Transistor

Manual

INCLUDING RECTIFIERS, SILICON CONTROLLED RECTIFIERS
VARACTOR DIODES, AND TUNNEL DIODES




RCA Transistor Manual

This manual, like its preceding edition,
has been prepared to assist those who work
or experiment with semiconductor devices
and circuits. It will be useful to engineers,
educators, students, radio amateurs, hobby-
ists, and others technically interested in tran-
sistors, silicon rectifiers, silicon controlled
rectifiers, varactor diodes, and tunnel diodes.

This edition has been thoroughly re-
vised to cover the latest changes in semi-
conductor-device technology and applications.
The TECHNICAL DATA Section, as well as
the text material, has been greatly expanded
and brought up to date. Of particular interest
to the hobbyist and experimenter are the
many practical and timely additions to the
CIRCUITS Section.

RADIO CORPORATION OF AMERICA

Electronic Companents and Devices
Harrison, New Jersey



INFORMATION FURNISHED BY RCA IS BELIEVED TO
BE ACCURATE AND RELIABLE. BOWEVER, NO RE-
SPONSIBILITY IS ASSUMED BY RCA FOR ITS USE; NOR
FOR ANY INFRINGEMENTS OF PATENTS OR OTHER
RIGHTS OF THIRD PARTIES WIICH MAY RESULT
FROM ITS USE. NO LICENSE IS GRANTED BY IMPLI-
CATION OR OTHERWISE UNDER ANY PATENT OR
PATENT RIGHTS OF RCA,

Copyright 1964 by
RADIO CORPORATION OF AMERICA

(All rights reserved)

Trade Mark(s) Registered 6-64
A Marca (s) Registrada(s) Printed in US.A,



CONTENTS

MATERIALS, JUNCTIONS, AND DEVICES ... ...,

Semiconductor Materials, P-N Junctions, Current Flow, N-P~-N
and P-N-P Structures, Types of Devices

TRANSISTOR DESIGNS AND CIRCUIT CONFIGURATIONS
Design and Fabrication, Basic Circuits

TRANSISTOR CHARACTERISTICS

TRANSISTOR APPLICATIONS ...

Biasing, Coupling, Circuit Stability, Amplification, Oscillation,
Switching

SILICON RECTIFIERS .. i

Thermal Considerations, Reverse Characteristics, Ratings, Heat
Sinks, Series and Parallel Arrangements, Qverload Protection,
Applications

SILICON CONTROLLED RECTIFIERS ... ... e
Construction, Current-Voltage Characteristics, Maximum Rat-
ings, Triggering Characteristics, Overload Protection, Series Ar-
rangement, Power Control, Current Ratios

TUNNEL, VARACTOR, AND OTHER DIODES ... . ...,

Tunnel Diodes, High-Current Tunnel Diodes, Varactor Diodes,
Voltage-Reference Diodes, Compensating Diodes :

TRANSISTOR INSTALLATION ... e

Electrical Connections, Testing, Temperature Effects, Heat
Sinks, Shielding, Dress of Circuit Leads, Filters

INTERPRETATION OF DATA

SELECTION CHARTS

TECHNICAL DATA

OUTLINES



Materials, Junctions,

and Devices

EMICONDUCTOR devices are

small but versatile units that can
perform an amazing variety of con-
trol functions in electronic equipment.
Like other electron devices, they have
the ability to control almost instantly
the movement of charges of elec-
tricity. They are used as rectifiers,
detectors, amplifiers, oscillators,
electronic switches, mixers, and
modulators. _

In addition, semiconductor devices
have many important advantages
over other types of electron devices,
They are very small and light in
weight (some are less than an inch
long and weigh just a fraction of an
ounce). They have no filaments or
heaters, and therefore require no
heating power or warm-up time,
They consume very little power. They
are solid in construction, extremely
rugged, free from microphonics, and
can be made impervious to many se-
vere environmental conditions. The
circuits required for their operation
are usually simple.

SEMICONDUCTOR MATERIALS

TUnlike other clectron devices, which
depend for their functioning on the
flow of electric charges through a
vacuum or a gas, semiconductor de-
vices make use of the flow of current
in a solid. In general, all materials
may be classified in three major
categories—conductors, semiconduc-
tors, and insulators—depending upon
their ability to conduct an electric
current. As the name indicates, a
semiconductor material has poorer

conductivity than a conductor, but
better conductivity than an insulator.

The materials most often used in
semiconductor devices are germa-
nium and silicon. Germanium has
higher electrical conductivity (less
resistance to current flow) than
silicon, and is used in most low- and
medium-power diodes and transis-
tors. Silicon is more suitable for
high-power devices than germanium
because it ean be used at much higher
temperatures. A relatively new ma-
terial which combines the principal
desirable features of both germa-
nium and silicon is gallium arsenide.
When further experience with this
material has been obtained, it is ex-
pected to find much wider use in
semiconductor devices.

Resistivity

The ability of a material to con-
duct current (conductivity) is di-
rectly proportional to the number of
free (loosely held) electrons in the
material. Good conductors, such as
silver, copper, and aluminum, have
large numbers of fre: electrons; their
resistivities are of the order of a
few millionths of an ohm-centimeter.
Insulators such as glass, rubber, and
mica, which have very few loosely
held electrons, have resistivities as
high as several million ochm-centi-
meters.

Semiconductor materials lie in the
range between these two extremes,
as shown in Fig. 1, Pure germanium
has a resistivity of 60 ohm-centi-
meters. Pure silicon has a consider-
ably higher resistivity, in the order
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of 60,000 ohm-centimeters. As used
in semiconductor devices, however,
these materials contain carefully con-
trolled amounts of certain impurities
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Figure 1. Resistivity of typical conductor,
semiconductors, and insulator.

which reduce their resistivity to
about 2 ohm-centimeters at room
temperature (this resistivity de-
creases rapidly as the femperature
rises).

Impurities

Carefully prepared semiconductor
materials have a crystal structure.
In this type of structure, which is
called a lattice, the outer or valence
electrons of individual atoms are
tightly bound to the electrons of ad-
jacent atoms in electron-pair bonds,
as shown in Fig. 2. Because such a

‘/iATOMS

ELECTRON-PAIR BONDS

Figure 2. Crystal lattice structure.

structure has no loosely held elec-
trons, semiconductor materials are
poor conductors under normal condi-
tions. In order to separate the elec-
tron-pair bonds and provide free
electrons for electrical conduction,
it would be necessary to apply high
temperatures or strong electric fields.

Another way to alter the lattice
structure and thereby obtain free
electrons, however, is to add small
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amounts of other elements having a
different atomie structure. By the ad-
dition of almost infinitesimal amounts
of such other elements, called “im-
purities”, the basic electrical proper-
ties of pure semiconductor materials
can be modified and controlled. The
ratio of impurity to the semicon-
ductor material is usually extremely
small, in the order of one part in
ten million.

When the impurity elements are
added to the semiconductor material,
impurity atoms take the place of
semiconductor atoms in the lattice
structure. If the impurity atoms
added have the same number of val-
ence electrons as the atoms of the
original semiconductor material, they-
fit neatly into the lattice, forming
the required number of electron-pair
bonds with semiconductor atoms. In
this case, the electrical properties
of the material are essentially un-
changed.

When the impurity atom has one
more valence electron than the semi-
conductor atom, however, this extra
electron cannot form an electron-
pair bond because no adjacent val-
ence electron is available. The excess
clectron is then held very loosely by
the atom, as shown in Fig. 3, and
requires only slight excitation to
break away. Consequently, the pres-
ence of such excess electrons makes
the material a better conductor, i.e.,
its resistance to current flow is
reduced.

ELECTRON--PAIR SEMICONDUCTOR
BONDS ATOMS

URIT EXCESS
|M’:\TOMY ELECTRON
Figure 3. Lattice structure of n-type

material.



Materials, Junctions, and Devices

Impurity elements which are added
to germanium and silicon erystals to
provide excess electrons include ar-
senic and antimony. When these ele-
ments are introduced, the resulting
material is called n-type because the
excess free electrons have a negative
charge. (It should be noted, however,
that the negative charge of the elec-
trons is balanced by an equivalent
positive charge in the center of the
impurity atoms. Therefore, the net
electrical charge of the semiconduc-
tor material is not changed.)

A different effect is produced when
an impurity atom having one less
valence electron than the semicon-
ductor atom 1is substituted in the
lattice structure. Although all the
valence electrons of the impurity
atom form electron-pair bonds with
electrons of neighboring semiconduc-
tor atoms, one of the bonds in the
lattice structure cannot be completed
because the impurity atom lacks the
final valence electron. As a result, a
vacancy or ‘“hole” exists in the lat-
tice, as shown in Fig, 4. An electron
from an adjacent electron-pair bond
may then absorb enough energy to
break its bond and move through the
lattice to fill the hole. As in the
case of excess electrons, the presence
of ‘“holes” encourages the flow of
electrons in the semiconductor ma-
terial; consequently, the conductivity
is incrcased and the resistivity is
reduced.

The vacancy or hole in the crystal
structure is considered to have a

ELECTRON—PAIR SEMICONDUCTOR
BONDS MS

IMPUMTY// VACANCY
ATOM (HOLE}
Figure 4. Lattice structure of p-type
materiai.

positive electrical charge because it
represents the absence of an electron.
(Again, however, the net charge of
the erystal is unchanged.) Semi-
conductor material which contains
these ““holes” or positive charges is
called p-type material. P-type mate-
rials are formed by the addition of
aluminum, gallium, or indium.

Although the difference in the
chemical composition of n-type and
p-type materials is slight, the differ-
ences in the electrical characteristics
of the two types are substantial, and
are very important in the operation
of semieonductor devices.

P-N JUNCTIONS
When n-type and p-type materials
are joined together, as shown in Fig.
5, an unusual but very important
phenomenon occurs at the surface
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Figure 5. Interaction of holes and electrons

at p-n junction.

where the two materials meet (called
the p-n junction). An interaction
takes place between the two types
of material at the junction as a re-
sult of the holes in one material and
the excess electrons in the other.
When a p-n junetion is formed,
some of the free electrons from the
n-type material diffuse across the
junction and fill holes in the lattice
structure of the p-type material
This interaction or diffusion occurs
for a short time in the immediate
vieinity of the junction, and produces
a small space-charge region (some-
times called the tramsition region or
depletion layer). The p-type material
in this région acquires a slight nega-
tive charge as a result of the addi-



tion of electrons from the n-type
material. Conversely, the n-type ma-
terial in the junction region acquires
a slight positive charge as a result
of the loss of excess electrons.

The potential gradient established
across the space-charge region by the
diffusion process is represented in
Fig. 6 by an imaginary battery
connected across the junction. (The

JUNCTION

Ly J IMAGINARY

—~ '+ SPACE—CHARGE
EQUIVALENT
BATTERY

Figure 6. Potential gradient across space-
charge region.

battery symbol is shownm only to
represent the internal effects; the
potential is not measurable.) In the
absence of external circuits or volt-
ages, this potential gradient dis-
courages further diffusion across the
p-n junction because clectrons from
the n-type malterial are repelled by
the slight negative charge induced
in the p-type material. In effect,
therefore, the potential gradient (or
energy barrier, as it is sometimes
called) prevents total interaction be-
tween the two types of material, and
thus preserves the differences in their
characteristics.

CURRENT FLCW

When an external battery is con-
nected across a p-n junction, the
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amount of current flow is determined
by the polarity of the applied voltage
and its effect on the space-charge
region. In Fig. 7a, the positive ter-
minal of the battéry is connected to
the n-type material and the negative
terminal to the p-type material. In
this arrangement, the free electrons
in the n-type material are attracted
toward the positive terminal of the
battery and away from the junction.
At the same time, electrons from the
negative terminal of the battery en-
ter the p-type material and diffuse
toward the junction, filling holes in
the lattice structure as they ap-
proach the junction. As a result, the
space-charge region at the junction
becomes effectively wider, and the
potential gradient increases until it
approaches the potential of the ex-
ternal battery. Current flow is then
extremely small because no voltage
difference (electric field) exists across
either the p-type or the n-type re-
gion, Under these conditions, the
p-n junction is said to be reverse-
biased. )

In Fig. 7b, the positive terminal of
the external battery is connected to
the p-type material and the negative
terminal to the n-type material. In
this arrangement, electrons in the
p-type material near the positive ter-
minal of the battery break their
electron-pair bonds and enter the
battery, creating new holes. At the
same time, electrons from the nega-
tive terminal of the battery enter the
n-type material and diffuse toward
the junction. As a result, the space-
charge region becomes effectively
narrower, and the energy barrier de-
creases to an insignificant value. Ex-
cess electrons from the n-type mate-
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Figure 7. Electron current flow in biased p-n junctions.
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rial can then penetrate the space-
charge region, flow across the junc-
tion, and move by way of the holes
in the p-type material toward the
positive terminal of the battery. This
electron flow continues as long as
the external voltage is applied. Un-
der these conditions, the junction is
gaid to be forward-biased.

The generalized voltage-current
characteristic for a p-n junction in
Fig. 8 shows both the reverse-bias
and forward-bias regions. In the
forward-bias region, current rises

CURRENT (MA) T

FORWARD
CURRENT

=«— REVERSE BIAS

FORWARD BIAS —»

REVERSE
CURRENT

\L CURRENT (pA)

Figure 8. Voltage-current characteristic for
a p-n junction.

rapidly as the voltage is increased
and is quite high. Current in the
reverse-bias region is usually much
lower. Excessive voltage (bias) in
either direction should be avoided in
normal applications because exces-
sive currents and the resulting high
temperatures may permanently dam-
age the semiconductor device,

N-P-N AND P-N-P STRUCTURES

Fig. 7 shows that a p-n junction
biased in the reverse direction is
equivalent to a high-resistance ele-
ment (low current for a given ap-
plied voltage), while a junction
biased in the forward direction is
equivalent to a low-resistance ele-
ment (high current for a given ap-
plied voltage). Because the power
developed by a given current is
greater in a high-resistance element
than in a low-resistance element
(P--T’R), power gain can be ob-
tained in a structure containing two
such resistance elements if the cur-
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rent flow is not materially reduced.
A device containing two p-n junec-
tions biased in opposite directions
can operate in this fashion.

Such a two-junction device is
shown in Fig. 9. The thick end layers

OUTPUT
Q

ELECTRON
FLOW

adf s

Figure 9. N-P-N structure biased for power
gain.

are made of the same type of mate-
rial {n-type in this case), and arec
separated by a very thin layer of the
opposite type of material (p-iype in
the device shown). By means of the
external batteries, the left-hand (n-p)
junction is biased in the forward
direction to provide a low-resistance
input circuit, and the right-hand
(p-n) junction is biased in the re-
verse direction to provide a high-
resistance output circuit. ‘

Electrons flow easily from the left-
hand n-type region to the center p-
type region as a result of the forward
biasing. Most of these electrons dif-
fuse through the thin p-type region,
however, and are attracted by the
positive potential of the external bat-
tery across the right-hand junction.
In practical devices, approximately
95 to 99.5 per cent of the electron
current reaches the right-hand n-
type region. This high percentage of
current penetration provides power
gain in the high-resistance output
circuit and is the basis for transistor
amplification capability.

The operation of p-n-p devices is
similar to that shown for the n-p-n
device, except that the bias-voltage
polarities are reversed, and electron-
current flow is in the opposite direc-
tion. (Many discussions of semicon-
ductor theory assume that the “holes”
in semiconductor material constitute
the charge carriers in p-n-p devices,
and discuss “hole currents” for these



devices and “electron currents” for
n-p-n devices. Other texts discuss
neither hole current nor electron cur-
rent, but rather “conventional current
flow”, which is assumed to travel
through a circuit in a direction from
the positive terminal of the external
battery back to its negative terminal.
For the sake of simplicity, this dis-
cussion will be restricted to the con-
cept of electron current flow, which
travels from a negative to a positive
terminal.)

TYPES OF DEVICES

The simplest type of semiconduc-
tor device is the diode, which is rep-
resented by the symbol shown in Fig.
10. Structurally, the diode is basically
a p-n junction similar to those shown
in Fig. 7. The n-type material which

N-TYPE P-TYPE
MATERIAL\ /MATERIAL
‘K\T‘Q

Figure 10. Schematic sdvmbol for a semi
conductor diode.

CATHODE O

O ANODE

serves as the negative electrode is
referred to as the cathode, and the
p-type material which serves as the
positive electrode is referred to as
the anode. The arrow symbol used
for the anode represents the direc-
tion of “conventional current flow”
mentioned above; electron current
flows in a direction opposite to the
arrow.

Because the junction diode econ-
duects current more easily in one
direction than in the other, it is an
effective rectifying device. If an ac
signal is applied, as shown in Fig.
11, electron current flows freely dur-
ing the positive half cycle, but little
or no current flows during the nega-
tive half cycle.

One of the most widely used types
of semiconductor diode is the sili-
con rectifier. These devices are avail-
able in a wide range of current
capabilities, ranging from tenths of
an ampere to 40 amperes or more,
and are capable of operation at volt-
ages as high as 800 volts or more.
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Parallel and series arrangements of
silicon rectifiers permit even further
extension of current and voltage

INPUT
SIGNAL LOAD
Figure 11. Simple diode rectifying circutt.

limits. Characteristics and applica-
tions of these devices are discussed
in detail in the Silicon Rectifiers
Section,

Several variations of the basic
junction diode structure have been
developed for use in special applica-
tions. The most important of these
developments are the tunnel diode,
which is used for amplification, oscil-
lation, switching, and pulse genera-
tion, and the varactor or parametric
diode, which amplifies at very high
frequencies. These special diodes are
described in the Tunnel, Varactor,
and Other Diodes Section.

When a second junction is added
to a semiconductor diode to provide
power or voltage amplification (as
shown in Fig. 9), the resulting de-
vice is called a transistor. The three
regions of the device are called the
emitter, the base, and the collector,
as shown in Fig. 12. In normal oper-
ation, the emitter-to-base junction is

EMITTER BASE COLLECTOR

Figure 12. Functional diagram of transistor
structure,

biased in the forward direction, and
the collector-to-base junction in the
reverse direction.

Different symbols are used for
n-p-n and p-n-p transistors to show
the difference in the direction of cur-
rent flow in the two types of devices.
In the n-p-n transistor shown in Fig.
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13a, electrons flow from the emitter
to the collector. In the p-n-p tran-
sistor shown in Fig. 13b, electrons

EMITTER /~ ™\ COLLECTOR

BASE
{o) N—P-N TRANSISTOR

EMITTER /~ ™\ COLLECTOR

BASE
{b) P—N—P TRANSISTOR

Figure 13. Schematic symbols for
transistors.

flow from the collector to the emit-
ter. In other words, the direction of
dc electron current is always oppo-
gite to that of the arrow on the
emitter lead. (As in the case of semi-
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conductor diodes, the arrow indicates
the direction of ‘“conventional cur-
rent flow” in the circuit.)

The first two letters of the n-p-n
and p-n-p designations indicate the
respective polarities of the voltages
applied to the emitter and the
collector in normal operation. In
an n-p-n trangistor, the emitter is
made negative with respect to both
the collector and the base, and the
collector is made positive with re-
spect to both the emitter and the
base. In a p-n-p transistor, the emit-
ter is made positive with respect to
both the collector and the base, and
the collector is made negative with
respect to both the emitter and the
base.

The transistor, which is a three-
element device, can be used for a
wide variety of control functions, in-
cluding amplification, oscillation, and
frequency conversion. Transistor
characteristics and applications are
discussed in detail in the following
sections,



Transistor Designs and
Circuit Configurations

HE performance of transistors

in electronic equipment depends
on many factors besides the basie
characteristics of the semiconductor
material. The two most important
factors are the design and fabrica-
tion of the transistor structure and
the general circuit configuration
used.

DESIGN AND FABRICATION

The ultimate aim of all tran-
sistor fabrication techniques is ihe
construction of two parallel p-n junec-
tions with controlled spacing between
the junections and controlled impurity
levels on both sides of each junction.
A variety of structures has been
developed in the course of transistor
evolution.

The earliest transistors made were
of the point-contact type shown in
Fig. 14, In this type of structure,
two pointed wires were placed next

EMITTER COLLECTOR
N-TYPE
MATERIAL P—TYPE
T — REGIONS
[ —— e |
BASE
CONNECTION

Figure 14. Structure of point-contact
transistor,
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to each other on an n-type block of
semiconductor material, The p-n
junctions were formed by electrical
pulsing of the wires. This type has
been superseded by junction tran-
sistors, which are fabricated hy the
various alloy, diffusion, and crystal-
growth techniques described below.

In grown-junction transistors, the
impurity content of the semiconduc-
tor material is changed during the
growth of the original crystal ingot
to provide the p-n-p or n-p-n regious.
The grown ecrystal is then sliced
into a large number of small-area
devices, and contacts are made to
each region of the devices, as shown
in Fig. 15. The finished transistor
is encased in plastic or a hermet-
ically sealed enclosure.

JCOLLECTOR CONTACT

Ui

[«—BASE

EMITTER CONTACT

Figure 15. Structure of grown-junction
transistor.

In alloy-junction tramsistors, two
small “dots” of a p-type or n-tyve
impurity element are placed on op-
posite sides of a thin wafer of n-type
or p-type semiconductor material,
respectively, as shown in Fig. 16.
After proper heating, the impurity
“dots” alloy with the semiconductor
material to form the regions for the
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emitter and collector junctions. The
base connection in this structure is
made to the original semiconductor
wafer,

COLLECTOR
BASE—>4
CONTACT
EMITTER
Figure 16. Structure of alloy-junction

transistor.

The drift-field transistor is a mod-
ified alloy-junction device in which
the impurity concentration in the
base wafer is diffused or graded, as
shown in Fig, 17. Two advantages
are derived from this struecture:
(a) the resultant built-in voltage or
“drift field” speeds current flow, and
(b) the ability to use a heavy im-
purity concentration in the vicinity
of the emitter and a light concen-
tration in the vicinity of the col-
lector makes it possible to minimize
capacitive charging -times. Both
these advantages lead to a substan-
tial extension of the frequency per-

formance over the alloy-junction
device,
COLLECTOR
DIFFUSED
BASE
BASE
CONTACT

EMITTER
Figure 17. Structure of drift-field transistor.

Mesa and planar transistors use
newer construction techniques which
are better suited to many applica-
tions than the grown-junction or
alloy methods. These transistors in-
volve two basic processes: (1) the
use of diffusion masking materials
and photolithographic techniques to
obtain a planar structure in which
all the p-n junctions are buried un-
der a protective passivating layer,
and (2) the use of a separate collee-
tor-contact diffusion or an epitaxial
growth to reduce the electrical series
resistance in the collector. In these

types, the original semiconductor
wafer serves as the collector. The
base region is diffused into the
wafer, and the emitter “dot” or re-
gion is then alloyed or diffused into
the base region. A “mesa” or flat-
topped peak may then be etched to
reduce the collector area at the base-
collector junction. The mesa struc-
ture is inherently rugged, has large
power-dissipation capability, and can
operate at very high frequencies.

Figs. 18, 19, and 20 show some of
the mesa and planar structures in
production today. The grading of the
impurity concentration in the base
region results in a drift field and in
reduced base-lead resistance. The use
of a diffused emitter region permits
tight geometry control. The use of a
relatively light impurity concentra-
tion in the collector region results in
high collector-breakdown voltages
and low collector-junction capaci-
tance.

EMITTER BASE CONTACT

DIFFUSED BASE

COLLECTOR
(ORIGINAL
WAFER)

(a)
EMITTER BASE CONTACT
DIFFUSED BASE
EPITAX!AL
LAYER
[
COLLECTCR
(ORIGINAL,

WAFER)

[3)
Figure 18. Structure of (a) mesa transistor
and (b) epitaxial transisior.

BASIC CIRCUITS

There are three basic ways of con-
necting transistors in a circuit:
common-base, common-emitter, and
common-collector, In the common-
base (or grounded-base) connection
shown in Fig. 21, the signal 1s intro-
duced into the emitter-base circuit
and extracted from the collector-base
circuit. (Thus the base element of the
transistor is common to both the in-
put and output circuits.) Because the
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EMITTER CONTACT

DIFFUSED BASE CONTACT

EMITTER DIFFUSED BASE
W

COLLECTOR
(ORIGINAL
WAFER}

‘-\
COLLECTOR

(ORIGINAL,
WAFER)

{b)

Figure 19. Structure of (a) double-diffused
epitaxial mesa transistor and (b) double-
diffused planar transistor.

EMITTER CONTACT

DIFFUSED BASE CONTACT

DIFFUSED BASE

EPITAXIAL

LAYER

[,
COLLECTOR

(ORIGINAL
WAFER)

EMITTER CONTACT
BASE CONTACT

DIFFUSED
EMlTTER\ X DIFFUSED BASE
—— 74——‘—
EPITAXIAL
LAYER
% e
COLLECTOR
{ORIGINAL
Z WAFER}

ZDIFFUSED COLLECTOR CONTACT
(b)

Figure 20, Structure of (a) double-diffused
epitaxial planar transistor and (b) triple-
diffused epitaxial planar transistor.
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input or emitter-base circuit has a low
impedance (resistance plus react-
ance) in the order of 0.5 to 50 ohms,
and the output or collector-base cir-
cuit has a high impedance in the
order of 1000 ohms to one megohm,
the voltage or power gain in this
type of configuration may be in the
order of 1500.

The direction of the arrows in Fig.
21 indicates electron current flow.
As stated previously, most of the cur-
rent from the emitter flows to the col-
lector; the remainder flows through
the base., In practical transistors,
from 95 to 99.5 per cent of the emit-
ter current reaches the collector. The
current gain of this configuration,
therefore, is always less than unity,
usually in the order of 0.95 to 0.995.

The waveforms in Fig. 21 repre-
sent the input voltage produced by
the signal generator e. and the out-
put voltage developed across the
load resistor Ri. When the input
voltage is positive, as shown at AB,
it opposes the forward bias produced
by the base-emitter battery, and thus
reduces current flow through the
n-p-n transistor. The reduced elec-
tron current flow through R. then
causes the top point of the resistor
to become less negative (or more
positive) with respect to the lower
point, as shown at A'B’ on the out-
put waveform. Conversely, when the
input signal is negative, as at CD,
the output signal is also negative,
as at C'D’. Thus, the phase of the
signal remains unchanged in this
circuit, i.e., there is no voltage phase
reversal between the input and the
output of a common-base amplifier,

In the common-emitter (or
grounded-emitter) connection shown
in Fig. 22, the signal is introduced
into the base-emitter circuit and ex-
tracted from the collector-emitter
circuit. This configuration has more
moderate input and output imped-
ances than the common-base circuit.
The input (base-emitter) impedance
is in the range of 20 to 5000 ohms,
and the output (collector-emittter)
impedance is about 50 to 50,000
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Figure 21. Common-base circuit
configuration.

ohms. Power gains in the order of
10,000 (or approximately 40 db) can
be realized with this circuit because
it provides both current gain and
voltage gain.

Current gain in the common-
emitter configuration is measured be-
tween the base and the collector,
rather than between the emitter and
the collector as in the common-base
circuit. Because a very small change
in base current produces a relatively
large change in collector current, the
current gain is always greater than
unity in a common-emitter circuit;
a typical value is about 50.

The input signal voltage under-
goes a phase reversal of 180 degrees
in a common-emitter amplifier, as
shown by the waveforms in Fig. 22.

0.98I —

T 3

Figure 22. Common-emitter clrcuit
configuration.

When the input voltage is positive,
as shown at AB, it increases the
forward bias across the base-emitter
junction, and thus increases the total

current flow through the transistor.
The increased electron flow through
R. then causes the output voltage
to become negative, as shown at
A’B’. During the second half-cycle
of the waveform, the process is re-
versed, i.e., when the input signal is
negative, the output signal is posi-
tive (as shown at CD and C'D'.)
The third type of connection, shown
in Fig. 23, is the common-collector
(or grounded-collector) circuit. In

0.98I—»
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Figure 23. Common-cotlector circult
configuration.

this configuration, the signal is intro-
duced into the base-collector circuit
and extracted from the emitter-
collector circuit. Because the input
impedance of the transistor is high
and the output impedance low in
this connection, the voltage gain is
less than unity and the power gain
is usually lower than that obtained
in either & common-base or a com-
mon-emitter circuit. The common-
collector circuit is used primarily as
an impedance-matching device. As in
the casc of the common-base circuit,
there is no phase reversal of the sig-
nal between the input and the output.

The eircuits shown in Figs. 21
through 23 are biased for n-p-n tran-
sistors. When p-n-p transistors are
used, the polarities of the batteries
must be reversed. The voltage phase
relationships, however, remain the
same,
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HE term “characteristic” is used

to identify the distinguishing elec-
trical features and values of a tran-
sistor. These values may be shown
in curve form or they may be tabu-
lated. When the characteristics values
are given in curve form, the curves
may be used for the determination
of transistor performance and the
caleulation of additional transistor
parameters.

Characteristics values are obtained
from electrical measurements of tran-
sistors in various circuits under cer-
tain definite conditions of current and
voltage. Static characteristics are ob-
tained with de potentials applied to
the transistor electrodes. Dynamic
characteristics are obtained with an
ac voltage on one electrode under
various conditions of de potentials
on all the electrodes. The dynamic
characteristics, therefore, are indica-
tive of the performance capabilities
of the transistor under actual work-
ing conditions.

Published data for transistors in-
clude both electrode characteristic
curves and transfer characteristic
curves. These curves present the
same information, but in two differ-
ent forms to provide more useful
data. Because transistors are used
most often in the common-emitter
configuration, charaecteristic curves
are usually shown for the collector
or output electrode. The collector-
characteristic eurve is obtained by
varying collector-to-emitter voltage
and measuring collector current for
different values of base current, The
transfer-characteristic curve is ob-
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tained by varying the base-to-emitter
(bias) voltage at a specified or con-
stant collector voltage, and measur-
ing collector current for different
base currents. A collector-character-
istic family of curves is shown in Fig.
24. Fig. 25 shows the transfer-
characteristic family of curves for
the same transistor.

TYPICAL COLLECTOR CHARACTERISTICS
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Figure 24. Collector-characteristic curves.
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Figure 25. Transfer-characteristic curves.
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One of the most important char-
acteristics of a transistor is its
forward current-transfer ratio, i.e.,
the ratio of the current in the output
electrode to the current in the input
cleetrode. Because of the different
ways in which transistors may be
connected in circuits, the forward
current-transfer ratio is specified for
a particular circuit configuration.
The common-base forward current-
transfer ratio is often called alpha
(or «), and the common-emitter for-
ward current-transfer ratio is often
called beta (or 8).

In the common-base circuit shown
in Tig. 21, the emitter is the input
electrode and the collector is the
output electrode. The dc alpha, there-
fore, is the ratio of the dec collector
current Ig to the de emitter current
Is:

o=t 08T 5og
Is I

In the common-emitter circuit
shown in Fig. 22, the base is the
input electrode and the collector is
the output electrode. The dc beta,
therefore, is the ratio of the de col-
lector current I to the de base cur-
rent Ip:

1o 098T
B = Is 0021 =49

Because the ratios given above are
based on de currents, they are prop-
erly called de alpha and de beta. It
is more common, however, for the
current-transfer ratio to be given in
terms of the ratio of signal currents
in the input and output electrodes, or
the ratio of a change in the output
current to the input signal current
which causes the change. Fig. 26
shows typical electrode currents in
a common-emitter circuit under no-
signal eonditions and with a one-
microampere signal applied to the
base. The signal current of one
microampere in the base causes a
change of 49 microamperes (147-98)
in the collector current. Thus the ac
beta for the transistor is 49.
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Figure 26. Electrode currents under no-
signal and signal conditions.

The frequency cutoff of a transis-
tor is defined as the frequency at
which the value of alpha (for =a
common-base circuit) or beta (for a
common-emitter ecireuit) drops to
0.707 times its one-kilocycle value.
The gain-bandwidth preduct is the
frequency at which the common-
emitter forward current-transfer
ratio (beta) is equal to unity. These
characteristics provide an approxi-
mate indication of the useful fre-
quency range of the device, and
help to determine the most suitable
circuit configuration for a particular
application. Fig, 27 shows typical
curves of alpha and beta as functions
of frequency.

Extrinsic transconductance may
be defined as the quotient of a small
change in collector current divided
by the small change in emitter-to-
base voltage producing it, under the
condition that other voltages remain
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Figure 27. Forward current-transfer ratio
as a function of frequency.

unchanged. Thus, if an emitter-to-
base voltage change of 0.1 volt causes
a collector-current change of 3 milli~
amperes (0.003 ampere) with other
voltages constant, the transconduct-
ance is 0.003 divided by 0.1, or 0.03
mho. (A “mho” is the unit of con-
ductance, and was named by spelling
“ohm” backward.) For convenience,
a millionth of a mho, or a micro-
mho (umho), is used to express trans-
conductance. Thus, in the example,
0.03 mho is 30,000 micromhos.

Cutoff currents are small de reverse
currents which flow when a transistor
is biased into non-conduction. They
consist of leakage currents, which
are related to the surface character-
istics of the semiconductor material,
and saturation currents, which are
related to the impurity concentration
in the material and which increase
with increasing temperatures. Col-
lector-cutoff current is the de current
which flows in the reverse-biased
collector-to-base circuit when the
emitter-to-base circuit is open.
Emitter-cutoff current is the cur-
rent which flows in the reverse-
biased emitter-to-base ecircuit when
the collector-to-base circuit is open.

Transistor breakdown voltages de-
fine the voltage values between two
specified electrodes at which the erys-
tal structure changes and current
begins to rise rapidly. The voltage
then remains relatively constant over
a wide range of electrode currents.
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Breakdown voltages may be meas-
ured with the third electrode open,
shorted, or biased in either the for-
ward or the reverse direction. For
example, Fig. 28 shows a serieg of
collector-characteristic curves for
different base-bias conditions. It can
be seen that the collector-to-emitter
breakdown voltage increases as the
base-to-emitter bias decreases from
the normal forward values through
zero to reverse values. The symbols
shown on the abscissa are sometimes
used to designate collector-to-emitter
breakdown voltages with the base
open (BVomo), with external base-to-
emitter resistance (BVzz), with the
base shorted to the emitter (BVoms),
and with a reverse base-to-emitter
voltage (BVcax).

As the resistance in the base-to-
emitter circuit decreases, the col-
lector characteristic develops two
breakdown points, as shown in Fig.
28. After the initial breakdown, the
collector-to-emitter voltage decreases
with increasing collector current
until another breakdown occurs at a
lower voltage. This minimum collec-
tor-to-emitter breakdown voltage is
called the sustaining voltage.

(In large-area power transistors,
there is a destructive mechanism
referred to as “second breakdown”.
This condition is not a voltage break-
down, but rather an electrically and
thermally regenerative process in
which current is focused in a very
small area of the order of the diam-
eter of a human hair. The very
high current, together with the volt-
age across the transistor, causes a
localized heating that may melt a
minute hole from the collector to the
emitter of the transistor and thus
cause a short circuit. This regenera-
tive process is not initiated unless
certain high voltages and currents
are coincident for certain finite
lengths of time.)

The curves at the left of Fig. 28
show typical collector characteristics
under normal forward-bias condi-
tions. For a given base input current,
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the collector-to-emitter saturation
voltage is the minimum voltage re-
quired to maintain the transistor in
full conduction (i.e., in the satura-
tion region). Under saturation con-
ditions, a further increase in forward
biag produces no corresponding in-
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a sharp increase in current. Punch-
through voltage does not result in
permanent damage to a transistor,
provided there is sufficient impedance
in the power-supply source to limit
the transistor dissipation to safe
values,

| Rpe=108

‘(Vbe' o

R —
BVero | BVegs |
BVcER BVeex

COLLECTOR-TO~EMITTER VOLTAGE

Figure 28. Typical collector-charactaristic ﬁurves showing locations of various breakdown
voltages.

crease in collector current. Saturation
voltages are very important in switch-
ing applications, and are usually
specified for several conditions of
electrode currents and ambient tem-
peratures.

Reach-through (or punch-through)
voltage defines the voltage value at
which the depletion region in the
collector region passes completely
through the base region and makes
contact at some point with the emit-
ter region. This “reach-through”
rhenomenon results in a relatively
low-resistance path between the
emitter and the collector, and causes

Stored base charge is a measure
of the amount of charge which exists
in the base region of the transistor
at the time that forward bias is re-
moved. This stored charge supports
an undiminished collector current in
the saturation region for some finite
time before complete switching is
effected. This delay interval, called
the “storage time”, depends on the
degree of saturation into which the
transistor is driven, (This effect is
disecussed in more detail under
“Switching” in the Transistor Appli-
cations Section.)
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HE diversified applications of

transistors are treated in this sec-
tion under the three major classifi-
cations of Amplification, Oscillation,
and Switching. Because various bias-
ing and coupling methods are used
in transistor circuits, bias and cou-
pling arrangements are discussed
separately before specific applica-
tions are considered. Also discussed
are stability requirements for tran-
sistor circuits.

BIASING

The operating point for a par-
ticular transistor is established by
the quiescent (dc, no-signal) values
of collector voltage and emitter cur-
rent. In general, a transistor may be
considered as a current-operated de-
vice, i.e., the current flowing in the
emitter-base circuit controls the
current flowing in the collector cir-
cuit. The voltage and current values
selected, as well as the- particular
biasing arrangement used, depend
upon both the transistor character-
istics and the specific requirements
of the application.

As mentioned previously, biasing
of a transistor for most applications
consists of forward bias across the
emitter-base junction and reverse
bias across the collector-base junc-
tion. In Figs. 21, 22, and 23, tweo
batteries were used to establish bias
of the correct polarity for an n-p-n
transistor in the common-base, com-
mon-emitter, and common-collector
circuits, respectively. Many varia-
tions of these basic circuits can alse
be used. (In these simplified circuits,
inductors and transformers are rep-
resented only by their series re-
sistances.)

A simplified biasing arrangement
for the common-base circuit is shown
in Fig. 29. Bias for both the collector-~
base junction and the emitter-base
junetion is obtained from the single
battery through the voltage-divider
network consisting of resistors Ra
and R, (For the n-p-n transistor
shown in Fig. 29a, the emitter-base
junction is forward-biased because
the emitter is negative with respect
to the base, and the collector-base

Figure 29. Biasing network for common-base circuit for (a} n-p-n and (b) p-n-p transistors,
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junction is reverse-biased because
the collector is positive with respect
to the base, as shown. For the p-n-p
transistor shown in Fig. 29b, the
polarity of the battery and of the
electrolytic bypass capacitor C: is
reversed.) The electron current I
from the battery and through the
voltage divider causes a voltage drop
across resistor R. which biases the
emitter with respect to the base.
This resistor is bypassed with capac-
itor C: so that the base is efTectively
grounded for ac signals.

The common-emitter ecircuit also
can be biased by means of a single
battery. The simplified arrangement
shown in Fig. 30 is commonly called
“fixed bias”. In this case, both the
base and the collector are made
positive with respect to the emitter
by means of the battery. The base
resistance Rg is then selected to pro-
vide the desired base current for
the transistor (which, in turn, estab-
lishes the desired emitter current), by
means of the following expression:

Battery volts Ky,

Rp= -
3= Desired base amperecs Ip

In the circuit shown, for example,
the battery voltage is six volts. The

RL
200000SRB
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+J_—Ebb
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Figure 30. ‘“Fixed-bias” arrangement for
common-emitter circuit.

value of Rp was selected to provide
a base current of 30 microamperes,
as follows:

Eus 6
Ry = 2bb . __ 9
P T, T 30X 10

The fixed-bias arrangement shown
in Fig. 30, however, is not a satis-
factory method of biasing the base
in a common-emitter circuit. The
critical base current in this type of
circuit is very difficult to maintain
under fixed-bias conditions because

= 200,000 ohms
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of variations between transistors
and the sensitivity of these devices
to temperature changes. This prob-
lem is partially overcome in the “self-
bias” arrangement shown in Fig. 31.

O - I O
Figure 31,
common-cmitter circuit.

‘Self-bias’ arrangement for

In this eircuit, the base resistor is
tied directly to the collector. This
connection helps to stabilize the oper-
ating point because an increase or
decrease in collector current pro-
duces a corresponding increase or
decrease in base bias. The value of
Ry is then determined as described
above, except that the collector volt-
age K¢ is used in place of the sup-
ply voltage Fyp:
e _ 3

Is 30X 10
The arrangement shown in Fig, 31
overcomes many of the disadvan-
tages of fixed bias, although it re-
duces the effective gain of the circuit.

In the bias method shown in Fig.
32, the voltage-divider network com-
posed of R: and R. provides the
required forward bias across the
base-emitter junction. The value of
the base bias is detcrmined by the
current through the voltage divider.
Any change in collector current

Ry = 100,000 ohms

Figure 32. Bias network using voltage-
divider arrangement for increased stability.
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caused by a change in emitter
current, therefore, automatically
changes the base bias. This type of
circuit provides less gain than the
circuit of Fig. 31, but is commonly
used because of its inherent stability.

The common-emitter circuits shown
in Figs. 33 and 34 may be used to
provide stability and yet minimize
loss of gain. In Fig. 33, a resistor
Ry is added to the emitter circuit,
and the base resistor R: is returned

Figure 33. Bias network using emitter

stabilizing resistor.

to the positive terminal of the bat-
tery instead of to the collector. The
emitter resistor Ra provides addi-
tional stability; it is bypassed with
capacitor Cg. The value of Cyp is
usually about 50 microfarads, but
may be much higher depending,
among other things, on the lowest
frequency to be amplified.

In Fig. 34, the R.R: voltage-divider
network is split, and all ac feedback
currents through R, are shunted to
ground (bypassed) by capacitor C..
The value of R; is usually larger
than the value of R.. The total re-
sistance of R. and R. should equal
the resistance of R, in Fig, 32.

Figure 34. Bias network using split voltage-
divider network.

In practical circuit applications,
any combination of the arrange-
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ments shown in Figs. 31, 32, 33, and
34 may be used. However, the sta-
bility of Figs. 31, 32, and 34 may be
poor unless the voltage drop across
the load resistor Ry is at least one-
third the value of the supply volt-
age. The determining factors in the
selection of the biasing circuit are
usually gain and cireuit stability.
In many cases, the bias network
may include special elements to com-
pensate for the effects of variations
in ambient temperature or in sup-
ply voltage. For example, the therm-
istor (temperature-sensitive resis-
tor) shown in Fig. 3ba is used to
compensate for the rapid increase
of collector current with increasing
temperature. Because the thermistor
resistance decreases as the tempera-
ture increases, the bias voltage is
reduced and the collector current
tends to remain constant. The addi-
tion of the shunt and series resist-
ances provides most effective com-

SUPPLY SUPPLY
VOLTAGE VOLTAGE
BIAS BlAS
VOLTAGE *—O yOLTAGE
X pooe
THERMISTOR

(a) (b)

Figure 35. Bias networks including (a) a
thermistor and (b) a temperature- and
voltage-compensating diode.
pensation over a desired temperature

range.

The diode biasing network shown
in Fig. 385b stabilizes collector cur-
rent for variations in both tempera-
ture and supply voltage. The diode
current determines a bias voltage
which establishes the transistor
idling current (collector current un-
der no-signal conditions). As the tem-
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perature increases, this bias voltage
decreases. Because the transistor
characteristic also shifts in the same
direction and magnitude, however,
the idling current remains essen-
tially independent of temperature.
Temperature stabilization with a
diode network is substantially better
than that provided by most therm-
istor bias networks.

In addition, the diode bias current
varies in direct proportion with
changes in supply voltage. The re-
sultant change in bias voltage is
small, however, so that the idling
current also changes in direct pro-
portion to the supply voltage. Sup-
ply-voltage stabilization with a diode
biasing network reduces current
variation to about one-fifth that ob-
tained when resistor or thermistor
bias is used.

COUPLING

Three basic methods are used to
couple transistor stages: trans-
former, resistance-capacitance, and
direct coupling.

The major advantage of trans-
former coupling is that it permits
the input and output impedance of
the transistor to be matched for
maximum power gain., The trans-
former-coupled common-emitter
n-p-n stage shown in Fig. 36 em-
ploys both fixed and self bias, and
includes an emitter resistor Ry for
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herent in this transformer is not
significant in transistor circuits be-
cause, as mentioned previously, the
transistor is a current-operated
device. Although the voltage is
stepped down, the available current
is stepped up. The change in base
current resulting from the presence
of the signal causes an ac collector
current to flow in the primary wind-
ing of transformer T. and a power
gain can be measured between T,
and T..

This use of a voltage step-down
transformer is similar to that in the
output stage of an audio amplifier,
where a step-down transformer is
normally used to drive the loud-
speaker, which is also a current-
operated device. The purpose of the
transformer in both cases is to
transfer power from one impedance
level to another.

The voltage-divider network con-
sisting of resistors R. and R. in Fig.
36 provides bias for the transistor.
The voltage divider is bypassed by
capacitor C, to avoid signal attenua-
tion, The stabilizing emitter resistor
Rz permits normal variations of the
transistor and ecircuit elements to be
compensated for automatically with-
out adverse effects. This resistor Ra
is bypassed by capacitor C.. The
voltage supply Em is also bypassed,
by capacitor Cs, to prevent feedback

T} (3
B
INPUT (E T2
3 é QUTPUT
Ro
VAL
R| ==Ci +L
CT RE Epp= =~=C3

Figure 36. Transformer-coupled common-emitter stage.

stabilization. The voltage step-down
transformer T, couples the signal
from the collector of the preceding
stage to the base of the common-
emitter stage. The voltage loss in-

in the event that ac signal voltages
are developed across the power sup-
ply. Capacitor C; and C. may nor-
mally be replaced by a single
capacitor connected between the emit-
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ter and the bottom of the secondary
winding of transformer T: with little
change in performance.

Because there is no resistor in the
collector circuit to dissipate power,
the efficiency of a transformer-
coupled stage approaches the theo-
retical maximum of 50 per cent. In
addition, the very low impedance in
the base circuit may simplify the
problem of temperature stabilization.
When a large stabilizing resistor is
used in series with the emitter, the
circuit stability factor may be very
high,

The use of resistance-capacitance
coupling usually permits some econ-
omy of circuit costs and reduction
of size, with some accompanying
sacrifice of gain. This method of
coupling is particularly desirable in
low-level, low-noise audio amplifier
stages to minimize hum pickup from
stray magnetic fields. Use of resist-
ance-capacitance (RC) coupling in
battery-operated equipment is usu-
zlly limited to low-power operation.
The frequency response of an RC-
coupled stage is normally better than

Ce
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that of a transformer-coupled stage.
Fig. 37a shows a two-stage RC-
coupled cirenit using n-p-n transis-
tors in the common-emitter config-
uration. The method of bias is similar
to that used in the transformer-
coupled circuit of Fig. 86. The major
additional components are the col-
lector load resistances Ri; and Ri.
and the coupling capacitor C.. The
value of C. must be made fairly
large, in the order of 2 to 10 micro-
farads, because of the small input
and load resistances involved. (It
should be noted that electrolytic ca-
pacitors are normally used for cou-
pling in transistor audio -circuits.
Polarity must be observed, therefore,
to obtain proper circuit operation.
Occasionally, excessive leakage cur-
rent through an electrolytic coupling
capacitor may adversely affect tran-
sistor operating currents.)
Impedance coupling is a modified
form of resistance-capacitance cou-
pling in which inductances are used
to replace the load resistors. This
type of coupling is rarely used ex-
cept in special applications where
supply voltages are low and cost is
c
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Figure 37.

(b)
(a) Two-stage resistance-capacitance-coupled circuit and (b) two-stage direct-

coupled circuit.
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not a significant factor.

Direct coupling is used primarily
when cost is an important factor.
(It should be noted that direct-
coupled amplifiers are not inherently
dc amplifiers, i.e., that they cannot
always amplify dec signals. Low-
frequency response is usually limited
by other factors than the coupling
network.) In the direct-coupled am-
plifier shown in Fig. 87b, resistor R,
serves as both the collector load re-
sistor for the first stage and the
bias resistor for the second stage.
Resistors R, and R. provide circuit
stability similar to that of Fig. 32
because the emitter voltage of tran-
sistor Q: and the collector voltage of
transistor Qi are within a few tenths
of a volt of each other.

Because so few circuit parts are
required in the direct-coupled ampli-
fiecr, maximum economy can be
achieved. However, the number of
stages which can be directly coupled
is limited. Temperature variation of
the bias current in one stage is
amplified by all the stages, and
severe temperature instability may
result.

CiRCUIT STABILITY

Because transistor currents tend
to increase with temperature, it is
necessary in the design of transistor
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circuits to include a “stability fac-
tor” to limit dissipation to safe
values under the expected high-tem-
perature operating conditions. The
circuit stability factor SF is ex-
pressed as the ratio between a change
in de collector current Io and the cor-
responding change in de collector-
cutoff current with the emitter open
Icso.

For a given sct of operating volt-
ages, the stability factor can be cal-
culated for a maximum permissible
rise in de collector current from the
room-temperature value, as follows:

ICm'.Lx _ IC!

SF = Icpo: — Ienn

where Io: and Tesor are measured at
25 degrees centigrade, leso: is meas-
ured at the maximum expected am-
bient (or junction) temperature, and
Tome= 18 the maximum permissible
‘collector current for the specified
collector-to-emitter voltage at the
maximum expected ambient (or june-
tion) temperature (to keep transis-
tor dissipation within ratings).
The calculated values of SF can
then be used, together with the ap-
propriate values of beta and rv (base-
connection resistance), to determine
suitable resistance values for the
transistor circuit. Fig. 38 shows
equations for SF in terms of resist-

R
3 R4 R3
Ro R2
+T=- +_-:..
- R
"F- Ry 5 Ry
SF_B(R|+R2') _ B(Ri+Req) sF- B (P+Q)
R2'+BR| Req +8 R| Q+BP
Ro'=Rp+1p .. RaRs Q=R2'(R3+R4+R5)+R4Rs
Rea=R2'+ o TRe P=R; (R3+R4+Rs)+R3Rs
R2'=R2+rb Rz'=Rz+rp

Figure 38. Circuit-stability-factor equations for three typical circuit configurations.
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ance values for three typical circuit
configurations. The maximum value
which SF can assume is the value
of beta.

AMPLIFICATION

The amplifying action of a tran-
sistor can be used in various ways
in electronic circuits, depending on
the results desired. The four recog-
nized classes of amplifier service can
be defined for transistor circuits as
follows:

A class A amplifier is an amplifier
in which the base bias and alter-
nating signal are such that collector
current in a specific transistor flows
continuously during the complete
electrical cycle of the signal, and
even when no signal is present.

A class AB amplifier is an ampli-
fier in which the base bias and alter-
nating signal are such that collector
current in a specific transistor flows
for appreciably more than half but
less than the entire electrical cyecle.

A class B amplifier is an amplifier
in which the base is biased to ap-
proximately collector-current cutoff,
so that collector current is approxi-
mately zero when no signal is ap-
plied, and so that collector current
in a specific transistor flows for ap-
proximately one-half of each cycle
when an alternating signal is "ap-
plied.

A class C amplifier is an amplifier
in which the base is biased to such
a degree that the collector current
in each transistor is zero when no
signal is applied, and so that col-
lector current in a specific transistor
flows for appreciably less than one-
half of each cycle when an alter-
nating signal is applied.

For radio-frequency (rf) ampli-
flers which operate into selective
tuned ecircuits, or for other ampli-
fiers in which distortion is not a
prime factor, any of the above classes
of amplification may be used with
either a single transistor or a push-
pull stage. For audio-frequency (af)
amplifiers in which distortion is an
important factor, single transistors
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can be used only in class A ampli-
fiers. For class AB or class B audio-
amplifier service, a balanced amplifier
stage using two transistors is re-
quired. A push-pull stage can also
be used in class A audio amplifiers
to obtain reduced distortion and
greater power output. Class C ampli-
fiers cannot be used for audio appli-
cations.

Audio Amplifiers

Audio amplifier circuits are used
in radio and television receivers,
public address systems, sound re-
corders and reproducers, and similar
applications to amplify signals in the
frequency range from 10 to 20,000
cycles per second. Each trangistor in
an audio amplifier can be considered
as either a current amplifier or a
power amplifier,

Simple class A amplifier circuits
are normally used in low-level audio
stages such as preamplifiers and
drivers. Preamplifiers usually follow
low-level output transducers such as
microphones, hearing-aid and phono-
graph pickup devices, and recorder-
reproducer heads.

One of the most important char-
acteristics of a low-level amplifier
circuit is its signal-to-noise ratio,
or noise figure. The input circuit of
an amplifier inherently contains some
thermal noise contributed by the re-
gistive elements in the input device.
Al]l resistors generate a predictable
quantity of noise power as a result
of thermal activity. This power is
about 160 db below one watt for a
bandwidth of 10 kilocycles.

When an input signal is amplified,
therefore, the thermal noise gener-
ated in the input circuit is also
amplified. If the ratio of signal
power to noise power (S/N) is the
same in the output circuit as in the
input circuit, the amplifier is con-
sidered to be “noiseless” and is said
to have a noise figure of unity, or
zero db.

In practical circuits, however, the
ratio of signal power to noise power
is inevitably impaired during ampli-
fication as a result of the generation
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of additional noise in the circuit ele-
ments. A measure of the degree of
impairment is called the noise figure
(NF) of the amplifier, and is ex-
pressed as the ratio of signal power
to noise power at the input (S./Ni)
divided by the ratio of signal power
to noise power at the output (S./Ns),
as follows:

Si/N:
NF = 2
SofNo

The noise figure in db is equal to
ten times the logarithm of this
power ratio. For example, an ampli-
fier with a one-db noise figure de-
creases the signal-to-noise ratio by
a factor of 1.26, a 3-db noise figure
by a factor of 2, a 10-db noise figure
by a factor of 10, and a 20-db noise
figure by a factor of 100. A value of
NF below 6 db is generally con-
sidered excellent.

In audio amplifiers, it is desirable
that the noise figure be kept low. In
general, the lowest value of NF is
obtained by use of an emitter cur-
rent of less than one milliampere, a
collector voltage of less than two
volts, and a signal-source resistance
between 300 and 3000 ohms.

In the simple low-level amplifier
stage shown in Fig. 39, the resistors
R. and R. determine the base-emitter
bias for the p-n-p transistor. Resis-
tor Rs is the emitter stabilizing re-
sistor; capacitor C, bypasses the ac
signal around R,. The output signal
is developed across the collector load
resistor Ri. The collector voltage and
the emitter current are kept rela-
tively low to reduce the noise figure.

In many cases, low-level amplifier
stages used as preamplifiers include
some type of frequency-compensa-
tion network to improve ecither the
low-frequency or the high-frequency
components of the input signal. The
simplest type of equalization net-
work is shown in Fig. 40. Because

AMPLIFIER
STAGE
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Figure 39. Simple low-level class A
amplifier.

the capacitor C is effectively an open
circuit at low frequencies, the low
frequencies must be passed through
the resistor R and are attenuated.
The capacitor has a lower reactance
at high frequencies, however, and
bypasses high-frequency components
around R so that they receive negli-
gible attenuation. Thus the network
effectively “boosts” the high frequen-
cies.

Feedback networks may also be
used for frequency compensation and
for reduction of distortion. Basically,
a feedback network returns a por-
tion of the output signal to the input
circuit of an amplifier. The feedback
signal may be returned in phase with
the input signal (positive or re-
generative feedback) or 180 degrees
out of phase with the input signal
(negative, inverse, or degenerative
feedback). In either case, the feed-
back can be made proportional to
either the output voltage or the out-
put current, and can be applied to
either the input voltage or the input
current. A negative feedback signal
proportional to the output current
raises the output impedance of the
amplifier; negative feedback propor-
tional to the output voltage reduces
the output impedance. A negative
feedback signal applied to the input
current decreases the input imped-
ance; negative feedback applied to
the input voltage increases the input

AMPLIFIER
STAGE

Figure 40. Simple RC frequency-compensation network.
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impedance. Opposite effects are pro-
duced by positive feedback.

A simple negative or inverse feed-
back network which provides high-
frequencey boost is shown in Fig. 41,

R

Rz
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Such cireunits should be designed to
minimize the flow of dc currents
through these controls so that little
or no noise will be developed by the
movable contact during the life of

AMPLIFiER

STAGE

AMPLIFIER CE .

STAGE

Figure 41. Negative-feedback frequency-compensation netwark.

This network provides equalization
comparable to that obtained with Fig,
40, but is more suitable for low-level
agmplifier stages because it does not
require high-level low freguencics.
In addition, the inverse feedback im-
proves the distortion characteristics
of the amplifier.

As mentioned previously, it Is
undesirable to use a high-resistance
signal source for an audio amplifier
because of the high noise figure in-
volved. High source resistance can-
not be avoided, however, if an input
device such as a crystal pickup is
used. In such eases, the use of nega-
tive feedback to raise the input im-
pedance of the amplifier circuit (to
avoid mismatch loss) is no solution
because feedback eannot improve the
signal-to-noise ratio of the amplifier,
A more practical method is to in-
crease the input impedance some-
what by operating the transistor at

the circuit. Volume controls and their
associated circuits should permit var-
iation of gain from zero to maxi-
mum, and should attenuate all
frequencies equally for all positions
of the variable arm of the control.
Several examples of volume controls
and tone controls are shown in the
Circuits Section.,

BDriver stages in audio amplifiers
are located immediately before the
power-output stage., When a single-
ended class A output stage is used,
the driver stage is similar to a pre-
amplifier stage. When a push-pull
output stage is used, however, the
audio driver must provide two output
signals, each 180 degrees out of
phase with the other. This phase re-
quirement can be met by use of a
tapped-secondary transformer be-
tween a single-ended driver stage
and the output stage, as shown in
Fig. 42. The transformer T: provides

TO Q)

L oTo Q2

Figure 42. Driver stage for push-pull output circuit.

the lowest practical current level and
by using a transistor which has a
high forward current-transfer ratio.

Some preamplifier or low-level
audio amplifier circuits include vari-
able resistors or potentiometers which
function as volume or tone controls.

the required out-of-phase input sig-
nals for the two transistors Q, and
Q: in the push-pull output stage.
Transistor audio power amplifiers
may be class A single-ended stages,
or class A, class AB, or class B
push-pull stages. A simple class A
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single-ended power amplifier is
shown in Fig. 43. Component values
which will provide the desired power
output can be calculated from the
transistor characteristics and the
supply voltage. For example, an out-
put of four watts may be desired
from a circuit operating with a sup-
ply voltage of 14.5 volts (this volt-
age is normally available in auto-
mobiles which have a 12-volt ignition

Figure 43.

system). If losses are assumed to be
negligible, the power output (PO)
is equal to the peak collector volt-
age (e.) times the peak collector
current (i.), both divided by the
square root of two to obtain rms
values. The peak collector current
can then be determined as follows:

[ ic
PO =— X —=
0 V2 V2
i = PO(E) x Y2
€
5oy V2
= 2 N
4vi X 14.5
= (.55, or approximately
0.6 ampere,

In class A serviee, the de collector
current and the peak collector swing
are about the same. Thus, the col-
lector voltage and current are 14.5
volts and 0.6 ampere, respectively.

The voltage drop across the re-
sistor Rz in Fig. 43 usually ranges
frem 0.3 to 1 volt; a typical value of
0.6 volt can be assumed. Because
the emitter current is very nearly
equal to the collector current (0.8
ampere), the value of Ry must equal
the 0.6-volt drop divided by the
0.6-ampere current, or one ohm,
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The current through resistor R,
is about 10 to 20 per cent of the col-
lector current; a typical value is 15
per cent of 0.6, or 90 milliamperes.

The voltage from base to ground
is equal to the base-to-emitter volt-
age (determined from the transistor
transfer-characteristics curves for
the desired collector or emitter cur-
rent; normally about 0.4 volt for an
emitter current of 600 milliamperes)

c T2

TO
%SPEAKER

Class A power-amplifier circuit.

plus the emitter-to-ground voltage
(0.6 volt as described above), or one
volt. The voltage across R., there-
fore, is 14.5 minus 1, or 13.5 volts.
The value of R. must equal 13.5 di-
vided by 90, or about 150 ohms.

Because the voltage drop across
the secondary winding of the driver
transformer T, is negligible, the volt-
age drop across R, is one volt. The
current through R, equals the cur-
rent through R. (90 milliamperes)
minus the base current. If the de
forward current-transfer ratio (beta)
of the transistor selected has a typi-
cal value of 60, the base current
equals the collector current of 600
milliamperes divided by 60, or 10
milliamperes. The current through
R: is then 90 minus 10, or 80 milli-
amperes, and the value of R; is 1
divided by 80, or about 12 ohms.

The transformer requirements are
determined from the ac voltages and
currents in the ecircuit. The peak
collector voltage swing that can be
used before distortion occurs as a
result of elipping of the output volt-
age is about 18 volts. The peak col-
lector current swing available before
current cutoff occurs is the de eur-
rent of 600 milliamperes. Therefore,
the collector load impedance should
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be 18 wvolts divided by 600 milli-
amperes, or about 20 ohms, and the
output transformer T. should be de-
signed to match a 20-ohm primary
impedance to the desired speaker im-
pedance, If a 3.2-ohm speaker is
used, for example, the impedance
values for T, should be 20 ohms to
3.2 ohms.

The total input power to the circuit
of Fig. 43 is equal to the voltage
required across the secondary wind-
ing of the driver transformer T,
times the current. The driver signal
current is equal to the base cur-
rent (10 milliamperes, or 7 milliam-
peres rms). The peak ac signal volt-
age is the sum of the base-to-emitter
voltage across the transistor (0.4
volt as determined above), plus
the voltage across Ry (0.6 volt),
plus the peak ac signal voltage
across R; (1.0 milliampere times 12
ohms, or 0.12 volt). The input volt-
age, therefore, is about one volt
peak, or 0.7 volt rms. Thus, the total
ac input power required to produce
an output of 4 watts is 0.7 volt
times 7 milliamperes, or 5 milliwatts,
and the input impedance is 0.7 volt
divided by 7 milliamperes, or 100
ohms.

Higher power output can be
achieved with less distortion in class
A service by the use of a push-pull
circuit arrangement. One of the dis-
advantages of a transistor class A
amplifier (single-ended or push-pull),
however, is that collector current
flows at all times. As a result, tran-
sistor dissipation is highest when no
ac signal is present. This dissipation
can be greatly reduced by use of
class B push-pull operation. When
two transistors are connected in
class B push-pull, one ftransistor
amplifies half of the signal, and the
other transistor amplifies the other
half. These half-signals are then
combined in the output circuit to re-
store the original waveform in an
amplified state,

Ideally, transistors used in class B
service should be biased to collector
cutoff so that no power is dissipated
under zero-signal conditions. At low
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signal inputs, however, the resulting
gsignal would be distorted, as shown
in Fig. 44, because of the low for-
ward current-transfer ratio of the
transistor at very low currents. This
type of distortion, called eross-over

| CROSS—OVER
| DISTORTION

| INPUT
| BASE

| | GURRENT

Lo

[

e

Figure 44, Waveforms showing cause of
cross-over distortion,

N

distortion, can be suppressed by the
use of a bias which permits a small
collector current flow at zero signal
level. Any residual distortion can be
further reduced by the use of nega-
tive feedback.

A typical class B push-pull audio
amplifier is shown in Fig. 45. Re-
sistors Rm and Re: are the emitter
stabilizing resistors. Resistors Rs
and R. form a voltage-divider net-
work which provides the bias for the
transistors. The base-emitter circuit
is biased near collector cutoff so that
very little collector power is dissi-
pated under no-signal conditions,
The characteristics of the bias net-
work must be very carefully chosen
so that the bias voltage will be just
sufficient to minimize cross-over dis-
tortion at low signal levels. Because
the collector current, collector dissi-
pation, and de operating point of a
transistor vary with ambient tem-
perature, a temperature-sensitive re-
sistor (such as a thermistor) or a
bias-compensating diode may be

used in the biasing network to mini-
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Figure 45. Class B push-pull audio-amplifier circuit.

mize the effect
variations.

The advantages of class B opera-
tion can be obtained without the need
for an output transformer by use
of a single-ended class B circuit such
as that shown in Fig. 46. In this cir-
cuit, the secondary windings of the
driver transformer T, are phased so
that a positive signal from base to
emitter of one transistor is accom-
panied by a negative signal from
base to emitter of the other tran-
sistor. When a positive signal is ap-
plied to the base of transistor Q.,
for example, Q: draws current. This
current must flow through the
speaker because the accompanying
negative signal on the base of tran-
sistor Q. cuts Q. off. When the sig-
nal polarity reverses, transistor Q.

of temperature

is cut off, while Q; conducts current.
The resistive dividers R;R. and R.R.
provide a de bias which keeps the
transistors slightly above cutoff un-
der no-signal conditions and thus
minimizes cross-over distortion. The
emitter resistors Rm and Rz help to
compensate for differences between
transistors and for the effects of
ambient-temperature variations.

The secondary windings of any
class B driver transformer should be
bifilar-wound (i.e.,, wound together)
to obtain tighter coupling and
thereby minimize leakage induct-
ance. Otherwise, “ringing” may oc-
cur in the cross-over region as a
result of the energy stored in the
leakage inductance.

Because junction transistors can
be made in both p-n-p and n-p-n

R
{ |
_;Ecc
RE, %Rz
9z ¢ Z— | 1
B R3 =
+

Figure 46,

Single-ended class B circuit.
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types, they ean be used in comple-
mentary-symmetry circuits to obtain
all the advantages of conventional
push-pull amplifiers plus direct cou-
pling. The arrows in Fig. 47 indicate
the direction of electron current flow

P-N-P I NpN ic
IB—) IB(—
:l[E Ig
Figure 47. Electron-current filow in p-np

and n-p-n transistors.

in the terminal leads of p-n-p and
n-p-n transistors. When these two
transistors are connected in a single
stage, as shown in Fig, 48, the de
electron current path in the output
circuit is completed through the col-
lector-emitter ecircuits of the tran-
sistors. In the circuits of Figs. 45

O——1
INPUT _J_

Figure 48. Basic complementary-symmetry

circuit.

and 48, essentially no de current
flows through the load resistor Ri.
Therefore, the voice coil of a loud-
speaker can be connected directly in
place of Ry, without excessive speaker
cone distortion.

A phase inverter is a type of class
A amplifier used when two out-of-
phase outputs are required. In the
split-load phase-inverter stage shown
in Fig. 49, the output current of
transistor Q. flows through both the
collector load resistor R: and the
emitter load resistor R.. When the
input signal is negative, the in-
creased output current causes the
collector side of resistor Rs to be-
come more positive and the emitter
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side of resistor R, to become more
negative with respect to ground.
When the irnput signal is positive,
the output currert decreases and op-
posite voltage polarities are estab-
lished across resistors Rs and R
Thus, two output signals are pro-
duced which are 180 degrees out of
phase with each other. This circuit
provides the 180-degree phase rela-
tionship only when each load is re-
sistive throughout the entire signal
swing. It is not suitable, therefore,
as a driver stage for a class B out-
put stage.

PHASE
, A
—0
Q Cy
R
4 Ca =
\ O
INPUT PHASE
B
3 T +
oO—e *
-

Figure 49. Split-load phase-inverter stage.

Tuned Amplifiers

In transistor radio-frequency (rf)
and intermediate-frequency (if) am-
plifiers, the bandwidth of frequencies
to be amplified is usually only a
small percentage of the center fre-
quency. Tuned amplifiers are used
in these applieations to select the
desired bandwidth of frequencies and
to suppress unwanted frequencies.
The selectivity of the amplifier is
obiained by means of tuned inter-
stage coupling networks.

The properties of tuned amplifiers
depend upon the characteristics of
resonant circuits. A simple parallel
resonant circuit (sometimes called a
“tank’ because it stores energy) is
shown in Fig. 50. For practical pur-
poses, the resonant frequency of such
a circuit may be considered inde-
pendent of the resistance R, provided
R is small eompared to the inductive
reactance X;. The resonant fre-
quency fr is then given by
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For any given resonant frequency,
the product of L and C is a constant;
at low frequencies LC is large; at
high frequencies it is small.

o I—>»
Iy
Lo
Ic
Z—» C==< l
R
O
Figure 50. Simple parallel resonant circult.

The Q {(selectivity) of a parallel
resonant circuit alone is the ratio of
the current in the tank (I or I¢) to
the current in the line (I). This un-
loaded Q, or Q., may be expressed
in various ways, for example:

_e _Xu _Z
Q I R~ X¢

where X is the inductive reactance
(— 22fL), X. is the capacitive re-
actance (= 1/[27fC]), and Z is the
total impedance of the parallel reso-
nant circuit (tank). The Q varies
inversely with the resistance of the
inductor. The lower the resistance,
the higher the Q and the greater the
difference between the tank imped-
ance at frequencies off - resonance
compared to the iank impedance at
the resonant frequency.

The Q of a tuned interstage cou-
pling network also depends upon the
impedances of the preceding and fol-
lowing stages. The output impedance
of a transistor can be considered as
consisting of a resistance R. in par-
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allel with a capacitance Co, as shown
in Fig. 51. Similarly, the input im-
pedance can be considered as consist-
ing of a resistance R, in parallel
with a capacitance C;. Because the
tuned circuit is shunted by both the
output impedance of the preceding
transistor and the input impedance
of the following transistor, the ef-
fective selectivity of the circuit is
the loaded @ (or Q.) based upon
the total impedance of the coupled
network, as follows:

QL = Z {total loading on coil)
X or Xe

The capacitances C, and C, in Fig.
51 are usually considered as part of
the coupling network. For example,
if the required capacitance between
terminals 1 and 2 of the coupling
network is ealculated to be 500 pico-
farads and the value of G, is 10
picofarads, a capacitor of 490 pico-
farads is used between terminals 1
and 2 so that the total capacitance is
500 picofarads. The same method is
used to allow for the eapacitance C,
at terminals 8 and 4.

When a tuned resonant circuit in
the primary winding of a trans-
former is coupled to the nonresonant
secondary winding of the trans-
former, as shown in Fig. 52, the ef-
fect of the input impedance of the
following stage on the Q of the tuned
circuit can be determined by con-
sidering the values reflected (or re-
ferred) to the primary circuit by
transformer action. The reflected re-
sistance 1, is equal to the resistance
R in the secondary cireuit times the
square of the effective turns ratio
between the primary and secondary
windings of the transformer T:

OUTPUT OF INPUT OF
PRECEDING COUPLING FOLLOWING
TRANSISTOR NETWORK TRANSISTOR
O O
[} 3
Ro ==c, G=< R
2 4
—Q O—
Figure 51. Equivalent output and input circuits of transistors

connected by a coupling network.
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Figure 52, Equivalent circuit for transformer-
coupling network having tuned primary
winding.

r = Ry (Ny/Nj)?

where N,/N; represents the electrical
turns ratio between the primary
winding and the secondary winding
of T. If there i8 capacitance in the
secondary cireuit (C,), it is reflected
to the primary circuit as a capaci-
tance C,p, and is given by

Cop = Cp =+ N,/N?

The loaded Q, or Q., is then calcu-
lated on the basis of the inductance
L,, the total shunt resistance (R,
plus r1 plus the tuned-circuit im-
pedance Z: = Q.X. = Q.X.), and
the total eapacitance (C, 4 C.) in
the tuned cireuit.

Fig. 63 shows a coupling network
which consists of a single-tuned cir-
cuit using magnetic or mutual in-
ductive coupling. The capacitance C.
includes the effects of both the out-
put capacitance of the preceding
transistor and the input capacitance
of the following transistor (referred
to the primary of transformer T.).

3 i

T
v 13
QUTPUT OF INPUT OF
PRECEDING == FOLLOWING
TRANSISTOR | Ct TRAN%ISTNOR
2 4

Figure 53. Single-tuned coupling network
using inductive coupling.

The bandwidth, or effective frequency
range, of a single-tuned transformer
is determined by the half-power
points on the resonance curve (—3
db or 0.707 down from the maxi-
mum). Under these conditions, the
band pass Af is equal to the ratio
of the center or resonant frequency
f: divided by the loaded (effective)
Q of the circuit, as follows:
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Al = f/Qu

The inherent internal feedback in
transistors can cause instability and
oscillation as the gain of an amplifier
stage is inecreased (i.e., as the load
and source impedances are inereased
from zero to matched conditions).
At low frequencies, therefore, where
the potential gain of transistors is
high, it is often desirable to keep
the transistor load impedance low.
Relatively high capacitance values in
the tuned collector circuit can then
be avoided by use of a tap on the
primary winding of the coupling
transformer, as shown in Fig. 54, At

QUTPUT OF INFUT OF
PRECEDING = | FOLLOWING
TRANSISTOR TRANSISTOR

Figure 54. Transformer coupling network
using tap on primary winding.

higher frequencies, the gain poten-
tial of the transistor decreases, and
impedance matching is permissible.

External feedback circuits are
often used in tuned coupling net-
works to counteract the effects of
the internal transistor feedback and
thus provide more gain or more
stable performance. If the external
feedback circuit cancels the effects
of both the resistive and the reac-
tive internal feedback, the amplifier
is considered to be unilateralized. If
the external circuit cancels the effect
of only the reactive internal feed-
back, the amplifier is considered to
be neutralized.

A typical tuned amplifier using
neutralization is shown in Fig. 55.
The input signal to the transistor
is an if carrier (e.g., 455 kilocycles)
amplitude-modulated by an audio
signal., Capacitor C, and the primary
winding of transformer T. form a
parallel-tuned circuit resonant at
455 kilocycles. Transformer T,
couples the signal power from the
previous stage to the base of the
transistor. Resistor Rs provides for-
ward bias to the transistor. Capaci-
tor Cs provides a low-impedance path
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Figure 55. Neutralized if-amplifier and second-detector circuit,

for the 455-kilocycle signal from the
input tuned circuit to the emitter.
Resistor R., which is bypassed for
455 kilocycles by capacitor C,, is
the emitter dc stabilizing resistor.
The amplified signal from the tran-
sistor is developed across the par-
allel resonant circuit (tuned to 455
kilocycles) formed by capacitor Cs
and the primary winding of trans-
former T,, and is coupled by T: to
the crystal-diode second detector CR.

Voltage at the intermediate fre-
quency is taken from the secondary
winding of the single-tuned output
circuit and applied to the base of
the transistor through the feedback
{neutralizing) capacitor C;. Because
of the phase reversal in the common-
emitter configuration, this external
feedback is out of phase with the
input from the if amplifier, and can-
cels the in-phase reactive feedback
in the transistor due to the internal
capacitance between the collector
and the base.

The rectified output of the crystal
diode CR is filtered by capacitor C,;
and resistor Rs so that the voltage
across capacitor C; consists of an
audio signal and a dc voltage (posi-
tive with respect to ground for the
arrangement shown in Fig. 55) that
is directly proportional to the am-
plitude of the if carrier. This de

voltage is fed back to the emitter of
the transistor through the resistor
R, to provide automatic gain control.
Resistor R, and capacitor C: form
an audie decoupling network to pre-
vent audio feedback to the base of
the transistor.

Automatic gain control (age) is
often used in rf and if amplifiers in
AM radio and television receivers to
provide lower gain for strong sig-
nals and higher gain for weak sig-
nals. The de component of the
second-detector output, which is di-
rectly proportional to the strength
of the signal carrier received, can
be used to vary either the de¢ emitter
current or the collector voltage of a
transistor to provide age. Fig. 56
shows typical curves of power gain
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Figure 56. Power gain as a function of

emitter current.
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as a function of emitter current for
a 455-kilocycle amplifier using either
common-base or common-emitter
configuration.

In high-frequency tuned ampli-
fiers, where the input impedance is
typically low, mutual inductive coup-
ling may be impracticable because
of the small number of turns in the
secondary winding. It is extremely
difficult in practice to construct a
fractional part of a turn. In such
cases, capacitance coupling may be
used, as shown in Fig. 57. This ar-
rangement, which is also called
capacitive division, is similar to
tapping down on a coil near reso-
nance. Impedance transformation in
this network is determined by the
ratio between capacitors C, and C..
Capacitor C, is normally much
smaller than C,; thus the capacitive
reactance X is normally much larger

QUTPUT OF
PRECEDING

L
TRANSISTOR !
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both the resonant circuit in the in-
put of the coupling network and the
resonant circuit in the output are
tuned to the same resonant fre-
quency. In “stagger-tuned” net-
works, the two resonant circuits are
tuned to slightly different resonant
frequencies to provide a more rec-
tangular band pass. Double-tuned or
stagger-tuned networks may use ca-
pacitive, inductive, or mutual induct-
ance coupling, or any combination of
the three.

Cross-modulation is an important
consideration in the evaluation of
transistorized tuner -circuits. This
phenomenon, which occurs primarily
in nonlinear systems, can be defined
as the transfer of modulation from
an interfering carrier-to the desired
carrier. In general, the value of
cross-modulation is independent of
both the semiconductor material and

“ e INPUT OF
FOLLOWING
:Fk c2 TRANSISTOR

Figure 57.

than Xc.. Provided the input resist-
ance of the following transistor is
much greater than Xc., the effective
turns ratio from the top of the coil
to the input of the following tran-
sistor is (C; 1- G,;)/Ci. The total ca-
pacitance C: across the inductance L
is given by

C,C
C, = 1L2
G+ G

The resonant frequency f:. is then
given by

1
- 2%V 1:Cy

Double-tuned interstage coupling
networks are often used in prefer-
ence to single-tuned networks to
provide flatter frequency response
within the desired pass band and a
sharper drop in response imme-
diately adjacent to the ends of the
pass band. In double-tuned networks,

f.

Single-tuned coupling network using capacitive division.

the construction of the transistor.
At low frequencies, cross-modulation
is also independent of the amplitude
of the desired carrier, but varies as
the square of the amplitude of the
interfering signal.

In most rf circuits, the undesir-
able effects of eross-modulation can
be minimized by good selectivity in
the antenna and rf interstage coils.
Minimum cross-modulation can best
be achieved by use of the optimum
circuit Q with respect to bandwidth
and tracking considerations, which
implies minimum loading of the tank
circuits.

In rf eircuits where selectivity is
limited by the low unloaded Q’s of
the coils being used, improved cross-
modulation can be obtained by mis-
matching the antenna circuit (that
is, selecting the antenna primary-
to-secondary turns ratio such that
the reflected antenna impedance at
the base of the rf amplifier is very
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low compared to the input imped-
ance). This technique is commonly
used in automobile receivers, and
causes a slight degradation in noise
figure. At high frequencies, where
low source impedances are difficult
to obtain because of lead inductance
or the impracticality of putting a
tap on a coil having one or two turns,
an unbypassed emitter resistor hav-
ing a low value of resistance (e.g.
22 ohms) may be used to obtain the
same effect.

Cross-modulation may occur in
the mixer or rf amplifier, or both.
Accordingly, it is important to ana-
lyze the entire tuner as well as the
individual stages. Cross-modulation
is also a function of age. At low-
sensitivity conditions where the rf
stage is operating at maximum gain
and the interfering signal is far
removed from the desired signal,
cross-modulation occurs primarily in
the rf stage. As the desired signal
level increases and reverse age is
applied to the rf stage, the rf tran-
sistor eventually becomes passive
and provides improved cross-modula-
tion. If the interfering signal is
close to the desired signal, it is the
rf gain at the undesired signal fre-
quency which determines whether
the rf stage or mixer stage is the
prime contribution of cross-modula-
tion. For example, at low-signal
levels, it is possible that the rf stage
gain (including attenuation) at the
undesired frequency is greater than
unity. In this case, the undesired
signal at the mixer input is larger
than that at the rf input; thus the
contribution of the mixer is appre-
ciable. Intermediate and high signal
conditions may be analyzed similarly
by considering rf age.

Direct-Coupled Amplifiers

Direct-coupled amplifiers are nor-
mally used in transistor circuits to
amplify small de or very-low-fre-
quency ac signals. Typical applica-
tions of such amplifiers include the
output stages of series-type and
shunt-type regulating circuits,
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chopper-type circuits, differential
amplifiers, and pulse amplifiers.

In series regulator circuits such as
that shown in Fig. 58, direct-coupled
amplificrs are used to amplify an

Aﬁ’f

3

Typical series regulator circuit.

O—
Figure 58.

error or difference signal obtained
from a comparison between a por-
tion of the output voltage and a
reference source. The reference-
voltage source Vp is placed in the
emitter circuit of the amplifier tran-
sistor Q. so that the error or differ-
ence signal between Vi and some
portion of the output voltage Vo is
developed and amplified. The ampli-
fied error signal forms the input to
the regulating element consisting of
transistors Q. and Qi and the out-
put from the regulating element de-
velops a controlling voltage across
the resistor R..

Shunt regulator circuits are not as
efficient as series regulator circuits
for most applications, but they have
the advantage of greater simplicity.
In the shunt voltage regulator cir-
cuit shown in Fig. 59, the current
through the shunt element consisting
of transistors Q: and Q. varies with
changes in the load current or the
input voltage. This current variation
is reflected across the resistance R,
in secries with the load so that the
output voltage Vo is maintained
nearly constant.



Figure 59. Typical shunt regulator circuit.
Direct-coupled amplifiers are also
used in chopper-type circuits to am-
plify low-level dc signals, as illu-
strated by the block diagram in Fig.
60. The dc signal modulates an ac
carrier wave, usually a square wave,
and the modulated wave is then am-
plified to a convenient level. The
series of amplified pulses can then
be detected and integrated into the
desired de output signal.
Differential amplifiers can be used
to provide voltage regulation, as
described above, or to compensate
for fluctuations in current due to
signal, component, or temperature
variations. Typical differential am-
plifier elements such as those shown
in Fig. 61 include an output stage
which supplies current to the load
resistor R, and the necessary num-
ber of direct-coupled cascaded stages
to provide the required amount of
gain for a given condition of line-
voltage or load-current regulation.
The reference-voltage source Vg is
placed in one of the cascaded stages
in such a manner that an error or
difference signal between Vx and
some portion of the output voltage
Vo is developed and amplified. Some
form of temperature compensation

.
0

G
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is usually included to insure stabil-
ity of the direct-coupled amplifier.

OSCILLATION

Transistor oscillator circuits are
similar in many respects to the tuned
amplifiers discussed previously, e¢x-
cept that a portion of the output
power is returned to the input net-
work in phase with the starting
power (regenerative or positive feed-
back) to sustain oscillation,

DC bias-voltage requirements for
oscillators are similar to those dis-
cussed for amplifiers, Stabilization
of the operating point is important
because this point affects both the
output amplitude and waveform and
the frequency stability. Operation is
normally maintained within the lin-
ear portion of the transistor char-
acteristic by use of a constant supply
voltage. Because the collector-to-
emitter capacitance of the transistor
affects frequency stability more than
other parameters, a relatively large
stabilizing capacitor is often used
between the collector and emitter
terminals to reduce the sensitivity
of the circuit to voltage variations
and to capacitance variations be-
tween transistors.

The maximum operating frequency
of an oscillator circuit is limited by
the frequency capability of the tran-
sistor used. The maximum frequency
of a transistor is defined as the fre-
quency at which the power gain is
unity (i.e., an input signal appears
in the output circuit at the same
level, with no loss or gain). Because
some power gain is required in an

o

o}

Figure 60. Block diagram showing action of “chopper” circuit.
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R
VR
Vi
R R2
Vo
le
Figure 61. Typical differential ampiifier
circuits.

oscillator cireuit to overcome losses
in the feedback network, the oper-
ating frequency must be some value
below the transistor maximum fre-
quency,

The transistor configuration se-
lected for an osecillator circuit de-
pends on the oscillator requirements,
With the common-base and common-
collector configurations, the feedback
network must include compensation
for the difference between the input
and output impedances. Phase inver-
sion is not required, however, be-
cause no phase reversal oceurs
between input and output in these
circuits, Voltage and power gains
are greater than unity with the
common-base ecircuit, but current
gain is less than unity. Current and
power gains are greater than unity
with the common-collector -cireuit,
but voltage gain i less than umity,

With the common-emitter configu-
ration, current, voltage, and power
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gains are all greater than unity.
This eonfiguration is generally desir-
able for use in transistor oscillators
because it provides highest power
gaing, The input and output im-
pedances are more closely matched
than in the other configurations, but
phase inversion is necessary to com-
pensate for the 180-degree phase
reversal between input and output
circuits. (The phase inversion re-
quired in a common-emitter oscillator
may be less than 180 degrees, depend-
ing on the operating frequency of the
circuit. The transistor develops a cer-
tain amount of phase shift as the
frequency increases, usually in the
order of 46 degrees at the beta-
cutoff frequency and about 90 de-
grees at the gain-bandwidth product.
The feedback network is required to
supply only enough phase inversion
to produce a net phase shift of 360
degrees around the entire loop.)

For sustained oscillation in a tran-
sjstor oscillator, the power gain of
the amplifier network must be equal
to or greater than unity. When the
amplifier power gain becomes less
than unity, oscillations become
smaller with time (are “damped”)
until they ecase to exist. In practi-
cal oscillator circuits, power gains
greater than unity are required be-
cause the power output is divided
between the load and the feedback
network, as shown in Fig. 62. The
feedback power must be equal to the
input power plus the losses in the
feedback network to sustain oscilla-
tion. For example, if the power gain
of the transistor amplifier is 50 and
the input power is 2 milliwatts, the
total output power is 100 milliwatts.
If the losses in the feedback net-
work equal 20 milliwatts, the feed-
back power must be 2 plus 20, or 22
milliwatts, The power delivered to
the load is then 100 minus 22, or 78
milliwatts,

LC Resconant Feedback Oscillators

The frequency-determining ele-
ments of an oscillator circuit may
consist of an inductance-capacitance
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Figure 62.

(1.C) network, a crystal, or a resist-
ance-capacitance (RC) network. Fig.
63a shows a simplified diagram for a
transistor oscillator which uses a
“tickler” coil I, for inductive feed-
back. (DC bias circuits are omitted
for simplicity; as in the case of am-
plifiers, the emitter-base junction is
forward-biased and the collector-
base junction 1is reverse-biased,)
The waveforms of ac¢ (instantan-
eous) emitter current i. and collector
current i, are shown in Fig. 63b.
When the bias conditions of the
transistor are normal and input
power is applied, current flow in the
circuit increases (between points X
and Y in Fig. 63b) as a result of the
regenerative feedback coupled from
the collector circuit to the emitter
circuit by the transformer windings

{a}
Figure 63.

—0

Block diagram of transistor oscillator showing division of cutput power.

(3-4 to 1-2). A point (Y) is reached,
however, at which the collector-base
junction of the transistor becomes
forward-biased (the transistor is
saturated), and collector current can
no longer increase. The feedback
current then reverses, and emitter
and collector current decrease (be-
tween points Y and Z) until the
emitter-base junction becomes re-
verse-biased (the transistor is cut
off). The bias conditions then revert
to their original state, and the proc-
ess is repeated. The time for change
from saturation to cutoff is deter-
mined primarily by the tuned circuit
(tank), which, in turn, dectermines
the frequency of oscillation.

When the common-emitter con-
figuration is used, the tuned circuit
may be placed in cither the base

Y

X Z
TIME —>
(b}

(a) Simplified transistor LC oscillator and (b) corresponding current waveforms,
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circuit or the collector circuit. In the
tuned-base oscillator shown in Fig,
64, one battery is used to provide all
the de operating voltages for the
transistor. Resistors R.,, Rs;, and R.
provide the neccessary bias condi-~
tionrs. Resistor Rs; is the cmitter
stabilizing resistor. The components
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emitter stabilizing resistor. Capaci-
tors C, and C. bypass ac around
resistors R; and R,, respectively. Al-
though a scries-feed arrangement is
shown, a shunt-feed arrangement is
also possible with slight ecircuit
modifications. The shunt-feed cireuit
would be almost identical with the

Cz
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Figure 64. Tuned-base oscillator.

within the dotted lines comprise the
transistor amplifier. The collector
shunt-feed arrangement prevents dc
current flow through the tickler
(primary) winding of transformer
T. Feedback is accomplished by the
mutual inductance between the trans-
former windings.

The tank circuit consisting of the
secondary winding of transformer T
and variable capacitor C, is the fre-
quency-determining element of the
oscillator. Variable capacitor C. per-
mits tuning through a range of fre-
quencies. Capacitor C. couples the
oscillation signal to the base of the
transistor, and also blocks de. Ca-
pacitor C. bypasses the ac signal
around the emitter resistor R: and
prevents degeneration. The output
signal is coupled from the collector
through coupling capacitor Cs to the
load.

A tuned-collector transistor oscil-
lator is shown in Fig. 65. In this
cireuit, resistors R, and R. establish
the base bias. Resistor R. is the

one shown in the tuncd-base oseil-
lator in Fig. 64, except for the loca-
tion of the tank circuit. The tuned
circuit consists of the primary wind-
ing of transformer T and the var-
iable ecapacitor C.. Regencration is
accomplished by coupling the feed-
back signal from transformer wind-
ing 3-4 to the tickler c¢oil winding

~
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Figure 65.

Tuned-collector oscillator.
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1-2. The secondary winding of the
transformer couples the signal out-
put to the load.

Another form of LC resonant
feedback oscillator is the transistor
version of the familiar Colpitts os-
cillator, shown in Fig. 66. Regenera-

T

I
3
OUTPUT
4

N -

Figure 66.

Transistor Colpitts oscillator.

tive feedback is obtained from the
tuned circuit consisting of capacitors
C; and C, in parallel with the pri-
mary winding of the transformer,
and is applied to the emitter of the
transistor. Base bias is provided by
resistors R. and R.. Resistor R, is
the collector load resistor. Resistor
R: develops the emitter input signal
and also acts as the emitter stabiliz-
ing resistor. Capacitors Cs and C.
form a voltage divider; the voltage
developed across C, is the feedback
voltage. The frequency and the
amount of feedback voltage can be
controlled by adjustment of either
or both capacitors. For minimum
feedback loss, the ratio of the ca-
pacitive reactance between C. and
Cs should be approximately equal to
the ratioc between the output imped-
ance and the input impedance of the
transistor.

A Clapp oscillator is a modifica-
tion of the Colpitts circuit shown in
Fig. 66 in which a capacitor is added
in series with the primary winding
of the transformer to improve fre-
quency stability. When the added
capacitance is small compared to
the series capacitance of C; and C,,
the oscillator frequency is deter-
mined by the series LC combination
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of the transformer primary and the
added capacitor.

The Hartley oscillator shown in
Fig. 67 is similar to the Colpitts
oscillator, except that a split induct-
ance is used instead of a split ca-
pacitance to obtain feedback. The
circuit in Fig. 67 is modified for push-
pull operation to provide greater
output. The regenerative signal is
applied between base and emitter of
each transistor by means of the in-
duced voltages in the transformer
windings 1-3 and 4-6. After the
feedback signal is applied to trans-
former winding 1-3, circuit opera-
tion is similar to that of a push-pull
amplifier. Capacitor C; places ter-
minal 2 of the transformer at ac
ground potential through capacitor
Cae

Q

Figure 67.

Hartiey-type transistor push-putl
oscillator.

Crystal Oscillators

A quartz crystal is often used
as the frequency-determining ele-
ment in a transistor oscillator circuit
because of its extremely high Q (nar-
row bandwidth) and good frequency
stability over a given temperature
range. A quartz crystal may be
operated as either a series or paral-
lel resonant circuit. As shown in Fig.
68, the electrical equivalent of the
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mechanical vibrating characteristic
of the crystal can be represented by
a resistance R, an inductance L,
and a capacitance C, in series. The
lowest impedance of the crystal oc-
curs at the series resonant frequency
of C, and L; the resonant frequency
of the circuit is then determined
only by the mechanical vibrating
characteristics of the crystal.

The parallel capacitance C, shown
in Fig. 68 represents the electro-
static capacitance between the crystal
electrodes. At frequencies above the

O—

R

CP';"
L

Cs

O—i——J
Equivalent circuit of quartz
crystal.

Figure 68.

series resonant frequency, the com-
bination of L and C. has the effect
of a net inductance because the in-
ductive reactance of L is greater
than the capacitive reactance of C.
This net inductance forms a parallel
resonant circuit with C, and any cir-
cuit capacitance across the crystal,
The impedance of the crystal is
highest at the parallel resonant fre-
quency; the resonant frequency of
the circuit is then determined by
both the crystal and externally con-
nected circuit elements.

Increased frequency stability can
be obtained in the tuned-collector
and tuned-base oscillators discussed
previously if a crystal is used in the
feedback path. The oscillation fre-
quency is then fixed by the crystal.
At frequencies above and below the
series resonant frequency of the crys-
tal, the impedance of the crystal in-
creases and the feedback is reduced.
Thus, oscillation is prevented at fre-
quencies other than the series reso-
nant frequency.

The parallel mode of erystal reso-
nance is used in the Pierce oscillator
shown in Fig. 63. (If the crystal

41

Figure 69. Pierce-trpe transistor crystai
la

oscillator.

were replaced by its equivalent cir-
cuit, the functioning of the oscillator:
would be analogous to that of the
Colpitts oscillator shown in Fig. 67.)
The resistances shown in Fig. 69 pro-
vide the proper bias and stabilizing
conditions for the common-emitter
circuit. Capacitor C; is the emitter
bypass capacitor. The required 180-
degree phase inversion of the feed-
back signal is accomplished through
the arrangement of the voltage-
divider network C; and Cs. The con-
nection between the capacitors is
grounded so that the voltage de-
veloped across Cs is applied between
base and ground and 180-degree
phase reversal is obtained. The oscil-
lating frequency of the circuit is de-
termined by the crystal and the
capacitors connected in parallel with
it.

RC Resonant Feedback Oscillators

A resistance-capacitance (RC) net-
work is sometimes used in place of
an inductance-capacitance network
when phase shift is required in a
transistor oscillator. In the phase-
shift oscillator shown in Fig. 70, the
RC network consists of three sec-
tions (C:R;, C:R:, and C:R.), each of
which contributes a phase shift of 60
degrees at the frequency of oscilla-
tion. Because the capacitive react-
ance of the network increases or
decreases at other frequencies, the
180-degree phase shift required for
the common-emitter oscillator occurs.
only at one frequency; thus, the out-
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Figure 70. Transistor RC phase-shift
oscillator.

put frequency of the oscillator is
fixed. Phase-shift oscillators may be
made variable over particular fre-
quency ranges by the use of ganged
variable capacitors or resistors in the
RC networks. More than three see-
tions may be used in the phase-
shifting networks to reduce feedback
losses.

An RC network is also used in the
Wien-bridge oscillator shown in Fig.
71 to provide a sinusoidal output. In
this cireuit, transistor Q. functions
as an amplifier and phase inverter.
The feedback voltage developed be-
tween the collector of Q. and ground
is impressed across the entire bridge
network. The voltage developed
across capacitor C: is regenerative
(positive), and is applied to the in-
put circuit of transistor Q.. Because
this voltage is in phase with the
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input signal only at the resonant
frequency, the magnitude of the pos-
itive feedback is reduced at other
frequencies.

Negative feedback (degeneration)
is applied to the emitter of @
through resistor R; to improve fre-
quency stability and to minimize dis-
tortion. R. normally provides greater
negative feedback at frequencies
other than the resonant frequency.
Therefore, at other frequencies the
negative feedback exceeds the posi-
tive feedback and a highly stable os-
cillator results.

The resonant frequency f: of the
oscillator is determined by capacitors
C: and C. and resistors R: and Rs, as
follows:

1
- 2’)‘: V R101R302

If resistor R: is made equal to R,
and capacitor C.: to capacitor C., this
expression reduces to

f =1

i 21CR1C1
FEither capacitors C; and C. or resis-
tors R: and R; may be made variable

to provide a variable-frequency os-
cillator.

fe

Nonsinusoidal Oscillators

Oscillator ecireuits which produce
nonsinusoidal output waveforms are
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Figure 71.

Wien-bridge-type transistor oscillator.
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generally classified as relaxation
oscillators. This type of oscillator
uses a regenerative circuit in con-
junction with resistance-capacitance
(RC) or resistance-inductance (RL)
components to produce a switching
action. The charge and discharge
times of the reactive elements (R x
C or L/R) are used to produce saw-
tooth, square, or pulse output wave-
forms.

A multivibrator is essentially a
nonsinusoidal two-stage oscillator in
which one stage conducts while the
other is cut off until a point is
reached at which the conditions of
the stages are reversed. This type of
oscillator is normally used to pro-
duce a squarc-wave output. In the
RC-coupled common-emitter multi~
vibrator shown in Fig. 72, the output
of transistor Q. is eoupled to the in-
put of transistor Q. through the
feedback network R:.C., and the out-
put of Q. is coupled to the input of
Q: through the feedback mnetwork
RiCs. Because the feedback in each
case is in phase with the signal on
the base electrode, oscillations can be
sustained.

In the multivibrator cireuit, an in-
crease in the collector current of
transistor Q; causes a decrease in
the ecollector voltage, and a corre-
sponding reduction in the regenera-
tive feedback through capacitor C. to
the base of transistor Q.. As a result,
the current through Q. decreases
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steadily as the current through Q.
increases, until a point is reached
where Q. is cut off. Capacitor C: then
discharges through resistor R; until
forward bias is reestablished across
the base-emitter junction of Q.. Cur-
rent through Q. then increases, while
current through Q. decreases until
Q: is cut off. The oscillating fre-
quency of the multivibrator is deter-
mined by the values of resistance
and capacitance in the circuit.

The output signal is coupled
through capacitor Cs to the load. The
output waveform, which is essentially
square, may be obtained from either
collector. A sawtooth output can be
obtained by connection of a capacitor
from collector to ground. A sinusoi-
dal output wave can be obtained by
connection of a parallel tuned circuit
between the base electrodes of the
two transistors.

A blocking oscillator is a form of
nonsinusoidal oscillator which con-
ducts for a short period of time and
is cut off (blocked) for a much longer
period. A basic circuit for this type
of oscillator is shown in Fig. 73.
Regenerative feedback through the
tickler-coil winding 1-2 of trans-
former T, and capacitor C causes
current through the transistor to rise
rapidly until saturation is reached.
The transistor is then cut off until C
discharges through resistor R. The
output waveform is a pulse, the width

Figure 72.

RC-coupled common-emitter multivibrator.
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of which is primarily determined by
winding 1-2. The time between pulses
(resting or blocking time) is deter-
mined by the time constant of capac-
itor C and resistor R.

1 T

+

Figure 73. Basic circuit of blocking
oscillator.

SWITCHING

Transistors are often used in
pulse and switching cireuits in
radar, television, telemetering, pulse-
code communication, and computing
equipment. These circuits act as gen-
erators, amplifiers, inverters, fre-
quency dividers, and wave-shapers
to provide limiting, triggering, gat-
ing, and signal-routing functions.
These applications are normally char-
acterized by large-signal or nonlinear
operation of the transistor.

In large-signal operation, the tran-
sistor acts as an overdriven amplifier
which is driven from the cutoff region
to the saturation region. In the sim-
ple transistor-switching circuit shown
in Fig. 74, the collector-base junc-
tion is reverse-biased by battery Veo
through resistor R:.. Switech S: con-
trols the polarity and amount of base
current from battery Ve or V.
When S: is in the OFF position, the
emitter-base junction of the transis-
tor is reverse-biased by battery Vs
through the current-limiting resistor
R.. The transistor is then in the OFF
(cutoff) state. (Normal quiescent
conditions for a transistor switch in
the cutoff region require that both
junctions be reverse-biased.)
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When the switch is in the ON posi-
tion, forward bias is applied to the
emitter-base junction by battery Ve
through the current-limiting resistor
Ri. The base current and collector
current then increase rapidly until
the transistor reaches saturation.
The active linear region is called the
transition region in switching opera-
tion because the signal passes
through this region rapidly.

In the saturation region, the col-
lector current is usually at a maxi-
mum and collector voltage at a

Figure 74.

Simple switching circuit.

minimum. This value of collector
voltage is referred to as the satura-
tion voltage, and is an imporiant
characteristic of the transistor. A
transistor operating in the satura-
tion region is in the ON (conducting)
state. (Both junctions are forward-
biased.)

Regions of operation are similar
for all transistor configurations used
as switches. When both junctions of
the transistor are reverse-biased
(cutoff condition), the output current
is very small and the output voltage
is high. When both junctions are
forward-biased (saturation condi-
tion), the output current is high and
the output voltage is small. For most
practical purposes, the small output
current in the cutoff condition and
the small output voltage in the sat-
urated condition may be neglected.

Switching Times

When switch S, in Fig. 74 is
operated in sequence from OFF to
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ON and then back to OI'F, the cur-
rent pulses shown in Fig. 75 are ob-
tained. The rectangular input current
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Figure 75, Current waveforms obtained in

switching circuit.

pulse Iz drives the transistor from
cutoff to saturation and back to cut-
off. The output current pulse I; is
distorted because the transistor can-
not respond instantaneously to a
change in signal level. The response
of the transistor during the rise time
t- and the fall time t: is called the
transient response, and is essentially
determined by the transistor char-
acteristics in the active linear region.

The delay time tq is the length of
time that the transistor remains cut
off after the input pulse is applied.
This finite time is required before
the applied forward bias overcomes
the emitter depletion capacitance of
the transistor and collector current
begins to flow.

The rise time t. (which is also re-
ferred to as build up time) is the
time required for the leading edge of
the pulse to increase in amplitude
from 10 to 90 per cent of its maxi-
mum value. Rise time can be reduced
by overdriving the transistor, but
only small amounts of overdrive are
normally used because turn-off time
(storage time plus fall time) is also
affected,

The pulse time t, (or pulse dura-
tion) is the length of time that the
pulse remains at, or very near, its
maximum value, Pulse time duration
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is measured between the points on
the leading edge and on the trailing
edge where the amplitude is 90 per
cent of the maximum value.

The storage time ts is the length
of time that the output current I; re-
mains at its maximum value after
the input current Iz is reversed. The
length of storage time is essentially
governed by the degree of saturation
into which the transistor is driven
and by the amount of reverse (or
turn-off) base current supplied.

The fall time t: (or decay time) of
the pulse is the time required for the
trailing edge to decrease in ampli-
tude from 90 to 10 per cent of its
maximum value. Fall time may be
reduced by the application of a re-
verse current at the end of the input
pulse.

The total turn-on time of a tran-
sistor switch is the sum of the delay
time and the rise time. The total
turn-off time is the sum of the stor-
age time and the fall time. A reduc-
tion in either storage time or fall
time decreases turn-off time and in-
creases the usable pulse repetition
rate of the circuit.

Triggered Circuits

When an externally applied signal
is used to cause an instantaneous
change in the operating state of a
transistor circuit, the circuit is said
to be triggered. Such circuits may
be astable, monostable, or bistable,
Astable triggered circuits have no
stable state; they operate in the
active linear region, and produce
relaxation-type oscillations. A mono-
stable circuit has one stable state
in either of the stable regions (cut-
off or saturation); an external pulse
“triggers” the transistor to the other
stable region, but the circuit then
switches back to its original stable
state after a period of time deter-
mined by the time constants of the
circuit elements. A bistable (flip-flop)
circuit has two stable states in the
two stable regions. The fransistor
is triggered from one stable state
to the other by an external pulse,
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and a second trigger pulse is re-
quired to switeh the circuit back to
its original stable state.

The multivibrator circuit shown in
Fig. 76 is an example of a mono-
stable circuit. The bias network holds

C)

Figure 76. Monostable multivibrator.

transistor Q. in saturation and tran-
sistor Q: at cutoff during the quies-
cent or steady-state period, When an
input signal is applied through the
coupling eapacitor C,, however, tran-
sistor Q. begins to conduct. The de-
creasing collector voltage of Q.
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(eoupled to the base of Q. through
capacitor C.) causes the base current
and collector current of Q. to de-
crease. The increasing collector volt-
age of Q. (coupled to the base of Q:
through resistor R,) then increases
the forward base current of Q.. This
regeneration rapidly drives transis-
tor Q, into saturation and transistor
Q: into cutoff. The base of transistor
Q. at this point is at a negative po-
tential almost equal to the magni-
tude of the battery voltage V..
Capacitor C. then discharges
through resistor R; and the low sat-
uration resistance of transistor Q..
As the base potential of Q. becomes
slightly positive, transistor Q. again
conducts. The decreasing collector
potential of Q: is coupled to the base
of Q. and transistor Q, is driven into
cutoff, while transistor Q: becomes
saturated. This stable condition is
maintained until another pulse trig-
gers the circuit. The duration of the
output pulse is primarily determined
by the time constant of capacitor G
and resistor R, during discharge."
The Ececles-Jordan-type multivi-
brator circuit shown in Fig. 77 is an
example of a bistable circuit. The re-
sistive and bias values of this circuit

C
INPUT AOH

INPUT BO-{

c2

Figure 77.

Eccles-Jordan-type bistable multivibrator.
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are chosen so that the initial appli-
cation of de power causes one tran-
sistor to be cut off and the other to
be driven into saturation. Because of
the feedback arrangement, each tran-
sistor is held in its original state by
the condition of the other. The appli-
cation of a positive trigger pulse to
the base of the OFF transistor or a
negative pulse to the base of the ON
transistor switches the conducting
state of the circuit. The new condi-
tion is then maintained until a sec-
ond pulse triggers the circuit back to
the original condition.

In Fig. 77, two separate inputs are
shown. A trigger pulse at input A
will change the state of the circuit.
An input of the same polarity at in-
put B or an input of opposite polar-
ity at input A will then return the
circuit to its original state, (Collector
triggering can be accomplished in a
similar manner.) The time constants
of C;R: and of C,Rs essentially deter-
mine the fall time (from conduction
to cutoff) of transistors Q. and Q,
respectively. The output of the cir-
cuit is a unit step voltage when one
trigger is applied, or a square wave
when continuous pulsing of the input
is used.

Gating Circuits

A transistor switching circuit in
which the transistor operates as an
effective open or short cireunit is
called a “gate”. These circuits are
used extensively in computer appli-
cations to provide a variety of func-
tions such as circuit triggering at
prescribed intervals and level and
waveshape control. Because these ¢ir-
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cuits are designed to evaluate input
conditions to provide a predetermined
output, they are primarily used as
logic circuits. Logic circuits include
OR, AND, NOR (NOT-OR), NAND
(NOT-AND), series (clamping), and
shunt or inhibitor circuits.

An OR gate has more than one in-
put, but only one output. It provides
a prescribed output condition when
one or another prescribed input con-
dition exists. In the simple OR gate
shown in Fig, 78, the high resistance
of R: and R. isolates one input scurce
from the other. When a negative in-
put pulse is applied at either input
resistor, a negative output pulse is
obtained. Application of negative
pulses to both inputs results only in
a widening of the output pulse, If a
common-emitter configuration is used
instead of the common-base config-
uration, phase inversion of the sig-
nal results, and the OR gate becomes
a NOT-OR (NOR) gate.

An AND gate also has more than
one input, but only one output. How-
ever, it provides an output only when
all the inputs are applied simultan-
eously. As in the case of the OR
gate, the use of a common-emitter
configuration provides phase inver-
sion and provides a NOT-AND
{(NAND) gate. In the simple NAND
gate shown in Fig. 79, forward (sat-
uration) bias is provided by battery
V. The bias value is chosen so that
saturating current continues to flow
when only one input pulse is applied,
and both input pulses are required to
turn the transistor off.

The AND-OR gate shown in Fig.
80 illustrates the use of a direct-
coupled transistor logic circuit to

Figure 78.

Simple OR-type logic circuit.
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Figure 79. Simple NAND circuit.

trigger a bistable multivibrator. The
over-all gating function, which con-
sists of a NAND function and a
NOR function, is performed by tran-
sistors Qi Q: and Q.. Transistor Qs
is part of the bistable multivibrator.

Transistors Q. and Q: are series-
connected and form a NAND gate.

Provided all transistors are eut off
(quiescent conditfon); triggering of
the bistable multivibrator is accom-
plished when the prescribed input
conditions for either of the NAND
gates are met, i.e., when either tran-
sistors @ and Q. or transistors Q
and Q: are triggered into conduction.

MULTIVIBRATOR

e |
Q C ‘i |
l RL |
f L) | |
INPUT I l
A I Q4 [ |
e [ l ;;%;)ﬁi—--—a~—-> {
B I £ '
INPUT & | |
8 Q3 | :_;__Vcc ;
5 |
| |
INPUT | |
: | |
& | |
L

Figure 80. AND-OR gate or trigger circuit.

Similarly, transistors Q. and Q, are
series-connected and form a NAND
gate. Transistors Q. and Q. are par-
allel-connected and form a NOR gate.
Reverse collector bias for all tran-
sistors is provided by battery V...

Gating circuits are also used as
amplitude discriminators (limiters),
clippers, and clamping circuits, and
as signal-shunting or transmission
gates.
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ILICON rectifiers, like other semi-

conductor diodes, are essentially
cells containing a simple p-n june-
tion. As a result, they have low
resistance to current flow in one
(forward) direction, but high resist-
ance to current flow in the opposite
(reverse) direction. They can be
operated at ambient temperatures up
to 200 degrees centigrade and at cur-
rent levels as high as 40 amperes,
with voltage levels as high as 1000
volts. In addition, they can be used
in parallel or series arrangements to
provide higher current or voltage
capabilities.

Because of their high forward-to-
reverse current ratios, silicon reecti-
fiers can achieve rectification efficien-
cies in the order of 99 per cent. When
properly used, they have excellent
life characteristics which are not
affected by aging, moisture, or tem-
perature. They are very small and
light-weight, and can be made im-
pervious to shock and other severe
environmental conditions.

THERMAL CONSIDERATIONS

Although rectifiers can operate at
high temperatures, they are sensitive
to sudden temperature changes be-
cause of the extremely small crystals
used in their structure. The thermal
capacity of a silicon rectifier is quite
low, and the junction temperature
rises rapidly during high-current
operation. Sudden rises in junction
temperature caused by either high
currents or excessive ambient-tem-
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perature conditions can cause failure.
(A silicon rectifier is considered to
have failed when either the forward
voltage drop or the reverse current
has increased to a point where the
crystal structure or surrounding ma-
terial breaks down.) Consequently,
temperature effects are very impor-
tant in the consideration of silicon.
rectifier characteristics.

REVERSE CHARACTERISTICS

When a reverse-bias voltage is ap-
plied to a silicon rectifier, a limited
amount of reverse current (usually
measured in microamperes, as com-
pared to milliamperes or amperes of
forward current) begins to flow. As
shown in Fig, 81, this reverse cur-
rent flow increases slightly as the
bias voltage increases, but then tends

- VOLTAGE o]
25°¢C
TEMPERATURE = |_ _ °
150° C tpa AT 25 Co )
T ~l00pa AT I50° C:
Figure 81. Typical reverse characteristics:

to remain constant even though the:
voltage continues to increase signifi-
cantly. However, an increase in oper-
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ating temperature multiplies the
reverse current considerably for a
given reverse bias.

At a specific reverse voltage (which
varies for different types of diodes),
a very sharp increase in reverse cur-
rent oceurs. This voltage is called
the breakdown or avalanche (or
zener) voltage. In many applications,
rectifiers can operate safely at the
avalanche point. If the reverse volt-
age is increased beyond this point,
however, or if the ambient tempera-
ture is raised sufficiently (for ex-
ample, a rise from 2b to 150 degrees
centigrade increases the current by
a factor of several hundred), “ther-
mal runaway” results and the diode
may be destroyed.

FORWARD CHARACTERISTICS

A silicon rectifier usually requires
a forward voltage of 0.4 to 0.7 volt
(depending upon the temperature
and the impurity concentration in
the p-type and n-type materials) to
overcome the potential barrier at the
p-n junction. As shown in Fig. 82, a
slight rise in voltage beyond this
point increases the forward current

200
150

100

AMPERES
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Figure 82, Typical forward characteristics.

sharply. Because of the small mass
of the silicon rectifier, the forward
voltage drop must be carefully con-
trolled so that the specified maxi-
mum value for the device is not
exceeded. Otherwise, the diode may
be seriously damaged or destroyed.
Fig. 82 shows the effects of an in-
crease in temperature on the forward-
current characteristic of a silicon
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rectifier. In certain applications, close
control of ambient temperature is re-
quired for satisfactory operation.
Close control is not usually required,
however, in power circuits.

RATINGS

Ratings for silicon rectifiers are
determined by the manufacturer on
the basis of extensive reliability test-
ing. One of the most important rat-
ings is the maximum peak reverse
voltage (PRV), ie., the highest
amount of reverse voltage which can
be applied to a spécific rectifier be-
fore the avalanche breakdown point
is reached. PRV ratings range from
about 50 volts to as high as 1000
volts for some single-junction diodes.
As will be discussed later, several
junction diodes can be connected in
series to obtain the PRV values re-
quired for very-high-voltage power-
supply applications.

Three current ratings are usually
given for silicon rectifiers: the maxi-
mum average forward current, the
peak recurrent forward current, and
the maximum surge current. As
shown in Fig. 83, the first of these
currents refers to the maximum aver-
age value of current which is allowed
to flow in the forward direction for
a specified ambient or case tempera-
ture. Typical average current out-
puts range from 0.5 ampere to as
high as 40 amperes for single silicon
diodes.

——= SURGE OR FAULT CURRENT

~——~-— PEAK REPETITIVE
CURRENT
——4—4—-—-}— AVERAGE FORWARD
CURRENT
Representation of rectifier
currents,

Figure 83.

The peak recurrent forward current
is the maximum repetitive instan-
taneous forward current permitted
under stated conditions. The maxi-
mum surge current is the maximum
non-repetitive peak current of a
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single forward cyecle. The surge, or
fault, current is permitted for only a
very short time interval (about eight
milliseconds). Surge currents gen-
erally occur when the equipment is
first turned on, or when unusual volt-
age transients are introduced in the
ac supply line. Protection against ex-
cessive currents of this type can be
provided in various ways, as will be
discussed later.

Because these maximum current
ratings are all affected by thermal
variations, ambient-temperature con-
ditions must be considered in the
applieation of silicon rectifiers. Tem-
perature-rating charts are usually
provided to show the percentage by
which maximum currents must be
decreased for operation at tempera-
tures higher than normal room tem-
perature (25 degrees centigrade).

HEAT SINKS

Silicon rectifiers are often mounted
on devices called “heat sinks”. A
heat sink generally consists of a rel-
atively large metal plate attached to
the heat-conducting side of the recti-
fier. Because of its large surface, a
heat sink can readily dissipate heat
and thereby safeguard the rectifier
against damage.

The size of a heat sink for a given
rectifier application depends upon the
ambient temperature and the maxi-
mum average forward current of the
rectifier. As a result, the actual size
must be calculated for each applica-
tion which involves an ambient tem-
perature or forward current other
than that recommended by the man-
ufacturer. For this calculation, two
charts are used: the current-multi-
plying-factor chart shown in Fig. 84,
and the heat-sink cooling chart shown
in Fig. 85. Fig. 84 applies to all rec-
tifier types for both polyphase and de
operation; Fig. 85 differs for differ-
ent rectifier types.

The ealculation requires four steps:

1. From Fig. 84, the current-multi-
plying factor is determined for the
applicable conduction angle (i.e., the
fraction of the ac input cycle during

FOR DC OPERATION USE MULTIPLYING
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Figure 84. Current-multiplying-factor chart.

which forward current is expected to
flow in the particular application).
For dc operation of a silicon recti-
fier, a multiplying factor of 0.8 is
generally specified.
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2. The desired output current (ex-
pressed in amperes) is divided by
the number of current paths. The ac-
tual number of paths depends on the
type of operation intended, and can
be determined from the table below.

Type of Number of
Operation Current Paths
Single-Phase, Full-Wave:

Center-Tapped
Bridge
‘Three-Phase:
Y
Double Y
Bridge
Six-Phase Star 6

| S ]

W oy

The resulting figure is the average
forward current of the rectifier.

3. The average current is then
multiplied by the current-multiply-
ing factor obtained in Step 1. The
resulting figure represents the ad-
justed average forward current of
the rectifier.

4. This adjusted current is applied
to Fig. 856 to determine either the
maximum allowable ambient tem-
perature for a given heat-sink size
or the minimum heat-sink size for a
given ambient temperature. (Pub-
lished data may also include a chart
similar to Fig. 85 for forced-air-cool-
ing applications.)

The following example illustrates
the calculation of minimum heat-sink
size for a three-phase, half-wave (Y)
circuit. The conduction angle is 120
degrees, the desired output current
is 90 amperes, and the ambient tem-
perature is 90 degrees centigrade.

1. From Fig. 84, the eurrent-multi-
plying factor for a conduction angle
of 120 degrees is 1.18.

2. For three-phase half-wave oper-
ation, the number of current paths is
3. The average forward current
through the rectifier, therefore, is 90
divided by 3, or 30 amperes.

3. This average forward current is
then multiplied by the current-multi-
plying factor (1.18) obtained in Step
1 to provide an adjusted forward
current of 35.4 amperes.
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4. From Fig. 85, the minimum heat-
sink size for the above conditions is
found to be 6 by 6 inches.

SERIES AND PARALLEL
ARRANGEMENTS

Series arrangements of silicon ree-
tifiers are used when the applied re-
verse voltage is expected to be
greater than the maximum peak re-
verse voltage rating of a single sili-
con rectifier (or cell). For example,
four rectifiers having a maximum
reverse voltage rating of 200 volts
each could be connected in series to
handle an applied reverse voltage of
800 volts.

In a series arrangement, the most
important consideration is that the
applied voltage be divided equally
across the individual rectifiers. If the
instantaneous voltage is not uni-
formly divided, one of the rectifiers
may be subjected to a voltage greater
than its specified maximum reverse
voltage, and, as a result, may be de-
stroyed. Uniform voltage division
can usually be assured by connection
of either resistors or capacitors in
parallel with individual cells, Shunt
resistors are used in steady-state
applications, and shunt capacitors in
applications in which transient volt-
ages are expected. Both resistors and
capacitors should be used if the cir-
cuit is to be exposed to both de and
ac components.

A parallel arrangement of rectifiers
can be used when the maximum aver-
age forward current required is
larger than the maximum current
rating of an individual rectifier cell.
To avoid differences in voltage across
the parallel rectifiers, it is desirable
to add either a resistor or an inductor
in series with each cell. Balanced
transformers or separate transformer
windings can be used for this pur-
pose. Although resistors are con-
sidered the simplest method of
current division, individual inductors
in series with each cell are more effi-
cient because they do not consume as
much power as the resistor arrange-
ment,
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Parallel rectifier arrangements are
not in general use. Designers nor-
mally use a polyphase arrangement
to provide higher currents, or sim-
ply substitute the readily available
higher-current rectifier types.

OVERLOAD PROTECTION

In the application of silicon recti-
fiers, it is necessary to guard against
both over-voltage and over-current
(surge) conditions. A voltage surge
in a rectifier arrangement can be
caused by de swilching, reverse recov-
ery transients, transformer switch-
ing, inductive-load switching, and
various other causes. The effects of
such surges can be reduced by the
use of a capacitor connected across
the input or the output of the recti-
fier. In addition, the magnitude of
the voltage surge can be reduced by
changes in the switching elements or
the sequence of switching, or by a
reduction in the speed of current in-
terruption by the switching elements,

In all applications, a rectifier hav-
ing a more-than-adequate peak re-
verse voltage rating should be used.
The safety margin for reverse volt-
age usually depends on the applica-
tion. For a single-phase half-wave
application using switching of the
transformer primary and having no
transient suppression, a rectifier hav-
ing a peak reverse voltage three or
four times the expected working volt-
age should be used. For a full-wave
bridge using load switching and
having adequate suppression of tran-
sients, & margin of 1.5 to 1 is gen-
erally acceptable.

Because of the small size of the
silicon rectifier, excessive surge cur-
rents are particularly harmful to rec-
tifier operation. Current surges may
be caused by short circuits, capacitor
inrush, d¢ overload, or failure of a
gingle cell in a multiple arrange-
ment, In the case of low-power cells,
fuses or circuit breakers are often
placed in the ac input circuit to the
rectifier to interrupt the fault cur-
rent before it damages the rectifier,
When ecircuit requirements are such
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that service must be continued in
case of failure of an individual diode,
a number of cells can be used in
parallel, each with its own fuse. Ad-
ditional fuses should be used in the
ac line and in series with the load for
protection against de load faults. In
high-power cells, an arrangement of
circuit breakers, fuses, and series re-
sistances is often used to reduce the
amplitude of the surge current.

APPLICATIONS

Silicon rectifiers are used in a con-
tinually broadening range of applica-
tions. Originally developed for use in
such equipment as de-to-de convert-
ers, battery chargers, mobile power
supplies, transmitters, and electro-
plating devices, silicon rectifiers are
also used in power supplies for radio
and television receivers and phono-
graph amplifiers, as well as in such
applications as in-line-type modula-
tors, hold-off and charging diodes,
pulse-forming networks, and brush-
less alternators. They are also being
used in many aireraft applications
because of their small size, light
weight, and high efficiency.

The most suitable type of rectifier
circuit for a particular application
depends on the dc voltage and cur-
rent requirements, the amount of
rectifier “ripple” (undesired fluctua-
tion in the dc output caused by an
ac component) that can be tolerated
in the circuit, and the type of ac
power available. Figs. 86 through 92
show seven basic rectifier configura-
tions. (Filters used to smooth the
rectifier output are not shown for
each circuit, but are discussed later.)
Figs. 86 through 92 also include the
output-voltage waveforms for the
various circuits and the current wave-
forms for each individual rectifier
cell in the circuits. Ideally, the volt-
age waveform should be as flat as
possible (i.e., approaching almost
pure dc). A flat curve indicates a
peak-to-average voltage ratio of one.
In the case of the current wave-
form, the smaller the current flowing
through the individual rectifier, the



54

Egy

3

Figure 86.

less chance there is for malfunction
or burnout of the cell.

The half-wave single-phase circuit
shown in }ig. 86 delivers only one
pulse of current for each cycle of ac
input voltage. As shown by the cur-
rent waveform, the single rectifier
cell is exposed to the entire current
flow. This type of circuit, which con-
tains a very high percentage of out-
put ripple, is used principally in
low-voltage high-current applications
and in low-current high-voltage ap-
plications.

Fig. 87 shows a single-phase full-
wave circuit with a center-tapped
high-voltage winding. This circuit

(o0
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A

RECTIFIER
CURRENT

Single-phase half-wave circuit.

transformer voltage. In addition, it
exposes the individual rectifier cell to
only half as much peak reverse volt-
age, and allows only 50 per cent of
the total current to flow through
each cell. This type of circuit is pop-
ular in amateur transmitter use.
The three-phase circuits shown in
Figs. 89 through 92 are usually found
in heavy industrial equipment such
as high-power transmitters. The
three-phase (Y) half-wave circult
shown in Fig. 89 uses three rectifier
cells, This circuit has considerably
less ripple than the circuits discussed
above. In addition, it allows only
one-third of the total current to flow

4
L gt O
u E OUTPUT RECTIFIER
Z av VOLTAGE CURRENT
| o) [¢]
e—1 sl — v k—

Figure 87.

has a higher peak-to-average volt-
age ratio than the circuit of Fig. 86,
and about 50 per cent less ripple.
This type of circuit is widely used
in television receivers and large au-
dio amplifiers.

The single-phase full-wave bridge
cireuit shown in Fig. 88 uses four rec-
tifiers, and does not require the use
of a transformer center-tap. It sup-
plies twice as much output voltage
as the circuit of ¥ig. 87 for the same

Single-phase full-wave circuit with center-tap.

through each rectifier cell. This type
of eircuit is used in alternator recti-
fiers in automobiles.

Fig. 90 shows a three-phase (Y)
full-wave bridge circuit which uses a
total of six rectifier cells. In this
arrangement, two half-wave recti-
fiers are connected in series across
each leg of a high-voltage trans-
former. This circuit delivers twice :as
much voltage output as the circuit of
Fig. 89 for the same voltage condi-
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Figure 88. Single-phase full-wave circuit without center-tap.

OUTPUT
VOLTAGE

Y ™Y

o]
fe—(~—]
O+
Eqy
Q—-
[o}
TR
RECTIFIER
CURRENT

Figure 89, Three-phase (Y) half-wave circuit.
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Figure 90. Three-phase (Y) full-wave bridge circuit.
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tions. In addition, this circuit, as
well as those shown in Figs. 91 and
92, has an extremely small percent-
age of ripple and a very low ratio
of peak-to-average voltage.

The six-phase “star” circuit shown
in Fig. 91, which also uses six recti-
fier cells, allows the least amount of
the total current (one-sixth) to flow
through each cell. The three-phase
double-Y and interphase transformer
circuit shown in Fig. 92 uses six
half-wave rectifiers in parallel. This
arrangement delivers six current
pulses per cycle and twice as much
output current as the circuit shown
in Fig. 89.

Table I lists voltage and current
ratios for the circuits shown in Figs.
86 through 92 for an inductive load.
These ratios apply for sinusoidal ac
input voltages. It is generally rec-
ommended that inductive loads rather
than resistive loads be used for fil-
tering of rectifier current, except
for the circuit of Fig. 86. Current
ratios given for inductive loads apply
only when a filter choke is used be-
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tween the output of the rectifier and
any capacitor in the filter circuit.
Values shown do not take into con-
sideration voltage drops which occur
in the power transformer, the silicon
rectifiers, or the filter components
under load eonditions. When a par-
ticular rectifier type has been selected
for use in a specific circuit, Table I
can be used to determine the param-
eters and characteristics of the
circuit.

In Table I, all ratios are shown as
functions of either the average out-
put voltage E.. or the average dc
output current I.s, both of which are
expressed as unity for each circuit.
In practical applications, the magni-
tudes of these average values will,
of course, vary for the different cir-
cuit configurations.

Filter circuits are generally used
to smooth out the ac ripple in the
output of a rectifier circuit. A smooth-
ing filter usually consists of capaci-
tors and iron-core chokes. In any
filter-design problem, the load im-
pedance must be considered as an
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Figure 91. Six-phase “star’* circuit.
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Figure 92. Three-phase double-Y and interphase transformer circuit.

jntegral part of the filter because voltage. Smoothing effect is obtained
the load is an important factor in from the capacitors because they are
filter performance. Smoothing effect in parallel with the load and store
is obtained from the chokes because energy on the voltage peaks; this
they are in series with the load and energy is released on the voltage
offer a high impedance to the ripple

CIRCUIT RATIOS:

Output Voltage Fig. 86
Average....,........ Eav
Peak (x Fav) ........ 3.14
Ripple (%) .. . 121

Input Voltage (R\(S)

Phase x Eav)........ 2.22

Line-to-Line (x Eav).. 2.22
Average Qutput

(I.oad) Current ....... Iav
RECTIFIER CELL RATIOS
Forward Current

Average (x Iav)...... 1.00
RMS (xlav)........ 1.57
Peak xIav)......... 3.14
Peak Reverse Voltage

xEav............... 3.14
xEms....... .. 0. 1.41
* to center tap

® to neutral

Fig.87 Fig.88 Fig. 89 Fig.90 Fig.91 Fig. 92
Eav Eav Eav Eav Fav  Eav
1.57 1.57 1.21 1.05 1.0 1.05

48 48 183 4.3 4.3 4.3

1.11* 1.11 0.855® 0.428® 0.74® 0.855¢
2.22 1.11 148  0.74 1487 1.71%

Tav Tav Tav lav Iav lav

0.5 0.5 0333 0.333 0.167 0.167
0.785 0.785 0.587 0.579 0.409 0.293
1.57 1.57 1.21 1.05 1.06 0.525

3.14 1.57 2.09 1.05 2.09 242
2.82 1.41 245 245 2.83 2.83
1 maximum value

1 maximum value, no load

Table 1——Vo|tage and current ratios for rectifier circuits shown in Figs. 86 through 92.
Fig. 86 uses a resistive load, and Figs. 87 through 92 an inductive load.
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dips and serves to maintain the volt-
age at the load substantially con-
stant. Smoothing filters are classified
as choke-input or capacitor-input ac-
cording to whether a choke or capaci-
tor is placed next to the rectifier.
Typical filter circuits are shown in
Fig. 93.
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measured by an ac voltmeter. Filter
capacitors, therefore, especially the
input capacitor, should have a rating
high enough to withstand the in-
stantaneous peak value if breakdown
is to be avoided. When the input-choke
method is used, the available de out-

CHOKE—INPUT CAPACITOR—INPUT CAPACITOR
TYPE FILTER TYPE FILTER FILTER
O—T09— (o] /TOI o]
L L L
INPUT INPUT INPUT
FROM = OUTPUT FROM == =< OUTPUT FROM OUTPUT
RECTIFIER © CT RECTIFIER | © c RECTIFIER | ©
o O o —0

L=FILTER CHOKE

C=FILTER CAPACITOR

Figure 93. Typical filter circuits.

If an input capacitor is used, con-
sideration must be given to the in-
stantaneous peak value of the ac
input voltage. This peak value is
about 1.4 times the rms value as

put voltage will be somewhat lower
than with the input-capacitor method
for a given ac voltage. However, im-
proved regulation together with lower
peak current will be obtained.
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HE silicon controlled rectifier
(SCR) is basically a four-layer
n-p-n-p semiconductor device having
three electrodes: a cathode, an
anode, and a control electrode called
the gate. Like all rectifiers, it con-
ducts current primarily in one di-
rection. However, it differs from
conventional rectifiers in that it will
not conduct a substantial amount of
current in the forward direction un-
til the anode voltage exceeds a cer-
tain minimum voltage called the
forward breakover voltage. The value
of this voltage can be varied, or
controlled, by the introduction of an
external signal at the third elec-
trode, or gate, of the silicon con-
trolled rectifier. This unique control
characteristic makes the silicon con-
trolled rectifier a particularly useful
switching or power-control-device,
especially in high-power circuits.
(The generic term thyristor has
recently been adopted as an inter-
national standard for semiconductor
devices having control character-
istics similar to those of thyratron
tubes. The silicon controlled rectifier
belongs in this class, and is, more
gpecifically, a reverse-blocking triode
type of thyristor. This name will
probably replace the name silicon
controlled rectifier on a gradual ba-
sis.)

CONSTRUCTION

Fig. 94 shows the basic construc-
tion details of the silicon controlled
rectifier. The alternate layers of dif-
fused silicon material serve as the
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cathode, gate, base, and anode. These
layers are enclosed in a special
metal container which is then her-
metically sealed to maintain an ultra-
dry atmosphere. This entire unit is

CATHODE TERMINAL

N (CATHODE)
P (GATE)

N {BASE)}

P {ANODE}

PEDESTAL

Figure 94. Construction details of typical
silicon controlled rectifier.

mounted in a rugged case which
provides protection against severe
thermal environmental stresses. The
pedestal below the semiconductor
layers acts as a heat sink to help
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dissipate the heat developed inter-
nally during operation.

CURRENT-VOLTAGE
CHARACTERISTICS

The voltage-current characteristic
and cirenit symbol of the silicon
controlled rectifier are shown in Fig.
95. Under reverse-bias conditions, the
device operates in a manner similar
to that of conventional rectifiers,
and exhibits a slight reverse leak-
age current which is called the re-
verse blocking current (Izpon). This
current has a small value until the
peak reverse voltage (PRV) is ex-
ceeded, at which point the reverse
current increases by several orders
of magnitude. The value of the peak
reverse voltage differs for each in-
dividual type.

fe
) Nd
rireo oo YBo0
VR TT ! :
Il bicgo '
F:AVRM(non-rep) ] “FBOM('EP)
Vemirep) R
(a)
Figure 95.
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this phenomenon occurs, the rectifier
is considered to be triggered, or in
the “on” condition. The forward cur-
rent then continues to increase rap-
idly with slight increases in forward
bias, and the device enters a state of
high forward conduction.

It can be seen that when the for-
ward breakover voltage of a silicon
controlled rectifier is exceeded, the
high internal resistance of the device
changes to a very low value. The
lower resistance then permits a high
current to flow through the device
at very low voltage values (Ve).

This change in internal resistance
makes the silicon controlled rectifier
an idea] device for switching appli-
cations. When the operating voltage
is below the breakover point, rec-
tifier current is extremely small and
the switch is effectively open. When

CATHODE

GATE

ANODE

{b)

(a) Typical voitage and current characteristic and (b} circuit symboi for silicon

controlled rectifier.

Under forward-bias conditions,
there is a similar small leakage cur-
rent called the forward blocking cur-
rent (Irpox). Also, as the forward
bias is increased, a voltage point is
reached at which a forward break-
over condition occurs and forward
current increases rapidly. This point
is called the forward voltage break-
over point (Vzoo).

However, when the forward cur-
rent exceeds a critical value of Vgoo,
the voltage across the device sud-
denly reverts back to a very low
value (Vr) with very little decrease
in current. (It is assumed that the
rectifier is connected to a load resist-
ance of sufficient value to permit
this “cut-back” in voltage.) When

the voltage increases to a value ex-
ceeding the breakover point, the rec-
tifier switches to its high-conduction
state and the switch is closed. The
silicon controlled rectifier remains in
the high-conduction state until the
current drops below a value which
can maintain the breakover condi-
tion. This value is called the holding
current (imoo). When the anode-to-
cathode voltage drops to a low value
and reverses the current flow, the
device then reverts back to the for-
ward blocking region, and the rec-
tifier switches to the “off” mode.
The voltage breakover point of a
silicon controlled rectifier can be
varied, or controlled, by injection of
a signal at the gate, as indicated by
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the family of eurves shown in Fig. 96.
When the gate current is zero, the
forward voltage must reach the Vsoo
value of the device before breakover
oceurs. As the gate current is in-
creased, however, the value of break-
over voltage becomes less until the
curve closely resembles that of a
conventional rectifier. In normal op-
eration, silicon controlled rectifiers
are operated well below the forward
voltage breakover point, and a gate
signal of sufficient amplitude is used
to assure triggering of the rectifier
to the “on” mode,

3
I

Figure 96. Family of curves with gate cur-

rent at different values.

After the silicon controlled rec-
tifier is triggered by the gate signal,
the current flow through the device
is independent of gate voltage or
gate current. It remaing in the high-
conduction state until the primary
or anode current is reduced to a level
below that required to sustain con-
duction. Turnoff of the device can
be achieved in minimum time by
application of a reverse bias.

MAXIMUM RATINGS

Like other semiconductor devices,
gilicon controlled rectifiers must be
operated within the maximum rat-
ings specified by the manufacturer.
Several voltage ratings are generally
given for silicon controlled rectifiers.
The maximum peak reverse voltage
(Vax (rep)) is the highest value of
negative voltage which may be ap-
plied repetitively to the anode when
the gate is open. The transient peak
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reverse voltage (Viu (non-rep)) is
the maximum value of negative volt-
age which may be applied to the
anode for not more than five milli-
seconds when the gate is open. The
maximum peak forward blocking
voltage (Vesou) is the highest value
of positive voltage which can be ap-
plied to the anode when the gate is
open. The maximum peak gate volt-
age (forward Vazx or reverse Vzax)
is the highest value of voltage which
may be applied between the gate and
the cathode when the anode is open.

One of the more critical current
ratings for silicon controlled rec-
tifiers is the maximum peak surge
current (iru(surge) ), which is the
highest permissible non-repetitive
peak current of a forward cycle.
This peak current may be repeated
after sufficient time has elapsed for
the device to return to pre-surge
thermal conditions.

Also important is the maximum
average forward current of the de-
vice. Silicon controlled rectifiers pres-
ently available have forward-current
ratings ranging from less than one
to more than 100 amperes. Pub-
lished data for these devices usually
include temperature-rating charts
which indicate the percentage of cur-
rent permitted as a function of tem-
perature,

TRIGGERING
CHARACTERISTICS

Fig. 97 shows the gate trigger-
voltage characteristics for silicon
controlled rectifier type 2N681. The
GATE TRIGGER~VOLTAGE CHARACTERISTICS

TYPE 2N68!
FORWARD CURRENT =0

MINIMUM GATE VOLTAGE REQUIRED
TO TRIGGER UNIT

o

N

GATE-TRIGGER VOLTAGE— VOLTS

! MAXIMUM
GATE
YL NOF FlObTAGE Thar
o]
~J8 =50 -25 O 25 650 75 K00 (25

CASE TEMPERATURE —°C
i 92¢5-192112
Figure 97. Triggering characteristics for
2N681.



62

trigger signal applied to the gate
of the device must not exceed the
maximum ratings of the gate, but
must be sufficiently large to assure
reliable triggering under all con-
ditions.

The gate voltage of silicon con-
trolled rectifiers during “off” periods
must be below the values shown by
the lower curve of Fig. 97 to prevent
random triggering. Because the max-
imum gate voltage for “off” periods
varies with temperature, a suffi-
ciently low value must be used to
prevent undesired triggering at all
temperature values encountered in
a partieular application.

When a negative voltage is applied
to the anode of a silicon controlled
rectifier, the positive voltage at the
gate significantly increases the re-
verse leakage current and, as a
result, the power which must be
dissipated by the device. This dis-
sipation may be reduced by means
of a “clamping” circuit in which a
diode and a resistor are connected
between the gate and the anode. This
arrangement attenuates positive gate
signals when the anode is negative.
An alternative arrangement is to
place a conventional rectifier having
a low reverse leakage current in
series with the silicon controlled rec-
tifier. A large percentage of the
negative voltage is then assumed by
the diode, and reverse dissipation
in the controlled rectifier is greatly
reduced.

OVERLOAD PROTECTION

In any silicon-controlled-rectifier
circuit, precautions should be taken
to protect the device from over-
current and over-voltage surge con-
ditions. Protection against over-
current surges can be achieved by
either preventing or interrupting the
current surge, or by limiting the
magnitude of the current flow by
means of the circuit impedance. For
the first approach, circuit fuses or
breakers can be used effectively to
disconnect the entire circuit from
the power supply or to isolate the
faulted silicon controlled rectifiers.
In addition, de fuses can be used to
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protect the devices from de feedback
originating in the load or parallel
conduction circuits. The magnitude
of the over-current flow can be lim-
ited by proper selection of source
and transformer impedances, as well
as the inductance and reactance, of
the dec circuit.

Because of the fast switching ac-
tion and high commutating duty of
silicon controlled rectifiers, voltage
transients are more troublesome than
in conventional rectifiers. In many
critical applications, effective pro-
tection against voltage transients re-
quires the use of silicon controlled
rectifiers having extremely high
voltage ratings or the use of two
or more rectifiers in series (as
described below). In less critical
applications, more economical tech-
niques are available. For example,
a conventional rectifier can be used
in series with the silicon controlled
rectifier for protection against high
voltage surges.

The effects of voltage transients
in silicon-controlled-rectifier circuits
can be minimized by reducing the
rate at which the energy is dissipated
in the devices. This “slowdown” of
energy release can be achieved by
relocation of the switching elements
in the circuit or by a change in the
sequence of switching. Other pre-
ventive methods include the change
of speed of current interruption by
the switching elements, or the use
of an additional energy source or
dissipation means in the circuit.

SERIES ARRANGEMENT

Two or more silicon controlled ree-
tifiers can be used in a series ar-
rangement when the total forward
(or reverse) voltage is higher than
the maximum voltage rating for a
single device. In series arrange-
ments, precautions must be taken
to assure equal division of the ap-
plied voltage among the devices. If
one rectifier carries a larger share
of voltage because of leakage differ-
ences or other variations between
units, it may inadvertently fire when
the peak voltage across the string
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is large, and thus disrupt the entire
series string. Under steady-state
blocking econditions, this problem
can be minimized by sbhunting in-
dividual rectifiers with resistors of
the same value to equalize the volt-
age drop.

Transient effects also present a
problem in series arrangements. Un-
der high-frequency voltage-transient
conditions, voltage division across
the silicon controlled rectifiers be-
comes inversely proportional to the
junction capacitance of the individual
units. In this case, proper voltage
division can be achieved by placing
a small capacitor in parallel with
each voltage-equalizing resistor, as
shown in Fig. 98a. For most appli-
cations, a 0.01- to 0.05-microfarad
capacitor should be sufficient.

In extremely critical applications,
voltage division for a secries ar-
rangement can best be attained by
replacing each voltage-equalizing re-
sistor with a silicon voltage-refer-
ence diode, as shown in Fig. 98b.

HAAA—]

(a)
VOLTAGE-REFERENCE
DIODES

\@
N

@ G

)
N>

Figure 98. Various methods of proper
voltage division in series arrangements.

Double-ended diodes should be used
if the series string is required to
lock appreciable voltage in the
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reverse direction as well as in the
forward direction.

In series operation, the gate signal
for each silicon controlled rectifier
must be electrically isolated from
the gate signals for all other units.
Small transformers having multiple
secondary windings can effectively
provide such isolation for ac and
pulse-type triggering circuits. In ad-
dition, a small resistor or capacitor
may be placed in series with each
gate to prevent controlled rectifiers
having low-impedance gate charac-
teristics from shunting the trigger-
ing signal away from units having
higher gate impedance.

Although silicon controlled ree-
tifiers can also be used in parallel
arrangements, the circuit require-
ments in such applications are quite
complicated, and require a discus-
sion which is too detailed for the
purposes of this manual.

POWER CONTROL

As mentioned previously, silicon
controlled rectifiers are used in a
large number of commercial and in-
dustrial power-control applications.
Fig. 99a shows a simple power-con-
trol circuit using a controlled recti-
fier; Fig. 99b shows the waveforms
for applied voltage and load current.
In this circuit, the rectifier is con-
nected in series with the load, and
the gate circuit receives its trigger-
ing signal from the pulse generator.
The rectifier selected has a voltage
breakover point which ig higher than
the value of applied peak ac anode
voltage. As a result, when the gate
circuit is open (i.e., no signal ap-
plied by the pulse generator), the
rectifier is in the “off” condition, and
no current flows through the load
except a slight leakage current.

When a gate signal of sufficient
amplitude is applied at the beginning
of the positive anode voltage, the
rectifier ig triggered and current
flows through the circuit for the re-
mainder of the positive cycle, even
when the triggering signal is re-
moved. The load current ceases only
when the applied ac signal becomes
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Figure 99. (a) Basic power-contro! circuit
and (b) waveforms for supply voltage, load
current, and gate current.

negative and the rectifier current
falls below the value required to
maintain conduction.

A silicon controlled rectifier can
be used to conduct during any de-
sired portion of the positive cycle
of anode voltage by applying the
gate signal at the proper value of
the anode voltage. For example, if
the triggering signal is applied at
the positive peak of the anode volt-
age waveform, the rectifier conducts
only a quarter of the cycle. This flex-
ibility of control distinguishes the
silicon controlled rectifier from all
other types of semiconductor devices.

CURRENT RATIOS

In the design of circuits using
silicon controlled rectifiers, it is
often necessary to determine the spe-
cific values of peak, average, and
rms current flowing through the de-
vice. In the case of conventional rec-
tifiers, these values are readily
determined by the use of the current
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ratios shown in Table I of the sec-
tion on Silicon Rectifiers. For sili-
con controlled rectifiers, however,
the calculations are more difficult
because the current ratios become
functions of both the conduction
angle and the firing angle of the
device.

The charts in Figs. 100, 101, and
102 show several current ratios as
functions of conduction and firing
angles for three basic silicon-con-
trolled-rectifier circuits. These charts
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Figure 100. Ratio of device current as a

function of conduction and firing angles for
single-phase half-wave conduction into a
resistive load.
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Figure 101. Ratio of device current as a

function of conduction and firing angles for

single-phase full-wave conduction into a
resistive load.
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can be used in a number of ways to
calculate desired current values. For
example, they can be used to de-
termine the peak or rms current in
a silicon controlled rectifier when a
certain average current is to be de-
livered to a load during a specific
part of the conduction period. Tt is
also possible to work backwards and
determine the necessary period of
conduction if, for example, a specified
peak-to-average current ratio must
be maintained in a particular appli-
cation. Another use is the calculation
of the rms current at various conduc-
tion angles when it is necessary to
determine the power delivered to a
load, or power losses in transform-
ers, motors, leads, or bus bars. Al-
though the charts are presented in
terms of device current, they are
equally useful for the calculation of
load current and voltage ratios.
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Figure 102. Ratio of device current as a

function of conduction and firing angles for
three-phase half-wave circuit having a
resistive load.

The charts provide ratios relating
average current I..,, rms current
I:m., peak current I, and a param-
eter I, called the reference current.
This last value represents a con-
stant of the circuit, and is equal to
the peak source voltage Vo divided
by the load resistance Ri. The term
I« refers to the peak current which
appears at the controlled rectifier
during its period of forward con-
duction. I, is the maximum value
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that the current can obtain and corre-
sponds to the peak of the sine wave.
For conduction angles greater than
90 degrees, I, is equal to I,; for
conduction angles smaller than 90
degrees, I, is smaller than L.

The general procedure for the use
of the charts is as follows:

(1) Identify the unknown or de-
sired parameter.

Determine the values of the
parameters fixed by the cir-
cuit specifications.

Use the appropriate curve to
find the unknown quantity as
a function of two of the fixed
parameters.

Example No. 1: In the single-
phase half-wave circuit shown in
Fig. 103, a 2N685 silicon controlled
rectifier is used to control power
from a sinusoidal ac source of 120
volts rms (170 volts peak) into a
2.8-ohm load. This application re-
quires a load current which can be
varied from 2 to 25 amperes rms. It
is necessary to determine the range
of conduction angles required to ob-
tain this range of load current.

TYPE
2N685
@

120 VOLTS rms
170 VOLTS PEAK

Ry =28
OHMS

I=0(0°< 8<85)
I=T,sin § (8;<8<180°)

, 180°
Toug=V2n fp, 10 vz

Irms=E/21r/8-flsooI2 dB-J

ka=I° (028f290°)
Tpk=Tosin Bf (90°< 85180

Figure 103. Single-phase half-wave circuit
using resistive Joad, and respective equa-
tions for device current.

First, the reference current I, is
calculated, as follows:
Vox 170

R, == 61 amperes

Lo = =738
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The ratios of Irma/Ilo for the maxi-
mum and minimum load-current
values are then calculated, as fol-
lows:

Il"ml 2
[Io—] min = - = 0.033

Tims — 2 _
[L, ] max = 5 = %41

These current-ratio values are then
applied to curve 3 of Fig. 100, and
the corresponding conduction angles
are determined to be
(6.) min = 15 degrees
(6.) max — 106 degrees
Example No. 2: In the single-
phase full-wave bridge circuit (two
legs controlled) shown in Fig. 104, a
constant average load current of
seven amperes is to be maintained
while the load resistance varies from
0.2 to 4 ohms. In this case, it is
necessary to determine the variation

TYPE
INNigSA
32 VOLTS
rms
@ AR
45 VOLTS
PEAK
TYPE
2N1843A

T=0(0°<8<8p)
I=I, sin & (9r<8<180°)

I 1/ leo?[d@
ovg B

f160e_n /2
I"“*‘_:E/%f I dB:]
Tpk=Io (0o fs=90°}
Tpk=Tosin 8¢ (90°<8;5<180°)
Figure 104. Single-phase full-wave bridge

circuit using resistive load, and respective
equations for device current.

required in the conduction angle. The
average silicon controlled rectifier
current is half the load current, or
3.5 amperes. The applicable current
ratios for this circuit are shown in
Fig. 100 (the individual device cur-
rents are half-wave although the
load current is full-wave).
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Again, the first quantity to be cal-
culated is the reference current. Be-
cause the reference current varies
with the load resistance, the maxi-
mum and minimum values are de-
termined as follows:

Ve
I,) max = —
( ) (RL) min
45
= —— —= 22
03 5 amperes
. Vpk
L)m fony
(L) min (R1) max
41’
= 40 = 11.2 amperes

The corresponding ratios of I,../I,
are then calculated, as follows:

Tave ~ 385
I, min 225

Iavg — .

I, max 11.2
Finally, these ratios are applied to
curve 2 of Fig. 100 to determine the
desired conduction values, as fol-
lows:

= 0.015

= 0.312

(0.) min = 25 degrees
(6.) max — 165 degrees
Example No. 3: In the three-phase
half-wave circuit shown in Fig., 105,
the firing angle is varied continu-
ously from 30 to 155 degrees. In this
case, it is necessary to determine
the resultant variation in the at-
tainable load power. Reference cur-
rent for this circuit is determined
as follows:
I — Vex 85
7 Ru T 30
Rectifier current ratios are de-
termined from Fig. 102 for the
extremes of the firing range, ag
follows:

— 28 amperecs

Ime

Or — 300;1— = 0.49
° | P
Or = 1565 ;——I = 0.06



Silicon Controlled Rectifiers

2N1845A

3
=/

RL=3 OHMS

A
LOAD VOLTAGE=85 VOLTS PEAK
DEVICE VOLTAGE=85 VOLTS PEAK FORWARD
DEVICE VOLTAGE=I49 VOLTS PEAK REVERSE

Figure 105.

These ratios, together with the ref-
erence current, are then used to de-
termine the range of rms current in
the rectifiers, as follows:
(Irws) max = 0.49 x 28
— 13.7 amperes
(Itms) min = 0.06 X 28
= 1.7 amperes

In this circuit, the rms current in
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T=1, sin 8 (30°< H<180°)

8s1120
:avg-vvagf TdO (30°<8;<600)
- 180° o o
:1:(,\,9-1/21%;f Td8 (60°<8;<i807)

. 172
Irms:E/a%"f“zo Iadg] (30°26;<60°)
't

180°_2 e
Irme/nygf T dBJ (60°<05<180°)

Tpk=To (30°<87<90°)
Tpk=To sin ¢ (90°<6;<180°)

Three-phase half-wave circuit using resistive load, and respective equations
for device current.

the load is equal to the rms recti-
fier current multiplied by the square
root of three; as a result, the de-
sired power range of the load is as
follows:

P = (Ims V3)* R
Purex == 1700 watts
Puin = 26 watts



Tunnel, Varactor,

and Other Diodes

TUNNEL DIODES

TUNNEL diode is a small p-n

junction device having a very
high concentration of impurities in
the p-type and n-type semiconductor
materiais. This high impurity den-
sity makes the junction depletion
region (or space-charge region) so
narrow that electrical charges can
transfer across the junction by a
guantum-mechanical action called
“tunneling”. This tunneling effect
provides a negative-resistance region
on the characteristic curve of the de-
vice that makes it possible to achieve
amplification, pulse generation, and
rf-energy generation.

Construction

The structure of a tunnel diode is
extremely simple, as shown in Fig.
166. A small “dot” of highly con-
ductive n-type (or p-type) material
is alloyed to a pellet of highly con-
ductive p-type (or n-type) material
to form the semiconductor junction.

D MESH

SCREEN~

0T,
AY
\

inductance, low-capacitance case. A
very fine mesh screen is added to
make the connection to the “dot”.
The device is then encapsulated, and
a lid is welded over the cavity.

At the present time, most commer-
cially available tunnel diodes are
fabricated from either germanium or
gallium arsenide. Germanium devices
offer high speed, low noise, and low
rise times (as low as 40 picoseconds).
Gallium arsenide diodes have a volt-
age swing almost twice that of ger-
manium devices, and, as a result, can
provide power outputs almost four
times as high. Because of their
power-handling capability, gallium
arsenide tunnel diodes are being used
in an increasing number of applica-
tions, and appear to be particularly
useful as microwave oscillators.

Characteristics

Typical current-voltage character-
istics for a tunnel diode are shown
in Fig. 107, Conventional diodes do

\\; CASE\

e—ENCAPSUL ATING
MATERIAL

m— TV N

Figure 106. Structure of a tunnei diode.

The pellet (approximately 0.025 inch
square) is then soldered into a low-
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not conduct current under conditions
of reverse bias until the breakdown
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Figure 107. Typical current-voitage characteristic of a tunnel diode,

voltage is reached; under forward
bias they begin to conduct at ap-
proximately 300 millivolts. In tunnel
diodes, however, a small reverse bias
causes the valence electrons of semi-
conductor atoms near the junction to
“tunnel” across the junction from
the p-type region into the n-type
region; as a result, the tunnel diode
is highly conductive for all reverse
biases. Similarly, under conditions of
small forward bias, the clectrons in
the n-type region “tunnel” across
the junction to the p-type region and
the tunnel-diode current rises rapidly
to a sharp maximum peak I;. At in-
termediate values of forward bias,
the tunnel diode exhibits a negative-
resistance characteristic and the cur-
rent drops to a deep minimum valley
point I,. At higher values of forward
bias, the tunnel diode exhibits the
diode characteristic associated with
conventional semiconductor current
flow. The decreasing current with in-
creasing forward bias in the negative-
resistance region of the characteristic
provides the tunnel diode with its
ability to amplify, oscillate, and
switch.

Equivalent Circuit

In the equivalent circuit for a tun-
nel diode shown in Fig. 108, the n-

type and p-type regions are shown as
pure resistances r; and r.. The tran-
sition region is represented as a
voltage-sensitive resistance R(v) in
parallel with a voltage-sensitive ca-
pacitance C(v) because tunneling is

; TRANSITION !
' Nt REGION | P |
L n R{v) r2
o—ngx
civ)

Figure 108. Equivaég:(;t circuit for a tunnei
i

e,

a function of both voltage and junc-
tion capacitance. This capacitance is
similar to that of a parallel-plate
capacitor having plates separated by
the transition region.

The dashed portion L in Fig. 108
represents an inductance which re-
sults from the case and mounting of
the tunnel diode. This inductance is
unimportant for low-frequency di-
odes, but becomes increasingly im-
portant at high frequencies (above
100 megacycles).

Fig. 109 shows the form of the
equivalent circuit when the diode is
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biased so that its operating point is
in the negative-resistance region;
dynamic characteristics of tunnel di-
odes are defined with respect to this
circuit. Ls represents the total series

Ls

~Rp —=Cp

Rs
o AN
Figure 109. Equivalent circuit for a tunnel

diode biased in the negative-resistance
region.

inductance, and Rs the total series
resistance, Cp is the capacitance and
—Rp is the negative resistance of
the diode. For small signal varia-
tions, both the resistance Rp and the
capacitance Cp are constant.

The figure of merit ¥ of a tunnel
diode is equal to the reciprocal of
27RC, where R and C are the equiva-
lent values —Rp and Cp, respectively,
shown in Fig. 109. This expression
has two very useful interpretations:
(1) it is the diode gain-bandwidth
product for circuits operating in the
linear negative-resistance region of
the characteristic, and (2) its recip-
rocal is the diode switching time
when the device is used as a logic
element,

Applications

When the tunnel diode is used in
circuits such as amplifiers and oscil-
lators, the operating point must be
established in the negative-resistance
region. The dc load line, shown as
a solid line in Fig. 110, must be very
steep so that it intersects the static
characteristic curve at only one point
A, The ac load line can be either
steep with only one intersection B,
as in the case of an amplifier, or
relatively flat with threc intersec-
tions C, D, and E, as in the case of
an oscillator. The location of the op-
erating point is determined by the
anticipated signal swing, the required
signal-to-noise ratio, and the operat-
ing temperature of the device. Bias-
ing at the center of the linear portion
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of the negative-resistance slope per-
mits the greatest signal swing. For
high-temperature operation, a higher
operating current is chosen; for low
noise, the device is operated at the
lowest possible bias current,

DC LOAD LINE
~——=— AC LOAD LINE

Figure 110. T)épical load lines for tunnel-
iode circuits.

Because tunnel diodes can operate
effectively at frequencies above 300
megacycles, they are particularly
suitable for use in microwave am-
plifiers and oscillators. In microwave
amplifier circuits, tunnel diodes offer
low noise, as well as small size and
weight, low cost, and low power
drain. In addition, bandwidths in
excess of an octave can readily be
obtained because of the wideband
negative-resistance characteristic of
tunnel diodes. However, this wide-
band negative resistance makes sta-
bilization an important problem in
the design of microwave tunnel-
diode amplifiers.

In microwave oscillator circuits,
tunnel diodes can provide useful
power outputs at frequencies as high
as 5000 megacycles. Compared to
vacuum-tube microwave oscillators,
tunnel-diode oscillators are inexpen-
sive, require only a fraction of a
volt de bias, and are rugged and
reliable in severe environments.
Compared to transistor-driven var-
actor frequency-multiplier eircuits,
they are simple and compact, and
afford higher de-to-rf conversion
efficiencies. (More detailed infor-
mation on microwave tunnel-diode
circuits, as well as on other tunnel-
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diode applications, is given in the
RCA TUNNEL-DIODE MANUAL
TD-30.)

As a two-terminal switch, the tun-
nel diode is particularly suited to
computer applications because of its
high speed, small size, and low power
consumption. Switching operation is
obtained by the use of a load line
which intersects the diode charac-
teristic in three points, as shown in
Fig. 110; however, only points C and
E are stable operating points. If the
circuit is operated at point C and a
positive current step of sufficient am-
plitude is applied, the operating point
switches to point E. Correspondingly,
a negative input signal switches the
operating point back to point C.

An advantage of the switching
mode is its nonsensitivity to the exact
linearity of the negative-resistance
region of the tunnel-diode character-
istics. Slight irregularities in the neg-
ative characteristic have negligible
effect on the switching action.

In the basic monostable circuit or
“gate” shown in Fig. 111a, the static
load line is determined by the resist-

Ii"{ E F

Med— — 6
\Vo V——
{b)
Figure 111. Basic tunnel-diode logic circuit

ance R, and the voltage V.. If R, is
less than the minimum dynamic neg-
ative resistance of the diode, only a
single operating point exists. The
gate is stable in its low state if V,
is adjusted so that the operating
point is at E. The dynamic load line
is determined by the inductive time
constant L/R.. When the inductive
time constant is long compared to
the switching time t., the current in
the circuit is effectively constant.

If a small step of current I, is ap-
plied to the diode, the operating point
switches to the high-voltage point
F along the constant-current path
shown by the dashed line in Fig.
111b. Removal of the input causes
the operating point to move to .
At this point, the energy stored in
the inductor L must be dissipated
before the circuit can return to its
original operating point. As the en-
ergy in the inductor decreases, the
operating point moves along the di-
ode characteristic to the point of
minimum current at G. When this
point is reached, switching again
occurs along a constant-current path
to point H. The cycle of operation is
completed by a recovery region in
which the energy in the inductor
builds up to its original level; during
this period the operating point moves
up the diode characteristic to the
starting point.

Fig. 112a shows a simple tunnel-
diode logic circuit. If the static op-
erating bias is adjusted so that only
one input is required to trigger the
diode, an OR function is performed.
If all inputs are required to trigger
the diode, an AND function is per-
formed. Because the coupling imped-
ance is high compared to the diode
impedance, the inputs can be con-
sidered as current sources during
the ftriggering period. Fig. 112b
shows the biasing for a three-input
AND gate. If the operating-point
bias is increased slightly, the circuit
can be made to trigger on two of its
inputs; the logical function per-
formed would then be that of a
“majority gate”.
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Figure 112. Tunnel-diode “AND" gate.

Radiation and Thermal
Considerations

One of the most important features
of the tunnel diode is its resistance
to nuclear radiation. Experimental
results have shown tunnel diodes to
be at least ten times more resistant
to radiation than transistors. Because
the resistivity of tunnel diodes is so
low initially, it is not ecritically af-
fected by radiation until large doses
have been applied. In addition, tun-
nel diodes are less affected by ioniz-
ing radiation because they are rela-
tively insensitive to surface changes
produced by such radiation.

In general, the tunnel-diode volt-
age-current characteristic is rela-
tively independent of temperature.
Specific tunnel-diode applications
may be affected, however, by the rel-
ative temperature dependence of the
various circuit components. In such
applications, negative feedback or
direct (circuit) compensation may be
required.
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HIGH-CURRENT
TUNNEL DIODES

High-current tunnel diodes are
basically the same as conventional
tunnel diodes, except that they have
a larger junction area to permit the
flow of higher currents. In addition,
they use a different package (RCA
high-current devices generally use a
rectifier package such as the DO-4
or DO-8), and have a much smaller
value of series resistance (generally
in the order of 0.010 ohm or less).

High-current tunnel diodes are
used as low-voltage inverters in cir-
cuits having low-impedance dc power
sources. They can also be used for
efficient inversion of the output of
solar cells, thermoelectric generators,
or thermionic converters, and as
overload detectors in de¢ and ac
power supplies, pulse generators,
high-speed switches, and oscillators.

Fig. 113 shows a simple overload-
sensor circuit using a high-current
tunnel diode. This circuit is a fast-
acting sensitive overcurrent detector
which can be used to protect sensi-
tive loads from current surges or
overloads. Other circuit’ arrange-
ments can be used to protect the
power supply rather than the load.

o ———
i |
! ]
: {OR %C) I
! POWER
| SOURCE &1 TRANSISTOR
N !
LOAD TO BE
PROTECTED
Figure 113. Overload sensor circuit using

tunnel diode.

TUNNEL RECTIFIERS

In addition to its negative-resist-
ance properties, the tunnel diode has
an efficient rectification character-
istic which can be used in many
rectifier applications. When a tunnel
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diode is used in a circuit in such a
way that this rectification property
is emphasized rather than its nega-
tive-resistance characteristic, it is
called a tunnel rectifier. In general,
the peak current for a tunnel rec-
tifier is less than one milliampere.

The major differences in the cur-
rent-voltage characteristics of tunnel
rectifiers and conventional rectifiers
are shown in Fig. 114. In conven-
tional rectifiers, current flow is sub-
stantial in the forward direction, but
extremely small in the reverse direc-
tion (for signal voltages less than
the breakdown voltage for the de-
vice). In tunnel rectifiers, however,
substantial reverse current flows at
very low voltages, while forward
current is relatively small. Conse-
quently, tunnel rectifiers can provide
rectification at smaller signal volt-
ages than conventional rectifiers,
although their polarity requirements
are opposite. (For this reason, tun-
nel rectifiers are sometimes called
“back diodes.”)

Ip

——CONVENTIONAL,
RECTIFIER

TUNNEL
RECTIFIER

!
I
1
I
1
I
1
i

Figure 114, Current-voltage characteristics
of tunnel rectifier and conventional rectifier.

Because of their high-speed capa-
bility and superior rectification char-
acteristics, tunnel rectifiers can be
used to provide coupling in one di-
rection and isolation in the opposite
direction. Fig. 115 shows the use of
tunnel rectifiers to provide direc-
tional coupling in a tunnel-diode
logic cirecuit,

SET

RESET

TUNNEL RECTIFIERS

Figure 115, Logic circuit using a tunnei
diode and three tunnel rectifiers.

VARACTOR DIODES

A varactor or variable-reactance
diode is a microwave-frequency p-n
junction semiconductor device in
which the depletion-layer capacitance
bears a nonlinear relation to the junc-
tion voltage, as shown in Fig. 116a.
When biased in the reverse direction,
a varactor diode can be represented
by a voltage-sensitive capacitance
C(v) in series with a resistance R,
as shown in Fig. 116b. This nonlinear
capacitance and low series resistance,
which permit the device to perform
frequency-multiplication, oscillation,
and switching functions, result from
a very high impurity concentration

Rg
Clv)

CAPACITANCE

——-—/,
VOLTAGE
{a) {b)
Figure 116. (a) Capacitance-voltage rela-

tionship and (b) equivalent circuits for a
varactor diode.

outside the depletion-layer region
and a relatively low concentration at
the junction. Very low noise levels
are possible in circuits using varactor
diodes because the dominant current
across the junction is reactive and
shot-noise components are absent.
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Reactive nonlinearity, without an
appreciable series resistance com-
ponent, enables varactor diodes to
generate harmonics with very high ef-
ficiency in circuits such as the shunt-
type frequeney multiplier shown in
Fig. 117. The circuit is driven by a
sinusoidal voltage source V. having

/FILTER\

s

Figure 117. Varactor-diode frequency

multiplier.

a fundamental frequency f and an
internal impedance Z.. Because the
idcal input filter is an open circuit
for all frequencies except the funda-
mental frequency, only the funda-
mental component of current i; can
flow in the input loop. A second-
harmonic current i is generated by
the varactor diode and flows toward
the load Zp; another ideal filter is
used in the output loop to block the
fundamental-frequency component of
the input current.

Varactor diodes can amplify sig-
nals when their voltage-dependent
capacitance is modulated by an alter-
nating voltage at a different fre-
quency. This alternating voltage
supply, which is often referred to as
the “pump”, adds energy to the sig-
nal by changing the diode capaci-
tance in a specific phase relation with
the stored sigmal charge so that po-
tential energy is added to this charge.
An “idler” circuit is generally used
to provide the proper phase relation-
ship between the signal and the
“pump”.

VOLTAGE-REFERENCE DIODES

Voltage-reference or zener diodes
are silicon rectifiers in which the re-
verse current remains small until
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the breakdown voltage is reached
and then increases rapidly with little
further increase in voltage. The
breakdown voltage is a function of
the diode material and construction,
and can be varied from one volt to
several hundred volts for various
current and power ratings, depending
on the junction area and the method
of cooling. A stabilized supply can
deliver a constant output (voltage or
current) unaffected by temperature,
output load, or input voltage, within
given limits. The stability provided
by voltage-reference diodes makes
them useful as stabilizing devices and
as reference sources capable of sup-
plying extremely constant current
loads.

COMPENSATING DIODES

Excellent stabilization of collector
current for variations in both supply
voltage and temperature can be ob-
tained by the use of a compensating
diode operating in the forward di-
rection in the bias network of ampli-
fier or oscillator circuits. Fig. 118
shows the transfer characteristics of
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118, Transfer characteristics of

Figure
transistor.

a transistor; Fig. 119 shows the for-
ward characteristics of a compensat-
ing diode. In a typical circuit, the
diode is biased in the forward direc-
tion; the operating point is repre-
sented on the diode characteristics
by the dashed horizontal line, The
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Figure 119. Forward characteristics of

compensating diode.

diode current at this point deter-
mines a bias voltage which estab-

lishes the transistor idling current.
This bias voltage shifts with varying
temperature in the same direction
and magnitude as the transistor char-
acteristic, and thus provides an idling
current that is essentially independ-
ent of temperature.

The use of a compensating diode
also reduces the variation in tran-
sistor idling current as a result of
supply-voltage variations. Because
the diode current changes in propor-
tion with the supply voltage, the bias
voltage to the transistor changes in
the same proportion and idling-cur-
rent changes are minimized. (The
use of diode compensation is dis-
cussed in more detail under “Biasing”
in the Transistor Applications See-
tion.)



Transistor Installation

HIS section covers installation

suggestions and precautions
which are generally applicable to all
types of transistors. Careful observ-
ance of these suggestions will help
experimenters and technicians to ob-
tain the best results from semi-
conductor devices and eircuits.

ELECTRICAL CONNECTIONS

The collector, base, and emitter
terminals of transistors can be con-
nected to associated circuit elements
by means of sockets, clips, or solder
connections to the leads or pins. If
connections are soldered close to the
lead or pin seals, care must be taken
to conduct excessive heat away from
the seals, otherwise the heat of the
soldering operation may crack the
glass seals and damage the tran-
sistor. When dip soldering is em-
ployed in the assembly of printed
circuits using transistors, the tem-
perature of the solder should be
limited to about 225 to 250 degrees
centigrade for a maximum immersion
period of 10 seconds. Furthermore,
the leads should not be dip-soldered
too close to the transistor case. Under
no circumstances should the mount-
ing flange of a transistor be soldered
to a heat sink because the heat of
the soldering operation may perma-
nently damage the transistor.

When the metal case of a transis-
tor is connected internally to the
collector, the case operates at the col-
lector voltage. If the case is to oper-
ate at a voltage appreciably above
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or below ground potential, considera-
tion must be given to the possibility
of shock hazard and suitable precau-
tionary measures taken.

TESTING

A quick check can be made of tran-
sistors prior to their installation in
a circuit by resistance measurements
with an electronic voltmeter (such as
a VoltOhmyst*). Resistance between
any two electrodes should be very
high (more than 10,000 ohms) in
one direction, and considerably lower
in the other direction (100 ohms or
less between emitter and base or col-
lector and base; about 1000 ohms
between emitter and collector). It is
very important to limit the amount
of voltage used in such tests (par-
ticularly between emitter and base}
g0 that the breakdown voltages of
the transistor will not be exceeded;
otherwise the transistor may be dam-
aged by excessive currents.

TEMPERATURE EFFECTS

Many transistor characteristics are
sensitive to variations in tempera-
ture, and may change enough at high
operating temperatures to affect cir-
cuit performance. Fig. 120 illustrates
the effect of increasing temperature
on the common-emitter forward cur-
rent-transfer ratio (beta), the de
collector-cutoff current, and the in-
put and output impedances. To avoid
undesired changes in circuit opera-
tion, it is recommended that tran-

*Trade Mark Reg. U.S. Pat, Off,



Transistor Installation

sistors be located away from heat
sources in equipment, and also that
provisions be made for adequate heat
dissipation and, if necessary, for
temperature compensation,

FORWARD CURRENT~
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=3
<HLLECTOR cute

<E
TFUT WPEORY

f . . —_— ' L
>0 40 60 80 100
TEMPERATURE—°C

Figure 120. Variation of transistor char-
acteristics with temperature.

HEAT SINKS

In some transistors, the collector
electrode is connected internally to
the metal case to improve heat-dis-
sipation capabilities. More efficient
cooling of the collector junection in
these transistors can be accomplished
by connection of the case to a heat
sink, It is recommended that a 0.002-
inch mica insulator or an anodized
aluminum insulator having high
thermal conductivity be used between
the transistor base and the heat sink,
usually the chassis. The insulator
should extend beyond the mounting
clamp, as shown in Fig. 121. It
should be drilled or punched to pro-
vide both the two mounting holes
and the clearance holes for the col-
lector, emitter, and base pins, Burrs
should be removed from both the in-
sulator and the holes in the chassis
so that the insulating layer will not
be destroyed during mounting. It is
also recommended that a fiber washer
be used between the mounting bolt
and the chassis, as shown in Fig.
121, to prevent a short circuit be-
tween them.

The use of an external resistance
in the emitter or collector circuit of
a transistor is an effective deterrent
to damage which might be caused
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by thermal runaway. The minimum
value of this resistance for low-level
stages may be obtained from the
following equation:

D

where E is the dc collector supply
voltage in volts, Py is the product of
the collector-to-emitter voltage and
the collector current at the desired
operating point in watts, and K is
the thermal resistance of the tran-
sistor and heat sink in degrees cen-
tigrade per watt.

MICA INSULATOR
0027 ~.003" THICK

CHASSIS _ 0
HEAT SINK

CHASSIS HOLE
0.200” DIA.

INSULATING
BUSHING

MICA INSULATOR

&)
S
METAL WASHER
20
TERMINAL LUG N

LOCK NUT
10-32

Figure 121. Suggested mounting arrange-
ment for transistor on heat sink.

SHIELDING

In high-frequency stages having
high gain, undesired feedback may
occur and produce harmful effects on
circuit performance unless shielding
is used. The output circuit of each
stage is usually shielded from the
input of the stage, and each high-
frequency stage is usually shielded
from other high-frequency stages. It
is also desirable to shield separately
each unit of the high-frequency
stages. For example, each if and rf
coil in a superheterodyne receiver
may be mounted in a separate shield
can. Bafle plates may be mounted
on the ganged tuning capacitor to
shield each section of the capacitor
from the other section,



18

The shielding precautions required
in a eircuit depend on the design of
the eircuit and the layout of the
parts. When the metal case of a
transistor is grounded at the socket
terminal, the grounding connection
should be as short as possible to min-
imize lead inductance. Many transis-
tors have a separate lead connected
to the case and used as a ground
lead; where present, these leads are
indicated in the terminal diagrams.

DRESS OF CIRCUIT LEADS

At high frequencies such as are
encountered in FM and television re-
ceivers, lead dress (i.e., the location
and arrangement of the leads used
for connections in the receiver) is
very important. Because even a short
lead provides a large impedance at
high frequencies, it is necessary to
keep all high-frequency leads as short
as possible. This precaution is espe-
cially important for ground connec-
tions and for all connections to
bypass capacitors and high-frequency
filter capacitors. It is recommended
that a common ground return be
used for each stage, and that short,
direct connections be made to the
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common ground point. The emitter
lead especially should be kept as
short as possible.

Particular care should be taken
with the lead dress of the input and
output circuits of high-frequency
stages so that the possibility of stray
coupling is minimized. Unshielded
leads connected to shielded compo-
nents should be dressed close to the
chassis.

In high-gain audio amplifiers, these
same precautions should be taken to
minimize the possibility of self-
oscillation.

FILTERS

Feedback effects may occur in ra-
dio or television receivers as a result
of coupling between stages through
common voltage-supply eircuits, Fil-
ters find an important use in mini-
mizing such effeets. They should be
placed in voltage-supply leads to
each transistor to provide isolation
between stages.

Capacitors used in transistor rf
cireuits, particularly at high frequen-
cies, should be mica or ceramic. For
audio bypassing, electrolytic capaci-
tors are required.



Interpretation of Data

HE technical data for RCA tran-

sistors given in the following sec-
tion include ratings, characteristics,
typical operation values, and char-
acteristic curves., Unless otherwise
specified, all voltages and currents
are dc values, and all values are ob-
tained at an ambient temperature of
25 degrees centigrade.

Ratings are established for semi-
conductor devices to help equipment
designers utilize the performance
and service capabilities of each type
to the best advantage. These ratings
are based on careful study and ex-
tensive testing, and indicate limits
within which the specified character-
istics must be maintained to ensure
satisfactory performance, The maxi-
mum ratings given for the semi-
conduetor devices ineluded in this
Manual are based on the Absolute
Maximum system. This system has
been defined by the Joint Electron De-
vice Engineering Council (JEDEC)
and standardized by the National
Electrical Manufacturers Association
(NEMA) and the Electronic Indus-
tries Association (EIA).

Absolute-maximum ratings are
limiting values of operating and en-
vironmental conditions which should
not be exceeded by any device of a
specified type under any condition of
operation. Effective use of these
ratings requires close control of
supply-voltage variations, component
variations, equipment-control adjust-
ment, load variations, signal varia-
tions, and environmental conditions.
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Electrode voltage and current rat-
ings for transistors are in general
self-explanatory, but a brief explana-
tion of some ratings will aid in the
understanding and interpretation of
transistor data.

Voltage ratings are established
with reference to a specified elec-
trode (e.g., collector-to-emitter volt-
age), and indicate the maximum
potential which can be placed across
the two given electrodes before crys-
tal breakdown occurs. These ratings
may be specified with the third elec-
trode open, or with specific bias volt-
ages or exiernal resistances.

Transistor dissipation is the power
dissipated in the form of heat by the
collector. It is the difference between
the power supplied to the collector
and the power delivered by the tran-
sistor to the load. Because of the
sensitivity of semiconductor mate-
rials to variations in thermal condi-
tions, maximum dissipation ratings
are usually given for specific tem-
perature conditions.

For many types, the maximum
value of transistor dissipation is spec-
ified for ambient, case, or mounting-
flange temperatures up to 25 degrees
centigrade, and wmust be reduced
linearly for higher temperatures. For
such types, Fig. 122 can be used to
determine maximum permissible dis-
sipation values at particular tem-
perature conditions above 25 degrees
centigrade. (This figure cannot be
assumed to apply to types other than
those for which it is specified in the
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Figure 122.

Chart showing maximum permissible percentage of maximum rated

dissipation as a function of temperature.

data section.) The curves show the
permissible percentage of the maxi-
mum dissipation ratings as a fune-
tion of ambient or case temperature.
Individual curves are plotted for
maximum operating temperatures of
50, 71, 85, 100, 175, and 200 degrees
centigrade. If the maximum operat-
ing temperature of a desired tran-
sistor type is some other value, a
new curve can be drawn from point
A in the figure to the desired maxi-
mum temperature value on the
abseissa.

To use the chart, it is necessary to
know the maximum dissipation rat-
ing and the maximum operating tem-
perature for a given transistor. The
calculation then involves only two
steps:

1. A vertical line is drawn at the
desired operating temperature value
on the absecissa to intersect the eurve
representing the maximum operating
temperature specified for the tran-
sistor.

2. A horizontal line drawn from
this intersection point to the ordi-
nate establishes the permissible per-
centage of the maximum dissipation

for the transistor at the given tem-
perature.

The following example illustrates
the calculation of the maximum per-
missible dissipation for transistor
type 2N1490 at a case temperature
of 100 degrees centigrade. This type
has a maximum dissipation rating of
75 watts at a case temperature of 25
degrees centigrade, and a maximum
permissible case-temperature rating
of 200 degrees centigrade.

1. A perpendicular line is drawn
from the 100-degree point on the
abscissa to the 200-degree curve.

2. The projection of this point to
the ordinate indicates a percentage
of 57.5.

Therefore, the maximum permis-
sible dissipation for the 2N1490 at
a case temperature of 100 degrees
centigrade is 0.575 times 75, or ap-
proximately 43 watts.

Semiconductor devices require
close control of thermal variations
not only during operation, but also
during storage. For this reason, the
maximum ratings for transistors
usually include a maximum permis-
sible storage temperature, as well ag
a maximum operating temperature,



interpretation Of Data

Characteristics are covered in the
Transistor Characteristics Section,
and such data should be interpreted
in accordance with the definitions
given in that section. Characteristic
curves represent the characteristies
of an average transistor. Individual
transistors, like any manufactured
product, may have characteristics
that range above or below the values
given in the characteristic curves.
Although some curves are extended
beyond the maximum ratings of the
transistor, this extension has been
made only for convenience in calcula-
tions; no transistor should be oper-
ated outside of its maximum ratings.

Although transistor symbols have
not yet been standardized for the
industry, many symbols have become
fairly well established by common
usage. Some of the more familiar
transistor symbols are listed and
defined below. Unless otherwise spec-
ified, the symbols represent param-
eters measured under dc or static
conditions.

BVeso collector-to-base breakdown
voltage with emitter open
collector-to-emitter break-
down voltage with base open
collector-to-emitter break-
down voltage with specified
resistance between base and
emitter
collector-to-emitter break-
down voltage with specified
resistance between base and
emitter and with a specified
load resistance in the collec-
tor circuit.
collector-to-emitter break-
down voltage with base
short-circuited to emitter
collector-to-emitter break-
down voltage with base
biased in the reverse direc-
tion with respect to emitter
collector-to-emitter break-
down voltage with base
biased in the reverse direc-
tion with respect to emitter
through a specified circuit
or under specified conditions
emitter-to-base breakdown
voltage with collector open

BVero

BVgza

BVcern

BVoeus

BVcev

BVeex

BVzso

Cs

Cie

CDQ

forw

fure

fr

Is
Io
ICBO
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common-base input capaci-
tance (emitter to base)
common-emitter input capa-
citance (base to emitter)
common-base output capaci-
tance (collector to base)
common-emitter output ca-
pacitance (collector to emit-
ter)

small-signal common-base
forward - current - transfer --
ratio cutoff frequency
small-signal common-emit-
ter forward-current-trans-
fer-ratio cutoff frequency
gain-bandwidth product
(measured in the common-
emitter circuit)
common-base forward cur-
rent-transfer ratio
small-signal common-base
forward current-transfer
ratio

common-emitter forward
current-transfer ratio
small-signal common-emit-
ter forward current-transfer
ratio

common-base open-circuit
reverse voltage-transfer
ratio

common-emitter open-cir-
cuit reverse voltage-transfer
ratio

base current

collector current
collector-cutoff current with
emitter open
collector-cutoff current with
base open

emitter current
emitter-cutoff current with
collector open

collector dissipation

total transistor dissipation
stored base charge
base-to-collector voltage
base-to-emitter voltage
collector-to-base voltage
eollector-to-emitter voltage
emitter-to-base voltage
emitter-to-collector voltage
reach-through (or punch-
through) voltage



Selection Charts

HE accompanying charts classify

RCA semiconductor devices by
function and by performance level.
These charts are particularly useful
for an initial selection of suitable
transistors or rectifiers for a specific
application. More complete data on

these devices, given in the Technical
Data Section, should then be con-
sulted to determine the most suitable
type. For information on tunnel
diodes and varactor diodes, refer to
the charts on pages 324 and 328, re-
spectively.

TRANSISTORS
AUDIO-FREQUENCY APPLICATIONS 2N1480 2N1701 22869/
) 2N1481 2N1768 2N301

Small Signal—Class A 2N1482 2N1769 2N2870/
2N104 2N 220 2N2614 2N1483 2N2102 2N301A
aN175 2N1010 2N3118 2N1484 2N2147 2N3054
2N215 2N2613 2N1485 2N2148 40022

2N1486 2N2270
Driver 2N1700 2N2339
2N 405 2){591 2N305‘} Dissipations of 50 W or More
2N406 2N2953 2N3055 IN173 2N1100 2N1514
Large Signal—Class A and Class B ;§;3$ gﬁ}i‘;g §§%38§
2N109 2N649 2N2870/ 2N278 ON1487 IN1905
2N217 2N2147 2N301A 2N111 IN1488 2N1906
2N270 2N2148 40022 2N442 2N1489  2N2015
2N407 2N2869/ 406050 ON443 21490 IN2016
2N408 2N301 40051 2N1069  2N1511  2N2338
2N647 2N1070 2N1512 2N3055

b 51
Power Amplifier 2N1099 2N1513

Dissipations up to 4.9 W POWER-CONVERTER APPLICATIGNS
2N699 2N1492 281613 DC-to-DC
2N1099 2N1493 2N1711 2N2869/2N301  2N2870/2N301A
ZNl‘_"gl. . DC-to-AC
Dissipations from 5 to 49.9 W 2N2869/2N301  2N2870/2N301A

2N176 2N1068 2N1184
aN351 aN1183 IN1184A RADIO-FREQUENCY APPLICATIONS
2N376 2N1183A 2N1184B UHF Converter
2N1067 2N1183B  2N1479 2N2857
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YHF or HF Converter

2N140 2N1023
2N219 2N1066
2N274 2N1224
2N384 2N1225
2N411 2N1226
2N412 2N1395
IF Amphifier
2N139 2N1023
2N218 2N1066
2N274 2N1180
2N 384 2N1224
2N409 2N1225
2N410 2N1226
Mixer
2N274 2N1179
2N372 2N1224
2N384 2N1225
2N1023 2N1226
2N1066 2N1395
Oscillater

UHF
2N2857

VHF or HF

2N274 2N1178
2N371 2N1224
2N 384 2N1225
2N19023 2N1226
2N1066 2N1395
Amplifier

UHF
2N 2857

VHF
2N384 2N1225
2N699 2N1396
2N914 2N1397
2N1023 2N1491
2N1066 2N1492
2N1177 2N1493

HF
2N274 2N1225
2N370 2N1226
2N384 2N1395
2N708 2N1396
2N1023 2N1397
2N1066 2N1491
2N1224 21492

2N139%6
2N1397
2N1526
2N1527
2N1639

2N1395
2N1396
2N1397
2N1524
2N1525
2N1638

2N1396
2N1397
2N2708

2N1396
2N1397
2N2708

2N2482
2N2631
2N2708
2N2876
2N3118

2N1493
2N1631
2N1632
2N1637
2N2273
2N3118
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COMPUTER SWITCHING APPLICATIONS

Low-Spred Switching
(Stage Delays Greater than
300 Nanoseconds*)
2N 398 2N398B
2N398A 2N586

Medium-Speed Switching
(Stage Delays of 100 to 300

Nanoseconds*)
2N 388 2N582 2N1305
2N388A 2N585 2N1306
2N395 2N1090 2N1307
2N396 2N1091 2N1308
2N396A 2N1169t 2N1309
2N397 2N1170 ¥ 2N1319
2N404 2N1392 2N1605
2N404A 2N1303 2N1605A
2N414 2N1304 3907/2N404
2N581

High-Speed Switching
(Stage Delays of 30 to 100

Nanoseconds™)
2N697 2N1384 2N1854
2N1300 2N1683 2N2476
2N1301 2N1853 2N 2477

Very-High-Speed Switching
(Stage Delays of 10 to 80
Nanoseconds™)
2N705 2N834 2N 965
2N706 2N914 2N966
2NT706A 2N960 2N967

2N708 2N961 2N1708
2N710 2N962 2N2205
2N711 2N963 2N2206

2N828 ZN964

Ultra-High-Speed Switching
(Stage Delays of 5 to 10

Nanoseconds™)
2N709 2N955A 2N2938
2N955 2N2475
Hizh-Speed Saturated Switching
2N960 2N963 2IN966
2N961 2N964 2N967

2N962 2N965 2N2938

* Measured in resistor-capacitor-transistor
logie circuit. Nanoseconds == 10-? sec-
onds.

1 Bidirectional type.
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POWER SWITCHING APPLICATIONS
Disstpations up to L9 W

2N697
2N699
2N706
2NT06A
2N708
2NT718A
2N720A
2N834
2N914

Dissipations from 5§ W to 49.9 W

2N1092
2N1613
2N1708
2N1711
2N1893
2N2205
2N 2206
2N 2476
2N2477

2N 2895
2N2896
2N2897
2N2898
2N2899
2N2900
2N3119
40084
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Dissipations of 50 W or More
2N173 2N1358 2N1703
2N174 2N1412 2N 1905
2N277 2N1487 2N1906
2N278 2N1488 2N2015

2N441 2N1489 2N2016
2N442 2N1490 2N2338
2N443 2N1511 2N3055

2N1069 2N1512 2N 3263
2N1070 2N1513 2N 3264
2N1099 2N1514 2N 3265
2N1100 2N1702 2N3266

High-Voltage Saturated Switching
2N3119

2N1067  2N1480  2N1768 High-Yoltage, High-Frequency Pulse-Amplifier
2N1068 2N1481 2N1769 2N3119
2N1183 2N'1482 2N2102
2N1183A 2N1483 2392270 VIDEG AMPLIFIZR APPLICATIONS
2N1183B 2N1484 2N2339 2N274 2N1224 2N1397
2N1184 2N1485 2N 2405 2N384 2N1225 2N1491
2N1184A 2N1486 2N3053/ 2N699 2N1226 2N1492
2N1184B  2N1760 48053 2N1023 2N1395 2N1493
2N1479 2N1761 2N3054 2N1666 2N1356
RECTIFIERS
MAX. PEAK MAX. AMBIENT MAX. PEAX MAX. AMBIENT
REVERSE TEMPERATURE REVERSE TEMPERATURE
TYPE VOLTS (Operating — °C) TYPE VOLTS (Operatiag — °C)
Average Forward Current = IN538 200 165
0.125 A (Note 1) 1N539 300 165
_ 1N549 400 165
iN3754 100 100 1N547 600 165
1N3755 200 100 1N1095 500 165
IN3756 400 160 1N2859 100 125
2 125
Average Forward Current = 0.4 A i§§§g? ggg 12;
1N3563 1000 100 1N2862 4090 125
1N2863 500 125
Average Forward Current = 0.5 A 1N2864 600 125
1N1763 400 100 IN3193 200 100
1N1764 500 100 IN3194 400 100
1N3195 800 100 1IN3195 600 100
IN3256 800 100 1N3253 200 100
1N3254 409 100
Average Forward Current = 0.75 A 1N38255 600 100
5
}gﬁ?g égg ig‘; Average Forward Current == 5 A
1N442B 300 165 {Note 2)
1N443B 400 165 1N1612 50 175
1N444B 500 150 1N1613 100 175
1N445B 600 150 1N1614 200 175
IN536 50 165 1N1615 400 175
IN537 160 165 1IN1616 600 175




Selection Charts 85

RECTIFIERS (cont’'d)

MAX. PEAK MAX. AMBIENT MAX. PEAK MAX. AMBIENT
REVERSE TEMPERATURE REVERSE TEMPERATURE
TYeE VOLTS (Operating—°C) TYPE VOLTS {0perating—°C)
Average Forward Current — 10 A High-Voltage, Low-Current Types
(Note 2) CR101 1200 125
40108 50 175 CR102 2000 125
40109 1090 175 CR103 3000 125
40110 200 175 CR104 4000 125
40111 300 175 CR105 5000 125
40112 400 175 CR106 6000 125
40113 500 175 CR107 7000 125
40114 600 175 CR108 8000 125
40115 800 175 CR109 9000 125
40116 1000 175 CR110 10000 125
CR201 1500 125
Average Forward Current = 12 A CR203 3000 125
(Note 2) CR204 4500 125
IN1199A 50 200 CR206 6600 125
IN1200A 100 200 CR208 8000 125
IN1202A 200 200 CR210 10000 125
IN1263A 300 200 CR212 12000 125
IN1204A 400 208 CR301 2400 125
IN1205A 500 200 CR302 3600 125
IN1206A. 600 200 CR303 4800 125
Average Forward Current = 18 A CR304 6909 125
(Not CR305 7200 125
e 2)
I = CR306 8400 125
40208 50 175 .
CR367 9600 125
40209 100 175 -
CR311 2400 i25
40210 200 175 =
- CR312 3600 125
40211 300 175 5
4 CR313 4800 125
40212 400 175
= CR314 6000 125
40213 500 175 -
40214 600 175 CR315 7200 125
CR316 8400 125
Average Forward Current = 20 A CR317 9600 125
(Note 2) CR321 2400 125
1N248C 55 175 CR322 3600 125
1N249C 110 175 CR323 4800 125
1N250C 220 175 CR324 6000 125
IN1195A 300 175 CR325- 7200 125
1N1196A 400 175 CR331 2400 125
1N1197A 500 175 CR332 3600 125
1N1198A 600 175 CR333 4800 125
CR334 6000 125
Average Forward Current —= 40 A CR335 7200 125
(Note 2) CR341 2400 125
IN1183A 50 200 CR342 3600 125
1N1184A 100 200 CR343 4800 125
IN1186A 200 200 CR344 6000 125
IN1187A 300 175 CR351 2400 125
IN1188A 400 175 CR352 3600 125
IN1189A 500 175 CR353 4800 125
1N1190A 600 175 CR354 6000 125
NOTE 1: With capacitive load. All other current values are for resistive or indue-
tive load.

NOTE 2: Types in these groups are avallable in reverse-polarity versions. Maxi-
mum operating temperatures are case temperatures.
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SILICON CONTROLLED RECTIFIERS

MAX. PEAK MAX. AMBIENT
REVERSE TEMPERATURE
TYPE VOLTS (Operating—"°C)

Average Forward Current — 8.2 A

2N 3228 200 100
Average Forward Current 10 A
2N1842A 25 125
2N1843A 50 125
2N1844A 100 125
2N1845A 156 125
2N1846A 200 125
2N1847A 250 125
2N1848A 300 125
2N1849A 400 125
2N1850A 500 125

MAX. PEAK MAX. AMBIENT
REVERSE TEMPERATURE
TYPE VOLTS (Operating—°C)

Average Forward Current = 16 A

2N681 25 125
2N682 50 125
2N683 100 125
2N684 150 125
2N685 200 125
2N686 250 125
2N687 300 125
2N688 400 125
2N689 500 125
Other

40216 600 125

TUNNEL AND VARACTOR D'ODES

See charts at end of Technical
Data Section for complete data.



Technical Data

This section contains technical descriptions of current RCA transistors,
diodes, silicon controlled rectifiers, and other semiconductor devices. These
types are listed according to the numerical-alphabetical-numerical sequence
of their type designations. It also contains tabular data on RCA discontinued
transistors (see page 323). In addition, this section has been expanded to in-
clude the following important semiconductor devices:

For data, see peages

e Fin-mounted silicon rectifiers 320
e Tunnel diodes and tunnel rectifiers 324
e Varactor diodes 328

For Key to Terminal Diagrams, see inside back cover.

SILICON RECTIFIER

oA Hermetically sealed 20-ampere
types used in generator-type power TN248A
supplies in mobile equipment; dc-to- 1N248B
dc converters and battery chargers;
power supplies for aircraft, marine, ]N248C
SIK and missile equipment; transmitters,
rf generators, and de-motor power supplies; machine-tool controls; welding and
clectroplating equipment; de-blocking service; magnetic amplifiers; and a wide
variety of other heavy-duty applications. These types are designed to meet
stringent environmental and mechanical specifications. The special copper-alloy
mount'mg stud can withstand an installing torque up to 50 inch-pounds. JEDEC
No. DO-5 package; outline 3, Outlines Section. Types 1N248A and 1N248B are
discontinued types listed for reference only; they are similar to type 1N248C
except for some slightly lower ratings, and can be direcily replaced by type
1N248C. Type 1N248C is identical with type 1N1198A except for the following
items:

MAXIMUM RATINGS

For power-supply frequency of 60 cps, si lgle-
phase operation, with resistive or inductive

55 max volts
39 max volls
50 max volts

Peak Reverse Voltage
RMS Suicply Voltage ..
DC Blocking Voltage ..

CHARACTERISTICS

Maximum Reverse Current:
Dynamic® ... ... e 3.8 ma

* Average value for one complete cycle at maximum peak reverse voltage, maximum
average forward current, and case temperature == 150°C
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SILICON RECTIFIER

These types are reverse-polarity TR
] N248RA versions of types 1N248A, 1N248B,

T1N248RB and 1N248C, respectively. Types
1N248RA and 1N248RB are discon-

] N248RC tinued types listed for reference only.

JEDEC No. DO-5 package; outline A
3, Outlines Section.

SILICON RECTIFIER

Hermetically sealed 20-ampere A
1N249A types used in generator-type power
1N249B supplies in mobile equipment; de-to~

de converters and battery chargers;
]N249C power supplies for aircraft, marine,

and missile equipment; transmitters, K
rf generators, and de-motor supplies; machine-tool controls; welding and elec-
troplating equipment; dc-blocking service; magnetic amplifiers; and a wide
variety of other heavy-duty applications. These types are designed to meet
stringent environmental and mechanical specifications. The special copper-alloy
mounting stud can withstand an installing torque up to 50 inch-pounds. JEDEC
No. DO-5 package; outline 3, Outlines Section. Types 1N249A and 1N249B are
discontinued types listed for reference only; they are similar to type 1N249C
except for some slightly lower ratings, and ean be directly replaced by type
IN249C. Type 1N249C is identical with type 1N1198A except for the following
items:

MAXIMUM RATINGS
For power-supply frequency of 60 cps, single-
phase operation, with resistive or inductive load

Peak Reverse Voltage .........o.iiiiieiiiniiieriieracronivnsnen 110 max volts
RMS_ Supply Voliage . 77 max volts
DC Blocking Voltage 100 max volts

CHARACTERISTICS

Maxium Reverse Current:
Dynamic® ... ... . i iiiriitiaasea e roeernanas 3.6 ma

* Average value for one complete cycle at maximum peak reverse voltage, maximum
average forward current, and case temperature — 150°C.

SILICON RECTIFIER

These types are reverse-polarity TK
IN249RA versions of types 1N249A, 1N249B,

1N249RB and 1N249C, respectively. Types
IN249RA and 1N249RB are discon-

] N249RC tinued types listed for reference only.

JEDEC No. DO-5 package; outline A
3, Outlines Section.

SILICON RECTIFIER

Hermetically sealed 20-ampere oA
TN250A supplies in mobile equipment; dc-to-
1N250B types used in generator-type power

dec converters and battery chargers;

1N250C power supplies for aircraft, marine,

and missile equipment; transmitters, K
rf generators, and dc-motor power supplies; machine-tool controls; welding and
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electroplating equipment; de-blocking service; magnetic amplifiers; and a wide
variety of other heavy-duty applications. These types are designed to meet
stringent environmental and mechanical specifications. The special copper-alloy
mounting stud can withstand an installing torque up to 50 inch-pounds. JEDEC
No. DO-5 package; outline 3, Outlines Section. Types IN250A and 1N250B are
discontinued types listed for reference only; they are similar to type 1N250C
except for some slightly lower ratings, and can be directly replaced by type
1IN250C. Type IN250C is identical with type 1N1198A except for the following
items:

MAXIMUM RATINGS
For power-supply frequency of 60 cps, single-
phase operation, with resistive or inductive load

Peak Reverse Voltage
RMS Supply Voltage
DC Blocking Voltage

CHARACTERISTICS

Maximum Reverse Current:
DynamMIC® . e e e e e 3.4 ma

220 max volts
154 max volts
200 max volts.

* Average value for one complete cycle at maximum peak reverse voltage, maximun
average forward current, and case temperature — 150°C

SILICON RECTIFIER

Tk These types are reverse-polarity
versions of types 1N250A, 1N250B, 1 N250RA
and 1N250C, respectively. Types 1 N250RB
IN250RA and 1N250RB are discon-
tinued types listed for reference only. ] N250 Rc
A JEDEC No. DO-5 package; outline
3, Outlines Section.

A SILICON RECTIFIER

Hermetically sealed 750-milli~
ampere type for use at peak reverse
voltages up to 100 volts. It is used in
magnetic amplifiers, de-blocking cir- ] N44 OB
cuits, power supplies, and other rec-
tiflying applications. This type is
designed to mcet stringent environmental and mechanical tests. JEDEC No.

DO-1 package; outline 1, Outlines Section. This type is identical with type
1N443B except for the following items:

MAXIMUM RATINGS

For power-supply frequency of 60 cps, single-
phase operation, with resistive or inductive load

K

Peak Reverse Voltage ............... ..o, 100 max volts
RMS Supply Voltage 70 max volts
DC Blocking Voltage 100 max volts

CHARACTERISTICS

Maximum Reverse Current:

Dynamic* ... .. s 100 ua
Statict .. e 0.3 ua
* Average value for one complete cycle at maximum peak reverse voltage, maximum
average forward current, and ambient temperature = 150°C.

¢ DC value at maximum peak reverse voltage, average forward current — ¢, and ambient
temperature = 25°C.
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SILICON RECTIFIER A

Hermetically sealed 750-milli-
ampere type for use at peak reverse
-l N 44] B voltages up to 200 volts. It is used in
magnetic amplifiers, dc-blocking cir-
cuits, power supplies, and other rec-
tifying applications. This type is K
designed to meet stringent environmental and mechanical tests. JEDEC No.
DO-1 package; outline 1, OQutlines Section. This type is identical with type
1N443B except for the following items:

MAXIMUM RATINGS

For power-supply frequency of 60 cps, single-
phase operation, with resistive or inductive load

Peak Reverse Voltage
RMS Supply Voltage
DC. Blocking Voltage

200 max volts
140 max volts
200 max volts

CHARACTERISTICS

Maximum Reverse Current:
Dynamic* 100 na
Statict 0.75 na

* Average value for one complete cycle at maximum peak reverse voltage, maximum
average forward current, and ambicent temperature = 150°C.

{ DC value at maximum peak reverse voltage, average forward current — 0, and ambient
temperature = 25°C.

SILICON RECTIFIER A

Hermetically sealed 750-milli-

ampere type for use at peak reverse

-I N 4 42B voltages up to 300 volts. It is used in

magnetic amplifiers, de-blocking cir-

cuits, power supplies, and other rec-

tifying applications. This type is

designed to meet stringent environmental and mechanical tests. JEDEC No.

DO-1 package; outline 1, Outlines Section. This type is identical with type
1N443B except for the following items:

K

MAXIMUM RATINGS

For power-supply frequency of 60 cps, single-
phase operation, with resistive or inductive load

Peak Reverse Voltage ... ... ... i il e 300 max volts
RMS Supply Voltage ...t 210 max volis
DC Blocking Vollage ......coveiiiiiiiiiiiiiiiiiieinicinnanns 300 max volts

CHARACTERISTICS

Maximum Reverse Current:
Dynamic* ... e e e et i 200 una
Statict .. e e 1 ua

« Average value for one complete cycle at maximum peak reverse voltage, maximum
average forward current, and ambient temperature — 150°C.

+ DC value at maximur peak reverse voltage, average forward current = 0, and ambient
temperature — 25°C
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A SILICON RECTIFIER

Hermetically sealed 750-milli-
ampere type for use at peak reverse
voltages up to 400 volts. It is used in
magnetic amplifiers, de-blocking cir- 1 N443B
cuits, power supplies, and other rec-
tifying applications, This type is
designed to meet stringent environmental and mechanical tests. JEDEC No.
DO-1 package; outline 1, Outlines Section.

MAXIMUM RATINGS

For power-supply frequency of 60 cps, single~
phase operation, with resistive or inductive load

K

400 max volts
280 max volts
400 max volis

Peak Reverse Voltage
RMS Supply Voltage
DC Blocking Voltage
Average Forward Curren
At ambient temperature ‘of 50°C ..
Al other ambient temperatures
Peak Recurrent Current .........
Surge Current (One Cycle)
Ambient-Temperature Range
Operating ............ e teserenenraaeaaesaaansas viee.. —65to 165 °C
Storage —65 to 175 °C

750 max
See Rating Chart
3.5 max amperes
15 max amperes

RATING CHART

TY;E 1“443 8
750
@0
e
w 625
E 3 500
éz 375
%
2 g 250
& es \
Q 50 100 150 200
AMBIENT TEMPERATURE-"C
92C5-10060T
CHARACTERISTICS
Maximum Forward Voltage Drop® .......vveveevenvennenns 15 volts
Maximum Reverse current:
Dynamiecf ............. ... 200 ua
Statief .......... . oL, 1.5 na

* DC value at full-load average current and ambient temperature = 25°C.

1 Average value for one complete cycle at maximum peak reverse voltage, maximum
average forward current, and ambient temperature = 150°

7 DC value at maximum peak reverse voltage, average forward current = 0, ambient
temperature = 25°C.

A SILICON RECTIFIER

Hermetically sealed 750-milli-
ampere type for use at peak reverse
voltages up to 500 volts. It is used in
magnetic amplifiers, de-blocking cir- ] N444B
cuits, power supplies, and other rec-
tifying applications. This type is
designed to meet stringent environmental and mechanical tests, JEDEC No.
DO-1 package; outline 1, Outlines Section.

K
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MAXIMUM RATINGS

For power-supply frequency of 60 cps, single-
phase operation, with resistive or inductive load

Peak Reverse Vollage ............... .. ... ... ... . ciiiiiiineens 500 max volts

RMS Suﬂ)!y Vollage ... .. . e i e 350 max volts
DC Blocking Voltage ... ... ... .. .. . ... . .. i, . 500 max volts
Average Forward Current:

At ambient tfemperature of 35°C ..............ccieniiiiien.a, 750 max

At other ambient temperatures A See Rating Chart
Peak Recurrent Current .... . .. .. 3.5 max amperes

%urge Current (Cne (.jy_’{cle) 15 max amperes

jient-Terper: 11.u1 e Range:
Operating .. .. .. —65to 150 °C
13703 X - S Y —65 to 175 °C
RATING CHART
T T T
TYPE IN4448B
750
4 N
wE N
o 625 \
==
s N
>3500
ag N
L AN
=]
= \\
%S 250
Eg \
% jes ‘
Q 50 100 150 200
AMBIENT TEMPERATURE —°C
92¢5-1006{T
CHARACTERIST!CS
Maximum Forward Voltage Drop* .................. e i s 15 volts
Maximum Reverse Current:
Dynamich .. .. i e 200 pa
Statict .. e e 1.75 pa

* DC value at full-load average current ‘and ambient temperature — 25°C.

t Average value for one complete cycle at maximum peak reverse voltage, maximum
average forward current, and ambient temperature — 150°C.

¥ DC value at maximum peak reverse voltage, average forward current == 0, and ambient
temperature — 25°C.

SILICON RECTIFIER A

Hermetically sealed  750-milli-

ampere type for use at peak reverse

-I N445B voltages up to 600 volts. It is used in

magnetic amplifiers, de-blocking cir-

cuits, power supplies, and other rec-

tifying applications. This type is

designed to mect stringent environmental and mechanical tests. JEDEC No.
DO-1 package; outline 1, Outlines Section.

MAXIMUM RATINGS

For power-supply frequency of 60 cps, single-
phase operation, with resistive or inductive load

Peak Reverse Voltage ........... ... .. ... .. .. i iiiiiiiaiiiin 600 max volts
RMS Suiplv Voltage 420 max volts
DC Blocking Voltage 600 max volts
Average Forward Current:

At ambient temperature of 35°C ......... ... .. iiaiiiieeen 750 max

At other ambient temperatures .......... ... ... ... il See Rating Cha.n:
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Peak Recurrent Current ....... . [P 3.5 max amperes
Sur%e Current (One (, cle) 15 max amperes
ient-Temperature ge:
Operating .................... PP e edeereee s v.o.. —85 to 150 :C
Storage ..., i i et se e tacraer s ey —65 to 175 C
RATING CHART
T T L
TYPE IN4458
750
8 N
‘§§ 625 \\
ok
‘>fj 500 \
==
58 275
g
§E 250
(o3
25
[+} 50 100 150 200
AMBIENT TEMPERATURE—°C
92¢5-10062T
CHARACTERISTICS
Maximum Forward Voliage Drop* ..........civveervvaoccnies 15 voits
Maximum Reverse Current:
Dynamict ... e e s e e e 200 ua
SR B T PPN . 2 ua

* DC value at full-load average current and ambient temperature = 25°C.

I Average value for one complete cycle at maximum poak reverse voltage, maximurm
average forward current, and ambient temperature == 150°C.

¥ DC value at maximum peak reverse vollage, average forward current — 0, and ambient
temperature — 25°C.

A SILICON RECTIFIER

Hermetically sealed 750-milli-
ampere type for use at peak reverse
voltages up to 50 volts, It is used in
magnetic amplifiers, de-blocking cir- ] N 536
cuits, power supplies, and other rec-
tifying applications. This type is
designed to meet stringent environmental and mechanical tests. JEDEC No.
DO-1 package; outline 1, Outlines Section. This type is identical with type
1N547 except for the following items:

MAXIMUM RATINGS

For power-supply frequency of 60 eps, single-
phase operation, with resistive or induclive load

K

Peak Reverse Voltage ...............cciiiiiiviiiiainiiiiariiies 50 max  volts
RMS Supply Voltage ..........c.iiiiiiiiiriiieiiiaioaenneras 35max  volls
DC Bloc Vo tdge ................. e reaes e 50 max volts
CHARACTERISTICS
Maximum Forward Voltage Drop* .......... eraaaeas Ceeenans 1.1 volts
Maximum Reverse Current:

DynamiCt . oo e e e e e 04 ma

* DC value at average forward ma — 500 and ambient temperature — 25°C

I Average value for one complete cvcle at maximum peak reverse voltage. maximum
average forward current, and ambient temperature = 150°C.
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SILICON RECTIFIER A

Hermetically sealed 750-milli-

ampere type for use at peak reverse

-I N 537 voltages up to 100 volts. It is used in

magnetic amplifiers, de-blocking cir-

cuits, power supplies, and other rec-

tifying applications. This type is

designed to meet stringent environmental and mechanical tests. JEDEC No.

DO-1 package; outline 1, Outlines Section. This type is identical with type
1N547 except for the following items:

MAXIMUM RATINGS

For power-supply frequency of 60 cps, single-
phase operation, with resistive o7 inductive load

K

Peak Reverse Voltage .. ..ottt iiiierr i iiinnananinns 100 max volts
RMS Su&ply Voltage 70 max volts
DC Blocking Voltage 100 max volts
CHARACTERISTICS
Maximum Forward Voltage Drop* .........cceivvvnn eeiaaeras 1.1 volts
Maximum Reverse Current:

Dynamicl ... e i et 04 ma

* DC value at average forward ma = 500 and ambient temperature = 25°C.

t Average value for one complete cycle at maximum peak reverse voltage, maximum
average forward cirrent, and ambient temperature = 150°C.

SILICON RECTIFIER A

Hermetically scaled 750-milli~

ampere type for use at peak reverse

-I N 538 voltages up to 200 volts. It is used in

magnetic amplifiers, de-blocking cir-

cuits, power supplies, and other rec-

tifying applications. This type is

designed to meet stringent environmental and mechanical tests. JEDEC No.

DO-1 package; outline 1, Outlines Section. This type is identical with type
1N547 except for the following items:

MAXIMUM RATINGS

For power-supply frequency of 60 cps, single-
phase operation, with resistive or inductive load

Peak Reverse Voltage ..
BMS Supply Voltage ..
DC Blocking Voltage ..

K

200 max volts
140 max volts
200 max volts

CHARACTERISTICS
Maxijmum Forward Voltage DIop* ......c.v.cuievveererirneisins 11 volts
Maximum Reverse Current:

Dynamict ... .. et i e 0.3 ma

* DC value at average forward ma = 500 and ambient temperature = 25°C.

i Average value for one complete cycle at maximum peak reverse voltage, maximum
average forward current, and ambient temperature = 150°C.

SILICON RECTIFIER A

Hermetically sealed 750-milli-

ampere type for use at peak reverse

-I N 539 voltages up to 300 volts. It is used in
magnetic amplifiers, de-blocking cir-

cuits, power supplies, and other rec-

tifying applications. This type is

designed to meet stringent environmental and mechanical tests. JEDEC No.

K
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DO-1 package; outline 1, Outlines Section. This type is identical with type
1N547 except for the following items:

MAXIMUM RATINGS

For power-supply frequency of 60 cps, single-
phase operation, with resistive or inductive load

Peak Reverse Voltage

300 max volts
RMS Suﬂply Voltage

210 max volts

DC Blocking Voltage 300 max volts
CHARACTERISTICS
Maximum Forward Voltage Drop® .......iievvinaercercasnseas 11 volts
Maximum Reverse Current:

Dynamiet ... ... e it it et e 0.3 ma

* DC value at average forward ma = 500 and ambient temperature = 25°C.

1 Average value for one complete cycle at maximum peak reverse voltage, maximum
average forward current, and ambient temperature = 150°C.

A SILICON RECTIFIER

Hermetically sealed 750-milli-
ampere type for use at peak reverse
voltages up to 400 volis. It is used in
magnetic amplifiers, de-blocking cir- 1 N540
cuits, power supplies, and other rec-
tifying applications. This type is
designed to meet stringent environmental and mechanical tests. JEDEC No.
DO-1 package; outline 1, Outlines Section. This type is identical with type
1N547 except for the following items:

MAXIMUM RATINGS

For power-supply frequency of 60 cps, single-
phase operation, with resistive or inductive load

Peak Reverse Voltage
RMS Su%)ly Voltage
DC Blocking Voltage

CHARACTERISTICS

K

400 max volts
280 max volts
400 max volts

Maximum Forward Voltage Drop* .......cecceevveevenciaansane 11 volts
Maximum Reverse Current:
D576 P o § L ¢.3 ma

* DC value at average forward ma = 500 and ambient temperature = 25°C.

i Average value for one complete cycle at maximum peak reverse voltage, maximum
average forward current, and ambient temperature = 150°C.

A SILICON RECTIFIER

Hermetically sealed 750-milli-
ampere type for use at peak reverse
voltages up to 600 volts. It is used in
magnetic amplifiers, de-blocking cir- ] N547
cuits, power supplies, and other rec-
tifying applications. This type is
designed to mecet stringent environmental and mechanical tests. JEDEC No.
DO-1 package; outline 1, Outlines Secction.

MAXIMUM RATINGS

For power-supply frequency of 60 cps, single-
phase operation, with resistive or inductive load

K

Peak Reverse Voltage

......................................... 600 max volts
RMS Supply Voltage

.......................................... 420 max volts
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DC Blocking Voltage .............. e e e s 600 max volts
Average Forward Current:
At ambient temperature of 50°C ................cccoiiiia 750 max ma
At other ambient temperatures .............................. See Rating Chart
Surge Current (One Cycle) ... it i, 15 max amperes
Operating FrequUency .. .. .. ...uuituieiiee et 100 max ke
Ambient-Temperature Range:
OperatinE ... i e e e e ~--65 to 165 °C
Storage ....ii.in.. e e e e e e 65 to 175 °C

RATING CHART

T 1 T
TYPE IN547

-
o
o

4
N
2]

8

o
A
a

MAXIMUM AVERAGE
FORWARD MILLIAMPERES

n
o
o

»
a

\

50 100 150
AMBIENT TEMPERATURE-°C
92Cs-10082T

(-]

200

GHARACTERISTICS

Maximum Forward Voltage Drop* ..........cciiiviiinnninns 1.2 volis
Maximum Reverse Current:
Dy naI T . e e 0.35 ma
StatiCt .. e 5 ua

* DC value at average forward ma — 500 and ambient temperature .- 25°C.

+ Average value for one complete cyclo at maximum peak reverse voltage, maximum
average forward current, and ambient temperature — 150°C.

4+ DC value at maximum peak reverse voltage, average forward current — 0, and ambient
temperature —- 25°C.

SILICON RECTIFIER

A
Hermetically sealed 750-milli-
ampere type for use at peak reverse
'I N'I 095 voltages up to 500 volts. It is used in
magnetic amplifiers, de-blocking cir-

cuits, power supplics, and other rce- K

tifying applications. This type is
designed to meet stringent environmental and mechanical tests. JEDEC No.
DO-1 package; outline 1, Outlines Section. This type is identical with type
1N547 except for the following items:

MAXIMUM RATINGS

For power-supply frequency of 60 cps, single-
phase operation, with resistive or inductive load

Peak Reverse Voltage .............. ... i, 500 max volis
RMS Supply Vollage ... ... i 350 max volis
DC Blocking Voltage ... ... it i 500 max volts
CHARACTERISTICS
Maximum Reverse Current:

DynamIC® e e e 0.3 ma

* Average value for one complete cycle at maximum peak reverse voltage, maximum
average forward current, and ambient temperature = 150°C.
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SILICON RECTIFIER

[A Hermetically sealed 40-ampere

type for use at peak reverse voltages

up to 50 volts, It is used in gencra-

tor-type power supplies in mobile ]N].IBSA
cquipment; de-to-dc converters and

battery chargers; power supplies for

alrcraft, marine and missile equipment; transmitters, rf generators, and de-
motor power supplies; machine-tool controls; welding and electroplating equip-
ment; de-blocking service; magnetic amplifiers; and a wide variety of other
heavy-duty equipment. This type is designed to meet stringent environmental
and mechanical specifications. The special copper-alloy mounting stud can
withstand an installing torque up to 50 inch-pounds. JEDEC No. DO-5 pack-
age; outline 3, Outlines Section. This type is identical with type 1N1186A ex-
cept for the following items:

MAXIMUM RATINGS
For power-supply frequency of 60 cps, single-
phase operation, with resistwe or induciinz load

[sTk

Peak Reverse Voltage ......... ..ttt 50 max volts

BMS Supply Voltage ......... . i 35 max volts

DC Blocking Voltage ...... ... ... i i e 50 max volis
[k SILICON RECTIFIER

This type is a reverse-polarity
version of type 1N1183A. JEDEC No.
DO-5 package; outline 3, QOutlines ]N]]83RA

SiA Section.
SILICON RECTIFIER
A Hermetically sealed 40-ampere

type for use at peak reverse voltages

up to 100 volts. It is used in genera-

tor-type power supplies in mobile ]N] ]84A

equipment; de-to-de converters and

K battery chargers; power supplies for

aircraft, marine, and missile equipment; transmitters, r{ gencrators, and de-
motor power supplies; machine-teol controls; welding and electroplating equip-
ment; dec-blocking service; magnetic amplifiers; and a wide variety of other
heavy-duty equipment. This type is designed to meet stringent environmental
and mechanical specifications. The special copper-alloy mounting stud can
withstand an installing torque up to 59 inch-pounds. JEDEC No. DO-5 pack-
age; outline 3, Outlines Scction. This type is identical with type 1N1188A ex-
cept for the following items:

MAXIMUM RATINGS
For power-supply frequency of 60 cps, single-
phase operation, with resistive or inductive load

100 max volts
70 max volts
100 mmax Vvoits

Peak Reverse Voltage ...
RMS Supply Voltage ...
DC Blocking Voltage ...

[k SILICON RECTIFIER

This type is a reverse-polarity
version of type 1N1184A. JEDEC No.
DO-5 package; outline 3., Outlines ] N] ] 84RA
[STA Section,
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SILICON RECTIFIER

Hermetically sealed 40-ampere

type for use at peak reverse voltages

-I N-I ]86A up to 200 volts. It is used in genera-
tor-type power supplies in mobile

equipment; de-to-dc converters and

battery chargers; power supplies for

A

[STK

aircraft, marine, and missile equipment; transmitters, rf generators, and dc-
motor power supplies; machine-tool controls; welding and electroplating equip-
ment; de-blocking service; magnetic amplifiers; and a wide variety of other
heavy-duty applications. This type is designed to meet stringent environmental
and mechanical specifications. The special copper-alloy mounting stud can
withstand an installing torque up to 50 inch-pounds. JEDEC No. DO-5 pack-

age; outline 3, Outlines Section.

MAXIMUM RATINGS

For power-supply frequency of 60 cps, single-
phase operation, with resistive or inductive load

Peak Reverse Voliage
RMS Supply Voltage
DC Blocking Voltage
Average Forward Current:

At case temperature of 150°C ..

At other case temperatures .
Peak Recurrent Current ............
Surge Current:*

For one-half cycle, SINE WAVE .. ....viiiiireeirecnninnnniasansn

For one or more CyCles ... ...ttt
Cage-Temperature Range:

Operating and StOFEEE ... ..iivirierimruonnoniinreeenncnsons

—65 to 200

200 max volts
140 max volts
200 max volts

40 max amperes
See Rating Chart 1
195 max amperes

800 max amperes
See Rating Chart II

°C

RATING CHART L

HEAT-SINK COOLING CHART

T

L

LOAD: RESISTIVE OR INDUCTIVE
CURVE | TYPE OF_OPERATION

DIRECT CURRENT
SINGLE PHASE
THREE PHASE
SIX PHASE

N\

[—-NATURAL COOLING,

180

190

200

CASE TEMPERATURE=-"C
RATING CHART II

SINGLE—PHASE OPERATION \
RECTIFIER TYPE IS STUD=
I MOUNTED DIRECTLY ON

HEAT SINK.
|_HEAT SINK: [716"— THICK COPPER
WITH A MAT BLACK SURFACE
AND THERMAL EMISSIVITY OF

TYPEIN!I8

o

« | TYPEINIIB
td
&
40
N : 8
J—J a 50 C
NIAN g b
35 Z
\ 540 g
\ N
N w
\ \ gsoL—c
gso ‘\ \ \%\ ; &
g 7 =2
: ANEANAY :
225 %0
ES 2, ]
S A\ o
2 = V&, \: 150 160 170
§20 (o ud
& | TYPE INIB6A
B
3
H
x
-4
=

3

600

Pt /,,/ﬁ

] T
6A
SUPPLY FREQUENCY= 60 CPS SINE WAVE |
LOAD: RESISTIVE OR INDUCTIVE

800 RMS SUPPLY VOLTAGE = MAXIMUM=~ -
RATED VALUE

AVERAGE FORWARD CURRENT=x MAXI-
MUM RATED VALUE

CASE TEMPERATURE =i50°C

MAXIMUM SURGE AMPERES PER CYCLE

5 \\ 400 ™~ o
™~
200 Bmass
[+]
0 50 100 150 200
AMBIENT TEMPERATURE—°C o
92CM-11346T i 2 4+ 6 810 2 4 6 8100

SURGE-CURRENT DURATION-CYCLES

92Cs-~11350T7
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CHARACTERISTICS

Maximum Forward Voltage Dropf .......coceviiiiiiiiicnnenns 0.65 volt
Maximum Reverse Current:

Dynamicf ... ... i it e e 2.5 ma

Statiet i sy 0.015 ma
Maximum Thermal Resistance:

Junction-to-case ... s 1 °C/watt

* Supcrimposed on device operating within maximum voltage, current, and temperature
ratings; may be repeated after sufficient time has elapsed for the device to return o
the presurge thermal-equilibrium conditions.

I Average value over one complete cycle at ma)umu.m peak reverse voltage, maximum
average forward amperes, and case temperature -: 150°C.

+DC value at maximum peak reverse voltage, average forward current = 0, and case
temperature = 25°C.

LK SILICON RECTIFIER
This type is a reverse-polarity

i f t 1N1186A. JEDEC No.
B%ilsonpgckzgz; outline 3, Outlin:s ]N] ]86RA

A Section.
SILICON RECTIFIER
ml Hermetically sealed types for

use at peak reverse voltages u

to 300 volts. They are used 1§ IN1187

generator-type power supplies in

mobile equipment; de-to-de convert- ] N] ] 87A

X ers and battery chargers; power sup-

plies for aircraft, marine, and missile equipment; transmitters, rf generators,
and de-motor power supplies; machine-tool controls; welding and electroplat-
ing equipment; de-blocking service; magnetic amplifiers; and a wide variety
of other heavy-duty applications. These types are designed to meet stringent
environmental and mechanical specifications. The special copper-alloy mount-
ing stud can withstand an installing torque up to 50 inch-pounds. JEDEC No.
DO-5 package; outline 3, Outlines Section. Type 1N1187 is a discontinued type
listed for reference only. These types are identical with types IN1130 and
1N1190A, respectively, except for the following items:

MAXIMUM RATINGS

For power-supply frequency of 60 cps, single=
phase operation, with resistive or inductive load

1N1187 IN1187A
300

Peak Reverse Voliage .. 300 max  volts

RMS Supply Voltage ... 212 212 max volts
DC Blocking Voltage .... 240 300 max volis
CHARACTERISTICS
Maximum Reverse Current:

Dynamic® ... i e iet i iit st rretasiarenaa _ 2.5 ma

* Average value for one com;glete cycle at maxzmum peak reverse voltage, maximum
forward amperes, and case temperature = 150°C

SILICON RECTIFIER

Lk These types are reverse-polarity
versions of types 1N1187 and
1N1187A. Type IN1187R is a discon- 1NTT87R

JEDEC o, Doss peckaner euine 1NT187RA
1slA 3, Outlines Section.
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SILICON RECTIFIER

Hermetically sealed types for use [0A
at peak reverse voltages up to 400
TN1188 volts. They are used in generator-
'IN'I ]88 A type power supplies in mobile
equipment; de-to-de converters and
battery chargers; power supplies for LIS
aircraft, marine, and missile equipment; transmitters, rf generators, and dc-
motor power supplies; machine-tool eontrols; welding and electroplating equip-
ment; dec-blocking service; magnetic amplifiers; and a wide variety of other
heavy-duty applications. These types are designed to meet stringent environ-
mental and mechanical specifications. The special copper-alloy mounting stud
can withstand an installing torque up to 50 inch-pounds. JEDEC No. DO-5
package; outline 3, Outlines Section, Type 1N1188 is a discontinued type listed
for reference only. These types are identical with types 1N1190 and 1N1190A,
respectively, except for the following items:

MAXIMUM RATINGS

For power-supply frequency of 60 cps, single-
phase operation, with resistz%e or inductive load

1N1188 IN1188A

Peak Reverse Voltage ...........cciviiviiarininennannan 400 400 max  volts
RMS Suﬁ}l)xlly Voltage ......vvoiiieriiiniiariinnonaroannns 284 284 max volis
DC Blocking VoHage .......c.civiiiiiiniernnneiarvsnnnes 320 400 max  volis

CHARACTERISTICS

Maximum Reverse Current:
Dynamic* ... . i i it iie s _— 2.2 ma

* Average value for one complete cycle at maximum peak reverse voltage, maximum
forward amperes, and case temperature = 150°C.

SILICON RECTIFIER

These types are reverse-polarity ik
versions of types 1N1188 and
TN1188R IN1188A. Type IN1188R isea discon-
'I N'I " 88RA tinued type listed for reference only.
JEDEC No. DO-5 package; outline

3, Outlines Section. A

SILICON RECTIFIER

Hermetically sealed types for use A
at peak reverse voltages up to 500
IN1189 volts. They are used in generator-
'I N‘l ]89 A type power supplies in mobile
equipment; de-to-dec converters and
battery chargers; power supplies for K
aircraft, marine, and missile equipment; transmitters, rf generators, and dc-~
motor power supplies; machine-tool controls; welding and electroplating equip-
ment; dc-blocking service; magnetic amplifiers; and a wide variety of other
heavy-duty applications. These types are designed to meet stringent environ-
mental and mechanical specifications. The special copper-alloy mounting stud
can withstand an installing terque up to 50 inch-pounds. JEDEC No. DO-5
package; outline 3, Outlines Section. Type 1N1189 is a discontinued type listed
for reference only. These types are identical with types 1N1190 and 1N11S0A,
respectively, except for the following items:
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MAXIMUM RATINGS
For power-supply frequency of 60 cps, single-
phase operation, wf?h resist%e or inductive load

1N1189 1N1189A
Peak Reverse VOIage .........c..oevvvrreereninenenenens 500 500 max  volts
RMS Supply Voltage ............ccoiiiiiiiennneanianens 355 355 max  volts
DC Blocking Voltage ......cvviieiineeennannesiinenoines 400 500 max volts
CHARACTERISTICS

Maximum Reverse Current:

Dynamic* — 2 ma

* Average value for one complete cycle at maximum peak reverse voltage, maximum
forward amperes, and case temperature = 150°C.

SILICON RECTIFIER

K These types are reverse-polarity
versions of types 1N1189 and
IN1189A. Type 1IN1189R is a discon- TNTT89R
tinued type listed for reference only.
JEDEC No. DO-5 package; outline ]N]]89RA
[Sla 3, Outlines Section.

SILICON RECTIFIER

A Hermetically sealed types for use
at peak reverse voltages up to 600
voltg. They are used in generator- IN1190
type power supplies in mobile
equipment; dc-to-de converters and ]N] ]90A
5K battery chargers; power supplies for
aircraft, marine, and missile equipment; transmitters, rf generators, and dc~
motor power supplies; machine-tool controls; welding and electroplating equip-
ment; dc-blocking service; magnetic amplifiers; and a wide variety of other
heavy-duty applications. These types are designed to meet stringent environ-
mental and mechanical specifications. The special copper-alloy mounting stud
can withstand an installing torque up to 50 inch-pounds. Type 1N1190 is a dis-
continued type listed for reference only. JEDEC No. DO-5 package; outline
3, Outlines Section.

MAXIMUM RATINGS

For power-supply frequency of 60 cps, single=
phase operation, with resistive or inductive load

IN1180 IN1190A
600 6

Peak Reverse VOltage .......coceievnneinvnnninrnnnnnns 00 max volts
RMS Supply Voltage ......cc.oiiiviiiiiiirninnnnnnas 424 424 max volts
DC Blocking Voltage ..........cciiiiiiiiiiniiiiieanns 480 600 max volts

Average Forward Current:

At case temperature of 140°C a3 40 max amperes

At other case temperatures .........ceeveeveceereee —_ See Rating Chart I
Peak Recurrent Current ...........ceveevscevrenves 130 195 max amperes
Surge Current:* . .. ... ... ... ... 00000

For one-half cycle, sine wave .. 500 800 max amperes

For one or more cycles .....cov0cnnoesscoconooss —  See Rating Chart II
Case-Temperature e:

Operating and S{orage .....ecoccesvecccecesns soose 05101756 —65 to 200 °C

* Superimposed on device operating within maximum _voltage, current, and temperature
ratings; may be repected after sufficient time has elapsed for the device to return to
presurge thermal-eq....ibrium conditions.
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RATING CHART I HEAT—SINK OOOLING CHART
TYPE INII9OA v
LOAD' RESISTIVE on moucnvs TXTLEJRlA'I‘."ggéLING
amgiroe * N oo,
wo A DllRECT cuaRENT N N Dépﬁcrhy ON HEAT EINK,-1
Bu o B | SINGLE PHASE | SINK ¢ 1£16"=THICK
ag ¢ | THREE PHASE COPPER WITH MA
g D | Six PHASE 35 BLACK SURFACE THER--|
3% o \ gm_ EMISSIVITY = 0.9
32 z
€ 40P —3 N 30|
E4] ™5 j\ Y
\ \ v,
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CASE TEMPERATURE—°C
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o

RATING CHART T*

- ELYIEELYINI-"RsEgﬂENCY 60 CPS SINE WAVE
CASE TEMPERATURE 1509

MAXIMUM AVERAGE FORWARD AMPERES

(-3
o

EOAD: RESISTIVE OF INDUCTIVE
§n_-,: RMS E#JFEF‘LV VOLTAGE = MAXIMUM-RATED \
5o 7 0
BZeo AVERA%gg sgrﬂfémo CURRENT = MAXIMUM~ | \\\
1 -\
ge N\
.
%400 AN s \
SE \1\
4 —
\
2 %200 —
[ 50 190 150 200
0| AMBIENT TEMPERATURE-°C
i~ 6 8 g 2 4 3 20M- 48T
SURGE~—CURRENT DURATION——CYCLES
92CS-41350T
CHARACTERISTICS
Maximum Forward Volta%e Drop*® ...eeceiieensoes 1.7 0.65 volts
Maxxmum Reverse
Dt);n .................... 10 1.8 ma
tict .. 0.025 0.015 ma

Maxunum Thermal Resistance:
Junction-to-case ........... 1 1 °C/watt
** Peak value at maximum average forward current, case temperature = 140°C.

+ Average value for one complete cycle at maximum 8eak reverse voltage, maximum
average forward current, and case temperature = 140°C.

1 DC value at maximum peak reverse voltage, average forward current = 0, and case
temperature = 25°C.

SILICON RECTIFIER

These types are reverse-polarity "
versions of types 1N1190 and
IN1190R IN1190A. Type IN1190R is a discon-

TNTTQORA o e loted for reference
3, Outlines Section. A
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SILICON RECTIFIER

A Hermetically sealed types used

in generator-type power supplies in
mobile equipment; dc-to-de con- ‘N‘ ]95
verters and battery chargers; power

supplies for aircraft, marine, and .IN] ]95A
missile equipment; transmitters, rf

generators, and dc-motor power supplies; machine-tool controls; welding and
electroplating equipment; dc-blocking service; magnetic amplifiers; and a wide
variety of other heavy-duty applications. These types are designed to meet
stringent environmental and mechanical specifications. The special copper-alloy
mounting stud can withstand an installing torque up to 50 inch-pounds. JEDEC
No. DO-5 package; outline 3, Outlines Section. Type 1N1195 is a discontinued
type listed for reference only; it is similar to type 1N1195A except for some
slightly lower ratings, and can be directly replaced by type 1N1195A. Type
1N1195A is identical with type IN1198A except for the following items:

MAXIMUM RATINGS
For wer-suppl requen of 60 s, single=-
phasgm opemtio’%: gni{h Teststive {rr inductive Load

K

Peak Reverse Voltage ...........ceveiniivievnnnininninnnnnannnn 300 max volts
RMS Supply Voltage ..............ciiiiiiiiiiineiiiniiii.., 212max  volts
DC Blo E Voltage ... iiiiiiriiriiiiiiteniterearetiaiiaianas 300 max  volts

CHARACTERISTICS
Maximum Reverse Current:
Dynamic* ... .. i it e iaaes 3.2 ma

¢ Average value for one complete cycle at maximum peak reverse voltage, maximum
average forward amperes, and case temperature — 150°C.

SILICON RECTIFIER

[k These types are reverse-polarity

versions of types 1N1195 and

1IN11954, respectively. Type 1N11958 TNTT95R

is a discontinued type listed for ref-

erence only. JEDEC No. DO-5 pack- ] N] Il 95RA
age; outline 3, Outlines Section.

SILICON RECTIFIER

A Hermetically sealed types used
in generator-type power supplies in
mobile equipment; dc-to-de con- INI 196
verters and battery chargers; power
supplies for aircraft, marine, and ]N] ]96A
B[S missile equipment; transmitters, rf
generators, and de-motor power supplies; machine-tool controls; welding and
electroplating equipment; dc-blocking service; magnetic amplifiers, and a wide
variety of other heavy-duty applications. These types are designed to meet
stringent environmental and mechanical specifications. The special copper-alloy
mounting stud can withstand an installing torque up to 50 inch-pounds. JEDEC
No. DO-5 package; outline 3, Outlines Section. Type 1N1196 is a discontinued
type listed for reference only; it is similar to type 1N1196A except for some
slightly lower ratings, and can be directly replaced by type 1N1196A. Type
1IN1196A is identical with type 1N1198A except for the following items:

MAXIMUM RATINGS
For power-supply frequency of 60 cps, single-
phase operation, with resistive or inductive load

Peak Reverse Voltage ........coioiiiiiiiiiiiiiiiiiniiiiiinans 400 max volts

(S]a
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RMS Supply VOHage ........ccievienierecnurnrnensncnanrsons 284 max  volts
DC Blocking Voltage ........cciiivineriieiernanracesosearesses 400 max  volis
CHARACTERISTICS
Maximum Reverse Current:

Dynamic® .. e e, 2.5 ma

* Average value for one complete cycle at maximum Peak reverse voltage, maximum
average forward amperes, and case temperature = 150°C.

SILICON RECTIFIER

These types are reverse-polarity Ok
versions of types 1N1196 and
IN1196R 1N1196A, respectively. Type 1IN1196R
'I N" ]96RA is a discontinued type listed for ref-
erence only. JEDEC No. DO-5 pack-

age; outline 3, Outlines Section. A

SILICON RECTIFIER

Hermetically sealed types for use mEy
at peak reverse voltages up to 500
IN1197 volil‘,): They are used in generator-
'lN'I ]97 A type power supplies in mobile
equipment; dc-to-dc converters and
battery chargers; power supplies for STk
aircraft, marine, and missile equipment; transmitters, rf generators, and dec-
motor supplies; machine-tool controls; welding and electroplating equipment;
de-blocking service; magnetic amplifiers, and a wide variety of other heavy-
duty applications. These types are designed to meet stringent environmental
and mechanical specifications. The special copper-alloy mounting stud can
withstand an installing torque up to 50 inch-pounds. JEDEC No. DO-5 pack-
age; outline 3, Outlines Section. Type 1N1197 is a discontinued type listed for
reference only; it is similar to type 1N1197A except for some slightly lower
ratings, and can be directly replaced by type 1N1197A. Type 1N1197A is iden-
tical with type 1N1198A except for the following items:

MAXIMUM RATINGS

For power-supply frequency of 60 cps, sifgle-
phase operation, with resistive or inductive load

Peak Reverse Voltage ....... ..oty 500 max volts
RMS Supply Voltage ....... ..ottt 355 max volts
DC Blocking Voltage ........coiiiiiiiiiiiiiiiiesensenerenienss 500 max volts

CHARACTERISTICS

Maximum Reverse Current:
B0 o 0 oo T 2.2 ma

* Average value for one complete cycle at maximum 6)eak reverse voltage, maximum
average forward amperes, and case temperature = 150°C.

SILICON RECTIFIER

These types are reverse-polarity K
versions of types 1N1197 and
TINT197R 1IN1197A, respectively. Type 1N1197R

'l N'I ]97RA is a discontinued type listed for ref-
erence only. JEDEC No. DO-5 pack-
age; outline 3, Outlines Section. [STA
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SILICON RECTIFIER

mf Hermetically sealed 20-ampere
types for use at peak reverse volt-
ages up to 600 volts, They are used 1N1198
in generator-type power supplies in
mobile equipment; dc-to-dc con- ] N] ]98A
K verters and battery chargers; power
supplies for aircraft, marine, and missile equipment; transmitters, rf generators,
and dc-motor power supplies; machine-tool controls; welding and electroplat-
ing equipment; dc-~blocking service; magnetic amplifiers, and a wide variety of
other heavy-duty applications. These types are designed to meet stringent en-
vironmental and mechanical specifications. The special copper-alloy mounting
stud can withstand an installing torque up to 50 inch-pounds. JEDEC No. DO-5
package; outline 3, Outlines Section. Type 1N1198 is a discontinued type listed
for reference only; it is similar to type IN1198A except for some slightly lower
ratings, and can be directly replaced by type 1N1198A.

MAXIMUM RATINGS
For power-supply frequency of 60 cps, single~
phase operation, with resistive or inductive load

Peak Reverse Voltage ........... e e e 600 max volts
RMS Suﬁply Voltage . 424 max volts

DC Blocking Voltage 600 max volts
Average Forward Current:

At case temperature of 150°C ............. ... ... ... ...l 20 max amperes

At other case temperatures .............. ..... ... ... ..., See Rating Chart I
Peak Recurrent Current ..................ciiiiiiiiiiiiiinaann 90 max amperes
Surge Current:*

For one-half cycle, sine wave ............cociiiiiiiiiinin.a, 350 max amperes

For one Oor more CYCIES ........cvivneiinrtrrrereneunennnnnnns See Rating Chart II
Case-Temperature Range:

Operating and storage ................ e —65 to 175 °C

RATING CHART I

TYPE INII98A T
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CURVE_| TYPE OF OPERATION
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RATING CHART IL

TYPE INIIS8A

SUPPLY FREQUENCY=60 CPS SINE WAVE
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CHARACTERISTICS

Maximum Forward Volwge DIOPE ceeevinvecornnsnsesanserosns 0.6 volt
Maximum Reverse Current:
Dynamict ... it it iee e, 1.5 ma

* Superimposed on device operating within maximum voltage, current, and temperature
ratings; may be repeated aiter sufficient time has elapsed for the device to return to the
presurge thermal-equilibrium conditions.

i Average value for one complete cycle at maximum Peak reverse voltage, maximum
average forward current, and case temperature — 150°C.

SILICON RECTIFIER

These types are reverse-polarity K
versions of types 1N1198 and
TNT198R 1N1198A, respectively. Type IN1198R
'I N'I ]98RA is a discontinued type listed for ref-
erence only. JEDEC No. DO-5 pack-

age; outline 3, Outlines Section. A

SILICON RECTIFIER

Hermetically sealed 12-ampere 1A
type for use at peak reverse volt-
-IN'I-I99A ages up to 50 volts. It is used in
generator-type power supplies in
mobile equipment; de-to-de con-
verters and battery chargers; power Lk
supplies for aircraft, marine, and missile equipment; transmitters, rf generators,
and dc-motor power supplies; machine-tool controls; welding and electroplat-
ing equipment; de-blocking service; magnetic amplifiers, and a wide variety of
other heavy-duty applications. This type is designed to meet stringent en-
vironmental and mechanical specifications. The special copper-alloy mounting
stud can withstand an installing torque up to 25 inch-pounds. JEDEC No. DO-4
package; outline 2, OQutlines Section. This type is identical with type 1N1206A
except for the following items:

MAXIMUM RATINGS
For power-supply frequency of 60 cpsh single-

phase operation, with resistive or inductivé load
Pealkt Reverse Voltage .. ......c..cotiiierirernnininaneiennenanas 50 max volts
Transient Reverse Voltage:
Non-repetitive, for duration of 5 milliseconds maximum .... 100 max volts
RMS Supply Voltage ..........iiiiiiii ittt 35 max volts
DC Blocking VOIAZE ......cierinerrenirinatenneerearernnsrnnens 50 max volts

CHARACTERISTICS

Maximum Reverse Current:
B0 T2 o 8 (R 3 ma

* Average value for one complete cycle at maximum peak reverse voltage, maximum
average forward current, and case temperature = 150°C.

SILICON RECTIFIER K
This type is a reverse-polarity

i f t 1N1199A. JEDEC No.
] N.I ] 99RA E%ifnpgckg:; outline 2, Outlin:s
Section. 3



Technical Data 107

SILICON RECTIFIER

A Hermetically sealed 12-ampere
type for use at peak reverse volt-
ages up to 100 volts. It is used in
generator-type power supplies in IIN.I 200A
mobile equipment; dc-to-dec con-
T verters and battery chargers; power
supplies for aircraft, marine, and missile equipment; transmitters, rf generators,
and dc-motor power supplies; machine-tool controls; welding and electroplat-
ing equipment; dc-blocking service; magnetic amplifiers, and a wide variety
of other heavy-duty applications. This type is designed to meet stringent en-
vironmental and mechanical specifications. The special copper-alloy mounting
stud can withstand an installing torque up to 25 inch-pounds. JEDEC No. DO-4
package; outline 2, Outlines Section. This type is identical with type 1N1206A
except for the following items:

MAXIMUM RATINGS

For power-supply frequency of 60 cps, single-
phase operation, with resistive or ind five load

Peak Reverse Voltage ..........ccciiiiinineiiiiiiiiiinecerrnveana 100 max  volis
Transient Reverse Voltage:

Non-repetitive, for duration of 5 milliseconds maximum .... 200 max volts
RMS Supply Voltage ..........cooeiiiiiiierininiiiiiiiennnas 70max  volis
DC Blocking Voltage ........cceeceeiecovrsrecsscrscscssstacscons 100 max volts
CHARACTERISTICS
Maximum Reverse Current:

Dynamic® .....ciiiiiiiiirrernrrrecosncosrrrarsotscsassssensas 25 ma

* Average value for one complete cycle at maximum peak reverse voltage, maximum
average forward current, and case temperature = 150°C.

K SILICON RECTIFIER
This type is a reverse-polarity

i f 1N1200A. JEDEC No.
5 gé}s-?np:clgg:; outline 2, Outlin:s ]leoORA
tion.

SILICON RECTIFIER

A Hermetically sealed 12-ampere
type for use at peak reverse volt-
ages up to 200 volts, It is used in
generator-type power supplies in ]N] 202A
mobile equipment; dc-to-de con-
K verters and battery chargers; power
supplies for aircraft, marine, and missile equipment; transmitters, rf generators,
and dc-motor power supplies; machine-tool controls; welding and electroplat-
ing equipment; dc-blocking service; magnetic amplifiers, and a wide variety
of other heavy-duty applications. This type is designed to meet stringent en-
vironmental and mechanical specifications. The special copper-alloy mounting
stud can withstand an installing torque up to 25 inch-pounds. JEDEC No. DO-4
package; outline 2, Outlines Section. This type is identical with type 1N1206A
except for the following items:

MAXIMUM RATINGS

For power-supply frequen of 60 cps, single-
phase operdation, with fesisgz%e or inductive l%ad

Peak Reverse VOItage ...cvoveeveserescrsseecsorssoscscssasssss . 200 max volts
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Transient Reverse Voltage

Non-repetitive, for duration of 5 milliseconds maximum ,,., 350 max  volts
RMS_Supply Vol ta - . 140 max volts
DC Blocking Voltage ......... Geevsosrcvesscccrcsessorecss [OPPIN 200 max volts

CHARACTERISTICS

Maximum Reverse Current:
Dynamic* .................... A 2 ma

* Average value for one complete cycle at maximum peak reverse voltage, maximum
average forward current, and case temperature = 150°C,

SILICON RECTIFIER KK
This type is a reverse-polarity

i f 1N1202A. JEDEC No.
] N] 202RA l‘;eorifnp:clgg:; outline 2, Out]in;

Section. A
SILICON RECTIFIER
Hermetically sealed 12-ampere A

type for use at peak reverse volt-
'IN'|203A ages up to 300 volts. It is used in

generator-type power supplies in

mobile equipment; dec-to-dc con-

verters and battery chargers; power B
supplies for aircraft, marine, and missile equipment; transmitters, rf generators,
and dc-motor power supplies; machine-tool controls; welding and electroplat-
ing equipment; de-blocking service; magnetic amplifiers, and a wide variety
of other heavy-duty applications. This type is designed to meet stringent en-
vironmental and mechanical specifications. The special copper-alloy mounting
stud can withstand an installing torque up to 25 inch-pounds. JEDEC No. DO-4
package; outline 2, Outlines Section, This type is identical with type 1N1206A
except for the following items:

MAXIMUM RATINGS

For power-supply frequency of 60 cps, single-
phase operation, with resistive or induc e load
Peak Reverse Volfage ...........c...ieineriiiineearoneeeonenns . 300 max  volts
Transient Reverse oltage:
Non-repetitive, for duration of § milliseconds maximum ..., 450 max  volts
RMS_ Supply Voltage .......................................... 212 max volts
DC Blo g Voltage ............ veeaene creses Ceresosaenann cere 300 max volis

CHARACTERISTICS

Maximum Reverse Current:
Dynamic* .. ....... . it iieeiecnerseaeraaaens 1.75 ma

* Average value for one comglete cycle at maximum Peak reverse voltage, maximum
average forward current, and case temperature — 150

SILICON RECTIFIER Tk

This type is a reverse-polarity
i f t; IN1203A. JEDEC No.
]N]203RA Be(;ifnpgckig:; outline 2, Outlines ¥

Section., A
SILICON RECTIFIER
Hermetically sealed 12-ampere oA

type for use at peak reverse volt-
'lN'|204A ages up to 400 volts. It is used in
mobile equipment; dc-to-de con-
verters and battery chargers; power

generator-type power supplies in [sTK
supplies for aircraft, marine, and missile equipment; transmitters, rf generators,
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and dc-motor power supplies; machine-tool controls; welding and electroplat-
ing equipment; dc-blocking service; magnetic amplifiers, and a wide variety
of other heavy-duty applications, This type is designed to meet stringent en-
vironmental and mechanical specifications. The special copper-alloy mounting
stud can withstand an installing torque up to 25 inch-pounds. JEDEC No. DO-4
package; outline 2, Outlines Section. This type is identical with type 1N1206A
except for the following items:

MAXIMUM RATINGS

For power-supply quen of 60 cps, sinqie-
phase operution, w‘lﬁe reszsfil{:e or inductive

Peak Reverse VOItage . ........ccoeiieiirernernenneoniicionnnnns 400 max volts
Transient Reverse Voltage:

Non-repetitive, for duration of 5 milliseconds maximum .... 600 max volts
RMS Supply Voltage ..........coiiiiiiiiiiiirnniieinininenens 284 max volts
DC Blocking VOlfage ....ieiveerersoertosesocnsossscnrosssssans 400 max volts

CHARACTERISTICS
Maximum Reverse Current:
Dynamic* ... ittt it s it teei et 135 ma

* Average value for one comglete cycle at maximum Peak reverse voltage, maximum
average forward current, case temperature = 150°C.

K SILICON RECTIFIER
This type is a reverse-polarity

i f 1N1204A. JEDEC No.
]‘;eors—ll;mp(;clggg; outline 2, Outli.n:s ]N]204RA
A Section.

SILICON RECTIFIER

A Hermetically sealed 12-ampere
type for use at peak reverse volt-
ages up to 500 volts, It is used in
generator-type power supplies in ] N] 205A
mobile equipment; dec-to-dc con-
1Tk verters and battery chargers; power
supplies for aircraft, marine, and missile equipment; transmitters, rf generators,
and dc-motor power supplies; machine-tool controls; welding and electroplat-
ing equipment; dc-blocking service; magnetic amplifiers, and a wide variety
of other heavy-duty applications. This type is designed to meet stringent en-
vironmental and mechanical specifications. The special copper-alloy mounting
stud can withstand an installing torque up to 25 inch-pounds. JEDEC No. DO-4
package; outline 2, Outlines Section. This type is identical with type 1N1206A
except for the following items:

MAXIMUM RATINGS
For power-supply frequency of 60 cps, single-
phase operation, with resistive or inductive load

Peak Reverse Voltage ...........coruriiiiniiiienneiniiannnns 500 max volts
Transient Reverse Voltage: X

Non-repetitive, for duration of 5 milliseconds maximum ..., 700 max volts
RMS Supply Vollage .......iviiiviiriiiiciiiiane e iiiienn, 355 max volts
DC Blocking Voltage .....uvuvieirvriuirioeeriissaneiorossornens 500 max volts

CHARACTERISTICS

Maximum Reverse Current:
DyNamMIC® ...ttt e e e e 1.25 ma

* Average value for one complete cycle at maximum peak reverse voltage, maximum
average forward current, and case temperature = 150°C
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SILICON RECTIFIER iy
This type is a reverse-polarity

i £t 1N1205A. JEDEC No.
] N]205RA 1‘7)%5:140 npzckzg:; outline 2, Outlin:s
Section. [STA

SILICON RECTIFIER

Hermetically sealed 12-ampere A
type for use at peak reverse volt-
'IN'|206A ages up to 600 volts. It is used in
generator-type power supplies in
mobile equipment; dc-to-de con-
verters and battery chargers; power ISk
supplies for aircraft, marine, and missile equipment; transmitters, rf generators,
and de-motor power supplies; machine-tool controls; welding and electroplat-
ing equipment; de-blocking service; magnetic amplifiers, and a wide variety
of other heavy-duty applications. This type is designed to meet stringent en-
vironmental and mechanical specifications. The special copper-alloy mounting
stud can withstand an installing torque up to 25 inch-pounds. JEDEC No. DO-4
package; outline 2, Outlines Section.

RATING CHART T
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MAXIMUM RATINGS

For power-supply frequency of 60 cps, single-
phase operution, with resistive or inductive load
Peak Reverse Voltage ...........cocviviieniiorinennanenannenns 600 max  volts
Transient Reverse Voltage:
Non-repetitive, for duration of 5 milliseconds maximum .... 800 max volts
RMS Supply Voltage .......c.oiiviiiiiiiiiiiiiiiiiniaii i 424 max  volts
DC Blocking Voltage .........ciiieiiiiiiiiiiiiiiiierneiianians 600 max  volts

Average Forward rrent:
At case temperature of 150°C
At other case temperatures
Recurrent Current
Surge Current:i

12 max amperes
See Rating Chart I
50 max amperes

For one-half cycle, Sine wave .........oovvciiiinenrcansrneans 240 max amperes

For one or more CycCles .........ceiieeiiicievioiarnsrenoanans See Rating Chart I
Case-Temperature Range: .

Operating and StOTage .......ccv.evenerereronrsnerenoinnennen —65 to 200 °C

{ Superimposed on device operating within maximum voltage, current, and temperature
ratings; may be repeated after sufficient time has elapsed for the device to return to
the presurge thermal-equilibrium conditions.

CHARACTERISTICS
Maximum Forward Volta%e Drop* .. iiieieiiiiiiiiiairieine, . 0.55 volt
Maximum Reverse Current:
DynamMIC® ... ... i i eer s ettt iaeaas 1 ma
BT 721 7 1 N 0.004 ma
Maximum Thermal Resistance:
JUNCLION-T0-CASE .. ... ittt iriaiernse it 2 °C/watt

* Average value for one complete cycle at maximum geak reverse voltage, maximum
average forward current, and case temperature = 150°C.

f DC value at maximum peak reverse voltage and case temperature = 25°C.

LK SILICON RECTIFIER
This type is a reverse-polarity

i f 1N1206A. JEDEC No.
‘lgess-lznp(;clggz; outline 2, Outlin; ]N]206RA
A Section.

SILICON RECTIFIER

o Hermetically sealed 5-ampere
type for use at peak reverse volt-
ages up to 50 volts. It is used in
generator-type power supplies in ]N]6]2
mobile equipment; de-to-dc con-
STk verters and battery chargers; power
supplies for aircraft, marine, and missile equipment; transmitters, rf generators,
and dc-motor power supplies; machine-tool controls; welding and electroplat-
ing equipment; dc-blocking service; magnetic amplifiers, and a wide variety
of other heavy-duty applications. This type is designed to meet stringent en-
vironmental and mechanical specifications. The special copper-alloy mounting
stud can withstand an installing torque up to 25 inch-pounds. JEDEC No. DO-4
package; outline 2, Outlines Section. This type is identical with type 1N1616
except for the following items:

MAXIMUM RATINGS

For power-supply frequency of 60 cps, single-
phase operation, with resistive or inductive load

RS Subely Voltate
upply Voltage

50 max  volts
35 max volts

DC Bioc Voltage . 50max  volis
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SILICON RECTIFIER Ok

This type is a reverse-polarity

i f t 1N1612. JEDEC No.
'N]6]2R ‘Il)eors—fnp:ckggif outline 2, Outlin:s

Section. [STA
SILICON RECTIFIER
Hermetically sealed 5-ampere A

type for use at peak reverse volt-
'IN'I 6"3 ages up to 100 volts. It is used in

generator-type power supplies In

mobile equipment; de-to-dc con-

verters and battery chargers; power KifS
supplies for aircraft, marine, and missile equipment; transmitters, rf generators,
and dc-motor power supplies; machine-tool controls; welding and electroplat-
ing equipment; de-blocking service; magnetic amplifiers, and a wide variety
of other heavy-duty applications. This type is designed to meet stringent en-
vironmental and mechanical specifications. The special copper-alloy mounting
stud can withstand an installing torque up to 25 inch-pounds. JEDEC No. DO-4
package; outline 2, Outlines Section. This type is identical with type 1N1616
except for the followihg items:

MAXIMUM RATINGS

For power-supply frequency of 60 cps, single-
phase operation, with resistive or inductive load

Peak Reverse Voltage ....................ccoviiininiiiiiinninen 100 max  volts

RMS Supply Voltage ...................coeeerouuoii i, 70 max  volts
DC Blocking Voltage ..................cciiuiiiimiiiiiiiiiin. 100 max  volts
SILICON RECTIFIER [l

This type is a reverse-polarity

i f t 1N1613. JEDEC No.
]N]6]3R Beors-fnp:csz’g%? outline 2, Outlin;s

Section. =la
SILICON RECTIFIER
Hermetically sealed 5-ampere A

type for use at peak reverse volt-
'IN'I 6" 4 ages up to 200 volts. It is used in

generator-type power supplies in

mobile equipment; dc-to-de con-

verters and battery chargers; power sl
supplies for aircraft, marine, and missile equipment; transmitters, rf generators,
and de-motor power supplies; machine-tool controls; welding and electroplat-
ing equipment; de-blocking service; magnetic amplifiers, and a wide variety
of other heavy-duty applications. This type is designed to meet stringent en-
vironmental and mechanical specifications. The special copper-alloy mounting
stud can withstand an installing torque up to 25 inch-pounds. JEDEC No. DO-4
package; outline 2, Outlines Section. This type is identical with type 1N1616
except for the following items:

MAXIMUM RATINGS

For power-supply frequency of 60 cps, single-
phase operation, with resistive or inductive load

Peak Reverse Voltage ................ccciiiiiniiiiiiinnnaun, 200 max  volts
RMS Supply Voltage .................ciiiiiiiiiiniiinieiann.. 140 max volis
DC Blocking Voltage ..............ciiiiiiiiiiniiirennnnanneen 200 max  volts
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£l SILICON RECTIFIER

This type is a reverse-polarity
version of type 1N1614. JEDEC No.
DO-4 package; outline 2, Outlines ]N]6]4R

1A Section.

SILICON RECTIFIER

A Hermetically sealed 5-ampere
mobile equipment; dc-to-de con-
type for use at peak reverse volt-
ages up to 400 volts. It is used in ]N]6]5
verters and battery chargers; power
K generator-type power supplies in
supplies for aircraft, marine, and missile equipment; transmitters, rf generators,
and de-motor power supplies; machine-tool controls; welding and electroplat-
ing equipment; dc-blocking service; magnetic amplifiers, and a wide variety
of other heavy-duty applications. This type is designed to meet stringent en-
vironmental and mechanical specifications. The special copper-alloy mounting
stud can withstand an installing torque up to 25 inch-pounds. JEDEC No. DO-4
package; outline 2, Outlines Section. This type is identical with type 1N1616
except for the following items:

MAXIMUM RATINGS

For power-supply frequency of 60 cps, single-
phase operation, with resistive or inductive load

Peak Reverse Voltage ....
RMS Supply Voltage ....
DC Blocking Voltage

400 max volts
280 max volis
400 max volts

[0k SILICON RECTIFIER

This type is a reverse-polarity
version of type 1N1615. JEDEC No.
DO-4 package; outline 2, Outlines ]N]6]5R
[s[A Section.

SILICON RECTIFIER

A Hermetically sealed 5-ampere
type for use at peak reverse volt-
ages up to 600 volts. It is used in
generator-type power supplies in ] Nl 61 6
mobile equipment; dec-to-de con-
S verters and battery chargers; power
supplies for aircraft, marine, and missile equipment; transmitters, rf generators,
and de-motor power supplies; machine-tool controls; welding and electroplat-
ing equipment; dc-blocking service; magnetic amplifiers, and a wide variety
of other heavy-duty applications. This type is designed to meet stringent en-
vironmental and mechanical specifications. The special copper-alloy mounting
stud can withstand an installing torque up to 25 inch-pounds. JEDEC No, DO-4
package; outline 2, Outlines Section.

MAXIMUM RATINGS

For power-supply frequency of 60 cps, single-
phase operation, with resistive or inductive load

Peak Reverse Voltage ........ccviiiiininiiiiniannnnennnns.s 600 max volis
RMS Supply Voltage ........c.ooeiiiniiiiiiiiiiiiiinniniiianans. 420 max volts
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DC Blocking Voltage ...........cccciiveennees vioenravsanscnns 600 max volis
Average Forward Current:
At case temperature of 135° C 5 max amperes
At other case temperatures . . See Rating art
Peak Recurrent Current ..... . 15 max amperes
Case-Temperatiure Range:
Operating and StOXage ..........evieetivenerreeroranenonoennns —65 to 175 °C

RATING CHART

L T T
TYPE INI6!
|_LOAD: RESISTIVE OR INDUCTIVE
| CURVE | TYPE OF OPERATION

wi 4 A DIRECT CURRENT

ol 8.25 B SINGLE PHASE

eul I~ ¢ THREE PHASE

‘%’z 5 8 ~N_D SIX PHASE

<

S0 CD Sy [\

2£3.75 IL =] ~J

g2 25 %‘

125 l \rx,.
o L
130 135 140 145 150 155 160 165 170 {75
CASE TEMPERATURE-"C
92CS- 112957
CHARACTERISTICS
Maximum Forward Volta%e Drop* .iiveveernnnsoiececonienses . 15 volis
Maximum Reverse Current:
Dynamict ... .. i ittt s astenetaseanens 1 ma
Statiet . i i i e i i 0.01 ma

¢ At maximum average forward current and case temperature — 25°C.

i Average value for one complete cycle at maximum peak reverse voltage, maximum
average forward current, and case temperature — 135°C.

4 DC value at maximum peak reverse voltage and case temperature = 25°C.

SILICON RECTIFIER [Tk

This type is a reverse-polarity
'IN'I 6'| 6R version of type 1N1616. JEDEC No.
DO-4 package; outline 2, OQutlines

Section. HEY

SILICON RECTIFIER A

Hermetically sealed 500-milli-

ampere type for use at peak reverse

-l N-I 763 voltages up to 400 volts. It is used in

power supplies of color and black-

and-white television receivers, radio

receivers and phonographs, and in

other rectifying applications. This type is intended for rectifier applications in

which the device operates direct from a power line at ac voltages up to 140

volts. JEDEC No. DO-1 package; outline 1, Outlines Section. For forward-
characteristic curve, refer to type 1N3196.

MAXIMUM RATINGS

For power-supply frequency of 60 s, single-
phase operation, with capacitor input to filter

K

Peak Reverse Voltage ...........cccciiiiiiiiiiiiiioianinseaneans 400 max  volis
RMS Su]%‘ply Voltage ... ...ttt ittt iiiieiaees 140 max  volts
Average Forward Current:

At ambient temperatures up t0 75°C . ... . c.iiiiiiiniiiiienas 500 max ma

At ambient temperatures above 75°C ... ......iciiivineiiinan See Rating Chart
Peak Recurrent Current:

At ambient temperatures up o 75°C .........cciiiiiiiiiniaa. 5 max amperes

At ambient temperatures above 75°C ...........ccivinviennnn See Rating Chart
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Suﬁge Current (for turn-on time of 2 milliseconds duration):

t ambient temperatures up to 75°C ......eceiiiiiiiiinaien 35 max amperes

At ambient temperatures above T5°C ..ioiecerrersnarressacss See Rating Chart
Ambient-Temperature Range:

Operating ...... Ceteaameeenans eiaeereeseseesaressscesasesssss —65 10100 °C

STOTABE .1 icvvrerinrrircescrasrersasesssssassssssasssessasnesss —65 10150 °c
CHARACTERISTICS
Maximum Forward Voltage Drop* ...t 3 volts
Maximum Reverse Current (at maximum peak reverse voltage) :

At ambijent temperature of 25°C ... ... ... ... ..l 100 ua

At ambient temperature of 100°C. ........iiiiiiieiiiraiiines 1 ma

* Instantaneous value at average forward amperes = 15 and ambient temperature = 25°C.

TYPICAL CHARACTERISTICS

RATING CHART FULL~WAVE VOLTAGE DIVIDER
TYPE INI763 TYPE INI763 T T
=2 SUPPLY FREQUENCY=60 CPS AMBIENT TEMPERATURE = 25°C
2 s |- SUPPLY FREQUENCY =60 CPS —
§<x w Y] +
3 O=AAA, ' 23
% Kk i'f INPUT 5.6 REN
3E5 o] | . U7 VOLTS AC OHMS = o2 -
w o
100 > L voLTAGE
v =
Lo 2400 ¢ ., —
G ) E
o 8 53
=S~ 50 300 C =250 ut
wE 8 \\
2 100
25 200 50
0?5 50 -26 O 25 50 T 100 l
-5 ~50 - 5 100
AMBIENT TEMPERATURE-"C O O O A wpaes 00 08 OF
92¢5~9727T2 9205-97I6T

TYPICAL OPERATION
As Half-Wave Rectifier

RMS Supply Voltage ................ PPN .. 117 117 117 volts
Filter-Input Capacitor ............. ereaeans ve 50 100 250 uf
Surge-Limitin, esistancet ........... .. ..., 5.6 5.6 5.6 ohms
DC Output Voltage (Approx.) at input to filter:
At half-load current of 250 milliamperes .... 126 146 150 volts
V%tt fuuﬁload cturren(t of 500 )xmllxamperes eae 100 132 139 volts
oltage Regulation Drox.
]i load to fu]l-loac? current ........ 26 14 1 volts

As Half-Wave Voltage Doubler

RMS Supply Voltage .................. cevaanes 17 117 volts
Filter-Input Capacitor ...... cee 100 250 uf
Surge-Limitin, esistancet . 5.6 5.6 ohms
DC Output Voltage (Approx.) at input to filter:
At half-load current of 250 milliamperes .... 273 288 volts
At full-load current of 500 milliamperes .... 235 262 volis
Volta]%e Regulatxon { dprox.) :
current ......... ieee 38 26 volis

As Full-Wave Voltage Doubler

RMS Supply Voltage ..........cocviennnenan . 117 117 117 volts
Filter-Input Capacitor . . 50 100 250 uf
Surge-Limitin, Reslstancef . 56 5.6 5.6 ohms
DC Qutput Voltage (Approx.) at input to filte:
At hali-load current of 250 milliamperes .... 260 280 290 volts
At full-load current of 500 milliamperes .... 220 260 275 volts
Volta ée Regulation (Approx.):
Joad to full-load current ...... RN 40 20 15 volts

4+ The transformer series resistance or other resistance in the line may be deducted from
the value shown.
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SILICON RECTIFIER A

Hermetically sealed 500-milli-
ampere type for use at peak reverse
-IN-|764 voltages up to 500 volts. It is used
in power supplies of color and black-
and-white television receivers, radio
receivers, and phonographs, and in K
other rectifying applications. This type is intended for rectifier applications in
which the device operates from the power line through a step-up transformer
at ac output voltages up to 175 volts. JEDEC No. DO-1 package; outline 1,
Outlines Section. For forward-characteristic curve, refer to type 1N3196.

MAXIMUM RATINGS

For power-supply frequency of 60 cps, sin,
phase operation, with capacitor input to

Peak Reverse Voltage
RMS Supply Voltage
Average Forward Current:

500 max volts
175 max volts

At ambient temperatures up to 75°C ... ... .0iiiiiiiiieienieas 500 max ma

At ambient temperatures above T5°C ......cccvieveriornnnnns See Rating Chart
Peak Recurrent Current:

At ambient temperatures up to 75°C .......... e N 5 max amperes

At ambient temperatures above 75°C ...................... . Rating Chart
Surge Current (for turn-on time of 2 milliseconds duration):

At ambient temperatures up to 75°C ................ Cerees .. 35 max amperes

At ambient temperatures above 75°C ..... erresebenaans erena See Rating Chart
Ambient-Temperature Range:

Operating ...........c0icvennnnnn eresennanan teesisiiiiereas.. —65 to 100 °C

Storage ..... R veeseeaas Ceeriresisesssrsrsannsiaseeese.. —B5 10150 oC
CHARACTERISTICS
Maximum Forward Voltage Drop* ................civiuiee.onn 3 volts
Maximum Reverse Current (at maximum peak reverse voltage):

At ambient temperature of 25°C ........... .. .0 iii i . 100 pa

At ambient temperature of 100°C ..............ciiiiiiann, .. 1 ma

L
* Instantaneous value at average forward amperes = 15 and ambient temperature = 25°C.

TYPICAL CHARACTERISTICS

RATING CHART FULL-WAVE VOLTAGE DIVIDER

T —
TYPE INI764 TYPE INI7T€4 ° N
=2 | SUPPLY FREQUENCY=60 CPS AMBIENT TEMPERATURE = 25°C
S5 | SUPPLY FREQUENCY = 60 CPS -
Zxy » soome .
g5 41 150 BN N
=Za a 17 VoIS A VOLTS CT 08
] B ouTPUT
S&x 100 > T} VOLTAGE
ok 5 ek .
Z. a 75 z 500 ¢— _
OeY = l I
=5° 50 400 [ C=250uf
& =
ak Q —
4 25 \Q:mo m
300 ~—y
50
075 50 -26 0 25 S50 75 100 21 L
- - t 00
AMBIENT TEMPERATURE-"C Qo ol ro L%AD AMPERE%S 06 07
92cs-972772 > a2cs-omIT
TYPICAL OPERATION
As Half-Wave Rectifier
RMS Supply Voltage ... 150 150 150 volts
Filter-Input Capacitor . 50 100 250 uf
Surge-Limiting esmtancef ............ . 6.8 6.8 6.8 ohms
DC Output Voltage (Approx. ) at nput to filter
At half-load current of 250 mllha.mperes .. 158 184 190 volts
At full-load current of 500 milliamperes .. 128 170 178 volts
Voltage Regulatlon (A;()iprox.):
Half-load full-load current ............ . 30 14 12 volts
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As Half-Wave Voltage Doubler

RMS Supply Voltage .............ocviinninnns, 150 150 volts
Filter-Input Capacitor ........ e iai et 100 250 uf
Surge-Limitin; esistancet ................... . 68 68 ohms
DC Output Voltage (Approx ) at input to filter:

At half-load current of 250 milliamperes .... 345 367 volts
Vl}t; fullRloa%a t_:urre?}&x of 500) milliamperes ,... 301 336 volis

() e Regulation (Approx.):

Ha]%—load to full-loa.&f current .............. 44 31 volts

As Full-Wave Voltage Doubler

RMS Supply Voltage ....... 150 150 150 vo
Filter-Input Capa01tor 50 100 250
Surge-Limitin istancet . 6.8 6.8 68 ohms
DC Output Vo tage (Approx.) at input to filter:

At half-load current of 250 milliamperes .... 340 370 380 volts

At full-load current of 500 millxamperas N 290 340 360 volts
Volta%e Regulation é}prox)

load to full-load current ......... eeas 50 30 20 volts

t The transformer series resistance or other resistance in the line may be deducted from
value shown.

DIODE

K Hermetically sealed germanium
type used to compensate for the ef-
A fects of temperature and supply-
voltage changes in class B push-pull ] N2326
audio-frequency power-amplifier
stages. In a typical af power-ampli-
fier circuit, it maintains the bias voltage applied to the output stage within
+0.015 volt for supply-voltage variations up to —40 per cent, and simul-
taneously compensates for ambient-temperature variations over the range from
—20 to 71°C. Package is similar to JEDEC No. TO-1 (outline 4, Outlines Sec-
tion) except that lead No. 3 is omitted.

MAXIMUM RATINGS

Temperature and voltage-compensation service

Peak Forward Current .............. P 200 max ma
Reverse Voltage* ............ e volt
Average Forward Current ........ . ma
Ambient- Temperature Range:

Operating and Storage ......... °C
CHARACTERISTICS
Forward Voltage Dro

At average forward ma == 2 ........ci00iinieennn 135 mv

At average forward ma = 100 .............ioiiiiii e, ‘e 260 mv

* Operation with reverse voltages is not recoramended.

TYPICAL FORWARD CHARAGTERISTIC

TYPICAL FORWARD CHARACTERISTIC

T —_—— T T
[ TYPE IN2326 10 T T -
2 ul 8 ~TYPE IN2326
-gJ AVERAGE FORWARD MILLIAMPERES =2 5 6 - AMBIENT TEMPERATURE=25°C

o
] = 4 4
o <
=200 3 2
=] \ = //
150 2,
c g6 VA
14 \ £ /
1 190 B 2 4
o
b} \ w /
4 so S
) | : /

Zo

Q 10 20 30 40 50 80 70 Q 25 S50 7 100 125 150 175 200
AMBIENT TEMPERATURE —°C AVERAGE FORWARD MILLIVOLTS

$2C8-~i0140T} 92CS-1014ITL
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SILICON RECTIFIER A

Hermetically sealed type used in
power-supply applications at peak
]N2858 reverse voltages up to 50 volts, This
type has a maximum average-for-
ward-current rating of 750 milli-
amperes for resistive or inductive K
loads and 500 milliamperes for capacitive loads. JEDEC No. DO-1 package;
outline 1, Outlines Section. This type is identical with type 1N2864 except for
the following items:

MAXIMUM RATINGS
For power-supply frequency of 60 cps, single-phase operation

Resistive or Capacitive
Inductive Load oud

Peak Reverse Voltage ............ 50 max 50 max vols
RMS Sléﬂfly Voltage ..........0- 35 max 17 max volts

DC Blocking Voltage ............ 50 max 50 max volts
CHARACTERISTICS
Maximum Reverse Current (at maximum peak reverse voltage) . 04 ma

SILICON RECTIFIER A

Hermetically sealed type used in
power-supply applications at peak
'I N2859 reverse voltages up to 100 volts. This
’ type has a maximum average-for-
ward-current rating of 750 milli-
amperes for resistive or inductive K
loads and 500 milliamperes for capacitive loads. JEDEC No. DO-1 package;
outline 1, Outlines Section. This type is identical with fype 1N2864 except for
the following items:

MAXIMUM RATINGS
For power-supply frequency of 60 cps, single-phase operation

Resistive_or Capacitive
Inductive Load Load

Peak Reverse Voliage 100 max 100 max wvolts
RMS SUﬁply Voltage 70 max 35 max volts
DC Blocking Voltage 100 max 100 max volis
CHARACTERISTICS

Maximum Reverse Current (at maximum peak reverse voltage) . 04 ma

SILICON RECTIFIER A

Hermetically sealed type used in
power-supply applications at peak
-l N2860 reverse voltages up to 200 volts. This
type has a maximum average-for-
ward-current rating of 750 milli-
amperes for resistive or inductive K
loads and 500 milliamperes for capacitive loads. JEDEC No. DO-1 package;
outline 1, Outlines Section. This type is identical with type 1N2864 excepi for
the following items:
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MAXIMUM RATINGS
For power-supply fregquency of 60 cps, single-phase operation

Resistive or Capuacitive
Inductive Load

Peak Reverse Voltage ............ 200 max 200 max volts
RMS Supply Voltage ............ 140 max 70 max volts
DC Bloc Voltage ............ 200 max 200 max volts
CHARACTERISTICS

Maximum Reverse Current (at maximum peak reverse voltage) . 0:4 ma

A SILICON RECTIFIER

Hermetically sealed type used in
power-supply applications at peak
reverse voltages up to 300 volts. This
type has a maximum average-for- ]N2861
ward-current rating of 750 milli-
K amperes for resistive or inductive
loads and 500 milliamperes for capacitive loads. JEDEC No. DO-1 package;
outline 1, Outlines Section. This type is identical with type 1N2864 except for
the following items:

MAXIMUM RATINGS
For power-supply frequency of 60 cps, single-phase operation

Resistive or Cafacitive
Inductive Load oad
Peak Reverse Voltage ............ 300 max 300 max volts
RMS Supply Voltage ............ 210 max 105 max volts
DC Blocking Voltage ............ 300 max 300 max volts
A SILICON RECTIFIER

Hermetically sealed type used in
power-supply applications at peak
reverse voltages up to 400 volts. This
type has a maximum average-for- ]N2862
ward-current rating of 750 milli-~
£ amperes for resistive or inductive
loads and 500 milliamperes for capacitive loads, JEDEC No. DO-1 package;
outline 1, Outlines Section. This type is identical with type 1N2864 except for
the following itemns:

MAXIMUM RATINGS
For power-supply frequency of 60 cps, single-phase operation

Resistive_or Capacitive
Inductive Load Load
Peak Reverse Voltage ............ 400 max 400 max volts
RMS Supply Voltage ............ 280 max 140 max volts
DC Blocking Voltage ............ 400 max 400 max volts
A SILICON RECTIFIER

Hermetically sealed type used in
power-supply applications at peak
reverse voltages up to 500 volts. This
type has a maximum average-for- ]N2863
ward-current rating of 750 milli-
K amperes for resistive or inductive
loads and 500 milliamperes for capacitive loads. JEDEC No. DO-1 package;
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outline 1, Outlines Section. This type is identical with type 1N2864 except for
the following items:

MAXIMUM RATINGS

For power-supply frequency of 60 cps, single-phase operation

Resistive_or Capacitive
Inductive Load oad
Peak Reverse Voltage ............ 500 max 500 max volts
RMS Supply Voltage ............ 350 max 175 max volts
DC Blocking Voltage ............ 500 max 500 max volts
SILICON RECTIFIER A

Hermetically sealed type used in

power-supply applications at peak

'I N286 4 reverse voltages up to 600 volts, This

type has a maximum average-for-

ward-current rating of 750 milli-

amperes for resistive or inductive

loads and 500 milliamperes for capacitive loads. JEDEC No. DO-1 package;
outline 1, Outlines Section.

MAXIMUM RATINGS

For power-supply frequency of 60 cps, single-phase operation

K

Resistive_or Capacitive
Inductive Load oa
Peak Reverse Voltage ............ 600 max 600 max volts
RMS Suiply Voltage ............ 420 max 210 max volts
DC Blocking Voltage ............ 600 max 600 max volts
Average Forward Current:
At ambient temperatures up
to 75°C ... . e 750 max 500 max ma
At ambient temperatures
above 75°C .................. See Rating Chart 1
Surge Current:
For one cycle at ambient
temperature of 25°C ..... ..., 40 max 40 max amperes
For more than one cycle and at
other ambient temperatures .. See Rating Chart II
Ambient-Temperature Range:
Operating and Storage ........ —65 to 125 —65 to 125 °C
RATING CHART T RATING CHART IT
T T T
TYPE IN2864
750 TYPE 'N,2864 —’ 50} SINUSOIDAL SUPPLY-VOLTAGE

T FREQUENCY (CPS)=60

|
L

o
~
o
Y
(=

FOR RESISTIVE OR
INDUCTIVE LOADS

MAXIMUM AVERAGE FORWARD MILLIAMPERES

0
w
o
w
500 s
Z 30 =Y
375 N = 8 N 4
20 M8y,
FOR V 2 Enr
2501~ CAPACITIVE LOADS \\ “ WNWMRE-ZS,
z25°c
10
125 ] 100°¢C
]
[ 50 100 150 200 | 2 4 6 810 2 4 6 8i00
AMBIENT TEMPERATURE~°C SURGE ~CURRENT DURATION~CYCLES
92CS~10474T 92CS- 104767
CHARACTERISTICS
Maximum Forward Voltage Drop®* ... ....................... .. 1.2 volts
Maximum Reverse Current (at maximum peak reverse voltage) . 03 ma

¢ DC value at average forward ma = 500 and ambient temperature = 25°C.
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1N3128

to

1N3130

See RCA TUNNEL DIODE CHART starting on page
324 for complete data on these types.

" SILICON RECTIFIER

Hermetically sealed type used in
power-supply applications at peak
reverse voltages up to 200 volts. This
type has a maximum average-for- ]N3]93
ward-current rating of 750 milli-
amperes for resistive or inductive
loads and 500 milliamperes for capacitive loads. It is designed to meet stringent
temperature-cycling and humidity requirements of critical applications. Pack-
age is similar to JEDEC No. TO-1; outline 21, Outlines Section. This type is
identical with type 1N3196 except for the following items:

MAXIMUM RATINGS

For power-supply frequency of 60 cps, single-phase operation

A

Resistive or Capacitive
Inductive Load oa
Peak Reverse Voltage ............ 200 max 200 max volts
RMS Supply Voltage ............ 140 max 70 max volts
Average Forward Current:
At amblent temperatures up

5°C .. ..., 750 max 500 max ma

Peak Recurrent Current ........ — 6 max amperes
Ox SILICON RECTIFIER

Hermetically sealed type used in
power-supply applications at peak
reverse voltages up to 400 volts. This
type has a maximum average-for- ]N3]94
ward-current rating of 750 milli-
A amperes for resistive or inductive
loads and 500 milliamperes for capacitive loads. It is designed to meet stringent
temperature-cycling and humidity requirements of critical applications. Pack-
age is similar to JEDEC No. TO-1; outline 21, Outlines Section. This type is
identical with type 1N3196 except for the following items:

TYPICAL CHARACTERISTICS TYPICAL CHARACTERISTICS
HALF- WAVE VOLTAGE DIVIDER FULL-WAVE VOLTAGE DIVIDER
TYPE IN3194 T TYPE IN3194 ' T |
AMBIENT TEMPERATURE = 25°C AMBIENT TEMPERATURE =25°C

[FSUPPLY FREQUENCY = 60 CPS - t-SUPPLY FREQUENCY = 60CPS —]
» oAyt ot o e +
ks —Ir L4 s INPUT 5.6 -+
5 INPUT s6 ¢ ol bc 2 I irvours aus o ¢ . Be
€ [ioims o “F IF ] g s A
= o— T
Sas0 - 3350 I' .': -
3 ~ 3 S r
300 ©300 < }
8 \‘]\ e _— C=250 uf

250 N Ce250ut 250 |—— o0
1
'\ \L\\jso
200 00 200 |
[¢X] 02 03 04 05 06 OF 4] [o7] 02 03 04 05 06 OF
DC LOAD AMPERES DC LOAD AMPERES

92CS8-10916T4 $2€s-10918T3
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MAXIMUM RATINGS
For power-supply frequency of 60 cps, single-phase operation

Resistive or Cagacitive
Inductive Load
Peak Reverse Voltage ............ 400 max 400 max volts
RMS Supllply Voltage ............ 280 max 140 max volts
Average Forward Current:
At amb1ent temperatures up

A O 750 max 500 max ma

Peak Recurrent Current ........ -— 6 max amperes
SILICON RECTIFIER K

Hermetically sealed type used in
power-supply applications at peak
'l N3'I 9 5 reverse voltages up to 600 volts. This
type has a maximum average-for-
ward-current rating of 750 milli-
amperes for resistive or inductive A
loads and 500 milliamperes for capacitive loads. It is designed to meet stringent
temperature-cycling and humidity requirements of critical applications. Pack-
age is similar to JEDEC No. TO-1; outline 21, Outlines Section. This type is
identical with type 1N3196 except for the following items:

MAXIMUM RATINGS
For power-supply frequency of 60 cps, single-phase operation

Resistive or Cag]zciﬁme
Inductive Load ad
Peak Reverse Voltage .... 600 max 600 max volts
RMS SupEply Voltage .... 420 max 210 max volts
Average Forward Current
At ambient temperatures up

T5°C e 750 max 500 max ma

Peak Recurrent Current ........ —_ 6 max amperes
SILICON RECTIFIER K

Hermetically sealed type used in
power-supply applications at peak
ll N3-I 9 6 reverse voltages up to 800 volts. This
type has a maximum average-for-
ward-current rating of 500 milli-
amperes for resistive or inductive A
loads and 400 milliamperes for capacitive loads. It is designed to meet stringent
temperature-cycling and humidity requirements of critical applications. Pack-
age is similar to JEDEC No. TO-1; outline 21, Outlines Section.

MAXIMUM RATINGS
For power-supply frequency of 60 cps, single-phase operation

Resistive or Capacitive
Inductive Load Load
Peak Reverse Voltage ............ 800 max 800 max volts
RMS Supply Voltage ............ 560 max 280 max volts
Average Forward Current:
At ambient temperatures up
to 75°C ... 500 max 400 max ma
At other ambient temperatures . See Rating Chart
Peak Recurrent Current ........ - 5 max amperes
Surge Current:
For turn-on time of 2
milliseconds duration ........ — 35 max amperes
Ambient-Temperature Range:
Operating ...................cu0 —65 to 100 —65 to 100 °C
Storage ..., ... —65 to 175 —65 to 175 °C

Lead Temperature:
For 10 sgconds maximum ...... 255 max 255 max °C
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CHARACTERISTICS

Maximum Forward Voltage Drop* .........ceveeceeeenracenanns 1.2 volts
Maximum Reverse Current:
Dynamict ... e e eaaaeany 0.2 ma
=172 1L 0.005 ma

* Instantaneous value at average forward amperes = 0.5 and ambient temperature = 25°C.

3 Average value for one complete cycle at maximum peak reverse voltage, maximum
average forward current, and ambient temperature = 75°C.

% DC value at maximum peak reverse volts, average forward current = 0, and ambient
temperature = 25°C.

TYPICAL FORWARD CHARACTERISTIC
T

RATING CHART 4

— a 3196
TYPE IN
TYPE IN3196 & - 2g®
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9203972774 92C5-9730T2
K SILICON RECTIFIER

Hermetically sealed type used in
power-supply applications at peak
reverse voltages up to 200 volts. This
type has a maximum average-for- ]N3253
A ward-current rating of 750 milli-
amperes for resistive or inductive
loads and 500 milliamperes for capacitive loads. It is designed to meet stringent
temperature-cycling and humidity requirements of critical applications. Pack-
age is similar to JEDEC No. TO-1; outline 22, Outlines Section. This type is
identical with type 1N3193 except that it has a transparent, high-dielectric-
strength plastic sleeve over the metal case.

K SILICON RECTIFIER

Hermetically sealed type used in
power-supply applications at peak
reverse voltages up to 400 volts. This
type has a maximum average-for- 1N3254
ward-current rating of 750 milli-
A amperes for resistive or inductive
loads and 500 milliamperes for capacitive loads. It is designed to meet stringent
temperature-cyecling and humidity requirements of critical applications. Pack-
age is similar to JEDEC No. TO-1; outline 22, Outlines Section. This type is
identical with type 1N3194 except that it has a transparent, high-dielectric-
strength plastic sleeve over the metal case.
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SILICON RECTIFIER K

Hermetically sealed type used in
power-supply applications at peak
'l N 32 5 5 reverse voltages up to 600 volts. This
type has a maximum average-for-
ward-cwrrent rating of 750 milli-
amperes for resistive or inductive A
loads and 500 milliamperes for capacitive loads. It is designed to meet stringent
temperature-cycling and humidity requirements of critical applications. Pack-
age is similar to JEDEC No. TO-1; outline 22, Outlines Section. This type is
identical with type 1N3195 except that it has a transparent, high-dielectric-
strength plastic sleeve over the metal case.

SILICON RECTIFIER K

Hermetically sealed type used in
power-supply applications at peak
-I N32 5 6 reverse voltages up to 800 volts. This
type has a maximum average-for-
ward-current rating of 500 milli-~
amperes for resistive or inductive A
loads and 400 milliamperes for capacitive loads. It is designed to meet stringent
temperature-cycling and humidity requirements of critical applications. Pack-
age is similar to JEDEC No. TO-1; outline 22, Outlines Section. This type is
identical with type 1N3196 except that it has a transparent, high-dielectric-
strength plastic sleeve over the metal case.

SILICON RECTIFIER K

Hermetically sealed type used in
power-supply applications at peak
]N3563 reverse voltages up to 1000 volts.
This type has a maximum average-
forward-current rating of 400 milli-
amperes for resistive or inductive A
loads and 300 milliamperes for capacitive loads. It is designed to meet stringent
temperature-cycling and humidity requirements of critical applications. Pack-
age is similar to JEDEC No. TO-1; outline 22, Outlines Section. In addition,
this type has a transparent, high-dielectric-strength plastic sleeve over the
metal case and a protective coating to guard against the effects of severe en-
vironmental conditions. This type is electrically identical with type 1N3196
except for the following items:

MAXIMUM RATINGS
For power-supply frequency of 60 cps, single-phase operation

Resistive or C(ﬁ)acm’ve
Inductive Load oad
Peak Reverse Voltage ............ 1000 max 1000 max volts
RMS Supply Voltage ............ 700 max 350 max volts

Average Forward Current:
At ambient temperatures up
0 T5°C e 400 max 300 max ma
Peak Recurrent Current .. RN — 4 max amperes




Technical Data 125

SILICON RECTIFIER

A Hermetically sealed 125-milli-

ampere type used in power-supply

applications at peak reverse voltages

up to 100 volts. This type is designed ] N3754

to meet stringent temperature-

cycling and humidity requirements
of critical applications. Package is similar to JEDEC No. TO-1 (outline 4, Out-
lines Section) except that lead No. 3 is omitted. It is identical with type 1N3756
except for the following items:

MAXIMUM RATINGS
For power-supply frequency of 60 cps, single-phase operation, with capacifive load

Peak Reverse Voltage
RMS Supply Voltage

K

.......................................... 100 max volis
.......................................... 35 max volis

SILICON RECTIFIER

a Hermetically sealed 125-milli-
ampere type used in power-supply
applications at peak reverse voltages
up to 200 volts. This type is designed ] N3755
K to meet stringent temperature-
cycling and humidity requirements
of critical applications. Package is similar to JEDEC No. TO-1 (outline 4, Out-
lines Section) except that lead No. 3 is omitted. It is identical with type 1N3756
except for the following items:

MAXIMUM RATINGS
For power-supply frequency of 60 cps, single-phase operation, with capacitive load

Peak Reverse Voltage ........ccccivinmiiiniiinineenneiinneinnes 200 max volts
RMS Supply Voltage .....c.vviieeiiiennaieriaeetrrecssnnancnss . 70 max volts

SILICON RECTIFIER

a Hermetically sealed 125-milli~
ampere type used in power-supply
applications at peak reverse voltages
up to 400 volts. This type is designed .l N3756
K to meet stringent temperature-
cycling and humidity requirements
of critical applications. Package is similar to JEDEC No. TO-1 (outline 4, Out-
lines Section) except that lead No. 3 is omitted.

MAXIMURK RATINGS
For power-supply frequency of 60 cps, single-phase operation, with capacitive load

Peak Reverse Voltage ..............cciiviiiiiiiinniienncrsnioaes 400 max volts
RMS Supply Voltage ..........ccciiiiiiiiisiiiiiiiie i 140 max volts
Average Forward Current:
At ambient temperatures up to 65°C ..............0iiihnen 125 max ma
At ambient temperatures above 65°C ................iiiiiin See Rating Chart

Peak Recurrent Current

........................................ 1.3 max amperes
Surge Current:

For turn-on time of 2 milliseconds duration .................. 30 max amperes
Ambient-Temperature Range:

Operating .. ... . ... i i e i eraes —65 to 100 oC

170 o Y=L —65 to 175 °C
Lead Temperature:

For 10 seconds maximum .........ovevrvierrrunnensroiacsenss 255 max °C

CHARACTERISTICS

Maximum Forward Voltage Drop* ..........cevveevenennniarns 1 volt
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Maximum Reverse Current:
Dynamici . 0.3 ma
Statict ..........ciil, e 0.005 ma

*Insztgntaneous value at maximum average forward current and ambient temperature

i Average value for one complete cycle at maximum peak reverse voltage, maximum
average forward current, and ambient temperature — 65°C

+ DC value at maximum peak reverse voltage, average “forward current — 0, and ambient
temperature — 25°C.

RATING CHART TYPICAL REVERSE CHARACTERISTICS
— T T - — T T T
TYPE IN3756 TYPE IN3754, IN3755, & IN3756
@ | SUPPLY FREQUENCY =60 CPS
g ;
128 00
EL N
pu}
2100 N 6 DYNAMIG CHARACTERISTICS
= {AT MAXIMUM AVERnGE
2 25 4 FORWARD CURRENT A
< | Lqoi  AMBIENT TEMPERATURE = 65°C)
£ 5 WESTT (a8 !
56
& 2 IN37560 |
82 > L "
w
4] § 10
20 30 40 50 60 70 80 90 100 g,
AMBIENT TEMPERATURE—°C 1
92C$-11670 5 €
TYPICAL CHARACTERISTICS E
HALF-WAVE RECTIFIER ﬁ :
T T L4 T T }
mi;ﬁ: m};’EngRATURE zs'lc g . STATIC CHARACTERISTICS
) ° (AT AVERAGE FORWARD 7
-SUPPLY FREQUENCY = 60 CPS . CURRENT=0 AND AMBIENT
- 0—'\?/;'—”—-—0 ” o TE»gigERATuRn 5° ||
2 INPYT OHMS AL oursur | 11— 10— n3T5s =t
§'°° u7 voLTS RMS C2T voLrase ) "N = CIN3766]
o————————1o_ e
r = €
§|so %‘\ -~ C=250puf —
8l4o S 100 4
8 50
120 2
00 o
0 25 50 75 00 125 150 0 50 100 150 200 250 300 350 400
DG LOAD MILLIAMPERES REVERSE VOLTS
92CS-116727 92CM-§I6TIT

1N3847
t See RCA TUNNEL DIODE CHART for complete
o data on these tunnel diodes and rectifiers.

1N3863
TWIN DIODE

Hermetically sealed germanium
type used in high-speed switching
service in electronic data-processing

2DGO001 systems. Maximum ratings: dc re-

verse voltage — —-20 volts; average
forward current = —40 milliamperes;
ambient temperature range — —65 to 85°C. Package is similar to JEDEC No.

TO-33 (outline 13, Outlines Section) except that lead No. 2 is omitted. This is
a discontinued type listed for reference only.
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TRANSISTOR

Germanium p-n-p type used

in low-power audio-frequency am-

H plifier applications. In a commeoen-

0]0 0 emitter circuit, this type has a
E B ¢

forward-current transfer ratio of 44,
a low-frequency power gain of 41

127

2N104

db, and an integrated noise factor of 12 db maximum, JEDEC No. TO-40 pack-

age; outline 15, Outlines Section.
MAXIMUM RATINGS

Collector-to-Base Voltage (with emitter open) ................ —30 max
Collector Current .......... .. . .. i i it —50 max
Emitter Current ............ ..o, e . 50 max
Transistor Dissipation:
At ambient temperatures up to 25°C ............ciiiiiiiiiaas 150 max
At ambient temperature of 50°C ... ......... .. i iihiiiinenn 80 max
At ambient temperature of 70°C ..............c0iiiiiiiinae, 30 max
Ambient-Temperature Range:
Operating ............... ..o e e, —65 to 70
Storage ... . e e ittt —65 to 85
CHARACTERISTICS
Collector-to-Base Breakdown Voltage (with collector pa = —20
and emitter current == 0) ... ... ... il —30 min
Collector-Cutoff Current (with collector-to-base volis = —12
and emitter current = 0) ........ ... ..o —10 max
Emitter-Cutoff Current (w1th emitter-to-base volts = —12 and
collector current = 0) ........ciiiiiiiiiiiiiiii e —10 max
Thermal Resistance:
Junction-to-ambient ..............iii Ceeeeeeanee . 0.4
In Common-Base Circuit
Small-Signal Forward-Current-Transfer-
Ratio Cutoff Frequency:
With collector-to-base volts — —6 and collector ma = —1 .. 700
With collector-to-base volts = —3 and collector ma = —0.2 . 530
Power Gain (with collector to-emitter volts = —, collector ma
= —1, input resistance = 170 ohms, and load resistance —
0.5 Megohm) .....iiiiiii i i 324
50 TYPICAL COLLECTOR CHARACTERISTICS
- -2500 T T 7 1T 1T T 1
TS TYPE 2NI04
—~2000 [ COMMON- EMITTER CIRCUIT, BASE INPUT,
amll Ti7s0 AMBIENT TEMPERATURE =25°C
~40
-1500
o vl 15
& -1250
] T |
= -30 -1000
_‘_j I
§ ] =750
o
£ 20 =500
ud
pu}
é BASE_MICROAMPERES = —25Q
-0
il
4] -2 -4 -6 -8 ~i0 -i2 -4 -6
COLLECTOR- TO-EMITTER VOLTS 92CM-8512T]
In Common-Emitter Circuit
Small-Signal Forward-Current-Transfer-
Ratio Cutoff Frequency:
With collector-to-emitter volts = —6 and collector ma = —1 13.9
With collector-to-emitter volts = —3 and collector ma = —0.2 16.5

volts
ma
mw
mw
mw

°C
°oC

volts

°C/mw

ke
ke

db

ke
kc
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Power Gain (with collector-to-emitter volts = —6, collector ma
= —1, input resistance = 1400 ohms, and load resistance =
20000 ONINS) ..o

Noise Figure (with collector-to-emitter volts = —4, collector ma
= —0.7, and generator resistance = 518 ohms) ................

In Common-Collector Circuit

Power Gain (with emitter-to-collector volts = —3, collector ma
.2, input resistance = 0.5 megohm, and load resistance
18000 ONMS) .. i i i i e e e e

TYPICAL COLLECTOR CHARACTERISTICS

41

12 max

14.3

T T T T 1

TYPE 2NIC4

|~ COMMON-EMITTER CIRCUIT, BASE INPUT.
AMSBIENT TEMPERATURE =25°C

[
o
=)

|
n
o

=]

\

-3

D"

COLLECTOR MILLIAMPERES

/ BASE MIGROAMPERES=-20

«0.5 -0,

0 =05 -1O -5 -20 -25 -30 -35 -40
COLLECTOR-TO-EMITTER VOLTS

92¢M-8524T)

db

db

2N105 See list of Discontinued Transistors at end of Tech-
nical Data Section for abbreviated data.

TRANSISTOR

Germanium p-n-p type used

in large-signal audio-frequency am-

2N'Io9 plifier applications. It is used in
class B push-pull power-output

stages of battery-operated portable

radio receivers and audio amplifiers

and in class A high-gain driver stages. JEDEC No. TO-40 package; outline 15,

Outlines Section.

MAXIMUM RATINGS

Collector-to-Base Volta%e (with emitter open) ............... .
Collector-to-Emitter Voltage ...... .. ... ... ... .. .. ciiiiviinnen
Emitter-to-Base Voltage (w1th collector open)
Collector Current ................c.cvveveiennnnn.
Emitter Current ....................... e
Transistor Dissipation:

At ambient temperatures up 10 25°C . ... oo il i,

At ambient temperatures above 25°C ............... ..ol
Temperature Range:

Operating ... s
Stora Tg ......................................................
Lead Temperature (for 10 seconds maximum) ................
CHARACTERISTICS
Collector-Cutoff Current (with collector-to-base volts = —30

and emitter current = 0)
Emitter-Cutoff Current (with emitter-to-base volts —
collector current = 0)
Base-to-Emitter Voltage (with collector-to-emitter volt 1
and collector ma = —50 Ma) ..........cevveirrrnernrnenenin.

—35 max volts

—25 max volts

—12 max volts
—150 max ma

70 max ma

165 max mw

See curve page 80
—65 to 71 °oC
—65 to 85 °C
255 max °C

—7 max ua

—7 max na
02t00.4 volt



Technical Data 129
CoIIector-to-Em1tter Saturation Voltage (with collector ma =
0 and base current = —5ma) ....................... .. —0.15 max volt
Collector-to-Base Breakdown Vo tage (with collector pa
and emitter current = 0) ... ... .. ... .. ... —35 min volts
Emitter-to-Base Breakdown Voltage (with emitter pa =
collector current = 0) ......... .. . ... . ~—12 min volts
Collector-to-Emitter Breakdown Voltage (with collector ma = .
—1 and base current = 0) ......... ...ttt . ~—25 min volts
In Common-Base Circuit
Collector-to-Base Capacitance (with collector-to-base volts =
—6 and emitter current = 0) ......... ... . 0l iiiiiieaa. Chaees 20 to 60 pf
In Common-Emitter Circuit
DC Forward Current-Transfer Ratio (with collector-to-emitter
volts = —6, collector ma = —1, and frequency = 1 Kkilocycle) 50 to 150
Input Resistance at 1 kilocycle ........... ... 0iiiiiiiinnnnn.. 1000 to 4000 ohms
TYPICAL OPERATION IN CLASS B PUSH-PULL AF AMPLIFIER CIRCUIT
Values are for two transistors except as noted
DC Collector-to-Emitter Supply Voltage ................ —4.5 -9 volts
DC Base-to-Emitter Voltage ............. ... .. .cc.cccun —0.15 —0.15 volt
Peak Collector Current (approx.) per transistor ......... —35 —40 ma
Maximum-Signal DC Collector ent (approx.) per
transistor .. ... ... —115 —13 ma
Zero-Signal DC Collector Current (approx.) per transistor —2 -2 ma
Signal-Source Impedance per base ...................... 375 375 ohms
Load Impedance per collector ................ccovvunnn . 100 200 ohms
Signal FrequUEeNCY . ..ovvn vttt ieerneerarnnennnasnae 1 1 kc
Circuit Efficiency at maximum rated output ........ . 60 69 per cent
Power Galnl ... ....ciiiiiiiiiiiiiiiiiiiie e . 30 33 db
Total Harmonic Distortion ...... 10 max 10 max per cent
Maximum-8ignal Power Output 75 160 mw
o TYPICAL TRANSFER CHARACTERISTIC TYPICAL TRANSFER CHARACTERISTIC
- T T T T T T T 10— T T S
@ TYPE 2NIO9 i TYPE 2NIO9
[
|ﬁ-m coﬂnﬁggh}ﬁsmwsn CIRCUIT, %—60~coanf\»ggnl—snlﬁ£k CIRCUIT,
= _50| AMBIENT TEMPERATURE=25°C 2 _s0l AMBIENT TEMP = 25°C
é cov%Ecu_)E TO-EMITTER £ S COLLECTOR=TO~
= -40 J-40 EMITTER VOLTS=-
= =
5 -30 7 x -30
5 -20 / 5
uw / §-20
- -J
a-lo // 2-10 pd
o |1 o
[+] -0l -0.2 -03 -04 -05 fe) -02 ~04 ~06 ~08 -1
BASE-TO-EMITTER VOLTS BASE MILLIAMPERES
92¢5-859072
TYPICAL COLLECTOR CHARACTERI!STICS
0
o T 1 T T
TYPE 2NIO9
I COMMON-EMITTER CIRCUIT, BASE INPUT.
AMBIENT TEMPERATURE =25°C
~80 r;‘
& = 1
I 1.0 N
—0.
_?5 —€0 | —~0.8
| ] o7
= =0 _§
] 0 —T 0S5
& | —— ~04
FRa T loa
© |
~20 BASE_MILLIAMPERES = —0.2
-0l
! o

o ~2 -4 -6 -8 -10 -2 -14 -6
COLLECTOR-TO-EMITTER VOLTS 92cM-8599T2
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TRANSISTOR

Germanium p-n-p type used

primarily in 455-kilocycle inter-

2N-|39 mediate-frequency amplifier appli-
cations in battery-operated portable

radio receivers and automobile radio

receivers operating from either a

(4

E B

6-volt or a 12-volt supply. JEDEC No. TO-40 package; outline 15, Outlines

Section,

MAXIMUM RATINGS

Collector-to-Base_Voltage (with emitter open) ................
Emitter-to-Base Voltage (with collector open) .............

Collector Current ................ciiiiiiiietiviinianireencnares
Emitter Current ...........

Transistor Dissipation
Ambient-Temperature Range:

[0 373 o7 5414 Y- S

170 - ==
CHARACTERISTICS
Collector-to-Base Breakdown Voltage (with collector ga

= —10 and emitter current = Q) .......................... ..
Collector-Cutoff Current (with collector~to-b.

and emitter current = 0)

In Common-Base Circuit

Small-Signal Forward Current-Transfer Ratio:

With collector-to-base volts = —9 and collector ma = —0.5 ..
With_collector-to-base volts = —9 and collector ma = —1 .
Small-Signal Forward-~ Current-Transfer-Ratio Cutoff Frequency.
With collector-to-base volts = —9 and collector ma = —0.5

With collector-to-base volts == —9 and collector ma = —1 ....

In Common-Emitier Circuit
Small-Signal Forward Current-Transfer Ratio:

With collector-to-emitter volts = —9 and collector ma =
With collector-to-emitter volts = —9 and collector ma = —1 ..

TYPICAL OPERATION IN 455-KC IF AMPLIFIER CIRCUIT

DC Collector-to-Emitter Voltage —9
DC Collector Current ... ..........c..o.... PN —0.5
Input Resistance (approx.) ........ . e 1000
Output Resistance (approx.) ...... .. . 70000
Maximum Power Gain (approx.}

Useful Power Gain (approx.) ............ 27.6
Spot Noise Figure (approx.) ........ 4.5

TYPICAL COLLECTOR CHARACTERISTICS

—65 to 70
—65 to 85

—16 min
—&6 max

—40 max

e
83

o
o

-4.0
] | I I I | |
TYPE 2NI39
—3.5/ - COMMON-EMITTER CIRCUIT, BASE INPUT.
AMBIENT TEMPERATURE = 25°C |
o -30 -850
w
o [
e -25 =40
=
< [t
.. - [
z =30
14 | et
2 -is =
o "] -20
e - BASE MICROMPERES "2
2 -0
L34 / -10
[
~0.5
(] -2 -4 -6 -8 -0 -2 -4 -16 -8 -20

COLLECTOR-TO-EMITTER VOLTS

92CM-8849TT

volts
volts
ma
ma
mw
°C
o

volts

wa
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Mc
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TRANSISTOR

Germanium p-n-p type used

primarily in converter and mixer-
‘ oscillator applications in AM battery-
operated portable radio receivers and

automobile radio receivers operating

from either a 6-volt or a 12-volt

supply. JEDEC No. TO-40 package; outline 15, Outlines
of typical collector characteristics, refer to type 2N139.

MAXIMUM RATINGS

Collector-to-Base Voltage (with emitter open) .......cevveeveves

Emitter-to-Base Voltage (with collector open) .........c.vvvee

Collector Current .......coeiivriviennionnroennn

Emitter Current ...................

Transistor Dissipation ........ .

Ambient-Temperature Range:
OQOperating .......... eeeareeanann
Sforage ......... . i0iainan

CHARACTERISTICS

Collector-to-Base Breakdown Voltage (with collector ga = —10
and emitter current = 0) ... .. ... ... ..., e

Collector-Cutoff Current (with collector-to-base volts = —12
and emitter current = 0) ... .. e, .o

Emitter-Cutoff Current (with emitter-to-base volts = —0.5
and collector current = 0) .........ccciiiiiiin., cereneroes

In Common-Emitter Circuit
Small-Signal Forward Current-Transfer Ratio

(with collector-to-emitter volts = —9 and collector ma = —0.6)
TYPICAL OPERATION AT 1 MC IN SELF-EXCITED CONVERTER CIRCUIT
DC Collector-to-Emitter Voltage ................cciiivvievenn.
DC Collector Current . .............c.cciiiensreniareerrannearoos

RMS Base-to-Emitter Oscillator Injection Voltage (approx.)

Input Resistance (QPProx.) .......ccciiiivenirennnrrerinenarans
Qutput Resistance (ApPProX.) ............eviereernnaronnnnransn .
Useful Conversion Power Gain (approxX.) .....iceeevecesssccsss

POWER TRANSISTOR

Germanium p-n-p type used in
a wide variety of switching and am-
plifier applications in industrial and
military equipment requiring tran-
sistors having high voltage, current,
and dissipation values. It is used in

2N140

131

Section. For curves

—16 max
—0.5 max
~—15 max
15 max
80 max

—65to 71
—65 10 85

~—16 min
—6 max

~—12 max

75

2N173

volts
ua
na

volts
ma
mv
ohms

db

power-switching, voltage- and current-regulating, dc-to-de converter, inverter,
power-supply, and relay- and solenoid-actuating circuits; and in low~frequency
oscillator and audio-amplifier service. This type is designed to provide satisfac-
tory performance under exireme environmental conditions of temperature,
moisture, and altitude; it is stud-mounted to provide positive heat-sink contact,
and has a cold-weld seal to insure reliable performance under severe environ-
mental conditions, JEDEC No. TO-36 package; outline 14, Outlines Section.

MAXIMUM RATINGS

Collector-to-Base Voltage (with emitter-to-base volts = —1.5) ..
Emitter-to-Base Voltage (with collector open) ..................
Collector _Current ....... ... ..ottt it iitinaranrariras
Emitter Current ...... ... i i e e N
Base Current ... ... ii ittt
‘Transistor Dissipation:

At case temperatures up to 25°C ......... i iiiiiiiiiieiiia,

At case temperatures above 25°C ........iiiiiiiiiiiiniiiaan,
Case-Temperature Range:

Operating and storage ........ccoveeeviiinensaneenes e

—60 max
—40 max

volts
volts

—15 max amperes
15 max amperes
—4 max amperes

150 max

watts

See curve page 80

—65 to 100

°C
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CHARACTERISTICS

Collector-to-Emitter Breakdown Voltage:
Withol:éase short-circuited to emitter and collector amperes
With base open and collector amperes = ’0'3 """"""""""
With base open and collector amperes =

Base-to-Emitter Voltage (w1th collector-to-em1tter volts = —2
and collector amperes = —5) .. ........... i
Emitter-to-Base Voltage (with collector-to-base volts —= —80
and emitter current = 0) ... .. . ... i .

Collector to-Emltter Saturation Voltage (with collector
peres = —12 and base amperes — —2) .............c..0... .

Collector—to-Emltter Reach-Throu, Voltage ..................
Emitter-Cutoff Current (with emiiter-to-base volts = —40

and collector current — 0) ................ ..., .
Collector-Cutoff Current:

With collector-to-base volts = —2 and emifter current = 0 .

With collector-to-base volts = —60 and emitter current = 0 .

Thermal Resistance (]unctlon-to ~CASE) .o .
Thermal Capacity (for pulses in the 1-to-10-millisecond range)

—50 min

:45 min
—0.65
—0.15

—0.3
—60 min

volts
volts
volts
volt
volt

volt
volts

ma
pa

ma
oC/watt

36
0.075 watt-sec/°C

Thermal Time CONSTANE ... ....oovreneennrsoneannaaneemseeones . 26.25 msec
In Common-Emitter Circuit
DC E;)rwar%)Current -Transfer Ratio (with collector-to-emitter
volts = —
With collector amperes — —5 .........iiiiiiiiiiiorriinnsnrens 35to 70
With collector amperes — —12 .. ... .. . i vir i iiireonarnnns 25
Small-Signal Forward-Current-Transfer-Ratio Cutoff
Frequency (with collector-to-emitter volts = —6 and collector
AMPETeS == —B5) ...iittiiaiiiaiiiieiiiioiiniiie 10 ke
TYPICAL TRANSFER CHARAC’TERISTICS TYPICAL TRANSFER CHARACTERISTICS
[reeenizs TYPE 2N173 R
=[5 FCOMMON-EMITTER CIRCUIT, BASE INPUT +—— =15 |-COMMON-EMITTER CIRCUIT, BASE INPUT,
g COLLECTOR-TO-EMITTER VOLTS =—2 2 COLLECTOR~TO~-EMITTER YOLTS=-2
o |
tat [ ~AD
% 0 ; I/s ]
= =~10
8 . s — 80"
5 e CERATY
= % g | R 1
5 -5 = -~5
3 8
(] ~02 -04 -06 ~08 4] ~0. 0.2 —-0.3 -0.4 -0.8
BASE-TO-EMITTER VOLTS BASE AMPERES
9265 -{0T09T 92C5~10712%
TYPICAL COLLECTOR CHARACTERISTICS
1 1 T 1 [
TYPE 2Ni73
I.__COMMON ~EMITTER CIRCUIT BASE INPUT,
CASE TEMPERATURE=25°
- -800
@ 1 Fasand —%%OI
@ -600
¥ -5
‘zt [* 300
-0 "
S —250
o L=
o ~200 L
w 1 150 |
P
a ] -100
° . et L
BASE_MILLIAMP
_— -——ﬂ—""ﬂ o I
12
A ANN

1] ~10 -20 ~30 -40 ~50
COLLECTOR-TO-EMITTER VOLTS

-60
92CM-10722T
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TYPICAL OPERATION IN POWER-SWITCHING CIRCUIT

DC Collector Supply Voltage ........ ... ... ... iiiiiiiiinan —12 valts
DC Base Supply Voltage ............ ... ... ... ... 6 volts
On DC Collector Current ............ ... ... ... .. iiiiennns —12 amperes
Turn-On DC Base Current .......... ... .. .... ... .. coeeer.es —2 amperes
Turn-Off DC Base Current ....... ... ... ccoiviiiniiirrernrss [ amperes
Switching Time:

RiSe timMe ... ..ot e . 15 usec

Fall time . ...couiiiniiriie e i e e e 15 usec

POWER TRANSISTOR

Germanium p-n-p type used in
a wide variety of switching and am-
plifier applications in industrial and
military equipment requiring tran- 2N]74
sistors having high voltage, current,
and dissipation values. It is used in
power-switching, voltage- and current-regulating, de-to-dc converter, inverter,
power-supply, and relay- and solenoid-actuating circuits; and in low-frequency
oscillator and audio-amplifier service. This type is designed to provide satisfac-
tory performance under extreme environmental conditions of temperature,
moisture, and altitude; it is stud-mounted to provide positive heat-sink contact,
and has a cold-weld seal to insure reliable performance under severe environ-
mental conditions. JEDEC No. TO-36 package; outline 14, Outlines Section.

MAXIMUM RATINGS

Collector-to-Base Voltage (with emitter-to-base volts = —1.5) .. —80 max volts
Emitter-to-Base Voltage (with collector open} ................ —60 max volts
Collector Current ........ .. ... . i i i i —15 max amperes
Emitter Current . ....... .. e 15 max amperes
Base Current ... ... ... i i —4 max amperes
Traunsistor Dissipation:
At case temperatures up to 25°C .............. ... .. ..., ..., 150 max  watts
At case temperatures above 25°C ... .. ... ... ... il See curve page 80
Case-Temperature Range:
Operating and storage .......... ... .. i iiiiiniiiiiieennnen —=865 to 100 °C
TYPICAL TRANSFER CHARACTERISTICS TYPICAL TRANSFER CHARACTERISTICS
TYPE 2NI7T4 LTYPE 2n74
<15 |- COMMON~EMITTER CIRCUIT, BASE INPUT. )5 COMMON-EMITTER CIRCUIT, BASE INPUT. ___|
o COLLECTOR-TO-EMITTER VOLTS =—-2 @ COLLECTOR -TO-EMITTER VOLTS =-2 ol
.-80
& 7 } ERRIURE ] -
e 4 = oSt EM/Ezs
« -0 <« —{0 //7—4 80
'ao: oS Py / § /?/
o R-) (5]
‘5 e ~Z2ln Yol
g g\«\@ <] -5 /
- 15/‘/ 720
1
0 -o2 -04 -06 -08 [+ -02 -0.4 -0.6 -0.8
BASE~TO-EMITTER VOLTS BASE AMPERES
92¢s-10710T 92€5-10THT
CHARACTERISTICS
Collector-to-Emitter Breakdown Voltage:
With base short-circuited to the emitter and collector
amperes = —0.3 ... ... ... e —70 min volts
With base open and collector amperes = —1 .................. —55 min volts
Base-to-Emitter Voltage (with collector-to-emitter volts = —2
and collector amperes = —5) ... . ...l —8.65 volt
Emitter-to-Base Voltage (with collector-to-base volts — —80
and emitter current = 0} ......... ... ... ... . .. —1 max volt
Collector-to-Emitter Saturation Voltage (with collector
amperes — —12 and base amperes = —2) ... ................ —0.3 volt
Collector-to-Emitter Reach-Through Voltage .................. -80 volts
Emitter-Cutoff Current (with emitter-to-base volts = —60 and

collector current = 0) ... ... .. ... —1 ma
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Collector-Cutoff Current:

With collector-to-base volts = —2 and emitter current =0 .. —100 na
With collector-to-base volts — —80 and emitter current = 0 . — ma
Thermal Resistance (junction-to-case) ... .................... . 0.35 °C/watt
Thermal Capacity (for pulses in the 1-to-10-millisecond range) . 0.075 watt-sec/°C
Thermal Time Constant ......... ... . ... . i iiiiiiiiiiines . 26.25 msec

In Common-Emitter Circuit

DC Forward Current-Transfer Ratio (with collector-to-emitter

volts = —2):

With collector amperes = —5 ......... i iiiiiiiiiinrieninnnnns 25 to 50

With collector amperes — —12 ... ... .. ... . i iiiiiiiiann 20
Small-Signal Forward-Current-Transfer-Ratio Cutoff

Frequency (with collector-to-emitter volts — —6 and collector

AIMPELES == —5) .ttt etrttt e e 10 ke

TYPICAL OPERATION IN POWER-SWITCHING CIRCUIT

DC Collector Supply Voltage —12 volts
DC Base Supply Voltage volts
On DC Collector Current .. -—12 amperes
Turn-On DC Base Current .................... -2 amperes
Turn-Off DC Base Current .......... 0 amperes
Switching Time:
Rise time .......... ...l e reisesienr e Cheeanenan .. 15 psec
Fall time .....coiiiiiiiiiiieiinnnnes heeiieereees 15 usec
TYPICAL COLLECTOR CHARACTERISTICS
T |
TYPE 2Ni74 I l ' b
— COMMON - EMITTER CIRCUIT, BASE INPUT.
CASE TEMPERATURE = 25°C
20

8

i

8. 15 [--900

Z 700

P [~ 600

e 500

§ -Io -400 o

2 72%% 50

S £ 200

~150
0
-5 ——f=— %0
BASE MILLIAMPERESS 5
0
L1 11 L2
1 /)
[} -0 ~20 -30 -40 -50 —60 -70 -80
COLLECTOR-TO—-EMITTER VOLTS 92CM-10736T
TRANSISTOR

Germanjum p-n-p type used in

low-level preamplifier or input stages

2N'I75 of audio-frequency amplifiers. This
type is free from microphonism and

hum and has a low noise figure.

These features make it possible to

obtain high small-signal sensitivity in transistorized audio equipment such as
hearing aids, mierophone preamplifiers, and recorders. In addition, the low
noise figure and the low input impedance permit the design of audio amplifiers
in which the transistor is operated directly from low-level, low-impedance
devices such as magnetic microphones and magnetic pickups without an input
coupling transformer. JEDEC No. TO-40 package; outline 15, Qutlines Section.

MAXIMUM RATINGS

Collector-to-Base Voltage (with emitter open) ........ SN —10 max volts
Emitter-to-Base Voltage (with collector open) ............... . —10 max volts
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Collector Cwrrent ............ —2 max volts
Emitter Current .. 2 max ma
Transistor Dissipation: 20 max mw
Ambient-Temperature Range:
Operating . ..... ... . i i ittt eieaaee —65 to 50 °C
10 o= - S R . —65t085 °C
CHARACTERISTICS
Collector-Cutoff Current (with collector-to-base volts = —25
and emitter current = 0) ... ... ... ... ... Lo, —12 max ua
Emitter-Cutoff Current (with emitter-to-base volts = —12
and collector current = 0) .......... . i ciiiiiiiiiiiaia, —12 max ra
In Common-Base Circuit
Small-Signal Forward-Current-Transfer-Ratio Cutoif
Frequency (with collector-to-base volts — —4 and collector
MA = —0.8) ottt ittt e e, . 0.85 Mc
In Common-Emitter Circuit
N01se Figure (with collector-to-emitter volts = -4, collector
— —0.5, and generator resistance = 1000 ohms) .......... 6 max db
Matched Impedance Power Gain (with collector-to-emitter volts
—4, collector ma = —0.5, input resistance = 2000 ohms,
and output resistance == 70000 ohms) .........c00veiivnnn.. .. 43 db
- TYPICAL COLLECTOR CHARACTERISTICS
ST T 1 T T [ T T ]
TYPE 2NIT5
[ COMMON-EMITTER CIRCUIT, BASE INPUT.
AMBIENT TEMPERATURE =25°C _,
-20 =2
—
n [ ey -20
4
w
| ot
zs — — R =S
: |4 pase WORPETT
H
S 10 LT -0
e 5
© "
g 17 ] | 1 B
8 I
05 =]
[ -2 -4 -6 -8 -lo
COLLECTOR- TO-~EMITTER VOLTS 92CM ~ BIH4TI
POWER TRANSISTOR
Germanium p-n-p type used in
large-signal audio-frequency ampli~
fier applications. It is used in class
A power-output stages and class B 2N176
push-pull amplifier stages in auto-
mobile radio receivers. Package is
similar to JEDEC No. TO-3; outline 23, Qutlines Section.
MAXIMUM RATINGS
Collector-to-Base Voltage (with emitter open) ......... —40 max volts
Collector Current ....... ...ttt iiiirreronnnnnnnons -3 max amperes
Emitter Current ..........c.c.iiiiiiii i it 3 max amperes
Transistor Dissipation:
At mounting-flange temperatures up to 80°C* .............. .. 10 max watts
Mounting-Flange-Temperature Range:
Operating and storage ...................ciiririnrerneennnnesn —65 to 90 °C

* This rating is reduced 1 watt/C° for mounting-flange temperatures above 80°C.
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CHARACTERISTICS
Collectorato-Emitter Breakdown Voltage (with collector ma

= —330 and base short-circuited to emitter) .. .............. —30 min volts
Collector-Cutoff Current (with collector-to-base volts = —30

and emitter current = 0) ... ... ... ... i —3 max ma
Emitter-Cutoff Current (with emitter-to-base volts = —10

and collector current = 0) ......... ... ... i —2 max ma
Thermal Resistance:

Junction-to-ambient ........ .. e 1 °C/watt

in Common-Emitter Circuif

DC Forward Current-Transfer Ratio (with collector-to-emitter

volts = —2 and collector amperes = —0.5) ................. . 63
Small- ng:nal Forward Current-Transfer Ratio at

kilocycle (with collector-to-emitter volts = —2 and collector

amperes = —0.5) ... e i 45
Sma Slgnal Input Resistance at 1 kilocycle .................... 13.5 ohms
TYPICAL OPERATION IN CLASS A POWER-AMPLIFIER CIRCUIT
DC Collector- Su;;igg Voltage —14.4 volts
DC Collector-to-Emitter Voltage ~13.7 volts
DC Base-to-Emitter Voltage .. —0.24 volt
Peak Collector Current ... ..... —1 ampere
Zero-Signal Collector Current .. —0.5 ampere
Emitter Resistance ........... . ... . . e, 1 ohm
Load Impedance ............ ... . oot 25 ohms
Signal FrequUEeNCY ... ... ittt ittt e 1 ke
Signal-Source Impedance ...ttt 10 ohms
Power Gain . ... .. . ... 355 db
Total Harmonic Distortion .............. .. ... .. ..., .. 4 per cent
Zero-Signal Collector Dissipation . 6.83 watts
Maximum-Signal Power Qutput .......... ... ... . ... .. 2 watts

2N206 See List of Discontinued Transistors at end of
Technical Data Section for abbreviated data.
TRANSISTOR
Germanium p-n-p type used in Q.

2N2-| 5 fier applications. JEDEC No. TO-1

low-power audio-frequency ampli- l

package; outline 4, Outlines Section. (7)
This type is electrically identical E

c
with type 2N104.

TRANSISTOR

Germanium p-n-p type used in

large-signal audio-frequency ampli-

2N2'l7 fier applications. It is used in class

B push-pull power-output stages of

battery-operated portable radio re-

ceivers and audio amplifiers and in

class A high-gain driver stages. JEDEC No. TO-1 package; outline
Section. This type is electrically identical with type 2N109.

TRANSISTOR

4, Outlines

Germanium p-n-p type used 8
primarily in 455-kilocycle intermedi-
2N2'| 8 ate-frequency amplifier applications
in battery-operated portable radio
receivers and automobile radio re- E ¢
ceivers operating from either a 6-

volt or a 12-volt supply. JEDEC No. TO-1 package; outline 4, Outlines Section.

This type is electrically identical with type 2N139.
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TRANSISTOR

Germanium p-n-p type used
primarily in converter and mixer-
oscillator applications in AM battery-
operated portable radio receivers and
E ¢ automobile radio receivers operating
from either a 6-volt or a 12-volt

2N219

137

supply. JEDEC No. TO-1 package; outline 4, Outlines Section. This type is

electrically identical with type 2N140,

TRANSISTOR

Germanium p-n-p low-noise
type used in low-level preamplifier
or input stages of audio-frequency
amplifiers. JEDEC No. TO-1 pack-

E ¢ age; outline 4, Outlines Section. This
type is electrically identical with
type 2N175.

See List of Discontinued Transistors at end of
Technical Data Section for abbreviated data.

See List of Discontinued Transistors at end of
Technical Data Section for abbreviated data.

TRANSISTOR

Germanium p-n-p type used in
large-signal audio-frequency am-
plifier applications. It is used in
single-ended or double-ended out-
put stages, in high-gain class A
driver stages of radio receivers and

2N220

2N247

2N269

2N270

audio amplifiers, and in class B push-pull audio-amplifier service. This type is
also used in battery-operated equipment such as radio receivers, communica-
tion receivers, and phonographs. Package is similar to JEDEC No. TO-7; out-

line 25, Outlines Section.

MAXIMUM RATINGS

Collector-to-Base Voltage (with emitier open) ..........v0vv..ee
Emitter-to-Base Voltage (with collector open) ............... .
Collector Current:

Transistor Dissipation:
At ambient temperatures up to 25°C ..., ... iiiiiiiiiien . .
At ambient temperature of 55°C ... ... ... i i i
At ambient temperature of 71°C ... ... iiiviiiiiiiiiiiine,
Ambient-Temperature Range:
[0 ¢ 7=0 o=} % 6 V= S N
Slorage ... i i et et te et

CHARACTERISTICS

In Common-Emitter Circuit

DC Forward Current-Transfer Ratio (with collector-to-emitter
volts = —1 and collector ma = —150) ..........c..cocvunn.. .

—25 max
—I12 max

—150 max
—175 max

150 max
75 max

250 max
150 max
60 max

—65t0 71
—65 to 85

70

volts
volts

ma
ma

ma
ma

mw
mw

°C
°C
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TYPICAL COLLECTOR CHARACTERISTICS

T 1 [ I 1 1
TYPE 2N270
«]40 = COMMON—-EMITTER CIRCUIT, BASE INPUT,

AMBIENT TEMPERATURE=25°C
o =120 I
g La
£ ~i00 12
5 10
- —~14
;‘ -80 el
© -08
o
G -e0 // -06

-
2 - -04
O —40
/ BASE MILLIAMPERES 3—0.2
-20
a
0 -2 -4 -6 -8 ) -2 ~14
COLLECTOR—TO~EMITTER VOLTS 92CM-9i82T

TYPICAL OPERATION IN CLASS A AF AMPLIFIER CIRCUIT

DC Collector Supply Voltage ... -9 volts
DC Collector-to-Emitter Voltage -—6.7 volts
DC Base-to-Emitter Voltage ................ . —0.19 volt
DC Collector Current .................ccovennn —19 ma
Emitter Resistance .......... ... .. i it . 400 ohms
Load Impedance 400 ohms
Signal Frequency 1 ke
Power Gain .................... 35 db
Total Harmonic Distortion:

At power output = 60 mw .................. R 10 max per cent

At power outpuf = 10 mw ......... e .. 4 max per cent
Zero-Signal Transistor Dissipation . even 128 mw
Maximum-Signal Power Quiput ...........oiiiiiiiiinninneennen 60 mw

TYPICAL OPERATION IN CLASS B PUSH-PULL AF AMPLIFIER CIRGUIT

Values are for two transistors except as moted

DC Collector Supply Voltage ........... —12 volts
Zero-Signal DC Base-to-Emitter Voltage —0.11 volt
Peak Collector Current per transistor ............... —110 ma
Maximum-Signal DC Collector Current per tra.nsistor —35 ma
Zero-Signal DC_Collector Current per transistor .... —2 ma
Signal-Source Impedance per base ........... 1000 ohms
Load Im 1:pedance per collector .... . 150 ohms
Signal Frequency ............ 1 ke

Circuit Efficiency .
Power Gain ..._..
Total Harmonic Distortion

At power output = 500 mw .. Cereisrsrenareseian 10 max per cent
At power output = 10 mw ..... PR Cesereeeaeans eeee 5 max per cent
Maximum-Signal Power Output .......... e rettereeer et aenan . 500 mw
TYPICAL TRANSFER CHARACTERISTIC TYPICAL TRANSFER CHARACTERISTIC
T T T T T T 1 T 1 T T 1 T T
[ TYPE 2N270 TYPE 2N270 "
=150 |- COMMON-| EMITTER CIRCUIT, BASE INPUT| , —150 |- COMMON-EMITTER CIRCUIT, BASE INPUT,__.4
Q AMBIENT TEMR =25C ) AMBIENT TEMPERATURE 2 25°C
g 125 | & woojes ! L.:.L\
: J : s
g -too e 3 -100 PO
: g = s
x -75 $ & =5 O
5 d“l 2 &
4 -50 4 9 -so RS
a M 6'1' 0\/
© -25 9 O 25
O
Q -l -2 -3 -4 -5 -6 [+] -05 -1 -1.5 -2
BASE-TO-EMITTER VOLTS BASE MILLIAMPERES

92CS-9I18[T 92C$—91797
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TRANSISTOR

1S Germanium p-n-p type used in
rf and if amplifier circuits; oscillator,
mixer, and converter circuits; and
low-level video-amplifier circuits in 2N274
E ¢ industrial and military equipment.
It is used in the design of rf circuits
having high input-circuit efficiency, excellent operating stability, good auto-
matic-gain-control capabilities over a wide range of input-signal levels, and
good signal-to-noise ratio. The drift-field construction provides low base re-
sistance and collector-transition capacitance, and improves performance at
higher frequencies. The center lead connected internally to the metal case
provides integral shielding which minimizes interlead capacitance and coupling
to adjacent circuit components. For curves of typical collector characteristics
and for video-amplifier circuit, refer to type 2N384. JEDEC No. TO-44 package;
outline 16, Outlines Section.

MAXIMUM RATINGS

Collector-to-Base Voltage (with emitter open) ............... . —40 max volis
Collector-to-Emitter Voltage (with base-to-emitter volts . —40 max volts
Emitter-to-Base Voltage (with collector oven) ............... . —0.5 max volt
Collector Current ..........ciiiiiiiiiiirinriieererariannnenans . —10 max ma
Emitter Current ................cc0ciivivns et veee 10 max ma

Transistor Dissipation:

At ambient temperatures up to 25°C ................. 120 max mw

At ambient temperatures above 25°C .............. See curve page 80

At case temperatures up to 25°C (with heat sink) .. 240 max mw

At case temperatures above 25°C ,....... .. iiiiiiiiiaiiiann . See curve page 80
Temperature Range:

Operating and storage .......covveerevenicecisrrssensron vee.. —85 10100 °C
CHARACTERISTICS
Collector-to-Base Breakdown Voltage (with collector pa = —50

and emitter current = 0) . ... ... ... . .. -—80 volts
Collector-to-Emitter Reach-Through Voliage

(with emitter-to-base volts = —05) ... ...................... . —80 volts
Collector-Cutoff Current (w1th collector-to-base volts = —12

and emifter cuwrent = 0) .. .. ... ... L il . —4 ra
Emitter-Cutoff Current (with emitter-to-base volts = —05

and collector eurrent = 0) —1 pa

Thermal Resistance:
Junction-to-case .....
Junction-to-ambient

0.31 max °C/mw
0.62max °C/mw

In Common-Base Circvit

Small-Signal Forward-Current-Transfer-Ratio Cutoff

Frequency (with collector-to-base volts — —12 and emitter

TNA == 1.8 e e e 30 Me
Collector-to-Base Capacitance (Wlth collector-to-base volts

= —12 and emitter current = 0) .......... ... . iiiiian . 2 pf

In Common-Emitter Circuif

Small-Signal Forward Current- Transfeti Ratio at 1 kilocycle

(with collector-to-emitter volts = —12 and emitter ma = 1.5) 60
Input Resistance with ac output circuit shorted:
With collector-to-emitter volts = —12, emitter ma = 1.5,
and signal frequency = 125 Mc ........... ... ... . ......... 150 ohms
With collector-to-emitter volts = —12, emitter ma = 1.5,
and signal frequency = 1.5 MC ............viiriinnnnnnnnn 1350 ohms
Qutput Resistance with ac input clrcmt shorted:
With collector-to-emitter volts = —12, emitter ma = 1.5,
and signal frequency = 12.5 “Me .. ... 4000 ohms
With collector-to-emitter volts = —12,
and signal frequency = 1.5 Mc ..., . 70000 ohms
Power Gain:
With collector-to-emitter volts = —12, emitter ma =
and signal frequency = 125 Mc ........ .. .. ... ... .. iiuaan 22