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Chapter 1

Transistor characteristics
important to servicing
Knowledge of the internal construction and chemistry of atransistor is not necessary for efficient
troubleshooting. But it is very helpful to take the basic physical construction of atypical transistor (Fig.
IA) and visualize it as two diodes
wired back-to-back as shown in
Fig. 1B. Of course, two separate
diodes cannot possibly have collector-emitter current and thus cannot
amplify.
In an actual transistor, the two
diode junctions are seldom symmetrical and the base material is so
thin that current can flow through
it between collector and emitter
when stimulated by collector voltage and aforward base bias. Varying the base bias by a signal causes
collector current variation; this is
amplification.
According to the way atransistor
measures on an ohmmeter, its
"black box" circuit consists of three
diodes and two resistors, as shown
in Fig. 2A. The chart in Fig. 2B
is a good guide to the approximate
readings expected with germanium
transistors when checked on a
VTVM has a 1.5 volt ohmmeter
battery. Don't be surprised if many
normal transistors show more baseemitter than base-collector leakage.
This only means the collector and
emitter are not symmetrical. If you
use other scales, or a meter with
another battery voltage, the resistance readings will be radically different, since all solid-state diodes
change resistance according to the
voltage applied to them.
The same low base-emitter, base.
collector or collector-emitter ohmmeter reading when the test lead
polarity is reversed, indicates a defective transistor with a shorted
junction. An open reading for both
polarities indicates an open junction. One common defect is a short
from collector to emitter. Often
there is no corresponding short from
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the base to either the collector or
emitter. This is difficult to understand since the base is located be.
tween them. Evidently the excessive
current caused by the collector-emitter short burns away the base material around the shorted area.
Silicon power transistors also can
be checked as shown in the chart of
Fig. 2B, although all the resistances
will be much higher than those
listed. Tests of small silicon transistors will be limited since the leakage resistance will be above the
highest ohmmeter scale. During
checks on both germanium and silicon transistors, don't use a lower
scale than the Cones specified in the
chart for forward bias readings because the ohmmeter current (which
reaches 150 mills on the X1 scale)
might damage small transistors.
You may question why we should
bother to check transistors with an
ohmmeter when there are many excellent transistor testers on the market. First, there are many more
ohmmeters than transistor testers
around a typical workbench. But
more important, the ohmmeter tests
give more of an insight into circuit
voltage and resistance measurements and how they are affected by
transistor defects. It is excellent beltand-suspenders technique to use
ohmmeter readings to verify the verdicts of the transistor tester.
Tubes vs. Transistors
After the obvious lack of aheater
in a transistor and the necessity for
a high vacuum surrounding the elements of a tube, the next radical
difference between tubes and transistors is in the polarity of the bias
and the elements (Fig. 3.)
A tube without bias (grid shorted
to cathode) will draw excessive plate
current. A transistor without bias
(base shorted to emitter) will have
a minimum collector current, and
making the base positive increases

he collector current. The tube plate
oltage is positive, the polarity to
cause maximum conduction, while
the grid is negative to prevent any
grid current.
By contrast, the positive voltage
applied to the transistor collector
will cause less collector current than
would a negative supply (but this
current would not be under the control of the base-emitter). The base
is positive which is the polarity to
cause maximum base current. A
negative base voltage would be reverse-biased and would result in no
base or collector current (except
leakage).
To say these facts another way,
a grid is reverse-biased, a plate is
forward-biased, a base is forward
biased and a collector is reversebiased. A transistor always draws
base current (low impedance input)
and atube has no grid current (high
impedance input) when both are operated in class "A".
Effects of Heat
Current and gain in vacuum
tubes are affected very little by ambient temperature since each tube
has its own private built-in furnace
that is many times hotter than the
surroundings. Not so with transistors. Heat is not necessary for normal operation; any generated heat
is strictly a byproduct, and often a
detrimental one.
Those of you who have experience only with well-designed solid
state circuits may be surprised how
thermally unstable some of the simpler circuits can be. In the low-level
audio circuit of Fig. IA, assume
that the base resistor is the correct
value to produce maximum gain.
Use an audio oscillator for an input
signal, monitor the output with an
AC meter and the collector with a
DC meter. Just cup your thumb and
forefinger around the transistor case
for a few seconds and watch both

the output AC and collector DC
voltages drop enough for a definite
difference in reading. If you go one
more step and also monitor the
base-emitter voltage, you will discover that the base voltage decreased from this slight increase in
heat. The transistor conducted more
collector current with less base voltage. Or turn that statement around
.
so it reads: for the same collector
current, less forward bias is required
at higher temperatures.
It is undouleedly true that more
base current caused more ,collector
current (transistors arc "current amplifiers"), but base current is very
difficult to measure, while base voltage measurement is simple if you
have a meter with afull-scale reading of .5 or 1.0 volt. Later we will
show that collector or emitter current can be measured easily by
reading a resistance, the voltage
drop across it and calculating the
current by Ohms Law.
Stabilization
Four basic types of temperature
stabilization are commonly used.
Fig. 4B shows the base voltage supply taken from the collector rather
than the supply voltage. This is an
effective method, if the resistance in
the collector circuit is fairly high.
Any increase in collector current
will lower the collector voltage
which in turn reduces the base supply voltage. And this lower base
voltage will decrease the collector
current. The opposite action takes
place if the collector current goes
down.
There are two limitations. Transformer output coupling is not practical since the collector DC voltage
would not change enough for effective control, and the resistor between collector and base can introduce negative feedback which lowers the gain.
The two most common thermal

stabilizing methods are both shown
in Fig. 4C. Forward bias for the
base is developed by a voltage divider to minimize voltage variations,
and more important, an emitter resistor is added. For example, increased emitter current raises the
emitter-to-ground voltage and any
emitter voltage is subtracted from
the base-to-ground voltage to give
the true forward bias. The more
emitter voltage, the less forward
bias and this causes less gain and
collector current.
Let's consider some hypothetical
voltages. Assume a base-to-ground
voltage of —2.15 and an emitter-toground voltage of —2.0; the forward
bias is —.15 volt. Suppose that a
higher transistor temperature increases the collector-emitter current
so the readings become: base —2.15.
and emitter —2.05 for a forward
bias of —.10. This reduced forward
bias decreases the collector-emitter
current and restores the change in
gain. Of course, reverse action takes
place if the emitter current goes
down, but we are not so concerned
because this is just the opposite of
"thermal runaway".
Omission of the emitter bypass
capacitor would allow AC current
feedback which reduces gain just as
an open cathode capacitor will do in
tube circuits. In practice, however,
we find the gain reduction in transistor circuits to be much larger
than that caused in tube circuits by
an open capacitor, where the resistor is the same in both cases. In a
tube circuit, the gain might be reduced 10 dB, while the transistor
circuit gain could be decreased by
20 to 30 dB.
The fourth type of heat stabilization uses adiode (of the same material as the transistor) as a voltage
regulator.
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Fig. 2 This is the equivalent of a
transistor when it is measured by an
ohmmeter.
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Fig. 2B Chart for measuring the junction resistances of PNP germanium transistors. All polarities should be reversed to test NPN types. These readings
are for VTVM's using a 1.5 volt ohmmeter battery. Meters with other battery
voltages will show different resistances.
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is the most critical factor that determines the performance of transistorized circuits. Without some
forward bias, there can be no collector current (except undesired
leakage), and since a small transistor typically operates with about .2
volts of forward bias for a germanium type and about .7 volts for a
silicon, small voltage changes are
significant merely because the bias
is small. Logic and reason tell us
that a 10% change in forward bias
should have the same effect on gain
and output current as a10% change
in tube bias. This is not so! In some
transistor circuits a bias change of
far less than 10% can increase or
decrease the gain 30 dB, for example. This is far more critical than
the bias on ahigh-gain sharp-cutoff
tube.
It is poor design and practice to
apply afixed bias even from awellregulated supply, for the optimum
bias will be different for each individual transistor and will vary
widely according to the junction
temperature. For stages such as
power output that are difficult to
stabilize, a bias-regulating diode
may be used if it is made from the
same type of material as the transistor so it will have a similar temperature coefficient. Even applying
a constant base current is not
enough stabilization. If it were, a
large source of voltage through a
large base resistor would be sufficient. Two methods of stabilizing a
single stage were given previously.
One is to use a large emitter resistor, and the other is to take the
bias from asource (such as the collector) that varies in voltage according to collector current. Later we
will explore how multiple directcoupled stages ere stabilized.
Gain Control by Bias Variation
Every transistor has an optimum
forward bias that gives maximum
gain. Either more or less bias decreases the gain. There is no precedent in tube circuitry for this
characteristic. The graph in Fig.
5 is not intended to be accurate,
but only to illustrate general transistor functions. The forward bias
is increased at alinear voltage rate.
The collector current increases and
the input impedance decreases at a

logarithmic rate, while the gain
peaks at one definite bias voltage.
Starting at the bias for maximum
gain, a decrease in bias uses the
"cut-off" mode, and in increase
takes advantage of the "saturation"
characteristic for gain reduction.
Either method can be made to give
about the same degree of gain reduction. Current consumption would
dictate use of the cut-off type of
AVC for battery-operated equipment such as portable radios. AGC
in television receivers usually employs the saturation method, for the

increase of 7% will reduce the gain
to virtually zero.

lower input impedance obtained on
stronger signals widens the bandwidth of the tuned circuits.
Silicon transistors used for IF and
RF amplifiers in color TV receivers
appear to have an extremely sharp
cut-off when saturation biasing is
used for AGC. Actual measurements made on several brands of
receivers indicate that a bias increase of only .04 to .05 volts over
the no-signal bias of about .7 volts
will accomplish adequate gain reduction for a very strong TV signal. Translated, this means a bias

Pulsed Signal Operation
The preceding statements apply
to AF, RF and IF amplifiers operated in class "A". Class "C" amplifiers (including oscillators, sync separators and power output stages)
usually show reversed bias measured
on ameter. This does not contrad.
ic
facts on forward bias already given.
Diode action of the base-emitter
junction rectifies the incoming signal to produce reversed bias that
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is overpowered by the highest amplitude tip of the incoming waveform to become forward bias. Thus
the base has reversed bias most of
the time, and forward bias for a
very short time during each cycle.
A meter will average these voltages
to read as reversed bias.
Load Impedance vs Gain
Load impedance in the collector

circuit has alarge effect on transistoi
gain. At the usual transistor impedances (under 50,000 ohms) the
gain is in direct proportion to the
load. If the collector load impedance is doubled, so is the gain (+6
dB). If the impedance is decreased
20%, the gain is reduced 20%. Remember this when analyzing some
of the beginner circuits where the
collector resistor is about 1.5K.

Other Factors Affecting Gain
Collector voltage is not a critical
factor in determining gain except
when the collector-emitter voltage
drops to afew tenths of avolt, then
the gain drops to nearly zero.
Negative feedback or degeneration in the emitter circuit from unbypassed resistors reduce.gain with
transistors the same as it does inj
tube equipment.

Chapter 2

How component defects affect the
operation of transistor circuits
by Bruce Anderson
The precise manner in which a
transistor operates may be of interest and value to some; however,
those of us engaged daily in repairing transistorized equipment can
perform our task with considerably
less information. Nevertheless, a
few of the characteristics of a transistor must be remembered. These
essential bits of information are
summarized as follows:
1. The average amount of DC
voltage present between base and
emitter remains nearly constant, so
long as the transistor is in a state
of conduction. Obviously, if the
base voltage is insufficient to allow
emitter-to-base conduction, the potential between these two elements
may vary; but if there is normal conduction, the voltage will remain almost constant. This is quite different from a tube, in which the
grid voltage may vary over a fairly
large range, perhaps 10 or 15 volts,
during normal operation. Conversely, the grid current is very small
(and nearly constant) throughout
the operating range, while base current is significant and variable.
2. Since the base voltage remains
nearly constant throughout the normal range of operation, the input
impedance of the device itself is
inversely proportional to the input
6

signal level. The input impedance
may be increased by connecting an
unbypassed resistance in series with
the emitter of the transistor. This
raises the overall impedance seen
at the base and tends to make it
independent of the signal level.
3. Unlike a tube, whose input
impedance is normally in the order
of thousands or millions of ohms,
the input impedance of a transistor
connected in acommon-emitter circuit is quite low. As ageneral rule,
it may be estimated by multiplying
the impedance between the emitter
and ground times the beta of the
transistor. Thus, if the transistor
shown in Fig. 1has a beta of. 100,
the input impedance probably will
be about 1000 ohms. Any biasing
resistors in the base circuit will be
shunted across this input impedance. This resistive component of
the impedance might be shunted by
a fairly low value of capacitive reactance, which will lower the impedance further. Naturally, if the
emitter resistor is bypassed, the capacitive reactance "seen" at the
base will approximate the reactance
of the capacitor multiplied by the
beta. To calculate this impedance,
the frequency of operation has to
be known.
4. Since the amount of collector
current is determined by the emit

ter-to-base current to a much
greater degree than it is determined
by the collector voltage, the collector load impedance of a commonemitter transistor circuit can be
quite high.
5. If the emitter-to-base current
is made high, driving the device
into saturation, the voltage drop
from emitter to collector may become almost negligible. This is unlike a tube, in which the cathodeto-anode drop is considerable, even
when the control-grid voltage is
positive with respect to the cathode.
6. Transistors are available in
either of two types, NPN and PNP.
This allows operation with the collector supply either positive (NPN)
or negative (PNP). This allows
greater latitude in the design of
complete circuits, by using stages of
different types. In the discussion
here, NPN devices are considered.
If a PNP device is encountered in
acircuit, the operation will be about
the same, except that all polarities
are reversed.
7. Unlike a tube, the characteristics of atransistor are not as likely
to change over long periods of time.
A tube gradually wears out, from
the time it is placed in operation.
On the other hand, a transistor
which has been in service for an
extended period is likely to produce

just as much gain as it did when
first installed. Tubes usually fail because they no longer can produce
gain; transistors usually fail because
of shorts, opens or leakage.
8. Also unlike a tube, the characteristics of a transistor vary considerably with temperature. This
can lead to acondition called "runaway," wherein an increase in temperature causes an increase in current, which causes an increase in
temperature, etc., until the device
is destroyed. This is primarily adesign problem, but it may be the result of circuit malfunction. Also, it
makes it doubly important not to
obstruct the normal circulation of
air inside the cabinet of transistor
equipment.
9. The beta of atransistor, which
is directly related to the amount of
gain possible in a transistor-equipped circuit, is not held to tolerances
which are as stringent as the transconductance tolerances of tubes.
Since the beta of each of anumber
of transistors of the same designation may vary considerably at the
time of manufacture, and since
these values of beta are not apt to
change very much throughout the
life of the transistors, the measuring of beta is not a particularly
exact test of a suspected transistor.
This, however, does not discourage
the use of a beta-type transistor
tester, which provides a convenient
means of testing for shorts, opens
and leakage.
In the light of the above characteristics, it is possible to predict the
manner in which certain malfunctions of the surrounding circuit may
affect the operation of the transistor and the circuit.
The effect of a change in the
value of each of the components in
Fig. 2 can be studied, and, by extension, these may be used to predict the operation of similar circuits.
Changes in RI
The value of R1 can increase or
decrease; this change may be rather
slight, perhaps 20%, or it may be
drastic, such as acomplete short or
open.
Suppose that the resistor were to
increase moderately in value. If this
should happen, the voltage drop
across it would increase and the
drop across R2 would have to decrease. (Since the bleeder current

through RI and R2 is much greater
than the base current of the transistor, which also passes through
RI, this latter current may be
ignored for simple calculations.) As
the drop across RI increases, the
bias voltage on the base of the transistor must decrease; but as the base
voltage and current decrease, the
emitter and collector currents of the
transistor also will decrease, reducing the emitter voltage.
The result of this moderate increase in the value of Rl is a reduction of the base and emitter voltages of the transistor, and because
the collector current has been diminished, the collector voltage will
increase. These would be the most
obvious symptoms observed with a
meter.
Most transistors used in audio
applications are biased at a point
where an increase in emitter-to-base
current will increase the gain of the
stage (if it has any effect at all), so
a moderate decrease in the base
current also might decrease the gain
moderately.
Suppose that the value of RI
should increase drastically, perhaps
to 100K ohms. With so much resistance between B+ and the transistor base, the base voltage is
forced below the barrier potential
of about .7 volt. This, of course,
will cause the transistor to cut off,
dropping the emitter voltage to zero
and causing the collector voltage to
increase to nearly 13 volts.
Before proceeding, there is an
important exception to the usual
rule that gain increases as the emitter-to-base current of an NPN transistor is increased. In the IF-amplifier circuits of many television
receivers, the transistors are biased
so that an increase in emitter-to-base
current causes a decrease in amplification, even though the collector
current does increase. This is called
"forward AGC", and can cause a
lot of confusion to the unwary.
(Dale's Service Bench in this issue
explains forward AGC.)
Now consider the results if RI
decreases in value. According to
Ohm's law, the base voltage must
increase, increasing the emitter-tobase current. The emitter voltage
rises right along with the base voltage (discounting a couple of millivolts), and the collector voltage falls
because of the additional current

through R4. As the value of R1
continues to decrease, the base and
emitter voltages will continue to
rise, and the collector voltage will
continue to fall until they are all
about the same, or until the transistor burns out from excessive bas:.
current.
Regarding the burnout problem,
this is sometimes difficult to predict.
In the circuit shown, the emitter
resistor will limit base current to
about 18 ma, even if R1 is shorted.
Some transistors will withstand this
overload; others will not. Nevertheless, the circuit shown does provide
some protection to the transistor.
If the value of R3 were only 3or 4
ohms, it is almost a certainty that
shorting R1 would burn out the
transistor. For more information on
transistor overloads and burnouts,
refer to ELECTRONIC SERVICING, November, 1969, pages 26
to 28.
Changes in R2
To some degree, the effects of
changes in the value of R2 will be
opposite those caused by changes
in R1; however, there are some exceptions. If the resistance of R2 decreases, there will be areduction in
base voltage and emitter-to-base
current, and if the change is sufficient, the transistor will cut off.
If the value of R2 increases, base
voltage will increase; but even if R2
should open, the base current will
not "go through the roof." Since

OUTPUT

INPUT

Flg. 1 Basic common-emitter circuit.

the base current causes a drop
across R1, the base current cannot
exceed that value which will drop
all the supply voltage across Rl.
About 2 ma will drop 13 volts
across RI, and the base current
will be even less than this, since
there is some drop across R3. Perhaps 1 ma is a reasonable "guesstimate" of the maximum base current possible if R2 is open. It is apparent that the transistor is less apt
to be damaged by opening R2 than
by shorting RI.
Changes in R3
An open cathode resistor in a
vacuum-tube circuit will cause the
cathode voltage to rise almost to
B+, but the effect of opening the
emitter resistor (R3 in Fig. 2) in a
transistor circuit is not the same.

If the transistor base was disconnected from the junction of R2 and
RI, the voltage at this point would
increase to about 3.7 volts. With
the transistor again connected back
in the circuit, it cannot conduct if
its emitter rises above about 3volts,
so the emitter voltage normally will
never increase above this level, regardless of how large R3 becomes.
The decreased conduction will
cause the voltage at the collector to
rise, but probably not much. A
large increase in the emitter resistance in Fig. 2 might increase the
emitter voltage to nearly 3 volts.
This leaves about 10 volts to be
dropped across the transistor itself
and the collector load—not much
change from normal conditions. The
most obvious symptom would be a
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Fig. 2 Typical common-emitter audio amplifier.
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loss in amplification.
Decreasing the emitter resistance
tends to decrease the emitter voltage, but this, in turn, increases the
base and collector currents. The result is that there will be a sag in
the base and emitter voltages, but
it will not be in proportion to the
reduction in emitter resistance. For
example, a 25% reduction in emitter resistance might cause a reduction in emitter voltage of only 10%.
However, the emitter current would
increase significantly, reducing the
collector voltage, and there is a
good possibility that the current
ratings of the transistor would be
exceeded.
Changes in R4
The collector current of a transistor is fairly independent- of the
collector voltage, much the same as
in a tube. A loss of 25% of the
collector resistance of Fig. 2 would
cause a corresponding decrease of
25% of the drop across R4, and the
collector voltage would increase to
about 11 volts. However, this might
be rather difficult to detect with a
meter having only 5% accuracy.
For his reason, it is wiser to measure the voltage across the resistor
instead of the voltage from collector
to ground.
If the collector-load resistance
changes, it will have very little effect on the voltages at the emitter
and the base. And this is the tip-off
—if the collector voltage is wrong,
but the base and emitter voltages
are right, look at the collector-load
resistor. Of course, if the resistor is
off by 200 percent, this rule may
not hold.
If the collector load resistance is
off tolerance, the gain will be
changed by the amount of tolerance
shift, since gain is more or less proportional to load resistance. Of
course, this cannot go on without
limit if the resistance increases—the
amplitude of the output signal cannot exceed the collector supply voltage. Also, the transistor might go
into saturation or cutoff if the collector resistance is out of tolerance,
This will cause distortion.
Changes in Cl
If the value of the input coupling
capacitor is not within tolerance,
there can be an increase in distortion of low-frequency signals, and
if the capacitance loss is sufficient,

the gain of the amplifier will be decreased seriously. Finding this par
ticular trouble is ajob for the scope
or perhaps even more practical, a
quick job of bridging the capacitor
with a new one.
If the coupling capacitor becomes
leaky, the result is about the same
as decreasing the value of Rl. The
emitter and base voltages will rise,
and the collector voltage will drop.
If there is enough leakage to drive
the transistor near saturation, distortion will be produced; more
leakage probably will destroy the
transistor.

of the signal will result (the emitter
voltage will vary with the AC signal). If C2 becomes leaky, the result is about the same as if the resistance of R3 had been decreased.
Common-Collector Circuits
The common-collector circuit
shown in Fig. 3, also called an
emitter follower, is encountered
quite often in solid-state circuitry.
Essentially, it is an isolating stage
used to match the impedance of the
preceding stage, or the input to the
instrument, to some lower-impedance load. This may be the next
amplifier stage, or perhaps the load
to which the instrument is connected. The input impedance may
be very high, as in some solid-state
electronic volt-meters, if the value
of R3 is made sufficiently large. As

Changes in C2
The function of C2 in Fig. 2 is
analogous to the function of a
cathode bypass of a tube-circuit. If
it loses its capacitance, degeneration
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with the common-emitter amplifier,
the input impedance is approximately the value of unbypassed
emitter resistance times the beta of
the transistor.
One important fact about an emitter follower is that the voltage gain
can never be greater than unity (11.
If the input signal has an amplitude of 1 volt, the output must be
less than 1volt. On the other hand,
the power gain of an emitter follower may be fairly high. For example, assume that R3 is 100 ohms
and that R1 and R2 each have resistances of several thousand ohms.
If the transistor beta is 50 and the
input signal is 1volt, the input impedance is about 5K ohms, and the
driving power is about .2 milliwatts.
An output signal of .9 volt is entirely possible under these conditions, and this signal is developed
across R3, 100 ohms. Therefore,
the power output is 8.1 milliwatts,
and the power gain is about 40.
When troubleshooting an emitter
follower, it is important to remember that fairly large variations in the
values of the components might not
cause the circuit to become completely inoperative. An increase or
decrease in base bias, caused by a
change in R1 or R2 in Fig. 3, will
cause acorresponding change in the
emitter voltage, but the gain of the
circuit may not be affected noticeably. It is more likely that the new
bias levels will cause the transistor
either to cut off or saturate during
some part of the cycle of the input
signal, in which case distortion will
occur.
R4 in this circuit may be omitted
if the supply voltage is correct for
the transistor being used. If this
is the case, the collector voltage is
not likely to change, regardless of
the condition of the circuit. When
the collector is connected directly to
B+, the transistor is very vulnerable to burnout if the emitter resistance becomes too small.
In many applications, the emitter
resistance actually is the base circuit
of the next stage, as shown in Fig.
4. Characteristically, if the output
stage shorts, placing B+ on the
emitter of the emitter follower, the
emitter follower also will be damaged. Even if the device does not
fail immediately, it can after a few
hours of operation, and it sometimes
is smart to replace it while the set
is on the bench.
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Again referring to the circuit in
Fig. 4, aword of caution is in order:
It is common practice to short together the emitter and base of a
transistor to check it for leakage. In
this circuit, if the base and emitter
of the video-output stage are shorted
together, the emitter resistance of
the emitter follower will be reduced
severely, and it is very possible that
the transistor will burn out.

Fig. 6 Diode equivalent of an NPN
transistor.

(A) Basic NPN

(B) DC equivalent.

transistor.

POSITIVE
PULSE

AGC
VOLTAGE

COLLECTOR
ISOLATION
DIODE
AGC
KEYER
VIDEO
INPUT

Fig. 7 Diode used for collector isolation.

CHROMA AMPLIFIER

TO PHASE
DETECTOR

HOR I
ZONTAL
OUTPUT -0-1
TRANSFORMER
EMITTER
ISOLATION
DIODE

Fig. 8 Diode used for emitter isolation.
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Common-Base Circuits
The third configuration of atransistor amplifier is the common-base
circuit. Like the common-emitter
circuit, it has voltage gain, but the
input impedance always is very low.
The common-base circuit may be
used to follow some low-impedance
source, such as a video delay line,
or as the voltage amplifier for a
cascode amplifier or mixer. The output impedance can be quite high,
comparable to a common-emitter
amplifier.
For the circuit to operate properly, the base must be grounded insofar as the AC signal is concerned.
A bias network like that shown in
Fig. 5 can be used, if the value of
Cl is large enough to provide good
bypassing. If the capacitance of Cl
decreases, the gain of the amplifier
will be decreased, particularly at the
lower frequencies.
By the nature of the circuit, the
resistance from emitter to ground
is likely to be quite low, and this
makes it possible for asmall change
in the base biasing network to cause
large changes in the emitter-to-base
current. Burnout is very possible if
the bias is allowed to swing too far
positive. Increases in base-bias current are the result of an increase in
the value of R3 or a decrease in
R2.
An increase in the value of R1
will cause the collector voltage to
drop; a decrease in R1 will cause
it to rise. These are the same conditions that are encountered in a
common-emitter circuit.
When troubleshooting acommonbase amplifier, do not be surprised
if the scope does not indicate a
signal at the emitter. Since this type
of circuit is driven by current (very
low input impedance), the signal
voltage at the input may be so slight
that the scope will not have enough
sensitivity to detect it. If there is
no easier way to tell if the signal

actually is reaching the emitter, try
disconnecting the base bypass capacitor. This will raise the input
impedance and the signal voltage so
that it can be observed. (Of course,
the transistor cannot amplify under
these conditions, and there will be
no output.)
Other Circuits
The active material of a transistor is arranged so that an NPN device appears as two diodes, with
both anodes connected to the base
lead, as shown in Fig. 6. (In aPNP
device, the diodes would be reversed from their positions in Fig. 6.)
The collector of an NPN transistor cannot be made more negative
than the base, because the basecollector diode simply will conduct
and bleed off the voltage. Because
of this, certain circuits must include
an isolating diode if the output circuit is to be negative during some
portion of the cycle. The AGC
keyer shown in Fig. 7 is such a
circuit.
The horizontal sync pulses from
the video detector (or amplifier) arrive at the base at the same times
that the positive keying pulses from
the horizontal-output transformer
arrive at the collector. The amount
of conduction depends on the amplitude of the sync pulses. The output
from the keyer is a negative AGC
voltage that is proportional to the
level of the input signal.
As mentioned previously, anegative voltage cannot remain on the

collector of an NPN transistor. For
this reason, adiode must be placed
in series with the collector lead of
the AGC keyer to prevent the negative voltage from leaking away between pulses.
When troubleshooting this type
of circuit, be sure to check the diode before assuming that the transistor is causing the loss of AGC.
Fig. 8 shows another application
of adiode in series wtih atransistor
lead. This circuit is a burst amplifier that has the usual inputs:
chroma signal and a positive pulse
from the horizontal-output transformer. The horizontal pulse arrives
coincidentally with the arrival of
burst, and the transistor is turned
on long enough to pass the burst to
the output.
When the transistor conducts, the
emitter capacitor, Cl, becomes
charged positively by the drop
across the emitter resistor, RI, and
this positive voltage holds the transistor cut off until the next pulse
arrives at the base.
To assure positive keying action,
it is desirable that the bias voltage
on the emitter be rather high, but
this voltage can become excessive
and break down the emitter-to-base
junction. To protect the transistor, a
diode is used to isolate the emitter
from the bias voltage.
An unusual situation involving
the transistor itself has come to light
in the past year, but may not be
well known. Certain transistors used
as IF and chroma amplifiers have

a very low reverse-voltage breakdown potential between emitter and
base. This voltage can be about
only .5 to .8 volt. If one of these
transistors is tested in many of the
present-day transistor testers, or
with an ohmmeter, the battery voltage can be sufficient to cause reverse current through the base-toemitter junction. This gives the indication of ashorted or leaky transistor, although such is not actually
the case.
The test does not usually damage the transistor, and it may be
reinstalled in the circuit, where it
will function normally. To prevent
the erroneous indication, check
these transistors on the lowest beta
scale of a transistor tester, or reduce the ohmmeter battery voltage
to less than .5 volt. Either procedure will reduce the voltage across
the emitter-base junction below the
critical re ve rs e-voltage-breakdown
potential, and a valid test of leakage can be made.
Summary
Some of the more important characteristics of transistors have been
discussed in this article, and the effects of changes in the associated
components have been examined.
Because of the myriad of transistors
available and the vast number of
circuits in which they can be used,
it is impossible to anticipate all the
reactions to circuit defects.
Probably the most important
thing to remember when trouble-

DEVICE
DESTROYED
DEVICE
CONDUCTING
B+

DEVICE
DESTROYED

IV
OV
BASE VOLTAGE

+20V

DEVICE
CUT OFF

-20V
POTENTIOMETER
AT CENTER POINT

Fig. 9Transistor

base-voltage diagram.
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shooting transistor circuits is that
the average DC voltage between the
base and emitter of a conducting
fransistor always will remain essentially constant, although in pulse
applications a meter will indicate
otherwise. Nonetheless, if a scope
is used, it will be found that during
conduction time, the average DC
voltage remains nearly the same.
If a silicon transistor is considered, the emitter-base voltage is
about .7 volt, and it will remain so
as base current is increased from
cutoff, through the normal operating range, and into saturation. This
may be visualized by examining the
circuit and curve of Fig. 9.
This circuit, which we have
dubbed the "Anderson HandyDandy Transistor Eater," is con-

structed so that the voltage to the
base of the transistor may be varied
from —20 volts to +20 volts. With
the potentiometer set to the center
of its range, the base voltage is zero
and the device is cut off by lack of
bias. As the voltage is increased in
a positive direction, conduction begins when the voltage, reaches barrier, or turn-on, potential for the
transistor (.7 volt for silicon and .3
volt for germanium). Further turning of the potentiometer increases
the voltage very slightly, although
the base current does increase, until
the maximum base-current rating of
the device is exceeded. At this point,
the transistor is "eaten", or destroyed, by the circuit.
If the potentiometer is turned in
the opposite direction from mid-

range (toward negative), the base
voltage decreases to the point of
reverse base current. Turning the
shaft slightly further will not increase the voltage, although the current increases. This is similar to the
normal action of a zener diode.
Then, as the shaft is rotated further,
the maximum reverse-current rating
of the device is exceeded, at which
point the circuit again "eats", or
destroys, the transistor.
This circuit requires very little
skill to build; in fact, it can be
"built" entirely by accident. The
skill is required to prevent "building" it while troubleshooting atransistorized circuit, and also to recognize that it has been "built" when
some part has failed in asolid-state
circuit.

Chapter 3

Field-effect transistors operation,
applications and testing
How do field-effect transistors
(FET's) work? How do you test
one? How can you tell which lead is
which if they aren't marked? How
are they used in circuits? These and
other questions we hope to answer
in this two-part series on the fieldeffect transistor.
Conventional transistors (NPN
and PNP) are called bipolar transistors because their operation depends
on the reciprocal action of two
charge carriers (electrons and holes).
The FET is called aunipolar device
because it uses essentially only one
charge carrier (although that carrier
may be either apositive or a negative charge, as we will see).
Because it is a unipolar device,
the basic FET has no sense of direction between its main current terminals, source and drain; that is, the
source and drain terminals may be
interchanged. Only the gate, which
in many respects corresponds to a
grid in avacuum tube, must have a
specific polarity of voltage with respect to the source terminal.
12

How FET's Work
The best way to understand FET
operation, I think, is to think of
an FET as a "sheet-beam" vacuum
tube. That is, the controlling force
is a charge that pushes (or sometimes pulls) the main current carriers out of (or into) achannel. Fig.
1shows the action of a sheet-beam
tpbe with an internal deflector plate.
Fig. 2 is a circuit diagram of an
FET. This is an N-channel FET,
which means that the active element
has an abundance of negative currpnt carriers (electrons). (Remember
that semi-conductor material by nature has alimited number of charge
carriers, unlike a piece of wire, for
example, which has an almost infinite number of charge carriers.)
Let's first consider Fig. 2A. At
each end of the N-channel material
is a connection to the semiconductor. One of these connections is
called the source and the other the
drain. Because of the current carriers in the "N" material, current

can flow through it in either direction, depending on which way the
battery is connected. Because of the
limited number of current carriers
in the channel, the channel looks
not like a piece of wire but more
like a 1000-ohm resistor.
Next, consider Fig. 2B. Here a
new element is positioned between
the source and drain. This element is
called a gate. Like any gate, it can
be completely open or shut or onequarter open, half-way open, etc.
In an FET, ideally, there is a
high resistance between the gate and
the channel. The gate may be a
piece of P-type material with a reverse bias, or there actually may be
a very thin slice of insulation between the gate and the channel.
With the gate tied to the source,
as in Fig. 2B, current continues to
flow just as if the gate were not
present.
Next, let's consider Fig. 2C.
When a negative bias voltage is
connected between the gate and
source, the current between the

source and drain of the FET decreases. What has happened? The
negative voltage on the gate repels
the electrons (negative charge) in the
channel and forces them toward the
substrate. This leaves fewer current
carriers available in the channel,
and less current flows. In other
words, the original "1000-ohm resistor" now looks like a 5000-ohm
resistor. Applying anegative charge
to the gate of the FET has caused
the resistance of the channel to increase. Fig. 2D shows what happens if the negative voltage on the
gate is increased enough. The current flow is completely "pinched
off" between the source and drain.
This is because all of the electrons
have been forced out of the conducting channel.
No mention has been made of
gate current flow. The reason?
There is none! The flow of current
between the source and drain is controlled by a voltage charge. This is
why the FET, like the vacuum tube,
has ahigh impedance ...it requires
no power in the input to control
power in the output. The similarity
that exists between vacuum tubes
and FET's is reflected in the circuitry used with FET's, as you will
see in next month's article.
Types of FET's
As mentioned previously in this
article, there are two general types
of gate structures. First, there is the
junction FET (j-FET) which has
the gate "junctioned" into the channel in much the same manner as a
PN junction of a diode or bipolar
transistor. This type of FET has the
advantages of simplicity, ease of
testing with an ohmmeter, and little likelihood of static-charge dam;Jet (to avoid such damage, the leads
of some FET's must be kept shorted
together until the FET is installed
in the circuit). In the j-FET, the
gate is reverse-biased by the circuit
so that only a very small amount
of current flows between the gate
and channel.
The other general type of gate
structure is itself divided into two
distinct types: The MOS (metal-oxide semiconductor) and the IG (insulated gate), often referred to as
MOSFET's and IGFET's. In these,
the gate is actually insulated from
the channel by an extremely thin
layer of oxide. This insulation pre-

vents current flow to the gate,
whether it is positive or negative
with respect to the source terminal.
The input resistance of the MOSFET's and IGFET's can be in the
hundreds of megohms.
Since the insulating coating between gate and channel is so thin,
there is a danger of "static puncture" of the coating. Enough static
charge can build up on an open
gate lead to pierce the coating and
make a high-resistance connection
between gate and channel. (When
this happens, the transistor often
can still be used as ajunction transistor by applying a reverse bias to
the gate.)
Other Types and Classifications
In addition to the j-FET's, MOSFET's and IGFET's, any of these
various types may use either an Nor aP-channel. Basically there is no
difference in the channel type, except that the gate bias is opposite
for the two.
So far we have talked only of
depletion FET's, in which abias on
the gate causes the current to be depleted or decreased. Insulated-gate
transistors may also have an enhancement mode, in which the current is increased by acharge on the

gate; in other words, more current
carriers are pushed or pulled into
the channel by the gate voltage
rather than pushed out as in the
depletion mode.
How FET's are Used
JFET

The junction field-effect transistor (JFET) operates with a high
impedance input only as long as the
gate-to-channel diode is reverse biased. Circuits using JFET's use
either fixed- or self-bias (Fig. 3) to
make sure the signal input does not
forward bias the gate. For an Nchannel JFET, the bias from gate to
source is negative, and on aP-channel JFET it needs to be positive,
as shown in Figs. 3 and 4.
MOSFET

Metal-oxide semiconductor fieldeffect transistors (MOSFET's),
which are sometimes called insulated-gate field-effect transistors
(IGFET), can operate with both reverse and forward bias voltages applied between gate and source. For
example, no bias is used in the circuit in Fig. 4. The input signal can
go both positive and negative without causing distortion in the output.
This is because no gate current can
flow; when the gate goes positive,

mA

DEFLECTOR
PLATE

mA

11•11111111111
.-...\\

ELECTRONS PUSHED
AWAY FROM PLATE
BY NEGATIVE VOLT AGE ON DEFLECTOR

Fig. 1 Simplified action of a sheet-beam vacuum tube. The "gating" action
of field-effect transistors is similar to that shown here
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the source-to-drain current simply
is increased above the zero bias
value. When the gate signal goes
negative, the source-to-drain current is reduced much like it would
be in aJFET circuit.
This JFET type of operation, in
which the bias is sufficient to prevent the input signal from producing forward bias, is called type A
operation. MOSFET's can be, and
often are, operated in this mode,
even though it is not necessary.
The circuit operation that permits
both apositive and negative excursion of the signal voltage on the
gate of the MOSFET is called type
B. (Because JFET's would draw
gate current if forward biased, they
normally do not operate in the type
B mode.)
Certain kinds of MOSFET's are
called depletion types (all JFET's
are depletion types) because they
produce current flow with zero bias,
and additional gate bias will reduce
this source-to-drain current.
Other MOSFET's are known as
enhancement types, which have virtually zero source-to-drain current
until they are biased on. For example, the source-to-drain current
might be no more than a microampere at zero bias, but when a
+1 volt is applied to the gate, the
source-to-drain current will increase
to about 1milliampere. This action
is comparable to that of the familiar
bipolar conventional transistor,
which must be forward biased before current flows between emitter
and collector. The difference is that
the MOSFET, because of the insulated gate, has a very high input
impedance (up to 100 megohms or
more).
Operation in the enhancement
mode is called type C. (See Fig.
5.)
The insulated gate of the
MOSFET gives it exceptional isolation between the input and output
circuit (even considerably better
than a tube). MOSFET's used as
radio-frequency amplifiers in radios
are less susceptible to cross-modulation interference; that is, they can
operate among several strong local
stations with less chance of beats,
whistles, or stations coming in at
more than one place on the radio
dial.
The dual gate FET (see symbols
in Fig. 10) can be used as amixer,
and has better isolation than atwin-

grid tube.
Fig. 5 is an example of a circuit
that is difficult to design using al
tube, almost impossible with a bipolar transistor, but which is easily
adaptable to the FET. This is a remote volume-control circuit that
uses pure DC voltage to control
amplifier volume from almost any
distance. The signal input is fed to
the drain terminal of the control
FET through a 1-megohm resistor.
The source terminal is tied to
ground. By applying more or less
negative voltage to the gate, the
FET changes from high to low resistance. The equivalent circuit in
Fig. 6B shows how this shunt circuit works. Increasing the negative
voltage to the gate increases the
source-to-drain resistance, less signal is bypassed to ground, and the
volume increases. Note that there is
no need of any DC voltage between
the source and drain.
Comparison of Circuits
Fig. 7 shows three comparable
circuits using a FET (A), a bipolar
transistor (B) and a tube (C) in a
simple RC audio amplifier circuit.
Note that the FET and tube circuits
are almost identical except for the
size of the supply voltage.
The bipolar transistor differs
from the other two, both in method
of biasing and in the amount of input impedance. The lower input and
output impedances of the bipolar
NPN transistor mean that resistors
used in the circuit are smaller in
value, and capacitors are much

IN

-BIA5

+BIAS

(DI
Fig. 3 JFET's are depletion-type FET's; that is, source-to-drain current can
flow with no bias applied to the gate. Control of the source-to-drain current
is accomplished by reverse biasing the gate, which reduces or completely
cuts off source-to-drain current, depending on the amount of reverse bias applied. Either fixed- or self-bias is employed to assure that the input signal
does not forward bias the gate and cause it to draw current. A) N-channel
JFET with fixed bias applied to gate. B) P-channel JFET with fixed bias. C)
N-channel JFET circuit employing self-biasing, which, in this case, is the voltage developed across resistor RS. The bypass capacitor, CS, may or may
not be used, depending on how degeneration affects the function of the circuit. D) Self-biased P-channel JFET.

OUT

(A)

(3)

Fig. 4 Metal-oxide semiconductor field-effect transistors (MOSFET's) can
operate satisfactorily with both reverse and forward bias voltages from
gate to source because the insulated gate prevents the flow of gate current when the voltage on the gate swings positive. A and B show depletion MOSFET's connected for type B mode of operation (gate voltage
can swing both positive and negative).

113)

A

Fig. 5 Circuit employing enchancement MOSFET
biased to operate
in the type C mode
(little source-todrain current until
gate potential is
increased in positive direction).
RG1 and RG2 form
a bleeder circuit
to supply turn-on
bias to the gate. If
you zero-bias the
gate by connecting a jumper from
gate to source,
the source-to-drain
current will be reduced to near
zero, or about 1
microampere.
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larger than those used in either the
FET or tube circuits.
For example, in the FET and
tube circuits shown in Fig 8, CC,
and CC2 could well be around .005
to .01 mfd, while in the bipolar
transistor circuit the capacitors
likely would be 2 mfd or more. The
load resistor of the bipolar transistor
likely would be no more than 10K,
and probably less, while the load
for the FET and tube would be
15K to perhaps 470K or more.
The input impedance of the FET
and tube will be as high as the
input resistor; the input of the bi-

polar transistor probably will be no
more than about 1000 ohms.
Both the FET and the bipolar,
in most cases, will operate satisfactorily on lower supply voltages than
those needed by the tube. The
power output of the amplifier using a bipolar will be higher than
either the FET or tube because it
will draw more current, but the FET
or tube are better voltage amplifiers.
Testing FET's
If you service, or expect to service, anumber of FET circuits, you
should treat yourself to a FET
tester. Most new bipolar transistor
testers also make FET tests. You

can, though, make a fairly valid
test of any JFET using just your
ohmmeter.
Although not all JFET's are symmetrical (drain and source terminals interchangeable), most are. If
you encounter an unmarked FET,
or if you're not sure whether it is
a FET or abipolar (since they use
the same kinds of metal and plastic
cases), you can use an ohmmeter to
find out if it is really a FET, and
which lead is which. To do so, measure with an ohmmeter (the R X 10
range is a good one) between any
two leads. Note the reading, and
then reverse the test leads and con-

SOURCE
FOLLOWER

CONTROL
—o--I
INPUT

OUTPUT

(A)
Fig. 6 A MOSFET circuit for remotely controlling volume. A) Actual circuitry. B) Equivalent circuit.
+
+

C
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cl

1

WI

(C)

Fig. 7 Comparison of FET, bipolar transistor and tube circuits. Tube and FET circuits are similar except fcr values of supply voltage. Bipolar transistor requires lower supply voltage, smaller values of resistance and larger values of capacitance
than other types of circuits shown here. A) FET, B) bipolar transistor and C) tube circuits.
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nect them to the same FET leads
as before. If the two readings are
the same (maybe around 1000
ohms), the two leads are the drain
and source terminals of the FET.,
The other lead will be the gate. The'
gate of the JFET will have diode
action to either the source or drain
terminal (high and low resistance
readings when you reverse the ohmmeter leads while measuring between the gate and the drain or
source).
Is it an N channel or P channel?
That's easy, too, if you know your
ohmmeter. An N channel will produce a high resistance if you place
a negative voltage between the gate
and the source or drain. A low resistance will be indicated if you
place apositive voltage between the
gate and the source or drain of the
N channel.
The ohmmeter supplies this positive or negative voltage, but herein
lies a pitfall: On most Americanmade ohmmeters, the "+" lead
for measuring voltage will also be
the "+" lead for testing ohms.
However, on most Japanese-made
meters, the "+" red lead for the
voltmeter is tied to the negative side
of the ohmmeter battery when mea-

SOURCE OR DRAIN

SOURCE OR DRAIN

HIGH R

LOW R

HIGH R

RED

LOW R

BLACK

Fig. 8 Method for determining whether "+"
lead for voltage function
of VOM also is "+" lead
for resistance function.
A) If ohmmeter indicates
highest resistance with
leads connected as
shown, red lead of VOM
also is "+" lead for
ohmmeter function. B) If
ohmmeter indicates highest resistance when connected in this manner,
red lead of VOM is negative lead for ohmmeter
function.
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D
JFET

JFET

HIGH
RESISTANCE
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RESISTANCE
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A

Fig. 9 Readings obtained using American and Japanese type VOM's to determine type of channel of FET (N in this case). A) American VOM. B) Japanese
VOM.
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SOURCE OR DRAIN
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DRAIN OR SOURCE

DRAIN OR SOURCE
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Fig. 10 There is never complete standardization of symbols for electronic devices, and certainly not while the device is relatively
young. But in general, the symbols for FET's are similar enough so that they can be recognized. A) The JFET symbols are
relatively well standardized. As in all transistors, the arrow points to "N" material. The N-channel FET is on the left and a Pchannel FET on the right. The arrow is on the gate terminal. The N-channel JFET is normally biased negative from gate to
channel; the P-channel type is normally biased positive. B) Symbols for the depletion-type MOSFET's or IGFET's. These FET's
have a very thin oxide coating between the gate and the channel. The oxide acts as an insulator, and no current can flow between the gate and channel, regardless of the direction of the bias voltage. The arrow of the symbol shown is not on the gate
terminal but on the substrate or base (not to be confused with the base terminal on a bipolar transistor). Again, the arrow
indicates whether the transistor is an N- or P-channel type. C) Symbols used for enhancement type MOSFET's. As explained in
December, the enhancement type requires bias voltage on the gate to start current flow between the source and drain terminals,
while the depletion type requires bias voltage to reduce or pinch off the current flow between source and drain. D) Symbols
for dual-gate FET's. On the left is an N-channel symmetrical type (drain and source are interchangeable). In the center is another symbol for the N-channel non-symmetrical type (drain and source are not interchangeable).
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suring ohms.
Fig. 8 shows how you can determine which of the preceding ways
your meter is connected on the ohms
function. Once you find out, all you
have to do is remember which ohmmeter lead is positive. Fig. 9 shows
how an American type and aJapanese type VOM will check the same

N-channel JFET.
MOSFETS are not easy to check
with an ohmmeter, though you can
determine which is the drain, source
and gate terminal. The gate terminal
is a complete open circuit to either
of the other two leads.
CAUTION: The oxide insulation in
a MOSFET is very thin and deli-

cate. The gate lead should always
be returned through a resistance to
the source terminal; otherwise it can
pick up enough static electricity to
puncture the insulation. MOSFET's
should be stored with the leads
taped or twisted together, and
should be kept this way until after
being installed in the circuit.
•

Chapter 4

Rectifier diodes operation,
applications and testing
Facts all technicians need to
know about series and shunt rectifier circuits. Explains how and
why the shunt rectifier is the basis
of most oscillators, sync separators
and horizontal drive circuits. Practical methods of using a scope to
diagnose rectifier circuit defects
also are included.
Understanding Diodes
Only two things are necessary
for rectification: a source of AC
and a diode. All other parts are
refinements—even afilter capacitor
can be replaced by a battery in
some circuits. Diodes can be vacuum-tube or solid-state types made
of such materials as copper-sulfide,
selenium, germanium or silicon. Assorted types of solid-state rectifiers are shown in Fig. 1. Later,

we will see that the grids of tubes
and the bases or collectors of transistors can function similarly to the
anode of a diode.
Any diode is actually a voltagecontrolled switch, regardless of its
type of construction or efficiency.
When the anode is positive, relative
to the cathode, anear-perfect diode
will have almost zero resistance, as
shown in Fig. 2. Or, to say the
same thing another way, when the
diode is forward biased, the forward resistance is nearly a shortcircuit. When the anode is negative,
relative to the cathode, the diode is
reverse biased, and a near-perfect
diode will have infinite resistance.
These statements are true even
when the diode is used as a DC
clamp, an AM detector, a power

BR IDGE
HV -FOCUS

SCR

RECTIFIER

RECT IF IER

e *,'•

44
44e

/

umuu.

B+ SUPPLY
/RECTIFIER

4̀1111184—

VIDEO DETECTOR
DIODE

LOW
VOLTAGE
RECT IF IER

Fig. 1An assortment of typical solid-state diode rectifiers.
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supply rectifier or adamper.
The efficiency of any diode is
measured by the power (wattage)
dissipated across it as the result of
both forward-bias voltage drop and
reverse-bias leakage current. Let's
again analyze the action of a nearperfect diode: Current produced by
forward bias can be very large,
but the voltage drop across the diode will be nearly zero, because the
internal resistance also will be
nearly zero. The formula is: Wattage = I' X R, but if R is zero, the
answer also will be zero. When the
diode is reverse biased, the voltage
across the diode will be very high,
but the leakage current will be
nearly zero. Again, almost no power
will be dissipated across the diode.
Perfect diodes do not exist. A
tube diode can have zero reverse
current, but the forward resistance
is relatively high. A silicon diode
might have very low forward resistance but measurable reverse current. At this time, silicon diodes
have the highest efficiency of any
used commercially.
All such diode losses produce
heat; the less heat, the higher the
efficiency. The heat generated by a
diode depends, in part, on the
length of time it takes to switch
from a completely "on" state to a
completely "off" state, or visa versa.
Between these two operating states,
internal resistance is relatively high.
The quicker this switching action,
the less heat generated. The ultimate in efficient switching is the

conventional on-off switch. These
facts explain how SCR's and triacs
can switch large amounts of power
and remain relatively cool. They
are either completely on or completely off—the two conditions
where heat dissipation is minimum.
Evolution of Rectifier Circuits

The most simple rectifier circuit,
consisting of a source of voltage, a
diode and aload resistor, is shown
in Fig. 3A. The output waveform
is produced by the positive half of
the incoming sine wave, as pictured in the double-trace scope
waveform in Fig. 3B. Diode conduction occurs only when the anode
is positive, and because there is a
pulse of positive voltage for each
positive side of the sine wave, the
frequency of the rectified output is
60 Hz. If you don't have a dualtrace scope, check the frequency by
connecting the vertical input probe
pf your scope to the positive end
of the load resistor, and the scope
ground lead to the power supply
ground. Reset the scope controls
for internal 60-Hz horizontal (sinewave) sweep. Adjust the vertical
and horizontal gain controls for
equal height and width; the waveform should look like that of Fig.
3C, if the output of the power supply is apositive-going pulse. If your
scope does not have internal 60-Hz
horizontal sweep, change the controls for external horizontal sweep,
then attach the horizontal input
probe to the anode of the diode,
Xl. Adjust width as needed. This
kind of rectification is often called
"half-wave", because only half of
the sine wave is used. The DC voltage produced will be low because
VOM's and VTVM's average any
rapid variation in voltage, and this
I

half-wave voltage is present only
part of the time, thus making the
average very low.
"Full-wave" rectification is illustrated in the schematic of Fig. 4A.
The center-tapped transformer provides 180-degree, out-of-phase voltages to X1 and X2, which causes
them to conduct alternately when
their anodes become positive. Com-

SYMBOL

parison of the full-wave output with
the sine-wave input in Fig. 4B verifies that the output pulses of the
full-wave voltage are 120 Hz. Or,
use the 60-Hz horizontal sine-wave
deflection on your scope, as detailed before, and the "V" waveshape (like that in Fig. 4C) will
prove the output pulses (if they are
positive) to be 120 Hz.

t

. ANODE

CATHODE
(A) Schematic symbol
of a diode.

HIGH CURRENT

SW ITCH
CLOSED

(B) A diode is switched
"on" when the anode is

(B)

positive

relative to the

cathode.

LOW CURRENT

SW ITCH
OPEN

.)'

Fig. 2A diode is avoltage-controlled

svritch.

(C) A diode is switched
"off" when the anode is
negative relative to the
cathode.

WO
(A) Schematic of the half-wave circuit.
Input voltage is 150 volts rms, DC out-

(B) Double-trace scope waveform of the
input sine wave and the output rectified

(C) Scope waveform with the output
pulse applied to the vertical amplifier

put is +67 volts, AC output is 205
volts p-p and the load is 4.7K ohms.

pulse; both are 60 Hz.

of the scope and a 60-Hz sine wave
used for horizontal deflection.

Fig. 3 Simple, unfiltered, half-wave rectifier circuit
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Rectifier circuits without capacitors are not typical in the power
supplies of consumer electronic
equipment. A half-wave rectifier
with an input filter capacitor of 20
mfd is shown in Fig. 5A. The output waveform (hum or ripple) is a
60-Hz sawtooth, as shown in Fig.
5B. It is important for us to know,
and remember, that the output is
actually 95 percent pure DC with
about 5 pçrcent of sawtooth riding
on. top. The frequency of the sawtooth can be determined with a
scope by the method given previously; the correct waveform is
shown in Fig. 5C.
Compared to the basic circuit
voltages in Fig. 3, the voltages of
Fig. 5 show a substantial increase
in DC voltage, and an equally substantial decrease in p-p AC (hum),
These differences are produced by
the capacitor.
An Input Capacitor Causes
"Peak-Reading" DC Voltages
Fig. 6 shows the relationships of
p-p, peak and rms voltages. Since
rectification uses no more than one
peak for one diode, the peak voltage is the one of interest to us.
Peak voltage equals the rms voltage
multiplied by 1.414.
In the rectifier circuits of Figs.
3A and 4A, each diode conducts
current and voltage for a complete
half cycle, because this is the time
the anode is positive relative to the
cathode. Adding a capacitor in
parallel with the load resistance
(Fig. 5A) causes the diode to supply
power to the load, and charge the
capacitor, during the time of conduction. In between diode conduction pulses, the capacitor partially
discharges, to furnish power to the
load. This partial discharge re§ults
in asawtooth ripple, or hum, across
the capacitor, as shown in Fig. 7B.
Diode conduction cannot occur
until the anode becomes more positive than the cathode. With the
cathode connected to the positive
end of the storage capacitor, only
the tip of the input sine wave is
more positive than the cathode/
capacitor voltage; therefore, diode
conduction occurs for ashort period
of time, as shown in the waveform
of Fig. 7A. The dotted lines in Fig.
7B were added to show the part of
the sine wave during which the di20

ode current flows, while Fig. 7C
shows the relationship between the
rising edge of the sawtooth and the
diode current (the scope width was
expanded for better visibility).
The voltage at the top of the
sawtooth is the peak voltage (rms
times 1.414) of the applied AC sine
wave, less any.losses. The amplitude
of the sawtooth depends principally on the capacitance and the
load. If the load is very light and
the capacitance large, the output
DC voltage will measure almost exactly the peak of the input AC voltage. This is the meaning of the old
phrase "peak-reading".
A 20-mfd capacitor added to the
full-wave circuit, as shown in Fig.
8A, produces more DC and less AC
(hum) at the output, and the hum
is 120 Hz (see Fig. 8B). Frequency
of the hum is verified on singletrace scopes by using 60-Hz, sinewave horizontal sweep and applying the sawtooth to the vertical input. A "bow tie" waveform, as
shown in Fig. 8C, indicates the frequency is 120 Hz.
If negative voltage is desired from
any of these four types of rectifier circuits, merely reverse the diode(s) and the polarity of the filter
capacitor.
Many variations of these basic
circuits are possible. For example,
Fig. 9A shows a rectifier circuit
which supplies a positive output
voltage, yet one side of the rectifier is grounded. This circuit was
used to produce the waveforms of
the capacitor current and diode current (Fig. 9B) by adding small resistors in series between anode and
ground, and the negative plate of
the capacitor and ground. The common ground necessary for operation
of a dual-trace scope inverted the
polarity of the pulse of th t diode
current.
Any rectifier circuit is a closed
loop, and the basic operation is not
changed by repositioning the ground
connection. The ground is there
only for the external circuits that
constitute the load. Take the schematic of Fig. 9C as an example. It
is the same as that of Fig. 5A, except for the grounding point.
Some power supplies have negative output, others have positive
output, and some equipment (par-

ticularly solid-state types) might
have both positive and negative
voltage outputs. One model of solidstate TV receiver stacks one power
supply on top of another. To determine what the polarity of a
power supply should be, follow this
helpful rule:
When rectified DC is obtained
from a diode, the polarity of the
voltage will be negative if it is taken
from the anode, and positive if it
is taken from the cathode. In Figs.

(A) Schematic of the full-wave rectifier circuit. Input voltage is 150 volts
rms on each side of the center-tap,
load resistance is 4.7K ohms, DC output is +135 volts and the AC output
(hum) is 210 volts p-p.

(B) Scope waveform of the 60-Hz input
sine wave
pulse.

and

the

120-Hz

full-wave

(C) The 120-Hz output pulse applied to
the vertical amplifier of the scope and
a 60-Hz sine wave applied to the horizontal amplifier.
Fig. 4 A full-wave unfiltered
circuit,
former.

using

a center-tapped

rectifier
trans-

3A, 4A, 5A and 8A, the output
voltage is obviously obtained from
the cathode of the diode, and consequently is positive. The output
voltage of Fig. 9A is from the cathode, through the transformer winding, and is also positive.
A rectifier circuit with both positive and negative voltages is diagrammed in Fig. 10A; the associated waveforms are shown in Fig.
10B. To change this circuit to one
that produces twice the normal

amount of positive voltage (voltage
doubler), it is necessary only to
switch the ground to the —output
terminal, as shown in Fig. 10C. The
same circuit is redrawn in a more
familiar configuration in Fig. 10D.
It is very odd to see a diode connected from one side of the transformer winding to ground and afilter capacitor connected from the
other side of the winding to ground,
but Fig. 10C shows that the double
voltage is obtained by connecting
the negative and positive supplies
in series. This is verified when the
full-wave, 120-Hz output waveform
in Fig. 10E is compared to the two
60-Hz, half-wave, alternate-conduction waveforms in Fig. 10B.
Shunt Rectifiers

(A) Schematic of the half-wave rectifier with capacitor circuit. Input AC
voltage is 150 volts rms, Cl is 20 mfd,
load is 4.7K ohms, DC output is + 175
volts and AC output is 17 volts p-p.

All of the rectifier circuits described previously were "series"
types; which, incidentally, function
just as well if the transformer shown
is actually the one on the power
company pole.
The other basic rectifier circuit is
the shunt, or parallel, type. Although it requires a resistive path
somewhere across the input terminals, the rectifier diode and load are
separated from the source voltage
by the input filter (storage) capacitance. The other distinctive characteristic is that the entire input AC
voltage also appears across the output, as shown in Fig. 11A.

Fig. 11B illustrates an unsuccessful attempt to filter out the huge
amount of hum from the output.
Even when fed through astrong filter system consisting of a 680-ohm
resistor and a40-mfd capacitor with
no DC load on the output, the hum
measured 45 volts p-p. Because of
the inherent hum, this circuit is
useless for powering radios or TV
receivers.
One very successful adaptation
is to combine the shunt with a following series rectifier, as shown in
Fig. 12. DC and nearly full line
voltage are the output of the shunt
rectifier. The series rectifier rectifies the AC sine-wave output of the
shunt rectifier and adds the DC on
top of the DC from the shunt stage
to produce voltage doubling.
The output hum of this circuit is
60 Hz. Notice the polarity of diodes
X1 and X2 in Fig. 12. X1 conducts on the negative side of the
sine wave, and X2 conducts on the
positive peak. In many doubler circuits such operation would douple
the frequency, but not in this case.
Because the large sine-wave output
from the shunt rectifier circuit completely swamps any small amount
of ripple that might be present, the
hum output of X2 is 60 Hz.
The voltage charts in Table 1
provide the values of the DC and
hum voltages obtained from the circuit of Fig. 12 when the size of the

(B) Input sine wave and the output sawtooth AC; both are 60 Hz.

1.414 VOLTS

2.83 VOLTS
PEAK-TO-PEAK

1414 VOLTS

(C) Scope waveform with the output
sawtooth applied to the vertical amplifier and a 60-Hz sine wave applied to
the horizontal amplifier.
Fig. 5 An input electrolytic capacitor is
added to the half-wave circuit to make
it "peak reading".

Fig. 6 Peak and rms voltages are enough to evaluate sine-wave AC voltages; p-p
yoltages are necessary to measure correctly square waves or non-symmetrical waveforms.
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two input capacitors and the value
of the load resistor were changed.
Ihave known for many years that
the capacitance of Cl and C2 would
radically change the output DC voltage and hum. Even so, two items in
the table surprised me: One was
the reduced output hum voltage as
the capacitance of Cl was decreased. The explanation is simple:
Hum voltage is dependent on the
series rectifier circuit—and it is sup-

(A) Schematic of the full-wave circuit using two diodes, a center-tapped transformer secondary and

a peak-reading

input capacitor.

AC

input voltage

is

150

volts rms each side of center-tap, Cl is 20 mfd, load is 4.7K ohms, the output DC
voltage is +195 and the output AC hum is 8 volts p-p.

(A) Top waveform
sine

wave

and

the

is the 60-Hz
bottom

input

waveform

is the diode current (slightly broadened
by the resistances in the circuit).

(B) Waveforms of the 60-Hz input sine wave and the 120-Hz output sawtooth hum.

ra

(B) The relationship of the input sine
wave to the output sawtooth hum. The
dotted

lines were added to show the

part of the sine wave during which diode current flows.

(C)

Horizontal

sweep

width

of

scope is increased to make the

the

rela-

tionship between the sawtooth hum (at
top) and the diode current more clear.
Fig. 7 Dual-trace scope waveforms of
current and voltages in the schematic

(C) "Bowtie" waveform obtained with the sawtooth hum applied to the vertical input of the scope and a 60-Hz sine-wave horizontal sweep.

of Fig. 5A.

Fig. 8 A frequently used full-wave rectifier with capacitor input filter.
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plied with less input DC and AC
when the capacitance is decreased.
The other surprise was the result when the capacitance of C2
was changed. When C3 is 0 mid,
and C2 is changed to 0 mfd, the
resultant output is +165 DC and
325 volts p-p 60-Hz sine wave, exactly the same as the output of
the shunt rectifier. The only explanation is that the anode of X2
is positive relative to its cathode at
all times; the peak DC and AC from
the X1 circuit are the same.
Other applications of the shunt/
series type of voltage doubler are
shown in Fig. 13. The load and
quadrupler circuit is used during
alignment of single- or over-coupled
pairs of IF transformers in TV receivers, and it consists of two
shunt/series doublers with the DC
output voltages connected in series
for increased output.
Fig. 13B shows the p-p rectifier circuit of the RCA WV98C
VTVM. Other VTVM's and FET
meters use solid-state diodes instead
of the 6AL5, but the principle is
the same. A p-p rectifier circuit
must rectify both the positive and

negative peaks, regardless of waveshape, and add the two voltages
together for the complete reading.
Someone might question the practicality of this circuit, because it
was previously stated that the output hum is the same frequency as
the input voltage. However, it also
was explained that one of the di-

odes conducted on the positive peak
and the other diode conducted on
the negative peak. Thus, the requirements for p-p measurements
are fulfilled.
Negative Voltage Made From
Positive Peaks

To understand how it is possible
to obtain negative voltage by rec-

GROU ND

(A) Schematic of a rectifier circuit with the rectifier grounded. The output voltage is
positive in polarity.

(B) Capacitor current and diode current can be seen on the scope screen by adding
small resistors (27 ohms or smaller) between capacitor and ground, and between
diode and ground. Attach the scope leads across the resistors one at a time (both,
if the scope is dual-trace type.) The slope in the base line of the capacitor current
waveform is the discharge of the capacitor into the load. Heavier discharge between
cycles increases this slope and might indicate a capacitance that is too small for
the value of the load.

Fig. 8 (D)

Schematic

of a full-wave

bridge rectifier circuit with peak-reading
input capacitor. Circuit action is similar
to the fullwave circuit in Fig. 8A, except
that the diodes switch at both ends of
the transformer winding, and the single
non-tapped winding supplies power for
both positive and negative peak rectification.

NE ITHER
GROUNDED

(C) Schematic of a rectifier circuit with the rectifier-transformer point grounded.
Operation is tne same as that ot tig. 6A, except the load cannot be grounded.
Fig. 9 Operation of a rectifier circuit is not affected by location of the ground point.
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-
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(A) Schematic of the positive/negative vo.ltage supplies.

-VOLTAGE

AND
SINE WAVE

Fig. 11 (A) Schematic of a simple
rectifier with negative output.

o
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+ DOUBLE
VOLTAGE
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NG

(C) The schematic of (A) with the common transformer wire floating and the —terminal grounded to produce voltage doubling.

o
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4.
0

e

DOUBLE
VOLTAGE
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(D) Schematic of (C) redrawn as it often appears in service data. The circuit is
much harder to understand in this form.

(E) Scope waveform of
the input sine wave and
the output sawtooth of
(C) and (D). The hum is
120 Hz; this circuit is
both a voltage- and frequency-doubler.
Fig. 10 Two halt-wave, peak-reading circuits can produce both positive and negative
voltages from one transformer winding.
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tifying positive peaks, consider the
following facts:
•For diode conduction, the
anode must be positive in relationship to its cathode.
•When rectified DC is obtained
from a diode, the polarity of the
voltage will be negative if it is taken
from the anode, and positive if it
is taken from the cathode.
•Analyze the voltages and the
electron current path, as shown in
Fig. 15.
During the time the positive peak
of the sine wave is present at the
peak-reading capacitor, the capacitor charges through the low resistance of the diode, which is forward biased by the capacitor current. When the positive peak is not
maximum, the diode is no longer
forward biased and is virtually an
open circuit. The high positive end
of the capacitor is grounded through
the transformer winding (power wiring or circuit resistances in the case
of VTVM's), and the capacitor partially discharges the stored power
into the load. This end of the capacitor is highly negative relative
to the plate that is connected to
the transformer. The capacitor is
replenished with power for the
short period of time during each
cycle when the anode of the diode
becomes slightly positive, but the
anode of the diode is negative for
a much longer period of time (the
rest of the cycle). Any DC meter
will read this as a negative voltage.
Base and Emitter of aTransistor
Used as a Diode
The junctions of atransistor also
exhibit diode characteristics. Fig.
16 shows two examples of rectification by the base/emitter junction.
The base of the transistor in Fig.
16A rectifies the pulse from the vertical output stage. A PNP-polarity

shunt

(En Schematic of a shunt rectifier with
positive output and an extra RC filter
section. Input voltage is 120 volts rms,
Cl is 20 mfd, R1 is 4.7K ohms, R2 Is
680 ohms (1 watt) and C2 is 40 mfd.
Output voltages obtained were: +160

OX

DC and 330 volts p-p AC at the cathode
of X1; +150 volts DC and 45 volts
p-p AC at the output and C2. NOTE: R2
becomes very hot; also, the hum is too
large for most uses.
Fig. 11 Shunt rectifiers
and full AC output.

produce

+VOLTAGE
AND
SINE WAVE

DC

120 volts rms input, Cl is 20 mfd, C2 is 20 mfd, C3 is 40 mfd,

120 volts rms input, C2 is 20
mfd, load across C3 is 9.4K ohms

Load Current

Voltage at C2

inf.

0mills

+340

39K

8mills

+330

AC at C2

AC at C3

Output
Voltage at C2

40

+318

18

PP

20

+310

17

PP

9.4K

33 mills

+310

17 PP

.5 PP

4.7K

62 mills

+ 285

30 PP

1.1 PP

2.3K

104 mills

+ 245

50 PP

1.7 PP

10

Hum
at C2

Load

Cl
(mfd)

+ 295

16

7

+280

14 1
2 PP
/

1.5

+160

71
2 PP
/

o

o

PP

o

4
/
1

PP

5PP

.1 PP

Table 1 DC voltages and hum obtained with different sizes of capacitors and load
resistors.

120 volts rms input, Cl is
20 mfd, C3 is 0, load is 9.4K ohms
Output
Voltage
at C2

Hum
at C2

40

+315

10 PP

20

+310

17 PP

10

C2 (Mid)

6012
RIPPLE

FILTER
CHOKE
+270

+300

37 PP

7

+295

50 PP

o

+165

o

+240

325 PP
(60 Hz sine)
255 PP
when C3 Is 40 mfd
(choke input)

160mfd

LESS THAN
1VOLT PP
RIPPLE

120 VOLTS
INPUT

Fig. 12 Schematic of a typical voltage-doubler using both the shunt an series rectifier circuits. The hum frequency is 60 Hz even though the rectifiers conduct on
opposite peaks.

(A) Typical IF load and voltage quadrupling detector used for alignment of
one IF stage.

0

6AL5

To .001
IF COIL
IN TV

18K

NEGATIVE GOING WAVEFORM
TO SCOPE

GROUND

AC

TO
DC
VTVM

(B) Tube diodes used as p-p rectifiers in the RCA VVV98C
VTVM.
Fig. 13 Other uses for shunt and series rectifier circuits.
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NEGATIVE

GROUND

(A)

(A)

SHUNT RECTIFIER CIRCU IT

Schematic of the shunt

rectifier.

POSIT IVE
TIP OF INPUT
VOLTAGE

31

HIGH
POSIT IVE

\

LOW
POSIT IVE

,/

ELECTRON FLOW

;

transistor is used, and ameter reads
the base voltage as a reversed bias
of 1.4 volts. At the right is a transistor equivalent, symbolized as diodes; included are the normal voltages relative to the emitter. From
this, it is clear the negative peak
of the incoming waveform forward
biases the base-emitter junction and
causes diode-type conduction. Because the DC produced by this rectification is obtained from the "cathode" of the transistor used as a
diode, the polarity is positive.
Fig. 16B shows the voltages on
aVHF oscillator transistor of NPN
polarity; and on the right, the transistor drawn with diode symbols
and normal voltages relative to the
emitter. Base -emitter rectification
produces negative voltage, which is
reversed bias for an NPN transistor. Many similar circuits provide a
small forward bias to initiate oscillation, after which the much larger
rectified voltage becomes more
predominent.
If atransistor stage measures reverse bias, yet according to symptoms on the screen or other accurate
tests, the stage is functioning normally, it is nearly a certainty that

CAPACITOR CHARGING

(B)

(SMALL PART OF CYCLE)

(B) Electron flow during the small part of the cycle when diode current is charging
the capaictor.

HIGH POSIT IVE
VOLTAGE GROUNDED
THROUGH WINDING

(D) The anode of the diode must be-

LOW POSITIVE
(NEGATIVE) VOLTAGE
DISCHARGES INTO LOAD

come positive relative to the cathode
for conduction to occur. Only the posi-

HIGH
NEGATIVE

tive peak of the input sine wave fulfills
this requirement. The horizontal line
shows the part of the sine wave during
which diode current flows. Consider the
line zero, and below it as negative.

GROUND

(C)

CAPACITOR DISCHARGING
(MOST OF THE CYCLE)

(C) Electron flow during the long part of the cycle when the capacitor is partially
discharging into the load.

(E) Dual-trace waveforms of the input
sine wave and the diode current.

Flg. 15 Explanation of how a positive peak creates negative voltage in the shunt rectifier circuit.
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the transistor is operating as an oscillator or a class "C" amplifier.
The reverse bias must become forward bias for a short period during each cycle.

ward voltage drop and reverse current leakage. (Be sure an open in
the wiring or a circuit board has
not changed a full-wave circuit to
a half wave.)
•Capacitor characteristics, including leakage and power factor.
•Load current (should be nearly
normal).
Many variations in symptoms and
the extent of the defect are inevitable, but the cause of any powér
supply problem will be found in this

Troubleshooting Power Supplies
The primary factors which affect
the output voltage and residual hum
of any power supply are:
•Input voltage and waveform (always should be checked).
•Diode condition, including for-

VERT OSC
PNP
+11V
SYNC AND
POSIT IVE
FEEDBACK

COLLECTOR
(HIGH NEGAT IVE)

(A) A leaking diode rectifier in the fullwave circuit of Fig. 8A causes alternate
capacitor charge/discharge waveforms

(LOW NEGATIVE)
BASE

+13. 4V

simple list of four basic factors.
One open diode in the circuit
shown in Fig. 8A or Fig. 8D will
not stop all operation, but the DC
voltage will be low and the hum
level high, because a full-wave circuit has been changed to a halfwave configuration by the defect.
A scope, VTVM or FET meter,
and perhaps an accurate line-voltage
meter, should be your primary test
equipment for power supply problems. Fig. 17 shows some of the

to have an excessive amount of tilt between pulses.

12V
+12V
SUPPLY

(AI

TO T2
AND
+12V

(ZERO)
EMITTER

VERT ICAL
HOLD

(A) Shunt rectification of the vertical pulse by the base and emitter produces reversed
bias. The transistor equivalent, with the junctions shown as diodes, shows why this
is true. Shunt rectification creates a positive voltage because the base is the same
as the cathode in adiode.

(B) A leaking diode rectifier in the
full-wave circuit of Fig. 8A causes alternate hum waveforms to differ greatly
in amplitude.
VHF OSC
NPN

COLLECTOR
(HIGH POSITIVE)

+11.3v

+3.0V
6

(LOW POSITIVE)
BASE
E 4. 3V

NPN EQU IVALENT

(ZERO)
EMITTER

(B) The VHF oscillator transistor shunt-rectifies its own feedback signal and, because
the base is the equivalent of the anode of a diode, the resulting voltage is negative,
which measures as reverse bias.
Fig. 16 The base and emitter of transistors also can function as diodes. Both
examples are from the RCA KCS157 chassis.

(C) An open C2 in Fig. 12 changes the
circuit from peak-reading to choke-input
and produces the lower waveform at
the cathode of X2 when the load is
light. With a heavy load, the waveform
is damped to become a 120-Hz parabola, as shown in Fig. 4B.
Fig. 17 Scope waveforms aid in
diagnosing trouble in the power supply.
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visual signs of defective parts. Fig.
17A is the capacitor current in the
circuit of Fig. 8A when the load is
light but one of the diodes has excessive leakage. When the capacitor
is part of a multiple unit can, it is
difficult to look at the capacitor
current, but Fig. 17B shows the difference in size of the alternate hum
waveforms when adiode is leaking.
Fig. 17C shows the peculiar wave-

form produced on the cathode of
X2 in Fig. 12 when C2 is open.
The sharp spike is an inductive
kickback from the choke and C3.
At higher current, the waveform becomes more like that of Fig. 4B.
In TV receivers, apulse from the
vertical output stage might be seen
in some parts of the filter system.
Often this is normal. The source
can beldentified by making the ver-

tical roll; if the extra 60-Hz pulse
rushes across the screen of the
scope, it is from the vertical sweep.
Or, disable the vertical and the
pulse should be gone.
Practice measuring the hum frequency on several normal receivers
until you can do it rapidly and accurately. This one technique might
save you many hours of troubleshooting time.

Chapter 5

Zener diodes operation,
testing and replacement
Zener diodes are solid-state voltage regulators. They are used often
as DC voltage regulators in the
voltage supplies to low-level stages
in FM receivers and solid-state television receivers, and as the source
of a reference voltage in transistorregulated power supplies. Because
so many zeners are used in modern
equipment, we need fast and accurate methods of testing them, and
strong guidelines for selecting replacements.
Zener Diode Actions
A zener diode, when forward
biased (anode positive, cathode
negative), acts as a normal rectifier
diode and provides a low internal
resistance. When only slightly reverse biased (anode negative, cathode positive), the diode is nearly an
open circuit. This action is identical
to that of a normal rectifier diode.
If the reverse bias is gradually
increased, as shown in Fig. 1, current flow increases very suddenly
at a voltage called the "avalanche"
point. A graph of this action is
shown in Fig. 2. The voltage at
which avalanche takes place is determined by the internal construction and the active materials used
during the manufacturing process.
One supply catalog lists general re28

placement zener diodes with nominal voltages ranging from 3.3 to
120 volts DC.
In addition, zener diodes are
rated by maximum wattages, which
should not be exceeded, if premature failures are to be avoided. A
higher wattage rating should not
be used for replacement zeners, for
reasons which will be given later in
this article.
Ohmmeter Tests
Test azener diode with an ohmmeter exactly as you would apower
supply diode. The only precaution
is that the voltage of the ohmmeter
battery should be less than the rating of the diode (most are).
Pre-set the ohmmeter for a low
scale—we suggest X10—and measure the forward resistance by attaching the positive meter lead to
the anode and the negative meter
lead to the cathode. A low reading
should be obtained. Reverse the
diode leads. Any deflection of the
needle now indicates a short or excessive leakage. Try a higher scale,
perhaps X1000, for a more sensitive reading of the leakage.
If they have previously operated
satisfactorily in the circuits under
test, most zener diodes which pass
this simple test will not be defective.

A more complete test is required
to find the operating voltage for a
zener, the ratings of which are not
known.
A Variable-Voltage Test
Zener diodes for use in experimental circuits or diodes of unknown "avalanche" voltage rating
can be tested by operation in the
circuit shown in Fig. 1. The series
resistance (which might, in some
cases, be the internal resistance of
the power supply) is necessary to
prevent overload of the power supply and accidental burnout of the
diode under test. The resistor also
assures current regulation at the
nominal voltage of the individual
zener. Replacement zeners are usually available in ±-10-percent or
±-5-percent tolerances.
Connect the zener diode in the
correct polarity and increase the
'supply voltage until a "plateau" is
reached, as shown in Fig. 2. The
nominal voltage rating is about the
center of the plateau. Of course, the
current should never exceed the
maximum rating of the zener diode.
Many manufacturers test zeners
at 20 percent of the rated current.
The diode which yielded the graph
shown in Fig. 2 was rated at 4.7
volts and 1 watt. The maximum
current was not listed, but was corn-

amplitude changed somewhat as the
input voltage was varied. When the
top corners are rounded, aminimum
resistance setting of RI is recommended, because it sharpens the
corners and minimizes amplitude
changes. However, the more rounding of the corners, the less accurate
the reading of the zener voltage.
The diode graphed in Fig 2measured 5.6 volts in the clipping test.
After subtracting .7 volt, the cor-

puted using the Ohm's law formula:
Power (in watts)=El. Because the
power is 1 and the voltage (E) is
4.7, the maximum current (I) is
.2128 amps. or 212.8 milliamps.
Twenty percent of 212.8 milliamps
is 42.6 milliamps, or approximately
40 milliamps, which should be the
test current for the zener used in
this example.
If you are testing zener diodes
which are original components, the
current meter reading can be
omitted. Just do not increase the
voltage any more than the minimum
necessary to establish the plateau.
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A fixed power supply voltage
and a resistor substitution box or a
variable resistor of the proper size
to vary the current also can be used
to test zeners. However, a smooth
variation of current is more difficult to obtain, so this method should
The rounded top corners of the
waveform in Fig. 4A were caused
by the high internal impedance of
a one-watt zener diode. Also, the

rected zener voltage rating was 4.9
for this diode, rated by the manufacturer at a nominal 4.7 volts. I
would rate it from the graph in Fig.
2 as 4.7 volts (the middle of the
plateau at 80 milliamps). Rounding
of the top corners caused the slightly
inflated reading: however, the 4.9volt reading is more than accurate
enough for all normal servicing.
Even more accurate results were
obtained during the tests of an exact
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Fig. 1 Schematic of a circuit which

can be used to test zener diodes by the voltage-

current method.
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Fig. 2 Results of the voltage-current method of measuring zener diodes can be graphed. Shown here is
the graph of an International Rectifier Z1102-C 1-watt zener diode. The nominal voltage rating is approximately in the center of the "plateau".
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replacement zener which was rated
at 10 volts and 2 watts, although
the current/voltage graph showed
8.7 at the usual test current (40
milliamps in this case) and 8.9 at
the center of the plateau of the
curve. The peak-to-peak reading
during the clipping test was 9.7,
from which was subtracted .7, to
give a zener voltage of 9.0 volts.
Although this differs .1 volt from
the nominal rating obtained from
the center of the voltage-current
plateau, because of the higher voltage, it is a smaller percentage of
error than the error of previous
zener diode readings. Also, the amplitude or shape of the corners did
not change with variations in RI or
the input voltage.
We recommend the clipping test
to determine the true nominal rating of all zeners of one-watt rating
and larger. Remember, the applied
AC must be at least twice or more
the voltage of the zener that is
under test. The values given in Fig.
4D are sufficient for testing zeners

ZENER
DI
ODE
EQUALS

Fig. 3 A zener diode can be visualized as two rectifier diodes of opposite polarity
connected in parallel, with a battery, used to provide a voltage delay, in series with
one of them. Conduction can be obtained in either polarity, but at different voltages.
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Fig. 4 Waveforms obtained when a zener diode is used to clip a sine wave. A) The high internal resistance of a 1-watt zener caused rounding of the corners of the waveform shown here (clipped by the
zener action). B) A 2-watt zener diode, which has lower

internal

resistance,

clipped

the

sine

wave

more symmetrically and gave a more accurate reading. C) A power supply diode clipped just one peak
of the sine wave. D) Schematic of the circuit used to test the zener avalanche voltage by the clipping
method.
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up to a rating of approximately 12
volts.
Troubleshooting ZenerRegulated Power Supplies
The schematic of atypical zenerregulated voltage source is shown
in Fig. 5. If the normal load current
does not vary excessively and the
zener current is near the center of
the plateau, the regulation will be
adequate for any normal line voltage variation or normal aging of
components. However, as practical
technicians, we are concerned with
the effects and symptoms produced
when these components become
defective.
When the circuit is normal, an
increase of 20 percent in the input
voltage to R1 should cause an increase at the zener of about .1 volt.
However, the current in the zener
might double. There is no certainty
that such a voltage increase would
cause any of these components to
fail, unless the zener current is
raised above the maximum rating or
R1 is heated enough to cause it to
change value.
A lower value of R1 causes the
same conditions as an increase in
input voltage or line voltage. Such
a change, in combination with an
actual voltage increase, is likely to
destroy the zener (cause it to short).
A higher value of R1 decreases
slightly the voltage at the zener, but
no change in pertormance should
be noticed before the voltage at the
zener drops 10 percent or more. At
that point, regulation is nearly gone.
An open zener diode will cause
an increase in the DC voltage to the
load. In some cases, the supply voltage to R1 also will increase excessively and cause problems in related circuits. This can cause serious
symptoms, for example, if avoltage
to the AGC keyer is changed.
More important, in many cases,
an open zener diode regulator can
cause a primary symptom of hum
or sweep instability because of signal and sweep voltages present on
the B+ lines. A zener regulates
voltage changes, and hum or sweep
voltages on the supply voltage are
reduced in the same way DC variations are minimized.
In one circuit, removal of the
zener and substitution of a fixed
resistor to restore the correct DC
voltage increased the hum ripple by

"A" and "B" are interchanged in
the circuit. Diode "X" is reverse
biased and non-conducting. Because
the battery voltage is aconstant reverse bias for diode "Y", it cannot
conduct until the voltage drop
across terminals "A" and "B" exceeds this voltage.

afactor of five.
Substitute The Zener With A
Resistor
Because a zener is a "resistor"
whose resistance changes according to the applied voltage, avariable
or selected fixed resistér often can
be substituted temporarily for alp
be considered asecond choice.

Assuming zero resistance in the
battery and alarge current, such as
50 milliamps, flowing through the
circuit, the voltage drop across terminals "A" and "B" will be equal
to the battery voltage plus the .7
volt barrier potential voltage of
diode "Y". This sum is the zener
voltage.
If the analogy stated previously
is correct, azener diode should clip
both peaks of a sine wave to produce asquare wave whose peak-topeak voltage is equal to the zener
voltage plus .7 volt (the forward
voltage drop). We tested several
zener diodes in the ELECTRONIC
SERVICING laboratory to verify
this asumption, and were pleased
with the simplicity of the test and
the accuracy of the results.

Curve Tracer Tests
Tests of diodes and zener diodes
using the Jud Williams and Eico
transistor curve tracers were described in the March. 1971 issue
of ELECTRONIC SERVICING.
Accurate results demand that the
gain of the horizontal amplifiers in
the scope be adjusted to a known
calibration.
Zener Tests By Clipping
By bending the truth slightly, we
can visualize a zener diode as two
rectifier diodes of opposite polarity
in parallel, and with a battery,
whose voltage is equal to the zener
voltage, connected in series with
diode "Y", as shown in Fig. 3.
Let's imagine that we connect this
zener-equivalent in series with a
DC circuit which has 50 milliamps
flowing in such away that terminal
"A" is negative. About .7 volt will
be measured between terminals "A"
and "B", because diode "X" is conducting and this is the voltage drop
across it. Diode "Y" is reverse
biased, and, therefore, non-conducting.
Imagine now that the terminals

HIGHER
POSITIVE

®

Results of The Clipping Tests
Figs. 4A and 4B show the waveforms produced by two individual
zener diodes of different types. The
circuit used to obtain these clipped
waveforms is shown in Fig. 4D.
A good diode which is not azener
produced the waveform shown in
Fig. 4C.
zener, to prove the condition of the
zener. If the circuit functions better
with a resistor which has been se-
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Fig. 5 Schematic of a typical power supply regulated by a zener diode. R1 limits the
maximum current which can be drawn by the zener. The voltage across the load is
regulated against input voltage changes or changes of the load current.
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lected to provide the correct DC
voltages, it is likely the zener is
defective.
Summary
Four general methods of testing
zener diodes have been presented.
These methods include:
• Ohmmeter tests for forward
conduction and reverse leakage
(fast test)
• Current-vs-voltage measurements (slow but accurate)
• Curve tracer patterns (relatively fast; requires equipment)

• Clipped sine-wave measurements (fast and accurate).
In addition, defective zeners can
often be found in-circuit by voltage and resistance measurements,
or, when one is open, by the increase in both DC voltage and
ripple.
All zener characteristics, except
two, can be tested accurately
enough, for all practical service operations, by these previously described methods.
There is no easy test to determine
maximum wattage, or no convenient
rule to specify what wattage zener
to purchase for replacement in any

particular circuit. Of course, it is
best to follow the original specifications when they are known.
Do not replace a zener with another that has a larger wattage rating. It will operate on awrong part
of its curve and cause poor
performance.
Internal impedance can be measured, but by a method too complex for service use. If one universal replacement zener fails to
operate correctly and all other components are normal, it is possible
that the internal impedance of the
zener is wrong. Try adifferent type
or brand.

Chapter 6

SCR's and Triacs
and testing
Conventional diodes effectively are voltage-controlled
switches. When the anode voltage is made more positive than
the "barrier voltage", relative to
the cathode, the diode becomes
a conductor. Voltages of opposite polarity cause the diode to

operation

become an open circuit.
SCR's (silicon-controlled rectifiers) and triacs (see Fig. 1)
have more than the one "PN"
junction employed in semiconductor diodes. One of these
added sections, called a "gate",

has the ability to block conduction through the device.
SCR's and triacs are available
in many of the case dimensions
and lead arrangements commonly used for transistors. The lead
locations of two popular types
are shown in Fig. 2. Because

Fig. 1 Shown here are an SCR and a triac and their respective symbols. Note the
physical similarity to transistors.

Testing LDR's
The maximum resistance of an
LDR can be determined accurately
only by maintaining the cell in complete

darkness for

before

measuring

several
it

with

minutes
an

ohm-

meter. Because many circuits, including the one in Fig. 8, do not
utilize the high-resistance characteristic of the LDR, this reading usually
is not critical.
The

minimum

resistance

of

an

LDR can be determined by subjecting

it to bright light.

A rough test

can be made by shining a flashlight
at the cell from the same distance
each

time.

I would guess that the

LDR shown in Fig. 8 would measure
less than 1000 ohms if a 2-cell flashlight beam were directed at it from
a distance of 2 feet.

32

SCR

TRIAC

this similarity of outward ap
pearance can cause costly mistakes and wrong identification
during servicing, tests which indicate whether a device in question is a transistor, SCR or triac
will be explained in this article.
Basic Characteristics of SCR's
An SCR can be visualized as
a diode in series with a switch,
as shown in Fig. 3A. Conduction
is controlled both by gate action and by the polarity and
amplitude of the anode voltage.
Following are some of the
normal responses of an SCR
with the listed voltages applied:
• Anode voltage negative relative to the cathode—No conduction, regardless of the
voltage applied to the gate.
This is normal diode action.
• Anode voltage positive and
the gate zero or negative relative to the cathode—No conduction. This is gate action.
• Anode voltage positive and
the gate sufficiently positive—
Full conduction. The change
from non-conduction to full
conduction is a regenerative
effect which occurs instantaneously when the gate-cathode voltage is increased
slightly above the breakover,
or "trigger", point.
• After conduction has started,
a "latching effect occurs and
the gate loses control and
cannot block conduction,
which continues until the anode voltage and/or current
are reduced below the "holding" point.
The resistance between gate
and cathode of an SCR is about
a few hundred ohms. Resistance
indications should be similar to
those produced by two conventional semiconductor diodes
paralleled front-to-back. About
the same ohmmeter reading
should be obtained when the
*
test leads are switched. Also,
the lower the range used, the
lower will be the reading obtained. The resistance between
the anode and either the cathode or gate should be nearly
infinite.
Basic Characteristics of Triacs
A triac effectively functions as

two paralleled front-to-back diodes in series with a switch, as
shown in Fig. 3B.
Some of the responses of a
non-defective triac when operated under different voltage conditions are as follows:
• Anode voltage negative and
the gate zero relative to the
cathode—No conduction. Diode action.
• Anode voltage positive and
the gate zero relative to the
cathode—No conduction. Gate
action.
• Anode voltage negative and
the gate voltage sufficiently
negative—Full conduction.
• Anode voltage positive and
the gate voltage sufficiently
positive—Full conduction.
• The change from non-conduction to conduction is a regenerative effect, which occurs
when the gate-cathode voltage is increased slightly above
the "trigger" point, just as in
SCR's.
• After conduction has started,
a "latching" effect occurs, in
which the gate loses control
and the conduction continues
regardless of subsequent
changes in the gate voltages.
Conduction continues until the
anode voltage and 'or current
are reduced below the "holding" point.
The junction resistances of
triacs are nearly identical to
those of SCR's. The gate-tocathode readings should be
similar to those produced by
measuring two diodes which are
paralleled front-to-back. Infinite
resistance should exist between
the anode and either the cathode or the gate.
A Tester You Can Build For
Checking SCR's And Triacs
An SCR or a triac should be
tested first by use of an ohmmeter. An open circuit between
gate and cathode, or a short
circuit or leakage from anode
to gate or from anode to cathode proves the device is defective, and no other testing is
required.
Shown in Fig. 4 is a tester
which checks SCR's, triacs and
power transistors by applying 6
volts DC that is limited to 150
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Fig. 2 Because

the

typical

base con-

figurations of SCR's and triacs, shown
here, are almost identical to those of
transistors, specific tests, described in
the text, are required for positive identification.
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Fig. 3 These

circuits

illustrate the ef-

fective action of SCR's and triacs. A)
An SCR is the equivalent of one diode
in series with a switch.

B) A triac is

the equivalent of two diodes, connected
back to front in parallel, in series with
a switch. When properly triggered on, a
triac conducts in both directions.

milliamps. This is a good operational test for these devices,
and provides the operator visual
evidence of SCR, triac and diac
triggering and holding _actions.
The tests also indicate whether
the device is a transistor, an
SCR or atriac.
To test an SCR, triac, or
power transistor:
• Adjust the polarity switch (S1)
to the SCR-NPN position, the
toggle type on/off switch (S2)
to "off", and the gate-voltage
control (R1) to minimum.
• Connect the tester to the device through color-coded clips
and test leads.
• Turn the on/off switch to
"on". If the bulb lights, the
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device being tested is shorted,
or the test leads are touching.
• Gradually turn up the gatevoltage control. At a certain
critical voltage (measured by
a meter for the most detailed
information) the bulb should
light, indicating conduction of
current through the device.
• A gradual brightening of the
bulb when the control is
turned up, and a gradual decrease in brightness as the
control is turned down indicates that the device is an
NPN transistor.
• A sudden lighting of the bulb
to full brilliance at one point
on the gate-voltage control,
and no reduction in brilliance
when the gate-voltage control
is turned down, indicates that
the device is an SCR or a
triac. Subsequent tests will
determine which. The bulb
should remain lit after the
control is turned down until a
momentary open in S3 extinguishes it.
• Slide the polarity-reversing
switch (S1) to the TRIAC-PNP
position, and, starting at minimum, turn up the gate-voltage control.
• A gradual brightening and
darkening of the bulb when
the gate-voltage control is increased and decreased indi-

cates that the device is a PNP
power transistor.
• If the bulb does not light
when the gate-voltage control
is increased, the device is an
SCR.
• If the bulb suddenly lights to
full brilliance at one position
of the gate-voltage control,
and the brilliance does not
decrease when the control is
turned down, the device is a
triac.
• Turn the on/off switch to the
"off" position, to minimize
battery drain.
Tips About Using The
Thyristor Tester
The first version of this thyristor tester was designed and
built about three years ago,
when the RCA CTC40 chassis,
which uses two SCR's in the
horizontal sweep circuit, was introduced. The original version of
the tester used two 67 1
/ -volt
2
batteries, a neon bulb, and several more switches to test for
leakage, which might occur only
at higher voltages. Such asensitive leakage test was found to
be unnecessary and was discontinued in favor of simple ohmmeter tests.
Another useful variation of the
tester circuit used 6 volts AC
for the anode supply, but re-

tained the DC gate-voltage control. A scope connected across
the light bulb displayed the curret waveform. One difference in
operation was readily evident:
After the gate-voltage control
was turned up enough to light
the bulb, decreasing it extinguished the bulb. The reason is
that the anode voltage decreased to zero 60 times per
second, and unlatching could
occur during any of these "zero"
times.
An SCR conducts during only
the positive alternation of a sine
wave applied to its gate, as
shown by the current waveform
in Fig. 5B. No conduction
through the SCR occurred when
negative voltages up to —5 volts
were applied to its gate.
Triacs conduct during both alternations of a sine wave, as
shown in Fig. 50. The crossovertype distortion at the mid, or
zero, points on the waveform is
produced because the voltage
must increase from zero to .8
volt DC or more before conduction can occur. Also, conduction
ceases during the .8 volt DC
just preceding zero voltage. Together, these areas of non-conduction caused a measured voltage drop of .6 volt RMS across
the triac (from main terminal 1
to main terminal 2).
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Fig. 4 Schematic diagram of a tester which helps determine whether a device is a transistor, an SCR or a triac and indicates whether or not it is operating correctly.
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Fig. 5 Waveforms of the load current produced when SCR's and triacs are op-

Fig. 6 Partial conduction that occurred

erated from an AC anode supply. A) Waveform of the input 60-Hz sine wave from

when insufficient negative gate voltage

a heater transformer. B) Waveform of the current (voltage across bulb) when 6
volts AC was supplied to the anode of the SCR in the schematic shown in Fig. 4.

was applied to an SCR of higher voltage
rating than the one which produced the

C) Waveform of the conduction current when 6 volts AC was supplied to the

waveform in Fig. 50.

anode of a triac connected to the tester diagramed in Fig. 4. The voltage drop
across the triac measured .6 volt

RMS.

Fig. 7 SCR's and triacs can be triggered on by a resistor connected between anode and gate, or by a sample of the input
voltage that has been phase shifted. A) Block diagram of the triac circuit. B) Conduction current produced with AC supplied
to both gate and anode. C) Effect of a small phase shift in the gate voltage. D) The triac is triggered into conduction later
by more phase shift. E) Conduction of just over 50 percent is caused by a large phase shift.
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DC
VOLTAGE

than did the smaller sizes. The
scope waveforms of the larger
triacs generally were less
smooth than those produced by
smaller ones.

TO POWER
TRANSFORMER

Fig. 8 Remote

120VAC

power on/off circuit of RCA CTC54 color TV chassis. The lamp is

lighted by action of the remote control. The light reduces the resistance of the Light
Dependent Resistor (LDR), or cadmium-sulfide cell; this triggers on triac Q104, which
applies AC to the receiver power supply.
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PLAYER ETC.

AC OR DC CIRCUIT
TO BE CONTROLLED

LIMITING
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Fig. 9 Schematic of a lilac circuit which will start the change cycle of a slide
projector, or will turn lamps on and off according to the amplitude of the audio input.

When the gate voltage was
positive and the gate-voltage
control was advanced very slowly, the triac triggered first into
half-wave operation (See Fig.
5B) when the potential on the
gate was +0.8 volt. This voltage
instantly dropped to +0.7 because of the increase in gate
current. The gate-voltage control
was advanced further and triggering for conduction of both
peaks (see Fig. 5C) occurred at
+ 0.85 volt, after which the gate
voltage dropped to +0.4 volt.
These three modes of operation
were very distinct, as if a 3position switch were used. The
bulb was unlit, then was lighted
to partial brilliance and, finally,
to full brilliance, with no varia36

tion between.
The action when negative
voltage was applied to the gate
was somewhat different. Triggering into the full-wave mode occurred at —0.98 volts, which
promptly dropped to —0.6. However, there was a tendency for
the bulb to light dimly and then
brighten. The current waveform
shown in Fig. 6 helps explain
the reason: Because conduction
was triggered on late, during
the peak, the bulb was supplied
with less total current. Increased
gate voltage produced normal
conduction.
When tested in the thyristor
tester, different brands of triacs
with higher voltage ratings required higher gate voltages,

Uses For SCR's And Tracs
A triac or an SCR can be
used to turn on and off resistive
loads or to provide variable
lighting or motor speed. Two
alternate methods of controlling
the conduction of these devices
are shown in Fig. 7. For example, a 56-ohm resistor connected between the anode and
gate will dependably trigger on
a triac operated from 6 volts
AC. A higher value should be
used for 120-volt operation, to
avoid gate damage. Use the
highest value that will dependably trigger on the triac.
A variation of this method is
employed in the RCA CTC54
color TV chassis, to turn on and
off the power to the entire receiver when remote control is
used. The circuit is shown in
Fig. 8. The remote control supplies power to the bulb, which
is located inside a light-tight
assembly. When the bulb is
lighted, the illumination decreases the resistance of the
Light Dependent Resistor (LDR)
enough so that the triac conducts and applies 120 volts AC
to the power transformers.
(LDR's are also called cadmiumsulfide cells.)
One simple triac-equipped circuit I have used for several
years to initiate the change cycle
of an automatic slide projector
is shown in Fig. 9.
The narration or sound effects
which accompany the slide presentation are recorded on one
channel of a stereo tape recorder. The speaker is connected to
this channel during playback. A
short audio tone, of perhaps one
second, is recorded on the other
channel at any interval where a
slide change is desired, so that
the narration and the slide
changes are in perfect synchronization. The frequency of this
tone is unimportant; even 60 Hz
is okay. The volume of the stereo
unit is at the minimum level
required for dependable operation.

Chapter 7

Integrated circuits in TV
construction, applications and testing
Although the home entertainment
electronics industry is still in the
process of changing from vacuumtube circuitry to the use of transistors, another revolution also is in
the making. The new gadget causing all the stir is the integrated
circuit (IC), sometimes simply
called a "chip."
Incorporating this new device into
a television receiver might appear
as just another way for the manufacturers to make life miserable for
servicing technicians, but in reality
there are some pretty sound reasons
why we are going to see more and
more IC's in today's and tomorrow's TV.
One of the advantages of using
IC's is that they require so little
space. This equates into smaller instruments, for consumer appeal, and
also smaller chassis frames, less
circuit board area, less weight, etc.
Along with this goes the saving in
assembly costs. Obviously, it is
cheaper to mount a single unit on
a board than it is to mount the
dozen or more components which
an IC replaces. Whether or not the
IC itself is cheaper than the separate components which it replaces
would be hard for us "outsiders"
to know at the moment; but it is
probable that improved manufacturing techniques will bring down
the cost of IC's as their use becomes
more general.
The IC retains most of the good
characteristics of the transistor—
low power consumption and the attending coolness of operation, no
consumption of the material of

which it is made (as contrasted with
a tube filament and cathode), resistance to physical shock, etc.
The IC also has about the same
poor qualities as the transistor, in.eluding wide variations in characteristics as the ambient temperature
is changed, susceptibility to damage
from electrical overloads and arc
transients, and susceptibility to damage from excessive heat when it is
installed or removed from soldered
circuits.
There are some limitations which
are peculiar to IC's, but more on
that later.
Construction of an
Integrated Circuit
The construction of IC's has become literally a science, and certainly no complete description of
the processes involved could fit into
this magazine. But a few simple
drawings can, at least, provide an
understanding of the basic construction technique.
Suppose that we take a slab of
P-type silicon material and diffuse
into it some N-type impurities, as
shown in Fig. 1. The depth of the
diffusion will depend on the length
of time the slab is exposed to the
N impurities and the temperature
at which it is diffused. The area of
diffusion will depend on the amount
of surface which is exposed and the
amount which is covered with a
protective mask, which can be removed later. If leads are welded
to the slab and to the N region, a
useful diode has been produced.
The next step is to mask all but
aportion of the N surface and sub-

ject the device to another diffusion,
but this time with P material. As
illustrated in Fig. 2, a transistor is
produced as a result of this second
process. Obviously, if one transistor
can be made in this manner, it is
simply amatter of repetition to form
anumber of transistors on the same
slab and then cut them apart. (As
a point of interest, transistors produced simultaneously on the same
slab will be quite uniform in characteristics, for reasons which should
be obvious.)
Just as two or more vacuum
tubes often share the same glass
envelope, there are many times
when it is desirable to form several
transistors in a single package. If
the transistors produced in the manner just described were not cut
apart, we would have such a"packaged" device. But there is one problem: All the collectors would be
connected together. Consequently,
the device would not be very useful.
To provide a means of isolating
the transistors from one another,
and also to provide an inactive
mounting for them, one more process of masking and diffusion is
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Fig. 1 The first step in construction of
an integrated circuit is the formation
of "N pockets."
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employed, the end product of which
is shown in Fig. 3.
Note that in Fig. 3 the original
slab is no longer used as one of
the elements of the transistors but,
instead, forms a mounting base
called the substrate. Because the
substrate is made of P material,
the junctions of the substrate and
the collectors of the NPN transistors are reverse biased and, consequently, no conduction can take
place between the substrate and collectors of the transistors. There is
capacitance between these elements;
however, it can be compensated for
in much the same way that the stray
capacitance of a vacuum-tube is
either used to advantage or compensated for by the external circuitry.
Although an array of closely similar transistors is sometimes useful,
it is more often desirable to interconnect a pair of transistors within
the unit, as in the Darlington pair
configuration, for example. This can
be accomplished by the following
additional manufacturing processes.

PREGION
NREGION

Fig. 2 By diffusing P material into the
N region, the elements, or junctions, of
a transistor are formed.

After the transistors are formed,
the points which are to be used for
connections are masked. The unmasked surface then is exposed to
an oxygen atmosphere and baked.
This forms alayer of silicon dioxide,
better known as glass, which is an
excellent insulator.
Next, another masking operation
covers all the surface except those
points at which connections are desired, and some type of metal, perhaps gold, then is deposited on the
unmasked areas.
Finally, leads are welded to the
metal-covered points, for external
connections. The completed circuit
is shown in Fig. 4. (The interconnection between the two collectors
cannot be shown in the same crosssection with the emitter-to-base connection, because it must take some
other path across the surface of the
chip.)
Forming resistors and capacitors
in the integrated circuit is somewhat
simpler in concept, although not
necessarily in actual practice. Fig.
5 shows diagrammatically how it
can be done.
On the left of the chip in Fig. 5
a resistor is formed by utilizing the
resistance of a block of P material,
which is isolated from the substrate
by an intervening layer of N material. The size and shape of the
P material determines the resistance;
a long, narrow strip has higher resistance than a short, wide one.
The capacitance between the deposited metal and the N material
beneath the insulation forms the
capacitor at the right. As with any
capacitor, the value can be increased by increasing the area of
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Fig 3 Formation of NPN transistors on a P substrate. The substrate can be cut to
yield individual transistors, or additional processing can be performed to make an
IC.
38

the plates.
In manufacturing integrated circuits, a great number of them, perhaps a hundred or more, each having the equivalent of many transistors, diodes, resistors, and capacitors, are formed simultaneously on a
single wafer, or substrate, a couple
of inches in diameter. Obviously, the
more IC's produced on the wafer,
the lower the price per IC. As a
rule of thumb, a 1000-ohm resistor
requires about twice the area of a
transistor and a 10-pf capacitor requires about three times as much
area as atransistor. For this reason,
integrated circuits are designed to
use as many transistors and as few
passive components (resistors, capacitors and coils) as possible. This
is just the opposite of conventional
circuitry, in which the transistors
usually are the most expensive of
the four devices.
Also because of cost, the values
of resistance and capacitance are
kept as low as possible, and often
external components are used, if
space permits. A common trick used
to reduce the values of resistors is
to stack diodes and use their junction potentials to drop voltage. For
example, if 3000 ohms is required
to drop 2 volts in a certain bias
circuit, an area of the chip which
could accommodate six transistors
is required. But, by using three
diode junctions in series, approximately the same voltage drop can
be obtained using only the area of
three transistors. Possibly a zener
will be used, reducing the required
area to that of a single transistor
(see Fig. 6).
At the present state of the art,
the tolerance of resistors and capacitors in IC's are very broad, although
the ratio of two resistances or
capacitances can be held to relatively close specifications. Consequently, circuits are normally designed so that absolute values of R
and C are not critical. In practice,
this equates, more or less, to "lots
of gain and lots of negative feedback."
Integrated circuits are packaged
in about the same fashion as transistors, except, of course, there are
many more leads coming out of
the device. A common package is
similar to the TO-5 transistor, but
with eight to a dozen leads. They
also are packaged in flat, rectangu-

lar enclosures made of plastic or
ceramic with conductors extending
from both long edges. The conductors are either flat or round, and
sockets are available for either type.
Applications in Television
The IC first appeared in television about five years ago. That
first IC functioned as a combined
4.5-MHz amplifier, FM detector,
and audio preamplifier.
At present, we know of the following applications, which illustrate
the design sophistication already
achieved:
1) 4.5-MHz amplifier/FM detector/audio preamplifier with
voltage-operated variable gain
and an audio output of more
than 1volt P-P.
2) Video IF amplifier/discriminator/differential DC amplifier,
with integral voltage regulator.
This type is used for automatic
fine tuning.
3) Chroma demodulator and
color-difference amplifiers, with
voltage-operated phase shift of
the 3.85-MHz reference signal,
to allow tint control.
4) Chroma-bandpass amplifier/
reference oscillator/burst amplifier/color killer/ACC/burst
blanking, with voltage-operated
gain control.
5) Complete IF amplifier with integral AGC, sound and videc:
detectors, and video amplifier
with a6-volt output.
Naturally, some of the IC's in
current usage might not perform all
of the functions listed above; or
different combinations of functions
may be performed by a certain IC.
For example, a circuit designer
might choose to include the reference oscillator in the same IC with
the chroma demodulators. (The IC's
used in the electronic tuner control
of RCA's CTC 47 are simple logic
devices which do not reflect the
present state of the art.) Fig. 7
shows an early model IC used as a
4.5-MHz amplifier, FM detector,
and audio preamplifier. It, too,
is relatively simple by today's
standards.
As technology adyances, it is
likely that more integrated circuits
will be developed for use in television. On the other hand, there are
three limitations of the IC which
make the all-IC receiver seem un-

likely for quite some time.
First, it is difficult to build an
IC which will operate with much
more than 10 volts of supply, and
this limits the usable output amplitude of an IC to about this peak-topeak amplitude.
Secondly, heat dissipation becomes a problem in IC's, and so
they are essentially low-power devices.
Third, large values of capacitance
(in excess of perhaps 20 pf) are
undesirable in an IC because of
the size requirement and additional
cost.
These limitations pretty well exclude IC's from the deflection systems and the audio and video output circuits of TV receivers.
Troubleshooting
As most technicians who are
servicing solid-state television have
discovered, there are fewer failures
in them than in vacuum-tube receivers. Of course, a transistor failure

might require more time to replace
than atube failure, because so many
transistors are soldered in, and also
because there are so few standardtype transistors. Still, transistors are
the most frequent cause of failure;
but not because transistors are bad.
For most applications, 1
/ -watt
2
resistors are used in circuits, even
though the actual dissipation might
be only a fraction of this rating.
Smaller resistors are no cheaper,
and much of the equipment (or
people, for that matter) which inserts components into circuit boards
can handle the 1
/ -watt resistors
2
more easily than smaller ones. Because of this oversizing, burned-out
and off-tolerance resistors (usually
caused by overheating) occur less
often in solid-state circuits, particularly circuits using IC's.
Capacitor failures also are rare
because capacitors in low-power,
solid-state circuits often are operated far below their voltage ratings.
Also, there has been a lot of im-

Fig. 4 The interconnections are made by covering the devices with an insulating
layer having aperatures in the desired locations and then depositing metallic conductors on top.

Fig. 5 Capacitors and resistors are formed in this manner.
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provement of capacitors in recent
years.
Because of these factors, the incidence of failure in solid-state
equipment has been reduced to a
level below the failure rate of comparable tube-type circuits. However,
most of the failures in solid-state
equipment result from faulty transistors. There haven't been enough
integrated circuits used in television receivers to permit definite
conclusions, but it appears that we
are faced with the same situation
that has prevailed in tube-type
equipment—many failures will be
caused directly or indirectly by the
active component, the IC.
Transistors are relatively cheap,
simple to test, relatively easy to
change, and often can be substituted.
IC's are more expensive, practically impossible to test, and cannot normally be replaced by some
substitute type. Also, unless they
are plugged in, which is rare, it is
possible that the original will be
destroyed when it is removed from
the board. (Incidentally, plug-in
IC's function normally in a computer operating in an air-conditioned environment; but contact
contamination definitely has been
experienced in television receivers
employing plug-in IC's).
Before you decide to replace an
IC, several checks should be made.
Just how extensive these checks are
will depend on your equipment,
your knowledge of the circuit in
which the IC is located, and the
trade-off between your labor cost
and the cost of the IC.
First of all, be sure that the IC
actually is receiving the supply voltage it is supposed to receive. A
shorted 7,ener diode used as a regulator, or an off-tolerance powersupply bleeder, might be supplying
insufficient voltage; IC's are rather
critical in this respect. Also, an
open zener or some other fault external to the IC might increase the
supply voltage to a level that will
destroy the new IC as soon as it
is installed.
The next item on the pre-replacement check list seems obvious, but
it is too important to be ignored.
Be sure that the input signal actually is getting to the input terminal of the IC. It is possible that a
coupling capacitor has opened, or
that there is a defective solder connection or a cracked board. De40

fective solder connections have been
known to turn up months, or even
years, after manufacture. Platedthrough holes in circuit boards are
still abit new, and it is not uncommon for the through plating to be
open.
Usually there will be several
terminals of the IC which are connected to ground via a resistor and
bypass capacitor. It is fairly certain
that a transistor emitter inside the
IC is connected to this terminal. If
either of these components is open
or shorted, the transistor to which
they are connected will develop little or no gain.
Another item to be checked is
the circuit which the IC is driving.
If it uses a transistor, perhaps it is
tie one which has failed. Inject a
signal at a convenient point near
the output of the IC; if the test
signal doesn't pass through the rest
of the system, it is a safe bet that
the output of the IC cannot either.
IC Replacement
If the IC is mounted in asocket,
replacement is simple, but there are
a few tips which might save you
time and money:
• First, don't plug in another IC
until you are certain that the supply voltage is correct. Excessive
supply voltage seldom ruins a tube
immediately, but it is likely to
"zap" a transistor or IC before you
know what happened.
• Don't forget that the trouble
might be socket and pin corrosion.
It is possible that a new IC will
fix the trouble, but the old one
might too, if it is reinserted. If you
do not have a replacement, try
removing and inserting the suspected
IC a couple of times before ordering a new one. Since IC's have
come along, we have added another
subject to our "do-not-argue-aboutthese-things" list. How to get an IC
off the board is almost as inflammatory as discussions of religion
and politics. Everybody has a pet
method which he is prepared to
defend against all others. Here are
some of the leading contenders:
One approach is simply to cut
off all the leads and then remove
the ends which are soldered through
the board, one at atime. This works
rather well with IC's which have
long leads, but not so well with the
plastic, in-line types which are
mounted tightly to the board. As a

yule, the IC is destroyed; but this
is unimportant unless the IC was
actually good, or if it is a warranty
item and the manufacturer wants it
back. (As apoint of interest, Ihave
always maintained that the customer
rightfully should pay for any parts
which are destroyed through no
fault of the technician, or as a calculated risk—but it does run up
the repair bill.)
Another popular method of IC
removal involves using braided
ground strapping as awick to draw
off molten solder from around the
terminals of the IC. Braid designed
specifically for this purpose also is
available. However, extreme caution
is needed, because it requires a lot
of heat to melt the solder and also
jet the braid hot enough to carry
the solder away. It is easy to get
the printed wiring on the board so
hot that the bonding between the
copper and the board melts and the
two separate. Nevertheless, some
technicans become very adept and
can perform a very neat job with
this method.
The flat-surface soldering iron,
which is designed to heat all the
contacts simultaneously, works well
for removing AFC-diode packs having three leads. But this method
sometimes gets difficult with IC's
having up to 14 heads. Either the
iron is too large or not large enough.
Of course, if all integrated circuits
had the same lead configuration
there wouldn't be any problem with
this method.
Another approach uses a soldering iron with a tube and squeeze
bulb attached. The idea is to get
the terminal hot and then pump the
bulb to blow away the solder. The
one we tried didn't seem to work
too well, but maybe with more practice we could have mastered the
trick.
One tool that seems to be relatively effective consists of a springloaded piston inside asmall cylinder
which has a teflon nozzle on one
end. The piston is pushed down and
the nozzle is held as near as possible to the connection to be unsoldered. When the solder melts,
the piston is released and, hopefully it draws up the solder. If there
is room to operate, it works fairly
well, but usually one has to repeat
the process on some of the IC
terminals.
An uncle of mine has had asmall

air compressor in his shop for the
past twenty years. He uses it to
blow the dust out of cabinets,
clean off the bench, etc. Now he
uses it to blow the solder out of
holes in boards. To prevent spraying solder all over the chassis, he

wads a paper towel around mil
beneath the reverse side of the area
where he is working.
Summary
In the next few years, it can be
assumed that the IC will be applied

to many more circuits in television
receivers. The reasons for this assumption are: simplified assembly,
smaller and lighter chassis, reduced
cost and performance equal to, or
better than, tube and transistor
circuits.

B+

OUTPUT

>

REQUIRES AREA OF
TWO TRANSISTORS

REQUIRES AREA OF
SIX TRANSISTORS

REQUIRES AREA OF
ONE TRANSISTOR
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At the moment, the production
of the types of IC's suitable for
most TV applications is, relatively
speaking, in its infancy. The techniques for manufacturing IC's are
being constantly revised; however,
basic construction techniques probably will remain similar to those
described in this article.
From the servicing angle, it isn't
really necessary to know precisely
how an IC is made, or for that
matter, precisely how it functions.

It is important, however, to know
thoroughly what each IC in a receiver does. Equally important, the
technician must know the purpose
of each component connected to an
IC. If he does not, he will make a
lot of wrong guesses, replacing
good IC's needlessly and damaging
new ones by installing them in defective circuits.
Good soldering techniques must
be employed when you are removing IC's. Whether or not an IC
found to be good should be rein-

stalled is questionable—putting it
back might be more costly than
leaving the new one in place. But
ruining the circuit board while removing it is another matter! A
patched up board can lead to future
failures, and the alternative—replacing the board—is too costly
even to consider in most cases. A
sign we noticed in a shop not too
long ago sums it up. "If you're too
busy to do it right the first time,
how will you find time to do it
over?"

Chapter 8

Quick testing of transistors
using the scope and ohmmeter
Most transistor failures are of the
catastrophic type, such as open or
short circuits, and can be found
without guesswork by use of the
simple tests described in the following paragraphs, each of which has
been tried and proven in ELECTRONIC SERVICING'S lab.

Use Your Scope to Check
Transistors
One method of using an oscilloscope as a read-out device to test
transistors is shown in Fig. I.
All base-emitter or base-collector
junctions of a transistor exhibit
diode characteristics. That is, when
the element made of "P" material
is positive relative to the other element made of "N" material, electrical resistance of the junction is at
minimum. Conversely, negative
voltage applied to the "P" element
and positive voltage applied to the
"N" element will cause anear-open
circuit between the two elements.
These junctions also will rectify.
The emitter-collector path involves
a series connection of two dissimilar and opposite-polarity "diodes";
because of this, emitter-to-collector rectification is very inefficient,
and related test results indefinite.
Interpretation of the scope wave42

form is the only difficult part of this
test; photographs of typical waveforms are shown here to guide you.
Signals supplied to both the vertical
and horizontal amplifiers in the
scope are changed by the condition
of the transistor junction.
A horizontal line, as shown in
Fig. 2A, indicates an open circuit;
a vertical line (Fig. 2B) indicates a
short across the test leads. (In fact,
the scope is pre-set by shorting and
opening the transistor test leads before the test is started. The "H" input on the scope in Fig. 1 is the
external horizontal sweep input, and
the sweep selector must be set to the
"EXT" position. With nothing connected across the test leads, adjust
the horizontal gain control for a
horizontal line of about one-half
the width of the scope screen. Short
the test leads together and adjust
the vertical gain control and range
switch for a vertical line of about
the same height as the length of the
horizontal line in the previous step.
Focus and beam intensity of the
scope should be adjusted normally.)
Typical waveforms for a good
germanium transistor tested out of
circuit are shown in Fig. 3. As
shown, connection of aspecific test
lead to aspecific transistor element
produces a definite and individual
pattern; this characteristic enables
you to identify the polarity of di-

odes or transistors. Otherwise, it
is not necessary to observe polarity
in connecting the test leads; the
right-angle waveform will face the
opposite direction if the leads are
reversed or if a transistor having
opposite polarity is tested.
In the base-emitter and base-collector tests, silicon transistors produce the same waveforms as germanium types (except for the Zener
effect shown in Fig. 4A, which has
been evident in all the base-emitter tests of silicons Ihave made so
far), but emitter-collector tests of
silicons (Fig. 4B) indicate an open
circuit.
Sharp corners on the scope waveforms are the hallmark of a good
diode or a good transistor junction. This also is true during in-circuit tests. If there is a doubt, remove the transistor for amore definite test.
Waveforms produced by resistance, capacitance or inductance
alone, without atransistor or diode,
are shown in Fig. 5. Comparable
waveforms produced by these characteristics and transistor junctions,
as might happen in-circuit, are
shown in Fig. 6. Two actual in-circuit waveforms are shown in Fig. 7
(the 3.3K-ohm out-of-circuit resistor was used to intensify the obscuring effect of the circuit components).
Be certain the power is turned off

M
II
Fig. 1 Schematic of a transistor testing
adapter for use with almost any oscilloscope.

A

Both vertical and horizontal deflection voltages are supplied by the adapter, and no

Fig.

3 Waveforms typical

of

most

normal germanium transistors.
(A) PNP polarity transistor with base

locking of the scope is needed. Two values
of resistors are shown: 330 ohms for in-

connected

circuit, and 3.3K ohms for out-of-circuit transistor or diode tests.

to

"H"

and emitter (or

collector) to "G". A diode with the
cathode connected to "H" and the
anode to "G" will produce the same
waveform.
(B) The same PNP transistor with
the base connected to "G" and the
emitter (or collector) connected to
"H". A diode with cathode connected to "G" and anode to "H" produces the
same waveform.
(C) A PNP transistor with the emitter connected to "H" and the collector to
"G". Rectification is inefficient, and scope gain must be increased to obtain
a large waveform.

A
Fig. 2 Single straight lines produced by open
or shorted transistors (following the simple
preadjusting explained in the text).

Fig. 4 Silicon transistors present further problems.
(A) One type of NPN-polarity silicon transistor with the base connected to
"G" and emitter to "H". The negative-going tip on the right is caused by

(A) A horizontal line indicates an open across
the test leads.
(B) A vertical line indicates a short across

Zener effect (actually, zener diodes produce a longer tip)—it is not scope
overload, nor does it appear in the base-collector waveform.
(B) Collector-emitter tests indicate an open circuit when the transistor is a

the test leads.

silicon type.

to any circuits being tested.
Some of the advantages of this
method of testing transistors as
though they are rectifying diodes
are as follows:
• Extreme speed. Just attach the
test leads in sequence to the baseemitter, base-collector and emittercollector. A short or open "result"
indicates a defective transistor.
• No charts or scales. Just select
the value of resistor for in-circuit or
out-of-circuit tests; that's all.
Disadvantages of this test method
are as follows:

Flg. 5 Waveforms produced by resistance, capacitance or inductance atone,
without a transistor.
(A) A 3.3K-ohm resistor across the test leads produces this tilted waveform.
(B) A .47-mfd capacitor or a filter choke across the test leads produces a
near-circle.
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Fig. 6 Waveforms of a transistor with
added resistance or capacitance.
(A) A PNP germanium transistor with
the emitter connected to "G", the
base to "H", and a .25-mfd capacitor
in parallel.
(B) The same transistor connections
with a 3.3K-ohm resistor in series
between base and "H".
(C) The same transistor connections
with a 3.3K-ohm resistor in parallel
between base and emitter.
(D) A PNP germanium transistor with the emitter connected to "G", the base
to "H" through a 6.8K-ohm resistor, and a 6.8K-ohm resistor in parallel with
the base and emitter. The waveform approaches that of a pure resistance,
but the "diode" corner is still visible.
(E) The same transistor in (D) but with emitter connected to "G", the base
to "H" through a 6.8K-ohm resistor, and a .068-mfd capacitor in parallel
with base and emitter.

Ohmmeter and Beta Tests of Three Power Transistors*
2N408 germanium PNP — low power/low voltage output transistor; DC beta
150—all leakages normal on transistor tester
Test

negative
lead to:

positive
lead to:

meter
scale:

reading
in ohms:

forward

base

emitter

X10

31

forward

base

collector

X10

29

leakage

emitter

base

X1OK

1meg

leakage

collector

base

X1OK

700K

C/E forward

collector

emitter

X100

6000

C/E leakage

emitter

collector

X1K

200K

2N301A germanium PNP — high power/medium voltage transistor; DC beta
130—slight, normal ICED leakage
Test
Fig. 7 In-circuit waveforms.
(A) Emitter-to-collector waveform produced
by a PNP germanium transistor connected
to an unloaded audio-output transformer.
(B) Emitter-to-base
waveform produced by the
same transistor, including bias resistors
and electrolytic coupling capacitor.

negative
lead to:

positive
lead to:

meter
scale:

reading
in ohms:
16

forward

base

emitter

X10

forward

base

collector

X10

15

leakage

emitter

base

X1K

45K

leakage

collector

base

X1K

33K

C/E forward

collector

emitter

X100

70

C/E leakage

emitter

collector

X100

8K

NPN silicon—medium power/high-voltage transistor; DC beta 70—all leakages normal on transistor tester

• There is no indication of moderate leakage.

Test

• The emitter-collector path of silicon transistors always tests open;
consequently, this test is limited to
shorts,
• No numerical ratings for reference can be found.

negative

positive

meter

reading

lead to:

lead to:

scale:

in ohms:

leakage

base

emitter

X1meg

500meg

leakage

base

collector

X1meg

200meg

110

forward

emitter

base

X10

forward

collector

base

X10

104

C/E leakage

collector

emitter

X1meg

21meg

C/E forward

emitter

collector

X1meg

180meg

'Ohmmeter function of a VTVM used for measurements; battery 1.5 volts.
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Using A Curve-Tracer To Test
Transistors

ACTUAL

NPN

ACTUAL

NPN

(WI VA LENT

TO OHMMETER

More sophisticated tests of transistors can be made with curve
tracers. We presently are conducting evaluation tests on curve tracers
manufactured by Eico and Jud Williams, and hope to have our report

(A)
EQU I
VA LENT

'ready for the December issue of
ELECTRONIC SERVICING.
Transistor Beta Testers
No shop should be without a
transistor beta and leakage tester.
In addition to the accuracy of the
reading, the equipment makes afavorable impression on your customers who see you use one.
DC beta is the ratio of collector
current versus base current. Most
commercially built transistor testers
vary the base current until a predetermined amount of collector current is read on the meter, then the
meter is switched to read the base
current. The meter scale is calibrated as DC beta.
To avoid interpreting wrongly
the DC beta reading a tester might
accurately give us, we should have
some understanding about the significance of such tests. Because so
many transistor types have been
manufactured, a transistor testing
manual which would give the control settings of the tester for each
transistor, to permit the use of a
good-bad scale, is not practical.
Also, the beta reading varies with
the collector current used during
the test. We, the technicians, must
decide the limits that are acceptable in beta readings—often without sufficient information on which
to base this judgement.
A transistor with a DC beta of
150 does not automatically produce
twice the AC gain of another transistor of the same type which, when
tested, indicates abeta of 75. There
are several reasons why this is true.
The same circuits that stabilize
against undesired changes caused
by heat variations also partially stabilize against variations in average
emitter current. Consequently, the
more effective the heat stabilization
of the circuit, the less AC gain variation will be observed when transistors of different DC beta are
used. A transistor with a low DC
beta might produce normal gain if
the circuit can supply the added

(B)
NPN
TURN ON
(C)

TO OHMMETER

?_

27K

TURN-OFF

Ag. 8Simple turn-off and turn-on tests of transistors.
(A) The collector-emitter resistance increases when the base is connected to the
emitter—a fairly good test.
(B) The collector-emitter resistance decreases when the base is connected to the
collector—a false test of no value.
(C) A switch, resistor and two batteries permit accurate turn-off, turn-on and ohmmeter tests—accurate indication of the transistor condition can be obtained, but
leads must be changed during the test.

®

OFF

NPN

PNP

B-C

TURN-OFF

B-E

TURN-ON

BLUE TO
COLLECTOR

TO OHMMETER

27K

GREEN
TO BASE

T

'5

-1. 5

o

YELLOW TO
EMITTER

Flg. 9 Complete schematic of an adapter you can build which permits quick and
accurate turn-off, turn-on and ohmmeter tests without moving ohmmeter or transistor clip leads—a very good method.
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base current. However, the input
resistance of the transistor will be
lower, and this could have a noticeable effect on AC gain because
of the change in impedance matching.
Ohmmeter Tests
Ohmmeter tests of germanium
type transistors and diodes are quite
informative, but such tests are of
questionable value for checking silicon devices, for which most ohmmeter readings normally indicate a
nearly open circuit.
The accompanying table compares the ohmmeter readings of
individual transistors and not those
representing average conditions. Notice that only the forward bias readings of base-emitter and base-collector of the silicon transistor are
low enough to have any significance in an ohmmeter test. Some of
these ohmmeter readings will change
from the heat of a persons fingers.
Also, the table does not show the
completely different readings obtained if another ohmmeter scale is
used, or if a meter with a different
value of ohmmeter battery voltage
is substituted.
Despite all these limitations,
nearly all germanium and many silicon transistor defects can be found

with ohmmeter tests; because most
failures are absolute, borderline or
questionable results are seldom
obtained.
Turn-Off and Turn-On Tests
Ohmmeter readings combined
with simple turn-off and turn-on
tests provide an easy method of de ;
termining the ability of the base to
control collector-emitter current,
plus adequate leakage checks.
The collector-emitter resistance
(in the forward-bias polarity) increases when the base is connected
to the emitter, as shown in Fig. 8A.
This is true, but not complete, transistor action, because a small
amount of voltage is developed between base and emitter when the
base is floating, and this voltage
acts as forward bias on the base,
which reduces the collector-emitter
resistance. Connecting the base to
the emitter is the simplest type of
turn-off test.
Logic indicates that the circuit of
Fig. 8B should be a simple, but
good, turn-on test. A low reading
on the ohmmeter is produced when
the base is connected to the collector. But examining the diodeequivalent schematic reveals that
the positive ohmmeter lead now is
connected to the base, which is for-

ward biased relative to the emitter
and, consequently, will be indicated
as a low resistance. This is a false
turn-on test, and is of no value.
True transistor action can be
tested by the circuit shown in Fig.
8C, which keeps the collector isolated from the base as the base is
supplied with forward bias, no external bias or reverse bias. Experience has proven the test results to
be very good, but the operational
drawback of changing leads increases the possibility of poor connections, not to mention loss of
time.
A complete adapter that provides
all connections for ohmmeter turnoff and turn-on tests is shown in
Fig. 9. Neither the transistor nor
the ohmmeter leads require reversing or changing, and a transistor
can be identified as a PNP or a
NPN by the readings obtained
when those two positions of SI are
tried.
The same 2N408 used to obtain
the readings in the accompanying
table measured 200 ohms on the
turn-on position of S2, 6K-ohms on
the C-E position, and about 100
megohms on the turn-off position.
No hair-splitting decisions are necessary to conclude that this transistor
is normal.
A

Chapter 9

Checking transistors with
the in-circuit transistor tester
The amount of solid-state units
that have to be serviced is increasing, and, as aresult, more and more
service shops are turning to the incircuit transistor tester to reduce the
time required to service these units.
At present, there are more than
30,000 electronic service shops
using the in-circuit AC beta transistor tester. Many more would use
this time saver if they knew more
about its operation and applications.
The following paragraphs explain
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how the in-circuit transistor tester
operates and how it is applied to reduce servicing time.
Operation
With the tester connected to the
transistor, the BETA CAL control
is adjusted to the BETA CAL line
on the meter. This sets the collector
current to a normal level of about
2 milliamps, as shown in Fig. 1.
When the TEST or GAIN button is
depressed, the meter is transferred
to the base circuit, as shown in Fig.
2, and the amount of base current

it took to give the 2 milliamps of
collector current is read on the
meter.
Because beta is the ratio of input
current to output current, the meter
can be calibrated directly in beta.
This is an extremely simple explanation, but the operation is just as
simple and easy to perform.
Parameters
Beta is a very important parameter in a transistor because it indicates whether or not the transistor
has enough gain (the ability to amp-

lify a signal). As can be seen, the
less base current it takes to produce
the "set-up" collector current, the
higher the beta or amplification of
the transistor. This is the reason for
the reverse-reading beta scale on
these testers.
There is one more parameter that
is just as important: leakage, or
ICBO. Leakage is the reverse current that flows between the base and
collector of atransistor, and is measured with the emitter lead open, as
shown in Fig. 3.
Leakage in atransistor is important because it can affect the total
operation of the circuit. Since the
leakage current is in opposition to
the normal current flow between the
emitter and collector, it will lower
the beta of the transistor. In many
cases it may not lower the beta below the general beta spread of the
transistor and, therefore, may not be
detected during the beta test. The
leakage measurement must be made
out of circuit because any resistors
or coils in the circuit will provide a
path for the DC current and produce
a false reading.
To measure leakage, avoltage of
the opposite polarity is applied between the base and collector leads,
and the resultant base current is
measured on the meter. Normal
leakage of a germanium transistor
will be about 2 to 10 microamps
in low-power types and up to 3
milliamps in power-output types.
The leakage in silicon transistors is
much lower and, in many cases,
may not even be indicated on the
meter of the tester.
Connecting the Leads
The leads from the tester must
be connected correctly to the transistor to be tested. With the transistor
out of circuit, this is simple because
the leads are easy to get to. The
only difficulty that may be encountered is identification of the base,
emitter and collector leads. Fig. 4
shows some of the more common
base diagrams of transistors. When
there is some doubt about lead identification, consult a transistor manual, such as Howard W. Sams Transistor Specification Manual, or Sencore's FET and Transistor Reference Book. Look up the transistor
by number and refer to the base
diagram indicated.
Testing transistors in-circuit may
be a little difficult. In many cases,

V

BETA CAL LINE

o

o

BETA CAL CONTROL
Fig. 1 BETA CAL control sets the collector
current to a normal,
or reference, level of
about 2 ma.

Fig. 2 Depressing
TEST or GAIN button
switches meter to
base circuit. Meter indicates amount of
base current it took
to produce 2 ma of
collector current, although meter scale is
actually calibrated in
terms of beta.

LEAKAGE
POWER
SUPPLY

EMITTER
CIRCUIT
OPEN

transistors are soldered to the circuit board, and the leads are either
too short or non-existent so that the
test leads cannot be attached to
them. To overcome this, connect the
tester leads to the leads of a corn-

Fig. 3 Reverse current
flowing between base
and collector (ICB0)
is measured with this
basic test setup.

ponent that is connected to the different elements of the transistor, as
shown in Fig. 5. A small light under
the board will help trace out the
leads and printed circuit for making
the right connections.
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After the transistor tester has
been connected properly to the transistor, either in or out of circuit,
rotate the BETA CAL control on
the tester until the meter pointer
rests on the BETA CAL line on the
right hand side of the meter. As explained earlier, the collector current
is now being set to a2-milliamp reference level. With the meter calibrated, depress the BETA TEST or
GAIN button, and read the beta
direct from the meter scale. Most
testers have two ranges of beta. In
most cases, the high range will be
used. The lower range will be used
mostly for older transistors and
many of the audio output transistors,
since they have a lower beta figure

than the
transistor.

low-power

audio-driver

Checking for Defects
The chart on page 28 shows the
meter indications for different transsistor defects. For example, if one
of the transistor elements is open,
the tester will not calibrate out of
circuit, but may appear to calibrate
in-circuit due to current paths created by the circuit impedances.
When the gain or test button is depressed, no beta reading will be obtained. For various other defects the
tester will not calibrate or will not
give a beta reading, indicating that
the transistor or the circuit around
it is defective. This will be the case
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Fig. 4Base diagrams of common transistor types currently in use.
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Fig. 5Tester leads connected to components whose leads are electrically connected
to leads of transistor under test.
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in over 85 percent of the circuits
that are tested. If the transistor tester
can be calibrated and again reading
in beta obtained on the meter, the
transistor is not defective.
This simplicity and ease of testing
is the one big reason why the incircuit AC beta transistor tester has
become so popular for solid-state
servicing.
Leakage
In some cases, abeta reading will
be indicated, but the transistor will
still be defective. There are several
ways to tell if the transistor is at
fault.
First, if the meter needle vibrates rapidly during the beta reading, it indicates that the transistor
could be leaky or have excessive
ICBO. The vibrating needle indicates that alarge amount of current
is being drawn from the power supply of the tester. Any time this is
indicated, recheck the transistor for
leakage out of circuit. (In low-impedance circuits, the circuit itself,
or adefective component in the circuit, could also cause this effect.)
If the transistor is not found to be
defective, check the circuit for the
source of the problem. In either
case, the defect has been isolated to
agiven stage or component.
If the beta reading of the transistor being checked is low, it is generally due to leakage of the transistor.
It is agood idea to list on the schematic of the various sets that you
service regularly, the beta readings
taken in-circuit on anormally operating set. These readings can be used
for comparison in the future. Also,
consult a transistor manual for the
values of beta that can be expected
from the various types of transistors.
Examples of Application
Using an in-circuit transistor
tester and the preceding information,
servicing time on solid-state devices
can be reduced. Here are a few
examples and points that can be
used for servicing solid-state devices
in the shop.
The customer complained of distorted audio after his radio operated
for several minutes. The unit was
opened and the audio output transistor was replaced. When the unit
was connected to the bench power
supply, it operated normally for
over 30 minutes without distorting,
so it was buttoned up and returned

to the customer. Two days later he
returned the radio for servicing.
When asked how long it played
before distorting, he said 30 minutes.
Without opening the unit, it was allowed to play, and after 20 minutes,
the sound became distorted. The
output transistor was checked but it
registered normal on both beta and
leakage.
The audio stages were the most
likely suspects, so beta readings of
the transistors in the audio were
taken and recorded while the unit
was cold. The radio then was allowed to play until the distortion
became very noticeable, and another
beta reading was taken. The reading of the first audio amplifier was
almost half the value of the reading
taken earlier, and the leakage was
high when checked out of circuit.
When the transistor was tapped,
the leakage changed, indicating an
intermittent problem. The first audio
amplifier transistor was replaced,
and the radio returned to the customer, who reported much later that
the radio played better than ever.
The moral: Don't jump to conclusions before having all the facts.
While servicing a small-screen,
portable imported TV set, it was
found that an exact replacement
transistor is not always the answer.
The original complaint had been no
video. Another technician had discovered that the first video amplifier
transistor was defective, and had put
in the recommended replacement
transistor from a replacement line.
The result: a weak and washed-out
picture. This prompted him to get
an exact replacement transistor for
the set, but it produced only slightly
better results.
The in-circuit transistor test
showed the driver and video output
transistors to be high-gain types,
while the exact replacement transistor was a low-beta type.
Another transistor in the set had
the same markings as the replacement transistor so its beta was measured. It measured high.
The beta of various transistors
in the general replacement transistor stock was checked. One transistor out of the group was high,
but just under that of the driver and
output stage. This was installed and
the picture improved. The FET and
transistor reference book was consulted, and it was discovered that
the general replacement transistor

was usable since its beta reading of
75 fell within the indicated normal
beta spread of 50 to 180. However,
the transistor that finally solved the
problem had a beta of 165. Apparently, the design of the video circuit left much to be desired and
would work only with high-beta
transistors in all three stages.
In most cases, the circuit will operate normally with a transistor
whose beta falls within the given
beta spread of the general replacement transistor, but don't overlook
the fact that some circuit designs
are more gain sensitive than others.
Other Tips About Transistors
There is such athing as an intermittent transistor. The AC beta can
be checked hot or cold. Using freeze
spray can speed up servicing time.
Connect the in-circuit tester to
the suspected transistor, and check
the beta. While depressing the TEST
or GAIN button, spray the transistor with the freeze spray. If the
beta reading disappears, the transistor is defective. Beta gradually decreasing is normal for a transistor
operating in cold ambient temperatures. Any sudden or drastic change

indicates a thermally intermittent
transistor.
Another problem involves the
transistor that is not listed in any
specifications book. In this case,
look for a transistor with markings
similar to the defective transistor,
and use its beta reading to select a
replacement transistor. Usually a
similar transistor can be found in
the TV set, but if not, look for one
with a similar function, such as an
audio driver for a video, horizontal
or vertical driver.
In the IF there are usually three
transistors. Compare the two good
ones and average the readings. IF
and RF transistors generally have
lower beta than audio transistors.
Conclusion
Servicing time can be reduced by
using the in-circuit transistor tester.
The amount of time saved is dependent on the technician's knowledge of the operation and application of the instrument and his ability
to interpret the information it supplies. A thorough understanding of
the parameters and peculiarities of
solid-state devices is also essential
to quicker solid-state servicing. •

Transistor Tester Meter Indications For Defective Transistors

TROUBLE

METER INDICATION

Open Base, Emitter or Collector

Cannot BETA CAL when transistor is tested out of circuit. In
circuit tester may BETA CAL through circuit impedances but
no beta reading can be obtained when GAIN button is depressed.

Base to Emitter short

Tester will BETA CAL but TYPE switch must be in wrong position. Beta reading will be all the way to left or greater
than infinity with meter pointer vibrating.

Base to Collector short

Tester will BETA CAL, but when GAIN button is depressed,
meter indication will not change.

Emitter to Collector short

If there is adead short, testor will not BETA CAL. If there
is alow resistance short the tester may BETA CAL, but the
meter needle will vibrate rapidly when checking beta.

Collector and Base leads interchanged

Tester will BETA CAL, but meter reads to right (a beta of
less than one).

Emitter and Collector leads
interchanged

Tester will BETA CAL, but meter may read to right (a beta
of less than one). Indicates avery low beta figure. A few
transistors may read the same because they are made to
have the Emitter and Collector leads transposed.

Base and Emitter leads
interchanged

Transistor will BETA CAL as opposite-polarity transistor, and
no Beta reading is obtained when GAIN button is depressed.
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Chapter 10

Testing transistors, diodes,
FET's and SCR's with the curve tracer
Transistor Characteristics
Which Can Be Tested
Characteristics of transistors
which can be measured include DC
beta, AC beta, shorts, leakage,
opens, bandwidth, linearity, polarity (PNP or NPN), internal capacitance, noise level, and maximum
permissible operating currents and
voltages. Only a few of these characteristics can be tested in an electronic service shop, because of practical limits of test equipment and
technicians' time.
Several simple methods of testing
some characteristics of transistors
were given in Chapter 8.
Testing of shorts, leakage and
opens is understood best by thinking of the transistor as three inter-

connected diodes, as shown in Fig.
2. Forward and reverse resistance
of the three junctions can be measured with an ohmmeter by testing
one junction, then reversing the polarity of the leads and measuring
again. This method demands some
experience in interpretation, and,
unfortunately, when applied to nondefective silicon types, infinite resistance is indicated by most of these
tests. However, some opens, shorts
and most leakage can be detected
using this method.
Each diode junction of atransistor also can be dynamically tested
for its ability to rectify, by use of
the circuit shown in Fig. 3. The
ideal waveform for agood junction
is aright angle. A short produces a

vertical line, and an open produces
ahorizontal line. These tests can be
made on in-circuit transistors; however, the accuracy will depend upon
the circuit characteristics. Also, collector-emitter tests are not as definite as we might desire, and leakage indications are not very sensitive.
Turn-on and turn-off tests in
which the collector-emitter junction
is measured with an ohmmeter are
true measures of transistor actions.
Of course, no accurate calibration
is possible. The basic circuit foi
such tests is shown in Fig. 4.
DC beta testers accurately measure the DC, or static, gain of a
transistor by adjusting the base current to achieve a known collector
current; the base current then is
measured on a meter whose scale
is calibrated in DC beta. The smaller
the base current required, the higher
the beta. A simplified schematic of
this method is shown in Fig. 5
In actual commercial instruments,
only one meter is used, with switch-

NPN

Fig. 2 Equivalent circuit of an
Fig. 1 Jud Williams Model A transistor curve tracer, one of at least three commercially produced curve tracers now available. Unit shown here simultaneously applies one step of a staircase waveform of current to the base of a transistor and a
parabolic voltage to its collector. Emitter-collector current (voltage dropped across
emitter resistor) is used to drive the vertical deflection of a scope and the collector
voltage provides horizontal deflection. The resultant waveform is a "family of
curves" which reveals the degree of control the base exercises over emitter-collector
current, levels of leakage between junctions and AC gain, or beta (ratio of base
and collector currents). Two three-prong sockets on top of unit are for out-of-circuit testing of transistors. Three-prong probe which is plugged into PROBE socket
on front panel of unit is used for in-circuit testing. Connections to scope are located at rear of unit.
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NPN

transistor shows three interconnected
diodes which represent the relationships of the three elements of a transistor—emitter, base and collector. Resistance testing of these "equivalent
diodes"

reveals positive information

about the diode action of the junctions
(front-to-back ratios) and the junctionto-junction leakages (reduced resistance). The equivalent circuit of a
PNP transistor is the same as that shown
here, except the polarity of the diodes
is reversed.

M
II

Fig. 3 Schematic of a simple method which permits testing of the diode junctions
in a transistor using a scope as the readout. A right angle is the ideal waveform for
base-emitter and base-collector junctions.

Testing Transistors
With Curve Tracer And Scope

NPN

Fig. 4 The ability of the base to control
the resistance of the collector-emitter
circuit can be tested by this simple test
unit, which is connected to an ohm-

Fig. 5 DC beta is the ratio of static
base current to static collector current.

meter.

COLLECTOR
CURRENT

ing for the various shunts. Other
switch functions are used for polarity reversal, leakage, calibration,
etc. Also, provision usually is made
for the beta tests to be made at
various amounts of collector current.
This is desirable because transistors provide different betas at different collector currents. For example, one transistor measured a
beta of 180 at 1 milliamp and a
beta of 240 at 10 milliamps. Many
commercial transistor testers have
provision for measuring beta in-circuit. Iwill not comment on this because to date Ihave not had an occasion to perform these tests.

-01— 30 pA

BASE
CURRENT

LEAKAGE

Dynamic transistor curve tracers
are beginning to be heralded as the
best solution to some of the shortcomings of the preceding tests. Follow with us as we thoroughly check
out the performance of the Jud Williams Transistor Curve Tracer,
Model A (photo in Fig. 1).
The curve tracer applies a"staircase" waveform of base current to
the base of the transistor, and during each step of the staircase aDC
voltage that varies from zero to
maximum and back to zero again
is applied to the collector of the
transistor. Collector current vertically deflects the scope beam, and
collector voltage provides horizontal deflection.
Fig. 6shows the relationships between the waveforms applied to the
transistor and the resultant "family
of curves" produced by a normal
transistor. The family of curves

COLLECTOR
VOLTAGE

Fig. 7 Curve produced on a solid-state
scope as a result of protective zener
action in the horizontal sweep circuit
of the scope. Many scopes will overload
Fig. 6 A typical family of transistor curves showing the relationship between the
DC "staircase" base current and the DC parabolic collector voltage. The collector
voltage varies from zero volts to maximum and back to zero again during the duration of each step of the staircase. Collector-emitter leakage can be read by the tilt
of the zero base current curve compared to the true zero line on the scope graticule.

when the COLLECTOR VOLTAGE control is set to produce higher voltages.
False curves are the result. See the text
for ways of eliminating such horizontal
sweep overload.
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shows collector voltage and current
at zero base current and at five
steps of increasing base current.
Tilt of the "zero base current"
curve (the longest one) is an indication of collector-to-emitter current
not controlled by the base. This uncontrolled current is adirect indication of collector-to-emitter leakage.
How To Connect The Scope
And Obtain A Curve
Three wires extend from the rear
of the curve tracer cabinet. The
black lead connects to the ground
post of the scope, the white lead
to the horizontal input terminal or
binding post, and the red lead to

the vertical input. Usually, it is more
convenient to use the regular scope
probe. If the probe has direct and
low-capacitance functions, use the
direct position, to avoid unnecessary mathematics when measuring
transistor beta.
Rotate the horizontal selector
knob on the scope panel to the position marked "EXT", "H INPUT"
or "HORIZONTAL INPUT". With
both the curve tracer and scope
turned on and the VOLTAGE control of the tracer turned up partially, ahorizontal line should be seen
on the screen of the scope. The horizontal width of this line should vary

when both the VOLTAGE control
on the tracer and the horizontal gain
control on the scope are adjusted.
Scope intensity, focus and centering
should be adjusted normally.
No locking adjustments are necessary, because the scope receives
both horizontal and vertical deflection voltages from the curve tracer.
Preset the BASE CURRENT
switch to 10 /la, the SELECTOR
switch to LEFT position and the
VOLTAGE control to about 20
volts. Plug into the left socket on
top of the tracer a small three-lead
transistor which is known to be
good. Be certain the leads are in-

LA

(B)

LC)

iD)

(E)

(F)

Fig. 8 Normal variations in
curves of non-defective transistors.

(G)
(A) Family of curves for a 2N411 PNP germanium transistor. BASE CURRENT control set for 10 IL A per step of
the staircase, and VOLTAGE control set at 20 volts PP.
(B) Curves produced by same transistor, but with BIAS
switch erroneously set for silicon instead of germanium.
(C) Curves produced by same transistor, but with VOLTAGE control set at 70. Avalanche leakage occurs at about
50 volts.
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(H)
as in (D), but, because COLLECTOR VOLTAGE is set at
only 20, only 5 curves are produced on scope.
(F) Curves of an old type 2N301A PNP germanium power
transistor. Notice how leakage tilts the "zero base current" curve. Also note the loops in each curve, which indicate poor frequency response and internal heating.
(G) Family of curves of a small NPN silicon transistor with
BASE control set at 10 1.
L
A and COLLECTOR set at 15

(D) Curves produced by same transistor, but with BASE
CURRENT control set at 50 /I A, VOLTAGE set at 30, and
scope vertical gain reduced.

volts. This transistor produces about 50 percent more
gain than the one in (A).

(E) Curves produced by same transistor and conditions

VOLTAGE control increased to 25, to produce all 6 curves.

(H) Curves produced by same silicon transistor, but with

serted in the correct socket holes.
Between two and six curves, depending on the transistor, should
appear on the scope. Wrong setting
of the POLARITY switch will cause
an "L" or "J" waveform or avertical line. Select the position of the
POLARITY switch which produces
a normal curve; the polarity of the
transistor then can be read directly
from the position of the switch.
Adjust the vertical and horizontal gain controls and the centering
controls for a waveform of sufficient size to be seen easily. Fewer
changes in centering will be produced by adjustment of the various
controls if the scope vertical circuit
is set for the AC function.
Overload of the horizontal deflection circuit in the scope is relatively common when the VOLTAGE control is positioned to high
settings. Fig. 7 shows the bent ends
of the waveform produced by overload in one brand of solid-state
scope (caused by zener protection of
the FET used as horizontal amplifier). To test your scope for this
possibility: 1) Operate the tracer and
scope as usual, except do not plug
in a transistor; 2) Progressively increase the setting of the VOLTAGE
control on the tracer while reducing the scope width with the horizontal gain control; 3) A vertical
corner or a brighter area at either
end of the horizontal line indicates
scope overload. Such overload cannot be considered a transistor or
scope defect, because more input
is applied to the horizontal amplifier of the scope than is necessary
for full horizontal deflection.
Elimination of scope overload is
very simple. The manual for the
Jud Williams curve tracer says to
insert a 1 meg-ohm (or higher, if
needed) resistor between the white
wire from the tracer and the horizontal input of the scope. If you
are plagued by pickup of a powerful local broadcast station which
rides on top of the waveform, as
we are in our locality, a 5-to-1 or
10-to-1 fixed voltage divider might
minimize the interference. Values of
470K/47K-ohm perform well with
the solid-state scope.
Normal Variations
Of The Curves
Gain, leakage, avalanche voltages,
linearity and many other characteristics of transistors vary widely. Con-

sequently, many variations in the
waveshape of curves obtained from
individual transistors of the same
nomenclature and brand can be expected, in addition to the larger variations obtained from transistors of
different types and/or brands.
However, the mere production of
a family of curves, regardless of
minute variations and/or abnormalities, in most instances can be considered absolute proof that the base
of the transistor is controlling the
collector current and, consequently,
the transistor probably is functioning relatively normally. In other
words, presence or absence of the
family of curves is, for all practical
considerations, a valid "go/no-go"
indication.
Many of the normal out-of-circuit
curves are shown in Fig. 8. Notice
carefully the settings of the curve
tracer controls, which are listed for
your guidance.
Open Circuits and Leakages
An open in any element, abaseemitter short, or no transistor
plugged into the curve tracer will

produce a straight horizontal line
on the scope, as shown in Fig. 9. A
vertical line is caused by acollectoremitter or abase-collector short.
Leakage tilts the horizontal lines
pf the curves. Fig. 9 shows the
curves produced by transistors with
various values of leakage.
Mistakes Cause Wrong Curves
Improper curves can be caused
by mistakes in plugging in or connecting the transistors or improper
adjustment of the curve tracer controls. Some of the resultant snares
possible are shown in Fig. 10.
Comparison of Tests
Of Defective Transistors
For comparison, I tested several
defective transistors with 1) the
curve tracer, 2) with a good commercial beta tester and 3) by use
of the standard series of ohmmeter
tests. The results then were compared for accuracy and speed. The
findings are included in the following paragraphs.
Fig. 11 shows the curve tracer
waveform and the results of the

(A)

(D)

(B)

(C)

Fig. 9 Curves produced by defective transistors.
(A) A single horizontal line is caused by a base-emitter short or an open
element.
(B) A single vertical line is caused by a base-collector or collector-emitter
short
(C) Curves of a 2N408 PNP germanium transistor with a 1.8K-ohm short between collector and emitter, or a 180K-ohm short between base and collector. Notice the tilt of all the curves.
(D) Non-linearity near the "zero base current" curve of a 2N408 caused by
abase-emitter short of 10K ohms.
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Fig. 10 Abnormal curves caused by
improper

connections

and/or

ad-

justments. (A) At first analysis, this
is

a normal-appearing

curve;

how-

ever, the collector and emitter of
the transistor where interchanged. A
large base current of 100 1L A was
required to produce the curve, indicating very low transistor gain. (B)
Some variation of a right angle is
obtained

when

the

POLARITY

switch is reversed. (C) A right angle and false curves caused by operation of a NPN silicon power transistor with the
polarity switch set for PNP and the base current increased to 500
erated correctly with BASE CURRENT of 10

pA,

but with the

A. (D) The same NPN silicon power transistor op-

SILICON

BIAS

control

turned

to

one

end,

causing

a

"gremlin" on alternate lines. This is a factory adjustment which can be touched up, if needed. Slight adjustment of the
bias control eliminated the spurious response. (E) Curves produced by same transistor reveals non-linearity, also caused
by a wrong setting of the SILICON BIAS control.

other two methods. The beta tester
disclosed that the DC beta was
slightly low, but the transistor was
otherwise okay. Analysis of the
ohmmeter readings indicated collector-to-emitter leakage, while the
curve tracer revealed low gain and
poor linearity. All three methods
indicated that the transistor was not
completely normal, but the results
from the curve tracer were obtained
quicker and were more absolute.
The curves in Fig. 12 indicate
high transistor beta, or gain; however, the slope of the "zero collector voltage" side of the curves was
excessive. Base-emitter forward resistance measured normal (110
ohms) on an ohmmeter, but the
base-collector forward resistance
was 1.2K ohms, nearly ten times
the normal value. The beta tester
indicated that the beta was 170 at 1
milliampere, and that the leakage
was normal. Both the ohmmeter and
the curve tracer revealed a defect
in the transistor, but the curve
tracer revealed it quicker.
It's possible to try too hard to
obtain a curve; in such cases the
result usually is a false curve, as
shown in Fig. 13. Ohmmeter measurements indicated that the transistor had an open emitter. The beta
tester indicated "no collector current." The two curves produced by
the curve tracer are false ones obtained by increasing the setting of
the COLLECTOR VOLTAGE
control which, in turn, increased the
height of the waveforms.
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Fig. 11 These curves are nearly normal
for a NPN silicon type except for some
non-linearity, but low gain was indicated when the base current had to be
increased to 20 1,A to obtain a waveform of the usual

height.

Beta meas-

ured 42 at 10 milliamperes, with no
noticeable leakage. The collector-emitter forward reading was 20K ohms and
the reversed reading only 24K ohms.

Fig. 13 Two false curves produced by
an NPN transistor with an open emitter. Base-collector was 80 ohms; baseemitter indicated
tests.

infinity on ohmmeter

(A) Tested as an NPN, with base current of 100 ,
EA.
(B) Tested as a PNP, with the base current at 500 1,A.

Fig.

14

Curve

here

shows

low

gain

(base 20 p.A) and severe leakage. Beta
Fig. 12 Excessive slope of the left side
of the curve. Beta was 170, with normal leakage. The forward resistance of
base-emitter junction was a normal
110 ohms, but the base-collector measured 1.2K ohms.

was 67 with collector-emitter leakage.
Ohmmeter tests

indicated

emitter

resistance

forward

collec torof

1300

ohms; the reverse resistance was 3000
ohms. All three test methods produced
accurate indications in this case.

All three test methods correctly
indicated high leakage in another
transistor, whose family of curves
is shown in Fig. 14. However, tests
with the curve tracer required less
time.
Fig. 15 Except for the peculiar leakage
pattern

on

the

"zero

base

current"

curve, these curves indicate a normal
PNP

germanium

transistor.

Ohmmeter

tests were good, and beta measured a
high 300.

Fig. 16 Three different kinds or degrees
cf avalanche leakage.

(A) Base current of 50

/I A

was nec-

essary to produce this normal-size
waveform, indicating low gain in this
NPN

silicon transistor. Ohmmeter

tests were normal, except for excessive base-collector leakage. Beta
was 37, with

normal

leakage indi-

A "zero base current" curve of
a 2N1303 germanium transistor is
shown in Fig. 15. This curve indicates leakage with a few volts of
collector voltage, no leakage with a
relatively higher level of collector
voltage, followed by normal avalanche leakage. (Another transistor
of the identical type did not produce
the unexpected dip in the base line.)
The beta reading was a high 300,
and leakage was normal. Ohmmeter
readings seemed normal. Only the
curve tracer found this defect.
Two extreme avalanche conditions are shown in Fig. 16. The
curve at (A) shows low-gain avalanche leakage on all of the curves
except the "zero base current"
curve, which usually is the first to
bend when the COLLECTOR
VOLTAGE control is advanced. A
beta of only 37 and normal leakages were indicated by the beta-type
*
tester,

cated.

(B) Curves of this NPN silicon traosistor indicate very high gain (base
current

10

,,A)

and

a sharp

ava-

lanche at 10 volts. Ohmmeter readings were normal. Beta was a very
high 400 at 10 milliamperes. Only
the curve tracer showed any sign of

while an ohmmeter test indicated excessive collector-base leakage.
The family of curves shown in
Fig. 16B reveals a sharp avalanche
leakage at only 10 volts PP. Many
circuits use more DC voltage than
this, and under such conditions the
transistor would act as if it had a
collector-emitter short. Normal
ohmmeter readings and avery high
beta reading of 400 at 10 milliamperes with normal leakage would
seem to indicate that the transistor
was entirely normal. Only the curve

tracer revealed the true defect, a
voltage limitation.
Another transistor with lower
gain exhibited similar avalanche
symptoms. Fig. 16C shows how the
avalanche corner extended down to
meet the "maximum base current"
curve when the collector voltage was
increased to 20 volts.
Because many transistors are
soldered to the circuit board, incircuit testing can save valuable
time ordinarily spent unsoldering
and removing the transistor. Also,
the possibility of damaging the transistor is reduced.
The Jud Williams Transistor
Curve Tracer Model A is reported
to have the capability of finding
defective transistors in most circuits.
One plug and cable supplied with
the tracer has three small clips on
the end for connection to out-ofcircuit transistors or diodes which
do not fit the sockets on top of the
tracer, or for in-circuit connection
to any transistor where space permits. A three-tip B&K probe (see
Fig. 179, with cable and connector,
also is supplied. Each of the three
sharp tips is free to swivel in a
circle, and each is spring loaded to
retract partially into the probe
when under pressure so that solid
electrical contact can be maintained
against any copper foil circuit board.
Each tip has a color band, to
identify the base, emitter and collector connections.
The family of curves produced
by in-circuit tests are radically different than those produced with the
transistor out of circuit. Mr. Williams advocates that these displays
be called "signature patterns", and
suggests that they be included by

a defect in this instance.

Fig. 17 Probe

(for

testing transistors
on circuit boards)
supplied with the
Jud Williams Curve
(C) A NPN silicon transistor with an
indicated

beta of

leakages

and

The

transistor

140

and

ohmmeter
had

so

Tracer.

normal

readings.

much

ava-

lanche the corner of the curve
moved down and touched the bottom curve when the collector voltage was increased to 20 volts.
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the manufacturers in their service
data, or added by technicians to
their PHOTOFACT schematics
after the pattern for each normal
in-circuit transistor has been deter-

mined.
Capacitances and inductances in
the circuit often make loops out of
the curves, while resistances cause
the curves to tilt as though the tran-

BIAS

POLARITY

BASE CURRENT
(Ce)

, 111CON

sistor were leaky. For example, a
.25-mfd capacitor (without any transistor) connected between the base
and collector clips of the tracer
probe produces an approximately

SELECTOR

100

è0

LEE7

'UGH'

VOLTAGE

PROBE

30

40
I

%0

. 500

70

AO

RMAN 10M
UP,SIEP

Fig. 18 A near-ellipse

PPC,B[

Transistor Curve Tracer

is produced by con-

e

nection of a .25-mfd
capacitor

ineq

°

VcE

O

Model A-by Jud Williams

isimmienvamommw

between

the base and collector clips of the probe

Fig. 19 Front panel controls of the Williams curve tracer.

(A) Curves of a 2N408 PNP transistor
in a resistance coupled audio amplifier.

Base-emitter

conduction

in

the

(B)

Signature

pattern

curves

of

a

2N408 PNP transistor in an output cir-

stage

cuit which includes a transformer in
the collector circuit, but with the

causes what appears to be an ava-

speaker disconnected. BASE CUR-

lanche condition at the end of the zero
base current line.

RENT set for 10

following

transistor

amplifier

A.

(D)

Signature

pattern

curves

of

a

in
of

a
a

leaky out-of-circuit transistor. However, a BASE CURRENT setting of
1000 1,,A was necessary because of
loading by the circuit.
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(E) The same transistor and circuit as
in

(D) gave this set of false curves

which include pulses of RF oscillation
when

curves resembling out-of-circuit ones.
BASE CURRENT switch set for 20 p.A.

Fig. 20 Examples of in-circuit transistor
curves.

E

mixer-oscillator PNP transistor
portable radio resemble those

(C) A PNP audio output transistor with
a transformer and speaker connected
to
the collector circuit
produced

the

POLARITY

switch

changed to the incorrect NPN.

was

oval shape, as shown in Fig. 18
Higher setting of the BASE
CURRENT switch (often to the full
1000 p..A position) and the VOLTAGE control are required to overcome the loading of some circuits.
By comparison, most transistors can
be tested out of circuit with only
10 µA of base current. Locations
of these controls on the panel of
the curve tracer are shown in Fig19.
Distortion of the signature patterns often can be reduced by connecting together the positive and
negative voltage supply terminals of
the circuit under test (no power is
applied to the circuit during incircuit tests with the tracer).
Several typical signature patterns
of good in-circuit transistors and
one interesting pattern resulting
from the use of wrong polarity are

shown in Fig. 20.
It is clear that effective in-circuit
testing of transistors can be doné
with this curve tracer, especially if
comparisons with known good transistors are used to aid interpretation
of borderline cases.
Testing Other
Solid-State Components
Go/no-go tests of solid-state components. such as diodes, zener
diodes, SCR's and FET's, also can
be made with the Williams curve
tracer, although the instrument was
primarily designed for transistor
testing. Typical waveforms obtained
when these other solid-state devices
were tested out-of-circuit are shown
in Fig21.
The base-emitter junction of solicon transistors exhibit zener action

when tested as a diode. This is a
positive way of identifying silicon
alloy type transistors, since germanium types do not exhibit zener
action.
Inside the Jud Williams
Transistor Curve Tracer
A simplified schematic of the
Williams curve tracer is shown in
Fig.'"). A pulsating DC staircase
waveform is applied to the base of
the transistor under test, through
fixed resistors selected by the BASE
CURRENT switch. During the time
each step of the staircase is present
at the base, a pulsating DC voltage
of parabolic waveshape is applied
to the collector. This voltage starts
at zero, increases to the maximum
determined by the setting of the
VOLTAGE control, then decreases

Fig. 21 Out-of-circuit tests of diodes, FET's and SCR's.

(A) Curve of a power supply diode

(B)

connected between the emitter and
collector clips of the external probe.
POLARITY switch is set for NPN. Re-

widened by increasing the horizontal
gain of the scope. A good diode

verse

the

polarity

and

a horizontal

line should be obtained, indicating an
open circuit.

The

right

angle

curve

of

(A)

should have this horizontal part of
the angle, while a shorted diode will
produce only a vertical line.

(C) Curve produced by a zener diode
connected with its cathode to the
emitter clip and its anode to the collector clip. The POLARITY switch
should be set for PNP. The baseemitter junction of a silicon transistor
shows the same zener curve. Incorrect
setting of the POLARITY switch produces the normal diode curve shown
in (A).

Ilimm

kimiel
pled:!:
111:11
Bib

(D) Leakage and avalanche voltage
are best shown with the base disconnected, but emitter and collector connected normally. This 2N410 transistor
was not leaky, but showed avalanche

(E) A FET of unknown characteristics
produced this unusual waveform. It
seems advisable to test a known-good
FET as a standard before testing a

(F) Surprisingly, one SCR produced a
set of curves very similar to those
of a power transistor.

suspected one.

at about 28 volts.
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to zero. Because there is one parabola for each step of the 6 step
staircase, and the parabola frequency is 120 Hz, the repetition

COLLECTOR
VOLTAGE

frequency of the staircase pattern
is 20 Hz and some visual flicker is
noticed on the pattern.
A dynamic visual display of the
emitter current at zero and five
increasing base current steps is
created on the screen of any scope
by: 1) applying the voltage developed across the emitter resistor
to the vertical amplifier and 2) by
applying the collector voltage to the
horizontal sweep amplifier.
Although it is seldom necessary
in practical servicing to measure accurately the DC beta (the height of
the curves tell the approximate
gain), such a reading is possible.
Calibrate the gain of the vertical
amplifier of the scope so that each
vertical division of the graticule is
.1 volt. Then with the BASE CURRENT switch set for 10 WA, each
division represents a beta of 100,
when the space between the two
desired curves is measured. Fig.23
shows transistor curves for a beta
of 40. Each division represents a
beta of 50 when the base current
is 20 WA, etc.
Several minor trade-offs in the
curve tracer design prevent the
curves displayed from being true
base current-vs-collector current
graphs, such as those found in transistor manuals. Collector-emitter
current is measured by the voltage
drop across an emitter resistor, and

Fig. 23 Curves of a transistor measuring
a beta of 40. Calibrate the scope for .1
volt per vertical division on the graticule, then with the BASE CURRENT
switch set for 10 ¡L A, each division between the curves represents a beta of
100; at 20 WA each division represents
a beta of 50. In this example, the BASE
CURRENT switch was set for 50p,A,
therefore each division represents a
beta of 20.
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TO
EXTERNAL
HOR I
Z SWEEP
ON SCOPE

TO
GROUND
ON SCOPE

TO
VERTICAL INPUT
ON SCOPE

Fig. 22 Simplified schematic of the Williams curve tracer showing the polarity of
waveforms required to test aPNP transistor.

the voltage there (see Fig.24) is
degeneration, which subtracts from
the base signal and makes the display slightly more linear. This was
done so you can use your normal
service scope and avoid the expense
of obtaining a special scope with
an ungrounded vertical amplifier.
Inversion of the vertical waveform
(negative voltages go up, positive
go down) is the result of this small
compromise.
Horizontal sweep for the scope
is taken from the parabolic voltage
at the collector of the transistor
under test. Therefore, changing the
setting of the VOLTAGE control
also changes the width of the wave-

Fig. 24 Waveform across the emitter resistor when the sawtooth horizontal
sweep in the scope is used instead of
the parabolic horizontal sweep supplied
by the curve tracer.

shape on the scope; width can be
restored by use of the horizontal
gain control. This apparently was
done so that a shorted transistor
will cause a vertical line, and so a
right angle will result from diode
and zener diode tests.
The effect on the family of curves
when the horizontal sweep for the
scope is taken from the parabolic
supply before the VOLTAGE control is shown in Fig. 25. The reason
for the slanted zero-collector voltage side is that before collector current can flow, the collector voltage
must exceed the base voltage (both
voltages relative to the emitter). As
the base voltage is increased at

Fig. 25 A sloping zero-collector-voltage
side of the curves is the result of experimentally taking the horizontal deflection
voltage for the scope from the parabolic supply before the VOLTAGE control.

each step of the staircase, more
collector voltage must be applied
before current can flow. This actually produces a more accurate set
of curves.
These explanations of the minor
trade-offs are not intended as criticism, but are given for anyone
who really wants to understand completely the electronic principles involved in this curve tracer.
Fig. 26 Front panel
layout and the internal wiring of
the Eico 443 Semiconductor Curve

Using The Eico 443
Transistor-Diode Curve Tracer

Tracer.

Fig. 28 Typical of curves obtained using
the Eico 443 are these curves of a nondefective PNP transistor which measures a beta of 60. Adjust the beta knob

Fig. 27 Calibrate the scope for transistor beta tests with the Eico 443 by adjusting the horizontal gain, vertical gain
and the centering controls on the scope
for a 5-by-8 division diagonal line.

until the total height of the waveform
is 8 divisions, then read the beta from
the dial calibration.

Another solid-state curve tracer
suitable for use in electronic servicing shops is the Eico 443; both
the front panel and the internal
wiring are shown in Fig. 26 .The
design of this tracer seems to be
somewhat different than that of the
Jud Williams tracer previously described, and, consequently, so is the
resultant pattern.
One strong feature of the Eico
443 is the accurate series of tests
for diodes, including reverse leakage, maximum PIV and voltage
drop in the forward direction.
Four combination binding post/
banana plug jacks are provided on
the rear of the cabinet, for connection to a scope. It appears, from
the function and spacing of the
posts, that the tracer can be plugged
directly into the binding posts of
the Eico 465 DC scope by the use
of four male-to-male banana plug
adapters. A 10-by-10 division graticule for use on any scope is included.
The Eico 443 is available in
either kit or wired form. We built
our sample from the kit and encountered no problem; the tracer
worked on the first try.
Testing Transistors
With The Eico 443

TRANSISTORS

Fig. 29 Power and
signal beta calibrations on the
side of the curve
tracer.

SIGNAL
u M m

POWER

transistor-testing
0

50

6°

100
140
250

150
200
250

70
BETA
AID

60
30

300
00

A zero base current line and three
steps of base current are supplied
by the Eico unit; thus, four curves
are displayed. All small, or "signal",
transistors are tested with 10 volts
applied to their collectors and a
maximum current of 12 milliamps.
Power transistors are tested separately, using another beta-calibrated scale at 10 volts of collector
voltage and a maximum of 1
ampere.
Pre-setting of the vertical and
horizontal gain controls of the scope
by means of standard voltages from
.the curve tracer is necessary if cali59

brated readings are to be obtained.
Use these steps for maximum accuracy of readings:
•Connect leads (not supplied with
the unit) from the binding posts on
the tracer to the matching vertical
and horizontal inputs on the scope.
• Slide the POWER switch to OFF
and plug in the power cable of the
tracer.
• Slide the diode TEST-CAL switch
to TEST and the transistor TESTCAL switch to CAL; then turn the
FUNCTION switch to SIG for small
transistors or PWR for power transistors.
• Slide the POWER switch to ON.
• Select the DC function of the

scope, if the scope is thus equipped.
Calibrate the scope by using the
vertical and horizontal gain controls
and the centering controls to produce a diagonal line 5 divisions
wide and 8divisions high, as shown
in Fig. 27.
•Change the transistor TEST-CAL
switch to TEST, and the polarity
switch to either PNP or NPN, according to the type of transistor
you wish to test. If the transistor
polarity is not known, try both positions after atransistor is connected;
use the one that produces a family
of curves.
• Connect the transistor to be
tested either by using test leads (not

supplied with the unit) or by plugging it into one of the two different
sockets. Position the A-B transistor
selector switch correctly.
• Measure the DC beta by turning
either the POWER or SIGNAL beta
knob (according to which type was
selected by the FUNCTION switch)
until the total height of the pattern
(meaning all curves) is 8 divisions,
as shown in Fig. /8. Use centering
controls as needed. Read the beta
from the dial calibration, as shown
in Fig. 29.
Several typical curves of abnormal transistors are shown in Fig.
30. Leakage, if any, is shown by
the tilt of the zero base current line.
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(A) A NPN silicon transistor with excessive leakage that causes the curves
to be tilted.

(B) These curves of aNPN small-signal
transistor show excessive leakage, and
a beta below 15 (because the curves
cannot be adjusted to 8 divisions
high).

(C)

Another

NPN

small-signal

tran-

tor with a beta measuring over 500,
but with avalanche at a low collector
voltage and excessive leakage.
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(D) The forward resistance of the
base-emitter junction measured on an
ohmmeter a normal 110 ohms, but the

(E) Excessive leakage is indicated in
these tilted curves of a PN P power
transistor, and the beta tested only 25.

base-collector resistance was an abnormal 1.2K ohms. Notice the sloping
zero-collector-voltage side of the

(F) A high beta of over 500 was measured on this NPN silicon small-signal
transistor. However, the avalanche at
only 10 volts would prevent satisfactory operation in many circuits.

curves. Beta measured less than 15 on
the Eico curve tracer. This is the same
transistor tested in the February '71
issue of ELECTRONIC SERVICING in
Fig. 12 on page 43. A meter-type tester
gave a beta reading of 170 for this defective transistor.
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Fig. 30

obtained from
defective transistors.

Typical curves

Fig. 31

Scope

measurements

calibration

for

requires the

diode
vertical

gain, horizontal gain and the centering
controls on the scope to be adjusted
for a 10Lby-10 division diagonal line.

Fig. 32 The diode true PIV rating shown
here is 700 volts, because the horizontal line is 7 divisions wide before avalanche occurs and the VOLTS-DIV PIV
switch was set to 100.

Fig. 33
This zener diode should be
rated at 8.5 volts, because the VOLTSDIV PIV switch was set to 1.

Fig. 34 A forward voltage drop of .75
volt at 800 milliamps is measured by
this diode curve.

Testing Diodes
With The Eico 443
A different scope calibration is
needed for diode tests:
• Slide the diode TEST-CAL switch
to CAL position.
• Rotate the VOLTAGE ADJUST
control to minimum (CCW).
• Turn the FUNCTION switch to
REV position.
• Adjust the vertical and horizontal
gain controls of the scope for a
diagonal line across 10 divisions, as
shown in Fig. 31.
• Slide the diode TEST-CAL switch
to TEST. The HV neon bulb above
the switch should flash on and off.
• Turn the CURRENT switch to
10 ,ua, and the VOLTS/DIV PIV
switch to an appropriate scale, such
as 10 for a detector diode or 100
for a power supply rectifier.
• Connect the diode to be tested.
(Observe polarity markings.)
• Press the PIV TEST button and
advance the VOLTAGE ADJUST
control. The horizontal line should
move to the left until, at a definite
voltage reading, a vertical line is
formed on the left terminus of the
horizontal line; the height of the
vertical line will increase with CW
movement of the VOLTAGE ADJUST contiol, as shown in Fig. 32.
Use the centering control of the
scope to position the extreme right
end of the horizontal line on the
right border line of the graticule.
• Read the maximum PIV by the
number of divisions from the right
end of the trace to the vertical
angle line. Multiply the number of
divisions by the setting of the
VOLTS/DIV PIV switch. Don't be
surprised if the PIV of many diodes
measures better than the manufacturers' ratings.
A horizontal line indicates an
open diode, and a vertical line a
shorted one. A horizontal line also
can indicate that the VOLT/DIV
PIV switch is set too low.
Zener diodes are measured the
same way, except the VOLTS/DIV
PIV switch is set to a lower scale
in anticipation of what the zener
voltage should be. See Fig. 33 for
the curve produced by one zener
diode.
Forward tests of diodes use the
same scope calibration as for PIV
tests. Use this procedure:
• Turn the VOLTAGE ADJUST
control completely down (CCW).
• Change FUNCTION switch to

Fig. 35 Base-to-emitter voltage (without
a transistor) in the Eico 443 curve tracer shows zero and three steps of base
voltage.

FWD position.
• Set the CURRENT switch for
10 or 100 mA/DIV, according to
the expected rating of the diode.
• Slide the diode TEST-CAL switch
to TEST position.
• Connect, or insert into the test
clips, the diode to be tested.
• Increase the VOLTAGE ADJUST control (do NOT press the
PIV test button) to produce ahorizontal waveform similar to that in
Fig. 34. Position the vertical portion
of the trace on the left borderline
of the scope graticule, with the trace
initially starting on the zero voltage
(horizontal) line. The vertical divisions are .5 volts each (many
silicon rectifiers will measure about
.7 or .8, as shown). A vertical line
indicates no current (an open diode).
How The Eico 443 Works
The voltage applied between base
and emitter during beta tests is
shown in Fig. 35. There are zero
and three different steps of voltage,
but they are not in sequence. This
accounts for the faint lines across
the ends of the curves.
Conclusion
A 2N410 PNP transistor was
measured for beta by both curve
tracers and a good commercial
meter-type beta tester. The meter
measured a beta of 42 at 10 milliamps and 38 at 1 milliamp. The
Eico 443 indicated a beta of 60,
and the Jud Williams tracer showed
abeta reading of 40. Since all three
instruments applied different voltages to the transistor under test
conditions, we believe the degree of
difference is satisfactory. After all,
the DC beta of a transistor varies
according to the conditions under
which the transistor is operated, and
an exact beta is not essential in
service work.
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11
Transistor
substitution —
important
characteristics
Chapter

The number of transistor types
now in use makes it virtually impossible to stock all the original type
numbers. Even stocking a portion
of them ties up considerable capital
in transistors that might or might
not be needed.
Not too long ago, when germaniums were the only kind of transistors used, several manufacturers
marketed eight to ten replacement
units that would fill 90 percent of
the replacement needs. Today, with
silicons added to the replacement
lists, 30 general replacement types
are needed to fill the majority of
requirements. Whether you use the
suggested replacements cross-referenced by several manufacturers, or
whether you categorize your own
replacement types, the information
in this article should make selection
of transistor replacements less of a
guessing game.
PNP or NPN

How can you be sure you are selecting the right replacement? The
simple and most practical way is
to check manufacturers' cross-reference charts, like the ones shown
in Fig. 1. Find the original transistor type number and then check for
the replacement recommended.
If the replacement guide is not
available, or if you cannot tell what
the original part number was, then
you will need to find out as much
as you can about the characteristics
of the original. First, is it an NPN
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291020
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Fig. 1 Shown here are portions of two cross-reference charts published by manufacturers (RCA and GE).

or PNP? If you have the schematic,
you can determine this by the di'rection of the emitter arrow; as
shown in Fig. 2, if the arrow is
pointing "out", it is an NPN, and
if pointing "in", aPNP. (Some technicians remember this by using this
little saying: PNP for "Pointing 'N
Proper" and NPN for "Not Pointing 'N".)
A second method of checking the
type (it's possible for the draftsman
to draw the arrow wrong, or you
might not have a schematic) is to
determine the polarity of the collector-to-emitter voltage. If the collector is negative relative to the
emitter (not necessarily to ground),
the transistor is a PNP. If the collector is positive to the emitter, the
transistor is an NPN (Fig. 3). You
can remember which polarity is
which by recalling that the middle
letter of the type designation indicates the collector to emitter polarity—negative for PNP and positive
for NPN.
Is It Germanium or Silicon?
If the type number is lost, or you
have no cross-reference information,
the best way to determine whether
atransistor is asilicon or germanium
is by the amount of base-to-emitter
bias. The bias for agermanium type
wffl be 0.2 volt or less, while the
silicon will have a bias of 0.4 volt
or more. (This will not hold true
always, because certain circuits,
such as sync clippers or oscillators,
can have little or no DC bias, or
they might even have reverse bias
when operating normally.)
The above information should be
obtained from the schematic (as in
Fig. 4), because you won't be able
to take an accurate bias reading if

the transistor is defective. Usually,
though, you can expect all transistors in a particular design to be
either germanium or silicon, especially if they are in the same type
case. In this event, you can measure
the bias on other transistors to determine how much bias to expect
on the defective one. But even here
there are pitfalls, because in aDCcoupled circuit, the bias on all transistors wiii be changed when one
transistor fails.
Another way to determine
whether the transistor is germanium
or silicon is the design of the circuit
itself. (Again, this is not absolute,
but at least it is a good clue.) For
example, which one of the circuits
in Fig. 5 almost surely uses a silicon transistor? The answer is B, because there is no emitter resistor.
Only a silicon, with its excellent
stability, can be operated safely
without aprotective emitter resistor.
Also note that there is only one base
bias resistor. This, too, is permissible in silicon transistor circuits,
because of the low internal leakage
of silicons, and because they have
minimal change in leakage within
areasonable change in ambient temperature.
The circuit in Fig. 5A could be
using asilicon transistor, but is more
apt to be using agermanium. Some
designers continue to use the conservative design of the germanium
circuit for silicons, but these are
gradually disappearing.
Selecting a Replacement
There are several manufacturers
who cater to the replacement transistor market, and it seems foolhardy
not to take advantage of their experience by buying the transistors

which they have selected as ideal
replacements, and by using their
cross-reference charts.
You will find, once in a while,
that a designated replacement will
not take the place of the original in
some particular circuit. It is almost
impossible for amanufacturer to design a complete line of transistors
that will replace every transistor in
any type circuit with perfect results
in all cases. You must recognize
that there are a few exceptions to
each of the rules that apply to
placements.
The main rules that you should
always obey are:
• the replacement transistor you
select should be of the same
general type as the original
• it should be designed to operate in the same general kind
of circuit
• the collector-to-emitter voltage
rating should be high enough.
For example, you should not try
to replace agermanium with a silicon, nor the other way round, nor
should you try to replace an NPN
with aPNP. You should not replace
an FM RF amplifier with an AM
Mixer type, nor an IF amplifier
with an AF type. (Though, in the
latter case, it often is permissible to
substitute in the opposite direction;
that is, replace a transistor of a
"lower" type with one of a"higher"
type. For example, an audio amplifier transistor can be replaced with
an IF amplifier type, or a low-frequency transistor can be replaced
with one meant for higher frequencies.)
What About Gain?
So many factors enter into the

3.1V

9. 1V

-7. 9V

3. 9V
E
NPN

PNP

Fig. 2 The direction of the emitter arrow indicates whether the transistor is
an NPN or PNP. Other checks will
verify this, as pointed out in the text.

8. 3V
E

3. 3V

8.9V

(A)

(C)

Fig. 3 Which of the above transistor symbols is incorrect, assuming that the voltage
readings are correct? The answer is C. Note that the collector is actually more
negative than the emitter; this wound indicate that the transistor symbol should be
a PNP, with the arrow pointing in.
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calculation of stage gain that the
actual DC gain, as read on atester,
can be meaningless. The voltage
gain is important in avoltage amplifier, yet that same transistor is not
agood choice for atransformer-coupled audio driver, in which current,
or power, gain is desired.

RF and IF amplifiers, especially silicon types.
The gain of a particular transistor seldom will change during its
lifetime; consequently, as long as a
transistor has gain, it usually can be
assumed that the indicated gain is
normal. This is particularly true of
silicon transistors, which seldom develop troublesome leakage. Germanium transistors sometimes develop
an apparent change in gain due to
a change in leakage resistance.

The beta (gain) of different RF
amplifier transistors might vary considerably, but in some cases the one
with the lower beta might actually
function alittle better in-circuit. For
this reason, replacement transistor
gain is usually not considered critical. Current gains will range around
70, but might drop to as low as
40 or so for power amplifiers, or
up to 140 or 150 for some mixers,

What About Leakage?
The maximum permissible leakage in a transistor circuit depends
a great deal on the impedance of
the input circuit. For example, if
the DC resistance of the input cir-

0. 2V

9.4V

-1.

3.3V

IV

8

6. 7V

E
3. 4V
(A)

6. 1V
(c)

Fig. 4 Which of the above transistors are silicons? The Answer: B and C., because
both have more than 0.4 volt base-to-emitter bias.

cuit is 5K ohms or less, more transistor leakage can be tolerated than
if the DC resistance is one megohm.
Germanium transistors, even of
the same type number, have different amounts of leakage, which always increases as the temperature
increases. On the other hand, silicon transistors normally have almost
no leakage, and remain stable over
a wide temperature range. As a
matter of fact, silicons seldom have,
or develop, any significant leakage,
unless they go completely bad, in
which case they become shorted, or
nearly so.

Other Considerations
Four-lead transistors often are
found in older high-frequency equipment, such as FM tuners or radios.
The fourth lead usually is connected
from the metal case of the transistor
to common, or ground, in the circuit. In most instances, a four-lead
transistor can be replaced with a
three-lead one, as long as it is the
same general type. Connect the replacement leads to the emitter, base
and collector terminals, and disregard the fourth wire connection.
Today, most new solid-state circuits use silicon transistors, and you
can expect good uniformity and,
thus, interchangeability among units

Fig. 5 Which of these circuits most likely uses a silicon transistor? The answer is B. See text for complete explanation.
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of the same general type; for example, an NPN FM amplifier used
as the replacement in one make of
radio would replace, in just about
every case, an NPN FM amplifier
in another make radio. Consequently, if you have some exact
replacements in stock, you can use
them in the same stages in other
makes of equipment, to help relieve stocking problems.
Take special care when replacing
transistors in DC-coupled, or
"stacked", circuits, such as those
used in the audio amplifier stages
of auto radios. Tack in the replacement temporarily, and take collector-to-emitter voltage reading of
each stage to see if they correspond
closely to the original readings. If
they do, and the gain and fidelity
is good, the replacement then can
be installed permanently.
Be sure that the voltage rating
(Vceo) of a replacement transistor
is at least a little above the supply
voltage used for that particular
stage. Be particularly careful about
transient voltages, such as can occur when connecting or disconnecting a transistor while the power is
turned on. Transients are one of
the biggest causes of transistor failure.
Don't overload atransistor—even
a temporary short can permanently
damage it. Keep the current below
the rated limits, or the transistor
might be ruined instantly.
When installing transistors on a

heat sink, be sure to install properly the necessary mica- or oxidecoated washers, and insulators.
Also, always add a thin coating of
a special oxide-filled silicone compound between the transistor case,
the insulator and the heat sink on
the chassis to improve the transfer
of heat from the transistor to the
heat sink. The correct type of silicon
compound is available at nearly all
electronic parts distributors.
Compare the lead arrangement of
the replacement with the original
transistor—it could be different. If
it is, bend the lead wires on the requirement so that they will correctly
fit the holes in the printed board
without touching the other leads.
You should always recheck the
alignment of any RF circuit in which
you install a new transistor, even
with an "exact" replacement transistor. Usually, if the replacement is
suitable, you will not need to make
any drastic change, but acheck and
touch-up is recommended to insure
peak performance.
If you are not sure about a particular replacement, it's agood plan
to "tack" it in before making the installation permanent. It usually is
easier to tack in the replacement on
the print side of the board, but be
sure you have removed the original
transistor. If the circuit functions as
required after a check-out, install
the transistor permanently on the
component side of the board.
To prevent callbacks, always al-

low a circuit to perform normally
for at least 30 minutes before returning it to the customer.
Soldering Precautions
When soldering leads on a replacement, it's always a good idea
not to apply heat for any longer
than absolutely necessary, especially if the leads are short. This is
because the short leads will conduct
the heat into the transistor itself,
r
and possibly damage it. If possible,
you should grasp the transistor leads
with apair of long nose pliers, which
will act as a heat sink to reduce
the amount of heat reaching the
transistor. Unfortunately, it often is
impossible to use any type of heat
sink because of the crowded location of the transistor. The following
tips can prevent possible trouble in
any case:
• Don't let the soldering iron
touch the transistor leads for
more than 8 to 10 seconds, especially if the leads are ahalfinch or shorter.
• Leave the leads as long as feasible when soldering in the replacement. However, pay particular attention to correct lead
length in UHF circuitry.
• Use asmall soldering iron with
a small tip.
• If possible, grip the transistor
lead with a pair of long-nose
pliers between the body of the
transistor and the point being
soldered.
•

Chapter 12

Servicing solid-state TV
Almost every technician is now,
or soon will be, confronted with the
problems of solid-state TV servicing. Troubleshooting transistor-TV
circuitry involves some new approaches, compared with localizing
and repairing tube-type TV circuit
defects. The chief reasons for these
differences are as follows:

counterparts. On the other
hand, DC currents may be
considerably greater.
2. AC pulse voltages in sweep
circuits are generally very low
in transistor circuits, compared with tube-type sweep
circuits. However, the AC
pulse currents are often very
large, by comparison.

1. DC operating voltages are usually much lower in transistor
circuits, than their tube-type

3. The base of atransistor draws
DC current continuously, ex-

cept in a few specialized
cases. By way of contrast, the
control grid of a tube seldom
draws DC current, except in
afew specialized cases. These
facts are implied by the statement that a transistor usually
has a very low input impedance, whereas a tube usually
has a very high input impedance.
4. Because of nonlinear junction
characteristics, resistance
65

measurements are not nearly
as useful in analyzing transistor-circuit defects as they are
in localizing tube-circuit
defects.
5. Transistors are commonly
tested in-circuit because they
are rarely plugged into sockets, as are tubes.
6. There is considerably more
danger of damage to transistors than to tubes in case of
accidental short-circuits. The
same observation applies to
surges resulting from quicktests, such as bridging a suspected electrolytic capacitor
by a new capacitor.
7. Test-equipment requirements
are different in some cases;
for example, a DC voltmeter
should have afirst range of 1
volt full scale, or less. A ca-

pacitor tester must not apply
excessive test voltage to elec-

trolytic capacitors. Generators
must have blocking capacitors
in their output leads.
Comparison of DC
Voltage Values
The DC voltage values in transistor RF tuners are very different
from those in tube-type tuners. Figs.
1and 2 show the electrode voltages
for a 6FH5 tube in an RF tuner,
compared with the electrode voltages for a 2SA290 transistor. Note
that the plate voltage of the tube is
about 80 times as high as the collector voltage of the transistor.
Next, compare the DC voltages
at the electrodes of the tube and
transistor in the IF stages in Fig. 3.
The plate of the 6BZ6 operates at
about 8 times the voltage applied

to the collector of the 2SA70. Also,
the cathode of the tube operates at
about 1
2
/
of the voltage applied to
the emitter of the transistor.
Observe the comparative voltage
values shown in Fig. 4. The emitter-follower stage in Fig. 4B operates with acollector voltage of 10.2
volts, compared with a plate voltage of 115 volts for the video-amplifier tube in Fig. 4A. The difference in operating voltages is less
in the transistor video-output stage;
that is, the collector operates at 90
volts, which is relatively close to
the 115 volts on the plate of a
video-output tube.
Also note that the picture tubes
used in transistor TV receivers generally operate at lower electrode
voltages, except that the secondanode voltage is necessarily the
same for agiven screen size.
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Fig. 1 Electrode
voltages In typical
tube-television RF
amplifier stage.
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(B) Transistor video IF stage.

Fig. 2 Electrode voltages in
typical transistor-television RF
amplifier stage.
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Fig. 3 Comparison of electrode voltages in tube and
transistor video IF stages.

It can be seen in Fig. 5 that the
DC voltages for a transistor keyedAGC stage are quite different from
the voltages in its tube counterpart.
Similar differences could be cited
for AGC amplifier circuits, horizontal and vertical sync sections, horizontal and vertical oscillator stages,
horizontal and vertical sweep systems, and intercarrier sound and
audio configurations.
To summarize briefly, comparatively low DC voltage values
throughout transistor-TV receiver
systems is the main concern. Also,
in some cases alow-range DC voltmeter must be used; for example,
the normal base-emitter voltage in
Fig. 3B is 0.1 volt.
Comparison of DC Current
Values
As might be expected, a tran-

Comparison of AC
Pulse Voltages
Considering the foregoing examples, it is not surprising to find
that AC pulse voltages in transistor
stages are usually much smaller
than those in their tube counterparts. For example, in Fig. 6B, the
transistor driving pulse has a normal amplitude of 6 volts p-p,
whereas the tube driving waveform
in Fig. 6A has an amplitude of 115
volts p-p.
Even a greater disparity is found
in pulse voltages for keyed-AGC
circuits. For example, a transistor
is typically keyed by an 8.5-volt
pulse, whereas atube uses atypical
keying voltage of 440 volts p-p.
In other cases, AC pulse voltages are about the same in both
transistor and tube configurations.
For example, the sync-pulse volt-

sistor circuit may draw more DC
current than acomparable tube circuit. Power is equal to voltage multiplied by current, and if the operating voltage is low, then the operating current must be high in order
to produce a given amount of
power.
In Fig. 6A, a 6DQ6B tube is
used to scan a larger raster, and
the cathode current is approximately 130 ma. On the other hand,
a transistor is used in Fig. 6B to
scan a small raster, but the emitter
current is approximately 240 ma.
Another striking example is
found in a comparison of transistor
and tube-type vertical-output arrangements: The transistor draws 1
ampere of emitter current, whereas
a tube in a comparable configuration draws 47 milliamps of cathode
current.
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Fig. 4 Comparison of electrode voltages in tube and transistor video-output stages.
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ages are approximately the same in
Fig. 4. On the other hand, do not
suppose that these two video-amplifier circuits operate in the same
way. The operating differences can
be summarized as follows:
I. Although the control grid of
the tube draws practically no
pulse current, the base of the
transistor draws substantial
pulse current.
2. Since impedance is equal to
the ratio of AC voltage to AC
current, it is evident that the
input impedance of the transistor is much lower than the
input impedance of the tube.
3. The low input impedance of
05 in Fig. 4B requires the
use of a driver stage that can
supply appreciable signal current. Therefore, 04 is em-

ployed as an emitter-follower
(analogous to a cathode
follower).
In most cases, the output impedance of a transistor is
lower than the output impedance of atube. This is due to
the low ratio of collector AC
voltage to collector AC current, and also to the comparatively high value of collector
junction capacitance.
5. Because transistor junctions
have appreciable capacitance,
peaking-coil inductances are
much smaller in transistor
video amplifiers than in comparable tube-type circuits.

4.

Resistance Measurement
Difficulties
A tube does not draw current un-

less sufficient current flows through
its heater . On the other hand, a
transistor has no heater, and the
transistor will draw current whenever a forward voltage is applied
across a junction. Because of this
characteristic, and because an ohmmeter applies voltage to the circuit
or device under test, trouble analysis by resistance measurements in
transistor circuits is not often
practical.
A transistor junction is nonlinear,
as depicted in Fig. 7. Because of
this, an ohmmeter reading of junction resistance is very unpredictable
—we usually do not know exactly
how much voltage is being applied
by the ohmmeter, nor the exact
amount of current that will be
drawn.
Troubleshooting would be simpli-
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(8) Transistor horizontal-output stage.

Fig. 6 Transistor draws more current than tube in these horizontal-output stages.

Suitable test methods include:
1. DC voltage measurements,
2. Control-action tests,
3. Signal-tracing procedures,
4. Signal-injection procedures.
DC Voltage Measurements
After picture and sound analysis
have localized the cause of a trouble symptom to a particular section of the receiver, DC voltage
measurements are the most useful
guide in analysis of circuit action
and in the pinpointing of defective
components.
For example, suppose that sound
reproduction is normal, but picture
reproduction is poor, with low contrast and anormal raster. With reference to Fig. 4B, these symptoms
throw suspicion on the video-output stage. If the emitter, base, and
collector DC voltages of 05 do not.
measure close to 0.5, 1.2, and 90
volts, respectively, the trouble probably would be found in this stage.
The receiver service data or Sams
PHOTOFACT is the best guide in
this respect.
Incorrect voltages at the transistor electrodes do not necessarily
mean that the transistor is defective; it is also possible that acapacitor is leaky or shorted. Although
resistors do not change their values
often, this also can happen. Therefore, we must evaluate the abnormal DC voltage distribution in an
attempt to narrow the number of
suspects. Since seemingly logical
conclusions are not always absolute, check your reasoning by testing individual components, such as
capacitors. In most cases, one end
of acapacitor must be disconnected
for accurate testing.
DC Voltage Distribution
It is helpful to understand the
basic principles of DC voltage distribution in transistor circuits.
For example, Fig. 8 shows an
NPN transistor in a typical IF
stage configuration. For a better

understanding of DC voltage distribution, consider the simplified circuit shown in Fig. 8B. Tabulate the
DC voltage distribution in this
example:
Emitter-Ground ... —4.5 volts
Base-Ground
—4.3 volts
Collector-Ground
0 volts
Emitter-Base
—0.2 volt
Collector-Base
—4.3 volts
One of the most common transistor defects is leakage from collector to base (leakage through the
collector junctiop). In the first analysis, this leakage affects the DC
voltage distribution as if a resistor
were connected between collector
and base, as shown in Fig. 8C. The
junction leak age resistance draws
current from the voltage divider
that biases the base of the transistor, and the base voltage decreases.
This decrease of base-voltage also
affects the emitter voltage in the
following manner:
I. A decrease in base voltage increases the emitter-base bias
voltage;
2. An increase in emitter-base
bias voltage causes the collector current to increase;
3. Since the increased collector
current flows through the
emitter resistor, the voltage
drop across the emitter resistor increases;
4. An increased voltage drop
across the emitter resistor
causes the emitter voltage to
decrease.
In the example of Fig. 8C, the
100K leakage resistance between
collector and base causes both the
emitter voltage and the base voltage to decrease by 0.15 volt. Therefore, the emitter-base bias voltage
remains unchanged, although the
transistor is drawing more current.
If the leakage current becomes excessive, the collector junction will
overheat. The transistor then becomes open or shorted, and the
stage is dead. Moderate amounts of
junction leakage generally cause
gain reduction in astage.

MAJORITY
CARRIERS

—REVERSE BIAS
FORWARD BIAS—
MINORITY
CARRIERS

I-CURRENT IRP.)

fied if transistors could be unplugged from sockets, as tubes are
unplugged. However with few exceptions, it is customary to solder
transistors into their circuits, with
the result that appropriate test procedures must be employed by the
technician to contend with nonlinear
junction resistances.

Fig. 7 Plot of current through and voltage across a PN junction.
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(A) Typical circuit.
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Open and Shorted
Collector Junctions
Consider the effects on the DC
voltage distribution in Fig. 8B if
the collector junction becomes
short-circuited. The base voltage
will be zero. Since the emitter-base

-10.2V

(C) Equivalent DC circuit with collector leakage.

Fig. 8Transistor IF circuit.
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junction has avery low forward resistance, the emitter current is
nearly equal to the supply voltage
divided by the emitter resistance, or
1.8 ma (in accordance with Ohm's
law). The emitter-base bias voltage
will rise somewhat above its normal value of 0.2 volt, but the emitter-base junction will not be
damaged.
Next, let us suppose that the collector-base junction in Fig. 8B
opens up. In this case, the collector
current will not load the bias circuit, and the emitter voltage will
rise to —6.5 volts. Accordingly, the
emitter-base bias will remain normal, and the emitter-base junction
will not be damaged.
To summarize briefly, collector

leakage or open or shorted collector junctions cause abnormal DC
voltage on other electrodes of the
transistor. A collector-junction defect causes the emitter and base
voltages to be either too high or too
low.
Control-Action Test
Control-action tests, also called
"turn-on" and "turn-off" tests, are
often practical, and are very informative when the normal operating
voltages of a transistor are unknown. They also can be useful
supplementary tests, even when normal operating voltages are known.
"Turn-off" Test

A cutoff, or "turn-off", test is

E
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R
Fig.
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56030
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performed simply by cutting off the
base current and checking the voltage drop across the collector resistor, or from collector to ground.
For example, to perform a cutoff
test of the transistor in Fig. 9, apply ashort-circuit between base and
emitter. This makes the base and
emitter assume the same potential.
This normally cuts off the transistor, causing the collector voltage to
rise to the supply voltage, or Ecc,
as indicated by the voltmeter.
If the voltmeter does not indicate
Ecc in the cutoff test, assume that
the collector junction is leaky. Of
course, C3 could be leaky, and this
possibility must be checked before
replacing the transistor.
Next, apply the same basic cutoff test to the configuration in Fig.
8A. However, since the circuit does
not employ a collector-load resistor, as is obvious from the equivalent DC circuit shown in Fig. 8B,
a slightly modified test procedure is
employed.
Referring to Fig. 10, short-circuit the 8200-ohm resistor, and
check the voltage across the 5600ohm resistor. Since the collector
current is normally cut off in this
test, zero voltage normally would
be measured across the 5600-ohm
resistor. However, if collector-junction leakage is present, asmall voltage drop across the 5600-ohm resistor would be measured. The reason for this is seen in the equivalent T circuit for a transistor as in
Fig. 11.
If the collector junction leakage
is essentially an open circuit (normal condition), no current will flow
from the collector into the basespreading resistance and the emitter-bulk resistance. However, if
collector junction leakage is measurable, the current flows into the
base and emitter branches, and 0.02
volt will be read, instead of zero
volts in the test of Fig. 10.
Since it is occasionally necessary
to read very small values of DC
voltage, a voltmeter with a first
range of 0.25 volt full scale will
provide maximum utility for the
technician.
"Turn-On" Test

Fig. 10 Cutoff test setup.
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Fig. 11 Equivalent circuit for a
transistor with collector-junction leakage.

A "turn-on" test is another type
of control-action test. It is less informative than a cutoff (turn-off) test,
because it does not provide an all-

or-nothing indication. A turn-on
test is ahelpful supplement to other
tests, as it can confirm prior
conclusions.
To understand the turn-on test,
refer to Fig. 8B. If a DC voltmeter
is connected across the 5600-ohm
resistor, the voltage drop, due to
collector and base-current flow, will
be measured. This is 5.7 volts.
Next, if a 100K resistor is connected temporarily from collector to
base, as shown in Fig. 8C, the collector will normally draw more current, and the drop across the 5600ohm resistor will increase. This is
an increase from 5.7 to 5.85 volts,
or a difference of 0.15 volt.
Accidental Short-Circuits
Avoid random short-circuit tests,
because transistors are easily damaged. For example, if a clip lead is
used in the Fig. 8C test, the transistor would immediately be burned
out. Again, if the high voltage is
arced in the flyback circuit, it is
very likely that the horizonal-output transistor will be ruined. Any
short-circuit that causes excessive
base-emitter current to flow will
burn out the collector junction.
Therefore, avoid surges, which are
often caused by shunting a decoupiing capacitor or a filter capacitor

with anew electroyltic capacitor.
Test-Equipment Requirements
Generators used for signal-injection tests or alignment must have
blocking capacitors in their outpiit
leads. This precaution avoids disturbance of base-emitter bias voltages because of DC drain-off.
Scopes used in signal-tracing tests
should be provided with low-capacitance probes, to minimize circuit detuning.
Capacitor testers must not apply
excessive test voltage to the lowrated capacitors employed in transistor circuitry.
In-circuit capacitor testers designed for transistor circuits have
some degree of usefulness as well
as in-circuit transistor testers, particularly when unusual configurations make control-action tests impractical or impossible.
Flyback checkers used in tube
circuits cannot be employed in transistor circuits, because the component values and impedances are
widely different. However, the same
pattern generators and color-bar
generators used to test tube-type receivers are used to test transistor
receivers. Some modern tube testers also provide transistor-testing
functions. However, if your tube

tester is conventional, you will need
to supplement an in-circuit transistor tester with an out-of-circuit
tester. A high-voltage DC probe is
an essential accessory for your
VOM or VTVM.
Conclusion
We have reviewed the differences between the servicing procedures used for solid-state and tubetype TV receivers. These differences are reflected in some of our
test-equipment requirements. Transistors cannot be easily replaced,
and greater reliance must be placed
on DC voltage measurements.
Control-action tests are very useful. Since transistors are more easily
damaged than tubes, random shortcircuits and high-voltage arcing are
off-limits. Resistance measurements
are less useful in transistor circuits
than in tube circuits, due to nonlinear junction resistances.
The transistor-TV technician
needs to have a good working
knowledge of Ohm's law, and he
can save time if he is familiar with
DC voltage distribution in resistive
networks.
A VOM is quite practical for
nearly all transistor-circuit troubleshooting, because circuit impedances are comparatively low, with
very few exceptions.
•

Chapter 13

Servicing solid-state audio circuits
Methods of Biasing
One of the most important aspects of servicing solid-state audio
is an understanding of the methods
used to achieve proper biasing of
the transistors.
Common methods

By now, most of us are familiar
with the more-or-less standard
transistor biasing arrangements. A
few of these are shown and explained in Fig. 1. These circuits,
or variations of them, are used in
most types of solid-state audio
equipment.
Dual-Supply Method

A biasing circuit that is not so

universally recognized but is being
used more is the dual-supply design
shown in Fig. 2. It can be identified
by the fact that the ground (or common, if you prefer) is not returned
to the positive or the negative side
of the power supply. (The circuit
in Fig. 2B is a power supply that
typically is used with the dualsupply type of amplifier.). Instead,
in most applications, the ground,
which is usually the chassis, "floats"
at the electrical mid-point of the
two supplies. (However, it sometimes is designed "closer" to one
side than the other, although it
usually isn't in audio equipment,
because this limits the swing of the

output voltage waveform).
Increased output voltage swing is
one of the advantages of the dualsupply circuit. Another advantage
seems to be improved thermal stability. This can mean a lot in an
amplifier that has marginal heatsinking or that is used inside a
closed cabinet. A third advantage
is that these circuits tend to be less
sensitive to hum pick-up caused by
power-supply ripple.
Darlington pair

Another type of circuit that is
being used more often in solid-state
audio equipment is the Darlington
amplifier, also called the Darlington
pair. An example of this configura71

Fig. 1 Common methods of biasing transistors.
A) Fixed-Base-Current Bias—This is the simplest of all bias arrangements, and
the most impractical. Bias is established by current flow from the emitter-base
junction of the transistor through R1 to the supply voltage. The amount of bias
is dependent on the value of R1

and the supply voltage. The primary disad-

vantage of this bias arrangement is that it provides no means of automatically
limiting collector current (stabilization).
B) Collector-Feedback—A simple form of self-bias. Because R1 is connected
to the transistor side of load resistor R2, any change in collector current will
cause a proportional but opposite change in transistor bias. For example, if
collector current increases because of a temperature increase, the voltage at
the collector decreases (becomes less positive), which, in turn, reduces the
current through the circuit comprised of the emitter-base junction and Rl. Although this bias system does provide a degree of stabilization, it also introduces degeneration, caused by feedback of any AC signal voltage developed
across the load resistor.
C) Collector-Feedback With AC Bypassing—This is the same bias system described in (B) except an electrolytic capacitor has been added to filter out, or
bypass, AC variations.
D) Combination Fixed and Self-Bias—This configuration provides both good
stabilization

and

minimum degeneration. The fixed emitter-base bias is de-

veloped by the voltage divider consisting of R1 and R3. Usually, the valve of
R3 is substantially less than that of Rl. Resistor R4 performs the function of
stabilizing the transistor. For example, if emitter-to-collector current increases
because of an increase of temperature, the voltage drop across R4 also increases, placing a more positive voltage on the emitter, which reduces the
forward bias on this NPN transistor. The capacitor bypasses AC variations
around the emitter resistor, to prevent degeneration. The value of R4 usually
is five to ten times less than that of R3.
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Fig. 2 A) Dual-supply method of biasing
a transistor.
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Feedback reduces or eliminates distortion.

tion is shown in Fig. 3A. Notice
that the collectors of the two transistors are tied together. Also note
that the emitter of the input transistor is tied directly to the base of
the output transistor. This produces
higher current gain and a much
higher range of input impedances
than are normally possible with
bipolar transistors.
Although any two properly selected transistors can be used to
make aDarlington pair, it has been
the practice of several semiconductor producers to make such pairs
available in one package. Both integrated-c ircuit types and dualtransistor types are available. RCA's
type CA3036 integrated circuit consists of two Darlington pairs that

have all of their collectors tied together. The internal schematic of
the CA3036 is shown in Fig. 3B.
Power Amplifier Designs
Single-ended. transformer-coupled

One of the oldest designs of solidstate power amplifiers is the singleended, choke- or auto-formercoupled type, which, even today, is
used in car radios. An example of
such a circuit is shown in Fig. 4.
By itself, this amplifier can offer
little in the way of decent fidelity.
Add feedback, however, and the
situation changes.
Feedboa

There are two basic kinds of
feedback circuits normally used in

consumer products. One, shown in
Fig. 5A, is called the "second
collector-to-first emitte r" system.
With correct values of components,
this circuit can make a relatively
mediocre amplifier sound like a
more expensive one. An open or
shorted capacitor or a change in
the value of a resistor in this network will create problems that range
from mildly irritating distortion to
a runaway condition which can
destroy the output transistors. A
step-by-step check of feedback components should be performed whenever a "strange" set of trouble
symptoms is encountered.
Fig. 5B shows the second widely
used feedback system. This one has
been dubbed the "second emitter73

to-first base" system. This circuit
often employs only one resistor to
supply feedback voltage.
Push-Pull

The push-pull circuit is widely
preferred over other types, for both
power-handling ability and overall
fidelity. Fig. 6 shows the standard
push-pull circuit which has been
used in almost every audio application, from 5-dollar portable transistor radios to relatively highpriced auto radios and stereo tape
players. It is, however, far from
efficient when compared to circuits
of more recent design.
The circuit in Fig. 7 is a more
recent addition to the family of
push-pull amplifiers. It often is
called the "split-secondary, totempole" circuit, and is used in many
domestic and imported radios,
phonographs and tape players. The
particular circuit shown in Fig. 7
is from a Motorola console stereo,
Chassis HS-2338. The series connection of the output transistors and
the split-secondary interstage transformer are the two main identifying
features of this circuit.
One thing that all push-pull amplifiers have in common is the
necessity of phase-splitting the input
signal to provide two signals 180
degrees out of phase to drive the
two halves of the push-pull circuit.
In older designs, this was accomplished by either a center-tapped
or split-secondary interstage transformer. In many modern designs,

the interstage transformer is left
out. Although this reduces cost, it
does little for fidelity, unless some
other means of phase splitting is
used.
The transistor phase inverter is
one possible replacement for the
transformer. These circuits are very
similar to their tube counterparts.
They have one driving signal taken
from the collector circuit and another, of opposite polarity, taken
from the emitter, as shown in Fig. 8.
Another method of providing
drive signal of opposite polarity is
to use an integrated-circuit preamplifier which has both inverted
and non-inverted outputs. Such
units provide push-pull, wide-band
outputs from a common input signal. An example of such a circuit
is shown in Fig. 9.
Designers have another method
of accomplishing phase inversion
that often is more economical than
either of the methods mentioned
above. It is a circuit called the
"complementary symmetry" amplifier. This design, shown in simplified form in Fig. 10, takes advantage of the fact that PNP and NPN
transistors require signals of opposite polarity to perform the same
function. Notice that the bases of
the two output transistors are fed
in parallel and that the speaker,
minus the output transformer, is
connected to the midpoint of the two
series transistors. Versions of this
circuit which use a single asymmetrical power supply usually em-

Fig. 6 Conventional push-pull power amplifier. The two in-

ploy a capacitor to block DC from
the speaker circuit. Dual-supply amplifiers might or might not use such
acapacitor.
Complementary symmetry circuits do have a disadvantage: It is
difficult to locate matched PNP and
NPN transistors. Manufacturers
"spec" sheets reveal that there are
only afew types that can be paired
up for complementary service. As
the amplifier's power level requirements increase, the number of types
from which the designer can choose
decreases drastically. The problem
becomes even more acute when selecting replacements for such
transistors.
It is relatively easy to find
matched pairs for low- and mediumpower complementary circuits. Such
circuits are used widely in phonographs, stereo tape players, auto
radios and low-power stereo amplifiers. It is even relatively easy to
find matched pairs in universal replacement lines, if the power requirement is only a few watts.
This has led to an interesting
modification of the complementary
symmetry circuit. The circuit shown
in Fig. 11 employs what is known
as the quasi-complementary configuration. In this circuit, the outputs are "totem pole" and the
drivers are complementary. For the
designer, this means a larger selection of possible power transistors. For the servicer, it means use
of a lower-priced line of replacements (less matching necessary).

Fig. 7 More recent design of push-pull

put signals of opposite phase required by push-pull design
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Complementary and quasi-complementary circuits can provide the
technician with a new bundle of
headaches, if certain precautions are
not followed. For example, these
amplifiers have some characteristics similar to those of RF amplifiers. One common characteristic is
the wide frequency response required of the transistors used for
amplification. Because all of these
amplifiers are fed very low levels
of input signal, extremely high gain
is required.
High-frequency transistors in
high-gain circuits are quite capable
of oscillating at an RF range that
extends from supersonic audio to
VHF. The result can be ahigh level
of distortion, "lisping", etc. A
square-wave test of the amplifier
usually will reveal whether ringing
or other types of oscillation are
present. The visual indication on
the oscilloscope screen will be
either ringing or a blurring of the
trace. Such oscillations can be
caused by open capacitors, incorrect
replacement transistors or improper
lead dress.
General Troubleshooting
Techniques
Most technicians agree that the
newer circuits are more difficult to
service than some of the older
designs.
One reason is that many of the
newer circuits are direct-coupled.
Another reason is complexity of
design.

Fig. 8 Phase inverter, which provides two signals of equal amplitude but
opposite phase, replaces interstage transformer between driver and pushpull output stages in some audio amplifiers.
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Fig. 9 Equal but opposite drive signals required by push-pull circuit also can
be obtained from an integrated-circuit preamplifier which provides inverted
and non-inverted outputs.

Fig. 10 Complementary symmetry amplifier is a push-pull design which eliminates
the need for two separate input signals. See text for detailed explanation of operation.
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Most troubles, however, can be
located within a reasonable time if
the technician establishes a routine,
logical system of diagnosis.
The first step is a preliminary
inspection using sight, sound, smell
and touch. Notice, for example,
whether any fuses are open or if
any fuse resistors show signs of
overheating. On many sets, the leads
to the emitters of the output transistors serve as fusistors. Notice
whether their insulations are charred
or melted. Also note whether the
printing on any of the output transistors has been erased by heat.
This could indicate which of several
transistors is shorted. A transistor
that heats up before shorting can
often be detected by touch. I occassionally touch several transistors
in a single affected section to determine if any of them are heating
quicker than the others.
Shorted and leaky transistors
cause a large percentage of the
difficulties encountered in solidstate power amplifiers. One way to
locate defective transistors is to
measure bias and supply voltages
with a VTVM. Generally speaking,
though, such tests will confirm only
what visual evidence already indicates (burned fuse resistors, etc.).
Locating a suitable replacement
transistor might take more time
than the actual diagnosis. A good
rule of thumb is to replace a transistor with an identical type, if the
only substitute is from a so-called
"universal" line. This advice, in
many cases, also applies to using a
direct replacement from a manufacturer other than the original.
Always be over-cautious about
substitutes. After wading through
several large stacks of transistor
substitution guides, I have concluded that, in many instances, the
people who compile the guides do
not even look at the cases of the
transistors, much less actually test
them. In one incident, I was supplied with a transistor in a small
TO-5 case which, according to the
substitution guide, was supposed to
replace one in the much larger
TO-3 diamond case. Because of the
inherent mounting difficulties, there
would have been heat dissipation
problems. Another time, I was
sent adrift-field PNP oscillator/RF
76

amplifier transistor to replace an
NPN audio unit. All of these examples involved transistors selected
from the replacement guide published by a leading transistor supplier. Because of these difficulties,
Ialways carefully read the catalogue
description of the recommended
replacement. If it doesn't meet the
most critical characteristics of the
original transistor, I do not order
it.
Remember, it is no longer true
that a mere handful of universal
numbers will replace virtually every
transistor you will encounter.
Improper heat sinking of the replacement transistor is one of the
most persistent causes of premature
failure. This causes profit-robbing
callbacks, which don't do anyone
any good. Careful tightening of the
mounting screws and the use of an
approved silicone heat-sinking
grease will eliminate most heat-sink
problems. The mounting screws are
especially important on epoxy case
power transistors, which recently
have become popular in auto radios,
phonos and table-model radios.
Many technicians do not make these
screws tight enough because they
fear cracking the case.
Defective output transistors often
cause distortion accompanied by
low volume. One way to spot this
defect is to measure the DC voltage
at the junction where the two output transistors and the output ca-
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pacitor are connected together.
Compare this voltage to the overall
supply voltage feeding that series
chain. In most circuits, it should be
close to half the total supply voltage. If it is significantly higher or
lower, suspect one or both of the
transistors.
Unfortunately, many types of distortion are not so simple to locate.
In many instances, a small transistor defect in a pre-driver stage will
cause massive bias changes on the
output transistors. The complication of DC feedback compounds
the difficulty of diagnosing such a
defect. A harmonic distortion
analyzer can be useful in such
situations.
The power ratings on some modern amplifiers are confusing because the meaning of "watts" seems
to vary from manufacturer to manufacturer. The load impedance of
late-model audio amplifiers is often
listed along with the power rating.
You might encounter aspecification
of "fifty watts into four ohms".
Such stipulations are necessary because the load (speaker) impedance
is more dependent on the overall
operating parameters than was
formerly the case.
Short circuiting the output, or,
in some cases, open circuit conditions, sometimes can damage the
output transistors. Consequently, be
certain that the correct speaker or
dummy load is used.
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