period.

Thermal

340 mW

T . min. stg -55 °C

T max. stg 90 °C

T. max. 
J

T. max. (intermittent operation,
90 °C

total duration = 200 hours) 100 °C

Mullard
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THERMAL CHARACTERISTICS

0. , (in free air)j-amb 0.37 degC/mW

0. j-case 0.11 degC/mW

0. , in free air with coolingj-amb ... v.,clip as shown on page D4

0. , in free air with cooling clip
giving good thermal contact

0.22 degC/mW* -

mounted on a heatsink of 16 s.w.g.
aluminium, minimum area 12. 5cm 0.16 degC/mW

ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise stated)

Min. Typ. Max.
Collector-base breakdown voltage V (BR)CBO

Ic = 500pA +32 - V

Emitter-base breakdown voltage V(BR)EBO
I =200|iA K +10 - V

Collector knee voltage ^CE(knee)
I =500mA, (see fig. 1) - - +1.2 V

Base emitter voltage VBE
V „= + 5V,I_= 2mA - +120 mVCB ’ E
V =0, I = 500mA - - +1.2 V

Collector cut-off current ICBO
V =+0.5VVD - 10 gA

Emitter cut-off current ^EBO
V = + 5V, T.=75°C

EB j - 550 gA

Large signal forward ^FEL
current transfer ?atio

VCB = °, Ic = 20mA 50 - 200

I = 500mA 25 -- 143

----------------- Mullard------------------
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ACI27GERMANIUM N-P-N
HIGH-GAIN TRANSISTOR

Intrinsic base resistance r,, ,bb'
V =+5V, I =lmA,f =450kc/s vu is

Collector depletion capacitance c^

V,= + 5V, I =0, f=450kc/s

Transition frequency f

V =+2V, I = 10mA 
UJj it

Common emitter cut-off f, .. hfefrequency

Noise figure NF

Vcb = + 5V, IE=500pA, 

f = Ikc/s

Min. Typ. Max.

70 - 2

70 - pF

1.5 2.5 - Mc/s

10 20 - kc/s

4 10 dB

SOLDERING AND WIRING RECOMMENDATIONS

1. When using a soldering iron, the transistor may be soldered directly 
into a circuit, but heat conducted to the junction should if possible be 
kept to a minimum by the use of a heat shunt.

2. The transistor may be dip-soldered at a solder temperature of 245°C 
for a maximum time of 5 seconds. The case temperature during dip
soldering may exceed the maximum storage temperature for a period 
not greater than 2 minutes, provided that it at no time exceeds 115°C. 
This recommendation applies to a transistor mounted flush on a board 
having punched-through holes, or spaced at least 1.5mm away from a 
board having plated-through holes.

3. Care should be taken not to bend the leads nearer than 1.5mm from the 
seal.

Mullard
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Conforms to V. A. S. C. A. SO-21/SB3-10
J.E.D.E.C. TO-1

DIMENSIONS (in millimetres) 
Min.

A 
B 
C 
D 
E
F 38
G

Nom.

1.8

0.43

OUTLINE AND DIMENSIONS OF COO UNG CUPS

Nominal dimensions in mm
Type a. Type b.

Part No. 56227 Part No. 56226

B3I8I

Mullard
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GERMANIUM N-P-N
HIGH-GAIN TRANSISTOR ACI27

MAXIMUM COLLECTOR-EMITTER VOLTAGE PLOTTED AGAINST 
BASE EMITTER IMPEDANCE

Mullard
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COLLECTOR-BASE CUT-OFF CURRENT PLOTTED AGAINST JUNCTION 
TEMPERATURE

Mullard
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COMMON EMITTER INPUT CHARACTERISTICS FOR LOW EMITTER 
CURRENTS
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GERMANIUM N-P-N
HImH-GAIN transistor ACI27

COMMON EMITTER INPUT CHARACTERISTICS FOR HIGH EMITTER 
CURRENTS

Mullard
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COMMON EMITTER TRANSFER CHARACTERISTICS FOR LOW EMITTER 
CURRENTS

Mullard
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GERMANIUM N-P-N
HIGH-GAIN TRANSISTOR ACI27

0 0
01

 3 5 
7 

0-
01

 
3 5 7

01
 

3 5 7
 1 

3 5 7
 IQ

 IB (mA)
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P-N-P GERMANIUM MEDIUM AC128 AC128/01 
POWER TRANSISTORS 2-AC128 2-AC128/01

The AC 128 is a p-n-p alloy junction medium power audio transistor in a TO-1 
envelope, primarily intended for operation in class A and class B output stages.

The AC128/01 is electrically equivalent to the AC128, constructed integrally with a 
heat conducting block.

The2-AC128 and 2-AC128/01 consist of two AC128 and two AC128/01 transistors 
respectively, matched to operate in low distortion class B circuits.

QUICK REFERENCE DATA

VCBO maX- 32 V

VCEO maX- 16 V

■‘cm max- 2.0 A

P max. (T . <20°C) tot amb — 1.0 W

T. max. 90 °C

hpE (-Ic = 50mA, VCB = °) 55 - 175

fT typ. (-Ic = 10mA, -VCE = 2V) 1.5 MHz

OUTLINE AND DIMENSIONS (see also page 2)

Conforms to BS3934 SO-21/SB3-10
J.E.D. E.C. TO-1

AC128

All dimensions in mm 

The coloured dot indicates the collector

Accessories available: 56226, 56227

Mullard
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OUTLINE AND DIMENSIONS (contd.)
AC 128/01

All dimensions in mm

The dent indicates the collector

RATINGS
Limiting values of operation according to the absolute maximum system.

Electrical

VCBO maX-

VCEO maX‘
VCER maX- <RBE i4°°9)

■VEBO maX‘
-I max.

32

16

32

10

1.0

V

V

V

V

A

’’cm max‘
’em max‘
P max. (T , <20°C, with cooling clip 56227 tot amb —

on a 1. 5mm blackened aluminium heatsink

2.0

2.0

A

A

2of 12. 5cm ; see also page 4) 1.0 W

Temperature
T -55stg
T max. (continuous)

to +100

90

°C 

°C

THERMAL CHARACTERISTICS

R , . Thermal resistance from junction to
ambient in free air 

without cooling clip 
with cooling clip 56227 
with cooling clip 56227 on a 1. 5mm 
blackened aluminium heatsink of 12. 5cm 
with cooling clip 56227 on infinite heatsink

AC 128 
290 
140

80
55

AC128/01
180 °C/W

- °C/W

70. 5°C/W 
- °C/W

R . .. . Thermal resistance from junction to caseth(i-c) J
AC128with R(h(j-c) Rthlc-h) R
cooling din [ ■ । p

40
th(h-g)

45 °c/w

562 2 7 i 1______ 1 * - 1______ 1 • kL
1-------------► 40°C/W 15’C/W

AC128/01 —► 45°C/W 0.5’C/W

Mullard
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AC128 AC128/01
2-AC128 2-AC128/01

P-N-P germanium medium 
POWER TRANSISTORS

ELECTRICAL CHARACTERISTICS (T , =25°C unless otherwise stated) amb
Max.Min. Typ.

Collector cut-off current
I =0, -V n = 10V, T.=25°C - - 10 mA
u=o, -v = 32V, T.=25°CCd J - - 200 mA

Emitter cut -off current
I =0, -V„n = 10V, T. = 25°C C Ed j - - 200
I =0, -V =5V, T = 75°CC tSD J - - 500 gA

“VBE Base-emitter voltage
I = 50mA, V =0 - - 300 mV

I = 300mA, V„=0 IS Cd
- - 450 mV

'VCEK Collector knee voltage
-U-iA, -I = the value for B
which -I = 1.1A at -V = IV C CE - - 0.6 V

-Ic
(A)
1.1
1.0

-la

/
~VCEK 1 -Vce (V)

hFE Static forward current transfer ratio
-I_ = 50mA, V =0 55 90 175

-Ic = 300mA, VCB = 0 60 90 175

-IC = 1A’ VCB-° 45 80 165

fT Transition frequency
-I = 10mA, -V„=2V C Cii 1.0 1.5 - MHz

^hfe Cut -off frequency
-I. = 10mA, ~V =2VC C±S 10 15 - kHz

CTc Collector capacitance
I =1 =0 E e -vcb=5v - 100 - pF

rbb' Base resistance
-1 = 1mA -V^=5V - 25 - fi

Mullard
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ELECTRICAL CHARACTERISTICS (contd.)
Min. Typ. Max.

Small signal current gain linearity

A. at 500mA where A. = loaded small i i

hFEl 

hFE2

Aj max. ’ signal current gain

Ratio of static forward current 
transfer ratios of matched pair 
2-AC 128

0.50 0.60

|IC|= 50mA, VCB = 0 - 1.1 1.25

|ICI = 300mA, VCB = 0 - 1.1 1.25

Mullard
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P-N-P GERMANIUM MEDIUM AC128 AC128/01
POWER TRANSISTORS 2-AC128 2-AC128/01

Tj
 C

O
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P-N-P GERMANIUM MEDIUM
POWER TRANSISTORS AC128 AC128/01

2-AC128 2-AC128/01
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ACI28
ACI76

COMPLEMENTARY GERMANIUM 
MEDIUM POWER TRANSISTORS

N-P-N (AC176) and P-N-P (AC128) germanium alloy junction transistors 
for use in complementary symmetrical class 'B' output stages for radio 
receivers, amplifiers and tape recorders. For information on the individual 
types reference should be made to the relevant data sheets.

QUICK REFERENCE DATA
AC128 AC176

VCB max. -32 +32 V

V max. (cut-off) CE -32 +32 V

I max. 1.0 1.0 A
P max. (T = 45°C) tot amb 155 155 mW

(T = 60°C) 700 700 mWcase
T. max. 90 90 °C

J
h typ. (V =0, I = l,0A) J1 IS (_z.D IL 80 83

fT min. 1.0 1.0 Mc/s

Matching ratio for matched pairs seepage 3»

OUTLINE AND DIMENSIONS

Conforms to J.E.D.E.C. TO-1
V.A.S.C.A. SO-21/SB3-10

Millimetres

Min, Norn. Max.
A - - 6,48

B - 6.1

C - - 9.4

D - 1.8

E - 1.5
F 38

G - - 0.48

H - - 2.05

Mullard
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OPERATING CONDITIONS IN CLASS 'B' COMPLEMENTARY SYMMETRICAL 
OUTPUT STAGE

IB495SI

*Nominal supply voltage -24 -24 V

Power supply internal resistance 20 20 2

Load resistance 25 15 2

**Thermal resistance 0. , case-ambper transistor 40 20 degC/W

fLoad power

Speech and music 2.0 3.0 W

Sustained music 1.8 2.7 W

Sinewave 1.4 2.1 W

Driver quiescent current 11.5 18 mA

Nominal driver current
(r.m.s.) for P, = 50mW' ' load 0.65 0.8 mA

Peak collector current 485 675 mA

Peak load current 405 620 mA

R1 330 180 2

R2 680 470 2

URq 100 40 2

Mullard
AC 128 Page 2



ACI28
ACI76

COMPLEMENTARY GERMANIUM 
MEDIUM POWER TRANSISTORS

R4 VA1077 VA1077

R5 2.2 2.2 2

R6 2.2 2.2 2

IHGl 120 200

♦Based on an absolute maximum supply voltage of 26.5V for this circuit.
♦♦Based on T^^ = 45°C. These maximum values of $case_amb include the 

thermal resistance of the transistor mounting.

fThe Fjoatj figures are at the onset of clipping and approximately 10% more 
output can be obtained for = 10%.
The Pjoa(j figures take account of the fact that a practical power supply has 
a finite internal resistance. For a value of 202 internal resistance three 
values of Pjoa(j are given.
1. The speach and music value is the output which will be obtained when 

peaks occur in low level passages.

2. The sustained music value is the equivalent sinewave power output which 
will be obtained during sustained high level passages of music.

3. Normal sinewave rating.

The first two values constitute a useful measure of the power output capability 
of the circuit. The sinewave value is quoted because it is load power which 
will be obtained when, for test purposes, the equipment is driven with a 
sinewave because of the internal resistance of the power supply, the dissi
pations with sinewave drive are lower than with a constant line voltage. The 
thermal resistances required are given assuming these lower dissipations. 
The value of the supply impedance is, therefore, important and the regulation 
shouldnotbeimprovedwithoutmaking compensating changes in the thermal 
resistance 9. ..j -amb

ttPreset to give I = 3.0mA at T . ~ 25°C. q amb
tttValue of for L.F. response -3.0dB at 50c/s. The results obtained are 

with a series resistance of ^1.02.

CHARACTERISTICS FOR MATCHED PAIR

^FELl Ratio of large signal forward
- ------ current transfer ratio of the

FEL2 two transistors
I - 500mA, - 0 <1.2L LB

Mullard
AC 128 Page 3



SOLDERING AND WIRING RECOMMENDATIONS

1. When using a soldering iron, transistors may be soldered directly into 
the circuit, but heat conducted to the junction should if possible be kept 
to a minimum by the use of a thermal shunt.

2. Transistors may be dip-soldered at a solder temperature of 245°C for 
a maximum soldering time of 5 seconds. The case temperature during 
dip-soldering may exceed the maximum storage temperature for a period 
not greater than 2 minutes, provided that it at no time exceeds 115°C. 
These recommendations apply to a transistor mounted flush on a board 
having punched-through holes, or spaced at least 1.5mm away from a 
board having plated-through holes.

3. Care should be taken not to bend the leads nearer than 1.5mm from the 
seal.

OUTLINE AND DIMENSIONS OF COO UNG CLIP

Nominal dimensions in mm 
Type a Typo b.

Part No.56227 Part No.56226

NOTE - Fitting of cooling clips
To ensure good thermal contact with the transistor envelope, the cooling 
clips should not be distorted by forcing it over the "belling" at the base 
of the transistors.

Mullard
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ACI76N-P-N GERMANIUM
MEDIUM POWER TRANSISTOR

Germanium n-p-n high gain alloy junction transistor for audio applications. 
Primarily intended for use in mains operated audio amplifiers with class 
'B' output stages.

QUICK REFERENCE DATA

VCB max. ßE = 0) 32 V

V max. (cut-off) 32 V

I_„ max. 1.0 ACM
Px x max. tot

700 mW

hFE (IE =-500mA, VCB = 0) 52-180

^e aE = -10mA,VCB-2.0V) >10 kc/s

OUTLINE AND DIMENSIONS
Conforming to J.E.D.E. C. TO-1

V.A.S.C.A. SO-21/SB3-10
Millimetres

Min. Norn. Max

A - 6.5

B - 6.1

C - 9.4

D 1.8 -

E - 1.5

F 38 -

G 0.43 -

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
V_ max. (I = 0) 32 VCBM 'E '
VCEM maX‘ <cut-off) 32 V

vc™ = °-5A> = 27i2’ Rr = 2’2i!>LzilrlVi Lz 1J XL 25.5 V
V max. (I = 0, T. S55°C, see page C6)

CEM E J 20 V

V____ max. 5.0 VEBM
I max. 1.0 A

max. 350 mAC(AV)
max. 40 mABM

*1 ,. max. 40 mAB(AV)
P, x max. 700 mWtot

»Maximum averaging time = 20ms

Temperature
T x min. -55 °C

stg
T . max. 75 °C

stg
max. (continuous operation) 90 °C

THERMAL CHARACTERISTICS

e 40 deg C/Wj-case
0 , (in free air)j-amb
0 , (in free air with coolingj -amb

300 deg C/W

clips as on page D4) 150 deg C/W

0 (with cooling clip mounted on
heatsink of at least 12.5cm2) 80 deg C/W

Mullard
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ACI76N-P-N GERMANIUM
MEDIUM POWER TRANSISTOR

ELECTRICAL CHARACTERISTICS (T , = 25° 
' amb C unless otherwise stated)

Min. Typ.

12.5

1.2

Max.

’cBO Collector cut-off current
VCB = 1°V’ V0

VCB = 10V’ JE = °’
T = 90° C

J

30

2.75

¡J.A

mA

tb Base current
2.8 - 9.5 mA

^EBO Emitter cut-off current 
veb = 5-ov’ ic = 0’ 
T. = 90°C

J
- - 2.25 mA

vbe Base-emitter voltage
V^IOV, Ip=-5.0mA 120 135 150 mV

VCB = 0’ ie = -°-5A - - 650 mV

VCB = - - 1.1 V

V CE(knee) Collector-emitter knee voltage
I = 800mA - 500 650 mV

hFE Large signal forward 
current transfer ratio
I£ =-50mA, VCB = 0
IE =-500mA,VCB = 0

ie=-1-0A’vcb = 0

52

52

45

100

83

180

165

fhfe Common emitter cut-off 
frequency 10 - - kc/s

Small signal loaded common 
emitter forward current 
transfer ratio linearity
V - 14V, R - 162C/JS 1j
A. at I = 0.75Ai C

0.33 0.42

A. max. i

fT Transition frequency
I = -10mA, V = 2.0VL Ch» 1.0 - - Mc/s

Mullard
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CHARACTERISTICS FOR MATCHED PAIRS OF AC176

^FELl Ratio of large signal forward
-------  current transfer ratio of the
FEL2 two transistors

I =-500mA,V =0 - - 1.2E CB

SOLDERING AND WIRING RECOMMENDATIONS

1. When using a soldering iron, transistors may be soldered directly into 
the circuit, but heat conducted to the junction should if possible be kept 
to a minimum by the use of a thermal shunt.

2. Transistors may be dip-soldered at a solder temperature of 245°C for 
a maximum soldering time of 5 seconds. The case temperature during 
dip-soldering may exceed the maximum storage temperature for a period 
not greater than 2 minutes, provided that it at no time exceeds U5°C. 
These recommendations apply to a transistor mounted flush on a board 
having punched-through holes, or spaced at least 1.5mm away from a 
board having plated through holes.

3. Care should be taken not to bend the leads nearer than 1,. 5mm from the 
seal.

OUTLINE AND DIMENSIONS OF COOLING CLIP

Nominal dimensions in mm
Type a. Type b.

Part No. 56227 part No .56226

NOTE - Fitting of cooling clip
To ensure good thermal contact with the transistor envelope, the cooling 
clips should not be distorted by forcing it over the "belling" at the base 
of the transistor.

Mullard
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ACI76N-P-N GERMANIUM
MEDIUM POWER TRANSISTOR

COLLECTOR CUT-OFF CURRENT PLOTTED AGAINST JUNCTION 
TEMPERATURE WITH COLLECTOR-BASE VOLTAGE AS A PARAMETER

Mullard
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TRANSFER CHARACTERISTICS FOR LOW AND HIGH COLLECTOR 
CURRENTS

------------Mullard------------
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ACI76N-P-N GERMANIUM
MEDIUM POWER TRANSISTOR
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N-P-N GERMANIUM
MEDIUM POWER TRANSISTOR ACI76

TYPICAL LARGE SIGNAL FORWARD CURRENT TRANSFER RATIO AND 
TYPICAL LOADED SMALL SIGNAL FORWARD CURRENT TRANSFER RATIO 

PLOTTED AGAINST COLLECTOR CURRENT

Mullard
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MAXIMUM COLLECTOR-EMITTER VOLTAGE PLOTTED AGAINST RATIO
ofrb/re
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N-P-N GERMANIUM
MEDIUM POWER TRANSISTORS

AC187
AC187/01

TheAC187is an n-p-n alloy junction medium power audio transistor in a TO-lmetal 
envelope. Primarily intended for use together with the p-n-p transistor AC188 as a 
matched pair AC187/AC188 in complementary class B output stages with output power 
up to 3W.
The AC187/01 is electrically equivalent to the AC187, constructed integrally with a 
heat conducting block.
The AC187/01 is also available as a matched pair with the AC188/01.

QUICK REFERENCE DATA

VCBO maX- 25 V

VCEO maX‘ 15 V

’cm max' 2.0 A
PtotmaX- ^amb — 3^°C^ 1.0 W

T. max. 90 °C

h (I = 300mA, V =1V) 
rb C Cxi

100-500

f^e’yp. (Ic = 10mA, VCE=2V) 20 kHz

OUTLINE AND DIMENSIONS (see also page 2)

Conforming to BS3934 SO-21/SB3-10
J.E.D. E.C. TO-1

AC187

All dimensions in mm

The coloured dot indicates the collector

Accessories available: 56226, 56227

JUNE 1974
Mullard
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OUTLINE AND DIMENSIONS (contd.)
AC187/01 c

All dimensions in mm 
The dent indicates the collector

RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical

VCBO max- 25 V

max. 15 VCEO
V max. (I < 600mA, R < 12)CtSK C — dH — 18 V

max. 10 VEBO
I^ max. (d. c. or averaged over any 50ms period) 1.0 A

I max. (peak) CM
2.0 A

P max. (Tamb < 35°C, see also graph on page 5) 1.0 W

Temperature

T -55 to +75 °C
stg

T. max.
J

90 °C

THERMAL CHARACTERISTICS

AC187 with ^th( j—c)
cooling clip ।-------- 1
56227 ° jl--------1

40 °C/W

Rth(j-a) Thermal resistance from junction to
ambient in free air AC 187 AC187/01

without cooling clip 290 180 °C/W

with cooling clip 56227 140 - °C/W

with cooling clip 56227 on 1.5mm 
blackened aluminium heatsink of 
12.5cm2 80 70.5 °C/W

with cooling clip 56227 on Infinite 
heatsink 55 - °C/W

p
th(j-c) Thermal resistance from junction to case 40 45 °C/W

Rth(c-h) Rth(h-a)

15°C/W

AC187/01
45°C/W 0.5 °C/W

Mullard
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N-P-N GERMANIUM
MEDIUM POWER TRANSISTORS AC187

AC187/01

ELECTRICAL CHARACTERISTICS (T.=25°C unless otherwise stated)

Collector cut -off current Min. Typ. Max.

’cBO JE = 0, V„ =25V LzD - 15 100 pA

'cBO ’e = 0, V =25V, T. = 90°CCB j - - 2.5 mA

!CEX 

^BO

-vbe = lov’ vce=25v
Emitter cut-off current

- 100 pA

!c = 0, vEB=iov - 15 100 pA

VBE

’c
Base-

= 0, V,=10V, T. = 90°C EB j

emitter voltage

- 1.2 2.5 mA

!c = 5. 0mA, ¥„„ = 107 95 - 135 mV

VEB(fl)

I = 300mA, V„ =L0V U GE

Emitter -base floating voltage

- - 550 mV

vCEK

I =0, V„ =25V, T. = 90°C B GB J

Collector knee voltage

I = 1.0A, I = the value for

400 mV

wh

*C 
%

1.0

ch I = 1.1A at = 1.0VG GE

Ib_____

1 i ■ » ...
1 Vce (V)

800 mV

hFE Static forward current transfer ratio

1=5. OmA, V„„ = 10V 70C GE
I = 300mA, V™ = 1.0V 100C be
I =1.0A, V =1.0V 50C be

200 500

------------- Mullard--------------
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ELECTRICAL CHARACTERISTICS (contd.)
Min. Typ. Max.

fT Transition frequency
I = 10mA, V =2. OV 1.0 5.0 - MHz

^hfe Cut-off frequency
I = 10mA, V =2.0V U Ln - 20 - kHz

CTc Collector capacitance
I =1 =0, V =5. 0V, f = 450kHz E e CB - 150 180 PF

hFEl

hFE2

D. C. current gain ratio of 
matched pairs AC 187/AC 188, 
AC187/O1/AC188/O1

|IC|= 500mA, |VCE|=1.0V - - 1.25

Mullard
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N-P-N GERMANIUM
MEDIUM POWER TRANSISTORS AC187

AC187/01

I = Region of permissible operation under all base-emitter conditions
II = Additional region of operation when the transistor is cut-off

III = Outside regions I and II, the transistor can withstand transient energies of 
l.OmWs, provided it is cut-off with V_D/_X >0.6V

Mullard
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AC188
AC188/01

P-N-P GERMANIUM
MEDIUM POWER TRANSISTORS

The AC 188 is a p-n-p alloy junction medium power audio transistor in a TO-1 metal 
envelope. Primarily intended for use as a matched pair 2-AC 188 or together with 
the AC 187 as a matched pair in complementary class B output stages with output 
power up to 3W.
The AC188/01 is electrically equivalent to the AC188, constructed integrally with a 
heat conducting block. It is also available as a matched pair with the AC 187/01 or 
as 2-AC188/01.

QUICK REFERENCE DATA

VCBO 25 V

■VCEO maX' 15 V

’cm max- 2.0 A

P max. (T < 35°C)tot amb — 1.0 W

T. max.
1

90 °C

hFE ( ’c = 300m^ ’ ~VCE = 1V> 100 to 500

’hfe’yP' MC = 10mA' -VCE = 2V) 10 kHz

OUTLINE AND DIMENSIONS (see also page 2)

Conforming to BS 3934 SO-21/SB3-10
J.E.D. E.C. TO-1

AC 188

,1,5IT“” (not tinned)

g 38.1mln
720H6S.1

All dimensions in mm 

The coloured dot indicates the collector

Accessories available: 56226, 56227

Mullard
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OUTLINE AND DIMENSIONS (contd.)

All dimensions in mm
The dent indicates the collector

RATINGS
Limiting values of operation according to the absolute maximum system.

Electrical

Ptot max. (Tamb535°c" see also graph on page 5) 1. 0 W

’VCBO maX- 25 V

’VCEO maX- 15 V

-VCER maX’ <4C ^600mA’ RBE 18 V

■VEBO maX- 10 V

-I max. (d. c. or averaged over any 50ms period) 1.0 A

-ICM maX' (peak) 2.0 A

Temperature

T stg
T max.

J
THERMAL CHARACTERISTICS

-55 to +75 °C

90 °C

R L/' X th(j-a)

D 
th(j-c)

Thermal resistance from junction to
ambient in free air AC188 AC188/01

without cooling clip 290 180 °C/W

with cooling clip 56227 140 - °C/W

with cooling clip 56227 on 1.5mm 
blackened aluminium heatsink of 
12. 5cm^ 80 70. 5 °C/W

with cooling clip 56227 on 
infinite heatsink 55 - °C/W

Thermal resistance from junction to case 40 45 °C/W

AC188 with Rth(j-c) Rth(c-h| Rth(h-a)
cooli ng clip^------- 1 T — I
56227 ° p-------- 1 •“7*--- 1 --- 1 a

40°C/W 15°C/W
45 °C/W

AC188/01
0.5 °C/W

AC 188 Page 2
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P-N-P GERMANIUM
MEDIUM POWER TRANSISTORS AC188

AC188/01

ELECTRICAL CHARACTERISTICS (T. = 25°C unless otherwise stated)

Collector cut-off current Min. Typ. Max.

-ICBO IE = °’ -VCB = 25V - 20 200 gA

^CBO I =0, -V =25V, T. = 90°C
E Cd J - - 1.4 mA

-ICEX +vbe = lov' -vce=25v - - 200 ¡J.A

-IEBO Emitter cut-off current

V0’ = - 15 200 mA
I =0, -V^n = 10V, T. = 90°C 
C EB j - 0.4 1. 4 mA

"VBE Base-emitter voltage

-I =5. OmA, -VCE = 10V 115 - 145 mV

-I = 300mA, -V^ =1.0V 
C CE - - 450 mV

‘VEB(fl) Emitter-base floating potential
1=0, -V,=25V, T. = 90°C
E Cd J - - 400 mV

-VCEK Collector knee voltage

-I =1.0A, -I = the value forC D
which -I = 1. 1A at -V__ = 1.0V C C E - - 600 mV

hFE Static forward current transfer ratio

- I =5. OmA, A',,, = 10V 70
C Lh

- I = 300mA, -V„=1.0V 100 200 500
C CE

- I =L0A, -V_=1.0V 80
C di

Mullard
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ELECTRICAL CHARACTERISTICS (contd.)
Min. Typ. Max.

fT Transition frequency
-I = 10mA, -V =2. OV 1.0C Lb

1.5 - MHz

‘hfe Cut-off frequency
-T = 10mA, -V„ = 2.0VC Cb

10 - kHz

CTc Collector capacitance
1=1 =0, -V^=5.0V, f = 450kHz - b C Cd

90 110 PF

hFEl

hFE2

D.C. current gain ratio of matched 
pairs AC 187/AC 188; AC187/01/ 
AC 188/01

|lc|=500mA,|VCE| = 1.0V

matched pairs 2-AC 188; 
2-AC188/01

-I = 50mA -V_=L.0V C Cb
-I = 500mA, -V_ =L0V C Ct

- 1.25

1.25

1.25

Mullard
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AC188
AC188/01

P-N-P GERMANIUM
MEDIUM POWER TRANSISTORS

I = Region of permissible operation under all base-emitter conditions
II = Additional region of operation when the transistor is cut -off

III = Outside regions I and II, the transistor can withstand transient energies of 
l.OmWs, provided it is cut-off with >-0.6V

Mullard
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GERMANIUM P-N-P
L.F. POWER TRANSISTOR ADI49

2-ADI49

Germanium p-n-p alloy junction transistor in TO-3 metal case, primarily 
intended for use in class B push-pull output stages with a power output up 
to 20W and frame deflection output stages.

QUICK REFERENCE DATA

VCB -50 V

VCE »ax. -50 V

’cm max- 3. 5 A

hFE <’C = 1-OA> 30-100

fhfeac^00^. vce=-2-0V) 10 kc/s
Px max. (T , -50°C) 
tot amb 22. 5 W

T max. (continuous operation) 100 °C

OUTLINE AND DIMENSIONS

Conforming to J. E.D.E. C. TO-3

V.A.S.C.A. SO-5B/SB2-2

Millimetres Millimetres

A 30.1*0.2 G 4. 2 max.

B 16.9*0.25 H 3.15*0.25

C 10.9*0.25 J 8.0 max.

D 26. 2 max. K 12.0*1.0

E 39.5 max. L 1.0*0.05

F 20.3 max.

MullardJUNE 1974 AD149-Page DI



Min. Typ. Max.

zrb Intrinsic base impedance

I = 1.0mA, V =-5.0V, E Cb
f = 450kc/s 30 SI

Ctc Collector depletion capacitance

V =-5.0V, I =0, U.D IS

Cte

f ~450kc/s

Emitter depletion capacitance 

veb = -5-ov’ ic = 0’

220 pF

fT

f-450kc/s

Transition frequency

140 P?

fhfe

I =500mA, =-2.0VC Ct

Common emitter cut-off 
frequency

500 kc/s

I = 500mA, V = -2.0VC Ct

Forward current transfer ratio linearity

10 kc/s

A. at 3. 0A

A. at 0.1A , V =-14V, R =4S2 UV -Lj
0.2 0.35 -

See curve B on page C9

ELECTRICAL CHARACTERISTICS OF MATCHED PAIRS

^FEl Ratio of large signal
-   forward current 

FE2----------transfer ratio

I = 300mA

Ic = 3.0A

1.1 1,25

1.1 1.25

MuHard
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GERMANIUM P-N-P
L.F. POWER TRANSISTOR ADI49

2-ADI49

ACCESSORIES

Acessories must be specifically ordered

Accessory Code No.

Insulating bush
Mica washer 
Lead washer

56201A
56201B
56214

All dimensions in mm

AD149-Page D5
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OPERATING CONDITIONS FOR A CLASS 'A' AMPLIFIER

Condition 1 Condition 2

(supply voltage) Lv
‘c ^hT0»

7. 0 (max. 8. 0)

1.8

14 (max. 16)

0.72

V

A

R1 50 200 2

R2 VAI 034 VAI 034

re 0.3 0.5 2

“load 4.0 23 2

P max. (output power of 
the transistor) 4.3 4.1 W

P . max. (powèr delivered 
out T ... i.uto the primary of the 

output transformer) 4.0 4.0 W

v. , ., (P =4.0W) in(pk) out ' 480 400 mV

1. . .. (P =4.0W) in(pk) out ' 35 12 mA

Dt . (P =4. OW) tot out 9.5 7.5 %
i. , ,, (P =50mW) m(pk) out 2.5 1.0 mA

Dt . (P =50mW) tot out 2.5 1.5 %

NOTES

1. Rg, VA1034 should be mounted on the heatsink near the transistor.
2. Stable continuous operation is ensured up to Tamj:) = 55OC, provided the 

transistor has been mounted on a 1.5mm copper heatsink of at least 
18 x 18cm^ (condition 1) or 15 x 15cm^ (condition 2).

Mullard
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GERMANIUM P-N-P
L.F. POWER TRANSISTOR AD 149

2-ADI49

OPERATING CONDITIONS FOR A MATCHED PAIR 2-AD149 AS CLASS 'B' 
OUTPUT AMPLIFIER

Condition 1 Condition 2

V (supply voltage) uu 7.0 (max. 8.0) 14 (max. 16) V

*C 2 x 30 2 X 30 mA

Ri 200 350 0

re 0 0.47 a

Rs 450 370 a

Rj (collector to collector) 9.0 16 a

P^ max. (output power of two 
transistors) 9.75 20 w

P . max. (power delivered to the 
out • f .primary of the output 

transformer) 9.75 17.9 w

I , r (P =max, )CM ' out ' 3.0 3. 0 A

I (P =max. ) C out 2 X 480 2 X 480 mA

v. , ,. (P , =max. ) 0.81 2.2 Vin(pk) out

Mullard
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Condition 2Condition 1

i. , 1, (P = max.) in(pk) out
D , (P = max. ) tot out

75

10

75

10

mA

%

i. . ., (P =50mW) m(pk) out 4.0 2.5 mA

D t (P =50mW) tot out 2.5 2.0 %

NOTE
Stable continuous operation is ensured up to Tamfc = 55°C, provided each 
transistor has been mounted on a 1.5mm copper heatsink of at least 
5 x 5cm^ (condition 1) or 6 X 6cm^ (condition 2).

OPERATING NOTES

1, Dissipation and heatsink considerations.
The maximum total dissipation, P. max. =(V__, x I ) + (V„_ x T ) is ... , . tot CE C BE Bgiven by the relationship: -

T max. - T , _ 1 ambP, , max. = —J--------------------  
tot e. , + e. + e, j-mb i h

Where 9j-mb + Oj + 0^ is equal to the junction temperature rise per 
watt above ambient.

The various components of the rise of junction temperature above 
ambient are illustrated below: -

Junction temperature

0. = 2.0 deg C/W
J-mb Mounting base temperature

“ 0. 5 deg C/W* 

e. = 0.2degC/Wt
Heatsink temperature

eh
Ambient temperature

♦With mica insulation.

(Mounted directly on to a heatsink with thin film of silicone grease
between contacting surfaces.

9^ depends on the cooling conditions under which the transistor is used 
i.e. dimensions, position and surface conditions of heatsink etc. An 
air-cooled heatsink (7" x 7" x 1/16" blackened aluminium) will have an 
approximate value of 0^ - 2. 2 deg C/W.

Mullard
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GERMANIUM P-N-P
L.F. POWER TRANSISTOR

ADI49
2-ADI49

©h can be determined for a given collector dissipation and ambient 
temperature by measuring the mounting base temperature.

T - T
e ------ amb _ e d c/w 

h P. . max. i tot

The following example illustrates the temperatures which occur at various 
points on the transistor at P, . = 8W, T. = 90°C, Ö, = 2. 2 degC/W.

tot J n
Transistor with mica insulation

Junction temperature = 90°C

Mounting-base temperature = 90-(8 x 2.0) = 74°C

Heatsink temperature = 74-(8 x 0. 5) = 70°C

Ambient temperature = 70-(8 X 2.2) = 52.4°C

The suitability of any design can be checked by measuring with a 
thermocouple the mounting base temperature of the transistor operating 
at the selected collector dissipation and maximum ambient temperature . 
The point defined by the mounting-base temperature and the total dis
sipation must lie within the permissible area of operation on the curve 
onpageC13. If the point lies outside this area the design is inadmissible 
and the dissipation must be reduced or the heatsink improved. The 
selected total dissipation should be the maximum attained by any tran
sistor in the design being checked.

2. Transistors may be dip soldered at a solder temperature of 240°C for a 
maximum of 10 seconds up to a point 2mm from the seal.

3. Care must be taken to ensure good thermal contact between the transistor 
and heat sink. Burrs or thickening at the edges of the four holes must 
be removed and the transistor bolted down on a plane surface.

Mullard
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GERMANIUM P-N-P
L.F. POWER TRANSISTOR ADI49
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GERMANIUM P-N-P
L.F. POWER TRANSISTOR

AD 149
2-ADI49

MAXIMUM COLLECTOR CURRENT PLOTTED AGAINST MAXIMUM 
COLLECTOR-EMITTER VOLTAGE
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GERMANIUM P-N-P
L.F. POWER TRANSISTOR

AD 149
2-ADI49

BASE-EMITTER VOLTAGE AS A FUNCTION OF COLLECTOR CURRENT
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GERMANIUM P-N-P
L.F. POWER TRANSISTOR

AD 149
2-ADI49

VARIATION OF COLLECTOR CUT-OFF CURRENT 
WITH TEMPERATURE

Mullard
AD149-Page C7



TYPICAL VARIATION OF BASE CURRENT WITH TEMPERATURE
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GERMANIUM P-N-P
L.F. POWER TRANSISTOR

ADI49 
2-ADI49

CURVE A. TYPICAL FORWARD CURRENT TRANSFER 
RATIO PLOTTED AGAINST COLLECTOR 
CURRENT. V„=-1V.Ur.

CURVE B. TYPICAL LARGE SIGNAL FORWARD CURRENT 
TRANSFER RATIO PLOTTED AGAINST COLLECTOR 
CURRENT AT SLIDING V„„, V__ = -14V, R, ,=4D.CE CC load

Mullard
AD149-Page C9



ELECTRICAL CHARACTERISTICS (cont'd)

Min. Typ. Max.

fT Transition frequency
V -2.0V, I -10mA 1.0 3.0 - MHz

fhfe Common emitter cut-off 
frequency
V -2.0V, I -300mACE C 20 35 - kHz

°tc Collector capacitance
V__=5.0V, I =1 =0, CB E e
f-450kHz 150 pF

For a matched pair of AD161/AD162 the maximum value of the ratio of the 
static forward current transfer ratios, at I = 500mA and V^ ~ 1-0V, is 
1.25:1 and a typical value is 1.1:1.

NOTES
2. Collector-emitter knee voltage at I =1.0A, and at that value of I occurring 

at =1.1A and V =1. 0V.C CJ1

3‘ VBE decreasesby approximately 2. OmV/degC with increasing temperature.
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GERMANIUM A.F.
POWER TRANSISTOR ADI6I

OPERATING NOTES

1. Dissipation and heatsink considerations:

The maximum total dissipation, P max. = (V__ x I ) + (V XI V is , , tot CE C BE Bgiven by.
T max. - T„ J ambP, max. = -A--------- - -----—tot 6. , + 6. + 0,j-mb i h

where 9, + + juncti°n temperature rise per watt
above ambient, 9j is the constant thermal resistance,and 
©h is the thermal resistance of the heatsink.

2. Care must be taken to ensure good thermal contact between the mounting 
base and the heatsink. Burrs or thickening at the edges of the holes must 
be removed and the transistor bolted down on a plane surface.

SOLDERING AND WIRING RECOMMENDATIONS

1. When using a soldering iron, transistors may be soldered directly into 
the circuit, but heat conducted to the junction should if possible be kept 
to a minimum by the use of a thermal shunt

ACCESSORIES

All dimensions in mm
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ADI6VGERMANIUM A.F.
POWER TRANSISTOR
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COLLECTOR CURRENT PLOTTED AGAINST BASE-EMITTER VOLTAGE
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ADI6IGERMANIUM A.F.
POWER TRANSISTOR

COLLECTOR CURRENT PLOTTED AGAINST BASE-EMITTER VOLTAGE
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COMMON EMITTER TRANSFER CHARACTERISTICS 
AT LOW COLLECTOR CURRENTS
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ADI6IGERMANIUM A.F.
POWER TRANSISTOR

10
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R
(m

A
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COMMON EMITTER TRANSFER CHARACTERISTICS 
AT HIGH COLLECTOR CURRENTS
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TYPICAL STATIC FORWARD CURRENT TRANSFER RATIO PLOTTED 
AGAINST COLLECTOR CURRENT

TYPICAL COMMON EMITTER CUT-OFF FREQUENCY PLOTTED 
AGAINST COLLECTOR CURRENT
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ADI6IGERMANIUM A.F.
POWER TRANSISTOR

COLLECTOR CUT-OFF CURRENT PLOTTED AGAINST 
JUNCTION TEMPERATURE
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COMPLEMENTARY GERMANIUM 
POWER TRANSISTORS ADI6I

ADI62

N-P-N (AD161) and P-N-P (AD162) germanium alloy junction transistors 
for use in complementary symmetry class 'B' output stages for mains 
operated amplifiers and radio receivers.
For information on the individual types reference should be made to the 
relevant data sheets.

QUICK REFERENCE DATA

AD161 AD162

V _ max. +32 -32 VCBO
VCEO maX'.

“ See note below
+20 -20 V

I max.CM +2.0 -2.0 A

P max. t.nt 3.0 6.0 W

T max. 
J

h (V =1.0V, I = 500mA)* £ IS L?IS V

90

50-300

90

50-300

°C

fTtyp. (V =2.0V, I = 10mA)* 1 CIS C 3.0 1.5 MHz

f min. (V = 2.0V, I = 300mA)*ni© CIS L/ >20 >10 kHz

♦Polarity positive for AD161 and negative for AD162

Note! - For max. supply voltage see recommended circuit details

OUTLINE AND DIMENSIONS

Conforms to B.S. 3934 SO-55/SB2-5

MullardJUNE 1974 AD161 Page 1



OPERATING CONDITIONS IN CLASS 'B' COMPLEMENTARY SYMMETRY 
OUTPUT STAGE

»Nominal supply voltage

Load impedance (R ) L
Load power

Total quiescent current

Driver quiescent current

Peak collector current

Max. mean current

-22 V

5.0 2

8.0 W

5.0 to 10 mA

62 mA

1.85 A

550 mA

Mullard
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COMPLEMENTARY GERMANIUM 
POWER TRANSISTORS ADI6I

ADI62

R1 68 fi

R 100 fi
2

R$ (variable preset) 100 fi

R^ (N.T.C. resistor) 15 fi

R^ and R„5 o
0.5 fi

R^ (depends on T. max. of driver) 220 fi

R 15 fi
8

C1 500 pF

C2 50 pF

C3 2000 pF

♦Based on an absolute maximum supply voltage of 24V for this circuit. With 
l.Ofi emitter resistors 26.5V absolute maximum is permissible.
For a matched pair of AD161/AD162 the maximum value of the ratio of the 
static forward current transfer ratios at I = 500mA and V^E = 1.0V is 
1.25:1 and a typical value is 1.1:1.

OPERATING NOTES
1. Dissipation and heatsink considerations :

The maximum total dissipation, P , max. =(V_„ xi ) + (V^, xi ), is , tot CK C -D.E Bgiven by:

T max. - T i amb
ptotmax- = 'e. +e.+e

j -mb i h

where ©j _mb + 0; + ©^ is the junction temperature rise per watt 
above ambient, 0j is the constant thermal resistance, and 
©h is the thermal resistance of the heatsink.

2. Care must be taken to ensure good thermal contact between the mounting 
baseandtheheatsink. Burrs or thickening at the edges of the holes must 
be removed and the transistor bolted down on a plane surface.

SOLDERING AND WIRING RECOMMENDATIONS

1. When using a soldering iron, transistors may be soldered directly into 
the circuit, but heat conducted to the junction should if possible be kept 
to a minimum by the use of a thermal shunt.

Mullard
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ACCESSORIES

Mica washer (56239B)

0 05 to 010

Insulating bush (56239A)
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GERMANIUM A.F.
POWER TRANSISTOR AD 162

Germanium p-n-p alloy junction transistor, with type AD161 it forms a 
symmetrical complementary pair for use in mains driven output stages for 
amplifiers and radio receivers.

QUICK REFERENCE DATA

”^CBO maX’ V” 32 V

-vcEomax' % = o) 20 V

-JCM 3. 0 A

PtotmaX‘ ^mb 6.0 w
T. max. (operating) 90 °C

h ("V =1.0V, -I = 500mA)
r E bß U

80-320

fTtyp. (-V =2.0V, -I = 10mA)
1 UE U 1.5 MHz

^Vrr=2-0V’ -I =300mA) me Lyis U? 15 kHz

OUTLINE AND DIMENSIONS

Conforming to B.S. 3934 SO-55/SB2-5

All dimensions in mm

MullardJUNE 1974 AD162 Page DI



RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
max. R = 0) 32 V

CBO E '
■Vrrnmax' (ID=°. Pa8e C1)LLU -D 20 V

-V max. (V =0.6V, see page Cl)UISJk ±5 IL 32 V

"^ebo max’ V0* 10 V

*-T max. 1.0 AC(AV)
-I„„ max. 3.0 ACM
-1$ max. 0.1 A

*1 .... max. 1.1 AE(AV)
I ..max. 3.1 AEM
P. ' max. (T , ^63°C) 

tot mb 6.0 W
see curve on page C2

♦Maximum averaging time = 50ms.

Temperature

T . min. -65 °C
stg o

T x max. 90 Cstg o
T max. (operating) 90 C

T max. (see note 1) 100 °C

THERMAL CHARACTERISTICS

e. .J-mb 4.5 degC/W

0 with mica washeri 1.5 degC/W

without mica washer 0.5 degC/W

NOTE
1. Operation up to T. = 100°C is permissible during short term overload 

conditions.

Mullard
AD162 Page D2



GERMANIUM A.F.
POWER TRANSISTOR ADI62

ELECTRICAL CHARACTERISTICS (T. = 25°C unless otherwise stated)

Min. Typ. Max.

-ICBO Collector cut-off current
-W107’^0 - 8.0 20 gA

- - 40 gA
-V =32V, I = 0

UE E
- 15 200 gA

-ICEX

-IEBO

-V„ =32V, I =0, T.=90°C 
CB E j

Collector-emitter cut-off current

- - 2.0 mA

-V^=32V, V__=0.6V, T =90°C
CE BE j

Emitter cut-off current

- - 2.0 mA

-V =10V, 1=0 EB C - 15 200 gA

-VVEB(fl)

VCE(knee)

-VBE

-V,, =10V, I =0, T.=90°C 
EB C J

Floating potential

- - 2.0 mA

-V = 32V, T =90°C 
CB j

Collector-emitter knee voltage

- - 400 mV

-I =1.0A, see note 2

Base-emitter voltage (see note 3)

- 400 mV

-VCE=10V, -Ic=5.0mA 115 - 145 mV

-VCE=1.0V, -Ic = 50mA - - 300 mV

-V„ =1.0V, -I = 500mA CE C - - 550 mV

-I

-V =1.0V, -I =2.0A
UE U

Base current

- - 850 mV

B -V =10V, I =5. 0mA UE E - - 82 gA

vrH = °. IF=50mA 
UE E

0.16 - 0.67 mA

= V. = 5<>0mA 
UE E

1.56 - 6.2 mA

hFE

VCB = °-

Static forward current 
transfer ratio
-V =10V, -I = 5.0mA

UE U
-VCE=1.0V, -Ic = 50mA

-V , =1.0V, -I = 500mACE C
-V„=1.0V, -I = 2.0ACE C

60

74

80

60

150

33

300

320

mA

Mullard
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ELECTRICAL CHARACTERISTICS (cont'd)

Min. Typ. Max.

fT Transition frequency
-V =2.0V, -I = 10mA 1. 0 1.5 - MHz

fhfe Common emitter cut-off 
frequency
-V =2.0V, -I = 300mACE C 8.0 15 - kHz

ctc Collector capacitance 
-v =5.ov, IE=I =0, 
f-450kHz 115 PF

For a matched pair of AD161/AD162 the maximum value of the ratio of the 
static forward current transfer ratios, at -1^= 500mA and -V =1.0V, is 
1.25:1 and a typical value is 1.1:1.

For a matched pair of 2-AD162 the maximum value of the ratio of the static 
forward current transfer ratios, at -1^ = 50 and 500mA and -V =1.0V, is 
1.25:1 and a typical value is 1.1:1.

NOTES
2. Collector-emitter knee voltage at -I =1. 0A, and at that value of I occurring 

at-I = 1.1A and-V = 1. 0V. ° B
C CE

3. V decreases by approximately 2. OmV/degC withincreasingtemperature.oil

Mullard
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GERMANIUM A.F.
POWER TRANSISTOR AD 162

OPERATING NOTES

1. Dissipation and heatsink considerations:

The maximum total dissipation, P max. = (V_„ xl_) + (V_„ xl„)., tot CE C BE Bis given by:
T. max. - T , i amb

ptotmax-=e. + e. + e 
j -mb i h

where Oj_mb + + 6^ is the junction temperature rise per watt
aboveambient, is the contact thermal resistance, and 
©h is the thermal resistance of the heatsink.

2. Care must be taken to ensure good thermal contact between the mounting 
base and the heatsink. Burrs or thickening at the edges of the holes must 
be removed and the transistor bolted down on a plane surface.

SOLDERING AND WIRING RECOMMENDATIONS

1. When using a soldering iron, transistors may be soldered directly into 
the circuit, but heat conducted to the junction should if possible be kept 
to a minimum by the use of a thermal shunt.

ACCESSORIES

All dimensions in mm

Mullard
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GERMANIUM A.F.
POWER TRANSISTOR AD 162
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COLLECTOR CURRENT PLOTTED AGAINST BASE-EMITTER VOLTAGE
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GERMANIUM A.F.
POWER TRANSISTOR ADI62

COLLECTOR CURRENT PLOTTED AGAINST BASE-EMITTER VOLTAGE
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COMMON EMITTER TRANSFER CHARACTERISTICS 
AT LOW COLLECTOR CURRENTS
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GERMANIUM A.F.
POWER TRANSISTOR ADI62

(m
A)

COMMON EMITTER TRANSFER CHARACTERISTICS 
AT HIGH COLLECTOR CURRENTS
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TYPICAL STATIC FORWARD CURRENT TRANSFER RATIO PLOTTED 
AGAINST COLLECTOR CURRENT

TYPICAL COMMON EMITTER CUT-OFF FREQUENCY PLOTTED 
AGAINST COLLECTOR CURRENT
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AD 162GERMANIUM A.F.
POWER TRANSISTOR

COLLECTOR CUT-OFF CURRENT PLOTTED AGAINST JUNCTION 
TEMPERATURE
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SILICON N-P-N PLANAR
EPITAXIAL TRANSISTORS BC107

BC108
BC109

Also available to BS9365i—F112
N-P-N silicon planar epitaxial transistors in TO-18 encapsulation.
The BC107 is primarily intended for use in audio driver stages and television signal 
processing circuits.
The BC108 is a general purpose 1. f. transistor.
The BC109 is primarily intended for low noise audio input stages.

QUICK REFERENCE DATA

BC107 BC108 BC109

VCESmaX' 50 30 30 V

vCROmax- 45 20 20 V

JCM max. 200 200 200 mA

Ptot max. (T , <25°C) ' amb — 300 300 300 mW

T. max. i 175 175 175 °C

fafe (I =2mA, V =5V, f=lkHz) C CE min.
max.

125
500

125
900

240
900

fT (I = 10mA, V =5V, f = 35MHz) C CE typ. 300 300 300 MHz

N (I =200fiA, V =5V, R =2ki2) L Lb o
f = 30Hz to 15kHz typ. - - 1.4 dB

max. - - 4.0 dB

f=lkHz, B = 200Hz typ. 2.0 2.0 1.2 dB
max. 10 10 4.0 dB

OUTLINE AND DIMENSIONS

Conforms to B. S. 3934 SO -12A/SB3 -6A
J. E. D. E.C. TO-18

Collector connected to case
Accessories available: 56246, 56263

JANUARY 1973
Mullard
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RATINGS
Limiting values of operation according to the absolute maximum system.

Electrical

VCBO maX'

BC107

50

BC108

30

BC109

30 V

VCES maX- 50 30 30 V
V_„_ max. 45 20 20 VCEO
VEBO maX> 6.0 5.0 5.0 V
I max. 100 100 100 mA

’cm max’ 200 200 200 mA

■’em max- 200 200 200 mA

’bm max- 200 200 200 mA

P max. (T <25°C) tot amb — 300 300 300 mW

Temperature

Tgtg range -65 to +175

T max. 175
J

THERMAL CHARACTERISTICS

Ru/. m 0.5th(j -amb)
Ru/- i 0.2th(j-case)

ELECTRICAL CHARACTERISTICS (T.=25°C unless otherwise stated)

Min. Typ.

I_„ Collector cut-off current
= 20V, I =0, T. = 150°C

GB h j

Max.

15

°C

°C

°C/mW 

°C/mW

gA

V Base-emitter voltage
I =2.0mA, V =5.0V C, Luis 550 620 700 mV

I = 10mA, V =5. 0VG Ct - - 770 mV

V__. . Collector-emitter saturationCE(sat) voltage
I = 10mA, I =0. 5mA C B 90 250 mV

I = 100mA, I =5.0mAG B - 200 600 mV

V__. Base-emitter saturationBE(sat) voltage
I„ = 10mA, 1= 0.5mA C B

- 700 - mV

I = 100mA, I=5.0mA C D
- 900 - mV

Mullard
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BC107
BC108
BC109

SILICON N-P-N PLANAR
ÉPITAXIAL TRANSISTORS

ELECTRICAL CHARACTERISTICS (contd.)

^CEK Collector knee voltage
I = 10mA, I =the value for which C B
I = 11mA at V„=L0V C Cii

Min. Typ. Max.

300 600 mV

MHz

pF

PF

hFE Static forward current transfer ratio
I„ = 2. 0mA, = 5. 0V BC 107 110 - 450
C CE BC108 110 - 800

BC109 200 - 800
h Small signal forward currentre transfer ratio

I =2.0mA, V =5.0V, f=1.0kHz
C CE BC107 125 500

BC108 125 - 900
BC109 240 - 900

fT Transition frequency
I = 10mA, V =5.0V, f = 35MHz C CE - 300 -

CTc Collector capacitance
I =1 = 0, V_=10V, f=1.0MHz E e CB - 2.5 4. 5

CTe Emitter capacitance
I =1 = 0, ¥,=0. 5V, f = 1.0MHzC c LB - 9.0 -

N Noise figure
I = 0.2mA, V =5. OV, R =2.Oki2 C Cts S

f = 30Hz to 15kHz BC109 - 1.4 4.0
f=1.0kHz, B = 200Hz BC107/108 - 2.0 10

BC109 - 1.2 4.0 è 
& 
è

-------------------- Mullard
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ELECTRICAL CHARACTERISTICS (contd.)
The following supplementary gain groups are available on request: -

BC108C
BC109C

s. BC107A
BC108A

BC107B
BC108B
BC109B

hpE Static forward current
transfer ratio
I =10gA, V =5.0V min. - 40 100
G Gt wtyp. 90 150 270

I = 2. OmA, V„ = 5.0V min. 110 200 420
C CE typ. 180 290 520

max. 220 450 800

h parameters
Ic = 2.0mA, Vce = 5.0V, f=1.0kHz

h. Input impedance min. 1.6 3.2 6.0 kfi
ie typ. 2.7 4.5 8.7 k2

max. 4.5 8.5 15 kS2

h^e Voltage feedback ratio typ. 1.5 2.0 —43.0 xlO

h. Small signal current gain min. 125 240 450
fe typ. 220 330 600

max. 260 500 900

h Output admittance typ. 18 30 60 gA/V
oe _max. 30 60 110 gA/V

Mullard
BC107-Page 4



SILICON N-P-N PLANAR
EPITAXIAL TRANSISTORS BC107

BC108
BC109
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SILICON N-P-N PLANAR
EPITAXIAL TRANSISTORS BC107

BC108
BC109
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BC107
BC108
BC109

SILICON N-P-N PLANAR
EPITAXIAL TRANSISTORS
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SILICON N-P-N PLANAR
EPITAXIAL TRANSISTORS BC107

BC 108
BC 109
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SILICON N-P-N PLANAR
EPITAXIAL TRANSISTORS BC107

BC108
BC109
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS

BC147
BC148
BC149

N-P-N silicon planar epitaxial transistors in plastic encapsulation with three rigid 
self-locking strips suitable for insertion in printed circuit boards using standard 
grids.

The BC147 is primarily intended for use in audio driver stages and television signal 
processing circuits.

The BC148 is a general purpose l.f. transistor.

The BC149 is primarily intended for low noise audio input stages.

QUICK REFERENCE DATA

BC147 BC148 BC149

VCESmaX- 50 30 30 V

VCEOmaX- 45 20 20 V

’cm““- 200 200 200 mA
P max. (T S25°C) 
tot amb 350 350 350 mW

Tj max. 125 125 125 °C

hfe (Ic =2mA, VCE = 5V, f = 1kHz) min.
max.

125
500

125
900

240
900

fT (Ic = 10mA, Vce = 5V, f = 35MHz) 

N (Ic=200gA, VCE = 5V, Rg=2kfi)

typ. 300 300 300 MHz

f = 30Hz to 15kHz typ. - - 1.4 dB
max. - - 4.0 dB

f=lkHz, B = 200Hz max. 10 10 4.0 dB

Unless otherwise stated data are applicable to all types

OUTLINE AND DIMENSIONS

For details see page 5.

Front View
Scale 3:1

D5542

N. B. Devices in this Data Sheet should be ordered by the type number followed by 
Reference 0220.

Mullard
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RATINGS
Limiting values of operation according to the absolute maximum system.

Electrical
BC147 BC148 BC149

V„^, max. 50 30 30 VCBO
max. 50 30 30 VCES
max. 45 20 20 VCEO

V„ „ max. 6.0 5.0 5.0 VEBO
I max. 100 100 100 mA

I_,, max. 200 200 200 mACM
-I max. 200 200 200 mAEM
I max. 200 200 200 mABM
P max. (T 25°C) 350 350 350 mWtot ' amb

Temperature
T range -65 to +125 °C

Stg Q
T. max. 125 C

J
THERMAL CHARACTERISTICS

R , . , , 0.275 °C/mW
th(j -amb)

ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise stated)

Min. Typ. Max.

I Collector cut-off current
V_=20V, L =0, T. = 125°C - - 5.0 gACB E J
V__= 20V, I =0 - 0.01 0.6 gACB E

V * Base-emitter voltage
Ic=2.0mA, VCE=5.0V 550 620 700 mV

I = 10mA, X’ = 5. 0V - - 770 mVC Ch
V,,,,, . Collector-emitter saturationCE(sat) , voltage

I = 10mA, IB=0.5mA - 90 250 mV

I = 100mA, I =5.0mA - 200 600 mVC B

V™,, , tBase-emitter saturation voltage
BE(Sat) Ic = 10mA, IB=0.5mA - 700 - mV

I = 100mA, I =5.0mA - 900 - mVC B
*V_„ decreases by about 2mV/°C with increasing temperature. 

BE
tV _. decreases by about 1. 7mV/°C with increasing temperature. 

DiL^sau)
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS

BC147
BC148

ELECTRICAL CHARACTERISTICS (contd.) Min. Typ. Max.

V CEK Collector knee voltage (see Fig. 1)
I = 10mA , I =the value for which
C D

I = 11mA at V =1.0V
C Lb

BC149

300 600 mV

LnFE

hfe

fT

Static forward current transfer ratio
I = 2.0mA, V = 5. 0V BC147
C CE BC148

BC149

Small signal forward current 
transfer ratio
I =2.0mA, V^ = 5.0V, f=1.0kHz
C CE BC147

BC148
BC149

Transition frequency
I =10mA, V =5.0V, f = 3SMHzC L> hs

110
110
200

125
125
240

300

450
800
800

500
900
900

MHz

CTc Collector capacitance
I =1 =0, V,=10V, f=L0MHzE e CB - 2.5 4.5 PF

CTe Emitter capacitance
I =1 =0, Vr,,=0.5V, f = 1.0MHz C c EB - 9.0 - PF

N Noise figure
I =0.2mA, V =5.0V, R =2.OkS2 C LB □

f = 30Hz to 15kHz BC149 1.4 4.0 dB
f=1.0kHz, B = 200Hz BC147/148 - 2.0 10 dB

BC149 - 1. 2 4.0 dB

Mullard
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ELECTRICAL CHARACTERISTICS (contd.)

The following supplementary gain groups are available on request: -
BC147A
BC148A

BC147B
BC148B
BC149B

BC148C
BC149C

hpg Static forward current
transfer ratio
I = 10gA, V =5.0V min. - 40 100C CE typ. 90 150 270

I -2.0mA, 1/ =5.0V min. 110 200 420C CE . _typ. 180 290 520
max. 220 450 800

h parameters
Ic=2.0mA, VCE = 5.0V, f=1.0kHz

h. Input impedance min. 1.6 3.2 6.0 kS2
16 typ. 2.7 4.5 8.7 kfi

max. 4.5 8.5 15 kSI

h^ Voltage feedback ratio typ. 1.5 2.0 3.0 xlO"4

h Small signal current gain min. 125 240 450ie typ. 220 330 600
max. 260 500 900

h Output admittance typ. 18 30 60 nA/V
max. 30 60 110 pA/V

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS

BC147
BC148

Mounting details

a = 2. 49 to 2. 59mm

b = 5.03 to 5.13mm

Maximum thickness of 
printed board = 1. 7mm

Recommended hole 
diameter = 1.0 to 1.1mm 
(1.0 to 1.3mm allowable)

Maximum thickness of 
printed board = 1. 1mm

Hole diameter = 0. 77 to 0. 83mm

See also General Explanatory Notes Section IV.
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS BC147

BC148
BC149

Mullard
BC147-Page 7



Mullard
BC147-Page 8



N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS

BC147
BC148
BC149

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS BC147

BC148
BC149
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D5564

TYPICAL CURVES OF CONSTANT NOISE FIGURE
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BC147
BC148
BC149

N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS BC157

BC158
BC159

P-N-P silicon planar epitaxial transistors in plastic encapsulation with three rigid 
self-locking strips suitable for insertion in printed circuit boards using standard 
grids.
The BC157 is primarily intended for use in audio driver stages and television signal 
processing circuits.
The BC158 is a general purpose I.f. transistor.
The BC159 is primarily intended for low noise audio input stages.

Unless otherwise stated data are applicable to all types

QUICK REFERENCE DATA

BC157 BC158 BC159

max. (+V = IV)
CdA do

50 30 25 V

-VCeo max. 45 25 20 V

-ICM maXl 200 200 200 mA

Ptotmax- ^Tamb— 350 350 350 mW

Tj max. 125 125 125 °C

hfe (-1^ = 2mA, = 5V, f = 1kHz) min.
max.

75
260

75
500

125
500

fT typ. (-L. = 10mA, -V_„ = 5V, f = 35MHz) 1 (_,h
N (-I~ = 200gA, -V„„ = 5V, Rc = 2kfi) C h &

150 150 150 MHz

f = 30Hz to 15kHz typ. - - 1.2 dB
max. - - 4.0 dB

f = IkHz, B = 200Hz max. 10 10 4.0 dB

OUTLINE AND DIMENSIONS

For details see page 5

Front View
Scale 3:1

D5542

N. B. Devices in this Data Sheet should be ordered by the type number followed by 
Reference 0220.

JUNE 1973
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RATINGS
Limiting values of operation according to the absolute maximum system. 

Electrical

BC157 BC158 BC159

’VCBO maX' 50 30 25 V

~VCEX maX- (+^BE = 1V) 50 30 25 V

-VCEO maX' 45 25 20 V

‘VEBO maX‘ 5.0 5.0 5.0 V
-I max. 100 100 100 mA

’cm max' 200 200 200 mA

’em max- 200 200 200 mA

’’bm max- 200 200 200 mA

Ptotmax. (Tamb —25°C) 350 350 350 mW

Temperature

Tstg range -65 to +125 °C

T. max. 
J

125 °C

THERMAL CHARACTERISTICS

Rth (j-amb) 0.275 °C/mW

ELECTRICAL CHARACTERISTICS (T. = 25°C unless otherwise stated)

Min. Typ. Max.

-I Collector cut-off current
= °’ = 20Vr1, Gl5 - 2.0 100 nA

I_ = o, -V_D = 20V, T. = 125°CE CB j
- - 5.0 pA

-V *Base-emitter  voltage
-I =2mA, -V = 5V U Ct

-V^„ , , Collector-emitter saturation voltage
CE(sat) -! = 10mA, -! = 0. 5mA 

C D

600 650 750 mV

- 75 300 mV

-I_ = 100mA, -In = 5mA C D
-V_ . . Base-emitter saturation voltage

BE(sat) -Ic = 10mA, -IB = 0.5mA

- 250 - mV

- 700 - mV

-I - 100mA, -I = 5mA - 850 - mV

* ’Vgg decreases by about 2mV/°C with increasing temperature

Mullard
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS

ELECTRICAL CHARACTERISTICS (cont’d)

-V-^, Collector knee voltage (see Fig. 1)
-T = 10mA, -I = the value for C D

BC157
BC158
BC159

Min. Typ. Max.

600 mV

Fig. 1

hFE Static forward current 
transfer ratio

-U = 2mA, -V = 5V BC157 - 140 -
C CE BC158 - 210 -

hfe

BC159

Small signal forward current 
transfer ratio

-‘c^’ -vce = 5V’

230

f = 1kHz BC157 75 - 260
BC158 75 - 500

fT

BC159

Transition frequency
-I„ = 10mA, -V„„ = 5V,

125 500

CTc

f = 35MHz

Collector capacitance 
‘e'V0’ -VCB = 10V’

150 MHz

N

f = 1MHz

Noise figure
-I = 200gA, -VCE = 5V, Rs = 2kS2

4.5 PF

f = 30Hz to 15kHz BC159 - 1.2 4.0 dB
f = 1kHz, B = 200Hz BC157,158 - - 10 dB

BC159 - 1.0 4.0 dB

Mullard
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ELECTRICAL CHARACTERISTICS (cont'd)
The following supplementary gain groups are available on request:

BC158B

BC159B

290

240

500

BC157 BC158A

BC159A

hpE Static forward current transfer ratio
-Ic = 2mA, -VCE = 5V typ. 140 ■180

hje Small signal forward current
transfer ratio

-Ic = 2mA, -VCE = 5V, min. 75 125

f = 1kHz max. 260 260

Mullard
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS BC157

BC158
BC159

Mounting details Maximum thickness of 
printed board = 1.7mm

Recommended hole 
diameter = 1.0 to 1.1mm 
(1.0 to 1.3mm allowable)

a = 2.49 to 2. 59mm

b = 5.03 to 5.13mm

Maximum thickness of 
printed board = 1.1mm

Hole diameter = 0. 77 to 0. 83mm

See also General Explanatory Notes Section IV.
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS BC157

BC158
BC159
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS BC157

BC158
BC159

TYPICAL CURVES OF CONSTANT NOISE FIGURE
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS

BC327
BC328

P-N-P silicon planar epitaxial transistors in plastic envelopes, primarily intended 
for use in driver and output stages of audio amplifiers.
The BC327, BC328 are complementary to the BC337 and BC338 respectively.

Unless otherwise stated data are applicable to both types

QUICK REFERENCE DATA

BC327 BC328

-V ___ max. 50 30 VCES
-V_^„max. 45 25 VCEO
-Icm max' 1000 mA
P, , max. (T < 45°C) 625 mW

tot case -
T. max. 150 °C

f typ. (-1 =10mA, -V =5V, f = 35MHz) 100 MHzT C CE

OUTLINE AND DIMENSIONS

Similar to TO-92

MARCH 1974
Mullard
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RATINGS

Limiting values of operation according 1;o the absolute maximum system.

Electrical
BC327 BC328

~v O max. (V =0) LEO Db 50 30 V

UiSU u 45 25 V

-VEBOmaX- 5.0 V

-1^, max. 500 mA

-ICM maX- 1000 mA

JEM 1000 mA

-Ig max. 100 mA

-I max.BM
200 mA

P max. T . = 25°C 
tot amb 500 mW

•T , < 25°C 
amb- 625 mW

T < 45°C 
case-

Temperature

625 mW

T -65 to +150 °C
stg n

T. max. 
J

THERMAL CHARACTERISTICS

150 c

R,, . in free airth(j-amb) 0.25 °C/mW

*Rth (j-amb) 0.20 °C/mW

th (j-case) 0.17 °C/mW

* The transistor mounted on a printed circuit board, max. lead length 3mm, mounting 
pad for collector lead min. 10 x 10mm.

ELECTRICAL CHARACTERISTICS (T. =25°C unless otherwise stated)

Min. Typ. Max.

^BO Collector cut-off current
I =0, -V =20V - - 100 nAE CB
I =0, -V =20V, T = 150°C - - 5.0 gA
E CB j

-IEBO Emitter cut-off current
Ic = °. -Veb = 5v - - 10 gA

Mullard
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS

BC327
BC328

ELECTRICAL CHARACTERISTICS (contd.)

**-V decreases by about 2mV/°C with increasing temperature. 
Bis

Min. Typ. Max.

"VBE **Base-emitter voltage
-I = 500mA, -V =1V Lz UE - - 1.2 V

~VCE(sat) Collector-emitter saturation voltage
-I = 500mA, -I = 50mAC B - - 700 mV

hFE

fT

Static forward current transfer ratio
- I - 100mA, -V - IV 100C CB
- I = 500mA, -V„ =1V 40C LB
Transition frequency
- I -10mA, -V^ =5V, f = 35MHz C Cis 100

600

MHz

CTc Collector capacitance
I =1 =0, -V„ =10V, f=lMHzE e CB - 8.0 - PF

hFEl

hFE2

D. C. current gain ratio
of matched pairs BC327/BC337

BC328/BC338
Pel =100mA’ IvceI =1v 1.25 1.40
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS

BC327
BC328
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BC327
BC328

P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS

APPLICATION INFORMATION

2.2W transformerless audio frequency amplifier with matched pair BC327/BC337 
in complementary class B output stage; s 50°C

47kQ

Performance at V = 29V, R = 50fi b L
Collector quiescent current of BC337 ’cQ typ. 1 mA

Input voltage for P^ = 50mW V.1 typ 7 mV

Input voltage for P° = 2W V. 1 typ- 46 mV

Output power at f = 1kHz, d =10% PL typ- 2.2 W

Frequency response (3dB) 50 to 15 000 Hz

This amplifier needs no external cooling fin, provided each output transistor is 
mounted with its leads not longer than 3mm . The collector lead must, in addition, 
be soldered to a copper area of at least 10mm x 10mm. (See page 2).

Mullard
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APPLICATION INFORMATION (continued)
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BC337
BC338

N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS

N-P-N silicon planar epitaxial transistors in plastic envelopes, primarily intended 
for use in driver and output stages of audio amplifiers.
The BC337, BC338 are complementary to the BC327 and BC328 respectively.

Unless otherwise stated data are applicable to both types

QUICK REFERENCE DATA
BC337 BC338

V „ max. 50 30 VCES
V max. 45 25 VCEO
I , max. 1000 mACM
P max. (T < 45°C) 625 mW

tot case- o
T. max. 150 C

1
C typ. (I =10mA, V =5V, f = 35MHz) 200 MHz
T C CE

OUTLINE AND DIMENSIONS
Similar to TO-92

Dimensions within 2.5 max» 
are uncontrolled

All dimensions in mm
04745a
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RATINGS
Limiting values of operation according to the absolute maximum system.

Electrical
BC337 BC338

(vbf = 0)ClSb OIL 50 30 V

V „„ max. 45 25 V
CEO

V __  max. 5.0 VEBO
I max. 500 mA

I max. 1000 mA
CM

■’em max- 1000 mA

1$ max. 100 mA

’em max- 200 mA
P max. T = 25°C 500 mW

tot amb
♦T , < 25°C 625 mWamb-

T < 45°C 625 mW
case-

Temperature

T ■65 to +150 °C
stg o

T. max. 150 c
J

THERMAL CHARACTERISTICS

R., . in free air 0.25 °C/mW
th (j-amb)

*R, , 0.20 °C/mW
th(j -amb) 

R, 0.17 °C/mW
th(j-case)

♦The transistor mounted on a printed circuit board, max. lead length 3mm, mounting 
pad for collector lead min. 10 x 10mm.

ELECTRICAL CHARACTERISTICS (T. = 25°C unless otherwise stated) 
J

Min. Typ. Max.

’cBO Collector cut-off current
Vo- VCB=2°V 
1=0, V =20V, T. = 150°C
E CB J

- 100

5.0

nA

pA

I Emitter cut-off currentEBO
Vo’ veb-5V - - 10 pA
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BC337
BC338

N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS

ELECTRICAL CHARACTERISTICS (contd.)

**V decreases by about 2mV/°C with increasing temperature. 
Bh

Min. Typ. Max.

VBE **Base-emitter voltage
I - 500mA, V -IV C Cis - - 1.2 V

VCE(sat) Collector-emitter saturation voltage 
Ic = 500mA, Ig-50mA - - 700 mV

hFE

fT

Static forward current transfer ratio
I -100mA, V =1V 100C CL
I = 500mA, V =1V 40C Ch
Transition frequency
I = 10mA, V - 5V, f-35MHz C Ch 200

600

MHz

CTc Collector capacitance
I -I =0, V„ = 10V, f-lMHz E e CB - 5.0 - pF

hFEl

hFE2

D.C. current gain ratio of 
matched pairs BC337/BC327

BC338/BC328
IM -100mA’ IvceI =1v 1.25 1.40
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BC337
BC338

N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS
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N-P-N SILICON PLANAR
EPITAXIAL A.F. TRANSISTORS

BC547
BC548
BC549

Silicon planar epitaxial n -p-n transistors in plastic envelopes. The BC547 is primarily 
intended for use in driver stages of audio amplifiers and in signal processing circuits 
of television receivers. The BC548 is suitable for low voltage applications e.g. 
driver stages or audio pre-amplifiers and in signal processing circuits of television 
receivers.
The BC549 is primarily intended for low noise input stages in tape recorders, high 
quality amplifiers and other audio frequency equipment.

Unless otherwise stated data are applicable to all types

QUICK REFERENCE DATA
BC547 BC548 BC549

VCES maX’ 50 30 30 V

VCEO maX' 45 20 20 V

'cm max- 200 200 200 mA
P max. (T + 25°C ) 
tot amb 300 300 300 mW

T max. 
J

hfe (Ic =2mA,VCE =5V,f = 1kHz)

150

125-500

150

125-900

150

240-900

°C

f_ typ. (I =10mA,V =5V,f = 35MHz)1 C U.E.
N (I = 200gA, V =5V, R =2k2)

300 300 300 MHz

f = 30Hz to 15kHz typ. - - 1.4 dB
max. - - 4.0 dB

f = 1kHz, B = 200Hz typ. 2.0 2.0 1.2 dB
max. 10 10 4.0 dB

OUTLINE AND DIMENSIONS

Similar to TO -92

All dimensions in mm

Mullard
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RATINGS
Limiting values of operation according to the absolute maximum system.

Electrical

BC547 BC548 BC549

V _ max. 50 30 30 VCBO

V„„„ max. 50 30 30 VCES

V„„„ max. 45 20 20 VCEO
VT, max. 6.0 5.0 5.0 VEBO

I max. 100 mA

T ,, max. 200 mACM
-T, max. 200 mAEM'
I max.BM 200 mA

P max. (T , s 25°C) 300 mWtot amb

Temperature

T - 65 to +150 °C
stg

T. max. 
J

150 °C

THERMAL CHARACTERISTICS
R , . in free air 0.25 °C/mW

th(j-amb)
0. 17 °C/mW

th(j-case)
ELECTRICAL CHARACTERISTICS (T =25°C unless otherwise stated)

Min. Typ. Max.

Collector cut-off current
CB° L = 0,V =20V, T =125°C

E CB j

V * Base-emitter voltage
Ic =2mA, VCE =5V

- 5.0

550 620 700 mV

I -10mA,V =5V 770c Julirn” CE - mV

*V decreases by about 2mV/°C with increasing temperature 
BE

Mullard
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n-p-n silicon planar BC547
EPITAXIAL A.F. TRANSISTORS BC548

BC549
ELECTRICAL CHARACTERISTICS (cont'd)

VCE(sat) Collector-emitter saturation voltage
I = 10mA, I =0.5mA C B
I = 100mA, I =5mA C D

VBE (sat) (Base-emitter saturation voltage
I = 10mA, I = 0.5mA C B
I = 100mA, I = 5mA C D

V CEK Collector knee voltage
I = 10mA, I = the value for C B

Min. Typ. Max.

90 250 mV

200 600 mV

700 - mV
900 - mV

300 600 mV

hfe Small signal current gain
I =2mA, V =5V, f=lkHz, BC547 125 - 500G GB BC548 125 - 900

BC549 240 - 900
fT Transition frequency

I =10mA,V =5V,f = 35MHzC CE - 300 - MHz

decreases by about 1.7mV/°C with increasing temperature

CTc Collector capacitance
I =1 =0,V__ = 10V,f = lMHzE e CB 2.5 4.5 pF

CTe Emitter capacitance
I =1 =0,V„, =0.5V,f = lMHz 9.0 PF

N
C c EB

Noise figure
I =200|xA, V „ = 5V, R =2kS2 C * CE S

f = 30Hz to 15kHz BC549 1.4 4.0 dB
f=lkHz, B = 200Hz BC547, 548 2.0 10 dB

BC549 1.2 4.0 dB

tv’ BE (sat)

Mullard
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ELECTRICAL CHARACTERISTICS (cont’d)

The following supplementary gain groups are available on request:

BC547A

BC548A
BC547B

BC548B

BC549B

BC548C
BC549C

li Static forward current transferFE ratio
I = 10pA, V =5V typ. 90U UJI 150 270

Ic = 2mA,V(_,E=5V min. 110 200 420

typ. 180 290 520

max. 220 450 800

h parameters (conimon emitter)
I = 2mA, V = 5V, f = C UJI 1kHz

h.le Input impedance min 1.6 3.2 6.0

typ. 2. 7 4.5 8. 7 k.Q

max. 4.5 8.5 15 kfi

h re Voltage feedback ratio typ. 1.5 2.0 3.0 -4 xlO

hfe Small signal current gain min. 125 240 450

typ- 220 330 600

max. 260 500 900

h oe Output admittance typ. 18 30 60 pmho

max. 30 60 110 pmho

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL A.F. TRANSISTORS

BC547
BC548
BC549
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BC547
BC548
BC549

N-P-N SILICON PLANAR
EPITAXIAL A.F. TRANSISTORS
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N-P-N SILICON PLANAR
EPITAXIAL A.F. TRANSISTORS

BC547
BC548
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N-P-N SILICON PLANAR
EPITAXIAL A.F. TRANSISTORS

BC547
BC548
BC549

Constant noise figure curves
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N-P-N SILICON PLANAR
EPITAXIAL A.F. TRANSISTORS

BC547
BC548
BC549
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BC557
BC558

P-N-P SILICON PLANAR
EPITAXIAL A.F. TRANSISTORS

BC559
Silicon planar epitaxial p -n -p transistors in plastic envelopes. The BC557 is primarily 
intended for use in driver stages of audio amplifiers and in signal processing circuits 
of television receivers. The BC558 is suitable for low voltage applications e. g. 
driver stages or audio pre-amplifiers and in signal processing circuits of television 
receivers.
The BC559 is primarily intended for low noise input stages in tape recorders, high 
quality amplifiers and other audio frequency equipment.

Unless otherwise stated data are applicable to all types 

OUTLINE AND DIMENSIONS

QUICK REFERENCE DATA

BC557 BC558 BC559

-VCExmax-<+VBE-1V> 50 30 25 V

-VCEO maX' 45 25 20 V

^CM maX- 200 200 200 mA
PtotmaX- ^amb ’̂ 300 300 300 mW
T. max. j 150 150 150 °C

hfe (-Ic = 2mA, -VCE = 5V, f=lkHz) 75-260 75-500 125-500
^typ. (-Ic = 10mA, -VCE = 5V, f = 35MHz) 150 150 150 MHz
N(-I =200gA, -V =5V, C C.Ü Rg= 2kQ)

f = 30Hz to 15kHz typ- - - 1.2 dB
max. - - 4.0 dB

f=lkHz, B = 200Hz typ- 2.0 2.0 1.0 dB
max. 10 10 4.0 dB

Similar to TO-92
■ 1 , — ,-Ì 0.35

_______________________ 1 min

All dimensions in mm

AUGUST 1972
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RATINGS
Limiting values of operation according to the absolute maximum system.

Electrical
BC557 BC558 BC559

■VCBO maX‘ 50 30 25 V

VCEX +^BE = ^^ 50 30 25 V

-VCeo 45 25 20 V

"VEBO maX- 5.0 5.0 5.0 V

-Ic max. 100 mA

‘Mm max- 200 mA

Mm max- 200 mA

'Mm max- 200 mA

300 mW

Temperature

T stg -65 to +150 °C

T max. 
J

150 °C

THERMAL CHARACTERISTICS

R . ,. in free airth(j-amb) 0.25 °C/mW

r
th(j-case) 0. 17 °C/mW

ELECTRICAL CHARACTERISTICS (T. =25°C unless otherwise stated)

Min. Typ. Max.

-I Collector cut-off current
CBO L =0, -V_=20V, T.= 25°C

E CB J
T. = 125 C

J

- 1.0 100

4.0

nA 

pA

-V„„ * Base-emitter voltage
BE -Ic= 2mA, -Vce=5V 600 650 750 mV

-I = 10mA, -V„ = 5V U UE
- - 820 mV

* -V„_ decreases by about 2mV/°C with increasing temperature 
BE
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P-N-P SILICON PLANAR BC557
EPITAXIAL A.F. TRANSISTORS BC558

BC559
ELECTRICAL CHARACTERISTICS (cont'd)

Min. Typ. Max.

-V CE(sat) Collector-emitter saturation voltage 
-1^ = 10mA, -I =0. 5mA - 75 300 mV

-I =100mA, -I =5mA C B
- 250 650 mV

VBE(sat) tBase-emitter saturation voltage 
-Ic = 10mA, -Ig = 0.5mA - 700 - mV

-I = 100mA, -I =5mA C B
- 850 - mV

-V CEK Collector knee voltage
-1^ = 10mA, -Ip = the value for
which -I = 11mA at -V = IV C Lil - 250 600 mV

decreases by about 1. 7mV/°C with increasing temperature

hf Small signal current gain16 -I =2mA,-V =5V,f=lkHz BC557
C BC558

BC559

75
75

125
-

260
500
500

fT Transition frequency
-I = 10mA, -V = 5V, f = 35MHzC CE

- 150 - MHz

CTc Collector capacitance
I =1 =0,-V =10V,f = lMHz is e cd - 4.5 - PF

N Noise figure
-I_ = 200gA, -V = 5V, R = 2kfiC Gib b

f = 30Hz to 15kHz BC559 - 1.2 4.0 dB

f=lkHz,B = 200Hz BC557.558 - 2.0 10 dB

BC559 - 1.0 4.0 dB

t-V' BE(sat)

Mullard
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ELECTRICAL CHARACTERISTICS (conf d)

The following supplementary gain groups are available on request:

BC557 BC558A

BC559A

BC558B

BC559B

h_ „ Static forward current transfer ratioFE -I =2mA, -V = 5V Typ. 140U Cil 180 290

h Small signal current gainie -I =2mA, -VCE = 5V,f= 1kHz min. 75 125 240

max. 260 260 500

Mullard
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P-N-P SILICON PLANAR BC557
EPITAXIAL A.F. TRANSISTORS BC558

BC559
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P-N-P SILICON PLANAR BC557



06623
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P-N-P SILICON PLANAR 
EPITAXIAL A.F. TRANSISTORS

BC557
BC558
BC559

Mullard
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BCW29R
BCW30R

p min. P-N-P SILICON PLANAR 
EPITAXIAL TRANSISTORS

Silicon p-n-p planar epitaxial transistors in microminiature plastic envelopes, 
intended for low level general purpose applications in thin and thick film circuits.

Unless otherwise stated data is applicable to both types

QUICK REFERENCE DATA
-V CBO max. 30 V
-V CEO max. 20 V

’cm max. 200 mA
p tot

max., T . S25°C 
amb 200 mW

T. max. 150 °C

hFE at -I = 2mA, -V = 5V BCW29R
C BCW30R

120 - 260
•215 - 500

fT typ- -n = 10mA, -V „ = 5V, f = 35MHz 150 MHz

N max., -I = 200pA, -V__ = 5V, R = 2kSI,

f = 1kHz, B = 200Hz 10 dB

OUTLINE AND DIMENSIONS

All dimensions in millimetres 
Plan view from above

-------------------- Mullard---------------------
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pmin, P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS BCW29R

BCW30R
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pmin. N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS BCW31R

BCW32R
BCW33R

Silicon n-p-n planar epitaxial transistors in microminiature plastic envelopes, 
intended for low level general purpose applications in thin and thick film circuits.

QUICK REFERENCE DATA
V CBO max.

V CEO

Mm
Ptot

max.
max. , T , ^25°C 

amb
T. max.

hFE atM=2mA’ VCE = 5V

30 V
20 V

200 mA

200 mW
150 °C

BCW31R 110 - 220
BCW32R 200 - 450
BCW33R 420 - 800

Unless otherwise stated data is applicable to all types

L typ. , I = 10mA, V = 5V, f = 35MHz 1 C Uh
N max., I = 200gA, V__ = 5V, R = 2kS2,C CE S

300 MHz

f = 1kHz, B = 200Hz 10 dB

OUTLINE AND DIMENSIONS

All dimensions in millimetres 
Plan view from above

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical

vCBO max. 30 V

vCEO max. (1^ = 2.0mA) 20 V

VEBO max. 5.0 V

'c max. 100 mA

'cm max. 200 mA

P tot
max. T , — 25°C, mounted on a ceramic 

amb
substrate of 7 x 5 x 0. 5mm 200 mW

Temperature

T stg -65 to +150 °C

T.
J

max. 150 °C

THERMAL CHARACTERISTICS
R , .. .. Thermal resistance between junctionth(i-amb) „ , . . ,and ambient, the device mounted on

a ceramic substrate of 7 x 5 x 0. 5mm 0. 62 °C/mW

ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise stated)

Min. Typ. Max.

IcgQ Collector cut-off current

V^W207 - - 100 nA
U = 0, V = 20V, T. = 100°C 
E CB j - - 10 uA

V™ Base-emitter voltageBE
I = 2.0mA, V = 5.0V U LB 550 - 700 mV

V__, , Collector-emitter saturation voltageCE(sat) &
= 10mA, Ig = 0.5mA - 120 250 mV

I = 50mA, Ig = 2.5mA - 210 mV

V^, . Base-emitter saturation voltageBE(sat) 0
= 10mA, Ip = 0. 5mA - 750 mV

I = 50mA, I - 2. 5mAC B - 850 mV

Mullard
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pmin. N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS BCW31R

BCW32R
BCW33R

ELECTRICAL CHARACTERISTICS (contd.)

h„_ Static forward current rb -transfer ratio

Min. Typ. Max.

I = lOgA, V = 5.0V BCW31R
C C BCW32R

- 90 -
- 150 -

BCW33R - 270 -

I = 2.0mA, V = 5.0V BCW31R 110 - 220
C C BCW32R 200 - 450

BCW33R 420 - 800
f Transition frequency

I = 10mA, V^^ = 5.0V, f = 35MHzC Lb - 300 MHz
C Collector capacitance

1C I =1 =0, V^D = 10V, f = 1.0MHz 
be cd - - 4.0 pF

N Noise figure
I = 200mA, V „ = 5.0V, R = 2.0kS2, c cb b
f = 1.0kHz, B = 200Hz - - 10 dB

Mullard
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p min. N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS BCW31R

BCW32R
BCW33R

Mullard BCW31R - Page 5
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p min. P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS BCW69R

BCW70R

Silicon p-n-p planar epitaxial transistors in microminiature plastic envelopes, 
intended for low level general purpose applications in thin and thick film circuits.

Unless otherwise stated data is applicable to both types

QUICK REFERENCE DATA

’VCBO æ“- 50 V

-VCEO maX‘ 45 V

■rCM maX- 200 mA
P max. T , s 25°C
tot amb 200 mW

T. max. 150 °C

h_„ at -I = 2mA, -V „ = 5V BCW69R 120 to 260
FE C CE BCW70R 215 to 500

L typ., -I = 10mA, -V = 5V, f = 35MHz1 C ch
N max. ,-I = 200/xA, = 5V, R = 2k2,C Ch S

150 MHz

f = 1kHz, B = 200Hz 10 dB

OUTLINE AND DIMENSIONS

All dimensions in millimetres 
Plan view from above

--------------------Mullard---------------------
JULY 1973 BCW69R - Page 1



Limiting values of operation according to the absolute maximum system.

RATINGS

Electrical

-V CBO max. 50 V

-V CES max. 50 V

-V CEO max. (-1^ = 2.0mA) 45 V

VEBO max. 5.0 V

"’c max. 100 mA

■’cm max. 200 mA

p tot
max. T , ^25°C, mounted on a ceramic 

amb
substrate of 7 x 5 x 0.5mm 200 mW

Temperature

T stg -65 to +150 °C

T. 
J

max. +150 °C

THERMAL CHARACTERISTICS
R ... ,. Thermal resistance between junctionth(i -amb) . .. „ . . . J .and ambient, the device mounted on a

ceramic substrate of 7 x 5 x 0. 5mm 0.62 °C/mW

ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise stated)

Min. Typ. Max,

’cBO Collector cut-off current

IE=°. -VCB = 20V - 100 nA
I = o. -V = 20V, T. = 100°C 
E CB J - 10 gA

VBE Base-emitter voltage

-Ic = 2.0mA, -VCE = 5.0V 600 750 mV

VCE(sat) Collector-emitter saturation voltage

-I = 10mA, -1^ = 0. 5mA - 80 300 mV
-I = 50mA, -I = 2. 5mA C B - 150 mV

^BE(sat) Base-emitter saturation voltage
-1^ = 10mA, -1$ = 0. 5mA - 720 mV
-I = 50mA, -I = 2. 5mAC B - 810 mV

Mullard
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p min. P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS BCW69R

BCW70R

ELECTRICAL CHARACTERISTICS (contd.)

Min. Typ. Max.
Static forward current transfer ratio FE

-I = 10pA, -V = 5.0V BCW69R - 90 -
C BCW70R - 150 -

-I = 2.0mA, -V = 5.0V BCW69R 120 - 260
J BCW70R 215 - 500

f Transition frequency

-I = 10mA,. -V = 5.0V, f = 35MHzC C11 - 150 MHz
Collector capacitance

1=1=0, -V = 10V, f = 1.0MHz E e CB - - 7.0 pF
N Noise figure

-I = 200gA, -V = 5.0V, R = 2.0kS2, C Cts S
f = 1.0kHz, B = 200Hz - - 10 dB

Mullard
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pmin. P-N-P SILICON PLANAR BCW69R
EPITAXIAL TRANSISTORS nrwmD
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pmin. N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS

BCW71R
BCW72R

Silicon n-p-n planar epitaxial transistors in microminiature plastic envelopes, 
intended for low level general purpose applications in thin and thick film circuits.

QUICK REFERENCE DATA
V CBO
VCEO 

'cm 
Ptot

max.

max.

max.
max. T , ^25°C 

amb
max.
at I = 2mA, V_ = 5V U Lt

50 V

45 V
200 mA
200 mW
150 °C

BCW71R 110 to 220
BCW72R 200 to 450

j 
h r B

C typ., I = 10mA, V „ = 5V, f = 35MHz1 C Ch
N max. I = 200gA, V = 5V, R = 2kS2,

f = 1kHz, B = 200Hz

300 MHz

10 dB

Unless otherwise stated data is applicable to both types

OUTLINE AND DIMENSIONS

All dimensions in millimetres 
Plan view from above
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical

V max. 50 VCBO
V CEO max. (1^ = 2.0mA) 45 V
v EBO max. 5.0 V

‘c max. 100 mA

‘cm max. 200 mA

Ptot max. T , ^25°C, mounted on a ceramic 
amb

substrate of 7 x 5 x 0.5mm 200 mW
Temperature

T -65 to +150 °C
stg

T, 
1

max. 150 °C

THERMAL CHARACTERISTICS
R... Thermal resistance between junctionth(j-amb) , ,. „ . 7 .and ambient, the device mounted on

a ceramic substrate of 7 x 5 x 0.5mm 0.62 °C/mW

ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise stated)

Min. Typ. Max.

‘cBO Collector cut-off current
I 0, V„„ = 20V 100 nAE CB
U = 0, V„„ = 20V, T. = 100°C
E CB J - - 10 (A

V_„ Base-emitter voltage
Bis

I = 2.0mA, V = 5.0V U Uli 550 - 700 mV

V__. , Collector-emitter saturation voltageCE(sat) 6
I = 10mA, I = 0.5mA U D

- 120 250 mV
I = 50mA, I = 2. 5mAC B - 210 mV

^BE(sat) Base-emitter saturation voltage
I^ = 10mA, Ig = 0.5mA - 750 mV
I = 50mA, I = 2.5mA C B - 850 mV

Mullard
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p min. N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS BCW71R

BCW72R

ELECTRICAL CHARACTERISTICS (contd.)

Min. Typ. Max.

hFE Static forward current transfer ratio

I = lOgA, V = 5.0V BCW71R
C CE BCW72R

I = 2.0mA, V =5.0V BCW71R 110
C CE BCW72R 200

90
150

220
450

«T Transition frequency
I„ = 10mA, V ' = 5.0V, f = 35MHz 
G CE 300 - MHz

CTc Collector capacitance

I =1 = 0, V =10V, f = 1.0MHz E e CD - 4.0 PF

N Noise figure

I = 200pA, V = 5.0V, R =2.0kß, G GE o
f = 1.0kHz, B = 200Hz 10 dB
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p min. N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS

BCW71R
BCW72R
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p min. P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS BCX17

BCX18

P-N-P Silicon planar epitaxiàl transistors in a microminiature plastic envelope in
tended for application in thick and thin film circuits. These transistors are intended 
for general purposes as well as saturated switching and driver applications for in
dustrial service.

The BCX17 and BCX18 are complementary to the BCX19 and BCX20 respectively.

QUICK REFERENCE DATA
BCX17 BCX18

VCES maX- 50 30 V

VCEOmaX' 45 25 V

'Mm max‘ 1000 mA

P . max. (T . s25°C) tot amb 310 mW
T. max.

hFE (-Ic = 100mA, -VCE = 1.0V)

150 °C

100 to 600

L typ- (-U = 10mA, -V__ = 5.0V, f = 35MHz)1 C Lb 100 MHz

Unless otherwise stated data are applicable to both types

OUTLINE AND DIMENSIONS - For details see page 2

2 i x actual size

Mullard
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OUTLINE AND DIMENSIONS

All dimensions in millimetres

Plan view from above

RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical

BCX17 BCX18

-VCES maX‘ 50 30 V

VCEO maX- (-Ic = 10mA) 45 25 V

■VEBO 5.0 5.0 V

-I max. 500 mA

■’cm max’ 1000. mA

’em max- 1000 mA

-1$ max. 100 mA

’bm max-
P max. tot

T . < 25°C, mounted on a ceramic 
amb —

200 mA

substrate of 15 x 15x0.5mm 310 mW

Temperature

T stg
T. max.

J

- 65 to +150

150

°C 

°C

Mullard
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p piin. P-N-P SILICON PLANAR 
EPITAXIAL TRANSISTORS

BCX17
BCX18

THERMAL CHARACTERISTIC

aS

R , hl Thermal resistance between junction
and ambient, the device mounted on

■
a ceramic substrate of 15 x 15 x 0.5mm 0.4 °C/mW

ELECTRICAL CHARACTERISTICS (T. =25°C unless otherwise stated) . ■ ‘ I
Min. Typ. Max. 41

~'cBO Collector cut-off current
I = 0, -V = 20VB Cd

- - 100 nA 4
I„ = o, -V_D = 20V, T. = I50°C
B Cd j

- - 5.0 gA 1
i

-I_„ Emitter cut-off current
edU

I = 0, -v = 5.0V U Bd
- - 10 gA

-V__ »Base emitter voltage
dB ■■ .’f

-I = 500mA, -V_„ = L0VC CB - - 1.2 V - 27■a
. Collector-emitter saturation voltage CE(sat) &

-I = 500mA, -I = 50mA C D - - 620 mV

^FE Static forward current transfer ratio

-I = 100mA, -V__ = 1.0V 100 - 600 ' *
-I = 300mA, -VCE = 1.0V 70 - -

-I = 500mA, -V = L0V G CB 40 - - '4

f^. Transition frequency

-I = 10mA, -V = 5.0V, f = 35MHz C G B - 100 - MHz

CTc Collector capacitance

I = I =0, -V = 10V, f = 1.0MHz B e Gd
- 8.0 - PF

* “VgE decreases by about 2mV/°C with increasing temperature.

Mullard
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p min. P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS

BCX17
BCX18
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OUTLINE AND DIMENSIONS

All dimensions in millimetres

Plan view from above

RATINGS
Limiting values of operation according to the absolute maximum system.

Electrical
BCX19 BCX20

VCES 50 30 V

VCEO «««• <ic = 10-A) 45 25 V

VEBO maX- 5> 0 5.0 V

Ip max. 500 , mA

‘cm max- 1000 mA

‘em max- 1000 mA

IBmax. 100 mA

‘bm max-
P max., T , < 25 C. mounted on a ceramic tot amb -

200 mA

substrate of 15 x 15 x 0.5mm 310 mW

Temperature

T „ stg -65 to +150 °C 
n

T. max. 
J

THERMAL CHARACTERISTIC

R.,. ,, Thermal resistance between junctionth(j-amb) . . . „ .and ambient, the device mounted

150 c

on a ceramic substrate of 15 x 15 x 0. 5mm 0.4 °C/mW

------------- Mullard--------------
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p min. N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS

BCX19
BCX20

ELECTRICAL CHARACTERISTICS (T. =25°C unless otherwise stated)

Min. Typ. Max.

’cBO Collector cut-off current
V^cb“207 - - 100 nA
I = o, V = 20V, T. = 150°C 
E CB J - - 5.0 mA

’ebo Emitter cut-off current 
1=0, V = 5.0V U DD - 10 pA

VBE ♦Base emitter voltage
I = 500mA, V_„ = 1.0V U Ui! - - 1.2 V

VCE(sat) Collector-emitter saturation voltage
I = 500mA, I = 50mA C B - ' - 620 mV

hFE Static forward current transfer ratio 
Ic = 100mA, VCE = 1.0V 100 - 600
Ic = 300mA, VCE = 1.0V 70 - -

I = 500mA, V„„ = 1.0V r C Lb
40 - -

Transition frequency
I„ = 10mA, V_D = 5.0V, f = 35MHz C Gti - 200 - MHz

CTc Collector capacitance
I = I =0, V_D = 10V, f = 1.0MHz E e CB - 5.0 PF

*V decreases by about 2mV/°C with increasing temperature. 
DlS
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BCX19
BCX20

p min. N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS

Mullard
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N-P-N SILICON. PLANAR
DARLINGTON TRANSISTOR BCX21

TENTATIVE DATA

Silicon n-p-n planar Darlington transistor for industrial high gain linear applica
tions. Encapsulated in the TO-39 envelope with the collector connected to the can.

QUICK REFERENCE DATA

VCBO maX- 60 V
VCE max. 45 V
Ic max. 1.0 A

Ptotm“- 0.55 W
P max. (T £ 25°C) 
tot case

h min. (I = 150mA, V = 10V) rii C GE

3.5

2000

W

VCE(sat)Inax' (Ic’l.OA.lB^.OmA) 1.6 V

‘off^ ^(onj^Wf)^-5^) 700 ns

OUTLINE AND DIMENSIONS

Conforms to B.S. 3934 SO-3/SB3-3B

J.E.D.E.C. TO-39

AU dimensions in mm

Collector connected to case

Max. lead diameter is only guaranteed for 12. 7mm from the can.

Accessories available: - 56218, 56245, 56265

--------------Mullard--------------
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
VCBO maX- 60 V

V__ max. (See note below) CE 45 V

VEBO maX‘ 10 V

I max. 1.0 A

I max. B
0.1 A

P max. (T ^25°C) 
tot amb '

0.55 W

P max. (T ^25°C)
tot case 3.5 w

Temperature

T „ range stg
-65 to +150 °C

T. max. 150 °C
1

Note: -

THERMAL CHARACTERISTICS
n

th(j-amb)
220 °C/W

th(j-case)
35 °C/W

RBE
s 39kSl essential to ensure thermal stability of input stage at T. max.

Mullard
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N-P-N SILICON PLANAR
DARLINGTON TRANSISTOR BCX21

ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise stated)

Min. Typ. Max.

‘cBO ■ Collector cut-off current
V__ = 45V, 1=0 

Cd is - - 50 nA

‘ebo Emitter cut-off current
- 50 nA

hFE Static forward current transfer ratio
Ic = 10mA, VCE = 10V 1500 - -

Ic = 150mA, VCE = 10V 2000 - -

I = 500mA, V = 10V U Grs 1500 - -

VBE Base -emitter voltage
I = 10mA, V = 10V c cis - - 1.4 V

vCE(sat) Collector-emitter saturation voltage
I = 500mA, I = 0.5mAU D

- - 1.3 V
I = 1.0A, I = 1.0mA U D - - 1.6 V

V BE(sat) Base-emitter saturation voltage
I = 500mA, IB = 0.5mA - - 1.9 V
I =1.0A, I = 1.0mAC ' D - - 2.2 V

hfe Small signal forward current transfer ratio
I = 0.5A, V^„ = 5.0V, f = 35MHzU cis 10 -

CTc Collector capacitance
V„n = 10V, I„ = I = 0, f = 1.0MHzCB E e - 10 - PF

Switching times
I„ = 500mA, I. . = -I = 0. 5mAC B(on) B(off)

t on Turn-on time - - 400 ns

t « off Turn-off time - 700 1500 ns

Mullard
BCX21 Page 3



DATAS DW A»

-----------— Mullard--------------
BCX21 Page 4



SILICON N-P-N EPITAXIAL
PLANAR TRANSISTORS BCX31 

to 
BCX34

TENTATIVE DATA

Plastic-encapsulated high performance transistors with TO-5 compatible pinning, 
primarily intended for general purpose industrial applications, but also for audio 
drivers and audio output.

Data are applicable to all types unless otherwise stated.

QUICK REFERENCE DATA
BCX31 BCX32 BCX33 BCX34

VCBO maX- 100 80 60 40 V

VCEOmaX- 80 60 40 30 V

Mm max- 1.0 2. 0 2.0 2.0 A

P max. T v s 25°C ,tot amb
free air 0. 73 w
on printed circuit (note 2) 1.0 w

h I = 150mA, V = 10Vrr, U Lb
min. 30 90 30 90
typ. 75 120 75 120

f min. I = 50mA, V = 10V, 1 u Lb

f = 35MHz 80 MHz

OUTLINE AND DIMENSIONS

For details, see page 4

Front View
Scale 3:1

05542/a

Mullard
MAY 1974 BCX31 Page 1



RATINGS
Limiting values of operation according to the absolute maximum system.

Electrical BCX31 BCX32 BCX33 BCX34

VCBOmaX' 100 80 60 40 V

VCEOmaX' 80 60 40 30 V

VEBO maX’ 6.0 6.0 6.0 6.0 V

I max. 0.5 1.0 1.0 l.(3 A

’cm max- 1.0 2.0 2.0 2.0 A

-Ig max. 0.5 1.0 1.0 1.0 A

“’em max' 1.0 2.0 2.0 2.0 A_______________/

1^ max. 100 mA

^M maX-
P max., T , - 25°C
tot amb

200 mA

I. Free air 0. 73 w
2. Mounted on typical printed circuit (Note 1) 0.83 w
3. On printed circuit (Note 2) 1.0 w
4. As in 3. but with 6cm2 heatsink attached

to the body of the transistor 1.4 w
5. Infinite heatsink case and leads 2.2 w

Temperature

T stg -65 to +150 °C

T. max. 
J

150 °C

THERMAL CHARACTERISTICS
R . .. , , in free airth(j-amb) 170 °c/w

NOTES
1. Printed circuit board with 1.5mm copper track.

2. Printed circuit board with collector mounting pad area 1. 0 x 1. Ocm (min.)

Mullard
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SILICON N-P-N EPITAXIAL
PLANAR TRANSISTORS BCX31

to
BCX34

ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise stated)

Min. Typ. Max.

'CBO Collector cut-off current
IE = 0, VCB = 80V BCX31 - 10 100 nA
I„ = 0, V „ = 60V BCX32E Ld

- 10 100 nA
IE = 0, VCB = 40V BCX33 - 10 100 nA
L = 0, V = 30V BCX34B Cd

- 10 100 nA
I = 0, V^n = 80V, T. = 100°C BCX31
E CB J

- - 5.0 ma

I_ = 0, V„„ = 60V, T. = 100 C BCX32E CB j - - 5.0 mA
I„ = 0, V = 40V, T. = 100 C BCX33B CB J - - 5.0 mA
I„ = 0, V^ = 30V, T. = 100°C BCX34
E CB j - - 5.0 gA

'ebo Emitter cut-off current
V0' VEB = 5V - 10 100 nA

hFE Static forward current transfer ratio
I = 10mA, V = 10V BCX31, BCX33
C . BCX32, BCX34

30 75 -
90 120 -

I = 150mA, V = 10V BCX31, BCX33 30 75
C BCX32, BCX34 90 120 -

I = 0.5A, V = 10V BCX31, BCX33
C CE BCX32, BCX34

20 40 -
35 50 -

I = 1.0A, V = 10V BCX32, BCX34 15 20 -
BCX33 15 20

VCE(sat) Collector saturation voltage 
I = 150mA, 1^ = 15mA - 125 350 mV
I = 0.5A, I = 50mA C B - 350 800 mV
I =L0A, I = 100mA BCX32, 33, 34C D - 660 1600 mV

VBE(sat) Base-emitter saturation voltage
I = 0.5A, IB = 50mA - 1. 15 1.5 V
I = 1.0A, I = 100mA BCX32, 33, 34C D - 1.4 2.0 V

CTc Collector capacitance
I =1 =0, V„= 10V, f = 1.0MHzE e CB - - 12 PF

fT Transition frequency
I = 50mA, V = 10V, f = 35MHz C CB 80 - - MHz

-------------- Mullard —----------- -
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a - 2.49 to 2.59mm

b = 5.03 to 5.13mm

Maximum thickness of 
printed board = 1.7mm
Recommended hole 
diameter = 1.0 to 1.1mm 
(1.0 to 1.3mm allowable)

Maximum thickness of 
printed board = 1.1mm

Hole diameter = 0. 77 to 0.83mm

See also General Explanatory Notes Section IV.

Mullard
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SILICON N-P-N EPITAXIAL
PLANAR TRANSISTORS

BCX31
to

BCX34

--- ---------- Mullard--------------
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BCY31

ELECTRICAL CHARACTERISTICS (Tamb = 25°C unless otherwise stated)
Min. Typ. Alox.

IcBO Collector cut-off current
Vcb = -6V, Ie = 0 1.0 50* nA
Vcb = -6V, Ie = 0, Tamb = 100°C 0.1 2.5 gA

Ibbo Emitter cut-off current
Vbb = -6V, Ic = 0 _ 1.0 50* nA
Vbb = -6V, lc = 0, Tamb = 100°C — 0.1 2.5 gA

VcB(sal) Collector-emitter saturation voltage 
Ic = 250gA, Ib = 50pA _ _ -55 -170 mV
Ic = 20mA, Ib = 3mA — -130 -550* mV

hre

ÍT

Smail signal forward current 
transfer ratio

Vcb = -6V, Ic = 1mA, f = 1kc/s

Transition frequency
Vcb = -6V, Ic = 1mA

25*

0.25*

35

1.7

60*

Mc/s

hrs

Vbb

Large signal forward current 
transfer ratio

Vcb = -4.5V, lc = 20mA

Base-emitter voltage
Vcb = -4.5V, lc = 20mA

15 28

-0.80

60

-1.45 V

NF Noise figure
VCE = -2V, lE = 500g.A, 
f = 1kc/s, Rs = 500(2 — 8.0 20 dB

t'e Vcb = -6V, lc = 1mA — 25 — n

rbb' VCB = -6V, Ic = 1mA, f = 500kc/s 100 220 500 n

Clo VCB = -6V, lE = 0, f = 500kc/s 15 28 60 pF
h-parameters
Vcb = -6.0V, Ic = 1.0mA, « = 104 radians 
Common emitter 
hie Input impedance 1.4 k(2
hre Voltage feedback ratio — 6.0 — x 10-4
hoe Output admittance — 25 — pmho

+The value of re given here is — where Ib is in mA and T is in °K.q Ib Ib

♦These are the characteristics which are recommended fcr acceptance testing 
purpose*.

Mullard
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SILICON P-N-P
TRANSISTORS

BCY32

BCY30
Series

ELECTRICAL CHARACTERISTICS (Tomb = 25°C unless otherwise stated)

ICBO Collector cut-off current
Min. Typ- Max.

V( li = -6V, lK = 0 — 1.0 50* nA
Vcb = -6V, lE = 0, Tanll( = 100 C — 0.1 2.5 ,iA

Inno Emitter cut-off current
V|.;b = -6V, lc = 0 _ 1.0 50* nA
Veb = -6V, lc = 0, Tuml) = 100“C — 0.1 2.5 mA

VcE(sal) Collector-emitter saturation voltage 
Ic = 250mA, Ib = 50mA _ -55 -170 mV
Ic = 20mA, Ib = 3mA — -120 -550* mV

hfe

<T

Small signal forward current 
transfer ratio

Vce = -6V, Ic = 1mA, f = 1kc/s

Transition frequency
VCE = -6V, lc = 1mA

35^=

250*

55

2.5

80*

— Mc/s
hpE

Vbe

Large signal forward current 
transfer ratio

Vcb —4.5V, Ic = 20mA

Base-emitter voltage
Vce = -4.5V, Ic = 20mA

20 35

-0.80

70 

-1.45 V

NF Noise figure
Vcb — — 2V, Ib = 500pA, 
f = 1kc/s, Rs = 500Q _ 8.0 20 dB

fr. VCE = -6V, Ic = 1mA 25 — O

Tub' Vcb = -6V, lc = 1mA, f = 500kc/s 110 230 500 O

Ctc Vcb = -6V, lE = 0, f = 500kc/s 15 28 60 pF
h-parameters
Vce = -6.0V, Ic = 1.0mA, co = 104 radians 
Common emitter 
hie Input impedance 1.7 — kO
h,e Voltage feedback ratio — 5.0 — x104
hoe Output admittance — 30 — Mmho

jThe value of re given here is — . I« where Ie is in mA and T is in °K. 
q Ib <b

♦These are the characteristics which are recommended for acceptance testing 
purposes.

Mullard Page DS



BCY33

ELECTRICAL CHARACTERISTICS (Tamb = 25°C unless otherwise stated)

Min. Typ. Max.
IcBO Collector cut-off current

Vcb = -6V, Ie = 0 — 1.0 50* nA
VCI1 = -6V, lE = 0, Tamb = 100'C — 0.1 2.5 pA

Ie bo Emitter cut-off current
Veb = -6V, lc = 0 — 1.0 50* nA
VEB = -6V, lc = 0, Tamb = 100°C — 0.1 2.5 pA

VcE(sal) Collector-emitter saturation voltage
Ic = 2S0(xA, Ib = 50pA — -55 -170 mV
Ic = 20mA, Ib = 3mA — -160 -550* mV

hfe

fr

Small signal forward current 
transfer ratio

VCE = -6V, lc = 1mA, f = 1kc/s 15*

Transition frequency
VCE =-6V, lc = 1mA 0.4*

25

1.5

35*

— Mc/s
hr®

V he

Large signal forward current 
transfer ratio

Vcb = -4.5V, Ic = 20mA 10

Base-emitter voltage
k Vcb = -4.5V, lc = 20mA —

18

-0.85

35 

-1.45 V

NF Noise figure
Vcb = -2V, lB = SOOpA, 
f = 1kc/s, Rs = 5000 — 8.0 20 dB

tre VCE =-6V, Ic = 1mA — 25 — n

rbb' VCE = -6V, lc = 1mA, f = 500kc/s 60 190 500 n

etc VCB =-6V, (E =0, f = 500kc/s 15 28 60 pF
h-parameters
Vce = -6.0V, Ic = 1.0mA, = 10“ radians
Common emitter 
hie Input impedance — 1.1 — kQ
hre Voltage feedback ratio — 3.0 — x 10“
hoe Output admittance — 17 — p.mho

(The value of re given here is — ■ r- ~ . where Iß is in mA and T is in °K.q Ib Ib

♦These are the characteristics which are recommended for acceptance testing 
purposes.

Mullard
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SILICON P-N-P
TRANSISTORS BCY30

Series

BCY34

ELECTRICAL CHARACTERISTICS (Tamb = 25°C unless otherwise stated)

Min. Typ. Max.
IcBO Collector cut-off current

Vcb — -6V, Ie = 0 — 1.0 50* nA
Vcb = -6V, lE = 0, Tamb = 100°C — 0.1 2.5 fA

Iebo Emitter cut-off current
Veb “ —6V, Ic = 0 — 1.0 50* nA
Veb = -6V, Ic = 0, Tamb = 100°C — 0.1 2.5 t*A f 'Si

VcE(sal) Collector-emitter saturation voltage
Ic = 250pA, lB = 50uA — -55 -170 mV a
Ic = 20mA, Ib = 3mA — -130 -550* mV

hfe Small signal forward current 
transfer ratio • a

VCe = -6V, Ic = 1mA, f = 1kc/s 25* 35 60* $ a
fr Transition frequency

VCE = -6V, lc = 1mA 0.6* 2.4 — Mc/s
hjB Large signal forward current 

transfer ratio
¡\

Vce = -4.5V, lc = 20mA 15 28 60

Vbe Base-emitter voltage a
VCE = -4.5V, Ic = 20mA — -0.80 -1.45 V

NF Noise figure J
Vce = -2V, Ie = 500pA, 
f =x 1kc/s, Rs = 500Q — 80 20 dB J

tre Vce = -6V, Ic = 1mA — 25 — n

rbb’

Ctc

Vce = -6V, lc = 1mA, f = 500kc/s

VCB = -6V, lB = 0, f = 500kc/s

50

15

235

28

500

60

a
PF ' ■

h-parameters
Vce = -6.0V, Ic = 1.0mA, w = 104 radians 
Common emitter 
hje Input impedance
hre Voltage feedback ratio
hoe Output admittance _

1.4
6.0

25
—

k£2 
x10 ’ 
(zmho ■ J

t . kT 1 25 . ,fine value of re given here is — • , where I
q Ie <e Ie is in mA and T is in ° K.

♦These are the characteristics which are recommended for acceptance testing
purposes.

----------------Mullard -
Pat« D7

I



SOLDERING AND WIRING RECOMMENDATIONS
1. When using a soldering iron, transistors may be soldered directly into the 

circuit, but heat conducted to the junction should if possible be kept to a 
minimum by the use of a thermal shunt.

2. Transistors may be dip-soldered at a solder temperature of 245°C for a maxi
mum soldering time of 5 seconds. The case temperature during soldering 
must not at any time exceed the maximum storage temperature. These 
recommendations apply to a transistor mounted flush on a board having 
punched-through holes, or spaced at least 1.5mm above a board having 
plated-through holes.

3. Care should be taken not to bend the leads nearer than 1.5mm from the 
seal.

4. If devices are stored above 100°C before incorporation into equipment 
some deterioration of the external surface is likely to occur which may 
make soldering into the circuit difficult. Under these circumstances the 
leads should be retinned using a suitable activated flux.

Pac« MMullard



BCY30
Series

SILICON P-N-P
TRANSISTORS

BCY30 AND BCY33
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TYPICAL COMMON EMITTER OUTPUT CHARACTERISTICS 
BCY31 AND BCY34

-----------------------Mullard------------------------
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SILICON P-N-P
TRANSISTOR BCY30

Series
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BCY30
Series

SILICON P-N-P
TRANSISTORS
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SILICON P-N-P
TRANSISTORS BCY30

Series

JUNCTION TEMPERATURE. BCY30, BCY31 AND BCY32

Mullard
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VARIATION OF COLLECTOR CUT-OFF CURRENT WITH 
JUNCTION TEMPERATURE. BCY33 AND BCY34

Mullard
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TYPICAL VARIATION OF LARGE SIGNAL FORWARD CURRENT TRANSFER 
RATIO WITH COLLECTOR CURRENT

Mullard
PM* «



01

TYPICAL CHARACTERISTIC OF NORMALISED SMALL SIGNAL FORWARD 
CURRENT TRANSFER RATIO PLOTTED AGAINST JUNCTION TEMPERATURE

-----------------------Mullard Paia CIO



SILICON P-N-P
TRANSISTORS BCY30

Series
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SILICON P-N-P
TRANSISTORS BCY30

Series

TYPICAL VARIATION OF h PARAMETERS WITH COLLECTOR CURRENT 
NORMALISED AT lc = 1.0mA. COMMON EMITTER

Mullard
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BCY38
BCY39
BCY40
BCY54

SILICON P-N-P
JUNCTION TRANSISTORS

Silicon p-n-p alloy junction transistors for relay switching, resistor logic 
circuits and general industrial applications. TO-5 construction. The base 
of the transistor is connected to the metal envelone.

QUICK REFERENCE DATA

BCY38 BCY39 BCY40 BCY54

vCBmax- 0e = 0> -32 -64 -32 -50 V

V„_ max. (cut-off) GE -32 -64 -32 -50 V

V „ max. (I =5 00mA) UE U -24 -60 -24 -50 V

I„„ max. 500 mACM
P, , max. (T , -25°C) 

tot amb 410 mW

hFE(Ic = 150mA) 10-30 10-50 15-120 12-70

fT typ. ' 1.5 1.5 2.5 2.0 Mc/s

Unless otherwise shown data is applicable to all types In the series

OUTLINE AND DIMENSIONS

The base of the transistor is connected to the metal envelope
Millimetres Millimetres

+ 0.5
-0.26 D 5. 08 nom.

8.15 + 0.35
-0.4 0.79 + 0.07

-0. 08

Millimetres 

G 0.45 nom.

*H 0.4 nom.

C 6.35 + 0.25 F 38 min. 0.85
»Thickness of locating tab

+ 0.16 
-0.11

DECEMBER 1967 BCY38-Page DI
Mullard



RATINGS

Limiting values of operation according to the absolute maximum system as 
defined in publication 134 of the International Electrotechnical Commission.

Electrical

BCY38 BCY39 BCY40 BCY54

VCB max. (IE = 0) -32 -64 -32 -50 V

V__ max. (cut-off) CK -32 -64 -32 -50 V

V .max. (I = 500mA) UIS u
VEB maX> ^C = 0) 

‘cm max- 
*‘c(AV) raax‘

‘em max-
*‘e(AV) maX‘ 
‘bm max-

*‘b(AV)
PtotmaX-

-24 -60 -24 -50 V

-12 V

500 mA

250 mA

500 mA

250 mA

125 mA

125 mA

410 mW
See page C7

♦Averaged over any 20ms period.

Thermal

T. max. 
J

T x max. stg
T . min. stg

THERMAL CHARACTERISTICS

0. . (in free air)j-amb '

0.j-case

150 °C

150 °C

-55 °C

0.3 degC
/mW

0.12degC
/mW

------------Mullard------- -----
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SILICON P-N-P
JUNCTION TRANSISTORS

BCY38
BCY39
BCY40
BCY54

SOLDERING AND WIRING RECOMMENDATIONS

1. When using a soldering iron, transistors may be soldered directly into 
the circuit, but heat conducted to the junction should,if possible,be kept 
to a minimum by the use of a thermal shunt.

2. Transistors may be dip-soldered ata solder temperature of 245°C fora 
maximum soldering time of 5 seconds. The case temperature during 
solderingmust not at any time exceed the maximum storage temperature . 
These recommendations apply to a transistor mounted flush on a board 
having punched-through holes, or spaced at least 1.5mm above a board 
having plated-through holes.

3. Care should be taken not to bend the leads nearer than 1.5mm from the 
seal.

4. If devices are stored above 100°C before incorporation into equipment , 
some deterioration of the external surface is likely to occur which may 
make soldering into the circuit difficult. Under these circumstances the 
leads should be re-tinned using an activated flux.

BCY38-Page D3
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SILICON P-N-P
JUNCTION TRANSISTORS

BCY38
BCY39
BCY40
BCY54

TYPICAL VARIATION OF COMMON EMITTER LARGE*SIGNAL FORWARD 
CURRENT TRANSFER RATIO WITH COLLECTOR CURRENT

Mullard
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TYPICAL VARIATION OF COMMON EMITTER SMALL SIGNAL FORWARD 
CURRENT TRANSFER RATIO WITH COLLECTOR CURRENT

Mullard
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SILICON P-N-P
JUNCTION TRANSISTORS

BCY38
BCY39
BCY40
BCYS4

TYPICAL VARIATION OF LARGE SIGNAL FORWARD CURRENT TRANSFER 
RATIO WITH JUNCTION TEMPERATURE.NORMALISED AT 25°C

Mullard
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TYPICAL VARIATION OF SMALL SIGNAL FORWARD CURRENT TRANSFER 

RATIO WITH CASE TEMPERATURE.NORMAIISED AT 25°C
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BCY38
BCY39
BCY40
BCY54

SILICON P-N-P
JUNCTION TRANSISTORS

u

TYPICAL VARIATION OF COLLECTOR-EMITTER SATURATION VOLTAGE 
WITH JUNCTION TEMPERATURE

----------------- Mullard
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TYPICAL VARIATION OF BASE-EMITTER SATURATION VOLTAGE WITH 
JUNCTION TEMPERATURE
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SILICON P-N-P
JUNCTION TRANSISTORS

BCY38 
BCY39 
BCY40

TOTAL DISSIPATION PLOTTED AGAINST AMBIENT TEMPERATURE

Mullard
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SILICON P-N-P
JUNCTION TRANSISTOR BCY38

ELECTRICAL CHARACTERISTICS (T . = 25°C unless otherwise stated) 
amb '

Min. Typ. Max.

‘cBO Collector cut-off current

W-6-07’^0 - 100*

- 1.0 -

T ,=100°C 
amb 0.1 2.5

‘ebo Emitter cut-off current

- 100*

1.0 & 
& £

 & 
£

V = -6.0V, I =0,IL XJ V
T =100°C - 0.1 2.5 gAamb

FE Large signal forward current 
transfer ratio

I =30mA, V =-1.0V 12 20 -

1= 150mA, V =-1.0V V UIL 10 - 30*

- 13 -

ICM = 300mA, VCE = -6-0V - 10 -

VCE(sat) Collector-emitter saturation 
voltage

Ic = 150mA, LB = 15mA - -0.58 -1.1 V

VBE Base-emitter voltage

I = 150mA, V =-1.0V U Uxi - - -1.9* V

- -1.5 - V

‘b Base current

L= 150mA, V =0 5.0 - 14* mA

NF Noise figure

I =500gA, V =-2.0V, Lz UUa
f=1.0kc/s, R =50052 s - 8.0 20 dB

tr e I =1.0mA, Vr_=-6.0V Lz U-Tz - 25 - 52

Mullard
MARCH 1965 BCY38 Page 1



Min. Typ. Max.

rbb> I =1.0mA, V =-6.0V, U Ubi
f = 500kc/s 100 250 a

ctc V0’ vcb=-6-ov- 
f = 500kc/s 60 150 pF

hfe Ic = 10mA, Vce = -6.0V, 
f = 1.0kc/s 15 27 100

fT I =1.0mA, V =-6.0V U Lb 0.45 1.5 - Mc/s

♦These are the characteristics which are recommended for acceptance testing 
purposes.

kT 1tThe value of r given here is — • 7— 
e q M

25 o— where I is in mA and T is in K.
M E

------------Mullard------------
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SILICON P-N-P
JUNCTION TRANSISTOR BCY38

MAXIMUM COLLECTOR CURRENT PLOTTED AGAINST MAXIMUM 
COLLECTOR-EMITTER VOLTAGE

----------------- Mullard-------------------
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TYPICAL COMMON EMITTER OUTPUT CHARACTERISTIC
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SILICON P-N-P
JUNCTION TRANSISTOR BCY38

TYPICAL COMMON EMITTER TRANSFER CHARACTERISTIC AT LOW 
COLLECTOR CURRENTS

Mullard
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TYPICAL COMMON EMITTER TRANSFER, MUTUAL AND INPUT 
CHARACTERISTICS

------------------Mullard------------------
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SILICON P-N-P
JUNCTION TRANSISTOR BCY38

TYPICAL VARIATION OF COLLECTOR-EMITTER SATURATION VOLTAGE 
WITH COLLECTOR CURRENT

Mullard
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TYPICAL VARIATION OF BASE-EMITTER SATURATION VOLTAGE WITH 
COLLECTOR CURRENT, JUNCTION TEMPERATURE AS A PARAMETER

Mullard
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SILICON P-N-P
JUNCTION TRANSISTOR BCY38

TYPICAL VARIATION OF BASE CURRENT WITH JUNCTION 
TEMPERATURE

------------Mullard------------
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COLLECTOR CUT-OFF CURRENT PLOTTED AGAINST JUNCTION 
TEMPERATURE

------------------Mullard------------------
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BCY39SILICON P-N-P
JUNCTION TRANSISTOR

& 
£

ELECTRICAL CHARACTERISTICS (T t =25°C unless otherwise stated) 
amb

Min. Typ. Max.

I Collector cut-off currentCBO
V =-6.0V, I =0 - - 100*LB B

1.0

V =-6.0V, L = 0,UJj IS
T , =100°C - 0.1 2,5 nA

amb

!___ Emitter cut-off currentBBO
V =-6.0V, I =0 - - 100* nAEB C

1.0 - nA

V =-6.0V, I =0,B.D U
T ,=100°C - 0.1 2.5 |iA

amb

hFE Large signal forward current 
transfer ratio

VCE(sat)

I =30mA, V =-l. 0V 12 30C Ch
I = 150mA, V =-1.0V 10 - 50*C CE

19

I =300mA, V =-6.0V - 15Ulvl UB

Collector-emitter saturation 
voltage '

VBE

I = 150mA, I = 15mA - -0.46 -1.1 VC B
Base-emitter voltage

I = 150mA, V =-1.0V - - -1.9* VC CB
-1.5 - V

Base current

I = 150mA, V =0 B Uri 3.0 - 14* mA

NF Noise figure

I =500gA, V =-2.0V, U UB
f = 1.0kc/s, R =5002 s - 8.0 20 dB

tr e J “1,0mA, V “-6.0V U uh - 25 - a

MARCH 1965
Mullard
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Min. Typ. Max.

rbb' Ic = 1.0mA, Vce = -6,0V, 
f=500kc/s - 110 250 SI

°tc V0’ vCB=-6-0V- 
f = 500kc/s - 60 150 pF

hfe I = 10mA, V „ = -6. 0V, U UE
f=1.0kc/s 15 35 100

fT I =1.0mA, V =-6.0V U UE 0.45 1.5 - Mc/s

♦These are the characteristics which are recommended for acceptance testing 
purposes.

tThe value of r given here is — • 4" — 7^ where L is in mA and T is in °K. 
e <1 U U t;
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SILICON P-N-P
JUNCTION TRANSISTOR BCY39

09-

MAXIMUM COLLECTOR CURRENT PLOTTED AGAINST MAXIMUM 
COLLECTOR-EMITTER VOLTAGE
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TYPICAL COMMON EMITTER OUTPUT CHARACTERISTIC
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BCY39SILICON P-N-P
JUNCTION TRANSISTOR

TYPICAL COMMON EMITTER TRANSFER CHARACTERISTIC AT LOW 
COLLECTOR CURRENTS
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TYPICAL COMMON EMITTER TRANSFER, MUTUAL AND INPUT 
CHARACTERISTICS
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SILICON P-N-P
JUNCTION TRANSISTOR BCY39

>°
TYPICAL VARIATION OF COLLECTOR-EMITTER SATURATION VOLTAGE 

WITH COLLECTOR CURRENT
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TYPICAL VARIATION OF BASE-EMITTER SATURATION VOLTAGE WITH 
COLLECTOR CURRENT. JUNCTION TEMPERATURE AS A PARAMETER
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SILICON P-N-P
JUNCTION TRANSISTOR BCY39

TYPICAL VARIATION OF BASE CURRENT WITH JUNCTION 
TEMPERATURE

----------— Mullard
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COLLECTOR CUT-OFF CURRENT PLOTTED AGAINST JUNCTION 
TEMPERATURE
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SILICON P-N-P
JUNCTION TRANSISTOR BCY40

ELECTRICAL CHARACTERISTICS (T,mh = 25°C unless otherwise stated)

Min. Typ. Max.
I__„ Collector cut-off currentLBU

V_ =-6.0V, 1=0 - - 100*Vi3 is
1.0 & 

&

T . =100°C 
amb - 0.1 2.5 gA

^EBO Emitter cut-off current

veb=-6'0V> V0 - - 100* nA

- 1.0 - nA

VeiT-^’V0’
T = 100°C 

amb - 0.1 2.5 gA

h„, FE Large signal forward current 
transfer ratio

Ic = 30mA, VCE = -1.0V 22 35 -

I = 150mA, V =-1.0V V vis 15 - 120*
- 23 -

ICM = 300mA, Vce=-6.0V 10 18 -

VCE(sat) CoHector-emitter saturation 
voltage

Ic = 150mA, IB = 15mA - -0.44 -1.1 V

VBE Base-emitter voltage

I = 150mA, V_ = -1.0V v Cis - - -1.9* V

- -1.4 - V

*B Base current

IE = 150mA, VCB = 0 1.25 - 9.0* mA

NF Noise figure

I =500gA, V_p = -2.0V, V VIS
f = 1.0kc/s, R =500ii - 8.0 20 dBs

îr I =1.0mA, V,=-6.0V 25 - S26 v vis

----------— Mullard------------
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Min. Typ. Max.

rbb' I =1.0mA, V =-6.0V, U LL
f = 500kc/s -• 140 250 S2

Ctc V0- vcb=-6-ov> 
f = 500kc/s 60 150 pF

hfe I =10mA, V =-6.0V, U Lt
f = 1.Oke/s 30 50 160

fT I =1.0mA, V =-6.0V U Lt 0.85 2.5 - Mc/s

♦These are the characteristics which are recommended for acceptance testing 
purposes.

kT 1 25 otThe value of r given here is 7— = ;— where 1 is in mA and T is in K. 
e q JE JE E
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SILICON P-N-P
JUNCTION TRANSISTOR BCY40

MAXIMUM COLLECTOR CURRENT PLOTTED AGAINST MAXIMUM 
, COLLECTOR-EMITTER VOLTAGE
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TYPICAL COMMON EMITTER OUTPUT CHARACTERISTIC
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SILICON P-N-P
JUNCTION TRANSISTOR BCY40

TYPICAL COMMON EMITTER TRANSFER CHARACTERISTIC AT LOW 
COLLECTOR CURRENTS
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TYPICAL COMMON EMITTER TRANSFER, MUTUAL AND INPUT 
CHARACTERISTICS
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SILICON P-N-P
JUNCTION TRANSISTOR BCY40

WITH COLLECTOR CURRENT
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TYPICAL VARIATION OF BASE-EMITTER SATURATION VOLTAGE WITH 
COLLECTOR CURRENT, JUNCTION TEMPERATURE AS A PARAMETER

----------------- Mullard------------------
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SILICON P-N-P
JUNCTION TRANSISTOR BCY40

TYPICAL VARIATION OF BASE CURRENT WITH JUNCTION 
TEMPERATURE
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COLLECTOR CUT-OFF CURRENT PLOTTED AGAINST JUNCTION 
TEMPERATURE

Mullard
BCY40 Page 10



BCY54SILICON P-N-P
JUNCTION TRANSISTOR

ELECTRICAL CHARACTERISTICS (T , =25°C unless otherwise stated) 
amb

Min. Typ. Max.

IcBo Collector cut-off current
V =-6.0V, I =0 - - 100*

1.0 £ 
£

V =-6.0V, I =0, Gi5 -E*
T = 100°C 

amb - 0.1 2.5 pA

’ebo Emitter cut-off current
V =-6.0V, I =0 JLtJ V - - 100* nA

- 1.0 - nA

V =-6.0V, I =0IL Jj V
T =100°C 

amb 0.1 2.5 gA

hFE Large signal forward current 
transfer ratio

I =30mA, V = -1.0V G UHi
I =150mA, V^^-l.OV G CL

20

12

35 100

70*

- 23

IcM = 3°0mA' W’6'07 - 18

VCE(sat) Collector-emitter saturation 
voltage

I = 150mA, IB = 15mA - -0.44 -1.1 V

V BE Base-emitter voltage

I =150mA, V„ = -1.0V G Giù - -1.9*

-1.4

V

V

1

’b Base current
12 mAI =150mA, V =0 iù GJj

2.0

NF Noise figure

I =500gA, V =-2.0V, g Giù
f = 1.0kc/s, R =50052 s 8.0 20 dB

tr e Ic = 1.0mA, Vce=-6.0V 25 - fl

------------Mullard-------------
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Min. Typ. Max.

rbb' Ic = 1.0mA, VeE=-6.0V,

. f = 500kc/s - 130 250 fl

Ctc 1=0, V =-6.0V, Xa U15
f = 500kc/s - 60 150 pF

hfe I =10mA, V =-6.0V, 

f = 1.Oke/s 20 50 120

fT I = 1.0mA, V =-6.0V u UJb 0.45 2.0 - Mc/s

♦These are the characteristics which are recommended for acceptance testing 
purposes.

kT 1 25 otThe value of r given here is — • — -— where 1^ is in mA and T is in K
e q + TE E
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SILICON P-N-P
JUNCTION TRANSISTOR BCY54

(A) 33
a

MAXIMUM COLLECTOR CURRENT PLOTTED AGAINST MAXIMUM 
COLLECTOR-EMITTER VOLTAGE
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ELECTRICAL CHARACTERISTICS (contd. )
Min. Typ. Max.

fT Transition frequency
-IC = 10mA’ -VCE = 20V, f = 100MHz 250 450 - MHz

4C = 1(WA’ -VCE = 20V, f = 10. 7MHz BCY71 15 30 - MHz

N Noise figure
-I = lOOgA, -V_„ = 5.0V, f=10Hz to 10kHz,
R =2.OkS2 s BCY70/72 - 2.0 6.0 dB

BCY71 - 0.8 2.0 dB

h-parameters BCY71

-Ic = 1.0mA, -VCE == 10V, f = 1.0kHz,

h.ie Input impedance 2.0 4.0 12 kß

h re Voltage feedback ratio - 2.1 20 -4X10

h 16 • Forward current transfer ratio 150 325 400

h oe Output admittance 10 20 60 pmho

Mullard
BCY70-Page 4



P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS

BCY70
BCY7I
BCY72

SATURATED SWITCHING TIMES (BCY70, 72) 

-I-, = 10mA, -L = L = 1.0mAC Bon Toff

Min. Typ. Max.

ld Delay time - 23 35 ns

‘r Rise time - 25 35 ns

t on Turn-on time - 48 65 ns

t s Storage time - 270 350 ns

(f Fall time - 50 80 ns

‘off Turn -off time - 320 420 ns

Switching waveforms

Mullard
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B85H

MAXIMUM TOTAL DISSIPATION PLOTTED AGAINST 
AMBIENT TEMPERATURE

Pulse duration t (s)
TRANSIENT THERMAL RESISTANCE FOR VARIOUS DUTY FACTORS 

PLOTTED AGAINST PULSE DURATION

Mullard
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS

BCY70
BCY7I
BCY72

il

Mullard
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D6295
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS BCY70

BCY7I
BCY72

. ’S

TYPICAL TRANSFER, MUTUAL AND INPUT CHARACTERISTICS

Mullard
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS BCY70

BCY7I
BCY72
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS BCY70

BCY7I
BCY72
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BCY70
BCY7I
BCY72

P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS
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TYPICAL WHITE NOISE CONTOURS
This graph should be read in conjunction with the note on page 19

Mullard
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS

BCY70 
BCY7I

Mullard
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f(k
H

z)

TYPICAL NOISE PERFORMANCE UNDER OPEN AND SHORT - 
CIRCUITED INPUT CONDITIONS

EQUIVALENT R.M.S, INPUT VALUES

Mullard
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS BCY70

BCY7I
BCY72

Noise 1.0 , , ., , e , o 2.0 3.0 , c 4.0 5.0 6.0 7.0 8.0 9.0 10
factor 1.2 1.4 1.6 1.8 । i 3.5 i Illi

figure 0 1 2 3 4 5 6 7 8 9 10 dB

At frequencies in the lower portion of the audio range, particularly when running under 
emitter current-source resistance conditions corresponding to the centre and upper right 
hand portion of the contour diagram (see page 16), flicker noise will add significantly to 
the white levels indicated.

As:

N _ j + internally generated white noise internally generated flicker noise
noise attributable to the source noise attributable to the source

the complete noise factor (N) can be arrived at by adding the flicker excess noise factor 
(3rd term above) obtained from the flicker contours, to the white noise factor given via 
the conversion scale provided.

EXAMPLE

, To obtain the typical noise figure at f = 200Hz with Rs = lOkSl and IE = 200(1 A

Figure Factor

From the white noise figure contours 0. 9dB

From the conversion scale 1.23
From the flicker noise contours, the 
"excess noise fector x frequency" 
product = 110: giving at 200Hz a flicker 
excess noise factor of: 0.55

Therefore complete noise factor is 1.78

or in noise figure X5dB

Mullard
BCY70-Page 19



O63QI

Mullard
BCY70-Page 20



N-P-N SILICON PLANAR
DUAL TRANSISTORS BCY87

BCY88
BCY89

Matched dual n-p-n silicon planar transistors for use in differential amplifiers. 
The BCY87 and 88 are intended for applications in the pre-stages of differential 
amplifiers, where low offset, drift and noise are of prime importance.
The BCY89 is for second stages, long tail pairs and more general purposes.
The devices are encapsulated in TO-71 envelopes with all leads insulated from 
the case.

Unless otherwise stated data is applicable to all types

QUICK REFERENCE DATA
Ratings (each transistor)

VCBOmaX-

VCEO maX-
Ptot fl? 25 C, complete device) max.

T max. 
J

Characteristics (complete device)

BCY87 BCY88

45 V

40 V

150 mW
175 °C

BCY89

IC1/1C2 ratiO> at VBE 0.9-1.11 0.8-1.25 0.67-1 5

atequalVBE 25 80 300 nA

AV max., T . = -20 to +90°C 
amb 3.0 6.0 10 gV/degC

Al max., T , = -20 to +90°C
ÄT amb

0.5 2.0 10 nA/degC

OUTLINE AND DIMENSIONS 

Conforming to J.E.D.E.C. TO-71 

For details see page 2.

Mullard
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OUTLINE AND DIMENSIONS

Conforming to J.E.D.E.C. TO-71

——11*—D

Millimetres

Min. Nom. Max.

A - - 4.8

B - - 5.3

C 12.7 - -

D - - 0.48

E - - 1.17

F - - 1.16

G - 2.54 -

H - 5.83

Connections 1. Emitter (1) 4. Base (2)

2. Emitter (2) 5. Base (1)

3. Collector (2) 6. Collector (1)

All leads are insulated from the case.

RATINGS (each transistor)

Limiting values of operation according to the absolute maximum system. 

Electrical

^CBO maX’ 45 V

^EO^' , 40 V

^Bo““' 5.0 V

I max.
c o

30 mA

P max. (complete device, - 25 C) 150 mW

Temperature

T max. stg 175 °C 
o

T. max. 
J

175 c

THERMAL CHARACTERISTIC

Rth(j-amb) 1.0 degC/mW

Mullard
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N-P-N 
DUAL

SILICON PLANAR 
TRANSISTORS BCY87

BCY88
BCY89

ELECTRICAL CHARACTERISTICS of individual transistors 
0T , = 25 C unless otherwise stated amb

I~__ Collector cut-off current

Min. Max.

VCB = 20V’ V0 BCY89 - 10 nA

hFE

fT

Ctc

N

VCB=20V- V0’ ^mb’90“0

Static forward current 
transfer ratio
I =5.0gA, V =10V U Ld
I =50gA, V =10VU
I =500gA, V=10V U UxS
I = 10mA, V =10V U UE

Transition frequency
-I = 50gA, V =10VE Ld
-I =500gA, V =10VIS U.D

Collector capacitance
I =1 =0, V„=10V,E e CB ’
f=1.0MHz

Noise figure
1 =50gA, V =5.0V, U UE
R = 10kS2, s

BCY87
BCY88

BCY87

BCY87,8,9
BCY88

BCY89

80

100

120

100

10

50

5.0
20

450

600

600

3.5

nA 
nA

MHz

MHz

pF

Bandwidth = 10Hz to 15kHz

1.0kHz spot noise figure,

I =50gA, V =5.0V, C CE
R = opt., s

BCY87

BCY88.9 -

3.0

4.0

dB

dB

Bandwidth = 200Hz BCY87

BCY88,9

- 4.0

5.0
dB

dB

------------------Mullard------------------
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ELECTRICAL CHARACTERISTICS of complete device
The characteristics are valid under the following conditions : -

VClBrVC2B2£10V- VW=10t° 1WA

Matching characteristics (see Fig.l)

Illustration of matching characteristics

Ic/IC2 Ratio of collector currents

Min.

0.9
0.8
0.67

Max.

1.11
1.25
1.5

V =VBIEI B2E2 BCY87
BCY88
BCY89

Jv -V
] BIEI B2E21 Difference between

1 base-emitter voltages
I BCY87 3.0Cl C2 BCY88 - 6.0

I’bi'^I Difference between 
base currents
V =V

BCY89

BCY87

10

25BIEI B2E2 BCY88 - 80
BCY89 - 300

mV 
mV 
mV

££
£

Where
’e2^’e1 iS measured at A^bE=” 
avbe is measured at ’e/’ei"1

Mullard
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N-P-N SILICON PLANAR
DUAL TRANSISTORS

BCY87
BCY88
BCY89

ELECTRICAL CHARACTERISTICS of complete device (cont'd) 
Equivalent circuit for drift

AV 
AT

transistors fiw from thermal drift

Equivalent differential voltage 
change with temperature, 
T = -20to+90°Camb

Typ- Max.

BCY87
BCY88
BCY89

1.0
2.0
4.0

3.0 pV/degC
6.0 pV/degC
10 pV/degC

AI Equivalent differential current 
AT change with temperature, 

T = -20to+90°C BCY87amb BCY88
BCY89

0.5 nA/degC
2.0 nA/degC
10 nA/degC

Test circuit for AV
AT (For details of test amplifier see page

AV VT2 - Vt1 ■ Rl
AT T2 - Tx R2

AI _ VT2 - VT1 . Rl . 1
AT R2 2Rs

Amplification factor determined by feedback circuit: 10®
Output voltage is plotted against time on a recorder.

Mullard
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ELECTRICAL CHARACTERISTICS of complete device (cont'd)

Test procedure
The temperature of the amplifier is set to Ti (between -20 and +90°C) and 
when it has stabilised, the output voltage is adjusted to zero ( Vfi < 100m V)f. 
The amplifier temperature is then adjusted to T2 (between -20 and +90OC) 
and when it has stabilised, the output voltage Vf2 can be read off.

fFor AV/ATs adjusted by Ryi, for AI/AT: first by RV1 with Sj and S2 
closed, then by Ry2 with the switches open.

Note
The AI/AT given is valid only when source resistances are almost equal.

The AV/AT given is valid only when base-emitter voltages are almost 
equal.

DIFFERENTIAL TEST AMPLIFIER
The test amplifier (including feedback resistors, source - resistors and 
biasing resistors) should be mounted in a small box to ensure a uniform 
temperature throughout.

Fig. 5
-5♦Relative temperature coefficient < 10 /degC

D.U.T. = device under test

The issue of the information contained in this publication does not imply 
any authority or licence for the utilisation of any patented feature.

Mullard
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N-P-N SILICON PLANAR
DUAL TRANSISTORS BCY87

BCY88
BCY89

Performance of test amplifier
Open loop voltage gain (Z = lOkil) Ju G V typ- 10
Frequency at which Gy = 1 fl typ. 10 MHz

Max. common mode input voltage range ±10 V
Max. output current ±2.5 mA
Max. output voltage ±10 V
Input resistance R. i aioo kß
Output resistance R o typ. 20 kß
Common mode rejection ratio 105

Fig. 6

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS BD131

2-BD131

Silicon n-p-n planar epitaxial transistor for general purpose, medium power appli
cations. The BD131 may also be used with the BD132 to form a complementary pair 
for push-pull, audio output stages. (See page 4 and BD132 data sheet).

QUICK REFERENCE DATA

vcbo max- 70 V

vCEO max- 45 V

ICM max- 6.0 A

Ptotmax- CTmbi6000) 15 W

hFEmin. (Ic = 0.5A, VCE =12V) 40

L min. (I = 0.25A, V = 5.ÜV, 1 G GtS
f = 35MHz, T = 25°C) 

amb ' 60 MHz

OUTLINE AND DIMENSIONS

Conforms to J.E.D.E.C. TO-126
Collector connected to the metal part of the mounting surface.

All dimensions in mm

1) Within this region the cross-section of the leads is uncontrolled.

Care should be taken not to bend the leads nearer than 2. 5mm from the body. 
The leads above this point should be clamped during any lead bending operation.

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical

VCBO maX' 

VCEO max 

VEBO maX> 
1^ max.

70
45

6.0

3.0

V
V

V
A

!cm max.

«BM max‘

6.0

0.5

A

A

ptotmax- ^mbi6000) 15 W

Temperature

Tstgran«e
T. max. 

J

-55 to +150

+150

°C

°C

THERMAL CHARACTERISTICS

Eth(j -mb) Thermal resistance junction 
to mounting base 6.0 °c/w

D
th(mb-h) Contact thermal resistance 

without insulating material 1.0 °c/w

Eth(mb-h) Contact thermal resistance 
with the mica washer 56301B 4.0 °C/W

The use of a heatsink compound is essential. When the mica washer is used, the 
compound must be applied to both sides of the washer.

ELECTRICAL CHARACTERISTICS (T. = 25°C unless otherwise stated)

Min. Max.

^BO Collector cut-off current
V = 50V, 1= 0Cd H
V„„ = 50V, I„ = 0, T. = 150°CCB E j -

5.0

500
mA

mA

’ebo Emitter cut-off current
W5-07’ ‘c'0 - 5.0 mA

he rh Static forward current transfer ratio 
^•^ce“127
IC = 2.°A, vCE = i.ov

40

20

-

VCE(sat) Collector -emitter saturation voltage 
Ic = 0.5A, IB = 50mA - 0.3 V

I_ = 2.0A, ID = 200mA C D - 0.7 V

-------- Mullard —
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS BD131

2-BD131

ELECTRICAL CHARACTERISTICS (contd. )

V__, , Base-emitter saturation voltage
' Ic = 0.5A, IB = 50mA

Min. Max.

1.2 V

T = 2.0A, Io = 200mA C D - 1.5 V

C„ Collector capacitance
1C V_=5.0V, I„=I = 0, f = 1.0MHz

U d b 6 - 60 pF

f„ Transition frequency
I = O.25A, V_„ = 5.0V U Ub,
f = 35MHz, T , = 25°C 

amb 60 _• MHz

MECHANICAL DATA

Maximum torque on nut 4.0 kg cm

Minimum torque on nut for good thermal contact

0.4

3.0
N m

kg cm

ACCESSORIES

Accessory Code No.
1 Mica washer 56301B 1
1 Plain washer 56326 J

0.3

Note
Supplied 

on request

N m

When mounted on a heatsink it is essential that the plain washer be used to prevent 
damage to the device while tightening the mounting screw.

Mullard
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ELECTRICAL CHARACTERISTICS OF COMPLEMENTARY PAIRS (BD131/BD132)

Min. Max.

BD131h I = 0.5A, V =12V
Fil U Uhl 78 250

I =2.0A, V„ =1.0V U UJtS 40 -

BD!32 hFE -Ic=0.5A, -Vce = 12V 78 250

-IC=2-°A’

(See also page 10)

AI_ Difference in base currents (I - I „) D Bl D*
at I = 0.5A, = 12V (BD131) andC Uri

40

-I = 0. 5A, -V^^ = 12V (BD132) c ct
(See General Operating Note)

ELECTRICAL CHARACTERISTICS OF MATCHED PAIRS (2-BD131)
Mln.

1.0 mA

Max.

hFE Ic=0.5A, VCE = 12V

AL Difference in base currents (I - I .) B Bl B2

40 280

atl =0.5A, V„„ = 12V U UIS

(See General Operating Note)

GENERAL OPERATING NOTE

hFE2 Ratio of static f°rward current transfer
-—— ratio for transistors with typical gain at: 
hFEl

Min.

2.0 mA

Max.

- 1.2

For matched pairs with low gain, the resultant negative feedback is reduced and a 
lower hpg ratio is required to maintain the necessary protection against distortion. 
Conversely, for matched pairs with a higher gain, the resultant negative feedback 
is increased and a higher h ratio will maintain the necessary protection against 
distortion.

A general relationship for the approximate second harmonic distortion, d2, genera
ted by current gain mismatch, is given by the expression:

d = ^. -
2 4IC (3

where Alg is the difference 
that stage, assuming AI «B

in base currents, and (3 the typical feedback ratio for

-------------------- Mullard---------------------
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS BD131

2-BD131

OPERATING NOTES

The rating graphs given in this data show the maximum permissible current and voltage 
for combinations of duty cycle and pulse width with a mounting-base temperature up to 
Tnlj,=60°C. In order to verify that the conditions of operation are within the ratings, 
note the voltage, current, pulse width and duty cycle applied to the transistor. Compare 
the application Vce and Iq P^ot against the Vce v ^C curve with the appropriate pulse 
width and duty cycle, (e.g. Actual pulse widths of 1.7ms will use the 2.0ms curve,and 
an actual duty cycle of 0.37 will use the d = 0.5 family of curves). If the application con
dition is always within the selected SOAR curve it is acceptable.

If the application condition just exceeds the selected SOAR curve, then linear interpol
ation between the family of curves used and the next lower duty cycle curves .should 
indicate if the application is acceptable.

For applications using non-square-wave pulses, reference should be made to theGeneral 
Explanatory Notes on SOAR where conversion to equivalent square-wave pulses is 
explained.

Having approved the transistor application for both electrical and time conditions, the 
maximum mounting-base temperature can be calculated using the thermal impedance 
curves * and the following equation: -

Tmb = Tj max ' (ppk x zth(t)>°c 

where Ppk = VCEM x ICM (For square-waves)

For non-square-waves use equivalent 
peak power figures.

and ^th(t) = Transient thermal impedance for application 
pulse width and duty cycle or equivalent

pulse width for non-square-waves.

* See page 6
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTOR BD132

Siliconp-n-p planar epitaxial transistor for general purpose, medium power appli
cations. The BD132 may also be used with the BD131 to form a complementary pair 
for push-pull, audio output stages. (See page 4 and BD131 data sheet).

QUICK REFERENCE DATA

-V^max. (-I^l.OmA) 45 V

-VCEO maX‘ 45 V
-I„., max. 6.0 ACM
Pt t max. (T s60°C) tot mb 15 W
h min. (-1 = 0.5A, -V„„ = 12V)riS C UE 40

C min.-(-1 =0.25A, = 5.0V,1 U UIS
f = 35MHz, T . = 25°C) amb 60 MHz

OUTLINE AND DIMENSIONS

Conforms to J.E.D.E.C. TO-126
Collector connected to the metal part of the mounting surface.

All dimensions in mm

1) Within this region the cross-section of the leads is uncontrolled.

Care should be taken not to bend the leads nearer than 2. 5mm from the body. 
The leads above this point should be clamped during any lead bending operation.

FEBRUARY 1973
Mullard
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RATINGS
Limiting values of operation according to the absolute maximum system.

Electrical

S' ■ -V max. (-1 - 1.0mA) UDU u
45 V

■V
■VCEO maX- 45 V

-VEBO maX‘ 4.0 V

-I max. 3.0 A

-‘cm max> 6.0 A

^bm"1“- 0.5 A

ii: Ptot max-<Tmb S60°C* 15 W

Temperature

f'
TstgranSe
T. max. 

J

-55 to +150

+150

°C

°C

p THERMAL CHARACTERISTICS

/.r R , . Thermal resistance junction
to mounting-base

R Contact thermal resistance
' ' without insulating material

6.0 °c/w

1. '
1.0 °c/w

i R . Contact thermal resistance
‘ ' with the mica washer (56301B) 4.0 °c/w

The use of a heatsink compound is essential. When the mica washer is used, the
Bf- ■ compound must be applied to both sides of the washer.

ELECTRICAL CHARACTERISTICS (T. = 25°C unless otherwise stated)

Min Max.

Collector cut-off current
-V_„ = 40V, 1=0 Ld e

- 5.0 mA

-y = 40V, I = 0, T. = 150°CCB E J
- 500 mA

Emitter cut-off current
EB0 -V =3.0V, I_=0

Ed C
- 5.0 mA

'f . h Satie forward current transfer ratio
-‘C=°.5A, -VCE = 12V 40 -

-‘c=2.°A, -VCE = 1.0V 20 -

1'
iT 1
SV 
s

-V„„, , Collector-emitter saturation.voltageCE(sat) T _ ,A .' -I = 0. 5A, -I = 50mA
C D

-I_ = 2.0A, -I_ = 200mA C B

- 0.3

0.7

V

V

r
[
f 

J

-------------------- Mullard — ■ ■
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BD132P-N-P SILICON PLANAR
EPITAXIAL TRANSISTOR

ELECTRICAL CHARACTERISTICS (contd.) i

Min. Max.

'"nr/ Base-emitter saturation voltage
BE(sat) -I = 0.5A, -I = 50mA - 1.2 V

G D
-I = 2.0A, -I = 200mA - 1.5 VGo

f Transition frequency
1 -I =0.25A, -V =5.0V

C CE 5
f = 35MHz, T , = 25°C 60 - MHz 1amb \

MECHANICAL DATA J

Maximum torque on nut 4.0 kg cm I

0.4 N m
*

Minimum torque on nut for good thermal contact 3.0 kg cm

0.3 Nm ' 1
,.i

ACCESSORIES ;

Accessory Code No. Note 1
■'4

1 Mica washer 56301B 1 Supplied .
1 Plain washer 56326 J on request |

When mounted on a heatsink it is essential that the plain washer be used to prevent |
damage to the device while tightening the mounting screw. .

Mullard
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ELECTRICAL CHARACTERISTICS OF COMPLEMENTARY PAIRS (BD131/BD132)
Min. Max.

BD131 h„„ I„ = 0.5A, Vrp = 12V 78r t G CE
250

I = 2.OA, V__ = 1.0V 40G CE
-

BD132 hn„ -I = 0.5A, -Vr = 12V 78r t G Gt
250

-I = 2.0A, -V = 1.0V 40G Gt
(see also page 10)

△L Difference in base currents (I - L )B Bl B2

at I = 0.5A, = 12V (BD131) andC Gt
-U = 0.5A, = 12V (BD132)G Gt

(see General Operating Note)

GENERAL OPERATING NOTE

hpE2 Ratio of static forward current
h------ transfer ratio for transistors with
FEI typical gain at:

I = 0.5A, V^„ = 12V (BD131) and G Gt

1.0 mA

-1= 0.5A, -V = 12V (BD132) 
G Gt 1.2

For complementary pairs with low gain, the resultant negative feedback is reduced 
and a lower hpE ratio is required to maintain the necessary protection against 
distortion. Conversely, for complementary pairs with a higher gain, the resultant 
negative feedback is increased and a higher hpE ratio will maintain the necessary 
protection against distortion.

A general relationship for the approximate second harmonic distortion, dj, gen
erated by current gain mismatch, is given by the expression:

. 1
2 = 4IC ’ 0

where Alg is the difference in base currents, and /J the typical feedback ratio for 
that stage, assuming Alg I^.

Mullard
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTOR BD132

OPERATING NOTES
The rating graphs given in this data show the maximum permissible current and 
voltage for combinations of duty cycle and pulse width with a mountingbase tem- 
erature up to Tmb = 60°C. In order to verify that the conditions of operation are 
within the ratings, note the voltage, current, pulse width and duty cycle applied to 
the transistor. Compare the application V^g and Iq plot against the Vce v- Ip 
curve with the appropriate pulse width and duty cycle, (e.g. Actual pulse widths of 
1. 7ms will use the 2.0ms curve, and an actual duty cycle of 0. 37 will use the d = 
0.5 family of curves). If the application condition is always within the selected 
SOAR curve it is acceptable.

If the application condition just exceeds the selected SOAR curve, then linear inter
polation between the family of curves used and the next lower duty cycle curves 
should indicate if the application is acceptable.

For applications using non-square-wave pulses, reference should be made to the 
General Explanatory Notes on SOAR where conversion to equivalent square-wave 
pulses is explained.

Having approved the transistor application for both electrical and time conditions, 
the maximum mounting-base temperature can be calculated using the thermal im
pedance curves * and the following equation: -

where

T , max. = T. max. - (P , x Z„. ,..)°C mb j pk th(t)
P , = V_„,, x I„, (For square waves) pk CEM CM n '
For non-square-waves use quivalent 
peak power figures.

and Z . . = Transient thermal impedance for 
‘ application pulse width and duty 

cycle or equivalent pulse width 
for non-square-waves.

* See Page 6

Mullard
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTOR BD132
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P-N-P SILICON PLANAR
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTOR BD133

Silicon n-p-n planar epitaxial transistor for general purpose, medium power appli
cations.

QUICK REFERENCE DATA

v CBO max. (I = l.OinA) 90 V

v CEO max. 60 V

'cm max. 6.0 A

Ptot max. (Tmbs60°C) 15 W

hFE min. (I =0.5A, V = 12V) U. UIS 40

min. (I = 0. 25A, = 5. OVC Cis
f = 35MHz, T . = 25°C) amb 60 MHz

OUTLINE AND DIMENSIONS

Conforms toj. E.D. E.C. TO-126
Collector connected to the metal part of the mounting surface.

All dimensions in mm

1) Within this region the cross-section of the leads is uncontrolled.

Care should be taken not to bend the leads nearer than 2. 5mm from the body. 
The leads above this point should be clamped during any lead bending operation.

--------------------Mullard
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RATINGS
Limiting values of operation according to the absolute maximum system.

Electrical
max. (1=1. OmA)CBQ C 7

90 V

VCEO maX> 60 V

VEBO maX- 6.0 V

I max. 3.0 A

Mm max- 6.0 A

«BM max- 0.5 A

P max. (T =60°C)tot mb 15 W

Temperature

Tstg range -55 to +150 °C 
n

T. max. 
J

+150 c

THERMAL CHARACTERISTICS
R , ,, Thermal resistance junctionth(j-mb) „ ,to mounting base 6.0 °c/w
R , , , , v Contact thermal resistance th(mb-h) . . . . .. * . ,without insulating material 1.0 °c/w
R Contact thermal resistance

‘ m with the mica washer (56301B) 4.0 °c/w

The use of a heatsink compound is essential. When the mica washer is used, the 
compound must be applied to both sides of the washer.

ELECTRICAL CHARACTERISTICS (T. = 25°C unless otherwise stated)
Min. Max.

I Collector cut-off currentCBO V = 60V, I = 0CB is - 5.0 pA

V = 60V, I = 0, T. = 150°C CB E j - 500 pA
I Emitter cut-off currentEBO

^b^’M^ - 5.0 PA

hFE Static forward current transfer ratio
Ic =0.5A, VCE = 12V 40 -

Ic = 2.0A, VCE = 1.0V 20 -

VCE(sat) Collector-emitter saturation voltage 
I = 0. 5A, IB = 50mA - 0.3 V

I = 2.0A, I = 200mA - 0.7 V

Mullard
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BD133N-P-N SILICON PLANAR
EPITAXIAL TRANSISTOR

ELECTRICAL CHARACTERISTICS (contd. )

V„„. . Base-emitter saturation voltageBE(sat) , n -. t co_aIc = 0.5A, Ig = 50mA

Min. Max.

1.2 V

I = 2.0A, I = 200mA C B 1.5 V

C Collector capacitance
TC V =5.0V, I =1 = 0, f = 1.0MHz

CB E e 60 PF

f Transition frequency
I = 0.25A, V = 5.0V, V GiS
f = 35MHz, T = 25°C amb 60 MHz

MECHANICAL DATA
Maximum torque on nut 4.0 kg cm

0.4 N m

Minimum torque on nut for good thermal contact 3.0 kg cm

0.3 N m

ACCESSORIES
Accessory

1 Mica washer
1 Plain washer

Code No.

563O1B
56326

Note

Suppled 
on request

When mounted on a heatsink it is essential that the plain washer be used to prevent 
damage to the device while tightening the mounting screw.

Mullard
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OPERATING NOTES
The rating graphs given in this data show the maximum permissible current and 
voltage for combinations of duty cycle and pulse width with a mountingbase tem - 
perature up to Tmb = 60°C. In order to verify that the conditions of operation are 
within the ratings, note the voltage, current, pulse width and duty cycle applied to 
the transistor. Compare the application Vce and >C P^ot agains<: the VCE v Ic curve 
with the appropriate pulse width and duty cycle, (e. g. Actual pulse widths of 1. 7ms 
will use the 2. Oms curve, and an actual duty cycle of 0. 37 will use the d = 0. 5 
family of curves). If the application condition is always within the selected SOAR 
curve it is acceptable.

If the application condition just exceeds the selected SOAR curve, then linear inter
polation between the family of curves used and the next lower duty cycle curves 
should indicate if the application is acceptable.

For applications using non-square-wave pulses, reference should be made to the 
General Explanatory Notes on SOAR where conversion to equivalent square-wave 
pulses is explained.

Having approved the transistor application for both electrical and time conditions, 
the maximum mountingbase temperature can be calculated using the thermal im
pedance curves * and the following equation: -

T .max. =T.max. - (P . X Z , )°C 
mb j pk th(t)

where Ppk = VCEM x 1^ (For square waves)

For non-square-waves use equivalent 
peak power figures.

and Z , = Transient thermal impedance for
' ' application pulse width and duty 

cycle or equivalent pulse width for 
non-square -waves.

•See Page 5
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RATINGS
Limiting values of operation according to the absolute maximum system.

BD136 BD138 BD140

Electrical
-V__ _  max. 45 60 V

CBO
’VCEOmaX- 45 60 80 V

- - 100 V

-V „ max. 5.0 5.0 5.0 V
EBO

-I max. 0.5 0.5 0.5 A

-I__ max. 1.5 1.5 1.5 A
CM

P max. (T < 60°C, see also graph below) tot mb -
6.5 6.5 6.5 W

Temperature
T range stg

-55 to +125 °C 
o^

T max. 
J

+125 C

THERMAL CHARACTERISTICS
R Thermal resistance junction

th(j-amb) . . . .u ' to ambient 100 degC/W

R Thermal resistance junction
*■ (i m ) to mounting base 10 degC/W

R Contact thermal resistance
t without insulating material 1 .0 degC/W

R Contact thermal resistance
* ’ with the mica washer in

accessory 56301 4 .0 degC/W

The use of a heatsink compound is essential. When the mica washer is used, the 
compound must be applied to both sides of the washer.

Mullard
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS

BDI36
BDI38
BDI40

ELECTRICAL CHARACTERISTICS (T. = 25°C unless otherwise stated)

Min. Max.
-I Collector cut-off current

-VnR=30V, 1=0 - 100 nA

-V-_“30V, 1=0, T. = 125°C CB E j - 10 (iA

Emitter cut-off current
-VFR=5.0V, I =0 .EiJ U - 10 yA

h Static forward current transfer ratio
-I =5.0mA, “V =2,0V 25C CE
-I = 150mA, -V =2.0V BD136 40 250

C CE BD138 40 160
BD140 40 160

-I = 500mA, -V „ = 2.0V C CE 25 -

-V Base-emitter voltage
-I = 500mA, -V =2.0V C CE - 1.0 V

-V„_. Collector-emitter saturation voltage
CE(Sat) -I = 500mA, -I = 50mA

C B - 0.5 V

f Transition frequency
-I -50mA, -V -5.0V U C E
f=35MHz typical 75 MHz

hEEi Current gain ratio for
-—— complementary pairs
hFE2 -I = 150mA, -Vr,„ = 2.0V

C C E
- 1.6

MECHANICAL DATA

Maximum torque on nut 4 kg cm

Minimum torque for good thermal contact

0.4

3

N m 

kg cm

ACCESSORIES

Accessory Code No.

1 Mica washer 56301B
1 Plain washer 56326

0.3

Note

Supplied 
on request

N m

When mounted on a heatsink it is essential that a plain washer be used to prevent 
damage to the device while tightening the mounting screw.

Mullard
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DERATING AGAINST MOUNTING-BASE TEMPERATURE

The maximum permissible power ior selected pulse widths and/or mounting-base 
temperature canbe obtained from the graphs on pages 5, 6, 7 and 8, where the Pmax 
value for Tmp < 60°C is calculated from the line of constant power (i. e. that part 
of the curve which has a slope of -1), on the relevant -I versus -V™ curve.G GE

For mounting-base temperatures in excess of 60°C, the constant power line BC in 
figures 2A and 2B is reduced to the % of Pmax as read from the % Pmax versus 
Tmb graph on page 2. The safe operating area for the higher temperature is defined 
either by the points A B' D' D E in figure 2A, or by the points A B' D' E in figure 
2B. The second-breakdown power line is only modified by the intersection point D' 
and is not adjusted against temperature in any other way.

------------- Mullard--------------
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N-P-N SILICON DIFFUSED
POWER TRANSISTORS

BDI8I
BDI82
BDI83
BDI84

N-P-N silicon diffused power transistors primarily intended for use in domestic 
hi-fi and general high quality audio amplifiers.

QUICK REFERENCE DATA
BD181 BD182 BD183 BD184

VCBO maX- 55 70 85 95 V

VCEO maX- 45 60 80 90 V

'cm max- 15 15 15 15 A
Px x max. T , <25 tot mb- °C - 117 117 117 w

T ,<80°C mb“ 78 , - - - w
T. max. 

1
200 - 200 200 200 °C

range,Ip = 3A, vce=4V 20-70 - 20-70 -
ic=4a, vce=4v - 20-70 - 20-70

'hfe‘yp' 'C = O'3A’ vce=4v 20 20 20 15 kHz

Unless otherwise stated data are applicable to all types

OUTLINE AND DIMENSIONS
Conforms to BS 3934 SO-5A/SB2-2

J.E.D.E.C. TO-3

All dimensions in mm 
Collector connected to envelope 

Accessories available: 56201B (mica washer), 56214 (lead washer), 
56239A (insulating bush)

APRIL 1973
Mullard
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RATINGS
Limiting values of operation according to the absolute maximum system. 

Electrical
BD181 BD182 BD183 BD184

max. 55 70 85CBO
V„„_ max. 45 60 80GEO
VCER max. (Rbe = 1008) 55 70 85

VEBO“^- 7 7 7
I max. 10 15 15G
I max. 15 15 15CM

-I__ _ max. 15 15 15EM
Mm““’ 7 7 7
P, x max. T , <25°C - 117 117tot mb-

T , <80°C 78mb-

Temperature
T . range -65 to +200stg
T. max. 200

1
THERMAL CHARACTERISTICS

Rt. .. A 1.5th(j-mb)
R„ . in free air 45th(j-amb)
R contact thermal resistance with

'm lead and mica washers (No. 56201) 0.75

ELECTRICAL CHARACTERISTICS (T.=25°C unless otherwise stated)

Min. Typ.

I„„_ Collector cut-off current

95 V

90 V

95 V

7 V

15 A

15 A

15 A

7 A

117 W

W

°C 

°C

degC/W 

degC/W

degC/W

Max.

V^=45V, I =0, T. = 200°CCB E j BD181 - 0.5 2.0 mA
=60V, 1=0, T. = 200°C

CB E J „
BD182 - 1.0 5.0 mA

V„=80V, I =0, T. = 200 C CB E j BD183 - 1.0 5.0 mA

V — =90V, I =0, T. =200 C GB E J
I^„„ Emitter cut-off current
EBO V = 7V, I =0

EB ’ C

BD184

-

1.0

0.1

5.0

5.0

mA

mA

Mullard
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N-P-N SILICON DIFFUSED
POWER TRANSISTORS

BDI8I
BDI82
BDI83
BDI84

ELECTRICAL CHARACTERISTICS (cont'd)

Min. Typ. Max.
V Collector-emitter breakdown voltage

I =0.2A, L=0 BD181 45 - - V
C BD182 60 - - V

BD183 80 - - V
BD184 90 - - V

V ÍRR^RR Collector-emitter sustaining voltage
I =0.2A, IL = lOOil BD181 .55 - V
G BD182 70 - — V

BD183 85 - V
BD184 95 - - V

V Collector-emitter knee voltage
I =3A, I =1 (see note 1) BD181,3G Ij £>1 - 0.5 1.0 V
Ic = 4A, 1$ = !^ (see note 1) BD182.4 - 0.55 1.0 V

^FE Static forward current transfer ratio
I =3A, V =4V BD181.3 20 40 70

I = 4A, =4V BD182,4G Gii 20 40 70

IrpE at 0. 3A Static forward current transfer
hFE at !c ratio linearity

IC = 3A, Vce = 4V BD181.3 * 2.5 3.5
I =4A, V =4V BD182.4G GE - 2.5 4.0

Common emitter cut-off frequency
I =0.3 A, V =4V BD181,2,3 - 20 - kHz
C CE BD184 - 15 - kHz

^FR2 Ratio of static current gains
hFEl of matched pairs

I„ = 3A, V =4V 2xBD181,3 • - 1.3
I =4A, V =4V 2xBD182,4G CE - - 1.3

Mullard
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NOTES

1. L = the value for which I = 1.1 x I at V = 1.5V J31 Cl U UE

2. V„„ BE decreases by approximately 2. OmV/degC with increasing temperature.
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N-P-N SILICON DIFFUSED
POWER TRANSISTORS
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N-P-N SILICON DIFFUSED
POWER TRANSISTORS

BDI8I
BDI82
BDI83
BDI84
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N-P-N SILICON DIFFUSED BDI8I
POWER TRANSISTORS BO 182

BDI83
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N-P-N SILICON DIFFUSED
POWER TRANSISTORS
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N-P-N SILICON EPITAXIAL-BASE 
A.F. POWER TRANSISTORS

BD201
BD203

N-P-N silicon epitaxial-base power transistors in a plastic envelope. With their 
p-n-p complements BD202 and BD204 they are primarily intended for use in hi-fi 
equipment delivering an output of 15 to 25W into 4 or 8Q load.

Unless otherwise stated data are applicable to both types

QUICK REFERENCE DATA

BD201 BD203

VCBO maX- 60 60 V

VCEOmaX- 45 60 V
I max. 8.0 8.0 A
P „ max. (T s25°C) tot mb 60 60 W
T. max. 150 150 °C
h min. (I =3A, V = 2V) r b u Ld 30 -

(Ic=2A, Vce=2V) - 30

fhfe min. (IC=O.3A,VCE = 3V) 25 25 kHz

OUTLINE AND DIMENSIONS Similar to J. E. D. E. C. TO-220
Collector connected to the metal part of the mounting surface.

All dimensions in mm

Accessories available: 56338(insiilating bush), 56325(mica washer)

-------------------- Mullard---------------------
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N-P-N HIGH VOLTAGE
SILICON TRANSISTOR BD232

Triple diffused n-p-n silicon transistor in a plastic envelope, primarily intended 
for use as line driver in television receivers .

QUICK REFERENCE DATA

VCERMmaX- <RBESlka’ V10^ 500 V

vCeo ™ax. 300 V
1^ max. 0. 25 A

’cm max (t s 1ms) 1.0 A
P max. tot

(T s62°C) 
mb 7.0 W

T. max. 125 °C

hFE min. (I = 150mA, V = 5V) G Gil 20

fT typ. (I = 50mA, V=10V, f = 5MHz)_/ CE 20 MHz

OUTLINE AND DIMENSIONS
Conforms to J. E. D. E. C. TO-126
Collector connected to the metal part of the mounting surface

All dimensions in mm

1) Within this region the cross-section of the leads is uncontrolled 

Accessories available: 56301 (mica washer and torque washer) 

Torque on nut: min. 3kg cm (0.3 Nm), max. 4kg cm (0.4Nm)

Mullard
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RATINGS
Limiting values of operation according to the absolute maximum system. 

Electrical

VCERMmaX‘ ^RBE~ tp<1°mS) 500 V

V„„_ max. 300 VCEO
V m max. 5.0 VEBO
I max. 0.25 A

'cm1“- Vlms) 1.0 A

I max. 0.25 A
P max. (T 62°C)
tot mb 7.0 W

Temperature

T -55 to +125 °C
stg o

T max. 
j

125 C

THERMAL CHARACTERISTICS

R , .. , 9.0 °c/wth(j-mb)
R .. 100 °c/wth(j-amb) n
Rth(mb h) mica washer and heat conducting compound 3.0 c/w
R , , , , , for non -insulated mounting th(mb-h) 1.0 °c/w

ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise stated)

Min. Typ. Max.

J *Collector cut-off currentCES
VBE = °’ VCE = 500V - - 0. 1 mA

VBE = °’ Vce = 500V,T. = 125°C - - 1.0 mA

’Measured with a half sine wave voltage (curve tracer)

Mullard
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N-P-N HIGH VOLTAGE
SILICON TRANSISTOR BD232

ELECTRICAL CHARACTERISTICS (contd)

Min. Typ. Max.

hFE Static forward current transfer ratio
Ic = 50mA, VCE = 5V 25 - 150

I„ = 150mA, V = 5V c Cb 20 - -

VBE Base-emitter voltage
I = 150mA, = 5VC CJi - - 1.0 V

VCE(sat) Collector-emitter saturation voltage
I = 150mA, I = 15mA C D - - 1.0 V

vCEO(sust) Collector-emitter sustaining voltage
ID = 0, I = 100mA, L = 25mH B C 300 - - V

Oscilloscope display for VCEO(sust)Test circuit for CEO(sust)

Transition frequency
I = 50mA, V „ = 10V, f = 5MHz C CE 20 - MHz

Mullard
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Safe Operating Areas (Regions I, II and III forward biased)

I Region of permissible d. c. operation

II Permissible extension for repetitive pulse operation

III Area of permissible operation during turn-on, provided 
tp^ 0. 3gs and Rgg- IkH

IV Repetitive pulse operation In this region is allowable, 
provided R « Ikfl.Dll

-------------------- Mullard---------------------
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N-P-N HIGH VOLTAGE
SILICON TRANSISTOR BD232
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N-P-N HIGH VOLTAGE
SILICON TRANSISTOR BD232

40

fT 
(MHz)

30

20

10

Tj =25’C
VCE = 10V

typ

0
1 2 5 ’ 10 2 5 7 102 2 Ic (mA) 7 103

Mullard
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N-P-N SILICON
EPITAXIAL-BASE TRANSISTORS

BD233
BD235
BD237

N-P-N silicon epitaxial-base transistors in a TO-126 plastic envelope, intended for 
use in television and audio amplifier circuits where high peak powers can occur.

QUICK REFERENCE DATA
BD233 BD235 BD237

VCBO maX- 45 60 100 V

VCeo max. 45 60 80 V

VCer max. (RßE = Ikß)

'cm max-
P„ „ max. (T < 25°C) 
tot mb -

T. max. 
1

h • mln. (I = IA, V = 2V) rii U Lil
L min. (I = 250mA, V = 10V, 1 U. Lb

f = 1MHz)

v45 60

6.0

25

150

25

3.0

100, V

A

W 
°C

MHz

Unless otherwise stated data is applicable to all types. 

OUTLINE AND DIMENSIONS

Conforms to J.E.D.E.C. TO-126
Collector connected to the metal part of the mounting surface

Torque on nut: 
min. 3kg cm 

(0.3Nm)

Max. 4kg cm 
(0.4Nm)

All dimensions in mm
1) Within this region the cross -section of the leads is uncontrolled.

Accessories available: 56301B (mica washer)
56326 (plain washer)

JANUAR^ 1973
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RATINGS

Limiting values of operation according to the absolute maximum system. 

Electrical

BD233 BD235 BD237

VCBomax- « 60 100 V
max. 45 60 80 VCEO

VCERmaX- (RBE = lkQ) 45 60 100 V

VEBO maX> x 5'° 5.0 5.0, V
I max. 2.0 A

, max. 6.0 ACM
P max. (T <25°C) 
tot 'mb - ' 25 W

Temperature

T -55 to +150 °C
stg 

T.
J

150 °C

THERMAL CHARACTERISTICS
R , . (in free air)th(J-amb) ' ' 100 °c/w
p

th( j -mb) 5.0 °C/W

Rth(mb h) us‘n8 mica washer and compound 3.0 °c/w
R , . , , . non-insulated mounting tn(mb-n) 1.0 °C/W

ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise stated)

Min.

Collector cut-off current
I = 0. V = V max.

Max.

100 pAE CB CBO
I “ °> G max., T. = 150°C 3.0 mAE CB CBO j

I Emitter cut-off current
EBO = 0, V = 5V 1.0 mAC EB

V Base-emitter voltage
BE I =1A,V =2V 1.3 VC CE

V. Collector-emitter saturation
CE(sat) voltage

ic = ia,ib = o.ia - 0.6 V

h Static forward current transferrL ..ratio
I = 150mA, V_„ = 2V BD233.BD235
C CE BD237

40 250
40 160

I = 1A, V „ = 2V 25C CE

Mullard
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Test circuit

N-P-N SILICON
EPITAXIAL-BASE TRANSISTORS

BD233
BD235
BD237

ELECTRICAL CHARACTERISTICS (contd)

f Transition frequency
I = 250mA, V = 10V, U Lt

Min. Max.

f =1MHz

Switching characteristics
I_ = 1A, I . = -T. =0.1AC B(on) B(off)

3.0 - MHz

Typ.
t Turn-on timeon 0.3 ps
t „ Turn-off timeoff 1.1 ps

Mullard
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D4985

SAFE OPERATING AREAS WITH THE TRANSISTOR FORWARD BIASED

I Region of permissible d. c. operation

II Permissible extension for repetitive pulsed operation
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N-P-N SILICON
EPITAXIAL-BASE TRANSISTORS BD233

BD235
BD237
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N-P-N SILICON
EPITAXIAL-BASE TRANSISTORS BD233

BD235
BD237
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P-N-P SILICON
EPITAXIAL-BASE TRANSISTORS

BD234
BD236
BD238

P-N-P silicon epitaxial-base transistors in a TO-126 plastic envelope, intended for 
use in television and audio amplifier circuits where high peak powers can occur.

QUICK REFERENCE DATA
BD234 BD236 BD238

VCBO max. 45 60 100 V

VCEO maX- 45 60 80 V

'VCERmaX- ^PBE=‘k^ ,45 60 100, V

'U,., max. 6.0 ACM
P, max. (T <25°C) 
tot mb - 25 W

T. max. 150 °C

h min. (-1 = IA, -V „ =2V) .rii U Lt 25

f min. (-1 =250mA, -V =10V, 1 U Lt
f = 1MHz) 3.0 MHz

Unless otherwise stated data is applicable to all types.

OUTLINE AND DIMENSIONS

Conforms toJ.E.D.E.C. TO-126
Collector connected to the metal part of the mounting surface

Torque on nut: 
min. 3kg cm

(0.3Nm)
Max. 4kg cm

(0.4Nm)

All dimensions in mm

1) Within this region the cross-section of the leads is uncontrolled.

Accessories available: 56301B (mica washer)
56326 (plain washer)
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
BD234 BD236 BD238

’VCBO 45

Yceo max- 45
"VCER maX' ^RBE = 45

-VEBO maX> ' 5,0

60

60

60

5.0

100

80

100

5.0

V

V

V

, v
-I max. 2.0 A

^CM maX'
P max. (T <25°C) 
tot mb -

6.0

25

A

W

Temperature

T stg
T. max.

J

-55 to +150
150

°C 

°C

THERMAL CHARACTERISTICS
R^,,. .. (in free air)th(j-amb)
R . ,th(j -mb)
R , , , , , using mica washer and compound th(mb-h) °
R , , , . . non -insulated mounting th(mb-h)

100

5.0

3.0

1.0

°c/w 
°c/w 
°c/w 
°c/w

ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise stated)

Min. Max.

-I Collector cut-off current
IE=°’ VCB = -VCBO maX-
V0' VCB = VCBO maX’’ Tj = 1^0°C

- 100

3.0
mA

mA

-1^^ Emitter cut-off current
EB0 - 1.0 mA

-V Base-emitter voltage
B -I =1A, -V =2V

G GE
- 1.3 V

-V„„, . Collector-emitter saturationCE(sat) voltage,
-I_ =1A, -I =0.1AG D

- 0.6 V

h Static forward current transferF E .ratio,
-I = 150mA, -V„„ = 2V BD234.BD236

C BD238
40
40

250
160

-I =1A, -V = 2VV LU 25 -

Mullard
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P-N-P SILICON
EPITAXIAL-BASE TRANSISTORS

ELECTRICAL CHARACTERISTICS (contd.)

f_ Transition frequency
-I = 250mA, -V„ = 10V, C CE
f =1MHz

Switching characteristics

-I„ = 1A, -L. , = I „ = 0.1AC B(on) B(off)

t Turn-on timeon

t Turn-off timeoff

Test circuit

BD234
BD236
BD238

Min. Max.

3.0 - MHz

Typ.
0.3 ,ps

0.7 gs

Mullard
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SAFE OPERATING AREAS WITH THE TRANSISTOR FORWARD BIASED
I Region of permissible d. c. operation

II Permissible extension for repetitive pulse operation

Mullard
BD234-Page 4



BD234
BD236
BD238

P-N-P SILICON
EPITAXIAL-BASE TRANSISTORS
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BD234
BD236
BD238

P-N-P SILICON
EPITAXIAL-BASE TRANSISTORS
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P-N-P SILICON
DARLINGTON POWER TRANSISTORS

BD262
BD262A
BD262B

P-N-P silicon epitaxial base power transistors in monolithic Darlington circuit, 
intended for audio output stages and general amplifier and switching applications. 
Encapsulated in TO-126 plastic envelope. N-P-N complements are BD263, BD263A 
and BD263B respectively.

QUICK REFERENCE DATA

BD262 BD262A BD262B

-VCBO maX- 60 80 100 V

'VCEO maX- 60 80 100 ? V

'Mm max- 6.0 A
P, max (T s25°C) 
tot mb ' 36 . W

T. max. 
J

h typ. (-1 =0.5A, -V = 3.0V) ris G Gis

150 °C

1000
min. (-1 = 1. 5A, -V =3.0V) 750

L typ. (-1 = 1.5A, -V = 3.0V) 1 U Gii 7.0 MHz

Unless otherwise stated data are applicable to all types.

OUTLINE AND DIMENSIONS

Conforms to J. E. D. E. C. TO -126
Collector connected to the metal part of the mounting surface

All dimensions in mm

Torque on nut: 
min. 3kg cm 

(0. 3Nm)

max. 4kg cm 
(0.4Nm)

1) Within this region the cross -section of the leads is uncontrolled.

Mullard
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CIRCUrr DIAGRAM

RATINGS

Limiting values of operation according to the absolute maximum system. 

Electrical

BD262 BD262A BD262B

-VCBO maX- 60 80 100 V

'VCEO maX> 60 80 100 V

VE0O maX- k 5.0 5.0 5.0y V
-I max. io A

-’cm max- 6.0 A
-I^max. 100 mA
P„ „ max. (T £ 25°C) tot mb 36 W

Temperature

T stg -55 to +150 °C

T. max. 
] 150 °C

THERMAL CHARACTERISTICS

R,,„ in free airth( j -amb) 100 °C/W

th( j -mb) 3.5 °C/W

Rth(mb h) us'n® mica washer and compound 3.0 °C/W
R.z i_ non-insulated mounting tn(mb-n) 1.0 °C/W

ACCESSORIES

Accessory Code No. Note
1 Mica washer 56301B I Supplied
1 Plain washer 56326 1 on request

When mounted on a heatsink it is essential that a plain washer be used to prevent 
damage to the devices while tightening the mounting screw.

Mullard
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P-N-P SILICON 
DARLINGTON POWER TRANSISTORS

BD262
BD262A
BD262B

ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise stated) '

Min. Typ.

Collector cut-off current

-I___ I_ = 0. -V. = -V. max.

Max.

0.2 mAC0O
4cbo

E CB CBO
V0’ -VCB = -VCBO maX- ’
T . = 150°C .mb

- - 2.0 mA
_T I„ = 0, -V,„ = 30V BD262 0.5 mACEO 
'CEO

B CE
I = 0, -V = 40V BD262A 0.5 mA

-I
B CE

I = 0. -V „ = 50V BD262B 0.5 mACEO

4ebo

B CE
Emitter cut-off current

I„ =0, -V =5.0V C Ed
- - 5:0 mA

hFE »Static forward current transfer ratio

-Ic =0.5A, -VCE = 3.0V - 1000 -

'VBE

- I =L5A, -V = 3.0V
C CE

- I =4.0A, -V = 3.0V
C CE

Base-emitter voltage

- I = 1.5A, -V = 3.0V c cts

750

500

2.5 V

VCE(sat) Collector-emitter saturation voltage

-I = 1.5A, -I =6.0mA C B
- - 2.5 V

Transition frequency

-1 = 1.5A, -Vpp = 3.0V 
C CE

- 7.0 - MHz

'hfe Cut-off frequency

-I_ = 1.5A, -V = 3.0V 
C CE

- 60 - kHz

W(SB) Switch-off second breakdown energy

-I <0, see circuit on page 8B 30 - - mJ

»Measured under pulse conditions: pulse width £300ps, duty cycle s2%.

Mullard
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05737

Safe Operating Area with the transistor forward biased

I Region of permissible d. c. operation
II Permissible extension for repetitive pulse operation

Mullard
BD262 Page 4



P-N-P SILICON
DARLINGTON POWER TRANSISTORS BD262

BD262A
BD262B
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BD262
BD262A
BD262B

P-N-P SILICON
DARLINGTON POWER TRANSISTORS
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Circuit for measuring W,__. (see page 3)
-I = 3.5A; -I max. 1. 5A, but preferably substantially lower; V., V„ and R

CM BM 1 z
should be adjusted so that the specified -ICM value is reached (Vj = V2 = about 15V, 

R = about 100S2). O is the reference point for Vj and V2-
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N-P-N SILICON
DARLINGTON POWER TRANSISTORS

BD263
BD263A
BD263B

N-P-N silicon epitaxial base power transistors in monolithic Darlington circuit, 
intended for audio output stages and general amplifier and switching applications. 
Encapsulated in TO-126 plastic envelope. P-N-P complements are BD262, BD262A 
and BD262B respectively.

QUICK REFERENCE DATA
BD263 BD263A BD263B

VCBO maX‘ 80 100 120 V
V___ max. 60 80 100 VCEO u —" 1

max. 6.0 ACM
P max. (T s25°C) 36 W
tot mb

Tj max. 150 C

h„„ typ. (I = 0.5A, V = 3. OV) 1000
r E C UE

min. (I = 1.5A, =3.0V) 750
C UE

f_ typ. (I = 1.5A, V = 3.0V) * 7.0 MHz
1 U UE

Unless otherwise stated data are applicable to all types

OUTLINE AND DIMENSIONS

Conforms toj. E.D. E.C. TO-126
Collector connected to the metal part of the mounting surface

Torque on nut:
min. 3kg cm 

(0. 3Nm)

max. 4kg cm 
(0.4Nm)

All dimensions in mm

1) Within this region the cross-section of the leads is uncontrolled.

NOVEMBER 1973
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CIRCUIT DIAGRAM

RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
BD263 BD263À BD263B

VCBO maX- 80 100 120 V

VCEO 60 80 100 V

V_ max. 5.0 5.0 5.0 VEBO /
1^ max. 4^0 A

’cm max- 6.0 A

Ig max. 100 mA
P max. (T . 25°C) 
tot ' mb ' 36 w

Temperature

T -55 to +150 °C
stg

T. max. 150 °C
J

THERMAL CHARACTERISTICS

L , ,. , . in free air 100 °C/Wth(j-amb)

th(j-mb) 3.5 °C/W

th(mb h) us*n8 m^ca washer and compound 3.0 °C/W

. . , , . . non-insulated mounting th(mb-h) 6 1.0 °C/W

—> ACCESSORIES
Accessory

1 Mica washer

1 Plain washer

Code No.

56301B

56326

Note

Supplied 

on request

When mounted on a heatsink it is essential that a plain washer be used to prevent 
damage to the devices while tightening the mounting screw.

Mullard
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BD263
BD263A
BD263B

N-P-N SILICON
DARLINGTON POWER TRANSISTORS

ELECTRICAL CHARACTERISTICS (T. = 25°C unless otherwise stated)

Min. Typ. Max.

Collector cut-off current

Mbo BD263 - - 0.2 mA

Mbo iE = o, vCB = sov BD263A - - 0.2 mA

Mbo ie = 0, vCB = ioov BD263B - - 0.2 mA

Mbo
I„ =0, V = 60V, T . = 150°C 
E CB mb BD263 - - 2.0 mA

Mbo
1=0, V^n = 80V, T , = 150°C 
E CB mb BD263A - - 2.0 mA

Mbo
I = 0, V = 100V, T , = 150°C
E CB mb BD263B - - 2.0 mA

Meo L = 0, Vn„ = 30V D ub BD263 - - 0.5 mA

Meo I = 0, V = 40V d ub
BD263A - - 0.5 mA

Meo I = 0, V = 50VB Lb BD263B - - 0.5 mA

Mbo Emitter cut-off current

Ic=°, Veb = 5.0V - - 5.0 mA

h FE *Static forward current transfer ratio

I =0.5A, V = 3.0V U Lb
- 1000 -

I- = 1.5A, V„p = 3.0V C Lb 750 - -

I = 4.0A, V_o = 3.0V L Lt
- 500 -

V BB
Base-emitter voltage

I_ = 1.5A, V_„ = 3.0VL Ub - - 2.5 V

VCE(sat) Collector-emitter saturation voltage
I = 1.5A, I = 6.0mAC B - - 2.5 V

M Transition frequency
I = 1.5A, V = 3.0VC Ln

- 7.0 - MHz

Mfe

W (SB)

Cut -off frequency
T = 1.5A, V„„ = 3.0VC Lb

Switch-off second breakdown energy

- 60 - kHz

I < 0, see circuit on page 8 D
30 - - mJ

’Measured under pulse conditions: pulse width £ 300ps, duty cycle - 2%.

Mullard
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Safe Operating Area with the transistor forward biased

I Region of permissible d. c. operation
II Permissible extension for repetitive pulse operation
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N-P-N SILICON
DARLINGTON POWER TRANSISTORS

BD263
BD263A
BD263B
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N-P-N SILICON
DARLINGTON POWER TRANSISTORS BD263

BD263A
BD263B
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Circuit for measuring W.„_. (see page 3)(SB)

= 3.5A; L, max. 1.5A, but preferably substantially lower; V,, V„ and R should beCM BM ■'12
adjusted so that the specified I_ value is reached (V. =V = about 1SW, R = about 1000). CM 1 2

O is the reference point for and
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BD433
BD435
BD437

N-P-N SILICON
POWER TRANSISTORS

N-P-N silicon epitaxial basepower transistors in aTO-126 plastic envelope, intended 
for use in general l.f. applications.
The BD433 with its p-n-p complement BD434 is specially suitable for use in output 
stages of car radios.
The complementary pairs BD435/BD436 and BD437/BD438 are intended for use in 
mains operated amplifiers and radio receivers with output powers of up to 10 and 
15W respectively.

Unless otherwise stated data are applicable to all types 
OUTLINE AND DIMENSIONS

QUICK REFERENCE DATA

BD433 BD435 BD437

VCES maX- 22 32 45 V

VCeo 22 ■ 32 45 V

’cm max- 7.0 7.0 7.0 A

P max. , T , < 25°C tot mb — 36 36 36 W

T. max. 150 150 150 °C

hFE min.,Ic=2A,VCE = lV 50 50 40

’C = 3A- VCE = ’V - - 30

f„ min., I = 250mA, = IV, f = 1MHz1 C Ch 3.0 3.0 3.0 MHz

Conforms to J. E. D. E. C. TO -126
Collector connected to the metal part of the mounting surface

Torque on nut:

min. 3kg cm
(0.3N m) 

max. 4kg cm
(0.4N m)

All dimensions in mm

1) Within this region the cross -section of the leads is uncontrolled

Mullard
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RATINGS
Limiting values of operation according to the absolute maximum system.

Electrical BD433 BD435i BD437

' VCBO maX- 22 32 45 V

VCES maX- 22 32 45 V

VCEO maX’ 22 32 '45 V

VEBO maX> 
max.

’cm max‘
I max.D
P max. (T <25°C) 
tot • mb —

Temperature

5.0 5.0 5.0 V

4.0 A

7.0 A

1.0 A
36 W

Tstg
T. max. 

J
THERMAL CHARACTERISTICS

R . , in free airth(j-amb)
R th(j -mb)
R , , , , , using mica washer and compound th(mb-h)
R , , , , , non-insulated mounting th(mb-h)

ELECTRICAL CHARACTERISTICS (T =25°C unless otherwise

Min.

I_^ Collector cut-off current

-55

stated) 

Typ.

to +150 °C

150 °C

100 °C/W
3.5 °C/W

3.0 °C/W

1.0 °C/W

Max.

t zA ,r rr
’e=0’ VCB=VCBO maX’ - - 100 gA

I =0, V„=10V, T, = 150°C b CB j - - 1.0 mA

I„=0, Vr.u=v^nri maX- • T. = 150°C E Cd CdU J

Emitter cut-off current

- - 3.0 mA

V =5.0VG Ed

V Knee voltage
1^ = 2.0A, I = the value for which

1.0 mA

I=2.2A at =1.0V BD433C CE
- - 0.8 V

Mullard
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N-P-N SILICON
POWER TRANSISTORS BD433

BD435
BD437

ELECTRICAL CHARACTERISTICS (contd.)

Min. Typ. Max.

VCE(sat) Collector-emitter saturation voltage
I = 2.0A, I =0.2A BD433, 435 - - 0.5 V
I =3.0A, I = 0.3AC D BD437 - - 0. 7 V

VBE ♦ Base -emitter voltage
I = 10mA, V„ =5.0VC Cc, - 580 - mV
I„ = 2.0A, V„ =1.0VC Ct BD433, 435 - - 1.1 V
I =3.0A, V„„ = 1.0V C Ct BD437 - - 1.3 V

hFE Static forward current transfer ratio
I = 10mA, =5.0V BD433, 435C Ch 40 - -

BD437 30 - -

I = 500mA, V^^l.OVC CE BD433, 435 85 - 475
BD437 85 - 375

I =2.0A, V_p = 1.0V C Ct BD433, 435 50 - -

BD437 40 - -

I_=3.0A, V„„ = 1.0VC CE BD437 30 - -

fT Transition frequency 
I = 250mA, V_=1.0V, C CE f=1.0MHz 3.0 - - MHz

hFEl 

hFE2

D.C. current gain ratio (complementary pairs) 

Pci =500mA’ Ivce1 =1-w
BD433/BD434 and BD435/BD436 1.4
BD437/BD438 - - 1.8

*VgE decreases by about 2. 3mV/°C with increasing temperature.

ACCESSORIES
Accessory

1 Mica washer

1 Plain washer

Code No.

56301B

56326

Note

Supplied 

on request

When mounted on a heatsink it is essential that a plain washer be used to prevent 
damage to the devices while tightening the mounting screw.

Mullard
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N-P-N SILICON
POWER TRANSISTORS BD433

BD435
BD437
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BD434
BD436
BD438

P-N-P SILICON
POWER TRANSISTORS

P-N-P silicon epitaxial base power transistors in aTO-126 plastic envelope, intended 
for use in general I.f. applications.
The BD434 with-its n-p-n complement BD433 is specially suitable for use in output 
stages of car radios.
The complementary pairs BD435/BD436 and BD437/BD438 are intended for use in 
mains operated amplifiers and radio receivers with output powers of up to 10 and 
15W respectively.

Unless otherwise stated data are applicable to all types 
OUTLINE AND DIMENSIONS

QUICK REFERENCE DATA

BD434 BD436 BD438

"VCES maX- 22 32 45 V

VCEO maX- 22 32 45 V

‘cm max- 7.0 7.0 7.0 A
P max. , T < 25°C tot mb — 36 36 36 W
T. max. j 150 150 150 °C

hFE min. , -Ic = 2A, -Vce = 1V 50 50 40

-IC=3A, -VCE-1V - - 30

Lmin,, 4 = 250mA, 47 - IV,f = 1MHzI C CE 3.0 3.0 3.0 MHz

Conforms toJ.E.D. E.C. TO-126
Collector connected to the metal part of the mounting surface

1) Within this region the cross -section of the leads is uncontrolled

Torque on nut:

min. 3kg cm 
(0.3N m) 

max. 4kg cm
(0.4N m)

All dimensions in mm

Mullard
JUNE 1973 BD434 Page 1



04211

Safe operating area with the transistor forward biased

I Region of permissible d. c. operation

II Permissible extension for repetitive pulse operation

-------------------- Mullard---------------------
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P-N-P SILICON
POWER TRANSISTORS BD434

BD436
BD438

-------------------- Mullard
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P-N-P SILICON
POWER TRANSISTORS BD434

BD436
BD438

Mullard
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f=1MHz 
=>V

Tj = 25"C

7 F

-2 210
-12 5 7 2 5 7

10 1 -IC(A) 10

—---------- Mullard--------------
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SILICON N-P-N PLANAR
EPITAXIAL POWER TRANSISTORS BDX35

BDX36
BDX37

N-P-N silicon planar power switching transistors, mountedin a plastic envelope

QUICK REFERENCE DATA
BDX35 BDX36 BDX37

VCBOM maX- 100 120 120 V

VCEO maX- 60 60 80 V

’cm max- 10 10 10 A

Ptot maX- (Tmb1100°C) 15 15 15 W

h min. (I =0.5A, V „ =10V) rt C Ct 45 45 45

U typ. (I = 0. 5A, =5.0V, f = 35MHz) 100 100 100 MHz

’off tyP‘ (IC = 5- 0A’ ’B(on) " "’ß(off) °"5A) 350 350 350 ns

Unless otherwise stated, data is applicable to all types

OUTLINE AND DIMENSIONS

Conforms to J. E.D.E.C. TO-126
Collector connected to the metal part of the mounting surface

All dimensions in mm

1) Within this region the cross-section of the leads is uncontrolled.

Care should be taken not to bend the leads nearer than 2. 5mm from the body.

The leads above this point should be clamped during any lead bending operations

Mullard
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OPERATING NOTES

The rating graphs given in this data show the maximum permissible current for 
combinations of voltage, pulse width and duty cycle at a mounting-base temperature 
of 100°C.

Shoulda lower value of current, and consequently power, be used, the mounting-base 
temperature is permitted to rise. To determine the value of this higher temperature, 
calculate the power at the new working point and its percentage of the maximum 
permissiblepower at the same duty cycle and pulse width as read from the relevant 
constant power line.

The higher temperature is read off the graph of % P x vs, at the calculated 
percentage.

mounting base temperature

Mullard BDX35 - Page 4



SILICON N-P-N PLANAR
EPITAXIAL POWER TRANSISTORS

BDX35
BDX36
BDX37
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SILICON N-P-N PLANAR
EPITAXIAL POWER TRANSISTORS

BDX35
BDX36
BDX37

D
33

97

------------------ -  Mullard--------------------
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N-P-N SILICON PLANAR
DARLINGTON TRANSISTORS BDX42

BDX43
BDX44

TENTATIVE DATA
Silicon n-p-n planar Darlington transistors for industrial switching applications, 
e.g. print hammer, solenoid, relay and lamp driving. Encapsulated in a TO-126 
plastic envelope with collector connected to the heatsink.

QUICK REFERENCE DATA

BDX42 BDX43 BDX44

VCBOmaX- 60 80 100 V

VCE maX- 45 60 80 V

I^ max. 1.0 1.0 1.0 A
P max. (T — 25°C) 
tot amb ' 1.25 1.25 1.25 W

P, „ max. (T , s 100°C) 
tot ' mb ' 5.0 5.0 5.0 W

h min. (I = 500mA, V=10V) rib U Lt 1500 1500 1500

^CECsat) maX‘
1.0mA) - 1.6 - V

V_„, . max. (I. =1.0A, CE(sat) C
1^ = 4.0mA) 1.6 - 1.6 V

(Ic=500mA,

1000 1000 1000 ns

Unless otherwise stated data are applicable to all types.

OUTLINE AND DIMENSIONS

Conforms to J. E. D. E. C. TO-126
Collector connected to the metal part of the mounting surface

1) Within this region the cross -section of the leads is uncontrolled

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.
Electrical

BDX42 BDX43 BDX44
V„„ max. 60CBO 80 100 V
V-,, max. (Max. external R lOOkfl CE BE

atTj = 150°C) 45 60 80 V
vE0Omax. 5.0 5.0 5.0 V
I max. 1.0 1.0 1.0 A
1$ max. 0.1 0.1 0.1 A
ptot™*-<Tambs25°C) i-25 1.25 1.25 W
PtotmaX-<Tmb"100°C) 5-° 5.0 5.0 W

Temperature
T range -65 to +150ste °C
T. max. J 150 °C

THERMAL CHARACTERISTICS
B th( j-amb) 100 °C/W
Rth(j-mb) 10

ELECTRICAL CHARACTERISTICS (T.=25°C unless otherwise stated)
°C/W

Min. Typ. Max.
’cBO Collector cut-off current

VCB=45V, Ie=0 BDX42 - - 100 nA
VCB = 60V’ ’e'0 BDX43 - - 100 nA
V =80V, I =0 BDX44 -CB B - 100 nA

l„„ Emitter cut-off currentEdU
- 100 nA

hpE Static forward current transfer ratio
Ic=.150mA, VCE = 10V 1000 - -
I =500mA, V__ = 10V 1500C CE

V__, . Collector-emitter saturation voltageCE(sat) °

- -

Ic=500mA, IB = 0.5mA - 1.3 V
Ic = L0A, 1^ = 1. OmA BDX43 - - 1.6 V
I -l.QA, I=4.0mA BDX42 - 1.6 VC BDX44 - - 1.6 V

Mullard
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N-P-N SILICON PLANAR
DARLINGTON TRANSISTORS

BDX42
BDX43
BDX44

ELECTRICAL CHARACTERISTICS (Contd. )

Min. Typ. Max.
I =500mA, I = 0.5mA, T. = 150°C
C B ]

I = 1.0A, I = 1.0mA, T. = 150°C
C ° J BDX43

I =1.OA, I =4.0mA, T. = 150°C
C ] BDX42

- - 1.3 V

- - 1.8 V

- - 1.6 V
BDX44

V_, . » Base-emitter saturation voltage BE(sat) °

- - 1.6 V

1^ = 500mA, I = 0.5mA - - 1.9 V
Ic = 1.0A, Iß= 1.0mA BDX43 - - 2.2 V
I =1.0A, 1=4.0mA BDX42 - - 2.2 V

BDX44 - 
h Small signal forward current transfer ratio

- 2.2 V

I =0.5A, V =5.0V, f = 35MHz U CE

Switching times (see also page 4):

I = 500mA, I = -I , = 0. 5mAC B(on) B(off)

7.5 10

t Turn-on timeon - - 400 ns
t „ Turn-off timeoff

I =1.QA, L, = -I „„ = 1.0mAC B(on) B(off)

1000 2000 ns

t Turn-on timeon - - 400 ns
t „ Turn-off timeoff

MECHANICAL DATA

Maximum torque on nut

Minimum torque on nut for good thermal contact

ACCESSORIES

Accessory Code No.

1 Mica washer 56301B
1 Plain washer 56326

1000 2000

4.0

°-4
3.0

0.3

Note

Supplied 
on request

ns

kg cm

Nm 

kg cm

N m

When mounted on a heatsink it is essential that a plain washer be used to prevent
damage to the devices while tightening the mounting screw.

Mullard
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MEASUREMENT OF SATURATED SWITCHING TIMES
Test circuit for 500mA switching.

Switching waveforms

Mullard
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BDX42
BDX43
BDX44

N-P-N SILICON PLANAR
DARLINGTON TRANSISTORS

Mullard
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CIRCUIT DIAGRAM

RATINGS

Electrical

Limiting values of operation according to the absolute maximum system.

BDX62 BDX62A BDX62B

-V CBO max. 60 80 ' 100 V

-VVCEO max. 60 80 100 V

7ebo max. ' 5.0 5.0 5.0 ______ __ / V

-’c max. 8^0 A

"’cm max. 12 A

”’b max. 150 mA

Ptot max. (T . i25°C) 
mb 90 W

Temperature

T , stg
Tj max.

THERMAL CHARACTERISTIC
p 

th(j-mb)

-55 to +200
200

1.94

°C 
°C

°C/W

------------- Mullard--------------
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P-N-P SILICON
DARLINGTON POWER TRANSISTORS BDX62

BDX62A
BDX62B

ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise stated)

Collector cut-off current

Min. Typ. Max.

"’cBO V0’ VCB = VCBO maX' - - 0.2 mA

4cbo V0’ -VCB=-VCBOmaX-’ V15°°C - - 2.0 mA

“’CEO I_ = 0, -Vnr = 30V BDX62d CE - - 0.5 mA

“'CEO I = 0, -V-, _ = 40V BDX62Ad Ch - - 0.5 mA

4ceo IQ = o, -V_D = 50V BDX62BD Vil - 0.5 mA

“’ebo Emitter cut-off current

V0’ -VEB = 5. 0V - - 5.0 mA

FE ’Static forward current transfer ratio

-I =0.5A, -V =3.0V V vb - 1500 -
-I_ = 3.QA, -V„D = 3.0V v ce 1000 - -
-I =8.0A, -V = 3.0V V vb - 750 -

’VBE Base-emitter voltage

-I = 3.QA, ~V „ =3.0V V CE - - 2.5 V
-VCE(sat) Collector-emitter saturation voltage

-I_ = 3.0A, -I = 12mA V D - - 2.0 V

fT Transition frequency

-I =3.0A, -V_ =3.0V V Vb - 7.0 - MHz

fhfe Cut-off frequency

-I =3.CA, -V = 3.0V V CE - 60 - kHz

w(SB) Switch-off second breakdown energy

-I_ <0, see also page 8 D 50 - - mJ
VVF Diode forward voltage

IF = 3.QA - 1. 8 - V

’Measured under pulse conditions: pulse width s300gs, duty cycle s2%.

Mullard
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Safe Operating Area with the transistor forward biased

I Region of permissible d. c. operation

II Permissible extension for repetitive pulse operation

-------------------- Mullard
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P-N-P SILICON
DARLINGTON POWER TRANSISTORS BDX62

BDX62A
BDX62B

Safe Operating Area with the transistor forward biased

I Region of permissible d. c. operation

II Permissible extension for repetitive pulse operation

Mullard--------------------
BDX62 Page 5



D57S7

Mullard BDX62 Page 6



P-N-P SILICON
DARLINGTON POWER TRANSISTORS BDX62

BDX62A
BDX62B

-------------------- Mullard
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OS7S2

Circuit for measuring W(SB) (see page 3)

~’cM = TgM max. 1.5A, but preferably substantially lower; V , and R should 
be adjusted so that the specified -I value is reached (V^ = V2 = about 15VI R = about 

1000). O is the reference point for and V2-

-------- ----------- Mullard BDX62 Page 8



N-P-N SILICON
DARLINGTON POWER TRANSISTORS BDX63

BDX63A
BDX63B

N-P-N silicon epitaxial base power transistors in monolithic Darlington circuit, in
tended for audio output stages and general amplifier and switching applications. 
Encapsulated in a TO-3 envelope. P-N-P complements are BDX62, BDX62A and 
BDX62B respectively.

QUICK REFERENCE DATA

BDX63 BDX63A BDX63B
V CBO max. 80 100 120 V
V max. 60 80 100 VCEO
I max. 12 ACM
p tot

max. (T , s 25°C) 
mb 90 w

T. j max. 200 °C

hFE typ. (I =0.5A, V = 3.0V) u ct 1500

min. (I = 3. QA, V p =3.0V) 1000

fT typ. (I =3.QA, V = 3.0V) u ct 7.0 MHz

Unless otherwise stated data are applicable to all types

OUTLINE AND DIMENSIONS

Conforms to BS 3934 SO-5B/SB2-2

Collector connected to envelope
Accessories available: 56201A (insulating bush), 56201B(mica washer), 56214 (lead 

washer)

Mullard
JULY 1973 BDX63 Page 1



CIRCUIT DIAGRAM

RATINGS
Limiting values of operation according to the absolute maximum system.
Electrical

BDX63 BDX63A BDX63B
VCBO maX‘ 80 100 120 V
vCEO™ax- 60 80 100 V
VEBO maX- 5.0 5.0 5-°, V
Ip max. 8.0 A

‘cm max- 12 A
Ig max. 150 mA
P, „ max. (T . s25°C) tot mb 90 W

Temperature
T .stg -55 to +200 °C
T. max. J 200 °C

THERMAL CHARACTERISTICS

Mullard BDX63 Page 2



N-P-N SILICON
DARLINGTON POWER TRANSISTORS

BDX63 
BDX63A
BDX63B

ELECTRICAL CHARACTERISTICS (T. = 25°C unless otherwise stated)

Collector cut-off current
Min. Typ. Max.

I I_ = 0, V = 60V BDX63 0.2 mACBO E CB
I„D_ I_ = 0, V = 80V BDX63A 0.2 mACBO E CB
I„o_ L = 0, V„„ = 100V BDX63B - - 0.2 mACBO E CB
L,__ I„ = 0, V„n = 60V, T . = 150°C BDX63 - - 2.0 mACBO E CB mb
'gbo V0'7^ 807’^15^ bdx63A - - 2.0 mA
'cBO 'E = °’ VCB = 100V’ Tmb= 150°C 80X636 - - 2.0 mA

'CEO V^W307 BOX63 - - 0.5 mA

’cEO V^CE“407 BOX63A - - 0.5 mA

I„„^ L = °' = 50v BDX63B 0.5 mACEO B CE

Emitter cut-off current EBU
Ic=°, VEB = 5.0V - - 5.0 mA

h »Static forward current transfer ratior E
V0-^’w3-07 - 1500 -

'c = 7CE = 3,87 1000 - -

I = 8.QA, V„„ = 3.0V - 750C CE

V Base-emitter voltageBE
V^’W3'07 - - 2.5 V

V__. . Collector-emitter saturation voltageCE(sat) 6
1 = 3.0A, I = 12mA C B - - 2.0 V

Transition frequency

I = 3.QA, V = 3.0VC UIS - 7.0 MHz

f Cut-off frequency

I = 3.0A, V „ = 3.0V U UE - 60 kHz

WSwitch-off second breakdown voltage (bo)
I_ < 0 (see also page 8) D 50 - mJ

Vp Diode forward volcage
IF=3.QA - 1.8 V

•Measured under pulse conditions: pulse width s300ps, duty cycle s2^.

-------------------- Mullard---------------------
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DST63

Safe Operating Area with the transistor forward biased

I Region of permissible d. c. operation

II Permissible extension for repetitive pulse operation

Mullard
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N-P-N SILICON
DARLINGTON POWER TRANSISTORS

BDX63
BDX63A
BDX63B

Safe Operating Area with the transistor forward biased

I Region of permissible d. c. operation

II Permissible extension for repetitive pulse operation

Mullard
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N-P-N SILICON
DARLINGTON POWER TRANSISTORS BDX63

BDX63A
BDX63B

Mullard
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Circuit for measuring W/C,n. (see page 3) (SB)

’cm ~ ^M max. 1.5A, but preferably substantially lower; Vj, and R should be 

adjusted so that the specified I value is reached (Vj = V^ = about 15V; R = about 10052).

O is the reference point for and V2-

Mullard
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p-n-p silicon BDX64
DARLINGTON POWER TRANSISTORS ßQX64A

BDX64B
P-N-P silicon epitaxial base power transistors in monolithic Darlington circuit, in
tended for audio output stages and general amplifier and switching applications. 
Encapsulated in a TO-3 envelope. N-P-N complements are BDX65, BDX65A and 
BDX65B respectively.

Unless otherwise stated data are applicable to all types.

QUICK REFERENCE DATA

BDX64 BDX64A BDX64B
-V max. 60 80 100 VLdU
-V „ max. 60 80 100 VCEO v______________________ ,

max. 16 ACM
P max. (T < 25°C) 117 W
tot mb

T. max. 200 °Cj
h typ. (-1 =1.0A, -V =3.0V) 1500rß G Lb

min. (T_=5.0A, -V =3.0V) 1000C CB
C typ. (-1 =5.0A, -V =3.0V) 7.0 MHz1 U Lb

OUTLINE AND DIMENSIONS

Conforms to BS 3934 SO-5A/SB2-2
J.E.D.E.C. TO-3

All dimensions in mm

Collector connected to envelope
Accessories available: 56239A (insulating bush), 56201B (mica washer), 56214(leadwasher)

MAY 1974
Mullard
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CIRCUIT DIAGRAM

RATINGS
Limiting values of operation according to the absolute maximum system. 
Electrical

BDX64 BDX64A BDX64B
"Vego max- 60 80 100 V
^CEOmaX' 60 80 100 V
-V_„„ max. 5.0 5.0 5.0 VEBO , ,
-I max. 12 A

max. 16 ACM
-Ig max. 200 mA
P max. (T ^ 25°C) 117 Wtot mb

Temperature
T . -55 to +200 °C
stg 0

T. max. 200 CJ
THERMAL CHARACTERISTIC

D Oth(j-mb) 1.5 C/W

Mullard
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P-N-P silicon BDX64
DARLINGTON POWER TRANSISTORS ßßX64A

BDX64B
ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise stated)

Max.
Collector cut-off current

Min. Typ.

'Mbo M=°’ 'VCB = VCBO maX- - - 0.4 mA
"Mbo

M=°- VCB = VCBO ’ TJ = 150°C - - 3.0 mA

"Meo 1=0, -V„_=30V BDX64
d CB

- - 1.0 mA

"Meo L=0, -V =40V BDX64AB CB
- - 1.0 mA

'Meo

'Mbo

hFE

VBE

VCE(sat)

fT

Mfe

W(SB)

VF

1=0, -V__ =50V BDX64B
d CB

Emitter cut-off current
I =0, -V =5.0V 
C Bd

’Static forward current transfer ratio

’M=5-0A’ 'W3-™
- I = 10A, -V =3.0V 

C CB

Base-emitter voltage
- I = 5.0A, -V =3.0V 

C CB

Collector-emitter saturation voltage
- Ic=5.0A, -IB=20mA

Transition frequency
- I =5.0A, -V =3,0V 

C CB

Cut-off frequency
- M=5.°A. -Vce=3.0V

Switch-off second breakdown energy
- Ig < 0, see also page 8

Diode forward voltage 
IF=5.0A

1000

100

1500

1500

7.0

60

1.8

1.0

5.0

3.0

2.5

mA

mA

V

V

MHz

kHz

mJ

V

’Measured under pulse conditions: t <300ps, d <2% P

Mullard
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Safe Operating Areas with the transistor forward biased

I Region of permissible d. c. operation
II Permissible extension for repetitive pulse operation

Mullard
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P-N-P SILICON 
DARLINGTON POWER TRANSISTORS

BDX64
BDX64A
BDX64B

Mullard
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P-N-P SILICON 
DARLINGTON POWER TRANSISTORS

BDX64
BDX64A
BDX64B

-VBE(V)

Mullard
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Circuit for measuring W^gg) (see page 3)
-IcM=6.3A; "IgM max. 3.5A, but preferably substantially lower; Vp V2 and R should 
be adjusted so that the specified -lew value is reached (Vj =V2 = about 35V; R =about 100S2.) 
O is the reference point for Vj and V2.

-------------------- Mullard--------- -----------
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N-P-N SILICON BDX65
DARLINGTON POWER TRANSISTORS

BDX65B
N-P-N silicon epitaxial base power transistors in monolithic Darlington circuit, in
tended for audio output stages and general amplifier and switching applications. 
Encapsulated in a TO-3 envelope. P-N-P complements are BDX64, BDX64A and 
BDX64B respectively.

Unless otherwise stated data are applicable to all types.

QUICK REFERENCE DATA

BDX65 BDX65A BDX65B

V CBO max. 80 100 120 V
V CEO max. 60 80 100 V

’cm max. 16 A

Ptot max. (T , 5 25°C) mb 117 W

T. 
J 

hFE

max.

typ. (I =1.0A, V =3.0V) V le

200

1500

°C

min. (I =5.0A, V„ =3.0V) 1000

fT typ. (I =5.0A, V-,_ =3.0V) G Gil 7.0 MHz

OUTLINE AND DIMENSIONS

Conforms to BS 3934 SO-5A/SB2-2
J.E.D. E.C. TO-3

Collector connected to envelope
Accessories available: 56239A (insulatingbush), 56201B (mica washer), 56214(lead washer).

Mullard
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RATINGS
Limiting values of operation according to the absolute maximum system.
Electrical

BDX65 BDX65A BDX65B
VCBOmaX- 80 100 120 V

£ . ^CEOmaX‘ 60 80 100 V
- VEBOItiaX- 5.0 \______ 5.0 5.0 j V

V-
Ip max. 12 A

‘cm max- 16 A

r
I.', 
t ••

1^ max. 200 mA
P, „ max. (T . s 25°C) tot ' mb 117 W

¿U- Temperature
T .stg
Tj max.

-55 to +200
200

°C 
°C

THERMAL CHARACTERISTIC
R . 1.5 °C/W

-------------------- Mullard---------------------



N-P-N SILICON 
DARLINGTON POWER TRANSISTORS BDX65

BDX65A
BDX65B

ELECTRICAL CHARACTERISTICS (T.=25°C unless otherwise
Min.

Collector cut-off current

stated)
Typ. Max.

’CBO =0, V =60V BDX65E Cd - - 0.4 mA
’cBO Io=0, V n = 80V BDX65AE Co - - 0.4 mA
’cBO I-. = 0, V_D = 100V BDX65BE Cd - 0.4 mA
’cBO In = 0, V„= 60V. T. = 150°C BDX65 IS Cd J - - 3.0 mA
’cBO I„ = 0, V = 80V, T. = 150°C BDX65AE CB J - - 3.0 mA
’cBO 1=0, V,=100V, T. = 150°C BDX65B E CB j - - 3.0 mA

’cEO 1=0, V = 30V BDX65D CE - - 1.0 mA
’cEO I =0, V =40V BDX65AB CE - - 1.0 mA
’cEO 

’ebo

hFE

VBE

1=0, V =50V BDX65BB LB
Emitter cut-off current
V0’ ^B*5-07

’Static forward current transfer ratio
I =1.0A, V =3.0VC Cd
I =5.0A, V =3.0VC Cd
I = 10A, V =3.0VC Cd

Base -emitter voltage

1000
1500

1500

1.0

5.0

mA

mA

,r

VCE(sat)

I =5.0A, V =3.0V G Cd

Collector-emitter saturation voltage
- - . 3.0 V

Ic=5.0A, IB = 20mA
Transition frequency

- - 2.5 V

fhfe

I = 5.0A,V = 3.0VC Cd

Cut -off frequency

- 7.0 - MHz
j

W(SB)

I=5.0A, V =3.0V U Cd

Switch -off second breakdown energy
- ■ 60 - kHz

■j

< 0, see also page 8 100 - - mJ
VF 
’Measured

Diode forward voltage, I = 5.0A F
under pulse conditions, t <300ps, d <2%

- 1.8 - V

Mullard--------------



D
62

3B

Safe Operating Areas with the transistor forward biased

I Region of permissible d. c. operation
II Permissible extension for repetitive pulse operation

Mullard
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N-P-N SILICON BDX65
DARLINGTON POWER TRANSISTORS BDX65A

BDX65B

-------------------- Mullard----------------- —
BDX65 Page 5
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N-P-N SILICON BDX65
DARLINGTON POWER TRANSISTORS ßßX65A

BDX65B

-------------------- Mullard BDX65 Page 7



104
0S246

Circuit for measuring W^ggj (see page 3)

I = 6.3A; I CM BM max. 3.5A. but preferably substantially lower; V , and R should be 
adjusted so that the specified value is reached (V, = V2 =about 35V; R = about 1009)
O is the reference point for Vj and Vj.

Mullard
BDX65 Page 8



N-P-N SILICON DIFFUSED
POWER TRANSISTOR BDY20

2-BDY20

N-P-N silicon diffused power transistor, intended for high quality amp
lifiers, power supplies, inverters and similar industrial applications.

QUICK REFERENCE DATA

VCBOmaX' 100 V

VCEO maX- 60 V

‘cMmax- 15 A
PA , max. (T 25°C) 

tot ' mb ' 115 W
T max. 

J
h (I =4.0A, V =4.0V) r it U UE

200 °C

20 to 70

fTtyp. (I =1.0A, V =4.0V, f=1.0MHz) 1 U UE 1.0 MHz

OUTLINE AND DIMENSIONS

Conforming to B.S. 3934 SO-5B/SB2-2
J.E.D.E.C. TO-3

Collector connected to envelope

Accessories available: 56239A (insulating bush), 56201B (mica washer), 
56214 (lead washer)

MAY 1974
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RATINGS
Limiting values of operation according to the absolute maximum system.
Electrical

V___ max. 100 VCBO
^CEO maX' <M = °'2A) 60 V
vCERmax. (Rbe = 1008, Ic = 0.2A) 70 V
V___ max. 7.0 VEBO 
1^ max. 15 A
I , max. 15 ACM

"Mm1"“- 15 A
P, . max. (T S25°C) 
tot mb 115 W

Temperature
T x min. -65 °C

M'
stg 

T max. 200 °C
stg

T. max. J 200 °C

* THERMAL CHARACTERISTICS
R, , In free air 40 degC/W

iff <■ th(j-amb) 
Rth(j-mb) ; 1.5 degC/W

£ R Contact thermal resistance‘ without insulating material 0.5 degC/W

1 R Contact thermal resistance withm lead and mica washers,
accessories 56214, 56201B 0.75 degC/W

ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise stated)k
Min. Typ. Max.

..* Collector cut-off current
Mbo vcb=100V’M=0 3. Op A 5.0 mA

Mex VCE=1OOV- -vbe=1-5v 4.0pA 5.0 mA

s -

Mex vce=1oov' -vbe=1-5v’
T. = 150°C J 0.3 10 mA

r I Emitter cut-off currentEB° V =7.0V, I =0 l.OnA 5.0 mA
* ■ EB C

V Base-emitter voltageBE I =4.0A, V = 4.0V 1.1 1.8 VC ’ CE

Mullard BDY20 Page 2



N-P-N SILICON DIFFUSED
POWER TRANSISTOR BDY20

2-BDY20

ELECTRICAL CHARACTERISTICS (cont'd)
Min. Typ. Max.

V„_, Collector-emitter saturationCE(sat)' ' voltage 
I =4.0A, I = 0.4AU E - 0.4 1.1 V

h^ Static forward current
transfer ratio
V4-0^ VCE=4 0V 20 - 70

C Collector capacitanceC W«’ VCB=20V-
f=1.0MHz — 250 - PF

f Transition frequency
I =1.0A, V =4.0V, V VUi
f=1.0MHz - 1.0 MHz

f, . Cut-off frequency“e Ic = 1.0A, Vce = 4.0V - 15 - kHz
Switching times (see Fig.l and Fig.2)

I = 4.0V, I =-T = 0.4AC Bon Boff
Turn-on
t Delay time 0.4 MS
t Rise timer - 2.0 - MS
Turn-off
t Storage time - 2.0 - MS
tf Fall time - 2.5 - MS

CHARACTERISTICS OF MATCHED PAIRS

bFEl Ratio of static forward current
----  transfer ratio of a matched
FE2 pair

I =0.4A, V =4.0V 1.6C CE
I =4.0A, V =4.0V 1.3C CE

Mullard BDY20 Page 3



Switching times

Test circuit

Waveforms

t^ and tr measurement ts and tf measurement

Mullard BDY20 Page 4



N-P-N SILICON DIFFUSED
POWER TRANSISTOR BDY20

2-BDY20

I. Operation is allowed under all base-emitter conditions, provided no limiting 
values are exceeded.

II. Operation is allowed when the transistor is cut-off,provided -VBE^1.5V.
in. Operation is allowed during switch-off, provided the transistor is cut-off 

with -VgE«1.5V and the transient energy does not exceed 75mWs.

AGAINST BASE-EMITTER RESISTANCE

Mullard BDY20 Page 5



TRANSIENT THERMAL RESISTANCE PLOTTED AGAINST 
PULSE DURATION

------------Mullard BDY20 Page 6



N-P-N SILICON DIFFUSED
POWER TRANSISTOR

BDY20
2-BDY20

VARIATION OF COLLECTOR CUT-OFF CURRENT WITH 
JUNCTION TEMPERATURE

Mullard BDY20 Page 7
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N-P-N SILICON DIFFUSED
POWER TRANSISTOR

BDY20
2-BDY20

TYPICAL VARIATION OF STATIC FORWARD CURRENT TRANSFER 
RATIO AND TRANSITION FREQUENCY WITH COLLECTOR CURRENT

----------------- Mullard BDY20 Page 9



N-P-N SILICON DIFFUSED
POWER TRANSISTOR

BDY38
2-BDY38

N-P-N silicon diffused power transistor, intended for amplifier, converter 
and voltage stabiliser applications.

QUICK REFERENCE DATA
VCBOmaX- 50 V
VCEOmaX' 40 V

'cm““’ 6.0 A
P, , max. (T 525°C) tot mb ' 115 W
T. max. 200 °C
hFE min. ac = 2.0A, VC£=4.OV) 30
C typ. (I =1.0A, V =4.0V, f=1.0MHz) 1 U UIS 1.0 MHz

OUTLINE AND DIMENSIONS
Conforming to B.S. 3934 SO-5B/SB2-2

J.E.D.E.C. TO-3

Collector connected to envelope 
Accessories available: 56239A (insulating bush), 56201B (mica washer), 

56214 (lead washer)

MAY 1974 Mullard BDY38 Page 1



RATINGS
Limiting values of operation according to the absolute maximum system.
Electrical

VCBOmaX' 50 V
VCEO maX- V200^) 40 V
VEBO maX' 7.0 V
Ip max. 6.0 A

max. CM 6.0 A
-I max. EM 8.0 A
I max. BM 2.0 A
PA „ max. (T . —25°C) tot mb 115 W

Temperature
°C 
°C

Tstg range
T. max. J

-65 to 200
200

THERMAL CHARACTERISTICS
Ra.„ ,, In free airth(j-amb) 40 degC/W
Bth(j-mb) 1.5 degC/W
R , Contact thermal resistance' without insulating material 0.5 degC/W
RA,, . v. Contact thermal resistance

' with lead and mica washers.
accessories 56214, 56201B 0.75 degC/W

ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise stated)
Min. Typ. Max.

Collector cut-off current
ICBO - 3.0MA 1.0 mA
*CES vce=50v’ vbe=0 - 3.0/jA 1.0 mA

XEBO Emitter cut-off current
veb=7-ov’ ic=0 - l.OnA 5.0 mA

VCE(sat) Collector-emitter saturation 
voltage
I =2.0A, I =0.2A C £> - - 0.7 V

VBE Base-emitter voltage
I =2.0A, V =4.0V U ut - - 2.0 V

FE Static forward current 
transfer ratio
I =0.2A, V =4.0V U Lb 30 - -
Ic = 2.0A, VCE=4.0V 30 - -
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N-P-N SILICON DIFFUSED
POWER TRANSISTOR BDY38

2-BDY38

ELECTRICAL CHARACTERISTICS (cont'd)

Min. Typ. Max.

fT Transition frequency
I =1.0A, V =4.0V, v Ub
f=1.0MHz - 1.0 - MHz

Ctc Collector depletion 
capacitance
VCB=20V’ W“’
f=1.0MHz - 250 - PF

CHARACTERISTICS OF MATCHED PAIRS

h„„. Ratio of static forwardFEI . ,- ------ current transfer ratio
hFE2 I =0.2A, V_ =4.0V 1.5

I =2.0A, V =4.0V L Lt - - 1.3

Mullard BDY38 Page 3



AREAS OF SAFE OPERATION
I. Operation is allowed under all base-emitter conditions, provided no limiting 

values are exceeded.
n. Operation is allowed when the transistor is cut-off,provided -Vgg^l.SV.
Ill. Operation is allowed during switch-off, provided the transistor is cut-off

MAXIMUM ALLOWABLE COLLECTOR-EMITTER VOLTAGE PLOTTED 
AGAINST BASE-EMITTER RESISTANCE

Mullard BDY38 Page 4



N-P-N SILICON DIFFUSED
POWER TRANSISTOR BDY38

2-BDY38

MAXIMUM PERMISSIBLE TOTAL DISSIPATION PLOTTED AGAINST 
AMBIENT TEMPERATURE

TRANSIENT THERMAL RESISTANCE PLOTTED AGAINST 
PULSE DURATION

Mullard BDY38 Page 5



TYPICAL COLLECTOR CUT-OFF CURRENT PLOTTED AGAINST 
JUNCTION TEMPERATURE
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N-P-N SILICON DIFFUSED
POWER TRANSISTOR BDY38

2-BDY38

TYPICAL MUTUAL CHARACTERISTIC !

Mullard ' BDY38 Page 7



TYPICAL VARIATION OF STATIC FORWARD CURRENT TRANSFER 
RATIO AND TRANSITION FREQUENCY WITH COLLECTOR CURRENT
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N-P-N SILICON
HIGH-POWER TRANSISTORS

BDY90
BDY9I
BDY92

N-P-N silicon high-power transistors in metal envelopes for use in converters, 
inverters, switching regulators and switching control amplifiers.

Unless otherwise stated data are applicable to all types

QUICK REFERENCE DATA
BDY90 BDY91 BDY92

VCBOmaX- 120 100 80 V
VCEO maX- 100 80 60 V

’cm max- 15 15 15 A
Ptot1»*X- 40 40 40 W

VCE(sat) max- <V10A’ ’b = 1A> 
tfmax. (IC = 5A,

1.5 1.5 1.0 V

VCc = 3°v) 0.2 0.2 0.2 ps
f_typ. (I =0.5A, V =5V,f=5MHz) 1 V VIL 70 70 70 MHz

OUTLINE AND DIMENSIONS
Conforms to BS 3934 SO-5A/SB2-2

J.E.D.E.C. TO-3

All dimensions in mm 
Collector electrically connected to case

Accessories available: 56201A (insulatingbush), 56201B (mica washer), 56214 (lead washer)

JUNE 1974
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RATINGS
Limiting values of operation according to the absolute maximum system.
Electrical BDY90 BDY91 BDY92
VCBOmaX-
VCEX maX'

120
120

100 80
100 80

V
V

VCEO maX- 100 80 60 V
VEBOmaX- 6.0 k____ 6.0 6. 0 V

I max. 10 A

'cm max' 
IB max.

15
2.0

A
A

‘bm^'
-1E max.

3.0
11

A
A

-I„_, max. EM
P, .max. (T ,<75°C) tot mb-

Temperature

15
40

A
W

T .stg
T. max.

65 to +175
175

°C 
°C

THERMAL CHARACTERISTIC
Bth(j-mb) 2.5 ,

ELECTRICAL CHARACTERISTICS (T. = 25 C unless otherwise stated)
' degC/W

I„„Y Collector cut-off current, Tmb = 150°C
V =1.5V, V =V max.iSi? UIS UhA

V , Collector-emitter saturation voltage
CE<Sat> Ic = 5.0A, Ib = 0.5A

Min. Typ. Max.
3.0 mA

0.5 V
1 =10A, I=1.0A BDY90,91C B BDY92 - 1.

1.
5 V
0 V

V , Base-emitter saturation voltageBE<8at) Ic = 5.0A, I^O.SA - 1. 2 V
Ic = 10A, Ig = 1.0A - 1. 5 V
Static forward current transfer ratio FE

'c=50A’ 7ce=5'ov
'c=10A’ vce=6’07

f Transition frequencyT I =0.5A, V =5.0V, f=5.0MHz
C UE

35
30
20

120

70 MHz

Mullard BDY90-Page 2



N-P-N SILICON
HIGH-POWER TRANSISTORS

BDY90
BDY9I
BDY92

ELECTRICAL CHARACTERISTICS (contd.)

Min. Typ. Max.

Switching characteristics (see test circuit and waveforms)

I =5.0A, I_. = -I = 0.5A, V =30VC B(on) B(off) CC

MS

MS

MS

Waveforms

Mullard BDY90-Page 3



SAFE OPERATING AREAS (Regions I and H, forward biased)
I Region of permissible d.c. operation
II Permissible extension for repetitive pulsed operation
m Repetitive pulsed operation in this region is allowable, provided -VT>t,>1.5V

-----------------— Mullard BDY90-Page 4



N-P-N SILICON
HIGH-POWER TRANSISTORS

BDY90
BDY9I
BDY92

SAFE OPERATING AREAS (Regions I and II, forward biased)

I Region of permissible d. e. operation
n Permissible extension for repetitive pulsed operation
HI Repetitive pulsed operation in this region is allowable, provided -V >1.5V BE ”

Mullard
BDY90-Page 5



SAFE OPERATING AREAS (Regions I and n, forward biased)

I Region of permissible d. c. operation
II Permissible extension for repetitive pulsed operation
III Repetitive pulsed operation in this region is allowable, provided -V^^sl-SV

-------------------- Mullard BDY90-Page 6



N-P-N SILICON
HIGH-POWER TRANSISTORS BDY90

BDY9I
BDY92

--------------------Mullard---------------------
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D2354
T 1

VCE=SV
Tj =2 5°C
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N-P-N SILICON
HIGH-POWER TRANSISTORS

BDY90
BDY9I
BDY92

Mullard
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N-P-N SILICON
HIGH VOLTAGE POWER TRANSISTORS BDY93

BDY94
BDY95

High voltage n-p-n silicon power transistors intended for use in converters, in
verters , switching regulators and motor control systems.

Unless otherwise stated data are applicable to all types

QUICK REFERENCE DATA

BDY93 BDY94 BDY95

VCESM m8X’ 750 750 600 V

VCEOmaX' 350 300 250 V

Mm^' 6 0 6.0 6.0 A
Ptot ^mb S 50°C) 30 30 ’ 30 w

vCE(sat) max' ^c “ 2 5A’ IB = 0 5A) 1.5 1.5 1.5 V

tf typ dc = 2 sa, iB(on) = -Mioff)’0^-
VCC = 125V) 0.4 0.5 0.5 /IS

OUTLINE AND DIMENSIONS

Conforms to BS3934 SO - 5A/SB2 - 2
J.E.D E.C. TO - 3

Accessories available: 56201A (insulating bush), 56201B (mica washer), 
56214 (lead washer).

MARCH 1972 Mullard BDY93 Page 1



RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical

BDY93 BDY94 BDY95

VCESMmaX- 750 750 600 V

VCEXM m&X‘ ’~VBE =750 750 600 V

VCEO maX 350 300 250 V

1^ max. 3.0 A

ICM max. 6 0 A

^CM max. 3.0 A

I_ max. 2.0 A

'em"1“- 2.0 A

”’b(AV) max . (reverse d.c. or averaged over 
any 20ms period) 100 mA

-IBM (peak reverse value, turn-off current) 1.5 A

Ptot max. ^mb * 50°c) 30 W

Temperature

T stg -65 to +125 °C

T. max. 
J

125 °C

THERMAL CHARACTERISTICS

Rth(j-mb) 2.5 °C/W

Rth(mb-h) (with mica washer 56201B 
and lead washer 56214) 0.75 °c/w

Rth(mb-h) (with lead washer 56214 only) 0.5 °c/w
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N-P-N SILICON
HIGH VOLTAGE POWER TRANSISTORS

BDY93
BDY94
BDY95

ELECTRICAL CHARACTERISTICS (T- = 25°C unless otherwise stated)

‘CES ♦Collector cut-off current
VCESM

VCESM

- max.

= max.
VBE = 0

VBE = 0.Tmb

‘ebo Emitter cut-off current 
V°’ VEB = 6.0V

VCEO(sust) Collector-emitter sustaining vo] 
IB = 0, Ic = 100mA, L=25mH

Min. Typ. Max.

0 5 mA

125°C - 2.0 mA

- - 5 0 mA

ge 
BDY93 350 V
BDY94 300 - - V
BDY95 250 - - V

D4039

♦Measured with a half sine wave voltage(curve tracer)

VCE(sat) Collector-emitter saturation voltage
I =1.0A, I„ = 0.1A - - 1.0 V

IC = 2.5A, IB = 0.5A - - 1.5 V

V vBE(sat) Base-emitter saturation voltage
Ir, = 2.5A, I„ =0.5A - - 1.5 V

^FE Static forward current transfer ratio
Ic = 3.0A, VCE = 5.0V 5 - -

I =1.0A, V„„ = 5 0V BDY93 15 - 60
BDY94 25 — 80
BDY95 25 - 80
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ELECTRICAL CHARACTERISTICS (contd)

Min. Typ. Max.

fT Transition frequency
Ic = 0.2A, VCE = 10V, f = 1.0MHz - 8.0 MHz

C„ Collector capacitance
C I„ = I =0, Vrn=10V, f=1.0MHz

E e CB - 85 PF

C„ Emitter capacitance
Ir = I =0, V_ =2.0V, f=I.0MHz C c EB - 1.4 nF

Switching characteristics
5A, V =125V wIc 2.5A, IB(on) rB(off)'0'

ton Turn-on time 0.25 0.5 ps

’s Storage time BDY93 - 2.0 3.0 ps
BDY94.95 - 2.0 3.5 ps

’f Fall time BDY93 - 0.4 0 6 ps
BDY94.95 - 0 5 1 0 ps

tf Fall time at T , = 95°C mb BDY93 - - 1.2 ps
BDY94.95 - - 2.0 ps

T «1ms 
t p*20ys

Mullard
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N-P-N SILICON
HIGH VOLTAGE POWER TRANSISTORS BDY93

BDY94
BDY95

SAFE OPERATING AREAS (REGIONS I, II, AND III FORWARD BIASED)

I Region of permissible d.c. operation

II Permissible extension for repetitive pulse operation.

Ill Area of permissible operation during turn-on in single- transistor converters, 
provided tpi 0.6ps and RgE - lOOfi.

IV Repetitive pulse operation in this region is allowable, provided V__ £ 0 and . .BE

--------------------Mullard---------------------BDY93 Page 5



04043

SAFE OPERATION AREAS (REGIONS I AND II FORWARD BIASED)

I Region of permissible d.c. operation

II Permissible extension for repetitive pulse operation

III Repetitive pulse operation in this region is allowable, provided 0 and BE

Mullard BDY93 Page 6



N-P-N SILICON
HIGH VOLTAGE POWER TRANSISTORS BDY93

BDY94
BDY95

SAFE OPERATING AREAS (REGIONS I AND II FORWARD BIASED)

I Region of permissible d.c. operation

II Permissible extension for repetitive pulse operation

III Repetitive pulse operation in this region is allowable, provided V s 0 and 
t <2ms. BE
P

Mullard
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BDY93
BDY94
BDY95

N-P-N SILICON
HIGH VOLTAGE POWER TRANSISTORS
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N-P-N SILICON
HIGH VOLTAGE POWER TRANSISTORS BDY93

BDY94
BDY95
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N-P-N SILICON
HIGH VOLTAGE POWER TRANSISTORS

BDY93
BDY94
BDY95
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N-P-N SILICON
HIGH VOLTAGE POWER TRANSISTORS BDY96

BDY97
BDY98

High voltage n-p-n power transistors in a TO-3 envelope, intended for use in converters, 
inverters, switching regulators and motor control systems.

MECHANICAL DATA

QUICK REFERENCE DATA

BDY 
96

BDY 
97

BDY
98

Collector-emitter voltage (VgE = 0) VCESM max. 750 750 600 V

Collector-emitter voltage (open base) VCEO max. 350 300 250 V

Collector current (d.c.) max. 10 10 10 A

Collector current (peak value) 

Total power dissipation up to
!cm max. 15 15 15 A

Tmb = 65 °C

Collector-emitter saturation voltage
Ftot max. 40 40 40 W

Ic = 5 A; IB = 1 A 

Fall time
VCEsat < 1 1.5 1,5 V

Ic = 5 A; IB1 = —IB2 = 1 A; Vqc = 250 V tf typ- 0,3 0,5 0,5 ps

Dimensions in mm

TO-3

Collector connected to case

Accessories available: 56201,1 (insulating bush), 56201 B (mica washer), 
56214 (lead washer).

MAY 1973
Mullard
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RATINGS Limiting values in accordance with the Absolute Maximum System

Voltage BDY
96

BDY
97

BDY
98

Collector-emitter voltage (Vgg = 0) 
peak value VCESM max. 750 750 600 V

Collector-emitter voltage (open base) VCEO max. 350 300 250 V

Current
Collector current (d.c.) !C max. 10 A

Collector current (peak value; tp 1 ms) ’cm max. 15 A

Base current (d. c.) ’b max. 4 A

Base current (peak value; tp < 1 ms) ’bm max. 6 A

Reverse base current (d.c. or average 
over any 20 ms period) -IB(AV) max. 100 mA

Reverse base current(peak value) ’) -IBM max. 4 A

Power dissipation

Total power dissipation up to
Tmb = 65 °C Ptot max. 40 W

Temperature

Storage temperature Tstg — 65 to+125 °C

Junction temperature Ti max. 125 °C

THERMAL RESISTANCE
From junction to mounting base O-th j -mb = 1,5 °C/W

From mounting base to heatsink: 
with mica washer and lead washer Rthmb-h = 0,75 °C/W

with lead washer only ^th mb -h = 0,5 °C/W

1) Turn-off current

Mullard
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N-P-N SILICON
HIGH VOLTAGE POWER TRANSISTORS

BDY96
BDY97
BDY98

Tj = 25 °C unless otherwise specifiedCHARACTERISTICS

Collector cut-off current b
BDY
96

BDY
97

BDY
98

Vce - 600 V; vbe - 0 Mes < - - 0,5 mA

Vce = 75° v; vBE = o ÏCES < 0,5 0,5 — mA

VCE = 600 V; VBE = 0; Tj = 125 °C Mes < - - 2 mA

VCE = 750 V: VBE = Tj = 125 °c ^ES < 2 2 — mA

Emitter cut-off current

IC = 0: VEB = 6 V Mbo < 5 5 5 mA

D.C. current gain

M = 2A: VCE = v hFE 15 to 60 25 to 80 25 to 80

Saturation voltage

Ic = 5 A; IB = 1 A V <CEsat .1 1,5 1,5 V

vBEsat < 1,4 1, 4 1, 4 V

Ic = 10 A; IB = 3.3 A VCEsat < 3 5 5 V

VBEsat < 2 2' 2 V

Collector -emitter sustaining voltage

IC = 100 mA; IB = 0; L = 25 mH ^CEOsust> 350 300 250 V

Oscilloscope display for VCEosust Test circuit for VCEOsust

1) Measured with a half sine wave voltage (curve tracer).

Mullard
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Tj = 25 °C unless otherwise specifiedCHARACTERISTICS (continued)

BDY BDY BDY

Transition frequency at f = 1
96 97 98

MHz

Ic = 0, 2 A; VCE = 10 V fT typ. 10 10 10 MHz

Switching times

Ip = 5 A; IB1 = -Ig2 = 1 A, 
Turn -on time

Vcc = 250 V
typ- 0.35 0,35 0,35 ps

ton < 0,5 0,5 0,5 ps

Turn-off storage time ts typ- 2,5
3,0

3,0
4,0

3,0
4,0

Ms
Ms

Turn-off fall time tf
typ- 0,3

0,4
0,5
0,9

0,5
0,9

ps 
ps

Turn-off fall time. Tmb = 95 °C tf < 1 2 2 ps

-------------------- Mullard----------------- —
BDY96 - Page 4



N-P-N SILICON
HIGH VOLTAGE POWER TRANSISTORS

BDY96
BDY97
BDY98

Safe Operating Area with the transistor forward biased (region I + II)

I Region of permissible d. c. operation

II Permissible extension for repetitive pulse operation

III Repetitive pulse operation in this region is allowable 
provided V$E 5 0 and tp < 2 ms

1) Independent of temperature

Mullard BDY96 - Page 5



Safe Operating Area with the transistor forward biased (region I 4- II)

I Region of permissible d.c. operation

II Permissible extension for repetitive pulse operation

III Repetitive pulse operation in this region is allowable 
provided 0 and tp < 2 ms

b Independent of temperature

-------------------- Mullard---------------------
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N-P-N SILICON
HIGH VOLTAGE POWER TRANSISTORS

BDY96
BDY97
BDY98

Safe Operating Area with the transistor forward biased (region I + II)

I Region of permissible d. c. operation

II Permissible extension for repetitive pulse operation

III Repetitive pulse operation in this region is allowable 
provided Vgg s 0 and tp S 2 ms

') Independent of temperature

Mullard
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N-P-N SILICON
HIGH VOLTAGE POWER TRANSISTORS BDY96

BDY97
BDY98
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N-P-N SILICON
HIGH VOLTAGE POWER TRANSISTORS BDY96

BDY97
BDY98

Mullard
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BFI80U.H.F. SILICON PLANAR
N-P-N TRANSISTOR

U.H.F. n-p-n silicon planar transistor with forward gain control charac
teristics, intended for use in the r.f. amplifier stage of television integrated 
tuners. TO-72 construction with the shield connected to envelope.

QUICK REFERENCE DATA
VCBO maX’ 30 V
Ip max. 20 mA
PA max. (T , =25°C) tot amb
Max. unilateralised power gain typ.

150 mW

f = 200MHz 24 dB
f = 900MHz

Noise figure typ.
12 dB

f=200MHz, y$= optimum 2.5 dB
f = 800MHz, y$ = optimum 5.7 dB

OUTLINE AND DIMENSIONS
Conforms to B.S. 3934 SO-12A/SB4-3

Millimetres
Min. Nom. Max

- - 4.8
- .- 5.3

12.7 - -
- 0.43 -
- 1.0 -
- 1.05 -
- 2.54 -

5.3 5.55 5.8

Connections 1. Emitter 3. Collector
2. Base 4. Shield connected to envelope

Mullard
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RATINGS
Limiting values of operation according to the absolute maximum system.

Electrical
VCBO maX' 30 V

VCEO maX' 20 V

VEBO maX- 3.0 V

I max. 20 mA

’cm max- 20 mA
PtotmaX-<Tamb = 25°C) 150 mW

Temperature
T . min. stg

-65 °C 
o

T . max. 175 c
stg o

T. max. 
J

175 c

THERMAL CHARACTERISTIC

0. K j-amb
1.0degC/mW

oELECTRICAL CHARACTERISTICS (T . =25 C) amb

I Base current

Typ. Max.

B -Ie = 2.0mA, VCB=10V 45 150 pA

-IE = 12mA, VCB = 7.0V

-V Emitter-base voltage

2.2 mA

EB -I =2.0mA, V =10V
E U -D

-c Feedback capacitance
re I =1.0mA, V =10V,

U UE

0.75 - V

10.7MHz

f Transition frequency

0.280 - pF

T I -2.0mA, V -10V
U UE 675 - MHz

Mullard
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U.H.F. SILICON PLANAR
N-P-N TRANSISTOR BFI80

Min. Typ. Max.

F »Noise figure
-I =2.0mA, V =10V, E Lb
B =0 s
f = 200MHz, G =40mmho 4.5 dBs
f = 800MHz, G -lOmmho 7.0 9.5 dBs

* Stage gain
-I =2.0mA, v =10V, E C13
f = 200MHz, G =40mmho s
B -0, Gt =1.0mmho, s L
B^-tuned 16.5 dB
f = 900MHz, G =20mmho s
B =0, Gt =2.0mmho, s L
B =tunedL 7.5 9.0 dB

Stage gain control range
See graphs on page C4

G , *Max.  unilateralised powerUM
I N2 

gum-10 og 4g.b.gob

-I =2.0mA, V =10Vt. L< D
f = 50MHz

gain

32 dB

f = 200MHz - 24 dB

f = 500MHz - - 14 dB

f= 900MHz - 12 dB

*A11 measurements taken in common base configuration with the metal 
envelope connected directly to earth and with the external lead length = 1mm.

Mullard
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SOLDERING AND WIRING RECOMMENDATIONS
1. When using a soldering iron, transistors may be soldered directly into 

the circuit, but heat conducted to the junction should if possible be kept 
to a minimum by the use of a thermal shunt.

2. Transistors may be dip-soldered at a solder temperature of 245°C for 
a maximum soldering time of 5 seconds. The case temperature during 
soldering must not at any time exceed the maximum storage temperature.

3. Care should be taken not to bend the leads nearer than 1.5mm from the 
seal.

o4. If devices are stored above 100 C before incorporation into equipment, 
some deterioration of the external surface is likely to occur which may 
make soldering into the circuit difficult. Under these circumstances the 
leads should be retinned using a suitable activated flux.

Mullard
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U.H.F. SILICON PLANAR
N-P-N TRANSISTOR BFI80

TYPICAL INPUT AND OUTPUT Y-PARAMETERS PLOTTED AGAINST 
FREQUENCY

----------------- Mullard------------------
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TYPICAL TRANSFER AND FEEDBACK Y-PARAMETERS PLOTTED 
AGAINST FREQUENCY

Mullard
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U.H.F. SILICON PLANAR
N-P-N TRANSISTOR BFI80

TYPICAL NOISE FIGURE PLOTTED AGAINST FREQUENCY WITH 
OPTIMUM SOURCE ADMITTANCE INDICATED AT SPECIFIC 

FREQUENCIES

----------------- Mullard------------------
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CONTROL CHARACTERISTICS-STAGE GAIN PLOTTED AGAINST 
EMITTER CURRENT WITH FREQUENCY AS A PARAMETER
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U.H.F. SILICON PLANAR
N-P-N TRANSISTOR BFI8I

U.H.F. silicon planar n-p-n transistor intended for use as a self-oscillating 
mixer or mixer in television integrated tuners. TO-72 construction with 
shield connected to envelope.

QUICK REFERENCE DATA

VCBO 30 V

I max. 20 mA
P max. (T =25°C) 

tot amb
150 mW

Max. unilateralised power gain typ.

f = 900MHz 11 dB

Noise figure typ.
f = 900MHz, y = optimum s

6.8 dB

fT typ. 600 MHz

OUTLINE AND DIMENSIONS

J.E.D.E.C. TO-72
Conforms to B.S. 3934 SO-12A/SB4-3

r—A—* Millimetres

J Min. Nom. iviax
B A - 4.8

I B - - 5.3
1 C 12.7

g C1 D - 0.43

H G 4
L2d

j E - 1.0 -

JUd f - i-05
r~E G - 2.54
__ 1

-t-v T H 5.3 5.55 5.8

Viewed from underside

Connections 1. Emitter 3. Collector

2. Base 4. Shield connected to envelope

Mullard
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RATINGS
Limiting values of operation according to the absolute maximum system.

Electrical
^CBO maX* 30 V

VCEO maX‘ 20 V

VEBO maX- 3.0 V

I max. 20 mA

I ,, max. CM
20 mA

P max. (T . =25°C) 
tot amb

Temperature

150 mW

°C
0

T x min. stg -65

T , max. stg 175 C

T max. 
J

THERMAL CHARACTERISTIC

175 °C

O. . j-amb 
ELECTRICAL CHARACTERISTICS (T u amb

I Base current

l.OdegC/mW
= 25°C)

Typ. Max.

-IE=2.0mA, V^IOV

-V Emitter-base voltage •

70 150

B -IE = 2.0mA, VCB-10V

-c Feedback capacitance
re 1=1.OmA, V =10V,

u cr.

0.75 V

f = 10,7MHz

f Transition frequency .

0.280 pF

I =2.OmA, V “10V V Lt 600 MHz

Mullard
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U.H.F. SILICON PLANAR
N-P-N TRANSISTOR BFI8I

Typ. Max.

♦Small signal y-parameters
-IE 2

gob

Cob

.0mA, V^ = 10V, f = 35MHz CB

Output conductance

Output capacitance 0.9

10 jonho
PF

gum 'Maximum unilateralised power gain
2

G -10 logj^-
UM 4gib-gob

Typ.

-I =2.OmA, V =10V, f = 500MHz 13.5 dB

-I = 2.OmA, V -10V, f = 900MHz E CB
♦Stage gain

-I =2. OmA, V =10V, f = 900MHz E CB
G -20mmho, B =0, s s

11 dB

G =2.0mmho, B =tunedL L 8.0 dB

♦All measurements taken in common base configuration with the metal 
envelope connected directly to earth and with the external lead length-1mm.

SOLDERING AND WIRING RECOMMENDATIONS

1. When using a soldering iron, transistors may be soldered directly into 
the circuit, but heat conducted to the junction should if possible be kept 
to a minimum by the use of a thermal shunt.

2. Transistors may be dip-soldered at a solder temperature of 245°C for 
a maximum soldering time of 5 seconds. The case temperature during 
soldering must not at any time exceed the maximum storage temperature.

3. Care should be taken not to bend the leads nearer than 1.5mm from the 
seal.

4. If devices are stored above 100°C before incorporation into equipment, 
some deterioration of the external surface is likely to occur which may 
make soldering into the circuit difficult. Under these circumstances the 
leads should be retinned using a suitable activated flux.

Mullard
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U.H.F. SILICON PLANAR
N-P-N TRANSISTOR BFI8I

TYPICAL INPUT AND OUTPUT Y-PARAMETERS PLOTTED AGAINST 
FREQUENCY

Mullard
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TYPICAL TRANSFER AND FEEDBACK Y-PARAMETERS PLOTTED 
AGAINST FREQUENCY
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U.H.F. SILICON PLANAR
N-P-N TRANSISTOR BFI8I

TYPICAL NOISE FIGURE AT OPTIMUM SOURCE ADMITTANCE 
PLOTTED AGAINST FREQUENCY

Mullard
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SILICON PLANAR EPITAXIAL
N-P-N TRANSISTOR BFI94

N-P-N transistor in plastic encapsulation with three rigid self-locking 
strips suitable for insertion into printed circuit boards using standard grids . 
The transistor is recommended for use in the i.f. amplifier stages of car 
radios and a.m./f.m. receivers, also for use in the sound i.f. stages of 
television receivers.

QUICK REFERENCE DATA

VCBO maX- 30 V

VCeo 20 V
I max. 30 mA

P. . max. tot 220 mW
T. max. j 125 °C

hpptyP- (I =1.0mA, V =10V) r il Lz viL 115
fTtyp. (I = 1.0mA, V =10V) i C VIL
Ntyp. (I =1.0mA, V =10V, C UiL

260 MHz

g$ = 20mmho, f = 100MHz) 4.0 dB

NctyP- (Ic = 1.0mA, V^IOV,

g = 10mmho, f = 1.0MHz) 2.0 dB

OUTLINE AND DIMENSIONS
For details see page 4'

Front View
Scale 3:1

D5542

N.B. Devices in this Data Sheet should be ordered by the type number 
followed by Reference 0220.
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RATINGS
Limiting values of operation according to the absolute maximum system.

Electrical
f- „ max. (I =0) 30 V
; CBO E '
? V max. (1=0, see curve on page 7) , 20 Vi CEO ' B

VEBOmaX- ^C^ 5.0 V

I max. 30 mA

I max. 30 mA
CM

' P, , max. (T , <25°C)
tot amb 220 mW

i Temperature

S: ' T min. -65 °C
; stg n
' T max. 125 cstg o
? T max. 125 c

i
THERMAL CHARACTERISTIC

--- Rf: th(j-amb) 0.45 degC/mW

fc. ELECTRICAL CHARACTERISTICS (T ,= 25°C unless otherwise stated)
t. amb
s Min. Typ. Max.

V Base-emitter voltage (see note 1)
F E I =1.0mA, V ^1()V 650

U vL - 740 mV
h I Base current
S ‘ 1=1.0mA, V =10V 4.5it; ; U UH 8.7 15 pA

j- -C Feedback capacitance
, re 1=1.0mA, V =10V,£ C CE
' f = 0.45MHz 0.95 pF

L f Transition frequency
J I =1.0mA, V =10V!j’ . , U Ci Hi 260 MHz

) NOTE
f
f 1. VBg decreased by approximately 1.7mV/degC with increasing tern-
? perature.

i SOLDERING NOTE

i For soldering Irons or for dip-soldering, the Iron temperature or solder
J temperature may rise to 300°C for a maximum of three seconds, with the
; transistor lock-fitted on printed boards in either of the possible mounting
v positions.

f ----------------- Mullard
f
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SILICON PLANAR EPITAXIAL
N-P-N TRANSISTOR BFI94

ELECTRICAL CHARACTERISTICS (cont'd) 

Min. Typ. Max.

N Noise figure
I = 1.0mA, V =10V G Gib
g =2.0mmho, f = 0.2MHz s - 1.5 - dB
g -1.5mmho, f = 1.0MHz - 1.2 - dB

g = 10mmho, f = 100MHz s - 4.0 - dB

Conversion noise figure
I =1.0mA, V =10V C Gib
g = 0.6mmho, f = 0.2MHz s 3.0 dB

g =1.2mmho, f = 1.0MHz s - 2.0 - dB

Typical y-parameters
Common base

Common emitter

= 1.0n>A, V = 10V, f=100MHz, lead length = 3.0mm C GE

sib Input conductance 36 mmho

-b ib Input susceptance 3.0 mmho

|yrb| Feedback admittance 450 pt mho

0 .rb Phase angle of 
feedback admittance 272 deg

lyfb 1 Transfer admittance 33 mmho

*fb Phase angle of 
transfer admittance 146 deg

gob Output conductance 22 /imho

bob Output susceptance 1.1 mmho

I ~ 1.0mA, V = 10V, lead length = 3.0mm G GE
f = 10.7 0.45 MHz

Input conductance <0.64 <0.54 mmho

gQe Output conductance <13.5 <11.5 /imho
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OUTLINE AND DIMENSIONS

Mounting details
Maximum thickness of 
printed board ■ 1.7 mm

Recommended hole 
diameter “ 1.0 to 1.1mm 
(1.0 to 1.3mm allowable)

a “ 2.49 to 2.59mm

b ■ 5.03 to 5.13mm

Maximum thickness of 
printed board ■ 1.1mm

Hole diameter ■ 0.77 to 0.83mm

DSS46

See also General Explanatory Notes Section IV.
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SILICON PLANAR EPITAXIAL
N-P-N TRANSISTOR BFI94

MUTUAL CHARACTERISTICS. T = 25°C 
J
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TYPICAL STATIC FORWARD CURRENT TRANSFER RATIO PLOTTED 
AGAINST COLLECTOR CURRENT
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SILICON PLANAR EPITAXIAL
N-P-N TRANSISTOR BFI94

10
0 

R
o(

kD
)

MAXIMUM COLLECTOR-EMITTER VOLTAGE PLOTTED AGAINST 
EXTERNAL BASE RESISTANCE
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z)
 1

00

TYPICAL SOURCE CONDUCTANCE AND SOURCE SUSCEPTANCE 
PLOTTED AGAINST FREQUENCY AT OPTIMUM SOURCE ADMITTANCE

TYPICAL NOISE FIGURE PLOTTED AGAINST FREQUENCY AT 
OPTIMUM SOURCE CONDUCTANCE
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BFI94SILICON PLANAR EPITAXIAL
N-P-N TRANSISTOR

TYPICAL COMMON EMITTER INPUT ADMITTANCE WITH COLLECTOR 
CURRENT AND FREQUENCY AS PARAMETERS
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TYPICAL COMMON EMITTER TRANSFER ADMITTANCE WITH COLLECTOR 
CURRENT AND FREQUENCY AS PARAMETERS
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SILICON PLANAR EPITAXIAL
N-P-N TRANSISTOR BFI94

TYPICAL COMMON EMITTER FEEDBACK ADMITTANCE WITH COLLECTOR 
CURRENT AND FREQUENCY AS PARAMETERS
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TYPICAL COMMON EMITTER OUTPUT ADMITTANCE WITH 
COLLECTOR CURRENT AND FREQUENCY AS PARAMETERS
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SILICON PLANAR EPITAXIAL
N-P-N TRANSISTOR BFI95

N-P-N low noise transistor in plastic encapsulation with three rigid 
self-locking strips suitable for insertion into printed circuit boards using 
standard grids. The transistor is recommended for use in the input stages 
of a.m./f.m. receivers, also for use in mixer and i.f. stages of a.m. 
battery operated receivers.

QUICK REFERENCE DATA

VCBOmaX- 30 V

vceo Juax' 20 V
I max. 30 mA
Px , max. tot 220 mW
T. max. 125 °C

h typ. (I = 1.0mA, V =10V) rt U Lt 67

fTtyp. (I = 1.0mA, V =10V) 1 U Lt
Ntyp. (I = 1.0mA, V =10V,

200 MHz

gg = 20mmho(

(I = 1.0mA, V =10V, U UE

3.5 dB

gg = 10mmho, f = 100MHz) 4.0 dB

OUTLINE AND DIMENSIONS

For details see page 4

Front View
Scale 3:1

D5542

N.B. Devices in this Data Sheet should be ordered by the type number 
followed by Reference 0220.
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BATINGS
Limiting values of operation according to the absolute maximum system.

Electrical
VCBOmaX- ^e“0» 30 V

V _ max. p = 0, see curve on page 7) CEO B
20 V

VEBOmaX- V0* 5.0 V

I max, 
C

30 mA

max. CM
30 mA

P . max. (T . —25°C) 
tot amb

Temperature

220 mW

T A min. stg
-65 °C 

o
T , max. stg

125 c
o

T max. 
j

THERMAL CHARACTERISTIC

125 C

p
th(j-amb) 0.45 degC/mW

ELECTRICAL CHARACTERISTICS (Tamb = 25°C unless otherwise stated) 

Min. Typ. Max.

-V Base-emitter voltage (see note 1)
I = 1.0mA, V =10V G GIL

I Base current

650 - 740 mV

B I = 1.0mA, V =10V
G Giu

-C Feedback capacitance
re I = 1.0mA, V -10V,

G GiS

8.0 15 28 ma

f = 0.45MHz

f Transition frequency

0.95 pF

T I =1.0mA, V =10V
C GE

NOTE

200 MHz

1. VBB decreased by approximately 1.7mV/degC with increasing tem
perature .

SOLDERING NOTE

For soldering irons or for dip-soldering, the iron temperature or solder 
temperature may rise to 300°C for a maximum of three seconds, with the 
transistor lock-fitted on printed boards in either of the possible mounting 
positions.
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SILICON PLANAR EPITAXIAL
N-P-N TRANSISTOR BFI95

ELECTRICAL CHARACTERISTICS (cont'd)

Min. Typ. Max.

N Noise figure
Ic = 1.0mA, VCE = 10V,

g =20mmho, f = 1.0MHz ■ s 3.5 - dB
g =10mmho, f = 100MHz s 4.0 - dB

N c Conversion noise figure
I = 1.0mA, V =10V, U UE
g =1.2mmho, f = 0.2MHz s 4.0 - dB
g “l,5mmho, f = 1.0MHz s 2.5 - dB

Typical y-parameters

Common base

M 1.0mA, V =10V, f = 100MHz, lead length = 3.Omm CE

gib Input conductance 38 mmho
-b ib Input susceptance 1.0 mmho

|yrb । Feedback admittance 440 pmho

0 .rb Phase angle of 
feedback admittance 275 deg

lyfb । Transfer admittance 34 mmho

0fb Phase angle of 
transfer admittance 140 deg

gob Output conductance 12 pmho

bob Output susceptance 1.1 mmho

Common emitter

V 1.0mA, V =10V, lead length = 3. Omm C E
f = 10.7 0.45 MHz

gie Input conductance <0.96 <0.86 mmho

goe Output conductance <9.5 <7.0 pmho
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OUTLINE AND DIMENSIONS

Mounting details

Maximum thickness of 
printed board “ 1.7mm

Recommended hole 
diameter “ 1.0 to 1.1mm 
(1.0 to 1.3mm allowable)

B

a - 2.49 to 2.59mm

b “ 5.03 to 5.13mm 0SS46

See also General Explanatory Notes Section IV.

Maximum thickness of 
printed board “ 1.1mm

Hole diameter “0.77 to 0.83mm

---------------— Mullard BF195 - Page 4



SILICON PLANAR EPITAXIAL
N-P-N TRANSISTOR BFI95

TRANSFER CHARACTERISTICS. T =25°C 
j

MUTUAL CHARACTERISTICS. T =25°C
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TYPICAL STATIC FORWARD CURRENT TRANSFER RATIO PLOTTED 
AGAINST COLLECTOR CURRENT
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BFI95s:licon planar epitaxial
N-P-N TRANSISTOR

10
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MAXIMUM COLLECTOR-EMITTER VOLTAGE PLOTTED AGAINST 
EXTERNAL BASE RESISTANCE
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TYPICAL SOURCE CONDUCTANCE AND SOURCE SUSCEPTANCE 
PLOTTED AGAINST FREQUENCY AT OPTIMUM SOURCE ADMITTANCE

TYPICAL NOISE FIGURE PLOTTED AGAINST FREQUENCY AT 
OPTIMUM SOURCE CONDUCTANCE
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00
0
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BFI95SILICON PLANAR EPITAXIAL
N-P-N TRANSISTOR

TYPICAL COMMON EMITTER INPUT ADMITTANCE WITH COLLECTOR 
CURRENT AND FREQUENCY AS PARAMETERS
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TYPICAL COMMON EMITTER TRANSFER ADMITTANCE WITH COLLECTOR 
CURRENT AND FREQUENCY AS PARAMETERS
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SILICON PLANAR EPITAXIAL
N-P-N TRANSISTOR BFI95

TYPICAL COMMON EMITTER FEEDBACK ADMITTANCE WITH COLLECTOR 
CURRENT AND FREQUENCY AS PARAMETERS
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TYPICAL COMMON EMITTER OUTPUT ADMITTANCE WITH 
COLLECTOR CURRENT AND FREQUENCY AS PARAMETERS
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N-P-N SILICON
PLANAR TRANSISTOR BF196

N-P-N silicon planar transistor in plastic encapsulation with three rigid 
self-locking strips suitable for insertion into printed circuit boards using 
standard grids. The transistor has a very low feedback capacitance and is 
intended for use in the forward gain control stage of the television i.f. 
amplifiers.

QUICK REFERENCE DATA
Vcbo max. 40 V
Vcbo max. 30 V
Ic max. 25 mA
Ptot max. (Tamb — 25 C) 250 mW
Tj max. 125 °C
fT typ. (le = 4mA, Vcb = 10V, f = lOOMHz) 400 MHz
-Cre typ. (Ic = 1mA, Vce = 10V, f = 107MHz) 0-2 pF
Gum typ. (Ic = 4mA, Vcf. — I0V)

f = 35MHz 42 dB
f = 45MHz 39 dB

Gain control range, typ. 60 dB

OUTLINE AND DIMENSIONS
For details see page 4.

Front View 
Scale 3:1

N.B. Devices in this Data Sheet should be ordered by the type number followed by Reference 0220.

JUNE 1973
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BF196 Page 1



RATINGS

Electrical
Limiting values of operation according to the absolute maximum system.

Vcbo max. 40 V
Vceo max. (see also page 5) 30 V
Vebo max. 40 V
lc max. 25 mA
Icm max. 25 mA
Ptot max. (Tamb — 25“C) 250 mW

Temperature
Tstg -65 to + 125 C
T, max. )25 °C

THERMAL CHARACTERISTIC
Rth(j-amb) in free air 0-4 degC/mW

ELECTRICAL CHARACTERISTICS (Tamb = 25 C)

Min. Typ. Max.
In Base current at about 50 dB gain control

lc — 60mA, Vce = 2-OV — — 270 jxA
lc — 15mA, Vce — 5-0V — — 1-5 mA

1 b Base current
Ic — 40mA, Vce = 10V — 70 150 mA

V)!E ’Base-emitter voltage
Ic = 4-0mA, Vce = 10V — 750 840 mV

—Cre Feedback capacitance
Ic = 10mA, Vce = 10V, f = 10-7MHz — — 0-2 pF

fT Transition frequency
Ic = 4 0mA, Vce = 10V, f = 100MHz .— 400 — MHz

N Noise figure
Ic = 4 0mA, Vce = 10V, 
Gs = lOmmho, Bs = 0, f = 35MHz _ 30 — dB

*VuE decreases by about L7mV/degC with increasing temperature.

Mullard
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N-P-N SILICON BF196
PLANAR TRANSISTOR

ELECTRICAL CHARACTERISTICS (continued)

Typical y-parameters (common emitter)
lc = 40mA, Vce = 10V (mounted as in the Mounting Details,!.)

f = 35 - 45 MHz
gle Input conductance 3-2 4-8 mmho
Cie Input capacitance 37 35 pF
lyre I Feedback admittance 47 60 pmho
^re Phase angle of feedback admittance 268 268 deg
lyfel Transfer admittance 105 100 mmho

fe- Phase angle of transfer admittance 340 340 deg
gov Output conductance 50 60 pm ho
Coe Output capacitance 1-3 13 pF

Gru Maximum unilateralised power gain

Gum (indB)- 10 log 4glegoe
Ic 4 0mA, Ven 10V , 42 39 dB

Mullard
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AND DIMENSIONS

MOUNTING DETAILS

B

Maximum thickness of 
printed board = 1-7mm 
Recommended hole diameter = 

1 0 to 1 -1 mm 
(1-0 to 1-3 mm allowable)

a 2-49 to 259mm 
b 5 03 to 5-13mm

Maximum thickness of 
printed board = 1-1 mm 
Hole diameter = 0-77 to 0-83 mm

DSS46

See also General Explanatory Notes, Section IV

-------------------- Mullard---------------------
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N-P-N SILICON
PLANAR TRANSISTOR BF196
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EQUIVALENT GAIN CONTROL TRANSISTOR
When the BFI96 is used in a gain controlled i.f. stage it is recommended 
to connect an optimum series base capacitor of 22pF and a bias resistor 
of 1 kQ (see fig. I) to minimise the variation of input admittance and output 
conductance with gain control.

The gain control performance 
of the BF196 is modified by 
these additional components 
and the combination is re
garded as an ‘equivalent trans
istor’ (See the curves on 
pages 8 to 14)

-------------------- Mullard---------------------
BF196 Page 7



The signal handling capability of the equivalent transistor as a function of 
gain control.
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N-P-N SILICON
PLANAR TRANSISTOR BF196

+ Rc = 3.9kii; f = 35MHz

Typical y-parameters of the equivalent gain control transistor, including 
base capacitor and base resistor as shown on page 7 (dashed curves apply 
to the transistor only).

Mullard
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Voltage control; -Vee = 25V; Re + Rc = 3-9kf2; f = 35MHz

Typical y-parameters of the equivalent gain control transistor, including 
base capacitor and base resistor as shown on page 7 (dashed curves apply 
to the transistor only).
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N-P-N SILICON
PLANAR TRANSISTOR BF196

Current control ; -Vbh 20V; Rf. ! Rc -- Ikii; f 35MHz

Typical y-parameters of the equivalent gain control transistor, including 
base capacitor and base resistor as shown on page 7 (dashed curves apply 
to the transistor only).
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Current control; -Vee = 20V; Re + Rc = Ikil; f = 35MHz

Typical y-parameters of the equivalent gain control transistor, including 
base capacitor and base resistor as shown on page 7 (dashed curves apply 
to the transistor only).
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N-P-N SILICON
PLANAR TRANSISTOR BF196

APPLICATION INFORMATION
First stage of an i.f. amplifier

Basic circuit with voltage gain control: Re + Rc = 3-9kti; -Vee = 25V 
current gain control: Re + Rc = Ikil; -Vee = 20V

Gtr Transducer gain
Ic = 4mA, -Vee = 25V, Re + Rc = 3 -9kQ,

Typ-

f = 364MHz
Gtr (in dB) — lOlog output power in load Rl 

available power from source Rs

25-5 dB

AGtr Gain control range
(see also the upper curves, page 14)

60 dB

Mullard
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Voltage gain control Current gain control

Curves of constant gain reduction
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BF197N-P-N SILICON
PLANAR TRANSISTOR

N-P-N silicon planar transistor in plastic encapsulation with three rigid 
self-locking strips suitable for insertion in printed circuit boards using 
standard grids. The transistor has a very low feedback capacitance and is 
primarily intended for use in the output stage of television video i.f. 
amplifiers.

QUICK REFERENCE DATA

Vcuo max. 40 V
Vceo max. 25 V
Ic max. 25 mA
Ptot max. (Tam,, - 25JC) 250 mW
Tj max. 125 °C
fr typ. (Ic = 5mA, Vce = 10V, f 100MHz) 550 MHz
—Crc typ. (Ic = 1mA, Vce = 10V, f = 10-7MHz) 03 pF
Gra typ. (Ic = 7mA, Vce = 10V) f = 35MHz 43 dB

f = 45MHz 41 dB
Video detector output voltage, typ. 7-7 V

OUTLINE AND DIMENSIONS
For details see page 4

Front View
Scale 3:1

N.B. Devices in this Data Sheet should be ordered by the type number followed by Reference 0220.

JÙNE 1973
Mullard
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RATINGS
Limiting values of operation according to the absolute maximum system.

Electrical
Vcbo max. 40 V
Vcbo max. (see also page 5) 25 V
Vebo max. 4.0 V
Ic max. 25 mA
Icm max. 25 mA
Ptot max. (Tamb — 25°C) 250 mW

Temperature
Tstg -65 to + 125 °C
Tf max. 125 °C

THERMAL CHARACTERISTIC
Rth(j-amb) in free air 0-4 deg C/mW

ELECTRICAL CHARACTERISTICS (Tamb = 25°C)
Min. Typ. Max.

Ib Base current
Ic = 70mA, Vce = 10V — 80 185 (zA

Vbe •Base-emitter voltage
Ic = 7-0mA, Vce = 10V — 750 900 mV

—Cre Feedback capacitance 
Ic = 10mA, Vce = 10V, 

f = 10-7MHz — 0-3 pF
’t Transition frequency 

Ic = 5-0mA, Vcb = 10V, 
f = 100MHz — 550 MHz

*VBb: decreases by about 1 -7mV/degC with increasing temperature.
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N-P-N SILICON
PLANAR TRANSISTOR BF197

ELECTRICAL CHARACTERISTICS (continued)

Typical y-parameters (common emitter)
Ic = 7-OmA, Vce = 10V (mounted as in the Mounting Details, 1.)

f = 35 = 45 MHz
gie Input conductance 4-5 5-5 mmho
Cie Input capacitance 45 45 pF
|yre| Feedback admittance 67 86 umho
<t>re Phase angle of feedback admittance 268 268 deg
lyiel Transfer admittance 170 155 mmho
4*Ie Phase angle of transfer admittance 338 335 deg
goe Output conductance 85 95 (imho
Coe Output capacitance 1-8 18 pF

Gum Maximum unilateralised power gain
Gum (in dB) = lOlog-r^ll

4giegoe
Ic = 70mA, Vce = 10V 43 41 dB

Mullard
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MOUNTING DETAILS

B

Maximum thickness of 
printed board = T7mm 
Recommended hole diameter — 

1 0 to 1-1 mm 
(1 -0 to 1 -3 mm allowable)

a = 2-49 to 2-59mm 
b = 5 03 to 5-13mm

Maximum thickness of 
printed board = 1-1 mm 
Hole diameter = 0-77 to 0 33 mm

DS546 7Z77777

See also General Explanatory Notes, Section IV
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N-P-N SILICON
PLANAR TRANSISTOR BF197
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BF197N-P-N SILICON
PLANAR TRANSISTOR

Mullard
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APPLICATION INFORMATION
Output stage of a television video i.f. amplifier with the BFI97 transistor 
followed by a video detector circuit.

fVo Video detector output voltage 
Min. Typ.

Ic = 7-2mA, Vce = 16-6VJ-38-9MHz 6.0 7-7 V
Gtr Transducer gain

Ic = 7-2mA, VCE - 16 6V, f = 36 4MHz — 25-5 dB

„ .. output power in load Ri,Gtr(indB) lOlog ---- .-, , ,----- -—?----------------- . ,available power from source with Rs

Tuning frequency for all tuned circuits is 37MHz

fThe output voltage Vo is defined as the voltage across the 2■ 7kQ detector 
load Ri. for 30% synchronisation pulse compression.
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V.H.F. SILICON PLANAR
N-P-N TRANSISTOR BF200

N-P-N silicon planar transistor in aTO-72 metal envelope with insulated electrodes 
and a shield lead connected to the case. The BF200 is primarily intended for appli
cation in a forward gain controlled pre-amplifier in v.h.f. television tuners and 
f.m. tuners.

OUTLINE AND DIMENSIONS

QUICK REFERENCE DATA

VCBO maX' 30 V

VCEO maX’ 20 V
1^ max. 20 mA
P, . max. (T <25°C) tot amb - ' 150 mW
T. max. j 175 °C

f min. (-1 =2mA, V =10V) 1 E LB 270 MHz
G typ. (-1 =3mA, V = 10V) f = 50MHz 30 dB

= 200MHz 22 dB
F typ. (-1 =2mA, V = 10V, f = 100MHz) E CB 2.0 dB

(-1 =3mA, V,=10V, f = 200MHz) E CB 2.7 dB

Conforming to B.S. 3934 SO-12A/SB4-3
J.E.D.E.C. TO-72

Millimetres

Min. Nom. Max.
A - - 4.8
B - - 5.3
C 12.7 - -

D - - 0.48
E - - 1.17

F - - 1.16
G - 2.54 -

H - - 5.8

Viewed from underside

Connections 1. Emitter 3. Collector
2. Base 4. Shield connected to envelope

Accessories available: 56246, 56263

Mullard
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ratings
Limiting values of operation according to the absolute maximum system.

Electrical

VCBOmaX- 30 V
VCEO max. 20 V
V max. (R <lkS2) 30 VUE-tv JjE
VEBOmaX’ 3‘° V
Ic max. (d.c.) 20 mA

Mm”1“' <peak> 20 mA
P, x max. (T u <25°C) 150 mWtot ' amb -

Temperature
T . -65 to +175 °C

stg
T max. 175 C

THERMAL CHARACTERISTIC

Rth(j-amb) (in free 1' ° de§C/mW

ELECTRICAL CHARACTERISTICS (T =25°C unless otherwise stated)

I Base current
-IE = 3mA, VCB = 10V

Min. Typ. Max.

100 200 pA

-IE = 12mA, Vcb = 7V - 2.2 mA

-V Emitter-base voltage
EB -I =3mA, V =10V 0.75 VE CB

-I = 12mA, V =7V 1.0 VE CB
f-. Transition frequency

-I =2mA, V -10VE Ui5 270 - MHz

-C Feedback capacitance
re I =lmA, V =10V,

U UE f = 10.7MHz - 0.28 pF

F Noise figure at optimum
source admittance

-IE = 3mA, VCB = 10V, f = 50MHz 1.9 dB

f = 200MHz - 2.7 dB

-I =2mA, V =10V, E U.D f = 100 MHz - 2.0 dB

Mullard
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BF200V.H.F. SILICON PLANAR
N-P-N TRANSISTOR

ELECTRICAL CHARACTERISTICS (contd.)

Min. Typ. Max.

GUM *Ma>£imum unilateralised power gain

G = 1^-
UM 4gibgob

-I =3mA, V =10V, f = 50MHz E CB 30 ■ dB
f = 200MHz 22 - dB

-I =2mA, V„_ = 10V, f = 100MHz E CB 28 - dB

Typical y-parameters (common emitter),

'c = 2mA, V =10VUIL f= 100MHz

gie Input conductance 5.0 -1 mil
c. ie Input capacitance 16 PF
|y I Feedback admittance 0.16 mil*'1 re|
0re Phase angle of feedback admittance 270 deg
Iyfe| Transfer admittance 56 mil-'

Phase angle of transfer admittance 340 deg

goe Output conductance 15 piT1

C oe Output capacitance 0.9 PF
Typical y-parameters (common base)

-IE = 3mA, Vr,„ = 10V CB f = 50 MHz = 200MHz

gib Input conductance 85 62 mil'1

~bib Input susceptance 15 38 mil 1

IM Feedback admittance 55 180 nil"1

0rb Phase angle of feedback admittance 270 270 deg
lyfb| Transfer admittance 85 70 mß’1

0fb Phase angle of transfer admittance 165 145 deg

gob Output conductance 15 150 pii 1

bob Output susceptance 280 1100 pii'1

•Common base configuration, metal envelope connected directly to earth, external 
lead length = 3mm.
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V.H.F. SILICON PLANAR
N-P-N TRANSISTOR BF200
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V.H.F. SILICON PLANAR
N-P-N TRANSISTOR BF200

Maximum permissible collector-emitter voltage (with resistance 
between base and emitter and Ic = 2mA) plotted against the base 
resistance applied.
The same curves apply to -7- and -7- when external capacitances 
are used. B

----- -------- Mullard--------------
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BF245A
BF245B
BF245C

N-CHANNEL SILICON
FIELD EFFECT TRANSISTORS

Symmetrical N-channel planar epitaxial junction field effect transistors in a plastic 
envelope. Intended for general purpose applications In 1. f. and d. c. amplifiers, and 
in h.f. amplifiers.

QUICK REFERENCE DATA

Drain-source voltage ^DS

Gate-source voltage (open drain) '^GSO
Total power dissipation up to Tamb = 75°C P

BF245A

Drain current
V = 15V; V =0 I ;DS GS DSS < o. 5

Gate-source cut-off voltage
^ = 1^7^ = 15V -V(p)GS

Feedback capacitance at f = 1kHz
V =20V; -V = IV; T U = 25°C CDS GS amb rs

Transfer admittance (common source)
V =15V; V„ =0; f = lkHz; T = 25°C |y |DS GS amb | Jfs|

max.

max.

max.

B

6.0
15.0

V

0.5 t

typ.

3. 0 t

30 V

30 V

300 mW

C

12 mA
25 mA

o 8.0 V

1.1 pF

a 6.5 mA/V

MECHANICAL DATA Dimensions in mm

Similar to J. E. D. E. C. TO-92

0.48 
max

à

Mullard
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RATINGS '

Limiting values of operation according to the absolute maximum system.

Volcages
Drain-source voltage ±vDS max. 30 V
Drain-gate voltage (open source) vDGO max. 30 V

Gate-source voltage (open drain) -V GSO max. 30 V

Currents

Drain current max. 25 mA

Gate current

Power dissipation

’g max. 10 mA

Power dissipation up to T = 75°C amb Ptot max. 300 mW

uptoT ,=90°C 
amb Ptot max. 300 mW*

Temperatures

Storage temperature T stg -65 to +150 °C

Junction temperature T.
J

max. 150 °C

THERMAL RESISTANCE

From junction to ambient in free air n —
th(j-amb)

- 0. 25 °C/mW

From junction to ambient Pth( j -amb) 0. 20 °C/mW*

* Transistor mounted on printed circuit board, 
drain lead minimum 10mm x 10mm.

max. lead length 3mm, mounting pad for

Mullard
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BF245A
BF245B
BF245C

N-CHANNEL SILICON
FIELD EFFECT TRANSISTORS

CHARACTERISTICS (Tj = 25°C unless otherwise specified
Gate cut-off current BF245A B C
-V„=20V; V_=0 -I <5GS Do Gi?o
-V =20V; V =0; T =125°C -I <0.5,
Go Do j Goo

Drain current *)
V = 15V; V =0 Mss >2Uo Go Uoo <6 5

Gate-source breakdown voltage 
"V(BR)GSS >30

Gate-source voltage
^=200^; VDS = 15V -Vgs >0.4

5
0.5

6.0
15.0

30

1.6
3.8

5 nA
0.5 pA

12 mA
25 mA

30 V

3.2 V
7.5 V

Gate-source cut-off voltage '
I^lOnA; V^ISV -V(p)GS 0.5 to 8.0 V

y-parameters at (common source)

V =15V; V =0 DS ’ GS
f = 1kHz Transfer admittance | y^ | 3.0 to 6.5 mA/V

Output admittance | yQg| typ. 25 pA/V
f = 200MHz Input conductance g.g typ. 250 pA/V

Reverse transfer admittance |7rs| mA/V
Transfer admittance | Yfs | tyP‘ $ mA/V
Output conductance g typ. 40 pA/V

vds=20V; -vgs = 1v
f = 1MHz Input capacitance Cj typ. 4.0 pF

Feedback capacitance Crg typ. 1.1 pF
Output capacitance C typ. 1.6 pF

Cut-off frequency )
VDS = 15V: VGS=° fgfs tyP- 700 MHZ

Noise figure at f = 100MHz; = lk2 (common source)
Vn=15V; V =0; T =25°C DS uS amb
input tuned to minimum noise N typ. 1.5 dB

1) Measured under pulse condition: tp = 300ps; d 0.02 
2) The frequency at which g^g is 0. 7 of its value at 1kHz.
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N-CHANNEL SILICON
FIELD EFFECT TRANSISTORS BF245A

BF245B
BF245C
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N-CHANNEL SILICON
FIELD EFFECT TRANSISTORS BF245A

BF245B
BF245C
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N-CHANNEL SILICON
FIELD EFFECT TRANSISTORS

BF245A
BF245B
BF245C

--------------------Mullard---------------------
BF245 Page 11



P-N-P SILICON PLANAR
EPITAXIAL H.F. TRANSISTOR BF324

P-N-P transistor in a plastic envelope primarily intended for use in r.f. stages of f.m. 
tuners.

Dimensions in mm

QUICK REFERENCE DATA

Collector-base voltage (open emitter) -V CBO max. 30 V
Collector-emitter voltage (open base) 'VCEO max. 30 V
Collector current (d.c.) ■'c max. 25 mA
Total power dissipation up to Tamb=45°C Ptot max. 250 mW
Junction temperature Ti max. 150 °C

Base current
-I =4mA; -Vr =10V 

C Uis 4b
typ. 80

160
pA 
gA

Transition frequency
-I =4mA; -V =10V C Gil 't typ. 550 MHz

Noise figure at f =100MHz
-I =2mA; -V„ =10V; G =16. 7mA/V G CE S N typ. 3 dB

Feedback capacitance at f = 1MHz
VEB = 0: -VCB = 1W -Crb typ. 0.1 PF

MECHANICAL DATA

Similar to: J.E.D.E.C. TO-92

-------------------- Mullard---------------------
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RATINGS
Limiting values of operation according to the absolute maximum system.

Voltages
Collector-base voltage (open emitter) -V CBO max. 30 V
Collector-emitter voltage (open base) -V CEO max. 30 V
Emitter-base voltage (open collector) -V EBO max. 4 V

Current
Collector current (d. c.) 4c max. 25 mA

Power dissipation
Total power dissipation up to
T , =45°C amb

Temperatures

p tot max. 250 mW

Storage temperature T stg -55 to + 150 °C 
oJunction temperature T.1 max. 150 C

THERMAL RESISTANCE
From junction to ambient in free air D th(j -amb) = 0.42 °C/mW

Mullard
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P-N-P SILICON PLANAR
EPITAXIAL H.F. TRANSISTOR BF324

CHARACTERETICS (T^ =25°C)

Collector cut-off current

^=0; -Vcb = 30V ’cBO < 50 nA

Emitter cut-off current

’c^^EB“47 ’ebo < 10 gA

Base current

-I =4mA; -V =10V G Gt ’b typ. 80
160

pA 
pA

-I =lmA; -V =10V u UiS -’b typ. 22 pA

Transition frequency at f = 100MHz

“IC = lmA: -VCE = 10V typ. 380 MHz

-Ic=4mA: -VCE = 10V *r typ. 550 MHz

-I=8mA; -V =10V 
G Gil fT typ. 580 MHz

Feedback capacitance at f = 1MHz

VEB = ”’ -VCB = 10V -Crb typ. 0.1 PF

Noise factor at f = 100MHz

-I =2mA; -V =10V; G Uil
Gs = 16. 7mA/V N typ. 3 dB

-I = 5mA; -V =10V; G Lil
Gs=6. 7mA/V; -jBs=5mA/V N typ. 3.5 dB

y-parameters (common base) at f = 100MHz

-I =4mA; -V =10V U LD
Input conductance gib typ- 110 mA/V

Input capacitance ^ib typ. 64 PF

Transfer admittance Pfbl typ. 100 mA/V

Phase angle of transfer admittance *fb typ. 150°

Output conductance gob typ. 40 pA/V

Output capacitance Cob typ- 1.6 PF
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BF336
BF337
BF338

N-P-N SILICON
PLANAR TRANSISTORS

N-P-N silicon planar transistors intended for use InR-G-Band colour difference 
output circuits for colour television receivers.

Unless otherwise stated information is applicable to all types

QUICK REFERENCE DATA
BF336 BF337 BF338

VCBO maX- 185 250 300 V

V_„„ max. 180 200 225 VCEO *
Ic max. 1Õ0 mA
P max. T , S 140°C 3.0 Wtot mb
T. max. j 200 °C

min.FE
I = 30mA, V „ = 10V, T. = 25°C 20C CE ]

tp mln.
I_ = 30mA, V = 20V 80 MHz

-C max.re
L = 10mA, V „ = 20V, f = 0. 5MHz C C E 3.5 PF

OUTLINE AND DIMENSIONS

Conforms to BS 3934 SO -3/SB3 -3B ,
J.E.D.E.C. TO-39

0.86 
max

0.48

All dimensions in mm d>574

Collector connected to case, max. lead diameter is guaranteed only for 12. 7mln. 
Accessories available: - 56218, 56245, 56265

JUNE 1972
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical

BF336 BF337 BF338

VCBO maX- 185 250 300 V

VCEO »ax. (Ic = 4mA) 180 200 225 V

V_„„ max. (R i IkH, I =lmA, T i 150°C) 
LEIX Dil U J 185 250 300 V

V max. (I = 0. 1mA) edu a 5.0 V

Ic max. (continuous) 100 mA

’em max' (peak) 20 mA

P max. tot
T s 140°C 

mb 3.0 W

Temperature

TStg -65 to +200 °C

T max. 
J

+200 °C

THERMAL CHARACTERISTICS

p
th(j -amb) 220 degC/W

p
th(j-mb) 20 degC/W

p 
th(j-case) 25 degC/W

ELECTRICAL CHARACTERISTICS (T. = 
J

25°C unless otherwise stated)

I Collector cut-off current
VcE = i5°v,RBE = mi

Min. Typ. Max.

BF336 - lOn 100p A

vce = 200v- rbe =lkQ BF337 - lOn 100p A

VCE=25OV’ RBE = lkn BF338 - lOn 100p A

--------------Mullard--------------
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N-P-N SILICON
PLANAR TRANSISTORS BF336

BF337
BF338

ELECTRICAL CHARACTERISTICS (contd.)
Min. Typ. Max.

hFE Static forward current transfer ratio
I = 30mA, V„„= 10VL CE. 20 60 -

VBE Base-emitter voltage
I = 30mA, V = 10VG Gil - 0.7 1.2 V

VCEK High-frequency knee voltage 
I = 50mA, T.= 150°C
C J

- 10 - V

The high-frequency knee voltage of atransistoris that value of the collector-emitter 
voltage at which the small signal gain, measured in a practical circuit has dropped 
to ,80% of the gain at VqE = 50V. A further decrease of the collector-emitter voltage 
results in a rapid increase of the distortion of the signal.

Min. Typ. Max.

-cre Feedback capacitance
I = 10mA, =20V, f= 0.5MHzG GE - 3.0 3.5 pF

bb be Feedback time constant
-L = 30mA, V„= 20V, f = 10MHz E Gd

- 30 100 PS

fT Transition frequency
I„ = 30mA, V„„ = 20V, f = 100MHz G GE 80 130 - MHz

------------- Mullard----- --------
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Safe Operating Areas with the transistor forward biased
I Region of permissible d. c. operation

II Permissible extension for repetitive pulsed operation

Mullard
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BF336
BF337
BF338

N-P-N SILICON
PLANAR TRANSISTORS

Safe Operating Areas with the transistor forward biased
I Region of permissible d. c. operation

II Permissible extension for repetitive pulses operation
III Repetitive pulsed operation in this region is permitted, 

provided that Rgg < Ikil

Mullard
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Safe Operating Areas with the transistor forward biased
I Region of permissible d. c. operation

II Permissible extension for repetitive pulses operation
III Repetitive pulsed operation in this region is permitted, 

provided that IL < lkf2
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BF336
BF337
BF338

N-P-N SILICON
PLANAR TRANSISTORS
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BF336
BF337
BF338

N-P-N SILICON
PLANAR TRANSISTORS
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N-P-N SILICON
PLANAR TRANSISTOR BF355

An n-p-n silicon planar transistor specifically Intended for use as a driver for 
single transistor line output stages in monochrome and colour television receivers.

QUICK REFERENCE DATA

V_ _ max. 300 VCBO 
max. 225 VCEO

Ic max. 100 mA

IcM max" (tp = 35MS, T = 64gs)
P max. (T 140°C)
tot ' mb '

160

3.0

mA

W

T max. 200 °C
J

ts typ- 0.5 fJLS

OUTLINE AND DIMENSIONS

Conforms to BS3934 SO-3/SB3-3B 
J. E.D. E.C. TO-39

All dimensions in mm 01574

Collector connected to case, max. lead diameter is guaranteed only for 12. 7min. 
Accessories available". - 56218,56245,56265
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical

VCBO maX- 300 V

VCEO maX- 225 V

VCER maX- <RBES lk2) 300 V

VEBO maX- 5.0 V

I max. 100 mA

I_, max. (t =35|zs, T = 64 ps) CM p 160 mA

I max. (Peak transient collector current,
t =0. 5ps, T = 64ps, p
T . =55 C, see note 1) amb 200 mA

’em max- 20 mA

P max. , T , - 140°C 
tot mb 3.0 W

T = 25°C 
amb 0.8 W

Temperature

T stg -65 to +200 °C

T. max. 
1

200 °C

THERMAL CHARACTERISTICS
p

th( j -amb) 220 °C/W

p
th(j -mb) 20 °c/w

R , .. . /th (j-case) 25 °c/w

Note 1.

This rating applies during switch-on of the BF355 where an overshoot of current is 
liable to occur. The amplitude of the overshoot depends on the relative magnitude 
of stray external capacities to the transistor collector capacity. It is desirable to 
keep the stray capacities to a minimum by short lead lengths etc. so as to minimise 
the area of the switching path (see SOAR curve on page 5).
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N-P-N SILICON
PLANAR TRANSISTOR BF355

ELECTRICAL CHARACTERISTICS Cr = 25°C unless otherwise stated)

Min. Typ. Max.

Note 2.

Mer Collector cut-off current
VCE = 25OV’RBE = M - 0.01 100 pA

V(BR)CER

V(BR)CEO

Collector-emitter breakdown 
voltage (d. c. measurement)

I =lmA, R „ = lk!2, T.s 150°C
G BE j

I = 4mA,I =0 G D

300

225

- - V

V

V (BR)CBO Collector -base breakdown voltage 
I =lmA,1=0G E 300 - - V

V(BR)EBO Emitter-base breakdown voltage
I = 0.1mA, I =0 E c 5.0 - - V

^CE(sat) Collector-emitter saturation voltage 
(see note 2 and typical circuit)

I„ = 160mA, I =10mA, T. = 125°C
G D J

- - 25 V

t s Storage time (see note 3, page 4) - 0.5 - PS

and is thermally stable under allThe BF355 is controlled to max. = 25V,
operating conditions where Tj max. = 125°C is not exceeded. For the typical circuit 
shown below, a heatsink for operation from Tamb=60°C, havingR C/W,
would be suitable. '

Typical circuit

Mullard
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Note 3.

Storage time is measured in the following circuit: -
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N-P-N SILICON
PLANAR TRANSISTOR BF355

SAFE OPERATING AREAS

I - D.C. operation (forward)
II - Repetitive pulse operation (forward)

III - D. C. and repetitive pulse operation 
when base-emitter resistance s Iki! (forward).

Mullard
BF355 Page 5



BF355 Page 6



BF355N-P-N SILICON
PLANAR TRANSISTOR

300

200

VCER 
max 
(V)

100

-------------------- Mullard-------------------- -
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N-P-N SILICON PLANAR
U.H.F. TRANSISTORS

BF362
BF363

High gain n-p-n silicon planar transistors for use in the u.h.f. band. The BF362 
is intended for use in the r.f. stage of television tuners and the BF363 is a self- 
oscillating mixer.

Unless otherwise shown, data are applicable to both types

QUICK REFERENCE DATA

VCBO maX> 30 V

VCEO maX' 20 V

I max. 20 mA

P max. (T . < 55°C) tot amb ~ ' 120 mW

T. max.
1

L (I„ = 3.0mA, ¥„=107, f=100MHz)

125 °C

BF362 typ. 800 MHz
BF363 min. 600 MHz

max 820 MHz

Stage gain min. (f=900MHz) 11 dB

Noise figure typ. (f = 800MHz) 5.0 dB

OUTLINE AND DIMENSIONS

All dimensions in mm
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Limiting valuer of operation according to the absolute maximum system.

RATINGS

Electrical

VCBO

VCEO maX-

VEBO maX- 
I max.

30

20

3.0

20

V

V

V

mA

I ., max.CM
P. „ max. (T . < 55°C) 
tot amb

20

120

mA

mW

Temperature
T max. 

j
125 °C

THERMAL CHARACTERISTIC
p

th(j -amb) 0. 58 °C/mW

ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise stated)
amb

Min. Typ. Max.

I Base current
-I = 3.OmA, V = 10V II Cd

- 60 150 pA

-I = 12mA, V = 7.0V H Cd - 0.3 1.0 mA

-V Emitter-base voltage
-IE = 3.0mA, VCB= 10V - 0.75 V
-I = 12mA, V = 7.0V xl Cd - 0.8 V

f Transition frequency
1 I„ = 3.0mA, V„„ = 10V, f = 100MHz BF362

C CE BF363 600
800 MHz

820 MHz

-C Feedback capacitance
re I = 1.0mA, V„= 10V, f = 10.7MHz 

G Gil - 0.25 PF

N Noise figure
-I_ = 3.0mA, = 12V, f = 800MHz

xl GG
G = 27mmho, B = 9mmho, R = 3900 s s C

-I_ = 3.0mA, V„„ = 12V, f = 500MHz il GG

- 5.0 dB

G = 26mmho, B = -llmmho, R„ = 39052 s s . C
Stage gain

- 4.5 dB

-T = 3mA, V^^ = 12V, f = 900MHz il GG
G = 20mmho, G, =2.0mmho, B =0 s L s

= tuned, R^ = 3900 11 12 dB

Mullard
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N-P-N
U.H.F.

SILICON PLANAR 
TRANSISTORS

BF362 
BF363 I

ELECTRICAL CHARACTERISTICS (contd.)

y-parameters

-I - 3.0mA, V^o = 10V, f = 500MHzE Cd

Min. Typ. Max.

T

I
.4

gib Input conductance 18 - mmho

-bib Input susceptance 34 - mmho
.1

lyrb| Feedback admittance 500 - Mmho J
*rb Phase angle of feedback admittance 270 - degrees 1
IM Transfer admittance 45 - mmho

^b Phase angle of transfer admittance 80 - degrees

gob Output conductance 0.6 - mmho 1
Cob Output capacitance

y-parameters

-I = 3.0mA, V n = 10V, f = 900MHzE CB

0.5 - pF

i
gib Input conductance 8.0 - mmho

-bib Input susceptance 30 - mmho

lyrb| Feedback admittance 900 - Mmho

vrb Phase angle of feedback admittance 270 - degrees

lyfbl Transfer admittance 25 - mmho

^fb Phase angle of transfer admittance 40 - degrees

gob Output conductance 1.9 - mmho <—

Cob Output capacitance 0.6 - pF

-------------------- Mullard BF362-Page3
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BF362
BF363

N-P-N SILICON PLANAR
U.H.F. TRANSISTORS

-------------------- Mullard---------------------
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P-N-P SILICON PLANAR 
EPITAXIAL H.F. TRANSISTORS

BF450 
BF451

P-N-P transistors in a plastic envelope primarily intended for mixer stages in a.m. 
receivers and i.f. stages in a.m./f. m. receivers with negative earth.

QUICK REFERENCE DATA

Collector-base voltage (open emitter) -V CBO max. 40 V

Collector-emitter voltage (open base) VCEO max. 40 V

Collector current (d.c.) -’c max. 25 mA

Total power dissipation up to TamB = 45°C p tot max. 250 mW

Junction temperature T.
J

max. 150 °C

Base current
. , BF450: -I 16.5 pA-I =lmA, -V_ =10V

C CE BF451:
B

-’b < 33 pA

Transition frequency
-I =lmA, -V =10VC uts fT typ. 325 MHz

Noise figure at f = 100kHz
-I = 1mA, -V = 10V; R = 3OOS2 C CE b N typ. 2 dB

MECHANICAL DATA Dimensions in mm
Similar to J. E.D. E, C. TO-92

Mullard
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ACCESSORIES FOR TRANSISTORS

Section 1 Cooling Clips
PART NUMBER FOR USE ON OUTLINES PAGE

J.E.D.E.C. BS 3934

56200’ TO-1 SO-21/SB3-10 3
56207* TO-7 SO-23/SB4-4 4
56209’ TO-1 SO-21/SB3-10 5
56226 TO-1 SO-21 /SB3-10 6
56227 TO-1 SO-21 /SB3-10 7
56263 TO-18 SO-12A/SB3-6A Ì

TO-71 SO-12A/SB8-1B 8
TO-72 SO-12A/SB4-3 J

56265 TO-5 SO-3/SB3-3A
TO-12 SO-3/SB4-1 , 9
TO-33 SO-3/SB4-1
TO-39 SO-3/SB3-3B

These devices are supplied on a maintenance basis only, they are not recommended 
for current design

Section 2 Mounting Accessories
PART NUMBER DESCRIPTION FOR USE ON OUTLINES PAGE

56201A Insulating bush TO-3 3.15mm (thick or medium
with 56300) 10

56201B Mica washer TO-3 all 10
56239A Insulating bush TO-3 1.6mm (medium) 16
56336A Insulating bush (2kV) TO-3 3.15mm (thick) 17
56336B Mica washer (2kV) TO-3 all 17
56214 Lead washer TO-3 all 10
56300 Steel spacer TO-3 0.9 or 1,6mm (thin or

medium) 11
56218 Top and bottom ■) TO-5, TO-39 (and TO-12,

clamping washer and > TO-33 for non-insulated
Mylar washer J mounting) 12

56245 Insulated distance disc TO-5, TO-12, TO-33, TO-39 13
56246 Insulated distance disc TO-18, TO-72 13
56301B Mica washer TO-126 14-15
56326 Flat metal washer TO-126 14-15
56325 Mica washer T0-220 18
56338 Insulating bush TO-220 18
56239A Insulating bush — SO-55 (BS 3934) 16
56239B Mica washer — SO-55 (BS 3934) 16
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ACCESSORIES FOR
TRANSISTORS

GENERAL EXPLANATORY 
NOTES

All information on thermal resistance of the accessories combined with flat heatsinks 
is valid for square heatsinks of blackened aluminium.
For a few variations the thermal resistance may be derived as follows:

a. Rectangular heatsinks (sides a and 2a)
When mounted with long side horizontal, multiply by 0.95.

When mounted with short side horizontal, multiply by 1.10.

b Unblackened or thicker heatsinks
Multiply by the factor B given below as a function of the heatsink size A.
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ACCESSORIES FOR
TRANSISTORS

MECHANICAL DATA
COOLING CLIP

(Dimensions in mm)

DO2 3

56200

Clip material: brass, nickel plated

THERMAL CHARACTERISTICS

Rrim-ase-ambr Thermal resistance case to ambient, 
cooling clip only 
with heatsink

100 degC/W 
see graph

MOUNTING INSTRUCTIONS
Torque on nut for good heat transfer: 5kg cm

M3 bolt

washer
= cooling fin

heatsink
lock washer 

002S nut
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ACCESSORIES FOR
TRANSISTORS56207

COOLING CLIP
MECHANICAL DATA (Dimensions in mm)

Clip material: aluminium, blackened

THERMAL CHARACTERISTICS

Rui( ease-a m b> Thermal resistance case to ambient, 
cooling clip only 
with heatsink

60 degC/W 
see graph

MOUNTING INSTRUCTIONS

Torque on M3 bolts for good heat transfer: 5kg cm
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ACCESSORIES FOR
TRANSISTORS 56209

COOLING CLIP

MECHANICAL DATA (Dimensions in mm)

in

0028

Clip material: brass, nickel plated

THERMAL CHARACTERICTIC

Rnm-aw-amin Thermal resistance case to ambient, 
cooling c|ip only 75 degC/W
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ACCESSORIES FOR
TRANSISTORS56226

COOLING CLIP
MECHANICAL DATA (Dimensions in mm)

THERMAL CHARACTERISTICS

Rthu-ase ambi Thermal resistance case to ambient,
cooling clip only 100 degC/W
with heatsink see graph

The thermal resistance values apply to each 
transistor, provided the two transistors have 
been mounted so that the heat flow from each 
one is equal.

MOUNTING INSTRUCTIONS
nut for good heat transfer: 5kg cm.

M3 bolt

washer
cooling fin

D031

heatsink 
lock washer

nut
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ACCESSORIES FOR
TRANSISTORS

56227

COOLING CLIP
MECHANICAL DATA (Dimensions in mm)

Clip material: brass, nickel plated

THERMAL CHARACTERISTICS

Rth( casc-a m I») Thermal resistance case to ambient, 
cooling clip only 
with heatsink

100 degC/W 
see graph

MOUNTING INSTRUCTIONS

Torque on nut for good heat transfer: 5kg cm

M3 bolt

washer
cooling fin

heatsink 
lock washer

nut
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ACCESSORIES FOR
TRANSISTORS56263

COOLING CLIP

MECHANICAL DATA (Dimensions in mm)

Clip material: copper, tin plated

THERMAL CHARACTERISTIC

Runeast-amb) Thermal resistance case to ambient 100 degC/W
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ACCESSORIES FOR
TRANSISTORS

COOLING CLIP

56265

MECHANICAL DATA (Dimensions in mm)

Clip material: aluminium, blackened

THERMAL CHARACTERISTICS
Rth(case-am b) Thermal resistance case to ambient, 

cooling clip only 
with heatsink

80 degC/W 
see graph

MOUNTING INSTRUCTIONS

M3 bolt

washer

0038

cooling fin
hole 7.5 to 7.7 mm 
heatsink

fra nut
lock washer

Torque on nut for good heat transfer: 5kg cm.
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ACCESSORIES FOR
TRANSISTORS

56201A
56201B
56214

MOUNTING ACCESSORIES FOR

THERMAL CHARACTERISTIC

Rth(mi. tn Thermal resistance 
mounting-base to heatsink

56214 Lead washer
MECHANICAL DATA (Dimensions in mm)

1 deg C/W

-—■ _  ;

THERMAL CHARACTERISTIC

Rtiiinib-i>) Thermal resistance mounting-base to 
heatsink, with mica washer and lead 
washer

TEMPERATURE

Tn,ax Max. allowable temperature

075 degC/W

150 °C
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ACCESSORIES FOR
TRANSISTORS 56300

MOUNTING ACCESSORIES FOR 
TO-3 OUTLINE

56300 Steel spacer

For use with thin-base 
devices only.

DOU

Section A-A

2.0 
T

MOUNTING INSTRUCTIONS

nut
lock washer
soldering tag

nut
lock washer

lead washer 
mica washer 
heatsink 
insulating bush

M3 bolt

Torque on nut for good heat transfer: 5kg cm
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ACCESSORIES FOR
TRANSISTORS56218

MOUNTING ACCESSORIES FOR 
TO-5, TO-12, TO-33, TO-39 OUTLINES

56218 Top and bottom clamping washers and Mylar washer

MECHANICAL DATA (Dimensions in mm)

Top clamping washer Bottom clamping washer
of insulating material material: brass, tin plated

THERMAL CHARACTERISTICS
Rth( ml) hl Thermal resistance mounting-base to heatsink, 

non-insulated mounting 
insulated mounting

degC/W 
degC/W

TEMPERATURE

T max Max. allowable temperature 100 °C

1
6

MOUNTING INSTRUCTIONS
<ED CED nut

top clamping washer

@ ‘ — - I bottom clamping washer
@ — mylar washer

heatsink
hole min.7.5mm

max.7.7mm
M2.6 bolt

Non-insulated: without items 2 and 3 
Note: Item 1 must then be mounted 
upside down.
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ACCESSORIES FOR
TRANSISTORS

56245
56246

MOUNTING ACCESSORIES FOR 
TO-5, TO-12, TO-33, TO-39 OUTLINES (cont'd)

56245 Distance disc

MECHANICAL DATA (Dimensions in mm)

T max Max. allowable temperature 100 °C

56246 Distance disc

Insulating material

TEMPERATURE

Tmax Max. allowable temperature 100 °C
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ACCESSORIES FOR
TRANSISTORS56301B

56326

MOUNTING ACCESSORIES FOR 
TO-126 OUTLINE

56301 B Mica washer
56326 Steel washer
MECHANICAL DATA (Dimensions in mm)

H—12.7

................. L
3.22—1 I— F

Section A-A 063,2

Mica washer 

THERMAL CHARACTERISTICS

Steel washer

Rth(mb-h) Thermal resistance
mounting-base to heatsink,

without insulating material
with mica washer (56301B)

1 degC/W
4 degC/W

MOUNTING
INSTRUCTIONS
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56301B
56326

ACCESSORIES FOR
TRANSISTORS

MOUNTING DETAILS 
TO-126 OUTLINE

METHOD 1 METHOD 2
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56239A 
56239B

Accessories for
TRANSISTORS

MOUNTING ACCESSORIES FOR 
BS3934 SO-55B OUTLINE

MECHANICAL DATA (Dimensions in mm)

Insulating bush 
56239A

Mica washer 
56239B

THERMAL CHARACTERISTIC

Rthimnni Thermal resistance mounting-base
to heatsink 1-5 degC/W

TEMPERATURE

Tmaz Max. allowable temperature 150 °C

MOUNTING INSTRUCTIONS

nut Œ3
lock washer 
soldering tag -

nut
lock washer

holes maxAmm---- ;----------------. mica washer 
heatsink 
insulating bush

M3 bolt

Torque on nut for good heat transfer: 5kg cm.
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ACCESSORIES FOR
TRANSISTORS

56336A 
56336B

MOUNTING ACCESSORIES FOR 
TO-3 OUTLINE

(High Voltage Application, up to 2kV)

56336A Insulating bush
56336B Mica washer

Dimensions in mm

THERMAL CHARACTERISTICS

Rth(mb-h) Thermal resistance, mounting-base to 
heatsink 1°C/W

The use of a heatsink compound is essential.
When the mica washer is used, the compound must be applied 
to both sides of the washer.
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ACCESSORIES FOR
TRANSISTORS

56325
56338

MOUNTING ACCESSORIES FOR TO-220

56325 Mica washer

MECHANICAL DATA Dimensions in mm

THERMAL RESISTANCE

From mounting base to heatsink Rth(mb —h) = 2.5’C/W.

56338 Insulating bush

MECHANICAL DATA Dimension in mm
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ABRIDGED DATA 
FOR EARLIER TYPES



ABRIDGED DATA FOR EARLIER TYPES
Abridged data only are given in these tables. Full data for these types are available on request
GERMANIUM TRANSISTORS

'typical "hFE

Type 
No.

Polarity Outline
Maximum Ratings

Plot 
at25°C 
(mW)

hfe at
Ic

(mA)

fT 
min.

(MHz)

VcE(sat) 
max.

(V)

at Typical 
power gain 

at f
VCb

(V)

VCE

(V)

IcM

(mA)

lc(AV)

(mA)

Tj

(°C)

min. max. Ic

(mA)

Ib 

(mA) (dB) (MHz)

ACY17 p-n-p TO-5 -70 -60 2A 500 90 260 50" 150 300 1' -0-35 500 25 __ —
ACY18 p-n-p TO-5 -50 -40 2A 500 90 260 40" 120 300 1' -0-35 500 25 — —
ACY19 p-n-p TO-5 -50 -40 2A 500 90 260 80" 250 300 1-3* -0-35 500 25 — —
ACY20 p-n-p TO-5 -40 -32 2A 500 90 260 50" 145 50 1' -0-2 50 1-3 — —
ACY21 p-n-p TO-5 -40 -32 2A 500 90 260 90" 250 50 1-3* -0-2 50 1-3 — —

ACY22 p-n-p TO-5 -20 -20 2A 500 90 260 30" 300 300 1' -0-35 500 25 — —
ACY39 p-n-p TO-5 -110 -75 2A 500 90 260 50" 150 300 1' -0-35 500 25 — —
ACY40 p-n-p TO-5 -32 -32 2A 500 90 260 30" 70 300 0-8* -0-35 500 25 — —
ACY41 p-n-p TO-5 -32 -32 2A 500 90 260 50” 250 300 06* -0-35 500 25 — —
ACY44 p n-p TO-5 -50 -40 2A 500 90 260 30 100 1 1* -0-2 50 1-3 — —

ADY26 p-n-p TO-36 -80 -60 30A 25A 90 100W 40" 120 5A __ —0-5 25A 2-5A __ —
ADZ11 p-n-p TO-36 -50 -40 20A 15A 90 45W 40" 120 T2A 80kHz -10 15A 2A — —
ADZ12 p-n-p TO-36 -80 -60 20A 15A 90 45W 40" 120 T2A 100kHz -10 15A 2A — —
AF114 p-n-p TO-7 -20 -20 10 10 75 85 40 — 1 75* — — — 14 100
AF115 p-n-p TO-7 -20 -20 10 10 75 85 40 — 1 75* — — — 13 100

AF116 p-n-p TO-7 -20 -20 10 10 75 85 40 __ 1 75* __ — __ 25 10-7
AF117 p-n-p TO-7 -20 -20 10 10 75 85 40 — 1 75* — — — 42 0-4
ASY26 p-n-p TO-5 -30 -15 300 200 85 150 30" 80 20 4 -0-2 10 03 — —
ASY27 p-n-p TO-5 -25 -15 300 200 85 150 50" 150 20 6 -0-2 10 0-2 — —
ASY28 n-p-n TO-5 30 15 300 200 85 150 30" 80 20 4 0-2 10 0-3 — —



GERMANIUM TRANSISTORS (cont.)

•typical "hFE tTcase^25°C ÎTcase^45°C

Type 
No.

Polarity Outiline
Maximum Ratings

P tot 
at25°C 
(mW)

hfe at 
le

(mA)

fT 
min.

(MHz)

VcE(sat) 
max.

(V)

at Typical 
Power gain 

at f
Vcb

(V)

VCE

(V)

IcM

(mA)

lc(AV)

(mA)

Tj

(°C)

min. max. le

(mA)

Ib

(mA) (dB) (MHz)

ASY29 n-p-n TO-5 25 15 300 200 85 150 50’* 150 20 10 0-2 10 0-2 -
ASZ21 p-n-p TO-18 -20 -15 50 30 85 120 35 — 10 300 -0-35 10 10 — —
OC 20 p-n-p TO-3 -100 -75 10A 8A 90 30WÎ 25 75 1A 0-25 — — — __ —
OC22 p-n-p TO-3 -47 -32 2A 1A 90 22-5WÎ 50" — 1A 2 -0-6* 1A 30 — —
OC23 p‘n-p TO-3 -55 -40 2A 1A 90 22-5Wf 50" — 1A 2-5 -0-4* 1A 30 — —

OC24 p-n-p TO-3 -47 -40 2A 1A 90 22-5Wf 50" __ 1A 2-5 -0-4* 1A 30 - _ -
OC25 p-n-p TO-3 -40 -40 4A 4A 90 22-5WT 15" 80 1A 0-25 — — — —. __
OC41 p-n-p S 0-2 -16 -15 150 50 75 112 20 90 10 3 -02 50 3 —. __
OC 42 p-n-p S 0-2 -16 -15 150 50 75 112 40 — 10 5-5 -0-2 50 1-5 — __
OC43 p-n-p S 0-2 -15 -15 150 50 75 112 50 200 50 12 -0-28 125 7 — —

OC 44 p-n-p SO-2 -15 -15 10 5 75 70 40 225 1 7-5 —0-15 8 0-5 — —
OC45 p-n-p 80-2 -15 -15 10 5 75 70 25 125 1 3 -0-15 8 0-5 — __
OC70 p-n-p SO-2 -30 -30 50 10 75 125 20 40 0-5 5kHz -033 9 05 — __
OC71 p-n-p SO-2 -30 -30 50 10 75 125 41 — 1 5kHz —0-21 9 0-5 — ___
OC72 p-n-p SO-2 -32 -32 250 125 75 125 45 120 10 0-33 — — — — —

OC75 p-n-p SO-2 -30 -30 50 10 75 125 60 130 3 0-9 -0-21 9 0-5 __ __
OC76 p-n-p SO-2 -32 -32 250 125 75 125 45 — 10 0-35 __ __ . __ __ __
OC77 p-n-p SO-2 -60 -60 250 125 75 125 45 — 10 0-35 __ ' --- — __ . _ _
OC139 n-p-n SO-2 20 20 250 250 75 145 20 84 15 3-5 0-22 50 3 _ _ __
OC140 n-p-n SO-2 20 20 400 400 75 145 50 150 15 4-5 0-22 50 1-2 — —

O C141 n-p-n SO-2 20 20 400 400 75 145 80 200 15 90 022 50 0-7 __ __
OC170 p-n-p TO-7 -20 -20 10 10 75 85 40 — 1 75* — —. — 25 10
OC171 p-n-p TO-7 -20 -20 10 10 75 85 40 — 1 75* — — -— 14 100



SILICON TRANSISTORS

’typical tTmbg25°C §Dual transistor

Maximum Ratings hFE at fT VcE(sat) a ^on toff at
Type Polarity Outline Vcbo Vceo Icm C(AV) Tj P tot min. max. Ic min. max. Ic Ib
No. at25°C

(V) (V) (mA) (mA) (°C) (mW) (mA) (MHz) (V) (mA) (mA) (ns) (ns) (mA)

BC146 n-p-n [a min. 20 20 50 50 125 50 80 550 0.2 150’ 0-18* 20 — __ __ __
BC186 p-n-p TO-18 -40 -25 200 100 175 300 40 200 20 50 -0-5 50 5 — — —
BC187 p-n-p TO-18 -30 -25 200 100 175 300 100 500 20 50 -0-5 50 5 — — —
BC200 p-n-p g min. -20 -20 50 50 125 50 50 400 0-2 90* -0-2* 20 — — — —

§BCY55 n-p-n Block 45 45 60 30 125 300 200 600 10 50 10 10 0-5 — —

BCZ11 p-n-p SO-2 -30 -25 100 50 150 250 15 50 20 0-9 —055 20 3 — — —
BD115 n-p-n TO-39 245 180 200 150 200 6t 22 — 50 145* 90 100 10 — — —
BD121 n-p-n TO-3 60 35 5A 5A 175 45W 30 — 1A 60 0-65 1A 100 — — —
BD123 n-p-n TO-3 90 60 5A 5A 175 45W 30 — 1A 60 0-65 1A 100 — — —
BD124 n-p-n SO-55 70 45 4A 2A 175 15W 35 — 500 60 0-50 2A 200 — — —

BDY10 n-p-n TO-3 50 40 4A 2A 175 150Wf 10 50 2A 10 07 2A 400 — — —
BDY11 n-p-n TO-3 100 70 4A 2A 175 150Wt 10 50 2A 10 0-7 2A 400 — — —
BDY60 n-p-n TO-3 120 60 10A 5A 175 15W 45 450 500 100* 0-7 5A 500 120 350 5A
BDY61 n-p-n TO-3 100 60 10A 5A 175 15W 45 450 500 100* 09 5A 500 120 350 5A
BDY62 n-p-n TO-3 60 30 10A 5A 175 15W 45 450 500 100* 0-9 5A 500 120 350 5A

BF115 n-p-n TO-72 50 30 30 30 175 145 48 — 1 230* — — — — — —
BF167 n-p-n TO—72 40 30 25 25 175 130 — — — 350* — — -— — — —
BF173 n-p-n TO-72 40 25 25 25 175 260 — — — 550* — — — — — —
BF177 n-p-n TO-5 100 50 60 50 200 600 20 — 15 120* — — — — — —
BF178 n-p-n TO-5 160 115 50 50 200 600 20 — 30 120* — — — — — —



SILICON TRANSISTORS (cont.)

•typical îTeaSe<125°C 1Tmb<50oC

Type 
No.

Polarity Outline
Maximum Ratinas

P tot 
at25°C 
(mW)

hFE at 
le

(mA)

ÍT 
min.

(MHz)

VcE(sat) 
max.

(V)

at ton

(ns)

toff

(ns)

at

(mA)

Veso

(V)

VcEO

(V)

IcM

(mA)

lc(AV)

(mA)

Tj

(°C)

min. max. le

(mA)

Ib

(mA)

BF179 n-p-n TO-5 250 115 50 50 200 500 20 __ 20 120* __ __ __ __ ___
B Fl 82 n-p-n TO-72 25 20 15 15 175 150 — — — 650* — — — __ — __
BF183 n-p-n TO-72 25 20 15 15 175 150 — — — 800’ — — — __ — __ .
BF262 n-p-n T pack 30 20 20 20 125 120 — — — 650* — — — — — —
BF263 n-p-n T pack 30 20 20 20 125 120 — — — 525 — — — — — —

BF264 n-p-n T pack 30 20 20 20 125 120 — __ __ 400 __ __ __ — __ —
BFS18R n-p-n li min. 30 20 30 30 125 110 35 125 10 200* — — — — — —
BFS19R n-p-n p. min. 30 20 30 30 125 110 65 225 10 260* — — — — — —
BFS92 p-n-p TO-39 H 00 -60 1A 1A 200 5Wf 30 — 150 70* -10 500 50 — — —
BFS93 p-n-p TO-39 r-100 -60 1A 1A 200 5Wf 70 — 150 70* -10 500 50 — — —

BFS94 p-n-p TO-39 -80 -40 1A 1A 200 5Wf 40 — 150 70* -07 500 50 __ — _ _
BFS95 p-n-p TO-39 -40 -35 1A 1A 200 5Wf 70 — 150 70* -07 500 50 — — —
BFW16 n-p-n TO-5 40 25 300 150 200 1-5WJ 25 — 150 1200* — — — —, — —
BFW17 n-p-n TO-5 40 25 300 150 200 1-5WÍ 25 — 150 1100* — — — — — —
BFW45 n-p-n TO-39 165 130 100 50 200 25W{ 20 120 50 80 30 10 1 — — —

BFW57 n-p-n Lock-fit 80 60 1A 500 125 350 80 — 100 80 0-7 500 50 __ — __
BFW58 n-p-n Lock-fit 80 60 1A 500 125 350 50 — 100 80 0-7 500 50 — — —
BFW59 n-p-n Lock-fit 40 35 1A 500 125 350 80 — 100 80 0-7 500 50 — — —
BFW60 n-p-n Lock-fit 40 35 1A 500 125 350 50 — 100 80 0-7 500 50 — — —
BFW87 p-n-p Lock-fit -60 -60 500 500 125 300 80 320 150 100 -0-4 150 15 50 290 100



SILICON TRANSISTORS (cont.)

’typical

Type 
No.

Polarity Outline
Maximum Ratings

Ptot 
at 25 °C 
(mW)

hpE at 
le

(mA)

min.

(MHz)

VcE(sat) 
max.

(V)

at fon

(ns)

fotf

(ns)

at

(mA)

VCBO

(V)

VcEO

(V)

Icm

(mA)

lc(AV)

(mA)

Tj 

(°C)

min. max. le

(mA)

Ib 

(mA)

BFW88 p-n-p Lock-fit -60 -60 500 500 125 300 40 130 150 100 -0'4 150 15 50 290 100
BFW89 p-n-p Lock-fit —40 -40 500 500 125 300 80 320 150 100 -0-4 150 15 50 290 100
BFW90 p-n-p Lock-fit -40 -40 500 500 125 300 40 120 150 100 -0'4 150 15 50 290 100
BFW91 p-n-p Lock-fit -20 -20 500 500 125 300 40 125* 150 100 -0-4 150 15 50 290 100
BFW92 n-p-n T pack 25 15 50 25 125 130 20 150 20 1600* 0-75 20 — — — —

BFX12 p-n-p TO-18 -20 -15 140 100 200 300 20 60 10 150 -0-25 10 1 — — —
BFX13 p-n-p TO-18 -20 -15 140 100 200 300 50 250 10 150 -0-25 10 1 — — —
BFX34 n-p-n TO-39 120 60 5A 2A 200 870 40 150 2A 70 10 5A 500 210 340 5A
BFX37 p-n-p TO-18 -60 -60 50 50 200 360 100 170* 10 — -0-25 10 0-5 — — —-
BLY17 n-p-n TO-36 100 100" 10A 10A 175 100Wt 5 — 5A 50 20 10A 2A — — —

BSS27 n-p-n TO-39 70 45 1A 1A 200 800 25 —. 500 400* 0-4 500 35 25 40 500
BSS28 n-p-n TO-39 50 30 1A 1A 200 800 30 — 500 400* 0-5 500 35 25 45 500
BSS29 n-p-n TO-39 50 30 1A 1A 200 800 20 — 500 400* 0'5 500 35 30 50 500
BSW41 n-p-n TO-18 40 25 500 300 200 1W 20 — 500 250 0-5 150 15 50 100 300
ESW65 n-p-n TO-5 80 80 2A 1A 200 800 40 — 100 80* 0-4 500 50 — — —

BSW69 n-p-n Plastic 150 150 50 50 125 125 30 — 4 130* 40 20 10 — — —
BSX12 n-p-n TO-39 25 12 1A 1A 200 3Wi 30 120 300 450 0-33 300 30 11 19 1A
BSX12A n-p-n TO-39 25 15 1A 1A 200 3Wt 30 120 300 450 0-33 300 30 11 19 1A
BSX44 n-p-n TO-18 15 6 200 — 200 300 30 150 20 600 045 50 50 20 15 20

BSX76 n-p-n TO-18 20 20 400 200 200 350 35 — 10 50 0-35 50 2-5 40 80 100

tTmb<25°C ÎTcaSe^95°C”Vceb (Rbe<10î2)



SILICON TRANSISTORS (cont.)

Type 
No.

Polarity Outline
Maximum Ratings

Ptot 
at25°C 
(mW)

hpE at 
le

(mA)

fT 
min.

(MHz)

VcE(sal) 
max.

(V)

at ton

(ns)

toff

(ns)

at

(mA)

Vcbo

(V)

VcEO

(V)

IcM

(mA)

lc(AV)

(mA)

Tj 

(°C)

min. max. le

(mA)

Ib

(mA)

BSX77 n-p-n TO-18 40 20 400 200 200 350 40 120 10 100 0-35 50 2-5 40 80 100
BSX78 n-p-n TO-18 40 20 400 200 200 350 80 240 10 100 0-35 50 2-5 40 80 100
BSY26 n-p-n TO-18 20 15 200 100 175 300 20 60 10 200 035 10 1 27 130 10
BSY27 n-p-n TO-18 20 15 200 100 175 300 40 120 10 200 0-35 10 1 27 130 10
BSY38 n-p-n TO-18 20 15 200 100 175 300 15 45 100 350* 0-6 100 10 14 45 100

BSY39 n-p-n TO-18 20 15 200 100 175 300 20 70 100 350* 0-6 100 10 14 45 100
BSY40 p-n-p TO-18 -25 -20 140 100 200 300 25 60 10 140 —0-2 10 1 25 100 50
BSY41 p-n-p TO-18 -25 -20 140 100 200 300 50 200 10 140 -0-2 10 1 25 100 50
BSY95 n-p-n TO-18 20 15 200 100 140 150 50 200 10 200 -0-35 10 0-2 — — —
BU105 n-p-n TO-3 1500 1500 2-5A 2-5A 115 10W — — 7-5* 50 2-5A T5A 750 2A

OC200 p-n-p SO-2 -30 -25 100 50 150 250 10 50 20 045 —0-55 20 3 __ — __
OC201 p-n-p SO-2 -25 -20 100 50 150 250 10 70 20 20 -0-55 20 3 — Illi .—
OC202 p-n-p SO-2 -15 -10 100 50 150 250 24 125 20 1-4 -0-55 20 3 — —
OC203 p-n-p SO-2 -60 -50 100 50 150 250 10 50 20 0-3 -0-55 20 3 — — -—
OC204 p-n-p SO-2 -32 -32 500 250 150 125 10 30 150 0-45 -0-56 125 17 — — —

OC205 p-n-p SO-2 -60 -60 500 250 150 125 10 50 150 0-45 -0-56 125 17 — __ __
OC206 p-n-p SO-2 -32 -32 500 250 150 125 16 120 150 085 -0-55 125 17 —. — —
OC207 p-n-p SO-2 -50 -50 500 250 150 310 12 70 150 20 -0-56 150 17 — — —



INDEX to Book 1 (Parts 1 & 2)

’Not recommended for the design of new equipment. 
Full data for these types are available on request.

Type Number Part/ 
Section

Suggested 
alternative

Type Number Part/ 
Section

Suggested 
alternative

AC127 1B BCY70 1B
AC128/2-AC128 1B BCY71 1B
AC128/AC176 1B BCY72 1B
AC176 1B BCY87/8/9 1B
AC187 1B BCZ11 D*

AC188 1B BD115 D’
ACY17to22 D* AC128 BD121 /3 D* BDY92/60
ACY39 to 41 D* AC128 BD124 D#
ACY44 D’ BD131/2-BD131 1B
AD140/2-AD140 • AD149 BD132 1B

AD149/2-AD149 1B BD133 1B
AD161 1B BD135to 140 1B
AD161/2 1B BD181 to 184 1B
AD162 1B BD201 to 204 1B
ADY26 D' BD232 1B

ADZ11/12 D* BD233 to 238 1B
AF114to 117 D‘ BD262/A/B 1B
AFY19 * BFX88 BD263/A/B 1B
ASY26 to 29 D‘ BD433 to 438 1B
ASY67 • BCY70 BDX35/6/7 1B

ASZ20 « BCY70 BDX42/3/4 1B
ASZ21 D* BDX62/A/B 1B
ASZ23 • BCY70 BDX63/A/B 1B
BC107/8/9 1B BDX64/A/B 1B
BC146 D* BCW32R BDX65/A/B 1B

BC147/8/9 1B BDY10/11 D’ BDY20
BC157/8/9 1B BDY20/2-BDY20 1B
BC186/7 D* BCY70 BDY38/2-BDY38 1B
BC200 D* BCW30R BDY60/1/2 D‘
BC327/8 1B BDY90 to 95 1B

BC337/8 1B BDY96/7/8 1B
BC547/8/9 1B BF115 D’
BC557/8/9 1B BF167 D* BF196
BCW29R/30R 1B BF173 D’ BF197
BCW31R to 33R 1B BF177/8/9 D*

BCW69R to 72R 1B BF180 1B
BCX17/18 1B BF181 1B
BCX19/20 1B BF182 D*
BCX21 1B BF183 D‘
BCX31 to 34 1B BF184/5 • BF194/5

BCX35 to 37 1B BF194 1B
BCY30/1 /2/3/4 1B BF195 1B
BCY38/9/40 1B BF196 1B
BCY54 1B. BF197 1B
BCY55 D* BCY87 BF200 1B



*Not recommended for the design of new equipment. 
Full data for these types are available on request.

Type Number Part/ 
Section

Suggested 
alternative

Type Number Part/ 
Section

Suggested 
alternative

BF245A/B/C 1B BFY50/1/2 2B
BF262/3 D* BF362/3 BFY53 2B
BF264 D’ BFY90 2B
BF324 IB BGY22/A 2B
BF336/7/8 1B BGY23/A 2B

BF355 1B BLX13 2B
BF362/3 1B BLX14 2B
BF450/1 1B BLX65 2B
BFQlOto 16 2B BLX66 2B
BFR29 2B BLX67 2B

BFR30/1 2B BLX69 2B
BFR63/4 2B BLX91 2B
BFR90 2B BLX92 2B
BFR91 2B BLX93 2B
BFR92 2B BLX94 2B

BFR93 2B BLY17 D* BLX14
BFS17R 2B BLY33/4 2B
BFS18R/19R , D" BFS20R BLY35 2B
BFS20R 2B BLY36 2B
BFS21/21A 2B BLY53A 2B

BFS28 2B BLY55 2B
BFS92 to 95 D* BCX35-37 BLY83 2B
BFT24 2B BLY84 2B
BFT25 2B BLY85 2B
BFW10/11 2B BLY89A 2B

BFW16 D* BFW16A BLY90 2B
BFW16A 2B BLY93A 2B
BFW17 D* BFW17A BLY94 2B
BFW17A 2B BLY97 2B
BFW30 2B BRY39 2B

BFW45 D* BSX21 BSS27/8/9 D* BSX59
BFW57/8/9/60 D’ BCX32-34 BSS40/1 2B
BFW61 2B BSS50/1/2 2B
BFW87 to 91 D‘ BFX85 BSV22 D* BFR29/BSV81
BFW92 D* BFS17R BSV52R 2B

BFW96 BSV64 2B
D* BFR29/BSV81 BSV68 2BBFX12/13 

BFX29
D* 
2B

BCY70 BSV78/9/80
BSV81

2B
2BBFX30 2B BSW41 D*BFX34 D* BSV64 BSW65 D* BFX85

BFX37 D* BCY70 BSW66/7/8 2BBFX63 D* BFR29/BSV81 BSW69 D*
BFX84/5/6 2B BSX12/12A D*BFX87/8 2B BSX19/20 2B
BFX89 2B BSX21 2B



Type Number Part/ 
Section

Suggested 
alternative

Type Number Part/ 
Section

Suggested 
alternative

BSX44 D* BSX19 2N3375 2B
BSX59/60/61 2B 2N3442 2B
BSX76/7/8 D* 2N3553 2B
BSX82 D* BFR29/BSV81 2N3632 2B
BSY26/7 0' BSX19/20 2N3823 2B

BSY38/9 D* 2N3866 2B
BSY40/1 D* BCY70 2N3966 2B
BSY95 D‘ 2N4091/2/3 2B
BSY95A 2B 2N4347 2B
BU126 2B 2N4391/2/3 2B

BU133 2B 2N4427 2B
BU204/5/6 2B 2N4856to4861 2B
BU207/8/9 2B 56200 C
OC20 D* 56201A C
OC22/3/4/5 D‘ 56201B C

0C26 * AD149 56207 C
OC28/9 2B 56209 C
OC35/6 2B 56214 C
0C41/2/3/4/5 D* 56218 C
OC70/1/2 D* AC128

56226 C
OC75/6/7 D* AC128 56227 C
OC122/3 « BFX87 56239A C
0C139/40/41 D‘ 56239B C
0C170/1 D* 56245 C
OC200to207 D*

56246 c
2N1613 2B 56263 C
2N1711 2B 56265 c
2N2297 2B 56300 c
2N2369A 2B 56301B c
2N2904/4A 2B

56325 C2N2905/5A 2B 56326 c
2N2906/6A 2B 56336A c
2N2907/7A 2B 56336B c
2N3053 2B 56338 c
2N3055 2B

‘Not recommended for the design of new equipment. 
Full data for these types are available on request.
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