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FOREWORD

In the past few years the transistor has become the symbol of the
modern electronics industry. The wide spread usage of transistors
is well deserved. It answers the equipment designers desire for a
small, light, active and truly reliable electronic component having
low heat dissipation, small power requirements and almost infinite
life. Indeed, the transistor has opened an unlimited array of new
application areas beyond those normally considered truly electronic.

With new transistors coming onto the market almost everyday,
there is an urgent and continuing need for sound, basic information.
With this in mind the first edition Transistor Manual was intro-
duced by General Electric early in 1957 to provide a handy refer-
ence guide on available transistors and the basic principles of
using them.

Since that time, General Electric has distributed over a half million
copies all over the world and the manual has been translated into
four different languages.

Again, we take pleasure in presenting the newest Transistor Manual,
the fifth edition. This edition has been expanded by over 100 pages
to include all new available transistor material. It is our hope that
you find the manual informative and of continuing usefulness.

H. Brainard Fancher
General Manager
Semiconductor Products Department
Syracuse, New York



1. BASIC SEMICONDUCTOR THEORY

In the few years since its introduction, the junction transistor has played a steadily
increasing part in every branch of electronics. First applied in hearing aids and portable
radios, the transistor now sees service in such diverse applications as industrial control
systems, digital computers, automatic telephone exchanges, and telemetering trans-
mitters for satellites. The next few years promise an equally spectacular growth since a
"second generation" of semiconductor devices is now being introduced which will com-
plement the junction transistor and extend the capabilities of semiconductor electronics.
The frequency range of transistors will be extended into the UHF range by such de-
vices as the tunnel diode and the "mesa" transistor. The power range will be
extended by new devices such as the Silicon Controlled Rectifier which will make
possible control circuits capable of operating to over 50 amperes, 400 volts, and 20
kilowatts. Devices such as the tunnel diode and the unijunction transistor will make
possible simpler and more economical timing and switching circuits. Figure 1.1 lists the
names and symbols for most of the semiconductor devices which are commercially
available at the present time.
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(1) NPN transistor
(2) PNP transistor
(3) NPN tetrode transistor
( 4 ) Tunnel diode
(5) PN unijunction transistor
(6)(7) silicon controlled rectifier

(NPNP transistor)
(8) rectifier or diode

(9) zener or breakdown diode
(10) symmetrical zener diode

B = base electrode
B = breakdown device in (9) and (10)
B1 = base -one electrode
B2 = base -two electrode
E = emitter electrode
C = collector electrode

( symbols 1-3 only )

C = cathode electrode
( symbols 4, 6-9 only )

A = anode electrode
G = gate electrode

STANDARD SYMBOLS FOR SEMICONDUCTOR DEVICES
FIGURE 1.1
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BASIC SEMICONDUCTOR THEORY

A complete understanding of semiconductor physics and the theory of transistor
operation is, of course, not necessary for the construction or design of transistor circuits.
However, both the electronics engineer and the hobbyist can obtain practical benefits
from a general understanding of the basic theory of semiconductors. Such an under-
standing will often aid in solving special circuit problems and will prove of great
assistance in the successful application of the newer semiconductor devices which
become available. This chapter is concerned with the terminology and theory of semi-
conductors as it pertains to rectifiers and junction transistors. The theory and charac-
teristics of other types of semiconductor devices such as the silicon controlled rectifier,
the unijunction transistor, and the tunnel diode are discussed in later chapters of

this manual.

The basic materials used in the manufacture of transistors are the semiconductors -
materials which lie between the metals and the insulators in their ability to conduct
electricity. The two semiconductors now being used are germanium and silicon. Both
of these materials have four electrons in the outer shell of the atom (valence electrons).
Germanium and silicon form crystals in which each atom has four neighboring atoms
with which it shares its valence electrons to form four covalent bonds. Since all the
valence electrons are required to form the covalent bonds there are no electrons free to
move in the crystal and the crystal will be a poor electrical conductor. The conductivity
can be increased by either heating the crystal or by adding other types of materials
(impurities) to the crystal when it is formed.

Heating the crystal will cause vibration of the atoms which form the crystal. Occa-
sionally one of the valence electrons will acquire enough energy (ionization energy) to
break away from its parent atom and move through the crystal. When the parent atom
loses an electron it will assume a positive charge equal in magnitude to the charge of
the electron. Once an atom has lost an electron it can acquire an electron from one of

its neighboring atoms. This neighboring atom may in turn acquire an electron from one
of its neighbors. Thus it is evident that each free electron which results from the break-
ing of a covalent bond will produce an electron deficiency which can move through
the crystal as readily as the free electron itself. It is convenient to consider these elec-

tron deficiencies as particles which have positive charges and which are called holes.
Each time an electron is generated by breaking a covalent bond a hole is generated at
the same time. This process is known as the thermal generation of hole -electron pairs.
If a hole and a free electron collide, the electron will fill the electron deficiency which
the hole represents and both the hole and electron will cease to exist as free charge
carriers. This process is known as recombination.

The conductivity. of a semiconductor material can also be increased by adding
impurities to the semiconductor crystal when it is formed. These impurities may either
be donors such as arsenic which "donate" extra free electrons to the crystal or acceptors
such as aluminum which "accept" electrons from the crystal and produce free holes.

A donor atom, which has five valence electrons, takes the place of a semiconductor
atom in the crystal structure. Four of the five valence electrons are used to form
covalent bonds with the neighboring semiconductor atoms. The fifth electron is easily
freed from the atom and can move through the crystal. The donor atom assumes a
positive charge, but remains fixed in the crystal. A semiconductor which contains donor

atoms is called an n -type semiconductor since conduction occurs by virtue of free
electrons (negative charge).

An acceptor atom, which has three valence electrons, can also take the place of a
semiconductor atom in the crystal structure. All three of the valence electrons are used
to form covalent bonds with the neighboring atoms. The fourth electron which is

needed can be acquired from a neighboring atom, thus giving the acceptor atom a
negative charge and producing a free hole in the crystal. A semiconductor which con -
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BASIC SEMICONDUCTOR THEORY

tains acceptor atoms is called a p -type semiconductor since conduction occurs by
virtue of free holes in the crystal (positive charge).

ELEMENT
(SYMBOL)

GROUP IN
PERIODIC

TABLE

NUMBER
VALENCE

ELECTRONS

APPLICATIONS IN
SEMICONDUCTOR DEVICES

boron (B)
aluminum (Al)
gallium (Ga)
indium (In)

III 3

acceptor elements, form p -type
semiconductors, each atom
substitutes for a Ge or Si atom
in the semiconductor crystal
and can take on or accept an
extra electron thus producing a
hole

germanium (Ge)
silicon (Si)

Iv 4

basic semiconductor materials,
used in crystal form with con-

trolled amounts of donor or
acceptor impurities

phosphorus (P)
arsenic (As)
antimony (Sb)

V 5

donor elements, form n -type
semiconductors, each atom
substitutes for a Ge or Si atom
in the semiconductor crystal
and can give up or donate an
extra electron to the crystal

MATERIALS USED IN THE CONSTRUCTION OF TRANSISTORS

AND OTHER SEMICONDUCTOR DEVICES

FIGURE 1.2

To summarize, conduction in a semiconductor takes place bymeans of free holes
and free electrons (carriers) in the semiconductor crystals. These holes or electrons may
originate either from donor or acceptor impurities in the crystal or from the thermal
generation of hole -electron pairs. During the manufacture of the crystal, it is possible
to control the conductivity and make the crystal either n -type or p -type by adding
controlled amounts of donor or acceptor impurities. On the other hand, the thermally
generated hole electron pairs cannot be controlled other than by varying the tempera-
ture of the crystal.

One of the most important principles involved in the operation of semiconductor
devices is the principle of space charge neutrality. In simple terms, this principle states
that the total number of positive charges (holes plus donor atoms) in any region of a
semiconductor must equal the total number of negative charges (electrons plus acceptor
atoms) in the same region provided that there are no large differences in voltage within
the region. Use of this principle can frequently result in a simpler and more accurate
interpretation of the operation of semiconductor devices. For example, in explaining
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BASIC SEMICONDUCTOR THEORY

the characteristics of an n -type semiconductor it is usually stated that the function of
the donor atoms is to produce free electrons in the crystal. However, using the prin-
ciple of space charge neutrality it is more accurate to say that the function of the donor
atoms is to provide positive charges within the crystal which permit an equal number
of free electrons to flow through the crystal.

Carriers can move through a semiconductor by two different mechanisms: diffusion
or drift. Diffusion occurs whenever there is a difference in the concentration of the
carriers in any adjacent regions of the crystal. The carriers have a random motion
owing to the temperature of the crystal so that carriers will move in a random fashion
from one region to another. However, more carriers will move from the region of
higher concentration to the region of lower concentration than will move in the oppo-
site direction. Drift of carriers occurs whenever there is a difference in voltage between
one region of the semiconductor and another. The voltage difference produces a force
on the carriers causing the holes to move toward the more negative voltage and the
electrons to move toward the more positive voltage. The mechanism of drift is illus-
trated in Figure 1.3 for both n -type and p -type semiconductors. For the n -type material,
the electrons enter the semiconductor at the lower electrode, move upwards through
the semiconductor and leave through the upper electrode, passing then through the
wire to the positive terminal of the battery. Note that in accordance with the principle
of space charge neutrality, the total number of electrons in the semiconductor is deter-
mined by the total number of acceptor atoms in the crystal. For the case of the p -type
semiconductor, hole -electron pairs are generated at the upper terminal. The electrons
flow through the wire to the positive terminal of the battery and the holes move down-
ward through the semiconductor and recombine with electrons at the lower terminal.

N -T YPE

t_

i

i

P -TYPE

0 DONOR ATOMS
(POSITIVE CHARGE)

e ACCEPTOR ATOMS
(NEGATIVE CHARGE)

+ FREE HOLES

- FREE ELECTRONS

CONDUCTION IN N -TYPE AND P -TYPE SEMICONDUCTORS
FIGURE 1.3

If a p -type region and an n -type region are formed in the same crystal structure,
we have a device known as a rectifier or diode. The boundary between the two regions
is called a junction, the terminal connected to the p -region is called the anode, and the
terminal connected to the n -region is called the cathode. A rectifier is shown in Figure
1.4 for two conditions of applied voltage. In Figure 1.4A the anode is at a negative
voltage with respect to the cathode and the rectifier is said to be reverse biased. The
holes in the p -region are attracted toward the anode terminal (away from the junction)
and the electrons in the n -region are attracted toward the cathode terminal (away from
the junction). Consequently, no carriers can flow across the junction and no current
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BASIC SEMICONDUCTOR THEORY

will flow through the rectifier. Actually a small leakage current will flow because of the
few hole -electron pairs which are thermally generated in the vicinity of the junction.
Note that there is a region near the junction where there are no carriers (depletion
layer). The charges of the donor and acceptor atoms in the depletion layer generate a
voltage which is equal and opposite to the voltage which is applied between the anode
and cathode terminals. As the applied voltage is increased, a point will be reached
where the electrons crossing the junction (leakage current) can acquire enough energy
to produce additional hole -electron pairs on collision with the semiconductor atoms
(avalanche multiplication). The voltage at which this occurs is called the avalanche
voltage or breakdown voltage of the junction. If the voltage is increased above the
breakdown voltage, large currents can flow through the junction and, unless limited by
the external circuitry, this current can result in destruction of the rectifier.

In Figure 1.4B the anode of the rectifier is at a positive voltage with respect to the
cathode and the rectifier is said to be forward biased. In this case, the holes in the
p -region will flow across the junction and recombine with electrons in the n -region.
Similarly, the electrons in the n -region will flow across the junction and recombine
with the holes in the p -region. The net result will be a large current through the recti-
fier for only a small applied voltage.

(A) REVERSE BIAS

ANODE

P REGION

4- JUN CT ION

N REGION

+ 9 + 0 +
± 4 +t 4

t 0 - e

t 9-

CATHODE

(B)FORWARD BIAS

CONDUCTION IN A PN JUNCTION RECTIFIER
FIGURE 1.4

t'

An NPN transistor is formed by a thin p -region between two n -regions as indicated
in Figure 1.5. The center p -region is called the base and in practical transistors is
generally less than .001 inch wide. One junction is called the emitter junction and the
other junction is called the collector junction. In most applications the transis
used in the common emitter configuration as shown in igure . w ere e current

through the output or load (RL) flows between the emitter and collector and the control
or input signal (VBE) is applied between the emitter and base. In the normal mode of
operation, the collector junction is reverse biased by the supply voltage VcE and the
emitter junction is forward biased by the applied base voltage VBE. As in the case of
the rectifier, electrons flow across the forward biased emitter junction into the base
region. These electrons are said to be emitted or injected by the emitter into the base.
They diffuse through the base region and flow across the collector junction and then
through the external collector circuit.
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BASIC SEMICONDUCTOR THEORY

BASE
o-...

I B

- VBE

COLLECTOR

+ -
+ +
+ - + - + -

1E ti
EMITTER

L

ACC

N- TYPE COLLECTOR REGION

COLLECTOR JUNCTION

P- TYPE BASE REGION

EMITTER JUNCTION

N- TYPE EMITTER REGION

(DONOR AND ACCEPTOR ATOMS
ARE NOT SHOWN)

CONDUCTION IN A NPN JUNCTION TRANSISTOR
(COMMON EMITTER CONFIGURATION)

FIGURE 1.5

If the principle of space charge neutrality is used in the analysis of the transistor,
it is evident that the 'collector current is controlled by means of the positive charge
(hole concentration) in the base region. As the base voltage VBE is increased the posi-
tive charge in the base region will be increased, which in turn will permit an equivalent
increase in the number of electrons flowing between the emitter and collector across
the base region. In an ideal transistor it would only be necessary to allow base current
to flow for a short time to establish the desired positive charge. The base circuit could
then be opened and the desired collector current would flow indefinitely. The collector
current could be stopped by applying a negative voltage to the base and allowing the
positive charge to flow out of the base region. In actual transistors, however, this can
not be done because of several basic limitations. Some of the holes in the base region
will flow across the emitter junction and some will combine with the electrons in the
base region. For this reason, it is necessary to supply a current to the base to make up
for these losses. The ratio of the collector current to the base current is known as
the current gain of the transistor h.. = IA.. For a -c signals the current gain is
ft = hf. = ic/ib. The ratio of the a -c collector current to a -c emitter current is desig-

nated by a = hfb =
When a transistor is used at higher frequencies, the fundamental limitation is the

time it takes for carriers to diffuse across the base region from the emitter to the col-
lector. Obviously, the time can be reduced by decreasing the width of the base region.
The frequency capabilities of the transistor are usually expressed in terms of the
alpha cutoff frequency ( fbfb ). This is defined as the frequency at which a decreases to
0.707 of its low frequency value. The alpha cutoff frequency may be related to the
base charge characteristic and the base width by the equations:

T. = QB - 0.19=
IE 2D fhfb

where TE is the emitter time constant, Q. is the base charge required for an emitter
current IE, W is the base width, and D is the diffusion constant which depends on the
semiconductor material in the base region.
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BASIC SEMICONDUCTOR THEORY

As evident from Figure 1.5, the NPN transistor has some similarity with the vacuum
tube triode. Positive voltage is applied to the collector of the transistor which corre-
sponds to the plate of the tube, electrons are "emitted" by the cathode and are
"collected" by the plate of the tube, and the control signal is applied to the base of
the transistor which corresponds to the grid of the tube. One important difference be-
tween transistors and tubes is that the input impedance of the transistor is generally
much lower than that of a tube. It is for this reason that transistors are usually consid-
ered as current controlled devices and tubes are usually considered as voltage controlled
devices. Another important difference between transistors and tubes is the existence of
complementary transistors. That is, a PNP transistor will have characteristics similar to
a NPN transistor except that in normal operation the polarities of all the voltages and
currents will be reversed. This permits many circuits which would not be possible with
tubes (since no tube can operate with negative plate voltage). Examples of comple-
mentary circuits can be found in other parts of this manual.

The operation of the transistor has been described in terms of the common emitter
configuration. The term grounded emitter is frequently used instead of common
emitter, but both terms mean only that the emitter is common to both the input circuit
and output circuit. It is possible and often advantageous to use transistors in the
common base or common collector configuration. The different configurations are
shown in Figure 1.6 together with their comparative characteristics in class A amplifiers.

c?- s
CIRCUIT CONFIGURATION CHARACTERISTICS*

COMMON
EMITTER

(CE)

moderate input impedance (1.3 K)
moderate output impedance (50 K)
high current gain (35)
high voltage gain (-270)
highest power gain (40 db)

COMMON
BASE
(CB)

4

lowest input impedance (3512)
highest output impedance (1 M)
low current gain (-0.98)
high voltage gain (380)
moderate power gain (26 db)

0

ill

COMMON
COLLECTOR

(CC)
(EMITTER

FOLLOWER)

gli
highest input impedance (350 K)
lowest output impedance (50011)
high current gain (-36)
unity voltage gain (1.00)
lowest power gain (15 db)

IA-Pk
*Numerical values are typical for the 2N525 at audio frequencies with a bias of
5 volts and 1 ma., a load resistance of 10K, and a source ( generator) resistance
of 1K.

TRANSISTOR CIRCUIT CONFIGURATIONS
FIGURE 1.6
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12. TRANSISTOR CONSTRUCTION TECHNIQUES

The knowledge of many sciences is required to build transistors. Physicists use the
mathematics of atomic physics for design. Metallurgists study semiconductor alloys and
crystal characteristics to provide data for the physicist. Chemists contribute in every
facet of manufacturing through chemical reactions which etch, clean and stabilize
transistor surfaces. Mechanical engineers design intricate machines for precise handling
of microminiature parts. Electronic engineers test transistors and develop new uses for

them. Statisticians design meaningful life test procedures to determine reliability. Their
interpretation of life test and quality control data leads to better manufacturing
procedures.

The concerted effort of this sort of group has resulted in many different construc-
tion techniques. All these techniques attempt to accomplish the same goal - namely to
construct two parallel junctions as close together as possible. Therefore, these tech-
niques have in common the fundamental problems of growing suitable crystals, form-
ing junctions in them, attaching leads to the structure and encapsulating the resulting
transistor. The remainder of this chapter discusses these problems and concludes with
their bearing on reliability as illustrated by examples.

METAL PREPARATION
Depending on the type of semiconductor device being made, the structure of the

semiconductor material varies from highly perfect single crystal to extremely poly-
crystalline. The theory of transistors and rectifiers, however, is based on the properties
of single crystals. Defects in a single crystal produce effects much the same as impuri-
ties and are generally undesirable.

Germanium and silicon metal for use in transistor manufacture must be so purified
that the impurity concentration ranges from about one part in 10' to one part in 10'.
Then a dominant impurity concentration is obtained by doping. Finally, the metal must

be grown into a single highly perfect crystal.

0 GRAPHITE BOAT

O BAR OF HIGH PURITY
SOLID GERMANIUM

O INERT ATMOSPHERE

O INDUCTION COIL

DIRECTION OF TRAVEL
OF INDUCTION COIL AND
MOLTEN ZONE

O QUARTZ TUBE

O MOLTEN ZONE

0 BAR OF LOW PURITY
SOLID GERMANIUM

SIMPLIFIED ZONE REFINING APPARATUS
FIGURE 2.1
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TRANSISTOR CONSTRUCTION TECHNIQUES

The initial purification of germanium and silicon typically involves reactions which
produce the chemical compounds germanium and silicon tetrachloride or dioxide.
These compounds can be processed to give metallic germanium or silicon of relatively
high purity. The metal so prepared is further purified by a process called zone refining.
This technique makes use of the fact that many impurities are more soluble when the
metal is in its liquid state, thus enabling purification to result by progressive solidifica-
tion from one end of a bar of metal.

In practical zone refining a narrow molten zone is caused to traverse the length of
a bar. A cross-sectional view of a simplified zone refining furnace is shown in Figure
2.1. High purity metal freezes out of the molten zone as the impurities remain in
solution. By repeating the process a number of times, the required purity level can be
reached. During the process it is important that the metal be protected from the intro-
duction of impurities. This is done by using graphite or quartz parts to hold the metal,
and by maintaining an inert atmosphere or vacuum around it. The heating necessary to
produce a narrow molten zone is generally accomplished by induction heating, i.e., by
coils carrying radio frequency energy and encircling the metal bar in which they
generate heat.

The purified metal is now ready for doping and growing into a single crystal.
A common method for growing single crystals is the Czochralski method illustrated in
Figure 2.2. In it a crucible maintains molten metal a few degrees above its melting
point. A small piece of single crystal called a seed is lowered into the molten metal and
then slowly withdrawn. If the temperature conditions are properly maintained a single
crystal of the same orientation, i.e., molecular pattern as the seed grows on it until all
the metal is grown into the crystal. Doping materials can be added to the molten metal
in the crucible to produce appropriate doping. The rate at which doping impurities are
transferred from the molten metal to the crystal can be varied by the crystal growing
rate, making it possible to grow transistor structures directly into the single crystal.
This is discussed in detail in the next section.

The floating zone technique for both refining and growing single crystals has
recently been introduced. It is quite similar in principle to zone refining except that
the graphite container for the bar is eliminated, reducing the risk of contamination.
In place of it, clamps at both ends hold the bar in a vertical position in the quartz
tube. The metal in the molten zone is held in place by surface tension. Doping agents
added at one end of the bar can be uniformly distributed through the crystal by a
single cycle of zone refining. This technique has had much success in producing high
quality silicon metal.

JUNCTION FORMATION

A junction may be defined as the surface separating two parts of a semiconductor
with different properties. P -type or N -type doping usually defines the different prop-
erties. Transistors generally utilize PN junctions; however, metal to semiconductor
junctions are used to manufacture point contact and surface barrier transistors. A tran-
sistor can be defined as a structure with two junctions so close together that they
interact with one another. For example, the collector junction is close enough to the
emitter to collect the current that diffuses into the base region.

Techniques for forming junctions may be subdivided into two basic types, impurity
contact or grown junction. The impurity contact method involves treating a homo-
geneous crystalline wafer with impurities to generate the different properties which
form the junction. The grown junction technique involves incorporating into the crystal
during its growth the impurities necessary to produce junctions. Alloy transistors, sur-
face barrier transistors, as well as transistors using surface diffusion are examples of

13



TRANSISTOR CONSTRUCTION TECHNIQUES
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FIGURE 2.2
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TRANSISTOR CONSTRUCTION TECHNIQUES

the impurity contact process. Rate grown, meltback and grown diffused transistors are
examples of the grown process. These processes, illustrated in Figure 2.3, are dis-
cussed below.

INITIAL
CONDITIONS

INTERMEDIATE
STAGE

FINISHED
STRUCTURE

ALLOY
(IMPURITY CONTACT(

DIFFUSION
(IMPURITY CONTACT)

gER4i922 \ \ i ,7=4.771.2),.i .6:i;22_irii.)

DOTS APPLIED

i / [ i

11 t t \' \
HEAT MELTS DOTS

DOTS
RECRYSTALLIZE

DOUBLE
DIFFUSION

COMPLETED

ETCHING
EXPOSES

BASE

11:41.

GASEOUS DOPING
AGENTS APPLIED

RATE
GROWING

(GROWN)

MELTBACK
(GROWN)

GROWN
DIFFUSED

(GROWN)

,,:::.;1.:;..

.-4:,!.,.

CYCLE
COMPLETED

DOUBLE
DOPED

 
r

MOLTEN
DOPED
EMITTER

BASE

JUST

.

lit 11
METAL
WITH

AND

/1?
HEAT REMOVAL

GIVES RAPID.
GROWTH

HEAT REAPPLIED
TO FORM

JUNCTIONS

I ril f,
HEAT MELTS TIP

.

TIP FREEZING
FORMS JUNCTIONS

. . .

PELLET

11

IMPURITIES

., ." / \ *\
BASE IMPURITY

DIFFUSES
RAPIDLY INTO

COLLECTOR

rif \Ikit.
EMITTER

REGION ALONE
CONTINUES
TO GROW

IMPURITY CONTACT AND GROWN JUNCTION TECHNIQUES
FIGURE 2.3

The alloy transistor process starts with a wafer of semiconductor material doped
to a desired level. Alloying contacts or dots containing impurities are then pressed on
either side of the wafer. Heat is applied to the assembly, melting the dots which dis-
solve some of the wafer, giving an alloy solution. Heat is removed and the solution
allowed to freeze. Due to the behavior of impurities during recrystallization, a heavy
concentration of donors or acceptors is left at the alloy -semiconductor material bound-
ary. The boundaries are the emitter and collector junctions. The larger dot is the
collector. Indium, an acceptor type impurity, when alloyed to antimony doped germa-
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TRANSISTOR CONSTRUCTION TECHNIQUES

nium results in PNP alloy transistors such as the 2N123, 2N396 and 2N525. The final
structure of surface barrier and microalloy transistors is similar to that of the alloy
transistor. The difference lies in initial etching of the wafer to minimize its thickness
followed by plating of the emitter and collector dots. Microalloy transistors melt the
dots, generating a recrystallized region which results in normal semiconductor to
semiconductor junctions. Surface barrier transistors do not melt the dots and therefore

have metal to semiconductor junctions.

In diffusion processes, a wafer of semiconductor material is inserted into a capsule
containing one or more impurity elements. The starting material has an impurity con-
centration suitable for the collector of the transistor. Heat is applied to this system
with the result that the impurity elements diffuse into the semiconductor material.
If only one impurity element is used, it generates a diffused base region. Subsequently,

an emitter region must be added to the structure to form a complete transistor. If two
impurity elements are used with germanium wafers, the donor elements will diffuse
faster than the acceptor elements and a PNP structure will result. If silicon wafers are
used, the acceptor element will diffuse faster than the donor element, resulting in a
NPN structure. After the diffusion cycle, proper cutting and etching of the wafer yields

transistor structures.

The rate grown process has been applied successfully to germanium yielding tran-

sistors such as the 2N78 and 2N167. The molten metal in the crucible contains both
donor and acceptor elements. The donor element is sensitive to growth rate so that the
amount of this impurity being deposited in the crystal varies as the growing conditions
are varied. While a single crystal is being grown from the molten metal, the power is
turned off and the crystal is permitted to grow very rapidly. Then excessive power is
applied. Growth stops and the crystal starts to remelt. Again the power is turned off.
As the metal cools, melting stops and the crystal begins to grow. At the point where the
growth rate is zero, the acceptor element predominates and a P region is established

across the germanium crystal. Repeating this process, it is possible to grow multiple
NPN structures in a single crystal.

In the meltback process, a single crystal doped with both donor and acceptor
elements is grown. The crystal is then waferized and diced into small pellets or bars.
Each pellet has both donors and acceptors in it. Heat is applied to the tip of the pellet,
producing a small drop of molten metal held on by surface tension. Heat is removed

and the drop recrystallizes. By taking advantage of the differences in the rate of deposi-
tion of the donor and acceptor elements in the drop, a very thin base region is formed.
The meltback process yields NPN transistors such as the germanium 2N1289.

The grown diffused process is started by growing a crystal which is doped to the
desired collector resistivity. Donor and acceptor elements are added to the molten
metal at the same time. Growth continues, but the concentration of impurities has
vastly increased. During the growing period, advantage is taken of the different diffu-
sion rates of donor and acceptor elements. In silicon the more rapid acceptors generate
diffused base NPN transistors such as the 2N335 and 2N338.

Figure 2.4 lists some of the attributes of junction formation processes. It is seen
that the grown processes yield bar shaped transistor structures. Also, all but the now
obsolete double -doped process give accelerating base fields to enhance high frequency
performance. The rate grown process alone gives more than one wafer from each
crystal. Grown diffused and double -doped processes give one wafer per crystal while
the meltback process requires melting of each individual bar. Among the limita-
tions of the grown processes is the fact that complimentary types generally are not
possible. Also, the bar structure is relatively difficult to heatsink. However, the intro-
duction of the fixed bed construction has resulted in thermal impedances lower than
those of many alloy transistors.
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Transistors utilizing a surface diffused region have a flat collector surface facilitat-ing heatsink attachment. Because theoretically diffusion can be applied in a variety ofways, great design flexibility is possible. Practically, however, process complexity haslimited the number of types being made.
Alloy and microalloy transistors yield two-sided structures which most nearlyapproximate ideal switches in DC characteristics. Both types have been combined withdiffused bases to enhance high frequency performance.
It is seen that many of the structures give similar resistivity profiles and thereforeare capable of similar results. For example, both meltback and microalloy diffusedtransistors have a sharp emitter to base emitter junction, an accelerating field in thebase and a low resistivity collector. This results in excellent high frequency charac-teristics while maintaining relatively high voltage ratings and a moderate saturationresistance. Comparing these with the grown diffused transistor, the latter has the sameabrupt emitter junction and graded base resistivity for good high frequency perform-ance, but it does not have a low saturation resistance. Therefore, it is best suited foramplifier applications. On the other hand, the combination of grown diffused bars andfixed bed construction has led to respectable NPN silicon switching transistors such asthe G -E 2N338.

The diffused alloy and alloy diffused structures differ in that the former is essen-tially a conventional alloy transistor with the addition of a diffused base region on theemitter side. The alloy diffused structure, however, has a wafer doped to the requiredcollector resistivity and generates the base region by diffusion out of the emitter dotwhich has initially been doped with both donor and acceptor impurities.
The diffused base and diffused emitter -and -base structures have the same profiles.However, the former has the emitter junction formed by microalloying a semiconductorjunction onto the surface of the base; the latter has the emitter already formed bydiffusion.

Generally uniformity in transistor characteristics is attributed to processes capableof forming a large number of transistor structures simultaneously, but this uniformitycan only be exploited if there is corresponding uniformity in pellet mounting and leadattachment.

LEAD ATTACHMENT

Both ohmic and semiconductor type contacts are required for attaching leads to atransistor structure. Ohmic contacts, i.e., normal non -rectifying contacts, are used toattach leads to exposed regions such as the emitter and collector dots of an alloy tran-sistor or the emitter and collector portions of grown transistor bars. The connectionbetween the mounting base or header leads, and the leads from the transistor structureshould also be ohmic. Unless care is taken, leads may form additional PN junctions.If the PN junction is in the collector a PNPN structure results. The same structure isfound in the Silicon Controlled Rectifier and therefore it may cause the transistor toturn on regeneratively either at high temperatures or at high collector currents. If thePN junction is in the base lead, it results in a higher base to emitter input voltage,which is a strong function of temperature. This additional junction also affects thebase turn off drive in switching circuits and will increase storage time and fall timebeyond that of a normal transistor.
On the other hand, semiconductor contacts, i.e., PN junctions, can be useful. Theymake possible contact with the base region when overlapping the emitter or collectorregion by the base lead is unavoidable. Grown transistors have extremely narrow baseregions so that rugged base leads generally overlap adjacent regions. By doping thebase lead heavily with the same impurity as the base, an ohmic type contact is formed
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PROCESS
DESIGNATION

GEOMETRICAL
SHAPE
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S = Single
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*Profiles are typical and not necessarily to the same scale since processing details can alter profiles
considerably. }Diffused alloy and alloy diffused are capable of identical profiles.
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ACCELERATING
BASE

FIELD

TYPES
THEORETICALLY POSSIBLE

(Bracketed Types
Unavailable Commercially)

NUMBER
OF

STRUCTURES
FORMED

SIMULTANEOUSLY

REPRESENTATIVE
TRANSISTOR

TYPES

GERMANIUM SILICON

YES NPN - MULTIPLE 2N167

YES NPN (NPN)
(PNP) INDIVIDUAL 2N1289

YES PNP NPN INDIVIDUAL

YES PNP NPN MULTIPLE 2N335

NO ( NPN)
(PNP) (PNP) MULTIPLE 903

NO PNP
NPN

PNP
NPN INDIVIDUAL 2N525

YES
PNP

(NPN)
(PNP)
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PNP

(NPN)
NPN

(PNP) INDIVIDUAL 2N501

JUNCTION PROCESSES AND CHARACTERISTICS
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to the base region while semiconductor contacts are simultaneously made to the emitter
and collector. With normal transistor biasing, the collector to base PN junction so
formed is normally reverse biased. Its primary effect is to increase the collector capaci-
tance. The emitter junction, however, is forward biased, permitting a portion of the
base current to be shunted through the overlap diode rather than to be injected into
the base region. However, emitter overlap can be completely eliminated by electrolytic
etching as in the 2N1289. Mesa -like transistors can also use advantageously heavily
doped base leads to permit deep penetration of the base region.

Many materials are suitable for leads, especially if they are doped appropriately.
Aluminum, gold, indium, nickel have been used successfully. Gold, which is readily
doped P or N -type, is used successfully with both germanium and silicon.

Leads of circular and rectangular cross sections are common. Circular leads offer
ease of handling; rectangular, offer a lower base resistance. With rate grown transistors,
a circular lead is placed along the full length of the base region to combine the low
base resistance of a ribbon contact with the advantages of the circular cross-section.

Alloying, soldering, welding and thermo compression bonding (TCB) are used for
attaching leads to header terminals and to the transistor structure. Gold and aluminum
are alloyed with germanium and silicon. In some cases, fluxless soldering is the pre-
ferred method, for example, in attaching leads to the indium dots on PNP alloy tran-
sistors. Welding finds an application primarily in attaching leads to the header terminals.
Thermo compression bonding (TCB), which forms contacts by crushing the leads into
the transistor structure at elevated temperatures, is of interest since it permits the very
shallow surface penetration by the leads which is essential in extremely high frequency
transistors. TCB also minimizes potential damage to the junctions because the leads are
attached at relatively low temperatures. Close process control is necessary, however,
since a precise balance between plastic and elastic deformation must be held to pre-
vent contact failure during thermal cycling.

ENCAPSULATION

The term encapsulation is used here to describe the processing from thecompletion
of the transistor structure to the final sealed unit. The primary purpose of encapsulation
is to ensure reliability. This is accomplished by protecting the transistor from mechani-
cal damage and providing a seal against harmful impurities. Encapsulation also governs
thermal ratings and the stability of electrical characteristics.

The transistor structure is prepared for encapsulation by etching to dissolve the
surface metal which may have acquired impurities during manufacture. Following
etching, a controlled atmosphere prevents subsequent surface contamination. The
transistor now is raised to a high temperature, is evacuated to eliminate moisture and
is refilled with a controlled atmosphere. Then the cap, into which a getter may be
placed, is welded on.

In some respects the design of the case, through its contribution to transistor reli-

ability, is as important as that of the transistor structure. Mechanically, users expect to
drop transistors, snap them into clips or bend their leads without any damage. Ther-
mally, users expect the header lead seals to withstand the thermal shock of soldering,
the junctions to be unaffected by heating during soldering, and the internal contacts to
be unchanged by thermal cycling. Considerable design skill and manufacturing cost is

necessary to meet the users expectations. Within the transistor structure, coefficients of
expansion are matched to prevent strain during thermal cycling. Kovar lead seals with-
stand the shock of soldering and do not fatigue and lose their effectiveness after thermal
cycling. Hard solders and welds maintain constant thermal impedance with time, avoid-

ing possible crystallization of soft solders.

For the stability of electrical characteristics, hermetic seals cannot be over -
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emphasized. They not only preserve the carefully controlled environment in which the
transistor is sealed but they exclude moisture which causes instability. While some
transistors can tolerate pure water vapor, water makes possible the ionization and
migration of other harmful contaminants. Moisture can be responsible for slow reversi-
ble drifts in electrical characteristics as operating conditions are changed. Also, while
a transistor is warming up after exposure to low temperatures, moisture may precipitate
on the transistor surfaces, causing a large temporary increase in Ico. Kovar-hard glass
lead seals are used in transistors designed for reliability. Kovar does not have the low
thermal impedance or ductility of copper, however, and therefore seal integrity is paid
for by a lower dissipation rating and a lower tolerance to lead bending.

The case design governs the transistor's thermal impedance, which should be as
low as possible and consistent from unit to unit. Very small cases minimize the junction
to case impedance while increasing the case to air impedance. Larger cases such as
the JEDEC 370 mil TO -9 combine a lower case to air impedance, with a lead configura-
tion and indexing tab permitting automatic insertion of transistors into printed circuit
boards.

RELIABILITY

Transistors have no known failure mechanism which should limit their life expect-
ancy. Sufficient data has been collected to date to show that with careful construction
techniques, transistors are capable of operation in excess of 30,000 hours at maximum
ratings without appreciable degradation. Since transistors can perform logical opera-
tions at very low dissipation and amplify at high efficiency, the resulting low dissipation
reduces the ambient temperature for other components, enhancing their reliability aswell. The transistor's small physical size and its sensitivity to small voltage changes atthe base, results in low circuit capacitances and low power requirements, permitting
large safety factors in design. The variety of manufacturing processes being used by
the industry permits choosing the optimum transistor for any circuit requirement. For
example, rate grown transistors offer low Ico and low Cc for applications requiring low
collector current. Alloy transistors offer high peak power capabilities, great versatility
in application, and are available in both PNP and NPN types. Meltback or mesa tran-
sistors give high speed at high voltage ratings while microalloy transistors give high
speed and good saturation characteristics in lieu of high voltages.

Reliability is a measure of how well a device or a system satisfies a set of electrical
requirements for a given period of time under a specified set of operating conditions.
Because reliability involves the element of time, only life tests can provide data onreliability. Life tests, however, indicate what the transistor was and how much it haschanged during the life test, but they are only a measure of reliability if correlations
have been established between the deterioration during life tests and reliability. Life
tests alone are inadequate in guaranteeing reliability because they cannot check all
potential causes of failure. For example, they will not detect intermittent contactsor the excessive moisture which may cause erratic low temperature performance.
Fortunately, other tests detect such conditions, but these problems have led to theadage that reliability cannot be tested in.

While it is true that reliability must be built in, it has seldom proved practical inthe past to make an absolute measurement of a specific transistor's reliabilitj. Tran-
sistors currently are sufficiently reliable that huge samples and considerable expense in
manpower, equipment, and inventory are necessary to get a true measure of their reli-
ability. However, tests can readily show if a transistor falls far short of the required
reliability; therefore, they are useful in assigning ratings, in obtaining rate of degrada-
tion measurements, and as a measure of quality control or process variability. Figures
2.5, 2.6, 2.7 show some of the considerations in designing reliable transistors.
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O KOVAR METAL FOR BEST HERMETIC SEAL
® RIDGE ASSURES BETTER PRECISION IN WELDING

O COPPER CLAD STEEL FOR STRAIN FREE FABRICATION,
SALT SPRAY RESISTANCE AND MECHANICAL STRENGTH

® WELDED CONTACTS BETWEEN COLLECTOR AND
EMITTER TABS,AND HEADER LEADS

O SPECIAL ALLOYS AND PROCESSING TO PREVENT POOR
WETTING AND CONSEQUENT INTERMITTENT CONTACT

O SPECIAL ALLOYS BETWEEN WAFER AND SUPPORTING
WINDOW TO CONTROL STRESSES DUE TO THERMAL
EXPANSION, TO GET GOOD WETTING BETWEEN WINDOW
AND WAFER REDUCING THERMAL IMPEDANCE AND

BASE RESISTANCE, TO GET PURELY OHMIC CONTACT

O CRYSTAL ORIENTATION CHOSEN TO PREVENT DOT SPREADING

® COLLECTOR DOT CENTERED EXACTLY OPPOSITE EMITTER
DOT FOR HIGH CURRENT GAIN

O THICK WINDOW TO MINIMIZE THERMAL IMPEDANCE TO CASE
0 TWO LARGE WELDS PROVIDE HEAT PATH FROM WINDOW TO CASE

O SHOULDER ON SEAL FOR STRENGTH
 KOVAR TO HARD GLASS MATCHED COEFFICIENT SEAL
 KOVAR LEADS HELP REDUCE JUNCTION HEATING DURING SOLDERING
O GASEOUS ATMOSPHERE AVOIDS THE MIGRATION OF IONS

05
POSSIBLE WITH FLUID TYPE FILLERS

GETTER TABLET TO PERMANENTLY ABSORB ANY MOISTURE
DUE TO OUTGASSING

 SPECIAL ETCHING AND SURFACE TREATMENT RESULTS IN STABLE
Ico ATALL TEMPERATURES, VERY LOW NOISE FIGURE, AND
SMALL Ico VARIATION WITH COLLECTOR VOLTAGE.

DESIGN FOR RELIABILITY
(TYPES 2N43, 2N396, 2N525)

FIGURE 2.5

While a transistor's design must be inherently reliable to yield a reliable product,
the design must be coupled with vigorous quality control in manufacturing and accel-
erated life tests to verify that the process is truly under control.

There are a number of tests which appear to correlate with reliability; however,
their significance and applicability to any specific transistor type will vary and must be
assessed on this basis.

Storage of transistors at their maximum rated temperature can be a measure of
process cleanliness, since chemical activity doubles approximately every ten degrees
centigrade. Caution should be used since some organic fillers decompose if the rated
temperature is exceeded.
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0 KOVAR METAL HEADER FOR BEST HERMETIC SEAL

 RAISED GLASS BEAD TO PREVENT POSSIBLE
OCCLUSION OF CONTAMINANTS

O CERAMIC DISK WITH COEFFICIENT OF THERMAL
EXPANSION MATCHING THAT OF SILICON

0 GOLD STRIPS BONDED TO CERAMIC BY TECHNIQUES
PERFECTED FOR CERAMIC TUBE

 SLIT IN DISK CUT TO ±0.001" TOLERANCE

O BASE REGION PLACED CLOSE TO COLLECTOR CONTACT
FOR LOW THERMAL IMPEDANCE AND LOW SATURATION
RESISTANCE

0 HARD SOLDER PREVENTS THERMAL FATIQUE PROBLEMS

O SPECIAL NON -POROUS CERAMIC IS IMPERVIOUS TO
PROCESSING CHEMICALS

 DISK DIAMETER SMALL ENOUGH TO PREVENT ANY
CONTACT WITH CASE

O BASE LEAD ATTACHED TO GOLD STRIP

FIXED BED MOUNTING
DESIGN FOR RELIABILITY

(TYPES 2N335, 2N337, 2N49I)
FIGURE 2.6

When operating transistors under dissipation, it is preferable to turn the transistors
off for approximately ten minutes every hour in order to induce thermal cycling.
Thermal cycling will tend to fatigue compression seals, will detect intermittent contacts
or poor welds and, by establishing thermal gradients, will accelerate migration of any
impurities that may be present.

Some transistors find operation at high voltages and high junction temperatures
simultaneously most deleterious. Thermal runaway can be avoided without invalidat-
ing the test by applying a collector to base potential and disconnecting the emitter.

To determine the safety factor in the manufacturer's dissipation rating, life tests at
20% over -rating should detect marginal units. Caution should be exercised with tran-
sistors using organic fillers such as greases or oils, since the cases may rupture if the
transistors overheat.

With some transistors, a drift in 'co at room temperature is believed to correlate
with reliability. In germanium transistors, a drift of more than 1µa in 15 seconds after
power is applied is considered excessive where reliability is of paramount importance.
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A transistor may pass the high temperature tests readily even though it will mal-
function at low temperatures due to moisture. Moisture can be detected by monitoring
Ico while a transistor warms up after being cooled to dry ice temperatures. A significant
increase in Ico while the transistor is warming up is indicative of moisture. Care should
be taken, however, that vapor condensation on the outside of the transistor case is not
responsible for the increase in Ico. Two tests of hermetic seal which are widely used in
the industry are the detergent pressure bomb and the Radiflo test. The former involves
pressurizing transistors in water to which a small quantity of detergent has been added.
On penetrating leaky seals, the detergent contaminates the junctions. To be significant,
the test should use a relatively high pressure for a long period of time, particularly if
organic fillers are used which might protect the junction temporarily. The Radiflo test
forces a gas with a radioactive tracer into the transistor through leaky seals. A Geiger
counter detects the presence of the radioactive gas within the leaky transistors.

Another measure of potential reliability are the distribution curves of the major
parameters. Except where screening has been done to narrow limits, the distribution
curves should be approximately Gaussian, indicating that the transistors represent good
process control and statistically will ensure non-critical circuit performance.

The above tests can be made more significant by selecting the samples from several
sources over a period of time. This permits a realistic appraisal of the manufacturing

process control.

@ KOVAR HEADER RESEMBLES THAT FOR 2N335

0 STEP ETCH REVEALS BASE REGION PREVENTING
EMITTER OVERLAP

® THE HEAT SINK IS A METAL TAB WELDED TO THE
HEADER LEAD AND ALLOYED TO THE EMITTER OF

MELTBACK BAR

®CANTILEVER CONSTRUCTION MINIMIZES MECHANICAL
AND THERMAL STRAINS ON BAR

®GOLD RIBBON BASE LEAD FOR DUCTILITY,LOW
ELECTRICAL RESISTANCE AND LINE CONTACT TO

BASE REGION

©COLLECTOR LEAD

DESIGN FOR RELIABILITY
(TYPES 2N1289, 3N36, 3N37)

FIGURE 2.7



3. SMALL SIGNAL CHARACTERISTICS

A major area of transistor applications is in various types of low level a -c amplifiers.One example is a phonograph preamplifier where the output of a phonograph pickup
(generally about 8 millivolts) is amplified to a level suitable for driving a power ampli-fier (generally 1 volt or more). Other examples of low level or small signal amplifiers
include the IF and RF stages of radio and TV receivers and preamplifiers for servosystems.

As described in Chapter 4 on large signal characteristics a transistor can have very
nonlinear characteristics when used at low current and voltage levels. For example, ifconduction is to take place in an NPN transistor the btse be ositive with respect
to the emitter. Thus, ft an a -c signal were applied to the baseof an NPN transistor,
conduction would take place only during the positive half cycle of the applied signaland the amplified signal would be highly distorted. To make possible linear or undis-
torted amplification of small signals, fixed d -C currents and voltages are applied to the
transistor simultaneously with the a -c signal. This is called biasing the transistor, and
the d -c collector current and d-c collector to emitter voltage are referred to as thebias conditions.

The bias conditions are chosen so that the largest a -c signal to be amplified is small
compared to the d -c bias current and voltage. Transistors used in small si al amplifi s
are normally biased at currents between 0.5 and 10 ma. an vo tages etween 2 and _10
glts. Bias currents and voltages below This range can cause problems of distortion,while bias currents and voltages above this range can cause problems of excessive noise

and power dissipation.

A typical circuit for a single stage low level a -c amplifier is shown in Figure 3.1.
Resistors 111, R2, and 112 form the biasing circuit, the design of which is described inChapter 5. The capacitors serve to block the d -c voltages, but offer a low impedance
path to the a -c signal voltages. Thus, as far as the a -c signals are concerned, the circuit
of Figure 3.1 is equivalent to the much simpler circuit of Figure 3.2. Resistor RA repre-
sents the parallel resistance of R1 and R2, while v and i designate the values of the a -c
voltage and current.

12

TYPICAL LOW LEVEL A -C AMPLIFIER CIRCUIT AND A -C EQUIVALENT CIRCUIT
FIGURES 3.1 AND 3.2
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For the purpose of circuit design any amplifier, whether a single transistor stage or
a complete circuit, can be.considered as a "black box" which has two input terminals
and two output terminals as indicated in Figure 3.3. The circuit designer, knowing the
electrical characteristics of the "black box", can calculate the performance of the ampli-
fier when various signal sources are applied to its input and various loads are connected
to its output.

INPUT
TERMINALS

"BLACK

BOX"

12

O
4
V2

O

BLACK BOX REPRESENTATION OF AN AMPLIFIER CIRCUIT
FIGURE 3.3

OUTPUT
TERMINALS

Network theory tells us that the complete electrical characteristics of a "black box"
such as Figure 3.3 can be specified in terms of four parameters. The parameters which

are frequently used for specifying the characteristics of transistors and in the analysis
of transistor circuits are the "hybrid" or "h" parameters. The "h" parameters are
defined by the equations:

= hni, I h,zv2 = hi i, hr v2 (1)

i2 = h22v2 = ht ii + h. v2 (2)

where

hil = h, is the input impedance with the output a -c short circuited (ohms)

h,2 h, is the reverse voltage transfer ratio with the input a -c open cir-
cuited (dimensionless)

h2, hf is the forward current transfer ratio with the output a -c short
circuited (dimensionless)

1122 ho is the output admittance with the input a -c open circuited (mhos)

The letter and numerical subscripts for the "h" parameters are completely equiva-
lent and may be used interchangeably. Common practice is to use the numerical
subscripts for general circuit analysis and the letter subscripts for specifying the char-
acteristics of transistors. Since transistors can be measured and used in either the
common base, common emitter, or common collector configuration an additional sub-
script (b, e, or c) is added to the "h" parameters to indicate the particular configuration
involved. For example, the forward current transfer ratio in the common emitter con-
figuration is designated by either hre or h...

It is frequently advantageous to use equivalent circuits for transistors to aid in
circuit design or to gain understanding of transistor operation. The equivalent circuit
for the "h" parameters in the common base configuration is shown in Figure 3.4. In this
circuit the voltage transfer ratio, h,b, appears as a voltage generator in the input circuit
and the current transfer ratio, hfb, appears as a current generator in the output circuit.

Figure 3.5 shows another form of equivalent circuit for the transistor, the "T" equiva-
lent circuit. This equivalent circuit is of interest since it approximates the actual
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transistor structure. Thus re and re represent the ohmic resistances of the emitter and
collector junction while r1, represents the ohmic resistance between the base contact
and the junctions. The current generator aie represents the transfer of current from the
emitter junction to the collector junction across the base region.

II

HYBRID EQUIVALENT CIRCUIT
(COMMON BASE CONFIGURATION)

a e

"T" EQUIVALENT CIRCUIT

FIGURES 3.4 AND 3.5

2

If the "h" parameters are measured or specified for one configuration (e.g., common
emitter) the values of the "h" parameters for the other configurations or the values of
the parameters in the "T" equivalent circuit may be calculated. Figure 3.6 gives simple
conversion equations for all possible cases. Also given in Figure 3.6 are typical values
for all the parameters of the 2N525 transistor biased at 1 ma and 5 volts. The "h"
parameters are dependent upon the biasing conditions and it is important in circuit
design to correct the values of the parameters from the bias conditions under which
they are specified to the bias conditions under which the transistors are used. The
correction factors can be obtained from a graph such as Figures 3.7 and 3.8.
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APPROXIMATE CONVERSION FORMULAE
H PARAMETERS AND T EQUIVALENT CIRCUIT

(NUMERICAL VALUES ARE TYPICAL FOR THE 2N525 AT I MA , 5V

SYMBOLS COMMON
EMITTER
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BASE
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COLLECTOR
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CIRCUIT

IRE OTHER
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FIGURE 3.6
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hie
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CHARACTERISTICS VS COLLECTOR VOLTAGE

VARIATION OF "H" PARAMETERS WITH BIAS CONDITIONS
FIGURE 3.7 FIGURE 3.8

For example, suppose that it is desired to find the typical value of hob for the
2N525 at 0.5 ma and 10 volts. From Figure 3.6 the typical value of hob at 1 ma and
5 volts is 0.6 x 10' mhos. From Figure 3.7 the correction factor at 0.5 ma is 0.6 and
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SMALL SIGNAL CHARACTERISTICS

from Figure 3.8 the correction factor at 10 volts is 0.75. The value of hob is then
calculated from:

hob (0.5 ma, 10 v) = 0.60 X 10' X 0.6 X 0.75
= 0.27 x 10' mhos

Once the "h" parameters are known for the particular bias conditions and configura-
tion being used, the performance of the transistor in an amplifier circuit can be found
for any value of source or load impedance. Figure 3.9 gives the equations for determin-
ing the input and output impedance, as well as the current, voltage, and power gain of
a transistor amplifier stage directly from the "h" parameters. The particular "h" param-
eters used in these equations must correspond to the particular circuit configuration
used. For example, if it is desired to calculate the voltage gain of a common emitter
amplifier stage the values hi., hr., Ine, hoe must be used in equation 8.

With the exception of equation 9 all of the equations in Figure 3.9 are valid at any
frequency provided that the values of the "h" parameters at that particular frequency
are used. At the higher frequencies "h" parameters become complex and the low fre-
quency "h" parameters are no longer valid. The matched power gain given by equation
10 requires that both the input and the output of the amplifier stage be tuned and the
input and output resistances be matched to the generator and load resistance respec-
tively. This situation is seldom met exactly in practice, but it is generally met closely
enough to permit accurate results from equation 10.

If the voltage feedback ratio, h is very small or is balanced out by external feed-
back the circuit is said to be unilateral. This means that no signal transmission can take
place from the output of the circuit to the input. Under these conditions the input
impedance of the circuit will be equal to hi and the output impedance will be equal
to 1/h.. The power gain under matched, unilateral conditions is given by equation 11.
This power gain is a good figure of merit for the transistor since it is independent of
circuit conditions and transistor configuration. It represents the maximum power gain
that can be obtained from a transistor under conditions of absolute stability.

As an example of the use of these equations suppose that it is desired to design a
tuned amplifier using the 3N37 operating at 150 mc. What power gain can be obtained
and what input and output impedances should be used for the matching transformer?
From the 3N37 specifications (converting from polar to rectangular form when
necessary): a i. = 80, are = 0.00187, a = -0.191, a.. .= 5.5 X 10', bi. = -10,
bre = 0.0179, bf. = -1.08, b.. = 12.5 x 10-'. Putting these numbers into the equa-
tions in Figure 3.9 gives:

C = -0.062
D = 0.75
F = 0.43
G. = 8.75
Zi. = 60 - j 5.0 ohms
Yom = (4.15 + j 12.8) X 10' mhos

In a tuned circuit the reactive part of the output admittance would be tuned out
so that:

Ri = 60 ohms
R. = 2400 ohms
G. = 10 log (8.75) 9.43 db
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4. LARGE SIGNAL CHARACTERISTICS

The large signal or d -c characteristics of junction transistors can be described in
many cases by the equations derived by Ebers and Moll (Proc. IRE, December, 1954).
These equations are useful for predicting the behavior of transistors in bias circuits,
switching circuits, choppers, d -c amplifiers, etc. Some of the more useful equations are
listed below for reference. They apply with a high degree of accuracy to germanium
alloy junction transistors operating at low current and voltage levels, but are also useful
for analyzing other types of transistors.

PARAMETERS

The parameters used in the following large signal equations are listed below and
indicated in Figure 4.1.

IE IC4 -

PARAMETERS USED IN LARGE SIGNAL EQUATIONS
FIGURE 4.1

Ico = ICBO Collector leakage current with reverse voltage applied to collector and
emitter open circuited (I.o has a positive sign for NPN transistors and
a negative sign for PNP transistors)

IEBO Emitter leakage current with reverse voltage applied to emitter and
collector open circuited (IEo has a positive sign for NPN transistors and
a negative sign for PNP transistors)

ax -= a Normal alpha, small signal common base forward current transfer ratio
from emitter to collector with output a -c short circuited, low current
and voltage levels (a has a positive sign for NPN transistors and PNP
transistors)

aI Inverted alpha, same as EN but with emitter and collector interchanged
R., RE, Rc Ohmic resistance internal to transistor in series with base, emitter and

collector leads respectively
IB, IE, Ic D -C currents in base, emitter and collector leads respectively, positive

sense of current corresponds to current flow into terminals
Bias voltage across collector junction, collector to base voltage exclu-
sive of ohmic drops (across R., Rc), forward bias is positive polarity
Bias voltage across emitter junction, emitter to base voltage exclusive
of ohmic drops (across R., RE), forward bias is positive polarity

VEB, VCB, VOE Terminal voltages, emitter to base, collector to base, collector to emitter

A = _q 1/A = 26 millivolts at 25°C
KT
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LARGE SIGNAL CHARACTERISTICS

q Electronic charge = 1.60 x 10' coulomb
K Boltzmann's constant = 1.38 X 10' watt sec/°C
T Absolute temperature, degrees Kelvin = °C + 273

BASIC EQUATIONS

aNIEo = ado)
(4a)

1E0 (eA0B -1) + co (eA0c -1) (4b)
IEa I

1 - aNai 1 - aria'

Ic = aN 1E0 (enoE -1) - Ico (eA0c -1) (4c)1 - aNai 1 - aNai

Under normal operating conditions, the collector is reverse biased so sbc is negative.If the collector is reverse biased by more than 0.10 volts, then eA0c << 1 and can beeliminated from equations 4b and 4c. The equations given below are derived fromequations 4a, 4b and 4c.

COLLECTOR LEAKAGE CURRENT (IcEo)

+ VcE > 0.1 volt

IcE0

IE = 0

IcoICEO =
1-aN (4d)

IcEo is the collector leakage current with the base open circuited and is generallymuch larger than Ico.

COLLECTOR LEAKAGE CURRENT (ICES)

Ve. > 0.1 volt

ICES

'CoICES =
1 -aNai (4e)

ICES is the collector leakage current with the base shorted to the emitter and equals theleakage current the collector diode would have if the emitter junction was not present.Accurate values of aN and al for use in the equations in this section are best obtainedby measurement of Ico, 'cc° and ICES and calculation of cog and al from equations 4dand 4e. The value of IE0 may be calculated from equation 4a.
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LARGE SIGNAL CHARACTERISTICS

COLLECTOR AND EMITTER LEAKAGE CURRENT-
COLLECTOR AND EMITTER JUNCTIONS REVERSE BIASED

Ic = Ico (1 -
1 - aNai

40(1 -- aN)
1 - aNai

(4f)

(4g)

Equation 4f indicates that if both the emitter and the collector are reverse biased the
collector leakage current will be less than Ico and the emitter leakage current will be
less than IEo. The reverse base current will be greater than Ico, but will be less than
Ico/aN. For example, if aN = 0.99 and al = 0.90 then Ic = 0.92 Ico, IE = 0.09 1E0 and
Is = -1.004 Ico. This relationship indicates the advantage of using transistors in the
inverted connection (collector and emitter interchanged) when a low leakage current is
desired in switching circuits.

COLLECTOR LEAKAGE CURRENT (IcER)

VCE > 0.1 volt

'LEE

ICER
1 - aNal ARIE0 (1-aN)

(1 + AIE0R) Ico ( 4h)

IcEE is the collector leakage current measured with the emitter grounded and a resistor
R between base and ground. The size of the resistor is generally about 10K. From
equation 4h, it is seen that as R becomes very large LER approaches Tem ( Equation 4d).
Similarly as R approaches zero, ICES approaches ICES (Equation 4e).

COLLECTOR LEAKAGE CURRENT-
SILICON DIODE IN SERIES WITH EMITTER

H

± Vc > 0.8 volt

1 IC

Ic = ( 1 + AIE011 - a1AV0) Ico
11 - aNai + ARIco (1-aN)

Va

(4i)

This circuit is useful in some switching applications where a low collector leakage
current is required and a negative supply voltage is not available for reverse biasing
the base of the transistor. The diode voltage Va used in the equation is measured at a
forward current equal to the Ico of the transistor. This equation holds for values of Ic
larger than Ico.
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LARGE SIGNAL CHARACTERISTICS

COLLECTOR TO EMITTER VOLTAGE-
COLLECTOR OPEN CIRCUITED

= 0

E = IERE 1
in

1

A aI
(4j)

The second term in equation 4j indicates that the value of W. for small values of I.
is determined by the value of ai. As ai approaches unity, the second term in equation
4j will approach zero. This indicates the advantage of using a transistor in the inverted
connection if a low voltage drop in a switching circuit is desired. Equation 4j also
indicates that the series emitter resistance may be obtained by measuring the a -c
resistance R. = AV../PI.. The series collector resistance can be measured in the
same manner if the transistor is inverted.

BASE INPUT CHARACTERISTICS

VBE = ( ±

for Ic 0:

VBE = (RE ± RB) 1 In ( IB +1/ (4k)A \ IBo

for Vc. > 0.1 volt:

1 in 1B (1-aNai) 1 as (1-al/
(41)1 - ) A L IE0 (1-as) a(1-as)

A comparison of equations 4k and 41 indicates that they are approximately equal if
R. is small and ax is smaller than ai (1 - ax > > 1 - ai). For this condition, the base
input characteristic will be the same whether the collector is reverse biased or open
circuited.

VOLTAGE COMPARATOR CIRCUIT
TB

+
for V Ve,

vo

RI IB= V.. r ax y - \ (4m)
RL L k 1 - as ./.1

If an emitter follower is overdriven such that the base current exceeds the emitter
current the emitter voltage can be made exactly equal to the collector voltage. For
example, if a square wave with an amplitude greater than V00 is applied to the base of
the transistor the output voltage V. will be a square wave exactly equal to V.
Equation 4m gives the base current required for this condition and indicates that the
transistor should be used in the inverted connection if the required base current is to be
minimized. This circuit is useful in voltage comparators and similar circuits where a
precise setting of voltage is necessary.
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5. BIASING

One of the basic problems involved in the design of transistor amplifiers is estab-
lishing and maintaining the proper collector to emitter voltage and emitter current
(called the biasing conditions) in the circuit. These biasing conditions must be main-
tained despite varations in ambient temperature and variations of gain and leakage
current between transistors of the same type. The factors which must be taken into
account in the design of bias circuits would include:

1. The specified maximum and minimum values of current gain (h..) at the oper-
ating point for the type of transistor used.

2. The variation of hFE with temperature. This will determine the maximum and
minimum values of h.. over the desired temperature range of operation. The
variation of h. with temperature is shown in Figure 10.7 for the 2N525
transistor.

3. The variation of collector leakage current (Ico) with temperature. For most
transistors, Ico increases at approximately 6.5-8%/°C and doubles with a tem-
perature change of 9-11°C. In the design of bias circuits, the minimum value of
Ico is assumed to be zero and the maximum value of Ico is obtained from the
specifications and from a curve such as Figure 10.6. If silicon transistors are used,
it is best to use the specified high temperature Ico for estimating the maxi-
mum Ico.

4. The variation of base to emitter voltage drop (V.) with temperature. Under
normal bias conditions, VBE is about 0.2 volts for germanium transistors and 0.7
volts for silicon transistors and has a temperature coefficient of about -2.5 milli-
volts per °C. Figure 5.1 shows the variation of V.. with collector current at
several different temperatures for the 2N525. Note that for some conditions of
high temperature it is necessary to reverse bias the base to get a low value of
collector current.

5. The tolerance of the resistors used in the bias networks and the tolerance of the
supply voltages.

-40

530

(420

O

.10

0

2

65°C

0°C

25°C

55°C

70°C

+.I00
-3 -4 -5 -6

EMITTER CURRENT_ I E _ MILLIAMPERES

INPUT CHARACTERISTICS OF 2N525 (VcE=
FIGURE 5.1

36



BIASING

Two of the simpler types of bias circuits are shown in Figures 5.2 and 5.3. Thesecircuits can be used only in cases where a wide range of collector voltage can betolerated (for Figure 5.2 at least as great as the specified range of hFE) and wherehFE"'" times Ice"' is less than the maximum desired bias current. Neither circuit canbe used with transistors which do not have specifications for maximum and minimumhFE unless the bias resistors are selected individually for each transistor. The circuit ofFigure 5.3 provides up to twice the stability in collector current with changes in hFEor Ico than the circuit of Figure 5.2. However, the circuit of Figure 5.3 has a -c feed-back through the bias network which reduces the gain and input impedance slightly.This feedback can be reduced by using two series resistors in place of 112 and connect-ing a capacitor between their common point and ground.

+ VcC

Vcc
lc = cFE t -RI +.,coi

FIGURE 5.2

+VcC

=
hFE (Vcc+IcoR2)

R2+ hFE RL

TRANSISTOR BIAS CIRCUITS

FIGURE 5.3

In cases where more stability is desired than is provided by the circuits of Figure5.2 or 5.3, it is necessary to use a resistor in series with the emitter of the transistor asshown in Figure 5.4. There are several variations of this circuit, all of which may beobtained by the general design procedure outlined below.

+ VB

+ V c c

lc ' aTE + 'co

IC' hFE 'B +(hFE +I) Ico

a
hFE ' 1-a

BASIC TRANSISTOR BIAS CIRCUIT
FIGURE 5.4

For the circuit of Figure 5.4, the following equations apply:
1E = (hFE + 1) (I13 + Ico)

VI; = F RE
± RE 1 IE -I- VBE - ICORBL (h. -F 1)

(5a)

(5b)
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Considering bias conditions at the temperature extremes, at the minimum tem-
perature, I. will have its minimum value and the worst conditions would occur for
hp. = hFEmin, VBE = VBEm", 'Co = 0 or

at lowest temperature: V. = R. ± R. 'Ern- VBEm" ( 5c)[ hp.m" ± 1

and at the highest temperature of operation IE will have its maximum value and the
worst conditions would occur for hrE = hFEm", VBE = VBEm", ICO = ICOm".

at highest VB = [ rt. + BE IEm" VBEm" ICOm" Rs.
temperature: hFEm" + 1

( 5d)

from these two equations the value of R. can be calculated:

in) RE VBEm" VBEmaxRB
- (5e)

IcomaY 'Erna' IEmin

hp.m" + 1 T hpe '" ± 1
As an example, consider the following bias circuit design:

1. Select the transistor type to be used (2N525).

2. Determine the required range of temperature
0°C to + 55°C

3. Select the supply voltage and load resistance
Vcc = 20 volts; RL = 7.5K

4. Determine Icom":
From the specifications the upper limit of Ico is 10 ga. at 25°C and from

Figure 10.6 IEE will increase by a factor of 10 at 55°C, thus Loma" = 10 x 10 =
100 tia.

5. Determine the values of hp.m" and hpEm"
From the specifications, the range of hFE at 25°C is 34 to 65. From Figure

10.7 hFE can change by a factor of 0.75 at 0°C and by a factor of 1.3 at +55°C.
Thus hp.miu = 0.75 x 34 = 25 and hp.max = 1.3 X 65 = 85.

6. Determine the allowable range of I.:
In general, the variation of the circuit performance with emitter current

determines the allowable range of emitter current. In some cases the allowable
range of emitter current is determined by the peak signal voltage required
across RL.

Assume that the minimum current is .67 ma which gives a minimum voltage
of 5 volts across RL and the maximum emitter current is 1.47 ma which gives a
maximum voltage of 11 volts across RL. The allowable range of emitter current
must be modified to take into account the tolerance of the bias resistors. Assum-
ing a bias network using three 5% resistors, then

= (1 + 3 x .05) (0.67) = 0.77 ma and
IEmax = (1 -3 X .05) (1.47) = 1.25 ma

7. Estimate the values of VBEm" and V.Em"
From Figure 5.1 VB.mi" at 55°C and IE = 1.47 ma is about 0.08 volt,

VBEm" at 0°C and IE = 0.67 ma is about 0.17 volt.

8. Calculate the value of R. from equation Se
R. = 4.17 RE - 0.78K

9. Using the equation from (8), choose a suitable value of R. and RE. This involves
a compromise since low values of R. require a low value of R. which shunts the
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input of the stage and reduces the gain. A high value of R. reduces the collectorto emitter bias voltage which limits the peak signal voltage across RL.
Choose RE 2.7K for which RB = 10.4K. This gives a minimum collector toemitter voltage of 20 - (2.7 + 7.5) 1.47 = 5 volts.

10. Calculate V. using equation 5c
V. = 2.56 volts

11. If the bias circuits of either Figures 5.5 or 5.6 are to be used, the values of thebias resistors can be calculated from the values of RB, RE and V. obtained inthe preceding design by the use of the conversion equations which are given.In these figures Rs represents a series resistance which would be present if trans-former coupling were used in which case Rs would be the d -c resistance of
transformer secondary. In cases where capacitor coupling is used Rs will usuallybe equal to zero. A comparison of Figures 5.5 and 5.6 indicates that the circuitof Figure 5.6 is superior in that for a given bias stability, it allows a lower valueof the emitter resistor or larger values of the base resistors than the circuit ofFigure 5.5. On the other hand, the circuit of Figure 5.6 gives a -c feedbackthrough the bias circuits which may be a disadvantage in some cases.

For the circuit of Figure 5.5, assume Rs = 0. Then 112 = RE = 2.7K,= 77K or, choosing the next lowest standard value, R1 = 68K. Using thisvalue, calculate R2 = 10K. For the circuit of Figure 5.6 as before R'1 = 68Kand R'2 = 10K. Resistor R's is calculated as 1.73K or, using the next higheststandard value, R's = 1.8K.

+Vcc

(RB-Rs)Vcc
RI-

VB

R1VB

R2 Vcc-VB

R3 = RE

VOLTAGE DIVIDER TYPE BIAS CIRCUIT
FIGURE 5.5

(RB-Rs)Vc,
"1- VB

, RI'VB
R2 - Vcc-VB

R3
RE

RL VB

VOLTAGE DIVIDER TYPE BIAS CIRCUIT WITH FEEDBACK
FIGURE 5.6
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THERMAL RUNAWAY

When a transistor is used at high junction temperatures (high ambient temperatures
and/or high power dissipation) it is possible for regenerative heating to occur which will
result in thermal run -away and possible destruction of the transistor. In any circuit the
junction temperature (Ti) is determined by the total power dissipation in the transistor
(P), the ambient temperature (TA), and the thermal resistance (K).

= TA KP (5f)

If the ambient temperature is increased, the junction temperature would increase an
equal amount provided that the power dissipation was constant. However, since both
hpE and Ico increase with temperature, the collector current can increase vvithIncreas-

ing temperature which in turn can result in increased power dissipation. Thermal run-
away will occur when the rate of increase of junction temperature with respect to the
power dissipation is greater than the thermal resistance (6,Ts/ > K).

Thermal run -away is generally to be avoided since it can result in failure of the
circuit and possibly in destruction of the transistor. By suitable circuit design it is
possible to ensure either that the transistor can not run away under any conditions or
that the transistor can not run away below some specified ambient temperature. A dif-
ferent circuit analysis is required depending on whether the transistor is used in a
linear amplifier or in a switching circuit.

In switching circuits such as those described in Chapter 10, it is common to operate
the transistor either in saturation (low collector to emitter voltage) or in cutoff (base to
emitter reverse biased). The dissipation of a transistor in saturation does not change
appreciably with temperature and therefore run -away conditions are not possible. On

the other hand, the dissipation of a transistor in cutoff depends on 'co and therefore
can increase rapidly at higher temperatures. If the circuit is designed to ensure that the
emitter to base junction is reverse biased at all temperatures (as for the circuit of Fig-

ure 5.7) the following analysis can be used:

+ IV

ICO

IK

2N527

FIGURE 5.7

VCC = -30V

The transistor power dissipation will be,
P = IcoVcE = Ico(Vcc - leo%) (5g)

The rate of change of power dissipation with temperature will be,

dP
dT

d I(Vcc - 2IcoRL) co = (Vcc - 2IcoRL) sic() (5h)
dT

where 3 = 0.08 is the fractional increase in Ico with temperature. The condition for

run -away occurs when dP/dT = 1/K or,

(Vcc - 2IcomR0 SIcom = 1/K (5i)

where Icom is the value of Ico at the run -away point. Solving for Icon gives,

Vcc ± V (Vcc)'" - (8RL)/(aIC)Icc. - (5j)
4R1,

In this equation the solution using the negative sign gives the value of Icom, while the

solution using the positive sign gives the value of Ico after run -away has occurred. It is
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seen from the equation that the value of Ico after run -away can never be greater thanVcc/2RL so that the collector voltage after run -away can never be less than one half ofthe supply voltage Vcc. If the term under the square root sign in the above equation iszero or negative, thermal run -away cannot occur under any conditions. Also, if thermalrun -away does occur it must occur when the collector voltage is greater than 0.75Vcc.Once the value of Ico is determined from Equation (5j) the corresponding junctiontemperature can be determined from a graph such as Figure 10.6. The heating due toIcom is found by substituting Lou for Ico in Equation (5g). Finally, the ambient tem-perature at which run-away occurs can be calculated from Equation (5f).In circuits which have appreciable resistance in the base circuit such as the circuitof Figure 5.8 the base to emitter junction will be reverse biased only over a limitedtemperature range. When the temperature is increased to the point where the base toemitter junction ceases to be reverse biased emitter current will flow and the dissipationwill increase rapidly. The solution for this case is given by:

Vs + I

icom
4Rilf e

IC

VCC'-30V

FIGURE 5.8

(Vcc - 211LlifeIx) -±- V (Vcc - 2RLhfeIx)4 - (8RL)/(510
(5k)

where L = VB/RB.

In the analysis of run-away in linear amplifiers it is convenient to classify linearamplifiers into preamplifiers and power amplifiers. Preamplifiers are operated at lowsignal levels and consequently the bias voltage and current are very low particularly instages where good noise performance is important. In capacitor coupled stages a largecollector resistance is used to increase gain and a large emitter resistance is used toimprove bias stability. Accordingly, thermal run -away conditions are seldom met inpreamplifier circuits.
In contrast, power amplifiers invariably require transistors to operate at powerlevels which are near the run -away condition. The conditions are aggravated by theuse of biasing networks of marginal stability which are required for power efficiencyand by the use of transformer coupling to the load which reduces the effective collectorseries resistance. Since thermal run -away in power stages is likely to result in destruc-tion of the transistors, it is wise to use worst case design principles to ensure thatthermal run -away cannot occur. The worst case conditions are with h, --> OD, VBE = 0,RL = 0, and Ico = loom". If these conditions are applied to a transistor in the generalbias circuit shown in Figure 5.9 the total transistor dissipation is given by:

VEs .2V

FIGURE 5.9
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P = VcEIc = (Vcc - VB LORE)
VE +RIcoRB

Equating dP/dT with 1/K and solving for Icom as before,

Icon -(Vcc - ILV.) ± V (Vcc - %VE)2 - (1%)/(3K)
4R.

where
RE + 2R. RZ .= 8RERB

RE ± RB RE + R.

As before, the solution of Equation (5m) using the negative sign gives the value of
Icon, while the solution using the positive sign gives the final value of Ic after run -away
has occurred. If the quantity under the square root sign is zero or negative, run -away
cannot occur under any conditions.

In class -B power amplifiers the maximum transistor power dissipation occurs when
the power output is at 40% of its maximum value at which point the power dissipation
in each transistor is 20% of the maximum power output. In class -A power amplifiers
on the other hand, the maximum transistor dissipation occurs when there is no applied
signal. The maximum power dissipation is obtained by substituting ICOM in Equation (51)
and the maximum junction temperature is obtained from Equation (5f).

In the design of power amplifiers the usual procedure is to design the circuit to
meet the requirements for gain, power output, distortion, and bias stability as described
in the other sections of this manual. The circuit is then analyzed to determine the
conditions under which run -away can occur to determine if these conditions meet the
operating requirements. As a practical example, consider the analysis of the class -A
output stage of the receiver shown in Figure 8.16. The transistor is the 2N241A for
which K = 250°C/watt and Ico'm = 16µa. at 25°C and 25 volts. Calculating the circuit
values corresponding to Figure 5.9 and Equation (5m):

Vcc = 9 v, RE=1000

VI; = (1000) (9) 1.58 v R
B

= (1000) (4700) 825
52

1000 + 4700 1000 4700

R = 100 + 2(825) 1.89 8(100) (825) 7/3
100 + 825 100 + 825

Calculating Icom from Equation (5m),

6 V 0 47Icom = - = 1.61 ma or 2.02 ma
3300

Since the quantity under the square root is positive, thermal run -away can occur. The
two solutions give the value of Icon (1.61 ma) and the value of Ico after run -away has
occurred (2.02 ma). The fact that these two currents are very nearly equal indicates
that the change in power dissipation when run -away occurs will not be very large.
Using the value loom/loom" .= 100 the junction temperature at run -away from Figure
10.6(A) is about 92°C. The dissipation at run -away, calculated from Equation ( 51), is
about 187 milliwatts. The rise in junction temperature due to this power dissipation
is (0.25) (187) = 46.7°C. The ambient temperature at run -away is then calculated to be
92 - 46.7 = 45.3°C. The above value of maximum transistor power dissipation is
calculated under the assumption that the series collector resistance is zero. In the
circuit under consideration the transformer primary will have a small d -c resistance (RT)
which will reduce the transistor power dissipation by approximately (Ic)21IT where Ic is
given by the second term in Equation (51). Assuming that the d -c resistance of the
transformer is 20 ohms the reduction in power dissipation for the case just considered
will be 18.8 milliwatts and the ambient temperature at run -away will be increased
to 50.0°C.
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6. AUDIO AMPLIFIERS

SINGLE STAGE AUDIO AMPLIFIER

Figure 6.1 shows a typical single stage audio amplifier using a 2N190 PNP
transistor.

SINGLE STAGE AUDIO AMPLIFIER
FIGURE 6.1

With the resistance values shown, the bias conditions on the transistor are 1 ma
of collector current and six volts from collector to emitter. At frequencies at
which C1 provides good by-passing, the input resistance is given by the formula:
RI. = ( 1 hg.) hib . At 1 ma for a design center 2N190, the input resistance would
be 43 x 29 or about 1250 ohms.

The a -c voltage gain e.. R Lis approximately equal to , . For the circuit shown this
etn nib

would be or approximately 172.
500029

The frequency at which the voltage gain is down 3 db from the 1 Kc value
depends on rg. This frequency is given approximately by the formula:

I+hfe
ow f -)3db 6.28(rg

TWO STAGE R -C COUPLED AMPLIFIER

The circuit of a two stage R -C coupled amplifier is shown by Figure 6.2. The
input impedance is the same as the single stage amplifier and would be ap-
proximately 1250 ohms.

FIGURE 6.2
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The load resistance for the first stage is now the input impedance of the second
stage. The voltage gain is given approximately by the formula:

Av hfe RL
bib

More exact formulas for the performance of audio amplifiers may be found in
Chapter 3 on small signal characteristics.

CLASS B PUSH-PULL OUTPUT STAGES

In the majority of applications, the output power is specified so a design will
usually begin at this point. The circuit of a typical push-pull Class B output stage is

shown in Figure 6.3.

FROM
DRIVER
STAGE

FIGURE 6.3

The voltage divider consisting of resistor, R and the 47 ohm resistor gives a slight
forward bias on the transistors to prevent cross -over distortion. Usually about 1/10 of
a volt is sufficient to prevent cross -over distortion and under these conditions, the
no -signal total collector current is about 3.0 ma. The 8.2 ohm resistors in the emitter
leads stabilize the transistors so they will not go into thermal runaway when the junc-
tion temperature rises to 75°C. Typical collector characteristics with a load line are
shown below:

I MAX.

COLLECTOR CURRENT
LOAD LINE

Esc
COLLECTOR VOLTAGE

FIGURE 6.4

NO SIGNAL OPERATING
POINT

It can be shown that the maximum a -c output power without clipping using a push-
pull stage is given by the formula:

I VCE
Pout =

2

Since the load resistance is equal to
Where VCE = collector to emitter voltage

at no signal.
VCE

I maz
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and the collector to collector impedance is four times the load resistance per collector,the output power is given by the formula:
Po 2 VcE2

=_-_

(6a)
Thus, for a specified output power and collector voltage the collector to collector loadresistance can be determined. For output powers in the order of 50 mw to 850 mw,the load impedance is so low that it is essentially a short circuit compared to the out-put impedance of the transistors. Thus, unlike small signal amplifiers, no attempt ismade to match the output impedance of transistors in power output stages.The power gain is given by the formula:

Pou t 102Power Gain = = L

Pi. L.' RinSince L is equal to the current gain, Beta, for small load resistance, the power gainLo
formula can be written as:

P. G. = ft'
(6b)Rb-b

where Ite_. = collector to collector load resistance.
Rb-b = base to base input resistance.
p = grounded emitter current gain.

Since the load resistance is determined by the required maximum undistorted outputpower, the power gain can be written in terms of the maximum output power by com-bining equations (6a) and (6b) to give:
2,32 VCE2P. G.=

(6c)Rb-b Pout

CLASS A OUTPUT STAGES
A Class A output stage is biased as shown on the collector characteristics below:

I MAX.

COLLECTOR CURRENT
DC OPERATING POINT

VCE

COLLECTOR VOLTAGE

FIGURE 6.5
The operating point is chosen so that the output signal can swing equally in the posi-tive and negatives direction. The maximum output power without clipping is equal to:VCE Ic

2
The load resistance is then given by the formula:

= V-CE
13.1,

Io
Combining these two equations, the load resistance can be expressed in terms of thecollector voltage and power output by the formula below:

RL = Y OE

P
'

(6d)2
For output powers of 10 mw and above, the load resistance is very small compared tothe transistor output impedance and the current gain of the transistor is essentially theshort circuit current gain Beta. Thus for a Class A output stage the power gain is given

Pout
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by the formula:
P. G. 132 RL p2 V052

R, 2 RI. Po

CLASS A DRIVER STAGES

(6e)

For a required output power of 250 mw, the typical gain for a push-pull output
stage would be in the order of 23 db. Thus the input power to the output stage would
be about 1 to 2 mw. The load resistance of a Class A driver stage is then determined
by the poVver that must be furnished to the output stage and this load resistance is
given by equation (6d). For output powers in the order of a few milliwatts, the load
resistance is not negligible in comparison to the output impedance of the transistors,
therefore, more exact equations must be used to determine the power gain of a Class A
driver stage. From four terminal network theory, after making appropriate approxima-
tions, it can be shown that the voltage gain is given by the formula:

Av
hib

(6f)

where hib - grounded base input impedance.
The current gain is given by the formula:

AI = a
(6g)

1 - a + RL, hob
where hob = grounded base output conductance.

The power gain is the product of the current gain and the voltage gain, thus unlike
the formula for high power output stages, there is no simple relationship between
required output power and power gain for a Class A driver amplifier.

DESIGN CHARTS

Figures 6.6 through 6.16 are design charts for determination of transformer imped-
ances and typical power gains for Class A driver stages, Class A output stages, and
Class B push-pull stages. The transformer -power output charts take into account a
transformer efficiency of 75% and therefore may be read directly in terms of power
delivered to the loudspeaker. Power gain charts show the ratio of output power in the
collector circuit to input power in the base circuit and therefore do not include trans-
former losses. Since the output transformer loss is included in the one chart and the
design procedure used below includes the driver transformer loss, it can be seen that
the major losses are accounted for.

The charts can best be understood by working through a typical example. Assume
a 500 mw output is desired from a 9v amplifier consisting of a driver and push-pull
output pair. Also the signal source has an available power output of 156 maw
(156 X 10' watts). Overall power gain required then is:

500 mw 500 X 10-aP.G . = Pm' = = 3.2 x 10'
Pin 156 maw 156 X 10'

or approximately 65 db.

To obtain 500 mw in the loudspeaker, the output pair must develop 500 mw plus
the transformer loss.

Pout 500 MWPcollector = = 667 mwtransformer eff. - .75
From Figure 6.10, a pair of 2N321's in Class B push-pull has a power gain of

approximately 24.5 db at 667 mw. This is a numerical gain of 280 so the power
required by the output stage is:

pin Pout 667 mw 2.38 mw
Gain 280
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If the driver transformer is 75% efficient, the driver must produce:
P into output stage 2.38 mw 3.18

75% - .75
The remaining power gain to be obtained from the driver is 65 db - 24.5 db = 40.5 db.
From Figure 6.15 the 2N322 has a power gain of 40.5 db at a power output of 3.18 mw.

The output transformer primary impedance is obtained from Figure 6.6, on the
9 volt supply line at 500 mw output, and is 212 ohms or approximately 200 ohms. The
secondary should, of course, match the loudspeaker. From Figure 6.12 the driver trans-
former primary impedance is 7000 ohms. Therefore, a 7000 ohm or even a 5000
ohm transformer can be used. The secondary must be center -tapped. Typical values of
impedance run from 1200 ohms to 4000 ohms. See the specification sheet of the specific
output type used for the exact value of input impedance. When this procedure is used
for commercial designs it must be remembered that it represents full battery voltage,
typical power gain and input impedance, and therefore does not account for end -limit
points.
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AMPLIFIER CIRCUIT DIAGRAMS
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7. "HI -Fl" CIRCUITS

Transistors are ideally suited for high fidelity amplifiers since there is no problem
with microphonics or hum pick-up from filaments as there is with tubes. Transistors
are inherently low impedance devices and thus offer better matching to magnetic
pick-ups and loudspeakers for more efficient power transfer.

Transistor circuits with negative feedback can give the wide frequency response
and low distortion needed in hi-fi equipment. In general, the distortion reduction is
about equal to the gain reduction for the circuit to which negative feedback is applied.
The input and output impedances of amplifiers with feedback are either increased or
decreased, depending on the form of feedback used. Voltage feedback, over one or
several transistor stages, from the collector decreases the output impedance of that
stage; whereas current feedback from the emitter increases the output impedance of
that stage. If either of these networks are fed back to a transistor base the input im-
pedance is decreased, but if the feedback is to the emitter then the impedance is in-
creased. The feedback can be applied to the emitter for effective operation with a low
generator impedance, whereas the feedback to the base is effective with a high imped-
ance (constant current) source. If the source impedance was low in the latter case then
most of the feedback current would flow into the source and not into the feedback
amplifier. The feedback connections must be chosen to give a feedback signal that is
out -of -phase with the input for negative feedback.

Care must be used in applying feedback around more than two transistor stages to
prevent high frequency instability. This instability results when the phase shift through
the transistor amplifiers is sufficient to change the feedback from negative to positive.
The frequency response of the feedback loop is sometimes limited to stabilize the cir-
cuit. At the present time, the amount of feedback that can be applied to most audio
power transistors is limited because of the poor frequency response in the common
emitter and common collector connections. The common collector connection offers the
advantage of local voltage feedback that is inherent with this connection. Local feed-
back (one stage only) can be used on high phase shift amplifiers to increase the fre-
quency response and decrease distortion.

PREAMPLIFIERS

Preamplifiers have two major functions: (1) increasing the signal level from a
pick-up device to 1 or 2 volts rms, and (2) providing compensation if required to
equalize the input signal for a constant output with frequency.

The circuit of Figure 7.1 meets these requirements when the pick-up device is a
magnetic phono cartridge (monaural or stereo), or a tape head. The total harmonic
distortion of the preamp is less than 1/2 %.

This preamp will accommodate most magnetic pick-up impedances. The input im-
pedance to the preamp increases with frequency because of the frequency selective
negative feedback to the emitter of TR1. The impedance of the magnetic pick-ups will
also increase with frequency but are below that of the preamp.

The first two stages of this circuit have a feedback bias arrangement for current
stabilization of both stages at ambient temperatures less than 40°C (105°F). R2 from
the emitter of TR2 provides this DC current feedback to the base of TR1. R2 should
be adjusted to give 2 volts at the collector of TR1. The output stage is well stabilized
with a 5K emitter resistance.

The AC negative feedback from the collector of TR2 to the emitter of TR1 is
frequency selective to compensate for the standard NARTB recording characteristic
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TAPE
(NARTB) PHONO

9 9 (RIAA)

200
20V 1-

- -

=.03

-18V

41-= 9V

= 9V

0

.01=

15K

12K

15K TREBLE 8.2K

20pf
20V

o_± -j

2V

jas....11
TR3
2N 141425K

TRI RI2
TR2

2N508 2N508 LEVEL
5K -1(7°

1011fMAGNETIC
500K

47n R2 I.5K
RI

TAPE OR
PHONO
PICKUP

100pf
-+ 10V

I5V

NOTE ALL RESISTORS ARE -2- WATT

PHONO-TAPE PREAMPLIFIER
FIGURE 7.1

for tape or the standard RIAA for phonograph records. The flat response from a stand-
ard NARTB pre-recorded tape occurs with the Treble Control (R12) at mid -position or
12K ohms (see Figure 7.2). There is about 8 db of treble boost with the Control at 25K
maximum position, and approximately 20 db of treble cut with R12 = 0. Mid -position
of the Treble Control also gives flat response from a standard RIAA recording.

+10

0 20
c

R12= 25K

R12=0

40 100 1KC 10 I5KC

TAPE PREAMPLIFIER RESPONSE FROM NARTB RECORDING

FIGURE 7.2
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The voltage feedback from the collector of TR2 decreases at low frequencies be-
cause of the increasing reactance of the feedback capacitor in series with the Treble
Control. Each of the two feedback networks give the desired increase in gain at the
lower frequencies to accomplish the correct compensation. If this feedback capacitor
were shunted by an electrolytic capacitor, the preamplifier would give constant gain at
all frequencies (in the "Tape" switch position) and the gain will decrease as R12 is
decreased. With this flat preamp response a tuner may be connected to the preamp
input with a variable attenuator network. This network might consist of a 50K poten-
tiometer in series with a 1K resistor across the tuner output to ground, connect the
preamp input across the 1K resistor which has one side on ground.

The RIAA feedback network (with Treble Control at mid -position) has a net feed-
back resistance of 6K to decrease the gain because of the higher level input. This
resistance has a .01 elf capacitor in parallel for decreasing the amplifier gain at the
higher frequencies in accordance with RIAA requirements. This eliminates the need to
load a reluctance pick-up with the proper resistance for high frequency compensation.
If it is desirable to build the preamplifier for phonograph use only, the compensating
feedback network would consist only of a .04 pd feedback capacitor in series with a
6K resistor (or a 10K Treble Control) which has a .01 id capacitor in parallel.

The emitter -follower output stage of the preamp gives a low impedance output for
a cable run to a power amplifier (transistor or tube) and acts as a buffer so that any
preamp loading will not affect the equalization characteristic.

The Treble Control should have a linear taper and the Level Control an audio
taper. Two 9 volt batteries will give good life in this application since the total supply
drain is approximately 3.5 ma DC. This 18 volts may also be obtained by suitable
decoupling from a higher voltage supply that is available.

The preamplifier of Figure 7.1 may be altered to compensate for tapes recorded at
33/4 inches per second by setting R12 at 25K ohms and making the feedback capacitor
.02 g ± 20%. In addition, the 47 ohm resistor from the emitter of TR1 to ground may
be shunted with .5 µf to attain a relatively flat response to 10 Kc. The value needed for
this shunt capacitor will depend somewhat on the high frequency response of the tape
head that is used, since this capacitor contributes to increased circuit gain above 3 Kc.

BASS BOOST CIRCUIT

The bass boost circuit of Figure 7.3 operates on the output of the preamp (Figure
7.1). With this addition, the operator now has the necessary treble and bass control

TRANSISTOR

INPUT

5K

4- BASS BOOST

101/ f

I 5V

7 HENRY
50S-2. D.C.

OUTPUT

BASS BOOST CIRCUIT
FIGURE 7.3
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'

to compensate for listening levels, or deficiencies in program material, pick-up, speak-
ers, etc. This bass boost circuit gives the operator independent control of the level, or
amount of bass boost desired, or the level control can be used as a loudness control.

It is usually desirable to have some method of boosting the level of the lower
portion of the audio spectrum as the overall sound level is decreased. This is to com-
pensate for the non-linear response of the human ear as shown in the Fletcher -Munson
curves that are often referred to in the audio industry. The ear requires a higher level
for the low frequency sound to be audible as the frequency is decreased and also as
the overall spectrum level is decreased.

Figure 7.4 shows the frequency characteristics of this bass boost circuit. With the
level control set for zero attenuation at the output there is no bass boost available, but
as the output level is attenuated, the available bass boost increases.

0

10

-1 20

°- 30

40

Ddb LEVEL

MAX.. BASE BOOST
AT-20db

MIN. LEVEL -

MAX. BASE BOOST
AT -40db

MIN. LEVEL -

30 100 IKC ISKC
FREQUENCY RESPONSE OF BASS BOOST CIRCUIT

FIGURE 7.4

Figure 7.4 shows the frequency response (lower dashed curve) when the output is
attenuated 40 db and the Bass Boost Control is set for minimum (50K ohms). The solid
curve immediately above represents the frequency response when the Bass Boost Con-
trol is set at maximum (zero ohms). Thus a frequency of 30 cycles can have anything
from zero to 27 db of boost with respect to 1 KC, depending on the adjustment of the
Bass Boost Control.

The Fletcher -Munson contours of equal loudness level show most of the contour
changes involve a boost of the bass frequencies at the lower levels of intensity. There-
fore, this circuit combination fulfills the requirements of level control, bass boost and
loudness control. This boost circuit operates with the preamp (Figure 7.1) Level Con-
trol performing the same function as the Level Control in Figure 7.3. The Bass Boost
Control may be a standard 50K potentiometer with a linear taper. The desired in-
ductance may be obtained by using the green and yellow leads on the secondary of
Argonne transistor transformer #AR -128.

HYBRID PREAMPLIFIER

The hybrid preamplifier circuit of Figure 7.5 uses a similar feedback equalization
technique to that of Figure 7.1 and therefore will accommodate most magnetic pick-up
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impedances. There is a small amount of treble boost above 10 KC due to the .01 fif
capacitor from the 12AX7 cathode to ground. The Treble Control is set near mid -
position for a compensated output from a standard RIAA recording or an NARTB
recorded tape.

MAGNETIC
PICKUP

180K

20pf
20V

CI

-0

TAPE
PHONO

0- . 0_-
+110 V. D.C.

TREBLE
EQUALIZATION

.001

I(

5.7V

RI
1.2 MEG

25K
R4

2N508

R2
10.4V

100K 27 10K 2.2MEG. 2.7K

+100pf
T -15V

NOTE : ALL RESISTORS ARE t- WATT

01

I(

.02 220K

5
66V

-14
1/2 12AX7

OUTPUT
O

.01

HYBRID PHONO-TAPE PREAMPLIFIER
FIGURE 7.5

The 2N508 transistor is biased at approximately .6 ma from a constant current
source for good current stability with temperature and transistor interchangeability.
RI and R2 bias the base for the desired VCE. VCE is in the range of .5 to 5 volts. This
voltage varies with leakage current of Cl, also with hFE and 'Co for different transistors.
This range of VCE bias has little effect on the operation of the preamplifier. VCE may
reach saturation at ambient temperatures above 55°C.

The standard reference level for S/N (signal-to-noise) measurements in tape record-
ing is the maximum level at which a 400 cycle signal can be recorded at 2% harmonic
distortion. The hybrid preamplifier of Figure 7.5 is capable of a S/N of 60 db. The
signal output from this reference level is approximately 1.5 volts and the total harmonic
distortion of the preamp at this level is under 1%.

A dual preamp for a stereophonic disc or tape system could be built with two identi-
cal preamps as in Figure 7.5, using only one tube (12AX7) and two transistors (2N508).

NPN PREAMPLIFIER FOR MAGNETIC PICKUPS
In vacuum tube circuitry there is a problem in maintaining high S/N ratio at low

audio frequencies because of the lower signal transfer from a magnetic pickup (tape,
phono, or microphone) to the tube grid.

The lower input impedance of the transistor more nearly matches the source at
low frequencies for a better signal transfer and thus improved S/N ratio. The input
signal level at 100 cps has about 40 db of amplification in Figure 7.6 before it reaches
the tube grid.
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This circuit has a constant collector bias current that is independent of transistor
parameters. The collector to emitter voltage, VCE, is biased with a DC feedback net-
work from the collector which helps to stabilize VCE. This circuit should operate to
about 50°C ambient temperature with the 2N169 and to 60°C with the 2N167.

180V
. 5 ma

330 K
I to5V

20 uf- +

.1

( 030 VACUUM TUBE
AMPLIFIER

39 K

10uf
10 V.

NPN PREAMPLIFIER FOR MAGNETIC PICKUPS
FIGURE 7.6

The circuit has an input impedance of about 3K ohms, and frequency compensation
of the input signal may be accomplished in a following stage.

POWER AMPLIFIERS

A great deal of effort has gone into developing transformerless push-pull amplifiers
using vacuum tubes. Practical circuits, however, use many power tubes in parallel to
provide the high currents necessary for direct driving of low impedance loudspeakers.

The advent of power transistors has given new impetus to the development of
transformerless circuits since the transistors are basically low voltage, high current de-
vices. The emitter follower stage, in particular, offers the most interesting possibilities
since it has low inherent distortion and low output impedance.

Figure 7.7 is a direct coupled power amplifier with excellent low frequency response,
and also has the advantage of a feedback arrangement for current stabilization of all
stages. The feedback system also stabilizes the voltage division across the power output
transistors TR4 and TR6 which operate in a Class B push-pull arrangement. TR3 and
TR5 also operate Class B in the Darlington connection to increase the current gain.
Using an NPN for TR5 gives the required phase inversion for driving TR6 and also
has the advantage of push-pull emitter follower operation. TR4 and TR6 have a small
forward bias to minimize crossover distortion. This bias is set by the voltage drop across
the 100 ohm resistors that shunt the input to TR4 and TR6. TR3 and TR5 are biased
for the same reason with the voltage drop across the 1N91. A 68 ohm resistor would
serve the same function as the 1N91 except there would be no temperature compensa-
tion. Thermistors have also been used to compensate for the temperature variation of
the emitter -base resistance, but they do not track this variation as well as a germanium
junction diode which has temperature characteristics similar to the transistor.
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TR2 is a Class A driver requiring a very low impedance drive which is accom-
plished by an emitter follower TR1. TR1 needs a current source for low distortion,
thus RI and the Level Control supply the desired drive impedance. The Level Control
should be set for a value of approximately 2K ohms when this amplifier is driven by
the preamplifier of Figure 7.1. This will permit the amplifier to be driven to full output.
TR1 has an emitter current of 1 to 1.5 ma, and TR2 has a 2 to 3 ma bias.

NOTE: ALL RESISTORS ARE + WATT

LEVEL

EV.

INPUT

R2
BIAS ADJ

100K

33K

22K

25p.f 1_.

""
100K

T RI
251414

1004 I +
6V

2NI414

TR5
2N169A

2NI414

470 100

SEVEN WATT POWER AMPLIFIER
FIGURE 7.7

Vs. -31 TO 40V

11/2 A

TR4
2N278

1000µf

tf 

2N276

22S/

4,8,OR 165E
SPEAKER

O

The bias adjust R2 is set for one-half the supply voltage across TR6 and can be
trimmed for symmetrical clipping at maximum power output. TR4 and TR6 have a
beta cut-off at approximately 7 Kc. The phase shift and drop in beta gives rise to a
decline in transistor efficiency which causes an elevation of junction temperature. The
.001 pfd feedback capacitor from collector to base of TR2 aids in stabilizing this circuit
by reducing the phase shift and high frequency gain of this stage. The 220 µµfd capac-
itor shunting the bias network further aids the stabilization with high frequency
negative feedback from output to input. This circuit has -approximately 15 db of overall
voltage feedback with the 27K resistor from load to input. The speaker system is
shunted by 22 ohm in series with .2 pfd to prevent the continued rise of the amplifier
load impedance and its accompanying phase shift beyond the audio spectrum.

The overall result, from using direct -coupling, no transformers, and ample de-
generation, is an amplifier with output impedance of % ohm for good speaker damping,
and very low total harmonic distortion. The frequency response at average listening
levels is flat over the audio spectrum.

When checking for maximum power out at the higher frequencies, a sinewave can
be applied only for a short duration before sufficient heating for runaway results as
indicated above. To protect the power transistors, a current meter should be used in
series with the voltage supply for quick, visual indication of runaway while checking
power output above approximately 2 Kc. There is not sufficient sustained high fre-
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quency power in regular program material to precipitate this instability. Thus the
actual performance of the amplifier does not suffer since the power level in music and
speech declines as the frequency increases beyond about 1 Kc.

This amplifier is capable of a 7 watt output with less than 1% harmonic distortion
into a 4, 8 or 16 ohm speaker when used with the power supply of Figure 19.3, page 202.

The power transistors TR4 and TR6 should each be mounted on an adequate heat
radiator such as used for transistor output in an automobile radio, or mounted on a
3" x 3" x %2" aluminum plate that is insulated from the chassis.

STEREOPHONIC SYSTEM

A complete semiconductor, stereophonic playback system may be assembled by
using the following circuits in conjunction with a stereophonic tape deck or phono
player.

STEREO
TAPE

I
PREAM P

FIG. 7.1e, 7.3

7 WATT
POWER

SPEAKER
TRACK AMP

FIG.77

POWER
DECK SUPPLY

9V I I 9VOR FIG.19.1-

PHONO

PLAYER 7 WATT* 2 P RE A M P POWER
SPEAKER

TRACK AMP
FIG. 7.7

FIG.7.18i7.3

BLOCK DIAGRAM OF STEREOPHONIC SYSTEM
FIGURE 7.8

Two identical preamplifier circuits can use a common 18 volt battery supply. The
circuitry of Figure 7.1 may be used with the switch and RIAA network eliminated if
the preamps are to be used for tape only.

The output of each preamp is fed to a power amplifier as indicated in Figure 7.8.
Two identical power amplifiers with circuitry as in Figure 7.7 can use a common power
supply as shown in Figure 19.4, page 202. The output of each amplifier fed to its
respective speaker completes the stereo system as shown in Figure 7.8.

DUAL 10 WATT STEREO SYSTEM

A dual 10 watt stereo system consists of two identical amplifiers with circuitry of
Figure 7.9 using the common power supply of Figure 19.5, page 202. This power
supply has separate decoupled outputs for each amplifier. The stereo system uses the
same preamplifiers as that of Figures 7.1 and 7.3.

The power amplifier of Figure 7.9 is similar to that of Figure 7.7. Figure 7.9 uses
transistors with a higher voltage rating, and also the 2N553 transistor has a beta cut-off
frequency of approximately 25 Kc. Thus the 2N553's in Figure 7.9 give increased
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efficiency and thus better stability at the higher frequencies. This amplifier with power
supply of Figure 19.5, page 202, is capable of a 10 watt output with less than 1%
distortion into an 8 or 16 ohm speaker.

NOTE: ALL RESISTORS
ARE WATT

(BIAS
LEVEL ADJ) 2211

100K

-50V
( 5ma -NO SIGNAL

.4A @ 10WATTS)
I/2A

TR4
2N553

20pf 51(

20V

INPUT

RI
IK

33K

TEN WATT POWER AMPLIFIER
FIGURE 7.9

8 OR
1611 SPEAKER
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8. RADIO RECEIVER CIRCUITS

AUTODYNE CONVERTER CIRCUITS

The converter stage of a transistor radio is a combination of a local oscillator, a
mixer and an IF amplifier. A typical circuit for this stage is shown in Figure 8.1.

AC 190.6AuF

L=435
ph

TURNS

I5K:5000
IltErg.gEri:r2S

.41 TO FIRST
I.E STAGE

FOR ADDITIONAL INFORMATION SEE PAGE 226

AUTODYNE CONVERTER
FIGURE 8.1

Redrawing the circuit to illustrate the oscillator and mixer sections separately, we
obtain Figures 8.2 and 8.3.

+9V

FIGURE 8.2

The operation of the oscillator section (8.2) is as follows:
Random noise produces a slight variation in base current which is subsequently

amplified to a larger variation of collector current. This A.C. signal in the primary of
L2 induces an A.C. current into the secondary of L2 tuned by CB to the desired
oscillator frequency. C2 then couples the resonant frequency signal back into the
emitter circuit. If the feedback (tickler) winding of L2 is properly phased the feedback
will be positive (regenerative) and of proper magnitude to cause sustained oscillations.
The secondary of L2 is an auto -transformer to achieve proper impedance match be-
tween the high impedance tank circuit of L2 and the relatively low impedance of the
emitter circuit.
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Ci effectively bypasses the biasing resistors R2 and R3 to ground, thus the base is
A.C. grounded. In other words, the oscillator section operates essentially in the
grounded base configuration.

The operation of the mixer section (8.3) is as follows:
The ferrite rod antenna L1 exposed to the radiation field of the entire frequency

spectrum is tuned by CA to the desired frequency (broadcast station).
The transistor is biased in a relatively low current region, thus exhibiting quite

non-linear characteristics. This enables the incoming signal to mix with the oscillator
signal present, creating signals of the following four frequencies:

1. The local oscillator signal.
2. The received incoming signal.
3. The sum of the above two.
4. The difference between the above two.

The IF load impedance T. is tuned here to the difference between the oscillator
and incoming signal frequencies. This frequency is called the intermediate frequency
(LF.) and is conventially 455 KC/S. This frequency will be maintained fixed since CA
and CB are mechanically geared (ganged) together. R4 and Ca make up a filter to pre-
vent undesirable currents flowing through the collector circuit. C2 essentially bypasses
the biasing and stabilizing resistor R. to ground. Since the emitter is grounded and
the incoming signal injected into the base, the mixer section operates in the "grounded
emitter" configuration.

IF AMPLIFIERS

A typical circuit for a transistor IF amplifier is shown by Figure 8.4.

AUTOMATIC 725
(5%0-3926)

I5K
INPUT

-I-
10K

2N293

AUTOMATIC 725

T I
0,74V-

FIGURE 8.4
+9V

The collector current is determined by a voltage divider on the base and a large
resistance in the emitter. The input and output are coupled by means of tuned IF
transformers. The .05 capacitors are used to prevent degeneration by the resistance
in the emitter. The collector of the transistor is connected to a tap on the output
transformer to provide proper matching for the transistor and also to make the per-
formance of the stage relatively independent of variations between transistors of the
same type. With a rate -grown NPN transistor such as the 2N293, it is unnecessary
to use neutralization to obtain a stable IF amplifier. With PNP alloy transistors, it
is necessary to use neutralization to obtain a stable amplifier and the neutralization
capacitor depends on the collector capacitance of the transistor. The gain of a tran-
sistor IF amplifier will decrease if the emitter current is decreased. This property
of the transistor can be used to control the gain of the IF amplifier so that weak
stations and strong stations will produce the same audio output from a radio. Typical
circuits for changing the gain of an IF amplifier in accordance with the strength
of the received signal are explained in the A.V.C. section of this chapter.
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AUTOMATIC VOLUME CONTROL CIRCUITS
A.V.C. is a system which automatically varies the total amplification of the signal

in a radio receiver with changing strength of the received signal carrier wave.
From the definition given, it would be correctly inferred that a more exact term

to describe the system would be automatic gain control (A.G.C.).

Since broadcast stations are at different distances from a receiver and there is a
great deal of variation in transmitted power from station -to -station, the field strength
around a receiver can vary by several orders of magnitude. Thus, without some sort
of automatic control circuit, the output power of the receiver would vary considerably
when tuning through the frequency band. It is the purpose of the A.V.C. or A.G.C.
circuit to maintain the output power of the receiver constant for large variations of
signal strengths.

Another important purpose of this circuit is its so-called "anti -fading" properties.
The received signal strength from a distant station depends on the phase and amplitude
relationship of the ground wave and the sky wave. With atmospheric changes this
relationship can change, yielding a net variation in signal strength. Since these changes
may be of periodic and/or temporary nature, the A.V.C. system will maintain the
average output power constant without constantly adjusting the volume control.

The A.V.C. system consists of taking, at the detector, a voltage proportional to the
incoming carrier amplitude and applying it as a negative bias to the controlled amplifier
thereby reducing its gain.

In tube circuits the control voltage is a negative going DC grid voltage creating
a loss in transconductance (Gm).

In transistor circuits various types of A.V.C. schemes can be used:

EMITTER CURRENT CONTROL
As the emitter current of a transistor is reduced (from 1.0 ma to .1 ma for instance)
various parameters change considerably (see Figure 8.5).

10

VA  5r

EMITTER

5
EMITTER BIAS, MA.

CHARACTERISTICS VS. EMIT TER CURRENT

FIGURE 8.5

10

The effect of these changes will be twofold:
1. A change in maximum available gain and
2. A change in impedance matching since it can be seen that both hob

and hGb vary radically.

Therefore, a considerable change in power gain can be obtained as shown by Figure 8.6.
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On the other hand, as a result of 'co (collector leakage current) some
current always flows, thus a transistor can be controlled only up to a
point and cannot be "cut-off" completely. This system yields generally
fair control and is, therefore, used more than others. For performance
data see Figure 8.7.

6

4

2

_2

-4

6

9

-10

-12

-14

-16

-18

EMITTER CURRENT
PLUS AUXILIARY A.V.0 DIODE

IDEAL CURVE

OBTAINABLE
CURVE

/

//WEAK
STRONG

CSIGNALS

EMITTER CURRENT
/ CONTROL ONLY

(OVERLOAD\ ABOVE .1 V/m\ YIELDS DISTORTION)

0.0001 0.001 0.01 0.1

SIGNAL STRENGTH IN VOLTS /METER

FIGURE 8.7

AUXILIARY A.V.C. SYSTEMS

1.0

Since most A.V.C. systems are somewhat limited in performance, to
obtain improved control, auxiliary diode A.V.C. is sometimes used.
The technique used is to shunt some of the signal to ground when
operating at high signal levels, as shown by Figure 8.8.
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CONVERTER
TR,

Ebb

FIGURE 8.8

T0
2DD

AVC
FROM DETECTOR

In the circuit of Figure 8.8 diode CR,_ is back -biased by the voltage drops across
R, and R2 and represents a high impedance across T. at low signal levels. As the signal
strength increases, the conventional emitter current control A.V.C. system creates a
bias change reducing the emitter current of the controlled stage. This current reduction
coupled with the ensuing impedance mismatch creates a power gain loss in the stage.
As the current is further reduced, the voltage drop across R2 becomes smaller thus
changing the bias across CR,. At a predetermined level CR,. becomes forward biased,
constituting a low impedance shunt across T1 and creating a great deal of additional
A.V.C. action. This system will generally handle high signal strengths as can be seen
from Figure 8.7. Hence, almost all radio circuit diagrams in the circuit section of this
manual use this system in addition to the conventional emitter current control.

DETECTOR STAGE

In this stage (see Figure 8.9), use is made of a slightly forward biased diode in
order to operate out of the square law detection portion of the I -E characteristics. This
stage is also used as source of AGC potential derived from the filtered portion of the
signal as seen across the volume control (R9). This potential, proportional to the signal
level, is then applied through the AGC filter network C4, R7 and C5 to the base of the
1st IF transistor in a manner to decrease collector current at increasing signal levels.
R8 is a bias resistor used to fix the quiescent operating points of both the 1st IF and the
detector stage, while C6 couples the detected signal to the audio amplifier. (See
Chapter 6 on Audio Amplifiers.)

I.F. OUTPUT TRANSFORMERr - T

FROM 2nd LFI
COLLECTOR

AVC

TO COLD SIDE OF 1st
TRANSFORMER

IN648
OR

EQUIV.

VOL.
7 CONTROL

25
R9 TO AUDIO

AMPLIFIER

8

B PLUS

FIGURE 8.9
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REFLEX CIRCUITS

"A reflex amplifier is one which is used to amplify at two frequencies - usually
intermediate and audio frequencies."*

The system consists of using an I.F. amplifier stage and after detection to return the
audio portion to the same stage where it is then amplified again. Since in Figure 8.10,

AUTOOVHF

COW RTE

MOST

FIRST I.E
AMPLIFIER

MESS

AUDIO ORIV
.4c DIODE

SODIO

BLOCK DIAGRAM OF RECEIVER

FIGURE 8.10

IRS

two signals of widely different frequencies are amplified, this does not constitute a
"regenerative effect" and the input and output loads of these stages can be split audio
- I.F. loads. In Figure 8.11, the I.F. signal (455 Kc/s) is fed through T2 to the detector
circuit CR1, C3 and R5. The detected audio appears across the volume control R5
and is returned through C4 to the cold side of the secondary of T1.

FIGURE 8.11

Since the secondary only consists of a few turns of wire, it is essentially a short
circuit at audio frequencies. Cl bypasses the I.F. signal otherwise appearing across
the parallel combination of RI and R2. The emitter resistor R3 is bypassed for both
audio and I.F. by the electrolytic condenser C2. After amplification, the audio signal
appears across R4 from where it is then fed to the audio output stage. C5 bypasses R4
for I.F. frequencies and the primary of T2 is essentially a short circuit for the
audio signal.

The advantage of "reflex" circuits is that one stage produces gain otherwise
requiring two stages with the resulting savings in cost, space, and battery drain. The
disadvantages of such circuits are that the design is considerably more difficult,
although once a satisfactory receiver has been designed, no outstanding production
difficulties should be encountered. Other disadvantages are a somewhat higher amount
of playthrough (i.e. signal output with volume control at zero setting), and a minimum
volume effect. The latter is the occurrence of minimum volume at a volume control
setting slightly higher than zero. At this point, the signal is distorted due to the
balancing out of the fundamentals from the normal signal and the out -of -phase play -
through component. Schematics of complete radios are on pages 73 through 83.

* F. Langford -Smith, Radiotron Designers Handbook, Australia, 1953, p. 1140
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232p
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FIGURE 8.12
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FIGURE 8.14
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'°°50.2f /120 T120MINAL SENSITIVITY:
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9. TRANSISTOR RADIO SERVICING TECHNIQUES I

The major function of a radio receiver is to pick up modulated electromagnetic
energy and transform its intelligence (modulation) into acoustical energy. Most modern
receivers are of the "Superheterodyne" type, and consist of an Autodyne Converter or
Oscillator -Mixer, one or two stages of IF Amplification, a Detector (which also provides
a source of Automatic Volume Control power), and finally, one or more stages of Audio
Amplification.

The components making up the AC circuitry of these stages include the antenna,
oscillator coil, IF and audio transformers, tuning, coupling or bypass capacitors, and
the speaker. Troubles in these components can usually be spotted by a DC test after
the trouble area has been located by using signal tracing techniques.

Since the transistor is probably the most reliable component in the receiver, it
should be the last component to be suspected. This is contrary to the long established
rule of thumb used in tube radios, where the tubes are normally checked first. This is
especially true in personal portable receivers using subminiature components, i.e., coils
using extremely fine wire, electrolytics of extremely small dimension with low voltage
ratings, etc. Because of their reliability, transistors are generally soldered into the
circuit in printed circuit transistor radios. Removing and testing each transistor, as
usually done in a tube set, will not only unnecessarily subject the transistor to high
peak heating, but will probably damage some other component, particularly the printed
circuit board.

Now that the ground rules are laid for a trouble -shooting procedure, proceed with
it in a logical sequence.

First determine whether the battery voltage under load is high enough to operate
the receiver. Although most receivers are designed to operate down to one-half the
battery voltage, severe distortion, low sensitivity and reduced power output, as well as
possible "motorboating", may result from a low supply voltage. Also make a quick
visual inspection to locate possible loose, dirty, or intermittent battery, speaker, or
antenna connections. The set can now be analyzed further.

The fastest trouble -shooting technique is to inject an appropriate signal into each
transistor base going from speaker to antenna. Starting at the audio stages (the volume
control, for instance), apply a 400 or 1000 cycle audio signal. If a clean sine -wave
with adequate power output appears at the speaker as indicated by an oscilloscope
presentation or listening test, both audio circuits and speaker are in operating condition.
In this event take an RF/IF generator and apply a 455 Kc/s signal (30% modulation -
400 or 1000 c/s) to the high frequency section of the receiver. As soon as the applied
signal is not passed by a stage of amplification, this stage should be investigated on a
DC basis. Note: Care must be taken that the generator's leads have a series DC
blocking condenser in order not to change the bias condition in the circuit under
investigation.

As a first check, it should be determined that both the magnitude and polarity of
the supply voltage are appropriately applied. If NPN transistors are used, the collector
will be positive with respect to emitter and base. The latter two will be very close
voltage -wise, the base being somewhat more positive than the emitter. The opposite
polarity applies to PNP transistors.

Figure 9.1 shows collector current vs. base to emitter bias voltage. Notice that a
very small increase in V. produces a large increase in collector current. Thus, there
will generally be from .1 to .2 volts between the base and emitter. Either the positive
or negative side of the battery may be grounded, especially in sets using both NPN and
PNP transistors.
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TRANSISTOR RADIO SERVICING TECHNIQUES
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The next step is to determine bias current. Since base, emitter and collector current
are dependent on each other, it generally suffices to measure only one, the collector
current for instance. This should be almost equal to the emitter current while the base
current, being the difference between the two (IR = Is - Ic), will generally be very
small. Looking at Figure 8.6, it appears that since power gain is maximum between
1.5 and 3.0 ma, most stages will operate in this region. Actually, most RF/IF stages
may have operating points down to .5 ma without serious loss of gain. An easy way to
measure emitter current in most circuits is to measure to voltage drop across either the
emitter resistor or possibly a collector resistor and calculating the current by Ohm's
law. For example, if the emitter resistor is 1000 ohms and the measured voltage drop is

E 1.01.0 volt then the emitter current is I = =
R 1000

= .001 ampere = 1.0 milliamp.

The insertion of a milliammeter into the emitter circuit will change the bias in the
stage and is not a satisfactory testing technique.

If a stage (with the exception of the output stages) operates considerably below
.5 ma or above 3.0 ma, it is fairly certain that the stage is operating improperly. Note:
Care should be taken to measure these currents in the absence of signal since in AVC
controlled stages, current will vary with signal strength.

In an improperly biased circuit, an ohmmeter check of the resistors and capacitors
is in order next. If this fails to isolate the problem, the transistor can be replaced. Since
it normally takes highly specialized equipment to test transistors (especially high fre-
quency types) it is more practical to test by substitution.

If the trouble is located in the oscillator section of the converter, an IF signal can
be passed through the mixer but an RP signal will not produce the necessary IF to get
a signal through. In this case it should be determined at once whether the oscillator is
operating at all. In the case of the autodyne converter in Figure 8.1, any AC VTVM,
such as the Hewlett-Packard 400C, D, or H, or the Ballantine Models 310-A or 314, is
sensitive enough to measure down to 50 my and can be connected to the emitter of
the converter transistor. If these instruments are not available, use a Vacuum Tube
Voltmeter such as the Heathkit Model V -7A on the lowest AC-RMS Scale.

Since the local oscillator operates from .99-2.075 Mc/s, this VTVM should be pro-
vided with an RF probe (Heathkit Model 309C or equivalent). The presence or absence
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TRANSISTOR RADIO SERVICING TECHNIQUES

of oscillator injection voltage can, however, be determined even without the use of
such a probe.

The proper magnitude of oscillation should be somewhere between 50 and 500 my
rms, and oscillation must be present over the entire broadcast band. (This can easily be
checked by rotating the variable condenser from end to end.) No voltage at this point
indicates the absence of oscillator injection, and an ohmmeter check of the oscillator
coil should prove it faulty.

To trouble -shoot or align a transistor radio, it is generally helpful to know how
much signal strength should be applied at a given stage in order to evaluate the gain
of the receiver. The following is a measurement procedure useable for this purpose.

1. An AC VTVM should be connected across the speaker terminals ( speaker re-
maining connected).

2. Applying the signal at any test point, the generator attenuator should be adjusted
to get .13 or .4 volts rms reading on the output VTVM. (Since most speaker
voice coil impedances are 3.2 ohms, this means that the "reference power out-

put"* is either P = Z2 332
3.2

V2 - '132 -5 mw or P = '2 = 50 mw-
In various subminiature sets, however, the voice coil impedance is about

16 ohms** in which case the reference AC voltage becomes V = V 5 X 10-8 X 16
.28 volts rms for 5 mw reference and V = V 50 X 10-8 X 16 .89 volts rms

for 50 mw reference.
3. The signal can then be applied to any base as shown in Figures 9.2 and 9.3.

DETECTOR

I ST IF

AMPLIFIER

AUDIO

VOL. AMPLIFIER
CONT.

100 mf d

AUDIO
GENERATOR

B -

AUDIO STAGE MEASUREMENT
FIGURE 9.2

B+

2ND IF
AMPLIFIER

.1 mid

-'. RF / IF.
GENERATOR

=

RF/IF STAGE MEASUREMENT
FIGURE 9.3

*The "reference power output" is the power output conventionally used to make sensitivity measure-
ments This value is fixed by IRE standard at 5 milliwatts for miniature portable receivers and
50 milliwatts for the larger type portables.

**To determine the voice coil impedance of a speaker, a DC resistance test should yield a value close
to the AC impedance of the voice coil, providing the speaker is measured while disconnected from
the output transformer. A 3.2 ohm speaker will measure about 2.7 ohms while a 16 ohm speaker
measures around 12 ohms in general.
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By having a reference power output, it is now possible to read the input voltage at
the generator and obtain the receiver sensitivity at this point. The sensitivity, the opera-
tional condition, and the quality of the receiver under test can now be assessed. This
assumes the use of audio and RF generators having calibrated and metered attenuators
(like Heathkit Model LG-1). In the absence of this type of equipment, two very simple
attenuators can be built for RF/IF and for audio. See Figures 9.4 and 9.5. The attenua-
tion will permit the injection of small signal into any circuit under test while the rela-
tively unsensitive VTVM measures RMS voltages 10 or 100 times larger.

AC VTVM
LOW SCALE RMS-

RF/IF DECADE ATTENUATOR
FIGURE 9.4

AC-VTVM
LOW SCALE-RMS-

AUDIO DECADE ATTENUATOR
FIGURE 9.5

TYPICAL INPUT VOLTAGES FOR REFERENCE OUTPUT

Audio Audio
Output Driver Detector 2nd IF 1st IF Converter
Base Base Base Base Base Base

6 Transistor
Radio# 150 my 2.5 my 50 my 2.5 my 50-100 Av 5-10 Av

5 Transistor
Radio 20 my 5.0 my 50 my 2.5 my 50 px 5-10 Av

4 Transistor
Radio 20 my .5 my 5-10 my 200 Ay 10-20 Av

#Ref erence output is 50 mw, all others 5 mw.

It will be found that sensitivities will vary from set to set because this measurement
is only an indication of the order of magnitude of appropriate sensitivities. Even a 5/1
deviation at times can be normal. Deviations larger than 10/1 are strong indications
of trouble.

Broadcast Receiver Alignment Procedure:
A conventional set-up procedure is as follows:
a) Connect the output of the IF/RF generator to a radiating loop (Hazeltine #1150

or equivalent).*

*This loop is a calibrated laboratory loop used for accurate sensitivity measurements. Since the pur-
pose here is only to align rather than measure, either an air loop or a ferrite rod antenna may be
used as a radiating element. If these are not available either, it often suffices to bring the generator
leads close to the receiver's antenna and induce a signal through capacitive coupling.
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b) The output meter (AC VTVM) should be connected across the voice coil termi-
nals, the speaker remaining connected.

c) The receiver should be placed one to two feet away from the radiating loop in a
plane that optimizes the coupling between the receiving and radiating antennas.

d) Set the volume control of the receiver at maximum volume.

e) Turn the Variable Condenser to the high frequency end of the dial (Gang wide
open).

The set is now ready to be aligned.

1. Set the signal generator to 455 Kc/s and at maximum signal output. At this point
there should be considerable output from the receiver.

If the set is operative but does not show enough output, reduce the distance
between the receiver antenna and radiating element.

If the output is much larger than the standard reference value (.4 volts across
3.2 ohms 50 mw), reduce the output of the signal generator.

2. Peak the last IF transformer, then the interstage IF transformer, and finally the
1st IF transformer while maintaining an output voltage close to the reference
value by gradually reducing the signal generator output voltage.

3. Repeat the same operation going from the 1st IF to the last IF this time. The
IF strip is now aligned.

4. Set the generator frequency to 1630 Kc/s. The variable condenser in the receiver
should still be tuned to the high frequency end. Adjust the oscillator "trimmer"
for maximum output at this point.

5. Now set the variable condenser to its lowest frequency point (gang fully meshed)
and tune the signal generator until output is observed from the set (this should
be around 530-540 Kc/s).

Should the low frequency fall below 520 Kc/s or above 540 Kc/s, the oscil-
lator coil slug should be adjusted to move the low frequency end to 530 Kc/s.
If this is done, operation number 4 must be repeated. This means that the set
was thoroughly misaligned and it may require repeating operations 4 and 5 two
or three times before a full frequency range is obtained.

6. Set the generator to 1400 Kc/s and tune the receiver in very carefully. Now
peak the antenna trimmer. The set is now "tracked" *(fully aligned) at 1400 Kc/s.

7. Since it should also be "tracked" at 600 Kc/s,** set the generator to this fre-
quency, tune in the set, and observe whether the sensitivity of the receiver is
close to its 1400 Kc/s value. If this is not the case, then peak the oscillator coil
slug (providing the coil is slug tuned) while rocking the gang back and forth
around 600 Kc/s. Although this procedure will somewhat reduce the frequency
range of the set, it will yield the greatest sensitivity at the tracking points.

8. In case the oscillator coil is not tunable, the variable condenser will have to be
"knifed", a procedure of bending the plates on the RF section of the air capaci-
tor, plus realignment, that requires a high degree of experience and is not gen-
erally recommended.

*The term "tracking" here applies to the procedure of having the oscillator and antenna circuit
tuned to be exactly 455 Kc/s apart, yielding maximum gain at each tracked point.

**Most commercial variable condensers are designed to track at three points along the band, 1400
Kc/s, 1000 Kc/s, and 600 Kc/s.
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10. SWITCHING CHARACTERISTICS

A switch is characterized by a high resistance when it is open and a low resistance
when it is closed. Transistors can be used as switches. They offer the advantages of no
moving or wearing parts and are easily actuated from various electrical inputs. Transis-
tor collector characteristics as applied to a switching application is shown in Figure 10.1.
The operating point A at which Ic = Ic0/1-a indicates the transistor's high resistance

MAXIMUM RATED DISSIPATION

SLOPE OF LOAD LINE.
RL

VCE -OP

COLLECTOR CHARACTERISTICS

FIGURE 10.1

when Is = 0. Since 1-a is a small number, Ic may be many times greater than Ico.
Shorting the base to the emitter results in a smaller Ic. If the base to emitter junction
is reversed biased by more than .2v, Ic will approach IcC. Reverse biasing achieves
the highest resistance across an open transistor switch.

When the transistor switch is turned on, the voltage across it should be a minimum.
At operating point B of Figure 10.1, the transistor is a low resistance. Alloy transistors
such as the 2N525 have about one ohm resistance when switched on. Grown junc-
tion transistors, such as the 2N167 have approximately 80 ohms resistance which
makes them less suitable for high power switching although they are well suited for
high speed computer applications. In order that a low resistance be achieved, it is
necessary that point B lie below the knee of the characteristic curves. The region
below the knee is referred to as the saturation region. Enough base current must
be supplied to ensure that this point is reached. It is also important that both the on
and off operating points lie in the region below the maximum rated dissipation to
avoid transistor destruction. It is permissible, however, to pass through the high dissi-
pation region very rapidly since peak dissipations of about one watt can be tolerated
for a few microseconds with a transistor rated at 150 mw. In calculating the In neces-
sary to reach point B, it is necessary to know how hFE varies with IC. Curves such as
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Figure 10.2 are provided for switching transistors. Knowing h00 from the curve gives

I. mu, since IB m In = hFE . Generally IB is made two or three times greater than I. min

to allow for variations in 110. with temperature or aging. The maximum rated collector
voltage should never be exceeded since destructive heating may occur once a transistor
breaks down. Inductive loads can generate injurious voltage transients. These can be
avoided by connecting a diode across the inductance to absorb the transient as shown
in Figure 10.3.
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DIODE USED TO PROTECT TRANSISTOR FROM INDUCTIVE
VOLTAGE TRANSIENTS.

FIGURE 10.3

Lighted incandescent lamps have about 10 times their off resistance. Consequently,
I. must be increased appreciably to avoid overheating the switching transistor when
lighting a lamp.
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A typical switching circuit is shown in Figure 10.4. The requirement is to switch a

SWITCH 100S7

-25V

125/1
5 WATTS

TYPICAL VALUES

lc =8Oµ A SWITCH OPEN

Ic = 0.2A SWITCH CLOSED

Is = 10mA = CURRENT THROUGH SWITCH

AJ
2N525 Vcc .I9V SWITCH CLOSED

V V,= .48V SWITCH CLOSED5
I K

IN PUT POWER = 15 MILLI WAT TS

LOAD POWER = 5 WATTS

Typical transistor switch application
FIGURE 10.4

200 ma current in a 25 volt circuit, delivering 5 watts to the load resistor. The
mechanical switch contacts are to carry a low current and be operated at a low voltage
to minimize arcing. The circuit shown uses a 2N525. The 1K resistor from the base
to ground reduces the leakage current when the switch is open. Typical values are
indicated in Figure 10.4.

TEMPERATURE EFFECTS ON SWITCHING CIRCUITS

At high junction temperatures, 'co can become a problem. In the off condition,
both the emitter and collector junctions are generally reverse -biased. As a rule, the
bias source has an appreciable resistance permitting a voltage to be developed across
the resistance by Ico. The voltage can reduce the reverse bias to a point where the
base becomes forward biased and conduction occurs. Conduction can be avoided by
reducing the bias source resistance, by increasing the reverse bias voltage or by
reducing Ico through a heat sink or a lower dissipation circuit design.

The Ico of a transistor is generated in three ways. One component originates in
the semiconductor material in the base region of the transistor. At any temperature,
there are a number of interatomic energy bonds which will spontaneously break into
a hole -electron pair. If a voltage is applied, the hole and electron drift in opposite
directions and can be seen as the Ico current. If no voltage is present, the hole and
electron eventually recombine. The number of bonds that will break can be predicted
theoretically to double about every 10°C in germanium transistors and every 6°C in
silicon. Theory also indicates that the number of bonds broken will not depend on
voltage over a considerable voltage range. At low voltages, Ico appears to decrease
because the drift field is too small to extract all hole -electron pairs before they recom-
bine. At very high voltages, breakdown occurs.

A second component of Ico is generated at the surface of the transistor by surface
energy states. The energy levels established at the center of a semiconductor junction
cannot end abruptly at the surface. The laws of physics demand that the energy levels
adjust to compensate for the presence of the surface. By storing charges on the surface,
compensation is accomplished. These charges can generate an Ico component; in fact,
in the processes designed to give the most stable Ico, the surface energy levels con-
tribute much Ico current. This current behaves much like the base region component
with respect to voltage and temperature changes. It is described as the surface
thermal component in Figure 10.5.
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A third component of Ico is generated at the surface of the transistor by leakage
across the junction. This component can be the result of impurities, moisture or surface
imperfections. It behaves like a resistor in that it is relatively independent of tempera-
ture but varies markedly with voltage. Figure 10.5(A) shows the regions which contrib.
ute to the three components. Figure 10.5(B) illustrates how the components vary with
voltage. It is seen that while there is no way to measure the base region and surface
energy state components separately, a low voltage Ico consists almost entirely of these
two components. Thus, the surface leakage contribution to a high voltage Ico can be
readily determined by subtracting out the low voltage value of Ico.

co

0 = HOLE
= ELECTRON

ARROWS SHOW DIRECTION
OF CARRIER DRIFT

O.O.

SURFACE /
LEAKAGE
CURRENT

VOrfTAGE BREAKDOWN I

REGION I

BASE
MATERIAL

,C0

CROSS-SECTION OF PNP ALLOY
TRANSISTOR SHOWING REGIONS GENERATING Ico

MEASURED ICO

I

I 1

SURFACE LEAKAGE I 4

SURFACE THERMAL Ica I/
4-- -1

BASE REGION IC,

COLLECTOR VOLTAGE

VARIATION OF I, COMPONENTS

WITH COLLECTOR VOLTAGE

(A)

CO

COLLECTOR VOLTAGE

SURFACE
THERMAL

'CO

CURVES A-INDICATE THE BASE REGION 'co
CURVES El -INDICATE THE SUM OF BASE REGION

AND SURFACE THERMAL Ico
CURVES C -INCLUDE THE SURFACE LEAKAGE

COMPONENT AND INDICATE THE
MEASURED rco

VARIATION OF I, COMPONENTS
WITH TEMPERATURE

(B) (C)

FIGURE 10.5

Figure 10.5(C) shows the variation of Ico with temperature. Note that while the
surface thermal and base Ico components have increased markedly, the leakage com-
ponent is unchanged. For this reason, as temperature is changed the high voltage Ico
will change by a smaller percentage than the low voltage 'co.

Figure 10.6 shows the variation of Ico with temperature and voltage for a number
of transistor types. Note that the three curves for the 2N396 agree with the principles
above and show a leakage current less than one microampere.

The variation of current gain at high temperatures is also significant. Since hpE is
defined as Ic/IB, hFE depends on Ico since Ic 1100 (IB Ico). If IB = 0 i.e., if the base
is open circuited, a collector current still flows, Ic = hteIco. Thus hFE is infinite when
IB = 0. As base current is applied, the ratio Ic/IB becomes more meaningful. If hFE
is measured for a sufficiently low Ic, then at a high temperature hfoIco will become
equal to Ic. At this temperature hFE becomes infinite since no IB is required to maintain
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Ic. The AC current gain 1100, however, is relatively independent of Ico and generally
increases about 2:1 from -55°C to -I- 85°C.
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The different electrical properties of the base, emitter and collector regions tend
to disappear at high temperatures with the result that transistor action ceases. This
temperature usually exceeds 85°C and 150°C in germanium and silicon transistors
respectively.
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When a transistor is used at high junction temperatures, it is possible for regenera-
tive heating to occur which will result in thermal run -away and possible destruction of
the transistor. For the maximum overall reliability, circuits should be designed to pre-
clude the possibility of thermal run -away under the worst operating conditions. The
subject of thermal run -away is discussed in detail in Chapter 5.

In accordance with theory the collector saturation voltage, VcE("T), decreases
linearly with temperature for most transistors. In the case of alloy transistors, this is a
result of the increase of Ico with temperature which increases the effective base charge
at high temperatures. However, transistors which have an appreciable ohmic resistance
in series with the collector or silicon transistors which have a low Ico, generally exhibit
a positive temperature coefficient for VcE"AT).

The base to emitter voltage, VBE, has a negative temperature coefficient which is
about. 2.0 millivolts per degree Centrigrade for both silicon and germanium transistors.
Figure 5.1 shows the emitter to base characteristics of the 2N525 at several different
temperatures. The series base resistance and emitter resistance (rb', 1.4') have a positive
temperature coefficient so that the IR drops across these resistances can offset the
normal variation of VBE at high values of base current.

The increase in VcE(s") and the decrease in VBE at high temperatures can lead to
instability in DCTL circuits such as shown in Figure 10.9 and result in operation closer
to saturation in circuits such as those shown in Figure 10.11.

A major problem encountered in the operation of switching circuits at low tempera-
tures is the reduction in both the a -c and d -c current gain. Figure 10.7 shows the
variation of hFE with temperature for the 2N525 and indicates that at -55°C the value
of hFE drops to about 50% of its value at 25°C. Most germanium and silicon transistors
show approximately this variation of hFE and hfe with temperature. In the design of
switching circuits the decrease of hFE and the increase of VBE at the lower temperatures
must be taken into account to guarantee reliable circuit operation.
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POWER DISSIPATION

As with most electrical components, the transistor's range of operating conditions
is limited by the transistor power dissipation.

Because the transistor is capable of a very low VcE when it is in saturation it is
possible to use load lines which exceed the maximum rated dissipation during the
switching transient, but do not exceed it in the steady state. Such load lines can be
used safely if the junction temperature does not rise to the runaway temperature
during the switching transient. If the transient is faster than the thermal time constant
of the junction, the transistor case may be considered to be an infinite heatsink. The
junction temperature rise can then be calculated on the basis of the infinite heatsink
derating factor. Since the thermal mass of the junctions is not considered, the calcula-
tion is conservative.

In some applications there may be a transient over -voltage applied to transistors
when power is turned on or when circuit failure occurs. If the transistor is manufactured
to high reliability standards, the maximum voltages may be exceeded provided the
dissipation is kept within specifications. While quality alloy transistors and grown
junction transistors can tolerate operation in the breakdown region, low quality alloy
transistors with irregular junctions should not be used above the maximum voltage
ratings.

Quality transistors can withstand much abuse. In experimental work, a 2N43 was
operated at a peak power of 15 watts and a peak current of 0.5 amperes with no
change in characteristics. 2N396 Transistors in an avalanche mode oscillator were
operated at peak currents of one ampere. 3N37 Tetrodes rated at 50 milliwatts and
25 milliamperes maximum were operated at a peak power of one watt and a peak
current of 200 milliamperes without change in characteristics. Standard production
units however should be operated within ratings to ensure consistent circuit perform-
ance and long life.

It is generally desirable to heatsink a transistor to lower its junction temperature
since life expectancy as well as performance decreases at high temperatures. Heat
sinks also minimize thermal fatigue problems, if any exist.

SATURATION

A transistor is said to be in saturation when both junctions are forward biased.
Looking at the common emitter collector characteristics shown in Figure 10.8(A) the
saturation region is approximately the region below the knee of the curves, since hFE
usually falls rapidly when the collector is forward biased. Since all the characteristic
curves tend to become superimposed in the saturation region, the slope of the curves
is called the saturation resistance. If the transistor is unsymmetrical electrically -
and most transistors are unsymmetrical - then the characteristics will not be directed
towards the zero coordinates but will be displaced a few millivolts from zero. For ease
of measurement, generally the characteristics are assumed to converge on zero so that

V CE (SAT)the saturation resistance is r, -
Ic

While the characteristic curves appear superimposed, an expanded scale shows
that VcE(s") depends on IB for any given Ic. The greater I. is made, the lower VcE(sAT)
becomes until IB is so large that it develops an appreciable voltage across the ohmic
emitter resistance and in this way increases VcE(sat). In most cases the saturation
voltage, Vou(SAT), is specified rather than the saturation resistance. Figure 10.8(B) show-
ing the collector characteristics in the saturation region, illustrates the small voltage
off -set due to asymmetry and the dependence of r, on IB. Note also that r, is a low
resistance to both AC and DC.
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Some circuits have been designed making specific use of saturation. The direct
coupled transistor logic (DCTL) flip-flop shown in Figure 10.9 utilizes saturation.
In saturation VoE("T' can be so low that if this voltage is applied between the base
and emitter of another transistor, as in this flip-flop, there is insufficient forward bias
to cause this transistor to conduct appreciably. The extreme simplicity of the circuit
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-0.02V

VCE (sat)

DIRECT COUPLED TRANSISTOR LOGIC (DCTL) FLIP-FLOP

FIGURE 10.9

is self evident and is responsible for its popularity. However, special requirements are
placed on the transistors. The following are among the circuit characteristics:

First, the emitter junction is never reverse biased permitting excessive current to
flow in the off transistor at temperatures above 40°C in germanium. In silicon, how-
ever, operation to 150°C has proved feasible.

Second, saturation is responsible for a storage time delay, slowing up circuit speed.
In the section on transient response we see the importance of drawing current out of
the base region to increase speed. In DCTL, this current results from the difference
between VcE`SAT) and VBE of a conducting transistor. To increase the current, YEE'S")
should be small and r'b should be small. However, if one collector is to drive more
than one base, r% should be relatively large to permit uniform current sharing between
bases since large base current unbalance will cause large variations in transient
response resulting in circuit design complexity.

Third, since VEE"A" and VBE differ by less than .3 volt, in germanium, stray
voltage signals of this amplitude can cause faulty performance. While stray signals
can be minimized by careful circuit layout, this leads to equipment design com-
plexity. Silicon transistors with a .7 volt difference between VEE("" and VBE are less
prone to being turned on by stray voltages but are still susceptible to turn off signals.
This is somewhat compensated for in transistors with long storage time delay since
they will remain on by virtue of the stored charge during short turn-off stray signals.
This leads to conflicting transistor requirements - long storage time for freedom from
noise; short storage time for circuit speed.

Another application of saturation is saturated flip-flops of conventional configura-
tion. Since VcE("T) is generally very much less than other circuit voltages, saturating
the transistors permits the assumption that all three electrodes are nearly at the same
potential making circuit voltages independent of transistor characteristics. This yields
good temperature stability, and good interchangeability. The stable voltage levels are
useful in generating precise pulse widths with monostable flip-flops. The section on
flip-flop design indicates the ease with which saturated circuits can be designed.

In general, the advantages of saturated switch design are: (a) simplicity of circuit
design, (b) well defined voltage levels, (c) fewer parts required than in non saturating
circuits, (d) low transistor dissipation when conducting, and (e) immunity to short
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stray voltage signals. Against this must be weighed the reduction in circuit speed.
Speed is affected in a number of ways: (a) much higher trigger power is required
to turn off a saturated transistor than an unsaturated one, (b) since Vc.(s"), hFE and
VBE all vary markedly with temperature, circuit speed also depends on temperature.

ECC

RL hFE IB

ED

IC

DIODE COLLECTOR
CLAMPING CIRCUIT TO

AVOID SATURATION

ED ECC VCE

COLLECTOR CHARACTERISTICS
SHOWING LOAD LINE AND OPERATING

POINTS

Collector voltage clamp
FIGURE 10.10

A number of techniques are used to avoid saturation. The simplest is shown in
Figure 10.10. The diode clamps the collector voltage so that it cannot fall below the
base voltage to forward bias the collector junction. Response time is not improved
appreciably over the saturated case since Jo is not clamped but rises to hFEIB. With
typical variations of 1. and h.. with temperature and life for a standard transistor, Ic
may vary by as much as 10:1. Care should be taken to ensure that the diode prevents
saturation with the highest Ic. When the transistor is turned off, Ic must fall below the
value given by (Ece-ED)/RL before any change in collector voltage is observed. The
time required can be determined from the fall time equations in the section on transient
response. The diode can also have a long recovery time from the high currents it has
to handle. This can further increase the delay in turning off.

R2 ECC
VCE RL hFE÷ R2

Ecc R2
if VCE << ECG

RL hFE

Collector current clamp without bias
supply

FIGURE 10.11(A)
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A much better way of avoiding saturation is to control Is in such a way that Ic is
just short of the saturation level. This can be achieved with the circuit of Figure
10.11(A). The diode is connected between a tap on the base drive resistor and the
collector. When the collector falls below the voltage at the tap, the diode conducts
diverting base current into the collector, preventing any further increase in Ic. The
voltage drop across R2 is approximately IcR2/hFE since the current in R2 is Is. Since
the voltage drop across the diode is approximately the same as the input voltage to
the transistor, Vice is approximately IcR2/hss. It is seen that if the load decreases (Ic
is reduced) or hFE becomes very high, Vcs decreases towards saturation. Where the
change in hes is known and the load is relatively fixed, this circuit prevents saturation.

VCE

R2 (ECC hFE)

ROFE+ R2

( ECC +13
2 \ RLhFE

if VCE" ECC

Collector current using bias supply
FIGURE 10.11(B)

To avoid the dependence of VCE on Ic and hFE, R. may be added as in Figure 10.11(B).
By returning R. to a bias voltage, an additional current is drawn through R2. Now

VCE is approximately (1110 + IS) R2. L can be chosen to give a suitable minimum VCE.

VCE---' 0 7V at 25° C

Collector current clamp using silicon
and germanium diodes
FIGURE 10.11(C)

The power consumed by R. can be avoided by using the circuit of Figure 10.11(C).
The silicon diode replaces R2. Since the silicon diode has a forward voltage drop of
approximately .7 volts over a considerable range of current, it acts as a constant
voltage source making VCE approximately .7 volts. If considerable base drive is used, it
may be necessary to use a high conductance germanium diode to avoid momentary
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saturation as the voltage drop across the diode increases to handle the large base drive
current.

In applying the same technique to silicon transistors with low saturation resistance,
it is possible to use a single germanium diode between the collector and base. While
this permits Vee to fall below VBE, the collector diode remains essentially non-
conducting since the .7 volt forward voltage necessary for conduction cannot be
reached with the germanium diode in the circuit.

The diode requirements are not stringent. The silicon diode need never be back
biased, consequently, any diode will be satisfactory. The germanium diode will have
to withstand the maximum circuit VEE, conduct the maximum base drive with a
low forward voltage and switch rapidly under the conditions imposed by the circuit,
but these requirements are generally easily met.

Care should be taken to include the diode leakage currents in designing these
circuits for high temperatures. All the circuits of Figure 10.11 permit large base drive
currents to enhance switching speed, yet they limit both IB and Ic just before saturation
is reached. In this way, the transistor dissipation is made low and uniform among
transistors of differing characteristics.

It is quite possible to design flip-flops which will be non -saturating without the
use of clamping diodes by proper choice of components. The resulting flip-flop is
simpler than that using diodes but it does not permit as large a load variation before
malfunction occurs. The design procedure for an undamped non -saturating flip-flop
can be found in Transistor Circuit Engineering by R. F. Shea, et al (Wiley).

Stored charge neutralization by capacitor
FIGURE 10.12

Another circuit which is successful in minimizing storage time is shown in Figure
10.12. If the input is driven from a voltage source, it is seen that if the input voltage
and capacitor are appropriately chosen, the capacitor charge can be used to neutralize
the stored charge, in this way avoiding the storage time delay. In practical circuits,
the RC time constant in the base necessary for this action limits the maximum pulse
repetition rate.

TRANSIENT RESPONSE TIME

The speed with which a transistor switch responds to an input signal depends on
the load impedance, the gain expected from the transistor, the operating conditions just
prior to the input signal, as well as on the transistor's inherent speed. The following
discussion will assume that the collector load resistance is sufficiently small that
27r-RLCEf. << 1 where Cc is the collector capacitance. If this is not the case, the rise
and fall time equations must be multiplied by the correction factor (1 + 271-RLCEf.).
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FIGURE 10.13

Consider the simple circuit of Figure 10.13(a). Closing and opening the switch
to generate a pulse as shown in Figure 10.13(b), gives the other waveforms shown in
the figure. When the switch closes, current flows through the 20K resistor to turn on
the transistor. However there is a delay before collector current can begin to flow since
the 20K must discharge the emitter capacitance which was charged to -10 volts prior
to closing the switch. Time must also be allowed for the emitter current to diffuse
across the base region. A third factor adding to the delay time is the fact that at low
emitter current densities current gain and frequency response decrease. The total delay
from all causes is called the "delay time" and is measured conventionally from the
beginning of the input pulse to the 10% point on the collector waveform as shown in
Figure 10.13(e). Delay time can be decreased by reducing the bias voltage across the
emitter capacitance, and by reducing the base drive resistor in order to reduce the
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charging time constant. At high emitter current densities, delay time becomes neg-
ligible. Figure 10.14 shows typical delay times for the 2N396 transistor.

0.5

0.4

O.

0.

0

PNP ALLOY

PULSE

TRANSISTOR TYPE
RESPONSE DELAY TIME

td (µS) VS LB, (m0)

VCC= - 5V
Ic = - 5m0

2N396

RL . 11(0

RB . 10100.

BIAS
VOLTAGE

EStibbili........11
--25.0V
-.-20.0V
..--15 .0V

10.0V ---7.5V
-5.0V
-,-2.5V

-0 5 -1.0 -1.5 -20
1E11 (11,0)

FIGURE 10.14

-2 5 -30

The rise time refers to the turn -on of collector current. By basing the definition of
rise time on current rather than voltage it becomes the same for NPN and PNP tran-
sistors. The collector voltage change may be of either polarity depending on the tran-
sistor type. However, since the voltage across the collector load resistor is a measure
of collector current, it is customary to discuss the response time in terms of the collector
voltage. The theoretical analysis of rise time suggests that a single exponential curve as
defined in Figure 10.15 fits the experimental results.

h FE 181

IC

gr. EXPONENTIAL CURVE

tr h FEAvf TIME

GRAPHICAL ANALYSIS OF RISE TIME
SYMBOLS DEFINED IN FIGURE 109

THE INTERCEPT OF lc AND THE CURVE GIVES tr.

FIGURE 10.15

If the load resistor RL in Figure 10.13(a) is small enough that a current, hFEIBi,
through it will not drive the transistor into saturation, the collector current will rise ex-
ponentially to hfeIE1 with a time constant, hFE/274.. However, if RL limits the current to
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less than hFEIB1, the same exponential response will apply except that the curve will
be terminated at Ic = V

. Figure 10.15 illustrates the case for Ic hFEIB,/2. Note thatR
the waveform will no longer appear exponential but rather almost linear. This curve
can be used to demonstrate the roles of the circuit and the transistor in determining
rise time. For a given hFE and f., it is seen that increasing hFEIB./Ic will decrease rise
time by having Ic intersect the curve closer to the origin. On the other hand, for a given
IBS and Ic, speed will be proportional to f. but nearly independent of hFE since its
effect on the time constant is balanced by its effect on the curve amplitude. A useful
expression for rise time is tr = 27rf.. It is valid for Ic/IR < hFE /5. Since this
analysis assumes that hFE and fa are the same for all operating points the calculated
results will not fit experimental data where these assumptions are invalid. Figure 10.16
shows that the rise time halves as the drive current doubles, just as the expression for
tr suggests. However the calculated value for tr is in error by more than 50%. This
shows that even though the calculations may be in error, if the response time is specified
for a circuit, it is possible to judge fairly accurately how it will change with circuit
modifications using the above equations.

1.4

1.2

1.0

(..71

a. 0.

0

Q4

02

PNP ALLOY
PULSE

TRANSISTOR TYPE
RESPONSE RISE TIME

tr (µS) VS IBI (ma)

VCC' - 5V
Ic = -5rna
RL = 1 Ka
RB = 10 Ka

2N396

. -
-0.5 -10 -15

IB1 - ma

FIGURE 10.16

-2.0

Storage time is the delay a transistor exhibits before its collector current starts to
turn off. In Figure 10.13, RB and RL are chosen so that RL rather than hFE will limit the
collector current. The front edge of the collector waveform, Figure 10.13(e), shows the
delay time followed by the nearly linear risetime. When the collector voltage falls
below the base voltage, the base to collector diode becomes forward biased with the
result that the collector begins emitting. By definition, the transistor is said to be in
saturation when this occurs. This condition results in a stored charge of carriers in
the base region. Since the flow of current is controlled by the carrier distribution in
the base, it is impossible to decrease the collector current until the stored carriers are
removed. When the switch is open in Figure 10.13, the voltage at A drops immedi-
ately to -10 volts. The base voltage at B however cannot go negative since the tran-
sistor is kept on by the stored carriers. The resulting voltage across RB causes the
carriers to flow out of the base to produce a current IB2. This is illustrated in Figure
10.13(c) and 10.13(d). As soon as the stored carriers are swept out, the transistor starts
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to turn off; the base voltage dropping to -10 volts and the base current decreasing to
zero. The higher IBU is, the greater the stored charge; the higher IB2 is, the faster
it is swept out. Since both junctions are forward biased during storage time, the
inverse characteristics of the transistor are involved. The inverse characteristics are
obtained by interchanging the collector and emitter connections in any test circuit.
They are identified by the subscript I following the parameter, e.g., hFEI is the inverse
DC beta. Figure 10.17 shows a curve which is useful for calculating storage time graph-
ically. The maximum value is hFE(IBi+IB2) where IB2 is given the same sign as
ignoring the fact it flows in the opposite direction. The time constant of the curve
involves the forward and inverse current gain and frequency cut-off. The storage time
corresponds to the time required to reach the current hFEIBU-Ic. It can be seen that
for a given frequency response, high hFE gives long storage time. The storage time
also decreases as IBI is increased or IBI is decreased.

h FE (IBI + IB2)

h F E ,/

V

is

it
W- EXPONENTIAL CURVE

is 27rfa 'faI)(1-aai)(BI hFE)
_ I I IC

TIME -IP.
27rr(fa+ fai) (I-aai)

GRAPHICAL ANALYSIS OF STORAGE TIME.
THE INTERCEPT OF (h IBI-IC) AND THE CURVE GIVES ts

FIGURE 10.17

+The time constant for a very unsymmetrical transistor is approximately hFEI
r

1
It is

zariaI
seen that the generally specified normal hFE and fa are of little use in determining
storage time. For a symmetrical transistor, the time constant is approximately

1. It is possible for a symmetrical transistor to have a longer storage time than
274.
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2.0AlW 2.5
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FIGURE 10.18
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an unsymmetrical transistor with the same hFE and L. Figure 10.18 shows the depend-
ence of storage time on IBI and IB2 for the 2N396 transistor.

1132 hFE + IC
71

TC

--

*EXPONENT I AL CURVE

h FEicirla TIME --110

GRAPHICAL ANALYSIS OF FALL TI ME
THE INTERCEPT OF lc AND THE CURVE GIVES If.

FIGURE 10.19

The collector current fall time can be analyzed in much the same manner. Figure
10.19 indicates the exponential curve of amplitude Ic + 6.42, and a time constant,
hFE/2.1.. The fall time is given by the time it takes the exponential to reach Ic. If
hpEI.2 > > Ic, fall time is given by the expression,

1 hFE Ic/I.2
27rfa IC/ 62

As hp. becomes large, this expression reduces to,
1 IctF -

214. 1.2
which is identical to the expression for t, except that Is replaces I.,. Figure 10.20
shows typical fall time measurements for a 2N396.
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11. BASIC COMPUTER CIRCUITS

Computers are generally classified as either analog or digital. An example of an
analog computer is the slide rule where the numerical values involved in the calcula-
tions are represented by the distance along the scales of the slide rule. For the slide
rule, distance is the analog of the numerical values. In an electronic analog computer
the voltage or current in the circuit is used as the analog of the numerical values
involved in the calculation. Analog computers are used primarily in cases where mini-
mum cost is important and high accuracy is not required.

In a digital computer the numerical values change in discrete steps rather than
continuously as in an analog computer. An example of a digital computer is the ordi-
nary desk calculator or adding machine. In an electronic digital computer numerical
values involved in the calculation are represented by the discrete states of flip-flops
and other switching circuits in the computer. Numerical calculations are carried out in
digital computers according to the standard rules of addition, subtraction, multiplica-
tion and division. Digital computers are used primarily in cases where high accuracy
is required such as in standard accounting work. For example, most desk calculators
are capable of giving answers correct to one part in one million, but a slide rule (analog
computer) would have to be about 1//s of a mile long to be read to the same accuracy.

The transistor's small size, low power requirements and inherent reliability have
resulted in its extensive use in digital computers. Special characteristics of the transistor
such as low saturation resistance, low input impedance, and complementary NPN and
PNP types, have permitted new types of digital circuits which are simple, efficient and
fast. Computers operating at speeds of 5 megacycles are a commercial reality, and
digital circuits have been proved feasible at 160 megacycles.

This chapter offers the design engineer practical basic circuits and design proce-
dures based on proven techniques and components. Flip-flops are discussed in detail
because of their extensive use in digital circuits.

FLIP-FLOP DESIGN PROCEDURES
SATURATING FLIP-FLOPS

The simplest flip-flop possible is shown in Figure 10.9, however, for standard
transistor types the circuit in Figure 11.1(A) is preferable at moderate temperatures.
We shall refer to the conducting and non -conducting transistors as the on and off

2.2K

2N525

SATURATED FLIP-FLOPS
FIGURE 11.1 (A) FIGURE 11.1 ( B )
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BASIC COMPUTER CIRCUITS

transistors respectively. For stability, the circuit depends on the low collector toemitter voltage of the saturated on transistor to reduce the base current of the offtransistor to a point where the circuit gain is too low for regeneration. The 2209emitter resistor can be removed if emitter triggering is not used. By addingresistors from base to ground as in Figure 11.1(B), the off transistor has both junctionsreverse biased for greater stability. While the 33K resistors divert some of the formerlyavailable base current, operation no longer depends on a very low saturation voltageconsequently less base current may be used. Adding the two resistors permits stableoperation beyond 50°C ambient temperature.

220µµ f d

75(

SATURATED FLIP-FLOP
FIGURE 11.1 (C)

The circuit in Figure 11.1(C) is stabilized to 100°C. The price that is paid for thestability is (1) smaller voltage change at the collector, (2) more battery power con-sumed, (3) more trigger power required, (4) a low IE0 transistor must be used. Thecapacitor values depend on the trigger characteristics and the maximum trigger repeti-tion rate as well as on the flip-flop design.
By far, the fastest way to design saturating flip-flops is to define the collector andemitter resistors by the current and voltage levels generally specified as load require-ments. Then assume a tentative cross -coupling network. With all components specified,it is easy to calculate the on base current and the off base voltage. For example, thecircuit in Figure 11.1(B) can be analyzed as follows. Assume \TEE = .3 volt and VCE =.2 volt when the transistor is on. Also assume that VEB = .2 volts will maintain the offtransistor reliably cut-off. Transistor specifications are used to validate the assumptions.I. Check for the maximum temperature of stability.

RiVcc 220VE =
(25) = 2.3 voltsR1 + R4 2200 + 220

VC on = VE VCE ;31 = 2.3 + .2 = 2.5 volts
Assuming no Ico, the base of the off transistor can be considered connected toa potential,

11,3
R2113V'13 = VC on through a resistor R'5 =+R2 +

(2.5) (33K)V'E = 1.1 volts(42K + 33K)
(33K) (42K)= = 18.5K75K
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The Ico of the off transistor will flow through R'32 reducing the base to emitter
potential. If the 'co is high enough, it can forward bias the emitter to base junction
causing the off transistor to conduct. In our example, VE = 2.3 volts and YEE = .2 volts
will maintain off conditions. Therefore, the base potential can rise from 1.1 volts to
2.1 volts (2.3 - .2) without circuit malfunction. This potential is developed across

2.1 - 1.1
WE by Ico = = 54 pa. A germanium transistor with Ico = 10 pa. at 25°C

18.5K
will not exceed 54 µa at 50°C. If a higher operating temperature is required, R2 and R2
may be decreased and/or R4 may be increased.

H. Check for sufficient base current to saturate the on transistor.
VB on = VE VBE on = 2.3 + .3 = 2.6 volts

2.6vThe current through IL = I2 =
33K

= .079 ma

The current through R. and R2 in series is 12 -
VCC VB on 25 - 2.6

R. + R2 - 42K + 2.2K
= .506 ma

The available base current is 1B = 12 -L = .43 ma-
The collector current is Ic =

Vcc 10.25 ma
R.Vc

, 25 - 2.5
2.2K

The transistor will be in saturation if hFE at 10 ma is greater than
Ic 10.25 - 24IE - .43

If this circuit were required to operate to -55°C, allowance must be made for
the reduction of hrE at low temperatures. The minimum allowable room temperature
hFE should be 50% higher or hFE m,° = 36.

Generally it is not necessary to include the effect of Ico flowing through R. when
calculating 12 since at temperatures where Ico subtracts from the base drive it simulta-
neously increases hFE. If more base drive is required, R2 and IL may be decreased.
If their ratio is kept constant, the off condition will not deteriorate, and so need not be
rechecked.

III. Check transistor dissipation to determine the maximum junction temperature.
The dissipation in the on transistor is

VBE on IE VCE on Ic -
(.3) (.43) (.2) (10.25)

1000 1000
= 2.18 mw

The dissipation in the off transistor resulting from the maximum Ico is

VcBIco 0'
(251) (55)

1.4 mw

Generally the dissipation during the switching transient can be ignored at speeds
justifying saturated circuitry. In both transistors the junction temperature is within 1°C
of the ambient temperature if transistors in the 2N394-97 or 2N524-27 series are used.

NON -SATURATED FLIP-FLOP DESIGN

The abundance of techniques to prevent saturation makes a general design pro-
cedure impractical if not impossible. While it is a simple matter to design a flip-flop
as shown above, it becomes quite tedious to check all the worst possible combinations
of component change to ensure manufacturability and long term reliability. Often the
job is assigned to a computer which calculates the optimum component values and
tolerances. While a number of flip-flop design procedures have been published, they
generally make simplifying assumptions concerning leakage currents and the voltages
developed across the conducting transistors.
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BASIC COMPUTER CIRCUITS

CIRCUIT CONFIGURATION FOR
NON -SATURATING
FLIP-FLOP DESIGN PROCEDURE

Characteristics:
Trigger input at points E
Trigger steering by D2 and R5
Collector clamping by D1 and R2
Connect points A, B, C, D, E as shown in

Figure 11.3 to get counter or shift regis-
ter operation

Cl and C2 chosen on basis of speed re-
quirements

FIGURE 11.2 (A)

The design procedure described here is for the configuration in Figure 11.2(A). No
simplifying assumptions are made but all the leakage currents and all the potentials
are considered. The design makes full allowance for component tolerances, voltage
fluctuations, and collector output loading. The anti -saturation scheme using one resistor
(R3) and one diode (Dl) was chosen because of its effectiveness, low cost and
simplicity. The trigger gating resistors (R5) may be returned to different collectors to
get different circuit functions as shown in Figure 11.3. This method of triggering offers
the trigger sensitivity of base triggering and the wide range of trigger amplitude
permissible in collector triggering. The derivation of the design procedure would
require much space, therefore for conciseness, the procedure is shown without any
substantiation. The procedure involves defining the circuit requirements explicitly then
determining the transistor and diode characteristics at the anticipated
A few astute guesses of key parameters yield a fast solution. However, since the
procedure deals with only one section of the circuit at a time, a solution is readily
reached by cut and try methods without recourse to good fortune. A checking pro-
cedure permits verification of the calculations. The symbols used refer to Figure
11.2(A) or in some cases are used only to simplify calculations. A bar over a symbol
denotes its maximum value; a bar under it, its minimum. The example is based on
polarities associated with NPN transistors for clarity. The result is that only E2 is
negative. While the procedure is lengthly, its straightforward steps lend themselves
to computation by technically unskilled personnel and the freedom from restricting
assumptions guarantees a working circuit when a solution is reached. The circuit
designed by this procedure is shown in Figure 11.2(B).

620 OHMS 620 OHMS

LOAD -3.16 VOLTS 120µµf LOAD -3.16 VOLTS

220'f

T 4.16V
220*°

NON -SATURATED FLIP-FLOP
FIGURE 11.2 (B)
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The same procedure can be used to analyze existing flip-flops of this configuration
by using the design check steps.

91052

3.3K
A 0-0-AAN-

.-1(
120µµ.f

2NI23

HD 2085

9100

HD6001 HD6001

IN192

C E-
2.2 K 2501,1,f

INPUT 0

INI92
D

250,40 2.2K

E

(A) FLIP- FLOP

A

C

B

E D

(B) INTER CONNECTION AS COUNTER

0- A

-0-

10 V

0- A

C E

B A

C E

(C) INTERCONNECTION AS SHIFT REGISTER

D -0-

TRIGGER

500 KC COUNTER -SHIFT REGISTER FUP-FLOP
FIGURE 11.3
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BASIC COMPUTER CIRCUITS

[SYMBOLS DEFINED IN FIGURE 11.2 (A)]

CIRCUIT CONFIGURATIONS FOR NON -SATURATING

FUP-FLOP WITH CLAMPED OFF VOLTAGE
FIGURE 11.4

The non -saturating flip-flop design procedure just discussed has been extended to
the circuit in Figure 11.4. This circuit is identical to that in Figure 11.2(A) except that
a diode clamp (D.E.) determines the collector off voltage. A number of design solutions
which have been calculated for a nominal 10 ma flip-flop and 5 volt logic level are
shown in Figure 11.5. The standard conditions chosen are wide enough to include
diode and transistor parameter variations from -55°C to 75°C junction temperature.
The solutions use only standard RTMA resistor values which are permitted to change
up to ±10% during life.

Ie(L)
max
ma,

Ire..
Out (To)

ma

Deviation from
STD Conditions

Ae= ±5% dr = =7% de = =5% 1r = ±10% de= 1-10% Ar= =7%

R, R. R, R. R, R. R. R. R. R. R. R:

10 1.0 - 2.7 2.4 .82 11 2.2 2.0 .68 9.1 2.4 2.2 .75 10

10 1.5 - 2.4 2.4 .82 11 2.2 2.2 .68 9.1 2.2 2.4 .75 10

15 1.0 - 1.8 1.5 .56 7.5 1.5 1.2 .47 6.2 1.8 1.5 .51 6.8

15 1.5 - 1.8 1.5 .56 7.5 1.5 1.3 .47 6.2 1.8 1.5 .51 6.8

10 1.25 1/. = .2v max 3.0 3.0 .91 13 2.2 2.0 .68 9.1 2.2 2.2 .75 10

10 1.25 V. = .5v max 2.7 2.7 .91 12 2.4 2.7 .82 11 2.4 2.7 .82 11

10 1.25 V. = .4v max 3.3 3.6 1.1 15 2.4 2.7 .91 12 2.7 3.0 1.0 13

10 1.25 V. = .6v max 4.7 8.2 1.3 24 4.3 7.5 1.20 22 4.3 9.1 1.3 24

Standard Conditions: E. = 18v, E. = -12v, Ea = 6v, 0.8v > VDIODE (V,, > 0.2v, 'DIODE LEA AL E < .04 ma,
Ice < .1 ma, 2v > Vice ON (V, V,) > Ov, VEE (V,) < .55v, VED (V,) > .2v, VH0 (V.) < .1v, ILOAD Is (L) = .2 ma, 7.1v
> VCE OFF (V, V,) > 5.9v, = 18 min. All resistor values in kilohms.

PRACTICAL CIRCUITS, BASED ON FUP-FLOP CONFIGURATION IN FIGURE 11.4
(SYMBOLS DEFINED IN NON -SATURATING FLIP-FLOP DESIGN PROCEDURE)

FIGURE 11.5

The high on voltage (VcE aac, V0) when the transistor is conducting is primarily the
result of the assumed forward voltage of the diode. It is seen that raising the minimum
collector to emitter voltage (Vs) from 0 to 0.2 volts has a minor effect on the solutions.
V. = 0.1v gave identical solutions to Vs = 0.2v.



BASIC COMPUTER CIRCUITS

The last solution in Figure 11.5 shows that a high conductance diode permits more
efficient design.

The capacitors in the circuit are determined by the frequency response of the
transistor or by the maximum trigger pulse repetition rate.

Type
Number

Ambient Temperature Range in
Degrees Centigrade Assuming

Worst Case Ice and hFE

Potential
Switching

Speed
Type

2N43 -55 to 45 low PNP

2N123 -55 to 60 med PNP
2N396 -55 to 60 med PNP

2N397 -55 to 60 high PNP
2N404 -10 to 75 med PNP

2N450 -55 to 60 med PNP
2N524 25 to 55 low PNP
2N525 -55 to 55 low PNP

2N526 -55 to 55 low PNP

2N527 -55 to 55 low PNP

2N634 25 to 60 low NPN

2N635 -55 to 60 med NPN

2N636 -55 to 60 high NPN

2N1289 -55 to 60 high NPN

TRANSISTORS SUITABLE FOR FLIP-FLOP SOLUTIONS IN FIGURE 11.5
FIGURE 11.6

Figure 11.6 lists a number of military and industrial transistors which meet the
conditions of the solution. In all cases the maximum ambient temperature is limited by
Ice while the minimum ambient temperature is limited by hFE. No switching speeds
are given because they depend on the trigger power available as well as on the inherent
transistor speed.

TRIGGERING

Flip-flops are the basic building blocks for many computer and switching circuit
applications. In all cases it is necessary to be able to trigger one side or the other into
conduction. For counter applications, it is necessary to have pulses at a single input
make the two sides of the flip-flop conduct alternately. Outputs from the flip-flop must
have characteristics suitable for triggering other similar flip-flops. When the counting
period is finished, it is generally necessary to reset the counter by a trigger pulse to
one side of all flip-flops simultaneously. Shift registers, and ring counters have similar
triggering requirements.
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BASIC COMPUTER CIRCUITS

In applying a trigger to one side of a flip-flop, it is preferable to have the trigger
turn a transistor off rather than on. The off transistor usually has a reverse -biased
emitter junction. This bias potential must be overcome by the trigger before switching
can start. Furthermore, some transistors have slow turn on characteristics resulting in
a delay between the application of the trigger pulse and the actual switching. On the
other hand, since no bias has to be overcome, there is less delay in turning off a
transistor. As turn-off begins, the flip-flop itself turns the other side on.

A lower limit on trigger power requirements can be determined by calculating
the base charge required to maintain the collector current in the on transistor. The
trigger source must be capable of neutralizing this charge in order to turn off the
transistor. It has been determined that the base charge for a non -saturated transistor is
approximately Q. = 1.22 Ic/274.. The turn-off time constant is approximately
hF./274.. This indicates that circuits utilizing high speed transistors at low collector
currents will require the least trigger power. Consequently, it may be advantageous to
use high speed transistors in slow circuitry if trigger power is critical. If the on tran-
sistor was in saturation, the trigger power must also include the stored charge. The
stored charge is given by

Q s =
1 1

f
1 \ ( 1 ct( I . -27rf.i 1 -aNi

where the symbols are defined in the section on transient response time.

Generally, the trigger pulse is capacitively coupled. Small capacitors permit more
frequent triggering but a lower limit of capacitance is imposed by base charge con-
siderations. When a trigger voltage is applied, the resulting trigger current causes the
charge on the capacitor to change. When the change is equal to the base charge just
calculated, the transistor is turned off. If the trigger voltage or the capacitor are too
small, the capacitor charge may be less than the base charge resulting in incomplete

turn-off. In the limiting case C QT . The speed with which the trigger turns off a

transistor depends on the speed in which Q. is delivered to the base. This is determined
by the trigger source impedance and r',,.

In designing counters, shift registers or ring counters, it is necessary to make
alternate sides of a flip-flop conduct on alternate trigger pulses. There are so-called
steering circuits which accomplish this. At low speeds, the trigger may be applied at
the emitters as shown in Figure 11.7. It is important that the trigger pulse be shorter
than the cross coupling time constant for reliable operation. The circuit features few
parts and a low trigger voltage requirement. Its limitations lie in the high trigger
current required.

At this point, the effect of trigger pulse repetition rate can be analyzed. In order
that each trigger pulse produce reliable triggering, it must find the circuit in exactly
the same state as the previous pulse found it. This means that all the capacitors in the
circuit must stop charging before a trigger pulse is applied. If they do not, the result
is equivalent to reducing the trigger pulse amplitude. The transistor being turned off
presents a low impedance permitting the trigger capacitor to charge rapidly. The
capacitor must then recover its initial charge through another impedance which is
generally much higher. The recovery time constant can limit the maximum pulse rate.

Steering circuits using diodes are shown in Figures 11.8 and 11.9. The collectors
are triggered in 11.8 by applying a negative pulse. As a diode conducts during trigger-
ing, the trigger pulse is loaded by the collector load resistance. When triggering
is accomplished, the capacitor recovers through the biasing resistor RT. To minimize
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+10V

2NI67 2N167

150114

LOJIJZJ
SQUARE

CT WAVE
INPUT

EMITTER TRIGGERING
MAXIMUM TRIGGER RATE EXCEEDS 500 KCS WITH TRIGGER
AMPLITUDE FROM 2V TO 12V

FIGURE 11.7

trigger loading, RT should be large; to aid recovery, it should be small. To avoid the
recovery problem mentioned above, RT can be replaced by a diode as shown in 11.10.
The diode's low forward impedance ensures fast recovery while its high back im-
pedance avoids shunting the trigger pulse during the triggering period.

COLLECTOR TRIGGERING
MAXIMUM TRIGGER RATE EXCEEDS IMC WITH TRIGGER
AMPLITUDE FROM 4V TO I2V.

FIGURE 11.8

36µpd 36p.µf

!NISI

68011 6.8K 6.8K

+10y

2.76

2NI67

CT

(-0
50"fd SOUARE

WAVE
INPUT

1000µµfd

BASE TRIGGERING
MAXIMUM TRIGGER RATE EXCEEDS I MC
WITH TRIGGER AMPLITUDE FROM 0.75 TO
3 VOLTS.

FIGURE 11.9

Collector triggering requires a relatively large amplitude low impedance pulse but
has the advantage that the trigger pulse adds to the switching collector waveform to
enhance the speed. Large variations in trigger pulse amplitude are also permitted.

In designing a counter, it may be advantageous to design all stages identically the
same to permit the economies of automatic assembly. Should it prove necessary to
increase the speed of the early stages, this can be done by adding a trigger amplifier
as shown in Figure 11.11 without any change to the basic stage.
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2 TN

4-10V

CT

I50µµfCI

2N167 25167

6800 6.86 6.8 [Do

COLLECTOR TRIGGERING

DIODE TO SUPPLY VOLTAGE REDUCES
TRIGGER POWER AND EXTENDS MAXIMUM
TRIGGER RATE.

FIGURE 11.10

68p.µM

-T _n_ru-
SQUARE
WAVE

4.71( IMPUT

COLLECTOR TRIGGERING WITH TRIGGER AMPLIFIER

FOR I MC TRIGGER RATE LESS THAN I VOLT TRIGGER
AMPLITUDE REQUIRED.

FIGURE 11.11

Base triggering shown in Figure 11.9 produces steering in the same manner as
collector triggering. The differences are quantitative with base triggering requiring
less trigger energy but a more accurately controlled trigger amplitude. A diode can
replace the bias resistor to shorten the recovery time.

Hybrid triggering illustrated in Figure 11.12 combines the sensitivity of base
triggering and the trigger amplitude variation of collector triggering. In all the other
steering circuits, the bias potential was fixed, in this one the bias potential varies in

10K 10K

HD2569 HD2569
(CT 1

i 220µp.
BASE TRIGGERING WITH HYBRID GATE

CT

FIGURE 11.12

order to more effectively direct the trigger pulse. By returning the bias resistor to the
collector, the bias voltage is VCB. For the conducting transistor, Yes is much less than
for the off transistor, consequently, the trigger pulse is directed to the conducting
transistor. This steering scheme is particularly attractive if VCs for the conducting
transistor is very small as it is in certain non -saturating circuits such as shown in
Figure 10.11.

Care should be taken that the time constant CRT does not limit the maximum
counting rate. Generally RT can be made approximately equal to RK the cross -coupling
resistor.
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To design a shift register or a ring counter, it is only necessary to return RTto the appropriate collector to achieve the desired switching pattern. The connections
for the shift register are shown in Figure 11.3(A) and (B). A ring counter connection
results from connecting the shift register output back to its input as shown in Figure11.3(C).

SYM- METRICAL TRANSISTOR TRIGGERS BOTH S I- DES OF
FLIP-FLOP SIMULTANEOUSLY.

FIGURE 11.13 (A)

2NI289

+3V

3300

=NO 2NI289

2NI289 2N1289
1500, 1500/44

9-1
SET

RESET

I.5K

6V

TRIGGER TRANSISTORS SIMULTANEOUSLY SUPPLY CURRENT
TO TURN OFF ONE SIDE OF FLIP-FLOP AND TO DEVELOP A
VOLTAGE ACROSS THE COLLECTOR LOAD ON THE OTHER SIDE.

FIGURE 11.13 (B)

113K

2NI289 -22.5V

6V

CIRCUIT OF FIGURE IIJ3(B) WITH TRIGGER STEERING
ADDED FOR COUNTER APPLICATION

TRIGGER CIRCUITS
USING TRIGGER POWER TO INCREASE SWITCHING SPEED

FIGURE 11.13 (C)

By using transistors as trigger amplifiers, some circuits superpose the trigger on theoutput of the flip-flop so that an output appears even if the flip-flop is still in thetransient condition. Figure 11.13(A) shows a symmertical transistor used for steering.
The transistor makes the trigger appear in opposite phase at the flip-flop collectors
speeding up the transition. The circuit in Figure 11.13(B) can have Rc and RK sochosen so that a trigger pulse will bring the collector of the transistor being turned onto ground even though the transistor may not have started conducting. The circuit in
11.13(B) may be converted to a steering circuit by the method shown in 11.13(C).
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SPECIAL PURPOSE CIRCUITS
SCHMITT TRIGGER

A Schmitt trigger is a regenerative bistable circuit whose state depends on the
amplitude of the input voltage. For this reason, it is useful for waveform restoration,
signal level shifting, squaring sinusoidal or non -rectangular inputs, and for DC level
detection. Practical circuits are shown in Figure 11.14.

1K

(A)

+12v

2.2 K

OUTPUT

( B )

SCHMITT TRIGGERS

FIGURE 11.14

FREQUENCY RANGE 0-500 KC
OUTPUT AT COLLECTOR HAS 8V
MINIMUM LEVEL CHANGE

01 ALWAYS CONDUCTS IF INPUT
IS MORE NEGATIVE THAN -5V

Q2 ALWAYS CONDUCTS IF INPUT
IS MORE POSITIVE THAN -2V

AMBIENT TEMPERATURE -55°C
TO 71°C

FREQUENCY RANGE 0 TO I MC

OUTPUT AT COLLECTOR HAS 2V
MINIMUM LEVEL CHANGE

Q1 ALWAYS CONDUCTS IF INPUT
EXCEEDS 6.8V

02 ALWAYS CONDUCTS IF INPUT
IS BELOW 5.2V

AMBIENT TEMPERATURE 0°C
TO 71°C

Circuit operation is readily described using Figure 11.14(B). Assuming Q1 is non-
conducting, the base of Q2 is biased at approximately +6.8 volts by the voltage
divider consisting of resistors 3.3K, 1.8K and 6.8K. The emitters of both transistors are
then at 6.6 volts due to the forward bias voltage required by Q2. If the input voltage
is less than 6.6 volts, Q1 is off as was assumed. As the input approaches 6.6 volts, a
critical voltage is reached where Q1 begins to conduct and regeneratively turns off Q2.
If the input voltage is now lowered below another critical value, Q2 will again conduct.

ASTABLE MULTIVIBRATOR
The term multivibrator refers to a two stage amplifier with positive feedback. Thus

a flip-flop is a bistable multivibrator; a "one-shot" switching circuit is a monostable
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multivibrator and a free -running oscillator is an astable multivibrator. The astable
multivibrator is used for generating square waves and timing frequencies and for
frequency division. A practical circuit is shown in Figure 11.15. The circuit is sym-
metrical with the transistors DC biased so that both can conduct simultaneously. The
cross -coupling capacitors prevent this, however, forcing the transistors to conduct

40
-I- 100alternately. The period is approximately T = CT microseconds where CT is

measured in µAL A synchronizing pulse may be used to lock the multivibrator to an
external oscillator's frequency or subharmonic.

I2V

FREQUENCY RANGE I CPS TO 250KCPS BY
CHANGING CT

OUTPUT AT COLLECTOR HAS 8 VOLT
MINIMUM LEVEL CHANGE

AMBIENT TEMPERATURE -55'C TO 71'C
SYNCHRONIZING PULSES PERMIT
GENERATING SUBHARMONICS

SYNC PULSE AMPLITUDE MUST EXCEED
I.5V POSITIVE; RISETIME MUST BE LESS
THAN IDA SEC.

ASTABLE MULTIVIBRATOR
FIGURE 11.15

MONOSTABLE MULTIVIBRATOR

On being triggered a monostable multivibrator switches to its unstable state where
it remains for a predetermined time before returning to its original stable state. This
makes the monostable multivibrator useful in standardizing pulses of random widths
or in generating time delayed pulses. The circuit is similar to that of a flip-flop except
that one cross -coupling network permits AC coupling only. Therefore, the flip-flop can
only remain in its unstable state until the circuit reactive components discharge. Two
circuits are shown in Figure 11.16 to illustrate timing with a capacitor and with an
inductor. The inductor gives much better pulse width stability at high temperatures.

INDICATOR LAMP DRIVER

The control panel of a computer frequently has indicator lamps to permit monitor-
ing the computer's operation. The circuit in Figure 11.17 shows a bistable circuit
which permits controlling the lamp by short trigger pulses.

A negative pulse at point A turns on the lamp, which remains on due to regenera-
tive feedback in the circuit. A positive pulse at A will turn off the lamp. The use of
complementary type transistors minimizes the standby power while the lamp is off.
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-I2V

6.8K

6.8K

OUTPUT AT COLLECTORS HAS 8 VOLT
LEVEL CHANGE

OUTPUT PULSE DURATION 2µSEC TO I SEC

MAXIMUM INPUT FREQUENCY 250KC

MAXIMUM REQUIRED INPUT PULSE IS
5 VOLTS

DUTY CYCLE EXCEEDS 60%

AMBIENT TEMPERATURE -55°C TO 7I°C

(A)

OUTPUT AT COLLECTOR HAS
5 VOLT LEVEL CHANGE

OUTPUT PULSE DURATION APPROX
600 MICROSECONDS

MAXIMUM INPUT PULSE REQUIRED
3 VOLTS

AMBIENT TEMPERATURE -55°C
TO 7I°C

(B)

MONOSTABLE MULTI VIBRATOR
FIGURE 11.16

6.8K

A
INPUT

2N78

IN1692

2N526

.01 p.fcl

TRIGGER PULSE REQUIREMENT 2 VOLTS MAXIMUM.
AMBIENT TEMPERATURE -55°C TO 71°C
RESISTOR TOLERANCE ± 10 % AT END OF LIFE.

24V+ 20%

BISTABLE INDICATOR LAMP DRIVER
FIGURE 11.17
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12. LOGIC

Large scale scientific computers, smaller machine control computers and electronicanimals all have in common the facility to take action without any outside help whenthe situation warrants it. For example, the scientific computer recognizes when it hascompleted an addition, and tells itself to go on to the next part of the problem. Amachine control computer recognizes when the process is finished and another partshould be fed in. Electronic animals can be made to sense obstructions and changetheir course to avoid collisions. Mathematicians have determined that such logicaloperations can be described using the conjunctives AND, OR, AND NOT, OR NOT.Boolean algebra is the study of these conjunctives, the language of logic. A summaryof the relations and operations of Boolean algebra follow the example of its use below.Transistors can be used to accomplish logic operations. To illustrate this, an examplefrom automobile operation will be used. Consider the interactions between the ignitionswitch, the operation of the motor and the oil pressure warning light. If the ignition isoff, the motor and light will both be off. If the ignition is turned on, but the starter isnot energized the warning lamp should light because the motor has not generated oilpressure. Once the motor is running, the ignition is on and the lamp should be off.These three combinations of ignition, motor and lamp conditions are the only possiblecombinations signifying proper operation. Note that the three items discussed haveonly two possible states each, they are on or off. This leads to the use of the binaryarithmetic system, which has only two symbols corresponding to the two possible states.Binary numbers will be discussed later in the chapter.

I M L Result
I 0 0 0 I.,-
2 0 0 I X
3 0 I 0 X
4 0 I I X
5 I 0 0 X
6 I 0 I

7 I I 0
8 I I I X

I =IGNITION
M =MOTOR
L =LAMP
R =RESULT
I =ON

0 = OFF
ACCEPTABLE

X =UNACCEPTABLE
N = 3= NO OF VARIABLES
2N = 8

Table of all possible combinations of ignition, motor and lamp conditions
FIGURE 12.1

To write the expressions necessary to derive a circuit, first assign letters to thevariables, e.g., I for ignition, M for motor and L for lamp. Next assign the number oneto the variable if it is on; assign zero if it is off. Now we can make a table of all possiblecombinations of the variables as shown in Figure 12.1. The table is formed by writingones and zeros alternately down the first column, writing ones and zeros in series oftwo down the second; in fours down the third, etc. For each additional variable,double the number of ones or zeros written in each group. Only 2N rows are written,where N is the number of variables, since the combinations will repeat if more rowsare added. Indicate with a check mark in the result column if the combination repre-sented in the row is acceptable. For example, combination 4 reads, the ignition is offand the motor is running and the warning light is on. This obviously is an unsatisfactory
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situation. Combination 7 reads, the ignition is on and the motor is running and the
warning light is off. This obviously is the normal situation while driving. If we indicate
that the variable is a one by its symbol and that it is a zero by the same symbol, with
a bar over it and if we use the symbol plus (-I-) to mean "OR" and multiplication to
mean "AND" we can write the Boolean equation IML IML IML = R where R
means an acceptable result. The three terms on the left hand side are combinations 1, 6,
and 7 of the table since these are the only ones to give a check mark in the result
column. The plus signs indicate that any of the three combinations individually is
acceptable. While there are many rules for simplifying such equations, they are beyond
the scope of this book.

A PICTORIAL PRESENTATION
OF THE GATES REQUIRED TO
EXPRESS THE BOOLEAN
EQUATION

IML+IML+IML=R

FIGURE 12.2

A PICTORIAL PRESENTATION
OF THE GATES REQUIRED TO
EXPRESS THE BOOLEAN EQU.
ATION

(I.M.L)IIHMIJIY+PTI.U.

FIGURE 12.3

To express this equation in circuitry, two basic circuits are required. They are
named gates because they control the signal passing through. An "AND" gate generates
an output only if all the inputs representing the variables are simultaneously applied and
an "OR" gate generates an output whenever it receives any input. Our equation trans-
lated into gates would be as shown in Figure 12.2. Only if all three inputs shown for an
"AND" gate are simultaneously present will an output be generated. The output will
pass through the "OR" gate to indicate a result. Note that any equation derived from
the table can be written as a series of "AND" gates followed by one "OR" gate.

It is possible to rearrange the equation to give a series of "OR" gates followed by one
"AND" gate. To achieve this, interchange all plus and multiplication signs, and remove
bars where they exist and add them where there are none. This operation gives us,

(I +M L)(I+M I L) (I FM 1 L) Ft

In ordinary language this means if any of the ignition or motor or lamp is on, and
simultaneously either the ignition is off or the motor is on or the lamp is off, and
simultaneously either the ignition is off or the motor is off or the lamp is on, then the
result is unacceptable. Let us apply combination 4 to this equation to see if it is accept-
able. The ignition is off therefore the second and third brackets are satisfied. The first
bracket is not satisfied by the ignition because it requires that the ignition be on.
However, the motor is on in combination 4, satisfying the conditions of the first bracket.
Since the requirements of all brackets are met, an output results. Applying combination
7 to the equation we find that the third bracket cannot be satisfied since its condi-
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tions are the opposite of those in combination 7. Consequently, no output appears.Note that for this equation, an output indicates an unacceptable situation, rather than
an acceptable one, as in the first equation. In gate form, this equation is shown in
Figure 12.3.

Table 12.1 summarizes the definitions used with the Boolean equations above andindicates some of the rules which were used to convert the equation represented inFigure 12.2 to that of Figure 12.3. The more conventional symbols a, b, c are used in
place of I, M, and L.

DEFINITIONS

a, b, c, etc. Symbols used in equations
ab or a  b or (a)(b) Reads as "a and b"
a + b Reads as "a or b"
a Reads as "not a"
1 Reads as "true" or "on"
0 Reads as "false" or "off"

LAWS

Commutative Laws Distributive Lawa+b=b+a a(b + c) = ab + ac
ab = ba Special Distributive Law
Associative Laws (a + b)(a + c) = a + be
(a + b) + c = a + (b + c) De Morgan's Theorem
(ab)c = a(bc) a + b = (ab) Z = (i. + 1;)

RELATIONSHIPS

1 = 5 0 = T
a + a = a a  a = a
a + 1 = 1 a  1 = a
a + a = 1 a  a = 0
a = a a + ab = a(1 + b) = a

TABLE 12.1

Methods for using transistors in gate circuits are illustrated in Figure 12.4. The base
of each transistor can be connected through a resistor either to ground or a positive
voltage by operating a switch. In Figure 12.4(A) if both switches are open, both tran-
sistors will be non -conducting except for a small leakage current. If either switch A orswitch B is closed, current will flow through RL. If we define closing a switch' as being
synonymous with applying an input then we have an "OR" gate. When either switch is
closed, the base of the transistor sees a positive voltage, therefore, in an "OR" gate the
output should be a positive voltage also. In this circuit it is negative, or "NOT OR".
The circuit is an "OR" gate with phase inversion. It has been named a "NOR" circuit.
Note that if we define opening a switch as being synonymous with applying an input,then we have an "AND" circuit with phase inversion since both switch A and switch Bmust be open before the current through R. ceases. We see that the same circuit can
be an "AND" or an "OR" gate depending on the polarity of the input.
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0 OUTPUT

2NI67

(A) GATE USING NPN TRANSISTORS
IF CLOSING A SWITCH IS AN INPUT, THIS IS AN "OR" GATE

IF OPENING A SWITCH IS AN INPUT, THIS IS AN "AND" GATE

NOTE: PHASE INVERSION OF INPUT

( B ) GATE USING PNP TRANSISTORS
IF CLOSING A SWITCH IS AN INPUT THIS IS AN "AND" GATE
IF OPENING A SWITCH IS AN INPUT THIS IS AN "OR" GATE
NOTE: PHASE INVERSION OF INPUT

BASIC LOGIC CIRCUITS USING PARALLEL TRANSISTORS
FIGURE 12.4

The circuit in Figure 12.4(B) has identically the same input and output levels but
uses PNP rather than NPN transistors. If we define closing a switch as being an input,
we find that both switches must be closed before the current through R. ceases. There-
fore, the inputs which made the NPN circuit an "OR" gate make the PNP circuit an
"AND" gate. Because of this, the phase inversion inherent in transistor gates does not
complicate the overall circuitry excessively.
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Figure 12.5(A) and (B) are very similar to Figure 12.4(A) and (B) except that the
transistors are in series rather than in parallel. This change converts "OR" gates into
"AND" gates and vice versa.

IAI

( A ) GATE USING NPN TRANSISTORS
IF CLOSING A SWITCH IS AN INPUT THIS IS AN "AND" GATE
IF OPENING A SWITCH IS AN INPUT THIS IS AN "OR"GATE
NOTE: PHASE INVERSION OF INPUT

( B ) GATE USING PNP TRANSISTORS

IF CLOSING A SWITCH IS AN INPUT THIS IS AN "OR" GATE
IF OPENING A SWITCH IS AN INPUT THIS IS AN "AND"GATE
NOTE: PHASE INVERSION OF INPUT

BASIC LOGIC CIRCUITS
USING SERIES TRANSISTORS

FIGURE 12.5

Looking at the logic of Figure 12.3, let us define an input as a positive voltage; a
lack of an input as zero voltage. By using the circuit of Figure 12.4(A) with three
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transistors in parallel, we can perform the "OR" operation but we also get phase
inversion. We can apply the output to an inverter stage which is connected to an
"AND" gate of three series transistors of the configuration shown in Figure 12.5(A).
An output inverter stage would also be required. This is shown in Figure 12.6(A).

By recognizing that the circuit in Figure 12.4(A) becomes an "AND" gate if the
input signal is inverted, the inverters can be eliminated as shown in Figure 12.6(B).

ALL TRANSISTORS - 2N634
NOR"GATE INVERTER

(A)INVERTERS COMPENSATE FOR PHASE INVERSION OF GATES

10 K

"NOR" GATE TO OTHER
"NOR"GATES

NOT "AND"GATE

NOT"AND"
GATE

INVER T- ER

+ 10 V

OUTPUT

R

10 K

( B) PHASE INVERSION UTILIZED TO ACHIEVE "AND' AND "012. FUNCTIONS FROM THE SAME CIRCUIT.

Circuits representing (I M L) M t) + m + L) .= R
FIGURE 12.6

If the transistors are made by processes yielding low saturation voltages and high
base resistance, the series base resistors may be eliminated. Without these resistors the
logic would be called direct -coupled transistor logic DCTL. While DCTL offers ex-
treme circuit simplicity, it places severe requirements on transistor parameters and
does not offer the economy, speed or stability offered by other logical circuitry.

The base resistors of Figure 12.6 relax the saturation voltage and base input voltage
requirements. Adding another resistor from each base to a negative bias potential
would enhance temperature stability.

Note that the inputs include both "on" and "off" values of all variables e.g., both
I and T appear. In order that the gates function properly, I and I cannot both be posi-
tive simultaneously but they must be identical and oppositely phased, i.e. when I is
positive I must be zero and vice versa. This can be accomplished by using a phase
inverter to generate T from I. Another approach, more commonly used, is to take I
and I from opposite sides of a symmetrical flip-flop.
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+20 V

4.7 K

27 K

-10
IF A OR 8 OR C IS RAISED FROM ZERO TO
12 VOLTS THE TRANSISTOR WILL CONDUCT.

IK

2N634

BASIC NOR CIRCUIT
FIGURE 12.7

"NOR" logic is a natural extension of the use of resistors in the base circuit. In the
circuit of Figure 12.7, if any of the inputs is made positive, sufficient base current
results to cause the transistor to conduct heavily. The "OR" gating is performed by
the resistors; the transistor amplifying and inverting the signal. The logic of Figure
12.3 can now be accomplished by combining the "NOR" circuit of Figure 12.7 with
the "AND" circuit of Figure 12.5(A). The result is shown in Figure 12.7. In comparing
the circuits in Figure 12.6(A) and 12.8, we see that the "NOR" circuit uses one-fourth
as many transistors and one-half as many resistors as the brute force approach. In fact if
we recall that the equation we are dealing with gives R rather than R, we see that
we can get R by removing the output phase inverter and making use of the inherent
inversion in the "NOR" circuit.

471(

-10V

20 V

OUTPUT

IIC4

ALL TRANSISTORS
2N635

INVERTER

(A)

(B)

Nor logic using inversion for
"and" gate

Nor logic using series transistors for
"and" gate

FIGURE 12.8
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Because of the fact that a generalized Boolean equation can be written as a series
of "OR" gates followed by an "AND" gate as was shown, it follows that such equations
can be written as a series of "NOR" gates followed by a "NOR" gate. The low cost
of the resistors used to perform the logic and the few transistors required make "NOR"
logic attractive.

M

IK

DEFINITIONS
IK =MINIMUM CURRENT THROUGH RK FOR

TURNING TRANSISTOR ON
Ig =MINIMUM BASE CURRENT FOR

TURNING TRANSISTOR ON
IT =BIAS CURRENT TO KEEP TRANSISTOR

OFF AT HIGH TEMPERATURES
M = MAX. NUMBER OF INPUTS PERMITTED
N = MAX. NUMBER OF OUTPUTS PERMITTED

VBE = MA X. BASE TO EMITTER VOLTAGE WHEN
THE TRANSISTOR IS ON.

VE = MAX. COLLECTOR TO EMITTER VOLTAGE WHEN
THE TRANSISTOR IS ON.

Circuit used for design of NOR circuitry

FIGURE 12.9

N

A detailed "NOR" building block is shown in Figure 12.9. The figure defines the
basic quantities. The circuit can readily be designed with the aid of three basic
equations. The first derives the current Ix under the worst loading conditions at the
collector of a stage.

1K =-
Vcc - VBE - ICOMRC where Icon (12a)

11K NRc
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is the maximum 'co that is expected at the maximum junction temperature. The secondequation indicates the manner in which IE is split up at the base of the transistor.
IE = 15 M (VCEM - VCEN T VBEK VEB) (VBE VCEN)

ICOM (12b)R
where VCEN is the minimum expected

saturation voltage, VCEM is the maximum expectedsaturation voltage and VEB is the reverse bias required to reduce the collector currentto Ico. VEB is a negative voltage. The third equation ensures that VEB will be reachedto turn off the transistor.

ICOM (VCEM
VEB)M IT

RE
Knowing IT and choosing a convenient bias potential permits calculation of RT. Inusing these equations, first select a transistor type. Assume the maximum possiblesupply voltage and collector current consistent with the rating of the transistor and themaximum anticipated ambient temperature. This will ensure optimization of N andM. From the transistor specifications, values of ICOM, VBE, VCEN, and ID (min) can becalculated. I. (min) is the minimum base current required to cause saturation. Rc iscalculated from the assumed collector current. In equation (12a) solve for IE using thedesired value of N and an arbitrary value for RE. Substitute the value for I. in equa-tion (12b) along with a chosen value for M and solve for Is. While superficially I. needonly be large enough to bring the transistor into saturation, increasing I. will improvethe rise time.

CLAMPING DIODE REDUCES STORAGE
TIME TO INCREASE SPEED

(A)

INPUTSOUTPUT

IT
CAPACITORS REDUCE STORAGE

TIME TO INCREASE SPEED

FIGURE 12.10

(B)

(12c)

Circuit speed can also be enhanced by using a diode as shown in Figure 12.10(A)to prevent severe saturation or by shunting RE by a capacitor as in 12.10(B). The capac-itors may cause malfunction unless the stored charge during saturation is carefullycontrolled; they also aggravate crosstalk between collectors. For this reason it is pref-erable to use higher frequency transistors without capacitors when additional speedis required.

Table 12.2 lists the characteristics of common logic systems employing transistors.
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NAME
TYPICAL CIRCUIT

I Positive signals ore defined as 11

RTL
Resistor
transistor

logic
(NOR)

b

a+ b+c

Cil
RB -

RCTL
Resistor

capacitor
transistor

logic

a -i-b

.101,.....

b  -

DCTL
Direct

coupled
transistor

logic

ob a +b

40
e ll fill
44-

. ...
4.......

DL
Diode
logic

a+b+c
abc

LLL
Low
level
logic

.

R a+b+C
.a.

D

Ce

.CML.
Current

mode
logic

+
a+b+c a+b+c

.

447,01515 Agit..

COMMON LOGIC SYSTEMS
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DESCRIPTION FEATURES
SUITABLE TRANSISTORS

GERMANIUM SILICON

Logic is performed by re- The circuit design is 2N43A* 2N335*
sistors. Any positive input straightforward. All logical 2N78*
produces an inverted out- operations can be per- 2N167*
put irrespective of the formed with only this cir- 2N169A
other inputs. Resistor Rs cuit. Many transistors 2N396*
gives temperature stability. readily meet the steady 2N525
( See p. 131) state requirements. 2N526*

2N635
2N1057

Same as RTL except that Faster than RTL at the ex- No standard
capacitors are used to en- pense of additional compo- types are
hance switching speed. nents and stringent stored characterized
The capacitors increase the
base current for fast col-
lector current turn on and
minimize storage time by
supplying a charge equal
to the stored base charge.

charge requirements. specifically
f or this

logic
2N404*
2N525
2N634
2N1115

Logic is performed by Very low supply voltages 4JD1A68
transistors. VCE and VBE,
measured with the tran-

may be used to achieve
high power efficiency and

(PNP Alloy )
Surface

sistor in saturation, define
the two logic levels. VCE
must be much less than

miniaturization. Relatively
fast switching speeds are
practical.

barrier types

VBE to ensure stability and
circuit flexibility. ( See p.
130 )

Logic is performed by Several gates may be used 2N43A* 2N333*
diodes. The output is not between amplifiers. High 2N78* 2N337*
inverted. Amplifiers are re- speeds can be attained. 2N123*
quired to maintain the cor- Non - inversion simplifies 2N167*
rent logic levels through circuit design problems. 2N396*
several gates in series. Relatively inexpensive

components are used.
2N525
2N635

Logic is performed by The number of inputs to 2N123* 2N335*
diodes. The output is in- the diode gate does not 2N396* 2N338*
verted. The diode D iso- affect the transistor base 2N525
lates the transistor from current thus giving pre- 2N526*
the gate permitting R to dictable performance. The 2N635
turn on the collector cur-
rent. By proper choice of
components only small
voltage changes occur.

small voltage excursions
minimize the effects of
stray capacitance and en -
hance switching speed.

2N1115

Logic is performed by Very high switching speeds 2N1289 2N337*
transistors which are biased
from constant current
sources to keep them far
out of saturation. Both in-
verted and non -inverted
outputs are available.

are possible because the
transistors are operated at
optimum operating condi-
tions. Although the volt-
age excursion is small the
circuitry is relatively un-
affected by noise.

Mesa Types 2N338*

* Military types.
TABLE 12.2
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BINARY ARITHMETIC

Because bistable circuits can be readily designed using a variety of components
from switches to transistors, it is natural for counters to be designed to use binary
numbers, i.e., numbers to the base, or radix, 2. In the conventional decimal system, a
number written as 2904 is really a contraction for 2 X 108+ 9 X 102+ 0 X 101+ 4 X 1.
Each place refers to a different power of 10 in ascending order from the right.
In the binary system, only two symbols are permitted, 0 and 1. All numbers are
constructed on the basis of ascending powers of 2. For example, 11011 means
1 x 28 + 1 x 28 + 0 X 22 + 1 X 2' + 1 X 1. This is 27 in the decimal system.

This notation applies also to decimal fractions as well as integers. For example, the
number 0.204 is a contraction of 2 X 10' + 0 X 10-2 + 4 X 10'. Similarly, the binary
number 0.1011 is a contraction of 1 x + 0 X 2' + 1 x 2 8+ 1 X 2'. Using this
construction, a table of equivalent binary and decimal numbers can be obtained as
shown below.

Binary Decimal Binary Decimal

0 0 0.000 0.000

1 1 0.001 0.125

10 2 0.010 0.250

11 3 0.011 0.375

100 4 0.100 0.500

101 5 0.101 0.625

110 6 0.110 0.750

111 7 0.111 0.875

Arithmetic operations can best be described by comparative examples.

Addition Subtraction
42 101010 44 101100

+ 18 10010 - 18 10010
60 111100 26 11010

During addition, the digits in a column are added to the carry from the previous
column. The result is expressed as a sum digit which is recorded and a carry digit
which is applied to the next column. The term digit generally refers to the figures in a
decimal number; the term bit (an abbreviation of binary digit) is used with binary
numbers. If the digit being subtracted is the larger of the two in the column, the
techniques used to handle this situation in decimal subtraction are also applicable in
the binary system.

Multiplication Division

42 101010 1.35 1.0101
21 10101 5 V 6.7500 101 V 110.11000
42 101010 5 101

84 101010 17 111
882 101010 15 101

1101110010 25 1000
25 101

110

Multiplying a binary number by two is equivalent to adding a zero to its right hand
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side, just as multiplying a decimal number by 10 adds a zero. This is equivalent toshifting the number one place to the left. In computers, this operation is done by ashift register. Division can be readily understood since it involves the operations ofadditions, subtraction and multiplication only.
Computers generally employ circuits called adders which can perform the opera-tion of addition. Adders can also perform other arithmetic operations besides addition.For example, an adder can perform subtraction by the use of a number's complement.The complement is obtained numerically by interchanging all ones and zeros. Inequipment the complement can be obtained by taking the output from the oppositeside of flip-flops.

The manner in which subtraction with an adder is accomplished is given by thefollowing example:

Problem: Calculate
1101 - 1001

Complement of 1001 is 0110
(1111 - 1001 = 0110)

Add: 1101 + 0110 = 10011
Add 1 10011 + 1 = 10100
Omit left hand digit to obtain

1101 - 1001 = 100

Flip-flops can be connected in series so that the first flip-flop will alternate stateswith each input pulse, and successive flip-flops will alternate states at half the rate of
assume a unique configuration ofstates for a given number of input pulses. The flip-flops actually perform the functionof binary counting. A practical circuit of a binary counter is shown in Figure 11.3(B)The count in a binary counter can be determined by noting whether each stage is inthe 1 or 0 condition, and then assigning the appropriate power of 2 to the stage toreconstruct the number as in the examples above.

If it is required to count to a base other than 2, a binary counter can be modifiedto count to the new base.

The rules for accomplishing the modification will be illustrated for a counter tothe base 10.

Rule
1) Determine the number of binary stages

(N) required to count to the desired
new base (M)

2) Subtract M from 2N
3) Write the remainder in binary form
4) When the count reaches 2', feed

back a one to each stage of the counter
having a one in the remainder shown in 3)

Example
M = 10
2a < 10<2*
N = 4
2'- 10 = 6
6 110

2N-1 = 28 = 1000
Feedback added gives
1 110

As additional pulses are added beyond the count 2N-1, they will count through to Mand then recycle to zero. This method is based on advancing the count at the point 2"to the extent that the indicated count is 2N when M input pulses are applied. The feed-back is applied when the most significant place becomes a one but it is imperative thatfeedback be delayed until the counter settles down in order to avoid interference withthe normal counter action.
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13. UNIJUNCTION TRANSISTOR CIRCUITS

The unijunction transistor is a three -terminal semiconductor device which has
electrical characteristics that are quite different from those of conventional two -junction
transistors. Its most important feature is its highly stable negative resistance character-
istic which permits its application in oscillator circuits, timing circuits and bistable
circuits. Circuits such as sawtooth generators, pulse generators, delay circuits, multi-
vibrators, one -shots, trigger circuits and pulse rate modulators can be greatly simplified
by the use of the unijunction transistor.

THEORY OF OPERATION

The construction of the unijunction transistor is shown in Figure 13.2. Two ohmic
contacts, called base -one ( B1) and base -two (B2) are made at opposite ends of a
small bar of n -type silicon. A single rectifying contact, called the emitter ( E), is made
on the opposite side of the bar close to base -two. An interbase resistance, RBB, of
between 5K and 10K exists between base -one and base -two. In normal circuit opera-
tion, base -one is grounded and a positive bias voltage, VBB, is applied at base -two.
With no emitter current flowing, the silicon bar acts like a simple voltage divider
(Figure 13.3) and a certain fraction, n of VBB will appear at the emitter. If the emitter
voltage, VE, is less than n VBB, the emitter will be reverse -biased and only a small
emitter leakage current will flow. If VE becomes greater than n VBB, the emitter will be
forward biased and emitter current will flow. This emitter current consists primarily
of holes injected into the silicon bar. These holes move down the bar from the emitter
to base -one and result in an equal increase in the number of electrons in the emitter
to base -one region. The net result is a decrease in the resistance between emitter and
base -one so that as the emitter current increases, the emitter voltage decreases and a
negative resistance characteristic is obtained (Figure 13.5).

1B-24-

VBB
P -N EMITTER

JUNCTION
N -TYPE

SILICON BAR

Symbol for unijunction transistor with
indentification of principle voltages and

currents
FIGURE 13.1

OHMIC
CONTACTS

Construction of unijunction transistor-
cross sectional view

FIGURE 13.2

The operation of the unijunction transistor may be best understood by the repre-
sentative circuit of Figure 13.3. The diode represents the emitter diode, RE, represents
the resistance of the region in the silicon bar between the emitter and base -one and
R.2 represents the resistance between the emitter and base -two. The resistance R51

varies with the emitter current as indicated in Figure 13.4.
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I E
(MA)

RBI
(OHMS)

0 4600
2000

2 900
5 240

10 150
20 90
50 40

Unijunction transistor representative Variation of RBI with ID in representa-circuit
tive circuit (typical 2N492)FIGURE 13.3

FIGURE 13.4
The large signal properties of the unijunction transistor are usually given in theform of characteristic curves. Figure 13.5 gives typical emitter characteristic curves asplots of emitter voltage vs. emitter current for fixed values of interbase voltage. Figure13.6 gives typical interbase characteristic curves as plots of interbase voltage vs. base -two current for fixed values of emitter current. On each of the emitter characteristiccurves there are two points of interest, the peak point and the valley point. On each ofthe emitter characteristic curves the region to the left of the peak point is called the cut-off region; here the emitter is reverse biased and only a small leakage current flows. Theregion between the peak point and the valley point is the negative resistance region.The region to the right of the valley point is the saturation region; here the dynamicresistance is positive and lies in the range of 5 to 2011.

IS

PEAR POINTS

15

So..304

Soo

ISY

I 5 11 8 10 11 . M 4
EMITTER CURRENT- - MILLIAMPERES

Typical emitter characteristics
(type 2N492)

FIGURE 13.5

13

12

R

IoSOM

1.101AA

IE SMA

I..2MA

I. 0

M I 20 23 SO 35 SO 45 50
I NTERSASE VOLTAGE - So. -VOLTS

Typical interbase characteristics
(type 2N492)

FIGURE 13.6
PARAMETERS-DEFINITION AND MEASUREMENT

1. RBB - Interbase Resistance. The interbase resistance is the resistance measuredbetween base -one and base-two with the emitter open circuited. It may be measuredwith any conventional ohmmeter or resistance bridge if the applied voltage is fivevolts or less. The interbase resistance increases with temperature at about 0.8% / °C.This temperature variation of RBB may be utilized for either temperature compensationor in the design of temperature sensitive circuits.
2. n - Intrinsic Stand-off Ratio. This parameter is defined in terms of the peakpoint voltage, Vp, by means of the equation: VP = nVBB + VD . .  where VD isabout 0.70 volt at 25°C and decreases with temperature at about 3 millivolts/ °C. It is
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found that s is constant over wide ranges of temperature and interbase voltage. A
circuit which may be used to measure .7 is shown in Figure 13.7. In this circuit R1, C,
and the unijunction transistor form a relaxation oscillator and the remainder of the
circuit serves as a peak voltage detector with the diode automatically subtracting the
voltage VD. To use the circuit, the voltage V, is set to the value desired, the "cal."
button is pushed and R. adjusted to make the meter read full scale. The "cal" button
is then released and the value of i is read directly from the meter (1.0 full scale). If
the voltage V, is changed, the meter must be recalibrated.

3. Ip - Peak Point Current. The peak point current corresponds to the emitter
current at the peak point. It represents the minimum current which is required to fire
the unijunction transistor or required for oscillation in the relaxation oscillator circuit.
IP is inversely proportional to the interbase voltage. I. may be measured in the circuit
of Figure 13.8. In this circuit, the voltage V, is increased until the unijunction transistor
fires as evidenced by noise from the loudspeaker. V, is then reduced slowly until the
unijunction ceases to fire and the current through the meter is read as 1..

+ V,

5V -40V

R3

500K

TEST CIRCUIT FOR INTRINSIC STANDOFF RATIO (,I)

FIGURE 13.7

TEST CIRCUIT FOR PEAK POINT EMITTERS
CURRENT (IP)

FIGURE 13.8

4. V. - Peak Point Emitter Voltage. This voltage depends on the interbase voltage
as indicated in (2). V. decreases with increasing temperature because of the change
in V. and may be stabilized by a small resistor in series with base -two.

5. V. (sat) - Emitter Saturation Voltage. This parameter indicates the forward
drop of the unijunction transistor from emitter to base -one when it is conducting the
maximum rated emitter current. It is measured at an emitter current of 50 ma and
an interbase voltage of 10 volts.

6. I.. (mod) - Interbase Modulated Current. This parameter indicates the effective
current gain between emitter and base -two. It is measured as the base -two current
under the same condition used to measure V. ( sat).

7. I.0 - Emitter Reverse Current. The emitter reverse current is measured with
60 volts between base -two and emitter with base -one open circuit. This current varies
with temperature in the same way as the 'Co of a conventional transistor.

8. Vv - Valley Voltage. The valley voltage is the emitter voltage at the valley
point. The valley voltage increases as the interbase voltage increases, it decreases
with resistance in series with base -two and increases with resistance in series with
base -one.

9. Iv Valley Current. The valley current is the emitter current at the valley
point. The valley current increases as the interbase voltage increases and decreases
with resistance in series with base -one or base -two.
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RELAXATION OSCILLATOR
The relaxation oscillator circuit shown in Figure 13.9 is a basic circuit for manyapplications. It is chiefly useful as a timing circuit, a pulse generator, a trigger circuitor a sawtooth wave generator.

+V,

VE (MAX)
V132 VE //7
va,91 VE (MINI BASIC RELAXATION OSCILLATOR

WITH TYPICAL WAVEFORMS
v92 -11-11-V-- FIGURE 13.9

Conditions for Oscillation.
- VP VT

Ri
- Vy> Ip < Iv

It is found that these conditions are very broad permitting a 1000 to 1 range of Rifrom about 2K to 2M. R2 is used for temperature compensation, its value may be cal-culated from the equation:
0.65 R..

(units are ohms, volts)
?NJ.

The maximum and minimum voltages of the emitter voltage waveform may becalculated from:
VE (max.) = V, = nV.B + 0.7 volt
V. (min.) = 0.5 V. (sat)

The frequency of oscillation is given by the equation:
1

f in( 1 )1 -
and may be obtained conveniently from the nomogram of Figure 13.10.

.?,

RESISTANCE -R I - KILOHMS

'i! 2 2 2

MAXIMUM FREQUENCY TYPES 2N491, 2N492
NOMINAL FREQUENCY TYPES 2 N 489 , 2N 490

FREQUENCY - f - CYCLES PER SECOND
=0.56

?N E ,o ;7,

Yr' f tYL.1 ' rsq..? ' ery " 2 2 E ErAg
=0.68MINIMUM FREQUENCY TYPES 2N49I 2N492

NOMINAL FREQUENCY TYPES 2N 493 ,2N 494

IIIIIIIIIIIIIIFIIA " '11 ' 1 1 1111
1 1

tit 1- CO ry o
'<3 o `ot 0 `,1

qCAPACITANCE - C - MICROFARADS

Nomogram for calculating frequency of relaxation oscillation
FIGURE 13.10
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The emitter voltage recovery time, tvE, is defined as the time between the 90%
and 10% points on the emitter voltage waveform. The value of tvE is determined
primarily by the size of the capacitor C in Figure 13.9 and may be obtained from
Figure 13.11.

100

O
50

30
20

I 10

> 5

Li. 3
2

:" I

LL

-="
Nosimmonommummarairg'""I'll MAX 80%

11111110111111111111111111111111111.110

Esoniimpesigiiimow.n.-4finuirsamEnnuismsoniu
Noinesidomparliimommesadmismounummum
Illig!TiiiiIIPARIMEM11111111111111111111111111

11011101111111111.111111111111111111.1111

MEAN

MIN DO%

.001 .01 0 I

CAPACITANCE -C- (MICROFARADS)

1.0 10

VE

Recovery time of unijunction transistor relaxation oscillator vs. capacity
FIGURE 13.11

The pulse amplitude at base -one or base -two may be determined from the equations:
[V, - 1/2 VI. (sat)] C

IE(pe
tVE Units are ma,

IE. (mod) T volts,
IB2(peak)

7
LE(peak)

SAWTOOTH WAVE GENERATOR

The circuit of Figure 13.12 may be usedas a linear sawtooth wave generator. The
NPN transistor serves as an output buffer amplifier with the capacitor C. and resistor R2
serving in a bootstrap circuit to improve the linearity of the sawtooth. R. and C. give
integrator type feedback which compensates for the loading of the output stage. Opti-
mum linearity is obtained by adjusting R1. Linearity is 0.3% or more depending on
hFE of the NPN transistor.

+20V

N\I\
OUTPUT
6V P -P

VA/
OUTPUT

10 P -P
I KC

SAWTOOTH GENERATOR WITH HIGH LINEARITY
FIGURE 13.12
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STAIRCASE WAVE GENERATOR

Figure 13.13 shows a simple staircase wave generator which has good stability and
a wide operating range. The unijunction transistor Ql operates as a free running oscil-
lator which generates negative pulses across R2. These pulses produce current pulses
from the collector of Qz which charge capacitor CI_ in steps. When the voltage across
reaches the peak point voltage of Q. this transistor fires and discharges Ct.

Resistor R, determines the frequency of the steps and resistor R2 determines thenumber of steps per cycle. The circuit shown can be adjusted for a step frequencyfrom 100 cps to 2 KC and the number of steps per cycle can be adjusted from one toseveral hundred. This circuit can also be adapted to a frequency divider by cascading
stages similar to the stage formed by Qz and Q.

032N491

STAIRCASE
OUTPUT
lOy P -P

STAIRCASE WAVE GENERATOR
(FREQUENCY DIVIDER)

FIGURE 13.13

TIME DELAY RELAY
Figure 13.14 shows how the unijunction transistor can be used to obtain a precisedelay in the operation of a relay. When the switch SW1 is closed, capacitor CT is

RELAY
CONTACTS

CT

100µ fd
25V

2N49I
2N492

+ V1
SWI ( 24-32V )

330 SZ
2W

RELAY GE A38
12051 S2791G200
DPOT

TIME DELAY CIRCUIT WITH RELAY
FIGURE 13.14
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charged to the peak point voltage at which time the unijunction transistor fires and the
capacitor discharges through the relay thus causing it to close. One set of relay contacts
hold the relay closed and the second set of contacts can be used for control functions.
To be used in this circuit, relays must have fast operating times, low coil resistance
and low operating power.

The time delay of this circuit is determined by RT, about one second of delay is
obtained for each 10K of resistance, RT. The time delay is quite independent of tem-
perature and supply voltage.

MULTIVIBRATOR

Figure 13.15 shows a unijunction transistor multivibrator circuit which has a fre-
quency of about 1 Kc. The conditions for oscillation of this circuit are the same as for
the relaxation oscillator. The length of time during which the unijunction transistor is off
(no emitter current flowing) is determined primarily by R. The length of time during

V0

IN457

+ VI

+ 2 5 V

V B 2

VE

-t2 ti

VB21

V0

+ 12.5 V

-- + 3 V
+ 21 V
+ 16 V

+ 0.7

UNIJUNCTION TRANSISTOR MULTIVIBRATOR
WITH TYPICAL WAVE FORMS

FIGURE 13.15

RELAY
OR

LOAD

- 8.5 V

Unijunction transistor multivibrator used to drive NPN transistor
FIGURE 13.16
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which the unijunction transistor is on is determined primarily by R2. The periods may
be calculated from the equations:

rVi - VE1
L Vi - V,

]
t2 R2C In I- V' - V.

L - v, J

= RC In

R1Where VE is measured at an emitter current of Is - Vi ( +
and may be obtainedR.R2

R2)

from the emitter characteristic curves.
An NPN transistor may be direct coupled to the multivibrator circuit by replacing

the diode as shown in Figure 13.16. This circuit has the advantage that the load does
not have any effect on the timing of the circuit.

HYBRID TIMING CIRCUITS

The unijunction transistor can be used in conjunction with conventional PNP or
NPN transistors to obtain versatile timing circuits such as symmetrical and unsym-
metrical multivibrators, one-shot multivibrators, variable frequency oscillators and time
delay circuits. The advantages of these circuits include: (1) The output at the collector
of each transistor is very nearly an ideal rectangular waveform. (2) The circuits will
tolerate large variations in hFE or Ico of the transistors as compared to conventional
circuits. (3) The circuits are not prone to "lock -up" or non -oscillation. (4) The timing
stability is excellent. (5) A single small timing capacitor CT can be used, avoiding the
use of electrolytic capacitors in many applications.

The hybrid timing circuits can use either germanium or silicon transistors as
desired. The basic circuits for PNP or NPN transistors are shown in Figures 13.17 and
13.18. In both of these circuits, the junction transistors form a conventional flip-flop
with the unijunction transistor serving the timing and triggering functions. Each time
the unijunction transistor fires the discharge current from the capacitor CT develops a
pulse across RA which triggers the flip-flop from one state to the other.

The basic, circuits as shown in Figures 13.17 and 13.18 will operate at frequencies
from about 1 cps to 500 cps and at temperatures above 75°C. Frequencies from 1 cycle
per minute to 100 KC can be obtained by proper choice of CT and RA and suitable flip-
flop design. The operating temperature range may be extended to 150°C by the use of
silicon transistors.

25V

0,0,
2N491

2N491

BASIC HYBRID TIMING CIRCUITS USING PNP AND NPN TRANSISTORS
FIGURE 13.17 FIGURE 13.18
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The basic hybrid timing circuits in Figures 13.17 and 13.18 can be adapted to
perform desired functions by connecting resistors or potentiometers between the points
in the circuit (C., C2, E, G) as indicated below.

(A) Symmetrical Multivibrator - Square Wave Generator

RT

E 0 i\AA, 0 G (FIXED)

Vo -
G (VARIABLE)

R1>31( R2

Connecting the resistor between points E and G in the basic circuits gives a square
wave generator which has perfect symmetry. By the use of a 2 megohm potentiometer
the frequency may be varied continuously from 1 cps to 500 cps. The frequency is
f = 1/2 RTCT.

(B) One -Shot Multivibrator

RT

CIO

CIO 1\AN--/VA
R1>3K R2

OE (FIXED)

OE (VARIABLE)

Vo
_

124 RTCT

The collector of Q2 will be positive in the quiescent state. A positive pulse at the
base of Q2 in Figure 13.17 or a negative pulse at the base of Q. in Figure 13.18 will
trigger the circuit. At the end of the timing interval, the unijunction transistor will fire
and cause the circuit to revert to its quiescent state. This circuit has the advantage of a
fast recovery time so it may be operated at a high duty ratio without any loss of
accuracy.

(C) Non -symmetrical Multivibrator

RI

Go--/V\A,

C2
R2

E (VARIABLE)

OE (FIXED)

VO L

tI (RT I +RI) CT
t2==-(RT2+Ri) CT

R1 CT

t
R1 R2CT2-
RI +R2

t2

The timing capacitor CT will be charged through the resistor RT1 or RT2 which is
connected to the positive collector. The diodes will isolate the other resistor from the
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timing capacitor. The two parts of the period (t1, t2) can thus be set independently by
RTI. and RT2 and may differ by as much as 1000 to 1.

(D) Non -symmetrical Multivibrator - Constant Frequency

R1 >31<

CIO---111111----MA,

C2 0 -111111101 --/\AN
RI >3K

0 E f -
(2 RI -1-R2 )C -r

R2

This configuration gives a multivibrator which has a constant frequency but a
variable duty cycle.

(E) Variable Frequency Oscillator

O

Ii
-111.

INPUT

G

RI> 31<

E

hFEIi
2 VBBCT

2n VBB CT

Of
0.8 AV1

RT C T VBB

In the equations VBB is the voltage between base -one and base -two of the unijunction
transistor. These circuits give a variable frequency square wave output. For the first
two circuits the frequency is proportional to the input current. The first circuit has a
higher effective current gain than the second circuit, but the temperature stability is
not as good. The third circuit is useful if only a small range of frequency variation is
desired. The variation of frequency with input voltage is linear only for small changes
in input voltage.

Further information on the characteristics and circuit applications of the unijunction
transistor is given in application note ECG -380, "Notes on the Application of the Sili-
con Unijunction Transistor". Available on written request.
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14. TUNNEL DIODE THEORY AND
SWITCHING CIRCUITS

The tunnel diode is a new semiconductor device which offers the device en-
gineer a unique physical mechanism for semiconductor operation and at the same
time offers the circuit engineer a unique set of electrical characteristics for im-
proved circuit design. In comparison with conventional types of transistors, the tunnel
diode offers advantages of extremely high frequency operation, low noise, small size,
low operating power levels, together with a potential low cost and high reliability.

Physically, the tunnel diode is a two terminal device consisting of a single PN
junction. The essential difference between a tunnel diode and a conventional diode is
due to the fact that the conductivity of the P and N material used in the fabrication of
a tunnel diode is more than 1,000 times as high as the conductivity of the material
used in the fabrication of conventional diodes. This higher conductivity is obtained
by increasing the concentration of acceptor and donor impurities in the semiconductor
material when it is formed as explained in Chapter 1 and 2.

Owing to the very high conductivity of the P and N materials used in fabricating
tunnel diodes the width of the junction (the depletion layer) is very small, of the order
of 10' inch. Because of the extremely narrow junction it is possible for electrons to
tunnel through the junction even though they do not have enough energy to surmount
the potential barrier of the junction. Although tunneling is impossible in terms of
classical physics, it can be explained in terms of quantum mechanics. For this reason
the mechanism is commonly called quantum mechanical tunneling.

Referring to the diagram of a rectifier shown in Figure 1.4, it is seen that under
conditions of reverse bias there are no free electrons in the P region and no free holes
in the N region to conduct charge across the junction. In the tunnel diode however,
a small reverse bias will cause the valence electrons of the semiconductor atoms near
the junction to tunnel across the junction into the N region and thus the tunnel diode
will conduct under reverse bias. Similarly, for a low value of applied forward voltage
the conventional rectifier will not conduct since the holes and electrons do not have
enough energy to overcome the potential barrier of the junction. In the tunnel diode
a small forward bias will cause the electrons in the N region to tunnel across the junc-
tion into the P region (appearing as valence electrons in the semiconductor atoms),
and thus the tunnel diode will also conduct under small values of forward bias. If the
forward bias on a tunnel diode is increased (e.g. above 50 millivolts for germanium)
the energy of the free electrons of the N region will become greater than the energy
of the valence electrons in the P region and consequently the tunneling current will
decrease. The decrease in tunnel current with increasing forward bias causes the nega-
tive conductance characteristic which is typical of the tunnel diode. As the forward
bias is increased further (above 300 millivolts for germanium) the free holes and elec-
trons will have enough energy to flow over the potential barrier of the junction in a
manner identical to that of a conventional diode.

Quantum mechanical tunneling, with a theoretical frequency limit of 10' mega-
cycles per second, is inherently a much higher frequency mechanism than the drift
and diffusion mechanisms involved in the operation of conventional diodes and tran-
sistors. In practice, the frequency limitation of the tunnel diode is determined by the
parasitic capacity, inductance and resistance of the device rather than by the tunneling
mechanism itself.
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ELECTRICAL CHARACTERISTICS
A static characteristic curve for a typical germanium tunnel diode is shown in

Figure 14.1. It is seen from this figure that the tunnel diode exhibits a low a -c resistance
under reverse bias and for low values of forward voltage. With intermediate values of
forward voltage the diode exhibits a negative conductance characteristic. At higher
values of forward bias the diode characteristic approaches the forward characteristic
of a conventional diode shown by the dotted line. The points on the characteristic
curve where the a -c conductance is zero are called the peak point and the valley point.
The voltages and currents at these points are called the peak point voltage - VP, the
valley point voltage - Vv, the peak point current - Ip, and the valley point current - Iv.
The forward voltage at a current equal to the peak point current is designated by VP,.
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STATIC CHARACTERISTIC OF TYPICAL GERMANIUM TUNNEL DIODE
FIGURE 14.1

The voltages of the tunnel diode characteristic are determined by the semicon-
ductor material of which the tunnel diode is made and can only be controlled over a
small range. The currents of the tunnel diode characteristics can be varied over a very
wide range however. The peak current which is the characteristic commonly specified
can be varied from 10ga to 10 amperes or more although most applications require
peak currents in the range of 1 to 50 ma. It is generally desired that the ratio of the
peak current to valley current have a high value although the maximum value is deter-
mined by the semiconductor material.

C

40-1\AA0-0
Ls RS
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SMALL SIGNAL EQUIVALENT CIRCUIT OF A TUNNEL DIODE
FIGURE 14.2
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The small signal (ac) equivalent circuit of a tunnel diode biased in the negative
conductance region is shown in Figure 14.2. The inductance, L,, is determined pri-
marily by the package and the leads. For a TO -18 transistor package L. is about
6 x 10' henries if connections are made to the leads only and about 3 x 10-s henries
if connections are made to the case and the two common leads. For a microstrip pack-
age L. is about 3 x 10-10 henries. The resistance, R., is determined by the bulk resist-
ance of the semiconductor material and is generally less than 2 ohms. The capacity, C,
is primarily due to the capacity of the junction although a small portion is due to the
package and the leads. The negative conductance, -gd, in the equivalent circuit is
equal to the slope of the voltage -current characteristic at the particularly bias point
under consideration. The value of the negative conductance can be assumed to be
independent of frequency, the chief limitations in the frequency response of the tunnel
diode being determined by the parasitic elements in the equivalent circuit (R., L., C).

Some of the more important electrical parameters of germanium and gallium
arsenide tunnel diodes are summarized in Figure 14.3 together with their temperature
coefficients. The variation of the peak current with temperature is shown in Figures
14.4 and 14.5.

CHARACTERISTIC SYMBOL GERMANIUM
GALLIUMARSENIDE

PEAK POINT VOLTAGE Vp 55 MV 150 MV
TEMPERATURE COEFFICIENT QVP/QT - 80 MV / C -120 MV/°C

VALLEY POINT VOLTAGE Vy 350 MV 500 MV
TEMPERATURE COEFFICIENT 6 Vy /,n,T -1.0 MV/°C -1.0 MWC

FORWARD VOLTAGE AT PEAK
CURRENT

Vpp 500 MV 1100 MV

TEMPERATURE COEFFICIENT QN/pp/AT -1.0 MV /°C -.1.0 MV/°C

PEAK TO VALLEY RATIO Tp/ Ty 8 15

VALLEY CURRENT TEMPERATURE
COEFFICIENT

6106T +1.0 %/C + 0.5 % PC

CONDUCTANCE TO PEAK
CURRENT RATIO

gd/ Ip 6.5 MHO/AMP 5.0 MHO /AMP

CONDUCTANCE TEMPERATURE
COEFFICIENT

pgd /AT -.5% /*C -
CAPACITANCE TO PEAK CURRENT

RATIO
Clip 5 Pf/m a 1.5 pf/ma

TYPICAL ELECTRICAL CHARACTERISTICS OF GERMANIUM
AND GALLIUM ARSENIDE TUNNEL DIODES

FIGURE 14.3
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SWITCHING CIRCUITS

One of the most promising areas for the application of tunnel diodes is in switching
circuits, particularly in large scale computers where the tunnel diode can economically
perform both the logic and memory functions. Here the tunnel diode offers the advan-
tages of small size, low operating power, high speed and potential low cost and high
reliability.

'OR' AND

TUNNEL DIODE THRESHOLD LOGIC
FIGURE 14.6

It is possible to form a simple bistable circuit by connecting a tunnel diode in series
with a voltage source and a resistor as indicated in Figure 14.6. Here the load line is
chosen to intersect the tunnel diode characteristic at two points where the dynamic
resistance is positive. The circuit then has two stable states represented by "0" and "1"
and can be switched from one state to the other by means of appropriate positive or
negative signals. As indicated in Figure 14.6, the circuit can be used to perform
analog threshold logic. Current from two or more inputs may cause the diode to switch
to the high voltage state depending on the amplitude of the input signals and the
biasing conditions of the diode. If the circuit is designed so that only a single input
current is required to switch the diode an "OR" function is obtained, whereas if cur-
rents are required from all the inputs, an "AND" function is obtained. The chief
limitation of this type of logic is that it places difficult requirements on the stability
of the diodes and the other circuit components. This problem can be alleviated to
some extent by connecting a second tunnel diode in parallel with R,. This tunnel diode
should have about twice the peak current of the first tunnel diode and the supply volt-
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age V, should be low enough so that both diodes can not be in the high voltage state.
When the first diode is switched to the high voltage state, the second diode provides
a low resistance across R1 and thus permits a greater range of current to be drawn
from the output.'

BASIC TUNNEL DIODE MAJORITY LOGIC CIRCUIT "GOTO PAIR"
FIGURE 14.7

An example of the use of tunnel diodes in a majority logic circuit is shown in
Figure 14.7. Here the tunnel diodes are periodically turned on and off by an AC
supply which may furnish either a sinewave or a square wave. The voltage of the
supply has a sufficiently low value so that only one of the diodes can switch to the
high voltage state. The diode which switches to the high voltage state will be deter-
mined by the majority decision of the inputs. For example, if the majority of the input
currents are flowing to the right then the net current will be a positive current into
the common point of the two diodes. This will cause a larger current to flow into the
lower diode and when the upper side of the transformer goes positive the lower diode
will switch to the high voltage state producing a positive output.

TRIGGER
INPUT

TRIGGER OUTPUT

BASIC TUNNEL DIODE FLIP-FLOP CIRCUIT
FIGURE 14.8

The circuit of Figure 14.8 can operate as a flip-flop or multivibrator depending on
the biasing conditions chosen. As a flip-flop, the circuit is designed so that only one
diode can be in the high voltage state and only one diode can be in the low voltage
state. The current through the inductor will then flow through the diode which is in
the low voltage state. When a negative pulse occurs at the trigger input, one diode will
switch so they will both be in the low voltage state. At the end of the trigger pulse
the current flowing in the inductor will cause a larger current to flow through the
diode which was originally in the low voltage state thus causing it to switch to the
high voltage state. The circuit thus operates as a counter stage. The output can be
differentiated and used to trigger similar circuits as indicated in the figure.
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The tunnel diode may also be combined with a transistor to perform many practical
types of switching functions. A simple, graphical analysis of a circuit using a germa-
nium tunnel diode in parallel with the input to a germanium transistor is shown in
Figure 14.9. The characteristic of the tunnel diode in series with a 50 ohm resistor is
first plotted. The input characteristic of the transistor is then plotted on the same
graph but is displaced by 0.15 volts to account for the bias generated across the 50 ohm
resistor. The net input characteristic is then obtained by adding the two curves together
(add currents at each voltage for a parallel combination). The net input characteristic
may then be analyzed by means of load lines for bistable or astable operation as
desired. A flip-flop circuit can be obtained by connecting a resistor of suitable value
from the base of the transistor to the +V. supply such that the current flowing through
the resistor is slightly less than the peak current of the tunnel diode.

Additional details on the design of tunnel diode switching circuits can be obtained
by writing for ECG -488 "Tunnel Diodes as Amplifiers and Switches."
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15. TUNNEL DIODE AMPLIFIERS

BIASING

Examining the tunnel diode V -I characteristics (see Figure 14.1), it becomes evident
that for amplifier operation the "operating point" must be chosen in the negative con-
ductance region. Furthermore, to secure a stable operating point, the bias must be
derived from a voltage source. The location of this operating point will depend on the
magnitude of the anticipated signal swing, the required signal-to-noise ratio, and the
operating temperature range.

Biasing at the center of the more linear portion of the negative conductance slope
will allow the greatest signal swing (about 100 my for Ge and 150 my for GaAs). For
high temperature operation, the large signal distortion will increase, as a result of the
increase in valley current. (See Figure 14.3 for valley current temperature coefficient).
If this increased distortion is unacceptable, smaller signal swings and/or a higher cur-
rent operating point will alleviate this problem. Another important bias consideration
is the noise figure of the device. From Equation ( 1 ) on page 155 it can be seen that a
lower operating current will provide a lower noise figure. This is only true if the
reduction in diode conductance, resulting from this bias change, is smaller than the
change in current. The above statement is predicated on a condition of match between
-gd and the generator conductance gg as outlined in the section on noise.

If low noise is of paramount importance, a device with inherently high Ip/Iv ratio,
refrigerated to further improve this ratio, and operated at the lowest permissible bias
current, will give best results.

In most cases, it will be quite adequate to select the bias around the inflection
point. This is the point of maximum negative conductance and occurs at about 130 my
for germanium and 250 my for gallium arsenide.

The greatest bias problem is that the negative conductance region is not linear. In
amplifier circuits it is necessary to match the diode conductance closely to the circuit
conductance if high gain is to be achieved. Slight variations in bias point with the
consequent variations in diode conductance can cause large changes in circuit gain.
Hence it is important to ensure a very stable bias voltage.

Some of the possible methods for obtaining stable, low impedance bias supply
voltages are;

1) the use of mercury cells
2) the use of forward biased diodes as voltage regulators
3) the use of breakdown diodes as voltage regulators
An example of the use of a forward biased diode for bias stabilization is shown

in Figure 15.1. Here an inexpensive silicon diode is biased heavily in the forward
direction so that it exhibits a low voltage and a low dynamic resistance. A low im-
pedance voltage divider is used to reduce the diode voltage to the value desired for
biasing of the tunnel diode.

5rtia

0 2 4 .6 .8 V

.66V .125V
Ebb 4700 680

+6V

IN1692

E

DIODE
BIAS

RI
220

SILICON DIODE VOLTAGE REGULATOR
FIGURE 15.1
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TEMPERATURE CHARACTERISTICS

Figure 14.3 in the previous chapter gives the temperature coefficients of the various
tunnel diode parameters. Each specific application may be dependent on the tempera-
ture coefficient of a different parameter. For example, in switching circuits the primary
concern is the stability of the peak current since it determines the switching threshold,
although the changing forward voltage can effect the amplitude of the output voltage.

In oscillators where matching is not required, it may be important only to make
sure that, at the lowest operating temperatures, the device is driven from a voltage
source. This requires the source resistance supplying the voltage to the tunnel diode
to be much smaller than the negative resistance of the diode. Oscillators have been
operated successfully over a temperature range from 4°K to over 573°K -a remarkably
wide operating range. In amplifiers where some degree of match between the diode
conductance and the circuit conductance is required, it is obvious that this match
must be maintained over the required operating temperature range. Stable amplifica-
tion can be achieved by using either negative feedback, direct temperature compen-
sation with thermistors or other temperature sensitive devices or taking advantage of
the non -linearity of gd vs. bias by making the bias network deliberately temperature
sensitive.

FREQUENCY LIMITATIONS

Two significant frequency figures of merit can be assigned to the tunnel diode:'

a) resistive cut-off frequency f°= 1
1

27rC At R. I gd

b) self -resonant frequency f,0 = 1 j 1 gd

2r N C

Both of these frequencies are derived from the equivalent circuit of Figure 14.2. The
resistive cut-off frequency is the frequency at which the real part of the diode im-
pedance, measured at its terminals, goes to zero. The tunnel diode can not amplify
above this frequency. The self -resonant frequency is the frequency at which the
imaginary part of the diode impedance goes to zero. It should be pointed out that both
frequencies are reduced by external circuit components and therefore the highest
possible operating frequency is very circuit dependent. In a transistor package the
tunnel diode is limited to operating frequencies in the order of 1 KMc, this limit being
due primarily to the lead inductance. Microstrip or microwave packaging, owing to
its inherently lower inductance, can raise the frequency capabilities by an order of
magnitude or more.

NOISE PERFORMANCE

In the tunnel diode, one of the major contributions to noise is shot noise. The noise
figure in a correctly designed amplifier can be in the range of 3 or 4 db provided that
the source conductance is matched to the negative conductance of the tunnel diode.
The noise figure is also dependent on the load conductance which might be a mixer
or converter stage and be relatively noisy. It is possible, for example, to connect the
tunnel diode in parallel with the input of an RF amplifier stage and obtain both
reduced noise and increased gain. The noise figure' is given by the equation:

20 Le Ti  giN.F. 1 + (1)
ge Tg  gg

where is the DC bias current through the tunnel diode, gg and g, are the con-
ductances of the generator and the load, the T, and T1 are the effective noise tempera-
tures of the generator and the load. From this equation it can be seen that it is desirable
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to make gg large and gi small. To achieve high gain it is necessary that gg g1 be very
nearly equal to the conductance of the diode, I -gd I. Thus to minimize the noise
figure it is desirable to make gg very nearly equal to I -gd I. The value of Ida should
be chosen as low as possible, consistent with a reasonable value of I -gd I. To satisfy
this requirement, tunnel diodes with high values of peak current to valley current
ratios are desirable.

NUCLEAR RADIATION EFFECTS
Encouraging results have been obtained from preliminary investigations of the

effects of nuclear radiation on the characteristics of some germanium tunnel diodes.
Under a doseage of 3 X 10" NVT (90% thermal, 10% fast), no apparent change in
the electrical characteristics were observed except for the noise figure which increased
by approximately 20% at the point of maximum negative conductance and by 100%
near the valley point.

At a dosage of 5 x 1015 NVT, the valley current increased by about 25% while
the other DC characteristics had not changed. The noise figure increased by a factor
of 3 at the point of maximum negative conductance while the noise figure in the
vicinity of the valley point was extremely high. Further tests on gallium arsenide
tunnel diodes shows that they are still quite useful in switching circuits around 10"
NVT fast neutrons/cm'. In general, the radiation resistance of tunnel diodes appears
to be higher than some tubes (especially glass envelope types) and transistors and
should be of definite value for military applications. Also it appears that GaAs units
are more resistant to nuclear radiation than germanium or silicon units.

NEGATIVE CONDUCTANCE AMPLIFIER
IN THE PARALLEL CONNECTION

A graphical analysis of this connection can be seen in Figure 15.2. The diode
characteristic is represented by curve #1; the positive circuit conductance is shown
by curve #2. Adding these conductances algebraically the resultant net input charac-
teristic of the amplifier stage can be seen in curve #3. The slope of the input character-
istic in the active region (between A "and B") is close to horizontal indicating a high
input impedance. The value of this input impedance is given by:

Zia= 1 = 1

gt gg gd

and the available power gain is:

4g, gi
(gt)2

It can be seen both graphically and mathematically that to obtain a high value of
available stable power gain it is necessary for Zia to be very large and positive. This
requires gg gi to be very nearly equal to but larger than I -gd I. Since the voltage
is the same across all the conductances in the circuit, the voltage gain of the parallel
circuit will be unity.

The closer g, gi is to I -gd I, the greater is the current amplification obtained.
A similar graphical analysis can be applied to the series connection resulting in a "low"
input impedance circuit and voltage gain. The basic low frequency equivalent circuit
of the parallel connection can be seen in Figure 15.3(A). Essentially it consists of a
signal current source driving the parallel combination of the load resistance (rl) and
the diode resistance (-rd).

Figure 15.3(B) shows the actual circuit yielding about 30 db gain. It is relatively
difficult to build a stable low frequency amplifier circuit. since the tunnel diode is
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inherently trying to oscillate at very high frequencies (see Stability Criteria). The use
of audio components and audio type layouts, generally result in enough stray in-
ductance to enable the circuit to oscillate freely at high frequencies, since bypassing
is not a simple matter in the UHF range.

(B)

Iin

Ebb(plus)

GRAPHICAL ANALYSIS OF PARALLEL AMPLIFIER STAGE
FIGURE 15.3

STABILITY CRITERIA
Successful linear operation of a tunnel diode amplifier depends on the stability

of the complete system, including in particular the internal impedance of the bias
supply and the signal source impedance. The basic amplifier circuit can be reduced
to that shown in Figure 15.4 where RT = Rg -1- R1 + R., LT = L. + Li, C is the total
diode capacitance and the negative conductance of the diode at the operating
current and voltage.

To determine the system stability one can examine the distribution of poles or
zeros of the circuit determinant in the complex S -plane.'
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If the zeros of Z seen at the input, fall in the right half side of the S plane, the
system is unstable. Conversely, if the zeros fall in the left half side of the S -plane the
circuit is stable.

The input impedance is given as:

Z(s)
Sz LTC S (RTC -LTA -gd I) ± (1 - RT -gd I)

SC - - gd
and the zeros are:

S = I ( RT I -gd I ) ÷ '/ 1 ( RT -gd I y 1 - RT I - gd
I

2 \ LT C j NI 4 \ LT C I LT C

Then S will have a negative real part only if both: RT 1 -gd I > 0
LT C

and 1 - RT I -gd I > 0. This can be rewritten as 1
> RT > LT I -gd

-gd I C
Figure 15.5 portrays the stability criteria graphically.

(NON- LINEAR
OSCILLATION)

- (POINT OF FREE OSCILLATION)
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(SWITCHING)

Xv

\LJNSTABLE\r- STABLE UNSTABLE

.\. \
R T =0 Rr LI-gd

R T

gd I

RT= co

CONDITION FOR STABLE OPERATION SHOWN GRAPHICALLY
FIGURE 15.5
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It is therefore important to remember that LT must be smaller than:

LT < RTC

-gal
in order to provide stable amplification. Spelling out the many stability criteria:

STABLE AMPLIFICATION

1) The circuit inductance must be smaller than, (LT) < RTC
-gd

2) The sum of the positive circuit conductances must be nearly equal to, but always
greater than the negative conductance of the diode.

I -gd I or RT < 1
I-gdI

3) The total DC loop resistance must be less than the negative diode resistance
(voltage source).

4) All above requirements must remain satisfied over a range of supply voltages
and temperature conditions.

Amplifier circuits have been built from audio frequencies up to several hundred
megacycles with gains in the 30 db range having excellent bandwidth.

The following design procedure will treat such a 100 Me/s amplifier circuit in the
series configuration.

AMPLIFIER DESIGN PROCEDURE
In this circuit (see Figure 15.6), the source is a 50 ohm generator, the load is also

500 while the series resistance (R,) of the device is 20. Hence RT = 50 + 50 2 = 1020.
Use is made of a 1N2939 having a 5p.p.fd capacitance and a negative conductance of
7 millimhos (-rd = 1430) at the inflection point.

- gd =.007mho

I Ls Rs

, 2,1

Rg.50,
RI=50a

A.C. SERIES LOOP CIRCUIT
FIGURE 15.6

In order to abide by the previously mentioned stability criteria, the real part of the
negative conductance must be made equal to zero at the operating frequency. This
also means that the circuit cut-off frequency is made equal to the operating frequency.

Hence,

RT -gd I
1 -gd 12 w2c2

= 0, thus RT =

RT must be therefore be made equal to:

RT = 143 1180
1.21

1
1 ,.0(2

gd-
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Since the present series loop only exhibits a RT 102t1, a 16Q series resistance must
be added to meet the previously outlined gain and stability criteria.

The last component in this AC circuit design procedure is the choice of the tuning
inductance L. To get the highest value of stable gain LT total must be only slightly
smaller than the oscillation criteria LT < RTC/ -ga which here must be:

118 x 5 X 10'LT < 84.3 IRA
7 X 10-3

Since 2 -12 mi.rh are inherent in the leads of the device (depending on lead length)
and some stray circuit inductance will be found in the circuit, the actual coil (Li) will
have to present a slightly smaller inductance value.

50S2

5012 LINE

1651 L

84miLh's

5012 LINE

A.C. CIRCUIT OF 100 hicts-AMPLIFIER STAGE
FIGURE 15.7

The bias arrangement can be derived in the following manner:

+ Ebb

D.C. BIAS CIRCUIT FOR 100 MC/S AMPLIFIER STAGE
FIGURE 15.8

5052

Assuming that the inflection point occurs at 130 my and .7 ma, then V2 130 my and
In is .7 ma and V2 is ( RTR Rr.) (16 + 50) .7 x 10-3 44 my; therefore, V,

130 + 44 = 174 my.
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5010 LINE

Rg----50S2

I. therefore is 174 X 10-8/50 = 3.48 ma, and the total DC current Inc = ID + In
= 3.48 .7 = 4.18 ma. If one were to use a 6.3v battery, then R. = 6.3 - .174/4.18
X 10-8 = 6.126/4.18 X 10-8 = 1.5101. In order to decouple the DC supply from the
amplifier by at least a 1010/ inductive reactance,

co

104LRF choke 15µhw
6 x 108

Figure 15.9 shows the complete circuit.

-g d

/11\ 1651

MMIP NIP MKT5C-100miLh

R.F.C.

I 6/.ch

I. 5 K

6.3 V

5052 LINE

COMPLETE 100 MC/S "SERIES" AMPLIFIER CIRCUIT
FIGURE 15.9

RI=5012

The measured results were 32 db gain at 100 Mc/s with a 20 Mc/s symmetrical band-
width. As L, is increased toward Li = RTC/1 -gd I, the gain increases at the expense
of bandwidth magnitude and symmetry.

TUNNEL DIODE OSCILLATORS
Oscillators can be divided into two major groupings:
1) the relaxation oscillator
2) the sinusoidal oscillator

The distinction is that sinusoidal oscillators just barely satisfy the criterion for supply-
ing the losses, therefore do not swing far off the linear region of the negative con-
ductance portion of the characteristic. Relaxation oscillators traverse large loops
about the static characteristic (see Figure 15.10).

RELAXATION
/OSCILLATIONS

0 -

SINUSOIDAL
\ OSCILLATIONS

OSCILLATOR LIMIT CYCLES
FIGURE 15.10

RELAXATION OSCILLATORS

If the real component of the input impedance of the circuit is quite negative, the
oscillation amplitude will be large, resulting in significant limiting (i.e. relaxation
oscillation). A tunnel diode circuit employing this principal is shown in Figure 15.11.
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TUNNEL DIODE RELAXATION OSCILLATOR
FIGURE 15.11

The voltage swing of such a circuit could be as high as one volt (for GaAs units where
Vf p VP 1v), while the current swing depends on the peak current of the device
and could be as high as several amperes.

SINEWAVE OSCILLATORS
The mathematical condition for "free" sinusoidal oscillations requires the real and

imaginary part of the circuit input impedance to be equal to zero.
Zi. = Re (Zi.) ± IM (Zie) = 0

Practically, if the real part is slightly negative, good sinusoidal oscillations occur.
RT -gd 0
LT

and the resonant frequency is:

f. - 1 ( 1 -RTCgd %

2r \ LTC

The frequency limit of the circuit is determined by the self -resonant frequency (f..)
and the resistive cut-off frequency (f,0) of the device. Since L. is determined largely
by Ls and C both terms will have to be minimized for microwave applications. Hence
for such applications, the use of the highest available I -ga /C ratio (presently GaAs
yields the highest commercially available I -gd /C) and extremely low Ls (microwave
package) is recommended.

TUNNEL DIODE CRYSTAL CONTROLLED OSCILLATOR
The circuit of Figure 15.12' works basically as per above conditions with the

exception of the criteria for RT.

+ Ebb

CRYSTAL CONTROLLED OSCILLATOR
FIGURE 15.12
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Hi and R2 are identical and are chosen to be about twice the value required for RT.
As a result, oscillation is not possible "off resonance." At resonance, the crystal becomes
a short circuit and R1 is in parallel with R2, essentially halving RT. This value of RT
will now permit the circuit to oscillate stably.

The power output of such oscillators is limited by the allowable voltage and current
excursions. The voltage swing has to be smaller than the length of the negative portion
of the V -I characteristic. The current swing depends on the I, of the device. Since the
latter is a direct function of area, for any given material, it also determines the device
capacity. It follows then, that given a constant package (lead and structure) induc-
tance, the capacitance must be small for higher frequency performance, hence it will
take a low current device to extend the frequency limits.

The power output of a sinewave oscillator is given by the following expression:

P001 =
VT - VP \ 2 C Rr.\ 2 V2 LT

TUNNEL DIODE FM TRANSMITTER

A simple micropower FM transmitter using the 1N2939 tunneldiode is shown in
Figure 15.13.

ANT PART A
OSCILLATOR
(100 MC/S)

IN2939

PAR1 B

AUDIO AMPLIFIER

R3

22n -1/2 WATT C1 .001 CERAMIC DISC.

Rz 270n -I/2 WATT C5 50 pfd ELECTROLYTIC

R3 4700. -1 /2WATT C3 5 µfd ELECTROLYTIC

R4 IOKO -1/2 WATT C. 1.5-5.0 µpia AIR VARIABLE

R3 101(n -1/2 WATT

2N188A

R5

R4

SW1
Ebb = I.5V

rz

C3

MICRO

LI 6T NO. I6WIRE - 3/8" DIAM. OPEN AIR (L...20)

ANT. ANTENNA 4 3/4" LENGTH NO. 14 WIRE

MICRO MICROPHONE 'SHURE BROTHERS" MODEL NO.420
OR EOM

88-108 MC/S WIRELESS F.M. MICROPHONE
FIGURE 15.13

Operation may be best explained by separating the circuit into two portions.
Part A is a basic tunnel diode oscillator whose frequency is primarily determined by
the resonant circuit in the cathode. Resistors RI and R2 provide a stable low imped-
ance voltage for the anode of approximately 150 my. Capacitor CL is the RF bypass
for the anode.

Part B is a transistor emitter follower stage to amplify the audio signal from the
microphone. The amplified audio is fed through capacitor C2 to the anode of the
tunnel diode. FM modulation is accomplished by the audio signal instantaneously
changing the anode bias.  Since the characteristic curve is not perfectly linear in the
negative resistance region, the negative conductance changes slightly with bias. As can
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be seen from the self -resonant frequency equation, fxd is a function of I -gd 1 and
therefore the resonance of the circuit is affected. FM deviations of ±75 KC are readily
obtainable with this type of circuit.

The transmitter shown in the diagram has been successfully used as a wireless
portable microphone. Its great advantage is that it allows complete mobility on the
part of the speaker, and of course has no wires or cords. When used with an average
FM receiver having a sensitivity of lOgv, an operating range in excess of 100 feet was
obtained. With the introduction of gallium arsenide tunnel diodes, this operating
range can be appreciably extended due to the larger dynamic voltage swing possible
with the gallium arsenide diodes, as well as their improved 1 -gd 1/C ratio.

TUNNEL DIODE CONVERTERS
The following simultaneous functions must be performed by a single tunnel diode

when used as a high gain self -oscillating converter3:
a) oscillation at the L.O. frequency
b) amplification at the R.F. frequency
c) mixing due to non-linearities
d) amplification at the I.F. frequency
Rephrasing the above on a mathematical basis:
1) The imaginary part of the external circuit admittance across the negative

conductance of the diode should ideally have zeros at the local oscillator and I.F.
frequencies.

2) The real term of the external circuit admittance Y across I -ga at the L.O.
frequency must be smaller than the negative conductance of the diode.

3) The real part of the external admittance across 1 -gd 1 must be larger than the
magnitude of 1 -gd 1 at the I.F. frequency.

According to condition #1, Im Y as a function of cd has the characteristic shown
in Figure 15.14. In addition to the property of Im Y }- of Figure 15.14, conditions #2
and #3 make it possible to operate the two resonant circuits for oscillations at the L.O.
frequency and amplification at the I.F. frequency.

IM (Y) AS A FUNCTION OF FREQUENCY FOR TWO RESONANT CIRCUITS
FIGURE 15.14

If the R.F. signal is introduced at a frequency close to the L.O., RT is slightly
different from -gd 1 and Im fir} is small. Therefore, amplification can be ob-
tained provided that the R.F. signal does not interfere with the L.O. signal. This
latter could occur if the R.F. signal is strong, (and its frequency close to the L.O.).
Figure 15.15 shows the non-linear conductance variation vs. local oscillator swing
for mixing.
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CONDUCTANCE VARIATIONS VERSUS LOCAL OSCILLATOR SWING
FIGURE 15.15

The operating point in Figure 15.15 is chosen around the inflection point since
this would yield considerable non -linearity and low noise. Operation near the peak
point current also seems quite practical however.

A possible tunnel diode converter circuit is shown in Figure 15.16.

R.F.

-gd

gle IF

TUNNEL DIODE CONVERTER CIRCUIT

FIGURE 15.16

Since C2 is chosen to be a short circuit at the R.F. and L.O. Figure 15.16 can be
reduced to Figure 15.17.

-9d

SIMPLIFIED CONVERTER CIRCUIT G LOCAL OSCILLATOR FREQUENCY
FIGURE 15.17
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The condition for oscillation is I -gd (C1/L1) R. Off resonance, I Yre I becomes
larger than I -gd I and no oscillations occur.

If a small R.F. signal is introduced, since I Yr. I is slightly larger than I -gd ampli-
fication can occur.

I, is a short circuit at the I.F. frequency and since G. is very small the circuit can
further be simplified to the one shown in Figure 15.18.

gd

SIMPLIFIED CONVERTER CIRCUIT @ IF
FIGURE 15.18

It is assumed that the effect of RT is small enough to be neglected at the I.F.
frequency. -

If the load g1 is chosen so that it is only slightly larger than I -gd I and Im Y is
zero at I.F. frequency, amplification of the I.F. signal can also be obtained.
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16. FEEDBACK AND SERVO AMPLIFIERS

USE OF NEGATIVE FEEDBACK IN TRANSISTOR AMPLIFIERS
Negative feedback is used in transistor amplifiers to fix the amplifier gain, increase

the bandwidth (if the number of transistors is less than three), reduce distortion, and
change the amplifier input and output impedances. Feedback is used in servo ampli-
fiers to obtain one or more of these characteristics.

Gain is reduced at the midband frequencies as the feedback is increased, and the
predictability of the midband gain increases with increasing feedback. Thus, the greater
the feedback, the less sensitive will be the amplifier to the gain changes of its transistors
with operating point and temperature, and to the replacement of transistors.

The output and input impedances of the amplifier are dependent upon the type of
feedback. If the output voltage is fed back, the output impedance is lowered. In con-
trast, feedback of the output current raises the output impedance. If the feedback
remains a voltage, the input impedance is increased, while if it is a current, the input
impedance is decreased.

C_ G I,GH
H 1+GH1

E. R -B
B. HC
C. GE

C

OUTPUT

SERVO -TYPE FEEDBACK SYSTEM
FIGURE 16.1

A convenient method for evaluating the external gain of an amplifier with feedback
is the single loop servo -type system as shown in Figure 16.1. (The internal feedback
of transistors can be neglected in most cases.) The forward loop gain of the amplifier
without feedback is given by G and it includes the loading effects of the feedback
network and the load. H is the feedback function, and is usually a passive network.
In using this technique, it is assumed that the error current or voltage does not affect
the magnitude of the feedback function. The closed loop gain is then:

C G 1 GH
R 1 + CH H 1 + GH

where C is the output function and R is the input. If GH is made much larger than
one, the closed loop response approaches 1/H and becomes independent of the ampli-
fier gain. Thus, GH determines the sensitivity of the closed loop gain to changes in
amplifier gain.

Since GH is a complex quantity whose magnitude and phase are a function of
frequency, it also determines the stability of the amplifier. The phase shift of GH for
all frequencies must be less than 180° for a loop gain equal to or greater than one or
the amplifier will become unstable and oscillate. Therefore, if the number of transistors
in the amplifier is greater than two, the phase shift of GH can exceed 180° at some
frequency, and stabilization networks must be added to bring the loop gain to one
before the phase shift becomes 180°.
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ZF
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I
Zo4
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Zin
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CONDITIONS: Z,

VOLTAGE FEEDBACK AMPLIFIER
FIGURE 16.2

r-

Z9

ZFZI

«1;

<< GH +I

Figure 16.2 shows a voltage feedback amplifier where both the input and output
impedances are lowered. A simplified diagram of the amplifier is shown in 16.2(B),
which is useful in calculating the various gains and impedances. Zl is the input im-
pedance of the first stage without feedback, and Z.n is the output impedance of the last
stage without feedback. Ai is the short circuit current gain of the amplifier without
feedback (the current in the load branch with RL = 0 for a unit current into the base
of the first transistor). Any external resistors, such as the collector resistor which are
not part of the load can be combined with Z... The gain and impedance equations
shown are made assuming that the error voltage (iLZi) is zero which is nearly correct
in most cases. If this assumption is not made, the loop gain of the amplifier can be
derived by breaking the loop at y -y' and terminating the point y with Zl. The loop
gain is then if/iLi with the generator voltage set equal to zero. Since the loop is a
numeric, the voltage and current loop gains are identical. The loop gain is then:

where

Ai ( Zi \J1 Zg

ZF Zg +Z1

Z.n = ZLy, and
ZL + Z..

Z1' = Zg
tZ

Zg
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Notice that if 7, >> and ZF >> Zr, then the loop gain is very nearly equal to GH
as given in Figure 16.2.

The input impedance of the amplifier is reduced by 1 GH, while the output im-
pedance is also decreased.

Figure 16.3 shows a current amplifier where both the output and input impedances
are increased. The loop is obtained by breaking the circuit at y -y' and terminating
points y -a with Z1. The loop gain is and is approximately equal to:

yAl ZF

zg z,

(A) BLOCK DIAGRAM

Y Y

(B) SIMPLIFIED EQUIVALENT CIRCUIT

GAIN AND IMPEDANCE
RELATIONSHIPS

Ai y Zci

+Zi
IL
ig I+AiyZF

Zi+Z9

AL AiYZL
eg I+ AiyZF

zin.zi(i+AiyzF)
zi

Zo. Zon(I+Ai ZF

Aiy ZF
L

GH. Zi+Z9
I

Y I-f-ZL
Zon

Ig-

CONDITIONS:

ZE« Z ZF<<Z L

CURRENT FEEDBACK AMPLIFIER
FIGURE 16.3

SERVO AMPLIFIER FOR TWO PHASE SERVO MOTORS

PREAMPLIFIERS

Figure 16.4 shows a two stage preamplifier which has a low input impedance, and
which is quite stable in bias point and gain over wide temperature ranges. In addition,
no selection of transistors is required.

Because only two stages are involved, the amplifier is stable, and frequency stabili-
zation networks are not required. The current gain is approximately R,i13.1, if the
generator impedance and RE are much larger than the grounded emitter input imped-
ance of Q. RF should not exceed a few hundred ohms because it contributes to the
loss of gain in the interstage coupling network. The loss of gain in the interstage
coupling is:
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R = 4.7K Ci = 20/.0,10V
R2= 33K C2= 20p0,15 V
R3=10 K Cin= Co =20µf

= 20K 01= Q2= GE.2N335 OR
R3 =24K GE 2N336
RF = 180 SI EBB = 45V.
RE = 22K io RE

FOR -R << I.
'in RF R4

400 CYCLE PREAMPLIFIER FOR OPERATION IN AMBIENTS OF -55 TO 125° C.
FIGURE 16.4

K= Z.'
Zo1.' h1,2 32 RF

where Z.4' is the parallel combination of R2 and the output impedance of Ql. The loop
gain then is approximately:

hfei hfe. K RF \ R5 \
RE ) hlel ± R5

Because the feedback remains a current, the input impedance of this circuit is quite
low; less than 100 ohms in most cases. This preamplifier will work well where current
addition of signals is desired and "cross -talk" is to be kept to a minimum.

Figure 16.5 shows a three stage, 400 cycle direct -coupled preamplifier with good
bias stability from -55 to 125°C. If the dc conditions shown in the figure are met,
the collector voltage of Q3 is approximately:

Vice [(R1 + Rs + R.) R2] (E0 - V51) (R1 + R. + R.) VB1
ai Ri R3 114

where VB1 is the breakdown voltage of the first avalanche diode. The various ac gains
and impedances can be calculated from the equations of Figure 16.1 with the exception
that the ac feedback is now approximately:

R10 \
Rs ) R. )

where 1/R7! = 1/RL + 1/Ro2 + 1/R7 and Ros is the output impedance of Q3. This
assumes that the input impedance of Q1 is much less than 114 and RD. The value of R10
determines the closed loop gain, while the values of C31, C,2, R,, and R6 are used to
bring the magnitude of the loop gain to unity before the phase shift reaches 180°. The
values required for these capacitors and resistors are dependent upon the maximum
expected loop gain.

DRIVER STAGE

Because the output stages of servo amplifiers are usually operated either Class B
or a modified Class B, the driver must provide phase inversion of the signal. In most
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EMI

iRie ( I) l»Re+02R e (3) I2e1 (fix +133)<7 Vei

0

RI  IRK
R2  3.9K
Re .33K
Re =200a
Re  I2K
R6 .2002
RT  6.2K
Re  42K
R 9  39K
CI  20Kf,10V
Di  BV BREAKDOWN
D2 =16V BREAKDOWN

i  02  0  GE 29335
EBB. 45 VOLTS

BIAS STABILITY REQUIREMENTS:

Al2 ;43 R 7

(2)=IRi Re 2R5
F-1 A II RK +R21

+1,18-FRe Ai2A13R L

WHERE :F1 i(Re+Re)
R X 0 -R84 -Re

82.1, FED

41'h FBI

AI2 AI3.
IC3

WITHOUT FEEDBACK
192

Icoi  MAxihium Ic0OX 01

ye,  BREAKDOWN VOLTAGE OF Di

THREE STAGE DIRECT COUPLED 400 ti PREAMPLIFIER
FIGURE 16.5

cases, this is accomplished by transformer coupling the driver to the output stage. The
phase shift of the carrier signal in passing through the transformer must be kept small.
However, since the output impedance of the transistor can be quite large, the phase
shift can be large if the transformer shunt inductance is small, or if the load resistance
is large as shown in Figure 16.6. The inductance of most small transformers decreases
very rapidly if a dc current flows in the transformer. Therefore in transformer coupling,
the phase shift of the carrier is reduced to a minimum if the dc current through the
coupling transformer is zero, or feedback is used to lower the output impedance of
the driver.

= =
TRANSISTOR LOW FREQ.- - - - - - - -

EQUIV. CIRCUIT

=
TRANSFORMER'

a REFLECTED
LOAD

i0 'hfe lin
Ti S

-( )YI0TIS1-1

T
Y R.

R

Ro+RL

S = LAPLACE
TRANSFORM.

LP= PRIMARY SHUNT L

R LOAD REFLECTED
TO PRIMARY

CARRIER PHASE SHIFT DUE TO TRANSFORMER COUPLING
FIGURE 16.6
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OUTPUT

C3 = TRANSFORMER
TUNNING CAPACITOR

01  0 G E 2N656A

TWO STAGE CLASS "A" PUSH-PULL DRIVER
FIGURE 16.7

Figure 16.7 shows a modified "long tail pair" driver. In this case Q1 and Q2
operate Class A, and the quiescent collector current of Q1 and Q2 cancel magnetically in
the transformer. Transistor Q1 operates grounded emitter, while Q2 operates grounded
base. Separate emitter resistors R1 and R2 are used rather than a common emitter re-
sistor in order to improve the bias stability. The collector current of Q1 is approximately
hfel in, while the emitter current of Q2 is (hfei + 1) i51. Since Q2 operates grounded
base, the collector current of Q2 is -ha2/(hfe1 + 1) ib2 or -hr,, im if the current gain
of Q1 and Q2 are equal. Thus push-pull operation is obtained.

EBB

R1  10K
R  22K
R3 . 15K
R4 2.7K

R5 2.5K

R6 . 2.71(

R7= 3.6K
R B. 200

T

ETO

OUTPUT

TRANSISTORS

RE  9.IK
C,  G 2 . 20p, f 30V
C3  6R3OV
01 . 02  G. E. 2N656A
03  G.E. 2N335A

EBB. 60V

I CI IC2'10MA.

3

"STABLE" 400 CYCLE DRIVER
FIGURE 16.8
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In order to stabilize the driver gain for variations in temperature and interchange-
ability of transistors, another transistor can be added to form a stage pair with Q1 as
shown in Figure 16.8. The gain of the driver is then very stable and is given approxi-
mately by:

RE

i. is 13,

OUTPUT STAGE

The output stages for, servo amplifiers can be grounded emitter, grounded collector
or grounded base. Output transformers are generally not required because most servo
motors can be supplied with split control phase windings. Feedback of the motor con-
trol phase voltage to the driver or preamplifier is very difficult if transformer coupling
is used between the driver and output stages. If a high loop gain is desired, the motor
and transformer phase shifts make stabilization of the amplifier very difficult. One
technique which can be used to stabilize the output stage gain is to use a grounded
emitter configuration where small resistors are added in series with the emitter
and the feedback is derived from these resistors. The motor time constants are thus
eliminated and stabilization of the amplifier becomes more practical.

600S2
INPUT

NI

4 -(TUNED
CONTROL
PHASE OF

SERVO
MOTOR)

TRANSFORMER-NIN2:N3=1:1: I
DI,D2,D3,D4-1N1692'S

SERVO MOTOR DRIVE CIRCUIT (I TO 4 WATTS)
FIGURE 16.9

A second technique which results in a stable output stage gain and does not require
matched transistor characteristics is the emitter follower (common collector) push-pull
amplifier as shown in Figure 16.9. Also it offers the advantage of a low impedance
drive to the motor. A forward bias voltage of about 1.4 volts is developed across D1
and D2, and this bias on the output transistors gives approximately 20 ma of no signal
current. At lower levels of current the cross -over distortion increases and the current
gain of the 2N656A decreases. D3 and D4 protect the 2N656A's from the inductive
load generated voltages that exceed the emitter -base breakdown. The efficiency of this
circuit exceeds 60% with a filtered DC voltage supply and can be increased further
by tising an unfiltered rectified ac supply. This unfiltered supply results in lower
operating junction temperatures for the 2N656A's, and in turn permits operation at a
higher ambient temperature. The maximum ambient operating temperature varies
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with the power requirements of the servo motor and the type of heat radiator used
with the G -E 2N656A. It is practical to attain operation in ambients to 125°C.

The most effective heat radiator for the 2N656A results by placing the header of
the package with intimate contact to a radiating surface of copper or aluminum.
Figure 16.10 indicates a practical method.

2°

NOTE: APPLY A LAYER OF G.E. SILICONE
DIELECTRIC. GREASE # SS -4005
OR EQUIVALENT BETWEEN THE

TRANSISTOR AND THE FIN.

WASHER {APPROX. 3/4 ° O.D.
I.D...3475+ .0125

1/8"

MOUNTING
HARDWARE

2N656A

ALUMINUM FIN
(OR I/16"COPPER)

0)1_13/64

ea

THREE 3/32"
DIA HOLES

-ALUMINUM FIN ONLY

TRANSISTOR HEAT RADIATOR
FIGURE 16.10

Another technique which results in a stable output amplifier gain over wide am-
bient temperature extremes and which is compatible with low gain transistors is shown
in Figure 16.11. In this case, a grounded base configuration and a split control phase
motor winding are used. The driver is coupled to the output stage by means of a step-
down transformer, and the current gain occurs in the transformer since the current
gain of the transistors is less than one. The current gain is 2aNpi/Nsi if the drivers
are operated Class A such as shown in figures 16.7 or 16.8. The negative unfiltered dc
supply and diode DI are used to operate the transistor Class AB and eliminate cross-
over distortion. As the signal increases the diode Dl becomes conductive and shunts
the bias supply. The operation of the output stage thus goes from Class A to Class B.

An unfiltered de is used for the collector supply to reduce transistor dissipation.
If saturation resistance and leakage currents are neglected, 100% efficiency is possible
under full load conditions with an unfiltered supply. The transistor dissipation is
given by:

P Ecm2 [ a a2 ( 1+ R' )] + PL
4 RL RL

where PL is the dissipation due to leakage current during the half -cycle when the
transistor is turned off, a is the fraction of maximum signal present and varies from
0 to 1, R, is the saturation resistance, RL is the load resistance, and Ecm is the peak
value of the unfiltered collector supply voltage. If PL is negligible and R./RL << 1,
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then maximum dissipation occurs at a = 1/2 or when the signal is at 50% of its maxi-
mum. Thus for amplifiers which are used for position servos, the signal under steady-
state conditions is either zero or maximum which are the points of least dissipation.

The peak current which each transistor must supply in Figure 16.11 is given by:
2W=
Ecm

where W is the required control phase power. The transistor dissipation can then be
written in terms of the control phase power:

P-=
2 LI- a a2 (1 +

RL
11" )1+PT

The driver must be capable of supplying a peak current of;
im ( Ns,
a N1.1

where a is the grounded base current gain of the output transistor.
Figure 16.12 shows a complete servo amplifier capable of driving a 2 watt servo

motor in an ambient of -55 to 125°C (if capacitors capable of operation to 125°C are
used). The gain can be adjusted from 20,000 to 80,000 amperes/ampere by adjusting
RF in the driver circuit. The variation of gain for typical servo amplifiers of this design
is less than 10% from -55 to 25°C, and the variation in gain from 25 to 125°C is
within measurement error. The variation in gain at low temperature can be reduced if
solid tantalum capacitors are used instead of wet tantalum capacitors. The reason is
that the effective series resistance of wet tantalum capacitors increases quite rapidly
at low temperatures thus changing the amount of preamplifier and driver feedback.
The effective series resistance of solid tantalum capacitors is quite constant with tem-
perature. Many 85°C solid tantalum capacitors can be operated at 125°C if they are
derated in voltage.

The amplifier in Figure 16.12 can be used to drive a three watt servo motor in an
ambient of -55 to 125°C if the output transistors Are changed to G -E 2N498A's and
the unfiltered collector supply voltage is changed from 30 to 50 volts peak.
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17. TEST CIRCUITS

Few occupations are superficially more prosaic and in reality more challenging than
precise measurement. A pertinent electronic illustration of this is the high fidelity record
player. Playing a record can be considered measuring groove undulations and convert-
ing them precisely into air pressure undulations. High fidelity literature is profuse
with advice on shielding, avoiding ground loops, negative feedback amplifiers, non-
linearities in loudspeakers and amplifiers, microphonics, etc. This advice is largely
applicable to all measurement techniques.

This chapter will discuss proven transistor test circuits, but will stress possible
pitfalls as well.

Test circuits are commonly divided into two groups: those which measure the
actual value of a parameter, and those which indicate that the parameter exceeds a
specified value. The latter are often referred to as go -no go tests. They are particu-
larly useful in checking components against specifications. Actual parameter values
are of interest in reliability, quality control and parameter distribution studies.

Generally go -no go tests are simpler, less likely to damage the transistor, and
require less skill in interpretation. Most of the circuits discussed in this chapter can
measure actual parameter values or serve for go -no go testing.

Precision is generally very difficult to achieve. Typically, even if 1% tolerance
components are used, the cumulative error may be 5%.

For a fast thorough semi -quantitative evaluation of a semiconductor device, a
curve tracer such as the Tektronix 575 is extremely useful and convenient. It measures
DC parameters such as leakage currents, breakdown voltages and saturation voltage
and permits estimating small signal, low frequency h parameters. Tunnel diodes,
unijunction transistors and controlled rectifiers can be tested. Anomalous negative
resistance regions on conventional transistors can also be detected.

BREAKDOWN VOLTAGES

JUNCTION BREAKDOWNS BVceo, BVEBo
Figure 17.1 shows the current -voltage characteristics of a typical P -N junction.

The equations of Chapters 3, 4 and 10 utilize the solid portion of the characteristic
curve. The dotted region shows a rapidly increasing current in the reverse biased
junction due to breakdown. If breakdown occurs at low voltages (below 6 volts), it is
generally attributed to tunnelling or zener breakdown. Tunnelling is discussed in
Chapter 14. At higher voltages, the holes and electrons making up the leakage current
are accelerated sufficiently by the voltage across the junction to knock electrons out
of the semiconductor atoms leaving holes behind. The holes and electrons so created
add to the total current. The additional current is in turn accelerated and can dislodge
other electrons. This causes an "avalanching" of current. The term "avalanche break-
down" describes this process. The breakdown voltage can be controlled by varying
the doping of the P -N junction. While theory predicts a sudden "sharp" breakdown,
in practice breakdown often occurs gradually giving a "soft knee" or "soft" breakdown.
This is shown in Figure 17.2 along with other variations of the breakdown characteristic.

The collector and emitter junctions being P -N junctions, exhibit this form of break-
down. Their breakdown voltages BVcBo and BVEBo are measured at a specified current
in the range of 25 to 100 pa for low power transistors. The current is chosen substan-
tially higher than Ico in order to indicate true breakdown and yet low enough to avoid
excessive dissipation. Figure 17.3 illustrates two practical test circuits for measuring
avalanche breakdown. Circuit A approximates a constant current source. The VTVM
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B REAKDOWN
VOLTAGE

CURRENT

FORWARD
CURRENT

P -N JUNCTION
FORWARD BIASED

VOLTAGE
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P -N JUNCTION
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TYPICAL VOLTAGE CURRENT CHARACTERISTIC OF A P -N JUNCTION
FIGURE 17.1

VOLTAGE

1 1\ COMPONENT
RESISTIVE

NEGATIVE
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P -N JUNCTION
REVERSE BIASED

4- AVALANCHE
CURRENT
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TYPICAL VARIATIONS IN BREAKDOWN CHARACTERISTIC OF A P -N JUNCTION
FIGURE 17.2

indicates the breakdown voltage. When the transistor is out of the circuit the voltage
across the socket will rise charging the stray capacitance C. The high voltage is an
operator hazard and the discharge of C. into the next transistor tested may damage
the transistor. To avoid these problems a normally closed push button should be con-
nected as shown and depressed only to take a reading. Some traisistors show a negative
resistance in the breakdown region which may cause oscillations. These are best
detected on a cathode ray oscilloscope curve tracer. Circuit B is more convenient for
go -no go testing in checking transistors against specifications. The specified collector
supply voltage is applied. The junction current is monitored by the VTVM. R. is
chosen to give a VTVM reading of one volt at the rated breakdown current. R. is gen-
erally large enough to protect the transistor from damage even if its breakdown voltage
is considerably exceeded. A VTVM is used because it will not be damaged by acci-
dental overvoltage. Precision decade resistance boxes are convenient for giving R, and
R.. Since circuit B does not take the transistor into breakdown, precautions to avoid
transistor damage or circuit oscillation are less important.
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QUASI -
CONSTANT
CURRENT
SOURCE

---- 500V

T v.

L J

PB
N.C.

(IRAN SITOR
UNDER TEST)

® CIRCUIT FOR MEASURING BV
CB0

EXAMPLE
FROM GE 2N335A SPECIFICATION SHEET Vc80 > 45V AT IC = 50µA
AT VCB  45V Iv.i.vm 4.IµA RVTVM 141:1

V/- VCB (500-45) 106
I 8.43 MOIvrvu (50+4.1)

TRANSISTOR PASSES IF VTVM READS MORE THAN 45V

VTVM

TUT.

GO -NO GO BVCBO CIRCUIT
EXAMPLE

FROM GE 2N335A SPECIFICATION SHEET V180 >45V AT IC 50µA
SET VCs' VCR° MIN + IV = 45+1 = 46V

SET R 1

B =
ICS AT Yam

Iyrvm  IIM 0.09µA (A NEGLIGIBLE CURRENT)f
TRANSISTOR DISS MAX

au I

2 =26MW

50 X 10-6 20K0

TRANSISTOR PASSES IF VTVM READS LESS THAN IV

MEASUREMENT OF BVcso
FIGURE 17.3

To measure the emitter junction breakdown, the same circuits and considerationsapply. The emitter and collector can simply be interchanged in the test socket.

COLLECTOR TO EMITTER BREAKDOWN BVcEo, BVCER, BVcEs, BVcEx, VRT
Collector to emitter breakdown is a more complex phenomenon. Figure 17.4 showsan idealized family of breakdown characteristics for an alloy transistor. Since conven-tional circuits reverse bias the collector junction, it is useful to compare breakdownvoltages with BVco. BVE0 is shown to illustrate that ho is generally less than Ico andthat BVEo is approximately equal to BVco in alloy transistors. There are five common

measurements for collector to emitter breakdown. Four are shown in Figure 17.4 withthe fifth, reach -through voltage, implied by the dotted curves. The most stringent testis BVcEo in which the collector to emitter breakdown voltage is measured while thebase is open circuited. In this circuit configuration the collector current (IcEo) isapproximately hf. Ico as indicated by equation (4d), Chapter 4. If the product hfe Icois large, IcEo may exceed 100 fia at a voltage which is far below breakdown. Therefore,
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the breakdown sensing current must be chosen substantially above the hfe Ico product.
A common value is 600 ma while specialized low leakage transistors like the G -E
2N167A use 300 Aa. The G -E 2N335A, on the other hand, in spite of its extremely low
Ico, uses 1 ma for reasons to be discussed in connection with BVcEs. Figure 17.4 shows
the significant increase in voltage due to 600 I.La rather than 100 pa as the sensing cur-
rent. BVcE0 has little meaning since it is impractical to operate transistors with the base
open. IcE0 approximately doubles every 10°C because of its dependence on Ico. Conse-
quently, BV0E0 is a very conservative rating primarily applicable to very poorly sta-
bilized circuits.

10K -

I K _600µA SENSING CURRENT

100
__100EA SENSING CURRE

10

10

0.1
CE X

BVCEO

COLLECTOR VOLTAGE

'CEO

I -1-

E I I- -
I I

ICES I A

CB0 (1CO3 I VA

EBO (1E01 I I

BV4, BVCES

BVCESI

BVC EX )

I IBVEB0I BVCBO

BVCEX

TYPICAL FAMILY OF ALLOY TRANSISTOR BREAKDOWN CHARACTERISTICS
FIGURE 17.4

BVcEs is measured with the base shorted to the emitter. It is an attempt to indicate
more accurately the voltage range in which the transisor is useful. In practice, using a
properly stabilized circuit such as those described in Chapter 5, the emitter junction is
normally forward biased to give the required base current. As temperature is increased,
the resulting increase in Ico and hfe requires that the base current decrease if a con-
stant i.e. stabilized emitter current is to be maintained. In order that base current
decrease, the forward bias voltage must decrease. A properly designed biasing circuit
performs this function. If temperature continues to increase the biasing circuit will have
to reverse bias the emitter junction to control the emitter current. This is illustrated
by Figure 5.1 which shows that VBE = 0 when Ic = 0.5 ma at 70°C for the 2N525.
VBE = 0 is identically the same condition as a base to emitter short as far as analysis
is concerned. Therefore, the BVcEs rating indicates what voltage can be applied to the
transistor when the base and emitter voltages are equal, regardless of the circuit or
environmental conditions responsible for making them equal. Figure 17.4 indicates a
negative resistance region associated with IcEs. At sufficiently high currents the negative
resistance disappears. The 600 kta sensing current intersects ICES in the negative resis-
tance region in this example. Oscillations may occur depending on the circuit stray
capacitance and the circuit load line. In fact, "avalanche" transistor oscillators are
operated in just this mode.

Conventional circuit designs must avoid these oscillations. If the collector voltage
does not exceed VA in Figure 17.4, there is no danger of oscillation. VA is the voltage
at which the negative resistance disappears at high current.

The 1 ma sensing current for the G -E 2N335A BVcEo is meant to measure VA. The
2N335A LEO is very small. As the transistor breaks down the transistor's current
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gain increases with increasing collector current. This in turn enhances the avalanche
effect generating a negative resistance region. The 1 ma sensing current measures VA
and insures that the full rated voltage will not cause oscillations.

To avoid the problems of negative resistance associated with BVcEs, BVcEE was
introduced. The base is connected to the emitter through a specified resistor. This con-
dition falls between BVcEo and BVcEs and for most germanium alloy transistors avoids
creating a negative resistance region. For most low power transistors the resistor is
10,00012. The significance of BVCER requires careful interpretation. At low voltages
the resistor tends to minimize the collector current as shown by equation ( 4h), in
Chapter 4. Near breakdown the resistor becomes less effective permitting the collector
current to increase rapidly.

Both the value of the base resistor and the voltage to which it is returned are
important. If the resistor is connected to a forward biasing voltage the resulting base
drive may saturate the transistor giving the illusion of a collector to emitter short.
Returning the base resistor to the emitter voltage is the standard BVCER test condition.
If the resistor is returned to a voltage which reverse biases the emitter junction, the
collector current will approach 'Co.

For example, many computer circuits use an emitter reverse bias of about 0.5 volts
to keep the collector current at cut-off. The available power supplies and desired
circuit functions determine the value of base resistance. It may range from 100 to
100,000 ohms with equally satisfactory performance provided the reverse bias voltage
is maintained.

In discussing the collector to emitter breakdown so far, in each case the collector
current is 'Co multiplied by a circuit dependent term. In other words all these collector
to emitter breakdowns are related to the collector junction breakdown. They all depend
on avalanche current multiplication.

There is another collector to emitter breakdown mechanism called reach -through
(VRT). Recently, the term "reach -through voltage" (VRT) has been submitted to replace
"punch -through voltage" because it is more descriptive of the actual phenomenon
and because it cannot be confused with other terms such as punch -through in dielec-
trics. As the collector voltage is increased, the depletion layer which is discussed in
Chapter 1 spreads into the base region. If the doping of the base region is appropriate,
the depletion layer will spread into the emitter junction causing a large collector cur-
rent before avalanche breakdown can occur. The dotted lines in Figure 17.4 indicate
the breakdown characteristics of a reach -through limited transistor. Several methods
are used to detect reach -through. BVo.. (Breakdown voltage collector to emitter with
base reverse biased) is one practical method. The base is reverse biased by one volt.
The collector current Ice. is monitored. If the transistor is avalanche limited BVoEx
will approach BVcEo. If it is reach -through limited it will approach BVcEs.

Note that Ices before breakdown is less than Ico. Therefore, if Ico is measured at a
specified test voltage and then the emitter is connected with a reverse bias of one volt,
the Ico reading will decrease if reach -through is above the test voltage and will in-
crease if it is below.

"Emitter floating potential" is another test for reach -through. If the voltage on an
open -circuited emitter is monitored while the collector to base voltage is increased,
it will remain within 500 my of the base voltage until the reach -through voltage is
reached. The emitter voltage then increases at the same rate as the collector voltage.
VRT is defined as VCB -1 where Von is the voltage at which VER 1 v.

Figure 17.5 shows the details of a practical go -no go test set for breakdown and
leakage current measurements.
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NPN

200V -1=L PB

S4

10 TURN
10K

5 WATT
POT

SI 3P6POS'N
NON -SHORTING
52 DPST NOR-
MALLY OPEN
S3 SPOT
S4 PUSHBUTTON
NORMALLY- OPEN.

PRECISION
RESISTANCE
DECADE BOX

K

TEST SET SI TO SET VC TO SET R s TO ACTION PASS IF.

'Co VCB TEST +IV 1+Icc, MAX PUSH S4 VTVM <IV

BVce0 Vce*MAX + IV Ic TEST PUSH S4 VTVM <IV

IEO 2 VEB TEST +IV I E0 MAX PUSH S4 VTVM <IV
BVEBO 2 VsB* MAX +IV IT Is TEST PUSH 54 VTVM <IV

ICE0 3 VCE TEST+ IV 1 -ICED MAX PUSH S4 VTVM <IV

BVCEO VCEO* MAX+IV Ic TEST PUSH S4 VT VM <IV

ICES 4 VCE TEST+ IV
I ICES MAX PUSH S4 VTVM <IV

BVCES 4 Vcss*MAX+IV IT Ic TEST PUSH S4 VTVM < IV

BVCER VCs**MAX+IV I- IC TEST PUSH S4 VTVM <IV

VPT Vs.,. MIN+ IV ICO MAX PUSH S4,
THEN PUSH

READING
WITH 52

* THE ABSOLUTE MAXIMUM VOLTAGE RATING CAN BE S4AND S2 CLOSED IS
ASSUMED TO BE THE MINIMUM BREAKDOWN VOLTAGE. SIMULTA- EQUAL TO

NEOUSLY OR LESS
THAN WITH

52 OPEN

EXAMPLE BASED ON GE2NI289 GERMANIUM NPN HIGH SPEED SWITCHING TRANSISTOR
SPECIFICATION SHEET.

ICO I 15+1.16V I ÷5iLA 200K

1%30 I 20+1.21V IT.ImA.10K

'ED 2 5+1.6V IT 51LA 200K
BVCER 5 15+1.16V 1÷.6mA.11.67K

VpT 6 15+1.16V 1,5p.A.200K

CIRCUIT FOR GO -NO GO TESTING OF
LEAKAGE CURRENTS AND BREAKDOWN VOLTAGES

FIGURE 17.5

LEAKAGE CURRENTS, Ico, Iso, I CEO, ICES

The test set shown in Figure 17.5 can also be used to measure Ico, Ico, LEO and less.
The circuit is identical to that in Figure 17.3(B). For precise measurements the ambient
temperature should be controlled. Also handling should be minimized since it can heat
the transistor. To measure millimicroampere currents a VTVM is useful since one
hundred millimicroamperes develop one volt across its 10 megohm input impedance.

DC CURRENT GAIN, SATURATION CHARACTERISTICS,
hFE, VBE, VCE (SAT) AND Rsc

In switching applications, the leakage currents and breakdown voltages determine
circuit conditions when a transistor is off or non -conducting.
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When a transistor is turned on, it is generally necessary to know the base input
required to produce the desired collector current. In switching circuits the minimum
collector to emitter voltage that can be achieved is often important. This data is pro-
vided by hFE, VBE, VCE (SAT) or RBC.

DC beta or hFE is defined as TB divided by IB. Since hFE varies with both collector
current and collector voltage, test conditions must specify the operating conditions
precisely. Generally either the base current or the collector current is specified along
with the collector to emitter voltage. The unspecified current is then varied to produce
the specified collector voltage. The ratio IdIB under these conditions is hFE. Since
accurate microammeters are expensive and prone to damage, if carelessly used, it is
often more convenient to use precision decade resistors along with a stable power
supply. Figure 17.6 shows this principle applied to measuring the hFE of the G -E
2N525 transistor.

RB

(16.6K TO
31 7K)

PUSH TO READ

PB

0 0 lov=vc,

GE I NI692

GE IN 1692

GE INI692

DIODES PROTECT
TRANSISTOR FROM
ACCIDENTAL OVER-
DISSI PATION

EXAMPLE FROM GE 2N525 SPECIFICATIONS
3.44 hFc<65 AT Ic = - 20 MA VcE IV
-.2V <VBE <.3V AT IC = -20 MA VCE =IV

VCC- VCE 10 -IRc - IC 20 X10-3
45011

ADJUST RB UNTIL VCE = 1 V

VBE = - .25V±- .05V ( IGNORING VARIATION IN VBE CAUSES LESS THAN I% ERROR)

I B = VCC - VBE
RB

20 10-.25
hFE= IC 2.05 REX 103

I8 1000 RB

TO CHECK IF TRANSISTORS ARE WITHIN SPECIFICATIONS
20MA

I. SET 1E. lc OR RB= I6.6K
hFE MIN 34

VCE MUST READ LESS THAN IV
IC 20 MAa SET 18

hFE MAX 65

VCE MUST READ MORE THAN IV

OR RB = 31.7K

MEASUREMENT OF hFE AND VBE
FIGURE 17.6

While the measurement in Figure 17.6 can be done precisely, it requires interpre-
tation. The transistor dissipates approximately 20 mw at the specified operating point.
This raises the junction temperature about 5°C making this no longer a 25°C electrical
characteristic. It might be argued that the increase in junction temperature is unimpor-
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tant because the measurement represents the actual hFE in a 25°C ambient. This argu-
ment is only valid for amplifier applications since short pulses at low duty factors such,
as found in computer circuits will not heat up the junction because of its thermal time
constants and thermal capacity. Since hFE increases with temperature the pulsed hFE
will be lower than that measured in Figure 17.6. While the difference is generally
small, this factor should not be overlooked.

The base input voltage is often specified at the same operating point as specified
for hEE and therefore can be read as shown in Figure 17.6.

The G -E 1N1692 diodes limit the maximum transistor dissipation while RE is being
adjusted. The G -E 1N1692 current is approximately 10 microamperes at 0.35 volts
forward bias, therefore the diodes introduce a negligible error at \TEE = 1 volt. At 0.75
volts forward bias the G -E 1N1692 current is approximately 100 milliamperes. This
clamps VcE maximum to approximately 2 volts in Figure 17.6.

The collector saturation voltage VcE (SAT) is measured in the same circuit as hFE.
The main difference is that both IE and Ic are specified for VCE ( SAT). No adjustments
are required. The collector voltage is read directly and compared with the specifica-
tions. Figure 17.7 illustrates this for the G -E 2N525. The calibration of the VTVM
can be checked against a precision voltage divider as shown.

PB n N.O.

EXAMPLE FROM GE 2N525 SPECIFICATIONS
50m V < E(SAT) <110m V

AT lc = -20 m o IB =-1. 33 mo

2V - V (SAT)MAX (SAT) MIN
CC CE CE

RB =

2 IC

VCC VBE
10 - 25

-10 = Vcc

9890.a
PRECISION
VOLTAGE
DIVIDER TO

60,Q, CHECK
CALIBRATION
OF VTVM

10V - 80mV

1B 1.33 ma

MEASUREMENT OF VCE (SAT)
FIGURE 17.7

20 m o

-7310n

49611

Note that checking hEE against fixed limits is best done as a VcE (SAT) test as shown
in Figure 17.6.

The saturation resistance Rae is basically a restatement of VcE (SAT). Rsc is the
equivalent resistance of a transistor when it is in saturation. Rae = VCE (SAT)/Ic. For
the G -E 2N525, Rae = 110 my/20 ma = 5.5 ohms. Unfortunately RsE varies with
current and temperature which limits its usefulness. To illustrate the variation with
current, the G -E 2N396 specifications show REc < LIO at Ic = 50 ma. Redefining the
200 ma hFE rating in terms of Rae gives Rsc < 1.75Q at Ic = 200 ma.
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Instead of measuring Rsc, measure VCE ( SAT) and convert to Rsc by Rsc = VCE
(SAT)/Ic.

h PARAMETERS

Historically it proved convenient to describe transistor small signal characteristics
by specially selected pairs of equations. The transistor is considered as a "black box"
with input and output terminals. One set of two equations can fully describe the per-
formance of the "black box". This is discussed in Chapter 3 on small signal charac-
teristics.

Each set of two equations contains four variables; the input voltage and current,
and the output voltage and current. It also contains four constants, or parameters,
describing the "black box". To be useful, the equations must have only two unknown
variables, therefore the equations depend on two of the four variables being arbitrarily
assigned. Solving the equations determines the other two variables and provides a
complete description of the "black box" performance. By carefully chosing the arbi-
trarily assigned variables to suit the requirements of the circuit application, the
mathematics for solving the equations can be simplified.

There are six ways in which the assigned variables can be chosen. Each way
results in different values for the parameters. The sets of parameters are identified as
the "a", "b", "g", "h", "y" and "z" parameters. Because each set of equations describes
the same "black box" it is possible to convert from one set of parameters to another
as desired. Hence by knowing one set, all sets are known.

With transistors the most convenient parameters to measure are the h parameters.
They are discussed in detail in Chapter 3. Specification sheets most often show the
h parameters for the common base configuration. This is partially due to the high
precision with which the two assigned variables, the emitter current and the collector
to base voltage, can be maintained.

On the other hand, common emitter configurations are used more frequently in
actual circuits. For this reason the test circuits to be described measure common emitter
parameters which can be converted to common base parameters with the conversion
factors in Chapter 3.

Common emitter parameters should be measured at a constant collector current
and a specified collector to emitter voltage. However, for convenience of measurement
the DC operating conditions are generally obtained from a common base configuration.
That is, the emitter current and collector to base voltage are controlled. The AC test
signal nevertheless is applied in the common emitter mode.

The circuits in Figure 17.8 apply a constant 1 ma emitter current through the 50K
resistor and a 5 volt collector to base voltage from a separate power supply. The
capacitors must be non -polarized if the circuitry is used for both PNP and NPN tran-
sistors by reversing the battery and diode connections. The base must be at ground to
direct current but not to the test signal. This is achieved by the tuned circuit from base
to ground. The inductor is a high Q toroid such as the UTC HQB-12 which is tuned
by the capacitor to the test frequency of either 270 cps or 1000 cps. If large base
currents are encountered, care should be taken to avoid saturating the toroid.

Initially 270 cps was chosen because it was "a low frequency" to even the lowest
frequency transistors, and because it was harmonically unrelated to 60 cps thus avoid-
ing power line interference. All presently available transistors however still have their
low frequency parameters unchanged at 1000 cps, and components for this frequency
are more readily available. The circuits in Figure 17.8 may be used at either frequency
providing the inductor is tuned accordingly.
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FIGURE 17.8

The 1N1692 diodes prevent the emitter bypass capacitor from charging to -50v
when the transistor under test is removed. If the diodes were removed, discharging the
capacitor through the next transistor tested might damage the transistor. One diode is
sufficient if only germanium transistors are tested. Two are required for silicon tran-
sistors. The VTVM is an audio high impedance voltmeter such as the 'Ballantine Model
310A or Hewlett-Packard 400D. The voltmeter can be switched to calibrate the input
signal. The center ground position on the switch is used as a shield between input and
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output. For measuring hre and hoe, the resistance of the transformer winding supplying
ea should be minimized.

If BVcEs or VRT are less than 5 volts, there is a possibility of damaging the tran-
sistor in these circuits. Breakdown voltages should be measured before h parameter
measurements are attempted.

BASE SPREADING RESISTANCE AND COLLECTOR
CAPACITY rb' AND Coo

One of the more useful common emitter transistor equivalent circuits contains a
series base input resistance called rb'. A capacitor Cob is connected in series with rb' to
the collector. This collector to base time constant rb' Cpb can control a transistor's high
frequency performance. A well known expression for the maximum available power

gain of a tuned amplifier is G
0.04
t'

hfb where fhfb is the alpha cut-off fre-

quency and f is an operating frequency between 1/20 and 2 fhfb. The equation shows
that a large r0' Cob product can offset the advantage of a high tub.

At high frequencies, he, 27,-f rb' C.b. Doubling the test frequency will double
h,b if the test frequency is high enough. For alloy transistors 1 me is a suitable test
frequency. Figure 17.9 shows a suitable test circuit for high frequency he,. The shield
is essential.

R,'IOOiI

SWITCH WITH
LOW SHUNT

CAPACITANCE

e

SET INPUT
101

TO 5reV

READ eo

hro 24.2e f Cob r b'

MEASUREMENT OF rb' Cob
FIGURE 17.9

500

SIGNAL
GENERATOR

f mope

To determine rb' and C, separately, two measurements are made. The base switch

is closed giving h-bi = e°' = 274C,, rh'. The switch is opened giving hrbh e°2 = 27rf Cob
e. e.

R. e,
( rb'

eol
Rh). Solving for rb' gives rb' . Solving for C.0 gives Cob =

e -
(e.2 - 277- fes R.

The significance and validity of rb' and C.0 as measured above depends entirely on
the validity of the equivalent circuit assumed for the transistor under test.

ALPHA CUT-OFF FREQUENCY filth

The alpha cut-off frequency, fhe was the earliest measure of a transistor's frequency
response. It is defined as the frequency at which alpha, the small signal common base
current gain, decreases in amplitude by 3 db. In modern transistors fhib ranges from
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100 Kcs to 2000 mcs. Since at frequencies over 100 mcs accurate measurements become
exceedingly difficult, low frequency data is often extrapolated instead of measuring f555
at higher frequencies.

In itself fhfb is of little importance, since for example, fhfb along with rb and Cob
determine high frequency amplifier power gain. Special amplifier transistors therefore
are often characterized directly in terms of power gain.

In switching circuits, transient response times become shorter when fhfb increases.
But they do not correlate well because of fhfb variations with operating point and also
because of the effects of Co. and voltage bias.

While fhfb can be increased considerably by grading the base impurity distribution
as discussed in Chapter 2, common emitter performance does not increase proportion-
ately. Transient response time, for example, appears to correlate better with common
emitter frequency response rather than with fhfb. This leads to specifying a common
emitter gain -bandwidth product, or high frequency 111., or the frequency at which
hf. = 1.

SIGNAL
GENERATOR
f mcps

COAXIAL
RELAYS

3db PAD

50V

.1ef d 10K T OT. RFC

d

500

SWITCH WITH Jr
VERY LOW /
CAPACITANCE

VTVM IS SIMILAR TO
BOONTON ELECTRONIC
VOLTMETER

MEASUREMENT OF fnih
FIGURE 17.10

5V

The circuit in 17.10 is suitable for measuring fhfb to 100 mcs. The 3 db pad is
switched in and the base is connected to the VTVM. The signal generator is adjusted
to give 1 my across the VTVM. The 3 db pad is switched out and the base grounded.
The VTVM will read 1 my if the input frequency is fhfb. It will read over lmv for lower
frequencies and less than 1 my for higher. This circuit is best for go -no go testing.
Care should be taken to minimize stray capacitance and inductance. The test as out-
lined assumes the low frequency alpha is very close to unity. If this assumption is not
valid, an additional attenuator will compensate for low alpha. The 3 db pad is switched
in, the attenuator is switched out, the base is grounded and the signal generator is
adjusted to give 1 my output at a low frequency. The base is then connected to 5011.
The attenuator is switched in and adjusted until the output is again 1 my. The signal

CALIBRATED
INPUT

AT TENUATOR

TEKTRONIX
44190

SIGNAL GENERATOR

CONSTANT
CURRENT

SOURCE
(RESISTOR)

HIGH
FREQUENCY
VTVM AS

RESONANCE
DETECTOR

REFERENCE
METER

I f

DETECTOR

SHIELD

10 f

WIDE BAND
AMPLIFIER
HP 460A ; J

PRINCIPLE OF MEASUREMENT OF HIGH FREQUENCY life
FIGURE 17.11
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DC BIAS

vcc

VSO

CC

generator frequency is raised and the output again adjusted to 1 my. Finally the atten-
uator and 3 db pad are switched out, the base is grounded and the output reads 1 my
if the signal generator frequency is fh,b.

Figure 17.11 indicates the principle used to measure high frequency hoe. Since
the resonant circuit at the base must be retuned with every change in frequency the
measurement is tedius. The principle is similar to that in Figure 17.10. The input atten-
uator is used to offset the gain of the transistor so that the reference meter reads the
same during calibration and test. This avoids errors due to non-linearities in the ampli-
fier, detector or meter. Calibration is achieved by removing the transistor, connecting
a capacitor jumper from base to collector and tuning the resonant circuit for maximum
output. The signal generator level is adjusted to approximately 10 pa and the meter
deflection is recorded. The jumper is removed and the VTVM is used to retune the
resonant circuit. The transistor is reinserted and the attenuator increased until the
meter reading returns to its calibration value. The attenuation added is equal to the
gain of the transistor at the test frequency.

TRANSIENT RESPONSE TIME td, tr, to, tr

Chapter 10 on switching characteristics defines and discusses transient response
times. Because they are strongly circuit dependent, transistor manufacturers have had
considerable scope in specifying response time. Figure 17.12 shows five basic circuits
currently in use. Capacitor overdrive (A) gives the fastest response times but small in-
accuracies in component values or pulse generator characteristics result in large changes
in response time. Also in practical circuits it is seldom possible to simulate these over-
drive conditions.

PULSE
GENERATOR

PULSE
GENERATOR

RELAY
PULSE

GENERATOR

PULSE
GENERATOR

PULSE
GENERATOR

Vcc

CAPACITOR OVERDRIVE
FOR FASTEST RESPONSE
TIMES.

CURRENT DRIVE 1,,
AND Ie2 FOR ACCURACY.

CURRENT DRIVE IR1
VOLTAGE DRIVE

SIMULATES SPECIAL
CIRCUIT.

PROPAGATION TIME
MEASUREMENT
SIMULATES CURRENT
MODE LOGIC CIRCUITS.

PROPAGATION TIME
MEASUREMENT
SIMULATES DCTL
CIRCUITS.

BASIC CIRCUITS FOR RESPONSE TIME MEASUREMENT
FIGURE 17.12
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Current drive (B) for IBi and gives the slowest response times but is much less
sensitive to pule generator characteristics. If a high amplitude input pulse is used to
define the currents accurately the delay time becomes long. Also the emitter junction
breakdown voltage may be exceeded. For these reasons, it is not sufficient to define
the currents; the entire circuit must be specified.

Storage time can be minimized by a high I82 current. In complex flip-flop circuits
using several transistors, it is possible to design for high 42. Circuit C simulates this
condition by combining voltage and current drives.

As noted in Chapter 12 on Logic, current mode logic circuits are extremely fast
although expensive in transistors. Circuit D is useful in measuring the delay i.e. the
propagation time through one level of logic. It is difficult with this circuit to measure
the performance of an individual transistor.

DCTL offers the simple logic chain in E for measuring the propagation time
through several stages. The circuit averages the transistors' performance and permits
reasonably accurate high speed measurements with relatively slow pulse generators
and oscilloscopes.

In order to avoid the expense or risetime limitations of pulse generators, mercury
wetted relays capable of 0.25 nanoseconds (millimicroseconds) risetime are sometimes
specified. Most relays operate at 60 cps and generate pulses with approximately a 50%
duty factor. The 60 cycle pulse rate results in low CRT trace intensity while the 50%
duty factor may cause appreciable heating. The relay pulse generators in the Tektronix
R unit and type 110 pulse generator minimize these problems.

There has been considerable work done to separate transient response time into
circuit and transistor dependent parts. It is hoped that once the intrinsic transistor
characteristics of significance in response time are known and specified, the perform-
ance of any circuit can be predicted. While considerable progress has been made, no
analysis is valid for the majority of transistors available today. For typical transistors
from a specific manufacturing process however, response times can be predicted quite
accurately over a moderate range of operating points. But the typical transistors have
never been a problem since their response time can be measured directly at the desired
operating point, and the designer can base his circuit on the measured data. The prob-
lem lies with the small percentage of units which do not follow the typical variation.
This problem has not been satisfactorily resolved to date.

Since no one transient response test circuit is widely accepted, none is shown in this
section. To test any specific transistor the manufacturer's test circuit should be followed
explicitly. In some cases, however, the circuit may be incompletely specified leading to
ambiguity or error. The check list in Figure 17.13 suggests the considerations under-
lying an accurate measurement. It can be used to assess the adequacy of either the
manufacturer's or circuit designer's specified test conditions.

As the check list suggests the input pulse must be precisely specified. Whether a
conventional pulse generator or a relay type is used generally determines the rest of
the circuit. The pulse risetime, width and repetition rate are essentially predetermined
if a relay is used, but all of these parameters should be given for conventional pulse
generators.

Component characteristics should be defined. Precision high stability components
should be used.

At high frequencies the shunt capacitance of resistors may become significant. The
self -resonant frequency of capacitors, their power factor and series inductance may
have to be considered. Also, if any diodes are used it should be ascertained that their
leakage current, capacitance and recovery time do not introduce significant errors.
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PULSE GENERATOR - TYPE OF GENERATOR
- PULSE WIDTH
- PULSE RISETIME (MAX MIN LIMITS)
- PULSE AMPLITUDE
- PULSE REPETITION RATE
- GENERATOR IMPEDANCE

COMPONENTS - TOLERANCE
- FREQUENCY RESPONSE
- LAYOUT
- DISSIPATION

INITIAL CONDITIONS - VOLTAGE BIAS
- EMITTER JUNCTION PROTECTION

DRIVE CONDITIONS - SERIES BASE IMPEDANCE
- TIME CONSTANTS IN DRIVE CIRCUIT
- FORWARD BIAS CURRENT OR CHARGE
- REVERSE BIAS VOLTAGE, CURRENT OR CHARGE
- DANGER OF OVERDRIVE
- PULSE REPETITION RATE SENSITIVITY
- PULSE WIDTH SENSITIVITY

OUTPUT - AC AND DC LOAD
- LOADING EFFECT OF MEASURING EQPT
- OUTPUT TIME CONSTANT DUE TO STRAY AND

OUTPUT LOADING CAPACITANCES
- REFERENCE TIMES
- TERMS DEFINED

MISC - POWER SUPPLY DECOUPLING
- RINGING

CHECK UST FOR RESPONSE TIME MEASUREMENT CIRCUITS
FIGURE 17.13

Circuit layout may be important. For example, adding two picofarads (micromicro-
fards) stray capacity from collector to base increases the rise time approximately 40%
in typical high speed mesa transistor test circuits.

The voltage bias on the base before the input pulse is applied largely determines
the delay time and in some circuits affects the rise time. Also if the bias voltage exceeds
the emitter junction breakdown voltage this must either be allowed by the transistor
manufacturer or a protective diode voltage clamp should be specified.

The input pulse characteristic together with the series base impedance determines
the drive conditions. If capacitors are used as part of the drive impedance, the tran-
sient response times may be strongly dependent on the input pulse width and repetition
rate. In measuring risetime, the test circuit generally specifies a forward bias current
or base charge. By knowing the current or charge, performance can be predicted at
other operating points. Reverse bias conditions are equally important in predicting
storage time and fall time. If voltage drives are used, precaution should be taken to
avoid transistor damage due to equipment misadjustment.

In measuring very fast response times (in the order of one to five nanoseconds)
it may be necessary to make the oscilloscope input impedance part of the collector
load. For slower speeds, conventional low capacitance probes may be used but their
contribution to the response time should be checked. The reference times from which
measurements are made should be carefully noted. Some specifications lump together
delay and risetime. Some circuit engineers think of storage time in terms of the delay
it causes and refers to it as "delay time." Pulse width may be measured across the base
of the pulse or at 50% of full amplitude.

It is important that the DC biasing power supplies be able to supply fast transient
currents without ringing. The power supplies may have to be decoupled right at the
transistor socket with several paralleled capacitors. Each capacitor is chosen to extend
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the frequency of effective bypass; electrolytics for low frequencies, button stand-off
capacitors for high frequencies. The pulse generator should be checked for overshoot
or ringing. Ringing makes the pulse amplitude indeterminate particularly if the pulse
is capacitively coupled to the base of the transistor under test.

SIMPLE TRANSISTOR TESTER

Occasionally after an accidental overvoltage or slip of a test probe the need arises
to quickly check if a transistor has been damaged. The circuit in Figure 17.14 is de-
signed to meet this need. The 100 kta meter is in a network which results in a nearly
linear scale to 20 µa, a highly compressed scale from 20 µa to 1 ma and a nearly linear
scale to full scale at 10 ma. The network permits reading Ioo, TEo, ICES and 'CEO to
within 10% on all transistors from mesas to power alloys without switching meter
ranges or danger to the meter movement.

56K SIB
04

S4
N.O.

I.2K

4 3 S2A
5

A
330C42B

NPN

TRANSISTOR
UNDER
TEST
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SIC

SI
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SI 3P6 POS'N NON -SHORTING

S2 4PDT 26

S3 PUSH BUTTON NORMALLY OPEN 36

S4 PUSH BUTTON NORMALLY OPEN 4

M 100/AA FULL SCALE 5

RN IS METER RESISTANCE 6

CALCULATE hrE IN POSITIONS 2 AND 3
Ic

h Es s

CALCULATE h, IN POSITIONS 2 AND 3
WITH S4 OPEN Ic

WITH S4 CLOSED Ic .Icz
101 -ICs
(0.2) I.

PUSH TO READ
_11S3

S2C

SED

NPN PNP

GE I NI692

TEST

Ico AT Vco-. 6V

IhodIc AT Io= 20/.LA

Ihyo/Ic AT Io -100/AA
IcooAT VCs. 6V

ICES AT Vcs  6V

IE. AT VEo= 6V

PUSH S4 TO OBTAIN hfo

6V

SIMPLE TRANSISTOR TESTER
FIGURE 17.14

The test set also measures h1E with 20 ma. and 100 ita base current. Depressing the
h0, button decreases the base drive 20% permitting h,e to be estimated from the cor-
responding change in collector current. The tests are done with a 330[ resistor limiting
the collector current to approximately 12 ma and maximum transistor dissipation to
approximately 20 mw. Therefore, this test set can not harm a transistor regardless of
how it is plugged in or how the switches are set.

By making R. + R, equal to 12K the scale will be compressed only 1µa at 20 µa.
The potentiometer should be adjusted to give 10 ma full scale deflection. The scale can
then be calibrated against a standard conventional meter.

If the NPN-PNP switch is in the wrong position, the collector and emitter junctions
will be forward biased during the IE0 and ho tests respectively. The high resulting cur-
rent can be used as a check for open or intermittent connections within the transistor.
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18. SILICON CONTROLLED RECTIFIER

The Silicon Controlled Rectifier ( SCR) has a PNPN device structure and is the
semiconductor equivalent of a gas thyratron. It is constructed by making both an
alloyed PN junction and a separate ohmic contact to a diffused PNP silicon pellet as
shown in Figure 18.1. This structure is typical of the 16 ampere SCR shown with its
circuit symbol in this same figure.

ALUMINUM

MOLYBDENUM

GOLD -ANTIMONY

SILICON

ALUMINUM-

MOLYBDENUM -

CATHODE GATE

ANODE
(STUD)

CONTROLLED RECTIFIER

INTERNAL CONSTRUCTION

CATHODE

ANODE

FIGURE 18.1

GATE

In addition to the 16 ampere SCR, General Electric also offers a complete family of
SCR's capable of carrying load currents from a few hundred milliamperes to 70 am-
peres average. SCR's are also classified within any basic current rating by the maximum
voltage they can block. For a list of condensed specifications on SCR's see page

VR

IF

PIV
R R+ V

iR

0

VF at IF

VBO
I

, BO

14-1

VF

FIGURE 18.2
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The electrical characteristics of the SCR are shown in Figure 18.2. With reverse
voltage impressed on the device (cathode positive), it blocks the flow of current until
the avalanche voltage is reached as in an ordinary rectifier. With positive voltage
applied to the anode, the SCR blocks the flow of current until the forward breakover
voltage (V..) is reached. At this point the SCR switches into a high conduction state
and the voltage across the device drops to about one volt. In the high conduction state,
the current flow is limited only by the external circuit impedance and supply voltage.
At anode to cathode voltages less than the breakover voltage, the SCR can be switched
into the high conduction mode by a small pulse ( typically 1.5 volts and 30 milliam-
peres) applied from gate to cathode. This method of "turning -on" the SCR by means
of a gate is used in the majority of applications since it permits the control of large
amounts of power from low power signal sources. Once the SCR is in the high conduc-
tion state, it continues conduction indefinitely after removal of the gate signal until the
anode current is interrupted or diverted by some external means for about 20 micro-
seconds. This permits the SCR to regain its forward blocking capability.

The magniti t - a - o turn on an SCR varies with temperature
---arrd-aTs-o from unit to unit. In order to achieve precise firing, it is desirable to use a

short gate pulse with an amplitude of at least 3 volts and capable of delivering the
maximum firing current requirements of the SCR. A simple and economical source of
these pulses is the unijunction relaxation oscillator shown in Figure 13.9. A typical
value for capacitor C in this diagram is 0.2 microfarad, and the gate triggering pulse
is taken off at V.,. The gate and cathode of the SCR are connected to VB, and ground
respectively, or are coupled to the unijunction transistor circuit by a pulse transformer
where isolation is necessary.

This circuit produces pulses spaced roughly R,C seconds apart and is the basis for
SCR firing circuits in DC to AC inverters or other equipment operating from DC sup-
plies. The major advantage of the unijunction circuit is that the interval between pulses
depends primarily on the values of R, and C and is essentially constant with changes
in supply voltage or temperature.

When SCR's are used in AC circuits, it is necessary that the firing pulses have a
precisely determined phase relationship with the supply voltage. A means for synchro-
nizing is illustrated in Figure 18.3 which shows a 150 Watt AC phase controlled
voltage regulator. This simple type of circuit is particularly suitable for controlling
incandescent lights and electric furnaces, ovens, and heaters operated from 60 cps
sources.

The 117 volt AC supply is connected to the load through the single phase bridge
formed by rectifiers CR1 through CR4. This bridge applies full wave rectified DC to
the anode of SCR. Through the clipping action of zener diode CR5 in conjunction
with R3, the unijunction oscillator circuit formed by UJT, R1, and C is energized by
a 20 volt clipped voltage supply as indicated. C begins charging at the start of the AC
wave and UJT produces a pulse after a time interval depending on the value of R1 in
the UJT emitter circuit. As soon as SCR fires, it shorts out the voltage supply to UJT
and prevents C from charging up until the start of the next half cycle, when SCR
returns to its blocking state by virtue of the supply voltage momentarily dipping to
zero. Thus, the timing of the UJT is always synchronized to the start of each half
cycle of the supply voltage. For proper operation, it is essential that inductance in
series with SCR inside the rectifier bridge be kept to a minimum. The circuit will
operate properly however with any reasonable value of inductive load in the AC circuit.

Since the bridge applies full wave voltage to SCR, the firing angle for both half
cycles is controlled by this single UJT, and symmetrical phase controlled AC voltage
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AC FULL WAVE RECTIFIED
AND CLIPPED

AC FULL WAVE RECTIFIED

117 VAC

LOAD

SCR - G -E CIIB CONTROLLED RECTIFIER
UJT - G -E 2N167IA UNIJUNCTION TRANSISTOR
CR I-CR4- G -E IN 1695
CR5 - IN 1527, 1WATT, 20 VOLT ZENER DIODE
RI - 100 K LINEAR POT
R2 - 390 SI , 1/2 W.
R3 - 3.3 K , 5W.
R4 - 471/ , 1/2 W.
C - 0.1 MFD

150 WATT VOLTAGE REGULATOR
FIGURE 18.3

is delivered to the load. The firing angle, and therefore the power to the load, can be
adjusted by varying Rl. Alternately, the power output can be controlled by an NPN
transistor connected across C as shown. If a small current is injected into the base of
the NPN transistor, an amplified current will flow from collector to emitter, thus
diverting some charging current from C. Reducing the charging current to the capaci-
tor delays the firing of the UJT and SCR, and less average current flows to the load.
The power gain from the base circuit of the NPN transistor to the output of the SCR
is over ten million. Because of this high gain, this basic circuit can be readily adapted
to high performance regulated power supplies, temperature controls, and other similar
applications requiring feedback.

Through use of a pair of back-to-back connected SCR's of higher current rating
than the C10, loads as high as 10 kilowatts on 117 volts may be controlled. By using
two SCR's and two conventional rectifiers in a full wave phase controlled bridge
circuit, it is possible to obtain a continuously variable DC output.

Figure 18.4 shows the circuit of a 1/2 kilowatt, 50 volt regulated power supply
that will maintain the output DC voltage constant within +1/2 % for wide variations of
load current or supply voltage. By making the feedback voltage to Q1 proportional
to current rather than voltage, a constant current supply will result.
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SILICON CONTROLLED RECTIFIER

RI

ADJUST
FOR

TWICE
OUTPUT

FRE-

R4
1/120 SEC

QUENCY R2
R5

CI
SCRI

LOADUJTI

R3

R6

irw

START

1-c"-----+28
L

UJT2 TS C3VOL

TI
C2

R7

1174WSCR2

ADJUST FOR CENTER
OF LOCK-IN RANGE
AT 1/2 FREQUENCY
OF UJTI

1/60 SEC

SCRI, SCR2 - G -E C40A CONTROLLED RECTIFIER
UJTI, UJT2 - G -E 2N167IA UNIJUNCTION TRANSISTOR
RI - 330011 , I W
R2,R3 - 250 K, LINEAR POTENTIOMETER
R4 - 15011 , 1/2 W
R5 - 18011 , 1/2 W
R6,R7 - 56 11 , 1/2 W
CI, C2 - 0.1 MFD, 200 VOLTS
C3 - 2 MFD 200 VOLT
L - I MH. , 5A CHOKE

D.C. TO A.C. PARALLEL INVERTER
FIGURE 18.5

Figure 18.5 is the circuit of a 100 watt parallel type inverter suitable for converting
28 volt DC to 60 cycle AC or else to DC at a higher or lower voltage level.

UJT1 is the primary oscillator and UJT2 is synchronized to UJT1 through the
common resistor R4 in their base two circuits. As a result, UJT2 fires at exactly ly,lf
the frequency of UJT1. Since UJT1 produces the first pulse, SCR1 will turn on first
and SCR2 will remain in a blocking condition. The current from the 28 volt supply
will then flow through the upper side of transformer Tl. The transformer action will
produce a voltage of approximately 2 x 28 = 56 volts at the anode of SCR2 and across
capacitor C3. When the next trigger pulse is applied to the gate of SCR2, it will turn
on and the voltage at the anode of SCR2 will fall to a value equal to the forward
conduction drop. The voltage at the anode of SCR1 will fall to approximately -56
volts because of the action of commutating capacitor C3. Capacitor C3 will maintain
a reverse bias across SCR1 long enough for SCR1 to recover its forward blocking
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state. The next trigger pulse will occur at the gate of SCR1 and cause the circuit to
revert to the original state. In this manner, the current from the DC supply will flow
alternately through the two sides of the transformer primary and produce an AC volt-
age in the secondary.

The inductance L serves as a ballast to prevent excessive current flow during
switching. During the switching interval, opposing currents can flow in both halves of
the transformer primary to the commutating capacitor C3 and to the anode of the SCR
which has been turned on. If this current is not limited, the charging time for the
commutating capacitor will be very short and the SCR which is to be turned off will
not be reverse biased long enough for it to recover. Large values of L on the other
hand prevent the supply from adjusting to rapid changes in load. For example, if load
current is suddenly decreased, a voltage will be induced across L which will also
appear at the anode of the SCR which is in the blocking condition. If this transient is
greater than the breakover voltage of this SCR, it will turn on and the inverter will fail.
This condition can be prevented by placing a free -wheeling rectifier in parallel with L.

Many other applications make use of the unique static power handling capabilities
of the SCR. A partial list of some of these applications follows:
Radar and Beacon Modulators Servo Systems
DC Transformers Temperature Controls
Ultrasonic Generators Reversing Drives
Pulse Width Modulation of Power Transient Voltage Protection Currents
DC Motor Armature Control Squib Firing
Generator Field Control Regulated Power Supplies
AC and DC Static Switching Ignitron Firing
Latching Relays Lamp Dimmers
Power Flip -Flops Variable Frequency Inverters
20 µsec Current -Limiting Circuit Breakers Electronic Ignition Systems

The use of SCR's in these and other types of applications is discussed in detail in
the General Electric "Controlled Rectifier Manual" ECG -442, available for $1.00.
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19. POWER SUPPLIES

The low power requirements and portability of many transistorized circuits make
operation from batteries feasible and desirable. However, where heavier load current
requirements and the relatively short life of batteries prohibit their use, DC loads can
be operated from 117 volt 60 cycle power systems through use of silicon or germanium
rectifiers. A discussion of several general types of rectifier power supplies follows.

NON -ISOLATED POWER SUPPLIES FOR CLASS A FIXED LOADS
For load requirements less than about 1/4 ampere, low cost circuits of the type

shown in Figures 19.1 and 19.2 can be used provided the load is fixed and provided
adequate safety precautions are incorporated to prevent shock hazard due to lack of
isolation of the load from the 117 volt line. Both sides of the DC load should be
isolated from possible accidental contact by the user. These circuits utilize series
dropping resistors instead of transformers to reduce the line voltage to the required
level. For this reason, it is essential that these power supplies always be operated with
rated load across the output terminals. Absence of this load current, even momentarily,
will apply excessive voltage to the filter capacitors and rectifiers. Thus this type of
power supply is limited to class A loads in which the average load current does not
vary with the amplitude of the input signal.
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INI692

OUTPUT

OUTPUT
VOLTAGE V

OUTPUT*
CURRENT RI CI R2

APPROX.
RIPPLE

12 VOLTS I MA 4 3K, I/2W
250µf
15 VOLT

ELECTROLYTIC

180K
I/2W 0.1%

12 VOLTS 2MA 22K, I/2W
250pf
15 VOLT

ELECTROLYTIC

100K
I/2W 0.1%

25 VOLTS 2MA I8K, I/2W
250pf

30 VOLT
ELECTROLYTIC

180K
I/2W 0.1%

TO ADJUST VOLTAGE OUTPUT FOR OTHER OUTPUT CURRENTS,

ADJUST R2.

PRE -AMP POWER SUPPLIES

FIGURE 19.1
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POWER SUPPLIES

CI RI N1692 R2

V OUTPUT

OUTPUT
VOLTAGE V

OUTPUT*
CURRENT

RI R2 R3

CI
200 VOLT

METALLIZED
PAPER

C2
ELECTRO-
LYTIC

C3
ELECTRO-

LYTIC

PA PROX.
RIPPLE

12 VOLTS 100 MA 21-2 1001-2 220012 THREEf
IN2-/-L 250µf 25o/if

1W 2W 1W PARALLEL 15 VOLT 15 VOLT

252 100.0. 220012 FOUR 250pf 250µf
I2VOLTS 150MA IW low 1W 21.0 IN 15 VOLT 15 VOLT 0.5%

PARALLEL

TWO
25 VOLTS 50 MA 21-1

IW
250D,

2W
10K
IW

2- p.f IN
PARALLEL

10 OW
50 VOLT

250µf
30 VOLT

0.5%

* TO ADJUST VOLTAGE OUTPUT FOR OTHER OUTPUT CURRENTS, ADJUST R3.

GENERAL PURPOSE TRANSISTOR POWER SUPPLIES
FIGURE 19.2

RC filters reduce the output ripple to very low values as indicated in the charts
in Figures 19.1 and 19.2. The use of silicon rectifiers results in high reliability at mini-
mum cost.

Since one side of the 117 volt line is carried through to the load, reversal of the
line plug may be necessary in high gain amplifiers to reduce hum. Also, these two
power supplies develop a negative output voltage with respect to the common line
between the AC and the load. To develop a positive output voltage with respect to
this line, it is only necessary to reverse the rectifiers and electrolytic capacitors in the
circuit.

When a silicon rectifier feeds a capacity input filter as in Figures 19.1 and 19.2,
it is necessary to limit the high charging current that flows into the input capacitor
when the circuit is first energized. Otherwise this surge current may destroy the recti-
fier. Resistor RI is used in these circuits to limit this charging current to safe values.

ISOLATED POWER SUPPLIES WITH TRANSFORMER STEP-DOWN
Class B loads require a stiffer voltage source than the resistance -capacity combina-

tions of Figures 19.1 and 19.2 can provide. For this and other types of load that require
good voltage regulation, the line voltage should be dropped through a transformer
rather than series resistance or capacitance. For loads greater than about one ampere,
choke type filters are also desirable for good regulation.

Figures 19.3 through 19.5 illustrate the use of a step-down transformer in conjunc-
tion with a rectifier bridge to secure reasonably stiff well -filtered voltage for class B
audio amplifiers illustrated elsewhere in this manual.
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POWER SUPPLIES

117 VAC

117 VAC

STANCOR
P-6469

IA

180K

NE5 1 -

40 V (NO LOAD)
33V (4A)

CI -1500/4,50 VOLTS
SILICON BRIDGE - FOUR- I NI692

POWER SUPPLY FOR SEVEN -WATT AMPUFIER
FIGURE 19.3

UTC
FT -I0 I I/2A

180K

1

NE5I

38 V (NO LOAD)
34 V (4A)

CI-150CW ,50V
SILICON BRIDGE -FOUR- IN537'S

POWER SUPPLY FOR DUAL SEVEN -WATT AMPUFIER
FIGURE 19.4

TRIAD
F-6IU

3A

20
5W

211
5W

CI - 1500 ,if, 50 VOLTS
C2- 1500 ,uf, , 50 VOLTS
C3- 1500 ,uf, , 50 VOLTS
C4- 1500 ,uf, 50 VOLTS
SILICON BRIDGE -FOUR- IN537'S

POWER SUPPLY FOR DUAL TEN -WATT AMPLIFIER
FIGURE 19.5

- 50V (NO LOAD)
45V (.44)

AMPLIFIER #1

AMPLIFIER #2
50V (NO LOAD)

- 45V (4A)

REGULATED POWER SUPPLIES
For optimum voltage regulation and ripple reduction, active elements must be

introduced to the power supply. The 12 volt 1 ampere power supply in Figure 19.6
uses a power transistor as an active element in series with the load to maintain the
output voltage constant. A 1 watt zener diode is used as the voltage reference. At full
load, the output voltage ripple is less than 0.1%, and voltage regulation from no load
to full load is 2%.
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POWER SUPPLIES

ON

117 VAC TI

1111
-12V TO

PREAMPLIFIER

01

CRI - (4) G -E IN91 RECTIFIERS
CR2 - 1N1524A ZENER DIODE, 12V, I WATT
01 - 2N277 POWER TRANSISTOR
TI - STANCOR P-6469 117/24 VAC TRANSFORMER
RI - 2200, 5WATT RESISTOR
R2 - 150 , I WATT RESISTOR
CI - 1000 MFD, 50 VOLT ELECTROLYTIC CAPACITOR

R2

-12V T0
POWER AMPLIFIER

12 VOLT, 1 AMPERE REGULATED POWER SUPPLY
FIGURE 19.6

Efficiency and cost considerations in regulated power supplies above a few hundred
watts generally dictate active regulating elements that operate in a high speed switch-
ing mode to minimize thermal losses in the active element. A 500 watt power supply of
this type that uses silicon controlled rectifiers as switches is shown in Figure 18.4.
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20. TRANSISTOR SPECIFICATIONS I

HOW TO READ A SPECIFICATION SHEET

Semiconductors are available in a large variety of different types, each with its own
unique characteristics. At the present time there are over 2200 different types of diodes
and rectifiers and over 750 different types of transistors being manufactured.

The Characteristics of each of these devices are usually presented in specification
sheets similar to the ones represented on page 205 and page 306 respectively. These
specifications, particularly the transistor specification on the next page, contain many
terms and ratings that are probably new to you, so we have selected several of the more
important ones and explained what they mean.

NOTES ON TRANSISTOR SPECIFICATION SHEET

® The lead paragraph is a general description of the device and usually contains
three specific pieces of information - The kind of transistor, in this case a silicon NPN
triode, -A few major application areas, amplifier and switch, - General sales features,
electrical stability and a standard size hermetically sealed package.

 The Absolute Maximum Ratings are those ratings which should not be exceeded
under any circumstances. Exceeding them may cause device failure.

0 The Power Dissipation of a transistor is limited by its junction temperature.
Therefore, the higher the temperature of the air surrounding the transistor (ambient
temperature), the less power the device can dissipate. A factor telling how much the
transistor must be derated for each degree of increase in ambient temperature in de-
grees centigrade is usually given. Notice that this device can dissipate 125mw at 25°C.
By applying the given derating factor of lmw for each degree increase in ambient
temperature, we find that the power dissipation has dropped to 0mw at 150°C, which
is the maximum operating temperature of this device.

0 All of the remaining ratings define what the device is capable of under specified
test conditions. These characteristics are needed by the design engineer to design
matching networks and to calculate exact circuit performance.

Current Transfer Ratio is another name for beta. In this case we are talking about
an a -c characteristic, so the symbol is h10. Many specification sheets also list the d -c
beta using the symbol hFE. Beta is partially dependent on frequency, so some specifica-
tions list beta for more than one frequency.

10 The Frequency Cutoff fftfb of a transistor is defined as that frequency at which the
grounded base current gain drops to .707 of the lkc value. It gives a rough indication
of the useful frequency range of the device.

® The Collector Cutoff Current is the leakage current from collector to base when
no emitter current is being applied. This leakage current varies with temperature
changes and must be taken into account whenever any semiconductor device is de-
signed into equipment used over a wide range of ambient temperature.

O The Switching Characteristics
given show how the device re-
sponds to an input pulse under the
specified driving conditions. These
response times are very dependent
on the circuit used. The terms used
are explained in the curves at right.

0 1811
,132

INPUT PULSE

OUTPUT PULSE
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TRANSISTOR SPECIFICATIONS

The General Electric Types 2N337 and 2N338 are
high -frequency silicon NPN transistors intended
for amplifier applications in the audio and radio
frequency range and for high-speed switching cir-
cuits. They are grown junction devices with a

2N337, 2N338
Outline Drawing No. 4

T_ diffused base and are manufactured in the Fixed -Bed Mounting design for extremely
high mechanical reliability under severe conditions of shock, vibration, centrifugal
force, and temperature. For electrical reliability and parameter stability, all transistors
are subjected to a minimum 160 hour 200°C cycled aging operation included in the
manufacturing process. These transistors are hermetically sealed in welded cases. The
case dimensions and lead configuration conform to JEDEC standards and are suitable
for insertion in printed boards by automatic assembly equipment.

CD -c

SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS: (25°C)

Voltage
Collector to Base Vcso
Emitter to Base Vsso

45 volts
1 volt

Current

Collector Ic 20 ma

0.r Power
L Collector Dissipation* Pc 125 mw

Temperature
Storage TSTO -65 to 200 °C
Operating TA -65 to 150 °C

ELECTRICAL CHARACTERISTICS: (25°C)
(Unless otherwise specified;
VCB = 20v; IE = -1 ma;
f = 1 BO

Small -Signal Characteristics Min.

2N337

Typ. Max. Min.

2N338

Typ. Max.
0-C Current Transfer Ratio ht. 19 55 39 99

Input Impedance hib 30 47 80 30 47 80 ohms
Reverse Voltage Transfer Ratio hrb 180 2000 200 2000 X 10-6
Output Admittance hob .1 1 .1 1 µmho

High -Frequency Characteristics

3C Alpha Cutoff Frequency filth 10 30 20 45 me
Collector Capacitance (f =1 mc) Cob 1.4 3 1.4 3 µµfCommon Emitter Current Gain

(f = 2.5 mc) ht e 14 24 20 26

D -C Characteristics
Common Emitter Current Gain

(VcE = 5v; Ic = 10 ma) him 20 35 55 45 75 150
Collector Breakdown Voltage

( Ism) = 50 Ica; IE = 0) Vcso 45 45 voltsEmitter Breakdown Voltage
(bum = -50 µa; Ic = 0) VEBO 1 1 voltCollector Saturation Resistance
Is = 1 ma; Ic, 10 ma) Rsc 75 150 ohms( Is = .5 ma; Ic = 10 ma) Rsc 75 150 ohms

- Cutoff Characteristics
0... Collector Current

(Vas = 20v; IE = 0; TA =25°C) Icso .002 1 .002 1 µa
Collector Current

(Vcs = 20v; IE = 0; TA =150°C) Icso 100 100 µa

Switching Characteristics
Rise Time tr .02 .06 secs0- Storage Time t.
Fall Time tt

.02

.04
.02
.14

µsecs
µsecs

....

*Derate 1 mw/°C increase in ambient temperature over 25°C
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TRANSISTOR SPECIFICATIONS

EXPLANATION OF PARAMETER SYMBOLS

SMALL SIGNAL & HIGH FREQUENCY PARAMETERS (at specified bias)

Symbols Abbreviated Definitions

hob Corn. base - small signal output admittance, input AC open -circuited

hb Corn. base - small signal input impedance, output AC short-circuited

hrb Corn. base - small signal reverse voltage transfer ratio, input AC open -circuited

lath Corn. base

hr. Corn. emitter t small signal forward current transfer ratio,

hro Corn. collector
output AC short-circuited

hoe, hie Examples of other corresponding corn. emitter symbols

fhfb

fhfe

Corn. base the frequency at which the magnitude of the small -
signal short-circuit forward current transfer ratio is

Corn. emitter 0.707 of its low frequency value.

fniAx Maximum frequency of oscillation

Cob

GOO

Collector to base i Capacitance measured across the output terminals
Collector to emitter s with the input AC open -circuited

Base spreading resistance

G. Corn. emitter Power Gain (use Gb for corn. base)

CG. Conversion gain

NF Noise Figure

SWITCHING CHARACTERISTICS (at specified bias)

to Delay time

t

to

tr

Rise time

Storage time

Fall time

These depend on both transistor
and circuit parameters

VCE (SAT.) Saturation voltage at specified Ic and In. This is defined only with the collector
saturation region ( steady state condition ).

hpm Corn. emitter - static value of short-circuit forward current transfer ratio, lire = Is

hpn (inv ) Inverted bpi] ( emitter and collector leads switched)

UNIJUNCTION TRANSISTOR MEASUREMENTS

In2 (MOD) Modulated interbase current

Ip Peak point emitter current

Iv Valley current

RBBO Interbase resistance

Vim Interbase voltage

Vv Valley voltage

Intrinsic stand-off ratio. Defined by Vr=g Vise 200 (in ° Kelvin)Ti
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TRANSISTOR SPECIFICATIONS

DC MEASUREMENTS
Ic, 1E, Is DC currents into collector, emitter, or base terminal

Vcs, VEE Voltage collector to base, or emitter to base

VcE Voltage collector to emitter

Vas Voltage base to emitter

Vcso Voltage, collector to base junction reverse biased, emitter open -circuited (value of
Ic should be specified )

VCR° Voltage, collector to emitter, at zero base current, with the collector junction
reverse biased. Specify Ic.

VCEO
Voltage, collector to emitter, with base open -circuited. This may be a function of
both "m" (the charge carrier multiplication factor) and the hri, of the transistor.
Specify Ic.

VCER Similar to VCEO except a resistor of value "R" between base and emitter.

VCRS Similar to VCE0 but base shorted to emitter.

VRT Reach -through voltage, collector to base voltage at which the collector space
charge layer has widened until it contacts the emitter junction.

VCCB Supply voltage collector to base NOTE - third subscript
Vccz Supply voltage collector to emitter may be omitted if no
VaBE Supply voltage base to emitter 1 confusion results.

ICO, ICB0 Collector current when collector junction is reverse biased and emitter is DC
open -circuited.

1E0, Iimo Emitter current when emitter junction is reverse biased and collector is DC
open -circuited.

IcEo Collector current with collector junction reverse biased and base open -circuited.

IcEs Collector current with collector junction reverse biased and base shorted to emitter.

Iscs Emitter current with emitter junction reverse biased and base shorted to collector.

Rae Collector saturation resistance

Pe

OTHER SYMBOLS USED
Peak collector power dissipation for a specified time duration duty cycle and
wave shape.

PT Average continuous total power dissipation.

Pc Average continuous collector power dissipation

Po Power output

zi Input impedance

zo Output impedance

TA Operating Temperature ( ambient)

Ta Junction Temperature

TSTG Storage Temperature

NOTE: In devices with several electrodes of the same type, indicate electrode by number. Example:
IB2. In multiple unit devices, indicate device by number preceding electrode subscript. Example: I2c.
Where ambiguity might arise, separate complete electrode designations by hyphens or commas. Exam-
ple: Vim-aci (Voltage between collector #1 of device #1 and collector #1 of device #2.)
NOTE: Reverse biased junction means biased for current flow in the high resistance direction.
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GENERAL ELECTRIC
TRANSISTOR SPECIFICATIONS

2N43
Outline Drawing No. 1

The General Electric Type 2N43 Germanium Alloy Junc-
tion Transistor Triode is a PNP unit particularly recom-
mended for high gain, low power applications. A hermetic
enclosure is provided by use of glass -to -metal seals and
welded seams.

SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS:
Voltage

(25°C)

Collector to Base VCR° -45 volts
Collector to Emitter (RsE < 10 K) VCER -30 volts
Emitter to Base VEBo -5 volts

Current
Collector Ic -300 ma

Power

Total Transistor Dissipation PT 240 mw

Temperature

Storage TSTG -65 to 100 °C

Operating Junction Ts 85 °C

ELECTRICAL CHARACTERISTICS: (25°C)
Small Signal Characteristics Min.

Design
Center Max.

(Unless otherwise specified; Vc = -5v
common base; IE . -1 ma;
f = 270 cps. or 1 Ice)

Common base output admittance
( input A -C open circuited) hob .1 .8 1.5 µmhos

Forward current transfer ratio
( output A -C short circuited) hr. 30 42 66

Common base input impedance
( output A -C short circuited) hit, 25 29 35 ohms

Common base reverse voltage transfer
ratio ( input A -C open circuited) hru 1 5 15 x 10-4

Common base output capacity ( input
A -C open circuited; f = 1 mc ) Cob 20 40 60 µµf

Noise Figure ( f = 1 Kc; BW = 1 cycle) NF 6 20 db
Frequency cutoff (Common Base) flab .5 1.3 3.5 inc

D -C Characteristics
Collector cutoff current (Vein) = -45v) Ico -8 -16 µamps
Emitter cutoff current (VEso = -5v) IE0 -4 -10 µamps

Collector Saturation Voltage VcE(sAT) -65 -90 -130 my
(Ic = -20 ma; In as indicated) c Is = -1.3 -1.3 -1.3 ma

Base input voltage, common emitter
(Yen = -1 volt; Ic = -20 ma) VBE -180 -230 -280 my

Common emitter static forward current
transfer ratio ( VcE = -1 volt;
Ic = -20 ma) h FE 34 53 65

Common emitter static forward current
transfer ratio ( VcE = -1 volt;
Ic = -100 ma) hEE 30 48

Collector to emitter voltage (10 K ohms
resistor base to emitter; Ic = -0.6 ma) VCER -30 volts

Reach -through Voltage VET -30 volts

*Derate 4 mw/°C increase in ambient temperature above 2,5°C.
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TRANSISTOR SPECIFICATIONS

The 2N43A is identical to the 2N43 except that hte is guar-
anteed to be between 30 and 66. It is therefore electrically
identical to the USAF 2N43A.

Per MIL -T-19500/18

2N43A
Outline Drawing No. 1

USAF 2N43A

The General Electric Type 2N44 Germanium Alloy Junc-
tion Transistor Triode is a PNP unit particularly recom-
mended for medium gain, low power applications. A her-
metic enclosure is provided by use of glass -to -metal seals
and welded seams.

SPECIFICATIONS

Outline Drawing No. 1

2N44
Outline Drawing No. 1

ABSOLUTE MAXIMUM RATINGS:
Voltage

(25"C)

Collector to Base V, BO -45 volts
Collector to Emitter ( RBE < 10 K ) V,'ER -30 volts
Emitter to Base VEBo -5 volts

Current
Collector Ic -300 ma

Power
Total Transistor Dissipation* PT 240 mw

Temperature
Storage TSTG -65 to 100 °C
Operating Junction Tr 85 °C

ELECTRICAL CHARACTERISTICS: (25°C)
Small Signal Characteristics Min.

Design
Center Max.

(Unless otherwise specified; Vc = -5v
common base; Ira = -1 ma;
f = 270 cps. or 1 kc/

Common base output admittance
( input A -C open circuited) hob .1 .9 1.5 iimhos

Forward current transfer ratio
( output A -C short circuited) Ilf e 25

Common base input impedance
( output A -C short circuited) h i b 27 31 38 ohms

Common base reverse voltage transfer
ratio ( input A -C open circuited) hrb 1.0 4 13 x 10-,

Common base output capacity ( input
A -C open circuited; f = 1 MC) Cob 20 40 60 AONoise Figure ( f = 1 Kc; BW = 1 cycle) NF 6 15 db

Frequency cutoff fhib .5 1.0 3.0 me

D -C Characteristics

Collector cutoff current (VCR° = -45v) Ito -8 -16 µamps
Emitter cutoff current (VEno - -5v) 1E0 -4 -10 µamps
Collector Saturation Voltage vcosicr) -55 -90 -130 my

(Ic = -20 ma; Is as indicated) @ Iii = -2 -2 -2 ma
Base input voltage, common emitter \IRE -200 -250 -300 my
Common emitter static forward current

transfer ratio ( VcE = -1 volt;
Ic = -20 ma) hie 18 31 43

Common emitter static forward current
transfer ratio (Vice = -1 volt;
Ic =_ -100 ma) hFE 13 25

Collector to emitter voltage (10 K ohms
resistor base to emitter; Ic = -0.6 ma) VCER -30 volts

Reach -through Voltage VET -30 volts
Derate 4 mw/°C increase in ambient temperature above 25°C.
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TRANSISTOR SPECIFICATIONS

USAF 2N44A
Outline Drawing No. 1

Per MIL -T-19500/6

2N78 I

The General Electric 2N78 is a rate grown NPN high fre-
quency transistor intended for high gain RF and IF ampli-
fier service and general purpose applications. The exclusive

Outline Drawing No. 3 G -E rate -growing process used in the manufacture of the
2N78 enhances the stable and uniform characteristics re-

quired for military and industrial service. The 2N78's low collector cutoff current and
controlled D -C Beta simplifies bias stabilization. In order to achieve the high degree of
reliability necessary in industrial and military applications, the 2N78 is designed to
pass 500G 1 millisecond drop shock, 10,000G centrifuge, 10G of vibration fatigue and
10G variable frequency vibration, as well as temperature cycling, moisture resistance,
and operating and storage life tests as outlined in MIL -S -19500B.

SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS: (25°C)
Voltage
Collector to Emitter (base open) VCEO 15 volts
Collector to Base ( emitter open) WHO 15 volts
Emitter to Base VERB 5 volts

Current
Collector Ic 20 ma
Emitter IE -20 ma

Power
Collector Dissipation* Pc 65 mw

Temperature
Storage TSTG 85 °C

ELECTRICAL CHARACTERISTICS: (25°C)
Low Frequency Characteristics (Common Base)

Min. Nom. Max.(VCR = 5v; IE = -1 ma; f = 270 cps)
(See Note)

Input Impedance ( output short circuited) hit, 25 55 82 ohms
Voltage Feedback Ratio

(input short circuited) hrb .8 2 10 X 10-,
Current Amplification

( output short circuited), het, .97 .983 .995
Output Admittance (input open circuited) hob .1 .2 .7 µmhos

High Frequency Characteristics (Common Base)
(Von = 5v; In =1 ma)

Alpha Cutoff Frequency fbfb 5 9 mc
Output Capacity ( f = 1 mc) Cob 3 6 µµf
Voltage Feedback Ratio ( f = 1 mc) 11,1, 14 X 10-a
Noise Figure

(Vca = 1.5v; In = -0.5 ma; f = 1 kc) NF 12 db
Power Gain in Typical IF Test Circuit

(455 kc) Ge 29 31 34 db

D -C Characteristics
Collector Cutoff Current (Vas = 15v) Ico .7 3 µa
Emitter Cutoff Current (Vna = 5v) IEo .6 5 µa
D -C Base Current Gain

(Ic = 1 ma; VCE = 1v) hFE 45 70 135

Typical Operation (Common Emitter)
IF Amp. IF Amp. RF Amp.(VcE = 5v; IE = 1 ma)

Input Frequency 262 455 1600 kc
Input Impedance (resistive) 300 350 700 ohms
Output Impedance (resistive) 30 15 7 II ohms
Matched Power Gain 37 30 23 db

Note: The Low Frequency Characteristics are design limits within which 98% of production
normally falls.

*Derate 1.1 mw/°C increase in ambient temperature.
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TRANSISTOR SPECIFICATIONS

The General Electric 2N78A is a rate grown NPN high
frequency transistor intended for high gain RF and IF
amplifier service and general purpose applications. The
exclusive G.E. rate -growing process used in the manu-
facture of the 2N78A enhances the stable and uniform
characteristics required for military and industry service. The 2N78A's low collector
cutoff current and controlled D -C Beta simplifies bias stabilization. In order to achieve
the high degree of reliability necessary in industrial and military applications, the
2N78A is designed to pass 500G 1 millisecond drop shock, 10,000G centrifuge, 10G of
vibration fatigue and 10G variable frequency vibration, as well as temperature cycling,
moisture resistance, and operating and storage life tests as outlined in MIL -S -19500B.

2N78A

SPECIFICATIONS

Outline Drawing No. 3

ABSOLUTE MAXIMUM RATINGS: (25°C)
Voltage
Collector to Emitter (base open) VCEO 20 volts
Collector to Base ( emitter open) Veil° 20 voltsEmitter to Base VEBO 5 volts
Current
Collector Ic 20 maEmitter Ic -20 ma
Power
Collector Dissipation* Pc 65 mw
Temperature
Storage TSTG 85 °C

ELECTRICAL CHARACTERISTICS: (25°C) unless otherwise specified
D -C Characteristics Min. Typ. Max.
Collector Cutoff Current

(Von = 15v; Ti = 25°C) Ico .7 3 µaCollector Cutoff Current
(Vca = 15v; Te = 71°C) Ico 15 39 µaEmitter Cutoff Current (VEB = 5v) .6D -C Base Current Gain
( Ic = 1 ma; VCE = 1V) hFE 45 70 135Collector to Emitter Voltage
(Base open Ic = .3 ma) VCEO 20 volts

Low Frequency Characteristics (Common Base)
(Veit = 5v; IE = -1 ma; f = 270 cps)
I See Note)

Input Impedance (Output short circuited) hib 25 55 82 ohms
Voltage Feedback Ratio

(Input open circuited) hrb .8 2 10 X 10-,
Current Amplification

(Output short circuited) hfb .97 .983 .995
Output Admittance (Input open circuited) hob .1 .2 .7 µmhos
High Frequency Characteristics (Common Base)

(Vcs = 5v; IE = 1 ma)
Alpha Cutoff Frequency fhfb 5 9 meOutput Capacity (f = 1 mc) Cob 3 6 µµf
Voltage Feedback Ratio (f = 1 mc) hrb 14 X 10-3
Noise Figure

(Von = 1.5v; IE = -0.5 ma; f = 1 kc) NF 12 db
Power Gain in Typical IF Test Circuit

(455 kc) Ge 29 31 34 db
Typical Operation (Common Emitter) IF Amp. IF Amp. RF Amp.

(VcE = 5v; IE = 1 ma)
Input Frequency 262 455 1600 ko
Input Impedance (resistive) 300 350 700 ohms
Output Impedance (resistive) 30 15 7 K ohms
Matched Power Gain 37 31 23 db

Note: The Low Frequency Characteristics are design limits within which 98% of
production normally falls.

*Derate 1.1 mw/°C increase in ambient temperature.

Certified to meet MIL -S-19500/90 2N78A
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TRANSISTOR SPECIFICATIONS

2N107
Outline Drawing No. 1

The General Electric type 2N107 is an alloy junction
PNP transistor particularly suggested for students, ex-
perimenters, hobbyists, and hams. It is available only from
franchised General Electric distributors. The 2N107 is
hermetically sealed and will dissipate 50 milliwatts in
25°C free air.

SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS: (25°C)
Voltage
Collector (referred to base) VCB -12 volts

Current
Collector Ic -10 ma
Emitter Is 10 ma

Temperature
Junction Ts 60 °C

TYPICAL ELECTRICAL CHARACTERISTICS: (25°C)
(Common Base, f = 270 cps

We = -5v, Is = I ma)
Collector Voltage VCB -5.0 volts
Emitter Current In 1.0 ma
Output Admittance (input open circuit) hob 1.0 µmhos
Current Amplification (output short circuit) htb -.95
Input Impedance (output short circuit) hit 32 ohms
Voltage Feedback Ratio (input open circuit) hot 3 X 10-a
Collector Cutoff Current Ico 10 tta
Output Capacitance Cob 40 µµf
Frequency Cutoff fhfb 0.6 me

Common Emitter ( Von = -5v, In = 1 ma )
Base Current Gain hoe 20

2N123
Outline Drawing No. 7

The General Electric Type 2N123 is a PNP alloy junction
high frequency switching transistor intended for military,
industrial and data processing applications where high reli-
ability at the maximum ratings is of prime importance.
( Not recommended for new designs, use 2N396A)

SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS: 125°C)
Voltage
Collector to Emitter VCEO -15 volts
Collector to Base Vcso -20 volts
Emitter to Base Veno -10 volts

Current
Collector Ic -125 ma
Peak Collector (10 As max.) Icm -500 ma
Emitter Is 125 ma

Power
Peak Collector Dissipation

( 50 µsec 20% Duty Cycle)* p 500 mw
Total Transistor Dissipation** PT 150 mw

Temperature
Storage TSTG -55 to 85 °C

Operating Junction Temperature Ti 85 °C

ELECTRICAL CHARACTERISTICS: 125°C)
D -C Characteristics
Common Emitter Current Gain Min. Typ. Max.

(Vcx = -lv; Ic = -10 ma) hzz 30 75 150
Common Emitter Current Gain

(Vnc = -lv; In = -10 ma) hrna") 17
Saturation Voltage

( In = -.5 ma; Ic = -10 ma) vc.(saT) -.15 volts
Collector Cutoff Current ( Vcno = -20v) ICBO -2 -6 µa
Emitter Cutoff Current ( VEno = -10V ) IEBO -2 -6 iia
Collector to Emitter Voltage

(Ic = -600 µa) VCEO -15 -25 volts
Reach -through Voltage VET -20 -35 volts
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High Frequency Characteristics (Common Base)

TRANSISTOR SPECIFICATIONS

Wes -= -5v; In = I ma>
Alpha Cutoff Frequency fhf b 5 8 meAlpha Cutoff Frequency (Inverse) fiiii,(INv)
Collector Capacity (f = 1 mc) Cob
Voltage Feedback Ratio (f = 1 mc) hrb

12
9

20 µµf
X 10-3Base Spreading Resistance rfb 90 150 ohms

Low Frequency Characteristics (Common Basel
(Veil = -5v; 1E = 1 ma; f = 270 cps)

Input Impedance hie 3000 ohmsVoltage Feedback Ratio hr e 6.0 X 10-4Forward Current Transfer Ratio h f e 90
Output Admittance hoe 65 µmho

Switching Characteristics
(lc = -10 ma; IBS = 1132 = 1 ma)

Delay Time to .18 µsecRise Time tr .45 µsecStorage Time ti .90 µsecFall Time it .35 µsec
*Derate 8 mw/°C increase in ambient temperature above 25°C.

**Derate 2.5 mw/°C increase in ambient temperature above 25°C.

Per MIL -T-19500/30

The General Electric types 2N135, 2N136 and
2N137 are PNP alloy junction germanium tran-
sistors intended for RF and IF service in broadcast
receivers. Special control of manufacturing proc-
esses provides a narrow spread of characteristics,
resulting in uniformly high power gain at radio
frequencies. These types are obsolete and avail-
able for replacement only.

USAF 2N123

SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS: (25°C)
Voltage
Collector to Base (emitter open) VCR°
Collector to Emitter (RBE = 100 ohms) Vega
Collector to Emitter (RBE = 1 megohm) VCER

Current
Collector Ic
Emitter IE

Power
Collector Dissipation Pc

Temperature
Storage TSTG

ELECTRICAL CHARACTERISTICS: Design Center Values
(Common Base, 25°C, Vca = 5v, IE = 1 ma)

Voltage Feedback Ratio (f = 1 mc)
Output Capacitance (f = 1 mc )
Alpha Cutoff Frequency
Minimum Alpha Cutoff Frequency
Collector Cutoff Current

(Vca = 6v, Emitter open)
Base Current Amplification

(Common Emitter, f = 270 cps)

hrb
Cob
fhf b
fhf b

Ito

hf e

Outline Drawing No. 7

2N135, 2N136,
2N137

Outline Drawing No. 7

2N(35 2N135 2N137

-20 -20 -10 volts-20 -20 -10 volts-12 -12 - 6 volts

-50 -50 -50 ma
50 50 50 ma

100 100 100 mw

85 85 85 °C

7 7 7 X 10-3
14

4.5
14

6.5
14
10 memc

3 5 7 mc min

5 5 5 /La min

20 40 60
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TRANSISTOR SPECIFICATIONS

2N167
Outline Drawing No. 3

The General Electric Type 2N167 is an NPN germanium
high frequency, high speed switching transistor intended
for industrial and military applications where reliability is
of prime importance. In order to achieve the high degree of
reliability necessary in industrial and military applications,

the 2N167 is designed to pass 500G 1 millisecond drop shock, 10,000G centrifuge,
10G of vibration fatigue and 10G variable frequency vibration, as well as temperature
cycling, moisture, resistance, and operating and storage life tests as outlined in
M IL -T -19500A.

SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS: (25°C)

Voltage
Collector to Base Veso 30 volts

Collector to Emitter VCEO 30 volts

Emitter to Base VEBO 5 volts

Current
Collector Ic 75 ma

Emitter IE -75 ma

Power

Collector Dissipation (25°C)* Pc 65 mw

Total Transistor Dissipation (25°C) ** PT 75 mw

Temperature

Storage TSTG 85 °C

ELECTRICAL CHARACTERISTICS: (25°C)

D -C Characteristics Min. Typ. Max.

Forward Current Transfer Ratio
(Ic = 8 ma; VCE = IV) hFE 17 30 95

Base Input Voltage
(Is = .47 ma; Ic = 8 ma) VBE .3*** .41 .6***volts

Collector to Emitter Voltage
(Base Open; Ic = .3 ma) VCE 30 volts

Saturation Voltage (In = .8 ma; Ic = 8 ma) Vca<sAT) .35 volts

Cutoff Characteristics
Collector Current (Is = 0; Vcs = 15v) Ico .6 1.5 µa

Emitter Current (Ic = 0; VEs = 5v) TEO .35 5 µa

High Frequency Characteristics (Common Base)
(Vcx = 5v; 1E = I ma)

Alpha Cutoff Frequency fhfb 5.0 9.0 mc

Collector Capacity (f = 1 mc) Cob 2.5 6 AO

Voltage Feedback Ratio ( f = 1 mc) his 7.3 X 10-3

Low Frequency Characteristics (Common Base)
(Von = 5v; IE = -1 ma; f = 270 cps)

Forward Current Transfer Ratio bib .952 .985 .995***

Output Admittance hos .1*** .2 .7***Amhos

Input Impedance his 25*** 55 82***ohms

Reverse Voltage Transfer Ratio hrb 1.5 X 10-4

Switching Characteristics
(lc = 8 ma; = .8 ma; 1E2 = .8 ma)

Turn -on Time to .4 µsec

Storage Time t. .7 µsec

Fall Time tf .2 µsec

*berate 1.1 mw/°C increase in ambient temperature.
**Derate 1.25 mw/°C increase in ambient temperature.

***These limits are design limits within which 98% of production normally fall.
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TRANSISTOR SPECIFICATIONS

The General Electric Type 2N167A is an isolated case,
NPN germanium high frequency, high speed switching FiN 1 67A
transistor intended for industrial and military applica-
tions where reliability is of prime importance. In order Outline Drawing No. 3
to achieve the high degree of reliability necessary in
industrial and military applications, the 2N167A is designed to pass 500G 1 millisecond
drop shock, 10,000G centrifuge, 10G of vibration fatigue and 10G variable frequency
vibration, as well as temperature cycling, moisture resistance, and operating and
storage life tests as outlined in MIL -S -19500B. The 2N167A is available to MIL -S-
19500/11 specification as USAF 2N167A.

SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS: (25°C)
Voltage
Collector to Base We° 30 volts
Collector to Emitter WE° 30 volts
Emitter to Base VEBO 5 volts

Current
Collector Ic 75 ma
Emitter IE -75 ma

Power
Collector Dissipation (25°C)* Pc 65 mw
Total Transistor Dissipation (25°C)** PT 75 mw

Temperature
Storage TSTG 85 °C

ELECTRICAL CHARACTERISTICS: (25°C) unless otherwise specified
D -C Characteristics Min. Typ. Max.
Forward Current Transfer Ratio

(Ic = 8 ma; VCE = IV ) hFE 17 30 90
Base Input Voltage

( Ia = .47 ma; Ic = 8 ma) VBE .3*** .41 .6***volts
Collector to Emitter Voltage

(Base open; Ic = .3 ma) VcE 30 volts
Saturation Voltage

(TB = .8 ma; Ic = 8 ma) veEcsAT) .35 volts

Cutoff Characteristics
Collector Current

(In = 0; Vice = I5v; TA = 25°C) Ico .6 1.5 µa
Collector Current

(IE = 0; VCB = I5v; TA = 71°C) Ico II 29 µa
Emitter Current

(Ic = 0; VEB = 5v; TA = 25°C) IEo .4 1.5 ga
Emitter Current

( Ic = 0; VEB = 5v; TA = 71°C) IEo 8 Ma

High Frequency Characteristics (Common Base)
(We = 5v; 1E = 1 ma)

Alpha Cutoff Frequency fhfb 5.0 9.0 me
Collector Capacity (f = 1 mc) Cob 2.5 6 tti5
Voltage Feedback Ratio (f = 1 mc) hrb 7.3 X 10-3

Low Frequency Characteristics (Common Base)
(We = 5v; Ix r..--. -1 ma; f = 270 cps)

Forward Current Transfer Ratio htb .952 .985 .995***
Output Admittance hob .1*** .2 .7***Amhos
Input Impedance hi b 25*** 55 82*** ohms
Reverse Voltage Transfer Ratio hrb 1.5 X 10-4

Switching Characteristics
I lc = 8 ma; lin = .8 ma; les = .8 ma)

Turn -on Time to .4 µsec
Storage Time t. .7 µsec
Fall Time tt .2 gsec

*Derate 1.1 mw/°C increase in ambient temperature.
**Derate 1.25 mw/°C increase in ambient temperature.

***These limits are design limits within which 98% of production normally fall.

Per MIL -S -19500/11A USAF 2N167A
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TRANSISTOR SPECIFICATIONS

2N168A
Outline Drawing No. 3

The 2N168A is a rate-grown NPN germanium transistor
intended for mixer/oscillator and IF amplifier applications
in radio receivers. Special manufacturing techniques pro-
vide a low value and a narrow spread in collector capacity
so that neutralization in many circuits is not required. The

2N168A has a frequency cutoff control to provide proper operation as an oscillator or
autodyne mixer. For IF amplifier service the range in power gain in controlled to 3 db.
This type is obsolete and is not recommended for new designs. For new designs werecommend type 2N1086.

CONVERTER TRANSISTOR SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS: (25°C)

Voltage

Collector to Emitter (Rim = 10K) VCER 15 voltsCollector to Base (emitter open) VCBC 15 volts

Current
Collector Ic -20 ma

Power

Collector Dissipation at 25°C* Pc 65 mw

Temperature

Operating and Storage TA, TS16 -55 to 85 °C

TYPICAL ELECTRICAL CHARACTERISTICS: (25°C)

Converter Service

Maximum Ratings
Collector Supply Voltage Vcc 12 volts

Design Center Characteristics

Input Impedance (In = 1 ma; VCE = 5v; f = 455 KC) Zi 400 ohmsOutput Impedance (In = 1 ma; VCE = 5v; f = 455 KC)Z. 12 K ohmsVoltage Feedback Ratio
(In = 1 ma; Von = 5v; f = 1 mc) hrb 5 X 10-8Collector to Base Capacitance
(In = 1 ma; VCB = 5v; f = 1 mc) Cob 2.4 µpiFrequency Cutoff (In = 1 ma; Von = 5v) fhfb 8 meMinimum Frequency Cutoff (In = 1 ma; Von = 5v) fhi, 5 mc minCurrent Gain (Is = 2Oµa; VCE = 1V) hFE 40Minimum Base Current Gain larn 23Maximum Base Current Gain Mrs 135

Conversion Gain CG. 25 db
IF Amplifier Performance
Collector Supply Voltage Vcc 5 voltsCollector Current Ic 1 maInput Frequency f 455 KCAvailable Power Gain G. 39 dbMinimum Power Gain in typical IF circuit G. 28 db minPower Gain Range of Variation in typical IF circuit G. 3 db

Cutoff Characteristics

Collector Cutoff Current ( Von = 5v) Ico .5 µaCollector Cutoff Current (Vcn = 15v) Ico 5 µa max
*berate 1.1 mw/°C increase in ambient temperature over 25°C.
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TRANSISTOR SPECIFICATIONS

The General Electric Type 2N169 transistor is a rate -grown
NPN germanium device, intended for use as an IF amplifier
in broadcast radio receivers. The collector capacity is con-
trolled to a uniformly low value so that neutralization in
most circuits is not required. Power gain at 455KC in a
typical receiver circuit is restricted to a 2.5db spread. The uniformity provided by the
controls of collector capacity and power gain allows easy and economical incorporation
of this type into receiver circuits. The 2N169 has special high beta characteristics
required in the final stage of reflex IF circuits where large audio gain is desired.

2N169

IF TRANSISTOR SPECIFICATIONS

Outline Drawing No. 3

ABSOLUTE MAXIMUM RATINGS:

Voltage

(25°C)

Collector to Emitter (RBE = 10K) VCER 15 volts
Collector to Base (emitter open) VCR° 15 volts

Current
Collector Ic -20 ma

Power

Collector Dissipation at 25°C* Pc 65 mw

Temperature
Operating and Storage TA, TSTO -55 to 85 °C

ELECTRICAL CHARACTERISTICS:** (25°C)

Reflex IF Amplifier Service

Maximum Ratings
Collector Supply Voltage Vcc 9 volts

Design Center Characteristics
(In = 1 ma; VCE = 5v; f = 455 KC except as noted)

Input Impedance Zi 700 ohms
Output Impedance Z. 7 K ohms
Voltage Feedback Ratio (Vas = 5v; f = 1 mc) hrb 10 X 10-3
Collector to Base Capacitance (Vas = 5v; f = 1 mc) Cob 2.4
Frequency Cutoff (Vca = 5v) fhtl, 8 Inc
Base Current Gain (Ic = 1 ma; VCE = lv) hrE 72
Minimum Base Current Gain hvE 32

Reflex IF Amplifier Performance
Collector Supply Voltage Vcc 5 volts
Collector Current Ic 2 ma
Input Frequency 455 KC
Minimum Power Gain in Typical IF Circuit G. 27 db
Power Gain Range of Variation in Typical IF Circuit G. 2.5 db

Cutoff Characteristics
Collector Cutoff Current (Vas = 5v) Ico .5 /La
Collector Cutoff Current (Vca = 15v) Ion 5 kca max

*Derate 1.1 mw/°C increase in ambient temperature.
**All values are typical unless indicated as a min. or max.
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TRANSISTOR SPECIFICATIONS

2N169A
Outline Drawing No. 3

The General Electric type 2N169A is a rate -grown NPN
germanium transistor recommended for high gain RF and
IF amplifier service and general purpose industrial applica-
tions where high beta, high voltage, low collector capacity
and extremely low collector cutoff current are of prime
importance.

SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS: (25°C)
Voltage
Collector to Base VCBO 25 volts
Collector to Emitter VCEO 25 volts
Emitter to Base VEBO 5 volts

Current
Collector Ic -20 ma

Power
Collector Dissipation* Pc 65 mw

Temperature
Storage TSTG -55 to 85 °C
Operating Junction Tr -55 to 85 °C

ELECTRICAL CHARACTERISTICS: (25°C)
DC Characteristics Design

Collector to Emitter Voltage Min. Center Max.
(RBE = 10 K; Ic = .3 ma) VIER 25

Reach -through Voltage VET 25
Forward Current Transfer Ratio

(Ic = 1 ma; Vest = 1v) him 34 72 200
Base Input Voltage (Ic = 1 ma; VCE = 1V ) VBE .1** .14 .2**
Saturation Voltage (In = .5; Ic = 5 ma) VcEiseT) .13** .23 .4**
Collector Current (IE = 0; VcE = 15v) Ico .9 5 µa
Emitter Current (Ic = 0; VEB = 5v) IE0 .9 µa

Low Frequency Characteristics
(Vcs = 5v; Ix = 1 ma; f = 270 cps)

Forward Current Transfer Ratio hte 50
Output Admittance hob .2 µmhos
Input Impedance h I b 55 ohms
Reverse Voltage Transfer Ratio he, 2 X 10-4

High Frequency Characteristics
(VcE = 5v; IE = 1 ma; f = 455 KC)

Base Spreading Resistance 1'13 250 ohms
Output Capacity Cob 2.4 µµf
Forward Current Transfer Ratio hi, 30
Output Admittance hoe 140 µmhos
Input Impedance hie 700 ohms
Reverse Voltage Transfer Ratio hrb 10 X 10-s
Noise Figure (Bw = 1 cycle)

(f =1 KC; VCB = 1.5v; IE = -0.5 ma)
(Common Emitter) NF 12 db

Power Gain (Typical IF Test Circuit) Ge 27 28 db
Available Power Gain Ge 39 db
Cutoff Frequency fhfb 9 me

*Derate 1.1 mw/°C increase in ambient temperature.
**These limits are design limits within which 98% of production normally falls.

2N170 The 2N170 is a rate grown NPN germanium transistor in-
tended for use in high frequency circuits by amateurs,
hobbyists, and experimenters. The 2N170 can be used in

Outline Drawing No. 3 any of the many published circuits where a low voltage,
high frequency transistor is necessary such as for re-

generative receivers, high frequency oscillators, etc. If you desire to use the 2N170
NPN transistor in a circuit showing a PNP type transistor, it is only necessary to
change the connections to the power supply.

SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS:
Voltage

25°C)

Collector to Emitter ( ABE = 10K) VCER 9 volts

Current
Collector Ic 20 ma

Power
Collector Dissipation* Pc 25 mw

Temperature
Operating and Storage TA, TSTO -55 to 85 °C
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TYPICAL ELECTRICAL CHARACTERISTICS: (25°C)
High Frequency Characteristics

TRANSISTOR SPECIFICATIONS

(IE = 1 ma; WE =5y; f =455 KC except as noted)
Input Impedance (Common Emitter) Z 800 ohms
Output Impedance (Common Emitter) Z. 15 K ohms
Collector to Base Capacitance (f = 1 mc) Cob 2.4 µid
Frequency Cutoff (Vca = 5v) has 4 mc
Power Gain (Common Emitter) G. 22 db
Low Frequency Characteristics

(lc = 1 ma; Vex = 5v;f = 270 cps)
Input Impedance his 55 ohms
Voltage Feedback Ratio hob 4 X 10-4
Current Gain hrb . 95
Output Admittance hob .5 X 10-8 µmhos
Common Emitter Base Current Gain hr. 20
Cutoff Characteristics
Collector Cutoff Current (Vat = 5v) Ico 3 /La max

*Derate 1 mw/°C increase in ambient temperature.

The 2N186A, 2N187A, and 2N188A are medium
power PNP transistors intended for use as audio
output amplifiers in radio receivers and quality
sound systems. By unique process controls the
current gain is maintained at an essentially con-
stant value for collector currents from 1 ma to
200 ma. This linearity of current gain provides
low distortion in both Class A and Class B circuits, and permits the use of any two
transistors from a particular type without matching in Class B Circuits. These types
may be substituted for Types 2N186, 2N187, 2N188 respectively.

2N186A, 2N187A
2N188A

SPECIFICATIONS

Outline Drawing No. 1

ABSOLUTE MAXIMUM RATINGS: (25°C)
Voltage
Collector to Base ( emitter open) VCR° -25 volts
Collector to Emitter (Rao :5_ 10 K) VIER -25 voltsEmitter to Base (collector open) VEBO -5 volts
Current
Collector Ic -200 ma
Power
Collector Dissipation* Pc 200 mw
Temperature
Operating TA -55 to 75 °C
Storage TSTG -55 to 85 °C
TYPICAL ELECTRICAL CHARACTERISTICS: (25°C)
Class B Audio Amplifier Operation 2N186A 2N187A 2N188A

(Values for two transistors. Note that matching
is not required to hold distortion to less than
5% for any two transistors from a type)

Maximum Class B Ratings (Common Emitter)
Collector Supply Voltage Vcc -12 -12 -12 volts
Power Output (Distortion less than 5%) P. 750 750 750 mw
Design Center Characteristics
Input Impedance ( large signal base to base)

(Ala = 100 ma) hie 1200 2000 2600 ohms
Base Current Gain

( VcE = -1v; Ic = -20 ma) hFE 19-31 25-42 34-65
Base Current Gain

( VcE = -1v; Ic = -100 ma) hFE 24 36 54
Collector Capacity

(Vca = -5v; IE = -1 ma; f = 1 mc) Cob 40 40 40 itlif
Frequency Cutoff (VCB = -5v; 1E =-1 ma) fbtb .8 1.0 1.2 mc
Class B Circuit Performance (Common Emitter)
Collector Voltage Vcc -12 -12 -12 volts
Minimum Power Gain

at 100 mw power output G. 24 26 28 min db
Class A Audio Amplifier Operation (Common Emitter)

(Vcc = 12v; IE = 10 ma)
Power Gain at 50 mw power output G. 34 36 38 db
Cutoff Characteristics
Maximum Collector Cutoff Current

(VCB0 = -25v) Ico -16 -16 -16 max µa
Maximum EmitteroCutoff Current

(Vaao = -5v) lao -10 -10 -10 max µa
*Derate 4.0 mw/°C increase in ambient temperature above 25°C.
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TRANSISTOR SPECIFICATIONS

2N189, 2N190,
2N191, 2N192

Outline Drawing No. 1

The 2N189, 2N190, 2N191, and 2N192 are alloy
junction PNP transistors intended for service in
transistorized audio amplifiers. By control of
transistor characteristics during manufacture, a
specific power gain is provided for each type.
Special processing techniques and the use of
hermetic seals provides stability of these char-
acteristics throughout life.

SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS: (25°C)
Voltage
Collector to Emitter (RBE 5_ 10 K) VCER -25 volts
Current
Collector Ic -50 ma
Power
Collector Dissipation (25°C)* Pc 75 mw
Temperature
Operating Ts -55 to 60 °C
Storage TSTG -55 to 85 °C

TYPICAL ELECTRICAL CHARACTERISTICS: (25°C)
Audio Driver Class A Operation 2N189 2N190 2N191 2N192

(Values for one transistor driving a transformer
coupled output stage)

Maximum Class A Ratings (Common Emitter)
Collector Supply Voltage Vcc -12 -12 -12 -12 volts
Design Center Characteristics
Current Gain ( VcE = -1v; Ic = -20 ma) hEE 25-42 34-65 50-125 70-176
Collector Capacity ( Vcs = -5v; IR = -1 ma) Cob 40 40 40 40 p,,uf
Frequency Cutoff ( Vert = -5v; IE = -1 ma) fin .8 1.0 1.2 1.5 me
Noise Figure ( VcB = -5v; In = -1 ma;

f = 1 KC; BW = 1 cycle ) NF 15 15 15 15 db
Audio Circuit Performance (Common Emitter)
Collector Supply Voltage Vcc -12 -12 -12 -12 volts
Emitter Current IE -1 -1 -1 -1 ma
Minimum Power Gain at 1 mw power output Ge 37 39 41 43 min db
Small Signal Characteristics

(Vc = -5v; 1E = -1 ma; f = 1 KC)
Input Impedance hib 29 29 29 29 ohms
Input Impedance base to emitter hie 1000 1400 1800 2200 ohms
Voltage Feedback Ratio hrb 4 4 4 4 X 10-4
Forward Current Transfer Ratio hie 32 42 67 90
Current Amplification hib -.97 -.977 -.985 -.989
Output Admittance hob 1.0 .8 .6 .5 µmhos
Cutoff Characteristics
Maximum Collector Cutoff Current

(VCR = -25v) Ico -16 -16 -16 -16 max µa
*berate 2.0 mw/°C increase in ambient temperature above 25°C.

2N241A
Outline Drawing No. 1

The 2N241A is a medium power PNP transistor intended
for use as an audio output amplifier in radio receivers and
quality sound systems. By unique process controls the cur-
rent gain is maintained at an essentially constant value for
collector currents from 1 ma to 200 ma. This linearity of

current gain insures low distortion in both Class A and Class B circuits, and permits the
use of any two transistors from a particular type without matching in Class B circuits.

SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS: (25°C)
Voltage
Collector to Base ( emitter open) VCBO -25 volts
Collector to Emitter ( RBE <10 K) VCER -25 volts
Emitter to Base ( collector open) VERO - 5 volts
Current
Collector Ic -200 ma
Power
Collector Dissipation Pc 200* mw
Temperature
Operating Ti -55 to 75 °C
Storage TSTG -55 to 85 °C
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TRANSISTOR SPECIFICATIONS

TYPICAL ELECTRICAL CHARACTERISTICS: (25°C)
Class B Audio Amplifier Operation

(Values for two transistors. Note that matching
is not required to hold distortion to less than
5% for any two transistors from a type)

Maximum Class B Ratings (Common Emitter)
Collector Supply Voltage Vcc -12 voltsPower Output (Distortion less than 5%) Po 750 mw
Design Center Characteristics
Input Impedance large signal base to base

(PIE = 100 ma) hie 4000 ohmsForward Current Gain (Vcs = -lv; Ic = 20 ma) hrE 50 to 125Current Gain (Vice = -lv; Ic = -100 ma) hrx 73
Collector Capacity (VCB = -5v; 1E = 1 ma; f = 1 me) Cob 40 AOFrequency Cutoff (Vcs = -5v; IE = 1 ma) flab 1.3 me
Class B Circuit Performance (Common Emitter)
Collector Voltage Vcc -12 volts
Minimum Power Gain at 100 mw power output G. 31 min db
Class A Audio Amplifier Operation (Common Emitter)

(Vcc = -12v; IE = 10 ma)
Power Gain at 50 mw power output Ge
Cutoff Characteristics
Maximum Collector Cutoff Current (WE° = -25v) Ico -16 max µa
Maximum Emitter Cutoff Current ( \Trim = -5v) TEO -10 max iia

*Derate 4 mw/°C increase in ambient temperature within range 25°C to 75°C.

The 2N265 is an alloy junction PNP transistor intended
for driver service in transistorized audio amplifiers. By
control of transistor characteristics during manufacture, a
specific power gain is provided for each type. Special
processing techniques and the use of hermetic seals pro-
vides stability of these characteristics throughout life.

SPECIFICATIONS

40 db

2N265
Outline Drawing No. 1

ABSOLUTE MAXIMUM RATINGS: (25°C)
Voltage
Collector to Emitter (RBE 10 K) VCER -25 volts
Current
Collector Ic -50 ma
Power
Collector Dissipation ( 25°C)* Pc 75 mw
Temperature
Operating Ta -55 to 60 °C
Storage TSTC -55 to 85 °C
ELECTRICAL CHARACTERISTICS: (25°)**
Audio Driver Class A Operation

(Values for one transistor driving a transformer
coupled output stage)

Maximum Class A Ratings (Common Emitter)
Collector Supply Voltage Vcc -12 volts
Design Center Characteristics
Ilnput Impedance base to emitted (Jr = -1 ma) hio 4000 ohms
Current Gain ( VcE = -lv; Ic = -20 ma) her 99-176
Collector Capacity (VCB = -5v; Ili -1 ma) Cob 40 itkifFrequency Cutoff (VCB = -5v; IE = -1 ma) flab 1.5 meNoise Figure (Vcs = -5v; IE = -1 ma;

f = 1 KC; BW = 1 cycle) NF 8 db
Audio Circuit Performance (Common Emitter)
Collector Supply Voltage Vcc -12 volts
Emitter Current IE 1 ma
Minimum Power Gain at 1 mw power output G. 45 min db
Small Signal Characteristics (Common Base)

(Vc = -5v; IE = -1 ma; f = 1 KC)
Input Impedance hib 29 ohms
Voltage Feedback Ratio hob 4 X 10-4
Forward Current Transfer Ratio hte 115
Output Admittance hob .5 µmhos
Cutoff Characteristics
Maximum Collector Cutoff Current (Vow = -25v) Ico -16 max as

*Derate 2.0 mw/°C increase in ambient temperature above 25°C.
**Values are typical unless indicated as minimum or maximum.
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TRANSISTOR SPECIFICATIONS

2N292, 2N293
Outline Drawing No. 3

Types 2N292 and 2N293 are rate grown NPN
germanium transistors intended for amplifier ap-
plications in radio receivers. Special manufactur-
ing techniques provide a low value and a narrow
spread in collector capacity so that neutralization

in many circuits is not required. The type 2N293 is intended for receiver circuits
where high gain is needed. In IF amplifier service the range in power gain is controlled
to 2.5 db.

IF TRANSISTOR SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS: (25°C)

Voltage

2N292 2N293

Collector to Emitter (Ras = 10K) VCER 15 15 volts

Collector to Base (emitter open) VCR() 15 15 volts

Current
Collector Ic 20 20 ma

Power
Collector Dissipation* Pc 65 65 mw

Temperature
Operating and Storage TA, Tsxa -55 to 85 -55 to 85 °C

ELECTRICAL CHARACTERISTICS: (25°C)**
IF Amplifier Service
Maximum Ratings
Collector Supply Voltage Vcc 12 12 volts

Design Center Characteristics
Input Impedance (In = 1 ma; VCE = 5v;.f = 455 KC) Zi 500 350 ohms

Output Impedance
( IE --_ 1 ma; VCE = 5v; f = 455 KC) Z. 15 15 K ohms

Voltage Feedback Ratio
(IE = 1 ma; Vcs = 5v; f = 1 mc) hre 10 5 >00-3

Collector to Base Capacitance
(Ix = 1 ma; Veil = 5v; f = 1 mc) Cob 2.4 2.4 µµf

Frequency Cutoff (Ix = 1 ma; Vcs = 5v) fhfb 5 8 mc
Base Current Gain (Vcs = lv; Ic = 1 ma) FIFE 25 25
Minimum Base Current Gain FIFE 8 8

Maximum Base Current Gain his 51 51

IF Amplifier Performance
Collector Supply Voltage Vcc 5 5 volts

Collector Current It., 1 1 ma

Input Frequency ; 455 455 KC

Minimum Power Gain in Typical IF Test Circuit Ge 25.5 28 dbmin
Power Gain Range of Variation in Typical IF Circuit Ge 2.5 2.5 db

Cutoff Characteristics
Collector Cutoff Current (Vcs = 5v) Ico .5 .5 µa
Collector Cutoff Current (Vert = 15v) Ico 5 5 µa max

*Derate 1.1 mw/°C increase in ambient temperature over 25°C.
**All values are typical unless indicated as a min. or max.

2N319, 2N320,
2N321

Outline Drawing No. 2

The 2N319, 2N320, and 2N321 are miniaturized
versions of the 2N186A series of G -E transistors.
Like the prototype versions, the 2N319, 2N320,
and 2N321 are medium power PNP transistors
intended for use as audio output amplifiers in
radio receivers and quality sound systems. By
unique process controls the current gain is main-

tained at an essentially constant value for collector currents from 1 ma to 200 ma.
This linearity of current gain provides low distortion in both Class A and Class B cir-
cuits, and permits the use of any two transistors from a particular type without match-
ing in Class B Circuits.

SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS:
Voltage

(25°C)

Collector to Emitter (Ras ...5_ 10 K) VCER -20 volts

Collector to Base Vcao -30 volts

Emitter to Base VEBO -3 volts

Current
Collector Ic -200 ma
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Power

TRANSISTOR SPECIFICATIONS

Collector Dissipation* Pc 225 mw
Temperature
Operating T7 -65 to 85 °CStorage Twro -65 to 100 °C
TYPICAL ELECTRICAL CHARACTERISTICS: (25°C)
D.C. Characteristics 2N319 2N320 2N321Current Gain ( Ic = -20 ma;

Vcs = -lv) hips 25-42 34-65 53-121Current Gain ( Ic = -100 ma;
Vcs = -IV) has 31 45 70Collector to Emitter Voltage (RBE = 10K;
Ic = .6 ma) VCER -20 -20 -20 voltsCollector Cutoff Current (Vcs -25v) Ico -8 -8 -8 µaMaximum Collector Cutoff Current
(Vcs = -25v) Ico -16 -16 -16 µaEmitter Cutoff Current ( VEB = -3v) Is° -2 -2 -2 µaSmall Signal Characteristics (Common Base)
)Vcs = -5v; lu = 1 ma; f = 270 cps)

Frequency Cutoff fhtb 2.0 2.5 3.1 mcCollector Capacity (f = 1 mc) Cob 25 25 25 AONoise Figure NF 6 6 6 dbInput Impedance bib 30 30 30 ohmsThermal Characteristics
Thermal Resistance
Without Heat Sink (Junction to Air) .27 .27 .27 °C/mwWith Clip On Heat Sink (Junction to Case) .2 .2 .2 °C/mwPerformance Data (Common Emitter)
Class A Power Gain (Vcc = -9v) G. 33 35 38 dbPower Output P. 50 50 50Class B Power Gain (Vcc = -9v) Ge 26 28 31 (1117Power Output Po 100 100 100 mw

*Derate 3.7 mw/°C increase in ambient temperature above 25°C.

The 2N322, 2N323, 2N324 are alloy junction
PNP transistors intended for service in audio
amplifiers. They are miniaturized versions of the
2N190 series of G.E. transistors. By control of
transistor characteristics during manufacture, a
specific power gain is provided for each type.
Special processing techniques and the use of
hermetic seals provides stability of these characteristics throughout life.

2N322, 2N323,
2N324

SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS: (25°C)
Voltage

Outline Drawing No. 2

Collector to Emitter (RBE 10 K) VCERCollector to Base Vcrio
Current
Collector Ic
Power

-16
-16

-100

volts
volts

ma
Collector Dissipation Pc 140 mwTemperature
Operating TA -65 to 60 °CStorage Tsiu -85 to 85 °C
TYPICAL ELECTRICAL CHARACTERISTICS: (25°C)
D.C. Characteristics 2N322 2N323 2N324
Forward Current Transfer Ratio

(VcE = -lv; Ic = -20 ma) hFE 34-65 53-121 72-198Collector to Emitter Voltage
(REs = 10K; Ic = -.6 ma) VCER -16 -16 ltsCollector Cutoff Current (Vcs = -16v) Ico -10 -10 -10 µaMax. Collector Cutoff Current (VCB = -16v) Ico -16 -16

Small Signal Characteristics
Frequency Cutoff

(VCB = -5v; IE . -1 ma) fhfb 2.0 2.5 3.0 mcCollector Capacity (Vcs = -5v; IE = 1 ma )Cob 25 25 25 µidNoise Figure (Vcs = -5v; In = 1 ma) NF 6 6 6 dbInput Impedance (WE = -5v; In = 1 ma) hi. 2200 2600 3300 ohmsCurrent Gain (VcE = -5v; Is = 1 ma) ht. 45 68 85
Thermal Characteristics
Thermal Resistance Junction to Air 4 4 4 mw/°CPerformance Data Common Emitter
Power Gain Driver ( Vcc = 9v) G. 42 43 44 dbPower Output P. 1 1 1 mw
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TRANSISTOR SPECIFICATIONS

2N332
Outline Drawing No. 4

The General Electric Type 2N332 is a silicon NPN transistor
intended for amplifier applications in the audio and radio
frequency range and for general purpose switching circuits.
They are grown junction devices with a diffused base and
are manufactured in the Fixed -Bed Mounting design for

extremely high mechanical reliability under severe conditions of shock, vibration,
centrifugal force, and temperature. These transistors are hermetically sealed in welded
cases. The case dimensions and lead configuration conform to JEDEC standards and
are suitable for insertion in printed boards by automatic assembly equipment. All tran-
sistors are cycle -aged at a temperature of 200°C for a minimum of 160 hours to enhance
their electrical stability.

SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS: (25°C)

Voltage
Collector to Base (Emitter Open) Vcno 45 volts
Emitter to Base (Collector Open) VERO 1 volt

Current
Collector Ic 25 ma

Power
Collector Dissipation (25°C) Pc 150 mw
Collector Dissipation (100°C) Pc 100 mw
Collector Dissipation (150°C) Pc 50 mw

Temperature
Storage TSTG -65 to 200 °C
Operating TA -65 to 175 °C

ELECTRICAL CHARACTERISTICS: (25°C)
(Unless otherwise specified VCR = 5v;
IE = -1 ma; f = 1 kc)

Small Signal Characteristics Min. Nom. Max.

Current Transfer Ratio
Input Impedance
Reverse Voltage Transfer Ratio
Output Admittance
Power Gain

(We = 20v; IE = -2 ma; f = 1 kc;
Ro = 1K ohms; RL = 20K ohms)

Noise Figure

hr.
his
hob
hob

G.
NF

9
30

.25
0.0

15
43
1.5
.25

35
20

22
80

5.0
1.2

ohms
X 10-4
µmhos

db
db

High Frequency Characteristics
Frequency Cutoff

(Vcs = 5v; IE - -1 ma) fbrb 10 me
Collector to Base Capacity

(Ven = 5v; 1E = -1 ma; f = 1 mc) Cob 7 AO
Power Gain (Common Emitter)

(Vox = 20v; IE = -2 ma; f = 5 mc) G. 14 db

D -C Characteristics
Common Emitter Current Gain

(Vice = 5v; Ic = 1 ma) IIFE 14
Collector Breakdown Voltage

(Icno = 50 µa; IE = 0; TA = 25°C) VCRO 45 volts
Collector Cutoff Current

(Veil = 30v; 1E = 0; TA = 25°C) Icso .002 2 "La

(MI = 5v; IE = 0; TA = 150°C) Ica° 50 'La
Collector Saturation Resistance

(In = 1 ma; Ic = 5 ma) Rsc 90 200 ohms

Switching Characteristics
(IE, = 0.5 ma; In., = -0.5 ma;
Ic = 5.0 ma)

Delay Time td .7 µsec
Rise Time to .65 µsec
Storage Time t. .4 j.isec
Fall Time tr .13 esee

2N332 Certified to meet MIL -T -19500/37A

Outline Drawing No. 4
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TRANSISTOR SPECIFICATIONS

The General Electric Type 2N333 is a silicon NPN transistor
intended for amplifier applications in the audio and radio
frequency range and for general purpose switching circuits.
They are grown junction devices with a diffused base and
are manufactured in the Fixed -Bed Mounting design for
extremely high mechanical reliability under severe conditions of shock, vibration,
centrifugal force, and temperature. These transistors are hermetically sealed in welded
cases. The case dimensions and lead configuration conform to JEDEC standards and
are suitable for insertion in printed boards by automatic assembly equipment. All tran-
sistors are cycle -aged at a temperature of 200°C for a minimum of 160 hours to enhance
their electrical stability.

2N333

SPECIFICATIONS

Outline Drawing No. 4

ABSOLUTE MAXIMUM RATINGS:
Voltage

(25°C)

Collector to Base (Emitter Open) VCR° 45 voltsEmitter to Base (Collector Open) VERO 1 volt

Current
Collector Ic 25 ma

Power
Collector Dissipation (25°C) Pc 150 mwCollector Dissipation (100°C) Pc 100 mwCollector Dissipation (150°C) Pc 50 mw

Temperature
Storage TSTG -65 to 200 °COperating TA -65 to 175 °C

ELECTRICAL CHARACTERISTICS: (25°C)
(Unless otherwise specified Vcs = 5v;
IE = -1 ma; f = 1 kc)

Small Signal Characteristics Min. Nom. Max.
Current Transfer Ratio hfe 18 30 44Input Impedance hib 30 43 80 ohmsReverse Voltage Transfer Ratio hrb .25 2.0 10.0 X 10-*Output Admittance hob 0.0 .2 1.2 µmhosPower Gain

(Vcs = 20v; IE = -2 ma; f = 1 kc;
RG = 1K ohms; RI, = 20K ohms) Go 39 dbNoise Figure NF 15 db

High Frequency Characteristics
Frequency Cutoff

(Vcs = 5v; IE = -1 ma) fbob 12 MCCollector to Base Capacity
(Vcs = 5v; IE = -1 ma; f = 1 mc) Cob 7 µµfPower Gain (Common Emitter)
(Ves = 20v; IE =. -2 ma; f = 5 mc) Ge 14 db

D -C Characteristics
Common Emitter Current Gain

(VcE = 5v; Ic = 1 ma) 11E13 31
Collector Breakdown Voltage

(Ica() = 50 µa; IE = 0; TA = 25°C) Vcso 45 voltsCollector Cutoff Current
(Vcs =. 30v; IE = 0; TA = 25°C) Ica() .002 2 µa(Yes = 5v; IE = 0; TA = 150°C) Ica° 50 µa

Collector Saturation Resistance
(In = 1 ma; Ic ---- 5 ma) Rsc 80 200 ohms

Switching Characteristics
(Is, = 0.5 ma; Ise = -0.5 ma;
Ic = 5.0 ma)

Delay Time td .65 µsecRise Time to .55 µsec
Storage Time t0 .75 µsecFall Time to .14 µsee
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TRANSISTOR SPECIFICATIONS

USN 2N333 I
Per MIL -T -19500/37A

Outline Drawing No. 4

2N334 The General Electric Type 2N334 is a silicon NPN transistor
intended for amplifier applications in the audio and radio
frequency range and for general purpose switching circuits.

Outline Drawing No. 4 They are grown junction devices with a diffused base and
are manufactured in the Fixed -Bed Mounting design for

extremely high mechanical reliability under severe conditions of shock, vibration,
centrifugal force, and temperature. These transistors are hermetically sealed in welded
cases. The case dimensions and lead configuration conform to JEDEC standards and
are suitable for insertion in printed boards by automatic assembly equipment. All tran-
sistors are cycle -aged at a temperature of 200°C for a minimum of 160 hours to enhance
their electrical stability.

SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS: (25°C)
Voltage
Collector to Base (Emitter Open)
Emitter to Base (Collector Open)

Current
Collector

Power
Collector Dissipation (2.5°C)
Collector Dissipation (100°C)
Collector Dissipation (150°C)

Temperature
Storage
Operating

ELECTRICAL CHARACTERISTICS: (25°C)
(Unless otherwise specified VCB = 5v;
IE = -1 ma; f = 1 kc)

Small Signal Characteristics
Current Transfer Ratio
Input Impedance
Reverse Voltage Transfer Ratio
Output Admittance
Power Gain

( VcE = 20v; IE = -2 ma; f = 1 kc;
RG = 1K ohms; RI, = 20K ohms)

Noise Figure

High Frequency Characteristics
Frequency Cutoff

(WE = 5v; IE = -1 ma)
Collector to Base Capacity

(Vca = 5v; IE = -1 ma; f = 1 mc)
Power Gain (Common Emitter)

( Vol = 20v; IE = -2 ma; f = 5 mc)
D -C Characteristics
Common Emitter Current Gain

(VCE = 5v; Ic = 1 ma)
Collector Breakdown Voltage

(Icao = 50 µa; IE = 0; TA = 25°C)
Collector Cutoff Current

(Vca = 30v; IF; = 0; TA = 25°C)
( Vca = 5v; IE = 0; TA = 150°C)

Collector Saturation Resistance
(Ia = 1 ma; Ic = 5 ma)

Switching Characteristics
(Is, = 0.5 ma; 1132= -0.5 ma;
Ic = 5.0 ma)

Delay Time
Rise Time
Storage Time
Fall Time

WE°
VEBO

45
1

volts
volt

Ic 25 ma

Pc 150 mw
Pc 100 mw
Pc 50 mw

Tsro -65 to 200 °C
TA -65 to 175 °C

Min. Nom. Max.
hfe 18 39 90
hib 30 43 80 ohms
hrb .5 2.5 10.0 X 10-4
hob 0.0 .18 1.2 µmhos

Ge 40 db
NF 15 db

fh f I, 8.0 13 mc

Cob 7 µµf

G. 13 db

hFE 38

VCR° 45 volts

ICB0 .002 2 µa
IcEo 50 µa

Rsc 75 200 ohms

to .65 µsec
tr .55 µsec
t. .80 µsec
tr .15 µsec
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TRANSISTOR SPECIFICATIONS

Per MIL -T -19500/37A USN 2N334

The General Electric Type 2N335 is a silicon NPN transistor
intended for amplifier applications in the audio and radio
frequency range and for general purpose switching circuits.
They are grown junction devices with a diffused base and Outline Drawing No. 4
are manufactured in the Fixed -Bed Mounting design for
extremely high mechanical reliability under severe conditions of shock, vibration,
centrifugal force, and temperature. These transistors are hermetically sealed in welded
cases. The case dimensions and lead configuration conform to JEDEC standards and
are suitable for insertion in printed boards by automatic assembly equipment. All tran-
sistors are cycle -aged at a temperature of 200°C for a minimum of 160 hours to enhance
their electrical stability.

Outline Drawing No. 4

2N335

SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS: (25'C)
Voltage
Collector to Base (Emitter Open) VCBO 45 volts
Emitter to Base (Collector Open) VEBO 1 volt

Current
Collector Ic 25 ma

Power
Collector Dissipation (25°C) Pc 150 mw
Collector Dissipation (100°C) Pc 100 mw
Collector Dissipation (150°C) Pc 50 mw

Temperature
Storage TSTG -85 to 200 °C
Operating TA -65 to 175 °C

ELECTRICAL CHARACTERISTICS: (25°C)
(Unless otherwise specified Vcs = 5v;
IE = -1 ma; f = 1 BO

Small Signal Characteristics Min. Nom. Max.
Current Transfer Ratio hfe 37 60 90
Input Impedance h lb 30 43 80 ohms
Reverse Voltage Transfer Ratio hrb .5 3.0 10.0 X 10-a
Output Admittance hob 0.0 .15 1.2 µmhos
Power Gain

(VcE = 20v; IE = -2 ma; f = 1 Ire;
RE = 1K ohms; Rr. = 20K ohms) Go 42 db

Noise Figure NF 12 db

High Frequency Characteristics
Frequency Cutoff

(Vcs = 5v; IE = -1 ma) fhf b 14 mc
Collector to Base Capacity

(Yes = 5v; IE = -1 ma; f = 1 mc) Cob 7 AOPower Gain (Common Emitter)
(Vcs = 20v; IE = -2 ma; f = 5 mc) Go 13 db

D -C Characteristics
Common Emitter Current Gain

(VcE = 5v; Ic = I ma) hFE 56
Collector Breakdown Voltage

(Ica() = 50 µa; IE = 0; TA = 25°C) VCBO 45 volts
Collector Cutoff Current

(Vcs = 30v; IE = 0; TA = 25°C) Icso .002 2 µa
(Vcs = 5v; IE = 0; TA = 150°C) Ica° 50 µa

Collector Saturation Resistance
(Is = 1 ma; Ic = 5 ma) Rsc 70 200 ohms

Switching Characteristics
(Isi = 0.5 ma; Is, =- -0.5 ma;

Ic .,-.- 5.0 ma )
Delay Time to .6 µsec
Rise Time tr .5 µsec
Storage Time t. .9 µsee
Fall Time tr .15 itsec
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TRANSISTOR SPECIFICATIONS

USN 2N335
Outline Drawing No. 4

Per MIL -T -19500/37A

I 2N336
The General Electric Type 2N336 is a silicon NPN transistor
intended for amplifier applications in the audio and radio
frequency range and for general purpose switching circuits.

Outline Drawing No. 4 They are grown junction devices with a diffused base and
are manufactured in the Fixed-Bed Mounting design for

extremely high mechanical reliability under severe conditions of shock, vibration,
centrifugal force, and temperature. These transistors are hermetically sealed in welded
cases. The case dimensions and lead configuration conform to JEDEC standards and
are suitable for insertion in printed boards by automatic assembly equipment. All tran-
sistors are cycle -aged at a temperature of 200°C for a minimum of 160 hours to enhance
their electrical stability.

SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS: (25°C)

Voltage
Collector to Base (Emitter Open) VCBO 45 volts
Emitter to Base ( Collector Open) VEBO 1 volt

Current
Collector Ic 25 ma

Power
Collector Dissipation (25°C) Pc 150 mw
Collector Dissipation (100°C) Pc 100 mw
Collector Dissipation (150°C) Pc 50 mw

Temperature
Storage TSTG -65 to 200 °C

Operating TA -65 to 175 °C

ELECTRICAL CHARACTERISTICS: (25°C)
(Unless otherwise specified Vcs = 5v;

IE = -1 ma; f =1 kc)
Small Signal Characteristics Min. Nom. Max.

Current Transfer Ratio hre 76 120 333
Input Impedance hib 30 43 80 ohms

Reverse Voltage Transfer Ratio hrb .5 4.0 10.0 X 10-4

Output Admittance hob 0.0 .13 1.2 µmhos

Power Gain
(Vcs = 20v; IE = -2 ma; f = 1 kc;
Ro = 1K ohms; RL = 20K ohms) Ge 43 db

Noise Figure NF 10 db

High Frequency Characteristics
Frequency Cutoff

(Vert = 5v; In = -1 ma) fit', 15 me

Collector to Base Capacity
(Ws = 5v; IE = -1 ma; f = I mc) Cob 7 AO

Power Gain (Common Emitter)
(Yes = 20v; IE = -2 ma; f = 5 mc) Ge 12 db

D -C Characteristics
Common Emitter Current Gain

( Vcs = 5v; Ic = 1 ma) hEE 100
Collector Breakdown Voltage

(les° = 50 a; IE = 0; TA = 25°C) Vcso 45 volts
Collector Cutoff Current

(Vcs = 30v; IE = 0; TA = 25°C) ICB0 .002 2 µa
(Vcs = 5v; IE = 0; TA = 150°C) Icao 50 µa

Collector Saturation Resistance
(Is = 1 ma; Ic = 5 ma) Rsc 70 200 ohms

Switching Characteristics
(Is, = 0.5 ma; IB2= -0.5 ma;
Ic = 5.0 ma)

Delay Time td .5 Ssec
Rise Time tr .4 µsec
Storage Time t, 1.4 µsec
Fall Time tr .2 Asec
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TRANSISTOR SPECIFICATIONS

The General Electric Types 2N332A, 2N333A,
2N334A, 2N335A, 2N336A, are silicon NPN 2N332A - 2N336A
transistors intended for amplifier applications
in the audio and radio frequency range and Outline Drawing No. 4
for general purpose switching circuits. They
are grown junction devices with a diffused base and are manufactured in the Fixed -
Bed Mounting design for extremely high mechanical reliability under severe condi-
tions of shock, vibration, centrifugal force, and temperature. These transistors are
hermetically sealed in welded cases. The case dimensions and lead configuration
conform to JEDEC standards and are suitable for insertion in printed boards by
automatic assembly equipment.

SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS: (25°C)
Voltage
Collector to Base VCBO
Collector to Emitter Vcuo
Emitter to Base VEBO

Current

45 volts
45 volts

4 volts

Collector Ic 25 ma
Power
Collector Dissipation RMS Pc @ 25°C (Free Air) 500 mw

Pc g 150°C (Free Air) 83 mw
Temperature
Storage TSTO -65 to 200 °C
Operating Junction Tx -65 to 175 °C

2N332A, 2N333A

ELECTRICAL CHARACTERISTICS: (25°C)
2N332A 2N333A

D -C Characteristics Min. Typ. Max. Min. Typ Max.
Collector to Base Voltage

(Ic = 50 µa, Is = 0) VCBO 45 45 volts
Collector to Emitter Voltage

(Is = 0, Ic = 1 ma) Vcso 45 45 volts
Emitter to Base Voltage

(IC = 100 µa, Ic = 0) VEBO 4 4 volts
Forward Current Transfer Ratio

(low current)
(Ic = 1 ma, Vice = 5v) brill 16 27

Saturation Voltage
(Is = 1 ma, Ic = 5 ma) VCE(BAT) .5 1.0 .45 1.0 volts

Cutoff Characteristics
Collector Current

(Ws = 30v; Is = 0;
TA = 25°C) ICB0 1 500 1 500 maa

Collector Current
(high temperature)
(Vca = 30v; Is = 0;
TA = 150°C) Ica() 1 20 1 20 µa

Collector Emitter Current
(VcE = 30v; Ia = 0;
TA = 150°C) Icuo 60 60 µa

Low Frequency Characteristics
(Von = 5v; In = -1 ma;
f = 1000 cps)

Forward Current Transfer Ratio hr. 9 16 22 18 30 44
Input Impedance hie 270 750 1760 540 1300 3520 ohms
Output Admittance h.. 0.0 3.5 20 0.0 5.0 25 µmhos
Voltage Feedback Ratio hr. .7 1.0 X 10-4
Input Impedance hib 30 40 80 30 40 80 ohms
Output Admittance hob 0.0 .25 1.2 0.0 .2 1.2 µmhos
Reverse Voltage Transfer Ratio hrb .25 1.2 5 .25 1.2 10 X 10-4
Noise Figure (Boo = 1 cycle) NF 16 30 13 30 db
High Frequency Characteristics (Common Base)

(Vox = 5v; Is = -1 ma)
Output Capacity (f = 1 mc) Cob 7 15 7 15 µµf
Cutoff Frequency fhfb 2.5 10 2.5 11 MC
Power Gain (Common Emitter)

(Vcc = 20v; Is = -2 ma;
f = 5 mc) Ge 11 11 db

continued next page
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TRANSISTOR SPECIFICATIONS

2N334A. 2N335A

ELECTRICAL CHARACTERISTICS (25°C)
2N334A 2N335A

D -C Characteristics Min. Typ. Max. Min. Typ. Max.
Collector to Base Voltage

(Ic = 50 µa, IE = 0) Vcao 45 45 volts
Collector to Emitter Voltage

(la = 0, Ic = 1 ma) VCE0 45 45 volts
Emitter to Base Voltage

(IE = 100 pa, Ic = 0) VEBO 4 4 volts
Forward Current Transfer Ratio

(low current)
(Ic = 1 ma, VCE = 5v) hFE 36 45

Saturation Voltage
(Is = 1 ma, Ic = 5 ma) vcE(sAT) .42 1.0 .4 1.0 volts

Cutoff Characteristics
Collector Current

(Vca = 30v; IE = 0;
TA = 25°C) ICB0 1 500 1 500 mart

Collector Current
(high temperature)
(Vca = 30v; IE = 0;

TA = 150°C) Ica() 1 20 1 20 µa
Collector Emitter Current

(VcE = 30v; In = 0;
TA = 150°C) ICE° 60 60 µa

Low Frequency Characteristics
(VcE = 5v; IE = -1 ma;
f = 1000 cps)

Forward Current Transfer Ratio hr. 18 38 90 37 52 90
Input Impedance hi. 540 1700 7200 1110 2000 7200 ohms
Output Admittance hoe 0.0 6.0 30 0.0 7.0 30 µmhos
Voltage Feedback Ratio hre 1.3 1.5 X 10-4
Input Impedance hib 30 40 80 30 40 80 ohms
Output Admittance hob 0.0 .18 1.2 0.0 .15 1.2 µmhos
Reverse Voltage Transfer Ratio hrb .50 1.2 10 .50 1.2 10 X 10-,
Noise Figure (13w = 1 cycle) NF 12 30 11 30 db

Low Frequency Characteristics (Common Base)
(VcE = 5v; IE = -1 ma)

Output Capacity (f = 1 mc) Cob 7 15 7 15 µµf
Cutoff Frequency fhtb 8.0 12 2.5 13 mc
Power Gain (Common Emitter)

(Vice = 20v; IE = -2 ma;
f = 5 mc) G. 12 12 db

2N336A

ELECTRICAL CHARACTERISTICS (25°C)
2N336A

D -C Characteristics Min. Typ. Max.
Collector to Base Voltage

(Ic = 50 µa, IE = 0) VCBO 45 volts
Collector to Emitter Voltage

(Is = 0, Ic = 1 ma) VCEO 45 volts
Emitter to Base Voltage

(IE.= 100 µa, Ic = 0) VEBO 4 volts
Forward Current Transfer Ratio

(low current)
(Ic = 1 ma, VCE = 5v) hFE 75

Saturation Voltage
(In = 1 ma, IC = 5 ma) VcE(sAT) .4 1.0 volts

Cutoff Characteristics
Collector Current

(Vca = 30v; IE = 0;
TA = 25°C) ICB0 1 500 rnµa

Collector Current
(high temperature)
(Vca = 30v; IE = 0;
TA = 150°C) Ica° 1 20 µa

Collector Emitter Current
(VCE = 30v; In = 0;
TA = 150°C) IcEo 60 µa
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Low Frequency Characteristics

TRANSISTOR SPECIFICATIONS

(VcE = 5v; IE = -1 ma;
f = 1000 cps)

Forward Current Transfer Ratio hf e 76 95 333Input Impedance hie 2280 3700 15,000 ohmsOutput Admittance hoe 0.0 8.0 35 µmhosVoltage Feedback Ratio hoe 2.3 X 10-4Input Impedance hi b 30 40 80 ohmsOutput Admittance hob 0.0 .13 1.2 µmhosReverse Voltage Transfer Ratio hen .50 1.2 10 X 10-4Noise Figure (Bw = 1 cycle) NF 11 30 db

High Frequency Characteristics (Common Base)
(Volt = 5v; Is = -1 ma)

Output Capacity (f = 1 mc) Cob 7 15 µµfCutoff Frequency fhfb 2.5 15 mePower Gain (Common Emitter)
(VcE = 20v; Is = -2 ma;
f = 5 mc) Ge 12 db

The General Electric Type 2N335B is a silicon high
voltage NPN transistor intended for amplifier applica- 2N335Btions in the audio and radio frequency range and for
general purpose switching circuits. They are grown junc- Outline Drawing No. 4
tion devices with a diffused base and are manufactured
in the Fixed -Bed Mounting design for extremely high mechanical reliability under
severe conditions of shock, vibration, centrifugal force, and temperature. These tran-
sistors are hermetically sealed in welded cases. The case dimensions and lead configura-
tion conform to JEDEC standards and are suitable for insertion in printed boards by
automatic assembly equipment. All transistors are cycle -aged at a temperature of
200°C for a minimum of 160 hours to enhance their electrical stability.

SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS: 125°C)
Voltage
Collector to Base
Collector to Emitter
Emitter to Base

VCBO
VCEO
VEBO

60 volts
60 volts

4 volts

Current
Collector Ic 25 ma

Power
Collector Dissipation RMS Pc @ 25°C (Free Air) 500 mw

Pc 150°C (Free Air) 83 mw

Temperature
Storage TSTG
Operating Junction T7

ELECTRICAL CHARACTERISTICS: (25°C)
D -C Characteristics

Collector to Base Voltage
(Ic = 50 µa, IE = 0)

Collector to Emitter Voltage
(In = 0, Ic = 1 ma)

Emitter to Base Voltage
(IE = 100 µa, Ic = 0)

Forward Current Transfer Ratio
(low current) (Ic = 5 ma, VCE = 10v)

Saturation Voltage (Is = 1 ma, Ic = 5 ma)
Input Impedance (Is = 1 ma, Ic = 0)

Cutoff Characteristics
Collector Current

(VCB = 30v, IE = 0, TA = 25°C)
Collector Current (high temperature)

(Vca = 30v, IE = 0, TA = 150°C)
Collector Emitter Current

(VcE = 30v, Is = 0, TA = 150°C)

-65 to 200 °C
-65 to 175 °C

VCBO

VCEO

VEBO

Min.

60

60

4

Typ.

I'VE 28 45
VcosAT) .4
VBE

ICBO 1

Icso 1

Icco 60

Max.

volts

volts

volts

90
1.0 volts

1 volts

500 mµa

20 µa

µa
continued next page
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TRANSISTOR SPECIFICATIONS

Low Frequency Characteristics

(Yen = 5v; IE = -1 ma; f = 1000 cps)
Forward Current Transfer Ratio hr. 37 52 90
Input Impedance hi. 1110 2000 7200 ohms
Output Admittance hoo 0.0 7.0 30 µmhos
Voltage Feedback Ratio hr. 1.5 X 10-4
Input Impedance hib 30 40 80 ohms
Output Admittance hob 0.0 .15 1.2 µmhos
Reverse Voltage Transfer Ratio hrb .50 1.2 10 X 10-4
Noise Figure (Boo = 1 cycle) NF 11 30 db

High Frequency Characteristics (Common Base)

(Vex = 5v; IE = -1 MO)
Output Capacity (f = 1 mc) Cob 7 15 µµf
Cutoff Frequency fhfb 2.5 13 MC
Power Gain (Common Emitter)

(VcE = 20v, = -2 ma, f = 5 mc) Go 12 db

2N337, 2N338
Outline Drawing No. 4

The General Electric Types 2N337 and 2N338 are
high -frequency silicon NPN transistors intended
for amplifier applications in the audio and radio
frequency range and for high-speed switching cir-
cuits. They are grown junction devices with a

diffused base and are manufactured in the Fixed -Bed Mounting design for extremely
high mechanical reliability under severe conditions of shock, vibration, centrifugal
force, and temperature. For electrical reliability and parameter stability, all transistors
are subjected to a minimum 160 hour 200°C cycled aging operation included in the
manufacturing process. These transistors are hermetically sealed in welded cases. The
case dimensions and lead configuration conform to JEDEC standards and are suitable
for insertion in printed boards by automatic assembly equipment.

SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS: (25°C)

Voltage
Collector to Base VCB0
Emitter to Base VEBO

45 volts
1 volt

Current
Collector Ic 20 ma

Power

Collector Dissipation* Pc 125 mw

Temperature

Storage TSTG -65 to 200 °C
Operating TA -65 to 150 °C

ELECTRICAL CHARACTERISTICS:
(Unless otherwise specified;
VcB = 20v; In = -1 ma;

(25°C/

f = 1 kc) 2N337 2N338

Small -Signal Characteristics Min. Typ. Max. Min. Typ. Max.
Current Transfer Ratio hr, 19 55 39 99
Input Impedance h,b 30 47 80 30 47 80 ohms
Reverse Voltage Transfer Ratio hrb 180 2000 200 2000 X 10-s
Output Admittance hob .1 1 .1 1 µmho

High -Frequency Characteristics
Alpha Cutoff Frequency fbfb 10 30 20 45 me
Collector Capacitance (f =1 mc) Cob 1.4 3 1.4 3 of
Common Emitter Current Gain

(f = 2.5 mc) h 4 e 14 24 20 26
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TRANSISTOR SPECIFICATIONS

D -C Characteristics
Common Emitter Current Gain

(VcE = 5v; Ic = 10 ma) hFE 20 35 55 45 75 150
Collector Breakdown Voltage

(Ica° = 50 µa; IE = 0) VCBO 45 45 volts
Emitter Breakdown Voltage

(limo = -50 µa; Ic = 0) VEBO 1 1 volt
Collector Saturation Resistance

(Ls = 1 ma; Jo = 10 ma) Rsc 75 150 ohms(IE = .5 ma; Ic = 10 ma) Rsc 75 150 ohms
Cutoff Characteristics
Collector Current

(Von =20v; IE = 0; TA = 25°C) Ica° .002 1 .002 1 µa
Collector Current

(WE =20v; IE = 0; TA =150°C) Torso 100 100 µa

Switching Characteristics
Rise Time tr .02 .06 µsecs
Storage Time t. .02 .02 µsecs
Fall Time tf .04 .14 µsecs

*Derate 1 mw/°C increase in ambient temperature over 25°C

Per MIL -S -19500/69B I USN 2N337-2N338

The General Electric 2N377 is a germanium NPN alloy
transistor. It is designed for computer switching and general
purpose usages where tight control of current gain is im-
portant.

SPECIFICATIONS

Outline Drawing No. 4

I 2N377
Outline Drawing No. 2

ABSOLUTE MAXIMUM RATINGS:
Voltage

(25°C)

Collector to Base VCBO 25 volts
Collector to Emitter Vera (R = 5K) 20 volts
Emitter to Base VEBO 15 volts
Power
Dissipation* PT 150 mw
Temperature
Storage TSTG -55 to +100 °C

ELECTRICAL CHARACTERISTICS: (25°C)
D -C Characteristics Min. Typ. Max.
Forward Current Transfer Ratio

(low current) (Ic = 30 ma; VCE = lv) hFE 20 60
Forward Current Transfer Ratio (high

current) (Ic = 200 ma; VCE = .75v) hFE 20
Base Input Voltage

(Is = 10 ma; Ic = 200 ma) VBE 1.5 volts

Cutoff Characteristics
Collector Current (Ix = 0; Von = 1v) Ico 5 ga

(IE = 0; Von = 20v) Ico 20 µa
Emitter Current (Ic = 0; VEB = lv) IE0 5 ga

(Ic = 0; VEB = 15v) Inc) 10 µa
Collector to Emitter Current

(VcE = 20v; RBE = 5K; VBE = -5v) IONE 50 µa

High Frequency Characteristics (Common Base)
(Von = 6v; IE = 1.0 ma)

Alpha Cutoff Frequency in 6 ma
Collector Capacity (f = 1 mc) Cob 12 20 pf

Switching Characteristics
(lc = 200 ma, lEi = 10 ma; IB2 = 10 ma)

Rise Time tr 2.5 µsec
Storage Time t. 0.7 µsec
Fall Time tr 1.0 µsee

*Derate 2.5 mw/°C rise above 25°C ambient temperature.
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TRANSISTOR SPECIFICATIONS

2N388 I
Outline Drawing No. 2

The General Electric 2N388 is a germanium NPN alloy
transistor designed for low power, medium speed switching
service where high gain and control of switching parameters
is important.

SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS: (25°C)

Voltage
Collector to Base VC130 25 volts
Collector to Emitter VIER (R = 10K) 20 volts
Emitter to Base VEBO 15 volts

Current
Collector Ic 200 ma

Power

Total Transistor Dissipation* PT 150 mw

Temperature

Storage TSTG -65 to +100 °C
Operating Junction T.7 +100 °C

ELECTRICAL CHARACTERISTICS: (25°C)

D -C Characteristics Min. Typ. Max.
Forward Current Transfer Ratio

(Ic = 30 ma; VCE = 0.5v) hEn 60 180
Forward Current Transfer Ratio

(Ic = 200 ma, Von = 0.75v) hEn 30
Base Input Voltage

(Is = 4 ma, Ic = 100 ma) V/3E 0.8 volts
Base Input Voltage

(Is = 10 ma, Ic = 200 ma) Van 0.8 1.5 volts

Cutoff Characteristics
Collector Current (In = 0, Vca = 25v) Ico 10 µa
Collector Current (In = 0, VCR = lv) Ico

4µaaEmitter Current (Ic = 0, VEB = 15v) Inc) 150

Emitter Current (Ic = 0, VEB = lv) IE0 5 µa
Collector to Emitter Current

(VcE = 20v, RBE = 10K) ICER 50 µa

High Frequency Characteristics (Common Base)

(Vex = 6v, Ix = 1 ma)
Alpha Cutoff, Frequency filth 5 me
Collector Capacity (f = 2 mc) Cob 12.0 20 pf

Switching Characteristics
(Ic = 200 ma, IBS = 10 ma, 432 = 10 ma)

Rise Time tr .50 1.0 µsee
Storage Time to .40 .70 µsee
Fall Time to .20 .70 µsec

*berate 2 mw/°C rise above 25°C ambient temperature.

USN 2N388 I Per MIL -T-19500/65

Outline Drawing No. 2
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TRANSISTOR SPECIFICATIONS

The General Electric Type 2N394 is a germanium PNP
alloy junction high frequency switching transistor intended
for general purpose applications where economy is of prime

Outline Drawing No. 2importance. As a special control in manufacture, all 2N394
transistors are subjected to a high pressure detergent test
to enhance reliable hermetic seals and are also aged at a temperature of 100°C for
96 hours minimum.

SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS: (25°C)

2N394

Voltage
Collector to Base Vcno -30 volts
Collector to Emitter -10 volts
Emitter to Base VEBO -20 volts

Current
Collector Ic

Power

Power Dissipation* PT
Peak Power Dissipation**

(50 µsec. Max 20% duty cycle) po

-200 ma

150 mw

500 mw

Temperature
Storage Tsro -65 to 100 °C
Operating Junction TJ 85 °C

ELECTRICAL CHARACTERISTICS: (25°C)

D -C Characteristics Min. Typ. Max.
D -C Base Current Gain

(VcE = -lv; Ic = -10 ma) Intx 20 70
(VCE = -lv; Ic = -100 ma) hrE 10 40

Saturation Voltage
(IB = -1.0 ma; Ic = -10 ma) VcE(84eri -.04 -.15 volts

Base Input Voltage
(IB = -1.0 ma; Ic = -10 ma) VBE -.27 -.35 volts

Collector to Base Voltage
(Ic = - 100 µa) VCBO -30 volts

Emitter to Base Voltage
(Ic = - 100 µa) VEBO -20 volts

Collector to Emitter Voltage
(RaE = 10K ohms; Ic = -600 ga) VCER -15 -26 volts

Collector to Emitter Voltage
(Ic = -600 µa) Vcao -10

Cutoff Characteristics
Collector Current (Vcs = -10v) Ion° -2.5 -6 /La
Emitter Current (VEB = -5v) IEBO -2.0 -6 ga
Reach -through Voltage VET -10 -25 volts

High Frequency Characteristics (Common Basel
WEB = -5v; IE = 1 ma)

Alpha -Cutoff Frequency fhtb 4 9 mc
Collector Capacitance (f = 1 mc) Cob 12 20 AO
Base Spreading Resistance 150 ohms

*Derate 2.5 mw/°C for temperatures over 25°C.
**Derate 8.33 mw/°C for temperatures above 25°C.
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TRANSISTOR SPECIFICATIONS

2N395
Outline Drawing No. 2

The General Electric type 2N395 is a PNP alloy junction
high frequency switching transistor intended for military,
industrial, and data processing applications where high reli-
ability and extreme stability of characteristics are of prime
importance.

SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS: (25°C)

Voltage
Collector to Emitter (R < 10 K) VCER -15 volts
Collector to Base VCR() -30 volts
Emitter to Base VERO -20 volts

Current
Collector Ic -200 ma

Power

Dissipation PT 200 mw
Peak Power Dissipation*

(50 µsec. max. 20% duty cycle) Pc 500 mw

Temperatures
Storage TSTG -65 to 100 °C
Operating Junction TJ +85 °C

ELECTRICAL CHARACTERISTICS: (25°C)

D -C Characteristics Min. Typ. Max.

D -C Base Current Gain
(VcE = -1v; Ic = -10 ma) hFE 20 150
(VcE = -0.35v; Ic = -200 ma) hFE 10

Saturation Voltage
(IF = -5 ma; Ic = -50 ma) VCE (EAT) -0.1 -0.2 volts

Cutoff Characteristics
Collector Cutoff Current

VCR = -15v) Ice° -2.5 -6 µamps
Emitter Cutoff Current (VEB = -10v) IEiso -2.0 -6 µamps
Reach -through Voltage VRT -15 -30 volts

High Frequency Characteristics (Common base)
(VcE = -5v; Its = 1 ma)

Alpha Cutoff Frequency fin, 3 4.5 mc
Collector Capacity (f = 1 mc) Cob 12 20 iktlf
Voltage Feedback Ratio (f = 1 mc) hrb 9 X 10-3
Base Spreading Resistance r'b 130 200 ohms

Switching Characteristics
(Ic = -10 ma; Iso = 1112 = 1.0 ma)

Delay Time td .21 µsec
Rise Time tr .55 µsec
Storage Time to .50 ksec
Fall Time tr .40 µsec

*Derate 8.33 mw/°C increase in ambient temperature over 25°C.
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TRANSISTOR SPECIFICATIONS

The General Electric type 2N396 is a PNP alloy junction
high frequency switching transistor intended for military,
industrial, and data processing applications where high reli-
ability and extreme stability of characteristics are of prime
importance.

SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS: (25°C)

2N396
Outline Drawing No. 2

Voltage

Collector to Emitter (R LS 10 K) VEER -20 volts
Collector to Base Von° -30 volts
Emitter to Base VEBO -20 volts

Current
Collector Ic -200 ma

Power

Dissipation Pr 200 mw
Peak Power Dissipation* pr 500 mw

(50 µsec. max. 20% duty cycle)

Temperatures
Storage
Operating Junction

ELECTRICAL CHARACTERISTICS: (25°C)

TSTG
TI

-65 to 100 °C
+85 °C

D -C Characteristics MM. Typ. Max.
D -C Base Current Gain

(VcE = -1v; Ic = -10 ma) hFE 30 150
(Vcu = -0.35v; Ic = -200 ma) hrE 15

Saturation Voltage
( Is = -3.3 ma; Ic = -50 ma) VCE(SAT) -0.08 -0.2 volts

Cutoff Characteristics

Collector Cutoff Current
(VCB = -20v) ICBO -2.5 -6 µamps

Emitter Cutoff Current (VEB = -10v) IEBO -2.0 -6 µamps
Reach -through Voltage VAT -20 -35 volts

High Fregency Characteristics (Common base)
(Ws = -5v; IE = 1 ma)

Alpha Cutoff Frequency fhtb 5 8 mc
Collector Capacity (f = 1 mc) Cob 12 20 µµf
Voltage Feedback Ratio (f = 1 mc) hrb 10 X 10-3
Base Spreading Resistance r', 140 200 ohms

Switching Characteristics
(Ic = -10 ma; lin = 1:32 = 1.0 ma)

Delay Time td .19 µsec
Rise Time tr .40 µsec
Storage Time t. .60 µsec
Fall Time tt .31 µsec

*Derate 8.33 mw/°C increase in ambient temperature over 25°C.
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TRANSISTOR SPECIFICATIONS

2N396A I

Outline Drawing No. 2

The General Electric Type 2N396A transistor is a PNP
alloy medium frequency germanium triode intended
primarily for industrial switching applications.

SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS: (25°C)

Voltage
Collector to Emitter VCEO -20 volts

Collector to Base VCBO -30 volts

Emitter to Base VEBO -20 volts

Current

Collector Ic -200 ma

Power

Dissipation* PT 200 mw

Peak Dissipation** po 500 mw

Temperature
Storage TSTG -65 to 100 °C

ELECTRICAL CHARACTERISTICS: (25°C)

D -C Characteristics Min. Max.

D -C Forward Current Transfer Ratio
(Vca = -lv; Ic = -10 ma) ham 30 150
(Vest = -.35v; Ic = -200 ma) hFE 15

Low Temperature D -C Forward Current
Transfer Ratio

(TA = -55°C; VCE = -lv; Ic = -10 ma) han 20
Saturation Voltage Collector -Emitter

(Ic = -50 ma; Is = 3.3 ma) veEcsier) -.20 volts

Collector to Base (Ic = -100 µa) Vcao -30 volts

Emitter to Base (In = -100 µa) VEBO -20 volts

Collector to Emitter (Ic = -600 µa) Vcao -20 volts

Cutoff Characteristics
Collector Cutoff Current (Vca = -20v) Ica° -6 µa

High Temperature Collector Cutoff Current
(TA = +71°C; VCB = -20v) Icno -120 pa

Collector Cutoff Current
(Van = +2.0v; VCE = -20v; R = 10K) Icev -6 µa

Emitter Cutoff Current (VEB = -10v) Ina° -6 µa

Reach -through Voltage VRT -20 volts

High Frequency Characteristics (Common Base)
(VcE = -Sy; IE = 1 ma)

Alpha Cutoff Frequency fhfb 5 TOGS

Open Circuit Output, Capacitance (f = 1 mc) Cob 20 pf

Switching Characteristics
(Ic = -10 ma; lin = has = 1.0 ma)

Delay Time to 0.10 0.20 µsec

Rise Time t: 0.20 0.65 µsec

Storage Time t. 0.25 0.80 µsec

Fall Time tr 0.20 0.40 µsec

*berate 3.33 mw/°C for increase in ambient temperature above 25°C.
**Derate 8.33 mw/°C for increase in ambient temperature above 25°C.

USN 2N396A Per MIL -S -19500/64A

Outline Drawing No. 2
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TRANSISTOR SPECIFICATIONS

The General Electric type 2N397 is a PNP alloy junction
high frequency switching transistor intended for military,
industrial, and data processing applications where high reli-
ability and extreme stability of characteristics are of prime
importance.

SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS: (25°C)

2N397
Outline Drawing No. 2

Voltage
Collector to Emitter (R < 10 K) VCER -15 volts
Collector to Base VCBO -30 volts
Emitter to Base VEBO -20 volts

Current
Collector Ic -200 ma

Power

Dissipation PT 200 mw
Peak Power Dissipation*

(50 µsee. max. 20% duty cycle) pe 500 mw

Temperatures
Storage
Operating Junction

ELECTRICAL CHARACTERISTICS: (25'C)

'PST°
Ta

-65 to 100 °C
+85 °C

D -C Characteristics Min. Typ. Max.

D -C Base Current Gain
( VcE = -1v; Ic = -10 ma) hFE 40 150
(VcE = -0.35v; Ic = -200 ma) hrE 20

Saturation Voltage
(TB = -2.5 ma; Ic = -50 ma) VCR(SAT) -0.07 -0.2 volts

Cutoff Characteristics
Collector Cutoff Current

(Vat = -15v) Icso -2.5 -6 µamps
Emitter Cutoff (VEB = -10V) 'Eno -2.0 -6 µamps
Reach -through Voltage VRT -15 -20 volts

High Freqency Characteristics (Common base)
(Wu = -5v; IE = 1 ma)

Alpha Cutoff Frequency fhfb 10 12 mc
Collector Capacity (f = 1 mc) Cob 12 20 µµf
Voltage Feedback Ratio (f = 1 mc) h,b 11 X 10-s
Base Spreading Resistance r'b 160 ohms

Switching Characteristics
(Ic = -10 ma; hi = 1132 = 1.0 ma)

Delay Time to .17 µsec
Rise Time t, .3 µsec

Storage Time t. .7 µsec

Fall Time ft .28 f4sec
*Derate 8.33 mw/°C increase in ambient temperature over 25°C.
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TRANSISTOR SPECIFICATIONS

2N404 I
Outline Drawing No. 2

The General Electric Type 2N404 is a germanium PNP
alloy junction high frequency switching transistor, intended
for military, industrial and data processing applications
where high reliability and extreme stability of characteristics
are of prime importance.

SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS: (25°C)
Voltage
Collector to Emitter WE() -24 volts
Collector to Base Vest/ -25 volts
Emitter to Base VEno -12 volts

Current
Collector Ic -100 ma

Power
Dissipation* PT 120 mw

Temperature
Storage TATO -65 to 85 °C

ELECTRICAL CHARACTERISTICS: (25°C)
D -C Characteristics Min. Typ. Max.
Collector to Base Voltage (In = -20 µa) Vcso -25 -45 volts
Emitter to Base Voltage (In = -20 µa) VEBO -12 -40 volts
Saturation Voltage

(Is = -.4 ma; Ic = -12 ma)
(Is =- -1 ma; Ic = -24 ma)

VcesAT,
Ven(sAT)

-.15
-.14 -.20

volts
volts

Base Input Voltage
( Is = -.4 ma; Ic = -12 ma) VBE -.24 -.35 volts
(Is = -1 ma; Ic = -24 ma) VBE -.32 -.40 volts

Cutoff Characteristics
Collector Current

( Vcs = -12 volts; 1E = 0) ICB0 -2 -5 Aa
(vcB = -12 volts; IE = 0; TA = 80°C) Ica° -90 µa

Emitter Current
(VEs = -2.5 volts; It = 0) Ins° -1 -2.5 µa

Reach -through Voltage VET -24 -40 volts

High -Frequency Characteristics
Alpha -Cutoff Frequency

(VCB = -6 volts; IE = 1 ma) fhsb 4 8 me
Collector Capacitance

(Yes = -6 volts; IE = 1 ma) Cob 12 20 µµf
Stored Base Charge

(Is = 1 ma; Ic = -10 ma) Qsb 1400 µµcoulombs

*Derate 2.86 mw/°C increase in ambient temperature above 25°C.

2N404
Outline Drawing No. 2

2N413
Outline Drawing No. 2

Certified to meet MIL -T-19500/20

This is a PNP Germanium Alloy Triode transistor intended
for general use as a medium speed switch or amplifier.

SPECIFICATIONS

ABSOLUTE MAXIMUM
Voltage

RATINGS: (25°C)

Collector to Base V('BO -30 volts
Emitter to Base VEBO -20 volts
Collector to Emitter VCEO -18 volts
Collector to Emitter

(VBE = +0.1 VOlfs) VCEX -25
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TRANSISTOR SPECIFICATIONS

Current
Collector Ic -200 maPeak Collector ie -400 ma

Power
Total Transistor Dissipation* PT 150 mw

Temperature
Storage TSTG -65 to +85 °C

ELECTRICAL SPECIFICATIONS: (25°C)

D -C Characteristics Min. Typ. Max.
Collector to Base Voltage (Ic = -100 µa) Veal) -30 voltsEmitter to Base Voltage (In = -100 µa) VEBO -20 voltsCollector to Emitter Voltage

(Ic = -600 µa) VcEo -18 voltsCollector Cutoff Current (Vets = -12v) Ica° -5 AaEmitter Cutoff Current (Vas = -12v) IEBO -5 µa

A -C Characteristics
(Ws = -6v, In = 1 ma, f = I kc
unless otherwise noted)

Common Emitter Current Gain hre 30Output Capacity (f = 1 mc) Cob 12 pfVoltage Feedback Ratio (f = 1 mc) hrb .6 X 10-3Base Spreading Resistance r'b 100 ohmsInput Resistance h lb 28 ohmsAlpha Cutoff Frequency fin, 6 mcs

*Derate 2.5 mw/°C for increase in ambient temperature above 25°C.

This is a PNP Germanium Alloy Triode transistor intended
2 N4 1 4for general use as a medium speed switch or amplifier.

Outline Drawing No. 2

SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS: (25°C)
Voltage
Collector to Base Volsci
Emitter to Base VEBO
Collector to Emitter VCE0
Collector to Emitter (Vita = +0.1v) VCEX

-30 volts
-20 volts-15 volts
-20

Current
Collector Ic -200 maPeak Collector ie -400 ma

Power
Total Transistor Dissipation* PT 150 mw

Temperature
Storage TSTG -65 to 85 °C

ELECTRICAL CHARACTERISTICS: (25°C)

D -C Characteristics Min. Typ. Max.
Collector to Base Voltage (Ic = 100µa) VCR° -30 voltsEmitter to Base Voltage (In = -100 µa) VEBO -20 voltsCollector to Emitter Voltage

(Ic = -600 µa) VCEO -15 voltsCollector Cutoff Current (Vca = -12v) ICB0 -5 paEmitter Cutoff Current (Wit = -12v) Ins° -5 Aa

A -C Characteristics
Mon = -6v, In =. I ma, f =1 kc
unless otherwise noted)

Common Emitter Current Gain hre 60Output Capacity (f = 1 mc) Cob 12 pfVoltage Feedback Ratio (f = 1 mc) hrb .8 X 10-,Base Spreading Resistance T'b 120 ohmsInput Resistance hit 28 ohmsAlpha Cutoff Frequency fhtb 7 mcs
*Derate 2.5 mw/°C for increase in ambient temperatures above 25°C.
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TRANSISTOR SPECIFICATIONS

The General Electric Type 2N448 transistor is a rate -grown2N448 NPN germanium device intended for IF amplifier applica-

Outline Drawing No. 3
tions in radio receivers. Special manufacturing techniques
provide a low value and a narrow spread in collector ca-
pacity so that neutralization in many circuits is not required.

In IF amplifier service, the range in power gain is controlled to 2.5 db.

IF TRANSISTOR SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS:

Voltage

(25°C)

Collector to Emitter (REB = 10K) WEB 15 volts
Collector to Base ( emitter open) N.7 HO 15 volts

Current
Collector Ic -20 ma

Power

Collector Dissipation at 25°C* Po 65 mw

Temperature
Operating and Storage TA, TWIC -55 to 85 °C

ELECTRICAL CHARACTERISTICS:**

IF Amplifier Service

Maximum Ratings
Collector Supply Voltage Vice 12 volts

Design Center Characteristics
Input Impedance (IE = 1 ma; VCE = 5v; f = 455 KC) Zi 500 ohms
Output Impedance (Ix = 1 ma; VCE = 5v; f = 455 KC) Z. 15 K ohms

Voltage Feedback Ratio
(IE = 1 ma; Veis = 5v; f = 1 mc) hrb 10 X 10-s

Collector to Base Capacitance
(IE = 1 ma; VCB = 5v; f = 1 MC) Cob 2.4 AAf

Frequency Cutoff (IE = 1 ma; Vcs = 5v) fats 5 mc
Base Current Gain (Ic = 1 ma; VCE = 1V) Inns 25
Minimum Base Current Gain hFE 8

Maximum Base Current Gain hFE 51

IF Amplifier Performance
Collector Supply Voltage Vcc 5 volts
Collector Current Ic 1 ma
Input Frequency f 455 KC
Minimum Power Gain in Typical IF Test Circuit G. 23 db min
Power Gain Range of Variation in Typical IF Circuit Ge 2.5 db

Cutoff Characteristics
Collector Cutoff Current (Veil = 5v) Ico .5 µa
Collector Cutoff Current (Ves = 15v) Ico 5 µa max

*Derate 1.1 mw/°C increase in ambient temperature over 25°C.
**All values are typical unless indicated as a min. or max.
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TRANSISTOR SPECIFICATIONS

The General Electric Type 2N449 transistor is a rate -grown
NPN germanium device, intended for use as an IF amplifier
in broadcast radio receivers. The collector capacity is con-
trolled to a uniformly low value so that neutralization in
most circuits is not required. Power gain at 455KC in a
typical receiver circuit is restricted to a 2.5db spread. The uniformity provided by the
controls of collector capacity and power gain allows easy and economical incorporation
of this type into receiver circuits. Type 2N449 has special high beta characteristics
required in the final stage of reflex IF circuits where large audio gain is desired.

2N449

IF TRANSISTOR SPECIFICATIONS

Outline Drawing No. 3

ABSOLUTE MAXIMUM RATINGS: (25°C)

Voltage
Collector to Emitter (Rim = 10K) VCER 15 volts
Collector to Base (emitter open) VCBO 15 volts

Current

Collector Ic -20 ma

Power

Collector Dissipation at 25°C* Pc 65 mw

Temperature

Operating and Storage TA, TSTG -55 to 85 °C

ELECTRICAL CHARACTERISTICS:** (25°C)

Reflex IF Amplifier Service

Maximum Ratings
Collector Supply Voltage Vcc 9 volts

Design Center Characteristics

(IE = 1 ma; VCE = 5v;
f = 455 KC except as noted)

Input Impedance Z 700 ohms
Output Impedance Z. 7 K ohms
Voltage Feedback Ratio (Von = 5v; f = 1 mc) hrb 10 X 10-3
Collector to Base Capacitance (Von = 5v; f = 1 mc) Cob 2.4 icµf
Frequency Cutoff (Von = 5v) fhrb 8 mc
Base Current Gain (Ic = 1 ma; VCE = 1V ) hFE 72
Minimum Base Current Gain hFE 32

Reflex IF Amplifier Performance
Collector Supply Voltage Vcc 5 volts
Collector Current Ic 2 ma
Input Frequency 455 KC
Minimum Power Gain in Typical IF Circuit Go 24.5 db
Power Gain Range of Variation in Typical IF Circuit G. 2.5 db

Cutoff Characteristics

Collector Cutoff Current ( Von = 5v) Ico .5 µa
Collector Cutoff Current (Yen = 15v) Ico 5 µa max

*Derate 1.1 mw/°C increase in ambient temperature.
**All values are typical unless indicated as a min. or max.



TRANSISTOR SPECIFICATIONS

2N450
Outline Drawing No. 7

The General Electric Type 2N450 is a germanium PNP
alloy junction high frequency switching transistor intended
for military, industrial and data processing applications
where high reliability at the maximum ratings is of prime
importance. As a special control in manufacture, all 2N450

transistors are subjected to a high pressure detergent test to enhance reliable hermetic
seals and are also aged at a temperature of 100°C for 96 hours minimum.

SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS: (25°C)

Voltage

Collector to Base VCR° -20 volts
Collector to Emitter VCEO -10 volts
Emitter to Base Vino -12 volts

Current
Collector Ic -125 ma
Peak Collector Current (50 µsec 20% Duty Cycle ) le -350 ma

Power

Dissipation PT 150 mw*
Peak Power Dissipation ( 50 µsec 20% Duty Cycle) P. 350 mw**

Temperature
Storage TsTo -65 to 85 °C
Operating Junction Tr 85 °C

ELECTRICAL CHARACTERISTICS: (25°C)

D -C Characteristics

D -C Base Current Gain Min. Typ. Max.

(VcE = -lv; Ic = -10 ma) lurE 30 110
( VcE = -lv; Ic = -100 ma) hFE 15
(VEC = -lv; IE = -10 ma) hFE(INV) 17

Saturation Voltage
(Is = -.5 ma; Ic = -10 ma) VcE(sAT) -.04 volts

Base Input Voltage
(Is = -.5 ma; Ic = -10 ma) VmesAT) -.23 -.35 volts

Collector to Base Voltage (Ic = -100 µa) Vein) -20 volts
Emitter to Base Voltage (Ic = -100 µa) VEBO -10 volts
Collector to Emitter Voltage

(Ic = -600 µa) Van() -12 volts
Collector Cutoff Current

( In = 0; VCB = -12v) Ico -6 µa
Emitter Cutoff Current

(Ic = 0; VEB = -6v) 1E0 -6 µa
Reach -through Voltage VRT -12 volts

High Frequency Characteristics (Common Base)
(Vas) = -5v; la = I ma)

Alpha -Cutoff Frequency filth 5 10 mc
Alpha -Cutoff Frequency Inverse fh,b(iNv) 4 me
Collector Capacitance (f = 1 me) Co, 12 20 AO
Base Spreading Resistance (f = 1 mc) r'b 100 200 ohms

*berate 2.5 mw/°C increase in ambient temperature above 25°C.
**Derate 5.9 mw/°C increase in ambient temperature above 25°C.
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TRANSISTOR SPECIFICATIONS

The General Electric Silicon Unijunction Tran-
sistor is a hermetically sealed three terminal device
having a stable "N" type negative resistance
charactistic over a wide temperature range. A
high peak current rating makes this device useful
in medium power switching and oscillator applications, where it can serve the purposeof two conventional silicon transistors. These transistors are hermetically sealed in awelded case. The case dimensions and lead configuration are suitable for insertion inprinted boards by automatic assembly equipment. The Silicon Unijunction Transistorconsists of an "N" type silicon bar mounted between two ohmic base contacts with a"P" type emitter near base -two. The device operates by conductivity modulation ofthe silicon between the emitter and base -one when the emitter is forward biased. In
the cutoff, or standby condition, the emitter and interbase power supplies establishpotentials between the base contacts, and at the emitter, such that the emitter is backbiased. If the emitter potential is increased sufficiently to overcome this bias, holes( minority carriers) are injected into the silicon bar. These holes are swept towardsbase -one by the internal field in the bar. The increased charge concentration, due tothese holes, decreases the resistance and hence decreases the internal voltage dropfrom the emitter to base -one. The emitter current then increases regeneratively untilit is limited by the emitter power supply. The effect of this conductivity modulation
is also noticed as an effective modulation of the interbase current.

2N489 -2N494
Outline Drawing No. 5

SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS: (25°CI
Voltage
Emitter Reverse Ti = 150°C 60 voltsInterbase

VBB See Fig. 1
Current
RMS Emitter
Peak Emitter* TJ = 150°C
Power
AV Dissipation
AV Dissipation - Stabilized***
Temperature
Operating -65 to 150 °CStorage

-65 to 175 °C
*Capacitor discharge -10 afd or less.

**Derate 3.9 mw/°C increase in ambient temperature.
***Total power dissipation must be limited by external circuit.

Types 2N489 -2N494 are specified primarily in three
ranges of stand-off and two ranges of interbase resistance.
Each range of stand-off ratio has limits of ±10% from
the center value and each range of interbase resistance
has limits of ±20% from the center value.

70 ma
2 amps

450 mw**
600 mw**

2N489
Min. Nom. Max.

2N490
Min. Nom. Max.

2N489. 2N490

MAJOR ELECTRICAL CHARACTERISTICS:
Interbase Resistance at 25°C

Junction Temperature Rita° 4.7 5.6 6.8 6.2 7.5 9.1 kilohmsIntrinsic Stand-off Ratio
71 .51 .56 .62 .51 .56 .62Modulated Interbase Current

(IE = 50 ma; VBB = 10v;
TA = 25°C) 1,2(MOD) 6.8 12 22 6.8 12 22 maEmitter Reverse Current

(B1 open circuit )
( Va2a = 60v; TJ = 25°C) No .03 12 .03 12 µa(Vri2E = 10v; Ti = 150°C) lEo 1.8 20 1.8 20 µa

MINOR ELECTRICAL CHARACTERISTICS: (Typical Values)
Emitter Saturation Voltage

(IE = 50 ma; Vas = 10v;
TA = 25°C) vE(sAm) 2.3 3.1 3.8 2.4 3.3 4.2 voltsPeak Point Emitter Current

(Vim = 25v; TA = 25°C) IP 4 12 4 12 µaValley Voltage Vv 1.1 1.9 3.4 1.0 1.9 3.5 voltsValley Current Iv 12 19 35 11 19 31 maMaximum Frequency of Oscillation
(Is, = 4.5 ma; Relaxation
Oscillator) fmAx 0.9 0.7 MC

continued next page



TRANSISTOR SPECIFICATIONS

2N491, 2N492

MAJOR ELECTRICAL CHARACTERISTICS:
Interbase Resistance at 25°C

2N491
MM. Nom. Max.

2N492
MM. Nom. Max.

Junction Temperature Ratio 4.7 5.6 6.8 6.2 7.5 9.1 kilohms
Intrinsic Stand-off Ratio 77 .56 .62 .68 .56 .62 .68
Modulated Interbase Current

(In = 50 ma; VBB = 10V;
TA = 25°C) ii32(mor) 6.8 12 22 6.8 12 22 ma

Emitter Reverse Current
(B1 open circuit)
(VB2E = 60v; Ts = 25°C) 'no .03 12 .03 12 µa
(VB2E = 10V; Ti = 150°C) Inc) 1.8 20 1.8 20 µa

MINOR ELECTRICAL CHARACTERISTICS: (Typical Values)
Emitter Saturation Voltage

( IE = 50 ma; VBB = lOv;
TA = 25°C) vE(sAT) 2.5 3.4 4.3 2.7 3.6 4.5 volts

Peak Point Emitter Current
(VBB = 25v; TA = 25°C) Ip 4 12 4 12 µa.

Valley Voltage Vv 1.2 2.2 3.9 1.2 2.2 3.9 volts
Valley Current Iv 13 20 37 12 20 38 ma
Maximum Frequency of Oscillation

(IB2= 4.5 ma; Relaxation
Oscillator) fMAx 0.8 0.7 BBC

2N493. 2N494

MAJOR ELECTRICAL CHARACTERISTICS:
Interbase Resistance at 25°C

2N493
MM. Nom. Max.

2N494
Min. Nom. Max.

Junction Temperature RRB, 4.7 5.6 6.8 6.2 7.5 9.1 kilohms
Intrinsic Stand-off Ratio .62 .68 .75 .62 .68 .75
Modulated Interbase Current

( Ix = 50 ma; VBB = lOv;
TA = 25°C) IB2(m") 6.8 12 22 6.8 12 22 ma

Emitter Reverse Current
(B1 open circuit)
(VB2E = 60v; Ts = 25°C) Inc) .03 12 .03 12 µa
(VB2E = 10V; Ti = 150°C) TEO 1.8 20 1.8 20 µa

MINOR ELECTRICAL CHARACTERISTICS: (Typical Values)
Emitter Saturation Voltage

(Ix = 50 ma; VBB = lOv;
TA = 25°C) VE (BAT) 2.8 3.8 4.6 3.0 3.9 4.8 volts

Peak Point Emitter Current
(VBB = 25v; TA = 25°C ) IP 4 12 4 12 µa

Valley Voltage Vv 1.4 2.5 4.4 1.4 2.5 4.3 volts
Valley Current Iv 14 24 40 12 21 35 ma
Maximum Frequency of Oscillation

(IB2 = 4.5 ma; Relaxation
Oscillator) fmAx 0.7 0.65 me

INTERBASE RESISTANCE ( 25°C)- RBB.-KILOHMS
2 3 4 5 6 7 8 9 10 II 12

1 I

RMS EMITTER POWER DISSIPATION < 40MW

0°C

30°C
50°C

60°C MAXIMUM
70°C AMBIENT TEMPERATURE

80°C
90°C

100°C

110°C

120°C

130°C

140°C

80 70 60 50 40 30 20 100
MAXIMUM ALLOWABLE INTERBASE VOLTAGE- ( VBB)mAx-VOLTS

FIGURE 1
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TRANSISTOR SPECIFICATIONS

Per MIL -T-19500/75 USAF 2N489 - 2N494

The General Electric 2N497 and 2N498 are silicon
NPN double diffused transistors designed for
Military and Industrial service for medium power
audio to medium frequency applications. The low
saturation voltage and low input impedance make
these devices especially suited for either high level linear amplifier or switching appli-
cations. Typical applications include servo driver and output stages, pulse amplifiers,
solenoid drivers, D.C. to A.C. converters, etc.

Outline Drawing No. 5

2N497, 2N498

SPECIFICATIONS

Outline Drawing No. 8

ABSOLUTE MAXIMUM RATINGS:

Voltage

(25°C) 2N497 2N498

Collector to Base VCBO 60 100 volts
Collector to Emitter VCEO 60 100 volts
Emitter to Base VEBO 8 8 volts

Power

Transistor Dissipation
(Free Air @ 25°C )* PT .8 .8 watt

Transistor Dissipation
( Case Temperature @ 25°C ) ** PT 4 4 watt

Temperature
Storage Tsrc -65 to 200 -65 to 200 °C
Operating Junction TJ -65 to 200 -65 to 200 °C

ELECTRICAL CHARACTERISTICS: (25°C) unless otherwise specified

2N497 2N498
D -C Characteristics Min. Max. Min. Max.
Collector to Base Voltage

(Ic = 100 µa, IE = 0) VCBO 60 100 volts
Collector to Emitter Voltage

(Ic = 250 µa) VCEO 60 100 volts
Emitter to Base Voltage

(Jr = 250 µa, In = 0) Vrso 8 8 volts
Forward Current Transfer Ratio

(Ic = 200 ma, VCE = 10V) hFE 12 36 12 36
Base Input Resistance

( Is = 8 ma, VCE = 10v) hIE 500 500 ohms
Saturation Resistance

( In = 40 ma, Ic = 200 ma) rcF(sAT) 25 25 ohms

Cutoff Characteristics

Collector Current ( In = 0, Veit = 30v) Ico 10 10 /ha

*Derate 4.57 mw/°Cincrease in ambient temperature above 25°C.
**Derate 22.8 mw/°C increase in case temperature above 25°C.
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TRANSISTOR SPECIFICATIONS

The General Electric 2N497A and 2N498A
2N497A, 2N498A are Silicon NPN double diffused transistors de -

Outline Drawing No. 8
signed for Military and Industrial service for
medium power audio to medium frequency
applications. The low saturation voltage and

low input impedance make these devices especially suited for either high level linear

amplifier or switching applications. Typical applications include servo driver and out-

put stages, pulse amplifiers, solenoid drivers, D.C. to A.C. converters, etc.

SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS: (25°C)

Voltage 2N497A 2N498A

Collector to Base Vceo 60 100 volts

Collector to Emitter Vero 60 100 volts

Emitter to Base VEBO 8 8 volts

Power

Transistor Dissipation
(Free Air 7c 25°C)* PT 1 1 watt

Transistor Dissipation
(Case Temperature @ 25°C)**PT 5 5 watt

Temperature
Storage TSTG -65 to 200
Operating Junction TJ -65 to 200

ELECTRICAL CHARACTERISTICS: 125°C) unless otherwise specified

-65 to 200 °C
-65 to 200 °C

2N497A 2N498A

D -C Characteristics Min. Max. Min. Max.

Collector to Base Voltage
(Ic = 100 µa, IE = 0) Vcao 60 100 volts

Collector to Emitter Voltage
(Ic = 250 µa) VCEO 60 100 volts

Collector to Emitter Voltage
(Ic = 16 ma) VCEO 60 volts

Collector to Emitter Voltage
(Ic = 10 ma) Voxo 100 volts

Emitter to Base Voltage
(IE = 250 µa, Ic = 0) VEBO 8 8 volts

Forward Current Transfer Ratio
(Ic = 200 ma, VCE -= 10v) hr E 12 36 12 36

Base Input Resistance
(Ia = 8 ma, Von = 10v) hIE 200 200 ohms

Saturation Resistance
(la = 40 ma, Ic = 200 ma) rez (sex) 10 10 ohms

Cutoff Characteristics
Collector Current

( IE = 0, VCB = 30v) Ico 10 10 µa

Collector Current
(High Temperature)
(Ix = 0, Vets = 30v,
TA = 150°C) Ico 250 250 µa

*Derate 5.72 mw/°C increase in ambient temperature above 25°C.
**Derate 28.6 mw/°C increase in case temperature above 25°C.
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TRANSISTOR SPECIFICATIONS

The 2N508 is an alloy junction PNP transistor intended
for driver service in audio amplifiers. It is a miniaturized
version of the 2N265 G.E. transistor. By control of transistor
characteristics during manufacture, a specific power gain
is provided for each type. Special processing techniques
and the use of hermetic seals provides stability of these characteristics throughout life.

2N508

SPECIFICATIONS

Outline Drawing No. 2

ABSOLUTE MAXIMUM RATINGS:

Voltage

(25`CI

Collector to Emitter (RBE < 10K) VCER -16 volts
Collector to Base Vcao -16 volts

Current

Collector Ic -100 ma

Power

Collector Dissipation Pc 140 mw

Temperature

Operating TA -65 to 60 °C
Storage Tsro -65 to 85 °C

TYPICAL ELECTRICAL CHARACTERISTICS: 125°C)

D -C Characteristics

Forward Current Transfer Ratio
(Ic = -20 ma; VcE = -1v) hFE 99-198

Collector to Emitter Voltage (Rao = 10K; Ic = -.6 ma) VIER -16 volts
Collector Cutoff Current (Vee = -16v) Ico -10 µa
Maximum Collector Cutoff Current (Vca =. -16v) Ico -16 µa

Small Signal Characteristics

Frequency Cutoff (Von = -5v; IE = 1 ma) fbro 3.5 inc
Collector Capacity (Von = -5v; IE = 1 ma) Cob 24 AO
Noise Figure (WE = -5v; IE = 1 ma) NF 6 db
Input Impedance (VcE = -5v; IE = 1 ma) hie 3 K ohms
Current Gain (VcE = -5v; Is = 1 ma) hr. 112

Thermal Characteristics

Thermal Resistance Junction to Air 4.0 mw/°C

Performance Data Common Emitter

Power Gain Driver (Vcc = -9v) Ge 45 db
Power Output Po 1 mw
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TRANSISTOR SPECIFICATIONS

2N524, 2N525
Outline Drawing No. 2

The General Electric types 2N524 and 2N525
are germanium PNP alloy junction transistors par-
ticularly recommended for low to medium power
amplifier and switching application in the fre-
quency range from audio to 100 KC. This series

of transistors is intended for military, industrial and data processing applications where
high reliability and extreme stability of characteristics are of prime importance. The
2N524 and 2N525 are equivalent to the 2N44 and 2N43 respectively and may be
directly substituted in most applications.

SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS: (25°C)
Voltage
Collector to Base VCBO -45 volts
Collector to Emitter

(Ibm=10K) WEIL -30 volts
Emitter to Base VEI40 -15 volts

Current
Collector Ic -500 ma

Power
Total Transistor Dissipation* PT 225 mw

Temperature
Storage TSTG -65 to 100 °C
Operating TS 85 °C

ELECTRICAL CHARACTERISTICS: (25°C)
Small Signal Characteristics

(Unless otherwise specified Vc = -5v
common base; IE = -1 ma; f = 1 KC)

Output Admittance

2N524
Min. Nom. Max.

2N525
Min. Nom. Max.

(Input AC Open Circuited) hob .10 .65 1.3 .1 .6 1.2 //mhos
Input Impedance

(Output AC Short
Circuited) h i b 26 31 36 26 31 35 ohms

Reverse Voltage Transfer Ratio
(Input AC Open Circuited) hrb 1 4.0 10 1 5.0 11 X 10-4

Forward Current Transfer Ratio
(Common Emitter; Output

AC Short Circuited) hie 16 30 41 30 44 64
Frequency Cutoff fhrb .8 2.0 5.0 1 2.5 5.5 mc
Output Capacity (f = 1 mc;

Input AC open circuited) Cob 18 25 40 18 25 40 µI.Lf
Noise Figure ( f = 1 kc;

BW = 1 cycle) NF 1 6 15 1 6 15 db

D -C Characteristics
Forward Current Gain

(Common Emitter, Ic/IB)
(Von = -1v; Ic = -20 ma) hFE 19 35 42 34 52 65
(VCR = -IV; IC = -100 ma) liFE 13 31 30 45

Collector Saturation Voltage
(Ic = -20 ma; J VcE(sAT) -45 -70 -110 -50 -75 -110 volts
Is as indicated) @ In = -2.0 -2.0 -2.0 -1.33 -1.33 -1.33 ma

Base Input Voltage,
Common Emitter
(Vcn = -1v; Ic = -20 ma) VBE -.220 -.255 -.320 -.200 -.243 -.300

Collector Cutoff Current
( Vcso = -30v) Ico -5 -10 -5 -10 µa

Emitter Cutoff Current
(Vnao = -15v) In° -4 -10 -4 -10 µa

Collector to Emitter Voltage
(Run = 10K ohms;
Ic = -.6 ma) VCER -30 -30 volts

Reach -through Voltage VRT -30 -30 volts

Thermal Resistance (lc)
Junction Temperature Rise/

Total Transistor Dissipation:
Free Air .27 .27 °C/mw
Infinite Heat Sink .11 .11 °C/mw
Clip -on Heat Sink in

Free Air .20 .20 °C/mw

*Derate 3.7 mw/°C increase in ambient temperature above 25°C.
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TRANSISTOR SPECIFICATIONS

The General Electric types 2N526 and 2N527
are germanium PNP alloy junction transistors 2N526,2N527particularly recommended for low to medium
power amplifier and switching application in the Outline Drawing No. 2frequency range from audio to 100 KC. This series
of transistors is intended for military, industrial and data processing applications wherehigh reliability and extreme stability of characteristics are of prime importance.

SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS: (25°C)
Voltage
Collector to Base Wm -45 voltsCollector to Emitter

(RBE = 10 K) VCER -30 voltsEmitter to Base VEBO -15 voltsCurrent
Collector Ic -500 maPower
Total Transistor Dissipation* PT 225 mwTemperature
Storage TsTo -65 to 100 °COperating TJ

85 °C
ELECTRICAL CHARACTERISTICS: (25°C)
Small Signal Characteristics

(Unless otherwise specified Vc = -5v
common base; IE = -1 ma; f = 1 KC)

Output Admittance
(Input AC Open Circuited) hobInput Impedance
( Output AC Short Circuited) his,

Reverse Voltage Transfer Ratio
(Input AC Open Circuited) ho,

Forward Current Transfer Ratio
(Common Emitter; Output
AC Short Circuited) 11 1 e

Frequency Cutoff fht bOutput Capacity (f = 1 mc;
Input AC open circuited) CobNoise Figure (f = 1 kc;
BW = 1 cycle) NF

D -C Characteristics
Forward Current Gain

(Common Emitter, Ic/Is )
(VCE = -1v; k = -20 ma) hFE
( VCE = -IV; IC = -100 ma) hFE

Collector Saturation Voltage
(Ic = -20 ma;
Is as indicated) IWE(sxr)@ In =

Base Input Voltage,
Common Emitter
(WE = -1v; Ic = -20 ma) Visa

Collector Cutoff Current
(Vcso = -30v) Ico

Emitter Cutoff Current
(VEsso = -15v) IEo

Collector to Emitter Voltage
(RBE = 10K ohms;
Ic = -.6 ma) VCER

Reach -through Voltage VET

Thermal Resistance 1k)
Junction Temperature Rise/

Total Transistor Dissipation:
Free Air
Infinite Heat Sink
Clip -on Heat Sink in Free Air

*Derate 3.7 mw/°C increase in ambient temperature above 25°C.

Per MIL -S -19500/60B

2N526
MM. Nom. Max.

2N527
MM. Nom. Max.

.1 .42 1.0 .1 .37 .9 µmhos
26 30 33 26 29 31 ohms

1 6.5 12 1 8.0 14 X 10-4

44 64 88 60 81 1201.3 3.0 6.5 1.5 3.3 7 mc
18 25 40 18 25 40 AO

1 6 15 1 6 15 db

53 73 90 72 91 12147 66 65 86
-55 -80 -.110 -60 -90 -110 volts-1.0 -1.0 -1.0 -.67 -.67 -.67 ma

-.190 -.230 -.280 -.180 -.216 -.260
-5 -10 -5 -10 µa
-4 -10 -4 -10 µa

-30 -30 volts-30 -30 volts

.27 .27 °C/mw.11 .11 °C/mw.20 .20 °C/mw

USN 2N526
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TRANSISTOR SPECIFICATIONS

2N634
Outline Drawing No. 2

The General Electric type 2N634 is an NPN germanium
alloy triode transistor designed for high speed switching
applications.

SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS: (25°C)
Voltage
Collector to Base VCBO 20 volts
Emitter to Base VERO 15 volts
Collector to Emitter VCEO 20 volts
Current
Collector Ic 300 ma
Base Is 50 ma
Emitter IE 300 ma
Temperature
Storage TSTG -65 to 85 °C
Operating Junction TA 85 °C
Power
Dissipation PT 150 mw
ELECTRICAL CHARACTERISTICS: (25°C)
Collector Voltage Min.

(Ic = 15 µamp; IE = 0) VCBO 20
Nom. Max.

volts
Emitter Voltage

(IE = 10 µamp; Ic = 0) VEBO 15 volts
Collector to Emitter Voltage

(Ic = 600 µamp; R = 10 K) VCER 20 volts
Collector Cutoff Current

(Vca = 5v; IE = 0) Icao
Reach -through Voltage VET 20

5 µamps
volts

D -C Current Gain
(Ic = 200 ma; VCE = 0.75v) hFE 15

Alpha Cutoff Frequency
(Vca = 5v; IE = -1 ma) fire 5 8 me

Thermal Characteristic
Derate 2.5 mw/°C increase in ambient temperature over 25°C.

2N634A
Outline Drawing No. 2

The General Electric Type 2N634A is an NPN alloy
transistor designed for low power medium speed switch-
ing service where control of switching parameters is
important.

SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS: (25°C)
Voltage
Collector to Base VCBO 25 volts
Collector to Emitter VCER (R = 10K) 20 volts
Emitter to Base VERO 25 volts
Current
Collector Ic 300 ma
Emitter IE 300 ma
Power
Dissipation* PT 150 mw
Temperature
Storage TSTO -65 to 100 °C
Operating Junction

ELECTRICAL CHARACTERISTICS: (25°C)

T.r

except as noted

85 °C

D -C Characteristics Min. Typ. Max.
Forward Current Transfer Ratio

(Ic = 10 ma, VCE = Iv) hFE 40 55 120(Ic = 10 ma, VcE = lv, TA = -55°C) 25 42
(1c = 200 ma, VcE = .35v) 20

Base Input Voltage
(Ic = 10 ma, Is = .5 ma) V13171 .20 .25 .35 volts(Ic = 200 ma, Ia = 10 ma) 1.5 voltsSaturation Voltage (Ic = 10 ma, Is = .25) VcE(sAT) .10 0.2 volts

Cutoff Characteristics
Collector Current (Vca = 25v, IE = 0) Ica° 6 µa(Vca =_ 25v, IE = 0, TA = 71°C) 80 µa
Emitter Current (VEB = 25v, Ic = 0) IEBo 6 µaCollector to Emitter Voltage

(IcER = 100 µa, RBE = 10K) VCER 20 volts

*Derate 2.5 mw/°C rise above 25°C ambient temperature.
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TRANSISTOR SPECIFICATIONS

The General Electric type 2N635 is an NPN germanium
alloy triode transistor designed for high speed switching
applications.

SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS: (25°C)
Voltage

2N635
Outline Drawing No. 2

Collector to Base Vcao 20 voltsEmitter to Base VEBO 15 voltsCollector to Emitter VCEO 20 volts
Current
Collector Ic 300 maBase Is 50 maEmitter IE 300 ma
Temperature
Storage TSTG -65 to 85 °COperating Junction TA 85 °C
Power
Dissipation PT 150 mw
ELECTRICAL CHARACTERISTICS: (25°C)
Collector Voltage Min.

(Ic = 15 µamp; IE = 0) Vcao 20
Nom. Max.

voltsEmitter Voltage
(IE = 10 µamp; Ic = 0) VEBO 15 voltsCollector to Emitter Voltage
(Ic = 600 µamp; R = 10 K) VCER 20 voltsCollector Cutoff Current
(Vca = 5v IE = 0) ICB0

Reach -through Voltage VET 20 5 µamps
voltsD -C Current Gain

(Ic = 200 ma; VCE = 0.75v) hFE 25Alpha Cutoff Frequency
(VCB = 5v; IE = -1 ma) FhFb 10 12 MC

Thermal Characteristic
Derate 2.5 mw/°C increase in ambient temperature over 25°C.

The General Electric Type 2N635A is an NPN alloy
transistor designed for low power medium speed switch-
ing service where control of switching parameters is
important.

SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS: (25'C)
Voltage
Collector to Base Vcao
Collector to Emitter VCER (R = 10K)
Emitter to Base VEBO

Current
Collector Ic
Emitter lc
Power
Dissipation* PT
Temperature
Storage TSTG -6510 100 °COperating Junction Tx 85 °C

ELECTRICAL CHARACTERISTICS: (25°C)
D -C Characteristics Min. Typ. Max.
Forward Current Transfer Ratio

(Ic = 10 ma, VCE = IV ) hFE 80 100 240(Ic = 10 ma, VCE = lv, TA = -55°C) 40 70(Ic = 200 ma, VCE = .35v) 40
Base Input Voltage

(Ic = 10 ma, Iii = .5 ma) VBE .20 .24 .32 volts(Ic = 200 ma, Ls = 10 ma) 1.5 voltsSaturation Voltage (Ic = 10 ma, Is = .17) VCE(SAT) .085 0.2 volts
Cutoff Characteristics
Collector Current (Veit = 25v, N = 0) Ica() 6 pa(Vice = 25v, IE = 0, TA = 71°C) 80 paEmitter Current (VEB = 25v, Ic = 0) IEBO 6 µaCollector to Emitter Voltage

(NEB. = 100 µa, RBE = 10K) VCER 20 volts
*Derate 2.5 mw/°C rise above 25°C ambient temperature.

2N635A
Outline Drawing No. 2

25 volts
20 volts
25 volts

300 ma
300 ma

150 mw
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TRANSISTOR SPECIFICATIONS

2N636
Outline Drawing No. 2

The General Electric type 2N636 is an NPN germanium
alloy triode transistor designed for high speed switching
applications.

SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS:
Voltage

125°C)

Collector to Base VCBO 20 volts
Emitter to Base VEBO 15 volts
Collector to Emitter VCEO 15 volts

Current
Collector Ic 300 ma

Base Is 50 ma
Emitter In 300 ma

Temperature
Storage TSTG -65 to 85 °C

Operating Junction TA 85 °C

Power
Dissipation PT 150 mw

ELECTRICAL CHARACTERISTICS: (25°C)
Collector Voltage Min. Nom. Max.

(Ic = 15 µamp; IE = 0) VCBO 20 volts
Emitter Voltage

IE = 10 µamp; Ic = 0) VEBO 15 volts
Collector to Emitter Voltage

(Ic = 600 µamp; R = 10 K) 1/cnit 15 volts
Collector Cutoff Current

( VcB = 5v; IE = 0) ICB0 5 µamps
Reach -through Voltage VRT 15 volts
D -C Current Gain

(Ic = 200 ma; VCE = 0.75v) hFE 35
Alpha Cutoff Frequency

(Ves = 5v; IE = -1 ma) fhfb 15 17 MC

Thermal Characteristic
Derate 2.5 mw/°C increase in ambient temperature over 25°C,

2N636A
Outline Drawing No. 2

The General Electric Type 2N636A is an NPN alloy
transistor designed for low power medium speed switch-
ing service where control of switching parameters is
important.

SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS: (25°C)
Voltage
Collector to Base VCBO 25 volts
Collector to Emitter Venn (R = 10K) 15 volts
Emitter to Base VEBO 25 volts

Current
Collector Ic 300 ma
Emitter IE 300 ma

Power
Dissipation* PT 150 mw

Temperature
Storage T, 1, -65 to 100 °C
Operating Junction TI 85 °C

ELECTRICAL CHARACTERISTICS: (25°C) except as noted

D -C Characteristics Min. Typ. Max.
Forward Current Transfer Ratio

(Ic = 10 ma, VCE = lv) hFE 100 190 300
(Ic = 10 ma, VCE = lv, TA = -55°C) 50 125
(Ic = 200 ma, Vca = .35v) 50

Base Input Voltage
(Ic = 10 ma, IB = .5 ma) VEE .20 .23 .30 volts
(Ic = 200 ma, IB = 10 ma) 1.5 volts

Saturation Voltage (Ic = 10 ma, IB = .13) VcB(sAT) .075 0.15 volts

Cutoff Characteristics
Collector Current ( Veit = 25v, IB = 0) Ica° 6 µa

(VcB = 25v, IE = 0, TA = 71°C) 80 µa
Emitter Current ( VIC13 = 25v, Ic = 0) IEso 6 µa
Collector to Emitter Voltage

(Icait = 100 µa, RBE = 10K) VCER 15 Volts

*Derate 2.5 mw/°C rise above 25°C ambient temperature.
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TRANSISTOR SPECIFICATIONS

The General Electric 2N656, and 2N657 are sili-
con NPN double diffused transistors designed for
Military and Industrial service for medium power
audio to medium frequency applications. The low
saturation voltage and low input impedance make
these devices especially suited for either high level linear amplifier or switching appli-
cations. Typical applications include servo driver and output stages, pulse amplifiers,
solenoid drivers, D.C. to A.C. converters, etc.

2N656, 2N657

SPECIFICATIONS

Outline Drawing No. 8

ABSOLUTE MAXIMUM RATINGS: (25°C) 2N656 2N657
Voltage
Collector to Base VOBO 60 100 volts
Collector to Emitter VCEO 60 100 volts
Emitter to Base VEBO 8 8 volts
Power
Transistor Dissipation

(Free Air @ 25°C)* PT .8 .8 watt
Transistor Dissipation

(Case Temperature @ 25°C)** PT 4 4 watt
Temperature
Storage TsTo -65 to 200 -65 to 200 °C
Operating Junction Ts -65 to 200 -65 to 200 °C

ELECTRICAL CHARACTERISTICS: (25°C) unless otherwise specified
2N656 2N657

D -C Characteristics Min. Max. Min. Max.
Collector to Base Voltage

(Ic = 100 µa, In = 0) Vcao 60 100 volts
Collector to Emitter Voltage

(Ic = 250 /la) VCEO 60 100 volts
Emitter to Base Voltage

(In = 250 µa, Ic = 0) VEBO 8 8 volts
Forward Current Transfer Ratio

(Ic = 200 ma, VCE = lOv) hEE 30 90 30 90
Base Input Resistance

(Is = 8 ma, VCE = lOv) hin 500 500 ohms
Saturation Resistance

(h = 40 ma, Ic = 200 ma) rCE(SAT) 25 25 ohms

Cutoff Characteristics
Collector Current (In = 0, Vca = 30v) Ico 10 10 4a

'5Derate 4.57 mw/°C increase in ambient temperature above 25°C.
**Derate 22.8 mw/°C increase in case temperature above 25°C.

The General Electric 2N656A and 2N657A
are silicon NPN double diffused transistors de -

1

2N656A, 2N657A
signed for Military and Industrial Service for
medium power audio to medium frequency Outline Drawing No. 8
applications. The low saturation voltage and
low input impedance make these devices especially suited for either high level linear
amplifier or switching applications. Typical applications include servo driver and out-
put stages, pulse amplifiers, solenoid drivers, D.C. to A.C. converters, etc.

SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS: (25°C)
Voltage

2N656A 2N657A

Collector to Base Van) 60 100 volts
Collector to Emitter WEo 60 100 volts
Emitter to Base Vuno 8 8 volts
Power
Transistor Dissipation

(Free Air @ 25°C )* PT 1 1 watt
Transistor Dissipation

(Case Temperature @ 25°C )**PT 5 5 watt
Temperature
Storage TsTo -65 to 200 -65 to 200 °C
Operating Junction Ts -65 to 200 -65 to 200 °C

continued next page
255



TRANSISTOR SPECIFICATIONS

ELECTRICAL CHARACTERISTICS: (25°C) unless otherwise specified
2N656A 2N657A

D -C Characteristics Min. Max. Min. Max.
Collector to Base Voltage

(Ic = 100 µa, IE = 0) VCBO 60 100 volts
Collector to Emitter Voltage

(Ic = 250 µa) VCEO 60 100 volts
Collector to Emitter Voltage

(Ic = 16 ma) VCEO 60 volts
Collector to Emitter Voltage

(Ic = 10 ma) VCEO 100 volts
Emitter to Base Voltage

(IE = 250 µa, Ic = 0) VEBO 8 8 volts
Forward Current Transfer Ratio

(Ic = 200 ma, VCE = lOv) hFE 30 90 30 90
Base Input Resistance

(Is = 8 ma, VCE = lOv) hIE 200 200 ohms
Saturation Resistance

(Is = 40 ma, Ic = 200 ma) rcEcsAT) 10 10 ohms

Cutoff Characteristics
Collector Current

(IE = 0, VCs = 30v) Ico 10 10 Aa
Collector Current

(High Temperature)
(IE = 0, Yes = 30v,
TA = 150°C) Ico 250 250 ga

*Derate 5.72 mw/°C increase in ambient temperature above 25°C.
**Derate 28.6 mw/°C increase in case temperature above 25°C.

2N1057
Outline Drawing No. 1

The General Electric Type 2N1057 is a germanium PNP
alloy junction switching transistor intended for low to
medium power switching applications at low frequen-
cies. A hermetic enclosure is provided by the use of
glass -to -metal seals and welded seams.

SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS: 125°C I

Voltage
Collector to Base VCBO -45 volts
Collector to Emitter (RBE :5 10 K) VIER -30 volts
Collector to Emitter (Vim =- 2v) VCEX -45 volts
Emitter to Base VEBO -5 volts

Current
Collector Ic -300 ma

Power
Total Transistor Dissipation* PT 240 mw

Temperatures
Storage TSTG -65 to 100 °C
Operating Junction Ti 85 °C

ELECTRICAL CHARACTERISTICS: (25°C)

D -C Characteristics Min.
Design
Center Max.

Collector to Emitter Breakdown Voltage
(Rim = 10 K; Ic = -600 µamp ) VIER -30 volts

Reach -through Voltage VRT -45 volts
Forward Current Transfer Ratio (low current)

(Ic = -20 ma; VCE = -lv) hFE 34 58 90
Forward Current Transfer Ratio (high current)

(Ic = -100 ma; VCE = -lv) hFE 30 52
Base. Input Voltage

( for low current condition )
(Ic = -20 ma; VCE = -lv) VBE -230 -280 my

Saturation Voltage (low level)
(Is = -1.33 ma; Ic = -20 ma) VcE(sAT) -60 -80 -130 my

Cutoff Characteristics
Collector Current (IE = 0; Vcs = -45v) Ico -16 µamps
Emitter Current ( Ic = 0; VEB = -5v) lEo -10 µamps

High Frequency Characteristics (Common Basel
(Vcn = -5v; IE = 1 ma; f = I Inc)

Output Capacity Cob 20 40 60 µµf
Cutoff Frequency fhf b .5 3.0 me

*Derate 4 mw/°C increase in ambient temperature above 25°C.
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TRANSISTOR SPECIFICATIONS

The General Electric Types 2N1086, 2N1086A,
and 2N1087 are NPN rate grown germanium 2N1086, 2N1086A,
transistors intended for mixer/oscillator or 2N1087
autodyne converters in radio broadcast receiv-
ers. Special manufacturing techniques provide Outline Drawing No. 3

a low value and a narrow spread in collector
capacity. Minimum conversion gain and narrow conversion gain spreads are guaranteed.

CONVERTER TRANSISTOR SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS: 125°C)

Voltage 2N1086 2N1086A 2N1087
Collector to Emitter (REE = 10K) VCER 9 9 9 volts
Collector to Base (emitter open) VCBO 9 9 9 volts

Current

Collector Tc -20 -20 -20 ma

Power

Collector Dissipation at 25°C* Pc 65 65 65 mw

Temperature
Operating and Storage Ts -55 to 85 -55 to 85 -55 to 85 °C

ELECTRICAL CHARACTERISTICS:**

Converter Service

Maximum Ratings
Collector Supply Voltage Vcc 9 9 9 volts

Design Center Characteristics

Input Impedance
(IE = 1 ma; VcE = 5v; f = 455 KC) Zi 350 350 350 ohms

Output Impedance
(IE = 1 ma; VCE = 5v; f = 455 KC) Z. 15 15 15 K ohms

Voltage Feedback Ratio
(IE = 1 ma; Vcn = 5v; f = 1 mc) hob 5 5 5 X 10-3

Collector Capacitance
(IE = 1 ma; Vca = 5v; f = 1 me) Cob 2.4 2.4 2.4 ILO

Frequency Cutoff (IE = 1 ma; Von = 5v) fin, 8 8 8 mc
Base Current Gain (Ic = 1 ma; VcE = 1v) hr4 40 40 40
Minimum Base Current Gain liFE 17 17 17
Maximum Base Current Gain hFE 195 195 195

Converter Performance (1600 kcls )

Conversion Gain in Typical Converter
Test Circuit CGe 24 24 26 db

Conversion Gain Range of Variation
in Typical Converter Circuit 4 2 2 db

Cutoff Characteristics
Collector Cutoff Current (Von = 5v) leo 3 3 3 /La max.
Collector Cutoff Current (Von = 5v) Ico .5 .5 .5 im

*Derate 1.1 mw/°C increase in ambient temperature over 25°C.
**All values are typical unless indicated as a min. or max.
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TRANSISTOR SPECIFICATIONS

'

2N1097, 2N1098
Outline Drawing No. 2

2N322 and 2N323 except for hFE limits.

The General Electric Types 2N1097 and
2N1098 are alloy junction PNP transistors in-
tended for low power output and audio driver
service in entertainment equipment. These
types are similar to the General Electric Types

SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS: (25°C)
Voltage
Collector to Emitter (RBE < 10 K) Vona -16 volts
Collector to Base Vcno -16 volts

Current
Collector Ic -100 ma

Temperature
Storage TSTG -65 to 85 °C
Operating Junction Tr 85 °C

Power
Transistor Dissipation* PAV 140 mw

ELECTRICAL CHARACTERISTICS: (25°C)
D -C Characteristics 2N1097 2N1098
Collector Current (Von = -16v) Ica° -16 -16 ga max.
Forward Current Transfer Ratio

(Ic = -20 ma; VCE = -1v) hFE 34-90 25-90

Low Frequency Characteristics
(Vc = -5r; IE = -1 ma; f = 1 KC)

Output Capacity (Typical) Cob 25 25 Aid
Forward Current Transfer Ratio ( Typical) ht. 55 45

*Derate 2.3 mw/°C increase in ambient temperature over 25°C.

I 2N111 5
Outline Drawing No. 7

The 2N1115 transistor is a germanium PNP switching
type intended for highly reliable service in missile and
other military equipment.

SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS: (25°C)
Voltage
Collector to Base
Collector to Emitter
Emitter to Base

Current
Collector
Emitter
Peak Collector*
Peak Base*

Power
Peak Collector Dissipation
Total Transistor Dissipation

Temperature
Storage

ELECTRICAL CHARACTERISTICS: (25°C)
DC Characteristics
Base Input Voltage (for low current condition)

( Ia = -0.25 ma; Ic = -10 ma )
Base Input Voltage (for high current condition)

(In = -1.7 ma; Ic = -60 ma )
Saturation Voltage (low level)

( In = -0.25 ma; Ic = -10 ma )
Saturation Voltage (high current)

( In = -1.7 ma; Ic = -60 ma)

Vcno -20 volts
VCEO -15 volts
VEBO -10 volts

IC -125 ma
IE 125 ma

-500 ma
is -500 ma

17T 500 mw
150 mw

TSTG -65 to 85 °C

Min. Max.

VBE -0.4 volts

VBE -0.5 volts

VCE (SAT) -0.15 volts

VCE (SAT) -0.35 volts
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TRANSISTOR SPECIFICATIONS

Cutoff Characteristics
Emitter Current Vim =.-10) Iso -6 µaCollector to Emitter Current

(Vcs = -20; RBE = 10K; Vs = 3) ICE X -6 Aa

High Frequency Characteristics (Common Base)
(Vas = -5v; Is = I ma)

Alpha Cutoff Frequency fhcb 5.0 mcsCollector Capacity (f = 1 mc) Cob 20 AO
Switching Characteristics
Storage Time t. 3.0 µsec
Thermal Characteristics
Derate 2.5 mw°/C for temperatures above 25°C

*Duration of intermittent current peaks is limited by the thermal transient response ofof the transistor.

The General Electric Type 2N1121 transistor is a rate -
grown NPN germanium device, intended for use as IF
amplifiers in broadcast radio receivers. The collector ca-
pacity is controlled to a uniformly low value so that Outline Drawing No. 3
neutralization in most circuits is not required. Power
gain at 455KC in a typical receiver circuit is restricted to a 2.5db spread. The uni-
formity provided by the controls of collector capacity and power gain allows easy and
economical incorporation of this type into receiver circuits. Type 2N1121 has special
high beta characteristics required in the final stage of reflex IF circuits where large
audio gain is desired.

2N1121

IF TRANSISTOR SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS: (25°C)
Voltage
Collector to Emitter (Ries = 10K) VCER 15 voltsCollector to Base (emitter open) VCBO 15 volts
Current
Collector Ic -20 ma
Power
Collector Dissipation at 25°C* Pc 65 mw
Temperature
Operating and Storage TA,TsTc -55 to 85 °C

ELECTRICAL CHARACTERISTICS:** (25°C)
Reflex IF Amplifier Service

Maximum Ratings
Collector Supply Voltage Vcc 9 volts
Design Center Characteristics

(IE =1 ma; VCE = 5v; f =455 KC except as noted)
Input Impedance Zc 700 ohmsOutput Impedance Zo 7 K ohmsVoltage Feedback Ratio (Yes = 5v; f = 1 mc) hrb 10 X 10-3Collector to Base Capacitance (Arcs = 5v; f = 1 mc) Cob 2.4 gafFrequency Cutoff (Vcs = 5v) firs, 8 mcBase Current Gain (Ic = 1 ma; VCE = 1V ) hFE 72Minimum Base Current Gain hee 32
Reflex IF Amplifier Performance
Collector Supply Voltage Vcc 5 voltsCollector Current Ic 2Input Frequency f 455 T8Minimum Power Gain in Typical IF Circuit Ge 29.5 dbPower Gain Range of Variation in Typical IF Circuit Ge 2.5 db
Cutoff Characteristics
Collector Cutoff Current (Yes = 5v) Ico .5 p.aCollector Cutoff Current (Vcs = 15v) Ico 5 as max

*Derate 1.1 mw/°C increase in ambient temperature.
**All values are typical unless indicated as a min. or max.
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TRANSISTOR SPECIFICATIONS

2N1144, 2N1145
Outline Drawing No. 1

The General Electric Types 2N1144 and
2N1145 are alloy junction PNP transistors in-
tended for low power output and audio driver
service in entertainment equipment. These
types are similar to General Electric Types

2N1097 and 2N1098 except for package configuration.

SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS: (25°C)
Voltage
Collector to Emitter (RBE = 10K) WEB -25 volts
Collector to Base VcEo -25 volts
Current
Collector lr -100 ma
Temperature
Storage TSTO -65 to 85 °C
Operating Junction TJ 85 °C

Power
Transistor Dissipation* PT 140 mw

ELECTRICAL CHARACTERISTICS: (25°C)
D -C Characteristics 2N1144 2N1145
Collector Current ( VCR = -25v) Ica() -16 -16 ita max.
Forward Current Transfer Ratio

(Ic = 20 ma; Von = lv) IlFs 34-90 25-90
Low Frequency Characteristics

(Vc =-5v; Is = 1 ma; f = 1 l(C)
Output Capacity (Typical) Con 40 40 AO
Forward Current Transfer Ratio ( Typical) hre 55 42

*Derate 2.3 mw/°C increase in ambient temperature over 25°C.

2N1198 The General Electric Type 2N1198 is an NPN germa-
nium high frequency, high speed switching transistor
intended for industrial and military applications where

Outline Drawing No. 3 reliability is of prime importance. In order to achieve
the high degree of reliability necessary in industrial and

military applications, the 2N1198 is designed to pass 500G 1 millisecond drop shock,
10,000G centrifuge, 10G variable frequency vibration, as well as temperature cycling,
moisture resistance and operating and storage life tests as outlined in MIL -T -19500A.
The 2N1198 has the same low collector cutoff current and reliability as the 2N167 and
is identical to the 2N167 on all parameters except voltage.

SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS: (25°C)
Voltage
Collector to Base Vcno 25 voltsCollector to Emitter VCEO 25 voltsEmitter to Base VEBO 5 volts
Current
Collector Ic 75 maEmitter Is -75 ma
Power
Collector Dissipation (25°C) * Pc 65 mw
Total Transistor Dissipation (25°C)** PT 75 mw
Temperature
Storage TSTG 85 °C

ELECTRICAL CHARACTERISTICS: (25°C)
D -C Characteristics Design
Collector to Emitter Breakdown Voltage Min. Center Max.

(Base Open, Ic = .3 ma) BVcso 25 volts
Forward Current Transfer Ratio

(lc = 8 ma; VCE = lv) hFE 17 30 90
Base Input Voltage

(Is = .47 ma; Ic = 8 ma) VBE .3*** .41 .6***volts
Saturation Voltage

(Is = .8 ma; Ic = 8 ma) vcE(seT) .35
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Cutoff Characteristics

TRANSISTOR SPECIFICATIONS

Collector Current (IE = 0; Yea = 15v) Ico .6 1.5 µa
Emitter Current (Ic = 0; Vise = 5v) IEo .35 5 µa

High Frequency Characteristics (Common Base)
(VcB = 5v; IE = I ma)

Alpha Cutoff Frequency fbrb 5.0 9.0
Collector Capacity (f = 1 mc) Cob 2.5 6 ,T:fVoltage Feedback Ratio (f = 1 mc) hrb 7.3 X 10-3
Low Fr y Characteristics (Common Base)

(Von = 5v; IE = I ma; f= 270 cps)
Forward Current Transfer Ratio hrb .952 .985 .995Output Admittance hob .1*** .2 .7***AnohosInput Impedance h i b 25*** 55 82***ohms
Reverse Voltage Transfer Ratio hrb 1.5 X 10-4
Switching Characteristics

(lc = 8 ma; liE = .8 ma; lBs = .8 ma)
Turn -on Time to .4 µsec
Storage Time t, .7 µsec
Fall Time tr .2 µsec

*Derate 1.1 mw/°C increase in ambient temperature.
**Derate 1.25 mw/°C increase in ambient temperature.

***These limits are design limits within which 98% of production normally falls.

The General Electric Type 2N1217 is an NPN isolated
case germanium high frequency, high speed, low level
switching transistor intended for industrial and military
applications where reliability is of prime importance.
The 2N1217 features extremely low collector cutoff
current, high D.C. Beta at very low collector current, and low collector capacity. All
transistors are baked 100 hours at 85°C to stabilize characteristics.

2N1217

SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS: (25°C)
Voltage
Collector to Base Vcso
Collector to Emitter VCEO
Emitter to Base VEBO

Current
Collector Ic 25 ma
Power
Total Transistor Dissipation* PT 75 mw
Temperature
Storage TSTG 85 °C
Lead ( 1/20" + 1/22" from case for 10 seconds) Tr. 230 °C

ELECTRICAL CHARACTERISTICS: (25°C) unless otherwise specified
D -C Characteristics Min. Typ. Max.
Collector to Emitter Voltage (Ic = 300 wt) VCEO 20 volts
Collector Current (IE = 0, Vca = I5v) Ica° .6 1.5 µado
Emitter Current (Ic = 0, VEB =-. 5v) IEBO .4 1.5 rradc
Collector Current

(IE = 0, Yes = 15v, TA = 70°C) Icrio 11 29 µado
Forward Current Transfer Ratio

(Ic = .5 ma, VCE = lv) }WE 40 100
Forward Current Transfer Ratio

(Ic = 2 ma, VCE = lv) hFE 40 60 100
Forward Current Transfer Ratio

(Ic = 2 ma, VCE = lv, TA = -55°C) hrs 20
Base Input Voltage

(Is = .2 ma, Ic = 2 ma) VBE .26 volts
Saturation Voltage

(In = .2 ma, Ic = 2 ma) VCE(SAT) .10 volts

High Frequency Characteristics (Common Base)
(Ven = 5v, Is = 1 ma)

Alpha Cutoff Frequency fhfb 6.0 9.0 ma
Collector Capacity (f = 1 mc) Cob 2.5 6 /20
Switching Characteristics

(Ic = 2 ma, Iris = 1E2 =.- .2 ma)
Rise Time tr .4 .6 µsec
Storage Time t. .9 1.6 Asec
Fall Time tr .3 .4 µse°

*Derate 1.25 mw/°C increase in ambient temperature above 25°C.

Outline Drawing No. 3

20 volts
20 volts

5 volts

261



TRANSISTOR SPECIFICATIONS

I

2N1276, 2N1277
The General Electric Types 2N1276 and
2N1277, are silicon NPN transistors intended
for amplifier applications in the audio and

Outline Drawing No. 4 radio frequency range and for general purpose
switching circuits. They are grown junction

devices with a diffused base and are manufactured in the Fixed -Bed Mounting design
for exteremely high mechanical reliability under severe conditions of shock, vibration,
centrifugal force, and temperature. These transistors are hermetically sealed in welded
cases. The case dimensions and lead configuration conform to JEDEC standards and
are suitable for insertion in printed boards by automatic assembly equipment.

SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS: (25°C)

Voltage
Collector to Base VOBO
Collector to Emitter VCEO
Emitter to Base VEBO

40 volts
30 volts

1 volt

Current
Collector Ic 25 ma

Power
Collector Dissipation RMS5 Pc 150 mw

Temperature
Storage TSTG -65 to 200 °C
Operating Junction TS 150 °C

ELECTRICAL CHARACTERISTICS: (25°C)

2N1276 2N1277
D -C Characteristics Min. Typ. Max. Min. Typ. Max.
Collector to Base Voltage

( Ic = 50 µa, In = 0) VCB0 40
Collector to Emitter Voltage

(Is = 0, Ic = 1 ma) VCEO 30
Emitter to Base Voltage

(Is = 100 µa, Ic = 0) VEBO 1.0 4.0
Forward Current Transfer Ratio

(low current)
(Ic = 10 ma, VCE = 5v) hFE 10

Saturation Voltage (low level)
(Is = 2.2 ma, Ic = 5 ma) VCE(BAT) .49

Cutoff Characteristics
Collector Current

(Is = 0, Vca = 30v)
Collector Current

(high temperature)
(IE = 0, Vca = 30v,
TA = 150°C)

Ico .001

Ico 1

Low Frequency Characteristics (Common Base)
Wes = 5v, In = -1 ma, f = 1000 cps)

Forward Current Transfer Ratio hr. 9 14
Output Admittance hob .37
Input Impedance hi a 30 44
Reverse Voltage Transfer Ratio hrb 2.4
Noise Figure (Boo = 1 cycle),

(Common Base or Common
Emitter) NF 22

Power Gain
(VcE = 5v, Ic = +1 ma,
f = 1000 cps) G. 37

High Frequency Characteristics (Common Base)
(VcE = 20v, IE = -1 ma, f = 1 mc)

Output Capacity Cob 2.0
Cutoff Frequency fhfb 15 30

*Derate 1.2 mw/°C increase in ambient temperature above 25°C.
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TRANSISTOR SPECIFICATIONS

The General Electric Types 2N1278 and
2N1279 are silicon NPN transistors intended for 2N1278, 2N1279
amplifier applications in the audio and radio fre-
quency range and for general purpose switch- Outline Drawing No. 4
ing circuits. They are grown junction devices
with a diffused base and are manufactured in the Fixed -Bed Mounting design for
extremely high mechanical reliability under severe conditions of shock, vibration,
centrifugal force, and temperature. These transistors are hermetically sealed in welded
cases. The case dimensions and lead configuration conform to JEDEC standards and
are suitable for insertion in printed boards by automatic assembly equipment.

SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS: 125°C)

Voltage
Collector to Base Vcso 40 voltsCollector to Emitter VCEO 30 voltsEmitter to Base VEBO 1 volt

Current
Collector Ic 25 ma

Power
Collector Dissipation RMS* Pc 150 mw

Temperature
Storage TsTG
Operating Junction TJ

ELECTRICAL CHARACTERISTICS (25°C)

-65 to 200 °C
150 °C

D -C Characteristics Min. Typ. Max. Min. Typ. Max.
Collector to Base Voltage

(Ic = 50 µa, IE = 0) VCBO 40 40 voltsCollector to Emitter Voltage
(Is = 0, Ic = 1 ma) VCEO 30 30 voltsEmitter to Base Voltage
(Is = 100 µa, Ic = 0) VEBO 1.0 4.0 1.0 4.0 voltsForward Current Transfer Ratio
(low current)
(Ic = 10 ma, VCE = 5v) hFE 33 80Saturation Voltage (low level)
(Is = 2.2 ma, Ic = 5 ma) vceseT) .56 1.0 .47 1.0 volts

Cutoff Characteristics
Collector Current
(Is = 0, Vcs = 30v)

Collector Current
(high temperature)
(Is = 0, Vele = 30v,
TA = 150°C)

Ico

Ico

.001 1 .001 1 jut

1 50 1 50 ita

Low Frequency Characteristics (Common Base)
(VCB = 5v, 13 = -1 ma, f = 1000 cps)

Forward Current Transfer Ratio ht. 37 66 90 76 101 333Output Admittance hob .18 1 .14 1 µmhosInput Impedance h lb 30 44 80 30 44 80 ohmsReverse Voltage Transfer Ratio hrb 2.3 10 2.0 10 X 10-4Noise Figure (B. = 1 cycle ),
(Common Base or Common

Emitter) NF 15 15 dbPower Gain
(VcE = 5v, Ic = +1 ma,
f = 1000 cps) Go 44 45 db

High Frequency Characteristics (Common Base)
Ohs = 20v, 13 =_- -1 ma, f = 1 mc)

Output Capacity Cob 2.0 5.0 2.0 5.0 gaCutoff Frequency fhfb 15 30 15 34 mc
°Derate 1.2 mw/°C increase in ambient temperature above 25°C.
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TRANSISTOR SPECIFICATIONS

2N1288 I

The General Electric type 2N1288 is a germanium
meltback NPN transistor designed for high speed corn -

Outline Drawing No. 10
puter switching. All units are aged 150 hours at a
temperature of 100°C min. to stabilize characteristics.
The 2N1288 is designed to meet the requirements of

MIL -T -19500A. The case dimensions conform to the TO -39 outline and the units are

for insertion in printed boards by automatic assembly equipment.

SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS: (25`C)

Voltage
Collector to Emitter
Emitter to Base
Collector to Base

VCER( R=10K)
VEBO
Vett°

Current
Collector Ic

Power

Dissipation* Px

Temperature
Storage TSTG

Operating Junction Temperature Ta

10 volts
5 volts

15 volts

50 ma

75 mw

-65 to +85 °C
-55 to +85 °C

ELECTRICAL CHARACTERISTICS: Min. Typ. Max.

Reach -through Voltage VRT 10 volts

Collector to Emitter Voltage
(RBE = 10K, Ic = .6 ma) VCER 10 volts

Forward Current Transfer Ratio
(Ic = 10 ma, VCE = 1V) hea 50 150 300

Forward Current Transfer Ratio
(Ic = 25 ma, VCE = lv) him 30 100

Base to Emitter Voltage
(Ic = 10 ma, Is = .5 ma) VBE .25 0.5 volts

Collector Saturation Voltage
(Ic = 10 ma, Is = .5 ma) vez(skr) .2 0.3 volts

Collector Cutoff Frequency
(IE = 5 ma, Vc = lv) fhfb 40 60

Collector Capacitance
(IE=5ma,Vc=lv,f=2mc) Cob 6 10 µµf

Collector Cutoff Current
(VCB = 5v, IE = 0) Ico 2 5 ca

Emitter Cutoff Current (Vss = 5v, Ic = 0) 1E0 3 10 µa

Switching Speeds
(Ic = 10 ma, Ins = 1B2 = 1 ma)
Rise Time tr 60 100 mµsec

Storage Time t. 200 300 mµsec

Fall Time ti 60 100 mµsec

*Derate 1.2 mw/°C increase in ambient temperature above 25°C.
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TRANSISTOR SPECIFICATIONS

The General Electric type 2N1289 is a germanium I 2N1289meltback NPN transistor designed for high speed com-
puter switching. All units are aged 150 hours at a Outline Drawing No. 10
temperature of 100°C min. to stabilize characteristics.
The 2N1289 is designed to meet the requirements of
MIL -S -19500B. The case dimensions conform to the TO -5 outline and the units are
for insertion in printed boards by automatic assembly equipment.

SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS: (25"C)

Voltage
Collector to Emitter
Emitter to Base
Collector to Base

VCER
VEBO

VCBO

15 volts
15 volts
20 volts

Current
Collector Ic 50 ma

Power

Dissipation* PT 75 mw

Temperature

Storage TSTG -65 to +100 °C
Operating Junction Ti -55 to + 85 °C

ELECTRICAL CHARACTERISTICS (25°CI unless otherwise specified

D -C Characteristics Min. Typ. Max.
Reach -through Voltage VRT 15 volts
Collector to Emitter Voltage

(Ilan = 10K, Ic = 600 µa) VCER 15 volts
Emitter to Base Voltage (In = 100 µa) VEBO 15 volts
Forward Current Transfer Ratio

(Ic = 10 ma, VCE = 1V) hFE 50 150 300
Forward Current Transfer Ratio

(Ic = 10 ma, VCE = 1V, TA = -55°C) hpn 30 SO
Forward Current Transfer Ratio

(Ic = 25 ma, VCE = 1V) hFE 40 130
Base to Emitter Voltage

(Ic = 10 ma, In = .5 ma) VBE .25 0.4 volts
Collector Saturation Voltage

(Ic = 10 ma, In = .5 ma) wester) .2 0.3 volts
Collector Cutoff Current

(Vca = 15v, In = 0) Ico 2 5 µa
Emitter Cutoff Current (VEB = 5v, Ic = 0) IEo 2 5 µa
Collector Cutoff Current

(Vca = 15v, IE = 0, TA = 70°C) Ico 40 70 ga

High Frequency Characteristics
Alpha Cutoff Frequency

(IE = 5 ma, Vc = 1v) fern 40 60 me
Collector Capacitance

(IE = 5 ma, Vc = lv, f = 2 ma ) Cob 6 10 BILf
Switching Speeds

(Ic = 10 ma, IBl = Iaz = 1 ma)
Rise Time tr 60 100 nuisec
Storage Time tF 200 300 masec
Fall Time tt 60 100 mgsec

*Derate 1.2 mw/°C increase in ambient temperature above 25°C.
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TRANSISTOR SPECIFICATIONS

2N1304
Outline Drawing No. 2

The General Electric Type 2N1304 is an NPN alloy
transistor designed for low power medium speed switch-
ing service when control of switching parameters is
important.

SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS: (25°C)

Voltage
Collector to Base VCR() 25 volts
Collector to Emitter VIER R = 10K) 20 volts
Emitter to Base VEso 25 volts

Current
Collector Ic

Power

Total Transistor Dissipation*
(25°C Case Temperature) PT

Temperature
Storage TSTG

ELECTRICAL CHARACTERISTICS: 125°C)

300 ma

300 mw

-65 to +100 °C

D -C Characteristics Min. Typ. Max.
Forward Current Transfer Ratio

(Ic = 10 ma; Yen = 1v) bac 40 70 200
(Ic = 200 ma; Vex = .35v) 15

Base Input Voltage
(Ic = 10 ma; Is = .5 ma) VBE .20 .25 .35 volts

Total Base Reverse Current
(VCB = 20v; VEB = 10v) IBX 3 8 µa

Saturation Voltage (Ic = 10 ma; Is = .25) VcE(sAT) .10 0.2 volts
Reach -through Voltage VRT 20 volts

Cutoff Characteristics
Collector Current (Vca = 25v; IE = 0) Icao 1.5 6 µa
Emitter Current (Vas = 25v; Ic = 0) IEBO 1.2 6 ca

*Derate 5.0 mw/°C rise in case temperature above 25°C ambient.
The power rating in free air at 25°C is 150 mw.

2N1306
Outline Drawing No. 2

The General Electric Type 2N1306 is an NPN alloy
transistor designed for low power medium speed switch-
ing service when control of switching parameters is
important.

SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS: (25°C)

Voltage

Collector to Base Vcao 25 volts
Collector to Emitter VCER (R = 10K) 20 volts
Emitter to Base VEBO 25 volts

Current

Collector Ic 300 ma
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TRANSISTOR SPECIFICATIONS

Power
Total Transistor Dissipation*

(25°C Case Temperature) PT 300 mw

Temperature
Storage TSTG -65 to +100 °C

ELECTRICAL CHARACTERISTICS: (25°C)
D -C Characteristics Min. Typ. Max.
Forward Current Transfer Ratio

(Ic = 10 ma; VCE = lv) hFE 60 100 300
( Ic = 200 ma; VCE = .35v) 20

Base Input Voltage
(Ic = 10 ma; IB = .5 ma) VBE .20 .24 .32 volts

Total Base Reverse Current
(VCB = 20v; VEB = lOv) IBX 3 8 µa

Saturation Voltage (Ic = 10 ma; IB = .17) VceseT) .085 0.2 volts
Reach -through Voltage VET 15 volts

Cutoff Characteristics
Collector Current (Vcs = 25v; IE = 0) Icso 1.5 6 ca
Emitter Current ( VEB = 25v; Ic = 0) IEBO 1.2 6 ca

*Derate 5.0 mw/°C rise in case temperature above 25°C ambient.
The power rating in free air at 25°C is 150 mw.

The General Electric Type 2N1308 is an NPN alloy
transistor designed for low power medium speed switch-
ing service when control of switching parameters is
important.

SPECIFICATIONS

2N1308
Outline Drawing No. 2

ABSOLUTE MAXIMUM RATINGS: (25°C)
Voltage
Collector to Base VCBO 25 volts
Collector to Emitter VCER (R = 10K) 20 volts
Emitter to Base VEBO 25 volts

Current
Collector Ic 300 ma

Power
Total Transistor Dissipation*

(25°C Case Temperature) PT 300 mw

Temperature
Storage TSTG -65 to +100 °C

ELECTRICAL CHARACTERISTICS: (25°C)
D -C Characteristics Min.
Forward Current Transfer Ratio

(Ic = 10 ma; VcE = lv) hEE 80
(Ic = 200 ma; VCE = .35v) 20

Base Input Voltage
(Ic = 10 ma; IB = .5 ma) VBE .20

Total Base Reverse Current
( Vcs = 20v; VEB = lOv) lax

Saturation Voltage (Ic = 10 ma; Is = .13) VCE(SAT)
Reach -through Voltage VRT 15

Cutoff Characteristics
Collector Current (Vcs = 25v; IE = 0) ICBO

Emitter Current (VEB = 25v; Ic = 0) IEBO

Typ.

150

Max.

.23 .30 volts

3 8 µa
.075 0.15 volts

volts

1.5 6 ga
1.2 6 µa

*Derate 5.0 mw/°C rise in case temperature above 25°C ambient.
The power rating in free air at 25°C is 150 mw.
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TRANSISTOR SPECIFICATIONS

2N 1413 I

The General Electric Type 2N1413 is a PNP alloy in-
tended for those industrial audio amplifiers and low

Outline Drawing No. 2
frequency switching applications where cost is of prime
importance. All units are hermetically sealed and are
subjected to 100 hours of high temperature bake as well

as a detergent pressure test, thus assuring reliable performance under adverse environ-
mental conditions. Efficient thermal characteristics are assured by welding the tran-
sistor base to the case.

SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS: (25°C)

Voltage
Collector to Base VCR° -35 volts
Collector to Emitter VOER (1113n < 10K) -25 volts
Emitter to Base VE130 -10 volts

Current
Collector Ic -200 ma

Power

Collector Dissipation* Pc 200 mw

Temperature
Storage TSTG -65 to +85 °C

Operating Ta +85 °C

ELECTRICAL CHARACTERISTICS: (25°C)

Small Signal Characteristics
base;

Min. Typ. Max.

(Unless otherwise specified Vc = -5v common
IE = -1 ma; f = 1000 cps/

Output Admittance
(Input AC Open Circuited) hob .1 .65 1.3 µmhos

Input Admittance
(Output AC Short Circuited) h w 26 29 36 ohms

Reverse Voltage Transfer Ratio
(Input AC Open Circuited) hrb 1 4.8 10 X 10-4

Forward Current Transfer Ratio
(Common Emitter; Output AC
Short Circuited) hi. 20 30 41

Frequency Cutoff fhrb 0.8 3.2 mc
Output Capacity

(f = 1 mc; Input AC Open Circuited) r 26 40 gµf
Noise Figure (f = 1 kc; 13w = 1 cycle) NF 6 db

D -C Characteristics
Forward Current Gain (Common Emitter)

(Von -1v; Ic = -20 ma) hon 25 36 42
(Van: = -lv; Ic = -100 ma) bon 23

Collector Saturation Voltage
(Ic = -20 ma; In as indicated) VcE(sAT) -70 my

(FP Is = -2.0 ma
Base Input Voltage, Common Emitter

(Von = -lv; Ic = -20 ma) VISE -.255 volts
Collector Cutoff Current (Vow) = -30v) Ico -8 -12 µa
Emitter Cutoff Current (VEao = -10V ) TEO -5 -10 AR

Collector to Emitter Voltage
(Rim = 10K ohms; Ic = -.6 ma) VIER -25 volts

Reach -through Voltage VRT -25 volts

*Derate 3.33 mw/°C increase in ambient temperature above 25°C.
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TRANSISTOR SPECIFICATIONS

The General Electric Type 2N1414 is a PNP alloy in-
tended for those industrial audio amplifiers and low I 2 N1414
frequency switching applications where cost is of prime

Outline Drawing No. 2importance. All units are hermetically sealed and are
subjected to 100 hours of high temperature bake as well
as a detergent pressure test, thus assuring reliable performance under adverse environ-
mental conditions. Efficient thermal characteristics are assured by welding the tran-
sistor base to the case.

SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS: (25°C)

Voltage
Collector to Base VCBO -35 volts
Collector to Emitter VCER (RBE < 10K) -25 volts
Emitter to Base VEBO -10 volts

Current
Collector Ic -200 ma

Power

Collector Dissipation* Pc 200 mw

Temperature
Storage TsTG -65 to +85 °C
Operating Tr +85 °C

ELECTRICAL CHARACTERISTICS: (25°C)

Small Signal Characteristics

base;

Min. Typ. Max.
(Unless otherwise specified Vc = -5v common
IE = -1 ma; f = 1000 cps/

Output Admittance
(Input AC Open Circuited) hob .1 .62 1.2 µmhos

Input Admittance
(Output AC Short Circuited) 11,0 26 29 35 ohms

Reverse Voltage Transfer Ratio
(Input AC Open Circuited) hrb 1 5.2 11 X 10-4

Forward Current Transfer Ratio
(Common Emitter; Output AC Short
Circuited) hr. 30 44 64

Frequency Cutoff fhfb 1.0 3.6 me
Output Capacity (f= 1 mc;

Input AC Open Circuited) Cob 26 40 µµf
Noise Figure (f = 1 kc; Bw = 1 cycle) NF 6 db

D -C Characteristics

Forward Current Gain (Common Emitter)
(VcE = -lv; Ic = -20 ma) hEE 34 52 65
(VcE = -lv; Ic = -100 ma) hEE 30

Collector Saturation Voltage
(Ic = -20 ma; Is as indicated) VcE(s") -75 my

@ In = -1.33 ma
Base Input Voltage, Common Emitter

(VcE = -lv; Ic = -20 ma) VBE -.243 volts
Collector Cutoff Current (Vox. = -30v) Ico -8 -12 µa
Emitter Cutoff Current (VEBO = -10v) 1E0 -5 -10 µa
Collector to Emitter Voltage

(RBE = 10K ohms; Ic = -.6 ma) VCER -25 volts
Reach -through Voltage VET -25 volts

°Derate 3.33 mw/°C increase in ambient temperature above 25°C.
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TRANSISTOR SPECIFICATIONS

2 N1415 The General Electric Type 2N1415 is a PNP alloy in-
tended for those industrial audio amplifiers and low

Outline Drawing No. 2
frequency switching applications where cost is of prime
importance. All units are hermetically sealed and are
subjected to 100 hours of high temperature bake as well

as a detergent pressure test, thus assuring reliable performance under adverse environ-
mental conditions. Efficient thermal characteristics are assured by welding the tran-
sistor base to the case.

SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS: (25°C)

Voltage
Collector to Base VCBO -35 volts
Collector to Emitter Vona (RaE < 10K) -25 volts
Emitter to Base VEBO -10 volts

Current
Collector Ic -200 ma

Power

Collector Dissipation° Pc 200 mw

Temperature
Storage TSTG -65 to +85 °C
Operating TJ +85 °C

ELECTRICAL CHARACTERISTICS: (25°C)

Small Signal Characteristics
base;

Min. Typ. Max.

(Unless otherwise specified Vc = -5v common
IE = -1 ma; f = 1000 cps),

Output Admittance
(Input AC Open Circuited) hob .1 .55 1.0 /.trnhos

Input Admittance
(Output AC Short Circuited) hib 26 29 33 ohms

Reverse Voltage Transfer Ratio
(Input AC Open Circuited) hrb 1 5.7 12 X 10-,

Forward Current Transfer Ratio
(Common Emitter; Output AC

Short Circuited) hte 44 64 88
Frequency Cutoff fhfb 1.3 4.0 me
Output Capacity

(f = 1 mc; Input AC Open Circuited) Cob 26 40 AO
Noise Figure (f = 1 kc; Bw = 1 cycle) NF 6 db

D -C Characteristics
Forward Current Gain (Common Emitter)

(VcE = -1v; Ic = -20 ma) hEE 53 73 90
(VcE = -lv; Ic = -100 ma) hFE 47

Collector Saturation Voltage
(Ic = -20 ma; IB as indicated) VcE(sAT) -80 my

as IB = -1.0 ma
Base Input Voltage, Common Emitter

(VcE = -lv; Ic = -20 ma) VBE -.230 volts

Collector Cutoff Current (Vcao = -30v) Ico -8 -12 ga
Emitter Cutoff Current ( VEno = -10V ) IEo -5 -10 µa
Collector to Emitter Voltage

(RBE = 10K ohms; Ic = -.6 ma) VCER -25 volts
Reach -through Voltage VRT -25 volts

.Derate 3.33 mw/°C increase in ambient temperature above 25°C.

270



TRANSISTOR SPECIFICATIONS

The General Electric Type 2N1510 is a germanium NPN
rate grown transistor intended for industrial, military and I 2N1510
data processing applications where operation at high volt-

Outline Drawing No. 3
ages and low currents is required. A low value of collector
leakage current at high voltages plus very stable voltage
with life make this transistor especially suited for use in neon indicator and direct indi-
cating counter circuits where high ambient temperatures are encountered and reliability
is of prime importance.

SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS: (25°C)

Voltage

Collector to Emitter (R = 10K) VCER 70 volts
Collector to Base Vcso 75 volts
Emitter to Base VEBO 8 volts

Current

Collector Ic 20 ma

Power

Dissipation* Pc 75 mw

Temperature

Storage TSTO -55 to +85 °C
Operating Junction TJ +85 °C
Lead Temperature )46" 7.4---X2"

from Case for 10 Seconds Tr. 230 °C

ELECTRICAL CHARACTERISTICS: (25°C)

D -C Characteristics Min. Typ. Max.

Base Current Gain (Ic = 1 ma, VCE = lv) hFE 8 30 90
Base Current Gain (Ic = 4 ma, VCE = lv) hFE 4
Saturation Voltage

(Is = 1.0 ma, Ic = 4 ma) VcE(s") .26 volts
Base Input Voltage

(In = 1.0 ma, Ic = 4 ma) VEE .38 volts
Reach -through Voltage (VEB = lv) VRT 75 volts

Cutoff Characteristics

Collector Cutoff Current
(VCE = 70v, VBE = -5v) ICEX .5 5 µa

Collector Cutoff Current (Yes = 75v) Ica() .6 5 µa
Emitter Cutoff Current (VEB = 8v) IEBO 10 µa
Collector to Emitter Voltage

(R = 10K, Ic = 300 µa) VCER 70 volts

*Derate 1.25 mw/°C increase in ambient temperature.
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TRANSISTOR SPECIFICATIONS

2
The General Electric Type 2N1614 is a germanium

N1614 PNP Alloy Junction Triode Switching Transistor. It is

Outline Drawing No. 1
intended for military, industrial and data processing
systems where high voltage, reliability, and excellent
stability of characteristics are of prime importance.

Applications include neon indicator circuits, relay driver circuits and direct indicating
counter circuits.

SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS: (25°C)

Voltage
Collector to Base
Collector to Emitter
Collector to Emitter
Emitter to Base

VCBO

VEER (R = 10K)
VCEX ( VBE = 2v)
VEBO

-65 volts
-40 volts
-60 volts
-12 volts

Current
Collector Ic -300 ma

Power
Dissipation RMS
Total Transistor Dissipation*

Temperature
Storage
Operating Junction

PT

TSTG

TJ

240 mw

-65 to 100 °C
85 °C

ELECTRICAL CHARACTERISTICS: (25°C)

D -C Characteristics Min. Typ. Max.

Collector to Emitter Voltage
(Rim = 10K, Ic = -600 µa) VCER

( VBE = +2v in series with
PRE = 1K, Ic = -50 µa) VCEX -60

Reach -through Voltage VRT -60
Forward Current Transfer Ratio

(low current)
(Ic = -20 ma; VCE = Finn 18 43

Forward Current Transfer Ratio
(high current)
(Ic = -100 ma; VCE = -lv) hFE 13 25

Base Input Voltage
(for low current condition)
(Ic = -20 ma; VCE = -lv) Vac -240 -300 my

Saturation Voltage
= -2 ma; Ic = -20 ma) VcniseT) -90 -130 my

-40 volts

volts
volts

Cutoff Characteristics
Collector Current (IE = 0; VGBO = -65v) Ico -25 µa

Emitter Current (Ic = 0; VEBO = -12v) IE0 -16 ca

Low Frequency Characteristics (Common Base or Common Emitter)

(Vc = -5v; IE = -1 ma; f = 1 kc)
Forward Current Transfer Ratio hte 25

Output Admittance hob 0.1 0.9 1.5 µmhos

Input Impedance hib 27 31 38 ohms

Reverse Voltage Transfer Ratio hob 1.0 4.0 13 X 10-4

Noise Figure (Bo, = 1 cyc), (f = 1 kc) NF 20 db

High Frequency Characteristics (Common Bose)

(VcE = -5v; IE = -1 ma; f = 1 mc)
Output Capacity Cob 20 40 60 AO

Cutoff Frequency
(Vca = -5v; IE = -1 ma;
f = 1000 cps) fhfb 0.5 1.0 3.0 me

*Derate 4 mw/°C increase in ambient temperature above 25°C.
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TRANSISTOR SPECIFICATIONS

The General Electric Silicon Unijunction
2N1671, 2N1671A,Transistor is a three terminal device having a

stable "N" type negative resistance charac- 2N1671B
teristic over a wide temperature range. A

Outline Drawing No. 5stable peak point voltage, a low peak point
current, and a high pulse current rating
make this device useful in oscillators, timing
circuits, trigger circuits and pulse generators where it can serve the purpose of two
conventional silicon or germanium transistors.

The 2N1671 is intended for general purpose industrial applications where circuit
economy is of primary importance. The 2N1871A is intended for industrial use in
firing circuits for Silicon Controlled Rectifiers and other applications where a guar-
anteed minimum pulse amplitude is required. The 2N1671B is intended for applica-
tions where a low emitter leakage current and a low peak point emitter current ( trigger
current) are required.
These transistors feature Fixed -Bed Construction and are hermetically sealed in a
welded case. All leads are electrically isolated from the case.

SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS: 125°C)

Voltage
Emitter Reverse 30 volts
Interbase 35 volts

Current
RMS Emitter 50 ma
Peak Emitter* 2 amps

Power

RMS Dissipation** 450 mw

Temperature
Operating Range
Storage Range

-65 to +140 °C
-65 to +150 °C

*Capacitor discharge -104d or less, 30 volts or less-Total interbase power dissipation
must be limited by external circuitry.

**Derate 3.9 mw/°C increase in ambient temperature.
(Thermal resistance to case = 0.16°C/mw.)

2N 1671

ELECTRICAL CHARACTERISTICS: (25°C)

Parameter Note Min. Max.
Intrinsic Standoff Ratio (Vas = lOv) n 1 0.47 0.62
Interbase Resistance (Vaa = 3v, IE = 0) Rano 2 4.7 9.1 kilohms
Emitter Saturation Voltage

(Vas = 10v, TB = 50 ma) viola) 5 volts
Modulated Interbase Current

(Vas = I0v, IE = 50 ma) Isz(mcm)
Emitter Reverse Current

(Van = 30v, IB1 = 0) IEo
Peak Point Emitter Current (Vas = 25v) Ir
Valley Point Current

(Vas = 20v, Ras = 1000) Iv 8 ma
continued next page

6.8 22 ma

12 pa
25 Pa
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TRANSISTOR SPECIFICATIONS

2N1671A

ELECTRICAL CHARACTERISTICS: (25°C)

Parameter Note Min. Max.
Intrinsic Standoff Ratio (VBB = 1ov) r2 1 0.47 0.62
Interbase Resistance (VBB = 3v, TB = 0) RBBo 2 4.7 9.1 kilohms
Emitter Saturation Voltage

(VBB = 10v, IE = 50 ma) vE(seT) 5 volts
Modulated Interbase Current

(VBB = 10v, IE = 50 ma) IB2Moro 6.8 22 ma
Emitter Reverse Current

(VB2B = 30v, IBS = 0) TEO 12 µa
Peak Point Emitter Current (VBB = 25v) Ir. 25 µa
Valley Point Current

(VBB = 20v, RB2 = 100E2) Iv 8 ma
Base -One Peak Pulse Voltage VOHS 3 3.0 volts

2N1671B

ELECTRICAL CHARACTERISTICS: (25°C)

Parameter Note Min. Max.
Intrinsic Standoff Ratio ( VBB = 10v) 77 1 0.47 0.62
Interbase Resistance (Vim = 3v, IE = 0) RBBo 2 4.7 9.1 kilohms
Emitter Saturation Voltage

(VBB = 10v, TB = 50 ma) vEcsAT7 5 volts
Modulated Interbase Current

(Vas = 10v, IE = 50 ma) IBzororo 6.8 22 ma
Emitter Reverse Current

(VB2E = 30v, Icr = 0) Teo 0.2 µa
Peak Point Emitter Current (VBB = 25v) Jr 6 rta
Valley Point Current

(VBB = 20v, RB2 = 1000) Iv 8 ma
Base -One Peak Pulse Voltage VOB1 3 3.0 volts

NOTES:

1. The intrinsic standoff ration, n, is essentially constant with temperature and inter -
base voltage. 17 is defined by the equation:

200
+

Where Vt,=Peak point emitter voltage
VEB=interbase voltage vi
T.,=Junction Temperature ( Degrees Kelvin) +20V

2. The interbase resistance is nearly ohmic and increases
with temperature in a well defined manner. The tem-
perature coefficient at 25°C is approximately 0.8% / °C.

3. The base -one peak pulse voltage is measured in the
circuit below. This specification on the 2N1671A is
used to ensure a minimum pulse amplitude for appli-
cations in SCR firing circuits and other types of pulse
circuits.
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TUNNEL DIODES

The 1N2939 is a germanium tunnel diode which makes
use of the quantum mechanical tunneling phenomenon
thereby attaining a unique negative conductance char -

Outline Drawing No. 9acteristic and very high frequency performance. The
1N2939 is designed for low level switching and small
signal applications with frequency capabilities up to 2.2 Kmc. It features a closely
controlled peak point current, good temperature stability and extreme resistance to
nuclear radiation.

1N2939

I I

V5

TYPICAL STATIC
CHARACTERISTIC CURVE

SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS: 125°C )

Voltage

Forward Voltage*
Reverse Voltage*

Power

Dissipation**

Temperature

Pc 50 mw

Storage Tarn -55 to +100 °C
Operating Junction Ti -55 to +100 eC

ELECTRICAL CHARACTERISTICS: (25°C) (1/8" Leads)
MM. Typ. Max.

Peak Point Current I, 0.9 1.0 1.1
Valley Point Current
Peak Point Voltage

Iv
V,

0.10
55

0.14

Valley Point Voltage Vv 350
Forward Peak Point Current Voltage Vf p 500
Peak Point Current to Valley

Point Current Ratio
Negative Conductance

Ing/Iv

6.6 X 10-3
Total CapacityTotal 5.0 15
Series Inductance
Series Resistance

L.***
R.

X
1.56

10-°

ma
m
my

a

my
my

mho

lel :dir Yfohenry
ohm

*Limited by dissipation.
**Derate .66 mw/°C increase in ambient temperature above 25°C.

***Inductance will vary (2 to 12) X 10-3 henry depending on lead length.
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TRANSISTOR SPECIFICATIONS

I 1N2940 I
The 1N2940 is a germanium tunnel diode which makes
use of the quantum mechanical tunneling phenomenon

Outline Drawing No. 9 thereby attaining a unique negative conductance char-
acteristic and very high frequency performance. The
1N2940 is designed for low level switching and small

signal applications with frequency capabilities up to 2.2 Kmc. It features a closely
controlled peak point current, good temperature stability and extreme resistance to
nuclear radiation.

TYPICAL STATIC
CHARACTERISTIC CURVE

SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS: (25°C)

Voltage
Forward Voltage*
Reverse Voltage*
Power

Dissipation** Pc
Temperature
Storage TSTO
Operating Junction T7

ELECTRICAL CHARACTERISTICS: (25°C) (1/s" Leads)

50 mw

-55 to +100 °C
-55 to +100 °C

Min. Typ. Max.
Peak Point Current Ip 0.9 1.0 1.1 ma
Valley Point Current Iv 0.22 ma
Peak Point Voltage V9 55 my
Valley Point Voltage Vv 350 my
Forward Peak Point Current Voltage Vfp 500 my
Peak Point Current to Valley

Point Current Ratio Ip/Iv 8
Negative Conductance -g 6.6X 10-, mho
Total Capacity C 5.0 15 lipid
Series Inductance L,595 6X 10-9 henry
Series Resistance R. 1.5 ohm

*Limited by dissipation.
**Derate .66 mw/°C increase in ambient temperature above 25°C.

***Inductance will vary (2 to 12) X 10-9 henry depending on lead length.
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TRANSISTOR SPECIFICATIONS

The 1N2941 is a germanium tunnel diode which makes
use of the quantum mechanical tunneling phenomenon
thereby attaining a unique negative conductance char-
acteristic and very high frequency performance. The
1N2941 is designed for low level switching and small
signal applications. It features a closely controlled peak point current, good tempera-
ture stability and extreme resistance to nuclear radiation.

1N2941

TYPICAL STATIC
CHARACTERISTIC CURVE

SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS: (25°C)

Voltage
Forward Voltage*
Reverse Voltages

Power

Dissipation** Pc

Temperature
Storage TSTG
Operating Junction Ts

ELECTRICAL CHARACTERISTICS: (25°C) (1/8" Leads/

Outline Drawing No. 9

50 mw

-55 to +100 °C
-55 to +100 °C

Min. Typ. Max.Peak Point Current Ip 4.2 4.7 5.2 maValley Point Current Iv 0.6 1.04 maPeak Point Voltage Vp 55 myValley Point Voltage Vv 350 myForward Peak Point Current Voltage Vtp 500 myPeak Point Current to Valley
Point Current Ratio Ip/Iv 8

Negative Conductance -g 30 X 10-$ mhoTotal Capacity C 25 60 /radSeries Inductance Ls*** 6X 10-9 henrySeries Resistance Rs 0.5 ohm
*Limited by dissipation.

**Derate .66 snw/°C increase in ambient temperature above 25°C.
***Inductance will vary (2 to 12) x 10-9 henry depending on lead length.
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TRANSISTOR SPECIFICATIONS

I 1N2969 I

The 1N2969 is a germanium tunnel diode which makes
use of the quantum mechanical tunneling phenomenon

Outline Drawing No. 9
thereby attaining a unique negative conductance char-
acteristic and very high frequency performance. The
1N2969 is designed for low level switching and small

signal applications with frequency capabilities up to 2.5 Kmc. It features a closely
controlled peak point current, good temperature stability and extreme resistance to

1 nuclear radiation.

%V
Vf,

TYPICAL STATIC
CHARACTERISTIC CURVE

SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS: (25°C)

Voltage
Forward Voltage*
Reverse Voltage*

Power

Dissipation**
Temperature
Storage
Operating Junction

Pc

TSTG

T.1

ELECTRICAL CHARACTERISTICS: (25°C) (IA" Leads)

50 mw

-55 to +100 °C
-55 to +100 °C

Min. Typ. Max.
Peak Point Current Ip 2.0 2.2 2.4 ma
Valley Point Current Iv .285 .480 ma
Peak Point Voltage Vp 55 my
Valley Point Voltage Vv 350 my
Forward Peak Point Current Voltage Vfo 500 my
Peak Point Current to Valley

Point Current Ratio Ip/Iv 8
Negative Conductance -g 16 X 10-8 mho

CTotal Capacity 8 30
illfd

6 X 10-9
Series Inductance Ls*** 6X

Resistance R. 1.0 ohm

*Limited by dissipation.
**Derate .66 mw/°C increase in ambient temperature above 25°C.

***Inductance will vary (2 to 12) X 10-0 henry depending on lead length.
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JEDEC
No. Type Mfr. Use

Dwg.
No.

MAXIMUM RATINGS ELECTRICAL PARAMETERS

Closest
GE

Dwg.
No.

Pc mw
@ 25°C

BVcc
BVcc* Ic ma TJ°C

MIN.
hre-hFc" @ Ic ma

MIN. MIN.
fats me Ge db

MAX.
!co ( µa) @ Vcc

2N142 NPN Syl Pwr 4W 30 .8A 65 .975aT -50 .4T 26T -100 20
2N143 PNP Syl Pwr 4W -30 -.8A 65 .975aT 50 .4T 26T -100 -20
2N144 NPN Syl Pwr 4W 30 .8A 65 .975aT 50 .4T 26T 100 20
2N145 NPN TI IF A 65 20 5 75 30 30 3 9 2N293 3
2N146 NPN TI IF A 65 20 5 75 33 33 3 9
2N147 NPN TI IF A 65 20 5 75 36 36 3 9

2N148 NPN TI IF A 65 16 5 75 32 3 12 2N169 3
2N148A NPN TI IF A 65 :12 5 75 32 3 12 2N169 3
2N149 NPN TI IF A 65 16 5 75 35 3 12 2N169 3

2N149A NPN TI IF A 65 :32 5 75 35 3 12 2NI69 3
2N150 NPN TI IF A 65 16 5 75 38 3 12 2N169 3
2N150A NPN TI IF A 65 32 5 75 38 3 12 2N169 3

2N155 PNP CBS Pwr 8.5W -30* -3A 85 .15T 10 1 ma -30
2N156 PNP CBS Pwr 8.5W -30* -3A 85 24* .5A .15T 33 1 ma -30
2N157 PNP CBS Pwr 8.5W -60* -3A 85 20* .5A .1 1 ma -60
2N157A PNP CBS Pwr 8.5W -90* -3A 85 20* .5A .1 1 ma -90
2N158 PNP CBS Pwr 8.5W -60* -3A 85 21* .5A .15T 37 1 ma -60
2N158A PNP CBS Pwr 8.5W -80* -3A 85 21* .5A .15 1 ma -80
2N160 NPN GP Si IF A 150 40* 25 150 .9ot -1 4T 34T 5 40 2N332 -4-
2N160A NPN GP Si IF A 150 40* 25 150 .9a -1 IT 34T 5 40 2N332 4
2N161 NPN GP Si RF A 150 40* 25 150 .95a -1 5T 37T 5 40 2N3:13 4

2N161A NPN GP Si RF A 150 40* 25 150 .95a -1 ST 37T S 40 2N333 4
2N162 NPN GP Si RF A 150 40* 25 150 .95. -1 8 38T 5 40 2N3:35 4
2N162A NPN GP Si RN' A 150 40* 25 150 .95. -1 8 38T 5 40 2N335 4

2N163 NPN GP Si RF A 150 40* 2S 150 .975. -1 6T 40T 5 40 2N335 4
2N163A NPN GP Si RF A 150 40* 25 150 .975. -I 61' 40T 5 40 2N335 4
2N166 NPN GE Obsolete C 25 6 20 50 32T 1 ST 24T 5 5 2N170 3

2N167 NPN GE Sw 3 65 :30 75 85 17* 8 5 1.5 15 2N167 3

2N167A NPN GE Sw 3 65 :10 75 85 17* 8 5 1.5 15 2N167A. 3
2N168 NPN GE IF 3 55 15 20 75 20T 1 6T 28 5 15 2N293 3

2N168A NPN GE Obsolete 3 65 15 20 85 23* 1 S 28 5 15 2N1086 3

2N169 NPN GE IF :3 65 15 20 85 34* 1 8T 27 5 15 2N169 3
2N169A NPN GE AF 3 65 15 20 85 34* 1 8T 27 5 15 2N169A 3

2N170 NPN GE IF 3 25 6 20 50 .95aT 1 4T 22T 5 5 2N170 3

2N172 NPN TI IF A 65 16 5 75 22 3 9 2N293 3
2N173 PNP Die Pwr 40W -60 -13A 95 85T* lA .6T 40T -.5 ma -40
2N174 PNP Dlc Pwr 40W -80 -13A 95 40T* lA .2T 39T -10 ma -60
2N174A PNP Dle Pwr 85W -80 -154 95 40* 1.2A .1 -8 ma -80
2N175 PNP RCA AF A 20 -10 -2 85 65 .5 2 43T -12 -25
2N176 PNP Motor Pwr 3W -12 -600 80 25T
2N178 -PNP Motor Pwr 3W -12 -600 80 29T
2N179 PNP Motor Pwr -20 -60 88 32T
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JEDEC
No. Type Mfr. Use

Dwg.
No.

MAXIMUM RATINGS ELECTRICAL PARAMETERS

Closest
GE

Dwg.
No.

Pc mw
@ 25°C

BVca
BVce lc ma TJ°C

MIN.
hie-hre @ Ic ma

MIN.
fhrb me

MIN.
Ge db

MAX.
leo ( µa I @ Vca

2N606 PNP GT Drift RF C 120 -15 85 60T -1 25 -10 -12 2N395 2
2N607 PNP GT Drift RF C 120 -15 85 80T -1 30 -10 -12 2N396 2
2N608 PNP GT Drift RF C 120 -15 85 120T -1 35 -10 -12 2N396 2

2N609 PNP W AF Out C 180 -20 -200 85 90T* 100 30T -25 -20 2N321 4
2N610 PNP W AF Out C 180 -20 -200 85 65T* 100 28T -25 -20 2N320 4
2N611 PNP W AF Out C 180 -20 -200 85 45T* 100 26T -25 -20 2N320 4
2N612 PNP W AF C 180 -20 -150 85 .96aT 1 .6T 37 -25 -20 2N319 4
2N613 PNP W AF Out C 180 -20 -200 85 .970T 1 .85T 32 -25 -20 2N320 4
2N614 PNP W IF C 125 -15 -150 85 4.5T .5 3T 26T -6 -20 2N395 2

2N615 PNP W IF C 125 -15 -150 85 7.5T .5 5T 34T -6 -20 2N395 2
2N616 PNP W IF C 125 -12 -150 85 25T .5 9T 20T -6 -15 2N394 2
2N617 PNP W Ose C 125 -12 -150 85 15T .5 7.5T 30T 6 -15 2N394 2

2N618 PNP Motor Pwr 45W -80* -3A 90 60* -1A 5 Kr -3 ma -60
2N622 NPN Ray Si AF C 400 50* 50 160 25T* .5 .3 34T .1 30
2N624 PNP Syl RF C 100 -20 -10 100 20 2 12.5 20T -30 -30
2N625 NPN Syl Sw C 2.5W 30 100 30* 50 100 -40
2N631 PNP Ray AF Out C 170 -20 -50 85 150T 10 1.2T 35T -25 -20 2N508 2
2N632 PNP Ray AF Out C 150 -24 -50 85 100T 10 1T 25T -25 -20 2N324 4
2N633 PNP Ray AF Out C 150 -30 -50 85 60T 10 .8T 25T -25 -20 2N323 4
2N634 NPN GE Sw 2 150 20 300 85 15* 200 5 5 5 2N634 2
2N634A NPN GE Sw 2 150 20 300 85 40* 10 5 6 25 2N634A 2

2N635 NPN GE Sw 2 150 20 300 85 25* 200 10 5 5 2N635 2
2N635A NPN GE Sw 2 150 20 300 85 80* 10 10 6 25 2N635A 2
2N636 NPN GE Sw 2 150 20 300 85 35* 200 15 5 5 2N636 2

2N636A NPN GE Sw 2 150 15 300 85 100* 10 15 6 25 2N636A 2
2N637 PNP Bendix Pwr 25W -40 -5A 100 30* -3A 1 ma -25
2N637A PNP Bendix Pwr 25W -70 -5A 100 30* -34 5 ma -60
2N637B PNP Bendix Pwr 25W -80 -5A 100 30* -3A S ma -60
2N638 PNP Bendix Pwr 25W -40 -5A 100 20* -3A 1 ma -25
2N638A PNP Bendix Pwr 25W -70 -5A 100 20* -3A 5 ma -60
2N638B PNP Bendix Pwr 25W -80 -5A 100 20* -3A 5 ma -60
2N639 PNP Bendix Pwr 25W -40 -5A 100 15* -3A 1 ma -25
2N639A PNP Bendix Pwr 25W -70 -5A 100 15* -3A 5 ma -60
2N639B PNP Bendix Pwr 25W -80 -5A 100 15* -3A 5 ma -60
2N640 PNP RCA Drift RF A 80 -34* -10 85 .984aT -1 42T 28T -5 -12
2N641 PNP RCA Drift IF A 80 -34* -10 85 .984aT -1 42T 28T -7 -12
2N642 PNP RCA Drift Osc A 80 -34* -10 85 .984aT -1 42T 28T -7 -12
2N643 PNP RCA Drift Sw C 120 -29 -100 85 20* -5 20 -10 -7
2N644 PNP RCA Drift Sw C 120 -29 -100 85 20* -5 40 -10 -7
2N645 PNP RCA Drift Sw C 120 -29 -100 85 20* -5 60 -10 -7
2N647 NPN RCA AF C 100 25 50 85 70T* -50 54T 14 25
2N649 NPN RCA AF C 100 18 50 85 65T* -50 54T 14 12



JEDEC
No. Type Mfr. Use

Dwg.
No.

MAXIMUM RATINGS ELECTRICAL PARAMETERS

Closest
GE

Dwg.
No.

Pc mw
@ 25°C

BVcE
BVErs* lc ma TJ°C

MIN.
hie-hEE* @ Ic ma

MIN.
fhfb me

MIN. MAX.
Ge db leo (p,a) @ VcE

2N656 NPN GE -TI Si AF 8 4W 60 500 200 30* 200 10 30 2N656 82N656A NPN GE Si AF 8 5W 60 500 200 30* 200 10 30 2N656A 82N657 NPN GE -TI Si AF 8 4W 100 500 200 30* 200 10 30 2N657 82N657A NPN GE ,
Si AF 8 5W 100 500 200 30* 200 10 30 2N657A 82N658 PNP Ray Sw C 175 -16 -1A 85 25* -1 2.5 -6 -12 2N394 22N659 PNP Ray Sw C 175 -14 -1A 85 40* -1 5.0 -25 -25 2N396 22N660 PNP Ray Sw C 175 -11 -1A 85 60* -1 10 -25 -25 2N397 22N661 PNP Ray Sw C 175 -9 -1A 85 80* -1 15 -25 -252N662 PNP Ray Sw C 175 -11 -1A 85 30* -1 4 -25 -25 2N396 22N665 PNP Die Pwr 35W -80* 5A (IE) 95 40* -.5A 20 Ho -2 ma -30 ®71°C2N679 NPN Syl Sw C 150 20 85 20* 30 2 25 252N696 NPN F -C Sw C 2W 40 20* 150 1.0 302N697 NPN F -C Sw C 2W 40 40* 150 1.0 302N699 NPN F -C RF Sw C 120* 175 35 1 2.0 602N702 NPN TI Sw C 600 25 50 175 20* 10 0.5 102N703 NPN TI Sw C 600 25 50 175 10* 10 0.5 102N705 NPN TI Sw C 300 -15* -50 100 25* -10 300T -3 -52N706 NPN F -C Sw C 0.6W 20 300 15* 10 0.5 152N707 NPN F -C Osc C 1W 28 9* 10 3.5 152N710 PNP TI Sw C 300 -15* -50 100 25* 10 3001' -3 -52N1010 NPN RCA AF C 20 10 2 85 35T 2T 10 102N1015 NPN W Pwr 150 (4) 45°C 30 75A 150 10* 2A 20T Kc 20 ma 302N1015A NPN W Pwr 150 @ 45°C 60 75A 150 10* 2A 20T Kc 20 ma 602N1015B NPN W Pwr 150 @ 45°C 100 7.5A 150 10* 2A 20T Kc 20 ma 1002N 1015C NPN W Pwr 150 @ 45°C 150 7.5A 150 10* 2A 20T Kc 20 ma 1502N1015D NPN W Pwr 150 @ 45°C 200 7.5A 150 10* 2A 20T Kc 20 ma 2002N1015E NPN W Pwr 150 ® 45°C 250 7.5A 150 10* 2A 20T Kc 20 ma 250-2N1015F NPN W Pwr 150 @ 45°C 300 7.5A 150 10* 2A 20T Ke 20 ma 3002N1016 NPN W Pwr 150 ® 45°C 30 7.5A 150 10* 5A 20T Kc 20 ma 302N1016A NPN W Pwr 150 @ 45°C 60 7.5A 150 10* 5A 20T Kc 20 ma 602N1016B NPN W Pwr 150 @ 45°C 100 7.5A 150 10* 5A 20T Kc 20 ma 1002N1016C NPN W Pwr 150 ® 45°C 150 7.5A 150 10* 5A 20T Kc 20 ma 1502N1016D NPN W Pwr 150 @ 45°C 200 7.5A 150 10* 5A 20T Kc 20 ma 2002N1016E NPN W Pwr 150 @ 45°C 250 7.5A 150 10* 5A 20T Kc 20 ma 2502N1016F NPN W Pwr 150 ® 45°C 300 7.5A 150 10* 5A 20T Kc 20 ma 3002N1017 PNP Ray Sw C 150 -10 -400 85 70* 1 15 -25 -302N1021 PNP TI Pwr 50W -100 -5 95 70T* -1A -2 ma -1002N1022 PNP TI Pwr 50W -120 -5 95 70T* -1A -2 ma -1202N1038 PNP TI Pwr 20W -40 -3A 95 35* -1A -125 .52N1039 PNP TI Pwr 20W -60 -3A 95 35* -1A -125 .52N1040 PNP TI Pwr 20W -80 -3A 95 35* -1A -125 .52N1041 PNP TI Pwr 20W -100 -3A 95 35* -1A -125 .5



JE
D

E
C

N
o.

T
yp

e
M

fr
.

U
se

D
w

g.
N

o.

M
A

X
IM

U
M

 R
A

T
IN

G
S

E
LE

C
T

R
IC

A
L 

P
A

R
A

M
E

T
E

R
S

C
lo

se
st

G
E

D
w

g.
N

o.
P

c 
m

w
@

 2
5°

C
B

V
cE

B
V

ce
Ic

 m
a

T
.1

°C
M

IN
.

ht
e-

ht
le

 @
 Ic

 m
a

M
IN

.
fh

fb
 m

e
M

IN
.

G
. d

b
M

A
X

.
!c

o 
( 

ga
 1

@
 V

cs

2N
10

46
PN

P
T

I
Pw

r
15

W
-8

-3
A

65
70

*
-0

.5
A

-1
 m

a
-4

0
2N

10
47

N
PN

T
I

Pw
r

40
W

 @
 2

5°
C

80
*

50
0

20
0

12
*

50
0

15
30

2N
10

48
N

PN
T

I
Pw

r
40

W
 @

 2
5°

C
12

0*
50

0
20

0
12

*
50

0
15

30

2N
10

49
N

PN
T

I
Pw

r
40

W
 @

 2
5°

C
80

*
50

0
20

0
30

*
50

0
15

30

2N
10

50
N

PN
T

I
Pw

r
40

W
 @

 2
5°

C
12

0*
50

0
20

0
30

*
50

0
15

30

2N
10

56
PN

P
G

E
O

bs
ol

et
e

1
24

0
-5

0
-3

00
10

0
18

*
-2

0
.5

-2
5

-7
0

2N
16

14
1

2N
10

57
PN

P
G

E
Sw

1
24

0
-4

5
-3

00
10

0
34

*
-2

0
.5

-1
6

-4
5

2N
10

57
1

2N
10

58
N

PN
Sy

l
O

sc
A

50
20

50
75

10
1

4
22

.5
50

18

2N
10

59
N

PN
Sy

l
A

F 
O

ut
A

18
0

15
10

0
75

50
*

35
10

K
c

25
50

40

2N
10

67
N

PN
R

C
A

Si
 P

w
r

C
SW

30
.5

A
17

5
15

*
20

0
.7

5
50

0
60

2N
10

68
N

PN
R

C
A

Si
 P

w
r

C
10

W
30

1.
5A

17
5

15
*

75
0

.7
5

50
0

60

2N
10

69
N

PN
R

C
A

Si
 P

w
r

50
W

45
4A

17
5

10
*

1.
5A

.5
1 

m
a

60

2N
10

70
N

PN
R

C
A

Si
 P

w
r

50
W

45
4A

17
5

10
*

1.
5A

.5
1 

m
a

60

2N
10

&
6

N
PN

G
E

O
sc

3
65

9
20

85
17

*
1

8T
24

T
3

5
2N

10
86

3

2N
10

86
A

N
PN

G
E

O
sc

3
65

9
20

85
17

*
1

8T
24

T
3

5
2N

10
86

A
3

2N
10

87
N

PN
G

E
O

sc
3

65
9

20
85

17
*

1
8T

26
T

3
5

2N
10

87
3

2N
10

90
N

PN
R

C
A

Sw
C

12
0

15
40

0
85

50
*

20
5

8
12

2N
63

4
2

2N
10

91
N

PN
R

C
A

Sw
C

12
0

12
40

0
85

40
*

20
10

8
12

2N
63

5
2

2N
10

92
N

PN
R

C
A

Si
 A

F
C

2W
30

50
0

17
5

15
*

20
0

.7
5

50
0

60

2N
10

97
PN

P
G

E
A

F 
O

ut
2

14
0

-1
6

-1
00

85
55

T
1

-1
6

-1
6

2N
10

97
2

2N
10

98
PN

P
G

E
A

F 
O

ut
2

14
0

-1
6

-1
00

85
45

T
1

-1
6

-1
6

2N
10

98
2

2N
10

99
PN

P
D

ie
Pw

r
30

W
80

*
95

35
*

5A
10

 K
c

8 
m

a
-8

0
2N

11
00

PN
P

D
lc

Pw
r

30
W

10
0*

95
25

*
5A

10
 K

c
8 

m
a

-1
00

2N
11

01
N

PN
Sy

l
A

F 
O

ut
A

18
0

15
10

0
75

25
*

35
10

 K
c

50
20

2N
11

02
N

PN
Sy

l
A

F 
O

ut
A

18
0

25
10

0
75

25
*

35
10

 K
c

50
40

2N
11

07
PN

P
T

I
lo

 I
F 

R
F

A
30

16
*

5
85

33
-0

.5
40

-1
0

-1
2

2N
11

08
PN

P
T

1
lo

 I
F 

R
F

A
30

16
*

5
85

30
-0

.5
35

-1
0

-1
2

2N
11

09
PN

P
T

I
lo

 I
F 

R
F

A
30

16
*

5
85

15
-0

.5
35

-1
0

-1
2

2N
11

10
PN

P
T

I
lo

 I
F 

R
F

A
30

16
*

5
85

26
-0

.5
35

-1
0

-1
2

2N
11

11
PN

P
T

I
lo

 I
F 

R
F

A
30

20
*

5
85

22
-0

.5
35

-1
0

-1
2

2N
11

15
PN

P
G

E
Sw

7
15

0
-2

0
-1

25
85

35
-6

0
5

-6
-2

0
2N

11
15

7

2N
11

15
A

PN
P

G
E

Sw
7

15
0

-3
5

-1
25

85
35

-6
0

5
-6

-2
0

2N
11

15
A

7

2N
11

18
PN

P
Ph

il
O

sc
C

15
0

-2
5

-5
0

14
0

9
1.

0
-2

5
2N

11
18

A
PN

P
Ph

il
IF

 R
F

C
15

0
-2

5
-5

0
14

0
15

1
0.

1
-1

0
2N

11
19

PN
P

Ph
il

Sw
C

15
0

-1
0

-5
0

14
0

6*
-1

5
0.

1
-1

0
2N

11
21

N
PN

G
E

IF
3

6S
15

20
85

34
*

1
8 

K
c

5
15

2N
11

22
PN

P
Ph

il
Sw

D
-2

5 
@

 4
5°

C
-1

0
-5

0
85

35
1.

0
5

-5
2N

11
22

A
PN

P
Ph

il
Sw

D
-2

5 
@

 4
5°

C
-5

0
85

35
1.

0
5

-5
2N

11
23

PN
P

Ph
il

Sw
C

75
0

-4
0

-4
00

10
0

40
*

-1
00

3
-2

5
-4

5
2N

11
41

PN
P

T
I

R
F

C
75

0
10

0
10

0
12

-1
0

75
0T

-5
-1

5
2N

11
42

PN
P

T
I

R
F

C
75

0
10

0
10

0
10

-1
0

60
0T

-5
-1

5
2N

11
43

PN
P

T
I

R
F

C
7S

0
10

0
10

0
8

-1
0

48
0T

-5
-1

5



JE
D

E
C

N
o.

T
yp

e
M

fr
.

U
se

D
w

g.
N

o.

M
A

X
IM

U
M

 R
A

T
IN

G
S

E
L

E
C

T
R

IC
A

L
 P

A
R

A
M

E
T

E
R

S

C
lo

se
st

G
E

D
w

g.
N

o.
P

c 
m

w
@

 2
5°

C
U

W
E

B
V

cs
°

Ic
 m

a
T

,°
C

M
IN

.
hr

e-
hF

E
" 

@
 I

c 
m

a
M

IN
.

fh
ro

m
e

M
IN

.
G

o 
db

M
A

X
.

le
o 

O
m

 /
@

 V
C

B

2N
11

44
PN

P
G

E
A

F 
O

ut
1

14
0

-1
6

-1
00

85
55

T
1

-1
6

-1
6

2N
11

44
1

2N
11

45
PN

P
G

E
A

F 
O

ut
1

14
0

-1
6

-1
00

85
45

T
1

-1
6

-1
6

2N
11

45
1

2N
11

49
N

PN
T

I
Si

 A
F

A
15

0
45

*
25

17
5

-0
.9

-1
4T

35
T

2
30

2N
11

50
N

PN
T

I
Si

 A
F

A
15

0
45

*
25

17
5

-0
.9

48
-1

5T
39

T
2

30
2N

11
51

N
PN

T
I

Si
 A

F
A

15
0

45
*

25
17

5
-0

.9
48

-1
8T

39
T

2
30

2N
11

52
N

PN
T

I
Si

 A
F

A
15

0
45

*
25

17
5

-0
.9

73
5

-1
6T

42
T

2
30

__
2N

11
53

N
PN

T
I

Si
 A

F
A

15
0

45
*

25
17

5
-0

.9
87

-1
7T

42
.5

T
2

30
2N

11
54

N
PN

T
I

Si
 A

F
A

75
0

50
*

60
15

0
-0

.9
-5

30
5

50
2N

11
55

N
PN

T
I

Si
 A

F
A

75
0

80
*

50
15

0
-0

.9
-5

30
6

80
2N

11
56

N
PN

T
I

Si
 A

F
A

75
0

12
0*

40
15

0
-0

.9
-5

30
8

12
0

2N
11

57
PN

P
M

 -
H

Pw
r

-6
0*

95
38

*
-1

0A
-7

.0
 m

a
-6

0
2N

11
57

A
PN

P
M

 -
II

Pw
r

-8
0*

95
38

*
-1

0A
-2

0 
m

a
-8

0
2N

11
59

PN
P

D
ie

Pw
r

20
W

 @
 7

1°
C

80
*

-6
5

-6
5

30
*

3A
10

T
 K

c
8 

m
a

-8
0

2N
11

60
PN

P
D

ic
Pw

r
20

W
 ©

 7
1°

C
80

*
-6

5
20

*
5A

10
T

 K
c

8 
m

a
-8

0
2N

11
68

PN
P

D
ic

Pw
r

45
W

- 
50

* 
5A

 (
 I

f;
 )

95
11

0T
IA

10
 K

c 
T

37
T

-8
 m

a
-5

0
2N

11
71

PN
P

R
ay

Sw
C

-1
2

40
0

85
30

*
1

10
5

-1
2

2N
39

7
2

2N
11

72
PN

P
D

ie
Pw

r
40

*
-6

5
30

10
0

34
T

0.
2 

m
a

-4
0

2N
11

77
PN

P
R

C
A

D
ri

ft
 R

F 
IF

80
-3

0*
-1

0
71

10
0

14
0

-1
2

-1
2

2N
11

78
PN

P
R

C
A

D
ri

ft
 R

F 
IF

80
-3

0*
-1

0
71

40
14

0
-1

2
-1

2
2N

11
79

PN
P

R
C

A
D

ri
ft

 R
F 

IF
80

-3
0*

-1
0

71
80

14
0

-1
2

-1
2

2N
11

80
PN

P
R

C
A

D
ri

ft
 R

F 
IF

80
-3

0*
-1

0
71

80
10

0
-1

2
-1

2
2N

11
83

PN
P

R
C

A
Pw

r
C

1W
-2

0
-3

.0
10

0
20

*
-4

00
50

0 
K

c
-2

50
-2

50
-4

5
2N

11
83

A
PN

P
R

C
A

Pw
r

C
1W

-3
0

-3
.0

10
0

20
*

-4
00

50
0 

K
c

-2
50

-8
0

2N
11

83
B

PN
P

R
C

A
Pw

r
C

1W
-4

0
-3

.0
10

0
20

*
-4

00
50

0 
K

c
-2

50
-8

0
2N

11
84

PN
P

R
C

A
Pw

r
C

1W
-2

0
-3

.0
10

0
40

*
-4

00
50

0 
K

c
-2

50
-4

5
2N

 1
18

4A
PN

P
R

C
A

Pw
r

C
1W

-3
0

-3
.0

10
0

40
*

-4
00

50
0 

K
c

,
-2

50
-8

0
2N

 1
18

4B
PN

P
R

C
A

Pw
r

C
1W

-4
0

-3
.0

10
0

40
*

-4
00

50
0 

K
c

-2
50

-8
0

2N
11

98
N

PN
G

E
Sw

3
65

25
75

85
17

*
8

5
1.

5
15

2N
11

98
2N

11
99

N
PN

Ph
il

Sw
C

10
0

20
10

0
15

0
12

*
20

0.
7

-1
0

2N
12

02
PN

P
M

 -
H

Pw
r

-6
0

95
40

*
-0

.5
A

-2
.0

 m
a

-8
0

2N
12

03
PN

P
M

 -
H

Pw
r

-7
0

95
25

*
-2

A
-2

.0
 m

a
-1

20
2N

12
13

PN
P

R
C

A
Sw

C
75

-2
5

-1
00

71
-5

-1
2

2N
12

14
PN

P
R

C
A

Sw
C

75
-2

5
-1

00
71

-5
-1

2
2N

12
15

PN
P

R
C

A
Sw

C
75

-2
5

-1
00

71
-5

-1
2

2N
12

16
2N

12
17

PN
P

N
PN

R
C

A
G

E
Sw

C 3
75 75

-2
5

-1
00

20
25

71
40

*
.5

6.
0

-5 29
-1

2 15
2N

12
17

3
2N

12
24

PN
P

R
C

A
R

F 
IF

C
12

0
-4

0
-1

0
10

0
20

-1
.5

30
15

-1
2

-1
2

2N
12

25
PN

P
R

C
A

R
F 

IF
C

12
0

-4
0

-1
0

10
0

20
-1

.5
10

0
15

-1
2

-1
2

2N
12

26
PN

P
R

C
A

R
F 

IF
C

12
0

-6
0

-1
0

10
0

20
-1

.5
30

15
-1

2
-1

2
2N

12
28

PN
P

H
ug

he
s

Sw
C

40
0

-1
5

16
0

14
1.

2T
-0

.1
-1

2
2N

12
29

PN
P

H
ug

he
s

Sw
C

40
0

-1
5

16
0

28
1.

2T
-0

.1
-1

2
2N

12
30

PN
P

H
ug

he
s

Sw
C

40
0

-3
5

16
0

14
1.

2T
-0

.1
-3

0



J 
E

D
E

C
N

o.
T

yp
e

M
fr

.
U

se
D

w
g.

N
o.

M
A

X
IM

U
M

 R
A

T
IN

G
S

E
LE

C
T

R
IC

A
L 

P
A

R
A

M
E

T
E

R
S

C
lo

se
st

G
E

D
w

g.
N

o.
P

c 
m

w
@

 2
5°

C
B

V
cs

B
V

cs
*

Ic
 m

a
T

.I°
C

M
IN

.
hr

e-
he

s*
 @

 Ic
 m

a
M

IN
.

fla
n,

 m
e

M
IN

.
G

. d
b

M
A

X
.

Ic
a 

(g
al

@
 V

ce

2N
12

31
PN

P
H

ug
he

s
Sw

C
40

0
-3

5
16

0
28

1.
2T

-0
.1

-3
0

2N
12

32
PN

P
H

ug
he

s
Sw

C
40

0
-6

0
16

0
14

1.
0T

-0
.1

-5
0

2N
12

33
PN

P
H

ug
he

s
Sw

C
40

0
-6

0
16

0
28

1.
0T

-0
.1

-5
0

2N
12

34
PN

P
H

ug
he

s
Sw

C
40

0
-1

10
16

0
14

8T
-0

.1
-9

0
2N

12
38

PN
P

H
ug

he
s

Sw
1W

 f
re

e 
ai

r
-1

5
16

0
14

1.
2T

-0
.1

-1
2

2N
12

39
PN

P
H

ug
he

s
Sw

1W
 f

re
e 

ai
r

-1
5

16
0

28
1.

2T
-0

.1
-1

2
2N

12
40

PN
P

H
ug

he
s

Sw
1W

 f
re

e 
ai

r
-3

5
16

0
14

1.
2T

-0
.1

-3
0

2N
12

41
PN

P
H

ug
he

s
Sw

1W
 f

re
e 

ai
r

-3
5

16
0

28
1.

2T
-0

.1
-3

0
2N

12
42

PN
P

H
ug

he
s

Sw
1W

 f
re

e 
ai

r
-6

0
16

0
14

1.
0T

-0
.1

-5
0

2N
12

.1
3

PN
P

H
ug

he
s

Sw
1W

 f
re

e 
ai

r
-6

0
16

0
28

1.
0T

-0
.1

-5
0

2N
12

44
PN

P
H

ug
he

s
Sw

1W
 f

re
e 

ai
r

-1
10

16
0

14
.8

T
-0

.1
-9

0
2N

12
51

N
PN

Sy
l

Sw
A

15
0

15
10

0
85

70
7.

5
50

20
2N

12
52

N
PN

F 
-C

Sw
C

2W
20

17
5

15
*

15
0

10
20

2N
12

53
N

PN
F 

-C
Sw

C
2W

20
17

5
40

*
15

0
10

20
2N

12
61

PN
P

M
 -

H
Pw

r
-4

5
95

20
*

2N
12

62
PN

P
M

 -
H

Pw
r

-4
5

95
30

*
-2

.0
-6

0
2N

12
63

PN
P

M
 -

H
Pw

r
-4

5
95

45
*

-2
0

-6
0

2N
12

64
PN

P
Sy

l
D

ri
ft

 I
F 

R
F

50
-2

0*
50

75
15

1.
5

50
-2

0
2N

12
65

PN
P

Sy
l

A
F

A
50

-1
0*

10
0

85
25

1
60

0
10

0
2N

10
97

2
2N

12
66

PN
P

Sy
l

IF
 R

F
A

80
-1

0*
85

10
1

10
0

-1
0

2N
10

98
2

2N
12

76
N

PN
G

E
Si

 A
F

4
15

0
30

25
15

0
10

T
10

15
37

T
1

30
2N

12
76

4
2N

12
77

N
PN

G
E

Si
 A

F
4

15
0

30
25

15
0

20
T

10
15

39
T

1
30

2N
12

77
4

2N
12

78
N

PN
G

E
Si

 A
F'

4
15

0
30

25
15

0
33

T
10

15
44

T
1

30
2N

12
78

4
2N

12
79

N
PN

G
E

Si
 A

F
4

15
0

30
25

15
0

80
T

10
15

45
T

1
30

2N
12

79
4

2N
12

80
PN

P
IT

C
Sw

C
20

0
16

40
0

85
40

-2
0

5
-1

0
-1

0
2N

39
6

2
2N

12
81

PN
P

IT
C

Sw
C

20
0

12
40

0
85

60
-2

0
7

-1
0

-1
0

2N
39

6
2

2N
12

82
PN

P
IT

C
Sw

C
20

0
6

40
0

85
70

-2
0

10
-1

0
-1

0
2N

39
7

2
2N

12
84

PN
P

IT
C

Sw
C

15
0

15
40

0
85

30
-1

0
5

-6
-2

0
2N

39
6

2
2N

12
88

N
PN

G
E

Sw
10

75
5

50
85

50
*

10
40

5
5

2N
12

88
10

2N
12

89
N

PN
G

E
Sw

10
75

15
50

85
50

*
10

40
5

15
2N

12
89

10
2N

12
91

PN
P

C
B

S
Pw

r
20

W
30

3
85

40
*

0.
5

5
-2

2N
12

93
PN

P
C

B
S

Pw
r

20
W

60
3

85
40

*
0.

5
5

-2
2N

12
95

N
PN

C
B

S
Pw

r
20

W
80

3
85

40
*

0.
5

5
-2

2N
12

97
PN

P
C

B
S

Pw
r

20
W

10
0

3
85

40
*

0.
5

5
-2

2N
12

99
N

PN
Sy

l
Sw

E
15

0
20

20
0

10
0

35
*

50
4.

0
10

0
40

2N
37

7
2

2N
13

00
PN

P
R

C
A

Sw
C

15
0

-1
2

-1
00

85
50

-1
0

-3
2N

13
01

PN
P

R
C

A
Sw

C
15

0
-1

2
-1

00
85

50
-1

0
-3

2N
13

04
N

PN
G

E
 -

T
I

Sw
2

30
0

20
30

0
10

0
40

*
10

5
6

25
2N

13
06

N
PN

G
E

 -
T

I
Sw

2
30

0
15

30
0

10
0

60
*

10
10

6
25

2N
13

08
N

PN
G

E
 -

T
I

Sw
2

30
0

15
30

0
10

0
80

*
10

15
6

25
2N

13
10

N
PN

G
T

N
eo

n 
In

di
ca

to
r

12
0

90
20

*
5

1.
5T

7
5

2N
13

13
PN

P
T

 -
S

Sw
C

18
0

-1
5

40
0

10
0

40
*

6
2.

5
-0

.5
2N

39
6

2



JE
D

E
C

N
o.

T
yp

e
M

fr
.

U
se

D
w

g.
N

o.

M
A

X
IM

U
M

R
A

T
IN

G
S

Ic
 m

a

E
LE

C
T

R
IC

A
L 

P
A

R
A

M
E

T
E

R
S

C
lo

se
st

G
E

D
w

g.
N

o.

P
c 

m
w

@
 2

5°
C

B
V

cE
B

V
ce

T
s°

C
M

IN
.

ht
e-

hr
e 

@
 I

c 
m

a
M

IN
.

he
n 

m
e

M
IN

.
G

e 
db

M
A

X
.

!c
ol

/L
a/

@
 V

C
B

2N
13

16
PN

P
IT

C
Sw

C
20

0
15

40
0

85
50

*
10

-5
-1

2
2N

39
7

2
2N

13
17

PN
P

IT
C

Sw
C

20
0

12
40

0
85

45
*

10
-6

-1
2

2N
39

7
2

2N
13

18
PN

P
IT

C
Sw

C
20

0
6

40
0

85
40

*
10

-7
-1

0
2N

39
7

2
2N

13
43

PN
P

IT
C

Sw
C

15
0

16
40

0
85

15
*

-5
0

4
-6

-1
5

2N
39

5
2

2N
13

44
PN

P
IT

C
Sw

C
15

0
10

40
0

85
60

*
-2

0
7

10
-1

5
2N

39
7

2
2N

13
45

PN
P

IT
C

Sw
C

15
0

8
40

0
85

30
*

-4
00

10
-6

-1
2

2N
39

7
2

2N
13

46
PN

P
IT

C
Sw

C
15

0
10

40
0

85
40

*
-1

4
10

-5
-5

2N
39

7
2

2N
13

47
PN

P
IT

C
Sw

C
15

0
12

20
0

85
30

*
10

5
-6

-1
2

2N
39

6
2

2N
13

52
PN

P
IT

C
A

F
C

15
0

20
20

0
85

40
*

2.
5T

-3
0

2N
52

6
2

2N
13

53
PN

P
IT

C
Sw

20
0

10
20

0
85

25
*

10
1.

5
6

10
2N

39
4

2
2N

13
54

PN
P

IT
C

Sw
20

0
15

20
0

85
25

*
10

3
6

15
2N

39
5

2
2N

13
55

PN
P

IT
C

Sw
20

0
20

20
0

85
30

*
10

5
6

20
2N

39
6

2
2N

13
57

PN
P

IT
C

Sw
20

0
15

20
0

85
40

*
10

10
6

15
2N

39
7

2
2N

13
58

PN
P

D
k

Pw
r

80
*

95
40

*
1.

2
10

0
2N

14
11

PN
P

Ph
il

Sw
D

25
 ©

 4
5°

C
-5

-5
0

85
20

*
-5

0
5

-5
2N

14
13

PN
P

G
E

A
F 

Sw
2

20
0

-2
5

-2
00

85
25

*
-2

0
0.

8
-1

2
-3

0
2N

14
13

2
2N

14
14

PN
P

G
E

A
F 

Sw
2

20
0

-2
5

-2
00

85
34

*
-2

0
1.

0
-1

2
-3

0
2N

14
14

2
2N

14
15

PN
P

G
E

A
F 

Sw
2

20
0

-2
5

-2
00

85
53

*
-2

0
1.

3
-1

2
-3

0
2N

14
15

2
2N

14
27

PN
P

Ph
il

Sw
D

25
 @

 4
5°

C
-6

-5
0

85
20

*
-5

0
5

-6
2N

14
28

PN
P

Ph
il

Sw
C

10
0

-6
-5

0
14

0
12

*
-5

0.
1

-6
2N

14
29

PN
P

Ph
il

Sw
C

10
0

-6
-5

0
14

0
12

*
-5

0.
1

-6
2N

14
31

N
PN

Sy
l

A
F

A
18

0
15

10
0

75
75

*
35

50
20

2N
14

32
PN

P
Sy

l
A

F
10

0
-4

5
10

10
0

30
2

15
-4

5
2N

14
33

PN
P

C
B

S
Pw

r
-5

0
3.

5
95

20
*

2
5

0.
1

-2
2N

14
34

PN
P

C
B

S
Pw

r
-5

0
3.

5
95

45
*

2
5

0.
1

-2
2N

14
35

PN
P

C
B

S
Pw

r
-5

0
3.

5
95

30
*

2
5

0.
1

-2
2N

14
36

PN
P

Ph
il

Sw
C

50
-1

5*
-5

0
10

0
20

*
-1

0
2N

14
46

PN
P

IT
C

A
1'

'
C

20
0

25
40

0
85

16
*

20
.8

10
30

2N
52

4
2

2N
14

47
PN

P
IT

C
A

F
C

20
0

25
40

0
85

35
*

20
1.

5
10

30
2N

52
5

2
2N

14
48

PN
P

IT
C

A
F

C
20

0
25

40
0

85
50

*
20

2
10

30
2N

52
6

2
2N

14
49

PN
P

IT
C

A
F

C
20

0
25

40
0

85
70

*
20

2.
5

10
30

2N
52

7
2

2N
14

50
PN

P
G

T
12

0
30

*
10

0
85

20
*

10
10

7
2N

14
72

N
PN

Ph
il

Sw
C

'

10
0

25
10

0
15

0
20

10
0.

5
10

2N
14

73
N

PN
Sy

l
Sw

E
20

40
0

75
25

*
40

0
4

10
0

40
2N

14
78

PN
P

Ph
il

Sw
C

25
0

-3
0*

-4
00

10
0

40
*

-1
00

3
5

1.
5

2N
39

6
2

2N
14

79
N

PN
R

C
A

Pw
r

4W
60

*
1.

5
17

5
15

*
20

0
1.

5
60

10
30

2N
49

7A
8

2N
14

80
N

PN
R

C
A

Pw
r

4W
10

0*
1.

5
17

5
15

*
20

0
1.

5
10

0
10

30
2N

49
7A

8
2N

14
81

N
PN

R
C

A
Pw

r
4W

60
*

1.
5

17
5

35
*

20
0

1.
5

60
10

30
2N

65
6A

8
2N

14
82

N
PN

R
C

A
Pw

r
4W

10
0*

1.
5

17
5

35
*

20
0

1.
5

10
0

10
30

2N
65

6A
8

2N
14

83
N

PN
R

C
A

Pw
r

15
W

60
*

3
17

5
15

*
75

0
1.

25
15

30
2N

14
84

N
PN

R
C

A
Pw

r
15

W
10

0*
3

17
5

15
*

75
0

1.
25

15
30

2N
14

85
N

PN
R

C
A

Pw
r

15
W

60
*

3
17

5
35

*
75

0
1.

25
15

30



JE
D

E
C

N
o.

T
yp

e
M

fr
.

U
se

D
w

g.
N

o.

M
A

X
IM

U
M

 R
A

T
IN

G
S

E
LE

C
T

R
IC

A
L 

P
A

R
A

M
E

T
E

R
S

C
lo

se
st

G
E

D
w

g.
N

o.
P

c 
m

w
B

V
cE

@
 2

5°
C

B
V

cB
*

Ic
 m

a
T

J°
C

M
IN

.
M

IN
.

br
e-

liF
E

* 
@

 Ic
 m

a
fil

th
 m

e
M

IN
.

G
. d

b
M

A
X

.
Ic

o(
p,

a)
@

 y
es

2N
14

86
N

PN
R

C
A

Pw
r

15
W

10
0*

3
17

5
35

*
75

0
1.

25
15

30
2N

14
87

N
PN

R
C

A
Pw

r
60

W
60

*
6

17
5

10
*

1.
5

1
25

30
2N

14
88

N
PN

R
C

A
Pw

r
60

W
10

0*
6

17
5

10
*

1.
5

1
25

30
2N

14
89

N
PN

R
C

A
Pw

r
60

W
60

*
6

17
5

25
*

1.
5

1
25

30
2N

14
90

N
PN

R
C

A
Pw

r
60

W
10

0*
6

17
5

25
*

1.
5

1
25

30
2N

14
99

PN
P

Ph
il

M
A

D
T

C
25

-2
5*

-5
0

85
20

*
-1

0
5

-5
2N

15
00

PN
P

Ph
il

M
A

D
T

C
50

-1
5*

-5
0

10
0

20
*

-5
0

5
-5

2N
15

01
PN

P
M

 -
H

Pw
r

-6
0*

95
25

*
-2

A
-2

-6
0

2N
15

02
PN

P
M

 -
H

Pw
r

-4
0*

95
25

*
-2

A
-2

-4
0

2N
15

07
N

PN
T

I
0.

6W
60

*
50

0
17

5
10

0*
15

0
1

30
2N

15
10

N
PN

G
E

N
eo

n 
In

di
ca

to
r

3
75

70
20

85
8*

1
5

75
2N

15
10

3
2N

16
05

N
PN

Sy
l

Sw
C

15
0

24
10

0
10

0
40

*
20

4
5

12

2N
16

14
PN

P
G

E
Sw

1
24

0
-6

5*
-3

00
85

18
*

-2
0

0.
5

-2
5

-6
5

2N
16

14
1

2N
16

71
PN

G
E

Si
 U

ni
5

SE
E

 G
 -

E
 T

R
A

N
SI

ST
O

R
 S

PE
C

IF
IC

A
T

IO
N

 S
E

C
T

IO
N

2N
16

71
5

2N
16

71
A

PN
G

E
Si

 U
ni

5
SE

E
 G

 -
E

 T
R

A
N

SI
ST

O
R

 S
PE

C
IF

IC
A

T
IO

N
 S

E
C

T
IO

N
2N

16
71

A
5

2N
16

71
B

PN
G

E
Si

 U
ni

5
SE

E
 G

 -
E

 T
R

A
N

SI
ST

O
R

 S
PE

C
IF

IC
A

T
IO

N
 S

E
C

T
IO

N
2N

16
71

B
5

3N
21

Pt
Sy

l
Sw

10
0

-6
0

50
2.

5
3N

22
N

PN
W

E
R

F
15

*
85

.9
2a

15
10

5

3N
23

N
PN

G
P

O
bs

ol
et

e
30

5
50

14
10

4.
5

3N
23

A
N

PN
G

P
O

bs
ol

et
e

30
5

35
12

10
4.

5
3N

23
B

N
PN

G
P

O
bs

ol
et

e
30

5
20

11
10

4.
5

3N
23

C
N

PN
G

P
O

bs
ol

et
e

30
5

10
9

10
4.

5
3N

29
N

PN
G

E
O

bs
ol

et
e

50
6

20
85

10
0T

40
T

10
3N

30
N

PN
G

E
O

bs
ol

et
e

50
6

20
85

10
0T

80
T

10
T

3N
31

N
PN

G
E

O
bs

ol
et

e
50

6
20

85
10

0T
80

T
10

T
3N

34
N

PN
T

I
Si

 R
F

12
5

30
20

15
0

10
- 

.1
10

0T
.4

20
3N

35
N

PN
T

I
Si

 R
F

12
5

30
20

15
0

10
-1

.3
15

0T
.4

20
3N

36
N

PN
G

E
R

F
6

30
6

20
85

50
10

7
3N

36
3N

37
N

PN
G

E
R

F
6

30
6

20
85

90
10

7
3N

37
3N

45
PN

P
M

 -
H

Pw
r

1W
-6

0*
10

0
25

*
-5

A
 1

6.
5T

 K
c

-0
.2

-2
3N

46
PN

P
M

 -
H

Pw
r

1W
-8

0*
10

0
20

*
-5

A
 1

2T
 K

c
-0

.2
-2

T
U

N
N

E
L 

D
IO

D
E

S
1N

29
39

9
SE

E
 G

 -
E

 T
R

A
N

SI
ST

O
R

 S
PE

C
IF

IC
A

T
IO

N
 S

E
C

T
IO

N
1N

29
39

9
1N

29
40

9
SE

E
 G

 -
E

 T
R

A
N

SI
ST

O
R

 S
PE

C
IF

IC
A

T
IO

N
 S

E
C

T
IO

N
1N

29
40

9
1N

29
41

9
SE

E
 G

 -
E

 T
R

A
N

SI
ST

O
R

 S
PE

C
IF

IC
A

T
IO

N
 S

E
C

T
IO

N
1N

29
41

9
1N

29
69

9
SE

E
 G

 -
E

 T
R

A
N

SI
ST

O
R

 S
PE

C
IF

IC
A

T
IO

N
 S

E
C

T
IO

N
1N

29
69

9



A
B

B
R

E
V

IA
T

IO
N

S
T

Y
P

E
S

 A
N

D
 U

S
E

S
:

Si
-S

ili
co

n 
H

ig
h 

T
em

pe
ra

tu
re

 T
ra

ns
is

to
rs

(a
ll 

ot
he

rs
 g

er
m

an
iu

m
)

Pt
-P

oi
nt

 c
on

ta
ct

 ty
pe

s
A

F-
A

ud
io

 F
re

qu
en

cy
 A

m
pl

if
ie

r 
an

d
G

en
er

al
 P

ur
po

se
A

F 
O

ut
-H

ig
h 

cu
rr

en
t A

F 
O

ut
pu

t
Pw

r-
Po

w
er

 o
ut

pu
t 1

 w
at

t o
r 

m
or

e
R

F-
R

ad
io

 F
re

qu
en

cy
 A

m
pl

if
ie

r
O

sc
-H

ig
h 

ga
in

 H
ig

h 
fr

eq
ue

nc
y 

R
F 

os
ci

lla
to

r
IF

-I
nt

er
m

ed
ia

te
 F

re
qu

en
cy

 A
m

pl
if

ie
r

lo
 I

F-
L

ow
 I

F 
( 

26
2 

K
c 

) 
A

m
pl

if
ie

r
Sw

-H
ig

h 
cu

rr
en

t H
ig

h 
fr

eq
ue

nc
y 

sw
itc

h
A

F 
Sw

-L
ow

 f
re

qu
en

cy
 s

w
itc

h

M
A

N
U

F
A

C
T

U
R

E
R

S
:

B
en

di
x-

B
en

di
x 

A
vi

at
io

n 
C

or
p.

C
B

S-
C

B
S-

H
yt

ro
n

C
le

-C
le

vi
te

 T
ra

ns
is

to
r 

Pr
od

uc
ts

D
lc

-D
el

co
 R

ad
io

 D
iv

., 
G

en
er

al
 M

ot
or

s 
C

or
p.

F-
C

-F
ai

rc
hi

ld
 S

em
ic

on
du

ct
or

 C
or

p.
G

E
-G

en
er

al
 E

le
ct

ri
c 

C
or

p.
G

T
-G

en
er

al
 T

ra
ns

is
to

r 
C

or
p.

G
P-

G
er

m
an

iu
m

 P
ro

du
ct

s 
C

or
p.

H
ug

he
s-

H
ug

he
s 

Se
m

ic
on

du
ct

or
s

IT
C

-I
nd

us
tr

o 
T

ra
ns

is
to

r 
C

or
p.

T
-T

yp
ic

al
 V

al
ue

s

M
-H

-M
in

ne
ap

ol
is

-H
on

ey
w

el
l R

eg
ul

at
or

 C
o.

M
ot

or
-M

ot
or

ol
a,

 I
nc

.
Ph

il-
Ph

ilc
o

R
ay

-R
ay

th
eo

n 
M

an
uf

ac
tu

ri
ng

 C
om

pa
ny

R
C

A
-R

C
A

Sy
l-

Sy
lv

an
ia

 E
le

ct
ri

c 
Pr

od
uc

ts
 C

o.
T

I-
T

ex
as

 I
ns

tr
um

en
ts

, I
nc

.
T

S-
T

un
g-

So
l.

W
-W

es
tin

gh
ou

se
 E

le
ct

ri
c 

C
or

p.
W

E
-W

es
te

rn
 E

le
ct

ri
c 

C
om

pa
ny

N
O

T
E

:
C

lo
se

st
 G

E
 ty

pe
s 

ar
e 

gi
ve

n 
on

ly
 a

s 
a 

ge
ne

ra
l g

ui
de

 a
nd

ar
e 

ba
se

d
Si

nc
e 

m
an

uf
ac

tu
ri

ng
 te

ch
ni

qu
es

 a
re

 n
ot

 id
en

tic
al

, t
he

 G
en

er
al

on
 a

va
ila

bl
e 

pu
bl

is
he

d 
el

ec
tr

ic
al

 s
pe

ci
fi

ca
tio

ns
. H

ow
ev

er
, G

en
er

al
E

le
ct

ri
c 

C
om

pa
ny

 m
ak

es
 n

o 
cl

ai
m

, n
or

 d
oe

s 
it

w
ar

ra
nt

, t
ha

t i
ts

E
le

ct
ri

c 
C

om
pa

ny
 m

ak
es

 n
o 

re
pr

es
en

ta
tio

n 
as

 to
 th

e
ac

cu
ra

cy
 a

nd
tr

an
si

st
or

s 
ar

e 
ex

ac
t e

qu
iv

al
en

ts
 o

r 
re

pl
ac

em
en

ts
 f

or
 th

e
ty

pe
s

co
m

pl
et

en
es

s 
of

 s
uc

h 
in

fo
rm

at
io

n.
re

fe
rr

ed
 to

.



TRANSISTOR SPECIFICATIONS

OUTLINE DRAWINGS
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NOTE I: This zone is controlled for auto.
matic handling. The variation in actual

diameter within this zone shall not exceed
.010.

NOTE 2: Measured from max. diameter of
the actual device.

NOTE 3: The specified lead diameter ap-
plies in the zone between .050 and .250
from the base seat. Between .250 and .5
maximum, of .021 diameter is held. Outside
of these zones the lead diameter is not
controlled. Leads may be inserted, without
damage, in .031 holes while transistor
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circle.
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THIS LEAD
GROUNDED

TO HOUSING

200



TRANSISTOR SPECIFICATIONS

.320 MAX.
.375MAX.--.-

1.5"

11-BASE 11 LEAD DIA.'. .01711+002"
EMITTER

1.-.o 461 N COLLECTOR

.036 MAX.UV V

DIMENSIONS WITHIN
JEDEC OUTLINE

TO

N OTE 1: This zone is controlled for auto-
matic handling. The variation in actual

diameter within this zone shall not exceed
.010.

N OTE 2: Measured from max. diameter of
the actual device.

NOTE 3: The specified lead diameter ap-
plies in the zone between .050 and .250
from the base seat. Between .250 and 1.5
maximum of .021 diameter is held. Outside
of these zones the lead diameter is not
controlled. Leads may be inserted, without
damage, in .031 holes while transistor
enters .371 hole concentric with lead hole
circle.

45°
.029 ( NOTE 2

.370 MAX
.360 MIN
.335 MAX
.325 MIN

.-.235MAX1

.395 MAX=

1-72001-.010-.-1

.031
t003

t r
.150MIN .260MAX
(NOTE 1).250MIN

1.5 MIN

90°

3 LEADS

.017+.002-.001
( NOTE 3)



TRANSISTOR SPECIFICATIONS

O

DIMENSIONS WITHIN
JEDEC OUTLINE....T0-33

N OTE I: This zone is controlled for auto-

matic handling. The variation in actual

diameter within this zone shall not exceed

.010.

NOTE 2: Measured from max. diameter of

the actual device.

N OTE 3: The specified lead diameter ap-
plies in the zone between .050 and .250
from the base seat. Between .250 and 1.5
maximum of .021 diameter is held. Outside
of these zones the lead diameter is not

controlled.

B2
LEAD

LEAD I
4

.370MAX

.360 MIN
.335 MAX
325 MIN

BI 90*

EMITTER ...E 1 LEAD 2

BASEONE BI - TINNED LEADS
BASE TWO .82_ .017 -1-.082

(NOTE 3)

MAX
.325M IN

.260 MAX .150 MIN
.250 MIN (NOTE I )

.5 MIN

4 LEADS
r .370MAX

+002017 DIA
.360 M IN

-.001
(NOTE 3)

90"

(45°±3°

(.03*1.

0

1+.200 -1.010
1

90'

I
.150MIN .260MAX
( NOTE I) .250M I N

1.5 MIN

45.
.031 ±.003

.029 (NOTE 2)

DIMENSIONS WITHIN
JEDEC OUTLINE

TO -12

N OTE Is This zone is controlled for auto-
matic handling. The variation in actual

diameter within this zone shall not exceed

.010.

N OTE 2: Measured from max. diameter of
the actual device.

N OTE 3: The specified lead diameter ap-
plies in the zone between .050 and .250
from the base seat. Between .250 and .5
maximum of .021 diameter is held. Outside
of these zones the lead diameter is not

controlled.

r200±.010



TRANSISTOR SPECIFICATIONS

135
MAX

ORIENTATION
RANDOM

.345
322 DIA.

.345
MAX

177-6.

1.50_,
MIN. -

4-.025

.0 EMITTER

BASE

/=1

.020 MAX.
(GLASS EXTENSION)EXTENSION)I

I
.460
MAX
DIA.

CUT TO 0.200" FOR USE IN SOCKETS.
LEADS TINNED DIA. .018
MOUNTING POSITION - ANY
WEIGHT: .05 OZ.
BASE CONNECTED TO TRANSISTOR SHELL.
DIMENSIONS IN INCHES.

DIMENSIONS WITHIN
JEDEC OUTLINE

TO -18

N OTE 1: Minimum tab thickness .005.

NOTE 2: Lead diameter is not controlled
in the area 1 /16" from base seat.

N OTE 3: Calculated by measuring flange
diameter, including tab and excluding tab,
and subtracting the larger diameter from
the smaller diameter.

APPROX WEIGHT:.015 OZ
ALL DIMENSIONS IN INCHES

90°35°

4 5ot.5.

.050 MAX
030 MIN

.048 MAX

.025 MIN
(NOTE 3)

225 MAX
.195 PA IN

.195 MAX
.160 MIN

.020 MAX
( NOTE 1)

.151

.137

.055

.210 MAX

.170 MIN

.500 MIN

3 LEADS
t 002

.017 -001

(NOTE 2 )

THIS LEAD
GROUNDE D

.c36.21** TO HOUSING
'V et,

041

O

303



TRANSISTOR SPECIFICATIONS

DIMENSIONS WITHIN
JEDEC OUTLINE

TO -18

N OTE 1: Minimum tab thickness .005.

N OTE 2: Lead diameter is not controlled
in the area 1/16" from base seat.

N OTE 3: Calculated by measuring flange
diameter, including tab and excluding tab,
and subtracting the larger diameter from
the smaller diameter.

APPROX WEIGHT:.015 OZ
ALL DIMENSIONS IN INCHES

450I50

.050 MAX
.030MIN

.048 MAX

.025 MIN
(NOTE 3)

-n"
.260 MAX .100 MIN
.240 MIN (NOTE 1 )

.5 MIN

90** 5°

335 MAX
.315 MIN

0 0
370MAX

3 LEADS .350MIN
017 .1.°0°021 DIA

(NOTE 3) 45. +
7 .0 M1

.029MIN
(NOTE 2)

.031 ± .003

90°

°11. am"

.200±.010 L.--

225MAX
.195 MIN

.195 MAX
.160 MIN

.020 MAX
( NOTE I)

0
titi

.210 MAX

.170 MIN

3 LEADS
.0,71.002

-001
(NOTE 2)

THIS LEAD
GROUNDED
TO HOUSING

JEDEC OUTLINE
TO -39

N OTE I: This zone is controlled for auto-
matic handling. The variation in actual

diameter within this zone shall not exceed

.010.

NOTE 2: Measured from max. diameter of

the actual device.

N OTE 3: The specified lead diameter ap-

plies in the zone between .050 and .250
from the base seat. Between .250 and .5
maximum of .021 diameter is held. Outside
of these zones the lead diameter is not

controlled.



TRANSISTOR SPECIFICATIONS

 E
 B

 C

O

 E
 B
 C
t

COLORED DOT
ON SIDE

INDICATES
COLLECTOR

0 0

f
BLACK
LINE

305



21. RECTIFIER SPECIFICATIONS

NOTES ON RECTIFIER SPECIFICATION SHEET
The performance of a rectifier is judged primarily on four key measurements, or

parameters. They are always given for specific ambient conditions, such as still air
and 55°C, and are based on a 60 cycles per second (A -C) input with the rectifier
feeding a resistive or inductive load (see C) below). A capacitive load will increase
the Peak Reverse Voltage duty on the rectifier cell and
will therefore necessitate a slightly lower set of ratings
than shown here. These key parameters are:

TEAK

VOLTAGEV

r

0 Maximum Peak Reverse Voltage ( usually referred
to as. PRV ), the peak a -c voltage which the unit will

60 CPS (CYCLES PER SECOND)

withstand in the reverse direction; 2 Maximum Allow- A -C INPUT

able D -C Output Current, which varies with ambient
temperature; C) Maximum Allowable One -cycle Surge Current, representing the
maximum instantaneous current which the rectifier can withstand for one cycle, usually
encountered when the equipment is turned on; () Maximum Full -load Forward Volt-

age Drop, measured with maximum d -c output flowing and maximum PRV applied.
This is a measure of the rectifier's efficiency.

EXAMPLE:

1N1692, 1N1693

1N1694, 1N1695

These alloy junction silicon rectifiers are designed
for general purpose applications requiring maxi-
mum economy. These rectifiers are hermetically
sealed and will perform reliably within the oper-
ating specifications.

RATINGS AND SPECIFICATIONS

0 1160 CPS, Resistive or Inductive)
1N1692 1N1693 1N1694 1N1695

(D4 Max. Allowable Peak Inverse Voltage 100 200 300 400 volts
Max. Allowable RMS Voltage 70 140 210 280 volts
Max. Allowable Continuous Reverse

DC Voltage 100 200 300 400 volts
(4t1 Max. Allowable DC Output 100°C Ambient 250 250 250 250 ma
wl. Max. Allowable DC Output 50°C Ambient 600 600 600 600 ma
0-C Max. Allowable One Cycle Surge Current 20 20 20 20 amps
04 Max. Full Load Forward Voltage Drop

(Full cycle average at 100°C) .60 .60 .60 .60 Volts
Max. Leakage Current at Rated PIV

(Full cycle average at 100°C) 0.5 0.5 0.5 0.5 ma
Peak Recurrent Forward Current 2.0 2.0

115°C
2.0 2.0 amps

Max. Operating Temperature +

The other ratings or specifications are additional yardsticks of performance which
are more or less critical depending on the operating conditions to be experienced.
For instance, the 1N1692 Series for which specifications are shown, being silicon recti-
fiers, are able to show a higher range of Ambient Operating Temperatures with higher
output than a germanium unit would, and are preferred on this "basis for many appli-
cations. Maximum Leakage Current refers to the reverse current which will flow when
voltage is applied, and here, too, can be a critical measure of performance for specific
applications such as magnetic amplifiers.

Sometimes there is confusion as to whether a unit is a Diode or a Rectifier. Actually
the word Diode means "two" and both rectifiers and diodes have two elements.
However, rectifiers are capable of handling much larger currents than diodes. The term
diode is used to describe units used in high frequency, low current, signal applications
such as in high frequency circuits of television receivers.
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OUTLINE DRAWINGS (SILICON CONTROLLED RECTIFIERS)

MOUNTING KIT OUTLINE DRAWING
(DIMENSIONS IN INCHES)

0 1411tAIRASS HEX NUT

QB STEEL LOCKWASHER
NI PLATED

IgITENRA,Ii 1 .015 THICK

® TEFLON WASHER
.032 WALL THICK
.270 0. D
.050 THICK

0 MICA WASHERS (2)
.005 THICK

NOTES:
(I) STUD IS ANODE CONNECTION
(2) WHEN MOUNTING KIT IS USED,

MAXIMUM HEAT SINK THERMAL
RESISTANCE TO AMBIENTII.5°C/WATT
(APPLIES FOR MAXIMUM VOLTAGE RATING)

(3) MICA WASHERS IN MOUNTING KIT ADD
6.5C/WATT THERMAL RESISTANCE .094.437'1.015 015

270 01W-X*)
STUD TO HEAT SINN

+.015
-010

L-

C)

.062
DIA MAY BE BENT TO

DESIRED ANGLE

BETWEEN RECTIFIER
ALSO MAY BE MOUNTED

AND FIRST MICA
WASHER

0 CIO SILICON CONTROLLED RECTIFIER

NOTES: (I) STUD IS ANODE CONNECTION
(2) WHEN MOUNTING KIT IS USED,

MAXIMUM HEAT SINK THERMAL RESISTANCE
TO AMBIENT= r C/WATT

(3) MICA WASHER IN MOUNTING KIT
ADDS 4=C/WATT THERMAL RESISTANCE
JUNCTION TO HEAT SINK

(4)NET WEIGHT .33 OZ

.320 MAX

O I/4-28 BRASS KEP NUT
CADMIUM PLATED

C) TERMINAL .040 THK.
COPPER, TIN PLATED

© TEFLON WASHER
.025 WALL THK.
.032 SHOULDER THK.

C) MICA WASHER
.005 THK.

MOUNTING KIT

10 32 NF 2A
(ANODE)

.125 ±.0I2
AX

I/4-28 IIMNF-2A

OnnE1111.1.W-uu

V

MAX

.070

.540
MAX

.290
± 010

700
MAX

L,-
.875*4.015,4-

mAxA
7 D70

DIA_

1.615 MAX.

.425

gl8A0

.770
MAX

ALSO AVAILABLE
AT 30. ANGLE

OUTLINE DRAWING

eC35, C36, C40 SILICON CONTROLLED RECTIFIERS

.271

.261
DIA.

(CATHODE)

.075

.055
1.067
1,037

HOLE FOR 5.950 MRS
MN SCREW FLEXIBLE

(GATE) INSULATED 12.1
LEAD

. 00
.765 MAX
.735

4.400
4.400

FLEXIBLE
COPPER

LEAD

-2

7.310

CATHODE

TYPICAL

TO HE%
ORIENTATION

F.437 +.000y

.154
DIA.

TERMINALS
NOT NECESSARILY

.._.145 ORIENTED
±.003 TO HEX

6.900
6.150

.096
MAX.

MAX

dab
IVO

1-20 NF -DA

1.11111111
MAX

II
immun
ouumum

.170
MIA_

ASO .320
.600_. 2B0

6.550
5.950

1.530
MAX.

NOTE: I

ONEI-20 BRASS NICKEL -PLATED NUT AND
ONE SILICON BRONZE SPRING LOCKWASHER
SUPPLIED WITH EACH UNIT
APPROX WEIGHT (EXCLUDING HARDWARE) .302

.827
.797

ANODE

910 DIA.

1

C50, C60 SILICON CONTROLLED RECTIFIERS

313



C
O

N
V

E
N

T
IO

N
A

L 
R

E
C

T
IF

IE
R

S

LO
W

 C
U

R
R

E
N

T
 G

E
R

M
A

N
IU

M
 R

E
C

T
IF

IE
R

 C
E

LL
S

T
he

 f
ol

lo
w

in
g 

G
en

er
al

 E
le

ct
ri

c 
ge

rm
an

iu
m

 ju
nc

tio
n 

re
ct

if
ie

rs
 h

av
e 

be
co

m
e 

in
du

st
ry

st
an

da
rd

s 
of

 q
ua

lit
y.

 T
he

y 
ha

ve
 d

em
on

st
ra

te
d 

lif
e 

fo
r 

ov
er

 2
5,

00
0 

ho
ur

s 
w

ith
 n

o
si

gn
if

ic
an

t c
ha

ng
e 

in
 c

ha
ra

ct
er

is
tic

s.
 T

he
 G

en
er

al
 E

le
ct

ri
c 

-d
ev

el
op

ed
 to

p 
ha

t p
ac

k-
ag

e 
an

d 
as

so
ci

at
ed

, h
er

m
et

ic
 s

ea
l c

ou
pl

ed
 w

ith
 a

 c
lo

se
ly

 c
on

tr
ol

le
d 

m
an

uf
ac

tu
ri

ng
pr

oc
es

s,
 g

ua
ra

nt
ee

s 
co

nt
in

ue
d 

pr
od

uc
t e

xc
el

le
nc

e.
 T

he
se

 g
er

m
an

iu
m

 r
ec

tif
ie

rs
of

fe
r

ex
tr

em
el

y 
lo

w
 f

or
w

ar
d 

re
si

st
an

ce
 th

at
 is

 d
if

fi
cu

lt 
to

 m
at

ch
 w

ith
 a

ny
 o

th
er

 ty
pe

re
ct

if
ie

r.

D
rw

g.
N

o.

JE
D

E
C

or
 G

 -
E

T
yp

e
N

o.
P

R
V

M
ax

. I
nc

 a
t T

°C

M
ax

.
P

ea
k

1
C

yc
le

S
ur

ge
M

ax
. L

kg
e.

 C
ur

re
nt

(F
ul

l C
yc

le
 A

vg
.)

M
ax

. F
ul

l L
oa

d
V

ol
ta

ge
 D

ro
p

(F
ul

l C
yc

le
 A

vg
.)

M
ax

.
O

pe
r.

T
em

p.
°C

M
ax

.
S

to
ra

ge
T

em
p.

°C

1
1N

93
30

0
75

 m
a 

@
 5

5°
C

 A
m

b.
25

 A
.6

 m
a

.1
8 

vo
lts

95
°C

10
5°

C
1

T
JS

N
1N

93
30

0
75

 m
a 

@
 6

5°
C

 A
m

b.
26

 A
.6

 m
a

.1
8 

vo
lts

95
°C

10
5°

C
1

1N
31

5
30

0
75

 m
a 

@
 6

5°
C

 A
m

b.
25

 A
M

in
 F

or
w

ar
d/

R
ev

er
se

 R
at

io
 -

70
0 

@
 5

5°
C

85
°C

95
°C

1
U

SA
F 

-1
N

31
5

30
0

75
 m

a 
@

 5
5°

C
 A

m
b.

25
 A

M
in

 F
or

w
ar

d/
R

ev
er

se
 R

at
io

 -
70

0 
@

 5
5°

C
85

°C
95

°C

1
1N

36
8

20
0

10
0 

m
a 

@
 5

5°
C

 A
m

b.
25

 A
.3

 m
a 

@
 1

50
 V

.D
.C

..4
8 

vo
lts

55
°C

85
°C

1
1N

92
20

0
10

0 
m

a 
@

 5
5°

C
 A

m
b.

25
 A

.9
5 

m
a

.1
9 

vo
lts

95
°C

10
5°

C

1
1N

91
10

0
15

0 
m

a 
@

 5
5°

C
 A

m
b.

25
 A

1.
35

 m
a

.2
2 

vo
lts

95
°C

10
5°

C

2
1N

16
3

30
0

75
0 

m
a 

@
 6

5°
C

 A
m

b.
25

A
95

°C
10

5°
C

3
1N

15
8

40
0

10
00

 m
a 

@
 5

5°
C

 A
m

b.
25

 A
95

°C
10

5°
C

2
1N

16
2

20
0

10
00

 m
a 

@
 5

5°
C

 A
m

b.
25

 A
95

°C
10

5°
C

2
1N

15
1

10
0

12
00

 m
a 

@
 5

5°
C

 A
m

b.
25

 A
95

°C
10

5°
C



LO
W

 C
U

R
R

E
N

T
 S

IL
IC

O
N

 R
E

C
T

IF
IE

R
 C

E
LL

S
 (

LE
A

D
 M

O
U

N
T

E
D

)

T
he

se
 lo

w
 c

ur
re

nt
 s

ili
co

n 
re

ct
if

ie
r 

ce
lls

 u
til

iz
e 

th
e 

sa
m

e 
to

p 
ha

t
pa

ck
ag

e 
so

 w
el

l e
st

ab
lis

he
d 

by
 th

e 
ab

ov
e 

ge
rm

an
iu

m
 c

el
ls

; i
t i

s
a 

he
rm

et
ic

al
ly

 s
ea

le
d 

pa
ck

ag
e 

w
ith

 y
ea

rs
 o

f 
fi

el
d 

ex
pe

ri
en

ce
 in

-
di

ca
tin

g 
pr

od
uc

t e
xc

el
le

nc
e.

 A
 w

id
e 

va
ri

et
y 

of
 to

p 
qu

al
ity

 s
ili

co
n

lo
w

 c
ur

re
nt

 c
el

ls
 a

re
 in

di
ca

te
d 

be
lo

w
. T

he
re

 a
re

 lo
w

 le
ak

ag
e

ce
lls

 f
or

 m
ag

ne
tic

 a
m

pl
if

ie
rs

, h
ig

h 
te

m
pe

ra
tu

re
 r

ec
tif

ie
rs

 w
ith

st
ab

le
 c

ha
ra

ct
er

is
tic

s 
ov

er
 a

 w
id

e 
te

m
pe

ra
tu

re
 r

an
ge

 f
or

 th
e

m
os

t e
xa

ct
in

g 
M

ili
ta

ry
 r

eq
ui

re
m

en
ts

, l
ow

 c
os

t u
ni

ts
 f

or
 th

e
hi

gh
ly

 c
om

pe
tit

iv
e 

m
an

uf
ac

tu
re

r 
an

d 
a 

go
od

 s
el

ec
tio

n 
of

 M
ili

-
ta

ry
 a

pp
ro

ve
d 

un
its

. M
ili

ta
ry

 a
pp

ro
ve

d 
un

its
 a

re
 a

va
ila

bl
e 

in
th

os
e 

un
its

 a
st

er
is

ke
d 

(*
).

D
rw

g.
N

o.

JE
D

E
C

or
 G

 -
E

T
yp

e
N

o.
P

R
V

M
ax

. I
nc

 a
t T

°C

M
ax

.
P

ea
k

1 
C

yc
le

S
ur

ge
M

ax
. L

kg
e.

 C
ur

re
nt

(F
ul

l C
yc

le
 A

vg
.)

M
ax

. F
ul

l L
oa

d
V

ol
ta

ge
 D

ro
p

(F
ul

l C
yc

le
 A

vg
.)

M
ax

.
O

pe
r.

T
em

p.
°C

M
ax

.
S

to
ra

ge
T

em
p.

°C

1
1N

44
0

10
0

30
0 

m
a 

@
 5

0°
C

 A
m

b.
15

 A
.3

 µ
a 

@
 2

5°
C

1.
5 

V
 @

 2
5°

C
15

0°
C

17
5°

C
1

1N
44

1
20

0
30

0 
m

a 
@

 5
0°

C
 A

m
b.

15
 A

.7
5 

aa
 @

 2
5°

C
1.

5 
V

 @
 2

5°
C

15
0°

C
17

5°
C

1
1N

44
2

30
0

30
0 

m
a 

@
 5

0°
C

 A
m

b.
15

 A
1.

0 
aa

 @
 2

5°
C

1.
5 

V
 @

 2
5°

C
15

0°
C

17
5°

C
1

1N
44

3
40

0
30

0 
m

a 
@

 5
0°

C
 A

m
b.

15
 A

1.
5 

aa
 c

25
°C

1.
5 

V
 @

 2
5°

C
16

0°
C

17
5°

C
1

1N
44

4
50

0
30

0 
m

a 
@

 5
0°

C
 A

m
b.

15
 A

1.
25

 a
a 

@
 2

5°
C

1.
5 

V
 @

 2
5°

C
15

0°
C

17
5°

C
1

1N
44

5
60

0
30

0 
m

a 
@

 5
0°

C
 A

m
b.

15
 A

2.
0 

A
ta

 @
 2

5°
C

1.
6 

V
 @

 2
5°

C
15

0°
C

17
5°

C
1

1N
59

9
50

60
0 

m
a 

@
 2

5°
C

 A
m

b.
10

 A
1.

0 
µa

 @
 2

5°
C

1.
5 

V
 @

 2
00

 m
a

15
0°

C
17

5°
C

1
1N

59
9A

50
60

0 
m

a 
@

 2
5°

C
 A

m
b.

10
 A

1.
0 

aa
 @

 2
5°

C
1.

5 
V

 @
 2

00
 m

a
16

0°
C

17
5°

C
1

1N
60

0
10

0
60

0
m

a 
@

25
°C

 A
m

b.
10

 A
1.

0 
aa

 @
 2

5°
C

1.
5 

V
 @

 2
00

 m
a

15
0°

C
17

5°
C

1
1N

60
0A

10
0

60
0 

m
a 

@
 2

5°
C

 A
m

b.
10

 A
1.

0 
as

 @
 2

5°
C

1.
5 

V
 @

 2
00

 m
a

15
0°

C
17

5°
C

1
1N

60
1

15
0

60
0 

m
a 

@
 2

5°
C

 A
m

b.
10

 A
1.

0 
as

 @
 2

5°
C

1.
5 

V
 @

 2
00

 m
a

15
0°

C
17

5°
C

1
1N

60
1A

15
0

60
0 

m
a 

@
 2

5°
C

 A
m

b.
10

 A
1.

0 
aa

 @
 2

5°
C

1.
5 

V
 @

 2
00

 m
a

15
0°

C
17

5°
C

1
1N

60
2

20
0

60
0 

m
a 

@
 2

5°
C

 A
m

b.
10

 A
1.

0 
aa

.
25

°C
1.

5 
V

 @
 2

00
 m

a
15

0°
C

17
5°

C
1

1N
60

2A
20

0
60

0 
m

a 
@

 2
5°

C
 A

m
b.

10
 A

1.
0 

aa
 @

 2
6°

C
1.

5 
V

 @
 2

00
 m

a
15

0°
C

17
5°

C
1

1N
60

3
30

0
60

0 
m

a 
@

 2
5°

C
 A

m
b.

10
 A

1.
0 

aa
 @

 2
5°

C
1.

5 
V

 V
 2

00
 m

a
15

0°
C

17
5°

C
1

1N
60

3A
30

0
60

0 
m

a 
@

 2
5°

C
 A

m
b.

10
 A

1.
0 

aa
 @

 2
5°

C
1.

5 
V

 @
 2

00
 m

a
15

0°
C

17
5°

C
1

1N
60

4
40

0
60

0 
m

a 
@

 2
5°

C
 A

m
b.

10
 A

1.
6 

µa
 @

 2
5°

C
1.

5 
V

 @
 2

00
 m

a
15

0°
C

17
5°

C
1

1N
60

4A
40

0
60

0 
m

a 
@

 2
5°

C
 A

m
b.

10
 A

1.
5 

pa
25

°C
1.

5 
V

20
0 

m
a

15
0°

C
17

5°
C

1
1N

60
5

50
0

60
0 

m
a 

@
 2

5°
C

 A
m

b.
10

 A
2.

0 
µa

25
°C

1.
5 

V
20

0 
m

a
§

15
0°

C
17

5°
C

1
1N

60
5A

50
0

60
0 

m
a 

@
 2

5°
C

 A
m

b.
10

 A
2.

0 
aa

25
°C

1.
6 

V
20

0 
m

a
15

0°
C

17
5°

C
1

1N
60

6
60

0
60

0 
m

a 
@

 2
5°

C
 A

m
b.

10
 A

2.
5 

aa
 @

 2
5°

C
1.

6 
V

 @
 2

00
 m

a
15

0°
C

17
5°

C
1

1N
60

6A
60

0
60

0 
m

a 
@

 2
6°

C
 A

m
b.

10
 A

2.
5 

aa
 @

 2
5°

C
1.

5 
V

 @
 2

00
 m

a
15

0°
C

17
5°

C
1

1N
56

0
80

0
60

0 
m

a 
@

 3
0°

C
 A

m
b.

15
 A

.3
 m

a 
@

 1
50

°C
0.

5 
V

 @
 1

50
°C

15
0°

C
17

5°
C

1
1N

56
1

10
00

60
0 

m
a 

@
 3

0°
C

 A
m

b.
15

 A
.3

 m
a 

@
 1

50
°C

0.
5 

V
 @

 1
50

°C
15

0°
C

17
5°

C
1

1N
16

92
10

0
60

0 
m

a 
@

 5
0°

C
 A

m
b.

20
 A

.5
 m

a 
@

 1
00

°C
0.

6 
V

 @
 1

00
°C

11
5°

C
17

5°
C

1
1N

16
93

20
0

60
0 

m
a 

@
 5

0°
C

 A
m

b.
20

 A
.5

 m
a 

@
 1

00
°C

0.
6 

V
 @

 1
00

°C
11

5°
C

17
5°

C
1

1N
16

94
30

0
60

0 
m

a 
@

 5
0°

C
 A

m
b.

20
 A

.5
 m

a 
@

 1
00

°C
0.

6 
V

 @
 1

00
°C

11
5°

C
17

5°
C

1
1N

16
95

43
0

60
0 

m
a 

@
 5

0°
C

 A
m

b.
20

 A
.5

 m
a 

@
 1

00
°C

0.
6 

V
10

0°
C

11
5°

C
17

5°
C

1
1N

16
96

50
0

60
0 

m
a 

@
 5

0°
C

 A
m

b.
20

 A
.5

 m
a 

@
 1

00
°C

0.
6 

V
10

0°
C

11
5°

C
17

5°
C

1
1N

16
97

60
0

60
0 

m
a 

@
 5

0°
C

 A
m

b.
20

 A
.5

 m
a 

@
 1

00
°C

0.
6 

V
10

0°
C

11
5°

C
17

5°
C



9TC

...................... ..
.....1.......-... .1.....1.....1.-.........
ZXXXXXZZZZZXXXZXZXZZZ,00WCWO,,,-A 0 0 0 0 0,0 -4 c Oo 000o0000.01.. 0*Cr,C,1* 10.00W,WC0.0WWWW

..
ZX,
olP-
td=

00010WND. OVI,W..,WIND.P.WN.000000001000000000000000000000000000000000000
01010000

,..4,-.1-4,-.1-1,,,,,-1-1-1-1-1,,
0.0101010101010,710101CA010.010101010.01010i0000000000000000000000
5555555555555555555555PPPPPPPPPPOPPPOPPPPPPP
(P(P(g(g(g(P§§§1P(§(Q(4§
0101010701010tutbDtvls,Nt.,N01010-10101010101

00000000.00000.0..0000
nonnon0000nonononn000n

5555555555555555555555
crtrecrcro'crcevcreecevcrecrcrevvcr

010.4
010100
55PP
,g(

0101000000cocAuto.onolooc0000000oo
no

55
crcr

...L.,-.......,,,,,-,....01 01 01 01 C.71 010, 01 01 CA 01 01 010101 01 01 01 C.C.1101 01

44'4.>>>4'0.0'.0.4.4.0.
..
0101

44'

0. 0
W,,,WG.,W.,',W03WaOG.3,GDEOG2WE,10V1W
5555555555555555555555
cl Po P P, 0 P, P, P P, P, P, P P P P, P, P, P, P P, P, P

(P(P§(g§(§§§((g(g§§§(.........
01 01 01 01 Co 01 01 01 I0 IND

.......
IND . NN C.r. 01 01 01 t0 ND t.,000000000101010100100000000000000000000000000onnoonnonnonoononononn

L.
bV,

55
0 0
(§
NNcc
00on

666666L-......
.0,C,-ol6b...ococnocowc,66o0.7,.66.CCC-CC-C.CCC<CCC-C C
(Q§(Q§'Q'§(P§''"Q...........01 01 01 01 01 01 01 CA LND t, t0 tV Nr.t. NNONINDt0 . No

000,, 0 0; 0,, 0 Co ut 010 01 cn 01, 01 CA 01 C., 01 Cn 01 Cn

nonon000nononnonnonnon

..
06
-CC.
(§
NN
01 Cln

no

0101000.00010)010101)00001 Crt00 0 01 CA VI GI 0100100 0 0 CA 01 01 01 000 0000000000000000000000
ononnonn000nonnnoonnon

010100oo
no

.,-k.,-,--,,,,,,-,,,,-,,-,,,-..,,,,,,,,
-,,-,,,-4,,0,01,..0,0,,,,,,,,,,,,
010010100101010000000010,010010100101010000000010,)10010010100101010000000010,)10101010,00000.000000000coo0000
onnonnonon000nonnonnon

--
-,--.
01,00
no

SNOLLV01d103dS N3 1.1.03d



S
U

B
M

IN
IA

T
U

R
E

 S
IL

IC
O

N
 R

E
C

T
IF

IE
R

S

T
he

se
 d

ou
bl

e 
di

ff
us

ed
 ju

nc
tio

n 
su

bm
in

ia
tu

re
 g

la
ss

 r
ec

tif
ie

rs
 a

re
 d

es
ig

ne
d 

fo
r

m
ax

im
um

 th
er

m
al

 c
on

du
ct

an
ce

 o
ve

r 
a 

w
id

e 
te

m
pe

ra
tu

re
ra

ng
e.

 T
he

ir
 r

ug
ge

d
de

si
gn

 is
 w

el
l s

ui
te

d 
to

 m
ee

t s
tr

in
ge

nt
 m

ili
ta

ry
 r

eq
ui

re
m

en
ts

. T
he

y 
ar

e 
he

rm
et

i-
ca

lly
 s

ea
le

d 
fo

r 
m

ax
im

um
 r

el
ia

bi
lit

y.

D
rw

g.
N

.

JE
D

E
C

N
o.

P
R

V
M

ax
. I

nc
@

 1
°C

M
ax

. P
ea

k
1 

C
yc

le
S

ur
ge

M
ax

. F
ul

l
Lo

ad
V

ol
ta

ge
 D

ro
p

M
ax

.
O

pe
ra

tin
g

T
em

p.

M
ax

.
S

to
ra

ge
T

em
p.

1N
67

6
10

0
.2

00
 A

 @
 2

5°
C

3 
A

1 
V

0
40

0 
m

a 
0 

25
°C

17
5°

C
17

5°
C

1N
67

8
20

0
.2

00
 A

 @
 2

5°
C

3 
A

1 
V

 0
 4

00
 m

a 
0 

25
°C

17
5°

C
17

5°
C

1N
68

1
30

0
.2

00
 A

 @
 2

5°
C

3 
A

1 
V

 0
 4

00
 m

a 
0 

25
°C

17
5°

C
17

5°
C

1N
68

3
40

0
.2

00
 A

 0
 2

5°
C

3 
A

1 
V

 0
 4

00
 m

a 
0 

25
°C

17
5°

C
17

5°
C

1N
68

5
50

0
.2

00
 A

 @
 2

5°
C

3 
A

1 
V

 0
, 4

00
 m

a 
(a

 2
5°

C
17

5°
C

17
5°

C
1N

68
7

60
0

.2
00

 A
 @

 2
5°

C
3 

A
1 

V
 c

i .
40

0 
m

a 
@

 2
5°

C
17

5°
C

17
5°

C
1N

67
7

10
0

.4
00

 A
 0

 2
5°

C
5 

A
1 

V
 0

, 4
00

 m
a 

0 
25

°C
17

5°
C

17
5°

C
1N

67
9

1N
64

5
20

0
22

5
.4

00
 A

 @
 2

5°
C

.4
00

 A
 0

 2
5°

C
5 

A
10

 A
1 

V
 0

 4
00

 m
a 

@
 2

5°
C

1 
V

 (
a)

 4
00

 m
a 

0 
25

 °
 C

17
5°

C
17

5°
C

17
5°

C
20

0°
C

1N
64

6
30

0
.4

00
 A

 0
 2

5°
C

10
 A

1 
V

 0
 4

00
 m

a 
@

 2
5°

C
17

5°
C

20
0°

C
1N

68
2

30
0

.4
00

 A
 0

 2
5°

C
5 

A
1 

V
 (

cl
, 4

00
 m

a 
(a

 2
5°

C
17

5°
C

17
5°

C
1N

68
4

40
0

.4
00

 A
 0

 2
5°

C
5 

A
1 

V
 0

 4
00

 m
a 

a 
25

°C
17

5°
C

17
5°

C
1N

64
7

1N
64

8
40

0
.4

00
 A

 0
 2

5°
C

10
 A

1 
V

 0
 4

00
 m

a 
(a

 2
5°

C
17

5°
C

20
0°

C
1N

68
6

50
0

.4
00

 A
 0

 2
5°

C
10

 A
1 

V
 0

, 4
00

 m
a 

0 
25

°C
17

5°
C

20
0°

C
1N

68
9

50
0

60
0

.4
00

 A
 0

 2
5°

C
.4

00
 A

 @
 2

5°
C

5 
A

5 
A

1 
V

 (
a 

40
0 

m
a 

0 
25

°C
1 

V
 0

 4
00

 m
a 

0 
25

°C
17

5°
C

17
5°

C
17

5°
C

17
5°

C
1N

64
9

60
0

.4
00

 A
 0

 2
5°

C
10

 A
1 

V
 @

 4
00

 m
a 

g 
25

°C
17

5°
C

20
0°

C



LO
W

 C
U

R
R

E
N

T
 S

IL
IC

O
N

 R
E

C
T

IF
IE

R
 C

E
LL

S
 (

S
T

U
D

 M
O

U
N

T
E

D
)

T
he

se
 lo

w
 c

ur
re

nt
 r

ec
tif

ie
rs

 a
re

 e
ss

en
tia

lly
 th

e 
sa

m
e 

gr
ou

p 
of

 r
ec

tif
ie

rs
 a

s 
th

e 
le

ad
 m

ou
nt

ed
 r

ec
tif

ie
rs

 li
st

ed
 a

bo
ve

. I
t

us
es

 b
as

ic
al

ly
 th

e 
sa

m
e 

pa
ck

ag
e 

(w
ith

 it
s 

in
he

re
nt

 d
ep

en
da

bi
lit

y 
an

d 
ex

pe
ri

en
ce

 f
ac

to
r)

m
ou

nt
ed

 o
n 

a
he

x 
w

ith
a 

10
-3

2 
st

ud
 f

or
 m

ou
nt

in
g 

co
nv

en
ie

nc
e.

 T
he

 s
tu

d 
m

ou
nt

ed
 u

ni
t o

ff
er

s 
th

e 
ad

va
nt

ag
e

of
 u

til
iz

in
g 

a 
he

at
si

nk
 f

or
 b

et
te

r
he

at
 tr

an
sf

er
 a

nd
 r

es
ul

tin
g 

hi
gh

er
 c

ur
re

nt
 r

at
in

gs
. M

ili
ta

ry
 a

pp
ro

ve
d 

un
its

 a
re

 a
va

ila
bl

e 
in

 th
os

e 
un

its
 a

st
er

is
ke

d 
(*

 )
 .

D
rw

g.
N

o.

JE
D

E
C

or
 G

 -
E

T
yp

e
N

o.
P

R
V

M
ax

. I
nc

 a
t P

C

M
ax

.
P

ea
k

1 
C

yc
le

S
ur

ge
M

ax
. L

kg
e.

 C
ur

re
nt

(F
ul

l C
yc

le
 A

vg
.)

M
ax

. F
ul

l L
oa

d
V

ol
ta

ge
 D

ro
p

(F
ul

l C
yc

le
 A

vg
.)

M
ax

.
O

pe
r.

T
em

p.
°C

M
ax

.
S

to
ra

ge
T

em
p.

°C

4
1N

25
6*

57
0

20
0 

m
a 

@
 1

35
°C

 C
as

e
1 

A
 f

or
 3

 m
s

.2
5 

m
a 

@
 1

35
°C

2 
V

 @
 5

00
 m

a
15

0°
C

16
0°

C

4
1N

34
0

10
0

20
0 

m
a 

@
 1

50
°C

 C
as

e
10

 A
.1

 m
a 

@
 1

50
°C

2 
V

 @
 4

00
 m

a
17

0°
C

17
0°

C
4

1N
34

9
10

0
20

0 
m

a 
@

 1
50

°C
 C

as
e

10
 A

.1
 m

a 
@

 1
50

°C
2 

V
 @

 4
00

 m
a

17
0°

C
17

0°
C

4
1N

33
7

20
0

20
0 

m
a 

@
 1

50
°C

 C
as

e
10

 A
.1

 m
a 

@
 1

60
°C

2 
V

 @
 4

00
 m

a
17

0°
C

17
0°

C
4

1N
34

6
20

0
20

0 
m

a 
@

 1
50

°C
 C

as
e

10
 A

.5
 m

a 
@

 1
50

°C
2 

V
 @

 4
00

 m
a

17
0°

C
17

0°
C

4
1N

33
5

30
0

20
0 

m
a 

@
 1

60
°C

 C
as

e
10

 A
.2

 m
a 

@
 1

50
°C

2 
V

 @
 4

00
 m

a
17

0°
C

17
0°

C

4
1N

34
4

30
0

20
0 

m
a 

@
 1

60
°C

 C
as

e
10

 A
.5

 m
a 

@
 1

50
°C

2 
V

 @
@

 4
00

 m
a

17
0°

C
17

0°
C

4
1N

33
3

40
0

20
0 

m
a 

@
 1

50
°C

 C
as

e
10

 A
.2

 m
a 

@
 1

50
°C

2 
V

 @
 4

00
 m

a
17

0°
C

17
0°

C
4

1N
34

2
40

0
20

0 
m

a 
@

 1
50

°C
 C

as
e

10
 A

.5
 m

a 
@

 1
50

°C
2 

V
 @

@
 4

00
 m

a
17

0°
C

17
0°

C

4
1N

33
9

10
0

40
0 

m
a

15
0°

C
 C

as
e

15
 A

.1
 m

a 
@

 1
50

°C
2 

V
 @

 8
00

 m
a

17
0°

C
17

0°
C

4
1N

34
8

10
0

40
0 

m
a

15
0°

C
 C

as
e

15
 A

.5
 m

a 
@

 1
50

°C
2 

V
 @

 8
00

 m
a

17
0°

C
17

0°
C

4
1N

33
6

20
0

40
0 

m
a

15
0°

C
 C

as
e

15
 A

.1
 m

a 
@

 1
50

°C
2 

V
 @

 8
00

 m
a

17
0°

C
17

0°
C

4
1N

34
5

20
0

40
0 

m
a

15
0°

C
 C

ag
e

15
 A

.5
 m

a 
@

 1
50

°C
2 

V
 @

 8
00

 m
a

17
0°

C
17

0°
C

4
1N

33
4

30
0

40
0 

m
a

15
0°

C
 C

as
e

15
 A

.2
 m

a 
@

 1
50

°C
2 

V
 @

 8
00

 m
a

17
0°

C
17

0°
C

4
1N

34
3

30
0

40
0 

m
a 

@
 1

50
°C

 C
as

e
15

 A
.5

 m
a 

@
 1

50
°C

2 
V

 @
 8

00
 m

a
17

0°
C

17
0°

C
4

1N
33

2
40

0
40

0 
m

a 
@

 1
50

°C
 C

as
e

15
 A

.2
 m

a 
@

 1
50

°C
2 

V
 (

a 
80

0 
m

a
17

0°
C

17
0°

C
4

1N
34

1
40

0
40

0 
m

a 
@

 1
50

°C
 C

as
e

15
 A

.5
 m

a 
@

 1
50

°C
2 

V
 @

 8
00

 m
a

17
0°

C
17

0°
C

4
1N

66
1

80
0

40
0 

m
a 

@
 1

50
°C

 C
as

e
15

 A
.3

 m
a 

@
 1

50
°C

.6
5 

V
 @

 1
50

°C
15

0°
C

17
6°

C

4
1N

56
2

10
00

40
0 

m
a 

@
 1

50
°C

 C
as

e
15

 A
.3

 m
a 

@
 1

50
°C

.6
5 

V
 @

 1
50

°C
15

0°
C

17
5°

C

4
1N

55
0

10
0

50
0 

m
a 

@
 1

00
°C

 A
m

b.
4 

A
 f

or
 3

 m
s

5µ
a 

@
 2

5°
C

1.
5 

V
 @

 2
5°

C
15

0°
C

17
5°

C

4
1N

55
1

20
0

50
0 

m
a 

@
 1

00
°C

 A
m

b.
4 

A
 f

or
 3

 m
s

1.
0 

ita
 @

 2
5°

C
1.

5 
V

 @
 2

5°
C

15
0°

C
17

5°
C

4
1N

55
2

30
0

50
0 

m
a 

@
 1

00
°C

 A
m

b.
4 

A
 f

or
 3

 m
s

15
 µ

a 
@

 2
5°

C
1.

5 
V

 e
a 

25
°C

15
0°

C
17

5°
C

4
1N

55
3

40
0

50
0 

m
a 

@
 1

00
°C

 A
m

b.
4 

A
 f

or
 3

 m
s

2.
5 

/L
a 

@
 2

5°
C

1.
5 

V
 @

 2
5°

C
15

0°
C

17
5°

C

4
1N

55
4

50
0

50
0 

m
a 

@
 1

00
°C

 A
m

b.
4 

A
 f

or
 3

 m
s

3.
5 

µa
 @

 2
5°

C
1.

5 
V

 @
 2

5°
C

15
0°

C
17

5°
C

4
1N

55
5

60
0

50
0 

m
a 

@
 1

00
°C

 A
m

b.
4 

A
 f

or
 3

 m
s

5.
0 

µa
 @

 2
6°

C
1.

5 
V

 @
 2

5°
C

15
0°

C
17

5°
C

4
1N

25
4*

19
0

40
0 

m
a 

(a
 1

35
°C

 C
as

e
1.

6 
A

 f
or

 3
 m

s
.1

 m
a 

@
 1

35
°C

1.
5 

V
 @

 5
00

 m
a

15
0°

C
15

0°
C

4
1N

25
5*

38
0

40
0 

m
a 

@
 1

35
°C

 C
as

e
1.

5 
A

 f
or

 3
 m

s
.1

5 
m

a 
@

 1
35

°C
1.

5 
V

 @
 6

00
 m

a
15

0°
C

15
0°

C

4
1N

60
7

50
1 

A
@

 1
00

°C
 A

m
b.

2 
A

se
c

.0
25

 m
a 

@
 2

5°
C

1.
5 

V
 @

 2
00

 m
a 

25
°C

15
0°

C
17

0°
C

4
1N

60
7A

50
1 

A
@

 1
00

°C
 A

m
b.

.1
2 

A
se

c
.0

01
 m

a 
@

 2
5°

C
1.

5 
V

 @
 2

00
 m

a 
25

°C
15

0°
C

17
0°

C

4
1N

60
8

10
0

1 
A

@
 1

00
°C

 A
m

b.
.1

2 
A

se
c

m
a 

@
 2

5°
C

1.
5 

V
20

0 
m

a 
25

°C
15

0°
C

17
0°

C

4
1N

60
8A

10
0

1 
A

10
0°

C
 A

m
b.

.1
2 

A
se

c
.0

25
m

a 
@

 2
5°

C
1.

5 
V

20
0 

m
a 

25
°C

§
15

0°
C

17
0°

C

4
1N

60
9

16
0

1 
A

10
0°

C
 A

m
b.

§
.1

2 
A

se
c

.0
01

.0
25

 m
a 

@
 2

5°
C

1.
5 

V
20

0 
m

a 
25

°C
15

0°
C

17
0°

C

4
1N

60
9A

15
0

1 
A

10
0°

C
 A

m
b.

.1
2 

A
 .1

 s
ec

.0
01

 m
a 

@
 2

5°
C

1.
5 

V
 @

 2
00

 m
a 

25
°C

15
0°

C
17

0°
C



D
rw

g.
N

o.

JE
D

E
C

or
 G

 -
E

T
yp

e
N

o.
P

R
V

M
ax

. I
nc

 a
t 1

°C

M
ax

.
P

ea
k

1 
C

yc
le

S
ur

ge
M

ax
. L

kg
e.

 C
ur

re
nt

(F
ul

l C
yc

le
 A

vg
.)

M
ax

. F
ul

l L
oa

d
V

ol
ta

ge
 D

ro
p

(F
ul

l C
yc

le
 A

vg
.)

M
ax

.
O

pe
r.

T
em

p.
°C

M
ax

.
S

to
ra

ge
T

em
p.

°C

4 4 4 4 4 4 4 4 4 4

1N
61

0
1N

61
0A

1N
61

1
1N

61
1A

1N
61

2
1N

61
2A

1N
61

3
1N

61
3A

1N
61

4
1N

61
4A

20
0

20
0

30
0

30
0

40
0

40
0

50
0

50
0

60
0

60
0

1 
A

e 
10

0°
C

 A
m

b.
1 

A
@

 1
00

°C
 A

m
b.

1 
A

@
 1

00
°C

 A
m

b.
1 

A
©

 1
00

°C
 A

m
b.

1 
A

©
 1

00
°C

 A
m

b.
1 

A
0 

10
0°

C
 A

m
b.

1 
A

©
 1

00
°C

 A
m

b.
1 

A
@

 1
00

°C
 A

m
b.

1 
A

@
 1

00
°C

 A
m

b.
1 

A
@

 1
00

°C
 A

m
b.

2 
A

 .1
 s

ec
2 

A
 .1

 s
ec

2 
A

 .1
 s

ec
2 

A
 .1

 s
ec

2 
A

 .1
 s

ec
2 

A
 .1

 s
ec

2 
A

 .1
 s

ec
2 

A
 .1

 s
ec

2 
A

 .1
 s

ec
2 

A
 .1

 s
ec

.0
25

 m
a 

g 
25

°C
.0

01
 m

a 
@

 2
5°

C
.0

25
 m

a 
@

 2
5°

C
.0

01
 m

a 
0 

25
°C

.0
25

 m
a 

0 
25

°C
.0

01
5 

m
a 

@
 2

5°
C

.0
25

 m
a 

@
 2

5°
C

.0
02

 m
a 

@
 2

5°
C

.0
25

 m
a 

@
 2

5°
C

.0
02

5 
m

a 
@

 2
5°

C

1.
5 

V
 ©

 2
00

 m
a 

25
°C

1.
5 

V
 ©

 2
00

 m
a 

25
°C

1.
5 

V
 C

O
 2

00
 m

a 
25

°C
1.

5 
V

 @
 2

00
 m

a 
25

°C
1.

5 
V

 0
 2

00
 m

a 
25

°C
1.

5 
V

 @
 2

00
 m

a 
25

°C
1.

5 
V

 0
 2

00
 m

a 
25

°C
1.

5 
V

 @
 2

00
 m

a 
25

°C
1.

5 
V

 @
 2

00
 m

a 
25

°C
1.

5 
V

 @
 2

00
 m

a 
25

°C

15
0°

C
15

0°
C

15
0°

C
15

0°
C

15
0°

C
15

0°
C

15
0°

C
15

0°
C

15
0°

C
15

0°
C

17
0°

C
17

0°
C

17
0°

C
17

0°
C

17
0°

C
17

0°
C

17
0°

C
17

0°
C

17
0°

C
17

0°
C

4 4 4 4 4 4

1N
11

15
1N

11
16

1N
11

17
1N

11
18

1N
11

19
1N

11
20

10
0

20
0

30
0

40
0

50
0

60
0

1.
5 

A
0 

85
°C

 C
as

e
1.

5 
A

g 
85

°C
 C

as
e

1.
5 

A
0 

85
°C

 C
as

e
1.

5 
A

@
 8

5°
C

 C
as

e
1.

5 
A

@
 8

5°
C

 C
as

e
1.

5 
A

@
 8

5°
C

 C
as

e

15
 A

15
 A

15
 A

15
 A

15
 A

15
 A

.4
 m

a 
@

 1
50

°C
.3

 m
a 

@
 1

50
°C

.3
 m

a 
©

 1
50

°C
.3

 m
a 

@
 1

50
°C

.3
 m

a 
@

 1
50

°C
.3

 m
a 

©
 1

50
°C

.6
5 

V
 @

 1
50

°C
.6

5 
V

 @
 1

50
°C

.6
5 

V
 @

 1
50

°C
.6

5 
V

 ©
 1

50
°C

.6
5 

V
 ©

 1
50

°C
.6

5 
V

 @
 1

50
°C

17
0°

C
17

0°
C

17
0°

C
17

0°
C

15
5°

C
15

5°
C

17
5°

C
17

5°
C

17
5°

C
17

5°
C

17
5°

C
17

5°
C

4
1N

25
3*

95
1 

A
0 

13
5°

C
 C

as
e

4 
A

 f
or

 3
 m

s
.1

 m
a 

ff
 1

35
°C

1.
5 

V
 (

d 
1 

A
m

p
15

0°
C

15
0°

C

L
O

W
 C

U
R

R
E

N
T

 S
IL

IC
O

N
 R

E
C

T
IF

IE
R

S 
(I

N
SU

L
A

T
E

D
 S

T
U

D
)

T
he

se
 u

ni
ts

 a
re

 th
e 

sa
m

e 
as

 th
e 

1N
11

15
 -

1N
11

20
 s

er
ie

s 
lis

te
d 

ab
ov

e 
ex

ce
pt

 th
e 

st
ud

 is
 in

su
la

te
d 

fr
om

 th
e

ju
nc

tio
n.

 T
hi

s 
of

fe
rs

 a
n 

ea
sy

 s
ol

ut
io

n 
to

 th
e 

cu
st

om
er

 w
ho

 d
es

ir
es

 in
su

la
te

d 
m

ou
nt

in
g.

JE
D

E
C

M
ax

.
M

ax
.

or
 G

 -
E

P
ea

k
M

ax
. F

ul
l L

oa
d

O
pe

r.
S

to
ra

ge
D

rw
g.

T
yp

e
1 

C
yc

le
M

ax
. L

kg
e.

 C
ur

re
nt

V
ol

ta
ge

 D
ro

p
T

em
p.

T
em

p.
N

o.
N

o.
P

R
V

M
ax

. I
nc

 a
t 1

°C
S

ur
ge

(F
ul

l C
yc

le
 A

vg
.)

(F
ul

l C
yc

le
 A

vg
.)

°C
°C

5
1N

28
51

50
0

1.
5 

A
 @

 5
0°

C
 C

as
e

15
 A

.3
 m

a 
@

 1
50

°C
.6

5 
V

 @
 1

50
°C

15
0°

C
17

5°
C

5
1N

28
52

60
0

1.
5 

A
 g

 5
0°

C
 C

as
e

15
 A

.3
 m

a 
©

 1
50

°C
.6

5 
V

 ©
 1

50
°C

15
0°

C
17

5°
C

5
1N

28
47

10
0

1.
5 

A
 0

 7
5°

C
 C

as
e

15
 A

.4
 m

a 
@

 1
50

°C
.6

5 
V

 @
 1

50
°C

16
5°

C
17

5°
C

5
1N

28
48

20
0

1.
5 

A
 ©

 7
5°

C
 C

as
e

15
 A

.3
 m

a 
©

 1
50

°C
.6

5 
V

 g
 1

50
°C

16
5°

C
17

5°
C

6
1N

28
49

30
0

1.
5 

A
 0

 7
5°

C
 C

as
e

15
 A

.3
 m

a 
@

 1
50

°C
.6

5 
V

 ©
 1

50
°C

16
5°

C
17

5°
C

5
1N

28
50

40
0

1.
5 

A
 0

 7
5°

C
 C

as
e

15
 A

.3
 m

a 
0 

15
0°

C
.6

5 
V

 0
 1

50
°C

16
5°

C
17

5°
C



M
E

D
IU

M
 C

U
R

R
E

N
T

 S
IL

IC
O

N
 R

E
C

T
IF

IE
R

 C
E

LL
S

T
he

se
 s

tu
d 

m
ou

nt
ed

 a
llo

y 
ju

nc
tio

n 
si

lic
on

 r
ec

tif
ie

rs
 a

re
 d

es
ig

ne
d

fo
r 

al
l r

ec
tif

ie
r 

ap
pl

ic
at

io
ns

 in
 th

e 
5 

to
 3

0 
am

pe
re

 r
an

ge
.

A
 h

ig
h

ju
nc

tio
n 

te
m

pe
ra

tu
re

 r
at

in
g 

an
d 

an
 e

xt
re

m
el

y
lo

w
 f

or
w

ar
d 

vo
lta

ge
 d

ro
p 

an
d 

th
er

m
al

 im
pe

da
nc

e 
pe

rm
it

hi
gh

 c
ur

re
nt

 o
p-

er
at

io
n 

w
ith

 m
in

im
um

 s
pa

ce
 r

eq
ui

re
m

en
ts

. T
he

se
re

ct
if

ie
rs

 m
ay

 b
e 

m
ou

nt
ed

 d
ir

ec
tly

 to
 a

 c
ha

ss
is

 o
r 

a
fi

n 
or

 m
ay

 b
e 

el
ec

-
tr

ic
al

ly
 in

su
la

te
d 

fr
om

 th
e 

he
at

si
nk

 b
y 

us
in

g
th

e 
m

ic
a 

w
as

he
r 

in
su

la
tin

g 
ki

t w
hi

ch
 is

 p
ro

vi
de

d
w

ith
 e

ac
h 

un
it.

 V
er

sa
til

ity
 is

fu
rt

he
r 

in
cr

ea
se

d 
by

 th
e 

av
ai

la
bi

lty
 o

f 
a 

ne
ga

tiv
e 

po
la

ri
ty

un
it 

(s
tu

d 
is

 a
no

de
),

 d
es

cr
ib

ed
 b

y 
th

e 
su

ff
ix

"R
" 

ap
pe

ar
in

g
af

te
r 

th
e 

ty
pe

 n
um

be
r.

 T
he

 u
se

 o
f 

po
si

tiv
e 

an
d 

ne
ga

tiv
e 

po
la

ri
ty

un
its

 f
ac

ili
ta

te
s 

th
e 

co
ns

tr
uc

tio
n 

of
 b

ri
dg

e 
ci

rc
ui

ts
an

d

pe
rm

its
 th

e 
us

e 
of

 e
ith

er
 a

 p
os

iti
ve

 o
r 

ne
ga

tiv
e

he
at

si
nk

 in
 h

al
f 

-w
av

e 
an

d 
ce

nt
er

 -
ta

p 
ap

pl
ic

at
io

ns
.

G
en

er
al

 E
le

ct
ri

c 
re

se
ar

ch
, a

dv
an

ce
 d

ev
el

op
m

en
t a

nd
 p

ro
du

ct
de

si
gn

 h
av

e 
re

su
lte

d 
in

 a
 h

ig
hl

y 
ef

fi
ci

en
t r

ec
tif

yi
ng

ju
nc

tio
n.

T
hi

s 
fe

at
ur

e 
pl

us
 'a

 m
ec

ha
ni

ca
l d

es
ig

n 
em

pl
oy

in
g 

hi
gh

 te
m

pe
ra

tu
re

ha
rd

 s
ol

de
rs

 a
nd

 w
el

ds
 f

or
 a

ll 
in

te
rn

al
 a

nd
 e

xt
er

na
l

jo
in

ts
 a

nd
 s

ea
ls

, w
hi

ch
 e

lim
in

at
es

 c
om

m
on

 s
ou

rc
es

of
 th

er
m

al
 f

at
ig

ue
 f

ai
lu

re
, h

as
 p

ro
du

ce
d 

a 
si

lic
on

re
ct

if
ie

r 
w

ith
 o

ut
st

an
d-

in
g 

re
lia

bi
lit

y 
un

de
r 

al
l o

pe
ra

tin
g 

co
nd

iti
on

s.
 M

ili
ta

ry
ap

pr
ov

ed
 u

ni
ts

 a
re

 a
va

ila
bl

e 
in

 th
os

e 
un

its
as

te
ri

sk
ed

 (
*)

.

D
rw

g.
N

o.

JE
D

E
C

or
 G

 -
E

T
yp

e
N

o.
R

ep
et

iti
ve

P
R

V
T

ra
ns

ie
nt

P
R

V

M
ax

. 1
1.

.-
,

at
 1

50
°C

S
tu

d 
-

S
in

gl
e 

P
ha

se

M
ax

.
P

ea
k

1 
C

yc
le

S
ur

ge

M
ax

. L
kg

e.
 C

ur
re

nt
(F

ul
l C

yc
le

 A
ve

ra
ge

at
 F

ul
l L

oa
d)

M
ax

. F
ul

l L
oa

d
V

ol
ta

ge
 D

ro
p

(F
ul

l C
yc

le
 A

vg
.)

M
ax

.
O

pe
r.

T
em

p.
°C

M
ax

.
S

to
ra

ge
T

em
p.

°C

9
1N

13
41

A
50

10
0

6 
A

15
0 

A
3 

m
a 

@
15

0°
C

 S
tu

d
.6

V
 a

 1
50

°C
 S

tu
d

20
0°

C
20

0°
C

9
1N

13
41

R
A

50
10

0
6 

A
15

0 
A

3 
m

a 
a 

15
0°

C
 S

tu
d

.6
 V

 @
 1

50
°C

 S
tu

d
20

0°
C

20
0°

C

9
1N

13
42

A
10

0
20

0
6 

A
15

0 
A

2.
5 

m
a 

@
15

0°
C

 S
tu

d
.6

 V
 t

15
0°

C
 S

tu
d

20
0°

C
20

0°
C

9
1N

13
42

R
A

10
0

20
0

6 
A

15
0 

A
2.

5 
m

a 
@

 1
50

°C
 S

tu
d

.6
 V

a 
15

0°
C

 S
tu

d
20

0°
C

20
0°

C

9
1N

13
43

A
15

0
30

0
6 

A
15

0 
A

2.
25

 m
a 

@
 1

50
°C

 S
tu

d
.6

 V
a

15
0°

C
 S

tu
d

20
0°

C
20

0°
C

9
1N

13
43

R
A

15
0

30
0

6 
A

15
0 

A
2.

25
 m

a
R

. 1
50

°C
St

ud
.6

 V
 @

 1
50

°C
 S

tu
d

20
0°

C
20

0°
C

9
1N

13
44

A
20

0
35

0
6 

A
15

0 
A

2.
0 

m
a

a
15

0°
C

 S
tu

d
.6

 V
 @

 1
50

°C
 S

tu
d

20
0°

C
20

0°
C

9
1N

13
44

R
A

20
0

35
0

6 
A

15
0 

A
2.

0 
m

a
a

15
0°

C
 S

tu
d

.6
 V

a
15

0°
C

 S
tu

d
20

0°
C

20
0°

C

9
1N

13
45

A
30

0
45

0
6 

A
15

0 
A

1.
75

 m
a 

@
 1

50
°C

 S
tu

d
.6

 V
 @

 1
50

°C
 S

tu
d

20
0°

C
20

0°
C

9
1N

13
45

R
A

30
0

45
0

6 
A

15
0 

A
1.

75
 m

a 
@

 1
50

°C
 S

tu
d

.6
 V

 @
 1

50
°C

 S
tu

d
20

0°
C

20
0°

C

9
1N

13
46

A
40

0
60

0
6 

A
15

0 
A

1.
5 

m
a 

@
 1

50
°C

 S
tu

d
.6

 V
 0

 1
50

°C
 S

tu
d

20
0°

C
20

0°
C

9
1N

13
46

R
A

40
0

60
0

6 
A

15
0 

A
1.

5 
m

a 
(a

 1
50

°C
 S

tu
d

.6
 V

 @
 1

50
°C

 S
tu

d
20

0°
C

20
0°

C

9
1N

13
47

A
50

0
70

0
6 

A
15

0 
A

1.
25

 m
a

(a
15

0°
C

 S
tu

d
.6

 V
R

15
0°

C
 S

tu
d

20
0°

C
20

0°
C

9
1N

13
47

R
A

50
0

70
0

6 
A

15
0 

A
1.

25
 m

a 
@

 1
50

°C
 S

tu
d

.6
 V

 @
 1

50
°C

 S
tu

d
20

0°
C

20
0°

C

9
1N

13
48

A
60

0
80

0
6 

A
15

0 
A

1.
0 

m
a

a
15

0°
C

 S
tu

d
.6

 V
a

15
0°

C
 S

tu
d

20
0°

C
20

0°
C

9
1N

13
48

R
A

60
0

80
0

6 
A

15
0 

A
1.

0 
m

a 
@

 1
50

°C
 S

tu
d

.6
 V

a
15

0°
C

 S
tu

d
20

0°
C

20
0°

C

6
1N

24
8

50
10

 A
20

0 
A

5 
m

a 
@

 1
50

°C
 S

tu
d

17
5°

C
17

5°
C

6
1N

24
8R

50
10

 A
20

0 
A

5 
m

a
15

0°
C

 S
tu

d
17

5°
C

17
5°

C

6
1N

24
9

10
0

10
 A

20
0 

A
5 

m
a 

@
 1

50
°C

 S
tu

d
17

5°
C

17
5°

C

6
1N

24
9R

10
0

10
 A

20
0 

A
5 

m
a
a

15
0°

C
 S

tu
d

17
5°

C
17

5°
C

6
1N

25
0

20
0

10
 A

20
0 

A
5 

m
a
a

15
0°

C
 S

tu
d

17
5°

C
17

5°
C

6
1N

25
0R

20
0

10
 A

20
0 

A
5 

m
a 

@
 1

50
°C

 S
tu

d
17

5°
C

17
5°

C



D
rw

g.
N

o.

JE
D

E
C

or
 G

 -
E

T
yp

e
N

o.
R

ep
et

iti
ve

P
R

V
T

ra
ns

ie
nt

P
R

V

M
ax

. I
nc

at
 1

50
°C

S
tu

d 
-

S
in

gl
e 

P
ha

se

M
ax

.
P

ea
k

1 
C

yc
le

S
ur

ge

M
ax

. L
kg

e.
 C

ur
re

nt
(F

ul
l C

yc
le

 A
ve

ra
ge

at
 F

ul
l L

oa
d)

M
ax

. F
ul

l L
oa

d
V

ol
ta

ge
 D

ro
p

(F
ul

l C
yc

le
 A

vg
.)

M
ax

.
O

pe
r.

T
em

p.
°C

M
ax

.
S

to
ra

ge
T

em
p.

°C

9
1N

11
99

A
50

10
0

12
 A

24
0 

A
3.

0 
m

a 
@

 1
50

°C
 S

tu
d

.5
5 

V
 @

 1
50

°C
 S

tu
d

20
0°

C
20

0°
C

9
1N

11
99

R
A

50
10

0
12

 A
24

0 
A

3.
0 

m
a 

@
 1

50
°C

 S
tu

d
.5

5 
V

 @
 1

50
°C

 S
tu

d
20

0°
C

20
0°

C
9

1N
12

00
A

10
0

20
0

12
 A

24
0 

A
2.

5 
m

a 
@

 1
50

°G
 S

tu
d

.5
5 

V
 @

 1
50

°C
 S

tu
d

20
0°

C
20

0°
C

9
1N

12
00

R
A

10
0

20
0

12
 A

24
0 

A
2.

5 
m

a 
@

 1
50

°C
 S

tu
d

.5
5 

V
 @

 1
50

°C
 S

tu
d

20
0°

C
20

0°
C

9
1N

12
01

A
15

0
30

0
12

 A
24

0 
A

2.
25

 m
a 

g 
15

0°
C

 S
tu

d
.5

5 
V

 g
 1

50
°C

 S
tu

d
20

0°
C

20
0°

C
9

1N
12

01
R

A
15

0
30

0
12

 A
24

0 
A

2.
25

 m
a 

@
 1

50
°C

 S
tu

d
.5

5 
V

 @
 1

50
°C

 S
tu

d
20

0°
C

20
0°

C
9

1N
12

02
A

20
0

35
0

12
 A

24
0 

A
2.

0 
m

a 
@

 1
50

°C
 S

tu
d

.5
5 

V
 @

 1
50

°C
 S

tu
d

20
0°

C
20

0°
C

9
1N

12
02

R
A

20
0

35
0

12
 A

24
0 

A
2.

0 
m

a 
@

 1
50

°C
 S

tu
d

.5
5 

V
 (

d 
15

0°
C

 S
tu

d
20

0°
C

20
0°

C
9

1N
12

03
A

30
0

45
0

12
 A

24
0 

A
1.

75
 m

a 
(a

 1
50

°C
 S

tu
d

.5
5 

V
 @

 1
50

°C
 S

tu
d

20
0°

C
20

0°
C

9
1N

12
03

R
A

30
0

45
0

12
 A

24
0 

A
1.

75
 m

a 
(d

 1
50

°C
 S

tu
d

.5
5 

V
 @

 1
50

°C
 S

tu
d

20
0°

C
20

0°
C

9
1N

12
04

A
40

0
60

0
12

 A
24

0 
A

1.
5 

m
a 

@
 1

50
°C

 S
tu

d
.5

5 
V

 @
 1

50
°C

 S
tu

d
20

0°
C

20
0°

C
9

1N
12

04
R

A
40

0
60

0
12

 A
24

0 
A

1.
5 

m
a 

@
 1

50
°C

 S
tu

d
.5

5 
V

 @
 1

50
°C

 S
tu

d
20

0°
C

20
0°

C
9

1N
12

05
A

50
0

70
0

12
 A

24
0 

A
1.

25
 m

a 
0 

15
0°

C
 S

tu
d

.5
5 

V
 @

 1
50

°C
 S

tu
d

20
0°

C
20

0°
C

9
1N

12
05

R
A

50
0

70
0

12
 A

24
0 

A
1.

25
 m

a 
@

 1
50

°C
 S

tu
d

.5
5 

V
 @

.1
50

°C
 S

tu
d

20
0°

C
20

0°
C

9
1N

12
06

A
60

0
80

0
12

 A
24

0 
A

1.
0 

m
a 

@
 1

50
°C

 S
tu

d
.5

5 
V

 @
 1

50
°C

 S
tu

d
20

0°
C

20
0°

C
9

1N
12

06
R

A
60

0
80

0
12

 A
24

0 
A

1.
0 

m
a 

@
 1

50
°C

 S
tu

d
.5

5 
V

 @
 1

50
°C

 S
tu

d
20

0°
C

20
0°

C

6
1N

24
8A

50
20

 A
35

0 
A

5 
m

a 
a 

15
0°

C
 S

tu
d

17
5°

C
17

5°
C

6
1N

24
8R

A
50

20
 A

35
0 

A
5 

m
a 

@
 1

50
°C

 S
tu

d
17

5°
C

17
5°

C
6 6

1N
24

9A
1N

24
9R

A
10

0
10

0
20

 A
20

 A
/

35
0 

A
35

0 
A

5 
m

a 
@

 1
50

°C
 S

tu
d

5 
m

a 
a 

15
0°

C
 S

tu
d

17
5°

C
17

5°
C

17
5°

C
17

5°
C

6
1N

25
0A

20
0

20
 A

35
0 

A
5 

m
a 

@
 1

50
°C

 S
tu

d
17

5°
C

17
5°

C
6

1N
25

0R
A

20
0

20
 A

35
0 

A
5 

m
a 

@
 1

50
°C

 S
tu

d
17

5°
C

17
5°

C

6
1N

21
54

50
10

0
25

 A
 @

 1
45

°C
30

0 
A

5 
m

a 
@

 1
45

°C
 S

tu
d

0.
60

 V
 @

 1
45

°C
 S

tu
d

20
0°

C
20

0°
C

6
1N

21
54

R

6
1N

21
55

10
0

20
0

25
 A

 @
 1

45
°C

30
0 

A
4.

5 
m

a 
@

 1
45

°C
 S

tu
d

0.
60

 V
 @

 1
45

°C
 S

tu
d

20
0°

C
20

0°
C

6
1N

21
55

R

6
1N

21
56

20
0

35
0

25
 A

 @
 1

45
°C

30
0 

A
4.

0 
m

a 
@

 1
45

°C
 S

tu
d

0.
60

 V
 a

 1
45

°C
 S

tu
d

20
0°

C
20

0°
C

6
1N

21
56

R
6

1N
21

57
30

0
45

0
25

 A
 @

 1
45

°C
30

0 
A

3.
5 

m
a 

g 
14

5°
C

 S
tu

d
0.

60
 V

 @
 1

45
°C

 S
tu

d
20

0°
C

20
0°

C
6

1N
21

57
R

6
1N

21
58

40
0

60
0

25
 A

 @
 1

45
°C

30
0 

A
3.

0 
m

a 
@

 1
45

°C
 S

tu
d

0.
60

 V
 @

 1
45

°C
 S

tu
d

20
0°

C
20

0°
C

6
1N

21
58

R
6

1N
21

59
50

0
70

0
25

 A
 @

 1
45

°C
30

0 
A

2.
5 

m
a 

@
 1

45
°C

 S
tu

d
0.

60
 V

 @
 1

45
°C

 S
tu

d
20

0°
C

20
0°

C
6

1N
21

59
R

6
1N

21
60

60
0

80
0

25
 A

 @
 1

45
°C

30
0 

A
2.

0 
m

a 
@

 1
45

°C
 S

tu
d

0.
60

 V
 @

 1
45

°C
 S

tu
d

20
0°

C
20

0°
C

6
1N

21
60

R
6

*1
N

21
35

A
40

0
25

A
25

0 
A

10
 m

a 
@

 1
75

°C
 S

tu
d

15
0°

C
17

5°
C

6
*1

N
24

9B
11

0
20

A
35

0 
A

5 
m

a 
@

 1
50

°C
 S

tu
d

17
5°

C
17

5°
C

6
*1

N
25

0B
22

0
20

A
35

0 
A

5 
m

a 
@

 1
50

°C
 S

tu
d

17
5°

C
17

5°
C



H
IG

H
 C

U
R

R
E

N
T

 S
IL

IC
O

N
 R

E
C

T
IF

IE
R

 C
E

LL
S

T
he

 4
JA

60
 is

 a
 la

rg
e 

ar
ea

 ju
nc

tio
n 

si
lic

on
 r

ec
tif

ie
r 

de
si

gn
ed

fo
r 

po
w

er
 s

up
pl

y 
ap

pl
ic

at
io

ns
 r

eq
ui

ri
ng

 d
 -

c 
ou

tp
ut

s 
as

 h
ig

h 
as

85
 a

m
pe

re
s 

pe
r 

re
ct

if
yi

ng
 e

le
m

en
t a

t r
m

s 
in

pu
t v

ol
ta

ge
 u

p 
to

28
0 

vo
lts

. A
 c

om
bi

na
tio

n 
of

 e
xt

re
m

el
y 

lo
w

 f
or

w
ar

d 
vo

lta
ge

dr
op

, m
in

im
um

 th
er

m
al

 im
pe

da
nc

e 
(0

.8
°C

/w
at

t-
ju

nc
tio

n 
to

st
ud

),
 a

nd
 a

 ta
pe

re
d 

pi
pe

 th
re

ad
 h

ea
ts

in
k 

co
nn

ec
tio

n 
co

n-
tr

ib
ut

es
 to

 h
ig

h 
al

lo
w

ab
le

 c
ur

re
nt

 r
at

in
gs

 w
ith

 v
er

y 
lit

tle
ex

te
rn

al
 c

oo
lin

g 
re

qu
ir

ed
. I

n 
m

an
y 

ap
pl

ic
at

io
ns

, a
 s

in
gl

e 
th

re
e 

-
to

 s
ix

-i
nc

h 
co

pp
er

 o
r 

al
um

in
um

 f
in

 w
ill

 p
ro

vi
de

 a
m

pl
e 

fr
ee

co
nv

ec
tio

n 
co

ol
in

g.
 V

er
sa

til
ity

 is
 f

ur
th

er
 in

cr
ea

se
d 

by
 th

e

av
ai

la
bi

lit
y 

of
 a

 n
eg

at
iv

e 
po

la
ri

ty
 (

st
ud

 is
 a

no
de

) 
un

it,
 th

e
4J

A
61

. T
he

 u
se

 o
f 

po
si

tiv
e 

an
d 

ne
ga

tiv
e 

po
la

ri
ty

 u
ni

ts
 f

ac
ili

-
ta

te
s 

th
e 

co
ns

tr
uc

tio
n 

of
 b

ri
dg

e 
ci

rc
ui

ts
 a

nd
 p

er
m

its
 th

e 
us

e 
of

ei
th

er
 a

 p
os

iti
ve

 o
r 

ne
ga

tiv
e 

he
at

si
nk

 in
 h

al
f 

-w
av

e 
an

d 
ce

nt
er

 -
ta

p 
ap

pl
ic

at
io

ns
. S

ta
ck

ed
 f

in
 a

ss
em

bl
ie

s 
ar

e 
al

so
 a

va
ila

bl
e.

O
ut

st
an

di
ng

 f
ea

tu
re

s 
of

 th
e 

4J
A

60
 s

er
ie

s 
ar

e 
th

e 
ha

rd
 s

ol
de

r
an

d 
w

el
d 

co
ns

tr
uc

tio
n 

w
hi

ch
 o

ff
er

s 
a 

hi
gh

 d
eg

re
e 

of
 f

re
ed

om
fr

om
 th

er
m

al
 f

at
ig

ue
 a

nd
 a

 h
ig

h,
 b

ut
 c

on
se

rv
at

iv
e 

su
rg

e 
cu

r-
re

nt
 r

at
in

g.

D
rw

g.
N

o.

JE
D

E
C

or
 G

 -
E

T
yp

e
N

o.
R

ep
et

iti
ve

P
R

V
T

ra
ns

ie
nt

P
R

V

M
ax

. I
 D

C
at

 1
60

°C
S

tu
d 

-
S

in
gl

e 
P

ha
se

M
ax

.
P

ea
k

1 
C

yc
le

S
ur

ge

M
ax

. P
ea

k 
Lk

ge
.

C
ur

re
nt

 @
 M

ax
. P

R
V

20
0°

C
 J

un
ct

io
n

M
ax

. F
or

w
ar

d 
V

ol
t.

D
ro

p 
@

 5
0 

A
m

ps
20

0°
C

 J
un

ct
io

n
(F

ul
l C

yc
le

 A
vg

.)

M
ax

.
O

pe
r.

T
em

p.
°C

M
ax

.
S

to
ra

ge
T

em
p.

°C

7
4J

A
60

F
50

10
0

50
 A

90
0 

A
70

 m
a 

@
 2

00
°C

 J
ct

.
0.

60
 V

 @
 2

00
°C

 J
ct

.
20

0°
C

20
0°

C
7

4J
A

61
F

7
4J

A
60

A
10

0
20

0
50

 A
90

0 
A

60
 m

a 
@

 2
00

°C
 J

ct
.

0.
60

 V
 @

 2
00

°C
 J

ct
.

20
0°

C
20

0°
C

7
4J

A
61

A

7
4J

A
60

G
15

0
25

0
60

 A
90

0 
A

50
 m

a 
@

 2
00

°C
 J

ct
.

0.
60

 V
 @

 2
00

°C
 J

ct
.

20
0°

C
20

0°
C

7
4J

A
61

G

7
4J

A
60

B
20

0
30

0
50

 A
90

0 
A

45
 m

a 
@

 2
00

°C
 J

ct
.

0.
60

 V
 @

 2
00

°C
 J

ct
.

20
0°

C
20

0°
C

7
4J

A
61

B

7
4J

A
6O

H
25

0
35

0
50

 A
90

0 
A

40
 m

a 
@

 2
00

°C
 J

ct
.

0.
60

 V
 @

 2
00

°C
 J

et
.

20
0°

C
20

0°
C

7
4J

A
61

H

7
4J

A
60

C
30

0
40

0
50

 A
90

0 
A

35
 m

a 
@

 2
00

°C
 J

ct
.

0.
60

 V
 @

 2
00

°C
 J

ct
.

20
0°

C
20

0°
C

7
4J

A
61

C

7
4J

A
60

J
35

0
45

0
50

 A
90

0 
A

32
m

a 
@

20
0°

C
 J

ct
.

0.
60

 V
 @

 2
00

°C
 J

ct
.

20
0°

C
20

0°
C

7
4J

A
61

J

7
4J

A
60

D
40

0
50

0
50

 A
90

0 
A

28
 m

a 
@

 2
00

°C
 J

ct
.

0.
60

 V
 @

 2
00

°C
 J

ct
.

20
0°

C
20

0°
C

7
4J

A
61

D



H
IG

H
 C

U
R

R
E

N
T

 S
IL

IC
O

N
 R

E
C

T
IF

IE
R

 C
E

LL
S

T
he

 4
JA

62
 is

 a
 la

rg
e 

ar
ea

 ju
nc

tio
n 

si
lic

on
 r

ec
tif

ie
r

de
si

gn
ed

fo
r 

po
w

er
 s

up
pl

y 
ap

pl
ic

at
io

ns
 r

eq
ui

ri
ng

 d
-c

 o
ut

pu
ts

 a
s 

hi
gh

as
 8

5 
am

pe
re

s 
pe

r 
re

ct
if

yi
ng

 e
le

m
en

t a
t r

m
s 

in
pu

t v
ol

ta
ge

up
to

 2
80

 v
ol

ts
. A

 c
om

bi
na

tio
n 

of
 e

xt
re

m
el

y 
lo

w
 f

or
w

ar
d

vo
lta

ge
dr

op
, m

in
im

um
 th

er
m

al
 im

pe
da

nc
e 

(0
.8

°C
/w

at
t-

ju
nc

tio
n 

to
st

ud
),

 a
nd

 a
 ta

pe
re

d 
pi

pe
 th

re
ad

 h
ea

ts
in

k 
co

nn
ec

tio
n

co
n-

tr
ib

ut
es

 to
 h

ig
h 

al
lo

w
ab

le
 c

ur
re

nt
 r

at
in

gs
 w

ith
ve

ry
 li

ttl
e 

ex
-

te
rn

al
 c

oo
lin

g 
re

qu
ir

ed
. I

n
m

an
y 

ap
pl

ic
at

io
ns

, a
 s

in
gl

e 
th

re
e-

 to
si

x-
in

ch
 c

op
pe

r 
or

 a
lu

m
in

um
 f

in
 w

ill
 p

ro
vi

de
am

pl
e 

fr
ee

 c
on

-
ve

ct
io

n 
co

ol
in

g.
 V

er
sa

til
ity

 is
 f

ur
th

er
 in

cr
ea

se
d 

by
 th

e 
av

ai
l-

ab
ili

ty
 o

f 
a 

ne
ga

tiv
e 

po
la

ri
ty

 (
st

ud
 is

 a
no

de
) 

un
it,

 th
e 

4J
A

63
.

T
he

 u
se

 o
f 

po
si

tiv
e 

an
d 

ne
ga

tiv
e 

po
la

ri
ty

 u
ni

ts
fa

ci
lit

at
es

 th
e

co
ns

tr
uc

tio
n 

of
 b

ri
dg

e 
ci

rc
ui

ts
 a

nd
 p

er
m

its
 th

e
us

e 
of

 e
ith

er
 a

po
si

tiv
e 

or
 n

eg
at

iv
e 

he
at

si
nk

 in
 h

al
f 

-w
av

e 
an

d 
ce

nt
er

-t
ap

 a
p-

pl
ic

at
io

ns
. S

ta
ck

ed
 f

in
 a

ss
em

bl
ie

s 
ar

e 
al

so
 a

va
ila

bl
e.

O
ut

st
an

di
ng

 f
ea

tu
re

s 
of

 th
e 

4J
A

60
 s

er
ie

s 
ar

e 
th

e 
ha

rd
 s

ol
de

r
an

d 
w

el
d 

co
ns

tr
uc

tio
n 

w
hi

ch
 o

ff
er

s 
a 

hi
gh

de
gr

ee
 o

f 
fr

ee
do

m
fr

om
 th

er
m

al
 f

at
ig

ue
, a

nd
 a

 h
ig

h,
 b

ut
 c

on
se

rv
at

iv
e

su
rg

e 
cu

r-
re

nt
 r

at
in

g.

D
rw

g.
N

o.

JE
D

E
C

or
G

 -
E

T
yp

e
N

o.
R

ep
et

iti
ve

P
R

V
T

ra
ns

ie
nt

P
R

V

M
ax

. '
D

e
at

 1
10

°C
S

tu
d

S
in

gl
e 

P
ha

se

M
ax

.
P

ea
k

1 
C

yc
le

S
ur

ge

M
ax

. P
ea

k 
Lk

ge
.

C
ur

re
nt

 @
 M

ax
. P

R
V

15
0°

C
 J

un
ct

io
n

M
ax

. F
or

w
ar

d 
V

ol
t.

D
ro

p 
@

 5
0 

A
m

ps
15

0°
C

 J
un

ct
io

n
(F

ul
l

C
yc

le
 A

vg
.)

M
ax

.
O

pe
r.

T
em

p.
°C

M
ax

.
S

to
ra

ge
T

em
p.

°C
7

4J
A

62
F

50
10

0
60

 A
90

0 
A

70
 m

a 
@

 1
50

°C
 J

ct
.

0.
60

 V
 @

 1
50

°C
 J

ct
.

15
0°

C
20

0°
C

7
4J

A
63

F

7
4J

A
62

A
10

0
20

0
50

 A
90

0 
A

60
 m

a 
@

 1
50

°C
 J

ct
.

0.
60

 V
 @

 1
50

°C
 J

ct
.

15
0°

C
20

0°
C

7
4J

A
63

A

7
4J

A
62

G
15

0
25

0
50

 A
90

0 
A

50
 m

a 
@

 1
50

°C
 J

ct
.

0.
60

 V
 @

 1
50

°C
 J

ct
.

15
0°

C
20

0°
C

7
4J

A
63

G

7
4J

A
62

B
20

0
30

0
50

 A
90

0 
A

45
 m

a 
@

 1
50

°C
 J

ct
.

0.
60

 V
 @

 1
50

°C
 J

ct
.

15
0°

C
20

0°
C

7
4J

A
63

B

7
4J

A
62

H
25

0
35

0
60

 A
90

0 
A

40
 m

a 
@

 1
50

°C
 J

ct
.

0.
60

 V
 @

 1
50

°C
 J

et
.

15
0°

C
20

0°
C

7
4J

A
63

H

7
4J

A
62

C
30

0
40

0
50

 A
90

0 
A

35
 m

a 
@

 1
50

°C
 J

et
.

0.
60

 V
 @

 1
50

°C
 J

et
.

15
0°

C
20

0°
C

7
4J

A
63

C

7
4J

A
62

)
35

0
45

0
50

 A
90

0 
A

32
 m

a 
@

 1
50

°C
 J

ct
.

0.
60

 V
 @

 1
50

°C
 J

ct
.

15
0°

C
20

0°
C

7
4J

A
63

J

7
4J

A
62

D
40

0
50

0
50

 A
90

0 
A

28
 m

a 
@

 1
50

°C
 J

et
.

0.
60

 V
 @

 1
50

°C
 J

ct
.

15
0°

C
20

0°
C

7
4J

A
63

D



RECTIFIER SPECIFICATIONS

RECTIFIER STACKS

G -E Type PIV (Up to) Max. !pc at 1°C (Up to)

4JA211 630 V 6 A @ 55°C Amb.

4JA411 3360 V 18 A @ 25°C Amb.

4JA421 2000 V .75 A @ 25°C Amb.

4JA422 10,000 V .50 A @ 25°C Amb.

4JA3011 630 V 48 A @ 55°C Amb.

4.1A3511 1800 V 67.5 A @ 55°C Amb.

4JA6011 840 V 573 A @ 35°C Amb.

4JA6211 840 V 430 A @ 35°C Amb.
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OUTLINE DRAWINGS ( CONTINUED

RECTIFIER SPECIFICATIONS
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RECTIFIER SPECIFICATIONS
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RECTIFIER SPECIFICATIONS

OUTLINE DRAWINGS ( CONTINUED )
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