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PREFACE

The transistor is a new electronic device which has
already replaced the vacuum tube in msny applications. The
methods of manufacturing these devices are still not com-
pletely understood or controllable. - However, when circuits
are designed utilizing transistors, it is necessary that
certain characteristics of the units be known. Due to the
inability of the manufacturer to definitely state and guar-
. antee the value of these characteristics over a narrow range,
a method must be available for determining these character-
istics for any specific unit which may be used.

“It is the object of this work to present a means of
visually displaying the essential characteristiés of a tran-
~sistor which will enable the design engineer to use the
tréhsistor in a manner which will deliver optimum results.
As a sidelight, it is also noted that the visual display of
a transistor's characteristics would be a valuable instruc-—
tional aid for classroom lectures.

The writer is indebted to Dr. Harold T. Fristoe, Pro-
fessor of Electrical Engineering, for the valuable guidance
and able assistance which he has furnished. Gratitude is
also due to Associate Professor Paul A. McCollum and to Mr.
Winfred Day of Texas Instrunments, Inc. for their assistance.

The use of transistors and circuit suggestions fur-

nished by Texas Instruments, Inc., and the construction of
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the equipment by Mr. Glen Stotts and Mr. Theron Randall was
also greatly appreciated.

Finally; the writer wishes to thank his wife; Peggy;
for the conscientious work and patience that was given to

the typing of this material.
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CHAPTER I
INTRODUCTION

General Discussion

Semiéonductor devices are-being~incorporated into vari-
ous electronic circuits on a rapidly increasing scale. This
makes it essential that for proper design work, specific
engineering data must be supplied by the manufacturer or
must be determined by the engineer himself. Many times the
engineering data supplied by the menufacturer is not readily
available., Also, the data supplied Dby the‘manufacturef rep-
resents an average unit of a‘certain type. With thé tran-
sistor field still in its infancy, it is obvious that this
data supplied by the manufacturer cannot represent the exact
chafacteristics of a specific-unit. This makes it'esseﬁtial
that the engineer himself have a convenient means of rapidly
obtaining the various characteristics he desires.

A point by point plot of various parameters is a tedi-
ous, time consuming job which should be avoided if at all
possible. It is also unsuitable in the range where self-
heating‘is significant because isothermal conditions cannot
be maintained. HNaturally, a piece of test equipment which
could display or determine all the various characteristics
mf(a transistor would be an extremely complexipiece of elec-

tronic equipment. Many times only the fundamental electrical
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characteristics are necessary for design work. Also, the
majority of the circuits utilizing transistors are connected
in the so-called "common emitter" type of connection. There-
fore, a piece of test equipment which could display or de-
termine the fundamental, static, electrical characteristics
of a transistor connected in the "common'emitter“”type con-
nection would be a great aid to a design engineer.

, A'curve tracer which cculd visually display the family
~of output characteristics (Vc, IC) of various transistors
in the "common emitter" type connection would satlisfy the
previously stated requirements.

It would also be of great advantage if the curve tracer
itself utilized strictly transistorized circuits. This
would result in a portable piece of equipment with low power
ccnsymption due tc the sizc, weight? and power requiremcnts
of a-transistcr.

The scope of this work is to present the essential‘cir—_
cults, using transistors, which would be necessary in the
construction of a calicrated curve tracer which could visu-
ally display the static output characteristics of any NPN
or PNP}transistor in the low to medium power classificatécn
whcn ccpnected ip the ﬁcommon emitterﬁ-type circuit.

@ﬁfémeters

Figure 1 displays the "common emitter“fcutput charac-
teristics of a Texas Instruments Type 2N185 germanium PNP

alloy junction transistor. ,This unit is especia}ly“decigned



for audio output applications.

Ry.5 Line

CO

Figure 1. Common Emitter Output
Charscteristics For
'T. I. Type 2N185
Transistor

v From these output characteristics various parameters
may be determined. Sbme of these parameters are discussed
below,

The D. C. current gain of a "common emitter" type con-
nection is a very important property. It has various desig-
nations such aszF(Beta),G(CB, and h It is the ratio of

FE*
the steady state value of IC (collector current) over the



steady state value of IB (base current) for a constant VC
(collectorvvoltage). It may be shown as IC ‘ . It

is easily seen that by projectlng vertlcally from a desired
value of V4 to a des;red value of Ip, a value of I, may be
obtained by projecting horizontally to the IC axis. This
gives the three requirements for obtaining'Beta, namely

B=¢

Iz

VC=K.

The quantity < is defined as the ratio of I to Iy
and 1s important in the grounded base comnnection. There-

fore, X = Ic =
' Ig |Vo=K Ig+Ig
From these rela.tiqnshi'ps, expressicns for c_onverting_

1 : -
= C since Ig = IB+IC.

from X to B and £ to X can be derived.

X =1c . __Ic

or Xy = Ip -XI; and XIp =TI, (1-00.

Therefore, ic = X =B.

I, I
Also, since 1%:{9, °<=/9‘/90('
or, K+fo=p and X(1+8) =B.
/B v
1+B

It is easily seen that if the D. C. Beta is known,

the D. C Alpha may be computed from the relation (= _é_

1T’

Since the D. C. Beta may be obtained from the fa,m_lly

of static characteristic curves, it is obvious that the



A. C. Beta, also known as hpg and hg,, may also be calcu-

- lated. Instead of the steady D. C. current values being

used as in the case of the D, C. Beta, an incremental cur-

rent must be used for computing the A. C, Beta. Therefore,

the expression is hye :é_Ig Likewise, as with the
o Alg |Vp = K

D. C, Alpha, the A. C. Alpha may be determined from the

expression X = i’-f——B .

When designing a circuit, as in an amplifier stage, it
is essential that a D. C. load line be drawn. Here again,
the family of static output characteristics may be used to
construct the load line. The proper operating"point, bilas
voltages, distorticn, etc. may be determined from the
VC "_IC curves in the same manner as these factors are de-
termined from the Vi - Ip curves of a vacuum tube.

From the operating point which has been determined,
the "4 polel collector resistance can be calculated. It
is merely the ratio of VC over IC with IB held constant.
Likewise, the slope of the line from the operating point
to the origin ié the D. C. output admittance of the device.

It is known that the h parameters are the most con-
venient ones to measure at low frequencies; therefore, they
are the parameters which are used most often to charagterize
the transistor equivalent circuit. Two of the four h para-
meters, namely hzle and hzze’ may be determined from the

static output characteristics. The small-signal, short-



circuit, current-transfer ratio value hzle: iQ;QEQ

is the A. C. Beta value previously described. The smsall-

signal, open-circuit, cutput admittance value

hooo =,i§.:alc is the other h parsmeter which is
VB avg Ig =K
available.
The value of R, , the collector saturation resistance,

is another factor that is important-in transistor - circuit
design. "It is the linear representation on Figure 1. of
the boundary between the active and the saturation regidns.”l
It originates at the ocrigin of the V, - I, axes. The Rqg
iine»can be seen to be a restriction on the applied signal.
As the Rqg line moves to the right, the R,  is increased,
making the allowable undistorted signal smaller'than'if the
line had a steeper slope. Therefore, it is-desiraple to
have as low a RCS as possible. This also represeﬁts an I?R_
power loss in the transistor which is undesirable. The
value of R,g may vary from a few chms to a few hundred chums
depending upon the unit. It causes the major part of the
allowable power dissipation. The RCS of any individual unit
can readily be determined merely by a visual check on the
display of the static output characteristics. |

The saturation current symbolized by the~terms.ICO or

ICEO also may be obtained from the static output character-

1From'p'ersonal contact with Mr. D, R. Fewer, Texas
Instruments, Inc.



istics. It is defined as the collector current flowing
when the collector is biased in the reverse (high resis-
tance) direction with respect to the emitter electrode and
the basge electrode is open circuited.2

SwBary

The advantages of the transistorized curve tracer are
evident. The main asset is probably the speed with which
the characteristics may be determined. The hours necessary
to run tedious point by point plots are replaced by seconds.
.The eguipment is accurate. The limiting'point on the=accu-
faoy‘is possibly the size of the scope presentation¢ If a
permanent record is desirable, photographs may“easily be
taken ¢of the oscilloscope presentation.

The curve trace:-would be extremely'valuable'in such
applications as transistor life test studies, production
line tests, and as an instructional aid. Units could be
matched easily with this tyre of apparatust

The result is a piece of test equipment capable of
rapid, accuﬁate messurements of the static output charac-
teristics for vayious transistors in thetlow to medium
power classification when connected in the "common emitter”

type ¢f connection.

A, W. Lo et al., Transistor Electronics (Lnglewood
Cliffs, New Jersey) p. 137.




CHAPTER II
ESSENTIAL CIRCUITS

General Discussion

The curve tracers fundamental operation depends upon
supplying the base with a series of constant current steps
while simultaneously sweeping the collector voltage through
a chosen voltage range for each step in the base current.
Base bias current is then the parametric variable for plots

of Vo and I, and a family of characteristics may be dis-

played on a cathode ray oscilloscope.
There are several conditions which must be met first
before the curve tracer may be considered safe and reliable.

Some of these are listed in the IRE Standards on Methods of

Testing Transistors.

General Precautions in Transistor Measurement:

Test conditions which cause large voltage or current
surges, or exceed the safe limit of d.c. power dissipation
should be avoided. Large overloads even for a small frac-
tion of a second may cause damage to a transistor or modify
its characteristics.

The correct voltage polarity must be observed at all
times. Incorrect voltage polagity may seriously damage the
transistor and test equipment.

Repetition Rates:

The upper limit of repetition rates is determined by
the speed of response of the display mechanism, the display
bandwidth required, the termination realizability, and the
frequency response of the transistor. The lower limit of
repetition rates in cathode-ray tube displays is determined

Sproc. IRE, IRE Standards on Method of Testing Transis-
tors, Vol. 44 p. 1545 Nov., 1956.
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by flicker causing operator fatigue. A display repetition
rate of less than 25 complete displays per second is usually
found objectionable. Long-persistence cathode-ray tubes per-
uit somewhat slower repetition rates, the actual rate de-
pending on the characteristics of the phosphor used in the
tube. It should be noted that in the case of the display

of families of curves the entire faEily must be displayed
within the minimum repetition rate.

From the above statements, it is evident that the
curve tracer must have closely controlled circuits which
are stable and capable of being easily calibrated. The
essential basic circuits have been developed in this work.
Each essential circuit will be discussed briefly in this
chapter. A complete chapter on each of the developed cir-
cuits will follow this chapter and their operation will be
explained.

Figure 2. is a block diagram showing the essential,
basic circuits which are necessary for the proper operation
of a transistorized curve tracer that is capable of accu-
rately displaying the static output characteristics of vari-
ous transistors. The tracer is arranged to sweep the col-
lector voltage from zero to a preset maximum value for each

of the constant step values of Ig. In this piece of equip-

ment the IB has eight predetermined step values. Therefore,

for each of the eight values of I the V., must vary through

B2 C
the entire range of voltage. After the VC sweeps through

its range for each of the eight Iy values, the complete

4proc. IRE, IRE Standards on Method of Testing Transis-
tors, Vol. 44 p. 1545 Nov., 1956.
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cycle is repeated. This results in the complete set of
static qutput characteristics being presented. They appear
as a steady, complete presentation on an oscilloscope.

Regulated Power Supply

The first and absolutely necessary circuit is a well
regulated power supply. It is essential in a piece'of test
equipment such as this that'the‘operatingjvoitageS'dQ not
vary. »Any variations in the supply voltages-cbuld'be re-
flected into the statie output characteristics of‘the unit
under test and non-consistent results may be encountered.
This can not be allowed. Transistor life test studies; pro-
duction line tests, métching, and other tests similar to
these would be worthless under conditionSgof Varying.supply
voltages.

’_The supply voltage used 'in this piece of equipment is
obtained from a well-regulated, constant voltage supply.
It utilized the series-type voltage regulator circuit. The
=6utpu,t voltage is approximately 33 volts and may be adjusted
OVer a narrow range. ‘It is capable of supplying"up td ap-
proximately 550 milliamperes before the regulation begins to
fall off.
Useillator or Driving Circuit

In any piece of’equipment such ag this, an oscillator
or some type of driving-cifcuit is necessary to originate
the various pulses for proper synchronous operatioﬁ of all
the circuits. For simplicity and ease-of construction, the

operating frequency in this piece of equipment iswthe 60



C«.P.s. line frequency. The driving circuit is merely a
resonant circuit (120 c¢.p.s.) feeding an overdriven ampli-
‘fier.- This setup‘will provide an excellent square wave
output of 120 c.p.s. The leading and lagging edges of the
square wave are excellent for triggering a bistable multi-
vibrator since the steep slopes can be'differ&ntiated s0

well.

Multivibrator Circuits

Three bistable multivibrators-are used in this-piece
of eduipment. The first one is fed by the 120 c.p.ss
square wave,from the overdriven amplifier. The output of
this circuit is also a 120 c.p.s. square wave which feeds
the second multivibrator. The output of the second multi-
vibrator is a 60 c.st. square wave which feeds the third
multivibrator. The output of the third multivibrator
is a BO c.p.S. square wave. It isvpbvious that the
first multivibrator has a ratio of 1 to 1 fbr'fhe'igput to
cutput frequencies. The second and third multivibrators
each have a ratio of 2 to 1 for the input to output fre-
Quencies} By combining these three outputs, various step
values may. be obtained which when applied to thE“base of
the transistor under test Wiil vary the parametric value
IB_so that'a nunmber of sweeps can be presented,
4dder Circuit -

~1he aader circuit 1s the circuit which must combine

the three outputs (at different émplitudes and frequencies

of the multivibrators and give'a common ' varying output

12
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which may be applied to the base of the transistor*under
test. It must be capable of rapidly switching- from one
base current value to another and at the same-time appear
~as a constant current device so that the various sweeps

- Tepresent a true constant Iy trace.

Collector Sweep Voltage
vahe final step necessary“is to apply“a‘collector'to
emitter bias voltage so that conduction may take place in
- the unit under test. It is necessary that this voltage vary
from zero tc some allowable'maximum'voltagevwhileathe lB
is At & constant step value. Thecollector;sweep”roltege
circuit accomplishee thie task. Again;'the“eojctp;Sg line
frequency is used; therefore,:proper'synchronization is
guaranteed. By using a full-wave rectifier,.lEO'half wave
pulses'per second ‘are obtained. These pulses, varying from
_:???Qr#Q eome,preeet,peakyvcltage,wgive:tbe;necessaryféweepfl
_viﬁgpcollector Yoltage SO thatfthe famlly‘of'statiCloutput"
- characteristics may be traced,A‘
 Summary
Naturally, these are not the only circuits: necessary _
in this equipment.‘:Others, such as the calibrating circuits
and the NPNfPNP switching“circuitsjerejalso}necessary.’ch-’.
ever, these circuits are complementery"to the essentiel?
baeic circuits discussed abcve-which_ere“necesserYlforlthe‘
équipmeﬂt“to be capable of proper cperation., |
| The ba51c clrcults described perform the ‘necessary

;functlon of this equipment. That is, they ccntrol the
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elght step values of Ip which are appl;edhtqjthe base of
theﬁpnit”qnder test. 'Ap the same timé, the,va;ue'ofﬂvc,;s_
varied from-ze;oltq some predetermined maximum‘value‘of
l‘vﬁiﬁagE‘for each of the eight:step values_gf'IBf When this
cycle is repeated rapidly, a complete, sfeady;preseqtation
of the static output charactefistics is presented_oh an

oscilloscope.



CHAPTER III
POWER SUPPLY

General Discussion

'As‘stated before, a well-regulated power supply 1s not
only desired but is essential in a'piecefof_testﬁequipment
such as-this. It is essentially a 10tholtagefhigh*bprrent
-8upply. The supply must furnish the current for all the
cbntrol éircuits_in&the,curve tracer. The“unit'under test
draws its current from the A; C.Clihe and does not depend
on»the power supply for its collector currentg Thié'power
supply was'designed for a much heavier-load than 'is being
encountered here;-therefore; regulation is not much of a
«problem.

A vacuumn tube regulated power supply could have been
utilized in this plece of equipment. However, statements
such as the following made it apparent that a transistor
regulated power supply would be more applicable to a piece
of equipmeht such as this.

vTransistor regulators offer the advantages of compact-
ness, less weight, and greater reliability over their elec-
tron-tube counterparts, and, in addition, have a performance
equal to or better than that of the tube versions. Break-

down diodes may be used as voltage reference sources, and

thus, complete solid-state regulator circults are. possible.5

5Chow et al., ransistor Circuit Engineering(NeW York
1957), pP. 429

15
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The design of vacuum tube regulated power supplies is
well established. Such supplies are suited for powering
equipment in which relatively low currents at high voltages
are required, However, for high-current low voltage appli-
cations, vacuum tube supplies become bulky and inefficient,
and the design is conveniently implemented with transistors
instead of with tubes.

The regulated power supply employes a D. C. amplifier.
It could be a shunt-type or a series-type transistor regu-
lator. However, constant-voltage regulators using-a tran-
sistor in parallel with the load are inefficient if the
variations of the load resistance and the input voltage are
large. Therefore, a series-type regulator was used in this
piece of egquipment. Figure 3 is the schematic diagram of
the constant voltage power supply used. The theory of
operatiocn of the circuit will be explained fully.

OUperation of The Power Supply

To consider the_éperation of the power supply, 1t will
be assumed that for scme reascon the output voltage hés_inf
creased tempgrarily. The_operation'will‘be traced to see
how the circuits compensate for_this-increase in voltage
and bring it back to its original value.

The property of the reference or zener diOde‘is that
when‘ip's biased in the reversevorvhigh impedance direction,
it will“break down at some particular voltage and hold the
Voltage across it at_that value (assuming‘the current flow

does not become too high).

6Proc. IRE, Design of Transistor Regulated Power Sup~
plies, by R. D. Middlebrook Nov., 1957 p. 1502 ..
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Figure 3, Series-Type Constant Voltage Power Supply
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Therefore, if the output voltage is to be approximately 35
volts, the zener voltage of the diode should be slightly
less than this value or about 34-34.5 volts.,

In the case under consideration, it is‘assumed,that
the output voltage increased. Looking at Figure 3, since
the voltage acress the diode is a constant, the iﬁcrease
in voltage must appear across the 50 ohm potentiometér.

As a result, the base of transistor ’.[‘:5 beccmes more nega-
tive with respect to its emitter. This causeS'Tz to con-

duct more. The increase in current through T_ csuses &

3
highep vqltage drop aﬁross-the 8.8K ohn resistor. The base
of transistor Ty is now more positive with respect to its
emitter. Current flow through T2 must now decrease and
the voltage drop across the 5.6K ohm resistor-alsc de-
creases. The base of transistor T;, the serles transistor,
is now less negative. A lower negative potential on Tl
causes ine current through it to decrease. = Asa result,
the vo;tage aCross Tl increases and phe_output'voltage mast
d:op back to its original value, |

"It is obvious that the input Voltage“minus the output

voltage (Vy, - V_.) is equal to the voltage drop across

out
the series transiStor Tl. Since transistors have the prop-
erty of acting like a variable resistor as the base blas
Voltage is varied, an excellent method fbr controlling the
output voltage is presented. This is the principla'uti—
lized in the series-type constant voltage regulato;. An

error signal, amplified by D. C. amplifiers, is used as
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the controlling factor for varying the apparent resistance
of the series transistor. A similar process takes place

for a decrease in output voltage but in this case, the error
signal is a decreasing bias voltage on TS. This~cguses
transistor T; to appear as a lower»resistance“and“ﬁence,

the output voltage'is~increased'to its original'value.

1The °0 ohm potentiometer has a dual purpose. First,
it limits the diode current to aﬁ‘éllowable vaiue.‘ Second
it provides the bias and error signal for Tg, As the arm
is raised or moved toward the diode, more bizs is applied
to the‘base of Tz and the output voltage is decreased.
Therefore, it serves as a slight-adjustment;ch‘the“output
voltage. Also, since it can control the amount ofvvpltage
that is appliéd to T5, it likewise contrﬁls“the~amount of
error signal that is fedjback'when“there~i5“aﬁshift*in vol-
tage. Therefore, it is obvious that the best regulation
and the lowest output voltage occurs when the arm is con-
nected to the cathode of the diode.

The three transistors Ty, Ty, Tz, should all have a
high Beta. The higher the Beta, the greater the amplifi-
~.cation of the error signal, and the better the regulation.
Ihe transistors were all heat sinked to the chassis to pre-
- vent overheating in case of any heavy current flow. It is
. absolutely nécgssaryAthat.Tl, the series transistor, be
heat sinked. This unit is a high power unit and must carry
the full load“cufrent plus the diode current.“ThQrefqre,

‘to guarantee against overheating, this unit pust-be heat



- sinked.

Transistor T; serves as a voltage amplifier which am-
plifies the small error signal which is present when the
voltage shifts. Transistor T2 is a current amplifier. It
provides the current gain necessary to drive the ‘power unit,
T1. |

The filter resistors of 2 and 47 ohms reduce the ripple
but also provide a protection against high current surges

through the diode rectifiers.

lemperature Stability

The diode used in this power supply is a single unit
with a zener voltage of approximately 34 volts. However,
it may be affected by changes in temperature and the zener
voltage may shift slightly. Some silicon diodes have a
: pos;tive temperature coefficient and some have a negative
coefficient. If this is & critical problem in a”piece_of '
equipment such as this, é combination of snmiler diqdes
which'will addlup to 34 volts may be used: By using .the
proper combination of positive and negative temperature
qoefficients while still arriving at the desired voltage,
this p;pblem of change in reference voltage with a change
in temperature is eliminsted.

Regulation

lvFigure 4 shows the letage regulation curves,for,the
pcwer*supply. The D. C. input voltage to the transistor
regulator is shown to be a linear, decreasing line. As

the load is increased, it is apparent that more -and more
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of the voltage is lost in the transformer and filter and
therefore, less is applied to the regulator. The output
voltage is seen to be a very flat line at low values of
load current. However, as the input voltage drops; the
difference in the input and the output or zener vbltage
decreases. Finally, the difference, which is-the voltage
across Tl’ gets too low for transistor leto function;prop
erly. At this point, the output voltage falls off sharply
and the regulation becomes very poor. It should be noted
however, that the regulation'became poor ‘because of the
transformer and filter losses and not because of the regu-
lator. Therefore, at a lower zener'voltage5 the regula-
tion would be very good for higher currents. Since most
of the voltage is lost in the power transformer-of this
pover supply, the regulation'could be improved by using a
transformer with a higher wattage rating. However, it is
not necessary in this equipment.

General Summary

This power supply is capable of supplying 300 millie‘
amperes at &4 volts. This is much more load current than

is necessary for this curve tracer. However,; tests were

22

run on the power supply and the regulation curves are shown

on Figure 4. These tests also showed that at 300 milli-
amperes load current, the ripple voltage was .0123 volts
(R. M. 84). ‘The output voltage at 300 milliamperes had
dr@pped .15'volts. Therefore, thevoutput‘impedancg of thi

power supply was .15V/.3A = .5 ohms at 300 millismperes.

8



The supply is quite capable of fulfilling all the require-

ments of this curve tracer.



CHAFTER IV
OSCILLATOR OR DRIVING CIRCUIT

General Discussion

It is absolutely essential that each circuit in this
plece of equipment be triggered or synchronized properly.
If this requirement is not met, improper information will
be presented and the equipment has not performed its func-
tion.

Many different devices could be used to furnish theA
pulses necessary for proper operation. The simplest gen-
erator for the pulses would be a multivibrator. However,
it was found that if a free-running oscillator or-multi-
vibrator was used, drift was encountered. This cannot be
allowed. The oscillator frequency would also be suscep-
tible to Interaction with the 60 c.p.s. line frequency.

The unit under test will consume a considerable amount
of power. Therefore,'a very relisble amplifier and wave-
shaping network, driven by the oscillator, would have to
be designed. This is necessary so that the unit under test
can draw the necessary amount of power and have the proper
sweep voltage applied to its collector and emitter.

All of these difficulties can be eliminated by simply
using the 60 c.p.s. line frequency as an oscillator and
power source. This setup will eliminate any fregquency

drift since the line frequencies are controlled very closely.

24
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The problem of interaction with the 60 c.p.s. line freguency
is no longer present. The power consumed by the unit under
test may now be drawn very easily from the A. C. liné by
using a transformer.

Ubviously, the 60 c.p.s. 1line frequency is the ideal
place té obtain the pulse for synchronizing all the cir-
cuits of the curve tracer.

Circuit Operation

The driving fregquency necessary to supply the desired
eight steps of constant current to the base of the unit
under test was found to be 120 c.p.s. This will be explain-
ed iIn the following chapter. It is also - necessary that the
bistable multivibrators, which are used to supply the steps,
must be driven by a sharp pulse. This sharp pulse form
méy be obtained by differentiating a square wave.  This
gives a positive spike for the differentiated leasding edge
and a negative spike for the differentiatedwlagging?edge
of the square wave. Therefore, a 120 c.p.s. square wave
would satisfy all the requirements for triggering7the"multi-
vibrators at their proper frequencies. The circuit in Fig-
ure 5 was‘used to obtain:this square wave,

The 60 c.p.s. sine wave, when applied to a full-wave
regtifier, produces 120 positive pulses per second. This
output is then fed through & large capacitor to -a parallel
resonant circuit. The resonant frequency of this circuit
is 120 c.p.s. The positive pulses feeding the resonant

circult cause it to oscillate and produce a sine ' wave at
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120 c.p.s. This is the desired frequency which was to be
obtained.

The final signal which was necesgsary was-a square wave
with a frequency of 120 c.p.s. To obtain this square wave,
the sine wave, which has a high amplitude, was-fed into a
high gain amplifier stage. The high value of input signal
on the base of the transistor results in an overdriven am-
plifier sﬁage. The 14.2K, ohm rgsistor’in'the base circuit
is necessary to limit the base current-with the high input
signal, thus preventing transistor burnout..

When tne positive half of the sine wave input is ap-
plied to the base of the transistor, the transistor is rap-
idly driven into saturaticn. A square, negative pulse re-
sults. When the negative half of the input wave is applied,
the transistor is rapidly driven into cutoff. This results
in a square, positive pulse. The slope of the edges of the
square pulses is determined by the magnitude of the input
signal. In this case, the-magnitude'is-very”high“and very
steep edges result. The final result is a 120 c.p.s. square
wave that 1s synchronized with the A+« C. line wvoltage. This
square wave may be easily differentiated so that sharp
pulses (120 per second) are easily attainable for trigger-
ing the first multivibrator.

Figure 6 shows the actual output of this stage. The
fourmcycles represent 120 c.p.s. It'can*be seen that this
circuit has produced an excellent square-wave which can be

easily differentiated. It has satisfied the requirements
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of generating a 120 c.p.s. square wave.

Figure 6. Output of The Overdriven Amplifier

Although it is not apparent here, the square-wave out-
put is actually 45 degrees out of phase with the zero point
of'the synchronous pulses from_the line. That is, the’
switchihgbtime of the square wave 1s not at zero degrees
(with respect to the linse frequency) but occurs'45'd§grees
earlier. This results from the fact that the 120 poéitive
pulses per second (60 c.p.s. full-wave rectified) from the

"A. C. line are causing the parallel resonant circuit to
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oscillate at 120 c.p.s. To sustain oscillations, the posi-
tive peaks of both signals must occur simultaneously. Since
the oscillating frequency 1s twice that of the line fre-
quency, it takes twice as long for the line frequency to
reach zero as it does for the oscillations to reach zero.
The actual difference in time is 45 degrees referred to the
rectified 120 c.p.s. time base. As explained previously,
the base current (IB) of the unit under test must remain
constant during the complete range of the collector sweep
voltage. Therefore, the sweep must start at the exact time
that the basé bias is switched. To provide this-and elim-
inate the 45 degree phase difference, the variable 1500 ohm
resistor and the 3 u.f. capacitor were put in the circuit
of the primary of the transformer to act as a phase shift-
ing device. The resistor can easily be adjusted until the

proper time reference has been obtained.



CHAPTER V
MULTIVIBRATOR CIRCUITS

General Discussion

The step voltage, which is applied to the unit under
test, 1s necessary to vary the parametric value IB. The
method used in this equipment to generate the step func-
tion is to add various step voltages to obtain the desired
values. By adding properly synchronized square waves which
have varicus amplitudes and frequencies, the'necessary base
biases, to present the static output characteristics; are
obtained. |

Bistable Multivibrators

A bistable multivibrator i1s an excellent generator for
- a square wave. It can be driven by synchfonized pglses SO
that an Qutput of one half-cycle is alternately:produced by
a p@sitive and then a negative pulse, or“it'¢an’be arranged
soﬁthat an output of one half-cycle i1s produced QQLXMPY,Q
positive or only by a negative pulse. Therefore, if alter-
nating positive and negative pulses are applied pqvthe input
‘Qﬁlthe muItivibrator, the output frequency may be‘egugl to,
or Qne«haif of, the driving signal frequency. In thig pilece
of equipment, both of the above types of qircuits are used.
It will be stated here and illustrated later that if
squaré waves of 120 c.p.s., 60 c.p.s., and 80 c.p.s. are

added, eight different steps may be produced. These steps

30
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each occur 30 times per second with a duration of 4.16
milliseconds. The amplitude of each of these steps is con-
trolled by the amplitude of the three square waves which
are being added. It wés,found that if‘thé &0 C.p.s. square
wave had an amplitqde of_lX (whefe X represents any value
of amplitude), the 60 c.p.s. square wave had an amplitude
of 2X, and the 120 c.p.s. square wave had an amplitude of
4X, the steps resulting when these square waves were added
would have amplitudes of 0, 1, 2, 3, 4, 5, 6, and 7 times
X. This is the step voltage range which is necessary to
vary the parametric value IB’

Figure 7 shows graphically the addition of the outputs
of the three multivibrators. Figure 7A shows the addition
when the output of each of the multivibrators is originally
going in the positive direction. Figure 7B shows the addi-
tion when the outputs of the 30 c.p.s. and the 120 c.p.s.
multivibrators are originally going positive, and the out-
put of the 60 c.p.s. multivibrator is originally going nega-
tive. It is evident that the sequence of addition of the
three outputs is not important. Although the final step
voltages are not in the same order, the results are the
same. That is, eight steps, eaéh'with a duraticn of 4.16
millliseconds, are produced which have values of 0, 1, 2,
‘3, 4,.5,‘6, and 7 times X.
Nﬁiﬁivibratoerircuits

As explained in Chapters III and IV, the output from

the overdriven amplifier (120 c.p.s. square wave) 1s used
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to drive the 120 c.p.s. multivibrator. Therefore, a 1 to 1
frequency ratio is needed for the first multivibrator. How-
ever, since the output of tHe overdriven amplifier is a
equare wave, it must first be differentiated to supply the
sharp positive and negative spikes necessary to trigger the
first multivibrator. The output of this multivibrator is

to be 120 c.p.s., therefore, it has to be triggered by both
the positive and negative spikes so that for each spike in,
one-half cycle of a square wave is produced i‘n'the’output°
This will satigfy the 1 to 1 frequency ratio which was found
to be necessary. Figure 8A is the differentiating circuit
and blstable multivibrator which was used to produce these
results.

The principal characteristics of bistablé multivibra-
tors are: (a) They have two stable operating states. (b)
The regenerative action carries the circuit from one state
to another, and this action is essentially independent of
the amplitude of the. trigger pulse (provided that the trig-
ger pulse has reached a certain critical minimum amplitude)
except in high-speed operatlon.

(c) The circuit remains in a stable state for an- arbltrarlly
long time, when no trigger signal is- %pplled, and this state
is determined by the preceding pulse.

The circuits of Figure 8 possess these characteristics.
However, they also possess other characteristics which are
necessary for proper operation in this piece of equipment.
As explained previously, the multivibrators-are being driven
by & square wave which must be differentiated to obtain the

desired trigger pulses. In Figure 8A, a positive going

: 7Chow et al,, Traasistor Circult Engineering (New York,
1957), p. 324
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square wave on the "pulse in" line will cause the ,002 u.f.
capacitor on the non-conducting side to charge. This charge
is very rapid and a sharp positive pulse is developed which
appears on the base of the non-conducting transistor. The
differentiation has been}aecomplished“and simultangously
the trigger pulse which results, has been applied to the
non~-conducting transistor. The pulse also appears on the
side of the conducting transistor; but,>51nce it 1s already
v_conductlng, the p051t1ve pulse has no effect on it. The
sharp p051t1ve pulse on the base causes the non—eonductlng
_,t;an51stor to conduct heavily, reducing its collecter vol-
tage;‘"This~negative”gbing voltage-is coupled through the
R-C network of the 12 K. chm resistor and the 420 u.u.f.
capacitor to the base of the conducting transistor and
Vrapidly cuts it bff.‘ The 12 K. ohm resistors-provide D. C.
bias, and the 420 u.u:f. capaéitorS’are used to bypass the
coupling resistors for maximum regenerative drive -during
the switching transients.

A negative going square wave will cause the,002 u.f.
capacitor on the non-conducting side to discharge;-.This
discharge is very rapid and a sharp negative pulse 1s de-
veloped which appears on the base of the conducting tran-
sistor. Again, the differentiation has been“accomplished
and simultaneously, the trigger pulse has been applied to
the conducting transistor. Thé pulse‘alSOnappears-on the
Side of the non-conducting transistorj but; as befdfe, has
no effect. o .} '.

- e

The square wave output of the multivibrdtor 1s at the
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;amefreduenpy as that of the overdriven amplifier and its
resulting differentiated pulses. Therefore, the 1 to 1 fre-
quéncy,ratio has been accomplished. |

In previous Chapters; it was stated that the next two
multivibrétors are driven by the preceding multivibrator.
of each. They also have a ratio of 2 to 1 for the input to
outpuﬁyfrequenéiés. Thus, the input frequency of the second
multivibrator is 120 c.p.s. and the output must be 60 c.p.s.
The input fréquency of the third multivibrator is 60 c.p.s.
~and the_oufput must be 30 c.p.s. The circuit for these two
multivibrators_is shown in Figure 8B.

If'is'eésily'seen that this circuit is identical to
that'of Figﬁré 8A except for two components. These are the
two.dings.ﬁhigh ére tied;beﬁween the "pulse-in" capaci-
tors_énd ﬁhe,b;se,df each transistor. These diodes will
conduct easily in one direction but they have a high zener
voltgge in the reverse:direction and will not break down
in the reverse direction with the voltages encountered here.

When a-negative pulse appears on the "pulse-in" line,
the oberation is identical to that of Figure 8A. That is,
the cbhduéting transistor is cut off and the other transis-
tor is driven into conduction. This is because when a nega-
tive pulse is applied to the cathode of the diode, it éon-
duéts eaéily.‘ Howevér, when a poéitive pulse appears on
the "pulse-in'" line, the diode appears as an open circuit
and tﬁe pésitive pulse has no effect- on the transistors.

When}énother negative pulse appears, the conducting tran-



sistor is cut off and the one that was conducting originally
is driven into conduction by the regenerative drive of the
circuit. This is the second half of the output; square
wave; cycle. Therefore; the frequency input is divided by
two in the second and third multivibrators.

The necessary signals to obtain the proper step func-
tion have now been generated.

Qutput Waveforms

" Plate I, IT, and III are the actual outputs of these
multivibrators. The horizontal time scale is the same for
each oscilloscope presentation. The presentation of four
cycles; two cycles,; and one cycle clearly shows the fre-
quencies of 120 c.p.s,,XGO c.p.s. and 30 c.p.s. for the
first; seccnd, and third multivibrators resp§ctivély.

| In a piece of test equipment such as this, it is ab-
solutely necessary, for proper accuracy, that the square
waves-réach their final value very rapidly. Therefore,
¢ rise time becomes very important. Plate IV shows the
xabtugl rise time presentation for the third multivibrator
on an expanded séale. Each large square represents one
microsecond. It is observed that the usually recognized
final value figure of 90 per cent is reached in approxi-
mately four microseconds. This is much better than is
necessary for proper operation of this equipment.

Summary “
The three multivibrators developed for this equipment

have an excellent square-wave output with the necessary



Plate 1

Qutput of First Multivibrator




Qutput of

Plate II

Second Multivibrator
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Plate III

Output of Third Multivibrator
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Flate IV
Rise Time of Third Multivibrator

(Each unit equals one microsecond)
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frequencies of 120 c¢.p.s., 60 c.p.s., and 30 c.p.s. 'When
the amplitude of each is contrelled properly, the eight )
steps,‘that may be desired and which are to be applied to
the base of the unit under test, may be obtained. The am-
plitude of each can be controlled by various resistors which
are in series with the output of the multivibrator and the
adder circuit. Therefore, it would be easy to adjust the
amplitudes with various resistors for a number of step val-
ues., The desired step value could then be selected with an

external, panel switch.



CHAPTER VI

ADDER CIRCUITS

General Discussion

"‘The adder éircuit serves the purpose of combining the
outputs of the three multivibrators and ét'the same time
applyihg these various combinations to the base of the unit
under test. The circuit must appear as a conétant‘current

device. This is necessary because any uncontrolled change
in the adder circuit current will cause a shift in the value
of Ix. Since IB is the parametric value, it must remain at
constant, predetermined values.

It is evident that the adder circuit's purpose is two-
fold and that this circuit is a very essential link in the
chain of operations necessary for the curve tracer to func-
tion properly.

Theory Of Operation

The adder circult, in this equipment, must be capable
of taking three inputs and producing one output. The inputs
and the outputs are all varying in a predetermined manner.

Figure 9 is the general schematic of a type of adder
circuit and it has been used in this equipment. The three
circuits and transistors used in the adder are identical
except for the values of the collector and base resistors.
The emitters of all three are tied together and are common

to the base of the unit under test. Just as the complete

44
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adder circuit must appear as a constant current device, each
of the three similar circuits must appear as a constant cur-
rent device. At one time, when the input square wave 1is
positive, a controlled amcunt of current will flow phrough
the transistor. When the square wave goes negative (vol-
tage drops to a minimum), the current must be as close to
zZero aslpossible. Becaﬁse of the latter*statement; it is
essential that the transistors in the ad&er~circuits have

an extremely low ICO‘ The units selected were T. I. type
2N338. These are silicon switching"transistors'which have
an ICO of approximately 1 microampere or-less at a tempera-
ture of 150 degrees C. At the same time, they can carry
enough current to sﬁpplY”the base drive forﬂany”pransistor
up to and including_the medium-power classification. The
collector current of the three transistorS'makeS"up-the base
current of the unit under test.

The collector current of each of the units in the adder
circuit is controlled by the collector load resistorwand_the
transistor itself. The emitter to base resistance of the
unit under test is very low and can be neglected in most
cases because the emitter to base diode is forward biased.
When any or all of the transistons in'the adder circuit are
~conducting, the ideal situation would be for-all the voltage
to be dropped across the respective collector-load resis-
tors and none across the transistor. Then, the curfent
could be controlled by the value of the resistance.: This

situation is approached by applying a highlevel of forward
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bias to the various transistors. When the collector current
is to drop to zero, the transistor should appear as an open
circuit. Therefore, the transistors in the adder circuit
should appear as a switch. That is, as an open circuit and
as a closed circuit. The switching transistor'choseh ap-
proaches these conditions.

It can be seen that the collector load resistor and
the base bias of the switching transistorcontrol the var-
ious collector currents, and, therefore, control the base
current of the unit under test. When the transistor is
biased heavily'in'the'forwafd‘direction, the_greatest con-—
trol of the curremt is achieved by varying the collector
resistance., However, since the transistorqdoes-not“actually
appear as s short circuit, some control is achieved by the
base bilas. Both the collector and base resistors-could be
constant value resistors,*but it seems that the base re-
sistor would give a fine calibration adjustment if it were
variable., At any rate, these two resistors, in the proper
combination, will give the correct value of collector cur-
rent for each of the transistors in the adder circuit when
they are conducting.

When the base bias of these units is reduced to- zero,
they appear as an open circuit and the other-desired state
is achieved. Therefore, an off-on combination iS“presented
at the frequency rate of the multivibrator driving the in-
dividual unit. The proper amplitude is controlled by the

resistors as previously described.
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The proper combination for eight sweeps was previously
stated as being 4X for the 120 c.p.s. signal, 2X for the
60 ¢.p.s. signal, and 1X for the 30 c.p.s. signal. The
graphical addition of these signals has been shown in Chap-
ter V.

In order to be able to test various units, a number of
different step amplitudes are necessary. This would:fesult
- in many different combinations of collector and base:resis—
tors for each transistor in the adder circuit. Socme com-
ments and suggestions concerning this are made in the: final
chapter of this work.

Again referring to Figure 9, it can now be ea31ly seen
that the base bias of the unit under test is actually in the
form of eight steps. These steps are controlled by the in-
dividual resistors in the collector and base circuits of the
transistors in the adder circuit. The sum of the collector
currénﬁs in the adder circuit becomes the base current of
the unit under test. When these constant values of IB (the
parsmetric value) are applied, and the proper collector sweep
voltage is applied, a complete family of static output cha-
racteristics results. The collector sweep voltage is dis-
cussed in Chapter VII.

Actual Results

The actual family which is traced when the parametric
value, IB’ is properly controlled is shown in Figure-10.

It should be pointed out that this is merely a general fam-

ily obtained by using the adder circuit previously described.
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The circuits used were not calibratedvsorthe:exactvvalues
onVC, IC, and IB’are unknown. Note the similariiy between
Figure 10 which was obtained by using the circuits of this
curve tracer and that of Figure 1 which was obtained.with

a commercial model curve tracer.

Figure 10. Actual Static Output Charac-
teristics Using The Adder
Circuit



CHAPTER VII
COLLECTOR SWEEP VOLTAGE

Generaeriscussion

.It has been stated that during the time that the base
current, IB: is at a constant value, the collector voltage
must go through its entire range. That is, it must vary
from zero to the maximum desired voltage or from the maxi-
mum desired voltage to zero. When this is done, the collec-
tor current, IC: may be observed and determined at any allow-
able voltage V., and at a constant base bias. If the collec-
'tor voltage goes through its complete range for each of the
eight step values, the complete family of static output char-
acteristics will be presented on the oscilloscope.
Circuit Operation |

Any voltage waveform which would vary continuously from
zero to some preset maximum value of voltage, while the step
veltage is applied to the base of the unit under test, would
satisfy the requirements for the collector voltage, VC'
Since each step occurs thirty times a second and there are
eight steps, the collector sweep voltage would have to go
through its entire range 240 times per second. It would
also have to be in proper synchronization, so that when the
step voltage shifts from one value to another, the collector
sweep voltage is just starting its cycle. The cycle may

start from zero and go to the maximum voltage; or it may

o0
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start at the maximum and drop to zero voltage. Either way
is satisfactory.

The most acceptable collector voltage waveform would
be a sawtooth which varies linearly from zero to the maxi-
mum value. However, with the sawtooth, many difficulties
would be encountered. The first problem wouldAbe“to gen-
erate a sawtooth with different amplitudes for the various
transistors to be tested. Proper synchronization would be
another problem. Finally, since the unit under test may
draw a considerable amcunt of power, a very reliable, push-
pull amplifier would be required to satisfy this problem if
transistors are to be used in the circuits.

- A sine wave would also satisfy the reguirements of the
bcolléctor sweep voltage. ~ Although it is not a linesr varia-
tion, the range of voltage is continuous firom zero to a
maximum value. The sine wave 1is easily synchronized by mere-
ly using the line voltage for the driving signal. This was
explained in Chapter IV. There is no problem with the
amount of power being drawn. A transformer may easily re-
place the push—pull amplifier circuit, and any amount Qf
power may be drawn, assuming the transformer's rating is
high enough. Therefore, a variable transformer was decided
on to furnish the collector sweep voltage. The maximum
amount of voltage which is to be applied to the transistor
under test can be easily controlled by -adjusting the trans-
former's output voltage.

Figure 11 shows the circuit used to supply the collec-
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tor sweep voltage. The maximum value of the collector sweep
voltage can be adjusted by the variac which is an external,
panel adjustment. Various units will be tested. Therefore,
to provide a wide amount of flexibility, the Collector Vol-
tage High-Low switch has been used. With this switch, two
ranges of output voltage are available. On the high voltage
range, the primary to secondary turns ratio is one-half the
value 1t 1s on the low voltage range. By using the switch
and the variac, a continuous range of from zero to approx-
imately 71 volts (peak) may be obtained from the secondary
of the transformer.

The transformer 1s center-tapped so that full-wave
rectification may take place. Since the collector sweep
voltage must go through its complete range for each step
function which is applied to the base, it must go through
its complete range eight times in 1/30 of & second; this
is the repetition rate of each step. In other words, the
collector sweep voltage must vary from gzero to maximum or
maximum to zero £40 times per-.second. It must also be in
proper synchronization with the step functions. As was
exXplained in Chapter IV, the synchronization is adjusted
by using the R-C phase shifting circuit.

The full-wave rectification of‘the 60 c.p.s. sine wave,
whichlhas been provided for, will supply 120 positive sine
functions per second. Since the sine function goes'from
zero to maximum and then baék to gero, two complete sweeps

nave been»provided by each positive sine function. The



o4

result is that the collector sweep voltage goes through its
complete range 240 times per second. This satisfies the re-
quirements for the collector sweep voltage. It should Dbe
noted that half of the times the collector voltage will be
sweeping from zero to maximum and the other hzlf of the
times the collector voltage will be sweeping from meximum
to zero. However, this i1s not objectionable becsuse it
satisfies the requirements of continuously sweeping through
the whole range while IB is held constant. For one value
of IB: Ve varies from zero to the maximum value, then at
the maximum value of V., the step function shifts and Iy
clianges to a new, constant value, VC then sweeps from the
maximum value to zero. The sequence is then continued.
Plate v shows the actual ocutput of the Collector Sweep
Voltage Circuit. The four positive sine functions repre-
sent the sweep voltage for the eight steps. Naturally, the
peak value of the sine function can be varied and its value

will be determined by the unit under test.



Plate V

Actual Output of The Collector
Sweep Voltage Clrcult
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CHAPTER VIII

COMPLEMENTARY CIRCUITS AND CONCLUSIONS

Complementary Circuits

This work has presented the basic, essential circuits
which are necessary to present the static output character-
isties of a transistor. The only external piece of equip-
ment, that is necesSary,‘is a cathode-ray-oscilloscope to
visually display these characteristics. However, there are
certain refinements and complementary circuits which are
necessary to make this equipment a finished, versatile pro-
duct .

There are many different types of transistors being
. manufactured today. The majority of them are of the junc-
tion or alloyed type. All of these fall into one of two
categories; that is, they have either the NPN or PNP type
of structure. With the NPN structure, the electron or neg-
atively charged particle is the majority carrier. With the
PNP structure, the hole or positively charged particle is
the majority carrier. Each type of transistor operates in
a similar fashion except that the bias polarities are re-
versed in each case. The circuits in this~equipment were
designed to produce the static output characteristics of a
transistor which is in the NPN category. To be useful for
all types, the egquipment should be able to handle NPN cor

PNP transistors. This is one refinement which should be
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added tq the equipment. As stated previously, only the bias
voltages need to be reversed on the base and collector ter-
minals of the unit under test. The polarity of the collector
gay easily be reversed by using a reversing switch to give
fhe desired change ih polarity on the output of the full-
wave'rectifier which is used as the collector sweep voltage.
Reveféing the polarity of the base bias is a much more dif-
fiéult task. The step functions applied to the base of the
uﬁit under test in this equipment are positive in nature.
For a PNP unit, the steps must be negative. An inﬁerter
circuit might be a possible solution to this problem.

‘} All transistors do not have the same current and vol-
tage ratings. Therefore, to be able to test the various
units, the collector and base bias voltage magnitudes must
~be variablée, The variac and "High-Low" switch, in the col-
lector sweep voltage supply, provide an excellent means for
.controlling the collector bias. The base:blas, which is
coﬁtrolled by resistors in series with the three multivi-
brators and the adder circuits, must be preset in order to
eliminate the tedious alignment procedure which would be
necessary for each change in»transistor current "and voltage
- rating. By using an external selector switch and: various
series resistors for adjusting the base biases, a number
of desired step values, which are to be applied to the unit
under~test; may be preset and chosen when they are desired
by merely rotating the ganged selector switch. These re-

finements would provide a rapid means of testing transistors
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with different current and voltage ratings.

The presentation on the oscilloscope, of the static
output characteristics, 1s not of much use unless the values
of the various parameters are known. Therefore, the re-
sults must be calibrated.

The collector voltage, VC’ may be calibrated by using
a voltage source as a standard. A constant voltage device,
such as a mercury cell, could be used to provide a certzain
horizontal deflection. The VC value can then be easily de-
termined by connecting the collector and emitter leads
across the horizontal input terminals of the oscilloscope.

A mercury cell of approximately 10-20 volts would be suit-
able.

The collector current, 1, may be calibrated in much
the same way. The same mercury cell could produce a cer-
tain vertical deflection. Then, if the IC is forced to pass
through a known value of series resistance, the vertical de-
flection caused by this IR drop could easily be converted |
to current values.

The base current, Ip, of the unit under test, is pre-
set and the step values may be printed right on the IB Se—
lector switch mentioned previously. The original, preset
value of Ip may be adjusted to its desired value by insert-
ing a microcammeter or milliammeter in the base lezd of the
unit under test. By disconnecting the driver circuit, the
steps may be. presented cne at a time by alternately connect-

ing each base of the first multivibrator to thie emitter.



This action will cause a shift from one state to another,
by the multivibrator, at any rate desired. By switching
the multivibrator manually eight times, the other two multi-
vibrators will be triggered properly and the complete range
of eight steps will be produced. iThis sllows any amount of
time which may be necessary to adjust the series reéistors,
and Iy, to the desired values.

 These are the refinements and complementary circuits
which are necessary to mske the curve tracer a ccmplete,

versatile piece of test equipment.

Conclusions

.The use of transisteors in military and commercial
equipment has increased greatly in the past few years.

From all indications, it appears that their use vill con-
tinue to increase in the future. Swmall size, low power
consuniption, non-microphonic, anﬁ long life are thelr main
attributes.

In order to utilize transistors to their fullest ex-
tent, various parameters and charact@ristiCS'must be de-
termined. The static output characteristics of a particular
type of unit will supply the information necessary'to arrive”
at many of thesekvalues, Since the Qutput“characteristics
are not always readily available, a device which will rapidly
display these characteristics 1s a_valuable aid to the de~
sign engineer and student,

This work has produced all the basic circuits which are

necessary to furnish the static ocutput characteristics which
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are desired, The complementary circuits which would in-
crease the utility of the equipment are few In number and
it is believed that the refinements suggested, when applied
to the tester as presently developed, will produce a piece
of test equipment suitable for use in most transistor ap-

plications.
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