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u BOOK 1 (Part 2)

SEMICONDUCTOR DEVICES

Transistors

BFQ10 to OC36
(including 2N types)

MULLARD LTD., MULLARD HOUSE, TORRINGTON PLACE,

LONDON, WC1E 7HD
Telephone 01-580 6633 Telex: 264341



DATA HANDBOOK SYSTEM

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

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

Book 1 (blue) Semiconductor devices and
integrated circuits

Book 2 (orange) Valves and tubes

Book 3 (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 B % -% Ve max hee min P o cmax
No. b= o | ©@ 2 & |2 (V) (mW) | Case
alz|cgl€]z
z o |82 |3|3]=15]>30]>60]<30[<60[>60
AC127 | % * * * 340 |TO-1
AC128 *| * * % | 1000 |TO-1
AC176 | % * * * 700 [TO-1
AC187 | % +* + %* | 1000 |TO-1
AC188 *| * * % | 1000 |TO-1
P-N-P Silicon alloy types
= _E’ Vg max hgg min P.s: max | Case
Type | B8 | £ (V) (mW)
No. | £ S [>15] 230 [ >60 [ <30[ <60 [>60
Qo w0
BCY30| % | % e +* 250 |TO-5
BCY31| + | % * * 250 |TO-5
BCY32| % | % * * 250 |TO-5
BCY33| % | % * * 250 |TO-5
BCY34| % | % * * 250 |TO-5
BCY38| % | % + * 410 |[TO-5
BCY39| % | % * * 410 |TO-5
BCY40 | % | % % e 410 |TO-5
BCY54 | % | % + * 410 |TO-5




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

s % Vee max fr P.,max| Case
Type g 1|2 (V) (GHz) (mW)
No. & g ‘é g
oe|lal8|=15(=30] =60( <04 | <10 |>10

BC107t | % |[% e e 300 | TO-18
BC108+ | % [% * * 300 | TO-18
BC109t | % *| * * 300 | TO-18
BC147 * “ * 300 | lock-fit
BC148 * * * 300 | lock-fit
BC149 * *| % * 300 | lock-fit
BC547 * + e 300 | TO-92
BC548 * * e 300 | TO-92
BC549 +r *| % +* 300 | TO-92
BCW31R| % * +* 200 B min

BCW32R| * * * 200 { min

BCW33R| % * * 200 K min

BCW71R| % + Y 200 p min

BCW72R| % * +* 200 B min

BCX19 * |k i Y 310 B min

BCX20 * % * +* 310 B min

BCX31 * * + 1000 | lock-fit
BCX32 * * A 1000 | lock-fit
BCX33 * * e 1000 | lock-fit
BCX34 | % * * 1000 | lock-fit
BF180 * * * 150 | TO-72
BF181 * * | * * 160 | TO-72
BF194 * *| * + 220 | lock-fit
BF195 * * | % o 220 | lock-fit
BF196 * * | % & 250 lock-fit
BF197 * * * 260 | lock-fit
BF200 * * | % + 150 | TO-72
BF336 * * +* 3000 | TO-39
BF337 * *x | % 3000 | TO-39
BF338 * * i 3000 |[TO-39
BF355 e * e 3000 |[TO-39
BF362 * +r * 120 | T pack
BF363 * * * 120 | T pack
BFR63 * *| K * 3500 |Capstan
BFR64 * *| % * 3500 |Capstan
BFR90 * *| % * 180 | T pack
BFR91 * *| * * t80 | T pack

tAlso available to BS 9365-F112



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

o |3 Vee max fr Per 7| iCase
Type |52 2|2 (V) (GHz) max
No. 2Bl 2 IS (mw)
®5| 2/5|=215/=>30|/=>60(<04| <1:0/>1-0
Qa | ¢ | Ja

BFR92 * *| * 9 180 | pmin
BFR93 * * * 180 | pmin
BFS17R * x| % * 200 | pmin
BFS20R * * * 200 | pmin
BFT24 * i3 * 30 | T pack
BFT25 * % £ * 30 | pmin
BFW16A | % x| % % | 1500 | TO-39
BFW17A | % * % | 1500 | TO-39
BFW30 * * | * * | 250 | TO-72
BFX84 * | % *x | % 800 | TO-5
BFX85 * | % * | % 800 | TO-5
BFX86 * | % * * 800 | TO-5
BFX89 * *| % % | 200 | TO-72
BFY50% | 4 % * | & | 800 | TO-5
BFY51+ * | % * | * | 800 | TO-5
BFY52t | % | % * ¥ | 800 | TO-5
BFY53 * * bk 800 | TO-5
BFY30 * *| % ‘ % | 200 | TO-72
BSS40 * * * 360 | TO-18
BSS41 * * e 360 | TO-18
BSV52R * +* * 200 | pmin
BSW66 * *x % 800 | TO-5
BSW67 * *x | * 800 | TO-5
BSW68 * * | % 800 | TO-5
BSX19 * | % * * 360 | TO-18
BSX20 %* | % * +* 360 | TO-18
BSX21 * * | * 300 | TO-18
BSX59 * * * 800 | TO-5
BSX60 * * * 800 | TO-5
BSX61 * * * 800 | TO-5
BSY95A * * * 300 | TO-18
2N1613 * | * * | *x 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 =5V




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

E .g Ve max fr Peot
Type ® ol ‘_,‘3 (V) (MH2z) max Case
No. g3 &g s (mW)
65| 3|3|=>i5/>30|=60| <200 | <400 | >400
Qo | »n|Jd
BC157 * * * 300 | lock-fit
BC158 * * * 300 | lock-fit
BC159 * *| % * 300 | lock-fit
BC327 * * * 625 | Plastic
BC328 o * * 625 | Plastic
BC557 * * * 300 | TO-92 ;
BC558 * * * 300 | TO-92 |
BC559 & ¥ [ s 300 | TO-92 |
BCW29R | % * | % * 200 B min
BCW30R | % * * * 200 B min
BCWESR | % * * 200 | pmin
BCW70R | % * * | 200 | pmin }
BCX17 * | % * 4 | 310 | pmin
BCX18 * | & * * 310 B min [
BCX35 | k| | | g 1000 | lock-fit I
BCX36 * * | * 1000 | lock-fit
BCX37 o ‘ e B 1000 | lock-fit
BCY70% | % | %|% * +* 350 | TO-18
BCY71+ | % # e * 350 | TO-18
BCY72+ * | % k| Kk * 350 | TO-18
BF324 * * | % % | 250 | TO-92
BF450 * * * + 250 | TO-92
BF451 * B e - 250 | TO-92
BFX29: | % | % ‘ *x | % 600 | TO-5 \
BFX30} * * 600 | TO-5
BFX87 * | % * B 600 | TO-5 ‘
BFX88 * | % * * 600 | TO-5
BSV68 * *x | * 250 | TO-18
2N2904 * | % * * 600 | TO-5
2N2904A | % | % i ¥ 600 | TO-5
2N2905 * | % * Y 600 | TO-5
2N2905A | % | % * * 600 | TO-5
2N2906 * | % * * 400 | TO-18
2N2906A | % | % * * 400 | TO-18
2N2907 * | % * * 400 | TO-18
2N2907A | % | % -+ * 400 | TO-18
+ Also available to BS9365-F009 1 Also available to BS9365-F010/F011



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

Silicon types
el Vee max | hgg
Type z a | 82| & |HE (V) min | Py, max Case
No. ezl ® (W)
= o |od | o =35|=70| =30
BD131 H * *x | % s 15 TO-126
BD132 * | % * | % s 15 TO-126
BD133 * * *x | % * 15 TO-126
BD135 +* * * | % * 65 | TO-126
BD136 *x | % * | % * 65 | TO-126
BD137 * * *x | % * 66 | TO-126
BD138 *x | % * | % * 65 | T0-126
BD139 * * * * | * 6:5 | TO-126
BD140 * | % * * | % 65 | TO-126
BD181 * * +r 117 TO-3
BD182 * * +* 117 TO-3
BD183 * * * 117 TO-3
BD184 B * * 117 TO-3
BD201 * e * * 55 Plastic
BD202 * | % * > 55 Plastic
BD203 e e * H 55 Plastic
BD204 * | % * * 55 Plastic
BD232 * * * 300V 7 TO-126
BD233 + * * 25 TO-126
BD234 * * * 25 TO-126
BD235 > * +* 25 TO-126
BD236 * | % +* 25 TO-126
BD237 * * * 25 TO-126
BD238 *x | % * 25 TO-126
BD433 * * * 36 TO-126
BD434 * | % + 36 TO-126
BD435 e * * 36 TO-126
BD436 *x | % “he 36 TO-126
BD437 * * * * 36 TO-126
BDA438 *x | % * * 36 TO-126
BDX35 * * | % | % * 15 TO-126
BDX36 w * | % | * * 15 TO-126
BDX37 * * | % * | » 16 TO-126
BDY20 * * | % * 115 TO-3
BDY38 > * * +r 115 TO-3




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

— o E’ Ve max hee
Type z o g 2 & -NHE (V) min | Pyo max Case
No. « [ 2|88 W)
2 | o o |aw =35| =70 | =30
BDY90 * *x | % | % * | % 40 TO-3
BDY91 * * | % | & * * 40 TO-3
BDY92 * *x | % | % | % * 40 TO-3
BDY93 * * | % * 30 TO-3
BDY94 * * | % * 30 TO-3
BDY95 * * | X +* 30 TO-3
BDY96 * * | K% 350V 40 TO-3
BDY97 * * | * 300V 40 TO-3
BDY98 * * | % 250V 40 TO-3
BSV64 +* * | % | * * 5 TO-39
BU126 * * 750V 30 TO-3
BU133 +* * 750V 30 TO-3
BU204 * * 1300V 10 TO-3
BU205 * * 1500V 10 TO-3
BU206 * * 1700V 10 TO-3
BU207 * * 1300V 12-5 TO-3
BU208 * * 1500V 126 TO-3
BU209 * +* 1700V 12:5 TO-3
2N3055 * * * 115 TO-3
2N3442 * P * 117 TO-3
2N4347 * * * 100 TO-3
Germanium types
F e Veemax hee
Type z o g 21 5 |HF (V) min |P,,,max| Case
No. o = | B | £ (W)
z|al|8d| S >15|>30|>60|>40

AD149 * * +* 22'5 | TO-3
AD161 +* +* * * 4 |SO-55
AD162 * * +* * 6 |[SO-55
ocas * * | * * 30 TO-3
0oc29 * * | * * * 30 TO-3
0C35 * * | % + 30 TO-3
0C36 * * | % * 30 TO-3




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

Type Veemax Po(C.W.)
No. V.H.F.| UH.F. V) (W at MHz) Case
=18 | >33 [ 175 | 400 | 470 | 1000
BLX13 * % |[25% Capstan
BLX14 * % |50f Stripline
BLX65 +* * * 2 2 TO-39
BLX66 * * * 3 2:56 Capstan
BLX67 * +* +* 3 3 Capstan
BLX69 +* S 20 Capstan
BLX91 * * 14| 1:4 | Capstan
BLX92 * * 3 25 | Capstan
BLX93 * * 8 5 Capstan
BLX94 * + 20 Capstan
BLY33 4 *x | 2 TO-39
BLY34 * * 3 TO-39
BLY35 * * 7 TO-60
BLY36 * * 13 TO-60
BLY53A * * * 7 S 1 Capstan
BLY55 * * 4 TO-60
BLY83 * * 7 Capstan
BLY84 * * 13 Capstan
BLY85 * * 0-2 Capstan
BLY89A * * 25 Capstan
BLY90 * * 50 Stripline
BLY93A * * |25 Capstan
BLY9%4 * % |50 Stripline
BLY97 * * 014 Capstan
2N3375 * * * 7-58 3 TO-60
2N3553 +* * 25 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 420-480 125 25 0:056

BGY23 380-512 13:56 7 25

BGY23A 420-480 12:5 7 256




4. DARLINGTON TRANSISTORS

Type Ve max hge min Pio: max| Case
No. z = (V) atle
o =
z o |45 |60 [ 80 |100 (A) (W)

BCX21 * * 2000 0-15 3:b TO-39
BDX42 * * 1500 0-5 5 TO-126
BDX43 * * 1500 05 5 TO-126
BDX44 * * 1500 05 5 TO-126
BSS50 * * 1500 05 5 TO-39
BSS51 * * 1500 05 5 TO-39
BSS52 * # 1500 0-5 -] TO-39
BD262 * e 750 1:6 36 TO-126
BD262A * * 750 16 36 TO-126
BD262B * * 750 1-6 36 TO-126
BD263 * * 750 1:5 36 TO-126
BD263A * * 750 1:5 36 TO-126
BD263B * * 750 1-6 36 TO-126
BDX62 + * 1000 3 90 TO-3
BDX62A * * 1000 3 90 TO-3
BDX62B * % | 1000 3 90 TO-3
BDX63 * * 1000 3 90 TO-3
BDX63A * * 1000 3 90 TO-3
BDX63B * Y% | 1000 ! 90 TO-3
BDX64 * * 1000 5 117 TO-3
BDX64A * * 1000 5 117 TO-3
BDX64B * % | 1000 5 Tl TO-3
BDX65 * * 1000 5 117 TO-3
BDX65A * * 1000 5 3 e TO-3
BDX65B * Y% | 1000 5 117 TO-3




5. FIELD-EFFECT TRANSISTORS

(n-channel, depletion)

o i =0 E’ e 8
=8 58 58| % o5
Type ca 58 g s qu > 8 U.H.F.| Vpsmax| Case
No. 3 E $3 ug: noise 3 -g (V)

BF245A * * +* 30 TO-92
BF245B * > * 30 TO-92
BF245C * A * 30 T0-92
BFQ10 * * H 30 TO-71
BFQ11 e +* * 30 TO-7M
BFQ12 * * +* 30 TO-71
BFQ13 +* * +* 30 TO-71
BFQ14 * e * 30 TO-71
BFQ15 e +* * 30 TO-71
BFQ16 H * +* 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 * o * 40 TO-18
BSV79 * * * 40 TO-18
BSV80 * * * 40 TO-18
BSV81 * +* * 30 TO-72
2N3823 * * * 30 - |LTo-72
2N3966 * * 30 TO-72
2N4091 * +* * 40 TO-18
2N4092 * * * 40 TO-18
2N4093 +* +* 40 TO-18
2N4391 +* * +* 40 TO-18
2N4392 * * * 40 TO-18
2N4393 * * 40 TQ-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| £]|Low Veemax £ Py oemax
No. z a ; &| &|Nois (V) (MHz) (mW)
e | 2|85 §
4 a |loa| & =15 30 60}<200}<500{>1000

BCW29R *x | * * | % * 200
BCW30R *x | % * | % e 200
BCW31R | % * * * 200
BCW32R | % * * * 200
BCW33R | % * * * 200
BCW69R * | & % * 200
BCW70R * | X * * 200
BCW71R | % * * d 200
BCW72R | % * * * 200
BCX17 *x | % | % e +* 310
BCX18 * | * | % * * 310
BCX19 e * | % e * 310
BCX20 * * | % * s 310
BFR30t * * ' 200
BFR311 * o 200
BFR92 * * * | % | 180
BFR93 +* * * | 180
BFS17R | % * * | % * | 200
BFS20R | % * * * 200
BFT25 Es * *x | ¢ * 30
BSV52R | % * * * 200

fField effect transistors
IVCEO max=5V
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SEMICONDUCTOR GENERAL EXPLANATORY
DEVICES NOTES

INDEX

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

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 lll.  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.

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

3. 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. Voltage
ratings charts and permissible area of operation.

3.2 Transistor Current Ratings.
Definitions of the main current ratings, l¢, lg, 15, 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;, Trp s Tease -

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

11 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)

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

U — power transistor for switching applications

X — multiplier diode such as varactor or step recovery diode

Y — rectifier diode, booster diode, 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:

(@) Devices intended primarily for use in consumer applications (radio and
television receivers, audio amplifiers, tape recorders, domestic appliances,
etc.).

The serial number consists of three figures.

(b) Devices intended mainly for applications other than (a), e.g. industrial,
professional and transmitting equipments.

The serial number consists of one letter (Z, Y, X, W, etc.) followed
by two figures.

Mullard
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TYPE SEMICONDUCTOR
NOMENCLATURE DEVICES

Range Numbers

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

Rectifier Diodes and Thyristors

The group of figures indicates the rated repetitive peak reverse voltage,
Vrry, or the rated repetitive peak off-state voltage, Vprym, whichever value
is lower, in volts for each type.

The final letter R is used to denote a reverse polarity version (stud.anode)
where applicable. The normal polarity version {stud cathode) has no special
final letter.

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

voltage Vz.
A—+1% D— +10%,
B — 429% E — +15%
C— 5%

The letter is omitted on transient suppressor diodes.

The group of figures indicates the typical operating voltage V7 for each type
at the nominal operating current |z rating of the range. For transient suppressor
diodes the figure indicates the maximum recommended standoff voltage Vg.

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.
ACY17 Germanium a.f. transistor primarily for ‘industrial’ applications.

BTW24-800R Silicon thyristor for ‘industrial’ applications. In BTW24 range
with 800V maximum repetitive peak voltage, reverse polarity,
stud connected to anode.

BZY88-C5V6 Silicon voltage regulator diode for ‘industrial’ applications. In
BZY88 range with 56V 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 11
LIST OF SYMBOLS FOR SEMICONDUCTOR DEVICES

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

QUANTITY SYMBOLS

\ Voltage
| Current
Power
i
v »with subscripts instantaneous value of the varying component.

P

e

b

c

i) E
vjwith subscripts< B }instantaneous total value.

[ C

e

b

Le

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

V > with subscripts with appropriate additional subscript the peak

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

} component.

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

|
V}with subscripts
P

c(uv)

Collector current

l

r N e N N
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.

leav) Average (d.c.) value of total emitter current with signal applied.
leav) Average (d.c.) value of the varying component of the emitter current.
fem Peak value of the varying component of the emitter current.

lgm  Peak value of the total emitter current.

Mullard
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GENERAL EXPLANATORY

SEMICONDUCTOR

NOTES DEVICES

Subscripts for quantity sumbols

A,a  Anode terminal I, i Input

AV, av Average Jj Junction

B, b Base terminal K, k  Cathode terminal

BO Breakover M, m  Peak value

BR Breakdown O, 0 Open<ircuit, output

C,c  Collector terminal, conversion, © Average value of overload
capacitive R, r  Resistive, reverse, repetitive

D,d Delay, Off-state (i.e. non trigger) S, s Short-circuit, series, shield,
drain terminal source

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

Ef Forward W, w  Working

! ) X, x  Specified circuit, reactive
G, g Gate terminal Z,z  Reference or regulator
H, h  Holding (i.e. Zener), impedance

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

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

Sequence of subscripts

The first subscript denotes the terminal at which the current or terminal
voltage is measured.

The second subscript denotes the reference terminal or circuit mode that
the current or terminal voltage is measured.

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

The supply voltage shall be indicated by repeating the terminal subscript.
The reference terminal may then be designated by the third subscript.
Examples Vee, Vcc, Vee, Vees

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

Example B2

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

Example 2B
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Where ambiguity might arise the complete terminal designations shall be
separated by hyphens or commas.

Example Vici-act

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, |ie+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, hig

The four pole matrix parameters of the device are represented by lower
case symbols 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.

Hj » Zo

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

s Fe, Fpp’

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 | L
Capacitance c C
Distortion D

Frequency limits f max.

f min

Bandwidth Af

Bandwidth (for associated circuits)
Noise factor

Z>
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SEMICONDUCTOR
DEVICES

List of Symbols for Semiconductor Devices

Ca
Ct
Civ
Cie
G
Cmin
Co
Cob
Coe
Co
Cs
CTe
Cre
feo

fato }
fnte
f1
fmax

fr
fr

4]

8o
Gp

his
hig
hic
hip (h11)
hie (h11)

ic

hrn
hgr
hre

hrp (hiz)
hre (h12)

hFB
hre
hrc

hy (ha1)

hre (h2i)

hoB

hor

hoc

hon (hz2)

hoe (h‘ZZ) j
oc

hrE(sat)

hreL

diode capacitance (reverse bias)

diode capacitance (forward bias)

transistor input capacitance (grounded base)

transistor input capacitance (grounded emitter)

junction capacitance (of the intrinsic diode)

diode capacitance (at breakdown voltage)

diode capacitance (zero bias)

transistor output capacitance (grounded base)

transistor output capacitance (grounded emitter)

parasitic (parallel) capacitance

stray capacitance

capacitance of the emitter depletion fayer

capacitance of the collector depletion-layer

varactor diode cut-off frequency

transistor cut-off frequency (the frequency at which the
parameter indicated by the subscript is 0.7 times its low
frequency value)

frequency of unity current transfer ratio modulus

maximum frequency of oscillations

tunnel diode resistive cut-off frequency

transition frequency (common emitter gain-bandwidth
product)

tunnel diode negative conductance (of the intrinsic diode)
small signal power gain
large signal power gain

the static value of the input resistance with the output voltage
held constant

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

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

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

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

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

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

The small-signal value of the output admittance with the
input open-circuited to alternating current

transient forward current transfer ratio in saturation
lc-leso

inherent forward current transfer ratio = ~————
le+IcBo
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In, le, Ie

NOTES

total d.c. current

Is(avylciavy lg(avy average (d.c.) value of total current

Ipnx
IsEx , loex

Ipm, lem, lem
o des le

'bm v It'm ' lom
ip, ic, i
ib; i09 ie
(o)

lero

lens , lers
lenx

lceo
lcEr

Ip

leno
lenx

Ip

ir
lrav)
lpq
lram
e
Irovy, lroM
IrrM
lesm
lep
lor
IGQ
lir

I

lo
lory

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

collector cut-off current (base open-circuit)

collector cut-off current (with specified resistance between
base and emitter)

thyristor continuous (d.c.) off-state current, field effect
transistor drain current

emitter cut-off current (collector open-circuit)

emitter current with both junctions reverse biased with
respect to base

D.C. forward current

instantaneous forward current

average forward current

thyristor forward gate current

thyristor peak forward gate current

peak forward current

overload mean forward current

repetitive peak forward current

surge (non-repetitive) forward current
thyristor gate non-trigger current
thyristor gate trigger current

thyristor gate turn-off current

thyristor holding current (d.c.)

thyristor latching current

average output current

repetitive peak output current

tunnel diode peak point current

tunnel diode peak to valley point current ratio
continuous (d.c.) reverse leakage current
instantaneous reverse leakage current
thyristor reverse gate current

repetitive peak reverse current
non-repetitive peak reverse current
source current

thyristor continuous (d.c.) on-state current
thyristor overload mean on-state current
thyristor average on-state current
thyristor repetitive peak on-state current
thyristor non-repetitive peak on-state current
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lv
Iz

lz(av)
lzm
Le

Tamb
Tease

Tmb

Oj-amo
0j-case
Oi-mb
TC

T8

TR

DEVICES

tunnel diode valley point current

voltage regulator (zener) diode continuous (d.c.) operating
current

voltage regulator (zener) diode average operating current
voltage regulator (zener) diode peak current
conversipn 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
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VBE(sat)
ViBo)
VR
Visr)cBO
V(BR)CBS

V(Br)CEO
V(BR)CER

V(BR)CES
ViBr)cEX

V(BR)ERO
VBr)r
Ves
VeBo
Vepn
Vee
Vce
Vceo
Vee
VCE(knee)
VCE(sat)
vCE(susl)
Vp
Vpa
VoM
VprM
Vps
Vpsm
Vowm
VEn
VEBo
Ven
VEBn
VEen
Vr

VFr

Vrg
Vrem
Vir
Ven
Vep
Ves
Var

Vi
ViruM
Vism

Viwm
Vo

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
Vpp projected peak point voltage
Vg D.C. reverse voltage
VR instantaneous total value of the reverse voltage
Vra thyristor reverse gate voltage
VreMm thyristor peak reverse gate voltage
VeMm peak reverse voltage
VRRM repetitive peak reverse voltage
Vrsm non-repetitive peak reverse voltage
VrwM crest (peak) working reverse voltage
Ve thyristor continuous (d.c.) on-state voltage
Vr(To) thyristor threshold voltage
Vv valley point voltage
Vz voltage regulator (zener) diode operating voltage
Zi¢ intermediate frequency impedance
Zy video impedance

y-parameters

Common Common

base emitter
Yin (Y11) Yie (Y'11) Input admittance
gio (g11) gie (8'11) Input conductance . OQutput
cip (C11) Cie (€'11) Input capacitance short-circuited
bin Gie Phase angle of input admittance
Yob (y22) Yoe (¥'22) Output admittance
gob (g22) goe (8'22) Qutput conductance Input
Cobs (C22) Coes {C'22) Output capacitance short-circuited

lym|(ly21l)  lyzel(ly’21]) Transfer admittance

g gte Transfer conductance Qutput

Crb Cte Transfer capacitance short-circuited
Orp ($21) O1e (6'21) Phase angle of transfer admittance

lyeo| (y12)  lyre| (y'12)  Feedback admittance

grb Ere Feedback conductance Input

Crb Cre Feedback capacitance short circuited
Orn (912) ore (¢'12) Phase angle of feedback admittance

|
J
dob Goe Phase angle of output admittance }
|
J
|
J

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.

Zs ay —> -aq

Zo by e— Hsil —by Zo 2,

~) Vs

05527
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2
a,2 = the power incident at the input (: Via )

a,2 = the power incident at the output (: Viz )
. Ve

b,2 = the power reflected from (or generated at) the input (: T)
o

V.22
b,2 = the power reflected from (or generated at) the output (: 2—2)
0

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

V; = incident voltage

Ve

reflected (generated) voltage

[

The four-pole equations for s-parameters are:

by = 81,81 +8728
by = s3181 482285

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

s, =s b,
i 1 a, 32:0

b,

St == Sgq = —
2 ala,=0

b,

S, == §5p = —
o 22 azla; =0

S —sp=
r 12 a, a1:0

a, can be made zero by terminating the input side with Z, = 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 _ Vi, . . . - .
Because a1 = V” it can be seen that s; is the input reflection coefficient; in the
1 i1
same way s, is the output reflection coefficient.
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The s-parameters can be named and expressed as follows:

s; = sy, = 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; = S,; = 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, — s,, = Reverse transmission coefficient (for the given characteristic

impedance) — Ratio between the square root of the power
generated at the input and the square root of the power incident
at the output, input terminated with the characteristic impedance.
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1.1

1.2

Section l1l. 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 small adjustments to those values already quoted in tentative data.
Reissue of final data may be made from time to time to incorporate
additional information resulting from prolonged production experience
or to meet new applications.

Presentation of Data
Ihe 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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2.4

Rating Systems

Unless otherwise stated the ratings given in semiconductor data sheets
follow the absolute maximum rating system.

The definitions of the three systems accepted by the International Electro-
technical Commission are as follows:

ABSOLUTE MAXIMUM RATING SYSTEM

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

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

The equipment manufacturer should design so that initially and throughout
life no absolute maximum value for the intended service is exceeded with
any device under the worst probable operating conditions with respect
to variations in supply voltage, environment, equipment components,
equipment controt 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.
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3.1

Transistor ratings

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

Transistor voltage ratings
Collector to base voltage ratings

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

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

Emitter to base voltage ratings

VER max The maximum permissible instantaneous reverse
voltage between emitter and base terminal. The
emitter voltage is negative w.r.t. base for PNP
transistor and positive w.r.t. base for NPN types.

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

Collector to emitter voltage ratings

VcE max The maximum permissible instantaneous voltage
between collector and emitter terminals. The
collector voltage is negative w.r.t. emitter in PNP
transistors and positive w.r.t. emitter in NPN types.
This rating is very dependent on circuit conditions
and collector current and it is necessary to refer
to the curve of V¢g Yersus |l for the appropriate
circuit condition in order to obtain the correct
rating

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

NOTE: The term “cut-off” is sometimes replaced by Vug > x volts, or
Ry
Re
be cut-off.

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

Vee max (Is = 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 Vg 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 VBB
R’ Rg, Zpg, VeE, IB Or R
An example of this type of curve is given in Fig. 2 as Vce versus ;—B for
E
two different values of collector current.
IC VCE
L] —l
|
!
l
Area \
\
Area2 \
\
\
VCE RB/RE
Fig1 Fig2

It should be noted that when Rg is shunted by a capacitor, the collector
voltage Vcg 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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Transistor Current Ratings

Collector current ratings

lc max

|C(AV) max

lem

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

The maximum permissible average value of the total
collector current.

The maximum permissible instantaneous value of
the total collector current.

Emitter current ratings

Ig max
‘E(AV) max

lER(av) max

Iem

IERM

Base current ratings
lp max

'B(AV) max

Igr(av) max

IBM

IR

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 permissible 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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3.3

Transistor Power Ratings
Pyt 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:

Pwt = Ve X le+Viexhy

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.

Ptot

Temperature
Fig.3

The temperature may be ambient, case or mounting base temperatures.
Where a cooling clip or a heatsink is attached to the device, the allowable
power dissipation is also dependent on the efficiency of the heatsink.
The efficiency of this clip or heatsink is measured in terms of its thermal
resistance (0,) 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

ejfamb

where 8;_amn is the thermal resistance from the transistor junction to the
ambient. For case rated or mounting base rated devices, the thermal
resistance Oj_amp is made up of the thermal resistance junction to case
or mounting base (6-mp), the contact thermal resistance (6;) and the
heatsink thermal resistance (0y).

Ptot =
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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.

A MR

d(duty cycle) =%

34

Pulse width

Fig.4

the general expression from which the maximum pulse power dissipation
can be calculated is:
Ti-Tamb=Ps % Oj-amp

01+d(Ocase—amn)
where 6 and d are given in the above chart and 0Ocase-amb is the thermal
resistance between case and ambient for case rated device. For mounting
base rated device, it is equal to 8, + 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.
Tmo 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.

The temperature of the envelope. This is confined
to devices to which may be attached a clip-on
cooling fin.

TCaSL‘
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Section IV. Mounting and Soldering Recommendations

1. MOUNTING OF “LOCKFIT" TRANSISTORS

1.1 Mounting on printed-wiring boards

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

TABLE 1
Dimensions of Printed-wiring Boards
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. 1a for e-grid
boards and Fig. 1b for e-grid boards.

7

/

/
‘e'grid
board

(a)

— —Llock C

T Lock A

Lock B

‘i'g/rid
board

(b)

—— lock C

o LoCk A

T Llock B

05536

Fig. 1 — Detail of “Lockfit” pins, and function of three “locks” when used with
(a) e-grid and (b) e-grid printed-wiring boards
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1.1.1 Mounting procedure with e-grid boards

The best insertion procedure with the e-(2-54mm) grid is as follows:
(1) Place the rear two pins into their corresponding printed-circuit board
holes with the transistor at a slight angle to the vertical (Fig. 2a).

(2) Place the centre pin into the remaining hole by light pressure at a
slight angle to the vertical on the device. Continue this light pressure
until both the ‘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. 2¢).
(4) Move the device perpendicularly downwards with light pressure untit
all three 'A’ locks snap into position beneath the printed-wiring board,
and the ‘C’ locks rest on the upper side of the board (Fig. 2d.)

Rear Rear
Lock A
3
(a) (b)
Rear Rear
Lock A Lock C P(Lock C
4
Lock A T Lock A
v
Lock B~ d Lock B

(c) (d)

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

Mullard -
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1.1.2 Mounting prodedure with s-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 it is in a vertical
position. Lock ‘B’ of the centre lead will now enter the hole.

(4) Move the device perpendicularly downwards with light pressure until
all three ‘B’ locks snap into position beneath the printed-wiring board,
and the ‘A’ locks rest on the upper side of the board.

No attempt should be made to force lock ‘A’ through this type of board.

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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FIELD EFFECT GENERAL EXPLANATORY
TRANSISTORS NOTES

1.

INTRODUCTION TO TECHNICAL DATA

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

. SEQUENCE OF SUBSCRIPTS

The first subscript denotes the terminal at which the current or voltage is
measured.

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

The letter 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

TCTUVULCTO < T0 <
OnoQ v annoe v a

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

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

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

AUGUST 1969
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Reversal of the subscripts also changes the polarity sign
For example the following statements are identical

Vps = —B6V; 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 Voo, 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 TmA flowing out of the source terminal
i (in the conventional sense) -
D L
£
L
/r\ £ 3
U \
-
} \
T
g X
d ~
> —
| —~
I g g
N x e
| ]
t = l
- t .
No t
signal With signal - D113
Examples
Iy d.c. drain current—no signal
Ip(av) Average (d.c.) value of total drain current with signal applied
lpar Peak value of total drain current

Inras) Root-mean-square value of total drain current

in Instantaneous value of total drain current

lum Peak value of the varying component of the drain current
laems) RooOt-mean-square value of varying component of drain current
id Instantaneous value of varying component of the drain current

The following are examples of the implied relationship

Ips = dcavy+lam: b = Inoavisias Inoimasy = Vioiav) 2 lagms
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
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For example in quoting a limit value
—Is max = 50mA

and in quoting a spread value

-—-Vpy < 1-5V
In devices having more than one terminal of the same type the terminal
subscripts shall be modified by adding one number following the subscript
and on the same line.

Examples:

Vais, Vees, 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 difference
over a given temperature range.

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

i — input
o — output
f — forward transfer
r — reverse transfer.
A second subscript may be used to identify the circuit configuration.

— common drain
— common source
— common gate

«Q » o

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
(Ves) < 0, Ipss > 0)

b—1
oD Dss

-Ves I

~Vp(GS)

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

-Ip

-Ipss —

-0 D

vVes
3.2 Insulated gateM.O.S. field effect transistors
N-channel-M.0.S.-FET(depletion mode) VP(Gs)
(Vrws) < 0, lngs > 0)
Ip
—O0 D
<}—o8B
G 0S
Ves
N-channel-M.0.S.-FET (enhancement mode)
(Vees) = 0 lpss ~ 0)
I,
0 D
b<}—os
G 05
Ves

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

(Vecsy < 0. Ipss ~ 0)

_104

——O D
|—>—’-—o B
G —O0 S
Ves
4, BASIC CIRCUITS CONFIGURATIONS
S D
D G S
O —O
Output Input Output
Go | N
S Input D|Output
Input
o— O O— o O—e——0
}
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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1p(ma) §
I VGs=0
| Vpss
i Note: this Is the
T breakdown voltage
I 0SS of the device and
-2V operation in this
region is not
Knee voltage recommended.
VDS (sat)
-4V
T T -
10 15 Vpg(V)
(69808
Ip=1pA
5.1 Cut-off Voltage (Vras))
The cut-off voltage Vps) is the o/
gate-source voltage for a given o VP (GS) Vpg -t
small value of drain current Ip at a +7' for -
stated drain source voltage Vps Ip=1pA
TEST CIRCUIT FOR Vp(cs) B9810
5.2 Drain-source short circuit Ipss
current (Ipss)
The drain-source short circuit >1
current l(pss) is the current flowing p g
between drain and source with the Vos ¥
gate short-circuited to the source -
(Vgs = O) and at a stated drain-
source voltage (Vps)
B98N

TEST CIRCUIT FOR Ipss

Mullard —
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5.3 Leakage currents

] -——Ipsg
1GSS ’
Nt
+
- Vps =
+_-,L_ Ves DS™_
B9812 B9813
Gate-source leakage/current Drain-source leakage current
lass Ipss
(enhancement mode device)
~ -—1psy -——Ispy
_ | + Y Ven==Tt
Vos VDS"-'r_ +-’r GS SD¥v_
+T
7 89814 B956'S
Drain-source leakage current Source-drain leakage current
Ipsv, at specified Vps and Vs Ispv with specified Vsp and Vgs
and grounded source with grounded drain
- -—1IpBs
| ﬁh——o «—lsss
. P 4
1 +
Vsg -I-_
89816 89817
Drain-substrate leakage current Source-substrate leakage current
IpRs lsps

6. SMALL SIGNAL-Y PARAMETERS

Four-pole equivalent circuit

~—— Y12 Vout
=——Y21Vin
5
=

B98I

Mullard
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o _in _ input admittance with output short
yu =y =y — Vou = 0 circuited

o in V,, — o reverse transfer admittance with input
Yiz =Yr =y 5 Yim = short circuited
forward transfer admittance with output
short circuited

., _ dout _ Output admittance with input short
Y22 = Vo = Vo Vin =0 Gircuited

e — iout —
yar =yt =y Vout = 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 bis = wcCis

For example
Cis = input capacitance in common source
and
C.s = feedback capacitance in common source

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

gm = ga1s = Ots = |yrs}

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

ABSOLUTE MAXIMUM RATING SYSTEM

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

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

The equipment manufacturer should design so that initially and throughout
life no absolute maximum value for the intended service is exceeded with
any device under the worst probable operating conditions with respect
to variations in supply voltage, environment, equipment components,
equipment control adjustment, load, signal or characteristics of the device
under consideration and of all other devices in the equipment.

Mullard
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Ratings (maximum permissible values)
Vps max -— Drain-source voltage
Vprs max — Drain-substrate voltage
Vs max —  Source-substrate voltage
Vep max — Gate-drain voltage
Vis max — Gate-source voltage
Vis max — Gate-substrate voltage
Ip max -— Drain current
s max — Source current
*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

8.2

8.3

8.4

where T;max = maximum permitted junction temperature
Taunr max = maximum permitted ambient temperature
Tease Max = maximum permitted case temperature
Ring-amp) == Thermal resistance junction to ambient
Rtn(case-amb) = Thermal resistance case to ambient.

The limiting value of the maximum permitted device dissipation Py, max

is stated for either Ty max —Tamp max

amb =
Rth(]-amb)

Ty max — Tease Mmax
and Pior max = ———————

Rthl case-amby}

SOLDERING AND WIRING RECOMMENDATIONS

When using a soldering iron, transistors may be soldered direc.tly 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 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.

Care should be taken not“to bend the leads nearer than 1:-5mm from
the seal.

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.

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
ting 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 Ic against Vg characteristics of a transistor asit goes into second
breakdown. On the horizontal axis the forward and reverse-biased base regions
are clearly grouped, with the base open-circuit condition dividing the two regions.

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

S§3 'f \
\ \
\ Il AN

\ \

l\ \\ \ d breakdown

NG NN Lo of second rasdor

I \ \ \\ and pulse operation

d.c.

1' \\\ \)%::‘::

' ;

$e N \

{ \ \\

- N\ \

[ \

] \

] \

\
| \ |
T |
S - I
i l
N |
- |
- |
A | et —— s ——e __’/\

‘:?::E:o:,’:': fn second vc:Bo Collector-emitter voltage

Base forward biassed Base reverse 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 1p 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 1¢ against Vci 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 Joad
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 Vero rating as shown in Fig. 1. In first breakdown, or avalanche, the device
goes through a negative resistance region until a critical current value is reached at
which point the collector-emitter voltage abruptly switches to a very low value in
second breakdown.

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

SIMPLE METHOD OF USING PUBLISHED SOAR CURVES

In addition to the methods described in the MTC article (1) sufficient SOAR
information is provided in the published data of each power transistor to cover
909, of all applications.

(TP 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 Msg 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 0-01 (single-shot) 0-1, 0-2, 0-5, and 1-0 (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 Msg 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

L6510

2.3
3107
g
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2
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z
N n?
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5
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E0 f@= m e
_g 7_—.0.75 =
o G 0.5 =N
6 |[=40.33 ===
g 2 fueet 0-2 [T bt r
= HH A
1 Eoos ]
E— 0.
= 0.01
S
-
H— -+
2 N1
10" 1
103 102 10! 1 10 102 103

Pulse duration t, (ms)

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

Mullard

SOAR Page 3



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.

o S

wWs/8

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

Construction of SOAR using published data

The procedure for constricting 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, |-7ms).

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

3) Calculate the dutycycle d from the equation d = tp/T (in this example 0-37).

4) Note the peak collector current Iy (for example 300mA).

5) Note the peak collector emitter voltage Vcrn (for example, 35V).

6) Select the SOAR curve with time conditions greater than or equal to the time
conditions of the application (in this example, for d = 0-37 use d = 0-5 and for
tp = 1-7ms use t; = 2-0ms).

7) Plot the point given by the specific 1oy and Verwm 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 Ica by Veem.
2) Calculate the transient thermal impedance for 1-7ms at 0-37 duty cycle.
The equation used is:

Zwita) ={Rih —Zintortd +Ztnto),

Where Z ) is the thermal impedance for pulse duration t at duty cycle d, and
Zinito) is the thermal impedance for pulse duration t at duty cycled = 0-01 (from

Fig. 2).
Mullard
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3) Calculate the difference between the junction and mounting-base temperature
from:

(Tj—Tmb)=Ztnta) X Iem X Veen.
4) Calculate the maximum permissible mounting-base temperature Tmpmax from:
Tmpmax =Tjmax —(T; —Tmp).

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:

Tmbvmax —Tamb
Rench-a)= " _ Rynimb ndegC/W,
Iem X Verm xd
Where Rinn-a) is the thermal resistance of heatsink to ambient and Rinmb-n) I8
the contact thermal resistance.

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

Operating selected outside SOAR

Suppose the application had required an Icm of 400mA instead of 300mA. In this

case the point P on Fig. 4 would be given. Point P is outside the 2ms area which

indicates that the condition may be unacceptable. Thus a closer approximation to

the true conditions is necessary.

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

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

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

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

(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 BD131 power transistors in a television audio amplifier application. The
amplifier is a class A design capable of delivering an output of 2W. The circuit
configuration is shown in Fig. 6.

V supply

TR2

—+

V drive

TR

Test
resistor

Feed back

»

65729

Fig. 6—Circuit configuration of television audio output stage
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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 0-1Q2 is

—r

0N

Oscilloscope

O Upper
—CO Lower
Common

| IS

L1530

Fig. 7—Method of connecting dual-trace oscilloscope to
obtain simultaneous display of I¢c and Ve

Vee
V)
30 A
20 + /
10 /
/
0
0 100 200 300 400 500 600 700 800 900 1000
Time (ps)
le
(mA)
300
200+ \\
100 \
\
]
0 100 200 300 400 S00 600 700 800 900 1000
Time (ps)

Fig. 8-—Vce and ¢ characteristics

Le5/31
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inserted in the emitter circuit of the lower transistor TR1. A simultaneous display
of the Vce and Ic waveforms is then obtained by connecting the probes of a dual-
trace oscilloscope in the manner shown in Fig. 7. The traces of Vcz and I¢ 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 P, P2, and Ps in Fig. 9.

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

TABLE 1

Measured values of Ic and Vcx and derived Pty obtained
from oscilloscope display

Time Ic VcE Piot)
(us) (mA) ) W)
0 260 2 0-52
20 220 6 1-32
40 180 12 2-16
60 140 16 2-24
80 90 20 1-80
100 50 25 1-25
120 5 29 0-15
then no important changes until
500 5 25 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

SOAR  Page 9



(14 @s|nd 10} 308y Anpqerdesoe) sas|nd saemasenbs

e 1-0 = P 104 YOS LELad—oOL ‘B4 jus|eainba Buimoys onsusideleyd awn 1suiebe 'y —g "Big
oot g ol ot sd) awny
% i f 100 006 008 00L 009 005 007 OOE 00Z 00t O
T T 0
! | y
2 1 i
| ||
—m& m _ g
| }
3 S
. _ 3sind \_
| wapAaInb3z |
30 ro _ | 1,
mn _ _
i N m m
swQ'g _ 1
N
_J:_o,__ _
1 ¢ |
spQs 1
L 1
ol m._ 4
so0 M6t
tr i
srgl : =
f_:_u_r xow )y MTZT
Toein (v) ml
as|n
1nd N /1 Wy 1014
// N S
AN
L) ‘
2,093 %1 04 €

i/ecisYy w577

SOAR Page 10

Mullard




GENERAL EXPLANATORY

SOAR

NOTES

(84 @s|nd 10} »28Yyo Alljiqeidsooe)

w3y L0 =PI0jHVOS Lelag—zL Bl
ool o .. ol . o't
IINEE
nEO— /
1IN
swQ7
_m_—.E_O._— [ /
RN
srgog AVEAY
/// //
A\ /ﬂ/ N
snQQl ///
ol N\ // ,M
F NN
d N
NN
NN
0:=p
2,093 14y

Lsersyy

100

0l

{v)
Zum

ot

(24 es|nd 104 328Yyd Aljiqeidasoe)
§:0 = P 10} Y4v0S LELAg—LL Bid

[VYERTY
0 g, . o, , ol
100
]
I
N
b 1\ |
ﬂEQN
BN
s00s| [N\
[T TR\
s001 AN\ s
sroL \ .
syipim [
as|ng [ - ot
z
/ xowp
{v)
IU~
S
S0= p ‘
2,093 9%) ol

r€/S7Y

Mullard

SCAR Page Il



Consider pulse Pi: the equivalent pulse time tp is 82-5us and the total cycle
time T is 960us. Therefore the duty cycle d1 is 82-5/960 or 0-086. The VcE and lc
values recorded up to the end of the pulse time tp; 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 P2 and P3.
For Ps the duty cycle is 420/960 or 0-44; thus the V¢ and ¢ measurements recorded
for pulse Ps are plotted on the SOAR curve for d = 0-5 as shown in Fig. 11. For Ps3
the duty cycle is 70/960 or 0-073, so the Ver and ¢ measurements recorded for pulse
P are again plotted on the SOAR curve for d =01 as in Fig. 12.

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

Heatsink calcnlations

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 Rinmp-n) is 1 degC/W.

445736

100 o
? 13
Ziniy 5
{deg C/W) 2
2 2
10 g
7p=g=t.0 Rinis) 3
5 11
— 0.5
L)
2— 0.2 {l /"'" Zin(to)
poret ”~
1o [T LU
0.0 Bl Tt
y== T
| ¢ ] t
2 4=y
—
0"7 Zypiny =(Rungsr-Zenteal 4 + Zanitol
s Ryngs) = Steady state thermal resist , d=1
Zlhltn) = Transient thermal impedance , d =0
’ L [T
2 s 7

o 2 5 7
10 1 10
Pulse duration (s}

-4 -

T[T

2 5 7 2 5 7
10

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:

Tmomax —T. —
Rcmma)i——"mb % —Rin(mb -y, (D —
Pay —
where: Tmvmax =Tymax —(Tj—Tmp)max. ...(2)

Timax —(Tj—Tmp)max —Ta
Pav

Therefore:  Rinn —a):< ) —Rnmp-ny  ...(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 quiescent condition, and this
will be the d.c. bias condition. Under the overload condition the average power
value is calculated as follows:

average heat input per cycle

=[(tp1 X P1)4-(tpz X P2) +(tps X P3)l/T, ...4

385usW

=[(82.5 X 2.24) 4-(420 x 0.15) +(70 x 1.96)]/960 = 960us =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 (T;—Tmp)max.
The maximum value of (Tj—Tumn) is to be the greater of the two values given
by the equations (5) and (6) below. |

(Tj—Tmp)max =Pgq X Ren +(P1 —P@)Zintp1, ...(5

and (T;—Tmb)max =Pq X Rin+(P1 —Pg)Zn(tp1 + tpz +tp3)

—(P1 —P2)Zn(tpz +tpa) +(Pa—P2)Zintps, ...(6)
where:
quiescent power Pg=2W tpa=T0us

P1=2.24W Rin=6degC/W
P2=0.15W Zintp1 =0.72degC/W
P3=1.96W  Zn(tp1+tpz+ty3)=2.0degC/W
tp1 =82.5us Zin(tpz +tp3)=1.8degC/W

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

tp2+tp3=490.0us

Mullard
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Thus, Eq. 5 becomes:
(Tj—Tmp)max=(2 X 6)-+(0.24 x0.72) =(1240.2) =12.2degC.
Eq. 6 becomes:

(T; —Tmb)max =(2 x 6)4(0.24 x2) —(2.09 x 1.8) 4 (1.81 x 0.63),

=12+0.48—-3.76+1.14 =9.9degC.

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

Thus Eq. 3 becomes:

150—12.2—60

Rinh-a)y= ( 3 ) —1 =37.9degC/W.

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

Therefore heatsinks used for the BD131 transistors in this application should
each have a thermal resistance of 37degC/W or less. The foregoing calculations
assume a contact thermal resistance value of 1degC/W, which is true only if a heat-
sink mounting compound is used.

APPENDIX I
Transistor heatsink sizes

The heatsink size for any transistor can be found from the nomogram shown
in Fig. 14 provided that the power dissipation is no greater than 100W, and that
the heat is dissipated by free convection. This nomogram should not be used where
forced air cooling is employed, or where heatsink material other than aluminium
is desired. The nomogram is operated as follows, with reference to the simplified
curves in Fig. 15.
1) Calculate the worst-case dissipation Piotmax and hence the thermal resistance
of heatsink to ambient Rin(h—a). Thus:
Rinh—a) = M — Ritn(mb—n)
Piot
2) Enter the nomogram in section 1 of Fig. 15. Move horizontally to the left until
the appropriate orientation (either horizontal or vertical) and the appropriate
surface finish is reached.
3) Move vertically upwards to intersect appropriate power dissipation curve
(Ptov) in section 11.
4) Move horizontally to intersect the curve in section 111 for the desired thickness
of sheet aluminium heatsink. If an extrusion is required, move vertically upwards

Mullard
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SOAR GENERAL EXPLANATORY
NOTES

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

10 100 48747
L T 1] il L1IIT T 1
l T [ l type of heatsink power dissipation fgw ,
i of flat ini SW 7/
heatsink {mm} 2

| 1w,
y/ 77
+ /
_| SOW
L® fien R =
Y \’\ 7 /// . _ _{
I~~~

NN o8 ////

type of envelope '-—{°’i‘“':“'°;,'|‘is:"‘ ot

F500

surtac

Y/

.
3
P —— -1

t

&

: %

8 !

H bright horizontal z
rig ofizontal S

% bright vertical— | 7% 2

2 blackened horizontl £

5 blackened vertical h]

. 7 o<

3 z

a ] 7 o

.

t

5

s /

H 10-3 and T0- P3 (plostic) 7

5 - 10-66 and 10~ 226 {plostic)

- 7,
10-39 I, /
// 10-126 A

Fig. 14—Heatsink nomogram. *(For outlines of extrusions see Fig.16)
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length of extruded
heatsink (cm) L45/48

section ITI section I

|
!
|
type of power
heatsink dissipation

type of orientation and!

— - - - -

S envelope | surface finish,
N l —
o - pum——
s . S
23 S
o g 8}
s~ o)
x —
5 £ °
. L
® 9 section IV section I £
o £ o
Fig. 15—Simplified nomogram
I“ max 109
max
max
{a} 300 27 N 32

max
{b) 40D 59.7

max 109

All dimensions in mm wusie9

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

Mullard

SOAR Page 16



TRANSISTORS






DUAL N-CHANNEL

FIELD EFFECT TRANSISTORS

BFQ10
to
BFQ16

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

QUICK REFERENCE DATA

Characteristics measured at Tamp = 25 °C; Ip = 200 pA; Vpg =15V

BFQ10]| 11 12| 13 | 14 | 15 | 16
Difference in |aig] < 10f 10| 10| 10| 10{ 10| 10
gate current
Gate-source
voltage difference |AVGS] < S| 10 10} 10| 15) 20| 50
Thermal drift of d AV
gate -source voltage I.TGS. < 5 5 10( 20| 20| 40| 50
difference
Transfer con- 8ifs > 0,98 0,98 (0,9810,98 10,98 |0,95 {0,95
ductance ratio 82fs < 1,02)1,02 (1,02(1,02{1,02{1,05 (1,05
Difference in Al < 6| 6| 12| 12| 12| 20| 30
transfer impedance gfs
Ditference in afos| < 10! 30| 30| 30| 30| 30] 100
penetration factor gfs
Common mode CMRR > 100| 90| 90| 90| 90| 90| so
rejection ratio

PA

mV

pv/°c

pv/v

dB

MECHANICAL DATA

TO-71
All leads insulated
from the case

'y

117 e

o max
max w '

SEPTEMBER 1973

Mullard

Dimensions in mm

‘«n?gx*|<—— 12,7min ———1 7266908
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RATINGS Limiting values in accordance with the Absolute Maximum System

Voltages

Drain-source voltage
Drain-gate voltage (open source)
Gate -source voltage (open drain)

Voltage between gate 1 and gate 2

Currents
Drain current

Gate current

Power dissipation

Total power dissipation up to Tamb = 75 °C

Temperatures
Storage temperature

Junction temperature

THERMAL RESISTANCE

From junction to ambient in free air

Mullard

tVps
VDGo

-VGso

V16 -2G

Ip
I

Prot

Tstg

Rth j-a

max. 30
max. 30
max. 30
max. 40
max. 30
max. 10
max. 250
-65 to +200
max. 200

0,5

< < < <«

mA
mA

mWw

°c
o°c

oC /mW
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DUAL N-CHANNEL BFQ10
FIELD EFFECT TRANSISTORS

to
CHARACTERISTICS (total device) Tamb =25 OC unless otherwise specified
Measured at: Ip = 200 pA; Vpg = 15 V except for drain current ratio.

BFQIo | 11| 12 |13 |14 | 15] 16

I1D-188 > 0,97/0,95{0,9510,950,92|0,90 (0,80
Iop-288 < 1,0341,05]1,051,05}1,08|1,10 |1,20

Drain current ratio 1)
Vpg=15V;Vgg =0

Difference in

gate current ‘AIGl < 10| 10} 10} 10f 10; 10} 10 pA
Gate-source IAVGSI - sl 10l 10! 10l 15! 20! s0 v

voltage difference

Thermal drift of
gate-source voltage l

Sﬂgél < 5| s| 10| 20| 20| 40| s0 pv/oC

difference ar

Transfer con- glfs > 0,98{0,98/0,98 |0,98 10,98 ]0,95 (0,95
ductance ratio g2fs < 1,0211,02(1,0211,02}1,02}1,05 (1,05
Differenceln ~  Jal| < 6| 6} 12| 12| 12| 20| 30 ©
transfer impedance Z) gfs

Difference in gos

penetration factor 3) lAgf_s < 10} 30| 304 30f 301 301100 wv/V

Common mode

— - CMRR > 100f 90{ 90] 90] 90| 90| 80 dB
rejection ratio 4)

1) Measured under pulse conditions.

2) The difference in transfer impedance is equal to the ratio of the change of the gate-
source voltage difference to the change of drain current, at constant drain-gate voltage.
( A__1__ _daAv
gfs dIp
3) Thedifference in penetration factor is equal tothe ratio of the change of the gate-source
voltage difference to the change of drain-gate voltage, at constant drain current.
(A_g_o_s= d AVGis
gs dVp

4) Common mode rejection ratio

at Vp@ = constant)

at I = constant)

CMRR (in dB) = -201log

A 8os
gfs

Mullard
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CHARACTERISTICS (Individual transistor) Tamb = 25 OC unless otherwise specified

Gate cut -off current

—VGS =20 V; VDS =0

-Vgg = 20 Vi Vpg = 0; Tamp = 125 °C
Gate current

Ip = 200 pA; Vpg = 15 V; Tamp = 125 °C
Drain current

Vps =15V; Vgg =0

Gate -source voltage

Ip =200 pA; Vpg =15V

Gate-source cut -off voltage

Ip=1nA;Vpg=15V

Transfer conductance at f = 1 kHz

Ip =200 pA; Vpg =15V

Output conductance at f = 1 kHz
Ip =200 pA; Vpg =15V

Input capacitance at f = 1 MHz

Ip = 200 pA; Vpg = 15V

Feedback capacitance at f = 1 MHz
Ip = 200 pA; Vpg =15V

Equivalent noise voltage

Ip =200 pA; Vpg =15V
B =0,6to 100 Hz

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

Mullard

~less
-1Gss

Ig

Ipss

-Vgs

-V(P)cs

8fs

8os

100

20

< 10
0,5 to 10

< 2,7
0,5 to 3,5
> 1,0
< 5
< 8
< 1,0
< 0,5

PA
nA

nA

mA 1)

mA/V

HA/V

pF 2)

pF 2)

pv
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DUAL N-CHANNEL BFQ10
FIELD EFFECT TRANSISTORS to
BFQ16

726719

103 T
i
Igss -Vgs=20V
(na) Vpg=0
d
102 4
y
y
10 -
V4
Ityp
1 v 4
4
10! >
7
L/
1072
103
0 50 100 150 T; (°C) 200

Mullard
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7267189

10
Ip I
(mA) Vpg=15V ,’ typ. values
Tj=25°C i Tj=25°C
7.5
/
/
l
S Vags=0
11
1]
l
max -VGs=0,5V
2,5 /
gy
yp
; I 1V
/i
. i
7,5 5 2,5 0 5 10 15
-Vgg V) Vps (V)
10 7267184
1
typ. values
VDS =15V ]
[¥s| f=1kHz ~
(mA/V) Tamb=25 °C | eob
)
<
3 Ao
640‘ /./
) W
101
10-2 1071 1 Ip (mA) 10

Mullard
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DUAL N-CHANNEL BFQ10
FIELD EFFECT TRANSISTORS to

BFQ16

7267187 7267186

6 - 10 T 1 O
typ. correlation between -V(p)GS ll 10 O A 0
and Ipgg typ. values |
B Ip=200pA i
AU T . D BA L
-Vpyas 11T [Yos| f=1kHz il
(at Ip = 1nA) vps=15v 1  ®a/v | | \N Tamp =25 °C
Tj=25°C [T '\
4 \
\
N
1 N \.DSS\\
N -l 1()1)1“1
NI, 1T
AN |SS§5 —
& AT
2 - 10 |
k:S'*o <
L :3024 s\,‘
..
0 5 10 0 5 10 15 20
Ipgg at Vgg =0 (mA) Vps (V)
10 T T - 7267192
S
typ. values P
Vpg=15V A
[Yos| f=1kHz 7
= [of
BA/V) Tamb 25 6C //
|
A
e’
1 )
2z
//;/
1pgs = 10 mA
IFSTS' mA .——'/
IDSg=0,i'im'A—”
1071
1072 1071 1 Ip (mA) 10
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7Z6718 7267185
11 1 [ 1 I 1 1 T
RN [T T 1]
10 Vpg=15V | 0,6 Vpg=15V -
c Tamp=25°C H c Tamb=259C |
is f=1MHz — rs f=1MHz -
(pF) case grounded [ (PF) case grounded
\;
7.5 0,5 = LYP1
\
5 0,4
| \\
N
N LY
2,5 0,3
‘\\
\
0 0,2
0 2,5 5 7.5 0 2,5 5 7.5
—Vgs V) ~-Vgs V)
726719
€n 1 11
(__nV) v | 15|vl |
Vi Ds*=
Hz Ip=200pA  [TT]
T amb =25 °C
102
[y
\~~~ typ
™~
\N\\
10
S
~—
S
h\
<
1
10 102 103 104 f (Hz) 105
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N-CHANNEL INSULATED GATE
FIELD EFFECT TRANSISTOR BFR29

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

QUICK REFERENCE DATA

VDB max. 30 v
tVGB max. 10 v
Ings (VDS =15V, VGS =0) 10 to 40 mA
nysl min, (ID=SmA, VDS =15V, f=1kHz) 6.0 mA/V
-Crs max. (ID= SmA, VDS =15V, f=1MHz) 0.7 pF
N max. (ID:SmA , VDS =15V, f=200MHz,
GS =1mA/V, BS =optimum) 5.0 dB
vn/vﬁ typ- (I=5mA, V=15V, f=1kHz) 100 nv/vHz

OUTLINE AND DIMENSIONS

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

0.48
max
| T PR
b L8 :ﬁ:
g max
! I R
53 o127
max min
% Substrate connected to envelope
All dimensions in mm D3825
NOTE

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

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
VDB max. Drain-substrate voltage 1'30 v
VSB max. Source-substrate voltage 30 v
kY GB max. Gate-substrate voltage (continuous) 10 v
W GN max. Repetitive peak gate voltage
(gate to all other terminals)
VSB =VDB=0, f >100Hz 15 v
ID max. Drain current (d.c.) 20 mA -
IDM max. Peak drain current
tr=20ms, d=0.1 50 mA
Ptot max, Total poweg dissipation
Tomb S 25°C 200 mW
Temperature
Tstg Storage temperature -6% to +125 %
Tj max. Junction temperature 125 °c
THERMAL CHARACTERISTIC
R th(j-amb) Therm.j;ll res’istance, ' junction
to ambient, in free air 0.5 degC/mW
ELECTRICAL CHARACTERISTICS (Tj =25°C unless otherwise stated)
Min. Typ. Max.
Gate current, V, . =0
-IGSS —VGs =10V, VDS =0 - - 10 PA
IGSS Vag= 10V, VDS =0 - - 10 PA
Isss Vg =10V, V=0, T, = 125°c - - 200 pA
Isss Vg =10V, Ve =0, T]_ =125°c - - 200 pA
Substrate current, V B 0
—IBDO Vep = 30v, IS =0 - - 10 BA
-IBSO -VBS=30V, ID=0 - - 10 uA
PSSyl Vi <0 10 w0 ma
DS " 'GS
-VGS Gate -souxrce voltage
ID=100nA, VDS=15V 0.5 - 3.5 v

Mullard
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N-CHANNEL INSULATED GATE
FIELD EFFECT TRANSISTOR

ELECTRICAL CHARACTERISTICS (contd. )

-V Gate-source cut-off voltage
(P)Gs - =
ID =100nA, VDS =15V
N Noise figure at f=200MHz o
ID =5mA, VDS =15V, Tamb= 25°C
GS =1mA/V, BS =optimum
. . _ o0,
Vn/ VB Equivalent noise voltage, T = 25°C
ID =5mA, VDS =15V, £=120Hz
f=1kHz
f=10kHz
y-parameters
= = =950,
ID S5mA, VDS 15V, Tamb 259C
| yfsl Transfer admittance at f= 1kHz
[yosl Output admittance at f=1kHz
Cis Input capacitance at f=1MHz
-Crs Feedback capacitance at f=1MHz
C Output capacitance at f=1MHz

os

Min.

Typ.

300
100
35

BFR29

Max.
4.0 \Y%
5.0 dB
- nV/vHz
- nV/vHz
- uV/VHz
- mA/V
0.4 mA/V
5.0 pF
0.7 pF
3.0 pF

Mullard
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20 D3863
d Vas=0 L P
| g b Tamb=25°C 7O
o typ.curves| N2
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N-CHANNEL INSULATED GATE
FIELD EFFECT TRANSISTOR BFR29

D3865

) D S I
\ HREN
typical curves| | |
20 Vps =15V
Ip
{mA) \
15
\ Veg=+0.5V
\N_
10 =
oV
-
\ 1
\\ 0.5V
N
5
) |
~ m— PV
™ 15V
]
0 I
0 50 100 T;(°C) 150
D3866 15 03867
N T
[T mE ]
400 | Vos=15V H 1 Vos =15V
ol || VBs=0 [ Yesl T ]Vas=0
osl I f=1kHz 4 (mA/v)_jfﬂkHzo
(pA/VHL_L Tamp=25°C 4 Tamp=25°C _——
jo
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N-CHANNEL INSULATED GATE
FIELD EFFECT TRANSISTOR

03872

BFR29
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p min. N-CHANNEL SILICON
FIELD EFFECT TRANSISTORS

BFR30
BFR31

N -channel siliconplanar epitaxial junction field effect transistors inmicrominiature
encapsulation. They are intended for low-level general purpose amplifiers inthick

and thin film circuits.

QUICK REFERENCE DATA
4
_VDS max. 25
_VGSO max. . 25
-
Ptot max. (Tamb_ 25°C) 200
BFR 30
IDSS (VDS =10V, VGS =0) min, 4,0
max. 10
[Ves] (p = ImA, Vg = 10V, min. 1.0
f = 1kHz) max. 4.0

BFR31

1.
5.

1.
4.

0
0

5
5

mw
mA
mA

mA/V
mA/V

Unless otherwise stated data are applicable to both types

OUTLINE AND DIMENSIONS

fe——— 2.9 max — D5698

19 —-1
095
5T 4
' [
I 1325

N T

T
JE 05
i
_.l .00
min
=
0.85
max
1.2
max

s[[]
__] ' I 043

max  [dentification
code: M1=BFR30
M2=BFR31

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
iVDS max. Drain-source voltage 25 \%
VDGO max. Drain-gate voltage (open source) 25 \%
-VGSO max. Gate-source voltage (open drain) 25 v
ID max. Drain current 10 mA
IG max. Gate current 5.0 mA
e o
Ptot max. Power dissipation (Tambs 25°C)
mounted on a ceramic substrate
of 7 x5 x0,5mm 200 mWw
Temperature
Tstg Storage temperature -65 to +150 0C
T], max. Junction temperature 150 0C
THERMAL CHARACTERISTICS
Rth(‘famb) Thermal resistance between junction
! and ambient, the device mounted on a o
ceramic substrate of 7 x 5 x 0. 5mm 0. 62 C/mWw
ELECTRICAL CHARACTERISTICS (Tj = ZSOC unless otherwise stated)
Min. Max.
-I Gate cut=-off current
GSS
—VGS—IOV,VDS—O - 0.2 nA
IDSS Drain current
VDS =10V, VGS =0 BFR30 4,0 10 mA
BFR31 1.0 5.0 mA
_VC‘S Gate-source voltage
ID =1mA, VDS =10V BFR30 0.7 3.0 A%
BFR31 0 1.3 AY
ID = 50upA, VDS =10V BFR 30 - 4.0 \Y%
BFR31 2.0 \Y
N(P)(‘S Gate-source cut-off voltage
[D =0.5nA, VDS =10V BFR30 - 5.0 \Y
BFR31 - 2.5

Mullard
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4 min. N-CHANNEL SILICON BFR30
FIELD EFFECT TRANSISTORS BFR31

ELECTRICAL CHARACTERISTICS (contd.)

Min., Max.
o
y-parameters, Tamb =25C
l yfsl Transfer admittance at f = 1kHz
= ImA =10 . .
ID , VDS % BFR30 1.0 4.0 mA/V
BFR31 1.5 4,5 mA/V
LD = 200pA, VDS = 10v BFR30 0.5 - mA/V
BFR31  0.75 - mA/V
lyosl Output admittance at f = 1kHz
ID =1mA, VDS = 10V BFR30 - 40 © uA/V
BFR31 - 25 pA/V
ID = 200pA, VDS = 10V BFR30 - 20 uA/V
BFR31 - 15 pA/V
Cis Input capacitance at f = IMHz
ID =1mA, VDS =10V - 4.0 pF
ID = 200pA, VDs =10V - 4.0 pF
CrS Feedback capacitance at f = IMHz, o
ID = 1mA, VDS =10V, Tamb=25 ((}) - 1.5 pF
Ly = 200uA, Voo = 10V, T, =25 C - 1.5 pF
Vn Equivalent noise voltage
ID = 200pA, VDS =10V
B =0,6to 100Hz - 0.5 uv

Mullard
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pmin. N-CHANNEL SILICON
FIELD EFFECT TRANSISTORS

BFR30
BFR31

D 3329
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p min. N-CHANNEL SILICON BFR30

FIELD EFFECT TRANSISTORS BFR31
10L e Imaas
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N-P-N SILICON PLANAR BFR63
EPITAXIAL TRANSISTORS BFR64

N-P-N multi—emitter silicon transistors in capstan envelopes. Thetransistorshave

extremely good intermodulation properties and high power gain.

The devices are intended for:

(a) Final and driver stages of channel and band aerial amplifiers with high output
power for band I, II, III and IV/V (40 to 860MHz).

{b) Final and driver stages of wideband amplifiers {40 to 230MHz).

(c) Final stages of the wideband vertical amplifier in high speed oscilloscopes.

(d) Frequency multiplier and oscillator circuits.

QUICK REFERENCE DATA

VCBOM max. (peak value) 40 v
VCEO max. 25 v
ICM max. 500 mA
P, max. (T <60°C, f >1MHz) 3.5 w
T, max. 150 °c
BFR63 BFR64

fT min. (f=500MHz, IC=75mA, VCE=20V) 1000 1200 MHz
P0 typ. (f=200MHz, IC =70mA,

VCE =20V, dim: -30dB) 150 150 mw
Gp typ. ({=200MHz, 1,=70mA, V.=20V) 16 16 dB

Unless otherwise stated data is applicable to both types

OUTLINE AND DIMENSIONS

For details see page 2

Mullard
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OUTLINE AND DIMENSIONS

Pip identities .
the collector- got

Dage

Diameter of hole in heatsink: max 4.17Tmm

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

max. 8.5kg cm  (0.85N m)

When locking is required, an adhesive instead of a lock washer is preferred.

Millimetres
Min. Max .
5.25 5.75
0.107 0.147
0.7 1.1
5.60 5.85
9.0 9.6
2.7 2.9
10.5 10.7
1.0 1.5
25.0 29.0
14 nom.
1.4 1.6
11.2 12.0
- 1.6
7.5 8.5
2.93 3.68
2.85 3.00

Mullard
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N-P-N SILICON PLANAR BFR63
EPITAXIAL TRANSISTORS BFR64

RATINGS
Limiting values of operation according to the absolute maximum system.
Electrical
=1004A) 40
=10mA) 40

v CBOM max. (peak value, I

VC ERM max. (peak value, RBE c

VCEO max. (Ic=10mA) 25

Vo po max. (g =10014) 3.5

IC max. 200 mA
ICM

P,  max. (T_, <60°C, f >1.0MHz 3.5 W
tot mb — =

Temperature

T -40 to +150 C
stg

Tj max. 150 [¢]

(o}
=108, I

< < < <

max. (peak value, f >1.0MHz) 500 mA

THERMAL CHARACTERISTIC
25 degC/W
0.5 degC/W

R ih(-mb)

Rih (mb-h)
ELECTRICAL CHARACTERISTICS (T =25°C unless otherwise stated)

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

CBO - - ) }
1,70, V=20V 10

pA
v Collector-emitter saturation voltage
CE(sat) 1,=100mA, 1,=10mA - - 0.75 v

hFE Static forward current transfer ratio
IC=50mA, VCE=5V 25 - -
IC=150mA, VCE=5V 25 - -
o MRS o - a5
E e ' CB ’ : ’
-C Feedback capacitance

re i - _
IC—IOmA, VCE 20V, f=1.0MHz,

Tmb=25°C . - 1.7 - pF

N Noise figure
Ic =40mA, VCE =20V,

f=200MHz, R =759, T =25°C - 6.0 - dB
S mb

Mullard
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ELECTRICAL CHARACTERISTICS (contd.)

Min.
fT Transition frequency at f=500MHz
IC=15mA, VCE=20V BFR64 -
= = 1000
Ic 75mA, VCE 20V BFR63
BFR64 1200
= = BFR63 -
Ic 150mA, VCE 20V F
BFR64 -
P *Qutput power at f=200MHz, T . =259C
o mb
IC=70mA, VCE=20V, v.s.w.r. at output <2
f =202MHz, f =205MHz, d, = -30dB
p q im
measured at f(2 _ )=208MHZ (channel 9)
a-p BFR63 -
BFR64 130
P **Qutput power at f=800MHz, T . =25°C
o mb
IC=70mA, VCE=20V, v.s.w.r. at output <2
f =798MHz, f =802MHz, d, = -30dB
p q im
measured at f 90~ =806MHz (channel 62)
a-p) BFR64 70
Gp Power gain (not neutralised)
o
= = = 25
Ic T0mA, VCE 20V, Tmb C,
f=200MHz BFR63 -
BFR64 15
f=800MHz BFR64 -
*See test circuit etc. on Page 5
**See test circuit etc. on Page 6
CAUTION

Typ.

1000

1100
1200

150
150

90

16
16

6.5

- MHz

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

Care should be taken toensure that all those who may handle, use or dispose of this
deviceareaware of its nature and of thenecessary safety precautions. In particular,
it should never be thrown out with general industrial or domestic waste.

DISPOSAL SERVICE

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

Mullard
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N-P-N SILICON PLANAR BFR63
EPITAXIAL TRANSISTORS BFR64

ELECTRICAL CHARACTERISTICS (contd.)

Intermodulation characteristics

1.

Output power at f=200MHz, Tmbzzsoc

Ic=70mA, V ..=20V, v.s.w.r. at output <2,

CE
f =202MHz, f =205MHz, d._ = -30dB,
p q im
measured at =208MHz (channel 9)
(29-p)

Test circuit

2.2pF

300

Ta4v

D2386

L1 = 3 turns of 1.4mm silver plated copper wire, winding pitch 2.7mm, int. dia.
8mm, taps 1.5 and 0.5 turns from earth.
L_= 5.5 turns of 1.4mm silver plated copper wire, winding pitch 2.2mm, int. dia.

2
8mm.
L3 = 3 turns of 1.4mm silver plated copper wire, winding pitch 3.3mm, int. dia.
8mm.
L, = 5.5 turns of 1.4mm silver plated copper wire, winding pitch 2.2mm, int. dia.
1lmm.

Basis of adjustment

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

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

\ _Vcek)/ I

Rloa.d - CE

Where Vce is the high frequency knee voltage

k

Mullard
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ELECTRICAL CHARACTERISTICS (contd.)
Basic of adjustment (contd.)
(b) The h.f. collector current is as low as possible; this occurs if

- = 4
Cload coe

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

Experimentally obtained values of Rload and cload’ for maximum output power at

an intermodulation factor of -30dB, are:

R =220Q, C

load ~4pF

load =
Procedure

1. Remove the transistor and connect a dummy load, consisting of a 220Q resistor
in parallel with a 4pF capacitor, between the collector and the emitter connec-
tions of the output circuit.

2. Tune and matchthe output circuit for zeroreflectionat 205MHz (i.e. v.s.w.r.=1).

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

2. Output power at {=800MHz, T  =25°C

IC=70mA, VCE=20V, v.s.w.r. at output <2,

f = 798MHz, f =802MHz, d__ = -30dB,

p q im

measured at { =806MHz (channel 62)
(24-p)

Test circuit

12pF
2 p;.: 500
12pF
Rg=500N
O—9

+
o
24V

15nF

10

Choke
02387

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

Mullard
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N-P-N SILICON PLANAR BFR63
EPITAXIAL TRANSISTORS BFR64

ELECTRICAL CHARACTERISTICS (contd.)
Basis of adjustment

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

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

The output circuit is then tuned to eliminate clipping.

The output P, is given by
P =1,(Vop ~Vog)/2 = 480mW

where Vce is the high frequency knee voltage

K

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

Mullard
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02361

103 T TTT

I 1T 1711
T mp=85°C
Ic
(mA) N
N
I \\
2 \\
102
N
\
5
1
: \
10 o
5
2
1
1 2 s 10 : Veg (V) 102

Safe Operating Areas with the transistor forward biased
I Region of permissible d.c. operation

II Permissible extension for repetitive pulsed operation; f >1MHz

III Repetitive pulsed operation in this region is allowed, provided RBE <109 and

f >1MHz

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS

BFR63
BFR64

02362

100 I
Vee =5V
heg Tj=25°C
80
Pl ‘\typ
N\
\
\
60
40
1 10 2 s 102 2 Ic (mA) 10°
2000 02363
typical values| £=500MHz
Veg =20V
fr Tj=25°C
(MHz) J
7 N\
ZAREAN
1000 A\
\\/BFR64
\BFRG3
0
10 102 Ic (mA) 10°
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D2364

10 T=MHzZ
Te=1Ie=0
Cre Tj =25°C
(pF)
5N\
N,
.~
[t typ
0
0 10 20 Veg(V) 30
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N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR BFR90

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

QUICK REFERENCE DATA

VCBO max. 20 v
VCEO max. 15 v
IC max. 25 mA

- 200
Ptot max. (Tambf 60°C) 180 mOW
Tj max. 150 C
fT typ. (IC=]4mA, VCE=10V, f=500MHz) 5.0 GHz
~Cr‘e typ. (IC=2mA, VCE=10V, f=1MHz) 0.4 pF
N typ. (IC=2mA, VCE=10V, f=500MHz) 2.4 dB
GUM typ. (IC=14mA, VCE=10V’ f=500MHz) 19.5 dB

im typ. (IC= 14mA, VCE: 10V, RL=75SZ
V =150mv, f =493. 25MHz) -60 dB
o (p+q-1)
OUTLINE AND DIMENSIONS
+— 6,2 min ~—a]
0,5
max
il
r_U; L
48 ]
max
§i6—r=ll--
o 3
o2 e 0.9
max D4803

All dimensions in mm

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
\' CRO max. 20 v
VCEO max. 15 \"
X 2.
VEBO max .0 v
IC max. 25 mA
P max. (T _ =60°C) 180 mW
tot amb
Temperature
T -65 to +150 °c
stg
T max. 150 oC
J

THERMAL CHARACTERISTIC

in free air, mounted on a
glass-fibre print of 40 X 25 X Imm o
(see fig. 1) 0.5 C/mW

—>12min OJme
hole in
print

15m 5m|n

_.I r_.Smln

2 min

}_’

Rin(j-amb)

D1091

Fig.1

Requirements for a glass-fibre print

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

ELECTRICAL CHARACTERISTICS (T]. =250C unless otherwise stated)
Min. Typ.

Collector cut-off current

I
c = = - -
=0, V=10V

1
E
h *Static forward current transfer ratio

FE _ _
IC~14mA, VCE—IOV 25 50

f, *Transition frequency

IC=14mA, VCE=10V,f=500MHz - 5.0

C Collector capacitance
=1 =0 = =1. - .
IE Ie , VCB 10V, £=1.0MHz 0.5

C Emitter capacitance
IC:Ic=0’ VEB=0.5V,f=1.OMHz - 0.8

-C Feedback capacitance at T =25°%
amb

=2,0mA, V_ _ =10V, f=1.0MHz

IC CE 0.4

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

IC=2.0mA,VcE=10V, f=500MHz - 2.4

GUM Maximum unilateralized stage gain
at'T =25°C
amb

Calculated from s-parameters:

2
lsfe|
G =10log — ————
UM
()55 D 0 30) D

IC=14mA, VCE=10V, f=500MHz - 19.5

*Measured under pulsed conditions.

BFR90

Max.

50 nA

- GHz

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

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

IC=14mA,VCE=10V, RL=7SQ, V.S.W.R<2
Vp =V0 =150mV at fp =495. 25MHz
V_=V -6dBatf =503.25MHz
q o q
V_=V -6dBatf_ =505.25MHz
T © r

measured at f =493, 25MHz - -60 - dB
(p+q-1)

+24LV

Intermodulation test circuit

L1=4 turns of Cu wire (0. 35mm), e
winding pitch lmm, int.dia. 4mm
13402 =L3=5uH 04712 B D4T13
g - S Tl
Gain versus frequen
\\ = {mA/V) f=500MHz [
=2mA 1]
A\ Veg=10V {;: 'T(;V -
(dB) \ Ie=14mA 50 cesl0V L H]
\ \ Tamp= 25°C Tamb = 25°C [
\\\ typ. values
20
> N=5dB
] T T INHF4.5
2 ™ 4
NN Mbee| 0 L35
o= =3
N [\ Gum AE. = 24
2 A A/
S - 4
10 [Stel NS s ’
N P4
et
1
-50
0
0?2 ° * 7103 Camez) S 10t 0 50 Gg(mA/V) 100

Constant noise figure circles

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

D474 D4715
- 1 TTT]
[ 1] AN
100 Veg =10V lg=1,=0
T=25°C | Cre T=25°C
(pF) t=iMHz
hFE
75 08
50
= ] TYP. \
0.6 N
Typ.
25 >
[Py
0 0.4
(] 10 20 Ic(mA) 30 0 10 Vea(V) 20
D416 DLT1?
6 8 1117
TTT1
lo=14mA
fr L fr f = 500MHz
(GHz) Typ (GHz} T;=25°C
4 1 6
1 Typ.
gt
/
2 4 1
Veg=10V
f = 500MHz
T,=25°C
TTTIT
0 1T 0
0 20 IimA) 40 () 10 VeelV) 20

Mullard

BFR90 Page 5



N
(dB)

7.5

25

D718

Veg=10V

Ie=2mA

Zs=opt.

Tamb=25°C

Ty

\|°
\

107!

f(GHz)

Da719

LY TTTT
[TEITT

Vee=10V

f=500MHz

Zg=optimum

Tarmp=25°C

Ty

Mullard

15 IcmA) 20
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N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR BFR90

Input impedance derived from
input reflection coefficient s;q
coordinates in ohm x 50

90°

VC =10V 1200 o
IC =14mA
o
=25
Tamb ¢ \
150 \
180° . A 0.150°
-9
150° 30°
120° 50° D472t
Feedback coefficient s
re 30

o

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

150° 30°

120° 60° D4723

Forward transfer coefficient S¢e 90°

Mullard

BFR90 Page 8




N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR BFR91

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

QUICK REFERENCE DATA
VCBO max. 15
VCEO max. 12 \Y%
Ic max, 35 mA
< 200,
Ptot max. (Tamb7 607°C) 180 n:)W
T], max. 150 C
fT typ. (IC =30mA, VCE =5V, f=500MHz) 5.0 GHz
“Cre typ. (IC=2mA, VCE=JV, f=1MHz) 0.8 pF
N typ. (IC=2mA, VCE=5V, f=500MHz) 1.9 dB
GUM typ. (IC =30mA, VCE =5V) f=500MHz 16.5 dB
im typ. (IC=30mA, VCE =5V, RL=75SZ
V =300mvV, f =493, 25MHz -60 dB
o (p+q 1)

OUTLINE AND DIMENSIONS

o« 6,2 min —~—a

HrE —f

:
3,8

-—

0,5 I
max N
1 E“‘ —
8 a 12,5 83
max min 77
.
' b
§ig- 1+ ﬁ - 08 max
-l |eld - 1,6 max
27 0.9 ’
max o 04003

All dimensions in mm

Muilard
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RATINGS -

Limiting values of operation according to the absolute maximum system.

Electrical

VCBO max.

VCEO max.

VEBO max.

IC max.

o
Ptot max. (Tamb_ 60°C)

Temperature

T
stg

T. max.
]

THERMAL CHARACTERISTIC

Rth(j -amb)
(see fig. 1)

——lZmin

in free air, mounted on a
glass-fibre print of 40 x 25 X 1mm

f———— B —————

5
[at— —
_* hole in
print

=\

15 m;T

D r_').S min

2min

r

Fig. 1

15

12
2.0

35

180

-65 to +150

150

0.5

L‘Zminr—
N

D1091

Requirements for a glass-fibre print

Mullard

mA

mw

°c/mw
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N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR

ELECTRICAL CHARACTERISTICS (T, = ZSOC unless otherwise stated)
3

Min.
Collector cut-off current

IE=O, VCB=5.0V -

ICBO

*Static forward current transfer
ratio

=30mA, =5.
IC mA VCE 5.0V 25

hFE

f, *Transition frequency
Ic=30mA,VCE=5.UV,f=500MHz -

C Collector capacitance
IE:Ie=O, VCB=10V,f=1.OMHz -

C Emitter capacitance
IC:IC:O’ VEB=0.SV,f=l.OMHz -

-C Feedback capacitance at T =25°c
amb

IC=2.OmA,VCE=5.0V, f=1.0MHz -

N Noise figure at optimum source

impedance and T =25%C
amb

IC=2.OmA.VCE=S.UV,f=500MHZ -

GUM Maximum unilateralized stage gain
at T _ =25°C
amb

Calculated from s-parameters:
2
Isfe |

a "[sieyz)(l R

G =101o

e

IC=30rnA, v E=S.0V, f=500MHz -

C

*Measured under pulsed conditions.

Mullard

Typ.

S0

5.0

1.9

BFR91

Max.

50 nA

- GHz
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(dB)

75

25

04731

Veg=5V

Ic=2mA

Zg = opt.

Tamy=25°C

——

Typ./

f(GHz)

D4732

JTI1TIT
[TT1 11

Veg=5V

f=500MHz

Zg=optimum

Tamp=25°C

amb™

20

Mullard

30

Ic{ma) 40
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N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR

Input impedance derived from
input reflection coefficient s,

90°
1202
150%
180° \
150°
120°
90°

coordinates in ohm x 50

VCE=5V
IC=30mA

o
T 1”nb—25 (¢}

Feedback coefficient e

BFR91

Mullard

BFR91 Page 7



VCE=SV

IC=30mA

[
Tamb_ 25°C

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

VCE=5V

IC =30mA

0.
T, =25C

(=)
120 600 D736
90°
Forward transfer coefficient Ste

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

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

QUICK REFERENCE DATA

VCBO max, 20 v
VCEO max., 15 \%
IC max. 25 mA
Ptot max. (Tamb =60°C) 180 mOW
Tj max. 150 C
fr tp. (I, =14mA, Vo =10V, f = 500MHz) 5.0 GHz
-Cre typ. (IC = 2mA, VCE =10V, f = IMHz) 0.7 pF
N typ. (IC = 2mA, VCE =10V, f = 500MHz) 2.4 dB
Gy WP- (I = 14mA, V. = 10V, f = S00MHz) 18 dB
dim typ. (IC = 14mA, VCE = 10v, RL = 75, Vo = 150mV,

f(p+q-1) = 493.25MHz, see also page 4) -60 dB

OUTLINE AND DIMENSIONS - For details see page 2

«

2% x actual size

Mullard
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OUTLINE AND DIMENSIONS
All dimensions in millimetres

Plan view from above

RATINGS

Identification ccide:
P1=BFR92

5 E
-’001 min \ gq :
x
[ §
N solc:tier_ . Y
m materia i m
0.85max <0.43 ax
1.2 max D397%
-

Limiting values of operation acéording to the absolute maximum system,

Electrical

VCBO max.

VCEO max.

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

substrate of 15 x 10 X 0, Smm

Temperature '

T
stg
Tj max,

THERMAL CHARACTERISTIC

Thermal resistance between junction
and ambient, the device mounted on
a ceramic substrate of 15 x 10 x 0. Smm

Rth (j-amby)

20 v
15 v
2.0 v
25 mA
180 mw
-65 to +150 °c
150 °c
(o]
0.50 °c/mw

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

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

t -off -
ICBO Colllec_tgr {:,u o= ' gsrrent ) )
E ’ 'CB
hFE *Static forward current
transfer ratio

IC=14mA, v E=10V 25 50

C
f, *Transition frequency
IC:14mA, VCE=10V, f=500MHz - 5.0
C Collector capacitance

IE=Ie=0, VCB=10V, f=1.0MHz - 0.75
C Emitter capacitance

IC=IC:0, VEB=O.5V, f=1.0MHz - 0.8

-C Feedback capacitance, T =25°C
amb

IC=2.0mA, VCE=10V, f=1.0MHz - 0.7
N tNoise figure at optimum source
impedance, T =25°C
amb
IC=2.0mA, VCE=10V, f = 500MHz - 2.4
G Max. unilateralized stage gain at

UM T =250C, calculated from
amb

S -parameters:

2
| Sfe[

2
(1 _Isie| yQa - Iso

GUM = 10 log 2)

el

IC=14mA, VCE=10V, f=500MHz - 18

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

Mullard

BFR92

Max.

50 nA

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

d Intermodulation distortion at T, = 25°¢
=14 =
IC 14mA, VCE 10V,

RL =75Q, V.S.W.R, <2 - -60 - dB

Vp = V0 = 150mvV at fp = 495, 25MHz
Yy =V _ -6dB at f = 503.25MHz
q o q
Vr = Vo -6dB at fr = 505. 25MIz +24V

Measured at f = 493, 25MHz
(p+q 1)

Intermodulation test circuit:

L1 =4 turns of Cu wire (0. 35mm),
winding pitch 1lmm, int. dia.4mm
L2 = L.3 = SuH

Circles of constant noise figure

D5244 04713

30 - Bs [TITI
\ Gain versus frequency (MmA/V) f=500MHz -1
\ l l Ic=2mA 1]
(48 \ Veg =10V 50 Vee=10V 1]
\ \ Ic=thmA Tamb =25°C1)
H1 Tamb = 25°C %
20 \ Typ. valtues |
\ - ——-N=5d8
\ CONEF45
A T L {—4
Ihvef? 0 =3
e T2
[~ 4
Gum = 7
10 ls |2 NN 40D4
fe N P
S s ol
-50
0
102 103 §(MHz) 10 0 50 Gg(mA/V] 100

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

D4aT14 D5245
1T 1.0 TTIT ]
I T
100 Veg=10V Ig=1.=0
] T=25°C | Cre Tj= 25°C
: (pF) t = 1MHz
hFg A
75 08 - 1]
HE L Sulliinnnan
-
50
Typ.
Z
0.6
]
25
—
0 1 0.4
0 10 20 I.(mA) 30 0 10 Vg 20
04716 04717
ST ’ HAHHH
—
1 lc=14mA R[:t:
fr [T fr 1] f = 500MHz
(GHz) [_1 ] | Typ. (GHz) T=25°C |41
1A [ NN
ﬁﬁ_jL_mu Bl _{
4 6
Bfin L Typ m
poret
- -
/
2 T 4 7
Veg 210V NEE 1
f = 500MHz n 1]
- n=25°Cc [ {1 N =
B TT1TT ] ]
0 TTIT T 2
0 20 IcmA) 40 0 10 VeelV) 20

Mullard

BFRY2 Page 5



10

N
(dB)

1%

25

D4718

Vee=10V

Ic=2mA

Zg=optimum

LTI

Tamb=25°C

Typ.

107!

5
f{GHz) 10

D4719

fLTTIT

ITTTTITT

VCE=‘OV

f=500MHz

Zs=optimum

Tamp=25°C

Typ.

Mullard

leimAl 20
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H min. N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR BFR92

VCE = 10V
= 14

IC zlA

Tamb = B¢

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

1 D5246

v CE °© 10V 120

IC = 1421A

T = 25°¢C

amb 150%
180°
150° 30°
120° 60°
Reverse transfer coefficient 8 e 90° D5247

Mullard

BFR92 Page 7



VCE = 10V
IC = 1421A
Tamb = 25¢C

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

1 D5248

VCE = 10V
4

IC 1 :)nA

Tamb = 25°C

150° 30°

120° 60° l

Forward transfer coefficient s o
fe 90 05249

Mullard |
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min. N-P-N SILICON PLANAR
|é'.PITAXIAL U.H.F. TRANSISTOR BFR93

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

QUICK REFERENCE DATA

cpo max- 15 v
CEO max. 12 v
IC max. 35 mA
Ptot max. <Tamb =60°C) 180 mW
T, max. 150 °c
fT typ. (IC = 30mA, VCE =5V, f = 500MHz) 5.0 GHz
—Cre typ. (IC = 2mA, VCE =35V, f = IMHz) 0.8 3
N typ. (IC = 2mA, VCE =5V, f = 500MHz) 1.9 dB
GUM typ. (IC = 30mA, VCE =5V, f =500MHz) 16.5 dB

dim typ. (IC = 30mA, VCE =5V, RL = 754, Vo = 300mV
f(pm-r) = 493, 25MHz, see also page 4) -60 dB

OUTLINE AND DIMENSIONS

For details see page 2

1
25 X actual size

Mullard
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OUTLINE AND DIMENSIONS
All dimensions in millimetres

Plan view from above

Identification code:
R1=BFR93

2'gmax
19 |
a1 - 095 :
'~ -~
: bl
;2 e | [ ]
! ! x
x £
o
. , wn
N OO‘I min ‘ (Ec,—) N
— hN
==y
A solcger_ 1 i
materia .
0.85max N 0.43m
1. 2 max D397%

RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
\ CERO max,

VCEO max.

VEBO max.

I C max.

P max., T
tot amb

substrate of 15 X 10 x 0. Smm

< 60°C, mounted on a ceramic

Temperature

T
stg
Tj max.

THERMAL CHARACTERISTIC

Thermal resistance between junction
and ambient, the device mounted on a
ceramic substrate of 15 x 10 x 0, Smm

Rt.h(j -amb)

15 %

12 v

2.0 v

35 mA

180 mw

-65 to +150 °c
150 9

0.50 °C/mw

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

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

Min. Typ.
I CBO Colllec_t(()Jr \c]ut -o_ff1 g\tllrrent ) )
E " 'CB
h *Static forward current
FE .
transfer ratio
= = 25 50
IG 30mA, VCE 5V
fT *Transition frequency
= = = - 5.0
IC 30mA, VCE 5v, f=500MHz
CTc Collector capacitance
=1 = = =1. - 0.7
IE Ie 0, VCB 10V, f=1.0MHz
CTe Emitter capacitance
=] = =0. =1. - .8
IC IC 0, VEB 0.5V, f=1.0MHz 1
-C Feedback capacitance, T =259C
re amb
IC=2.0mA, VCE=5V,f:1.0MHz - 0.8
N fNoise figure at optimum source
impedance, T =25%C
amb
IC=2.0mA, VCE=5V, f=500MHz - 1.9
GUM Max. unilateralized stage gain at
T =25°C, calculated from
amb
s-parameters:
2
G - 101 Isfei
{6,V B - PN 2
|siel ) ( ]soel )
= = = - 16.5
IC 30mA, VCE 5V, f=500MHz

*Measured under pulsed conditions

tCrystal mounted in 2 BFR91 envelope

Mullard

BFR93

50 nA

- GHz
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ELECTRICAL CHARACTERISTICS (Cont’d)

d. tIntermodulation distortion at T =250C
im amb
IC = 30mA, VCE =3V, RL = 75Q,V.5.W.R, =2 - -60 - dB

V_ =V =300mV at f =495,25MHz
P o P

V =V -6dBatf =503.25MHz
q o q

V_ =V _ -6dBatf_ =505, 25MHz
r o T

Measured at

(p+q-r) = 493.25Mliz
Intermodulation test circuit: +24LV
O

680pF
o7sa
75.0.0-—{ T.U.T.
1.1 = 4 turns of Cu, wire (0. 35mm), 160

winding pitch Imm, int, dia.4mm
L2 =L3=5uH 04726
fCrystal mounted in a BFR91 envelope

Circles of constant noise figure

De725 B 04726
30 - s i [TTTIT
\ Gain versus frequency (MA/V) f =500MHz
\ T = ls2mA
Veg=SV Veg=5V
@ | N\ Jo=30mA 0T & asecl]
\ T easec 11117 Tom= 29°C 1
amb™ ] [T
— . values {7111 1]
\ \\ typ. values —+1 ~ L-N=45dB
20 T %4 T
L CFT S =35 1]
o] 3 | ]
i = K 25
0 9717
J bnee? | L] \ o
A
N /
10 \GUM = 4
[ste |2 < A
4 -
A
~-+4 4
-50 g
+
0 1 [
02 5 7 108 Zf(MHZ)s 7104 0 50 Gg(mA/V) 100

Mullard
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pmin. N-P-N SILICON PLANAR

EPITAXIAL U.H.F. TRANSISTOR

D&727
. |
LI
100 -1 Veg=5V -
Tj=25'C —
hre
75
50 —
=T 1 1 Typ.
2
25 I
0
0 10 20 Ic(mAl 30
D4729
6
e .- b
fy
(GHz) 1 LI
Typ. -ttt
4
4
2
Veg =5V
f = 500MHz
Tj=25°C
RN LI
0 [P
0 20 IimA) 40

BFR93

D4728
" HEEET
mA T be=t,20 FLLT
Cre [l Teasee L]
{pFI L 1 f=IMHz (
1\ B N
09
A FEE
HEAY L L
MJi P i H,:, |
0.7 ™ -
T LT
R T
05
0 10 VegV) 20
8 4730
PR EH
-t 111 1.=30mA
fr LT T £-500MHz| [ [~
(GHz} | T=25°C L
e SEENEENSEENE
6 . - - - —
N O O ¥ -
- r ai .
I L
s
2 LI
0 10 Veg(V) 20

Mullard
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04731

10
N
(dB) Veg=5V —
le=2mA +—
75 Zg =opt. [:—
Tamb=25°C |4
5 //
i Typ.
L
25
//
p—
0
4 2 5 7 2 5 7
10 1 f{GHz) 10
15 D4732
IBEREE I
- T rrT
- Veg =5V
N f=500MHz
{dB) Zg=optimum
Tamb=25°C
10
S
Typ - =
0
[0} 10 20 30 Icima) 40

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

= 5

VeE v

o = 30mA

T 25%¢
amb

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

1202

= 5
Ver Y

= 30mA
L "
T = 25C 1509

amb
180°
150°
120°

Reverse transfer coefficient Sre

Mullard
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VCE = 5V
IC. = 30rOnA
Tamb = BC

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

VCE = 5V
IC = 30:1A
Tamb = 25°C
150° 30°
=)
120 800 D5253
Forward transfer coefficient sfe 90°

Mullard
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p min. N-P-N SILICON PLANAR
EPITAXIAL TRANSISTOR

BFS17R

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

QUICK REFERENCE DATA
VCB()M max 23 v
VCEO max 15 v
ICM max . 50 mA
P max., T =25°C 200 mwW
tot amb o
Tj max 150 C
hFE at Ic =2mA, VCE =1V 20-150
fT typ. , IC = 25mA, VCE =5y, f = 300MHz 1.3 GHz
\] . = 21’1]_AY = ,
N typ., IC VCE 5V
RS = 50¢, f = S00MHz 4.5 dB
OUTLINE AND DIMENSIONS
: 1.3 25
ax
. 001 max m
mitn
| — ]
[
0.85 0.43
max max  Identification
.12 code E4=BFSI7R
max D5700

All dimensions in millimetres

Plan view from above

Mullard

JULY 1973

BFS17R Page 1



RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
VCBOM

VC EO

VEBO
IC
ICM

P
tot

Temperature

T
stg

T,
]

max.

(peak value)

max. (IC = 10mA)

max.

max.

max.

max.

max,

(d.c.)
(peak value)
T = ZSOC, mounted on a ceramic

amb
substrate of 7 X 5 x 0, Smm

THERMAL CHARACTERISTICS

Rth(j -amb)

Thermal resistance between junction
and ambient, the device mounted on a

ceramic substrate of 7xS x0, 3mm

25 v
15 v
2.5 v
25 mA
50 mA
200 mw
o]
-65 to +150 o
150 °c

0.62  °c/mw

Mullard
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p min. N-P-N SILICON PLANAR
EPITAXIAL TRANSISTOR

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

Min.  Typ.

I Collector cut-off current

CBO
=0, v =10V - -
=0 Ve

0
= =1 = - -
IE 0, VCB ov, Tj 100°C

hFE Static forward current transfer ratio
=9. =1, -
IC 2.0mA, VCE ov 20
=2 =1.0 -
IC SmA, VCE Y 20
£ Transition frequency

C CE

Ic=25mA,V = 5.0V, £=500MHz - 1.3

CE
-C Feedback capacitance

C Collector capacitance

IE=Ie=0, VCB=10V,f=1.OMHz - -

C Emitter capacitance

IC:IC=0' VEB=0.5V,f=1.0MHZ - -

*N Noise figure

IC =2.0mA, VCE = 5.0V,

RS =50Q, f = S00MHz - 4.5

d Intermodulation distortion
= =6, =37.
IC IOmA(,) VCE ov, RL 37. 54,
T =25C
amb

Vo = 100mV at £ = 183MHz
V_=100mV at f_ = 200MHz
0 q

measured at f = 217MHz - -45
(29-p)

*Crystal mounted in a BFY90 envelope

Mullard

I, =2.0mA, V=50V, £=500MHz - 1.0

IC=2.0mA,VCE=5.OV, f=1,0MHz - 0.65

BFS17R

Max.
10 nA
10 vA

150

- GHz
- GHz
pF
1.5 pF
2.0 pF
- dB
- dB

BFS17R Page 3



D5657
T

10 EEEEERT V=10V [EE = 60, TTTeEN T TTT
eac o[ | TT T =25°CH 1t i
na) CTTTHT e / (mA) - CLpite

1 RN E i o
7 1/ C CTTT ™TT N
5 L N CLL — - + -
117 i 4O T ay
2 L /
/ PTTEETTIL LT
0.1
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pmin. N-P-N SILICON PLANAR
EPITAXIAL TRANSISTOR BFS17R
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p min. N-P-N SILICON PLANAR
EPITAXIAL TRANSISTOR BFSZOR

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

QUICK REFERENCE DATA

. 30
VCBO max
VCEO max. 20 v
IC max. 25 mA
P max. T, . =25°C 200 mw

tot amb o
Tj max. 150 C
i - =1

hFE min. , IC 7mA, VCE ov 40
fT typ., IC = SmA, VCE =5V, f = 100MHz 450 MHz
_ ) = =10V, f=1 .
Cre max. , IC 1mA, VCE 0V, f=1MHz 0.4 pF

OUTLINE AND DIMENSIONS

fo— 29 max ———=
[ 19—
01 7 095 :
05 b W e
= ! T T i -
|
! 13 25
001 max max
I min “\
|G
o4
i 1777 o T
085 . | 043
max max  Identification
o 12 code: G4 =BFS20R
max 05661

All dimensions in millimetres

Plan view from above

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
VCBO max. 30
. = 2.0mA
VCEO max (IC 2 ) 20 \Y
VEBO max. 4.0
IC max. 25 mA
[CM max. . 25 mA
P max. T =25°C, mounted on a ceramic
tot amb
substrate of 7 x5 x 0.5mm 200 mw
Temperature
-65 to +150 °
stg o
T max. 150 C

THERMAL CHARACTERISTICS

Thermal resistance between junction
and ambient, the device mounted on a o
ceramic substrate of 7 x 5 x 0. 5mm 0. 62 C/mW

Rth(j—amb)

ELECTRICAL CHARACTERISTICS (Tj = ZSOC unless otherwise stated)
Min. Typ. Max.

ICBO Collector cut-off current
IE =0, VCB =20V . - - 100 nA
= =20V, T, = 100 - -
IE 0, VCB ov i C 10 uA
VBE Base-emitter voltage
=7. , =10 -
IC 7.0mA VCE \ 740 900 mV
h Static forward current
FE .
transfer ratio
=7, =10 -
Ic 7.0mA, VCE v 40 85
fT Transition frequency
[C =5.0mA, VCE = 10V, f = 100MHz 275 450 - MHz
—Cre Feedback capacitance
=1, ) =10V, f=1. - . .
IC 1.0mA VCE Y OMHz 0.35 0.40 pF
CTC Collector capacitance
[E=Ie=0, VCB=10V, f=1.0MHz - 0.8 - pF

Mullard
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p min. N-P-N SILICON PLANAR
EPITAXIAL TRANSISTOR BFS20R

100
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typ
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0.01 0 4
0 50 100 T; (°C) 150 500 700 Vgg (MV) 800
60 typical values 60 %ypical values
I T =25°C j =26°C
C Ic
(mA) (mA)
40 40
¥
- 5
P
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= 0.2MA: mAl
. 0imA)
% T Vg (W 2 0 0 Veg )20

Muliard

BFS20R Page 3



150
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heE j
100
T —-
typ
7
5002
0 I T
¥ ! 10 Ic (mA) 100
600
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400 — .
Ntyp
rd \
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7
)
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pmin. N-P-N SILICON PLANAR
EPITAXIAL TRANSISTOR BFS20R

Ig=le=0

f =IMHz

2 ] =25°C
CTL
(pF)
15
1

typ
05
0
0 10 20 VCB(V) 30
Mullard
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MATCHED N-CHANNEL BFS21A
FIELD-EFFECT TRANSISTORS BES2|

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

QUICK REFERENCE DATA
BFS21 BFS21A

R o <o s w
amb > "DG D ’ :
o e 0w
amb * 'DG D
d AVGS Thermal drift of differential
dt iate-s:;;gz V(;/l'tagi 15V, I_=0.5mA <75 <40 uvV/degC
amb ’ 'DG D
o8 Difference of penetration factors -3
Aa l Tamb=2500, VDG=15V, ID=0.5mA <1.0 <0.5 X10
AL Difference of transfer impedances
g Tamb=25°c, VDG=15V, Il')=0.5mA <15 <17.5 Q
CMRR Common mode rejection ratio > 60 > 66 dB

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

TFor details see page 5

Mullard
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RATINGS (of the total device)
Limiting values of operation according to the absolute maximum system

Electrical

Voltage between any two terminals 30
max.
ID Drain current 4.0 mA
IG Gate current 0.5 mA
i o
. <
Ptot max Total power dissipation (’I‘clip 100°C) 30 mw
Temperature
Tamb Operating ambient temperature -20 to +100 oC

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

mb
BFS21 BFS21A

IDSSl Drain current ratio
I VDG=15V, VGS=0, T =250C >0.95 >0.95
DSS2 J <1.05  <1.05
l v -V l Differential gate-source voltage
GS1  GS2 _ _
ID- 500pA, VDG 15V <20 <10 mvV
ID= 100uA, VDG: 15V <20 <10 mV

Thermal drift of differential

2Vsis1 Vasse |
—_— gate~source voltage

AT an _
amb ID 500u4, VDG 15V <75 <40  uvV/degC
ID =100uA, VDG= 15V <75 <40  uV/degC
- *Dij i -
Allesl Vstzl leferentTal gate. source voltage
change with ambient temperature
T =25 to 100°C
amb
ID=500;/.A, V =15V <6 <3 mvV
—100uA, —15V <6 <3 mvV
Bos Difference of penetration factors (see note 1) -3
A — I_=500pA, V_ =15V <1 <0.5 10
ng D DG -3
ID=100uA, VDG=15V <1 <0.5 10
\ ALl Difference of transfer impedances (see note 2)
= = 3
e ‘ Iy =500uA, VDG 15V <15 <7.8
ID=100uA, VDG=15V <75 <37.5
CMRR Common mode rejection ratio (see note 3)
ID=500uA, VDG=15V >60 >66 dB
ID= 100pA, VDG= 15V >60 >66 dB

*Differential gate-source voltage v

change with ambient temperature | G151~ Gasz|T__ " |Veist Veese| T,

Muliard
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MATCHED N-CHANNEL BFS21A
FIELD-EFFECT TRANSISTORS BES2|

ELECTRICAL CHARACTERISTICS (contd.)

NOTES

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

i.e.
A
A gos. _ d V(}S _
. 5 9OV at ID = constant
Ets DG

2. The difference between the transfer impedances is equal to the ratio of the change
of the differential gate-source voltage { AVgg) to the change of drain current {p),
with the drain-gate voltage (VDG) constant. |

i.e. d AV
A 1 - __G8 at V_ = constant
Beo d I.D DG
3. The common mode rejection ratio
g
1 0s 1 1
——— = A— + - g [ A—
CMRR 9 2 “cs Btg
where gqg in this formula is the output
conductance of the summing current
source. o

The guaranteed values of C M R R apply
at Bog = 0.1umho. ’

Mullard
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RATINGS (of the individual field-effect transistor)

Limiting values of operation according to the absolute maximum system.

Electrical
* .
VD S max

V. max.

DGO

Temperature

T
stg

Tj max.

Drain-source voltage
Drain-gate voltage (open source)
Gate-source voltage (open drain)
Drain current

Gate current

Power dissipation (T <25°C)
am

b

Storage temperature

Junction temperature

THERMAL CHARACTERISTIC

Rin(j-amb)

for individual transistor without
S-clip in free air

30

30
20
10
300

-65 to 200
+200

0.

<

mA

mw

59 degC/mW

ELECTRICAL CHARACTERISTICS (of the individual field-effect transistor)

Tamb =25°C unless otherwise stated
1 a ?aiesggifff‘}eak:gles ‘c,urrent
D * 'pG
1,=500pA, V=15V, T . = 100°C
s ‘ 5;:1 ;::/reth; 0, T,= 25°C
Ywes e
o Va5, £t
D ' 'DG :
fos ;)u ip;;oz(zldl;/ctan:isv f=1kHz
D * ‘DG ’
Cis inp: tsﬁffﬁaizmi 15V, f=1MHz
D ' DG ’
Crs f eii%%iljxcaga Cit—ﬂgsr f=1MHz
D * 'pa ’
& i
VB VD =15v’ VDG=0 f; 10Hz
DG *'gs

<0.

<25

>1.

<6.

>1.

<15

<5

<0.

<200
<75

E B

umho

.0 pPF

75 pF

nV/NHz
nV/VHz

- Mullard
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MATCHED N-CHANNEL BFS21A
FIELD-EFFECT TRANSISTORS BES2|

OUTLINE AND DIMENSIONS

12.7 min ﬂ
i || ﬂ-—ﬂo— 0.48max diameter ot leads
controlled from bottom

1) = shield lead {connected to case) to 12.7 mm.

Alt dimensions in mm D1222

SOLDERING AND WIRING RECOMMENDATIONS

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

2. These devices may be dip-soldered at a solder temperature of 245°C for a maxi-
mum soldering time of 5 seconds. The case temperature during dip-soldering must
not at any time exceed the maximum storage temperature. These recommendations
apply to a device mounted flush on aboard having punched-through holes, or spaced
at least 1.5mm above a board having plated-through holes.

3. Care should be taken not to bend the leads nearer than 1.5mm from the seal.
4. If devices are stored at temperatures above 100°C before incorporation into equip-
ment, some deterioration of the external surface is likely to occur which may

make soldering into the circuit difficult. Under these circumstances the leads
should be retinned using a suitable activated flux.

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

The BFS28 is a silicon n-channel, depletion-type dual - insulated ~ gate
M., O. 8. field effect transistor. It is intended for a wide range of applications
in communications, instrumentation and control.

QUICK REFERENCE DATA
VDS max. Drain-source voltage 20 A%
ileS max. Gate l-source voltage 8.0 v
+ -
+V Gos max. Gate 2-gource voltage 8.0 A%
]D max. Drain current 20 mA
P tot max. Total device power dissipation
(T =250C) 200 mw
amb o
Tj max. Maximum junction temperature 135 C
Characteristics
ID =10mA, VDS: 13V, VGzS: +4.0V
| yfsl typ. Small signal forward transfer
admittance in common source
(f=1kHz) 13 mmho
Ga typ. Power gain (f=200MHz) 18 dB
-CrS typ. Feedback capacitance (f=10MHz) 25 fF
N typ. Noise figure at optimum source
admittance (f=200MHz) 3 dB

OUTLINE AND DIMENSIONS

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

For details see page 4

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical

Vps
v

G18
ha's

NVaos max.

+V max.
- G1sSM

max.

max.

iVGZSM max.

ID max.

P Lot max.

Temperature
Tstg min.
T stg max.

T, max,
]

Drain-source voltage
Gate 1-source voltage
Gate 2-source voltage

Non-repetitive peak gate 1-
source voltage (t=<10ms)

Non-repetitive peak gate 2-
source voltage (t=10ms)

Drain current

Total device power dissipation
(T, =2500)
amb

THERMAL CHARA CTERISTICS

Rih(j-amb)

20 v
8.0 v
8.0 v

50 v

50 v

20 mA

200 mW
-65 °c
+135 °c
+135 °c

0.55 degC/mW

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

D

ID=4mA,

+
e
Tj =135°C

oo

Tj=135°c

Min.

Gate 1-source cut-off voltage
Vv s™ 20V,

ID= 100uA, VGZS= +HV

Gate 2-source cut-off voltage
VDS= 20V,

I =50kA, V670 -

Gate 1-source voltage
ID =10mA,

V=18V, Vo =V
Gas~ Y

0.6

V_ =10V, V 1.0

DS

Gate 1 leakage current
=8V, V

Gzs~ % Vps=

Gate 2 leakage current
=8V,

v =0, V

G18 0,

DS~

Mullard

Typ. Max.
- 5.0 v
- 4,0 \'
- 2.8 v
- 3.2 A%
- 1.0 nA
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SILICON N-CHANNEL BFS28
DUAL-INSULATED-GATE
FIELD-EFFECT TRANSISTOR

ELECTRICAL CHARACTERISTICS (cont'd)
Small signal y-parameters (see also graphs on pages 6 and 7)
I,=10mA, V[ =13V, Vo =HV, T =25°¢

DS amb
Min, Typ. Max,

G2s

|yfs l Forward transfer admittance
f=1kHz 8 13 - mmho
f=200MHz - 12 - mmho
f=500MHz - 11.3 - mmho

-C Feedback capacitance }
f=10MHz - 25 - fF

G Power gain
ID =10mA, VDs
f=200MHz, Gs

BS and BL tuned for maximum gain - 18 - dB

= =+
13v, VG 28 4V,
=1, 3mmbho, GL =1mmbho,

G. Max, unilateralised power gain
(see note 1) ID=10mA, VDS=13V,

VG2S=+4V, f=200MHz - 20.5 - dB
f=500MHz - 7.9

N Noise figure at optimum source
admittance
ID= 10mA, VDS= 13V’VG25

f=200MHz, GS(opt) typ. =1.4mmbho,
. =5.5mmho - 3.0 4.0 dB

=+4V,

B
S(opty TP
NOTE
2
¥y fs

1. G =10 log ~———
UM 4 gingos

Mullard
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OUTLINE AND DIMENSIONS

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

TA —.] Millimetres

B Min. Nom. Max.
_ A - - 4.8
1 B - - 5.3
. :§ ¢ c 12.7 - -
1" D - 0.43 -
l E - 1.0 -
Il
—=D F - 1.05 -
— i I:EJ G - 2.54 -
H G- T F H 5.3 5.55 5.8
' Connections
1. Drain
1 2. Gate 2
3. Gate 1
4 4. Source and substrate connected to
case.

SOLDERING AND WIRING RECOMMENDATIONS

1. Devices may be soldered directly into a circuit with a soldering iron at

3.

4,

amaximum iron temperature of 245°C for a time of up to 10 seconds at
least 1.5mm from the seal. At an iron temperature of 245°C to 400°C the
maximum soldering time is 5 seconds at least 5mm from the seal.

., These devices may be dip-soldered at a solder temperature of 245°C for

a maximum soldering time of 5 seconds. The case temperature during
dip~soldering must not at any time exceed the maximum storage tem-~
perature. These recommendations apply to a device mounted flush on a
board having punched-through holes, or spaced at least 1.5mm above a
board having plated-through holes.

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

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

HANDLING NOTE

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

Mullard
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SILICON N-CHANNEL BFS28
DUAL-INSULATED-GATE
FIELD-EFFECT TRANSISTOR
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SILICON N-CHANNEL BFS28
DUAL-INSULATED-GATE ‘
FIELD-EFFECT TRANSISTOR
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N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR BFT 24

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

The transistor features low current consumption (100uA -ImA), excellent wideband
properties and low noise up to high frequencies.

QUICK REFERENCE DATA
VCBO max. 8.0 v
CRo Max. 5.0 v
Ic max. . 2.5 mA
Ptot max. (Tambs 135°C) 30 mWw
T; max. 150 oc
fT typ. (IC =1.0mA, VCE = 1.0V, f = 500MHz) 2.3 GHz
Cre max. (IC=1.OmA. VCE =1.0V, f = 1.0MHz) 0.4 pF
N typ. (IC =1,0mA, VCE = 1.0V, f = 500MHz,
at optimum source impedance) 3.8 dB
GUM typ. (IC =1,0mA, VCE =1.0v, f = 500MHz) 17 dB

OUTLINE AND DIMENSIONS

max

b
.8 max
- 1.6 max

0.24
o100 ™ "‘
J I D
o279
max 04803

All dimensions in millimetres

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
v cpo Mmex. 8.0
VCEO max. 5.0
VEBO max. 2.0
1 C max. 2.5
ICM max. (peak value, (f > 1. 0MHz) 5.0
Py Tax. (Tamp = 135°C) 30
Temperature
Tstg -65 to +150
T. max. 150

)

THERMAL CHARACTERISTIC

Thermal resistance from junction
to ambient in free air, mounted on
a glass-fibre print of 40x25X1mm 0.5

Rih (j-amb)

—>|2minj L 2min[<~

ﬁ:min

i-:‘ 1.5min

2min

r

All dimensions in mm

D109)

All dimensions in mm

Requirements for a glass-fibre print

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

ELECTRICAL CHARACTERISTICS (T]. = 250C unless otherwise stated)

Min. Typ. Max.

I CBO Collector cut-off current
= =5, - - nA
IE 0, VCB 5.0V 50
”‘hFE Static forward current transfer ratio
Ic=10uA,VCE=1.0V 20 30 -
=1, =1. 4 -
IC 1.0mA, VCE ov 20 0
\Y% Collector -emitter saturation voltage
CE (sat) I = 1064, I = 1.0uA - - 100 mv
IC =1,0mA, IB = 0. 1mA - - 125 mV
v Base-emitter saturation voltage
BE (sat) Io = 10uA, 1= 1.00A - - 700 mV
=1.0mA, =0.1mA - -
IC 1 IB 0.1 850 mV
*fT Transition frequency
IC=1.OmA, VCE=1.0V, f = 500MHz 1.2 2.3 - GHz
CTc Collector capacitance at f = 1, 0MHz
IE=Ie=0, VCB=O.SV - - 0.55 pF
CTe Emitter capacitance at f = 1. 0MHz
IC=Ic=O’ VEB:O - - 0.45 pF
Cre Feedback capacitance at f = 1. 0MHz o
IC=1.0mA,VCE=1.0V, Tamb=25C - - 0.4 pF
N Noise figure at optimum source o
impedance, f = 500MHz, T =25C
amb
IC=0.1mA,VCE=l.0V - 5.5 - dB
IC=1.0mA, VCE=1.0V - 3.8 - dB
GUM Max. unilateral power gain o
(s assumed to be zero), T =25C
re amb
IC:I.OmA, VCEzl.OV, f = 200MHz - 24 - dB
IC=1.OmA, VCEzl.OV, f = S00MHz - 17 - dB
IC:I.OrnA, VCEzl.OV, f = 800MHz - 11 - dB
2
| Sfel

GUM (in d}_3) =10 10g(1 B Isie|2)(l ) I Soe|2)

*Measured under pulse conditions.
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N-P-N SILICON PLANAR

EPITAXIAL U.H.F. TRANSISTOR

BFT 24

0.6 HREE
[EN N
Tj=25°C | |]
C1e Ig=1g=0 4
{pF) f=1MHz [T
0.4
N\
\\
™ typ
e
0.2
old [T [
0 Veg(V) 10
D5623
10 Veg=1V .
f = 500MHz i
N ’ .
(dB) Zg = optimum Ll
Tamp =25°C
75 N
S \ _
I N //
) J
I NG /
\& L+ _j
typ i
25
L
| ; Ny
0 1 ;
5
1072 107! 1 IcimA)
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CE :
IC = l.OmJ;‘;
Tamb =25C

Input impedance derived from
input reflection coefficient 8ie
coordinates in ohm x 50

A ov
— o
I —l.OmIZ 120
T =25C
a
150%

180° - :
-9
150° 30°
120° 50°
Reverse transmission coefficient s D5625
re g0°

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

Output impedance derived from
output reflection coefficient soe B D5626
coordinates in ohm x 50

120° 60°

Forward transmission coefficient Sf;
€ 90° D5627

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

BFT25

Silicon planar epitaxial n-p-n transistor in a microminiature plastic envelope, pri-
marily intended for use in u.h.f. low power amplifiers, in thick and thin film cir-

cuits such as in pocket phones, paging systems, etc.

The transistor features low current consumption (100uA -1mA), excellent wideband

properties and low noise up to high frequencies.

QUICK REFERENCE DATA
RO max, 8.0
CEO max. 5.0
IC max. . 2.5
Ptot max. (Tambs 1357C) 30
Tj max. 150
typ. =1. =1, = .
fT yp (IC 1.0mA, VCE 1.0V, f=500MHz) 2.3
. = 1. s =1.0V,f=1. .
Cre max (IC 1. 0mA VCE 'V, f =1.0MHz) 0. 45
. =1.0mA, =10V, f= s
N typ (IC 1.0m VCE oV, f =500MHz
at optimum source impedance) 3.8
typ. =1. , =1.0vV, f=
GUM yp (IC 1. 0mA VCE 0V, f =500MHz) 18

dB
dB

OUTLINE AND DIMENSIONS

1
! 1.3 25
vJ 001 \ max max
min \ l
=
c
!
.085 | 043
max max  [dentification code
1.2 V1=BFT25
L—max D5666

All dimensions in millimetres

Plan view from above

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
VCBO max 8.0 \Y
\Y max. 5.0 v
CEO
. . AY
VEBO max 2.0
I - max. 2.5 mA
ICM max. (peak value, f > 1.0MHz) 5.0 mA
P max. (T = 135°C, mounted on
tot amb
a ceramic substrate of 15x10x0,5mm 30 mw
Temperature
T -65 to +150 °c
stg o
Tj max. 150 C
THERMAL CHARACTERISTIC
R, ,. Thermal resistance from junction
th(j-amb) X R .
to ambient in free air, mounted on o
a ceramic substrate of 15x10x0. 5mm 0.5 C/mwW

Mullard
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min. N-P-N SILICON PLANAR '
EPITAXIAL U.H.F. TRANSISTOR BFTZS

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

Min. Typ. Max.

ICBO Collector cut~-off current
=0, = 5. - -
IE VCB 5.0V 50 nA
*hFE Static forward current transfer ratio
IC=10LLA, VCE=1.OV 20 30 -
=1.0mA, =1,0 4 -
IC VCE \% 20 0
v Collector -emitter saturation voltage
CE(sat) I = 1008, I = 1.0yA - - 200 mv
IC =1.0mA, IB=O. 1mA - - 175 mV
v Base-emitter saturation voltage
BE(sat) Io = 10uA, I = 1.0pA - - 750 mv
IC = 1.0mA, IB=0. ImA - - 900 mV
*f;r Transition frequency
I,=1.0mA, V =1.0V, f=500MHz 1.2 2.3 - GHz
C CE
CTc Collector capacitance at f = 1, (0MHz
IE=Ie=0, VCB=0.SV - - 0.6 pF
CTe Emitter capacitance at f = 1. 0MHz
IC=IC=0, VEB=0 - - 0.5 pF
Cre Feedback capacitance at f = 1, OMHz o
Ic=1.0mA,VCE=1.0V,Tamb=25C - - 0. 45 pF
N Noise figure at optimum source °
impedance, f = 500MHz, T =25"C
amb
IC=0.1mA,VCE=1.0V - 5.5 - dB
IC:I.OmA,VCE=1.OV - 3.8 - dB
GUM Max. unilateral power gain o
(s__ assumed to be zero), T =25C
re amb
IC=1.0mA,VCE=1.OV, f=200MHz - 25 - dB
IC=1.0mA, VCE=1.0V,f:SOOMHz - 18 - dB
IC=1.0mA,VCE=1.0V,f=800MHz - 12 - dB
2
|5t

G indB) =101
M (in dB) 08(1 N ,sielz)(l : lsoelz)

*Measured under pulse conditions.

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

] HHH
Cre[ 1 T = 25°C| ||
(PRI le=1le = 0
t = IMHz [ ||
\ 1]
04
typ :i
0.2
—
|
T
——
—
EEEE
ol BERE 1 I
0 5 VegtV) 10
05623
10 Veg=1V b+
f = 500MHz
N 7 ) =
{dB) s = optimum | | ||
Tamb =25°C
7.5
| \\ e 7
A S
5
| AN /
N / i
\ ’,
typ
25
0
102 107! 1 Ic(mA) 10
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VCE=1.OV

= 1,0mA
IC 0 :
T =25C

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

00

- 9
Veg = 1.0V i
= 1.0mA
IC o T \
T =25C
amb
1505 '
180° ] ) 015 o
-9
150° 30°
120° 60°
D566

. n P i
Reverse transmission coefficient Sre 90
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pmin. N-P-N SILICON PLANAR ’
EPITAXIAL U.H.F. TRANSISTOR BFT25

1 05670
Qutput impedance derived from
output reflection coefficient s oe
coordinates in ohm x 50

150° 30°

120° 80°

900 D567t

Forward transmission coefficient sfe

Mullard
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N-CHANNEL SILICON BFW10
FIELD EFFECT TRANSISTORS BEW11

N-Channel depletion mode silicon epitaxial planar junction field effect transistors
designed for use in wide -bandamplifiers (0 to 300MHz). Their very low noise figure
at low frequencies makes them suitable for differential amplifiers, electromedical
and nuclear detector pre -amplifiers. They are in TO-72 encapsulation with a shield
lead connected to case.

QUICK REFERENCE DATA
tVDS max. 30 v
_VGSO max. (open dra(l)n) 30 v
Ptot max. (Tamb <257C) 300 mW
BFW10 BFW11

I V. .=15V, V__=0) min. 8.0 4.0 mA
Dss - Ds G5 7 max. 20 10 mA
_V(P)GS max. (ID =0.5nA, VDS =15V) 8.0 6.0 v

—Crs max. (f=1,0MHz, VDs =15V,

= . A . 8

VGS 0) 0. 80 0. 80 pF

y min, (f=200MHz, V__ =15V,
Vs | Vg =0 bs 3.2 3.2 mA/V

N max. (f=100MHz, VDs =15V,

VGS=0, RG=1ksz) 2.5 2.5 dB
Vn/JF max. (f=10Hz, B=5.0Hz) 75 75  nV/VHz

Unless otherwise stated, data are applicable to both types

OUTLINE AND DIMENSIONS

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

1.16
max
X s
¢ ,}é o8 P
max ::

5.3 i
ma,—-"———12,7 min —e

All dimensions in mm

D2967
Insulated electrodes *Shield lead (connected to case)
Accessories available: 56246, 56263

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
+ in- =
_VDS max. Drain-source voltage (V as 0) 30
VDGO max, Drain-gate voltage (open source) 30
_VGSO max. Gate-source voltage (open drain) 30
ID max. Drain current 20
IG max, Gate current 10
. s s < 0,
Ptot max. Power dissipation (Tamb <25°C) 300
Temperature
T . min, -65
stg
T . max. 200
stg
Tj max. 200

THERMAL CHARACTERISTIC

Ry (j-amb) 0.59
ELECTRICAL CHARACTERISTICS (Tj =25°C unless otherwise stated)
BFW10 BFW11
_IGSS Gate cut-off current
'VGS =20V, VDS =0 max, 0.1 0.1
Vg =20V Vpg =0
T, 150°C max. 0.5 0.5
I *Drain current
Dss VDS =15V, VGS =0 min, 8.0 4.0
max. 20 10
_VGS Gate-source voltage
1 =400pA, V_ =15V
D DS :
min 2.0 -
max, 7.5
I =50pA, V__ =15V
b Ds min, - 1.25
max, - 4,0

*Measured under pulsed conditions.

mA

mA

mw

HA

mA
mA

Mullard
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N-CHANNEL SILICON BFW10
FIELD EFFECT TRANSISTORS BFW11

ELECTRICAL CHARACTERISTICS (contd.)

BFW10 BFW11
v ®)GS Gate-source cut-off voltage
ID=O. SnA, VDS= 15V max. 8.0 6.0 v
y-parameters o
VDS =15V, VGS =0, Tamb=25 C
f=1.0kHz
l Ves ’ Transfer admittance min. 3.5 3.0 mA/V
max. 6.5 6.5 mA/V
‘ yosl Output admittance max. 85 50 wA/V
f=1.0MHz
Cis Input capacitance typ. 4.0 4.0 pF
max. 5.0 5.0 pF
hcrs Feedback capacitance typ. 0.6 0.6 pF
max, 0.80 0. 80 pF
[ £=200MHz
‘ ny, Transfer admittance min. 3.2 3.2 mA/V
8ig Input conductance max. 800 800 wA/V
855 Output conductance max. 200 100 uA/V
|
N . _ O,
N Noise figure, Tamb_zs C
| f=100MHz, RG=1kQ
VDS =15V, VGS =0, (input
tuned to minimum noise) max. 2.5 2.5 dB
Vn/ vB  Equivalent noise voltage
VDS =15V, VGS =0, f=10Hz,
T =25°C max. 75 75 nv/vHz
amb

Mullard
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Vpg =15V e iypical values
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15 D3617
BFWN
| D
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N-CHANNEL SILICON BFW10

FIELD EFFECT TRANSISTORS BFW11
D3616 D361S
+HVps =15V - BFW10 Vps =15V L BFWI
HHtypical values T 1 typical values! i
204 T T 8 T 1
t Hr T 1 T T T
s aaanas! t Ip o
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10+ SV Ge i
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N-CHANNEL SILICON BFW10

FIELD EFFECT TRANSISTORS BFW11
D3I808 DIsO7
6 T TTTT 15 T
T T
typical values}—+ typical values}1
Cis Tamb= 25°C :——1 =Crs Tamb=25°C
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N-CHANNEL SILICON BFW10
FIELD EFFECT TRANSISTORS BEW11

3 D3604 2 & D360
Wy Forwn] ' " ot Brwi] '
—1 typical values yi ] typical values
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N-CHANNEL SILICON BFW 10
FIELD EFFECT TRANSISTORS

BFW11
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N-P-N SILICON PLANAR '
EPITAXIAL U.H.F. TRANSISTOR BFW 16A

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

QUICK REFERENCE DATA
VCBOM max. 40 \%
Vopo Max- 25 \'
ICM max. (f >1.0MHz) 300 mA
P,  max. (T <1250C) 1.5 w
tot case — o
TJ. max. 200 C
£ typ. (I =150mA, V=15V, f=500MHz) 1.2 GHz
-C,, tP. (I =10m4, Vog=15V, £=1.0MHz) 1.7 pF
G typ. (I,=70mA, V. =18V) {=200MHz 16 dB
p f= 800MHz 6.5 dB
P_typ. (I,=70mA, V. =18V) f=200MHz 150 mw
f=800MHz 90 mw
OUTLINE AND DIMENSIONS
Conforms to B.S. 3934 SO-3/SB3-3B
J.E.D.E.C. TO-39
A Millimetres
B —n Min. Typ. Max.
i A 9.10 - 9.40
" C B 8.2 - 8.5
L L C 6.15 - 6.60
T e i I D - 5.08 -
o
F2 J——:E} 3 E 0.71 - 0.86
ey X E 3 F1 - - 0.51
631; F2 12.7 - -
F3 12.7 - 15
45723 o b, Gl - - 1.01
i - G2 0.41 - 0.48
o G3 - - 0.53
i H - 0.4 -
‘i L J 0.74 - 1.01

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

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
VCBOM max. (peak) 40 A%
VCERM max. (peak, Ry <509, 1,=10mA) 40 \Y
V o Max. .= 10mA) 25 v
VEBO max. 2.0 v
IC max. 150 mA
Iy max. (f >1.0MHz) 300 mA
0
P, max. (T <125°C) 1.5 w
Temperature
min. -65 °
stg
T , max. 200 °c
stg
T, max. 200 °
THERMAL CHARACTERISTICS
Rth(j-amb) in free air 250 degC/W
Ry -case) 50 degC/W
Rth (case-h) when r.nounted with a top
clamping washer of accessory
56218 and a boron nitride
washer for electrical insulation 1.2 degC/W
ELECTRICAL CHARACTERISTICS (TJ.=25°C unless otherwise stated)
Min. Typ. Max.
I CBO Collector cut-off current
= = =1509¢ - -
VCB 20V, IE 0, Tj 1500C 20 uA
VCEK Collector-emitter knee voltage
Ic =100mA, IB=the value for
wh1chIC=110mA, atVCE=1.0V - - 0.75 v
IC
(mA) IB
110f ————== ,
100—-, |
| |
! I
! i
1 ]
| |
1 |
| |
] |
H |
1l !
kel 1.0V Vep(V)

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

ELECTRICAL CHARACTERISTICS (contd.)

h Static forward current
FE .
transfer ratio

IC=50mA, VCE=5.0V

Ic=150mA, VCE=5.0V
f Transition frequency
Ic =150mA, VCE= 15V,

f=500MHz

[¢] Collector capacitance

Vg~ 18V, I5=1,=0,

f=1.0MHz

-C Feedback capacitance
= =1
IC 10mA, VCE 5V,
f=1.0MHz, T =25°C
amb
N Noise figure

1,=30mA, V=15V,

CE
f=200MHz, R =759, T =250C
s amb

Gp Power gain (not neutralised)
IC=70mA, VCE=18V,
Tamb=25°C f=200MHz

f=800MHz

Intermodulation characteristics

P0 Output power (see test circuits)
=17
I c OmA, VCE

intermodulation factor =-30dB, T =25°C
amb

£=200MHz, fp=202MHz,
f =205MHz,
q

f =208MHz (channel 9
2a-p) ¢ )

= 800MHz, £p= 798 MHz,
f =802MHz,
q

f =806MHz (channel 62
(2q-p) ¢ )

Mullard

Min.

25
25

=18V, v.s.w.r. at output <2,

130

70

Typ.

1.2

16

150

90

BFW16A

- GHz

BFW16A Page 3



POWER OUTPUT TEST CIRCUIT (f=200MHz)

BFWL16A 12pF Ly

2.2pF
L&
on
820 1nF
l 2LV
l.SnFT 1.5nF
* FYYY ¢ —0
Choke
D1180

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

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

L3 =3 turns of 1.4mm silver plated copper wire, winding pitch 3.3mm, int. dia.
Smm.

L, = 5.5 turns of 1.4mm silver plated copper wire, winding pitch 2.2mm, int. dia.
1lmm.
ADJUSTMENT OF TEST CIRCUIT
Basis of adjustment

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

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

Rload = (VCE _Vcek)/IC

Where Vcek is the high frequency knee voltage
b) The h.f. collector current is as low as possible; this occurs if

- = 4
Clo:a.d Coe
Where Coe is the output capacitance of the transistor with short-circuited input.

Experimentally obtained values of Rload and Clgaq, for maximum output power at
an intermodulation factor of -30dB, are:

=220Q, C = ~5.6pF

RloaLd load

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

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR BFW 16A

ADJUSTMENT OF TEST CIRCUIT (contd.)
Procedure

1. Remove the transistor and connect a dummy, consisting of a 2209 resistor in
parallel with a 5.6pF capacitor, betweenthe collector and the emitter connections
of the output circuit.

2. Tune and match the output circuit for zero reflectionat 206MHz (i.e.,v.s.w.r.=1).

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

POWER OUTPUT TEST CIRCUIT (f=800MHz)

Li =25 % 7 % 0,85mm silver plated copper strip, input tap at 5mm from earth.
Lg = 13 turns of 0.6mm enamelled copper wire, int. dia. 8mm.
Lg = 1.5 turns of 1.3mm copper wire, int. dia. 8mm.

ADJUSTMENT OF TEST CIRCUIT

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

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

The output circuit is then tuned to eliminate clipping.

The output Po is given by
P0 = IC(VCE —Vcek)/z = 480mW
where Vg is the high frequency knee voltage

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

Mullard
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AREAS OF SAFE OPERATION
I. D.C. and A.C. operation is allowed under all hase-emitter conditions,
provided no limiting values are exceeded.
II. Operation is allowed under all base-emitter conditions. at f = 1MHz,
provided no Hmiting values are exceeded.
IiI. Operation is allowed under pulse conditions, provided the transistor is

- =< = .
cut-off, RBE 509, and f=1MHz
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N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR BFW16A

I — 1
¢ [T | LTI T Terwiea - T[] ]e8413
tma) | %Cﬁ«\", EEH SIS VEA T 1_: I 1
180 Ly 27 o T
o 3.0“
r : A
T gsmi :
1L S T=25°C
1
‘2.OmA
100 A
i ] T
11 1 5mAj|— 1
LTI B “[1-0mA
11
T S PR
: [ I =0'5mA
: EEEEE-E T
Ng T | {
o T T |
0 5 10 15 20 Veg (V)
TYPICAL OUTPUT CHARACTERISTICS
. ] B8414
IC + BFW16A
(ra)
Veg =5V
T = 25°C
typ **“max(IB)
p A
2 - e N N
10 e 77
N 4 w4
5 ] ! 7
] 7/
/A
iV
10
W 4
' /
R 1] /I p 4 I
1:0 b=l ppo S g o y A . .
10 102 103 104 IglpA)

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

APPLICATION INFORMATION

Performance of channel and band amplifiers

channel | channel | channel band band band
4 9 55 I II I

Frequency range 61-68 202-209 | 742-750 47-68 |87.5-108[174-230 |MHz
Transistor used in:

final stage BFWI16A | BFW16A |BFW16A | BFW16A | BFW16A |BFW16A

driver stage BFW16A [ BFW16A BFWI16A

second stage BFY90

first stage BFYS0 BFY90 BFY90 BFY90 BFY90 BFY90
Output power at:

dim =-30dB 150* 150* 100 mw

d. =-50dB 30 mwW

im
d, =-60dB 10 10 mw
im

Power gain 50 44 26.5 51 43 39 dB
Noise figure 7 6 8 6.0-6.5 6.5 6.5 dB
V.5.W.R. over the
whole channel or band

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

for the output <2 <2 <2 <2 <2 <2
Load impedance 30 30 50 30 30 30 Q
Source impedance 60 60 50 60 60 60 Q

*V =2.2Vover R, =30Qor
o L

V_ =3V over R, =609
o L

Mullard

BFW16A Page 9



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

N-P-N silicon planar epitaxial, multi-emitter transistor with extremely good inter-
modulation properties and a high power gain. The BFWL7A isprimarily intended for
the final and driver stages of channel and band aerial amplifiers with high output in
bands I, II and III (40-230MHz). Encapsulated in a metal TO-39 envelope with the
collector connected tothe case. The BFW17A is a ruggedized version of the BFW17,
which it succeeds.

QUICK REFERENCE DATA
VCBOM 40 v
VCEO max. 25 v
ICM max. (f >1.0MHz) 300 mA
P, max. (T <125°C) 1.5 W
T, max. 200 °c
fT typ. (IC=150mA, VCE=15V, f=500MHz) 1.1 GHz
_Cre typ. (IC=1OmA, VCE=15V, f=1.0MHz) 1.7 pF
Gp typ. (IC=70mA, VCE=18V, f=200MHz) 16 dB
P0 typ. (IC =T70mA, VCE: 18V, £=200MHz) 150 mw
OUTLINE AND DIMENSIONS
Conforms to B.S. 3934 SO-3/SB3-3B
J.E.D.E.C. TO-39
Millimetres
Min. Typ. Max.
B8 A 9.10 - 9.40
B 8.2 - 8.5
C 6.15 - 6.60
D - 5.08 -
E 0.71 - 0.86
F1 - - 0.51
F2 12.7 - -
F3 12.7 - 15
Gl - - 1.01
G2 0.41 - 0.48
G3 - - 0.53
Collector connected to case H B 0.4 _
Accessories available: J 0.74 _ 1.01

56218, 56245, 56265

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
VCBOM max. (peak) 40
VCERM max. (peak, RBE <509, IC =10mA) 40
VCEO max. (IC=10mA) 25
VEB o max. 2.
IC max. 150
ICMmax. (f >1.0MHz) 300
Ptot max. (Tcase <1259C) 1.
Temperature
Tstg min. -65
TStg max. 200
Tj max. 200
THERMAL CHARACTERISTICS
Rth(j-amb) in free air 250
Rth(j—case) 50

when mounted with a top
clamping washer of accessory
56218 and a boron nitride

Rth(cas e-h)

washer for electrical insulation 1.

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

Min. Typ.
o e -
CcB R Y
v CEK Collector-emitter knee voltage

1_.=100mA, I_=the value for

C B

whlchIC=110mA, at VCE=1.0V - -

IC
(mA) IB
10—~~~ === ,
100}—-— |
! I
! |
! 1
| i
| |
' |
! |
! |
Veek 1.0V VegW)

< < < <

mA

-

degC/W

degC/W

degC/W

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

ELECTRICAL CHARACTERISTICS (contd.)

h Static forward current
FE .
transfer ratio

Ic=50mA, VCE=5.0V
=5.0V

Ic=150mA, VCE
f Transition frequency
IC=150mA, VCE=15V,

f=500MHz

C Collector capacitance

VCB=15V, IE=Ie=0,

f=1.0MHz
-C Feedback capacitance
I,=10mA, V=15V,
f=1,0MHz, T =25°C
amb

G Power gain (not neutralised)

P = =
1,=T0mA, V=18V,

f=200MHz, T =259C
amb
Intermodulation characteristics

P Output power (see test circuit)
© I,=70mA, V=18V, {=200MHz,

intermodulation factor =-30dB,

v.s.w.r. at output <2.0, T =250C
amb

f =202MHz, f =205MHz,
p q

f =208MHz (channel 9
24-p) ¢ )

Mullard

BFWI7A

Min. Typ. Max.

25 - -

25 - -
- 1.1 - GHz
- - 4.0 pF
- 1.7 - pF
- 16 - dB
- 150 - mw
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POWER OUTPUT TEST CIRCUIT (f=200MHz)

BFWI17A

3.9pF
P 2.2pF

[yiiTel 00

v

—0

Choke

D1180

L1 = 3 turns of 1.4mm silver plated copper wire, winding pitch 2.7mm, int. dia.
8mm, taps 1.5 and 0.5 turns from earth.

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

L3 =3 turns of 1.4mm silver plated copper wire, winding pitch 3.3mm, int. dia.
Smm.

L4 = 5.5 turns of 1.4mm silver plated copper wire, winding pitch 2.2mm, int. dia.
11mm.

ADJUSTMENT OF TEST CIRCUIT

Basis of adjustment

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

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

Rad = Ver VeerTo

Where Vce is the high frequency knee voltage

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

- =
Cload Coe
Where Cg, is the output capacitance of the transistor with short-circuited input.
Experimentally obtained values of Rjpgq and Cjgpeq. for maximum output power at

an intermodulation factor of -30dB, are:

R, . =220Q, C

load =-5.6pF

load

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

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

ADJUSTMENT OF TEST CIRCULT (contd.)

Procedure

1. Remove the transistor and connect a dummy, consisting of a 220Q resistor in
parallel with a 5. 6pF capacitor, betweenthe collector and the emitter connections
of the output circuit.

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

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

Mullard
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AREAS OF SAFE OPERATION
1. D.C. and A.C. operation is allowed under all base-emitter conditions,
provided no limiting values are exceeded.
II. Operation is allowed under all base-emitter conditions at f = 1MHz,
provided no limiting values are exceeded.
III. Operation is allowed under pulse conditions, provided the transistor is
cut-off, RBESSOSZ and f=1MHz.

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL V.H.F. TRANSISTOR BFWI7A
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150 P,
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25
i T/=25°C
2-0M5
100
B 1-5MA
1+OmA
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Mullard

BFW17A Page 7



[ITT1 A B8415
I - h BFW17A
C IT¥%ee=SY FE T
(mA) [T17j=28%c [T LTI 111
150 60 [T
Veg® 5v
1= 28°C
1y
100 40
N
50 20
(0] (o]
700 800 o} 50 100 150
Vgg(mv) Ic(rnA)
Typical mutual characteristics Typical static forward current transfer
ratio versus collector current
T f 7 TIL T
(pF) i e T i
6 L 5 : ’ e
B t = IMHz 1 -~ -t i 1
H117|T=25°C T T2
Ig=1,70 [ :
N N ;
. T typ
[T AL | s#
4 10+ | § ‘
L ; NI RVNNPLT VAR I I
; ! [Ty =e8°c 117 -
§ 44 ¢t =500MHz}- -
— f-[VP' T i
2 05 . ' i !
r ERENS ; H
— +- ‘
L1 il ; [
T 1 ST T 1
LH SSsaesisan §
2 1 i 1
OO 10 20 OO 50 100
VCB(V) IC(mA)
Typical collector capacitance versus Typical transition frequency
collector-base voltage versus collector current

Mullard

BFWI17A Page 8



N-P-N SILICON PLANAR
EPITAXIAL TRANSISTOR

BFW30

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

QUICK REFERENCE DATA
VCBOM max. 20 \'%
VCEO max. 10 A
ICM max. (f>1.0MHZ) 100 mA
Ptot max. (Tamb525 C) 250 nr;W
Tj max. 200 C
. =5 =5. = .
fT typ (Ic OmaA, VCE 5.0V, f=500MHz) 1.6 GHz
-Cre typ. (IC=2.0mA, VCE—B.OV, f=1.0MHz) 0.8 pF
G _typ. (IC=30mA, VCE=5.0V) f=200MHz 21 dB
P £= 800 MHz 7.5 dB
. = =6.0V, R = .
dim typ (Ic 30mA, VCE L 37.59,
f =183MHz, V_=100mV
p [
f =200MHz, V_=100mV
q [
f =217TMHZ ~60 dB
2a-p) )
OUTLINE AND DIMENSIONS
Conforms to B.S. 3934 SO-12A/SB4-3
A J.E.D.E.C. TO-172 Millimetres
F— Min. Nom. Max.
} A 4.53 - 4.8
B B 4.66 - 5.33
| ci - - 0.51
c1 ; b1 c2 12.7 - -
i ’ 5 D2 C3 12.7 - 15
c2 ‘) & c3 D1 - - 1.01
J = D2 0.41 - 0.48
| 3 D3 - - 0.53
—+ E 0.84 - 1.17
F 0.92 1.16
r [’j G - .54 -
0w I . H 531 5.84
. _7.:1 Connections
| =X 45 1. Emitter 2. Base
Viewed from underside 3. Collector 4. Shield
(connected to case)
MARCH 1968 BFW30 Page 1



RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical

Vepom M- (peak)

=]

VCERM max. (peak, RBE 509, IC

VCEO max. (IC=10mA)

VEBO max.

I_ max.

. (f>1,

ICM max. (f OMH(Z))

Ptot max. (Tamb_zs C)
Temperature

TS te min.

T max.

stg

Tj max. operating

THERMAL CHARACTERISTICS

Rth(j-amb) in free air

Rth(j—case)

=10mA)

ELECTRICAL CHARACTERISTICS (Tamb=2500 unless otherwise stated)

Collector cut-off current

VCB= 10V, IE=0

ICBO

h Static forward current
FE X
transfer ratio
Ic—25mA, VCE= 5.0V

IC=50mA, VCE=5.0V
f *Transition frequency
Ic=50mA, VCE=5.0V,
f=500MHz
C to **Collector capacitance
=1 =1 =
VCB ov, IE Ie 0,
f=1.0MHz

-C *Feedback capacitance

re _ -
Vop=5-0V, I =2.0ma,

f=1.0MHz

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

Mullard

Min.

25
25

20 v
20 \'
10 v
2.5 A\
50 mA
100 mA
250 mwW
-65 °c
200 °c
200 °c
0.7 degC/mwW
0.5 degC/mwW
Typ. Max.
- 50 nA
1.6 - GHz
- 1.5 pF
0.8 - pF
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTOR

ELECTRICAL CHARACTERISTICS (cont'd)

Min. Typ.

G *Power gain {(not neutralised)
IC=30mA, VCE=5.0V, f=200MHz 19 21

f=800MHz - 7.5

N *Noise figure

Vig=5-0V, [,=2.0m4,
£=500MHz, Rg=50Q - -

dim *Intermodulation distortion (see fig.1)
1,=30mA, V .=6.0V, R, =37.52,

fp= 183MHz, Vo= 100mvV
f =200MHz, V_=100mV
q o

f =217TMHz - -60
(24-p)

*Fourth lead (case) grounded

680 pF

Rs= 500 50n

BFW30

dB
dB

dB

dB

750

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTOR BFW30

100, i i BFW30 ] BB422
Ic I -
(mA) Veg =50V v ~
Tj =25°C / ” 4
—r Y, Y/
V%
10 /
I T p 4 [
= y{PV v 4 -/ Max
— Y
B yaly.4
/|
1-0 A
HA f
7 y 4
o1 | ‘ 1L
10 10 100 " 1000 Ig (HA)
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e 1 sFw30 | heE |7 T[T T BFw30 T |BB423
(mA) || i} | I P o ‘;
60— Veg=5-0V [T 60*,_'_\
Tj =25°C . - ‘ \ .

; ‘ e : ; B

[ 1 .. [ . .
i ‘\,.». : R \/CE=5°-OV
AENIEl i T
20 - 20
NERRRRR . :
[¢] 500 Vgg (mV) [¢] 20 Ic (mA)
Typical mutual characteristic -Typical static forward current transfer

ratio versus collector current

Mullard

BFW30 Page 5



Ctc | BFW30 [ |1 T[] B8424
(pF) i : f .
l ]
15 ! EEEEEE
Tj =25°C
T ‘ f =10 MHz [
FH IE =IQ =0 ! 1
\ ! ! + ; 1 ]
1.0 | ! H
! i Il
T
05 I ] B
! |
] ]
o} | I
o 5.0 10 15 Veg (V)
TYPICAL COLLECTOR CAPACITANCE PLOTTED AGAINST
COLLECTOR-BASE VOLTAGE
fr BFW30 [TT1T] -1 BB425
(GH2) T }
2.0 [
Tj =25°C
nY VoE=50V [
y, t=500 MHz [T
1.5 I o
10 T
i |
O-5{1 I I i
0 20 40 60 80 I (mA)

TYPICAL TRANSITION FREQUENCY PLOTTED AGAINST
COLLECTOR CURRENT

Muliard

BFW30 Page 6



N-CHANNEL SILICON
FIELD EFFECT TRANSISTOR

BFWéI

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

QUICK REFERENCE DATA

D
GSO

(PGS max,
Ipss Vpg=18V: V

‘v
\' max.
\'

Gs=0) min.

P, max. (T__,=25°C)
am

tot

yfs min.
-C_ max.

rs

b

+25

8.0

2.0
20

300
1.6
2.0

mA
mA

mw
mmho

pF

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

For details see page 4.

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
VDSS max. Drain-source voltage +25
VDGO max. Drain-gate voltage 25
VGSO max. Gate-source voltage -25
ID max. Drain current 20
IG max. Gate current 10
Ptot max. '(I‘T?tal dse;/;gz )dissipation 500
amb '
Temperature
TS tg Storage temperature range -65 to +200
T, max. Max. junction temperature 200

)
THERMAL CHARACTERISTIC

Rth(j-amb)
ELECTRICAL CHARACTERISTICS (Tj=25°C unless otherwise stated)
Min. Max.
-1 Gate cut-off current
GSS _ = -
VGS 20V, VDs 0 . 1.0
—VGS=20V, VDS=0, Tj=150 (o} - 1.0
I *Drain current
DSS _ _
VDS—-15V, VGS-O 2.0 20
—VGS Gate-source voltage
ID=200uA, VDS=15V 0.5 7.5
-V Gate-source cut-off voltage
PGS = = _
ID 1.0nA, VDS 15V 8.0

*Measured under pulse conditions.

Mullard
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mwW

0.59 degC/mW
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N-CHANNEL SILICON
FIELD EFFECT TRANSISTOR BFW6lI

ELECTRICAL CHARACTERISTICS (cont'd)

Small signal y-parameters Min. Max.
C = =
ommon source, VDS 15V, VGS 0
Yis Forward transfer admittance
f=1.0kHz 2.0 6.5 mmbho
Yos Output admittance
f=1.0kHz - 85 umho
is Input capacitance
! f=1.0MHz - 6.0  pF
_Crs Reverse transfer capacitance
f=1.0MHz - 2.0 pF
Yeg Forward transfer admittance
f=10MHz 1.6 - mmbho

SOLDERING AND WIRING RECOMMENDATIONS

1. Devices may be soldered directly into a circuit with a soldering iron at
amaximum iron temperature of 245°C for a time of up to 10 seconds at
least 1.5mm from the seal. At an iron temperature of 2459C to 400°C the
maximum soldering time is 5 seconds at least 5mm from the seal.

2. Thesedevices may be dip-soldered at a solder temperature of 245°C for
a maximum soldering time of 5 seconds. The case temperature during
dip-soldering must not at any time exceed the maximum storage tem-
perature. These recommendations apply to a device mounted flush on a
board having punched-through holes, or spaced at least 1.5mm above a
board having plated-through holes.

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

4. If devices are stored at temperatures above 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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OUTLINE, DIMENSIONS AND CONNECTIONS
Conforms to J.E.D.E.C. TO—72

S Millimetres
A
r d] Min. Nom. Max.
1 A Z - 4.8
B
B - - 5.3
I c 12.7 -
hel
L g . D - 0.43 -
4 = E - 1.0 -
F - 1.05 -
o G - 2.54 -
T—— I._E H 5.3 5.55 5.8
H G _l
. ;ﬁF
l_ 45°
Pinning
1. Source
2. Drain
3. Gate

4. Shield lead connected to case

Mullard
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P-N-P SILICON PLANAR BFX29
EPITAXIAL TRANSISTORS BEX87

BFX88

BFX29 is also available to BS9365—F010

P-N-P silicon planar epitaxial transistors for general purpose industrial
applications. Encapsulated in TO-5 envelope with the collector comected

to can.
QUICK REFERENCE DATA D
BFX29 BFX87 BFX88
-V CBO max. 60 50 40 v
-V CEO max, 60 50 40 v
_ICM max. . 600 mA
=
Ptot max. (Tamb 25 C) 600 mwW
hFE (—IC =10mA, -VCE =10V)
min. 50 40 40
typ. 125 125 125
fT min. (-Ic =50mA, -VCE =10V,
f=100MHz) 100 MHz

Unless otherwise stated, data is applicable to all types
OUTLINE AND DIMENSIONS

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

Millimetres
A Min. Nom. Max.
& A 9.10 - 9.40
B 8.20 - 8.50
C 6.10 - 6.60
D - 5.08 -
E 0.71 - 0.86
F1 - - 0.51
F2 12.7 - -
F3 38.1 - 41.3
G1 - - 1.01
G2 0.41 - 0.48
The collector is electrically Gs h - 0.53
connected to the envelope H - 0.4 -
J 0.74 - 1.0
JUNE 1968 MUIIard BFX29-Page 1



RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
BFX29 BFX87 BFX88
- . 6
\'% CBO max 0 50 40 \'
_VCEO max. 60 50 40 \'
- . 5.0 4, 4.0
VEBO max 0 \'%
-1, max. 600 mA
C
_ICM max. 600 mA
IEM max. . 600 mA
=<
Ptot max. (Tamb—25 C) 600 mwW
Temperature
Tstg range -65 to +200 0C
T, max. +200 °c
THERMAL CHARACTERISTIC
29
Ry} (-amb) 292 degC/W
ELECTRICAL CHARACTERISTICS (T],=25OC unless otherwise stated)
Min. Typ. Max.
_ICBO Collector cut-off current
- = = 29 - 1.0 50
VCB 60V, IE 0 BFX 0 nA
- = = X87 - 1.
VCB 50V, IE 0 BF 0 500 nA
- =40V, = X88 - 1.0 0
VCB oV IE 0 BF 500 nA
- = = X29 - .
VCB 50V, IE 0 BF 0.5 50 nA
-V, = = 87 - .
VCB 40V, 1 0 BFX 0.5 50 nA
- = = 8 - 3
VCB 30V, IE 0 BFX88 0.5 50 nA
| -V p=80V, 1.=0,
Tj =100°C BFX29 - 0.03 2.0 A
Vo p=40V, I.=0, '
Tj =100°C BFX87 - 0.03 2.0 uA
V=30V, 1.=0,
T,= 100°¢ BFX88 - 0.03 2.0 pA
_IEBO Emitter cut-off current
-VEB=5.0V, IC=0 BFX29 - 30 500 nA
-V__=4. = 7 - .
Vep=4-0V, 1,50 BFX87,88 2.0 500 nA
~V_ . =30V, 1.=0 BFX29, 87,
EB ¢ BFX88 - 1.0 100 nA

Mullard
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS

ELECTRICAL CHARACTERISTICS (cont'd)

FE

-VCE(sat)

-v
BE(sat)

te

te

Static forward current
transfer ratio

-Ic =0.1mA, —VCE= 10V BFX29

—Ic=1.0mA, -V . =10V BFX29,87,

CE BFX88

-1 =10mA, -V __=10
IC m CE V  BFX29

20

40
50

BFX87,88 40

1= - =10
IC 50maA, VCE V  BFX29

50

1 =1 - =1
1,=150mA,~V =10V BFX29,87,

BFX88

40

-IC=500mA‘ -V _..=10V BFX87,88 25

CE

Collector-emitter saturation
voltage
-1 _=150mA, -I_=15mA

C B

Base-emitter saturation
voltage
-Ic=30mA, -1B= 1.0mA

—IC =150mA, -IB= 15mA

Collector capacitance

—VCB=10V, IE=Ie=O, f=1.0MHz
Emitter capacitance

—VEB=2.0V, IC=IC=0, f=1.0MHz
Transition frequency

—IC =50mA, -VCE =10V,

£=100MHz, T . =25°C
amb

Mullard

100

Typ.

20
105
125
125
125

90
40

18

360

.15

.71
.05

BFX29
BFX87
BFX88

Max
0.40 v
0.90 v
1.30 \'%
12 pF
30 pF
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ELECTRICAL CHARACTERISTICS (cont'd)

Saturated switching times (see test circuits)

Min. Typ. Max.
ton Turn-on time - 25 60 ns
t Turn-off time - 55 150 ns
off

h-parameters

Measured at -1 _=10mA, -V __=10V, f=1.0kHz, T . =25°C
C am

CE b
Min. Typ. Max.
hie Input impedance - 600 - Q
hre Voltage feedback ratio - 1.50 - ><10_4
hfe Forward current transfer ratio - 155 -
hoe Output admittance - 104 - pmho

SOLDERING AND WIRING RECOMMENDATIONS

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

2. Transistors may be dip-soldered at a solder temperature of 245°C for
a maximum soldering time of 5 seconds. The case temperature during
soldering must not at any time exceed the maximum storage temperature.
These recommendations apply to a transistor mounted flush on a board
having punched-through holes, or spaced at least 1.5mm above a board
having plated-through holes.

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

4. Ifdevices are stored at temperatures 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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P-N-P SILICON PLANAR BFX29
EPITAXIAL TRANSISTORS BEXS7

BFX88

TEST CIRCUITS

Saturated turn-on switching time

Fig.1

Saturated turn-off switching time

Fig.2

Mullard
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P-N-P SILICON PLANAR BFX29
EPITAXIAL TRANSISTORS BEX87
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P-N-P SILICON PLANAR BEX29
EPITAXIAL TRANSISTORS | BEXS7

BFX88
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P-N-P SILICON PLANAR BFX29
EPITAXIAL TRANSISTORS BFX87

BFX88
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P-N-P SILICON PLANAR BFX29
EPITAXIAL TRANSISTORS BFX87

BFX88
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS
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TYPICAL VARIATION OF TRANSITION FREQUENCY
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTOR BFX30

Also available to BS9365—F011

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

QUICK REFERENCE DATA

_VCBO max, 65 v
—VCEO max. 65 v
—ICM max. 600 mA
P _ max. (TambSZSOC) 600 mw

hop (1,=10mA, -V =0.4V) min. 50

typ. 90

max. 200

ts max. (—IC =100mA,

=10mA 250 ns

_IBon - IBoff

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

Millimetres
Min, Nom. Max.
A 9.10 - 9.40
B 8.20 - 8.50
C 6.10 - 6.60
D - 5.08 -
E 0.71 - 0.86
F1 - - 0.51
F2 12.7 - -
F3 38.1 - 41.3
Gl - - 1.01
G2 0.41 - 0.48
G3 ~ - 0.53
H - 0.4 -
Collector connected to can J 0.74 - 1.0

Mullard

JULY 1972 BFX30 Page 1



RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
-V
-V

CBO max.
CEO max.

-V max.,

EBO
—IC max.
_ICM max.

_IEM max.

P max.
tot
Temperature
T min.
stg

T max.
stg

Tj max.

THERMAL CHARA

.0
(Tamb =25 C)

CTERISTIC

Rih(j-amb)

65
65

600
600
600
600

-65
200
200

292

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

“Temo

EBO

'VBE(sat)

FE

Collector cut-off current
- =65 =

VCB v, IE 0
- =50V, I _=0

VCB 'E

- =50V, I_=0,
VCB E

= 100°C

Emitter cut-off current

—VEB:S‘OV’ IC:O

= =3.0V =0
VEB 3 ’ IC
Base-emitter saturation

voltage

-1_=30mA, -I_=1.0mA
I c m IB m

1= =1
IC 150mA, IB 5mA

Static forward current
transfer ratio

-I_=1.0mA, - =0.4V
IC 1.0m VCE

- = ~ =0.4
IC 10mA, VCE 0.4V
-IC=50mA, —VCE=0.4V

-I_=150mA, -V _,_=0.4V

C CE

Min.

40
50
20
10

Typ.

1.0
0.5

30
1.0

0.77
1.05

80
90
92
50

v
v
Vv
mA
mA
mA
mw
(o]
°c
(o]
C
degC/W
Max.
500 nA
50 nA
2.0 HA
500 nA
100 nA
0.90 v
1.30 A%
200

Mullard
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTOR BFX30

ELECTRICAL CHARACTERISTICS (cont'd)

o] Collector capacitance

te
-V =10V =1 =0
CB o, IE Ie ’

f=1.0MHz - 6.0 12 pF

C Emitter capacitance

te
-V =2 0V =1 =0
2.0V, 1 I ,

f=1.0MHz - 18 30 pF

Saturated switching times (see page 4)

1, =100mA, -1 =T, ..=10mA, Veg =10V, Voo =20V

td Delay time - 9 15 ns
tr Rise time - 18 40 ns
ton Turn-on time (t d+tr) - 27 50 ns
ts Storage time - 95 250 ns
tf Fall time - 30 50 ns
toff Turn-off time (ts +tf) ~ 125 290 ns

SOLDERING AND WIRING RECOMMENDATIONS

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

2. Transistors may be dip-soldered at a solder temperature of 245°C for
a maximum soldering time of 5 seconds. The case temperature during
soldering must not at any time exceed the maximum storage temperature.
These recommendations apply to a transistor mounted flush on a board
having punched-through holes, or spaced at least 1.5mm above a board
having plated-through holes.

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

4. Ifdevices are stored at temperatures above IOOOC before incorporation
into equipment, some deteriqration of the external surface is likely to
occur which may make soldering into the circuit difficult. Under these
circumstances the leads should be retinned using a suitable activated
flux.

Mullard
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ELECTRICAL CHARACTERISTICS (cont'd)
Saturated switching times
Test circuit

v__=10V
D420

Pﬁj .

510
—»200ns

CR.O,

VBB= 16.5V

-I_._100mA,-I =10mA

c= Blom ~ 1B (off)

\ =20V
BE (o) 20
Waveforms

Input

Output

Mullard
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTOR BFX30
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTOR

BFX30

(—Ig)ffi : JX’ ﬁf TBFx3or¥ ta:fwTil— B8342

m ,_7‘ 0, A\‘V T "‘

600 %TTJ;E'i:LCF !ll B= =15mA ! LTﬂ ’11omA[<’ij? \>" I':trit\
e T FE I Lo e e
Ll Lo T EEE. [ B
LA T
II_} l#\‘ H + ,JJ i / ; . LT 60mA
‘Jlj i”aft I J— F {
iHT? i ] T

400H+H }7 7 ‘ |
AT
AT T
jj”j { PR Gaan®  aai

2ooH ‘ AN

gl
T LR
oW o T
0 o} 10

(‘Ii)t - L T BFx30 J( liliBe343

mA)! mmg e b 1
omal L T

600

|

Tj=25°C | -

TR IR
R
;

L

400

COLLECTOR-EMITTER VOLTAGES

Mullard

TYPICAL OUTPUT CHARACTERISTICS AT LOW AND HIGH

BFX30 Page 7



583_44
B

|

i

[

11
1+0-Vge(V.

BFX30 |

JITTITE]

EERER I
mEmaEian. S ERREES SNSEpNEpE
L
Z ., i TN
s o ﬁuﬁ ﬁﬁﬂa _ T
Ot TR TN
% T TR
g HT NG
1 1] 4H,Hu‘ O

T
Lol

=1

_IC
(mA)_

=

F1BFX30

LT

-
i
ol

1
]

b

I B(MA)

20

T

i

_IC
(mA)

TYPICAL TRANSFER AND MUTUAL CHARACTERISTICS

o EEEg RN T o
Q T T . ©
S
BAJ | EEREEEE m 1
EERREE ] REEEEE N
! <3 [ 1] EREEN I o
o E 3 I % Q
ol 9 1] R ] -
S e
5] k% 1] ! i BEN
T

P T ARRRN AN EEEm
cbi :
[ | T 3 |
SlSEis s sy casEatdccEc

ESSEARESEEREEEES 1 mEy

< O [o] [o] (&)
03
T a R 2 o

: T T TS
T,

i Il i
EERENN NSRS T o
! u T SN EENEEE
NEEEPRAEE , W
gl ‘

(o}
o -
Xt
w
B .

Typical base current versus

Typical input characteristics

junction temperature

Mullard

BFX30 Page 8



P-N-P SILICON PLANAR
EPITAXIAL TRANSISTOR BFX30
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTOR BFX30
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N-P-N SILICON PLANAR BFX84
EPITAXIAL TRANSISTORS BFX85

BFX86

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

to can.
QUICK REFERENCE DATA
BFX84 BFX85 BFX86
v CBO max. 100 100 40 \
v CEO max. 60 60 35 v
. . . 1.
I oM max o 1.0 1.0 0 A
P max. T =25 C 800 800 800 mw
tot amb o
T =100 C 2.86 2.86 2.86 w
case
h (@I ,=150mA, V__=10V) min, 30 70 70
FE C CE typ. 112 142 142
fT min, (IC=50mA, VCE= 10\2,
f=35MHz, T =25C) 50 50 50 MHz
amb

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

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

Millimetres
Min. Nom. Max.
A
A 9.10 - 9.40
— B —

T B 8.20 - 8.50
H l Cc C 6.10 - 6.60

L— D - 5.08 -

F1 Gl i
F2 e ray 7 E 0.71 - 0.86
4 A A= Fl - - 0.51
G3

F2 12.7 - -
45“3_/' G ) F3 38.1 - 41.3
N Gl - - 1.01
{—J L G2 0.41 - 0.48
4 G3 - - 0.53

The collector is electrically H - 0.4 -
connected to the envelope 3 0.74 _ 1.0

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
BFX84 BFX85 BFX86
A% 10 40
CBO max. 100 0 v
V g max. {cut-off, I <1mA) 100 100 40 v
V CEO MaX. 60 60 35 v
\% EBO max. 6.0 v
I o max. 1.0 A
oM max. 1.0 A
-I_ max 1.0 A
—IEM m?x 1.0 A
IB max 100 mA
+
IBM max . 100 mA
P, max. T =25C 800 mw
tot amb o
T =25C 5.0 w
case o
T >25, <100°C 2.86 w
ase
Temperature
T -65 to +200 ©
stz o
T, max. 200
J
THERMAL CHARACTERISTICS
Rth(j-amb) in free air 220 degC/W
35 degC/W

Rth(j—case)

Mullard
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N-P-N SILICON PLANAR BFX84
EPITAXIAL TRANSISTORS BFX85

BFX86

BFX84
ELECTRICAL CHARACTERISTICS (Tj =25°C unless otherwise stated)
Min. Typ. Max.

o PRI 0w om
CB ' 'E o
VCB=100V, IE=0,TJ,=100 c - 0.5 30 pA
VCB=80V, IE=0 . - 2.0 50 nA
VCB=80V, IE=0, Tj=100 [¢] - 0.1 2.5 HA
o TSNS 6w m
EB 7’ °C
VEB=5.0V, IC=0 . - 2.0 50 nA
VEB=5.0V, IC=O, Tj=100 c - 0.1 2.5 HA
hFE Static forwa?d current
transfer ratio
IC =10mA, VCE =10V 20 80 -
IC=150mA, VCE=10V 30 112 -
IC=500mA, VCE=10V 20 70 -
IC=1.0A, VCE=10V 15 35 -
v CE(sat) S(())lltl:;éor—emitter saturation
IC=10mA, IB=1.OmA - 0.06 0.15 \'%
IC=150mA, IB=15mA - 0.15 0.35 v
IC=500mA, IB=50mA - 0.35 1.00 v
Ic=1.()A, IB=100mA - 0.66 1.60 v
VBE (sat) \l,a(iiliz;mitter saturation
IC=10mA, IB=1.OmA - 0.69 1.2 v
IC=150mA, IB=15mA - 0.92 1.3 \'4
IC=500mA, IBZSOmA - 1.15 1.5 A%
IC=1.OA, IB=100mA - 1.40 2.0 A4
CTc (‘Zlolle:t&l", caIpacz:iIta.:%e
CB 'E e 77
f=1.0MHz - 7.0 12 pF

Mullard
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BFX85

ELECTRICAL CHARACTERISTICS (contd.)

Transition frequency

1,=50mA, V=10V,

f=35MHz, T . =25°C
amb

Saturated switching times

I
-V

h-parameters

hfe

= =_ =1
150mA, IB(on) IB(off) 5mA,
=10V, vaE(off) =2.0V
Delay time
Rise time
Turn-on time
Storage time
Fall time
Turn-off time
IC= 1.0mA, VCE=5.OV,
f=1.0kHz, T =250C
amb
IC= 10mA, VCE=5.0V,
=25°C

f=1.0kHz, T
amb

Mullard

Min.

50

20

25

Typ.

15
40
55
300
60
360

65

250

80
35

.85

Max.
- MHz
- ns
- ns
- ns
- ns
- ns
- ns
750 Q
5.0 x107*
80 #mho
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N-P-N SILICON PLANAR

EPITAXIAL TRANSISTORS

BFXs8e

BFX84
BFX85
BFX86

ELECTRICAL CHARACTERISTICS (Tj =250C unless otherwise stated)

I
CBO

EBO

FE

VeE(sat)

VBE {sat)

Te

Collector cut-off current

Vg =40V, 1,50
Vg0V, 1,
Vg =30V, I_=0
Vop=30Y, Iy

Emitter cut-off current
VEB=6.OV, Ic=0

VEB=5.0V, IC=O

V__=5.0V, 1_=0, Tj=10000

EB C

Static forward current

transfer ratio

I =10mA =10
c mA, V CE v

1,=150mA, V=10V

CE

= =10V
1,=500mA, V=108
1,=1.04, V=10V

Collector-emitter saturation

voltage

1,=10mA, I,=1.0mA
I,=150mA, 1,=15mA
1,=500mA, I =50mA
=1.0A
I,=1.04, 1

e &#

B 100mA

Base-emitter saturation

voltage

IC= 10mA, IB=1.0mA

1 _=150mA, 1_=15mA

C B
1,=500ma, I =50mA
1,=1.04, 1,=100mA

Collector capacitance
Vop =10V, 1,=1 =0,

f=1,0MHz

=0, T, =100%C

=0, T,= 100°¢c

Min.

50
70
30
15

Typ. Max.

10 500 nA
0.5 30 uA
2.0 50 nA
0.1 2.5 pA
10 500 nA
2.0 50 nA
0.1 2.5 nA
90 -

142 -

90 -

50 -
0.06 0.15 v
0.15 0.35 v
0.35 1.00 A%
0.66 1.60 v
0.69 1.2 v
0.92 1.3 v
1.15 1.5 v
1.40 2.0 v
7.0 12 pF

Mullard
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BFX86

ELECTRICAL CHARACTERISTICS (contd.)

Min. Typ. Max.

f Transition frequency

=50 =10
1,=50mA, V=10V,

f=35MHz, T =250C 50 185 - MHz
amb

Saturated switching times

IC =150mA, IB(on) = -IB(oft) =15mA,
—VEE =10V, _VBE(off) =2.0V

t d Delay time - 15 ~ ns
tr Rise time - 40 ~ ns
t Turn-on time - 55 ~ ns

on
tS Storage time - 300 - ns
tf Fall time - 60 - ns
t Turn-off time - 360 - ns

off
h~parameters
hfe IC=1.0mA, VCE=5.0V,

f=1.0kHz, T _, =25°C 20 65 -
amb

h, - 250 750 Q

ie 4

= = - . 0 x

hre IC 10mA, VCE 5,0V, 0.85 5.0 10
h f=1.0kHz, T =259 25 80 -

fe amb
h - 35 80 umho

oe

Mullard
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N-P-N SILICON PLANAR BFX84
EPITAXIAL TRANSISTORS BEX85

BFX86

MEASUREMENT OF SATURATED SWITCHING TIMES

Test circuit

-VeE =10V

Vv =20V

1.0ps CRO

IC=150mA’ I =15mA

=-T
Blom) " B(off)

“VBEGr) =20V

Switching waveforms
20v - ,

-Y-90%

Input

Output

Mullard
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OPERATING NOTES

Dissipation

1. Dissipation and heatsink considerations

a)

b)

Steady-state conditions

The maximum steady~statedissipation Pg is given by the relation-
ship:

~ T, max. - Tamb

Ps max. = R
th(j-amb)

Where T; max. is the maximum permissible operating junction
temperature,
Tamb is the ambient temperature,
Rth(j—amb) is thetotal thermal resistance between junction
and ambient.

Page 13 gives the maximum allowable steady - state dissipation
versus ambient temperature for the device mounted in free air
and with infinite heatsink.

Pulse conditions (rectangular pulses)

The maximum pulse power P, is given by the formula

P = (Tj max. - Tamb) ~ (Ps'Rth(j—amb))
+
p Rth(t) C‘'Rth(case—amb)

Where Py is the steady - state dissipation excluding that in the
pulses,
R’ch(t) is effective transient thermal resistance of thedevice
between junction and case, and is a function of the pulse
duration t, and duty cycle d,
d is the duty cycle, and is equal to the pulse durationt
divided by the periodic time T,
Rth(case—amb) is the total thermal resistancebetween case
and ambient and is equal to the difference between Ripyj-amb)
and the thermal resistance from junctionto case Rih (j-case)-

fem— T ] Duty cycle, d

[— .0

T
Pﬁ
y
7

Time

Mullard
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N-P-N SILICON PLANAR BFX84
EPITAXIAL TRANSISTORS BFX85

b)

c)

BFX86

Pulse conditions (rectangular pulses) (cont'd)
Example

The following example shows how to calculate the maximum
permissible peak dissipation of a BFX84 mounted in free air at a
temperature not exceeding 65°C . The steady-state dissipation under
the bottomed condition is 350mW, the pulse width is 1ms and the
duty cycle is 0.2.
The transient thermal resistance Rth(t) =15.5degC/W (page 13)
(200-65) - (0.35%220)
15.5+0.2(220-35)

135~717

15.5+37

= 1L.1W

P max. =
p

The peak pulse dissipation of 1.1W is therefore allowed provided
that the voltage and current ratings of thedevice are not exceeded.

Pulse conditions (other than rectangular)

For sinusoidal and irregular shaped waveforms, the power pulse
is converted to an equivalent rectangular pulse of the same average
and peak values, and treated as in the previous section.

Example

The following example illustrates how to find the maximum permis-
sible peak dissipation of a BFX84 operating in a class 'B' circuit
at 1kHz. Thedevice is mounted on a heatsink of thermal resistance
equal to 50degC/W and at an ambient temperature not exceeding
100°C. Assuming that the waveform is sinusoidal for half period
and zero for the other half.

Average of sinewave over half cycle = 2Pp/ T

Therefore equivalent rectangular pulse width of same amplitude
and average value

t=

2
T orx 103

/ =0.318ms

21
w

Duty cycle, d =

ERE

Mullard
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c) Pulse conditions (other than rectangular) (cont'd)

2 j2m _ 1
= = a0 - = = .31
Duty cycle, d w/ - 0.318

From page 13

Ry = 6.8degC/W (d=0)
Rth © = 35degC/W

=0, = -6.8) X 0. +6.
Rth(t) at d=0.318 = (35-6.8) X 0.318+6.8

= 15.8degC/W

_ (200-100) ~ 0

P max. =
P 15.8+0.318%50
100 _
st 3.15W

A peak power of 3.15W is therefore permissible provided that the
voltage and current ratings of the device are not exceeded.

SOLDERING AND WIRING RECOMMENDATIONS

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

2. Transistors may be dip-soldered at a solder temperature of 245°C for
a maximum soldering time of 5 seconds. The case temperature during
soldering must not at any time exceed the maximum storage temperature.
These recommendations apply to a transistor mounted flush on a board
having punched-through holes, or spaced at least 1.5mm above a board
having plated-through holes.

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

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

Mullard
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N-P-N SILICON PLANAR BFX84
EPITAXIAL TRANSISTORS BFX85

BFX86
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N-P-N SILICON PLANAR BFX84
EPITAXIAL TRANSISTORS BEX85

BFX86
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N-P-N SILICON PLANAR BFX84
EPITAXIAL TRANSISTORS BEX85

BFX86
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N-P-N SILICON PLANAR BFX84

EPITAXIAL TRANSISTORS BFX85
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N-P-N SILICON PLANAR BFX84
EPITAXIAL TRANSISTORS BEX85

BFX86
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N-P-N SILICON PLANAR BFX84
EPITAXIAL TRANSISTORS BEX85
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N-P-N SILICON PLANAR BFX84
EPITAXIAL TRANSISTORS BFX85

BFX86
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P-N-P SILICON PLANAR BFX87
EPITAXIAL TRANSISTORS BEX8S

For ratings, characteristics and mechanical
details see BFX29 data sheet
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N-P-N SILICON BFX89

PLANAR EPITAXIAL TRANSISTOR

N-P-N silicon planar epitaxial transistor designed for u.h.f. and v.h.f.
applications. It has extremely good noise and intermodulation propertics
and a very high power gain and transition frequency. It is therefore par-
ticularly suitable for wideband aerial and distribution amplifiers.

QUICK REFERENCE DATA

VCBOM max. {peak) 30 v
VCE() max. 15 \%
ICM max. (> LOMH?(A)) 50 mA
Ptot max. (Tamb525 C) 200 n?)W
Tj max. 200 C
fT typ. (IC:25mA, VCE; 5V, f=500MHz) 1.2 GHz
—Cre typ. (ICZZmA, VCH:SV, f= 1MH7) 0.6 pF
Niyp. I =2mA, V=10V, Z opt.) [ 200Mllz 3.3 dB

t—-800MH~ 7.0 dB

= 10V) f=200MHz 22 dB

G typ. (1.=8mA, V_
p ¢ CE f=800MHz 7.0 dB

=10
9 v,

d. ]:—SOdB, v.s.w.r.at output <2) f<200MHz 6.0 mW
" £=800MHz 6.0 mW

P . =
Otyp (IC 8mA, VC

OQUTLINE AND DIMENSIONS

Conforms to J.E,D.E.C. TO-72
B.S. 3934 SO-12A/5B4-3

For details see page 6

AT,
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RATINGS

Limiting values of operation according tu the absclute maximum system.

Electrical
. 0
VCBOM max. (peak) 3 v
- =
Vogry M2 (beak, R, =500, 1,=10m4) 30 v
VCEOmax. (IC=10mA) 15 v
VEBO max. 2.5 v
IC max. {d.c.) 25 mA
ICM max. (peak, f> I;VIHZ) 50 mA
P, max. (T, . =250C) 200 mw
Temperature
Ty TONEC -65 to +200 °c
T], max. 200 °
THERMAL CHARACTERISTICS
Rth(j—amb) in free air 0.88 degC/mW
Rth(j—case) 0.58 degC/mW

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

I Collector cut-off current
CBO
= =1 - - 1
IE 0, V CB 5V 0
v CEK Collector-emitter knee voltage
1_=20mA, I_=the value for
C B
Ic=22mAatVCE=1V - - 0.75
I
I
(mA) B
22 F——— === T
2ol !
| ]
i i
| ]
| {
' l
| i
| |
| |
! |
' !
VegK 1 VCE(V)
hFE Static forward current
transfer ratio
= = - 1
IC 2mA, VCE 1v 25 50
= = - 1
IC 25mA, VCE v 20 25

nA

Mullard
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N-P-N SILICON BFX89

PLANAR EPITAXIAL TRANSISTOR

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

fT *;rrin;rnn[i\on\ﬁreqi?i;:y f=500MHz - 1.0 - GHz
[ * "CE ’ i ’ :
Ic=25mA, VCE:SV,'fSSOOMHZ - 1.1 - GHz
o P o
£ le » Vop s 7% - - 1.7 pF
c Ve : PF
N *Noise figure
IC=2mA, VCEZEV,
f=200MHz, ZS:opt. - - 4.0 dB
{=500MHz, RS=50S2 - - 6.5 dB
f=800Mliz, Zszopt. - 7.0 - dB
G *Power gain {not neutralised)
b 1,=8mA, V=10V, [=200MHz 19 22 - dB
f=800MHz - 7.0 - dB

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

Intermodulation characteristics
P0 *Qutput power (see test circuits 1 and 2)

IC=8mA, VCE=10V, v.s.w.r, at output<2,

d_ =-30dB
im

f=200MHz, fp=202MHZ, fquO5MHZ,

f =208MHz (channel 9) - 6.0 - mw
(29-p)
f=800MHz, fp: 798MHz, fqi 802MHz,
f =806MHz (channel 62) - 6.0 - mw
(29-p)
dim Intermodulation distortion (sce test circuit 3)
I.= =6 =37.
o 8mA, VCE 6V, RL 37.5%,

VO: 100mV at fp: 183MHz
V =100mV at f =200MHz
o q

f =217TMHz - -40 - dB
(29-p)

| Mullard
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ELECTRICAL CHARACTERISTICS (cont'd)

TEST CIRCUIT 1 - OUTPUT POWER TEST CIRCUIT (f=200MHz)
u
L2 L3 L& 22pF
12pF_ g
F
Rg=50. 304,
& —,
- . +
15nF 24y
& nF =~ im =T 15nF o
Ll = 3 turns of 1.4mm silver plated copper wire, winding pitch 2. 7mm,
int. dia. 8mm, taps 1.5 and 0.5 turns from earth.
L2 = 5.5 turns of 1.4mm silver plated copper wire, winding pitch 2.2mm,
int. dia. 8mm.
L3 = 3 turns of 1.4mm silver plated copper wire, winding pitch 3.3mm,
int. dia. 8mm,
I4 = 5.5 turns of 1.4mm silver plated copper wire, winding pitch 2.2mm,

int. dia. 11lmm.
ADJUSTMENT OF TEST CIRCUIT
Technical considerations

Intermodulation distortion is caused by clipping in h.f. output current and
voltage.
The maximum undistorted output power is attained when

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

Bioad =~ Vor ™ Ve e

Where Vce is the high frequency knee voltage

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

Cload Coe
Where C,e is the output capacitance of the transistor with short-cir-
cuited input.

Experimentally obtained values of Rjpaq and Cigaq, for maximum output
power at an intermodulation factor of -30dB, .are:

=1kQ, C, . =-1.8pF

Rload load

Procedure

1. Removethetransistor and connect adummy, consisting of a 2208 resistor
in parallel with a 5.6pF capacitor, between the collector and the emitter
connections of the output circuit.

2. Tune and match the output circuit for zero reflection at 205MHz (i.e.
v.s.w.r.=1). After this adjustment no further change should be made
in the output circuit.

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

Mullard
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N-P-N SILICON BFX89

PLANAR EPITAXIAL TRANSISTOR

ELECTRICAL CHARACTERISTICS (cont'd)
TEST CIRCUIT 2 - OUTPUT POWER TEST CIRCUIT (f=800MHz)

13 470pfi‘
coupling link BFX89 1
% ;‘ 220pF
12pF i
-1,./ -:2
- A 504L
, gl | g T2pr Mi2or
Rg=5041 3 P P
S Lt Ll a2 | 3 3
470pF| 2
12pF

. I 1 ,’J+
z 150F A AAAS T 150F Q/_Z‘bV

I

L1 24 X 6x0.5mm silver plated copper strip, input tap at 5mm from earth.

L2 = 15x6x0.5mm silver plated copper strip.

L3 = 20x8x0.5mm silver plated copper strip.

14 = 4 turnsof 0.5mm enamelled copper wire, winding pitch 1.5mm, int.
dia. 4mm.

Coupling link = 42mm of 1mm silver plated copper wire.

ADJUSTMENT OF TEST CIRCUIT

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

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

The output circuit is then tuned to eliminate clipping.

The output power PO is given by

P =1 (Vg ~ Vo) /2 = 35mW

Where Vce is the high frequency knee voltage

k
Keeping the input signal as small as possible at P, = 35mW, the output
circuit is adjusted for minimum intermodulation. The input circuit is then
adjusted for maximum gain and good bandpass curve. The v.s.w.r. is
found to be =2 over the whole channel.

Mullard
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ELECTRICAL CHARACTERISTICS (cont'd)
TEST CIRCUIT 3 - INTERMODULATION DISTORTION TEST CIRCUIT

680pF
BFX89 i ,
680pF
——-—»R
gl d] g
Rs= o | & 819 PF
son g | %
o T
10nF ! F
+ OF s r134v
- +5V
RO

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.
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.

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

seal.

. Ifdevices are stored at temperatures above 100°C before incorporation

into equipment, some deterioration of the external surface is likely to
occur which may make soldering into the circuit difficult. Under these
circumstances the leads should be retinned using a suitable activated
flux.

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

Millimetres

Min. Nom. Max.
A - - 4.8
B - - 5.3
C 12.7 - -
D - 0.43 -
E - 1.0 -
F - 1.05 -
G - 2.54 -
H .3 5.55 5.8
Connections
1. Emitter 3. Collector
2. Base 4, Shield connected

to envelope

Viewed from underside

Mullard
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N-P-N SILICON BFX89

PLANAR EPITAXIAL TRANSISTOR
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N-P-N SILICON PLANAR BFY50
EPITAXIAL TRANSISTORS BFY5|

BFY52

Also available to BS9365—F012

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

to can.
QUICK REFERENCE DATA
BFYS50 BFYS51 BFY562
VCBO max. 80 60 40 v
VCEO max. 35 30 20 v
IcMmaX. . 1.0 1.0 1.0 A
P, max. T =25 C 800 800 800 mw
tot amb
T  =100C 2.86  2.86  2.86 W
case
h__ (I.=150mA, V_,_=10V) min. 30 40 60
FE "C CE typ. 112 123 142
fT min. (IC: 50mA, VCE: 10\2,
f=35MHz, T =25 C) 50 50 50 MHz
amb

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

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

Millimetres
Min. Nom. Max.
A 9.10 - 9.40
B 8.20 - 8.50
C 6.10 - 6.60
D - 5.08 -
E 0.71 - 0.86
Fl - - 0.51
r2 12.17 - -
F3 38.1 - 41.3
G1 - - 1.01
G2 0.41 - 0.48
G3 - - 0.53
The collector is electrically H - 0.4 -
connected to the envelope 0.74 _ 1.0

Mullard
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BFY50

ELECTRICAL CHARACTERISTICS (contd.)

f Transition frequency
Ic =50mA, VCE =10V,

f=35MHz, T =25°C
amb

Saturated switching times

IC =150mA, IB(on) = _IB(off) =15mA,
- = J o= =
VEE 10v, vBE(off) 2.0V
t d Delay time
t Rise time
r
t Turn-on time
on
ts Storage time
t:f Fall time
t Turn-off time
off

h-parameters

hfe IC=1.0mA, Vog=5-0V,

f=1.0kHz, T =25°C
amb

h,

1e

hre IczlomA, Vep=5.0V,

h f=1.0kHz, T =25°C

fe amb

h

oe

Mullard

60

10

15

Typ. Max.

140

15
40
55
300
60
360

65

250

80
35

MHz

ns
ns
ns
ns
ns

ns

X10

umho
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N-P-N SILICON PLANAR

EPITAXIAL TRANSISTORS

BFY51

BFY50
BFY5I
BFY52

ELECTRICAL CHARACTERISTICS (Tj =2500 unless otherwise stated)
Typ.

CBO

IeBo

FE

VCE(sat)

v

BE(sat)

Te

Collector cut-off current

Vp=60V, I,=0
Ves™

VCB=40V, IE=O

VCB=4OV, IE
Emitter cut-off current
VEB=6.0V, IC=0

VEB=5.OV, lc=0

V__=5.0V, I

EB C

Static forward current
transfer ratio

1,=10mA, V=10V

IC =150mA, VCE= 10V

IC=500mA, VCE= 10v

IC=1.0A, VCE=10V

Collector-emitter saturation

voltage

IC =10maA, IB= 1.0mA
IC =150mA, I_=15mA
=50mA

100mA

IC =500mA, 1

IC=1.OA, IB

Tw W

Base-emitter saturation

voltage

=10 =1.
Ic maA, IB 1.0mA

IC =150mA, IB= 15mA

IC =500mA, IB= 50mA

=1. =100
IC 0A, IB 00mA
Collector capacitance

=10 =] =
VCB v, IE Ie 0,

f=1.0MHz

60V, I_=0, T.=100°C
E j

=0, T,= 100°c

=0, T;= 100°¢

Mullard

Min.

30
40
25

10

0.
2.
0.

10

5
0
1

2.0
0.1

85
123
79
40

o o © ©

== o O

.06
.15
.35
.66

.69
.92
.15
.40

Max.

500 nA
30 HA
50 nA

2.5 HA

500 nA

50 nA
2.5 HA
0.15 v
0.35 v
1.00 v
1.60 v
1.2 v
1.3 \
1.5 v
2.0 A

12 pF
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BFY51

ELECTRICAL CHARACTERISTICS (contd.)

Min. Typ. Max.
fT Transition frequency
IC =50mA, VCE: 10V,
f=35MHz, T =25°C 50 160 - MHz
amb
Saturated switching times
= = =1
Ic 150mA, IB(on) IB(off) 5mA,
—VEE =10V, —VBE(off) =2.0V
td Delay time - 15 - ns
tr Rise time - 40 ~ ns
t Turn-~on time - 55 - ns
on
tS Storage time - 300 - ns
tf Fall time - 60 - ns
t Turn-off time - 360 - ns
off
h-parameters
hfe IC=1.0mA, VCE=5.0V,
f=1.0kHz, T =25°C 20 65 -
amb
h, - 250 750 Q
ie 4
= =5. - .85 . X
hre IC 10mA, VCE 5.0V, 0.8 5.0 10
h f=1.0kHz, T =25°C 25 80 -
fe amb
h - 35 80 ¢mho
oe

Mullard

BFYS0-Page 6




N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS

BFY52

BFY50
BFYSI

BFY52

ELECTRICAL CHARACTERISTICS (Tj=2500 unless otherwise stated)

ICBO

IEBO

h
FE

v

CE(sat)

VBE(sat)

Tec

Min. Typ. Max.

Collector cut-off current

Vop=40V, 1,0 - 10 500
V=40V, 1,50, Tj=1000C - 0.5 30
V=30V, 1.0 L 2.0 50
VpT30V, 1570, T,=100°C - 0.1 2.

Emitter cut-off current

VEB=6.0V, IC:O - 10 500
VEB=5.0V, IC:O . - 2.0 50

=5, = =1 - . 2.
VEB 5.0V, IC 0, Tj 00°C 0.1 2

Static forward current
transfer ratio

I,=10mA, V=10V 30 90 -
Ic=150mA, Vg1V 60 142 -
1,=500mA, Vo =10V 30 90 -
1,=1.04, V=10V 15 50 -

Collector-emitter saturation
voltage

IC=10mA, IB=1.0mA - 0.06 0.
Ic=150mA, IB= 15mA - 0.15 0.
IC=500mA, IB=50mA - 0.35 1.
IC=1.0A, IB=100mA - 0.66 1.
Base-emitter saturation

voltage

IC=10mA, IB=1.0mA - 0.69
IC=150mA, IB=15mA - 0.92
Ic=500mA, IB=50mA - 1.15
IC=1.OA, IB=100mA - 1.40
Collector capacitance

VCB=10V, IE=Ie=0,

f=1.0MHz - 7.0 12

I

15
35
00
60

(=T 51 BV \S )

nA
LA
nA
HA

nA
nA
HA

< < < <

< < < <

Mullard
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BFY52

ELECTRICAL CHARACTERISTICS (contd.)

f, Transition frequency
= =10V,
I c 50mA, V CE ov

f=35MHz, T . =25°C
amb

Saturated switching times

IC =150mA, IB(on) = _IB(off) =15mA,
- =1 - =9,
VEE ov, VBE(off) 2.0V
td Delay time
t Rise time
T
t Turn-on time
on
tS Storage time
tf Fall time
t Turn-off time
off
h-parameters
hfe IC=1.OmA, VCE=5.OV,
f=1.0kHz, T =25°C
amb
h,
ie
=1 =5.
hre IC OmA, VCE 5.0V,
h f=1.0kHz, T __ =25°C
fe amb
h
oe

Mullard

Min.

50

20

25

15
40
55
300
60
360

65

250

80
35

80 umho
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N-P-N SILICON PLANAR BFY50
EPITAXIAL TRANSISTORS BFY51

BFY52

MEASUREMENT OF SATURATED SWITCHING TIMES

Test circuit

- VEE =10V

Vv =20V
10ps CRO

IC-‘15OmA, I =15mA

-
Blon)” "~ Bloff)

“Vag(otn ~ 20V

Switching waveforms

- -90%%

Input

Output

Mullard
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OPERATING NOTES

1. Dissipation and heatsink considerations

Dissipation

a)

b)

Steady-state conditions

The maximum steady-state dissipation Pg is given by the relation-
ship:
T, max, - T
amb
Ps max. = R
th(j~amb)

Where T; max. is the maximum permissible operating junction
temperature,
Tamb is the ambient temperature,
Rth(j—amb) is thetotal thermal resistance between junction
and ambient.

Page 13 gives the maximum allowable steady-state dissipation
versus ambient temperature for the device mounted in free air
and with infinite heatsink.

Pulse conditions (rectangular pulses)

The maximum pulse power Pp is given by the formula

~ (TLmax. - Tamb) —(PS.R )

p = th(j—amb)
p By 4 Bin(case-amb)

Where Py is the steady - state dissipation excluding that in the
pulses,
Rin(t) is effective transient thermal resistance of thedevice
between junction and case, and is a function of the pulse
duration t, and duty cycle d,
d is the duty cycle, and is equal to the pulse duration t
divided by the periodic time T,
Rth(cas e-amb) 1S thetotal thermal resistance between case
and ambient and is equal to the difference between Ry, (Famb)
and the thermal resistance from junctionto case Ry, (j-casey

e T —— Duty cycle, d
=1
T

\

P

#
7
<

Mullard
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N-P-N SILICON PLANAR BFY50
EPITAXIAL TRANSISTORS BFYS|

b)

c)

BFY52

Pulse conditions (rectangular pulses) (cont'd)
Example

The following example shows how to calculate the maximum
permissible peak dissipation of 2 BFY50 mounted in free air at a
temperature not exceeding 65°C . The steady-state dissipation under
the bottomed condition is 350mW, the pulse width is 1ms and the
duty cycle is 0.2,
The transient thermal resistance Rth ® =15.5degC/W (page 13)
. {200-65) -~ (0.35%220)

15.5%+0.2(220-35)

_135-17
15.5+37

=1.1W

P max.
p

The peak pulse dissipation of 1.1W is therefore allowed provided
that the voltage and current ratings of thedevice are not exceeded.

Pulse conditions (other than rectangular)

For sinusoidal and irregular shaped waveforms, the power pulse
is converted to an equivalent rectangular pulse of the same average
and peak values, and treated as in the previous section.

Example

The following example illustrates how to find the maximum permis-
sible peak dissipation of a BFY52 operating in a class 'B' circuit
at 1kHz. Thedevice is mounted on a heatsink of thermal resistance
equal to 50degC/W and at an ambient temperature not exceeding
100°C. Assuming that the waveform is sinusoidal for half period
and zero for the other half.

Average of sinewave over half cycle = ZPp/ T

Therefore equivalent rectangular pulse width of same amplitude
and average value

[
1
e I

2w 10°
0.318ms

~

2n
w

Duty cycle, d =%

Mullard
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c) Pulse conditions {other than rectangular) (cont'd)

-2 [2mr_1_
Dutycycle,d—w/w p 0.318

From page 13

Ring) = 6.8degC/W (d=0)
Rens) = 35degC/W

= = (35-6.8) X 0.318+6.
Ryp ) 8t 4=0-318 = (35-6.8) X 0.318+6..8

= 15.8degC/W
P max, = {200 -100) - 0
p "7 15.8+0,318%50
_ 100 _
317 = 3.15W

A peak power of 3.15W is therefore permissible provided that the
voltage and current ratings of the device are not exceeded.

SOLDERING AND WIRING RECOMMENDATIONS

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

2. Transistors may be dip~soldered at a solder temperature of 245°C for
a maximum soldering time of 5 seconds. The case temperature during
soldering must not at any time exceed the maximum storage temperature.
These recommendations apply to a transistor mounted flush on a board
having punched-through holes, or spaced at least 1.5mm above a board
having plated-through holes.

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

4. If devices are stored at temperatures above 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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N-P-N SILICON PLANAR BFY50
EPITAXIAL TRANSISTORS BEY5|

BFY52

Ptot BFYS0 B8931
max BFY51
(W) BFY52
T
C T
i
i . i
J :
40— V‘ 1 ‘9!‘4 ]
it I c/s
1 C,
T TTIN s,
TN i
INNRNEREE \?s
g: Parmissible area TN %,
{ of operation. (o)
2:0 f T T s
[ 1 1[ ™1
CO i
Rin(j
~q
' [-i_leb)’22O deg C/w
o] T '
o 50 100 150 200 Tamp(°C)

MAXIMUM TOTAL DISSIPATION PLOTTED AGAINST
AMBIENT TEMPERATURE

h

Rin(t) H 1 BFYS0 = ! & aag3z
(deg C/wW) js— ; - . ; J;g;$gé EL—J:
11} T I ]
i \ a o -
B 100H—==—; s : \ -t [ Hﬁle
g | SSatk S ARk == £
L [Edeto] LT LT Rth(s) ] i il i
:E (;g I T T T .e “ ‘T m———mnas
2 =° = H— Ren(to)il— 1 | 011 |
. et = | £
¥ 105 = T Ll [ = Lo
£ E e e+ =
Q H I 1 1T T g
3 (RO il it i==chi=s il j
14 1 T ——t=t: =
; F— da| || EL 1R
£ jof 4. L 0 I
T T T T
: = R iflie:
— il T1IT
T —{Rth(t) = (Reh)-Ren(to) ) d+Reh(to) L
@ Rin(s) =steady stote thermal resistance with d=10
§ Rih(to)= transient thermal resistance with d=0 L I ' l m
f& | SN S S S SENU S Sl S S S S S S S S A 37
16* 1’ 6° 16 10 10 10?

Pulse duration t(s)
TRANSIENT THERMAL RESISTANCE FOR VARIOUS DUTY FACTORS
PLOTTED AGAINST PULSE DURATION
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N-P-N SILICON PLANAR BFY50
EPITAXIAL TRANSISTORS BEY5|

BFY52
100F - - N BFYS0 |- - - - B8936
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTOR BFY53

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

QUICK REFERENCE DATA

VCBO max. 40 A%
VCEO max. 20 \%
ICM max. . 1.0 A
Ptot max. (Tamb<_25 C) 800 mw
(T <25°0) 5.0 w
case~
hpg Uo=150mA, V- =10V) min. 30
typ. 15
fT min. (IC:GOmA, VCE:NV,
f=35MHz, T. , =25°C) 50 MHz
amb

OUTLINE AND DIMENSIONS

Conforms to BS3934 SO-3/SB3-3A
J.E.D,E,C, TO-5

Millimetres

Min. Nom. Max.
A 9.1 - 9.4
B 8.2 - 8.5
C 6.1 - 6.6
D - 5.08 -
E 0.71 - 0.86
F1 - - 0.51
F2 12.7 - -
F3 38.1 - 41.3
Gl - - 1.01
G2 0.41 - 0.48
G3 - - 0.53
H 0.3 - 0.8
Collector connected to can J 0.74 - 1.0

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical

VCBO max.

v max, (cut-off, I C<_ 1mA)

CE

VCEO max.

VEBO max.

Ic max.

ICM max.

-IE max.

_IEM max.

I'B max.

iLBM max. .
P, max. (Tambi 25 C)

tot °
(T <25 °C)
case—

Temperature
Tstg range
Tj max.

THERMAL CHARACTERISTICS

R1:h(j -amb)
R. .
th(j—-case)

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

I Collector cut-off current

CBO - -
VCB 40V, IE =0

C
VCB=3OV, IE=0

C E

I Emitter cut-off current

EBO _ -
VEB 6.0V, IC—O

VEB=5.0V, IC=0

v __=5.0V, 1,=0, Tj=1OOOC

EB C

= = = o
Vp=40V, Ig=0, T,=100°C

_ _ _ (o)
v B—SOV, 1.=0, Tj—100 C

40 v
40 v
20 v
6.0 A
1.0 A
1.0 A
1.0 A
1.0 A
100 mA
100 mA
800 mw
5.0 w
-85 to +200 °c

200 ©
220 degC/W
35 degC/W

Min. Typ. Max.

- 10 500 nA
- 0.5 30 uA
- 2.0 50 nA
- 0.1 2.5 uA
- 10 500 nA
- 2.0 50 nA
- 0.1 2.5  pA

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTOR

ELECTRICAL CHARACTERISTICS (contd.)

Min. Typ.
h Static forward current
FE .
transfer ratio
IC=10mA, VCE=10V 20 55
Ic=150mA, VCE=10V 30 75
Ic=500mA, VCE=10V 18 50
=1. = Q
IC 0A, VCE 10v 1 35
1 -emitt i
VCE(sat) Collector-emitter saturation
voltage
IC=10mA, IB=1.OmA - 0.06
Ic=150mA, IB=15mA - 0.15
IC=500mA, IB=50mA - 0.35
=1, = - .
IC 04, IB 100mA 0.66
\% Base-emitter saturation voltage
BE(sat) I.=10mA, I_=1.0mA - 0.69
C B
=1 = - i
IC 50mA, IB 15mA 0.92
=50 =5 - 1.15
Ic 0mA, IB O0mA
=1. =1 - .
IC 1.0A, IB 00mA 1.40
CTc Collector capacitance
VCB=10V, IE:Iezo,
f=1.0MHz - 7.0
fT Transition frequency
IC=50mA, VCE: 10V,
f=35MHz, T =25°C 50 140
amb
hfe Small signal forward current
transfer ratio
=1, =5.
IC OmA, VCE 5.0V,
f=1.0kHz, T __ =25°C 10 70
amb

BFY53

Max

0.15 v
0.35 v
1.00 v
2.00 A%
1.2 v
1.3 \%
1.5 A%
2.0 \%
12 pF
- MHz

Mullard
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SOLDERING AND WIRING RECOMMENDATIONS

1. When using a solderingiron,transistors maybe soldered directly into the circuit,

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

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

mum soldering time of 5 seconds. The case temperature during soldering must
not at any time exceed the maximum storage temperature. These recommendations
apply to a transistor mounted flush on a board having punched-through holes, or
spaced at least 1.5mm above a board having plated-through holes.

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

. If devices are stored at temperatures above 100°C before incorporation into

equipment, some deterioration of the external surface is likely to occur which
may make soldering into the circuit difficult. Under these circumstances the
leads should be retinned using a suitable activated flux.

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTOR BFY53
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTOR BFY53

1-0 BFYS53 D1243

111

Tj=25°C

(A) Tg=25mA

11

L~ 20mA
— Typical curves

0-5

\\
\
\

S-0mA

2:0mA
0 1-0mA

0 0-5 1-0 1-5 20 Vee (V)

1-0 BFY53 Lt Ig= 25mA D1244

P Typical curves

0 5-0 10 15 20 Veg (V)
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTOR BFY53
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N-P-N SILICON PLANAR BFY53
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SILICON PLANAR EPITAXIAL
N-P-N TRANSISTOR

BFY90

N-P-N silicon planar epitaxial transistor featuring low noise, low inter-
modulation distortion and a high transition frequency. Intended for military
and industrial applications.

QUICK REFERENCE DATA
Voo ™a% 30 v
VCEO max., 15 v
ICM max, . 50 mA
P, , max. (T, =25 C) 200 mW
T, max. 200 %
i min, IC=2.OmA, VCE=5.OV 1,0 Ge/s
1,=25mA, V. =5.0V 1.3 Ge/s
- MaX. IC=2.OmA, f=1.0Mc/s 0.8 pF
Max. noise figure, IC=2.0mA, f=500Mc/s 5,0 dB
OUTLINE AND DIMENSIONS
Conforming to B.S. 3934 SO-12A/SB4-3
J.E.D.E.C. TO-72
['—AT Millimetres
Min. Nom. Max.
A - - 4.8
B - - 5,33
C 12.7 - -
D - - 0,48
E - - 1,17
F - - 1,186
G - 2,54 -
H - - 5.83

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

Electrical

v max, (IE =0)

CBO

v max. (IB=0, IC=10mA)

CEO

V. max. (IC=0)

EBO

I max.

oM
I
C(AV)

P, , max. (T

tot

_ [}
amb 2> ©)

Temperature

T max.

stg

T min,

stg
Tj max.

THERMAL CHARACTERISTICS

J

O,
j-case

6‘-a_mb (in free air)

max. (averaged over any 100us period)

30
15
2.5
50
25
200

200

200

absolute maximum system.

2EE 44

Q a a

0.88  degC/mW
0.58  degC/mwW

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

CBO
CES

FE

th

te

Collector cut~off current
VCB=15V, IE =0

VCE=15V, VBE=O

Base current
—IE=2.0mA, VCB=0
-IE =25mA, VCB=0

Static forward current

transfer ratio
IC=2. OmA, VCE=1. ov

IC=25mA, VCE=1.0V

Transition frequencyt
IC=2. OmA., VCE=5.0V

IC=25mA, VCE =5.0V

Collector capacitance**

Min,

13,2*
200*

25
20

1.0
1.3

vV .. =10V,I_ =1 =0, f=1,0Mc/s-
E e

CB
Emitter capacitance
VEB=0.5V, IC=IC=O,
f=1,0Mc/s

Typ. Max.

- 10*

|3

[

Ge/s
Ge/s

pF

pF

Mullard
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SILICON PLANAR EPITAXIAL
N-P-N TRANSISTOR BFY90

Min, Typ. Max.

VCEO(sust) Collector-emitter sustaining
voltage

=1 =0 15 - - v
[C OmA, IB

“Ce Feedback capacitance

=2,0mA, V
IC CE

f=1.0Mec/s - - 0.8 pF

=5.0V,

Feedback time constant?

—IE =2,0mA, VCB=5.0V,

£=10.7Mc/s 2.0 - 12 ps
NF Noise figureT, IC =2,0mA,

Tob' “bre

VCE =5.0V
f=100ke/s, optimum Rs - - 4.0
f=200Mc/s, optimum Z - - 3.5

f=500Mc/s, RS=5osz - - 5,0

E 6B

Intermodulation distortion

m (See fig, 1)

I =14mA, V . =6.0V,
f=217Mc/s
V_=100mV, R =37.50
£ =183Mc/s, f2=200Mc/s - -53 - dB
P Output poweri (See fig. 2)
1,=22.5mA, V
Pi=25mW

CE =13,5V,

f=500Mc/s, T _ =25°C 175 - - W
case

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

TShield lead grounded.
**Shield lead not connected

fCare must be taken to reduce steady state current when no h.f, signal is
applied.

Mullard
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Small signal y-parameters

Iy =2,0mA, VCE =50V, £=500Mc/s
Min, Typ. Max.,
8o Input conductance - 16 - mmbho
ie Input capacitance - 3.75 - pF
|yre| Feedback admittance - 1.55 ~ mmbho
¢re Phase angle of Yre - 258 - deg
lyfel Forward transfer admittance - 45 - mmbho
[7,] o Phase angle of Ve - 285 - deg
oo Output conductance - 0.19 - mmho
06 Output capacitance - 1.9 - pF
GUM 1;/[;1{1 unilateralised power
Iy | 2
10 log iz
iegoe
IC=2.0mA, VCE =5,0V,
£=500Mc/s - 22 - dB

INTERMODULATION DISTORTION TEST CIRCUIT

BFY90 680pF
680pF 750
50N
v, 500 47 43 4700 90 v,
kL ko
~ L 1
1+OnF T
\d ——0 +24V
820N (-IE=14mA)
85743 < -
Fig. 1.

Mullard
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SILICON PLANAR EPITAXIAL
N-P-N TRANSISTOR BFY90

CIRCUIT FOR MEASUREMENT OF THE OUTPUT POWER

12pF Y - 2 — Y 500
seao—{F ¢ (77T @r
e, L k-
<, e Ca Yo
12nF 12pF
T T 12pF
o } T S
100N 3300 i
1000 100pF T §L5
10kN l
° e ? B5744]
Fig. 2.
C1 =16pF air-gap trimmer Ll =copper strip 20X4x1,5mm
02,03,C4=6pF ceramic trimmer LZ’L =10 turns of 0. Tmm
en, copper wire, dia=4mm
L, =1 turn of 1mm copper wire,
dia =8mm
L,,L_=1lturnof lmm copper wire
4’75
dia=Tmm
B5745 ‘Qn

sl
AT

6.0mm

|
T,
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SOLDERING AND WIRING RECOMMENDATIONS

1.

N
.

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 must not at any time exceed the maximum storage tem-
perature. These recommendations apply to a transistor mounted flush
on a board having punched-through holes, or spaced at least 1,5mm
above a board having plated-through holes.

. 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 retinned using a suitable activated flux.

Mullard
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SILICON PLANAR EPITAXIAL

N-P-N TRANSISTOR

TYPICAL OUTPUT CHARACTERISTICS
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SILICON PLANAR EPITAXIAL
N-P-N TRANSISTOR BFY90

Icso || 85724 BFY90 F
(nA) 5' T [ VCB=30V mE
: V4N
) 15\/[
18 L dill
100 E=ES ' | BEE
! j 5.0V
5 ! | .l
Q I
4
/ /
10 ”/ / /
7 y 4
. / J |
3 i ‘ "‘ ‘ ‘ 7
Y, /' i
| /' |
10 H / ’/
7:
: .
? /
01 / ;
7] J !
| i SmmE: ] L
[T I 17
T 1 1Tt
‘ 0-01
i : ] ‘ ‘ ; = \ :
0001 :| ]l‘l‘; \ \ AEAEREAREENEEE M ‘
‘ 0 50 100 150 200 T;(*C)

TYPICAL VARIATION OF COLLECTOR CUT-OFF CURRENT
! WITH JUNCTION TEMPERATURE

Mullard

BFY90 Page 9



10 t 1<
ﬁ “\E
5 =
a :"’HU
[ 1
- 1]e
E e
F x e
o a4 e~
- b3 2HEHA
)
i I l ]
' ™
Q 3o / / ]
2% & / / 1
w w n ]}
@ | 0 / |
- 1 @
g y, E
- J «r
- l 3
- kI
i / l llo
3 t +1 2
- ll :
F \ 1 ™
- o
_ \ e,
| nul
o
I g g

STATIC FORWARD CURRENT TRANSFER RATIO
PLOTTED AGAINST COLLECTOR CURRENT

Mullard

BFY90 Page 10



SILICON PLANAR EPITAXIAL
N-P-N TRANSISTOR BFY90
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SILICON PLANAR EPITAXIAL
N-P-N TRANSISTOR BFY90

T T T T

g : 3
P~ U
& i N i¢
N -
o
o
< R=
1o

T 11 E

i :

s
g © o E
FHo o %

‘dL] [ n 8 ]
o ww 1o
SV W0 g~
o
/ 15
EO

L
A is
re 1o
A o 0 s} Q o®
Z 0 (3 - O

TYPICAL NOISE FIGURE PLOTTED AGAINST FREQUENCY
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SILICON PLANAR EPITAXIAL
N-P-N TRANSISTOR

BFY90
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SILICON PLANAR EPITAXIAL
N-P-N TRANSISTOR BFY90

Vo] [ BFYSO
{mmho) T

TYPICAL FORWARD TRANSFER ADMITTANCE PLOTTED AGAINST
COLLECTOR CURRENT AND FREQUENCY
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U.H.F. POWER BGY22
AMPLIFIER MODULES BGY22A

TENTATIVE DATA

Broadband u.h.f. amplifier modules primarily designed for mobile applications
operating directly from 12V vehicle electrical systems. The modules will produce
2.5W output into a 502 load over the bands 380-512MHz (BGY22), and 420-480MHz

(BGY22A).
QUICK REFERENCE DATA
Type Mode Freq. v P P n Matched input
range cC b L and output Z
(MHz) V) (mW) (W) %) (2)
BGY22 f.m. 380-512 13.5 50 2,5 min. | 40 min, 50
BGY22 f. m. 380-512 13.5 50 2.9 typ. | 50 typ. 50
BGY22A f.m. 420-480 12.5 50 2.5 min, | *40 min. 50

Mechanical details
on page 10.

DCsupply

D£5233

+ve D.C.supply
O

I
%

RF. output

o

R.Finput

-J— Flange
-O

(-ve supply terminal)

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
VCC max. D.C. voltage - supply terminal to flange 18 v
in maX. D.C. voltage - input terminal to flange *25 v
Vout max, D.C. voltage - output terminal to flange 25 v
Iin max. D.C. supply terminal current 800 mA
PD max. Vcc =13.5V, ZL = 509 150 mW
D5234 D5235
EEEREE I
HENEEEERREE
P P, for fault condition
L P_nom. L
(W) P for normal operation (W)
4.0 4.0
~ V
Pl Y-S,
N ": W'R=50;, 7 7
3.0 30 Y SWp_ <J0°c
™ R~50 17 = T
F—C -
B
20 20 -
1.0 1.0
O0 50 T.(°C) 100 o‘IO 1 12
. | By Ve
Ppnom. Vgenom.
Where PL nom = PL at VCC = 13.5V, ZL = 50Q (BGY22),
and PL nom = PL at VCC =12.5V, ZL = 50Q (BGY22A).

Mullard
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U.H.F. POWER BGY22
AMPLIFIER MODULES BGY22A

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

h
Reference planes at RF input and output terminals are lmm from the plastic encap-
sulation.

Frequency range 380 - 512MHz, VCC =13.5V (BGY22)
Frequency range 420 - 480MHz, VCC = 12.5V (BGY22A)

Min, Typ. Max.

IQ Quiescent current

PD =0 4.0 - 12 mA
PL Load power .

PD = 50mwW 2.5 - 3.5 w
m Efficiency

PD = 50mW 40 - R 7,
. Module current
in

PD = 50mW - 475 _ mA

Harmonic content
PD = 50mwW Any harmonic is at least 20dB

down relative to carrier

Input V.S. W, R. with respect to 508

PD = 50mwW - - 2:1
Temperature coefficient of Py
Py = 50mW, T, =25 to 70°C - -10 - mw/%
Stability
Ve = 10.5 to 15V, Pp = 10mW to 100mW
Ty, = =40 to +90°C
Output load V.S.W,R, =3:1, all phases No instabilities
Output load V.S, W.R, =10; 1, all phases No appreciable
instabilities
THERMAL CHARACTERISTICS
Tyrg TN -40 to +100 °c
Th range -40to +90 °c

Mullard

BGY22-Page 3



a
(W)

40

3.0

20

Mullard

D5236 D5237
]
i
Typical curves Typica! curves
B, = 50mW R Voo =135V
(W) 1, =25°C
° h —
T, =25°C
40
faneet e DD =
N 100mM
Vee= 30 T
158V - N T
- 135V = 50mW|
125V q
20
20mwW
10
0
400 450 500 | f(MHz) 400 450 500 | f(MHz)
380 420 480. 512 380 420 480 512
05238
T T I
IS SaEEE AR ENEN
:__*_7_)‘”» Typiclul clurlveLsT‘ TI i ‘ l
T T
o Vee= 135V T
) |- ce AREREN
T, = 25°C _%_Tﬁ
'} T | i
60 . i
T T
et T gos
T
| ™ 1 N
50 H \\ | 1 I
R . h [ 1T ]
B Pp =
L | H 50mwW
A 4 o 100mW
401 N20mwW
’Hﬂ TIT T “*H’F
T Tt
[ - IEENERRN R
MEa r m
jﬁHi 1]
S LI T
l 400 | 450 Soo‘f(MHz
380 420 480 512

BGY22-Page 4



U.H.F. POWER BGY22
AMPLIFIER MODULES BGY22A

APPLICATION INFORMATION
R. F. performance in c.w. operation, Th = 25°%.

Drive source and Load Impedance = 50%.

Type f::gclé Ve =) P m
(MHz) \%] (mW) (W) %)
BGY22 | 380-512 | 15 50 | 3.5 typ. | 47 typ.
BGY22 | 380-512 | 13.5 50 | 2.5min. | 40 min.
BGY22 | 380-512 | 13.5 50 |2.9typ. | 47 typ.
BGY22 | 380-512 | 12.5 50 |2.5typ. | 47 typ.
BGY22A | 420-480 | 12.5 50 | 2.5 min. | 40 min.

The modules are designed to withstand full load mismatch under the following con=

ditions,
_ o0
PD -PDnom+20%, Th— 70°C,
VCC =16.5V (BGY22)
=15. 2
VCC 15.0V (BGY22A)

V.S.W.R. =50:1 at any phase

where PD nom = PD for 2. 5W module output under nominal conditions.

Mullard
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APPLICATION INFORMATION (Cont' d)
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TYPICAL VARIATION OF INPUT IMPEDANCE WITH FREQUENCY*
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BGY22

U.H.F. POWER
AMPLIFIER MODULES BGY22A

APPLICATION INFORMATION (Cont' d}
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APPLICATION INFORMATION (Cont' d)
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BGY22

U.H.F. POWER
AMPLIFIER MODULES BGY22A

APPLICATION INFORMATION (Cont'd)
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TYPICAL VARIATION OF EFFICIENCY WITH LOAD IMPEDANCE
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OUTLINE AND DIMENSIONS

4.0
le—— 16 ——
O 1
1S
Input lead Output lead d 1
| -
T 25 24 32 16
. 20 l
Supply lead (+)

35 muxI:—G} 14.0

Flange is earth connection (-) 7.0

D5185

All dimensions in millimetres

MOUNTING

Toensure good thermal contact between mountingbase and heatsink, burrs or thick-
ening at the edges of the heatsink holes should be removed and the package bolted
down onto a flat surface.

Devices may be soldered directly into a circuit with a soldering iron at a maximum
iron temperature of 245°C for 10 seconds at least Imm from the plastic.

CAUTION

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

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

DISPOSAL SERVICE

Devices requiring disposal may be returned to the Mullard Service Department.
They must be separately and securely packed and clearly identified. If any are dam-
aged or broken they MUST NOT be sent through the post. In this case, advice is
available from:

THE SERVICE DEPARTMENT
MULLARD LIMITED

P.O. BOX 142

NEW ROAD

MITCHAM

SURREY, CR4 4SR

Mullard
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U.H.F. POWER BGY23
AMPLIFIER MODULES BGY23A

TENTATIVE DATA

Broadband u.h.f. amplifier modules primarily designed for mobile applications
operating directly from 12V vehicle systems. The modules are suitable for driving
directly from the BGY22 and BGY22A respectively, and when so driven will produce
7W output into a 50Q load over the band 380-480MHz (BGY23), and 7W over the band
420-480MHz (BGY23A).

QUICK REFERENCE DATA
e [woae| e Ve B | R [ n e
(MHz) vy [ W) W) (%) (©)
BGY23 | f.m. | 380-480 | 13.5| 2.5 | 7.0 min. | 60 min. 50
BGY23 | f.m. | 380-480 | 13.5| 2.5 | 8.3 typ. | 71 typ. 50
BGY23 | f.om. | 480-512 { 13.5| 2.5 | 7.5typ. | 69 typ. 50
BGY23A | f.m. | 420-480 | 12.5| 2.5 | 7.0 min. | 60 min. 50

Mechanical details
on page 10

DCsupply

+ve D.C. supply
—0

L
.

I——A)R.F.output

R.F.input
o— T o Flange
D5528 > (-ve supply terminal)
Mullard
MAY 1973 . BGY23 - Page 1



RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
VCC max. D.C. voltage - supply terminal to flange 18 v
"‘Vm max. D.C. voltage - input terminal to flange +0.5 v
Vour max D.C. voltage - output terminal to flange + 25 A
n max. D.C. supply terminal current 1.7 A
PD max. VCC:lS.SV, ZL=5052 3.3 w
05501 D5502
PL [ITTTTITII] P nom.
w) P, for normal operation Wi
10 ° T
b N ~ ';S'WRJSO:; URE
/ .WR.:SO:I 71»:90-2 2
— ]
5
5
4]
0 10 1 E !95 12
0 50 T,(°C) 100 Py nom Ve nom

Where P nom. = PL at VCC = 13.5V, ZL = 50Q (BGY23)

and PL nom. =P_ atV

L cc 12.5V, ZL =500 (BGY23A)

*No external D.C. connection should be made to this terminal.

Mullard
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U.H.F. POWER BGY23
AMPLIFIER MODULES BGY23A

OPERATING CHARACTERISTICS (At Th = 25° unless otherwise stated. )

Reference planes at RF input and output terminals are Imm from the plastic encap-
sulation.

13.5V (BGY23)
12.5V (BGY23A)

Frequency range 380 - 512 MHz, VCC

Frequency range 420 - 480 MHz, VCC

Min. Typ. Max.

IQ Quiescent Current _ ~ 5.0 mA
P =0
D
PL Load Power
PD =2.5W, f = 380-480MHz BGY 23 7.0 - 9.5 w
PD =2,5W, f = 480-512MHz BGY 23 - 7.5 - w
PD =2,5W, f = 420-480MHz  BGY 23A 7.0 - 9.5 W
n Efficiency 6
- 0 - - %
PD =2.5W
I Module Current B )
in 59 5w 900 mA
D
Harmonic Content Any harmonic is at
PD =2.5W least 20dB down

relative to carrier.

Input V.S, W.R. with respect to 50Q

- 2. - - 2:1
PD SW
Temperature coefficient of P
P, = 2.5W, T, = 25°C fo 70°C - -20 - mw/°c
| Stability
VCC =10.5to 15V, PD =1.0to 3.5W
T, =40t +90°C
‘ Output load V.S. W.R, = 3: 1, all phases No instabilities
“ Qutput load V.S, W.R, = 10: 1, all phases No appreciable
instabilities
THERMAL CHARACTERISTICS
| Tstg range -40 to +100 °c
‘ Th range -40 to +90 °c

Muilard
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U.H.F. POWER BGY23
AMPLIFIER MODULES BGY23A

APPLICATION INFORMATION

R.F. performance in c.w. operation, Th =25°%C

Drive Source and Load Impedance = 50Q

Type rir:;f; VCC PD PL !

(MHz) V) ) (W) V)
BGY23 380-512 15.0 2.5 9.0 typ. 65 typ.
BGY23 380-480 13.5 2.5 7.0 min. 60 min.
BGY23 380-480 13.5 2.5 8.3 typ. 71 typ.
BGY23 480-512 13.5 2.5 7.5 typ. 69 typ.
BGY23 380-512 12,5 2.5 7.4 typ. 70 typ.
BGY23A 420-480 12.5 2.5 7.0 min. 60 min.

Connection to the BGY22/BGY22A respectively can be either by 50Q transmission
line or directly with a total lead length not greater than 2mm.

The module is designed to withstand full load mis-match under the following
conditions:

P_ =P_ nom + 20%, Th=7OOC

D D
VCC = 16. 5V (BGY23)
VCC =15.0V (BGY23A)

V.S.W.R. =50: 1 at any phase.

where PD nom = PD for 7.0W module output under nominal conditions.

| Mullard
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APPLICATION INFORMATION (Cont' d)
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U.H.F. POWER BGY23
AMPLIFIER MODULES BGY23A

APPLICATION INFORMATION (Cont’ d)

ey 107

AgfliSTANGE COMPONENT|
i

BGY22/23 or BGY22A/23A CASCADED AMPLIFIER AT 470 MHz
TYPICAL VARIATION OF OVERALL POWER DISSIPATION WITH LOAD IMPEDANCE

VCC =13.5V

Mullard
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APPLICATION INFORMATION (Cont' d)
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U.H.F. POWER
AMPLIFIER MODULES

APPLICATION INFORMATION (Cont' d)
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OUTLINE AND DIMENSIONS

4.
fe— 16— 0

Input lead Output lead
10 | 2.5 2 32

2.0
Supply lead (H

35 muxI_—G} II..O !

Flange is earth connection (-) 7.0

-t
~

D5185

All dimensions in millimetres

MOUNTING

To ensure good thermal contact between mountingbase and heatsink, burrs or thick-
ening at the edges of the heatsink holes should be removed and the package bolted
down onto a flat surface.

Devices may be soldereg directly into a circuit with a soldering iron at a maximum
iron temperature of 245 C for 10 seconds at least Imm from the plastic.

CAUTION

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

Care should be taken to ensure that all those who may handle, use or dispose of this
deviceareaware of itsnatureand of the necessary safety precautions. Inparticular,
it should never be thrown out with general industrial or domestic waste.

DISPOSAL SERVICE

Devices requiring disposal may be returned to the Mullard Service Department.
They must be separatelyand securely packed and clearly identified. If anyare dam -
aged or broken they MUST NOT be sent through the post. In this case, advice is
available from:

THE SERVICE DEPARTMENT
MULLARD LIMITED

P.O. BOX 142

NEW ROAD

MITCHAM:

SURREY, CR4 45R

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL V.H.F. TRANSISTOR BLX13

N-P-N silicon planar epitaxial transistor intended for s.s.b. in class A and AB
and f. m. transmitting applications in class B with a supply voltage up to 28V. The
transistor is designed to withstand severe load mismatch conditions. It has a capstan
envelope with a moulded cap and all leads isolated from the stud.

QUICK REFERENCE DATA

Operation | Class VCC f1 f2 PL Gp d3 Ic dt
(V) | (MHz) [ (MHz) (W) (dB)| (dB) | (4) | (B)
s.s.b. A 26 |(28.000]28.001|0-8(P.E.P.); >18(<-40] 1.2 -

s.s.b. | AB | 28 |28.000|28.001| 25(.E. P | > 18| WP | WP | VP

-35 [1.28] 35
cati — -
Operation { Class VCC f PS PL Gp IC M z L
V) | MHz)| (W) | (W) | (dB)} (A) | (B) ()] (mA/V)
typ. typ.| typ. | typ. . s
c.w. B 28 l 70 0.5| 25 17 | 1.49] 60 0.53 ]1.4'42.5 j54

OUTLINE AND DIMENSIONS

5.1 0142
CD_A.Q 1oz

10-32UNF ——— | —++ 95

t

1.6max—| =

575
2852 10.6 525

All dimensions in mm

Torque on nut: min. 15kg cm (1.5N m)
max. 17kg cm (1. 7N m)

Diameter of clearance hole in heatsink: max. 5mm

Note: -~ Do not chamfer the edges of the mounting holes when removing burrs.

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system

Electrical
. G
VCBOM max 5 \'
VC EO max. 36 \'%
VEBO max. 4.0 v
. 3.0
IC(AV) max A
1 max. (f > IMHz) 6.0 A
CM
. =25¢C, f > 1MH 62.5
Ptot max (Th C, f z) 62.5 w
Temperature
T 30 to +200  °C
stg
Tj max. 200 0C

THERMAL CHARACTERISTIC

2.
Rth(j—mb) 5 degC/W
Rth(mb—h) 0.3 degC/W

02853 03034

OV |
[T
Vep €28V I
CE C
100 f > IMHz (A)
ng 5
(W) 2 5
[Short time &)
7 [ loperation ; \\/{5‘,‘
[ vswr >3 QJ/
l‘é% G!"‘7(,"/,,, 3
N
50 J
) Nz,
A, >
Normal 2 )0 3
[ |operation \?1
F{v.swr <3
- \\\W
0 L \
0 50 100 Th(°C) 150 10 20 B
CE

SAFE OPERATING AREAS

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL V.H.F. TRANSISTOR BLX13

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

Min. Typ. Max.
v Collector-base breakdown voltage
B
(BR)CBO IC = 50mA, open emitter 65 - - A\
v Collector-emitter breakdown voltage
(BR)CEO IC = 50mA, open base 36 - - v
\% Emitter-base breakdown voltage
(BR)EBO IE =10mA, open collector 4.0 - - v
E Transient energy
L =25mH, f=50Hz
open base 8.0 - - mWs
-VBE =1.5V, RBE = 33Q 8.0 - - mws
hF E Static forward current transfer ratio
=1.0A, =5V
Ic A VCE 5 10 50 100
fT Transition frequency
IC: 3.0A, VCE=20V - 500 - MHz
CTc Collector capacitance
IE = Ie =0, VCB =30V, f = 1MHz - 50 65 pF
—Cre Feedback capacitance
IC =100mA, VCE = 28V - 31 - pF
s Collector-stud capacitance - 2.0 - pF
The issue of the in this i does not imply

any autherity ar licence for the utilisation of any patented feature.

| Mullard
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02855

600
fr
MH -
(MHz) 4 typ - VCE-20V
A
400 N
7 N
200
0
0 2 4 6 8 IclA)
D3106 D2857
I 1 T
C
Ig=Ie=0 | |
f =1MHz (Al
100 |
Cre :
(pF) yP 0
\
75 |
\\
N 0 typ’,—'
B
50 —
Veg = 28V
Th =25°C
0.1
25
0 0.01
0 10 20 Vegl(vi3o 06 07 08 09 10 1Vge(V)

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL V.H.F. TRANSISTOR BLX13

APPLICATION INFORMATION
R.F. performance in S.8. B. operation (linear power amplifier)

f =28.000MHz, f2 = 28.001MHz

1
*
Voo P G, d, I. T, Class
(V) W) (dB) (dB) (&) (°C)
26 0-8(P.E.P.) >18 <-40 1.2 <25 A

*The figuregivenis the maximum encountered at any driving level between the speci—
fied values of P.E.P. and is referred to the according level of either of the equal
amplified tones. Relative to the according peak envelopepower this figure should be
increased by 6dB.

03095

-3 TTTTI 1]

I

Vee=26V —
ds Th=70°C H

Rihms -1 0.3°CIW[T
(@B}

T TTITT

T

T1c=0.8A—+1.0A-1.2A
-40

]

I
A
y
45 7 7
Fi Z
y
7
-50
[} 5 PEP (W) 10

Test circuit: Class A

260pF 500
10 to
50N 780pF
==120pF L3 #ist
5750F
5
225= ;/_
uF 7
150 3.9nF 3.9nF| 01yF sn
(20w}
° — —
K — — e,
Vag 8.20 (5w} 5601 (15W) cc

masa

L1 = 3 turns of enamelled copper wire (1.5mm); winding pitch 2. 5mm;int. dia. Tmm, leads
50mm (total).

L2 = 7 turns of enamelled copper wire (0.7mm); 60uH.

L3 = 4 turns of enamelled copper wire (1.5mm); winding pitch 2.5mm; int. dia. 10mm.

L4 = 7 turns of enamelled copper wire (1.5mm); winding pitch 2.5mm; int. dia. 12mm.

MU"ard BLX13 Page 5




APPLICATION INFORMATION (contd.)
R.F. performance in S.S,B. operation (linear power amplifier)

f1 = 28.000MHz, f = 28.001MHz, Thi 25°C

2
*
A P G, dg |t Iozs Io Clase
V) (W) (dB) dB) | %) (mA) (A)
28 25(P.E.P.) | >18 |typ.-35|typ. 35| 25 |typ.1.28] AB

*Intermodulation distortionfigure quoted is related tothe accordinglevel of either of
the equal amplified tones. Relative to the according peak envelope power, thisfigure
should be increased by 6dB.

0309

-25
I [ 1] I I T
ds LT T
ds Vecr 28V | |
(dB) Tezs=25ma | | |
Th25°C
-30 v,
)4
ARV,
d3
-35 e
- i
-40
5y 5 10 15 20 25 REP (W) 30
Test circuit:- Class AB
160 to
260pF 500
0
o0 1%0‘°F T.UT
780pl L1
a > 56pF  JL3 #1510
= N 575pF
10 to L2 330
780pF

22== 7L

AYY10 |3.9nF 3.9nF | »F ”

- 9nl .9n 1uF

70 ) 0.ty 50
1000 680

| IR oy 1 T ¢ O

03158 20 (5W) (3W) +Vee

L1 = 3 turns of enamelled copper wire (1.5mm); winding pitch 2.5mm;int.dia.7mm,leads
50mm (total)

L2 = 7 turns of enamelled copper wire (0.7mm); 60uH.

L3 = 4 turns of enamelled copper wire (1.5mm); winding pitch 2.5mm; int. dia. 10mm.

L4 = 7 turns of enamelled copper wire (1.5mm); winding pitch 2.5mm; int. dia. 12mm.

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL V.H.F. TRANSISTOR BLX13

APPLICATION INFORMATION (contd.)

Typical large signal input impedance and transistor power gain in a class AB amplifier
= = = = = 250
at VCC 28V, PL 25W(P.E.P)), ZL 12.5%, ICZS 26mA, Th 259C.

oo 04 02 05 07

10 20 30 .
T B T T : TRESISTANCE _COMPONENT (R{Zo| ST

1.6MHz
2

02863
35

(dB) typ
30

25 N

20

® f (MHz) 100

Mullard
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APPLICATION INFORMATION (contd. )

R.F. performance in C. W. operation (Class B)

- o
Voo™ 28V, T, <25°C
£ P P I, G, n z Y,
(MHz) W) W) (A) (dB) %) (Y] (mmho)
70 typ. 0.5 | 25 typ. 1.49 17 60 | 0.53-j1.4 | 42.5-j54
03107
30 =d
typ LA
PL
(W)
25 f = 70MHz
4 Vee=28V
Th, =25°C
20
/
/
15 |-H
10
0 05 10 Pg(W)15

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL V.H.F. TRANSISTOR BLX13

APPLICATION INFORMATION (contd.)
Test circuit:- 70MHz (class B)

4to 100pF
L2 >

500
A N
| _L \

Lto =2 39

TPF

500 4to4OpF

L1

100pF 71

4 £0100pF

A

;z LS_TOLPF 10|0nF 100
I

L

L4

—‘g—-—o +Vc=28V D3098

L1 = 3 turns of enamelled copper wire (1.5mm) 93nH; int. dia. 10mm, length 8mm, leads
2 X 5mm.

L2 =5 turns of enamelled copper wire (1.5mm) 147nH; int. dia. 9mm, length 14mm, leads
2 X 5mm.

L3 = 4 turns of enamelled copper wire (1.5mm) 118nH; int. dia. 9min, length 10.5mm,
leads 2 x 5mm.

L4 = Ferroxcube choke

CAUTION

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

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

DISPOSAL SERVICE

Devices requiring disposal may be returned tothe Mullard Service Department. They
must be separately and securely packed and clearly identified. If any are damaged
or broken they MUST NOT be sent throughthe post. In this case, advice is available
from:

The Service Department

Mullard Limited

2 New Road

Mitcham Junction

Surrey. CR4 4XY.

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL V.H.F. TRANSISTOR BLX14

Silicon n-p-nplanar epitaxial transmitting transistor in a plastic stripline package, for
use in s.s.b, and-c.w. equipment with 2 28V supply, operating in the v.h.f. band.
The BLX14 israted at 50W P. E. P. in the frequency range 1.6 to 28MHz (intermod-
ulation better than 30dB down, full load mismatch permissible at stud temperatures
up to 700C) and at 50W for frequencies up to 70MHz in the c.w. operation.

QUICK REFERENCE DATA

Operation | Class| V ce f PL Gp d 3 I czS

V) (MHz) W) dB) dB) (A)
s.s8.b. A 28 1.6t028 | 15(P.E.P.) >13 typ.-40| 2.0
g.8.b. AB 28 1.6 to 28 7.5 to 50 >13 < -30 0.1

(P.E.P))

C.W. B 28 70 50 >7.5
C.W. B 28 30 50 typ.16

OUTLINE AND DIMENSIONS

0.27 -
23 "
1/4"x28UNF
‘¢
!
| - 5 :
|

‘ - 2] —— \4—3%— -l gg +‘< 02 e
\¢, o - %g%i -] All dimensions in mm can D20812 /l& x28 UNF

Torque on nut:  23kg cm (2.3N m) min.
27kg cm (2.7N m) max.

Diameter of clearance hole in heatsink: 6.5mm max.

Note: Do not chamfer the edges of the mounting holes when removing burrs.

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical

Vepom ™2

VCERM max. (RBE =109}
v CEO max.

VEBO

CAV) max.
Iy max. (f> 1MHz)

(o]
P, , max. (T, <25°C, f> LMHz)

max.

I

Temperature

Tstg

T, max.
3

THERMAL CHARACTERISTICS

Rth(j—mb)
Rth(mb—h)
02813
b I I | 'pJ; L
[ short time N2, | Veg <28V] |
operation N f>1MHz
100 [ ysw.R>3 s
x
Ptot 5 2.
max. ;3/.7 c
(W) s 4
/?0
75 )
>
o)
G
50
normal operation
V.SWR.<3
25
0 o
0 50 100 T1,{°C) 150

Ic
(A)

0 20

Mullard

85
85
36
4.0
4.0
12
88

S pop < < <<

-65 to +200
200

aQ Q

1.8 degC/W
0.2 degC/W

0281¢

|
= Max. permissible d.c. conditions—

s

-
Lot

P
>

P
AN

’f

p 4

| Areas of permissible

operation,

[1]

Vee (V) 40

BLX14 Page 2




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

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

V®R)cBO
V(BR)CER
V(BR)CEO
V(BR)EBO

V cE(sat)

FE

Collector-base breakdown voltage
open emitter, IC =25mA
Collector-emitter breakdown voltage
RBE =10Q, IC =25mA
Collector-emitter breakdown voltage
open base, IC =50mA

Emitter-base breakdown voltage
open collector, IE =10mA

Collector-emitter saturation voltage
IC=0.7A, I_B=0. 14A

Transient energy
L=25mH, f=50Hz
open base
Vop=1-5V, Ry =330
Static forward current transfer ratio

IC= 1.4A, VCE=6V

Transition frequency
Ic=3.0A, VCE=1OV

Collector capacitance

IE=Ie=0, VCB=30V, f=1MHz

Feedback capacitance
= A = =
IC 100mA, VCE 28V, f=1MHz

Collector-stud capacitance

Min.

85

85

36

ow
.
(= =]

15

Typ.

250

115

920

BLX14

Max.

- mWs
- mWws

100
- MHz

125 pF

Mullard
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400

{MHz)

300

200

100

] 1 7 T T T
[ 1 T
Veg=20V] | f=1MHz | |
Th= 25°C 400 Th=25°C
Cre
(pF)
300 [y
A \
200 \
!
\\
~Ltyp
B —
100
0
0 10 Ic(Al 15 0 10 20 Veg (V) 30
10“. B W T O R R S s
T
LT T3
Veg =28V
Ie Th = 25°C
A
(mA) typ
LA ~
/”’
108
4
‘V
/
2
10 .
10
600 800 1000 Vae(mV) 1200

‘Mullard
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N-P-N SILICON PLANAR
EPITAXIAL V.H.F. TRANSISTOR BLX14

APPLICATION INFORMATION
R.F. performance in S.S,.B. operation (linear power amplifier)

V. =28V; T, up to 25°C

CcC h
f1 = 28.000MHz; f2 = 28.001MHz
Output Gp Mgt d3‘r d51’ ICZS Ic
power Class
W) (dB) %) (dB) (dB) A) A)
7.5to 50 (P.E.P.) >13 >35 <-30 <-30 0.1 <2.55 AB

At temperatures up to 90°C the output power relative to that at 25°C is diminished
by a factor of ~40mW/degC.

The transistor is designed to withstand a full load mismatch operating under 50W
P.E.P. at VCC=28V and Th=70°C.

Test circuit: - Class A-B

L, 160t0260pF 500

TUT
500 10to780pF (1

L3 15t0575 pF;f

AYY10-120

1000 680 QlpF
20 (5W) BW,

L||3.9nF | 3:9nF||—T | 'LZZPFJZ
— ﬁsn

|, —O+Vee

D 1619

L1 = 3 turns of enamelled copper wire (1.5mm); winding pitch 2.5mm; int. dia.
7mm, leads 50mm (total).

L2 = 7 turns of enamelled copper wire (0.7mm); 60uH.

L3 = 4 turns of enamelled copper wire (1.5mm); winding pitch 2.5mm; int. dia.
10mm.

14 = 7 turns of enamelled copper wire (1.5mm); winding pitch 2.5mm; int. dia.

12mm.

t Maximum values encountered at any level of drive refer to the amplitude of either
of the two equal tones at that level.

Mullard
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02818

02819
typical curves Vec =28V
Vcc: 28V kil =28.000MHz
-20 1= 28000 MHz 40[ f,=28001MHz
f,=28.001 MHz Icz5=01A
d Th = 25°C Th = 25°C I
3 Tczs=01A d3 Mat
ds %) 4
(dB) °
P, .
N~ LA
et i [ 1/
_ N ds_]
40 N 20
4
/
y
-60 0
0 25 50 P.ER(W) 75 0 25 50 PEP.(W) 75
02820
60 TTTTITTT
LTI T TTTT
typical curves
PEP
f1=28.000MHZ
W) f,=28001MHz
Iczs=01A
Vee =28V
50 jli] — -20
e L PEP
d3
=~ (dB)
40 d3—r -30
Lt
o]
tl
30 —40
25 75 Th(°C) 125

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL V.H.F. TRANSISTOR BI'X14

30 D2821
| I
] [ [ |
{typiccl curvesf—
Gp =
(d8) e T
.1
\\
NS
SN
20 Naer
N\
~12
10
0

z f{MHz) ° T 100

S.8.B. class AB operation

PL = 50W P.E.P.
VCC = 28V

IC = 100mA

ZL = 6.25Q

Th = 250C
Curves

1. This curve applies to a push-pull amplifier with cross neutralisation.
Collector-base neutralising capacitor = 82pF.

2. This curve applies to an un-neutralised amplifier.:

Mullard
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" RESISTA OMPONEN

DR

‘1g

N

S.S8.B, class AB operation

PL = 50W P.E.P. ZL = 6.25Q

- = 250
VCC 28V Th 250C
IC = 100mA

The upper curve applies to a push-pull amplifier with cross neutralisation.
Collector-base neutralising capacitor = 82pF

The lower curve applies to an un-neutralised amplifier.

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

APPLICATION INFORMATION (contd. )

R.F, performance in S.S.B. operation (linear power amplifier)

BLX14

_ o - =

VCC 28V, Th up to 25°C, fl 28.000MHz, f2 28.001MHz

Output G 7 a_t d_t 1

dt 3 5
power P c Class
W) (dB) %) (dB) (dB) (A)
15 P.E.P. >13 - typ. -40 typ. -45 2.0 A
t See note on page 5.
Test circuit: - Class A
L4 160t0260pF 500

500 10to780pF L

LY

L3 15to575pF 3
>~=1010780pF

560 QApF

N g
H 65.0

”

- — 3
VBB 01625

O+Vee

L1 = 3 turns of enamelled copper wire (1.5mm); winding pitch 2.5mm; int. dia.

7mm leads 50mm (total).
L2 = 7 turns of enamelled copper wire (0.7mm); 60uH.

L3 = 4 turns of enamelled copper wire (1.5mm); winding pitch 2.5mm; int. dia.

10mm.
14 = 7 turns of enamelled copper wire (1.5mm); winding pitch 2.5mm; int. dia.
12mm.
ones
i i i i i‘f typical curves
] Th =70°C
-20 [ l T 11 20| f,=26000MHz
{ | 1t'{]p:;(c;:éccurvzs | L] f2=28.001 MHz
s [ f1-28000MHz [ [ ] pep| d¥ 4008
f22 28001 MHz “_[: T T T 111 1 Vec-28v
@8] Vo =28V =T W)
17 y, (2441
L T[] AP
i Tc=15A A
A
-4 3 ] 10 A
i V7 LA
7 7
7
50 0
5 0 15 PER(W)20 1 15 2Tezs(A) 25

Mullard

BLX14 Page 9



APPLICATION INFORMATION (contd.)
R.F. performance in c.w. operation (class B)
V_,.=28V, T up to 250C

cc h

f Ppr P I Gy K 7 18
(MHz) W) W) (4) (dB) %) (@ (mA/V)
70 <8.9 | 50 <3.25 >7.5 >55 | 1.0 +j0.2 | 115-577
50 | typ. 4 50 | typ. 3.25 | typ. 11| typ. 55 | 0.9 -j0.5 | 104-j85
30 {typ. 1.2 | 50 | typ. 3.25 | typ. 16| typ. 55 | 0.75-j1.6 | 89-j101

At temperatures up to 90°C the output power relative to that at 25°C is diminished
by a factor of ~40mW/degC.

Test circuit: - f=7T0MHz

LG 4to104pF 500

TUT.

500 14to39pF L1

| ¥

L3 51to151pF 5=
£60to160pF

A (]

"'Vcc

L1 = 60mm of straight enamelled copper wire (1.5mm); 9mm above chassis

L2 = FXC choke coil

L3 = 2 turns of enamelled copper wire (1.5mm); winding pitch 2mm; int.dia.10mm,
leads 55mm (total)

14 = 3 turns of enamelled copper wire (1.5mm); winding pitch 2.5mm; int. dia.
10mm, leads 50mm (total)

The issue of the information contained in this publication does not imply
any authority or licence for the utilisation of any patented feature.

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

02826

75 - 60
typical curves | [TTTTTTT ]
f=70MHz Vec=28V—+—— typical curves ]
Th =28°C / PL f=70MHz
PL = o
/ T (W) Th= 25°C .
(w) /l 24V 7BR=75W T]
"4
50 / 40 .
5W-
/ ]
// 4
/
/ y
13.5V {1/ ]
25 / v 20 2.5W
/ vd N
/| .
4
// ]
Y ]
0 10 Pri(W) 20 0 20 Vee V) 40
02828
80 TTTTT
LT iT
PL Vee =28V
f = 70MHz
(W)
AP 5C
50 BE ATh
oy
40
30
0 50 Th (°C) 100

Mullard
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APPLICATION INFORMATION (contd.)
Test circuits ~ £=50MHz

500 10to35pF | 4

4 7t0147pF

L2

4t0104
~~r__

pF

500
Jan

TUT

;LA 6810 168pF >

18nF

%

1—

<

O1uF 100
'—Il--‘—_—lJ

O+Vee

02629

L1 = 1 turn of enamelled copper wire (1.5mm); int.dia. 10mm; leads 40mm (total)
L2 = 4 turns of enamelled copper wire (1.5mm); int.dia. 12mm; leads 40mm (total)

L3 = FXC choke coil

14 = 3 turns of enamelled copper wire (1.5mm); int.dia.10mm; leads 40mm (total),
winding pitch 2mm

02830

7% typical curves Vs 28V
=50MHz Acc
PL | Th= 25C
(W) /24V
o0 //
4
/
/13.5
25 / Ar
/1 /
4
/
V
0
0 Br (W)

10

02831

0 typical curves ! ! ! !
f=50MHz BaobW
P | Th = 25°C
(w)
/
50 4W
/
/
/
/
30 4 o
4 4
1
10
0 20 Vec (V)

Mullard

40

BLX14 Page 12




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

APPLICATION INFORMATION (contd.)

Test circuit; - £=30MHz

500 4to104pF |4

’—‘\14t0574pF

LLVAR

BLX14

43to143pF 500

S
-+
(o)
m
~J
B

hel
m

N

5

D 1635

L1 = 2 turns of enamelled copper wire (1.5mm); winding pitch 2mm; int.dia.10mm;
leads 60mm (total)
L2 = 7 turns of enamelled copper wire (0.7mm); 60uH
13 = 4 turns of enamelled copper wire (1.5mm); winding pitch 2mm; int.dia.10mm;
leads 50mm (total)
14 = 6 turns of enamelled copper wire (1.5mm); winding pitch 2mm; int.dia.12mm;
leads 50mm (total)

70 TTTTT
Ve =28V |
PL
(W)
4
24V
50 /
A
/
/4 typical curves
/ / f =30MHz
7 Th =25°C
J
30 f
35V
T
I/
4
10
0 2 B (W) 4

60 02833
typical curves | HEE!
£=30MHz SATHEE

P, Th = 25°C A

A
(W)
1 Af.
4
40 Y. BV
4 05W
yd /
/ p 4
4 V
20
0
0 20 Vee (V) 40

Mullard
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CAUTION

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

Care should be taken to ensurethat all those who mayhandle, use or dispose of this
device are aware of itsnature and of thenecessary safety precautions. In particular,
it should never be thrown out with general industrial or domestic waste.

DISPOSAL SERVICE

Devices requiring disposal may be returned tothe Mullard Service Department. They
must be sgparately and securely packed and clearly identified. If any are damaged
or broken they MUST NOT be sent through the post. Inthis case, advice is available
from:

THE SERVICE DEPARTMENT
MULLARD LIMITED

2 NEW ROAD, MITCHAM JUNCTION
SURREY, CR4 4 XY.

Mullard
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N-P-N SILICON PLANAR
V.H.F.JU.H.F. TRANSISTOR BLX65

Silicon n-p-n transistor, mounted in a TO -39 envelope, for v.h.f./u.h.f. mobile
applications. With a supply voltage of 13. 8V and a signal frequency of 470MHz, the
BLX65 will produce typically 2. OW output into a 502 load.

QUICK REFERENCE DATA
VCC f PDR PL into 50Q 7 Tc Cireuit
(V) | (MHz) | (W) ) % c)
12.5 470 0.5 2.0 min. 65 min. 25 Un -neutralised
13.8 470 0.4 2.0 typ. 66 typ. 25 common -emitter
12.5 175 0.12 | 2.0typ. 75 typ. g5 | classB
OUTLINE AND DIMENSIONS
Conforms to BS 3934 SO-3/SB3-3B
J.E.D.E.C. TO-39
0.48
max
8'5 —  ——————— {
max
vl P
6.6
™ max ™
12.7
min
All dimensions in mm D154

Collector connected to case

The maximum lead diameter is guaranteed only for 12, 7mm

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
v cpom mex 36 A
VCESM max. (RBE = Q) 36 \Y%
v cpo Max 18 \Y
VEBO max. 4.0 v
IC max. 0.7 A
ICM max. (f > 10MHz) 2.0 A
P, . max. (> 10MHz, T < 90°C) 3.0 w

See also graph on page 3

Temperature

T -65 to +150 C
stg

ELECTRICAL CHARACTERISTICS (Tj =259C unless otherwise stated)

Min. Typ. Max.
A% Collector -base breakdown voltage
(BRICBO 1, = 10ma 36 - -y
\Y% Collector -emitter breakdown voltage
(BR)CES i ~ _ B
IC = 10mA, RBE =0 36 v
\Y% Collector -emitter breakdown voltage
(BRICEO 1 " 25ma 18 - - v
C
v Emitter -base breakdown voltage
(BRIEBO 1 = 1.0mA 4.0 - - v
v Collector emitter saturation voltage
CB(29 1 = 100mA, 1, - 20mA - 0.1 - v
hFE Static forward current transfer ratio
IC = 100mA, VCE =5.0V 10 40 -
fT Transition frequency
I,=200mA,V __ =5.0V, f=500MHz - 1400 -  MHz
C CE
CTc Collector capacitance
VCB=10V,IE=Ie=0,f=1.0MHz - 6.5 9.0 pF

Mullard
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N-P-N SILICON PLANAR
V.H.F./U.H.F. TRANSISTOR

BLX65

D3410
Pyotmax
(W)
5.0
f=10MHz
Short duration Pyot={Ppc +PDR) - PL
overload condition N
40 _
3.0 C
Continuous operation C
2.0
1.0
0
[} 50 100 150 T°C)
. DER T
Icmax. I
(A)0 . = D.C.-T ‘ o
AVAN
oL L N
\ |
N\
: \) |
N\ ’
| \ ‘ ‘\
0.1 + t
— “"Pf*’"’\\ | To=25°C SRl
— ‘ ] . :
J— } Tc =125°C !
S T
\ |
1 7 I
; Safe operating ugecs l
i
o0 : —
1.0 10 8 100 VeE (V)

Mullard
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1500

(MHz)

1000

500

Cre
{pF)

9.0

8.0

70

6.0

5.0

D3413

.
-
Typ,
hN
N
Veg = 5.0V Note :- Graph derived
f = 500 MHz from the 'S’
Tamb= 25°C parameters measured
amb—
at 500 MHz
]
|
1
0.2 04 06 Ic (A}
D3412
]
. lg=1le=0
f =10 MHz
N
=i
= Typ.
50 10 15 20 Vg V)

Mullard
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N-P-N SILICON PLANAR
V.H.F./U.H.F. TRANSISTOR

APPLICATION INFORMATION

R.F, Performance in c.w. operation (Tc = 25°C)

BLX65

A\ f Por | Py into 500 n q q
(V) | (MHz) | (W) w) (%) ()] (mmho)
12.5 470 0.5 2.0 min. 65 min. - -
13.8 470 0.4 2.0 typ. 66 typ. 5410 | 16 - jSO
12.5 175 0.12 2.0 typ. 75 typ. - -

At P = 2.0W and Vo = 12. 5V, the output power at case temperatures between 25
and 90°C relative to that at 25°C is diminished typically by 5SmW/0C.

The transistor is designed to withstand full load mismatch in the test circuit under

the following conditions: -

v = 16.5V f = 470MHz T =70°C
CC c

V.S.W.R. =50:1 at any phase

PDR = PDR nom. +20%.

Where PDR nom. = PDR for 1.4W transistor output into 50

load at VCc =13.8V.

The issue of the i i
any authority or licence for the utilisation of any patented fe

does not imply
ature.

Mullard
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APPLICATION INFORMATION (contd. )

470MHz Amplifier circuit

Input
500

+Vee

C5
Output
500

== C6

T

Component values for 470MHz amplifier circuit

c7

Cl=C2=C4=C5=1,8to 18pF film dielectric trimmer capacitors
C3 = 22pF disc ceramic capacitor

C6 = 10nF ceramic capacitor

C7 = 0. 1pF disc ceramic capacitor

C8 = 4nF feed-through capacitor

L1 =1 turn of lmm copper wire, int. dia.

L2 =0, 22uH choke

L3 =1 turn of lmm copper wire, int. dia. 7mm, lead length 2mm

L4
R

n

10Q - carbon

1 turn of Imm copper wire, int. dia. Smm, lead length 2mm

Component layout on 1, 5mm single copper clad fibre-glass board

Dimensions of the board: - 80 x 40mm

Shaded area copper

Smm, lead length <lmm

Qutput
® | "son

D341

To obtain the specified gain performance, the emitter lead length should not exceed

1. 6mm.,

Mullard
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N-P-N SILICON PLANAR
V.H.F./U.H.F. TRANSISTOR BLX65

APPLICATION INFORMATION (contd. )

D2586

3.0 T
)
I
P Typical curves
L fz470MHz Veg=13.8V =12.5V
w) T, =25°C
| LA
20
W
7
/'
A A =69V [
poap== i
-
~
/ o
1.0 .
y./.4
1/ A
£
¢
0 0.2 0.4 0.6 08 PpRrIW)
03415
T ; T 1]
I T
Typical curves | L
1 £ =470 MHz f '
1%) T = 25°C ﬂj:
17 I T
1] i T
80 "
‘i ey
[ i T
Vee = o Zd -
/ -
70 6.9 7 TN
= A
=
60 A :
125V t—+1
1 o 1]
13.8v
50
= N
40
0 02 04 06 08 Ppg (W)

TYPICAL VARIATION OF LOAD POWER AND EFFICIENCY WITH DRIVE POWER

Mullard

BLX65 Page 7



APPLICATION INFORMATION (contd. )

D3416
Vee nom.= 138V
f=470MHz
P nom Ppr Nom.=Ppr at Vec=13.8V and VSWR=1
L PLnom.=P, at Vec=138V and VSWR=1 and T¢=25°C
(W)
30 Short duration
' overioad VSWR,
upto Tc=70°C
h VSWR.£3
N
Ny
20 q 10
TN
=50
1.0
0
1.0 1.4 1.2 PDR/
Pprnom
VCC/
VCC nom

INDICATED LOAD POWER AS A FUNCTION OF OVERLOAD

The transistor is suitable for use withunstabilised supply voltages. The above graph
has beenderived from an evaluation of the performance of transistors matched up to
2.5 watts load power in the circuit onpage 6, and subsequently subjected to various
voltage overloads and mismatch conditions with v.s.w.r. up to 50: 1 at a heatsink
temperature of 70°C. This indicates a restriction to the load power matched under
nominal conditions with varying supply voltages and v.s.w.r, in the recommended
circuit.

Mullard
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N-P-N SILICON PLANAR
V.H.E./U.H.F. TRANSISTOR BLX65

APPLICATION INFORMATION
175MHz Amplifier circuit

Output
5000

input
50N

LY

-

Component values for 175MHz amplifier circuit

Cl1 =C4 =0 to 60pF L .

C2 =C3 =0 to 30pF } concentric trimmer capacitors

C5 = 0, 25uF disc ceramic capacitor

C6 = 4nF feed-through capacitor

L1 = 25mm straight 1. 2mm copper wire. Height above board = 3mm

L2 = 3 turns of 0. 5Smm copper wire on Ferrite FX1115

L3 =5 turns of 1.2mm copper wire, int. dia. 10mm, close wound, lead length
Smm

L4 = 3 turns of 1.2mm copper wire, int. dia. 10mm, close wound, lead length
Smm

R =10% - carbon

Component layout on 1. 5mm single copper clad fibre -glass board
Dimensions of the board 80 x 40mm

C3 L&

< ® OQutput
L3 500

Céh

Screen - D2583
Shaded area copper
To obtain the specified gain performance, the emitter lead length should not exceed
1. 6mm.

Mullard
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APPLICATION INFORMATION (contd. )

D347

30 - BN R 11T
T TETT
Typical curves
R f =175 MHz
(W) T =25°C
£ Voo =125V {
20 7
A -
ot
7 L~
63V
1.0
/
| P
o L1 S| 1 ]
0 02 04 08 0.8 Ppg (W
D3418
T JTITT1]
TTITIT
Typical curves
n f =175 MHz
{°h) Te= 25°C
80 Vee =
12.5V
70 6.9V
-
—
— — - L |
60 =
50 i
r
40
0 02 04 06 08 Ppg (W)

TYPICAL VARIATION OF LOAD POWER AND EFFICIENCY WITH
DRIVE POWER

Mullard
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N-P-N SILICON PLANAR
V.H.F.JU.H.F. TRANSISTOR BLX66

Silicon n-p-n transistor for v. h. f. /u. h. f. mobile applications. The device is mounted
in a plastic, studless, capstan strip-line encapsulation. With a supply voltage of
13.8V and a signal frequency of 470MHz, the BLX66 will produce typically 2.5W
output into a 502 load.

QUICK REFERENCE DATA
v f P P into 509 n T

ce DR L mb Circuit
V) | (MHz) | (W) W) A o
12.5 470 0.35 2.5 min. 65 min. 25
13.8 470 0.28 2.5 typ. 75 typ. 25 Un-neutralised
common -emitter
13.8 470 0.15 1.5 typ. 65 typ. 25 class B
12.5 175 0.03 3.0 typ. 84 typ. 25

OUTLINE AND DIMENSIONS

i ‘ﬂ rgnjgx

N ﬂ

3.0
5g5 106 2.7 7.3
max. 25 217.0
g min.
11 i 14
max r\
) c b 199.75
’ maxy I
r__
e l collector

identification

All dimensions in mm
D3419

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
v CROM Max- 36 v
VCESM max. (RBE =0) 36 v
A% CEO max. 18 v
VEBO max., 4.0 \Y%
IC max. 0.7 A
ICM max. (f > 10MHz) 2.0
P max. (f > I0MHz, T__ < 90°C) 4.0 w
tot - mb —
See also graph on page 3
Temperature
T -65to +150  °C
stg
ELECTRICAL CHARACTERISTICS (Tj = 25°C unless otherwise stated)
Min. Typ. Max.
v Collector -base breakdown voltage
(BR)CBO IC = 10mA 36 - - )
v Collector -emitter breakdown voltage
(BR)CES - B B _
IC = 10mA, RBE =0 36 v
v Collector -emitter breakdown voltage
(BR)CEO IC = 25mA 18 - - v
v Emitter -base breakdown voltage
(BRIEBO =1 oma 4,0 - -y
v Collector -emitter saturation voltage |
CE(at) | "~ Jooma, I, = 20mA - 0.1 - v |
C
hFE Static forward current transfer ratio
IC = 100mA, VCE =35.0V 10 40 -
*ﬁT Transition frequency
I,=200mA, V =35.0V, f = 500MHz - 1400 - MHz
C CE
CTc Collector capacitance
VCB=10V, IE=Ie=0,f=l.OMHz - 6.5 9.0 pF
*Derived from the 'S’ parameters measured at f = 500MHz, Tamb = 259

Mullard
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N-P-N SILICON PLANAR
V.H.F./U.H.F. TRANSISTOR BLX66

D2446

Piotmax
(W)
10. BN
0 f 2 10MHz
Ptor=(Ppc * PprI-PL
-
8.0
Short duration
overload condition
6.0 M,
1 11
1 +—
4.0 L
Continuous operation -
20
0 I
0 50 100 150 TpTC!
I D342
¢ max.
(A) [ —DC:
i
3
I h\
01 \\ Trab = 25°C
1 1
T Teb = 125°C
5
k)
Safe operating areas
0.01
1.0 10 8 100 Vee (V)

Mullard
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D321

1500
]
~
fr
(MHz} Veg = 5.0V
| | f = 500MHz
T = 25°C
1000 [“"‘"
[
typ
500
Note :— Graph derived from the
'S’ parameters measured
B at 500MHz
0
0 .02 04 08 08 Ic(A)
15 T D3422
1
Crec
F
(pF} lg=1,=0
f =10MHz
10
Py
typ
5.0
0
0 5.0 10 15 20 VeglV)
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N-P-N SILICON PLANAR
V.H.F./U.H.F. TRANSISTOR BLX66

APPLICATION INFORMATION

R.F. performance in c.w. operation (Tmb= 25°C)

Vac f Por | By, into 502 7 ;; q
\2 (MHz) (W) (W) %) (843 (mmho)
12.5 470 0.35 2.5 min, 65 min. - -
13.8 470 0.28 2.5 typ. 75 typ. 2.5+4.5 | 23-j35
13.8 470 0.15 1.5 typ. 65 typ. - -
12.5 175 0.03 3.0 typ. 84 typ. 2.4-j3.8 | 35-j40

At P, = 2.5W and VCC = 12. 5V, the output power at mounting-base temperatures
between 25 and 90°C relative to that at 25°C is diminished typically by smw/°c.

The transistor is designed to withstand full load mismatch in the test circuit under
the following conditions: -

- - — 700
VCC = 16,5V, f = 470MHz, Tob 70°C

V.S.W.R. =50:1 at any phase

PDR = PDR nom. +20%

P
Where DR

10adatVCC= 13.8V.

nom., = PDR for 2. 5W transistor output into a 50Q

Mullard
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APPLICATION INFORMATION (contd. )
470MHz Amplifier circuit

VCC D24ss

T

Input
500

C 4

L2

h ||
]

i
D

Component values for 470MHz amplifier circuit

Cl =C2=C6=C7 = 1.8 to 18pF film dielectric trimmers

C3 = C4 = 18pF disc ceramic capacitors

C5 = 4nF feed-through capacitor

C8 = 0. 1uF disc ceramic capacitor

L1 =1 turn of 1.2mm copper wire, int. dia. 6mm, lead length < Imm

L2 = 1pH choke

L3 = 30mm of straight 2mm copper wire. Height above board = 2mm

L4 = 2 wrns of 0.5mm copper wire, int. dia. 3mm, close wound, lead length =
8mm

R =10Q - carbon

Component layout on 1. 5mm double copper clad fibre-glass board

Dimensions of the board: - 110 x 50mm

Input
500 ©

03423

Shaded area copper
Underside area completely copper clad

Mullard
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N-P-N SILICON PLANAR BLX66
V.H.F./U.H.F. TRANSISTOR
D3424
40
PL
(W)
30 Vee= 13.8V LT | 128v
”
-
¥,
20 o
_.{
A Typical curves
.4 f = 470MHz
r Tmp = 25°C
1.0
|
0 | |
0 01 02 03 0.4 0.5 PpriW) 06
03425
%0
n L
(%) Vee=12.5V L1
T
80
|
P A EEEY
A P
70
P
/ Typical curves
Y, 1= 470MHz
y Tmp = 25°C
60 7
V4
50
0 01 02 03 04 05 Ppr(W) 08

TYPICAL VARIATION OF LOAD POWER AND EFFICIENCY WITH DRIVE POWER

Mullard
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APPLICATION INFORMATION (contd. )

D3426
PLnom I~
(W) Vcchom=13.8V
40 f=470MHz

Pprnom =Ppr at Ve =13.8V and V.SW.R.=1
P.nom= P at Vo =13.8V, V.SW.R.=1 and T,,,=25°C

R
Short duration
| |overload V.SWR.
30 N upto T, =70°C
N VSWR. =10
=50

20
1.0
0

1.0 11 12 Ppr/Pprnom

VCC/VCC nom

INDICATED LOAD POWER AS A FUNCTION OF OVERLOAD

The transistor is suitable for use withunstabilised supply voltages. The above graph
has beenderivad from anevaluation of the performance of transistors matched up to
3 watts load power in the circuit on page 6, and subsequently subjected to various
voltage overloads and mismatch conditions with v.s.w.r. up to 50: 1 at a heatsink
temperature of 70°C. This indicates a restriction to the load power matched under
nominal conditions with varying supply voltages and v.s.w.r. in the recommended
circuit.

Mullard
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-P-N SILICON PLANAR BLX66

N
V.H.F./U.H.F. TRANSISTOR

CAUTION

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

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

DISPOSAL SERVICE

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

THE SERVICE DEPARTMENT
MULLARD LIMITED

P.O. BOX 142

NEW ROAD

MITCHAM

SURREY, CR4 4SR.

The issue of the information contained in this publication does not imply
any authority or licence for the utitisation of any patented feature.

Mullard
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-P-N SILICON PLANAR
V.H.F./U.H.F. TRANSISTOR BLX67

Silicon n-p-n transistor for v. h. £, /u.h. f. mobile applications. The device is mounted
in a plastic, capstan strip-line encapsulation. With a supply voltage of 13. 8V and a
signal frequency of 470MHz, the BLX67 will produce typically 3W output into a 500

load.
QUICK REFERENCE DATA
VC c f PDR PL into 508 n ’OI‘h S
V) (MHz) | (W) (W) (%) (C)

12.5 470 0.35 2.5 min. 65 min. .| 25 Un -neutralised

13.8 470 0.35 3.0 typ. 79 typ. 25 common -emitter

13.8 | 470 | 0.15 | LStyp. | 65typ. | 25 | °classB
12.5 | 175 | 0.03 3.0typ. | 84 typ. 25
OUTLINE AND DIMENSIONS
o015
I max.
Y I
7.3
25 27 270
)
14
.75, M $3.0
\ am T e
[*—12 mux.*”
‘ : collector
identification
1.65max.
‘ =

All dimensions in mm
‘ [PEEHY
’ ACCESSORIES
Nut and lock-washer supplied with device

Torque on nut: min. 0, 75Nm (7. 5kg cm)
max. 0.85Nm (8.5kg cm)

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical

VepoMm

max.

Vepsm Ma% (Rgg = 0)

v max.

CEO

A max.

EBO

I, max.

C

1 max. (f > 10MHz)

CM

P max. (f > 10MHz, Th < 90°C)

tot

See also graph on page 3

Temperature

T
stg

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

V®R)CBO
| V (BR)CES
‘ V(BR)CEO
V (BR)EBO
v

CE(sat)

FE

C
cs

Collector -base breakdown voltage
Io= 10mA

Collector -emitter breakdown voltage
Ic = 10mA, RBE =0

Collector -emitter breakdown voltage
I, =25mA

C

Emitter -base breakdown voltage

I =1.0mA

E

Collector -emitter saturation voltage
1. =100mA, I, = 20mA

C B

Static forward current transfer ratio
IC = 100mA, VCE =5.0V

Transition frequency .

1 c* 200mA, V CE
Collector capacitance

VCB= 10V, IE =Ie =0, f=1.0MHz

Collector-stud capacitance

=5.0V, f = 500MHz

Min,

36

36

18

4.0

10

36 v

36 v

18 v

4.0 \'

0.7 A

2.0 A

4.5 w

-65 to +150 °c
Typ. Max.

- - A%

- - \Y

- - v

- - A%

0.1 - \%

40 -

1400 -  MHz

6.5 9.0 pF

2.0 - pF

*Derived from the 'S' parameters measured at f = 500MHz, Tamb = 25°C

Mullard
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N-P-N SILICON PLANAR
V.H.F.JU.H.F. TRANSISTOR BLX67

D2450

Pto‘max
(W}
10.0
f 2 10MHz
Prot= (Ppc+PpRrI-PL
8.0
—H— Short duration
| overload condition
6.0 N
4.0 N
Continuous operation
2.0
0
0 50 100 150 Th (°C)
03429
Ie max.
{A) D.C.
0.7»__ L XL\
sp—— \
N
3
N
\ N
\\
01 YT} =25°C
AN -+
. T =125°C
I
5
3
Safe operating areas
1 It B
1] Hl
- i
‘ || | Ll
0.01 . j SN
1.0 ‘ S ) 18 ' ’ 100 VeE(V)

Mullard
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D342t

1500
fr Y A,
{MHz) Vce =5.0V
f = 500MHz
Tamb = 25°C
1000 o
I
N typ
N
500
Note :- Graph derived from the
'S’ parameters measured
at S00MHz
o]
0 02 04 0.6 08 I.(A}
D3422
15
Cre
[pF) lg=l,=0
f =10MHz
10
)
Ty
B—
m—— = typ
5.0
0
0 5.0 10 15 20 VeplV)
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N-P-N SILICON PLANAR
V.H.F./JU.H.F. TRANSISTOR BLX67

APPLICATION INFORMATION

R.F. performance in c. w. operation (Th = 25°C)

A £ Por | Py into 502 n Z Y—L
V) (MHz) W) W) (%) ) (mmho)
12.5 470 0.35 2.5 min. 65 min, - -
13.8 | 470 | 0.35 3.0 typ. 79 typ. 3+5 27-138
13.8 | 470 | o0.15 1.5 typ. 65 typ. - -
12,5 | 175 | 0.03 3.0 typ. 84typ. | 2.4-j3.8 | 35-j40

At Py, = 2.5W and V¢ = 12. 5V, the output power at heatsink temperatures between
25 and 90°C relative to that at 25°C is diminished typically by SmW/°C.

The transistor is designed to withstand full load mismatch in the test circuit under
the following conditions:

_ - — 700
VCC—16.5V, f = 470MHz Th—70 C

V.S.W.R. =501 at any phase

PDR = PDR nom. +20%

= . i i [1.9]
Where PDR nom, PDR for 2. 5W transistor output into a 5

=13, 8V,
1oadatVCC "

Mullard
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APPLICATION INFORMATION (contd. )
470MHz Amplifier circuit

VCC D244d
c5
—
Output R
500
Input
500
"
¢ 4 C6 ot c8

L2

b ||
|

]

T

.

Component values for 470MHz amplifier circuit

Cl1=C2=C6=C7 = 1.8 to 18pF film dielectric trimmers

C3 = C4 = 18pF disc ceramic capacitors

C5 = 4nF feed-through capacitor

C8 = 0. 1pF disc ceramic capacitor

L1 = 1 turn of 1.2mm copper wire, int. dia. 6mm, lead length <lmm

L2 = 1pH choke

L3 = 30mm of straight 2mm copper wire. Height above board = 2mm

L4 = 2 turns of 0. Smm copper wire int, dia. 3mm, close wound, lead length =
8mm

R =102 - carbon

Component layout on 1.5mm double copper clad fibre-glass board

Dimensions of the board: - 110 x 50mm

Input
500 ©

03423

Shaded area copper
Underside area completely copper clad

Mullard
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N
v

-P-N SILICON PLANAR
.H.F./U.H.F. TRANSISTOR BLX67

03430

-
4.0 T T P
P i //r
L
(W)
30 ,/ .
>
Vec =13.8V r
/ .
20 '//=12 5V
,/ Typical curves
/4 f = 470MHz
Th= 25°C
1.0
0
0 0.1 0.2 0.3 0.4 05 Ppriw)0.6
DAL
90 r -
/' V'
1 1
(%} A
\' =12.5V
80 cc '4 L
A ]
=13.8V |
70 7
/! Typical curves
f = 4TOMHz
Th= 25°C
4 h
60
)4
7
50
0 0 0.2 03 0.4 05 Pyr(W)0.6

TYPICAL VARIATION OF LOAD POWER AND EFFICIENCY WITH DRIVE POWER
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APPLICATION INFORMATION (contd. )

D3432
P, nom IREEBREN!
(W) Veghom =13.8V
f = 470MHz
5 0 | Pog Nom = Pprat Vec =13.8Vand V.SWR =1
P_nom =P at V.- =138V, V.SWR.=1and T,=25°C
Short duration overload
V.SWR._up to T,=70°C
4.0 “aJVSWR. €3
- ~ ~
NNy
\
3.0 = =10
LI =50
2.0
1.0
0
1.0 1.1 Rg/Pgrnom 1.2

Vcc/ VCC nom

INDICATED LOAD POWER AS A FUNCTION OF OVERLOAD

The transistor is suitable for use withunstabilised supply voltages. Theabove graph
has beenderived froman evaluation of the performance of transistors matched up to
4 watts load power ip the circuit on page 6, and subsequently subjected to various
voltage overloads and mismatch conditions with v.s.w.r. up to 50: 1 at a heatsink
temperature of 70°C. This indicates a restriction to the load power matched under
nominal conditions with varying supply voltages and v.s.w.r. in the recommended
circuit.

Mullard
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N-P-N SILICON PLANAR
V.H.F.JU.H.F. TRANSISTOR BLX67

CAUTION

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

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

DISPOSAL SERVICE

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

THE SERVICE DEPARTMENT
MULLARD LIMITED

P, O, BOX 142

NEW ROAD

MITCHAM

SURREY, CR4 4SR.

The issue of the mformation contamed in this publicaton does not imply
any autharity or licence for the utlisation of any patented feature.

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR BLX69

N-P-N epitaxial planar transistor intended for use in class A, B and C operated
mobile, industrial and military transmitters with a supply voltage of 13.5 V. The
transistor is resistance stabilized. Every transistor is tested under severe load
mismatch conditions with a supply overvoltage to 16.5 V. It has a capstan envelope
with a moulded cap. All leads are isolated from the stud.

QUICK REFERENCE DATA

R:F. performance up to Tmp = 25 OC in an unneutralised common -emitter
class B circuit.

Mode of | Voo | f Ps |PL ic Gp n Zp YL
operation| (V) |(MHz)| (W) [(W) A) (@) | (%) ) (mA/V)
c.w. 13.5 470 <8 | 20| <2.28| > 4] >65 |1.1+j4.9]190-j45
c.w. 12,51 470 <6.81171 <2.091 > 41 > 65
MECHANICAL DATA Dimensions in mm
e “,_’;EG 0127
1.6mdl
c L plastic
£l
Sl o 1] |
~ ) o [t-metal
% 80
& s
e ®
39|
9.7 mox r2ases.s (2757
25min
Torque on nut: min. 7.5 kg cm Diameter of clearance hole in heatsink: max.
(0. 75 Newton metres) 4,17 mm. )
max. 8.5 kg cm Mounting hole to have no burrs at either end.
(0. 85 Newton metres) De-burring must leave surface flat; do not

chamfer or countersink either end of hole.

Mullard
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RATINGS Limiting values inaccordance with the Absolute Maximum System (IEC 134)

Voltages
Collector -base voltage (open emitter)

peak value VCBOM  max. 36V
Collector -emitter voltage (open base) VCEO max, 18V
Emitter -base voltage (open collector) VEBO max. 4 VvV
Currents
Collector current (average) Icav) max. 3.5 A
Collector current (peak value) f > 1 MHz Icm max. 10 A

Power dissipation

Total power dissipation up to T, =25 °c Ptot max., 50 w
f>1MHz
50 7260303 102 7260304
short time £ Vg €165V D.C.SOAR HH
operation % L¢3 1Mz Th=25°CH
V.SW.R.>3 T
P. T
tot » ) Ie
(w) N ‘EFH (A)
&4 VN
<3
\‘9*
%
40 /e, 10
N
N,
normal operation
V.SWR<3 \
20 1
0 = 107 2
0 50 T, (°C) 100 10 10 Ve (V) 10
Temperature
Storage temperature Tstg -30to +200 °c
Operating junction temperature Tj max. 200 oC
THERMAL RESISTANCE
From junction to mounting base Reh j-mb = 2.9  °c/w
From mounting base to heatsink Rth mb-h = 0.6 OC/w

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

CHARACTERISTICS

Breakdown voltages

Collector -base voltage
open emitter, Ic =25 mA

Collector -emitter voltage
open base, I = 25 mA

Emitter ~base voltage
open collector; Ig = 10 mA

Transient energy
L. =25 mH; f = 50 Hz
open base
~-Vgg =1.5V; Rpgg =33 ¢Q
D.C. current gain
Ic=1A; Vg =3V

Transition frequency

Ic=2A;VcE=10V

Collector capacitance at f = 1 MHz

Ig=le=0;Vcp=15V

Feedback capacitance

Ic =100 mA; Vo = 15V

Collector -stud capacitance

Mullard

V(BR)CBO
V(BR)CEO

V(BR)EBO

m

—Cre
Ces

typ.

typ.

typ.

typ.
typ.

BLX69

36

18

55
70

32

Tj = 25 0C unless other wise specified

mWs
mWs

GHz

pF

pF
pF

BLX69 Page 3



72 80305

1500 IEEENRI
TITTT
Veg =10V 1
fr
(MHz)
1000 Yy -
N,
500
0
0 2 4 6 1. (A) 8
7260302
300 l
Ig:=1,:0
Ce f=1MHz |
(pF)
200
100
\\t\yp
N
0
0 0 Veg (V) 20

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR BLX69

APPLICATION INFORMATION
R. F. performance in c. w. operation (unneutralised common -emitter class B ciruit)

Tmb up to 25°C

£ (MHZ)| Voo (V)| Pg(W) | PL(W)| Ic(A)|Gp @B n(B)| Z @ [YL (mA/V)

470 | 13.5 <8 20 <2.28] >4| >65|1.1+34.9|190-j45
470 | 12.5 <6.8 17 <209 >4 > 65
175 | 12.5  ltyp. 1.35 17 leyp. 2.3 |typ. 11| typ. 60[1.5+j0.6|170-j57

Test circuit for 470 MHz:

input Lt L4 output
0— e | S
2 c7
son e RY §L3 ce son
L2
cs
; R2 C6
” »—D—I 7258637
E] Ls
O+Vec

List of components:

C1=C2=C7=C8=1.8 to 9.0 pF film dielectric trimmer

C3=C4= 15 pF chip capacitor

C5= 100 pF feed through capacitor
Cé6= 33 nF polyester capacitor
Rl= 1Q

R2= 10 Q@

Ll=strip-line (41.1 mm x 5.0 mm)

L2=13 turns closely wound enamelled Cu wire (0.5 mm); int.diam. 4.0 mm (0. 32 pH)
L3= 2 turns Cu wire (1 mm); winding pitch 1.5 mm; int.diam. 4 mm; leads 2x5 mm
L4= strip -lirre (52,7 mm x 5.0 mm)

L5=ferroxcube choke coil. Z (at f = 250 MHz) =400 Q + 20 %

L1 and L4 are strip lines on a double Cu clad print plate with teflon fibre glass
dielectric

(€r = 2.74); thickness 1.45 mm

Component lay-out for 470 MHz: see page 6

Mullard
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APPLICATION INFORMATION (continued)

Component lay-out and printed circuit board for 470 MHz test circuit,

- 146mm >
52.7
. 3
input 12 c3 rivet output
s00 ©C1 R1 ol ot c7 500
e : =© 0|
4&7mm
c2 B ol Te u o ce Tl
L5
7256638
41

: &
. e OEEEETE. .

J =g
The circuit and the components are situated on one side of the epoxy fibre-glass

board, the other side being fully metallised to serve as earth. Earth connections
are made by means of hollow rivets.

L

7258606
30 REREE
typical values]
P f=470MHz
W) Trp=25°C
"
rd
20 4
y.'d
/ rd
Yy
Ve = 13.5V A
AA12.5V
10
0
0 5 Ps(W) 10

The issue of the information contained in this publication does not imply
any authority or licence for the utilisation of any patented feature.
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N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR BLX69

CAUTION

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

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

DISPOSAL SERVICE

Devices requiring disposal may he returned to the Mullard Service Department,
They must be separately and securely packed and clearly identified. I any are
damaged or broken they MUST NOT be sent through the post. In this case, advice
is available from:

THE SERVICE DEPARTMENT
MULLARD LIMITED

2.NEW ROAD, MITCHAM JUNCTION
SURREY, CR4 4XY.

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

TENTATIVE DATA

BLX91

Silicon n-p-n transistor designed for u.h.f, operation in class A,B or C with fre-
quencies up to IGHz. The device is mounted in a plastic, capstan, strip-line en-

capsulation,
With a supply voltage of 28V and a signal frequency of 470MHz, the BLX91 will pro-
duce 1.0W output into a 50Q load.

QUICK REFERENCE DATA
VCC f PDR PL into 50Q 7 Th A '
Circuit
V) (MHz) (W) (W) Vol (°c)
28 470 0.08 1. 0 min. 50 min. 25 Un-neutralised
common-emitter
28 470 0. 08 1. 45 typ. 60 typ. 25 class B
OUTLINE AND DIMENSIONS
a1
~**"max

ACCESSORIES

Nut and lock-washer supplied with device

) ! 19.75,
max’

All dimensions in mm

Torque on nut: min. 0.75Nm (7. 5kg cm)

max. 0.85Nm (8. Skg cm)

7.3
290
832
UNC] l

" 3.0

max.

-

[—12 mux.—»}

S<,coll¢ctor

identificatioi,

ESmux

03370

JULY 1972

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
VCBOM max. 65 v
VCESM max. (RBE =0) 65 \%
VCEO max. 33 v
. 4.
VEBO max 0 v
IC max. 400 mA
ICM max. (f= 10MHz) . 800 mA
Pt " max. (fz 10MHz, Ty = 70 C)
© see also graphs below 4.0 W
Temperature
Tstg -65 to +150 °c
04407 04408
Ptot TTTTTTTTTT le
(W} f Z10MHz (A)
Piot =(Ppc+Ppr)-P
5 N
|| Short duration [ N Power limited upto
overload conditions Th= °
4 1.0 derate by 33°C/W
N . for Tp between
A 7 70 °C & 125 °C
s——DC /
3k . l
[Continuous operation| | r
VSWR s 3 N\ Z
Safe operating| area
N
2 0.1
=
5)
1
2]
0 0.01
0 50 100 150 Thi°C) 1 10 33 100

VeelV)

Mullard
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N-P-N SILICON PLANAR
U.H.F. TRANSISTOR BLX91

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

Min. Typ. Max.

v Collector -base breakdown voltage
BRICBO 1 = 10ma 65 - - v
v Collector -emitter breakdown voltage
(BR)CES _ _ - -
IC—lOmA, RBE—O 65 \4
\% Collector -emitter breakdown voltage
(BR)CEO [, =25mA 33 - - v
C
v Emitter-base breakdown voltage
(BRYEBO IE = 1.0mA 4.0 - - \4
hFE Static forward current transfer ratio
Ic = 100mA, VCE =5.0vV 10 35 -
fT Transition frequency
I.=50mA, V_,_ =5.0V, f = 500MHz - 1200 - MHz
C CE
CTc Collector capacitance
VCB:IOV,IE:IE=O,f:1.OMHz - 3.5 - pF
CTe Emitter capacitance
VEB:O' IC=IC=O, { = 1.0MHz - 11 - pF
Ccs Collector -stud capacitance - 2.0 - pF
*Derived from the 's' parameters measured at f = S00MHz, T"rnb =25°%
a
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Typical curves
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I
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TYPICAL VARIATION OF INPUT REFLECTION COEFFICIENT
AND FEEDBACK COEFFICIENT WITH FREQUENCY
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N-P-N SILICON PLANAR
U.H.F. TRANSISTOR BLX91

D&4n

[s21] [T o
(dB) Typical curves deg)
Veg 228V
-l =75mA
30 150
N
N !
20 N 00
| |52}\ ™
(dB) NS
NN
10 ~ 50
[~ — Sy
[ [T =lldeg)
— —
)
0 0
0 200 400 600 800 1000 f (MHz)
D&d12
[s21] [T 1L
{dB) Typical curves | |
Veg =28V
15
41" S
£=200MHz .
~
10
fpaceet =1 -
] S
400MHz NN
5
800MHz .
~
0
0 20 40 60 80 100 120
-lg (mA)

TYPICAL VARIATION OF FORWARD TRANSFER COEFFICIENT
WITH FREQUENCY AND EMITTER CURRENT
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D4413
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(dB) - -
S = S 50
[ —
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BLX91

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

APPLICATION INFORMATION

R. F. Performance in c.w. operation (Th = ZSOC)

A £ Pyr | Py, fnto 500 n Ei ?L
\2 (MHz) (W) (W) (%) @) (mmho)
24 470 0.05 0. 85 typ. 53 typ. - -

28 470 0.08 1.0 min. 50 min. - -
28 470 0.08 1. 45 typ. 60 typ. 1.4 +1.6 3.7-j22
28 1000 0. 40 L4 typ. 50 typ. - -

At P = 1.0W and V¢ = 28V, the output power at heatsink temperatures between
25 and 90°C relative to that at 25°C is diminished typically by 2mW/°C.

The transistor is designed to withstand full load mismatch in the test circuit under
the following conditions: -

V., =28V f = 470MHz

0
ac Th—9OC

P = 12W

L V.S.W.R. =50:1 at any phase

470MHz amplifier circuit

Vee
c7
»
L3
Qutput
500
Y'Y Fan\
A 82< R
. L&
Input c5
500 Cf,\ ]
P ) e
Al

c8=

)
Nl
T
(o]
2
N}
L

-

The issue of the information contained in this publication does not imply
any autharity or licence for the utilisation of any patented feature.

D4467
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APPLICATION INFORMATION (contd. )

Component values for 470MHz amplifier circuit.

Cl1 =C2=C35 = 1.8 to 18pF film-dielectric trimmer capacitors.
C3 = C4 = 18pF disc ceramic capacitors.

C6 = 1.0 to 9. 0pF film-dielectric trimmer capacitors.

C7 = 1000pF feed-through capacitor.

Cc8
L1

0. 1uF ceramic capacitor.
1 turn of 1.2mm Cu wire, internal diameter 5Smm, lead length = 2mm.

L2 = 0.47uH choke.
L3 =5 turns of 0. 5Smm Cu wire, internal diameter 4mm, lead length = Smm, close

wound,

L4 = 4 turns of 1. 2mm Cu wire, internal diameter 6. 5mm, leadlength = 4mm, close

wound,

R = 109 carbon.

Component layout on 1. Smm double copper clad fibre glass board

SR Output
N S
QI s O] 50mm
W’ .. ‘. Bl 3 A R s s .- 2, "
L 100mm =J D4419
Shaded area copper
Underside area completely copper clad
04416 D4417
PL [TTTTTT 1 [TTTTTT
w) Typical curve {%) Typical curve:
H f = 470MHZ f = 470MHz
H Ths  25°C Ty=  25°C
70
et O .
B Voo =24V
20 s 0 o3
P Vec =28V /
P I
1.5 7 24V 1 50
P4
L HE
1.0 5 40
AV,
A
4
0.5 30
0 20
0 50 100 150 0 50 100 150
Por (mW) g (MW)

TYPICAL VARIATION OF LOAD POWER AND EFFICIENCY
WITH DRIVE POWER
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-P-N SILICON PLANAR BLX91

N
U.H.F. TRANSISTOR

APPLICATION INFORMATION (contd. )

P nom D448
Laem Vee = 28V
w) ce
f = 470MHz
P nom = P at Voo =28V, T,=25°C,
V.SWR.=1and f=470MHz
2.0
1.5 AN
~ W< 70°C
N Pot=5.2W,
Th=90°C
Piot=b.6W
1.0 tot:
0.5
0
1.0 10 100

V.SWR

INDICATED LOAD POWER AS A FUNCTION OF OVERLOAD

Theabove graph has been derived from an evaluation of the performance of transistors
matched up to 1.6 watts load power in the test amplifier on Page 7 and subsequently
subjected to various mismatch conditions at 28V with V.S.W.R. up to 50:1 and
elevated heatsink temperatures. This indicates a restriction to theload power matched
under nominal conditions in the recommended test configuration.

Mullard

BLX91 Page 9



CAUTION

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

Care should be taken to ensure that all those who may handle, use or dispose of this
deviceare aware of itsnature and of thenecessary safety precautions. Inparticular,
it should never be thrown out with general industrial or domestic waste.

DISPOSAL SERVICE

Devices requiring disposal may be returnedto the Mullard Service Department. They
must be separately and securely packed and clearly identified. If any are damaged
or broken they MUST NOT be sent through the post. In this case, advice isavailable
from:

THE SERVICE DEPARTMENT
MULLARD LIMITED

P.O. BOX 142

NEW ROAD

MITCHAM

SURREY, CR4 4SR.

Mullard
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N-P-N SILICON PLANAR
U.H.F. TRANSISTOR BLX92

TENTATIVE DATA

Silicon n-p-n transistor designed for u.h.f. operation in class A, B or C with
frequencies up to 1GHz. The device is mounted in a plastic, capstan, strip-line
encapsulation.

With a supply voltage of 28V and a signal frequency of 470MHz, the BLX92 will pro-
duce 2. 5W output into a 502 load.

QUICK REFERENCE DATA
A% f P. P_ into 50 n T
ce DR L h Circuit
W) (MHz) | (W) (W) €] )
24 470 0.2 2.4 typ. 70 typ. 25
28 470 0.2 2.5 min. 60 min. 25 Un-neutralised
common -emitter
28 470 0.2 3.0 typ. 66 typ. 25 class B
28 1000 0.7 2.5 typ. 50 typ. 25
OUTLINE AND DIMENSIONS ars
—ofle—-
max.
3.0
585 106 [ ™ 7.3
. 2 27 ‘k 870
min, 8-32

n { % ;) ) UNC[7 l
PN/ S\ e R

&y [+<— 12 max.—*| ;
¢ S<_col|¢ctc»r T

identification

1.65max.

All dimensions in mm
D30

ACCESSORIES
Nut and lock-washer supplied with device

Torque on nut: min, 0.75Nm (7. 5kg cm)
max. 0. 85Nm (8. 5kg cm)

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
. 6
A% CBOM max 5 A%
VCESM max. (RBE =0) 65 A
v CEO max. 33 \Y%
. 4,
VEBO max 0 A%
Ic max., 0.7 A
=
ICM max. (f = 10MHz) . 2.0 A
=
Ptot max. (f = 10MHz, Th =70"C) 6.0 w
See also graphs below
Temperature
T -65 to +150 °c
stg
D4343 D444
Prot T T T 17T 10
w) [ TTT 11 ’
0 f Z10MHz s
Prot=(Ppc+Por)-PU ]
tor 7T DCT ORI Y Ie Power limited ||}
(A) up to Th=70°C
H derate by 22°C/WH
for Th between
10 70°C and 125°C
| | Short duration N ~loc i e e
overload conditions N ’ Second ]
N s N\ | breakdown|T]
limited
° A ’ R Tl' [zlc
N N |h=
N 0.1 Th=125°C
7
Continuous s Safe )
operation operating
V.SWR.<3 areas
2
0 0.01
0 50 100 Tw{°C) 150 1.0 10 33 100
VCE(V)
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N-P-N SILICON PLANAR
U.H.F. TRANSISTOR

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

Ver)CBO
V(BR)CES
VBR)CEO
V BR)EBO

VCE(sat)

C
cs

*Derived from the 's' parameters measured at f = 500MHz, Tamb =25°%

Collector -base breakdown voltage

IC = 10mA

Collector -emitter breakdown voltage

[C = 10mA, RBE =0

Collector -emitter breakdown voltage

I c = 25mA
Emitter -base breakdown voltage
IE = 1.0mA

Collector -emitter saturation voltage
IC = 100mA, IB = 20mA

Static forward current transfer ratio

IC = 100mA, VCE =5.0V

Transition frequency

IC = 100mA, VCE =5.0V, f = 500MHz

Collector capacitance
VCB= 10V, IE =Ie=0, f=1.0MHz

Emitter capacitance

VEB=0, IC =Ic=0, f=1.0MHz

Collector-stud capacitance

Mullard

Min.,

65

65

33

4.0

10

Typ.

40

1200

6.5

25

2.0

BLX92

Max.

- MHz
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TYPICAL VARIATION OF INPUT REFLECTION COEFFICIENT AND
FEEDBACK COEFFICIENT WITH FREQUENCY
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N-P-N SILICON PLANAR
U.H.F. TRANSISTOR BLX92

D4347

Isa1] S21
{dB) ] L ] ] I (deg)
Typical curves
VCE = 28\/

-1g=100mA
30 150

\
20 \\ 100
\\
~ \\.
10 = << " 50
I~ [ideg
Isal | T =
(dB) e gy Y Y
0 [ - 0
0 200 400 600 800 1000 f (MHz)
D4348
1523
o [T T1
Typical curves
Vce = 28V
15
= e £ = 200MH2
10
-
— 4L00MHz
5
ot - —
A ] 800MHz
0 [ 11
0 50 100 150 200 250 ~Ig(mA)

TYPICAL VARIATION OF FORWARD TRANSFER COEFFICIENT
WITH FREQUENCY AND EMITTER CURRENT
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|s22] S22
{dB) | I l ] [ (deg)
Typical curves
Ve = 28V
-1£=100mA
15 -150
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{dB) AT {deg)
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4 N~ —
-10 l/ st 100
]
~ “ \‘
P -
ol \\

-5 -50
0 0
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TYPICAL VARIATION OF OUTPUT REFLECTION COEFFICIENT

WITH FREQUENCY
D4350 D&351
fr PITTT Cre I
(MHz) Ve = 28V (pF) LT
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f= 1.0MHz
1500 N
Typ. 14 - \\
N
d N
s Typ. -
1000
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N-P-N SILICON PLANAR
U.H.F. TRANSISTOR BLX92

APPLICATION INFORMATION

R. F. Performance in c.w. operation (Th = 250C)

Ve f Pop | Py into 500 n Zl ?L
V) (MHz) W) W) (%) ) (mmho)
24 470 0.2 2.5 typ. 70 typ. - -

28 470 0.2 2.5 min. 60 min. - -
28 470 0.2 3.0 typ. 66 typ. 1.6 +j3. 4 7.7-§31
28 1000 0.7 2.5 typ. 50 typ. - -

At P, = 2,5W and Vg = 28V, the output power at heatsink temperatures between
25 and 90°C relative to that at 25°C is diminished typically by SmW/°C.

The transistor is designed to withstand full load mismatch in the test circuit under
the following conditions: -

0
VCC=28V f = 470MHz Th—90C

PL =2.5W V.S.W.R. =50:1 at any phase

470MHz amplifier circuit

Vee

3
Output
500
R
nput L cs
500 C‘Z/\ L
o ¥ PN
At
oz 8
-
o1 e
L2 =c3 S=c
oesun
The issue of the in this ion does not imply

any authority or licence for the utilisation of any patented feature.

Mullard

BLX92 Page 7



APPLICATION INFORMATION (contd. )

Component values for 470MHz amplifier circuit.

Cl =C2 = 1.8 to 18pF film-dielectric trimmer capacitors.

C3 = C4 = 18pF disc ceramic capacitors.

C5 =C6 = 1.0 to 9.0pF film-dielectric trimmer capacitors.

C7 = 1000pF feed-through capacitor.

C8 = 0. 1uF ceramic capacitor.

L1 =1 turn of 1.2mm Cu wire, internal diameter 5mm, lead length = 2mm.
L2 = 0.47uH choke.

L3 = 3 turns of 0. 5mm Cu wire, internal diameter 4mm, lead length = Smm
L4 = 2 turns of 1. 2mm Cu wire, internal diameter 6. 5mm, lead length = 4mm

Component layout on 1. 5mm double copper clad fibre glass board

Input
500
(o]
II= 100mm D4342
Shaded area copper
Underside area completely copper clad
4352 D4353
P ENEEEE n NN
(W) Typical curves (%) Typical curves
f = 470MHz f = 470MHz
Th = 25°C Th = 25°C
5 80
Vee=28V
Ld 28V
4 7 70 » o =
V.ARED 7 24V
A 24V
3 60
pd /
y.ay /
yAD 4
V
2 V7 50
A
y
/
Vee=28V
1 y / 4o cC
2LV
0 30 [
0 0.1 0.2 03 0.4 0 o1 0.2 03 04
Ppr(W) ForiW)

TYPICAL VARIATION OF LOAD POWER AND EFFICIENCY WITH DRIVE POWER
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N-P-N SILICON PLANAR
U.H.F. TRANSISTOR BLX92

APPLICATION INFORMATION (contd. )

D4354

Pinom [
Wi Vee = 28V
f = 470MHz
5 Pinom = Py at Ve = 28V, Ty, = 25°C,
V.S.W.R.=1 and f = 470MHz
4
\
N
N
N (L ThS70°C, Prot = 85W
3 \\
‘\5.
T,290°C, Pyor =75W
2
1
0
2 S

2 s 7
1 10 V.S.WR. 100

INDICATED LOAD POWER AS A FUNCTION OF OVERLOAD

The above graph has been derived from an evaluation of the performance of transistors
matched up to 3.8 watts load power in the testamplifier on Page 7 and subsequently
subjected to various mismatch conditions at 28V with V.S.W.R. up to 50:1 and
elevated heatsink temperatures. Thisindicates a restrictiontotheload power matched
under nominal conditions in the recommended test configuration.
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CAUTION

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

Care should be taken to ensure that all those who may handle, use or dispose of this
deviceareaware of its natureand of the necessary safety precautions. Inparticular,
it should never be thrown out with general industrial or domestic waste.

DISPOSAL SERVICE

Devices requiring disposal may be returnedto the Mullard Service Department. They
must be separately and securely packed and clearly identified. If any are damaged
or broken they MUST NOT be sent through the post. In this case, advice isavailable
from:

THE SERVICE DEPARTMENT
MULLARD LIMITED

P.O. BOX 142

NEW ROAD

MITCHAM

SURREY, CR4 4SR.

Mullard
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N-P-N SILICON PLANAR
U.H.F. TRANSISTOR BLX93

TENTATIVE DATA
Silicon n-p-n transistor designed for u.h.f. operation in class A, B or C with
frequencies up to 1GHz. The device is mounted in a plastic, capstan, strip-line
encapsulation.
With a supply voltage of 28V and a signal frequency of 470MHz, the BLX93 will pro-
duce 7. 0W output into a 502 load.

QUICK REFERENCE DATA
v cc f PDR PL into 50Q n Th ) .
Circuit
V) (MHz) W) (W) %) °c)
24 470 1.0 7.0 typ. 70 typ. 25
28 470 | 1.0 7.0 min. 60 min. g5 | Un-neutralised
commoil -emitter
28 470 | 1.0 8.0 typ. 75 typ. 25 class B
28 1000 1.5 5.0 typ. 45 typ. 25
OUTLINE AND DIMENSIONS
015
~**"max.
585 106 —of 30— 213
max. 25 2.7 0
e min. 8-32
™ UNC] JL
L1 %
max. /
N e b 2975 ’ —F3.0
max. \ &mux
e—12 max.—"
€ collector
identification
1.65max.
ACCESSORIES All dimensions in mm |

Nut and lock -washer supplied with device
D3370

Torque on nut: min. 0.75Nm (7. S5kg cm)
max. 0.85Nm (8. Skg cm)

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
VCBOM max. 65 v
VCESM max. (RBE =0) 65 v
VCEO max. 33 v
VEBO max. 4.0 A%
. 1.0 A
Ic max. .
. = 10MH .
ICM max. =1 z) . 3.0 A
P max. (f= 10MHz, T, = 70 C) 12.5 w
tot h
See also graphs below
Temperature
T -65 to +150 °c
stg
D435 D4356
Piot T T T T T TT 10 T T —FTHH
(W) f 2 10MHz i Power limited
20 P1ot = (Poc+Ppri-PL 5 up to Th=70°C
Ic derate by 10.L°C/W}
(A) for T, between
N 70°C and 125°C
2
| | Short duration N I I | H
overload conditions N 10 DC Second
B N breakdown
limited
Th=25°C
N N [1,=125°C
AN
10 2
N,
[4A]
|__{Continuous operation 7
V.SW.R. 3 Safe
operating
areas
0 0.01
L
0 50 100 T,{°C) 150 10 10 33 100
VCE(V)

Mullard

BLX93 Page 2



N-P-N SILICON PLANAR
U.H.F. TRANSISTOR BLX93

ELECTRICAL CHARACTERISTICS (T]. = 250C unless otherwise stated)

Min, Typ. Max.

v Collector -base breakdown voltage
(BRICBO 1, = 10ma 65 - - v
A% Collector -emitter breakdown voltage
(BR)CES
= 10mA, = - -
I c 1 RBE 0 65 v
v Collector ~emitter breakdown voltage
(BR)CEO IC = 25mA 33 - - v
v Emitter-base breakdown voltage
(BRIERO 1 = 1.0ma 40 - - v
hFE Static forward current transfer ratio
IC=100mA, VCE =5.0V 10 35 -
’*fT Transition frequency
I,=200mA, V__ =5.0V, f=500MHz - 1200 - MHz
C CE
cTc Collector capacitance
VCB=10V, IE=Ie:0, f = 1.0MHz - 14 - pF
CTe Emitter capacitance
VEB=O, IC=Ic=O’ f = 1. OMHz - 60 - pF
CCS Collector -stud capacitance - 2.0 - pF

*Derived from the 's' parameters measured at f = 500MHz, Tamb = 25°¢
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isul B s1
(d8) Typical curves {deg)
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1
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TYPICAL VARIATION OF INPUT REFLECTION COEFFICIENT AND
FEEDBACK COEFFICIENT WITH FREQUENCY

Mullard

BLX93 Page 4



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

BLX93

D6 359

[s21][ [T S21
1dB) Typical curves (deg)
Vg = 28V
-1g=200mA
20 100
~
ANE
.y
P,
\\
10 N I~ 50
Is21 ~
{dB} SN
] ™~ S21
| Tl |(deg)
—
0 - 0
=10 -50
200 400 600 800 1000 f{MHz,
D360
15 Typical curves
V('E= ZSV
Isa1l
{dB) p -y
oy
10 f = 200MHz
5 . -
™~ 400MHz
0 =
4 —
800 MHz
~5
100 200 300 400 500 -IgimA)

TYPICAL VARIATION OF FORWARD TRANSFER COEFFICIENT

WITH FREQUENCY AND EMITTER CURRENT
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D4361

Is22| Typical curves 322
{dB) Vg = 28V (deg)
'IE= 200mA S22
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-8 - o e e -160
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i |Zzé|
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N
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D436 D4363
2000 T Cre 1.t 1
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1500 20
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\
\
4 15
1000 TYP- q
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the ‘s’ parameters
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N-P-N SILICON PLANAR
U.H.F. TRANSISTOR BLX93

APPLICATION INFORMATION

R.F. Performance in c. w. operation (Th = ZSOC)

\ £ Por | Py, into 500 n Zi ?L
V) (MHz) (W) W) %) (%) (mmho)
24 470 1.0 7.0 typ. 70 typ. - -

28 470 1.0 7.0 min. 60 min. - -
28 470 1.0 8.0 typ. 75 typ. 1.6 +j5.5 20-j40
28 1000 1.5 5.0 typ. 45 typ. - -

At P, =7.0W and V¢ = 28V, the output power at heatsink temperatures between
25 and 90°C relative to that at 25°C is diminished typically by 10mW/°C.

The transistor is designed to withstand full load mismatch in the test circuit under
the following conditions: -

0
VCC =28V f=470MHz Th =90°C
PL =7.0W V.S.W.R. =50:1 at any phase

470MHz amplifier circuit

Vee

13
Output
500
N R
4
Input €5
500 2 L
co cs
o
i
L2 ==C3 ==Ce
0w
The Issue of the i ined in this i does not imply

any authority or licence for the utilisation of any patented feature.

Mullard

BLX93 Page 7



APPLICATION INFORMATION (contd. )

Component values for 470MHz amplifier circuit.

C1 =C2 = 1,8 to 18pF film -dielectric trimmer capacitors.

C3 = C4 = 18pF disc ceramic capacitors.

C5 =C6 = 1.0 to 9.0pF film-dielectric trimmer capacitors.

C7 = 1000pF feed-through capacitor.

C8 = 0. 1uF ceramic capacitor.

L1 =1 turn of 1. 2mm Cu wire, internal diameter 5mm, lead length = 2mm.
L2 = 0.47uH choke.

L3 = 3 turns of 0. 5mm Cu wire, internal diameter 4mm, lead length = Smm
L4 =2 turns of 1.2mm Cu wire, internal diameter 6.5mm, lead length = 4mm

Component layout on 1.5mm double copper clad fibre glass board

Output
500

] 50mm

r<3- 100mm —] D4342
Shaded area copper

Underside area completely copper clad

D4364 04365
P [TTI1TT I‘- 1T TTTT
(W) Typical curves (%6} Typical curves
f = 470MHz f = 470MHz
Th = 25°C Th = 25°C
90
Vee=28Y
10 = 80
Vee=28V
24y c¢
.
70 = 24V
/
yd
y,
¥
i/
50 1
| 1
0 40
0 1 PorW) 2 0 1 PRWl 2

TYPICAL VARIATION OF LOAD POWER AND EFFICIENCY WITH DRIVE POWER

Mullard
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N-P-N SILICON PLANAR :
U.H.F. TRANSISTOR BLX93

APPLICATION INFORMATION (contd. )

D436
P nom ] l I
tw) Vee=28Y
f = 470MHz
PLnom = P_ at Voo = 28V, Th = 25°C,
V.SW.R.z1 and f = 470MHz
10
Th € 70°C, Piot = 20W
—_—
Th=90°C, Pror = 18W
5
0
5 2 5 7
1 10 V.S.W.R. 100

INDICATED LOAD POWER AS A FUNCTION OF OVERLOAD

The above graph has beenderived from an evaluation of the performance of transistors
matched up to 8 watts load power in the testamplifier on Page 7 and subsequently
subjected to various mismatch conditions at 28V with V.S.W.R. up to 50:1 and
elevated heatsink temperatures. This indicates a restriction to the load power matched
under nominal conditions in the recommended test configuration.

Mullard
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CAUTION

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

Care should be taken to ensure that all those who may handle, use or dispose of this
deviceareaware of its natureand of the necessary safety precautions. Inparticular,
it should never be thrown out with general industrial or domestic waste.

DISPOSAL SERVICE

Devices requiring disposal may be returned to the Mullard Service Department. They
must be separately and securely packed and clearly identified. If any are damaged
or broken they MUST NOT be sent through the post. In this case, advice isavailable
from: -

THE SERVICE DEPARTMENT
MULLARD LIMITED

P.O. BOX 142

NEW ROAD

MITCHAM

SURREY, CR4 4SR.

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR BLX94

N-P-N silicon planar epitaxial transistor intended for transmitting applications in
class A, B or C with a supply voltage up to 28V.

The transistor is resistance stabilised and is tested under severe load mismatch
conditions.

It has a 1/4" capstan envelope with a moulded cap. A}l leads are isolated from the
stud.

QUICK REFERENCE DATA

R. F. performance at Thp= 25°C in an un-neutralised common-emitter class
B circuit.

OMé);i:ti(:L A\ c f PDR PL Ic Gp n zi YL
P (V) [(MHz) { (W) | (W) | (A) ] (dB) | (%) () (mA/V)
cow. | 28 [ 470 | <5 |20 | <13 >6 | >55 |0.65+j3.9] 62-j97

OUTLINE AND DIMENSIONS

4 (1 o] | _paw
e !
1.6mﬂl
c plastic
£ [ \ ﬁ \ ol o
el a0 O 9 &L |
o b o metal
b4 80
86 2 12
bt 11.
e )
30
max max
9.7 575 ]
25min
All dimensions in mm D 4145

Torque on nut: 7. Skgcm (0. 75Nm) min.
8. 5kg cm (0. 85Nm) max.

Diameter of clearance hole in heatsink: 4.17mm max.

Note: Do not chamfer the edges of the mounting holes when removing burrs. When
locking is required, an adhesive instead of a lock washer is preferred.

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
VCBOM max. 65 \Y
VCEO max. 33 v
VEBO max. 4.0 v
IC(AV) max, 2.0 A
ICM max. (f > 1.0MHz) 6.0 A
0 >
P, mex. (T, <25°C, f>1. OMHz) 50 w
Temperature
-30t0 4200  °C
stg o
Tj max. 200
THERMAL CHARACTERISTICS
o
Rth(j—mb) 2.9 OC/W
Rth (mb-h) 0.6 C/W
50 D4146 ]00 D447
T T T T TN ] s e
Short duration +— 4 = H
oveorrloug condit uns"’//\:‘*L Th=25 °C
V.SWR > 3 Yora 9
| S W Wt -9
Ptot 1 0 I
{w) AN 7 N {A)
%, g
/\4/\
AN
40 "9,«0 10
‘5, Dy 5
5 .
1o.c
20 Continuous operation 1
V.SWR. <3 )
Veg < 28V _|Safe operating area
f 2 IMHz
0 [TITTI 0.1
] 50  Tpl°C) 100 1 10 Veg V) 102

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR BLX94

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

I Collector cut-off current
CEO
IB—O, VCE—ZSV - - 10 mA
Collector -base breakdown voltage
aopen emitter
IC =25mA 65 - - v

Vierycro

Collector -emitter breakdown
voltage,open base
I o 25mA 33 - - A%

V(BR)CEO

Emitter -base breakdown voltage
open collector

IE =10mA 4.0 - - v

V(BR)EBO

E Transient energy
L =25mH, f=50Hz

open base 3.0 - - mWs

-VBE =1.5V, RBE =330 3.0 - - mWs

hFE Static forward current
transfer ratio

IC=1.0A,VCE=5.OV 15 50 -

f Transition frequency
IC:Z.OA, VCE=20V - 1.0 - GHz

C Collector capacitance
IE=Ie=0, VCB=30V, f=1.0MHz - 32 50 pF

-C Feedback capacitance

IC:IOOmA, VCE=30V, f=1.0MHz - 18 - pF

C Collector -stud capacitance - 2.0 - pF

Mullard
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04148
1500 J 1T 1]
Veg =20V
fr
(MHz)
1000 — Typ ~
h,
500
0
0 1 2 3 4 Ic(A)
D4149
70 11]1
=E= lo =0
if =
Cre \ f= IMHz
(pF)
50
N\
N
Typ
)
30
10
0 20 VeglV) 40

Muliard
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N-P-N SILICON PLANAR '
EPITAXIAL U.H.F. TRANSISTOR BLX94

APPLICATION INFORMATION

R.F.performance in c. w.operation (un-neutralised common -emitter class B circuit)

£=470MHz, Ty, =25°C

Voo | Por | P e S " % YL
V) (W) (W) (A) (dB) %) (?) (mA/V)
28 | <5 | 20 | <13 | >6 | >55 | 0.65¢3.9 | 62-197

Test circuit

input L4 output
— 77772222770 —O
c7
500 3 §L3 ca;;f s0Q
o s

N " R cr_] °

J)‘"Vcc D4150

Component values

Cl1 =C2=C8 = 2 to 9pF film dielectric trimmer

C3 = C4 = 15pF chip capacitor

C5 = 100pF feed-through capacitor

C6 = 33nF polyester capacitor

C7 = 2 to 18pF film dielectric trimmer

R1 = 1Q carbon resistor

R2 = 109 carbon resistor

L1 = strip line (40.8 x 5. Omm)

L2 =13 turns of closely wound enamelled copper wire (0. 5mm), int. dia. 4.0mm

L3 = 2 turns of copper wire (lmm), winding pitch 1.5mm, int. dia. 4.0mm, leads
2 X Smm

L4 = strip line (52. 4 x 5. 0mm)

L5 = ferroxcube choke coil. Z (at f=50MHz) = 750Q +20%

L1 and L4 are strip lines on a double copper clad print plate with teflon fibre-glass
dielectric (€, = 2.74), thickness 1.45mm.

Mullard
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APPLICATION INFORMATION (contd. )

Component layout and printed circuit board for 470MHz test circuit.

output
500
° 47mm
-~ 411 — D4151

D41s2

The circuit and the components are situated on one side of the teflon fibre-glass
board, the other side being fully metallised to serve as earth. Earth connections
are made by means of hollow rivets.

The issue of the intormation contained in this publicatron does not imply
any authority or licence for the utitisation of any patented feature

Mullard
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N-P-N SILICON PLANAR ‘
EPITAXIAL U.H.F. TRANSISTOR BLX94

04153 0415.

BREEE A Erso T T
= s ce=
2oL T = 25°C | | Ren(mb-h)=0.6T/W]
- P
N el
w) i \ Th=50C
F
30 L 20 70°C
A ]
P’ — N~ dosel LU
T ~
I /
20100 typ
A ———1
n
i 10
10450 1
17
0 11 0 |
0 25 5 Pop(W) 7.5 1 10 VSWR® 102

For high voltage operation, a stabilised
power supply is generally used.

" The graph shows the allowable output
power under nominal conditions as a
function of the V.S, W.R., with heat-
sink temperature as parameter.

CAUTION

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

Care should be taken to ensurethat all those who may handle, use or dispose of this
device are aware of itsnature and of thenecessary safety precautions. Inparticular,
it should never be thrown out with general industrial or domestic waste.

DISPOSAL SERVICE

Devices requiring disposal may be returned to theMullard Service Department. They
must be separately and securely packed and clearly identified. If any are damaged
or broken they MUST NOT be sent throughthepost. In this case, advice is available
from:

THE SERVICE DEPARTMENT
MULLARD LIMITED

P.O. BOX 142

NEW ROAD

MITCHAM

SURREY, CR4 4SR.

Mullard
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N-P-N SILICON BLY33
V.H.F. POWER TRANSISTORS BLY34

TENTATIVE DATA

Silicon n-p-n high frequency medium power transistors primarily intended
for class B operation in v.h.f. amplifiers. The collector is electrically
connected to case.

QUICK REFERENCE DATA
BLY33 BLY34
=
'VCES max. (peak r.f. =1.0MHz) 66 40 v
VCEO max. 33 20 \'
ICM max. (peak r.f. =1.0MHz) 1.5 1.5 A
P, . max. (T =100°C) 2.0 2.0 w
tot case o
Tj max. 150 150 C
fT min. (IC=0.2A, VCE=5.0V, f=100MHz) 250 250 MHz
Performance in a 175MHz common emitter amplifier:-
Operation: a.m, f.m.
v cc Supply voltage 13.8 13.8 v
Po Output power 2.0 3.0 w
Gp Typ. power gain 8.0 8.0 dB
n Typ. efficiency 80 80 %
Unless otherwise stated data is applicable to both types
OUTLINE AND DIMENSIONS
Conforms to B.S. 3934 SO-3/SB3-3B
J.E.D.E.C, TO-39
A Millimetres
8 Min. Nom. Max.
1 A 9.10 - 9.40
H c B 8.2 - 8.5
L c 6.15 . - 6.60
F1 64 o D - 5.08 -
F2 2P J'E ra E 0.71 - 0.86
‘ / 4 F1 - - 0.51
G3 F2 12.7 - -
F3 12.7 - 15
48° I o b, G1 - - 1.01
G2 0.41 - 0.48
= G3 0.53
r no P
Jeel J 0.74 1.01

Collector connected to case

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

BLY34

BLY34

Electrical
. 1. =1,
VCES max. (peak r.f 0MHz) BLY33
v CEO max. BLY33
VEBO max.
IC max.
I . (f=1.
oM Max (f=1.0MHz)
ICM max. (f< 1.0M]-Izz)
P max. T =25C, f=1.0MHz
tot case °
T =25 C, f<1.0MHz
case
See also curves on pages 5 and 6
Temperature
Tj max. Continuous operation
Intermittent operation,
total duration 200 hours
Ts te min,
T max.
stg

THERMAL CHARACTERISTIC

Rth(j-case)

66
40

33
20

4.0
0.5
1.5
0.5
5.0
4.0

€ € » p p < 4 <<

150 C

200 C

150 C

25 degC/W

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

Min.

ICES Collector-emitter cut-off

current

Veg~Vops™aX-» Vpg~0 B
Vo™ Vepo™*-: Vpg™? -

IEBO gmltie: S;t-(;ff :grrent
EB : e}

h Static forward current
FE s
transfer ratio

=0.2A =5. 1
IC ) VCE 5.0V 0

Typ. Max.

0.10 5.0 mA
0.02 0.5 mA

0.2u 0.5m A

60 -

Mullard
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N-P-N SILICON
V.H.F. POWER TRANSISTORS

ELECTRICAL CHARACTERISTICS (cont'd)

f Transition frequency

IC=0.2A, VCE=5.0V,

£=100MHz, T _. =25°C 250
amb
Collector capacitance

VCB=10V, IE=Ie=0,

f=0.5MHz -

te

C Emitter capacitance

te - o1
Vep=0 I,=1,=0,

f=0.5MHz 45

RECOMMENDED OPERATING CONDITIONS

450

11

65

BLY33
BLY34

Max

- MHz
15 pF
90 pF

As a medium power amplifier for the output stage of a small transmitter, or as

a driver for larger output stages.

f=175MHz BLY33
Operation a.m. f.m,

\% cc Supply voltage nom. 13.8 28
max. 16.5 32

VB Base bias voltage 0 0

o Output power 2.0 3.0

Pi Input power typ. 0.32 0.28
max. 0.40 0.40

I cc Supply current typ. 180 160

n Efficiency typ. 80 65

NOTES

BLY34

f.m

13.8 v
16.5 v
0 \'
3.0 w
0.5 w
0.6 w

270 mA
80 %

1. For a.m. telephony, collector modulation of the output and driver stages

is recommended.

2. Aheatsinkofthermal resistance 20degC/W is recommended for operation
in ambient temperatures up to 65°C. At temperatures >65°C, derating

is necessary.

3. Under the recommended a.m. operating condition and without modulation,
the transistor can withstand any load mismatch. With modulation applied,
operation into an extreme mismatch may adversely affect the life of the
transistor and care should be exercised to keep the device within its

ratings.

Mullard

BLY33-Page 3



BASIC V.H.F. AMPLIFIER CIRCUIT

Supply V,
poly Vec
50
o Ly
RS:SOQ Rz
C, 500 gy 0-25pF

Component values for 175MHz amplifier circuit

c, 30 pF
C2 30 pF
03 30 |92
C4 30 pF
L1 1.0 inch of straight 18 s.w.g.
L2 3.0 turns of 24 s.w.g. on Ferrite FX1115
L3 5.0 turns of 18 s.w.g., d=3/8", 1=3/8".
L4 3.0 turns of 18 s.w.g., d=3/8", 1=3/8".
NOTE

To obtain optimum gain performance the emitter lead length should not
exceed 1.6mm.

Mullard
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N-P-N SILICON
V.H.F. POWER TRANSISTORS g::;gz

T T T ] 8Ly 33| ] 1] [TT8&7726
RN TWTH | lJTBLY34[ T |
B
(W)
¢ 1 Cl \tC:ZBV 11
40 EM, :
] EM. e T Vec =138V
3 — |
30 e =AM,
l L
*
20 7 1
/ BLY33
» BLY34» == s mr
10 d -
T ‘ ]
o i 111 T !

o] 02 o4 06 08 P‘ (w)
TYPICAL VARIATION OF OUTPUT POWER WITH INPUT POWER
FOR V.H.F, AMPLIFIER
(See Recommended Operating Conditions on page 3)

[T JH_I_L J‘J_L}_L T3 BLY33[]
o * - T ) BLY34 -
i Pl e ST
GO ¥ ni I e - [
Rot | J L ;
ENG i 1
el T
v ! B [ b Y |
4-0 t ’ gy T ]
s‘ ] i
1] - > ] 1
il A 1 [TTITT
T T termittent
LT I I \5.777,* / I<;-'p:rr:crl‘1|iorfn
WL‘F - ) [ i_ Total duration <200hours
e r N T T 1T
S IO N O\ - 1
. - 1 - ! H L P
BautaihanadBibasat B2 Mi=aacats
Permissible areas of operqtioni»m - N I-- i ]
TR N N ;
et e [ T TN TR B
0 50 100 150 200 Tegee (°C)

MAXIMUM PERMISSIBLE POWER DISSIPATION PLOTTED AGAINST
CASE TEMPERATURE FOR FREQUENCIES >1.0MHz

Mullard

BLY33-Page 5



10T

BLY33 B7725!
7 BLY 34 BLY33 11
o BLY3d » = o o
I.|5p
CrE L 1]
(A) |5 f < 1-:OMHz
| 4
\
B \,\
01— \. X
g X
7' .
sk A NEAY
u , <\
3 Permissible areas of operation \‘
oottt bbb A N
3 5 7 3 5 7 3 5 7
01 10 10 VCE(V) 100

PERMISSIBLE AREAS OF OPERATION FOR FREQUENCIES <1.0MHz

Piot jT T .
(°/° ) ** T ﬁ*’jk»
T
J 1
100 -
HERS 3 |
80 HH ‘
60 HH L
T T
| L4
40 o p‘uﬂﬁ
P -
20 T N T
COL A P FL-H e,
o FLEFEHE | PR N
o 50 100 150 Tegse (°C)

PERCENTAGE POWER DERATING PLOTTED AGAINST
CASE TEMPERATURE FOR FREQUENCIES <1.0MHz
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N-P-N SILICON PLANAR

V.H.F. TRANSISTORS

Silicon n-p-n transistors for v.h.f. mobile operation in class B. The BLY35 is
mounted in a TO-60envelope: and the BLY83 is mounted in a plastic, capstan strip-

line encapsulation.

The transistors are primarily intended for a.m. operation at 13.8V but are also

suitable for f. m. operation at 24V.

BLY35
BLY83

QUICK REFERENCE DATA
VC c f PDR PL (carrier) PL into 50Q n m dtot
Mode
V) | MHz) [ (W) W) W) %) (VAR YA
a.m. 13.8 175 0.35 7.0 typ. - 77 typ. 30 <5
a.m, 13.8 80 0.06 7.5 typ. - 77 typ. 80 <5
[ 24 175 1.35 - 13 typ. 65 typ. - -

Unless otherwise stated data are applicable to both types

OUTLINE AND DIMENSIONS

BLY35 J]J.E.D.E.C. TO-60

BLY83 Capstan strip-line

For details see page 2

BLY35

OCTOBER 1972

(Emitter connected to stud)

(Stud isolated)

Mullard
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OUTLINE DRAWINGS (All dimensions in mm)

BLY35
198maex
—rl ; N
10-32UNF £
o] A
2 &
~F
3o 10
max
1150 76
1072 - 115mex D172
7208701
Accessories
Nut and lock -washer supplied with device
Torque on nut: min. 0.8Nm (8kg cm)
max. 1. 7Nm (17kg cm)
015
BLY83 sl max.
3.0 ler
585 10.6 ™ 7.3
2.7 270
e e KA 8-32
UNC7 l

|

Al 16

PN AN\ BN

ri« &y i [—12 mul.*v =
><\coll¢ctor T

identification

o

1.65max.

—

All dimensions in mm
D3370

Accessories
Nut and lock-washer supplied with device

Torque on nut: min. 0. 7SNm (7. 5kg cm)
max. 0.85Nm (8.5kg cm)

Mullard
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N-P-N SILICON PLANAR BLY35
V.H.F. TRANSISTORS BLYS3

RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
v cpoMm Mex- 66 \Y
v CESM max. 66 v
v CEO max. 33 v
. 4,
VEBO max 0 v
IC max, 2.5 A
. <1. .
ICM max. (f <1,0MHz) 2.5 A
:_> .
ICM max. (f =1,0MHz) 7.5 A
o
Ptot max. (f =1.0MHz, Th =907C) 12 W
Temperature
T BLY3S  -65 to 4200 °c
stg
BLY83  -65to +150 °c
D477
Piot T [T1TIT
w) A = 10Mnz
[ JPror=(Ppc+Ppg)-P,
17 T
| n
)
20} Short durati
load conditions
17T | ]
I
]
10 (e .
o
0 1T [ L
0 100 T,(C) 200

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

v (BR)CBO Collector -base breakdown voltage
I, =10mA
C
-emitt
v (BR)CES ?olielc(t)ronrAen;t er_ lareakdown voltage
(o) * UBE
v (BR)CEO Collector -emitter breakdown voltage
I, =50mA
Cc
v (BR)EBO Emitter -base breakdown voltage
I_ =1.0mA
E
hFE Static forward current transfer ratio
IC = 1,04, VCE =5.0V
fT Transition frequency
IC = 1,04, VCE = S.OVO
f = 100MHz, T =25C
amb
CTc Collector capacitance
Ve =10V, Ip =1, =0, f=1.0MHz
cTe Emitter capacitance

VEB=0, IC =Ic=0' f=1,0MHz

Mullard

Min. Typ.
66 -
66 -
33 -

4,0 -
10 60
250 450
- 34
100 155

Max.

220

- MHz

45 P
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N-P-N SILICON PLANAR
V.H.F. TRANSISTORS

APPLICATIONS INFORMATION

R.F. performance in a 7.0W a.m. transmitter at f = 175MHz,

BLY35
BLY83

f mod. = 1kHz
VCC PDR PL (carrier) IC (driver) IC (amplifier) Gp 7 m dtot
vy | W) (W) @A) A) @] & | %)
13.8 | 0.35 7.0 typ. 0,22 typ. 0. 66 typ. 13 {77 typ. | 80 | 5 max.
Cs
Ly ’" )to'g;(?&n
m
RFC,
2 [
| 10nF
500
PF o0
330 Modutating
transformer
0A202 . gAudio
1 Input
@ —1 Voe -13.8V
0A202 270 0173
Component values for 175MHz transmitter circuit: -
C1 to C6 = 4 to 29pF concentric trimmer capacitors
L1 = L3 = 3 turns of 1.2mm en. Cu wire, int.diam. = 6, 4mm, length = 5. 0mm
L2 = L4 =5 turns of 1. 2mm en.Cu wire, int.diam. = 6.4mm, length = 10mm

L5 = 3 turns of 1. 7mm en.Cu wire, int.diam. = 10mm, length = 10mm

RFC1 = RFC2 =2 turns of 0.4mm en.Cu wire on Ferrite FX1115.

The issue of the information contained in this publication does not imply
any authority or licence for the utilisation of any patented feature

Mullard
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APPLICATIONS INFORMATION (contd. )

R.F. performance ina 7.0W a.m. transmitter at f = 30MHz,

f mod. = 1kHz
v cc PDR PL (carrier) IC (driver) Ic (amplifier) Gp n m dtot
V)| W W) (&) (A) @ | & | & %)
13.8 | 0,06 7.5 typ. 0. 06 typ. 0.7 typ. 21 | 70 typ. | 80 | S max.

to 500
load

-

RFC4
RFC

<
Ce

L3
T 7

l:ﬁr'ive BS X6l /}Y .
jc»;ﬂ’; c; 3 }‘ %:

A 1|

- =
22pF 68pF 68pF 18pF
i L1.onF

% ) WionF ) LI
A 0A202,

Moduiating

47nF
transformer
0A202 )
Audio
Input
220
VCC'
13.8V
04774
Component values for 80MHz transmitter circuit: -
C1 to C6 = 4 to 29pF concentric trimmer capacitors
L1 = L4 =5 turns of 1, 2mm en.Cu wire, int. diam. = 6. 3mm, length = 9. 0mm
L3 = L6 = 3 turns of 1.2mm en.Cu wire, int.diam, = 7.0mm, length = 6. 0mm
L7 = 6 turns of 2. Omm en.Cu wire, int.diam. = 10mm, length = 13mm
L2 = L5 =1 turn of 0. 4mm en.Cu wire on Ferrite FX1115

R This resistor is incorporated to reduce the carrier level to 8W or below.

Mullard
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N-P-N SILICON PLANAR BLY35
V.H.F. TRANSISTORS BLYS3
P, AT Eﬁ:i‘ I “H%I_HL }\—W 595794
ety et e e
T , INEEENENER N ]
e

T 1 Wi, :
e
I e
o e A A ERERES:
T;F :;\ 7 :?:b# - L a 1T
A ﬂf'ti | 7W AM. 175MHz amplifier .
; f" ;?; i 1 Voe =13:8(see cct on page S) ]
j=e= gisEzaaniis Sosusm F T
T ‘ B . Emmma
, Sy maRw # TR T
f“ e e
s LU PE [HT R FEEH T R AT
300 400 500 600

C.W. Drive Power to BLY33 (mWw)

AERIAL CARRIER POWER PLOTTED AGAINST C. W. DRIVE POWER FOR
THE 7W A.M. 175MHz AMPLIFIER (see page 5)

P, [T ST T
Ltﬁ:ﬁ: NREE)
CARRIER - T

- Bt

T T T IITT] T
T +H 89580

(W)

F
EVC:
HA
!
BN
mm H
i

T ]
' Sy JEEEREE 88MH|2 _ﬁr% Tl
F "’T Ry 4 17 T | mu
- N ] i T
7 L ] !
- Efj%ﬁ::‘ i/ T:%lif Eam
T N er V4 —‘fHJ [T [T T
:H I % T - ﬂ:ﬁ_ij 7W AM.80MHz amplifier ]
H HF— r =13:8V(see cct on page 6) |
V4 Yee ge 6) |
6 : fﬁg 1
T : i 1 : T] 1] % LT ]
i I<;»~ i F H I { ’_H_ uNEEE -H L] ]
= l ‘ v’ mua +‘fﬂ]’ ma
-4 F T F
%L%L %i{ FEI "_:Wﬁ* ‘ T !
5 L ﬁ' % . ﬁjﬂj&# T T
20 40 60 80 100

C.W. Drive Power to BSX61 (mw)

AERIAL CARRIER POWER PLOTTED AGAINST C. W, DRIVE POWER FOR
THE 7W A.M. 80MHz AMPLIFIER (see page 6)

Mullard
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APPLICATIONS INFORMATION (contd. )

R.F. performance in c.w. operation at f = 175MHz, Th =40°%C

VCC ] PDR PL into 50Q n Gp
(AT ) W) % (dB)
24 1.35 13 typ. 65 typ. 9.8
13. 8 1.35 7.5 typ. - -

Supply
Vee

50

R =

500 T‘ . 25pF

-

% 04775

Component values for 175MHz amplifier circuit: -

C1 =C3 =C4 = 30pF max.
concentric trimmer capacitors

C2 = 60pF max.

L1 = 25.4mm of straight 1. 7mm Cu wire

L2 = 3 turns of 0. Smm Cu wire on Ferrite FX1115

L3 = 3 turns of 1. 7mm Cu wire, int.diam. = 9.5mm, length = 9. 5mm
L4 = 2 turns of 2, 0mm Cu wire, int.diam, = 12, 7mm, length = 9. 5mm

Mullard
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N-P-N SILICON PLANAR BLY35
V.H.F. TRANSISTORS BLYS3
20 D417

(\';L) A Ve =247
= - Voe=138V
yA
~
10
4 d Typical curves
AmnZ el
/
Y,
/
0
] 1 2 3 4 5 Por(W)

LOAD POWER PLOTTED AGAINST DRIVE POWER

Mullard
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APPLICATIONS INFORMATION (contd. )

R. F. performance in c.w. operation at f = 80MHz, Th =40°C

VCC PDR PL into 509
(\2)] W) W)
13.8 0.5 12.5 typ.
6.9 0.5 5.0 typ.
1000 pF Supply
100
4 C3
Lo |sepF== 47pF== 4 |- X
2 pF = P C 500 22nF

Component values for 80MHz amplifier circuit: -

L
L
L

1
1
2
3
Ly

Mullard

= 2 turns of 0. 35mm Cu wire, on Ferrite FX1115

G, = C2 = C3 = C4 = 4 to 29pF concentric trimmer capacitors

; Ba778

=4 turns of 1. 2mm Cu wire, int,diam. = 6. 3mm, length = 8. Omm

= 5 turns of 1. 2mm Cu wire, int, diam. = 6, 3mm, CLOSE WOUND

=5 turns of 1. 7mm Cu wire, int.diam. = 9.6mm, length, = 12Zmm

BLY35 Page

10



N-P-N SILICON PLANAR BLY35

V.H.F. TRANSISTORS BLYS83
P EEEE NSNS NSNS T T T
L T T I T T T ] W 1 89583
wy BT BEN R AR RN S A AR
ypicat curves Fi A
15 H-H+ ‘
| f-80MHz e
L] Tmp=40°C EENEENENEN e ecT13:8Y -
BRI T e T T T T T
N T SN
T e e
EE A aNESEEEENA~ ciSEmAEsEEEEmEE BRSEEENER
10 ‘ REREP ] 1 ]
SeamanD- afsus BN ENMSESRSmESEEEENANE
A A %ﬁ EERSEEEEEEEANEN
T 1 ﬂw‘ T b
dan BEESE g T
L et =69V (T
T L e ny WRER L
s
i SEcEadidiiit
‘ §as E;?J_‘ HH a8 R iRie
Mﬁ: ENERSEEEE #& BRSNS #:
0 I A O T
[¢] 02 B 0-8 PDR(W)

LOAD POWER PLOTTED AGAINST DRIVE POWER

CAUTION

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

Care should be taken to ensure thatall those who may handle, use or dispose of this
device are aware of its natureand of thenecessary safety precautions. In particular,
it should never be thrown out with general industrial or domestic waste.

DISPOSAL SERVICE

Devices requiring disposal may be returnedto the Mullard Service Department, They
must be separately and securely packed and clearly identified. If any are damaged
or broken they MUST NOT be sent through the post. In this case, advice is available
from:

THE SERVICE DEPARTMENT
MULLARD LIMITED

P.O. BOX 142

NEW ROAD

MITCHAM

SURREY, CR4 4SR.

Mullard
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N-P-N SILICON PLANAR BLY36
V.H.F. TRANSISTORS BLY84

Silicon n-p-n transistors for v.h.f. mobile operation in class B. The BLY36 is
mounted in a TO-60 envelope and the BLY84 is mounted in a plastic, capstan strip-
line encapsulation,

The transistors are primarily intended for f. m. operation at 13, 8V.

QUICK REFERENCE DATA
VCC f PDR PL into 50< n o
Circuit
) (MHz) W) w) %
13.8 175 1.2 7.0 typ. 77 typ. Un-neutralised
13.8 175 3.4 13. 2 typ. 79 typ. common -emitter
13.8 80 0.5 13.5 typ. 80 typ. class B.

Unless otherwise stated data are applicable to both types

OUTLINE AND DIMENSIONS
BLY36 J.E.D.E.C. TO-60 (Emitter connected to stud)
BLY84  Capstan strip-line (Stud isolated)

For details see page 2

BLY36 BLY84

Mullard
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OUTLINE DRAWINGS (All dimensions in mm)

BLY36

198
10-32UNF & i
: = i
- 8 I L b I
~
3o | 110
1150 5
1072 ngmex D4772
7208701
Accessories
Nut and lock -washer supplied with device
Torque on nut: min. 0.8Nm (8kg cm)
max. 1.7Nm (17kg cm)
015
BLY84 I max.
5.85 \0.6/\ — 30 Y. 7.3
max. 25 2.7 7.0
¢ min. 3&32 l
C
11 1% 7
max. / \ ]
r ¢ M b 2975, T ¥3.0
F Qny maxy I~ I~ 4max
12 max.—
e \_collcctor
identification
1.65max.
All dimensions in mm
Accessories

Nut and lock-washer supplied with device

Torque on nut: min. 0.75Nm (7. 3kg cm)
max. 0.85Nm (8. 5kg cm)

Mullard
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N-P-N SILICON PLANAR BLY36
V.H.F. TRANSISTORS BLY84

RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
chM max., 40 v
VCESM max. (RBE =0) 40 v
VCEO max. 20 v
VEBO max. 4.0 A\
Ic max, 2.5 A
<1. .
ICM max. (f <1.0MHz) 2.5 A
=
ICM max. (f =1.0MHz) 7.5 A
—on®
Ptot max. (f =1.0MHz, Th =907C) 12 w
Temperature
- BLY36 -65 to +200 °c
stg o
BLY84 -65 to +150 C
04770
Pior [ 12 1] TTTTTTT
(w) - f Z10MHz

Pror=(Ppct Pogl-P|

) |
TN\ [T :LH
20 Short duration

overload conditions

T -t
10 t: Continuous
operation
-l u | |
i ]
T ]
11T
0 T 11
0 100 T °C) 200

Mullard
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ELECTRICAL CHARACTERISTICS (Tj = ZSOC unless otherwise stated)

Min. Typ. Max.

\% Collector -base breakdown voltage
(BR)CBO IC = 10mA 40 - - v
v Collector -emitter breakdown voltage
(BR)CES - _ . R
IC = 10m4, RBE =0 40 v
\% Collector -emitter breakdown voltage
(BRICEO 1 = 50ma 0 - - v
v Emitter -base breakdown voltage
(BR)EBO IE = 1.0mA 4.0 - - v
hFE Static forward current transfer ratio
IC=1.OA,VCE=5.OV 10 60 -
fT Transition frequency
IC =1.0A, VCE = S.OVO
f = 100MHz, T =25C 250 450 - MHz
amb
CTc Collector capacitance
VCB=10V, IE=Ie=0’ f=1.0MHz - 37 45 pF
CTe Emitter capacitance
VEB =0, IC = Ic =0, f=1.0MHz 100 155 - pF

Mullard
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N-P-N SILICON PLANAR BLY36
V.H.F. TRANSISTORS BLY84

APPLICATIONS INFORMATION

R.F. performance in c.w. operation at f = 175MHz, TlLl =40°C

VCC PDR PL into 50Q 7 Gp
(\D] W) W) %) (dB)
13.8 1.2 7.0 typ. 77 typ. 7.6
13.8 3.4 13. 2 typ. 79 typ. 5.8

Supply
Vee

R =
500 o.25pF

%' 04775

Component values for 175MHz amplifier circuit: -

C1 =C3

02 = 60pF max. concentric trimmer capacitor

L, = 25.4mm of straight 1. 7mm Cu wire

= C4 = 30pF max. concentric trimmer capacitors

L. = 3 turns of 0, 5Smm Cu wire on Ferrite FX1115

[+

L, = 3 turns of 1. 7mm Cu wire, int.diam. = 9.5mm, length = 9.5mm

w

L4 = 2 turns of 2, 0omm Cu wire, int.diam. = 12.7mm, length = 9. 5Smm

The issue of the tai in this ication does not imply
any authority or licence for the utilisation of any patented feature.

Mullard
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20

(w)

10

D4777

e ] Vee=138V
/,
.
£=175MHz
Trp=40°C
L.
2 3 4 5 Por(W)

LOAD POWER PLOTTED AGAINST DRIVE POWER

Mullard
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N-P-N SILICON PLANAR BLY36
V.H.F. TRANSISTORS BLY84

APPLICATIONS INFORMATION (contd. }

R.F. performance in c.w. operation at f = 80MHz, T S4OOC

h
Voo POR P, into 502 n Gp
W) w) W) %) (dB)
13.8 0.5 13.5 typ. 80 typ. 14.2
6.9 0.5 5.5 typ. 80 typ. 10.3
1000 pF Supply
; Vee
L3 00
L4 C3

mhir

L L L ] R= _i_
2 [s6pF= 47pF== fca e o

.

@ -
;/ 04776

Component values for 80MHz amplifier circuit: -

CJ1 = C2 = C3 = C4 = 4 to 29pF concentric trimmer capacitors

L] = 4 turns of 1. 2mm Cu wire, int.diam. = 6. 3mm, length = 8, Omm

L. = 2 turns of 0.35mm Cu wire, on Ferrite FX1115
L, =5 turns of 1. 2mm Cu wire, int.diam. = 6. 3mm, CLOSE WOUND

L, =5 turns of 1. 7mm Cu wire, int.diam. = 9. 6mm, length = 12mm

BSOWw N

Mullard
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N-P-N SILICON PLANAR
V.H.F./U.H.F. TRANSISTOR BLY53A

Silicon n-p-n tramsistor for v.h.f./u.h.f. mobile applications. The device is
mounted in a plastic, capstan strip-line encapsulation.

With a supply voltage of 13.8V and a signal frequency of 470MHz, the BLY53A will
produce 7.0W output into a 509 load.

QUICK REFERENCE DATA
A% cc f PDR PL into 509 n Th Gireuit
V) | MHz) | (W) (W) %) (°c)
12.5 470 2.2 7.0 min. 65 min. 25
13.8 470 2.0 7.0 min. 65 min. 25 Un-neutralised
common -emitter
13.8 470 2.0 7.8 typ. 70 typ. 25 class B
12.5 175 0.4 7.2 typ. 66 typ. 25

OUTLINE AND DIMENSIONS

‘_.collector
identification

All dimensions in mm

D3370

ACCESSORIES
Nut and lock-washer supplied with device
Torque on nut: min. 0.75Nm (7. Skg cm)
max. 0. 85Nm (8. 5kg cm)

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
v CBoM Max- 36 \Y
VCESM max. (RBE =0) 36 v
v cEo Max 18 v
VEBO max. 4.0 v
Ic max. 1.0 A
ICM max. (f > 10MHz) 4.0 A
P ¢ Max (f >10MHz, T, <70°C) 10 w

See also graph below

Temperature
T -65 to +150 °c
stg
33390 ) AL
IR I 10
f = 10MHz 7
20 Prot =(PoctPor)-PL I ¢
Ptot || Short duration (A)
(W) overload conditions N )
DC
15 1.0
7 HH
5 d:l_
10 ) N
\ Tn = 25°C
0.1 Tn =125°C -4
N 7 -
5 Continuous operation N 5
Safe operating areas
2
0 0.0
0 50 100 T, (°C) 150 1.0 10 Veg (V) 100

Mullard
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N-P-N SILICON PLANAR
V.H.F./U.H.F. TRANSISTOR BLY53A

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

Min. Typ. Max.
A% Collector -base breakdown voltage
(BR)CBO i, = 10mA ¢ 36 - - v
v Collector -emitter breakdown voltage
(BR)CES i _ - -
Ic = 10mA, RBE =0 36 \Y
v Collector -emitter breakdown voltage
(BR)CEO I = 25mA s 18 - - v
v (BR)EBO }I':Zm=1tlter ~base breakdown voltage o ] ) v
=1 OmA .
v Collector ~emitter saturation voltage
CE(sat) I.=0.5A, I =0.1A - 0.2 - v
C B
hFE Static forward current transfer ratio
IC =0.54, VCE =5.0V 10 40 -
*fT Transition frequency
1.=0.5A,V = 5.0V, f = 500MHz - 1300 -  MHz
C CE
CTc Collector capacitance
VCB=10V, IE =Ie=0, f = 1.0MHz - 14 20 pF
CTe Emitter capacitance
Vep =015 =1 =0, =1 0MHz - 65 - pF
Ccs Collector -stud capacitance - 2.0 - pF

*Derived from the 'S’ parameters measured at f = S00MHz, Tamb =25°C,

Mullard
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D337

1500

fr Vee=5.0V
(Mhz) f = 500MHz T
Toms =25°C
N
“NTyp
N
1000

|
N

NOTE:- Graph derived from the 'S’ parameters measured at f= 500MHz.

CTc
(pF)

25

20

ool l LI T TTTTTTITTITITTILL]

1.0 I (A)

D2787

T

"W

Typ
—~

10

Mullard

15 VCB(V) 20
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N-P-N SILICON PLANAR
V.H.F./U.H.F. TRANSISTOR BLY53A

APPLICATION INFORMATION

R.F. Performance in c.w. operation (Th = 25°C)

Voo f Pog | By, into 502 n _z: ?E
W) MHz) | (W) (W) %) @ (mmho)
12.5 470 2.2 7.0 min. 65 min. - -
13.8 | 470 2.0 7.0 min. | 65 min. - -
13.8 | 470 2.0 7.8 typ. 70 typ. | 2.3+ 6.3 | 50-j36
12.5 175 0.4 7.2 typ. 66 typ. 34§ 0.5 | 90-j40

At Pp, = 7.0W and V¢ = 12. 5V, the output power at heatsink temperatures between
25 and 90°C relative to that at 25°C is diminished typically by 10mW/°C.

The transistor is designed to withstand full load mismatch in the test circuit under
the following conditions: -

= = _ 700,
Vcc = 16.5V f = 470MHz Th =70°C
V.S.W.R. =50:1 at any phase
PDR = PDR nom. +20%
Where PDR nom, = PDR for 7. OW transistor output into 50Q
load at VCC =13.8V.

470MHz Amplifier circuit

c7 IVCC
L3 '
L& C4 L5 Qutput
| M\/\_&( ] R
Ar P
Input L1 c2 500
500
c8
1
]
5L§c1 l L2 =,L= c3 55 cs co==

’7;1 ’ 02778

The issue of the it i does not imply
any authority or licence for the utilisation of any patented feature.

Mullard
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APPLICATION INFORMATION (contd.)

Component values for 470MHz amplifier circuit

Cl1=C2=C4=C5= 1.8 to 18pF film dielectric trimmer capacitors

C3 = 6. 8pF ceramic capacitor

C6 = 0. 1uF ceramic capacitor

C7 = 4000pF feed-through capacitor
C8 = 10pF ceramic capacitor

L1 =L4 = L5 = 20mm of straight 1. 2mm copper wire. Height above board = 2mm

L2 = 0. 47uH choke

L3 = 1 turn of 1. 7mm copper wire, int. dia. 10mm, lead length = Smm

R =10Q - carbon

Component layout on 1. 5mm double copper clad fibre-glass board

140mm

Shaded area copper
Underside area completely copper clad

D3373

F"L
(W) Typical curves r\
f =470MHz
B .
10 w =25 L 1)
I
L, 12.5V
8
v 80
o 4
6 70
4 60
21 50
0
0 1 2 3P (W14 40

033%

T

[T 1
= X70MHz
T,=25°C

T

]

_(,J

Output

500

50mm

03372

[

0

1

2

3

F’DR(WI

TYPICAL VARIATION OF LOAD POWER AND EFFICIENCY WITH DRIVE POWER

Mullard
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v

-P-N SILICON PLANAR
.H.F.JU.H.F. TRANSISTOR BLY53A

APPLICATION INFORMATION (contd. )

PL nom

W)
10

03392

NN EEEEEE

Vechom =13.8V f = 470MHz

Fornom="Fyq at V.. =13.8V and VSWR. =1

PLnom =P, at \,=13.8Y, VSWR.=1and T, =25°C

Short duration

overload V.SWR.

upto T, =70°C

—|V.SWR £ 3
~ T~

Sy - 10

ooy

=50

PD R

Por nom

1.0 11 1.2

Ve

VCc nom

INDICATED LOAD POWER AS A FUNCTION OF OVERLQAD

The transistor is suitable for use withunstabilised supply voltages. The above graph
has beenderived froman evaluation of the performance of transistors matched up to
9 watts load power in the circuit on page 5, and subsequently subjected to various
voltage overloads and mismatch conditions with v.s.w.r. up to 50: 1 at a heatsink
temperature of 70°C, This indicates a restriction to the load power matched under
nominal conditions with varying supply voltages and v.s.w.r. in the recommended

circuit,

Mullard
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APPLICATION INFORMATION (contd. )
175MHz Amplifier circuit

c6 chc
L3 :
L4 c3 Output
ITES ¢ R
At
Input 9] L1 500
500
H#c2 ‘ L2 Jéca CST

;;L/ 02781

Component values for 175MHz amplifier circuit

C1 = 30pF

C2 = 60pF . .

C3 = 30pF concentric trimmer capacitors
C4 = 30pF

C5 = 0. 25uF ceramic capacitor

C6 = 4. OnF feed-through capacitor

L1 = 25mm of straight 1, 2mm copper wire. Height above board = 3mm

L2 =3 turns of 0. 5mm copper wire on Ferrite FX1115

L3 =5 turns of 1. 2mm copper wire d = 10mm. Close wound, lead length = Smm
L4 = 3 turns of 1. 2mm copper wire d = 10mm. Close wound, lead length = Smm
R =10Q - carbon

Component layout on 1, 5mm single copper clad fibre-glass board

f
Input - Qutput
°
50n 500

r S0mm

L 110mm D2782

Shaded area copper

Mullard
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N-P-N SILICON PLANAR
V.H.F./U.H.F. TRANSISTOR BLY53A

APPLICATION INFORMATION (contd. )

D3376

D3375 337
P TTT10
(W) Typical cugves
f —175MH2 n Typical curves
10 Tn = 25°C (%) N TR Ve,
[TTT |47, = 250 ¢
Voo =13.8V
8 12,5V 80
70
° Vee =13.8v
[
4 50 12.5V
7
4
l
2 50
0 40
0 0.5 1.0
0 * H PO For (102 Por (W)

TYPICAL VARIATION OF LOAD POWER AND EFFICIENCY WITH DRIVE POWER

CAUTION

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

Care should be takento ensurethat all those who may handle, use or dispose of this
device are aware of its nature and of thenecessary safety precautions. Inparticular,
it should never be thrown out with general industrial or domestic waste.

DISPOSAL SERVICE

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

THE SERVICE DEPARTMENT
MULLARD LIMITED

P.O. BOX 142

NEW ROAD

MITCHAM

SURREY, CR4 4SR.

Mullard
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N-P-N SILICON BLY55

V.H.F. POWER TRANSISTOR

TENTATIVE DATA

Silicon n-p-n high frequency medium power transistor primarily intended
for class B operation in v.h.f. amplifiers. The emitter is electrically
connected to the envelope.

QUICK REFERENCE DATA

VCES max. (peak r.f. =1.0MHz) 40 v
VCEO max. 20 \'4
ICMmax. (peak r.f. =1.0MHz) 3.0 A
P, , max. (TmbSIOOOC) 4.0 0w
TJ, max. 150 C

f_ min. (Ic=0.2A, V ..=5.0V, f=100MHz) 250 MHz

T CE
Performance in a 175MHz common emitter amplifier:
Operation: f.m.
\'% 1 13.
cc Supply voltage 3.8 v
PO Output power 4.0 w
Gp Power gain (typ.) 10 dB
n Efficiency (typ.) 70 %
OUTLINE AND DIMENSIONS
Conforms to J.E.D.E.C. TO-60
Millimetres
0 i
E E l—10-32 UNF Min. Max.
v 2a A
- J A 9.53 11.56
i ¥ T 2.29 3.43
B
—t+ C o} 5.46 8.13
gD 8.13 9.14
@D1 10.77 11.10
@D2 4.58 5.58
L 3.56 4.06
gT 0.76 1.17

Emitter electrically connected
to envelope

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
VCES max. (peak r.f. =1.0MHz) 40 v
VCEO max. 20 v
VEBO max. 4.0 v
IC max. 1.0 A
=
ICM max, (peak r.f. =1.0MHz) 3.0 A
. Jd. <1, .
ICM max. (peak r fo 1.0MHz) 1.0 A
P, ,max. T _ =25 C, f=1.0MHz 10 w
tot mb o
T ,=250C, f<1.0MHz 8.0 w
mb
See also pages 5 and 6
Temperature
Typg T8 -65 to +150 °
Tj max. Continuous operation 150 °
Intermittent operation, total o
duration 200 hours 200 C

THERMAL CHARACTERISTIC

Rth (j~mb) 12.5 degC/W

ELECTRICAL CHARACTERISTICS (Tj=250C unless otherwise stated)
Min. Typ. Max.

1 CES Collector-emitter cut-off
current

VCE=40V, VEB=0 - 0.10 5.0 mA

VCE=20V, VEB=0 - 0.02 0.5 mA
Emitter cut-off current

=4, = - .1 .
VEB 4.0V, IC 0 0.1p 0.5m A

IEBO

hFE Static forward current
transfer ratio
1_=0. =5, 60 -
c 0.24A, VCE 5.0V 10

Mullard
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N-P-N SILICON
V.H.F. POWER TRANSISTOR BLYS5

ELECTRICAL CHARACTERISTICS (cont'd)

f Transition frequency

=0. =5.0
IC 0.2A, VCE 5.0V,

f=100MHz, T =25°C 250 450 - MHz
amb
C Collector capacitance

te
Vv =10V =1 =
cp” 1OV: 15=1.=0,

f=0.5MHz - 11 15 pF

C Emitter capacitance

te _ 1 =
VEB 0, Ic Ic 0,

f=0.5MHz 45 65 90 pF
RECOMMENDED OPERATING CONDITIONS

As a medium power amplifier for the output stage of a small {ransmitter
or as a driver for larger output stages.

F.M. Operation

f Operating frequency 175 MHz
Vc c Supply voltage nom. 13.8 v

max. 16.5 v
VB Base bias voltage 0 v
PO Output power 4.0 w
Pi Input power typ. 0.4 w

max. 0.6 w
1 cc Supply current typ. 420 mA
1 Efficiency typ. 70 %

A heatsink of thermal resistance 10degC/W is recommended for operation
in ambient temperatures up to 65°C. At temperatures >659C, deratingis
necessary.

Mullard
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BASIC V.H.F, AMPLIFIER CIRCUIT

4nF
- Supply
kd o
cc

Ry 2500

The emitter is earthed via the case and the emitter pin is not connected

Component values for 175MHz amplifier circuit:-

Cl 30 pF

C2 60 pF

C3 30 pF

C4 30 pF

L1 1.0 inch of straight 18 s.w.g.

L2 3.0 turns of 24 s.w.g. on Ferrite FX1115
L3 5.0 turns of 18 s.w.g., d=3/8", 1=3/8",
L4 3.0 turns of 18 s.w.g., d=3/8", 1=3/8",

CAUTION

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

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

DISPOSAL SERVICE

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

Mullard
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N-P-N SILICON
V.H.F. POWER TRANSISTOR BLY55

W [ aEcasseanes
(w) [0 [ ENEREEENEN
GO,?PH -%{r: . L~ 4J_

ﬁ FHH H:‘ ! 1
ASEdscResasear ERa

EEniscanaieE E

S L
;Lgﬁ;ttij;—ii“ i}——ﬁ_?#;
St e
201@}47 A ERERaEE
ENRSu{aREs puE ERSEEEE
IR R RN AN T
i%%”_,; T 5 ji’ HESERASES
Eapal Sesngices SaEdEsEEE
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TYPICAL VARIATION OF OUTPUT POWER WITH INPUT POWER
FOR V.H.¥. AMPLIFIER
(See Recommended Operating Conditions on page 3)
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Rot f #H?LLLH i [ B,',‘YF54A_4g TZI; i ]
<W1)5 **1* T ﬁ* SESESERREEE
BEENEENENSESE) MREEEENEREREY BEERSE
BEEgaE 17 Prot = (FactPid-fo RN M
T 1> 1:0MH: O
S EH e P A L S T L e
:j*"‘*“l\— N 17‘ Intermittent operation T3 f‘ —P
1OB ﬂ,ﬁ_fﬁ%ls.&,gw total duration 200hours | TET %
TNOTW e
| . | - — | |
fD“jf; . ﬁqi + Continuous operation -
H T T
NS
o LE o o NG T T T
EHA T o u 0 A j:‘:
-1-{ Permissible At |
SRl S
o pEnERE - MAnEN
%ﬂ*ﬁ o ;%_H :tﬁ%j$~ Eﬁ%ﬁ: .
T N BB
0

50 100 150 200 Tp(O)

MAXIMUM PERMISSIBLE POWER DISSIPATION PTOTTED AGAINST
MOUNTING-BASE TEMPERATURE FOR FREQUENCIES >1.0MHz
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N-P-N
V.H.F.

SILICON PLANAR BLY83
TRANSISTORS BLYS4

For details see data sheets for types BLY35, BLY36 respectively

Mullard
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N-P-N SILICON PLANAR BLY85
V.H.F. TRANSISTORS BLY97

TENTATIVE DATA

The BLY85 and BLY97 are primarily intended for class B operation in the v.h.f.
driver stages of mobile transmitters. The BLY 85 is designed for 4W f.m. operation
at 13.8V supply and the BLY97 for 4W f.m. operation at 24V supply.

QUICK REFERENCE DATA

Typical ¢.w. performance at T <40°C

T . v
ype No cc f PDR PL n
V) (MHz) (W) (W) %)
BLYS85 13.8 175 0.2 4.0 64
BLY97 24 175 0.14 4.0 52

Unless otherwise stated data are applicable to both types

OUTLINE AND DIMENSIONS

For details see page 2

Mullard
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OUTLINE AND DIMENSIONS

015
I max.

5.85 10~6/\
N
m;iit ] : @

45
v 2852
min. 8-32

™ UNC) l

A l:{ T
: i2'7
{
collector

identification

32
]

15

==

All dimensjons in mm.
0128

ACCESSORIES

Nut and lock-washer supplied with device
Torque on nut: min. 0.75Nm (7.5kg cm)
- max. 0.85Nm (8.5kg cm)

RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical BLY85 BLY97
VCES max. (f >1.0MHz) 40 66 v
VCEO max. 20 33 v
VEBO max, 4.0 4.0 A\
IC max. 1.0 1.0 A
ICM max. (f < 1.0MHz) 1.0 1.0 A
ICM max. ({ > 1.0MHz) 3.0 3.0 A
P, max. (f>1.0Miz, Tmb < 25°0) 10 10 W
Ptot max. (f < 1.0MHz, Tmbi 250C) 8.0 8.0 w
Temperature
sg  TAnEe -30 to +150 Zc
Tj max. (continuous operation) 150
Tj max. (short duration overload conditions) 200 ©

Mullard
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N-P-N SILICON PLANAR BLY85
V.H.F. TRANSISTORS BLY97

THERMAL CHARACTERISTIC

Rij -y 12.5  degC/W

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

1 CES golle:ci;)r cutl;(;f; curvrent:(') Mijl' 1;/[3.:. A
CE CES > "BE :
VCE=20V, VBE:() - 0.5 mA
1 i -
o Biter et oo e m
h FE IStazti(;: ;(X'w:\ilrd c:ugrgst transfer ratio 10 )
C U CE !
fT Transition frequency
IC=0.2A, VCE:5.0V
f=100MHz, T . = 25°C 250 - MHz
“re Sronei%rvcipa:ilta:%e £=0.5MHz - 15 pF
CB 'E e ’
Cre \Emitt:g Clapicliti%ceho 5MHz 45 90 pF
EB °C ¢ :
R.F. Performance in ¢.w. operation
T o< 40°¢C
VCC = nom.
(2} (MHz) | (W) W) (ma) (dB) (%)
nom. max. min. max. min. min.
BLY85 13.8 16.5 175 0.4 4.0 480 10 60
BLY97 24 28 175 0.2 4.0 278 13 50

Mullard
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BASIC V.H.F. AMPLIFIER CIRCUI'

Supply

cC

mﬂ

ci
Re=
S* R =
L ==025pF
500 500 T P
B
D21
Component values for 175MHz amplifier circuit
C1 = 30pF L1 = 1.0 inch of straight 18 s.w.g.
C2 = 60pF L2 = 3.0 turns of 24 s.w.g. on Ferrite FX1115
C3 = 30pF L3 =5.0 turns of 18 s.w.g., d = 3/8", {=3/8"
C4 = 30pF L4 = 3.0 turns of 18 s.w.g., d = 3/8", {=3/8"
CAUTION

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

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

DISPOSAL SERVICE

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

THE SERVICE DEPARTMENT
MULLARD LIMITED

2, NEW ROAD, MITCHAM JUNCTION
SURREY, CR4 4XY.

Mullard

BLYS85-Page 4



N-P-N SILICON PLANAR BLY85

V.H.F. TRANSISTORS BLY97
Prot BLY8S D1817
max BLYS7
! [1]

Ptot= (Pac + Pi) -Po
f21.0MHz
15
N
10 ™
AN AN
Short duration
N N overload condition
N
0.5 \‘ —a
Continuous operation \\ N j_
N N 1
N 7
0 Lol
0 50 100 150 200 250 Tmbl*C)
10 1 D181
T
L\
\ f<1.0MHz
Ic A\ ||
(A)
BLY8S BLYS7
\\
0.1 A Y \
L 1
Permissible areas of operation
0.01
0.1 1.0 10 Veg(Vi 100
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10 L Di819
. ] BLY9?
W
Typical curves A
Pout /
(W) 7
BLY85
punsnet
5.0 a
’ 1
/ "
Y Vo 138V(BLYES)
4 CC=24v (BLYIT)
1 f =175MHz
R =500
Tmb = 25°C
0
0 0.2 0.4 0.6 0.8 1.0 PpR(W)
80 D1820
(,’}) 1 | BLYss
* Typical curves
70 o
A |
r 8LY97
!
]
P
/
d Ve < 138V (BLY8S)
y CC v (BLYIT)
17 f  =175MHz
50 4
] RL =500
Tmb:25°c
L0
(] 0.2 0.4 06 0.8 1.0 PoR(W)
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N-P-N SILICON PLANAR
EPITAXIAL V.H.F. TRANSISTOR BLY89A

N-P-N epitaxial planar transistor intended for use in class A, B and C operated mo-
bile, industrial and military transmitters with a supply voltage of 13.5 V. The tran-
sistor is resistance stabilized. Every transistor is tested under severe load mis-
match conditions with a supply overvoltage to 16.5 V. It has a i" capstan envelope
with a moulded cap. All leads are isolated from the stud.

QUICK REFERENCE DATA

R.F. performance up to Tjp = 25°C in an unneutralised common-emitter

class B circuit.
Vee f
V) (MHz)

Mode of PS Py, ifg)
c.w. 13.5 175 |< 6.25! 25|<2.64|>6|>70 l1.7+j1.4 l209+j13.7

Zj L
operation l

Q) (mA/V)

n
(%)

Gp
o | & |

MECHANICAL DATA Dimensions in mm
T 51
ED_A.Q g “%‘1‘{22

10-32UNF - 1— - — —+ |- 95
|

o i

16max—»| |«

- g5 -»

— - -

72600001 *-‘1166—’ g;g -—

Diameter of clearance hole in heatsink: max

Torque on nut: min, 15 kg cm 5.0 mm.
(1.5 Newton metres) Mounting holeto have no burrs at either end.
max. 17 kg cm De-burring must leave surface flat; do not
(1. 7Newton metres) chamfer or countersink either end of hole.

Mullard
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RATINGS Limiting values in accordance with the Absolute Maximum System (IEC 134)

Voltages

Collector -base voltage (open emitter)
peak value VCBOM max. 36 V

<

Collector -emitter voltage (open base) VCEO max. 18

Emitter -base voltage (open collector) VEBO max. 4 Vv

Currents
Collector current (average) IC( AV) max. 5 A

Collector current (peak value) f > 1 MHz Icm max. 10 A

Power dissipation

Total power dissipation up to Typ = 25 °C
f>1MHz Prot max. 70 W
7260091 7260090
T D.C SGAR] [Tme=25%C]

Vee™165v]_| Ic
¥>1MHz

100

Pto!
{w) 6

»
short time % 5
75 operation A,
V.SWR.>3

x
9 4
/]
3 A %‘/1;.
sry ©
NS 1 3

x
S0 Q 2

normal
25 operation

V.SW.R=<3

0
0 50 100 T, 1°C] 150 'ST6 7 8 910 Vet 20

Temperature
Storage temperature Tstg =30 to 4200 °C

Operating junction temperature Tj max. 200 °C
THERMAL RESISTANCE

2.5 Oc/w
0.3 °c/w

From junction to mounting base Rth j-mb

From mounting base to heatsink Rth mb-h

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

BLY89A

CHARACTERISTICS Tj = 25°C unless otherwise specified

Breakdown voltages

Collector -base voltage
open emitter, IC = 50 mA

Collector -~emitter voltage
open base, I¢ = 50 mA

Emitter ~base voltage
open collector; Ig = 10 mA

Transient energy
L =25 mH; f =50 Hz
open base
-VBe=1.5V; Rgg =33Q

D.C. current gain
Ic=1A;VCE=5V

Transition frequency
Ic=4A; VCE=10V

Collector capacitance at f =1 MHz
IE=Ie=0; Vc=15V

Feedback capacitance at f = 1 MHz
Ic =100 mA; Vap =15V

Collector -stud capacitance

V(BR)CBO
V(BR)CEO

V(BR)EBO

es M es]

hFE

fr

Ce

> 36
> 18
> 4
> 8
> 8
typ. 50
10 to 120
typ. 650
typ. 65
< 90
typ. 41
typ. 2

mWs
mWs

MHz

pF

pF

pF

Mullard
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7260094
pr—

1000
fr
{MHz) Ve =10V
750
ty
p, P —
/ ~
500
N
250
0
0 25 5 75 10 125 Ic(Al 15
300 7260093
IE=IEO
Ce = 1MHz
(pF)
200
\
\\
100
typ
‘.\\
0
0 10 VegV1 20
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N-P-N SILICON PLANAR
EPITAXIAL V.H.F. TRANSISTOR BLY89A

APPLICATION INFORMATION
R.F, performance in c.w. operation (unneutralised common -emitter class B circuit)

VCC = 13.5 V; Typ up to 25°C

fMHz) | Ps(W) | PL(W) | Ic(A) | Gp@® | "% | (%) [?L(mAM

175 |<6.25 | 23 | <2.64 | >6 | > 70 |1.7+j1.4, 209+13.7

YT’“ 15 C7

Test circuit

500

500

7260524

|
|
|
I
|
|
7|
|
i
|
]
'

+Vee
Cl = 4 to 44 pF film dielectric trimmer
C2 = 2 to 22 pF film dielectric trimmer
C3=C4-= 47 pF ceramic
C5 = 100 pF ceramic
C6 = 150 nF polyester
C7 = 4 to 104 pF film dielectric trimmer
Cc8 = 4 to 64 pF film dielectric trimmer
Ll= 0.5 turn enamelled Cu wire (1.5 mm); int.diam. 6 mm; leads 2x6 mm
L2 = L3 = ferroxcube choke
L4 = 3.5 turns closely wound enamelled Cu wire (1.5 mm); int.diam. 6 mm;
leads 2x6 mm
L5 = 1 turn enamelled Cu wire (1.5 mm); int.diam. 6 mm; leads 2x 6 mm
R1 =108 carbon

Component lay -out for 175 MHz see page 6.

Mullard
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APPLICATION INFORMATION (continued)

Component lay-out and printed circuit board for 175 MHz test circuit.

CQL 55mm

7260525

L

The circuit and the components are situated on one side of the epoxy fibre-glass
board, the other side being fully metallised to serve as earth. Earth connections
are made by means of hollow rivets.

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL V.H.F. TRANSISTOR BLY89A

7260092
f=175MHz
Vec=13.5V
401y m=25°
see circuit abovef 7L
P #
(w) 4
typ
30 %
20 00
/
mn y
h"/c) FE Ay m
yP !
10 |5 7
/
0
1] S 10 Ps(W) 15
CAUTION

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

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

DISPOSAL SERVICE

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

THE SERVICE DEPARTMENT
MULLARD LIMITED

2.NEW ROAD, MITCHAM JUNCTION
SURREY, CR4 4XY.

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL V.H.F. TRANSISTOR BLY90

N-P-N silicon planar epitaxial v.h.f. power transistor for use in class A. B and C
operated mobile transmitters with a 12.5V supply. It can withstand severe load
mismatch conditions with a supply overvoltage up to 15V.

The BLYY0 has a plastic encapsulated stripline package with all leads isolated from

the stud.
QUICK REFERENCE DATA

R.F. performance in an un-neutralised common-emitter class B circuit,
T, =25°C.

h
Operation VCC f PDR PL IC Gp n z; YL

(V) | (MHz2)| (W) [ (W) | (A) | @B) | (%) @ (mA/V)
!
c.w. I 12.51 175 <15.8| 50 |<5.33| >5.0‘ >75| 1.3 + jl. 6|270+ j160

OUTLINE AND DIMENSIONS

0.23

027 —

1/4"x28UNF

-5 - <28 UNF

e 135 __ 1,85 e 02

125 72
27.2 All dimensions in mm oaen

Torque on nut: min. 23kg cm (2. 3N m), max. 27kg cm (2. 7N m)
Diameter of clearance hole in heatsink: max. 6.5mm

Note: Do not chamfer the edges of the mounting hole when removing burrs.

Mullard

OCTOBER 1971 BLY90 Page 1



RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
VCBOM max. 36 \Y
VCEO max. 18 A%
VEBO max. 4.0 Y
IC(AV)maX' 8.0 A
ICM max. (f >1MHz) 20 A
P, max. (f >IMHz, T <25°C) 130 W
Temperature
Tetg 65 t0 4200  °C
150 D3269 102 — ?3270
1] Ve <15V ==sa
Short duration \x f>1MHz
overload condition N Ic
Fiot NG {A)
max
(W}
N
100 ™ 10 Eoc.
4 L N
A
\\
Continuous operation
2 Safe operating area
50 1
[
0 5 10" 2
0 50 Ty (°C) 100 1 10 Vee (V) 10

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL V.H.F. TRANSISTOR BLY90

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

Min. Typ. Max.
Vowam Sl memon
V(BR)CEO (()]poellljelc);(;re—ye;r;it:t?golxiakdown voltage s ) ) v
Ve Briverhesebengnutoe
E Transient energy
L =25mH. f=50Hz
open base 8.0 - - mWs
_VBE =1.5V, RBE =33Q 8.0 - - mWs
hFE ISta_tilc é(:‘we\l,rd c:grggt transfer ratio 0 s )
c "7 CE T
C e e s
C 777 CE ’
“re ?OEF Ciog Cépacitf;\?e f= IMHz - 130 160  pF
E e & 'CB '
G T, e
C " 'CE
CCS Collector -stud capacitance - 3.5 - pF

Mullard
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APPLICATION INFORMATION (contd. )

Component layout and printed circuit board for 175MHz test circuit

- 123mm

|
|
|
|
|
|
I

1
ground plane removed pazee

D3265

03266

The circuit and the components are situated on one side of the epoxy fibre-glass
board, the other side being fully metallised to serve as earth. Earth connections
are made by means of hollow rivets.

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL V.H.F. TRANSISTOR BLY90

60 1100 T 60 03268
Vcc=13‘5V f=175MHz
» 125V1 T,=70°C
PL [ 4RV, P
(W) (%) RV (W‘;"‘ Veenom=12.5V
A Rinom=Forat Vec 12,5V and V.S.W.R=1
I yay. see page 5
40180 Y 1/ Vee=125V 50 —
[ = K V.SWR=
/ SN 10+
N 4 ' 500
A
7
20 6‘0 40
|
f=175MHz ]
HTh=25°C 1]
see circuit on p.5| [ ] 5
LT T DR 1
0 I [T 30 1.1 Ppornom 1.2
0 10 Pr (W) 20 10 o Vos 5
vCCnch

INDICATED LOAD POWER
AS A FUNCTION OF OVERLOAD
(see note below)

NOTE

The transistor is developed for use with unstabilised supply voltages. The above
graph has been derived from an evaluation of the performance of transistors matched
up to 50 watts load power in the circuit on page 5, and subsequently subjected to
various voltage overloads and mismatch conditions with V.S, W.R. up to 50: 1 at a
heatsink temperature of 70°C. This indicates a restriction to the load power matched
under nominal conditions with varying supply voltages and V.S, W. R. in the recom-
mended circuit.

Mullard
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CAUTION

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

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

DISPOSAL SERVICE

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

THE SERVICE DEPARTMENT
MULLARD LIMITED

2 NEW ROAD, MITCHAM JUNCTION
SURREY, CR4 4XY.

The issue of the informaticn contaned 1n this publication does not imply
any authority or licence for the utilisation of any patented feature

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL V.H.F. TRANSISTOR BLY93A

N-P-N epitaxial planar transistor intended for use in class A, B and C operated
mobile, industrial and military transmitters with a supply voltage of 28 V. The
transistor is resistance stabilized. Every transistor is tested under severe load
mismatch conditions. It has a §" capstan envelope with a moulded cap. All leads
are isolated from the stud.

QUICK REFERENCE DATA

R.F. performance up to Tpyp = 25 °C in an unneutralised common-emitter
class B circuit.

Mode of |Vag| £ | Ps|PL| Ig [Gy | 0 Zi Y1,
operation | (V) | MHz) | (W) [ (W) | &) |@B) | @ l © (mA/V)
C. W, | 28 175 |< 3.1l 25 | <1.5 l >9 |>60 ]1.0+jl.2 I57.7—352.7
MECHANICAL DATA Dimensions in mm

Y 0142
CILJ..Q o2

10-32UNF +— — —1 ~+ |- 95
1.6max—=i |-
300
: 285 " -t
265
e 255 72600001 <—11(1]ss—> g;g -—
Diameter of clearance hole in heatsink: max.
Torque on nut: min. 15 kg cm 5.0 mm. -
(1.5 Newton metres) Mounting hole tohave no burrs at either end.
max. 17 kg cm De-burring must leave surface flat; do not
(1. 7 Newton metres) chamfer or countersink either end of hole.

Mullard
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RATINGS Limiting values inaccordance with the Absolute Maximum System (IEC134)

Voltages
Collector-base voltage (open emitter)

peak value VepoM max. 65 V
Collector-emitter voltage (open base) VCEO max. 36 V
Emitter-base voltage (open collector) VEBO max. 4V
Currents
Collector current (average) IC( AV) max. 3 A
Collector current (peak value) f > 1 MHz ICM max. 9 A

Power dissipation
Total power dissipation up to T, = 25 oc

f>1 MHz Peot max. 70 W
I71517(710 7260030
T T DC. SOAR {Tmp=25%C
. Veg €28V | 1
100 £51mrz [ 1] )
Ptot
W) 5
Q
short time . [N
75} operation ;/o“fes
V.SWR.>3 )
2 NYo
( "4¢/ N C‘/‘ft' 3 \
NS
50 No 5
2 S
(4
™~ 2 \
]
25 [ overation AN
V.SW.R<3 \
0 1
] 50 100 T, (°C) 150 10 20 30
Veg (V)
Temperature
Storage temperature Tstg -30 to +200 °C
Operating junction temperature Tj max. 200 °C
THERMAL RESISTANCE
From junction to mounting base Rth j-mb = 2.5 Oc/w
From mounting base to heatsink Rth mb-h = 0.3 0C/W

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL V.H.F. TRANSISTOR BLY93A

CHARACTERISTICS Tj = 25°C unless otherwise specified

Breakdown voltages

Collector -base voltage

open emitter, I = 50 mA V(BR)CBO > 65 v
Collector -emitter voltage
open base, I = 50 mA V(BR)CEO > 36 v
Emitter -base voltage
open collector; Ig = 10 mA V(BR)EBO > 4 VvV
Transient energy
L =25 mH:; f = 50 Hz
open base E > 8 mWs
-VBg = 1.5 V; RBg =33Q E > 8 mWs
D.C. current gain
_ ] _ typ. 50
Ic=1A;VCg=5V hFE 10 to 120
Transition frequency
Ic=3A;VcE=20V fr typ. 500 MHz
Collector capacitance at f = 1 MHz
=1 = 0" - typ. 50 pF
Ig=le=0; Vcp=30V Ce - 65 pF
Feedback capacitance at f = 1 MHz
IC = 100 mA; VCE =30V -Cre typ. 31 pF
Collector -stud capacitance Ceq typ. 2 pF

Mullard
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600

fr
{MHz)

400

200

7260031

Ty
[T11
Veg =20V 1
- typ
.
A
\
2 IR 6 I (A) 8
7260026
-
[ |
Te-Te0] | |
100 f=1MHz
Ce
(pF}
75
\\‘typ
™
.
==
50 -
25
0
0 10 20 VegiV) 30
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N-P-N SILICON PLANAR
EPITAXIAL V.H.F. TRANSISTOR BLY93A

APPLICATION INFORMATION
R.F. performance in c. w. operation (unneutralised common-emitter class B circuit)

Voo =28V Ty = 25°C

f(MHz) | Ps(W) | PLOW) | Ic(A) | Gp@® | n(® | 7 @ (Y (ma/v)
175 | <31 | 25 | <ns | >9 | >60 [L0+j1.2[57.7-552.7

Test circuit _.1
L

L6 C7

500

500

1260025

Cl-= 4 to 44 pF film dielectric trimmer
C2-= 2 to 22 pF film dielectric trimmer
C3=C4-= 47 pF ceramic

CS = 100 pF ceramic

C6 = 150 nF polyester

C7 = 4 to 104 pF film dielectric trimmer
Cc8 = 4 to 64 pF film dielectric trimmer

L1 =0.5turn enamelled Cu wire (1.5 mm); int.diam.6 mm; leads 2x6 mm

L2 = 6 turns closely wound enamelled Cu wire (0.7 mm); int.diam.4 mm;
leads 2x 4 mm

L3 = L4 = ferroxcube choke

L5 = 3.5 turns enamelled Cu wire (1.5 mm); int.diam. 6 mm; leads 2x6 mm

L6 = 1.5 turns enamelled Cu wire (1.5 mm); int.diam. 6 mm; leads 2x6 mm

R1 = R2 = 10 Q carbon

Component lay-out for 175 MHz see page 6.

Mullard
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APPLICATION INFORMATION (continued)

Component lay-out and printed circuit board for 175 MHz test circuit.

I 106 mm '|

5Smm

7260526

h

The circuit and the components are situated on one side of the epoxy fibre-glass
board, the other side being fully metallised to serve as earth. Earth connections
are made by means of hollow rivets.

The issue of the information contained in this publication does not imply
any authority or licence for the utilisation of any patented feature.

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL V.H.F. TRANSISTOR BLY93A

7260027
—

f=175MHz
Vec= 28V

Tmb= 25°C Rk
see circuit above Ve

Ix

o

(W)
30 /[l typ

20 100

10 |50

0 25 S Pgi(w) 75

CAUTION

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

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

DISPOSAL SERVICE

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

THE SERVICE DEPARTMENT
MULLARD LIMITED

2.NEW ROAD, MITCHAM JUNCTION
SURREY, CR4 4XY.

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL V.H.F. TRANSISTOR BLY94

Silicon n-p-n planar epitaxial transistor intended for use in class A, Band C opera-
ted mobile transmitters with a 28V supply. It is designed to withstand severe load
mismatch conditions.

The BLY%4 is in a plastic-encapsulated stripline package with all leads isolated from
the stud.

QUICK REFERENCE DATA

R.F. performance up to Ty = 25°C in an un-neutralised common-emitter
class B circuit,

| Veel T o Por| Pl ¢ |9 |7 % Yy
Operation

(V) | (MHz) | (W) | (W) | (A) | (@B) | (k) ) (mA/V)

Cc.w. l 28 l 175 <10' 50 1<2.75% >7 |>65{0.7+j1.45{ 120-j70

OUTLINE AND DIMENSIONS

027
0.23 "]

1/4"x28UNF

n2012 1/11-")(28 UNF

j- 7%%g‘>v 85 olle-02

i
l %g% | Al dimensions in mm o

Torque on nut: min. 23 kg ecm (2.3 Nm)
max. 27 kg em (2.7 Nm)

Diameter of clearance hole in heatsink: max. 6.5mm

Note: Do not chamfer the edges of the mounting holes when removing burrs.

Mullard

APRIL 1971 BLY94 Page 1



RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical

v

cpom ™

ax.

v max.

CEO

v max.

EBO

Iciany ™

ax.

I max. (f >1MHz)

CM

P, . max. (Th§25°C, f >1MHz)

tot

Temperature

Tstg

T, max.
J

THERMAL CHARACTERISTICS

150

Ptot
max
(W}

100

50

R h(j-mb)
i (mb-h)

D2834

L

Vee € 28V

short time
|— operation

f >1MHz

V.SWR.>3

* o-%k

V.S

normal operati

W.R<3

on

50

Ty (°C) 100

Mullard

65
36

12
130

-65 to +200
200

N
<
E > op < < <

1.35 degC/W
0.2 degC/W

102 T
I 1 11
1,=25°C
Ic
(A}
10
D.C)
N\
\
1 Area of safe operation
101 2
1 10 Veg (V) 10
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N-P-N SILICON PLANAR
EPITAXIAL V.H.F. TRANSISTOR BLY%4

ELECTRICAL CHARACTERISTICS (Tj=250C unless otherwise stated)

Min. Typ. Max.
v Collector-base breakdown voltage
(BR)CBO open emitter, IC =100mA 65 - - v
\' Collector-emitter breakdown voltage
(BR)CEO open base, IC =100mA 36 - - \'A
v Emitter-base breakdown voltage
(BR)EBO open collector, IE =256mA 4.0 - - v
E Transient energy
L=25mH, f=50Hz
open base 8.0 - - mWs
-VBE=1.5V, RBE=33Q 8.0 - - mWws
hFE Static forward current transfer
ratio
=1. =5 10 - 120
I c 0A, V CE v
fT Transition frequency
1,=6.0A, V__ =20V - 500 - MHz
C CE
CTc Collector capacitance
=1 = = =1. - 7 130
IE Ie 0, VCB 30V, £=1.0MHz 5 pF
-Cre Feedback capacitance
= = - 4 -
IC 100mA, VCE 30V 7 pF
C Collector-stud capacitance - 3.5 - pF

Mullard
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APPLICATION INFORMATION (contd.)

Component layout on a printed circuit board for 175MHz test circuit

[ 123mm

LS
ﬁCS cs

1

55mm

=
O,

1
1
KA

D239 !
ground plane removed

Tte underside of the epoxy fibre-glass board is completely metallised and serves
as earth.

Earth connections are made by means of hollow rivets.

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL V.H.F. TRANSISTOR BLY94

75 D2840
[ T AR,
f=175MHz ,/
| {Vec=28V
PL CC_ o
oo || =2s% )
50 100 typ
/7
- .
(%) / e =it
/1
y,
25150 ,7
0
0 10 PriW) 20
CAUTION

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

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

DISPOSAL SERVICE

Devices requiring disposal may be returned tothe Mullard Service Department. They
must be separately and securely packed and clearly identified. If any are damaged
or broken they MUST NOT be sent throughthe post. In this case, advice is available
from:

THE SERVICE DEPARTMENT
MULLARD LIMITED

2 NEW ROAD, MITCHAM JUNCTION
SURREY, CR4 4XY.

Mullard

BLY9%4 Page 7



N-P-N SILICON PLANAR
V.H.F. TRANSISTOR BLY97

For details see data sheet for type BLY85

Mullard
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SILICON P-N-P-N BRY39

PLANAR TRANSISTOR
For use as a PROGRAMMABLE UNIJUNCTION TRANSISTOR

The BRY39 is a planar p-n-p-n trigger device in a TO-72 metal envelope, intended
for use in switching applications such as motor control, oscillators, relay replace-
ment, timers, pulse shaper, trigger device, etc.

See also data on BRY39 as a Silicon Controlled Switch and as a Thyristor Tetrode.

QUICK REFERENCE DATA
VGaA max. Anode gate to anode voltage 70 v
I, max. Anode current, d.c. (T SSSOC) 250 mA
A case
Tj max., Junction temperature 150 %
IP Peak point current (VS =10V, RG =10kQ) <5.0 A
IV Valley point current (VS =10V, RG =10k®) =>50 A

OUTLINE AND DIMENSIONS

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

anode
A 0.48
max
Ga T L 4
X anode gate _—__(;__‘.__J
* CZ'j (.8 .
Gk o]a 3
cathode gate m?x I
ol -]
9 -
K .
cathode 03102/1
i
5.3 N __A_J
max "™ 12.7 min
All dimensions in mm 03073

Anode gate connected to case

*For theapplication of the BRY39 as a programmable unijunction transistor, cathode
gate is not used.

Accessories available: 56246 (distance disc) and 56263 (cooling clip)

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical

v max.

GaA

IA max.

I max.

ARM

Temperature

T
stg

Tj max.

Anode gate to anode voltage

Anode current (d.c.) T =25°¢
amb o
T =85C
case
Repetitive peak anode current
t=10us, d =0.01

Non-repetitive peak anode current
t = 10ps, Tj = 150°C

Rate of rise of anode current
up to IA =2.5A

Storage temperature

Junction temperature

THERMAL CHARACTERISTICS

Rth(j -amb)

P‘th(j-case)

Thermal resistance from junction
to ambient, in free air

Thermal resistance from junction
to case

70 A%
175 mA
250 mA

2.5 A

3.0 A

20 A/us
0

-65 to +200 C

150 °c

0.45  °c/mw

0.15 °c/mw

ELECTRICAL CHARACTERISTICS (Tamb = ZSOC unless otherwise stated)

Min. Typ.

I Peak point current
Vv, =10V; R, = 10kQ -

S

G

V., =10V, R, = IMQ -

S G
IV Valley point current
VS=10V, RG=10kQ 50

V. =10V, R, =1MQ -

S

G

Max.
5.0 HA
1.0 uA
- pA
50 uA

Mullard
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SILICON P-N-P-N BRY39

PLANAR TRANSISTOR

ELECTRICAL CHARACTERISTICS (contd.)
Practical test circuit
(1) Remove BCY71 for measurement of IP

(2) The value of R1 depends on the voltage range of the voltmeter used.

szves /L Ski}
cav2 \ A )
== L7K0
. ®
100uF 2
BAILS 50
5x ¢
®

+Vgz4OV

100k{}  10kQ

D;

nF

asc

100 200
(1%
o
1
Equivalent test circuit
+vg
Ia
R2 LS
Rz Ry.R2
Tur ¢ RitR
R
1 Vgz ————
R s R*R, Vg
D3075.
BRY39 with "program"” Equivalent test circuit
resistors R1 and R2 for characteristics testing
Vak 05535
Vp

Offset voltage (see graph on page 6)

Voffset = VP _VS (IA =0

Isano I Iy s Ia

Mullard
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ELECTRICAL CHARACTERISTICS (contd. )

lgano

GaKSs

Anode gate to anode leakage current

=0,V =70V

IK GaA

IGaAol

Anode gate to cathode leakage current

VAK =0, VGaK =70V

Anode voltage

IA = 100mA

Peak output voltage

VAA =20V, C =0.2uF

Rise time

VAA=20V, C = 10nF

Vaa

{

;/ D3079

Vom
90%

10%

Min.

D3077.1

D3078.1

6.0

Mullard

Max.
10 nA
100 nA
1.4 A\
- v
80 ns

D3080
t
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SILICON P-N-P-N BRY39

PLANAR TRANSISTOR

10 — D8 10 — 002
T s
typical values typical values

Ip Tamb=25°C | I Vs=10V —

(A [ 1] (uA) N
Rg=1k{l ¥ ~
pu. G* T~
, 1 N ™~ Ro=1k0
N
- \\\
10k N~
10 L] 107 ‘\\ T~ 10k 0|
1 b
100k Q) N N
SN
T N P 2
‘ N 100k 01
1072 1072
MO ~
T
MO
107 103
0 10 20 Vs (V) 30 -50 0 50 Tamp{°C) 100
103 —‘l, L 'L 1 1 103053 104 L 1 1 T 1 Daoas
T typical values L L
Tamb=25°C typical values [—]

. T vs=1ov [
L 1 T

v = TRe=1k L[ Lv

(pA) ~ | ! (pA)
A [
10k
102 10?
Ty
L
T 1?‘“}“ T Ro=1kf:
\\
B MmN e
) - L 102 - 10k 01
N R
= 100K |
, o T MO
0 10 20 Vs (V) 30 -50 0 50 Tamb(°C) 100

Mullard

BRY39 Page 5



| S I A
RN
2 typical values
Vs=10V
Voffset
v
15
\
’
Ro=1MQ
N
NS
N
05 5oka 10K0
T
. EEREE
-50 0 50 Tamp(°C) 100
D3066
30 T T
LTI TTTT
typical values j-1-
Vo Tamb=25°C |-+
(v)
C=200nF ]
20 100nF ]
P
P
;4
A 10nF1]
]
10 Z
i LI InF T
] eert]
-
|~ |
gt
-
0 = I
0 10 20 30 VpalV) 40

Mullard
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SILICON P-N-P-N
PLANAR TRANSISTOR

For use as a SILICON CONTROLLED SWITCH

BRY39

The BRY39 is a silicon planar p-n-p-n switch in a TO-72 metal envelope, intended
as a driver for numerical indicator tubes and other switching applications. It is an
integrated pnp-npn transistor pair, with all electrodes accessible. See also data on
BRY39 as a Thyristor Tetrode and as a Programmable Unijunction Transistor.

QUICK REFERENCE DATA
_VEBO Max. emitter -base voltage of the P-N-P transistor
(open collector) 70 v
v Max. collector -base voltage of the N-P-N transistor
CBO .
(open emitter) 70 v
_IERM Max. repetitive peak emitter curI;)ent 2.5 A
P Max. total dissipation (T =25C) 275 mW
tot amb
Tj Max. operating junction temperature 150 °c
VAK Forward on-state voltage
= = = <
IA 50mA, IGa 0, RGkK 10kQ 1.4 v
IH Holding current
= - =2.0v, = 10kQ <1.
IGa 10mA, VBB 2.0V RGkK 1 1.0 mA
t Turn-on time <0.25 s
on
tq Turn-off time <5,0 us
OUTLINE AND DIMENSIONS
Conforming to B.S. 3934 SO-12A/SB4-3
J.E.D.E.C, TO-72
ungde 1.16 !
0.48
od(.iu . max
anode gate
Gk l 1k : 3
thode gat Iy
cathode gate r:.\clax = e 3
K 4k )
cathode 011022 o
12.7 min —
All dimensions in mm D3073
The collector of the n-p-n transistor (anode gate) is connected to the case
Accessories available: 56246 (distance disc) and 56263 (cooling clip)
MAY 1973 BRY39 Page 1



RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
p-n-p n-p-n
VCBO max. (open emitter) -70 70* A%
VCER max. (RBE = 10k®) - 70* v
VCEO max. (open base) -70 - \Y
VEBO max. (open collector) -70* 5.0f v
IE max. (d.c.) 175 -175 mA
g e (Gt sk vl s s s
IC max. {(d. c.I; - 175%* mA
ICM max. (peak value) - 175% mA
P, max. (T, =25%) 275 mw
Temperature
T, max. 150 °c
Ts tg range -65 to+200 °c
THERMAL CHARACTERISTIC
0.45 °c/mw

Rih (j-amb)

*In numerical indicator tube driver circuits higher voltages are allowed, provided
the collector current does not exceed a d.c. value of 1.0mA.

tIn numerical indicator tube driver circuits higher voltages are allowed during the
discharge of a capacitor of a maximum value of 390pF, provided the charge does
not exceed 50nC.

**Provided the IE rating is not exceeded.

{During switching on, the device canwithstand the discharge of a capacitor of maxi -
mum value of 500pF. This capacitor is charged when the transistor is in cut-off
condition, with a collector supply voltage of 160V and a series resistance of 100kS.

Mullard
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SILICON P-N-P-N BRY39

PLANAR TRANSISTOR

SYMBOLS AND EQUIVALENT CIRCUITS
P-N-P-N structure and a two transistor equivalent circuit

A A A
(anode) (&) (€2)

(r Ga
cq,b
Ga b Ga PNP (€122)
(anode gate) (¢9sP2)  transistor
N N —O
(cathode gate} = =
T o— P P
Gk NPN
N transistor
(by.C2) Gk !
CL (by,c2)
K K K
{cathode) (e (eq)
D3103
Silicon controlled switch
Vak
05454
ELECTRICAL CHARACTERISTICS (Tj = ZSOC unless otherwise stated)
INDIVIDUAL N-P-N TRANSISTOR Min. Typ. Max.
ICER Collector cut-off current
VCE =70V, RBE = 10kQ . - - 100 nA
VCE =70V, RBE = 10kQ, Tj =150"C -~ - 10 HA
1 Emitter cut-off current
EBO (¢]
IC =0, VEB =5.0V, Tj =150C - 10

Mullard
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ELECTRICAL CHARACTERISTICS (Contd.)
INDIVIDUAL N-P-N TRANSISTOR

VCE(sat)

VBE(sat)

FE

Tc

CTe

. . Min.
Collector ~emitter saturation

voltage

IC=10mA,IB=1.0mA -
Base-emitter saturation

voltage

IC=10mA,IB:l.0mA -

D.C. current gain
IC=10mA,VCE=2.OV 50
Transition frequency
IC:IOmA,VCE=2.OV -
Collector capacitance
IE=Ie=0, VCB:?.OV -

Emitter capacitance

IC=IC=0, VEB=I.0V -

INDIVIDUAL P-N-P TRANSISTOR

Tero

Tero

hFE

Collector cut-off current o
= = =70 = -
IB 0, VCE v, T], 150°C

Emitter cut-off current o
IC =0, -VEB= 70v, Tj =150C -
D.C. current gain

IE =1,0mA, VCB =0

COMBINED DEVICE

Vak

Forward on-state voltage

b o 1 0

AT ’ Ga )
0

IA—SOmA,iGa—O,Tj-—SSC -

IA=1.0mA,IGa=10mA -
Holding current

= 10mA, - =2.
IGa 10mA, VBB 2.0V,

RGkK = 10kQ -
A Jlea

Rex { X
TUT.

Voo T
- psen

Mullard

Typ.

300

Max.

500

900

5.0

25

10

10

2.5

1.4

1.9
1.2

1.0

mV

mV

MHz

pF

pF

mA
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SILICON P-N-P-N
PLANAR TRANSISTOR

BRY39

ELECTRICAL CHARACTERISTICS (Contd.) (Tj = ZSOC unless otherwise stated)

Switching times (see also page 7)

t

Turn-on time when switched from

on
B =0.5V t =4.5V; R =1. <0.
VGkK V to +VGkK GKK 1. 0kQ 0.25 us
RGkK = 10kQ <1.5 us
Vi
(v)
45 ==~ _
2.7k} D5455 T
+12V ————0 Vak  90°/
16k | °
+50V I S l
10% k time
Rokk - -o5 [— 4 ) Se—
| |
Vi | |
O— O ] |
!
| !
Voak ‘ : i
/’
| L7
1 /
I |
I I
‘ .
t T time
Pulse duration increased until la— ton — D546
dashed curve disappears
tq Turn-off time
= <
RGkK 1, Ok 5.0 us
= <
Ry = 10ke . 8.0 us
= 10k =
RGkK 10k, Tj 125°C
122 F
+12V +50V
1kQ 2.7kQ 16kQ \:’\‘,')‘
Cc
Vak )
0 time
mercury
wetted
contact
Rekk . ) .
Capacitance increased until at C=Copt.
—0 dashed curve disappears.
% D5457 -12 k 05458

Mullard
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R, =15k0

VBB

APPLICATION INFORMATION

l ZM1000

+180V25°,

Decade ring counter circuit with display (f = 40kHz)

Primer

Operating ambient temperature Tamb =0to 70°C
—{
a
W
g 3
A
‘ 4 \
e —
=
>
FANG A
u
S
2 g
- ! —
o
L
® L A\
7 P |
| | ol
| R « I
(=3
| Lo S g ||
~ Il l —
o
T AN :
NE :
- 2 d x
g€ 1 = =
g I :
b
rl =2
NG ‘ o
*1
& kA
s g e
e~
[7e] w
(% > :
@ SN 3
—/— 1t o
(=] x‘ v
= <\ A e~
2 @ i T
— 1' s L
x e~ ¥
3 "lc 0,
—{_F | L { |& &
g - N8
£ 5 2 g ¥
o o~
4 E:‘
JE— o —
S za s 59 2 38
> 55 335 a3 23
Qo o a —_a —_ Q

The issue of the information contained in this publication does not imply

any authority or licence for the utilisation of any patented feature

Mullard

05544

BRY39 Page 6



SILICON P-N-P-N BRY39

PLANAR TRANSISTOR

05459 D5460
I
see page 5 see page 5
= T t+—
‘J +——1
ton tq i —
(ps) {us) —
|1
0.75 15
\typ
Rekk = 10kQ —
0.5 = 10 RGkK=10kﬂ/
// -
0.25 5
typ " tye ¥ 1k L~ |
1kl ) 1 BN
typ
oLl | oL LT |
-100 0 100 200 -100 0 100 200
Tams(°C) Tambl°C)
D5461 D5462
N-P-N transistor | J] I | N-P-N imnsistm‘T !
200 I I 200
Tum§=25°c L Igg = 10mA
hrg typical values heg Voak =2V -+
] |
s
150 150 >
typ_a
100 100 /‘/
Yok = 5V //
N N A
N / ||
N ’ 4
50 N2V 50
- i—‘
i —
0 0 l
0 50 100 150 ] 50 100 150

1ga(mA) T,°0)

Mullard
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D5463

10 LT L
L Roxk = 10kQ
\ Tomp = 25°C
(mA) t;;r)"i:::al values|
75
1o, =5mA Toa=50mA
i
5
/i
\
QN
25 N e =5V
N 2v
y. ov
\
Mdek V=5V
2v
0 Setov | [T ]
07 08 0.9 1 " 12 13
Vo V)
D5464
lgq =5mA] JIf FTT
] 11 Tomp < 25°C
I typical values
1
JiTAR g =50mA
/ 5V, 1|
1xQ N
/ AN
[l N
10 \ A
J ] ~
7 i ~Vap= 5V
N Rouc= 1k
/ ~
N 2V 1kQ)]
5 ,/ N A
/ 2V ik
QV;1kn
N T
7 el 0V:10kQ
0V 1kQ !
0 L OV;10kQ l [T
07 0.8 0.9 1 1" 12 13
VaxlV)

Mullard
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SILICON P-N-P-N
PLANAR TRANSISTOR ' BRY39

D5465 D5466
T T 17 T T T
lgq=5mA 41z SMA
100 Tamp = 25°C 400
typical values
1,4~Vee=0to5V | L1t Vork /
mA)Rekk =10k {mV) 10mA |
75 \II 300
] Gk TUT. A
] Vag K 4 15mA
il ;: E~4100mA
I [ 50mA
50 200
11111 7
~Vgg = L
L 5V Rgyk = 1k piy/
L 2y 1kn d ~Vgg =010 5V
» ] 0.1kQ 100 Rokk = 10kQ
Tamp = 25°C
typical values
0 0
0 100 200 300 0 25 S50 75
VorkmV) Igg(mA)
D5467 D5468
T T T T 1 : T T T 1
Igg= SmA | | | Fla=100mA [ [ ]
== Tymp 525°C 50mA
100 amb 3 —— 1 ]
typical values| | | — 20mA | | |
In | Yok T EFA
{mA) v1
‘/ ra
75 0.7 o
~Vgg=0to5V| | L~
Rokk =10k ||
[N
50 m i 05
—Vpg = 5V
/U FRokk = 1k0L
,/
25 b2V 1k 0.25 ~Vgp = 0 to BV t;_
[ 11 Rokk =10kn | [ |
/1 Lov: ka Tamp =25°C | |
4 !
,/ typical values| | |
1 (' [
0 >t7 0 LI T 1]
¢} 05 1 1.5 0 25 50 75
Yok (V) I5q(mA)

Mullard
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05470

D5469
T 1T T 1 I I ]
| [ l1a=1mA ! L]
' lgq= 5MA | ! lgq=5mA
~Vgp=2V | [-Vgge2v L[| [ |
Vak Rok =10k Ty —{Rokk =10k
(v) {mA) -
\
0.9 0.9 )
: N ' \
O \
‘\typ
™ typ
N
0.8 ™ 0.8 N
N, \,
N, N
\; \\
N N
07 A 0.7 N
0.6 1 o6l | ]
-100 0 100 200 -100 0 100 200
T;0°C) T;(5C)
104 —— e o s e S e
T TT T T S T fiﬁ
Zhij-amb) -
(°c/w)
103
- £
>
102 L]
I '~
Lot
—1
10 Pl
1T — T
1
10°5 1074 1073 1072 107! 1 10 102 103 104
tp (s)
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SILICON P-N-P-N BRY39

PLANAR TRANSISTOR

03100
[T
[Tamb=25°C
it .
Ia — d=001 shie gt
-T-» =
A et -
002 ‘EEtE:E§-—~-_ |
1 -
— 0.05 &5 =
- 0,
o CTITI0 02
035 L
107" H———1 ~
|
1072
10-2 10" 1 10 tp (ms) 107
D301
[ L
[ Tamb=70°C
-t -
IA -4 »{ iT»‘ :E-‘:i
{A) Pttt L d=001 T
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SILICON P-N-P-N
PLANAR TRANSISTOR BRY39

For use as a THYRISTOR TETRODE

The BRY39 is a planar p-n-p-n device in a TO-72 metal envelope, intended for use
in switching applications such as relay and lamp drivers, sensing network for
temperature, etc.

See also data on BRY39 as a Silicon Controlled Switch and as a Programmable Uni -
junction Transistor.

QUICK REFERENCE DATA
VD =VR max. 70 \Y%
VDRM =VRRM max. 70 v
o
IT max. (Tcase <85°C) . 250 mA
ITSM max. (t=10us, Tj=150 C) 3.0 OA
T]_ max. 150 C
C—Hlmax 20 A/us
dt ' K

OUTLINE AND DIMENSIONS

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

1.16
max
AN\ 0.48
un:dn max
| oy ]
o V o
1_ anode gate 117 :‘g‘ = s -
Gk C max I
cathode gate —f F
cathode o3K02
53 |
max 12.7 min ——J
All dimensions in mm 03073

Anode gate connected to case

Accessories available: 56246 (distance disc) and 56263 (cooling clip)

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

Anode to cathode

VD= VR max. Continuous voltage 70* v
VDRM :VRRM max. Repetitive peak voltage 70* A%
— - iti ¥
VDSM —VRSM max. Non -repetitive peak voltage 7¢ v
IT max. On-state current, d.c.
T . <25°%C 175 mA
amb —
T < 85°C 250 mA
case —
ITRM max. Repetitive peak on-state
current, t=10us, d=0, 01 2.5 A
ITSM max. Non -repetitive peak on-state
current, t=10pus, T =150°C
prior to surge 3.0 A
dIT Rate of rise of on-state current
3 max. after triggering to IT =2.5A 20 A/us

Cathode gate to cathode

VGkM max, Reverse peak voltage : 5.0 v

IGkM max. Forward peak current 100 mA

Anode gate to anode

VGaM Reverse peak voltage 70 v

IGaM Forward peak current 100 mA
Temperature

Tstg Storage temperature -65 to +200 °c

T, Junction temperature 150 °c

J
THERMAL CHARACTERISTICS

Rth('—amb) Thermal resistance from o
! junction to ambient in free air 0.45 C/mwW
Rth('—case) Thermal resistance from o
] junction to case 0.15 C/mW
*These ratings apply for zero or negative bias on the cathode gate with respect to
the cathode, and when a resistor R <10kQ is connected between cathode gate and
cathode.

Mullard
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SILICON P-N-P-N
PLANAR TRANSISTOR

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

Anode to cathode
VT On -state voltage
IT =100mA
dVD Rate of rise of off-state voltage
o that will not trigger any device
IRM Pea\l]( revieizf] current
RM "~
- ~150°
VRM—7OV, Tj 150°C
k -
IDM PeaV off _s;g;e current
DM~
_ _ o]
VDM =70V, Tj =150"C
IH Holding current
RGkK =10kQ, RGaA =220kQ
Cathode gate to cathode
Vv Voltage that will trigger all devices
KT V_=6v
b=
IGkT Current that will trigger all devices
V. =6V
D
Anode gate to anode
v Voltage that will trigger all devices
GaT
V. =6V
D
IGaT Current that will trigger all devices
VD= 6V, RGkK =10kQ
Switching characteristics
ton Turn-on time (tOn :td + tr)
VD= 15V, IT =150mA, RGkK =10kQ
ot Circuit-commutated turn-off time
VD= VR= 15V, IT =150mA, RGk

100

K= 10kQ -

BRY39

Max.

1.4 v

See note below

100 nA
2.0 HA
100 nA
2.0 uA
250 HA
- \'
- uA
- A%
- HA
300 ns
3.0 us

Note: - The dVp/dt is unlimited when the anode gate lead is returned to the anode supply

voltage through a current limiting resistor.

Mullard
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300

D3087

03088
800 T
[T
max values
I I T 1
(mA) \ (mA) T 1
Tj=25°C JT;=150°C
? 1]
200 z 400
2
—— G‘
[}
N ‘L;_ 3!
\C 2
ey \
X 7"\
Og 1
o
100 2 200
\
]
NI
N
0 0
‘ 0 100 T (°C} 200 0 2 Vi (V) A
|
‘ 104 03089
Rehij-amb) il
(°c/w)
103
4”
102 Al
wii
T
T
4”
10
I 131
1
10°° 04 10 0z 10! 1 10 10? 10° 104
tp (s)
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SILICON P-N-P-N BRY39

PLANAR TRANSISTOR

D3090

[
[ Tamb=25°C
I =001 S gt
(A) - __¢§~~~ --T T T
1 002 ™M T TH i el J i
0.05 %Eﬂﬁ »
—— 0.1[?
T T 02
0.5 1 11
. THH
107"
I
! !
1072 l I 1 ‘
1072 10! 1 10 tp (ms) 10?
D3031
1 T
|Tamb=70°C I l I L
Ir ’i‘l‘?+ a:2
{A) F*H-—b-}- L d=0.01 T
= Tteatel |
1 002
0.0%
0] =
0.2
0.5
107
1072 )
102 107! 1 0 t, (ms) 10
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} 1 1T
Vo= Vg=70V
Ir
I /]
D
(nA) )4
//
102 /
‘4
v
1/
/’
typ/]
10
]
4
%% 50 100 T (°C) 150
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SILICON P-N-P-N BRY39

PLANAR TRANSISTOR

APPLICATION INFORMATION

Sensing network

sensor

~12V D3093

Rg must be chosen in accordance with the light, temperature, or radiation intensity
tobe sensed; its resistance should be of the same order as that of the potentiometer,

In the arrangement shown, a decrease in resistance of Rg triggers the thyristor,
closing the relay that activates the warning system. If the positions of Rg and the
potentiometer are interchanged, an increase in the resistance of Rg will trigger the
thyristor.

Mullard
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N-P-N SILICON PLANAR BSS40
EPITAXIAL TRANSISTORS BSS41

Silicon planar epitaxial n-p-n transistors intended for use in driving very high
speed core or semiconductor memories and for similar applications.

QUICK REFERENCE DATA
BSS40  BSS41

ch max. 60 60 v
Vepo max- 40 30 A
ICM max. 1.0 1.0 A
Pop max: Ty p < 25°C) 360 360 mW
hFE min. (IC =500mA, VCE =1V) 25 25

VCE(sat) max. (IC =500mA, Ip= S0mA) 0.5 0.5 v
fT min. (IC =50mA, VCE =10V) 200 200 MHz
ton max. (_VBE(oft) =2V, IC =500mA, IB(on) =50mA) 35 35 ns
toff max. (IC =500mA, IB(on)= _IB(off) =50mA) 45 45 ns

Unless otherwise stated data are applicable to both types

OUTLINE AND DIMENSIONS

Conforming to B53934 SO-12A/SB3-6A
J.E.D.E.C. TO-18

116

max
A 0.48
max
\/ e ,_——_—_-ﬁt===
”7{ max p———j——
max l e
5.3 o .
max—™ 12.7 min
All dimensions in mm 03648

Collector connected to case

Accessories available: 56246, 56263

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical

CBO max.

CEO
max.

EBO

ICM max.

ax.
IBme

P max., T
a

v
A max.
v

0
tot mb =25°C

Temperature

T
stg
Tj max.

THERMAL CHARACTERISTICS

Rth(j ~amb) (in free air)

Rt.h(j—case)

BSS40
60
40

BSS41
60
30
5.0
1.0
0.2
360

-65 to +200
200

480
150

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

\
(BR)CBO - <
I,=1004A, I, =0

Min.

Collector-base breakdown voltage

60

Collector -emitter breakdown voltage

V(BR)CE'R IC

V(BR)CEO IC =10mA, IB=O

=1.0mA, RBE =500

BSS40 60
BSS41 50
BSS40 40
BSS41 30

YV (BR)EBO

ICER

BEX

Emitter -base breakdown voltage
IE =100pA, Ic =0
Collector cut-off current
VCE =40V, RBE=509
Vg =40 Ry =50, T = 150°C
Base cut-off current
V__=4.0V, VCE=40V

BE
-VBE=4.0V, VCE=30V

Mullard

5.0

BSS40 -
BSS41 -

Typ.

Max.

o o< <<

mwW

c/W
C/W

< < <<

<

HA
mA

HA
HA
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS

ELECTRICAL CHARACTERISTICS (contd.)

Min.
" P .
\4 CE(sat) Colllgc:t;; Orerrlr:'ttle;:f(t)lg:tmn voltage )
IC=SOOmA, IB=50mA -
" s .
Visgoag TR el ssurson o -
IC=500mA, IB=50mA -
hFE *Sta;ic:ﬂ;;x())v;f c\u;rrel:tltlz]a:?sfer ratio %0
C *'CE T
IC=500mA, VCE=1.0V 25
T L Som, V10V, f=100MHz 200
C " 'CE ’
Cro  Colecwwomemee i -
E e ' CB ’ .
“Te Emlitt:rl C:gac\ifmnieo 5V, f=1.0MHz -
C ¢ ' 'EB 77 '

Switching characteristics (see test circuits on page 4)

Turn-on time when switched from

=2V toI_ =500mA, IB =50mA

on
VBE(off) C (on)

t Turn ~off time when switched from

off _ _ _
IC =500mA, IB(on)—SOmA to cut-off

with _IB(off) =1.0mA
with —IB(off) =50mA
t Storage time when switched from

Ic =500mA, IB(on) =50mA to cut-off

with -IB(off) =350mA

*Measured under pulsed conditions tp =300us, d=0.01

10

BSS40
BSS41

Max.
0.3 v
0.5 v
1.0 v
1.2 v
- MHz
10 pF
50 pF
35 ns
250 ns
»»45 ns
- ns

Mullard
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ELECTRICAL CHARACTERISTICS (contd. )

Turn-on time test circuit

Vee |
Vm
|
!
R4 !
-— A —10%
OVout | time
TUT
Vin R1
) { } v,
2 7 out
{Pulse
generator)
R3 R2
D4018 VBB time

Turn-off time test circuit

Vin

{Pulse
generator)

”

Duors VBB —Vp time
BSS40, BSS41 on Cosf
o | TBony | TBeotn | Voo [ B R [ R Ra | Ve | Vin | Ves|Vin | VY
(mA) [ (mA) | (mA) | (V) | @ | @ | @ | @ | V) V) VM| W™ | W
500 50 50 30 (375 400( 56 | 60 4 24.75 1 16.7 { 37.5| 3
500 50 1 30 | 750} o | 56 | 60 37.5
Pulse generator
Pulse duration tp > 500ns Fall time tf < Sns
Rise time tr < Sns Source impedance RS =508

Mullard
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N-P-N SILICON PLANAR BSS40

EPITAXIAL TRANSISTORS BSS41
10 [5c.50AR el i
lc:
{mA)
0’
\\\

10 N
. N
BSS4l} IBSS40
, [
' o ? T 02
Vee (V)
4021
100
Veer
max
v)
75
50 ~
P~
M. BSS40
>
I Bssal
25
0
0o "o T et f Lo
Rge ()

Mullard
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022

4
10 T =
e e e e
L SE{SSi0 Veg =40V
CER | |
(w1 [ |BSS4! Vee =30V
Ry =50 02 "
10° 7
10° max, .
>
/
10 £ lyp,
ra
hd 7/
A 4
J/
. 7
] Z 1'/
7
5 V4
, 4
_, )4
10
2
107
0 100 T, (°c) 200
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N-P-N SILICON PLANAR BSS40

EPITAXIAL TRANSISTORS BSS41
D4023
60
Vg =1V
e — Tic=F‘25°c ]
|
I ‘!_ I 1]
40
P S—- R
I~ ?
] ]
— ™
20 - > -
T
J |
— 4
L]
* 0 ’ 107 1o (mA) ) 0°
D&024
103 {
A Vce=1V
T,=25°C
5 /
tc 7
(mA} A
. yd |
w ltyp
10° 1/
’ /[
5 /
I /
AT ! > 7 * 15 (mA) T’
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04025

075

10

Vee(sat)
v)

&l

-

j=25°C

0.5

025

0 -1 2

1 (A)

Vag(sat)
V)

05

1 "0
I (A)

D4026

! ke =10 —
v lg
CE(sat)
v Tc=05A
075
05
fossees}
typ
025
B
, L T
-100 100 200
T, ()
r D4028
I—l
C .
1 < E-
t =05A
VBE(sat) ‘yl Lk
v) g
075
05
0.25
0
-100 100 200
T, (%)
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS

600

(MHz)

400

200

Cre
(pF)

BSS40
BSS41

D&l

Veg V)

]
[
Typ. curves
T,e25°C
=}
f=100MHz Vee= OV/
A~
LAy -
vl
/| = h
/7 L N
77 1TV
4 7
/S 7
'/
7
.
/'
7
10 Ic (mA) 10
4030 04031
J 60
Ig=1,=0
f=1N;HZ Cr Ig=1.=0
T,=25°C ¢ f=1MHz
] {pF) 1;225°C
40
~ yp
-
-
NP
20
\_
0
*Two f * e 0 05 VggtV) !
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D4032

30 l '
1.=500 mA
¢ -VaE(offi=2Y,
on 1j=25°C
(ns)
20
N
\tYP
10
0
0 25 lgn(mA) 50
D4034
150
To=500 mA
1 =50 mA
t B{on)
o Tj=25°C
(ns)
100
QP
N
50
—
NS
“
0
0 25 -lggenmA) 50

ton
(ns)

60

toft
{ns)

40

20

‘Mullard

04033
[T TTT
1c=500mA
15 (ony =50 MA
~VBe(otfy=2V
typ
-50 50 100 150
T (°C)
D4035
HEREE!
IR
1.=500mA
la(on) =50mA
-IB(om=50mA
]
typ| 4
-
-50 50 100 150
Tj (°c
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS

D4036
T T T T
1,=500mA
40 T,-25°C u
1 =-1
toft B{on) B(off)
(ns) N
NP
30 —
20
10
0 i
0 25 50 75
Ig(ony{MA}

60

{ns)

40

20

Mullard

BSS40
BSS41

D4037

1 11T
IRRREE
I, =500mA
Ig(ony=50MA
-l oty =50 MA
]
-
typ
/'
=
-50 0 50 100 150
T; t°c)
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N-P-N SILICON PLANAR
DARLINGTON TRANSISTORS

BSS50
BSS51
BSS52

Silicon n-p-n planar Darlington transistors for industrial switching applications
e.g. print hammer, solenoid, relay and lamp driving. Encapsulated in a TO-39
envelope with the collector connected to the can.

QUICK REFERENCE DATA
BSS50 BSSS51

VCBO max. 60 80
VCE max. 45 60
IC max. . 1.0 1.0
Ptot max., (Tamb <25°C) 0.8 0.8
P, max. (T <25°C) 5.0 5.0
hFE min, (IC =500mA, VCE =10V) 1500 1500
VCE(sat)max' (IC=1.0A,IB=1.0mA) - 1.6
VCE(sat)max' (Ic=1.0A,IB=4.OmA) 1.6 -
o P+ (1 =500mA,

IB(on)= _IB(off):O' SmA) 1.0 1.0

BSS52
100
80
1.0
0.8
5.0
1500

2 2 » < <

<

1,6

<

Unless otherwise stated data are applicable to all types

OUTLINE AND DIMENSIONS

Conforms to BS 3934 S0O-3/SB3-3B
J.E.D.E.C. TO-39

048
max

66 ‘

*mm |
2.7

—min ™

min

All dimensions in mm o15%

Collector connected to the envelope

b

04330

Max. lead diameter is only guaranteed for 12. 7mm from the can.

Accessories available: 56218, 56245, 56265

FEBRUARY 1974
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
BSSS0
VCBO max. 60
*V Ccp ™Max. 45
VEBO max, 5.0
I [~ max. 1.0
I oM max. (peak value) 2.0
IB max. 0.1
P, max. (T, . =25°C) 0.8
(T o= 25°C) 5.0
Temperature
Tstg range
T, max.

)
THERMAL CHARACTERISTICS

Rth(j -amb)
R, .
th(j-case)

ELECTRICAL CHARACTERISTICS (Tj :ZSOC unless otherwise stated)
Min.

I Collector cut-off current

CBO °
V=45V, 1, =0 BSS50

=60 =
VCB v, IE 0 BSS51

VCB=80V, IE=0 BSS52
IEBO 5m1tzir gst —;)ff_c(l)lrrent
EB” " CT
hFE Static forward current transfer ratio
I1.=150mA, V E=10V

C C
IC =500mA, VCE =10V

*External RBE not to exceed value shown on page 5.

Mullard

BSS51
80
60

o o ©

SJISDON'—‘U‘
0

-65 to +200
200

220
35

1500
1500

Typ.

BSS52
100 v
80 v
5.0 v
1.0 A
2.0 A
0.1 A
0.8 w
5.0 w
°c
°c
%c/w
Cc/w

Max
50 nA
50 nA
50 nA
50 nA
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N-P-N SILICON PLANAR BSS50
DARLINGTON TRANSISTORS BSS51

BSS52

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

A% Collector ~emitter saturation voltage
CEGE20 < s00ma, 1, =0. SmA - - 1.3 v
IC=1.0A, IB:I.OmA BSS51 - - 1.6 \%
IC:LOA, IB=4.0mA BSS50 - - 1.6 A%
BSS52 - - 1.6 v
I =500mA, I.=0.5mA, T],=200°C - - 1.3 v
1o=1.04, I,=1.0mA, T =200°C
S51 - - 2.3 v
I,=1,0A, I =4.0mA, T, =200°C
C B i
BSS50 - - 1.6 v
BSS52 - - 1.6 A%
v Base-emitter saturation voltage 1)
BE(sat) 1, =500mA, I=0.5mA - - 1.9 v
IC=1.0A, IB=1.OmA BSS51 - - 2.2 v
IC:I.OA, IB=4.0mA BSS50 - - 2.2 v
BSS52 - - 2.2 v
VBE Base-emitter voltage 2)
= = .4 .4 .
IC 150mA, VCE 10v 1 1.45 1.55 \Y%
IC=500mA, VCE=10V 1.5 1.55 1. 65 \Y%
hfe Small signal forward current transfer ratio
Ic=500mA, VCE=S.0V, f=35MHz 7.5 10 -
Saturated switching times
Ic =500mA, IB(on) = -IB(off) =0.5mA
t Turn-on time - - 400 ns
on
t Turn-off time - 1.0 2,0 us
off
Ic =1.0A, IB(on) = -IB(off) =1.0mA
t Turn-on time - - 400 ns
on
t Turn-off time - 1.0 2.0 us
off
Notes: 1) VBE (sat) decreases by about 2, 5mV/ % with increasing temperature.
2) VBE decreases by about 3.5mV/ °c with increasing temperature.

Mullard
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MEASUREMENT OF SATURATED SWITCHING TIMES
Test circuit for 500mA switching.

=22V +10v

i

+38_V_[_—l_
I =500mA
Ig(on)*~latort) =500 pA

4

N6020/a

Switching waveforms

—~4+—90%

Output
|
90%~ — |— —|—

t
| r
! ! 06020/

Mullard
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N-P-N SILICON PLANAR
DARLINGTON TRANSISTORS

10M

100k

10k

—-1-1'—'

s
1]
—-H

External

N R

N
N
i
]
AN
N
Maximum external Rgcvs Tj for thermal stability
A D I T OO A A B
0 50 100 150 T; (°C)

Mullard
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D4884

tot
max
(W)
5
. 2
i G
[
4 %’/
W
6\0
O,é‘
|
3 H-H \
N
2
! R
"’me
b) =2200
o c/w N
1 IREEN A
0 EEEERREE
-50 0 100 200 T{°C)
06113
Zinm
°CIW)
2
100
7
Rinis)
L detd -
gt LT 1 Zehtor 2
= c
g ]
kA g
£ — t T =
N ? — 3
1.0 L 2
7 T
—
s Zuntty *Renie) ~Zente ¥ Zuniso
2 Ry s) = Steady state thermal resi (d=1
01 Zyioy=Transient thermal impedance,d=0.
104 2 s 7‘0_3 2 5 7]0'2 2 5 710_| 2 B 7100 2 B 7|0‘ 2 s 7

Pulse duration tis)
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N-P-N SILICON PLANAR BSS50

DARLINGTON TRANSISTORS BSS51
Ds022 . DE1IL
1000 y .
9 yd 7
5 J s -
Ie Veg=10V h Veg=10V
(mA) T,=25°C FE T=25°C
2 2 a
AT
100 ‘OL %
4
7 ? - L/
|—— Design max
5 ’ 5
] 4
\
2 2
typ T / /
3 min
10 10%
7 7
5 s
"4
2 A 2/
! o 102 ' I
2 5 1 2 K
05 10 15 Vge (V) 20 ol 02 mal 03
DeNS 06027
hee [T Typical curves 4: ; ? {r%_;L
{x10%) Veg =0V 7 1 =1+
5
10 hre f=35MHz
, Veg=5V ]
[c=500mA
8 > 100
7
y, 5
6 /
, ——
—771c=150mA |- 2 g 4
1 N
¢ A 10
7 N
5
2
2
o 1 5 7
2 5 7 2
0 %0 100 150 T-f“OC(; 10 100 Ic(mA) 1000
]
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D4L887

1000 i
7 (o® -
. P
Typical curves )4 / Design max.
Ie L[] /A
{mA) 74
lB=I.mA// =0.5mA| /1.7 15=1000
z / 7
100 v i /
y 4
, It/
1 7
5
/ /
I I' Tj= 25°C
, /
I
10
05 10 15 Vee(sanlV)
D4B888
1000 z %
'l Y
7
y)
® Typical curves / Design max.
le LIS / |
(mA) .
lg=05mA <4mA ’/f I/ 1g =1000
2 ' /,
100 y /
J
7 It I
I ] 'l
5
|
{ Tj=25°C
1 T
. /
10 l
10 15 20 VeE (sat) (V)
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pmin. N-P-N SILICON PLANAR
EPITAXIAL TRANSISTOR BSVSZR

Silicon n-p-n planar epitaxial transistor in a microminiature plastic envelope, int-
ended for high-speed switching in thin and thick film circuits.

QUICK REFERENCE DATA
v CBO max. 20 v
VCES max. 20 \Y%
‘VCEO max. 12 v
ICM max. . 200 mA
Ptot max. (Tarnb =25C) 200 mwW
T max, 150 °c
hFE at IC = 10mA, VCE =1V 40-120
IC =50mA, VCE =1V min. 25
f_ at IC = 10mA, VCE =10V,
f = 100MHz min. 400 MHz
typ- 500 MHz
tg max, at IC ZIB(on)Z _IB(off)= 10mA 13 ns

OUTLINE AND DIMENSIONS

- 19—

°~17 0,95 |
.

05 b e

1 T
‘ 13 25

001 max max
ﬂ& min \

max  Identification
code:B4=BSV52R
max 05710

All dimensions in millimetres
Plan view from above

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

VCBO max. 20

CES
CEO
EBO
C

CM

max. 20
max. (IC = 10mA) 12

max. 5.0

- o<

max. 100

max. 200

EE<<}<<

[ R
max. Ta =25"C, mounted on a ceramic

mb
substrate of 7 x 5 x 0. 5Smm 200 mW

P
tot

Temperature

T -65 to +150
stg
TJ. max. 150

THERMAL CHARACTERISTICS

a O

Thermal resistance between junction
and ambient, the device mounted on o
a ceramic substrate of 7 X 5 x 0. 5Smm 0.62 C/mW

R th(j-amb)

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

ICBO Collector cut-off current
=0 = - -
IE , vV CB 10V 100

o
IE—O, VCB—IOV, T].—lZS C - 5.0

5 B

Collector -emitter saturation voltage
IC = 10mA, IB =0.3mA - - 300 mV

IC = 10mA, IB =1.0mA - - 250 mV
=50mA, IB =5.0mA - - 400 mV

VCE(sat)

IC
Base-emitter saturation voltage
IC = 10mA, IB = 1.0mA 700 - 850 mV

IC=SOmA, IB=5.0rnA - - 1.2 v

h Static forward current transfer ratio

FE
=1. =1, 2 - -
IC 1.0mA, VCE 1.0V 5

I = 10mA, Vo =1.0V 40 - 120

IC=50rnA, VCE=1.0V 25 - -

f, Transition frequency
IC = 10mA, VCE =10V, f = 100MHz 400 500 - MHz

VBE(sat)

Mullard
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pmin. N-P-N SILICON PLANAR
EPITAXIAL TRANSISTOR

ELECTRICAL CHARACTERISTICS (contd. )

BSV52R

Max.

4.0 pF

4.5 pF
13 ns

Min.
CTc Collector capacitance
IE =Ie =0, VCB =5.0v,
f = 1.0MHz ’ -
CTe Emitter capacitance
Ic =Ic =0, VEB =1.0v,
f = 1,0MHz -
SWITCHING CHARACTERISTICS
tg Storage time (Ic = IB(on): -IB(off)
= 10mA) -
Test circuit and waveforms
!
Voltage
at point
P
0
+10v
Voltage
Vgg=11V at point
A
Pulse generator: Oscilloscope :
Zs=500 Zin=500
tr <1.0ns tr <1.0ns
tp >300ns
d <0.02

D5725

Mullard
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SWITCHING CHARACTERISTICS (contd. )

Min. Typ.
ton Turn-on time when switched from
= =1. t = 10mA,
VBE 1.5Vtol c 0
IB=3mA, -VBB=3V, Vin=15V - -
t0 £ Turn-off time when switched from

I =10mA, IB = 3mA, to cut-off with

C
_IB(off) =1.5mA, V__ =12V, _Vin=15V

BB

Test circuit and waveforms

Max,
12 ns
18 ns

Pulse generator: Oscilloscope:
Zs =500 Z;n = 500

ty < 1.0ns t, <1.0ns
tp > 300ns

d < 0.02

Mullard
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p min. N-P-N SILICON PLANAR
EPITAXIAL TRANSISTOR

BSV52R

100 Ve =
Ic T =25°C
(ma4) 6\\(\’\’9‘—@9/ ¢
vd 4 d /.
%
A
10 o ,//
III 7
P /
P 4 T
7 4
a / A '/
/ /
1 /
-~ 4
01 3 4
1 10 10 107 Ig@A) 10
] Vee =1V
] T =28°C
200
heg
150
Mok=
100 =1
typ
50 -
i —
0
o1 1 10 Ic (mA) 100

Mullard
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pical values =400pA pical values
%250(: ] B %:25°c
20 200
Ie Ie .
(mA) (mA) 'S
300pA
5 5 >
1 150 o
200pA
10 100
k—-—-—-—.
HHH
H 100pA 50
H g Gt
= A L TIH
(1] 20 A ¥ 200uA
a = 8 T
od T 0 T
(4 05 VCEM) 15 0 5 10 Vog(V) 15
typical values
f =100MHz
800 =25°C
tr
(MHz)
600
400 Z
o
&
200 Z
\
A\
0
1 10 100 Ic (mA) 1000

Mullard
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pmin. N-P-N SILICON PLANAR
EPITAXIAL TRANSISTOR BSVSZR

06 -
E typical val
Ve T =25°C
CE(sat) 9
) Ic
v =20f
J 4
J
. ya i
04 Vi
Vi
Vi
1/
~
- "
02 — o —
0
o 1 10 00 I (mA) 1000
15
I[ flcqypncul values,
Ve j =25°C
BE(sat)
(v)
I¢
1 T
20
-
0s
b ! 10 00 Ic(mA) 1000

Mullard
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08— typical values
Ve Ic
CE(sat) {4710
(V)
04
B
200N
XC’\ 1
= 11
1T
ot 1
bl
| ™ peaent]
—’
oL : T
=50 0 100 Tj (°C)
05727
104 B
] Typical values
Icgo [T] Ie=0
(nA}
‘ SIA
103" Ac‘b l—. .\Q:E
'J V.
10? /Y
’ /
2
10
1
0 50 100 T;(°C) 150

Mullard

1'5{ IT typical values
VBE (sat) T%=10
)
1 =
~ IC.:]COmAMﬁ
g -
\\ J 0/774%_
TSg T
05
950 0 100 Tj(°C
6
[ f = IMH2
c. - 1]=;5°C
1 7T
(pF) T 1]
T 111
IE= Ie=0
4
2 ——
— t P T 1
0 LD
0 0 Vveg(v) 20
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTOR

BSVé64

N-P-N silicon planar epitaxial transistor, with good high current saturation charac-
teristics, primarily intended for use as a print hammer drive.

QUICK REFERENCE DATA
100
VCBO max v
. 60
VCEO max v
. 5.0
ICM max A
P, max. (T < 50°0) 5.0 W
tot case™
i =2. =2, 40
hFE min (Ic 2.0A, VCE 2.0V)
. =0. =5.0V,
fT typ (Ic 0.5A, VCE A%
f=35MHz, T . =25°C). 100 MHz
amb
. =5. =~ =0. 1.2 s
toff max (IC 5.0A, IB(on) IB(off) 0.5A) I
OUTLINE AND DIMENSIONS
Conforms to B.S. 3934 SO-3/SB3-3A
J.E.D.E.C. TO-39
0.48
max
8.5 _—————— —{
max
B
6.6
- nax ™ )
¢ 12.7
min
All dimensions in mm D157

Collector connected to case

The maximum lead diameter is guaranteed only for 12.7mm.

NOVEMBER 1970

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
VCBO max. 100

ax. 0Q
VCERde (RB§5 ) 80

. . 60
VCEO max

VEBO max.

ICM max.

I  max.

[SVI 1 B
[T =

C

. 1.
B max .
P,  max. T <50 °C 5.0
tot case—

1

Er oo o< < <4 <

Temperature

| T -55 to +175
stg

Tj max. +175

aQ

THERMAL CHARACTERISTIC

Rth(j—case) max 25 degC/W

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

ICBO Solle:(:z%xglmllt—(iff) current i i Lo N
CB B H
Emitter cut-off current

Vpp=4-0V, 1,0 - - 10 pA

IEBO

hFE Static forward current transfer ratio
IC‘=2.0A, VCEIZ.OV 40 - -
Collector-emitter saturation voltage

=5. =0. - - 1.0
Ic 50A,IB05A A%

' VCE(sat)

Base-emitter saturation voltage

=5. =0. - - 1.
ICSOA,IB05A 8 v

VBE(sat)

C Collector capacitance

Te
= =1 = =1.0 - - 0
VCB 10V, IE Ie 0, f=1.0MHz 8 pF

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTOR BSV64

ELECTRICAL CHARACTERISTICS (contd.)

Min. Typ. Max.
fT Transition frequency
IC =0.5A, VCE=5.0V, f=35MHz,
T =25°C - 100 - MHz
amb
Saturated switching times
=5.0A, = - =0.54A,
IC 5.04 IB(on) B (off) 54
VBE@f) 20V
t Turn-on time - - 0.6 us
on
T - i - - 1.
toff urn-off time 2 us

SOLDERING AND WIRING RECOMMENDATIONS

1. Whenusing a solderingiron, transistors may be soldered directly intothe circuit,

but heat conducted to the junction should, if possible, bekept 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. 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.

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

. If devices are stored at temperatures above 100°C before incorporation into equip-

ment, some deterioration of the external surface is likely to occur which may
make soldering into the circuit difficult. Under these circumstances the leads
should be retinned using a suitable activated flux.

Mullard
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!

DERATING AGAINST MOUNTING-BASE TEMPERATURE

The maximum permissible power for selected pulse widths and/or mounting-base
temperature can be obtained from the graphs on pages 5,6 and 7, where the Py gx
value for Ty, <50°C is calculated from the line of constant power (i.e. that part
of the curve which has a slope of -1), on the relevant IC versus VCE curve.

For mounting-base temperatures in excess of 50°C, the constant power line BC in
figures 2A and 2B is reduced to the % of Py as read from the % Pmax versus
Tynb graph on page 5. The safe operating area for thehigher temperature is defined
either by the points A B' D' D E in figure 2A, or by the points A B' D' E in figure
2B. The second-breakdown power line is only modified by the intersection point D'
and is not adjusted against temperature in any other way. i

Pmax ]
(°/a)

figure 1

Ic Ic 4
log log
scale scale
figure 2 A D' figure 2B \\

D \\ v

D‘

E E,

log scale Vee ‘ tog scale Vee

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTOR

BSV64

100 D2101
PmﬂX i
°/e}
!
50
N\
0
0 50 100 150 200 T, ()
Ie 02102
(A)
Vcg=20V
5 Tj = 25°C M 4
4
]
3
I
2
i
L]
H aRmyrn
0 L
0 05 10 15 20 VgglV)

Mullard
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BSV64

N-P-N SILICON PLANAR
EPITAXIAL TRANSISTOR
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N-P-N SILICON PLANAR
EPITAXIAL TRANSISTOR BSVé4

1-00 02109

VeE(sat)
(v}

typical curve

025

0 1 2 3 4 5 Icla) 6

600 D210
ton
toff
(ns)

500

Ie ﬂo(lB(on)qnd'IB(off) |-
typical curves

400

toff

300

100 ]

0 1 2 3 4 5 6 7 Ic(A)

Mullard
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTOR

BSVé68

Silicon planar epitaxial transistor intended for anode switchingindynamically driven

numerical indicator tubes.

QUICK REFERENCE DATA
-Vogg MeX. Ry =10k2) 110 v
_VCEO max. 100 v
-ICM max. 100 mA
P,y max. (T, < 25°C) 250 mw
T, max. 150 °c
hFE min. (—IC=25mA, —VCE:5V) 30
f typ. (-1,=25mA, -V, =5V, f=35MHz) 95 MHz |
OUTLINE AND DIMENSIONS
Conforms to B.S. 3934 SO-12A/SB3-6A
J.E.D.E.C. TO-18
Millimetres
Min. Typ. Max
A - - 4.8
B - - 5.3
C 12. - -
D - - 0.48
E - - 1.17
F - - 1.16
G - 2.54 -
H - - 5.8

Viewed from underside

Connections: 1. Emitter
2. Base
3. Collector connected to envelope

OCTOBER 1970

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
—VCBO max. (—Ic=10uA) 110 v
- . (= = =1 1 *
VCER max. ( Ic 10uA, RBE 0k) 10 v
- (-1, = 1
Vopo Max. (-15=10044) 00 v
_VEBO max. (—IE =10uA) 6.0 v
—IC max. 100 mA
—ICM max 100t mA
_IBM max 100 mA
(o]
Ptot max. (Tamb <257C) 250 mwW
Temperature
T 65 to +150 °c
stg
’ o
Tj max. 150 C

THERMAL CHARACTERISTIC

Rth(j—amb) 0.5 degC/mwW

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

Min. Typ. Max.
Temo T Mov, Toe - C 0
E ° 'CB >
-ICER Collector-emitter cut-off current
—VCE=110V, RBEzlokQ - - 10 HA
- Emitter- cut- curren
IEBO IC =0 ,b?\s/lBt 6(;? * t - - 10 HA

*The transistor may be operated in the breakdown region, provided the collector

current does not exceed 10uA at T =70%C.
amb

It can withstand an inductive load of 4mH in series with a resistance of 4k@, com-
bined with a collector current of 25mA before switching-off.

+The transistor can withstand a capacitive load of 100pF, combined with a collector
voltage equal to _VCER before switching-on.

Mullard
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTOR BSV68

ELECTRICAL CHARACTERISTICS (contd.)

Min. Typ. Max.
- ctor- it i 1t
VCE (sat) Colle(._tor emitter _saturatlon voltage
-1 ,=25mA, -1 =2.5mA - - 250 mvV
C B
-VBE(sat) Base-emitter saturation voltage
-1 _=25mA, -1_=2.5mA - - 900 mV
C B
h Static forward current
FE .
transfer ratio
—Ic=10mA, —VCE=5V 30 - -
—IC=25mA, —VCEZSV 30 - -~
CTc Collector capacitance
IE:Ie:O’ —VCB=10V,f=1MHZ - - 5.0 pF
fT Transition frequency

-1,=25mA, -V =5V,

f=35MHz 50 95 - MHz
15 j 02070
TJ =25°C
Cre Tg=I.:=0}—
(pF) f= 1MHz
10

0 0 -Veg (V) 20

Mullard
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100 0207
hre L
NVeg=5Y I~
T,225°C typ N
75 af N
/ N\
A A\
pd
/’
|
50 > \
et \
25 !
|
H \
o L Bl .
1072 10" 1 10 -Ic (mA) 10°
100 ; —r ‘ L2072
B R
£ L] P \\
(MHz) Veg=5V |
fz 35MHz A typ
- °© 1
75 TJ_z[s c
— .k //
S // il
/
. N
50 —
e
//
25
0 1
107 1 10 -T¢ (mA) 107
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N-Ci
FIEL

OUTL

All dim

MAY ]

P-N-P SILICON PLANAR
EPITAXIAL TRANSISTOR BSV68

10“

~Iceo
(nA)

103

102

10

107

02073

AN

102
0

50 100 T; (°C) 150

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
VD S max. Drain-source voltage 40 v
VDGO max. Drain-gate voltage (open source) 40 v

—VGSO max. Gate-source voltage (open drain) 40 v
IG max. Forward gate current 50 mA
P max. Total power dissipation, T < 259C 350 mWw
tot amb —

Temperature
Tstg Storage temperature -65 to +200 OC
Tj max. Junction temperature 175 °

THERMAL CHARACTERISTICS

Thermal resistance from junction

R, .
th(j-amb) to ambient in free air 0.43 degC/mW

ELECTRICAL CHARACTERISTICS (Tj:25O unless otherwise stated)

Min. Typ. Max.
T St s o
GS * Vps . n
- = = = o - -
VGS 20V, VDS 0, Tj 150°C . 0.5 A
ID Drain cut-off current
=1 - = - - .
VDS 5V, VGS 12V 0.25 nA
= - = = o ~ -
VDS 15V, VGS 12V, Tj 150°C 0.5 HA
IDSS Dri;n Ci?;;lt V..=0 BSV178 50 - - A
DS * Vas m
BSV179 20 - - mA
BSV80 10 - - mA
_V(P)GS Gate-source cut-off voltage
ID=1nA, VDS=15V BSV78 3.75 - 11 v
BSV79 2.0 - 7.0 v
BSV80 1.0 - 5.0 v

Mullard
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N-CHANNEL SILICON
FIELD-EFFECT TRANSISTORS

BSV78
BSV79
BSV80

ELECTRICAL CHARACTERISTICS (contd.)

Min. Typ. Max.
—VGS Gatle-iolu?:zvo\lltage:ISV BSV18 . 3.5 - 10 \%
D ’ ’ 'DS :
BSVT79 1.75 - 6.0 \'
BSV80 G.75 - 4.0 v
in-source 'on' vol
¥Ds(on) Dri}sz(:)tnA, \OIG Siootalge BSV78 - - 500 mv
ID=10mA, VGS=0 BSVT9 - - 400 mV
ID=5mA, VGS=0 BSV80 - - 325 mV
s PP w
D 7 GS 7
BSV179 - - 40
BSV80 - - 60
y-parameters at f=1MHz {(common source)
—VGS= 10V, VDS:O
Cis Input capacitance - - 10 pF
—Crs Feedback capacitance - - 5 pF
Switching characteristics (see test circuit on page 4)
Turn-on time when switched from:
_VGSM: 11V to ID: 20mA, VDD: 10V (BSVT78)
_VGSM: 7V to ID: 10mA, VDD: 10V (BSVT79)
—VGSM=5V to ID:SmA, VDD:IOV (BSV80)
BSVT8 BSVT79 BSV80
ty Delay time max. 5.0 10 8.0 ns
tr Rise time max. 5.0 5.0 7.0 ns
ton . Turn-on time max. 10 15 15 ns

Mullard
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Switching characteristics (contd.)
Turn-off time when switched from:

ID =20mA to -VGSM

ID= 10mA to -V =7V, V

GSM D
ID=5mA to —VGSM=5V, VDD
tf Fall time
ts Storage time
t ~ .
off Turn-off time

Test circuit:

=11 =
11V, V=10V (BSVTS)

=10V (BSVT9)

O 510
z 6877

10-v
- —— DS(on)
R_ = DSEn) _ 519

L Ibon

Pulse generator:

Ri = 509
t < 0.5ns
r

tf < 5ns

02873

Mullard

=10V (BSV80)

BSV178 BSV79 BSV80

6.0 10 20 ns
4.0 5.0 5.0 ns
10 15 25 ns

Input and output waveforms:

0 - -
Vi f L
~Vgeu —
GSM | | |

fe—ton-—= |4 tp ——
| |
|

| Toff-

Vo
D2874
BSV78 | BSV79 ‘ BSV80
R, = 42 [ 900 | 1885 @
Oscilloscope:
.= 509
< 1ns
< 1ns
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N-CHANNEL SILICON BSV78
FIELD-EFFECT TRANSISTORS BSV79

BSV80

sssss

" ESsges=—nEsasns
N E,g —x - =TT Jtypical curves
Tos 1T 1 1 —1/=25% -
T 117177717 Vpe=1V
[ e e —r—
11 T
BSV78
10" == BSV79
= —1BSV80
L
10"
10°
108
107
- 108
10%
10
I
10° ‘ \
= 1
1
1
\
i \
10? -
N
- N
~
NEREEEERERRNE
15 -10 -5 0 Ves(V) 5
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D2876

150 7 T
IR BSV78
i Il
1. typical characteristics}|
Ip under pulse conditions|
Tj=25°C
(mA) Vog=OV j
A R EERERE
100 / +{-05v
Lt L
yd -1V
A ot T
I S1.5V
/ o=t
(18P -2V
/ /| -
A LT =25V
50 Vps=15V A Ty
AT 235V
L
, 7 - e -IA-V
A= 45V
A 29 =5y
= I
0 [ 1
275 -5 -25 0 10 20 Vps (V) 30
Vos (V)
100 02877
typical characteristics BSV 79
Ip under puise conditions
P o
(mA) Tj=25°C
75 Y V°5?0v5
/ -0.5V
AR/ yauRRaan
A -1V
frff
p
50 4 I // -15{\/
Vos=15v/ HAPD=Es ]
/ I/Vad 2y
/| /i il lzgv
25 // / - i .T
/ // o3
/ /| = f
o= -35V
e -4V
o
0 — !
-5 VgglV) -25 0 S 10 15 Vps iVl 20
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N-CHANNEL SILICON BSV78
FIELD-EFFECT TRANSISTORS BSV79

BSV80

D2878

60
BSv80
|
Iy M Vgs=0V typical characteristics[
(mA) = under pulse conditions| |
f - Tj=25°C L]
-0.5V
40 -
] -
/ 4
I A C
1 -
I =
u 15V
20 Hvpg=15V £ = ==
/ 4 'IZV L
1
y -25V
4 I ——
== 5
0 |45 5o 1
5 Ves (V) 0 10 20 Vps (VI 30

Mullard
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N-CHANNEL INSULATED GATE
FIELD EFFECT TRANSISTOR

BSV8I

Depletion type, insulated gate, field effect transistor in a TO-72 metal envelope,
with the substrate connected to thecase. It is intended for chopper and other special
switching applications e.g. timing circuits, multiplex circuits etc.

The BSV81 features a very low drain-source 'on' resistance, a very high drain-
source 'off' resistance and low feedback capacitances.

QUICK REFERENCE DATA
pson) 2% Vpg=0r Vgg™oV
VBS—O, f=1kHz) 50 Q
in. =10V, - =5V, =
rDS(oﬁ) min (VDs v VGS 5V VBS 0) 10 GQ
—Crs max. (—V =5V, VDs R
LB—O, f=1MHz) 0.5 pF
—Crd max. (—VGD=5V, VSD=O’
I,=0, £=1MHz) 1.2 pF
OUTLINE AND DIMENSIONS
Conforms to BS 3934 SO-12A/SB4-3
J,E.D.E.C, TO-72
Millimetres
l._A_.1 Min. Nom. Max,
T A 4.53 - 4.8
B B 4.66 - 5.33
! —] c1 - - 0.51
T C1 —J——u - D1
f - 02 C2 12.7 - -
c2 A ¥
‘K E c3 c3 12.7 - 15
=
l i D1 - - 1.01
D3
) D2 0.41 - 0.48
D3 - - 0.53
E 0.84 - 1.17
F 0.92 - 1.16
G - 2.54 -
H 5.31 - 5.84
Viewed from underside Connections
1. Drain 3. Gate
2, Source 4. Substrate connected

APRIL 1970
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
VDB max. Drain-substrate voltage 30
VSB max., Source-substrate voltage 30
v GB max. Gate-substrate voltage (continuous) 10
v G-N max. Repetitive peak gate voltage
(gate to all other terminals)
VSB:VDB:O’ £>100Hz 15
v G-N max. Non-repetitive peak gate voltage
(gate to all other terminals)
VSB=VDB=0, t<10ms 50
IDM max. Peak drain current
tr=20ms, d=0,1 50
ISM max. Peak source current
r=20ms, d=0.1 50
Ptot max. Total power dissipation
T _,<25°C 200
amb—
Temperature
TS te Storage temperature -85 to +125
T]_ max. Junction temperature 125

THERMAL CHARACTERISTIC

Thermal resistance, junction to

R, .
th(j-amb) ambient, in free air 0.5

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

Min.
I‘DSX Dre:;n c:tl—(?‘flf c}_.l;renzt,5 “]/'BSZ 0 _
DS OGS 0
VDS=10V, —VGS=5V, Tj=125 C -
ISDX Sou;ce Sito_\(;ﬁ f\l;l‘relzltsyvaD =0 _
sD ’ GD 0
VSD=10V’ .-VGD:5V, Tj=125 C -
Gate current, Vgg=
Tags V=10V, Vo= -
Tass V=10V, Vo= . -
—IGSS —VGS=10V, VDS:O’ Tj:125 e} -
Isss VGS=10V, Vps=0» Tj=125°C -

v

v

v

v

v

mA

mA

mw

[

°c

degC/mW
Max.

1.0 nA

1.0 HA

1.0 nA

1.0 HA

10 PA

10 PA

200 pPA

200 PA

Mullard
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N-CHANNEL INSULATED GATE BSVS8I
FIELD EFFECT TRANSISTOR

ELECTRICAL CHARACTERISTICS (cont'd)

Min. Max.
Substrate current, VGB =0
_I'BDO —VBD=30V, IS=0 - 10 HA
“Tso V=30V, I=0 ~ 10 uA
Ing (on) aDtrfainl—;}(;:T‘csl;:r:Oresistance
Vas™% Vpg™0 . - 100
VGS:O’ VDS=0, Tj:125 C - 150
+VGS=5V, VDS:O - 50
o et s
"Ds(otd Dr—i/l::: g\rle evlc;f; =11%i715t3n]:: =0 10 - G
Feedback capacitance at f=1MHz
_Crs -VGS=5V, VDS=0, IB=0 - 0.5 pF
-Crd —VGD=5V, VSD=0, IB=O - 1.2 pF
Gate to all other terminals
capacitance at f=1MHz
Coon V=5V Vgp=Vpp=0 - 5.0 pF

OPERATING NOTE
Mounting and handling instructions

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

Mullard
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N-CHANNEL INSULATED GATE

FIELD EFFECT TRANSISTOR
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N-P-N SILICON PLANAR BSWé6
EPITAXIAL TRANSISTORS BSW67

BSW68

N-P-N silicon planar epitaxial transistors intended for highly inductive
load switching.

QUICK REFERENCE DATA
BSW66 BSW67 BSW68
. 1
VCBO max 100 20 150 v
VCEO max., \100 130 150} A\
ICM max. 2.0 A
P, max. T =100°C 2.85 w
tot case
T =450C 0.7 w
amb
E max., L=150mH 5.0 mWs
Tj max, 200 oc
hFE min., VCE=5V, Ic=10mA 30
Vg =5V, I,=500mA 30
. = , 1= 4 4
VCE(sat) max., IC 500mA IB 50mA 00 00 500 mV
fT typ., VCB= 20V, —IE=1OOmA, f=35MHz 80 MHz

Unless otherwise stated data is applicable to all types

OUTLINE AND DIMENSIONS

Conforms to BS 3934 SO-3/SB3-3A

Collector connected to case
J.E.D.E.C. TO-39

nifx
N

[ | ——

6.6
max

12,7
min

All dimensions in mm D157

Max. lead diameter is only guaranteed for 12.7mm

Accessories available: - 56218, 56245, 56265

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
BSW66 BSW67 BSW68
. 1 12 1
VCBO max 00 0 50
. 10 1 1
VCEO max 0 20 50
VEB o max. 6.0
= 1.
IC(AV) max. (t;av 20ms) 0
1 oM max. 2.0
P  max. T =250C 5.0
tot case
T =25°C 0.8
amb
E max. (switch-off energy,
L=150mH) 5.0
Temperature
Tstg range -65 to t200
Tj max. 200

THERMAL CHARACTERISTICS

f i 220
Rth(j—amb) In free air
35

Rth(j—case)

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

Min. Typ.

1 Collector cut-off current

CBO
. 1= _ _
VCB 1/2VCB max IE 0

=1 i =
VCB /ZVCBOmax IE 0,

TJ_=150°C - -

VCB:VCBO max. IEZO - -
Emitter cut-off current

v =3, = - -
EB 3.0V, IC 0

VEBZG.OV, IC:O - -

I
EBO

Collector-emitter breakdown

voltage

IC:100n1A, IB:() BSW66 100 -
BSW67 120 -
BSWE8 150 -

v
(BR)CEO

v

v

v

A

A

W

w

mWs

oc

°c

degC/W

degC/W
Max.

100 nA

50 BA

100 pA

100 nA

100 pA

- \'

- v

- A%

Mullard
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N-P-N SILICON PLANAR BSWé6
EPITAXIAL TRANSISTORS BSW67

ELECTRICAL

VCE(sat)

v
BE (sat)

h
FE

Te

BSWé68

CHARACTERISTICS (contd.)
Min. Typ. Max.

Collector-emitter saturation

voltage
=1 =1 - -
IC 00mA, IB OmA 150 mV
Ic =500mA, I_=50mA
BSW66 - - 400 mV
BSW67 - - 400 mV
BSW68 - - 500 mV
=1, = - - .
IC 0A, IB 150mA 1.0 A\
Base-emitter saturation
voltage
=100 =1 - -
IC mA, IB OmA 0.9 v
=5 =5 - -
Ic 00mA, IB OmA 1.1 v
=1. = - -
IC 0A, IB 150mA 1.2 A%

Static forward current
transfer ratio

IC=10mA, VCE=5.OV 30 - -
Ic=100mA, VCE=5.0V 40 - -
Ic=500mA, VCE=5.0V 30 - -
IC=1.OA, VCE=5.0V 15 - -

Transition frequency
—IE=1OOmA, VCB=20V, f=35MHz - 80 - MHz

Collector capacitance

VCB=10V, IE: e=0,

£=1.0MHz - - 35 pF

Emitter capacitance

VEBZO’ IC=IC:0,

f=1.0MHz - - 650 pF

Switching characteristics (see test circuits on page 4)

t
on

toff

Turn-on time

IC =500mA, IBon =50mA, —VBEoff:4V - 0.5 - us
Turn-off time

= =_ =5 - 1. -
IC 500mA, IBon ]Bofl' 50mA 0 us

Mullard
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ELECTRICAL CHARACTERISTICS (cont'd)
Test circuit for switching characteristics

B9787
*> ©
21V
l ‘ 2000 250
0
ty 2 5ps 13\7
tp €10ns 500 1500 =
tf < 10ns -
- 6.5V
I
Test circuit for switch-off energy
BO785
fS10Hz 1 3
<>\:\c . L=1THmax
15k =
0.4 to kN
- +
20; 5v 6v
I -
6 T ! T 89762
1 BSW66 to 68 T
[ [ 1 [
Fl,olmax i | I
(W) ] ; !
Y ;
~
4 i N +
N, ; ; '
P |
N 1] 1
TN , !
€,
s,
%
AN
2 g
N
— \‘ [r
TN free qjr
AR R N
0 [T il i
0 50 100 150 Tymp(°C) 200
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BSW66
BSWé7
BSWé8

N-P-N SILICON PLANAR
EPITAXIAL TRANSISTORS

{ _
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v Ve
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N-P-N SILICON PLANAR BSWé66
EPITAXIAL TRANSISTORS BSW67

BSWé8

1000:”"{' T 8SWEE to 68 F T ——=t=11 89768
VY, Ty ]
VeE (st _BEE Y £
Vae(sat)F ‘ //r 1
mV)
( 4
I
- I/1g=10 e
[ T =25°C )
r ] <°
100 . //
E ==
VCE sat) s
: 1
10 VU L N T B I IS 'Y I ol n i Ml I I Y Y i n el
1 10 100 Ip (mA) 1000
Crc BSW66 to 68 200 BSWE6E to 68 HHHB9769
(pF) T Te
80 (pF)
500 -1 -
I.-1-0 I.-1-0
T, =25°C T =25°C
60 !
\ 400
40
300 RS
: T
20 _.V_DA
200
% 10 20 VeVl 30 0 2 4 VggV) 6
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R BSWEE to 68 BS770
N\
LmﬂX N \\
] Rg =15 kQ \
100} Ve= 5V .
3 a
10: Permissible area of operation \
X
N\
\
\
\
‘ Iy " FE WE TR AN S i W S T f N TN N N n
°F ”BSWGG to 68 S~ {577
b~
Emax q
(mWs) | /
1k / L
y 4
at Lmax
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[ - VBE= 5V
o 7 ——
3 v 4 1 ) I . _
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/
001k o L VAL b L ) L T .
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SILICON N-P-N PLANAR
EPITAXIAL TRANSISTORS

BSX19
BSX20

The BSX19 and BSX20 are n-p-n silicon planar epitaxial transistors,
primarily intended for high-speed saturated switching and high frequency

amplifier applications. TO-~18 construction, collector connected to
envelope.
Unless otherwise shown data is applicable to both types
QUICK REFERENCE DATA
. BSX19 BSX20
Vipo M2 I5=0) 40 v
VCES max. (VBE=0) 40 v
VCEO max. (IB=0) 15 v
ICM max. 500 mA
P, max. (T, = 25°0) 360 III(I)W
Tj max. 200 C
hFE (IC=10mA, VCE=1.0V) 20~60 40-120
(IC=100mA, VCE=2.0V) >10 >20
£ min. @, =10mA, V=10V) 400 500 Mec/s
ts max. (IC=IB:— M:IOmA) 10 13 ns
OUTLINE AND DIMENSIONS
Conforming to JLE,D,E.C. TO-18
V.A.S.C.A, SO-12A/SB3-6A
AT Millimetres
71 Min, Nom, Max,
A - - 4.8
B - - 5.33
C 12,7 - -
D - 0.43 -
E - 1.0 -
F - 1.05 -
G - 2,54 -
H 5.3 5,55 5.8

Connections 1. Emitter
2, Base

3. Collector connected to envelope

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system,

Electrical
VCBO max, (LE =0) 40 v
VCES max. (VBE =0) 40 v
vCEO max, (IB=0, IC=10mA) 15 v
VEBO max, (IC=0) 4.5 v
ICM max, (t=10ps) . 500 mA
Ptot max, (Tamb =25 C) 360 mwW
Temperature
T . min. -65 °c
stg
T , max, 200 oC
stg
T, max. 200 °c

THERMAL CHARACTERISTICS

ej—a.mb 0.48 deg C/mwW
o, 0.15 deg C/mwW
j-case

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

I CBO Collector cut-off current

VCB=20V, IE=0 - - 400* pA

Vg =20V, I,=0, Tj=150°C - - 30 pA
1 CES Collector-emitter cut-off current

V=15V, V5. =0, Tj=55°c - - 0.4 pA

Vg =40V, V=0 - - 1.0 wA
IEB o Emitter cut-off current

VEB=4.5V, IC=0 - - 10 HA
LBEX Base-emitter cut-off current

VCE =15V, VBE =~3,0V,

Tj=55°C _ - - -0.6 pA
ICEX Collector-emitter cut-off current

VCE =15V, VBE =-3,0V,

T,= 55°C ' - - 0.6 pA

Mullard
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SILICON N-P-N PLANAR BSX19

EPITAXIAL TRANSISTORS BSX20
Min. Typ. Max.
I Base current
B
= = * - %
IE 10mA, VCB 0 BSX19 167 500 pA
BSX20 83* - 250% HA
v CEO(sust) Collec.:t(.n'—emltter
sustaining voltage
IC=10mA, IB=0 . 15* - - v
VCER(sust) IC=10mA, RBEZIOQ 20 - - \%
v Collector-emitter
CE(sat) saturation voltage
= = - - *
IC 10mA, IB 1,0mA 0.25*% V
IC=10mA, IB=0.6mA BSX19 - - 0.3 V
IC=10mA, IB=0.3mA BSX20 - - 0.3 V
Ic=100mA, IB=10mA - - 0.60 V
VBE (sat) Base-emitter saturation
voltage
IC=10mA, IB=1.0mA 0.70* - 0.85% V
IC=100mA, IB=10mA - - 1.5 V
VBE Base-emitter voltage
Vop =20V, Ig =30pA,
T,= 100°C 0.35 - - v
h Static forward current
FE .
transfer ratio
IC=10mA, VCE=1.OV BSX19 20 - 60
BSX20 40 - 120
IC=10mA, VCE:LOV, BSX19 10 - -
Ty =- 55°C BSX20 20 - -
= =2, 1 - -
IC 100mA, VCE 2,0V BSX19 0
BSX20 20 - -
fT Transition frequency
= = 5 -
IC 10mA, VCE 10V BSX19 400 500 Mc/s
BSX20 500 600 - Mc/s

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

Mullard
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c to Collector capacitance
VCB=5. ov, IE =Ie =0,
f=1.0Mc/s

c te Emitter capacitance

VEB=1.OV, IC=Ic=0’

f=1.0Mc/s
Switching characteristics

Turn-on time (see Fig.1)
=10mA, IB =3.0mA

ton
IC
from VBE =~-1,5V
IC =100mA, IB =40mA
from VBE ==2,25V

tOff Turn-off time (see Fig.1)
IC =10mA, IB=3. OmA,
IBM =-1,5mA

IC=100mA, I_B=40mA,

Ly =~ 20mA

BSX19
BSX20

BSX19
BSX20

Min, Typ. Max,

- - 4,0 pF
- - 4.5 pF
- - 12 ns
- - 7.0 mns
- - 15 ns
- - 18 ns
- - 18 ns
- - 21 ns
Vout

mn

than Ins
tp 2300ns
¥ Duty cycle<29ss

Fig.1

Vin Rise time less

Mullard
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SILICON N-P-N PLANAR BSX19
EPITAXIAL TRANSISTORS BSX20

Circuit conditions:

Ia Iy Tom | Veo | B17Ba | Bs | By | Bs
(mA) (mA) (mA) (\2 (k) ) @ | &)
10 3.0 | 1.5 3.0 3.3 50 | 220 | 0
100 40 20 6.0 0.33 56 0| 1.0
ton toff
Vas VBE Vin VBB Vin
V) V) V) (\2} V)
-3.0 -1.5 15 12 -15
-4.5 -2.25 20 15.3 -20
Note.

-Igy is the reverse current that can flow during switching-off,

The indicated -Igyy is determined and limited by the applied cut-off
voltage and series resistance.

Min., Typ. Max.
t Storage time (see fig.2)

IC=IB=—IBM=10mA BSX19 - 5,0 10 ns

BSX20 - 6.0 13 ns

Mullard
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Storage time test circuit

Vin Rise time less
than ins
tp2300ns

Duty cycle<2°%/e

Voul
890N 100nF 193¢}
9ln
2:3nF
11
-ant
10pF O+
i oV
77
[}
e e 10°/s Pulse

waveform
at point A

Fig.2
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SILICON N-P-N PLANAR BSX19
EPITAXIAL TRANSISTORS BSX20

TYPICAL CIRCUIT USING BSX20
NAND gate (Diode-transistor logic)

—0 + 12V
+6.0V
11
k1
¢—— Fan-out=5
4
BSX20
13
kN
B5650 i

Typical delay time per stage t . =15ns, when 'fan-in'=5

d

NOTE

Fan-out=>5 means that the circuit may be loaded by a maximum of five
circuits, each presenting a load identical to that of one input branch of the
input circuit itself.

Mullard
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SILICON N-P-N PLANAR BSX19

EPITAXIAL TRANSISTORS BSX20
Ic IBsxi19}f B5498
(ma) T T
30 Tj=25C
< —
E —t
sH
" 075mA
@ J
—~
20
0-50mA
|
10 f
I
I 0-20mA
TIT11
| O-1OMA
[TTT71
o= T 0-05mA :
0 02 04 06 08 Ve (W)
Ic [Bsx20]
(mA) T
T:=25C
30 j
< -
T
E 1
° & ENEREN
i [2) 0-4mA
@ of 111
- Y 4 HH
Jt
20 J t
L b1 0-2mA
et
i
10
EERER/ o — 0-10mA
= [T 11
/ 0-05mA
I o i [T11]
ol / - 0-0tmA
0 02 04 0-6 08 Veg (V)

TYPICAL OUTPUT CHARACTERISTICS. Tj =25%

Mullard
BSX19-Page C1




IC BSX19 B5499
(mA)
100 IB=4-0mA = Tj=25 C
=3.0mA
o |
& A 1T
y o’ 22.0mA
I4 1] ]
50 =1.6mA
4 T
| =1.0mA
. TTTT
=0-5mA
o]
e} 10 20 30 VCE(V)
BSX?20
IC
(mA)
100 IB=2~OmA - TJ- =25°C
- =15mA
,
75 V. ot M|
.4 - [T1]
d =10mA
=0.75mA
50 m
goretee L1117
— =0.-5mA
B il
25 1 RN
- =0.2mA
!
o [
(o] 10 2.:0 30 VCE(V)

TYPICAL OUTPUT CHARACTERISTICS. Tj =25°¢
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SILICON N-P-N PLANAR BSXI19

EPITAXIAL TRANSISTORS
BSX20
Ic [[B5497 BSX19 A s
{mA) /'
Vee=1V A
T, =25°C <1y’  /
NV
ol A AL
l;ll -
<3
IV ARV 4
Y A
pall (V4
I /
[ / // ’/
ol A A LA L]
001 01 10 Ig(mA)
Ic | BSX20 P~ R
(mAWE 11/,'
b Ver =1 pd 7
T-CE25°C“— /r‘ -
J ‘h\(\// /
e
i &y
1oH: 1 £ ,//
&)
Vi

ol | /£

0-01 04 1-0 Ig(m A)

" COLLECTOR CURRENT PLOTTED AGAINST BASE CURRENT
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1000 F
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5F M Typ
e I’k [TT] ax Y1
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s T.=100°C R

j / /l

100 ./ ./ =
E ] =
7f E
sf 1 :
J 1
[ / _
o '/ i E
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s / 1
3l / / b
o LL / :
E 7 E
7E E
s A :
- ’, ]

3
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1 i

01

-01 [e] 01 0.2 03 04 05 VBE(V)

. COLLECTOR CURRENT PLOTTED AGAINST BASE-EMITTER VOLTAGE
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SILICON N-P-N PLANAR BSX19
EPITAXIAL TRANSISTORS BSX20

1000

(pA)

100

10
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01

o001

0-001

B5495

T
111
o
n
o
©

o] 50 100 150 Tj (°c)

TYPICAL COLLECTOR CURRENT PLOTTED AGAINST JUNCTION
TEMPERATURE
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BSX19
BSX20

SILICON N-P-N PLANAR
EPITAXIAL TRANSISTORS
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N-P-N SILICON
PLANAR TRANSISTOR BSX21

N-P=N silicon planar transistor for use in general industrial applications
and as a driver with numerical indicator tubes, TO~18 construction with
collector connected to the envelope.

QUICK REFERENCE DATA

VCB max. (IE=0) +120 v

VCEO max. +80 v

ICM max. . 50 mA

Ptot max. (Tamb= 25 C) 300 mw

T, max. 175 °c

h;E min. (I,=4.0mA, Vg =+3-09) 20

fT min. (IC=4.0mA, VCE—-+10V) 60 MHz

OUTLINE AND DIMENSIONS
Conforming to B.S. 3934 SO-12A/SB3-6A
JL,E.D,E,C, TO-18
A Millimetres
Min. Nom., Max,

A - - 4.8
B - - 5.3
[¢] 12,17 - -
D - - 0.48
E - 1.0 -
F - 1.05 -
G - 2.54 -
H 5.3 5,55 5.8

Connections 1. Emitter
2. Base

3. Collector connected to envelope

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
TV opo max. (I;=0) +120 v
TVCEO max. (IB =0) +80 v
VEBO max. (ICZO) +5.0 A%
IICM max. 50 mA
*IC(AV) max. 50 mA
IEM max. 50 mA
*IE(AV) max. . 50 mA
Ptot max, (Tamb:25 C) 300 mw
Temperature
T gy ™0 -65 :
Tstg max. 175 .
Tj max. 175
THERMAL CHARACTERISTICS
in free air 0.5 degC/mW

Rih(j-amb)

Rth(j —case) 0.15 degC/mW

*Averaged over any 20ms period.

tThe BSX21 may be operated in the breakdown region up to VCE:+160V,
provided that P, ,<100mW at T =859C.
tot amb
{The transistor can withstand a capacitive load of 500pF, with V

| Max. =
150V during switch-on.

[o]
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N-P-N SILICON
PLANAR TRANSISTOR BSX21

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

1 Collector cut-off current

CBO
=+50V = - -
VCB 50V, IE 0 0.5 HA

=+ = - -

VCB 120V, IE 0 40 BA

IEBO Smltie:‘:scgi‘;/—oflf c:u(l)‘rent i o1 ) A
EB e ’

Collector-emitter saturation

voltage

Ic:l.OmA, LB:100uA - +250 - mV

VCE(sat)

IC:10mA, IB:LOmA - +1.8 - v
VBE (sat) Base-emitter saturation

voltage

IC:1.0mA, IB:1001.¢A

= =1. - 4900 -
I,=10mA, I =1.0mA 9 mvV

+670 - mV

Collector-emitter sustaining
voltage

Ic:4.0mA, IB=0 +80 ~ - v

VCE(sust)

VBE Base-emitter voltage
IC:4.0mA, VCE:+3.0V - +700 +900 mvV

hFE Static forwa?:d current
transfer ratio
IC:l.OmA, VCE:+3.OV - 25 -
IC=4.0mA, VCE=+3.0V 20 40 -
ICZIOmA, VCE:+3.OV - 32 -
IC:ZOmA, VCE=+3.0V - 7 -
CTC I(Joil;zcioor c‘e;paci:ti.;mg‘e/
E e 7 'CB ’

f=1.0MHz - 3.6 - pF

CTe Emitter capacitance
IC:IC:O, VEB:+1.OV

f=1.0MHz - 8.5 - pF

f Transition frequency
IC:4.0mA, VCE:+10V 60 120 - MHz

Mullard
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TYPICAL CIRCUIT
Vht +250V + 10%

56kQ + 10%
ZM1020
ZM1080
K, Ky 0 Kio
BSX21 BSX21 BSX21
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
amaximum soldering time of 5 seconds. The case temperature during
dip-soldering mustnot at any time exceed the maximum storage tem-
perature. These recommendations apply to a transistor mounted flush
on a board having punched-through holes, or spaced at least 1.5mm
above a board having plated-through holes,

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

Mullard
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N-P-N SILICON
PLANAR TRANSISTOR BSX21
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BSX21

N-P-N SILICON
PLANAR TRANSISTOR
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N-P-N SILICON
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N-P-N SILICON
PLANAR TRANSISTOR BSX21
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SILICON PLANAR EPITAXIAL BSX59
N-P-N TRANSISTORS BSX60

BSX61

Silicon planar epitaxial n-p-n transistors intended for use in very high speed core
driving applications

QUICK REFERENCE DATA
BSX59 BSX60 BSX61
v CBO max. 70 70 70 v
VCEO max. 45 30 45 v
1 c max., 1.0 1.0 1.0 A
o
Ptot max. (Tamb—25 C) 800 800 800 nLW
Tj max. 200 200 200 [¢}
hFE (IC=500m.A, VCE=1.0V) 25min.  30-90 25min.
. = =50mA) . . .
VCE(sat) max (IC 500mA, IB ) 0.5 0.5 0.7 v
ton max., (IC =500mA, IBon =50mA,
—VBEoff=2.0V) 35 40 50 ns
tOff max, (IC =500mA, IBon = _IBoffz 50mA) 60 70 100 ns

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

Conforming to B,S. 3934 SO-3/8B3-3A
J.E.D.E.C, TO-5

A Millimetres
*_B:_i Min. Nom. Max.
A 9,10 - 9.40
’—CY B 8.2 - 8.50
H c 6.10 - 6.60
L D - 5.08 -
AL o E 0.71 - 0.86
2 - FE F3 F1 - - 0.51
.J*H = F2 12.7 - -
63 F3 38.1 - 41.3
. Gl - - 1.01
e b G2 0.41 - 0.48
G3 - - 0.53
H - 0.4 -
J 0.74 - 1.01

j

Al

J

The collector is connected
to the envelope

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
/ ax.
V CBO max

\Y% X. BSX59

ceo ™
BSX60
BSX61

VEBO max.

IC max.

IB max.

P max. (T, =25°C)

tot mb
Temperature
T min.
stg

T max,
stg

Tj max.

THERMAL CHARACTERISTICS

ej—amb (in free air)

ej—rnb

70
45
30
45

800

-65
200
200

L A

mw

0.22  degC/mW

0.035 degC/mW

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

ICBO \(;Olle:Z%I;/Clllt_(ff) current
CB ’'E o
VCB=40V, 1,=0, T]_=150 c
IEBO Emltt_er cut-off current
VEB—4.0V, Ic=0 BSX59, 60
BSX61
o
=4, = =
VEB ov, IC 0, Tj 150 C
Currents with reverse biased
emitter junction
I V_,..=40V, -V__=4,0V BSX59,60
CEX CE BE BSX61
o
= = =4,0V, T . =1
VCE 40V, VBE 4,0V T] 50 C
BSX59, 60
BSX61
-1 V ,..=40V, -V__=4,0V BSX59, 60
BEX CE BE BSX61
o
=4 - =4, =
VCE ov, VBE ov, Tj 150°C
BSX59, 60
BSX61

Typ.

50
100

50
50

50
50

100
100

50
50

100
100

.0 50

Max.

500

S

300

300
500

B BB

500
1000

55

300
500

500
1000

5% 55

300
500

33

Mullard
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SILICON PLANAR EPITAXIAL BSX59
N-P-N TRANSISTORS BSX60

BSX61

ELECTRICAL CHARACTERISTICS (cont'd)
Min., Typ. Max.

v (BR)CBO Collector-base breakdown
voltage
IC=10/,¢A, IE=0 BSX59 70 120 - v
BSX60 70 110 - \'
BSX61 70 100 - v
Collector-emitter breakdown
voltage
v I,=100pA, V__.=0 BSX59 60 110 - v
(BR)CES ¢ BE BSX60, 61 60 100 - v
v I,=10mA, I_=0 BSX59, 61 45 55 - v
(BRICEO € B BSX60 30 50 - v
V(BR)CEX -VBB =3.5V, RB =702 BSX59,61 See note 1
VCE (sat) Collector-emitter saturation
voltage
IC=‘150mA, IB=15mA BSX59 - 0.24 0.3 v
BSX60 - 0.21 0.3 v
BSX61 - 0.18 0.5 v
IC=500mA, IB=50mA BSX59 - 0.44 0.5 v
BSX60 - 0.42 0.5 v
BSX61 - 0.4 0.7 v
IC=1.OA, IB=1OOmA BSX59 - 0.58 1.0 v
BSX60 - 0.56 10 \%
BSX61 - 0.56 1.3 v
VBE (sat) Base-emitter saturation
voltage
Ic=150mA, IB=15mA - 0.8 1.0 v
IC=500mA, IB=50mA BSX59 0.85 1.0 1.2 v
BSX60 0.7 1.0 1.3 v
BSX61 0.77 1.0 1.3 v
IC=1.0A, IB=100mA - 1.2 1.8 v
h Static forward current
FE X
transfer ratio
IC=150mA, VCE=1.OV BSX59 30 70 -
BSX60 30 100 -
BSX61 30 110 -
NOTE

1. Nobreakdown may occur when the transistor is switched from IC = 1.0A
to Vg =60V with -Ip - =50mA.

Mullard
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ELECTRICAL CHARACTERISTICS (cont'd)

FE

hfe

ibo

obo

on

off

Static forward current
transfer ratio
I c =500mA, V

CE BSX60

1.=1.0A, V__=5.0V BSX59
¢ CE BSX60
BSX61

Small signal forward
current transfer ratio

I,=50mA, V 10V,

{=100MHz

CE

Input capacitance
—VBE=0.5V, IC=0,f=1.0MHz

Output capacitance
VCB=10V, IE=0, f=1.0MHz
Recovered charge (see fig.1)
IC =500mA, IB =50mA,
=30

v cc v BSX60
Turn-on time (see fig.2)
I =500mA, I =50mA, -V

C Bon

Turn-off time (see fig.2)

IC =500mA, IBon = _IBoff =50mA,
VCC =50V BSX59
VCC =30V BSX60
VCC =50V BSX61

=1.0V BSX59,61

BEOff

25
30

20
25
20

2.0V,

Typ. Max.
- 90
40 -
50 -
55 -
4.7 -
36 50
5.75 10
3.8 5

17 35
17 40
18 50
45 60
58 70
70 100

pF

pF

nC

ns
ns

ns

ns
ns

ns

Mullard
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SILICON PLANAR EPITAXIAL BSX59

BSX60
BSXél

N-P-N TRANSISTORS

Recovered charge test circuit and waveforms

30v
Vin |
600
Input C=500pF ’
pulse
vout i
tp=10ps 180k0 Vout
az 2%
O— na Yo}
Fig. 1
Adjust C from zero to C &
opt
=C XV,
Qs opt in Vee
Turn-on and turn-off test circuit and waveforms
Re
Vout

Vin 3750

it
¥
1
1
!

i :

[ !

!

<5ns = b w—%5ns 5601

l
1
1
]
t
1
]
]
]
J -
| ! f ton
2500ns—! .
Pulse generator — .3v —

_\/B
output impedance =500

Fig. 2
BSX59
BSX61 BSX60
Mi‘i:z:e- VCC 50 30 A%
RC 100 60 Q
o —VB 4.0 Vi — ™~ .
R 24.75 A\
in
-V. 16.7 A% ; ]
¢ B
off V. 37.5 v l '
in # —J
—’[ ton l‘— l* toff ’l

Mullard

BSX59-Page DS



SILICON PLANAR EPITAXIAL BSX59
N-P-N TRANSISTORS BSX60

BSX61

150 [ 11 BSX59 B7516
1 BSX60 T
h L1 Bsxe1 1
FE BN ’
veg=1ov [
100 Tj=25c 1
7 1
) L
7 > B
I~ TT o 4
A - el N
BSX61 - T
50 ] !
BSX60 i | P~ R
’,gi"{/ L L TN
- i _ . i
- BSX59 : i
ol TTT LTI . T P A I SV o B L A A A
5 7 E] 7
61 0 10 100 I(mA) 1000
150 F-] BSX59 B7517
- BSX60 T
h BSX61 P
FEr—1— T ] 7
L . VCE=5 OV: /,ﬂ - ‘\\
00 T Tj=25°C ! '/ A
T N
T | p TN
,/',1 P
- /w'/' petl
BSXx61 - ,ek"’, §rq il e ’
50 BSX60 ~ o
E o
:a_z ,/l . ’,e"- R
. ” [ —
| | Bsx®9 . -
of b T ]
3 5 7 i 5 7 3 3 5
01 1o 10 100 I(mA) 1000

TYPICAL VARIATION OF STATIC FORWARD CURRENT TRANSFER RATIO
WITH COLLECTOR CURRENT AT VCE=1.0 and 5.0V RESPECTIVELY
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TYPICAL VARIATION OF STATIC FORWARD CURRENT TRANSFER RATIO
WITH JUNCTION TEMPERATURE ; BSX59
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TYPICAL VARIATION OF STATIC FORWARD CURRENT TRANSFER RATIO
WITH JUNCTION TEMPERATURE; BSX60
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SILICON PLANAR EPITAXIAL BSX59
N-P-N TRANSISTORS BSX60
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TYPICAL VARIATION OF STATIC FORWARD CURRENT TRANSFER RATIO
WITH JUNCTION TEMPERATURE; BSX61
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TYPICAL VARIATION OF SMALL SIGNAL FORWARD CURRENT
TRANSFER RATIO WITH COLLECTOR CURRENT
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TYPICAL VARIATION OF COLLECTOR-EMITTER SATURATION
VOLTAGE WITH COLLECTOR CURRENT




SILICON PLANAR EPITAXIAL BSX59
N-P-N TRANSISTORS BSX60

W[ e [-] Bsx59 | -] 87523
AR S B M R BSX60 [ i .
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EA 2 S s 1 i B P B S R )
- 4 — —~=10 L — R
S Bt i v I LT A
LS — - [ 7| Ti=25°Cc T P
S e e S 13 L i o L
o> 1 - — - HH HH
i L A
ol AR L LU [ L LI R
o 10 10 100 I(mA) 1000
o —1{ Bsxs9 HI! : B7524
1 T BSX60 [T Tt L] T
3 +H Bsxset | ]
e M gen
o T o o | S T
VBE(sat)[ 1 | | ; ECNRNETIRE :
v Tl SRS SR 1
SweSSURN IR RS, BiglSaamannkitan
10 b S i Ic=500mA
T S ————
~ eSS et
I / — ‘ } 'ﬁi 1 +
[ L I i
; it T+ =100mA |
| L1o 4 ! ]
05 | i — [ |
I i 1
Slgaasansidunns &}
0 - T 117
-50 0 50 100 Tj(*C) 150

TYPICAL VARIATION OF BASE-EMITTER SATURATION VOLTAGE
WITH COLLECTOR CURRENT AND JUNCTION TEMPERATURE
RESPECTIVELY
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TYPICAL VARIATION OF INPUT CAPACITANCE WITH
BASE-EMITTER VOLTAGE
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TYPICAL VARIATION OF OUTPUT CAPACITANCE WITH
COLLECTOR-BASE VOLTAGE
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SILICON PLANAR EPITAXIAL BSX59
N-P-N TRANSISTORS BSX60

BSX61

HH=HAHHH BSX59 [TTB7527
, . 1111 BSX60 CITTELLL
Ho A | BSX61 +H
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TYPICAL VARIATION OF TURN-ON AND TURN-OFF TIME
WITH JUNCTION TEMPERATURE
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SILICON PLANAR
EPITAXIAL N-P-N TRANSISTOR BSY95A

Silicon planar epitaxial n-p-n transistor for general purpose low level
switching applications.

QUICK REFERENCE DATA

CBO max. 20 A%
v cEo Max. 15 v
ICM max. 200 mA
P max. (T =25°C) 300 mw
hFE (IC=10mA) 50-200
fT min. )
(IC=10mA, VCE=9.0V,
£=100MHz) 200 MHz
ts max., 50 ns
OUTLINE AND DIMENSIONS
Conforming to J,E.D.E.C, TO-18
B.S. 3934 SO-12A/SB3-6A
Millimetres
Min. Typ. Max.
A 4.53 - 4.8
B 4.66 - 5.33
C1 - - 0.51
C2 12,7 - -
C3 12.7 - 15
D1 - - 1.01
D2 0.41 - 0.48
D3 - - 0.53
E 0.84 - 1,17
F 0.92 - 1.16
G - 2,54 -
Viewed from underside H 5.31 - 5.84
Connections 1, Emitter 3. Collector connected to envelope

2, Base

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
CBO max. 20 A\
v CEO max. 15 \
EBO max. 5,0 A%
*
1 c@v) max. 100 mA
1 oy hax. . ) 200 mA
P =
tot max, (Ta.mb 25 C) 300 mw
*Averaged over any 20ms period.
Temperature
T , min, -65 °c
stg
T , max, 175 ¢
stg o
Tj max. (operating) 175
THERMAL CHARACTERISTIC
Rth(j -amb) 0.5 degC/mwW
ELECTRICAL CHARACTERISTICS (Tamb=2500 unless otherwise stated)
1 Collector cut-off current
CBO " . _
Vg =16V, I5=0 50 nA
\% Collector-base breakdown
BR(CBO) voltage
I°=1,0pA 0 - A%
g z
1 Emitter cut-off current
EBO - © _
VEB—1.5V, IC 0 25 nA
v Emitter-base breakdown
(BR)EBO voltage
15=10pA 5.0 - \%
I CEO Collector-emitter cut-off
current
= = - nA
V=12V, =0 250
v Collector-emitter breakdown
(BR)CEO voltage
I c =10mA** 15 - \'
fT Transition frequency
IC=10mA, VCE=9.OV,
f=100MHz 200 - MHz

**kPulged: Pulse width=300us, duty cycle <2%.

Mullard
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SILICON PLANAR BSY95A
EPITAXIAL N-P-N TRANSISTOR

Min. Max.

h Common emitter forward
FE .
current transfer ratio

Io=1.0mA, V. =0.35V 30 -

IC=1OmA, VCE=0.35V 50 200

Collector-emitter
saturation voltage
IC=1OmA, IB=0.2mA - 0.35 v

Base-emitter saturation
voltage

IC=1OmA, IB=0.2m.A 0.67 0.87 v

VCE(sat)

VBE(sat)

C Collector-hase capacitance

ob _ -
Vg =9:0V, 1.=0

£=1,0MHz - 6.0 pF

t Storage time
1 c =10mA - 50 ns

See test circuit on page 4
SOLDERING AND WIRING RECOMMENDATIONS

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

2, Transistors may be dip-soldered at a solder temperature of 245°C for
a maximum soldering time of 5 seconds. The case temperature during
soldering must not at any time exceed the maximum storage temperature.
These recommendations apply to a transistor mounted flush on a board
having punched-through holes, or spaced at least 1.5mm above a board
having plated-through holes.

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

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

Mullard
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STORAGE TIME TEST CIRCUIT

voul
B6231 |’—’V\/\/\'—@
e kO
Vin
77
i

OV~ — — - — 10°s Pulse

waveform

0O -=——d at point A

Vin Rise time less
than Ins
tp2300ns

Duty cycle<2°/,

Input and output waveforms
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HIGH VOLTAGE N-P-N
SILICON POWER TRANSISTOR BU126

High voltage n-p-n silicon power transistor intended for use in the switched mode
power supply of television receivers.

QUICK REFERENCE DATA
VCESM max. (VBE =0) 750 v
VCEXM max. (—VBE =1.5V) 750 \%
ICM max. (peak vall:)e) 6 A
Ptot max. (TmbS 50°C) 30 w
VCE(sat)max' (IC =2.5A, IB =0.25A) 10 v
t; typ. (ICM =2.5A, IB(end) =0.254) 0.15 us
OUTLINE AND DIMENSIONS
Conforms to BS 3934 SO -SA/SBZ'-Z
J.E.D.E.C. TO-3
Millimetres
Min. Nom. Max.
A - 16.9 -
B - - 26.6
C - 10.9 -
D - 30.1 -
E 4.0 - 4.2
F - - 20.3
G - 3.15 -
H - - 9.5
] 11 - 13
K - - 39.5
L - 1.0 -

Collector electrically connected
to the envelope
ACCESSORIES

56201 consisting of: - 56201A (insulating bushes) and 56201B (mica washer)
56214 lead washer

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical

VCESM max. (VBE =0) (peak value)

CEXM
CEO
C

ICM

—ICM max. (peak value)

IB max, (d.c.)

IBM max. (peak value)

v

v max., (-VBE =1, 5V) (peak value)
v max. (open base)
1 max. (d.c.)

max. (peak value)

max. (d.c. or averaged over
any 20ms period)

-IBM max. (peak value, turn-off current)

o
Peoe max. (TmbSSO C)
Temperature

Tstg range
T]. max.

THERMAL CHARACTERISTICS

Rth(j -mby)
R
th(mb-hs)

Rth(mb-hs) with lead washer only

with mica washer and lead washer

750 \%
750 v
300 \4
3 A
6 A
3 A
2 A
2 A
100 mA

—
w
>

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

Collector cut-off current

VCE = 750V; VBE =0

Vg = 10V3 Vg, =0, T, =125°C
IEBO Fmitg?r c\l]lt -ofi g;.l]rrent

C ’ EB

IC ES

h Large signal forward current transfer

FE :
ratio

I,=1A3 V

C ce =%

v
CE(sat) i . N
IC = 2,5A% IB =0,25A

I =487 Ip=1A

tMeasured with a half sinewave voltage (curve tracer).

Mullard

Collector -emitter saturation voltage

30
0

-65 to +125 c
+125 °c
2.5 °c/w
0.75 °c/w
0.5 °c/w

Typ. Max.
- 0.5 mA
- 2 mA
- 5 mA

- 60

- 10 v
. 5 A
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HIGH VOLTAGE N-P-N
SILICON POWER TRANSISTOR

ELECTRICAL CHARACTERISTIC (contd.)

Min.
v Base-emitter saturation voltage
BE(sat) 1 '_2.5A, 1 =0.258 -
C B
v Collector -emitter sustaining voltage
CEO(sust) I,=0; I = 100mA; L = 25mH 300

D 5006

Typ.

BUI26

Mazx.

Oscilloscope

Vert

Oscilloscope display for V sust Test circuit for VC sust

CEO

EO

Mullard
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ELECTRICAL CHARACTERISTICS (contd. )

Min, Typ. Max.

r ?ra:rl(s)itzizn f\ieque:rl%v f = IMHz - 8 - MHz
C T TCE !

e ICOEeICtZrocagaminlcgv f = IMHz - 85 - PF
E e ' CB ’

“Te F m:t;er:gpi/dmn:;v £ = 1kHz - 1.4 - uF
C ¢ ' EB ! :

Turn-off time

ICM =2.54, IB(end) =0.25A

ts Storage time - 1.2 - us

tf Fall time - 0.15 - us

Practical turn-off circuit

+270VO-

12k 0L
T
Mﬂ

tp=T2=32ps

Ver®)

T1

100
kL

100
90

I3k (%)

10on i Vee(ty)
| I
33kQ L o 10 *71 ,,,,,,,,,,
b ; o2 F__ ts_’<’f54’[
~—— t120.5ps o
Min. Typ. Max.,

Allowable value of VCE after O.5us - - 500 v
Core EI 25

nl = 350 turns, 100mH
n2 = 32 turns
Leakage inductance at secondary 3uH

The value of C] depends on the stray capacitance of Tgand on the capacitive loading
of the secondary (typical value for Cl is 1.5nF).

The issue of the i i in this ion does not imply
any authority or licence ior the utilisation of any patented feature.

Mullard
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HIGH VOLTAGE N-P-N
SILICON POWER TRANSISTOR BU126

D5008

3
10°,
5
Ie
N Trp < 50°C
2
102
7
5
Repetitive pulse operation 5=0.01
1]
10 M max tp=
7} 'CM t EE S us
Toma NSRS EHEEH0.01ms
=14 0.02
. \ \\ FH0.05
1 \ =2, \
) N =i
s ‘\ 0.1
N\ \\\ e
Second i
2 ?reukdown \\ |0|2
- d. Rt
107! al NN o
7 N =
s L% It
\ )
\ 2
) \
1 N 0
1072
7
5
2 1V l
1073 H
2 5 7 2 5 7 2 5 7 2 5 7
1 10 102 103 Veglvi 10%

Safe Operating Area (Regions I, II and III forward biased)

I Region of permissible d.c. operation
II Permissible extension for repetitive pulse operation

I Area of permissible operation during turn-on in switched mode power supply
circuits, provided tp < 0. 6us and RBE <1002

IV Repetitive pulse operation in this region is allowable, provided

VBE <0 and tp <2Zms

Mullard
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D5009

10°
7
z(th(;'-mb)
°CIW) e | 5.2
2 P §=—
T- T
=),
10 b9,
4 05
s 033
0.2
rA
! 77
1
7 —
5 |
2 PSR,
I o9 0.05|
10 Q.02
7 001
5
2
2
10
107 w0’ 1 0 02 ° 100t (ms) 0
05012
10 T
\ 1
Veeisan \ y“j
v Typical values
Tj=25°C I
7.5
\ BN
‘ Ic=5A
? \
\sA
VN ‘ \
25 \
\3A l |
1 [ \2a N ) B
1A
o L IN- .
0 025 05 0.75 1 125 15(A) 15

Mullard
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HIGH VOLTAGE N-P-N
SILICON POWER TRANSISTOR BU126

D5013 2 D5014
Tc=5A 10 e
7 Veg=750v
ZA cE T
1 T ==l 5 Vee=OV [
= 3A
oA lces
Veesat |1 A (HA)Z
v)
0.75 10 /
7 7
5
typ
y
05 , /
) /
r4
025 typical values | | | i
1225°
2
0 10'

0 05 1 1glA) 15 0 50 100 T;(°C) 150
100 D5015
hrg typical values
75

-\ E=5V;Tj=125°c

Veg=IV;T:=125°C q
P \
e N

25 - N\
Vg s5V;T. =25°C TN NN
\\

.

Vee=1V;T;=25°C

0

<1

10 1 ’ L 7w

Mullard
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DS016

15 ]
1
Veg =10V
t; T=25°C
(MHz)
10
- Typ \\‘\
P
) N
AN
AN
A Y
’ 0
2 2 s 7 1 2 s 7 2 s 7
10 10 t 1c(A) 10
D5592
100
! Ptot max \
‘ (%) \
75
\
50 \
\
\
2 \
\
\
0
0 50 100 T,,,(°C} 150

Mullard
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HIGH VOLTAGE N-P-N
SILICON POWER TRANSISTOR BU126

APPLICATION INFORMATION (Note 1)
Switched -mode power supply circuits

Important factors in the design of switched-mode power supply circuits are the power
losses and heatsink requirements of the output transistor and the base drive condition
during turn-off. The basic arrangements for parallel and series-type switched-mode
circuits are shown in Figs.1, 2 and 3, together with the basic waveforms.

Inpower supply circuits for colour receivers the duty cycle 6 varies between 0. 4 and 0. 6.

Fig.4 gives the nominal value of the recommended base current Ig,, 4 versus the maxi-
mum peak collector current (which occurs at maximum load and minimum input voltage).

Fig. 5 shows the base current waveform during turn-off.

Fig. 6 gives the total device dissipation Py, versus the maximum peak collector current.

The max. permissible thermal resistance for the heatsink can be calculated from:

Tymax ~ Tamb
Rth(mb—a)max (Note 2) = ]—?— - Rth j-mb
tot
. _ o 0
For the BU126: Tjmax = 125°C and Ry, j-mb = 2,5°C/W

To ensure thermal stability, the thermal resistance of the heatsink used must not exceed
the value plotted in Fig. 7.

+270vV
e,
L
+
v; =] Ie Fig. 1 Parallel type switched-
- yp
mode power supply, basic
Driver circuit
syetem TR . cuit arrangement,
o—

1
+270V e, R —_—
L

0
Fig. 2 Series type switched-mode v Driver 0 r_L:"’ J
power supply, basic circuit ! system - o
arrangement,
b
O -0
05585
NOTES

1. Detailed application information available on request.
2, Including additional thermal resistances resulting from mounting hardware,

Mullard
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APPLICATION INFORMATION
(continued)

D5586

of
tft:L :

Fig. 3 Waveforms applying
to switched=mode power

supplies. V V V .

05587

Ie (max)
(A}
30 7
yd
y. 4
A
7
4 Fig. 4 Recommended nominal value of
base current versus max. peak collector
20 4 current.
) . - .
/ Applies for ratio ICM/ICI =2 (Fig. 3).
10

e A e

0 125 250 375 500
{mA)

lB(end)nom

Mullard
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HIGH VOLTAGE N-P-N
SILICON POWER TRANSISTOR BU |26

APPLICATION INFORMATION
(continued)

Fig. 5 Basic waveforms during

current turn-off |
ety 20 Tps- e D588

D558 D5590
[T T T T 11 1
.—1A‘B¢nd = +10°/'j.‘20°/° 1 I ] l
l()__‘ICMIIC,ZZ(Flg 3) 20 i TombS 60°C L
T
Ptot Rth(mb-a)mux
(w) (°C/W)
/
75 / 15
A B N
T=50pus /
¥ P AN
V
av. N
5 7 10 1
A 6hys \\ T=64us
P’ NC
50us
NN
25 5 N
LN
N
= -
0 0
0 1 2 3 0 1 2 3
lCMmux(A) ]CMmax(A)
Fig.6 Total transistor dissipation Fig. 7 Max. allowable value of Rth(mb-a)
versus max. peak collector current. to ensure thermal stability.

Mullard
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D5270

I (max)
(A)
30
y 4
/1
20
4
10
(IEEEEENEENREEEEERENE
NN ENEEEEEERRNEEEEENN
0 3 6 9 12
Prot (W)
Ds27t ] 05272
leimax) 111 thimb-a) | | g f heatsink
‘ (A) 1 e | O ] ot ickness 007%in (20mm and for |
amb 1 aluminium heatsinks of thickness —
F 0h8in (3.0mm) —
} 3.0 X 125
A -
NN
N 10.0
\ \ !
1
A
: 20 3 75
N \ -+
\\
\\
X 5.0 NAH Bright
\ N D, N u N
N I~ ~
Blackened —
10 A 25 —
70 {60 [— 50
(NS NEEEN
[ NEEEEEEERENEEERNEREN 0 |
0 50 10 15 20 0 50 100 150 200
R himb-a) C/mW) Heatsink area=lengthx width {cm2)
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HIGH VOLTAGE

BU133

SILICON POWER TRANSISTOR

High voltage n-p-n power transistor intended for general purpose consumer appli-

cations.
QUICK REFERENCE DATA
-emi =0 .
Collector -emitter voltage (VBE ) (peak value) VCESM max 750 v
Collector current (peak value) ICM max. 6 A
Total power gissipation up to ‘
Tmb =50"C Ptot max. 30 w
Collector -emitter saturation voltage
=2,5A, =0.25A
IC SA IB 0. 25, VCEsat 10 v
Fall time
ICM:Z.SA, IB1=-IBZ:0.5A, VCC=125V te typ. 0.5 ps
MECHANICAL DATA Dimensions in mm
Collector connected to case
TO-3
9.5"\0!
266 M 315
)

39.5 max
301
|

A 169

203 max
10

D 13
n

72086723 |ug—

Accessories available: 56201 and 56214

JULY 1973

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

Voltages
Collector -emitter voltage (VBE = 0) (peak value) VCESM max. 750 v
Collector -emitter voltate (—VBE =1.5V) (peak value) VCEXM max., 750 \
Collector -emitter voltage (open base) VCEO max. 250
Currents
Collector current (d.c.) IC max, 3 A
Collector current (peak value) I oM max. 6 A
Reverse collector current (peak value) iICM max. 3 A
Base current (d.c.) IB max. 2 A
Base current (peak value) IBM max, 2 A
Reverse base current (d.c. or average over

any 20 ms period) mIB(AV) max. 100 mA
Reverse base current (peak value) (note 1) —IBM max., 1.5 A
Power dissipation

i _ enO,
Total power dissipation up to Tmp =50°C Ptot max. 30 w
Temperatures
Storage temperature TStg -65 to +125 °c
Junction temperature Tj max, 125 °c
THERMAL RESISTANCE
. . . o

From junction to motlmtmg base Rth(j “mb) 2.5 C/W
From mounting base to heatsink

with mica washer and lead washer

6201 and 4 . 750
5 and 56214) Rth mb-h 6] 750C/W
with lead washer (56214) only Rth mb-h 0.5 C/W

Notes

1. Turn-off current.

Mullard
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HIGH VOLTAGE
SILICON POWER TRANSISTOR BU1 33

CHARACTERISTICS T, = 25°C unless otherwise specified
Collector cut-off current (note 2}
VCEM = 750V; VBE =0 . ICES < 0.5 mA
= : = = <
VCEM 750V; VBE 0, Tj 125°C ICES 2 mA
Emitter cut-off current
IC =0; VEB=6V IEBO < ) mA
D.C. current gain
IC = 1A; VCE =5V hFE 15 to 80
Saturation voltages
IC =2.5A; IB=0.25A VCE sat < 10 v
VBE sat 1.5 v
Collector -emitter sustaining voltage
=0; = L= >
IB 0; Ic 100mA; L = 25mH VCEO sust 250 v

+50v
100-2000

250 hor.
200
Ic oscilloscope

L——— vert.

. 1
min Veeo(sust |
t

0 + 30-60Hz °Y T 3000 mn
Vego (V) I e B

Oscilloscope display for Vegoisust) Test circuit for Vogorsust) ”
D4039 D038

Notes

2. Measured with a half sine wave voltage (curve tracer).

Mullard
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CHARACTERISTICS

Transition frequency at f = IMHz

=0.2A; =
IC VCE 10V
Collector capacitance at f = IMHz
IE =Ie =05 VCB =10V
Emitter capacitance at f = 1kHz
IC =Ic=0, VEB=2V

Switching times
IC =2.5A% IBl = -I]32 =0.5A; Vcc

turn-off storage time

turn-off fall time

‘turn-off fall time, T = 9500
mb

Is
om[ input
waveform
o -
time
Tg b m————— l
(off}
v, — tg
ot |e—
125v
output
waveform
———— ——A10%
Waveforms time
Bi04la

T=1ms
tp=20ps

Mullard

(contd.) Tj = 25°C unless otherwise specified

fT typ. 8 MHz
C c typ. 85 pF
Ce tyP. 1.4 nF
=125V
tg typ. 2 ns
te typ. 0.5 us
tf < 2 us
0 to +6V Ve =125V
o O

;Ej 00l
4

Test circuit

500

oscilloscope
O Vo

Transistor
under test

04040
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HIGH VOLTAGE BU133

SILICON POWER TRANSISTOR
3 D404L4a
10 Fmp=509¢
5
le
(A)
2
10?
7|
5
,| Repetitive pulse operation; d=0.01
1]
10 — ip=
7| leMmax 3 B‘LSi
5 ! \ F+0.01
T max NIRRSHE 020 T
N -
| A AN A
ol
1 A\ " -4
7 = X : 9'111 I
5 X 1T
\NLY S !
\ ANAY 0.2
2 N\ L
Second breakdown(d.cl{ TN \ 0.5
107 N :
7 N B
5 N\ \2 t
2 t it
I
102 ;
7
2
|
10 ‘f’ :
1 2 Tt T02 ¢ 103 Veelv)® 104

Safe Operating Area (Regions [ and II forward biased)

1 Region of permissible d.c. operation
II Permissible extension for repetitive pulsed operation

Il Repetitive pulsed operation in this region is allowable,
provided VBES 0V and tp = 2ms

Mullard
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102
7.__“_
; ——I_J_-L_
Zth(j-mb) —
(ecrw) _ a&_l-'— gt
‘ T
10 =
7 0.5
0.33
0.2
TS
: u
7
5 —__,,
-——-::—- =z
2 et T L 0.1 l
T Lt
Bo il
1’ 0.01
, )
102
107 10" 1 10 10 16° t,(ms] 10*
D4046
MSB(I) T T T W_fTYT‘I T T T T 17717777 YI
S.B.voltage multlp!ylng factor at the [ max level ]
— T - t
102  —
Ld=0 01 T+ ——1
5',,&*4_‘ -
007N
PN
N
7 0,05 TR
] \
\-~
0 By
10 fomen N —
= TN )
— “ Ty
s . NN
l D N 0 s e = <~\ ]
0.33 ~l TR ]
%
05 S |
T
0.75 i
! |
5 7
10?2 10" 1 10 tpims 102
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HIGH VOLTAGE
SILICON POWER TRANSISTOR BU133

D4049a

: ISR N A e I
Msav) I 1 A N A A |
S.B.current multiplying factor at the Voggmax level
2
d\\o-O/
10% K007
7
s). 0.05 g
{
0.1 N
2 N \‘R -
\\~ \
™N
0.2 a
= O Sa
7 0.33 I
51 0.5
e ITNDN
0.75 - L
. al T\~ '{\
e u \\= g
1 I \'\:\E::
10 0 1 10 tp (ms) 10%
10 [ 4051
Veegsan T T T T
v} \ T 7 Tt S EEIE ils mash dis Sl sl S S e s S B S
. \ ,,,] J Typical curves| L _|__ l _
75 \ T, =25°C
YL \ ] LT
il Ic=5A [ [ T
il
] \
ain \ \¢A
JV TN N T 1
BIEA \| 3A \ N
\ N\
25
\ \ N I
\l2a N
N
\1A et W [~
0
0 0.25 0Ss 0.75 1 125 IgA} 1.5
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04052 2 D4053a
T T T T 1 10 T 3

T -
Tc=5A , Veg = 750V 1
1 Lt —3AfA ICESs Vge = OV y
v "‘” 2A (}-IA)
BE(sat) -
V) [ =A 2 !
0.75 10
7
5 / T
4
typ
0.5 . /,/
1 / S :
N R "
S 7
X 0.25 Typical curves
| Tj=25°C T
|
| 2
0 10
0 05 1 lglAl 15 0 50 100 T;{°C) 150
DSB10
100 HEEE
Typical curves
hre
75
s
50 AN AN
o PN N\ Veg=5V, T; =125°C
N NG X/ Veg=5Y, Tj = 25°C
P \Q
2 Veg=1V, T;=125°C - | ] SO\
Veg=1V, T;= 25°C [ KRN
\\‘ |
—
0
10 1 Ic(A) 10
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HIGH VOLTAGE :
SILICON POWER TRANSISTOR BU133

04056

15 T —
1
Veg=10V
(:41;{1) T;=25°C
10
= typ o,
P
N
5L
- AN
N\,
hY
0
10‘2 2 5 7 10“ 2 3 7 1 2 lC(A) 5 7 10

Mullard
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HIGH VOLTAGE
SILICON TRANSISTORS

TENTATIVE DATA

BU204
BU205
BU206

The BU204, 205 and 206 are N-P-N High voltage power transistors intended for use

in line output stages of television receivers.

QUICK REFERENCE DATA
BU204 BU205 BU206
VCESM max. 1300 1500 1700 v
IC max. (d.c.) 2.5 2.5 2,5 A
P, max. (T, <90°C) 10 10 0w
hFE m'm.(VCE =5V; IC = 2A) 2 2 1.8
t; typ- (IC = 2A; IB = 1A) 0.75 0.75 0.75 us
OUTLINE AND DIMENSIONS
Conforms to BS3934 SO-5A/SB2 -2
J.E.D.E.C. TO-3
Millimetres
Min, Nom. Max,
A - 16.9 -
B - - 26,6
C - 10.9 -
D - 30.1 -
E 4.0 - 4.2
F - - 20.3
G - 3.15 -
H - - 9.5
] 11 - 13
K - - 39.5
L - 1.0 -

Accessories available (High voltage types)

56336A insulated bushes, 56336B mica washer,

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical

crsm Peax ¢V

v
VCERM
VCEO

Ic max. (d.c.)

I max. (peak value)

CcM

I max. (peak value)

BM

max. (RB

max. (open base)

-1 max, (peak value)* note 1

BM

P power dissipation (max)

tot

(¢)
T . <9%0°C

TRANSIENT RATINGS (During flashover)

\Y "Flashover"

CE

I "Flashover"

C
Temperature

Tstg range

Tj (operating) max.

THERMAL CHARACTERISTICS

Rin(j-mb)

Riq(mb-h)

*Note 1

using mica washer 56336B

Turn off current in line deflection circuits.

Mullard

BU204 BU205 BU206
1300 1500 1700

1300 1500 1700

600 700 800
2.5 2.5 2.5
3.0 3.0 3.0
2.5 2.5 2.5

1.5 1.5 1.5

10 10 10

1500 1650 1750

5 S 5
~65 to +115
115

2,5

1.0

R T I

>

C/wW

C/W

BU204 Page 2



HIGH VOLTAGE BU204
SILICON TRANSISTORS BU205

BU206

ELECTRICAL CHARACTERISTICS (Tj =25°C unless otherwise stated)
BU204 BU205 BU206

I CES Collector cut-off current (max)
VBE =0; VCE =VCESM 1.0 1.0 1.0 mA
hFE (min) Static forward current transfer ratio
(Ic=2A; VCE=5V) 2 2 1.8
+VEBO Emitter-base voltage
(IC =0; IE ‘= 10mA) (min) 5 5 5 \%
=0; = 10
(Ic 0 IE OmA) (typ) 7 7 7 v
v Collector emitter saturation voltage (max)
CE(sat)
=2A; 1 =1.0A -
(I c IB ) 5 5 v
=2A; =1, - -
(1 c A IB 1. 1A) 5 v
\% Base-emitter saturation voltage (max)
BE(sat) Y -~ )
(IC—ZA, IB—I.OA) 1.5 1.5 \%
=2A; 1 =1, - - .
(IC A IB 1. 1A4) 1.5 v
VCEO (sust) Collector -emitter sustaining voltage (min)

(I}3 =0; IC = 100mA; L = 25mH) 600 700 800 v

05129 D5130

Mullard
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ELECTRICAL CHARACTERISTICS (cont)

Transition frequency (typ)
(f = SMHz; IC =0.1A; VCE = 5V)

Collector capacitance (typ)

(f = IMHz;

E

I.=1 =0; V
e

cB™ 10V)

Switching times (in line deflection circuit)

(IC =2A; 1

Fall time (typ

B(end)
)

Storage time (typ)

= 1A; LB = 25uH)

ic =N 90%

1
|
!
!
!
i
!
!
!
I
|
!

t [
[

-1 L time

————— Ig(end)

\

Mullard

BU205 BU206

7.5 7.5 MHz

65 65 pF

0.75 0.75 us

10 10 us
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HIGH VOLTAGE BU204
SILICON TRANSISTORS BU205

BU206

D5132

o g
—

3 T T
10°, " BUZ04 —H
s Trnp <90°C 1
lC
(A)
2
102
7
5
2
10
7
sfi d=0.01
'CM max
2|1, ) 1 ) NIINAN tp=
'Cmax N 1us
) \ \\\%\ /2"'
1 Se SR §§§’5
AN 10
: O 20
N -
2 3 100
’ooo N \IN -‘j_zgo
107! %y LLH-500
7 s 1ms
5 %@o N\ 2
%, 5
, 2 NN Yo
dc
I
1072 N
7
S
2
102 m
5 7 2 5 5 7 2 5
1 10 107 109 v v 104

Safe Operation Area with the transistor forward biased,

I Region of permissible d. c. operation.
II Permissible extension for repetitive pulse operation.
111 Repetmve pulse operation in this region is allowable,
provided R 51009 tp <20us; 6 <0.25.

Mullard

BU204 Page 5



3 D5133
10°,"BU205 S=E
] T,p<90°CHE
C
(A)
2
102
7
5
2
10
17
s d=001
l(:Mmux
e T RN R NN e
max N ps
. \Y f\\\ §~\\\ ‘4%
: “‘: = E; 10
\WR VI ERNANIR Y, H
2 % AN 1100
%, NN N\ 200
107 ° 500
7 'be‘ Y Ims
: %, /2
%, 5
2 7/ N\ [y 10
1 N Y dc
1072
7
5
2
103 il
2 2 2 2 5 7 3 2 5 ‘
1 10 10 103 VeelV) 10

Safe Operation Area with the transistor forward biased.

I Region of permissible d.c. operation.
Il Permissible extension for repetitive pulse operation.
111 Repetitive pulse operation in this region is allowable,
provided RBE <1009 tp <20us; 6 <0,25.

Mullard
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HIGH VOLTAGE

SILICON TRANSISTORS

DS134

3 - —
10°, " BU206

Tmp< 90°C HiH

(A)

]CMmax 7

le max

y
V4
,.’
A A ///
"
%

\°Q
74
g
AW
88

1073

le

1

10

5 5 7 H 5
102 103 V(v 104

Safe Operating Area with the transistor forward biased.

I Region of permissible d. c. operation.
II Permissible extension for repetitive pulse operation.
III Repetitive pulse operation in this region is allowable,
provided RBE <1009; tp <20us; 6 <0.25.

BU204
BU205
BU206

Mullard
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D5135

10
7
Zinjmb.
(.C’,\';'” d=100
210.75 -
50 — z
1 (033 =
710.20
5
0.10 =sug -
20,08 : 55
1 ! mEas pi
107" [0.02E=
’ =
.[0.01
2
102
(A5
5
) L— 4=
2 T T
1073
2 5 7 2 s 7 2 5 7 2 5 7
1 10 10? 10° 10 105 tyius) 10
05136
102 1+
, T
Veg=5V
s 1.=25°C
hre
2
10 ,{————/ Typ ﬂ\
7 N
5 i
2
1
2 5 7 2 5 7 2 5 7
1072 : 107! 1 Ic(A) 10
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| HIGH VOLTAGE
~ SILICON TRANSISTORS

D5137

750 1250
Tj =25°C
lc
Veesat s 2 Veesat
(mV) {mV)
\
500 1000

250 750

R 7 2 5 7
10 1 I (A) 10

‘Mullard

BU204
BU205
BU206

D5138

T=25°C |
e .’
TB—-Z
w /
( || BEEN
/
1
5 17 2 ‘'s 7
107 1 Ic (A) 10
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HIGH VOLTAGE BU207
SILICON TRANSISTORS BU208

BU209

TENTATIVE DATA

The BU207, 208 and 209 areN-P-N High voltage power transistorsin metal envelopes
intended for use in line output stages of colour television receivers.

QUICK REFERENCE DATA
BU207 BU208 BU209

.VCESM max, (VBE =0; peak value) 1300 1500 1700 v

IC max. (d.c.) 5 5 4 A

P, X (T <95°C) 12.5 12.5 125 W

hFE (min) (IC =4,5A; VCE =5V) 2,25 2.25 -
(IC=3A;VCE=5V) - - 2,25

t, (typ) (IC =4,54; IB= 1. 8A) 0.9 0.7 - us
(Ic =3A; IB=1.3A) - - 0.7 us

OUTLINE AND DIMENSIONS.

Conforms to BS3934 SO-5A/SB2-2
J.E.D.E.C. TO-3.

Millimetres
Min. Nom. Max.
A - 16.9 -
B - - 26.6
C - 10.9 -
D - 30.1 -
E 4.0 - 4,2
F - - 20.3
G - 3.15 -
J H - - 9.5
T T 1 11 - 13
K K - - 39.5
L - 1.0 -

Accessories available (High voltage types)

56336A insulated bushes, 56336B mica washer.

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical

v max, (V

CESM =0, peak value)

BE

<
VCERM max., (RBE <1009, peak value)

VCEO max. (open base)

IC max, (d.c.)

ICM max. (peak value)

IB M max. (peak value)

max. (d.c. or average over any

-1
B(AY) 20ms period)

—IBM max. (peak value, see note 1)

. 0
i T = <95°C
Ptot ax, ( b <95°C)

TRANSIENT RATINGS (During flashover)

VC B Flashover

IC "Flashover"

Temperature

TStg range

T]. (operating) max.

THERMAL CHARACTERISTIC

max.
Rih(j-mby 2%

Rth(mb-h) with mica washer 56336B

Note 1

Turn off -current in line deflection circuits.

BU207
1300

1300

600

5

7.5

4

100

2.5

12.5

1500

10

BU208 BU209
1500 1700
1500 1700
700 800
5 4
7.5 6
4 4
100 100
2.5 2.5
12,5 12.5
1650 1750
10 10
-65 to +115
115
1.6
1.0

mA

C/W

c/w

Mullard
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HIGH VOLTAGE
SILICON TRANSISTORS

ELECTRICAL CHARACTERISTICS (Tj =ZSOC unless otherwise stated)

BU207 BU208

ICES max. Col(lsctor= gl‘lt\-]off c:i"’rent ma) Lo Lo
BE 7~ 'CE CESM : )
hFE min. Stagc f:zwz;d \c]:urre:ts\t]];ansfer ratio 525 2,25
c T CE . :
(IC =3.0A; VCE =5V)
+VEBO Em(ilttei .(])J'asle io;tgrii) min 5 5
C " 'E :
(IC =0; IE = 100mA) typ. 7 7
VCE (Sat)max. Col(lltz:ct:r4 .e;rzl;ttlzr:;;u)ratlon voltage : 5
(IC:3A; IB=1.3A) - -
VBE(sat)max' Basgcein;t.tgz ;saI;uzazt;o)n voltage s s
(IC =3A; IB=1.3A) - -

Collector -emitter sustaining voltage

v
CEO(sust) I, =0; T, = 100mA; L = 25mH 600 700

05129

BU207
BU208
BU209

BU209

1.0 mA
2.25

5 v
7 v
- \Y%
5 \Y%
- \Y%
1.5 \Y
800 A%

Oscilloscope

Vert

[ IR A2 5.3

Mullard
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ELECTRICAL CHARACTERISTICS (cont)

£ (typ)

Cre (typ)

t, (typ)

t, (P

BU207 BU208 BU209

Transition frequency

= . =0, 14, =
(f = SMHz; IC A VCE 5V) 7 7 7 MHz
Collector capacitance
(f = IMHz; IE = Ie =0; VCB = 10V) 125 125 125 pF

Switching times (in line deflection circuit) (LB = 10puH)

Fall time
Ic = 4.5A; IB(end) =1.8A 0.9 0.7 - us
IC =3.0A; IB(end) =1.3A - - 0.7 us
Storage time
IC = 4.5A; IB(end) =1,8A 10 10 - ps
IC =3.0A; IB(end) =1,3A - - 10 us

1, L time

____ ]B(end)

\/time
D5131

Mullard
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HIGH VOLTAGE BU207
SILICON TRANSISTORS BU208

BU209

05139

3 > +—+17
10°, "BU207 —F
T <95°C
lC
(A)
2
102
7
5
2
IcMmax d=0.01
10 B
7 H 1=
] —— NN - T s
= "D\ AN Ht~2
2 Crmax \\ N - 5
\ Plot méx * \\\ll *Nl\\\\ j-‘ —‘2%
i~
= = a0
: N, = 100
N N /Zgg
5
2 \s;c\ \‘ ,W/
107" q’Vd '§ : 1ms
s R
: an%\ N 2
A i
, .
N 1‘1/10
1072 : - de
7
5
H
03 m
2 5 7 2 5 7 2 5 7 2 57
1 10 102 0% Vetv) 10é

Safe Operating Area with the transistor forward biased.

I Region of permissible d. c. operation.
II Permissible extension for repetitive pulse operation.
IIl Repetitive pulse operation in this region is allowable,
provided RBE <100¢; tp <20us; 6 <0.25.

Mullard
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05140

10° Foosos —FFF
7} BU20 T <95°C O
lC
(A)
2
102
9
5
2
IeM max d=001
10
: NS SRR -10e
\‘ 3 \\ i zps
2 lemax | N i\ N \\\\ HH—5
- P- N \ 110
! tot mdx | 1Y \\” NN § N J:/zo
] == N H 50
. N 100
N N 200
AN 500
2 *%\t N
3 %, k ims
10 e
7 S
) N H 2
5 %
o )
%,
2 5
2 1L
1 dc
1072 b
9
5
2
- m
2 ® 3 .
. 10 102 10° Ve (v) 10

Safe Operating Area with the transistor forward biased.

I
I
m

Region of permissible d. c. operation.

Permissible extension for repetitive pulse operation.
Repetitive pulse operation in this region is allowable,
provided RBE <1008; tp <20ups; 6 <0.25.

Mullard
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HIGH VOLTAGE BU207
SILICON TRANSISTORS « BU208

BU209

D514Y
3 =T =TT
10%,"BU209 T
l T <95°CHH
c
(a)
2
102
7
5
2
!
10 e d=001
T AN " :\121-‘5
2 Iemax \\\ N \\ 1
N
. Prot mdk .\ 11 N "i% \\ ’12%
9 ‘\‘ AN N : 50
5 N 100
N I /200
2 \%o NN\ 4
% N N
o o 500
. 4 X ims
s % \ 2
O,
4, N
2 : 15
2 10
N
102 [ N dc
7
5
2
0 m
2 57 2 5 7 2 5 7 2 5 7
1 10 10? 103 v (v 104

Safe Operating Area with the transistor forward biased.

I Region of permissible d. c. operation.
II Permissible extension for repetitive pulse operation.
III Repetitive pulse operation in this region is allowable,
provided RBE 51009; tp fZOus; o] 50.25.

Mullard
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DS142

2
" LI
1
Zihj-mb
L]
eCmW) .tf d,'TP
T
10
7
11
2 }jd=1.00
0.75
1 ]0.50 == e —— H
7
f CEE)
020
2010 =
~
10! (005 T
7
1002
'IZom A
102
. 2 7 2 7 2 5 7 2 5 7 2 5 7
1073 1072 10”! 1 10 102 tpms) 103
2 05145
° =
, T
VCE=5v
s T=25°C
hre
2
"ﬂ—ﬁ' Typ
10
AN
, AN
s
2
1
7 2 2 5 ?
1072 107 1 Ic(A) 10

Mullard

BU207 Page 8



HIGH VOLTAGE BU207

SILICON TRANSISTORS BU208
D543 D544
750 . 1250 :
L. .
lB 2 lB
VCEsat Tj =25°C vCEsut TJ =25°C
{mV) (mV}
500 1000 i/
/
=
/ »
-
250 750 >
—_
Typ
,4’r
0 500
2 s 7 2 s 7 k3 s 1 1 s 7
01 1 Ic(A) 10 0.1 ! o {A) 10
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0C28 0OC29
OC35 OC36

JUNCTION TRANSISTORS

QUICK REFERENCE DATA

Power junction transistors of the p-n-p alloy type intended for use in medium
and high voltage and high current switching applications. Matched pairs of
each type are available under the type number 2-0C

OC28 O©OC29 O0OC35 OC36

Ve max. (Ig = 0A) -80 -60 =60 -80 V
Ve max. (Ig = 0.5A) -60 -48 -48 60 V
V¢g max. (lg = 6.0A) -60 -32 -32 -32 Vv
hrg (lc = 1.0A) 20-55 45-130 25-75 30-110

Unless otherwise shown, data is applicable to all types

ABSOLUTE MAXIMUM RATINGS

The equipment designer must ensure that no transistor exceeds these
ratings. In arriving at the actual operating conditions, variations in supply
voltages, component tolerances and ambient temperatures must also be
taken into account.

Collector voltage
oC28 0C29 OC35 0C36

VcB max. (lg = 0A) -80 -60 -60 -80 \
V¢ max. (lg = 0.5A) —60 -48 -48 -60 v
Vce max. (lg = 6.0A) -60 =32 -32 -32 \'4
Collector current
lem max. 10 A
tcav) max. 8.0 A
Emitter current
lgm max. 12 A
TIE(AV) max. 9.0 A
Reverse emitter-base
voltage
Ve max. (Ic = 0A) —40 -20 -20 —40 \
Base current
Ipp Max. 2.0 A
'“B(AV) max. 1.0 A
Total Dissipation at Tcase < 45°C 30

 max—T,
Tease > 45°C Piot max. = ~LMaX"Tease

Oj — case

tAveraged over any 20ms period.

Mullard
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0c28 JUNCTION TRANSISTORS

L4
Series
Temperature ratings
Tstg Max. 75 °C
Tstg min. -55 °C
T; max. (Continuous operation) 90 °C
1T; max. (Intermittent operation total duration 200 hours) 100 °C
0;-cage Max. 1.5 °C/W
Ocase—neat siny Max. (when mounted with metal washer
0.127mm thick and with mica washer) 0.5 °C/W

iLikelihood of full performance of a circuit at this temperature is also
dependent on the type of application.

CHARACTERISTICS at Tgse = 25°C
Typical production spread

Common base Min, Typ. Max.
Collector leakage current lceo
(Vea = -500mV, 1g = OmA) _ — 100 A
(Vep = -14V, g = OmA,
Tease = 1°0°C) —_ -_ 20 mA

(VCB = ~60V, lE = OmA,
case = oooc)
(Vcs = 80V, Ig = OmA
Tcue = 1°0°C) OCZB, 0C36 — 12 30 mA
Emitter cut-off voltage -
(Ve = 48V, lg = OmA,
Tease = 10°°C) VEB -_ — -~500 myY

0C29,0C35 — 8.5 30 mA

Common emitter
Collector knee voltage at

IC = 6A (see Fig. 1) vCE(knge) —_— 0.5 -1.0 \';
Ie
(A)

6.0 — —
I
|
|
|
I
|
|
T VeW)
ch(anQ)
Fig. |

Mullard
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JUNCTION TRANSISTORS

0C28

*
Series
ocC28 oc2e ©OC35 OC3
Base current Is min,  max. min. max. min. max. min. max.
(Ve = OV, Ig = 1A) 175 50 72 15 13 38 9 33 mA
(Ve = OV, g = 6A) 190 375 73 165 130 285 96 285 mA
Base input voltage Ve
(VCB = QV, lg = 1A) 800 my
(Ves = OV, Ig = 6A) 06 16 — 16 04 14 — A6 V
Current amplification
factor hrg
(Veg = 14V, 1c = 30mA) 20 — - - —
(Veg = -1V, Ic = 1A) 20 55 45 130 2 75 30 110
(Vee = -1V, lc = 6A) 15 30 35 80 20 45 20 65
BASIC PARAMETERS
Cut-off frequency
(Ve = -6V, lg = 300mA)  fur —_ 250 — ke/s
Collector depletion capacitance
(Vo = -12V, Ig = OmA) Cie —_ 160 — pF
Emitter depletion capacitance
(Vs = -6V, Iz = OmA) Cte - 165 —_ pF
Time constant, current feed .E1
w
(Vce = —4Y, lcu = 1A) —_ 45 70 us
(Yce = -4V, lem = 6A) —_ 30 50 - s
Desaturation time constant
(Vce = 0V, lpy = 50mA) Ts —_ 30 50 us

Mullard
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0C28

Series

JUNCTION TRANSISTORS

Typical operation in on-off power switching circuit

Ig

I
cc
D.C. supply
voltage Vee 14 28 v
Load resistance Rr 14 2.3 28 4.7 Q
peak collector
current lem 1.0 6.0 1.0 6.0 A
—t— —r— —— ——
0OC29 OC35 ©OC29 OC35 ©OC28 OC36 OC28 OC36
“Turn On’
base current iB 35 55 260 400 70 50 480 400 mA
‘Reverse’
base current Isr 87 137 65 100 17.5 125 120 100 mA

Switching times

Rise time tr 20 20

Storage time tg 15 15

Fall time te 40 35
hrg | In |

. . _ B e ['B]
Rise time t, = ol logehFE Tis 1= Joxt |

Fall time s E loge[1 + —“—C—M‘—]

s hrg | Igr |

1 |
Storage time t; = 71 Ioge“JCBT‘l_'—Q-R—l

—_— I
- + | Igr |

Mullard
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20 20 us
15 15 us
40 35 us
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JUNCTION TRANSISTORS Oc28

Series

CHARACTERISTICS OF MATCHED PAIR
(measured at Tease = 25°C)

Ratio of the current amplification factors of the two transistors

at Veg = 0V, Ic = 300mA 1.2:1
V(‘n = OV, |c = 6A 12 01

Difference between the base-emitter voltages of the two transistors

at Vep = —14V, '(; = 30mA <235 mVY
Ven = 0V, g = 6A <300 mVY

OPERATING NOTES

1.

Dissipation and heat sink considerations
The maximum total dissipation Py max. = (Ver X )+ (Vg x In), is given
by the relationship:—
T; max.~Tamn
Om + 0i+ 0)1

Where Oy +0;+ 0y, is equal to 9; qmy.
The various components of 8; 41 are illustrated below:

Pm[ max, =

Junction tempergture

Oj —case = 1 SOC/W

y Case temperature

*6; = 0.5°C/W
16; = 0.2°C/W
Chassis (heot sink) temperature
6n

Ambient temperature

Fig. 3

*When mounted with a metal washer 0.127mm thick and a mica washer, or
with a mica washer only and silicone grease, §; = 0.5°C/W. This value applies
when the transistor is bolted down evenly on a flat heat sink. The metal
washer is advantageous in taking up any irregularities in the heat sink
surfaces.

tWhen mounted directly on the chassis with a thin film of silicone grease
between the contacting surfaces, 6; = 0.2°C/W. This value applies when
the transistor is bolted down evenly on a flat heat sink.

0u depends on the cooling conditions under which the transistor is used,
i-e, dimensions, position and surface conditions of heat sink, etc. An air-
cooled heat sink (7in.x 7in.x 1/16in. blackened aluminium) will have a
value of 6, = 2.2°C/W.

Mullard
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0c28 JUNCTION TRANSISTORS

Series

0, can be determined for a given collector dissipation and ambient tempera-
ture by measuring the case temperature.

Oy = M‘L’Pb - 8,°C/W

tot

The following example illustrates the temperatures which occur at various
points on the transistor at pc = 10W, Tj = 90°C, 0n = 2.2°C/W.

T = 90°C

Tease = 90-(10x 1.5) = 75°C
Theat sink = 75-(10x 0.5) = 70°C
Tamb = 70-(10x 2.2) = 48°C

The suitability of any design can be checked by measuring, with a thermo-
couple, the case temperature of the transistor operating at the selected
collector dissipation and maximum ambient temperature. The point de-
fined by the case temperature and the total dissipation must lie within
the shaded area shown on the graph on page C10. If the point lies outside
the shaded area the design is inadmissible and the dissipation must be
reduced or the heatsink improved. The selected total dissipation should
be the maximum attained by any transistor in the design being checked.

2. Transistors may be soldered directly into the circuit but the hear conducted
to the junction should be kept to a minimum by the use of a thermal shunt.

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

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

MECHANICAL DATA
Dimensions — see page D8.

. [ 0.66 oz

Average weight 1186 ¢
ACCESSORIES
Accessories must be specifically ordered.
Accessory Code No. Notes

2 insulating bushes 56201a Obtainable in packs for
1 mica washer 56201b 10 or 100 transistors.
1 metal washer 56214

Mullard
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} JUNCTION TRANSISTORS 0c28

L 3
| Series
Transistor
16-9+0-25
20-3 max
315 mclx‘
i ‘f '. =
l
‘l% 25 26-2 1 _L
max.
¥
f I ; 12-0 ?
l tl;O
1-:00
"‘O‘O__’I L_
39:'5max
Mica washer
35 0-05
. N |
)
50
0-127
c , 4
)

Insuiating bush

-85
0+ 2 ¥
3-5 4.5
e C 1 1
l- 75 .1
3-90:0-05

3102005
All dimensions in mm

Mullard
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0C28

JUNCTION TRANSISTORS

Series

= I < < < S
o A I S SO o S - - b et | >
8 ] £ £ £ <
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N < ]
£
| | L] NN | L] L P Ll
EENEN SRR munddinssnnnARNERl-]RARet nana: =
_ T S AT
H - HE R R i
5 I 1 s P -+ SRS -
e RREE=a=aFyERs EasasaselL
=T EHo T RVIRREA Eanat Saut SRRREREE
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OUTPUT CHARACTERISTIC FOR OC28. COMMON EMITTER
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0c28 JUNCTION TRANSISTORS

Ll
Series
[ ]9390
lc 0c29
(A) [T
1 Iy =100mA Common emitter
TTTTTTTTTIT
Tj =45°C
i S0mA
5 T
| | 1
==~ 80mA
1 =TT 70mA
4
= = 60mA
i P SO0mA
3 =
40mA
H— 30mA
2
20mA
|
10mA
o
) =10 ~-20 -30 Vee W)

OUTPUT CHARACTERISTIC FOR OC29. COMMON EMITTER

Mullard
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JUNCTION TRANSISTORS OC28

.
Series
I REEENEEN ocas 9388
' I‘= 200mA
(A) [11
Common emitter
ITITTITITIT
i80mA Tj =45°C
S
— 160mA
-+
140mA T
4
120mA |
{00mA
T
3
80mA
+
[ 1
60MA
2
40mA
i
1
1T
I 7
20mA
il —
o 1
-10 -20 -30 Vee (V)

OUTPUT CHARACTERISTIC FOR OC35. COMMON EMITTER

Mullard
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JUNCTION TRANSISTORS

0C28

Series

Vee (V)

-30

=20

-10

OUTPUT CHARACTERISTIC FOR OC36. COMMON EMITTER

al | 11 1 <
SEEREE e s ikt s
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Series

0C28

JUNCTION TRANSISTORS
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ocza JUNCTION TRANSISTORS

*
Series
Vee ocas B4246]
max ] l l
(V) Vee = -60V
500
!
400
300
o 25 50 75 Ti(°C)
Ves 0C29,0C35,0C36
max TTTTT
(mv) VCE=- 48V
500
e
e
400
300
o 25 50 75 TKC)

VARIATION OF MAXIMUM EMITTER-BASE CUT-OFF VOLTAGE WITH
JUNCTION TEMPERATURE

Mullard
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JUNCTION TRANSISTORS

0C28

Series

B3672

I ocC28

C
(A)

--+11 Permissibie area of

| operation under all

| conditions of base

drive.

For opaeration in this region
the circult must be capable
of providing reverse

|| current bias.

]

7

|

1]

]

]

[o] -20 -40 -60

-80 VeelV)

COLLECTOR CURRENT PLOTTED AGAINST ABSOLUTE MAXIMUM
COLLECTOR-EMITTER VOLTAGE. OC28

Mullard
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0c28 JUNCTION TRANSISTORS

Series
I, oczg B3673]
vy 3s

1771 1Permissible area of
N operation under all
conditions of base
drive.

W,

11 For operation in this region
“I7] the circuit must be capable
|| of providing reverse
— current blas,
: T

v

g

0 -20 -40 -60 -80 Veg(W)

COLLECTOR CURRENT PLOTTED AGAINST ABSOLUTE MAXIMUM
COLLECTOR-EMITTER VOLTAGE. OC29, OC35

Mullard
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JUNCTION TRANSISTORS

0C28

L]
Series
—>1Ie 0C36 B3674
(A)
Permissible area of
operation under all [T
conditions of base
drive.
L

current bias.

For operation in this region [:~::
] the circuit must be capable ||
| { of providing reverse

ﬁt
Y ]
1117 N
paum mE
1 RN
; { [ 41
ok : “ —T—
obb bR e L T | T
] -20 -40 -60 ~8 Vee™)

COLLECTOR CURRENT PLOTTED AGAINST ABSOLUTE MAXIMUM

COLLECTOR-EMITTER VOLTAGE. OC36

Mullard
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oc28 JUNCTION TRANSISTORS

Series

9937

Tegse (°C)

QC28 series

sgA 3 o
ciZ «

MAXIMUM TOTAL DISSIPATION PLOTTED AGAINST CASE TEMPERATURE

Muilard
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JUNCTION TRANSISTORS OC28

Series
Teoo 0C28,0C36 9936
(mA)| ¢
»
i
10 H
. -
e
—“—‘
1
e
A A
o)
,V
4
p 4
/ A
/ V
v ) // ) //
i/// /// ///
ol ,/ /
4
94
0-0l
25 45 65 85 T; (°C)

VARIATION OF Icgo WITH JUNCTION TEMPERATURE. OC28, OC36

Mullard
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0c28 JUNCTION TRANSISTORS

Series

Teao | | 0C29,0C35 9939
(mA)| E

ol y

AN

0-01] [
25 45 65 85 T; (°C)

VARIATION OF icgo WITH JUNCTION TEMPERATURE. OC29, OC35

Mullard
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JUNCTION TRANSISTORS Oc28

®
Series
": E
N =
P ]
"
L R w
3 [+ 4
[ o T
||
[ 1lo
o
2 {2
2 ™
- E
i ] o
3 P 112
F o B I
v ’ ]
o—— — £ 3
[ . _“)
€ K
O £ n [( Py
w
o - /, -+
! 1o
: I~
o
s ‘ 4
[ | ] o
® x -
m’é> 8 r? 8 8 9!
$ez

MAXIMUM PERMISSIBLE COLLECTOR-EMITTER VOLTAGE PLOTTED
AGAINST RATIO OF Rp/Rg
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oc28 JUNCTION TRANSISTORS

L]
Series
©
i~
N I~
ja w
[ [ 4
o
x
: ©
S o
e
EN
N |
[ \\ 1 o
- 'S x 317
m_ou 3
N—:E \ 1.,
O - ]
o ‘Ef’; }
W e \
x
I
o)
x Q
I
[ { fo
I J i 1 0
X~ o o o -~
53 & & & ¢ 8
o~

TYPICAL VARIATION OF icer WITH RATIO OF Rp/Rg
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SILICON N-P-N ZN | 6 I 3

PLANAR TRANSISTOR

Silicon n-p-n double diffused planar transistor designed for a wide variety
of applications including d.c. amplifiers, high speed switching and high
speed amplifiers,

QUICK REFERENCE DATA
. - + v
Vo max. (L =0) 75
+
VCE max, 30 v
IC max. 500 mA
0
. =25 800 W
Ptot max (Tamb C) m
hFE (ICM:150mA, VCE=+10V) 40 - 120
= =410 = 60
£ typ. Lo 50mA, V o V, £=20Mc/s) Mc/s

OUTLINE AND DIMENSIONS

Conforming t

oJ.E.D.E.C, TO-5

c

b
Collector connected to envelope
Millimetres Millimetres

Min. wom., Max, Min. Nom, Max,
A 8.64 8.9 9.4 F 38 - -
B 7.75 8.15 8.50 G - 0.45 -
[o] 6.10 6.35 6,60 *H - 0.4 -
D - 5.08 - J 0.74 0.85 1.01
E 0.71 0.79 0. 86 *Thickness of locating tab.

MAY 1974 Mu"ard 2N1613 Page 1




RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
"
TVCB max, 75 v
-
TVCER max. (RBE =109 +50 v
. +7.
TVEB max 7.0 A
. = +
iv CEO MaxX az=0 30 v
ICM max., 500 mA
1P, max. T =25°C 3.0 w
tot case
T =100 1.7 w
case
T. . =35°C 0.8 w
amb
Thermal
7T , min, -65 °c
stg
T . max. 200* °c
stg
TTj (operating range) - 65 to +200 °c

*See Soldering and Wiring Recommendation No. 4.

THERMAL CHARACTERISTIC

+ 58,3 deg C/W

Rth(j ~case)

Mullard
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SILICON N-P-N
PLANAR TRANSISTOR

2N1613

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

b

TICBO

TIEBO

TVBR(CBO)

TVBR(EBO)

"V ER(sat)

TVCE(sat)

TVBE(Sat)

th FE

Collector cut-off current
VCB=60V, IE:O

Vo =60V, I =0,

0
Ta_mb =150°C

Emitter cut-off current
Vpp=+5.0V, 1,=0
Collector-base breakdown

voltage

1,=1004A

Emitter-base breakdown
voltage
IE =100pA, IC =0
Collector-emitter voltage
= =
RBE =109, IC 10mA
(See note 1)

Collector-emitter saturation
voliage
= =15
IB 15mA, Ic 150mA
(See note 1)

Base-emitter saturation voltage

IB=15mA, IC=150mA
(see note 1)

Large signal forward
current transfer ratio
IC =150mA, VCE =10V
(See note 1)
= =1
IC 500mA, VCE ov
(See note 1)

IC=10mA, VCE=10V
(See note 1)

1 =
C 10mA, VCE

__ 0
Tamb_ 55°C, (See note 1)

=10V,

Min., Max.

+7.0 - v

+50 - v

Mullard
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t,+t +t
T

Thfe

Thy,

Thrb

Thob

Thfe

ob
tey,

iN.F.

Switching time

C

Vpp(off)=+1,0V, (See Fig. 1)

Small signal forward
current transfer ratio

IC=1.OmA, A%
IC=5.0mA, VCE
Input impedance
IC=1.0mA, VCB=5.OV
IC=5.0mA, VCB=10V
Voltage feedback ratio

=1,0mA, V

CE =5.0V

=10V

CB=5. ov

IC
Output admittance
=1,0mA, V
=5.0mA, V

CB=5.0V

IC
IC CB=10V

High frequency current
transfer ratio

IC=50mA, VCE =10V,
f=20Mc/s
Output capacitance
IC=0m.A, VCB=10V
Input capacitance
IC=0mA, VEB=0.5V
Noise figure
IC:0.3mA, VCE =10V,
£=1000c¢/s, RS =510Q,

1 cycle bandwidth

1J.E.D.E,C. Registered Data.

NOTE

1,=50mA, Vo (on)=+1.0V,

Min,

30
35

24
1.0

0.1
0.1

3.0

Max,

30

100
150

35
8.0

0.5
1.0

25

80

12

ns

%10
x10~

umhos

pmhos

pF

pF

1. Measured under pulsed conditions to prevent excessive dissipation
P.W, =300us, duty cycle =1%.

Mullard
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SILICON N-P-N 2N |6 | 3

PLANAR TRANSISTOR

SOLDERING AND WIRING RECOMMENDATIONS

1,

N

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.
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.

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

After storage at temperatures greater than 125%C it may be necessary
to take precautions in order to ensure adequate solderability of the
leads.

Mullard
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SWITCHING CHARACTERISTIC MEASUREMENT CIRCUIT

-50V +20V
10k
a7k0 Sampiing
oscilliscope

A

10nF

Ceramic
disc 10k 5W
1000 1000 50V
1N3064
15ns
j = +20V
0
1= — +18V—
wave form at ‘A wave form at B’
from pulse generator
(<1ns rise time)
(<1ns fall time) 10°/o
T3
90°/o
i ~o +18
0 !
] b
tag+ tpe tf

Mullard
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SILICON N-P-N 2Ni1613

PLANAR TRANSISTOR
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TYPICAL TRANSFER, MUTUAL AND INPUT CHARACTERISTICS
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SILICON N-P-N 2N |6|3

PLANAR TRANSISTOR

B4046
VCE (v)
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1
0 mA

35
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I
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30
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25
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SILICON N-P-N 2N1613

PLANAR TRANSISTOR
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SILICON N-P-N 2N1613

PLANAR TRANSISTOR

T 2N1613 | 84053
T T T 1
Veg =60V

CBO
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~

T T

N

x..,
N4
N
N
SN
N

3

T
{172

il

h N

S
-
N
N

01

~
T

SN

N
N
.

N
SN

0-01 y,

' Ennn

N

L

el

0-:001

o] 25 50 75 100 125 150 T (*c)
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SILICON PLANAR
N-P-N TRANSISTOR 2NI711

Silicon n-p-n double diffused planar transistor designed for a wide variety
of applications including d.c. and wideband amplifiers.

QUICK REFERENCE DATA

VCBO max. (IE=O) +75 v
VCER max, (RBE =109) +50 v
ICM max. . 1.0 A
Ptot max. (Tamb=25 C) 800 mw
hFE (ICM=150mA, VCE:+10V) 100 - 300

OUTLINE AND DIMENSIONS
Conforming to J.E.D.E,.C. TO-5

Millimetres

Min. Nom. Max.
A 8.64 8.9 9.4
B 7.75 8.15 8.5
C 6.1 6.35 6.6
D - 5.08 -
E 0.71 0.79 0.86
¥ 38 - -
G - 0.45 -
H - 0.4 -
J 0.74 0.85 1.01

Collector connected to envelope

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
= +
1V oo max. (5=0) 5 v
= +
1V o pg MaX. Rpp <109) 50 A
= +7.
Voo Max. (5=0) 7.0 v
= +
Voo Max. (15 =0) 30 v
1 oM 2% . 1.0 A
iP, . max. T =25"C 3.0 w
tot case o
T =100 C 1.7 w
case
T =25"C 800 mW
amb
Temperature
. o
TTS te min, -65 .
T max. 200%* C
stg o
TT]_ (operating range) -65 to +200 C
*See Soldering and Wiring Recommendation No.4.
THERMAL CHARACTERISTICS
Tej —case 58.3 degC/W
10, _amb 219 degC/W
ELECTRICAL CHARACTERISTICS (Tamb=2500 unless otherwise stated)
Min. Max.
11 CBO Collector cut-off current
VCB=60V, IE=0 . - 10 nA
VCB=60V, IE=0, Tamb=150 o} - 10 1A
fI Emitter cut-off current
EBO - =
VEB—S.OV, IC—O 5.0 nA
TVBR (CBO) Collector -base breakdown
voltage
= = + -
1,=100uA, 1,=0 75 v
TVBR (EBO) Emitter -base breakdown
voltage
= = + -
1,=100uA, 1,=0 7.0 v
v Collector -emitter sustaining
CER(sust) voltage (See note 1)
= = + -
RBE 109, IC 100mA 50 v

Mullard
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SILICON PLANAR
N-P-N TRANSISTOR

v

iV

th

CE(sat)

BE(sat)

FE

Collector -emitter saturation
voltage (See note 1)
IB =15mA, IC= 150mA

Base-emitter saturation
voltage (See note 1)
IB =15mA, IC =150mA

Large signal forward
current transfer ratio

IC=500mA, VCE =10V

(See note 1)

1,=150mA, V=10V

{See note 1)

IC:10mA, VCEZIOV

(See note 1)

IC=10mA,0VCE=10V,
T, =755 C

=0.1 =
1,=0.1mA, V . =10V

=0. =1
IC 0. 0ImA, VCE ov

Small Signal characteristics

th

th

th

fe

ib

rb

Small signal forward
current transfer ratio
IC=1.OmA, VCE=5.0V,
f=1.0ke/s

1 c =5.0mA, V
f=1.0ke/s

cr= 10V,

Input impedance
IC=1.0mA, VCB =5,0V,

f=1.0ke/s
=5.0mA, V

IC m

f=1.0ke/s

cp =10V

Voltage feedback ratio
IC=1.0mA, V ., =5.0V,

f=1.0ke/s
=5.0mA,

IC 5 \'

f=1.0ke/s

CB

cp=10V,

Mullard

Min,

75

35
35
20

50

70

24

2NI711

Max.
+1.5 \'
+1.3 v
300
200
300
34 Q
8.0 Q
5.0 ><10_4
5.0 ><10'4
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th

th

fe

fe

ob

fe

ob

ib

Min, Max.

Output admittance
IC=1.0mA, VCB=5.0V,

f=1.0ke/s 0.1 0.5 umho
IC=5.0mA, VCB=10V,

f=1.0ke/s 0.1 1.0 pmho
Small signal forward

current transfer ratio

IC=50mA, VCE= 10V,

f=20Mc/s 3.5 -
Output capacitance

IC=0, VCB=10V - 25 pF

Input capacitance
IC=0, VEB=0.5V - 80 pF

iNF Noise figure

1,=0.3mA, Vo

f=1,0ke/s, RS=5109,

1 cycle bandwidth - 8.0 dB

=10v,

1J.E.D,E,C. registered data

NOTE

1. Measured under pulsed conditions to prevent excessive dissipation pulse

duration =300us, duty cycle=1%.

SOLDERING AND WIRING RECOMMENDATIONS

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

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

2. Transistors maybedip-soldered at a solder temperature of 24500 for a

maximum soldering time of 5 seconds. The case temperature during
dip-soldering must not at any time exceed tha maximum storage tem-
perature. These recommendations apply to a transistor mounted flush
on a board having punched-through holes, or spaced at least 1.5mm
above a board having plated-through holes.

. 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 shorld be retinned using a suitable activated flux.

Mullard
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SILICON N-P-N EPITAXIAL
PLANAR TRANSISTOR 2N2297

Silicon n-p-n epitaxial planar transistor intended for large signal h.f, and
v.h.f. amplifier applications.

QUICK REFERENCE DATA
VCB max. (1E =0) +80 v
VCE max, +35 v
IC max. 1.0 A
P, max. (Tamb=25°0) 800 mwW
hep Qo =150mA, Vo =+10V) 40-120
fp min. @,=50mA, Vo =+10V, £=20Mc/s) 60 Mc/s

OUTLINE AND DIMENSIONS
Conforming to J E,D,E.C., TO-5

A

Collector connected to envelope

Millimetres Millimetres
Min, Nom. Max, Min, Nom. Max,
A 8,64 8.9 9.4 F 38 - -
B 7.75 8.15 8,50 G - 0.45 -
C 6.10 6,35 6.60 *H - 0.4 -
D - 5,08 - J 0.74 0.85 1,01
E 0.71 0.79 0.86  *Thickness of locating tab,

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical

TVCB max. (I_ =0)

Thermal

fT , min.
stg

TT]_ max. (operating)

*See Soldering and Wiring Recommendation No. 4.

THERMAL CHARACTERISTICS

o
TDerating factor at T =25"C
case

Tamb

Mullard

+80 v
+35 v
+7.0 A
1.0 A
5.0 w
2.8 w
0.8 w
-65 °c
200* °c
200 °c

28,6 mW/degC

4.6 mW/degC
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SILICON N-P-N EPITAXIAL
PLANAR TRANSISTOR

ELECTRICAL CHARACTERISTICS (T

11 CBO

Meno

TvCEO(nsusI:.)

TV(BR)CBO

'V mrjEBO

TVCli: (sat)

WBE (sat)

th

amb

Collector cut-off current
=+ =
v CB 60V, I.E 0

Vop=*60V, I =0,

Ta.mb =150

Emitter cut-off current

VEB=5.0V, IC=0

Collector~emitter sustaining

voltage
IC=30mA (See note 1)

Collector-base breakdown
voltage

IC=100pA, IE°0

Emitter-base breakdown
voltage

IE=100p.A, IC=0

Collector-emitter saturation

voltage
IC =150mA, I'B =15mA

IC=1. 0A, LB=100mA

(See notes 1 and 2)
Base~emitter saturation
voltage

IC=1. 0A, LB =100mA
(See notes 1 and 2)

Large signal forward
current transfer ratio

I1_.,=150mA, VC =10V

C E
(See note 1)

IC =10mA, VCE =10V
(See note 1)

IC=1.0A, VCE=10V

(See note 1)

Mullard

35

80

7.0

40

30

15

2N2297

=25°C unless otherwise stated)
Min,

Max,
10 nA
10 MA
10 nA
- v
- v
- v
0.2 \%
1.0 v
1.6 v
120

2N2297 Page 3



1t

Min, Max.
Transition frequency

T - -

IC =50mA, VCE =+10V,

£=20Mc/s 60 - Mc/s
Tcob Output capacitance

VCB=10V, IE=0 - 12 pF
Tcib Open-circuit input capacitance

IC=0, VEB=0.5V - 80 pF
Trb, <, Collector-base time constant

IC=10mA, VCB=10V,

f=4,0Mc/s - 800 ps

tJ.E.D,E.C. Registered Data.

NOTES
1.

2,

Measured under pulsed conditions to prevent excessive dissipation.
P.W,. =300us, duty cycle =<1%.

Measured at a point on the lead =12,7mm (0.5in) from the seating
plane of the transistor

SOLDERING AND WIRING RECOMMENDATIONS

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

N

(-3

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 .
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.

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

After storage at temperatures greater than 125°C it may be necessary
to take precautions in order to ensure adequate solderability of the
leads.

Mullard
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SILICON N-P-N EPITAXIAL
PLANAR TRANSISTOR 2N2297
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SILICON N-P-N EPITAXIAL
PLANAR TRANSISTOR 2N2297
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SILICON N-P-N EPITAXIAL
PLANAR TRANSISTOR 2N2297
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SILICON N-P-N EPITAXIAL
PLANAR TRANSISTOR 2N2297
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TYPICAL COLLECTOR-EMITTER SATURATION VOLTAGE PLOTTED
AGAINST COLLECTOR CURRENT, WITH JUNCTION TEMPERATURE
AS PARAMETER. IC/IB =20,
TYPICAL BASE-EMITTER SATURATION VOLTAGE PLOTTED AGAINST
COLLECTOR CURRENT, WITH JUNCTION TEMPERATURE AS
* PARAMETER, In/Ig=20.
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SILICON N-P-N EPITAXIAL

PLANAR TRANSISTOR
[ [ 2n2297 e B3979
[TTTT
Ic=10mA
[ITTTT
Tj = 25°C
250
.0
ie
200
150
\
100
N\
hfe
50 pp—— 1
- Il
-E
— l‘ex‘o
hoeumho
T 1T
(o] T IT
(o} 50 10 15 VCE(V)

TYPICAL VARIATION OF h PARAMETERS WITH COLLECTOR-EMITTER
- VOLTAGE

Mullard

2N2297 Page 13



TA(°C)

83980

75

fe
]

[TITT]

hoe Mmho
150

1T
hien

=6
hre’do

.
125

vd
100

=10mA
y
75

2N2297
[TTTT
ITTT]
Ie

50

25

25

-75 -50

8 o

200

o
8

TYPICAL VARIATION OF h PARAMETERS WITH JUNCTION TEMPERATURE

Mullard

2N2297 Page 14



SILICON N-P-N EPITAXIAL
PLANAR TRANSISTOR 2N2297
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SILICON PLANAR

EPITAXIAL N-P-N TRANSISTOR

2N2369A

Silicon planar epitaxial n-p-n transistor primarily intended for high-speed
saturated switching and high frequency amplifier applications. TO-18
construction with collector connected to envelope.

QUICK REFERENCE DATA

VCBO max. 40 v

VCEO max. 15 \'%

ICM max. 500 mA

P, Max. (Tamb=2500) 360 n:)W

Tj max. 200 C

hFE min. (IC=10mA, VCE=1.OV) 40-120

fT min. (IC =10mA, f=100MHz) 500 MHz

: ts max. (IC=IB=—IBM=10mA) 13 ns
OUTLINE AND DIMENSIONS
Conforming to J.E.D.E.C., TO-18
FA—-] Millimetres
_é Min. Nom. Max.

A - - 4.8
B - - 5.33
C 12.7 - -
D - 0.43 -
E - 1.0 -
F - 1.05 -
G - 2,54 -
H 5.3 5.55 5.8

Connections 1. Emitter

2. Base

3. Collector connected to envelope

SEPTEMBER 1966

Mullard
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TRATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
' CBO max.

VCES max.,

VCEO max. (IC=0.01 to 10mA)

VEBO max.

. (1
ICM max. (10us pulse)

I .
¢ max .
Ptot max. Tamb:ZS 0C
=25C
case o
=100 C
case
Temperature
T in.
stg min

T max.
stg

T]_ max.

TTHERMAL CHARACTERISTICS
Derating factors T =25%¢
amb

T =25°C
case

TELECTRICAL CHARACTERISTICS (Tamb

Collector cut-off current

Vop =20V, 1=0,

1gnO
Tamb =150 C

ICBO

Collector —~emitter cut-off
current

VCE=20V, v

ICES

BE

-1 Base current
BEX _ =
VCE =20V, VBE 0
Collector-base breakdown
voltage

I, =104A, 1,0

VBRrRCBO

Collector -emitter breakdown
voltage

I =10pA

¢ 7oA Vg

V BR)CES

=0
E
7T J.E.D.E.C. registered data.

Mullard

40
40
15

500
200
360
1200
680

%%%i§<<<<

)
=3}
&
o]

200
200

2.06 mW/degC
6.85 mW/degC

=25°C unless otherwise stated)

Min, Max.,
- 30 pA
- 0.4 uA
- 0.4 pA
40 - v
40 - v
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SILICON PLANAR
EPITAXIAL N-P-N TRANSISTOR

Emitter -base breakdown
voltage

IE =10pA, I

V(BR)EBO

=0
C

\' CEO(sust) *Collector -emitter sustaining
voltage

IC=10mA, IB=0

h *Large signal forward current
FE .
transfer ratio
IC=10mA, VCE=1.OV
IC=10mA,OVcE
Tamb= -55 C
= =0.4

IC 30mA, VCE 0.4V
Ic=100m.A, VCE=1.0V

=0.35V,

Collector -emitter saturation
voltage
IC= 10mA, IB =1,0mA

VCE(sat)

IC=10mA,OIB
Tamb=125 [o]
IC=30mA, IB=3.OmA
IC=1OOmA, IB=10mA

=1,0mA,

Base-emitter saturation
voltage

IC=10mA, 1B=1.()mA

VBE(sat)

IC=10mA, 1_=1.0mA,

OB
T =125 C
amb
ICIIOmA, IR:1'0mA
T =-55"C
amb

IC=30mA, IB=3.0mA

IC =100mA, IB =10mA

f Transition frequency

Vg =10V, 1,=10m4,

f=100MHz

2N2369A

Min.

4.5

15

40

20
30
20

0.59

500

Max.

- v
- v

120

0.20 4
0.30 v
0.25 v
0.50 v
0.85 v
- v
1.02 v
1.15 v
1.60 \%
- MHz

*Measured under pulsed conditions to avoid excessive dissipation, pulse

width =300us duty cycle =2%.

Mullard
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Min. Max.,

th \(;olle:tsor(-)saplaci:t?ni%
CB " E e
f=140kHz - 4.0
ORI i v i -
C B BM
SR ey -
o] e : e
Tt e (.2)
[o] BT ’
-IBM=1.5mA - 18
SOLDERING RECOMMENDATION
TMax. Tlead 1/16" from case for 60 seconds is 30000.

7J.E.D.E,C. registered data
STORAGE TIME TEST CIRCUIT

10%, Pulse
waveform
at point A

Vin Rise time less

than ins

tp2300ns

Duty cycle<2%, — tg —
Input and output waveforms

Fig.1

Mullard

pF

ns

ns

ns
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SILICON PLANAR 2N2369A

EPITAXIAL N-P-N TRANSISTOR

t AND ¢ TEST CIRCUIT
on off

Vin Rise time less
than Ins

==~ -~ - - <= !0% tp = 300ns
Duty cycle<2%,

Input ond output woveforms

Fig.2
Circuit conditions:
tm to~f
Voc| By"Ry | Ry} By b By ) Vgp | Vit Ve | Vin
V) (k%) ® | © 9 v) V) ) V)
3.0 3.3 50 220 0 -3.0 15 12 -15

Mullard ~
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P-N-P SILICON PLANAR 2N2904
EPITAXIAL TRANSISTORS IN2904A

P-N-P silicon planar epitaxial medium power transistors designed primarily
for high-speed saturated switching and driver applications for industrial
service.

QUICK REFERENCE DATA
2N2904 2N2904A
-V CBO max. 60 v
_VCEO max. (—IC <100mA) 40 60 v
-1 ¢ max. 600 mA
P, . maX. (Tamb=25°0) 600 mw
T, max. 200 °c
hFE (—IC =150mA, —VCE =10V) 40-120
fT min. (-IC =50mA, f=100MHz) 200 MHz
tS max. (—Ics =150mA,
-IB = +IBM =15mA) 80 ns
Unless otherwise stated data is applicable to both types
OUTLINE AND DIMENSIONS
Conforming to B.S. 3934 SO-3/SB3-3A
J.E.D.E.C. TO-5
Millimetres
Min. Nom. Max.
A 8.64 8.90 9.40
B 7.75 8.15 8.50
[o] 6.10 6.35 6.60
D - 5.08 -
E 0.71 0.79 0.86
F 38 - -
G - 0.45 -
H - 0.4 -
J 0.74 0.85 1.0

Collector connected to envelope

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

Electrical
-V cBo max. 60 \'
-V max. (-I_,=0 to 100mA) 2N2904 40 v
CEO ¢ 2N2904A 60 v
T-VEBO max. 5.0 v
-1 c max, 600 mA
o
Ptot max. (Tamb =25 C) 600 mw
{Temperature
T . min. -65 °c
stg °
T , max. 200 C
stg °
Tj max, 200 (o]
THERMAL CHARACTERISTIC
ej —amb 292 degC/W
TELECTRICAL CHARACTERISTICS (T =25°C unless otherwise stated)
Min. Max,
-1 CBO Collector cut-off current
-V cB™ 50V, IE =0 2N2904 - 20 nA
2N2904A - 10 nA
-VCB =50Vc; IE =0,
Tamb =150 C 2N2904 - 20 BA
2N2904A - 10 uA
-1 CEX Collector -emitter cut—off
current
- = 4 = -
VCE 30V, VBE 0.5V 50 nA
I Base current
BEX _ -
-VCE—30V, +VBE—0.5V - 50 nA
' (BR)CBO Collector-base breakdown
voltage
"IC=10[.LA, IE=0 60 - v
- * i
-V (BR)CEO Collector -emitter breakdown
voltage
—IC =10mA, IB =0 2N2904 40 - v
2N2904A 60 - v

*Pulse condition, pulse width =300us, duty cycle <2%.
tJ.E.D.E.C, registered data.

Mullard
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P-N-P SILICON PLANAR 2N2904

EPITAXIAL TRANSISTORS 2N2904A
Min, Max,
-V Emitter -base breakdown voltage
(BR)EBO 15=10uA, 180 5.0 - v
-V CE(sat) *Collector -emitter saturation voltage
-IC=150mA, -IB=15mA - 0.4 v
-IC=500mA, -IB=50mA ~ 1.6 v
-V. *Base-emitter saturation voltage
BE(@at) o= 150mA, I =15mA - 1.3 v
-IC=500mA, -IB=50mA - 2.6 v
hFE Static forward current transfer
ratio
-1 c =0.1mA, -V CE =10V 2N2904 20 -
2N2904A 40 -
-IC =1,0mA, -VCE =10V 2N2904 25 -
2N2904A 40 -
-1 c =10mA, -V CE =10V  2N2904 35 -
2N2904A 40 -
] = - =
1 c 150mA, -V CE 10V 40 120
*-IC =500mA, -VCE =10V 2N2904 20 -
2N2904A 40 -
b Common base, open circuit
output capacitance
-VCB=10V, IE=0' f=100kHz - 8.0 pF
c b Common base, open circuit
jnput capacitance
VBE=2.0V, IC=0,f=100kHz - 30 pF
fT Transition frequency
_VCE =20V, -IC =50mA,
£f=100MHz 200 - MHz

*Pulse condition, pulse width =300us, duty cycle =2%.

Mullard
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Switching characteristics

Max.
Turn-on (see Fig.1)
—VCC=30V, —ICS= 150mA, —IB=15mA

t 4 Turn-on delay time 10 ns
tr Rise time 40 ns

Turn-on time (¢, +t ) 45 ns
on d T

Turn-off (see Fig.2)
= = gJ = I =+ =
VCC 6V, I(S 150mA, IB IBM 15mA
ts Storage time 80 ns
1:t Fall time 30 ns
—_ i +
toff Turn-off time (ts tf) 100 ns
TEST CIRCUITS
-30v
2000
z,=500 ]
pF.f=150p.ps. To oscilloscope
tr< 2ns trg Sns
Input kn Z;p=10M0
(o]
~16V
_’J la—200Nns soa
B6694
Fig.1

Test circuit for determining delay, rise and turn-on time

Mullard
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P-N-P SILICON PLANAR 2N2904
EPITAXIAL TRANSISTORS IN2904A

Z,=50Nn
Input o
p.rf=150pps R
< 2ns To oscilloscope
tr< Sns
0 Zin=10MnN

4 bzoom

B6651

Fig.2
Test circuit for determining storage, fall and turn-off time

WAVEFORMS
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P-N-P SILICON PLANAR 2N2904

EPITAXIAL TRANSISTORS 2N2904A
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TYPICAL TRANSFER, MUTUAL AND INPUT CHARACTERISTICS
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS

2N2904
2N2904A
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P-N-P SILICON PLANAR
EPITAXIAL TRANSISTORS

2N2905
2N2905A

P-N-P silicon planar epitaxial medium power transistors designed primarily
for high-speed saturated switching and driver applications for industrial

service.
QUICK REFERENCE DATA
2N2905 2N2905A
-V CBO max 60 v
-V CEO max. 40 60 v
-1 o Tax. 600 mA
p  max. (T, o =25°q) 600 mW
Tj max. 200 °c
hFE (-IC=150mA, -VCE=1OV) 100-300
fT min. (—IC =50mA, f=100MHz)} 200 MHz
ts max. (—ICS =150mA,
—IB= +IBM= 15mA) 80 ns
Unless otherwise stated data is applicable to both types
OUTLINE AND DIMENSIONS
Conforming to B.S. 3934 SO-3/8B3-3A
J.E.D,E.C, TO-5
Millimetres
A Min. Typ. Max.
—B— A 9.10 - 9.39
B 8.2 - 8.50
’L i C 6.15 - 6.60
'T_?—;.-'? Gl v“i D - 5.08 -
2 E 0.71 - 0.86
F1 - - 0.51
F2 12,7 - -
F3 38.1 - 41.3
Gl - - 1.01
G2 0.41 - 0.48
G3 - - 0.53
H - 0.4 -
Collector connected to envelope J 0.74 - 1.01

Mullard
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TRATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
-v CBO max. 60 A4
-V max. (-1 =0 to 100mA) 2N2905 40 v
CEO ¢ 2N2905A 60 v
_VEB o max. 5.0 v
-1 c max, 600 mA
= (o
Ptot max., (Tamb 25 C) 600 mw
Temperature
T . min. -65 °c
stg o
T max, 200 (e}
stg o
T, max, 200 C

)
tTHERMAL CHARACTERISTIC

ej-amb 290 degC/W
tELECTRICAL CHARACTERISTICS (Tamb =25°C unless otherwise stated)
Min, Max,
-1 CBO Collector cut-off current
—VCB=50V, IE=0 2N2905 - 20 nA
2N2905A - 10 nA
—VCB=50V(; IE =0,
T, =150 C 2N2905 - 20 uA
2N2905A - 10 pA
-1 CEX Collector-emitter cut-off
current
- = + = -
VCE 30V, VBE 0.5V 50 nA
I Base current
BEX
- = -+ = -
VCE 30V, VBE 0.5V 50 nA
-V (BR)CBO Collector-base breakdown
voltage
—IC=10u.A, IE=0 60 - v
- * -
v (BR)CEO Collector-emitter breakdown
voltage
—IC= 10mA, IB=0 2N2905 40 - v
2N2905A 60 - v

tJ.E.D.E.C, registered data
*Pulse condition, pulse width <300us, duty cycle <2%,

Mullard
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P-N-P SILICON PLANAR 2N2905

EPITAXIAL TRANSISTORS 2N2905A
Min. Max.
-V Emitter-base breakdown voltage
(BR)EBO . _ = ~
1 =10uA, I3 0 5.0 A
-V *Collector-emitter saturation voltage
CE@at) o=150mA, -1, =15mA - 04 Vv
1,=500mA, -I5=50mA - 1.6 v
-V *Base-emitter saturation voltage
BEG2 g =150mA, -1 =15mA - 1.3V
—IC =500mA, -IB =50mA - 2.6 \
h Static forward current transfer
FE .
ratio
-1 _=0.1mA, -V =10V 2N29%05 35 -
¢ CE 2N2905A 75 -
—IC=1.0mA, —VCE=10V 2N2905 50 -
2N2905A 100 -
-1 =10mA, -V__ =10V 2N2905 75 -
¢ CE 2N2905A 100 -
* = - =
IC 150mA, VCE 10V 100 300
*-] =500mA, -V =10V 2N2905 30 -
c CE 2N2905A 50 -
(o} ob Common base, open circuit
output capacitance
—VCB=10V, IE=0,f=100k.Hz - 8.0 pF
C, Common basge, open circuit
ib ) X
input capacitance
+ = = = -
VBE 2,0V, IC 0, f=100kHz 30 pF
fT Transition frequency
-VCE=20V, -IC=50mA, f=100MHz 200 - MHz

*Pulse conditions, pulse width=300uA, duty cycle =2%.

Muliard
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Switching characteristics

Max
Turn-on (see fig.1)
—VCC =30V, —ICS =150mA, —IB =15mA
t d Turn-on delay time 10 ns
tr Rise time 40 ns
Turn-on time (t, +t ) 45 ns
on d T
Turn-off (see fig.2)
P = - = T =+ =
Vcc 6.0V, Ics 150mA, IB IBM 15mA
ts Storage time 80 ns
tf Fall time 30 ns
- i +
toff Turn-off time (ts tf) 100 ns
TEST CIRCUITS
-30V

2000
Z,=500n .
pr.f=150p.ps. To oscilloscope
tr< 2ns trs Sns
ko Zj=1oMa
(o}
-16V
- L200ns s0a
B6694

Fig.1

Test circuit for determining delay, rise and turn-on time

Mullard
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P-N-P SILICON PLANAR 2N2905
EPITAXIAL TRANSISTORS IN2905A

Z,-500
Input  Fts150pps To oscilloscope
t.< 2ns tr< Sns

Zin=10MnN

ol
A lezoon

) ’

Fig.2
Test circuit for determining storage, fall and turn-off time

WAVEFORMS

Fig.3

Mullard
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P-N-P SILICON PLANAR 2N2906
EPITAXIAL T
RANSISTORS IN2906A

P-N-P silicon planar epitaxial medium power transistors designed primarily
for high-speed saturated switching and driver applications for industrial

service.
QUICK REFERENCE DATA
2N2906 2N2906A
' CBO max. 60 \'
—VCEO max, (-IC< 100mA) 40 60 v
-1, max. 600 mA
C o
Ptot max, (Tamb—zs C) 400 mw
T, max. 200 °c
hFE (—IC =150mA, _VCE =10V) 40-120
fT min, (—Ic =50mA, f=100MHz) 200 MHz
ts max. (—ICS= 150mA,
-] =+ =
IB IBM 15mA) 80 ns
Unless otherwise stated data is applicable to both types
OUTLINE AND DIMENSIONS
Conforms to J,E.D,E.C. TO-18
B.S. 3934 SO-12A/SB3-6A
Millimetres
A
Min, Typ. Max.
A 4,53 - 4.8
B 4.66 - 5.33
C1 - - 0.51
C2 12.7 - -
C3 12.7 - 15
D1 - - 1.01
D2 0.41 - 0.48
D3 - - 0.53
E 0.84 - 1,17
F 0.92 - 1.16
G - 2.54 -
Viewed from underside H 5.31 - 5.84 -
Connections 1. Emitter 3. Collector connected to envelope

2. Base

Mullard
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TRATINGS

Limiting values of operation according to the absolute maximum system,

Electrical
_VCBO max. 60 v
-V max. (-I_,=0to 100mA) 2N2906 40 v
CEO ¢ 2N2906A 60 v
_VEBO max. 5.0 v
-IC max. 600 mA
g0
P, max. (T, =250C) 400 mw
Temperature
T min, -65 °c
stg
T ., max. 200 °c
stg
T, max. 200 °c

{THERMAL CHARACTERISTIC

ej-amb 0.44 degC/mW

fELECTRICAL CHARACTERISTICS (Tamb=2500 unless otherwise stated)

Min. Max,
-1 CBO Collector cut-off current
—VCB=50V, IE=0 2N2906 - 20 nA
2N2906A - 10 nA
—VCB= 50V(; IE=0,
T, =150°C 2N2906 - 20 uA
2N2906A - 10 pA
-1 CEX Collector-emitter cut-off
current
- = -+ = -
VCE 30V, VBE 0.5V 50 nA
I Base current
BEX
_ = + = -
VCE 30V, VBE 0.5V 50 nA
-V Collector-base breakdown
(BR)CBO voltage
1= 1044, 1,=0 60 - \
-~V (BR)CEO *Collector-emitter breakdown
voltage
—IC= 10mA, IB=0 2N2906 40 - v
2N2906A 60 - v

*Ppulse condition, pulse width=300us, duty cycle=2%.
tJ.E.D.E.C. registered data.

Mullard
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P-N-P SILICON PLANAR 2N2906

EPITAXIAL TRANSISTORS 2N2906A
Min, Max.
-V Emitter -base breakdown voltage
BR)EBO
(BR) -1, =104A, 1,%0 5.0 - v
-V *Collector ~emitter saturation voltage
sat
CEl(sat) —IC=150mA, —IB=15mA - 0.4 v
-IC=500mA, —IB=50mA - 1.6 v
-V *Base-emitter saturation voltage
BE(sat) 1,=150mA, -I,=15mA - 1.3 v
—IC=500mA, ~1B=50m.A - 2.6 \'
hFE Static forward current transfer
ratio
—IC=0.1mA, -VCE=10V 2N2906 20 -
2N2906A 40 -
—IC=1.0mA, —VCE=10V 2N2906 25 -
2N2906A 40 -
-—IC=10mA, ~VCE=10V 2N2906 35 -
2N2906A 40 -
* ] = - =
IC 150mA, VCE 10v 40 120
*—IC=500mA, —VCE=10V 2N2906 20 -
2N2906A 40 -
Cob Common base, open circuit
output capacitance
—VCB=10V, IE=0, f=100kHz - 8.0 pF
Cib Common base, open circuit
input capacitance
VBE=2’0V’ Ic=0,f=100kHz - 30 pF
fT Transition frequency
—VCE=20V, —IC=50mA,
f=100MHz 200 - MHz

*Pulse condition, pulse width =300us, duty cycle =2%.

Mullard
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Switching characteristics

Max,
Turn-on (see Fig.l)
V=30V, I g=150mA, 1 =15mA
t 4 Turn-on delay time 10 ns
tr Rise time 40 ns
i +
ton Turn-on time {t 4 tr) 45 ns
Turn-off (see Fig.2)
V=8V, dg=150mA, I =+, =15mA
ts Storage fime : 80 ns
v,tf . Fall time 30 ns
i +
toff Turn-off time (tS tf) 100 ns
TEST CIRCUITS
-30v
2000
Z= 500 .
pr.f=150p.ps. To oscilloscope
tr€£2ms trg Sns
fnput ko Z;p=10MQ
in
o}
-6V
Tel
—d g— 20015 S0
669
Fig.1

Test circuit for determining delay, rise and turn-on fime

Mullard
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P-N-P SILICON PLANAR 9206
EPITAXIAL TRANSISTORS 2:;;06A

25500
pri{=150pp.s
t,g 2ns

L
-

Input

Fig.2
Test circuit for determining storage, fall and turn-off time
WAVEFORMS

Input

;
L
.

-

80°%,

Output
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P-N-P SILICON PLANAR 2N2907
EPITAXIAL TRANSISTORS 2N2907A

P-N-P silicon planar epitaxial medium power transistors designed primarily
for high-speed saturated switching and driver applications for industrial

service. ) -
QUICK REFERENCE DATA |
2N2907 2N2907A
'VCBO max. . 680 v
-VCEO max. (—IC< 100mA) 40 ; 60 v
-1 c max. 600 mA
P, , max. (Tamb=2500) 400 o
T, max. 200 °c
hFE (—IC =150mA, —VCE =10V) 100-300
fT min, (—IC=5OmA, f=100MHz) 200 MHz
ts max, (—ICS=150mA,
~IB=+IBM= 15mA) 80 ns
Unless otherwise stated data is applicable to both types
OUTLINE AND DIMENSIONS
Conforms to J.E,D,E.C, TO-18
B.S. 3934 SO-12A/SB3-6A
Millimetres
AT Min, Typ. Max.
-1 A 4.53 - 4.8
{ ® B 4,66 - 5.33
5 _C;_,j I 212 c1 - - 0.51
co 1 'g &s ce 12,7 - -
14+ C3 12.7 - 15
T3 l D3 D1 - - 1.01
D2 0,41 - 0.48
D3 - - 0.
Ho&- v E 0.84 - 1.17
: F 0.92 - 1.16
G - 2.54 -
Viewed from underside H 5.31 - 5.84
Connections 1. Emitter 3. Collector connected to envelope

2. Base

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

Electrical
R . 60
v CBO max v
-V max, (-I,=0 to 100mA) ' 2N2907 40 v
CEO ¢ 2N2%07A 60 \'
_VEBO max., 5. 0 v
-1 o max. 600 mA
o
Ptot max. (Ta.mb— 25 C 400 mW
Temperature
T min. -65 °c
stg °
T . max. 200 C
stg o
T ; max. 200
tTHERMAL CHARACTERISTIC
ej-amb 0.44 degC/mW
tELECTRICAL CHARACTERISTICS (rs.mb = 25°C unless otherwise stated)
-1 CBO Collector cut-off current
~VCB=50V, IE=0 2N2907 ~ 20 nA
2N2907A ~ 10 nA
-VCB= 50Vo, IE =0,
Tamb= 150 °C 2N2907 - 20 wA
2N2907A - 10 UA
-1 CEX Collector-emitter cut-off
current
-VCE=30V, +VBE=0.5V - 50 nA
I Base current
BEX
- = + = -
VCE 30V, VBE 0.5V 50 nA
-v (BR)CBO Collector-base breakdown
voltage
-Ic=10p.A, IE=0 60 - A
-v *Collector-emitter breakdown
(BR)CEO voltage
-Ic=10mA, IB=0 2N2907 40 - v
2N290TA 60 - v

*Pulse condition, pulse width=300us, duty cycle=2%.

{J.E.D.E.C. registered data

Mullard
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P-N-P SILICON PLANAR 2N2907

EPITAXIAL TRANSISTORS 2N2907A
Min, Max.
-V Emitter-base breakdown voltage
- (BRREEBO  _ _ - _
IE 10uA, ]C 0 5.0 v
-V CE(sat *Collector-emitter saturation voltage
) —IC=150mA, —IB=15mA - 0.4 \%
—IC=500mA, —IB=50mA - 1.6 v
-V *Base-emitter saturation voltage
BE@at) o=150mA, -1 =15mA - 1.3 v
—IC=500mA, —IB=50mA - 2.6 \'%
h Static forward current transfer
FE N
ratio
-1 =0.1mA, -V __ =10V 2N2907 35 -
¢ CE 2N290TA 75 -
-IC=1.0m.A, —VCE=10V 2N2907 50 -
2N2907A 100 -
—IC =10mA, _VCE =10V 2N2907 75 -
2N2907A 100 -
] = - =
Ic 150mA, VCE 10v 100 300
*-IC =500mA, _VCE =10V 2N2907 30 -
2N2907A 50 -
Cob Common base, open circuit
output capacitance
—VCB=10V, IE=0,f=100k}-Iz - 8.0 pF
C, Common base, open circuit
ib X .
input capacitance
+ = = = -
VBE 2.0V, IC 0, £=100kHz 30 pF
f,r Transition frequency
—VCE=20V, —IC=50mA, f=100MHz 200 -  MHz

*Pulse conditions, pulse width=300pA, duty cycle <2%.
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Switching characteristics

Max.
Turn-on (see fig.1)
—VCC =30V, _ICS =150mA, —IB =15mA
t 2 Turn-on delay time 10 ns
tr Rise time 40 ns
Turn-on time (t, +t ) 45 ns
on d T
Turn-off (see fig.2)
. = - = - =+ =
VCC 6.0V, ICS 150mA, IB IBM 15mA
ts Storage time 80 ns
'cf Fall time 30 ns
- i +
toff Turn-off time (tS tf) 100 ns
TEST CIRCUITS
=30V
2000
" z,=30n .
| prf=150p.ps. To osqlloscope
tr<2ns trg Ons
ko Z;n=10MQ
o]
-6V
| —p] L_200rs soa
B6694
Fig.1

Test circuit for determining delay, rise and turn-on time

Mullard ——
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P-N-P SILICON PLANAR 2N2907
EPITAXIAL TRANSISTORS 2IN2907A

+15V o -6V

%nm

. Zo=S0Q
Inpu p.rf=150pps To oscilloscope
tr< 2ns tr < Sns
1kQ Zin=10MnN
0
—30Vl I
*l szns s0n
= = L
: ) ) B665!
Fig. 2

Test circuit for determining storage, fall and turn-off time

WAVEFORMS

Fig.3

Mullard
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PLANAR TRANSISTOR

N-P-N SILICON 2N3053

N-P-N siliconplanar transistor designed for medium speed,
nonsaturated switching applications for industrial service.

saturated and

QUICK REFERENCE DATA
VCBO max. 60 v
VCEO max. 40 \Y%
IC max. 700 mA
P max. (T =25"0) 5.0 W
tot case o
’1‘j max. 200 C
=1 = -
hFE (IC 50mA, VCE 10V? 50-250
fT min. (Ic=50mA, VCE=10V, f=20MHz) 100 MHz
OUTLINE AND DIMENSIONS
Conforming to B,S, 3934 SO-3/SB3-3A
J,E.D.E.C. TO-5
Millimetres
Min. Nom, Max.
A 9. 10 - 9.39
A
B 8.20 - 8.50
r—B8 H]
C 6.15 - 6.60
H c D - 5.08 -
L— — E 0.71 - 0.86
F1 Gl s
F2 2B § 3 F1 - - 0.51
_L_'_f = F2 12.7 - -
G3
F3 38.1 - 41.3
"5"3>/° 2 L. Gl - - 1.01
= D G2 0.41 - 0.48
E L G3 - - 0.53
’ H - 0.4 -
0.74 - 1.01

Collector connected to case

Mullard
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TRATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
VCBO max.
*
VC EO max. 40
VEBO max.
I max, - 700
¢ o
Ptot max. (Tcase=25 C)
Temperature
T min. -65
stg
T max. 200
stg
Tj max. 200

60

v

v

5.0 v
mA

5.0 W

*For IC:() to 100mA (pulsed), pulse duration=300us, duty factor = 1.8%:

0 to 700mA for shorter pulses.

FTHERMAL CHARACTERISTIC

)
tELECTRICAL CHARACTERISTICS <Tamb: 2500)

Min.
ICEX Collector~emitter cut-off
current
VCE=60V, —VBE:LBV -
-1 Base current
BEX - _
VCE—GOV, —VBE 1.5V -
11 ~ kd
V(BR)CBO Collector~base breakdown
voltage
IC=100;,LA, IE=0 60
v Emitter-base breakdown voltage
(BR)EBO —
= =0 .0
I,=1004A, I 5
**Collector-emitter breakdown
voltage
= = 40
V(BR)CEO I,=100u4, 1,=0
V(BR)CER IC=100mA, RBE=109 50

**Pulse test, pulse width=300us, duty factor=1.8%.
tJ.E.D.E.C, registered data.

o (above 25°C) 35
-case

degC/W
Max.
0.25 pA
0.25 pA
- \%
- v
- \
- v

Mullard
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N-P-N SILICON :
PLANAR TRANSISTOR

ELECTRICAL CHARACTERISTICS (cont'd)

VC E(sat)

VBE(sat)

vBE

FE

** pylse test, pulse width=300us, duty factor=1.8%

**xT =15 7
Ic 150mA, ‘CE

Collector-emitter saturation
voltage
IC =150mA, IB: 15mA

Base-emitter saturation voltage
IC =150mA, IB: 15mA

Base-emitter voltage
IC= 150mA, VcE=2.5V
Statie forward current
transfer ratio
IC=150mA, VCE:2‘5V

=10V

Transition frequency
IC =50mA, VCE =10V, f=20MHz

Output capacitance
VCB: 10V, IC =0, f=140kHz
Input capacitance

ro=0. = =
\EB 0.5V, IE 0, f=140kliz

2N3053

Min. Max.
- 1.4 v
- 1.7 v
- 1.7 v
25 -
50 250
100 ~ MHz
- 15 pF
- 80 pF

Mullard
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N-P-N SILICON DIFFUSED
POWER TRANSISTOR 2N3055

N-P-N silicon diffused power transistor, intended for high quality amp-
lifiers, power supplies, inverters and similar industrial applications.

QUICK REFERENCE DATA
VCBO max. 100 \'2
VCER max. (RBE=100ﬂ) 70 \'2
IC max. 15 A
o
Ptot max. (Tmbszs C) 115 oW
Tj max. 200 (o]
hF‘E (IC=4.0A, VCE=4.OV) 20-70
fT min. (Ic=1.0A, VCE=4.0V, f=1.0MHz) 0.8 MHz

OUTLINE AND DIMENSIONS

Conforming to B.S, 3934 SO-5B/SB2-2
J.E.D.E.C, TO-3

—8.63 max je—
—| |16

109 L-— 13 1
All dimensions in mm Dsstt

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 system.

Electrical
VCBO max. 100 v
Vogg Max. (Rpp=1009 70 v
VEBO max. 7.0 v
IC max. 15 A
IB max. . 7.0 A
P max. (T =25C) 115 w
Temperature
Ty TO0EE -65 to +200 °c
Tj max. 200 OC

THERMAL CHARACTERISTIC

Rth (j-mb) 1.5 degC/W
ELECTRICAL CHARACTERISTICS (Tj =2500 unless otherwise stated)
Min. Max.
Collector cut-off current
ICEO VCE=30V, IB=0 - 0.7 mA
ICEX VCE=100V, —VBE=1.5V - 5.0 mA
ICEX VCE=100V, —VBE=1.5V,
T, 150°C - 10 mA
80 VoS T ; 5.0 mA
Collector-emitter sustaining
voltage
VCEO(sust) 1,=0.24, 1,=0 60 - v
VCER(sust) IC=0.2A, RBE=1009 70 - A%
T e e
cT4-04, V=4 .
v CE(sat) S(;)Iltl:gc;or—emitter saturation
IC=4.0A, IB=0.4A - 1.1 v
IC=10A, IB=3.3A - 4.0 v

Mullard
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N-P-N SILICON DIFFUSED
POWER TRANSISTOR

ELECTRICAL CHARACTERISTICS (cont'd)

FE

fe

Static forward current
transfer ratio
IC=4.0A, VCE=4.0V
Transition frequency

IC=1.0A, VCE=4.0V,

f=1.0MHz

Small signal forward
current transfer ratio

IC=1.0A, VCE=4'OV’

f=1.0kHz

Mullard

2N3055

Min Max
20 70

0.8 ~ MHz
15 -
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SILICON V.H.F. N-P-N 2N3375
POWER TRANSISTORS 2N3553

2N3632

The 2N3553, 2N3375, and 2N3632 are silicon power transistors. The
2N3553 and 2N3375 are designed for v.h.f./u.h.f. application and the
2N3632 for v.h.f. application in industrial and military transmitting

equipment.

QUICK REFERENCE DATA

2N3553 2N3375 1N2632

Yepo max. 65 65 65 v
cho max. 40 40 40 \4
lem max. 1.0 1.5 3.0 A
Pt max. (Tmp < 25°C) 7.0 11.6 23 w
T; max. (operating) 200 200 200 °C
fr typ. 500 500 400 MHz
Output power
at Veg = 28Y, common emitter
Pout min. (Pin = 0.25W, f = 175MHz) 2.5 — — w
Pout min. (Pin = 1.0W, f = 100MHz) — 7.5 — w
Pout min. (Pin = 1.0W, f = 400MHz) — 3.0 — w
Pout min. (Pin = 3.5W, f = 175MHz) — — 135 w

OUTLINE AND DIMENSIONS
For details see page D4.

2N3553 Conforms to J.E.D.E.C. TO-39, B.S. 3934 SO-3/SB3-3B
2N3375 and 2N3632 Conform to J.E.D.E.C. TO-60

Mullard
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RATINGS
Limiting values of operation according to the absolute ma}ximum system.

Electrical
2N3553 2N3375
Venso max. 65 65
Vero max. 40 40
Veno max. 4.0 4.0
lg max. 0.35 0.5
lcm max. 1.0 1.5
*Piot max.( Tup < 25°C) 7.0 11.6
Temperature
Tstg min.
Tstg max.

T; max. (operating)
*See safe operation area curves on pages C1 and C2

THERMAL CHARACTERISTICS

0j-m 25 15
Omb-n — 0.6
Omp-n (Mmounted with top clamping

washer of accessory 56218) 1.0 —

Omp-n (mounted with top clamping
washer of accessory 56218 and
a Boron nitride washer for
electrical insulation) 1.2 —

ELECTRICAL CHARACTERISTICS (T; = 25°C)
V(sricrO Min. Collector-base ‘breakdown

voltage

lc = 250pA, Ig =0 65 65
Collector-emitter breakdown

voltage

VBr)cEX Min.** g = 0 to 200mA,

Ves = 1.5V, Rg = 33Q 65 65

Y(Br)CEO Min.** |c = 0 to 200mA, Ig = 0 40 40
V(sr)gso min.  Emitter-base breakdown

voltage
lg = 250uA, Ic = 0 4.0 4.0

lceo max. Collector cut-off current

hre

Vee =30V, g =0 100 100
Large signal forward

current transfer ratio

lg = 125mA, V¢g = 5.0V

min. 15 15

max, 200 200
|c = 250mA, VCE = 5.0V

min, 10 10

max. 100 100
IC = 1000mA, VCE = 5.0V

min. — —_

max. —_ —

2N3632
65 v
40 \
4.0 \'
1.0 A
3.0 A
23 w
-65 °C
+200 °C
+200 °C
7.5 degC/W
0.6 degC/W
— degC/W
— degC/W
65 v
65 \4
40 v
4.0 \'
250 pA
10
150
5
110

*¥Pulsed through an inductor (25mH); & = 0.5; f = 50Hz.

Mullard
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SILICON V.H.F. N-P-N 2N3375
POWER TRANSISTORS 2N3553

2N3632

ELECTRICAL CHARACTERISTICS (T; = 25°C)
2N3553 2N3375 2N3632

Vi Base-Emitter Voltage (max.)
Ic = 250mA, VCE = 5V 1.5 _ — V
IC = SOOmA, V(jE = 5V _ 1.5 —_ v
f¢ = 1000mA, Vcr = 5V — — 1.5 \'
Vegsay Collector-emitter saturation voltage
(max.)
le = 250mA, 1z = 50mA 1.0 — — A
lc = 500mA, I = 100mA — 1.0 — v
Ic = 1000mA, I = 200mA — — 1.0 \
fr typ. Transition frequency
Veg = 28Y, g = 125mA 500 500 — MHz
= 500mA — — 400 MHz
Cie Collector capacitance
Vep = 28V, Iy = le = 0, f = 1MHz
(max.) 10 10 20 pF
Ce Collector-case capacitance  (max.) — 6.0 6.0 pF
Reniey Real part of input impedance
f = 200MHz, Ic = 125mA,
Veg = 28Y (max.) 20 20 — Q
f = 200MHz, Ic = 250mA,
Ve = 28V (max.) — — 20 Q
R.F. Performance
in un-neutralised common emitter amplifier
Vce = 28V
Power Power
Type Freq. out in le 7 Circuit

No,
2N3553 175MHz 25W  <0.25W  <180mA  >50% fig 2
2N3375  100MHz 75W  <1.0W  <410mA  >65% fig 1
2N3375  400MHz  >3.0W 1.0W 270mA  >409%, fig3
2N3632  175MHz  >13.5W 35w 690mA  >70% fig 2

The transistors can withstand an output V.S. W.R. of 3 : 1 varied through
all phases for the conditions mentioned i n the above table.

Mullard
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OUTLINE AND DIMENSIONS FOR 2N3553
Conforms to J.LE.D.E.C. TO-39
B.S.3934 SO-3/5B3-38

Millimetres
A Min. Nom. Max.
—8 A 8.64 8.9 9.4
B 775 8.15 85
C 6.1 6.36 6.6
D - 5.08 -
E 0.71 0.79 0.86
F 13 - -
H - 0.4 -
J 0.74 0.85 1.0

Collector connected to case

OUTLINE AND DIMENSIONS FOR 2N3375, 2N3632
Conforms to TO-60

Millimetres

Nom.

A 11.10

B 318

C 6.86

$D 8.38

oDy 10.92

$Dy 5.08

L 3.81

. 6T 0.97

Mullard

2N3375 Page D4



SILICON V.H.F. N-P-N 2N3375
POWER TRANSISTORS 2N3553

2N3632

SOLDERING AND WIRING RECOMMENDATIONS (2N3553)

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

2. Transistors may be dip-soldered at a solder temperature of 245°C for a
maximum soldering time of 5 seconds. The case temperature during
soldering must not at any time exceed the maximum storage temperature.
These recommendations apply to a transistor mounted flush on a board
having punched-through holes, or spaced at least 1.5mm above a board
having plated-through holes.

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

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

NOTES (2N3375, 2N3632)

1. A heatsink thermal resistance of 3degC/W is recommended for operation
in ambient temperature up to 65°C.

CAUTION

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

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

DISPOSAL SERVICE

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

Service Department,
Mullard Limited,
New Road,
Mitcham,
Surrey.

Mullard
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COMMON EMITTER TEST CIRCUIT 100MHz 2N3375

Cc4

F L4
R;=500
AN
S T =
o3 ©
%;%7
e
brd Vcc. ‘_3_
Fig. 1
C; = 3,5-61,5pF air trimmer.
C; = 3,5-61,5pF air trimmer.
Cs = 10nF polyester.
Cs = 4-29pF air trimmer.
Cs = 4-29pF air trimmer.
Ce = 330pF ceramic.
Cq7 = 10oF polyester.

Ly = 2 turns of 1.5mm closely wound enamelled Cu wire, int. diam. 10mm,
leads: 2x 10mm.

L» = Ferroxcube choke coil, Z (at 100MHz) = 700Q+20%,.
Lz = 23 turns of 0.7mm closely wound enamelled Cu wire, int. diam. émm.

Ly = 5 turns of 1.5mm closely wound enamelled Cu wire, int. diam. 12mm,
leads: 2x 10mm.

R; = 1.35Q carbon.
R = 10Q carbon.

Mullard
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SILICON V.H.F. N-P-N 2N3375
POWER TRANSISTORS 2N3553

2N3632

COMMON EMITTER TEST CIRCUIT 175MHz  2N3553, 2N3632

2N3553
- 2N3632 3 L4
| °
L3
R =500
Hca
-0
C5
| G | S—
Y vee. (L
= +
Fig. 2
Ci)
Co [ = 4-29pF air trimmer.
3

C,
C; = 10nF polyester.
Ce = 100pF ceramic,
Ly = 1 turn of Tmm Cu wire, int. diam. 10mm; Leads: 2x 10mm.
L: = Ferroxcube choke coil. Z (at 175MHz) = 5500+ 209%,.
L; = 15 turns of 0.7mm closely wound enamelled Cu wire, int. diam 4mm.

Lty = 3 turns of 1.5mm closely wound enamelled Cu wire, int. diam 12mm,
Leads: 2 x 20mm.

R 0-2¢1 for 2N3632 and R = 0Q2 for 2N3553.

1

*Emitter of the 2N3632 is connected to case as short as possible. The length of the
external emitter wire of the 2N3553 is 1.6mm.

Mullard
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Ci =
Cy =
Cs
Cs
Cs
Cs
Cq
Cs

[}

I

i

i

I

L1 =
Ly =
Ly =
Lg

]

R =

COMMON EMITTER TEST CIRCUIT 400MHz 2N3375

2N3375 Cc4 L4

N

2c3 BL2

O- ’ :
| 4R | ce c7 __f

*
———————

o) Vce. 63
- +
Fig. 3
0.7-6.7pF ceramic trimmer.
0.7-6.7pF ceramic trimmer.
0.5-3.5pF ceramic trimmer.
3-19pF air trimmer.
3-19pF air trimmer.
15pF ceramic,
15pF ceramic.
4700pF ceramic.

20mm straight Cu wire diam. 1.5mm, spaced 8mm from chassis.

17 turns of 0.5mm closely wound enamelled Cu wire, int. diam. 3mm.
7 turns of 0.5mm closely wound enamelled Cu wire, int. diam. 3mm.
1 turn of 1.5mm Cu wire, int. diam. 10mm, leads: 2 x 5mm,

0-5Q.

*Emitter connected to case as short as possible.

Mullard
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SILICON V.H.F. N-P-N 2N3375
POWER TRANSISTORS 2N3553

2N3632

FREQUENCY DOUBLER TEST CIRCUIT 87.5MHz-175MHz 2N3553

€3 4
jf—fmy———o
X
.L—'L.[cs ;fu eon
TS —0
|
Vcc. is

- +
Fig. 4
G
Cz} = 4-29pF air trimmer.
Cs
C4 = 3.5-61.5pF air trimmer.
Cs = 56pF ceramic.
Cs = 680pF ceramic.
C7 = 150pF ceramic.
Cs = 100pF ceramic.
Cg = 10nF polyester.

L1 = 5 turns of imm Cu wire, winding pitch 1.5mm, int. diam. 6mm,
Leads: 2x 12mm.

Lz = Ferroxcube choke coil, Z (at 87.5MHz) = 7500+ 20%,.
Ls = 15 turns of 0.7mm closely wound enamelled Cu wire, int. diam. 4mm.

Ls = 6 turns of tmm Cu wire, winding pitch 1.5mm, int. diam. 6mm,
leads: 2x 12mm.

Ri = 0-50Q.
Rz = 10Q carbon.

Mullard
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PARAMETRIC FREQUENCY TREBLER TEST CIRCUIT 156.7MHz—470MH
2

c1 ON3553 N3553 L7 C8 €6 C9
}=--o
Le L8
RL=50n
cs Fc7
ETER e
*Tuned to second harmonic frequency.
Fig. 5
Cl]\ Cs = 1pF ceramic.
Cs - Co = 12pF ceratmic
Cs 4-29pF air trimmer. Cio = 100pF ceramic.}feed through.
Cy Ci1; = 1000pF  ceramic.
Cs Cia = 15nF polyester.
Cs »4-10.4pF air trimmer, Ry = 2.2Q carbon.
C7 Rz = 10Q carbon.
L1 = 35mm straight Cu wire, diam. 1mm, spaced 5.5mm from chassis.

Lz = Ferroxcube choke coil, Z (at 156,7MHz) = 600Q +209,.
Ls = 18mm straight Cu wire, diam. Tmm, spaced 5.5mm from chassis.
Ls = 7 turns of 0.5mm closely wound enamelled Cu wire, int. diam. 3.5mm.

Ls = 3 turns of 1mm Cu wire, winding pitch 1.7mm, int. diam. 8.5mm,
leads: 2x 10mm.

L¢ = 2 turns of imm Cu wire, winding pitch 1.7mm, int. diam. 7mm,
Jeads: 2x10mm.

L7 = 40mm straight Cu wire, diam. 1.5mm spaced 5.5mm from chassis.
Lg = 1 turn of 1mm Cu wire, int. diam. 7mm, leads: 2x Smm.

n

Performance
Typical performance at a supply voltage of 28V.

P, Py G le )
M W) @B (mA) ()
1.5 027 75 125 L}

2.0 0.39 74 156 46

The issue of the information contained in this publication does not imply
any authority or licence for the utilisation of any patented feature.

Mullard
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SILICON V.H.F. N-P-N 2N3375
POWER TRANSISTORS 2N3553

2N3632
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% maximum ulilov_mbl.eto-[zuasu 3 T %fFjZN%M
tal power dissipation [T T 1c BESE RN
Rot versus mounting base tempy__f_ (A) see also LI
(W) e aisd [T jacent graphi
adjacent graph—]
1
20 + 2
o
10 1
Rot=Fac Fi-R
H1 K
LY
-
0 ‘ ot b
0 100 Tmp (°C) 200 0 S0 Veg (V) 100

EXPLANATION OF AREAS OF SAFE OPERATION

Region |  Operation is allowed under all base-emitter conditions, provided no
limiting values are exceeded (d.c. and a.c. operation).

Region Il 'Operating is allowed under all base-emitter conditions with fre-
quencies > 1MHz, provided no limiting values are exceeded.
Care must be taken to reduce the d.c. adjustment to region | before
removing the a.c. signal.
This may be achieved by an appropriate bias in class A, B or C.

Region i} Operating during switching-off in this region is allowed, provided the
transistor is cut-off with ~Vgp < 1.5V and Rgg > 33Q, lc < 400mA
and the transient energy does not exceed 2mWs.

Mullard -
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SILICON V.H.F. N-P-N
POWER TRANSISTORS

typical values {4 1-+1+12N3553
Vee=28Y NISEENRESEN
Tmb=25°C H
Fo
10
-1\ 11
5 N
I
: NN 2 | .
Ny
‘5
03 W
25
f 00}‘ 9.35‘:’9
0 L [ T
0 100 200 300
£ (MHz)

Vep=28V 2N363
Tmb =25°C T
typical values [~ T ﬁj:‘il
r PR
(W) T & H —Lﬁk_Lp 4
0 D\ N I
\UNE L
g N \\ ] ]
N
ERVA SN T
I 11 % ‘
N
] WA L
10 N P=3W
1 W 2. 5WH
17 N2 wW ]
1] 15w
. 2 1w
FT T O.SWL
0 1] I [T

0 100 200 300 f(MHz)

TYPICAL OUTPUT POWER PLOT-
TED AGAINST FREQUENCY

Muliard

2N3375

2N3553
2N3632
typical values 2N3375
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SILICON V.H.F. N-P-N 2N3375

POWER TRANSISTORS 2N3553
1000 Fcee current versus | I3 " 12N3553
collector current { 1 ZN33IB
=5V T
1 | YesSY T T 1 ]
- oA o
oy LTE28°¢ T STLSr wﬁ/o}?H
/ 9 P L
s/ L7
/ -7
// 4//
100 - ¥4
>
7
4 s —
/ D
y / 1
pd 1
10
03 1 10 Ig(ma) 100
1000 T P i —
- T~ i JYL jfzhﬁ%%
Ic | T 1] 3 4] —{base currle(nt
, ~—-—1versus collector
(mA) /1' 4 Jeurrent
» ~ 7 _ V(;E:5:/ L L)
v/ /S T T
// s J
. /
100 F—~
7 I :
L " ]
,,,,,, P ||
I . ‘ —t RS
ol | | ] Lol L
1 10 100 Ig (MA) 1000

COLLECTORCURRENT PLOTTED AGAINST BASE CURRENT
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SILICON V.H.F. N-P-N 2N3375

POWER TRANSISTORS 2N3553
600 pical values 23583 600t ypical vaives 2N3632
fT —Ti =25°C 2N3375 fT T:z25°C
(MR - (MH2)
+— - E=rz§r!

b4V | e 28Y
400 7V 400
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[ 1] v ]
200 200

ol T o1t o
0 00 200 300 400 0 100 200 300 400
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TYPICAL TRANSITION FREQUENCY PLOTTED AGAINST
COLLECTOR CURRENT WITH COLLECTOR-EMITTER VOLT-
AGE AS A PARAMETER
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OUTPUT POWERPLOTTED AGAINST COLLECTOR-EMITTER
VOLTAGE WITH INPUT POWER AS A PARAMETER

_VBE =750mV adjusted with R‘| —ijﬂ—jj PO =05wWL| { ]L 12
Rl Yec=28v T ITHH - NVec =28V IRBERY
VL . T }_“#ML i I I ‘—{d:
(W) .l ﬁ 'l ;t: 1 - l m )
- {44 1 4 (°lo) *i = v t Py H
E! [T 11 177 P ]
1 100 10
EESEN A
M
T 1R 1] (11
%
L INEDN L] - L
ESERees H :

o5 THT ® o o
! - i
8 ]

L 4 - ~
. { % 0 o e
0 50 P;(mv) 100 250 750 —vgg(mv). 1250

POWER GAIN, POWER OUTPUT, AND EFFICIENCY CURVES
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VOLTAGE FOR DOUBLER CIRCUIT ON PAGE D9
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N-P-N SILICON DIFFUSED IN3442
POWER TRANSISTORS IN4347

N-P-N silicondiffused power transistors intended for use in a wide variety of linear
power applications in audio amplifiers, converters, voltage regulators, power
supplies, etc.

QUICK REFERENCE DATA
2N3442 2N4347
VCBO max. 160 140 v
VCEO max. 140 120 v
Ic max. 10 5 A
0
Ptot max. (Tmb <25%C) 117 100 0W
T], max. ’ 200 200 C
hFE min., IC=3A, VCE=4V 20-70 -
IC-ZA, VCE=4V - 20-70

Unless otherwise stated data are applicable to both types

OUTLINE AND DIMENSIONS

Conforms to B,S. 3934 S80-5B /8B2-2
J.E.D.E.C. TO-3

j—— 26,6 max —| —18.63max (=

—»l 16
14
_[

13
109 L‘—- 1

All dimensions in mm p1-1:01)

Collector connected to envelope

Accessories available: 56239A (insulating bush), 56201B (mica washer), 56214 (lead washer)

Mullard

MAY 1974 2N3442-Page 1



RATINGS

Electrical

Vepo max-

VcEo
VeER

VEBO
max.

max.

max. (RBE= 1009)
max.

IC

ICM max.

IB

max.
0
Ptot max. (Tmb <25°C)

Temperature

Tstg

T, max.
J

THERMAL CHARACTERISTICS

Rth(j-mb)
Rih(mb-)

Rih(mb-h)
56201, 56214

Thermal resistance, junction to
mounting-base

Thermal resistance, mounting~
base to heatsink

Thermal resistance, mounting-
base to heatsink with accessories

Limiting values of operation according to the absolute maximum system.

2N3442 2N4347
160 140 v
140 120 v
150 130 v
7.0 7.0 v
10 5.0 A
15 10 A
7.0 3.0 A
117 100 w

-65 to +200 o

200 °c
1.5 1.75  degC/W
0.5 degC/W
0.75 degC/W

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

IC BO

IC EX

IEBO

Collector-base cut-off current

IE=0, VCB=140V

Collector-emitter cut-off current
—VBE=1.5V, vV . =140V

CE

-V, =1.5V, VCE=140V, Tm

BE

- =1, =1
v 5V, VCE 20V

BE
-V, =1,
Vpp=1-5V, Voo

Emitter cut-off current
1 c =0, VEB =1V

2N3442
=150°C 2N3442 -
2N3442
2N4347
=120V, Tmb=150°C 2N4347

Mullard

Min.

Typ. Max.

50 1000 HA
5.0 1000 BA
0.1 10 mA
1.0 - HA
5.0 2000 LA
0.1 10 mA
1.0 5000 HA
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N-P-N SILICON DIFFUSED 2IN3442
POWER TRANSISTORS IN4347

ELECTRICAL CHARACTERISTICS (contd.)

Min. Typ. Max.
v Collector-emitter breakdown voltage
(BR)CER Ic=0.1A, RBE=10052 2N3442 150 - - v
2N4347 130 - - v
Collector-emitter sustaining voltage
v 1_.=0,1,=0.2to 3.0A 2N3442 140 - - v
CEO(sust)y B~ C aN4347 120 - - v
v -v_ =15V, 1 =0.1to1.5A 2N3442 160 - - v
CEX(sus) BE c 2N4347 140 - - v
25mH
+30V vert.
<
\ 1.5V
T O hor.
VaE Base-emitter voltage (tp=10ms)
1.=2.0A, V_ _=4.0V 2N43417 - 0.95 2.0 \4
C CE
IC=3.0A, VCE=4.0V 2N3442 - 1.15 1.7 A\
IC=5.0A, VCE=4.0V 2N4347 - 1.55 4.0 v
IC=10A, VCE=4.0V 2N3442 - 2.8 5.7 \4
v Collector-emitter saturation
CE(sat) voltage (tp= 10ms)
IC=2.0A, IB=0.2A 2N4347 - - 1.0 v
IC=3.0A, IB=0.3A 2N3442 - - 1.0 v
=5. =1.0 - - .
Ic 5.0A, IB A 2N4347 5.0 v
Ic=10A, IB=2.0A 2N3442 - - 5.0 v
h Static forward current transfer
FE : =
ratio (tp— 10ms)
IC=2.0A, VCE=4.0V 2N4347 20 35 70
IC=3.0A, VCE=4.0V 2N3442 20 25 70
IC=5.0A, VCE=4.0V 2N4347 7.5 15 -
IC=10A, VCE=4.0V 2N3442 7.5 10 -
hfe Small signal current gain
IC=2.0A, VCE=4.0V
f=40kHz 2N3442 2.0 9.5 -
f=1.0kHz 2N3442 12 18 72

Mullard
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N-P-N SILICON DIFFUSED IN3442

POWER TRANSISTORS 2N4347
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N-P-N SILICON DIFFUSED 2N3442

POWER TRANSISTORS 2N4347
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Tj=250C 4 150°C
A
1 7
7
e
rd
/V
i
10! /
1 10 102 Ig (mA)  10°
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103 D2140

== f
I
2N3442 Tenb = 25°C
T
Ic
(A)
102
|
non-repetitive pulsed operation
| in region II 4]
ICM r AY tp=5ps
+ < < | -10
10 btctde! 1 \\\\\\\ NN 30 ||
N\ N 50 35
AN
\NE 1001
*':,/1ms-—
I 8 //100 -
230
Piot maxldc) N
\~ h
1
second H\F
breakdownld.c.)
— IV
I
107
1 10 102 Veelv)

I Region of permissible operation under all base-emitter conditions and at all fre-
quencies, including d.c.

II Permissible extension for repetitive pulsed operation and non-repetitive pulsed
operation. For sinusoidal operation care must be takento reduce the d.c. adjust-
ment to region I before removing the a.c. signal. This may be achieved by an
appropriate bias in class A, Bor C.

III Operation during switching off in this region is allowed, provided the transistor
is cut-off with -VBE <1.5; Icpm <1.5A.
IV Operation during switching off is allowed provided the transistor is cut-off with

—VBE <1.5V and the transient energy does not exceed 30mWs.

Mullard
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N-P-N SILICON DIFFUSED

POWER TRANSISTORS " IN4347

II

1

v

103 } i } } [sFATS
] 1
2N4L34T Tmb=25°C
I¢
(A)
10?
non-repetitive puised operu‘tion‘r
I in region II
M
10 ——t (\ tp=10ps
1T 1 AN L
T I - 30 j_ﬂ
——1cld.c) N 50 —]
> 100 j:
\\ » 1ms__y_<
Prot max (4.) "NY—100
I N \
1 § S S
second At
breakdown(d.c.
+—II
107
1 10 10° VeelV)

Region of permissible operation under all base-emitter conditions and at all fre-
quencies, including d.c.

Permissible extension for repetitive pulsed operation and non-repetitive pulsed
operation. For sinusoidal operation care must be takento reduce the d.c. adjust-
ment to region 1 before removing the a.c. signal. This may be achieved by an
appropriate bias in class A, Bor C.

Operation during switching off in this region is allowed, provided the transistor
is cut-off with -VBg <1.5V; Igm <1.5A.

Operation during switching off is allowed provided the transistor is cut-off with
-VBE <1.5V and the transient energy does not exceed 30mWs.

Mullard
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N-P-N SILICON V.H.F. 2N3553
POWER TRANSISTORS 2N3632

For details see data sheet for type 2N3375

Mullard
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N-CHANNEL SILICON
FIELD-EFFECT TRANSISTOR 2N3823

N-channel, depletion-type, silicon planar epitaxial field-effect transistor
intended for v.h.f. amplifier and mixer applications in indusirial service.

QUICK REFERENCE DATA

VDS max. 30 A\
—VGSS max. 30 v
IDSS (VDS=15V, VG%=0) 4.0-20 mA
Ptot max. (Tamb525 C) 300 mw
Cgq Mmax. (Vp =15V, V (=0, f=1.0MHz) 2.0 pF
lyfsl min. (VDS= 15V, VGS=0’ f=200MHz) 3.2 mmho

N max. (V) =15V, V. =0,

f=100MHz, RG=1.0km 2.5 dB

OUTLINE AND DIMENSIONS

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

Millimetres
’k A Min Nom. Max.
A 4.53 ~ 4.8
B 4.66 - 5.33
C1 ~ - 0.51
Cc2 12.7 - -
C3 12.7 - 15
D1 ~ - 1.01
D2 0.41 - 0.48
D3 ~ - 0.53
E 0.84 - 1.17
F 0.92 - 1.16
G - 2.54 -
H 5.31 - 5.84
Viewed from underside Connections
All electrodes are electrically 1. Source 2, Drain
insulated from the case 3. Gate 4, Case

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
VDS max. . 30 v
VD G max. 30 \'
“Vigg MaX. (I, =1.0uA, V) (=0) 30 \'4
I G max.. 10 mA
8]
-
Ptot max. (Tamb—25 C) 300 mw
Temperature
T g T80 -65 to +200 °c
T, max. 200 °c

THERMAL CHARACTERISTICS

Rth (j-amb) 0.59 degC/mW

ELECTRICAL CHARACTERISTICS (Tamb=2500 unless otherwise stated)

The fourth lead (case) is connected to the source for all measurements.

Min. Max.
Static
Toss gttt e s m
GS * 'DS )
~V g™ 20V, V=0, T, ,=150°C - 0.5 pA
IDSS *‘Zlero;fzg:,e—:?ltagz drain current Cae 20 A
DS @S *
Ve Segmmeleldomwtue
o e o 1e v
DS D : :
Voo Geemetdlime

*Pyulse measurements, pulse width=100ms, duty cycle=10%.

Mullard
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N-CHANNEL SILICON
FIELD-EFFECT TRANSISTOR 2N3823

ELECTRICAL CHARACTERISTICS (cont'd)

Small signal y-parameters

Common source, VDS= 15v, Vv GS= 0
*f=1,0kHz Min. Max.
|yfs‘ Transfer admittance 3.5 6.5 mmho
Mo s| Output admittance - 35 pmho
f=1.0MHz
C!_SS Feedback capacitance - 2.0 pF
iss Input capacitance - 6.0 pF

f=200MHz
I yfs' Transfer admittance 3.2 - mmho
&g Input conductance - 800 pmho
gos Output conductance - 200 pmho
Noise
N Spot noise figure

f=100MHz, RG= 1.0kQ,

VDS=15V, VGS=0 - 2.5 dB

*Pylse measurements, pulse width=100ms, duty cycle<10%.

Mullard
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N-P-N SILICON PLANAR

EPITAXIAL U.H.F. TRANSISTOR

2N3866

N-P-N silicon planar epitaxial transistor primarily intended for use in the
output, driver and pre-driver stages of class A, Bor C amplifiers, fraquency
multipliers and oscillators of v.h.f. and u.h.f. equipment.

Encapsulated ina metal TO-39 envelope with the collector connected to the

case.
QUICK REFERENCE DATA

VCER max. 55 v

VCEO max. 30 A

IC max. 400 mA

P, max. (Tcaseszsom 5.0 0w

Tj max. 200 C

fT typ. (IC=25mA, VCE=15V, f=100MHz) 700 MHz

P typ. (P,<100mW, V=28V, {=400MHz) 1.0 W

7 min. (P_=1.0W, V=28V, {=400MHz) 45 %

OUTLIME aNU DIMENSIONS
Conforms to B.S. 3934 SO-3/SB3-3B
J.E.D.E.C. TO-39
Millimetres
Min. Typ. Max
A A 9,10 9.40
ﬁB.T B 8.2 8.5

C 6.15 6.60
D - 08 -
E 0.71 0.86
F1 - 0.51
F2 12.17 -
F3 12.7 15
G1 - 1.01
G2 0.41 0.48
G3 ~ 0.53
H ~ 4 -
J 0.74 1.01

Collector connected to case

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical

v max,

CBO
VoER
Veeo ™
VEBO m

IC max.
I

t

Temperature

T min,

stg

T max.

stg
Tj max.

oM max.
P _, max. (T

max. (RBE= 109
ax.

ax.

=25°0)
case

THERMAL CHARACTERISTICS

Rth(j— amb)

R, .
th(j-case)

R
th(case-h)

Rth (case-h)

In free air

Mounted with a top clamping
washer of accessory 56218

Mounted with a top clampling

washer of accessory 56218 and

a boron nitride washer for

electrical insulation

55
55
30

3.

400
400

-65
200
200

200
35

1.

1.

< < < <

mA
mA

degC/W
degC/W

0 degC/W

2 degC/W

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

Icro

VBR)CBO

V(BR)CER
Vi BR)CEO

V(BR)EBO

Collector cut-off current
VCE=28V, IB= 0
Collector-base breakdown
voltage

Ic =100uA, IE:O

Collector-emitter breakdown

voltages

1,=5.0mA, R =100

Ic=5.0mA, IB=0

Collector-base breakdown
voltage
IE= 100pA, IC =0

Mullard

Min.

55

55
30

3.5

Typ.

Max.

20 uA
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N-P-N SILICON PLANAR 2N3866

EPITAXIAL U.H.F. TRANSISTOR

ELECTRICAL CHARACTERISTICS (cont'd)

Min. Typ.

v CE(sat) Collector-emitter saturation
voltage

IC =100mA, IB= 20mA - -
h Static forward current

FE transfer ratio

= =5.0V 10 -
IC 50mA, VCE

=360mA, V__ =5, -
IC CE 5.0V 5
£ Transition frequency

IC=25mA, VCE=15V,

f=100MHz - 700
th Collector capacitance

=28 =] =
VCB 28V, IE Ie 0,
f=1.0MHz - -

Typical r.f. performance

o
VCE =28V, Tcase_ 25 C

Frequency 100 250 400%*

g ™

Input power 50 100 <100

Oi—«

Collector current <107 <107 <79

s o

Efficiency >80 > 50 >45

200

3.0 pF

MHz
mw
mA

Output power 1.8 1.5 1.0 w

%

*The transistor can withstand a load mismatch having a v.s.w.r. of 3,
varied through all phases for conditions as given above (see also test circuit)

Mullard
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Common emitter test circuit (f=400MHz)

R =500

2N3866

C, Ro
!
——
C4 = 1nFI
e]
G2y
Components
Cl’ Cz, C5 = 4 to 29pF air trimmers
C, = 12pF
C6 = 4 to 14pF air trimmer
C7 = 12nF
R1 = 5.68
= 109
R2 0
L1 = 2 turns of Imm Cu wire, int. dia. 6mm, winding pitch 3mm
L2 = ferroxcube choke coil (Z = 4508 at 250 MHz)
L3, L4 = 6 turns of 0.5mm en. Cu wire, int. dia. 3.5mm (100nH)
L5 = 2 turns of lmm Cu wire, int. dia, 7Tmm, winding pitch 2.5mm, leads
2 X 15mm

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR 2N3866

111 I I
Prot -1 HH an3ses T T e
W) T [EEaynsaslsaEEEddSNEERERSEASE
6-0 - [ 5 Ptot =Pdc *Pi ~Fo IH ‘
bt -t i — -
1 :
3 ru‘*ﬁ T
4.0 On infinite heatsink with a 71
boron nitride washer [
A T —
A
/-EC on a 50 em? heatsink
| (eg. chassis) with a [
2:0 - ~ boron nitride washer [
Cr hIqyauEaENsauEn
; ; [ T
[T11 Permissible areas of operation % % "Lk\ NN NN
! | I N :
T T T T A T T AT T T T T IS I Sl
ot HHHHHHAFHHFH 14
(o] 50 100 1850 200 Tgmp (°C)
MAXIMUM TOTAL DISSIPATION PLOTTED AGAINST
AMBIENT TEMPERATURE
Ie @ 2N38e6 . T[] [T T pesse
(mA)% | *oo f IR ) ‘
*7 i 1 OperutlSr; \é allowed undcr qll busc-; ~:
400 [ | |emitter conditions with f > 1MHz
: provided no limiting values are 1 1
\ r exceeded. o 1]
TINL |
Ll | e [
R EpeaERReaARREEEE"
i b
H Hm T
R | Operation is allowed durlng swltcnlng
| ] | _|off provided the transistor is cut-off
200 i" ;wnth _VB_BS1'5V' Rgp > 330 aond
i I | ; _jthe transient energy € 0-125mWs
I | b S —
i ‘ - e o ,
Pl TN Dk P St b ed j
1 [ '

. Operation is allowed under ™~
all base—cmltter conditions T

| provided no limiing values i R L]
are zxceeded

s R, ”qtj e N [N EEApE.
Neaulliasassanss Eeutl Annsa nE Sazass
0 20 40 GOVCE(V)

AREAS OF SAFE OPERATION

*II Caremust be taken toreduce the steady state current to region I before
removing the a.c. signal. This may be achieved by appropriate bias in
class A, Bor C,

Mullard
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Po 2N3866 ppas3
(W) NN ERE
2.0 TPl
Tease =25°C
N
A,
15 NG
A\
A
I 1
N P =200 mwW
1-0 N [ 111
=100mMwW
i~ [1TT]
=10mw =30mwW mee =50 mwW
1 T T P 1111
11 11 1]
05 Il ILHH IlH}ll IIIHI
(o] 200 400 600 800 f (MHz)
TYPICAL VARIATION OF OUTPUT POWER WITH
FREQUENCY AND INPUT POWER
Cte 2N3866 oty 2n3866 111004
(pF) T (MHz) [TITIrT
SBmEEEE Veg =15V L
Tj =26C f=100t4HZ
Ig=1g=0 o Tj=25°%C
f =1-0 MHz
10 800
I 7
5.0 600
typ. [T
[o] F:i 400" 1 17
0 10 20 VegV) 0 50 100 150 Ic(mA)
Collector capacitance versus Transition frequency versus
collector-base voltage collector current

Mullard
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N-CHANNEL SILICON
FIELD-EFFECT TRANSISTOR 2N3966

Silicon n-channel planar epitaxial junction field-effect transistor intended for low
power switching applications, e.g., in multiplexing systems.

QUICK REFERENCE DATA
tVDS max. Drain-source voltage 30 v
—VGSO max. Gate-source voltage 30 v
et 0
Ptot max. Total power dissipation (Tamb <25°C) 300 mw
IDSS min. Drain current (VDS: 20V, VGS=O) 2.0 mA
_V(P)GS Gate-source cut-off voltage
(ID= 10nA, VDS: 10v) 4to6 v
—Crs max. Feedback capacitance
= = =1 .
(Vpg=0s V=TV, £=1MHz) 1.5 pF
rDS(on max. Drain-source 'on' resistance
) (VGS=0, ID=0, f=1kHz) 220 Q

OUTLINE AND DIMENSIONS

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

JED.E.C. TO-72 } Insulated electrodes

0.48
max
d = 3
48 R . -
g s max —J"
| ~—— —

—wte——12.7 min

All dimensions in mm
02967

*shield lead (connected to case)

Accessories available: 56246, 56263

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
iVDS max. Drain-source voltage
VDGO max. Drain-gate voltage (open source)
_VGSO max. Gate-source voltage (open drain)
IG max. Gate current
Ptot max. Total power dissipation (Tam
Temperature
Tstg Storage temperature
Tj max. Junction temperature

THERMAL CHARACTERISTIC

R .
th(j-amb) to ambient

ELECTRICAL CHARACTERISTICS (TJ,ZZSOC unless otherwise stated)

-1 Gate cut-off current
GSS - =
—VGS~20V, VDS 0
IDGO Dra{;n cu:rzr(t)a‘rllt Lo
DG ’ s
= = = o
VDG 20V, Is 0, Tamb 1507C
I Drain current
DSS _ _
VDS~20V, VGS 0
_V(BR)GS Ga’tf-iiuzcibrsakd:wévn voltage
¢ F Vps
-V Gate~-source voltage
(P)GS i ~
ID 10nA, VDs 10V
VDS Drain-source voltage

ID=1.OmA, VGS=0

Mullard

< 25°C)

Thermal resistance from junction

Min.

30

4.0

30
30
30
10
300

-55 to +200

200

mA
mwW

°c/mw

nA

nA
HA

mA
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N-CHANNEL SILICON
FIELD-EFFECT TRANSISTOR

ELECTRICAL CHARACTERISTICS (contd.)

ID Drain cut-off current
VDS: 10V, _VGS: kA%
VDS= 10V, _VGS: v, Tamb
r in- ‘on' istan
o P
DS UGS 7
—CrS Fei;ibaikocagacitza:\(;e -
DS 7 'GS ’
Switching times
VDD=1'5V’ ID(on)=1.0mA
Vason =% Vaso 0V
td Delay time
tr Rise time

" R .
off Turn-off time

Test circuit

1.5V

1.25k0

TUT %

ﬁ/ D2954

Pulse generator:

1.0 ns
1.0ns
1.0 us
0.5

50 Q

tr
tf
tp
d
Rg

t A A

[LAAN

Mullard

2N3966

Min. Max.
- 1.0 nA
=150°C - 2.0 uA
- 220 Q
- 6.0 pF
- 1.5 pF
- 20 ns
- 100 ns
- 100 ns

Input and output waveforms

H"‘on"i I‘—‘pﬂ
|

—>‘td}<— l ,-— toft—»
|
-»l tr .<— \ — tf e

Yo

D28

Oscilloscope:

ty < 10 ns
R; > 5 M@
Cij < 10 pF

2N3966 Page 3



N-CHANNEL SILICON 2N4091
FIELD-EFFECT TRANSISTORS IN4092

2N4093

Silicon n -channel, depletion type, junction field - effect transistors intended for low
power switching applications.

QUICK REFERENCE DATA
2N4091 2N4092  2N4093

iVDS max. Drain-source voltage : 40 40 40 v
Ptot max. Total power dissipation
(T < 250C) 1.8 1.8 1.8 w
case-
IDSS min, Drain current
(VDS:ZOV, VGSiO) 30 15 8.0 mA
-V (PGS Gate-source cut-off voltage
= _ v
(ID 1nA, VDS 20V) 5t010 2to7 1tod
rDS(on) max. Drain-source 'on' resistance
= = = Q
(y=0, V=0, f=1Kiz) 30 50 80
-Crs max. Feedback capacitance
= - = = 5
(VDS 0, VGS 20V, f=1MHz) 5.0 5.0 5.0 pF
toff max. Turn-off time (VGS: 0, VDD: 3V)
(ID =6.6mA, _VGSM =12V) 40 - - ns
(I_D:4.OmA, —VGSM:SV) - 60 - ns
= 5 - = —_ -
(ID 2.5mA, VGSM 6V) 80 ns

Unless otherwise stated data are applicable to all types

QUTLINE AND DIMENSIONS
Conforms to BS 3934 SO-12A/SB3-6A

1.E.D.E.C. TO-18 } Gate comnected to case

1.16
max
0.48
max
‘ \/ 4.8 / *
g s 117 ( max 7:’ —
max l ;,.; ]

5.3 i
qu‘*‘_“'” min

Alt dimensions in mm
02872

Accessories supplied on request: 56246, 56263

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical

+ .
—VDS max

\% max.

DGO

-V max.

GSO

IG max.

Ptot max.

Temperature

Tstg
Tj max.

Drain-source voltage

Drain-gate voltage {(open source)

Gate-source voltage (open drain)

Forward gate current (d.c.)
Total power dissipation

(T <259C)
case-

Storage temperature

Junction temperature

THERMAL CHARACTERISTIC

Ring-c)

Thermal resistance from junction

to case in free air

40
40
40
10

-65 to +200
200

0.1

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

H)GO

5GO

Drain current

VDG; 20V, ISfO

v =20V, I.=0, T

_ [¢]
DG s amp~ 120 €

Source current

v sG =20V, ID =0
Drain cut-off current
V_..=20vV, -V _ =12V

Min.

2N4091

Ds

V. .o~ 20V,

DS

V.o=20V,

DS

V_..=20V,

DS

GS
-VGS: 8V
_VGS: 6V
—VGS: 12v,

=150©
Tamb 150%C

V_ =20V,
=150°C
=20V, -V _._ =6V,

DS
T mb
VDS
T

a
amb

—VGS: 8V,

GS

=150°C

Mullard

2N4092
2N4093

2N4091

2N4092

2N4093

Typ.

<

mA

°C/mw

Max.

E R B

2N4091-Page 2



N-CHANNEL SILICON 2N4091
FIELD-EFFECT TRANSISTORS IN4092

2N4093

ELECTRICAL CHARACTERISTICS (contd.)

Min. Typ. Max.

-V Gate-source breakdown voltage
(BR)GSS ~ _
-1.,=1.0uA, =0 - -
1 A, Voo 40 A
IDSS Drain current (measured under
pulsed conditions, t §300us,
d<0.03) P
V. . =20V, V__=0 2N4091 30 - - mA
DS s 2N4092 15 - - mA
2N4093 8.0 - - mA
-V as Gate-source voltage
IDzlmA, VDS:ZOV 2N4091 5.0 - 10 A%
2N4092 2,0 - 7.0V
2N4093 1.0 - 5.0 V
A Drain-source 'on' voltage
DS(on) I)=6.6mA, V=0 IN409L - - 0.2 Vv
ID:4.0mA, VGS:O 2N4092 - - 0.2 V
I_D:2.5mA, VGS:O 2N4093 - - 0.2 V
rDS(on) Drain-source 'on' resistance
IDrlmA, VGS:O 2N4091 - - 30 Q
2N4092 - - 50 Q
2N4093 - - 80 Q
IDZO, VGSZO, f=1kHz 2N4091 - - 30 Q
2N4092 - - 50 Q
2N4093 - - 80 Q
y-parameters (common source)
=2 = =1M
VDS ov, VGS 0, f Hz
cis Input capacitance - - 16 pF
—Crs Feedback capacitance - - 5.0 pF

Mullard
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ELECTRICAL CHARACTERISTICS (contd.)

Switching times

VDD:S.OV, VGS:0

t Delay time
t Rise time

Turn-off time

Test circuit

TUT 0%

R-22 g
D

Pulse generator:
t < 1lns
v

tf < 1lns

=

J=- B~
n

Ut

=3

0

;Z D2892

2N4091 2N4092 2N4093

]D = 6.6 4.0 2.5 mA
_VGSM = 12 8.0 6.0 v
max. 15 15 20 ns
max. 10 20 40 ns
max. 40 60 80 ns

Input and output waveforms

T

D2874

Oscilloscope:
t < 0.4ns
T

Ri > 9.8MRQ
Zi < 1,7pF

Mullard
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N-P-N SILICON DIFFUSED
POWER TRANSISTOR 2N4347

For details see data sheet for type 2N3442

Mullard
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N-CHANNEL SILICON 2N4391
FIELD-EFFECT TRANSISTORS IN4392

2N4393

Silicon n-~channel, depletion type, junction field - effect transistors intended for low
power chopper or switching applications.

QUICK REFERENCE DATA
2N43921 2N4392  2N4393

iVD g max. Drain-source voltage 40 40 40 \%
Ptot max. Total power dissipation
(T < 2590) 1.8 1.8 1.8 W
case-
ID ss min. Drain current
(VDSIZOV, VGS=0) 50 25 5.0 mA
-V (PGS Gate-source cut-off voltage
(IDzlnA, VDS=20V) 4t010 2to5 0.5t03 \4
T, max. Drain-source 'on' resistance
DS(on) (L.=0, V=0, {=1kHz) 30 60 100 2
ID OGS
-CrS max. Feedback capacitance
(VDSZO, —VGS:12V, f=1MHz) 3.5 - - pF
(VDS:O, -VGS=7V, f=1MHz) ~ 3.5 - pF
(VDS:O, —VGS=5V, f=1MHz) ~ - 3.5 pF
toff max. Turn~off time (VGS: 0, VDD =10V)
(ID =12mA, -V GsM ™ 12V) 20 - - ns
(IDZGmA, —VGSM=7V) ~ 35 - ns
(ID =3mA, -VGSM =5V) ~ - 50 ns

Unless otherwise stated data are applicable to all types

OUTLINE AND DIMENSIONS
Conforms to BS 3934 SO-12A/SB3-6A

J.E.D.E.C. TO-18 }Gate comnected to case

1.16
max
)\ 0.48
max
d \/ = T
48 f—
g s 1.17)({ max i I
ma ———SIE
o3 —we———12.7 min
All dimensions in mm
02872

Accessories supplied on request: 56246, 56263

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
iVD g max. Drain-source voltage 40 v
VD GO max. Drain-gate voltage (open source) 40 v
-V GSo max. Gate-source voltage (open drain) 40 A%
IG max. Gate current 50 mA
P ot max. Total power dissipation
(T < 25°C) 1.8 W
case -
Temperature
TS tg Storage temperature ~65 to +200 0
Tj max. Junction temperature 200 °
THERMAL CHARACTERISTIC
Rth (o) Thermal resistance from junction °
to case in free air 0.1 C/mwW
ELECTRICAL CHARACTERISTICS (Tamb=250C unless otherwise stated)
Min. Typ. Max.
—IGSS E}\al.te tiu;:(—);)fff ;:Iurrjr(l)t i i 01 oA
GS ' DS o
-VGS=20V, VDSZO, Tamb:150 [o] - - 0.2 pA
IDSX Drain cut-off current
VDS: 20V, —VGS= 12v 2N4391 - - 0.1 nA
VDS =20V, _VGS: v 2N4392 - - 0.1 nA
VDS=20V, —VGS=5V 2N4393 - - 0.1 nA
VDS: 20V, O-VGSZ 12V,
T =150 "C 2N4391 - - 0.2 pA
amb
VDS=20V, —VGS=7V,
T  =150°C 2N4392 - - 0.2 pA
amb
VDS: 20V, —VGS: 5V,
T . =150°C 2N4393 - - 0.2 uA
amb
IDSS Drain current (pulse measurement,
tp:100us, d=0,01)
VDS:20V, VGSZO 2N4391 50 - 150 mA
VDS:ZOV, VGS=0 2N4392 25 - 75 mA
= = 393 . -
VDS 20V, VGS 0 2N43 5.0 30 mA

Mullard
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N-CHANNEL SILICON 2N4391
FIELD-EFFECT TRANSISTORS IN4392

2N4393

ELECTRICAL CHARACTERISTICS (contd.)

Min. Typ. Max.

-V Gate-source breakdown voltage
(BR)GSS - . B _ _
1,714, V=0 40 \%
\' Gate-source 'on' voltage
GS(on) ~ _ _
IG—lmA, VDS 0 1.0V
-V (P)GS Gate-source cut-off voltage
ID=1nA, VDS:O 2N4391 4.0 - 10 v
2N4392 2,0 ~ 5.0 V
2N4393 0.5 - 3.0 V
V. Drain-source 'on' voltage
DS(on) I =12mA, V=0 2N4391 - - 0.4 V
ID=6mA, VGSZO 2N4392 - - 0.4 V
I,=3mA, V =0 2N4393 - - 0.4 V
rD S(on) Drain-source 'on' resistance
o L) =1mA, V=0 2N4391 - - 30 9
2N4392 - - 60 Q
2N4393 - - 100 Q
ID=O, VGS=0, f=1kHz 2N4391 - - 30 2
2N4392 - - 60 Q
2N4393 - - 100 Q
y-parameters (common source)
is Input capacitance
= A = = - -
VDS 20V, JGS 0, f=1MHz 14 pF
_Crs Feedback capacitance
-VGS=12V, VDS:O’ f=1MHz 2N4391 - - 3.5 pF
-VGS=7V, VDS:O’ f=1MHz 2N4392 - - 3.5 pF
-VGS=5V, VDS:O’ f=1MHz 2N4393 - - 3.5 pF

Mullard
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ELECTRICAL CHARACTERISTICS (contd.)
Switching times

VDD:lOV, VGS:O

tr Rise time
t Turn-on time
on
tf Fall time

y — f i
‘Loff Turn-off time

Test circuit

02873

J.
|
LTy

R = 2.6 _ 510
Pulse generator :
t < 0.5n8

T

tf < 0.5n8

t = 100us

b (4

d = 0.01

Mullard

2N4391 2N4392 2N4393

12 6.0 3.0 mA

= 12 7.0 5.0 A
5.0 5.0 5.0 ns

15 15 15 ns

15 20 30 ns

20 35 50 ns

Input and output waveforms

0 —_
Vi J_‘ U
—Vaem —
GSM i | |

re—ton— (e tp———
| I |
**ftdh—

b
/

i
- toff+l

I
[— | = b e

—»| tr
| el ts e |
0% —fo ===~ -
|
)
Vo \
|
|
900/0 = “_'_:"
02874
Oscilloscope:
Ri = 50Q
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N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR 2N4427

N-P-N silicon planar epitaxial transistor primarily intended for use in the
output, driver and pre~-driver stages of class A, Bor C amplifiers, frequency
multipliers and oscillators of v.h.f. and u.h.f. equipment.

Encapsulated in a metal TO-39 envelope with the collector connected to the

case.
QUICK REFERENCE DATA
VCER max. 40 v
VCEO max, 20 v
Ic max. 400 mA
P max. (T =25°) 3.5 w
tot case °
Tj max. 200 (o}
£ typ. ([,=25ma, Vop=10V, f=100MHz) 700 MHz
P_ typ.(P,<100mW, Vog= 12V, £=115MHz) 1.0 w
nmin. (P =1.0W, V=12V, {=175MHz) 50 %

OUTLINE AND DIMENSIONS

Conforms to B.S. 3934 SO-3/5B3-3B
J.E.D.E.C. TO-39

Millimetres
Min. Typ. Max.
A A 9.10 - 9.40
B 8.2 - 8.5

C 6.15 - 6.60

D - 5.08 -
E 0.71 - 0.86
F1 - - 0.51

F2 12.7 - -

TN o F3 12.7 - 15
G1 - - 1.01
G2 0.41 - 0.48
G3 - - 0.53

H - 0.4 -
J 0.74 - 1.01

Collector comected to case

Mullard
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RATINGS

Limiting values of operation according to the absolute maximum system.

Electrical
v CBO max.
ax. (RBE =109

CEO

EBO
max.

v m

v max.
\'Z max.
I

I

cM max.

]
1jtoi: max. (Tcase525 ©
Temperature

T min,
stg

T max.
stg

T, max.
]

THERMAL CHARACTERISTICS

Rth(j—amb) In free air

Rth(j—case)
R
th(case~h)

Rth(case-h)

Mounted with a top clamping
washer of accessory 56218

Mounted with a top clamping
washer of accessory 56218 and
a boron nitride washer for

electrical insulation

40 v
40 v
20 v
2.0 v
400 mA
400 mA
3.5 w
-65 °c
200 °
200 °c
200 degC/W
35 degC/W

1.0 degC/W

1.2 degC/W

ELECTRICAL CHARACTERISTICS (Tj=25OC unless otherwise stated)

ICE o ?}Iollezctlozx"/v cuIt-o:ff) current
CE ’'B
A\ (BR)CBO Collector-base breakdown
voltage
I =10 =0
c OpA, IE

Collector-emitter breakdown

voltages
V(BR)CER IC=5.OmA, R
V(BR)CEO C

\
(BR)EBO voltage

I =

g = 10064, 1,

BE

=0

=108

I.,=5.0mA, IB=0

Collector-base breakdown

Mullard

Min. Typ. Max.

- - 20 HA
40 - - v
40 - - v
20 - ~ v

2.0 - - \'
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N-P-N SILICON PLANAR

EPITAXIAL U.H.F. TRANSISTOR

ELECTRICAL CHARACTERISTICS (cont'd)

VC E(sat)

FE

tc

Collector-emitter saturation
voltage

I,=100mA, I

o B =20mA

Static forward current
transfer ratio
I c” 100mA, V

1,=360mA, V

CE=5.0V

CE

Transition frequency
Ic =25mA, VCE= 10V,

f=100MHz

Collector capacitance

=1 =1 =
Vop=12v, I=I =0,

f=1.0MHz

Typical r.f. performance

Vv

CE

=12v, T _ =25°C
case

f Frequency

P Input power

-

I Collector current

[9]

o

P Output power
n

Efficiency

2N4427

Min. Typ. Max,
- - 0.5 v
10 - 200
5 - -
- 700 - MH2z
- - 4.0 pF
175% 470 MHz
<100 100 mw
<167 67 mA
1.0 0.4 w
>50 50 %

*The transistor can withstand a load mismatch having a v.s.w.r. of 3,
varied through all phases for conditions as given above (see also test circuit)

Mullard
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Common emitter test circuit ( {=175MHz )

—o
RL=
50N

—
G4
—0
Components
Cl’ Cz, 03, C4 = 4 to 29pF air trimmers
L1 = 2 turns of 1lmm Cu wire, int. dia. 6mm, winding pitch 2mm, leads
2 X 10mm
L2 = ferroxcube choke coil (Z = 550Q at 175MHz)
L3 = 2 turns of 1lmm Cu wire, int. dia. 5mm, winding pitch 2mm, leads
2 X 10mm
L 4 = 3 turns of 1.5mm Cu wire, int. dia. 10mm, winding pitch 2mm, leads

2 X 15mm

The length of the external emitter wire of the 2N4427 is 1.6mm

Mullard
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N-P-N SILICON PLANAR
EPITAXIAL U.H.F. TRANSISTOR 2N4427

Prot H-HT f FH TS T
tot ﬁaﬁ +;Hj }ﬁi#ijj
(W) Aunk T _?L‘Tr}i jrj;rfjﬁ +
& O T P T Prot
SR
NESNBRRN ,
THHIT T ‘ﬁr gEsdsl
R S
TR AT 17
eob TR R T I |
EREEE *ﬂf{j Rin(j-ampy= 50 deg C/W On a 50 cm? heatsink H
EREE J (e-g. chassis) with a boron nitride washer ],*Z
TN ST T T T T T T T
gt jIﬁ e ﬁﬁi*ﬂji ﬁj}iﬁ ST j{‘rtﬁ
] ] EEN SRR BREy 15T
2.0 ﬂ?#&ﬁ S I QT%J‘JQ #ﬁjjm -
- T 11 J L RN
R R R e e
Fﬁjf* HrH: Tii+' HEEHT - H‘IT HL ;ﬂ:f"ﬁ
|~ Permissible area of operation Ft* T ﬂ[ - kﬁ—%{bﬂ%r NN Ij
. LT . ,’,,“ 1 S 4
o P L Lk L bR TSN T
)

TS
100 150 200 Tamb(°C)

MAXIMUM TOTAL DISSIPATION PLOTTED AGAINST
AMBIENT TEMPERATURE

IC 2N4427 384906
(mA)
400 =\
*n
Operation is aliowed under all base
i emitter conditions with f > 1MHz,
provided no {imiting values are
AY exceeded.
] T
i I
\ TITT
I m
200 Operation is aiowed during switching
N off, provided the transistor is cut-off
with -Vgg €15V, Rgg > 320 and the
loperation is allowed transient energy < 0-125mWs
under all base-emitter
conditions provided
no timiting values
are exceeded.
m
T 1 1] -
i 11T 1
oll Tl {1 | R I
o} 20 40 60 VCE (V)

AREAS OF SAFE OPERATION

*II Caremust be taken toreduce the steady state current to region I before
removing the a.c. signal. This may be achieved by appropriate bias in
class A. Bor C.

Mullard
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N-CHANNEL SILICON

N
FIELD-EFFECT TRANSISTORS 2N4856

to
2N4861

Silicon n-channel, depletion type, junction field-effect transistors intended for low
power chopper or switching applications.

QUICK REFERENCE DATA
iVDS max. Drain-source voltage 2N4856 to 2N4858 40 v
2N4859 to 2N4861 30 v
Ptot max. Total power dissipation
(T amb <250C) 360 mw
2N4856 2N4857 2N4858
2N4859 2N4860 2N4861
IDSS min. Drain current
(VDS=15V, VGS=O) 50 20 8 mA
_V(P)GS Gate-source cut-off voltage
(ID=O.5nA, VDS=15V) 4-10 2-6 0.8-4 V
rDS(on) max. Drain-source 'on' resistance
(ID=0, VGS=0, f=1kHz) 25 40 60 Q
—CrS max. Feedback capacitance
= - ES = 1
(VDS 0, VGS 10V, f=1MHz) 8 8 8 pF
toff max. Turn-off time
(VDD=10V, VGS=0)
ID=20mA, -VGSM=10V 25 ~ - ns
=1 - = - -
ID OmA, VGSM 6V 50 ns
ID=5mA, —VGSM=4V - ~ 100 ns

Unless otherwise stated data are applicable to all types

OUTLINE AND DIMENSIONS
Conforms to B.S. 3934 SO-12A/SB3-6A

J.E.D.E.C. TO-18 } Gate connected to the case

0.48
max
T oy *
X 48 T
g s max =
o3, 12.7 min

All dimensions in mm

n2872

Accessories supplied on request: 56246; 56263

Mullard
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RATINGS

Limiting values of operation according to the absolute

Electrical
tVDS max. Drain-source voltage
VDGO max. Drain-gate voltage (open source)
-VGSO max. Gate-source voltage (open drain)
IG max. Gate current (d.c.)
Ptot max. Total power dissipation
< 250
(Tamb < 257C)
Temperature
TStg Storage temperature
T Junction temperature

i
THERMAL CHARACTERISTICS

Thermal resistance from junction

R, ..
th(j-amb) to ambient in free air

maximum system.
2N4856  2N4859
2N4857  2N4860
2N4858  2N4861
40
40

40

30

30

30
50

360

~-65 to +200
200

0.49

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

Min. Max.
_IGSS Gatfvcut:);f);uré‘enlo 2N4856 to 2N4858 - 0
GS ' 'DS
—VGS: 15V, VDS=O 2N4859 to 2N4861 - 0
—VGS=20V, VDS=O, Tamb=150°C 2N4856 to 2N4858 - 0.
—VGSZ 15V, VDS= 0, Tamb= 150°C 2N4859 to 2N4861 - 0
x| P o
Vg™ 18V, -V =10V, Tamb=15OOC - 0.
IDSS Drain current (pulse measurement,
tp=100ms, d<0.1)
VDS=15V, VGS=0 2N4856, 2N4859 50 -
2N4857, 2N4860 20 100
2N4858, 2N4861 | 8.0 80

Mullard

mA

mw

0C/mW

.25
.25

.25

nA
nA
uA
HA

nA
HA

mA
mA
mA
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N-CHANNEL SILICON

FIELD-EFFECT TRANSISTORS

ELECTRICAL CHARACTERISTICS (contd.)

-
" (BR)GSS ° H
- = 1 Vv =
Ig=1uA, Vgm0

Gate-source cut-off voltage

=0. =1
ID 0.5nA, VDS 5V

Vipas

Drain-source 'on' voltage

v
DS(on) _ N
ID—ZOmA, VGS 0
= =0
ID 10mA, VGS
ID=5mA, VGS:O

Drain-source 'on' resistance

1,50, V=0, £=1kHz

I‘DS(on)

y-parameters (common source)
- =10 = =1
VGS v, VDS 0, f=1MHz
Cis Input capacitance

—Crs Feedback capacitance

Gate-source breakdown voltage

2N4856 to 2N4858
2N4859 to 2N4861

2N4856,
2N4857,
2N4858,

2N4856,
2N4857,
2N4858,

2N4856,
2N4857,
2N4858,

Mullard

2N4859
2N4860
2N4861

2N4859
2N4860
2N4861

2N4859
2N4860
2N4861

2N4856
to
2N4861

Max.
- A
- v
10 v
6.0 v
4.0 \s
0.75 V
0.50 V
0.50 V
25 Q
40

60 Q
18 pF
8.0 pF
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ELECTRICAL CHARACTERISTICS (contd.)

Switching times
V.. =10V, V__=0

DD GS
2N4856 2N4857 2N4858
2N4859 2N4860 2N4861
ID = 20 10 5.0 mA
- = . 4.

VGSM 10 6.0 0 v
td Delay time max. 6.0 6.0 10 ns
tr Rise time max. 3.0 4.0 10 ns
t Turn-off time max. 25 50 100 ns

off
Test circuit: Input and output waveforms
00— p——— —
Voo Vi
R

Vi

w7 D912

D2874

2N4856 2N4857 2N4859
2N4859 2N4860 2N4861

R = 464 953 1910 @

Pulse generator: Oscilloscope:
t = 200 ns t <0.75ns
P r -

t < 1ns R, > 1 MQ
r - i =

tf < 1ns Ci < 2.5pF
d = 0.02

Zo = 50Q

Mullard
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ACCESSORIES FOR TRANSISTORS

Section 1

PART NUMBER

56200"
56207"
56209*
56226
56227
56263

56265

Cooling Clips

J.ED.E.C.

TO-1
T0-7
TO-1
TO-1
TO-1
T0-18
TO-71
TO-72

T0-5

TO-12
TO-33
TO-39

FOR USE ON OUTLINES

BS 3934

$0-21/583-10
$0-23/5B4-4
$0-21/SB3-10
S0-21/SB3-10
$0-21/SB3-10
SO-12A/SB3-6A
SO-12A/SB8-1B
SO-12A/SB4-3

SO-3/5B3-3A
S0-3/5B4-1
S0-3/5B4-1
S0-3/SB3-3B

%K——J k_Y_.J

PAGE

~NO O A W

o]

*These devices are supplied on a maintenance basis only, they are not recommended
for current design

Section 2 Mounting Accessories
PART NUMBER DESCRIPTION

56201A

56201B
56239A
56336A
563368
56214
56300

56218

56245
56246
56301B
56326
56325
56338
56239A
562398

Insulating bush

Mica washer
Insulating bush
Insulating bush (2kV)
Mica washer (2kV)
Lead washer

Steel spacer

Top and bottom
clamping washer and
Mylar washer

Insulated distance disc
Insulated distance disc
Mica washer

Flat metal washer
Mica washer
Insulating bush
Insulating bush

Mica washer

AUGUST 1974

Mullard

FOR USE ON OUTLINES

PAGE

TO-3 3.15mm (thick or medium

with 56300)
TO-3 all
TO-3 1.6mm (medium)
TO-3 3.15mm (thick)
TO-3 all
TO-3 all

TO-3 0.9 or 1.6mm (thin or

medium)

TO-5, TO-39 (and TO-12,
TO-33 for non-insulated

mounting)

TO-5, TO-12, TO-33, TO-39

TO-18, TO-72
TO-126
TO-126
TO-220
T0-220

— S0O-565 (BS 3934)
— SO-55 (BS 3934)
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GENERAL EXPLANATORY ACCESSORIES FOR
NOTES TRANSISTORS

All information on thermal resistance of the accessories combined with flat heatsinks
1s valid for square heatsinks of blackened aluminium.

For a few vanations the thermal resistance may be derived as follows:

a. Rectancular heatsinks {sides a and 2a)
When mounted with long side horizontal, multiply by 0.95.
When mounted with short side horizontal, multiply by 1.10.

b. Unblackened or thicker heatsinks
Multiply by the factor B given below as a function of the heatsink size A.

?
T T T 1 T T TT +
t § Hi 134
sl Ee R b RERRREARRR RESRR ERRREcEcs HRRY SRR RSES:
e g ittgaaciags pih T i
Lo hltrf' DR S ! Ifdsgensions 28 14
S R Ry
SR D miniu T Lok Bgusanne
Tmm unblackenge t
E3sesis rsassasiiiiigsetias
EERienantaass SARRREERRR e
13 [SRE T
SebscusnsusesiRRFSIaDN S
_ i
oI Tt IR
15 m unb ackened ‘A
12 T
i
FHiin e
R R !
1 111 1mm blackerned lgmlm“‘ iE2s r rlr
ST Lo ’?r:%
jSershggetfsgasieetsipsatasan: ; jglysasas
0 s 10 15 20 25 30

A(cm?) one side

Mullard
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ACCESSORIES FOR
TRANSISTORS 6200

COOLING CLIP
MECHANICAL DATA (Dimensions in mm)
19.5

| 3

75

7.5

Clip material: brass, nickel plated

0023

THERMAL CHARACTERISTICS

Rinccase-amn Thermal resistance case to ambient,
cooling clip only 100 degC/W
with heatsink see graph
R D024
the-al15mm Al;blackened
SR capsscattstetiadess:
100 T
pe %¥¥% B0
t T
50
0
0 20 Alem?)a0

one side

MOUNTING INSTRUCTIONS
Torque on nut for good heat transfer: 5kg cm

‘ ‘ M3 bolt

< > L washer
cooling fin

AARANANALNUANANRANNRRNRY S5 ANANSRRRNNNNARANNNANRNNN heatsink

lock washer

i}

0025 nut

Mullard
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ACCESSORIES FOR
56207 TRANSISTORS

COOLING CLIP

MECHANICAL DATA (Dimensions in mm)
75

r'ﬁ—*ﬁ
T
| o
. o~
1
8.4 3.2
T ™
O,
o~ )
0 ' <
0026
15.5
20 Clip material: aluminium, blackened

THERMAL CHARACTERISTICS

Rin(case-amp)  Thermal resistance case toambient,
cooling clip only 60 degC/W
with heatsink see graph

R Do27
the-al15mm Al; blackened
{deq C/Wih~ T
\ S 2T32e $3508 2
Tex 15T T
FEees sheas san!
Eray
Sitiasgastessnes:
SOH1PY ‘U % T

SREGE sEBNS
s 8
1

jadmas
t

385888] fases ton:
oLzt T
0 20 Alem?)a0
one side

MOUNTING INSTRUCTIONS
Torque on M3 bolts for good heat transfer: 5kg cm
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ACCESSORIES FOR
TRANSISTORS 56209

COOLING CLIP

MECHANICA1L DATA (Dimensions in mm)

[T2]
S
15 15}
fTs)
D028
Clip material: brass, nickel plated
THERMAL CHARACTERICTIC
Rinease-amty  Thermal resistance case to ambient,
cooling clip only 75 degC/W

Mullard
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56226 ACCESSORIES FOR

TRANSISTORS

COOLING CLIP

MECHANICAL DATA (Dimensions in mm)
Clip material: brass, nickel plated

[+2]
S|
28
«zf D o
- s
0
©
D029
12
THERMAL CHARACTERISTICS
Ribicase ambr  Thermal resistance case to ambient,
cooling clip only 100 degC/W
0030 with heatsink
Rihc-a 1Smm Al;blackened see graph
(degC/W JH - — = Iy oy
bl oy B IS RO
sob— The thermal resistance values apply to each
v transistor, provided the two transistors have
RS RS FETH Has: been mounted so that the heat flow from each
L Iy one is equal.
one side
MOUNTING INSTRUCTIONS
Torque on nut for good heat transfer: Bkg cm.
! i M3 bolt
— g > washer
cooling fin
/AAANAANAUNRUURUAAER NN S5 ANNAN NN RNRNNANAN NN | heatsink
henaaenad lock washer
003* Em nut
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ACCESSORIES FOR

TRANSISTORS

COOLING CLIP

MECHANICAL DATA (Dimensions in mm)

g

D032

THERMAL CHARACTERISTICS

Rth(casn—am b)

with heatsink

D033

Rthc-afi5mm Al

{degC/ W1 blackened
100
50
11 T 10 BESI
T T
11 T D BOSN
0 bE LT
0 20 Alem?)40
one side

MOUNTING INSTRUCTIONS

AUERANNALNERNRANN AN RN ANSAANARENAMS AN NANNNNNN

D034

Torque on

T

aD

56227

Clip material: brass, nickel plated

Thermal resistance case to ambient,
cooling clip only

M3 bolt

washer
cooling fin

heatsink
lock washer

nut

100 degC/W
see graph

nut for good heat transfer: 5kg cm

Mullard
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56263

COOLING CLIP

MECHANICAL DATA (Dimensions in mm)
125

”n
it
nh
Ha
n
nh
hh
Ll

9

4.7

05

THERMAL CHARACTERISTIC

ACCESSORIES FOR
TRANSISTORS

Clip material: copper, tin plated

Riniease-ampy  Thermal resistance case to ambient 100 degC/W

Mullard
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ACCESSORIES FOR
TRANSISTORS 56265

COOLING CLIP
MECHANICAL DATA (Dimzesn"sions in mm)

-
1 T T
|
o~ i [
! ! O ®
1. 1
D036 J L
3 . . .
Clip material: aluminium, blackened
25 | 75 P
5

THERMAL CHARACTERISTICS

D037

( dfg‘g/c\;‘)l T5mm AL blackened Rttcase-amb) Thermﬁl resi|§tanc? case to ambient,
cooling clip only
100
with heatsink
Soéé:_
80 degC/W
o see graph
o 2 Akm)e

MOUNTING INSTRUCTIONS

a) lﬁ b) l I M3 bolt
= = washer
(@] cooling fin
H

— hole 7.5 to 7.7mm
{ EY heatsink

L g L lock washer
[~-} - = nut
Torgue on nut for good heat transfer: 5kg cm,.

Muliard

0038
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ACCESSORIES FOR
2258},‘3‘ TRANSISTORS

56214
MOUNTING ACCESSORIES FOR

TO-3 OUTLINE e

MECHANICAL DATA (Dimensions in mm) 7 o
3.9 31 L. 1

js 3?5
—— | J :

75 D039 — 1:‘
Insulating bush Mica washer
56201A 56201B
THERMAL CHARACTERISTIC
Renimb-n) Thermal resistance
mounting-base to heatsink 1 degC/W
56214 Lead washer
MECHANICAL DATA (Dimensions in mm)
0127
1
00u" R
Section A-A
THERMAL CHARACTERISTIC
Rtnimu-n) Thermal resistance mounting-base to
heatsink, with mica washer and lead
washer 0-75 degC/W
TEMPERATURE
Tmax Max. allowable temperature 150 °C

Mullard
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ACCESSORIES FOR
TRANSISTORS 56300

MOUNTING ACCESSORIES FOR
TO-3 OUTLINE

56300 Steel spacer

40
i
i 1 .
A A For use with thin-base
devices only. |
7.5
77 MY —
0042 T _’—f —
Section A—A ——

MOUNTING INSTRUCTIONS

nut o nut |

lock washer lock washer
soldering 10 c==ocmem

J:
L.__H___g

{8

lead washer

mica washer

toles quAmm

ERSNES Y heatsink

insulating bush

TS
L Lh
ﬂ Iﬂ' M3 bolt

Torque on nut for good heat transfer: kg cm

Muliard
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ACCESSORIES FOR
56218 TRANSISTORS

MOUNTING ACCESSORIES FOR
TO-5, TO-12, TO-33, TO-39 OUTLINES

56218 Top and bottom clamping washers and Mylar washer

MECHANICAL DATA (Dimensions in mm)

106
55
Top clamping washer Bottom clamping washer
of insulating material material: brass, tin plated Mylar washer
THERMAL CHARACTERISTICS
Rencmb-n Thermal resistance mounting-base to heatsink, .
non-insulated mounting 1 degC/W
insulated mounting 6 degC/W
TEMPERATURE
Tmax Max. allowable temperature 100 °C
MOUNTING INSTRUCTIONS
s @w o] sem o] nut

) E:ﬁ top clamping washer

@ —————) bottom clamping washer
® mylar washer
ESSYRY— I TSy heatsink
hole min7.8mm Non-insulated: without items 2 and 3
max.7.7mm
M28 bolt Note: Iitem 1 must then be mounted
007 upside down.

Mullard
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'ACCESSORIES FOR 56245
TRANSISTORS 56246

MOUNTING ACCESSORIES FOR
TO-5, TO-12, TO-33, TO-39 OUTLINES (cont'd)

56245 Distance disc
MECHANICAL DATA (Dimensiong in mm)

Insulating material

T o]

[T

TEMPERATURE

Tmax Max. allowable temperature 100 °C

56246 Distance disc

Insulating material

TEMPERATURE

T msx Max. allowable temperature 100 °C

Mullard
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56301B ACCESSORIES FOR
56326 TRANSISTORS

MOUNTING ACCESSORIES FOR
TO-126 OUTLINE

56301B Mica washer
56326 Steel washer
MECHANICAL DATA (Dimensions in mm})

12.7 rs D6281
|
A A

0.05
A VA

12— — 1 3}_.] L_—T

Section A-A 06312

Mica washer Steel washer
THERMAL CHARACTERISTICS
Ren(mu-ny Thermal resistance

mounting-base to heatsink,

without insulating materiat 1 degC/W
with mica washer (66301B) 4 degC/W

MOUNTING
INSTRUCTIONS

_washer (56326}

_plastic transistor

ol e e —————-
NHZ
- mica washer (563018}
~~——lockwasher

I nut {hex)

DOB24

Mullard
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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

MECHANICAL DATA (Dimensions in mm)

)
_‘F_
P

3.8 3.1

J 25 N
35 i PrY—
4 —t —32 ———J

0059 007520025

7.4 o000 i

Insulating bush Mica washer
56239A 562398

THERMAL CHARACTERISTIC

Rtn(mu-n) Thermal resistance mounting-base
to heatsink 1-5 degC/W
TEMPERATURE
T max Max. allowable temperature ) 150 °C

MOUNTING INSTRUCTIONS

nut [eam o]

lock washer - - lock washer
soldering 10g mmeemm—"

A

nut

| N HER S

mica washer

holes max4mm
Y RS KSSSNRSSSSY  heatsink

insulating bush

L L
ll ﬂ] M3 bt
noet 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)

i

56336A Insulating bush
56336B Mica washer

8.0
3.9
3
‘ %}j @5

15
2 /ﬁ

b 27—

Dss30

Dimensions in mm

THERMAL CHARACTERISTICS

Rtnymo_n, Thermal resistance, mounting-base to
heatsink 1°C/W

The use of a heatsink compound is essential.
When the mica washer is used, the compound must be applied
to both sides of the washer.

Mullard
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56325 ACCESSORIES FOR

56338

TRANSISTORS

MOUNTING ACCESSORIES FOR TO-220

—> 56325 Mica washer

MECHANICAL DATA

"——-—12———H

Dimensions in mm

3.7
17.3

nr

0.05

THERMAL RESISTANCE

From mounting base to heatsink Ry, (mp-n = 2.5°C/W,

-+ 56338 - Insulating bush
MECHANICAL DATA

f D5280

Dimension in mm

i

1

i's

7

L T

Mullard

L
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ABRIDGED DATA
FOR EARLIER TYPES
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Abridged data only are given in these tables. Full data for these t

ABRIDGED DATA FOR EARLIER TYPES

GERMANIUM TRANSISTORS

ypes are available on request

—
Maximum Ratings he at fr | Veesay at Typical
Type Polarity | Outline | Vg Vee| lem | lemy Ti | Peor min. max. ¢ min max. le lg 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 | 90260 |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 13" | -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  -32f/ 2A| 500 | 90 | 260 |90** 250 | 50 13" 02 50 13 | — —_
ACY22 | p-n-p | TO-5 | -20 | —20! 2A/| 500 90 | 260 ]30°*| 300 | 300 1* -0:35(500 | 25 — —
ACY38 | p-n-p | TO-5 |-110 | -75] 2A] 500 90 | 260 [50"*| 150 { 300 1 -0-35| 500 | 25 —_ —
ACY40 | p-n-p | TO-5 | -32 | -32| 2A]| 500 90 | 260 {30 70 | 300 08" | -0-35/500 | 25 — —
ACY41 p-n-p | TO-5 | -32 1 -32| 2A} 500 | 90 | 260 |50** 250 | 300 06" | —0-35(500 | 25 — —
ACY44 | pnp | TO-5 | -50 | 40| 2A| 500 901260 (30 (100 1 1* -0-2 50 13 | — —_
ADY26 | p-n-p | TO-36| -80 | 60| 30A| 2BA 90 | 100W |40** | 120 5A | — -0-5 25A( 2-5A| — —
ADzZ11 p-n-p | TO-36| -60 | -40| 20A| 15A| 90 | 45w/ 40** 120 | 1-2A] 80kHz| -1-0 15A| 2A | — —
ADZ12 | p-n-p | TO-36| -80 | -60| 20A] 15A 90 | 45W|[40"*| 120 | 1-2A|100kHz| ~1-0 18A1 2A | — —_
AF114 p-n-p | TO-7 | -20 | 20| 10 10 | 75| 85 |40 — 1 75* — el 14 100
AF115 p-n-p | TO-7 | -20 { -20( 10 10 { 75| 85 (40 —_ 1 75* — _— | — 13 100
AF116 p-n-p [ TO~7 | =20 | =20 10 10 | 75 85 |40 — 1 75* — — | — 25 10-7
AF117 p-n-p | TO-7 | =20 { -20| 10 10 { 75| 85 {40 — 1 75* — — | — 42 04
ASY26 | p-n-p | TO-5 | -30 | ~15/300 | 200 851160 |30**| 80| 20 4 ~0-2 10 03] — —
ASY27 | p-n-p ( TO-5 | —25 { -15300 | 200 85 1 160 |50**|150 | 20 6 ~0-2 10 02 | — —
ASY28 | n-p-n | TO-5 30| 15(300 | 200 | 85150 |30**| g0 20 4 0-2 10 03| — —
*“typical "*hee

M




GERMANIUM TRANSISTORS (cont.)

|

Maximum Re at
Type Vee ‘ ch T | Prot lc Is
No. at26°C
REAY) (°C) | (mW) (mA) (mA)
ASY29 254 156 85| 150 10| 02
ASZ21 -20 | 15 85| 120 10 | 10
0C20 -100 | -75 90 | 30Wi — =
0C22 -47 | 32 90 {22-5WH 1A | 30
0oc23 -55 | —40 90 {22-5W 1A | 30
b
oCc24 -47 | -40 90 [22-6Wt 1A | 30
0C25 -40 | ~40 90 |22:5Wt — —
oca -16 | -15 75| 112 50 3
ocaz -16 | -15 751 112 50 15
ocas -15 | -15 75 112 125 7
—
0oc44 -16 | -15 75 70 8 05
0C45 -15| -16 75 70 8 05
0oc70 -30 | 30 75| 125 9 0-5
ocnM -30 | —30 75| 125 9 05
Qc72 -32)-32 75| 125 — —
0C76 -30 | =30 751 125 9 0-5
0C76 -32 | -32 75| 125 — | —
0oC77 —60 | —60 751 125 — —
0C139 20| 20 75| 145 50 3
0oc140 20| 20 75| 145 50 1-2
ocia 200 20 75| 146 50 07
oc170 -20 | ~-20 75 85 — | —
| oc1m -20 | ~20 75| B85 | —| —

*typical

1Tcase €25°C




SILICON TRANSISTORS

r Maximum Ratings hee at fr Veegan at ton  tos at
Type Polarity | Outline [V, 5o Veeo| lem leay | T; Piot [min. max. I min, max. e ls
No. at25°C
(V) | (V) [(mA) [(mA) {(°C) | (mw) (mA) [(MHz)| (V)  (mA) (mA) [(ns) (ns) (mA)
BC146 A-p-n | emin. | 20| 20| 50 | 50 [125| s5p 80 | 550 | 0.2 |150* 018 20| — | —| —| _—
BC186 p-n-p | TO-18 1 -40 | -25 | 200 100 (175 300 40 1200 | 2-0( 50 -0-5 {50 5| —| —| —
BC187 | p-n-p [ TO-18( -30 | _25 200 1100 [175] 300 |100 | 500 2:0| 50 -05 |50 5 | —| —| —
BC200 p-n-p | pmin. | -20 1 -20| 50 | 50 (125 50 50 {400 02} 90* 02" 20| — | —| —| _
§BCY55 | n-p-n | Block 45] 45) 60 | 30 {125 300 200 {600 | 10 | B0 10 [10 o5 —{ —t
BCz11 p-n-p | SO-2 | -30 | -25 {100 50 150 | 250 151 50| 20 0-9 ~0-551( 20 3| —| — —
BD115 | n-p-n | TO-39( 245 | 180 200 {150 200 6% 22 | — | 50 (145 9:0 1100 10 { —| —| —
BD121 n-p-n | TO-3 60| 35 5A| 5A[175| 45W| 30| — 1A{ 60 065 1A 100 | — | | __
BD123 [ n-p-n { TO-3 90| 60 5A/ 6A1175| 45W| 30| — 1A| 60 065 1A (100 | — | ——
BD124 | n-p-n | SO-55| 70| 45 4Al  2A1175( 15W/| 35 | — | 50D 60 0-50] 2A (200 | — | —| _
p—— 4
BDY10 | n-p-n | TO-3 50| 40 4Af 2A(175|150W+| 10| 50 2A] 10 0-7 2A 400 | — | ——|
BDY11 n-p-n | TO-3 { 100| 70 4Al  2A{175|150Wt| 10| 50 2A) 1.0 0-7 2A 1400 | —| —] —
BDY60 [ n-p-n | TO-3 | 120 60| 1 OAl bBA|175] 15w 45 | 450 | 500 |100* 0-7 5A 1500 (120 | 350( 5A
BDY61 | n-p-n| TO-3 | 100! 60 10A] 5A175| 15w 45 | 450 | 500 | 100" 09 5A | 500 {120 | 350 s5A
BDY62 | n-p-n| TO0-3 60] 30| 10A] 5A|175] 15w 45| 450 | 500 {100* 0-9 5A {500 |120| 350 5A
BF115 n-p-n | T0-72/ 50| 30| 30 | 30 [175 145 48 | — 1 (230 — —] — | —| —] —
BF167 n-p-n { T0~72f 40| 30| 25 | 25 |175| 130 — | — | — |350* — — — | — — =
BF173 n-p-n | 70-72| 40| 25| 25| 25 (175 260 — 4 — | — |550* — —_— - =] -] —
BF177 n-p-n | T0-5 | 100| 50| 60 | 50 |200 600 200 — | 15 [120* — — ! — ) — —] —
BF178 n-p-n | TO-5 | 160 115 50 | 50 (200 600 200 — | 30 |120° e el el e
*typical TTrs =25°C §Dual transistor

it
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SILICON TRANSISTORS (cont.)

Maximum_Ratings hee at $r | Verpsan at ton
Type Polarity| Outline | Vceo| Veeo Iem leww | Ti Pioc min. max. lc min. max. le ia
No. at25°C
V) | (V) [(mA) [(mA) [(°C)| (mW) (mA) {(MH2)| (V) (mA) (mA) | (ns)
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 {178 150 | — | —| — 650" —_ — - —
BF183 n-p-n | TO-72{ 25| 20 15 | 15 {176} 180 | —{ — | — 800" — — - —
BF262 n-p-n | Tpack| 30 20| 20 | 20 j125] 120 | —| —| — 650" — —_ - —
BF263 n-p-n | Tpack| 30 200 20 20 {125 120 | —| —| — 525 —_ —_ - —
BF264 n-p-n | Tpack| 30 20| 20 | 20 {125] 120 | —{ —|{ 400 —_ — -] —
BFS18R|[ n-p-n | wmin.| 30 20! 30 | 30 128} 110 | 35 125 1-0| 200" — — -] —
. BFS19R| n-p-n | wmin. | 30 20| 30 | 30 |1256] 110 | 65 225 1-0{ 260" — —) — | —
BFS92 | p-n-p | TO-39-100 -60 1A| 1A}200 swi| 30] — | 150 70| —-1-0] 50O} 50 | —
BFS93 | p-n-p | TO-39-100 —60 1A] 1A[200 swi| 701 — | 150 70! -1-0| 50O] 50| —
500

BFS94 p-n-p | TO-39| -80 —40 1A  1A[200 5W1| 40 150 70" ~0-7

BFS95 p-n-p | TO-39| 40 -35 1A  1A[200 BWi| 70} — | 150 70* -07 | 00| 50 | —
BFW16 | n-p-n| TO-5 40| 25| 300 |150 [200| 1-5Wi 25| —| 150 |1200* — — - —
BFW17 | n-p-n| TO-5 40| 251|300 {150 [200| 1-5Wi 25 — ] 150 [1100* — — - —
BFW45 | n-p-n| TO-39; 165 130 | 100 | 50 |200| 2:6Wf| 20 120 50 80 30 10 1 —
BFW57 | n-p-n | Lock-fit 80| 60 1Al800 |1258| 350 | 80} — 100 80 07| 500| 50| —
BFW58 | n-p-n | Lock-fit 80| 60 1Al6500 {125] 350 | 50} — 100 80 07| 500] 5O | —
BFW59 | n-p-n | Lock-fit 40| 356 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-fit| ~60 _60 | 500 |500 [125| 300 | 80 320| 150 | 100 -0-4| 150| 15| 50

*typical $1Tcase<126°C 1T mp<50°C



SILICON TRANSISTORS (cont.)

r Maximum Ratings heg at fr Veesan at ton  tos at
Type Polarity| Outline | V¢go Veeo |lem fleav T; Pioe  [min. max. ¢ min. max. e Is
No. at25°C
(V)| (V) (mA) [(mA) ((°C)| (mW) (mA) [(MHz)l (V)  (mA) (mA) [(ns) (ns) (mA)

BFW88 | p-n-p | Lock-fit| ~60| —60 |500 1500 [125 300 {40130 150 | 100 -04 {160 | 15 | 50 | 290 | 100
BFW89 | p-n-p | Lock-fit| —40| -40 (500 |500 {1 25) 300 | 80320150 | 100 ~04 1150 | 15 | 50 | 290 | 100

“ BFWS90 | p-n-p | Lock-fit| ~40| —40 (500 |500 |1 25| 300 | 40120 150 | 100 ~0-4 1150 | 16 | 50 | 290 | 100
BFW91 | p-n-p | Lock-fit} -20| -20 {500 |500 |125 300 | 40| 125% 150 | 100 —0-4 1150 | 156 | 50 | 290 | 100
BFW92 | n-p-n| Tpack| 25| 15 | 50 | 25 125 130 | 20| 150 2-0 11600 075y 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 | T70-39( 120| 60 6A] 2A{200| 870 | 40| 150 2A) 70 1-0 5A|500 (210 | 340 5A
BFX37 | p-n-p| TO-18| -60| -60 | 50 | 50 (200 360 [100 [ 170* 10 — —0-25{ 10 05 — | — | —
BLY17 | n-p-n| TO-36| 100| 100** 10A| 10Al175 100Wt 5| — BA| 50 2:0 | 10A 2A| — | — | —
BSS27 | n-p-n| TO-39) 70| 45 1A 1A|200] 800 | 25| — | 500 | 400* 04 1500 | 35 | 25| 40 500
BSS28 | n-p-n| TO-39 50| 30 1A 1A|200] 800 (30| — | 500 | 400" 05 1500 | 35 | 25 | 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 TW | 20 — | 500 | 250 05 150 | 15 | 50 | 100 | 300
BSW65 | n-p-n| TO-5 80| 80 2A| 1Aj200| 800 |40| — | 100 80" 0-4 | 500 50 — | —| —
BSW69 | n-p-n | Plastic | 150| 150 | 50 | 50 [125] 125 30| — 4 | 130* 4-0 20 10 —{ — | —
BSX12 | n-p-n|{ TO-39( 25| 12 1A} 1A]j200 3W1 30| 120 | 300 | 450 0-33] 300 |30 11 19 1A
BSX12A! n-p-n| TO-39| 25| 15 1A|  1A]200 3Wi| 30 | 120 | 300 | 450 0-33|300 |30 11 19 1A
BSX44 | n-p-n| TO-18] 15 6 (200 | — 200 300 |30|150| 20 | 600 0-45| 50 50/ 20| 15| 20
BSX76 | n-p-n| TO-18| 20| 20 |400 {200 l200 350 |35 —| 10 50 l 0-35| 50 2:5[1 40 80/ 100
*typical **Veer (Ree<10Q) tTmp<25°C ITease<95°C
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SILICON TRANSISTORS (cont.)

V Maximum Ratings j hee at fr VeEsay at ton ot
Type Polarity| Outline| Vcao! Veeo| lem lean | T; Piot |Min. max. g min. max. le lg
No. at25°C
(V)| (V)| (mA) (mA) | (°C)| (mW) (mA)| (MHz) | (V)  (mA) (mA) |(ns) (ns)
BSX77 | n-p-n| TO-18] 40| 20| 400 200 |200| 350 | 40{ 120 10| 100 0-35| 50 2:5140| 80
BSX78 | n-p-n| TO-18] 40| 20| 400 200 |200| 350 | 80| 240 10| 100 0-35| 50 25140 | 80
BSY26 | n-p-n| TO-18| 20| 15 200 |1 00 |175! 300 | 20 60| 10| 200 0-:35] 10 1 27 | 130
8SY27 | n-p-n| TO-18 20{ 15, 200 |1 00 |175] 300 | 40| 120 | 10| 200 0:35| 10 1 27 | 130
BSY38 | n-p-n| TO-18{ 20| 15! 200 |100 175! 300 | 15| 45| 100 | 350" 0-6 {100 | 10 |14} 45
BSY39 | n-p-n| TO-18 20} 15| 200 |1 00 [176| 300 | 20| 70 {100 350° 06 /100 | 10 |14 | 45
BSY40 | p-n-p | TO-18| -256| 20| 1 40 |100 |200| 300 | 25| 60| 10| 140 -0-2 10 1 25 | 100
BSY4 p-n-p | TO-18| -25| ~20| 140 100 {200| 300 | 50| 200} 10| 140 -0-2 10 1 25 | 100
BSY95 | n-p-n| TO-18| 20| 15| 200 }1 00 |140| 150 | 50| 200 | 10| 200 -0:35¢§ 10 02— 1| —
BU105 | n-p-n | TO-3 [1500,1500 2-5A| 2-6A/115 Mo —| — | — 761 5.0 | 2.6A] 1-5Al— | 750
0C200 | p-n-p| SO-2 | -30} -25| 100 50 |150| 250 | 10| 50| 20| 0-45 -0-65| 20 3 |- —
0ca01 p-n-p | SO-2 | 25| -20} 100 50 |150| 250 | 10| 70| 20| 20 —-0-565( 20 3 |- —
0C202 | p-n-p| SO-2 | 16| =10} 100 50 |150| 250 | 24125 | 20| 14 -0-65| 20 3 |—| —
0C203 | p-n-p| SO-2 | —60| 50| 100 50 (150 250 | 10 50| 20| 03 —0-55| 20 3 |—| —
0C204 | p-np| SO-2 | —32| 32| 500 250 |150| 125 | 10| 30 (150 | 0-45 056|126 | 17 |— | —
0C205 | p-n-p| SO-2 | ~60| -60 500 |250 |150| 126 | 10| 50 | 150 0-45 056|125 | 17 |— | —
0C206 | p-n-p | S0-2 | -32| -32| 500 250 |150| 125 | 16| 120|160 | 0-85 055|126 | 17 |— | —
0C207 | p-n-p| SO-2 | -50| ~-50 500 |250 |150| 310 | 12| 70 {180 | 2-0 -0-56 (150 { 17 |— | —




INDEX

|
!



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 iB BCY72 1B
AC176 18 BCY87/8/9 1B
AC187 iB BCZ11 D*
AC188 1B BD115 D*
ACY17 to 22 D* AC128 BD121/3 D* BDY92/60
ACY39 to 41 D* AC128 BD124 D*
ACY44 D* B8D131/2-BD131 1B
AD140/2-AD140| - AD148 BD132 1B
AD149/2-AD149] 1B BD133 1B
AD161 1B BD135 to 140 1B
AD161/2 1B BD181 to 184 1B
AD162 1B BD201 to 204 1B
ADY26 D* BD232 1B
ADZ11/12 D* BD233 to 238 1B
AF114 to 117 D* BD262/A/B . 1B
AFY19 * BFX88 BD263/A/B 1B
ASY26 to 29 D* BD433 to 438 1B
ASY67 ¢ BCY70 BDX35/6/7 iB
ASZ20 * BCY70 BDX42/3/4 1B
ASZ21 D* BDX62/A/B 1B
ASZ23 * BCY70 BDX63/A/8B 18
BC107/8/9 1B BDX64/A/B 1B
BC146 D* BCW32R BDX65/A/B 1B
BC147/8/9 1B BDY10/11 D* BDY20
BC157/8/9 1B BDY20/2-BDY20| 1B
BC186/7 D* BCY70 BDY38/2-BDY38| 1B
BC200 D* BCW30R BDY60/1/2 D*
BC327/8 1B BDY90 to 95 1B
BC337/8 1B BDY96/7/8 1B
BC547/8/9 18 BF115 D*
BC557/8/9 1B BF167 D* BF196
BCW29R/30R 18 BF173 D* BF197
BCW31R to 33R 1B BF177/8/9 D*
BCW69R to 72R 1B BF180 1B
BCX17/18 18 BF181 1B
BCX19/20 1B BF182 D*
BCX21 18 BF183 D*
BCX31 to 34 1B BF184/5 * BF194/5
BCX35 to 37 18 BF194 1B
BCY30/1/2/3/4 1B BF195 1B
BCY38/9/40 1B BF196 1B
BCY54 1B BF197 1B
BCY55 D* BCY87 BF200 18

*Notrecommended 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/8/C 1B BFY50/1/2 2B
BF262/3 D* BF362/3 BFY53 2B
BF264 D* BFY90 2B
BF324 18 BGY22/A 2B
BF336/7/8 18 BGY23/A 2B
BF355 18 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 2B BLX91 28
BFR90 28 BLX32 2B
BFR91 2B BLX393 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 BLYB3A 28
BFS28 2B BLYB5 28
BFS92 to 95 D* BCX35-37 BLY83 2B
BFT24 28 BLY84 2B
BFT25 2B BLY85 2B
BFW10/11 2B BLY89A 2B
BFW16 D* BFW16A BLY90 2B
BFW16A 2B BLY93A 28
BFW17 D* BFW17A BLY%4 2B
BFW17A 2B BLY97 28
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 28
BFWS7 to 91 D* |BFx85 BSV22 D* | BFR29/BSV81
BFW92 D* BFS17R BSV52R 2B
BSV64 2B
BFW96 D* BFR29/BSV81| gsves 2B
BFX12/13 D* BCY70 BSV78/9/80 28
BFX29 2B BSV81 28
BFX30 2B BSW41 D*
BFX34 D* BSV64 BSW65 D* BFX85
BFX37 D* BCY70 BSW66/7/8 2B
| BFX63 D* BFR29/BSV81| BSwW69 D*
BFX84/5/6 2B BSX12/12A D*
BFX87/8 2B BSX19/20 2B
BFX89 28 BSX21 28

*Not recommended for the design of new eduipment.
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 28 2N4347 2B
BU126 2B 2N4391/2/3 2B
BU133 2B 2N4427 2B
BU204/5/6 2B 2N4856104861| 28
BU207/8/9 2B 56200 c
0C20 D* 56201A c
0C22/3/4/5 D* 562018 (o]
0C26 . AD149 56207 Cc
0C28/9 2B 56209 - Cc
0C35/6 2B 56214 (o]
0C41/2/3/4/5 D* 56218 c
0C70/1/2 D* AC128

56226 C
0C75/6/7 D* AC128 56227 c
0C122/3 ¢ BFX87 56239A C
0C139/40/41 D* 562398 C
0C170/1 D* 56245 C
0C200t0 207 D*

56246 C
2N1613 2B 56263 (o]
2N1711 28 56265 c
2N2297 2B 56300 (o
2N2369A 2B 563018 c
2N2904/4A 2B

56325 c
2N2905/5A 2B 56326 C
2N2906/6A 2B 56336A c
2N2907/7A 2B 563368 C
2N3053 2B 56338 c
2N3055 2B

*Notrecommended for the design of new equipment.
Full data for these types are available on request.
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