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It is general knowledge these days that transis-
tors are manufactured in “families”, and that tests
applied after manufacture select the finished units
into groups bearing the various commercial type
numbers within the particular family. In this way
the manufacture of transistors differs from the
manufacture of thermionic valves, where a dis-
crete type is made.

There may be as many as ten or more transis-
tors identified by different commercial type
numbers, but belonging to a family group, and
all stemming from the same manufacturing run.
This fact arises from the complex nature of the
doping and other processes which are used to
make a transistor, and from the minute variations
in material properties needed to produce transis-
tors of varying characteristics.

These considerations mean that whilst it would
be possible to set out to make one discrete type of
transistor, it is neither a practical nor an economic
procedure. The “family” concept of transistor
production, which is common to all transistor
manufacturers, by easing manufacturing problems
and ensuring maximum utilization of expensive
raw materials, brings the user a high-grade product
at a moderate price.
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Furthermore, the stringent testing applied in
the selection of the finished units into categories
representing the various commercial type numbers
brings the user another advantage. The tests result
in a finished and branded product which offers
the user closer limits, with all their attendant
advantages, than would otherwise be feasible.

In order for the user to gain the maximum
benefit from the advantages of “family” manu-
facturing techniques, it is of course necessary for
him to understand the properties which decide
the final type numbering of the members of a
group. In this way the most suitable choice can
be made, having regard to the job the tranmsistor
has to do, and to factors such as price and
availability.

The “family trees” presented here show how
some of the more popular AWV transistors are
grouped together, and how the characteristics are
selected within each group. If, for example, a
transistor is required for an audio application, the
AUDIO FAMILY chart immediately shows, not
only the possible types available, but also guides
the selection towards the most suitable type.
Naturally the final selection would be made after
more detailed examination of the transistor’s
characteristics.

May, 1961
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HF ALLOY FAMILY

CONTROLLED FEEDBACK
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POWER FAMILY

CONTROLLED AMPLIFIER
CHARACTERISTICS

MEDIUM HIGH
VOLTAGE VOLTAGE

2N30l 2N30IA

CONTROLLED SWITCHING

CHARACTERISTICS
MEDIUM HIGH
VOLTAGE VOLTAGE

2N456 2N457

VALVE CHARACTERISTICS

The amplification factor and transconductance
of a valve are often given to express the merit of
using it in a particular circuit of a radio or tele-
vision receiver. A technician should be familiar
with these terms.

The amplification factor of a valve is com-
monly designated by the Greek letter p (mu).
Valves are generally referred to as being a high-
mu, medium-mu, or low-mu valve. A high-mu
valve is one supporting an amplification factor of
55 or more; medium-mu valves in the range of
from around 8 to around 55 and low-mu valves
in the range below 7 or 8.

A valve with a high-mu rating, however, is not
necessarily always found to be the best amplifier,
since the plate resistance of the valve (resistance
of the plate-cathode path through the valve) must
be taken into account. The ability of the valve to
perform as an amplifier depends on the operation
that it is called upon to perform. The best all-
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round indication of the effectiveness of a valve
as an amplifier is its transconductance (some-
times referred to as mutual conductance). This
characteristic takes into consideration both the
amplification factor () of the valve, and its
plate resistance (the resistance of the plate-to-
cathode path within the valve). The trans-
conductance of a valve is often used to express
the merit of a valve as an amplifier.

Actually, the transconductance (g,,) of a valve
is determined by dividing the change in plate cur-
rent by the change in grid voltage that causes the
plate current change (the plate voltage being
fixed at the desired operating value). Trans-
conductance is measured in units of conductance,
the mho. Practical values of transconductance
are very small, so the micromho (one millionth
of a mho) is the most commonly used unit. The
higher the transconductance the greater are the
possibilities of the valve being used as an ampli-
fier.

May, 1961
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SILICON

VHF TRANSISTORS

AN APPLICATION GUIDE

The development of the mesa construction technique has made possible the manufacture
of transistors having very high frequency capabilities. RCA has applied this technique
to silicon material and produced semi-conductor devices that operate from dc to vhf at
high temperatures and high power levels. This article describes the new vhf silicon
transistors and includes information on construction, characteristics, design procedures,
and typical circuits which will enable the circuit designer to take full advantage of the

unique features of these devices.

Design Features

RCA silicon vhf transistors 2N1491, 2N 1492,
and 2N1493 are primarily large-signal units
intended for industrial and military applications.
These n-p-n devices, which are widely used in
power amplifiers, oscillators, and video amplifiers,
are capable of dissipating collector power outputs
up to three watts at temperatures up to 25 degrees
Centigrade. The three types are structurally sim-
ilar, but differ in maximum ratings and intended
applications.

The 2N1491 has a maximum collector-to-
base voltage rating of 30 volts and a maximum
emitter-to-base voltage rating of one volt. At a
frequency of 70 megacycles, it is capable of deliver-
ing a power output of 10 milliwatts with a minimum
power gain of 13 db. This low-voltage, low-power
type has many applications in vhf receivers and
transmitters in oscillator, if-amplifier, intermediate
power-amplifier, video-amplifier, or mixer circuits.
It may also be used in very-low-level high-fre-
quency applications such as receiver rf amplifiers.

The 2N1492 has a maximum collector-to-base
voltage rating of 60 volts and a maximum emitter-
to-base voltage rating of two volts. At a frequency
of 70 megacycles, it is capable of delivering a power
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output of 100 milliwatts with a minimum power
gain of 13 db. This medium-voltage, medium-
power type is useful in oscillator, if-amplifier,
video-amplifier, and intermediate or final power-
amplifier circuits in vhf transmitters and receivers.
It is ideally suited to low-power vhf transmitters
because it is capable of both high efficiency and
gain.

The 2N1493 has a maximum collector-to-base
voltage rating of 100 volts and a maximum emitter-
to-base voltage rating of 4-5 volts. At a frequency
of 70 megacycles, it is capable of delivering a power
output of one-half watt with a minimum power
gain of 10 db. This high-voltage, high-power type
is useful in high-level video-amplifier, if-amplifier,
high-power-oscillator, and intermediate or final
power-amplifier circuits in both hf and vhf trans-
mitters.

Construction

Fig. 1 shows a cutaway view of an RCA
silicon vhf transistor, a diffused-base mesa-type
device in which the emitter and base regions are
produced by a double-diffusion process on the
same face of the wafer. This method of diffusion
has an advantage over other methods in that the
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base width is independent of the thickness of the
wafer and, in addition, there is no alignment
problem of emitter and collector. Double diffusion
from the same face of the wafer also results in a
more planar junction and provides higher break-
down voltages.

A high concentration of n-type impurities
diffused into the collector side provides a low
collector spreading resistance, and an intrinsic
region between the collector contact layer and the
base reduces collector capacitance by a factor of
approximately 6 over the usual n-p-n structure.
The relatively high concentration of p-type im-
purities in the base when used together with double
base contacts results in low equivalent base resis-
tance, low saturation voltages, and improved
performance at high frequencies.

Fig. 1—Cutaway view of an RCA silicon vhf
transistor.

In the construction of the devices, improved
mesa-etching techniques have resulted in accurate
definition of mesa area and consequent lower values
of Cp’c. Lower thermal resistance and higher
dissipation capabilities are obtained by alloying
the pellet directly to the header. In addition,
thermo-compression bonding of the lead wires to
evaporated and alloyed aluminium base and emitter
stripes results in a secure bond having low contact
resistance.

Characteristics

RCA silicon vhf transistors are actually power
devices because their maximum collector dissipa-
tion at a case temperature of 100 degrees Centigrade
is 1-5 watts. These devices are particularly suited
to applications in which the high-frequency ampli-
fier is required to have a collector dissipation of
more than 100 milliwatts.

Radiotronics

83

24 T T T T T
TYPE 2NI49|
COMMON—EMITTER CIRCUIT, BASE INPUT.
COLLECTOR MA=13
20} FREQUENCY (Mc)=70

AMBIENT TEMPERATURE (°C)=2%

| plm MILUIWATTS) 7
'l

2 2
e p

aay.d

4

o

POWER GAIN—db
[

4 8 12 6 20 24 28 a2
COLLECTOR-TO-EMITTER VOLTS

4
2 1 T T T
TYPE 2NI491
COMMON-EMITTER CIRCUIT, BASE INPUT.
| COLLECTOR-TO-EMITTER VOLTS= 20
FREQUENCY (Mc) =70
AMBIENT TEMPERATURE (°C)=25

POWER OUTPUT (MiL{ 1w,
/ — Lo

20

3

POWER GAIN—db
N
N

~
/

] 4 8 2 1) 20 24 28 32
COLLECTOR MILLIAMPERES

Fig. 2—Variations in power gain as a function of
collector voltage and collector current for the
2N1491.

Fig. 2 shows the power gain of a typical
2N1491 transistor as a function of collector voltage
and current at a frequency of 70 megacycles, and
power outputs of 10 and 50 milliwatts. These
curves show that the 2N 1491 will operate satisfac-
torily at low power levels (outputs up to 10 milli-
watts) with a minimum collector voltage of from
10 to 15 volts and a minimum collector current of
from 3 to S milliamperes. As the power output is
increased to 50 milliwatts, however, both the
collector voltage and the collector current must be
increased to provide reasonable gain. For example,
a minimum collector voltage of 19-5 volts would
be required to provide a minimum power gain of
10 db at an output level of 50 milliwatts. Because
maximum power gain is obtained at a collector
current of approximately 12 milliamperes, a suit-
able operating point would be a collector voltage
of 20 volts and a collector current of 12 milli-
amperes.

Either the 2N1492 or the 2N1493 may be
used to provide greater power output or gain than
can be obtained from the 2N1491. All of these
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types provide higher power gain as the collector
voltage is increased. However, care must be
exercised in the selection of collector voltage and
current in order that the maximum ratings for the
type used will not be exceeded and the dissipation
in the transistor will be kept within ratings.

Fig. 3 shows power gain as a function of power
output for types 2N1492 and 2N1493. A compari-
son of Figs. 2 and 3 shows that the 2N1492 is
superior to the 2N1491 in both power gain and
power output, and the 2N1493 has the highest
gain and power output of the three types. The
2N1493 provides high gain at power levels up to
500 milliwatts.

Design Procedures

In the design of vhf amplifiers or oscillators
using silicon vhf transistors, the transistor input,
output, and load impedances and the generator
impedance must be known. The transistor input
and output impedances can be determined from
published data or measured directly.* Because, in
general, the input and output impedances of the
transistor are not equal to the generator or load
impedance, matching circuits are usually required.

Although maximum power gain is obtained
under matched conditions, mismatch may be
required to meet other requirements. Under some
conditions it may be necessary to mismatch to
obtain the required selectivity. In power amplifiers
and oscillators, the load impedance presented to
the collector, Rin, 1s not made equal to the out-
put resistance of the transistor, but is dictated by
the required power output and the peak ac col-

* Impedance measurements may be made with such
instruments as the Boonton RX Meter, the GR Transfer-
Function and Admittance Bridge, and the Wayne-Kerr
VHF Bridge.
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lector voltage. Because the peak ac voltage is
always less than the supply voltage, Rin may be
expressed as follows :

V 2
Rin = P (1)
[e]

where V¢ is the dc collector/supply voltage and
P, is the required power output.

There are many different matching circuits,
and each type has its advantages and disadvan-
tages. Although the pi matching network is most
widely used, simple L matching networks offer
several advantages in high-gain amplifier circuits.
Both types are described below, and design equa-
tions and examples are given.

L-Matched VHF Amplifiers and
Methods of Neutralization

An important advantage of the L matching
network is that it greatly simplifies both neutraliz-
ation and biasing circuits. Although harmonic
frequencies are not attenuated to the extent that
they would be in a pi matching network, there are
many cases in which harmonic attenuation is of
little consequence.

The matching circuit shown in Fig. 4 is par-
ticularly suited to amplifier circuits in which the
gain is high and neutralization is required. It is
usually sufficient to neutralize rather than to uni-
lateralize vhf amplifiers using RCA silicon vhf
transistors. Fig. 5 shows the biasing and neutral-
1zation circuits which may be used with both L and
»i matching output networks. The circuits for the
pi matching network, shown at (¢) and (d), are
more complex than those for the L network,
shown at (a) and (b). The neutralization circuit
shown at (c) requires a capacitive (or inductive)
split on the input coil, and the biasing circuit

24 T T T T T
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COMMON-EMITTER CIRCUIT, BASE INPUT,
COLLECTOR-TO-EMITTER VOLTS=5%0
20— COLLECTOR Ma=z25
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b \‘\
12 N
8t [ S .JF. e —q
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Fig. 3—Power output as a function of power gain for the 2N1492 and the 2N1493.
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rp=PARALLEL
EQUIVALENT OF
RESISTANCE OF L

Fig. 4—L matching network.

shown at {(d) requires a comparatively high-
inductance coil (Ly) with negligible} coupling to
the other coils. In a practical circuit, it is difficult
to achieve this condition of negligible coupling
between Ly and the other coils used in the circuit.

The design of L matching networks similar
to that shown in Fig. 4 is relatively simple and
permits the choice of any practical loaded Q
desired. The design equations are as follows :

Rip o — 2)
in 1 QL
Qu
R’
Xy = RLN/}; — 1 (3)
L
Xy = Rin @
@ 24 Rin Xos
Y XeP R
Rin
Xy, = — (%)
2QL
7 = 1—(QuL/Qu) (6)

where Rin 1s the desired input resistance of the
network, Ry is the load resistance, Qu is the un-
loaded Q of the coil, Qy, is the operating Q of the
entire circuit, and 7 is the efficiency of the net-
work.

The following example of a practical design
using the L matching network shown in Fig. 4
illustrates the design procedure.

Problem

A 2N1492 is to be used as a common-emitter
rf amplifier at a frequency f of 50 megacycles, a
collector voltage V. of 30 volts, and a collector
current [, of 15 milliamperes. The L matching
network shown in Fig. 4 is to be used to match a
50-ohm generator to the input of the transistor.
Design the network for an operating Q of 10
(neglect the input capacitance Cyp); assume an
unloaded coil Q of 75.
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Calculation

The input resistance of the 2N1492 may be
determined from the published data: at V=30
volts, I¢==15 milliamperes, and f=50 megacycles,
input resistance Rijn==100 ohms.

For the matched condition, the input of the
network must present a S50-ohm load to the
generator and a source resistance of 100 ohms to
the base of the transistor. Because a low-resist-
ance generator is being used to drive a higher-
resistance load, the circuit of Fig. 4 must be
turned around ; the input becomes the output and
the output becomes the input, as shown in Fig. 6.

AW CN
Zll L
C c2
o A
| . RL
= vee \muTuaL
COUPLING
(a) =
1.4
A
C2
W
7t
E ) _
vce
(b) =
Cpc
1L
i
RFC %RL
Vce
()
Cpc
—00000 > )
L
c c
7/7 J»% ! % 2 RFC AL
Ly cs <= = 1
Coc N
cC
1
P (d)

Fig. 5—Neutralization and biasing required with
circuits having L and Pi matching output networks.
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TYPE
2NI492

| -
I
50 OHMS C3 l [
L ::
)|

GENERATOR '\\Q >fp =+ Rin

Fig. 6—Input matching network (dc biasing
omitted).

Rin >RL

Known values are then substituted in the
design equations, as follows :

100 115 oh
= —— = ohms
in 10
75
115
Xeg, = 50 /— — 1 = 57 ohms;
50
C, = 55pf
100
Xey = = 5-25 ohms ;
2)(10) 100 (57)
572 + 502
C, = 600 pf
100

ohms ; L = 0:0159 ph

= gan

10
7 =1 — — = 0867
75

Fig. 7—Pi matching network.

YHF Amplifiers using Pi Matching

As mentioned previously, the pi matching
network is most widely used. Fig. 7 shows a pi
matching network having a coil series resistance
R¢. The load resistance Ry is reflected as an
input resistance Ri, at the input of the network.
Rc may be neglected in the calculation of Rip
because its effect is small. When the equations
for the network are solved, the ratio Xy /X¢, may
then be expressed as follows :

X1, _ Rin XL 2
i R (——) )
Xy Ry R

"Radiotronics

From equation (7) it may be shown that the
maximum value for X1, (Xwmax) is given by

XLmax = \/RL Rin (8)

In all practical cases X1, will be less than or
equal to X1max. Lower values of Xj, yield higher
loaded Q’s for the circuit. For given values of
Rin, R1, and unloaded Q (Q, of the inductor L),
the operating Q for the entire circuit is expressed
as follows :

Rou X -RL XL
e e (o | IO
Rin+ RoutlR1 X \Xc,

where Royy is the output resistance of the transistor
or the driving circuit. In power amplifiers or
oscillators, the operating Q is usually between 7
and 10. Lower values of Q result in more efficient
transfer of power to the load, but do not attentuate
harmonics as much as higher values. The efficiency
of power transfer, 7, is given by

1
7 = 10
] R R2 (10)
R
RL XC2

Equation (10) indicates that loss is directly
proportional to the ratio R¢/Ry. This loss is
minimized when Q, is made as high as possible.
It may be shown with the use of equations (7) and
(8) that if the minimum Qy, is specified, the resulting
low ratios of Rin/Ry, will require very small values
of Xy and X¢, and result in a low efficiency of
power transfer. This difficulty may be overcome
by use of a second pi matching network to reflect
Ry as a lower input resistance. The second match-
ing circuit increases the ratio Rin/Ri1, and results
in less loss for the same specified Q. C; may be

calculated for a given loaded Q by means of the
following formula :

Rin R 1
Xep = —0 _‘(—) (11)
Riu+ Rout QL

Examples of some typical circuits are given
below to clarify the design procedure.

Problem

A 2N1491] is to be operated as an if-amplifier
at 70 megacycles using a pi matching network for
output matching. Maximum power gain is
required with an operating Q of 10 and a load
resistance Ry, of 50 ohms. The transistor is to be
operated with a collector voltage V. of 20 volts
and a collector current I, of 15 milliamperes.
Calculate the values for C;, C,, L, and ».

Calculation

The published data for the 2N 1491 show that,
at the specified conditions, the output resistance
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Rout is 2000 ohms and the output capacitance
Con is 3 picofarads.

For maximum power gain,
Rin = Rout = 2000 ohms
Then,

Ximax — V/(50) 2000 = 316 ohms

X1 . /Rin RrRin

Xe, Ry  Ry?
Xc, = 316 ohms

2000 316
o ) () >0
20004-2000/ \ 50

Because Qi is lower than required, a smaller
value must be substituted for X1, ; assume Xp=
100 ohms. Then,

X1, / 100\ 2 —
2P F (=) =13, /36=1T6
iy (so) +\/ -

Xy
The negative value for Xi./Xc, is rejected ; there-
fore

X1
X¢, = 100/7 = 14-3 ohms
Then,
e AL
2L 50 143

This value is close enough, in most applications,
to the required Q of 10.

L = 022 uh
C, = 150 pf
Xc, = 1000/10 = 100 ohms
C, = 22 pf
Assume an unloaded Q of the coil Q=150 ; then,
XL 100
Rc = — = — = 066 ohm
Qu 150

7T T 066 50 \21 1174
g )|
50 143

This result indicates a loss of 0-7 db.
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Fig. 8 shows the complete 70-megacycle if-
amplifier output circuit having the required radio-
frequency choke for biasing and coupling capacitor
C, for dc isolation of the load. 1In practice,
capacitor C, should be variable over a small range
to compensate for variations in the wiring capacit-
ance and Cop of the transistor. If some variation
in the load resistance Ry, is expected, C, can also
be made variable.

TYPE 0.0l 4
2N1491

Y Y

Rout y ! L=0.22 Kk ca
I ¢ Qu=I50

2000 =70 2, -

g)OHMS |3“‘"r 19HM £

t i

= L L L

- +20V

15ma

Fig. 8—70-megacycle if-amplifier output circuit.

Another example, the design of afvhf power
amplifier, will help to demonstrate the design
methods for both power amplifiers and oscillators.

Problem

A 50-megacycle power amplifier is to have a
power output of one-half watt into a 50-ohm
antenna. The minimum loaded Q is to be 7, and
the circuit is to be made adjustabe for transistors
requiring slightly different values of load resist-
ance. Find the matching-circuit efficiency and the
approximate power gain.

Calculation

The published data for the 2N1493 indicate
that a minimum power gain of 10 db can be
obtained at conditions of one-half watt output and
a frequency of 70 megacycles. At 50 megacycles,
therefore, the transistor should be capable of a
power output P, of more than one-half watt and
a minimum power gain of morc than 10 db. The
collector voltage V. is 50 volts and the collector
current I is 25 milliamperes.

The minimum collector efficiency 7. in per
cent is given by

100 P, (100) (0-5)10°

[¢]

7T Vel G025
Ve 502
Ry = = —— = 2500 ohms
2P 205

An output of one-half watt may be obtained
with all 2N1493 transistors, regardless of varying
percentages of the maximum ac collector voltage
swing, if Rin is variable from 2000 to 500 ohms.

The calculation for L should be made with
Rin equal to 500 ohms because this value provides
the lower QL.
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aN1ag3 L=0.24uh "
Qy=150
RL=50
RFC OHMS
40-60 2 C) 160- 30042 Co
“"‘P puf
150V
= 25 ma

Fig. 9—50-megacycle-amplifier output circuit.

XLmax = \/(50) 500 = 158
X

Xop
If Rout is neglected, then

S Y
P50

Because this value of Qy, is too low, a smaller
value of Xy, must be used. Assume X =75 ohms ;
then

X1 500 (752
SR —_(_)=3-79
Xc, 50 \50

Q B (2% (279 85
L_%T(w-s)( )—

L — 0-2 ph
C, = 54 pf
C, = 160 pf

n = 093 for Qyu = 150
For Rin=2000 ohms and Xz=75 ohms,

QL = 30

C, — 50 pf
C, — 300 pf
n = 083

Fig. 9 shows the complete output circuit for
a one-half watt 50-megacycle amplifier. C; and
C, are adjustable so that the proper load may be
presented to transistors having characteristics
which vary slightly from unit to unit.

(With acknowledgements to RCA)

(TO BE CONTINUED)

RF TRAP FOR TV

A very high-Q rf trap can be used to eliminate
or minimize FM interference and some other types
of rf interference which may be spoiling your
picture, and which is entering the receiver via the
antenna terminals. The trap consists of a 4-inch
length of 300-ohm transmission line which is
taped to the transmission line. One end of the
trap is shorted, whilst a 2.5 to 15 pf adjustable
ceramic trimmer connected across the other end
allows the trap to be tuned.

This arrangement covers the approximate
range of 40 to 200 Mc; if a different coverage is
wanted, the length of line can be made shorter or
longer, and/or the ceramic trimmer can be given
a wider range of adjustment. The trap tunes very
sharply and must be carefully adjusted. It should
of course be taped as close to the antenna ter-
minals as possible.

If required, the attenuation of the trap may be
reduced by connecting a resistor in lieu of the
short circuit at one end, an increase in resistance
value decreasing the attenuation; it will also of
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course tend to broaden the tuning of the trap.
A variable resistor connected temporarily would
enable the degree of attenuation required to be
determined.

ADJUSTABLE
CERAMIC
CAPACITOR TO

2.5 TO I3PF\ RECEIVER

n
43/4 LENGTH OF 300a
LINE SHORTED AT ONE
END
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REVIEWS

Beoks reviewed in these pages (except
AWYV publications) are complimentary
copies received direct from the publishers.
All enquiries for these books should be
directed to your local technical booksellers,
and not to AWV,

“All About Crossover Networks”, H. M.
Tremaine, Howard W. Sams and Co. Inc.
Size 81" x 53*'. 80 pages, numerous charts,
tables and diagrams.

Howard Tremaine is the author of the monu-
mental work on audio, “The Audio Cyclopedia”,
and is therefore eminently qualified to write this
book. The subject of crossover networks has too-
long becn buried in obscurity; this book seeks to
remedy this, and does so in a lucid way and at a
well-chosen time. With the steady growth of hifi
systems towards multiple speaker arrangements,
and now that stereo is with us, what serious audio-
phile can afford to remain in the dark on such a
vital subject?

This book, though small in physical size, is an
impressive collection of data on crossover net-
works. It contains basic principles, design and
construction data. Charts and tables make it easy
to arrive at the component values required in the
various types of network without tedious calcula-
tion. In this way even the non-technical person
is able to set up a network to suit his require-
ments, and thus get the best out of his multiple-
speaker set-up.

“Experiments in Industrial Electronics”,
Melvin Whitmer, Howard W. Sams and
Co. Inc. Size 83 x 53”. 94 pages. 61
diagrams.

This book is intended to fill the gap between
the diverse, yet similar, servicing fields of enter-
tainment and industrial electronics. The technician
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who has worked on television, radio, and audio
equipment is not capabic of stepping directly into
industrial electronics. In addition to considerable
background study, he needs bench experience on
representative equipment. This book is intended
to provide that experience.

Some electronic schools are training technicians
for entry into the industrial field. For these
students practical experience, plus fundamental
concepts learned from actual circuits, is the path-
way into this exciting and jucrative area.

Who doesn’t like to build things, especially if
they are electronic and useful? Melvin Whitmer
takes the direct route in introducing you to the
mushrooming field of industrial electronics. He
rot only describes how various representative in-
dustrial devices work through text and drawings,
but also lets you pitch in and build the equipment
yourself, for first-hand knowledge of the principles
involved.

“Industrial Electronics”, Paul B. Zbar,
McGraw-Hill Book Co. Inc. Size 11” x
83”. 201 pages, 267 figures.

This is another of the excellent Electronic In-
dustries Association/New York Trade School
Publications, of which other titles have been re-
viewed already in these pages. One of the interest-
ing developments we are witnessing today is the
growth of electronics into industrial processes and
machinery of all kinds. Lifts, printing presses,
packaging machinery, machine tools of all kinds,
and other applications and processes too numerous
to mention are now being more and more con-
trolled and supervised electronically. The point
is that all this equipment needs instailation and
mainierance, and who is going to do it?

The logical thing, and the thing that is happen-
ing, is for electricians to study up industrial
electronics. This is logical because the applications
of the equipment take it into fields where electri-
cians have been working for years, for example,
electronic control of motor speeds. Your reviewer
understands that courses for tradesmen in indus-
trial electronics have already been inaugurated
at some technical colleges.

The study of industrial electronics offers the
electrical tradesman an opportunity to advance
himself and to branch out into a new and interest-
ing ficld, the potentialities of which are enormous.
It is for such people that this book has been
prepared. It is written in the form of a series of
““jobs” or experiments which illustrate the theory,
and covers all essential aspects of the subject.
Whilst primarily intended for use in an organized
class, private study will also produce an excellent
grounding in the subject.
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NEW GERMANIUM POWER TRANSISTORS

2N173 2N174 2N2T7 2N278 2N441 2N442

2N443 2N1099 2N1100 2N1358 2N1412

These transistors are alloy-junction power transistors of the germanium p-n-p type utilizing the
JEDEC TO-36 single-ended stud-mounted package. These transistors are intended for a wide variety
of applications in industrial and military equipment requiring transistors having high voltage, current,
and dissipation ratings. They are particularly useful in power-switching, voltage-regulator, dc-to-dc
converter, power-supply, and relay-actuating circuits, and in low-frequency oscillator and audio-amplifier
service.

The JEDEC TO-36 stud-mounted package employed for these transistors provides positive heat-

sink contact and has a cold-weld seal to insure reliable performance under severe environmental
conditions, These power fransistors can be subdivided into groups as follows:

Typical Power Supply Voltage:

28 or 12 volts . . TR R RRTRPRTI L 2N174, 2N1099
(For applications involving high transient voltages) 2N1100, 2N1358,

2N1412
12 VOIES 2N173, 2N277,

(For applications involving low transient voltages) 2N278, 2N441,
2N442, 2N443

Maximum Collector-toc-Base Volts:

-40 2N277, 2N441
-50 2N278, 2N442
-0 2N173, 2N443
-80 2N174, 2N1099, 2N1358
-100 2N1100, 2N1412

Maximum Transistor Dissipation (Watts):

87.5 e 2N174, 2N1099, 2N1100,
2N1358, 2N1412
70 2N173, 2N277, 2N278,

2N441, 2N442, 2N443

DC Current Transfer Ratio:

20-40 2N441, 2N442, 2N443
25-50 2N174, 2N1100.

2N1358, 2N1412
35-70 2N173, 2N277,

2N278, 2N1099
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INDUSTRIAL SERVICE

91

Such as in dc-to-de converter, inverter, chopper, voltage and current-regulator, dc and audio amplifier,

relay and solenoid-actuating circuits.

Maximum Ratings, Absolute Maximum Values:

T S ¥ =
-+ = < wn
z Z Z 2
o o o Z

o\ = o =4
r g p 2 & 5 &
S 2 Z Z Z Z Z
% (o\] (a\} [\ o (o\] o

COLLECTOR-TO-BASE VOLTAGE:

With emitter-to-base reverse bias of -1.5 volts -40 -50 -60 -80 -80 -100 -100 volts
EMITTER-TO-BASE VOLTAGE =20 -30 -40 -60 -40 -60 -80 volts
COLLECTOR CURRENT -15 -15 -15 -15 -15 -15 -15 amp
EMITTER CURRENT 15 15 15 15 15 15 15 amp
BASE CURRENT . . ... -4 -4 -4 -4 -4 -4 -4 amp
TRANSISTOR DISSIPATION:

At case-seat temperature of 25°C and for

operation with heat sink (See Rating Charts

Fig. 1 and Fig. 2) ... TSR 70 70 70 87.5 87.5 87.5 87.5 watts
CASE-SEAT TEMPERATURE:

Operating:

Continuous -65 to +95 °C
Intermittent -65 to 4100 °C
Storage -65 to +100 °C
Typical Operation in Power-Switching Service:
At a Case-Seat Temperature of 25°C
Common-Emitter Circuit, Base Input
DC Supply Voltage -12 volts
DC Base Bias VOltage ... 6 volts
“On” DC Collector Current -12 amp
“Turn-On” Base Current 2 amp
“Turn-Off” Base Current 0 amp
Switching Time:
Rise Time 15 USEc
Fall Time 15 usec

OPERATING CONSIDERATIONS

The metal shells of these transistors operate at

the collector voltage. Consideration, therefore,
should be given to the possibility of shock hazard
if the metal shells of these transistors are to
operate at a voltage appreciably above or below
ground potential. In such cases, suitable pre-
cautionary measures should be taken.

These transistors are provided with a single-
ended stud for mounting to a heat sink and for
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electrical connection to the collector; refer to
mounting diagram. Electrical connection to the
base and to the emitter is made to their respective
lugs.

Maximum recommended torque on the mount-
ing stud is twelve inch-pounds.

Continved overleaf
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ELECTRICAL CHARACTERISTICS,

at caSe-Seat tempel'atlll'e Of 25°C - - .-

TEST CONDITIONS LIMITS
DC DC
. Type Type Type Type
Characteristic Symbol }’03‘:99 g;";::i 2Nl73 N |.7u 2u2?7 2N27-B
Vea |YeelYes | e | Ve | [Min. Ti::' Max. {Min. Ti:;' Max. |Min, T;;;' Max. |Min. T‘y::;' Max
-2 0 -100 -100 -100 100
-30 0
-40 0 -2( -8
-50 0 <2 -8
Collector-Cutoff Current [ Ippg -60 0 2| -8
-80 0 -2 -8
-100 0
* 0 -5 -15 -15 15
-20 1 0 -1 -8
-30| 0 -1l -8
Emitter-Cutoff Current lepo ':g g -t -8 | 8
-80 | O
DC Current Transfer h -2 -5 35 70 25 50 35 70 35 70
Ratiot . FE -2 -2 25 20 25 25
Base-to-Emitter Voltage! [ VBE || | -2 -5 | |-0.65 -0.65 | -0.9 -0.65 -0.65
-40 0 -1
i -50 0 | -1
Emitter-to-Base Voltage Veg -60 1] -0.15] -! i
100 5 | !
B0 S 2 11V . [ 1
Collector-to-Emitter B i !
Saturation Voltage: 1 _ -1 . - o
With base current Yee z 0.3 0.31-0.9 0.3 -0.3| -l
= -2 amperes
e — J
Collector-to-Emitter
Breakdown Voltage:
With base connected
to emitter’ BYCES -0.3 -50 -70 -40 -45
With base open _ - - _
BVceo 9'_| S -55 -25 w0 30|
Punch-Through Voltage vp -60 -80 -40 -50
Beta-Cutoff Frequency! fae -6 -5 10 10 10 10
Thermal -Resistance: 0
Junction-to-case RT 0.7{ 1 0.5| 0.8 0.7 ] 0.7
Thermal Capacity:
For pulses of | to 10
millisecands 0.075 0.075 0.075 0.075
* o t Measured ina comon-emitter circuit
and for value of V¢B shown above. r '
At 71 c8 " At 71° ¢. base input.

A Sweep voltage used to perform test.

® At IC = |.2 amp.

o = YBe at V¢g = -2 volts, I¢ = 1.2 amp;
= = | amp. - :
At Vog = 12 volts and |, P 0.35 (typical), 0.5 (maximum).
“ 70 T i L .
o 1T -
c T
« - I S
z 60
4 Ea t —
S sofH T
: 11T I ‘Li BN
£ F pungsnans i M EEE
o a0 ;100 .
o -+ - ay X !
c bBrtHTt + eE F .
S 3 Tt DY s .
P 30 - 23 )
n -4 H
PN EREERS EIRNREERE IS NEE T
z =z e i
a4 20 isi S0
EoH | 35 i CE NG P
3 ° R PN TR 128 °C 1T Tt -
5 [ A \'} +I%[ ' 1 T ,‘l J‘_LL_‘[ '__“T_i_lr | AW { T t
T = o I i A T T
o B A A A ' | oM P ' T T
-75 -50 -25 o 25 50 75 100 -75 -50 -25 o 25 50 75 [fele]

CASE-SEAT TEMPERATURE—°C

Fig. 1 — Rating Chart for Types 2N173, 2N277,

2N278, 2N441, 2N442, and 2N443.
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2N1

CASE-SEAT TEMPERATURE—"°C

Fig. 2 — Rating Chart for Types 2N174, 2N1099,

100, 2N1358, and 2N1412.
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LIMITS
Type Type Type Type Type Type Type Units
MU 2NU42 2NUU3 21099 2N1100 281358 2N1412
— — — - — . — . — —FoTs
Min. T‘y:;]' Max.|Min. Tz:; Max. |Min. Tz:; Max. Mln.T?;ll Max. | Min. Tz:; Max. | Min. TZ:; Max.| Min. {::; Max .
-100 -100 -100 -100 -100 -100| -200 -100 pa
-y®| _g* ma
-2 -8 ma
-2 -8 ma
22| -8 ma
-2{ -8 -2| -8 ma
-2| -8 -2 -8 ma
-5 -5 -15 -15 -15 -15 -5 ma
-1 -8 ma
-il -8 -ym 6" ma
-1 -8 -1 -8 ma
-1 -8 -1 -8 ma
-1 -8 ma
20 Y| 20 Yo | 20 Yo! 35 70 25 50 25 35 25 50
20 20 20 25 20 yo® | 55°| 80°* 20
-0. 65 -0.65 -0.65/-0.9 -0.65[-0.9 -0.65[-0.9 [ t |-0.65] -0.9 -0.65[-0.8 | volt
-1 volt
-1 volt
~1 volt
-0.15 -1 -0.15) - volt
-1 1 - volt
-0.3 -0.3 -0.3| -l -0.3(-0.7 -0.3(-0.7 -0.3| -0.7 -0.3(-0.7 volt
40 -45 -50 B ~70 -80 -70 -80 7 vol lg |
- R - -6 -40
25 40 30 11 45 55 _55 0 5 65 volts
-40 -50 -60 -80 -100 -80 -100 volts
10 10 10 0 70 ~100° o K¢
Oc/
0.7 I 0.7] 1 0.7 0.5/ 0.8 0.5/ 0.8 0.5/ 0.8 0.5[0.8 [ it
watt-
. sec/
0.075 0.075 0.075 0.075 0.075 0.075 0.075 o5¢
VCB = Collector-to-base voltage. Ygp = Base-to-emitter vol tage. Ic = Collector current.
VCE = Collector-to-emitter voltage. lg = Emitter current,
COMMON-EMITTER CIRCUIT, BASE INPUT.| l L“ COMMON -EMITTER CIRCUIT, BASE INPUT, g1+~
CQ';'-i:CIT%.tTOT E“T"TYTEP yours=-2 o CnE BN COLLECTOR-TO-EMITTER VOLTS=-2
A + N U b bt L i -} ¢
os| THFTHTT RERES uSgtan B facudbdat
L S 6 N O FRENSNEEA N J4H
+ o 4| 4= - L=} Lol
Hrh =1 . o
el ihs o, P kil
n 12 [- I[ i W ' F
w-04 1 3-10
3 : : g L
< : 2
w o i ! N 0 T 111
A 1+ : - X J T o »
© - - - - -t | —+——
-0.2 : t 0% §-s ‘ 2
: T e s SRR g u
, M L ! X3 #o b
1 "‘TE_,SL&" » Tt | ,‘—(F—M Ty = b, 1 T
7 “CBS - T Y et -
_~>.I._v— —1—¢ i34 [T 11 T_FCPSV_M P 1~ -‘ -
Oriid iudiinyibunissantu; ! o i et IR s R A B H
-02 -N4 086 -08 =l [« -Q2 ~04 -06 ~0.8 ~i
BASE-TC-EMITTEP VOLTS BASE-TO-EMITTER VOLTS
Fig. 3 — Typical Characteristics for Types 2N173, Fig. 4 — Typical Characteristics for Types 2N173,
2N277, 2N278, and 2N1099. 2N277. 2N278, and 2N1099.
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COMMON -EMITTER CIRCUIT BASE INPUT. ICOMMON-EMITTER CIRCUIT, BASE INPUT,
ICOLLECTOR-TO-EMITTER VOLTS= -2 COLLECTOR-TO-EMITTER VOLTS=-2
=15 =0.6| .
v}
g
W =A% =
= %) =
< -0 e = ﬂ—o A4
s i 5 & 711
F P 2= B0 s s
9 —P.‘\_)F\"—’ <
- “PE W A A
a e @ /
" oo B0z S FHoAA
Z R
; I R M
4 R
H LS &
T | P il
! [ O
[+] =0l -0.2 -03 -0.4 -05 ] -0.2 -0.4 ~-0.6 -0.8 =10
BASE AMPERES BASE-TO-EMITTER VOLTS
92CsS~10712 92C5-10706
Fig. 5 — Typical Characteristics for Types 2N173,  Fig. 6 — Typical Characteristics for Types 2N174,
2N277, 2N278, and 2N1099. 2N1100, 2N1358, and 2N1412.
COMMON-EMITTER CIRCUIT, BASE INPUT [COMMON -EMITTER CIRCUIT, BASE INPUT.
COLLECTOR-TO-EMITTER VOL COLLECTOR TO-EMITTER VOLTS=-2
LILT [ i
-5 +H -15
' = A 2
p t APRESE Y
[ 4 =
E -lo 4 E -19 X b}\?E = a0
= = IS = g
< < [\?
[ 4 a % %
E & C E / =
a 20 anra o
3 -5 D22 3 -5 /
9 PE) 2t )
(¥} P (V) 1]
2 nay
uks\-; 1 o
I ! [ i
111 N L 1
o] -0.2 -0.4 -0.6 -0.8 -1.0 o] -0.2 -0.4 -0.6 -0.8
BASE-TO-EMITTER VOLTS BASE AMPERES
92CS5~10710 92CS-1071l
Fig. 7 — Typical Characteristics for Types 2N174, Fig. 8 — Typical Characteristics for Types 2N174,
2N1100, 2N1358, and 2N1412. 2N1700, 2N1358, and 2N1412.
ponc__ |
COMMON-EMITTER CIRCUIT, INPUT. J419 COMMON - EMITTE!{EIEEUIT BASE NPUT, T
COLLECTgR 'I'OE EMC CER BOA.S{ = IT COLLECTOR-TO-EMITTER VOLTS=-2
T
-06 ,; r i 1 -15 1T
1At o -
T u T
8 -04 A A A & -10 . A
& 11 E ] 4
¢ uEdn e < m nps
b3 4 N B 01
< o g - Proals
g EH fordgtar st " L
2 Lol g Azt
-a2| (\.\ on: 6‘ 5 ;“'\‘Q
[o\r 1] b 5
- - 33,
44 ,,§5€
[ Cch=
SL— 1A = 17 - 1T
Ch - - A AT T L M
T T T . r i
Q T -0.2 . -0.4 -0 =08 - - -b o - -02 - - -0.4 -06 -08 . . B
BASE-TO EMITTER VOLTS 7 . : BASE TO-EMITTER VOLTS
. 92C5-10717 92C5-10720
Fig. 9 — Typical Characteristics for Types 2N441, Fig. 10 -— Typical Characteristics for Types
2N442, and 2N443. 2N441, 2N442, and 2N443.

Radiotronics May, 1961



95

{COMMON ~EMITTER CIRCUIT, BASE INPUT.[H- L4 - -
COLLECTOR-TO-EMITTER ' VOLTS=-2 H - gggg&"éj.“&ﬁé:ﬂﬁ:gz%%EC'NPUT'
‘ iy B | ~ =
SIS ; T -15 =800
‘: . (—-700
u —"—600
A2 o ~500
a H e " £ |l——"400
o L = oC, by -300
Wo.o \_)RE:G Z-0 =250
b3 =X 0
< 3 i I o -20
« o [ -150
o ), A [§]
E Z A5 u -109
Ir] =5 r} 1
3 -5 P j 3 -s 50
5 C. ==
3 - \AMPERES =
v BASE MILLIAVPERES ==
A0
5 /0 I (Q
0 -0.2 -0.4 -0.6 0.8 [} -20 -40 -60
BASE AMPERES COLLECTOR-TO-EMITTER VOLTS
92Cs-1072'

Fig. 11 — Typical Characteristics for Types
2N441, 2N442, and 2N443.

92Cs-10722

Fig. 12 — Typical Characteristics for Type 2N173.

COMMON-EMITTER CIRCUIT,BASE INPUT, COMMON-EMITTER CIRCUIT,BASE INPUT.
CASE-SEAT TEMPERATURE=25° C CASE-SEAT TEMPERATURE=25° C
-15—=500 -15 =800 i
| &—700
_7[00 = -600

P o ot
8 @00 o 400500
W -50 « ha Aol
. _’P Y 200
20 -400 3 -10
<10 T—— ZoF— 0
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g 250 o 5 /\50

P—— ~20 =
4 '}_\30 § T | 100,
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o 200 4
-5 Q, Q-5 0

[ I ey :,6/ o 1._.%
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BASE MILLIAMPS K B
ig‘j) y 13 / ,
o -20 -40 -60 -80 ) -0 -20 -30 -40

COLLECTOR-TO-EMITTER VOLTS
92CS-10736

Fig. 13 — Typical Characteristics for Types
2N174, and 2N1358.

COLLECTOR—-TO—EMITTER VOLTS
92CS$~-10725

Fig. 14 — Typical Characteristics for Type 2N277.

COMMON—EMITTER CIRCUIT,BASE INPUT. COMMON-EMITTER CIRCUIT,BASE INPUT.
CASE-SEAT TEMPERATURE =25° C CASE-SEAT TEMPERATURE=25° C
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Fig. 15 — Typical Characteristics for Type 2N278.
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Fig. 16 — Typical Characteristics for Type 2N441.
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COMMON—EMITTER CIRCUIT,BASE INPUT.
CASE-SEAT TEMPERATURE=25" C

15 | 1200 I

s 220060
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& _609
<10 —400
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3

- - 100
o BASE MILLIAMPERESZ-S>
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o] =10 -20 -30 -40 -50
COLLECTOR-TO—EMITTER VOLTS

92CS5-10739

Fig. 17 — Typical Characteristics for Type 2N442.

COMMON~-EMITTER CIRCUIT,BASE INPUT.
CASE-SEAT TEMPERATURE=25° C
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Fig. 18 — Typical Characteristics for Type 2N443,

COMMCN-EMITTER CIRCUIT,BASE INPUT.
CASE-SEAT TEMPERATURE=25%° C
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Fig. 19 — Typical Characteristics for Type
2N1099.
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COMMON-EMITTER CIRCUIT,BASE INPUT.
CASE-SEAT TEMPERATURE =25° C
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Fig. 20 — Typical Characteristics for Types
2N1100, and 2N1412.
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