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SEMICONDUCTOR DEVICES

Transistors
AC127 to BF451

MULLARD LTD., MULLARD HOUSE, TORRINGTON PLACE,
LONDON, WCI1E 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:

Book 1 (blue) Semiconductor devices and
integrated circuits

Book 2 (orange) Valves and tubes

Book3  (green) Passive components, materials,
and assemblies.

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

Type s -% Ve max hee min P o cmax
No. z |o g B S (V) (mW) | Case
o |lz|lcB|E]=2
z e |82|&|8|=15|=30]=60[<30|<60|=60
AC127 | % % % % 340 [T0-1
AC128 e o % | 1000 |TO-1
AC176 | %| | % * > 700 [T0-1
AC187 | % b e * % | 1000 |TO-1
AC188 ) * % | 1000 [TO-1
P-N-P Silicon alloy types
AT Vee max hee min P, max | Case
Type | 23 | § (V) (mW)
No. < g: g =215 =230 | =60 | <30| <60 | =60
od | @
BCY30| * | % % - 250 |TO-5
BCY31| * | % * +* 250 |T0-5
BCY32| * | % % % | 260 [TO-5
BCYs3| % | % * * 250 |[TO-5
BCY34| +* | % * & 250 |TO-5
BCY38| # | % S o 410 |T0-5
BCY39| +* | % & & 410 |10-5
BCY40 | & | % * % 410 |T0-5
BCYS4| +* | % % * 410 |TO-5




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

R -% Ve max £ P.ocmax| Case

Type B V) (GHz) (mW)

of & E1E 2

oelal8 (=15|=30| =60| <04 | <10 |>1-0

BC1071 | % |% * e 300 | TO-18
BC1081 | Y (% * * 300 | TO-18
BC109f | % *| % * 300 | TO-18
BC147 * * e 300 | lock-fit
BC148 * * * 300 | lock-fit
BC149 * *| % * 300 | lock-fit
BC547 e * * 300 | TO-92
BC548 * 4 +* 300 | T0-92
BC549 B %*| % +* 300 | TO-92
BCW31R| % + * 200 | pmin
BCW32R| % #r e 200 | umin
BCW33R| * * * 200 | pmin
BCW71R| % e +* 200 | pmin
BCW72R| % * * 200 | pmin
BCX19 * |k + e 310 | pmin
BCX20 * | % +* * 310 | pmin
BCX31 4 * +* 1000 | lock-fit
BCX32 * * | % 1000 | lock-fit
BCX33 e - * 1000 | lock-fit
BCX34 * * * 1000 | lock-fit
BF180 * e * 150 | TO-72
BF181 * * | % * 150 | TO-72
BF194 * *| * b 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 e * % 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

tAlso available to BS 9365-F112




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

o |8 Vee max fr Prot Case
Type =8| £ g (V) (GHz) max
No. 288 (mW)
S5/ S |2]|>15/>30>60| <04 | <1:0[>10
Oa|omn |2

BFR92 * *| * % | 180 | pmin
BFR93 * * * 180 | pmin
BFS17R * *| * +* 200 | p min
BFS20R * * +* 200 | g min
BFT24 * *| 1 * 30 | T pack
BFT25 * *| t * 30 | pmin
BFW16A | % *| % % | 1500 | T0-39
BFW17A * * % | 1500 | TO-39
BFW30 * *| % * 250 | TO-72
BFX84 * | % *x | % 800 | TO-5
BFX85 * | * *x | * 800 | TO-5
BFX86 * | % * * 800 | TO-5
BFX89 * *| % * 200 | TO-72
BFY50t | % | % * | * 800 | TO-5
BFY51+t * | x| | * | *x 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 | pmin
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 e * * 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

TAlso available to BS 9365-F012
IVceo max =BV




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

2 2 Ve max fr Prot
Type ® ale= z° (V) (MHz) max Case
No. ] g 2 2 (mW)
&5|3|3|=15/=30|=60| <200| <400 | >400
(< - VO I 7 ]

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 | pmin
BCW30R | % *| * +* 200 | pmin
BCWE9R % * * 200 | pmin
BCW70R % * * 200 | pmin
BCX17 * | % * * 310 § min
BCX18 * | % * +* 310 B min
BCX35 * *x | % 1000 | lock-fit
BCX36 * * | % 1000 | lock-fit
BCX37 * * * 1000 | lock-fit
BCY70% * | % % * * 350 | TO-18
BCY711 * * * +* 350 | TO-18
BCY72t | % | % % % * 350 | TO-18
BF324 * * * % | 250 | TO-92
BF450 * * * * 250 | TO-92
BF451 * * * o 250 | TO-92
BFX29: | % | % * | * 600 | TO-5
BFX301 * * 600 | TO-5
BFX87 * | % * * 600 | TO-5
BFX88 * | % * * 600 | TO-5
BSV68 * x| % 250 | TO-18
2N2904 | K | % * * 600 | TO-5
2N2904A | % | K * * 600 | TO-5
2N2905 | % | %k * * 600 | TO-5
2N2905A | % | % * * 600 | TO-5
2N2906 | % | %k e * 400 | TO-18
2N2906A | % | % > * 400 | TO-18
2N2907 * | X% * * 400 | TO-18
2N2907A | % | % * * 400 | TO-18

t Also available to BS9365-F009

1 Also available to BS9365-F010/F011




2. L.F./H.F. POWER TRANSISTORS

Silicon types
o LB Vee max | e
Type 4 a g g | 5 | HE: (V) min | Py, max Case
No. | & |z |[EE|Z W)
z a |oa | a =35| =70 =30

BD131 * e *x | * * 15 | TO-126
BD132 * > * +* * 15 TO-126
BD133 * * * | * Y 15 TO-126
BD135 * * * | % * 65 | TO-126
BD136 *x | % *x | % * 65 | TO-126
BD137 * +* * | * +* 6:6 | TO-126
BD138 * | % *x | % +* 65 | TO-126
BD139 * * * * | % 65 | TO-126
BD140 *x | % e * | * 65 | TO-126
BD181 + * * 117 TO-3
BD182 * * + 17 TO-3
BD183 * +* * 7 TO-3
BD184 * + +* 17 TO-3
BD201 +* * +* * 55 Plastic
BD202 * | % * * 65 Plastic
BD203 + * * * 55 Plastic
BD204 * | % * * 55 Plastic
BD232 * * +* 300V 7 TO-126
BD233 * * * 25 TO-126
BD234 * | % * 25 TO-126
BD235 +* +H * 25 TO-126
BD236 * | % * 25 TO-126
BD237 * * * 25 TO-126
BD238 * | * * 25 TO-126
BD433 * +* * 36 TO-126
BD434 * | K * 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 * * | * * * 16 TO-126
BDY20 * * | % * 115 TO-3
BDY38 * * e * 115 TO-3




L.F./H.F. POWER TRANSISTORS (cont.)
Silicon types (cont.)

== E’ Vee max hee
Type z o g a. |G [ H-E. (V) min | Py, max Case
No. i |z |88|¢% (W) |
Z o |lod | & =356| =70 | =30 |
BDYS90 * * | % | % * * 40 TO-3 :
BDY91 * *x | % | % * | % 40 TO-3
BDY92 o * [ % | & | % +* 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
BSVé64 * * [ * | X% < 5 TO-39
BU126 * * 750V 30 TO-3
BU133 +* Yo 750V 30 TO-3
BU204 * H 1300V 10 TO-3
BU205 * * 1500V 10 TO-3
BU206 * * 1700V 10 TO-3
BU207 +* +* 1300V 12:6 TO-3
BU208 * * 1500V 126 TO-3
BU209 * * 1700V 125 TO-3
2N3055 * * * 115 TO-3
2N3442 * H * 117 TO-3
2N4347 * * * 100 TO-3
Germanium types
L _E’ Veemax hee
Type z o g 8 | 5 |HF (V) min |P,,.max| Case
No. a | =z 28| = (W)
z|d|82|3 >15|>30 [>60 [>40
AD149 * +* +* 225 | TO-3
AD161 * +* * * 4 [SO-565
AD162 * + * > 6 |SO-55
ocas * * | % +* 30 TO-3
0cC29 * * | % * * 30 TO-3
0C35 b 4 %* | * * 30 TO-3
0C36 * * | * * 30 TO-3




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

Type Veemax Po(C.W.)
No. s e I (V) (W at MHz) Case
>18 | =33 | 175 | 400 | 470 | 1000
BLX13 * * 25} Capstan
BLX14 + % | 50f Stripline
BLX65 * * * 2 2 TO-39
BLX66 * + +* 3 2:5 Capstan
BLX67 * * * 3 3 Capstan
BLX69 * * 20 Capstan
BLX91 * * 14| 1-4 | Capstan
BLX92 * * 3 25 Capstan
BLX93 +* +* 8 5 Capstan
BLX94 * +* 20 Capstan
BLY33 * * 2% TO-39
BLY34 * * 3 TO-39
BLY35 . * +* 7 TO-60
BLY36 * * 13 TO-60
BLY53A * +* * 12 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 * * * 768 3 TO-60
2N3553 * * 2:5 TO-60
2N3632 * * |135 TO-60
2N3866 * * * 1 TO-39
2N4427 +* * | % 1 04 TO-39
1 At 70MHz T A.M. (Carrier) § At 100MHz
Broad Band U.H.F. Amplifier Modules
Type No. Frequency V. supply Po min at Pdr
range
(MHz) (V) (W) (W)

BGY22 380-512 13:6 2:5 0-05

BGY22A 420-480 12:5 2:5 0-05

BGY23 380-512 1356 7 2:5

BGY23A 420-480 12:6 7 2:5




4. DARLINGTON TRANSISTORS

Type Veg max hge min P.or max| Case
No. z o (V) at ¢
o Z
= | o |45 |60 |80(100 (A) (W)

BCX21 * * 2000 0:15 35 [ TO-39
BDX42 * +* 1500 05 5 TO-126
BDX43 * * 1500 05 5 TO-126
BDX44 * * 1500 0-5 5 TO-126
BSS50 * * 1500 05 5 TO-39
BSS51 * * 1500 05 5 TO-39
BSS52 * +* 1500 0-5 5 TO-39
BD262 * * 750 15 36 TO-126
BD262A * +* 750 1+5 36 TO-126
BD262B * * 750 15 36 TO-126
BD263 * * 750 15 36 TO-126
BD263A * +* 750 1:5 36 TO-126
BD263B * * 750 15 36 TO-126
BDX62 * * 1000 = 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 * Y% | 1000 3 90 TO-3
BDX64 * * 1000 5 147 TO-3
BDX64A * * 1000 5 155 17 TO-3
BDX64B * Y% | 1000 5 117 TO-3
BDX65 * * 1000 5 117 TO-3
BDX65A +* +* 1000 5 117 TO-3
BDX65B * % | 1000 b 117 TO-3




5. FIELD-EFFECT TRANSISTORS

(n-channel, depletion)

= © ey o T
S 2. B8] £ 5 e
Type 'g‘ 'g = ‘g o g_ e Low ‘g g U.H.F.| Vpsmax| Case
No. 3 2 S3 % noise 8 -g (V)

BF245A * e +* 30 TO-92
BF245B * +* * 30 TO-92
BF245C +* * * 30 | T10-92
BFQ10 * + * 30 TO-71
BFQ11 * * * 30 TO-71
BFQ12 * + * 30 TO-71
BFQ13 * * * 30 TO-71
BFQ14 -+ * * 30 TO-71
BFQ15 * * * 30 TO-71
BFQ16 >+ e # 30 TO-71
BFR29 +* * * 30 TO-72
BFR30 * * 25 B min

BFR31 %* * 25 B min

BFS28 * * * * 20 TO-72
BFW10 +* * * 30 TO-72
BFW11 * * +* 30 TO-72
BFW61 * * 25 |'TO-72
BSV78 * * * 40 TO-18
BSV79 * * * 40 TO-18
BSV80 * * +* 40 TO-18
BSV81 * * * 30 TO-72
2N3823 * * * 30 TO-72
2N3966 % * 30 TO-72
2N4091 +* * * 40 TO-18
2N4092 * +* * 40 TO-18
2N4093 * * 40 TO-18
2N4391 * * * 40 TO-18
2N4392 * 4 > 40 | TO-18
2N4393 * * 40 | TO-18
2N4856 * * * 40 TO-18
2N4857 * * * 40 TO-18
2N4858 * * * 40 TO-18
2N4859 * * * 30 |[TO-18
2N4860 * * * 30 TO-18
2N4861 +* +* * 30 TO-18




6. MICROMINIATURE TRANSISTORS

Type o LowJ Veemax fi Pyoemax
No. - o g &| 5|Nois (V) (MHz) (mW)
o z el £
z | & |82] & > 15> 30p> 60/ 200} 500/1000

BCW29R * | % * | % e 200
BCW30R * | * * | % * 200
BCW31R | % * * *| 200
BCW32R | % * * * 200
BCW33R | * * * 200
BCW69R * | % e * 200
BCWT70R * | * * * 200
BCW7IR | % * * * 200
BCW72R | % * * e 200

. BCX17 * % | * * 310
r BCX18 *x | * | X * * 310
BCX19 * * | * * 310

BCX20 * * [ * * * 310

BFR30¢t * * 200

‘ BFR31% 'S * 200
BFR92 * * * | & *| 180

BFR93 * * * * | 180

: BFS17R | % * * | % * | 200
: BFS20R | % * * * 200
| BFT25 | % # * | 1 x| 30
BSVE2R | % * * * 200

tField effect transistors
1\,350 max=5V




7. LOCK-FIT TRANSISTORS

Type 2 Lowal Veemax fr Proe
No. ] A e ] £ |Nois (V) (MHz) max
S| %1853 >15[>30|> 60 - s
= a |oa| @ >15[= 30> 60[<200|<400|>400
BC147 | % - * * 350
BC148 * * * * 350
BC149 * * * | * 350
BC157 *x | % * * 350
BC158 * | % * * 350
BC159 * * * | % * 350
BCX31 * * * | * 1w
BCX32 | % * * | % w
BCX33 | % * * * W
BCX34 * * +* * 1w
BCX35 * | % * | X W
BCX36 *x | * * | % 1w
BCX37 x| ok * * 1w
BF194 H e * * 220
BF195 * * * | % * 220
BF196 s e * * 250
BF197 * = * 250
8. SPECIAL DEVICES
Type
No. Description Case
BCY87 High performance in first and TO-71
ggz:g Differential amplifiers {second stages of d.c. amplifiers ¥8:;:
BRY39 P-N-P-N Silicon controlled switch TO-72
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SEMICONDUCTOR GENERAL EXPLANATORY
DEVICES NOTES

INDEX

Sectionl. Type Nomenclature

This section explains the system of type nomenclature used for Multard Semi-
conductor devices showing the significance of each type letter or number.

Sectionll. List of Symbols for Light Current Semiconductor Devices
This section gives the main symbols used in quoting ratings and characteristics
of Semiconductor Devices.

Section lIl. Explanation of Handbook Data

1. Form of issue.

1.1 Types of data, Tentative Data, Final Data.

1.2 Presentation of data—division into description, Quick Reference, Out-
lines, Ratings, Characteristics, Application information, Environmental
data, Curves.

2. Ratings.

21 Definition of the three Ratings System—Absolute Maximum, Design
Centre, Design Maximum.

Transistor Ratings.

3.1 Transistor Voltage Ratings.
Definitions of the main voltage ratings, Vcg, Ves, Vee under various
circuit and current conditions, showing their interdependence. Volitage
ratings charts and permissible area of operation.

3.2 Transistor Current Ratings.
Definitions of the main current ratings, l¢, ¢, lg, under various con-
ditions.

3.3 Transistor Power Ratings.
Definition of P,,. maximum-—distinction between steady state and
pulse—dependence on temperature—de-rating chart—heatsinks and
thermal resistance considerations.

3.4 Temperature Ratings.
Definition of T;, Thp ., Tease -

Section IV. Mounting and Soldering Recommendations
1. Mounting of ‘Lockfit” Transistors.

1.1 Mounting on printed wiring boards.
1.2 Soldering.
Section V. Field Effect Transistors

Section VI. Safe Operating ARea for power transistors

Mullard
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SEMICONDUCTOR TYPE
DEVICES NOMENCLATURE

Section 1

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

A — germanium

B —silicon

C — compound materials such as gallium arsenide

D — compound materials such as indium antimonide

R — compound materials such as cadmium sulphide

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

P — radiation sensitive device such as photodiode, phototransistor, photo-
conductive cell, or radiation detector diode

Q — radiation generating device such as light-emitting diode

R — controlling and switching device (e.g. thyristor) having a specified break-
down characteristic (not power types)

S — transistor for switching applications (not power types)

T — controlling and switching power device (e.g. thyristor) having a specified
breakdown characteristic

U — power transistor for switching applications

X — muitiplier diode such as varactor or step recovery diode

Y — rectifier diode, booster diode, effictency 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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v

TYPE SEMICONDUCTOR
NOMENCLATURE DEVICES

Range Numbers
Where there is a range of variants of a basic type of rectifier diode, thyristor or
voltage regulator diode the type number as defined above is often used to identify
the range; further letters and figures are added after a hyphen to identify indi-
vidual types within the range. These additions are as follows:
Rectifier Diodes and Thyristors
The group of figures indicates the rated repetitive peak reverse voltage,
Vgru, or the rated repetitive peak off-state voltage, Vprum, 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— 419 D — -+10%
B— 129 E —+15%
C— 5% :

The letter is omitted on transient suppressor diodes.

The group of figures indicates the typical operating voltage Vy for each type
at the nominal operating current Iz 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 af. 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.

RPY71 Photoconductive cell for ‘industrial’ applications.

OLD SYSTEM

Some earlier semiconductor diodes and transistors have type numbers consisting
of two or three letters followed by a group of one, two or three figures.

The first letter is always ‘O’, indicating a semiconductor device.
The second (and third) letter(s) indicate the general class of device:

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

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

Mullard
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SEMICONDUCTOR GENERAL EXPLANATORY
DEVICES NOTES

Section I}
LIST OF SYMBOLS FOR SEMICONDUCTOR DEVICES

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

QUANTITY SYMBOLS

A Voltage
| Current
P Power

ii e
v pwith subscripts{ b »instantaneous value of the varying component.
P c

m

3
vfwith subscripts{B instantaneous total value.
P C

| e ) the r.m.s. value of the varying component, or

3

V »with subscripts< b | with appropriate additional subscript the peak

P e [(m) or average (d.c.) (av) value of the varying
) component.

| E ) the no-signal (d.c.) value or, with the appropriate
V >with subscripts{ B }additional subscripts the total average value (AV)
P C ] with signal or the total peak value (M).
-
[=
[
o
.
3 i
v
L |
[o]
2
5 |
s
3 |
© |
f
L e Time
No signal with signal
Examples:
Ig d.c. emitter current no signal.
le r.m.s. value of varying component of emitter current.
ie Instantaneous value of varying component of emitter current.
ig Instantaneous value of total emitter current.

Irav) Average (d.c.) value of total emitter current with signal applied.
leavy Average (d.c.) value of the varying component of the emitter current.
em  Peak value of the varying component of the emitter current.

lgm  Peak value of the total emitter current.
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Subscripts for quantity sumbols

A a
AY, av
B, b
BO
BR

, C

o 0
Q.

mm
haall¥ )

o
T 0o

Seque

Anode terminal I, i Input

Average b Junction

Base terminal K, k  Cathode terminal

Breakover M, m Peak value

Breakdown O, 0 Open-circuit, output

Collector terminal, conversion, o Average value of overload

capacitive R, r Resistive, reverse, repetitive
S.s Short-circuit, series, shield,

Delay, Off-state (i.e. non trigger)
drain terminal source

Emitter terminal T, t On-state (i.e. triggered)
Forward W, w  Working

i X, x  Specified circuit, reactive
Gate terminal Zz Reference or regulator
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.

nce 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 VEg, Vec, Ve, VEen

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

Example B2

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

Example 2B

Mullard
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SEMICONDUCTOR GENERAL EXPLANATORY
DEVICES NOTES

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

Example Vici-ec1

the voltage at the first collector of the first unit referred to the voltage
at the first collector of the second unit.

The first subscript in the matrix notation shall identify the element of the
four pole matrix.

i input
o output
f forward transfer
r reverse transfer
A second subscript may be used to identify the circuit configuration.
e common emitter
b common base
c common collector

Example Vie = 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 hig, his

The four pole matrix parameters of the device are represented by lower
case symbolis with the appropriate subscripts

hiy
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.

Hi ) Zn

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

b, re, oy

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 I L
Capacitance c C
Distortion D
Frequency limits f max.

f min
Bandwidth Af

Bandwidth (for associated circuits)
Noise factor

ZzZw

Mullard
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List of Symbols for Semiconductor Devices

Cq diode capacitance (reverse bias)
C; diode capacitance (forward bias)
Cib transistor input capacitance (grounded base)
Cie transistor input capacitance {grounded emitter)
C; junction capacitance (of the intrinsic diode)
Cmin diode capacitance (at breakdown voltage)
Co diode capacitance (zero bias)
Cob transistor output capacitance {(grounded base)
Coe transistor output capacitance (grounded emitter)
Cp parasitic (paralle!) capacitance
Cs stray capacitance
Cre capacitance of the emitter depletion layer
Cre capacitance of the collector depletionslayer
feo varactor diode cut-off frequency
farn\ transistor cut-off frequency (the frequency at which the
f"”’ parameter indicated by the subscript is 0.7 times its low
hfe frequency value)
f1 frequency of unity current transfer ratio modulus
fmax maximum frequency of oscillations
fr tunnel diode resistive cut-off frequency
fr transition frequency (common emitter gain-bandwidth
product)
gj tunnel diode negative conductance (of the intrinsic diode)
gp small signal power gain
Gp large signal power gain
:IB the static value of the input resistance with the output voltage
hIE held constant
Ic
Efb ((,:'“)) ) The small-signal value of the input impedance with the output
fe AT f short-circuited to alternating current
1c
2““ The static value of the reverse voltage transfer ratio with the
hRE input current heid constant
RC
E”’ (:’2; The small-signal value of the reverse voltage transfer ratio
h” (h12 with the output voltage held constant
re
:_“F“ The static value of the forward current transfer ratio with the
hFE output voltage held constant
FC
2”’ (:2') The small-signal forward current transfer ratio with the
te (h21) output short-circuited to alternating current
:(’B The static value of the output conductance with the input
hOE current held constant
oc
r‘”b (::22; A The small-signal value of the output admittance with the
oe (h22 j input open-circuited to alternating current
oc
hrgsat) transient forward current transfer ratio in saturation
. . le-t
hrEL inherent forward current transfer ratio = .© co0
] Is+lcso

Muliard

G.E.N. Notes Page 4

oot




SEMICONDUCTOR GENERAL EXPLANATORY

DEVICES

Iz, lc, lg

NOTES

total d.c. current

la(av) le(avy le(av) average (d.c.) value of total current

IpBx
lgex , leex

Igm, lem, lEM
Ib 1 I(' ’ Ie

Il)m ’ lcm ’ lem
iB, ic, ig
iby i(' y ie
oy

leso

leps » Yees
lenx

lceo
lcEr

Ip

leno
lgBX

lp

iw
Iravy
Ik
lram
lF]\l
leovyy Irom
lrrM
Irsm
lap
laT
laq
b

I,

lo
lorm
lp
Ip/lv
Ir

iR
IrG
IrrM
IRsm
Is

I
Irov)
Iravy
ItrM
lrsm

base current (with both junctions reverse biased)

base (respectively collector) cut off current in a specified
circuit

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

coltector 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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Tamb

TCaSE

Tmb
Totg
ty
tr
tir

Lgq
to
tg

torr
tr

ts

On

6;
Bj—amb
Oj—case
Oj-mb

Ts
TF
™

SEMICONDUCTOR
DEVICES

tunne! diode valley point current .
voltage regulator (zener) diode continuous (d.c.) operating
current

voltage regulator (zener) diode average operating current
voltage regulator (zener) diode peak current
conversion loss

series inductance

flicker noise

noise figure at intermediate frequency

overall noise figure

noise temperature ratio

thyristor average gate power

thyristor peak gate power

total power dissipated within the device

recovered (stored) charge

extrinsic base resistance

source resistance

series resistance

thermal resistance

voltage regulator (zener) diode differential resistance
tangential signal sensitivity

voltage regulator (zener) diode temperature coefficient of the
operating voltage

ambient temperature

case temperature

junction temperature

mounting base temperature

storage temperature

delay time

fall time

forward recovery time

thyristor gate controlled turn-on time

thyristor gate controlled turn-off time

pulse duration

thyristor circuit-commutated turn-off time

turn-on time

turn-off time

rise time

reverse recovery time

storage time

thermal resistance of heat sink

contact thermal resistance

thermal resistance junction to ambient

thermal resistance junction to case

thermal resistance junction to mounting base
collector time coefficient of a switching transistor
carrier storage time coefficient of a switching transistor
fall time factor

rise time factor

Mullard
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VBE(sat)
Vo)
VsR)
V(BR)CBO
V(BR)CBS

V(BR)CEO
V(Br)CER

V(BR)CES
V(BR)CEX

V(BR)ERO
V(BR)R
Ver
Ycero
Vezn
Vee
Veg
Vceo
Vee
VCE(knee)
Vexgsat
VcEsust)
Vo
Voa
Vom
Voru
Vps
Vpsu
Vowm
Ven
VeBo
Veb
VeBn
Veen
Vr

A\

Vrg
Vrem
Vtr
Ven
Vep
Vas
Yor

Vi
VirM
Vism
Viwm

NOTES

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
Ver projected peak point voltage
Vg D.C. reverse volitage
VR instantaneous total value of the reverse voltage
Vra thyristor reverse gate voltage
Veem thyristor peak reverse gate voltage
VerM peak reverse voltage
VrrM repetitive peak reverse voltage
Vrsm non-repetitive peak reverse voltage
VrwwMm crest (peak) working reverse voltage
Vrp thyristor continuous (d.c.) on-state voltage
Yooy thyristor threshold voltage
Vv valley point voltage
Vz voltage regulator (zener) diode operating voltage
Z intermediate frequency impedance
z, video impedance
y-parameters
Common Common
base emitter
Yio (y11) Yie (¥'11) Input admittance
giv {(g11) gie (8'11) Input conductance 10utput
cip (c11) Cie (¢'11) Input capacitance ( short-circuited
bib bie Phase angle of input admittance J
Yob {Y22) Yoe (Y'22) Output admittance
gob (g22) goe (8'22) Output conductance Input
Cobs (C22) Coes (C'22) Output capacitance &short-circuited
dob boe Phase angle of output admittance
lyml(lya1])  lytel(ly’21]) Transfer admittance :
g gte Transfer conductance LOutput
cth Cte Transfer capacitance [ short-circuited
Orp {d21) bte (&'21) Phase angle of transfer admittance |
lyro} (y12)  |yrel (y'12)  Feedback admittance
grb gre Feedback conductance &Input
Feedback capacitance short-circuited

Crb Cre
oo (D12) dre (¢'12) Phase angle of feedback admittance |

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 a,, by, a, and by, which
are square roots of power.

Zg ay —> -aq)

7, 1 ns —eb2 4 2

s

05527
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L2

- . Vi
a,2 = the power incident at the input (: 1 )
Z,

2 H M Vi22
a,2 = the power incident at the output (: 7 )

b;2 = the power reflected from (or generated at) the input (=

V 2
b,2 = the power reflected from (or generated at) the output (: 7'2—-)
0
Z, = the characteristic impedance of the transmission line in which
the two-port is connected
V, = incident voltage

V, = reflected (generated) voltage

The four-pole equations for s-parameters are:

by = 8y78; +81282-
by = s31a;+82282

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

s, =s b
! " a,lax=0

b,
21 ala, =0

b,

S, = S,y = =
o 22 as| ay =0

s, =S il
r 12 32 81 :0

a, can be made zero by terminating the input side with 2, = Z, (no input power
and no reflection from the source).

a, can be made zero by terminating the output side with Z; = Z, (no reflection
from the ‘load).
by V.. . . . . )
Because a1 = it can be seen that s; is the input reflection coefficient; in the
1 il
same way s, is the output reflection coefficient.
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The s-parameters can be named and expressed as follows:

s; = 817 = 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.

s = $5, = 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. .

S, = 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, = Sy = Reverse transmission coefficient (for the given characteristic

impedance) — Ratio between the square root of the power
generated at the input and the square root of the power incident
at the output, input terminated with the characteristic impedance.

Mullard
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1.2

Section HI. Explanation of Handbook Data

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.

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 smail 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.

Presentation of Data
;’he information on the published data sheets is presented in the following
orm:
—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.

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.

Mullard
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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-
menta! 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 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.

Mullard

Page D2



SEMICONDUCTOR
DEVICES

34

Transistor ratings

GENERAL EXPLANATORY
NOTES

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

Transistor voltage ratings
Collector to base voitage ratings

VCB max

Ven max (g = 0)

The maximum permissible instantaneaus 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.

The maximum permissible instantaneous voltage
between collector and base terminals, when the
emitter terminal is open circuited.

Emitter to base voltage ratings

Vg max

VEB max (ic = 0)

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.

The maximum permissible instantaneous reverse
voltage between emitter and base terminals when
the collector terminal is open circuited.

Collector to emitter voltage ratings

V¢ max

* Veg max (Cut-off)

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 Vcg Versus I for the appropriate
circuit condition in order to obtain the correct
rating

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 Vpr > x volts, or

Ry
Re
be cut-off.

., <y which are equivalent conditions under which the device may
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Ver max (Ig = x mA) The maximum permissible instantaneous voitage
between collector and emitter terminals when the
collector current is at a high value, often the max.
rated value.

Veg max (g = 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 Vcg 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:
R \'
R_;,i' Ry, Zgg, VBr, IB OF *R—EE

An example of this type of curve is given in Fig. 2 as Vcr versus :—:—E for

two different values of collector current.

IC VCE
i |
|
1
I
Area1 \
\
Area 2 \
\
\
VCE RB/RE
Fig.1 Fig.2

It should be noted that when Rg is shunted by a capacitor, the collector
voltage Vg during switching must be restricted to a value which does
not rely on the effect of Rg .

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
l¢ max The maximum permissible collector current.
Without further qualification, the dc value is
implied.
leav) max The maximum permissible average value of the total
collector current.
lem The maximum permissible instantaneous value of

the total collector current,

Emitter current ratings

lg max
Ig(av) max

Igr(av) max

Iem

lERM

Base current ratings
'n max

IB(AV) max

lm{(,w) max

IBM

|BRM

The maximum permissible emitter current. Without
further qualification, the dc value is implied.

The maximum permissible average value of the total
emitter current.

The maximum permissibie average value of the total
emitter current when operating in the reverse
emitter-base breakdown region.

The maximum permissible instantaneous value of
the total emitter current,

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

The maximum permissible base current (without
further qualification, the dc value is implied).

The maximum permissible average value of the total
base current,

The maximum permissible average value of the total
reverse base current allowable in the reverse
breakdown region.

The maximum permissible instantaneous value of the
total base current. The rating also includes the
switch off current.
The maximum permissible instantaneous value of
the total reverse current allowable in the reverse
breakdown region.
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Transistor Power Ratings

Piot 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:

Piot = Vegx le+VieX Ih

- 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.

Piot

L.— -
Temperature

Fig3

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 (0n) normally expressed in degrees centigrade per watt
(deg. C/W). For mounting base rated device, the added effect of the
contact resistance (0;) 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: :
Tj"Tamb

'j—amb

where 0j_amp, is the thermal resistance from the transistor junction to the
ambient, For case rated or mounting base rated devices, the thermal
resistance Bj_amp is made up of the thermal resistance junction to case
or mounting base (6.mp), the contact thermal resistance (6;) and the
heatsink thermai resistance (0y).

Piot =
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For the calculation of pulse power operation P, the maximum pulse
power is obtained by the aid of a chart as shown in figure 4.

Tt

d(duty cycle) =

34

Pulse width

Fig 4

the general expression from which the maximum pulse power dissipation
can be calculated is:
Tj"Taml)—Ps X 0j~:1,mh

0L+d(0cnse~amh)
where 0, and d are given in the above chart and fcase-amp is the thermal
resistance between case and ambient for case rated device. For mounting
base rated device, it is equal to 0n+ 0; and is zero for free air rated device
because the effect of the temperature rise of the case over the ambient
for a pulse train is already included in 0.

Py =

Temperature Ratings

T; 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.

T; max {continuous  The maximum permissible continuous value.

operation)

T; 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.

Mullard
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GENERAL EXPLANATORY

SEMICONDUCTOR

NOTES DEVICES

1.1

‘e’ grid

Section IV. Mounting and Soldering Recommendations
MOUNTING OF “LOCKFIT” TRANSISTORS

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

Hole Maximum
Board Grid diameter board
thickness

e-board 2-54mm 1-05:£0-05mm 1-7mm
(0-1in) (upto 1-:30mm allowable)

e-board 0-635mm 0-80+0-03mm 1-1mm
(0-025in)

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

7

—— —Lock C ——lock C

/ T Lock A 77 ockA

Lock B ‘z'g/rid T—Lock B

board board

(a) ‘ (b) D5536

Fig. 1 — Detail of “Lockfit” pins, and function of three “locks” when used with

(a) e-grid and (b) €-grid printed-wiring boards

Mullard
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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) Tiltthe 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
alt 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.)

Rear Rear

Lock A

] -

(a) (b)

Rear l J J Rear

' Lock A Lock C ,——Lock C
Y l [ E

I L

¢
E Lock A T Lock A

H
Lock B i Lock B

(c) (d)

[ Fig. 2 - Mounting procedure for ' Lockfit" transistors using e-grid printed-wiring
boards; procedure is similar for e-grid boards

Mullard
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1.1.2 Mounting prodedure with c-grid boards

1.2

The best insertion procedure with the =-(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 itis 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.

Soldering

For both boards, the temperature should not exceed 300°C and the
application time should not exceed 3 seconds.

Mullard
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TRANSISTORS NOTES

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 cutrent 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 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 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

with subscripts instantaneous value of varying component

with subscripts instantaneous total value

the rm.s. value of the varying component or
with appropriate subscript the peak (m) average
(d.c.) (av) value of the varying component

the no-signal (d.c.) value of or with the
appropriate additional subscripts the total
average value (AV) with signal or the total peak
value (M)

with subscripts

with subscripts

OHOnoga v oo v o

VLT U< "0 < TTO0 <«

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

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

Vps = —6V: Drain is 6V negative w.r.t. Soutce

Mullard
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Reversal of the subscripts also changes the polarity sign
For example the following statements are identical

Vps = —6V; Vsp = 6V; —Vps = 6V

The supply voltage shall be indicated by repeating the terminal subscript.
The reference terminal may then be designated by the third subscript.

Examples Vpp, Vss, Vssp

2.3 Current

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

eg. Ip=1mA means 1mA flowing into the drain terminal
(in the conventional sense)
ls == —1mA means 1mA flowing out of the source terminal
- (in the conventional sense) —_ .
‘D 3 n igq
£
=
/ £ iy
° X
-
} \
T
>
i S o
—
2 g
RN x o
l | L ;
] — l
- i -
No t
signal With signal - 5113
Examples
ln d.c. drain current——no signal
In(avy Average (d.c.) value of total drain current with signal applied
Ipy Peak value of total drain current
Iniryws) Root-mean-square value of total drain current
in Instantaneous value of total drain current

lam Peak value of the varying component of the drain current
lapems) Root-mean-square value of varying component of drain current
fd Instantaneaus value of varying component of the drain current

The following are examples of the implied relationship

Ipar == bocavat-daws in = dniavy +ia Torasy = Vinayy 2+ laems) 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.

Mullard

G.E.N. Page 2
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For example in quoting a limit value
—ls max = 50mA

and in quoting a spread value

—Vpayy < 15V
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:

Vais, Vaes, refers to a dual gate MOS device

Vais1 —Vaese| 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 ditference
over a given temperature range.

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

— input

— output

— forward transfer

— reverse transfer.

used to identify the circuit configuration.
— common drain

— common source

— common gate

® ~ =~ —

A second subscript may b

Qa ®»uw a

Examples

Cls 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
(Veisy) < 0, Ipss > 0)
Ip

—Ipss

-Ves }

-VP(GS)

Mullard
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P-channel-junction FET
(Vees) >0, Ipss << 0)

-Ip

'IDSS—_J

—O0D

VGs
3.2 Insulated gateM.0.S. field effect transistors v \
N-channel-M.0.S.-FET{depletion mode) P(Gs)
(Vrws) < 0, Ipss > 0)
preo
<308
G -—0'S
Ves
N-channel-M.0.S.-FET (enhancement mode)
{(Vegs)y = 0 Ipss ~ 0)
Ip
——O D
}——0 8
G —— -0 s
Ves

Mullard
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P-channel-M.0.S.FET (enhancement made)

(Veics) < 0. lnss ~ 0)

/
_ID
——0 D
|—>—}——o B
G —O S
Ves
4. BASIC CIRCUITS CONFIGURATIONS
o—— —0
S D
D G / \ S
O O O
) Output } Input Output
G o— > /]
S Input D|Output
Input G
O- e, O O—-—4L—~—O
Bs808
Grounded-source Grounded-drain Grounded-gate
The source is The drain is The gate is
common to input common to input common to input
and output and output 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.

Mullard
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Iptma) 4
I Ves=0
Vpss
(Vgg=0)
i Note: this is the
I breakdown voltage
Dss of the device and
v operation in this
region is not
Knee voltage recommended.
VDs(sat)
-4V
T T -
10 15 Vpg(V?
B9809
Ip=1pA
5.1 Cut-off Voltage (Vpl(‘.S)) /
The cut-off voltage Vpgs is the NS
gate-source voltage for a given -4 Vp(GS) Vpg =t
small value of drain current I at a +7 far -
stated drain source voltage Vps Ip=1pA
TEST CIRCUIT FOR Vp(as) B98I0
5.2 Drain-source short circuit Ipss
current (Ipss)
The drain-source short circuit >4
current |(pss) is the current flowing NS
between drain and source with the Vps =+
gate short-circuited to the source =
(Ves = 0) and at a stated drain-
source voltage (Vps)
89811

TEST CIRCUIT FOR Ipss

Mullard
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5.3 Leakage currents

tGSS l i '

GENERAL EXPLANATORY

NOTES

-——Ipss
A% |
- Ve =t
e o Ves DS
Bos12 B9813
Gate-source leakage/current Drain-source leakage current
less Ipss
(enhancement mode device)
-—Ipgy AN\ = Tsov
_ + —l v, \Y -|-+
Ves Vos g +T GS SD -l-,
+T
B9814 B9B1E;
Drain-source leakage current Source-drain leakage current
Ipsv, at specified Vps and Vs lspv with specified Vsp and Vs
and grounded source with grounded drain
™~ -—1IpBs
+

+
Vo -l-_

89816
Drain-substrate leakage current
lpns

Vsg T_

6. SMALL SIGNAL-Y PARAMETERS

Four-pole equivalent circuit

- Y12 Vout
-—VYoaq Vi

Mullard

Be817
Source-substrate leakage current
lsns
iout
Y2z Vout
B9B18
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input admittance with output short
circuited

Yiit = VYi = \2: Vnut =0

reverse transfer admittance with input
short circuited

— — iin p—
yiz =Yyr =y _— Vin =0
forward transfer admittance with output
short circuited

o _ dout _ Output admittance with input short
ver = Yo =y = Vin =0 gircuited

Y21 = Yt = |\7:1: Vour = 0

A second subscript on the y-parameter indicates the circuit configuration
e.g. yis = input admittance in common source configuration
where yis is the complex form
yis = Qis+jbis  and by = wegs

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 1TMHz) is indicated in the following forms

gm = ga21s = Ois = |Vis]

at high frequency this parameter is a complex gquantity and the modulus
lyss| is usually given in the data with a specified frequancy 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 ali 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.

Mullard
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TRANSISTORS NOTES
7.1 Ratings (maximum permissible values)
Vps max — Drain-source voltage
Vps max — Drain-substrate voltage
Vsy max — Source-substrate voltage
Vep max ~—  Gate-drain voltage
Vas max  —  Gate-source voltage
Vee max  —  Gate-substrate voltage
Ip max — Drain current
Is max — Source cutrent
"le 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 T; max == maximum permitted junction temperature
Tamb Max = maximum permitted ambient temperature
Tease Max =~ maximum permitted case temperature
Run-amp) == Thermal resistance junction to ambient
Rth(case-ambvy = Thermal resistance case to ambient.
The limiting value of the maximum permitted device dissipation Pi.t max
is stated for either Ty max —Tamp max
Tomy = ——F5————
Rth(j-amb)
and Pru max — Ty max —Tcase Max
R!h(l-ase amb)

8. SOLDERING AND WIRING RECOMMENDATIONS

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

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

8.3 Care should be taken not to bend the leads nearer than 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,

Mullard
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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 l¢ against Vo characteristics of a transistor asit goes into second
breakdown. On the horizonial 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

S l’ \
\
\
NN
NN
NN
| \ \ \ Locus of second breakdown
\ critical current points for dc
l \ \ und pulse operation
AN N e
le \\/ . A
\
lr N
|
I
l !
- |
| ‘
- |
D
N |
I
{ ]
) S——— ) /
1 ‘ i

|voltage drop in secont v
‘ breakdown . o

Vego Collector-emitter voltage
~ e
Base reverse biassed

——
Base forward biassed

Fig. 1—Output characteristics of a power transistor
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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 t;, and also, to a lesser extent,
on the duty cycle d (see Figs. 2 and 3). Thus the greatest extension is permissible
with single-shot pulses (d == 0-Q1) of short duration, say 10us. (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 Ve 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 Vcromax
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 Vcgo rating as shown in Fig. 1In 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 elsewheret!)

SIMPLE METHOD OF USING PUBLISHED SOAR CURVES

In addition to the methods described in the MTC article (2) sufficient SOAR
information is provided in the published data of each power transistor to cover
909 of all applications.

'UTP 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 Mgy values.

In general, the data provides SOAR curves for pulse durations in multiples of
1, 2, 5, and 10, starting at pulse durations in the region 10 to 50us. The families of
curves are plotted at duty cycles of 0-0l (single-shot) 0-1, 0-2, 0-5, and -0 (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 Msp curves from the single-shot and d.c. SOAR
information, and construct the boundaries using the method fully described in
the reference TP 1454

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

‘p | P E———

T8

Fig. 3—Relationship between duty cycle (d), pulse duration
(t,) and period (T)

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 t, (for example, 1-7ms).

2) Note the time between pulses (T —tp) (for example, 2-9ms).

3) Calculate the dutycycle d from the equation d = t,/T (in this example 0-37).
4) Note the peak collector current Ic (for example 300mA).

S) Note the peak collector emitter voltage Verwm (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
ty = 1-7ms use t, = 2-0ms).

7) Plot the point given by the specific Icy and Veru 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 Ver.
2) Calculate the transient thermal impedance for 1-7ms at 0-37 duty cycle.
The equation used is:
Zuutdy ={Rth—Zinitoy}d + Zinitoy,

Where Zina) is the thermal impedance for pulse duration t at duty cycle d, and
Zin o) 1S 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:

(T; —Tmp)=Znta) X lem X Vern.
4) Calculate the maximum permissible mounting-base temperature Trypmax from:
Tmvmax =Tjmax —(Tj—Tmn).

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

Tmbmax —Tamp
Rtnm-a) = e —Rthimb ndegC/W,
Iem X Vegm xd
Where Rinn-a) is the thermal resistance of heatsink to ambient and Rin(mp-n) 1S
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 t, = 1-7ms. If point P is within this area then the con-
ditions are acceptable and the heatsink thermal resistance can be calculated.

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

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

The above method is not absolutely accurate, but the approximation errors in-
volved are allowed for in the published data tolerances. More accurate calculations
can be made by going back to first principles, and calculating the multiplying factor
for the specific condition. (1)

(TP 1454 reprinted from MTC No. 122 APRIL 1974
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PRACTICAL APPLICATION
This section discusses a typical application in which power transistors are used.

Audio application

The example describes how the output transistors of an audio amplifier are
checked for excursions outside the specified SOAR when the amplifier is being
tested under a sinewave overdrive condition.

This example describes how the SOAR curves are used to check the suitability of
the BDI31 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.

V supply

TR2
)
-
V drive L__L
TRY _T_
Test
resistor
Feed back

»

265/29

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 960us. A test resistor of 0-10 is

TR _\_/'-\
_/_\_/ Oscilloscope

—O Upper
—O Lower
F—CO Common

w5 3n

Fig. 7—Method of connecting dual-trace oscilloscope to
obtain simultaneous display of l¢ and V¢e

Vee
v}
304
20 1 /
10 //f
0 N
0 100 200 300 400 S00 600 700 800 900 1000
Time (ys)
le
{mA)
300
200 V\
100 \\
oL N

0 100 200 300 400 500 600 700 800 800 1000
Time (ps})
Fig. 8-—V¢¢ and I¢ characteristics

53
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SOAR GENERAL EXPLANATORY
NOTES

inserted in the emitter circuit of the lower transistor TRi1. A simultaneous display
of the Vcg 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 Vcr 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 20us through
the complete cycle of 960us. 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
intc 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 Py, P2, and Ps in Fig. 9.

Each pulse is then checked individually. The duty cycle for each equivalent
squarewave pulse is calculated, and the Ver 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 Vcg and derived P o) obtained
from oscilloscope display

Time Ic Vce Piot)
(us) (mA) v) (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 25 125
120 5 29 0-15
then no important changes until
500 5 25 0-14
520 40 25 1-00
540 80 20 1:60
560 130 15 1-95
580 180 10 1,80
600 220 5 1-10
620 { 260 1 0-26
until

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

Mullard
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Consider pulse P1: the equivalent pulse time tp1 is 82-5xs and the total cycle
time T is 960us. Therefore the duty cycle di is 82-5/960 or 0-086. The V¢g and ¢
values recorded up to the end of the pulse time ty1 are then plotted on the SOAR
curve for d = 0-1 as shown in Fig. 10. The locus of this plot falls well within the
tp = 100us limit, therefore this condition is acceptable. In figs. 10 to 12, the SmA
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 P> and Ps.
For Ps the duty cycle is 420/960 or 0-44 ; thus the Ve and I¢ measurements recorded
for pulse P: are plotted on the SOAR curve for d = 0-5 as shown in Fig. 11. For P
the duty cycle is 70/960 or 0-073, so the V¢g and Ic measurements recorded for pulse
P3 are again plotted on the SOAR curve for d = 0-1 as in Fig. 12.

In all three caces the pulse conditions are acceptable since not even the d.c.
SOAR limits are exceeded. Thus, the transistor will not fail through second break-
down even when the amplifier is continuously overdriven.

Heatsink calculations

The heatsinks have to be designed to keep the junction temperature below the
rating of 150°C. The known thermal restraints are the standard ambient tempera-
ture of 60°C allowed for in television enclosures, and the thermal impedances
associated with the BD131. The thermal impedance curves for the BD131 are shown
in Fig. 13, and the contact thermal resistance Ruymb. 1 is 1 degC/W.

4.5/36

100 Y
’ £
Zingy) s
(deg C/W) 2
2 o
i
z
10 g
=910 Rints) 3
5 L1
—1 0.5
pot
21 0.2 Pl Zin(to)
e, Zg i
o
o
1.0 o ,- T HHT
7= 0.) fp — 1T
tpe—T-
== T
d-+
H 1
0',_’ Zanitr = RangsiZiniso)) 3 + Zingro)
5 Renisy = Steady state thermal resistance, d =1
Zihlte) = Transient thermal impedance, d =0
2

52 51 2 s 7 2 2 5 7
10 10 10 10 1 10

Pulse duration (s)

I (0 L1

Fig. 13—Thermal impedance curves for BD131
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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:
Tmvmax —Ta

Rtmh—a):—f,——‘—Rth(mb—h), D
av

where: Tmpmax =Tjmax —(Tj—Tmp)max. ...(2)

Tsmax —(Tj—Tmp)max —Ta
Pav

Therefore: Rm(h,a,z( )—Rm(mb-h) ...(3

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 guiescent condition, and this
will be the d.c. bias condition. Under the overload condition the average power
value is calculated as follows:

average heat input per cycle

=f(tp1 X P1) +(tpz X P2) +(tps X P3)}/T, R

=[(82.5 x2.24)+(420 x0.15) +(70 x 1.96)]/960 = =0.4W.

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 (T;—Tmp) is to be the greater of the two values given
by the equations (5) and (6) below.

(T; —Tmp)max =Pq X Reh +(P1—Pq)Zintp1, ...(5)

and (Tj—Tmp)max =Pq X Rn +(P1—Po)Zin{tp1 + tpz +tps3)

—(P1—P2)Zin(tpz+1tp3) +(P3—P2)Zintps, ...(6)
where:
quiescent power Pqo=2W tp3=70us

P1=2.24W Rin=6degC/W
P2=0.15W Zintp1=0.72degC/W
P3;=1.96W Zin(tpr +tpz+tp3) =2.0degC/W
tp1 =82.5us Zin(tpa+tp3)=1.8degC/W

tpt+tpe+tp3=572.5us Zintp3=0.63degC/W.

tpe+tp3=490.0us

Mullard
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Thus, Eq. 5 becomes:
(Tj—Tmn)max=(2 x6)+(0.24 x0.72) =(12+0.2) =12.2degC.
Eq. 6 becomes:
(Ti—Tmp)max=(2 x 6)4-(0.24 x 2) —(2.09 x 1.8) + (1.81 x 0.63),

=12+048—-3.76+1.14 =9.9degC.

Therefore the maximum value of (T;j—Tmp) is 12.2degC from Eq. 5.

Thus Eq. 3 becomes:

150—12.2—-60

Rinh-a)= ( 3 ) —1 =37.9degC/W.

Therefore the maximum value of (Tj—Tmp) is 12.2 degC from Eg. 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 1degC/W, which is true only if a heat-
sink mounting compound is used.

APPENDIX 1
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 Piosmax.and hence the thermal resistance
of heatsink to ambient Rin(h—a). Thus:
Rinh—a) = M — Rinmb—n)
Piot
2) Enter the nomogram in section I of Fig. 15. Move horizontally to the left until
the appropriate orientation (either horizontal or vertical) and the appropriate
surface finish is reached.
3) Move vertically upwards to intersect appropriate power dissipation curve
(Ptot) in section 11.
4) Move horizontally to intersect the curye in section I1 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 extrusjons
could also be plotted in section 11l using the heatsink manufacturer’s data
relating Rinin-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.
r———-——lmgm of :xlrudc:) heatsink (cm)——————m -
1 LTI L T
[ type of Vicc(sink power dissipation fg“fl ,
R ) I Y778
l ] W [
X i e e S T —-— &
’_’k N 1 BL7 748 1 1]
ex rusion\ T T
—. «y:u 30D ‘*>~< ‘J‘%w\%‘ L ‘Ll L — L* 1"4~~~r<
T Binss <] 7 Z S 1 I e i
7
N~ 4 wz J mo%, /
kot + / T - 100]
-~ [ H] -+
type of envelope [H—SUSREENRR, nd
(T 11
z il
5 1 e
1 T m yZaui
g il | n | /'// 5
2 right horizontal S
. o~ Qx/;g R
= blackened horizontal k3
S, v/ blackened vertical S
§ I - T
k3 — ]
$ SO o 288 el | | V4 ]
/7 [ro-‘ss /}
10-126 B S
10 A i 1

Fig. 14—Heatsink nomogram. *{For outlines of extrusions see Fig.16)
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tength of extruded
heatsink {cm)

b — g — —

section IV

darea of one side of flat
(cm?)

heatsink

i type of
1
i
|

|

section I

———— — ]

L45/48
section IIT section 0
A ST
t !
| |
1 |
' +
1
| type of power ,
{ heatsink dissipation f
orientation and|
envelope surface finish'

R"\ (h-g} (deg C/W)

Fig. 15—Simplified nomogram

r— max 109 —“]
max
(a} 300 27
max
(b) 40D 59.7
max 109

All dimensions in mm

445749

Fig.16—Outlines of extrusions: (a) 30D, (b) 40D
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GERMANIUM N-P-N

HIGH-GAIN TRANSISTOR

AC127

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

with envelope isolated.

QUICK REFERENCE DATA
. =0 +32 v
VCB max (IE 0)
ax. ] +32 v
VCER max (RBE < 60Q) 3
1 oM max, . 500 mA
=25 340 W
Ptot max. (Tamb 25°C) m
(typ) (0, = 500mA) 50
£ typ) 2.5 Mec/s
RATINGS

Limiting values of operation according tothe absolute maximum system as
definedin publication 134 of the International Electrotechnical Commission

Electrical
v CB max, (IE =0)

VCER max. (R

max,

BE

cav) ™
EM
E@Av) ™
BM
*IB Av) max

Ptot max.

I
*1
I max,
¥
I

max,

*Averaged over any 20ms period.

Thermal
T . min,
stg

T max.,
stg

T]. max,

<60Q) (see page C1)

T, max, (intermittent operation,
total duration = 200 hours)

Mullard

MARCH 1966

+32 v
+32 v
500 mA
500 mA
525  mA
525  mA
25  mA
25 mA
340 mW
-55 °c
90 °c
90 °c
100 °c
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THERMAL CHARACTERISTICS

ej-a.mb (in free air) 0.37 degC/mW

o, 0.11 degC/mW
j~case
e'-amb in free air with cooling
J clip as shown on page D4 0.22 degC/mW+<~-
ej-amb in free air with cooling clip

giving good thermal contact
mounted on a heatsink of 16 s.w.g.
aluminium, minimum area 12,5cm 0,16 degC/mW

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

Collector-base breakdown voltage V

(BR)CBO
IC =500pA +32 - - \'4
Emitter-base breakdown voltage V (BR)EBO
IE =200pA +10 - - \'
Collector knee voltage \' CE(knee)
IC=500mA, (see fig. 1) - - +1.2 v
Base emitter voltage VBE
VCB=+5V, IE=2mA - 120 - mvV
VCB=0, IE=500mA - - +1,2 v
Collector cut-off current 1 CBO
v cB” +0.5V - - 10 pA
Emitter cut-off current IEBO
Vgp=toV. T =15°C - - 550 A
Laree sl ot
VCB=0, Ic=20mA 50 - 200
1 c =500mA 25 ~ 143
Ic
(mA)
550F - -
I
I
|
!
1
Vee (knee) Ve (V)
Figl.

Mullard
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GERMANIUM N-P-N ACI127

HIGH-GAIN TRANSISTOR

Min, Typ. Max.

Intrinsic base resistance r

Collector depletion capacitance c

bb'
Vo =+5V, Ip=1mA, f=450ke/s - 70 - 2

tc

= = = - -
Vop=t5V, Ip=0, f 450ke/s 70 pF

V =12V, I =10mA 1.5 2,5

CB Mc/s

E

Common emitter cut-off f

hie

frequency

Transition frequency f
|
|

Vep=t2V, I, =10mA 10 20 - ke/s

Noise figure NF

VCB=+5V, IE =500uA,

f=1ke/s - 4 10 dB

SOLDERING AND WIRING RECOMMENDATIONS

1,

2
.

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

The transistor may be dip-soldered at a solder temperature of 245°C
for a maximum time of 5 seconds. The case temperature during dip-
soldering may exceed the maximum storage temperature for a perjod
not greater than 2 minutes, provided that it at no time exceeds 115 C,
This recommendation applies to a transistor mounted flush on a board
having punched-through holes, or spaced at least 1,5mm away from a
board having plated-through holes.

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

Mullard
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Conforms to V.A.S.C.A. SO-21/SB3-10 B8
J.E,D.E.C. TO-1
e [+
c
v _
E
T
S F
b c
- c
Z
DIMENSIONS (in millimetres) G
Min, Nom, Max.
A - - 6.5
B - - 6.1
c - - 9.4
D - 1.8 -
E - - 1.5
F 38 - -
G - 0.43 -
OUTLINE AND DIMENSIONS OF COOLING CLIPS
0-3 0-3
565 J‘ | 565
| |
4 ' !
K - _ I _ -
le———14 —» 28
|
T T T T
1k i il
3. 3.
! ! IR e 3 !
7 g { H[ i }'7
Il I
I H } | HT }} 86
I ‘ i i l
I if i
Ls—-i 12— '
Nominal dimensions in mm
Type a. Type b.
Part No. 56227 Part No. 56226
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ACI27
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AC127 1 iasa
1T ]
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Q! 1 C 7 ] j___:j T
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£ T & T
T Tt mA |
11T
-+ 400 ey aas
HH
11
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300
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—l T -
: \20 2mA|
SEEESEE
b/ ”AJ
\ H
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TYPICAL CHARACTERISTICS
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GERMANIUM N-P-N
HIGH-GAIN TRANSISTOR ACI27

Iego BT as AC127 '
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T J 1Typical characteristic spread j
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IE T AC127 52907
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1
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GERMANIUM N-P-N
HIGH-GAIN TRANSISTOR ACI27
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ACI27

HIGH-GAIN TRANSISTOR

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

The AC128 is a p-n-p alloy junction medium power audio transistor in a TO-1
envelope, primarily intended for operation in class A and class B output stages.

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

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

QUICK REFERENCE DATA

-V CBO max. 32 v
v CEO max. 16 A%
_ICM max, X 2.0 A
Ptot max. (Tamb <20°C) 1.0 w
Tj max. 90 %
hFE (-IC = 50mA, VCB =0) 55 - 175

£ typ. (I = 10mA, Vo =2V) 1.5 MHz

OUTLINE AND DIMENSIONS (see also page 2)

Conforms to B53934 SO-21/SB3-10
J.E.D.E.C. TO-1

AC128

1.5 ™ (not tinned)

H

E

N —1

[T} ®
£
@
o

9.4 max 38.1mn c

72088851

All dimensions in mm

The coloured dot indicates the collector

Accessories available: 56226, 56227

Mullard
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OUTLINE AND DIMENSIONS (contd. )

AC128/01
¢ dent g
l —e 15™3% (not tinned) <
x g S
g -
= @) - L#al |- =
o~ ki
b= ¢ 3%
7 2max \4‘ 157 ™ax J‘ 38]min
M 7200662
All dimensions in mm
The dent indicates the collector
RATINGS
Limiting values of operation according to the absolute maximum system.
Electrical
R CBO max. 32 v
-V CEO max. 16 \Y
E <
Vv CER Ma% (RBE <4009) 32 v
Vo max- 10 v
-Ic max. 1.0 A
-1 oM max. 2.0 A
T . 2.0 A
< - . .
Ptot max. (Tamb <20°C, with cooling clip 56227
on a 1. 5mm blackened aluminium heatsink
2
of 12.5cm’ ; see also page 4) 1.0 w
Temperature
T -55 to +100 °c
stg o
T], max. (continuous) 90 c
THERMAL CHARACTERISTICS
Rth (-a) Thermal resistance from junction to
] ambient in free air ACI28  ACI28/01
without cooling clip 290 180 °C/wW
with cooling clip 56227 140 VA
with cooling clip 56227 on a 1. 5mm 2
blackened aluminium heatsink of 12. S5cm 80 70.5 oC/ w
with cooling clip 56227 on infinite heatsink 55 - %c/w
Rth(j—c) Thermal resistance from junction to case 40 45 °c/w
AC128 with  Rypj. ) Rihic-h) Rih (h-a)
cooling Cll%—{—j__'_{
56227 f c e {1 Ca
e — = 4L0°C/W 15° C/W
AC128/01 —» 4L5°C/W 0.5°C/W
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P-N-P GERMANIUM MEDIUM

POWER TRANSISTORS

AC128 AC128/01

2-AC128 2-AC128/01

ELECTRICAL CHARACTERISTICS CTamb =325°C unless otherwise stated)

Teso

CEK

FE

Min, Typ. Max.
Collector cut-off current
- - - = 0 - -
IE—O, VCB-10V, T],—25 C 10 HA
= = = = 9, -~ -
IE—O, VCB 32v, Tj 25°C 200 pA
Emitter cut-off current
= = = =250 - -
IC—O, VEB 10v, Tj 22 C 200 A
IC=0, »VEB=SV, Tj=75 C - - 500 HA
Base -emitter voltage
IE=50mA, VCB=O - - 300 mV
IE =300mA, VCB=O - - 450 mV
Collector knee voltage
-IC =1A, -IB=the value for
which —IC=1.1A at —VCE=1V - - 0.6 A%
-Ic
(A) “Ig
10 f— o= T
10— 1
t |
! |
|
{ |
! i
|
, I
| |
~Veek 1 “Veg (V)
Static forward current transfer ratio
-IC=50mA, VCB=0 55 90 175
-IC=300mA, VCB:O 60 90 175
-IC=1A, VCB=0 45 80 165
Transition frequency
—Ic=10mA, -VCE=2V 1.0 1.5 - MHz
Cut-off frequency
-Ic=10mA, ~VCE=2V 10 15 - kHz
Collector capacitance
IE=Ie=0, —VCB=5V - 100 - pF
Base resistance
-1.,=1mA, -V =5V - 25 - Q

C CE

Mullard
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ELECTRICAL CHARACTERISTICS (contd.)
Min. Typ. Max.
Small signal current gain linearity
Ai at S0O0mA where Ai =loaded small
Ai max. ' signal current gain 0.50 0. 60 -
h Ratio of static forward current
FE1 . :
P— transfer ratios of matched pair
FE2 2-AC128
}IC|= 50mA, VCB=0 - 1.1 1.25
|IC|=300mA, V=0 - 1.1 1.25
1060 T T Datet,
Prot B
max <, ¥,
(mw]) 0’?‘, (O,O{J% Heatsink material:
"’d; '391‘_0, 1.5mm_blackened aluminium
750 WA \'I‘aoﬁg
Js: % 2
2 &)
O,
40120 o,e 2
“’/‘“ 8, ) o,
3 %e T | 4
500 56‘227 \g,
2y, Ne
®,
ac 3
~ n
i Hithous \?‘
o N N
250 9 a
ﬂ\&esso,ies N
Mo T~y
~
e N\
0
0 20 40 60 80 100 Tamp {°C)
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P-N-P GERMANIUM MEDIUM AC128 AC128/01
POWER TRANSISTORS 2-AC128 2-AC128/01
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= e
gl—r—b—#—g
N Ko
\Nb 4?9\
L \\ w
2NN NN\ =
NN
A \\\ N
“IN
‘L‘ N
(=3
3 N N e
1)
NN
N,
AN
wn
qe o~ w gq ~ M.o- ™~ Ng [ w ~ g o~ w o~ .-N
o3
-3
2 T T [T T1
8 ! £ EQ[:PU?- ]
o~ - ] >
g 3
<H
< ET% = R
6] 55
< & - =
T4l E \
o I« El &
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-7“-’ \ \
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D3857 D388
T T T T
r l L ] min t%p r n%qx |
t max
1000 JULE S 42 10 T
]
Ty, N = /
i O
1 . A |
Ig 4 E [ ]
{mA]} (mA)
7 / |
JL/ i i
H Vi
1 T
500 ' l 7 ] V4 ]
7 Vg0 Vep=0 1
i Tamb=25°C [ Tamb=25°C ]
T
? /iy il
Hi
i H7
Hir+ 1B
| 1 iy I 1
N ANRENEE [ 11 0 l
0 10 20 -lg (mA) 0 100 200 -lg (uAl
D3859 03880
IIT 1] —Vge decreases by about 2.3mV/°C with
Vg 20 increasing temperature
cB” -Vge decreases by about 0.4mV/°C with
Tamb=25°C increasing collector—emitter voltage|
I
1000 min| [typ a 10 min|[t max
Lt 1 I
j Veg=0 l,
Ig Ig Tamb=25°C 11
(mA) [INEN (mA}) [
H | [ 4l Y /O
7 T
500 ' 5
Vi
L@VAW.
A [
7 I /
1 A ]
o L]
0 — 0
0 500 1000 0 100 200
-Vge (mV) -Vgg [mV)
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P-N-P GERMANIUM MEDIUM
POWER TRANSISTORS

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

D3861
40
| L
-VcEr
max {V)
N
30
N
\\\
20 M
Ree ~Vee
. ]
10
0
0w w0? ? * Tt ? T T e?
Rge (1)
D3862
150 A;=Small signal current amplification with sliding collector—emitter|
voltage at Vo=10V and R =160
] l
A i L
hee P Al -
! T
] N
100
| -
heg at =Vee=1V typ | i
- F n -
7 1§ ] vp 1]
|
B 1] [
50
0 100 200 300 400 500 ~I¢ (mA)
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COMPLEMENTARY GERMANIUM ACI28
MEDIUM POWER TRANSISTORS ACI76

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

QUICK REFERENCE DATA
AC128 AC176
Vo max. -32 L 432 \
VCE max, (cut-off) -32 +32 v
1 C max. 1.0 1.0 A
P max. (T, . = 45‘;C) 155 155 mw
(Tcase = 60 C) 700 700 mw
T, max. 90 90 °c
hop 9P (Vo =0, 15=1.04) 80 83
fT min, 1.0 1.0 Me/s
Matching ratio for matched pairs see page 3.
OUTLINE AND DIMENSIONS
Conforms to J,E.D.E.C, TO-1
V.A.S.C.A, 80-21/SB3-10
—A ——-} Millimetres
8 ’-] Min, Nom. Max.
A - - 6.48
B - - 6.1
C - - 9.4
D - 1.8 -
E - - 1.5
F 38 - -
G - - 0.48
H - - 2.05

Mullard
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OPERATING CONDITIONS IN CLASS 'B' COMPLEMENTARY SYMMETRICAL

OUTPUT STAGE

. S,
Vee
R'I
Ra
C =25pF
|
R
| 4
|
| “
\ .
L
‘ —0o OV
*Nominal supply voltage -24 -24 A\
Power supply internal resistance 20 20 Q
Load resistance 25 15 Q
{ **Thermal resistance ec o-amb
per transistor as 40 20  degC/W
‘ TLoad power
i Speech and music 2.0 3.0 W
Sustained music 1.8 2.7 w
Sinewave 1.4 2.1 w
Driver gquiescent current 11.5 18 mA
Nominal driver current
(r.m.s.) for P = 50mW 0.65 0.8 mA
load
Peak collector current 485 675 mA
Peak 1oad\ current 405 620 mA
R1 330 180 Q
R2 680 470 Q
T'{'R,3 100 40 Q

Mullard
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COMPLEMENTARY GERMANIUM ACI28
MEDIUM POWER TRANSISTORS ACI76

R, VA1077 VA1077

R, 2.2 2.2 Q

R, 2.2 2.2 Q
e, 120 200 uF

*Based on an absolute maximum supply voltage of 26.5V for this circuit.

**Based on T, , =45°C. These maximum values of © include the

thermal resistance of the transistor mounting.

case-amb

iThe P. figures are at the onset of clipping and approximately 10% more
output can be obtained for Dy, = 10%.
The Py, q figures take account of the fact that a practical power supply has
a finite internal resistance. For a value of 20Q internal resistance three
values of Pygaq are given.

1. The speach and music value is the output which will be obtained when
peaks occur in low level passages.

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

3. Normal sinewave rating.

Thefirst twovalues constitute a useful measure of the power output capability
ofthe circuit. The sinewave value is quoted because it is load power which
will be obtained when, for test purposes, the equipment is driven with a
sinewavebecause of the internal resistance of the power supply, the dissi-
pations with sinewave drive are lower than with a constant line voltage. The
thermal resistances required are given assuming these lower dissipations.
The value of the supply impedance is, therefore, important and the regulation
should not be improved without making compensating changes in the thermal
resistance ej —amb”
TiPreset to give I =3.0mAat T, = 25°C.
TtfValue of CL for L. F. response -3.0dB at 50c/s. The results obtained are
with a series resistance of CL =1.0Q.

CHARACTERISTICS FOR MATCHED PAIR

h Ratio of large signal forward
FEL1 .

n - current transfer ratio of the
FEL2 two transistors

1E=500mA, A% 0 <1.2

CB

Mullard
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SOLDERING AND WIRING RECOMMENDATIONS

1.

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

. Transistors may be dip-soldered at a solder temperature of 245°C for

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

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

OUTLINE AND DIMENSIONS OF COOLING CLIP

[ e

iBEcanmEs]

le——— 14 —— 28
{
! i
| it
3-3 3-3
H 477 e |
17 04— | ! T 17
It | l
} H ! I ,T ' 85
I
1] |
! i L [ i l
L—s—- f——— |2 ——=
Nominal dimensions in mm
Type a Type b.
Part No.56227 Part No.56226
NOTE - Fitting of cooling clips

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

Mullard
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N-P-N GERMANIUM
MEDIUM POWER TRANSISTOR ACI76

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

QUICK REFERENCE DATA
VCB max. (IE =0) 32 v
VCE max. (cut-off) 32 v
ICM max. 1.0 A
P, . max. 700 mwW
tot
hFE (IE = -500mA, VCB =0) 52~180
thfe (IE = —10mA,VCB =2,0V) >10 ke/s

OUTLINE AND DIMENSIONS

Conforming to J.E.D.E.C, TO-1
V.A.S8.C.A, SO-21/SB3-10

—A Millimetres
’—Bq Min, Nom. Max.
[ A - - 6.5
c B - - 6.1
!
é—- —% C - - 9.4
f . UT D - 1.8 -
(b
) £ E - - 1.5
’ [t
G- F 38 - -
G - 0.43 -

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system,

Electrical
Vopy X (g =0) 32 \
VCEM max. (cut-off) 32 v
VCEM max., (IC=0.5A, RBO= 279, RE=2.2$Z) 25.5 A%
= < 2
VCEM max, (IB 0, Tj 55 C, see page C6) 0 v
VEBM max, 5.0 v
IC max., 1.0 A
*
I CAY) max, 350 mA
IBM max. 40 mA
*
IB Aav) max., 40 mA
P, A max, 700 mw
tot
*Maximum averaging time = 20ms
Temperature
T . min. -55 °c
stg o
T max. 75 C
stg o
Tj max. (continuous operation) 90
THERMAL CHARACTERISTICS
ej —case 40 deg C/W
ej —amb (in free air) 300 deg C/W
Gj —amb (in free air with cooling
clips as on page D4) 150 deg C/W
ej —amb (with cooling clip mounted ozn
heatsink of at least 12.5cm") 80 deg C/W

Mullard
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N-P-N GERMANIUM
MEDIUM POWER TRANSISTOR

ACI76

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

CBO

IEBO

BE

VCE(knee)

hFE

Collector cut-off current

VCB = 10V, IE =0

Vg = 10V, I, =0,

T, = 90°C

Base current

V.,~=0
- 1g

CB = -0.5A

Emitter cut-off current

Vi =5.0V, 1,=0,

T, = 90°c

Base-emitter voltage

Vg = 10V, I = -5,0mA

VCB =0, IE =-0.5A

=0,
v IE

B = -1.0A

Collector-emitter knee voltage

1, =800mA

c 00m

Large signal forward
current transfer ratio

IE = —..’:OnrlA,VcB =0

I = -500mA,V p =

= - ={
IE 1.0A,VCB

0

Common emitter cut-off
frequency

Small signal loaded common
emitter forward current
transfer ratio linearity

Vg = 4V, R =160

Ai atl , =0.75A

C
Ai max.

Transition frequency
IE = -10mA, VCB =2,0V

Min.

Mullard

2.8 -

120 135

- 500

52 -
52 100
45 83

10 -

0.33

1.0 -

Typ.

0.42

Max,

2.25

150

650

1.1

650

180
165

HA

mV
mvV

mV

ke/s

Mc/s
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CHARACTERISTICS FOR MATCHED PAIRS OF AC176

h ELL Ratio of large signal forward
E—F—— current transfer ratio of the
FEL2 two transistors
= - = - - 1.2
I = -500mA,V =0

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 2 minimum by the use of a thermal shunt.

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

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

OUTLINE AND DIMENSIONS OF COOLING CLIP

] T

14 b 28—
! .
i
la
[ 3.3 33
I ) | {
7 ,} A [ T V4
! |
| H t | v 88
I
AL
' 6 [ 12—+ '
Nominal dimensions in mm
Type a. Type b.
Part No.56227 Part No,56226

NOTE - Fitting of cooling clip

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

Mullard

AC176 Page D4




N-P-N GERMANIUM :
MEDIUM POWER TRANSISTOR ACI76

ICBO : AC176 B4953
(pA)TE |
5' ]
- i 1
3 Typical
Maximum %
104+
7E
3 Vce:
I L B2V
3 *
] .,r e 10V
L / .
: /*,‘w , 132V
[ +7
103+ Lot 10V]
7 - /, :
sk » ; :
i pa 1
3
I T
. 1/ 3
: a7 ]
i yadip%s :
102 [ % 4 A
7: . + l :
: L7 7
st 1
A /I/ ]
anp%
- pe% T
s 3
10 |
25 3% 45 55 65 75 T; CO)

COLLECTOR CUT-OFF CURRENT PLOTTED AGAINST JUNCTION
TEMPERATURE WITH COLLECTOR-BASE VOLTAGE AS A PARAMETER
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N-P-N GERMANIUM
MEDIUM POWER TRANSISTOR ACI76

B5003
Ve E (v)

=75

B
-
-2:5

s 25%C
!
!
|
|
|
[
g°
11mA
10mA
OmA
8mA
7mA
6mA
5rmA
4mA
3mA
2mA
TmA

AC176

T

1-0

-0-7%

'
A
P
L~

-0'5

4
-0-25

1 I L L1

O
-
t

Ic
(A)

0
(o]
]

-075
-0-25

TYPICAL OUTPUT CHARACTERISTICS. Tj =25%c
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N-P-N GERMANIUM
MEDIUM POWER TRANSISTOR ACI76
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TYPICAL LARGE SIGNAL FORWARD CURRENT TRANSFER RATIO AND
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N-P-N GERMANIUM AC187
MEDIUM POWER TRANSISTORS AC187/01

The AC187is an n-p-n alloy junction medium power audio transistor in a TO -1 metal
envelope. Primarily intended for use together with the p-n-p transistor AC188 as a
matched pair AC187/AC188 in complementary class B output stages with output power
up to 3W.

The AC187/01 is electrically equivalent to the AC187, constructed integrally with a
heat conducting block.

The AC187/01 is also available as a matched pair with the AC188/01.

QUICK REFERENCE DATA
. 2
VCBO max 5 v
VCEO max. 15 v
ICM max, 2.0 A
[}
Ptot max. (Tamb <357C) 1.0 w
Tj max. 90 °c
hFE (IC=300mA, VCE:N) 100-500
fhfe typ. (IC=10mA, VCE=2V) 20 kHz

OUTLINE AND DIMENSIONS (see also page 2)

Conforming to B33934 SO-21/SB3-10
J.E.D.E.C. TO-1

AC187

i1 I5T (ot tinned)

| m——l— ..
| —— ]

o 94mer 38amT

r—

5gmax

0.48mx

72086651

All dimensions in mm
The coloured dot indicates the collector

Accessories available: 56226, 56227

Mullard
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OUTLINE AND DIMENSIONS (contd. )

AC187/0} £ dent i
| )
. =— 157 (not tinned) g
g._). A(E’II — :é\‘ :'l,."- . 1
~
b e
| 34, )
22max 15.7mex 3gmn
TI08663
All dimensions in mm
The dent indicates the collector
RATINGS
Limiting values of operation according to the absolute maximum system.
Electrical
VCBO max. 25 v
v CEO max. 15 v
Vopg Max. (I <600mA, Ry, <19) 18 v
VEBO max. 10 v
IC max. (d.c. or averaged over any 50ms period) 1.0 A
ICM max. (peak) \ 2.0 A
Ptot max. (ramb <35°C, see also graph on page 5) 1.0 w
Temperature
T -55 to +75 °c
stg
T, max. 90 °c
THERMAL CHARACTERISTICS
Rth(' -a) Thermal resistance from junction to
178) ambient in free air AC187  ACI187/01
without cooling clip 290 180 OC/ w
with cooling clip 56227 140 - %c/w
with cooling clip 56227 on 1.5mm
blackened aluminium heatsink of o
12. 5cm? 80 70.5 C/W
with cooling clip 56227 on infinite o
heatsink 55 - C/W
Rt:h(j-c) Thermal resistance from junction to case 40 45 OC/W
:f;lslz W;::; Reh(j—c) Rihic-h) Rth(h-a)
9
56227 °—J'|__J‘—"c't I o ore B -
L0°C/ W 15°C/W
45°C/W 0.5°C/W

AC187/01 o—‘[_ }—QTL roT[ J—oa

Mullard
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N-P-N GERMANIUM AC187
MEDIUM POWER TRANSISTORS AC187/01

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

. Collector cut-off current Min. Typ. Max.
ICBO IE=0, VCB=25V - 15 100 pA
Iopo I5=0, V5 =25V, Tj=90°C - - 2.5 mA
ICEX -VBE =10V, VCE =25V - - 100 BA
IEBO Emitter cut-off current
IC=0, VEB=10V - 15 100 HA
1,=0, Vg =10V, Tj=90°C - 1.2 2.5 mA
VBE Base-emitter voltage
IC=5. OmA, VCE=10V 95 - 135 mV
IC=300mA, VCE=1.0V - - 550 mV
VEB(ﬂ) Emitter -base floating voltage
1,=0, Vop=25V, Tj=9o°c - - 400 mV
v CEK Collector knee voltage
IC =1.0A, IB =the value for
which IC=1. 1A at VCE=1.0V - - 800 mV
I
(A} Is
11 —mm .
10p - !
1 1
i '
H 1
) |
- !
! ]
i
\ !
Veex 1 Vee (V)
hFE Static forward current transfer ratio
IC=5.0mA, VCE=10V 70 - -
IC=300mA, VCE=1.0V 100 200 500
IC=1.OA, VCE=1.0V 50 - -

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

fT Transition frequency
Ic=10mA, VCE:Z.OV 1.0 5.0 - MHz
fhfe Cut -off frequency
IC=10mA, VCE=2.0V - 20 - kHz
CTC Collector capacitance
1E=Ie=0, VCB=5.0V, f=430kHz - 150 180 pF
hFEl D.C. current gain ratio of
P matched pairs AC187/AC188,
FE2 AC187/01/AC188/01
1|7 500maA, |VCE|= Lov - - 1.25
10 D3593
IcBo
(mA)
dmax
1 i /typ
¥ i
2w aR
YV |
A ;(
(_Q’/’ L 525V
0 =10V
/4
1,
Vi
0.01
0 50 100 Tj (°C) 150
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N-P-N GERMANIUM AC187

MEDIUM POWER TRANSISTORS AC187/01
1000 , l D3597
|
Ptot [ "
o heatsink material| | |
1.5mm blackened N
o aluminium
1
500 H
250
Sso W A
So’ies ,40737 \\ N %
n free H’_itho P~ \\\I ‘I
NIV SR\
. EEEEEN
0 25 50 75 100 125 Tams(°C) 150
A D359
Ie
(A) :
3 10 I
I¢ n
(mA)]
: I
2 %5 Ve w1 25
\
A\
\
1 1 \
I I
0
0 5 10 15 20 25 Vg l(V) 30

I = Region of permissible operation under all base-emitter conditions
II = Additional region of operation when the transistor is cut-off
III = Outside regions I and II, the transistor can withstand transient energies of

1.0mWs, provided it is cut-off with VEB(ﬂ) >0. 6V
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D3595 15 D3592

T - ““IBase current versus collecto
V.CE-KLV Ielcurrent
40 Tj =25°C (AT T
Base current INEEERE
Ic versus collector| Veg=1V
(mA) current T‘ =25°C
30 Uuu anny:
D Ty 0%
———- —-v——‘.b P, | E N
7
20 d
¥ 0.5 7
N AP,
1051 +
it I
(Jeeass: o5 0 Ig (mA) 30
0 100 200 Ig(uA)300 8im
D3596 15 D3594
Vog=10V I ~“|Base-emitter voltage versus
Ti=250C I¢|collector current
40| ! . A
Base-emitter T
I¢ |voltage versus Veg =1V
{mA) collector cur- T]- =25°C
rent
30 1
Sl C 2' Op
EHIE £ “Il &
(177 J ,
zc fl n
M I
05 F
7
0 H
y
Vi
]._F 0 L .
05 100 200 Vigg(mV)300 0 05 Vgg(V) 1
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P-N-P GERMANIUM AC188
MEDIUM POWER TRANSISTORS AC188/01

The AC188is a p-n-p alloy junction medium power audio transistor in a TO -1 metal
envelope. Primarily intended for use as a matched pair 2-AC188 or together with
the AC187 as a matched pair in complementary class B output stages with output
power up to 3W,

The AC188/01 is electrically equivalent to the AC188, constructed integrally with a
heat conducting block. It is also available as a matched pair with the AC187/01 or
as 2-AC188/01.

QUICK REFERENCE DATA
'VCBO max. 25 A%
—VCEO max. 15 v
Ty ™aX. 2.0 A
0
Ptot max. (Tamb <35°C) 1.0 OW
Tj max. 90 C
hFE (-IC =300mA, _VCE =1V) 100 to 500
fhfe typ. (-IC=10mA, -VCE=2V) 10 kHz

OUTLINE AND DIMENSIONS (see also page 2)

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

1.5™3 (not tinned)

5Qmax

AC188

0.48m

9.4mex 38.1mi"

72086651

All dimensions in mm

The coloured dot indicates the collector

Accessories available: 56226, 56227

Mullard
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OUTLINE AND DIMENSIONS (contd.)

AC188/01 c dent

by 15™%X (not tinned)
st BPLS M

x

3 E}
| 4 — = —
- (E\J I t

[ I T

.y 3]

| 048max

A 381min

7208662

All dimensions in mm
The dent indicates the collector
RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
_VCBO max. 25 v
-V CEO max. 15 v
- q1. < <
VCER max. ( IC < 600mA, RBE <19) 18 \%
—VEBO max. 10 v
-IC max. (d.c. or averaged over any 50ms period) 1.0 A
—ICM max. (peak) 2,0 A
0,
Ptot max. (Tamb <35”C, see also graph on page 5) 1.0 w
Temperature
T -55 to +75 °c
stg o
Tj max. 90
THERMAL CHARACTERISTICS
Rth('-a) Thermal resistance from junction to
] ambient in free air AC188 AC188/01
without cooling clip 290 180 oc/w
with cooling clip 56227 140 - °c/w
with cooling clip 56227 on 1.5mm
blackened aluminium heatsink of o
12. 5cm?2 80 70.5  °C/W
with cooling clip 56227 on o
infinite heatsink 55 - C/W
Rth(j—c) Thermal resistance from junction to case 40 45 0C/W
AC188 with Rin(j—c) Rihic-h) Rih(h-a)
56227 ] c h a
Lo°C/wW 15°C/W
L5°C/W 0.5°C/W
aciegror o— }—e— }—e—{  }—o
} [ h a

Mullard
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P-N-P GERMANIUM AC188
MEDIUM POWER TRANSISTORS AC188/01

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

Collector cut-off current Min. Typ. Max.
_ICBO IE:O, -VCB=ZSV . - 20 200 HA
>ICBO IE=O, —VCB=25V, Tj:90 C - - 1.4 mA
—ICEX +VBE=1.0V, -VCE=25V - - 200 HA
_IEBO Emitter cut-off current
IC=O, -VEB=10V . - 15 200 UA
IC=O, -VEB=10V,TJ,=90C - 0.4 1.4 mA
-VBE Base-emitter voltage
—IC=5.0mA, ~VCE:10V 115 - 145 mV
-IC=3OOmA, —VCE=1.0V - - 450 mV
v : R . :
v EB(1) Emitter -base floating potential
-0 -V = ~90°C . ‘
IE~O, VCB 25V, Tj 90"C 400 mV
—VCEK Collector knee voltage
~IC =1.04, -IB =the value for
which —IC=1.1A at —VCEzl.OV - - 600 mV
(A) ~ls
Np=-m—zs :
10} -- i
H 1
| ]
1 ]
1 1
) |
) I
| 1
| ]
] [}
H t
A !
=Veex 1 “Vce (V)
hFE Static forward current transfer ratio
—IC:S.OmA, —VCE:10V 70 - -
-IC =300mA, —VCE =1,0V 100 200 500
—IC=1.OA, -VCE=1.0V 80 - -

Mullard
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ELECTRICAL CHARACTERISTICS (contd.)

hfe

Tc

FE1

FE2

Min. Typ. Max.
Transition frequency
—IC=10mA, -VCE=2.0V 1.0 1.5 - MHz
Cut -off frequency
-IC=10mA, -VCE=2.0V - 10 - kHz
Collector capacitance
IE=Ie=0, —VCB=5.0V, f=450kHz - 90 110 pF
D.C. current gain ratio of matched
pairs AC187/AC188; AC187/01/
AC188/01
|1C|=500mA,[VCE[=1.0V - - 1.25
matched pairs 2-AC188;
2-AC188/01
-IC:SOmA —VCE=1.0V - - 1.25
—IC=500mA, -VCE=1.0V - - 1.25
1 D3585
max
-1 HH
B8O typ
(mA) k [
rd I
} y.
Y
01
/
v
25w} | /)
00141V
10V
0.001
0 50 100 Tj (°C) 150
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P-N-P GERMANIUM AC188

MEDIUM POWER TRANSISTORS AC188/01
1000 03590
Ptot
(mW) heatsink material| | |

1.5mm blackened
50 aluminium BN
500
250
0 I I
100 125 Tams(°C) 150
4 03591
|
.I ||
A | |
- -
3 10 E
7]
-Ie I
(mA)
2 0 [T | BN
15 Vee(Vl 25 [ | | |
\
\
1 L \ ]
I I
{_
o]
0 5 10 15 20 25 -VeglV) 30

I = Region of permissible operation under all base-emitter conditions
II = Additional region of operation when the transistor is cut-off
Il = Outside regions I and II, the transistor can withstand transient energies of

. . o N e >0,
1. 0mWs, provided it is cut-off with VEB(ﬂ) 0. 6V
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D3586 1 D3589

T T y 20 =10V S collector current versus
i T jaen| TS 250C base current |
, i Base current C -Veg=1W
-Ic versus collector (A} ~—~—d T =25°C [T
(mA) Sesiviaesasss 1 :
H Ll 1 77T -
i §8sa s ' 1‘mirﬁ_typ‘—1ﬁ”m°ﬁ+b‘f’“
30 n; © o v
ks AL SUSARAE EEEmEEE
] BLEE i ESEy.aSEEnE SR
I - H A T
20 ua 171 ]
=l whik T
! T oy OSH T
| AT T
i ! | 1
10k ! T I T
HEE |
i [
IR L ] T
i isecliiiccci SN ifsssseas J
1 -I A) 2
O 100 20015 (WAJ300 0 -Ig(ma) 20
D3587 15 D3588
-\Vcg =10V "lcollector current versus
Tj=25°C base-emitter voltage
40 Base-emitter -Ig | —VT l=l'tl\l
-I¢ | voltage versus i1 (A) T SZES°C
(mA) or ¢ timi =
e T
30 I 1 min” typ max
cholHST | :
& /<3 J
SR ]
i i /
BEEE 1
20 1 T } 1 1 1
] N
05 7
T T iy
f 1 [
10
. /
Vi !
0 0 c u
0 100 200~V (MV)300 0 05 -vgg(v) 1
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GERMANIUM P-N-P AD149
L.F. POWER TRANSISTOR 2.AD149

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

QUICK REFERENCE DATA

VCB max. ~50 A%
VCE max. -50 A\
ICM max, 3.5 A
hFE (IC=1.0A) . 30-100

fhfe (IC=500mA, Vop="2-0V) 10 ke/s
P _, max. (Tamb’:SOOC) 22.5 W
Tj max, (continuous operation) 100 0C

OUTLINE AND DIMENSIONS
Conforming to J,E.D.E,C, TO-3

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

o >
SV
N L

Ll
it
e
=

b b —
E3958) £

Millimetres Millimetres

A 30.1+0.2 G 4,2 max,

B 16.9+0.25 H 3.15+0,25

C 10.9+£0.25 J 8,0 max.,

D 26.2 max, K 12,0+1,0

E 39.5 max, L 1,0+0,05

F 20,3 max.

JUNE 1974 u
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Min., Typ. Max,

lzrb[ Intrinsic base impedance

I;=1.0mA, V . =-5.0V,

f=450ke/s - 30 - Q
S Collector depletion capacitance

VCB=—5.0V, IE=0,

f=450ke/s ~ 220 - pF
c o Emitter depletion capacitance

Vg =50V, 1,=0,

f=450ke/s - 140 - pF
fT Transition frequency

Io=500mA, V.o =-2.0V - 500 - ke/s
f Common emitter cut-off
hie

frequency
IC=500mA, Vog=-2.0V - 10 - kc/§

Forward current transfer ratio linearity

Ai at 3.0A

. Vee=-14V, Ry =40 0.2 0.35 -

Ai at 0,1A CC

See curve B on page C9

ELECTRICAL CHARACTERISTICS OF MATCHED PAIRS

h Ratio of large signal
FE1L
o forward current
FE2 transfer ratio
IC=300mA - 1.1 1,25
IC=3.0A - 1.1 1.25

Mullard
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GERMANIUM P-N-P AD149
L.F. POWER TRANSISTOR 2-AD149

ACCESSORIES

Acessories must be specifically ordered

Accessory Code No.
Insulating bush 56201A
Mica washer 56201B
Lead washer 56214

Mica washer

’Hog

60 fe—-30:|—= L‘G'O
02 02 102
Insulating bush

35 45
-t

76 .’

3-9020-05
3-102005

All dimensions in mm

Mullard
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OPERATING CONDITIONS FOR A CLASS 'A' AMPLIFIER

v cc (supply voltage)
IC (Vin =0)

Rload

PC max, (output power of
the transistor)

Pout max, (power delivered
to the primary of the
output transformer)

vin(pk) (Pout =4.0W)
=4, 0W)

iin(pk) (Pout
Diot Poyt =4 0W)
iin(pk) (Pout= 50mW)
Dtot (Pout=50mw)

NOTES

Condition 1

VA1034

Condition 2

7.0 (max. 8,0) 14 (max, 16)

1.8 0.72
50 200
VA1034
0.3 0.5
4.0 23
4.3 4.1
4.0 4,0
480 400
35 12
9.5 7.5
2.5 1.0
2.5 1.5

—SYee
ol
@
3

<

mV
mA

R

%

1. RZ' VA1034 should be mounted on the heatsink near the transistor,

2. Stable continuous operation is ensured up to T

amb ™

55°C, provided the

transistor has been mounted on a 1.5mm copper heatsink of at least
18 x 18cm? (condition 1) or 15 X 1501112 {condition 2),

Mullard
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GERMANIUM P-N-P AD149
L.F. POWER TRANSISTOR 2-AD149

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

EEE 1 S'cc

A

39n R,
vin é £

+
O O
Condition 1 Condition 2
VCC (supply voltage) 7.0 (max. 8,0) 14 (max.16) V
= X X
Io Vi, =0 2x 30 2% 30 mA
Rl 200 . 350 Q
RE 0 0,47 Q
RS 450 370 Q
R (collector to collector) 9.0 16 Q
load
P e max. (output power of two
transistors) 9.75 20 w
P . max. (power deliveredtothe
out X
primary of the output
transformer) 9,75 17,9 w
ICM (Pout=max.) 3.0 3.0 A
= X X
IC (Pout max. ) 2% 480 2 X 480 mA
= . . .2
Vin(pk) (Pout max. } 0,81 2 v

Mullard
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Condition 1 Condition 2

lin(pk) (Pout=max.) 75 75 mA

Dy q (P = max.) 10 10 %

i =50mW . .5

Yingok) (P =50mW) 4.0 2 mA

D . (Pout=50mW) 2,5 2.0 %
NOTE

Stable continuous operation is ensured up to Ty ='55OC, provided each
trunsistor has been mounted on a 1,5mm copper heatsink of at least
5 % 5cm? (condition 1) or 6 X Gcm2 (condition 2).

OPERATING NOTES

1. Dissipation and heatsink considerations,

h i issipati .= X + i
T' e maximum tot?.l dls.51patlon, Ptot max (VCE IC) (VBE X IB) is
given by the relationship: -

T max., - T
amb
P max, =

tot O, +Gi+ S}

j-mb h

Where ej—mb + 6; + Oy, is equal to the junction temperature rise per
watt above ambient,

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

Junction temperature

0, p=20 deg C/W
j-m Mounting base temperature

o, =0. 5deg C/W*
6, =0. 2deg C/WT

Heatsink temperature

Ambient temperature

*With mica insulation,

TMounted directly on to a heatsink with thin film of silicone grease
between contacting surfaces,

©, depends on the cooling conditions under which the transistor is used
i.e. dimensions, position and surface conditions of heatsink etc. An
air-cooled heatsink (7" x 7" x 1/16"" blackened aluminium) will have an
approximate value of ©, = 2.2 deg C/W.

Mullard
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GERMANIUM. P-N-P AD149
L.F. POWER TRANSISTOR  2-ADI49

[

(2~

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

Tomb ~ Tamp
=T, max, 198V

The following example illustrates the temperat%res which occur at various
points on the transistor at P, , = 8W, Tj =90°C, 6, =2.2 degC/W.

Transistor with mica insulation
Junction temperature = 90°c
Mounting-base temperature = 90-(8 X 2,0) = 74°%c
Heatsink temperature = 74-(8 X 0.5) = 70°C
Ambient temperature = 70-(8 X 2, 2) = 52,4°C

The suitability of any design can be checked by measuring with a
thermocouple the mounting base temperature of the transistor operating
at the selected collector dissipation and maximum ambient temperature .
The point defined by the mounting-base temperature and the total dis-
sipation must lie within the permissible area of operation on the curve
onpage C13. Ifthe point lies outside this area the design is inadmissible
and the dissipation must be reduced or the heatsink improved. The
selected total dissipation should be the maximum attained by any tran-
sistor in the design being checked.

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,

Care must be taken to ensure good thermal contact between the transistor

and heat sink. Burrs or thickening at the edges of the four holes must
be removed and the transistor bolted down on a plane surface.

Mullard
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GERMANIUM P-N-P AD149

L.F. POWER TRANSISTOR
2-AD149
AD149 H1 Jir aal
IcHE T
Y =
(A{) :, ok
| L
- Si= gomA
n
\\\) 50rnAA_____.
Z =1 {
= 11
N : "s0mA 1T
2 -
30mA-|
20mA
1
i 10mA
|
|
|
100 | I(mA) 150 0 =104 Ve (V)]-20
A -500
VCE 11 T: =25°C
T J
VBe
(mv)
11
T L1 H
-1000 L

TYPICAL CHARACTERISTICS
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AD ’49 B3698
Ie
(A) T =25°C T
5
4
Ig=100mA
o)
3 v 75mA
L
Y.
A 50mA
2 4
7
y
A
25mA
7 /,
Y.
10mA
V.
00
-200 -400 -600 Vpe (mV)

TYPICAL COMMON EMITTER OUTPUT CHARACTERISTICS
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GERMANIUM P-N-P AD149
L.F. POWER TRANSISTOR 2.AD149

Ip AD149 B3915
()

HERREN L[]
Permissible area of
operation. under all
conditions of base
drive
VLT T

40

30

For operation in this
region the circuit
must be capable of
| providing reverse
L | current bias

20

1-0

0

0 -20 -40 -60 VoVl

MAXIMUM COLLECTOR CURRENT PLOTTED AGAINST MAXIMUM
COLLECTOR-EMITTER VOLTAGE
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250
Vggincreases approximately AD149 Vog=-14V 1 \
1| 05mVatlc=30mA T =25°C |
€1 1-0mV at I =100mA [TT1 | |
(mA) " 1.5mV atlg =200mA +HHA+ ;
per 1V decrease in Vo } JFIF
200 min typ ~max
B3603 ,
[ I
gl (LT Dy
|
¥
fif
150 /
LJ
I 1y
[
f
100 n
ilY |
I
FARr il
S0 ? L
1T Iy
’ vl
0
0 -100 ~-200 =300 VggfmV)

BASE-EMITTER VOLTAGE AS A FUNCTION OF COLLECTOR CURRENT
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GERMANIUM P-N-P AD149

L.F. POWER TRANSISTOR 2-AD149
N T §
s N s T
W
N0
o
S
2 '
T K} N
o
a9 =
[
‘ 3
N
Q
)
(o] Al -
3 S
Q A\ 0
< N i
=
E A}
o
[ = S
-
LN b
IR
(=)
Q
i
Q
(& T N -~ (w}
R

BASE-EMITTER VOLTAGE AS A FUNCTION OF COLLECTOR CURRENT
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/
.
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S
; o
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TRANSFER CHARACTERISTICS, COMMON EMITTER
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GERMANIUM P-N-P AD 149

L.F. POWER TRANSISTOR 2-AD149
’00: AD149 !
resofp 1 i :
AT /j’/
10 ‘/ d
7 ] /
5 Py 7
3 max | |VCB =f59V- -+ A4
s AT
AL
|
TmA "f l/////
3 ot AT oV g
3 f].Y'B,A"/ l* ‘//
b
/
/
100 /
70T ERas
5 [ 41| -
SEEESAE d? L
3 < H
|
‘ 0
/ 20 40 60 80 '5 (°C) 100

VARIATION OF COLLECTOR CUT-OFF CURRENT
WITH TEMPERATURE
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83700

Is
Vap=~1
() AD149 =~V

70 ]

50

30

10 1A

'20 40 60 80 100 J(°C) 120

TYPICAL VARIATION OF BASE CURRENT WITH TEMPERATURE
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GERMANIUM P-N-P AD 149

L.F. POWER TRANSISTOR : 2-AD 149
,20 1 B3604]
HHHHHH ADr49 B
heg! Curve A hggat Vo p=-1V
B Large signal forward current
transfer ratio with sliding e
100 Vec=-14V,R [ pag =41
80 T =25°C
N !
N
60 S
AN
< N
/'?‘27' :
40 =
N
2
0
0 1 2 3 Ic(A) 4

CURVE A, TYPICAL FORWARD CURRENT TRANSFER
RATIO PLOTTED AGAINST COLLECTOR

=-1V,
CURRENT. VCE v

CURVE B, TYPICAL LARGE SIGNAL FORWARD CURRENT
TRANSFER RATIO PLOTTED AGAINST COLLECTOR

CURRENT AT SLIDING VCE’ VCC =-14V, Rload =49,
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ELECTRICAL CHARACTERISTICS (cont'd)
Min, Typ. Max.

£ Transition frequency

VCE=2.0V, IC=10mA 1.0 3.0 - MHz
f Common emitter cut-off
hfe

frequency

VCE=2.OV, IC=300mA 20 35 - kHz
ctc Collector capacitance

=5, =1 =
VCB ov, IE Ie 0,

f=450kHz - 150 - pF

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

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

at IC:1.1A and VCE:LOV'

IC
(A)
M — — o — ———

|

- —— I

i |

| |

| |

| |

] |

i |

| |

| I

o L ]

° VCE(knee) o Vee

3. VBE decreases by approximately 2, 0mV/degC withincreasing temperature.

Mullard
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GERMANIUM A F.
POWER TRANSISTOR ADIé61

OPERATING NOTES

1. Dissipation and heatsink considerations:

The maximum total dissipation, Pt
given by 0

= + X i
¢ Tax. (VCExIC) (VBE IB),ls

T, max. - T
P max, =i _ ___amb
tot ’ + +
of ej-mb Gi eh
where Oi_mpt6; 6y is the junction temperature rise per watt
above ambient, O; is the constant thermal resistance,and
Oy, is the thermal resistance of the heatsink.

2, Care mustbe taken to ensure good thermal contact between the mounting
~ baseandthe heatsink. Burrs or thickeningat the edges of the holes must
be removed and the transistor bolted down on a plane surface.

SOLDERING AND WIRING RECOMMENDATIONS
1. When using a soldering iron, transistors may be soldered directly into
the circuit, but heat conducted to the junction should if possible be kept

to a minimum by the use of a thermal shunt

ACCESSORIES

—32-0 nom———= :Mica washer (562398B)
23-0 nom
[
o —» 13nom
L ‘l—5dianom
t l 00510 010
200 60 4idia  —+ } IJ
nom pom nom : ' T
|
| B

Insulating bush (56239A)
38 =~—dia nom
| 2:5nom T 1
{ .

3-5nom ri_[ JIL—I-}Onom
P '

71 dig—»! l-nom 3 dia nom

All dimensions in mm

Mullard
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ADI6l

GERMANIUM AF.
POWER TRANSISTOR
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MAXIMUM COLLECTOR CURRENT PLOTTED AGAINST MAXIMUM
COLLECTOR-EMITTER VOLTAGE
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IC AD16!} B4726
{mA) TTTT1
Veg=10V
Tj =25°C
sITaq 5
S PN
20
1 i
1
7
I
/
15 4
1
1T 1]
1
1
0 /
1
50
y,
V.
»w
0
0 50 100 150 Vgg (MV)

COLLECTOR CURRENT PLOTTED AGAINST BASE-EMITTER VOLTAGE
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GERMANIUM A.F.
POWER TRANSISTOR ADIé6I

fe AD161 B6976
* T T
VCE=1V
Tj=25'C
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20
J i
J
]
1
] I 7
s
15 I
|
I ]
I
I
7
| 7
10 1
/
l ]
I 17
f
J
05 J
¥,
J
Ji
0 '
° o5 10 75 Vg (V)

COLLECTOR CURRENT PLOTTED AGAINST BASE-EMITTER VOLTAGE
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Ic FH] } ADI161 B6977
(mA) [TIT1 1]
VCE=1OV
Tj =25C
25
Min. Typ. Max.
20
I
¥
y
y
15 1
[
/
|
|
I A
10
I
1
Vi
J
)
/
y
L/
(o]
(o] 100 200 300 IB(}-IA)

COMMON EMITTER TRANSFER CHARACTERISTICS
AT LOW COLLECTOR CURRENTS

Mullard

AD161 Page C6



GERMANIUM A.F. A
POWER TRANSISTOR ADl6l

B6980
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COMMON EMITTER TRANSFER CHARACTERISTICS
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bre AD161 B6978
[ TTTT
Vce=1V
200 Tj=25°C
100 =~
—
o
o
) 10 2.0 30 Io(A)

TYPICAL STATIC FORWARD CURRENT TRANSFER RATIO PLOTTED
AGAINST COLLECTOR CURRENT

Fhe [ AD161
(kHz) [TIITTT
Veg=1V
€0 Ty=25C [ ]
TTTTTH l
pont
gt
gt
40 = =
o
20
0
o %) 04 06 08 Ic(A)
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GERMANIUM A.F.
POWER TRANSISTOR ADI6l1
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COMPLEMENTARY GERMANIUM ADI161
POWER TRANSISTORS AD162

N-P-N (AD161) and P-N-P (AD162) germanium alloy junction transistors
for use in complementary symmetry class 'B' output stages for mains
operated amplifiers and radio receivers.

For information on the individual types reference should be made to the
relevant data sheets.

QUICK REFERENCE DATA
AD161 AD162
v max. +32 -32 v
VCBO See note below 120 20 v
CEO max. -
1 max. +2. -2.0 A
CM 0
P . . .
tot max 3.0 6.0 0W
Tj max., 90 90 C
= = * = -
hFE (VCE 1.0V, IC 500mA) 50-300 50-300
f . 2.0V, I_=10mA)* . 1.
T typ. (V CE Vv, 1 C 1 ) 3.0 5 MHz
fhfe min. (VcE=2.0V, IC=300mA)* >20 >10 kHz
*Polarity positive for AD161 and negative for AD162
Note:- For max. supply voltage see recommended circuit details

OUTLINE AND DIMENSIONS
Conforms to B.S. 3934 SO-55/5B2-5

r—~3l-4 max

—22'8-232
131typ

|4'6a|mux dia

-
f | , J 8+9
- de;:f;

olleda vy

All dimensions in mm

Mullard
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OPERATING CONDITIONS IN CLASS 'B' COMPLEMENTARY SYMMETRY

OUTPUT STAGE

BE0E1]

-22V

—OVec

AN AN

O OV
*Nominal supply voltage -22 v
Load impedance (RL) 5.0 Q
Load power 8.0 w
Total quiescent current 5.0 to 10 mA
Driver quiescent current 62 mA
Peak collector current 1.85 A
Max, mean current 550 mA

Mullard
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COMPLEMENTARY GERMANIUM AD161
POWER TRANSISTORS AD162

68 Q
R1
: 100 Q
R2
R3 (variable preset) 100 Q
R4 (N.T.C. resistor) 15 Q
0.5 Q
R5 and R6
R7 (depends on Tj max. of driver) 220 Q
R 15 Q
8
500
C1 uF
50 F
02 U
C3 2000 uF

*Based on an absolute maximum supply voltage of 24V for this circuit. With
1.0Q emitter resistors 26.5V absolute maximum is permissible.

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

OPERATING NOTES
1. Dissipation and heatsink considerations:

: et v + .
T.he maximum total dissipation, Ptot max. (VCEXIC) (VBEXIB), is
given by:

T max, -T

P, max =4 amb b
* +0, +

tot 9],_ b ei Gh

where ©;_m,+©; + 6y is the junction temperature rise per watt
above ambient, ei is the constant thermal resistance, and

G_h is the thermal resistance of the heatsink.

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

SOLDERING AND WIRING RECOMMENDATIONS

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

Mullard
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ACCESSORIES

Mica washer (562398)

p——32-0 nom ———

23-0nom
13:Inom

l5d|cmom

! I 005t 040
I !
200 60 - 4¢ - Tdi - J
nom nom\NS [T Mg, ‘%’7
l !

Insulating bush (56239A)

2.5nom 3-8*} F—dm nom
l_{__ / ; 1-Onom

3Snom ____ . wﬂ:L__}
71 dia -nom 3 dia hom
All dimensions in mm [B3072

Mullard
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GERMANIUM A.F.

POWER TRANSISTOR

AD162

Germanium p-n-p alloy junction transistor, with type AD161 it forms a
symmetrical complementary pair for use in mains driven output stagesfor

amplifiers and radio receivers.

QUICK REFERENCE DATA
—VCBO max, (IE =0) 32 v
—VCEO max. (IBZO) 20 v
_ICM max . 3.0 A
. = 6.0
Ptot max (Tmb 63 C) OW
T], max. (operating) 90 C
- =1. -1 =50 -32
hFE ( VCE 1.0V, Ic OmA) 80-320
. (- =2, -1 =10 1.5
fT typ. ( VCE ov, IC mA) MHz
. (= =2. -1 =3 15
fhfe typ. ( VCE ov, c 00mA) kHz J

OUTLINE AND DIMENSIONS

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

fe—31-4 mox——W
e—22.8-23.2

r——l4~6—-|mcx dia
S LU ies
.
r L2.3—2.7

4.0—4.2
dia

All dimensions in mm

—= 13Ityp
190 60 ¥ T ? /1\
max typ Y /08
c
b
e
JUNE 1974
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
-VCBO max. (IE=0) 32 v
—VCEO max. (IB=0, see page C1) 20 v
_VCEX max. (VBE =0.6V, see page Cl) 32 \'
-VEBO max., (IC=0) 10 v
*_]

IC (Av) max, 1.0 A
~I oM max. 3.0 A
-IB max. 0.1 A
*

IE AV) max, 1.1 A

IEM max, . 3.1 A

=

Ptot max., (Tmb 63°C) 6.0 w

see curve on page C2
*Maximum averaging time = 50ms.
Temperature

T . min, -65 °c

stg (]

T max. 90 [}

stg o

Tj max, (operating) 90 C

T, max. (see note 1) 100 %

THERMAL CHARACTERISTICS

. W
ej—mb 4.5 degC/
9, with mica washer 1.5 degC/W
without mica washer 0.5 degC/W
NOTE
1. Operation upto T, = 100°C is permissible during short term overload
conditions.

Mullard
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GERMANIUM A.F.
POWER TRANSISTOR AD162

ELECTRICAL CHARACTERISTICS ('I‘j =25°C unless otherwise stated)
Min. Typ. Max,

-1 CBO E)‘c;llec:c;z;) sutl-ofi gurrent ) o 2 A
CB 'E ‘
-V op =20V, ;=0 - - 40 vA
-VCB=32V, IE=0 . - 15 200 pA
—VCB=32V, IE=0’ Tj=90 [o] - - 2,0 mA
Tox GRS - - a0 m
CE *YBET U :
_IEBO f:\rfnitte:r]_‘(:)‘\llt—‘;ﬁ :grrent ) s 200 A
EB '°C o
—VEB=10V, IC=0, Tj=90 [o] - - 2,0 mA
“EB®) f‘\lzoaﬁigs;sfe;t,i il90°c - - 400 mv
CB j
VCE knee) ?I(il: it‘:;\el:;:irc)t? ge voliage - - 400 mv
-VBE Base-emitter voltage (see note 3)
—VCE=10V, -IC=5.0mA 115 - 145 mvV
-VCE=1.0V, -IC=50mA - - 300 mVv
-VCE=1.OV, —Ic=500mA - - 550 mV
—VCE=1.0V, -IC=2.0A - - 850 mV
B ]—3356 c=u1r §3m1 =5, 0mA - - 82 uA
CB *E 7T
VCB=0, IE=50mA 0.16 - 0.67 mA
VCB=0’ IE=500m.A 1.56 - 6.2 mA
VCB=0’ IE=2. 0A - - 33 mA
hFE Static forwa?d current
transfer ratio
—VCE=10V, —IC=5.0mA 60 - -
-VCE=1.0V, —IC=50mA 74 - 300
—VCE=1.0V, -Ic=500mA 80 150 320
-VCE=1.0V, -IC=2.0A 60 - -

Mullard
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ELECTRICAL CHARACTERISTICS (cont'd)

Min, Typ. Max,

fT Transition frequency

= =2.0V, -1_=1 . . -

VCE ov Ic OmA 1.0 1.5 MHz

f Common emitter cut-off
hfe

frequency

-V __.=2.0V, -1 _=300mA 8.0 15 - kHz

CE [o]

Cic Collector capacitance

—VCB=5. ov, IE =Ie =0,

f=450kHz - 115 - pF

For a matched pair of AD161/AD162 the maximum value of the ratio of the

static forward current transfer ratios, at -I ,=500mA and -V ___ =1,0V, is
) . C CE

1.25:1 and a typical value is 1.1:1,

For a matched pair of 2-AD162 the maximum value of the ratio of the static
forward current transfer ratios, at -1 =50 and 500mA and _VCE =1,0V, is
1.25:1 and a typical value is 1,1:1,

NOTES
2, Collector-emitter knee voltageat-I ,=1.0A, andatthatvalue of IB occurring

-1,=1, -V =1.0V.
at 1 =1.1A and =V __ =1.0V

(A)

M —_— — ——

10— —

Ofb——————_—

-

~VCE (knee) v -V

3. VBE decreases by approximately 2, 0mV/degC with increasing temperature.

Mullard
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GERMANIUM A.F. :
POWER TRANSISTOR AD 162

OPERATING NOTES
1. Dissipation and heatsink considerations:

cheAmax1mum total dissipation, Ptot max, = (VCE XIC) + (VBE xIB),
is given by:
T . max. - T
amb
P max.

=d 2
tot S o 0 Oy

where 6]- “mb TO6i ehis the junctiontemperature rise per watt

aboveambient, O; isthe contact thermal resistance, and
©, is the thermal resistance of the heatsink.

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

SOLDERING AND WIRING RECOMMENDATIONS

1. When using a soldering iron, transistors may be soldered directly into

the circuit, but heat conducted to the junction should if possible be kept

to a minimum by the use of a thermal shunt.

ACCESSORIES
fe———3 20 nom ——= Mica washer (56239B)
230 nom
F 13:Inom
jlﬁdionom
‘J O-OStc:(lHO

200 60 7 A —F Taia ; }
nom nom \ M _ om ™ 1

Insulating bush (56239A)
38 ~—dia nom
2:5nom T l

S ; 1-Onom
3-5nom ,_,_r[_ zﬂl_,j
REE T 1

71 dia l-nom 31 dia nom

All dimensions in mm

Mullard
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AD162

GERMANIUM A.F.
POWER TRANSISTOR
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Piot AD162 I B6982
max I
(W)
60
\ \
Fa <
’T_““‘ Z,
S\ 5
50 3 2
{ a\ri\s
\t\a
(\Jn o
3 %
; ) VI
4-0 2
S
; i |
! \
30
L ‘ i : \
; i i
| I [ I
Permissible areas of operation \
1= I ] [
[ ] [
] ! \
2:0 .
i \
A |
1-0 \
: ‘ |
i | "
T 1 I i
O [TT | i [T i I !
o] 20 40 60 80

MAXIMUM TOTAL DISSIPATION PLOTTED AGAINST

MOUNTING-BASE TEMPERATURE
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AD162

GERMANIUM A.F.
POWER TRANSISTOR

B6983
+, .
|

T

A

REmnd Fhaa - i
p , k e : EEEfSE Wi h
e i e
LT T T E e
L o) il
il ﬁ : [ ~ gua I ! [T
-} bt ; - - L L
! i i i s ] T
w i

T *
! EEEEEN AR EEEN |NEEEN RN N =
oo 1 | H ﬂ , ass I RS
oY T - o ST , i -
ba) , T 117 T 1
AWW ,_1_J , i O IT, <[ \[ANHT, LI ! I
ma ; EAE E |-t E 0T 4 -
. RN A - - S L W T , N
1T u S 1 e EE T [
LT snunl: gl A o N Nl
— o4 L] [T 1 1]
! R » Hnunn N
. T I
rr T - i Ll EEN | T —t+—
N 8 NEEENSNEEE Y Bws Wl | H ma
] T \ nEN [ ) ﬁ‘ i [
bl L
+ - 1
] SN , 5 ) HH
% . 1 m ; ! I g LLLHK

2:0

5

O-5HHH

VeV

TYPICAL OUTPUT CHARACTERISTICS

Muliard

AD162 Page C3



e ADI162 B6984
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GERMANIUM A.F.
POWER TRANSISTOR AD162
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~Ic T T 1|T]] AD162 I llliill B6986
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GERMANIUM A.F.
POWER TRANSISTOR ADI 62
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hee AD162 B6988
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GERMANIUM A.F.
POWER TRANSISTOR AD162

-I H f T T T =
CBO I o ! i AD162 ; H
1 |
o ] - , "
SLLL ‘. |
100 ‘
7
s + T
F
f
\
10 : - ]
7 +
. | !
{ -
{mA) > gP7 2k
1 1ol ; Jﬂf”r’;”‘
1000, » - 1
(FA) o
! 4
3 ‘\l 532V " P ”
Max %B o ” v P Y
: ol Py PP A Ed
100 o j%’ﬁ:— :
5! i \1'
T O 4
(s %
| @; o
wrl\"*»!;j,,w“ ’
4 P
o s
- ot «
i \‘ﬂ?'
s 1 '_‘_{_
\
3 «*Q
10
[0} 20 40 60 80 Tj('C)

COLLECTOR CUT-OFF CURRENT PLOTTED AGAINST JUNCTION
TEMPERATURE

Mullard

AD162 Page C9



SILICON N-P-N PLANAR

EPITAXIAL TRANSISTORS BL107

BC108
BC109

Also available to BS9365—F112

N-P-N silicon planar epitaxial transistors in TO-18 encapsulation.

The BC107 is primarily intended for use inaudio driver stages and television signal
processing circuits. '

The BC108 is a general purpose 1.f. transistor.

The BC109 is primarily intended for low noise audio input stages.

QUICK REFERENCE DATA
BC107 BC108 BC109

A\ CES max. 50 30 30 A%
v CEOmax. 45 20 20 v
ICM max., . 200 200 200 mA
Ptot max, (Tamb i25 C) 300 300 300 mW
T, max. 175 175 175 °c

h (I,=2mA, V__ =5V, f=1kHz) min., 125 125 240

fe € CE max. 500 900 900
fT (Ic =10mA, VCE =5V, £=35MHz) typ. 300 300 300 MHz

N (IC=200#A, VCE=5V, RS=2kS))
f=30Hz to 15kHz typ. - - 1.4 dB
max. - - 4.0 dB
f=1kHz, B=200Hz typ. 2.0 2.0 1.2 dB
max. 10 10 4.0 dB
OUTLINE AND DIMENSIONS
Conforms to B.S, 3934 SO-12A/SB3-6A
J.E.D,E.C. TO-18
0.48
1 max
4.8 :
m‘ﬂx .—__.';.—;
I e

5.3 :
mo'—-db——llﬂ min ——ed

All dimensions in mm D3648

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
BC107 BC108 BC109
v CBO max. 50 30 30
v CES max. 50 30 30
VCEO max. 45 20 20
VEBO max. 6.0 5.0 5.0
IC max. 100 100 100
ICM max. 200 200 200
_IEM max. 200 200 200
IBM max. 200 200 200
P__max. (T <25°C) 300 300 300
tot amb —
Temperature
Tstg range -65 to +175
Tj max. 175
THERMAL CHARACTERISTICS
R (j-amb) 0.5
Rth(j -case) 0.2
ELECTRICAL CHARACTERISTICS (T i =250C unless otherwise stated)
Min. Typ. Max.
1 Collector cut-off current
CBO _ 2 _
VCB—ZOV, IE—O, Tj-ISOC 15
VBE Base-emitter voltage
IC=2.0mA, VCE=5.0V 550 620 700
IC=10mA, VCE=5.OV - - 770
v CE(sat) Collector -emitter saturation
voltage
IC =10mA, IB=0. SmA - 90 250
1_,=100mA, I_=5.0mA - 200 600
C B
VBE (sat) Base-emitter saturation

voltage
I, =10mA, IB=0. SmA

C
IC= 100mA, IB=5.0mA

Mullard
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SILICON N-P-N PLANAR BC107

EPITAXIAL TRANSISTORS BC108
- BC109
ELECTRICAL CHARACTERISTICS (contd. ) Min, Typ. Max.
v CEK Collector knee voltage
IC =10mA, IB=the value for which
IczllmA atVCE=1.0V - 300 600 mV
IC
(mA) I
11 F=—~ == T
10 -~ !
| i
) [}
) t
| |
| |
| |
| ]
| [}
! !
A n
Veex ! VeV
hFE Static forward current transfer ratio
IC=2. OmA, VCE=5.0V BC107 110 - 450
BC108 110 - 300
BC109 200 - 800
hfe Small signal forward current
transfer ratio
[ ,=2.0mA, V__=5,0vV, f=1.0kHz
¢ CE BC107 125 - 500
BC108 125 - 900
BC109 240 - 900
fT Transition frequency
I .=10mA, V__, =5.0V, f=35MHz - 300 - MHz
C CE
CTc Collector capacitance
IE=Ie=0, VCB=10V, f=1.0MHz - 2.5 4.5 pF
CTe Emitter capacitance
IC=Ic=O’ VEB=O.5V, f=1.0MHz - 9.0 - pF
N Noise figure
IC =0.2mA, VCE =5,0V, RS =2,0kQ
f=30Hz to 15kHz BC109 - 1.4 4.0 dB
f=1.0kHz, B=200Hz BC107/108 - 2,0 10 dB
BC109 - 1.2 4.0 dB

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

£ BC107A  BC107B
BC108A  BC108B  BC108C
BC109B  BC109C

h Static forward current
FE X

transfer ratio

1.=10pA, V__=5.0V min. - 40 100

¢ CE typ. 90 150 270

IC=2. OmA, VCE=5.OV min. 110 200 420
typ. 180 290 520
max. 220 450 800

h parameters
1.,=2.0mA, V_,_=5.0V, f=1.0kHz

C CE
ie Input impedance min, 1.6 3.2 6.0 kQ
typ. 2.7 4,5 8.7 kQ
max. 4.5 8.5 15 kQ
LS Voltage feedback ratio typ. 1.5 2.0 3.0 x107
hf Small signal current gain min. 125 240 450
€ typ. 220 330 600
max. 260 500 900
e Output admittance typ. 18 30 60 wA/vV
max. 30 60 110 pA/V
10* - D3780
transient thermal impedance from junction to ambient versus
Zw 1o APulse durationf mon T
thij- m
(°C/w) ]
Il
10° m
[ d=1018 h
EERT N HH
I - Pt
102 0.2 et ot
—— 14. i g e I
—mmaui i ‘
L+ 005 |
T N
00 2L 4111 ]
10 ; N |
-
——
Ol | 1] AJ t d =LT
1 d .
08 108 0% 10 102 07 0 102 t(s) 10°
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SILICON N-P-N PLANAR BC107
EPITAXIAL TRANSISTORS

D3655 6 D3659
WO -se T Tj=25°C |
Ic Typical curves Ic 1 Typical curvesl[
(mA) (mA) TgrBul
T
nEN
12.5uA
100 TP 4 ]
_\Q@j iy g’;@\’ RS
HECY4 » » m 10pA
A HoE i H]K
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/ "t [P .
50 ooy 2 = m W
5uA
100uA) %
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SILICON N-P-N PLANAR BC107
EPITAXIAL TRANSISTORS BC108
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SILICON N-P-N PLANAR BC107

EPITAXIAL TRANSISTORS BC108
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SILICON N-P-N PLANAR BC107
EPITAXIAL TRANSISTORS BC108
102 i D3782
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SILICON N-P-N PLANAR BC107

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

grids.

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

processing circuits.

The BC148 is a general purpose 1.f. transistor.

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

BC147
BC148
BC149

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

QUICK REFERENCE DATA

BC147 BC148 BC149
v CE Smax. 50 30 30 \Y%
VCEOmax. 45 20 20 v
ICMmax. . 200 200 200 mA
Ptotmax' (TambSZS C) 350 350 350 mwW
Tj max. 125 125 125 oC
hfe (IC =2mA, VCE =5V, f=1kHz) min. 125 125 240
max. 500 900 900
T (IC =10mA, Veg =5V, i= 35MHz) typ. 300 300 300 MHz
N (Ic =200pA, Vee =5V, RS =2kQ)
f=30Hz to 15kHz typ. - - 1.4 dB
max., - - 4.0 dB
f=1kHz, B=200Hz max. 10 10 4.0 dB
Unless otherwise stated data are applicable to all types
OUTLINE AND DIMENSIONS
For details see page 5.
Front View
Scale 3:1

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

Reference 0220,

JUNE 1973
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
BC147 BC148 BC149
VCBO max. 50 30 30
VCES max. 50 30 30
VCEO max. 45 20 20
. .0 . .
VEBO max 6 5.0 5.0
Ic max. 100 100 100
ICM max. 200 200 200
_IEM ‘max, 200 200 200
IBM max. 200 200 200
0,
Ptot max. (Tamb = ZSvC) 350 350 350
Temperature
Tstg range -65 to +125
T]. max. 125
THERMAL CHARACTERISTICS
Rth(j -amb) 0.275
ELECTRICAL CHARACTERISTICS (Tj = 25°C unless otherwise stated)
Min.  Typ. Max.
ICBO> Collector cut-off current
= = = O - -
VCB 20V, IE 0, T]. 125°C 5.0
VCB=20V, IE=0 - 0.01 0.6
VBE *Base-emitter voltage
IC=2.0m.A, VCE=5.0V 550 620 700
IC=lOmA,VCE=5.0V - - 770
v CE(sat) Collector -emitter saturation
voltage
1c=10mA, IB=0. SmA - 90 250
IC =100mA, IB=S.0mA - 200 600
A% tBase-emitter saturation voltage
BE(sat) 1,=10mA, 1,=0.5mA - 700 -
IC=100mA, IB=5.OmA - 900 -

*VBE decreases by about ZmV/OC with increasing temperature.
¥

Of v s .
VBE(sat) decreases by about 1. 7mV/"C with increasing temperature.

22 E2EBE << < x

a Q

°c /mW

2B

mV
mV

mvV
mV

mvV
mV

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS

BC147
BC148
BC149

ELECTRICAL CHARACTERISTICS (contd.) Min. Typ. Max.
VCEK Collector knee voltage (see Fig. 1)
IC =10mA, IB=the value for which
IC=llmA atVCE=1.0V - 300 600 mvV
Ic DS607
(mA) IB
N T
10— |
| |
I |
| !
i |
|
' |
' |
! I
| |
Veek 1 Vee (V)
Fig.1
hFE Static forward current transfer ratio
IC=2.0mA, VCE=5. ov BC147 110 - 450
BC148 110 - 800
BC149 200 - 800
hfe Small signal forward current
transfer ratio
I1.=2.0mA, V__=5.0V, f=1.0kHz
€ CE BC147 125 - 500
BC148 125 - 900
BC149 240 - 900
fT Transition frequency
[.=10mA, V__=5.0V, {=35MHz - 300 - MHz
C CE
CTc Collector capacitance
IE=Ie=0, VCB=10V, f=1,0MHz - 2.5 4.5 pF
CTe Emitter capacitance
IC=IC=0, VEB=0.5V, f=1,0MHz - 9.0 - pF
N Noise figure
IC =0.2mA, VCE =5,0vV, RS =2,0kQ
f=30Hz to 15kHz BC149 - 1.4 4.0 dB
f=1,0kHz, B=200Hz BC147/148 - 2.0 10 dB
BC149 - 1.2 4.0 dB

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

BC147A BC147B
BC148A BC148B BC148C
BC1498B BC149C

h Static forward current
FE B

transfer ratio

I1.=10pA, V_,_=5.0V min. - 40 100

c CE typ. 90 150 270

IC=2.OmA, VCE=5.0V min, 110 200 420
typ. 180 290 520
max. 220 450 300

h parameters

IC=2.0mA, V_,.=5.0V, £=1,0kHz

CE
hie Input impedance min, 1.6 3.2 6.0 k@
typ. 2.7 4.5 8.7 kQ
max. 4.5 8.5 15 k@
h_  Voltage feedback ratio typ. 1.5 2,0 3.0 x107*
hfe Small signal current gain min, 125 240 450
typ. 220 330 600
max. 260 500 900
hoe Output admittance typ. 18 30 60 HA/V
max. 30 60 110 pA/V

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS

BC147
BC148
BC149

~ 1T~
Er OUTLINE AND DIMENSIONS
35 D5545
09 175
} L 2 .
T .
0.5 . 0.4 1 2] T
atm az otm| ¥ 25
0-75 1 ¢ l
estl 0.95 ‘ '
1.8 7.5
Connections T
0.7 1, Emitter 5
+ 2, Base , . l
i 3. Collector I : i 1*210 4
! i1
wlle-02 (30 "905—T25, T 250 T 1T 729
>185 le— All dimensions in mm 1-8 {3x)

Mounting details

a=2,49 to 2,59mm
b =5,03to 5,13mm

D5546

227 Z

7.

See also General Explanatory Notes Section IV,

Maximum thickness of
printed board = 1. 7mm

Recommended hole
diameter = 1.0 to 1. lmm
(1.0 to 1. 3mm allowable)

Maximum thickness of
printed board = 1. lmm

Hole diameter = 0, 77 to 0. 83mm

Mullard
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BC147

N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS
BC148
BC149
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N-P-N SILICON PLANAR BC147
EPITAXIAL TRANSISTORS BC148

BC149

D5557
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N-P-N SILICON PLANAR BC147

EPITAXIAL TRANSISTORS BC148
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TYPICAL CURVES OF CONSTANT NOISE FIGURE
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N-P-N SILICON PLANAR BC147

EPITAXIAL TRANSISTORS BC148
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS

grids.

The BC157 is primarily intended for use inaudio driver stages and television signal

processing circuits.
The BC158 is a general purpose 1.f. transistor.
The BC159 is primarily intended for low noise audio input stages.

BC157
BC158
BC159

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

QUICK REFERENCE DATA

_VCEX max. (+VBE =1V) 50 30 25
_VCEO max. 45 25 20
-ICM max. 200 200 200
Proe max. (T, 0 =25°C) 350 350 350
Tj max. 125 125 125
heo (-IC =2mA, -Vop =5V, f=1kHz) min. 75 75 125

max. 260 500 500

fr typ. (-IC =10mA, -V =5V, f = 35MHz) 150 150 150

BC157 BC158 BC159

CE
N (-1 = 200pA, —VCE =5V, RS = 2kQ)
f = 30Hz to 15kHz typ. - - 1.2
max. - - 4.0
f = 1kHz, B = 200Hz max. 10 10

<

mw

MHz

dB
dB

dB

Unless otherwise stated data are applicable to all types
OUTLINE AND DIMENSIONS

For details see page 5

Front View
Scale 3:1

A

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

Reference 0220,

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical

—VCBO max,

_VCEX max. (+V
—VCEO ma

-VEBO max.

-1, max.

pe = V)

X.

-L oM max.,

IEM max.

—IBM max.

P max. (T

0,
ot =25°C)

amb
Temperature
Tstg range
Tj max.
THERMAL CHARACTERISTICS

Reh (j-amby

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

-I Collector cut-off current
CBo I =0, -V =20V

E CB
=0, - =20 = 1259
I » Vep V,Tj 5°c

E
-V *Base-emitter voltage

BE
-Ic =2mA, -VCE =5V

-V Collector -emitter saturation voltage
CE (sat) = |~ 10mA, -I = 0.5mA
C B
-IC = 100mA, —IB = 5SmA
-V Base-emitter saturation voltage
PE G20 7 = toma, T = 0.5mA

—IC = 100mA, -IB = 5mA

BC157

50
50
45

5.

100
ZOO
200
200
350

BC158

30
30
25

5.0

100
200
200
200
350

-65 to +125

125

0. 275

Typ.

2.0

650

75
250

700
850

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

BE

BC159
25 v
25 v
20 A%
5.0 v
100 mA
200 mA
200 mA
200 mA
350 mWw
e
oC
°C/mw

Max.
100 nA
5.0 pA
750 mV
300 mvV
- mV
- mV
- mV

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

BC159

ELECTRICAL CHARACTERISTICS (cont’d)

Min. Typ. Max.
-VCEK Collector knee voltage (see Fig. 1)
-IC = 10mA, -IB = the value for
which —IC = 11mA at —VCE =1V - 250 600 mV
-1, 4613
{mA) -lg
Nh-——x r
10 == [
| |
|
! x
! |
|
. {
| I
| |
~Veek 1 ~Vee (V)
Fig. 1
h Static forward current
FE X
transfer ratio
-1, =2mA, -V =5V BC157 - 140 -
¢ CE BC158 - 210 -
BC159 - 230 -
heo Small signal forward current
transfer ratio
-IC =2mA, —VCE =5V,
f = 1kHz BC157 75 - 260
BC158 75 - 500
BC159 125 - 500
fT Transition frequency
-IC = 10mA, -VCE =5V,
f = 35MHz - 150 - MHz
CTc Collector capacitance
IE = Ie =0, —VCB =10V,
f = IMHz - 4.5 - pPF
N Noise figure
-IC = 200pA, “Veg = 5V, Rs = 2kQ
f = 30Hz to 15kHz BC159 - 1.2 4,0 dB
f = 1kHz, B = 200Hz BC157,158 - - 10 dB
BC159 - 1.0 4.0 dB

Mullard

BC157 Page 3



ELECTRICAL CHARACTERISTICS (cont'd)

The following supplementary gain groups are available on request:

BC157 BCI158A BCI158B
BC159A BC159B

hpg Static forward current transfer ratio
-IC =2mA, Veg = S5V typ. 140 180 290
hfe Small signal forward current
transfer ratio
-IC = 2mA, Veg = 5V, min, 75 125 240
f = 1kHz max. 260 260 500

Mullard

BC157 Page 4



P-N-P SILICON PLANAR BC157
EPITAXIAL TRANSISTORS BC158

BC159

— + —
OUTLINE AND DIMENSIONS
35 D5545
0.9 17!5
} 4.2 I
05—+ | o ) T
115 1 aﬁ 3, 7T 1 45
arfo om] ¥ 25 l
0-75 ‘ ‘ 1 4
0.95 : !
18 | 7.5
Connections I
1, Emitter 5
0.7 2, Base | l
L 3. Collector ll . i 1§210 4
! o1
02 (3x) 990352547 25l T 121
85 le— All dimensions in mm 18 (3x)
Mounting details A Maximum thickness of

printed board = 1, 7mm

Recommended hole
ZZ 777 diameter = 1,0 to 1, Imm

r— b *Dj (1.0 to 1, 3mm allowable)
—69—"@7

| l 0 B
Maximum thickness of
printed board = 1, Imm
2 =2,49 to 2, 59mm ] Hole diameter = 0, 77 to 0. 83mm
b =5.03 to 5. 13mm D5546 777

See also General Explanatory Notes Section IV,

Mullard
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102 570
7
_Ics
(mA) 7
} b raciseaicisos |11}
vy -BCI58A;BCI150A
10 Pl /k [rBCI57
. =7
5
7
2 1/ /
W/
1 LA
7 va
R ra
4
VA,
2 { l/
Uv,
1071 I/ i
7
. 7/ typical values
'VCE=5V
, ;/ Ti= 25°C
A
o A/ L[]
1072 107! 12 10 102 * T10% -Ig(pA) 104
15 DSS7 D5572
T=25C 150 o
Sg}gg T;=25°C BC1S7
+ BCI59 ik
e - l BC159
le
{mA) } } % [mA)
_'1IB=' T0pA -IB=IOOOpIA
10 == 100 yd 800pA
/
i
/ > O0pA T
S0pA ]
p f 400pA
/ A i
s Hf f
30pA 50 |f
200pA
- —
—
’ oot
10pA = 100pA
P 5(')|.|IA
T
0 o my 0 y | )
ce (V) 2 0 10 VeelV) 20

Mullard
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS

05573

50 157
Vg5V ] B
Togsec [ BCIS8
-l j T BCis9
{mA)
100
typ
50
1
0
500 -VgglmV) 1000
"~ D557
10° V=5V BCIS7
H BCIS8
-lg BC159
(pA) <=50mA
102
= 10mA
10
Py
1mA
) b
0.1mA
107
-50 0 100 T°C) 200

CTc
{pF}

300

(MHz)

200

100

Mullard

BC157
BC158
BC159

D5S74

f=IMHz T gcisy
Tj=25°C T Beisg
le=1,=0 [ ] BCI1S9
typ
.
5  -VeplV) 10
D557
Vg5V BCIS7
T 2250c 1] BCISS
j (11 Bcis9
typ
50 -Ic(mA) 100

BC157 Page 7




2 D5577 2 D5578
10 Ha T 10°AT o7 T T
i o T 1{BC157 JH2C 220 i BC157
H-lg typ BC158 H-ls typ BCiS8
1j=25°C BC159 5MTj=25°C BC159|
“le e [TTTTT] i
{mA) / {mA)
2 / 2
10 10
7 7
S 5
2 2 T
1 1
7 7 :_ T
5 5|+
F / T
.
2 2 1 B
10’ \ 15! L
0 100 200 300 600 800 1000
Ve (sat) (MV) ~VBE (sat) (mV)
400 D557
[ T
typical values | ||
hre -Veg =5V
T, =25°C 171
300 BC158B ; BC159B
’—’ ‘\\
] ™
D =
200 BCIS8A ; BC159A
1
Lt=T1 —’_[ 4
BC157 ™
I L L el
" ™
100 ——
0 s 5 3 7 5 7 2
10 10 1 10 -IcimaA) 10

Mullard
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P-N-P SILICON PLANAR BC157

EPITAXIAL TRANSISTORS BC158
D5580
1027 =E
BC159
-l. 5
c
(mA) ,
10
7 7 ~ o~ -Veg =0.5 to 10V ==t
s N f  =1kHz
I N\ i B =200Hz
2—f N ; T =25°C
1 / ™ LN 4’\\/0 typical values
7 ~ ==XG
5 ™ g
(A NG, % TN
2 INP%N
™ % \ ™
10°! NSRS
, S
S
1
2 \
10? |
2 57 2 57 2 57 2 57 2 57 2 57
107 1 10 102 10° 104 Rg (k) 10°
D5581
102 3 TR T IITOEY 7 T TR ===
+ { T___’w{ ]1'” %’ 1T 1 17T H
, ; i e eeisg ¢ =
“'c . ! | AR - " IR L
S TS it S i R i S
10 ‘ | Phil R
7 1 ¢ : ? _VCE =05 to 10V
Sy NG ™ i T f =10KkHz
M +++++ B =200H
2 N !\“ DN Hi . =25-cz Ly
. LN \N‘h (’\\/ig | typical values | 1
; SR
5 7 6‘0,
) 5‘!5 5 0, : B
21 e NEONGS | i
10! ‘ LR i
, =S T =E:
s T TS o e
[ A 1 —HH N N~ ] !
2 F T t f 4 ; }
! | N i |
1072 ] RN I o I | R A
2 s7 2 57 2 57 2 57 2 57 2 57
107 1 10 102 103 10% Rg (k) 10°

TYPICAL CURVES OF CONSTANT NOISE FIGURE

Mullard
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D5582

6 -Ic =02mA
-Veg = 5V BC159
N Rg =2kQ i
- [
(dB) Tj = 25°C
4
2
typ
[
¢ 2 — ) 2 s 7
10! 10 f (kHz) 102
05583
Pre BC158B, BC159B
s st
300 Typical values
-VCE=5V
f=1kHz
// T=25°C
BCI58A, BCISSA
e
200 o
BC157
100
01 ? 1 o -lcimA) 10

Mullard
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P-N-P SILICON PLANAR BC327
EPITAXIAL TRANSISTORS BC328

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

QUICK REFERENCE DATA.
BC327 BC328
_VCES max. 50 30 v
-VCEO max. 45 25 v
-1 oM max. . 1000 mA
P, max. (T <45 C) 625 mw
tot case - °
Tj max. 150 (o]
fT typ. (-IC =10mA, ‘VCE =5V, f=35MHz) 100 MHz

Unless otherwise stated data are applicable to both types

OUTLINE AND DIMENSIONS

L8
max

Similar to TO-92

- JJ 0.?5
\Q , *mln

-
4

4.2
—~ r- 5.2max 12.7min )‘l
1 -8 1 Ji?,;f;ﬁ
256 4§ 0.65 Q — , 1
t .. . max
- - - |
Dimensions within 2.5 mn1>l L_ All dimensions in mm
are uncontrolled D47450

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
BC327 BC328
—VCES max. (VBEZO) 50 30 v
- (1= 4
Vopo Max: (-1,=10ma) 5 25 v
Vg Max. 5.0 v
—Ic max. 500 mA
_ICM max. 1000 mA
IEM max. 1000 mA
—IB max. 100 mA
—IBM max. . 200 mA
ot max. Tamb: 2500 500 mwW
*T <25 C 625 mw
amb- o
T <45 C 625 mw
case-
Temperature
T -65 to +150 °
stg °
Tj max. 150
THERMAL CHARACTERISTICS
. . [¢]
Rth(j—amb) in free air 0.25 oC/mW
*
Rip (j-amb) 0.20 0c/mw
0.17 C/mwW

Rth(j -case)

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

ELECTRICAL CHARACTERISTICS (T], :2500 unless otherwise stated)
Min. Typ. Max.

-1 CRO Collector cut~off current
IE:O, —VCB:ZOV . - - 100 nA
IEZO, -VCB:ZOV, Tj:150 C - - 5.0 HA
-1 Emitter cuf-off current
EBO _ -
IC 0, —VEB—SV 10 HA

Mullard

BC327-Page 2



P-N-P SILICON PLANAR BC327
EPITAXIAL TRANSISTORS BC328

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

T e S e
C ' 'CE :
Yo SIS L
hFE ?t;ati:clgc())rnvlv:rd_;:’urre:nf "]cransfer ratioloo i 600
C ’ CE .
—Ic=500mA, -VCE=1V 40 = -
fT Tllaililgir(:i fr—e\cflueniysv f=35MHz - 100 - MHz
(¢} ’ CE ?
®re IC 01:1160100r cfsacnfrllgs/ f=1MHz - 8.0 - pF
E e ' 'CB ! .
hF El D. C. current gain ratio
b of matched pairs BC327/BC337
FE2 B(328/BC338
'10, =100mA, VCEI =1V - 1.25  1.40

**—VBE decreases by about 2mV/OC with increasing temperature.

Mullard
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D213

Plo(
max
(mw}
500
N
250 \
\
- \
: N
0
100 T(°C) 200
108 D291
thij-a - "
1 H-+
{deg C/W) e i
P d- P
3 T — -—T—
10
]
| 1
075F
) 05 TR
10 0.33
02
- 01—
—TH00s
=
| — =T (11002
10 0.01
0
! 6
1 10 10? 10° 10* 10° tpims) 10

Mullard
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P-N-P SILICON PLANAR BC327

EPITAXIAL TRANSISTORS BC328
06135 D6136
600 [T11 15 [T
 oveg=tv (LT L -vee =5V
— T;=25°C —{ 1j=25°C
~I¢ ~Ie
(mA) I (mA)
400 / 10
I
min VYgg typ - max - min Vgeftyph—jmaxi——1
.
[
200 5
J
0 0 4
025 075 -VgelV) 125 Y 05  -VgelV) 1
06137
2 il
Ry Ic/1g=10 |l
CE (sat) T.225°C
(v}
1.5
1
0.5
max|
R
o1 /]
Les 1
[
‘ 0 T typ
2
| 1 10 102 -1 (mA)

Mullard
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300 LT T
[
- Vee= 1V
Tj=25°CIT
hee —
200 typ
]
AN
AN
100 N
N A
A
0 2 3
1 10 10 -Ic (mA} 10
LOO D2918
fr Veg=5V L]
f=35MHz
MHz) T-25% [_
300
200
.
typ ~
\
100
B N
L
/
0 2 3
1 10 10 -Ic (mA) 10

Mullard
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS

APPLICATION INFORMATION

BC327
BC328

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

47kQ)
V= +29V
1opF i-
kQ  47nF 2.7
(B3V) 330 " T nl'j '
. . s ! ) BC157
BC337
BC148
7.5k0
GSOkQU 1
BZY88-CIV3 @ 1000 330
v R stabistor 100uF
== 100pF
(16V)
330 Ri =
500
o

Performance at VS =29V, R, =500

L

Collector quiescent current of BC337

Input voltage for PO = 50mwW
Input voltage for P0 = 2W

Output power at f = 1kHz, dtot =10%

Frequency response (3dB)

Gl

b o< <

06138

typ. 1 mA
typ 7 mvV
typ. 46 mV
typ. 2.2 w
50 to 15 000 Hz

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

(See page 2).

Mullard
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APPLICATION INFORMATION (continued)

D6139
10 [ 1]1
Vs =29V | |
‘:.';; f = 1kHz |
* Tamb=25°C 7]
75
5
25
typ
|
I — I
/
0
1072 107! PL(W) 10

Mullard
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N-P-N SILICON PLANAR BC337
EPITAXIAL TRANSISTORS BC338

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

QUICK REFERENCE DATA
BC337 BC338
v CES max. 50 30 v
. : 4 2
VC EO max. 5 5 v
ICM max, . 1000 mA
P, , max. (T <45 °C) 625 mw
tot case - o
Tj max, 150 . C
fT typ. (IC: 10mA, VCE: 5V, f=35MHz) 200 MHz

Unless otherwise stated data are applicable to both types

OUTLINE AND DIMENSIONS

Similar to TO-92

T — &0.35
f min
1
< —
4.2
max
16 r— 5.2max —te——— 12.7min —————————4
] Bl 0.48
T —f max
0.65 O — -
max
]
Dimensions within 2.5 magJ L All dimensions in mm
are uncontroiled D4745a

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
BC337 BC338
VCES max. (VBE=0) 50 30 A%
v CEO max. 45 25 \"%
VEB o max. 5.0 v
I c max. 500 mA
1 oM max. 1000 mA
_IEM max. 1000 mA
LB max., 100 mA
IBM max. . 200 mA
tot max. Tamb = 2500 500 mw
*T <25°C 625 mw
amb- o
T <45°C 625 mw
case -
Temperature
o
- +
Tstg 65 to +150 oC
Tj max. 150 C
THERMAL CHARACTERISTICS
. X [
Rth(j—amb) in free air 0.25 oC/mW
*
Rth(j-amb) 0.20 0C/mW
Rth(j—case) 0.17 C/mwW

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

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

ICB o Collector cut-off current
- = - - 0
IE 0, V CB 20V . 100 nA
IE=0, VCB=20V, Tj=150 C - - 5.0 HA
I Emitter cut-off current
EBO
= = - - 1 A
1 c 0, VEB 5V 0 "

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS

ELECTRICAL CHARACTERISTICS (contd.)

VBE

VeE(sat)

FE

Tc

hFEl
FE2

CE

CB

**Base-emitter voltage
I . =500mA, V

=1V

CE
Collector-emitter saturation voltage
IC =500mA, LB: 50mA
Static forward current transfer ratio
IC =100mA, VCE =1V
1.=500mA, V

=1V

CE

Transition frequency
=5V, f=35MHz

Collector capacitance
=10V, f=1MHz

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

BC338/BC328

Ver| 1V

Typ.

200

5.0

1.25

YV decreases by about 2mV/°C with increasing temperature.

BE

Mullard

BC337
BC338

Max.

1.2 v
700 mV
600

- MHz

- pF

1.40
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02913

750
Ptot
max,
{mW)
500
250
0 \
100 T(°C) 200
A 104 0291
Ring-a :
(deg C/W) ey ‘ i
- T — d=?
10°
d=1
075 =
05 IR e
10? 033 =
02 s
] 0.1 H
FH005 =
L — =T ooz
= |
10 0.01
0
1 1 5 6
1 10 102 10° 0% 10% tp(ms) 10

Mullard
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N-P-N SILICON PLANAR BC337

EPITAXIAL TRANSISTORS BC338
D6140 D614
SOOI TTTT11 ISTTTTTT
- Veg = 1V HVeg =5V
Tj =25°C ; — Tj = 25°C
Ic 1
{mA) I {mA)
L00 10
1 I
]
min Vge typ ——} max min Vge FrftypH max —
[T |
200}-H y 5
—
I
|
1] Iy
0 0
0.25 0.75  VgelV) 125 0 0.5 Vae(V) 1
D6142
2 |
Ig=
Yoz L
1.5
1
[
05 max] A
— Y
n"
— T typ L~
0 et
. 5 5
1 10 102 I¢(mA)

Mullard
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D2921

200
h
FE - Tj=25°C[ ||
S S 7P Veg =1V
150
N\
\
N\
\
100
50
0
1 10 102 I, (mA) 103
4L00 02922
fT VCE =5V 1]
< 35MHz]
(MHz) b | |
/, typ \\ Tj=25°C
300
/ \
A \
/
/ \
200 \
\
y \
100 \
\
P
/
0
1 10 102 I (mA} 103

Mullard
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N-P-N SILICON PLANAR BC547
EPITAXIAL A.F. TRANSISTORS BC548

BC549

Silicon planar epitaxial n-p-ntransistors inplastic envelopes. The BC547 isprimarily
intended for use indriver stages of audioamplifiers andin signal processing circuits
of television receivers. The BC548 is suitable for low voltage applications e.g.
driver stages or audiopre-amplifiers and in signal processing circuits of television
receivers,

The BC549 is primarily intended for low noise input stages in tape recorders. high
quality amplifiers and other audio frequency equipment.

QUICK REFERENCE DATA
BC547 BC5438 BC549
v max. 50 30 30 v

CES
VCEO max. 45 20 20 \Y
ICM max. . 200 200 200 mA
Ptot max, (Tambs 25°C) 300 300 300 rr;W
Tj max. 150 150 150 C
hfe (IC=2mA,VCE=5V,f=1kHz) 125-500 125-9080 240-900
fT typ. (IC = IOmA,VQE =5V, f=35MHz) 300 300 300 MHz
N (IC =200pA, VCE =5V, RS =2kQ)
f =30Hz to 15kHz typ. - - 1.4 dB
max. - - 4.0 dB
f =1kHz, B=200Hz typ. 2.0 2.0 1.2 dB
max. 10 10 4,0 dB
Unless otherwise stated data are applicable to all types
OUTLINE AND DIMENSIONS
Similar to TO-92 : ¥ o35

I

\Q , fmin

«— 52max —#fe¢————— 12.7min ——————#

O

diameter within Z.SmGLJ
is uncontrotled

- ‘oiaa
max
!

B

]

I

-+

7266480

All dimensions in mm

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
BC547 BC548 BC549
v oo e 50 30 30 \Y
v cEs Max- 50 30 30 \Y
VCEO max. 45 20 20 v
VEBO max. 6.0 5.0 5.0 ) \Y
—v
IC max. 100 mA
‘ ICM max. 200 mA
_IEMv max. 200 mA
IBM max. 200 mA
P, max. (T,  =25°C) 300 mW
Temperature
Tog -65 to +150 °c
T], max. 150 0C
THERMAL CHARACTERISTICS
Rth(j -amb) in free air 0.25 0C/mW
0.17 °c/mw

Rth(j—case)
ELECTRICAL CHARACTERISTICS (Tj =250C unless otherwise stated)

Min. Typ. Max.

eo oy oo 1 2 125° - - 5.0 uA
E "'CB T '

VBE *BaSIe '6:121:::1" \‘;OltangV 550 A 620 700 mV
C > "CE
Ig =10mA Vg =5V - - 770 mV

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

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

ELECTRICAL CHARACTERISTICS (cont'd)

Min. Typ.
v Collector -emitter saturation voltage
CE(sat) I, = 10mA, I, =0.5mA - 90
Ic =100mA, IB =5mA - 200
v tBase-emitter saturation voltage
BE(sat) I, = 10mA, I, =0.5mA - 700
IC =100mA, IB=5mA - 900
v CEK Collector knee voltage
IC =10mA, IB = the value for
which Ic =11lmA, at VCE =1V - 300
Ic
{mA) Ig
N--—== ,
10— |
|
| i
1 i
1 I
l |
! I
! |
| ]
VCEK 1 VCE (v)
D4BI2
h fe Small signal current gain
Ic =2mA, VCE=5V,f=1kHz, BC547 125 -
BC548 125 -
BC549 240 -
fT Transition frequency
IC‘=10mA,VCE=5V,f=35MHz - 300
CTc Collector capacitance
IE =Ie =0,VCB=10V,f=1MHz - 2.
CTe Emitter capacitance
=1 =0, =0. = - .
IC Ic VEB 0.5V,f=1MHz 9
N Noise figure
IC =200pA, VCE =5V, RS =2kQ
f=30Hz to 15kHz BC549 - 1.
f=1kHz, B=200Hz BC547, 548 - 2.
BC549 - 1.
o - .
TVBE (sat) decreases by about 1. 7mV/"C with increasing temperature

Mullard

N O

BC547
BC548
BC549

Max.
250 mvV
600 mV
- mV
- mV
600 mV
500
900
900
- MHz
4,5 pF
- pF
4.0 dB
10 dB
4.0 dB
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ELECTRICAL CHARACTERISTICS (cont’ d)

The following supplementary gain groups are available on request:

hFE Static forward current transfer
ratio
IC=10uA, VCE =5V typ.
IC = 2mA, VCE =5V min.
typ.
max.

h parameters (corﬁmon emitter)
IC =2mA, VCE =5V, f=1kHz

‘e Input impedance min

typ.

max.

be Voltage fdedback ratio typ.

hfe
typ.

max.

h e Output admittance typ.
o

max.

Small signa} current gain min.

Mullard

BCS547A
BC548A

90
110
180
220

125
220
260

18
30

BC547B
BC548B
BC549B

150
200
290
450

240
330
500

30
60

BC548C
BC549C

270
420
520
800

6.0
8.7

3.0
450
600
900

60
110

kQ
ke
k@

x10

pmho

pmho
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N-P-N SILICON PLANAR BC547
EPITAXIAL A.F. TRANSISTORS BC548

D459 D4592
SO T T SO I
| Typical values — Typical values T;=25°C
yp Teasc 1] yp j =
( I:) ( I/i) e ls” ]
m m = 1F,pA_~
1
I5=1000pAT-T |
100 v, 750 Tooe T 1] & 1 = 12.5
y.Auv.d 500 I
o
IV 4RD”a 1 bt 10+ -
4
A 300111
p | ] 7/
7 ~ | ! =S
200 | | ] -
50 | ] - - 2 l
il T T T == 5
100,
- | [ L
o 50 ] 25
fonet f Wt
0 1 0 i
0 2 Vee (V) 4 0 05 Vee (V) 1
D4593 2 04594
° { . Typical values 0 i i =
] [ 1] | [ [ypieal va 7 min, typiff max
Tj=25°C | 11 Vee=650mY tomtms 5 U
Ic [C i I / R
(mAY} 4t - (mA) / /
T 2
4
/ 4
4 640 10 A 4
et 7 ' 4
-4 ] 5 ] J 7
630 / /
2 4
620 { /
2 1 !
. : v i
610 i+ i
i 5 1
5?0 ] Veg=5V [ |
.= YEO,
S65 i Tj= 25°C
560 I / /
0 Ll 107!
0 5 Vee (V) 10 500 600 700 800 900
VBE(IT\V)

Mullard
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D4595

10% 1 T
;: Typical values Veg =5V
Ig
(pA)
103
5 Ic=100mA]
2
10?
7 —
’ 203
2
10
7 e
2
1
7
0.1t
2
-1 \
10
7
5 0.0 =
2
10’2 s
50 0 50 100 T; (°C} 150

Mullard
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N-P-N SILICON PLANAR BC547
EPITAXIAL A.F. TRANSISTORS BC548

BC549

D4596

BC547A
BC548A)
Ie min. typ. max I l
{mA)} 3 P4
‘,’//// Veg=5V
1/ 7;225°C
10 A
7 7
7
5 4
717
/ v
7 (4
z / /
VV, 7
Re' i
1 414
?
5 4
7Y
BrAK
2 .’// ‘/
Y/ /
‘?
107 Al
R 2 5 7
107 . * 70 0?1, Al 10°
D4597
BC547B
BC5488)
( Ic) lmin. typ. max. B[C??QB
mA
A Veg=5V
0 ’ p T;=25°C
7 '1' v 4
. 7 /17
/ 4
A
yd
/ 4’//
2 4
Ut re
AP
1 A
7 -7
PMIAW.
? . A .
A/
2 /¢
ANV
/£ Vd
10-1 2 <L 5 7 2
- 5 7 2 5 7
107! 1 10 107 I (pAl 10°

Mullard
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D4598

BC548C
BC549C
Ic min. typ. max ]—H
(mA}
// VCE=E;V
7j=25°C
10 - / :
7 4
7 Vol
7 7
7
i y
%
Vixy
R /
// /
1/ L/
1 ¥ 7
ya — /
7 y.4
/7
5 ‘7
,/ yy
/1
] 2 / ‘,
) 4
, v
0
10" T ! 10 107 Ig (pAl 10°
D4599 04600
1] N
Ic=| /
IC/IB=20 200 100mA/
w VeEisaty T,‘=25°C T //
‘ {mV) v /|
CElsat) 74 //
(mv) 4 //
200 150 50 A
/
/
/ Bzl
__,
y. 100 0T -
v A A
100 A sl
1 1
‘—
50
typical values
Ic/Ig=20
o . [TT1]
10 Ic(mA) 102 -50 0 50 T; {°CJ 100

Mullard
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N-P-N SILICON PLANAR BC547
EPITAXIAL A.F. TRANSISTORS BC548

BC549

D4501

1000
- LT
B typical values 1
hee Veg =5V ]
Tj=25°C
750
{ 8c568C L
1 8csa9c [[]
’f‘
500 “—'/
|
L]
BC5478
> =T BC548B 17T
L] =L BCS549B [ |||
250 Py __/ B’Céth! ik
jpacer=t -
fomoft // | et = %‘ 8C SASA -1-4-
=1 -
—--————‘
0 2 5 7 2 5 7 2 [ 2
1072 107 1 10 Ic (mA) 10
AOO 04602
Veg=5V
f CE 2
(MHTz) Tj=25°C t_
) f=35MHz
300
V]
4
V
V.
200
typ.
/ T
/
100 -
L~
=
0 2 5 2 5 7 2 5 2
107" 1 10 Ic (mA) 10
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04603 D604

T™TT 15
(1 |
I-=I.=0 =I.=
10 E e - IC'IC'O
= 1MHz - —
1] c = 1MHz
Tj=25°C Te =259
Cre : (pF) I-257C
(pF)
75 10 \
AN
5 NP
\
N 5 \\‘\
AN
25 NLbe T
B —
| t
; |
0 ‘ L 0
0 10 20 Vg (V) 30 0 25  Vgg (V) 5
& 04608
BC549
LT
N [ 1
Ic=0.2mA |-
{dB) Veg=5V A
Rg=2k0 [T
B:200Hz [T]
4 Ti=25°C [T}
2
S
— typ.
0 K] 2 3 7 2 5 7 2 5 7
10 1 10 f (kHz) 10°
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N-P-N SILICON PLANAR
EPITAXIAL A.F. TRANSISTORS

BC547
BC548
BC549

102 . D4506
H—1BC549
1T T )
H 1T 11711

I typical values|

{mA) Veg=0.5 t010V([T]
i
B=200Hz
10 Z ~ Tj=25°C H
7 4 .
s N
N\,
2 T
{ I NN
1 - " A\
’ L N
N, \
\\ AN
A
Y \\ \ \\;
A N[N &
101X NI L NI NE
vd
\ >
\ N
N
\
1072 ) \
1 2 2 7 5 2 2 3 4 5
10 1 10 10 10 10* Rg (k1) 10
et
H -
11 1T 1117

I typical values ?

{mA) Vce=0.5 to10V[T]

=10kHz H
B=200Hz
10 Tj=25°C H
= N
5 N
N AN
, g ™ N, N
N
4 ’ \.‘\\‘ \ \“
, N X
5 N \\
7
2 Y N N \/o
\ N \0(9

107" : NG NG
7 N7 & 1
5 \\~ N
. \

5 7 2

10" 1 10 *T02 7 T 703 7 104 Rg (k0) 10°

Constant noise figure curves
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04608

BC548C T TITT]
! BC549C typical vqlues_L
Mie BC5478 T,=25°C
(kI).) Z{BCSASB f=1kHz s
TN BC5498
102 2 [ BCS4TA
, BC548A
5
\‘
AN
N
2 ANNY
AN
N N\ Vee =10V
10 >
7 N
NN Ny
. S o
N 9|
7 N
2 Ve =5V \\\\b S
NON
N
1
w0? t Pt T ? * T I mAl 102
104 TTTTT ] — D4609
T r 1+
7 typical values
7= 25°C HH
h ) B f=1kHz H
fe:
2
103
’ Vee =10V
-
5 //4/—— 5V
BCS48C | //‘ o 10V
BC549C [ ] Lttt =
BC5478 ﬁg===/ 10V
2 BC548B =
BC5498 PRE——
BC547A
, BC 548A
10 A
10-2 5 7 1071 2 Ty Ic (mAl 5 1o
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N-P-N SILICON PLANAR
EPITAXIAL A.F. TRANSISTORS

BC547
BC548
BC549

D460

[ T TTTT

o]
T T BC548C 1 :
1{ typical values
hre BC549C f=1kHz 71
BC5478 Tj =25°¢C
24 BC548B
BC5498
102 3{ BC547A
BC548A e .
7 B
e
s 1
2N 7l
3
2 \b:t \\‘
N
\%\
103 AN
NN
7 N\
AN RN vrs
5 NN\ Y CE
AN 1
NS
N
: N
vCE=1ov)§\
10 | LU
s 7 3
10‘2 2 10.1 2 7 : 0. T tmal o7
~ o461t
RN L
| %IIH {BCsusc
hoe typical values 1BC549C
{pmhol Vee=5 to10V |
fo1xhz BC5478
2 Tj=25°C Y {B8C5488
10 BC 5498 —1
’ fBC547A
vl 4
8 1BC548A
prd
Pat
_—
: _--,4// Pt L7~
] //” /
10 ——“'/ 11
7 -
5
2
1 2 5 7 2 5 7 2 5
0 107 1 0 Ic mA) 10
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" P-N-P SILICON PLANAR

EPITAXIAL A.F. TRANSISTORS

Silicon planar epitaxial p-n-p transistors in plastic envelopes, The BC557 is primarily
intended for use in driver stages of audio amplifiers andin signal processing circuits
of television receivers. The BC558 is suitable for low voltage applications e.g.
driver stages or audiopre-amplifiers and in signal processing circuits of television

receivers.

The BCS559 is primarily intended for low noise input stages in tape recorders, high

quality amplifiers and other audio frequency equipment.

BC557
BC558
BC559

QUICK REFERENCE DATA
BC557 BCS358 BC559
_VCEX max. (+VBE =1V) 50 30 25 v
_VCEO max. 45 25 20 v
-ICM max. . 200 200 200 mA
Ptot max. (Tamb =25C) 300 300 300 rr;W
Tj max, 150 150 150 C
hfe (-IC=2mA, _VCE =5V, f=1kHz) 75-260 75-500 125-500
f;r typ. (—IC=10mA, -VCE=5V, f=35MHz) 150 150 150 MHz
N (-IC =200pA, _VCE =5V, RS=2k9)
£=30Hz to 15kHz typ. - - 1.2 dB
max. - - 4.0 dB
f=1kHz, B=200Hz typ. 2.0 2,0 1.0 dB
max. 10 10 4.0 dB
Unless otherwise stated data are applicable to all types
OUTLINE AND DIMENSIONS
Similar to TO-92 '
T ———Y 035
+ min
= =
[ 5.2max >je————— 12 7min —————»
f Py
e max
48 a5y 0.65 =t —
mf" ;nux O . —
' 7266460

is uncontrolled

diameter within 2.5 mqlJ

All dimensions in mm

AUGUST 1972

Mullard

BC557 Page 1




LS

RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
BC557 BC558 BC559
_VCK) max. 50 30 25 A%
_VCEX max. (+V BE " V) 50 30 25 v
_VCEO max. 45 25 20 \Y%
-VEBO max. . 5.0 - 5.0 5.0 , v
v
-1 c max. 100 mA
-1 oM max. 200 mA
IEM max. 200 mA
‘IBM max. 200 mA
o
Ptot max. (’I‘amb525 C) 300 mW
Temperature
T -65 to +150 °c
stg
Tj max. 150 °c
THERMAL CHARACTERISTICS
. . o
Ry (j-amb) in free air 0. 25 C/mwW
[
Ryp(j-case) 0.17 C/mW
ELECTRICAL CHARACTERISTICS (’I’j =25°C unless otherwise stated)
Min, Typ. Max.
-ICBO Collector cut-off current o
1.=0, -V, =20V, T.,= 25°C 1.0 100 nA
E CB i o
Tj =125"C - 4.0 MA
-VBE *Bage -emitter voltage
—IC = 2mA, -VCE =5V 600 650 750 mV
-IC =10mA, -VCE =5V - 820 mV

* -VBE decreases by about 2mV/°C with increasing temperature

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

ELECTRICAL CHARACTERISTICS (cont' d)

Min. Typ.
-V Collector -emitter saturation voltage
CE(sat) 1, = 10mA, -I =0, 5mA - 7
-IC =100mA,, -IB= SmA - 250
v tBase-emitter saturation voltage
BE(sat) I, = 10mA, -1 =0, 5mA - 700
-IC = 100mA, -IB=5mA - 850
-VCEK Collector knee voltage
-Ic = 10mA, —IB=the value for
which —IC =11mA at -VCE =1V - 250
_Ic D4g13
{mA) -1g
nt-——=
0=
!
|
|
!
|
i
|
| |
~Veex 1 =Vee (V)
hf Small signal current gain
€ 1, =2mA, -V =5V.f=1kHz BCSS7 75 -
BCSS8 75 -
BCS59 125 -
fT Transition frequency
-IC=10mA,-VCE=5V,f=35MHz - 150
CTc Collector capacitance
IE =Ie =0y-VCB=10V,f=1MHz - 4.5
N Noise figure
-IC =200uA, -VCE =5V "RS =2kQ
f=30Hz to 15kHz BC559 - 1.2
f=1kHz, B= 200Hz BC557,558 - 2.0
BC559 - 1.0
T-VBE (sat) decreases by about 1. 7mV/ °C with increasing temperature

Mullard

BC557
- BC558
BC559

Meax.

300
650

600

260
500
500

4.0
10
4.0

mV
mV

mV
my

mvV

MHz

pF

dB

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

BC557 BC558A

BC559A
hFE Stat_iIc f:;\:;a;‘d _c\t/lrrex;tst\;ansfer ratio Typ 40 150
C ’ "CE )
"te smﬂl Sigzn:l.lfxcu-r\fem 5 sgl f=1kHz min 75 125
C * "CE ’ :
max. 260 260

BC558B
BC5598

290

240
500

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

BC557
BC558
BC559

04615

" D4S14
15 10 T TTTT]

Bl Typical values Tyoical val } }J[
pical values|
HTj=25°C LI‘;B_(')plA*— y T;=25°C| 4
-le - -1
(mA) (mA)
70pA -I5=1000pA
1 [N
10 - 100 del | |
/ 800pA
.
Y >
SOpA |
- 600 pA
-
v
5 30uA I ZOOpA
K 50 | Lpl
- U
200pA
= |
10pA 4 100pA
P 50pA
-
0 0 [
0 1 “Veg (V) 2 0 10 “Veg (V) 20
150 DL6I8 102 D4617
Ty, ical ] S o ——
L 'VCE=5V
s Tt
- -Ig -1¢=50mA—]
Ic (uA) =
(mA) ~Veg=5V Hj ?
T,=:25°C - 102
?
100 I 5 10mA 1
i 2
[
L]
t 10
IS , ’
] 5| 1mA 1+
50 .
U 1 ™~
min typ +f max 7
e 1 5 0.mA —]
¥ i
l 2
0 < 0!
0 500 -Vgg(mV) 1000 =100 0 100 T;{°C) 200
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102 68
i T
I Z anuiil
tmA) ~BC5588;BC5598 | |||
Y BC558A : BCE59A
1 /Y S | ~1BC557
i 27
5
2 A/
i
1
7]
2 7
V A
: /A
Y,
10°1 LA
: v typical values ':‘E:‘“j
Vee =5V :Eja
7/ T;=25°C M
2 A 11|
102 74 L
1072 10! 1 10 102 103 -IglpA) 104
—400 I { J i D4613
typical vaiues [ L]
hre “Veg =5V
T, =25°C a
300 BC5588 ; BC559B
ot N
o]
200 BCS58A ; BC559A
;
BC557 NN
. — Sy
e 100 —
3
" ==
9 E -1 2
© 102 10 1 10 -I¢imA) 10
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P-N-P SILICON PLANAR BC557
EPITAXIAL A.F. TRANSISTORS BC558

BC559

300 04620 i ,‘x
“Yeesat 1
(mV)
200
’ ,
p,
// %
100 typ i
o 3
P - poet
-Ic s
—C = 20[]
-Ig 1
Tj=25°CHA
f 1
0 = 2 7 3 T 2 7 2 ‘
10 1 10 -Ic {mA) 10
D4621 :‘
1000 TT7] ?
-Ic
—€ =20 HH
-1Ig on H-H
Voot T;=25°C
{mv)
"4
800 A
typ L~
Lot
Lot
B
L
600
0 2 1 10 I (mA) 10?
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04623

300 = 15 } ll T
‘ f=MHz L
fr Cr. T;=25°C |-
{MHz2) -Veg=5V tﬂ (pF)
T =25°C
200 10
typ
5 N
A
N
typ
100 5 =S
0 [ 0
0 50 -IcimA) 100 0 5 Vg (V) 10
6 DL624
BC559
|
N
~I¢=0.2mA |
) (dB) -Vee=5vV [T
Rg =2kl ﬂg
Tj=25°C
A -
2
typ
20-1 d s 1 : S 7 1 P oflkH2) ¢ 7 107
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P-N-P SILICON PLANAR BC557
EPITAXIAL A.F. TRANSISTORS BC558

BC559

102 __ o
7 BC559
-1I¢ 5 { il
(mA) typical vaiues 1
2 ~Vee =05tot0V HH
f =1kHz
10 e B=200Hz HH
? . T;=25°%C H
5 P -
N N N
J 4 N\
2 I = Ny N
] / N LN \
7 N
s N,
N N
=1
, N . N iOd,B
N :
N N
107! s e SN
7 -
s N\ 1
1 398
2 \ N l J
N 1.75dB I
1072 Ll | L
17 2 STyt STy Pz o * T3 2 10 Rg(kl) 105 ;
L
102 D4626 E
, : BC559
Ic® T C
(mA) typical values 411
2 “Veg=05t010V HH
f=10kHz
10 - B=200Hz g5
= T)=25°C &
5 J N N
T N
N
, N N
N N
1 h - N N
7 ‘\ ‘\‘
N
N
I Q \ N N =1i0dp
' I N {
07! AN N 6dB
Y g
5 \Y N T T
.t 1
\ 1 RN 3dB
2 ]
T
o2 1.75d8B
1071 2 T 2 710 102 103 2 10% Rg(k) 10°

Constant noise figure curves
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7 typica! values [T} ’ typical values {1}
s T ~vee=5v 1] s ~Veg =5V ]
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‘f{lpw(::svvolues - typical values [11]
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300 10? >
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H min. P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS

BCW29R
BCW30R

Silicon p-n-p planar epitaxial transistors in microminiature plastic envelopes,
intended for low level general purpose applications in thin and thick film circuits.

QUICK REFERENCE DATA

-VCBO max.

-VCEO max.

-ICM max, .
tot max, , Tamb =25C

Tj max.

h at -I_, =2mA, -V =5V BCW29R
FE C CE BCW3O0R

fT typ. , -IC =10mA, -VCE =5V, f = 35MHz

N max. , -IC =200uA, "VCE =5V, RS = 2kQ,

f = 1kHz, B = 200Hz

30

20 v

200 mA

200 mw

150 °c
120 - 260
215 - 500

150 MHz

10 dB

Unless otherwise stated data is applicable to both types

OUTLINE AND DIMENSIONS

le——— 29 max ——— D5686
|—— 1.9 —-l
b el |
| == —
. 13 25
_J .. 00 max max
min
— t_
c
085 | t 0\
max max  Identification
.12 _ code:C4=BCW29R
max C5=BCW30R

All dimensions in millimetres
Plan view from above

Mullard
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05689

15 05688
] TT 17 1]
Tj=25°C J ]11_'; 1L
B: P Tl =25°C
-Ic
{mA)
10
e
I
1 -
5 200)
100
H
0 L
o ~Veg (V) 2 0 10 Vel
300 in
hee BCW30R N
X
200
BCW29R
100
0
102 -Ic (mA}
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pmin. P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS

BCW29R
BCW30R

uoo D5691
-VeE(sat) I V
(mV) =£ =20 HH
Is - |11l
200 Tj=25°C
Y,
/
200 /
A
/I
LA
/]
100
et typ et
0 =1
10 1 10 -Ic(mA) 102
900 05692
'VBﬂsat)
(mV) i_; =20 pa
. =26°
800 T, =25°C pd
/]
/]
1
700 typ L~
el
L
600 ™
500
107! 1 10 -Ic(mA) 102

Mullard
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200 D5693
~Veg=5V
T,-=25"c
fr f=35MHz
(MHz) A N
typ,
100
v
W
//
A
"
0 L
10 1 10 -I¢(mA) 102
05694 D5695
150 TT1] 1
LI
Vg =5V|{ Ig=I,=0{ | |
-I¢ Tj=25°Cj 20 f=1MHz] | |
(mA) | Cr T =25°C
(pF)
typ
1
00 min-Vgg max~Vge 15
L}
[
\
10
[
50 -
1 5
Vi
Iy
H J
0 0
250 500 750 1000 -Vgg(mV) [ 10 20 -VegiV) 30
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umin. N-P-N SILICON PLANAR "BCW31R
EPITAXIAL TRANSISTORS BCW32R

BCW33R

Silicon n-p-n planar epitaxial transistors in microminiature plastic envelopes,
intended for low level general purpose applications in thin and thick film circuits.

QUICK REFERENCE DATA

\% CBO max, ) v ) 30 A\
v CEO max., 20 v
ICM max. . 200 mA
P max., T =25C 200 mwW

tot amb o
Tj max., 150 C
hFE at IC =2mA, VCE =5V BCW31R 110 - 220

BCW32R 200 - 450
BCW33R 420 - 800

fT typ. , Ic = 10mA, VCE =5V, f = 35MHz 300 MHz
N max. , IC = 200uA, VCE =5V, RS = 2kQ,
f = 1kHz, B = 200Hz 10 dB

Unless otherwise stated data is applicable to all types

OUTLINE AND DIMENSIONS

je—— 29 max ———+ 05674
I~——— 1.9 ——-I
O 1 | 1
- \7/‘\ 0.95 - f
T T
) 1.3 25
_J. oo \ max max
min | l
||_._. c ’__A__'
085 \ N Y
max max  Identification
12 code: D4=BCW31IR
max D5=BCW32R
D6=BCW33R

All dimensions in millimetres
Plan view from above

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
* . v CEO max. 30 v
. =2,
VCEO max (IC OmA) 20 v
- VEBO max. 5.0 v
Ic max. 100 mA .
ICM » max. . 200 mA
P max. T = 25°C, mounted on a ceramic
tot amb
substrate of 7 x 5 x 0. 5Smm 200 mwW
Temperature
T -65 to +150 °c
A stg ) o
;- Tj max. 150 C
THERMAL CHARACTERISTICS
Rth (j-amb) Thermal resistance between junction
J and ambient, the device mounted on o
’ a ceramic substrate of 7 x 5 x 0. Smm 0.62 C/mwW
d ELECTRICAL CHARACTERISTICS (Tj = 25°C unless otherwise stated)
' Min.  Typ.  Max.
> ICBO Collector cut-off current ‘
: IE =0, VCB=20V . - - 100 nA
IE=0, VCB=20V, Tj=IOOC - - 10 uA
VBE Base-emitter voltage
Ic =2.0mA, VCE =5,0V 550 - 700 mV
v CE(sat) Collector -emitter saturation voltage
IC = 10mA, IB = 0., 5mA - 120 250 mV
1C = 50mA, IB =2,5mA - 210 - mV
VBE(sat) Base-emitter saturation voltage
IC =10mA, IB = 0.5mA - 750 - mV
J = A =2, - -
i IC S0mA, IB SmA 850 mV

Mullard
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pmin. N-P-N SILICON PLANAR

EPITAXIAL TRANSISTORS BCW31R

BCW32R
BCW33R

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

h Static forward current
FE .
transfer ratio
Ic = 10uA, VCE =5.0V BCW31R - 90 -
BCW32R - 150 -
BCW33R - 270 -
I, =2.0mA, V. =5.0V " BCW31R 110 - 220
BCW32R 200 - 450
BCW33R 420 - 800
fT Transition frequency
IC = 10mA, VCE =35.0V, f = 35MHz - 300 - MHz
CTC Collector capacitance 3
IE=Ie=O' VCB=10V, f=1,0MHz - - 4.0 pF s‘
N Noise figure ! :
IC = 200uA, VCE =5.0V, RS = 2.0k,
f = 1,0kHz, B = 200Hz - - 10 dB
103 N 05675
. Vea=20V 2
Icso yi
A
(n )2 //
102 / |
) 7
s 7
4
2 4 B
typ *
10 / E
? 7
5 v 4 .
2
1 v i
7 a 4
2 3
10" ‘
0 50 100 T;(°C} 150 )

Mullard —
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1]
H o
Tj=25°C. Tj=25°C
/7
||
. ] [ |
—\Z&
I
|
T
1100
1]
-
5
: ]
Vee (V) 20
78
EEEEEREE
I TTTIIT
typical values
Vee=5V BCW33
T = 25°C
N
A A
7
— BCW
- ot
BC M
I
o10'2 o2 " 102
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pmin. N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS

BCW31R
BCW32R
BCW33R

D5679
-y

400
VecEsat)
{mv) %£=20 Ny
B
- =969 [T11
300 Tj =25°C
A
200 /,/
P
. 7
[—
100 typ
]
107! 10 Ic(mA) 102
i
900 D5680
VBE(sat) I
{mV) — =20 p
Ig /r
Tj=25°C P
800 L
— ’/
1
typ
700 =
"~
T
600 e LT
500
: 10 Ic(mA) 102

107!
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400 D681
VYeg =8V
T, =25°C
fr f=35MHz ~
(MHz}
V.
: \
typ \\
200
pd d
/
v~
,I/,
0 -
107 1 10 I¢(mA) 102
D5683
150 I [TTDSSBZ T T T
[Tt il
VCE= V ] 10 IE=Ie=0
T: =25°C |1 f=1MHz
Ie - T,=25° [T
(mA} Crc }
{(pF)
typ o
100 min Vgg max Vgg - s
H I
§
1
/ 5
I
50 Il \
T — \
] \
T . 25 \\
I 1y —
d l —
A 1
0
250 500 750 1000 VgglmV) 0 10 20 Vg (V) 30
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pmin. P-N-P SILICON PLANAR BCW69R
A
EPITAXIAL TRANSISTORS BCW70R

Silicon p-n-p planar epitaxial transistors in microminiature plastic envelopes,
intended for low level general purpose applications in thin and thick film circuits.

QUICK REFERENCE DATA

—VCBO max, 50 v
R ) 4

VCEO max 5 A"
_ICM max., . 200 mA
Ptot max. Tamb =25°C 200 mW
Tj max. 150 0C
h at -1, =2mA, -V =5V BCW69R 120 to 260

FEC CE BCW70R 215 to 500
fT typ. , —IC = 10mA, —VCE =5V, f = 35MHz 150 MHz
N max. ,-IC = 200uA, —VCE =5V, RS = 2kQ,
f = 1kHz, B = 200Hz 10 dB

Unless otherwise stated data is applicable to both types
OUTLINE AND DIMENSIONS

D5636

' 1.3 25

001 max max
T min \ l

| 085_| 043
max max Identification
12 code:H4=BCWB9IR

max - H5=BCW70R

All dimensions in millimetres
Plan view from above
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
-V CBO max. 50 \4
-V CES max. 50 v
_VCEO max. (-IC =2,0mA) 45 v
_VEBO max., 5.0 v
g max. 100 mA
—ICM max. . 200 mA
P max. T = 25°C, mounted on a ceramic
tot amb
substrate of 7 x 5 x 0. Smm 200 mW
Temperature
T -65 to +150 °c
stg o
Tj max. +150 C
THERMAL CHARACTERISTICS
Rth (j-amb) Thermal resistance between junction
J and ambient, the device mounted on a o
ceramic substrate of 7 x 5 X 0, Smm 0.62 C/mW
ELECTRICAL CHARACTERISTICS (T]. = 25°C unless otherwise stated)
Min.  Typ. Max,
CRO Collector cut-off current
IE =0, -VCB =20V . - - 100 nA
IE=0, -VCB=20V, TJ,=100C - - 10 HA
BE Base-emitter voltage
-IC =2.0mA, —VCE =5.0V 600 - 750 mV
CE(sat) Collector -emitter saturation voltage
-IC = 10mA, —IB = 0,5mA - 80 300 mV
-IC = 50mA, —IB = 2,5mA - 150 - mV
BE(sat) Base-emitter saturation voltage
-IC = 10mA, -IB = 0. 5mA - 720 - mV
—IC = 50mA, —IB = 2,5mA - 810 - mV
BCW69R - Page 2




pmin. P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS

ELECTRICAL CHARACTERISTICS (contd. )

. Min, Typ.
hFE Static forward current transfer ratio
-IC = 10pA, —VCE = 5.0V BCW69R - 90
BCW70R - 150
—IC =2.0mA, —VCE =5.0V BCW69R 120 -
BCW70R 215 -
fT Transition frequency
-IC = 10mA, . _VCE = 5.0V, f = 35MHz - 150
CTC Collector capacitance .
IE=Ié=0’ -VCB:IOV, f=1,0MHz - -
N Noise figure
—IC = 200pA, —VCE =5.0V, RS = 2. 0k%,

f = 1.0kHz, B = 200Hz - -

DS$687
L=====
_ICBOE =Vep=20V
{nA)
10
y &
s 7
. typ
7 /-
5
2
4
107! /
7 7
yA
o1/
1072 5
0 50 100 Tj(°C) 150

Mullard

BCW69R
BCW70R

Max.
260
500
- MHz
7.0 pPF
10 dB

T e i

BCW69R - Page 3
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1150 »
10 100 H-L 5
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P
30 T
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s
ll v
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- g
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umin. P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS

BCW69R
BCW70R

LLOO D5691
'VCE(sclt)
(mV) Ie _ 5o LN
s n
Tj=25°C []
300
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umin. N-P-N SILICON PLANAR BCW71R
EPITAXIAL TRANSISTORS BCWT2R

Silicon n-p-n planar epitaxial transistors in microminiature plastic envelopes,
intended for low level general purpose applications in thin and thick film circuits.

' QUICK REFERENCE DATA
v CBO max. 50 v
v CEO max. 45 A\
ICM max. . ] 200 mA
P max, T =25°C 200 mw
tot amb o
Tj max. 150 C
h at 1, =2mA, V =5V BCW71R 110 to 220
FE ¢ CE BCW72R 200 to 450
fT typ. , IC = 10mA, VCE =5V, f = 35MHz 300 MHz
N max., IC = 200uA, VCE =5V, RS = 2kQ,
f = 1kHz, B = 200Hz 10 dB
Unless otherwise stated data is applicable to both types
OUTLINE AND DIMENSIONS
29 max — D5684
1 l 9 1
P I
1
0.95 + |
b e
T

085 _
- max

max

' 13 25

001 max max
~ min \ l
3 \

0.L
max  Identification
code:K4=BCW7IR
KS5=BCW72R

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. 50 v
VCEO max. (IC =2,0mA) 45 v
VEBO max. 5.0 \Y%
IC max, 100 mA
ICM max. . 200 mA
P max. T =257C, mounted on a ceramic
tot amb
substrate of 7 x 5 x 0, 5Smm 200 mW
Temperature
T -65 to +150 °c
stg o
Tj max. 150 C
THERMAL CHARACTERISTICS '
Rth (j-amb) Thermal resistance between junction
-a and ambient, the device mounted on o
a ceramic substrate of 7 x 5 x 0. 5Smm 0. 62 C/mW
ELECTRICAL CHARACTERISTICS (Tj = 25°C unless otherwise stated)
Min, Typ. Max,
ICBO Collector cut-off current
-0 = - -
IE N, V CB 20v . 100 nA
IE=0,VCB=20V, T],=IOOC» - - 10 uA
VBE Base-emitter voltage
IC =2,0mA, VCE =5.0V 550 - 700 mV
VCE (sat) Collector -emitter saturation voltage
IC =10mA, IB =0, 5mA - 120 250 mV
I.=50mA, [, =2,5mA - 210 - mV
C B
VBE (sat) Base-emitter saturation voltage
IC = 10mA, IB = 0.5mA - 750 - mV
Ic = 50mA, IB = 2,5mA - 850 - mvV
BCW7IR - Page 2




p min. N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS

ELECTRICAL CHARACTERISTICS (contd. )

FE

Min.
Static forward current transfer ratio
I,=10uA, V__ =50V BCW7IR -
¢ CE BCW72R -
Io =2.0mA, V. =5.0V BCW7IR 110
BCW72R 200
Transition frequency
{
‘ IC—IOmA, VCE-S.OV,f—SSMHz -
Collector capacitance
IE=Ie=0, VCB=10V,/i=1.0MHz -
Noise figure
IC = 200pA, VCE =5.0V, RS=2.0kSZ,
f = 1,0kHz, B = 200Hz -
102 I 05675
. Vca=20V -
Icso 7
lnA)‘
102
v
! typ
10 /
7] y 4
3 ’ A
) /
1 7,
107!
0 50 100 T;(°C) 150

Mullard

Typ.

90
150

300

BCW71R
BCW72R

Max.
220
450
- MHz
4.0 PF
10 - dB
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‘p min. N-P-N SILICON PLANAR BCW71R

EPITAXIAL TRANSISTORS BCW72R
400 yere
Veggsat)
(mV) Ic _ L] ]
T.=20
300 T =25°C | | |1
A
200 o
/'/
//
[ —
100 B— L typ a
0 -1
10 1 , 10 Ic(mA) 102
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8
Tj=25° /] ~
800 v
P
/
’g
typ/ .
700 i
Bad
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10 1 . 10 Ic(mA) 102
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p min. P-N-P SILICON PLANAR BCX17
EPITAXIAL TRANSISTORS BCX18

P-N-P silicon planar epitaxial transistors in 2 microminiature plastic envelope in-
tended for applicationin thick and thinfilm circuits, These transistors are intended
for general purposes as well as saturated switching and driver applications for in-
dustrial service,

The BCX17 and BCX18 are complementary to the BCX19 and BCX20 respectively,

QUICK REFERENCE DATA
BCX17 BCX18
—VCES max. 50 30 v
—VCEO max. 45 25 v
—ICM max. 1000 mA
0,
Ptot max., (Tamb =25°C) 310 n:)W
Tj max. 150 C
hFE (—IC = 100mA, -VCE =1.0V) 100 to 600
fT typ. (-Ic = 10mA, _VCE = 5,0V, f = 35MHz) 100 MHz

Unless otherwise stated data are applicable to both types

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

1,3"\@!
2'5 max

OO'I min i

[h—

™\ solder

(.' ' max | material s Tdentification code:
085 0.43™ yy.pcx17

1.2 max T2=BCX18

D546

RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
BCX17 BCX18
—VCES max. 50 ‘ 30 v
_VCEO max. (-IC = 10mA) 45 25 v
_VEK) max. 5.0 5.0 v
—Ic max. 500 mA
-ICM max. 1000. mA
IEM max. 1000 mA
—IB max. 100 mA
_IBM max. . 200 mA
Ptot max. Tamb < 25°C, mounted on a ceramic
substrate of 15 x 15 x 0. Smm 310 mw
Temperature
T -651t0 +150 °c
stg .
T, max. 150 °c

VMuIIard
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u min. P-N-P SILICON PLANAR | BCX17
EPITAXIAL TRANSISTORS BCX18

THERMAL CHARACTERISTIC

Thermal resistance between junction
and ambient, the device mounted on o
a ceramic substrate of 15 x 15 x 0. Smm 0.4 C/mwW

Rin(j-amb)

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

-ICH) Collector cut-off current
=0, - = - -

IE v CB 20V . 100 nA

IE=0, -VCB=20V,TJ.=ISOC - - 5.0 pA
-IEBO Emitter cut-off current )

IC =0, _VEB = 5.0V - - 10 uA
-VBE *Base emitter voltage

—IC = 500mA, —VCE =1.0v - - 1.2 v
-VCE (sat) Collector -emitter saturation voltage

—IC = 500mA, -IB = 50mA - - 620 mV
hFE Static forward current transfer ratio

—IC = 100mA4, —VCE = 1.0V 100 - 600

—IC = 300mA, _VCE = 1.0V 70 - -

-IC=500mA, —VCE=1.0V 40 - -
fT Transition frequency

—IC= 10mA, —VCE=5.0V, f = 35MHz - 100 - MHz
CTc Collector capacitance

IE=Ie=0, —VCB=10V, f=1.0MHz - 8.0 - pF

* _VBE decreases by about 2mV/ °c with increasing temperature.

Mullard
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p min. P-N-P SILICON PLANAR BCX17

EPITAXIAL TRANSISTORS BCX18
DSW0
300 i 4 117
FTITT
'VCE=|V (]
hee Tj =25°C H
200 - typ ~
N
N
N\
AN
100, N\
N
N\
A
A]
0
] 2 s 7 0 2 5 7 '02 z—lc(mA) 5 7 03
D437
400 1]
fT “Veg =5V _‘ |
MHz £=35MHz i
(MHz) 1,25 L]
300
200
/l typ ~\\
100 N
e N
L N
o
"
0 -
1 10 102 “I¢ (mA) 10

Mullard
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OUTLINE AND DIMENSIONS
All dimensions in millimetres

Plan view from above

H
0.01min | 2«
. -
® (:.g i}
™ solder Identification code
ma; material ‘ on
0.85 X 0.43max U1=BCX19 .
. U2=BCX20
DSy

- RATINGS
Limiting values of operation according to the absolute maximum system.
Electrical
BCX19 BCX20
v CEs max- 50 30 v
VCEO max. (IC = 10mA) 45 25 v
VEK) max. 5.0 5.0 v
IC max, 500 . mA
ICM max. 1000 mA
—IEM max, - 1000 mA
IB max. 100 mA
IBM max. 200 mA
P max., T <25°C, mounted on a ceramic
tot amb —
substrate of 15 x 15 X 0. 5mm 310 mw
Temperature
T -65 to +150 °c
stg o
T]. max. 150 [

THERMAL CHARACTERISTIC

Thermal resistance between junction
and ambient, the device mounted o
on a ceramic substrate of 15 x 15 x 0. 5Smm 0.4 C/mW

Mullard

Rit(j-amb)
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p min. N-P-N SILICON PLANAR BCX19
EPITAXIAL TRANSISTORS BCX20

ELECTRICAL CHARACTERISTICS ("[‘j =25°C unless otherwise stated)

Min, Typ. Max.

I Collector cut-off current . ‘

CBO
IE =0, VCB—ZUV - - 100

nA
- = = 0 - -
IE—O, VCB-ZOV, Tj—ISO C 5.0 pA

1 Emitter cut-off current

I. =0,V =5.0V - - 10 ,(A

Y Tseemuevlne o ma oy
c »Veg =1 .
v CE(sat) Collector -emitter saturation voltage
IC = 500mA, IB = SOmA - - 620 mV
hFE St'a;ic :olx'(;voe:;i c\i;'reni tlra(x;sfer ratio 100 ] 600
C ' 'CE T !
IC = 300mA, VCE =1.0V 70 ~ -
IC = 500mA, VCE =1.0v 40 - -

fT Transition frequency
IC =10mA, VCE =5.0vV, f = 35MHz - 200 - MHz
C Collector capacitance ' .

IE=Ie=0, VCB=10V,f=1.0MHz - 5.0 - pF

*VBE decreases by about 2mV/ oC with increasing temperature.

Mullard
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p min. N-P-N SILICON PLANAR BCX19

EPITAXIAL TRANSISTORS BCX20
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N-P-N SILICON. PLANAR
DARLINGTON TRANSISTOR BCX21

TENTATIVE DATA

Silicon n-p-n planar Darlington transistor for industrial high gain linear applica-
tions. Encapsulated in the TO-39 envelope with the collector connected to the can,

QUICK REFERENCE DATA
VCBO max, 60 \Y
VCE max. 45 \'
IC max, 1.0 A
o
Pwt max. (Tamb =25 OC) 0.55 w
Ptot max. (Tcase =25C) 3.5 w
hFE min, (IC=150mA, VCE=10V) 2000
VCE(sat) max., (IC=1.0A, IB=1. OmA) 1.6 v
to g5 EYP- (IC=500mA, IB(on)z -IB(off)zo' SmA) 700 ns
OUTLINE AND DIMENSIONS
Conforms to B.S. 3934 SO-3/SB3-3B
J.E.D.E.C. TO-39
c
0.48
T

L 1 b

max

L ,

a1
127
min
e
All dimensions i mm 57 Digip

Collector connected to case
Max. lead diameter is only guaranteed for 12. 7mm from the can.
Accessories available: - 56218, 56245, 56265

MARCH 1973

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical

v CBO max.

VCE max. (See note below)

VEBO max.

IC max.

IB max.

P_  max. ('I‘a

0
rot =257C)

mb

0
Ptot max. (Tcase =257C)

Temperature

Tstg range

Tj max,

THERMAL CHARACTERISTICS

Rth(j -amb)
Rth(j -case)

Note: -

60

45

10
1.0
0.1
0.55

3.5

-65 to +150

150

220

35

C/W

C/W

R__ = 39kQ essential to ensure thermal stability of input stage at Tj max.

BE

Mlillard
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N-P-N SILICON PLANAR
DARLINGTON TRANSISTOR BCX21

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

[CBO . Solle:t:srvcutl-ofj gurrent ] ) 50 "
CB ' E

IEBO Smitiez %li;-(;ff:%rrent - ) s "
;A ¢ i

hFE ?tat:cl é(r):Awar% cur];erll:)\t’ransfer ratio 1500 ) ]
C * 'CE

IC =150mA, VCE = 10v 2000 - -

Ic = 500mA, VCE =10V 1500 - -

VBE Base-emitter voltage
Ic=10mA, VCE=10V - - 1.4 v

Collector -emitter saturation voltage
IC =500mA, IB=O.5mA - - 1.3 v

=1.0a, I =1 ) ] )
IClA IB 1.0mA 1.6 v

Base-emitter saturation voltage
IC=500mA,IB=0.5mA - - 1.9 v

=10, I,=10ma - - 2,2 v

VCE(sat)

VBE(sat)

Io

e A T e

h Small signal forward current transfer ratio
IC=O.5A,VCE=5.0V, f = 35MHz - 10 -

C, Collector capacitance
VCB=10V, IE=Ie=O,f=1.0MHz - 10 - pF

Switching times

IC =500mA, [

B(on) = B(off) = O- SmA

tOn Turn-on time - - 400 ns .

to i Turn-off time - 700 1500 ns

Mullard | ;
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" SILICON N.P-N EPITAXIAL BCX31
PLANAR TRANSISTORS to
BCX34

TENTATIVE DATA

Plastic-encapsulated high performance transistors with TO -5 compatible pinning,
primarily intended for general purpose industrial applications, but also for audio
drivers and audio output.

QUICK REFERENCE DATA
BCX31 BCX32 BCX33 BCX34
VCBO max. 100 30 60 40 v
VCEO max. 80 60 40 30 v
1 max. 1.0 2.0 2.0 2.0 A
CM | ~
= 25°C v
Ptor max. Tamb = 25°C,
free air 0.73 w
on printed circuit (note 2) 1.0 w
hFE IC=150mA, VCE =10V
min, 30 90 30 90
typ. 75 120 75 120
fT min, IC = 50mA, VCE =10v,
f = 35MHz 80 MHz
Data are applicable to all types unless otherwise stated,
OUTLINE AND DIMENSIONS
For details, see page 4
Front view
Scale 3:1
DS542/a

Mullard

. MAY 1974 BCX31 Page 1

g




RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical BCX31 BCX32 BCX33 BCX34
VCBO‘max. 100 80 60 40 A%
VCEOmax. 80 60 40 30 A
. 6. 6. 6.0 6.
VEBO max 0 0 0 6.0 v
IC max. 0.5 1.0 1.0 1.0 A
ICM max. 1.0 2.0 2.0 ° 2.0 A
-IE max. 0.5 1.0 1.0 1.0 A
_IEM max. . 1.0 2.0 2.0 2.0_/ A
N
IB max. 100 mA
4
"[BM max. . 200 mA
P max., T =25C
tot amb
1. Free air 0.73 w
2. Mounted on typical printed circuit (Note 1) 0.83 w
3. On printed circuit (Note 2) 1.0 w
4. As in 3. but with 6cm?2 heatsink attached
to the body of the transistor 1.4 W
5. Infinite heatsink case and leads 2.2 w
Temperature
T -65 to +150 °c
stg
T, max. 150 °c
THERMAL CHARACTERISTICS
. . o
Rth(j-amb) in free air 170 C/W
NOTES

1. Printed circuit board with 1.5mm copper track.

2. Printed circuit board with collector mounting pad area 1.0 x 1. Ocm (min.)

Mullard -
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SILICON N-P-N EPITAXIAL

N

PLANAR TRANSISTORS

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

ICBO

EBO

FE

VCE(sat)

VBE(Sat)

Collector cut-off current

I, =0, vCB = 80V BCX31
I =0, Vg =60V BCX 32
Ip =0, Vi, = 40V BCX33
Ig =0, Vi, =30V BCX34
I =0, Vo, =80V, T =100°C BCX31
I =0, Vi = 60V, T, = 100°c  BCx32
Ig =0, Vg = 40V, T, - 1oo:c BCX33
Ig =0 Vg =30V, T, = 100° BCX34
Emitter cut-off current

1o =0 Vg =5V

Static forward current transfer ratio
IC = 10mA, V =10V BCX31, BCX33

CE BCX32, BCX34
IC = 150mA, VC = 10V BCX31, BCX33
BCX32, BCX34
IC =0.54, VCE =10V BCX31, BCX33
BCX32, BCX34

=1.0A, = ,
IC 0A VCE 10V BCX32, BCX34

BCX33

Collector saturation voltage

= ) =1
1 c 150mA IB SmA
IC=().5A, IB=50mA
IC =1.04A, IB = 100mA BCX32, 33, 34
Base -emitter saturation voltage
IC=0.5A, IB=50mA
IC =1.0A, IB = 100mA BCX32, 33, 34
Collector capacitance
IE=Ie=O, VCB=10V,f=l.0MHz

Transition frequency

IC = 50mA, VCE = 10V, f = 35MHz

Mullard

Min,

30

30
90

20
35

15
15

80

Typ.

10
10
10
10

10

75
120

75
120

40
50

20
20

125
350
660

Max.

100 nA
100 nA
100 nA
100 nA
5.0 uA
5.0 uA
5.0 uA
5.0 uA
100 nA

- i

;;
350 mv
800 my
1600 mV

{

1.5 v ;

2.0 v

12 pF :

- MHz
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OUTLINE AND DIMENSIONS
— T T~

35 L5B4E

0.9 % 175

. 42 ‘
0.5 + 0.4 N 2 r
115 1 3, ] } 4 5
m = un:tm-__,i 2.5
0-75% ! 1 L 1
; 7
- 095 7.5
~—1BA-’
Comnections
1. Emitter
2. Base ?
0{7 » 3. Collector ! ' ' l 4 104
3 | | 1.2
1 Nt
: ! j
0
rad 0.3% f
" Sle0.2 (3x) 12541 2560 ] 121
185 - All dimensions in mm }--.Lw-l's (3]
iounting details
b a=2.49 to 2.59mm
‘ l b=5.03 fo 5.13mm
@ — O
N
—~F I
A . <
Maximum thickness of
printed board = 1.7mm
Recommended hole
777 diameter = 1,0 to 1.1mm
(1.0 to 1.3mm allowable}
B
Maximum thickness of
printed board = 1.1mm
Hole diameter = 0.77 to 0.83mm
DES46 777 See also General Explanatory Notes Section IV.

Mullard
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SILICON N-P-N EPITAXIAL
PLANAR TRANSISTORS

3;1"|Il||lTT—lTTI|'¥I|IV Dozes
Maximum total dissipation rating curves Mounting
[ 1 Free air ]
Prot ! 44 2 Printed circuit E
max 3 Printed circuit with [ |
(W) tem?2 collector areal |
4 As 3 with heatsink | ]
5 on body 6em?2 | ]
5 _[nfinite heatsini
2 \
N
M,
N
N
4
- N
.
1 3 D AN
Py
2
[Py
1 = 3
[ A
i
I~ \‘ "
~ N
0 : |
-50 0 50 100 Tomp{°C) 150
D626
hFE T T 7
BCX32,BCX34 Veg=10V
1.=25°C
//— hh\,& j
102 ‘
] BCX31,BCX33 o Y P
7 /
. N
\N\
scxaa\
2
10' L | .
2
10! 10 1c imA} 103

Mullard
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BCY31

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

Min. Typ. Max.

leBO Collector cut-off current

Vep = 6V, lg =0 — 1.0 50%* nA

Vep = =6V, lg = 0, Tamp = 100°C  — 0.1 2.5 pA
feno Emitter cut-off current

Vg = -6V, Ic = 0 — 1.0 50%* nA

Vep = -6V, I = 0, Tamp = 100°C — 0.1 2.5 uA
VeEsat) Collector-emitter saturation voltage

lc = 250pA, |p = 50pA — -55 -170 mV

lc = 20mA, Ip = 3mA ) - =130 -550* mV
hee Smail signal forward current

transfer ratio

Ve = 6V, lc = 1mA, = 1kefs 25% 35 60*
fr Transition frequency

Veg = -6V, lc = 1mA 0.25% 1.7 — Mc/s
hre Large signal forward current

transfer ratio

Veg = 4.5V, Ic = 20mA 15 28 60
Vag Base-emitter voltage

Veg = 4.5V, lc = 20mA — -0.80 -1.45 A
NF Noise figure

Veg = =2V, lg = 500uA,

f = 1ke/s, Ry = 5000 -_— 8.0 20 dB
4re Veg = =6V, Ic = 1mA —_ 25 -
rbb’ Veg = -6V, Ic = 1mA, f = 500kc/s 100 220 500
Cie Vop = ~6V, Ig = 0, f = 500kc/s 15 28 60 pF
h-parameters
Veg = 6.0V, Ic = 1.0mA, o = 104 radians
Common emitter
hie Input impedance — 1.4 — kQ
hre Voltage feedback ratio : — 6.0 — x104
hoe Output admittance — 25 — pmho

. kT 1 _ 25 L o
1The value of re given here is - %= where Ig is in mA and T is in °K.
E IE

*These are the characteristics which are recommended focr acceptance testing

purposes.

Mullard
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SIICON P BCY30
Series

BCY32

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

Icno Collector cut-off current

Vr'n = —6V, l]; =0 -— 1.0 50* nA

Ve = =6V, I = 0, Tyun = 100°C — 0.1 2.5 A
Irro Emitter cut-off current

Vi = -6V, Ic = 0 — 1.0. 50* nA

Ven = -6V, Ic = 0, Tumy, = 100°C  — 0.1 25 A
Veksay  Collector-emitter saturation voltage

lc = 250pA, 1y = 50uA — -55 -170 mV

lc = 20mA, Iy = 3mA — -120 -550* mV
e Small signal forward current

transfer ratio

Ve = -6V, lc = 1mA, f = 1ke/s 35% 55 - 80%
fr Transition frequency

Veg = =6V, Ic = 1mA 250* 2.5 — Mc/s
hrg Large signal forward current

transfer ratio

Ve = —4.5V, Ig = 20mA 20 35 70
VB Base-emitter voltage

Ver = 4.5V, Ic = 20mA — -0.80 -1.45 A4
NF Noise figure

Veg = <2V, Ig = 5004A,

f = 1ke/s, Ry = 500Q — 8.0 20 dB
'I-re VCE = —6V, lc = 1mA — 25 _— Q
b’ Veg = -6V, Ic = 1mA, f = 500ke/s 110 230 500 Q
e Vep = -6V, Ig = 0, f = 500kc/s 15 28 60 pF
h-parameters

Vg = -6.0V, lc = 1.0mA, « = 104 radians
Common emitter

hie Input impedance — 1.7 - kO
hre Voltage feedback ratio —_ 5.0 —  x104
hoe Output admittance ) — 30 ~— umho

$The value of r. given here is %r . |—1—z lzs-, where Ig is in mA and T is in °K.
E e

*These are the characteristics which are recommended for acceptance testing
purposes.

Mullard e




BCY33

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

leno

leno

VCE(sai)

fr

hre

Vug

NF

tre

hb’

Cte

Collector cut-off current
Vep = -6V, g =0
Ve = -6V, lg = 0, Tamb = 100°C

Emitter cut-off current
VEH = —6V, |c = 0
Vep = =6V, lc = 0, Tamp = 100°C

Collector-emitter saturation voltage
lc = 250uA, Iy = 50uA
|c = 20mA. |n = 3mA
Small signal forward current
transfer ratio
Veg = -6V, lc = TmA, f = 1ke/s

Transition frequency
"Veg = -6V, lc = TmA

Large signal forward current
transfer ratio

Veg = 4.5V, Ic = 20mA

Base-emitter voltage
[ VCE = -—4.5V, \c = 20mA

Noise figure
Veg = -2V, g = 500uA,
f = 1kefs, Rg = 500Q
VCE = —6V. IC = 1mA
Veg = -6V, Ic = 1mA, f = 500kc/s

Ve ==6V, lg =0, { = 500ke/s

h-parameters

Veg = -6.0V, Ig = 1.0mA, o = 10+ radians
Common emitter

hie
hl'(‘
ho(’

Input impedance
Voltage feedback ratio
Output admittance

kT 25

Min.

0.4*

10

60
15

nA
pA

nA
uA

mVY
mVY

Mc/s

Typ. Max.
1.0 50*
0.1 2.5
1.0 50*
0.1 2.5
-55 =170
-160  -550%
25 35¢
1.5 —
18 35

-085 -1.45 \A

8.0 20
25 —_
190 500
28 60
1.1 —
3.0 —
17 —

dB

Q
pF

kQ
%1074
umho

$The value of re given here is e %gz 22 where Ig is in mA and T is in °K.

e

*These are the characteristics which are recommended for acceptance testing
purposes.

Mullard
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sucon rur ~ BCY30

BCY34

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

leno Collector cut-off current
Vep = -6V, Ig =0 — 1.0 50* nA
Ves = -6V, Ig = 0, Tymp = 100°C — 0.1 2.5 uA
Izno Emitter cut-off current
Ve = -6V, Ic =0 —_ 1.0 50%* nA ) :
ViR = 6V, Ic = 0, Tamp = 100°C  — 01 - 25 wA !
VeEsan Collector-emitter saturation voltage
lc = 250uA, | = 50uA — -55 -170 mV
lc = 20mA, Iz = 3mA — -130 -550* mV .
hte Small signal forward current :
transfer ratio
VeE = -6V, Ic = 1mA, f = 1ke/s 25% 35 60*
fr Transition frequency
Ve = -8V, lc = 1mA 0.6* 24 — Mc/s
hrr Large signal forward current
transfer ratio
Veg = —4.5V, I = 20mA 15 28 60
VeE Base-emitter voltage A
Vcg = 4.5V, Ic = 20mA — -080 -1.45 " e
NF Noise figure
VCE = —2V, 'E = SOOuA.
f = 1kefs, Rs = 5000 - 80 20 dB
'|'re VCE = —‘6V. |c = 1mA —_ 25 -
Ipb’ Yer = -6V, lc=1mA, f = SOOkc/s 50 235 500
Cte VYep = -6V, Ig = 0, f = 500kc/s 15 28 60 pF
h-parameters :

Veg = -6.0V, Ic = 1.0mA, o = 104 radians
Common emitter

hie Input impedance — 1.4 — kQ
hre Voltage feedback ratio — 6.0 — x104
hoe Output admittance — 25 —  umho
S kT 1 28 - o
1The value of re given here is T s ~ where Ig is in mA and T is in °K.
e I

*These are the characteristics which are recommended for acceptance testing
' purposes.

Muliard
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SOLDERING AND WIRING RECOMMENDATIONS

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

2. Transistors may be dip-soldered at a solder temperature of 245°C for a maxi-
mum soldering time of § 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. Cal;e 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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TRANSISTORS. BCY30

Series

B1048
-

VeetV)

=15

frmapuesnt

=10

> d

A
VA

FOmMA.

O5mA

[T

Iy=3-0mA
25mA
20maA.
Snr

Bcy3o
BCY33
I

[TTTT

Tams = 25°C

Common emitter

-800 V(mv)

=600

-400

1

f /

-~200

[ 11

3 C 8 & e

TYPICAL COMMON EMITTER OUTPUT CHARACTERISTICS
BCY30 AND BCY33

(mA)

Mullard
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TRANSISTOR | | BCY30

Series
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TYPICAL COMMON EMITTER OUTPUT CHARACTERISTICS
BCY32
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Series

BCY30

SILICON P-N-P
TRANSISTORS
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L BCY30

Series
Icso |' [T ; BCY30 to BCY32
(nA) E
\_‘
i s
| /]
3 «"(r
\%
s <
10 <
Vel
‘p
Ny
/b /E]
e XY ¢ )
F ” <
4 /” @‘;f(
0 > 4
' Ly Sy é
7 A
L4
3
Py
g A «*dp 11 1
. __,—H— /’ ’% ’64\ /a
10 g
N
.\co\
<°
/ %
’
o af o A
I
4
pr L/
A v
“
0 ’/ ’/
iV
ol [
25 50 75 100 125 TiC)

VARIATION OF COLLECTOR CUT-OFF CURRENT WITH
JUNCTION TEMPERATURE. BCY30, BCY31 AND BCY32
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VARIATION OF COLLECTOR CUT-OFF CURRENT WITH
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TRANSISTORS. BCY30

Series
" T =
<
2 £
& 3o, -
1] { ~
H <
R o
- o
ST o 8
(S =0 S =
0 - 2] ®
"
" y ;
/ ;
=4
K
”
(1] K
F
w \ \ 5
>l 8 AN N\
O 1 o i
[ =L a2 - 4
o: vk .
<> e %
a h \\ :
>
v N ;
[} ‘\ N oA
A
N | .
1 & »}3
18
10
0
o
ca'i‘ Q Q . { [=} o
TYPICAL VARIATION OF LARGE SIGNAL FORWARD CURRENT TRANSFER
RATIO WITH COLLECTOR CURRENT
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SILICON P-N-P

TRANSISTORS
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TRANSISTORS BCY30

Series

B4447
Ic (mA)

Nre

Nte

hie
30

N hoe

T

10mA
d

VCE_'=—6'OV )

Tj 225°C i

10

BCY30Series
Common emitter

\
l'

Normalised at Ic

\
N
[—

I(:)'5

// \ \ 1
. d P L o ....-g

30
o-7F
o5
03

@ 5

o O
o ¢ &

TYPICAL VARIATION OF h PARAMETERS WITH COLLECTOR CURRENT
NORMALISED AT Ic = 1.0mA. COMMON EMITTER

Mullard
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BCY38
SILICON P-N-P : BCY39

JUNCTION TRANSISTORS BCY40
BCY54

Silicon p-n-p alloy junction transistors for relay switching, resistor logic
circuits and general industrial applications, TO-5 construction. The base
of the transistor is connected to the metal envelone.

QUICK REFERENCE DATA
BCY38 BCY39 BCY40 BCY54
= -32 -64 -32 -50 v
v CB max. (IE 0)
VCE max. (cut-off) -32 -64 -32 =50 \Y%
= -24 -60 ~-24 -50 v
VCE max. (IC 500mA)
500 mA
I oM max. .
= 410 mw
Ptot max., (Ta.mb 257C)
= 10-30 10-50 15-120 12-70
hFE (Ic 150mA) ,
fT typ. 1,5 1.5 2,5 2,0 Me/s

Unless otherwise shown data is applicable to all types in the series

OUTLINE AND DIMENSIONS
Conforming to V.A.S,C,A, SO-3/SB3-3A N
J.E.D.E.C. TO-5

. 8
e . c b

T

. A _£
TIT
[ E il

t 3
o
4g° £
—
b
Thé base of the transistor is connected to the metal envelope
Millimetres Millimetres Millimetres
. +
A 8.9_ 8 26 D 5.08 nom, G 0.45 nom,
+0.35 +0., 07
E 3
B 8.15 _ 0.4 E 0. 79_0. 08 H 0.4 nom,
c 6.3540, 25 F 38 min. J 0. 85+g' if ;
*Thickness of locating tab ) ' !

Mullard
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RATINGS

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

Electrical
BCY38
CB . (IE =0) -32
. {cut-off) ~32
max. (IC = 500mA) ~24
max., (IC = 0)

*Averaged over any 20ms period.

Thermal

T, max,
)

T max.
stg

Tstg min.

THERMAL CHARACTERISTICS
ej-amb (in free air)

O,
j-case

Mullard

BCY39

-64
-64
-60

BCY40 BCY54
-32 =50
=32 =50
-24 -50

$EEEREE 4« <<

250
125
125
410
See page C7
150 °
150 °
-55 °c
0.3 degC
/mw
0.12deg C
/mwW
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SILICON P-N-P -
JUNCTION TRANSISTORS BCY39

BCY40
BCY54

SOLDERING AND WIRING RECOMMENDATIONS

1,

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

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

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

If devices are stored above 100°C before incorporation into equipment ,
some deterioration of the external surface is likely to occur which may
make soldering into the circuit difficult. Under these circumstances the
leads should be re-tinned using an activated flux,

Mullard
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SILICON P-N-P BCY38

JUNCTION TRANSISTORS :&'43:
BCYS4
2 3 PG
] gid|8 1 Jo
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TYPICAL VARIATION OF COMMON EMITTER LARGE-SIGNAL FORWARD
CURRENT TRANSFER RATIO WITH COLLECTOR CURRENT
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TYPICAL VARIATION OF COMMON EMITTER SMALL SIGNAL FORWARD
CURRENT TRANSFER RATIO WITH COLLECTOR CURRENT
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SILICON P-N-P

BCY38
JUNCTION TRANSISTORS Bovay
BCYS4'
ol [T« 3]
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TYPICAL VARIATION OF LARGE SIGNAL FORWARD CURRENT TRANSFER
RATIO WITH JUNCTION TEMPERATURE, NORMALISED AT 25°C
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SILICON P-N-P - BCY38

JUNCTION TRANSISTOR

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

1 -
I CBO Collector cut-off current
= = - - *
VCB 6.0V, IE 0 100 nA
- 1.0 - nA
VCB=_6‘0(Y’ Ig=0
Tamb=100 C - 0.1 2.5 pA
IEBO Emitter cut-off current
== = - - %
VEB 6.0V, IC 0 100 nA
- 1.0 - nA
'VEB=_6'0:’ IC=0,
Tamb“—'100 C - 0.1 2.5 pA
h Large signal forward current
FE X
transfer ratio
IC=30mA, VCE=—1.0V 12 20 -
= == - %
IC 150mA, VCE 1,0V 10 30
- 13 -
ICM=300mA, VCE=-6.0V - 10 -
v CE(sat) Collector-emitter saturation
voltage
IC=150mA, IB=15mA - -0.58 -1,.1 V
VBE Base-emitter voltage
= == - - ~1.9%
IC 150mA, vCE 1.0V 1.9 V
-~ -1.5 - v
]_B Base current
= = - *
IE 150mA, VCB [1] 5,0 14* mA
NF Noise figure
IC=500uA, VCE=—2.0V,
f=1.0ke/s, Rs=5009 - 8.0 20 dB
Tre I5=1.0mA, VCE=-6.ov - 25 - Q

Mullard
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Min,
Tt IC=1.0mA, VCE=—6.0V,

£=500ke/s -
Cte =0, Vog=-6.0V

£=500ke/s -
he IC=10m.A, VCE=—6.0V,

=1, 0ke/s _ 15
£ IC=1.0mA, VCE=-6.0V 0,45

Typ. Max,

100 250 Q
60 150 pF
27 100

1.5 - Mec/s

*These are the characteristics which are recommended for acceptance testing

purposes.
25

The value of T_ given here is kT, Ii ~ 22 whereI_ is in mA and T is in °k.

1 1 IE E

Mullard
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SILICON P-N-P
JUNCTION TRANSISTOR BCY38

le BCY38 B3874
(mA)
[T 1]
Common emitter
VCE ==10V
Tamb=25°C
Max Typ Min
50
/ 2
[ y ;
40 Y =
f g
;
/| 5
30 A
] y 4
y
A
20 " g
/ 1
10 A /
A
o .
o] 1-0 2.0 30 4.0 50 IB (mA)

TYPICAL COMMON EMITTER TRANSFER CHARACTERISTIC AT LOW -
COLLECTOR CURRENTS

Mullard
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SILICON P-N-P BCY38

JUNCTION TRANSISTOR
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TYPICAL VARIATION OF BASE-EMITTER SATURATION VOLTAGE WITH
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SILICON P-N-P BCY38

JUNCTION TRANSISTOR

Ig
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BCY38 B387e

T 1T
5 VCE=-—6-0V
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SILICON P-N-P BCY39

JUNCTION TRANSISTOR

ELECTRICAL CHARACTERISTICS (Tam =25°C unless otherwise étated)

b
Min., Typ. Max,

1 CBO Collector cut-off current
== = - - %
VCB 6.0V, IE 0 100 nA
: - 1.0 - nA
VCB=-6.0V, LE=O,
0
=1 - . .
Tamb 00 C 0.1 2.5 pA
IEB o Emitter cut-off current
=- = - - 3
Vgp =60V, I5=0 100* nA
- i.0 - nA
VEB=—6.0;7, IC=0,
T, =100°C - 0.1 2.5 pA
h Large signal forward current
FE X
transfer ratio
= =-1, 3 -
IC 30mA, VCE ov 12 0
= =- - *
I1,=150mA, V o =-1.0V 10 . 50
- 19 -
ICM=3OOmA, VCE=—6.0V - 15 -
VCE(sat) Collecto‘r—emltter saturation
voltage
' IC=150mA, IB=15mA - -0,46 -1.1 A\
VBE Base-emitter voltage
= - - - - £
IC 150mA, VCE 1.0V 1.9 V
- ~1,5 - v
IB Base current
= = € - *
IE 150mA, VCB 0 3.0 14 mA
NF Noise figure
IC =500uA, VCE =-2.0V,
f=1,0ke/s, RS=5009 - 8.0 20 dB
Tre Icfl.OmA, VCE:—G.OV - 25 - Q

Mullard
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rbb' IC=1.0mA, VCE=—6.0V,

£=500ke/s - 110 250 2
0 I;=0, Vop=-6.0V,

£=500ke/s - 60 150 pF
he Io=10mA, V . =-6.0V,

f=1,0ke/s 15 35 100
£ Io=1.0mA, V. =-6.0V 0.45 1,5 - Mc/s

*These are the characteristics which are recommended for acceptance testing
purposes.

1The value of re given here is = - = == — where IE is in mA and T is in oK.

Mullard
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SILICON P-N-P - BCY39

JUNCTION TRANSISTOR

)

B3853
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SILICON P-N-P -
JUNCTION TRANSISTOR BCY39

1
c [T 3 ] B387
(mA) 8CY39
[TT7 [
Common emitter
Veg =—10V |-
Tamb = 25°C
i
It Max Typ Min
50 7
A
I
40 '
/
/
I 4
30 y 4 {
J
20 J //
y/
Vi
P,
10 %
o) [ [ [ [ |
o] 10 20 30 4.0 50 1g (mA)

TYPICAL COMMON EMITTER TRANSFER CHARACTERISTIC AT Low
COLLECTOR CURRENTS
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SILICON P-N-P BCY39

JUNCTION TRANSISTOR

Ig I ] 7 BCY39 B3883
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SILICON P-N-P
JUNCTION TRANSISTOR

BCY40

ELECTRICAL CHARACTERISTICS (Tamb=2500 unless otherwise stated)

Lo

EBO

FE

VC]EJ (sat)

BE

NF

fr
e

Collector cut-off current

Vy=-6.0V, I

CB ol

VCB=-6. ov, IE =0,

1 nn0
Tamb =100"C
Emitter cut~off current

VEB=—6.0V, IC=0

VEB=-6.OV, IC=0,

T =100°C
amb
Large signal forward current
transfer ratio
IC=30mA, VCE =-1.0V
IC =150mA, VCE =-1,0V

ICM=300mA’ VCE =~-6,0V

Collector-emitter saturation
voltage

IC=150mA, I.B=15mA

Base-emitter voltage

IC=150mA, VCE =-1,0V

Base current

I_=150mA, V

E 0

CcB-

Noise figure
I5=500uA, V. =-2.0V,
f=1, 0ke/s, R_ =5000

I1.,=1,0mA, VvV

c =-6,0V

CE

Mullard

MARCH 1965

Min,

22
15

10

1.25

Typ. Max,

- 100 nA

- 100* nA
1,0 - pA
0,1 2,5 pA
35 -
- 120%
23 -
18 -

- 9. 0*mA

8.0 20 dB

25 - Q

BCY40 Page 1




IC=1.0mA, VCE=—6.0V,
f=500ke/s
IE=0’ VCB=—6.0V,
£=500ke/s
IC=10mA, VCE=—6.0V,
£f=1, 0ke/s

fT IC=1.0mA, VCE=—6.0V

Min,

30

0,85

140

60

50

2.

Max,
250 Q
150 pF
160
5 - Mc/s

*These are the characteristics which are recommended for acceptance testing

purposes.

25
tThe value of r_given here is kT . L
e q IE E

Mullard

= i—- where 1

is in mA and T is in OK.

E

BCY40 Page 2




BCY40

JUNCTION TRANSISTOR
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SILICON P-N-P
JUNCTION TRANSISTOR

Ie 1T [
-~ - Bcvao H B3884
Ccommon emitter
Veg= ~10V
Tambp = 25°C
H Max Typ Min
50
] /
/
V.
4
40— 4
/
30 7 I
Il 1/ L] I
'I{ L1 ]
20 JEA ]
I !
/ B
71| ]
1o Fr 1] }
I ! ]
I I |
I{ [ ]
(o} RERN RERRE [ L1 |
[o] 10 20 30 4-0 Ig(ma)

TYPICAL COMMON EMITTER TRANSFER CHARACTERISTIC AT LOW

COLLECTOR CURRENTS
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SILICON P-N.P | BCY40

JUNCTION TRANSISTOR
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TYPICAL VARIATION OF COLLECTOR-EMITTER SATURATION VOLTAGE
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SILICON P-N-P BCY40

JUNCTION TRANSISTOR

1 T T -
8| F ' BCY40 B 3888
(ma) [7f AT HH
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TYPICAL VARIATION OF BASE CURRENT WITH JUNCTION
TEMPERATURE
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AN " o R

SILICON P-N-P
JUNCTION TRANSISTOR

BCY54

ELECTRICAL CHARACTERISTICS (Tamb=2500 unless otherwise stated)

CBO

EBO

FE

VCE(sat)

BE

NF

tr
e

Collector cut-off current
VCB=—6.0V, IE =0

VCB=-6. ov, IE=0,

()
=1
Tamb 00 C
Emitter cut-off current
VEB=—6. ov, IC=0

Vpgp="6.0V, 1,0,
T =100°C
amb

Large signal forward current
transfer ratio
IC=30mA, VCE =-1,0V
IC=150m.A, VCE=—1.0V
ICM=300mA' VCE=—6.0V

Collector-emitter saturation
voltage ’

1,=150mA, I =15mA

Base-emitter voltage

IC=150mA, VCE=-—1. ov

Base current

IE=15OmA, v

cg ™’
Noise figure
IC=500uA, VCE =-2,0V,

f=1.0ke/s, RS=500£2

I,=1.0mA, Vo =~6.0V

MARCH 1965

Mullard

Min,

20
12

Typ. Max,

- 100*

S

1.0 -

0.1 2.5 pA

- 100*

0.1 2.5 pA

35 100
- 70%

23 -

18 -

-0,44 -1,1 V

- -1,9%* V
-1.,4 - v
- 12 mA

8.0 20 dB

BCY54 Page 1




Min, Typ. Max,

T I,=1. OmaA., VCE=—6.0V,
. £=500ke/s - 130 . 250 Q
e, =0, VCB=—6.OV,
f=500ke/s - 60 150 pF
heo IC=1Om.A, VCE=-6.0V, ‘ |
' £=1, 0ke/s 20 50 120
f I,=1.0mA, V=-6.0V 0.45 2.0 - Mc/s

T C

*These are the characteristics which are recommended for acceptance testing
purposes.

TThe value of r_ given here is kT, 1 25 where I, is in mA and T is in k.
e q IE IE E

Mullard
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SILICON P-N-P BCY54

JUNCTION TRANSISTOR

[o
<
<
N
ol
z
{1 W
] + ©
Q
©0
|
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[(e]
oS 5803 S
o o %@ﬁ% j
e B -
s .
SR
e e ;
S e i AR ;
B i ie el 2 0 o
S o :
s o RS ;
g s ;
o :
w9 o
853 !
Eco :
ﬁ@%&m, :
%%ﬁ%ﬁ. ;
J%@%%@ﬁ&%%@ﬁﬁﬁ%o ;
03 -9 8 ;
H E ~N =
?‘

MAXIMUM COLLECTOR CURRENT PLOTTED AGAINST MAXIMUM
COLLECTOR-EMITTER VOLTAGE
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ELECTRICAL CHARACTERISTICS (contd.)

Min. Typ. Max.
£ Transition frequency
I = 10mA, Vo p = 20V, f = 100MHz 250 450 - MHz

—IC = 100pA, —VCE =20V, f=10.7MHz BCY71 15 30 - MHz
N  Noise figure

—IC = 100pA, -V E™ 5.0V, f=10Hz to 10kHz,

C
RS =2.0k@ - BCY70/72 - 2.0 6.0 dB
BCY71 - 0.8 2,0 dB

h-parameters BCY71

—IC =1.0mA, —VCE = 10v, f =1,0kHz,
hie Input impedance 2.0 4.0 12 k§
h_, Voltage feedback ratio - 2.1 20 x07t
h fe Forward current transfer ratio 150 325 400
hoe Qutput admittance 10 20 60 umho

Mullard
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS

SATURATED SWITCHING TIMES (BCY70, 72)

BCY70
BCY7I
BCY72

-IC = 10mA, _1Bon = IBoff =1,0mA
Min Typ. Max.
ty Delay time ' - 23 35 . ns
tr Rise time - 25 35 ns
Turn-on time - 48 65 ns
on
ts Storage time - 270 350 ns
t 4 Fall time - 50 80 ns
t Turn-off time - 320 420 ns
off
Test circuit V. _ =30V
—Vp=2OV { l CRO.
10 ps
3000
VBB=7-O "
Switching waveforms
20V ——
input
ov ¢ |
|
- ton - :-* tot‘f —-{
( I
! : ’ !
]
90%- -~ -~ — — CX - e 90°/%
! 1
| |
I
Output l ! !
l ! |
I
10% - - ! T S 10 %
—th h P —’{ts = 1
St e —lty

Mullard
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8851

Prot
(mW)
300
200
100
Permissible area of operation
0 3
Q 50 100 150 200 Tamb{°C)
MAXIMUM TOTAL DISSIPATION PLOTTED AGAINST
| AMBIENT TEMPERATURE
Renct) EFEE=r T P‘"ﬂ EEzE T sesi
(degCIW) t
|
- |
La
E 1000—¢ : L
= = da1-0 B 1 Reh(s) = —
£ 1
- N I IR |t -
x 05 e L o o [
8 T Lt LT T LT | ]
c o2 | L4 Lt ’_—r‘ gooet
S 100H—=" = H—
@ = HRth(to) =1
s g T RS EESani
s [T i T
5 10 e T— 10 10 10
< — =t S - H
=1 EE e aor
P __‘_____—‘T
] 1 Ren@)=(Rehis)-Reh(to))d *Rth(to) .0 Lh H
a || Rgn(g)= Steady state thermal resistance "'s/tz'ﬂt' ¢ H
_ i ; abilisa i
E 10 Rth(to)_Tl:‘cnswnt thermal resistance for d=O i minutelgf)‘ E‘f.!
— fpyt —" et
0* 16° 10° 10 10 10 0

Pulse duration t (s)
TRANSIENT THERMAL RESISTANCE FOR VARIOUS DUTY FACTORS
PLOTTED AGAINST PULSE DURATION

Mullard
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06295

~l¢ Typical curves
(mA} F=25°C ]
 ~1gimA)=20 15
200 i~
= .
w..
-
P4 - R
4 B> .
10 -
0 051
P i et L Ll
' 4 /' ' - L__.,_,._. —]
/ = [ L
/ » = - 02
¥4 oot Ll
| Lt .
0
0 113 10 15 ~VeeiV) 20
D6296
~Ic Typical curves —
. imA) T=25°C n
D ] TTITTT 1]
—1gimA)=15 ] L 1]
200 et 1.0
-
osponet=] 11
- ¢ —fp =t
o= 1 ——— 05
jpomwete>]
I 1 haponsjonet -
——
100 - 3
02[ T
0
0 10 20 30 =Veeiv) «0
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. P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS

BCY70
BCY7I
BCY72

-le “Veg =10V
(mA} T =25°C
200 L
/
7
tyi
4
/
/
/
100
/
/
I/
0
0 1 2 -lgimA)
D630 06211
-l ~Veg =10V ~lg —Veg =10V
{(mA} T.=25°C imA} T=25°¢C
200 ! 2
] |
/ I
‘ typ typ
/
\ ]
/ .
‘ 100 1
/
/
/ /
| 7
7 /
[
| o 0
05 10 =gV

| 0 0s 10 =VgelV) 0

TYPICAL TRANSFER, MUTUAL AND INPUT CHARACTERISTICS

Mullard
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D6297

| I T 1§
! [ | Typicat curves
Veg=1.0V
hee
400
L » y
.
. N
300 o 1{ AN
/
— . NG
™ N
200 |— Scus
Ti =
h_ N 100°C
100 N 25°C
I -55°C
i I
L i | ‘
0 RN [ T [ |
5 7 5 7 2 5 2 7 H
0.0t [+3] \0 10 100 ~le=lmA}
o208
tr
{(MHz)
——
-
A
t
400 e
L/
/ —Vee =20V
200 f = 100MHz
Tamp = 25°C
0
0 5 10 15 -l mA) 20

Mullard

BCY70-Page 10




P-N-P SILICON PLANAR BCY70
EPITAXIAL TRANSISTORS BCY7I

VA T
VCE(sut) I IH f } E i f { 88527
(mv) I—f—[:llll|ljv i
300+ Typlcal curves e
Tt T ! :
~Ic/-1g =10 E |
‘Ic(fﬂA):SO ‘
T 1
T i
200 :
1 } ] l':
100 10 T
= [T
%
0
-50 o] 50 100 T o)
'VCE(sqt)_F__k! HAHHH . . ‘Iﬁ% H 88526 |
(mv) Typical curves 111 I 51 ] ]
300 -Ic/-1g=20 I1c(mA)=50 ! }
T
u [ k
I :
‘ f 10
|
100 =
+ ;
o 1 i .
-50 [e] 50 100 Tj (°C)

Mullard ———
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v I T T TTTT 88007
CE(sat H
) Typical curves 1
W |ttt i
Ic/-1g=10
04 ]
03
I
02
y 4V i
[o 2] - 71 H
111 e e e RO
o f . 1 1 BEENE
o - T -
o1 1.0 10 100 -Ic (mA)
-y M 8 - esoos
- T1
CE((:t;t) — Typical curves JErTT
1 £ 71y m100¢C
F— I~ AIp=20 A L
- C/ B f sSC?(f‘ T
0-4 Il _] o 111}
[ 7 7 =25C i
/T ] H
{/4 =ocHH
y 4 AN m
& S —p it
A=720F
03 y 4
y ut
7 I
[ 7
7
02 /1
7 M
7 ]
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4 v 4
o1 i T :
o o
o 1 e o B
o1 10 10 00 -Icima)
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P-N-P SILICON PLANAR BCY70
EPITAXIAL TRANSISTORS BCY7I

BCY72

B8Ot

“VBE (sat) Y4
(V) 4
y/4
Z y/A
_7
»
7
bt /' Y,
- pd 4
08— T1=-50°C HH I v/
P d y
"
T A1)
-0°C —1
]
— -
= 25°C 1
08 o50°C Tl . L]
ot Typical curves [ i
" 1100°C dg/-lg =10 [T
fasseene"
04
01 10 10 100 -IcimA)
88012
-VBE (sat)
) /
A Y //
v//
'/
P p
p Ay
- pd ’
08 - —
V..
T =-50°C e r/ 7
1 Zz X
IR A A/
=0°C . '/
- L~
06 _95°C | 111 S
. e ol Typical curves :t:t
:50 7 ‘IC/'IB =20 NEEE
- T=\Q()°c'ﬂ
o]
0.4
01 10 10 100 -Ig(mA)
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1000 } {
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aE 10
500HH
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0 R RN R I 2 A O N
-50 50 100 T (°C)
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1
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1000 7
= T T
~ -Ic(mA) =50 [
I m
T .
10
500 ‘
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P-N-P SILICON PLANAR BCY70
EPITAXIAL TRANSISTORS BCY7I

BCY72

‘0 D6299
[ [ ]
Ig=l,=0
$=1.0MHz
Tj=25'C
cTc
(pF) &
\ - :
i BCY70 ‘
5
i - BCYT!
—
- 1
BCY72 N
T
1
1
0 ]
0 10 20 30 40 50 ~VealV) 7
3
0 08300 7
L] CT
L t =10MHz
=)= 0 :
Ty = 25°C .
cTe . 4
tpF) [ 3
L] z
5 ™~ typ
—— g
- .
0 [

0 1 2 3 N 5 VeplV)

Mullard

BCY70-Page 15




S R M NN N BCY71
7 ¢/ Q05 — 1N & (& Ol H
; SRR ARNIN I, H :
Tom TIPS\ NN 1 il
Rs |, ™ s N \ AN -Vee=3V
@t RN \\ NN\ NJ ||| f<1BkHz Il
] ~\ \\ \\ \\ \\
10° P N <
A - NG N a8
U I S N \\ \\ N\ -
sN% NS SN N A
s N SN il
, 5 N D \\\\ (N
W N NN
N \ ™ N NN
ol ;O’G‘ M N \\ ,93 R N\ NN \ N
F N 2 \O,Of/}b } E \\\ NG NS
_6 N 1S 0 T Y
s % N 3 ™ \\ _:\%’ W N \\‘ N\
3 )O’\ h My ‘\‘ /O?O N
3 ) g \‘\\ N 2\ N N N —E
O'@\ \\ \~ ‘\~‘ \~~. \\ \
»
103H "(7 \\ N \ t \| \\l' H
i S = N n — H
5 : Ny ! ] — - -”
3k N TS — - ]
L \‘ \\\\
N \ N \
N N N~
N Lot
: 102 N — ——t—TTT]
'N N ~_y h 1
’ 7| N 1}
5 N .
A N fomomey fomterte]
—— bt
10 |
3 3 3 3
10 10 10° 10% 1(na)  10°
. TYPIC AL WHITE NOISE CONTOURS
i This graph should be read in conjunction with the note on page 19

SN

Mullard

BCY70-Page 16




P-N-P SILICON PLANAR BCY70
EPITAXIAL TRANSISTORS BCY71

BCY72
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P-N-P SILICON PLANAR ‘BCY’70

EPITAXIAL TRANSISTORS \ BCY71
BCY72

mf:r 1.0 12 14 1618 2.0 30 15 40 50 60 70 809010
| A T [ ] Ill.Jljlﬁl
9

| | ] I
figure 0 1 2 3 4 5 6 7 8 10 dB

vise | 7T 71T T F T

At frequencies in the lower portion of the audio range, particularly when running under
emitter current-source resistance conditions corresponding tothe centre and upper right
hand portion of the contour diagram (see page 16), flicker noise will add significantly to
the white levels indicated.

As:

=1 internally generated white noise internally generated flicker noise
noise attributable to the source noise attributable to the source

the complete noise factor (N) can be arrived at by adding the flicker excess noise factor

(3rd term above) obtained from the flicker contours, to the white noise factor given via
the conversion scale provided.

EXAMPLE
To obtain the typical noise figure at f = 200Hz with Rg = 10kQ and Ip =200uA

Figure Factor
From the white noise figure contours 0. 9dB
From the conversion scale 1.23
From the flicker noise contours, the
“"excess noise factor x frequency"
product=110: giving at 200Hz a flicker
excess noise factor of: 0.55
Therefore complete noise factor is 1.78
or in noise figure 2.5dB

Mullard
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N-P-N SILICON PLANAR BCY87
DUAL TRANSISTORS BCYSS

BCY89

Matched dual n-p-n silicon planar transistors for use in differential amplifiers.
The BCY87 and 88 are intended for applications in the pre-stages of differential
amplifiers, where low offset, drift and noise are of prime importance.

The BCY89 is for second stages, long tail pairs and more general purposes.
The devices are encapsulated in TO-T71 envelopes with all leads insulated from
the case.

QUICK REFERENCE DATA
Ratings (each transistor)

VCBO meax, 45 v
VCEO max. 40 \'4
Ptot (TambéZSOC, complete device) max. 150 mw
T, max. 175 °c

Characteristics (complete device)

BCY87 BCYS8 BCYS89

Igy/Top Tati0, at equal Vo 0.9-1.11 0.8-1.25 0.67-1.5
lIBl-IBZ ] max., at equal Voo 25 80 300 nA
AV max., T . =-20 to +90°C 3.0 6.0 10 uV/degC
- amb

AT \

AT max., T __=-20to +90°C 0.5 2.0 10 nA/degC
AT amb

Unless otherwise stated data is applicable to all types

OUTLINE AND DIMENSIONS

Conforming to J.E.D,E,.C. TO-71 )

For details see page 2.

Mullard -
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OUTLINE AND DIMENSIONS
Conforming to J.E.D.E.C, TO-T1
A "1 Millimetres
Min. Nom. Max.

ed—=
—

Il
o

.48
.17
- - 1.16

[

A
!

Lt: .
= I~ BT < B R o B - B
[

v
- o

I
. 0]
/
g‘j
¢
]
[213
&

‘Connections 1. Emitter (1) 4. Base (2)
2. Emitter (2) 5. Base (1)
3. Collector (2) 6. Collector (1)

All leads are insulated from the case.

RATINGS (each transistor)

Limiting values of operation according to the absolute maximum system.

Electrical
v CBO max. 45 v
v CEO max. ) 40 v
VEBO max. 5.0 v
I c max. 30 mA

255

Ptot max. (complete device, Tamb 25 C) 150 mW

Temperature
T max. 175 °c

stg o
Tj max. 175
THERMAL CHARACTERISTIC
1.0 degC/mW.

Rth(j—amb)

Mullard
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'N-P-N SILICON PLANAR ' BCYS7
DUAL TRANSISTORS |  BCYSS

: BCY89

ELECTRICAL CHARACTERiSTICS of individual transistors =

T =25°C unless otherwise stated
amb
Min Max ‘
I CBO Collector cut-off current
VCB=20V, IE=0 . BCYS89 - 10 nA
vV.,=20V, I_=0, T =90"C BCYS87 - 5.0 nA
cB E amb BCYS8 - 20 nA
hFE Static forward current -
transfer ratio
IC=5.0;4A, VCB=10V BCY87 80 -
IC=50p.A, VcB=10V BCY87,8,9 100 450
IC=500/.¢A, VCB= 10V BCYS88 120 600
IC =10mA, VCB=10V BCY89 100 600
fT Transition frequency
-IE=50uA, VCB= 10V 10 - MHz
—IE =500uA, VCB= 10V 50 - MHz
C e Collector capacitance
IE=Ie=0, VCB= 10V,
f=1.0MHz - 3.5 pF e
N Noise figure ;
IC=50uA, VCE=5.0V,_
Rs =10kQ,
Bandwidth = 10Hz to 15kHz BCY8T - 3.0 dB
BCY88,9 - 4.0 dB
1.0kHz spot noise figure,
IC =50pA, VCE =5.0V,
Rs =opt.,
Bandwidth = 200Hz BCY87 - 4.0 dB
BCY88,9 - 5.0 dB

Mullard
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ELECTRICAL CHARACTERISTICS of complete device
The characteristics are valid under the following conditions: -~

= = - + =
VC1B1 VC2B2<1OV’ (IEl IEZ) 10 to 100pA

Matching characteristics (see Fig.1)

Min. Max
1 c 1/ 1 c2 Ratio of collector currents
VB1E1=VB2E2 BCYS817 0.9 1.11
BCY88 0.8 1.25
BCY89 0.67 1.5
‘VBlE 1” VBZEZ l Dx.fferen(fe between
base-emifter voltages
1.=I BCY87 - 3.0 mV
cr Cz BCYS8 E 6.0 mV
BCY89 - 10 mvV
‘ IBl _IB2 ‘ Difference between
base currents
\"2 =V BCYS87 - 25 nA
B1E1 B2E2 BCYSS _ 80 nA
BCY89 - 300 nA
Mlustration of matching characteristics
-lgy - s
~Tgr=—Te2
L I S
e :
|’
Iaa(— ==
_IE l[
gt }
Voroeg Vo Vore1=Y,
BIET='B2E2 Vo, 0p Vg e BiE1=VB2E2

Fig.1
IEZ/IE1=exp. R(% . AVBE
Where .
IEZ/IE 18 measured at AVBE=0

AVBE is measured at IE 2/ IE . 1

Mullard
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N-P-N SILICON PLANAR h BCY87
DUAL TRANSISTORS BCYSS

BCY89

ELECTRICAL CHARACTERISTICS of complete device (cont'd)
Equivalent circuit for drift

G .
AT
S ls e e
Fig.2 - Typ. Max.
AV Equivalent differential voltage
AT change with temperature,
Tamb=—20 to +900C BCYS87 1.0 3.0 uV/degC
BCYSS 2.0 6.0 pV/degC
BCY89 4.0 10 uvV/degC
Al Equivalent differential current
AT change with temperature, ‘
Tamb= -20 to +90°C BCY87 - 0.5 nA/degC
BCYS88 - 2.0 nA/degC
. BCY89 - 10 nA/degC
Test circuit for AV Test circuit for AI
AT

(For details of test ampliﬁ%g see page T)
Ri=1080 1%

R2=10k0 1%

test
amplifier

test
amplitier

R121004% 1%
— L
R1a2 10041 1%
I L

]
3
5 k-4
I ]
. " +v
Fig.3 v
AV _ Vrz-Vr1. Ry AL _Vrz-V11.Ri. 1
AT T,-T, Ry AT 'T,-T, R, 2R

Amplification factor determined by feedback circuit: RZ/ R, =100
Output voltage is plotted against time on a recorder.

Mullard
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ELECTRICAL CHARACTERISTICS of complete device (cont'd)
Test procedure

The temperature of the amplifier is set to T1 (between -20 and +90°C) and
when it has stabilised, the output voltage is adjustedto zero ( V1 < 100mV)T.
The amplifier temperature is then adjusted to Tg (between -20 and +90°C)
and when it has stabilised, the output voltage Vg can be read off.

tFor AV/AT: adjusted by Ryi, for A1/AT: first by Ry with $1 and Sy
closed, then by Ryg with the switches open.
Note
The AI/AT given is valid only when source resistances are almost equal.
The AV/AT given is valid only when base—emitter voltages are almost
equal.
DIFFERENTIAL TEST AMPLIFIER

The test amplifier (including feedback resistors, source - resistors and
biasing resistors) should be mounted in a small box to ensure a uniform
temperature throughout.

g | g
EREE
L ™
+ o
—
R
BCveT
—0
g g
E _':Bcvas

18k,
24kl

| 23,

Fig.5

*Relative temperature coefficient < 10-5/degc

D.U.T. =device under test

The lssue of the information contained in this publication does not imply
any authority or licence for the utilisation of any patented feature.

Mullard
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N-P-N SILICON PLANAR

DUAL TRANSISTORS

Performance of test amplifier
Open loop voltage gain (ZL= 10k9)
Frequency at which Gv= 1

Max. common mode input voltage range

Max. output current
Max. output voltage
Input resistance
Output resistance

Common mode rejection ratio

100

(dB)

=2

Mullard

BCY87
BCY88
BCY89

typ. 105
f typ. 10 MKz
+10 v
+2.5 mA
+10 A\
Ri =100 kQ
R typ. 20 k@
105
T
] B T -
- may
10° 10’ 10° 1 (Hz) 10°

BCY87-Page 7




N-P-N SILICON PLANAR BD131
EPITAXIAL TRANSISTORS 2-BD131

Silicon n-p-n planar epitaxial transistor for general purpose, medium power appli-
cations. The BD131 may also be used with the BD132 to form a complementary pair
for push-pull, audio output stages. (See page 4 and BD132 data sheet).

QUICK REFERENCE DATA
VCBO max. (Ic <1.0mA) 70 v
Icm max. 6.0 A
Pyop max. (T, <60°C) 15 w
hpgmin. (I, = 0.54, V. =12V) 40
f£omin. (I =0.254, V . =5.0V,
f=35MHz, T . =25°C) 60 MHz
amb

OUTLINE AND DIMENSIONS

Conforms to J.E.D.E.C, TO-126

Collector connected to the metal part of the mounting surface.

'Zaml
[Tl E
&~ ]
o i
¢ |
- |
! ;
o~
£
13 F
o R
P ;
elcybl____%
s osersll, -

All dimensions in mm

1) Within this region the cross-section of the leads is uncontrolled.

Care should be taken not to bend the leads nearer than 2. 5mm from the body.
The leads above this point should be clamped during any lead bending operation.

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical

Vero

VcEeo
VEBO

1., max,

C

I max.

CM

I max,

. T'BM

Py max. (T, <60°C)

Temperature

Tstg range

T, max.
}
THERMAL CHARACTERISTICS

Ret(j-mb)

Rih(mb-h)

Rih(mb-h)

Thermal resistance junction
to mounting base

Contact thermal resistance
without insulating material

Contact thermal resistance
with the mica washer 56301B

70

45
6.0
3.0
6.0
0.5

15

-55 to +150

+150

6.0

1.0

4.0

C/W

C/W

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.

ICBO

“EBO

FE

VCE(sat)

Collector cut-off current
v CB~ 50V, IE =0

= = - 0
VCB = 50V, IE =0, Tj = 150°C

Emitter cut-off current
=5,0V, IC =0

Static forward current transfer ratio

Collector -emitter saturation voltage

ELECTRICAL CHARACTERISTICS (TJ. = 25°C unless otherwise stated)
Min. Max,

5.0
500

5.0

0.3

- 0.7

HA
HA

Mullard
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N-P-N SILICON PLANAR BD131
EPITAXIAL TRANSISTORS 2-BD131

ELECTRICAL CHARACTERISTICS (contd. ) R

Min. Max.
VBE (sat) ?Zs: ;)e?:,te[; ia;ug:;lf:on voltage X L2 g
IC =2,04, IB = 200mA - 1.5
“re Sone: t;)rO;;fa p?dt:?ci 0, f=1.0MHz - 60 pF
CB """ E e )
T L 025, Vo b0V
c > 'CE "™
f=35MHz, T, = =25°C 60 - MHz
MECHANICAL DATA
Maximum torque on nut 4,0 kg cm
) 0.4 Nm
Minimum torque on nut for good thegmal contact 3.0 kg cm
0.3 Nm
ACCESSORIES
Accessory Code No. Note
1 Mica washer 56301B } Supplied
1 Plain washer 56326 on request

When mounted on a heatsink it is essential that the plain washer be used to prevent
damage to the device while tightening the mounting screw.

Mullard
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ELECTRICAL CHARACTERISTICS OF COMPLEMENTARY PAIRS (BD131/BD132)

Min. Max.
BD131 hFE IC =0.5A, VCE =12v 78 250
IC=2.OA, VCE=1.0V 40 -
BD132 hFE —IC =0.5A, ‘VCE =12V 78 250
—IC=2.0A, -VCE=1.0V 40 -
(See also page 10)
AIB ‘ Difference in base currents (IB1 - IBZ)
atl, =0.58, Vo= 12V (Bmsl) and
-IC =0.5A, -VCE = 12V (BD132) - 1.0 mA

(See General Operating Note)

ELECTRICAL CHARACTERISTICS OF MATCHED PAIRS (2 -BD131)

Min. Max.
hFE Ic =0.5A, VCE =12V 40 280
AIB Difference in l?ase currents (IBl - IBZ)
atIC=0.5A, VCE=12V - 2.0 mA
(See General Operating Note)
GENERAL OPERATING NOTE
‘ Min, Max.
hFE 2 Ratio of static forward current transfer
L2  ratio for transistors with typical gain at:
FE1
1.=0.5A,V =12V - 1.2

C CE

For matched pairs with low gain, the resultant negative feedback is reduced and a
lower hgg ratio is required to maintain the necessary protection against distortion.
Conversely, for matched pairs with a higher gain, the resultant negative feedback
is increased and a higher hFE ratio will maintain the necessary protection against
distortion.

A general relationship fox the approximate second harmonic distortion,dy, genera-
ted by current gain mismatch, is given by the expression:

ay=B. L
a, B

where Alg is the difference in base currents, and § the typical feedback ratio for

i <
that stage, assuming AIB < IBZ'

Mullard
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N-P-N SILICON PLANAR BD131
EPITAXIAL TRANSISTORS 2-BD131

OPERATING NOTES

The rating graphs given in this data show the maximum permissible current and voltage
for combinations of duty cycle and pulse width with a mounting-base temperature up to
Tmb=60°C. In order to verify that the conditions of operation are within the ratings,
note the voltage, current, pulse width and duty cycle applied to the transistor. Compare
the application Vop and I~ plot against the Vo v I curve with the appropriate pulse
width and duty cycle. (e.g. Actual pulse widths of 1.7ms will use the 2.0ms curve, and
an actual duty cycle of 0. 37 will use the d = 0,5 family of curves). If the application con-
dition is always within the selected SOAR curve it is acceptable.

If the application condition just exceeds the selected SOAR curve, then linear interpol -
ation between the family of curves used and the next lower duty cycle curves.should :
indicate if the application is acceptable. i

For applications using non-square-wave pulses, reference should be made to the General
Explanatory Notes on SOAR where conversion to equivalent square-wave pulses is
explained,

Having approved the transistor application for both electrical and time conditions, the
maximum mounting-base temperature can be calculated using the thermal impedance ‘
curves * and the following equation: - :

o
Tmp max = ’I‘j max -~ (Ppk X Zth(t)) C

3

4

where P, =V (For square-waves) é
g

ok = Veem * lom

For non-square-waves use equivalent !
peak power figures. ’ /1

and Z th(t) = Transient thermal impedance for application

pulse width and duty cycle or equivalent E

pulse width for non-square-waves. ]

* See page 6

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS
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hFE ' 50131 il
[T11
1j=25°C
40
30 ]
Min,',.n
Um-
# Peeaty, t
CEvj lg_y
20 -
=1v -
=2V —
10
0
0 1.0 2.0 3.0 4.0 50 6.0 1(A)
heg BD131 {Complcmcntc’ry D169
BD132 pair
TT11
Tj =25°C
100 -
7%
.
Min;
"hu," bF
&
50 Qt \"‘ VCE/B
NTNED
£l8p,Y
| 32 =12y
}
25
-—-2\1
=1V
0 I
0 1.0 20 3.0 4.0 5.0 6.0 7.0

for BD131 +Ic(A), for BD132 -Ic(A)
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS
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P-N-P SILICON PLANAR '
EPITAXIAL TRANSISTOR BD132

Siliconp-n-p planar epitaxial transistor for general purpose, medium power appli -
cations. The BD132 may also be used with the BD131 to form a complementary pair
for push-pull, audio output stages. (See page 4 and BD131 data sheet).

QUICK REFERENCE DATA

Vepo ™a%e (15=1.0mA) 45 A
-VCE o max. 45 v
_ICM max., : 6.0 A
P maxe (T, =60°C) 15 w
hpg min. (I, =0.54, Ve = 12V) 40
fp  min. (-, =0.254, Vo = 5.0V,

f=35MHz, T, = =25°C) 60 MHz

OUTLINE AND DIMENSIONS
Conforms to J.E,D,E,C, TO-126

Collector comected to the metal part of the mounting surface,

7gmax

3.7%

11.4mex

254 max 0

g_)
el cll bl __J
—-I-L.LS 0.8gmax l I 29 04235

All dimensions in mm

1) Within this region the cross-section of the leads is uncontrolled.

Care should be taken not to bend the leads nearer than 2, Smm from the body.
The leads above this point should be clamped during any lead bending operation.

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
_VCBO max. (-Ic =1,0mA) 45 v
g . 4
vV CEO max 5 v
—VEBO max. 4.0 v
—Ic max. 3.0 A
-ICM max. 6.0 A
4
_IBM max. 0.5 A
0,
Ptot max.(Tmb =60°C) 15 w
Temperature
T g To0EC -55 to +150 °c
Tj max. +150 °%c
THERMAL CHARACTERISTICS
R, .. Thermal resistance junction
th(j-mb) to mounting-base 6.0 ‘c/w
Rth (mb-h) Contact thermal resistance o
without insulating material 1.0 C/W
R Contact thermal resistance
th(mb-h)  lih the mica washer (56301B) 4.0 °c/w

The use of a heafsink compound is essential. When the mica washer is used, the
compound must be applied to both sides of the washer.

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

Min. Max.
-1 Collector cut-off current
CBO
X = 4 = - .
VCB ov, IE 0 5.0 A
B - = - 0, ~
VCB 40V, IE 0, T]. 150°C 500 pA
—IEBO Emitter cut-off current
—VEB=3.0V,1C=0 - 5.0 pA
hFE Satic forward current transfer ratio
—1C =0,54, -VCE =12V 40 -
-IC =2.,0A, -VCE =1.0v 20 -
-V Collector -emitter saturatiomvoltage
CE(sat) 1 =0.58, -Ip = SOmA - 0.3 v
‘IC =2.0A, -IB = 200mA - 0.7 v

Mullard
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTOR ; BD132 ,

A

ELECTRICAL CHARACTERISTICS (contd. )

Min, Max.
-V Base-emitter saturation voltage
BE(sat) I = 0.54, -I = 50mA - 1.2 v
-IC =2.0A, —IB = 200mA - 1.5 \%
fT Transition frequency
-IC =0.254, —VCE =5.0v
f =35MHz, T = 259C 60 - MHz
amb
MECHANICAL DATA
Maximum torque on nut 4.0 kg cm
0.4 Nm
Minimum torque on nut for good thermal contact 3.0 kg cm )
0.3 Nm
ACCESSORIES
Accessory . Code No. Note
1 Mica washer 56301B Supplied
1 Plain washer 56326 on request

When mounted on a heatsink it is essential that the plain washer be used to prevent
damage to the device while tightening the mounting screw.

e e

Mullard
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ELECTRICAL CHARACTERISTICS OF COMPLEMENTARY PAIRS (BD1 31/BD132)

Min, Max.
BD131 hFE IC =0.5A, VCE =12V 73 250

= = 4 -
IC 2.0A, VCE 1.0V 0

BD132 hFE -IC =0.54, -VCE =12V 78 250

1 =2, - =1, 40 -
Ic 0A, VCE 1.0V

(see also page 10)
AIB Difference in base currents (IB - IBZ)

at IC =0.5A, VCE = 12V (BD131) and
—IC =0.5A, -VCE =12V (BD132) - 1.0 mA
(see General Operating Note)

GENERAL OPERATING NOTE

hFE 2 Ratio of static forward current
P transfer ratio for transistors with

hFEI typical gain at:

IC = 0,54, VCE =12V (BD131) and
-Ic = 0,54, -VCE = 12V (BD132) - 1.2

For complementary pairs with low gain, the resultant negative feedback is reduced
and a lower h ratio is required to maintain the necessary protection against
distortion. Conversely, for complementary pairs with a higher gain, the resultant
negative feedback is increased and & higher hpg ratio will maintain the necessary
protection against distortion.

A general relationship for the approximate second harmonic distortion, dg, gen-
erated by current gain mismatch, is given by the expression:

[+5]

Al

d 1
,°#

t

2

e
aQ

where Alp is the difference in base currents, and § the typical feedback ratio for
! that stage, assuming Alg << IBZ'

Mullard
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTOR BD132

OPERATING NOTES

The rating graphs given in this data show the maximum permissible current and
voltage for combinations of duty cycle and pulse width with a mountingbase tem-
erature up to Tpp = 60°C. JIn order to verify that the conditions of operation are
within the ratings, note the voltage, current, pulse width and duty cycle applied to
the transistor. Compare the application VeEg and I plot against the Vo v. Ic
curve with the appropriate pulse width and duty cycle. (e. g. Actual pulse widths of
1.7ms will use the 2.0ms curve, and an actual duty cycle of 0.37 will use the d =
0.5 family of curves). If the application condition is always within the selected
SOAR curve it is acceptable.

If the application condition just exceeds the selected SOAR curve, then linear inter-
polation between the family of curves used and the next lower duty cycle curves
should indicate if the application is acceptable.

For applications using non-square-wave pulses, reference should be made to the
General Explanatory Notes on SOAR where conversion to equivalent square-wave
pulses is explained.

Having approved the transistor application for both electrical and time conditions,
the maximum mounting-base temperature can be calculated using the thermal im-
pedance curves * and the following equation: -

= - 0,
Tmb max. Tj max. (Ppk X Zth(t)) C
where Ppk = VCEM x ICM (For square waves)
For non-square-waves use quivalent
peak power figures.
and Z Transient thermal impedance for

th(t) application pulse width and duty

cycle or equivalent pulse width
for non-square-waves,

* See Page 6

Mullard

BD132-Page 5



BD132-Page 8

INFA- T ETW
00l g ot 01 0oL, g ot
100 10°0
Tl )
swgl CF_ _ /
sugE / : —o.m z
m...,_.-o.“_ 1/ L
ﬂwoﬂm \A il
S T
CLL] N g $400g \ J
nwmﬂ_m”._w ‘ f/M rr ‘
Q.— s OQ— A ¥ Y D.—
N
srfQ| l/ / /
\ , =ven | NN NN
asInd 2
xow oy é///f N xowdy.
{¥) -8 (v)
W // NN Wd1-
| oK :
725 b h 7T= ,
.09 > 9w
27sa * 4 ol amem 2,093 %Yy ot

Mullard




P-N-P SILICON PLANAR
EPITAXIAL TRANSISTOR BD132
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hrE BD132 p3228
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40 y.
4
Ny
30 p.
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~ 111
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P-N-P SILICON PLANAR
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N-P-N SILICON PLANAR '
EPITAXIAL TRANSISTOR BD133

Silicon n-p-n planar epitaxial transistor for general purpose, medium power appli-

cations.
QUICK REFERENCE DATA

VCBO max, (IC = 1.0mA) 90 v
VCEO max. 60 v
ICM max. 6.0 A
Ptot max. ('I‘mb =60°C) 15 w
hFE min, (IC =0.54, VCE =12V) 40
fT min, (IC =(0.254, VCE = 5.0V

f=35MHz, T, . =25°C) 60 MHz

OUTLINE AND DIMENSIONS
Conforms to J.E,D.E.C. TO-126

Collector connected to the metal part of the mounting surface.

78m
| ; g
™M,
' /
g.: !
| = :
| z
£
£
™
o
ell ctl bl
0.5 0.88""""” 229 D&23%

All dimensions in mm

1) Within this region the cross-section of the leads is uncontrolled.

Care should be taken not to bend the leads nearer than 2. 5mm from the body.
The leads above this point should be clamped during any lead bending operation.

| Mullard
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RATINGS

Limiting values of ope

Electrical
Vv CBO max.
VCEO

VEBO max.

IC max.

Iy X

+
_IBM maX.

max.

P max.
tot

Temperature
T range

stg
Tj max.

(IC =1.0mA)

0,
(T_, =60°C)

THERMAL CHARACTERISTICS

R ih(j-mb)
Rih(mb-h)

Rth(mb -h)

Thermal resistance junction
to mounting base

Contact thermal resistance
without insulating material

Contact fhermal resistance
with the mica washer (56301B)

ration according to the absolute maximum system.

90 v
60 v
6.0 v
3.0 A
6.0 A
0.5 A
15 w
-55 to +150 °c
+150 °c
6.0 °c/w
1.0 oc/w
4.0 c/w

The use of a heatsink compound is essential. When the mica washer is used, the
compound must be applied to both sides of the washer.

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

CBO

EBO

FE

VCE.(sat)

Collector cut-off current
v CB~ 60V, IE =0

- - - 0,
VCB,_ 60V, IE 0, Tj 150°C
Emitter cut-off current
vV =50,1,=0

EB C
Static forward current transfer ratio
IC =0.5A, VCE = 12V
IC =2.0A, VCE = 1.0V

Collector -emitter saturation voltage
IC =0.5A, IB = 50mA

IC =2.0A, IB = 200mA

Min, Max.

- 5.0 A
- 500
- 5.0 A

40 -

20 -
- 0.3 v
- 0.7 v

— Mullard
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N-P-N SILICON PLANAR :
EPITAXIAL TRANSISTOR BD133

ELECTRICAL CHARACTERISTICS (contd. )

Min. Max,
Vay  Beemoesmmmne
IC=2.0A,IB=200mA - L5 v
cB T E e ‘
fT 'II‘rin(s)itzigi frsquen:g ov
c *»CE T
f=35MHz, T, , =25°C 60 - MHz
MECHANICAL DATA
Maximum torque on nut 4.0 kg cm
0.4 N m
Minimum torque on nut for good thermal contact 3.0 kg cm
0.3 N m
ACCESSORIES
Accessory Code No. Note
1 Mica washer 56301B Suppied
1 Plain washer 56326 on request

When mounted on a heatsink it is essential that the plain washer be used to prevent
damage to the device while tightening the mounting screw.

Mullard
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OPERATING NOTES h

The rating graphs given in this data show the maximum permissible cuxrent and
voltage for combinations of duty cycle and pulse width with a mountingbase tem -
perature up to Tpyp = 60°C. In order to verify that the conditions of operation are
within the ratings, note the voltage, current, pulse width and duty cycle applied to
the transistor. Comparethe application VCE andl¢ plot against the VCE v [ curve
with the appropriate pulse width and duty cycle. (e.g. Actual pulse widths of 1. 7ms
will use the 2.0ms curve, and an actual duty cycle of 0.37 will usethed =0.5
family of curves). If the application condition is always within the selected SOAR
curve it is acceptable.

If the application condition just exceeds the selectedSOAR curve, then linear inter-
polation between the family of curves used and the next lower duty cycle curves
should indicate if the application is . acceptable.

" For applications using non-square-wave pulses, reference should be made to the
General Explanatory Notes on SOAR where conversion to equivalent square-wave
pulses is explained.

Having approved the transistor application for both electrical and time conditions,
the maximum mountingbase temperature can be calculated using the thermal im-
pedance curves * and the following equation: -

0
Tmb max. = Tj max. (Ppk X Zth(t)) C

where : P. .=V

ok CEMX ICM (For square waves)

For non-square-waves use equivalent
peak power figures.

and = Transient thermal impedance for
application pulse width and duty
¢ycle or equivalent pulse width for

fion-square-waves.

Zth(e)

* See Page 5

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTOR BD133

DS5108
100 @
7 £
Zingy) 5
{deg C/W) 2
: 2
10 = 5
M= =lﬁr Rthts) &
5 & =
0.5
Wi
2102 /‘ - Zin(10)
popayt /
10 L kA i
y 0.1 = ; :
T —T -
s —FT
0 ] \
2 d=+
0"., Zunor={RentsrZinia d +Zento)
5 Ryn(sy = Steady state thermal resistance, d =1
Zinio) = Transient thermal impedance, d=0
2
O 1 A A A AT
. N T 57 2 7 2 5 7 2 s 7
1078 0 107 1072 0! 1 10

Pulse duration (s)

VCER j lI D20511]
max A
v Ic S10mA
Rg<10kQ

100

When the emitter is common,
90 - a value of 1{} should be used
in calculation of Rg/RE

80

70

60

50

1 10 10? 103 Rg/Rg 104
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTOR

D5195
40
{ 111
/ Tj = 25°C
[ 4
hFE
S
30 -~
4 ‘ ~
4 Minimum hpg 'at Vo = 12V
o)
-
N -
20 == -
[~ 2V
1V
-
10
0
0 10 20 30 40 50 Igl(A) 60
300 TTIT1 D2058 6 TTII1 T 02059
Ic }-{VcE = Z-O.V Ic VeE = 2'(1V
imA) [T =25 (A) T -25°C 7
250 Min Max. H 5
Min. Max.
200 4
J |
150 3
100 2
50 | /
0 4 ]
0 0-25 05 0-75 05 10 15 20 25
Vge(V} VBVl

BD133
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L RATINGS
3 . Limiting values of operation according to the absolute maximum system.

. BD136 BDI138 BD140
Electrical

; —VCB o max. 45 60 - v
—Vc EO max. (—IC =30mA) 45 60 80 \'
Vopg Max. (Rg=1ke) - - 100 v
B - . . . . v
o VEBO max 5.0 5.0 5.0
b -IC max. 0.5 0.5 0.5 A
é; —ICMmax. - . 1.5 1.5 1.5 A
e 0,
E Ptot max. (Tmb <60°C, see also graph below) 6.5 6.5 6.5 w
F Temperature
L’ Tstg range -55 to +125 °
' T, méx. +125 °
g ' THERMAL CHARACTERISTICS
R, . Thermal resistance junction .
th(j-amb) to ambient 100 degC/W
Rth (j-mb) Thermal resistance junction
! to mounting base 10 degC/W
Rth (mb-h) Contact thermal resistance
without insulating material 1.0 degC/W
L R R Contact thermal resistance
T th(mb-h) with the mica washer in
R2 accessory 56301 4.0 degC/W
‘; The use of a heatsink compound is essential. When the mica washer is ysed, the
*‘* compound must be applied to both sides of the washer.
i 100 02036
Fmax
(%)
75 ’ A
\ I
T
50 \
A\
25
Q
0 25 50 75 100 125 Tpopl*C)
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P-N-P SILICON PLANAR BDI36
EPITAXIAL TRANSISTORS BDI138

BD140

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

Min. Max.
—ICBO —Solle:;%;cult—ifg current ) 100 N
CB B n -
_ = = "~ 1950 _ :
VCB 30V, IE 0, Tj 125°C 10 ’ HA
-1 Emitter cut-off current
EBO
- =5.0V, = - 1
VEB 5.0V, I - 0 0 HA
hFE Static forward current transfer ratio
-1 _=5. - =2.0 - 4
IC 5.0mA, VCE 2.0V 25 "
-1,=150mA, -V, =2.0V BD136 40 250 :
BD138 40 160 .
BD140 40 160 \
—IC=500mA, —VCE=2.()V 25 -
_VBE Base-emitter voltage
—Ic=500mA, —VCE=2.0V - 1.0 v
-V, Collector-emitter saturation voltage
CE(sat) -1_,=500mA, -I_=50mA - 0.5 Vv
C B
fT Transition frequency
—IC'—'50mA, _VCE: 5.0V
f=35MHz typical 75 MHz
h Current gain ratio for
FE1 .
K—— complementary pairs
-1_,=150 - =2. ' - 1.6
FE2 IC mA, VCE 2.0V .
MECHANICAL DATA
Maximum torque on nut 4 kgem
0.4 Nm
Minimum torque for good thermal contact . 3 kgem
0.3 Nm
ACCESSORIES
Accessory Code No. Note
1 Mica washer 56301B { Supplied
1 Plain washer 56326 on request

When mounted on a heatsink it is essential that a plain washer be used to prevent
damage to the device while tightening the mounting screw.

Mullard
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DERATING AGAINST MOUNTING- BASE TEMPERATURE

log
scale

The maximum permissible power for selected pulse widths and/or mounting-base
temperature canbe obtained fromthe graphs on pages 5, 6, 7 and 8 where the Pmax
value for Tpyp <60°C is calculated from the line of constant power (i.e. that part
of the curve which has a slope of -1}, on the relevant -1 c versus _VCE curve.

For mounting-base temperatures in excess of 60°C, the constant power line BC in
figures 2A and 2B is reduced to the % of Prax as read from the % Ppax Versus
Tmb graph onpage 2. The safe operating areafor the higher temperature is defined
either by the points A B! D' D E in figure 2A, or by the points A B'D'E in figure
9B. The second-breakdown power line is only modified by the intersection point D'
and is not adjusted against temperature in any other way.

Prax
{246)

figure 1 !

Tmb

-1c 4

log
scale

tigure 2A D! figure 2B N
AN
D ~\°
Dl
E E
log scate ~VCE log scale -VeE
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P-N-P SILICON PLANAR ‘ BDI36
EPITAXIAL TRANSISTORS BDI138 ”

BD140
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N-P-N SILICON DIFFUSED
POWER TRANSISTORS

BDI8I
BDI182
BDI83
BD184

N-P-N silicon diffused power transistors primarily intended for use in domestic

hi-fi and general high quality audio amplifiers.

QUICK REFERENCE DATA

BD181  BD182 BD183 BD184
Vopo e 55 70 85 95
Vgo Max: 45 60 80 90
ICM max. 15 15 15 15
P, max. T  <25°C - 117 117 117

tot mb~— .
T . <80°C 78 . - - -
mb=

Tj max. 200 - 200 200 200
heop Tange I =34, V =4V 20-70 - 20-70 -
:4 = - 0-T70 - =

I,=4A, V=4V 20-7 20-70
= = "
fpe VP 15=0.34, V =4V 20 20 20 15

£ = » < <

Unless otherwise stated data are applicable to all types
OUTLINE AND DIMENSIONS

Conforms to BS 3934 SO-5A/SB2-2
J.E.D,E.C. TO-3
ggmas
‘ 266™ 1.5

- - C ~NoOF
1 e

395 mox
30
L
|
7
203 ™o
Y

169

109 n

D4233

All dimensions in mm
Collector connected to envelope
Accessories available: 56201B (mica washer), 56214 (lead washer),
56239A (insulating bush)

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
BD181 BD182 BD183 BD184
v CBO max. 55 70 85 95 \'
\' CEO max. . 45 60 80 90 \'2
Vg Max. (Rpp=1009) 55 70 85 95 v
VEB o max. 7 7 7 7 \
I c max. 10 15 15 15 A
ICM max. 15 15 15 15 A
—IEM max. 15 15 15 15 A
I‘BM max. 7 7 7 7 A
P max. T, <25°C - 117 117 117 w
tot mb—
T . <80°C 78 - - - w
mh—
Temperature
T g YONEC -65 to +200 °c
T, max. 200 °c
THERMAL CHARACTERISTICS
Ryp -m) 1.5 degC/W
Rth (j-amb) in free air 45 degC/W
th (mb-h) contact thermal resistance with
lead and mica washers (No. 56201) 0.75 degC/W
ELECTRICAL CHARACTERISTICS (Tj =25°C unless otherwise stated)
Min. Typ. Max.
I CBO Collector cut~off current
VCB=45V, I,=0, 'I‘j =200°C BD181 - 0.5 2.0 mA
VCB=60V, IE=0, Tj=2000C BD182 - 1.0 5.0 mA
V g =80Vs I5=0, Tj=200°C BD183 - 1.0 5.0 mA
' = = o -
VCB—QOV, IE~0, Tj 200 C BD184 1.0 5.0 mA
IEBO smxtie;'vcutl;—oifocurrent ) o1 50 oA
EB o) . :

Mullard
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N-P-N SILICON DIFFUSED BDI8I
POWER TRANSISTORS BD182

BDI83
BD184

ELECTRICAL CHARACTERISTICS (cont'd)
Min, Typ. Max.

v Collector-emitter breakdown voltage
(BR)CEO IC=0. 24, I.B=0 BD181 45 - - v
BD182 60 - - v
BD183 80 - - \
BD184 20 - - v ;
v Collector-emitter sustaining voltage
(BR)CER o=0-24, Ry = 1009 BD18L 55 - - v
BD182 70 - - v
BD183 85 - - v
BD184 95 - - v
v CEK Collector-emitter knee voltage
IC =34, IB =IB1 (see note 1) BD181, 3 - 0.5 1.0 v
Ic=4A, IB=IB1 (see note 1) BD182,4 - 0.55 1.0 v
hF E Static forward current transfer ratio
I =34, V__ =4V BD181,3 20 40 70
C CE
Ic=4A, VCE=4V BD182,4 20 40 70
hEE at 0. 3A Static forward current transfer
hpgat1 c ratio linearity E
IC=3A, VCE=4V ’ BD181, 3 - 2.5 3.5
IC=4A, VCE=4V BD182,4 - 2.5 4.0 3
fhf Common emitter cut-off frequency ) :
€ 1,=0.34, V=4V BD18L,2,3 - 20 - kHz
BD184 - 15 - kHz :
h Ratio of static current gains
brpm of matched pairs i
IC=3A, VCE=4V 2xBD181,38 - - 1.3
IC=4A, VCE=4V 2xBD182,4 - - 1.3

Mullard
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NOTES

1. I'_Bl = the value for which I

Io1
Ic
(A)

Cl

=1.1x Ica.tV

=1.5V

1.5V

Veg W

2. VBE decreases by approximately 2.0mV/degC with increasing temperature.

Mullard
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BDI8I
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N-P-N SILICON DIFFUSED BDI8I

¥
POWER TRANSISTORS BD182
BD183
BD184
fe |] i BD181 ; HT—F 1o
(A} (F 1 ] [ ]
1.H —1— Tmb =25¢C .
1 [C max Peak r—1— — ;
15 | o = oo low - - - i -
10 Hs T{Tm u 4y ‘
g I~ max D.C. NG 1 ] A
c C T O.Q T
! %e,. L]
Q,}. H
o, X
1.0 l ) I ;
i ] :
o 8 ] T
] o Vero Max] Bl
=45V
01 1.0 10 100 VCE {v)
e | ] BD182 f H 01733
b ——— 11 11BD183 -
(A) | f i - %
F M Tmp 225°C k
] Tmb 1]
’ l Pulse operation®
I« max D.C. or Peak 1 g
15 ¢ gr= - ; !
i BNANLI f
10 e AN  — o ;
Aa H O_O - L 100ys 11 :
5 ‘o, BEN
I “e) 1ms
3 Q';'o | 1
NS Toms ﬂﬂ |
1 i
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| ] [T i
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. 1]
000 N o AR
0. 1.0 10 100 VCE [47]

y
Mullard .

BD181-Page 7 o




o |E 1 BD184 | D1734
7t W]
A
A Tmb=25"C il :
[ 1]
Pulse opcrahon*
- lr‘ max D.C. or Peak A T
15 | [ - I =< ¥¥ ]
10 L AT
E N 04\ 1]
F O(X’i 0/6» 111
I 'o \? .|
OaN_ | ims [Tt
»o’,\l \
N
1.0 -
. VCEO max n
=80V :‘_
[ e : o ]
For single non repetitive pulse
0.1 Lt " m— — S Bt o e ity B—— g AN
0.1 1.0 10 100 VCE(V)
VCER Tt D172
max . =25%
) Tj=25°C -
100 BD184 T T
AN T 1
INRERN 111 BD183
80
BDI182 1]
.~y —
B —
60 E BD181
B0 . T~
40
20 §
107 1 10 107 10° 104 Rpgif)

Mullard

BD181-Page 8




N-P-N SILICON DIFFUSED BDI8I

POWER TRANSISTORS BDI182
BDI183
BD184
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N-P-N SILICON DIFFUSED
POWER TRANSISTORS
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Ic BD181-184

D1742
A [TTTLT
5:1 vcE:z..vi
o Tj =25°C
4
] Typ. Max.
S
2
0
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10
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N-P-N SILICON DIFFUSED : BDI8I

POWER TRANSISTORS BD182
BDI183
BD184
heg HH H D1744
7] - 1 I}
100
1 5 1 Veg =4V muRail
AR NI Typ Tj=25°C
80 - »
0 H—T"1TT3yp \ B
[ 1 ] \\\
60 T un A Y I ;
| | | NI
— -
40 H H i HHH
T 1 N1 i
204 L N L]
— H — NS BD182, BD184]
0 L I e e NS N W BN Y S VNN PR IV W 6 1 A O L LLLLIL
0.01 0.1 1 10 IclA)
frte D745
(kHz)
1
40
Vee =4V
~ Ti =25°C
BD181-183
7 LTI 4
30 > 111 ]
~ BD184 :
AN - 7
N Typ. - ;
20 P, ]
N ]
Typ.
10 ;
g el L L b L i I I R O 1 L Ll nnn
3 S 7 3 5 7 3 S 7
ot i , 10 IclA)
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N-P-N SILICON EPITAXIAL-BASE BD201
A.F. POWER TRANSISTORS ' BD203

N-P-N silicon epitaxial-base power transistors in a plastic envelope. With their
p-n-p complements BD202 and BD204 they are primarily intended for use in hi-fi
equipment delivering an output of 15 to 25W into 4 or 89 load.

QUICK REFERENCE DATA
BD201 BD203
VCBO max, 60 60 v
Vc EO max., 45 60 v ‘
Ic max. 8.0 8.0 A
0,
Ptot max, (Tmb =25°C) 60 60 w
Tj max. 150 150 ¢
hFE min, (IC =34, VCE =2V) 30 -
(IC =2A, VCE = 2V) - 30
fhfe min, (IC =0,34A, VCE = 3V) 25 25 kHz

Unless otherwise stated data are applicable to both types

OUTLINE AND DIMENSIONS Similar to J, E.D,E,C, TO-220

Collector connected to the metal part of the mounting surface,

15.8 !
max i

45
max

S I

10.3 max

—-—‘ 3.6

k05
—J 24 DS358

All dimensions in mm

Accessories available: 56338(insulating bush), 56325(mica washer)

Mullard |
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0s221 3 psa22
T 1 10 —F— ¥
LT TE 2
5 | AR & 1
100 F—+—~Veg =0V - -lego [ Ver=40V max |
-lg L
(mA} v 10°
V‘E=3A 7
75
\
typ ‘
10 4
50 : - typ -
N 2A 4
/ ] » 7
typ , /
25 R= 7
- [
0 16’
~100 0 100 T, °C) 200 0 50 100 T;(°C) 150
20 DS223
fr
{MHz2) — ‘Vca=3v
T;=25°C
15
A
10 typ
-
[
5 ——
oL
0 1 2 3 4 5 IglAl 6

Mullard
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N-P-N HIGH VOLTAGE
SILICON TRANSISTOR BD232

Triple diffused n-p-n silicon transistor in a plastic envelope, grimarily intended
for use as line driver in television receivers .

QUICK REFERENCE DATA

VCERM max., (RBES 1k, tp<10ms) 500 v

VCEO max, 300 \Y%

IC max. : 0. 25 A

ICM max. (tps lms)o 1.0 A

Ptot max. (Tmbs 62°C) 7.0 oW

Tj max. 125 C

hFE min, (IC =150mA, VCE =5V) 20

fT typ. (IC=50m.A, VCE=10V, f=5MHz) 20 MHz ‘

OUTLINE AND DIMENSIONS

Conforms to . E.D.E.C. TO-126
Collector connected to the metal part of the mounting surface

28mex 7gmr
[Tel
| - &
NG il
o g
- £
s .
E ;
3 [12 ] J
o~ i
£
£
=
Q
eldcldby___ J

05 - 0.88’““‘” 229

All dimensions in mm

1) Within this region the cross-section of the leads is uncontrolled
Accessories available: 56301 (mica washer and torque washer)

- Torque on nut: min. 3kg cm (0. 3 Nm), max. 4kg cm (0.4 Nm)

Mullard
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‘RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical ]
. = <
VCERM max (RBEf 1kQ, tp 10ms) 500
VCEO max, 300
VE po Max. ' 5.0
1 C max. 0.25
ICM max. (tp = 1ms) 1.0
IB max, : 0.25
< 400

Ptot max. (Tmb_ 62°C) 7.0

Temperature
T -55 to +125

stg
T. max. . 125
]
THERMAL CHARACTERISTICS

Rth(j -mb) 5.0
Rth(j—amb) . 100
Rth (mb-h) with mica washer and heat conducting compound 3.0
Rth (mb-h) for non -insulated mounting 1.0

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

Min. Typ. Max.

ICES *Collector cut-off current
VBE =0, VCE = 500V . ’ - - 0.1
VBE=0, VCE=500V, TJ.=125C - - 1.0

*Measured with a half sine wave voltage (curve tracer)

2 > o < < <

C/W
C/W
C/W
c/w

mA
mA

Mullard
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N-P-N HIGH VOLTAGE
SILICON TRANSISTOR

ELECTRICAL CHARACTERISTICS (contd)

Min,  Typ.  Max.

h Static forward current transfer ratio

FE
Ic = 50mA, VCE =5V

IC = 150mA, VCE =5V

v Base-emitter voltage

BE _ _
IC = 150mA, VCE =5V

v
CE(sat) =150mA, I = 15mA

IC B

Collector -emitter sustaining voltage

v
CEO(sust) Ip=0. I = 100mA, L = 25mH

+50v
100-2000

hor.

oscilloscope

vert.

30-60Hz VT 004 22
4

04480

Test circuit for V

25 - 150
20 - -

Collector -emitter saturation voltage

300 - - v

Veeo (V) 300V

Oscilloscope display for V

CEO(sust) CEO(sust)
fT Transition frequency
IC = 50mA, VCE =10V, f = SMHz - 20 - MHz

Mullard
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Ioymax D4482
1 T SN T
7 Pyt mMax e
Ic ' X AN UYL
(A) \\ , \} N20
1o NN
. W\ NN \ \\
» % NN
10 %xx;\ A 1004
.0 N\
’ %% A—H
> N\ \
s %, A
“ % ANANEAN I
o A\ AN £ 370
ANV
2 %
I % N\ _\lsco
()
192 Z \L Lims
\J Y4
7 45
s [1d.c
2
4 mi—]
10
7
5
Wt
Tonp € 62°C
2
10%
1 M s 102 Veg (V)

Safe Operating Areas (Regions I, I and III forward biased)
1 Region of permissible d. c. operation
II Permissible extension for repetitive pulse operation

III  Area of permissible operation during turn-on, provided
tps 0. 3us and RBES 1kQ

v Repetitive pulse operation in this region is allowable,
provided RBE = 1kQ.

Mullard
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N-P-N HIGH VOLTAGE
SILICON TRANSISTOR

D448
102 1
Zih(j-mb) _J I l L
(*c/wW) t
gl
T d=T
10 d=] P ——
7 0.75
5 0.50
0.33]
e
z 0.20,
11
1 4010114
7 Lt 0.05]
s rH10.02
LT 0.01
ot
2 ]
16"
7
5
2
108
1073 1072 10" 1 10 710° tpIms) 10°
D4é84
$.B. voltage multiplying factor at the Ic max level
Mss(1)
2
10%
7
5
d=0.01
2 0.05
¥
10 0.10] NN
7 —H NN
s 0.20 NN
P11 —
0.33
1 1
2 0.50 | —
L)
0.75 -—— )
1 (1] T :&J
w? T2 P 7 g 17 tplms) T 10

Mullard
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DL 8S

SB. current mult'iplying tactor at the Vcgo max. level
Msatv)
102
7
5
) 0.05 d=0.01
1Tt T
- N
) 0.0 "‘m.\
10 > v
11
1l
? 0.20 -
s 11 \\ |
0.33 - 1
iy
) 0.50 B NN
0.75 =R
1 [[1
103 ? s 7902 F 7ot * 1 tplms) > 7 10
R o727 .1.] D4487
102 : = 6 TTTT1]
d Vl ISV CTTTTTT
CES. Typ. values [17]
I T;=25°C VeEisat) T=2se¢ 1
1A) I - W ) H
2
\
1
102 4 \
7 1
R 1
\
1
i typ.
|
10 2 \
? |
s \ \
\
\ o102} 0.3} 04 NT1c=054
Y N \l];‘ ‘ﬁq
1 0 L Iy
o] a5 v Vgelvl 15 0 100 Ig{mA) 200

Mullard
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N-P-N HIGH VOLTAGE ,
SILICON TRANSISTOR ‘ BD232

. D4488
s 1 |
- Veg= 5V
Tj =25°C]
hee
50 et typ -
\
\
\
L
\
\
\
25 \
\
0
1 2 5 T 2 s 7 102 2 Ic(mA)s ) 103
DL4LBS
40
f ' T, =55°C
riz) Veg =10V
30
20 r typ -
4 h
P’
10 AN
\\
L~ N\
’ 3
1 2 5 7 10 2 5 7 102 2 Ic (mA) ] 0
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N-P-N' SILICON ‘ ' BD233
EPITAXIAL-BASE TRANSISTORS BD235

BD237

N-P-N silicon epitaxial-base transistors in a TO-126 plastic envelope, intended for
use in television and audio amplifier circuits where high peak powers can occur.

QUICK REFERENCE DATA
BD233  BD235 BD237

VCBO max. 45 60 100 v
v CEQ Max: 45 60 80 A
VCER max. (RBE = 1kQ) 45 f\)f) 100, v
ICM max. . 6.0 A
P, max. (T_, <25°C) 25 w
Tj max, 150 °c
hpp min. (=14, Vo = 2V) 25
£ min. (I, =250mA, V. = 10V,

f = IMHz) 3.0 MHz

Unless otherwise stated data is applicable to all types.

OUTLINE AND DIMENSIONS

Conforms to J.E.D.E.C. TO-126
Collector connected to the metal part of the mounting surface

2 gmas 7gm0
e
. o,
NG . .
@ - 3 ) Torque on nut:
= min. 3kg cm
i (0. 3Nm)
. ! Max. 4kg cm
Y ¥
I8l Y | . f (0. 4Nm)
o
¢
o
) ell cllb 4 .
C 1 w58 I I 0.5 088" “ 229 D4235

All dimensions in mm
1) Within this region the cross-section of the leads is uncontrolled.

Accessories available: 56301B (mica washer)
56326 (plain washer)

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system,

Electrical
BD233 BD235 BD237
A cpo Max- 45 60 100 v
A% CEo Max. 45 60 80 AY
VCER max. (RBE = 1kQ) 45 60 100 v
VEBO max. \ 5.0 \5/.0 5.0, V
IC max. 2.0 A
ICM max. . 6.0 A
Ptot max, (Tmb <25°C) 25 w
Temperature
Torg -55 to +150 Z
Tj , 150 C
THERMAL CHARACTERISTICS
Rth(j-amb) (in free air) 100 :C/W
Rth(j -mb) 5.0 0C/W
Rth(mb-h) using mica washer and compound 3.0 oC/W
Rth (mb-h) non -insulated mounting 1.0 C/W
ELECTRICAL CHARACTERISTICS (Tj =25°C unless otherwise stated)
Min, Max.
ICBO ?ol:e(c):to‘l; cut:sz cur;e:; ) 100 A
E 7 'CB CBO : o
IE=0, VCB=VCK) max. , Tj=ISOC - 3.0 mA
IEBO IEcm=11::)(—fr \;2]:; :f; \c]:urrent ) Lo oA
I s T
C ' "CE :
v CE(sat) Collector -emitter saturation
voltage
IC=1A, IB=0.1A - 0.6 A\
hFE S-tat:ic forward current transfer
ratio
IC = 150mA, VCE =2V BD233,BD235 40 250
BD237 40 160
Ic =14, VCE= 2V 25 -

Mullard
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N-P-N SILICON BD233
EPITAXIAL-BASE TRANSISTORS BD235

ELECTRICAL CHARACTERISTICS (contd)

Min, Max.
fT Transition frequency
=2 R = R

I - 50mA, V CE 10V

f = IMHz 3.0 - MHz
Switching characteristics
I,.=1A,1 = - =0.1A
C B(on) B(off) Typ.
t Turn-on time ’ 0.3 us
on
toff Turn-off time P § us

Test circuit

Dioe3

Ig(on) L—— - ‘ T
Input pulse: I /- 90 /-K .
=t = B £10% A
t=t= 15ns ) 0 3 t £
t = 10us S

T = 300ps -lgoin F—————————

=la(ot1)

! ‘
¢ 1‘90'/. \
o0, '
0 10%

D498

Mullard
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D4985

] 1 Pulse operation d?O.lm

Icm max

AN N :TI\ 2
\\ \\ AN 7] G

” Q.
, 5 N
Ic max s N l

%
Ptot max (dc) /'0\\

7

<
A
o
] |

-
]

aZd
ey
]

]
Second ~~
breakdown (d.c.)
(independent

of temperature)

N

=

b et e —— e ——

BD233
BD 235
BD237

J| g
[

1 10 Ve (V) 100

SAFE OPERATING AREAS WITH THE TRANSISTOR FORWARD BIASED
I Region of permissible d.c. operation

I Permissible extension for repetitive pulsed operation

BD233-Page 4
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N-P-N SILICON :
EPITAXIAL-BASE TRANSISTORS

BD233
BD235
BD237

3 D4{986

‘07 B S i T o 4453 5 et L':.v.:'ff g RN
Zinj-mb)
(*c/iwW) —

2 —"Itpl‘-‘ tp
102 : T
10

T-d=1

0.751

=050 -

? 0.33

, 0.20 HHTT A

0.103
1 T
& £0.05 14
0,02
™ 10.01
2 0 {
107 | i i
2 7 5 7
102 107" 1 10 102 10°  tp(ms) 104
04987
102| S.B.voltage multiplying factor at the . max level
) .
3 1
Mssi1)

2

10 a5 01
0.05

7 10

5

[F0.20 ™

-
0.33 -
P— N

2£0.50 == 5..1 x\

0.75 h.._"_..’--"\\‘ .
\ B
| =, ]
107 * T : 7 tplms) ° 7 102

Mullard
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D 4988

102[ 5.B. current multiplying factor at the Vego max. level BD233
Msav)
10
0.20 +- 0.101-d=0.0
0.33 M
: -
4 050k, T =
Tttty ——
) 75 -\\ ~=
! 5 7 — H 5 7
10°! 1 10 tp (ms) 102
D4989
102[ 5.B. current multiplying factor at the Vegomax level 80235
Msaiv
10
5 0.10Jd= 0 (t) \
— 0.20. M
\\ "N
F—0.33 I
™~
2}—0.50 \\\‘ e
“NI-._\\
0.75 [re—
- -
1 1 =t $ -
7 5 7 2 5 7
107! 1 10 tp (ms) 102

MU“ard 'BD233-Page 6




N-P-N SILICON 4
EPITAXIAL-BASE TRANSISTORS

BD233
BD235
BD237

D4990

2
10°['s B current multiplying factor at the Veggmax level BD237}
7
Mssiv)
10 d=0.01
’ 0.05
e 0.10
5 !
020~
0.33 T~ N .
2F—0.50 — )\ ~:~\
. SN i,
0.75 - ————
- "'4\.4 \Eﬁiﬁ
1 RN ! ——
R 3 7 5 7 2
107! 1 10 tp(ms) 10
04991 04992
1 T 11 1 1 7
[ 1] TrT i
Veg=2V Typical values
Ig Vee(sat
{A) v)
1.5 3 1= 0.5
1A
A
/ZA
M1 41
typ H
1 2
05 1 \\
™~
0 / 0
0 0.5 1 Vagl(V) 1.5 0 100 200 300
‘ Ig{mA)

Mullard
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. i 4993
200 LITHE [ 11
N Typical behaviour Veg =2V
FE
Tj=25°C
150
100
ot
~
N
50 N\
0
10 102 107 Ic(mA) 104

Mullard
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P-N-P SILICON ‘ BD234
EPITAXIAL-BASE TRANSISTORS BD236

BD238

P-N-P silicon epitaxial-base transistors in a TO-126 plastic envelope, intended for
use in television and audio amplifier circuits where high peak powers can occur.

QUICK REFERENCE DATA
BD234 BD236 BD238

-VCBO max. 45 60 100 v
_VCEO max. 45 60 30 v
_VCER max. (RBE =1kQ) 45 6v0 100, v
‘ICM max., 6.0 A “;
P, max. (T <25°C) 25 w ;
T, max. 150 °c ;
hFE min, (—IC = 1A, -VCE =2V) 25 *
£ min. (I =250mA, -V =10V,

f = IMHz) 3.0 MHz

Unless otherwise stated data is applicable to all types.
OUTLINE AND DIMENSIONS

Conforms to J.E.D. E.C. TO-126 -
Collector connected to the metal part of the mounting surface b

28™ 78mex
O
~
- ™,
NG .
. o g Torque on nut: ‘ ;
pa min. 3kg cm ‘
I (0. 3Nm)
= | Max, 4kg cm
3 (0. 4Nm)
L
o~
:
«”
v
el cl bl 4
0.5 08873 | I 229 04235

All dirnensions in mm
1) Within this regiop the cross -section of the leads is uncontrolled.

Accessories available: 56301B (mica washer)
’ 56326 (plain washer)

_ Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

C CE

Mullard

Electrical
BD234 BD236 BD238
_VCBO max. 45 60 100
—Y CEO MaX- 45 60 80
_VCER max, (RBE =1k®) 45 60 100
—VEBO max, 5.0 5\.’0 5.0,
-1 o max. 2.0
—ICM max., 6.0
P, max. (T <25°C) 25
Temperature
TStg ~55 to +150
Tj max. 150
THERMAL CHARACTERISTICS
Rth (j-amb) (in free air) 100
Rth(j -mb) 5.0
Rth (mb-h) using mica washer and compound 3.0
Rth (mb-h) non -insulated mounting 1.0
ELECTRICAL CHARACTERISTICS (Tj = 25°C unless otherwise stated)
Min. Max.
-ICBO fol:%ctoi] cut ;Of.fv curre:::a . ] 100
E ' 'CB CBO : o
IE =0, _VCB = _VCBO max. , Tj =150°C - 3.0
IEBO izcmitéc::r-\c]\;tBo:fsslurrent ) Lo
C '’ 'CE :
_VCE(sat) Collector -emitter saturation
voltage,
-IC =1A, -IB=0.1A - 0.6
hFE StaFic forward current transfer
ratio,
-IC = 150mA, -VCE =2V BD234,BD236 40 250
BD238 40 160
I,.=1A, -V =2V 25 -

= > > < < <4 <

Q

C/W
C/W
C/wW
C/W

mA

mA

BD234-Page 2




P-N-P SILICON BD234
EPITAXIAL-BASE TRANSISTORS BD236

BD238

ELECTRICAL CHARACTERISTICS (contd. )

Min. Max,
f'f Transition frequency
-Ic =250mA, _VCE = 10V,
f = IMHz 3.0 - MHz
Switching characteristics
-1, =1A, -1 =1 =0,1A -
C B(on B(off’
(on) ~ "Bott) Typ.
Turn-on time 0.3 us
on
to o Turn-off time 0.7 us
Test circuit
6.4V
-20.3V

+1V =—
0
-16V
D4994
~letom 77 90
-lg . \
Input pulse: 0 10% !

t =t.= 15ns \/
r f
t = 10us lgotn |~ ————""——~ I~

P
T = 500us
/ 90%
o & t
0 ) 10/;1
—ton— -ttt D498L/1

_[c

Mullard
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D495

10 1 Pulse operation d=0.0!
7 =1 t =
-1 cM max p(ms)
Al s \avmvatn g
: \ N - 0,, s
\ \ o‘i’g N
: Q
NN
) -I¢ max ¥ |
P
PR
Pyot max ' \
N\
1 S ¥ -
X
7 \ {
5 -
TN
Second ‘ \
breakdown (d.c)
z {independent [ 8
I of temperature) l
0. i
: ;
5 ) BD234
BD 236 -4
B0 238~ |
T €25°C il
2 i
001 5 7 2 l5 7
1 2 10 ~Veg V) 100
SAFE OPERATING AREAS WITH THE TRANSISTOR FORWARD BIASED
1 Region of permissible d.c. operation
II Permissible extension for repetitive pulse operation
Mullard -
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P-N-P SILICON o | BD234
EPITAXIAL-BASE TRANSISTORS BD236

BD238

D4966
108
; H
Zingj-mb) 11
(ec/w) -
‘ Tl e
d=—
T
102 : T
k-
10 = =
75:d=] ‘1 1T T t T H
=-—=0.75
—+0.50 -
2 0.33 ]
i Leeet 0.20
0.10;
™ - -
5 o Pt
LU THFec1 [ 1] ) i N
) o T 'I I\ i ‘.“TT:? i i
107 | R i J
2 2 57 2
102 107! 1 10 102 100 tpims) 10
: D4996
‘]02 I T TTTTT )| L L 1 T TTIT 1 1 )|
2 S.B. voltage multiplying factor at the Icmax level
Mss(1)
d = 0.01
10 005
I
N7 0.10
Sj
[~ 0.20 ]
0.33 N
oy Py
2 0.50 = ~~':‘\\
. el —
0.75 ‘~_~--‘-\\\
1 - ]
- 5 7 2
10 1 ] tpims) 102

BD234 -Page 5




04897

102 LT TTIT B A D S B B | I T 50234
9 _ . S.B.current multiplying factor at the -Verg max level
8
Msavi
2
10
7
s d=0.01
033k 0200~ | 0.0
Ty
il ™
2 050w ’\K
hd- —T
075 T ———
1 -
4 2 B 5 2 5 7 2
10 1 10 to {ms) 10
D4998
102 T T T 11T T 1T [T T T TITT T 50236
4 S.B.current multiplying factor at the -Vcgg max level
5
Msa(v)
2
10
7
1d=0.01
5
020 b 1Y)
'\ )
— 033 q
~<| '
2}— 050 : \\ -
™ —
07—l - §~E LL
! 5 7 2 5 Jv == 2 5 7 -
0 1 10 tp(ms) 10

BD234 -Page 6




P-N-P SILICON - BD234

EPITAXIAL-BASE TRANSISTORS BD236
D499
102 — L T rIy1r — 1T T T 7T T TIIT 1 T 50258
9 S.B. current muitiplying factor at the -V max level
s
Msgv)
2
= 0.01
10 - = 0.0
7 N 0.10
]
- 0.20 l“
0.33 | :\.
2 |- 0.50 =
\
0.75 iy = |
1 - "
- 2 s 7 . 2 3 7 2 S 2
10 1 10 tp (ms) 10
05000 05001
f i i Typ. vatues
T.=25°C
Vg =2V \| i
2 4
1j=25°C 1
~Ic ~VCE (sat)
(A} )
1.5 3 \
tyR
1 2
A
2A| ”
0.5 1 T =0EA ;
1 .
A
0 o =1 ]
0 05 1.5 0 100 200 300
-VBE V) 'IB (mA)

Mullard

BD234 -Page 7




200

hre

150

100

50

05002

mEa

Typical behaviour

“Veg =2V
Tj=25°C

-Ie (Al

10
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P-N-P SILICON BD262
DARLINGTON POWER TRANSISTORS BD262A

BD262B

P-N-P silicon epitaxial base power transistors in monolithic Darlington circuit,
intended for audio output stages and general amplifier and switching applications.
Encapsulated in TO-126 plastic envelope. N-P-N complements are BD263, BD263A
and BD263B respectively. ’ ’

QUICK REFERENCE DATA
BD262 BD262A  BD262B
-VCBO max. 60 80 109 v
-VCEO max. ﬂ) i(i 100 v
T MaX . 6.0 A
Ptot max (Tmb =257C) 36 . 0W
Tj max. 150 C
hFE typ. (-IC =0.54, 'VCE =3.0V) 1000
min. (-Ic =1.5A, -VCE =3.0V) 750
fT typ. (-IC =1.5A, _VCE =3.0V) 7.0 MHz
Unless otherwise stated data are applicable to all types.
OUTLINE AND DIMENSIONS
Conforms to J.E,D.E,C, TO-126
Collector connected to the metal part of the mounting surface
28max 78 Mo
el
~
o
= . . 5 Torque on nut:
?5 min, 3kgcm
i (0. 3Nm)
max. 4kgcm
(0. 4Nm)
:
it
u;}
ell clloll___ ¢

L ss ” 05 o.aemf"” 229 p4aas

All dimensions in mm

1) Within this region the cross-section of the leads is uncontrolled,

Mullard
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CIRCUIT DIAGRAM

05736 e

RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
BD262 BD262A BD262B

Vepo Max. 60 80 100 v
-VCEO max. 60 80 100 v
_VE!I) max. 5.0 Ei/ 0 5.0V
-1 c max. 4.0 A
'ICM max, 6.0 A
-LB max, 100 mA

P max. (T . = 25°C) 36 w

Temperature
Tog -55 to +150 °c
' Tj max. 150 oc
~ THERMAL CHARACTERISTICS
Ry (j-ampy I free air 100 crw
R\ (j-mb) 3.5 %c/w
Rth(mb-h) using mica washer and compound 3.0 oc/w
R th(mb-h) non -insulated mounting 1.0 oC/W
5 -ACCESSORIES
Accessory Code No. Note
1 Mica washer 56301B Supplied
1 Plain washer 56326

on request

When mounted on a heatsink it is essential that a plain washer be used to prevent
damage to the devices while tightening the mounting screw.

Mullard
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P-N-P SILICON | BD262
DARLINGTON POWER TRANSISTORS BD262A

BD262B

ELECTRICAL CHARACTERISTICS (’I‘j = 25°C unless otherwise stated) *

Min, Typ. Max.

Collector cut-off current

_ICBO IE =0, -VCB = -VCBO max. - - 0.2 mA
-ICBO IE =0, -VCB = -VCBO max. ,
T ., =150°C. - - 2.0 mA
mb
_ICEO IB =0, —VCE = 30V BD262 ‘ - - 0.5 mA
_ICEO IB =0, -VCE =40V BD262A - - 0.5 mA
_ICEO IB =0, -VCE =50V ‘ BD262B - - 0.5 mA
'_IEBO Emitter cut-off current
IC=0, -VEB=S.0V - .- 5.0 mA
hFE *Static forward current transfer ratio .
—IC =0,54, -VCE = 3.0V - 1000 -
-IC =1.5A, _VCE =3.0V 750 - -
—IC =4,0A, -VCE = 3.0V - 500 -
-VBE Base-emitter voltage
-IC=1.5A, -VCE=3.0V - - 2.5 \Y%
—VCE(sat) Collector -~emitter saturat%on voltage
-IC=1.5A, -IB=6.0mA - - 2.5 v
fT Transition frequency
—IC =1.54, -VCE =3.0v - 7.0 - MHz
fh fe Cut -off frequency .
-Ic = 1.5A, -VCE = 3.0V - 60 - kHz
W(SB) Switch -off second breakdown energy
-IB <0, see circuit on page 8 30 - - m]

*Measured under pulse conditions: pulse width =300us, duty cycle =2%.

Mullard
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e T

2
» A
7 T <25°C -
5
-]c
(A)
2
10
d=001
? '-lCanx N
sheg AVA 1 eD262
Cmax \ 1 N so262a
N \\ \ - - BD2628
Pior mnx& \
; N\
1 \ tp=
\ . \ 50us
! X
Second \\ A\
?
breakdown AN
s findependent \' 100
of temperature)
N
N
500
2
\\ ims
10
107! N ac.
2 s 7 2 S 7 2
1 10 =Veg (V) 10

Safe Operating Area with the transistor forward biased

I Region of permissible d.c. operation
II Permissible extension for repetitive pulse operation
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P-N-P SILICON BD262

DARLINGTON POWER TRANSISTORS BD262A
D5738 \
T T
100
[}
Ptot max N\
%) \
75 \
N
50
AN
\
25
N
N
\
0
0 50 100 T,,,,(°C) 150
DS739
ST |
Zihij-rmby d=1
(°C/w) -
oo™t A
3 “f’ //
L1 ot
0.7 pueet=1
[ i
| = '«;
0.5 11l ,’
2 /, 4
4
A I
I A [ i
) Loz Ll 22 ’ |
HEY b | 4 ;
- at 4
T I l I l !
—— 505 *l:p_l‘“ lg.te |
= 0] T ]
10_51 5 710_4 2 s 710_3 2 5 710_2 2 5 710_| 2 s 7 . 2tp(s)5 710 :
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05740

2
10 SB. voltage multiplying factor at the ~lgmax level
7 .
s
Msau1
2
10 d=0.01
0.02
7 0.0
— 04
5
— A
02 1] ~:§
2
——
os] | | 11T
1
0% : 04 T el 1072
D5741
2
10 S$B. current multiplying factor at the-Vcg=100V level
' [
-3 -
Mss(v)
d=0.01
2 & -
007
10 ~h
0.05 ——
’ f— I SONN
0 -
5 J] ™
0.2
\~~~\
2
0.5 —
1

105 N 00 ° e - w072
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'P-N-P SILICON BD262
DARLINGTON POWER TRANSISTORS

BD262A

BD262B

D5742
T 717 5 i
[T
-V, : -IC/-19=250 ~Veg=3V
CE(sat) T.225°C -1
) J c T=25°C
TT17 T {A)
2 4
7
{ typ P
1 2 ™
~ typ
0 0
0 2 =1 (A) 4 0 VeV 2
D5744 i«‘
105 T ¢ T T T ,
7 111 R
5 -VCE=3V :: ‘
typ. values 11 ;
heg
, !
1
104 3
7
5 "
103 | N i®
— ST 150°C
7 .
100
e T 25
2
10? |
10_1 2 5 7

Mullard
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DS745

. —
104, —— 5
s T
-1.=15a
Pre “Vee=3V ]
2 1,=25°C ]
10?
7
5 G
2
typ
102
7
5
s \
o0 \ ,
? A Y
s
2
I 2 5 7 2 5 7
1 10 w2 2 STt Tttt T T8 kHa %08

P Q
-Vq {p-n-p} +V, {p-n-p)
+Vy (n-p-n) -1 1¢ =Vz (n-p-n)

§ o
vert. oscilloscope 10kO

+12V | ] 1
-1
| |
1000
v’
100
Il e
£ (-)Vce R
t,21ms T.UT.| O
P 10 to hor. oscilloscope
d=0.01 25MN
; : »
2 D5746
Circuit for measuring W (SB) (see page 3)
_ICM = 3.5A; -IBM max. 1,5A, but preferably substantiaily lower; V v V2 and R
should be adjusted so that the specified -ICM value is reached(V 1= Vo = about 15v,

R = about 1000). O is the reference point for V1 and V2.
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N-P-N SILICON " BD263
DARLINGTON POWER TRANSISTORS BD263A

BD263B

N-P-N silicon epitaxial base power transistors in monolithic Darlington circuit,
intended for audio output stages and general amplifier and switching applications.
Encapsulated in TO-126 plastic envelope. P-N-P complements are BD262, BD262A
and BD262B respectively.

QUICK REFERENCE DATA
BD263 BD263A  BD263B
V opo Max. 80 100 120 \%
VCEO max. \60 tig & v
ICM max. 6.0 A
P, max. (T =25°C) 36 w
T; max. 150 °c
hpg 9P (I =0.54, Vo =3.0V) 1000
min. (Ic = 1,54, VCE =3.0V) 750
£ P, (I = 1.5A, Vo = 3.0V) * 7.0 MHz

Unless otherwise stated data are applicable to all types

OUTLINE AND DIMENSIONS

Conforms to J, E.D. E.C. TO-126
Collector connected to the metal part of the mounting surface

78max

Torque on nut:

3.75

min. 3kg cm
(0. 3Nm)

11max

I max. 4kg cm
(0.4Nm)

254max 1

All dimensions in mm

£
£
<
w
©

er___J.

05 088 ” . 29 D423

1) Within this region the cross-section of the leads is uncontrolled.

Mullard
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CIRCUIT DIAGRAM

DS5747

RATINGS

=1500

Limiting values of operation according to the absolute maximum system.

Electrical .
BD263  BD263A  BD263B
VCBO max, 80 100 120
VCE o Mmax. 60 80 100
VEBO ‘max. . 5.0 5;0 5.0
IC max. 4.0
ICM max. 6.0
[B max. 100
P max. (T = 25°C) 36
Temperature
Tstg -55 to +150
Tj max. 150
THERMAL CHARACTERISTICS
Rth (j-amb) in free air 100
R th(j-mb) 3.5
R th(mb-h) using mica washer and compound 3.0
R th(mb-h) non-insulated mounting 1.0
—> ACCESSORIES
Accessory Code No. Note
1 Mica washer 56301B Supplied
1 Plain washer 56326 on request

oc/w
oc/w
oc/w
o°c/w

When mounted on a heatsink it is essential that a plain washer be used to prevent
damage to the devices while tightening the mounting screw.

Mullard
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N-P-N SILICON

DARLINGTON POWER TRANSISTORS

’

BD263
BD263A
BD263B

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

Collector cut-off current
ICBO IE =0, VCB = 60V BD263
ICBO IE =0, VCB = 80V BD263A
ICBO IE =0, VCB = 100V BD263B
Tego I, =0, Vi, =60V, T . = 15ch BD263
ICBO IE =0, VCB = 80V, Tmb =150'C BD263A
logo I, =0, V=100V, T . =150°C BD263B
ICEO IB =0, VCE = 30V BD263
ICEO IB =0, VCE = 40V BD263A
ICEO IB =0, VCE =50V BD263B
IEBO Emitter cut-off current
: IC=0, VEB=5.OV

hFE *Static forward current transfer ratio

Ic =0.5A, VCE = 3.0V

IC =1.5A, VCE = 3.0V

Ic =4.0A, VCE =3.0v
VBE Base-emitter voltage

IC =1.5A, VCE =3.0V
VCE(sat) ColIlechlr-Se;nitItei séatg;zj:ion voltage

c B
fT Transition frequency

Ic = 1.5A, VCE =3.0v
fh fe CutI—off flrf;xiuer;cy oy

c 77 ce U
w (SB) Switch-off second breakdown energy

I, <0, see circuit on page 8

B

Min. Typ.
- 1000
750 -
- 500
- 7.0
- 60
" 30 -

*Measured under pulse conditions: pulse width = 300us, duty cycle = 2%.

Max.
0.2 mA
0.2 mA
0.2 mA
2.0 mA
2.0 mA
2.0 mA
0.5 mA
0.5 mA
0.5 mA
5.0 mA
2.5 v .
2.5 v
- MHz
- kHz
- m]

Mullard
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10 11
7 T <25°C
s 1
Ie
(A)
2 r .
10
d=001
" lCMmclx ]
A\ \ -BD263
5 |-
cmax AN\ X N eo26aa
N \\ \ \\ L BD2638
Piot max)\ \
, ‘\\\\
\:
w 50ps
! v C
Second
7 breakdown A L
5 {independent L 100
of temperature) N
\
\ A
\ Y 500
2
\ ims
t 10
107! de.
7 2 5 ? 2
1 10 VeelV) 10

Safe Operating Area with the transistor forward biased

I Region of permissible d. c. operation
II Permissible extension for repetitive pulse operation
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N-P-N SILICON BD263
DARLINGTON POWER TRANSISTORS BD263A

BD263B

D5749
H T T 71 i
100
Piot max [ \ A
) b\ e
75 \ R |
I |
\\ERNERE
4 T
- } Ei:
50 I f(\
|| '\
/
N
25
|
N\
TN
L]
0 : []
0 50 100 T, (°C) 150
. 05750
Zynj-mby d=1
{°c/w)
/’:':
3 LA //
"1 H
67 i ——— >
!'/
’ﬂ
5 o5 J 111
/ Y 4
% .
I Pl
, 02 Lt A I i
=T =7
[ 01 -
] "
= JLIL
-—‘: i ’(o.?s *{'ﬂ"ﬂ}d-'p
0 TTT
. T
10_52 5 7 -4 2 5 7 -3 2 5 7 -2 2 5 7 — 2
10 10 10 10! "1 e 10
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D5751

SB. voltage multiplying factor at the Icpq, level

=001
002
0.05
= 0.1
— =
o2 TN
manil
05 —— N
: : 0% ST 0% 7 e 0T 1072

1075

D5752

SB. current multiplying factor at the Veg=100V level
d=0.01
|
L
NS
0.05 N
NN
0.1
) N
I N
02 SQUiin
Iy
~
G |
105 7 0+ 2 ST 073 2 tpls) S 7 0-2
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N-P-N SILICON | BD263

DARLINGTON POWER TRANSISTORS BD263A
DS753 05754
3 T 117 ] 6 TTTT]
11177 [ TT 17
I/ 1g=250 (- Veg =3V
Veetsan Te2sec [T Ie T,=25°C
v) (A) !
2 4
I
Ji
typ L
1 - = 2
- = typif
0 (]
0 2 Ic(A) L 0 H VeelV) 2
DS812
105 S p
7 T T 1T
s Veg 23V NN i
typ. values (1 3
hFE ~‘
2 ‘
104 ;
v |
5
L ,---\\
2 A —-'-\\\\
b
3 1 d - Tj=
10 X 150°C ‘
7] S 100
5 25 N 3
4 ;
: :
102 L . Ll
07 ? T I(A) 10 4
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D5813

104 =====i
5 l=15A [
bie VCE=3V H4
2 Tj=25'C il
103
? -
5
N
. '\
typ
102
7
5
. ? \
‘ 10 .
? X
]
2
‘ 2 5 7 2 5 17 2 5 7 2 5 7 7 5 2 s 17
1 10 102 10° 10t 10% “flkHzy 108
-
. P . Q
~Vq (p-n-p} +V3 (p-n-p)
+Vq (n-p-n} (-} I¢ -V, (n-p-n}

vert. oscillescape

, +12V I ' |
Lo
I 000 !

| 100
I | g -1V
. T.U.T.| o5 ° R

1 tp=ims 10 to hor. oscilloscope

- d=0.01 25MN

o 0848

1

“Circuit for measuring W(SB) (see page 3)
ICM = 3.5A3 IBM max. 1.5A, but preferably substantially lower; Vl' V2 and R should be

adjusted so that the specified ICM value is reached (V 1 =V_=about 15V; R = about 1009).

2
Q is the reference point for V1 and Vz.
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N-P-N SILICON
POWERlTRAI"qulSTORS gggg

BD437

N-P-N silicon epitaxial base power transistors in a TO-126 plastic envelope, intended
for use in general 1.f. applications.

The BD433 with its p-n-p complement BD434 is specially suitable for use in output
stages of car radios.

The complementary pairs BD435/BD436 and BD437/BD438 are intended for use in
mains operated amplifiers and radio receivers with output powers of up to 10 and
15W respectively.

QUICK REFERENCE DATA
BD433 BD435 BD437
VCES max. 22 32 45 v
VCEO max. 22 - 32 435 A\
ICM max. 7.0 7.0 7.0 A
P max., T_, <25°C 36 36 36 \
tot mb — o

T]_ max., 150 150 150 C
hFE min. , IC =2A, VCE =1V 50 50 40

IC=3A, VCE=1V - - 30
fT min. , IC =250mA, VCE =1V, f=1MHz 3.0 3.0 3.0 MHz

Unless otherwise stated data are applicable to all types
OUTLINE AND DIMENSIONS

Conforms to J, E,D.E.C. TO-126
Collector connected to the metal part of the mounting surface

Z'Bmﬂx 78max

[Te}
o
=" ™
=)
1 =
= Torque on nut:
| min. 3kg cm
. (0. 3N m)
W L12 max. 4kg cm
o (0. 4N m)
W All dimensions in mm
ell cld bl 4
0.5 0887 | I 229
D423%

1) Within this region the cross -section of the leads is uncontrolled

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
.V cRO

VCES max.

VCEO max.

VEH) max.

IC max.

ICM max.

IB max.

o
<
Ptot max. (Tmb «25 C)

max.,

Temperature

T
stg
Tj max.

THERMAL CHARACTERISTICS

Rth(j -amb) in free air

R
th(j-mb)
Rth (mb-h) uging mica washer and compound

Rh@mb-h)

non-insulated mounting

BD433

22

22

22
5.0

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

ICBO Colllec—tgr \c,ut —o_f{/curre;;\ta
E ' 'CB 'CBO

- - —150°
IE—O, VCB 10V, Ti 150°C
max. , Tj =150°C

X.

IE=O, V.,=V

CB "CBO
IEBO Emlltt(_aro C\i; -off_ gugf/ent
c " "EB 7
VCEK Knee voltage

IC =2.0A, IB:the value for which

=2. =1. BD433
IC 2 2AatVCE 1.0V

Mullard

Min.

BD435 BD437
32 45
32 45
32 45
5.0 5.0
4.0
7.0
1.0
36
-55 to +150
150
100
3.5
3.0
1.0
Typ. Max.
- 100
- 1.0
- 3.0
- 1.0
- 0.8

2 > o> > < <4 <<

@)

C/W
C/W
C/W

°c/w

HA
mA
mA

mA

BD433 Page 2



N-P-N smch BD433 :
POWER TRANSISTORS BD435

BD437

ELECTRICAL CHARACTERISTICS (contd, )

Min. Typ. Max.
VCE( 9 Collector -emitter saturation voltage
& Io=2.04, 1,=0.24 BD433, 435 - - 0.5 Vv
IC:S.OA, IB=0.3A BD437 - - 0.7 v
VBE *Base-emitter voltage
IC=1OmA, VCE:S.OV - 580 - mV
IC=2.OA, VCE=1.OV BD433, 435 - - 1.1 v
IC=3.OA, VCE=1.OV BD437 - - 1.3 \'%
hFE Static forward current transfer ratio
I.=10mA, V=50V BD433, 435 40 - -
C CE
BD437 30 - -
IC =500mA, VCEE 1.0V BD433, 435 85 - 475
BD437 85 - 375
IC=2.OA, VCE=1.0V BD433, 435 50 - -
BD437 40 - -
IC=3'OA' VcE=l.0V BD437 30 - -
fT Transition frequency
IC=250mA, VCE=1.0V, f=1.0MHz 3.0 - -  MHz
hFEi D.C. current gain ratio (complementary pairs)
— II | =500mA, |V | =1.0V
hFEZ C CE
BD433/BD434 and BD435/BD436 - - 1.4
BD437/BD438 - - 1.8

*VBE decreases by about 2, 3mV/°C with increasing temperature.

ACCESSORIES
Accessory Code No. Note
1 Mica washer 56301B Supplied
1 Plain washer 56326 { on request

When mounted on a heatsink it is essential that a plain washer be used to prevent
damage to the devices while tightening the mounting screw.

Mullard

BD433 Page 3




D4 247

1
$.B. current multiplying factor at the Vegomax €vel BD433
M : BDL3S
SB{V)
2
10’
. 0.05 0.0 d=l01. 01
ot
-
N
10 0.10
. T - e
. 0.20 ' N
\ - 0.3 —
‘ ) 0.50
0.78
! ! ] - 5 7
10 10° 0 107 tpls) 10°?
D4245
L
S.B. current multiplying factor at the Vg nalevel BD437
Msg(v)
2
0’
7
5
? 2% T1d=0.01
l Pt 0.02|4 o
0.19 SN
10 ~
T g S
7 1 N
| .
0.33 e —
1 o .
0.50 T -,
075
1 ! 11 ——c
107 0® w0 107 tts) 16°
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N-P-N_SILICON | BD433
POWER TRANSISTORS BD435

BD437

IU' —T Ding 6 04217
—t typ. curves
F—V. =1V VeEisat) Ti=25C |1
1 sb—{ CE v
¢ r=25°C
(mA) 4
10° 4
¥
: T
/ :
. typ ’
E
it
10° J 2 ;
! o k.
- ] § o
J ;
&l | :
I~ =4 A
3A o
: A : =
10 o1
0 05 1oV VS 0 50 IgmAl 100
04218
kll]¢} T T 3
Veg=1V
h
FE Tj=25°C
200
: typ
-
ot
. \
AN
100 AN
\ g/
0
102 107 1 I A) 10
BD433 Page 7




R

30

T
{MHz2)

20

10

D419
|
f=1MHz
Veg =1V
Tj=28°C
4 typ
AN
AN
— A
\
Y
\
1072 107 1 IclA) 10
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. P-N-P SILICON
~ POWER TRANSISTORS

BD434
BD436
BD438

P-N-P silicon epitaxial basepower transistors in a TO - 126 plastic envelope, intended

for use in general 1. f. applications,

The BD434 with-its n-p-n complement BD433 is specially suitable for use in output

" stages of car radios,

The complementary pairs BD435/BD436 and BD437/BD438 are intended for use in
mains operated amplifiers and radio receivers with output powers of up to 10 and

15W respectively.

QUICK REFERENCE DATA

BD434
-VCES max. 22 32
-VCEO max. 22 32

'ICM max 7.0
oy max., T . <250C 36 36
Tj max. 159 150
hFE min. , —IC =2A, —VCE =1V 50 50
~IC=3A, —VCE=1V - -

fT min, , —IC=250mA, —VCE=1V,f=1MHz 3.0

BD436

7.0

3.0

BD438

45
45
7.0
36
150
40
30
3.0

2 » < <

O

MHz

Unless otherwise stated data are applicable to all types

OUTLINE AND DIMENSIONS
Conforms to [,E.D. E.C. TO-126

Collector connected to the metal part of the mounting surface

2.8mx 78max
&
o,
g
g
™
0
ell cli b §
0.5 Qaegmax
04238

1) Within this region the cross ~section of the leads is uncontrolled

Torque on nut:

min. 3kg em
(0. 3N m)

max. 4kg cm
(0. 4N m)

All dimensions in mm

Mullard
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10 T -
Tio d=001 ! I
7| ma. A t tpz H
A N \\\\\ AN |= L
s 1T N 4
=ic | ~lemox | b \\\ \ 0-1ms
(Al Ptot max 1 \\\\ N "
| RN N
: | Second ~\\
breakdown N
{independent of1 \\ 05
. | temperature) N\ g
1 N
9 NN
L
s 5
10
ldc.
5 I
v '
T € 25°C
HEE
" 2] &l 8
. 16 ] ;
1 : T P avge W)’ 102

Safe operating area with the transistor forward biased

I Region of permissible d.c. operation

Il Permissible extension for repetitive pulse operation
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P-N-P SILICON
POWER TRANSISTORS gg:gg

BD438

D4213

107
Zth(j-mb) d= 1
(°C/W}

2p—o

ot

- - - -3 2 X 7 4 2 57
10 w0’® w0t 0’ A T

D4212

S.B.voltage multiplying factor at the lemaxlevel

——1_ 0.02] 40
010 \“"H-‘.\\
~
S

7 ’ ]
o020 — 3

/
T

033

/4

0.75

]
%
|

7 3 2 S 7
10 0 10 107 tpis) 10
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s
S.B. current multiplying factor at the Vo level

0.05

0.10

Q.2

0.33

0.5¢

0.7¢

5
S.B. current multiplying factor at the Vegq o level

/Y
y.// 4

1/

g
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(=)

“Heteterge
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BD434

P-N-P SILICON
POWER TRANSISTORS BD436
=== == 6 TTITITL]
_.__VCE=1V typ. curves | | |
e Ty osee - -y 1 i
CE(sat,
{mA) (V)sa)
3 ' ) v
10 4 !
] :
s ’, .
typ 1
10 2
)
7 T 1
i 7
:C=‘A
A
A K2A M.
10 0 T 1 |
0 05 1V, (V) 15 0 50 -lgimAl 100
m D4220
hee ~Veg= 1V
Tj=25°C
200 - s -
AN
X
X
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\ 4
0 5
10? 10” 1 “1glA) 10 v
Mullard
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30 T T L
F=IMHz
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oo T
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20
e typ ~
/ -
X
AN
N
N
10 AV
X
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0
0° 10" 1 A (A) 10

Muliard

BD434 Page 8



SILICON N-P-N PLANAR
EPITAXIAL POWER TRANSISTORS

BDX35
BDX36
BDX37

N-P-Nsiliconplanar power switching transistors, mounted in a plastic envelope

QUICK REFERENCE DATA

BDX35
VCBOM max. 100
CEo max- ‘ 60
I oM max. ’ 10
P ot max. (Tmbf 100°C) 15
hpp min, (IC =0.54, Vp =10V) 45

fT typ. (IC =0.54, VCE =5.0V, f = 35MHz) 100
ot typ. (Ic =5.0A, IB(on) = -IB(off) =0.5A) 350

BDX 36
120
60
10
15
45
100
350

BDX37
120
80
10
15
45
100 MHz
350 ns

2 » < <

Unless otherwise stated, data is applicable to all types

OUTLINE AND DIMENSIONS
Conforms to J.E.D.E.C. TO-126

Collector connected to the metal part of the mounting surface

I
—>U<Q§ 088;2‘:U<—

All dimensions in mm

1) Within this region the cross-section of the leads is uncontrolled.

Care should be taken not to bend the leads nearer than 2. 5mm from the body.

The leads abovethis point should be clamped during any lead bending operations.

Mullard
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OPERATING NOTES

The rating graphs given in this data show the maximum permissible current for
combinations of voltage, pulse width and duty cycle at amounting-base temperature

of 100°C.

Should a lower value of current, and consequently power, be used, the mounting -base

temperature is permitted torise. To determine the value of this higher temperature,
calculate the power at the new working point and its percentage of the maximum
permissible power at the same duty cycle and pulse width as read from the relevant

constant power line.

The higher temperature is read off the graph of % Pmax vs, T mb

percentage.

ICM“

Log
scale

‘constant

power
line

max

(%)

_Icalculated %]\

at the calculated

D3469

of Prax | .
-
[
|

.

Log scale

Mullard

|
100 '™ Trmb
Permissible higher
mounting base temperature
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SILICON N-P-N PLANAR | " BDX35
EPITAXIAL POWER TRANSISTORS BDX36

BDX37

D364
Ptot
%
100 :
N {
N -
A ;
N 2
50 \\
N .
N i
N ;
:
0 50 100 - 150 200 T, (°C) h
<
03395 ‘
Il i
DX35
P BDX36
max BDX37 i
-
(%) §
100 C :
i
N ! ‘—i
NG E
« {
., S
50 g . i
» 1
™ ]
- >
N
0
Q 50 100 150 Tamb (°C)

Mullard
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ICM max

D3396

10 | L
I ¢ max Q
|
Iem | Constant Pulse
(A) | power width
I
S50us
1.0 ‘\‘ AN 100us
\
\ 200us
|
Tmb$ 100°C SI?O,JS
d 0.01 1.0ms
0.1
2.0ms
5.0ms
|
BDX35/36— N d.c.
BDX37
0.01 I 7
1.0 10 VeV 100

Mullard
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N-P-N SILICON PLANAR BDX42
DARLINGTON TRANSISTORS BDX43

BDX44

TENTATIVE DATA

Silicon n-p-n planar Darlington transistors for industrial switching applications,
€.g. print hammer, solenoid, relay and lamp driving. Encapsulated in a TO-126
plastic envelope with collector connected to the heatsink.

QUICK REFERENCE DATA
BDX 42 BDX43 BDX 44
ch max, 60 80 100 v |
Vg Max. 45 60 80 v ;
I, max. 1.0 1.0 L0 A
0

Ptoc max, (Tambs 25 S) 1,25 1.25 1.25 W
Pop maxe (T = 100°C) 5.0 5.0 50 W
hFE min, (IC =500mA,, VCE =10V) 1500 1500 1500
vCE(sat) max. (IC =1,0A, ‘

‘ IB=1.0mA) - 1.6 - A\ 'ﬁ
VCE(sat) max. (IC =1.0A, , ¢

[B=4.0mA) 1.6 - 1.6 .V

toff typ. (IC =500mA, IB(on) =

-I'B(oﬁ)=0' SmA) 1000 1000 1000 ns

Unless otherwise stated data are applicable to all types.
OUTLINE AND DIMENSIONS

Conforms to J,E.D,E.C. TO-126
Collector connected to the metal part of the mounting surface

28m 7gmes
[
[Te!
&
oo il b
g
P .
£ D4930 b
[} A
['s)
' e ; All dimensions in |
imension mm
_..11.9_5 QGB_‘U__"“" 29 piass

1) Within this region the cross -section of the leads is uncontrolled

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
BDX42 BDX43 BDX44
. 6
ch max 0 80 100 v
VCE max. (Max. external RBE 100kQ ‘
at Ty= 150°C) 45 60 80 A
VEBO max. 5.0 5.0 5.0 v
IC max. : 1.0 1.0 1.0 A
IB max, 0.1 0.1 0.1 A
0
Ptot max. (Tymp = 25°C) 1.25 1.25 1.25 w
0,
Ptot max. (Tmb = 100°C) 5.0 5.0 5.0 W
Temperature
[
Tstg range -65 to +150 C
Tj max. 150 oC
THERMAL CHARACTERISTICS
Q
Rth(j-amb) 100 C/W
R th(j-mb) 10 o°c/w
ELECTRICAL CHARACTERISTICS (’Tj =25°C unless otherwise stated)
Min. Typ. Max.
ICBO Collector cut-off current
VCB=45V, IE=0 BDX42 - - 100 nA
= =0 - -
VCB 60V, IE BDX43 100 nA
=80V, I_ = R -
VCB )\ IE 0 BDX 44 100 nA
IEBO Emitter cut-off current
VEB=4.0V, IC=0 - - 100 nA
hFE Static forward current transfer ratio
IC =150mA, VCE =10V 1000 - -
IC =500mA, VCE =10V 1500 - -
VCE (sat) Collector -emitter saturation voltage .
IC=500mA, IB=O.5mA - - 1.3 A%
IC==1.0A, IB=1.0mA BDX43 - - 1,6 v
IC-I.OA, lB=4.0mA BDX42 - - 1.6 v
BDX44 - - 1.6 Vv

Mullard
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N-P-N SILICON PLANAR BDX42
DARLINGTON TRANSISTORS BDX43

‘ BDX44

ELECTRICAL CHARACTERISTICS (Contd. )
Min,  Typ.  Max.

I, =500mA, I,=0.5mA, Tj=150°C - - L3 v
I=L.0A, [=1.0mA, T =150°C
’ BDX43 - - 1.8 v
I,=1.0A, I=4.0mA, T =150°C
BDX42 - - 1.6 v
BDX44 -~ - 1.6 v
VBE (sat) Base-emitter saturation voltage
IC=500mA, IB=0.5mA - - 1.9 v
IC=1.0A, IB=1.0mA BDX43 - - 2.2 v
IC=1.0A, IB=4.0mA BDX42 - - 2.2 v
BDX44 - - 2.2 v
hfe Small signal forward current transfer ratio
=0.5A, =5.0V, f= 7. -
IC 0.5A VCE 5.0V, f=35MHz 5 10
Switching times (see also page 4):
=5 , = - =0. SmA
IC 00mA IB(on) IB(off) 0. 5m.
t Turn-on time ~ - 400 ns
on
to £ Turn-off time -~ 1000 2000 ns
IC =1.0A, IB(on)= -IB(off) = 1.0mA
t Turn-on time - - 400 ns
on :
t Turn-off time - 100G 2000 ns '
off .
MECHANICAL DATA
Maximum torque on nut 4.0 kg cm
0.4 Nm
Minimum torque on nut for good thermal contact 3.0 kg cm 3
0.3 Nm ‘
ACCESSORIES 8
Accessory Code No. Note
1 Mica washer 56301B Supplied
1 Plain washer 56326 on request

When mounted on a heatsink it is essential that a plain washer bhe used to prevent
damage to the devices while tightening the mounting screw.

Mullard
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MEASUREMENT OF SATURATED SWITCHING TIMES
Test circuit for S00mA switching.

-2.2V +10V

o
1L

I =500mA
lgoni=-Tarorn =500 WA

7

DRHZ0/Q

Switching waveforms

| 06020/b

' Mullard
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N-P-N SILICON PLANAR
- DARLINGTON TRANSISTORS

D 6021

Prot max 1000
W) 7
5
50 le
2 (mA)
‘2"_ 2
i 1T
40 r_:,“ T 100
5 :
\ 2 1
V2] s
30
‘ 2
1
20 : 10
\ 7
B, \ ;
1.0 N s
C/h/ \ ,
| 1
0 1] 1
-50 ()} 50 100 150
T(°C)
D6023
7
5
Vg =10V 10k
hre T=25°C
2
e |
10* — hee
7 4

5[— Design max

Y
2 5k
0° 2 min | h
v 7 —
7
s
,l
2 /|
"4
102 L 0
? s 7 ?
10 100 Iz (mA) 1000

Mullard

BDX42
BDX43
BDX44

typ

05 10 15 Vge (V) 20

08024

1c=500mA

\

Ic=150mA

[ 1]

Typical curves (—1—

Veg=10V —1——1

0 50 100 T; (°C) 150
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CIRCUIT DIAGRAM

!___. . —— e - - - - -
b
=10k} =150Q
L—{_}——o
D584 e

2§>:>><<<:

e)

RATINGS
Limiting values of operation according to the absolute maximum system.
Electrical
BDX62 BDX62A  BDX62B
- . 0 '
vV CEO max 60 8 100
_VCEO max. 60 80 100
_VEBO max. N 5.0 :2 5.0
-IC max. .
—ICM max. 12
-IB max. . 150
Ptot max. (Tmb =25°C) 90
Temperature
T -55 to +200
stg
Tj max. 200
THERMAL CHARACTERISTIC
1.94

Rth(j -mb)

C/W

Mullard
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P-N-P SILICON BDX62
DARLINGTON POWER TRANSISTORS BDX62A

BDX62B

ELECTRICAL CHARACTERISTICS (Tj =25 unless otherwise stated)
Min. Typ. Max.

Collector cut-off current

_ICBO IE =0, -VCB = -VCBO max. . - - 0.2 mA
_ICBO IE =0, -VCB = -VCBO max. , T]. =150"C - - 2.0 mA
_ICEO IB =0, -VCE = 30V BDX62 - - 0.5 mA
_ICEO IB =0, —VCE = 40V BDX62A - - 0.5 mA
_ICEO IB =0, -VCE = 50V BDX62B ) - - 0.5 mA
_IEBO Emitter cut-off current
IC =0, -VEB =5.0v - - 5.0 mA
hFE *Static forward current transfer ratio
—Ic =0.3A, -VCE =3.0v ‘ - 1500 -
-IC =3.0A, -VCE = 3.0V 1000 - - E
-IC=8.0A, -VCE=3.0V - 750 -
~VBE Base-emitter voltage S
-IC =3.04, -VCE=3.0V - - 2.5 A
‘VC E(sat) Collector -emitter saturation voltage .
-IC =3.0A, -IB=l2mA - - 2.0 v
f,T Transition freque:ncy
-IC =3.0A, —VCE =3.0v - 7.0 - MHz
fh fe Cut-off frequency ;
-IC =3.CA, -VCE = 3.0V - 60 - kHz
W(SB) Switch-off second breakdown energy » 4
-IB <0, see also page 8 , 50 - - m]
VF Diode forward voltage ‘
I =3.04 - .8 - v

*Measured under pulse conditions: pulse width =300us, duty cycle =29, I

Mullard
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2 T
10 I 11 T | BDX62
, b L
[ T
5 Top =25°C
-l L]
[ X |
2 T
4=-00
'ICMmux — A tp=
b < SN 100ps
I~ Icmax \\ \\\\
, 1 N AN
= XIS
tot
. ot max \\ L” \ ‘
\\ | \ ‘

Second
I breakdown
{independent \
1 of temperature)
11 ims [}
; \
\
\

10

107!

: 102

1 ' 7w TV )
Safe Operating Area with the transistor forward biased

I Region of permissible d.c. operation

II Permissible extension for repetitive pulse operation
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P-N-P SILICON BDX62
DARLINGTON POWER TRANSISTORS BDX62A

BDX62B f

D5756

104 f——F T T
' } !
5 f— I I :‘;_:
g 4 ‘ T Tmes25°C — 3
[ i N ! T
Py L I L H |
o f d=00t
CMmpx - i
10 :_lCmux = ! AN \‘r,: L tps
! AV
" e \\ Yx‘\ : 100us
s ] Plot max : \ 1 \
..... TN\
Z SR A
Second /\
breakdown
1 lindependent ] 500
== of temperature) ]
\ | ]
5 \ :
Ims 4
\ i
22— 4
| \
107! ]
7 10 H o
. d.c.
1
] l
i < m
: SHIS
x x
3l|3
10-2 2 5 7 2 s m; 2 S
1 10 ~Vee (V) 102

Safe Operating Area with the transistor forward biased

I Region of permissible d.c. operation

IT Permissible extension for repetitive pulse operation

Mullard
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D5757
Plot max
('/0)
100 C
N
N
N,
N
50
. N
) NC
\
e N
' 0
0 100 Tnp{°C) 200
05758
3
t
Z hij-mb) 'pL;Jd=?E
(°C/W)
2 d=1
o
LepanteretT"1
- - 1/
0.7 "
!
[ s o
05 <ol 1
e,
e il
! ]
]
i § 0.2 -
E ! ot Py
Lt | A 4
wuliin 0.1
el 0.01 {
—
M—;J i 0 1 ! 4 | !
0 Ll [T [ T : il ]
5 7
0% T Pl Tzt Tt t 1 i)’ 10 |
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P-N-P SILICON BDX62

DARLINGTON POWER TRANSISTORS BDX62A
D5759 05760
7 T D Y | 6 TTTTT | BEERN
] NN T
10 “Veg=3V 1 ~lc/-lg=250
T:25°C | “Veetsan T.=25°C
-1, [ i ) !
(a)
75 ¢
L / ]
/
] /
/ — | ¢ | { §
5 u 4 T
L /
o typ 5
- Htyer {4
25
T — =t
——‘
L ; N
0 ' o L] 7
1 15 2 -VgelV) 25 0 5 -Ic(A) 10
D5761
10°
1 I 1 T I 1 1T
s “Veg=av
I T.=25°C
heg ! ] .
2
104
7
5
, J typ
L
”
03 / \
=
s 7
2 v
Ny
102 '
0!’ T L t o
BDX62 Page 7 -




-1

10L7 I—11+
5 "lc=3A i
h -V.=3V
'ez g CE
103 \x
7 N,
5 A Y
\
. \
typ
10?
?
5
. \
10 X
7 nY
S
2
! 1 2 s 1 2 57 2 5
y 2 Tt STzt 7Tl 10 105 tkHz)’ 108
P Q
=V4 {p-n-p} +Vy (p-n-p}
+Vy (n-p-n} (-) Ic =V, (n-p-n)
vert. oscilloscope
+12V
2
_l—l_ - )V,
i run| o < R
tp=1ms 10 to hor. oscilloscope
d=0.01 25M0 ;
4 0 2 D5746
Circuit for measuring W(SB) (see page 3)
oM © 4.5A5 —IBM max. 1.5A, but preferably substantially lower; Vl, V2 and R should

be adjusted so that the specified -I value is reached (’V1 = V2 =about 15V; R = about

CM
100Q). O is the reference point for V1 and VZ'

Mullard —CTTY



N-P-N SILICON BDX63
DARLINGTON POWER TRANSISTORS BDX63A

BDX63B

N-P-N silicon epitaxial base power transistors in monolithic Darlington circuit, in-
tended for audio output stages and general amplifier and switching applications.
Encapsulated in a TO-3 envelope. P-N-P complements are BDX62, BDX62A and
BDX62B respectively.

QUICK REFERENCE DATA
BDX63 BDX63A BDX63B

ch max., 80 100 120 \'

VCEO max. \60 ﬁS? 100 v
. 12

oM max . A

P max, (T . =25C) 90 w

tot mb o

Tj max, 200 C
hFE typ. (IC =0.54, VCE =3.0V) 1500
min, (IC =3.0A, VCE =3.0V) 1000

fT typ. (IC =3.0A, VCE = 3.0V) 7.0 MHz

Unless otherwise stated data are applicable to all types

OUTLINE AND DIMENSIONS

Conforms to BS 3934 SO -5B/SB2-2
J.E.D.E.C. TO-3

10

1
R

D581t

All dimensions in mm
Collector connected to envelope
Accessories available: 56201A (insulating bush), 56201B(mica washer), 56214 (lead
washer)

Muliard
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CIRCUIT DIAGRAM

05815 e

RATINGS
Limiting values of operation according to the absolute maximum system.
Electrical
BDX63  BDX63A BDX63B
VCBO max. 80 100 120 v
\Y CEO Max- 60 80 100 v
VEK) max. 5.0 5.0 5.0 v
IC max. . 8.0 A
I oM max. 12 A
IB max. 150 mA
o
Pmt max. (Tmb =25C) 90 w
Temperature
T -55 to +200 °c
stg o
T]. max. 200 [}
THERMAL CHARACTERISTICS
o
Rth(j-mb) 1.94 C/wW
BDX63 Page 2




N-P-N SILICON
DARLINGTON POWER TRANSISTORS

ELECTRICAL CHARACTERISTICS ('I'j = 250C unless otherwise stated)

—

CBO
CBO
CBO
CBO
CBO
CBO
CEO
CEO
CEO

iR I T )

EBO

FE

BE
VCE(sat)
r

hfe

Wise)

Ve

Collector cut-off current
I =0, VCB = 60V
=0, VCB = 80V
=0, VCB = 100V

Vg =60V, T, = 150G
Vg =80V, T = 15020
=0, VCB =100V, Tmb= 150 C
=0, VCE =30V

=0, VCE = 40V

B =0,V

=1

—
<]
i

—
=

—
to
1}

—
=
i

[
tl'J

~—
mw

CE=50V

Emitter cut-off current

IC =0, VEB =5.0v

*Static forward current transfer ratio
IC =0,5A, VCE = 3.0V

= 3.0V

IC =3.04, VCE
=3.0v

Ic = 8.0A, VCE

Base-emitter voltage

IC =3.0A, VCE =3.0V

Collector ~emitter saturation voltage

IC =3.0A, IB = 12mA

Transition frequency

=3.0A, VCE =3.0v

IC
Cut -off frequency

=3.0A, V

IC .04, CE=3.0V

Switch -off second breakdown voltage
I, < 0 (see also page 8)

B
Diode forward voltage

IF = 3.0A

BDX63
BDX63A
BDX63B
BDX63
BDX63A
BDX63B
BDX63
BDX63A
BDX63B

Min.  Typ.
- 1500
1000 -
- 750
- 7.0
- 60
50 -
- 1.8

*Measured under pulse conditions: pulse width =300us, duty cycle =29,

Mullard

BDXé63
BDX63A
BDXé63B

Max.
0.2 mA
0.2 mA
0.2 mA
2,0 mA
2,0 mA
2.0 mA
0.5 mA
0.5 mA
0.5 mA
5.0 mA
2.5 v
2.0 v
- MHz
- kHz
- m]’
- \'

BDX63 Page 3
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05763

10? T BDX63
?
5 Tmb =25°C
Ie
(A)
2
d=001
lCMnmx p tp=
10+ \\ \\\\ 1?0)15
[~ {Cmax \\ \\\
A b,
’ N
p N\,
s tot max7—\ \ 1 \ \
AN |
K\Q ol

Second
1 breakdown
(independent \
1 of ' temperature) A
I 1Y 1ms []
? \
\
\

de.

107 )
5 ?
1 10 Vee (V) 102

Safe Operating Area with the transistor forward biased

I Region of permissible d.c. opération

II Permissible extension for repetitive pulse operation

Mullard
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N-P-N SILICON BDX63
DARLINGTON POWER TRANSISTORS BDX63A

BDXé63B

05764

102
7
s {
Ie Top $25°C 1
(A}
2
1 d=0.01
CMmaox A
10 :ICmnx \\ AN - tp=
7 N\ \— 100us
s P ot max/\\\\\ i Y
2 A\
Second /
breakdown \
! findependent . A 500
7 of temperature) A}
5 [ \
\ tms
2 it
! \
107!
7 10 A
s N de. 4
| T
+
|
!
| Llgpe ‘
H o™ 4
‘ | BRI E
; ; | ol ifo d
1072 I ; Lo {
2 s 7 2 s 7 2
1 10 Vee V) 102 *

Safe Operating Area with the transistor forward biased

I Region of permissible d. c. operation

I Permissible extension for repetitive pulse operation
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05757

L] TTTT 1] [ |
P(ot max i »
(6}
100 N
N
I .
N
™
\\
50 A
N,
N,
N
Q
o] 100 TapC} 200
D578
3 IR ! IR IR [T ]
| i i LR e
: X T I
10l : i
Zih(j-mb) — - JJ % “‘tiL‘_JdJTp
{ec/wy - ¥ ,
R
: ‘ +
2 ' b led=1 I i;
R A LI N "
l T J% ‘ [ et —— i
i 07 7T 8
T 1
; | 1 et
B 0.5 Lobuertl " !
P T v,
et j !
1 i Tt
T L
i 0.2 gl
. 250 |
- T
'l . n
ot |
1 0.0 :
A I 0 T
0 il I !
10_52 5 7 10,‘ 2 5 7‘0_3 2 5 7 10_2 2 5 710_‘ 2 5 7 ’ 2’p‘s)5 710
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N-P-N SILICON'
DARLINGTON POWER TRANSISTORS

BDXé63
BDX63A
BDX63B

DS765 05766
T I T T T 17T 6 TTTTIT
L1 NEREN
10 Vegzdv [ 1c/ 1g=250
T.=25°C — VCE(sal) T =25°C
I ! v)
(A} i
75 . n
/
/
/ ]
/
y -
5
/
typ 2
/
25 typ ] ]
-
) ]
0 0
1 15 2 Vgv) 25 0 5 Ic(A) 10
5 DS787
) ==
s V=3V
hre T=25°C
2
104
7
5
]
7 [typ
’!
2
/
/
103 v
4
? 7
A
5 7.
4
2
10
'0_) 2 5 7 1 ZIC(A) 5 710
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104 T T T ¥ H T == :
K le=3A
hre [ § veez3v
2 T
103 \ =as
7 ..
5 \\ il
) il
typ
102 : H
7 11
8 m
] \
10
ki — ‘\
s waRES
2 T - T
L Ml
7 5 7

~
ey o

1 o w 1 e *Tt 0t T 0% ke 10°
P Q
-Vq (p-n-p) +Vy {p-n-p}
+Vy (n-p-n) -) I -Vz (n-p-n)
vert, oscilloscope 10k0
+12V i oy
Lo
I 1000 !
4
100
Il | o
i run| o5 et R
tp=1ms 10 to har. oscilloscope
d=0.01 25MN ;
v o 2 D5746
Circuit for measuring W(SB) (see page 3)
1 oM =4,5A] IBM max. 1.5A, but preferably substantially lower; Vl’ V2 and R should be

adjusted so that the specified ICM value is reached (V1 = V2 = about 15V; R = about 100Q).

O is the reference point for V1 and Vz.

Mullard
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P-N-P SILICON

BDXé64

DARLINGTON POWER TRANSISTORS BDX64A

BDXé4B

P-N-P silicon epitaxial base power transistors in monolithic Darlington circuit, in-
tended for audio output stages and general amplifier and switching applications.
Encapsulated in a TO-3 envelope. N-P-N complements are BDX65, BDX65A and

BDX65B respectively.

-1 max.

T max.

hFE typ. (—Ic =1.0A
min, (-IC =5.0A

f typ. (-Ic =5.0A

max. (T = 25%c)

, -V

CE
CE
CE

, -V
, -V

=3.0V)
=3.0V)
=3.0V)

QUICK REFERENCE DATA

BDX64 BDX64A BDX64B
60 80 100 v
60 80 100 \Y%
— A4
16 A
117
200 °c
1500
1000
7.0 MHz

Unless otherwise stated data are applicable to all types.

OUTLINE AND DIMENSIONS

Conforms to BS 3934 SO-5A/SB2-2

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

266 max

395 M
301

All dimensions in mm

2Q 3 max

l—16

NO
S F

10

LT

13
1

Collector connected to envelope
Accessoriesavailable; 56239A (insulating bush), 562018 (mica washer), 56214 (lead washer)

MAY 1974

Mullard
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CIRCUIT DIAGRAM

T

I DS814
e
RATINGS
Limiting values of operation according to the absolute maximum system.
Electrical
‘BDX64 BDX64A BDX64B
'VCE o mex- 60 80 100 v
-VEBO max. . 5.0 5.0 S. OJ v
hd
-Ic max. 12 A
Toy MaX 16
-IB max. 200 mA
o
Ptot max. (Tmb = 25°C) 117 w
Temperature
T -55 to +200 °c
stg o
T]. max. 200 o}
THERMAL CHARACTERISTIC
Rin-mb) ' 1.5 °c/w

Mullard
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P-N-P SILICON BDX64
DARLINGTON POWER TRANSISTORS BDX64A

BDX64B

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

Min. Typ. Max.
Collector cut-off current
_ICBO IE =0, -VCB = _VCBO max. . - - 0.4 mA
-ICBO IE =0, —VCB = -VCBO max. , Tj =150"C - - 3.0 mA
-ICEO =0, _VCE =30V BDX 64 - - 1.0 mA
-ICEO IB= , ‘VCE=40V BDX64A - - 1.0 mA
-ICEO =0, -VCE =50V BDX64B - - 1.0 mA
-IEBO Emitter cut-off current
Ic=0, ~VEB=5.0V - - 5.0 mA
hFE *Static forward current transfer ratio
-IC=1.0A, -VCE =3.0V - 1500 -
-IC=5.OA, -VCE=3.UV 1000 - -
-IC = 10A, -VCE =3.0V - 1500 -
-VBE Base-emitter voltage
I.=5.0A, - =3, - - .
IC A VCE 3.0V 3.0 v
-VCE (sat) Collector -emitter saturation voltage
—Ic=5.0A, -lB=20mA - - 2,5 v
£ Transition frequency . 7
-IC=5.OA, —VCE=3.0V - 7.0 - MHz 1
fhfe Cut -off frequency \
-IC=5.0A. -VCE=3.0V - 60 - kHz :
w (SB) Switch-off second breakdown energy
-I}3 <0, see also page 8 100 - - m]J
VF Diode forward voltage
I_.=5.0A - 1.8 - v

F

*Measured under pulse conditions: tp <300us, d <2%

- Rt
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P-N-P SILICON BDX64
DARLINGTON POWER TRANSISTORS BDX64A

BDX64B

D6229

Plo( max
(%)
100 =y
\N
AN
N
50
N
N
AN
oLl RN [T
0 - 100 Tmpl°C) 200

D6230

3 T LTI [T1H I T
BN {111%11] EREN 1 [ [ |
T —
tp fe—
Zen(j-mb) ‘-LLT‘J d=t—Tp—
[°C/W)
=
[ L
d=1
et
0.7 —Hme—r=rt ==Ca
T 0.5 o]
] >
oot / —+H
e
14 I
= 0.1
3 \oos ]
I 0.01 | 1 1 +
0 [ [ T | L1 ;
5 2 2 5 2 7
10-5 1074 10-3 10-2 107! 1 tpls) 10

Mullard

BDX 64 Page 5




D623

102 -
SB.voltage multiplying factor at the=-lg nqy level BDX64
5
Msa(1}
2
d4=0.01
10 /0.02
0.05
Y
’ \JM N I
5 T\‘
0.2
T—~~_
[ ] N
, 05 RN
g
~~~-~hh%§\
—
1 l —
5 7
10 102 : ST e “totus) 10
D6232
102 T T T T 1 T1717 T T T TTTI
. S.B. current multiplying factor at the - VCEO max tevels (60, 80,100V)
1
5 NG 002 —\d=0.01 BDX64 [
M AN
sB(V) E \\
, NN
R NN
™~ \t\
10 0.1 C
A
7 —~] AN
] AN
s 0.2 N
E— NN SNSNK
B
\‘Nh \\‘\E\\
05 %\\
2 N
e \\N\N
[— \\§\~
\\'\‘\\:E
I [t
10 102 10° tp (us) 10
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P-N-P SILICON | BDX64
DARLINGTON POWER TRANSISTORS ~ ppxean

BDX64B

T 06233 6 D6234
- ! 1 TP TTT
\I/ 17 17
L] -Veg=3v - bl e L1
10 TCE . Vee san lc/-lg=250 1
: F— Tj=250C ) Tj=25°¢C
-le
(A) /
75 i 4
]
5 / ]
t
YP 2
25 ] It i
[ ‘_YP -
0 ) 0 1] [
1 15 2 25 0 5 -lglA) 10
~VgelV)
'0‘ T T 06235
111
, 1
-Veg=3v
5 N typ.values
P~ o "N
hrE (e ANCTES
P NN T
z a9’ \N 150 o

o , 100
/ // // \N\ 3

25
1

"

'03 / )/ -

7 .4
V. 7
V.

/.

/
/

N

102

10" 1 10 -l (A} 102
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D6235
10¢ ===
7 —=HH
5 “le=sa
Py “Veg=3v  H
2 . o BB
W“N. Tj=25°C
103 N
. N
5 X
2 typ
102
7
5
. \
10
’ X
5
2
1
2 5 7 2 57 2 s 7 2 5 7 2 5 7 2 5 7
1 10 102 10° 104 10° f(kHz)
P Q
=Vy {p-n-p) +V, {p-n-p}
+V4 (n-p-n) (-}1I¢ =Vz (n-p-n)
vert. oscilloscope
+12v | 1 i
] oo
'
I q000 !
4
10
I | - =)V
, T.U,T.| oE e R
tp=1fns 10 to hor. oscilloscope
d=0.01 25M0 ;
v o 2 DS746
Circuit for measuring W(SB) (see page 3)
Tom =6.3A; -IBM max. 3.5A, but preferably substantially lower; V,, V, and R should

be adjusted sothat the specified -Iy\; valie is reached (V1 =V, = about 35V; R =about 1009.)
O is the reference point for Vl and Vj.

Mullard
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N-P-N SILICON RANSISTORS BDX65
DARLINGTON POWER TRA BDX65A

‘BDX65B

N-P-N silicon epitaxial base power transistors in monolithic Darlington circuit, in-
tended for audio output stages and general amplifier and switching applications.
Encapsulated in a TO-3 envelope. P-N-P complements are BDX64, BDX64A and
BDX64B respectively.

QUICK REFERENCE DATA
'BDX65 BDX65A BDX65B
VCBO max. 80 100 120 v
VCEO max. ‘60 50 1001 \'%
ICM max. ) 16 A
[

Ptot max. (Tmb = 25°C) 117 )
Tj max. 200 C
hFE ‘typ. (IC=1.0A, VCE=3.0V) 1500

min. (IC=5.0A, VCE=3.0V) 1000
fT typ. (IC=5.0A, VCE=3.0V) 7.0 MHz

Unless otherwise stated data are applicable to all types.
OUTLINE AND DIMENSIONS

Conforms to BS 3934 SO-5A/SB2-2
J.E.D.E.C. TO-3

9.5me

'O\ |/ =
~t

169
L

395K max
301

|

|

+

|

|
20,3 max

10

) D6270
Alt  dimensions in mm

Collector connected to envelope
Accessoriesavailable: 56239A (insulating bush), 56201B (mica washer), 56214 (lead washer),

Mullard
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R ih(j-mb)

e 05815
RATINGS
Limiting values of operation according to the absolute maximum system.
Electrical
BDX65  BDX65A BDX658
VCBO max. 80 100 120 A
VCEO max. 60 80 100 v
VEBO max. L5. 0 j_(L 5. OJ A%
1 max. 12 A
ICM max 16 A
max. 200 mA
)
Ptot max. ('I‘mb =257C) 117 w
Temperature b
T -55 to +200 °c
stg o
T ! max. 200 C
THERMAL CHARACTERISTIC
1.5 °c/w

Mullard
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N-P-N SILICON

DARLINGTON POWER TRANSISTORS'

BDXé5
BDX65A
BDXé58B

ELECTRICAL CHARACTERISTICS ('I‘j =25°C unless otherwise stated)

Collector cut-off current

BDX65

ICBO IE =0, VCB =60V
ICBO IE =0, VCB =80V BDX65A
ICBO [E =0, VCB =100V BDX65B
= = = o

ICBO IE =0, VCB =60V, Tj ISOOC BDX65
ICBO IE =0, VCB=80V. Tj =150 S BDX65A
ICBO IE=O, VCB=100V, Tj=150 C BDX65B
ICEO IB=0, VCE =30V BDX65
ICEO IB=0, VCE =40V BDX65A
ICEO I.B =0, VCE =50V BDX65B
IEBO Emitter cut-off current

IC =0, VEB=S. ov
hFE *Static forward current transfer ratio

IC =1.04, AVCE =3.0V

IC =5.0A, VCE =3.0V

IC= 10A, VCE =3.0V
VBE Base-emitter voltage

IC =5.0A, VCE =3.0V
VCE (sat) Collector -emitter saturation voltage

IC =5.0A, IB=20mA
tT‘ . Transition frequency

Ic =5.0A, VCE = 3.0V
fh fe Cut -off frequency

IC =5.0A, VCE =3.0V
w (SB) Switch -off second breakdown energy

IB < 0, see also page 8
VF Diode forward voltage, IF

*Measured under pulse conditions, tp <300us, d <29

Mullard

Min. Typ. Max.

- - 0.4 ‘mA
- - 0.4 mA
- - 0.4 mA
- - 3.0 mA
- - 3.0 mA
- - 3.0 mA
- - 1.0 mA
- - 1.0 mA
- - 1.0 mA
- - 5.0 mA
- 1500 -
1000 - - -
- 1500 -
- - 3.0 v
- - 2.5 v
- 7.0 - MHz
- 60 - kHz
100 - - m]
- 1.8 - v

BDX65 Page 3
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100=p
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Safe Operating Areas with the transistor forward biased

I Region of permissible d.c. operation

II Permissible extension for repetitive pulse operation
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N-P-N SILICON
DARLINGTON POWER TRANSISTORS gg%ggl\

BDX65B

D6239
Ptot max
(%)
100 N
N\
N
N
50 A
N
AN
0
0 100 Tmpi°C) 200
D624
3 T__]
| |
T T '
- L
. tp e— tp
Ztngj~mb) LTJ d==
{°C/W) .
2 F
T+
1
I
d=1 IR
.
== = _—
0.7 -4 = ==
- gl
1 05
L
0.2 o
il
L] 0.1
\0.05
P 1 0.01
0 — 11 11 ;
5 7 2 5 2 2 7
10-5 10-¢ 10-3 10-2 107! 1 tpls) 10
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D624&1

102
S.B.voltage multiplying factor at the l¢mq, level BDX65
Mss(1)
2
d=0.0!
10 flf,o.oz
0.05
5 ‘[\“
02
muny
I —
, 05 \\\:\\
= \
~~~ L
i §§§
1
. B 7
10 ’ R S R S T

06242

10— S T S L

T T T T TTTI
, S.B. current multiplying factor at the Vego max levels (60, 80,100V} —
[ 1
5 002 ¢ d=0.0t BDX65
M S
s8(V) N
: 0.05 \\\‘
, H—— \\\
I~ N N\
10 01 ‘ N
N
? h AN
—~ O\,
s 02 NN
— \\‘\ \\
~~~‘~ \\\\\
- NN
. 05 \§\\
ot NN
— \\:
\\\"~-
1
10 S0l 10 tp lus) 104
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N-P-N SILICON BDXé5
DARLINGTON POWER TRANSISTORS  BpDX45A

BDX65B

D6243 D6244
- 5117 T T
L L1 T
10 1 VCE=3V VCE( g) lc/la:ZSO ::
Ti= 25°C sa Ti=25°C
- / V) j ]
(A)
75 / 4
5 typ
/ 2
25 =
/ - P
’—
7/
0 0 ‘
1 15 2 25 0 5 1Al 10 ;
o ——r D6245 l
el 11 g
’ // Veg =3v
. L N typ.values
y e Tj-
- D I 150°C
a8y% ' N 100
) ,/ 7 AN
/ /L/ P\ 25
y
|03 I/ P
, 7
7/ /
5 / -
7
) ;‘
102 .
10! 1 10 Ic(A) 102

Mullard
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104 —
’ Pt
5 Ic=5A e
h“ 2 VCE=3V il
In Tie2sec |||
i
108 \“
7
5 \
2 tYP\
102
7
s \
10 \\
7 X
5
2 .
1
2 5 7 2 5 7 2 7 5 2 57 2 H
1 10 102 10° 104 105 t(kHz)
P Q
-Vq (p-n-p) +V; (p-n-p)
+Vy (n-p-n) 5mH )1 -V, (n-p-n}
vert. oscilloscope 10kQ
+12V | 1 |
[
I 1000 !
2
100
l I -}V,
i T.U.T.l o c R
tp=1ms 10 to hor. oscilloscope
d =0.01 25MN0 ;
0 v 05746
Circuit for measuring W(SB) (see page 3)
=6.3A; . 3.5A. i H ,
ICM A IBM max. 3.5A. but preferably substantially lower; V1 V2 and R should be

adjusted so that the specified Iy
O is the reference point for V, and Ve

Mullard

value is reached (V) =V, =about 35V; R = about 1008)
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N-P-N SILICON DIFFUSED BDY20
POWER TRANSISTOR 2-BDY20

N-P-N silicon diffused power transistor, intended for high quality amp—~
lifiers, power supplies, inverters and similar industrial applications.

QUICK REFERENCE DATA
. ’ 10
VCBO max 0 v |
VCEO max. 60 v :
. 1
ICM max . 5 A
Ptot max. (rmbszs C_) 115 0W
Tj max. 200 C
hFE (IC=4.0A, VCE=4'0V) 20 to 70
fT typ. (IC=1.OA, VCE=4.OV, f=1.0MHz) 1.0 MHz

OUTLINE AND DIMENSIONS

Conforming to B.S. 3934 SO-5B/SB2-2
J.E.D,E.C. TO-3

—>1863max |

—»l .16
[-_tbl
_’_b.O
20.3 B
max
19
--109 13
All dimensions in mm DS

Collector connected to envelope

Accessories available: 56239A (insulating bush), 56201B (mica washer),
56214 (lead washer)

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

Electrical
Vopo M- 100 v
Vi po max. (=0.24) 60 v
VCER max., (RBE =100%, IC= 0.24) 70 v
v . .
EBO max 7.0 A\
Ic max. 15 A
1 oM max. 15 A
_IEM max. . 15 A
-
P, Max- (T, ,=25°C) 115 W
Temperature
T min. -65 °c
. stg o
- T max. 200 (o}
stg °
T. max. 200 (o}

]
g THERMAL CHARACTERISTICS

R .
th(j~amb) In free air 40 degC/W
Rth (j-tob) 1.5 degC/W
Rth mb-h Contact thermal resistance

( ) without insulating material 0.5 degC/W
Rth (mb-h) Contact thermal resistance with

lead and mica washers,
accessories 56214, 56201B 0.75 degC/W

ELECTRICAL CHARACTERISTICS (Tj=250C unless otherwise stated)

Min. Typ. Max.

Collector cut-off current

LS V=100V, I=0 - 3.0uA 5.0 mA
# Iopx V=100V, -V, =1.5V - 4.0p4A 5.0 mA
3 Iopx V=100V, -V =15V,
] T;= 150°C - 0.3 10 mA
e TSI i s
gp= 10V I . .
R v/ S PR PR
cTH0A, V=4 . .

! Mullard
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N-P-N SILICON DIFFUSED
POWER TRANSISTOR

ELECTRICAL CHARACTERISTICS (cont'd)

Min.
vy Collector-emitter saturation
CE(sat) voltage

IC=4.0A, IB=0.4A -

h Static forward current
FE :
. transfer ratio

IC-=4.0A, VCE =4 .0V ; 20
C to Collector capacitance

IE =Ie=0, VCB=20V,

f=1,0MHz ~
fT Transition frequency

IC =1.04A, VCE=4.0V,

f=1.0MHz -
fh.fe Cut-off frequency

IC=1.0A, VCE=4.0V -
Switching times (see Fig.1 and Fig.2)

IC=4.0V, IBon=-IBoff= 0.4A

Turn-on
t 4 Delay time -
tr Rise time ~
Turn-off
ts Storage time -
tf . Fall time ~

CHARACTERISTICS OF MATCHED PAIRS

hFEl Ratio of static forward current
o transfer ratio of a matched
FE2 pair
IC=0.4A, VCE=4.0V -

IC=4.0A, VCE=4.0V -

BDY20
2-BDY20

Typ. Max.

0.4 1.1 v

- 70

250 - pF
1.0 - Miz
15 - kHz
0.4 - us
2.0 - us
2.0 - pus
2.5 - us

- 1.6

- 1.3

‘Mullard
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Switching times

Test circuit

Osciitoscope tp<10ns

Waveforms

tqgond t,. measurement

R; 9500 Oscilloscope
F—t, (500)
+4QV 500
Oscilloscope
o T I (500)
t., > 10us -
p P ' ) -0
t. € 10ns —
R, = 500
Fig.1

ty and ty measurement
|

0%~

Mullard
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N-P-N SILICON DIFFUSED BDY20
POWER TRANSISTOR 2-BDY20

]
I BDY20
c | ‘ T
(A)
15
1 ] T
° I g
5
I ~=200mA
Y =1Region I
O |
(o) 20 40 60 80 vy 100
CE

AREAS OF SAFE OPERATION
1. Operation is allowed under all base-emitter conditions, provided no limiting
values are exceeded.
II. Operation is allowed when the transistor is cut-off, provided -VBESI.SV.
II. Operation is allowed during switch-off, provided the transistor is cut-off
with ~VgE=1.5V and the transient energy does not exceed 75mWs.

" BOY20 - T T
RN R il |
- HHTH [ Te-200ma T T T
VCER - TJ=25°C !
max [T O O
V) Foa T
00—+
N
o
N\._
_ P~ 1.4 T "
DY e !
01 1 10 100 1k 10k RBE(Q)

MAXTMUM ALLOWABLE COLLECTOR-EMITTER VOLTAGE PLOTTED
AGAINST BASE-EMITTER RESISTANCE

Mullard
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T T T T T T T 7 T
] HH A eoY2o [ = H T
Piot ]
(w) .
» E
100 %,
- r%é\
2
<0 :
*0. 50T —yMounted with lead and
Soig 111 1 mica washers on RN
71 L4 Jintinite heatsink N
50 A
T 7
4 L1 |
o LI T I T I T I I Tl T T IHHE

0] 50 100 150, 200 Tqmb (¢C)
i MAXIMUM PERMISSIBLE TOTAL DISSIPATION PLOTTED AGAINST
3 AMBIENT TEMPERATURE
: BDY 20
— IO
11T
HHHT
T IOI0
Reney Rin(t) =Transient thermal resistance
(dag C/W. between junction and mounting base,
Rentj-mb) i
8 Rii
10
05
‘0
< 0 107 1072 10" 1 10' Ws). 10°
TRANSIENT THERMAL RESISTANCE PLOTTED AGAINST
PULSE DURATION
£, u“a BDY20 Page 6



N-P-N SILICON DIFFUSED BDY20

POWER TRANSISTOR 2-BDY20
100[F B80Y20 H {HBBZ?I
7E TI7T [T 117
H S L - VCB=1OOV
Icmo|f -
st e
p el
10 canll
£
st Max.
. ]
| 1]
[ v Veg =100V ]
mal 1 | A
pAvooo o
2 Veg =50V 3
/J
] q //
100+ /
us
sk i
i /
; A LA
10}
7k E
j: |
T Typ. {
LA j
_’: Typ. \
sk 1 1
ol LT | ‘«
0 50 100 150 20 T;CC

VARIATION OF COLLECTOR CUT-OFF CURRENT WITH
. JUNCTION TEMPERATURE

Mullard
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Ie TT T d ] HENEERN 1] TBbY2o] | [ ]
N | C
| TT1
av Tj =25°C
10 Nl | [=0-6A [
O
| " | =05A
i =0dA |
=03A [+
| -
- =0-2A
5
J 4l =01A
f— —1=50mA [ ]
y. . |
- |=10MA
| L
o} Il L1 \ [
o} 1 2 3 4 Veg (V)
TYPICAL OUTPUT CHARACTERISTICS
1017 BDY20
7F
Ic |,k —
(A °F
L
3 ||
i //'
i - Vep=4-0V
[ / Tj=25°C
1 =
7F
5t
4
‘4
/
01 >/‘ I 1T A i L1l
3 5 7 3 5 7 3 5 7
1 10 100 Ip(mA) 1000

TYPICAL TRANSFER CHARACTERISTIC

Mullard
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N-P-N SILICON DIFFUSED BDY20
POWER TRANSISTOR 2-BDY20

Ic BDY20-] B8268
(A) [ITTTT] I I
Ve = 4V H—
Tj=25'c

i
10 Typ.

S ] 2 3 4 Vge(V
MUTUAL CHARACTERISTICS

hrg F-H BDY20 B8270] ;. [ | BDY20[ [B8269
[HREN] 11} \ TTTTTIT
150 Vecep=4V (M1st) VCE=4V
Tj=25C f=1MHz
HH Tj=25°C
4 T
100/~ . 10
\ -
A \
N T . )
\
\ ~
50 NEHHTH] 05
A
N ] I
g ]
(o] i LI LI oftH f A
) 1 3
O 0 Ic(A 10 2 et

TYPICAL VARIATION OF STATIC FORWARD CURRENT TRANSFER
RATIO AND TRANSITION FREQUENCY WITH COLLECTOR CURRENT

Mullard
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N-P-N SILICON DIFFUSED BDY38
POWER TRANSISTOR 2-BDY38

‘N-P-N silicondiffused power transistor, intended for amplifier, converter
and voltage stabiliser applications.

QUICK REFERENCE DATA
VCBO max. 50 v
VCEO max. 40 v
ICM max. . 6.0 A
=

P, . max. (T =25°C) 115 ow
Tj max. 200 C
b min. @,=2.04, V,_=4.0V) 30

ftyp. (I =1.0A, V=4.0V, {=1.0MHz) 1.0 MHz

OUTLINE AND DIMENSIONS ) o

Conforming to B.S. 3934 SO-5B /SB2-2
J.E.D.E.C. TO-3

f+—— 26,6 max —— ~+1863 max [
-t} |16
{
1
- _th,2
c _fu.o
169
395 RN JE— A
max 01| — i '2“%2
- L 10
H v
e b -
—— |
L-m.s L— ;3-—
All dimensions in mm Ds8f

Collector connected to envelope

Accessories available: 56239A (insulating bush), 56201B (mica washer),
56214 (lead washer)

Mullard
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RATINGS

Electrical

CBO

v max.

v max. (Ic =200mA)

CEO

v max.

EBO

v 1 o Tax.

‘ ICM max.

-IEM max.

IBM max.

P )
tot ™2

Tenipera.ture

stg
T], max.

Rth(j—amb)

R, .
th(j~mb)

Rihmb-h)

Rth (mb-h)

' Iemo
Ters
TeBo

VC E(sat)

BE

FE

(Tmbszs°0)

T range

THERMAL CHARACTERISTICS

In free air

Contact thermal resistance
without insulating material

Contact thermaﬂ resistance
with lead and mica washers,
accessories 56214, 56201B

Min.

Collector cut-off current

VCB= 50V, IE= 0

VCE=50V, VBE=0
Emitter cut-off current
VEB=7.0V, IC=0 -
Collector-emitter saturation
voltage

IC=2.0A, IB=0.2A -
Base-emitter voltage

IC=2.0A, VCE=4.0V -
Static forward current

transfer ratio

IC=0.2A, VCE=4.0V 30

IC=2.OA, VCE=4.0V 30

Limiting values of operation according to the absolute maximum system.

50

40
7.0
6.0
6.0
8.0
2.0

115

g > > > > < g <4

-85 to 200

o
a

200

40 degC/W
1.5 -degC/W

0.5 degC/W

0.75  degC/W

ELECTRICAL CHARACTERISTICS (Tamb=25oC unless otherwise stated)

Typ. Max.

3.00A 1.0 mA
3.00A 1.0 mA

1.0nA 5.0 mA

Mullard
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N-P-N SILICON DIFFUSED
POWER TRANSISTOR

ELECTRICAL CHARACTERISTICS (cont'd)

fT Transition frequency
IC =1.0A, VCE=4.0V,
f=1.0MHz

th Collector depletion
capacitance
VCB= 20V, IE =Ie= 0,
f=1.0MHz

CHARACTERISTICS OF MATCHED PAIRS

h Ratio of static forward
FE1 .
—_— current transfer ratio

h _ _
FE2 1,=0.24, V=4.0V

Mullard

BDY38 o
2-BDY38

B SRS

Typ. Max.,
1.0 - MHz
250 - pF
- 1.5
- 1.3

i

B T DIy
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1e P
oS B ! aDY38[]
6-0
T m
. 11
a0 i .
2.0 T Il
Ic=2°0mA
I ITTIT]
Region I
L. TTITTTITT
ot | eEasits.
0 20 40 60 VCE(V)

AREAS OF SAFE OPERATION

I. Operation is allowed under all base-emitter conditions, provided nolimiting
values are exceeded.

II. Operation is allowed when the transistor is cut-off,provided -Vgg=1.5V.

IIO. Operation is allowed during switch-off, provided the transistor is cut-off
with -V g1 .5V and the transient energy does not exceed 75mWs.

VceR 80Y38 i
) - )
i
I »200mA
Tj=25¢ ~—Lc=200mA F
" L
i MU VeER i
H - Ree |
P e e S et Fr } ;
— 4
HH— tH g
40 = 2
35 B 1 S H 001 A 1l g it
; 041 +0 10 100 1k 10k Rgglq)
MAXIMUM ALLOWABLE COLLECTOR-EMITTER VOLTAGE PLOTTED
AGAINST BASE-EMITTER RESISTANCE

BDY38 Page 4




N-P-N SILICON DIFFUSED BDY38
POWER TRANSISTOR 2-BDY38

TTT
Piot HHHHTHTH } q'aovaa H HHHHHH
(W)
100+ » :
. %, 1] ;
NI, :
..,
P IR ;
] " R .
T . the, N (o] ;
CTT Atg, (M ™ :
501 Hognteg U S |
1 efss [‘,‘lb o 75 N SR
/ ,"’711 ,900 Y%g f
ito heq"d C’W
. ot&l,’"’/c :
NI <@ s
o s, :
0 50 100 150 200 Tqmp(°C)

MAXIMUM PERMISSIBLE TOTAL DISSIPATION PLOTTED AGAINST E
AMBIENT TEMPERATURE 3

Rin(t) .BDY38
(degCrw)
} :
: ,
Rih(g)=Transient thermal resistance :
—1—T11H}| between junction ond mounting base.
1-5
10 H ] ;
| s
05— E
[o] WSS A N : i L HHH HHHHE ,
RN - T o vl Ty : - i
10 10 10 10 10 10 t(s) E
TRANSIENT THERMAL RESISTANCE PLOTTED AGAINST

PULSE DURATION i

Mullard
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Iceo
(pA)

~

T
-

bl

~

1000

g

MERER I

~
T

T

L

100

T
NN

o~
N

10

i nnn

L ———
bl

0 100 200 T Q)

TYPICAL COLLECTOR CUT-OFF CURRENT PLOTTED AGAINST
JUNCTION TEMPERATURE

Mullard -
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N-P-N SILICON DIFFUSED BDY38

POWER TRANSISTOR 2-BDY38
- - R
Ic BDY38 HHH
(A) Tj=25°C
60
15=400mA !
mENEEE =350mA[T]
=300mA
. =250mA
40 =200mA
L =150mA 1
]
=100 MA —— ,
| O O
=50mA |
20 Ml bt T
T
RREN
=10mA
K
o] i
0 10 20 30 40 Veg (V)

TYPICAL OUTPUT CHARACTERISTICS

Ic 1 eovas T f
(A) ] . i
. Tt t 1711
6-0 LTI TTTTTT | ¥
Veg =40V
T =25°C
4.0
ﬂ
T
2.0 3
0 ; !
o 1.0 2.0 30 40 VgpW

TYPICAL MUTUAL CHARACTERISTIC !

Mullard
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Ic | E BDY38
a)|7E
s Vo »4-0V
T =25'C /7‘
3 >
L p
Pat
5 P
104 ,/
|7E
3 ///
|/
i
01 NP U N N I N U S AU O O A P I O ) PO B P P PR M A
7 3 7
1-0 10 100 Ig(mA)
TYPICAL TRANSFER CHARACTERISTIC
hFE Bpv3a t7 BOY38|
TTITTT (MHz) TTTTIS
150 VCE =4-QV +5 VCE = 4-QV
Tj =25°C t =1-0MH2
' : T =28°C
100 10
: 50 06
o o)
Q 20 4Q Ic(A) 0 2.0 IC A)
TYPICAL VARIATION OF STATIC FORWARD CURRENT TRANSFER
RATIO AND TRANSITION FREQUENCY WITH COLLECTOR CURRENT




N-P-N SILICON BDY90
HIGH-POWER TRANSISTORS BDY91

BDY92

N-P-N silicon high-power transistors in metal envelopes for use in converters,
inverters, switching regulators and switching control amplifiers.

QUICK REFERENCE DATA
_BDY9 BDY9L BDY92

v cBO MAX- 120 100 80 \%
YV opo Max- 100 80 60 VvV
I oM max, 15 15 15 A
Py, ek (T < 75°C) 40 40 0 W
VCE(sat) max. (I,=10A, I;=14) 1.5 1.5 1.0 Vv

tp max. (I,=54, IB(on)=-LB(oﬁ)=0.5A, )
Vioo=30V) _ 0.2 0.2 0.2 us
fp 9. (1,=0.54, V=5V, {=5MHz) 70 70 70 MHz

Unless otherwise stated data are applicable to all types

OUTLINE AND DIMENSIONS -

Conforms to BS 3934 SO-5A/SB2-2
J.E.D.E.C. TO-3

asml
266 ™x 315
N
~
. 1
ey 1 ) & g
%58 J _+_ Il 3 g
e $ b -
1 I
10-9 7200672) 11

All dimensions in mm
Collector electrically connected to case

Accessoriesavailable: 56201A (insulating bush), 56201B (mica washer), 56214 (lead washer)

Muliard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical

v max.

CBO

v max. (VEB= 1.5V)

CEX

v max.

CEO

v max.

EBO

IC max

XCM max.

IB max

I‘BM max.

-1E max

-1 max.

EM

P, , max. (T
m

tot

b 75°C)

Temperature

Tstg

Tj max.

THERMAL CHARACTERISTIC

Rth(j' -mb)

ELECTRICAL CHARACTERISTICS (Tj =25

IC EX

VeE(say

VBE(sat)

FE

Collector cut-off current, T, = 150°C

VEB=1.5V, VCE=VCEX max.

Collector-emitter saturation voltage

IC=5.0A, IB=0.5A

1_.=10A, =1.0A BDY90,91
c IB BDY92

Base-emitter saturation voltage
IC=5. 0A, IB=0.5A

IC= 10A, IB:I.OA

Static forward current transfer ratio

=1.0A, =2.
IclAVCEZOV

IC=5.0A, VCE =5.0V

IC=10A, VcE=5.0V

Transition frequency
IC=0.5A, VCE=5.0V, f=5.0MHz

BDY9 BDY91 BDY92

oC unless otherwise stated)

120 100 80 v
120 100 80 v
100 80 60 \'d
6.0 6.0 6.0 v
N )
~"
10 A
15 A
2.0 A
3.0 A
11 A
15 A
40 w
-65 to +175 °c
175 %
2.5 .’ degC/W
Min. Typ. Max.
- - 3.0 mA
- - 0.5 v
- - 1.5 v
- - 1.0 v
- - 1.2 s
- - 1.5 v
35 - -
30 - 120
20 - -
- 70 - MHz

Mullard
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N-P-N SILICON | " BDY90
HIGH-POWER TRANSISTORS BDY9|

BDY92

ELECTRICAL CHARACTERISTICS (contd.)

Min. Typ. Max.

Switching characteristics (see test circuit and waveforms)

IC = 5.0A, IB(on) :_IB(off) =0.5A, VCC =30V
t Turn-on time - - 0.35 us
on
ts Storage time - - 1.3 us
t Fall time ‘ - - 0.2 us
Test circuit
Pulse generator Vec =30V

t <50ns, t.<50ns,
b3 f

t =20us, d=0.02
b (!

Ia(on™ 1B (off) Oscilloscope

VI oy \ d I,
50
mn
Vgg= -6V
Waveforms
g input waveform
l8gom) 7~~~
time
I
t
_[B(off)—' —_——d -

output waveform

Mullard :
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T T—o2349
? BDY90 —
5] Tmb=T75°C
e repetitive pulsed operation; d=0.1
(A} F1 | A
M max erH—tp=0.01ms
W0 I \ NN 0.02| | |
Iemax  H N ANMWTLRY 0.05 E
’ Y AL A = a1 A
ALRV MW ANY — 0.1 1]
N ALY W 402 |
5 - \ \\ \—N mnl 05 |1
second -1
breakdown \é( L L] LI -
(de) \ \ T2
I N 1y —5
1 X 10 ——
7 A AN 20 -
AN i 1]
AN
. \\\\\
IC AN
(maA) § \
of 1 AN
—1 \
1]
2
il
0
80 100 120
Veetv)
07 >
I 10 107 Veg (V)

SAFE OPERATING AREAS (RegionsI and II, forward biased)

1 Region of permissible d.c. operation
i Permissible extension for repetitive pulsed operation

II Repetitive pulsed operation in this region is allowable, provided —VBE>_1. 5V

Mullard
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N-P-N SILICON | BDY90
HIGH-POWER TRANSISTORS BDY9!

. BDY92

102 - . r02350
L - S ‘
Tmp=75°C {BDY9"
Ie
(A) e
| | _repetitive puised operation;d=0.1
IeMmax | 2
- \\\ \ | L }H4tp=001ms
1 1 . AWAY A . 0.02
P Cmax MWV 005
A BN BRI 0.1
5 AR RRANV S § 02
AN o —05
) second > \ T
breakdown T \ =T =2
(d.c) O At
‘ [T——10
(TH 20
I
1 A\ \\ \\\ \‘ N\
7 LR WALV
AN AN'AY
5 AN\N
A\NANAY
: NN
Ic
(mA} .,
» af !
10 \
7
2 o ]
5
3 060 80 100
VeelV) ‘ :
1072
1 3 5 7 10 3 5 7 102 VCE(V)

SAFE OPERATING AREAS (Regions I and II, forward biased)

I Region of permissible d.c. operation
1) Permissible extension for repetitive pulsed operation

oI Repetitive pulsed operation in this region is allowable, provided -V__>1,5V

BE

Mullard
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51

SAFE OPERATING AREAS (Regions I and I, forward biased)

1
I
I

Region of permissible d.c. operation
Permissible extension for repetitive pulsed operation

102 . — —
Tmp 275°C JsDv92
I
(Al N | repetitive pulsed operation ; d=0.1
ICM max s A
= \\\ \ | |1 11tp=0.01ms
10 -1 1 Ny A VAW WY T 002
[ - max LEBVLMY 005
AW AN =g 0.1
5 SNANN N - ] 02
AN - a5
R second T\ an )
breakdown TI—2
{d.c.) \ T —5
10
[1{H—20
1 I
JAL\ \\ \\\\
7 NSNS \\
5 \\N
AN
3 \
Ie
(mAL 1 \
-1
10
’ 2
5 m
3 040 60 80
VCE(V)
1072 .
1 3 S 7 g 3 57 402 Ve V)

Repetitive pulsed operation in this region is allowable, provided —VBEzl. 5V

Mullard
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N-P-N SILICON | BDY90
HIGH-POWER TRANSISTORS

102 02352
T
Rin (j-mbi m
(degC/W) m
>t e | t, Hll
P
- T - d:?
10
d=1
0.75
0.5 ]
1 0.33
0.2
£0.1==]
B —A
><f
10" =T 5t70.05
0.02
- <0.01
102 v
1072 10" 1 10 10?2 10°  tp(ms) 104
102 - P <
s e 3
[ Vee=Veexmax :
Teex F+ ~Vee=15V / E
{pA) / ;
typ '
10
y 4
/
1 L/ J
/
o 1 |
0 100 Tj(ec) 200

Mullard
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02354

100
Vee =5V
hee T; =25°C
75 =] ™~
'\
typ 1]
\ L 4
50
N
25
0 2
0.1 1 10 Ic (A) 10
103 ' T D2355 150 D2356
1 typical curvesi 1| | I
1 T vee=sv - £ Vee=5V
1 - Tt £-5MHz H1H
8
{mA) L % (MHz) 7,:25°C
I=10A ]
102 - \ 100
. 5A = B i |
a ] e |
- 1 ! TN
J © /‘ ’—T typ
il Hi il
10 e e 50
o ; T 7
- B 1 L SRR
e L1 0.5A & |
T 1
| L T 5
1 o
0 100 T (°C) 200 0.1 1 Ic (A) 10

Mullard
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‘N-P-N SILICON BDY90

HIGH-POWER TRANSISTORS BDY9I
075 St 0.6 T 02358
| U | [ T T1TT
1j=25°C |+ typical curves
Vegsan %—c=10 7] VCE(S“":: I =10 - ;
tv) 2 v LT,
EEEREED
Ic=10A i
05 0.4 +—4
”
I 5
5A —
[ -
025 / 02 — [
[ | )
I [ | A
1A -
typ 4 EEESEEN
pt -
st 0.5A /
0 L 0 [TT 11
10” ] I (A 10 0 100 T, (°C) 200
5 7T 1 T
} J | EEREER
Tj=25°C|] = typical curves ——
VBE(sat) Ic =10 {17 VBE(sul)M T c 11
(v} Is v 15 =10 1]
T
y ERE= T.=10A ]
1 ¥ / 1 N vC
/1 14 ‘ % B
typ_+1 o 3 - SAL 1 1]
LT ™~ T.
= S l
= TSI
0s 05 f : I
0.5A 7]
- - o
- - i8S
{ j£1 . NENES W;f
, T T

10»1 1 IC(A) 10 0 100 TJ {°c) 200

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
BDY93 BDY%4
VCESM max. 750 750
VCEXM max. (—VBE =1.5V) 750 750
VCEO max. 350 300
I c max. 3.0
ICM max. 6.0
“Iopy max. 3.0
IB max. 2.0
IBM max. 2.0
-IB @Aav) max. (;:;e;g; :.p(; r i(())z )averaged over 100
'IBM max. (peak reverse value, turn-off current) 1.5
P max.  (Tp, = 50°C) 30
Temperature ‘
T stg -65 to +125
T]. max. 125
THERMAL CHARACTERISTICS
Rih(j-mb) 2.5
Fih(mb-h) (lelfihlz;l; awaw:::: 1‘552612;))1B 0.75
Rth (mb-h) (with lead washer 56214 only) 0.5

BDY95
600 \4

600 v

250 \4

5

C/W

C/W
Cc/W

Mullard
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N-P-N SILICON | BDY93
HIGH VOLTAGE POWER TRANSISTORS 'BDY94

BDY95

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

1 CES *Collector cut-off current
. VCESM=max,, VBE=0 - - 0.5 mA
= = = 0 - -
VCESM max., Vgg O’Tmb 125°C 2.0 mA
IEBO EmIitter cut-off cur(l)‘ent .
= = - - il
c 0, VEB 6.0V 5. mA
VCEo(sust) Collector-emitter sustaining voltage
Ig=0, IC=100mA, L=25mH BDY93 350 - - \
BDY9%4 300 - - A
BDY95 250 - - v

+50vV
100-20041
L 250 (
200
Ic
hor. (mA)
oscilioscope 100 mm— =
P min VCEO(sust)E ;
1
vert. 0

Veeo (V)
Oscilloscope display for Voggsust)

30-60Hz 8V t:]”o“ n 04039
;/ D4D38

Test circuit for Vego(sust)

VCE (sat) ColIletit(l)r(—)emittefosaturation voltage .
¢t A, IB- 1A - - .0 \2
1o=2.5A, Ig=0.5A - - 1.5 v
VBE (sat) Base-emitter saturation voltage
1.=2.5A, I, =0.5A - - 1.5 v
C B
hFE Static forward current transfer ratio
IC=3,0A, Veg=5.0V 5 - -
Ic=1,0A, VCE=§.0V BDY93 15 - 60
BDY9%4 25 - 80
BDY95 25 - 80

*Measured wich a half sine wave voltage (curve tracer)

Mullard
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fr Transition frequency

[o]

Switching characteristics

I=2.54, Ipon)= “Ip(ofr)
ton Turn-on time
té Storage time
te Fall time
. )
te Fall time at Tmb—95 C
0 to +8Y
1pF
JL
Li]
° —Lr WF
T=1ms
tpx20ys

Test circuit

=0'5A"VCC

ELECTRICAL CHARACTERISTICS (contd)

1.=0.2A, VCE=10V, f=1.0MHz

CTc Collector capacitance

IE=Ie=0, Vep™ 10V, f=1.0MHz
CTe Emitter capacitance

IC=Ic=0’ VEB=2.0V, f=1.0MHz

BDY93

BDY%4, 95

BDY93

BDY%4, 95

BDY93

BDY%, 95

500

oscitioscope
Vo

Transistor
under test

oeowo

Mullard

Min. Typ. Max.
- 8.0 -

- 85 -

- 1.4 -

- 0.25 0.5
- 2.0° 3.0
- 2.0 3.5
- 0.4 0.6
- 0.5 1.0
- - 1.2
- - 2.0

-

MHz

pF

nF

us
us
us
us
us
us
us

input
waveform

125V

1 _
ol
ton [—

S

10%a

90%

time

output
waveform

Waveforms

time
04048
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N-P-N SILICON
HIGH VOLTAGE POWER TRANSISTORS

D4042
o, —FH
T,.»<50°C HH]
Ie
{A)2
lo2 BDY93
10 Repetitive pulsed operation;d=0.01
4 leMmax = to=
5| !c ma‘l \\ N N 5 "‘
N 0.0lms
AVAN +0.02
tNANAN NG
1 3 Ymms ih
7 N X X
" AY
3 ALY
. A \\\\ \Y
N L0
z Second \i \\ 1 02
=1 breakdown N 05
10 {de = 1
9 _— sa: )
§ X
‘ N
. 1
107
-3 v
10
1 10 0 " 10*

SAFE OPERATING AREAS (REGIONS I, II, AND IIl FORWARD BIASED)

I Region of permissible d.c. operation

II Permissible extension for repetitive pulse operation.

BDY93
'BDY94
BDY95

III  Area of permigsible operation during turn-on in single- transistor converters,
provided tps 0.6us and RBE = 100Q.

IV Repetitive pulse operation in this region is allowable, provided VBE =0 and

=
tp = 2ms.

Mullard
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10° =
i . 1
(i\ , Tms250°C HHH
2
10., BDYI4
2
Repetitive puise operation,d=0.01
10
9 ICanv I Ip=
= X S
Icmax A i .ol.,ms
) N\
1 NONA
! X =iay
5 A ¥
AY AW R
N\ \Y
2 Second A\
breckdown \ \\ 0.2
10" {de) A 0.5
7 N 1]
N A N
5 XN 2
2
N
16’ !
7
5
‘0-3 I
1 10 10? 710 Ve 10°

SAFE OPERATION AREAS (REGIONS I AND II FORWARD BIASED)

I Region of permissible d.c. operation

11
111

t =2ms.
p

Mullard

Permissible extension for repetitive pulse operation

Repetitive pulse operation in this region is allowable, provided VBE =0 and

BDY93 Page 6



N-P-N SILICON
HIGH VOLTAGE POWER TRANSISTORS

D404 4

10 fr=s05C
] 5
(A}
2
BDY95
10?
,| Repetitive pulse operation; d= 0.04
10 +—t p=
7 lCMmax 8ys
T ” By AN 0.01ms
Emax N 0.02
2 b NYto.05
N
, N NNNAN ]
" 0.1
7 A Y T 1T
s X Iy
A} 111
NAYT0.2
2 AN UINE
Second breakdown(d.c) \ \\\\ £0.5
10 |
7 = a 1
s \\ 52
2
I
102
?
2
108 mn
! 10 102 * 108 Veev)® 104

SAFE OPERATING AREAS (REGIONS I AND II FORWARD BIASED)

I
1T
111

Region of permissible d.c. operation

Permissible extension for repetitive pulse operation

Repetitive pulse operation in this region is allowabie, provided VBE

t =2ms,
P

Mullard

BDY93
BDY94
BDY95

= 0 and
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! 1027
o Zyh(j-mb) —_— _I l_
(ecw) | ; ‘ it | el
d=1.0 T
10 57
7 0.5
5 0.33]
0.
2 Y
w—
1
c 1
. 0.1 |
df,v" .05 ¢
107 o §'gf
7!
102 ;
102 107 1 10 102 10° €, (msl 0%
DAOLS
Msa(” 1 i LERALRLELLA 1 T I Trrril L
S.B.voltage multiplying factor at the |.max level-
102
kg=0.01
0 02
| NN
2—0.05
o ALY
-
10 Q.1 P
9 1 ~
0.2 I
\
0.33 e WH)
| _os ~_~-~"-‘§,
RS
0.75
! 1! - L L a4
102 107 1 10 tpims 10?

Mullard

BDY93 Page 8




N-P-N SILICON BDY93
HIGH VOLTAGE POWER TRANSISTORS BDY94

BDY95

04047
M T T T T 1117 T T 1T T TTT11T T
SBM S.B.currerln multiplying factor at the V. maxlevel BDY93
102
*d=0.01
=0.02
2 ! N
0.05 Ratn
—~\ »
10 H
,,'_0 ‘\
"
, o 3 N
0. Sapin «
o 3 ~‘~~'~‘m- |
0. —
0.75
1 . T
102 10 1 10 p (ms) 102 .
04048 .
MSBM T T T T TTTT T L N B RN T b
S.B. current multiplying factor at the Vegomax level BDY94 [ ;
102
’*d=o.tln
.02
| NN
z;oq; ™ \\
[~
10 I~ N
" 1 -
—o. , SN—
5 !
0.33 ™~
| b
2 0.5 ]
Y —_—
0.75
v ] =
102 ° 10" 1 - 10 1, ims) 102

Mullard
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5 .
LV | ERRA 1 8DYgs HH
Msaiv) HEERIN I HERA
- $.B.current multiplying factor at the Voggmax level
s,
[
7
s|_0.05
A N
; 2 - S T
7 0.2 T
10
.| 0.33 »
51 0.5
muny -
0.75 ~~~~ N
& 2
3 ‘-n‘_'.‘.‘ 1 et
1 I \N:E:
: ki
x 107 07! 1 10 tims) 10
04050
10
Veesa \ \
tv) \ max curves| |\
T,-25°C
75 \ \lc =5A
2 | \ \
i \ \
/ X \
5
\
\ \ N
\3A A
25 A \
: \ \ N
N
24 \d S
1A N It I —
0 T
0 0.25 05 0.7% )] 125 IglA) 15

Mullard
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N-P-N SILICON BDY93
HIGH VOLTAGE POWER TRANSISTORS BDY94

BDY95

D4051

10
Veesan A
v \ \
\ Typical curves, .
25 \ T =25°C :
A \ Ic = 5A
N\
5 ;
\ \
\4A
\
\ \[3a \ N
25 A\
2A N
P
1A ‘ NN ~
0 = -
0 0.25 05 0.75 1 125 IA) 1.5
D4052 102 0408
" LIA 51BDY83.vg = 750V
- » 1. sFBDY84 Ver = 750V
v DA [ 0] 5 eovese = soov
BE(sat) ot — VBE =0V
v) 1A i
0.75 0 )
7 4
5
" 4
typ
05 ) /'/
1 A
025 Typical curves z
T;z25°C T
0 10"
0. 05 1 IglA) 15 0 50 100 T;°C) 150

Mullard L
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04064
100 BDY93|
hFE
75 Typical curves
50 o I Veg=5V. J;=125°C
Y i= S*C
. ~
N ZaN
N\,
25 T \\
VegsIV.T; =125°C - = R \ N
T; = 25°C NN
0 na
107 1 2 IelA) s 70
D4L0SS
100 BOY94
hee ! BDY 95
75 . — Typical curves
Ve =51, =125°C
Tj = 25°C
AN N\ (
—m— = A\
~. AN
N AN
25} / RN
Vg =1V T, =125°C \\‘\
Tj = 25°C N
T~
0 |
107 1 1.(A) 10

Mullard
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N-P-N SILICON " BDY93
HIGH VOLTAGE POWER TRANSISTORS

04056

15 }
- V=10V
fy T,25°C
(MH2)
10
et typ R
P
AN
sl A
Hlr g NC
AN
A Y
0
10-2 2 s 7 10-1 2 5 7 1 2 ]c(A) 5 LT}

Mullard
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N-P-N SILICON
HIGH VOLTAGE POWER TRANSISTORS

High voltage n-p-n power transistors in a TO-3 envelope, intended for use in converters,

inverters, switching regulators and motor control systems.

BDY96
BDY97.
BDY98

QUICK REFERENCE DATA

BDY | BDY | BDY
96 97 98
Collector -emitter voltage (VBE =0) VCESM max. 750 750 600 \%
Collector ~emitter voltage (open base) VCEO max., 350 300 250 \%
Collector current (d.c.) Io max. 10 10 10 A
Collector current (peak value) Iem max., 15 15 15 A
Total power dissipation up to
Tmb = 65 °C Pyor max, 40| 40 | 40 W
Collector ~emitter saturation voltage
Ic=5A;Ig=1A Vogsat < 1 1,5 1,5 A%
Fall time
IC =5 A; IB1=’IB2 =1A; VCC= 250V tf typ. 0,3 0,5 0,5 [SE]
MECHANICAL DATA Dimensions in mm
TO-3
Collector connected to case
95"\0!
266™ .31
BN\ |~ OF]
|18 | :
S |4 — =
By | oS §
¢ @ b
[}
109 ‘ 72086721 g 11
Accessories available: 56201A (insulaling bush), 56201B (mica washer),

56214 (lead washer).

L TR A

Mullard
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RATINGS Lirniting values in accordance with the Absolute Maximum System

Voltage

Collector -emitter voltage (Vgg = 0)

peak value VCESM — max.
Collector ~emitter voltage (open base) Veeo max.
Current
Collector current (d.c.) Ic max,
Collector current (peak value; tp < 1 ms) Iem max.
Base current (d.c.) IB max.
Base current (peak value; tp < 1 ms) Ipm max.
Reverse base current (d.c. or average

over any 20 ms period) . 'IB(AV) max.
Reverse base current(peak value) 1) 'IBM max.

Power dissipation

Total power dissipation up to

Tip = 65 oC Prot max.
Temperature
Storage temperature T stg
Junction temperature , Tj max.
THERMAL RESISTANCE
From junction to mounting base Rthj-mb =
From mounting base to heatsink:
with mica washer and lead washer Rihmb-h =
with lead washer only Rthmb-h =

1) Turn-off current

BDY | BDY | BDY
96 97 98
750 | 750 | 600
350 | 300 | 250 V
10 A
15 A
4 A
6" A
100 mA
4 A
40 w
-65to+125 oc
125 oG
1,5 oc/w
0,75 oc /W
0,5 oc/w

Mullard
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N-P-N SILICON

HIGH VOLTAGE POWER TRANSISTORS

CHARACTERISTICS

Collector cut -off current 1)

VCE = 600 V; VBE =0
Vg =750 V; VgE = 0

- . -0 = 0
VCE =600 V; VBE = 0; Tj =125 °C
Veg = 750 V; Vgg = 0 Tj =125 OC

Emitter cut -off current

IC=01VEB=6V

D.C. current gain

Saturation voltage
Io=5A;Ig=1A4A

IC=10A;IB=3.3A

Collector -emitter sustaining voltage

Ic=100mA; 15 =0; L = 25 mH

. ]
min Veeo syst !

Ices <
IcEs <
Ices <
IcEs <
IzBo <
hgg

VCEsat <
VBEsat <
VCEsa.t <
VBEsat <
VCEOsust >

e

Veeo (V)

30-60Hz
7262340

Oscilloscope display for VCEOsust

1) Measured with a half sine wave voltage (curve tracer).

Mullard

BDY96
BDY97
BDY98

Tj = 25 OC unless otherwise specified

BDY BDY | BDY
96 97 98
- - 0.5 mA
0.5 0,5 — mA
— - 2 mA
2 2 - ma
5 5 5 mA
15 to 60] 25 to 80|25 to 80
1 1,5 1,5 v
1,4 1,4 1,4 \Y
5 5 \4
2 2/ 2 \%
350 | 300 [250 v
+50V
100-2000
L
hor.
oscilloscope

1%

n

:] 7762283
7

Test circuit for VCEOsust

vert.

BDY96 - Page 3
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‘1 o

CHARACTERISTICS (continued)

Transition frequency at f =1

lc=0,2A; Vgg =10V

Switching times

MHz

fr

IC=5A;IBI=-IB2=1A’ VCC:ZSOV

Turn-on time
Turn -off storage time

Tura -off fall time

Turn -off fall time, Tpp =

T=2ms
t =20ps
Vin

|t le |

— T —»

95 °C

+25V

ts

¥

tf

Tj=25 OC unless otherwise specified

BDY | BDY | BDY

96 97 98
typ. 10| 10 10
typ. 0,35 (0,35 0,35
< 0,5 0,5 0,5
typ. 2,5 3,0 3,0
< 3,0 4,0 4,0
typ. 0,3 0,5 0.5
< 0,4 0,9 0,9
< 1 2 2

7262612

Test circuit Igi t,%30ns
90-'::-%_ ——
1g(%
10 ==
Igz b-mm - m
100 4 ———+ i ——
1) S— Y S———
Ic
(%)
10 +———4p—————-
0
| e
Waveform ton -

___* l
t
t;.{"“_ 7262611

MHz

us
ps

us
us

Mullard
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N-P-N SILICON | BDY96
HIGH VOLTAGE POWER TRANSISTORS BDY97

BDY98

3 71262607.1
10 BDY96
Ic HHH
(A) Tmp = 65 °CHH
102
' 5=0,01
ICM max o
10 I ~ \\ NN N
IC max \\\ ‘\\ g T
I T AN SN lp—
] A\N AN
T WY \ 20ps ;
Prot max TITN\K N \ L :
m\ W5,
1 % R e § S5 :
. Ooo X x\\ \‘J i } N
% 100 k
S A IR
QQ \ 1T ;
SN |
I % :
10-1 °%‘§u \ 500
M 1 ms
2
5
10
d.c.
10-2 |
s il
1 10 102 103 Vg (V) 104

Safe Operating Area with the transistor forward biased (region I + 11)

1 Region of permissible d.c. operation

11 Permissible extension for repetitive pulse operation

11T Repetitive pulse operation in this region is allowable .
provided Vgp = 0 and th < 2 ms -

L I P

1) Independent of temperature

Mullard
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103 7267001
BDY97
JEREA
Ic - Tt
(A) Tmb = 65 °C ™
102
IcM max 8 =p,01
) S SRS AN
ICmax L\ \\ ™ \‘\ N
T \\\\ AN W | t /=
~ Prot max TN I p
\ M\ 20ps
TT
1 \\ NN Y
R Ras Wy o
% X 100
% A\ VY
S A 4200
% NN L
% 500
1071 : %’1: R 1Ir’n1
‘/\ AV ELY 2
Jv\\ 5
10
d.c.
1072
10~3 11
1 10 102 103 Veg (V) 104

Safe Operatidg Arveca with the trausistor forward biased (regioi\ 14+ 1)
1 Region of permissible d.c. operation

n Permissible extension for repetitive pulse operation

111 Repetitive pulse operation in this region is allowable

provided Vpp < 0 and < 2 ms

Ly Independent of temperature

Mullard
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N-P-N SILICON BDY96
HIGH VOLTAGE POWER TRANSISTORS BDY97

3 i 7267002
10 t BDY98
Ic T
(A) Tmb < 65 OC HH
102
IcM max 6 =p,01
10 L NN NN \‘\‘7 tp=
Ic max ‘\ ‘\ \\ 20ps
. \\Qz\ ;\ ‘éOf
L P, N N
tot max \ L \ ! !
AW 11\ {100
1 o\ L
. N X =
A" X200
>\ ANV S|
<, AN |RE
. LU
% 500.-
0\ [N
-1 ! A 1 ms
10 ATITE .
IXN5T
10
d.c.
ok
10-2 :
10-3 JIILI
1 10 102 103 Vg (V) 104

Safe Operating Area with the transistor forward biased (region I + 1)
1 Region of permissible d.c. operation
I Permissible extension for repetitive pulse operation

III Repetitive pulsc operation in this region is allowable
provided Vg = 0 and th < 2ms

) Independent of temperature

Mullard
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7267007

100
\
Prot max
(%) \
75
\
\
50
\
\
25
\
\
0 A \
0 50 100 150
Tmb (°C)

102 T e
Zin j-mb |
(°C/W) -, "

p la— _tp
10 R e
LS -1
075
1B 0.5
033
?‘2 B T
0.1 L ‘/"’ ol
B T _9.08 1 //7/
10 0.02 =
R - T 13
Gahas S i aii
"!‘.«
Pe
1074 L
107 1072 107 1 10 102 t,ims) 10°

Mullard

BDY96 - Page 8



N-P-N SILICON BDY96
HIGH VOLTAGE POWER TRANSISTORS BDY97

7267003 N
S.B. voltage multiplying factor at the Ic max level
Msp(ry
102 L 6=0,01
i
0,02
——
- \
0,05 NN
T T T~
o 0"‘1 \5\
f — |
0,2 ;
m N\
0,33 N TR
05 T
i 1 —
0,75 T
1 i
10-6 10-5 1074 1008 ) 1072
7267006
S.B. current multiplying factor at the Vogomax level (350V) BDY96 o
;
Mgp(v) *
102
6=0,01
-Jl_l { h
Re.
0,02 i '\ .
—]
B 3
| i E— \~:~
1 e
| I} = —
1 LN
0,2
P
0,33 [t NN
‘0;'5 _—"‘--::‘\\\
0,75 S
1 1]
10-6 10~3 10-4 1073 () 1072

Mullard
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S.B. current multiplying factor at the Vogo max level (300V) BDYY
Msp(v)
102
.6 0,01
0,02
0,05.
10 o1
0,2 >
0,33 I~
0,5 H \
., \‘
0,75 —
1
1076 1075 tp (s) 10-2
. 7267005
S.B. current multiplying factor at the VOEQmax level (250 V) BDY98
Mgg(v)
102
N
10 \
-
N
N
-
N
5 SN
1 i
10-6 1075

7267004

tp () 10-2

Mullard
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N-P-N SILICON BDY96

HIGH VOLTAGE POWER TRANSISTORS BDY97
BDY98
! T
Veg=5V [1]
typical behaviour Tj=25°CH
hgg Ll
10 \\‘
1
1072 10-1 . 1 Ic (A) 10
0 \ Y06 ]
1 \ [ 11
VCEsat H T ;259G
\ l-‘ { ‘\ ~—— typ. values :
. 5 7 N1.10A === max. values
7.5 AT Ic
\ \
\ \
\\ N
° | \ X
\N I
\[y \ \
A \ \
2.5 \ \ \
\ X N
\NL Y[ A \
N, P
N\ ~ b N
0 - e e
0 1 2 3 4 5 I1g(A) 6

Mullard
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10

7262600
\ \ BDY97
BDY98
VCEsat ‘\\. R ] ] ]
W k \ T{=25 °C N
7.5 l \s 7 Ic=10A == typ. values | |
' ‘1 ‘. N -==emax. values
[THELVA) \
[1IA \ \
1 N
5 \ \ \\
AT I\
\Iy |
\ \ N
2.5 h - N
: \. \ \\
AR \ A
\ \\ \‘ N
\. ‘\ Py ~
0 E s e I
0 1 2 3 4 5 Ig(A) 6
3 262610
NAAARNAREE
T
typical values 1
VBEsat Tj=25 °C 1
\2) -
2
1c=10A
1H > 31T
7
0
0

2 Igy 4

Mullard
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.H.F. SILICON PLANAR BFI180

U
N-P-N TRANSISTOR

U.H.F. n-p-n silicon planar transistor with forward gain control charac-
teristics, intended for useinther.f. amplifier stage of television integrated
tuners. TO-72 construction with the shield connected to envelope.

QUICK REFERENCE DATA
v CBO max. 30 v
I c max. 20 mA
—oc0
Ptot max. (T mb 25°C) 150 mwW
Max. unilateralised power gain typ.
f=200MHz 24 dB
f=900MHz 12 dB
Noise figure typ.
f=200MHz, Vg =optimum 2.5 dB
f=800MHz, ys=oi>timum 5.7 dB
OUTLINE AND DIMENSIONS
Conforms to B.S. 3934 SO-12A/SB4-3
J.E.D.E.C., TO-T2
N .
Millimetres
L Min. Nom. Max. ?
A - - 4.8
B - - 5.3 :
° ;
: ‘é’ c C 12.7 - -
’I D - 0.43 -
_J E - 1.0 -
b . F - 1.05 -
F_ G - 2.54 -
H G - —_-—F#F
45° H 5.3 5.55 5.8
Viewed from underside
Connections 1. Emitter 3. Collector . :
2. Base 4. Shield connected to envelope ]

Mullard |
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RATINGS

Limiting values of operation according to the absolute maximum systeém,

Electrical
Vemo Mm%

VCEO max.

VEBO max.

I max.
C

ICM max.

. (o]
P, max. (T, , =25°C)

Temperature

Tstg min.

Tstg max.

T, max.
J

THERMAL CHARACTERISTIC

ej -amb

ELECTRICAL CHARACTERISTICS (Tamb=250c)

1 Bage current
—IE=2.0mA, VCB= 10V
—IE=12mA, VCB=7.0V

—VEB P_Jlmiitzer o—rt;a:e ;oltafiov
E ' CB

N Feedback capacitance
I =1. = ,
c=1-0mA, Vo 10V

f=10.7TMHz

f Transition frequency

1.=2, =
c 2.0mA, VCE 10V

30 v
20 v
3.0 v
20 mA
20 mA
150 mw
65 °c
175 °c
175 °c
1.0degC/mW

Typ. Max.
45 150 pA
- 2.2 mA
0.75 - v
0.280 - pF
675 -  MHz

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

Min.

F *Noise figure
—IE =2.0mA, V

B =0
s

cB” 10v,
f=200MHz, GS =40mimho -
f=800MHz, Gs =10mmho -
*Stage gain
—IE=2.OmA, VCB =10V,
f=200MHz, Gs =40mmho
Bs =0, GL= 1.0mmbho,
BL =tuned -
f=900MHz, GS =20mmho

Bs=0’ GL=2.0mmho,

B_ =tuned 7.5

L
Stage gain control range
See graphs on page C4
GUM *Max. unilateralised power gain
2
Pro]

G, =10 log ————
UM 4gib'gob

=] =2, :1

1, =2.0mA, V=10V
f=50MHz 32
£=200MHz -
£=500MHz -

f=900MHz -

Typ.

4.5
7.0

16,5

24
14
12

BF180

Max.,

9.5

dB
dB

dB

dB

dB
dB
dB
dB

*All measurements taken in common base configuration with the metal
envelope connected directly to earth and with the external lead length=1mm.

Mullard
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SOLDERING AND WIRING RECOMMENDATIONS

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

2. Transistors may be dip-soldered at a solder temperature of 24500 for
2 maximum soldering time of 5 seconds. The case temperature during
soldering must not at any time exceed the maximum storage temperature.

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

4. If devices are stored above 10000 before incorporation into equipment,
some deterioration of the external surface is likely to occur which may
make soldering into the circuit difficult.Under these circumstances the
leads should be retinned using a suitable activated flux.

Mullard
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U.H.F. SILICON PLANAR
N-P-N TRANSISTOR BFI180

dib [ E t BFI80 B6202 g
(mmho)(,F T
bib 7E ib T 11
- bj " L
(mmho)|St Veg=lov H
-cib | [ \\ -Ig =20mA H
(pF) |3 - lead length=1-Omm {
L Cib L4 7<\ N [ can earthed
7/ N
L /’ \
10 y. N
7 bip
sk N
3- i
(o] I SNSRI IRV B I R R S A Y AL N N N AR
5 7 3 s 7 5 7
QO 100 1000 f(MHz)
£
gob = Cob
(umho){7F (pF) ;
S
p4
Jf
1001 Cob ,/ 10
7k ‘
[ I VCB=10V —“+—14
Sp 7/ -Ig=20mA innl
[ / lead iength=10mm T[]
3 / an earthed +HH
- 9ob //
o ot b AL L 1L YR P S 1 1 Y T A RINARRLA
3 5 7 5 A 5 7
10 100 1000 f(MHz)
TYPICAL INPUT AND OUTPUT Y-PARAMETERS PLOTTED AGAINST e
FREQUENCY

Mullard
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ol [ E 'BF 180 B6203
{(mmho)|7F [T1T
Btb sk Vep =loV H
(deg)f - -Ig =2:0mA N
3 lead length=1-Omm
can earthed
. Btb
100
7t b
Sf IY¢ol —
i \
- N
: N
(o] I INPRAFPS VIS N AP I 5 ¢ AP O R A1 11 1 R S e R B A
3 5 7 3 S5 7 5 7
10 100 1000 f({MHz)
el [ F
(pmho)| 7f P,
Bro |5k ,l'
(deg)| | ,1 -
I /
3 s
I Brp
g /’
100+ VCB=T0V mas
7E -Ig=2:0mA S
sk el .4 jead length=1-0mm || L]
rol/ can e
o
oL ., Al L
3 5 7 . 3 5 7 5 7
10 100 1000 f (MH2Z)

TYPICAL TRANSFER AND FEEDBACK Y-PARAMETERS PLOTTED

AGAINST FREQUENCY

Mullard
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BF180

(ZHW) 4

z [3

T

BF180 Page C3

({+02)= ZHWOOS.
(Pl+81)= ZHNOOG
(+[-G-01)= ZHWOOZ
- (i{-8)= ZHNOO|

(wnuiido) Sp

FREQUENCIES

Mullard

TN

p2Y3JdD2 UD>D

wwo=yibua) poa)

oywwol= 1o

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

OPTIMUM SOURCE ADMITTANCE INDICATED AT SPECIFIC

TYPICAL NOISE FIGURE PLOTTED AGAINST FREQUENCY WITH

rozsa




Stage gain (dB)

17T
I BFI80 B6205
Sian \
4
] Vsupply =|2v
_IOA_J_ Rg +Rc =390 0
\ [l lead length=1Omm
| Bg =0
. ‘“ | B =tuned for
Ll [ maximum gdain
NEE 1| Tamb=25C
EEEE \ ] o
20 ‘ | |
. - i N :
\ .
\ N
|
ABEEN 1 HREEN in
-30 H -
RN . ‘ f =900 MHz 1
T
T
¥ 500MHz
- 40 | [
B
\
| | PO iR
) 200MHz ]
- g0 I TL ‘ RSN
NEE f v ) 50MHz
L }
TR E L I O s g |
= i 2
= f Gs GL r T i ]
1 {(MHz) | (mmho) | (mmho) RN ]
804 85 20 -0 = T M
I {200 40 1-0 [ ] 1
O | 500 10 2:0 I T 1
H | 900 10 2-0 N - -
T T T T T T LTI T t
o 50 10 i5 20 -Ig(mA)

CONTROL CHARACTERISTICS-STAGE GAIN PLOTTED AGAINST
EMITTER CURRENT WITH FREQUENCY AS A PARAMETER

Mullard
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.H.F. SILICON PLANAR
-P-N TRANSISTOR

BFI8I

U.H.F. silicon planar n-p-ntransistor intended for use as a self-oscillating
mixer or mixer in television integrated tuners. TO-72 construction with

shield connected to envelope.

AUGUST 1966

Mullard

QUICK REFERENCE DATA
. 30 v
v CBO max
1 ¢ max. 20 mA
o
Ptot max. (Tamb—zs C) 150 mW
Max. unilateralised power gain typ.
f=900MHz 11 dB
Noise figure typ.
f=900MHz, ys=optimum 6.8 dB
fT typ. 600 MHz
OUTLINE AND DIMENSIONS
Conforms to B.S. 3934 SO-12A/SB4-3
J.E.D.E.C., TO-72
A Millimetres
j Min, Nom. Max.
B A - - 4.8
1 B - - 5.3
E o] 12.7 - -
A A c
4 4 E D - 0.43 -
E - 1.0 -
| IS ¥ - 1.05 -
T———‘ [-j G - 2.54 -
H G - —F H 5.3 5.55 5.8
| L
Viewed from underside
Connections 1. Emitter 3. Collector
2. Base 4., Shield connected to envelope

BF181 Page DI
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical

v max,

CBO

v max.

CEO

v max.

EBO

1 .
Cma.x

I max.

CM
P
tot

Temperature

T min.

stg

T max.

stg
Tj max.

THERMAL CHARACTERISTIC

ej -amb

max. (T
am]

ELECTRICAL CHARACTERISTICS (Tamb =25°C)

E T e
T e
E 7 '’ 'CB
e by
c ’ "CE ’
f=10.7MHz
fT Transition frequency .

1 =2, =
o=2-0mA, V=10V

Mullard

30 v
20 . v
3.0 v
20 mA
20 mA
150 mw
-65 08
175 °c
175 °c
1.0degC/mwW
Max.
150 HA
- v
- pF
- MHz
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U.H.F. SILICON PLANAR | ' |
N-P-N TRANSISTOR BF18I

Typ. Max,
*Small signal y-parameters
-I_=2. =10 f=
E OmA, VCB Vv, 35MHz
gOb Output conductance - 10 pmho
cob Output capacitance 0.9 - pF
GUM *Maximum unilateralised power gain
2
_ Yib | Typ
GUM =10 log4 : .
Eib*Eob
—IE:z.OmA, VCBSIOV, f=500MHz 13.5 dB
—IE=2.OmA, VCB=10V, f=900MHz 11 dB

*Stage gain

-1 =2, =10V, £=90
IE 2.0mA, VCB V, £=900MHz

G =20mmho, B =0,
s s

G, =2, = 8.
L 2.0mmbho, BL tuned 0 dB

*All measurements taken in common base configuration with the metal
envelope connected directly to earth and with the external lead length=1mm.

SOLDERING AND WIRING RECOMMENDATIONS

1

. When using a soldering iron, transistors may be soldered directly into

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

. 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.

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

seal.

. If devices are stored above IOOOC before incorporation into equipment,

some deterioration of the external surface is likely to occur which may
make soldering into the circuit difficult. Under these circumstances the
leads should be retinned using a suitable activated flux.

Mullard
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U.H.F. SILICON PLANAR
N-P-N TRANSISTOR BF18I

9ib BF I8l B6207/| P
(mmho)| B | (pF)
-bip '
(mmho) VCB =10V
h -Ig =2.0mA
lead length=}-Omm 70
can earthed
30
—
5-0
~bib
: 11
20 “Cib H
30
9ib
10 } T‘ [I
500 600 700 800 f(MHz)
90b
{mmho)
Cob -
(pF) L
] €ob.
0-8
g Vep =IOV b
-1g =20mA
06 lead length=1-Omm| :
can earthed :
|
1 9ob
04 [ 11 :
500 600 700 800 f(MHZ)

TYPICAL INPUT AND OUTPUT Y-PARAMETERS PLOTTED AGAINST ‘ 7}
FREQUENCY ’
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[Yeol FFEHH BFI8I B6206
(mmho)d 2 b N T IT
h it
Ptv [T veg=loV
(deg) T -Ig =20mA
[T lead length=lOmm
‘"FP can earthed
mal I
60 [
1 I 1
[ ]
4o
1Y ¢o)
Bisn i fes=t
] L | %
|
20 1
500 600 700 800 f(MHz)
Yrol FH T [+ i % BERE
(mmho) | ! , [Yeol
Brb —HH 15 —
(deg) ERma T SEaE
e Poa T 1
600 i : 1 Vep = 10V
tt ANEEE. 1-Ig =2:0mA
; 171 T] lead length=I-Omm
i o {can earthed
T T
+r i
400 w I ] H
! i ; -
] ' T
! DBro T[]
T
200 R ‘ SN EE RN AR
500 600 700 800 t(MHZ)

TYPICAL TRANSFER AND FEEDBACK Y-PARAMETERS PLOTTED
AGAINST FREQUENCY
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U.H.F. SILICON PLANAR
N-P-N TRANSISTOR

BFi8I

T T
F H BF18I i H1B6208
(dB) TTITTT 1
Vep= 10V
n -IE =2:0mA
6L =I0Ommho
H H lead length=1-Omm
L can earthed ] ]
7.0 J
-
5.0 —H
NE f optimum Ys ]
(MHz) (mmho) 1
T 500 | 22+j5 my u
ol 800 | 17415 mE
3.0_H LTI
500 600 700 800 f (MH2z)

TYPICAL NOISE FIGURE AT OPTIMUM SOURCE ADMITTANCE
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SILICON PLANAR EPITAXIAL
N-P-N TRANSISTOR BF194

N-P-N transistor in plastic encapsulation. with three rigid self-locking
strips suitablefor insertion into printed circuit boards using standard grids.
The transistor is recommended for use in the i.f, amplifier stages of car
radios and a.m./f.m. receivers, also for use in the sound i.f. stages of
television receivers.

QUICK REFERENCE DATA
VCBO max. 30
2
VCEO max. 20 \%
Ic max., 30 mA
Ptot max, 220 n:)W
Tj max. 125 C
h . =1, s = 5
FE typ (IC 1.0mA VCE 10V) 115
£ typ. A =1.0mA, Vo =10V) 260 MHz
N . =1. = ,
typ (IC 1.0mA, VCE 10V
g~ 20mmho, f=100MHz) 4.0 dB
Nc tvp. (IC=1.0mA, VcE=10V,
gs=10mmho, f=1.,0MHz) 2.0 dB

OUTLINE AND DIMENSIONS

For details see page 4'

Front View
Scale 3:1

Y

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

L:miting values of operation according to the absolute maximum system.

Electrical
ax., = 30 \'
Vepo Mex- (=0
. =0, see curve on page 7
Vogo MaX Iy page T) (20 A
. = . \'
Vgpo max. (=0) 5.0
max. 30 mA
IC ax
. A
Loy max . 30 m
- <
Ptot max. (Tamb =25 C)‘ 220 mw
Temperature
T min. -65 °c
stg o
T max. 125 C
stg R
Tj max. 125 C

THERMAL CHARACTERISTIC

.45 ;
Rth(j—amb) 0.4 degC/mW

ELECTRICAL CHARACTERISTICS (Tamb=25°c unless otherwise stated)
Min., Typ. Max.
\4 Base-emitter voltage (see note 1)

BE _ =
IC 1.0mA, VCE v 650 - 740 mvV

IB Base current C
= - .
IC 1.0mA, VCE 10V 4.5 8.7 15 BA

‘Cre Feedback capacitance
IC=1.0mA, VCE=10V,

£=0.45MHz - 0.95 - pF

f Transition frequency
= = - 4
IC 1.0mA, VCE 10V 260 MHz

NOTE

1. Vgg decreased by approximately 1.7mV/degC with increasing tem-
perature.

SOLDERING NOTE

For soldering irons or for dip-soldering, the iron temperature or solder
temperature may rise to 300°C for a maximum of three seconds, with the
transistor lock-fitted on printed boards in either of the possible mounting
positions.
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SILICON PLANAR EPITAXIAL .
N-P-N TRANSISTOR BF194

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

N Noise figure
IC=1.OmA, VCE=10V
gs=2.0mmho, f=0.2MHz - 1.5 - dB
gs=1.5mmh0, f=1,0MHz - 1.2 - dB
gs=10mmho, f=100MHz - 4.0 - dB
Nc I(Jorzlvlerosnilczl n‘(;ise iilg:‘x/:e
c ’ "CE "
gs=0.6mmho, f=0.2MHz - 3.0 - dB ;
gs=1.2mmho, f=1.0MHz - 2.0 - dB

Typical y-parameters
Common base

1.=1.0mA, V__ =10V, {=100MHz, lead length=3,0mm

[o] CE :
L Input conductance . 36 mmho i
—bib Input susceptance 3.0 mmho
|yr‘b| Feedback admittance 450 pmho
grb Phase angle of
feedback admittance 272 deg
nyb I Transfer admittance 33 mmbho
ﬂﬂ) Phase angle of
transfer admittance 146 deg E
gob Output conductance 22 umho . ;‘
bob Output susceptance 1.1 mmho B
Common emitter
Ic=1.0mA, VCE=10V, lead length=3.0mm
f= 10.7 0.45 MHz
ie Input conductance <0.64 <0.54 mmho
goe Output conductance <13.5 <11.5 pmho

Mullard AT T




OUTLINE AND DIMENSIONS

~ ™~

E_ 5 35 D5545
. . 175 :
0.9 ¥ L |
'1 05 0.4 l : f
. 115 1 3 Y F 45
’\ im] ¥ 25
; 0.95 '
’ 18 7.5
:' Connections T

1. Base
2. Emitter 5
3 0.7 3. Collector l
1 ' : : 4 10.4
a L ; | | __._{1'2
4 J 1' 3I
r i 1
-
Slle02 (3x) 19035254 T 28 T TT 721
+{185 re— All dimensions in mm 18 (3x)
Mounting details
A Maximum thickness of

printed board = 1. Tmm

Recommended hole
diameter = 1.0 to 1.1mm

;
- t b_ l e S S {1.0 to 1.3mm allowable)

z‘ ——@————L B

: Maximum thickness of

i printed board = 1.1mm

i

[ a=2.49to 2.59mm — Hole diameter = 0.77 to 0.83mm
3 b=5.03 to 5.13mm

‘E D6546 777 777

, R See also General Explanatory Notes Section IV.
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SILICON PLANAR EPITAXIAL "
N-P-N TRANSISTOR BFI94

e [E BFi94 B7043
(mA) |7
5F Tj=25C f’
[ Veg=20V f
3 < . "
O \3 o
L <3
o A
: Vil
10 [ / A’ /
> 4
F V.
7E V4
o y
5 /
H /7 p
o
4 7
A //
ol b | /// ARAAT NN
5 7 K 5 7 3 5 7
1-0 10 100 Ip(pA)
TRANSFER CHARACTERISTICS, T, =25°C
Ic 1 ' ! BF194‘ 88463
(mA)
] 1] : 1 AT f
Tj=25C
VCE=2-0V :;:
20_w_
1
10
oL I
(o] 0.2 04 0:6 08 Vee (V)

MUTUAL CHARACTERISTICS, Tj=250C
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I¢c 1]
(mA) BF 194 B7OTT
Tj s25°C T
nuy
2804A
30 = 250pAH]
= FHA
T 200pA [
RN
u L NN
2 = 150pA
17 yum 0 MO
s H
. RERER
v, 1001A H
1o
d H+'50 pa
To-25 pAT
1) IAEEEEEEE
] I 1 IIEEEEEN
\¢) I 1 1 T TITTT
0 - 05 10 5 2.0 25  Veg(V)
TYPICAL OUTPUT CHARACTERISTICS, Tj‘-ZBUC
hrE BF194
}7
o
100
VcE =10V
Ty = 5°C
50
]
o ’
0-0! o 1-0 10 Ic (mA)

TYPICAL STATIC FORWARD CURRENT TRANSFER RATIO PLOTTED
AGAINST COLLECTOR CURRENT
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SILICON PLANAR EPITAXIAL

N-P-N TRANSISTOR
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BF194 Page 7

MAXIMUM COLLECTOR-EMITTER VOLTAGE PLOTTED AGAINST
EXTERNAL BASE RESISTANCE
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TYPICAL SOURCE CONDUCTANCE AND SOURCE SUSCEPTANCE
PLOTTED AGAINST FREQUENCY AT OPTIMUM SOURCE ADMITTANCE

TYPICAL NOISE FIGURE PLOTTED AGAINST FREQUENCY AT
OPTIMUM SOURCE CONDUCTANCE
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SILICON PLANAR EPITAXIAL
N-P-N TRANSISTOR BF194

bic :l T 1.1 T T BF194 LIS T T T T T IT T 1 1.7 T T T B7°48
(mmbho)|7E TTTIT
sE Vcg=10V ‘
- Tqmb=25'C o
F lead length=3-0mm
3
100MHz{__
L e
10T
2 — {=200MHz
SE 272/
8 35MHz H2 /
° 7/
s /A
" e
B L, :
B 10'7MHZ/ N
10 : 1 j
- ' .
7?"
SE
st Ic=t0mA || 3-0mA 5-0mA
1
- Jﬂ
[ ] 0 =
7k
[ 0-45MHz
3
0-01 _|111 I ' N S S N A 7 S L I3 A TS N 0 11 Y L N
. 5 7 5 7 z 5 7
[eX] 10 10 giq(mmho

TYPICAL COMMON EMITTER INPUT ADMITTANCE WITH COLLECTOR
CURRENT AND FREQUENCY AS PARAMETERS
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B7049

500+ . \ N
Yee (mmho)} I \\\\
| l t=0-45MHz _ \
1004 107MHz oo

IR

R 0 e A A R P

5

1000 1—1 195
180

37 TYPICAL COMMON EMITTER TRANSFER ADMITTANCE WITH COLLECTOR
n CURRENT AND FREQUENCY AS PARAMETERS
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SILICON PLANAR EPITAXIAL
N-P-N TRANSISTOR BF194

TESAR
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N
O
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on —: T LR T 1 BF194 T 1 1 1 T T T T LS 87051
(umho)|7F T TTT]
5’ VCE=10V’
r Tamb=25C
3~ lead tength =3:0mm
r t=200MHz
[ > |
A /
pd /
- 100MHz
10004 — /-
= V4 y 4
7 /
- /
5
i / /
C i Vi 35MHz
3 - / /
I / 10-7MHz
100} 7
7E "
sk ] i
5 | I I
. 1c=tomA| fl3oma | 50mA
S = |/ T
: —H
s 1 1
s5f ' ’
- v i 0-45MHz
3
L
1-0 [ . . N W) i ) : KIS ES N R} . i 5
3 5 7 5 7 3 s 7
1-0 10 100 9oe (HMhO)

TYPICAL COMMON EMITTER OUTPUT ADMITTANCE WITH
COLLECTOR CURRENT AND FREQUENCY AS PARAMETERS
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SILICON PLANAR EPITAXIAL :
N-P-N TRANSISTOR BFI95

N=-P-N low noise transistor in plastic encapsulation with three rigid
| self-locking strips suitable for insertion into printed circuit boards using
standard grids. The transistor is recommended for use in the input stages
| of a.m./f.m. receivers, also for use in mixer and i.f. stages of a.m.
battery operated receivers.

QUICK REFERENCE DATA
; CBO max. 30
| VCEO max. 20 A%
' IC max, 30 mA
P, max, 220 mw
tot o
Tj max. 125 C
hFE typ. (IC=1.0mA, VCE=10V) 67
fT typ. (IC=1.0mA, VCE=10V) 200 MHz
. @.=1. =10V,
N typ (IC 1.0mA, VCE 10V
gs=20mmho, f=1.0MHz) 3.5 dB
=1. s =10V,
(IC 1.0mA VCE \%
gs=10mmho, f=100MHz) 4.0 dB

OUTLINE AND DIMENSIONS

For details see page 4

Front View
Scale 3:1

v

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

Limiting values of operation according to the absolute maximum system.

Electrical
VCBO max. (IE=0) 30 \
VCEO max. (IB=0, see curve on page 7) 20 v
VEBO max. (IC=0) 5.0 v
Ic max. i 30 mA
I oM max. . 30 mA
Ptot max. (Tamb =25 C) 220 mw
Temperature
T . min. -85 °c
stg i o
T max. 125 C
stg o
Tj max. 125 C

THERMAL CHARACTERISTIC

Rth(j-amb) 0.45 degC/mW

ELECTRICAL CHARACTERISTICS (Tamb=2500 unless otherwise stated)
Min. Typ. Max.
Ve f aii_%r;i:ei/vonjfgv(see nete 650 - 40 mv
c * "CE
I Base current
IC=1.OmA, VCE=10V 8.0 15 28 pA

-C Feedback capacitance
1,=1.0mA, Vg =10V,

f=0.45MHz - 0.95 - pF
i Transition frequency ]
= = - 0 -
IC 1.0mA, VCE 10V 20 MHz
NOTE

1. Vgy decreased by approximately 1.7mV/degC with increasing tem-
perature.

SOLDERING NOTE

For soldering irons or for dip-soldering, the iron temperature or solder
temperature may rise to 300°C for a maximum of three seconds, with the
transistor lock-fitted on printed boards in either of the possible mounting
positions.

Mullard BFIoS Foge o
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SILICON PLANAR EPITAXIAL BFI195
N-P-N TRANSISTOR

ELECTRICAL CHARACTERISTICS (cont'd)

Min, Typ. Max. :
N . Noise figure L
IC=1.0mA, VCE=10V,
gs=20mmho, f=1.0MHz - 3.5 - dB
g, =10mmho, f=100MHz - 4.0 - dB
Nc I(Eor;jer(‘)ic: n\c;iseiilg‘(;xé"e
c ’ "CE ’
gs=1.2mmh0‘, f=0.2MHz - 4.0 - dB
gs=1.5mm.ho, f=1.0MHz - 2,5 - dB

Typical y-parameters
Common base

IC=1.0mA, VCE=10V, f=100MHz, lead length=3.0mm o

g Input conductance A 38 ~ mmho *
-bib Input susceptance 1.0 mmho
Iyrbl Feedback admittance 440 pmho

grb Phase angle of by

feedback admittance 275 deg i

|yfbf Transfer admittance 34 mmbho L

ﬂfb Phase angle of :

transfer admittance 140 deg ‘

-39 Output conductance 12 pwmho )
bob Output susceptance 1.1 mmbho

Common emnitter

1,=1.0mA, V=10V, lead length=3.0mm
f= 10.7 0.45 MHz
ie Input conductance <0.96 <0.86 mmho
goe Output conductance <9.5 <7.0 pmho
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OUTLINE AND DIMENSIONS

) — T~
35 . DS554S
0.9 . 175
:
0.5 ) i '
1] 0l J 2 r
115 1 $ 3, Y% 45
am wiml ¥ 25
0-75 ' ! 1 ¥
0.95 ' '
18 75
Connections T
1. Base S
0.7 2. Emitter
v 3. Collector ! { ! ! l y 10.4
‘ — ] o 12
! 3 !
’l 0.2 (3x) 09085 T2547 250 T 1T 121
1-85 ju—o All dimensions in mm 18 (3x)

Mounting details

A

(o Maximum thickness of
E printed board = 1.7Tmm
f I - b » | Recommended hole
3 ‘ ZZZZZ777  giameter = 1.0 to 1.1mm
f - @ @ ) (1.0 to 1.3mm allowable)
t | ] a -

: :

Maximum thickness of

’ printed board = 1.1mm
l a®=2.49 to 2.59mm ] Hole diameter = 0.77 to 0.83mm
V b= 5,03 to 5.13mm 0EB646 777 777

[
;
'
l See also General Explanatory Notes Section IV.
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SILICON PLANAR EPITAXIAL |
N-P-N TRANSISTOR BFI95

Ic | E BF195 B7053
(mA) |7
sk Tj=25%C
i Veg=2-0V - A
e @
[ y < ‘,p‘g’;
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//
. i e / //
V4
7
»

Jf
] /1 V

z 4 -

3 5 7 3 5 7 5 7

1-0 10 100 Ig(pa)

T T T T EREEE mm
e HHEHHAHH IjsFissu T TTTBe464
(m A O T T H T
[ T I
=3 B=Y [
EH 2hig
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VCE=2'0V
20 i
10
i
- |
0 al
0 0-2 04 06 -8 Vge(V)

MUTUAL CHARACTERISTICS. T, :2500
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B7054

11

[ 1T

TYPICAL OUTPUT CHARACTERISTICS. Tj -25°C

7

I.(mA)

TYPICAL STATIC FORWARD CURRENT TRANSFER RATIO PLOTTED

AGAINST COLLECTOR CURRENT
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SILICON PLANAR EPITAXIAL
N-P-N TRANSISTOR BFI195

bie EIVYT T BF195 L L T T T IR REARAS T T 771 T T TRV
{mmho)i7¢ CTTIT ;
" Tumb=25°C
lead length =3-0mm 100MHz
3
i P ,J
i ) ; A \
L = H
o g 200MHz
7
7E 35MHz /-
5 / 1
o / /
[ e ' ]
E 10 7MHz ,
10 L
7E X
E—— Ic=tomA - 3-0ma 5-0mA “
5
i
- A |
- Vi
O -
.
5».
}_
3
I
0-01 »1441 1 IS I RS I 13 1t R S| i Ll bibidih Ll L [ :
. 3 5 7 3 5 7 3 5 7
01 -0 10 9, (MmMho)

TYPICAL COMMON EMITTER INPUT ADMITTANCE WITH COLLECTOR
CURRENT AND FREQUENCY AS PARAMETERS
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B7039
360_Oteldeq) BF195

1000 —T—T—P%

500 \
|Yfe|<mmho)_> 315
R

50

l'":
N/
%,
-

o
)

N/

5mA200MHz

oS | 1,

T

amb =25°C / /
:ecl;l.en‘gthﬂmm // 225
500 ’//

1000 +—T1"T 555
180

TYPICAL COMMON EMITTER TRANSFER ADMITTANCE WITH COLLECTOR

CURRENT AND FREQUENCY AS PARAMETERS
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SILICON PLANAR EPITAXIAL
N-P-N TRANSISTOR BFI95
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o L/ V

1000} = 100MHz
7F ~
b /
5
y 4

- / 35MH2
3 / 1/
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T
10+ ,/ /
S y A
4: T
S
- [ 0-45MHz
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TYPICAL COMMON EMITTER OUTPUT ADMITTANCE WITH!
COLLECTOR CURRENT AND FREQUENCY AS PARAMETERS
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N-P-N SILICON ’
PLANAR TRANSISTOR BF196

N-P-N silicon planar transistor in plastic encapsulation with three rigid
seif-locking strips suitable for insertion into printed circuit boards using
standard grids. The transistor has a very low feedback capacitance and is
intended for use in the forward gain control stage of the television i.f.

amplifiers.
QUICK REFERENCE DATA
Vcuo max. 40 \%
Vceeo max. 30 \"
Ic max. 25 mA
Piot max. (Tamp = 25°C) 250 mWwW
T; max. 125 °C
frtyp. (Ic = 4mA, Vce = 10V, f = 100MHz) 400 MHz
—Cretyp. (Ic = ImA, Vce = 10V, f = 10-TMHz) 0-2 pF
Guywm typ. (Ic = dmA, Ver = 10V)
f = 35MHz 42 dB
f = 45MHz ‘ 39 dB
Gain control range, typ. 60 dB
OUTLINE AND DIMENSIONS
For details see page 4.
Front View
Scale 3:1

v

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

Limiting values of operation according to the absolute maximum system.

Electrical
» Vepo max. 40 \%
Vcreo max. (see also page 5) ‘ 30 \%
VEBoO max. 40 v .
I¢ max. 25 mA
fom max. 25 mA
Pt max. (Tamn = 25°C) 250 mw
Temperature
Tste -65t0 -+ 125 “C
T; max. 125 °C
THERMAL CHARACTERISTIC
Ringj-amwy in free air 0-4 degC/mW
ELECTRICAL CHARACTERISTICS (Tamb = 25°C)
Min. Typ. Max.
In  Base current at about 50 dB gain control
Ic = 6:-0mA, Vce = 2:0V — — 270 A
Ic = 15mA, Vce = S0V — — 15 mA
1y Base current
fc = 4-0mA, Vce = 10V — 70 150 uwA
Vur *Base-emitter voltage
Ic = 4:0mA, Vce = 10V — 750 840 mV
-Cre Feedback capacitance .
Ic = 1'0mA, Vce = 10V, f = 10-TMHz — — 0-2 pF
f+  Transition frequency
Ic = 40mA, Vce = 10V, f = 100MHz — 400 - MHz
N  Noise figure
lc = 4-0mA, Vcg = 10V,
Gs = 10mmho, Bs = 0,f = 35MHz — 30 — dB

*V g decreases by about 1-7mV/degC with increasing temperature.

Mullard
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N-P-N SILICON
PLANAR TRANSISTOR '

ELECTRICAL CHARACTERISTICS (continued)

Typical y-parameters (common emitter)

Bie
Ci(-
[yre|
(Iére
‘}’f0|
Bie
Boe
Coe

Grw

I¢ == 4:0mA, Ver = 10V (mounted as in the Mounting Details, 1.)

Input conductance

Input capacitance

Feedback admittance

Phase angle of feedback admittance
Transfer admittance

Phase angle of transfer admittance
Output conductance

Output capacitance

Maximum unilateralised power gain
[}'folg
4gi9 Boe

I¢ = 40mA, Veg = 10V,

Guw (indB)-= 10 log

Mullard

f=235
32
37
47
268
105
340
50
1-3

42

- 45

48
35
60
268
100
340
60

-3

39

BF196

MH:z
mmho
pF
umho
deg
mmho
deg
wmho
pF

dB

BF196 Page 3



1

OUTLINE

09 175
i A
} 4.2
0:5 X 0'4
115
0-75
0.95

18

Connections

1. Base
0.7 2. Emitter
t 3. Collector
13
H
e 0.2 (3x) rad 0-35

f—

R
185

MOUNTING DETAILS

]-— b ——1
@ | @ 22777
| | : —cf
_@____L B
a -= 2:49 to 2-:59mm
b = 503105 13mm -

AND DIMENSIONS

All dimensions in mm

A

35 D55485
]
2 T
1 3, 7 ¥ 45
il $ == %
‘ }
7.5
5 ‘[
) ; ; l 3 10.4
[ ] | 1.2
R el [
2547 250 T TT 121 '
1-8 (3x)

Maximum thickness of

1 printed board = 1-7mm

Recommended hole diameter =

D6546 77

ZLL

See also General Explanatory Notes, Section 1V

Mullard

1-0to 11 mm
(1-0 to 1-:3 mm allowable)

Maximum thickness of
printed board = 1-1 mm
Hole diameter = 0-77 to 0-83 mm

BF196 Page 4



N-P-N SILICON '
PLANAR TRANSISTOR BF196

800

IENECEEERNNENE AN NSNS ES S EENE RN0aN]
ISENEEENSNESN NGNS SRSANREEREANAA)
PM /S EENASEEEA AN SRSV SEERESRBEA
max. allowable peak power versus time
(mW)
600
400 | =‘£°C
1T
0° £0,
== =
200
0 -
0 20 40 60 80 100 time (s) 120
60—
M a ble collect voltage (with
between base and emitter and I =2 mA) versus the base resis-
VCER tance applied.
(V) | The same curve applies mwl—gmdwx—cs, when external capac-
itances are used. )
T [
| Re=10k L
40 0.5k
= [, |
-
Ig=2mAe—
20 !
r- VeER
]
—_—
T
N
T up to 125°C
0
01 1 0 100 Rg (k) 1000

Mullard
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100 base current versus collector current
Vee =10V
c Tj=25°C
(mA) vj} -
- . mo‘lw 1
10 /”:r ek
- 14 -
7
Rd |
4 o
VT
§ 4
1
P
7 7
7
7
,L
/] r
01 / |
000 0.01 01 1 Ig (mA) 10
30 H+H typical value 30 pase-emitter voltage versus +
1 ¥ T Xy Ti=25°C T collector current
¢ Hf & Ie |Veg = 1OV TTT]
(mA | b+ o € | 7i=280¢ o
[ 18 (ma)- ol 1
Y ] ST
} | A b Sir
20 20 &
| §
¥
v= . ¥
o=t
] T 5
B
10 Hama] 10 4
I
0.JmA 4
t
0 ° TV 2
0 4] VCE vy 20 0 BE V)
Muliard
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i UERAY

N-P-N SILICON

PLANAR TRANSISTOR
& :
10 base cqn"_'ecr;_t H typical values 1000 1 }VCE =10V
versus junction Ve =10V _
I8 |temperature 1 .CE 1] HT_H_ fr t Tamb=25°C
(wA) FTC20A L (whz)
10°
1 t
10mA +H+H 'y
10? \
RLRMATTH ‘
" 10 \-
R MNLmA 1
e i !
N4 \
1 1
0 50 100 Tj (°C)150 1 10 Ic (mA) 100
EQUIVALENT GAIN CONTROL TRANSISTOR .
When the BF196 is used in a gain controlled i.f. stage it is recommended 3

to connect an optimum series base capacitor of 22pF and a bias resistor

of 1k€2 (see fig. 1) to minimise the variation of input admittance and output
conductance with gain control.

The gain control performance
of the BF196 is modified by
these additional components
and the combination is re-
garded as an ‘equivalent trans-
istor’ (See the curves on
pages 8 to 14)

e T

Mullard
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10 10

7 distortion curves v distortion curves -
H-vgg =25V f =3sman H -veg-20V t = 35MHz[]
va' H Rg +Rc = 3.9k Tamp=25°C {  ygr [] RE*Rc: 1 Tamb * 25°C [
T T ‘
V) ) [T HE
; ~5%07 +5%73
distor tion disto rtlion
L 1 :
! —~5% ¥4 H5% ¥ HH
distor tion{ distortionH “ﬂ
4
H
Ve
01 / [ohf ===
0.01 L 0.01
0 20 40AGy (dB)60 0 20 40AGy, (dB)6O
1000 ssssaam=aseasiszassass MMM EESEsssss S5 sana:
HH
V' Vg' K=1%[HT]
(mV) =
(mV) ’ Koioh pre
P
-N ’
, 100 : 1005 AP
\/
10 10
In-band cross-modulation 13 ans In-band cross-modulation Lt
: T -vge=25V; RE+Rc=3.9m[— ~VEg =20 V; Rg +Rc = 1 k2
- Tamb = 25 °C t . Tamb = 25°C
o 20 40N (B)60 O 20 40AG4(dB)60
The signal handling capability of the equivalent transistor as a function of
gain control.
L Mullard
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N-P-N SILICON '
PLANAR TRANSISTOR BF196

Voltage control; -Veg = 25V; Rg + R¢ = 3.9kQ; f = 35MHz

10? 150
Gie
(mmho) Cie |
(pF)
102 :
(1] 100 C
\‘ E
10 2 b
. 4
w0
50
1 = ,
v 1]
e L o L T
0 5 10 Veg (V) 15 0 5 Veg(Vv) 10 :
0 e 3001 T T T : ;
+ 4
| Yrel H ,
) ore fvc:;
. (deg) A z
10° 1] § :
BT 200
102 A
N 100
10
i ! “
1 } 18 B 0 R
0 5 0 Veg(V) 15 0 5 Vce(v) 10 :

Typical y-parameters of the equivalent gain control transistor, including
base capacitor and base resistor as shown on page 7 (dashed curves apply
to the transistor only).

Mullard

BF196 Page 9



Voltage control; -V = 25V; R + Rc = 3:9kQ; f = 35MHz

10? 600
Yy
| fel) , bfe
(mmho {deg)
102
400
]
108
ann 4
200
1
107 | | 0 ] I 1
0 5 10 Vg (V)16 0 5 Veg(V) ©
10% Fy : T = 3
Joe
C
wmho) {1 oe
(pF)
103
2
\ kY
102 -
1 y.
10
1 L 0
0 5 0 VeeW) B 0 5 Veg (VW 10

Typical y-parameters of the equivalent gain control transistor, including
base capacitor and base resistor as shown on page 7 (dashed curves apply
to the transistor only).

Mullard
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N-P-N SILICON
PLANAR TRANSISTOR BF196

Current control: =Vgr =— 20V: Rg + R¢ — 1k€Q: f . 35MHz

3
10° Fery SSSS S8 fTH i 150]]Il SRS ANEEE RSN
die ] Cl.
(mmho) (pF)
102 '
100
Y
10 o
)
‘r
v 50
1 :
s T "
9 1
N
10 U b M I 0 N
10 20 I¢ (mA)30 0 0 Ic(mA) 20
10° 300
{Yrel or
mh 4,) e -
(umho) (deg
102
200
! !
| /
10
1
1 E
A i
] .
| f ! -
107"l s i | o1 111 b
0 LY 20 Ic(mA)30 0 10 Ic (mA) 20

Typical y-parameters of the equivalent gain control transistor, including
base capacitor and base resistor as shown on page 7 (dashed curves apply ,
to the transistor only). @

Mullard
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Current control; -Veg = 20V; Rg + Rc¢ = 1kQ; f = 35MHz

10° 600 T
¥rel
{mmho) (‘Z::)
101 1-n~
400
N L
10 ‘
i
i i 200
1
: N
= 10” 0
4 0 10 20 1c(mA) 30 0 10 Ic(mA)20
104 3
: Yoe Coe
fumbo (pF)
10° 4
2
£, , T T
102 [
|
1
10
1 0
0 10 20 Ic (mA)30 0 0 Ic(mA) 20

Typical y-parameters of the equivalent gain control transistor, including
base capacitor and base resistor as shown on page 7 (dashed curves apply
to the transistor only).

Mullard
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N-P-N SILICON
PLANAR TRANSISTOR

APPLICATION INFORMATION
First stage of an i.f. amplifier

Basic circuit with voltage gain control: Re + Rc¢ = 3-9kQ; -Vgr = 25V
current gain control: Re + Re¢ = 1k&); -Vgr = 20V

3IpF
JL
Ll
10pF
J_aapF
21uH
Rg= 066,H
700 é %
122uH
RL:
82pF 500
% 1709604
7
Vugc —Vee
Gyr Transducer gain Typ.
Ic = 4mA, -Vge = 25V, Rg + R¢ = 3-9kQ,
f =36-4MHz 25-5 dB
. - output power in load Ry,
Gtr (in dB) = 10log available power from source Rs
“AGitr Gain control range 60 dB

(see also the upper curves, page 14)

BF196

Mullard
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Voltage gain control
(In the circuit given on page 13)

Current gain control
(In the circuit given on page 13)

T T HiE;ﬁ;:ZS"C :ti I T 17 Hthmb=25°c
20 204
AGyr AGtr [ S TH
(d8) (dB) FHTT
g e g g naa
O+ an emmamme: 0
-20 T =20t
SRR ERENN SEN;
sgascss f
T3 1 suee
] £ 1
-40 ! 1 ! H - 405 X
taas t H tae: f
H T HHT FL; BN SRRE 1 HHHH
INEDSRAAENNNEE RSN inEnel IBNEGREESDARE 1 11 1T
_60 SN EEEENNEEAIREN! IBNEREE | _60 IESE NSNS ERENEE ul 1
30 V(W) 20 10 0 0 10 20 I (mA)30
Curves of constant gain reduction
(In the circuit given on page 13)
30 typical values
Ic [T ;: 36.454;;%
(mA) amb=
L1 1 1AG =~60dB
20 tr .
Re+Rc = E?CE
1k 40dB
: 1-3048
~30d
10 -
5d8 11
-1 dB
39k0] 19548 e
L LIl
1
0]
0 10 20 30 Veg(Vv) 40

Mullard
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N-P-N SILICON
PLANAR TRANSISTOR

BF197

" N-P-N silicon planar transistor in plastic encapsulation with three rizid
self-locking strips suitable for insertion in printed circuit boards using
standard grids. The transistor has a very low feedback capacitance and is
primarily intended for use in the output stage of television video i.f.

amplifiers.
QUICK REFERENCE DATA
Vebo max. 40 \Y
Veeo max. 25 \"
Ic max. 25 mA
Piot max. (Tumh = ZSJC) 250 mw
T; max. 125 °C
frtyp. (Ic = 5mA, Vcg = 10V, f == 100MHz) 550 MHz
~Cre typ. (Ic = ImA, Ve = 10V, f = 10-7MHz) 03 pF
Gumtyp. (Ic = TmA, Ve = 10V)f = 35MHz 43 dB
f = 45MHz 41 dB
Video detector output voltage, typ. 7-7 \%
OQUTLINE AND DIMENSIONS
For details see page 4
Front view
Scale 3:1

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

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

Electrical

Vepo max. 40 v
Vero max. (see also page 5) 25 \Y%
VEBo max. 4.0 A"
. Ic max. 25 mA
v Icm max. » 25 mA
Piot max. (Tamp = 25°C) 250 mWw

3 Temperature ‘
: Tstg -65to + 125 °C
T; max. 125 °C

THERMAL CHARACTERISTIC
Rin(j-smp) in free air : 04  deg C/mW

ELECTRICAL CHARACTERISTICS (Tamp = 25°C)
Min. Typ. Max.
Iz Base current

Ic = 7-0mA, Vce = 10V — 80 185 rA
Vee *Base-emitter voltage o
Ic = 7-0mA, Vcr = 10V — 750 900 mV .

-Cre Feedback capacitance
le = 1-0OmA, Vce = 10V,
- : f = 10-7MHz _ 03 — pF
f’r Transition frequency
Ic = 5:0mA, V¢ = 10V,
f = 100MHz — 550 — MHz
*Vpe  decreases by about 1-7mV/degC with increasing temperature.

RN

Mullard
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N-P-N SILICON
PLANAR TRANSISTOR

ELECTRICAL CHARACTERISTICS (continued)

Typical y-parameters (common emitter)
Ic = 7-0mA, Vce = 10V (mounted as in the Mounting Details, 1.)

Lie
Cie
{yre|
¢re
ytel
(ble
Boe
COe

Guwm

Input conductance

Input capacitance

Feedback admittance

Phase angle of feedback admittance
Transfer admittance

Phase angle of transfer admittance
Output conductance

Output capacitance

Maximum unilateralised poWer gain
2
Guw (in dB) = 10log—2rel®

4giegoe
Ic = 7-0mA, V¢ = 10V

Mullard

BF197

f=235 =45 MHz
4-5 55 mmbho

45 45 pF

67 86 umho
268 268 deg
170 155 mmho
338 335 deg

85 95 wmho

1-8 18 pF

43 41 dB

BF197 Page 3
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/

OUTLINE AND DIMENSIONS

35

D55%45
. : 175
0.5 0. l 2 !
1.15 1 3 —  } 45
arfm wm | ¥ 25
0-75 l I !
0.95 '
18 7.5
Connections T
1. Base S
0.7 2. Emitter l
1 3. Collector iL : i 11210 4
L3 | :? 7
.l Wle02 (30 9085254 T 25T TT 521
185 e All dimensions in mm 1-8 (3x)

MOUNTING DETAILS

Maximum thickness of

printed board = 1-7mm
Recommended hale diameter =

1:0to 1-1 mm

2L

Lz

(1-0 to 1-:3 mm allowable)

Maximum thickness of
printed board = 1-1 mm
Hole diameter = 0:77 to 0:83 mm

9 to 2:59mm
to 5-13mm

DS546 777

See also General Explanatory Notes, Section IV

Mullard
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N-P-N SILICON
PLANAR TRANSISTOR ‘ BF197

800 SRS ENENENEEEN SEESN AN B ITTIT T
P [THHE L T
T max. altowable peak power versus time
(mW) r:»
600FH+H HHHH H T
400 mp= 25 oc
s Bz T
H H+ °C 50
ans T
2001+
0 H
0 20 40 60 80 100 time (s) 120
60 Maxi allowable collect itter voltage {with resi
between base and emitter and Ic=2mA) versus the base resis-
vV, tance applied.
CER The same curve applies ml—and;-. when external capac-
(V) wCp wCE
'itimces are used.
40
i Pg Up po
0 ]4,
0 00 Rg (kf1) 1000

Mullard
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100 base current versus collector current
Ic Vcg =10V
Tj=25°C
{mA) 3 ’
N oh
e x‘f:\
10 yam:
/1
A1 1A
// r
74 b
1 ,/ o
v 4 ll
’l
W, p”
1111
01 £
T0.00M 0.01 01 ' 1 Ig (mA) 10
30 T - 30 -
e typical values base emitter voltage versus
Ic <& TjT=25I°C Ic collec1toor current
ERYASE Vcg =10V
A aek o (mA) T Esec
~TL Dfmlﬁ >y
i ~ -
1 5
20 = I 2 3
{J.’Z“‘Aa
) i - i
015mA
10
H ) 0. mA. 10
IY
0.05mA
11
.02mA]
0 11 1) I
0 0 Veg(V) 20
CE G 08 Vgg (V) 1

Mullard
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N-P-N SILICON B
PLANAR TRANSISTOR F191

104 ~ -
base current versus junction
Ig {temperature T n
(pA) | typical values
VCE =10V
10° :
HHEH
il 1 :25mA_V_H
1]
107 b OrJrUa £
- D%E’Ai__—ﬁ
, ol
H 2 o N
10 P o
ma
[ I 7 :
! RENAREN
j [ { g H{{
1 i i | " i
0 50 100 Tj(°C) 150
1000 s
i
fr ]
MHz) [ & i 7‘
(MHz) &; 1
100
[ [ T
Veg =10V i i
Tamb=25°C | || ' E
10 :
1 p

1 10 Ic(mA) 100

Mullard
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APPLICATION INFORMATION

Output stage of a television video i.f. amplifier with the BFI197 transistor
followed by a video detector circuit.

2.2pF 0A0
15pF  6.8pF 100pF I
[
g A1
2 g ]s 3 (=it S SF B
= E gg'- E é’-é 3"% ST e
—25v %
Vo Video detector output voltage
Min. Typ.
Ic = 7-2mA, V¢ 166V, f = 38-9MHz 6.0 7-7 \Y

Gy Transducer gain
Ic = 7-2mA, Vce — 166V, f = 36:4MHz — 255 dB

output power in load Ry,
available power from source with Rs

Gir (indB) - 10log

Tuning frequency for all tuned circuits is 37MHz

1The output voltage Vo is defined as the voltage across the 2:7kQ2 detector
load R, for 30°;, synchronisation pulse compression.

F ] e 2ma T Te s 72ma
-~ | VCE =16 1 Ve =16.6V
ggrrlr\%rg:lssigni if =38.9MHz i distortior{ £238.9MHz
(@) [T 1T {Tamp=25°C (@) [T ] Tamb = 25°C
1 see the above T see the above
' circuit ! circuit
100 T 100+ 11T
1 ! — 1
1 i
50 ! - : : 50+ I
r T 'i .
; ‘ | L l il
Tt T il I ] ]
oLl L L] i 0 i L1 I 1
0 5 Vo(v) 10 0 5 Vo(Vv) 10

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

BF200

N-P-N silicon planar transistor in a TO-72 metal envelope with insulated electrodes
and a shield lead connected to the case. The BF200 is primarily intended for appli-
cation in a forward gain controlled pre-amplifier in v.h.f. television tuners and

f.m. tuners.

QUICK REFERENCE DATA
VCBO max. 30 \'
VCEO max. 20 \%
IC max. . 20 mA
P, max. (T, . <25°C) 150 mw
T, max. 175 °c
fT min. (—IE=2mA, VCB=10V) 270 MHz
G typ. (-1.,=3mA, V_ _=10V) f=50MHz 30 dB
oM E ¢B =200MHz 22 dB
F typ. (—IE=2mA, VCB=10V, f=100MHz) 2.0 dB
(—IE=3mA, VCB=10V, £=200MHz) 2.7 dB
OUTLINE AND DIMENSIONS
Conforming to B.S. 3934 SO-12A/SB4-3
J.E.D.E.C. TO-72
o A —eq Millimetres
j Min. Nom. Max
IB A - - 4.8
3 AI B - - 5.3
I | C 12.7 - -
‘¥ o c D - - 0.48
l E - - 1.17
F - - 1.16
—~l—p
Th._ i ’——E G - 2.54 -
H oG- __JF H - - 5.8
1 ) 45°
Viewed from underside
Connections 1. Emitter = 3. Collector
2. Base ) 4. Shield connected to envelope

Accessories available: 56246, 56263

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
A% CEO max. 30 \%
v CEO max. 20 v
' Vopg MaX. (Rpp <1k9) 30 v
VEBO max. 3.0 v
\ Ic max. (d.c.) 20 mA
; ICM max. (peak) 20 mA
P, max. (T, o <25°C) 150 mW
Temperature
Tig -65 to +175 Zc
Tj max. 175 C
THERMAL CHARACTERISTIC
’ Rth (j-amb) (@in free air) 1.0 degC/mW
3
: ELECTRICAL CHARACTERISTICS (Tamb=25°C unless otherwise stated)
Min. Typ. Max.
IB Ba;sle 2%1:;2!“ V ., =10V - 100 200 HA
E ' 'CB
-IE=12mA, VCB=7V - - 2.2 mA
R S em
4 E > 'CB ‘
—IE=12mA, VCB=7V - - 1.0 v
fT Tial‘nsitzi:;l;re\?uen:lll_ov 270 - - MHz
E '’ 'CB
“re Fe(;db: i;:apzcm:cl%v £=10.7MHz - 0.28 -
‘ c » Veg , . . pF
F Noise figure at optimum
source admittance
—IE=3mA, VCB=10V, f=50MHz - 1.9 - dB
f=200MHz - 2.7 - dB
—IE=2mA, VCB=10V, f=100MHz - 2.0 - dB
.

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

ELECTRICAL CHARACTERISTICS (contd.)

GUM *Maximum unilateralised power gain
2
el
4‘gib Eob
-IE=3mA, v, =10V, Af=50MHz :

Gym =

CB
f=200MHz

—IE=2mA, V_.,=10V, {=100MHz

CB
Typical y-parameters (common emitter),
IC=2mA, VCE=10V

gie Input conductance

ie Input capacitance

Iyrel Feedback admittance

e Phase angle of feedback admittance
nyel Transfer admi.tance
¢fe Phase angle of transfer admittance
goe Output conductance
Coe Output capacitance

Typical y-parameters (commeon base)

—IE =3mA, VCB =10V

gib Input conductance
—bib Input susceptance

Iyrbl Feedback admittance ‘
Phase angle of feedback admittance

rb
nybl Transfer admittance
¢fb Phase angle of transfer admittance
gob Output conductance
bob Output susceptance

Min.

Typ.r Max
. 30 ’ N
22 -
28 -
f=100MHz
5.0
16
0.16
270
56
340
15
0.9

f=50MHz =200MHz

85 62
15 38
55 180
270 270
85 70
165 145
15 150
280 1100

dB
dB
dB

mg
pF
mQ
deg
me!
deg
pt
pF

pel
deg
me1
deg
pe !

pel

*Common base configuration, metal envelope connected directly to earth, external

lead length=3mm,

Mullard
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Mullard

—IE=3mA Bs -IE=2 to3mA
VCB=10V (mar VCB=10V
£=50MHz ’ £ = 100MH 2]
Tj=25°C 50 Tj=25°C T}
] I
F- F: ]
N ThedB] Z L2, dB[]
N2 dB[ N 2.5dB]
Sbr e
=3 dB = :
S asael] ¥ 5T Ee 4 _dB3
- Ly dB ] 45dBH
14.5dB] 7Y s dB;]
5 dBH =45
i
s
ERSSERE! SRR
I SIS SN R
50 Gg (ma™) 100 0 50 Gg (ML) 100
T T II T T TI- ;
Bs (g fe=3mA
e
s0[}2.7dB fe 2 [
%3d8w JE T
3548 ]
A,
\ N N
jroap N —3
™, N N\
N NEA
A
0 A
o o 103) oo - <
TS ‘é’_%_
NS G A S, O G+
asid at e
AN T P )/ A
N 71
- P 4
-50
0 50 Gg (md) 100
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V.H.F. SILICON PLANAR
N-P-N TRANSISTOR ' BF200

6 typical noise figure at optimum source admittance[]
¥s optimum at: ” [
F 50MHz: (7-j1) may™! !
(dB) 100MHz: (8~ j2)m .n.:: ~Ig=3mA
200MHz: (11— j3)m L Vegs= 10V
4 Tamb=2ﬁ5j’(737
7 P ,g;
2 EREREE
0 e
1 10 100  (MH2) 1000 .
.
-1 T ;
050 : 70 gjp(mQu) SO 1500 typical vdlueg- 5
I b VCB =10V T + .
v ob Tamp=25°C {11 :
‘ 6:“ (ny™ lead length=3mm [ :
BEECY E 1200 [
NN 3 i 1000 - MHz :
7
V4NN 1T )
AZ100MH2} 1 -5 A
H 4
\ == 100MHz
( 500
40 'Z.OOlMHz )
J[ I
-bip typical values 50MHz -
-1 VCB =10V
(ML) Tamb =25°C
lead length=3mm || -
60 d % 100 gop(w L) 200
Mullard
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90°

1050 750
120 S~ ——— 60°
1350 4,50
= tybiccﬂ values \
: Ve =10V
1500 o -8 \ 300
,\‘ 4’5}/ \Tamb=25°C \
7 = lead length=3mm
(3
2
(=] /. (]
165 L OOMEZ 15
9fb QOMHzZ,
S0MHz
180° m | 0
100 7% 50 25 0 25 50 7 100
[¥spl  (maE"
lypp! (R
200 150 100 50 0 50 100 150 200
180° TITTTITTTTTTITTITTT 360°

N

LU

\

typicdl values
~Ig=2to 3mA} ' Pro

Veg=10V
Tamb=25°C 345¢
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V.H.F. SILICON PLANAR
N-P-N TRANSISTOR BF200

]
40
VCER
V)
30 — Re=Tkd)
N 245000
- Ic=2mA<—0 ~ 0
o VCER
L -
_L 7o)
10 TC8 |RB :
' Rel | =Ce
o i
Tj up to 175°C -
0 .
01 1 10 Ry (kL) 100

Maximum permissible collector-emitter voltage (with resistance
between base and emitter and Ic = 2mA) plotted against the base
resistance applied,

The same éurves apply to L and 2 when external capacitances
Cp Cg
are used,

Muliard
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N-CHANNEL SILICON BF245A
FIELD EFFECT TRANSISTORS BF245B

BF245C

Symmetrical N-channel planar epitaxial junction field effect transistors in a plastic ‘
envelope. Intended for general purposeapplications in 1.f. and d. c. amplifiers, and ;
in h.f. amplifiers.

QUICK REFERENCE DATA

Drain-source voltage 1V, max. 30 v

DS
Gate-source voltage (open drain) -V GSO max, 30 v
I _ =0,
Total power dissipation up to Tamh" 75°C Ptot max. 300 mW

BF245A| B |C

Drain current

=15V: - > 2 6.0 | 12 mA :
Vpg =13V3 Vg =0 Dss < 6 ‘ 1501 25 maA
et g , .
Gate-source cut-off voltage §
=10nA; = - . .
H) nA VDS 15v V(P)GS 0.5to0 8.0 v
Feedback capacitance at f = 1kHz ’
= M = N = 0
VDS 20V; VGS 1v; Tamb 25°C Crs typ. 1.1 pF

Transfer admittance (common source)

= . =0 f= . =950
VDS—ISV, VGS—O, f=1kHz; Tamb 25°C |yfs| 3.0to 6.5 mA/V

MECHANICAL DATA ) Dimensions in mm
Similar to J,E.D.E,C. TO-92

T ,—‘ 0.?5
min
A , f
e
r— 5.2max —>l 12.7min ]
E
1
. li 0.48 ’
T _* max
O E= 1
]
diameter within 25 max ‘ - L_
is uncontrolled _DBO3S

- Mullard |
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RATINGS

-

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

Voltages

Drain-source voltage
Drain-gate voltage (open source)

Gate -source voltage (open drain)

Currents
Drain current

Gate current

Power dissipation

¢ ing pi . _me0

Power dissipation up to Tamb_ 75°C
_on®

up to Tamb_go C

Temperatures
Storage temperature

Junction temperature

THERMAL RESISTANCE

From junction to ambient in free air

From junction to ambient

i'VDS

Vbco

P
tot

P
tot

T
stg

Rih(j-amb) =

Rin(j-amb) =

max. 30
max. 30
max. 30
max. 25
max. 10
max. 300
max. 300
-65 to +150

max., 150

- 0.25

0.20

28

mw

mw*

o
°c

°c/mw

°c /mW*

* Transistor mounted on printed circuit board, max. lead length 3mm, mounting pad for

drain lead minimum 10mm x 10mm.

‘MUIIard
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N-CHANNEL SILICON
FIELD EFFECT TRANSISTORS

CHARACTERISTICS (T].=25°C unless otherwise specified

BF245A
BF245B
BF245C

Gate cut-off current . BF245A| B (o}
—VGS =20V; VDS =0 . _IGSS ‘ <5 5 nA
- = ; =0; =12 - .5 O. .
VGS 20V VDS 0 Tj 125°C IGSS <0,5 /| 0.5 0.5 uA
Drain current 1)
V..=15V; V__ =0 >2 6.0 | 12 mA
Ds s pss <6.5 |15.0 | 25 mA
Gate-source breakdown voltage
=1y = - >
IG 1pA; VDS 0 V(BR) GSS 30 30 30 v
Gate-source voltage '
=200pA; V. =15V =V >0. 4 1.6 3.2 v
D DS cs <22 |38] 75 v
Gate-source cut-off voltage * Y ’
ID=10nA; VDS=15V . _V(P)GS 0.5t0 8.0 \Y
y-parameters at T =25°% (common source)
amb
VDS=15V; VGS=0. )
f=1kHz Transfer admittance Iy fsl 3.0t0 6.5 mA/V
Output admittance lyosl typ. 25 uA/vV
£=200MHz Input conductance 8ig typ. 250 VAV
Reverse transfer admittance lyrsl typ. 1.4 mA/V
Transfer admittance : I yfsl typ. 6 mA/V
Output conductance 8o typ. 40 uA/v
VDS =20V; -VGS =1V
f=1MHz Input capacitance Cis typ. 4.0 pF
Feedback capacitance rs typ. 1.1 pF
Output capacitance COs typ. 1.6 pF
Cut -off frequency 2)
VDS =15V; VGS =0 f ofs typ. 700 MHz
Noise figure at f=100MHz; RG =1kQ (common source)
Jpp— 0. g0
VDS =15V; VGS =0; Tamb 25°C
input tuned to minimum noise N typ. 1.5 dB

1) Measured under pulse condition: tp=300us; d= 0.02
2) The frequency at which -9 is 0.7 of its value at 1kHz,

Mullard
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D5963

10 ) A S T T

7 -VGS = 20\!

o] Vos = /
n /

2 //

1

7

s 4

4
2 /
typ /

10!

?

s 4

4
4

2 //
1072

7

5

2
1072

0 50 100 T e 150
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N-CHANNEL SILICON
FIELD EFFECT TRANSISTORS

BF245A
BF245B
BF245C

D5964

6 [T111

BF245A
- Vpg= 15V 1
b FH Tj=25°C typ. values (——
{mA) T=25°C [T
o Vos=0
4
7
J ]
_Vgs =05V
2 |
typ
v
1
L
1.5V
0 L
4 Vgsv) 2 0 0 Vps V) 20
_D5965
F245A
‘ [
N typ. values L
' N VDs=15v
Ip
(mA) L
g
3 [ Ves=0
ha
s
I~ Vg =05V | |
2 [P
! v
1.5V
e
0
50 100 T (°C) 150

Mullard

BF245 Page 5

.
L




05966 .

% } { } BF2458
T Vps=15V L
4T, =259C typ.values -1

L=25C [
Vog=0
-
A ~Vgs= 0:~V
8
v
I
; S
y 1.5V
|
typ Al
|
25V
11
4 I
4 =Vgg IV 2 0 10 Vps V) 20
D5987
1st:.55
20 I
typ. values
} Vpg =15V
Iy
{mA)
15
10 ~
VYg5=0
-
=
—y
5 -~ Vo= IV 1]
= - 2V
0 I
0 50 100 T; (°C) 150

Mullard
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N-CHANNEL SILICON
FIELD EFFECT TRANSISTORS

BF245A
BF245B
BF245C

05968

0TI BF245C
 Vps=15V 1
I L 1] T=25°C typ. values ||
(mA) T=25c [T
20
Vs =0
L1 q
'1 [T17T
i / —VGS=1V
/|
10
y, ] 2V
typ T
t
r v
Ly
| .
0 - ] I : ¥
0 Vg v) 5 0 10 VostV) 20
D5969 j
BF245C j
| E
20 typ. values | | 1
Vns='5V )
b
(mA} <
15
NS Vos=0
"
10
e
- -Vgs= 2V 1
5 -
=~ Al
0
o] 50 100 Tj {°C} 150 _

Mullard
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3
10 .| typ.vaiues 7‘0
Vgs =0 s
gis vDS:‘SV o bis
(A/v) | Tamp=25°C o (mA/V)
2 / 2 .
102 . 10
7 b 7
5 4 is 5
2 / 2
/\
10 A A )
II
7 > / 7
v
5 // 5
2 2
1 0!
2 7 2
10 102 f(MHz) 10
DS97 10
4 0
10 . typ.values [11,
s Vgs=0 M
brs vDS: ISV Il C'S
{(UAIV) Tamb =25°C 1] (pF)
2 - 2
CI'S
103 Z 1
A
7 7
5 5
'/
2 b’s 2
2|/ -
102 | 10
7 7
5 5
2 2
10 1072
2 7 2 2 5 7 )
10 10 f(MHz) 10

Mullard
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N-CHANNEL SILICON
FIELD EFFECT TRANSISTORS

s
by
(mA/V)

10

103

9os
(WA/V)
2

102

D5872

typ. values
Vo5 =0 T
VDS=15)/
Tamb =25°C
Ots
B "bfs
INN)
2 5 7 2 5 7
10 182 tMHz) 108
05973
typ.values
Vos =0
VDS=15V
Tamp =25°C
bos
gDS
2 5 2
10 102 f(MHz) 10%

BF245A
BF245B
BF245C

102

Mullard
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6 I HEEN 15 TITI11
T 11711
c VDS=2°V 1 VDs=20V et
= T =250C [ Ces Tamp=25°C [ 1]
i bz O fpF} f=IMHz
f=1MH: -
7 - typ
A
4 H
N
typ
Poony
2 05
N 0 0
0 5 -VgslV) 10 ~ 0 5  -vgsv) 10
10 D5976
[
Iylsl typ. values
Vps =15V
(mA/V) f21kHz
Temp=25°C
75 amb
BF245C
BF2458 "
BF245A A ]
5 / -~
A }
4
» _~
/ .
25
7,
o
0 5 10 15 20 25 IyimA) 30
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N-CHANNEL SILICON BF245A
FIELD EFFECT TRANSISTORS BF245B

BF245C

05977 2 05978
.-V(P)GS typ. product correlation band 10 typ. values
l::: between -V o655 and Ipgg Vps =0
10nA TTT Tdsfon) fTﬂHizzs.c
) Vps =15V || {kn) | °me”
1 =25°C || 2
7.5 10
7
¢ 1
] J J
5
pd ’ /
Ve AL,
/I 1 BF245A
< : ’ BF2:58
25 Va s / 4
7 LA BF245¢
[+ BF245C —p v »
- =
BF245B - o
o AT 0
0 10 20 30 0 ! 2 3 -Vesiv) &
Ipss (mA) atVg=0
D5979
3 | I T TIT
1 | B
N VDS=15VJ VGS =0 :: -
(aB) Rg=1kAL, Typ= 25°C -H
input tuned to min. noise [
2 A
/
/'
typ / '
1 1
|
J‘
]
0 o
2 B % ? 2 5 7 2 2 3
1 10 10 f (MHz) 10

Mullard o

BF245 Page 11



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

BF324

P-N-P transistor in a plastic envelope primarily intended for use in r.f. stages of f.m.

tuners.
QUICK REFERENCE DATA
Collector-base voltage (open emitter) -V cpo max. 30 v
Collector-emitter voltage (open base) —VCE o max. 30 \'
Collector current (d.c.) —IC max. 25 mA
i _ 40 .
Total power dissipation up to Tamb—45 C tot max., 250 II:)W
Junction temperature TJ max, 150 C
Basfr s = 10v I typ. 80 A
c " 'CE B < 160 HA

Transition frequency

-IC =4mA; _VCE =10V fT typ. 550 MHz
Noise figure at £ =100MHz

—IC=2mA; -VCE=10V; GS=16. TmA/V N typ. 3 dB
Feedback capacitance at f=1MHz

VEB=0; -VCB=10V -Crb typ. 0.1 pF

MECHANICAL DATA
Similar to: ]J.E.D.E,C. TO-92

Dimensions in mm

5 ?o3s

17 min

S

< 5.2max *r——— 12.7min ————>

3 ' 0.48

* max

J

0.65 O
max

—
—
'
Lq_

diameter within 2.5mo_)1J
is uncontrolled

04745

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Voltages
Collector -base voltage (open emitter) -V CBO max. 30 v
Collector -emitter voltage (open base) —VCE o max. 30 v
Emitter-base voltage (open collector) ‘VEBO max., 4 v

Current
Collector current (d.c.) -IC max, - 25 mA

Power dissipation
Total power gissipation up to ‘

T =45C P max. 250 - mW
amb tot .

Temperatures ,
Storage temperature Ts - -55 to + 150 %
Junction temperature Tj max. 150 %

THERMAL RESISTANCE

. . o
From junction to ambient in free air R th(j-amb) = 0.42 C/mW

Mullard
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P-N-P SILICON PLANAR '
EPITAXIAL H.F. TRANSISTOR BF324

CHARACTERISTICS (T, =25°C)

i
Collector cut-off current

IE =0; -VCB==30V -ICBO < 50 nA
Emitter cut-off current

IC =0; _VEB =4V -[EBQ < 10 A
Base current ]

A = .o = R typ. 80 HA

IC 4mA; VCE 10v I‘B 2" 160 A
- = MY = -'I
IC 1lmA; VCE 10v B typ. 22 pA

Transition frequency at f=100MHz

—IC =1mA; nVCE =10V fT typ. 380 MHz

—IC =4mA; -VCE=10V fT typ. 550 MHz

-IC=8mA; -VCE=10V fT typ. 580 MHz
Feedback capacitence at f = IMHz

VEB=0; -VCB=10V -Crb typ. 0.1 pF
Noise factor at f=100MHz

-IC =2mA; _VCE =10V;

GS = 16. 7mA/V N typ. 3 dB

-IC=SmA; -VCE=10V; .

GS =6, 7TmA/V; -jBS =5mA/V N typ-. 3.5 dB
y-parameters (common base) at f=100MHz

-IC =4mA; _VCB =10V

Input conductance &1, typ. 110 mA/V

Input capacitance -Cib typ. 64 pF

Transfer admittance | yfb | typ. 100 mA/V

Phase angle of transfer admittance Pg typ. 150°

Output conductance ob typ. 40 HA/V

Output capacitance Cob typ. 1.6 pF

Mullard
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05927
|
L1
'VCE=’0V
800 £2100 MHz
fy
{MHz)
600
t
y.dhG
.
| N
400 S
| AN
|
200
0
0 10 20 30
-1z (mA)
Ds5328
° {
Ve =10V
N Rg =600
{dB) typ. values
N -le=4mA
4N
FimARs
Pt
2
ol -
0’ 10’ 1 0 $iMHz) 10°
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N-P-N SILICON
PLANAR TRANSISTORS

N-P-N silicon planar transistors intended for use in R-G-B and colour difference

output circuits for colour television receivers.

BF336 |
BF337
BF338

QUICK REFERENCE DATA
BF336 BF337 BF338

VCBO max. 185 250 300
VCEO max. \180 2?2 225
I . max. . 100
Ptot max. Tmb = 140°C 3.0
’I‘j max., 200
hFE min. B .

IC=30mA, VCE=10V,T].=ZSC 20
fT min,

IC = 30mA, VCE =20V 80
-C__ max.

re
IC=10mA, VCE=20V, f = 0. SMHz 3.5

MHz

Unless otherwise stated information is applicable to all types

OUTLINE AND DIMENSIONS

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

0.86
max

6.6
"~ max ™ 27
“ mrin »

All dimensions in mm

0.48
max

D574

Collector comnected to case, max. lead diameter is guaranteed only for 12. 7min.

Accessories available: - 56218, 56245, 56265

Mullard
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RATINGS

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

Electrical

BF336 BF337 BF338

ch max. 185 250 300 ) v
| VCEO max.. (IC = 4mA) 180 200 225 v

: o
VCER max. (RBES 1kQ, IC =1mA, T]__ 150°C) 185 250 300 ) v
Vo Max. (I = 0.1mA) 5.0 v
) IC max. (continuous) 100 mA
IBM max. (peak) 20 . mA

P max,
tot o
T . =140C 3.0 : w
mb
Temperature
' o
TStg -65 to +200 C
T, max. , +200 °c
THERMAL CHARACTERISTICS
Rip(j-amb) 220 degC/W
; - R;h (j-mb) 20 degC/W
: Ryn(j-case) 25 degC/W
ELECTRICAL CHARACTERISTICS (T]. = ZSOC unless otherwise stated)
Min. = Typ. Max.
ICER Collector cut-off current )

VCE = 150V, RBE = 1kQ BF336 - 10n 100u A
VCE = 200V, RBE = 1k BF337 - 10n 100u A
VCE =250V, RBE = 1kQ BF338 - 10n 100 A

Mullard
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N-P-N SILICON BF336
PLANAR TRANSISTORS BE337

BF338

ELECTRICAL CHARACTERISTICS (contd. )

Min. Typ. Max.
hFE Static forward current transfer ratio
IC =30mA, VCE =10V 20 60 -
VBE Base-emitter voltage
IC= 30mA, VCE= 0v - 0.7 1.2 v
v High-frequency knee voltage
OB 1= 50ma, T, = 150°C - 10 - v
. o, .
TJ =150°C 9(0/"1 2650
VCEK - %)
(V)10 lc 50mA 100F---~~———
80f -~
5

t
t
|
!
)
¢
L

0 - .
0.01 0. 1 fMHZ)10 0 VCEK 50 Ve W

The high-frequency knee voltage of atransistoris thatvalue of the collector-emitter
voltage at which the small signal gain, measured in a practical circuit has dropped
to 80% of the gain at Vg = 50V. A further decrease of the collector-emitter voltage
results in a rapid increase of the distortion of the signal.

Min. Typ. Max.
-Cre Feedback capacitance
IC= 10mA, VCE=20V, f=0.5MHz - 3.0 3.5 pF
rbb'cb'c Feedback time constant
-I_=30mA, V=20V, f=10MHz - 30 100 ps
E CB
fT Transition frequency
IC =30mA, VCE =20V, f= 100MHz 80 130 - MHz

Mullard
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10° T
| BF 336
.
I
I, Tp$160°C H
(mA)
. | repetitive pulsed operation; d=0.1
2 Tcmax= IeMmax T N ‘
10 <
~N ENIEO RN
Ne )
7Z &
e I
N
N \ N
Ptot max (d-c')/' \
N
I
10
1
10 102 Veg (V) 103

Safe Operating Areas with the transistor forward biased

I Region of permissible d.c. operation
II Permissible extension for repetitive pulsed operation

Mullard ——
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N-P-N SILICON BF336
PLANAR TRANSISTORS BF337

BF338

103 D2553
BF 337
L]
11

I — T,,,$140°C -

(mA)
repetitive pulsed operation; d=0.1
2 Iemax® Lemeax N
10 ~

Ptot max (d.c.) \
I \
10

10 102 Vee (V) 10°

Safe Operating Areas with the transistor forward biased
I  Region of permissible d.c. operation
II Permissible extension for repetitive pulses operation
III  Repetitive pulsed operation in this region is permitted,
provided that RBE <1k

Mullard
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D2554

BF 338
1
11
Tmb € 140°C
Ic ‘ g
{mA) T | I
repetitive pulsed operation;d=0.1
2 I cmax™ Lemmax
10 <
N\, A (%)
4 AN %&O\S‘
NG & ] ]"O\S‘
“rb% 5
3
Ptot max (d.C.)/
1 \}\
10 \
1
i
1
|
I
1
10 102 Veg (V) 103

Safe Operating Areas with the transistor forward biased

I
II
111

Region of permissible d.c. operation

Permissible extension for repetitive pulses operation
Repetitive pulsed operation in this region is permitted,
provided that RBE <1kQ

Mullard
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N-P-N SILICON
PLANAR TRANSISTORS

BF336
BF337
BF338

D2555
60
Ly
(deg C/W)
40
thij
Rth(j—clafe
L
2 — Rth{}- mb
]
bt
Lo
010‘S 107 107 1072 107! 1 tlss 10
1‘00 D255
» (T 11T L
Voo, || max. allowable cotiector-emitter voltage Tj=25°C
CER versus base-emitter resistance
(v} [ -l
300 BF[338
T i
BF 337 <
{y ey
- B e @R
200 BF 336 &
100
i
° 10 102 103 10% 105 Rgel) 108

Mullard
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150

D2557

T
typical values
Vee=10V
hre
T
Tj=150°C_]
el
T AN
100 - A
T,
\
4/
\
25°C
50
—
j,
0
1 10 Ic (mA) <100
D2558 D2559
- 1 I
Vce =10V Ic=30mA]| |
1 7,-25° =10
100l—LT=25°%¢ . Ve =10V
Ic | VBe
{mA) i v)
75 ! 0.75
(typ
N
typ max )| N
50 ! 0.5 N
I
T
25 0.25
l
/
7 3
/ ,
0 L < 0
0 0.5 1 Veelvl 15 ~100 100 T;{°C) 200

Mullard
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N-P-N SILICON
PLANAR TRANSISTORS

BF336
BF337
BF338

02560

150
fr ~
MHz)
(MHz '1, \\
A
100
Atyp
7
7
7
Za
S0
Veg =20V
f=100MHz
T‘-=25°C
0
1 10 Ic (mA) 100
30 D2561 30 D2562
typical values Ic=50mA
~Cre £=05MHz “Cre £20.5MHz ||
- T;=25°C
(pF) T=25° ol |
20 20
Vee =10V
10 cE 10
\ tvp
"
" 1
20V \
4] 0
0 50 Ic(mA) 100 50 Vee (V) 100
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,

‘,v
e
!
3
E
i
b
4
.

102 D2563
y 4
y 4
Rge=1k{L y4
Icer BF336 Vcg =150V :
(A) BF337 V¢g =200V /
BF338 Vcg =250V
10 /
r A
/
/
//
/ typ
1
, :
V4
y
107! y /
y A
7
7
/
)4
1072 /
0 50 100 150 T;(°C) 200
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‘N-P-N SILICON : | BF355

PLANAR TRANSISTOR

An n-p-n silicon planar transistor specifically intended for use as a driver for
single transistor line output stages in monochrome and colour television receivers.

QUICK REFERENCE DATA
v CBO max. . 300 \'
A% CEO max. 225 v
IC max. 100 mA
ICM max. (t =35us, T =64us) 160 mA
Pt . max, (T mb™ = 140° C) 3.0 oW
Tj max. 200 C
ts typ. 0.5 ps

OUTLINE AND DIMENSIONS

Conforms to BS3934 SO-3/SB3-3B
J.E.D.E.C. TO-39

0.86
0.48
max
N )
10 ) T L
Max g 7
max
max
12.7
min
All dimensions in mm D1574

Collector connected to case, max. lead diameter is gnaranteed only for 12. 7min,
Accessories available: - 56218, 56245, 56265

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
VCBO max. 300 \%
\Y CEO Max- 225 \Y
VCER max. (RBES 1kQ) 300 v
VEBO max, k 5.0 v
IC max. 100 mA
ICM max. (tp=35us, T = 64us) 160 mA

ICM max. (Peak transient collector current,
tp=0. Sus, T =64us,

T =55°C, see note 1) 200 mA

amb
IBM max. 20 mA

0

Ptot max. , Tmb- 1400C 3.0 w
T =25C 0.8 w

amb

Temperature
T ~65 to +200 °c
stg

T, max, 200 °c

THERMAL CHARACTERISTICS

o]

R, (i-amb) 220 C/W
)

Rth(j -mb) 20 C/W
o

Rih (j-case) % c/w

Note 1.

This rating applies during switch-on of the BF355 where an overshoot of current is
liable to occur. The amplitude of the overshoot depends on the relative magnitude
of stray external capacities to the transistor collector capacity. It is desirable to
keep the stray capacities to a minimum by short lead lengths etc. so as to minimise
the area of the switching path (see SOAR curve on page 5). \

Mullard
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N-P-N SILICON BF355

PLANAR TRANSISTOR

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

Min. Typ. Max.

ICER Collector cut-off current
VCE=250V, RBE=1kSZ - 0.01 100 HA

Collector -emitter breakdown
voltage (d.c. measurement)

o
V(BR)CER IC =1mA, RBE =1kQ, Tj_ 150°C 300 - - v
=4 = - -
V(BR)CEO Ic mA, IB 0 225 v
v Collector -base breakdown voltage
(BR)CBO 1.=1mA, I =0 300 - - v
C E
v Emitter -base breakdown voltage
(BR)EBO I =0.1mA, I =0 5.0 - - v
E C
VCE (sat) Collector -emitter .saturgtion. voltage
(see note 2 and typical circuit) o .
1.=160mA,I_=10mA, T =125C - - 25 '
C B j
tS Storage time (see note 3, page 4) - 0.5 - us
Note 2.

The BF355 is controlled to Vg sat) max. =25V, and is thermally stable under all
operating conditions where T max. = 125°C is not exceeded. For the typical circuit
shown belovs.r, a heatsink for operation from Tamb= 60°C, having Rth (h -amb)= SOOC/ W,
would be suitable.

Typical circuit

n
< ]
l 1onF== {10 puigs
E
BF335

— e

04697

Mullard
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Note 3.

Storage time is measured in the following circuit; -

04698
Vo= 300v

Re

2200 |Dan

B o IR
2ps — o b

Input voltage

VCC is adjusted in order to obtain lc max. = 160 mA

Input
voltage

Input
current

|
|
) -
[ IR
max | Collector
current

N
Jls :§_Q_oruge(ime

Mullard
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N-P-N SILICON

PLANAR TRANSISTOR

D4899

Ie
{mA)
d=0.01 tp=0.5us]
d=0.5 \
be. A A\
100 \ |35ps \
X I _"A
. N\ 1
L\ \
N \\ \
\ m
1
10 X
Tcase € 25°C
1
10 100 .

SAFE OPERATING AREAS

I - D.C. operation (forward)

II - Repetitive pulse operation (forward)

II - D. C. and repetitive pulse operation
when base-emitter resistance = 1kQ (forward).

Mullard

BF355
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D4700 D470
3 22! 2]
AN NG HG
_;p L) o o
Ptot\g’ %:‘\ ?(‘-\ ‘a‘
W) NG TN, X3 3
o, d/\ ‘\\ :’“ 10
IRA 4o
‘6/\\6\—%. %a NS 7
2 2 X2 s
& NEN 2 k‘
N4 X /
/ Typ
1
\‘ A\ A .
1 \\ A i
7/ -1
am, 10
"‘220,, ALY 7
C/W/ A n 5
/:’e“‘a/_"L
') —
\]L‘.h 2
0 1 1072|114
0 100 200 0 50 100 150 200 Tj{*C)
Tamb(°C)
D4702
(":;/';/(Vt" Marginal transient thermal resistance
H
40
Rt (j-amb)
¥
30
——o d=1
‘
Rth('—cuse)
20 . - J
9205 wae — = Rth{j-mb}
N potet
o,
10 »-
——d=0
0 I
10°5 1074 1073 102 107! 1 tis)

Mullard
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N-P-N SILICON | BF355
PLANAR TRANSISTOR

, l D4703
cER
max
(v}
300
-y
Ty
200
100 7
1 10 102 10° 10t 10° ° R ()
200 < RV APS ™
*'QS Qé) \ éﬁ\ Typical curves
1S \, ~ Tamb =25°C
_\m “\‘
Ie o 2mA
(mA) =77
. LA
AN 1.5mA
1‘ y o y | b= =T
ot
ol A = P~
/P =
(V4’4 et i )
/ P3w
/
0.5mA
1
0
0 10 20 30 40 50 Vee (V)

"Mullard
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4705
100
VCE =25v
; T; =25°C
?' hee
™~
'l/ \
\\
; Tve
4 \
: 50
2 ~ \
0
10 100 1o (mA)
f 04706
T = [TT]
{MH2Z) Vee =25V
£ =100MHz [ 1]
7
X
- 100
-
V.
Typ
p4 \
‘ \
" \
50 A~ \
T, X
\
. \‘
o \
‘ 0
1 10 100 1 (mA}
BF355 Page 8
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N-P-N SILICON PLANAR
U.H.F. TRANSISTORS

BF362
BF363

High gain n-p-n silicon planar transistors for use in the u.h.f. band. The BF362
is intended for use in the r.f, stage of television tuners and the BF363 is a self-

oscillating mixer.

<

QUICK REFERENCE. DATA
v CEO max.

VCEO max.

IC max.

(4]
Ptot max. (Tamb <55°C)
T, max.

f (IC =3.0mA, V

T
BF362 typ.
BF363 min.
max

Stage gain min. (f=900MHz)
Noise figure typ. (f=800MHz)

op =10V £=100MHz)

30
20
20
120
125

800
600
820

11
5.0

mA
mW

MHz
MHz
MHz

dB
dB

Unless otherwise shown, data are applicable to both types

OUTLINE AND DIMENSIONS

emitter
max. 145
H max
—7.5
coliector indication
j&———14 .5 min.
: / —_t
T 0.15
2.7 L./. 8-l
max. max. Dso078

All dimensions in mm

IDENTIFICATION: ~
either by type number, or
body surface colour coded-

red - (BF362)
blue —(BF 363}

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system,

Electrical
' CBO max,

VCEO max.

VEBO max,

IC max,

ICM max.,

o
,Ptot max. (Tamb <55°C)
Temperature

T, max,
)

THERMAL CHARACTERISTIC

Rin(j-amb)

30
20
3.0
20
20
120

125

0.58

ELECTRICAL CHARACTERISTICS (Tamb=250C unless otherwise stated)

1 Base current

-IE =3.0mA, VCB = 10V

—IE = 12mA, VCB =7.0v

-V Emitter -base voltage
-IE =3.0mA, VCB =10V
-IE =12mA, VCB =7.0v
f, Transition frequency

IC =3.0mA, VCE

-C Feedback capacitance
IC =1.0mA, VCE =10V, f = 10. 7MHz
N Noise figure

—IE =3.0mA, VCC =12V, f = 800MHz

G _=27mmho, B_ = 9mmho, R _, = 390Q
s 5 C

—IE =3.0mA, VCC =12V, f = 500MHz

G =26mmho, B = ~1lmmho, R, = 390Q
s s . C

Stage gain
—IE = 3mA, VCC =12V, f = 900MHz
"= 2.0mmho, Bs =0

G_ = 20mmbho, G
s L

BL = tuned, RC = 3902

Mullard

=10V, f = 100MHz BF362
BF363 600

Min.

11

Typ.

60
0.3

0.75
0.8

800

0.25

5.0

4.5

12

mA
mA
mw

%c/mw

Max,

150 pA
1.0 mA

- MHz
820 MHz

BF362-Page 2



N-P-N SILICON PLANAR
U.H.F. TRANSISTORS

ELECTRICAL CHARACTERISTICS (contd.)

y-parameters

-IE = 3.0mA, VCB =10V, {f = S00MHz
& Input conductance
-bib Input susceptance
Iyrb| Feedback admittance
¢rb Phase angle of feedback admittance
lyfb I Transfer admittance
[} b Phase angle of transfer admittance
&b Output conductance
Cob Output capacitance
y-parameters
—IE =3.0mA, VCB =10V, f = 900MHz
8ip Input conductance
-bib Input susceptance
Iyrbl Feedback admittance
¢rb Phase angle of feedback admittance
|y ‘b | Transfer admittance
¢ b Phase angle of transfer admittance
€ob Output conductance
Cob Output capacitance

Mullard

Min,

BF362
BF363

Typ. Max.
18 - mmho 2
34 - mmho ;
500 . umho “
270 - degrees
45 - mmho
80 - degrees
0.6 - mmho ’
0.5 - pF
8.0 - mmho
30 - mmho
900 - umho q
270 - degrees “
25 - mmho
40 - degrees
1.9 - mmho <—
0.6 - pF

BF362-Page 3



100
s
{mmho)

50

- 50

~100

100

{mmho)

50

-$0

~-100

D5079

EREEEE
Typical curves
Vcca‘IZV
~ ~lg=3mA
7 AN Re=3900
/:/ \\ N f = 500MHz
A N N\
\
. A
150 G,(mmho}
4.5 - - B i 1T 11T
Pt
AN\~
\ / /
NN Y )
AN o /
N dB 'l/
NZT5dB
[
DS080
REREEN
- Typical curves
Veer 12V
’// t < \\\ ~lg =3mA
“ NN R =3900
/4 N f =800MMz
DNEAVERY
\
\ G {mmbo}
\ /
NNN A,
N 5d8 p
8.0d /, //
5484
=N = 9.0dB

Mullard
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N SILICON PLANAR BF362

N-P-
U.H.F. TRANSISTORS A BF363 -

D 5081

Stage
gain
(dB) VCC=‘2V
f =900MHz
2 Gs =20 mmho
G =2.0mmho
Bg =0
- Re =3900
10
A\
Typ
0 \
-10
1
-20
-30
0 5 10 15 -Ig {mA)
Mullard
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P-N-P SILICON PLANAR
EPITAXIAL H.F. TRANSISTORS

BF450
BF451

P-N-P transistors in a plastic envelope primarily intended for mixer stages in a,m.
receivers and i.f. stages in a.m./f.m. receivers with negative earth,

QUICK REFERENCE DATA

Collector -base voltage (open emitter) -VCBO max. 40 \Y%
Collector -emitter voltage (open base) .‘VCEO max. 40
Collector current (d.c.) -Ic max. 25 mA
S _ 40,
Total power dissipation up to Tamb-45 C Ptot max., 250 mW
Junction temperature Tj max. 150 oc
Base current
_IC “1mA, -V BF450: —IB 16.5 pA
nF451: —IB 33 pA
Transition frequency
-IC=1mA, —VCE=10V fT typ. 325 MHz
Noise figure at f=100kHz
—IC =1lmA, -V __=10V; RS =300Q N typ. 2 dB
MECHANICAL DATA Dimensions in mm
Similar to J.E.D.E,C, TO-92
I JJ 0.35
* min
—
12.7min ——"‘ .
i 0.48
T3 max
— ¢t
1

diameter within 25max,

is uncontrolied

06004

NOVEMBER 1973

Mullard
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111
P (I)
-VCE =10V |,
800 £=100MHz| |
typ. values|
fr
{MHz)
600
4—4 \‘
fi N _
'/ ~CTNBF450
400
BF451 N
~‘
1 N
200
. 0
- 0 10 20 -l (mA) 30
-
05936
s T
~Veg=10V
N -lc=‘ImA
(dB) typical values
4
~
Shy :
: S Rs =600 — =
SN
N
2 3000
-
0
N 2 5 7 2 5 2 5 K 2
1072 107! 1 10 f(MHz) 102

Mullard
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ACCESSORIES FOR TRANSISTORS

Section 1 Cooling Clips

PART NUMBER FOR USE ON OUTLINES PAGE
JEDEC. BS 3934
56200" TO-1 $0-21/8B3-10 3
56207" : T0-7 S0-23/SB4-4 4
56209* TO-1 S0-21/SB3-10 5
56226 TO-1 S0-21/SB3-10 6
56227 TO-1 S0-21/SB3-10 7
56263 TO-18 SO-12A/SB3-6A )
TO-71 SO-12A/SB8-1B % 8
T0-72 SO-12A/SB4-3 |
56265 T0-5 S0-3/SB3-3A
T0-12 SO-3/SB4-1 9
T0-33 SO-3/SB4-1
T0-39 S0-3/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 ;
562018 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
563368 Mica washer (2kV) TO-3 all 17
56214 Lead washer TO-3 all 10
56300 Steel spacer TO-3 0.9 or 1.6mm (thin or
medium) 11
56218 Top and bottom TO-5, TO-39 (and TO-12,
clamping washer and TO-33 for non-insulated
Mylar washer mounting) 12
56245 Insulated distance disc TO-5, TO-12, TO-33, TO-39 13
56246 Insulated distance disc TO-18, TO-72 13
563018 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
562398 Mica washer — SO-55 (BS 3934) 16

AUGUST 1974

Mullard

Accessories—Page 1



GENERAL EXPLANATORY ACCESSORIES FOR
NOTES TRANSISTORS

All information on thermal resistanice of the accessories combined with flat heatsinks
1s valid for square heatsinks of blackerned aluminium.

For a few vanations the thermal resistance may be derived as follows:

a. Rectangular heatsinks {sides a and 2a)
When mounted with long side harizontal, multiply by 0.95.
When mounted with short side horizontal, multiply by 1.10.

b. Unblackened or thicker heatsinks
Mulitiply by the factor B given below as a function of the heatsink size A.

3
St Elasas
-

2
o+

1
1
i
paa
[
ot

ium NRPN
e aeni blbi 1834 T
1+ 1111 1%% i o“ i; FHe -
tt 1e i 111 8
228! 141 HiH

o] 5 0 15 20 25 30
A(cm?) one side

Mullard
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A\C‘CESSORIES FOR | 56200

TRANSISTORS

COOLING CLIP
MECHANICAL DATA (Dimensionsin mm)
195

| 3|

75

1

l Clip material: brass, nickef plated
D023 ’
THERMAL CHARACTERISTICS
Rinicase.amm Thermal resistance case to ambient,
coolingcliponly - 100 degC/W
with heatsink see graph
R 0024
thc-a R
deg C /W) 1{.5mm[ :’Al.bl?ckened
100 HHT
1 lr Be 1
i H
B G
SO
11 i T
™1 11T :‘[
2 HrE
0 T L
0 20 Alem?)a0
one side

MOUNTING INSTRUCTIONS
Torque on nut for good heat transfer: Skg cm

E | M3 bolt
Q camrere washer
cooling fin
ANNANUMNRARUANNASUNARARN A ASARNRNSAANNG AR heats ink
AP —— lock washer
0025 @ nut

Munard Accessories—Page 3




v ACCESSORIES FOR
56207 ' TRANSISTORS

COOLING CLIP
MECHANICAL DATA (Dimensions in mm)
75

i"“"“’w
0
~
Y]
e
8.4 132 |
o~ 1 @ 75}
"y / ' 3
DO26
155
’ 20 Clip material: aluminium, blackened

THERMAL CHARACTERISTICS

Rin(ease-ampy  Thermal resistance case to ambient,
cooling clip only 60 degC/W
- with heatsink see graph

o027

Rthc-a ) .
(deg CIW) fjrm A'l,blulckened
100> sgzssaansanand
Essjasstgiasasaciacs
* 50k
28 H
1T +
1
ol 3ene
0 20 Alem?)s0

one side

MOUNTING INSTRUCTIONS
Torque on M3 boits for good heat transfer: 5kg cm

Mullard

Accessories—Page 4



ACCESSORIES FOR' - 56209

TRANSISTORS

COOLING CLIP

MECHANICAL DATA (Dimensions in mm)

5.5

05

15

5

0028

Clip material: brass, nickel plated

THERMAL CHARACTERICTIC

Runcase-amny  Thermal resistance case to ambient,
cooling c[ip only 75 degC/W

Munard . Accessories—Page 5




TR AR R g e,

TRANSISTORS

COOLING CLIP
MECHANICAL DATA (Dimensions in mm)
’ Clip material: brass, nickel plated

28

33
I

\J"
17

85

Do2¢

12

THERMAL CHARACTERISTICS

Rincease amu Thermal resistance case to ambient,

cooling clip only 100 degC/W
0030 with heatsink
Rthc.q 15mm Al;blackened see graph
(degC/w it~ -
100 -
- sof The thermai resistance values apply to each
: transistor, provided the two transistors have
‘ - : been mounted so that the heat flow from each
; pli- . one is equal.
0 20 Alcm?)40

one side

MOUNTING INSTRUCTIONS
Torque on nut for good heat transfer: 5kg cm.

o LN I

cooling fin
ATTMATEEATANAAENUALANAN G ANARNRARRAAR RIS heatsink
] lock washer
Doat @ nut

Mullard
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ACCESSORIES FOR
TRANSISTORS 56227

COOLING CLIP
MECHANICAL DATA (Dimensions in mm)

33
™
. .
L l
. .
” Clip material: brass, nickel plated
D032
THERMAL CHARACTERISTICS
Rin(case-amb) Thermal resistance case to ambient,
cooling clip only 100 degC/W
with heatsink see graph
D033
(a:;E fv‘f‘ 15mm Al ; blackened
100 H
50 3
0 i
0 20 Alem?)40

one side

MOUNTING INSTRUCTIONS

Torque on nut for good heat transfer: Skg cm

l | M3 bolt
g ? = washer
) cooling fin

/AANNAANNANNANNNANANNAN S ANNARRSANNUUNNRANNNANRNY heatsink
e lock washer
@D nut

Mullard
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56263

TRANSISTORS

COOLING CLIP

MECHANICAL DATA (Dimensions in mm)

125

| |

o~ R N
a i D
] ) ,: i " (o]
gt ! ©
Lyt
|
3
! 3
2.7
20
! 1 0
| . |°
: : <
§ 3
+ 5o%s
4.55
Clip material: copper, tin plated
THERMAL CHARACTERISTIC
Runicase-amp)  Thermal resistance case to ambient 100 degC/W

ACCESSORIES FOR

Accessories—Page 8
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ACCESSORIES FOR | '
TRANSISTORS 56265

COOLING CLIP
MECHANICAL DATA (Dirr12%n1sions in mm)

T T R
T :
I ! ,
~ s | ©
] ©
il ‘*
: ) “i
g () B |-
0036 \J l
3 Clip material: aluminium, blackened
25 | 75
15
THERMAL CHARACTERISTICS
Rehe-af amm M;Mack:':; Rtn(case-ampy  Thermal resistance case to ambient,
et T cooling clip only
a5 with heatsink
50
80 degC/W
F see graph
% 20 Akm3)u0
one side
MOUNTING INSTRUCTIONS
C ]
a) ﬁ b) M3 bolt
[—] [——— washer
O cooling fin
H —— hote 75 to 72.7mm
& N heatsink
- L] lock washer
o D> nut

o Torque on nut for good heat transfer: 5kg cm.

Mullard
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01A  ACCESSORIES FOR
2258}’3 TRANSISTORS
56214

MOUNTING ACCESSORIES FOR
TO-3 OUTLINE "

MECHANICAL DATA (Dimensions in mm)
3.9 3.1

| |
=
o

0033
._LL.I B s

Insulating bush Mica washer
56201A 562018

THERMAL CHARACTERISTIC

Rin(mb-n) Thermal resistance
mounting-base to heatsink 1 degC/W
56214 |Lead washer
MECHANICAL DATA (Dimensions in mm)

| o 21—

-

Section A-a
THERMAL CHARACTERISTIC
Rin(mu-n Thermal resistance mounting-base to
heatsink, with mica washer and lead
washer 0:75 degC/W
TEMPERATURE
Timax Max. aillowable temperature 150 °C

Mullard
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T

ACCESSORIES FOR |
TRANSISTORS 56300

MOUNTING ACCESSORIES FOR
TO-3 OUTLINE

56300 Steel spacer

40

P
A

>l

For use with thin-base

devices only,
75

l ‘_zio =
Section A-A

MOUNTING INSTRUCTIONS

nut s} [sam o] nut
lock washer L -
soldering 10g =—m=mume

L1

mica washer

holes max4mm i
Y ESURASSIW RS heatsink

LL insulating bush

M3 bolt
D043

Torque on nut for good heat transfer: 5kg cm

lock washer

[]

HER

lead washer

Mullard
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| ACCESSORIES FOR
56218 TRANSISTORS

MOUNTING ACCESSORIES FOR
T0-5, TO-12, TO-33, TO-39 OUTLINES

56218 Top and bottom ciamping washers and Mylar washer

MECHANICAL DATA (Dimensions in mm)

108 |

5.5

Top clamping washer Bottom clamping washer
of insulating material material: brass, tin plated

THERMAL CHARACTERISTICS
Thermal resistance mounting-base to heatsink,

Mylar washer

Rinimn-n)

non-insulated mounting 1 degC/W
insulated mounting 6 degC/W
TEMPERATURE
_ Tmax Max. allowable temperature 100 °C
MOUNTING INSTRUCTIONS

nut

; sam o] ao
. - ® [:D_—_] top clamping washer

@ ————— bottom clamping washer
@ mylar washer
@_heutsink
hole minJ 3mm Non-insulated: without items 2 and 3
ﬂ (ﬂ M26 bolt Note: ftem 1 must then be mounted
p0c? upside down.

Mu“ard Accessories—Page 12




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)

Insulating material

i

TEMPERATURE
Tmax Max. allowable temperature 100 °C

56246 Distance disc

Insulating material

TEMPERATURE
T max Max. allowable temperature 100 °C

Mullard
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| ACCESS(’)}RlES FOR
' 223(2)168 TRANSISTORS

MOUNTING ACCESSORIES FOR
TO-126 OUTLINE

56301B Mica washer
56326  Steel washer
MECHANICAL DATA (Dimensions in mm)

‘—-e i 06281
) 1.6

e

%:_T
Section A-A D6312 3'1_4 L_
Mica washer Steel washer
THERMAL CHARACTERISTICS
Rin(mb-n) Thermal resistance
mounting-base to heatsink,
without insulating material 1 degC/W
with mica washer (56301B) 4 degC/W —

MOUNTING
INSTRUCTIONS

washer (56326)

_-plastic transistor

X | S~ ~s~~~<<v
N
mica washer {56301B)

> ————lockwasher

‘ nut (hex}

D0S2a

Mullard
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B

ACCESSORIES FOR : 56301B
TRANSISTORS 56326

MOUNTING DETAILS
TO-126 OUTLINE

METHOD 1 METHOD 2

Mullard
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56239A | ACCESSORIES FOR
56239B TRANSISTORS

MOUNTING ACCESSORIES FOR
BS 3934 SO-55B OUTLINE

13,0 ——-

MECHANICAL DATA (Dimensions in mm) o
EECERAE
3.8 3.1 < 0] i

L ] i
N
¥
3.(5 % L
i ”
D059 0.07520.025
7.1 0080 7
Insulating bush Mica washer
56239A 562398
THERMAL CHARACTERISTIC
Rtn(mb-n) Thermal resistance mounting-base
to heatsink 1-5 degC/W
TEMPERATURE
T max Max. allowable temperature : 150 °C
MOUNTING INSTRUCTIONS
nut o [s@n o] nut
lock washer - - lock washer

soldering tag s=—mmwan

mica washer

holes max4mm
S ESSSYRTISSSISSSSY  heatsink

insulating bush

LL L
ﬂ lﬂ M3 bolt
voetl Torque on nut for good heat transfer: Skg cm.

Mullard
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ACCESSORIES FOR 56336A
TRANSISTORS 56336B

MOUNTING ACCESSORIES FOR
TO-3 OUTLINE

(High Voltage Application, up to 2kV)

56336A Insulating bush
56336B Mica washer

80
39—
AT
s i

w

~

0

—e

i
0"1— 05530
Dimensions in mm
THERMAL CHARACTERISTICS
Rtn(mv-n, Thermal resistance, mounting-base to
heatsink 1°C/W

The use of a heatsink eompound is essential.
When the mica washer is used, the compound must be applied
to both sides of the washer.

*

Mullard
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6325 ACCESSORIES FOR"
ggg%g TRANSISTORS

MOUNTING ACCESSORIES FOR TO-220

56325 Mica washer

MECHANICAL DATA Dimensions in mm -

"——IZ—cl

&

37 b
17.3
0.05

\ ~ T D6280

THERMAL RESISTANCE

From mounting base to heatsink Ry (mb-n, = 2.5°C/W,

56338 Insulating bush

MECHANICAL DATA Dimension in mm
| - ¢
- 1
% ’

Iy

l— @7 —J | —-I 931

D6279

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

Maximum Ratings hee at fr | Vcesan at Typical

Type Polarity | Outline | Veg | Vee| lem | teavy| Ti | Ptot min. max. I¢ min. max. le g power gain
No. at25°C at f

(V) | (V)| (mA)] (mA) | (°C) | (mW) (mA) |(MHz) | (V) (mA) (mA) |(dB) (MHz)
ACY17 | p-n-p | TO-5 | -70 | -60| 2A| 500 | 90 [ 260 |50**( 150 | 300 1° -0-35|500 | 25 — —
ACY18 | p-n-p | TO-5 | 50 | -40| 2A| 500 { 90 | 260 |40"*|120 | 300 1* -0-35|500 | 25 — —
ACY19 | p-n-p | TO-5 | -50 | 40| 2A| 500 | 90 | 260 |80"*| 250 | 300 1-3* | -0-35|500 | 25 — —
ACY20 | p-n-p | TO-5 | -40 |-32| 2A| 500 | 90 | 260 |50**|145 | 50 1* -0-2 50 13 | — —
ACY21 p-n-p | TO-5 | —40 { -32| 2A| 500 | 90 | 260 {90**(250 [ 50 1-3* | -0-2 50 13 | — —
ACY22 | p-np | TO-5 | —20 | -20| 2A| 500 | 90 | 260 |30"*| 300 | 300 1* —0-35| 5600 | 25 — —
ACY39 | p-n-p | TO-6 |-110 | -75| 2A| 500 | 90 | 260 |50""| 150 | 300. 1* -0-35| 500 | 25 — —
ACY40 | p-n-p | TO-5 | -32 | -32| 2A| 500 | 90| 260 [30""| 70 {300 0-8* | 035|500 | 25 _ —
ACYA p-n-p | TO-6 | -32 | -32| 2A| 500 | 90 | 260 |50"*} 250 | 300 0-6* | —0-35|500 | 25 — —
ACY44 | p-n-p |TO-5 | -50 | —40| 2A| 500 | 90 | 260 |30 (100 1 1* ~-0-2 50 13| — —
ADY26 | p-n-p | TO-36| —80 | —-60| 30A| 25A| 90 | 100W | 40" | 120 5A | — -0-5 25A| 2-BA| — —
ADZ11 p-n-p | TO-36| —50 [ -40| 20A| 15A| 90 | 45W|40**|120 | 1:2A] 80kHz| -1-0 15A1 2A | — —
ADZ12 | p-n-p | TO-36| —-80 | —60| 20A| 15A| 90 | 45W|40"* 120 | 1-2A[100kHz} -1-0 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* — _ — 25 107
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 02| — —
ASY28 | n-p-n | TO-5 30| 154300 | 200 | 85| 150 |[30**( 80 | 20 4 0-2 10 03| — —

*typical “*hee



GERMANIUM TRANSISTORS (cont.)
. Maximym Ratings h¢e at fr Veegat at ‘Typical
Type Polarity | Outitine| Veg | Vee | lem [lcaw | T; Pior |Min. max. ¢ min. max. le Ig Power gain
No. at25°C atf
(V) | (V) |(mA) [(mA) [(°C) | (mW) (mA) [(MHz) | (V) (mA) (mA) |(dB) (MHz)

ASY29 | n-p-n | TO-5 25| 165|300 (200 | 85| 150 {50**{150 | 20 10 0-2 10| 0-2 —_ -—
ASZ21 p-n-p | TO-18] =20 | -15 | ‘50 | 30 | 86| 120 |35 — | 10 | 300 -0-35{ 10| 1-0 — —
0C20 p-n-p | TO-3 ~100 [ -75 | 10A| 8A| 90 | 30Wi|25 75 1Al 025, — — — — —
0C22 p-n-p | TO-3 | -47 | =32 | 2A 1A| 90 |{22-5W}/B0**| — 1Al 2 -0-6*| 1A | 30 — —
0oc23 ptn-p | TO=-3 | -55 | —40 | . 2A 1A| 90 |22-5W{[50* | — 1Al 25 | -0-4* 1A | 30 —_ —
0C24 p-n-p | TO-3 | 47 | -40 | 2A 1A| 90 |22-56W+B0** | — 1A| 25 -04*| 1A | 30 —_ —_
0C25 p-n-p | TO-3 | 40 | -40 | 4A 4A; 90 [22-5Wt{15**| 80 1Al 025 —_ e _— —
oca1 p-n-p | SO-2 | -16 | -15 {160 | 50 | 76 ] 112 |20 90 | 10 3 -0-2 50 3 — —
0C42 p-n-p | SO-2 | -16 | 15 | 150 | 50 | 75| 112 |40 — | 10 5-5 -0-2 50 16 — —
0C43 p-n-p | SO-2 | -15 116 {150 | 50 | 75| 112 |50 |200 | 50 12| -0-28| 125 7 — —_
0C44 p-n-p | SO-2 | 15| -15 | 10 51 75 70 |40 |225 1 7-5 -0-15 8 05 | — —_
0C45 p-n-p | SO-2 | -156}| -15 | 10 5175 70 |26 (125 1 3 -0-15 8 05| — —
0C70 p-n-p | SO-2 | -30 | -30 60 | 10 | 75| 125 |20 40| 05 | 5kHz | —0:33 9 05| — —_
oc7n p-n-p | SO-2 | -30 | -30| 50 | 10 | 76| 125 |41 — 1 SkHz | -0-21 9 05| — —
QC72 p-n-p | SO-2 | —-32 | -32 | 250 {125 | 75| 125 (45 [120| 10 | 0-33 — — | — — —
0OC75 p-n-p | §SO-2 | -30 | -30| 50 | 10 | 75| 1256 |60 |130 3 | 09 -0-21 9 05| — —
0OC76 p-n-p | SO-2 | -32 | -32| 250 {1256 | 76| 1256 |45 — 1 10 | 035 — — | — — —
0C77 p-n-p | SO-2 | -60 | —60 | 250 |125 | 75| 125 |45 — | 10 | 0-35 — — | — —_ —
0Cc139 n-p-n | SO-2 20 20 | 250 | 250 75 145 (20 84 15 35 0-22| 50 3 — _
0C140 n-p-n | SO-2 20 20 | 400 (400 75 145 |50 150 15 4-5 0-22) 50 12| — —
oCc14 n-p-n | SO--2 20| 20400 |400 | 75| 145 (80 [200]| 15 | 90 0-22| 50 07| — —
0C170 | p-n-p | TO-7 | 20| -20| 10 | 10 | 75 85 40 — 1 |75* — —_ — 25 10
oc17 p-n-p ( TO-7 | =20 | -20| 10| 10 | 75 85 |40 — 1 |75* — — — 14 100
“typical **hee 1Tcase <256°C ITcase <45°C




SILICON TRANSISTORS

Maximum Ratings - hee at fr Veegsan at ton  tope At
Type Polarity | Outline [Vcgo [Veeo| Tem |leww | Tj Pior [mMin. max. ¢ min. max. le la
No. at25°C
(V) [-(V) | (mA) i(mA) }(°C) | (mW) (mA) |(MHZ)] (V)  (mA) (mA) |(ns) (ns) (mA)
BC146 n-p-n | emin.| 20| 20{ 50 | 50 |125( 50 80 | 650 | 0.2 [150* 018 20| — | —| —| —
BC186 p-n-p | TO-18 | —40 | —25 | 200 |100 175 | 300 40 1200 | 20| 50 -0-5 |50 51 —| —| —
BC187 p-n-p | TO-18| -30 | —25 | 200 {100 |[175| 300 |100 |500| 20 50 -0-6 | 50 5| — —| —
BC200 p-n-p | wmin. § —20 | -20| 50 | 50 |1256| 50 50 [400 | 02 90" 02 20| — | —| —| —
§BCY55 | n-p-n | Block | 45| 45| 60 | 30 [125| 300 |200 |600| 10 | 50 1:0 (10 05 —| —| —
BCZ11 p-n-p | SO-2 | -30 | -25| 100 | 50 {150 | 250 15| 50| 20 09 -0-551 20 3| —| —| —
BD115 | n-p-n | TO-39| 245 | 180 | 200 |150 (200 | 67% 22| — | 50 {145 9:0 100 10 | —| —| —
BD121 | n-p-n | TO-3 60| 35 BA| bBA|175| 45W| 30 | — 1A| 60 065| 1A |100 | —! — | —
BD123 | n-p-n | TO-3 90| 60 5A| bBA|175| 45W| 30| — 1A} 60 065 1A {100 | — | —| —
BD124 | n-p-n | SO-55| 70| 45 4A] 2A{175| 15W| 35| — | 500 | 60 0-501 2A |200 | — | —| —
BDY10 | n-p-n [ TO-3 50| 40 4A 2A|175[150Wt| 10| 50 2A( 10 0-7 2A (400 | — | —| —
BDY11 n-p-n | TO-3 | 100 | 70 4A| 2A|175 [150W+t!| 10| 50 2A] 10 0-7 2A 1400 | —| —| —
BDY60 | n-p-n | TO-3 | 120 60| 10A} 5AN 75| 15W 45 | 450 | 500 |100* 0-7 5A | 500 (120 | 350 | BA
BDY61 n-p-n |'TO-3 | 100 60| 10A] BAl175| 16W 45 | 450 | 500 |100* 0-9 5A | 500 |120 350| bHA
BDY62 | n-p-n | TO-3 60| 30| 10A] 5A/175( 15W 45 | 450 | 500 | 100" 0-9 5A [ 500 |120 | 350 | BA .
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 —] — | — |b50" — —_ - = —] —
BF177 n-p-n| TO-5 | 100| 50| 60 | 50 |200| 600 20| —| 15 j120" — — - = —] —
BF178 n-p-n | TO-5 | 160| 115| 50 | 50 |200| 600 20| — | 30 120" — — | - —| —| —

*typical FTmp £25°C §Dual transistor




SILICON TRANSISTORS (cont.)

Maximum Ratings hee at fr Veesay at ton  tor @t

Type Polarity| Outline [ Vego| Veeo | lem - lewaw | T Piot min. max. |l¢ min. max. P
No, at25°C

(V) | (V) |(mA) (mA) |(°C)| (mW) (mA) (MHz); (V) (mA) (mA)|(ns) (ns) (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 (175 180 | —| —| — | 650" — — —| = —| —
BF183 n-p-n { TO-72} .25 20 15 |"15 [1756 150 —_ = — 800" —_ —_ - — —| -
BF262 n-p-n | Tpack| 30| 20| 20 | 20 (125( 120 | —| —| — | e50* —_ — — | = = -
BF263 n-p-n( Tpack; 30| 20| 20 | 20 {126{ 120 | —| -~—{ — | 525 — — - = = —
BF264 n-p-n | Tpack| 30| 20| 20 | 20 {125 120 | —| —| — | 400 — - -] - = —
BFS18R| n-p-n| umin.| 30| 20| 30 | 30 [125| 110 | 35| 125 1-0| 200" — — - -] —| —
BFS19R| n-p-n | pmin.| 30| 20| .30 | 30 {125| 110 | 65| 225 1-0| 260* —_ — - = = —
BFS92 | p-n-p | TO-391-100 | —60 1A] 1A[200 BWt| 30| — | 150 70" 10| 6500| 50 | —| —| —
BFS93 | p-n-p | TO-39100( -60 1A 1A{200 5Wt 70| — | 150 70*| 10| 500 50 | — (| —| —
BFS94 | p-n-p | TO-39| -80 | —40 1A 1A[200 5W+t| 40| — | 150 70| 07| 5800f 50 | —| —| —
BFS95 p-n-p | TO-39| —40| -35 1A 1A[200 5W+l 70 — | 150 70" —0-7 | 500 50 — —| —
BFW16 | n-p-n| TO-5 40| 25| 300 (150 |200| 1-5Wit| 25| — | 150 [1200* — — = - =] —
BFW17 | n-p-n | TO-5 40 25 1300 [150 |200| 1-5Wit| 25 — 1 180 (1100* — —_ — ] —| =] -
BFW45 | n-p-n| TO-39| 165 130 | 100 | 50 (200 2-5W}| 26| 120 50 80 30 10 1] —| —{ —
BFW57 | n-p-n | Lock-fitt 80| 60 1A|500 |125] 350 | 80{ — | 100 80 | 07| 50| 50| —| —| —
BFW58 | n-p-n | Lock-fitf 80| 60 1A[500 [125( 350 | 50| — | 100 80 07,500 50| —| —| —
BFW59 | n-p-n | Lock-fit| 40 35 1A|500 |125 350 80 — | 100 80 07 | 500 50 — | —| —
BFW60 | n-p-n | Lock-fit| 40 35 1A|500 |125 350 50 — | 100 80 07 | 500 50 — —_ —_—
BFW87 | p-n-p | Lock-fitf —60 | —60 | 500 {500 (125 300 | 80| 320 150 | 100 -04 150 15| 50| 290 100

*typical 1Tcase<125°C 1T, <50°C




SILICON TRANSISTORS (cont.)

Maximum Ratings hee at fr Veesaty at ton  tor  at

Type Polarity| Outline | Vcaol Veeo {lem llean | T Piot [min. max. ¢ min, max. le lg
No. at25°C ‘

(V)1 (V) XmA) [((mA) |(°C); (mW) (mA) [(MHz)] (V) (mA) (mA) |(ns) (ns) (mA)
BFW88 | p-n-p | Lock-fit| -60| —60 |500 |500 |125( 300 | 40| 130| 150 | 100 -0:4 (150 | 15 | 50 | 290 | 100
BFWS89 | p-n-p | Lock-fit} —40| -40 |500 (500 {125| 300 | 80} 320 150 | 100 -0-4 (150 | 15 | 50 | 290 | 100
BFW90 | p-n-p | Lock-fit| -40| —40 |500 [500 |125| 300 | 40 120 150 | 100 -0-4 |150 | 16 | 50 {290 | 100
BFWS91 | p-n-p | Lock-fit| ~20| —20 |500 |600 |1256| 300 | 40 [ 125" 150 | 100 -04 [150 | 15 | 50 {290 | 100
BFW92 | n-p-n| Tpack| 25}. 16 | 50 | 256 |125| 130 | 20| 150 2:0 |1600” 075 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 BA| 2A[200( 870 | 40| 150 2A| 70 1.0 5A(500 |210 | 340 B5A
BFX37 p-n-p | TO-18| -60] —60 | 50 | 50 |200| 360 100 | 170* 10 — —025| 10 05 —| —| —
BLY17 n-p-n | TO-36| 100| 100**| 10A| 10A{176| 100Wt 5| — 5A( 50 2:0 | 10A 2A| — | — | —
BSS27 n-p-n| TO-39| 70| 456 1A 1Aj|200{ 800 | 26| — | 500 | 400" 04 |500 | 35 | 25 | 40| 500
BSS28 | n-p-n| TO-39! 50| 30 1Al 1Al|200| 800 | 30| — | 500 | 400* 05 {500 | 36 | 26 | 45| 500
BSS29 | n-p-n| TO-39| 50| 30 1A| 1A[200| 800 | 20| — | 500 | 400" 05 {500 | 35 | 30 | 50| 500
BSW41 | n-p-n| TO-18| 40| 25 {500 |300 {200 1TW |20 — | 500 | 250 05 [150 | 15.| 50 | 100 | 300
BESW65 | n-p-n | TO-5 80! 80 2A| 1A|200f 800 |40| — | 100 80* 0-4 | 500 50 — | —| —
BSW69 | n-p-n | Plastic| 150| 150 | 50 | 50 (126 125 [ 30| — 4 | 130" 4-0 20 10| o | —| —
BSX12 n-p-n| TO-39| 25| 12 1A] 1A|200 3Wi| 30| 120 | 300 | 450 0-33|300 |30 11 19 1A
BSX12A| n-p-n| TO-39| 25| 15 1Al 1A]|200 3W¢t 30120 | 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| 20 151 20
BSX76 | n-p-n | TO-18] 20| 20 {400 |200 |200| 350 | 35| —| 10 50 0-3561 50 25| 40| 80| 100
*“typical **Veer (RBe<10Q) TTmp<25°C 1Tease<95°C




SILICON TRANSISTORS (coﬁt.)

Maximum Ratings hee fr Veesay ton torr at

Type Outline| Vego| Veeo| Yem Jlcavy | T; | Peot  |[min. max. min. max. le Ig
No. at25°C

(V)| (V) | (mA) |(mA) [(°C)| (mW) (MHz) [ (V) (mA) (mA) [(ns) (ns) (mA)
BSX77 n-p-n | TO-18| 40( 20 400|200 |200| 350 | 40| 120 100 0-35| 50 2:5140| 80| 100
BSX78 n-p-n | TO-18| 40 20| 400 |200 {200| 350 80 | 240 100 0-35| 50 25140 | 80} 100
BSY26 n-p-n| TO-18{ 20| 15| 200 |100 |[1756| 300 | 20| 60 200 0-35| 10 1 27 1130} 10
BSY27 n-p-n | TO-18| 20 15| 200 {100 |1756 300 40| 120 200 0:35| 10 1 27 { 130 10
BSY38 n-p-n|{ TO-18| 20 15| 200 {100 {175 300 15 45 350" 06 | 100 10 14 45 | 100
BSY39 n-p-n| TO-18| 20 15| 200 {100 (175 300 20 70 350" 06 | 100 10 14 45 | 100
BSY40 p-n-p | TO-18| -25| -20| 140 {100 [{200| 300 25 60 140 -0-2 10 1 25 | 100 50
BSY41 p-n-p | TO-18| -25| <20{ 140 |100 |200 300 50 | 200 140 -0-2 10 1 25 |1 100 50
BSY95 n-p-n | TO-18| 20 15| 200 |100 (140 150 50 | 200 200 -0-35| 10 02|—| —| —
BU105 -| n-p-n| TO-3 15001500 | 2:5A] 2-5A/115 TM0W — | — 756" 50 | 2.6A] 1-5Al— | 750 2A
0C200 | p-n-p| SO-2 | -30| -25| 100 | 50 |150| 250 | 10| 50 *0-45 ~0-55| 20 3 |—| —| —
0Cc201 p-n-p | SO-2 | -25]| -20( 100 | 50 [150| 250 | 10| 70 2-0 —-0-55( 20 3 |—| —| —
0C202 p-n-p ! SO-2 | -15{ —-10| 100 50 |1560 250 24 [ 125 1-4 -0-565| 20 3 — —_ | -
0C203 p-n-p | SO-2 | -60| -50| 100 50 1150 250 10 50 03 —-0-55¢ 20 3 — | — | —
0C204 p-n-p { SO-2 | 32| -32| 500 (2560 |150 125 10 30 0-45 —0-56 {125 17 |(— | — | —
0C205 p-n-p | SO-2 | -60| —-60| 500 [250 [150 125 10 50 0-45 —-0-56 (125.| 17 — = —
0C206 p-n-p | SO-2 | -32| -32| 500 {250 {150 125 16 | 120 0-85 —0-55 {125 17 |— | — | —
0C207 p-n-p [ SO-2 | -50| -50| 500 {250 {150| 310 12 70 2-0 -0-56 {150 17 — | — | -

A




INDEX to Book 1 (Parts 1 & 2)

Type Number Part/ Suggested Type Number Part/ Suggested
Section alternative Section alternative
AC127 1B BCY70 1B
AC128/2-AC128| 1B BCY71 1B
AC128/AC176 1B BCY72 1B
AC176 1B BCY87/8/9 18
AC187 1B ,_ BCZ11 D*
AC188 1B BD115 D*
ACY17 to 22 D* AC128 BD121/3 D* BDY92/60
ACY39to 41 D* AC128 BD124 D*
ACY44 D* BD131/2-BD131 1B
AD140/2-AD140| * AD149 BD132 1B
AD149/2-AD149} 1B BD133 1B
AD161 18 BD135 to 140 1B
AD161/2 1B BD181 to 184 1B
AD162 1B BD201 t0 204 1B
ADY26 D* BD232 1B
ADZ11/12 D* BD233 to 238 1B
AF114 t0o 117 D* BD262/A/B iB
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/8B 1B
ASZ23 * BCY70 BDX63/A/B 1B
BC107/8/9 1B BDX64/A/B 1B
BC146 D* BCW32R BDX65/A/B 1B
BC147/8/9 1B BDY10/11 D* BDY20
BC157/8/9 1B BDY20/2-BDY20| 1B
BC186/7 D* BCY70 BDY38/2-BDY38| 1B
BC200 D* BCW30R BDY60/1/2 D*
BC327/8 18 BDYS90 to 95 18
BC337/8 1B BDY96/7/8 1B
BC547/8/9 1B BF115 D*
BC557/8/9 18 BF167 - D* BF196
BCW29R/30R 1B BF173 D* BF197
BCWS31R to 33R 18 BF177/8/9 D*
BCW69IR to 72R 1B BF180 1B
BCX17/18 1B BF181 1B
BCX19/20 1B BF182 D*
BCX21 1B BF183 D*
BCX31 to 34 1B BF184/5 * BF194/5
BCX35 to 37 1B BF194 1B
BCY30/1/2/3/4 1B BF195 1B
BCY38/9/40 18 BF196 1B
BCY54 1B. BF197 1B
BCY55 D* BCY87 BF200 1B

*Not recommended for the design of new equipment. ‘
Full data for these types are available on request.




Type Number Part/ Suggested Type Number Part/ Suggested
) Section|  alternative Section |  alternative
BF245A/B/C 18 BFY50/1/2 2B
BF262/3 D* 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 1B BLX65 2B
BFQ10to 16 2B BLX66 2B
BFR29 2B BLX67 2B
BFR30/1 2B BLX69 2B
BFR63/4 28 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 28
‘|BFW16 D* BFW16A BLY90 2B
BFW16A 2B BLY93A 2B
BFW17 D* BFW17A BLY94 2B
BFW17A 2B BLY97 2B
BFW30 2B BRY39 2B ]
BFW45 D* BSX21 BSS27/8/9 D* BSX59
BFW57/8/9/60 D* BCX32-34 BSS40/1 28
BFW61 2B BSS50/1/2 2B
BFWS87 to 91 D* BFX85 BSvV22 D* BFR29/BSV81
BFW92 ' D* BFS17R BSV52R 28
BSV64 2B
BFW96 D* BFR29/BSV81 BSV68S 2B
BFX12/13 D* BCY70 BSV78/9/80 28
BFX29 2B BSV81 2B
BFX30 2B BSW41 D*
BFX34 D* BSV64 BSWE65 D* BFX85
BFX37 D* BCY70 BSW66/7/8 2B
BFX63 D* BFR29/BSV81|Bswe9 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/ Suggested Type Number Part/ Suggested
Section alternative Section 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 D* 2N4091/2/3 2B
BSY95A . 2B 2N4347 2B
| BU126 2B 2N4391/2/3 2B

BU133 2B 2N4427 2B
BU204/5/6 2B 2N48561t0 4861 | 2B
BU207/8/9 2B 56200 (o
0Cc20 D* 56201A (o3
0C22/3/4/5 D* 562018 (o
0C26 . AD149 56207 Cc
0C28/9 2B 56209 Cc
0C35/6 2B 56214 Cc
0C41/2/3/4/5 D" 56218 Cc
0C70/1/2 D* AC128

66226 Cc
0C75/6/7 D* AC128 56227 c
0C122/3 . BFX87 56239A Cc
0C139/40/41 D* 56239B Cc
0C170/1 D* 56245 C
0C200t0 207 D*

56246 (o4
2N1613 2B 56263 c
2N1711 2B 56265 Cc
2N2297 2B 56300 Cc
2N2369A 2B 563018 c
2N2904/4A 2B

56325 (o
2N2905/5A 2B 56326 c
2N2906/6A 2B 56336A c
2N2907/7A 2B 563368 Cc
2N3053 2B 56338 C
2N3055 2B .

*Not recommended for the design of new equipment.
Full data for these types are available on request.
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