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BOOK 1 (Part 2)

SEMICONDUCTOR DEVICES
Transistors 

BFQIOto OC36 
(including 2N types)

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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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 (cont.)
N-P-N Silicon planar types

+Also available to BS 9365-F112
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BC107f ★ ★ ★ ★ 300 TO-18
BC108t ★ ★ ★ ★ 300 TO-18
BC109t ★ ★ ★ ★ 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 ★ ★ ★ ★ 180 T pack



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

+Also available to BS 9365-F012 
iVCE0 max = 5V
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BFR92 ★ ★ ★ ★ 180 p min
BFR93 ★ ★ ★ 180 p min
BFS17R ★ ★ ★ ★ 200 p min
BFS20R ★ ★ ★ 200 p min
BFT24 ★ ★ Î ★ 30 T pack
BFT25 ★ ★ Î ★ 30 P min
BFW16A ★ ★ ★ ★ 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
BFY50f ★ ★ ★ ★ 800 TO-5
BFY51t ★ ★ ★ ★ 800 TO-5
BFY52t ★ ★ ★ ★ 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-PSilicon 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
BFX29Î ★ ★ ★ ★ 600 TO-5
BFX30Î ★ ★ 600 TO-5
BFX87 ★ ★ ★ ★ 600 TO-5
BFX88 ★ ★ ★ ★ 600 TO-5
BSV68 ★ ★ 250 TO-18
2 N 2904 ★ ★ ★ ★ 600 TO-5
2 N2904A ★ ★ ★ ★* 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

Î 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



LF./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
BU204 ★ ★ 1300V 10 TO-3
BU205 ★ ★ 1500V 10 TO-3
BU206 ★ ★ 1700V 10 TO-3
BU207 ★ ★ 1300V 12-5 TO-3
BU208 ★ ★ 1500V 12-5 TO-3
BU209 ★ ★ 1700V 12-5 TO-3
2N3055 ★ ★ ★ 115 TO-3
2N3442 ★ ★ ★ 117 TO-3
2N4347 ★ ★ ★ 100 TO-3

Germanium types
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AD149 ★ ★ ★ 22-5 TO-3
AD161 ★ ★ ★ ★ 4 SO-55
AD162 ★ ★ ★ ★ 6 SO-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 + A.M. (Carrier) § At 100MHz

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

VCEnriax 
(V)

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

>18 >33 175 400 470 1000

BLX13 ★ ★ 25f Capstan
BLX14 ★ ★ 50 f Stripline
BLX65 ★ ★ ★ 2 2 TO-39
BLX66 ★ ★ ★ 3 2-5 Capstan
BLX67 'A' ★ ★ 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 ★ ★ 2J 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 ★ ★ 13-5 TO-60
2 N 3866 ★ ★ ★ 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
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BCX21 ★ ★ 2000 015 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
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6. MICROMINIATURE TRANSISTORS

Type 
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>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 ★ ★ ★ + + ★ 30
BSV52R ★ ★ ★ ★ 200

tField effect transistors 
tVCE0 max = 5V
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Section I. Type Nomenclature
This section explains the system of type nomenclature used for Mullard Semi
conductor devices showing the significance of each type letter or number.
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of Semiconductor Devices.
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thermal resistance considerations.
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TYPESEMICONDUCTOR

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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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, 
VBRM, or the rated repetitive peak off-state voltage, VDRM, 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-±I5%
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
A'Z — voltage regulator diode

The group of figures is a serial number indicating a particular design or develop
ment.
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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 r e
v ¡-with subscripts« bPj Ie'Ì p
v ¡-with subscripts« B 
pj lc

instantaneous value of the varying component.

instantaneous total value.

n re
V with subscripts^ b 
pj Lc

the r.m.s. value of the varying component, or 
with appropriate additional subscript the peak 

Tm) or average (d.c.) (av) value of the varying 
component.

E 'j the no-signal (d.c.) value or, with the appropriate 
with subscripts« B ¡-additional subscripts the total average value (AV) 

[C J with signal or the total peak value (M).

Examples:
lE 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.
iE Instantaneous value of total emitter current.
Ie(av) 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
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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 > Veeb

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
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Where ambiguity might arise the complete terminal designations shall be 
separated by hyphens or commas.

Example ViCl-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 Vle = hie. lie + 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.

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

rB > re , rbh-

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
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List of Symbols for Semiconductor Devices
Cd 
Cf 
Cib
Cle 
Cj 
Cmin
Co 
Cob
Coe 
Cp
Cs 
Cïe
Ctc 
fco 
furbi 
fhre J
fi 
fmax
fr 
fr

gj 
gp 
Gp 
hiB 1 
hiE y 
hic J 
hib (hn) 
hie (hll) 
hie 
Hrb Ì 
hßE r 
hRc J 
hrb (hl2) Ì 
hre (hia) r 
hre J 
hpB Ì 
hpE r 
hre J 
htb (1121) Ì 
hre (1121) r 
hre J 
hoBÌ 
hoE y 
hoc J 
hob (1122) i 
hoe (1122) )• 
hoc J 
hFE(sat)
hpEL

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 depletion’layer
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)
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

lc~l c BO
inherent forward current transfer ratio = .—-y----■b+ 'cbo
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Ib , lc , Ie total d.c. current
Ib(av) Iciav) Ie(AV)average (d.c.) value of total current
Ibbx base current (with both junctions reverse biased)
Ibex . Icex base (respectively collector) cut off current in a specified 

circuit
Ibm, Icm > Iem 
lb • Ie > U 
Ibm , Icm . lem 
iß. ¡C. ¡E 
ib » ¡c » ¡e 
'(BO) 
ICBO 
Icbs . Ices 
Icbx

Iceo 
IcER

In

I EBO 
Iebx

If
¡F 
If(AV)
Ifg 
Ifgm
Ifm
If(OV) > Ifom
IF RM
I IHM 
Igd 
Igt 
Igq 
lit 
11.
Io
It) RM
Ip 
lp/lv 
Ir 
¡R 
Irg
I HUM 
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
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Iv 
lz

Iz(AV) 
IzM 
Lc
Ls 
N, 
Nlt 
N„ 
Nr 
Pc
Pgm 
P tot
Qs 
rub-
Rs 
rs
Rib 
rz 
Sts 
Sz

Tamb 
Tease
Tj 
Tmb 
Tstg 
td 
tf 
tir 
tgt 
tgil 
tp 
tq 
ton 
toff 
tr 
trr 
ts 
Oh 
01 
Oj-amb 
6j-case 
Oj-mb 
Tc
TS 
Tf 
Tr

tunnel diode valley point current
voltage regulator (zener) diode continuous (d.c.) operating 
current
voltage r egulator (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
G.E.N. Notes Page 6



SEMICONDUCTOR

DEVICES

GENERAL EXPLANATORY
NOTES

VßE(sat) 
V(BO) 
V(BR) 
V(BR)CBO 
V(BR)CBS

V(BR)CEO 
V(BR)CER

V(BR)CES

V(BR)CEX

V(BR)EBO 
V(BR)R 
VCB 
VcBO 
VcBIl 
Vcc 
Vce 
Vceo 
V ce 
VcE(knee) 
VcE(sat) 
VcE(sust) 
VD 
Vdc 
Vdm 
Vdrm 
Vds 
Vdsm 
Vdwm 
Veb 
Vbbo 
Veb 
Vebh 
Vécu 
Vf
Vf
Vfg 
Vfgm
VIr
Vgb 
Vgd
Vos 
Vgt
Vi
Virm 
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
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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
Zu intermediate frequency impedance
Zv video impedance

y-parameters
Common Common

base emitter
yib (yn) yie (y'n)
gib (gli) gie (g'll)
Cib (cil) Cie (c'll)
f?ib (>le
yob (yea) Yoe (y'aa)
gob (gaa) goe (g'aa)
Cobs (taa) coes (caa)
(b>b (>oe
lytbldyeil) lyfeldy'sil)
gib gfe
Ctb Cfe
^rb (<i>ai) <Se d'ai)
|yrb| (yia) |yre| (yTa)
grb £re
Crb Cre
'Sb (<i>12) (ire (<t>'ia)

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 
short-circuited

Input 
short-circuited

Output 
short-circuited

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 bv a2 and b2, which 
are square roots of power.
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a,2 = the power incident at the input ( =

a22 = the power incident at the output /= ^-)

/ Vrl2\b,2 = the power reflected from (or generated at) the input ( = -=—)

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

V, = incident voltage

Vr = reflected (generated) voltage

The four-pole equations for s-parameters are:

bi = s, ,3, +s12a2.
b2 = s21 +s22a2

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

s‘ -oa 1 ] d2 — v

_ N
Sf _ S21 - -

d i | a2 — L/

b2 I
SO-S22--

d2 | — v

bjSr = S12 = — a21 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).

b, Vr,Because = it can be seen that s, is the input reflection coefficient; in the 
a; Vh

same way so is the output reflection coefficient.
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The s-parameters can be named and expressed as follows:

Si = 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 = s21 = 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.

s, = 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.
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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, 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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3 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:

3.1 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 (lE = 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

Vcb 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 
Rb
Re ’ si y which are equivalent conditions under which the device may
be cut-off.
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Vcb 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 (Ib = 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. Zeb . Vbe . Ib or ^EE Ke Kb
RbAn example of this type of curve is given in Fig. 2 as Vce versus g- for Ke

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 Rb .
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.
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3.2 Transistor Current Ratings
Collector current ratings
lc 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
Ie max The maximum permissible emitter current. Without 

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

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

reverse base current allowable in the reverse 
breakdown region.

Ihm 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:

Plot = VcbX Ic + VbeX lb
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 (0j) 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:

D Tj-Tamb
rtot — n-------  uj-amb

where 0j-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 (0j) and the 
heatsink thermal resistance (0n).
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For the calculation of pulse power operation PD , 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-PsX Oj-amb
11 “ Ot+d(Ocase-amb)

where ()t and d are given in the above chart and Oease-amb is the thermal 
resistance between case and ambient for case rated device. For mounting 
base rated device, it is equal to 9h+0i 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 0t •

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.

Tease 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 
(OHn)

1 05±0-05mm 
(up to T30mm allowable)

1 '7mm

e-board 0-635mm
(0025in)

0-80i003mm 1 -1 mm

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

Lock C

Lock A

Lock B

Lock A

Lock B
board

(b) D5536

Fig. 1 - Detail of "Lockfit" pins, and function of three "locks" when used with 
(a) e-grid and (b) e-gridprinted-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 'A' locks of the rear two leads are inside the holes (Fig. 2b). 
(3) Tilt the device with light pressure from 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 simitar for z-grid boards
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1.1.2 Mounting prodedure with c-grid boards
The best insertion procedure with the c-(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
p 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.
e-g.

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

Vds = — 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; -Vds = 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) —In V ' tn I .

No I t
■»-signal »1»------------------------ With signal-----------------------------------------------► D113

Examples
li> d.c. drain current—no signal
Idcav) Average (d.c.) value of total drain current with signal applied
Ium Peak value of total drain current
Idirms) Root-mean-square value of total drain current
in Instantaneous value of total drain current
Idm Peak value of the varying component of the drain current
I .Krms) 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

Idm — hiiAv)-t-him; in — Idiavi * id; Idirmsi — V liiiAVi'+ldnins)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:

Vgis, Vg2s, refers to a dual gate MOS device
|VGisi —VG2.s2| 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
(Vp(GS) < 0, loss > 0)

. Ip
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P-channel-junction FET
(Vp(cs) >0, loss < 0)

(Vp(gs) > 0 Jdss 0)
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VGS
IB98071

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 (Vhgsi)
The cut-off voltage VP(gs) 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(cs)

5.2 Drain-source short circuit 
current (loss)
The drain-source short circuit 
current I(dssi ¡s the current flowing 
between drain and source with the 
gate short-circuited to the source 
(Vcs = O) and at a stated drain
source voltage (VDs)

TEST CIRCUIT FOR IDSS
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5.3 Leakage currents

Gate-source leakage/current 
loss

Drain-source leakage current 
loss 

(enhancement mode device)

B9B14 B96'5
Drain-source leakage current 
Idsv, at specified Vos and Vas 

and grounded source

Source-drain leakage current 
Isdv with specified Vsd and VGs 

with grounded drain

Drain-substrate leakage current 
Idbs

Source-substrate leakage current 
Isas

6. SMALL SIGNAL-Y PARAMETERS

Four-pole equivalent circuit
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yn — y i — Vout — 0

Y21 = yr ~ --- Vout = 0V in
y 22 = Vo = 47^— V*" = 0 

V out

input admittance with output short 
circuited 
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
yrs = gis+jbis and bis — tocis

For example
Cis = 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 
|yrsl 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
VSb max — Source-substrate voltage
Vgd max — Gate-drain voltage
Vgs max — Gate-source voltage
Vgb max — Gate-substrate voltage
Id max — Drain current
Is max — Source current

*lc 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 

Tamb max = maximum permitted ambient temperature 
Tease max = maximum permitted case temperature 
Rth(i-amb) = Thermal resistance junction to ambient 
Rth(case-amb) = Thermal resistance case to ambient.

The limiting value of the maximum permitted device dissipation Ptl.t max 
is stated for either Tj max — T amb max 

lamb — qKthOamb)
Tj max —Tcase maxPtot max =------ -------------------Hth(case -amb)

WIRING RECOMMENDATIONS

and

8. SOLDERING AND
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 15mm above a board 
having plated-through holes.

8.3 Care should be taken not to bend the leads nearer than 1-5mm 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 Ic against Vce 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

Mullard
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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 -- 0Q1) of short duration, say 10p.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 Ic against Vce 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. 1. In 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 <0 sufficient SOAR 
information is provided in the published data of each power transistor to cover 
90% of all applications.

IUTP 1454 reprinted from MTC No. 122 APRIL 1974
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Thus, in most cases the user will merely select the appropriate SOAR curve 
already constructed—without having to calculate and manipulate Msb value.s.

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 50ys. The families of 
curves are plotted at duty cycles of 0 01 (single-shot) 01, 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

Fig. 2—Typical thermal impedance curves at various duty cycles
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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, l-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 Icm (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 Icm by Vcem.

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

The equation used is:

Ztn(td) ={Rth—Zth(to)}d 4 Zth(to),

Where Zth(td> 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 — Trnb) =Zth(td) x Icm X Vcem.

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

Tmbmax—Tjmax (Tj Tmb).

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:

Where Rtu(h-a) is the thermal resistance of heatsink to ambient and Rtn(mb-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 I -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. I1)

<”TP 1454 reprinted from MTC No. 122 APRIL 1974
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Fig. 5—Typical SOAR family for d = 0-5 (50% duty cycle)



GENERAL EXPLANATORY
NOTES

SOAR

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.

its/24

Fig. 6—Circuit configuration of television audio output stage

Mullard
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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;zs. A test resistor of Oli) is

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

Time (ps)
Fig. 8---- VCE and lc characteristics U5/J,

Mullard SOAR Page 8



SOAR GENERAL EXPLANATORY
NOTES

inserted in the emitter circuit of the lower transistor TRi. A simultaneous display 
of the Vce 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 Vce 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 96Op.s. 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 Vce and derived P«tot) obtained 
from oscilloscope display

Time 
((IS)

Ic 
(mA)

Vce 
(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 0-15

then no important changes until
500 5 25 014
520 40 25 1 00
540 80 20 1-60
560 130 15 1-95
580 180 10 T80
600 220 5 110
620 260 1 0-26

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

Mullard
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Fig- 9— Ptot against time characteristic showing equivalent 
squarewave pulses (acceptability check for pulse Pi)
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Fig. 11—BD131 SOAR for d = 0-5 
(acceptability check for pulse P2)
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Consider pulse Pi: the equivalent pulse time tpi is 82-5^8 and the total cycle 
time T is 960(zs. Therefore the duty cycle di is 82-5/960 or 0 086. The Vcb 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. Thé locus of this plot falls well within the 
tp = 100,j.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 Ps. 
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 Ps 
the duty cycle is 70/960 or 0 073, so the Vce and Ic measurements recorded for pulse 
Ps are again plotted on the SOAR curve for d = 01 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

Fig. 13—Thermal impedance curves for BD131

-------------------- Mullard
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SOAR GENERAL EXPLANATORY
NOTES

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

Tmbmax—TaKth(h-a)------- —-------—Kth(mb-h), . . •(.')
Hav

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

tu r . o /Tjmax—(Tj—Tmb)max—Ta\ D ...
Therefore. Rth(h-a) — I---------------- —--------------------- i Rthimbhi .. .(3)

\ fav J
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

=[(tPi x Pi)T(tP2 x P2)+(tp3 x P3)]/T, .. .(4)

=[(82.5 x 2.24)+(420 x 0.15)+(70xl.96)]/960 =0.4W.
960pts

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)max=PQxRth+(Pi-PQ)Zthtpi, .. .(5)

and (Tj Tmb)max = Pq x Rin +(Pi — Pg)Zth(tpi + tp2+tps)

— (Pl-P2)Zth(tp24-tp3)+(P3— P2)Zthtp3, -..(6)

where:
quiescent power Pq=2W tP3=7O^is

Pi=2.24W Rth=6degC/W
P2=0.15W Zthtpi =0.72degC/W
P3 = 1.96W Zth(tpi +tp2+tp3) =2.0degC/W
tPi =82.5p.s Zth(tp2 T tp3) — 1.8degC/W

tPi +tP2+tp3=572.5fzs ZthtP3=0.63degC/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 -TmtOmax =(2 x 6)+(0.24 x 2) -(2.09 X1.8)+(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\ , „ ,
Rth(h-a)= I--------- - --------- j -1 =37.9degC/W.

Therefore the maximum value of (Tj—Tmb) 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 1 degC/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 Rtb(h—a). Thus:

D Tmbmax Tamb n
K.th(h—a) = -----------—----------------  — Kth(mb—h)

Ptot

2) Enter the nomogram in section 1 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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SOAR GENERAL EXPLANATORY
NOTES

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 Rthpi—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---------------------
SOAR Page 15
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DUAL N-CHANNEL
FIELD EFFECT TRANSISTORS

BFQ10
to

BFQ16

Dual n-channel silicon planar epitaxial junction field-effect transistors in TO-71 metal 
envelope, with electrically insulated gatesand a common substrate connected to the enve
lope; intended for high performance low level differential amplifiers.

QUICK REFERENCE DATA
Characteristics measured at Tamb = 25 °C; Ip = 200 pA; VDG =15 V

BFQ10 11 12 13 14 15 16

Difference in 
gate current AIg| < 10 10 10 10 10 10 10 pA

Gate-source 
voltage difference 

Thermal drift of

△VGS|

d AVgs

< 5 10 10 10 15 20 50 mV

gate-source voltage 
difference

< 5 5 10 20 20 40 50 pV/°CdT

Transfer con- gifs > 0,98 0,98 0,98 0,98 0,98 0,95 0,95
ductance ratio g2fs < 1,02 1,02 1,02 1,02 1,02 1,05 1,05
Difference in 
transfer impedance < 6 6 12 12 12 20 30 Q

Difference in 
penetration factor

aÎ°s| 
gfs 1

< 10 30 30 30 30 30 100 pV/V

Common mode 
rejection ratio CMRR > 100 90 90 90 90 90 80 dB

Dimensions in mmMECHANICAL DATA
TO-71
All leads insulated 
from the case

♦ 
4,8 max 
♦

max

1=0,48 [ I max

12.7min --- ►! ,z66906

SEPTEMBER 1973
Mullard
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RATINGS Limiting values in accordance with the Absolute Maximum System

Voltages

Drain-source voltage ±VDS max. 30 V

Drain-gate voltage (open source) VDGO max. 30 V

Gate-source voltage (open drain) -Vgso max. 30 V

Voltage between gate 1 and gate 2 ±Vig -2G max. 40 V

Currents

Drain current ID max. 30 mA

Gate current Ig max. 10 mA

Power dissipation

Total power dissipation up to Tamb = 75 °C Ptot max. 250 mW

Temperatures

Storage temperature Tstg -65 to +200 °C

Junction temperature Tj max. 200 °C

THERMAL RESISTANCE
From junction to ambient in free air Rth j -a = 0,5 °C /mW

Mullard
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DUAL N-CHANNEL
FIELD EFFECT TRANSISTORS

BFQ10
to

BFQ16
CHARACTERISTICS (total device) Tamb = 25 °C unless otherwise specified

Measured at: Ip = 200 pA; Vpg = 15 V except for drain current ratio.

Drain current ratio 1)

Vqg = 15 V; Vgs = 0
Difference in 
gate current

BFQ10 11 12 13 14 15 16

bp-iss 
I2D-2SS 
|aig|

> 0,97
< 1,03

< 10

0,95
1,05

10

0,95
1,05

10

0,95
1,05

10

0,92
1,08

10

0,90
1,10

10

0,80
1,20

10 PA

Gate-source 
voltage difference Kgs < 5 10 10 10 15 20 50 mV

Thermal drift of 
gate-source voltage 
difference

M¿vgsI
1 dT 1 < 5 5 10 20 20 40 50 pV/°C

Transfer con- 
ductance ratio

gifs 
g2fs

> 0,98
< 1,02

0,98
1,02

0,98
1,02

0,98
1,02

0,98
1,02

0,95
1,05

0,95
1,05

Difference in 
transfer impedance 2)

|a —
1 gfs

< 6 6 12 12 12 20 30 Q

Difference in
penetration factor 3)

Ia^s 
j gfs

< 10 30 30 30 30 30 100 pV/V

Common mode 
rejection ratio 4) CMRR > 100 90 90 90 90 90 80 dB

1) Measured under pulse conditions.

2) The difference in transfer impedance is equal to the ratio of the change of the gate- 
source voltage difference to the change of drain current, at constant drain-gate voltage. 
.. 1 diVnc(A---- -- —, AJ“ at VnG = constant)gfs dlD

2) The difference in penetration factor is equal to the ratio of the change of the gate-source 
voltage difference to the change of drain-gate voltage, at constant drain current.
(A d at Ip = constant)

gfs d VDG
4) Common mode rejection ratio

CMRR (in dB) = -20 logl

Mullard
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CHARACTERISTICS (Individual transistor)

Gate cut-off current

Tamb = 25 °C unless otherwise specified

-VGS = 20 V; VDS = 0 -IGSS < 100 PA
~VGS = 20 V; VDS = 0; Tamb = 125 °C -IGSS < 20 nA

Gate current

ID = 200 pA; VDG = 15 V; Tamb = 125 °C IG < 10 nA

Drain current

VDS = 15 V; VGs = 0 IDSS 0’5 to 10 mA 1)

Gate-source voltage

ID = 200 pA; VDG = 15 V -VGS < 2,7 V

Gate-source cut-off voltage

ID = 1 nA; VDG = 15 V -V(p)Gs 0,5 to 3,5 V

Transfer conductance at f = 1 kHz

ID = 200 pA; VDG = 15 V gfs > 1.0 mA/V

Output conductance at f = 1 kHz 

ID = 200 pA; VDG = 15 V gos < 5 pA/V

Input capacitance at f = 1 MHz 

ID = 200 pA; VDG = 15 V Cis < 8 pF 2)

Feedback capacitance at f = 1 MHz 

ID = 200 pA; VDG = 15 V Crs < 1,0 pF 2)

Equivalent noise voltage

ID = 200 pA; Vds = 15 V
B = 0,6 to 100 Hz Vn < 0,5 pV

1) Measured under pulse conditions.
2) Measured with case grounded.

Mullard
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DUAL N-CHANNEL
FIELD EFFECT TRANSISTORS BFQ10 

to
BFQ16
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DUAL N-CHANNEL
FIELD EFFECT TRANSISTORS

BFQ10
to

BFQ16
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BFR29N-CHANNEL INSULATED GATE
FIELD EFFECT TRANSISTOR

Depletion type, insulated gate, field effect transistor in a TO-72 metal envelope 
with the substrate connected to the case. It is intended for linear applications in 
the audio as well as the i.f. and v.h.f. frequency region, and in cases where high 
input impedance, low gate leakage currents and low noise figures are of importance.

QUICK REFERENCE DATA

VDb max. 30 V

±VGb max. 10 V

10 to 40 mA

1 y 1 min. (I = 5mA, V = 15V, f = 1kHz) 6.0 mA/V
-C max. (I = 5mA, = 15V, f = 1MHz)rs D DS
Nmax. (I =5mA, Vœ = 15V, f = 200MHz,

0.7 PF

Gg = lmA/V, Bg = optimum) 5.0 dB

Vn//B typ. (ID = 5mA, V =15V, f=lkHz) 100 nV//Hz

OUTLINE AND DIMENSIONS

Conforms to BS 3934 SO-12A/SB4-3
J.E. D. E.C. TO-72

X Substrate connected to envelope 
All dimensions in mm 03925

NOTE

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.

FEBRUARY 1972
Mullard
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RATINGS
Limiting values of operation according to the absolute maximum system.

Electrical

vDBmax. Drain -substrate voltage 30 V

VSB maX- Source-substrate voltage 30 V

±VGB maX‘ Gate-substrate voltage (continuous) 10 V
Repetitive peak gate voltage 
(gate to all other terminals) 
V™ =V„,, = 0, f > 100Hz 15 VSB DB

ID max. Drain current (d. c. ) 20 mA

maX‘ Peak drain current
t =20ms, d = 0. 1 r 50 mA

P max. tnf Total power dissipation
LOL T . < 25°C 200 mWamb —

Temperature
T stg Storage temperature -65 to +125 °C

T max.
1

Junction temperature 125 °C

THERMAL CHARACTERISTIC

Rth(j -amb) Thermal resistance, junction 
to ambient, in free air 0. 5 degC/mW

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

Gate current, V =0
-IGSS -VGS = 10V'VDS=° - - 10 pA

’gSS VGS = 10V'VDS = ° - - 10 PA

-IGSS -V =10V, V =0, T. = 125°COb Db J - - 200 PA

kss V„ =10V, V™=0, T. = 125°COb Db J
Substrate current, V^B = 0

- 200 PA

^BDO -VBD = 30V' V° - - 10 pA

3bso -vbs=30v’ V° - - 10 pA

tss Drain current 
= 15V, = 0 10 40 mADS GS

'VGS Gate -source voltage
I^lOOnA, Vds = 15V 0.5 - 3.5 V

Mullard
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BFR29N-CHANNEL INSULATED GATE
FIELD EFFECT TRANSISTOR

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

-V(P)GS Gate -source cut -off voltage 
ID = 100nA, VDS = 15V - - 4.0 V

N Noise figure at f = 200MHz
I = 5mA, V = 15V, T . = 25°C
D DS amb

Gg = ImA/V, Bg = optimum - - 5.0 dB

V /-/B n Equivalent noise voltage, ^amb~25°C 

ID = 5mA, VDg = 15V, f=120Hz - 300 - nV//Hz
f = 1kHz - 100 - nV//Hz
f = 10kHz - 35 - nV//Hz

y-parameters

I = 5mA, V „ = 15V, T ,=25°C D DS amb

| y | Transfer admittance at f = 1kHz 6.0 - mA/V

lyos' Output admittance at f = 1kHz - - 0.4 mA/V

C.is Input capacitance at f = 1MHz - - 5.0 PF

-Crs Feedback capacitance at f = 1MHz - - 0.7 PF

C Output capacitance at f = 1MHz - - 3.0 PF

Mullard
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BFR29N-CHANNEL INSULATED GATE
FIELD EFFECT TRANSISTOR
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BFR29N-CHANNEL INSULATED GATE
FIELD EFFECT TRANSISTOR
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p min. N-CHANNEL SILICON
FIELD EFFECT TRANSISTORS

BFR30
BFR31

N-channel silicon planar epitaxial junction field effect transistors in microminiature 
encapsulation. They are intended for low-level general purpose amplifiers in thick 
and thin film circuits.

QUICK REFERENCE DATA

±v DS max. 25 V

VGSO maX- 25 V

Ptot max. (T , — amb
25°C)

BFR30

200

BFR31
mW

tss ^DS^^GS = 0) min.
max.

4.0
10

1.0
5.0

mA 
mA

l^fsl %=lmA' VDS = 10V, min. 1.0 1.5 mA/V
f = 1kHz) max. 4.0 4.5 mA/V

Unless otherwise stated data are applicable to both types

OUTLINE AND DIMENSIONS

All dimensions in millimetres 
Plan view from above

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

Electrical

±vDS max. Drain-source voltage 25 V

vDGO max. Drain-gate voltage (open source) 25 V

VGSO max. Gate-source voltage (open drain) 25 V

*D max. Drain current 10 mA

max. Gate current 5. 0 mA
P t max. tot

Temperature

T stg

oPower dissipation (Tamb~ 25 C) 

mounted on a ceramic substrate 
of 7 x 5 x 0. 5mm

Storage temperature

200

-65 to +150

mW

0
C

0T.
J

max. Junction temperature 150 C

THERMAL CHARACTERISTICS

R , .. , .th(j-amb) Thermal resistance between junction 
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)

Max.Min.

L"<cc Gate cut-off currentUJO -V^ = 10V, = 0 0.2 nAGS DS
Drain current

Udo
^DS = ’ ^GS = BFR30 4.0 10 mA

BFR31 1.0 5.0 mA

"VGS Gate-source voltage
ID = 1mA, VDS = 10V BFR30 0. 7 3.0 V

BFR31 0 1.3 V
ID = 50pA, VDS = 10V BFR30 - 4.0 V

BFR31 2. 0 V
-V Gate-source cut-off voltage

vA« ID = 0.5nA, VDS = 10V BFR30 - 5.0 V
BFR31 2.5 V

Mullard
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p min. N-CHANNEL SILICON
FIELD EFFECT TRANSISTORS

BFR30
BFR31

ELECTRICAL CHARACTERISTICS (contd.)

Min. Max.

y-parameters, = 25°C

Iyfs| Transfer admittance at f = 1kHz 
ID = 1mA, VDS = 10V BFR30 1.0 4.0 mA/V

BFR31 1.5 4,5 mA/V

Ip = 200gA, VDS = 10V BFR30 0.5 - mA/V

BFR31 0. 75 - mA/V

|y°s| Output admittance at f = 1kHz 
ID = 1mA, VDS = 10V BFR30 - 40 • gA/V

BFR31 - 25 gA/V

ID = 200pA, vDS = 10V BFR30 - 20 gA/V

BFR31 - 15 gA/V

c.is Input capacitance at f = 1MHz 
ID = 1mA, VDS = 10V - 4.0 PF
ID = 200gA, VDS = 10V - 4.0 PF

c rs Feedback capacitance at f = 1MHz,
L = 1mA, V = 10V, T = 25°C
D DS amb

I = 200gA, = 1OV, T . =25°C
D DS amb -

1.5

1.5
PF

PF

V n Equivalent noise voltage 
Ip = 200M, Vpg = 10V 

B = 0. 6 to 100Hz 0.5 gV

Mullard
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pmin. N-CHANNEL SILICON
FIELD EFFECT TRANSISTORS

BFR30
BFR31

Mullard
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BFR30
BFR31

p min. N-CHANNEL SILICON
FIELD EFFECT TRANSISTORS
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS

BFR63
BFR64

N-P-N multi-emitter silicon transistors in capstan envelopes. The transistors have 
extremely good intermodulation properties and high power gain.
The devices are intended for:
(a) Final and driver stages of channel and band aerial amplifiers with high output 

power for band I, II, III and IV/V (40 to 860MHz).
(b) Final and driver stages of wideband amplifiers (40 to 230MHz).
(c) Final stages of the wideband vertical amplifier in high speed oscilloscopes.
(d) Frequency multiplier and oscillator circuits.

Unless otherwise stated data is applicable to both types

QUICK REFERENCE DATA

VCBOM maX' (Peak Value) 40 V

VCEO maX' 25 V
500 mA

P max. (T v <60°C, f >lMHz) tot mb - - 3.5 W

T. max. 150 °C

BFR63 BFR64

f min. (f = 500MHz, I = 75mA, V =20V) r c ce
Pq typ. (f = 200MHz, Ic = 70mA,

1000 1200 MHz

=20V, d. = -30dB) CE im 150 150 mW

G typ. (f = 200MHz, 1 = 70mA, V„ =20V) p C CE 16 16 dB

OUTLINE AND DIMENSIONS

For details see page 2

Mullard
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OUTLINE AND DIMENSIONS

Millimetres

Min. Max.

A 5.25 5.75

Bl 0.107 0.147
B2 0.7 1.1
B3 5.60 5.85

0D1 9.0 9.6

0D2 2.7 2.9

E 10.5 10.7

F 1.0 1.5

H 25.0 29.0

L 14 nom.

M 1.4 1.6

N 11.2 12.0

NI - 1.6

N2 7.5 8.5

N3 2.93 3.68

Q 2.85 3.00

Diameter of hole in heatsink: max 4.17mm

Torque on nut
min. 7.5kg cm (0.75N m)

max. 8.5kg cm (0.85N m)

When locking is required, an adhesive instead of a lock washer is preferred.
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BFR63-Page 2



N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS

BFR63
BFR64

RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical

VCBOMmaX' (peaL value, Ic“400pA)
(Peak value, R =102, I = 10mA) UiLlVlVl ou C

40 V

40 V

VCEOmaX-

VEBO™x- PfW)
Ic max.
1^^ max. (peak value, f >1.0MHz)

P, , max. (T , <60°C, f >1.0MHz tot mb — —
Temperature

T .

25 V

3.5 . V

200 mA
500 mA

3.5 W

-40 to +150 °C
stg

T. max. 
J

THERMAL CHARACTERISTIC

^th(j-mb)

^th(mb-h)
ELECTRICAL CHARACTERISTICS (T. = 25°C unless j otherwise stated)

150 °C

25 degC/W

0.5 degC/W

Min. Typ. Max.
Lnn Collector cut-off current
CB° I =0, V = 20V

E Ud
- - 10 mA

V„„, ,, Collector-emitter saturation voltage 
CE(Sat> I = 100mA, I = 10mA

C B - - 0.75 V

h Static forward current transfer ratio
I = 50mA, V = 5V L/ U-t 25 - -

I = 150mA, V =5VC Uis 25 - -

C„ Collector capacitance
C I =1 =0, V„ = 20V, f=1.0MHz 4.5 pFE e CB

-C Feedback capacitance
re I = 10mA, V =20V, f=1.0MHz,

C CB
T = 25°C mb - 1.7 pF

N Noise figure
I =40mA, V =20V, C Ch
f = 200MHz, R =752, T =25°C 6.0 dB

Mullard
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ELECTRICAL CHARACTERISTICS (contd.)

Min. Typ. Max.
fT Transition frequency at f = 500MHz

I - 15mA, - 20V BFR64C Cis - 1000 - MHz

Ic = 75mA, Vce = 20V BFR63 1000 - - MHz
BFR64 1200 - - MHz

I = 150mA, V -20V BFR63C CE - 1100 - MHz

BFR64 - 1200 - MHz

P0 *Output power at f “200MHz, T b=25°C

I -70mA, V =20V, v.s.w.r. at output C C E
f =202MHz, f -205MHz, d. =-30dB p q im

<2

measured at f _ =208MHz (channel 9) 
( q’P) BFR63 150 mW

BFR64 130 150 - mW

P0 **Output power at f = 800MHz, T^-25°C

I =70mA, V„ =20V, v.s.w.r. at output C CE
f = 798MHz, f =802MHz, d. = -30dB p q im

<2

measured at f = 806MHz (channel 62)
( q’P) BFR64 70 90 - mW

G Power gain (not neutralised)
P I =70mA, V,, -20V, T ,-25°C, C CE mb

f= 200MHz BFR63 - 16 - dB
BFR64 15 16 - dB

f= 800MHz BFR64 - 6.5 - dB

*See test circuit etc. on Page 5

**See test circuit etc. on Page 6

CAUTION
This device incorporates Beryllium Oxide, the dust of which is toxic. The device 
is entirely safe provided that it is not dismantled.

Care should be taken to ensure that all those who may handle, use or dispose of this 
device are aware of its nature and of the necessary safety precautions. In particular, 
it should never be thrown out with general industrial or domestic waste.

DISPOSAL SERVICE
Devices requiring disposal may be returned to the Mullard Service Dept. They must 
be separately and securely packed and clearly identified. If any are damaged or 
broken they MUST NOT be sent through the post. In this case, advice is available 
from the Service Department, Mullard Limited, New Road, Mitcham, Surrey.

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS

BFR63
BFR64

ELECTRICAL CHARACTERISTICS (contd.)

Intermodulation characteristics
1. Output power at f = 200MHz, T^.-25°C

I = 70mA, V -20V, v.s.w.r. at output <2, C CE
f = 202MHz, f = 205MHz, d. = -30dB, p q im
measured at f , =208MHz (channel 9) 

(2q-p)

Test circuit

= 3 turns of 1.4mm silver plated copper wire, winding pitch 2.7mm, int. dia. 
8mm, taps 1.5 and 0.5 turns from earth.

L =5.5 turns of 1.4mm silver plated copper wire, winding pitch 2.2mm, int. dia. 
8mm.

= 3 turns of 1.4mm silver plated copper wire, winding pitch 3.3mm, int. dia. 
8mm.

= 5.5 turns of 1.4mm silver plated copper wire, winding pitch 2.2mm, 
11mm.

int. dia.

Basis of adjustment
Intermodulation distortion at djm = -30dB is caused by clipping in h.f. output cur
rent and voltage.
The maximum undistorted output power is attained when

(a) Clipping in current and voltage is simultaneous; this occurs if

^oad^CE-W^C

Where V . cek is the high frequency knee voltage

Mullard
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ELECTRICAL CHARACTERISTICS (contd.)

Basic of adjustment (contd.)

(b) The h.f. collector current is as low as possible; this occurs if

-Cn = +C load oe

Where C is the output capacitance of the transistor with short-circuited input.

Experimentally obtained values of R|oaj and C^ , for maximum output power at 
an intermodulation factor of -30dB, are:

K . = 220Q, C, . = -4pF load load

Procedure
1. Remove the transistor and connect a dummy load, consisting of a 220Q resistor 

in parallel with a 4pF capacitor, between the collector and the emitter connec
tions of the output circuit.

2. Tune and match the output circuit for zero reflection at 205MHz (i.e. v.s.w.r.=l).

3. Replace the dummy load by the transistor. Tune and match the input circuit for 
maximum power gain and good bandpass curve. The v.s.w.r. of the output will 
then be <2 over most of the channel. Corrections can be made by tuning L2, this 
will not disturb the bandpass curve.

2. Output power at f = 800MHz, T , =25°Cmb
I = 70mA, V =20V, v.s.w.r. at output <2, C CE
f 798MHz, f = 802MHz, d = -30dB, p q im
measured at f , =806MHz (channel 62)(2q-p)

Test circuit

= 25 x 7 x 0.85mm silver plated copper strip, input tap at 5mm from earth.
L2 - 13 turns of 0.6mm enamelled copper wire, int. dia. 8mm.
L3 = 1.5 turns of 1.3mm copper wire, int. dia. 8mm.

Mullard
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BFR63
BFR64

N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS

ELECTRICAL CHARACTERISTICS (contd.)

Basis of adjustment
At 800MHz a dummy load cannot be used to adjust for optimum collector load, 
because at these frequencies the impedance transformations of the dummy load are 
too high.

A small signal with a frequency of the midchannel 802MHz is fed to the input. The 
signal is increased until clipping occurs, that is until the output power no longer 
increases linearly with increasing input signal. Care should be taken not to allow 
the voltage swing to exceed the V^er value as this may result in the destruction of 
the transistor by second breakdown.

The output circuit is then tuned to eliminate clipping.

The output PQ is given by

P - L(Vrr -V . )/2 = 480mW o C' CE cek/z

where V is the high frequency knee voltage

Keeping the input signal as small as possible at Po = 480mW, the output circuit is 
adjusted for minimum intermodulation. The input circuit is then adjusted for maxi
mum gain and good bandpass curve. The v.s.w.r. is found to be £2 over the whole 
channel.

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; f >lMHz

III Repetitive pulsed operation In this region is allowed, provided RBE < 100 and 
f >lMHz

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS

BFR63
BFR64

-------------------- Mullard
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N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR BFR90

Silicon planar epitaxial n-p-n transistor in a plastic T-package. It is primarily- 
intended for use in u. h.f. and microwave amplifiers such as aerial amplifiers, 
radar systems, oscilloscopes, spectrum analysers etc. The transistor features 
very low intermodulation distortion, high power gain and excellent wideband pro
perties combined with very high transition frequency and a low noise figure.

OUTLINE AND DIMENSIONS

QUICK REFERENCE DATA

VCBO 20 V

VCEO maX- 15 V

I max. 25 mA
P max. tot

(T s 60°C) 
amb 180 mW

T. max. 150 °C

tp typ- (I = 14mA, V =10V, f = 500MHz) C CE 5.0 GHz

-C typ. re (I =2mA, V„D = 10V, f=lMHz)C CE 0.4 pF
N typ. (I = 2mA, =10V, f = 500MHz)C CE 2.4 dB

gum (I = 14mA, V =10V, f=500MHz) C CE 19.5 dB

dim tyP‘ (I = 14mA, V^„ = 10V, R = 7512 C Cb L
V = 150mV, f, = 493. 25MHz)o (P+q-r) -60 dB

All dimensions in mm

SEPTEMBER 1972
Mullard
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RATINGS
Limiting values of operation according to the absolute maximum system.

Electrical

VCBO maX- 20 V

VCEO maX' 15 V

VEBO maX‘ 2.0 V

I max. 25 mA

P max. (T . ^60°C) 
tot amb 180 mW

T emperature

T stg -65 to +150 °C

T max. 
j

150 °C

THERMAL CHARACTERISTIC
R in free air, mounted on a

t (J am ) giass .fibre print of 40 x 25 x 1mm 
(see fig. 1) 0.5 °C/mW

Fig.l
Requirements for a glass -fibre print

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR BFR90

’"Measured under pulsed conditions.

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

Min. Typ. Max.

^BO Collector cut-off current
IE=°’ VCB=1W - - 50 nA

hFE "Static forward current transfer ratio
I = 14mA, Vn =10V C Ct 25 50 -

fT ““Transition frequency
I = 14mA, ¥^=107, f = 500MHz C CB - 5.0 - GHz

He Collector capacitance
I =1 =0, V = 10V, f = 1.0MHz E e CB - 0.5 - pF

He Emitter capacitance
I =1 =0, 7^=0. 57, f=1.0MHzC c EB - 0.8 - PF

-cre
Feedback capacitance at T , =25°C 

amb
I =2.0mA, 7^=107, f = 1.0MHz C CB - 0.4 - pF

N Noise figure at optimum source 
impedance and T , = 25°C amb

I -2.0mA, V =10V, f = 500MHz C CB - 2.4 - dB

gum Maximum unilateralized stage gain 
at T , =25°Camb
Calculated from s-parameters:

„ lSfel
S ^Tiel^Toel2)

I = 14mA, 7,_=107, f = 500MHz C Ch - 19.5 - dB

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

d. Intermodulation distortion at T , =25°C 
im amb

I = 14mA,V =10V, Rt = 75S2, V.S. W. R <2C GB L
V =V = 150mV at f = 495. 25MHzP o p
V =V -6dBatf =503.25MHz q o q
V =V - 6dB at f = 505. 25MHz r o r
measured at f. , = 493.25MHz - -60 - dB(p+q -r)

+ 2«/

16 il

Constant noise figure circles

Mullard
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N-P-N SILICON PLANAR BFR90
EPITAXIAL U.H.F. TRANSISTOR

Mullard
BFR90 Page 5



10
D 4718

04719

Mullard
BFR90 Page 6



BFR90N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR

1

1

Input impedance derived from 
input reflection coefficient Sje 
coordinates in ohm x 50

90°
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VCE = 10V

I = 14mA

T .amb
= 25°C

Output impedance derived from 
output reflection coefficient soe 
coordinates in ohm X 50

Mullard
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BFR91N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR

Silicon planar epitaxial n -p-n transistor in a plastic T-package. It is primarily 
intended for use in u. h. f. and microwave amplifiers such as aerial amplifiers, 
radar systems, oscilloscopes, spectrum analysers etc. The transistor features 
very low intermodulation distortion, high power gain and excellent wideband pro
perties combined with very high transition frequency and a low noise figure.

OUTLINE AND DIMENSIONS

QUICK REFERENCE DATA

VCBO maX- 15 V

VCEO maX- 12 V
I max. 35 mA
P max. (T , s 60°C) 
tot ’ amb 180 mW

T. max. 15Q °C

% WP- (I = 30mA, V„_ -5V, f = 500MHz) 1 C Ch 5.0 GHz

typ. (I =2mA, vcr = ’v, f = lMHz) 0. 8 pF
N typ. (I =2mA, V =5V, f = 500MHz) 1.9 dB
G,... typ. (I = 30mA, V =5V) I = 500MHz UM C Ch
d. typ. (I =30mA, V,=5V, R =75SI im C CE L

16.5 dB

V =300mV, f, =493. 25MHzo (P+q -r) -60 dB

SEPTEMBER 1972
Mullard
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RATINGS
Limiting values of operation according to the absolute maximum system.

Electrical

V max.CBO 15 V

max. 12 VCEO

V„_ max. 2.0 VEBO
I max. 35 mA

P max. (T 60°C) 180 mWtot amb

Temperature
T -65 to +150 °C

stg
T max. 150 °C

J

THERMAL CHARACTERISTIC
R , , in free air, mounted on ath(i-amb) .... ,glass-fibre print of 40 x 25 x 1mm

(see fig. 1) 0.5 °C/mW

Fig. 1
Requirements for a glass -fibre print
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BFR91N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR

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

Min. Typ. Max.

Cbo Collector cut-off current
I =0, V =5.0V n Cd

- 50 nA

hFE * Static forward current transfer
ratio

I = 30mA, V =5.0V 25C CE 50 -

fT ’^Transition frequency
1 - 30mA, = 5. 0V , f = 500MHzC CE 5.0 - GHz

CTc Collector capacitance
I =1 = 0, V =10V, f=1.0MHz E e CB 0. 7 - PF

CTe Emitter capacitance
I =1 = 0, = 0. 5V, f = 1.0MHzC c EB 1. 8 - PF

-c re
Feedback capacitance at Tam^ = 25°C

I =2. 0mA, -5.0V, f=L0MHzC CE 0. 8 - PF

N Noise figure at optimum source 
impedance and T , =25°C amb

I =2.0mA, V -5.0V, f-500MHz C Ch 1. 9 - dB

gum Maximum unilateralized stage gain
at T = 25°Camb
Calculated from s-parameters:

Is I2
CUM 101°S 2

(1 Tiel)(l Toei >

I = 30mA, V -5. 0V, f = 500MHz C CE 16.5 - dB

"Measured under pulsed conditions.

Mullard
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04731

Vce = 5V
Ic = 2mA 
Zs = opt.
Tomb" 25 C

—

2 5 7 2 5 7
IO'1 1 f(GHz) 10

D4732
Illi

Vce = 5V 
f = 500MHz 
Zs= optimum 
T«mb=25’C

Typ

0 10 20 30 lc(mA) 40

Mullard
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BFR91N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR

90°
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V =5V Ch
I = 30mA
T = 25°C

amb

Output impedance derived from 
output reflection coefficient soe 
coordinates in ohm x 50

90°

90°
Forward transfer coefficient s^e

Mullard
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p min. N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR BFR92

Silicon n-p-n planar epitaxial transistor in a micro-miniature plastic envelope. It 
is primarily intended for use in u. h.f. and microwave amplifiers in thick and thin 
film circuits, such as in aerial amplifiers, radar systems, oscilloscopes, spectrum 
analysers, etc.

OUTLINE AND DIMENSIONS - For details see page 2

QUICK REFERENCE DATA

max. 20 VCBO
V m ¿1 x. 15 VCEO
I max. 25 mA

P max. (T , ^60°C) 180 mWtot amb
T. max. 150 °Cj

tyP- (1= 14mA, W, f = 500MHz) 5.0 GHz
I C CE

-c typ. (I = 2mA, V = 10V, f = 1MHz) 0.7 pFr e c c E
N typ. H = 2mA, V, = 10V, f = 500MHz) 2.4 dB

C CE
G typ. (I = 14mA, V , = 10V, f = 500MHz) 18 dB

UM C CE
d. typ. (I = 14mA, = 10V, R, = 752, V = 150mV,im 7 C CE L o

f(p+q-r) = 493. 25MHz, see also page 4) -60 dB

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

P max. , T , < 60°C, mounted on a ceramic tot amb —

VCBO maX- 20 V

VCEO maX' 15 V

VEBO ^x. 2.0 V

Ic max. 25 mA

substrate of 15 x 10 x 0.5mm 180 mW

Temperature

stg
T. max.

-65 to +150 °C

150 °C

THERMAL CHARACTERISTIC
R , , ,. Thermal resistance between junctionth(i-amb) , .. . , . \ ,J and ambient, the device mounted on

a ceramic substrate of 15 x 10 x 0. 5mm 0.50 °C/mW

Mullard
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umin. N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR BFR92

ELECTRICAL CHARACTERISTICS (T. = 25°C unless otherwise 1 stated)
Min. Typ. Max.

^BO Collector cut-off current
V0’ vcb = 10v - - 50 nA

hFE * Static forward current 
transfer ratio

I = 14mA, V_=10V C ut 25 50 -

fT ■"Transition frequency
I = 14mA, V =10V, f = 500MHz C Cts - 5.0 - GHz

CTc Collector capacitance
I =1 =0, V^D = 10V, f=1.0MHz B e Cd - 0. 75 - PF

CTe Emitter capacitance
I =1 =0, V = 0.5V, f = 1.0MHz C c EB - 0.8 - PF

-cre Feedback capacitance, T , =25°C amb
I =2.OmA, =10V, f=1.0MHzC Cd - 0.7 - PF

N tNoise figure at optimum source 
impedance, Tamb = 25°C

I = 2. OmA, V = 10V, f = 500MHz C Cd - 2.4 - dB

gum Max. unilateralized stage gain at
T , = 25°C, calculated from amb
s-parameters:

2

CUM 1 °g 2
(1 - 1 s. I ) (1 - IS1 ie| 1 oe|

2)

I = 14mA, V^^IOV, f-500MHz C CB - 18 - dB

*Measured under pulsed conditions.
tCrystal mounted in a BFR90 envelope.

Mullard
BFR92 Page 3



ELECTRICAL CHARACTERISTICS (Cont'd)
Min. Typ. Max.

d. Intermodulation distortion at T , = 25 C
im T , a A .r ir^r 3mbI = 14mA, V „ = 10V, C C tz

Rl = 752, V.S. W. R. -=2 -60 - dB

V = V = 150mV at f p o p
V = V -6dB at fq o q
V = V -6dB at fr o r
Measured at f, . (p+q-r)

= 495. 25MHz

Intermodulation test circuit:

L1 = 4 turns of Cu wire (0. 35mm), 
winding pitch Imm, int. dia. 4mm 
L2 = L3 = 5gH

= 503.25MHz
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pmin. N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR BFR92
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p min. N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR BFR92
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umin. N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR BFR93

Silicon n-p-n planar epitaxial transistor in a micro-miniature plastic envelope. It 
is primarily intended for use in u.h.f. and microwave amplifiers in thick and thin 
film circuits, such as in aerial amplifiers, radar systems, oscilloscopes, spectrum 
analyers, etc.

QUICK REFERENCE DATA

max. 15 VCBO
W^max. 12 VCEO
I max. 35 mA

P max. (T , ' 60°C) 180 mWtot amb
T. max. 150 °C

fT typ. (Ic = 30mA, VCE = 5V, f = 500MHz) 5.0 GHz

-C typ. (I = 2mA , V_„ = 5V, f = 1MHz) 0.8 pFre r C CE
N typ. (I = 2mA, V = 5V, f = 500MHz) 1.9 dBC Cb
G,,Ki typ. (I = 30mA, V = 5V, f = 500MHz) 16.5 dBUM C Uc
d. typ. (I = 30mA, V, = 5V, R = 75Q, V = 300mVun 'C CE L o

f. = 493.25MHz, see also page 4) -60 dB(p-tq-r) H 6

OUTLINE AND DIMENSIONS

For details see page 2

2- 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

VCBO maX-
VCEO maX’
VEBO maX‘

max.

P max., T . < 60°C, mounted on a ceramic tot amb —
substrate of 15 x 10 x 0. 5mm

15 V
12 V
2.0 V

35 mA

180 mW

T emperatur e

stg
T. max. 

1

-65 to +150 °C

150 °C

THERMAL CHARACTERISTIC

Rt, .. Thermal resistance between junctionth(i-amb) „ , . , Jand ambient, the device mounted on a
ceramic substrate of 15 x 10 x 0. 5mm 0. 50 °C/mW
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p min. N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR BFR93

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

Min. Typ. Max.

tcbo Collector cut-off current
Ie^.Vcb'WV - 50 nA

hFE ’"Static forward current
transfer ratio

I =30mA, V =5V 25C CE 50 -

fT ’■"Transition frequency
I = 30mA, V =5V, f = 500MHz C CE 5.0 - GHz

CTc Collector capacitance
I =1 = 0, V = 10V, f= 1. 0MHz E e CB 0.7 - PF

CTe Emitter capacitance
I —I = 0, V = 0. 5V, f = 1. 0MHzC. C F.R 1.8 - PF

-cre Feedback capacitance, T , =25°C amb
I =2.0mA, V =5V, f = 1.0MHzC CB 0.8 - PF

N (Noise figure at optimum source 
impedance, T =25°Camb

I„ = 2. 0mA, V =5V, f = 500MHz C CB 1.9 - dB

gum Max. unilateralized stage gain at
T , =25°C, calculated from amb
s-parameters:

Is I 2

UM °g...............  2 2
^-Piel ^'Kel >

I = 30mA, V„=5V, f= 500MHz 
C CE

16.5 - dB

^'Measured under pulsed conditions 

tCrystal mounted in a BFR91 envelope
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ELECTRICAL CHARACTERISTICS (Cont’d)

d tintermodulation distortion at T , =25°Cim amb
I = 30mA, V„„ = 5V, R = 759, V. S. W. R. «2 G CE 1.
V =V = 300mV at f = 495.25MHz P o p
V = V -6dB at f = 503. 25MHz q o q
V = V -6dB at f = 505. 25MHz r o r
Measured at f, , (p+q-r) = 493. 25MHz

Min. Typ. Max.

-60 - dB

tCrystal mounted in a BFR91 envelope
Circles of constant noise figure
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g min. N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR BFR93
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10 D4731

N 
(dB)

7.5

5

25

Vce=5V 
Ic=2mA 
Zs = opt. 
Tamb“ 25°C

0 ---
10“' 5 7

f(GHz) 10

Mullard
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p min. N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR BFR93

90°

Reverse transfer coefficient s 90°re
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p min. N-P-N SILICON PLANAR
EPITAXIAL TRANSISTOR BFS17R

Silicon n-p-n planar epitaxial transistor in a subminiature plastic envelope, intended 
for a wide range of v. h. f. and u. h. f. applications in thin and thick films.

OUTLINE AND DIMENSIONS

QUICK REFERENCE DATA

vCBOM max. 25 V

V CEO max. 15 V

’cm max. 50 mA

p tot
max. , T < 25°C 

amb 200 mW

T. max. 150 °C

hFEat I = 2mA, V = IV
C CE

20-150

fT typ- I, = 25mA, V = 5V, f = 500MHz G CE 1.3 GHz

N typ. , I = 2mA, V = 5V, C Ln
Rg = 502, f = 500MHz 4. 5 dB

Ail dimensions in millimetres 
Plan view from above
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RATINGS

Limiting values of operation according to the absolute maximum system

Electrical

max- (Peak value)vi DLJIV]
VCEO maX‘ (IC = WmA)

VEBO maX‘
max. (d.c.)

IcM max. (peak value)
oP max. T , £ 25 C, mounted on a ceramictot amb

substrate of 7 x 5 x 0. 5mm

25 V

15 V
2.5 V

25 mA
50 mA

200 mW

T emperature

T stg
T. max.

-65 to +150 °C

150 °C

THERMAL CHARACTERISTICS
R , . Thermal resistance between junctionth(j-amb) , , „ . Jand ambient, the device mounted on a 

ceramic substrate of 7x5x0. 5mm 0.62 °C/mW
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p min. N-P-N SILICON PLANAR
EPITAXIAL TRANSISTOR BFS17R

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

Min. Typ. Max.
I Collector cut-off currentCBO I = 0, V = 10VB Cd - - 10 nA

TE = o, VCB = 10V, T. = 100°C - - 10 gA

hFE Static forward current transfer ratio
Ic = 2.0mA, VCE = 1.0V 20 - 150

I = 25mA, V = 1.0VC CL 20 - -

fT Transition frequency
I = 2.0mA, V_„=5.0V, f = 500MHz C CE

- 1.0 - GHz

I = 25mA, V’ = 5.0V, f = 500MHz C C B - 1.3 - GHz

-C re Feedback capacitance
I = 2.0mA, = 5.0V, f = 1.0MHzC CB - 0. 65 PF

CTc Collector capacitance
I —I = 0, V_= 10V, f=1.0MHz E e CB - - 1.5 PF

CTe Emitter capacitance
I =1 = 0, = 0.5V, f = 1.0MHzC c EB - - 2.0 PF

•N Noise figure
I = 2.0mA, Vn„ = 5.0V, C CB
Rg = 502, f = 500MHz - 4.5 - dB

d. Intermodulation distortionim I = 10mA, V =6.0V, Rr =37.52, C CB L
T . = 25°Camb
Vo = lOOmV at f = 183MHz
V = lOOmV at f = 200MHz o q
measured at f,„ . = 217MHz(2q-p)

- -45 - dB

■"Crystal mounted in a BFY90 envelope
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p min. N-P-N SILICON PLANAR
EPITAXIAL TRANSISTOR BFS17R
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BFS20Rp min. N-P-N SILICON PLANAR
EPITAXIAL TRANSISTOR

Silicon n-p-n planar epitaxial transistor in a microminiature plastic envelope, 
intended for i.f. and v.h.f. applications in thin and thick films. The device features 
a very low feedback capacitance.

OUTLINE AND DIMENSIONS

QUICK REFERENCE DATA

V CBO max. 30 V

VCEO max. 20 V

’c max. 25 mA

p tot max. T , — 25°C 
amb 200 mW

max. 150 °C

hFE min . , I = 7mA, = 10VC Lb 40

fT typ-> I - 5mA, = 5V, f = 100MHzC CE 450 MHz

-c re max., I =lmA, V =10V, f = lMHz C C E 0.4 PF

All dimensions in millimetres

Plan view from above

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

Electrical

VCBO maX‘ 30 V
V„r,„ max. (I = 2.0mA) 20 VCEO C
VEBO maX- 4’° V
I max. 25 mA

I , max. 25 mACM
P max. T , — 25 C, mounted on a ceramictot amb

substrate of 7 x 5 x 0.5mm 200 mW

Temperature
T -65 to +150 °C

stg
T. max. 150 C

1
THERMAL CHARACTERISTICS

R , ,, Thermal resistance between junctiontn(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.
I Collector cut-off current
CBO I„ = 0, V^n = 20V - - 100 nA

b C B
I = 0, V = 20V, T. = 100°C - - 10 mAE Co J

V Base-emitter voltage
BE I = 7.0mA, V - 10V - 740 900 mV

C CE
Static forward currentFE £ .transfer ratio

1 = 7.0mA, V = 10V 40 85C Ch
f Transition frequency
T I = 5.0mA, V^ = 10V, f = 100MHz 275 450 - MHz

C CE
-C Feedback capacitance

re I = 1.0mA, V = 10V, f = 1.0MHz - 0.35 0.40 pF
C C E

C Collector capacitance
1C I = I = 0, V = 10V, f = 1.0MHz - 0.8

E e CB PF
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p min. N-P-N SILICON PLANAR
EPITAXIAL TRANSISTOR BFS20R
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p min. N-P-N SILICON PLANAR
EPITAXIAL TRANSISTOR BFS20R
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BFS2IA
BFS2I

MATCHED N-CHANNEL
FIELD-EFFECT TRANSISTORS

Two matched N-channel silicon epitaxial planar junction-gate field-effect transistors in 
TO-72 metal envelopes, mounted together in an S-clip.
This device is intended for low level differential amplifiers, sample and hold circuits, 
chopper circuits, etc. in instrumentation and control.

OUTLINE AND DIMENSIONS

QUICK REFERENCE DATA

BFS21 BFS21A

Gate cut-off leakage current
T = 25°C, V =15V, I = 0.5mA amb DG D <0.5 <0.5 nA

0VGS Differential gate-source voltage
T , =25°C, V , = 15V, 1= 0.5mA amb DG D <20 <10 mV

TLs 
dT

Thermal drift of differential 
gate-source voltage
T , =25°C, =15V, I =0.5mAamb DG D <75 <40 MV/degC

gfs

Difference of penetration factors
T ,=25°C. V =15V, I =0.5mA amb DG D <1.0 <0.5 xlO 3

gfs
Difference of transfer impedances
T =25°C, V„ =15V, U =0.5mA amb DG D <15 <7.5 2

CMRR Common mode rejection ratio >60 >66 dB

Two devices conforming to J.E.D.E.C. TO-72 mounted in an S clip

For details see page 5
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RATINGS (of the total device)
Limiting values of operation according to the absolute maximum system

Electrical
V Voltage between any two terminals 30 Vmax.
ID max. Drain current 4.0 mA

I max. Gate current 0.5 mA

P^ , max. tot
Total power dissipation (T^ <100°C) 30 mW

Temperature

T . amb Operating ambient temperature -20 to +100 C

ELECTRICAL CHARACTERISTICS (total device, T = 25°C unless otherwise stated) amb

^DSSl 

IDSS2

Drain current ratio
Vrv”^V’ Vr«=0’ Ti = 25°C

DCr Crb J

BFS21

>0.95
<1.05

BFS21A
>0.95
<1.05

1 V
1 GS1

VGS2 j Differential gate-source voltage
I =500pA, V =15V D DU <20 <10 mV

I =100pA, V =15V D DLr <20 <10 mV

A|VG1S1 "VG2S2 1 Thermal drift of differential 
gate-source voltage
T=500pA, V =15VATamb <75 <40 pV/degC

I =100pA, V =15V D ULi <75 <40 pV/degC

△Iv -V 11 G1S1 G2S2| ♦Differential gate-source voltage 
change with ambient temperature 
T ,=25tol00°Camb
I =500pA, V =15V D DCr
I =100pA, V =15V D VCr

<6

<6

<3

<3

mV

mV

Sfs

Difference of penetration factors (see note 1)
I = 500pA, V = 15V <1D DCr
I =100^, V „ = 15V <1D DUr

<0.5

<0.5

io*3
io-3

A —
Sfs

Difference of transfer impedances (see note 2)
I =500pA, V - 15V <15D DG
I = lOOgA, V = 15V <75D Ou

<7.5

<37.5

S2

ß

C M R R Common mode rejection ratio (see
In-500M, V =15VD Du
1=100^, V -L5V D DG

note 3)
>60

>60

>66

>66

dB

dB

♦Differential gate-source voltage „ . .
change with ambient temperature | G1S1 G2S21T^^^^ I G1S1 G2S2| T^^^^
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BFS2IA
BFS2I

MATCHED N-CHANNEL 
FIELD-EFFECT TRANSISTORS

ELECTRICAL CHARACTERISTICS (contd.)

NOTES

1. The difference between the penetration factors is equal to the ratio of the change 
of the differential gate-source voltage ( △Vqs) to the change of drain-gate voltage 
(VDG) with the drain current (Ip) constant.

i.e.

os 
gfs

at Iq = constant

2. The difference between the transfer impedances is equal to the ratio of the change 
of the differential gate-source voltage ( AVgg) to the change of drain current (Ip), 
with the drain-gate voltage (V^„) constant.DO

i.e.

Sfs dID
at = constant DG

3. The common mode rejection ratio

-----1+ - g A —
C M R R gfs 2 &cs gfs

where gog in this formula is the output 
conductance of the summing current 
source.

The guaranteed values of C M R R apply 
at gc$ = 0.1/nmho.

Mullard
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RATINGS (of the individual field-effect transistor)

Limiting values of operation according to the absolute maximum system.

Electrical
±V max. DS Drain-source voltage 30 V

^DGO maX Drain-gate voltage (open source) 30 V

-VGSO maX‘ Gate-source voltage (open drain) 30 V
1$ max. Drain current 20 mA
I_ max. G Gate current 10 mA
P. t max. tot Power dissipation (T b < 25°C) 300 mW

Temperature
T , stg Storage temperature -65 to +200 °C

T. max. 
J

Junction temperature +200 °C

THERMAL CHARACTERISTIC
R th(j-amb) for individual transistor without 

S-clip in free air 0.59 degC/mW

ELECTRICAL CHARACTERISTICS (of the individual field-effect transistor)
T = 25°C unless otherwise stated amb

Gate cut-off leakage current
L = 500gA, V = 15V D DG <0.5 nA

l=500pA, V =15V, T = 100°CD DG amb <25 nA

Lss Drain current
V =15V, V = 0, T. = 25°CIDG GS J >1.0 mA

-V (P)GS Gate-source cut-off voltage
I =0.5nA, V =15V Lf U<j <6.0 V

^fs Transfer conductanceIS I =500pA, V =15V, f=lkHz D DG >1.0 mmho

®os Output conductance
L=500/zA, V -15V, f=lkHz D DG <15 jumho

C.IS Input capacitance
I=500gA, =15V, f=lMHzD DG <5.0 pF

C rs Feedback capacitance
I =500mA, V =15V, f=lMHz D DG <0.75 pF

V Equivalent noise voltage (B = 5Hz)n 
rz I =500mA, V-, =15V, f=10Hz D DG <200 nV//Hz

v B V =15V, v =0, f=10Hz DG GS <75 nV//Hz
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BFS2IA
BFS2I

MATCHED N-CHANNEL 
FIELD-EFFECT TRANSISTORS

OUTLINE AND DIMENSIONS

All dimensions in mm D1222

SOLDERING AND WIRING RECOMMENDATIONS

1. Devices maybe soldered directly into a circuit with a soldering iron at a maximum 
iron temperature of 245°C for a time of up to 10 seconds at least 1,5mm from the 
seal. At an iron temperature of 245°C to 400°C the maximum soldering time is 5 
seconds at least 5mm from the seal.

2. These devices may be dip-soldered at a solder temperature of 245°C for a maxi
mumsolderingtime of 5 seconds. The case temperature during dip-soldering must 
not at any time exceed the maximum storage temperature. These recommendations 
apply to a device mounted flush on aboard 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 at temperatures above 100°C before incorporation into equip
ment, 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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BFS28SILICON N-CHANNEL
DUAL-INSULATED-GATE
FIELD-EFFECT TRANSISTOR

The BFS28 is a silicon n-channel, depletion - type dual - insulated - gate 
M.O. S. field effect transistor. It is intended fora wide range of applications 
in communications, instrumentation and control.

QUICK REFERENCE DATA

VDS maX- Drain-source voltage 20 V

±VGiS max. Gate 1-source voltage 8.0 V

iVG2SmaX- Gate 2rsource voltage 8.0 V

Iq max. Drain current 20 mA

PJ x max. tot Total device power dissipation
200 mW

T max. 
J

Maximum junction temperature 135 °C

Characteristics
VlOmA, Vds=13V, VG2S=+4.0V

|yfs| typ. Small signal forward transfer
admittance in common source 
(f-lkHz) 13 mmho

Ga typ. Power gain (f = 200MHz) 18 dB

-C typ. rs Feedback capacitance (f=10MHz) 25 fF

N typ. Noise figure at optimum source 
admittance (f = 200MHz) 3 dB

OUTLINE AND DIMENSIONS

Conforms to J. E.D. E.C. TO-72
B. S. 3934 SO-12A/SB4-3

For details see page 4

APRIL 1969
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RATINGS

Limiting values of operation according to the absolute maximum system.
Electrical
V^g max. Drain-source voltage 20 V
+V_, _ max. Gate 1-source voltage 8.0 V— kilo 
+V„„ max. Gate 2-source voltage 8.0 VGZo
+V max. Non-repetitive peak gate 1-G1SM source voltage (tslOms) 50 V
±V_ max. Non-repetitive peak gate 2-

source voltage (tslOms) 50 V
1^ max. Drain current 20 mA
P max. Total device power dissipationtOt (T <=25 °C) 200 mW

' amb
Temperature
T min. -65 °C
stg 0

T , max. +135 CStg
T. max. +135 CJ

THERMAL CHARACTERISTICS
R.,,. ., 0.55 degC/mWth(j-amb)

ELECTRICAL CHARACTERISTICS (T . = 25°C unless otherwise stated) ' amb
Min. Typ. Max.

-V „ Gate 1-source cut-off voltage
Vnq=20V, I =100/4A> V =+4V - - 5.0 VDo D UrZo

-V_ „ Gate 2-source cut-off voltage
vds=20v- V50^’ vgis=0 - - 4.0 V

-Vpl „ Gate 1-source voltage
V10”*’ Vds=13V, VG2S=+4V 0.6 - 2.8 V
^mA, VDS=10V, VG2S = +4V 1,0 - 3.2 V

+Ip „ Gate I leakage current
±V«r8V’ VC2S=0’ VDS=0’ 

Uri GZo Do
T. = 135°C 1.0 nAJ

+I_ Gate 2 leakage current
—^G2 = 3^’ ^G1S=^’ ^DS=^’
T. = 135°C ] - - 1.0 nA

Mullard
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BFS28SILICON N-CHANNEL
DUAL-INSU LATED-GATE
FIELD-EFFECT TRANSISTOR

ELECTRICAL CHARACTERISTICS (cont'd)

Small signal y-parameters (see also graphs on pages 6 and 7)
L =10mA, V_ = 13V, V„ =+4V, T , =25°C
D DS G2S amb

Min. Typ.

|yf 1 Forward transfer admittance
Max.

f = lkHz 8 13 - mmho
f= 200MHz 12 - mmho

-C

f = 500MHz

Feedback capacitance

11.3 - mmho

G a

f=10MHz

Power gain
I-lOmA, Vds=13V, Vg2S = +4V, 

f=200MHz, Gg=1.3mmho, G^ = lmmho,

25 fF

gum

B and B tuned for maximum gain b L

Max. unilateralised power gain
(see note 1) L=10mA, V =13V, D Db

18 - dB

V = +4V, f= 200MHz 20.5 - dB

N

f= 500MHz

Noise figure at optimum source 
admittance
iD^OmA, VDS=13V,VG2S=+4V,

f= 200MHz, G_,. typ. =1.4mmho, S(opt)

7.9 dB

NOTE

1.

BS(opt) tyP'=5-5mmh° 

2 
yfs 

G = 10 log -------------UM 6 4 g. xgis os

3.0 4.0 dB

Mullard
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OUTLINE AND DIMENSIONS

Conforms toJ.E.D.E.C. TO-72

A

B

C
D

E

F

Millimetres

Min. Nom. Max.

4.8

5.3

12.7

0.43

1.0

1.05

G
H 5.3

Connections

2.54

5.55 5.8

1. Drain
2. Gate 2
3. Gate 1
4. Source and substrate connected to 

case.

SOLDERING AND WIRING RECOMMENDATIONS

1. Devices may be soldered directly into a circuit with a soldering iron at 
a maximum iron temperature of 245°C for a time of up to 10 seconds at 
least 1.5mm from the seal. At an iron temperature of 245°C to 400°C the 
maximum soldering time is 5 seconds at least 5mm from the seal.

2. These devices 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 must not at any time exceed the maximum storage tem
perature. These recommendations apply to a device 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 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.

HANDLING NOTE

To exclude the possibility of damage to the gate oxide layer by an elec- 
trostatic charge building up on the high resistance gate electrode, the device 
is fitted with a conducting rubber ring around the leads. This ring should 
not be removed until after the device has been mounted in the circuit.

Mullard —---------------
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BFS28SILICON N-CHANNEL
DUAL-INSULATED-GATE
FIELD-EFFECT TRANSISTOR

Mullard
BFS28 Page 5



Mullard
BFS28 Page 6



SILICON N-CHANNEL BFS28
DUAL-INSULATED-GATE
FIELD-EFFECT TRANSISTOR

Mullard
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Circles of constant typical noise figure Typical noise fig ire versus 
drain current
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N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR BFT 24

Silicon planar epitaxial n-p-n transistor in a subminiature plastic T-package, pri
marily intended for use in u.h.f. low power amplifiers such as in pocket phones, 
paging systems, etc.

The transistor features low current consumption (lOOgA-lmA), excellent wideband 
properties and low noise up to high frequencies.

OUTLINE AND DIMENSIONS

QUICK REFERENCE DATA

V CBO max. 8.0 V
vCEO max. 5.0 V

Tc max. 2.5 mA

Ptot max. (T , — 135°C) 
amb 30 mW

Ti max. 150 °C

fT typ. (I = 1.0mA, V = 1.0V, f = 500MHz) C Ch 2.3 GHz

Cre max. (1=1.OmA, V = 1.0V, f = 1.0MHz) C CE 0.4 PF
N typ. (I = 1.0mA, VCE = 1.0V, f = 500MHz,

at optimum source impedance) 3. 8 dB

gum typ. (I = 1.0mA, V „ = 1.0V, f = 500MHz) C CB 17 dB

All dimensions in millimetres

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

Electrical

V CBO max. 8.0 V

V CEO max. 5.0 V

VEBO max. 2.0 V

^C max. 2.5 mA

tcm max. (peak value, f > 1.0MHz) 5.0 mA

Ptot max. (T . s 135°C) 
amb ’ 30 mW

T emperature

T stg
Tj max.

-65 to +150

150

°C 

°C

THERMAL CHARACTERISTIC

R , , , v Thermal resistance from junctionth (j-amb) , . . . . „.to ambient in free air, mounted on
a glass-fibre print of 40x25 x 1mm 0.5 °C/mW

All dimensions in mm

Requirements for a glass-fibre print

Mullard BFT24 Page 2



N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR BFT 24

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

Min. Typ. Max.

Collector cut-off current
1=0, v = 5.0V E Cd - - 50 nA

FE Static forward current transfer ratio
I = 10mA, V = 1.0V 20 30 -

I = 1.0mA, VnT3 = 1.0V U UE 20 40 -

VCE(sat) Collector-emitter saturation voltage
I_ = 10/iA, L = l.OpA U D - - 100 mV

= 1. OmA, Ig = 0. 1mA - - 125 mV

VBE (sat) Base-emitter saturation voltage
I = lOgA, I = l.OpA - - 700 mV

Ic = 1.0mA, I = 0.1mA - - 850 mV
*f Transition frequency

Ic = 1.0mA, VCE = 1.0V, f = 500MHz 1.2 2.3 (GHz

CTc Collector capacitance at f = 1.0MHz
W0’ VCB = O-5V - - 0.55 PF

CTe Emitter capacitance at f = 1.0MHz
’c^c^’ VEB = ° - - 0.45 PF

C Feedback capacitance at f = 1.0MHz
I = 1. OmA, V = 1. OV, T , =25°C
C CE amb - - 0.4 PF

N Noise figure at optimum source 
impedance, f = 500MHz, T . = 25°C 

amb
Ic = 0.1mA, VCE = 1.0V - 5.5 - dB

Ic = 1.0mA, VCE = 1.0V - 3.8 - dB

^UM Max. unilateral power gain
(s assumed to be zero), T . = 25 C re amb

Ic = 1.0mA, VCE = 1.0V, f = 200MHz - 24 - dB

Ic = 1.0mA, VCE = 1.0V, f = 500MHz - 17 - dB

1=1. OmA , V = 1. OV, f = 800MHz C CE - 11 - dB

1 sf I2
GUM 101°8(l -|sie|2)(l - | soe|2)

^Measured under pulse conditions.
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N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR BFT 24
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BFT 24N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR
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p min. N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR BFT25

Silicon planar epitaxial n-p-n transistor in a microminiature plastic envelope, pri
marily intended for use in u.h.f. low power amplifiers, in thick and thin film cir
cuits such as in pocket phones, paging systems, etc.

The transistor features low current consumption (lOOgA-lmA), excellent wideband 
properties and low noise up to high frequencies.

OUTLINE AND DIMENSIONS

QUICK REFERENCE DATA

V CBO max. 8.0 V

VCEO max. 5.0 V

rc max. 2.5 mA
p tot max. (T - 135°C) 

amb 30 mW
T. max. 150 °C

fT typ- (I = 1.0mA, V = 1.0V, f = 500MHz) 2.3 GHz

c re max. (I = 1.0mA, V = 1.0V, f =1.0MHz) C Ch 0.45 PF
N typ- (I = 1.0mA, V = 1.0V, f = 500MHz, C CE

at optimum source impedance) 3.8 dB

gum typ- (I = 1.0mA, V = 1.0V, f -500MHz)C CE 18 dB

All dimensions in millimetres

Plan view from above

JULY 1973
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical

VCBO max. 8.0 V

V CEO
max. 5.0 V

VEBO max. 2.0 V

!c max. 2. 5 mA

Hl max. (peak value, f > 1.0MHz) 5.0 mA

P tot max. (T , — 135°C, mounted on 
amb

a ceramic substrate of 15x10x0. 5mm 30 mW

Temperature

T -65 to +150 °C
stg o

T max.
J

150 c

THERMAL CHARACTERISTIC
R . , , , Thermal resistance from junctionth(j -amb) , . . . .to ambient m free air, mounted on

a ceramic substrate of 15x10x0. 5mm 0.5 °C/mW

Mullard
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BFT25p mtn. N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR

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

Min. Typ. Max.
pBO Collector cut-off current 

1=0, v = 5.0VE Cd
- - 50 nA

’h F E

VCE(sat)

Static forward current transfer ratio
I = lOgA, V„ = 1.0V E EE
I = 1.0mA, V = 1.0V E CE

Collector-emitter saturation voltage
I = lOgA, I = l.OgA C B

20

20

30

40

200 mV
I = 1.0mA, I = 0.1mAC B - - 175 mV

VBE(sat) Base-emitter saturation voltage
I = lOgA, I = l.OgA E B - - 750 mV
1=1.0mA, I = 0.1mA C B - - 900 mV

fT Transition frequency
I = 1.0mA, V r, = 1.0V, f = 500MHzC CE 1.2 2.3 - GHz

CTc Collector capacitance at f = 1.0MHz
V^0’ vcb = °-5v - - 0.6 PF

CTe Emitter capacitance at f = 1.0MHz 
1=1= 0, v = 0E C Ed

- - 0.5 PF
C re Feedback capacitance at f = 1. 0MHz

I = 1.0mA, V =1.0V, T =25°C
C CE amb - - 0.45 PF

N Noise figure at optimum source 
impedance, f = 500MHz, T . = 25°C 

amb
I = 0.1mA, V = 1.0V E EE

- 5.5 dB
I_ = 1.0mA, V„ = 1.0V E EE - 3.8 - dB

gum Max. unilateral power gain
(s assumed to be zero), T , = 25 C re amb

I , = 1.0mA, V = 1.0V, f = 200MHzE EE 25 - dB
I = 1.0mA, = 1.0V, f =500MHzE Ch - 18 - dB
I_ = 1.0mA, V r, = 1.0V, f = 800MHzE CE - 12 - dB

Is I 2
G (in dB) = 10 log------------- ------------------y
W Piel2)*1’ |soe|2>

’’Measured under pulse conditions.

Mullard
BFT25 Page 3



D5520

Mullard
BFT25 Page 4



BFT25p min. N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR
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p min. N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR BFT25

1

1 05670
Output impedance derived from
output reflection coefficient sQe
coordinates in ohm x 50

90°

gQO D5671
Forward transmission coefficient sr fe
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N-CHANNEL SILICON
FIELD EFFECT TRANSISTORS BFW10

BFW11

N-Channel depletion mode silicon epitaxial planar junction field effect transistors 
designed for use in wide-bandamplifiers (0 to300MHz). Their very low noise figure 
at low frequencies makes them suitable for differential amplifiers, electromedical 
and nuclear detector pre-amplifiers. They are in TO-72 encapsulation with a shield 
lead connected to case.

Unless otherwise stated, data are applicable to both types 

OUTLINE AND DIMENSIONS

QUICK REFERENCE DATA

±VDS maX> 30 V
max. (open drain) 30 V

Ptotmax- HH25°C)

BFW10

300

BFW11

mW

min- 
max.

8.0
20

4.0
10

mA 
mA

-V(P)GS maX- aD = 0.5nA,VDS = 15V)
-C max. (f=1.0MHz, V„ = 15V, rs DS

8.0 6.0 V

V =0) 'Go 0. 80 0. 80 PF
I y I min. (f = 200MHz, Vn„ = 15V,
1 fsl V =0) œ

N max. (f=100MHz, Vpg = 15V,
3.2 3.2 mA/V

VGs=°, Rg = 1K) 2.5 2.5 dB
V^vTTmax. (f=10Hz, B = 5. 0Hz) 75 75 nV/VHz

Conforms to J. E. D. E. C. TO -72
B.S. 3934SO-12A/SB4-3

□ 2967
All dimensions in mm

Insulated electrodes ♦Shield lead (connected to case)
Accessories available: 56246, 56263

JANUARY 1972
Mullard
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RATINGS
Limiting values of operation according to the absolute maximum system.

Electrical

+V™ max. Drain-source voltage (V_„ =0)DS GS
V_ max, Drain-gate voltage (open source) DGO

30

30

V

V

-V_„ max. Gate-source voltage (open drain) GSO 30 V

max. Drain current 20 mA

I max. Gate currentG
10 mA

P max. Power dissipation (Tamb < 25°C) 300 mW

Temperature
T min. -65 °C

stg
T max. 200 °C

stg
T. max. 

J
200 °C

THERMAL CHARACTERISTIC

R.............. 0. 59 °C/mW
th(j-amb)

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

BFW10 BFW11

-I Gate cut-off current
-V^ = 20V, V™ = 0 max. 0. 1 0.1 nAGS DS
-vgs = 20v’ VDS = °'
T. = 150°C max. 0.5

J
0.5 pA

I * Drain current
Ubt> v^ = 15V, V„„ = 0 min. 8.0 4.0 mADS GS max. 20 10 mA

-V Gate-source voltage
I = 400gA, V = 15V
D min 2.0 V

max. 7.5 - V

Id = 50mA , Vœ = 15V
min. 1.25 V
max. 4.0 V

■“Measured under pulsed conditions.
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N-CHANNEL SILICON
FIELD EFFECT TRANSISTORS

BFW10
BFW11

ELECTRICAL CHARACTERISTICS (contd.)

BFW10 BFW11
-V.p. Gate-source cut-off voltage

(P)GS T =0.5nA, = 15V max.
D DS 8.0 6.0 V

y-parameters
V = 15V. V_ =0. T . = 25°CDS GS amb

f=1.0kHz

1 y, I Transfer admittance
1 fsj

min. 3.5 3.0 mA/V
max. 6.5 6.5 mA/V

j yQs| Output admittance max. 85 50 gA/V

f=1.0MHz

C Input capacitance typ. 4.0 4.0 PF
max. 5.0 5.0 PF

-C Feedback capacitance typ- 0.6 0.6 PFrs max. 0. 80 0. 80 PF

f = 200MHz

j j Transfer admittance min. 3.2 3.2 mA/V

g Input conductance max. 800 800 gA/V

gos Output conductance max. 200 100 pA/V

N Noise figure, T , =25°C6 amb
f=100MHz, R = Ikil G
V„ = 15V, V =0, (input i_AD Ltd

tuned to minimum noise) max. 2.5 2. 5 dB

V /V^ Equivalent noise voltage
n V =15V, V =0, f^lOHz,

LO
T . = 25°C amb max. 75 75 nV//Hz
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N-CHANNEL SILICON
FIELD EFFECT TRANSISTORS BFW10

BFW11
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N-CHANNEL SILICON
FIELD EFFECT TRANSISTORS
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N-CHANNEL SILICON
FIELD EFFECT TRANSISTORS BFW10

BFW11
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N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR BFWI6A

N-P-N silicon planar epitaxial, multi-emitter transistor with extremely good inter
modulation properties and a high power gain. The BFW16A is primarily intended 
for the final and driver stages of channel and band aerial amplifiers with high output 
power in bands I to V (40-860MHz), and for the final stage of wideband vertical 
deflection amplifiers in high speed oscilloscopes. Encapsulated in a metal TO-39 
envelope with the collector connected to case. The BFW16A is a ruggedized version 
of BFW16, which it succeeds.

QUICK REFERENCE DATA

VCBOMmaX' 40 V

VCEO maX' 25 V

‘cm1““' (f >1-0MHz) 300 mA

P, , max. (T <125°C)tot case — 1.5 W

Tj max. 200 °C

typ. (I = 150mA, V =15V, f = 500MHz) 1 U LB 1.2 GHz

C typ. (I = 10mA, V =15V, f=1.0MHz) Xu L> LB 1.7 PF
G typ. R =70mA, V = 18V) f = 200MHz. D Cy Lz P* - 16 dB

p f= 800MHz 6.5 dB

P typ. (I = 70mA, V = 18V) f = 200MHz 150 mW
° f = 800MHz 90 mW

OUTLINE AND DIMENSIONS

Conforms to B.S. 3934 SO-3/SB3-3B
J.

n
 

M
ill 

• 
< 

(Û 
° 

I L . TO-39
Millimetres

Min. Typ. Max.

C
A 9.10 - 9.40
B 8.2 - 8.5
C 6.15 - 6.60
D - 5.08
E 0.71 - 0.86

3 Fl - - 0.51
F2 12.7
F3 12.7 - 15
Gl - - 1.01
G2 0.41 - 0.48

> G3 - - 0.53
H - 0.4
J 0.74 - 1.01

J t F*1 G1
Sg 
ï

G3t

45°î3^\ ------ b

Collector connected to case
Accessories available:- 56218, 56245, 56265

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

Electrical

VCBOM maX' 40 V

VCERMmaX' <peak’ «BE^’ IC = 10mA) 40 V

VCEOmax- <Ic = 10mA> 25 V

^EBOmaX* 2.0 V
1^ max. 150 mA

ICMmax. (f >1.0MHz) 300 mA

P. x max. (T <125°C)tot case - 1.5 W

Temperature
T „ min. stg -65 °C

T max. stg 200 °C

T. max. J 200 °C

THERMAL CHARACTERISTICS

R.. in free airth(j-amb) 250 degC/W

R.. .. ,th(j-case)
R., , , , when mounted with a topth(case-h) , . . ,clamping washer of accessory

50 degC/W

56218 and a boron nitride 
washer for electrical insulation 1.2 degC/W

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

Min. Typ. Max.

I Collector cut-off current
V =20V, I =0, T. = 150°C - - 20 pALB E J

V Collector-emitter knee voltage
I = 100mA, I = the value for C B

Mullard
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BFW16AN-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR

Intermodulation characteristics

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

hFE Static forward current 
transfer ratio
I = 50mA, V =5.0VE Ct
I = 150mA, V„~-5.0VC CE

25

25 -

-

fT Transition frequency
I = 150mA, VCE = 15V, 

f = 500MHz - 1.2 - GHz

CTc Collector capacitance
V =15V, I =1 =0,CB E e
f = 1.0MHz - - 4.0 PF

-C re Feedback capacitance
I = 10mA, V =15V, E ut
f = 1.0MHz, T = 25°Camb

- 1.7 - PF

N Noise figure
I = 30mA, V =15V, E Ct
f = 200MHz, R =7512, T =25°C s amb - - 6.0 dB

G
P

Power gain (not neutralised)
I = 70mA, V =18V, E E It
T , =25°C f = 200MHz

amb f = 800MHz
- 16

6.5
- dB 

dB

P Output power (see test circuits)
° I = 70mA, V = 18V, v.s.w.r. at output <2,C CE

Intermodulation factor = -30dB, T = 25°Camb
f = 200MHz, f =202MHz, 

P
f = 205MHz,
q

f = 208MHz (channel 9)
(2q-p)

130 150 - mW

f= 800MHz, f = 798MHz, 
P

f =802MHz, 
q

f , = 806MHz (channel 62)
(2q-p)

70 90 mW

------------- Mullard--------------
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POWER OUTPUT TEST CIRCUIT (f = 200MHz)

= 3 turns of 1.4mm silver plated copper wire, winding pitch 2.7mm, int. dia. 
8mm, taps 1.5 and 0.5 turns from earth.

L2 = 5.5 turns of 1.4mm silver plated copper wire, winding pitch 2.2mm, int. dia. 
8mm.

L$ = 3 turns of 1.4mm silver plated copper wire, winding pitch 3.3mm, int. dia. 
8mm.

= 5.5 turns of 1.4mm silver plated copper wire, winding pitch 2.2mm, int. dia. 
11mm.

ADJUSTMENT OF TEST CIRCUIT

Basis of adjustment

Intermodulation distortion at djm = -30dB is caused by clipping in h.f. output cur
rent and voltage.
The maximum undistorted output power is attained when

a) Clipping in current and voltage is simultaneous ; this occurs if 

Tad^CETek’T

Where V is the high frequency knee voltage

b) The h.f. collector current is as low as possible; this occurs if

-C, = +Cload oe

Where C^^ is the output capacitance of the transistor with short-circuited input. 

Experimentally obtained values of Rload and Cioa(j, for maximum output power at 
an Intermodulation factor of -30dB, are:

R, , = 2202, C, =-5.6pF load load

In this case 4pF are provided by COeof the transistor itself and 1.6pF by the mount
ing system, with the boron nitride washer between the transistor and the chassis.

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR BFW16A

ADJUSTMENT OF TEST CIRCUIT (contd.)

Procedure
1. Remove the transistor and connect a dummy, consisting of a 2209 resistor in 

parallel with a 5.6pF capacitor, between the collector and the emitter connections 
of the output circuit.

2. Tune and match the output circuit for zeroreflectionat 205MHz (i.e.,v.s.w.r .= 1).
3. Replace the dummy by the transistor. Tune and match the input circuit for maxi

mum power gain and good bandpass curve. The v.s.w.r. of the output will then 
be < 2 over most of the channel. Corrections can be made by tuning .

POWER OUTPUT TEST CIRCUIT (f = 800MHz)

Li = 25 x 7 x 0.85mm silver plated copper strip, input tap at 5mm from earth.
L2 = 13 turns of 0.6mm enamelled copper wire, int. dia. 8mm.
L3 = 1.5 turns of 1.3mm copper wire, int. dia. 8mm.

ADJUSTMENT OF TEST CIRCUIT

At 800MHz a dummy cannot be used to adjust for optimum collector load, because 
at these frequencies the impedance transformations of the dummy are too high.
A small signal with a frequency of the midchannel 802MHz is fed to the input. The 
signal is increased until clipping occurs, that is until the output power no longer 
increases linearly with Increasing input signal. Care should be taken not to allow 
the voltage swing to exceed the value as this may result in the destruction of 
the transistor by second breakdown.
The output circuit is then tuned to eliminate clipping.

The output Pq is given by

P = I„(V™ -V . )/2 = 480mW o C CE cek
where Vcek is the high frequency knee voltage

Keeping the input signal as small as possible at Po = 480mW, the output circuit is 
adjusted for minimum intermodulation. The input circuit is then adjusted for maxi
mum gain and good bandpass curve. The v.s.w.r. is found to be <2 over the whole 
channel.

Mullard
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MAXIMUM PERMISSIBLE TOTAL DISSIPATION PLOTTED AGAINST

I. D.C. and A.C. operation is allowed under all base-emitter conditions, 
provided no limiting values are exceeded.

II. Operation is allowed under all base-emitter conditions at f a 1MHz, 
provided no limiting values are exceeded.

III. Operation is allowed under pulse conditions, provided the transistor is 
cut-off, R S50B, and falMHz.BE

Mullard
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BFW16AN-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR
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Typical mutual characteristics Typical static forward current transfer 
ratio versus collector current

Typical collector capacitance versus Typical transition frequency
collector-base voltage versus collector current

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR BFWI6A

APPLICATION INFORMATION

Performance of channel and band amplifiers

channel channel channel band band band
4 9 55 I II III

Frequency range 61-68 202-209 742-750 47-68 87.5-108 174-230 MHz

Transistor used in:

final stage BFW16A BFW16A BFW16A BFW16A BFW16A BFW16A
driver stage BFW16A BFW16A BFW16A
second stage BFY90
first stage BFY90 BFY90 BFY90 BFY90 BFY90 BFY90

Output power at:

d. =-30dB im 150* 150* 100 mW

d. = -50dB im 30 mW

d. = -60dB im 10 10 mW

Power gain 50 44 26.5 51 43 39 dB

Noise figure 7 6 8 6.0-6.5 6.5 6.5 dB

V.S.W.R. over the 
whole channel or band

for the input <2 <2 <2 <2 <2 <2

for the output <2 <2 <2 <2 <2 <2

Load impedance 30 30 50 30 30 30 fi

Source impedance 60 60 50 60 60 60 Q

*V = 2.2V over RT =30S or o L

V = 3V over RT = 602 o L

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL V.H.F. TRANSISTOR BFWI7A

N-P-N silicon planar epitaxial, multi-emitter transistor with extremely good inter
modulation properties and a high power gain. The BFW17A is primarily intended for 
the final and driver stages of channel and band aerial amplifiers with high output in 
bands I, II and III (40-230MHz). Encapsulated in a metal TO-39 envelope with the 
collector connected to the case. The BFW17A is a ruggedized version of theBFW17, 
which it succeeds.

OUTLINE AND DIMENSIONS

QUICK REFERENCE DATA

VCBOM maX' 40 V

VCEO maX' 25 V
I max. (f>1.0MHz) 300 mA
P, , max. (T < 125°C)tot case - 1.5 W
T. max. j 200 °C

f„ typ. (I = 150mA, V =15V, f = 500MHz) 1 U Cis 1.1 GHz

-C typ. (I = 10mA, V =15V, f=1.0MHz) le v UE 1.7 pF
G typ. (I =70mA, V, =18V, f = 200MHz) p U CE 16 dB
P typ. (I = 70mA, V~ =18V, f=200MHz) O u CE 150 mW

Conforms to B.S. 3934 SO-3/SB3-3B
J.E.D.E.C. TO-39

Collector connected to case
Accessories available:

56218, 56245, 56265

A

B

C

D

E

Fl
F2

F3

Gl
G2

G3
H

J

Millimetres

Min. Typ. Max.
9.10 - 9.40
8.2 - 8.5
6.15 - 6.60
- 5.08 -

0.71 - 0.86

- - 0.51

12.7 - -

12.7 - 15
- - 1.01
0.41 - 0.48
- - 0.53
- 0.4 -

0.74 - 1.01

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

Electrical
VCBOMmaX’ <Peak) 40 V

VCERM maX‘ (peak’ 40 V

VCEOmaX- 25 V

VEBO maX’ 2.0 V

1^ max. 150 mA

ICMmax. (f >1.0MHz) 300 mA

P max. (T < 125°C)tot case—

Temperature

1.5 W

T x min. stg -65 °C
o

T max. stg 200 c 
n

T. max. 
J

THERMAL CHARACTERISTICS

200 c

R., , in free airth(j-amb) 250 degC/W

Rth(j-case)

R , , ,, when mounted with a topthicase-h>' ' clamping washer of accessory
56218 and a boron nitride

50 degC/W

washer for electrical insulation 1.2 degC/W

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

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

CB E j

V Collector-emitter knee voltage
I = 100mA, I = the value for 
C 13

which I = 110mA, at V =1.0V - - 0.75 V
C CE

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL V.H.F. TRANSISTOR BFWI7A

f = 202MHz, f = 205MHz, 
P q

f,„ = 208MHz (channel 9)
(2q-p)

ELECTRICAL CHARACTERISTICS (contd.)

h„„ Static forward currentFE etransfer ratio
I = 50mA, V = 5.0V u Uh
I = 150mA, V =5.0V U Uh«

f Transition frequency
I = 150mA, V =15V, U Uh
f = 500MHz

C Collector capacitance
C VCB = 15V- W0’

f=1.0MHz

-C Feedback capacitance
re I = 10mA, V = 15V,U Uh

f=1.0MHz, T , = 25°C amb

G Power gain (not neutralised)
P I = 70mA, V =18V,

U Uh
f = 200MHz, T , =25°C amb

Intermodulation characteristics

Min.

25

25

Typ.

1.1

1.7

16

Max.

4.0

GHz

PF 

pF 

dB

P0 Output power (see test circuit)
I =70mA, V „ = 18V, f = 200MHz, C CE
intermodulation factor = -30dB,
v.s.w.r. at output < 2.0, T = 25°Camb

150 mW

Mullard
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POWER OUTPUT TEST CIRCUIT (f = 200MHz)

Lj = 3 turns of 1.4mm silver plated copper wire, winding pitch 2.7mm, int. dia. 
8mm, taps 1.5 and 0.5 turns from earth.

= 5.5 turns of 1.4mm silver plated copper wire, winding pitch 2.2mm, int. dia. 
8mm.

Lg = 3 turns of 1.4mm silver plated copper wire, winding pitch 3.3mm, int. dia. 
8mm.

= 5.5 turns of 1.4mm silver plated copper wire, winding pitch 2.2mm, int. dia. 
11mm.

ADJUSTMENT OF TEST CIRCUIT

Basis of adjustment

Intermodulation distortion at dj^ = -30dB is caused by clipping in h.f. output cur
rent and voltage.
The maximum undistorted output power is attained when

a) Clipping in Current and Voltage is simultaneous; this occurs if

Rload = <VCE -Vek^C

Where V is ^igh frequency knee voltage

b) The h.f. collector current is as low as possible; this occurs if

-C, , = +Cload oe

Where Coe is the output capacitance of the transistor with short-circuited input.

Experimentally obtained values of RiOad and cload’ f°r maximum output power at 
ah intermodulation factor of -30dB, are:

R, = 2202, C, , =-5.6pF load load

In this case 4pF are provided byCoeof the transistor itself and 1.6pF by the mount
ing system, with the boron nitride washer between the transistor and the chassis.
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N-P-N SILICON PLANAR
EPITAXIAL V.H.F. TRANSISTOR BFWI7A

ADJUSTMENT OF TEST CIRCUIT (contd.)

Procedure
1. Remove the transistor and connect a dummy, consisting of a 2202 resistor in 

parallel with a 5.6pF capacitor, between the collector and the emitter connections 
of the output circuit.

2. Tune and match the output circuit for zero reflection at 205MHz (i. e., v. s. w. r. = 1).

3. Replace the dummy by the transistor. Tune and match the input circuit for maxi
mum power gain and good bandpass curve. The v.s.w.r. of the output will then 
be <2 over most of the channel. Corrections can be made by tuning L2-

Mullard
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MAXIMUM PERMISSIBLE TOTAL DISSIPATION PLOTTED AGAINST 
AMBIENT TEMPERATURE

provided no limiting values are exceeded.
II. Operation is allowed under all base-emitter conditions at f £ 1MHz, 

provided no limiting values are exceeded.
III. Operation is allowed under pulse conditions, provided the transistor is 

cut-off, R S50S2 and f^lMHz.BE
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BFWI7AN-P-N SILICON PLANAR
EPITAXIAL V.H.F. TRANSISTOR
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Typical mutual characteristics Typical static forward current transfer 
ratio versus collector current

Typical transition frequencyTypical collector capacitance versus
collector-base voltage versus collector current
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTOR BFW30

N-P-N silicon planar epitaxial, multi-emitter transistor with extremely 
good intermodulation properties and a high power gain. The BFW30 is 
primarily intended for wideband vertical amplifiers in high speed oscil
loscopes , wideband aerial amplifiers (40- 860 MHz) and televis ion distribution 
amplifiers. Encapsulated in a metal TO-72 envelope with all electrodes 
insulated from the case. Shield lead connected to case.

OUTLINE AND DIMENSIONS

QUICK REFERENCE DATA

VCBOM max. 20 V

VCEO maX‘ 10 V

’cm1““' (f>1.0MHz) 100 mA
P, max. (T ^25°C) 

tot amb ' 250 mW

T. max. 
J 

£t typ. (I = 50mA, V =5.0V, f=500MHz) C CE

200

1.6

°C

GHz

-cretyp (I =2.OmA, V =5.0V, f=1.0MHz) C CE 0.8 PF

Gptyp. (I = 30mA, V = 5.0V) f= 200MHz
° f= 800MHz

21
7.5

dB 
dB

^im’^ (I = 30mA, V =6.0V, R =37.52, C C E L
f = 183MHz, V = 100mV 
P o

f =200MHz, V = 100mV q o
f,„ =217MHz)(2q-p) ' -60 dB

Conforms to B.S. 3934 SO-12A/SB4-3
J.E.D.E.C. TO-72 Millimetres

A
Min.
4.53

Norn. Max.
4.8

B 4.66 - 5.33
Cl - - 0.51
C2 12.7 - -
C3 12.7 - 15
DI - - 1.01
D2 0.41 - 0.48
D3 - - 0.53
E 0.84 - 1.17
F 0.92 - 1.16
G - 2.54 -
H 5.31 - 5.84
Connections 
1. Emitter 
3. Collector

2. Base
4. Shield
(connected to case)

Viewed from underside

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

Electrical

VCBOM maX-«
VCERMmaX- RBE^°2’ JC = 10mA)

20

20

V

V

TEO““’

VEBO maX'
I max.
I max. (f>1.0MHz) CM 0
P max. (T , —25 C) tot amb

Temperature
T min. stg
T max. stg
T max. operating 

J
THERMAL CHARACTERISTICS

It, ... in free airth(j-amb)

10

2.5

50
100

250

-65

200
200

0.7

V

V 

mA 

mA 

mW

°C 

°C 

°C

degC/mW

R.. z- Xth(j-case) 0.5 degC/mW

ELECTRICAL CHARACTERISTICS (T . = ' amb
o25 C unless otherwise stated)

I__ Collector cut-off current
CBO V = 10V,I =0

Min. Typ. Max.

50 nACB ’ E

hpE Static forward current
transfer ratio
Ic = 25mA, Vce=5.0V 25 —

I = 50mA, V =5.0V U Uh 25 - -

f_ *Transition  frequency
I = 50mA, V =5.0V, U Ur,
f = 500MHz - 1.6 - GHz

C ** Collector capacitance
tC V__ = 10V, I =1 =0,

CB E e
f=1.0MHz - - 1.5 PF

-C * Feedback capacitance
re V =5.0V, I =2.0mA,

uh u
f=1.0MHz 0.8 PF

* Fourth lead (case) grounded
** Fourth lead (case) not connected

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTOR BFW30

ELECTRICAL CHARACTERISTICS (cont'd)

Min. Typ. Max.

G »Power gain (not neutralised)
P I = 30mA, V = 5.0V, f=200MHz 19 21

C CE f= 800MHz - 7.5
dB 
dB

N »Noise figure 
V =5.0V, I =2.OmA, LIS U
f= 500MHz, R =502 b

d. »Intermodulation distortion (see fig. 1) 
im I =30mA, V =6.0V, RT =37.52, 

C C Is L
f = 183MHz, V = lOOmV 
P °

f = 200MHz, V = lOOmV q o
f = 217MHz
(2q-p)

5.0 dB

-60 - dB

»Fourth lead (case) grounded

Mullard
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MAXIMUM PERMISSIBLE TOTAL DISSIPATION PLOTTED AGAINST 
AMBIENT TEMPERATURE

TYPICAL OUTPUT CHARACTERISTICS

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTOR BFW30

Typical mutual characteristic -Typical static forward current transfer 
ratio versus collector current

Mullard
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TYPICAL COLLECTOR CAPACITANCE PLOTTED AGAINST 
COLLECTOR-BASE VOLTAGE

TYPICAL TRANSITION FREQUENCY PLOTTED AGAINST 
COLLECTOR CURRENT

Mullard
BFW30 Page 6



BFW6IN-CHANNEL SILICON 
FIELD EFFECT TRANSISTOR

The BFW61 Is an n-channel silicon epitaxial planar junction field effect 
transistor for general purpose industrial applications.

QUICK REFERENCE DATA

V „„ max. DSS ±25 V

V max.GSO -25 V

V(P)GSmaX- 8.0 V

WV15’' VGS=°> min.
max.

2.0
20

mA 
mA

Px x max. (T . —25°C) 
tot amb

300 mW

yfs min. 1.6 mmho

-C max. rs
2.0 PF

OUTLINE AND DIMENSIONS
Conforms to J.E.D.E.C. TO-72

B.S. 3934 SO-12A/SB4-3

For details see page 4.

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

Electrical

* Measured under pulse conditions.

Vdss max. Drain-source voltage ±25 V

^DGO max- Drain-gate voltage 25 V

V„~_ max. Gate-source voltageGSO -25 V

Ip max. Drain current 20 mA

I max. Gate currentG
P max. Total device dissipation

tOt (T —25°C)
' amb

10 mA

.300 mW

Temperature

T Storage temperature rangestg -65 to +200 °C 
o

Tj max. Max. junction temperature

THERMAL CHARACTERISTIC

200 c

^th^j-amb) 0.59 degC/mW

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

Min. Max.

-I_„„ Gate cut-off current
-V =20V, V =0 (jb Db 1.0 nA
-V =20V, V =0, T =150°CErb Db J

I *Drain current
DSS V =15V, V = 0

Db Ub

-V h Gate-source voltage

1.0 pA

2.0 20 mA

I =200MA, V =15V 
U Do

-V Gate-source cut-off voltage
(p)GS j ! QnAj v =15V

D Db

0.5 7.5 V

8.0 V

Mullard
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BFW6IN-CHANNEL SILICON 
FIELD EFFECT TRANSISTOR

ELECTRICAL CHARACTERISTICS (cont’d)

Small signal y-parameters Min. Max.
Common source, V = 15V, V„ =0 DS GS

y Forward transfer admittance
iS f=1.0kHz 2.0 6.5 mmho

y Output admittance
OS f=1.0kHz - 85 gmho

C. Input capacitance
18 f=1.0MHz - 6.0 pF

—C Reverse transfer capacitance
TS f=1.0MHz - 2.0 pF

y Forward transfer admittance
tS f=10MHz 1.6 mmho

SOLDERING AND WIRING RECOMMENDATIONS

1. Devices may be soldered directly into a circuit with a soldering iron at 
a maximum iron temperature of 245°C for a time of up to 10 seconds at 
least 1.5mm from the seal. At an iron temperature of 245°C to 400°C the 
maximum soldering time is 5 seconds at least 5mm from the seal.

2. These devices 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 must not at any time exceed the maximum storage tem
perature . These recommendations apply to a device 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 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.

Mullard
BFW61 Page 3



OUTLINE, DIMENSIONS AND CONNECTIONS

Conforms to J.E.D.E.C. TO~72

A 

B 

C

D

E 

F 

G 
H

Millimetres

Min. Nom. Max.

4.8

5.3
12.7

0.43
1.0

1.05

2.54

5.3 5.55 5.8

Pinning

1. Source
2. Drain

3. Gate

4. Shield lead connected to case

Mullard
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BFX29
BFX87
BFX88

P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS

BFX29 is also available to BS9365—F010
P-N-P silicon planar epitaxial transistors for general purpose industrial 
applications. Encapsulated in TO-5 envelope with the collector connected 
to can.

QUICK REFERENCE DATA

•V CBO max.

PtotmaX- (TambS25°C>

BFX29 BFX87 BFX88

60 50 40 V

60 50 40 V

600 mA

600 mW

min.
typ-

50 40 40
125 125 125

f min. (-1 =50mA,-V = 10V,T C CE
f = 100 MHz) 100 MHz

Unless otherwise stated, data is applicable to all types

OUTLINE AND DIMENSIONS

Conforms to B.S. 3934 SO-3/SB3-3A
J.E.D.E.C. TO-5

Millimetres

Min. Nom.
9.10

8.20

6.10
5.08

0.71

G3

H

12.7

38.1

The collector is electrically 
connected to the envelope

0.41

0.4

0.74

Max.
9.40

8.50

6.60

0.86

0.51

41.3

1.01

0.48

0.53

1.0J

Mullard BFX29-Page 1JUNE 1968



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

Electrical
BFX29 BFX87 BFX88

-VCBO maX'

-VCEO maX'
-V max.EBO
-I max.

Lm max‘
P t max. (T . —25°C) 

tot amb '

Temperature

T range stg
T. max. 

J
THERMAL CHARACTERISTIC

Rth(j-amb)

ELECTRICAL CHARACTERISTICS (T =

60 50 40 V

60 50 40 V
5.0 4.0 4.0 V

600 mA

600 mA

600 mA

600 mW

-65 to +200 °C

+200 °C

292 degC/W

25°C unless otherwise stated)

-I Collector cut-off current

-vcb=60V’ V0 BFX29

Min. Typ. Max.

1.0 500 nA

-VCB=5OV’ V0 BFX87 - 1.0 500 nA

-vcb=40V’ V0 BFX88 - 1.0 500 nA

-vcb=50V’ V0 BFX29 - 0.5 50 nA

-vcb=40v’ V0 BFX87 - 0.5 50 nA

-vcb=30V’ V0 BFX88 - 0.5 50 nA

-vcb=50v’ V0’
T. = 100°CJ BFX29 - 0.03 2.0 mA
-vcb=40V’ V0’
T. = 100°C J BFX87 - 0.03 2.0 gA

-vcb=30v’ V0’
T =100°C

j
BFX88 - 0.03 2.0 mA

-I Emitter cut-off current
-V =5.0V, I =0 BFX29 30 500 nAEB ’ C

-veb=4-ov’ V0 BFX87,88 - 2.0 500 nA

-veb=3-ov- V0 BFX29,87
BFX88 1.0 100 nA

Mullard BFX29-Page 2



P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS BFX29

BFX87
BFX88

ELECTRICAL CHARACTERISTICS (cont'd)

Min. Typ. Max.

Static forward currentr E transfer ratio
-Ic = 0.1mA, -VCE = 10V BFX29 20 90 -

-1=1. OmA, -V =10V BFX29,87,U UE BFX88 40 105 -

-I = 10mA, -V =10V U UE BFX29 50 125 -
BFX87,88 40 125 -

-Ic = 50mA, -VCE = 10V BFX29 50 125 -

-1 = 150mA, 10V BFX29,87,C CE BFX88 40 90 -

-I =500mA, -V =10V C C E BFX87,88 25 40 -

~VCE(sat) Collector-emitter saturation 
voltage
-I = 150mA, -I = 15mA C B - 0.15 0.40 V

”VBE(sat) Base-emitter saturation 
voltage
-I = 30mA, -I = 1.0mA C B 0.77 0.90 V

-I = 150mA, -I = 15mA C B - 1.05 1.30 V

Ctc Collector capacitance
-V,, =10V, I =1 =0, f =CB E e 1.0MHz - 6.0 12 PF

Cte Emitter capacitance

-veb=2-ov’ W0' f:= 1.0MHz - 18 30 PF

£t Transition frequency
-I = 50mA, -V =10V, U UE
f=100MHz, T = 25°C 

amb 100 360 - MHz

Mullard BFX29-Page 3



ELECTRICAL CHARACTERISTICS (cont'd)

Saturated switching times (see test circuits)

Min. Typ. Max.

t Turn-on timeon 25 60 ns

t cc Turn-off time -off 55 150 ns

h-parameters

Measured at-I =10mA, -V -10V, f = 1.0kHz, C CE
Min.

T , = 25°C 
amb

Typ. Max.

h Input impedance

h Voltage feedback ratiore
h„ Forward current transfer ratiofe
h Output admittanceoe

600 - 2
-4 1.50 - X10

155

104 - pmho

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. 
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 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.

Mullard BFX29-Page 4



P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS

TEST CIRCUITS

Saturated turn-on switching time

BFX29
BFX87
BFX88

Fig.l

Saturated turn-off switching time

Fig. 2

Mullard BFX29-Page 5



MAXIMUM TOTAL DISSIPATION PLOTTED AGAINST 
AMBIENT TEMPERATURE

Tr
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TRANSIENT THERMAL RESISTANCE FOR VARIOUS DUTY FACTORS 
PLOTTED AGAINST PULSE DURATION
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS

BFX29
BFX87
BFX88

TYPICAL VARIATION OF COLLECTOR CUT-OFF CURRENT 
WITH JUNCTION TEMPERATURE

Mullard BFX29-Page 7



TYPICAL OUTPUT CHARACTERISTICS AT LOW AND HIGH 
COLLECTOR-EMITTER VOLTAGES

Mullard
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS

BFX29
BFX87
BFX88

Typical input characteristic Typical base current versus 
junction temperature
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TYPICAL VATIATION OF STATIC FORWARD CURRENT TRANSFER RATIO 
WITH COLLECTOR CURRENT AND JUNCTION TEMPERATURE

Mullard BFX29-Page 10



BFX29
BFX87
BFX88

P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS

TYPICAL VARIATION OF COLLECTOR-EMITTER SATURATION 
VOLTAGE WITH COLLECTOR CURRENT
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TYPICAL VARIATION OF COLLECTOR-EMITTER SATURATION 
VOLTAGE WITH JUNCTION TEMPERATURE
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS

BFX29
BFX87
BFX88

TYPICAL VARIATION OF BASE-EMITTER SATURATION 
VOLTAGE WITH COLLECTOR CURRENT
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TYPICAL VARIATION OF BASE-EMITTER SATURATION 
VOLTAGE WITH JUNCTION TEMPERATURE
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS BFX29

BFX87
BFX88

TYPICAL VARIATION OF COLLECTOR CAPACITANCE WITH 
COLLECTOR-BASE VOLTAGE

TYPICAL VARIATION OF TRANSITION FREQUENCY 
WITH COLLECTOR CURRENT

Mullard BFX29-Page 15



TYPICAL INPUT IMPEDANCE AND TYPICAL VOLTAGE FEEDBACK 
RATIO PLOTTED AGAINST COLLECTOR CURRENT

TYPICAL FORWARD CURRENT TRANSFER RATIO AND TYPICAL OUTPUT 
ADMITTANCE PLOTTED AGAINST COLLECTOR CURRENT

Milliard BFX29-Page 16



P-N-P SILICON PLANAR
EPITAXIAL TRANSISTOR BFX30

Also available to BS9365—F011

Silicon p-n-p planar epitaxial transistor intended for switching applications. 
Encapsulated in TO-5 envelope with the collector connected to can.

QUICK REFERENCE DATA

-V max.CBO 65 V

-VCEO maX' 65 V

-’cm1““- 600 mA
P max. (T , ^25°C) 

tot amb 600 mW

h„„ (-1 = 10mA, -v = 0.4V) 1 iL U C't min. 50

typ. 90

max. 200

t max. (-1^ = 100mA,

-K = I_ =10mABon Boff 250 ns

OUTLINE AND DIMENSIONS

Conforms to B.S. 3934 SO-3/SB3-3A

J.E.D.E.C. TO-5
Millimetres

---A
— B

Min. Nom. Max.

A 9.10 - 9.40

L--
B 8.20 — 8.50

c C 6.10 - 6.60

! ! FJ G ■ t D - 5.08

7 ! 1 F3 E 0.71 - 0.86

G3-|—

Collector conn«

|11 - “ U.O1
F2 12.7

H___. F3 38.1 - 41.3

; D gì - - i.oi
I

+■ G2 0.41 - 0.48

G3 - - 0.53

H 0.4 -

“cted to can J 0.74 - 1.0

JULY 1972
Mullard
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RATINGS
Limiting values of operation according to the absolute maximum system.

Electrical

-VCBO ”aX' 65 V

-VCEO maX- 65 V

-VEBO maX' 5.0 V

-I max. 600 mA

-I max.CM
600 mA

-I max.EM
600 mA

P max. (T , S 25°C) 
tot amb

Temperature

600 mW

T . min. stg
-65 °C 

o
T , max. stg

200 C 
o

T max. 
J

THERMAL CHARACTERISTIC

200 C

^th(j-amb) 292 degC/W

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

Min. Typ. Max.
-I Collector cut-off currentCBO

-VCB=65V’ V0 - 1.0 500 nA

-vcb=50V, ie=o

-vcb=50V’ V0’

— 0.5 50 nA

T =100°C 
J

- 0.03 2.0 gA

-I Emitter cut-off currentEBO -V = 5.0V, I = 0 - 30 500 nA

-V =3.0V, I =0 .b-D U - 1.0 100 nA

~VBE(sat) Base-emitter saturation 
voltage
-Ic = 30mA, -IB=1.0mA - 0.77 0.90 V

-I = 150mA, -I = 15mA C B - 1.05 1.30 V

Static forward currentFE transfer ratio
-I = 1.0mA, -V =0.4VC CE

40 80 -

-Ic = 10mA, -Vce = 0.4V 50 90 200

-I = 50mA, -VCE = 0.4V 20 92 -

-I =150mA, -V =0.4V 10 50 -

Mullard
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTOR BFX30

ELECTRICAL CHARACTERISTICS (cont’d)
Min. Typ. Max.

Ctc Collector capacitance
-V =10V, I =1 =0, CB E e

Cte

f=1.0MHz

Emitter capacitance
-VEB=2-°V’ W“’

6.0 12 pF

f=1.0MHz

Saturated switching times (see page 4)

- 18 30 pF

-Ic 100mA, -I = T = 10mA, V Bon Boff EE = 10V, VBEoff~2' OV

’d Delay time - 9 15 ns

t r Rise time - 18 40 ns

t on Turn-on time (t, +1 ) d r - 27 50 ns

t s Storage time - 95 250 ns

Fall time - 30 50 ns

‘off Turn-off time (t +t,) s f - 125 290 ns

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. 
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 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.

Mullard
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ELECTRICAL CHARACTERISTICS (cont'd)

Saturated switching times

Test circuit

-I-_100mA c" B(on) =10 mA
V BE (off)-2-0V

Waveforms

Input

Output

----------------- Mullard------------------
BFX30 Page 4



P-N-P SILICON PLANAR
EPITAXIAL TRANSISTOR BFX30
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TOTAL DISSIPATION PLOTTED AGAINST AMBIENT TEMPERATURE

TRANSIENT THERMAL RESISTANCE FOR VARIOUS DUTY FACTORS 
PLOTTED AGAINST PULSE DURATION
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TYPICAL VARIATION OF COLLECTOR CUT-OFF CURRENT 
WITH JUNCTION TEMPERATURE

Mullard
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTOR BFX30

TYPICAL OUTPUT CHARACTERISTICS AT LOW AND HIGH 
COLLECTOR-EMITTER VOLTAGES

Mullard
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TYPICAL TRANSFER AND MUTUAL CHARACTERISTICS

lypical base current versus 
junction temperature

Mullard
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTOR BFX30

TYPICAL VARIATION OF STATIC FORWARD CURRENT TRANSFER RATIO 
WITH COLLECTOR CURRENT AND JUNCTION TEMPERATURE

Mullard
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TYPICAL VARIATION OF BASE-EMITTER SATURATION VOLTAGE 
WITH COLLECTOR CURRENT AND I /I RATIO C B

Mullard
BFX30 Page 10



P-N-P SILICON PLANAR
EPITAXIAL TRANSISTOR BFX30

TYPICAL VARIATION OF BASE-EMITTER SATURATION VOLTAGE 
WITH JUNCTION TEMPERATURE AND I /I RATIO U B

Mullard
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TYPICAL VARIATION OF COLLECTOR CAPACITANCE WITH 
COLLECTOR-BASE VOLTAGE

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS

BFX84
BFX85
BFX86

Silicon n-p-n planar epitaxial transistors for general purpose industrial 
applications. Encapsulated in TO-5 envelope with the collector connected 
to can.

QUICK REFERENCE DATA

BFX84 BFX85 BFX86

VCBOmaX- 100 100 40 V

VCEO maX' 60 60 35 V

'cm““’ 1.0 1.0 1.0 A

P x max. T , —25 C 800 800 800 mW
T ^100°C 

case 2.86 2.86 2.86 W

h (I = 150mA, V =10V) min. r Ji L
typ.

30
112

70
142

70
142

fT min. (Ic = 50mA, VCE=10V,
of = 35MHz, T = 25 C) amb 50 50 50 MHz

Unless otherwise stated data is applicable to all types

OUTLINE AND DIMENSIONS

Conforms to B.S. 3934 SOT3/SB3-3A
J.E.D.E.C. TO-5

The collector is electrically H 
connected to the envelope

Millimetres

Min. Nom. Max.

9.10 - 9.40

8.20 - 8.50

6.10 - 6.60

5.08
0.71 - 0.86

0.51
12.7

38.1 - 41.3

1.01
0.41 - 0.48

0.53
0.4

0.74 - 1.0

MAY 1970
Mullard
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RATINGS
Limiting values of operation according to the absolute maximum system.

Electrical

BFX84 BFX85 BFX86

VCBO maX' 100 100 40 V
V max. (cut-off,I ^ImA) CE C 100 100 40 V

VCEO maX- ,60 60 35 , V

6.0 VVEBO maX‘
I max. 1.0 A
I max.CM 1.0 A

-I max. 1.0 A

-L max. EM 1.0 A

I max. B 100 mA
±1 , max. BM 100 mA

P. . max. T , —25°C 
tot amb 800 mW

T —25°C 
case 5.0 w

T >25, <100°C 
case 2.86 w

Temperature

T , stg -65 to +200 °C

T max. 
J

200 °C

THERMAL CHARACTERISTICS

R,, ,, in free airth (j-amb)
R. .. .th(j-case)

220

35

degC/W 

degC/W

Mullard
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N-P-N SILICON PLANAR 
EPITAXIAL TRANSISTORS BFX84

BFX85
BFX86

BFX84
ELECTRICAL CHARACTERISTICS (T. =25°C unless otherwise stated)

Min. Typ. Max.

r/t Collector cut-off currentL V =100V, I = 0Lz D Lz - 10 500 nA
V =100V, I =0,T. = 100°C 

CB E j - 0.5 30 gA

vcb=80v’ V0 - 2.0 50 nA
V=80V, 1=0, T. = 100°C

CB E J - 0.1 2.5 ma

Emitter cut-off currentEjXjVJ VEB=6.0V, Ic = 0 - 10 500 nA

veb=5-ov- V° - 2.0 50 nA
V = 5.0V, 1=0, T. = 100°C

EB C j - 0.1 2.5 mA

hFE Static forward current 
transfer ratio
Ic = 10mA, VCE = 10V 20 80 -

I = 150mA, V =10VLz CE 30 112 -

I = 500mA, V =10V C CE 20 70 -

I =1.0A, V = 10V L> Lzt 15 35 -

V Collector-emitter saturationCE(sat) voltage
I^ = 10mA, Ig = l.0mA - 0.06 0.15 V

I = 150mA, IB = 15mA - 0.15 0.35 V
Ic = 500mA, I^SOmA - 0.35 1.00 V
I = 1.0A, I = 100mA C B - 0.66 1.60 V

V Base-emitter saturationBE (sat) voltage
I^ = 10mA, 1^ = 1.0mA - 0.69 1.2 V

I = 150mA, I = 15mA C B - 0.92 1.3 V
I = 500mA, lB = 50mA - 1.15 1.5 V

I = 1.0A, I = 100mA L B - 1.40 2.0 V

CTc Collector capacitance
V = 10V, I =1 =0, CB E e
f = 1.0MHz 7.0 12 PF

Mullard
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BFX85

ELECTRICAL CHARACTERISTICS (contd.)

Min. Typ. Max.

fT Transition frequency
I = 50mA, V =10V,U UE
f=35MHz, T , = 25°C amb 50 185 - MHz

Saturated switching times

Ic = 15°mA, IB(on) = -IB(off) = 15mA.

-VEE = WV’ -VBE(off) = 2'°V

t Delay time 15 ns

t Rise time 40 nsr
t Turn-on time - 55 nson
t s Storage time - 300 - ns

tf Fall time - 60 - ns

Turn-off time - 360 - ns

h-par
h, fe

h.

ameters

I = 1.0mA, V =5.0V, U UE
f = 1.0kHz, T , =25°C amb 20 65

250 750 nie
h I = 10mA, V =5.0V, - 0.85 5.0 -4 xiore 
K

C CE
f = 1.0kHz, T , = 25°C 25 80fe 

h
amb

35 80 iumhooe

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS

BFX84
BFX85
BFX86

BFX86
ELECTRICAL CHARACTERISTICS (T.~25 C unless otherwise stated)

Min. Typ. Max.
I Collector cut-off currentCBO vCB-4ov, ie=0 - 10 500 nA

V =40V, I =0, T.-100°C 
CB E j - 0.5 30 mA

V =30V, I =0 CB E - 2.0 50 nA
V„ =30V, I =0, T. = 100°C

CB E j - 0.1 2.5 mA
Emitter cut-off currentIL DO
veb=6-ov’ V0 - 10 500 nA

veb=5-ov’ V0 - 2.0 50 nA
V -5.0V, I =0, T. = 100°C

EB C j - 0.1 2.5 pA

hFE Static forward current 
transfer ratio
Ic = 10mA, VCE = 10V 50 90 -

I = 150mA, VCE = 10V 70 142 -

Ic = 500mA, VCE = 10V 30 90 -

I =1.0A, V -10 V 15 50 -

VCE(sat) Collector-emitter saturation 
voltage
I = 10mA, I = 1.0mA 0.06 0.15 V

I = 150mA, IB=15mA - 0.15 0.35 V

I = 500mA, IB=50mA - 0.35 1.00 V

I =1.0A, I = 100mA C B - 0.66 1.60 V

VBE(sat) Base-emitter saturation 
voltage
Ic = 10mA, 1^=1.0mA 0.69 1.2 V

I = 150mA, 1 =15mA C B - 0.92 1.3 V

Ic = 500mA, IB=50mA - 1.15 1.5 V

I = 1.0A, I -100mA C B - 1.40 2.0 V

Sc Collector capacitance
VCB = 1°V’ W0’
f= 1,0MHz - 7.0 12 PF

Mullard
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BFX86

ELECTRICAL CHARACTERISTICS (contd.)

Min. Typ. Max.

fT Transition frequency
I = 50mA, V = 10V, U UE
f = 35MHz, T = 25°Camb 50 185 MHz

Saturated switching times

Ic = 150mA, IB(on) = -IB(of£) = 15mA.

-VEE = 1°V’ -VBE(off) = 2 • °V

‘d Delay time - 15 - ns
t r Rise time - 40 - ns
t on Turn-on time - 55 - ns
t s Storage time - 300 - ns

‘f Fall time - 60 - ns

‘off Turn-off time - 360 - ns

h-parameters
h fe 1=1.OmA, V =5.0V, C UE

f = 1.0kHz, T , = 25°C amb 20 65 -

h ie - 250 750 _A
h re I = 10mA, V =5.0V, U UE - 0.85 5.0 X10 4

hfe f=1.0kHz, T , = 25°C amb 25 80 -
h oe - 35 80 gmho

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS BFX84

BFX85
BFX86

MEASUREMENT OF SATURATED SWITCHING TIMES

Test circuit

-V = 2 O V

Switching waveforms

Mullard
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OPERATING NOTES

1. Dissipation and heatsink considerations

a) Steady-state conditions

The maximum steady-state dissipation Ps is given by the relation
ship:

A 4UCUX .
S R. /• VXth (j-amb)

Where Tj max. is the maximum permissible operating junction 
temperature, 
Tarnb is the ambient temperature,
Rth(j-amb) is the total thermal resistance between junction 
and ambient.

Page 13 gives the maximum allowable steady - state dissipation 
versus ambient temperature for the device mounted in free air 
and with infinite heatsink.

b) Pulse conditions (rectangular pulses)

The maximum pulse power Pp is given by the formula 
(T. max. - T ) - (P .R )p 1 amb? s th(j-amb)

P Rth(t) ^'^th(case-amb)

Where Ps is the steady-state dissipation excluding that in the 
pulses,
Rfh(t) is effective transient thermal resistance of thedevice 
between junction and case, and is a function of the pulse 
duration t, and duty cycle d, 
d is the duty cycle, and is equal to the pulse duration t 
divided by the periodic time T,
^thfcase-amb) the total thermal resistance between case 
and ambient and is equal to the difference between Rth(j-amb) 
and the thermal resistance from junction to case RthQ-case)-

Di
ss

ip
at

io
n

IB731I
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS BFX84

BFX85
BFX86

b) Pulse conditions (rectangular pulses) (cont'd)

Example
The following example shows how to calculate the maximum 
permissible peak dissipation of a BFX84 mounted in free air at a 
temperature not exceeding 65°C. The steady-state dissipation under 
the bottomed condition is 350mW, the pulse width is 1ms and the 
duty cycle is 0.2.

The transient thermal resistance R=15.5degC/W (page 13) tn(t)

„ _ (200-65) - (0,35X220)
Ppmax. 15.5+0.2(220-35)

= 135-77
15.5 + 37

= 1.1W

The peak pulse dissipation of 1.1W is therefore allowed provided 
that the voltage and current ratings of the device are not exceeded.

c) Pulse conditions (other than rectangular)

For sinusoidal and irregular shaped waveforms, the power pulse 
is converted to an equivalent rectangular pulse of the same average 
and peak values, and treated as in the previous section.

Example

The following example illustrates how to find the maximum permis
sible peak dissipation of a BFX84 operating in a class ’B’ circuit 
atlkHz. The device is mounted on a heatsink of thermal resistance 
equal to 50degC/W and at an ambient temperature not exceeding 
100°C. Assuming that the waveform is sinusoidal for half period 
and zero for the other half.

Average of sinewave over half cycle = 2P^/tt

Therefore equivalent rectangular pulse width of same amplitude 
and average value

Mullard
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c) Pulse conditions (other than rectangular) (cont'd)
2 / 27T 1Duty cycle, d = - = - = 0.318

From page 13

Rth(t) = 6-8de®C/w <d = 0)

Rth(s) = 35degC/W
R, at d = 0.318 = (35-6.8) X 0.318 + 6.8 th(t)

= 15.8degC/W 

(200- 100) -0P max. = J----------- ------- p 15.8+0.318X50

A peak power of 3.15W is therefore permissible provided that the 
voltage and current ratings of the device are not exceeded.

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. 
These recommendations apply to a transistor mounted flush on a board 
having pmched-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 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.

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS

BFX84
BFX85
BFX86

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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COLLECTOR CURRENT PLOTTED AGAINST MAXIMUM
COLLECTOR-EMITTER VOLTAGE WITH R_/R„ AS PARAMETER 

d h

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS

BFX84
BFX85
BFX86

MAXIMUM COLLECTOR-EMITTER VOLTAGE PLOTTED AGAINST 
R /R RATIO15 iS

Mullard
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T.
 <
*C
)

COLLECTOR AND EMITTER CUT-OFF CURRENTS PLOTTED 
AGAINST JUNCTION TEMPERATURE

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS BFX84

BFX85

TYPICAL OUTPUT CHARACTERISTICS

Mullard
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TYPICAL OUTPUT CHARACTERISTICS
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS BFX84

BFX85
BFX86

TYPICAL OUTPUT CHARACTERISTICS

Mullard
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TYPICAL TRANSFER, MUTUAL AND INPUT CHARACTERISTICS

Mullard
BFX84-Page 20



N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS

BFX84
BFX85
BFX86

TYPICAL STATIC FORWARD CURRENT TRANSFER RATIO PLOTTED 
AGAINST COLLECTOR CURRENT AND JUNCTION TEMPERATURE

Mullard
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TYPICAL STATIC FORWARD CURRENT TRANSFER RATIO PLOTTED 
AGAINST JUNCTION TEMPERATURE

TYPICAL TRANSITION FREQUENCY PLOTTED AGAINST 
COLLECTOR CURRENT

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS BFX84

BFX85
BFX86

TYPICAL COLLECTOR-EMITTER SATURATION VOLTAGE 
PLOTTED AGAINST COLLECTOR CURRENT

Mullard
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TYPICAL COLLECTOR-EMITTER SATURATION VOLTAGE 
PLOTTED AGAINST JUNCTION TEMPERATURE
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS

BFX84
BFX85
BFX86

TYPICAL BASE-EMITTER SATURATION VOLTAGE 
PLOTTED AGAINST COLLECTOR CURRENT

Mullard
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TYPICAL BASE-EMITTER SATURATION VOLTAGE 
PLOTTED AGAINST JUNCTION TEMPERATURE
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS BFX84

BFX85
BFX86

TYPICAL COLLECTOR CAPACITANCE PLOTTED AGAINST 
COLLECTOR-BASE VOLTAGE

Mullard
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TYPICAL h-PARAMETERS NORMALISED AT I = 10mA
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P-N-P SILICON PLANAR 
EPITAXIAL TRANSISTORS BFX87

BFX88

For ratings, characteristics and mechanical 
details see BFX29 data sheet

Mullard
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N-P-N SILICON
PLANAR EPITAXIAL TRANSISTOR BFX89

N-P-N silicon planar epitaxial transistor designed for u.h.f. and v.h.f. 
applications. It has extremely good noise and intermodulation properties 
and a very high power gain and transition frequency. It is therefore par
ticularly suitable for wideband aerial and distribution amplifiers.

QUICK REFERENCE DATA

VCBOMmaX- (P°ak) 30 V
V „ max, 15 VCEO
Icm“™' (f>1.0MHz) 50 mA
P max. (T , " 25°C) 200 mWtot amb
T max. 200 °C

J
f typ. (Ic = 25mA, V =5V. f=500MIIz) 1.2 GHz

-C typ. (1 , = 2mA, V . = 5V. f = 1 MHz) 0.0 pFre C C E
N tyP- ac = 2mA, V = 10V, Z opt.) 1:-200MHz 3.3 dB

[ - 800MHz 7.0 dB

O typ- P =8mA, V 10V) f=200MIIz 22 dB
P ‘ 800MHz. 7.0 dB

P typ. (I -8mA, Vz =10V, o C Ct
d. =-30dB, v.s.w.r. at output 2) f=200MHz G.O mW

im 800MHz G.O mW

OUTLINE AND DIMENSIONS

Conforms toJ.E.D.E.C. TO-72
B.S. 3934 SO-12A/SB4-3

For details sec page 6

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

Electrical

’cBOm““' 30 V

^CERMmaX' <t>eak’ «BE^’ 30 V

Vemmax' (IP = 10mA) v- jSU 15 V

V „ max.EBO 2.5 V

1^ max. (d.c.) 25 mA

1^^ max. (peak, f> 1MHz) 50 mA
Px max. (T , -2o°C) 200 mW

tot amb

Temperature
T range stg
T, max. 

1
THERMAL CHARACTERISTICS

R , „ _ „ in free airth(j-amb) 
^th(j-case)

-65 to +200 °C

200 °C

0.88 degC/mW

0.58 degC/mW

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

Min. Typ. Max.

’em Collector cut-off current
C I =0, V = 15V - - 10 nA

E U D
VCEK Collector-emitter knee voltage

I =20mA, I =the value for C B
0.75

Static forward current 
FE .transfer ratio

I =2mA, Vn =1V U U IS
I = 25mA, V =1V U U IS

25 - 150

20 - 125

------------------Mullard------------------
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N-P-N SILICON
PLANAR EPITAXIAL TRANSISTOR BFX89

ELECTRICAL CHARACTERISTICS (cont'd)
Min. Typ. Max.

fT ♦Transition frequency
Ic = 2mA, Vce = 5V, f = 500MHz 1.0 - GHz

C

I = 25mA, V = 5V, f = 500MHz - C CE

♦♦Collector capacitance

1.1 - GHz

tc

-C

I =1 =0, V^„=10V. f=lMHzE e CB
♦Feedback capacitance

1.7 PF

re

N

I =2mA, V = 5V, f=lMHz C CE

♦Noise figure
I =2mA, V =5V, (. CE

0.6 pF

f= 200MHz, Zg = opt. - 4.0 dB

f =500MHz, 11^-502 - 6.5 dB

f-800 MHz, Zg = opt.

♦Power gain (not neutralised)

7.0 - dB

P L = 8mA, = 10V, f = 200MHz 19 22 ■ - dB
f= 800MHz -

♦Fourth lead (ease) grounded.
♦Fourth lead (case) not connected.

Intermodulation characteristics
P *Output power (see test circuits 1 and 2)

° I =8mA, V - 10V, v.s.w.r. at out put <C Lt
d = -30dB im
f = 200MHz, f = 202MHz. f -205MHz, 

p q

7.0

;2,

dB

f = 208MHz (channel 9)
(2q-p)

f = 800MHz, f = 798MHz, f = 802MHz, 
p q

6.0 mW

d im

f j = 806MHz (channel 62) - 6.0

Intermodulation distortion (see test circuit 3)
I =8mA, =6V, RT =37.52,V Ch -L
V = 100mV at f = 183MHz o p
V = lOOmV at f =200MHz o q

mW

f = 217MHz
(2q-p)

-40 - dB

Mullard
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ELECTRICAL CHARACTERISTICS (cont'd)

TEST CIRCUIT 1 - OUTPUT POWER TEST CIRCUIT (f = 200MHz)

LI = 3 turns of 1.4mm silver plated copper wire, winding pitch 2.7mm, 
int. dia. 8mm, taps 1.5 and 0.5 turns from earth.

L2 = 5.5 turns of 1.4mmsilver plated copper wire, winding pitch 2.2mm, 
int. dia. 8mm.

L3 = 3 turns of 1.4mm silver plated copper wire, winding pitch 3.3mm, 
int. dia. 8mm.

L4 = 5.5 turns of 1.4mmsilver plated copper wire, winding pitch 2.2mm, 
int. dia. 11mm.

ADJUSTMENT OF TEST CIRCUIT

Technical considerations

Intermodulation distortion is caused by clipping in h.f. output current and 
voltage.
The maximum undistorted output power is attained when

a) Clipping in current and voltage is simultaneous; this occurs if

«load^CE'Lek^C
Where V is the high frequency knee voltage

b) The h.f. collector current is as low as possible; this occurs if

-c. . = +c load oe
Where Coe is the output capacitance of the transistor with short-cir
cuited input.

Experimentally obtained values of Rioad Cjoacj, for maximum output 
power at an intermodulation factor of -30dB, are:

R . = IkSl, C, , = -1.8pF load load
Procedure

1. Remove the transistor and connect a dummy, consisting of a 220S2 resistor 
in parallel with a5.6pF capacitor, between the collector and the emitter 
connections of the output circuit.

2. Tune and match the output circuit for zero reflection at 205MHz (i.e. 
v.s.w.r. = 1). After this adjustment no further change should be made 
in the output circuit.

3. Replace the dummy by the transistor. Tune and match the input circuit 
for maximum power gain and good bandpass curve. The v.s.w.r. of the 
output will then be ^2 over most of the channel. Corrections can be made 
by tuning L2.

Mullard
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N-P-N SILICON
PLANAR EPITAXIAL TRANSISTOR BFX89

ELECTRICAL CHARACTERISTICS (cont’d)

TEST CIRCUIT 2 - OUTPUT POWER TEST CIRCUIT (f=800MHz)

LI - 24x 6x 0.5mm silver plated copper strip, input tap at 5mm from earth.
L2 = 15X6x0.5mm silver plated copper strip.
L3 - 20x8x0.5mm silver plated copper strip.
L4 = 4 turns of 0.5mm enamelled copper wire, winding pitch 1.5mm, int. 

dia. 4mm.
Coupling link = 42mm of 1mm silver plated copper wire.

ADJUSTMENT OF TEST CIRCUIT
At 800MHz a dummy cannot be used to adjust for optimum collector load, 
because at these frequencies the impedance transformations of the dummy 
are too high.
A small signal with a frequency of the midchannel 802MIIz is fed to the 
input. The signal is increased until clipping occurs, that is until the output 
power no longer increases linearly with increasing input signal. Care should 
be taken not to allow the voltage swing to exceed the value as this 
may result in the destruction of the transistor by second breakdown.
The output circuit is then tuned to eliminate clipping.

The output power P is given by

Po = ' Vcek^ = 33mW

Where V ^he high frequency knee voltage

Keeping the input signal as small as possible at Po ~ 35mW, the output 
circuit is adjusted for minimum intermodulation. The input circuit is then 
adjusted for maximum gain and good bandpass curve. The v.s.w.r. is 
found to be ^2 over the whole channel.

Mullard
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ELECTRICAL CHARACTERISTICS (cont'd)

TEST CIRCUIT 3 - INTERMODULATION DISTORTION TEST CIRCUIT
680pF

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. 
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 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.

OUTLINE, DIMENSIONS AND CONNECTIONS
Conforms to J.E.D.E.C. TO-72

Millimetres

Min. Norn.

A
B
C 12.7
D - 0.43
E - 1.0
F - 1.05
G - 2.54
H 5.3 5.55

Connections

Max.

4.8
5.3

1. Emitter

2. Base

3. Collector

4. Shield connected 
to envelope

Viewed from underside

Mullard
BFX89 Page 6



N-P-N SILICON
PLANAR EPITAXIAL TRANSISTOR BFX89

TYPICAL OUTPUT CHARACTERISTICS AT LOW AND HIGH 
COLLECTOR-EMITTER VOLTAGES

Mullard
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N-P-N SILICON
PLANAR EPITAXIAL TRANSISTOR BFX89

STATIC FORWARD CURRENT TRANSFER RATIO 
PLOTTED AGAINST COLLECTOR CURRENT

Typical transition frequency versus 
collector current

Typical collector capacitance versus 
collector-base voltage

Mullard
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TYPICAL NOISE FIGURE PLOTTED AGAINST COLLECTOR CURRENT
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS

BFY50
BFY5I
BFY52

Also available to BS9365—F012
Silicon n-p-n planar epitaxial transistors for general purpose industrial 
applications. Encapsulated in.TO-5 envelope with the collector connected 
to can.

QUICK REFERENCE DATA

BFY50 BFY51 BFY52

VCBOmaX- 80 60 40 V

VCEO maX‘ 35 30 20 V

ICMmax- 1.0 1.0 1.0 A
x max. T ^25°C 

tot amo 800 800 800 mW
T :100°C

case 2.86 2.86 2.86 w
h (Ir = 150mA, V =10V) min. r E U UE , typ.

30
112

40
123

60
142

f min. (I = 50mA, V =10V, 1 U UE
f= 35MHz, T , = 25°C) 

amb 50 50 50 MHz

Unless otherwise stated data is applicable to all types

OUTLINE AND DIMENSIONS

Conforms to B.S. 3934 SO-3/SB3-3A
J.E.D.E.C. TO-5

Millimetres

' r
 

« 
CD 

1 
LL: A

B

C

D

E

Fl

F2

Min.

9.10

8.20

6.10

0.71

12.7

Norn.

5.08

Max.

9.40

8.50

6.60

0.86

0.51

H1_____L - -1! c

1 1F3□
1 }l
Z\ «-----^b.

F3 38.1 - 41.3

0 ___ i Gl

G2 0.41 -

1.01

0.48

G3 - - 0.53

The collector is electrically H - 0.4 -
connected to the envelope J 0.74 - 1.0

Mullard
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BFY50

ELECTRICAL CHARACTERISTICS (contd.)

-V =10V -V =2.0V EE ’ BE(off)

Min. Typ. Max.
f Transition frequency

I = 50mA, V =10V, U CL
f=35MHz, T , =25°C amb 60 140 MHz

Saturated switching times

I = 150mA, I X = -Ir,/ m = 15znA, C B(on) B(off)

’d Delay time - 15 - ns
t r Rise time - 40 - ns

t on Turn-on time - 55 - ns

t s Storage time - 300 - ns

‘f Fall time - 60 - ns

’off Turn-off time - 360 - ns

h-parameters

hfe I =1.0mA, V =5.0V, u uts
f=1.0kHz, T , = 25°C amb 10 65 -

h ie - 250 750 fi
_A

h re I = 10mA, V -5.0V, U UIS - 0.85 5.0 xlO 4

hfe f=1.0kHz, T , =25°C amb 15 80 -

h oe - 35 80 gmho

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS

BFY50
BFY5I
BFY52

BFY51
ELECTRICAL CHARACTERISTICS (T. = 25°C unless otherwise stated)

Min. Typ. Max.

nn Collector cut-off currentU DM
vcb=6ov’ V0 - 10 500 nA
V =60V, I =0, T. = 100°C

CB E j - 0.5 30 mA
vcb=40v’ V0 - 2.0 50 nA
V„_=40V, I =0, T. = 100°C 

CB E j - 0.1 2.5 mA
Emitter cut-off current

EdU
veb=6-ov’ V0 - 10 500 nA

veb=5-ov- V0 - 2.0 50 nA
V,=5.0V, I =0, T. =100°C 

EB U j - 0.1 2.5 mA
Static forward currentr E transfer ratio
Ic = 10mA, vCE = 10V 30 85 -

I = 150mA, V =10V U LE 40 123 -

I = 500mA, VCE = 10V 25 79 -

I =1.0A, V =10V U UE 15 40 -

v Collector-emitter saturationCE(sat) voltage
Ic = 10mA, I = 1.0mA 0.06 0.15 V

I = 150mA, I = 15mA C B - 0.15 0.35 V

I = 500mA, IE = 50mA - 0.35 1.00 V

I = 1.0A, I = 100mA U B - 0.66 1.60 V

V Base-emitter saturationBE (sat) voltage
Ic = 10mA, I = 1.0mA - 0.69 1.2 V

I = 150mA, IE = 15mA - 0.92 1.3 V

I = 500mA, I_ = 50mA C B - 1.15 1.5 V

I =1.0A, I = 100mA U B - 1.40 2.0 V

CTc Collector capacitance
V =10V, I =1 =0,CB ’ E e ’
f = 1.0MHz 7.0 12 PF

Mullard
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BFY51

ELECTRICAL CHARACTERISTICS (contd.)

Min. Typ. Max.

f Transition frequency
I -50mA, V =10V, V- bh
f=35MHz, T , =25°C amb 50 160 MHz

Saturated switching times

V1“’ WHoffT151^’

= -VBE(off) = 2•0V

‘d Delay time - 15 - ns
t r Rise time - 40 - ns
t on Turn-on time - 55 - ns
ts Storage time - 300 - ns

‘f Fall time - 60 - ns

‘off Turn-off time - 360 - ns

h-parameters

h fe I =1.0mA, V =5.0V, G UIS
f=1.0kHz, T , =25°C amb 20 65 -

h.ie - 250 750 2

h re I -10mA, V -5.0V, U C-E - 0.85 5.0 xio’4

hfe f=1.0kHz, T =25°C amb 25 80 -
h oe J - 35 80 pmho

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS BFY50

BFY5I
BFY52

BFY52
ELECTRICAL CHARACTERISTICS (T. = 25°C unless otherwise stated)

Min. Typ. Max.

If1 TTYA Collector cut-off currentCDU
vcb=4ov’ V0 - 10 500 nA
Vr,D = 40V, I =0, T. = 100°C C B E j - 0.5 30

VCB = 3OV’ V0 - 2.0 50 nA
V~ =30V, I =0, T. = 100°C

UB h j - 0.1 2.5 mA

I TP DP Emitter cut-off current
veb=6-ov’ V° - 10 500 nA

V^„ = 5.0V, I =0 2.0 50 nAEB ’ C
V “5.0V, I =0, T. = 100°C 

EB C J - 0.1 2.5 gA

h Static forward currentFE transfer ratio
Ic = 10mA, VCE = 10V 30 90 -

I = 150mA, V, =10V 60 142
C CE

I — 500mA, V =10V C C B 30 90 -

I =1.0A, V=10V U CL 15 50 -

V Collector-emitter saturationCE(sat) voltage
Ic = 10mA, I = 1.0mA - 0.06 0.15 V

I = 150mA, 1^= 15mA - 0.15 0.35 V
IE = 500mA, IB=50mA - 0.35 1.00 V

I =1.0A, I = 100mA C B - 0.66 1.60 V

V Base-emitter saturationBE (sat) voltage
lQ = 10mA, I = 1.0mA - 0.69 1.2 V
I = 150mA, IE = 15mA - 0.92 1.3 V

I = 500mA, IE = 50mA - 1.15 1.5 V

I =1.0A, I = 100mA C B - 1.40 2.0 V

CTc Collector capacitance 
VCB = 10V’ W“’ 
f=1.0MHz 7.0 12 pF

Mullard
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BFY52

ELECTRICAL CHARACTERISTICS (contd.)

Min. Typ. Max.

fT Transition frequency
I = 50mA, V =10V, C Lt
f = 35MHz, T , = 25°C amb 50 185 - MHz

Saturated switching times 

Ic = 150mA,

-Vee^OM, -VBE(off) = 2.0V

*6 Delay time - 15 - ns
t r Rise time - 40 - ns
t on Turn-on time - 55 - ns
ts Storage time - 300 - ns

‘f Fall time - 60 - ns

‘off Turn-off time - 360 - ns

h-parameters

hr fe I = 1.0mA, V = 5.0V, C L/Hi
f=1.0kHz, T , - 25°C amb 20 65 -

h - 250 750 2
h re I = 10mA, V = 5.0V, C- Lt - 0.85 5.0 -4 xio

he f = 1.0kHz, T =25°Camb 25 80 -
h oe - 35 80 gmho
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BFY50-Page 8



N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS

BFY50
BFY5I
BFY52

MEASUREMENT OF SATURATED SWITCHING TIMES

Test circuit

1.0 pS

1^-150 mA? IB(on)- B(off)

Switching waveforms

-90%

Mullard
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OPERATING NOTES

1. Dissipation and heatsink considerations

a) Steady-state conditions

The maximum steady-state dissipation Ps is given by the relation
ship:

^th (j-amb)

Where Tj max. is the maximum permissible operating junction 
temperature, 
^amb *s ambient temperature, 
^th(j-amb) is the total thermal resistance between junction 
and ambient.

Page 13 gives the maximum allowable steady-state dissipation 
versus ambient temperature for the device mounted in free air 
and with infinite heatsink.

b) Pulse conditions (rectangular pulses)

The maximum pulse power is given by the formula 

(T. max. - T , ) -(P .R,, .. ,.)p = j amb7 s thO-amby
P ^th(t) ^‘^th(case-amb)

Where Ps is the steady - state dissipation excluding that in the 
pulses,
Rth(t) ts effective transient thermal resistance of the device 
between junction and case, and is a function of the pulse 
duration t, and duty cycle d, 
d is the duty cycle, and is equal to the pulse duration t 
divided by the periodic time T, 
^th(case-amb) the total thermal resistance between case
and ambient and is equal to the difference between Rth (j-amb) 
and the thermal resistance from junction to case Rth(j-case)-

Di
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS

BFY50
BFY5I
BFY52

b) Pulse conditions (rectangular pulses) (cont'd)
Example

The following example shows how to calculate the maximum 
permissible peak dissipation of a BFY50 mounted in free air at a 
temperature not exceeding 65°C. The steady-state dissipation under 
the bottomed condition is 350mW, the pulse width is 1ms and the 
duty cycle is 0.2.

The transient thermal resistance = 15 • 5degC/W (page 13)

p max - (200-65) - (0,35X220) 
p ’ 15.5+0.2(220-35)

135-77
15.5+37

= 1.1W

The peak pulse dissipation of 1.1W is therefore allowed provided 
that the voltage and current ratings of the device are not exceeded.

c) Pulse conditions (other than rectangular)

For sinusoidal and irregular shaped waveforms, the power pulse 
is converted to an equivalent rectangular pulseof the same average 
and peak values, and treated as in the previous section.

Example

The following example illustrates how to find the maximum permis
sible peak dissipation of a BFY52 operating in a class 'B' circuit 
atlkHz. The device is mounted on a heatsink of thermal resistance 
equal to 50degC/W and at an ambient temperature not exceeding 
100°C. Assuming that the waveform is sinusoidal for half period 
and zero for the other half.

Average of sinewave over half cycle = ZP^/ir

Therefore equivalent rectangular pulse width of same amplitude 
and average value

Duty cycle, d = —

Mullard
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c) Pulse conditions (other than rectangular) (cont'd)
2 /27T 1

Duty cycle, d = — j— = — = 0.318

From page 13

= 6.8degC/W (d = 0)

at d = 0.318 = (35-6.8) x 0.318+6.8 th(t) '
= 15.8degC/W

„ (200 - 100) - 0
p 15.8+0.318x50

A peak power of 3.15W is therefore permissible provided that the 
voltage and current ratings of the device are not exceeded.

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. 
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 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.

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS BFY50

BFY5I
BFY52

MAXIMUM TOTAL DISSIPATION PLOTTED AGAINST 
AMBIENT TEMPERATURE

TRANSIENT THERMAL RESISTANCE FOR VARIOUS DUTY FACTORS 
PLOTTED AGAINST PULSE DURATION

Mullard
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COLLECTOR CURRENT PLOTTED AGAINST MAXIMUM
COLLECTOR-EMITTER VOLTAGE WITH R_/R„ AS PARAMETER B E

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS

BFY50
BFY5I
BFY52

MAXIMUM COLLECTOR-EMITTER VOLTAGE PLOTTED AGAINST
R /R_ RATIO B E

Mullard
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0

COLLECTOR AND EMITTER CUT-OFF CURRENTS PLOTTED 
AGAINST JUNCTION TEMPERATURE
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS BFY50

BFY5I
BFY52
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS BFY50

BFY5I
BFY52

TYPICAL OUTPUT CHARACTERISTICS

Mullard
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TYPICAL TRANSFER, MUTUAL AND INPUT CHARACTERISTICS

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS

BFY50
BFY5Î
BFY52

TYPICAL STATIC FORWARD CURRENT TRANSFER RATIO PLOTTED 
AGAINST COLLECTOR CURRENT AND JUNCTION TEMPERATURE

Mullard
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TYPICAL STATIC FORWARD CURRENT TRANSFER RATIO PLOTTED 
AGAINST JUNCTION TEMPERATURE
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS

BFY50
BFY5I
BFY52

TYPICAL TRANSITION FREQUENCY PLOTTED AGAINST 
COLLECTOR CURRENT

Typical storage time 
normalised at 25°C

Typical collector capacitance versus 
collector-base voltage

Mullard
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TYPICAL COLLECTOR-EMITTER SATURATION VOLTAGE 
PLOTTED AGAINST COLLECTOR CURRENT

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS

BFY50
BFY5I
BFY52

TYPICAL COLLECTOR-EMITTER SATURATION VOLTAGE 
PLOTTED AGAINST JUNCTION TEMPERATURE

Mullard
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TYPICAL BASE-EMITTER SATURATION VOLTAGE 
PLOTTED AGAINST COLLECTOR CURRENT

Mullard
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BFY50
BFY5I
BFY52

N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS

TYPICAL BASE-EMITTER SATURATION VOLTAGE 
PLOTTED AGAINST JUNCTION TEMPERATURE
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTOR BFY53

Silicon n-p-n planar epitaxial transistor for general purpose industrial applications. 
Encapsulated in TO-5 envelope with the collector connected to can.

QUICK REFERENCE DATA

VCBO maX- 40 V

VCEO 20 V

JCM maX- 1.0 A
P+ , max. (T ,<25°C) 

tot amb- 800 mW
(T <25°C)' case— 5.0 w

h (I =150mA, V =10V) min. r E U UE
typ-

30
75

fTmin. (I =50mA, VCE=10V,
f=35MHz, T , = 25°C) amb 50 MHz

OUTLINE AND DIMENSIONS

Conforms to BS3934 SO-3/SB3-3A
J.E.D.E.C. TO-5

-------A--------

----- B T

Collector- connected to can

Millimetres
Min. Nom. Max.

A 9.1 - 9.4
B 8.2 - 8.5
C 6.1 - 6.6
D - 5.08 -
E 0.71 - 0.86
Fl - - 0.51
F2 12.7 - -

F3 38.1 - 41.3

Gl - - 1.01
G2 0.41 - 0.48
G3 - - 0.53

H 0. 3 - 0.8

J 0.74 - 1.0

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical

VCBO maX’ 40 V

V max. (cut-off, I clmA) CE C 40 V

VCEO maX‘ 20 V

VEBO maX' 6.0 V

Ic max. 1.0 A

Vm max- 1.0 A

-I„ max. E 1.0 A

1.0 A

Ig max. 100 mA

iW max- 100 mA

Ptotmax‘ 800 mW
(T < 25 °C) 
' case- 5.0 W

Temperature

T . range stg * -65 to +200 °C 
n

T. max. 
1

200 c

THERMAL CHARACTERISTICS

Rth(j-amb)
R th(j-case)

220

35

degC/W 

degC/W

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

Min. Typ. Max.

I Collector cut-off current

vcb=4ov’ V0
- 10 500 nA

Vz,„ = 40V, I =0, T. = 100°C
CB E J

=30V, I =0
- 0.5 30 pA

2.0 50 nACB E
V = 30V, I =0, T. = 100°C

CB E j - 0.1 2.5 pA

I Emitter cut-off current
V =6.0V, I =0 10 500 nAEB C
VEB = 5.0V, Ic = 0 - 2.0 50 nA
V„ =5.0V, I =0, T. = 100°C

EB C j - 0.1 2.5 mA

Mullard
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BFY53N-P-N SILICON PLANAR
EPITAXIAL TRANSISTOR

ELECTRICAL CHARACTERISTICS (contd.)

Min. Typ. Max.
h Static forward current

transfer ratio
I = 10mA, V = 10V U CL
I = 150mA, V =10V C CE
I = 500mA, V, -10 V C CE
! ^.OA, V =10V V CL

Collector-emitter saturationCE(sat) .,voltage

20

30

18

10

55

75

50
35 -

I = 10mA, 1=1.0mAC B - 0.06 0.15 V
1^, - 150mA, I^~15mA - 0.15 0.35 V
1^“ 500mA, Ig~50mA - 0.35 1.00 V
I -1.0A, I - 100mA C B

V__, Base-emitter saturation voltage
BE(Sat) I =10mA, 1=1.0mA

C B

- 0.66 2.00 V

- 0.69 1.2 V
V 150mA, I^-lSmA - 0.92 1.3 V
I -500mA, I ~ 50mAC B - 1.15 1.5 V

I =1.0A, I -100mA C B

C Collector capacitance
VCB=10V’ W0’

- 1.40 2.0 V

f= 1.0MHz

f^. Transition frequency
I = 50mA, V =10V,C- CL

7.0 12 pF

f = 35MHz, T , = 25°C amb

Small signal forward current
transfer ratio
I -1.0mA, V -5.0V, U U-Ei
f=1.0kHz, T , =25°C amb

50

10

140

70

MHz

Mullard
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SOLDERING AND WIRING RECOMMENDATIONS

1. When using a soldering iron, transistors maybe 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 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.

Mullard
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BFY53N-P-N SILICON PLANAR
EPITAXIAL TRANSISTOR
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BFY53N-P-N SILICON PLANAR
EPITAXIAL TRANSISTOR
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BFY53N-P-N SILICON PLANAR
EPITAXIAL TRANSISTOR
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100 1000 lc (mA)
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BFY53N-P-N SILICON PLANAR
EPITAXIAL TRANSISTOR
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BFY90SILICON PLANAR EPITAXIAL
N-P-N TRANSISTOR

N-P-N silicon planar epitaxial transistor featuring low noise, low inter
modulation distortion and a high transition frequency. Intended for military 
and industrial applications.

QUICK REFERENCE DATA

VCBOmaX- 30 V

VCEO maX- 15 V

Ym max- 50 mA
P max. (T =25°C) 

tot amb 200 mW

T. max. 200 °C

fm min. I =2.OmA, V„ = 5.0V 1.0 Gc/s

I = 25mA, V = 5.0V 1.3 Gc/s

—c max. I =2. OmA, f = 1.0Mc/s re C 0.8 pF

Max. noise figure, 1^ = 2.OmA, f = 500Mc/s 5.0 dB

OUTLINE AND DIMENSIONS

Conforming to B.S. 3934 SO-12A/SB4-3
J.E.D.E.C. TO-72

— A — Millimetres

f Min. Nom. Max.
? A - - 4.8

I 1 B - - 5.33

i C 12.7
c C1 I D - 0.48

1 1

JL
1 i E - - 1.17

-D F - - 1.16

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

VCBOmaX- 30 V

VCEOmaX- (IB = °’ 15 V

VEBOmaX- «V0’ 2.5 V

tcm max' 50 mA

I„.,„. max. (averaged over any lOOps period)C(AV) 25 mA

P. x max. (T =25 C) tot amb 200 mW

Temperature

T . max. stg 200 °C

T min. stg -65 °C

T. max. 
J

200 °C

THERMAL CHARACTERISTICS

9. , (in free air)j-amb 0.88 degC/mW

e.j-case 0. 58 deg C/mW

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

Collector cut-off current
Min. Typ. Max.

I__ _ V _ =15V, I =0 10* nACBO CB E
‘cES VCE=15V’ vbe = ° - - 10 pA

Base current

-IE = 2.0mA, VCB = 0 13.2* - 77* pA

-IE = 25mA, VCB = 0 200* - 1200* pA

^FE Static forward currentJ IL transfer ratio

I = 2.0mA, V =1.0V G Vil 25 - 150

Ic = 25mA, VCE=1.0V 20 - 125

fT Transition frequencyt

I =2.0mA, V = 5.0V U UE 1.0 - Gc/s

I =25mA, V =5.0V V CE 1.3 - Gc/s

Ctc Collector capacitance**

V =10V,I =1 =0,f=l.LD II e . OMc/s - - 1.5 pF

cte Emitter capacitance
V„ =0.5V,I =1 =0,EB ’ C c
f = 1.0Mc/s - - 2.0 pF

Mullard
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SILICON PLANAR EPITAXIAL
N-P-N TRANSISTOR BFY90

Min. Typ.

V , Collector-emitter sustainingCEO(sust) voltage

I =10mA, 1=0 15C B
- Feedback capacitance

I =2.0mA, V =5.0V, C CE
f = 1.0Mc/s

r.. , c , Feedback time constant! bb’ b’c
-I = 2.0mA, V =5.0V, E UD
f = 10.7Mc/s 2.0

NF Noise figuret, 1^ = 2.0mA,

VCE = 5.°V
f = 100kc/s, optimum R s
f~200Mc/s, optimum

f-500Mc/s, R = 50i2 s
d. Intermodulation distortion
im (See fig. 1)

I = 14mA, V =6.0V, U UE
f = 217Mc/s

V = 100mV, =37.5S2o L
f =183Mc/s, f2 = 200Mc/s - -53

Pq Output powert (See fig. 2)
I =22.5mA, V = 13,5V, C CE
P =25mW i
f = 5D0Mc/s, T = 25°C 175

case

Max.

0.8 pF

mW

ê s 
ê

♦These are the characteristics which are recommended for acceptance testing 
purposes.

tShield lead grounded.

♦♦Shield lead not connected

tCare must be taken to reduce steady state current when no h.f. signal is 
applied.
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Small signal y-parameters

Ic = 2. OmA, V =5.0V, f = 500Mc/s CE
Min. Typ. Max.

he Input conductance - 16 mmho

c. Input capacitance - 3.75 pF

ly 1 Feedback admittance 1.55 mmho
Jre 

0„ Phase angle of yre - 258 deg

^fe1 Forward transfer admittance - 45 - mmho

0fe Phase angle of y - 285 deg

goe Output conductance - 0.19 - mmho

c oe Output capacitance - 1.9 pF

gum Max. unilateralised power

1 I2 
yfe 

10 log . -4g. g ie oe
I =2. OmA, V =5.0V, Lz Lz-Ej

f = 500Mc/s 22 dB

INTERMODULATION DISTORTION TEST CIRCUIT

Fig. 1.

Mullard
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SILICON PLANAR EPITAXIAL
N-P-N TRANSISTOR BFY90

CIRCUIT FOR MEASUREMENT OF THE OUTPUT POWER

Fig. 2.

=16pF air-gap trimmer

C2>C3>C4 = 6pF ceramic trimmer

L = copper strip 20x4x1.5mm

L2>Lg = 10 turns of 0.7mm
en. copper wire, dia = 4mm

Lg = l tu™ of 1mm copper wire, 
dia = 8mm

L., L_ =1 turn of 1mm copper wire4 5 ,. _dia = 7mm

IB5745I .. 4-0 __ 
mm

15mm

60mm

Mullard
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SOLDERING AND WIRING RECOMMENDATIONS

1. When using a soldering iron, transistors maybe 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 must not at any time exceed the maximum storage tem
perature. 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.

Mullard
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BFY90SILICON PLANAR EPITAXIAL
N-P-N TRANSISTOR

TYPICAL OUTPUT CHARACTERISTICS

VC
E^

’
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TRANSFER CHARACTERISTICS
TYPICAL INPUT CHARACTERISTIC
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BFY90SILICON PLANAR EPITAXIAL
N-P-N TRANSISTOR
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10
0 

I_
 (
mA
)

STATIC FORWARD CURRENT TRANSFER RATIO 
PLOTTED AGAINST COLLECTOR CURRENT
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BFY90SILICON PLANAR EPITAXIAL
N-P-N TRANSISTOR

TYPICAL TRANSITION FREQUENCY PLOTTED AGAINST 
COLLECTOR CURRENT

CONTOURS OF CONSTANT TRANSITION FREQUENCY
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COLLECTOR CAPACITANCE PLOTTED AGAINST 
COLLECTOR-BASE VOLTAGE

EMITTER CAPACITANCE PLOTTED AGAINST 
EMITTER-BASE VOLTAGE
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BFY90SILICON PLANAR EPITAXIAL
N-P-N TRANSISTOR

TYPICAL NOISE FIGURE PLOTTED AGAINST FREQUENCY
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TYPICAL NOISE FIGURE PLOTTED AGAINST EMITTER CURRENT

Mullard
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BFY90SILICON PLANAR EPITAXIAL
N-P-N TRANSISTOR

(m
m

ho
)

TYPICAL INPUT ADMITTANCE PLOTTED AGAINST 
COLLECTOR CURRENT AND FREQUENCY

Mullard
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TYPICAL FEEDBACK ADMITTANCE PLOTTED AGAINST 
COLLECTOR CURRENT AND FREQUENCY

Mullard
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BFY90SILICON PLANAR EPITAXIAL
N-P-N TRANSISTOR

TYPICAL FORWARD TRANSFER ADMITTANCE PLOTTED AGAINST 
COLLECTOR CURRENT AND FREQUENCY

----------------- Mullard------------------
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TYPICAL OUTPUT ADMITTANCE PLOTTED AGAINST 
COLLECTOR CURRENT AND FREQUENCY

Mullard
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BGY22
BGY22A

U.H.F. POWER
AMPLIFIER MODULES

TENTATIVE DATA

Broadband u.h.f. amplifier modules primarily designed for mobile applications 
operating directly from 12V vehicle electrical systems. The modules will produce 
2.5W output into a 502 load over the bands 380-512MHZ (BGY22), and 420-480MHZ 
(BGY22A).

Ç UICK REFERENCE DATA

Type Mode Freq, 
range

vcc PD PL V Matched input 
and output Z

(MHz) (V) (mW) (W) (%) (2)

BGY22 f. m. 380-512 13.5 50 2.5 min. 40 min. 50

BGY22 f. m. 380-512 13.5 50 2. 9 typ. 50 typ. 50

BGY22A f. m. 420-480 12.5 50 2.5 min. •40 min. 50

Mechanical details 
on page 10.

--------------- ---- Mullard-------- -------------
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical

vcc max. D.C. voltage - supply terminal to flange 18 V

V.in max. D.C. voltage - input terminal to flange ±25 V

V _ out max. D.C. voltage - output terminal to flange ±25 V

I.in max. D.C. supply terminal current 800 mA

PD max. Vcc = 13.5V, ZL = 5052 150 mW

Where PT = P, at V„„ = 13. 5V, Z. = 50Q (BGY22), L nom L CC L '
and P nom = P at V„„ = 12. 5V, Z = 5051 (BGY22A). 1—1 1—1 CL -L

Mullard
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BGY22
BGY22A

U.H.F. POWER
AMPLIFIER MODULES

OPERATING CHARACTERISTICS (At = 25°C unless otherwise stated)

Reference planes at RF input and output terminals are 1mm from the plastic encap
sulation.

Frequency range 380 - 512MHz, Vc = 13.5V (BGY22)

Frequency range 420 - 480MHz, Vcc = 12.5V (BGY22A)

Min. Typ. Max.
Quiescent current

V° 4.0 - 12 mA

PL Load power

PD = 50m W 2.5 - 3.5 W

V Efficiency

P^ = 50mW 40 - %

I. in Module current

PD = 50mW 475 - mA

Harmonic content

PD = 50m W Any harmonic is at least 20dB 
down relative to carrier

Input V. S. W. R. with respect to 50S1

PD = 50m W 2: 1

Temperature coefficient of PE
P_ = 50mW, T, = 25 to 70°C D n

-10 - mW/ °C

Stability

V = 10.5 to 15V, Pjj = lOmW to lOOmW

Th = -40 to +90°C
Output load V.S. W. R. -3: 1, all phases No instabilities

Output load V.S.W.R. 10: 1, all phases No appreciable
instabilities

THERMAL CHARACTERISTICS

T stg
Th

range

range

-40 to +100 °C

-40 to +90 °C

Mullard
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BGY22
BGY22A

U.H.F. POWER
AMPLIFIER MODULES

APPLICATION INFORMATION
R.F. performance in c.w. operation, = 25°C.

Drive source and Load Impedance = 502.

Type Freq, 
range

(MHz)

vcc

(V)

PD

(mW)

PL

(W)

n

(%)
BGY22 380-512 15 50 3.5 typ. 47 typ.

BGY22 380-512 13.5 50 2. 5 min. 40 min.
BGY22 380-512 13.5 50 2. 9 typ. 47 typ.
BGY22 380-512 12.5 50 2.5 typ. 47 typ.

BGY22A 420-480 12.5 50 2. 5 min. 40 min.

The modules are designed to withstand full load mismatch under the following con
ditions.

P„ = P„ nom + 20%, Tu = 70°C, 
D D h

= 16.5V (BGY22)CC
Vcc = 15.0V (BGY22A)

V.S.W.R. = 50: 1 at any phase
where Pp nom = Pp for 2.5W module output under nominal conditions.

Mullard
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APPLICATION INFORMATION (Cont'd)

TYPICAL VARIATION OF INPUT IMPEDANCE WITH FREQUENCY"

Mullard
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U.H.F. POWER
AMPLIFIER MODULES BGY22

BGY22A

APPLICATION INFORMATION (Cont'd)

TYPICAL VARIATION OF POWER DISSIPATION WITH LOAD IMPEDANCE 

f = 470MHz

Vcc = 13.5V

Mullard
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APPLICATION INFORMATION (Cont' d)

TYPICAL VARIATION OF LOAD POWER WITH LOAD IMPEDANCE
PD = 50mW 

f = 470MHz

Vcc = 13'5V

-------------------- Mullard---------------------
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BGY22
BGY22A

U.H.F. POWER
AMPLIFIER MODULES

APPLICATION INFORMATION (Cont'd)

TYPICAL VARIATION OF EFFICIENCY WITH LOAD IMPEDANCE

PD = 50mW 

f = 470MHz

Vcc = 13.5V

Mullard
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OUTLINE AND DIMENSIONS

3.5 max

Output lead 
=■12.5 2t 
------lt?0
Supply lead (+)

J7Ö
Flange is earth connection (-) L

7.0
□ 5185

All dimensions in millimetres

MOUNTING

To ensure good thermal contact between mountingbase and heatsink, burrs or thick
ening at the edges of the heatsink holes should be removed and the package bolted 
down onto a flat surface.

Devices may be soldered directly into a circuit with a soldering iron at a maximum 
iron temperature of 245°C for 10 seconds at least 1mm from the plastic.

CAUTION

This device incorporates Beryllium Oxide, the dust of which is toxic. The device is 
entirely safe provided that it is not dismantled.

Care should be taken to ensure that all those who may handle, use or dispose of this 
device are aware of its nature and of the necessary safety precautions. In particular, 
it should never be thrown out with general industrial or domestic waste.

DISPOSAL SERVICE

Devices requiring disposal may be returned to the Mullard Service Department. 
They must be separately and securely packed and clearly identified. If any are dam
aged or broken they MUST NOT be sent through the post. In this case, advice is 
available from:

THE SERVICE DEPARTMENT
MULLARD LIMITED
P.O. BOX 142
NEW ROAD
MITCHAM
SURREY, CR4 4SR

Mullard
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U.H.F. POWER
AMPLIFIER MODULES BGY23

BGY23A

TENTATIVE DATA
Broadband u.h.f. amplifier modules primarily designed for mobile applications 
operating directly from I2V vehicle systems. The modules are suitable for driving 
directly from the BGY22 and BGY22A respectively, and when so driven will produce 
7Woutput into a 50Q load over the band 380-480MHz (BGY23), and 7W over the band 
420-480MHz (BGY23A).

QUICK REFERENCE DATA

Type Mode Freq, 
range 

(MHz)

vcc

(V)

PD

(W)

PL

(W) (%)

Matched input 
and output Z

(2)

BGY23 f. m. 380-480 13.5 2.5 7. 0 min. 60 min. 50

BGY23 f. m. 380-480 13.5 2.5 8. 3 typ. 71 typ. 50

BGY23 f. m. 480-512 13.5 2.5 7.5 typ. 69 typ. 50

BGY23A f. m. 420-480 12.5 2.5 7.0 min. 60 min. 50

Mechanical details 
on page 10

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

Electrical

vcc max. D.C. voltage - supply terminal to flange 18 V

Vin max. D.C. voltage - input terminal to flange ±0.5 V

V . out max. D.C. voltage - output terminal to flange ± 25 V

'in max. D.C. supply terminal current 1.7 A

PD max. vcc = 13.5V, ZL =502 3. 5 W

Where P, nom. = P, atv= 13.5V, Z, = 502 (BGY23) L L CC B
and P nom. = PT at V= 12.5V, Z, = 502 (BGY23A) L L CC B

"No external D. C. connection should be made to this terminal.

Mullard
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U.H.F. POWER
AMPLIFIER MODULES

BGY23
BGY23A

OPERATING CHARACTERISTICS (At Th = 25° unless otherwise stated.)

Reference planes at RF input and output terminals are 1mm from the plastic encap
sulation.

Frequency range 380 - 512 MHz, V^^, = 13.5V (BGY23)

Frequency range 420 - 480 MHz, V^^ = 12.5V (BGY23A)

Min. Typ. Max.

rQ Quiescent Current
P = 0 - 5.0 mA

PL

D

Load Power
PD = 2.5W, f = 380-480MHZ BGY 23 7.0 9.5 W

PD = 2.5W, f = 480-512MHZ BGY 23 - 7.5 - W

PD = 2. 5W, f = 420-480MHZ BGY 23A 7.0 9.5 W

V Efficiency 60 %

I.in

PD = 2. 5W

Module Current 900 - mA
?d=2.5W

Harmonic Content
PD = 2. 5W

Input V.S.W.R. with respect to 5OS2
PD = 2. 5W

Temperature coefficient of P^
P„ = 2.5W, T. = 25°C to 70°C 

D h
Stability

Vcc = 10.5 to 15V, PD = 1.0 to 3.5W

T, = -40 to +90°C 
n

Output load V.S. W. R. - 3: 1, all phases

Output load V.S. W. R. - 10: 1, all phases

THERMAL CHARACTERISTICS

Tstg r“ge
T^ range

-

Any harmonic is at 
least 20dB down 

relative to carrier.

2: 1

- 20 - mW/ °C

No instabilities

No appreciable 
instabilities

- 40 to +100 °C
- 40 to +90 °C

Mullard
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BGY23
BGY23A

U.H.F. POWER
AMPLIFIER MODULES

APPLICATION INFORMATION
R. F. performance in c. w. operation, T^ = 25°C

Drive Source and Load Impedance = 509

Type
freq, 

range 
(MHz)

vcc 

(V)

PD

(W)

PL

(W)

V

(%)

BGY23 380-512 15.0 2.5 9.0 typ. 65 typ.

BGY23 380-480 13.5 2.5 7.0 min. 60 min.

BGY23 380-480 13.5 2.5 8. 3 typ. 71 typ.

BGY23 480-512 13.5 2.5 7. 5 typ. 69 typ.

BGY23 380-512 12.5 2.5 7.4 typ. 70 typ.

BGY23A 420-480 12.5 2.5 7.0 min. 60 min.

Connection to the BGY22/BGY22A respectively can be either by 509 transmission 
line or directly with a total lead length not greater than 2mm.

The module is designed to withstand full load mis-match under the following 
conditions:

PD = PD nom + 20%, Th = 70°C

Vcc = 16. 5V (BGY23)

Vcc = 15.0V (BGY23A)

V.S. W. R. = 50: 1 at any phase.

where P^ nom = Pp for 7.0W module output under nominal conditions.

Mullard
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APPLICATION INFORMATION (Cont'd)

TYPICAL VARIATION OF INPUT IMPEDANCE WITH FREQUENCY

Mullard
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U.H.F. POWER
AMPLIFIER MODULES

BGY23
BGY23A

APPLICATION INFORMATION (Cont’d)

BGY22/23 or BGY22A/23A CASCADED AMPLIFIER AT 470 MHz

TYPICAL VARIATION OF OVERALL POWER DISSIPATION WITH LOAD IMPEDANCE 

vcc = 13‘5V

Mullard
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APPLICATION INFORMATION (Cont' d)

BGY22/23 or BGY22A/23A CASCADED AMPLIFIER AT 470 MHz

TYPICAL VARIATION OF LOAD POWER WITH LOAD IMPEDANCE 

VCC = 13-5V

Mullard
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U.H.F. POWER
AMPLIFIER MODULES BGY23

BGY23A

APPLICATION INFORMATION (Cont'd)

BGY22/23 or BGY22A/23A CASCADED AMPLIFIER AT 470 MHz

TYPICAL VARIATION OF OVERALL EFFICIENCY WITH LOAD IMPEDANCE 
Vcc = 13. 5V

Mullard
BGY23 - Page 9



OUTLINE AND DIMENSIONS

10

3.5 max

Input

Supply lead (+)

Output lead 
“’l25 
ZZZ3I2.0

24

Flange is earth connection (-) 7.0
D5185

All dimensions in millimetres

MOUNTING

To ensure good thermal contact between mountingbase and heatsink, burrs or thick
ening at the edges of the heatsink holes should be removed and the package bolted 
down onto a flat surface.

Devices may be soldered directly into a circuit with a soldering iron at a maximum 
iron temperature of 245 C for 10 seconds at least 1mm from the plastic.

CAUTION
This device incorporated Beryllium Oxide, the dust of which is toxic. The device is 
entirely safe provided that it is not dismantled.

Care should be taken to ensure that all those who may handle, use or dispose of this 
device are aware of itsnatureand of thenecessary safety precautions. In particular, 
it should never be thrown out with general industrial or domestic waste.

DISPOSAL SERVICE
Devices requiring disposal may be returned to the Mullard Service Department. 
They must be separately and securely packed and clearly identified. If anyare dam
aged or broken they MUST NOT be sent through the post. In this case, advice is 
available from:

THE SERVICE DEPARTMENT
MULLARD LIMITED
P.O. BOX 142
NEW ROAD
MITCHAM-
SURREY, CR4 4SR

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL V.H.F. TRANSISTOR BLX13

N-P-N silicon planar epitaxial transistor intended for s.s.b. in class A and AB 
and f.m. transmitting applications in class B with a supply voltage up to 28V. The 
transistor is designed to withstand severe load mismatch conditions. It has a capstan 
envelope with a moulded cap and all leads isolated from the stud.

QUICK REFERENCE DATA

Opei'atlon Class vcc 
(V) (MHz)

f2 
(MHz)

PL 
(W)

G 
P 

(dB)
d3 

(dB)
Y 
(A)

dt 

(%)
s. s. b. A 26 28.000 28.001 0 8(P. E.P.) > 18 < -40 1.2 -

s. s.b. AB 28 28.000 28.001 25(P. E. P.) > 18 typ. 
-35

typ.
1.28

typ. 
35

Operation Class vcc 
(V)

f

(MHz)
ps 
(W)

PL
(W)

G 
P 

(dB)
’c
(A)

V

(%)

z. 1
(il)

yl 
(mA/V)

c. w. B 28 70 typ- 
0.5 25 typ. 

17
typ- 
1.49

typ. 
60 0.53-jl.4 42.5-J54

OUTLINE AND DIMENSIONS

All dimensions in mm

Torque on nut: min. 15kg cm (1. 5N m)
max. 17kg cm (1.7N m)

Diameter of clearance hole in heatsink: max. 5mm

Note: - Do not chamfer the edges of the mounting holes when removing burrs.

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system

Electrical

VCBOM maX'

VCEO maX'

VEBO maX'

^(AV) maX'
I max. (f > 1MHz)

P max. (T = 25cC, f > 1MHz) tot h

65 V

3G V

4.0 V

3.0 A

6.0 A

62.5 W

Temperature

T x stg
T. max.

-30 to +200 °C

200 °C

THERMAL CHARACTERISTIC

Rth(mb-h)

2.5 degC/W

0.3 degC/W

SAFE OPERATING AREAS

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL V.H.F. TRANSISTOR BLX13

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

Max.Min. Typ.

V(BR)CBO Collector-base breakdown voltage 
I^, - 50mA, open emitter 65 - - V

V(BR)CEO Collector-emitter breakdown voltage 
- 50mA, open base 36 - - V

V(BR)EBO Emitter-base breakdown voltage 
IE = 10mA, open collector 4.0 - - V

E Transient energy
L - 25mH, f - 50Hz 

open base
-VBE = 1.5v,RBe = 3^

8.0
8.0 - -

mWs
mWs

hFE Static forward current transfer ratio
I = 1.0A, V - 5V U UE 10 50 100

fT Transition frequency
I = 3.0A, V = 20VLz UE - 500 - MHz

CTc Collector capacitance
I = I = 0, V „ - 30V, f = 1MHzE e CB - 50 65 PF

-Cre Feedback capacitance 
- 100mA, V - 28VU UE - 31 - PF

Ccs Collector-stud capacitance - 2.0 - PF

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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BLX13N-P-N SILICON PLANAR 
EPITAXIAL V.H.F. TRANSISTOR
APPLICATION INFORMATION

R.F. performance in S.S. B. operation (linear power amplifier)
= 28.000MHz, f = 28.001MHz

vcc 

(V)

PL

(W)

G 
P 

(dB)
*d3 
(dB)

rc

(A)

Th 
(°C) Class

26 0-8(P. E.P.) >18 <-40 1.2 <25 A

»The figure given is the maximum encountered at any driving level between the speci
fied values of P. E.P. and is referred to the according level of either of the equal 
amplified tones. Relative to the according peak envelopepower this figure should be 
increased by 6dB.

Test circuit: Class A

LI = 3 turns of enamelled copper wire (1.5mm); winding pitch 2.5mm; int. dia. 7mm, leads 
50mm (total).

L2 = 7 turns of enamelled copper wire (0.7mm); BOgH.
L3 = 4 turns of enamelled copper wire (1.5mm); winding pitch 2.5mm; int. dia. 10mm.
L4 = 7 turns of enamelled copper wire (1.5mm); winding pitch 2.5mm; int. dia. 12mm.
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APPLICATION INFORMATION (contd.)

R.F. performance in S.S.B. operation (linear power amplifier) 
fx = 28.000MHz, f2 = 28.001MHz, Th< 25°C

vcc 

(V)

PL 
(W)

G 
P 

(dB)

*d3

(dB)

dt

(%)
EzS 
(mA) (A) Class

28 25(P.E.P.) >18 typ.-35 typ. 35 25 typ. 1.28 AB

♦Intermodulation distortion figure quoted is related to the according level of either of 
the equal amplified tones. Relative to the according peak envelope power, this figure 
should be increased by 6dB.

Test circuit:- Class AB

LI = 3 turns of enamelled copper wire (1.5mm); winding pitch 2.5mm;int.dia.7mm,leads 
50mm (total)

L2 = 7 turns of enamelled copper wire (0.7mm); 60pH.
L3 = 4 turns of enamelled copper wire (1.5mm); winding pitch 2.5mm; int. dia. 10mm.
L4 = 7 turns of enamelled copper wire (1.5mm); winding pitch 2.5mm; int. dia. 12mm.

Mullard
BLX13 Page 6



N-P-N SILICON PLANAR
EPITAXIAL V.H.F. TRANSISTOR BLX13

APPLICATION INFORMATION (contd.)
Typical large signal input impedance and transistor power gain in a class AB amplifier 
at V = 28V, PT = 25W(P.E.P.), ZT = 12.5Q, I „„ = 25mA, T, = 25°C.CC L -Li n

Mullard
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APPLICATION INFORMATION (contd.)
R.F. performance in C.W. operation (Class B) 
vcc = 28V’ Th-25°c

f

(MHz)
ps 
(W)

PL 
(W)

’c

(A)

G
P 

(dB)

V
(%)

z. 1
(fi)

yl 
(mmho)

70 typ. 0.5 25 typ. 1.49 17 60 0.53-jl.4 42.5-j54
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N-P-N SILICON PLANAR
EPITAXIAL V.H.F. TRANSISTOR BLX13

APPLICATION INFORMATION (contd.)

Test circuit: - 70MHz (class B)

LI = 3 turns of enamelled copper wire (1.5mm) 93nH; int. dia. 10mm, length 8mm, leads 
2 x 5mm.

L2 = 5 turns of enamelled copper wire (1.5mm) 147nH,- int. dia. 9mm, lengthl4mm, leads 
2 x 5mm.

L3 = 4 turns of enamelled copper wire (1.5mm) 118nH,- int. dia. 9mm, length 10.5mm, 
leads 2 x 5mm.

L4 = Ferroxcube choke

CAUTION
This device incorporates Beryllium Oxide, the dust of which is toxic. The device is 
entirely safe provided that it is not dismantled.

Care should be taken to ensure that all those who may handle, use or dispose of this 
device are aware of its nature and of the necessary safety precautions. In particular, 
it should never be thrown out with general industrial or domestic waste.

DISPOSAL SERVICE

Devices requiringdisposal maybe returned to the Mullard Service Department. They 
must be separately and securely packed and clearly identified. If any are damaged 
or broken they MUST NOT be sent through the post. In this case, advice is available 
from:

The Service Department 
Mullard Limited
2 New Road
Mitcham Junction
Surrey. CR4 4XY.

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL V.H.F. TRANSISTOR BLX14

Silicon n-p-n planar epitaxial transmitting transistor in aplastic stripline package, for 
useins.s.b. and c.w. equipment with a 28V supply, operating in the v. h. f. band. 
The BLX14 is rated at 50W P. E. P. in the frequency range 1.6 to 28MHz (intermod
ulation better than 30dB down, full load mismatch permissible at stud temperatures 
up to 70°C) and at 50W for frequencies up to 70MHz in the c.w. operation.

Operation Class
QUICK REFERENCE DATA

d3 
(dB)

*czs 
(A)

vcc 
(V)

f
(MHz)

PL 
(W)

G P 
(dB)

s.s.b. A 28 1.6 to 28 15(P.E.P.) >13 typ.-40 2.0
s.s.b. AB 28 1.6 to 28 7.5 to 50 >13 < -30 0.1

(P.E.P.)
C.W. B 28 70 50 >7.5
c.w. B 28 30 50 typ.16

OUTLINE AND DIMENSIONS

Torque on nut: 23kg cm (2. 3N m) min.
27kg cm (2.7N m) max.

Diameter of clearance hole in heatsink: 6.5mm max.
Note: Do not chamfer the edges of the mounting holes when removing burrs.
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RATINGS
Limiting values of operation according to the absolute maximum system.
Electrical
VCBOM maX’ 85 V
VCERM maX’ «^E^ 85 V
V_ max. CEO 36 V
VEBO maX 4.0 V
^(AV) max' 4.0 A

Icm max- > 12 A
Px „ max. (T < 25°C, f > 1MHz) tot n ~

Temperature

88 W

T -65 to +200 °C
stg oT. max.1 

THERMAL CHARACTERISTICS

200 C

Rth(j-mb) 1.8 degC/W
R th(mb-h) 0.2 degC/W
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BLX14N-P-N SILICON PLANAR
EPITAXIAL V.H.F. TRANSISTOR

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

V(BR)CBO Collector-base breakdown voltage 
open emitter, IG = 25mA 85 - -

V(BR)CER Collector-emitter breakdown voltage
R =109, I = 25mA BE C 85 - -

v(BR)CEO Collector-emitter breakdown voltage 
open base, 1^, = 50mA 36 - -

V (BR)EBO Emitter-base breakdown voltage 
open collector, I = 10mA E 4.0 - -

VCE(sat) Collector-emitter saturation voltage 
Ic = 0.7A, Ig-O.liA - - 1.0

E Transient energy
L = 25mH, f = 50Hz 

open base
-vbe=1-5V- rbe-33S!

8.0
8.0 - -

hFE Static forward current transfer ratio
V1-4^ VCE=6V 15 - 100

fT Transition frequency
I =3.0A, V=10V C Lr, - 250 -

CTc Collector capacitance
I =1 =0, V =30V, f = lMHz E e CB - 115 125

-C re Feedback capacitance
I = 100mA, V -28V, f=lMHz C CE - 90 -

C cs Collector-stud capacitance - 3.5 -

V

V

V

V

V

mWs 
mWs

MHz

pF

pF

PF
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BLX14N-P-N SILICON PLANAR
EPITAXIAL V.H.F. TRANSISTOR

APPLICATION INFORMATION
R.F. performance in S.S.B. operation (linear power amplifier)
Vcc = 28V; Th up to 25°C
f = 28.000MHz; f = 28.001MHz1 2

Output 
power 
(W)

G P
(dB)

”dt 
(%)

V 

(dB)

V 

(dB)
*CZS

(A)

'c
(A)

Class

7.5 to 50 (P.E.P.) >13 >35 <-30 <-30 0.1 <2.55 AB

At temperatures up to 90°C the output power relative to that at 25°C is diminished 
by a factor of -40mW/degC.
The transistor is designed to withstand a full load mismatch operating under 50W 
P.E.P. atV = 28V and T, =70°C.CC h
Test circuit: - Class A-B

5011 10to780pF LI

;^10to780pF

LI = 3 turns of enamelled copper wire (1.5mm); winding pitch 2.5mm; int. dia. 
7mm, leads 50mm (total).

L2 = 7 turns of enamelled copper wire (0.7mm); 60pH.
L3 = 4 turns of enamelled copper wire (1.5mm); winding pitch 2.5mm; int. dia. 

10mm.
L4 = 7 turns of enamelled copper wire (1.5mm) ; winding pitch 2.5mm ; int. dia. 

12mm.
t Maximum values encountered at any level of drive refer to the amplitude of either 
of the two equal tones at that level.
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BLX14N-P-N SILICON PLANAR
EPITAXIAL V.H.F. TRANSISTOR

S. S.B. class AB operation
P = 50WP.E.P. L
vcc = 28V
I = 100mA u
ZT = 6.2552Lt
T, = 25°C n
Curves
1. This curve applies to a push-pull amplifier with cross neutralisation. 

Collector-base neutralising capacitor = 82pF.

2. This curve applies to an un-neutralised amplifier.-
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S.S.B. class AB operation
PT = 50W P. E.P. ZT =6.252Li L
VCC = 28V Th = 25°C
I = 100mA
The upper curve applies to a push-pull amplifier with cross neutralisation.
Collector-base neutralising capacitor = 82pF
The lower curve applies to an un-neutrallsed amplifier.
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N-P-N SILICON PLANAR
EPITAXIAL V.H.F. TRANSISTOR BLX14

APPLICATION INFORMATION (contd. )
R. F. performance in S.S.B. operation (linear power amplifier)

V„ =28V, T up to 25°C, f =28.000MHz, f =28.001MHz CC n 1 2

t See note on page 5.

Output 
power 
(W)

G P
(dB)

”dt 
(%)

V 

(dB)

V 

(dB)
Jc
(A)

Class

15 P.E.P. >13 - typ. -40 typ. -45 2.0 A

Test circuit: - Class A
. , 160to260pF 50H

r o c

L3 15to575pFÿ£

LI = 3 turns of enamelled copper wire (1.5mm); winding pitch 2.5mm; int. dia. 
7mm,leads 50mm (total).

L2 = 7 turns of enamelled copper wire (0.7mm); 60pH.
L3 = 4 turns of enamelled copper wire (1.5mm); winding pitch 2.5mm; int. dia. 

10mm.
L4 = 7 turns of enamelled copper wire (1.5mm); winding pitch 2.5mm; int. dia. 

12mm.
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APPLICATION INFORMATION (contd.)
R.F. performance in c.w. operation (class B)

V__= 28V, T, up to 25°C CC h
f

(MHz)
PDR 
(W)

PL 
(W)

Tc 
(A)

G 
P 

(dB)
'Q

(%)

z.1
(0)

yl 
(mA/V)

70 <8.9 50 <3.25 >7.5 >55 1.0 +j0.2 115-j77
50 typ. 4 50 typ. 3.25 typ. 11 typ. 55 0.9 -j0.5 104-j85
30 typ. 1.2 50 typ. 3.25 typ. 16 typ. 55 0.75-J1.6 89-jl01

At temperatures up to 90°C the output power relative to that at 25°C is diminished 
by a factor of -40mW/degC.

Test circuit: - f = 70MHz

4to104pF son.

50 A 14to39pF L1

J^60to160pF j L2
L3 51to151pF^^

1nF

10 A 01yF

O+Vcc D 1628

Ll = 60mm of straight enamelled copper wire (1.5mm); 9mm above chassis
L2 = FXC choke coil
L3 = 2 turns of enamelled copper wire (1.5mm); winding pitch 2mm; int. dia. 10mm, 

leads 55mm (total)
L4 = 3 turns of enamelled copper wire (1.5mm); winding pitch 2.5mm; int. dia. 

10mm, leads 50mm (total)

The issue of the information contained in this publication does not imply 
any authority or licence for the utilisation of any patented feature.
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BLX14N-P-N SILICON PLANAR
EPITAXIAL V.H.F. TRANSISTOR
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APPLICATION INFORMATION (contd.)

Test circuit: - f=50MHz

LI = 1 turn of enamelled copper wire (1.5mm); int.dia. 10mm; leads 40mm (total)
L2 = 4 turns of enamelled copper wire (1.5mm); int. dia. 12mm; leads 40mm (total)
L3 = FXC choke coil
L4 = 3 turns of enamelled copper wire (1.5mm); int.dia.10mm; leads 40mm (total), 

winding pitch 2mm

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL V.H.F. TRANSISTOR BLX14

APPLICATION INFORMATION (contd.)

Test circuit: - f= 30MHz

O+Vcc

LI = 2 turns of enamelled copper wire (1.5mm); winding pitch 2mm; int. dia. 10mm; 
leads 60mm (total)

L2 = 7 turns of enamelled copper wire (0.7mm); 60gH
L3 = 4 turns of enamelled copper wire (1.5mm); winding pitch 2mm; int. dia. 10mm ; 

leads 50mm (total)
L4 = 6 turns of enamelled copperwire (1.5mm); winding pitch 2mm; int.dia. 12mm; 

leads 50mm (total)

Mullard
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CAUTION
This device incorporates Beryllium Oxide, the dust of which is toxic. The device is 
entirely safe provided that it is not dismantled.

Care should be taken to ensure that all those who mayhandle, use or dispose of this 
device are aware of its nature and of the necessary safety precautions. In particular, 
it should never be thrown out with general industrial or domestic waste.

DISPOSAL SERVICE

Devices requiring disposal may be returned to the Mullard Service Department. They 
must be separately and securely packed and clearly identified. If any are damaged 
or broken they MUST NOT be sent through the post. In this case, advice is available 
from:

THE SERVICE DEPARTMENT
MULLARD LIMITED
2 NEW ROAD, MITCHAM JUNCTION
SURREY, CR4 4 XY.
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N-P-N SILICON PLANAR
V.H.F./U.H.F. TRANSISTOR BLX65

Silicon n-p-n transistor, mounted in a TO-39 envelope, for v.h. f./u. h. f. mobile 
applications. With a supply voltage of 13. 8V and a signal frequency of 470MHz, the 
BLX65 will produce typically 2. OW output into a 502 load.

QUICK REFERENCE DATA

vcc f PDR into 50fi V T
Circuit(V) (MHz) (W) (W) (%) (°C)

12. 5 470 0.5 2. 0 min. 65 min. 25 Un -neutralised
13.8 470 0.4 2. 0 typ. 66 typ. 25 common -emitter

12.5 175 0. 12 2. 0 typ. 75 typ. 25 class B

OUTLINE AND DIMENSIONS

Conforms to BS 3934 SO-3/SB3-3B 
J. E.D. E.C. TO-39

All dimensions in mm D1574

Collector connected to case

The maximum lead diameter is guaranteed only for 12. 7mm

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

Electrical
VCBOM maX‘ 36 V

VCESM maX‘ (RBE = 0) 36 V

VCEO maX' 18 V

VEBO maX‘ 4.0 V

1^, max. 0. 7 A

‘cm max‘ 2.0 A

P max. (f > 10MHz, T < 90°C) tot — c — 3.0 W

See also graph on page 3

Temperature
T -65 to +150 °C

stg

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

Min. Typ. Max.

V(BR)CBO Collector -base breakdown voltage 
I = 10mA 36 - - V

V(BR)CES Collector -emitter breakdown voltage
Ic = 10taA- «BE = ° 36 - - V

V(BR)CEO Collector -emitter breakdown voltage
I = 25mA 18 - - V

V(BR)EBO Emitter -base breakdown voltage
I„ = 1. OmAE 4.0 - - V

VCE(sat) Collector emitter saturation voltage
I_ = 100mA, I = 20mAC D - 0.1 - V

hFE Static forward current transfer ratio
I_ = 100mA, V = 5.0VC CB 10 40 -

fT Transition frequency
I_ = 200mA, V^ = 5.0V, f = 500MHz C CE - 1400 - MHz

CTc Collector capacitance
VCB = 10V, IE = I = 0, f = 1. 0MHz - 6.5 9.0 pF

Mullard
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BLX65N-P-N SILICON PLANAR
V.H.F./U.H.F. TRANSISTOR
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BLX65N-P-N SILICON PLANAR
V.H.F./U.H.F. TRANSISTOR

APPLICATION INFORMATION
R. F. Performance in c. w. operation (T = 25°C)

VCC 
(V)

f

(MHz)
PDR 
(W)

into 50fì

(W)
n

(%)

z. 1
(9)

yl 
(mmho)

12. 5 470 0.5 2. 0 min. 65 min. - -

13.8 470 0.4 2. 0 typ. 66 typ. 5 + jlO 16 - j50

12.5 175 0. 12 2. 0 typ. 75 typ. - -

At P^ = 2. OW and Vcc = 12. 5V, the output power at case temperatures between 25 
and 90°C relative to that at 25°C is diminished typically by 5mW/°C.

The transistor is designed to withstand full load mismatch in the test circuit under 
the following conditions: -

Vcc = 16. 5V f = 470MHz T = 70°C c

V.S.W.R. = 50:1 at any phase

PDR = PDR n°m- +20%’

Where P nom. = P for 1. 4W transistor output into 509 DR DR

load at Vcc = 13. 8V.

The issue of the information contained in this publication does not imply any authority or licence for the utilisation of any patented feature.
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APPLICATION INFORMATION (contd. )
470MHz Amplifier circuit

Component values for 470MHz amplifier circuit

C1 = C2 = C4 = C5 = 1. 8 to 18pF film dielectric trimmer capacitors
C3 = 22pF disc ceramic capacitor
C6 = IQnF ceramic capacitor
C7 = 0. IpF disc ceramic capacitor
C8 = 4nF feed-through capacitor
Li = 1 turn of 1mm copper wire, int. dia. 5mm, lead length <lmm 
L2 = 0. 22pH choke
L3 = 1 turn of 1mm copper wire, int. dia. 7mm, lead length 2mm 
L4 = 1 turn of 1mm copper wire. int. dia. 5mm, lead length 2mm 
R = 1052 - carbon

Component layout on 1.5mm single copper clad fibre-glass board

Dimensions of the board: - 80 x 40mm

Input 
son

Shaded area copper

To obtain the specified gain performance, the emitter lead length should not exceed 
1. 6mm.

Mullard
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BLX65N-P-N SILICON PLANAR
V.H.F./U.H.F. TRANSISTOR

APPLICATION INFORMATION (contd. )

TYPICAL VARIATION OF LOAD POWER AND EFFICIENCY WITH DRIVE POWER

Mullard
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APPLICATION INFORMATION (contd. )

PDRnom

Vcc/
Vcc nom

INDICATED LOAD POWER AS A FUNCTION OF OVERLOAD

The transistor is suitable foruse with unstabilised supply voltages. The above graph 
has been derived from an evaluation of the performance of transistors matched up to 
2. 5 watts load power in the circuit on page 6, and subsequently subjected to various 
voltage overloads and mismatch conditions with v.s.w.r. up to 50: 1 at a heatsink 
temperature of 70°C. This indicates a restriction to the load power matched under 
nominal conditions with varying supply voltages and v. s. w. r. in the recommended 
circuit.
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N-P-N SILICON PLANAR
V.H.F./U.H.F. TRANSISTOR BLX65

APPLICATION INFORMATION
175MHz Amplifier circuit

Component values for 175MHz amplifier circuit

Cl = C4 = 0 to 60pF 'I ....C2 = C3 = 0 to 30pF j concentric trimmer capacitors

C5 = 0. 25{zF disc ceramic capacitor
C6 = 4nF feed-through capacitor
LI = 25mm straight 1. 2mm copper wire. Height above board = 3mm
L2 = 3 turns of 0. 5mm copper wire on Ferrite FX1115
L3 = 5 turns of 1.2mm copper wire, int. dia. 10mm, close wound, lead length 

5 mm
L4 = 3 turns of 1.2mm copper wire, int. dia. 10mm, close wound, lead length 

5mm
R = 102 - carbon

Component layout on 1.5mm single copper clad fibre-glass board
Dimensions of the board 80 x 40mm

Shaded area copper
To obtain the specified gain performance, the emitter lead length should not exceed 
1. 6mm.

Mullard
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APPLICATION INFORMATION (contd. )

TYPICAL VARIATION OF LOAD POWER AND EFFICIENCY WITH
DRIVE POWER

Mullard
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BLX66N-P-N SILICON PLANAR
V.H.F./U.H.F. TRANSISTOR

Silicon n-p-n transistor for v. h. f. /u. h. f. mobile applications. The device is mounted 
in a plastic, studless, capstan strip-line encapsulation. With a supply voltage of 
13.8V and a signal frequency of 470MHz, the BLX66 will produce typically 2. 5W 
output into a 50fi load.

OUTLINE AND DIMENSIONS

QUICK REFERENCE DATA

vcc f PDR P^ into 50fi n T , mb Circuit
(V) (MHz) (W) (W) (%) (°C)

12.5 470 0.35 2. 5 min. 65 min. 25

13. 8 470 0. 28 2. 5 typ. 75 typ. 25 Un -neutralised

13. 8 470 0. 15 1. 5 typ. 65 typ. 25 common -emitter 
class B

12.5 175 0. 03 3. 0 typ. 84 typ. 25

All dimensions in mm
D3419

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

Electrical

VCBOM maX- 36 V

VCESM maX' <rbe = °’ 36 V

VCEO maX- 18 V

VEBO maX‘ 4.0 V

Ip max. 0. 7 A

‘cm max- (r> 10MHz) 2.0 A

P max. (f - tot ’ 10MHz, T < 90°C) mb — 4.0 W

See also graph on page 3

Temperature

T stg -65 to +150 °C

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

Min. Typ. Max.

V(BR)CBO Collector -base breakdown voltage 
Ig = 10mA 36 - - V

V(BR)CES Collector-emitter breakdown voltage
to = 10mA, Rn„ = 0C bn 36 - - V

V(BR)CEO Collector -emitter breakdown voltage 
Ip = 25mA 18 - - V

V(BR)EBO Emitter-base breakdown voltage 
to = 1. 0mA

is
4.0 - - V

VCE(sat) Collector -emitter saturation voltage 
I = 100mA, Ig = 20mA - 0. 1 - V

h FE Static forward current transfer ratio
to = 100mA, = 5.0V
C CB

10 40 -

-tp Transition frequency
to = 200mA, V^^ = 5.0V, f = 500MHz
C C_.il

- 1400 - MHz

CTc Collector capacitance
= 10V, to = I = 0, f = 1. 0MHz

Cd is 6
- 6.5 9.0 PF

’'Derived from the 'S' parameters measured at f = 500MHz, T^^^ = 25°C

Mullard
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N-P-N SILICON PLANAR
V.H.F./U.H.F. TRANSISTOR BLX66
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N-P-N SILICON PLANAR
V.H.F./U.H.F. TRANSISTOR BLX66

APPLICATION INFORMATION
R. F. performance in c. w. operation (T b = 25°C)

v cc
(V)

f

(MHz)
PDR 
(W)

¡Y into 509 

(W)
n

(%)

z.1
(2)

yl 
(mmho)

12.5 470 0.35 2. 5 min. 65 min. - -

13.8 470 0. 28 2. 5 typ. 75 typ. 2.5+j4.5 23-)35

13. 8 470 0. 15 1. 5 typ. 65 typ. - -

12. 5 175 0. 03 3. 0 typ. 84 typ. 2. 4-j3. 8 35-j40

At Pl = 2. 5W and VCC = 12.5V, the output power at mounting-base temperatures 
between 25 and 90°C relative to that at 25°C is diminished typically by 5mW/°C.

The transistor is designed to withstand full load mismatch in the test circuit under 
the following conditions: -

Vcc = 16.5V, f = 470MHz,

V.S.W. R. =50:1 at any phase

T = 70°C mb

PDR = PDR nOm‘ +2°%

Where P nom. PDR for 2. 5W transistor output into a 502

load at Vcc = 13. 8V.

Mullard
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APPLICATION INFORMATION (contd. )
470MHz Amplifier circuit

Component values for 470MHz amplifier circuit

Cl = C2 = C6 ~C7 = 1. 8 to 18pF film dielectric trimmers
C3 = C4 = 18pF disc ceramic capacitors
C5 = 4nF feed-through capacitor
C8 = 0. IgF disc ceramic capacitor
LI = 1 turn of 1.2mm copper wire, int. dia. 6mm, lead length < 1mm
L2 = IgH choke
L3 = 30mm of straight 2mm copper wire. Height above board = 2mm
L4 = 2 turns of 0.5mm copper wire, int. dia. 3mm, close wound, lead length = 

8mm
R = 10Q - carbon

Component layout on 1.5mm double copper clad fibre-glass board

Dimensions of the board: - 110 x 50mm

Shaded area copper
Underside area completely copper clad

Mullard
BLX66 Page 6



N-P-N SILICON PLANAR
V.H.F./U.H.F. TRANSISTOR BLX66

TYPICAL VARIATION OF LOAD POWER AND EFFICIENCY WITH DRIVE POWER

Mullard
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APPLICATION INFORMATION (contd. )

INDICATED LOAD POWER AS A FUNCTION OF OVERLOAD

The transistor is suitable for use with unstabilised supply voltages. The above graph 
has been derived from an evaluation of the performance of transistors matched up to 
3 watts load power in the circuit on page 6, and subsequently subjected to various 
voltage overloads and mismatch conditions with v.s.w.r. up to 50: 1 at a heatsink 
temperature of 70°C. This indicates a restriction to the load power matched under 
nominal conditions with varying supply voltages and v.s.w.r. in the recommended 
circuit.
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N-P-N SILICON PLANAR
V.H.F./U.H.F. TRANSISTOR BLX66

CAUTION

This device incorporates Beryllium Oxide, the dust of which is toxic. The device is 
entirely safe provided that it is not dismantled.

Care should be taken to ensure that all those who may handle, use or dispose of this 
device are aware of its nature andof the necessary safety precautions. In particular, 
it should never be thrown out with general industrial or domestic waste.

DISPOSAL SERVICE

Devices requiringdisposal may be returned to the Mullard Service Department. They 
must be separately and securely packed and clearly identified. If any are damaged 
or broken they MUST NOT be sent through the post. In this case, advice is available 
from:

THE SERVICE DEPARTMENT
MULLARD LIMITED
P.O. BOX 142
NEW ROAD
MITCHAM
SURREY, CR4 4SR.

The issue of the information contained in this publication does not imply any authority or licence for the utilisation of any patented feature.
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N-P-N SILICON PLANAR
V.H.F./U.H.F. TRANSISTOR BLX67

Silicon n-p-n transistor for v.h. f./u.h. f. mobile applications. The device is mounted 
in a plastic, capstan strip-line encapsulation. With a supply voltage of 13. 8V and a 
signal frequency of 47QMHz, the BLX67 will produce typically 3W output into a 50V 
load.

QUICK REFERENCE DATA

V CC
(V)

f

(MHz)
PDR 
(W)

P^ into 5OS2

(W)
'n

(%)
Th 
(°C) Circuit

12.5 470 0.35 2. 5 min. 65 min. , 25 Un-neutralised
13.8 470 0.35 3. 0 typ. 79 typ. 25 common -emitter
13. 8 470 0. 15 1.5 typ. 65 typ. 25 class B

12.5 175 0.03 3. 0 typ. 84 typ. 25

OUTLINE AND DIMENSIONS

All dimensions in mm
DOT

ACCESSORIES

Nut and lock-washer supplied with device

Torque on nut: min. 0. 75Nm (7. 5kg cm) 
max. 0. 85Nm (8.5kg cm)
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RATINGS
Limiting values of operation according to the absolute maximum system.

Electrical

»Derived from the 'S' parameters measured at f = 500MHz, Tam^ = 25°C

VCBOM max. 36 V

VCESM max. (Rbe = 0) 36 V

VCEO max. 18 V

VEBO maX- 4.0 V

max. 0.7 A

‘cm max' — !0MHz) 2.0 A

P„ max. (f > 10MHz, T. < 90°C) tot — h —
See also graph on page 3

4.5 W

Temperature
T stg -65 to +150 °C

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

V(BR)CBO Collector -base breakdown voltage 
Ic = 10mA

Min.
36

Typ. Max.
V

V(BR)CES Collector-emitter breakdown voltage 
‘c = 10mA, R^O 36 - - V

V(BR)CEO Collector -emitter breakdown voltage 
Ic = 25mA 18 - - V

V(BR)EBO Emitter -base breakdown voltage
I„ = 1. OmA E 4.0 - - V

VCE(sat) Collector-emitter saturation voltage
I„ = 100mA, L, = 20mAC D - 0. 1 - V

hFE Static forward current transfer ratio
I„ = 100mA, = 5.0VC CE 10 40 -

’fj. Transition frequency
I„ = 200mA, V^„ = 5.0V, f = 500MHz C CE - 1400 - MHz

CTc Collector capacitance
= W, I = I =0, f=l.CMHz CB E e - 6.5 9.0 PF

Ccs Collector-stud capacitance - 2.0 - PF

Mullard
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BLX67N-P-N SILICON PLANAR
V.H.F./U.H.F. TRANSISTOR
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N-P-N SILICON PLANAR
V.H.F./U.H.F. TRANSISTOR BLX67

APPLICATION INFORMATION
R.F. performance in c. w. operation (T^ = 25°C)

vcc 
(V)

f

(MHz)
PDR 
(W)

into 50fi

(W)

V 

(%)

z. 1
(fi)

yl 
(mmho)

12.5 470 0.35 2. 5 min. 65 min. - -

13.8 470 0. 35 3.0 typ. 79 typ. 3+j5 27-j38

13. 8 470 0. 15 1.5 typ. 65 typ. - -

12.5 175 0.03 3. 0 typ. 84 typ. 2.4-j3.8 35-J40

At Pl = 2. 5W and VCC = 12. 5V, the output power at heatsink temperatures between 
25 and 90°C relative to that at 25°C is diminished typically by 5mW/°C.

The transistor is designed to withstand full load mismatch in the test circuit under 
the following conditions:

Vcc = 16.5V,

V.S.W.R. = 50: 1

f = 470MHz

at any phase

T = 70°C h

PDR PDR n°m' +20%

Where P nom. = P for 2. 5W transistor output into a 502 DR DR
load atVcc = 13. 8V.
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APPLICATION INFORMATION (contd. )

470MHz Amplifier circuit

Component values for 470MHz amplifier circuit

Cl = C2 = C6 = C7 = 1. 8 to 18pF film dielectric trimmers
C3 = C4 = 18pF disc ceramic capacitors
C5 = 4nF feed-through capacitor
C8 = 0. IgF disc ceramic capacitor
LI = 1 turn of 1. 2mm copper wire, int. dia. 6mm, lead length <lmm
L2 = IgH choke
L3 = 30mm of straight 2mm copper wire. Height above board = 2mm
L4 = 2 turns of 0. 5mm copper wire int. dia. 3mm, close wound, lead length = 

8mm
R = 109 - carbon

Component layout on 1.5mm double copper clad fibre-glass board

Dimensions of the board: - 110 x 50mm

Shaded area copper
Underside area completely copper clad

Mullard
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N-P-N SILICON PLANAR
V.H.F./U.H.F. TRANSISTOR BLX67

TYPICAL VARIATION OF LOAD POWER AND EFFICIENCY WITH DRIVE POWER

Mullard
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APPLICATION INFORMATION (contd. )

INDICATED LOAD POWER AS A FUNCTION OF OVERLOAD

The transistor is suitable for use with unstabilised supply voltages. The above graph 
has been derived from an evaluation of the performance of transistors matched up to 
4 watts load power in the circuit on page 6, and subsequently subjected to various 
voltage overloads and mismatch conditions with v. s.w. r. up to 50:1 at a heatsink 
temperature of 70°C. This indicates a restriction to the load power matched under 
nominal conditions with varying supply voltages and v. s. w. r. in the recommended 
circuit.
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N-P-N SILICON PLANAR
V.H.F./U.H.F. TRANSISTOR BLX67

CAUTION
This device incorporates Beryllium Oxide, the dust of which is toxic. The device is 
entirely safe provided that it is not dismantled.

Care should be taken to ensure that all those who may handle, use or dispose of this 
device are aware of its nature and of the necessary safety precautions. In particular, 
it should never be thrown out with general industrial or domestic waste.

DISPOSAL SERVICE

Devices requiring disposal may be returned to the Mullard Service Department. They 
must be separately and securely packed and clearly identified. If any are damaged 
or broken they MUST NOT be sent through the post. In this case, advice is available 
from:

THE SERVICE DEPARTMENT
MULLARD LIMITED
P.O. BOX 142
NEW ROAD
MITCHAM
SURREY, CR4 4SR.

The issue of the information contained in this publication does not imply 
any authority or licence for the utilisation of any patented feature
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N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR BLX69

N-P-N epitaxial planar transistor intended for use in class A, B and C operated 
mobile, industrial and military transmitters with a supply voltage of 13.5 V. The 
transistor is resistance stabilized. Every transistor is tested under severe load 
mismatch conditions with a supply overvoltage to 16. 5 V. It has a capstan envelope 
with a moulded cap. All leads are isolated from the stud.

QUICK REFERENCE DATA

RI F. performance up to Tmb = 25 °C in an unneutralised common-emitter 
class B circuit.

Dimensions in mm

Mode of 
operation

Vcc 
(V)

f 
(MHz)

PS
(W)

PL
(W)

ic 
(A)

Gp 
(dB)

n 
(%)

2i 
(Q) (mA/V)

c.w. 13.5 470 < 8 20 < 2.28 > 4 > 65 1.1 + j4.9 190-j45
c .w. 12.5 470 < 6. 8 17 < 2.09 > 4 > 65

MECHANICAL DATA

Torque on nut: min. 7.5 kg cm 
(0. 75 Newton metres) 

max. 8.5 kg cm 
(0. 85 Newton metres)

Diameter of clearance hole in heatsink: max. 
4.17 mm.
Mounting hole to have no burrs at either end. 
De-burring must leave surface flat; do not 
chamfer or countersink either end of hole.
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RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134)

Voltages
Collector-base voltage (open emitter) 

peak value
Collector-emitter voltage (open base)
Emitter-base voltage (open collector)

Currents
Collector current (average)
Collector current (peak value) f > 1 MHz

Power dissipation
Total power dissipation, up to = 25 °C 

f > 1 MHz

Temperature
Storage temperature
Operating junction temperature
THERMAL RESISTANCE

From junction to mounting base
From mounting base to heatsink

Rth j-mb = 2.9 °C/W
Rth mb-h = 0.6 °C/W

Mullard BLX69 Page 2



N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR BLX69

CHARACTERISTICS Tj = 25°C unless otherwise specified
Breakdown voltages
Collector-base voltage

open emitter, Ic = 25 mA V(BR)CBO > 36 V
Collector-emitter voltage

open base, Ic = 25 mA V(BR)CEO > 18 V
Emitter-base voltage
open collector; Ig = 10 mA V(BR)EBO > 4 V

Transient energy
L = 25 mH; f = 50 Hz

open base E > 3.1 mWs
-VBE = 1.5 V; RBE = 33 Q E > 3.1 mWs

D. C. current gain
IC = 1 A; VCE = 5 V hFE typ-

10
30

Transition frequency
ic = 2 A; Vce = 10 V fT typ- 1.0 GHz

Collector capacitance at f = 1 MHz
IE = Ie = 0; VCB = 15 V Cc typ- 55

70
PF 
PF

Feedback capacitance
Ic = 100 mA; VCE = 15 V _cre typ- 32 PF

Collector-stud capacitance Ccs typ- 2 PF

Mullard BLX69 Page 3
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N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR BLX69

APPLICATION INFORMATION

R. F. performance in c. w. operation (unneutralised common-emitter class B ciruit) 
Tmb UP to 25 °C

f (MHz)
470
470
175

VCC (V)
13.5
12.5
12.5

PS w
< 8 
<6.8 

typ. 1.35

PL (W)
20
17
17

ic (A)
< 2.28
< 2.09

typ. 2.3

Gp (dB)
> 4
> 4 

typ- ii

n(%)
> 65
> 65

typ. 60

Zi(Q) I(mA/V)
1.1+ j4.9 190-J45

1.5+j0.6 170-j57
Test circuit for 470 MHz:

L1

O + Vcc

List of components:
C1=C2=C7=C8=1.. 8 to 9.0 pF film dielectric trimmer
C3=C4= 15 pF chip capacitor
C5= 100 pF feed through capacitor
C6= 33 nF polyester capacitor
Rl= 1 Q
R2= 10 Q
Ll= strip-line (41.1 mm x 5.0 mm)
L2= 13 turns closely wound enamelled Cu wire (0. 5 mm); int. diam. 4. 0 mm (0. 32 pH)
L3= 2 turns Cu wire (1 mm); winding pitch 1.5 mm; int. diam. 4 mm; leads 2x5 mm
L4= strip-line (52. 7 mm x 5.0 mm)
L5=ferroxcube choke coil. Z (at f = 250 MHz) =400 Q ± 20%

LI and L4 are strip lines on a double Cu clad print plate with teflon fibre glass 
dielectric
(er = 2.74); thickness 1.45 mm

Component lay-out for 470 MHz: see page 6

Mullard BLX69 Page 5



APPLICATION INFORMATION (continued)
Component lay-out and printed circuit board for 470 MHz test circuit.

The circuit and the components are situated on one side of the epoxy fibre-glass 
board, the other side being fully metallised to serve as earth. Earth connections 
are made by means of hollow rivets.

The issue of the information contained in this publication does not imply 
any authority or licence for the utilisation of any patented feature.
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N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR BLX69

CAUTION

This device incorpoi’ates Beryllium Oxide, the dust of which is toxic. The device is 
entirely safe provided that it is not dismantled.

Care should be taken to ensure that all those who may handle, use or dispose of this 
device are aware of its nature and of the necessary safety precautions. In particular, 
it should never be thrown out with general industrial or domestic waste.

DISPOSAL SERVICE

Devices requiring disposal may be returned to the Mullard Service Department. 
They must be separately and securely packed and clearly identified. If any are 
damaged or broken they MUST NOT be sent through the post. In this case, advice 
is available from:

THE SERVICE DEPARTMENT 
MULLARD LIMITED
2.NEW ROAD, MITCHAM JUNCTION 
SURREY, CR4 4XY.
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BLX91N-P-N SILICON PLANAR
U.H.F. TRANSISTOR

TENTATIVE DATA

Silicon n-p-n transistor designed for u. h.f. operation in class A,B or C with fre
quencies up to 1GHz. The device is mounted in a plastic, capstan, strip-line en
capsulation.

With a supply voltage of 28V and a signal frequency of 470MHz, the BLX91 will pro
duce 1. OW output into a 502 load.

QUICK REFERENCE DATA

vcc 

(V)

f

(MHz)

PDR

(W)

P^ into 502

(W)

n

(%)

Th 

(°C)
Circuit

28

28

470

470

0. 08

0. 08

1. 0 min.

1. 45 typ.

50 min.

60 typ.

25

25

Un - neutr al i s ed 
common -emitter 
class B

All dimensions in mm
0 3370

ACCESSORIES

Nut and lock-washer supplied with device
Torque on nut: min. 0. 75Nm (7. 5kg cm) 

max. 0. 85Nm (8. 5kg cm)

JULY 1972
Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical

VCBOM maX' 65 V

VCESMmaX- <RBE = 0) 65 V

VCEO maX- 33 V

VEBO maX’ 4.0 V
I max. 400 mA

!CM max* ~ 10MHz) 800 mA
P max. (f > 10MHz, Th 70°C)
tot 1 l_ L 4see also graphs below 4.0 W

Temperature

T stg -65 to +150 °C
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N-P-N SILICON PLANAR
U.H.F. TRANSISTOR BLX91

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

Min. Typ. Max.

V(BR)CBO Collector-base breakdown voltage 
Ic - 10mA 65 - - V

V(BR)CES Collector-emitter breakdown voltage
I - 10mA, Rdt? - 0C DE 65 - - V

V(BR)CEO Collector-emitter breakdown voltage
I = 25mA 33 - - V

V(BR)EBO Emitter-base breakdown voltage
I_ = 1. OmAE 4.0 - - V

hFE Static forward current transfer ratio
I - 100mA, V = 5.0V
C CE

10 35 -

fT Transition frequency
I = 50mA, V = 5. OV, f = 500MHz C CB - 1200 - MHz

Sc Collector capacitance
V = 10V, I = I = 0, f = 1.0MHz CB E e - 3.5 - PF

CTe Emitter capacitance
V^ = 0, I = I = 0, f = 1. 0MHz EB C c - 11 - PF

C cs Collector-stud capacitance - 2.0 - PF

■Derived from the 's' parameters measured at f - 500MHz, = 25°C

Mullard
BLX91 Page 3
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TYPICAL VARIATION OF INPUT REFLECTION COEFFICIENT 
AND FEEDBACK COEFFICIENT WITH FREQUENCY
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N-P-N SILICON PLANAR
U.H.F. TRANSISTOR BLX91

TYPICAL VARIATION OF FORWARD TRANSFER COEFFICIENT 
WITH FREQUENCY AND EMITTER CURRENT

Mullard
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TYPICAL VARIATION OF OUTPUT REFLECTION COEFFICIENT 
WITH FREQUENCY

Ic (mA)
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N-P-N SILICON PLANAR
U.H.F. TRANSISTOR BLX91

APPLICATION INFORMATION
R. F. Performance in c.w. operation (T^ = 25°C)

vcc 

(V)

f

(MHz)

PDR 

(W)

into 502

(W)

n

(%)

z.1

(9)

yl
(mmho)

24 470 0. 05 0. 85 typ. 53 typ. - -

28 470 0. 08 1.0 min. 50 min. - -

28 470 0. 08 1. 45 typ. 60 typ. 1. 4 +jl.6 3. 7-j22

28 1000 0. 40 1.4 typ. 50 typ. - -

At PB = LOW and Vqq = 28V, the output power at heatsink temperatures between 
25 and 90°C relative to that at 25°C is diminished typically by 2mW/°C.

The transistor is designed to withstand full load mismatch in the test circuit under 
the following conditions: -

vcc = 28v f = 470MHz T = 90°C 
h

PL = 1. 2W V. S. W. R. = 50: 1 at any phase

470MHz amplifier circuit

The issue of the information contained in this publication does not imply any authority or licence for the utilisation of any patented feature.
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APPLICATION INFORMATION (contd.)
Component values for 470MHz amplifier circuit.
Cl = C2 = C5 = 1. 8 to 18pF film-dielectric trimmer capacitors.
C3 = C4 = 18pF disc ceramic capacitors.
C6 = 1.0 to 9. OpF film-dielectric trimmer capacitors.
C7 = lOOOpF feed-through capacitor.
C8 = 0. IgF ceramic capacitor.
LI = 1 turn of 1.2mm Cu wire, internal diameter 5mm, lead length = 2mm.
L2 = 0.47gH choke.
L3 = 5 turns of 0. 5mm Cu wire, internal diameter 4mm, lead length = 5mm, close 

wound.
L4 = 4 turns of 1.2mmCu wire, internal diameter 6. 5mm, leadlength = 4mm, close 

wound.
R = 102 carbon.

Component layout on 1. 5mm double copper clad fibre glass board

Underside area completely copper clad

TYPICAL VARIATION OF LOAD POWER AND EFFICIENCY 
WITH DRIVE POWER

Mullard
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N-P-N SILICON PLANAR
U.H.F. TRANSISTOR BLX91

APPLICATION INFORMATION (contd. )

INDICATED LOAD POWER AS A FUNCTION OF OVERLOAD

The above graph has been derived from an evaluation of the performance of transistors 
matched up to 1.6 watts load power in the test amplifier on Page 7 and subsequently 
subjected to various mismatch conditions at 28V with V.S.W.R. up to 50: 1 and 
elevatedheatsinktemperatures. This indicatesa restriction to the load power matched 
under nominal conditions in the recommended test configuration.

Mullard
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CAUTION

This device incorporates Beryllium Oxide, the dust of which is toxic. The device is 
entirely safe provided that it is not dismantled.

Care should be taken to ensure that all those who may handle, use or dispose of this 
deviceare aware of its nature and of thenecessary safetyprecautions. In particular, 
it should never be thrown out with general industrial or domestic waste.

DISPOSAL SERVICE

Devices requiring disposal may be returned to the Mullard Service Department. They 
must be separately and securely packed and clearly identified. If any are damaged 
or broken they MUST NOT be sent through the post. In this case, advice is available 
from:

THE SERVICE DEPARTMENT
MULLARD LIMITED
P.O. BOX 142
NEW ROAD
MITCHAM
SURREY, CR4 4SR.

Mullard
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BLX92N-P-N SILICON PLANAR
U.H.F. TRANSISTOR

TENTATIVE DATA

Silicon n-p-n transistor designed for u. h.f. operation in class A, B or C with 
frequencies up to 1GHz. The device is mounted in a plastic, capstan, strip-line 
encapsulation.

With a supply voltage of 28V and a signal frequency of 470MHz, the BLX92 will pro
duce 2. 5W output into a 502 load.

^1^0.15 
max.

vcc 

(V)

f

(MHz)

QUICK REFERENCE DATA

Circuit
PDR

(W)

P^ into 502

(W)

V

(%)

Th 

(°C)

24 470 0.2 2. 4 typ. 70 typ. 25

28 470 0.2 2. 5 min. 60 min. 25 Un -neutralised 
common-emitter

28 470 0.2 3. 0 typ. 66 typ. 25 class B

28 1000 0.7 2.5 typ. 50 typ. 25

OUTLINE AND DIMENSIONS

1.65max.

All dimensions in mm

ACCESSORIES
Nut and lock-washer supplied with device

Torque on nut: min. 0. 75Nm (7. 5kg cm) 
max. 0. 85Nm (8. 5kg cm)

JULY 1972
Mullard
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RATINGS
Limiting values of operation according to the absolute maximum system.

Electrical
, max. 65 VCBOM

V „ max. (R =0) 65 VCESM v BE '
V___ max. 33 VCEO
V___ max. 4.0 VEBO
I max. 0.7 A

max. (f^lOMHz) 2.0 A
P max. (f a 10MHz, T ^70°C) 6.0 W
tot v h

See also graphs below

Temperature
T -65 to +150 °C

stg

-------------------- Mullard---------------------
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BLX92N-P-N SILICON PLANAR
U.H.F. TRANSISTOR

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

Min. Typ. Max.

V(BR)CBO Collector-base breakdown voltage 
= 10mA 65 - V

V(BR)CES Collector-emitter breakdown voltage
I = 10mA, R =0U< dB

65 - V

V(BR)CEO Collector-emitter breakdown voltage 
Ic = 25mA 33 - V

V(BR)EBO Emitter-base breakdown voltage
T = 1. 0mAB 4.0 - V

VCE(sat) Collector-emitter saturation voltage
I = 100mA, 1 = 20mAC B - 0. 17 V

11 FE Static forward current transfer ratio
I = 100mA, V = 5. 0VC CB 10 40

*fT Transition frequency
I_ = 100mA, = 5. 0V, f = 500MHz
C CB

- 1200 MHz

CTc Collector capacitance
= 10V, I = I = 0, f = 1.0MHzCB E e - 6.5 PF

CTe Emitter capacitance
7^=0, I = 1 = 0, f = 1.0MHz Bb C c - 25 PF

c cs Collector-stud capacitance - 2.0 PF

* Derived from the ’ s' parameters measured at f = 500MHz, = 25°C

Mullard
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TYPICAL VARIATION OF INPUT REFLECTION COEFFICIENT AND 
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BLX92N-P-N SILICON PLANAR
U.H.F. TRANSISTOR

TYPICAL VARIATION OF FORWARD TRANSFER COEFFICIENT 
WITH FREQUENCY AND EMITTER CURRENT

Mullard
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TYPICAL VARIATION OF OUTPUT REFLECTION COEFFICIENT 
WITH FREQUENCY
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N-P-N SILICON PLANAR
U.H.F. TRANSISTOR BLX92

APPLICATION INFORMATION
R.F. Performance in c.w. operation (T^ = 25°C)

vcc

(V)

f

(MHz)

PDR

(W)

P^ into 509

(W)

V

(%)

z.1

(2) (mmho)

24 470 0.2 2.5 typ. 70 typ. - -

28 470 0.2 2. 5 min. 60 min. - -

28 470 0.2 3. 0 typ. 66 typ. 1.6 +j3. 4 7. 7-J31

28 1000 0.7 2. 5 typ. 50 typ. - -

At Pl = 2. 5W and Vqc = 28V, the output power at heatsink temperatures between 
25 and 90°C relative to that at 25°C is diminished typically by 5mW/°C.

The transistor is designed to withstand full load mismatch in the test circuit under 
the following conditions: -

V_ = 28V f = 470MHz T, = 90°C
CC h

PL = 2. 5W V. S. W. R. = 50:1 at any phase

470MHz amplifier circuit

The issue of the information contained in this publication does not imply any authority or licence for the utilisation of any patented feature.
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APPLICATION INFORMATION (contd. )
Component values for 470MHz amplifier circuit.
Cl = C2 = 1. 8 to 18pF film-dielectric trimmer capacitors.
C3 = C4 = 18pF disc ceramic capacitors.
C5 = C6 = 1.0 to 9. OpF film-dielectric trimmer capacitors.
C7 = lOOOpF feed-through capacitor.
C8 = 0. IgF ceramic capacitor.
LI = 1 turn of 1.2mm Cu wire, internal diameter 5mm, lead length = 2mm.
L2 = 0.47gH choke.
L3 = 3 turns of 0. 5mm Cu wire, internal diameter 4mm, lead length = 5mm
L4 = 2 turns of 1. 2mm Cu wire, internal diameter 6. 5mm, lead length = 4mm

Component layout on 1. 5mm double copper clad fibre glass board

I*--------------- 100mm--------------- *4 04342
Shaded area copper 

Underside area completely copper clad

TYPICAL VARIATION OF LOAD POWER AND EFFICIENCY WITH DRIVE POWER

Mullard
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BLX92N-P-N SILICON PLANAR
U.H.F. TRANSISTOR

APPLICATION INFORMATION (contd. )

INDICATED LOAD POWER AS A FUNCTION OF OVERLOAD

The above graph has been derived from an evaluation of the performance of transistors 
matched up to 3. 8 watts load power in the testamplifier on Page 7 and subsequently 
subjected to various mismatch conditions at 28V with V.S.W.R. up to 50: 1 and 
elevated heatsink temperatures. This indicates a restriction to the load power matched 
under nominal conditions in the recommended test configuration.

Mullard
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CAUTION

This device incorporates Beryllium Oxide, the dust of which is toxic. The device is 
entirely safe provided that it is not dismantled.

Care should be taken to ensure that all those who may handle, use or dispose of this 
device are aware of its natureand of the necessary safety precautions. In particular, 
it should never be thrown out with general industrial or domestic waste.

DISPOSAL SERVICE

Devices requiring disposal may be returned to the Mullard Service Department. They 
must be separately and securely packed and clearly identified. If any are damaged 
or broken they MUST NOT be sent through the post. In this case, advice is available 
from:

THE SERVICE DEPARTMENT 
MULLARD LIMITED
P.O. BOX 142
NEW ROAD
MITCHAM
SURREY, CR4 4SR.

Mullard
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N-P-N SILICON PLANAR
U.H.F. TRANSISTOR BLX93

TENTATIVE DATA

Silicon n-p-n transistor designed for u. h.f. operation in class A, B or C with 
frequencies up to 1GHz. The device is mounted in a plastic, capstan, strip-line 
encapsulation.
With a supply voltage of 28V and a signal frequency of 470MHz, the BLX93 will pro
duce 7. OW output into a 502 load.

QUICK REFERENCE DATA

vcc f P DR
into 502 V Th

Circuit
(V) (MHz) (W) (W) (%) (°C)

24 470 1.0 7.0 typ. 70 typ. 25

28 470 1.0 7. 0 min. 6o min. 25 Un-neutralised 
common -emitter

28 470 1.0 8.0 typ. 75 typ. 25 class B

28 1000 1. 5 5.0 typ. 45 typ. 25

Nut and lock-washer supplied with device
□ 3370

Torque on nut: min. 0. 75Nm (7. 5kg cm)
max. 0. 85Nm (8. 5kg cm)

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

Electrical
VCBOM max.

VCESM max. (Rrf = 0) DD
VCEO maX‘
vEBO max.

max.

‘cm max-
P max. tot

(f ' 10MHz)
(f a 10MHz, T, s 70°C) 

h
See also graphs below

65 V

65 V

33 V

4.0 V

1 .0 A

3 .0 A

12.5 W

Temperature

stg
-65 to +150 °C

Mullard
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BLX93N-P-N SILICON PLANAR
U.H.F. TRANSISTOR

’Derived from the ' s' parameters measured at f = 500MHz, T b = 25°C

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

Max.Min. Typ.

V(BR)CBO Collector-base breakdown voltage 
1^ = 10mA 65 - - V

V(BR)CES Collector-emitter breakdown voltage
I = 10mA, R = 0C dE

65 - - V

V(BR)CEO Collector-emitter breakdown voltage 
1^ = 25mA 33 - - V

V(BR)EBO Emitter-base breakdown voltage
T = 1.0mA
E

4.0 - - V

hr fl Static forward current transfer ratio 
I = 100mA, VCE = 5.0V 10 35 -

ifT Transition frequency
Ic = 200mA, VCE = 5.0V, f = 500MHz - 1200 - MHz

CTc Collector capacitance
= 10V, I = I = 0, f = 1. 0MHzCB E e - 14 - PF

CTe Emitter capacitance
Vr„ = 0, I = I = 0, f = 1.0MHzEB C c - 60 - pF

c cs Collector -stud capacitance - 2.0 - PF

Mullard
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TYPICAL VARIATION OF INPUT REFLECTION COEFFICIENT AND 
FEEDBACK COEFFICIENT WITH FREQUENCY
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BLX93N-P-N SILICON PLANAR
U.H.F. TRANSISTOR

D4360
Typical curves _  _ __

V c e = 28 V II

0 100 200 300 400 500 -IE(mA)

TYPICAL VARIATION OF FORWARD TRANSFER COEFFICIENT 
WITH FREQUENCY AND EMITTER CURRENT

Mullard
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TYPICAL VARIATION OF OUTPUT REFLECTION COEFFICIENT 
WITH FREQUENCY
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BLX93N-P-N SILICON PLANAR
U.H.F. TRANSISTOR

APPLICATION INFORMATION
R. F. Performance in c. w. operation (T^ = 25°C)

V CC

(V)

f

(MHz)

PDR 

(W)

into 502

(W)

n

(%)

z. 1

(2)

yl
(mmho)

24 470 1.0 7.0 typ. 70 typ. - -

28 470 1.0 7.0 min. 60 min. - -

28 470 1.0 8. 0 typ. 75 typ. 1. 6 +j5.5 20-j40

28 1000 1.5 5. 0 typ. 45 typ. - -

At P^ = 7. OW and Vqq = 28V, the output power at heatsink temperatures between 
25 and 90°C relative to that at 25°C is diminished typically by 10mW/°C.

The transistor is designed to withstand full load mismatch in the test circuit under 
the following conditions: -

vcc = 28V f = 470MHz Th = 90°c

PL = 7. OW V. S. W. R. = 50s 1 at any phase 

470MHz amplifier circuit

The issue of the information contained in this publication does not imply 
any authority or licence for the utilisation of any patented feature.
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APPLICATION INFORMATION (contd.)
Component values for 470MHz amplifier circuit.
Cl = C2 = 1. 8 to 18pF film-dielectric trimmer capacitors.
C3 = C4 = 18pF disc ceramic capacitors.
C5 = C6 = 1.0 to 9.0pF film-dielectric trimmer capacitors.
C7 = lOOOpF feed-through capacitor.
C8 = 0. IgF ceramic capacitor.
LI = 1 turn of 1. 2mm Cu wire, internal diameter 5mm, lead length = 2mm.
L2 - 0. 47gH choke.
L3 = 3 turns of 0. 5mm Cu wire, internal diameter 4mm, lead length = 5mm
L4 = 2 turns of 1. 2mm Cu wire, internal diameter 6. 5mm, lead length = 4mm

Component layout on 1. 5mm double copper clad fibre glass board

Underside area completely copper clad

TYPICAL VARIATION OF LOAD POWER AND EFFICIENCY WITH DRIVE POWER

Mullard
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N-P-N SILICON PLANAR
U.H.F. TRANSISTOR BLX93

APPLICATION INFORMATION (contd.)

INDICATED LOAD POWER AS A FUNCTION OF OVERLOAD

The above^raph has been derived from an evaluation of the performance of transistors 
matched up to 8 watts load power in the test amplifier on Page 7 and subsequently 
subjected to various mismatch conditions at 28V with V.S.W.R. up to 50:1 and 
elevated heatsink temperatures. This indicates a restriction to the load power matched 
under nominal conditions in the recommended test configuration.

Mullard
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CAUTION

This device incorporates Beryllium Oxide, the dust of which is toxic. The device is 
entirely safe provided that it is not dismantled.

Care should be taken to ensure that all those who may handle, use or dispose of this 
device are aware of its natureand of the necessary safety precautions. In particular, 
it should never be thrown out with general industrial or domestic waste.

DISPOSAL SERVICE

Devices requiring disposal may be returned to the Mullard Service Department. They 
must be separately and securely packed and clearly identified. If any are damaged 
or broken they MUST NOT be sent through the post. In this case, advice is available 
from: -

THE SERVICE DEPARTMENT
MULLARD LIMITED
P.O. BOX 142
NEW ROAD
MITCHAM
SURREY, CR4 4SR.
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BLX94N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR

N-P-N silicon planar epitaxial transistor intended for transmitting applications in 
class A, B or C with a supply voltage up to 28V.
The transistor is resistance stabilised and is tested under severe load mismatch 
conditions.
It has a 1/4" capstan envelope with a moulded cap. All leads are isolated from the 
stud.

QUICK REFERENCE DATA

R. F. performance at 25°C in an un-neutralised common-emitter class 
B circuit.

Mode of 
operation

vcc 
(V)

f

(MHz)
PDR 
(W)

PL
(W)

‘c
(A)

G 
P 

(dB)
y

(%)

Z.1
(SI)

yl 
(mA/V)

c.w. 28 470 <5 20 <1.3 >6 >55 0.65+j3. 9 62-J97

OUTLINE AND DIMENSIONS

Torque on nut: 7. 5kg cm (0. 75Nm) min.
8. 5kg cm (0. 85Nm) max.

Diameter of clearance hole in heatsink: 4.17mm max.

Note: Do not chamfer the edges of the mounting holes when removing burrs. When 
locking is required, an adhesive instead of a lock washer is preferred.

APRIL 1972
Mullard
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RATINGS
Limiting values of operation according to the absolute maximum system.

Electrical

VCBOM maX- 65 V

VCEO maX‘ 33 V

VEBO 4.0 V

‘c(AV) maX’ 2.0 A

to, max. (f > 1. 0MHz) CM
6.0 A

P max. (T, < 25°C. f > 1. 0MHz) tot h —
Temperature

50 W

T stg
-30 to +200 °C 

o
T. max. 

J
THERMAL CHARACTERISTICS

200 c

R ,th(j-mb) 2.9 °C/W

Rth(mb -h) 0.6 °C/W

Mullard
BLX94 Page 2



BLX94N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR

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

Typ. Max.Min.

'cEO Collector cut-off current
V0’ Vce=28V - - 10 mA

V(BR)CBO Collector-base breakdown voltage 
open emitter

Ic = 25mA 65 - - V

V(BR)CEO Collector-emitter breakdown 
voltage,open base

Ic = 25mA 33 - - V

V(BR)EBO Emitter-base breakdown voltage 
open collector

U = 10mAE 4.0 - - V

E Transient energy
L=25mH, f = 50Hz

open base 3.0 - - mWs

-vbe = 1-5v’ V332 3. 0 - - mWs

FE Static forward current 
transfer ratio

I =1.0A, V =5.0V c ub 15 50 -

fT Transition frequency
I =2.0A, V_=20V c ub - 1.0 - GHz

CTc Collector capacitance
1=1 -0, V =30V, f=1.0MHz E e CB - 32 50 PF

-c re Feedback capacitance
I = 100mA, V, =30V, f=1.0MHz C CE - 18 - PF

C cs Collector-stud capacitance - 2.0 - PF

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR BLX94

APPLICATION INFORMATION

R. F. performance in c. w. operation (un -neutralised common -emitter class B circuit) 

f = 470MHz, Tmb =25°C

Test circuit

vcc 
(V)

PDR
(W)

PL
(W)

rc
(A)

G
P 

(dB)
n

(%)

z 1
(9)

yl
(mA/V)

28 <5 20 <1.3 >6 >55 0. 65+j3.9 62-j97

Component values

Cl = C2 = C8 = 2 to 9pF film dielectric trimmer
C3 = C4 = 15pF chip capacitor
C5 = lOOpF feed-through capacitor
C6 = 33nF polyester capacitor
C7 = 2 to 18pF film dielectric trimmer
RI = 19 carbon resistor
R2 = 109 carbon resistor
LI = strip line (40. 8x5. 0mm)
L2 = 13 turns of closely wound enamelled copper wire (0.5mm), int. dia. 4.0mm
L3 = 2 turns of copper wire (1mm), winding pitch 1.5mm, int. dia. 4.0mm, leads 

2 x 5mm
L4 = strip line (52.4x5. 0mm)
L5 = ferroxcube choke coil. Z (at f = 50MHz) = 7509 ±20%

LI and L4 are strip lines on a double copper clad print plate with teflon fibre-glass 
dielectric (€r = 2.74), thickness 1.45mm.

Mullard
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APPLICATION INFORMATION (contd. )

Component layout and printed ^circuit board for 470MHz test circuit.

The circuit and the components are situated on one side of the teflon fibre-glass 
board, the other side being fully metallised to serve as earth. Earth connections 
are made by means of hollow rivets.

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
EPITAXIAL U.H.F. TRANSISTOR BLX94

For high voltage operation, a stabilised 
power supply is generally used.
The graph shows the allowable output 
power under nominal conditions as a 
function of the V.S.W.R., with heat
sink temperature as parameter.

CAUTION
This device incorporates Beryllium Oxide, the dust of which is toxic. The device is 
entirely safe provided that it is not dismantled.

Care should be taken to ensure that all those who may handle, use or dispose of this 
device are aware of its nature and of the necessary safety precautions. In particular, 
it should never be thrown out with general industrial or domestic waste.

DISPOSAL SERVICE
Devices requiring disposal may be returned totheMullard Service Department. They 
must be separately and securely packed and clearly identified. If any are damaged 
or broken they MUST NOT be sent through the post. In this case, advice is available 
from:

THE SERVICE DEPARTMENT
MULLARD LIMITED
P.O. BOX 142
NEW ROAD
MITCHAM
SURREY, CR4 4SR.

Mullard
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N-P-N SILICON
V.H.F. POWER TRANSISTORS BLY33

BLY34

TENTATIVE DATA
Silicon n-p-n high frequency medium power transistors primarily intended 
for class B operation in v.h.f. amplifiers. The collector is electrically 
connected to case.

QUICK REFERENCE DATA
BLY33 BLY34

V^__ max. (peak r.f. ai.OMHz) Chib 66 40 V
VCEO maX- 33 20 V
IcMmax- (peak r.f. ai.OMHz) 1.5 1.5 A
P. , max. (T S1OO°C) tot case 2.0 2.0 W
T. max. J
f min. n =0.2A, V^„ = 5.0V, f=100MHz) T C CE

150
250

150
250

°C
MHz

Performance in a 175MHz common emitter amplifier: -
Operation a.m. f.m.

V Supply voltage 13.8 13.8 V
P Output power0 2.0 3.0 W
0^ Typ. power gain 8.0 8.0 dB
q Typ. efficiency 80 80 %

Unless otherwise stated data is applicable to both types
OUTLINE AND DIMENSIONS

Conforms to B.S. 3934 SO-3/SB3-3B
J.E.D.E.C. TO-39
---A---
— B —

n 
c

Millimetres
Min. Nom. Max.

A 9.10 - 9.40
B 8.2 - 8.5
C 6.15 - 6.60
D - 5.08

-, E 0.71 - 0.863 Fl - - 0.51
F2 12.7
F3 12.7 - 15
Gl - - 1.01
G2 0.41 - 0.48

> G3 - - 0.53
H 0.4 -
J 0.74 - 1.01

ise

1 ¿1 &1-J-
7 G2t <

G3^—

Collector connecte

s'

b 
V

-X

dt

I

0 CÍ

Mullard
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RATINGS
Limiting values of operation according to the absolute maximum system.
Electrical
V max. (peak r.f. al.OMHz) BLY33

BLY34
66
40

V
VCEb

VCEO maX-

VEBO maX‘ 
I max.
ICMmax. (f^l.OMHz)
‘cMmaX‘

max. T = 25°C, f—1.0MHztot caseT = 25°C, f< 1.0MHzcase
See also curves on pages

Temperature
T. max. Continuous operation

Intermittent operation, 
total duration 200 hours

T min. stg
T . max. stg

THERMAL CHARACTERISTIC
R., .th(j-case)

BLY33
BLY34

5 and 6

33 V
20 V
4.0 V
0.5 A
1.5 A
0.5 A
5.0 W
4.0 W

150 °C

200 °C
-65 °C
150 °C

25 degC/W

ELECTRICAL CHARACTERISTICS (T. = 25°C 
J

I„„„ Collector-emitter cut-offGhb current

unless otherwise stated)
Min. Typ. Max.

V = V max., V =0CE CES ’ BE - 0.10 5.0 mA
V =V max., V =0CE VCEO ’ BE

I__„ Emitter cut-off current

0.02 0.5 mA

VpR=4.0V, + = ° Eo Lz
^FE Static forward current

transfer ratio

0.2p 0.5m A

I =0.2A, V -5.0V Lz LzE 10 60 -

Mullard
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N-P-N SILICON
V.H.F. POWER TRANSISTORS BLY33

BLY34

ELECTRICAL CHARACTERISTICS (cont'd)

Min. Typ. Max.

fT Transition frequency
I =0.2A, V =5.0V, U UJL
f = 100MHz, T , =25°C 

amb 250 450 - MHz

Ctc Collector capacitance
=10V, I =1 =0, CB E e

f —0.5MHz - 11 15 PF

Cte Emitter capacitance 
veb”°’ ‘c=Ic=0’
f=0.5MHz 45 65 90 PF

RECOMMENDED OPERATING CONDITIONS

As a medium power amplifier for the output stage of a small transmitter, or as
a driver for larger output stages.
f= 175MHz BLY33 BLY34

Operation a.m. f.m. f.m.

vcc Supply voltage nom. 13.8 28 13.8 V
max. 16.5 32 16.5 V

VB Base bias voltage 0 0 0 V
P o Output power 2.0 3.0 3.0 W
p. Input power typ. 0.32 0.28 0.5 W

max. 0.40 0.40 0.6 W

‘cc Supply current typ. 180 160 270 mA

ri Efficiency typ. 80 65 80 %

NOTES

1. For a.m. telephony, collector modulation of the output and driver stages 
is recommended.

2. Aheatsinkofthermalresistance20degC/Wisrecommended foroperation 
in ambient temperatures upto 65°C. At temperatures >65°C, derating 
is necessary.

3. Under the recommended a.m. operating condition and without modulation, 
the transistor can withstand any load mismatch. With modulation applied, 
operation into an extreme mismatch may adversely affect the life of the 
transistor and care should be exercised to keep the device within its 
ratings.

Mullard
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BASIC V.H.F. AMPLIFIER CIRCUIT

Component values for 175MHz amplifier circuit
Cx 30 pF
C2 30 pF
C3 30 pF
C4 30 pF
L^ 1.0 inch of straight 18 s.w.g.
L2 3.0 turns of 24 s.w.g. on Ferrite FX1115
L3 5.0 turns of 18 s.w.g., d=3/8", 1 = 3/8".
L4 3.0 turns of 18 s.w.g., d = 3/8", 1 = 3/8".

NOTE
To obtain optimum gain performance the emitter lead length should not 
exceed 1.6mm.

Mullard BLY33-Page 4



N-P-N SILICON
V.H.F. POWER TRANSISTORS BLY33

BLY34

TYPICAL VARIATION OF OUTPUT POWER WITH INPUT POWER 
FOR V.H.F. AMPLIFIER

(See Recommended Operating Conditions on page 3)

MAXIMUM PERMISSIBLE POWER DISSIPATION PLOTTED AGAINST 
CASE TEMPERATURE FOR FREQUENCIES >1.0MHz

----------------- Mullard i
BLY33-Page 5



PERCENTAGE POWER DERATING PLOTTED AGAINST 
CASE TEMPERATURE FOR FREQUENCIES <1.0MHz

Mullard
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N-P-N SILICON PLANAR
V.H.F. TRANSISTORS

BLY35
BLY83

Silicon n-p-n transistors for v.h.f. mobile operation in class B. The BLY35 is 
mounted in a TO-60envelope and the BLY83is mounted in a plastic, capstan strip 
line encapsulation.

The transistors are primarily intended for a.m. operation at 13.8V but are also 
suitable for f. m. operation at 24V.

Unless otherwise stated data are applicable to both types

Mode
VCC

(V)

f

(MHz)

QUICK REFERENCE DATA

n

(%)

m

(%)

dtot 

(%)

PDR

(W)

PL (carrier)

(W)

P^ into 509

(W)

a. m. 13.8 175 0.35 7. 0 typ. - 77 typ. 80 <5

a.m. 13.8 80 0.06 7. 5 typ. - 77 typ. 80 <5

c. w. 24 175 1.35 - 13 typ. 65 typ. - -

OUTLINE AND DIMENSIONS

BLY35 J.E.D. E.C. TO-60

BLY83 Capstan strip-line

For details see page 2

(Emitter connected to stud) 
(Stud isolated)

BLY35 BLY83

OCTOBER 1972
Mullard
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OUTLINE DRAWINGS (All dimensions in mm)

BLY35

Accessories

Nut and lock-washer supplied with device

Accessories
All dimensions in mm

Nut and lock-washer supplied with device

Torque on nut; min. 0. 75Nm (7. 5kg cm) 
max. 0. 85Nm (8. 5kg cm)

Mullard
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N-P-N SILICON PLANAR
V.H.F. TRANSISTORS BLY35

BLY83

RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
VCB0M maX‘ 66 V

VCESM 66 V

VCEO ma*' 33 V

VEBO maX- 4.0 V

Ic max. 2.5 A

’cm max‘ <f <1-0MHz) 2.5 A

’cm max‘ 7.5 A

P max. (f &1.0MHZ, T, s90°C) 
tot h 12 W

Temperature

stg
BLY35 -65 to +200 °C

BLY83 -65 to +150 °C

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

Min. Typ. Max.

V(BR)CBO Collector-base breakdown voltage 
Ic = 10mA 66 - - V

V(BR)CES Collector-emitter breakdown voltage 

‘c = ’ “be = 0 66 - - V

V(BR)CEO Collector-emitter breakdown voltage 
I ~ 50mA 33 - - V

V(BR)EBO Emitter-base breakdown voltage
T = 1.0mAis 4.0 - - V

hFE Static forward current transfer ratio
I = LOA, V_„ = 5.0VC Lil 10 60 220

fT Transition frequency
I = LOA, V = 5.0V C Ctl
f = 100MHz, T . = 25°C 

amb 250 450 - MHz

CTc Collector capacitance
= 10V, I„ = I = 0, f = 1. 0MHzCB E e - 34 45 pF

CTe Emitter capacitance
V„=0, I =1 =0, f=L0MHzEB C c 100 155 - pF

Mullard
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N-P-N SILICON PLANAR
V.H.F. TRANSISTORS BLY35

BLY83

APPLICATIONS INFORMATION

R. F. performance in a 7. OW a. m. transmitter at f = 175MHz,
f mod. = 1kHz

Component values for 175MHz transmitter circuit: -

Cj to Cg = 4 to 29pF concentric trimmer capacitors

Lj = L^ = 3 turns of 1.2mm en.Cu wire, int. diam. = 6.4mm, length = 5.0mm
L^ = L^ = 5 turns of 1.2mm en.Cu wire, int. diam. = 6.4mm, length = 10mm

L^ = 3 turns of 1. 7mm en.Cu wire, int.diam. = 10mm, length = 10mm 

RFC} = RFC^ = 2 turns of 0.4mm en.Cu wire on Ferrite FX1115.

The issue of the information contained in this publication does not imply any authonty cm licence fot the utilisation ot any patented featute.
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APPLICATIONS INFORMATION (contd.)
R. F. performance in a 7. OW a. m. transmitter at f = 80MHz,

f mod. = 1kHz

vcc 
(V)

PDR 

(W)

P^ (carrier) 

(W)

I (driver)

(A)

I (amplifier)

(A)

G 
P

(dB)

V

(%)

m

(%)

d tot

(%)

13. 8 0.06 7. 5 typ. 0.06 typ. 0.7 typ. 21 70 typ. 80 5 max.

Component values for 80MHz transmitter circuit: -

C to C, = 4 to 29pF concentric trimmer capacitors 1 6
Lj = L^ = 5 turns of 1. 2mm en.Cu wire, int.diam. =6. 3mm, length = 9.0mm

L = L = 3 turns of 1.2mm en.Cu wire, int.diam. = 7.0mm, length = 6.0mm 3 o
L? = 6 turns of 2. 0mm en.Cu wire, int.diam. = 10mm, length = 13mm

L2 = L^ = 1 turn of 0.4mm en.Cu wire on Ferrite FX1115

R This resistor is incorporated to reduce the carrier level to 8W or below.

Mullard
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N-P-N SILICON PLANAR
V.H.F. TRANSISTORS

BLY35
BLY83

AERIAL CARRIER POWER PLOTTED AGAINST C. W. DRIVE POWER FOR 
THE 7W A.M. 17SMHz AMPLIFIER (see page 5)

AERIAL CARRIER POWER PLOTTED AGAINST C.W. DRIVE POWER FOR 
THE 7W A. M. 80MHz AMPLIFIER (see page 6)

Mullard
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APPLICATIONS INFORMATION (contd.)
R. F. performance in c. w. operation at f = 175MHz, T^ ^40°C

vcc . 

(V)

PDR 

(W)

P^ into 502

(W)

n

(%)

G 
P

(dB)

24 1.35 13 typ. 65 typ. 9.8

13. 8 1.35 7. 5 typ. - -

Component values for 175MHz amplifier circuit; -
Cj = Cg = = 30pF max.)
„ | concentric trimmer capacitorsC2 = 60pF max. J
Lj = 25. 4mm of straight 1. 7mm Cu wire

L2 = 3 turns of 0. 5mm Cu wire on Ferrite FX1115

L„ = 3 turns of 1. 7mm Cu wire, int.diam. = 9.5mm, length = 9.5mm

= 2 turns of 2. 0mm Cu wire, int. diam. = 12. 7mm, length = 9. 5mm

Mullard
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N-P-N SILICON PLANAR
V.H.F. TRANSISTORS

BLY35
BLY83

LOAD POWER PLOTTED AGAINST DRIVE POWER

Mullard
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APPLICATIONS INFORMATION (contd. )
R. F. performance in c.w. operation at f = 80MHz, s40°C

VCC

(V)

PDR

(W)

P^ into 5OS2 

(W)

13.8 0.5 12. 5 typ.

6.9 0.5 5. 0 typ.

Component values for 80MHz amplifier circuit: -

C = C^ = C3 = C4 = 4 to 29pF concentric trimmer capacitors
Lj = 4 turns of 1. 2mm Cu wire, int. diam. = 6. 3mm, length = 8. Omm 

= 2 turns of 0. 35mm Cu wire, on Ferrite FX1115

Lg = 5 turns of 1. 2mm Cu wire, int, diam. = 6. 3mm, CLOSE WOUND

L^ = 5 turns of 1. 7mm Cu wire, int. diam. = 9. 6mm, length, = 12mm

Mullard
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BLY35
BLY83

N-P-N SILICON PLANAR
V.H.F. TRANSISTORS

LOAD POWER PLOTTED AGAINST DRIVE POWER

CAUTION

This device incorporates Beryllium Oxide, the dust of which is toxic. The device is 
entirely safe provided that it is not dismantled.

Care should be taken to ensure thatall those who may handle, use or dispose of this 
device are aware of its natureand of thenecessary safety precautions. In particular, 
it should never be thrown out with general industrial or domestic waste.

DISPOSAL SERVICE

Devices requiring disposal may be returned to the Mullard Service Department. They 
must be separately and securely packed and clearly identified. If any are damaged 
or broken they MUST NOT be sent through the post. In this case, advice is available 
from:

THE SERVICE DEPARTMENT
MULLARD LIMITED
P.O. BOX 142
NEW ROAD
MITCHAM
SURREY, CR4 4SR.
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N-P-N SILICON PLANAR
V.H.F. TRANSISTORS

BLY36
BLY84

Silicon n-p-n transistors for v. h.f. mobile operation in class B. The BLY36 is 
mounted in a TO-60 envelope and the BLY84 is mounted in a plastic, capstan strip
line encapsulation.

The transistors are primarily intended for f.m. operation at 13. 8V.

Unless otherwise stated data are applicable to both types

vcc 

(V)

f

(MHz)

QUICK REFERENCE DATA

Circuit
PDR

(W)

P^ into 500

(W)

V

(%)

13.8 175 1.2 7. 0 typ. 77 typ. Un-neutralised

13.8 175 3.4 13.2 typ. 79 typ. common -emitter

13.8 80 0.5 13. 5 typ. 80 typ. class B.

OUTLINE AND DIMENSIONS
BLY36 J. E.D. E.C. TO-60 (Emitter connected to stud)

BLY84 Capstan strip-line (Stud isolated)

For details see page 2

BLY36 BLY84

Mullard
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OUTLINE DRAWINGS (All dimensions in mm)

BLY36

Accessories

Nut and lock-washer supplied with device

Torque on nut: min. 0. 8Nm (8kg cm) 
max. 1. 7Nm (17kg cm)

Accessories
All dimensions in mm

D3V0

Nut and lock-washer

Torque on nut: min.
max.

supplied with device 

0. 75Nm (7. 5kg cm) 
0. 85Nm (8. 5kg cm)

Mullard
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N-P-N SILICON PLANAR
V.H.F. TRANSISTORS

BLY36
BLY84

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

Electrical
VCBOM maX- 40 V

VCESM maX- (RBE = 0) 40 V

VCEO maX- 20 V

VEBO maX- 4.0 V

I max. 2.5 A

’cm max’ <l-0MHz) 2.5 A

’cM maX' tf-'-OMHz) 7.5 A

P max. (f al.OMHz, T ^90°C) 
tot ' h 12 W

Temperature
BLY36 -65 to +200 °C

T 
stg 0

BLY84 -65 to+150 C

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

Min. Typ. Max.

V(BR)CBO Collector-base breakdown voltage 
Ic = 10mA 40 - - V

V(BR)CES Collector-emitter breakdown voltage
V = 10mA, R = 0C on 40 - - V

V(BR)CEO Collector-emitter breakdown voltage 
I = 50mA 20 - - V

V(BR)EBO Emitter-base breakdown voltage
1=1.0mA h 4.0 - - V

hFE Static forward current transfer ratio
= 1.0A, = 5.0VU Cb 10 60 -

fT Transition frequency
U = 1.0A, VnR = 5.0V C Ur»
f = 100MHz, T , = 25°C 

amb 250 450 - MHz

CTc Collector capacitance
V„ =10V, I =1 = 0, f=1.0MHzCB E e - 37 45 PF

CTe Emitter capacitance
Vc,n = 0, I = I = 0, f = LOMHz EB C c 100 155 - PF

Mullard
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N-P-N SILICON PLANAR
V.H.F. TRANSISTORS

BLY36
BLY84

APPLICATIONS INFORMATION
R. F. performance in c.w. operation at f = 175MHz, s40°C

vcc 

(V)

PDR

(W)

P^ into 502

(W)

V

(%)

G 
P

(dB)

13.8 1.2 7. 0 typ. 77 typ. 7.6

13.8 3.4 13. 2 typ. 79 typ. 5. 8

Component values for 175MHz amplifier circuit: -

C2

L1

2
L3

'4

= = 30pF max. concentric trimmer capacitors
= 60pF max. concentric trimmer capacitor

= 25.4mm of straight 1. 7mm Cu wire

= 3 turns of 0. 5mm Cu wire on Ferrite FX1115

= 3 turns of 1. 7mm Cu wire, int. diam. = 9. 5mm, length = 9. 5mm
= 2 turns of 2. Omm Cu wire, int. diam. = 12. 7mm, length = 9. 5mm

C

The issue of the information contained in this publication does not imply any authority or licence for the utilisation of any patented feature.
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20
D4777

LOAD POWER PLOTTED AGAINST DRIVE POWER
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N-P-N SILICON PLANAR
V.H.F. TRANSISTORS BLY36

BLY84

APPLICATIONS INFORMATION (contd. )
R. F. performance in c.w. operation at f = 80MHz, T^ +40°C

vcc 

(V)

PDR

(W)

into 502

(W)

V

(%)

G 
P

(dB)

13.8

6.9

0.5

0.5

13. 5 typ.

5. 5 typ.

80 typ,

80 typ.

14.2

10.3

Component values for 80MHz amplifier circuit: -

Cj = C2 = Cg = C4 = 4 to 29pF concentric trimmer capacitors
L j = 4 turns of 1. 2mm Cu wire, int. diam. = 6. 3mm, length = 8. Omm

L2 = 2 turns of 0. 35mm Cu wire, on Ferrite FX1115

Lj = 5 turns of 1. 2mm Cu wire, int. diam. = 6. 3mm, CLOSE WOUND

L4 = 5 turns of 1. 7mm Cu wire, int. diam. = 9. 6mm, length = 12mm

Mullard
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N-P-N SILICON PLANAR
V.H.F./U.H.F. TRANSISTOR BLY53A

Silicon n-p-n transistor for v.h.f./u.h.f. mobile applications. The device is 
mounted in a plastic, capstan strip-line encapsulation.

With a supply voltage of 13. 8V and a signal frequency of 470MHz, the BLY53A will 
produce 7. OW output into a 5OS2 load.

OUTLINE AND DIMENSIONS

vcc 
(V)

f

(MHz)
fdr 
(W)

QUICK REFERENCE DATA

Circuit
into 50Q

(W)
V 

(%)

Th 
(°C)

12.5 470 2.2 7. 0 min. 65 min. 25
13. 8 470 2.0 7. 0 min. 65 min. 25 Un-neutralised
13.8 470 2.0 7. 8 typ. 70 typ. 25 common -emitter 

class B
12.5 175 0.4 7.2 typ. 66 typ. 25

AU dimensions in mm
0 3370

ACCESSORIES

Nut and lock-washer supplied with device

Torque on nut: min. 0. 75Nm (7. 5kg cm)

max. 0. 85Nm (8. 5kg cm)

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

Electrical

VCBOM maX‘ 36 V

VCESMmaX' (RBE=0) 36 V

VCEO maX‘ 18 V

VEBO maX' 4.0 V

I max. 1.0 A

‘cm max’ (f - 10MHz) 4.0 A

P max. (f > 10MHz, T. < 70°C) tot — h —
10 W

See also graph below

Temperature

T stg
-65 to +150 °C

Mullard
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N-P-N SILICON PLANAR
V.H.F./U.H.F. TRANSISTOR BLY53A

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

Min. Typ. Max.

V(BR)CBO Collector -base breakdown voltage 
Ic = 10mA 36 - V

V(BR)CES Collector-emitter breakdown voltage
I = 10mA, R = 0C DIS 36 - V

V(BR)CEO Collector-emitter breakdown voltage 
1^ = 25mA 18 - V

V(BR)EBO Emitter -base breakdown voltage
I = 1. OmA c 4.0 - V

VCE(sat) Collector -emitter saturation voltage
I_ = 0.5A, I_ = 0.1A G D - 0.2 V

hFE Static forward current transfer ratio
I =0.5A, Vrp = 5. OV 10 40 -

Transition frequency
I„ = 0.5A, = 5.0V, f = 500MHzC Gil - 1300 - MHz

CTc Collector capacitance
V„D = 10V, U = I = 0, f=1.0MHz

Cd il e - 14 20 pF

CTe Emitter capacitance
V„D = 0, I = I = 0, f = 1. 0MHz EB C c - 65 pF

Ccs Collector-stud capacitance - 2.0 PF

♦Derived from the 'S' parameters measured at f = 50QMHz, T , = 25°C. amb

Mullard
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N-P-N SILICON PLANAR
V.H.F./U.H.F. TRANSISTOR BLY53A

APPLICATION INFORMATION
R.F. Performance in c.w. operation fT = 25°C)

vCC
(V)

f

(MHz)
PDR 
(W)

P^ into 5OS2

(W)
V

(%)

z.1 
(ft)

yl 
(mmho)

12.5 470 2.2 7. 0 min. 65 min. - -

13.8 470 2.0 7. 0 min. 65 min. - -

13.8 470 2.0 7. 8 typ. 70 typ. 2. 3+j 6. 3 50-j 36

12.5 175 0.4 7. 2 typ. 66 typ. 3+j 0. 5 90-j 40

At Pl = 7. OW and Vcc ~ 12. 5V, the output power at heatsink temperatures between 
25 and 90°C relative to that at 25°C is diminished typically by 10mW/°C.

The transistor is designed to withstand full load mismatch in the test circuit under 
the following conditions: -

XT = 16. 5V f = 470MHz T = 70°CCC n

V.S.W.R. =50:1 at any phase

PDR = PDR n°m' +2°%

Where P nom. = P for 7. OW transistor output into 5OS2 UK UK

load at Vcc = 13. 8V.

470MHz Amplifier circuit

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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APPLICATION INFORMATION (contd. )
Component values for 470MHz amplifier circuit

Cl = C2 = C4 = C5 = 1. 8 to 18pF film dielectric trimmer capacitors
C3 = 6. 8pF ceramic capacitor
C6 = 0. IgF ceramic capacitor
C7 = 4000pF feed-through capacitor
C8 = lOpF ceramic capacitor
LI = L4 = L5 = 20mm of straight 1. 2mm copper wire. Height above board = 2mm
L2 = 0. 47^11 choke
L3 = 1 turn of 1. 7mm copper wire, int. dia. 10mm, lead length = 5mm
R = 109 - carbon

Component layout on 1.5mm double copper clad fibre-glass board

Shaded area copper
Underside area completely copper clad

TYPICAL VARIATION OF LOAD POWER AND EFFICIENCY WITH DRIVE POWER

Mullard
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BLY53AN-P-N SILICON PLANAR
V.H.F./U.H.F. TRANSISTOR

APPLICATION INFORMATION (contd. )

INDICATED LOAD POWER AS A FUNCTION OF OVERLOAD

The transistor is suitable for use with unstabilised supply voltages. Theabove graph 
has been derived from an evaluation of the performance of transistors matched up to 
9 watts load power in the circuit on page 5, and subsequently subjected to various 
voltage overloads and mismatch conditions with v. s. w. r. up to 50: 1 at a heatsink 
temperature of 70°C. This indicates a restriction to the load power matched under 
nominal conditions with varying supply voltages and v. s. w. r. in the recommended 
circuit.

Mullard
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APPLICATION INFORMATION (contd. ) 
175MHz Amplifier circuit

Component values for 175MHz amplifier circuit

Cl = 30pF
C2 = 6OpF
C3 = 3OpF
C4 = 30pF

> concentric trimmer capacitors

C5 = 0. 25gF ceramic capacitor
C6 = 4. OnF feed-through capacitor
LI = 25mm of straight 1. 2mm copper wire. Height above board = 3mm
L2 = 3 turns of 0. 5mm copper wire on Ferrite FX1115
L3 = 5 turns of 1. 2mm copper wire d = 10mm. Close wound, lead length = 5mm
L4 = 3 turns of 1. 2mm copper wire d = 10mm. Close wound, lead length = 5mm
R = 10H - carbon

Component layout on 1.5mm single copper clad fibre-glass board

110mm 02782

Shaded area copper

Mullard
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N-P-N SILICON PLANAR
V.H.F./U.H.F. TRANSISTOR BLY53A

APPLICATION INFORMATION (contd. )

TYPICAL VARIATION OF LOAD POWER AND EFFICIENCY WITH DRIVE POWER

CAUTION
This device incorporates Beryllium Oxide, the dust of which is toxic. The device is 
entirely safe provided that it is not dismantled.

Care should be taken to ensure that all those who may handle, use or dispose of this 
device are aware of its nature and of the necessary safety precautions. In particular, 
it should never be thrown out with general industrial or domestic waste.

DISPOSAL SERVICE

Devices requiring disposal may be returned to the Mullard Service Department. They 
must be separately and securely packed and clearly identified. If any are damaged 
or broken they MUST NOT be sent through the post. In this case, advice is available 
from:

THE SERVICE DEPARTMENT
MULLARD LIMITED
P.O. BOX 142
NEW ROAD
MITCHAM
SURREY, CR4 4SR.

-------------------- Mullard---------------------
BLY53A Page 9



BLY55N-P-N SILICON
V.H.F. POWER TRANSISTOR

TENTATIVE DATA
Silicon n-p-n high frequency medium power transistor primarily intended 
for class B operation in v.h.f. amplifiers. The emitter is electrically 
connected to the envelope.

OUTLINE AND DIMENSIONS

QUICK REFERENCE DATA

V max. (peak r.f. 21.0MHz) CEjO 40 V
max. 20 VCEO

IcMmæ' (peak r.f. 21.0 MHz) 3.0 A
Pt max. (T t £100°C) tot mb 4.0 W
T. max. 

}
150 °C

f min. (I =0.2A, V, =5.0V, f=100MHz) 1 C Lh 250 MHz

Performance in a 175MHz common emitter amplifier:

Operation: f .m.

VCC Supply voltage 13.8 V
Pq Output power 4.0 W
0^ Power gain (typ.) 10 dB

0 Efficiency (typ.) 70 %

Conforms to J. E.D. E.C. TO-60

Millimetres

Min. Max.
A 9.53 11.56
B 2.29 3.43

C 5.46 8.13

0D 8.13 9.14

0D1 10.77 11.10
0D2 4.58 5.58

L 3.56 4.06

0T 0.76 1.17

Emitter electrically connected 
to envelope

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

Electrical
V max. (peak r.f. d.OMHz) GES
V max.CEO

40

20

V

V

max. 4.0 VEBO
Ic max. 1.0 A

IcMmaX. (Peakr-f- 21.0MHz) 3.0 A

‘cMmaX' <l-0MHz) 1.0 A
max. T , = 25°C, fal.OMHz 

tot mb 10 W
T . =25°C, fd.OMHz 

mb 8.0 W

See also pages 5 and 6

Temperature

T . range stg -65 to +150 °C 
o

Tj max. Continuous operation 150 c

Intermittent operation, total
duration 200 hours 200 c

THERMAL CHARACTERISTIC

Bth(j-mb) 12.5 degC/W

oELECTRICAL CHARACTERISTICS (T. = 25 C unless otherwise stated)
Min. Typ. Max.

I Collector-emitter cut-offCEb current
V„ =40V, V„ =0 0.10 5.0 mACE ’ EB
V = 20V, V„ =0 — 0.02 0.5 mACE EB

I„_„ Emitter cut-off current
V =4.0V, I =0 EB C - O.lp 0.5m A

h„„ Static forward currentFE . .transfer ratio

V0-2^ vce=5-ov 10 60 -

Mullard
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BLY55N-P-N SILICON
V.H.F. POWER TRANSISTOR

ELECTRICAL CHARACTERISTICS (cont'd)

Min. Typ. Max.

fT Transition frequency
I =0.2A, V =5.0V, U U Hr
f = 100MHz, T , = 25°C amb 250 450 - MHz

Ctc Collector capacitance 

vcb”^9V’ W0’ 
f = 0.5MHz - 11 15 PF

Cte Emitter capacitance
V^^O, I =1 =0, EB C c
f = 0.5MHz 45 65 90 pF

RECOMMENDED OPERATING CONDITIONS
As a medium power amplifier for the output stage of a small transmitter
or as a driver for larger output stages.
F.M. Operation

f Operating frequency 175 MHz

Vcc Supply voltage nom. 13.8 V
max. 16.5 V

V B Base bias voltage 0 V
P o Output power 4.0 W
p. Input power typ- 0.4 W

max. 0.6 W

Jcc Supply current typ. 420 mA

V Efficiency typ- 70 %

A heatsink of thermal resistance lOdegC/W is recommended for operation 
in ambient temperatures up to 65°C. At temperatures >65°C, derating is 
necessary.

Mullard
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BASIC V.H.F. AMPLIFIER CIRCUIT

The emitter is earthed via the case and the emitter pin is not connected

Component values for 175MHz amplifier circuit

C 30 pF

C2 60 pF

C3 30 pF

C4 30 pF

L} 1.0 inch of straight 18 s.w.g.

L2 3.0 turns of 24 s.w.g. on Ferrite FX1115

L$ 5.0 turns of 18 s.w.g., d = 3/8", 1 = 3/8".

L^ 3.0 turns of 18 s.w.g., d = 3/8", 1 = 3/8".

CAUTION

This device incorporates Beryllium Oxide, the dust of which is toxic. The 
device is entirely safe provided that it is not dismantled.

Care should betaken to ensure that all those who may handle, use ordispose 
of this device are aware of its nature and of the necessary safety precautions. 
In particular, it should never be thrown out with general industrial or 
domestic waste.

DISPOSAL SERVICE
Devices requiring disposal may be returned to Mullard Service Department. 
They must be separately and securely packed and clearly identified. If any 
are damaged or broken they MUST NOT be sent through the post. In this 
case advice is available from the Service Department, Mullard Ltd. New 
Road, Mitcham, Surrey.

----------------- Mullard------------------
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BLY55N-P-N SILICON
V.H.F. POWER TRANSISTOR

TYPICAL VARIATION OF OUTPUT POWER WITH INPUT POWER 
FOR V.H.F. AMPLIFIER

(See Recommended Operating Conditions on page 3)

MAXIMUM PERMISSIBLE POWER DISSIPATION PWTTED AGAINST 
MOUNTING-BASE TEMPERATURE FOR FREQUENCIES >1.0MHz

----------------- Mullard------------------
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BLY83
BLY84

N-P-N SILICON PLANAR
V.H.F. TRANSISTORS

For details see data sheets for types BLY35, BLY36 respectively
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N-P-N SILICON PLANAR
V.H.F. TRANSISTORS

BLY85
BLY97

TENTATIVE DATA

The BLY85 and BLY97 are primarily intended for class B operation in the v.h.f. 
driver stages of mobile transmitters. The BLY85 is designed for 4W f.m. operation 
at 13.8V supply and the BLY97 for 4W f.m. operation at 24V supply.

Unless otherwise stated data are applicable to both types

Typical c.w.

Type No.

QUICK REFERENCE DATA

V
&)

performance at T , <40°C mb -
P 

DR
(W)

PL 
(W)

vcc 
(V)

f

(MHz)

BLY85 13.8 175 0.2 4.0 64

BLY97 24 175 0.14 4.0 52

OUTLINE AND DIMENSIONS

For details see page 2

Mullard
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OUTLINE AND DIMENSIONS

ACCESSORIES

Nut and lock-washer supplied with device
Torque on nut : min. 0.7 5Nm (7.5kg cm)

■ max. 0.85Nm (8.5kg cm)

RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical BLY85 BLY97

V CES max. (f >1.0MHz) 40 66 V

V CEO max. 20 33 V

VEBO max. 4.0 4.0 V

*0 max. 1.0 1.0 A

’cM max. (f < 1.0MHz) 1.0 1.0 A

’cm max. (f > 1.0MHz) 3.0 3.0 A

p tot max. (f > 1.0MHz, T , < 25°C) — mb — 10 10 W

p tot max. (f < 1.0MHz, T , < 25°C) mb — 8.0 8.0 W

Temperature

T stg range -30 to +150 °C
n

T j max. (continuous operation) 150 c

T. max. (short duration overload conditions) 200 °C

Mullard
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N-P-N SILICON PLANAR BLY85
V.H.F. TRANSISTORS BLY97

THERMAL CHARACTERISTIC

Rth(j-mb) 12.5 degC/W

ELECTRICAL CHARACTERISTICS (T. = 25°C unless 
J

I Collector cut-off current
°Eb max., =0

otherwise stated) 

Min. Max.

5.0 mACE CES ’ BE
W=20V, V__ = 0 0.5 mACE BE

I __ Emitter cut-off current
EBO V =4.ov, v = 0 0.5 mAEB C

h Static forward current transfer ratio
I =0.2A, V -5.0V U CE

f_ Transition frequency
T I =0.2A, V =5.0V

V vis
f-lOOMHz, T = 25°Camb

10

250 MHz

C Collector capacitance
° V„ =10V, I =1 =0, f = 0.5MHz

CB E e 15 PF

C Emitter capacitance
e V^^O, I =1 =0, f-0.5MHz

EB C c 45 90 PF

R.F. Performance in c.w. operation
T , < 40°C mb -

vcc = ™™-
Type 

number
vcc 
(V)

f

(MHz)
PDR 
(W)

PL 
(W)

’c 
(mA)

G 
P 

(dB)
TJ

(%)
nom. max. min. max. min. min.

BLY85 13.8 16.5 175 0.4 4.0 480 10 60

BLY97 24 28 175 0.2 4.0 278 13 50

Mullard
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BASIC V.H.F. AMPLIFIER CIRCUIT

Component values for 175MHz amplifier circuit

Cl = 30pF
C2 = 60pF
C3 = 30pF
C4 = 30pF

LI = 1.0 inch of straight 18 s.w.g.
L2 = 3.0 turns of 24 s.w.g. on Ferrite FX1115
L3 = 5.0 turns of 18 s.w.g., d = 3/8", f = 3/8"
L4 = 3.0 turns of 18 s.w.g., d = 3/8", f = 3/8"

CAUTION
This device incorporates Beryllium Oxide, the dust of which is toxic. The device is 
entirely safe provided that it is not dismantled.

Care should be taken to ensure that all those who may handle, use or dispose of this 
device are aware of its nature and of the necessary safety precautions. In particular, 
it should never be thrown out with general industrial or domestic waste.

DISPOSAL SERVICE
Devices requiring disposal may be returned to the Mullard Service Department. 
They must be separately and securely packed and clearly identified. If any are 
damaged or broken they MUST NOT be sent through the post. In this case, advice 
is available from:

THE SERVICE DEPARTMENT 
MULLARD LIMITED
2.NEW ROAD, MITCHAM JUNCTION 
SURREY, CR4 4XY.
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BLY85-Page 4



BLY85
BLY97

N-P-N SILICON PLANAR
V.H.F. TRANSISTORS
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N-P-N SILICON PLANAR
EPITAXIAL V.H.F. TRANSISTOR BLY89A

N-P-N epitaxial planar transistor intended for use in class A, B and C operated mo
bile, industrial and military transmitters with a supply voltage of 13. 5 V. The tran
sistor is resistance stabilized. Every transistor is tested under severe load mis
match conditions with a supply overvoltage to 16. 5 V. It has a j" capstan envelope 
with a moulded cap. All leads are isolated from the stud.

MECHANICAL DATA

QUICK REFERENCE DATA

R. F. performance up to Tmb = 25 °C in an unneutralised common-emitter

Mode of 
operation

VCC 
(V)

f 
(MHz)

_
rs 
(W)

rL 
(W) (A)

Gp 
(dB)

n 
(%)

zi 
(Q)

YL 
(mA/V)

c. w. 13.5 175 < 6.25 25 <2.64 >6 >70 1.7+jl.4 209+jl3.7

Torque on nut: min. 15 kg cm 
(1.5 Newton metres) 

max. 17 kg cm 
( 1. 7 Newton metres)

Diameter of clearance hole in heatsink: max. 
5.0 mm.
Mounting hole to have no burrs at either end. 
De-burring must leave surface flat; do not 
chamfer or countersink either end of hole.

APRIL 1971 Mullard
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RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134)

Voltages
Collector-base voltage (open emitter) 
peak value

Collector-emitter voltage (open base)
Emitter-base voltage (open collector)

VCBOM max. 36 V
Vceo max. 18 V
VEBO max. 4 V

Currents
Collector current (average)
Collector current (peak value) f > 1 MHz

^(AV) max. 5 A
Icm max. 10 A

Power dissipation
Total power dissipation up to Tmb = 25 °C 

f > 1 MHz

Temperature
Storage temperature
Operating junction temperature

Tstg -30 to +200 °C
Tj max. 200 °C

THERMAL RESISTANCE

From junction to mounting base
From mounting base to heatsink

R-th j -mb - 2.5 °C/W
Rth mb-h = 0.3 °C/W

Mullard
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BLY89AN-P-N SILICON PLANAR
EPITAXIAL V.H.F. TRANSISTOR

CHARACTERISTICS Tj = 25 °C unless otherwise specified
Breakdown voltages
Collector-base voltage

open emitter, Ic = 50 mA V(BR)CBO > 36 V
Collector-emitter voltage

open base, Ic = 50 mA V(BR)CEO > 18 V
Emitter-base voltage
open collector; Ie = 10 mA V(BR)EBO > 4 V

Transient energy
L = 25 mH; f = 50 Hz

open base E > 8 mWs
-Vbe = 1-5V; Rbe=33Q E > 8 mWs

D.C. current gain
IC = 1 A; VCE = 5 V , typ.hFE 10 to 50

120
Transition frequency

IC = 4 A; Vce = 10 V fT typ. 650 MHz

Collector capacitance at f = 1 MHz
„ typ. 65 PFIe = Ie = 0; Vcb = 15 V Cc J 90 PF

Feedback capacitance at f = 1 MHz
Ic = 100 mA; VCE = 15 V -Cre typ. 41 PF

Collector-stud capacitance CCs typ. 2 PF
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N-P-N SILICON PLANAR
EPITAXIAL V.H.F. TRANSISTOR BLY89A

APPLICATION INFORMATION

R. F. performance in c.w. operation (unneutralised common-emitter class B circuit)
VCC = 13.5 V; Tmb up to 25 °C

f(MHz) PS (W) PL (W) Ic (A) Gp (dB)
175 25 < 2.64

”(%)
>70

Zi(Q)
1.7+jl.4

Yl (mA/V) 
209+jl3.7

Test circuit

Cl - 4 to 44 pF
C2 = 2 to 22 pF
C3 = C4 = 47 pF
C5 = 100 pF
C6 = 150 nF
C7 = 4 to 104 pF
C8 = 4 to 64 pF

film dielectric trimmer 
film dielectric trimmer 
ceramic 
ceramic
polyester
film dielectric trimmer 
film dielectric trimmer

LI = 0.5 turn enamelled Cu wire (1.5 mm); int.diam. 6 mm; leads 2x6 mm
L2 = L3 = ferroxcube choke
L4 = 3.5 turns closely wound enamelled Cu wire (1.5 mm); int.diam. 6 mm;

leads 2x6 mm
L5 = 1 turn enamelled Cu wire (1.5 mm); int.diam. 6 mm; leads 2x6 mm
RI = 10 fl carbon

Component lay-out for 175 MHz see page 6.
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APPLICATION INFORMATION (continued)
Component lay-out and printed circuit board for 175 MHz test circuit.

The circuit and the components are situated on one side of the epoxy fibre-glass 
board, the other side being fully metallised to serve as earth. Earth connections 
are made by means of hollow rivets.

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL V.H.F. TRANSISTOR BLY89A

CAUTION
This device incorporates Beryllium Oxide, the dust of which is toxic. The device is 
entirely safe provided that it is not dismantled.
Care should be taken to ensure that all those who may handle, use or dispose of this 
device are aware of its nature and of the necessary safety precautions. In particular, 
it should never be thrown out with general industrial or domestic waste.

DISPOSAL SERVICE
Devices requiring disposal may be returned to the Mullard Service Department. 
They must be separately and securely packed and clearly identified. If any are 
damaged or broken they MUST NOT be sent through the post. In this case, advice 
is available from:

THE SERVICE DEPARTMENT
MULLARD LIMITED
2,NEW ROAD, MITCHAM JUNCTION
SURREY, CR4 4XY.

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL V.H.F. TRANSISTOR BLY90

N-P-N silicon planar epitaxial v.h.f. power transistor for use in class A. B and C 
operated mobile transmitters with a 12. 5V supply. It can withstand severe load 
mismatch conditions with a supply overvoltage up to 15V.
The BLY90 has a plastic encapsulated stripline package with all leads isolated from 
the stud.

QUICK REFERENCE DATA
R.F. performance in an un-neutralised common-emitter class B circuit, 
Tu s 25°C.h

Operation V cc
(V)

f

(MHz)
PDR 
(W)

PL
(W)

'c
(A)

GP 
(dB)

n
(%)

z. 1
(Q)

yl 
(mA/V)

c. w. 12. 5 175 <15. 8 50 <5. 33 >5. 0 >75 1.3 + jl. 6 270 + jl60

OUTLINE AND DIMENSIONS

Torque on nut: min. 23kg cm (2.3N m). max. 27kg cm (2. 7N m)

Diameter of clearance hole in heatsink: max. 6. 5mm

Note: Do not chamfer the edges of the mounting hole when removing burrs.

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

Electrical

VCBOM maX’ 36 V

VCEO maX- 18 V

VEBO maX- 4. 0 V

‘C(AV) maX' 8. 0 A

‘cm max’ >lMHz> 20 A

P max. (f >lMHz, T, < 25°C) tot ' h —
Temperature

130 W

T stg -65 to +200 °C

Mullard
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BLY90N-P-N SILICON PLANAR
EPITAXIAL V.H.F. TRANSISTOR

cs

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

Max.Min. Typ.

V(BR)CBO Collector-base breakdown voltage 
open emitter, I^ = 100mA 36 - - V

V(BR)CEO Collector-emitter breakdown voltage 
open base, I = 100mA 18 - - V

V(BR)EBO Emitter-base breakdown voltage 
open collector, I = 25mA E 4.0 - - V

E Transient energy
L=25mH, f=50Hz

open base 8.0 - - mWs
-vBe = 1-5v’rbe = 33s 8.0 - - mWs

Ir Static forward current transfer ratior E I -1.0A, V_ ~5. 0VC Cd 10 50 -

fT Transition frequency
I = 6. 0A, V c = 10VC Cd - 550 - MHz

CTc Collector capacitance
I =1 -0, V =15V. f=lMHz E e Cd - 130 160 PF

-C Feedback capacitancere I = 200mA, V = 15VC CE - 82 - PF

c Collector-stud capacitance - 3. 5 - PF

Mullard
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APPLICATION INFORMATION (contd.)
Component layout and printed circuit board for 175MHz test circuit

D3266

The circuit and the components are situated on one side of the epoxy fibre-glass 
board, the other side being fully metallised to serve as earth. Earth connections 
are made by means of hollow rivets.

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL V.H.F. TRANSISTOR BLY90

Yccnom

INDICATED LOAD POWER 
AS A FUNCTION OF OVERLOAD 

(see note below)

NOTE

The transistor is developed for use with unstabilised supply voltages. The above 
graph has been derived from an evaluation of the performance of transistors matched 
up to 50 watts load power in the circuit on page 5, and subsequently subjected to 
various voltage overloads and mismatch conditions with V.S. W. R. up to 50: 1 at a 
heatsink temperature of 70°C. This indicates a restriction to the load power matched 
under nominal conditions with varying supply voltages and V. S. W. R. in the recom- 
mended circuit.

Mullard
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CAUTION

This device incorporates Beryllium Oxide, the dust of which is toxic. The device is 
entirely safe provided that it is not dismantled.

Care should be taken to ensure that all those who may handle, use or dispose of this 
device are aware of its nature and of the necessary safety precautions. In particular, 
it should never be thrown out with general industrial or domestic waste.

DISPOSAL SERVICE

Devices requiring disposal may be returned to the Mullard Service Department. 
They must be separately and securely packed and clearly identified. If any are 
damaged or broken they MUST NOT be sent through the post. In this case, advice 
is available from:

THE SERVICE DEPARTMENT
MULLARD LIMITED
2 NEW ROAD, MITCHAM JUNCTION
SURREY, CR4 4XY.

The issue o* the information contained in this publication does not imply

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL V.H.F. TRANSISTOR BLY93A

N-P-N epitaxial planar transistor intended for use in class A, B and C operated 
mobile, industrial and military transmitters with a supply voltage of 28 V. The 
transistor is resistance stabilized. Every transistor is tested under severe load 
mismatch conditions. It has a I" capstan envelope with a moulded cap. All leads 
are isolated from the stud.

QUICK REFERENCE DATA

R. F. performance up to T^ = 25 °C in an unneutralised common-emitter 
class B circuit.

MECHANICAL DATA

Mode of 
operation

vcc 
(V)

f 
(MHz)

PS 
(W)

pl 
(W)

!C 
(A)

n
(%)

zi
(Q)

yl 
(mA/V)

c. w. 28 175 < 3.1 25 <1.5 >9 >60 1.0+jl.2 57.7-j52.7

Dimensions in mm

Torque on nut: min. 15 kg cm 
(1.5 Newton metres) 

max. 17 kg cm 
(1.7 Newton metres)

Diameter of clearance hole in heatsink: max.
5.0 mm. ,
Mounting hole to have no burrs at either end. 
De-burring must leave surface flat; do not 
chamfer or countersink either end of hole.
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RATINGS Limiting values in accordance with the Absolute Maximum System (IEC134)

Voltages
Collector-base voltage (open emitter) 
peak value

Collector-emitter voltage (open base)
Emitter-base voltage (open collector)

Currents
Collector current (average)
Collector current (peak value) f > 1 MHz

Power dissipation
Total power dissipation up to T^ = 25 °C 

f > 1 MHz

VCBOM max. 65 V
VCEO max. 36 V
VEBO max. 4 V

^C(AV) max. 3 A

Icm max. 9 A

Temperature
Storage temperature
Operating junction temperature

Tstg -30 to +200 °C
Tj max. 200 °C

THERMAL RESISTANCE

From junction to mounting base
From mounting base to heatsink

Rth j-mb = 2.5 °C/W
Rth mb-h = 0.3 °C/W
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N-P-N SILICON PLANAR
EPITAXIAL V.H.F. TRANSISTOR BLY93A

CHARACTERISTICS Tj = 25 °C unless otherwise specified

Breakdown voltages
Collector-base voltage

open emitter, 1^ = 50 mA V(BR)CBO > 65 V
Collector-emitter voltage

open base, Ic = 50 mA V(BR)CEO > 36 V
Emitter-base voltage

open collector; Ie = 10 mA V(BR)EBO > 4 V

Transient energy
L = 25 mH; f = 50 Hz

open base E > 8 mWs
-VgE = 1.5 V; Rbe =33Q E > 8 mWs

D. C. current gain
IC = 1 A; Vce = 5 V hFE typ.

10 to
50

120
Transition frequency

IC = 3 A; Vce = 20 V fT typ. 500 MHz

Collector capacitance at f = 1 MHz
Ie = Ie = 0; Vcb = 30 v Cc typ- 50

65
pF 
pF

Feedback capacitance at f = 1 MHz
Ir = 100 mA; = 30 V “Cre typ- 31 PF

Collector-stud capacitance Ccs typ- 2 PF
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N-P-N SILICON PLANAR
EPITAXIAL V.H.F. TRANSISTOR BLY93A

APPLICATION INFORMATION

R. F. performance in c.w, operation (unneutralisedcommon-emitter class B circuit)
Vcc = 28 V; Tmb = 25 °C

f(MHz)
175

PS (W)
< 3.1

PL (W) 
25

Ic (A) 
< 1.5

Zi (Q) VL (mA/V)
1.0 +j 1.2 |s7.7-J52.7

Cl = 4 to 44 pF
C2 = 2 to 22 pF
C3 = C4 = 47 pF
C5 = 100 pF
C6 = 150 nF
C7 = 4 to 104 pF
C8 = 4 to 64 pF

film dielectric trimmer 
film dielectric trimmer 
ceramic
ceramic
polyester
film dielectric trimmer 
film dielectric trimmer

LI =0.5 turn enamelled Cu wire (1.5 mm); int.diam.6 mm; leads 2x6 mm
L2 = 6 turns closely wound enamelled Cu wire (0.7 mm); int.diam.4 mm;

leads 2x4 mm
L3 = L4 = ferroxcube choke
L5 = 3.5 turns enamelled Cu wire (1.5 mm); int.diam. 6 mm; leads 2x6 mm
L6 = 1.5 turns enamelled Cu wire (1.5 mm); int.diam. 6 mm; leads 2x6 mm
RI = R2 = 10 Q carbon

Component lay-out for 175 MHz see page 6.
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APPLICATION INFORMATION (continued)
Component lay-out and printed circuit board for 175 MHz test circuit.

"The circuit and the components are situated on one side of the epoxy fibre-glass 
board, the other side being fully metallised to serve as earth. Earth connections 
are made by means of hollow rivets.

The issue of the information contained in this publication does not imply 
any authority or licence for the utilisation of any patented feature.
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N-P-N SILICON PLANAR
EPITAXIAL V.H.F. TRANSISTOR BLY93A

CAUTION
This device incorporates Beryllium Oxide, the dust of which is toxic. The device is 
entirely safe provided that it is not dismantled.
Care should be taken to ensure that all those who may handle, use or dispose of this 
device are aware of its nature and of the necessary safety precautions. In particular, 
it should never be thrown out with general industrial or domestic waste.

DISPOSAL SERVICE
Devices requiring disposal may be returned to the Mullard Service Department. 
They must be separately and securely packed and clearly identified. If any are 
damaged or broken they MUST NOT be sent through the post. In this case, advice 
is available from:

THE SERVICE DEPARTMENT
MULLARD LIMITED
2.NEW ROAD, MITCHAM JUNCTION
SURREY, CR4 4XY.
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N-P-N SILICON PLANAR
EPITAXIAL V.H.F. TRANSISTOR BLY94

Silicon n-p-n planar epitaxial transistor intended for use in class A, Band C opera
ted mobile transmitters with a 28V supply. It is designed to withstand severe load 
mismatch conditions.
TheBLY94 is in a plastic-encapsulated stripline package with all leads isolated from 
the stud.

QUICK REFERENCE DATA
R.F. performance up to Th = 25°C in an un-neutralisedcommon-emitter 
class B circuit.

Operation
vcc 

(V)

f

(MHz)
PDR 
(W)

PL
(W)

’c
(A)

% 
(dB)

77

(%)

z. i
(S2)

yl 
(mA/V)

c .w. 28 175 <10 50 <2.75 >7 >65 0.7+jl.45 120-J70

OUTLINE AND DIMENSIONS

Torque on nut: min. 23 kg cm (2.3 Nm) 
max. 2 7 kg cm (2.7 N m)

Diameter of clearance hole in heatsink: max. 6.5mm
Note: Do not chamfer the edges of the mounting holes when removing bui'rs.

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

Electrical
max. 65 VCBOM

max. 36 VCEO
V__ _  max. 4.0 VEBO
I,. max. 6.0 AC(AV)
ICM max‘ (f >1MHz) 12 A

P, x max. (T, < 25°C, f >lMHz) tot h - 130 W

Temperature

T , -65 to +200 °C
stg

T. max. 200 °C
J

THERMAL CHARACTERISTICS

Rth(j-mb) 1.35 degC/W

R th(mb-h) 0.2 degC/W

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL V.H.F. TRANSISTOR BLY94

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

Max.Min. Typ-

V(BR)CBO Collector-base breakdown voltage 
open emitter, I = 100mA 65 - - V

V(BR)CEO Collector-emitter breakdown voltage 
open base, I = 100mA 36 - - V

V (BR)EBO Emitter-base breakdown voltage 
open collector, I =25mA E 4.0 - - V

E Transient energy
L=25mH, f = 50Hz 

open base 8.0 - mWs

-V„ =1.5V, R„ =339 8.0 mWs

hFE

fT

BE ’ BE

Static forward current transfer 
ratio

I =1.0A, V =5V

Transition frequency
I =6.0A, V =20V

10

500

120

MHz

CTc

C CE
Collector capacitance

1=1 =0, =30V, f = 1.0MHzE e CB - 75 130 PF

-C re Feedback capacitance
I = 100mA, V =30VC Ch - 47 - pF

C cs Collector-stud capacitance - 3.5 - PF

Mullard
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APPLICATION INFORMATION (contd.)

Component layout on a printed circuit board for 175MHz test circuit

The underside of the epoxy fibre-glass board is completely metallised and serves 
as earth.
Earth connections are made by means of hollow rivets.

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL V.H.F. TRANSISTOR BLY94

CAUTION

This device incorporates Beryllium Oxide, the dust of which is toxic. The device is 
entirely safe provided that it is not dismantled.
Care should be taken to ensure that all those who may handle, use or dispose of this 
device are aware of its nature and of the necessary safety precautions. In particular, 
it should never be thrown out with general industrial or domestic waste.

DISPOSAL SERVICE

Devices requiring disposal may be returned to the Mullard Service Department. They 
must be separately and securely packed and clearly Identified. If any are damaged 
or broken they MUST NOT be sent through the post. In this case, advice is available 
from:

THE SERVICE DEPARTMENT
MULLARD LIMITED
2 NEW ROAD, MITCHAM JUNCTION
SURREY, CR4 4XY.

Mullard
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N-P-N SILICON PLANAR
V.H.F. TRANSISTOR BLY97

For details see data sheet for type BLY85
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BRY39SILICON P-N-P-N
PLANAR TRANSISTOR

For use as a PROGRAMMABLE UNIJUNCTION TRANSISTOR

The BRY39 is a planar p-n-p-n trigger device in a TO-72 metal envelope, intended 
for use in switching applications such as motor control, oscillators, relay replace
ment, timers, pulse shaper, trigger device, etc.

See also data on BRY39 as a Silicon Controlled Switch and as a Thyristor Tetrode.

OUTLINE AND DIMENSIONS

QUICK REFERENCE DATA
V„ . max. GaA Anode gate to anode voltage 70 V

I. max. A Anode current, d.c. (T ^85°C) ' case 250 mA

T. max.
J

Junction temperature 150 °C

'p Peak point current (V = 10V, R = 10kS2) S G <5.0 gA

Valley point current (V_ = 10V, R = 1 OkS2) S G >50 gA

Conforming to B.S. 3934 SO-12A/SB4-3
J.E.D.E.C. TO-72

All dimensions in mm

Anode gate connected to case

*For the application of the BRY39 as a programmable unijunction transistor, cathode 
gate is not used.

Accessories available: 56246 (distance disc) and 56263 (cooling clip)
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RATINGS
Limiting values of operation according to the absolute maximum system.

Electrical

V_ . max. GaA Anode gate to anode voltage 70 V

I. max. A
Anode current (d. c. ) T , ^25°C 

amb 175 mA
T "85°C

case 250 mA

I.,», max.ARM Repetitive peak anode current 
t = lOgs, d = 0.01 2.5 A

‘asm max' Non-repetitive peak anode current 
t = 10ms, T = 150°C 3.0 A

dt

Rate of rise of anode current 
up to I a = 2. 5A 20 A/ps

Temperature

T stg Storage temperature -65 to +200 °C

T. max. 
J

Junction temperature 150 °C

THERMAL CHARACTERISTICS

^th(j -amb) Thermal resistance from junction 
to ambient, in free air 0.45 °C/mW

R , .th(j -case) Thermal resistance from junction 
to case 0. 15 °C/mW

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

Min. Typ. Max.

‘p Peak point current
= 10V; R = 10ki2S G 5.0 mA

vs = 10V, R = IMfì G 1.0 mA

Valley point current
V = 10V, R = 10k£2 50S G

- mA

Vs =I0V, R = 1MRG 50 mA

Mullard
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BRY39SILICON P-N-P-N
PLANAR TRANSISTOR

ELECTRICAL CHARACTERISTICS (contd.)

Practical test circuit
(1) Remove BCY71 for measurement of Ip

(2) The value of Rl depends on the voltage range of the voltmeter used.

Equivalent test circuit

+VB

BRY39 with "program” 
resistors Rl and R2

D3075.1
Equivalent test circuit 

for characteristics testing

Offset voltage (see graph on page 6) 

^offset =YP 'A (IA =°>
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ELECTRICAL CHARACTERISTICS (contd.)
Min. Max.

’caAO Anode gate to anode leakage current

IK=°’ VGaA = 70V

Typ.

10 nA

I Ga AO

‘GaKS Anode gate to cathode leakage current

VAK = °’ VGaK 70V 100 nA

V . Anode voltage
I. = 100mA A

V Peak output voltage
V. . = 20V, C = 0.2pF AA

t Rise timer

Mullard
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BRY39SILICON P-N-P-N
PLANAR TRANSISTOR
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BRY39SILICON P-N-P-N
PLANAR TRANSISTOR

For use as a SILICON CONTROLLED SWITCH

The BRY39 is a silicon planar p-n-p-n switch in a TO-72 metal envelope, intended 
as a driver for numerical indicator tubes and other switching applications. It is an 
integrated pnp-npn transistor pair, with all electrodes accessible. See also data on 
BRY39 as a Thyristor Tetrode and as a Programmable Unijunction Transistor.

OUTLINE AND DIMENSIONS

QUICK REFERENCE DATA

-V Max. emitter-base voltage of the P-N-P transistor
(open collector) 70 V

V Max. collector-base voltage of the N-P-N transistor
(open emitter) 70 V

-IERM Max. repetitive peak emitter current 2.5 A

p tot
Max. total dissipation —25°C) 275 mW

T j Max. operating junction temperature 150 °C

VAK Forward on-state voltage
I = 50mA, I = 0, R „ = lOkSI A Ga GkK <1.4 V

Si Holding current
La = -VBB = 2-0V’ 'LkK^ <1.0 mA

t on Turn-on time <0.25 ps

t 
q

Turn-off time <5.0 MS

Conforming to B.S. 3934 SO-12A/SB4-3
J.E.D.E.C. TO-72

□ 3073All dimensions in mm

The collector of the n-p-n transistor (anode gate) is connected to the case 
Accessories available: 56246 (distance disc) and 56263 (cooling clip)

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

p-n-p n-p -n

YCBO max‘ (°Pen emitter) -70 70* V

VCER maX’ <RBE = ’°kB> - 70* V
V max. (open base)C EU -70 - V
V_„_ max. (open collector) EdO -70* 5. Of V
I max. (d. c.) E
I max. (repetitive peak value,

175 -175 mA

M t = 10ps, d = 0.01) 2.5 -2.5 A
Ic max. (d. c.) - 175** mA

’cm max- (Pea^ value) - 1751 mA
P max. (T , <25°C) tot amb 275 mW

Temperature
T. max. j 150 °C

Tstg range -65 to+200 °C

THERMAL CHARACTERISTIC

Rth (j-amb) 0.45 °C/mW

*In numerical indicator tube driver circuits higher voltages are allowed, provided 
the collector current does not exceed a d. c. value of 1.0mA,

tin numerical indicator tube driver circuits higher voltages are allowed during the 
discharge of a capacitor of a maximum value of 390pF, provided the charge does 
not exceed 50nC.

**Provided the I_ rating is not exceeded.E
IDuring switching on, the device can withstand the discharge of a capacitor of maxi
mum value of 500pF. This capacitor is charged when the transistor is in cut-off 
condition, with a collector supply voltage of 160V and a series resistance of lOOkil.

Mullard
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BRY39SILICON P-N-P-N
PLANAR TRANSISTOR

SYMBOLS AND EQUIVALENT CIRCUITS
P-N-P-N structure and a two transistor equivalent circuit

(anode) (e2) (e2)

K K K
(cathode) (e^ (e^

D3I03
Silicon controlled switch

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

INDIVIDUAL N-P-N TRANSISTOR Min. Typ. Max.

Collector cut-off current
V„„ = 70V, Rd„ = 10k9 - - 100L> L Dil
V„„ = 70V, R = lOkQ, T. = 150°C - - 10

CL dL J
I„ Emitter cut-off current

I_ = 0, V = 5.0V, T. = 150°C - - 10
C EB j

nA 

pA

gA

Mullard
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ELECTRICAL CHARACTERISTICS (Contd. )

INDIVIDUAL N-P-N TRANSISTOR
v Collector-emitter saturation Min.

CE(sat) voltage
I = 10mA, Io = 1.0mA C B -

VBE(sat) Base-emitter saturation 
voltage
I = 10mA, I = 1.0mA C B

-

hFE D.C. current gain
I = 10mA, V = 2.0VC CE 50

fT Transition frequency
T = 10mA, V = 2.0VC CE -

CTc Collector capacitance
I =1 = 0, = 20VE e Cd

-

CTe Emitter capacitance
W0’ vEB = i.ov -

INDIVIDUAL P--N-P TRANSISTOR

Typ. Max.

- 500 mV

900 mV

'Vro Collector cut-off current
C ° ID = 0, = 70V, T. = 150°C -

d CB J
Emitter cut-off current

EB0 I = 0, -V = 70V, T. = 150°C - 
C EB j

h D.C. current gain
I = 1.0mA, V = 0 0.25E Cd

COMBINED DEVICE

300 - MHz

- 5.0 PF

- 25 PF

- 10 mA

- 10 pA

2.5

V. Forward on-state voltage
(RGkK = 10ki!) 
IA = 50mA, ^=0

I. = 50mA, I = 0, T. = -55°CA Ga j
I. = 1.0mA, I ~ 10mA A Ga

I Holding current
’Ga^0^’ -VBB = 2-0V' 

RGkK = IOk!2

1.9

1.2 V

1.0 mA

-------------------- Mullard
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BRY39SILICON P-N-P-N
PLANAR TRANSISTOR

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

Switching times (see also page 7)

t Turn-on time when switched from
°n -v^ = °-5V to+V = 4.5V, R = l.Okil <0.25 msCtKK CrKK (jKIn

t Turn-off time
q RGkK = J-°ki!

RGkK = lfM
R~, „ = 10kß, T. = 125°C 

GkK j
12

<5.0 us

<8.0 gs

05458
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APPLICATION INFORMATION
Decade ring counter circuit with display (f 40kHz)
Operating ambient temperature = 0 to 70°C

The issue of the information contained in this publication does not imply 
any authority or licence for the utilisation of any patented feature
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BRY39SILICON P-N-P-N
PLANAR TRANSISTOR
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SILICON P-N-P-N
PLANAR TRANSISTOR BRY39

VGkK(mV) IcalmA)

IGa<mA)
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BRY39SILICON P-N-P-N
PLANAR TRANSISTOR
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SILICON P-N-P-N
PLANAR TRANSISTOR BRY39

For use as a THYRISTOR TETRODE

The BRY39 is a planar p-n-p-n device in a TO-72 metal envelope, intended for use 
in switching applications such as relay and lamp drivers, sensing network for 
temperature, etc.
See also data on BRY39 as a Silicon Controlled Switch and as a Programmable Uni
junction Transistor.

OUTLINE AND DIMENSIONS

QUICK REFERENCE DATA

vd=Vr max. 70 V

VDRM=VRRM maX' 70 V

L max. (T < 85°C)T case — 250 mA
ITSM max. (t=10MS, T. = 150°C) 3.0 A
T. max. 

J
150 °C

dIT 
— max. 20 A/MS

Conforming to B.S.3934 SO-12A/SB4-3
J.E.D.E.C. TO-72

03073All dimensions in mm

Anode gate connected to case

Accessories available: 56246 (distance disc) and 56263 (cooling clip)

JULY 1971
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RATINGS
Limiting values of operation according to the absolute maximum system.

Anode to cathode

VD=VRmax. Continuous voltage 70* V

VDRM=VRRM maX' Repetitive peak voltage 70* V

VDSM=VRSM maX‘ Non-repetitive peak voltage 70* V

IT max. On-state current, d.c. 
T , < 25°C 175 mAamb — 
T < 85°C 250 mA

’trm max-
case —

Repetitive peak on-state 
current, t = 10gs, d = 0. 01 2.5 A

’tsm max- Non-repetitive peak on-state 
current, t = 10ps, T.-150°C 
prior to surge 3.0 A

dIT
— max.

Rate of rise of on-state current 
after triggering to 1^ = 2. 5A 20 A/ps

Cathode gate to cathode

VGkM maX- Reverse peak voltage 5.0 V

’GkM maX‘ Forward peak current 100 mA

Anode gate to anode

VGaM Reverse peak voltage 70 V

taM Forward peak current 100 mA

Temperature

T stg Storage temperature -65 to +200 °C

T.
J

Junction temperature 150 °C

THERMAL CHARACTERISTICS

Rth(j-amb) Thermal resistance from 
junction to ambient in free air 0.45 °C/mW

R th(j-case) Thermal resistance from 
junction to case 0. 15 °C/mW

*These ratings apply for zero or negative bias on the cathode gate with respect to 
the cathode, and when a resistor R < 10k2 is connected between cathode gate and 
cathode.

Mullard
BRY39 Page 2



BRY39SILICON P-N-P-N
PLANAR TRANSISTOR

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

Anode to cathode Min. Typ. Max.
V^ On -state voltage

1^ = 100mA - - 1. 4 V

dV^ Rate of rise of off-state voltage
that will not trigger any device

In., Peak reverse current
RM V = 70V

RM 1. 0

See note

100

below

nA
VD =70V, T. = 150°C RM j - - 2.0 mA

I„., Peak off-state current
DM V =70V

DM - 1.0 100 nA
V_ = 70V, T. = 150°C DM ] - - 2.0 mA

1^ Holding current
R =10k2, . = 220k2GkK GaA - - 250 mA

Cathode gate to cathode

V Voltage that will trigger all devices
Vd = 6V 0.5 - - V

I Current that will trigger all devices
Vd = 6V 1.0 - - mA

Anode gate to anode

V„ Voltage that will trigger all devices
VD-6V 1.0 - - V

I-, T Current that will trigger all devices
a VD = 6V’RGkK=1(M 100 - - mA

Switching characteristics
t Turn-on time (t = t, + t )on on d r

V =15V, I =150mA, R„. =10k9U 1 GKK
- - 300 ns

t Circuit-commutated turn-off time
° V = V = 15V, I = 150mA, R , = 10kS2 3.0 gs

Note: - The dVp/dt is unlimited when the anode gate lead is returned to the anode supply 
voltage through a current limiting resistor.
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SILICON P-N-P-N
PLANAR TRANSISTOR BRY39
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SILICON P-N-P-N
PLANAR TRANSISTOR BRY39

APPLICATION INFORMATION
Sensing network

Rg must be chosen in accordance with the light, temperature, or radiation intensity 
to be sensed; its resistance should be of the same order as that of the potentiometer.
In the arrangement shown, a decrease in resistance of Rg triggers the thyristor, 
closing the relay that activates the warning system. If the positions of Rg and the 
potentiometer are interchanged, an increase in the resistance of Rg will triggerthe 
thyristor.

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS

BSS40
BSS41

Silicon planar epitaxial n-p-n transistors intended for use in driving very high 
speed core or semiconductor memories and for similar applications.

Unless otherwise stated data are applicable to both types

QUICK REFERENCE DATA
BSS40 BSS41

VCBO maX‘ 60 60 V

VCEO maX' 40 30 V

‘cm max- 1.0 1.0 A

P max. (T < 25°C) tot. amb — 360 360 mW

h min. (I = 500mA, V = 1V) 25 25

VCE(sat)maX- V500"^ ‘B = 50mA) 0.5 0.5 V

L min. (I =50mA, Vpp = 10V) 200 200 MHz

t max. (-V . „=2V, I =500mA, I . =50mA)on BE(off) C B(on) 35 35 ns

t „max. (I = 500mA, I .„=50mA)off C B(on) B(off) 45 45 ns

OUTLINE AND DIMENSIONS

Conforming to BS3934 SO-12A/SB3-6A
J.E.D.E.C. TO-18

AU dimensions in mm 03648

Collector connected to case

Accessories available: 56246, 56263

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

Electrical

BSS40 BSS41

VCBO maX-

VCEO maX-

VEBO

^M maX-
w max-
P max. , T . < 25°C tot amb —

60

40

5.0

1.0

0.2

360

60

30

V

V

V
A

A

mW

Temperature

T stg
T max.

J

-65 to +200
200

°C 

°C

THERMAL CHARACTERISTICS

Ruz. .. (in free air) th(j-amb)
R , ,. .th(j-case)

480

150

°c/w 
°c/w

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

Min. Typ. Max.

V.Collector-base breakdown voltage
(BR)CBO 1=100^,1=0

C h 60 - - V

Collector-emitter breakdown voltage

V(BR)CER t E OmA’ RBE ”5012 BSS40

BSS41

60

50

- - V

V

V(BR)CEO Ic = 10mA, IB = 0 BSS40

BSS41

40

30 -
- V

V

V Emitter-base breakdown voltage
(BR)EBO i =i00pA, I =0

B C 5.0 - - V

I Collector cut-off current
V =40V, R =5OS2 CB dB
V =40, R =5OS1, T. = 150°CCB dB J - -

1.0

1.0

pA

mA

-IRT7V Base cut-off current
-Vee^-W, vce = 40v BSS40 - - 1.0 gA

-V =4.0V, V_ =30V dB CE BSS41 - - 1.0 nA

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS BSS40

BSS41

‘Measured under pulsed conditions t = 300ps, d = 0. 01

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

V„„, . ‘Collector-emitter saturation voltage
CEisat) t = 150mA, I = 10mA

C B
I - 500mA, I ~ 50mA C B

V„„. , * Base-emitter saturation voltage
BE(sat) I = 150mA, I = 10mA

C B
I = 500mA, I = 50mA C B

h„„ ‘Static forward current transfer ratioPR
I = 150mA, V_ = 1. 0V C CL
I = 500mA, V,=1.0V C CL

f Transition frequency
T I =50mA, V =10V, f=100MHz

C CB
C Collector capacitance

Tc I =1 =0, V =10V, f=1.0MHz
E e CB

C Emitter capacitance
Te I =1 =0, V =0.5V, f=l. 0MHz

C c EB

Switching characteristics (see test circuits on page 4)

t Turn-on time when switched from

30

25

200

-

0.3 V

0.5 V

1 .0 V

1.2 V

MHz

10 pF

50 pF

on -V-—, =2V to I = 500mA, I_. ,= 50mA
BE(off) C B(on)

t Turn -off time when switched from
° I = 500mA, I_. , = 50mA to cut-offC B(on)

with -I = 1. OmAB(off)
with -L, . =50mA B(off)

t Storage time when switched from
S I = 500mA, I . , = 50mA to cut -offC B(on)

with -I„. „ = 50mA B(off) 10

-

35 ns

250 ns

45 ns

ns

Mullard
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ELECTRICAL CHARACTERISTICS (contd. )

Turn-on time test circuit

BSS40, BSS41 t on t off
’c

(mA)

500

500

’ß(on) 
(mA)

50

50

’ß(off) 
(mA)

50

1

vcc 
(V)
30

30

R1 
(2) 
375 

750

R2 
(2) 

400

00

R3 
(2) 

56

56

R4 
(2) 

60 

60

“V DD
(V)
4

V 
in 

(V)
24. 75

+VBB 
(V)

16. 7

V.in
(V)

37.5

37.5

-VD 
(V)
3

Pulse generator
Pulse duration t 

P
Rise time t

> 500ns

< 5ns

Fall time t < 5ns

Source impedance R$ = 502

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS

BSS40
BSS41
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS

BSS40
BSS41
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04025 DAO26
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS

BSS40
BSS41
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS BSS40

BSS41

Mullard
BSS40-Page 11



BSS5O
BSS51
BSS52

N-P-N SILICON PLANAR
DARLINGTON TRANSISTORS

Silicon n-p-n planar Darlington transistors for industrial switching applications 
e.g. print hammer, solenoid, relay and lamp driving. Encapsulated in a TO-39 
envelope with the collector connected to the can.

QUICK REFERENCE DATA
BSS50 BSS51 BSS52

VCBO maX‘ 60 80 100 V

VCE 45 60 80 V
I max. 1.0 1.0 1.0 A
P max. (T , <25°C) 
tot amb - ' 0.8 0.8 0.8 W

P max. (T <25°C)
tot case 5.0 5.0 5.0 W

h min. (I = 500mA, V = 10V) 1500 1500 1500

VCE(sat)maX- dc = l-0A,IB=1.0mA) - 1. 6 - V

VCE(sat)maX- (Ic = 1.0A,IB = 4.0mA)
t .. typ. (I = 500mA, off 7 ' C

1.6 - 1. 6 V

v = T_, ... = 0. 5mA) B(on) B(off) 1.0 1.0 1.0 MS

Unless otherwise stated data are applicable to all types

OUTLINE AND DIMENSIONS

Conforms to BS 3934 SO-3/SB3-3B „ „ J- „ „ „ „ Collector connected to the envelopeJ. B. D. r,. C. lO-jy

0.86 
max

AU dimensions in mm 01574

Max. lead diameter is only guaranteed for 12. 7mm from the can.

Accessories available: 56218, 56245, 56265

FEBRUARY 1974
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RATINGS
Limiting values of operation according to the absolute maximum system.

Electrical

BSS50 BSS51 BSS52

VCBO maX‘ 60 80 100 V

*VCE maX‘ 45 60 80 V

V„_ max. 5.0 5.0 5.0 VEBO
I max. 1.0 1.0 1.0 A

I max. (peak value) 2.0 2.0 2.0 A

IB max. 0.1 0.1 0.1 A
P max. (T . s 25°C)
tot amb 0.8 0.8 0.8 W

(T 5 25°C) 5.0 5.0 5.0 Wcase

Temperature

Tstg range -65 to +200 °C 
o

T. max. 200 c
1

THERMAL CHARACTERISTICS
R , , , , 220 °c/wth(j -amb)
R 

th(]-case) 35 °c/w

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

Min. Typ. Max.

Of-» Collector cut-off currentLdU
vcb=45v’ V° BSS50 - - 50

vcb=60v’ V0 BSS51 - - 50

vcb=80v, ie=0 BSS52 - - 50

I Emitter cut-off currentEBO V = 4.0V, I =0JÌD V
- - 50

hFE Static forward current transfer ratio
Ic= 150mA, VCE = 10V 1500 - -

I = 500mA, V_=10V C Ch 1500 - -

£ £
* External R BE not to exceed value shown on page 5.
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N-P-N SILICON PLANAR
DARLINGTON TRANSISTORS BSS5O

BSS51
BSS52

ELECTRICAL CHARACTERISTICS (Cont'd)

Min. Typ. Max.

VCE(sat) Collector-emitter saturation voltage
I =500mA, I = 0.5mAC B - - 1.3 V
I =1.0A, I = 1.0mA G B BSS51 - - 1-6 V
I =1.0A, I = 4.0mAC B BSS50 - - 1.6 V

BSS52 - - 1.6 V
I - 500mA, I = 0. 5mA, C B T.=200°C ] - - 1.3 V
I =1.0A, I = 1.0mA, C B

Ic = 1.0A, Iß = 4.0mA,

T.=200°C
■fess 51

T. =200°C j
- - 2.3 V

BSS50 - - 1.6 V
BSS52 - - 1.6 V

VBE(sat) Base-emitter saturation voltage 1)
I = 500mA, I = 0.5 mAC B - - 1.9 V
I =1.0A, 1=1.0mAC D BSS51 - - 2.2 V
Ic = 1.0A, Iß = 4.0mA BSS50 - - 2.2 V

BSS52 - - 2.2 V

VBE Base-emitter voltage 2) 
Ic = 150mA, VCE = 10V 1.4 1.45 1.55 V
I = 500mA, V„„ = 10V C CE 1.5 1.55 1.65 V

hfe Small signal forward current transfer
I =500mA, V_„ = 5.0V, f = 35MHz C CE

ratio
7.5 10 -

Saturated switching times
I = 500mA, I = -T = 0.5mAC B(on) B(off)

t on
foff

Turn-on time

Turn-off time - 1.0

400
2.0

ns

MS
I =L0A, L .= -I „.= 1.0mA C B(on) B(off)

t on
‘off

Turn-on time

Turn-off time - 1.0

400

2.0

ns

MS

Notes: 1)VBE(sat) decreases by about 2.5mV/°C with increasing temperature.

2) V„ decreases by about 3.5mV/°C with increasing temperature.
BE

Mullard
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MEASUREMENT OF SATURATED SWITCHING TIMES

Test circuit for 500mA switching.

Switching waveforms

Mullard
BSS50 Page 4



N-P-N SILICON PLANAR
DARLINGTON TRANSISTORS BSS50

BSS51
BSS52

Mullard
BSS50 Page 5



Mullard
BSS50 Page 6



BSS50
BSS51
BSS52

N-P-N SILICON PLANAR
DARLINGTON TRANSISTORS
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pmin. N-P-N SILICON PLANAR
EPITAXIAL TRANSISTOR BSV52R

Silicon n-p-n planar epitaxial transistor in a microminiature plastic envelope, int
ended for high-speed switching in thin and thick film circuits.

vCBO

QUICK REFERENCE DATA

Vmax. 20

max. 20 VCES
V max. 12 V■ CEO
tcm max. 200 mA

p tot
max. (T u < 25°C) 

amb 200 mW
Tj max.

h at I = 10mA, V = IV r ü U CE
I = 50mA, V = IV min.C CE

C at I = 10mA, V = 10V,1C CE

150

40-120

25

°C

f = 100MHz min.

typ-

400

500

MHz

MHz

's max. at i =T , = -I . =10mAC B(on) B(off) 13 ns

All dimensions in millimetres 
Plan view from above

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

Electrical

V CBO max. 20 V

V CES max. 20 V

V CEO max. (I^ = 10mA) 12 V

V E0O max. 5.0 V
I 
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(j -amb) ... , . . \ .and ambient, the device mounted on

a ceramic substrate of 7 x 5 x 0. 5mm 0. 62 °C/mW

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

Min. Typ. Max.
I Collector cut-off currentCBO

‘e=°’ vcb = ‘ov - - 100 nA

‘e = o’ vcb = 10v’ Tj = 125°c - - 5.0 IjA

VCE(sat) Collector-emitter saturation voltage
1^ = 10mA, Ig = 0. 3mA - - 300 mV

1^ = 10mA, 1^ = 1.0mA - - 250 mV

I = 50mA, I = 5. OmAC D - - 400 mV

VBE (sat) Base-emitter saturation voltage
1^ = 10mA, Ig = 1.0mA 700 - 850 mV

1^ = 50mA, Ig = 5.0mA - - 1.2 V

h__ Static forward current transfer ratior B I = I.OmA, V = 1.0V C CB 25 - -

Ic = 10mA, VCE = 1.0V 40 - 120

I = 50mA, V = 1.0V C C-B 25 - -

fT Transition frequency
I = 10mA, V = 10V, f = 100MHz 400 500 - MHz

Mullard
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p min. N-P-N SILICON PLANAR
EPITAXIAL TRANSISTOR BSV52R

ELECTRICAL CHARACTERISTICS (contd. )

Min. Typ. Max.

CTc Collector capacitance 
IE=Ie = °, Vcb = 5.0V, 
f = l.OMHz - - 4.0 PF

CTe Emitter capacitance
I =1=0, V =1.0V,L> C
f = 1.0MHz 4.5 PF

SWITCHING CHARACTERISTICS

tg Storage time (Ic=IB(on)=-IB(off)

= 10mA) - - 13 ns

Test circuit and waveforms

Pulse generator: 
Zs=50a 
tr <1.0ns 
tp >300ns 
d <0.02

Oscilloscope :
Zin=50il 
tr < 1.0ns

D5725
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SWITCHING CHARACTERISTICS (contd.)

Min. Typ. Max.

t on Turn-on time when switched from
-V__ = 1.5V to I„ = 10mA, 

dE C
V3^’ -VBB = 3V’ Vin = 15V - - 12 ns

‘off Turn-off time when switched from
I = 10mA, I„ = 3mA, to cut-off withC B - - 18 ns

„. = 1.5mA, VDO = 12V, -V. = 15VB(off) BB in

Test circuit and waveforms

Pulse generator: 
zs = son 
tr < 1.0ns 
tp > 300 ns 
d < 0.02

Oscilloscope :
Zin = son 
tr < 1.0ns

□ 5726

Mullard
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BSV52Rp min. N-P-N SILICON PLANAR
EPITAXIAL TRANSISTOR
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p min. N-P-N SILICON PLANAR
EPITAXIAL TRANSISTOR BSV52R
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTOR BSV64

N-P-N silicon planar epitaxial transistor, with good high current saturation charac
teristics, primarily intended for use as a print hammer drive.

QUICK REFERENCE DATA

VCBO maX' 100 V

VCEO maX- 60 V

5.0 A

Px , max. (T < 50°C)tot case- 5.0 W

hFE min. (Ic = 2.0A, VCE = 2.0V)

fTtyp. (I =0.5A, V =5.0V,1 U IS

40

f = 35MHz, T =25°C) amb 100 MHz

t max. (I =5.0A, I =-I =0.5A)off C B(on) B(off) 1.2 gs

OUTLINE AND DIMENSIONS

Conforms to B.S. 3934 SO-3/SB3-3A

J.E.D.E.C. TO-39

All dimensions in mm 01574

Collector connected to case
The maximum lead diameter is guaranteed only for 12.7mm.

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical

VCBO maX' 100 V

VCERmaX' <RB-5OS2) 80 V

VCEOmaX’ 60 V

VEBO maX' 5.0 V

‘cm™*- 5.0 A

max. 2.0 A
I max. 1.0 A
P max. T < 50°Ctot case- 5.0 W

Temperature

T . stg -55 to +175 oC
T max.

J
+ 175 °C

THERMAL CHARACTERISTIC

R., ,. x max.th(j-case) 25 degC/W

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

I Collector cut-off current
CBO W«, VO

Min. Typ. Max.

- 10 MA

I Emitter cut-off current
- 10 mA

h Static forward current transfer ratio
F I '-2.0A, V =2.0V

C U lb 40 -

V Collector-emitter saturation voltage
CL(Sat) I = 5.0A, I =0.5A 

C B - 1.0 V

V Base-emitter saturation voltage
BE(Sat> I =5.0A, I =0.5A 

C B - 1.8 V

C Collector capacitance
C V =10V, I =1 =0, f=1.0MHz

CB E e - 80 pF

Mullard
BSV64 Page 2



N-P-N SILICON PLANAR
EPITAXIAL TRANSISTOR BSV64

ELECTRICAL CHARACTERISTICS (contd.)

Min. Typ.
f Transition frequency

I =0.5A, V =5.0V, f = 35MHz, C Ch
T -25°C - 100amb

Saturated switching times
V5-™’ W^offC0^’

VBE(off)^'°V

t Turn-on timeon

t „„ Turn-off timeoff

Max.

MHz

0.6 gs

1.2 ms

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 bythe 
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. 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 at temperatures above 100°C before incorporation into equip
ment, 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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DERATING AGAINST MOUNTING-BASE TEMPERATURE

The maximum permissible power for selected pulse widths and/or mounting-base 
temperature can be obtained from the graphs on pages 5,6 and 7, where the Pmax 
value for <50°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.C Ch

For mounting-base temperatures in excess of 50°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 5. 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 AB' 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.
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTOR BSV64
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTOR BSV64
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BSV64N-P-N SILICON PLANAR
EPITAXIAL TRANSISTOR
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTOR BSV68

Silicon planar epitaxial transistor intended for anode switching in dynamically driven 
numerical indicator tubes.

QUICK REFERENCE DATA

-vcER— (Rbe^o^) no V

-VCEO maX' 100 V

‘cM1™’ 100 mA

P. . max. (T < 25°C) tot amb — 250 mW
T. max. 150 °C

hPFmin- (-Ip = 25mA, -V =5V) r L U LL 30
f typ. (-1 = 25mA, -V =5V, f = 35MHz) L U Ct 95 MHz

OUT UNE AND DIMENSIONS

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

Viewed from underside

Millimetres

Min. Typ. Max.

4.8

5.3
12.7

0.48

1.17

1.16

2.54

5.8

Connections: 1. Emitter

2. Base

3. Collector connected to envelope

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

Electrical
110 V

-VCERmaX- RBE~‘9k^ 110* V

-V max. (-1 = 100M)C-iSU vx 100 V

-VEBOmaX- 6.0 V

-1^ max. 100 mA

■’cm“- loot mA

-k,. max. BM 100 mA

P max. (T , <25°C) tot amb - ' 250 mW

Temperature
T stg -65 to +150 °C

T max. 
J

150 °C

THERMAL CHARACTERISTIC

^th (j-amb) 0.5 degC/mW

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

Mln. Typ. Max.

-I„R„ Collector-base cut-off current
° I =0, -V„ =100V, T.-70°C

E CB j

-I Collector-emitter cut-off current

- - 10 mA

-V =110V, R = 10kS2 C/JS DE

Emitter-base cut-off current

- - io mA

-v™^ev
U IS.D

- - io mA

*The transistor may be operated in the breakdown region, provided the collector 
current does not exceed 10uA at T , = 70°C.amb
It can withstand an inductive load of 4mH in series with a resistance of 4kfi, com
bined with a collector current of 25mA before switching-off.

|The transistor can withstand a capacitive load of lOOpF, combined with a collector 
voltage equal to -V before switching-on.CER

Mullard
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P-N-P SILICON PLANAR BSV68
EPITAXIAL TRANSISTOR

ELECTRICAL CHARACTERISTICS (contd.)
Min. Typ.

-V Collector-emitter saturation voltage
CE(sat) j =25mAj -j =2.5mA 

C B
-V Base-emitter saturation voltage

BE(sat) =25mAj =2.5mA
C B

h Static forward current
FE transfer ratio

-I = 10mA, -Vce = 5V 30

-I = 25mA, -K. -.W 30C ct

C Collector capacitance
Tc I -I =0, -V = 10V,f=lMHz

E e CB

f Transition frequency

Max.

250 mV

900 mV

5.0 pF

MHz

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical

Vds^- Drain-source voltage 40 V

VDGO maX' Drain-gate voltage (open source) 40 V

~VGSO maX’ Gate-source voltage (open drain) 40 V

I max. G Forward gate current 50 mA

P max. tot Total power dissipation, T < 25°C 350 mW

Temperature

T stg Storage temperature -65 to +200 °C

T. max. 
J

Junction temperature 175 °C

THERMAL CHARACTERISTICS

Fth(j-amb) Thermal resistance from junction 
to ambient in free air 0.43 degC/mW

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

‘gss Gate cut-off current
-V„ =20V, V =0 0.25 nAGS DS
-V =2°V, V =0, T. = 150°CGo Do j - - 0.5 mA

‘d Drain cut-off current
VDS=15V’ -vgs=12V - - 0.25 nA

V “15V, -V =12V, T.-150°CDo Go j - - 0.5 mA

‘dss Drain current
vn«=15v. V =0 BSV78DO Lro 50 - - mA

BSV79 20 - - mA

BSV80 10 - - mA

-V (P)GS Gate-source cut-off voltage
ID = lnA, VDg=15V BSV78 3.75 - 11 V

BSV79 2.0 - 7.0 V

BSV80 1.0 - 5.0 V

Mullard
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N-CHANNEL SILICON
FIELD-EFFECT TRANSISTORS BSV78

BSV79
BSV80

ELECTRICAL CHARACTERISTICS (contd.)

Min. Typ. Max.
-V Gate-source voltage

I = 1.5pA, Vds=15V BSV78 3.5 - 10 V
BSV79 1.75 - 6.0 V
BSV80 0.75 - 4.0 V

V„„, , Drain-source 'on' voltage
DS(°n> I = 20mA, V =0 BSV78

D Go - - 500 mV
I = 10mA, V„ =0 BSV79D Go - - 400 mV
I =5mA, V =0 BSV80D Go - - 325 mV

t Drain-source ’on’ resistance
(On) I =0, V =0, f= 1kHz BSV78

D Go - - 25 2
BSV79 - - 40 fi
BSV80 - - 60 fi

y-parameters at f=lMHz (common source)
-V = iov, V =0 Go Do

C Input capacitance 10 PF
-C Feedback capacitancers - - 5 pF

Switching characteristics (see test circuit on page 4)

Turn-on time when switched from:

■VGSM=11VtOlD = 20mA’ VDD=1°V (BSV78) 

’VGSM= 7V ‘° ID= 10mA’ VDD~ 10V (BSV79)

"VGSM = 5V ‘° ID = 5mA’ VDD~10V (BSV8°*

t Delay time max.
BSV78

5.0

BSV79

10
BSV80

8.0 ns

t Rise time max. 5.0 5.0 7.0 ns

t Turn-on time max.on 10 15 15 ns

Mullard
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Switching characteristics (contd.)

Turn-off time when switched from:

I =20mAto -V =11V, V =10V (BSV78) 1J Lxolvl DU
ID=10mA to -Vgsm = 7V, Vdd=10V (BSV79)
ID = 5mA to-VGSM = 5V, VDD = 10V(BSV80)

Test circuit:

BSV78 BSV79 BSV80

‘f Fall time 6.0 10 20 ns

t s Storage time 4.0 5.0 5.0 ns

t off Turn-off time 10 15 25 ns

Input and output waveforms:

Vdd

10 - V
DS<°n> - 512 

ufon)

Pulse generator:

R. = 502 i
t < 0.5ns r
tf < 5ns

BSV78 BSV79 BSV80

Rl = 424 909 1885 2

Oscilloscope:

R. = 502 i
t < Ins

tf < Ins

Mullard
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N-CHANNEL SILICON
FIELD-EFFECT TRANSISTORS BSV78

BSV79
BSV80
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N-CHANNEL SILICON
FIELD-EFFECT TRANSISTORS

BSV78
BSV79
BSY80
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N-CHANNEL INSULATED GATE
FIELD EFFECT TRANSISTOR BSV8I

Depletion type, insulated gate, field effect transistor in a TO-72 metal envelope, 
with the substrate connected to the case. It is intended for chopper and other special 
switching applications e.g. timing circuits, multiplex circuits etc.
The BSV81 features a very low drain-source 'on' resistance, a very high drain
source 'off' resistance and low feedback capacitances.

QUICK REFERENCE DATA
rDS(on) maX' (W°’ VGS=5V’ 

vn -o, f=lkHz) 50 ß
rDS(off)min- ‘W1™’ -VGS=5V’ VBS=0) 10 Gß
-C max. rs <-vgs=5V’ vds=°’

^=0, f=lMHz) 0.5 PF
-C « max. rd <-vgd=5V> VSD=°’

^ = 0, f=lMHz) 1.2 pF

OUTLINE AND DIMENSIONS
Conforms to BS 3934 SO-12A/SB4-3

J.E.D.E.C. TO-72

A
B
Cl
C2
C3
DI
D2
D3
E
F
G

Millimetres
Min. Norn. Max.
4.53 - 4.8
4.66 - 5.33
- - 0.51
12.7 - -
12.7 - 15
- - 1.01
0.41 - 0.48
- - 0.53
0.84 - 1.17
0.92 - 1.16
- 2.54 -
5.31 5.84H

Viewed from underside Connections
1. Drain
2. Source

3. Gate
4. Substrate connected 

to envelope

Mullard
APRIL 1970 BSV81 Page 1



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

max. Drain-substrate voltageDB 30 V
Vc_ max. Source-substrate voltage 30 V
+V__ max. Gate-substrate voltage (continuous)GB
—VG N max' Repetitive peak gate voltage

(gate to all other terminals)

10 V

vsirvDB-°’f>100Hz
—VG-N max‘ Non-repetitive peak gate voltage

(gate to all other terminals)

15 V

VSB = VDB = °’ t<10mS
T max. Peak drain current

50 V

t = 20ms, d=0.1 r
I max. Peak source current

50 mA

t =20ms, d-0.1 r
P, . max. Total power dissipationtOt T ,<25°C

amb—
Temperature

50 mA

200 mW

T Storage temperaturestg 65 to +125 °C
Tj max. Junction temperature

THERMAL CHARACTERISTIC
R,, , Thermal resistance, junction to

125 °C

mu-amm . - A _ambient, in free air 0.5
ELECTRICAL CHARACTERISTICS (T. = 25°C unless otherwise stated)

Min.
L Drain cut-off current, Vbs=0

degC/mW

Max.

VDS=1°V’ -VGS=5V - 1.0 nA
VDS=1°V’ -VGS = 5V’ Tj = 125°C

I Source cut-off current, VBB = 0
- 1.0 gA

VSD = 10V’ -VGD = 5V - 1.0 nA
V =10V, -V =5V, T. = 125°C SD GD j

Gate current, VBg=0

- 1.0 mA

-Lss -VGS=10V’ VDS = 0 - 10 pA
LSS VGS=1^V’ VDS~Q - 10 pA
-LSS -VGS=10V’ VDS = °’ Tj = 125°C - 200 pA
LSS VoS^^’ VDS = °’ Tj = 125°C - 200 pA

Mullard
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N-CHANNEL INSULATED GATE
FIELD EFFECT TRANSISTOR BSV8I

ELECTRICAL CHARACTERISTICS (cont'd)

Substrate current, VGR = 0
Min. Max.

“IBDO -vbd=30V> V0 10 pA
-IBSO

rDS(on)
-vbs=30V’ V°

Drain-source 'on' resistance 
at f=lkHz, Vgg=0

10 pA

vrq=o, V=0 Crb DS - 100 2
vgs=°' vds=°' t3=125°c - 150 2

rDS(off)
+vgs=5V’ vds=°

Drain-source 'off' resistance

- 50 2

-VGS=5V' vds=1ov’ vbs=°
Feedback capacitance at f = lMHz

10 - G2

-Crs -vgs=5V' VDS=°’ V0 - 0.5 pF
-Crd -VGD=5V' vsd=0’ V0

Gate to all other terminals 
capacitance at f=lMHz

1.2 pF

Cg-n -V = 5V V =V =0GB v’ SB DB - 5.0 pF

OPERATING NOTE
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.

Mullard
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N-CHANNEL INSULATED GATE
FIELD EFFECT TRANSISTOR BSV8I
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS

BSW66
BSW67
BSW68

N-P-N silicon planar epitaxial transistors intended for highly inductive 
load switching.

Unless otherwise stated data is applicable to all types

QUICK REFERENCE DATA
BSW66 BSW67 BSW68

^Bo““' 100 120 150 V
VCEOmaX- 100 k 120 150 V
'cM maX' V2.0 A
P max. T =100°C tot case 2.85 W

T = 45°C amb 0.7 W
E max., L=150mH 5.0 mWs
T. max. 200 °C
Ii mln., V=5V, I = 10mA FE ’ CE ’ C 30

vCE=5v, ic = 500“a 30
V__. max., I = 500mA, I = 50mA CEisaB ’ C B 400 400 500 mV
f typ.,V =20V, -I = 100mA, f = 35MHz 1 CB h 80 MHz

OUTLINE AND DIMENSIONS
Conforms to BS 3934 SO-3/SB3-3A

J.E.D.E.C. TO-39 Collector connected to case

All dimensions in mm D1574

Max. lead diameter is only guaranteed for 12.7mm
Accessories available:- 56218, 56245, 56265

----------------- Mullard------------------
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical

BSW66 BSW67 BSW68

VCBOmaX' 100 120 150 V

VCEO maX' 100 120 150 V

VEBO maX' 6.0 V

‘c(AV) maX' «V20™) 1.0 A

‘cm max- 2.0 A

P max. T +25°C
tot case

5.0 w
T , ^25°C 

amb
0.8 w

E max. (switch-off energy, 
L=150mH) 5.0 mWs

Temperature

T range sty
-65 to +200 °C

T max.
J

200 °C

THERMAL CHARACTERISTICS

^th(j-amb)

Fth(j-case)

In free air 220

35

degC/W 

degC/W

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

Min. Ty p. Max.

I Collector cut-off current
CBO VCB = 1/2VCBOmaX- ‘E = ° - 100 nA

vcb = 1/2Vcbo ™x-‘e = 0>
T. = 150°C 5(i mA

VCB = VCBOmaX' ‘e = 0 - 101i ma

I Emitter cut-off current
V "3.0V, 1=0

IS ID C
- 100 nA

V„R = 6.0V, I =0 
iS JD C,

- 1010 IdA

V 
(BH)CEO

Collector-emitter 
voltage

breakdown

I = 100mA, 1=0 BSW6G 100 - V
BSW67 120 - V
BSW68 150 - V

Mullard
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N-P-N SILICON PLANAR 
EPITAXIAL TRANSISTORS

BSW66
BSW67
BSW68

ELECTRICAL CHARACTERISTICS (contd.)

V„_, „ Collector-emitter saturationCE(sat ' ' voltage

Min. Typ. Max.

I = 100mA, I = 10mA C B - - 150 mV
I = 500mA, I = 50mA

BSW66 - - 400 mV
BSW67 - - 400 mV
BSW68 - - 500 mV

I =1.0A, I = 150mA C B
V Base-emitter saturationBE (sat) ' voltage

1.0 V

I = 100mA, IB=10mA - - 0.9 V
1^ = 500mA, IB = 50mA - - 1.1 V

I =1.0A, I =150mA C B

hRR Static forward current
transfer ratio

- - 1.2 V

I = 10mA, V = 5.0V C, VIS 30 - -
I = 100mA, V =5.0V C Cis 40 - -

Ic = 500mA, VCE=5.0V 30 - -

I =1.0A, V =5.0V C CIS 15 - -

f Transition frequency
1 -I = 100mA, V =20V, f=35MHz

IS Cd

C Collector capacitance
VCB = 1°V>

80 MHz

f = 1.0MHz

C_ Emitter capacitance
VEB = °’ VV0’

35 PF

f = 1.0MHz

Switching characteristics (see test circuits on page 4)

- 650 PF

t Turn-on time
°n I =500mA,I =50mA, -V =4V

C Bon BEoff - 0.5 - JUS

t .. Turn-off timeoff I =500mA, I =-I„ ,,.-50mAC Bon Bott - 1.0 - ps

Mullard
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ELECTRICAL CHARACTERISTICS (cont'd)
Test circuit for switching characteristics

B9787

21V ------

0----

tp>5HS 
tr 10ns 
tf 10ns

Test circuit for switch-off energy
B9785

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS

BSW66
BSW67
BSW68
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BSXI9
BSX20

SILICON N-P-N PLANAR
EPITAXIAL TRANSISTORS

The BSX19 and BSX20 are n-p-n silicon planar epitaxial transistors, 
primarily intended for high-speed saturated switching and high frequency 
amplifier applications. TO-18 construction, collector connected to 
envelope.

Unless otherwise shown data is applicable to both types

QUICK REFERENCE DATA
BSX19 BSX20

VCBOmaX- 40 V
VCESmaX- 40 V
VCEOmaX- ^B = 15 V
Lm max- 500 mA
P, max. (T . =25°C) tot amb 360 mW
T. max. 200 °C

Vce”1'^^ 20-60 40-120
(I = 100mA, V = 2.0V) >10 >20

f min. (I = 10mA, V =10V)1 u uh 400 500 Mc/s
ts max. (Ic =^ = -1^ = 10^) 10 13 ns

V.A.S.C.A. SO-12A/SB3-6A
—A -

OUTLINE AND DIMENSIONS
Conforming to J. E.D. E. C. TO-18

Millimetres
Min. Nom. Max.

4.8
5.33

12.7
0.43
1.0
1.05
2. 54

5.3 5.55 5.8

Connections 1. Emitter
2. Base
3. Collector connected to envelope

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.
Electrical
VCBOmax- V0* 40 V
VCES max* <VBE = 0) 40 V
VCEOmax' ^B = °’ IC = 10mA) 15 V
VEBO maX' V0* 4.5 V
‘cm““1 (t = 10Ps) 500 mA
P max. (T . =25°C) tot amb

Temperature

360 mW

T min. stg -65 °C
T . max. stg 200 °C
T. max. J

THERMAL CHARACTERISTICS

200 °C

e. k j-amb 0.48 degC/mW
e.j-case 0.15 degC/mW

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

‘cBO Collector cut-off current
- - 400* nA

‘cES
V -20V, I =0, T.=150°CCB E j

Collector-emitter cut-off current
- - 30 gA

VCE=15V’VBE = °> Tj = 55°c - - 0.4 gA

‘ebo
vce=4ov> vbe=°

Emitter cut-off current
- - 1.0 gA

‘bex

VEB=4-5V> V0
Base-emitter cut-off current
V =15V, V =-3.0V, LE ISE

- - 10 gA

‘cEX
T. = 55°C 

J
Collector-emitter cut-off current

VCE=15V- vbe=-3-ov-

-0.6 gA

T. = 55°C 
J - - 0.6 gA

Mullard
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SILICON N-P-N PLANAR
EPITAXIAL TRANSISTORS BSXI9

BSX20

*These are the characteristics which are recommended for acceptance

Min. Typ. Max.
XB Base current

I =-10mA, V —= 0 BSX19 167*E CB - 500* pA

VCEO(sust)

VCER(sust)

BSX20 83*

Collector-emitter 
sustaining voltage

I =10mA, I =0 15*C B
Ic = 10mA, Rbe=10S2 20

-

250* gA

V

V

VCE(sat) Collector-emitter 
saturation voltage

I = 10mA, I = 1.0mA C B
I = 10mA, T = 0.6mA BSX19 C B

- 0.25* V
0.3 V

Ic = 10mA, 1$ = 0.3mA BSX20 - 0.3 V

VBE(sat)

VBE

hFE

fT

I = 100mA, I =10mA C B
Base-emitter saturation 
voltage

I -10mA, I =1.0mA 0.70’C B
I = 100mA, I = 10mA C B

Base-emitter voltage

V =20V, I =30pA, CE u
T. = 100°C 0.35

J
Static forward current 
transfer ratio

I =10mA, V„=1.0V BSX19 20 C CE
BSX20 40

I =10mA, V =1.0V, BSX19 10 C CB
T =-55°C BSX20 20

J
I = 100mA, V =2.0V BSX19 10 C CE

BSX20 20

Transition frequency

I =10mA, V„ = 10V BSX19 400 C Ch

tc _

500

0.60 V

0.85* V

1.5 V

V

60

120

- Mc/s

BSX20 500 600 - Mc/s

testing purposes.
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Max.Min. Typ.
Ctc Collector capacitance

vcb=5-ov’ W0’ 
f = 1.0Mc/s 4.0 pF

Cte Emitter capacitance
VEB = 1-0V- W0’
f = 1.0Mc/s

Switching characteristics
4.5 pF

t Turn-on tíme (see Fig.l)
Ic = 10mA, 1^ = 3.0mA
from V__=- 1.5V - - 12 nsBis
Ic = 100mA, Ig=40mA
from V =-2.25V - - 7.0 nsBE

tQff Turn-off time (see Fig.l)
Ic=10mA, IB = 3.0mA,

= BSX19 - - 15 nsBM
BSX20 - - 18 ns

Ic=100mA, IB=40mA,
Lgjj = -20niA. BSX19 - - .18 ns

----------------- Mullard------------------
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BSXI9
BSX20

SILICON N-P-N PLANAR
EPITAXIAL TRANSISTORS

Circuit conditions:

’c
(mA)

’s
(mA)

“’bM 
(mA)

vcc 
(V)

R1 = R2 
(k2)

R3 
(2)

R4
(2)

R5 
(k2)

10 3.0 1.5 3.0 3.3 50 220 0
100 40 20 6.0 0.33 56 0 1.0

t on ’off

VBB

(V)

VBE

(V)

V in
(V)

VBB

(V)

V.in
(V)

-3.0 -1.5 15 12 -15
-4.5 -2.25 20 15.3 -20

Note! -IgM is the reverse current that can flow during switching-off. 
The indicated -IgM is determined and limited by the applied cut-off 
voltage and series resistance.

Min. Typ. Max.
t Storage time (see fig.2)

I =1 =-I =10mA BSX19 - 5.0 10 nsC B BM
BSX20 - 6.0 13 ns

Mullard
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Storage time test circuit
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BSXI9
BSX20

SILICON N-P-N PLANAR
EPITAXIAL TRANSISTORS

TYPICAL CIRCUIT USING BSX20
NAND gate (Diode-transistor logic)

Typical delay time per stage t^lSns, when 'fan-in' =5

NOTE
Fan-out = 5 means that the circuit may be loaded by a maximum of five 
circuits, each presenting a load identical to that of one input branch of the 
input circuit itself.

Mullard
BSX19-Page D7



SILICON N-P-N PLANAR
EPITAXIAL TRANSISTORS

BSXI9
BSX20
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BSXI9
BSX20

SILICON N-P-N PLANAR
EPITAXIAL TRANSISTORS

COLLECTOR CURRENT PLOTTED AGAINST BASE CURRENT

Mullard
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COLLECTOR CURRENT PLOTTED AGAINST BASE-EMITTER VOLTAGE
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SILICON N-P-N PLANAR
EPITAXIAL TRANSISTORS BSXI9

BSX20

TYPICAL COLLECTOR CURRENT PLOTTED AGAINST JUNCTION 
TEMPERATURE

Mullard
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10
0 Ir (mA

)

TYPICAL STATIC FORWARD CURRENT TRANSFER RATIO PLOTTED 
AGAINST COLLECTOR CURRENT

Mullard
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SILICON N-P-N PLANAR
EPITAXIAL TRANSISTORS

BSXI9
BSX20

TYPICAL COLLECTOR-EMITTER SATURATION AND BASE-EMITTER 
SATURATION VOLTAGES PLOTTED AGAINST JUNCTION TEMPERATURE.

Mullard
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50

 
10

0 
15

0 Ti CC)
 200

TYPICAL BASE-EMITTER VOLTAGE PLOTTED AGAINST JUNCTION 
TEMPERATURE

----------------- Mullard------------------
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SILICON N-P-N PLANAR
EPITAXIAL TRANSISTORS

BSXI9
BSX20

COLLECTOR CUT-OFF CURRENT PLOTTED AGAINST JUNCTION 
TEMPERATURE

Mullard
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TYPICAL COLLECTOR CUT-OFF CURRENT PLOTTED AGAINST 
COLLECTOR-BASE VOLTAGE
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SILICON N-P-N PLANAR
EPITAXIAL TRANSISTORS

BSXI9
BSX20

TYPICAL BASE-EMITTER CUT-OFF CURRENT PLOTTED AGAINST 
JUNCTION TEMPERATURE
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TYPICAL VARIATION OF STATIC FORWARD CURRENT 
TRANSFER RATIO WITH JUNCTION TEMPERATURE

Mullard
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SILICON N-P-N PLANAR
EPITAXIAL TRANSISTORS

BSXI9
BSX20

TYPICAL COLLECTOR CURRENT PLOTTED AGAINST BASE - 
EMITTER VOLTAGE

TYPICAL TRANSITION FREQUENCY PLOTTED AGAINST COLLECTOR 
CURRENT

Mullard
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TYPICAL COLLECTOR CURRENT PLOTTED AGAINST BASE-EMITTER
VOLTAGE
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BSXI9
BSX20

SILICON N-P-N PLANAR
EPITAXIAL TRANSISTORS

EMITTER CAPACITANCE PLOTTED AGAINST EMITTER-BASE 
VOLTAGE

COLLECTOR CAPACITANCE PLOTTED AGAINST COLLECTOR-BASE 
VOLTAGE

Mullard
BSX19-PageC15



TYPICAL TURN-ON TIME PLOTTED AGAINST BASE CURRENT
TYPICAL TURN-ON TIME PLOTTED AGAINST JUNCTION TEMPERATURE

MuHard
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SILICON N-P-N PLANAR
EPITAXIAL TRANSISTORS BSXI9

BSX20

TYPICAL TURN-ON TIME PLOTTED AGAINST BASE CURRENT 
TYPICAL TURN-ON TIME PLOTTED AGAINST JUNCTION TEMPERATURE

Mullard
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TYPICAL TURN-OFF TIME PLOTTED AGAINST BASE CURRENT
TYPICAL TURN-OFF TIME PLOTTED AGAINST JUNCTION TEMPERATURE
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SILICON N-P-N PLANAR
EPITAXIAL TRANSISTORS

BSXI9
BSX20

TYPICAL TURN-OFF TIME PLOTTED AGAINST BASE CURRENT
TYPICAL TURN-OFF TIME PLOTTED AGAINST JUNCTION TEMPERATURE

-----------------Mullard------------------
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TYPICAL TURN-OFF TIME PLOTTED AGAINST BASE CURRENT
TYPICAL TURN-OFF TIME PLOTTED AGAINST JUNCTION TEMPERATURE
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SILICON N-P-N PLANAR
EPITAXIAL TRANSISTORS

BSXI9
BSX20

TYPICAL TURN-OFF TIME PLOTTED AGAINST BASE CURRENT 
TYPICAL TURN-OFF TIME PLOTTED AGAINST JUNCTION TEMPERATURE
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TYPICAL STORAGE TIME PLOTTED AGAINST BASE CURRENT
TYPICAL STORAGE TIME PLOTTED AGAINST JUNCTION TEMPERATURE

Mullard
BSX19'Page C22



SILICON N-P-N PLANAR
EPITAXIAL TRANSISTORS

BSXI9
BSX20

TYPICAL STORAGE TIME PLOTTED AGAINST BASE CURRENT 
TYPICAL STORAGE TIME PLOTTED AGAINST JUNCTION TEMPERATURE
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N-P-N SILICON
PLANAR TRANSISTOR BSX2I

N-P-N silicon planar transistor for use in general industrial applications 
and as a driver with numerical indicator tubes. TO-18 construction with 
collector connected to the envelope.

QUICK REFERENCE DATA

V max- (IF = °) Uo E +120 V

V „„ max. +80 VCEO 
I max. 50 mACM
P max. (T = 25°C) 

tot amb 300 mW

T max. 175 °C
J

h min. (I =4.OmA, V =+3.0V) r E U UE 20

f min. (I =4.OmA, V -+10V) 1 U UE 60 MHz

OUTLINE AND DIMENSIONS

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

Millimetres

Min. Nom.

A

B

C

D

E

F

G

H

12.7

5.3

1. 0
1. 05
2.54

5.55

Max.

4.8

5.3

0.48

5.8

Connections 1. Emitter

2. Base
3. Collector connected to envelope

JULY 1969
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical

»^CBO maX* +120 V

tVCEO maX' <V°> +80 V

VEBO maX' +5.0 V

»CM max- 50 mA

»C(AV) maX’ 50 mA

maX’ 50 mA

»ECAV)“^- 50 mA

Px x max. (T T25 C| tot amb

Temperature

300 mW

T . mln. stg -65 °C

T . max. stg 175 °C

T. max. 175 °C
J

THERMAL CHARACTERISTICS

R, /• ,, in free airth(j -amb) 0.5 degC/mW

R , ,. ,th (j -case) 0.15 degC/mW

* Averaged over any 20ms period.

fThe BSX21 may be operated in the breakdown region up to V =+160V, 
provided that P, - lOOmW at T . - 85°C.tot amb

IThe transistor can withstand a capacitive load of 500pF, with V^E max. = 
150V during switch-on.

Mullard
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N-P-N SILICON
PLANAR TRANSISTOR BSX2I

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

Min. Typ. Max.

‘CBO Collector cut-off current
VCB=+5OV- V0 - 0.5 - pA

vcb=+120V’ V - - 40 pA

^EBO Emitter cut-off current
V =+3.0V, I =0IS ±5 C - 0.1 - pA

VCE(sat) Collector-emitter saturation 
voltage
I =1.0mA, Ig = 100MA - +250 - mV
I = 10mA, 1= 1.0mA C B - +1.8 - V

VBE(sat) Base-emitter saturation 
voltage
Ic=1.0mA, I^IOO^A +670 mV
I -10mA, I -1.0mA C B - +900 - mV

V CE(sust) Collector-emitter sustaining 
voltage
I =4.0mA, 1=0C B +80 - - V

VBE Base-emitter voltage
I =4.0mA, V =+3.0VC CE - +700 +900 mV

hFE Static forward current 
transfer ratio
1=1.0mA, V =+3.0VC CB - 25 -

Ic=4.0mA, vce = +3-ov 20 40 -

Ic=10mA, Vce = +3.0V - 32 -

I = 20mA, V -+3.0V c ub - 7 -

°Tc Collector capacitance
W0’ VCB = +10V’
f-l.OMHz - 3.6 - PF

CTe Emitter capacitance 
W0’ VEB = +1-0V
f=1.0MHz - 8.5 - PF

fT Transition frequency
I =4.OmA, V„=+10V
C CB

60 120 - MHz

----------------- Mullard------------------
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TYPICAL CIRCUIT

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. Transistorsmaybedip-solderedatasolder temperature of 245°C for 
a maximum soldering time of 5 seconds. The case temperature during 
dip-soldering must not at any time exceed the maximum storage tem
perature. 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.
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BSX2IN-P-N SILICON
PLANAR TRANSISTOR

TYPICAL OUTPUT CHARACTERISTIC

Mullard
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TYPICAL VARIATION OF COLLECTOR-EMITTER AND BASE-EMITTER 
SATURATION VOLTAGES WITH JUNCTION TEMPERATURE

Mullard
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BSX2IN-P-N SILICON
PLANAR TRANSISTOR

TYPICAL VARIATION OF STATIC FORWARD CURRENT TRANSFER RATIO 
WITH EMITTER CURRENT AND JUNCTION TEMPERATURE

Mullard
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N-P-N SILICON
PLANAR TRANSISTOR BSX2I

COLLECTOR CAPACITANCE PLOTTED AGAINST COLLECTOR-BASE 
VOLTAGE AND EMITTER CAPACITANCE PLOTTED AGAINST 

EMITTER-BASE VOLTAGE

Mullard
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TYPICAL VARIATION OF COLLECTOR-BASE AND EMITTER-BASE CUT-OFF 
CURRENTS WITH JUNCTION TEMPERATURE

Mullard
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BSX2IN-P-N SILICON
PLANAR TRANSISTOR

MAXIMUM TOTAL DISSIPATION PWTTED AGAINST AMBIENT 
TEMPERATURE

Mullard
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SILICON PLANAR EPITAXIAL 
N-P-N TRANSISTORS

BSX59
BSX60
BSX6I

Silicon planar epitaxial n-p-n transistors intended for use in very high speed core 
driving applications

QUICK REFERENCE DATA
BSX60 BSX61BSX59

VCBO maX- 70 70 70 V
VCEO 45 30 45 V
I max. 1.0 1.0 1.0 A
P max. (T = 25°C)tot amb 800 800 800 mW
T max. J 200 200 200 °C
hFE V5001^’ VCE = 1-0V> 25min. 30-90 25min.
VCE(sat) maX' V5“’ IB = 5°mA) 
t max. (I = 500mA, I =50mA, on v C Bon

0.5 0.5 0.7 V

-VBEoff = 2-°V) 35 40 50 ns
t __ max. (I = 500mA, I =-I_ =50mA)off ' C Bon Boff ' 60 70 100 ns

Unless otherwise stated data is applicable to all types
OUTLINE AND DIMENSIONS

Conforming to B.S. 3934 SO-3/SB3-3A
J.E.D.E.C. TO-5

A 
B 
C 
D 
E
Fl 
F2 
F3 
Gl 
G2 
G3 
H 
J

Millimetres
Min. Norn. Max.
9.10 - 9.40
8.2 - 8.50
6.10 - 6.60
- 5.08 -
0.71 - 0.86
- - 0.51

12.7 - -
38.1 - 41.3
- - 1.01
0.41 - 0.48
- - 0.53
- 0.4 -
0.74 - 1.01

The collector is connected 
to the envelope
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RATINGS
Limiting values of operation according to the absolute maximum system.

Electrical

V _ max. CBO 70 V

V max. BSX59CEO 45 V

BSX60 30 V
BSX61 45 V

V max.EBO 5.0 V

I max. 1.0 A

I max.B 0.2 A
P max. (T , "25°C) 

tot amb

Temperature

800 mW

T , min. Stg -65 °C

T max. stg 200 °C

T max. 
J

THERMAL CHARACTERISTICS

200 °C

0 , (in free air)j-amb 0.22 degC/mW

e. , j-mb 0.035 degC/mW

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

Min. Typ.. Max.

’cBO Collector cut-off current
V =40V, 1=0 50 500 nACB ’ E
v„„"40V, I =0, T. = 150°C

CB E j - 100 300 pA

tebo Emitter cut-off current
V =4.0V, I =0 BSX59,60 50 300 nA

EB C BSX61 - 50 500 nA
V =4.0V, I =0, T. = 150°C 5. 0 50 pA

tcex

EB ’ C ’ J

Currents with reverse biased 
emitter junction

=40V, -V„ =4.0V BSX59,60 50 500 nA
CE ’ BE „ova-.BSX61 - 50 1000 nA

V "40V, -V =4.0V, T. = 150°C 
Ch BE j

BSX59,60 100 300 pA
BSX61 - 100 500 pA

-I =40V, -V =4.0V BSX59.60 50 500 nABEX CE BE BSX61 - 50 1000 nA
V =40V, -V =4.0V, T. = 150°C 

C E BE j
BSX59, 60 100 300 pA
BSX61 - 100 500 pA
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SILICON PLANAR EPITAXIAL 
N-P-N TRANSISTORS BSX59

BSX60
BSX6I

NOTE

ELECTRICAL CHARACTERISTICS (cont'd)

Min. Typ. Max.

\'11Z„T)ZA Collector-base breakdown(BR)CBO ,,' ' voltage
I =10pA, I =0 BSX59 70 120 V
C L BSX60 70 110 V

BSX61 70 100 V

Collector-emitter breakdown 
voltage

V „ I =100uA, V „=0 BSX59 60 110 V
(BR)CES C BE BSX6O)61 60 100 V

V „„ I = 10mA, I =0 BSX59.61 45 55 V(BR)CE° C B BSX6Q’ 30 50 V

V(BR)CEX ^BB^'^’ RB = 7M BSX59’61

V „ Collector-emitter saturationCE(sat)' ' voltage
I -150mA, I = 15mA BSX59 0.24

See note 1

0.3 V
C B BSX60 - 0.21 0.3 V

BSX61 - 0.18 0.5 V

I = 500mA, I = 50mA BSX59 - 0.44 0.5 V
C B BSX60 - 0.42 0.5 V

BSX61 - 0.4 0.7 V

I -1.0A, I = 100mA BSX59 - 0.58 1.0 V
C B BSX60 - 0.56 10 V

BSX61 - 0.56 1.3 V

„ Base-emitter saturationBE sat voltage
I = 150mA, I = 15mA C B 0.8 1.0 V

I = 500mA, I = 50mA BSX59 0.85 1.0 1.2 V
C B BSX60 0.7 1.0 1.3 V

BSX61 0.77 1.0 1.3 V

I =1.0A, I = 100mA C B - 1.2 1.8 V

h Static forward currentFE . ,transfer ratio
I =150mA, V =1.0V BSX59
C CE BSX60

BSX61

30
30
30

70
100
110

-

1. No breakdown may occur when the transistor is switched from Ic “ 1.0A 
to VqE = 60V with -Igog = 50mA.
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ELECTRICAL CHARACTERISTICS (cont'd)
Min. Typ. Max.

Static forward currentr E transfer ratio
I = 500mA, V =1.0V BSX59,61 25 - -C C BSX60 30 - 90
I = 1.0A, V =5.0V BSX59C G BSX60 20 40 -

25 50 -
BSX61 20 55 -

h£e Small signal forward 
current transfer ratio
I = 50mA, V =10V, C CE
f-lOOMHz 2.5 4.75 -

Cibo Input capacitance
-V^^O.SV, I =0,f = 1.0MHz BE C - 36 50 pF

Cobo Output capacitance
V„=10V, I -0, f = 1.0MHz CB E - 5.75 10 pF

Q Recovered charge (see fig.l)s I = 500mA, I =50mA, C B
VCC=3°V BSX60 - 3,8 5.0 nC

t Turn-on time (see fig.2)
Oil I = 500mA, I =50mA, =C Bon BEoff 2.0V,

V^OV BSX59 - 17 35 ns
Vcc = 30V BSX60 - 17 40 ns
Vcc = 50V BSX61 - 18 50 ns

t off Turn-off time (see fig.2)
I =500mA, I = -T = 50mA,C Bon Boff
Vcc = 50V BSX59 - 45 60 ns
vcc = 30V BSX60 - 58 70 ns
V “50V BSX61CO - 70 100 ns
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SILICON PLANAR EPITAXIAL
N-P-N TRANSISTORS BSX59

BSX60
BSX6I

Recovered charge test circuit and waveforms
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SILICON PLANAR EPITAXIAL
N-P-N TRANSISTORS BSX59

BSX60
BSX6I

TYPICAL VARIATION OF STATIC FORWARD CURRENT TRANSFER RATIO
WITH COLLECTOR CURRENT AT V = 1.0 and 5.0V RESPECTIVELY CE

Mullard
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TYPICAL VARIATION OF STATIC FORWARD CURRENT TRANSFER RATIO 
WITH JUNCTION TEMPERATURE ; BSX59

TYPICAL VARIATION OF STATIC FORWARD CURRENT TRANSFER RATIO 
WITH JUNCTION TEMPERATURE; BSX60
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SILICON PLANAR EPITAXIAL
N-P-N TRANSISTORS BSX59

BSX60

TYPICAL VARIATION OF STATIC FORWARD CURRENT TRANSFER RATIO 
WITH JUNCTION TEMPERATURE; BSX61

TYPICAL VARIATION OF SMALL SIGNAL FORWARD CURRENT 
TRANSFER RATIO WITH COLLECTOR CURRENT

----------------- Mullard------------------
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TYPICAL VARIATION OF COLLECTOR-EMITTER SATURATION 
VOLTAGE WITH COLLECTOR CURRENT
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SILICON PLANAR EPITAXIAL
N-P-N TRANSISTORS

BSX59
BSX60
BSX6I

TYPICAL VARIATION OF BASE-EMITTER SATURATION VOLTAGE 
WITH COLLECTOR CURRENT AND JUNCTION TEMPERATURE 

RESPECTIVELY

Mullard
BSX59-Page C5



TYPICAL VARIATION OF INPUT CAPACITANCE WITH 
BASE-EMITTER VOLTAGE

TYPICAL VARIATION OF OUTPUT CAPACITANCE WITH 
COLLECTOR-BASE VOLTAGE
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SILICON PLANAR EPITAXIAL
N-P-N TRANSISTORS

BSX59
BSX60
BSX6I

TYPICAL VARIATION OF TURN-ON AND TURN-OFF TIME 
WITH JUNCTION TEMPERATURE
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SILICON PLANAR BSY95A
EPITAXIAL N-P-N TRANSISTOR

Silicon planar epitaxial n-p-n transistor for general purpose low level 
switching applications.

QUICK REFERENCE DATA

VCBO maX- 20 V
VCEO maX- 15 V
‘cm max- 200 mA
P. t max. (T u <25°C) tot amb
h (I = 10mA) r E U

min.T
(I = 10mA, V =9.0V, U CL

300
50-200

mW

f = 100MHz) 200 MHz
t max. s 50 ns

OUTLINE AND DIMENSIONS
Conforming to J.E.D. E.C. TO-18

B.S. 3934 SO-12A/SB3-6A

Viewed from underside

Millimetres
Min. Typ. Max.

A 4.53 - 4.8
B 4.66 - 5.33
Cl - - 0.51
C2 12.7 - -
C3 12.7 - 15
DI - - 1.01
D2 0.41 - 0.48
D3 - - 0.53
E 0.84 - 1.17
F 0.92 - 1.16
G - 2.54 -
H 5.31 5.84

Connections 1. Emitter 3. Collector connected to envelope
2. Base

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

V,,,,,, max. 20 VCBO
VCEO maX- 15 V
VEBO 5.0 V
^(AV) maX- 100 mA
’cm max- 200 mA
P. , max. (T v 525°C) tot amb

* Averaged over any 20ms period.
Temperature

300 mW

T x min. stg -65 °C
T x max. stg 175 °C
T max. (operating)

THERMAL CHARACTERISTIC

175 °C

Rth(j-amb) 0.5 degC/mW
ELECTRICAL CHARACTERISTICS (T , =25°C unless otherwise stated) amb

Min. Max.
I Collector cut-off current

V =16V, L"0 U.D IS
Collector-base breakdown BR(CBO) ,.' voltage

— 50 nA

1^ = 1.oma

Iron Emitter cut-off current
20 - V

EBO V =1.5V, I =0
£/±5 C

V.__. Emitter-base breakdown(BK)EBO ,,' ' voltage

25 nA

I =10mA JtL
I„„ Collector-emitter cut-offUBO current

5.0 V

V =12V, I =0 Uh -D
Collector-emitter breakdown (BR)CEO voltage

250 nA

Ic = 10mA**
f Transition frequency

I = 10mA, V =9.0V, U uh

15 V

f = 100MHz
**Pulsedt Pulse width = 300|is, duty cycle <2%.

200 - MHz

Mullard
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SILICON PLANAR
EPITAXIAL N-P-N TRANSISTOR

BSY95A

Min. Max.
h Common emitter forwardIB i . ~ .current transfer ratio

I =1.0mA, V =0.:!5V 30C CB
I = 10mA, V= 0.35V 50C CB

Vm,, Collector-emitterCE(sat) , ,.saturation voltage

200

I = 10mA, IB = 0.2mA
V„„, Base-emitter saturationBE(sat) voltage

0.35 V

I =10mA, I =0.2mA 0.67C B

C Collector-base capacitance
° vcb=9-ov’ V0

0.87 V

f = 1.0MHz

t Storage time

6.0 pF

S I = 10mA
See test circuit on page 4

SOLDERING AND WIRING RECOMMENDATIONS

50 ns

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 
solderingmustnotatanytimeexceedthe 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 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.

Mullard
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STORAGE TIME TEST CIRCUIT
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BU126HIGH VOLTAGE N-P-N
SILICON POWER TRANSISTOR

High voltage n-p-n silicon power transistor intended for use in the switched mode 
power supply of television receivers.

QUICK REFERENCE DATA

VCESM maX' (VBE 0) 750 V

VCEXM maX’ ^BE^) 750 V

‘cm max‘ Keak value) 6 A
P max. (T 50°C)
tot ' mb ' 30 W

^CE(sat)maX' (Ic=2.5A,Ib = 0.25A) 10 V
tftyp. (ICM=2.5A, IB(end) = 0.25A) 0. 15 MS

OUTLINE AND DIMENSIONS

Conforms to BS 3934 SO-5A/SB2-2
J.E.D.E.C. TO-3

Millimetres
— A— Min. Nom. Max.

E
1___ ¿'S fi-

__ j 1 A - 16.y

CB B ~ ~ 26.6
1 1 C - 10.9

r

D-----

n

1 N

D - 30.1

E 4.0 - 4.2

G 1 F - - 20.3
—H 1 G 3 15p---

L—
K---- -

’ ’ J
J H - - 9.5

T J 11 - 13

K - - 39.5

L - 1.0 -

Collector electrically connected 
to the envelope

ACCESSORIES

56201 consisting of: - 56201A (insulating bushes) and 56201B (mica washer)
56214 lead washer
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RATINGS
Limiting values of operation according to the absolute maximum system.

Electrical

VCESM maX- (VBE = 0) (peak Value) 750 V

VCEXM maX' (■VBE = 1-5V)(peak value> 750 V
V__„ max. (open base) CtsO 300 V
1^ max. (d. c.) 3 A

’cm max. (peak value) 6 A

-’cm max. (peak value) 3 A
I max. (d. c.)D 2 A

I_,, max. (peak value)BM 2 A

max. (d.c. or averaged over d(A V) _ _ , ,. 100 mAany 20ms period)
-I max. (peak value, turn-off current) 1.5 A
ptot max. (Tmb^50°C) 30 W

Temperature

Tstg range -65 to +125 °C

Tj max. +125 °C

THERMAL CHARACTERISTICS
D

th( j -mb) 2.5 °c/w
R ., , , , with mica washer and lead washer th(mb-hs) 0.75 °c/w
R.u, . . v with lead washer only th(mb-hs) 1 0.5 °c/w

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

Min. Typ. Max.

I Collector cut-off current t
N = 750V; VDT7 = 0 0.5 mACE BE
VnR = 750V; Vn„ = 0, T. = 125°C 

Uli Dii J 2 mA

I Emitter cut-off current
EBO u = o; = 6v 5 mAC EB

h Large signal forward current transfer
ratio
1 = 1A; XT = 5V 15 - 60C CE

V . Collector-emitter saturation voltage
(Sat) I„ = 2.5A; I = 0.25A

C D 10 V
Ic=4A; Ib = 1A 5 V

tMeasured with a half sinewave voltage (curve tracer).
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HIGH VOLTAGE N-P-N
SILICON POWER TRANSISTOR BUI 26

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

V„„, . Base-emitter saturation voltage
BE(sat> I = 2. 5A, I = 0.25A 

C B 1.5 V

V Collector-emitter sustaining voltage
CEOfsustjj = 0. 100mA; L = 25mH 300

B C

0 5006

Oscilloscope display for V___ sust CEO Test circuit for V_„_ sust CEO
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ELECTRICAL CHARACTERISTICS (contd. )

f Transition frequency
T I = 0.2A, V = 10V, f = 1MHz

C Ch.

■C Collector capacitance
Tc 1=1=0, V = 10V, f = IMHz

E e CB

C Emitter capacitance
Te I =1 = 0, V„ = 2V, f = 1kHz

C c EB

Turn-off time
I = 2.5A, I. .. =O.25ACM B(end)

t Storage times
t Fall time

Practical turn-off circuit

Min. Typ. Max.

8 - MHz

85 - pF

1.4 - nF

1.2 - ps

0.15 - ps

Min. Typ. Max.

V (t ) Allowable value of V after 0.5ps - - 500 VCh 1 CE
T1 Core EI 25

nl = 350 turns, WOmH
n2 = 32 turns
Leakage inductance at secondary 3gH

The value of Ci depends on the stray capacitance of T2&nd on the capacitive loading 
of the secondary (typical value for C j is 1. 5nF).

The issue of the information contained in this publication does not imply any authority or licence for the utilisation of any patented feature.
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HIGH VOLTAGE N-P-N BU126
SILICON POWER TRANSISTOR win.

Safe Operating Area (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 in switched mode power supply 
circuits, provided tp < 0. 6ms and Rgg < 1002

TV Repetitive pulse operation in this region is allowable, provided
VOE? <0 and t_ <2ms DD — P ~
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BU126HIGH VOLTAGE N-P-N
SILICON POWER TRANSISTOR
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BU126HIGH VOLTAGE N-P-N
SILICON POWER TRANSISTOR

APPLICATION INFORMATION (Note 1)

Switched-mode power supply circuits

Important factors in the design of switched-mode power supply circuits are the power 
losses and heatsink requirements of the output transistor and the base drive condition 
during turn-off. The basic arrangements for parallel and series-type switched-mode 
circuits are shown in Figs. 1, 2 and 3, together with the basic waveforms.
In power supply circuits for colour receivers the duty cycle 6 varies between 0.4 and 0.6.
Fig.4 gives the nominal value of the recommended base current Igen{j versus the maxi
mum peak collector current (which occurs at maximum load and minimum input voltage).
Fig. 5 shows the base current waveform during turn-off.
Fig. 6 gives the total device dissipation Ptot versus the maximum peak collector current.
The max. permissible thermal resistance for the heatsink can be calculated from:

„ , v Timax ' Tamb „
Rth(mb-a)max (Note 2) =-------=------------Rthi-mb

rtot
For the BU126: Tj max = 125°C and Rth j.mb = 2,5°C/W

To ensure thermal stability, the thermal resistance of the heatsink used must not exceed 
the value plotted in Fig. 7.

Fig. 1 Parallel type switched- 
mode power supply, basic 
circuit arrangement.

Fig.2 Series type switched-mode 
power supply, basic circuit 
arrangement.

NOTES

1. Detailed application information available on request.
2. Including additional thermal resistances resulting from mounting hardware.
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APPLICATION INFORMATION 
(continued)

Fig. 3 Waveforms applying 
to switched-mode power 
supplies.

EriïTTTTHWffm 
0 125 250 375 500

^(endJnom^A^

Fig. 4 Recommended nominal value of 
base current versus max. peak collector 
current.
Applies for ratio I /I >2 (Fig. 3).1V1 Vj 1
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HIGH VOLTAGE N-P-N
SILICON POWER TRANSISTOR BUI26

APPLICATION INFORMATION
(continued)

Fig. 7 Max. allowable value of R , . , , , , th(mb-a)to ensure thermal stability.
Fig.6 Total transistor dissipation 
versus max. peak collector current.
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BUI 33HIGH VOLTAGE
SILICON POWER TRANSISTOR

High voltage n-p-n power transistor intended for general purpose consumer appli
cations.

QUICK REFERENCE DATA

Collector-emitter voltage (V = 0) (peak value) 
dB VCESM max. 750 V

Collector current (peak value) 

Total power dissipation up to
’cm max. 6 A

^mb = 5°°^

Collector-emitter saturation voltage

p tot max. 30 W

V = 2.5A; 1 = 0.25AC B
Fall time

V
CE sat < 10 V

’cM=2‘5A' ’b1 ~ "‘b2 ~ °* 5A* VCC ” 123V tf typ. 0.5 MS

MECHANICAL DATA Dimensions in mm

Collector connected to case

TO-3

Accessories available: 56201 and 56214

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

Voltages

Collector-emitter voltage (VgE = 0) (peak value) VCESM max. 750 V
Collector-emitter voltate (-V„_ = 1.5V) (peak value) BE V CEXM max. 750 V
Collector-emitter voltage (open base) V CEO max. 250 V

Currents

Collector current (d. c.) rc max. 3 A

Collector current (peak value) max. 6 A

Reverse collector current (peak value) »CM max. 3 A

Base current (d.c.) 'b max. 2 A

Base current(peak value) [BM max. 2 A

Reverse base current (d. c. or average over 
any 20 ms period) »B(AV) max. 100 mA

Reverse base current (peak value) (note 1) »BM max. 1.5 A

Power dissipation

Total power dissipation up to T^ = 50°C Ptot max. 30 W

Temperatures

Storage temperature T stg -65 to +125 °C

Junction temperature T. 
J max. 125 °C

THERMAL RESISTANCE

From junction to mounting base ^th( j -mb) 2.5 °c/w
From mounting base to heatsink 

with mica washer and lead washer 
(56201 and 56214) Rl t_ i_ =th mb-h 0. 75°C/W
with lead washer (56214) only ^th mb-h 0.5 C/W

Notes

1. Turn-off current.

Mullard
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BUI 33HIGH VOLTAGE
SILICON POWER TRANSISTOR

CHARACTERISTICS T. = 25°C unless otherwise specified

Collector cut-off current (note 2)

VCEM = 750V; VBE = ° ’cES < 0.5 mA

vcem = 750V;Vbe = 0’ Tj = 125°C TCES < 2 mA

Emitter cut-off current

U = 0; V„n = 6V U CD ’ebo < 5 mA

D.C. current gain

u = 1A; V = 5VC Uli
li FE 15 to 80

Saturation voltages

I = 2.5A; In = 0.25AC D vCE sat < 10 V

VBE sat < 1.5 V

Collector-emitter sustaining voltage

I = 0; I = 100mA; L = 25mH B C VCEO sust > 250

Oscilloscope display for VCEo(sust)
04039

Notes

2. Measured with a half sine wave voltage (curve tracer).

Mullard
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CHARACTERISTICS (contd.) T. = 25°C unless otherwise specified

Transition frequency at f = IM Hz
I = 0.2A; V = 10VU Lb ‘t typ. 8 MHz

Collector capacitance at f = 1MHz

1=1= 0; V„K = 10V xs e D
Emitter capacitance at f = 1kHz

Cc typ. 85 PF

i = i = o; v = 2v U C tjD
Switching times

Ce typ- 1.4 nF

I = 2. 5A; I = -I = 0. 5A; V = 125V U d! dZ uu

turn-off storage time t s typ- 2 ns
turn-off fall time ff typ- 0.5 MS
turn-off fall time, T , = 95°C 

mb cf < 2 MS

Mullard
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BUI 33HIGH VOLTAGE
SILICON POWER TRANSISTOR

Safe Operating Area (Regions I and II 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„ BE OV and t 2ms 

P

Mullard
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BUI 33HIGH VOLTAGE
SILICON POWER TRANSISTOR
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BUI 33HIGH VOLTAGE
SILICON POWER TRANSISTOR
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BU204
BU205
BU206

HIGH VOLTAGE
SILICON TRANSISTORS

TENTATIVE DATA

The BU204.205 and 206 are N-P-N High voltage power transistors intended for use 
in line output stages of television receivers.

QUICK REFERENCE DATA

BU204 BU205 BU206

VCESM maX- 1300 1500 1700 V

I max. (d. c. ) 2.5 2.5 2.5 A
P max. (T . <90°C) 
tot ' mb - ' 10 10 10 W

h min.(V = 5V ; I = 2A) rh CiS C 2 2 1.8

Q typ. (I = 2A; I = 1A) 1 C D 0. 75 0. 75 0. 75 gs

OUTLINE AND DIMENSIONS

Conforms to BS3934 SO-5A/SB2 -2
J.E.D.E.C. TO-3

Millimetres

Min. Norn. Max
— A—

_______ A - 16.9
E /l
L X

tx }

B - 26.6
RL I R M C B

r r i C - 10.9
— — LI

D - 30.1
1—- D------ -J

E 4.0 - 4.2

rFv
e 1

F - - 20.3

nt1-------------- XX i G - 3.15
-------rr---------4

r r i

H - - 9.5
U-----------

1 J H - 13
K - - 39.5

L - 1.0 -

Accessories available (High voltage types)

56336A insulated bushes, 56336B mica washer,

FEBRUARY 1973
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
BU204 BU205 BU206

VCESM maX- (VBE = °> 1300 1500 1700 V

VCERM maX’ ^BE^10“) 1300 1500 1700 V

max. (open base) CEO 600 700 800 V

I max. (d. c.) 2.5 2.5 2.5 V

I max. (peak value) 3.0 3.0 3.0 A

I max. (peak value) BM 2.5 2.5 2.5 A

-I max. (peak value)* note 1 dM 1.5 1-5 1.5 A

P Power dissipation (max)
T . <90°C

mb -
10 10 10 W

TRANSIENT RATINGS (During flashover)

V "Flashover"CE 1500 1650 1750 V

1^ "Flashover" 5 5 5 A

T emperature

T range stg -65 to +115 °C

Tj (operating) max. 115 °C

THERMAL CHARACTERISTICS
R th(j -mb) 2.5 °c/w

R.l/ ... using mica washer 56336B th(mb-h) ® 1.0 °c/w

»Note 1
Turn off current in line deflection circuits.

Mullard
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BU204
BU205
BU206

HIGH VOLTAGE
SILICON TRANSISTORS

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

BU204 BU205 BU206

Les Collector cut-off current (max)
V = 0: V = V BE ’ CE CESM 1.0 1.0 1.0 mA

hFE (min) Static forward current transfer ratio

<L=2A;Vce = 5v) 2 2 1.8

+v EBO Emitter-base voltage
(I = 0; I = 10mA) (min) C II 5 5 5 V

(I = 0; I = 100mA) (typ) U II 7 7 7 V

VCE(sat) Collector emitter saturation voltage (max) 
(I_=2A; I =1.0A) D 5 5 - V

(Ir =2A; I = 1.1A) Cj d - - 5 V

VBE(sat) Base-emitter saturation voltage (max) 
(I = 2A; 1= 1.0A)C D 1.5 1.5 - V

(I„ = 2A; I = 1.1A) C D - - 1.5 V

vCEO(sust) Collector-emitter sustaining voltage (min)
(I = 0; I = 100mA; L = 25mH) 600D C 700 800 V

05129
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ELECTRICAL CHARACTERISTICS (cont)

BU204 BU205 BU206

Transition frequency (typ)
(f = 5MHz; I = 0. 1A; V<lr, = 5V) C CE 7.5 7.5 7.5

Collector capacitance (typ)
(f = 1MHz; I = I - 0; V = 10V) E e Cd

65 65 65

Switching times (in line deflection circuit) 
(IC=2A;IB(end) = 1A;LB = 25^

Fall time (typ)

Storage time (typ)

0. 75 0. 75 0. 75

10 10

MHz

PF

ps 

ps
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BU204
BU205
BU206

HIGH VOLTAGE
SILICON TRANSISTORS

Safe Operation Area with the transistor forward biased.

I Region of permissible d. c. operation.
II Permissible extension for repetitive pulse operation.

Ill Repetitive pulse operation in this region is allowable, 
provided R <100Q., t <20ps; 6 <0. 25.BE p

Mullard
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05133

Safe Operation Area with the transistor forward biased.

I Region of permissible d. c. operation.
II Permissible extension for repetitive pulse operation.

Ill Repetitive pulse operation in this region is allowable, 
provided R_„ <1002; t <20gs; 6 <0.25.BE ~ p _ ~

Mullard
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BU204
BU205
BU206

HIGH VOLTAGE
SILICON TRANSISTORS

Safe Operating Area with the transistor forward biased.

I Region of permissible d.c. operation.
II Permissible extension for repetitive pulse operation.

Ill Repetitive pulse operation in this region is allowable, 
provided R <1002; t <20ps; 6 <0. 25.

dE p

Mullard
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BU204
BU205
BU206

HIGH VOLTAGE
SILICON TRANSISTORS

D5138
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HIGH VOLTAGE
SILICON TRANSISTORS

BU207
BU208
BU209

TENTATIVE DATA

The BU207,208 and 209 are N -P-N High voltage power transistors in metal envelopes 
intended for use in line output stages of colour television receivers.

OUTLINE AND DIMENSIONS.

QUICK REFERENCE DATA

BU207 BU208 BU209

VCESM maX- ^BE =0: Peak ValUe) 1300 1500 1700 V

I max. (d. c. ) 5 5 4 A

P max. (T u <95°C) tot 'mb~ ' 12.5 12.5 12.5 W

h_„ (mln) (I = 4.5A ; Vp= 5V) 2.25 2.25 -

(I = 3A; V„„ = 5V)' C CE ' - - 2.25

tf(typ) (I =4.5A; I = 1.8A) 0.9 0.7 - MS

(I =3A; I =1.3A) C D - - 0.7 MS

Conforms to BS3934 SO-5A/SB2-2 
J.E.D.E.C. TO-3.

Millimetres

Min. Nom. Max.

A - 16.9 -

B - - 26.6

C - 10.9 -

D - 30. 1 -

E 4.0 - 4.2

F - - 20.3

G - 3. 15 -

H - - 9.5

J 11 - 13

K - - 39.5

L - 1.0 -

Accessories available (High voltage types)

56336A insulated bushes. 56336B mica washer.

FEBRUARY 1973
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical

BU207 BU208 BU209

VCESMmaX- ^BE = °’ peakva‘Ue) 1300 1500 1700 V

VCERM maX> (RBE -10*®’ Peak value^ 1300 1500 1700 V

V max. (open base)CEO 600 700 800 V

I max. (d. c.) 5 5 4 A

‘cm max‘ (Peak value) 7.5 7.5 6 A

I , max. (peak value) BM 4 4 4 A

-I max. (d. c. or average over any
' 20ms period) 100 100 100 mA

-I max‘ (Peak value, see note 1) 2.5 2.5 2.5 A

P max. (T u <95°C) 
tot mb - 12.5 12.5 12.5 W

TRANSIENT RATINGS (During flashover)

V "Flashover" Ch 1500 1650 1750 V

1^ "Flashover*' 10 10 10 A

Temperature

Tstg range

Tj (operating) max.

-65 to +115

115

°C

°C

THERMAL CHARACTERISTIC
R max. 1.6 °C/W

th(j -mb)

R , . , , . with mica washer 56336B th(mb-h) 1.0 °C/W

Note 1

Turn off-current in line deflection circuits.
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BU207
BU208
BU209

HIGH VOLTAGE
SILICON TRANSISTORS

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

BU207 BU208 BU209

’cES maX- Collector cut-off current
^BE =0: VCE =VCESM maX) 1.0 1.0 1.0 mA

hFE min. Static forward current transfer ratio
(I =4.5A;V = 5V)C Ln
(1 =3.0A; V = 5V)C UE

2.25 2.25

2.25

+VEBO Emitter-base voltage
(T =0; I = 10mA) min.C E

5 5 5 V

(I„ = 0; = 10°mA) typ.U E 7 7 7 V

VCE(sat)maX‘ Collector-emitter saturation voltage
(I = 4.5A; I = 2A) U D

5 5 - V

(Ic =3A; IB = 1.3A) - - 5 V

VBE(sat)maX- Base-emitter saturation voltage 
(I =4.5A; I = 2A)U D 1.5 1.5 - V

(Ic =3A; Ib = 1.3A) - - 1.5 V

VCEO(sust) Collector-emitter sustaining voltage
I = 0; I = 100mA; L = 25mH 
B u 600 700 800 V

Mullard
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ELECTRICAL CHARACTERISTICS (cont)

BU207 BU208 BU2O9
f (typ) Transition frequency
~ (f = 5MHz; I = 0. 1A, V__ = 5V)

C CE 7 7 7 MHz

C (typ) Collector capacitance
TC (f = 1MHz; I = I =0; V = 10V)

E e Cd 125 125 125 pF

Switching times (in line deflection circuit) (L = 10gH) D
t (typ) FaU time
f I_=4.5A:I_, .. = 1.8A 0.9 0.7 MsC B(end)

I = 3.0A; I . „ = 1.3A 0.7 msC B(end)

t (typ) Storage time
S I = 4.5A;L. ., = 1.8A 10 10 MSC B(end)

I =3.0A;I. J=1.3A 10 msC B(end)

Mullard
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BU207
BU208
BU209

HIGH VOLTAGE
SILICON TRANSISTORS

Safe Operating Area with the transistor forward biased.

I Region of permissible d. c. operation.
II Permissible extension for repetitive pulse operation.

Ill Repetitive pulse operation in this region is allowable, 
provided R <1002; t <20gs; 6 <0.25.BE p
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05140

Safe Operating Area with the transistor forward biased.

I Region of permissible d. c. operation.
II Permissible extension for repetitive pulse operation.

Ill Repetitive pulse operation in this region is allowable, 
provided R <100S2; t <20ps; 6 <0.25.

Mullard
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BU207
BU208
BU209

HIGH VOLTAGE
SILICON TRANSISTORS

Safe Operating Area with the transistor forward biased.

I Region of permissible d. c. operation.
II Permissible extension for repetitive pulse operation.

Ill Repetitive pulse operation in this region is allowable, 
provided R <1009; t <20us; 6 <0.25.BE ' p — —

Mullard
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BU207
BU208
BU209

HIGH VOLTAGE
SILICON TRANSISTORS
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JUNCTION TRANSISTORS OC28 OC29
OC35 OC36

QUICK REFERENCE DATA
Power junction transistors of the p-n-p alloy type intended for use in medium 
and high voltage and high current switching applications. Matched pairs of 

each type are available under the type number 2-OC

Unless otherwise shown, data is applicable to all types

OC28 OC29 OC35 OC36
Vcb max. (Ie = OA) -80 -60 -60 -80 V
Vce max. (Ie — 0.5A) -60 -48 -48 -60 V
Vce max. (IE = 6.0A) -60 -32 -32 -32 V
hpE (Ic = 1.0A) 20-55 45-130 25-75 30-110

ABSOLUTE MAXIMUM RATINGS
The equipment designer must ensure that no transistor exceeds these 
ratings. In arriving at the actual operating conditions, variations in supply
voltages, component tolerances and 
taken into account.

ambient temperatures must also be

Collector voltage
OC28 OC29 OC35 OC36

VCb max. (IE = 0A) -80 -60 -60 -80 V
Vce max. (IE = 0.5A) -60 -48 -48 -60 V
Vce max. (Ie = 6.0A) -60 -32 -32 -32 V

Collector current
Icm max. 10 A

flc(AV) max. 8.0 A
Emitter current

Iem max. 12 A
IIe(av) max. 9.0 A

Reverse emitter-base
voltage
Veb max. (Ic = 0A) -40 -20 -20 -40 V

Base current
Ibm max. 2.0 A

|Ib(av) max. 1.0 A
Total Dissipation at Tcase 45°C 30 W

Tease > 45°C T| max-Ptot max. = —-----“Tease
Oj -<)ase

fAveraged over any 20ms period.

Mullard
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OC28
Series

JUNCTION TRANSISTORS

Temperature ratings
Tstg max. 75 °C
Tstg min. -55 °C
Tj max. (Continuous operation) 90 °C

JTj max. (Intermittent operation total duration 200 hours) 100 °C
6j-case max. 1.5 °C/W
Ocase-heat sink max. (when mounted with metal washer

0.127mm thick and with mica washer) 0.5 °C/W

^Likelihood of full performance of a circuit at this temperature is also 
dependent on the type of application.

CHARACTERISTICS at Tease = 25°C

Common base
Typical production spread
Min. Typ- Max.

Collector leakage current 
(Vcb = -500mV, lE = OmA)

IcBO __ — 100 pA
(Vcb = -14V, lE = OmA, 

Tease = 100°C) __ __ 20 mA
(Vcb = -60V, lE = OmA, 

Tease = 100°C) OC29, OC35 __ 8.5 30 mA
(Vcb = -80V, lE = 0mA 

Tease = 100°C) OC28, OC36 — 12 30 mA
Emitter cut-off voltage 

(Vcb = -48V, lE = OmA, 
Tease = 100°C) Vbb — — -500 mV

Common emitter
Collector knee voltage at 

Ic = 6A (see Fig. 1) VcE(knee) __ -0.5 -1.0 V

Mullard
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JUNCTION TRANSISTORS 0C28
Series

OCXS

Base current lB min. max.

(VCB = 0V, lE = 1 A) 17.5 SO

(Vcb — 0V, Ie = 6A) 190 375

OC29 OC35 OC36

min. max. min. max. min. max.

7.2 21.5 13 38 9 33 mA

73 165 130 285 90 285 mA

Base input voltage Vbe

(Vcb = OV, lE = 1A)

(Vcb = OV, lE = 6A)

Current amplification 
factor Hfe

(Vce = -14V, lc = 30mA)

(Vce = -1V, Ic = 1A)

(Vce = -IV. Ic = 6A)

+-------------------------------— 800---------------------------------------> mV

-0.6 -1.6 — -1.6 -0.4 -1.4 — -1.6 V

20 — — — —

20 55 45 130 25 75 30 110

15 30 35 80 20 45 20 65

BASIC PARAMETERS

Cut-off frequency

(Vcb = -6V, lE = 300mA) fhfb — 250 — kc/s

Collector depletion capacitance

(Vcb = -12V, lE = 0mA) Cte — 160 •— pF

Emitter depletion capacitance

(Veb = —6V, Ie = 0mA) Cte — 165 — pF

Time constant, current feed 

(VCE = -4V, lCM = 1A)

J
Cû1

— 45 70

(Vce = -4V, lCM = 6A) — 30 50 P*

Desaturation time constant

(Vcb = 0V, lBM = 50mA) Ts — 30 50 P»

Mullard
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0C28 JUNCTION TRANSISTORS

Series
Typical operation in on-off power switching circuit

(9336]

Fall time

D.C. supply
voltage Vcc 14

Load resistance 
peak collector

Rl 14 2.3

current Icm 1.0 6.0

OC29 OC35 OC29 OC35
‘Turn On’ 

base current
‘Reverse’

1b 35 55 260 400

base current <br 8.7 13.7 65 100

Switching times
Rise time tr 20 20
Storage time ts 15 15
Fall time tf 40 35

Rise time tr =
hFE I Ib I

w/°gehFE
I Ib I - I Icm I

V

4.7

1.0 6.0 A

OC28 OC36 OC28 OC36

70 50 480 400 mA

17.5 12.5 120 100 mA
i «

20 20 ns
15 15 ns
40 35 ns

t - Â Ino fl 4. I lcM I 1
1 <.,1 8e[ hPE j IBr I J

_ . , 'D I T «Bit »Storage time ts = ts logei ■-----------
+1 ,BR 1

Mullard
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JUNCTION TRANSISTORS 0C28
Series

CHARACTERISTICS OF MATCHED PAIR
(measured at Tcasc = 25°C)

Ratio of the current amplification factors of the two transistors 
at Ven = OV, lc = 300mA 1.2 : 1

Vcb = 0V, Ic = 6A 1.2:1
Difference between the base-emitter voltages of the two transistors 
at Vcb = -14V, lc = 30mA <35 mV

Vcb = 0V, Ic = 6A <300 mV

OPERATING NOTES
1. Dissipation and heat sink considerations

The maximum total dissipation Ptl)t max. = (Vcbx Ic) + (VbrX Ib), is given 
by the relationship:—

Where 0,n + 0i+0h is equal to 0j amb.
The various components of 0j amb are illustrated below:

Junction temperature 
a

= 1.5°C/W

*0i = 0.5°C/W
+01 = 0.2°C/W

Case temperature

r Chassis (heat sink) temperature 
1

0h
" Ambient temperature

Fig. 3

*When mounted with a metal washer 0.127mm thick and a mica washer, or 
with a mica washer only and silicone grease, 0j = 0.5“C/W. This value applies 
when the transistor is bolted down evenly on a flat heat sink. The metal 
washer is advantageous in taking up any irregularities in the heat sink 
surfaces.

fWhen mounted directly on the chassis with a thin film of silicone grease 
between the contacting surfaces, 0, = 0.2"C/W. This value applies when 
the transistor is bolted down evenly on a flat heat sink.
0i, depends on the cooling conditions under which the transistor is used, 
ie., dimensions, position and surface conditions of heat sink, etc. An air
cooled heat sink (7in.x7in.x1/16in. blackened aluminium) will have a 
value of 0h = 2.2’QW.

Mullard
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0C28
Series

JUNCTION TRANSISTORS

On can be determined for a given collector dissipation and ambient tempera
ture by measuring the case temperature.

0h = T^se-Tamb _ 0,oC/W 
“lot

The following example illustrates the temperatures which occur at various 
points on the transistor at pc = 10W, Tj = 90°C, On = 2.2°C/W.

Tj
Tease
Theat sink
Tamb

= 90°C
= 90-00x1.5) = 75“C
= 75-00x0.5) = 70cC
= 70-00x2.2) = 48°C

The suitability of any design can be checked by measuring, with a thermo
couple, the case temperature of the transistor operating at the selected 
collector dissipation and maximum ambient temperature. The point de
fined by the case temperature and the total dissipation must lie within 
the shaded area shown on the graph on page C10. If the point lies outside 
the shaded 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 transistor in the design being checked.

2. Transistors may be soldered directly into the circuit but the heat conducted 
to the junction should be kept to a minimum by the use of a thermal shunt.

3. 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.

4. 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.

MECHANICAL DATA
Dimensions - see page D8.
Average weight / 0.66 oz

118.6 g

ACCESSORIES
Accessories must be specifically ordered.

Accessory
2 insulating bushes
1 mica washer
1 metal washer

Code No. 
56201a 
56201b 
56214

Notes
Obtainable in packs for 
10 or 100 transistors.
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0C28
Series

JUNCTION TRANSISTORS

3-I010-05 -*4 k»-
All dimensions in mm
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JUNCTION TRANSISTORS 0C28
Series

Ic 9331
(A) 240mA

Common emitter

220mA T, = 45’C

200mA

180mA

1—
4 1—

40mA

1— 20mA

3

100mA
—

— — —

60mA
1—

—
40mA

I
—

—

0
0 - 1 0 - 2 0 - 30 VCE (V)

OUTPUT CHARACTERISTIC FOR OC28. COMMON EMITTER
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0C28
Seríes

JUNCTION TRANSISTORS

OUTPUT CHARACTERISTIC FOR OC29. COMMON EMITTER
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JUNCTION TRANSISTORS 0C28
Series
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0C28
Series

JUNCTION TRANSISTORS

OUTPUT CHARACTERISTIC FOR OC36. COMMON EMITTER
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OC28
Series

JUNCTION TRANSISTORS

TRANSFER AND INPUT CHARACTERISTICS. COMMON EMITTER
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0C28
Series

JUNCTION TRANSISTORS

VARIATION OF MAXIMUM EMITTER-BASE CUT-OFF VOLTAGE WITH 
JUNCTION TEMPERATURE

Mullard
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JUNCTION TRANSISTORS OC28
Series

COLLECTOR-EMITTER VOLTAGE. OC28
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0C28
Series

JUNCTION TRANSISTORS

Ic
(A)

10

om&wi

m»«»
8-0

6-0

OC29 
OC35

Permissible area of 
operation under all 
conditions of base drive.

111

40

2-0

*

WmiOm - 
>

WUmmM * 
mmmim

B8WM8mM» 
limsmsmm 
i«®«ÄW«ÖK

MM»»«»« 
BBOBBBBBWBBBBBB 
BBBMBBmeBBWn
BBBBBBBMMBBWM

0
mmvw
|S8M|HI ISS

Ml 
im 
m

0 -20

B3673

For oporation In this region 
the circuit must be capable of providing reverse 
current bias.

-80 ^CE^V)

COLLECTOR CURRENT PLOTTED AGAINST ABSOLUTE MAXIMUM 
COLLECTOR-EMITTER VOLTAGE. OC29, OC35
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0C28
Series

JUNCTION TRANSISTORS

COLLECTOR CURRENT PLOTTED AGAINST ABSOLUTE MAXIMUM 
COLLECTOR-EMITTER VOLTAGE. OC36
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OC28
Series

JUNCTION TRANSISTORS
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JUNCTION TRANSISTORS OC28
Series
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0C28
Series

JUNCTION TRANSISTORS
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JUNCTION TRANSISTORS 0C28

10
0 

10
00
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OC28
Series

JUNCTION TRANSISTORS

TYPICAL VARIATION OF ICEr WITH RATIO OF Rb/Re
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SILICON N-P-N
PLANAR TRANSISTOR 2NI6I3

Silicon n-p-n double diffused planar transistor designed for a wide variety 
of applications including d.c. amplifiers, high speed switching and high 
speed amplifiers.

QUICK REFERENCE DATA

V max. (I =0) +75 VU.D E
V „ max. +30 VCE
I max. 500 mA
P max. (T =25°C) 800 mW

tot amb
h (I =150mA, V = + 10V) 40 - 120r JL U1V1 vD
fT typ- (Ic = 50mA, VCE = + 10V, f = 20Mc/s) 60 Mc/s

Collector connected to envelope

Millimetres

Max.

Millimetres

Max.Mln. nom. Min. Norn.

A 8.64 8.9 9.4 F 38 - -

B 7.75 8.15 8.50 G - 0.45 -

C 6.10 6.35 6.60 *H - 0.4 -

D - 5.08 - J 0.74 0.85 1.01

E 0.71 0.79 0.86 ♦Thickness of locating tab.

MAY 1974
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical

tVCB maX-

tVCER maX- (RBE -10i2) 

tvEB max.

tvCEOmax. (IB = 0)

max

tP+ .tot
max. T = 25°C 

case
T =100°C 

case
T u = 25°C 

amb

Thermal

tT . stg min.

T , max. stg

fT. (operating range)

+75 V

+50 V

+7. 0 V

+30 V

500 mA

3.0 w

1.7 w

0.8 W

-65 °C

200* °C

-65 to +200 °C

*See Soldering and Wiring Recommendation No. 4.

THERMAL CHARACTERISTIC

tR th(j-case) 58.3 degC/W

Mullard
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SILICON N-P-N
PLANAR TRANSISTOR 2NI6I3

ELECTRICAL CHARACTERISTICS (T^^^-25°C unless otherwise stated)

Min. Max.

tl' CBO Collector cut-off current

vcb=60v-V0 - 10 nA

T = 150°C 
amb - 10 pA

■fl
EBO Emitter cut-off current

VEB=+5-0V- V0 - 10 nA
tvBR(CBO) Collector-base breakdown 

voltage

Ic = 100pA +75 V
tvBR(EBO) Emitter-base breakdown 

voltage

I =100pA, I = 0B G +7. 0 V
tvCER(sat) Collector-emitter voltage

R__ ^10Q, I = 10mA BE C +50 - V

tvCE(sat)

(See note 1)

Collector-emitter saturation 
voltage

I =15mA, I -150mA B C +1.5 V

+Vbe (sat)

(See note 1)

Base-emitter saturation voltage

Lg-lSmA, Ic = 150mA

(see note 1) +1,3 V
Large signal forward 
current transfer ratio

I =150mA, -10VG CB
(See note 1)
I -500mA, V -10VC CB
(See note 1)
I = 10mA, V =10V G GIS
(See note 1)
X = 10mA, V =10V, G GB
T = -55°C, (See note 1) amb

40

20

35

20

120

Mullard 2N1613 Page 3



Max.Min.
t, + t +1 d r f Switching time

I = 50mA, V (on)= + 1.0V, G BB
V „(off)=+1.0V, (See Fig. 1) - 30 ns

th fe Small signal forward 
current transfer ratio

I = 1.0mA, V =5.0V g gb 30 100

Ic = 5.0mA, VCE = 10V 35 150

th., ib Input impedance

I =1.OmA, V =5.0V U GB 24 35 fl

I =5. OmA, V =10V U UD 1. 0 8.0 fl

th , rb Voltage feedback ratio _A
I =1.0mA, V =5.0V G GB - 3.0 X10 4 

-A
I = 5. OmA, V =10V U GB - 3.0 X10 4

th , ob Output admittance

I = 1.0mA, V =5.0VG GB 0.1 0.5 pmhos

I =5.OmA, V =10V G GB 0.1 1.0 pmhos

th fe High frequency current 
transfer ratio

Ic = 50mA, VCE=10V, 

f = 20Mc/s 3.0 -

tc , ob Output capacitance

I =0mA, V _=10V G GB - 25 pF

tc., ib Input capacitance

I =0mA, V = 0.5V G BB - 80 pF

tN. F. Noise figure

I = 0.3mA, V =10V, C LU
f = 1000c/s, Rg = 5102,

1 cycle bandwidth - 12 dB

tJ.E.D.E.C. Registered Data.

NOTE
1. Measured under pulsed conditions to prevent excessive dissipation

P.W. = 300ps, duty cycle -1%.

Mullard 2N1613 Page 4



SILICON N-P-N
PLANAR TRANSISTOR 2NI6I3

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 
solderingmustnotatanytimeexceed 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. After storage at temperatures greater than 125°C it may be necessary 
to take precautions in order to ensure adequate solderability of the 
leads.

Mullard 2N1613 Page 5



SWITCHING CHARACTERISTIC MEASUREMENT CIRCUIT
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SILICON N-P-N
PLANAR TRANSISTOR 2NI6I3

am
b

MAXIMUM TOTAL DISSIPATION PLOTTED AGAINST AMBIENT 
TEMPERATURE
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TYPICAL TRANSFER, MUTUAL AND INPUT CHARACTERISTICS
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SILICON N-P-N
PLANAR TRANSISTOR 2NI6I3

TYPICAL OUTPUT CHARACTERISTIC
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0
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TYPICAL LARGE SIGNAL FORWARD CURRENT TRANSFER RATIO 
PLOTTED AGAINST COLLECTOR CURRENT WITH JUNCTION 

TEMPERATURE AS PARAMETER
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2NI6I3SILICON N-P-N
PLANAR TRANSISTOR

TYPICAL LARGE SIGNAL FORWARD CURRENT TRANSFER RATIO 
PLOTTED AGAINST JUNCTION TEMPERATURE WITH COLLECTOR 

CURRENT AS PARAMETER
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TYPICAL COLLECTOR-EMITTER SATURATION VOLTAGE PLOTTED 
AGAINST COLLECTOR CURRENT WITH JUNCTION TEMPERATURE 

AS PARAMETER
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2NI6I3SILICON N-P-N
PLANAR TRANSISTOR

SPREAD OF COLLECTOR CUT-OFF CURRENT PLOTTED AGAINST 
JUNCTION TEMPERATURE
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SILICON PLANAR
N-P-N TRANSISTOR 2NI7II

Silicon n-p-n double diffused planar transistor designed for a wide variety 
of applications including d.c. and wideband amplifiers.

QUICK REFERENCE DATA

VCBO maX‘ (IE = 0> +75 V

VCER maX’ (TW10ii) +50 V

’cm max- 1.0 A
P, max. (T = 25°C) 

tot amb
800 mW

hFE VCE=+10V^ 100 - 300

OUTLINE AND DIMENSIONS
Conforming to J. E.D. E. C. TO-5

Millimetres

Min. Nom. Max.

A 8.64 8.9 9.4

B 7.75 8.15 8.5

C 6.1 6.35 6.6

D - 5.08 -

E 0.71 0.79 0.86

F 38 - -

G - 0.45 -

H - 0.4 -

J 0.74 0.85 1.01

Collector connected to envelope

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

Electrical
tVpRn max. (1=0) +75 V
tVCERmaX' (RBE£10fi) +50 V
XbO^’ (IC = 0) +7.0 V
V_ max. (1=0) +30 VCEO ' B

tl„., max. 1.0 A
CM

tP, max. T =25°C 3.0 Wtot case
T =100°C 1.7 Wcase
T , =25°C 800 mW

amb

Temperature
|T . min. -65 °C

stg
T , max. 200* °C

stg o
fT. (operating range) -65 to +200 c

*See Soldering and Wiring Recommendation No.4.

THERMAL CHARACTERISTICS
tG 58.3 degC/Wj-case
te 219 degC/Wj -amb

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

Min. Max.

»CBO Collector cut-off current
vCR=6ov, X0Ur» IS - 10 nA
V__ = 60V, I =0, T = 150°C 

CB E amb - 10 pA

Emitter cut-off currentjS-DU V„„=5.0V, I =0 EB C - 5.0 nA

tv’ BR(CBO) Collector -base breakdown 
voltage
I =100gA, I =0 U is +75 - V

tv' BR(EBO) Emitter-base breakdown 
voltage
I =100MA, I =0 iS Vz +7.0 - V

tv CER(sust) Collector -emitter sustaining
voltage (See note 1)
R ilOB, I = 100mA BE C +50 - V

Mullard
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SILICON PLANAR
N-P-N TRANSISTOR 2NI7II

Small Signal characteristics

Min. Max.
tv1 CE(sat) Collector-emitter saturation 

voltage (See note 1)
I = 15mA, I = 150mA B C

- +1.5

tv1 BE(sat) Base-emitter saturation 
voltage (See note 1) 
I = 15mA, I = 150mAB C

- +1.3

thFE Large signal forward 
current transfer ratio
I = 500mA, V =10VG GB 40 -

(See note 1)
I = 150mA, V__ = 10V C CE 100 300

(See note 1)
I =10mA, V =10V 75C CE
(See note 1)
I = 10mA, V =10V, G GB
T , =-55°C 35amb
Ic = 0.1mA, VCE = 10V 35 -

1=0. 01mA, V„ = 10V C Cb
20

V

V

+fe Small signal forward 
current transfer ratio
I = 1.0mA, V =5.0V, G GB
f = 1. Oke/s

Ic = 5.0mA, VCE = 10V,

f = 1.Oke/s

50

70

200

300

thib Input impedance
Ic = 1.0mA, VCB = 5.0V, 

f = 1.Oke/s 24 34 0

Ic = 5.0mA, VCB = 10V, 

f = 1.Oke/s 4.0 8.0 0

^rb Voltage feedback ratio 
Ic = 1.0mA, VCB = 5.0V, 

f = 1.Oke/s 5.0 -4 xlO

I =5.OmA, V =10V, G GB
f = 1.Oke/s 5.0

-4:
X10

Mullard
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Max.Min.

thob Output admittance
1=1.OmA, V =5.0V, G CD
f = 1.Oke/s
I =5. OmA, V =10V, G Gii
f = 1.0kc/s

0.1

0.1

0.5

1.0

pmho

gmho

^fe Small signal forward 
current transfer ratio
I -50mA, V =10V, G GE
f = 20Mc/s 3.5

tCob Output capacitance
I =°, v =iov G Gi5 - 25 pF

tCib Input capacitance
VEB=0-5V - 80 PF

tNF Noise figure
I = 0.3mA, V =10V, G • GE
f = 1.0kc/s, Rg = 510fi,

tj.E.D.E.C.
NOTE

1 cycle bandwidth 
registered data

- 8. 0 dB

1. Measured under pulsed conditions to prevent excessive dissipation pulse 
duration = 300gs, duty cycle-1%.

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 bedip-soldered at a solder temperature of 245°C for a 
maximum soldering time of 5 seconds. The case temperature during 
dip-soldering must not at any time exceed tha maximum storage tem
perature. 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.

Mullard
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SILICON N-P-N EPITAXIAL
PLANAR TRANSISTOR 2N2297

Silicon n-p-n epitaxial planar transistor intended for large signal h. f. and 
v. h. f. amplifier applications.

QUICK REFERENCE DATA

VCBmaX- LT0* +80 V

VCE max. +35 V

Ic max. 1.0 A
t max. (T = 25°C) 

tot amb 800 mW

hFE (ICM = 150mA' VCE~+1°V) 40-120

f min. (I -50mA, V =+10V, f = 20Mc/s) T C CE * 60 Mc/s

OUTLINE AND DIMENSIONS
Conforming to J.E.D.E. C. TO-5

Collector connected to envelope
Millimetres

Max.
Millimetres

Max.Min. Nom. Min. Norn.
A 8.64 8.9 9.4 F 38 - -
B 7.75 8.15 8.50 G - 0.45 -
C 6.10 6.35 6.60 ♦H - 0.4 -
D - 5.08 - J 0.74 0.85 1.01
E 0.71 0.79 0. 86 ♦Thickness of locating tab.

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical

tvrnmax-CJj E +80 V

tv max. (L =0) CE 13 +35 V

tv max. (I =0) E±> G +7.0 V

tl max. 1.0 A

tP , max. T = 25°C 
tot case 5.0 W

T =100°C 
case 2.8 W

T , =25°C 0.8 W

♦See Soldering and Wiring Recommendation No. 4.

Thermal

tT . min. stg -65 °C

T , max. stg 200* °C

tTj max. (operating) 200 °C

THERMAL CHARACTERISTICS

tDerating factor at Tcage = 25°C

T = 25°C
amb

28.6 mW/degC

4.6 mW/degC

Mullard
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SILICON N-P-N EPITAXIAL
PLANAR TRANSISTOR 2N2297

(See note 1)

ELECTRICAL CHARACTERISTICS (T . =25^C unless otherwise stated) amb
Min. Max.

»CBO Collector cut-off current

vcb=+60V-V°
Vcb^^'X0-

- 10 nA

T = 150amb - 10 gA
»E BO Emitter cut-off current

veb=5-ov- V0 - 10 nA
^CEOfsust.) Collector-emitter sustaining 

voltage
I^ = 30mA (See note 1) 35 - V

tv Collector-base breakdown(BR)CBO voltage
I^ = 100gA, 1^=0 80 - V

tv Emitter-base breakdown(BR)EBO voltage
I^lOOgA, Ic = 0 7.0 - V

tv Collector-emitter saturationCE(sat) voltage
Ic = 150mA, I^lSmA - 0.2 V
Ic = 1.0A, IB = 100mA 
(See notes 1 and 2)

- 1.0 V

tv Base-emitter saturationBE (sat) voltage
Ic = 1.0A, IB=100mA 
(See notes 1 and 2)

- 1.6 V

th in? Large signal forwardf JS current transfer ratio
I = 150mA, V =10V u CIS
(See note 1)

40 120

I = 10mA, V =10V V VIS
(See note 1)

30 -

VCE = 10V 15 -

Mullard
2N2297 Page 3



Min. Max.
tfT Transition frequency

Mc/s
I = 50mA, V = + 10V, u ur*
f = 20Mc/s 60

tcob Output capacitance
VCB = 10V’ V” - 12 PF

to., ib Open-circuit input capacitance
I =0, V =0.5V - 80 pF

tr. , c b c Collector-base time constant
I = 10mA, V =10V,
f=4. OMe/s 800 ps

tJ.E.D.E.C. Registered Data.

NOTES
1. Measured under pulsed conditions to prevent excessive dissipation. 

P.W. =300ps, duty cycle ^1%.

2. Measured at a point on the lead —12.7mm (0.5in) from the seating 
plane of the transistor

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 
solderingmustnotat anytime 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 
haying plated-through holes.

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

4. After storage at temperatures greater than 125°C it may be necessary 
to take precautions in order to ensure adequate solderability of the 
leads.

Mullard
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SILICON N-P-N EPITAXIAL
PLANAR TRANSISTOR 2N2297

MAXIMUM TOTAL DISSIPATION PLOTTED AGAINST AMBIENT 
TEMPERATURE.

TYPICAL TRANSFER, MUTUAL AND INPUT CHARACTERISTICS

Mullard
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TYPICAL LARGE SIGNAL FORWARD CURRENT TRANSFER RATIO 
PLOTTED AGAINST COLLECTOR CURRENT

TYPICAL LARGE SIGNAL FORWARD CURRENT TRANSFER RATIO 
PLOTTED AGAINST JUNCTION TEMPERATURE

Mullard
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SILICON N-P-N EPITAXIAL
PLANAR TRANSISTOR 2N2297

COLLECTOR CUT-OFF CURRENT PLOTTED AGAINST JUNCTION 
TEMPERATURE

EMITTER CUT-OFF CURRENT PLOTTED AGAINST JUNCTION 
TEMPERATURE
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TYPICAL OUTPUT CHARACTERISTICS. Tj=25°C
TYPICAL TRANSITION FREQUENCY PLOTTED AGAINST COLLECTOR 

CURRENT.
COLLECTOR-EMITTER VOLTAGE AS PARAMETER

Mullard
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2N2297SILICON N-P-N EPITAXIAL
PLANAR TRANSISTOR

TYPICAL COLLECTOR-EMITTER SATURATION VOLTAGE PLOTTED 
AGAINST JUNCTION TEMPERATURE. COLLECTOR AND BASE 

CURRENTS AS PARAMETERS
TYPICAL BASE-EMITTER SATURATION VOLTAGE PLOTTED AGAINST 

JUNCTION TEMPERATURE. COLLECTOR AND BASE CURRENTS 
AS PARAMETERS

Mullard
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TYPICAL COLLECTOR-EMITTER SATURATION VOLTAGE PLOTTED 
AGAINST COLLECTOR CURRENT, WITH JUNCTION TEMPERATURE 

AS PARAMETER. Ic/lB = 10.
TYPICAL BASE-EMITTER SATURATION VOLTAGE PLOTTED AGAINST 

COLLECTOR CURRENT, WITH JUNCTION TEMPERATURE AS 
PARAMETER. Ic/lB = 10.

Mullard
2N2297 Page 10



2N2297SILICON N-P-N EPITAXIAL
PLANAR TRANSISTOR

TYPICAL COLLECTOR-EMITTER SATURATION VOLTAGE PLOTTED 
AGAINST COLLECTOR CURRENT, WITH JUNCTION TEMPERATURE 

AS PARAMETER. Ic/lB = 20.
TYPICAL BASE-EMITTER SATURATION VOLTAGE PLOTTED AGAINST 

COLLECTOR CURRENT, WITH JUNCTION TEMPERATURE AS
' PARAMETER. Ic/lB = 20.

Mullard
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TYPICAL VARIATION OF h PARAMETERS WITH COLLECTOR CURRENT
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2N2297SILICON N-P-N EPITAXIAL
PLANAR TRANSISTOR

TYPICAL VARIATION OF h PARAMETERS WITH COLLECTOR-EMITTER 
VOLTAGE

Mullard
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TYPICAL VARIATION OF h PARAMETERS WITH JUNCTION TEMPERATURE
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2N2297SILICON N-P-N EPITAXIAL
PLANAR TRANSISTOR

TYPICAL VARIATION OF STORAGE TIME WITH JUNCTION TEMPERATURE

Mullard
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SILICON PLANAR
EPITAXIAL N-P-N TRANSISTOR 2N2369A

Silicon planar epitaxial n-p-n transistor primarily intended for high-speed 
saturated switching and high frequency amplifier applications. TO-18 
construction with collector connected to envelope.

OUTLINE AND DIMENSIONS

QUICK REFERENCE DATA

VCBO maX‘ 40 V

VCEO maX' 15 V

I„„, max.CM 500 mA
P. max. (T , =25°C) 
tot amb 360 mW

T. max. 200 °C

h min. (I = 10mA, V =1.0V) r E U 40-120

f^ min. (Iç, = 10mA, f = 100MHz) 500 MHz

tsmax. (Ic=IB = -IBM=10mA) 13 ns

Connections 1. Emitter

Millimetres

Min. Nom. Max.

4.8

5.33

12.7

0.43

1.0

1.05

2.54

5.3 5.55 5.8

2. Base
3. Collector connected to envelope

MullardSEPTEMBER 1966 2N2369A Page 1



t RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical

VCBO maX’ 40 V

VCES maX- 40 V
V max. (I = 0.01 to 10mA)CEO C 15 V

VEBO maX' 4.5 V

’cm max- (1°MS pulse> 500 mA
I max. c 200 mA
Px x max. T , = 25°C 

tot amb 360 mW
T = 25°C

case 1200 mW
T =100°C 

case

Temperature

680 mW

T min. stg -65 °C

T , max. stg 200 °C

T max. 
J

fTHERMAL CHARACTERISTICS

200 °C

Derating factors T , +25°C amb 2.06 mW/degC
T ”25°C

case 6.85 mW/degC
fELECTRICAL CHARACTERISTICS (T , =25° 

amb

Collector cut-off current 
CB° V =20V, I = 0,

E

C unless otherwise stated)
Min. Max.

T = 150°C 
amb

I__,o Collector-emitter cut-offCEo current

30 /1A

VCE=20V’VBE=°

’^dtv Base current

- 0.4 nA

V =20V, V =0 CE EE

Collector-base breakdown (BR)CB° voltage

0.4 nA

I =10MA, I = 0 C E

V Collector-emitter breakdown(Jo it) C Eb - ,voltage

40 V

I =10nA, V =0 C BE

t J.E.D.E.C. registered data.

40 V

Mullard
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SILICON PLANAR
EPITAXIAL N-P-N TRANSISTOR 2N2369A

Min. Max.

V(BR)EBO Emitter-base breakdown 
voltage 
ie = 10Ma, ic=o 4.5 - V

^CEO(sust) ♦Collector-emitter sustaining 
voltage
I =10mA, I =0G B 15 - V

h TTP *Large signal forward current
transfer ratio
I = 10mA, V =1.0V G GB
lc = 10mA, Vce = 0.35V,

40 120

T . = -55°C amb 20 -
I =30mA, V =0.4VC Ch 30 -

I =100mA, V =1.0V C CE 20 -

VCE(sat) Collector-emitter saturation 
voltage
I = 10mA, I = 1.0mAC B
Ic = 10mA, L^l.OmA,

- 0.20 V

T = 125°C 
amb - 0.30 V

I 30mA, 1^ = 3.0mA - 0.25 V

I = 100mA, I = 10mA C ’ B - 0.50 V

VBE (sat) Base-emitter saturation 
voltage
I = 10mA, I = 1.0mAC B
I =10mA, 1=1.0mA, C B

0.70 0.85 V

T =125°C 
amb

Ic = 10mA, In = 1.0mA

0.59 - V

T . =-55°C amb - 1.02 V

Ic = 30mA, Ib = 3.0mA - 1.15 V

1 -100mA, I = 10mA C ’ B - 1.60 V

fT Transition frequency 
VCE = 10V, Ic = 10mA,

f=100MHz 500 - MHz

♦Measured under pulsed conditions to avoid excessive dissipation, pulse 
width-300ps duty cycle <2%.

Mullard
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Max.Min.

Ctc Collector capacitance
V =5.0V, I =1 =0, CB E e
f = 140kHz - 4.0 pF

ts Storage time (see fig.l.)
IC=IB = 'IBM = 1°mA * 13

t on Turn-on time (see fig.2.)
I = 10mA, I =3.0mA - 12 nsC B

t „ off Turn-off time (see fig.2.)
1 =10mA, I =3.OmA, C B

’bm^'^11^ ■ 18 ns
SOLDERING RECOMMENDATION

fMax. T, 1/16" from case for 60 seconds is 300°C 
lead

fJ.E.D.E.C. registered data

STORAGE TIME TEST CIRCUIT

Fig. 1

Mullard
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2N2369ASILICON PLANAR
EPITAXIAL N-P-N TRANSISTOR

t AND t „ TEST CIRCUIT on off

Circuit conditions:

vcc 

(V)

R1~R2 

(kB)

R3

(S)

R4 

(B)

R5

(fi)

t on toff
VBB 

(V)

V.in

(V)

VBB 

(V)

V.in

(V)

3.0 3.3 50 220 0 -3.0 15 12 -15

Mullard
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS

2N2904
2N2904A

P -N -P silicon planar epitaxial medium power transistors designed primarily 
for high-speed saturated switching and driver applications for industrial 
service.

QUICK REFERENCE DATA

-V__ _  max.

2N2904 2N2904A

60 V
CBO

'Vrm < 100mA) 40 60 V

-I max. 600 mA
P x max. (T , = 25°C) 

tot amb
600 mW

T. max. 200 C
j

h (-1 = 150mA,-V = 10V) r L U Lz£z
f min. (-IE = 50mA, f = 100MHz)

40-120

200 MHz

t max. (-1 =150mA,S Co
-IB-+IBM = 15mA) 80 ns

Unless otherwise stated data is applicable to both types

OUTLINE AND DIMENSIONS
Conforming to B.S. 3934 SO-3/SB3-3A

J.E.D.E.C. TO-5
Millimetres

Min. Nom. Max.

A 8.64 8.90 9.40

B 7.75 8.15 8.50

C 6.10 6.35 6.60

D - 5.08 -

E 0.71 0.79 0.86

F 38 - -

G - 0.45 -

H - 0.4 -

J 0.74 0.85 1.0

Collector connected to envelope

Mullard
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RATINGS
limiting values of operation according to the absolute maximum system.
Electrical
t-V may,1 CBO 60 V

t"v^™ max- (-1^ = 0 to 100mA) 2N2904CEO C 2N2904A 40 V
60 V

t-V max,' EBO 5.0 V
t-I max. 600 mA
P max. (T =25°C) 
tot amb

fTemperature

600 mW

T x min. stg -65 °C
T x max. stg 200 °C
T. max. J

THERMAL CHARACTERISTIC

200 °C

e. .j-amb 292 degC/W
tELECTRICAL CHARACTERISTICS (T =25°C unless otherwise stated)

Min.
"'cnn Collector cut-off current

-V =50V, I =0 2N2904CB E 2N2904A
-V =50V, I =0, CB E

Max.

20 nA
10 nA

T , =150 °C 2N2904
amb 2N2904A -

"Gw Collector-emitter cut-off
current

20 pA
10 pA

-V =30V, +V =0.5V CE DIL
I Base current

"VpF=30V, +VBF=0.5V UE DE
-V Collector-base breakdown(Bit)UBv ' voltage

50 nA

50 nA

-I =10pA, I =0 60U E
-V * Collector -emitter breakdown(Bit) UEO ,,' voltage

V

-I =10mA, I =0 2N2904 40 - VC B 2N2904A 60 - V
♦Pulse condition, pulse width ^300ps, duty cycle ^2%. 
tJ.E.D.E.C. registered data.

Mullard
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2N2904
2N2904A

P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS

Mln. Max.
-V(BR)EBO Emitter-base breakdown voltage 

-lE = 10gA, IceO 5.0 - V
-VCE(sat) ♦Collector-emitter saturation voltage

-I = 150mA, -I = 15mA C B - 0.4 V

~VBE(sat)
-I = 500mA, -I = 50mA C B

♦Base-emitter saturation voltage
- 1.6 V

-I = 150mA, -I = 15mA C B - 1.3 V
-I = 500mA, -I = 50mA C B - 2.6 V

hFE Static forward current transfer 
ratio
-I =0.1mA, -V =10V 2N2904

2N2904A
20
40 -

-I = 1.0mA, -V =10V 2N2904C CE 2N2904A 25 -

40 -
-I = 10mA, -V =10V 2N2904C CE 2N2904A 35

40 -
*-I =150mA, -V—, = 10V C vis 40 120
* -I = 500mA, -V =10V 2N2904 CE 2N2904A 20 -

40 -
Cob Common base, open circuit

output capacitance
-Z=10V, I =0, f=100kHz UB h - 8.0 pF

°lb Common base, open circuitID Input capacitance
V =2.0V, I = 0,f = 100kHz BIS v - 30 PF

fT Transition frequency
-V =20V, -I = 50mA, cis u
f=100MHz 200 - MHz

*Pulse condition, pulse width ^300gs, duty cycle £2%.

Mullard
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Switching characteristics
Max.

Turn-on (see Fig.l)
-V =30V, -I = 150mA, -I =15mA CL Cö x>

‘d 
t
t on

Turn-on delay time
Rise time
Turn-on time (t, +1 ) d r

10 ns
40 ns
45 ns

Turn-off (see Fig.2)

-vcc=6v' -’cs^1“’ -ib=+ibm=15d,a
t Storage time 80 ns
tt Fall time 30 ns
t Turn-off time (t +1.) 100 nsoff s f

TEST CIRCUITS

Input 
0-------

-16V

zo=5on 
p r.f.-150p.ps.
tr$ 2ns

------- O-

«—2OOns

1k a

IB6694I

Fig.l

Test circuit for determining delay, rise and turn-on time

Mullard
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS

2N2904
2N2904A

Fig. 2

Test circuit for determining storage, fall and turn-off time

WAVEFORMS

------- ----------Mullard------------------
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS 2N2904

2N2904A

TYPICAL TRANSFER, MUTUAL AND INPUT CHARACTERISTICS

Mullard
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TYPICAL TRANSFER, MUTUAL AND INPUT CHARACTERISTICS

Mullard
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS

2N2904
2N2904A

(A)

Mullard
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TYPICAL OUTPUT CHARACTERISTICS

Mullard
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS

2N2905
2N2905A

P-N-P silicon planar epitaxial medium power transistors designed primarily 
for high-speed saturated switching and driver applications for industrial 
service.

QUICK REFERENCE DATA

2N2905 2N2905A

-V _ max. SO VCBO
max. 40 60 VCEO

-I max. 600 mA
P, , max. (T =25°C) 600 mW

tot amb
T. max. 200 °C

h (-1= 150mA, -V =10V) 100-300r IL v Uzis
f min. (-Ic = 50mA, f = 100MHz) 200 MHz

t max. (-1 = 150mA,s ' CS
-I =+I =15mA) 80 nsB BM '

Unless otherwise stated data is applicable to both types

OUTLINE AND DIMENSIONS

Conforming to B.S. 3934 SO-3/SB3-3A
J.E.D.E.C. TO-5

Collector connected to envelope

Millimetres

Min. Typ. Max.

A 9.10 - 9.39

B 8.2 - 8.50

C 6.15 - 6.60

D - 5.08 -

E 0.71 - 0.86

Fl - - 0.51

F2 12.7 - -

F3 38.1 - 41.3

Gl - - 1.01

G2 0.41 - 0.48

G3 - - 0.53

H - 0.4 -

J 0.74 - 1.01

Mullard
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tRATINGS
limiting values of operation according to the absolute maximum system.
Electrical

-VCBOmaX- 60 V
max‘ t0 100mA) UEU u 2N2905 40 V

2N2905A 60 V
-V„„„ max. EBO 5.0 V
-I max. 600 mA
P max. (T = 25°C) tot amb ' 600 mW

Temperature
T x min. stg -65 °C 

oT . max. stg 200 C 
oT. max.1 200 c

tTHERMAL CHARACTERISTIC
e. , j-amb 290 degC/W

fELECTRICAL CHARACTERISTICS (TaTnh = 25°C unless otherwise stated)
Min. Max.

tJ.E.D.E.C. registered data

-ICB0 Collector cut-off current
-V =50V, I =0 2N2905 - 20 nACB E 2N2905A - 10 nA

-vcb=50v- V0-T = 150°C 2N2905 20 pAamb 2N2905A - 10 nA
‘cEX Collector-emitter cut-off 

current
-vce = 30v, +Vbe = 0.5V - 50 nA

Base currentDLÄ =30V, +V =0.5VCE ’ BE - 50 nA

'V(BR)CBO Collector-base breakdown 
voltage
-I =10nA, I =0 U E 60 - V

~V(BR)CEO ♦Collector-emitter breakdown 
voltage
-I = 10mA, I =0 2N2905 40 - VG B 2N2905A 60 - V

♦Pulse condition, pulse width 5300ns, duty cycle £2%.

Mullard
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS 2N2905

2N2905A

♦Pulse conditions, pulse width = 300(iA, duty cycle <2%.

Min. Max.
*V(BR)EBO Emitter-base breakdown voltage

-i^iOM, Ic-0 5.0 - V

~VCE(sat) ♦Collector-emitter saturation voltage
-I = 150mA, -I=15mA C B - 0.4 V
-I = 500mA, -I = 50mA C B - 1.6 V

VBE(sat) ♦Base-emitter saturation voltage
-I = 150mA, -IB = 15mA - 1.3 V
-I = 500mA, -I =50mA C B - 2.6 V

h„^ FE Static forward current transfer
ratio
-I = 0.1mA, -V =10V 2N2905C C 2N2905A 35

75 -
-I = 1.0mA, -V = 10V 2N2905C CB 2N2905A 50 -

100 -
-I = 10mA, -V =10V 2N2905C C 2N2905A 75 -

100 -
*-!= 150mA, -V„=10V U UE 100 300
*-I = 500mA, -V =10V 2N2905C 2N2905A 30 -

50 -
c . Common base, open circuitOD output capacitance

-V„ =10V, I = 0,f = 100kHz Co B - 8.0 pF

cib Common base, open circuit 
input capacitance
+V„„ = 2.0V, I =0, f = 100kHzBE U - 30 pF

fT Transition frequency
-V _, = 20V, -I =50mA, f = 100MHz UE C 200 - MHz

Mullard
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Switching characteristics
Max.

Turn-on (see fig.l)

-V =30V, -I = 150mA, -I = 15mALb Ub B
t^ Turn-on delay time 10 ns

t Rise time 40 nsr
t Turn-on time (t+t ) 45 nson dr'

Turn-off (see fig. 2)

-vcc = 6-ov> -ics = 150mA’
t Storage time 80 ns

Fall time 30 ns

t „ Turn-off time (t +tj 100 nsoff s r

TEST CIRCUITS

Fig.l

Test circuit for determining delay, rise and turn-on time

Mullard
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS

2N2905
2N2905A

Test circuit for determining storage, fall and turn-off time

WAVEFORMS

Fig. 3

186655]

Mullard
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS 2N2906

2N2906A

p-N-p silicon planar epitaxial medium power transistors designed primarily 
for high-speed saturated switching and driver applications for industrial 
service.

QUICK REFERENCE DATA
2N2906

-V _ max. 60
2N2906A

VCBO
-V n max. (-! < 100mA) 40bûv V 60 V
-I„ max. 600 mA
u 0P max. (T . = 25 C) tot amb 400 mW
T. max. 200 °C

J
h„„ (-1 = 150mA, = 10V)FE v C ’ CE '
f^, min. (-1^ = 50mA,f = 100MHz)

40-120
200 MHz

t max. (-1 = 150mA, s Co
80 ns

Unless otherwise stated data is applicable to both types
OUTLINE AND DIMENSIONS

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

5.31

Millimetres
Max.Min. Typ.

A 4.53 - 4.8
B 4.66 - 5.33
Cl - - 0.51
C2 12.7 - -
C3 12.7 - 15
DI - - 1.01
D2 0.41 - 0.48
D3 - - 0.53
E 0.84 - 1.17
F 0.92 - 1.16
G - 2.54 -
H 5.84Viewed from underside

Connections 1. Emitter 3. Collector connected to envelope
2. Base

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

Electrical

-V„ max.CBO 60 V

-V max. (-1=0 to 100mA) 2N2906
CEO C 2N2906A

40 V
60 V

-VEBO maX' 5.0 V

-I max. 600 mA
P max. (T . =25°C) 

tot amb '

Temperature

400 mW

T min. stg -65 °C

T max. stg 200 °C

T max.
J 

(THERMAL CHARACTERISTIC

200 °C

e. , ¡-amb 0.44 degC/mW

tELECTRICAL CHARACTERISTICS (Tamb = 25°C unless otherwise stated)

Mln. Max.

Collector cut-off current
-V =50V, I = 0 2N2906 20 nA

E 2N2906A

-vcb=50V’ V0’

10 nA

T = 150°C 2N2906
amb 2N2906A -

"Lrv Collector-emitter cut-offCEX ,current

20 pA
10 pA

-V =30V, +V =0.5V GB BB

I Base current

50 nA

-V =30V, +V =0.5V GB BB

-V Collector-base breakdown(BRjCBO ..' voltage

50 nA

-I =10mA, I =0 60G E
-V *Collector-emitter  breakdown(BRjCbO' ' voltage

V

-I - 10mA, I =0 2N2906 40 - V
B 2N2906A 60 - V

*Pulse condition, pulse width^300ps, duty cycle^2%. 

tJ.E.D.E.C. registered data.

Mullard
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS 2N2906

2N2906A

Min. Max.

"V(BR)EBO

-VCE(sat)

Emitter -base breakdown voltage
-I =10mA. i„’0

♦Collector-emitter saturation voltage
-I = 150mA, -IB = 15mA

5.0

0.4

V

V
-I = 500mA, -IB = 50mA - 1.6 V

~VBE(sat) ♦Base-emitter saturation voltage
-I = 150mA, -I = 15mA C B

- 1.3 V
-Ic = 500mA, -IB = 50mA - 2.6 V

hFE Static forward current transfer 
ratio
-I =0.1mA, -V„ =10V 2N2906

C CE 2N2906A
20
40

-I = 1.0mA, -V =10V 2N2906
C CE 2N2906A

25
40 -

-I = 10mA, -V =10V 2N2906
C C 2N2906A

35
40 -

*-I =150mA, -V =10V C Chj 40 120

*-I = 500mA, -V =10V 2N2906
C CE 2N2906A

20
40

-

Cob

Cib

fT

Common base, open circuit 
output capacitance
-V„ =10V, 1=0, f = 100kHzCB is
Common base, open circuit 
input capacitance
V =2.0V, I = 0,f = 100kHzBIS U
Transition frequency
-V =20V, -I =50mA, UIS u
f = 100MHz 200

8.0

30

pF

pF

MHz

♦Pulse condition, pulse width ^300ps, duty cycle ¿2%.

Mullard
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Switching characteristics
Max.

Turn-on (see Fig.l)
-V =30V, -I =150mA, -I = 15mA CC Co JtJ

tj Turn-on delay time
t Rise timer
t Turn-on time (t. + t )on 'dr

10 ns
40 ns
45 ns

Turn-off (see Fig.2)
-VCC = 6V’ ^CS^50”^’

tg Storage time 80 ns
tj . Fall time 30 ns
t „ Turn-off time (t +t.) 100 nsoff s r

TEST CIRCUITS

Fig.l
Test circuit for determining delay, rise and turn-on time

Mullard
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS 2N2906

2N2906A

Fig.2
Test circuit for Httarmining storage, fall and turn-off time 

WAVEFORMS

----------------- Mullard------------------
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS

2N2907
2N2907A

P-N-P silicon planar epitaxial medium power transistors designed primarily 
for high-speed saturated switching and driver applications for industrial 
service.

QUICK REFERENCE DATA

-V max.

2N2907 2N2907A

. 60 VCBO
'VCEOmaX‘ 40 60 V

-I max. 600 mA
P x max. (T = 25°C) 

tot amb
400 mW

T. max. 200 °C
j

h (-1 = 150mA, -V =10V) iE U LE
f^ min. (-I^ = 50mA, f=100MHz)

100-300

200 MHz

t max. (-1 = 150mA,s CS
-I =+T =15mA)B BM ' 80 ns

Unless otherwise stated data is applicable to both types

OUTLINE AND DIMENSIONS

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

___ L.
j C1

C2

I 7

-A-

-

t 
--

---
---

Ti
nn

ed
---

---
*1

1
n ________

__
__

__
_

1 _

Millimetres
Min. Typ. Max.

A 4.53 - 4.8

B 4.66 - 5.33

----- 01 Cl - - 0.51 
------D2

C2 12.7
:3 

C3 12.7 - 15

—03 DI - - 1.01
D2 0.41 - 0.48

I f fy
H e -H- 
I 5

D3 - - 0.T

E 0.84 - 1.17
V F 0.92 - 1.16

G - 2.54

n underside H 5.31 - 5.84
tier 3. Collector connected to envelope
e

Viewed fr
Connections 1. El

-2.BI

or
m
is

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

-V_ max. 60 VCBO
'VCEO (-IC = ° to 100mA> 2N2907 40 V

2N2907A 60 V
-V_ max. 5.0 VEBO
-I max. 600 mAC

0P. . max. (T . =25 C tot amb 400 mW
Temperature
T . min. -65 °Cstg
T x max. 200 °Cstg
T, max. 200 °C

1
¡THERMAL CHARACTERISTIC

j-amb 0.44 degC/mW
¡ELECTRICAL CHARACTERISTICS (T¡unb = 25°C unless otherwise stated)

Min. Max.

♦Pulse condition, pulse widths300gs, duty cycle^2%.

Collector cut-off currentVDU -V =50V, I =0 2N2907CB E 2N2907A 20
10

-V_ =50V, I =0,CB ET = 150°C 2N2907
amb 2N2907A - 20

- 10

-ICEX Collector-emitter cut-off
current
-V =30V, +V=0.5V 50CE BE

*BEX Base current
-V =30V, +V„ =0.5V 50CE BE

-V Collector-base breakdown(BR)CBO voltage
-I =10gA, I =0 V fa 60 -

-V ♦Collector-emitter breakdown(BR)CEO voltage
-I = 10mA, I =0 2N2907 40 -C B 2N2907A 60 -

¡J.E.D.E.C. registered data

Mullard
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS 2N2907

2N2907A

*Pulse conditions, pulse width = 300pA, duty cycle ^2%.

Min. Max.
'V(BR)EBO Emitter-base breakdown voltage 

-IE = 10MA, 1c=0 5.0 - V

VCE(sat) »Collector-emitter saturation voltage
-I = 150mA, -IB = 15mA - 0.4 V
-I = 500mA, -IB = 50mA - 1.6 V

~VBE(sat) ♦Base-emitter saturation voltage
-I = 150mA, -I = 15mA G B - 1.3 V
-I = 500mA, -I = 50mA C B - 2.6 V

hFE Static forward current transfer 
ratio
-I =0.1mA, -V =10V 2N2907C 2N2907A 35

75
-

-I =1.0mA, -V =10V 2N2907C 2N2907A 50
100 -

-I = 10mA, -V =10V 2N2907C Ct 2N2907A 75
100 -

♦-I = 150mA, -VCE = 10V 100 300
*-I = 500mA, -V =10V 2N2907C 2N2907A 30

50 -
Cob Common base, open circuit 

output capacitance
-V,, =10V, I =0,f = 100kHzGB B - 8.0 pF

Cib Common base, open circuit 
input capacitance
+V„ =2.0V, I_ = 0, f = 100kHzBE C - 30 pF

fT Transition frequency
-V„=20V, -I = 50mA, f = 100MHz GE G 200 - MHz

Mullard
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Switching characteristics
Max.

Turn-on (see fig.l)

-V =30V, -I = 150mA, -I = 15mA UC Ub E
td Turn-on delay time 10 ns

t Rise timer 40 ns

t Turn-on time (t. +t )on dr' 45 ns

Turn-off (see fig.2)

-vcc = 6.°v, -Ics = 150mA, -IB = +IBM = 15mA

t Storage times 80 ns

tj Fall time 30 ns

t „ Turn-off time (t +t.)off s f 100 ns

TEST CIRCUITS

z0=5°n
pr.f.= 150p.p.s.

Fig.l
Test circuit for determining delay, rise and turn-on time

——----------Mullard —-------------
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2N2907
2N2907A

P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS

Fig. 2

Test circuit for determining storage, fall and turn-off time

WAVEFORMS

Fig. 3

IB6655I

Mullard
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N-P-N SILICON
PLANAR TRANSISTOR 2N3053

N-P-N silicon planar transistor designed for medium speed, saturated and 
nonsaturated switching applications for industrial service.

QUICK REFERENCE DATA

V max. 60 VCBO
V „„ max. 40 VCEO
I max. 700 mA
c o Px x max. (T =25 C) 5.0 wtot case

T. max. 200 °C

h (I = 150mA, V =10V) r h U Uis
50-250

f min. (I =50mA, V =10V, f = 20MHz) T C uh
100 MHz

OUTLINE AND DIMENSIONS
Conforming to B.S. 3934 SO-3/SB3-3A

J.E.D.E.C. TO-5
Millimetres

A-

B -

A

B

C
D

E

Fl
F2

F3

Gl

G2
G3

H

J

Min. Nom. Max.
9. 10 - 9.39
8.20 - 8.50

6.15 - 6.60
5.08

0.71 - 0.86
0.51

12.7
38.1 - 41.3

1.01

0.41 - 0.48

0.53

0.4 

0.74 - 1.01

Collector connected to case

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

Electrical

VCBO maX’ 60 V

*VCEO maX- 40 V

VEBO maX- 5.0 V

I max. C 700 mA
P max. (T = 25°C)tot v case '

Temperature

5.0 W

T min. stg -65 o C
T max. stg 200 °C

T. max.
J

200 °C

*For 1^0 to 100mA (pulsed), pulse duration = 300ps, duty factor = 1.8%;

0 to 700mA for shorter pulses.

(THERMAL CHARACTERISTIC
G (above 25°C)

j-case
(ELECTRICAL CHARACTERISTICS <Tamb = 25°C)

1 Collector-emitter cut-offLEX current

35

Min.

degC/W

Max.

V =60V, -V =1.5V UE EE

Base current

- 0.25 pA

DEjA

V(BR)CBO

V =60V, -V =1.5V UE EE

Collector-base breakdown 
voltage

0.25 PA

V

I =100ma, i„ = 0U E
Emitter-base breakdown voltage

60 - V

(BR)EBO I =100MA, I =0 E U
**Collector-emitter breakdown 

voltage

5.0 - V

V(BR)CEO I =100mA, I -0 U E 40 - V

V(BR)CER 1 = 100mA, R^ =10S2 U BE 50 - V

**Pulse test, pulse width = 300ps, duty factor = 1.8%. 
fJ.E.D.E.C. registered data.
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N-P-N SILICON
PLANAR TRANSISTOR 2N3053

ELECTRICAL CHARACTERISTICS (cont’d)

** Pulse test, pulse width-300ps, duty factor-1.8%.

Min. Max.

V , Collector-emitter saturation
CE(sat)

' voltage
I = 150mA, I - 15mA 
C B

- 1.4 V

V„_ Base-emitter saturation voltage
BE(sa) J = 150mA, I = 15mA

C B
- 1.7 V

V Base-emitter voltage
B I =150mA, V -2.5V

C C E
- 1.7 V

h Static forward current
transfer ratio
I -150mA, V -2.5V 
u ut

**I= 150mA, V„=10V 
C C E

f Transition frequency
T I -50mA, V^^-IOV, f = 20MHz

C CE

25

50

100

250

MHz

C Output capacitance
° V =10V, I -0, f= 140kHz

CB C
- 15 pF

C_, Input capacitance
1 -0.5V, I =0, f= 140kHz

LB E
- 80 pF

Mullard
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2N3055N-P-N SILICON DIFFUSED
POWER TRANSISTOR

N-P-N silicon diffused power transistor, intended for high quality amp
lifiers, power supplies, inverters and similar industrial applications.

QUICK REFERENCE DATA
VCBO maX- 100 V
VCERmaX' (RBE-10°$ 70 V
Icmax. 15 A
Px „ max. (T , ^25°C) tot mb 115 W
T. max. 200 °C
hFE «C^-0^ VCE=4’0V) 20-70
f min. (I =1.0A, V- =4.0V, f=1.0MHz) 1 C CE 0.8 MHz

OUT UNE 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)
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
VCBO maX‘ 100 V

VCERmaX . (R =10012) BB 70 V

VEBO maX
I max.

I max.

7.0

15

7.0

V

A

A
P, . max. (T 25°C) tot mb

Temperature
Tstgra^e
T max. 

J
THERMAL CHARACTERISTIC

115

-65 to +200

200

W

°C

°C

Rth(j-mb) 1.5 degC/W

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

Min. Max.

Collector cut-off current
‘CEO vce=30V’ V0 - 0.7 mA

‘cEX 

‘cEX

'VBE = 1-5V
vce=1oov’ -vbe=1'5V’

- 5.0 mA

‘ebo

T =150°C 
j

Emitter cut-off current

- 10 mA

V =7.0V, L = 0BB G

Collector-emitter sustaining 
voltage

5.0 mA

VCEO (sust) I =0.2A, 1=0 G B 60 - V

VCER(sust)

VBE

I =0.2A, R =1002C Bb

Base-emitter voltage

70 - V

VCE(sat)

I =4.0A, V =4.0V G GB

Collector-emitter saturation 
voltage

1.8 V

I =4.0A, I =0.4A C B - 1.1 V

I =10A, I =3.3A C B - 4.0 V
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N-P-N SILICON DIFFUSED
POWER TRANSISTOR 2N3055

ELECTRICAL CHARACTERISTICS (cont'd)

Min. Max.

hFE Static forward current 
transfer ratio
I =4.0A, V =4.0V U UiS 20

fT Transition frequency
I =1.0A, V =4.0V, U UiS
f=1.0MHz 0.8

70

MHz

hfe Small signal forward
current transfer ratio
I =1.0A, V =4.0V, u uis
f=1.0kHz 15
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SILICON V.H.F. N-P-N
POWER TRANSISTORS

2N3375
2N3553
2N3632

The 2N3553, 2N3375, and 2N3632 are silicon power transistors. The 
2N3553 and 2N3375 are designed for v.h.f./u.h.f. application and the 
2N3632 for v.h.f. application in industrial and military transmitting 
equipment.

QUICK REFERENCE DATA
2N3553 2 N3375 2N3632

Vcbo max. 85 65 65 V
Vceo max. 40 40 40 V
Icm max. 1.0 1.5 3.0 A
Ptot mix. (Tmb 25°C) 7.0 11.6 23 W
Tj max. (operating) 200 200 200 °C
fi typ. 500 500 400 MHz

Output power
at Vce = 28V, common emitter
Pout min. (Pln = 0.25W, f == 175MHz) 2.5 — — W
Pout min. (Pin = 1.0W, f = 100MHz) — 7.5 — W
Pout min. (Pln = 1.0W, f = 400MHz) — 3.0 — W
Pout min. (Pm = 3.5W, f = 175MHz) — — 13.5 W

OUTLINE AND DIMENSIONS
For details see page D4.

2N3553 Conforms to J.E.D.E.C. TO-39, B.S. 3934 SO-3/SB3-3B
2N3375 and 2N3632 Conform to J.E.D.E.C. TO-60

Mullard
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RATINGS

♦♦Pulsed through an inductor (25mH); 8 = 0.5; f = 50Hz.

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

2N3553 2N3375 2N3632
Vcbo max. 65 65 65 V
Vceo max. 40 40 40 V
Vebo max. 4.0 4.0 4.0 V
Ic max. 0.35 0.5 1.0 A
Icm max. 1.0 1.5 3.0 A

♦Ptot max.( T„ib 25°C) 7.0 11.6

Temperature
Tstg min.
Tstg max.
Tj max. (operating)

♦See safe operation area curves on pages C1 and C2

THERMAL CHARACTERISTICS

23 W

-65 °C
+ 200 °C
+ 200 °C

Oj-mb 25 15 7.5 degC/W
0mb-h — 0.6
Omb-h (mounted with top clamping

0.6 degC/W

washer of accessory 56218) 1.0 —
0mb-h (mounted with top clamping

washer of accessory 56218 and
a Boron nitride washer for

— degC/W

electrical insulation) 1.2 —

ELECTRICAL CHARACTERISTICS (Tj = 25°C)
V(br)cbo min. Collector-base breakdown 

voltage

— degC/W

Ic = 250pA, lE = 0 65 65
Collector-emitter breakdown 
voltage

V(br)cex min.** Ic = 0 to 200mA,

65 V

Veb = 1.5V, RB = 33Q 65 65 65 V
V(br)ceo min.** Ic = 0 to 200mA, lB = 0 40 40
V(br)ebo min. Emitter-base breakdown 

voltage

40 V

Ie = 250pA, lc = 0 4.0 4.0
Iceo max. Collector cut-off current

4.0 V

VCE = 30V, lB = 0 100 100
hpE Large signal forward

current transfer ratio 
Ic = 125mA, VCE = 5.0V 

min. 15 15
max. 200 200

Ic = 250mA, VCE = 5.0V 
min. 10 10
max. 100 100

Ic = 1000mA, VCE = 5.0V 
min. — —
max. — —

250 pA

10
150

5 
110

Mullard
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2N3375
2N3553
2N3632

SILICON V.H.F. N-P-N
POWER TRANSISTORS

ELECTRICAL CHARACTERISTICS (Tj = 25°C)

2N3553 2N3375 2N3632
Vbe Base-Emitter Voltage (max.)

Ic = 250mA, VCE = 5V 1.5 — — V
lc = 500mA, VCE = 5V — 1.5 — V
lc = 1000mA, VCE = 5 V — — 1.5 V

VcE(Sat) Collector-emitter saturation voltage 
(max.)

Ic = 250mA, In = 50mA 1.0 __ _ V
lc = 500mA, In = 100mA — 1.0 — V
Ic = 1000mA, hi = 200mA — — 1.0 V

It typ. Transition frequency
VCE = 28V, Ic = 125mA

= 500mA
500 500

400
MHz 
MHz

Ctc Collector capacitance
Vcb = 28V, lE = l„ = 0, f = 1MHz 

(max.) 10 10 20 PF

Cc Collector-case capacitance (max.) — 6.0 6.0 PF

Re(hfe) Rea) part of input impedance
f = 200MHz, lc = 125mA, 
Vce = 28V (max.) 20 20 — ii
f = 200MHz, lc = 250mA, 
Vce = 28V (max.) — — 20 Í2

R.F. Performance
in un-neutralised common emitter amplifier

VCE = 28V
Power Power

Type Freq. out in Ic »1 Circuit 
No,

2N3553 175MHz 2.5W <0.25W < 180mA >50% fig 2
2N3375 100MHz 7.5W <1.0W <410mA >65% fig1
2N3375 400MHz >3.0W 1.0W 270mA >40% fig 3
2N3632 175MHz >13.5W 3.5W 690mA >70% fig 2

The transistors can withstand'an output V.S.W.R. of 3 :1 varied through 
all phases for the conditions mentioned i n the above table.
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OUTLINE AND DIMENSIONS FOR 2N3S53
Conforms to J.E.D.E.C. TO-39

B.S.3934 SO-3/SB3-3B

—A-----

r—B—-

Millimetres 
Min. Nom. Max.

A 8.64 8.9 9.4

7
—f » 7.75 8.15 8.5

c C 6.1 6.36 6.6

! f F?5' 4- I
I

53 + L

Opt

» L E 0.71 0.79 0.86

- 1 F 13 - -
H - 0.4
J 0.74 0.85 1.0

I 
I o 
LJ

Collector connected to case

OUTLINE AND DIMENSIONS FOR 2N3375, 2N3632
Conforms to TO-60

Millimetres

B 
C 

4>D 
*Di 
«¡»Da

L 
«¡»T

Nom.
11.10

3.18
6.86
8.38

10.92
5.08
3.81
0.97

----------------- Mullard------------- -----
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SILICON V.H.F. N-P-N
POWER TRANSISTORS

2N3375
2N3553
2N3632

SOLDERING AND WIRING RECOMMENDATIONS (2N3S53)
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. 
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 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.

NOTES (2N3375, 2N3632)
1. A heatsink thermal resistance of 3degC/W is recommended for operation 

in ambient temperature up to 65°C.

CAUTION
This device incorporates Beryllium Oxide, the dust of which is toxic. 
The device is entirely safe provided that it is not dismantled.
Care should be taken to ensure that all those who may handle, use or 
dispose of this device are aware of its nature and of the necessary safety 
precautions. In particular, it should never be thrown out with general 
industrial or domestic waste.

DISPOSAL SERVICE
Devices requiring disposal may be returned to Mullard Service Department. 
They must be separately and securely packed and clearly identified. If 
any are damaged or broken they MUST NOT be sent through the post. 
In this case advice is available from the Service Department.

Service Department,
Mullard Limited, 

New Road, 
Mitcham, 
Surrey.

Mullard
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COMMON EMITTER TEST CIRCUIT 100MHz 2N3375

Ci = 3,5-61,5pF air trimmer.
C3 = 3,5-61,5pF air trimmer.
C3 = 10nF polyester.
C4 = 4-29pF air trimmer.
Cs = 4-29pF air trimmer.
Ce = 330pF ceramic.
C7 = 10qF polyester.

Li = 2 turns of 1.5mm closely wound enamelled Cu wire, int. diam. 10mm, 
leads: 2x 10mm.

La = Ferroxcube choke coil, Z (at 100MHz) = 700il + 20%.
L3 = 23 turns of 0.7mm closely wound enamelled Cu wire, int. diam. 6mm.
L4 = 5 turns of 1.5mm closely wound enamelled Cu wire, int. diam. 12mm, 

leads: 2 x 10mm.
Ri = 1.35Û carbon.
Ra = 10Q carbon.

Mullard
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SILICON V.H.F. N-P-N
POWER TRANSISTORS

2N3375
2N3553
2N3632

COMMON EMITTER TEST CIRCUIT 175MHz 2N3553, 2N3632

Li = 1 turn of 1mm Cu wire, int. diam. 10mm; Leads: 2 x 10mm.
La = Ferroxcube choke coil. Z (at 175MHz) = 550(2+20%.
L;; =15 turns of 0.7mm closely wound enamelled Cu wire, int. diam 4mm.
Li = 3 turns of 1.5mm closely wound enamelled Cu wire, int. diam 12mm, 

Leads: 2 x 20mm.
R = 0-2£2 for 2N3632 and R = 0Í2 for 2N3553.

♦Emitter of the 2N3632 is connected to case as short as possible. The length of the 
external emitter wire of the 2N3553 is 1.6mm.

Mullard
2N3375 Page D7



COMMON EMITTER TEST CIRCUIT 400MHz 2N337S

Ci = 0.7-6.7pF
C2 = 0.7-6.7pF
C3 = 0.5-3.5pF
C4 = 3-19pF
C5 = 3-19pF
C6 = 15pF
C7 = 15pF
C8 = 4700pF

ceramic trimmer, 
ceramic trimmer, 
ceramic trimmer, 
air trimmer.
air trimmer, 
ceramic.
ceramic.
ceramic.

Li = 20mm straight Cu wire diam. 1.5mm, spaced 8mm from chassis.
L2 = 17 turns of 0.5mm closely wound enamelled Cu wire, int. diam. 3mm.
La = 7 turns of 0.5mm closely wound enamelled Cu wire, int. diam. 3mm.
L4 = 1 turn of 1.5mm Cu wire, int. diam. 10mm, leads: 2x 5mm.

R = 0-5Q.

♦Emitter connected to case as short as possible.

Mullard
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SILICON V.H.F. N-P-N
POWER TRANSISTORS

2N3375
2N3553
2N3632

FREQUENCY DOUBLER TEST CIRCUIT 87.5MHz-175MHz 2N3553

C4 = 3.5-61.5pF air trimmer.
Cs = 56pF ceramic.
Ca = 680pF ceramic.
C7 = 150pF
C8 = 100pF 
C9 = 10nF

ceramic, 
ceramic, 
polyester.

Li = 5 turns of 1mm Cu wire, winding pitch 1.5mm, int. diam. 6mm, 
Leads: 2 x 12mm.

Lz = Ferroxcube choke coil, Z (at 87.5MHz) = 7500 + 20%.
L3 = 15 turns of 0.7mm closely wound enamelled Cu wire, int. diam. 4mm.
L4 = 6 turns of 1mm Cu wire, winding pitch 1.5mm, int. diam. 6mm, 

leads: 2x 12mm.
Ri = 0-50Í1.
Rz = 10Q carbon.

----------------- Mullard------------------
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PARAMETRIC FREQUENCY TREBLER TEST CIRCUIT 156.7MHz-470MH

♦Tuned to second harmonic frequency.

Fig. 5

ca 
c2 L c3 r
Cj

4-29pF air trimmer.

C51
C6 )4-10.4pF
C7J

air trimmer.

C8 = 1pF
C9 = 12pF
C10 = 1OOpF
Cu = 1OOOpF
C12 = 15nF
Ri = 2.2Q
R2 = 10Q

ceramic.
ceramic T f d h h 
ceramic./ 6
ceramic.
polyester.
carbon, 
carbon.

Li = 35mm straight Cu wire, diam. 1mm, spaced 5.5mm from chassis.
La = Ferroxcube choke coil, Z (at 156,7MHz) = 600£2±20%.
L3 = 18mm straight Cu wire, diam. 1mm, spaced 5.5mm from chassis.
La = 7 turns of 0.5mm closely wound enamelled Cu wire, int. diam. 3.5mm.
Ls = 3 turns of 1mm Cu wire, winding pitch 1.7mm, int. diam. 8.5mm, 

leads'. 2 x 10mm.
Le = 2 turns of 1mm Cu wire, winding pitch 1.7mm, int. diam. 7mm, 

leads: 2x10mm.
L7 = 40mm straight Cu wire, diam. 1.5mm spaced 5.5mm from chassis.
La = 1 turn of 1mm Cu wire, int. diam. 7mm, leads: 2x5mm.

Performance
Typical performance at a supply voltage of 28V.

Po Pi G Ic 7

(W) (W) (dB) (mA) (%)
1.5 0.27 7.5 125 43
2.0 0.39 7.1 156 46

The issue of the information contained in this publication does not imply 
any authority or licence for the utilisation of any patented feature.
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SILICON V.H.F. N-P-N
POWER TRANSISTORS

2N3375
2N3553
2N3632
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EXPLANATION OF AREAS OF SAFE OPERATION
Region I Operation is allowed under all base-emitter conditions, provided no 

limiting values are exceeded (d.c. and a.c. operation).
Region II Operating is allowed under all base-emitter conditions with fre

quencies > 1MHz, provided no limiting values are exceeded.
Care must be taken to reduce the d.c. adjustment to region I before 
removing the a.c. signal.
This may be achieved by an appropriate bias in class A, B or C.

Region III Operating during switching-off in this region is allowed, provided the 
transistor is cut-off with -Vbb < 1.5V and Rbe > 33Q, Ic 400mA 
and the transient energy does not exceed 2mWs.

Mullard
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2N3375
2N3553
2N3632

SILICON V.H.F. N-P-N
POWER TRANSISTORS

TYPICAL OUTPUT POWER PLOTTED AGAINST FREQUENCY

TYPICAL OUTPUT POWER PLOT
TED AGAINST FREQUENCY

TYPICAL COLLECTOR CAPACIT
ANCE PLOTTED AGAINST COL

LECTOR-BASE VOLTAGE

Mullard
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TYPICAL COLLECTOR-EMITTER SATURATION VOLTAGE 
PLOTTED AGAINST JUNCTION TEMPERATURE

TYPICAL COLLECTOR CURRENT PLOTTED AGAINST BASE
EMITTER VOLTAGE

Mullard
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SILICON V.H.F. N-P-N
POWER TRANSISTORS

2N3375
2N3553
2N3632

COLLECTOR CURRENT PLOTTED AGAINST BASE CURRENT

Mullard
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TYPICAL LARGE SIGNAL FORWARD CURRENT TRANSFER 
RATIO PLOTTED AGAINST COLLECTOR CURRENT

COLLECTOR CURRENT PLOTTED AGAINST COLLECTOR
EMITTER VOLTAGE WITH BASE CURRENT AS A PARA

METER

----------------- Mullard------------------
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SILICON V.H.F. N-P-N
POWER TRANSISTORS

2N3375
2N3553
2N3632

TYPICAL TRANSITION FREQUENCY PLOTTED AGAINST 
COLLECTOR CURRENT WITH COLLECTOR-EMITTER VOLT

AGE AS A PARAMETER

TYPICAL TRANSITION FRE
QUENCY PLOTTED AGAINST 

JUNCTION TEMPERATURE

OUTPUT POWER PLOTTED 
AGAINST COLLECTOR-EMITTER 
VOLTAGE WITH INPUT POWER 

AS A PARAMETER

Mullard
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OUTPUT POWER PLOTTED AGAINST COLLECTOR-EMITTER 
VOLTAGE WITH INPUT POWER AS A PARAMETER

POWER GAIN, POWER OUTPUT, AND EFFICIENCY CURVES 
PLOTTED AGAINST INPUT POWER AND BASE-EMITTER
VOLTAGE FOR DOUBLER CIRCUIT ON PAGE D9

----------------- Mullard------------------
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2N3442
2N4347

N-P-N SILICON DIFFUSED
POWER TRANSISTORS

N-P-N silicon diffused power transistors intended for use in a wide variety of linear 
power applications in audio amplifiers, converters, voltage regulators, power 
supplies, etc.

QUICK REFERENCE DATA
2N3442 2N4347

^CBO maX’ 160 140 V

VCEOmaX' 140 120 V

1^ max. 10 5 A

. max. (T , <25°C) tot mb - 117 100 W

T. max. 200 200 °C

hFEmin., IC = 3A, VCE = 4V 20-70 -

‘c’2^ vce=4v - 20-70

Unless otherwise stated data are applicable to both types

OUTLINE AND DIMENSIONS

Conforms to B.S. 3934 SO-5B /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 2N3442 2N4347
VCBO““’ 160 140 V
VCEO 140 120 V
VCERmaX' ^BE^’00”^ 150 130 V
VEBO maX’ 7.0 7.0 V
Ic max. 10 5.0 A

’cm”“' 15 10 A
I max. 7.0 3.0 A
P, , max. (T v <25°C) tot mb — 117 100 W

Temperature
T .stg -65 to +200 °C
T. max. 

]
200 °C

THERMAL CHARACTERISTICS
R.. .. Thermal resistance, junction toth(j-mb) .. ,mounting-base 1.5 1.75 degC/W
R,, , , ... Thermal resistance, mounting- th(mb-h) . . , . . .base to heatsink
R., , . .. Thermal resistance, mounting- th(mb-h) , . , . . , ...base to heatsink with accessories

0.5 degC/W

56201, 56214 0.75 degC/W
ELECTRICAL CHARACTERISTICS (T. = 25°C unless otherwise stated)

Min. Typ. Max.
’CBO Collector-base cut-off current

I =0, V =140V IL UB - 50 1000 pA

’cEX Collector-emitter cut-off current
-Vbe^-SV. Vce = 140V 2N3442 - 5.0 1000 pA
-VBE = 1'5V’ VCE = 14°V’ Tmb = 150°C 2N3442 - 0.1 10 mA

-vbe=1‘5V’ Vce^1207 2N3442 - 1.0 - pA
2N4347 - 5.0 2000 MA

-V =1.5V, V = 120 V, T =BE CE mb 150°C 2N4347 - 0.1 10 mA

’ebo Emitter cut-off current
I =0, V =7V 1.0 5000 pA
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2N3442
2N4347

N-P-N SILICON DIFFUSED
POWER TRANSISTORS

ELECTRICAL CHARACTERISTICS (contd.)
Min

V Collector-emitter breakdown voltage(BR)CER j =0 1A) R =10052 2N3442 150C BE 2N4347 130

Typ- Max.
- - V
- - V

VCEO(sust)
Collector-emitter sustaining voltage

I =0, I =0.2 to 3.0A 2N3442B ° 2N4347 140
120

-
-

V
V

^CEX(sust) -V =1.5V, I =0.1tol.5A BE C
25mH + 3 0 V

2N3442 160
2N4347 140

------ O vert.
- -

V
V

0.5J1

VBE

+ i. loon, /p\
k 1.5V x"=f

Base-emitter voltage (tp = 10ms) 
Ic = 2.0A, Vce = 4.0V

■rä«—ohor-

2N4347 0.95 2.0 V
Ic = 3.0A, Vce = 4.0V 2N3442 - 1.15 1.7 V
Ic = 5.0A, Vce=4.0V 2N4347 - 1.55 4.0 V
I =10A, V =4.0V U Lb 2N3442 - 2.8 5.7 V

VCE(sat) Collector-emitter saturation 
voltage (tp=10ms)

Ic = 2.0A, IB = 0.2A 2N4347 - - 1.0 V
Ic = 3.0A, Ib = 0.3A 2N3442 - - 1.0 V
Ic = 5.0A, Ib=1.0A 2N4347 - - 5.0 V
I =10A, I =2.0A C B 2N3442 - - 5.0 V

h FE Static forward current transfer 
ratio (tp=10ms)

Ic = 2.0A, VCE = 4.0V 2N4347 20 35 70
Ic = 3.0A, Vce = 4.0V 2N3442 20 25 70
I =5.0A, V =4.0V 2N4347 7.5 15 -
Ic = 10A, Vce = 4.0V 2N3442 7.5 10 -

h_ fe Small signal current gain
I =2.0A, V =4.0V U UL

f = 40kHz
f = 1.0kHz

2N3442
2N3442

2.0
12

9.5
18 72
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2N3442
2N4347

N-P-N SILICON DIFFUSED
POWER TRANSISTORS
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2N3442
2N4347

N-P-N SILICON DIFFUSED
POWER TRANSISTORS
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I Region of permissible operation under all base-emitter conditions and at all fre
quencies, including d.c.

II Permissible extension for repetitive pulsed operation and non-repetitive pulsed 
operation. For sinusoidal operation care must be taken to reduce the d.c. adjust
ment to region I before removing the a.c. signal. This may be achieved by an 
appropriate bias in class A, B or C.

Ill Operation during switching off in this region is allowed, provided the transistor 
is cut-off with -Vbe <1-5; IcM < 1 «5A.

IV Operation during switching off is allowed provided the transistor is cut-off with
-V < 1.5V and the transient energy does not exceed 30mWs.BE

Mullard
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2N3442
2N4347

N-P-N SILICON DIFFUSED
POWER TRANSISTORS

I Region of permissible operation under all base-emitter conditions and at all fre
quencies, including d. c.

II Permissible extension for repetitive pulsed operation and non-repetitive pulsed 
operation. For sinusoidal operation care must be taken to reduce the d.c. adjust
ment to region I before removing the a.c. signal. This may be achieved by an 
appropriate bias in class A, B or C .

Ill Operation during switching off in this region is allowed, provided the transistor 
is cut-off with -Vbe £1«5V; Icm <1.5A.

IV Operation during switching off is allowed provided the transistor is cut-off with 
-V_ _ < 1.5V and the transient energy does not exceed 30mWs.BE

Mullard
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N-P-N SILICON V.H.F.
POWER TRANSISTORS

For details see data sheet for type 2N3375

2N3553
2N3632

Mullard
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N-CHANNEL SILICON
FIELD-EFFECT TRANSISTOR 2N3823

N-channel, depletion-type, silicon planar epitaxial field-effect transistor 
intended for v.h.f. amplifier and mixer applications in Industrial service.

QUICK REFERENCE DATA

VDS max. 30 V

-VGSSmaX- 30 V

‘dss <vds=15V- VGS = °) 4.0 - 20 mA

P. max. (T tot amb
—25°C) 300 mW

Crss maX- ^D8== 15V, V =0, Lio f=1.0MHz) 2.0 pF

Pfsl mln- ^DS3 15V, V =0, Go f= 200MHz) 3.2 mmho

Nmax. (V =15V, V =0, Do Go
f=100MHz, R =1.0k^ G 2.5 dB

OUTLINE AND DIMENSIONS

Conforms to B.S. 3934 SO-12A/SB4-3
J.E.D.E.C. TO-72

Millimetres

Min. Nom. Max.

A 4.53 - 4.8
B 4.66 - 5.33
Cl - - 0.51
C2 12.7 - -
C3 12.7 - 15
DI - - 1.01
D2 0.41 - 0.48
D3 - - 0.53
E 0.84 - 1.17
F 0.92 - 1.16
G - 2.54 -
H 5.31 - 5.84

Viewed from underside Connections

All electrodes are electrically 1. Source 2. Drain
insulated from the case 3. Gate 4. Case

Mullard
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RATINGS
Limiting values of operation according to the absolute maximum system.
Electrical
VDS max. 30 V
VDG maX- 30 V
^GSS^' VDS = °) 30 V
I max.G o 10 mA
Px x max. (T , £25 C) tot amb '

Temperature
300 mW

T x range stg -65 to +200 °C
T. max. J 200 °C

THERMAL CHARACTERISTICS

ELECTRICAL CHARACTERISTICS (Tamb = 25°C unless otherwise stated) 
The fourth lead (case) is connected to the source for all measurements.

Min. Max.
Static

’gss Gate cut-off current
-VGS=20V> vds=0 - 0.5 nA
-VGS = 20V’ VDS=°> Tamb=150°C - 0.5 pA

’dss Zero-gate-voltage drain current
*VDS=15V> vgs=0 4.0 20 mA

-V(BR)GSS Gate-source breakdown voltage
-IG=1.0pA, VDS=0 30 - V

-V o GS Gate-source voltage
V =15V, I =400gA uo u 1.0 7.5 V

~VGS(off) Gate-source cut-off voltage 
vds=15v- iD=°-5nA - 8.0 V

♦Pulse measurements, pulse width = 100ms, duty cycle+10%.

Mullard
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N-CHANNEL SILICON
FIELD-EFFECT TRANSISTOR 2N3823

ELECTRICAL CHARACTERISTICS (cont'd)

Small signal y-parameters
Common source, V_ =15V, V_„ = 0 Do Lxo

♦Pulse measurements, pulse width = 100ms, duty cycleS10%.

*f=1.0kHz Min. Max.
|yfs| Transfer admittance 3.5 6.5 mmho
lyod Output admittance - 35 pmho

f=1.0MHz
C rss Feedback capacitance - 2.0 PF
C.1SS Input capacitance - 6.0 PF

f= 200MHz
Iyfsl Transfer admittance 3.2 - mmho
gis Input conductance - 800 pmho
gos Output conductance - 200 pmho

Noise
N Spot noise figure 

f=100MHz, R =1.0kfi, G
V = 15V, V =0 DS ’ GS - 2.5 dB

----------------- Mullard------------------
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2N3866N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR

N-P-N silicon planar epitaxial transistor primarily intended for use in the 
output, driver and pre-dri ver stages of class A, Bor C amplifiers, frelquency 
multipliers and oscillators of v.h.f. and u.h.f. equipment.
Encapsulated in a metal TO-39 envelope with the collector connected to the 
case.

QUICK REFERENCE DATA

v _ max. 55 VCER 
max. 30 VCEO

I max. 400 mA
0P max. (T ^25 C) 5.0 Wtot case

T. max. 200 C
J

f typ. (I =25mA, =15V, f= 100MHz)
± C Ch

700 MHz

P typ. (P.clOOmW, =28V, f=400MHz)
O 1 Ch

1.0 W

tj min. (P =1.0W, Vce = 28V, f = 400MHz) 45 %

OUTLINE AND DIMENSIONS

Conforms to B.S. 3934 SO-3/SB3-3B
J.E.D.E.C. TO-39

Millimetres

< 
(D 

i

1 h Min. Typ. Max.

A 9.10 - 9.40

__  B 8.2 - 8.5

?
C 6.15 - 6.60

__ 1 D - 5.08
I ‘ pj 61-4- 3 R 0 71 - 0.867 - L F3

PI Fl - - 0.51G

^4 
rj

--- >3-

----F2 12.7
F3 12.7 - 15

¿ Gl 1.01

___1 G2 0.41 - 0.48

G3 - - 0.53

H 0.4

J 0.74 - 1.01
Collector connected to case

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
’cBo““'
vCERniax. (R^lOfi)

V„__ max.CEO
V_ max.EBO
I max.

55

55

30

3.5

400

V

V

V

V 

mA

I „ max.CM 400 mA

P, x max. tot
(T —25°C) 

case 5.0 W

Temperature
T x min. stg
T x max. stg
T. max. 

J

-65

200

200

°C 

°C 

°C

THERMAL CHARACTERISTICS

Rth (j-amb)
R., .. .th(j-case)
Rth(case-h)

In free air

Mounted with a top clamping 
washer of accessory 56218

200

35

1.0

degC/W 

degC/W

degC/W

^th(case-h) Mounted with a top clampling 
washer of accessory 56218 and 
a boron nitride washer for 
electrical insulation 1.2 degC/W

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

Min. Typ. Max.

rCEO Collector cut-off current 
vce=28V’ V0 - - 20 pA

v (BR)CBO Collector-base breakdown 
voltage
I =iooma, U = oU IS 55 - - V

V(BR)CER

V(BR)CEO

Collector-emitter breakdown 
voltages
I -5.0mA, RG JJE
L=5.0mA, 1=0G B

55
30 - -

V

V

V(BR)EBO Collector-base breakdown 
voltage
I =100pA, I = 0IS G 3.5 - - V

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR 2N3866

ELECTRICAL CHARACTERISTICS (cont'd)
Min. Typ. Max.

V„„, „ Collector-emitter saturation CE(sat) ,xvoltage
I = 100mA, I = 20mA G B

h„„ Static forward currentFE . ,transfer ratio
I = 50mA, V__ = 5.0V C CE
I = 360mA, V = 5.0V C CE

f Transition frequency
I =25mA, V =15V, 
f=100MHz

C Collector capacitanceC VCB=28V’
f=1.0MHz

Typical r.f. performance
oV=2SV, T =25 C CE case

10
5

700

1.0 V

200 

MHz

3.0 pF

f Frequency 100 250 400* MHz
P.i Input power 50 100 <100 mW
rc Collector current < 107 <107 <79 mA
P0 Output power 1.8 1. 5 1.0 W
V Efficiency >60 >50 >45 %

♦The transistor can withstand a load mismatch having a v.s.w.r. of 3, 
varied through all phases for conditions as given above (see also test circuit)

Mullard
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Common emitter test circuit (f=400MHz)

C,, C , C = 4 to 29pF air trimmers 12 5
C3 = 12pF
C„ = 4 to 14pF air trimmer6
C7 - 12nF

Rx - 5.6S2

R2 - 10S2

- 2 turns of 1mm Cu wire, int. dia. 6mm, winding pitch 3mm

E2 = ^erroxcu^e c^oke coil (Z = 45OS2 at 250MHz)
L$, = 6 turns of 0.5mm en. Cu wire, int. dia. 3.5mm (lOOnH)

L - 2 turns of 1mm Cu wire, int. dia. 7mm, winding pitch 2.5mm, leads 
2 x 15mm

Mullard
2N3866 Page 4



N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR 2N3866

MAXIMUM TOTAL DISSIPATION PLOTTED AGAINST 
AMBIENT TEMPERATURE

*11 Care must be taken to reduce the steady state current to region I before 
removing the a.c. signal. This may be achieved by appropriate bias in 
class A, B or C.

Mullard
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TYPICAL VARIATION OF OUTPUT POWER WITH 
FREQUENCY AND INPUT POWER

Collector capacitance versus 
collector-base voltage

Transition frequency versus 
collector current

Mullard
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N-CHANNEL SILICON
FIELD-EFFECT TRANSISTOR 2N3966

Silicon n-channel planar epitaxial junction field-effect transistor intended for low 
power switching applications, e.g., in multiplexing systems.

OUT UNE AND DIMENSIONS

QUICK REFERENCE DATA

+V max. DS Drain-source voltage 30 V

^GSO^' Gate-source voltage 30 V
Pt x max. tot Total power dissipation (Tamb £ 25°C) 300 mW

Drain current (V_ =20V, V„ =0) OS GS 2.0 mA
-V (P)GS Gate-source cut-off voltage 

(I^lOnA.V^lOV) 4 to 6 V
—C max. rs Feedback capacitance

(V =0, V =7V, f=lMHz)L)S US 1.5 PF
r max.DS(on) Drain-source 'on' resistance

(W0’ f=lkHz>lib kJ
220 fl

Conforms to B.S.3934 SO-12A/SB4-3 1 TJ. E.D. E.C . TO-72 } Insulated electrodes

All dimensions in mm
0 2 967

♦shield lead (connected to case)

Accessories available: 56246, 56263

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

Electrical

±VDS max. Drain-source voltage 30 V

VDGOmaX' Drain-gate voltage (open source) 30 V

-VGSO maX Gate-source voltage (open drain) 30 V
I max. G Gate current 10 mA

Px x max. tot Total power dissipation < 25°C) 300 mW

Temperature

T stg Storage temperature -55 to +200 °C

T. max.
J

Junction temperature 200 °C

THERMAL CHARACTERISTIC

Bth(j-amb) Thermal resistance from junction 
to ambient 0.59 °C/mW

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

Min. Max.

''css Gate out -off current
GSS -v =

GS 20V, VDS~° 0.1 nA

I Drain current
VDG -20V, I =0 0.1 nA

vdg'-20V, I =0, T , = 150°C S amb 0.2 mA

•nuc Drain current
vds 20V, V =0 2.0Go - mA

-V Gate-source breakdown voltage
(BR)GS -I=1.0pA, V =0 30

Ur DO - V

-V Gate-source voltage
(P)G I =10nA, V =10V 4.0

D Do 6.0 V

V Drain-source voltage
’d ”1 ,0mA, V =0 Uro 0.25 V

Mullard
2N3966 Page 2



2N3966N-CHANNEL SILICON
FIELD-EFFECT TRANSISTOR

ELECTRICAL CHARACTERISTICS (contd.)
Min. Max.

*D Drain cut-off current
V ~ 10V, -v^c^7VDo uo
V =10V, -V„ =7V, T , =150°CDS GS amb

1.0

2.0

nA

pA

rDS(on) Drain-source 'on' resistance 
V =0, I =0, f = lkHz 220 0

C IS

GS D

Input capacitance
V =20V, V -0, f-lMHz 6.0 PF

-C rs

DS GS
Feedback capacitance

V =0, = f = lMHz 1.5 PF

Switching times

V = 1.5V, I y . = 1.0mADD D(on)
V =0, -V = 6.0V GS(on) ’ GS(off)

t Delay time

t Rise timer
t „ Turn-off timeoff
Test circuit

tr < 1.0 ns 
tf < 1.0 ns 
tp = 1.0 us 
d <0.5
Rg — 50 52

tr < 10 ns 
R¡ > 5 MS2 
Cj < 10 pF

Mullard
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N-CHANNEL SILICON
FIELD-EFFECT TRANSISTORS

2N4091
2N4092
2N4093

Silicon n-channel, depletion type, junction field - effect transistors intended for low 
power switching applications.

QUICK REFERENCE DATA

2N4091 2N4092 2N4093

—^DSmax’ Drain-source voltage 40 40 40 V
P max. Total power’ dissipation

° (T < 25°C) 1.8 1.8 1.8 W
case

in min. Drain current
u (Vr - 20 V, V=0) 30 15 8.0 mA

Db (ab
-V Gate-source cut-off voltage

( ' (T InA, V = 20V) 5 to 10 2 to 7 1 to 5 V
JJ Db

r max. Drain-source 'on' resistance
U On (U = 0, > f = lkHz) 30 50 80 SI

D Gb
-C max. Feedback capacitance

rs (V„ =0, -v„a = 20V, f-lMHz) 5.0 5.0 5.0 pFDb (ab
t „max. Turn-off time (V '=0, V, • IJV)Olt (ab DD

(^ = 6. 6mA, -Vgsm = 12V) 40 - - ns
(Ip = 4-0mA, ~VGSM 8V) - 60 - ns

(Ip = 2.5mA, -VGSM 6V) - - 80 ns

Unless otherwise stated data are applicable to all types

OUTLINE AND DIMENSIONS
Conforms to BS 3934 SO-12A/SB3-6A 1 „ , . , ,J. E.D. E. C. TO-18 j Gate COnneCted t0 case

0.48 
max

=/A=^=

il—=

Î2.7 min ----- *

All dimensions in mm 02872

Accessories supplied on request: 56246, 56263

Mullard 2N4091-Page 1MAY 1971



RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical

+V max. Drain-source voltageDo 40 V

V max. Drain-gate voltage (open source)DGO 40 V

-V max. Gate-source voltage (open drain)GSO 40 V

I max. Forward gate current (d.c.)G
P max. Total power dissipation

10 mA

t0t (T < 25°C)
case- 1.8 W

Temperature

T Storage temperaturestg -65 to +200 C 
o

T. max. Junction temperature

THERMAL CHARACTERISTIC
R,, , , Thermal resistance from junction

200 C

th(j-c) x £to case in tree air 0.1 °C/mW

ELECTRICAL CHARACTERISTICS (T , 2,j°C unless otherwise stated) 
amb

L Drain current
Min. Typ. Max.

V20V. I -0 DG b - 0.2 nA
V , 20V, I =0, T . =150°C 

DG S amb

Source current
V =20V, 1=0 DU D

T Drain cut-off current

- 0.4 nA

- 0.2 nA

- 20V, -V^ = 12V 2N4091Db Gb - 0.2 nA

= 20V, -V„=8V 2N4092Db Gb - 0.2 nA

V =20V, -V„ =6V 2N4093Db Gb
V 20V, -V =12V, Db Gb

- 0.2 nA

T , =150°C 2N4091amb
V 20V, -V =8V,Do Gb

- 0.4 nA

T , =150°C 2N4092amb
VDS=20V> -vgsgv’

- 0.4 nA

T , = 150°C 2N4093amb - 0.4 nA

Mullard
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N-CHANNEL SILICON
FIELD-EFFECT TRANSISTORS

2N4091
2N4092
2N4093

ELECTRICAL CHARACTERISTICS (contd.)

Min. Typ. Max.

-V Gate-source breakdown voltage(BR)GSS -Ig^.om, vds = o 40 - - V

^ss Drain current (measured under 
pulsed conditions, t <300/^s, 
d<0.03) P
V 20 V, V =0DS ’ GS 2N4091 30 mA

2N4092 15 - - mA
2N4093 8.0 - - mA

’VGS Gate-source voltage
i^lmA, Vds=20V 2N4091 5.0 - 10 V

2N4092 2.0 - 7.0 V
2N4093 1.0 - 5.0 V

VDS(on) Drain-source 'on' voltage 
^=6. 6mA, VGg 0 2N4091 - - 0.2 V

= 4.0mA, VGg = 0 2N4092 - - 0.2 V

T =2.5mA, V =0 JJ LrD 2N4093 - - 0.2 V

r\c Drain-source ’on' resistanceUb(on) VlmA, V^O 2N4091 - - 30 2
2N4092 - - 50 2
2N4093 - - 80 2

T =0, V =0, f = lkHz 2N4091 - - 30 2
IJ vo 2N4092 - - 50 2

2N4093 - - 80 2

y-parameters (common source)

=20V, V =0, f=lMHzDS GS

C.is Input capacitance - - 16 PF

-C rs Feedback capacitance - - 5.0 PF
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ELECTRICAL CHARACTERISTICS (contd. )

Input and output waveforms

Switching times
VDD = 3.0V, V =0 

Ltd

2N4091 2N4092 2N4093

6.6 4.0 2.5 mA

-V GSM 12 8.0 6.0 V

‘d Delay time max. 15 15 20 ns

t r Rise time max. 10 20 40 ns

toff Turn-off time max. 40 60 80 ns

Test circuit

Pulse generator:

t < Ins r
< Ins

t = lus 
P

d = 0.1

Rg = 502

Oscilloscope:

t < 0.4ns r
R > 9.8M2 i
Z < 1.7pF i

Mullard
2N4091-Page 4



N-P-N SILICON DIFFUSED
POWER TRANSISTOR

For details see data sheet for type 2N3442

2N4347

Mullard
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N-CHANNEL SILICON
FIELD-EFFECT TRANSISTORS 2N4391

2N4392
2N4393

Silicon n-channel, depletion type, junction field - effect transistors intended for low 
power chopper or switching applications.

QUICK REFERENCE DATA

2N4391 2N4392 2N4393
±VDSmax. Drain-source voltage 40 40 40 V

P, max. tot Total power dissipation 
(T < 25°C) 1.8 1.8 1.8 W

tss““-
case-

Drain current
(V =20V, V =0)Do Gb 50 25 5.0 mA

-V (P)GS Gate-source cut-off voltage
(L=lnA, V =20V) 

U JJo 4 to 10 2 to 5 0 5 to 3 V
r_„. v max.DS(on) Drain-source ’on’ resistance

V0’ VGS = °’ f = lkHZ> 30 60 100 fi
-C max. rs Feedback capacitance

(Vnq = 0, -V =12V, f-lMHz)Db Gb 3.5 - - pF
(V =0, -V =7V, f=lMHz) DD Gb - 3.5 - pF

(Vnq=0, -Vc<=5V’ f=lMHz) Db Gb - - 3.5 pF

t _ max. off Turn-off time (V =0, V.^ =10V) Gb DD
(lD = 12mA, -Vgsm = 12V) 20 - - ns

% 6mA’ -VGSM = 7V) - 35 - ns

= -Vgsm = 5V) - - 50 ns

Unless otherwise stated data are applicable to all types

OUTLINE AND DIMENSIONS
Conforms to BS 3934 SO-12A/SB3-6A \ x

J. E.D. E. C. TO-18 J Gate comiected to case

2.54 k-
«__  5.8 __ » 

max

0.48 
max

=/i=4= 
=11=

AU dimensions in mm

« 5.3
max 12.7 min »

02872

Accessories supplied on request: 56246, 56263
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RATINGS
Limiting values of operation according to the absolute maximum system.

Electrical
+V max.DO Drain-source voltage 40 V

VDGO maX' Drain-gate voltage (open source) 40 V

-VGSO maX- Gate-source voltage (open drain) 40 V

I max. Gate current 50 mA

P, x max. tot Total power dissipation 
(T < 25°C) 1.8 Wcase -

Temperature

T , stg Storage temperature -65 to +200 °C

T max. 
J

Junction temperature 200 °C

THERMAL CHARACTERISTIC

RthO-c) Thermal resistance from junction 
to case in free air 0.1 °C/mW

ELECTRICAL CHARACTERISTICS (Ta^ = 25°C unless otherwise stated)

Min. Typ. Max.

rGSS Gate cut-off current
-V -20V, V =0Cro Db - - 0.1 nA

-V -20V, V =0, T . = GS DS amb

Drain cut-off current

150°C - - 0.2 pA

UDA. V = 20V, -V =12V Db Mb 2N4391 - - 0.1 nA

v ~2ov, -V =7VDb vrb 2N4392 - - 0.1 nA

VDS=2OV’ -vgs=5V
V =20V, -V =12V, DO Gro

2N4393 - - 0.1 nA

T , =150°C 
amb

VDS=20V’ -vgs=7V’
2N4391 - - 0.2 pA

T ,=150°C amb
V =20V, -V =5V, Db Grb

2N4392 - - 0.2 IJ.A

tdss

T , =150°C 2N4393amb

Drain current (pulse measurement,
t -lOOps, d-0.01)

0.2 pA

vds=20v’ vgs = 0 2N4391 50 - 150 mA

^ds~2^^’ vgs=0 2N4392 25 - 75 mA

vdS-20v- vgs=0 2N4393 5.0 - 30 mA

Mullard
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N-CHANNEL SILICON
FIELD-EFFECT TRANSISTORS

2N4391
2N4392
2N4393

ELECTRICAL CHARACTERISTICS (contd.)

Min. Typ. Max.

V(BR)GSS Gate-source breakdown voltage
-ig=im, vds=o 40 - - V

VGS(on) Gate-source 'on' voltage
- - 1.0 V

-V(P)GS Gate-source cut-off voltage 
VDS = ° 2N4391 4.0 » 10 V

2N4392 2.0 - 5.0 V
2N4393 0.5 - 3.0 V

VDS(on) Drain-source ’on’ voltage
V“’ V^O 2N4391 - - 0.4 V

V6mA, VGS = 0 2N4392 - - 0.4 V

V3mA, VGS=0 2N4393 - - 0.4 V

rDS(on) Drain-source ’on’ resistance
^imA, VGS = 0 2N4391 - - 30 a

2N4392 - - 60 ß
2N4393 - - 100 ß

L=0, V =0, f = lkHz D Gb 2N4391 - - 30 ß
2N4392 - - 60 S
2N4393 - - 100 ß

y-parameters (common source)

c.
is

Input capacitance
V =20V, V =0, f=lMHz Do Go - - 14 PF

-c 
rs

Feedback capacitance
-V =12V, V =0, f=lMHzGb Ob 2N4391 - - 3.5 PF

-V =7V, V =0, f=lMHz Gb DO
2N4392 - - 3.5 PF

-V =5V, V =0, f=lMHz Gb Db 2N4393 - - 3.5 PF

Mullard
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ELECTRICAL CHARACTERISTICS (contd.)

Switching times

V =10V, v =oDD ’ GS
2N4391 2N4392 2N4393

1^ = 12 6.0 3.0 mA

= 12 7.0 5.0 VGSM
t Rise time max. 5.0 5.0 5.0 nsr
t Turn-on time max. 15 15 15 nson
t Fall time max. 15 20 30 ns

t „ Turn-off time max. 20 35 50 nsoff
Test circuit Input and output waveforms

R = - 51S2
U

Pulse generator:

t < 0.5ns r
tf < 0.5ns
t = lOOus
P
d = 0.01

Oscilloscope:

R = 502i

Mullard 2N4391-Page 4



N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR 2N4427

N-P-N silicon planar epitaxial transistor primarily intended for use in the 
output, driver and pre-driver stages of class A, B or C amplifiers, frequency 
multipliers and oscillators of v.h.f. and u.h.f. equipment.
Encapsulated in a metal TO-39 envelope with the collector connected to the 
case.

QUICK REFERENCE DATA
VCERmaX- 40 V
VCEO maX- 20 V
Ip max. 400 mA
P max. (T S25°C) tot case 3.5 W
T. max. 200 °C
fmtyp. A =25mA, V_ =10V, f= 100MHz) 1 U Uh 700 MHz
P° typ.(P.<100mW, Vce = 12V, f=175MHz) 1.0 W
q min. (P =1.0W, V =12V, f=175MHz) o UE 50 %

OUTLINE AND DIMENSIONS
Conforms to B.S. 3934 SO-3/SB3-3B

J.E.D.E.C. TO-39
Millimetres

Min. Typ. Max.
---A- A 9.10 - 9.40
i-—B- B 8.2 - 8.5

A C 6.15 - 6.60
ï____ c D - 5.08 -

1 ‘ pj 61^ E 0.71 - 0.86
7 e » *

Lj3 Fl - - 0.51
G3-f— F2 12.7 - -

z 2,--- t). F3 12.7 - 15
Z2V i Gl — 1.01

ÍJA-X'
A G2

G3
0.41

-
0.48
0.53

H - 0.4 -
J 0.74 - 1.01

Collector connected to case

Mullard
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RATINGS
Limiting values of operation according to the absolute maximum system.
Electrical
VCBO maX‘ 
vcer“^- (*be = ^ 
VCEO maX‘
VEBO maX‘
I max.

40
40
20
2.0

400

V
V
V
V

mA
400 mA

, max. tot (T S25°C) ' case ' 3.5 W

Temperature
T min. stg
T . max. stg
T. max. J

-65
200
200

°C 
°C 
°C

THERMAL CHARACTERISTICS
R th(j-amb)
th(j-case)
R th(case-h)

In free air

Mounted with a top clamping 
washer of accessory 56218

200
35

1.0

degC/W 
degC/W

degC/W
R th(case-h) Mounted with a top clamping 

washer of accessory 56218 and 
a boron nitride washer for 
electrical insulation 1.2 degC/W

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

7ceo Collector cut-off current 
vce=12V’ V0 - - 20 mA

V(BR)CBO Collector-base breakdown 
voltage
I =100pA, I =0 U IL 40 - - V

V(BR)CER
V(BR)CEO

Collector-emitter breakdown 
voltages
I = 5.0mA, R _ = 10fiC BE
I =5.0mA, I =0C B

40
20

- - V
V

V(BR)EBO Collector-base breakdown 
voltage
I = lOOpA, I =0 t U 2.0 - - V

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR 2N4427

ELECTRICAL CHARACTERISTICS (cont'd)
Min. Typ. Max.

V„„, .. Collector-emitter saturation CE(sat) voltage
I = 100mA, I = 20mA C B - 0.5 V

h_„ Static forward current?E ....transfer ratio
I = 100mA, Vce = 5.0V 10 200
I = 360mA, V = 5.0VLz LL 5 -

f Transition frequency
I = 25mA, V =10V, G Lt
f=100MHz - 700 - MHz

C Collector capacitancetC V__= 12V, 1=1 =0,
CB ’ E e ’

f=1.0MHz - 4.0 pF
Typical r.f. performance

V =12V, T =25°C CE case
f Frequency 175* 470 MHz
P. Input power <100 100 mW
I Collector current <167 67 mA
P Output power o 1.0 0.4 W
T/ Efficiency >50 50 %

♦The transistor can withstand a load mismatch having a v.s.w.r. of 3, 
varied through all phases for conditions as given above (see also test circuit)

Mullard
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Common emitter test circuit ( f = 175MHz )

|B8403|

Components
C,, C„, C„, C, = 4 to 29pF air trimmers1 2 3 4

= 2 turns of 1mm Cu wire, int. dia. 6mm, winding pitch 2mm, leads 
2 x 10mm

= ferroxcube choke coil (Z = 55OS2 at 175MHz)
L = 2 turns of 1mm Cu wire, int. dia. 5mm, winding pitch 2mm, leads 

2 x 10mm
= 3 turns of 1.5mm Cu wire, int. dia. 10mm, winding pitch 2pim, leads

2 x 15mm

The length of the external emitter wire of the 2N4427 is 1.6mm

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR 2N4427

ptot 
(W) 
6-0

4-0

20

0 100 150 200 Tamb <°C)

MAXIMUM TOTAL DISSIPATION PLOTTED AGAINST 
AMBIENT TEMPERATURE

AREAS OF SAFE OPERATION
*11 Care must be taken to reduce the steady state current to region I before 

removing the a.c. signal. This may be achieved by appropriate bias in 
class A. B or C.

Mullard
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TYPICAL VARIATION OF OUTPUT POWER WITH 
FREQUENCY AND INPUT POWER

Collector capacitance versus 
collector-base voltage

Transition frequency versus 
collector current

Mullard
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N-CHANNEL SILICON
FIELD-EFFECT TRANSISTORS 2N4856 

to 
2N4861

Silicon n-channel, depletion type, junction field-effect transistors intended for low 
power chopper or switching applications.

Unless otherwise stated data are applicable to all types

QUICK REFERENCE DATA

±VDSmaX. Drain-source voltage 2N4856 to 2N4858
2N4859 to 2N4861

40
30

V
V

Px , max. tot Total power dissipation 
(T , <25°C)amb — 2N4856

2N4859

360 
2N4857 
2N4860

2N4858
2N4861

mW

’dSS mln' Drain current
<VDS=15V’ vgs=°> 50 20 8 mA

-V (P)GS Gate-source cut-off voltage 
(ID = 0.5nA, VDS = 15V) 4-10 2-6 0.8-4 V

r__. . max.DS(on) Drain-source ’on' resistance
<V°’ W0’ f = lkHz) JU Cro 25 40 60 2

-C max. rs Feedback capacitance
(V =0, f=lMHz)Do Lib 8 8 8 pF

t „ max. off Turn-off time
^DD^™- VGS = °>

ID = 20mA, -VGgM=10V

-vgsm=6V
ID = 5mA’ -VGSM = 4V

25

50

100

ns 

ns

ns

OUTLINE AND DIMENSIONS
Conforms to B.S. 3934 SO-12A/SB3-6A

J.E.D.E.C. TO-18 Gate connected to the case

All dimensions in mm

Accessories supplied on request: 56246; 56263
02872

MAY 1971
Mullard
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RATINGS
Limiting values of operation according to the absolute maximum system.

Electrical
2N4856 2N4859

2N4857 2N4860

2N4858 2N4861

±Vpg max. Drain-source voltage 40 30 V

V max. Drain-gate voltage (open source) 40 30 VDGO
-V max. Gate-source voltage (open drain) 40 30 VGbO
I max. Gate current (d.c.) 50 mAG
P max. Total power dissipation

tOt (Tamb £ 25°C) 360 mW

Temperature
T Storage temperature -65 to +200 °C

stg o
Junction temperature 200 C

THERMAL CHARACTERISTICS

R Thermal resistance from junction
(1 am to ambient in free air 0.49 °C/mW

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

-I Gate cut-off currentGSS -vGS = 20V, ^ = 0 2N4856 to 2N4858 - 0.25 nA

”VGS = 15V’ VDS = ° 2N4859 to 2N4861 - 0.25 nA

-v_ =20V, V =0, T = 150°C 2N4856 to 2N4858 GS DS amb - 0.5 pA

-V = 15V, V„ = 0,T = 150°C 2N4859 to 2N4861GS DS amb - 0.5 pA

Drain cut-off currentDoA V =15V, -V =10V - 0.25 nADS GS
V„ =15V, -V =10V, T , = 150°C 0.5 pADS ’ GS ’ amb

Drain current (pulse measurement,Doo t = 100ms, d < 0.1) 
P

Vds=15V, vgs = 0 2N4856, 2N4859 50 - mA

2N4857, 2N4860 20 100 mA

2N4858, 2N4861 ì 8.0 80 mA

Mullard
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N-CHANNEL SILICON
FIELD-EFFECT TRANSISTORS

2N4856 
to

2N4861

ELECTRICAL CHARACTERISTICS (contd.)

Min. Max.

V(BR)GSS Gate-source breakdown voltage
-I =lgA, 2N4856 to 2N4858G Db 40 - V

2N4859 to 2N4861 30 - V

-V (P)GS Gate-source cut-off voltage 
ID = 0.5nA, Vds-15V 2N4856, 2N4859 4.0 10 V

2N4857, 2N4860 2.0 6.0 V
2N4858, 2N4861 0.8 4.0 V

VDS(on) Drain-source 'on' voltage
I = 20mA, V =0 U (jb 2N4856, 2N4859 - 0.75 V
ID=10mA, VGS=0 2N4857, 2N4860 - 0.50 V
ID = 5mA, VGS = 0 2N4858, 2N4861 - 0.50 V

rDS(on) Drain-source 'on' resistance
In = 0, vr« = °- f=lkHz D GO 2N4856, 2N4859 - 25 ß

2N4857, 2N4860 - 40 si
2N4858, 2N4861 - 60 Si

y-parameters (common source)
-V =10V, V =0, f = lMHz Gb Db

c.is Input capacitance - 18 pF

-C rs Feedback capacitance - 8.0 pF

Mullard
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ELECTRICAL CHARACTERISTICS (contd.)

Switching times
VDD = 1°V’ VGS=°

2N4856 2N4857 2N4858
2N4859 2N4860 2N4861

’d = 20 10 5.0 mA

-V GSM 10 6.0 4.0 V

‘d Delay time max. 6.0 6.0 10 ns

t r Rise time max. 3.0 4.0 10 ns

t „ off Turn-off time max. 25 50 100 ns

Test circuit: Input and output waveforms

2N4856 2N4857 2N4859
2N4859 2N4860 2N4861

464 953 1910

Pulse generator: Oscilloscope:

t 
p

= 200 ns t r < 0.75 ns

t r < 1 ns R.i > 1 Mil

‘f < 1 ns C. i < 2.5 pF
d = 0.02 
Zo = 50 ñ

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 Ì
TO-12 SO-3/SB4-1 L 9

TO-33 SO-3/SB4-1 r
TO-39 SO-3/SB3-3B J

'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 J 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 TO-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 1.1 0.

b Unblackened or thicker heatsinks
Multiply by the factor B given below as a function of the heatsink size A.

Mullard Accessories—Page 2



ACCESSORIES FOR
TRANSISTORS

COOLING CLIP

56200

THERMAL CHARACTERISTICS

Clip material: brass, nickel plated

Rthu ase-nmin 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

DO25 nut
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ACCESSORIES FOR
TRANSISTORS56207

COOLING CLIP
MECHANICAL DATA (Dimensions in mm)

Clip material: aluminium, blackened

THERMAL CHARACTERISTICS

Ruh case-a m bi Thermal resistance case to ambient, 
cooling clip only 60 degC/W

with heatsink 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)

0028

Clip material: brass, nickel plated

THERMAL CHARACTERICTIC

Rttneasv-amb) Thermal resistance case to ambient, 
cooling clip only 75 degC/W
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56226 ACCESSORIES FOR
TRANSISTORS

COOLING CLIP
MECHANICAL DATA (Dimensions in mm)

Clip material: brass, nickel plated5.65

THERMAL CHARACTERISTICS

Rthiease ambi Thermal resistance case to ambient.
cooling clip only
with heatsink

100 degC/W
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
Torque on nut for good heat transfer: 5kg cm.

M3 bolt

washer
cooling fin

heatsink
lock washer

003- ŒZD 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-amb) 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

0034
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ACCESSORIES FOR
TRANSISTORS56263

COOLING CLIP

MECHANICAL DATA (Dimensions in mm)

Clip material: copper, tin plated

THERMAL CHARACTERISTIC

Rtb(eue-amb) Thermal resistance case to ambient 100 degC/W
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ACCESSORIES FOR
TRANSISTORS 56265

COOLING CLIP

Clip material: aluminium, blackened

THERMAL CHARACTERISTICS
Rth(case-a ni b) Thermal resistance case to ambient, 

cooling clip only 
with heatsink

80 degC/W 
see graph

MOUNTING INSTRUCTIONS

M3 bolt 

washer

cooling fin

f— hole 7.5 to 7.7 mm
E7 heatsink 

lock washer
(X3)0038 nut

Torque on nut for good heat transfer: 5kg cm.
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ACCESSORIES FOR
TRANSISTORS

56201A 
56201B
56214

MOUNTING ACCESSORIES FOR

Insulating bush Mica washer
56201A 56201B

THERMAL CHARACTERISTIC

Rthimb i>> Thermal resistance 
mounting-base to heatsink

56214 Lead washer
MECHANICAL DATA (Dimensions in mm)

1 degC/W

0 127

THERMAL CHARACTERISTIC

Ruumb-in Thermal resistance mounting-base to 
heatsink, with mica washer and lead 
washer

TEMPERATURE

T m ax Max. allowable temperature

0-75 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.

MOUNTING INSTRUCTIONS

nut 
lock washer 
soldering iag ।----- 11

nut
lock washer

lead washer

holes maxAmm-------------------------------
mica washer 

heatsink 

insulating bush

lieceegec ■ aeeeec ■ aceeacc« i

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

Top clamping washer 
of insulating material

Bottom clamping washer 
material: brass, tin plated Mylar washer

THERMAL CHARACTERISTICS
Rth< nib-h) Thermal resistance mounting-base to heatsink, 

non-insulated mounting 
insulated mounting

degC/W 
degC/W

TEMPERATURE

Tmsx Max. allowable temperature 100 °C
MOUNTING INSTRUCTIONS 

nut

top clamping washer

bottom clamping 

mylar washer 
heatsink
hole min.7.5mm

max. 7.7mm
M2.6 bolt

washer

Non-insulated: without items 2 and 3 
Note: Item 1 must then be mounted 
upside down.

1
6
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ACCESSORIES FOR 56245
TRANSISTORS 56246

MOUNTING ACCESSORIES FOR
TO-5, TO-12, TO-33, TO-39 OUTLINES (cont'd)

56245 Distance disc

MECHANICAL DATA (Dimensions in mm)

100 °C

Tmax

Insulating material

Max. allowable temperature 100 °C

Mullard
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ACCESSORIES FOR
TRANSISTORS

56301B
56326

MOUNTING ACCESSORIES FOR 
TO-126 OUTLINE

56301 B Mica washer
56326 Steel washer
MECHANICAL DATA (Dimensions in mm)

Section A-A

Mica washer

THERMAL CHARACTERISTICS

Rthtmb-ht Thermal resistance
mounting-base to heatsink,

without insulating material 
with mica washer (56301 B)

1 degC/W
4 degC/W

MOUNTING
INSTRUCTIONS
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ACCESSORIES FOR
TRANSISTORS

56301B
56326

MOUNTING DETAILS 
TO-126 OUTLINE

METHOD 1 METHOD 2
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ACCESSORIES FOR
TRANSISTORS

56239A 
56239B

MOUNTING ACCESSORIES FOR 
BS 3934 SO-55B OUTLINE

MECHANICAL DATA (Dimensions in mm)

Mica washer 
56239B

THERMAL CHARACTERISTIC

RtMmb-h) Thermal resistance mounting-base 
to heatsink 1 -5 degC/W

TEMPERATURE

Tmax Max. allowable temperature 150 °C

MOUNTING INSTRUCTIONS

nut
lock washer 
soldering tag

nut
lock washer

holes mox4r
mica washer 

heatsink 

insulating bush

Torque on nut for good

M3 bolt

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.

Mullard
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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

--------------------  Mullard
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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

Ptot 
at25°C 
(mW)

hfe at
Ic

(mA)

ft 
min.

(MHz)

VcE(sat) 
max.

(V)

at Typical 
power gain 

at f
^CB

(V)

Vce

(V)

Icm

(mA)

lc(AV)

(mA)

T

(°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 r -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 T -02 50 1-3 — —.
ACY21 p-n-p TO-5 -40 -32 2A 500 90 260 90“ 250 50 1-3’ -0-2 50 13 — —

ACY22 p-n-p TO-5 -20 -20 2A 500 90 260 30“ 300 300 1* -035 500 25 __ ___
ACY39 p-n-p TO-5 -110 -75 2A 500 90 260 50“ 150 300 r —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 0-6* -0-35 500 25 _ - __
ACY44 pn-p TO-5 -50 -40 2A 500 90 260 30 100 1 r -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 1-2A 80kHz -10 15A 2A — __
ADZ12 p-n-p TO-36 -80 -60 20A 15A 90 45W 40“ 120 1-2A 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 03 — —

lllllll



■
GERMANIUM TRANSISTORS (cont.)

'typical

Type 
No.

Polarity Outiline
Maximum Ratings

Plot 
at25°C 
(mW)

hfe at
‘c

(mA)

fT 
min.

(MHz)

VcE(sat) 
max.

(V)

at Typical 
Power gain 

at f
VCB

(V)

Vce

(V)

‘cm

(mA)

lc(AV)

(mA)

Tj

ec)
min. max. le

(mA)

iß

(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 — —
OC20 p-n-p TO-3 -100 -75 10A 8A 90 30WJ 25 75 1A 0-25 — — — — —
OC22 p-n-p TO-3 -47 -32 2A 1A 90 22-5Wf 50" —. IA 2 -0-6* 1A 30 — —
OC23 p‘n-p TO-3 -55 -40 2A 1A 90 22-5Wf 50" ---- 1A 25 —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 22'5Wf 15" 80 1A 0-25 — — — — —
OC41 p-n-p S 0-2 -16 -15 150 50 75 112 20 90 10 3 —0-2 50 3 — —
OC42 p-n-p SO-2 -16 -15 150 50 75 112 40 1 10 5-5 -0-2 50 1-5 — ■ 11
OC43 p-n-p S 0-2 -15 -15 150 50 75 112 50 200 50 12 -0-28 125 7 — ——

OC44 p-n-p SO-2 -15 -15 10 5 75 70 40 225 1 75 -0-15 8 0-5 — —
OC45 p-n-p SO-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 05 — —
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 SÖ-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 12 — —

OC141 n-p-n SO-2 20 20 400 400 75 145 80 200 15 90 022 50 07 __ __
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

"h.FE tTcase<25°C rrcase<45°C



SILICON TRANSISTORS

•typical jTmb g25°C §Dual transistor

Type 
No.

Polarity Outline
Maximum Ratings

Ffot 
at25°C 
(mW)

hFE at
Ic

(mA)

fT 
min.

(MHz)

VcE(sat) 
max.

(V)

at ^on

(ns)

loft

(ns)

at

(mA)

Vcbo

(V)

VcEO

(V)

'cm

(mA)

lc(AV)

(mA)

T 

(°C)

min. max. Ic

(mA)

Ib

(mA)

BC146 n-p-n p. 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 — H — —
BC187 p-n-p TO-18 -30 -25 200 100 175 300 100 500 20 50 -0-5 50 5 — — —
BC200 p-n-p pt 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 —0-55 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 150W+ 10 50 2A 10 0-7 2A 400 — — __
BDY11 n-p-n TO-3 100 70 4A 2A 175 150Wf 10 50 2A 10 0-7 2A 400 — — —
BDY60 n-p-n TO-3 120 60 10A 5A 175 15W 45 450 500 100* 07 5A 500 120 350 5A
BDY61 n-p-n TO-3 100 60 10A 5A 175 15W 45 450 500 100* 0-9 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* — — -— — — —
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SILICON TRANSISTORS (cont.)

•typical íTeaSe^125°C tTmb^50°C

Type 
No.

Polarity Outline
Maximum Ratings

P tot 
at25°C 
(mW)

^FE at
Ic

(mA)

fr 
min.

(MHz)

VcE(sat) 
max.

(V)

at ^on

(ns)

toff

(ns)

at

(mA)

Vcbo

(V)

^CEO

(V)

Icm

(mA)

lc(AV)

(mA)

T 

(°C)

Tiin. max. >c

(mA)

'b

(mA)

BF179 n-p-n TO-5 250 115 50 50 200 500 20 — 20 120* — — — — — —
BF182 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 — — — i ■ — —
BFS18R n-p-n [X 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 -100 -60 1A 1A 200 5Wt 30 — 150 70* -10 500 50 — — —
BFS93 p-n-p TO-39 -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* -0-7 500 50 — — —
BFS95 p-n-p TO-39 -40 -35 1A 1A 200 5Wt 70 — 150 70* -0-7 500 50 — — —
BFW16 n-p-n TO-5 40 25 300 150 200 T5W{ 25 — 150 1200* — — —.. — — ■ • ■
BFW17 n-p-n TO-5 40 25 300 150 200 1-5WJ 25 — 150 1100* — — .— — — —
BFW45 n-p-n TO-39 165 130 100 50 200 2-5WÍ 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 “VcBR (Rbe<10í2) tTmb<25°C ÌTcMe«95°C

Type 
No.

Polarity Outline
Maximum Ratings

Ptot 
at 25 °C 
(mW)

at 
le

(mA)

ÍT 
min.

(MHz)

VcE(sat) 
max.

(V)

at ^on

(ns)

teff

(ns)

at

(mA)

VCBO

(V)

Vceo

(V)

Icm

(mA)

I C(AV)

(mA)

Ti

(°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 -04 150 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 — . 1 .■ —
BLY17 n-p-n TO-36 100 100*’ 10A 10A 175 lOOWt 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
BSW65 n-p-n TO-5 80 80 2A 1A 200 800 40 — 100 80* 04 500 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 3WÍ 30 120 300 450 0-33 300 30 11 19 1A
BSX12A n-p-n TO-39 25 15 1A 1A 200 3WÍ 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 0-45 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

num
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SILICON TRANSISTORS (cont.)

Type 
No.

Polarity Outline
Maximum Ratings

P tot 
at25°C 
(mW)

hFE at 
le

(mA)

fT 
min.

(MHz)

VcE(sat) 
max.

(V)

at ton

(ns)

loff

(ns)

at

(mA)

Vcbo

(V)

VcEO

(V)

Icm

(mA)

k(AV)

(mA)

Tj 

(°C)

min. max. le

(mA)

u

(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 — .1 —
B Ul 05 n-p-n TO-3 1500 1500 2-5A 2-5A 115 10W — — 7-5* 50 2-5A 1-5A — 750 2A

OC200 p-n-p SO-2 -30 -25 100 50 150 250 10 50 20 0-45 —0-55 20 3 — — —
OC201 p-n-p SO-2 -25 -20 100 50 150 250 10 70 20 20 -055 20 3 — — —
OC202 p-n-p SO-2 -15 -10 100 50 150 250 24 125 20 1-4 -0-55 20 3 — — —
OC 203 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 0-85 -055 125 17 — — ——
OC 207 p-n-p SO-2 -50 -50 500 250 150 310 12 70 150 20 -0-56 150 17 — — —
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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 IB
AC128/AC176 1B BCY72 1B
AC176 1B BCY87/8/9 1B
AC187 1B BCZ11 D’

AC188 1B BD115 D*
ACY17 to 22 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 O’ 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 18 BF182 D*
BCX21 1B BF183 D’
BCX31 to 34 18 BFl 84/5 • BFl 94/5

BCX35 to 37 18 BF194 1B
BCY30/1/2/3/4 18 BF195 1B
BCY38/9/40 18 BF196 1B
BCY54 1B BF197 1B
BCY55 D’ BCY87 BF200 13



* 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 IB BFY50/1/2 2B
BF262/3 O’ BF362/3 BFY53 2B
BF264 D* BFY90 2B
BF324 1B BGY22/A 2B
BF336/7/8 1B BGY23/A 2B

BF355 1B BLX13 2B
BF362/3 1B BLX14 2B
BF450/1 IB 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' BFW17 A 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 2B
BFX12/13 
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 2B
BFX63 D* BFR29/BSV81 BSW69 D*
BFX84/5/6 2B BSX12/12A D*
BFX87/8 2B BSX19/20 2B
BFX89 2B BSX21 2B



‘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

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 D* BSX19/20 2N3823 2B

BSY38/9 D* 2N3866 2B
BSY40/1 D* BCY70 2N3966 2B
BSY95 O’ 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

OC26 • AD149 56207 C
0C28/9 2B 56209 - c
OC35/6 28 56214 c
OC41/2/3/4/5 D* 56218 c
0C70/1/2 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 c2N1711 2B 56265 c
2N2297 2B 56300 c
2N2369A 2B 56301B c
2N2904/4A 2B

56325 c2N2905/5A 2B 56326 c
2N2906/6A 2B 56336A c2N2907/7A 2B 56336B c2N3053 2B 56338 c2N3055 2B
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