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Troubleshooting 
With do Voltmeters 

Helpful hints for getting the most out of your 
multimeter's dc voltmeter mode 

By Robert G. Middleton 

Adc voltmeter can be a very 
powerful tool in trouble- 
shooting electronic circuits. 

To use it effectively, however, you 
must know how to interpret the read- 
ings you obtain during tests. Because 
this is a largely unexplored new world 
for many readers, here are a bevy of 
practical application hints on use of 
the dc voltmeter and the dc voltage 
function of multimeters. Armed with 
the information in this article, you 
will soon be optimizing your time at 
the testbench. 

Types of Circuit Action 
To effectively use any type of elec- 
tronic test instrument, one must 
know something about how a circuit 
is supposed to work under proper 
conditions. Refer to the simple sin- 
gle -stage circuit shown in Fig. 1. This 
basic transistor circuit may operate 
under steady -state or transient condi- 
tions; in the linear or nonlinear 
mode; with voltage- divider bias, sig- 
nal- developed bias, or a combination 
of both. When it is operating proper- 
ly, this circuit outputs at its collector 
an amplified version of the signal ap- 
plied to its base input. However, any 
of a number of things can go wrong 
in this circuit, resulting in a reduced - 
level output or no output at all. Lo- 
cating the fault of a problem is the 
task of the dc voltmeter. 

In Fig. 1, visible resistors are the 
voltage- divider biasing network 

Fig. 1. A basic transistor circuit in 
which resistors shown phantomed re- 

present possible leakage paths. 

made up of Rb1 and Rb2, emitter re- 
sistor Re and collector load resistor 
RL. Invisible resistors are repre- 
sented by the emitter -collector and 
collector -base junction resistances. 
Under fault conditions, invisible 
leakage resistance may shunt the col- 
lector -base junction resistance and 
may also shunt coupling capacitor Cc. 

When a circuit malfunction oc- 
curs, the first thing you should do is 
measure dc supply voltages Vcc and 
Vbb. If you obtain the proper voltage 
readings in both cases, check the dc- 
voltage distribution in the circuit. In 
Fig. 1, for example, the collector, 
base and emitter voltages provide the 
pattern of dc- voltage distribution. 
Typical rated voltage and resistance 
values might be as follows: 

Rbi = 10,000 ohms 

Rb2 = 1,000 ohms 
Re = 100 ohms 
RL = 15,000 ohms 
Vcc = 30 volts 
Vbb = 8.3 volts 
dc beta (ß) = 200 
Vc = 15 volts 
VB = 0.75 volt 
VE = 0.1 volt 

The potentials listed represent the dc- 
voltage distribution pattern for class - 
A operation of the circuit, wherein 
Vc is midway between Vcc and Vdd. 
Observe that the base -emitter bias 
voltage in this pattern is the differ- 
ence between VB and VE, or 0.65 volt. 

Fault Conditions 
Under fault conditions, you should 
initially assume that only one defect 
exists. For example, the value of Rbl, 
Rb2, Re or RL might be too high or 
too low. Alternatively, the dc beta (ß) 
value might be too low (don't worry 
if it's too high), collector junction 
leakage may be present or capacitor 
leakage may be present. Any one of 
these defects will cause a change in 
the dc- voltage distribution pattern. 
Among the tricks of the trade is re- 
cognition of the basic circuit action 
that is at work. 

It is a general principle that defects 
in the collector circuit do not notice- 
ably change the voltage in the base 
circuit. If RL increases in value from 
15,000 ohms to 20,000 ohms, for ex- 
ample, Vc falls from its normal value 
of 15 volts to 10 volts. However, VB 
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and VE will still measure 0.75 and 0.1 
volt, respectively. 

In another example, if RL de- 
creases in value from 15,000 ohms to 
10,000 ohms, VC will rise from its 
normal value of 15 volts to 20 volts. 
However, VB and VE will still mea- 
sure 0.75 and 0.1 volt. From a theore- 
tical point of view, voltage changes in 
the collector circuit do have a slight 
interaction with voltages in the base 
circuit; however, this interaction is so 
small that it can be ignored for all 
practical purposes. 

Though voltage changes in the col- 
lector circuit may not have much of 
an effect on the voltages in the base 
and emitter circuits, it is a different 
story altogether with changes that oc- 
cur in the base circuit. Whatever 
changes occur in the base circuit great- 
ly influence the voltage in the collec- 
tor circuit. For example, if Rbi in- 
creases in value from 10,000 ohms to 
11,000 ohms, VB falls from its nor- 
mal value of 0.75 volt to 0.69 volt. 
This causes VC to rise from its nor- 
mal value of 15 volts to 24 volts and 
VE to fall from its normal value of 
0.1 volt to 0.04 volt! This is a typical 
base fault condition dc- voltage dis- 
tribution pattern. An easy way to vis- 
ualize this effect is to view the base 
circuit as a valve and the collector cir- 
cuit as a tank. 

Now observe the dc- voltage distri- 
bution pattern that results from a 
weak (low -beta) transistor. If the dc- 
beta value of the transistor deterior- 
ates from its normal rating of 200 to 
10, VB remains unchanged at 0.75 
volt, but VC rises from its normal 
value of 15 volts to 21.8 volts and VE 

falls from its normal value of 0.1 volt 
to 0.05 volt. The pattern distinction 
between a high Rbi and a low beta is 

chiefly in the base voltage: if Rbi is 

high, VB goes low and if beta is low, 
VB remains unchanged. 

It is helpful to observe why VB re- 
mains unchanged when beta is low. 
Base current is normally quite small; 
so when a bias voltage divider such as 
10,000 /1,000 ohms is used, VB is de- 
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Fig. 2. Base- emitter short -circuit test 
shows whether off -value Vc is being 
caused by collector junction leakage 

or by some other circuit fault. 

termined solely by voltage- divider 
proportions (from a practical view- 
point, the very small base current 
does not load Rb2). Beta is the cur- 
rent- amplification factor that simply 
"opens the valve" for Vcc to permit a 
comparatively large collector current 
to flow. 

Although a low dc -beta value re- 
sults in a considerable change in the 
dc- voltage distribution pattern, a 
high dc -beta value causes compara- 
tively little change in the pattern. If 
beta decreases from 200 to 10, a sig- 
nificant pattern change occurs, but if 
beta increases from 200 to 300, VC 

edges down from its normal value of 
15 volts to 14.8 volts -hardly a signi- 
ficant change. In practice, such a 
small change in the pattern is usu- 
ally disregarded. 

It is of technical interest at this 
point to note why low beta causes a 
large change in dc- voltage distribu- 
tion, whereas high beta causes very 
little change in distribution. This dis- 
tinction is evident in the dc- voltage 
equations for the configuration: 
RTH = RBT X RBT /(RBO + RBT) 
VTH = Vbb X RBT /(RBO + RBT) 
IE _ (VTH - A(1)) /(RE + RTH/f3) 

VE =IEXRE 
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VC = Vcc - (LE X RC) 
VBE= VTH -VE 
VCE = VC - VE 

These equations state that the base 
of the transistor "sees" a Thevenin 
resistance RTH and Thevenin voltage 
VTH and that the emitter sees a cur- 
rent IE in accordance with Ohm's 
law. Current IE, in turn, produces a 
voltage drop IE across the emitter re- 
sistor. Furthermore, the collector cir- 
cuit is the servo circuit that sees IE 

and produces the voltage drop VC 

across the collector load resistor; the 
base -emitter voltage is the difference 
between the Thevenin and emitter 
voltages; and the collector- emitter 
voltage is the difference between the 
collector and emitter voltages. Dc- 
beta value ß is the denominator in the 
second term of the denominator of 
the IE equation. The mathematical 
significance of these formulas is that 
small values of ß produce rapid 
changes in the second -term values, 
whereas large values of ß produce 
slow changes in the second -term value. 

Barrier Potential 
Dc- voltage distribution patterns 
are responsive to the barrier- poten- 
tial value, which is just another way 
of saying that a bipolar transistor 
does not conduct until the base -emit- 
ter voltage exceeds a threshold com- 
monly referred to as the "barrier 
potential." 

For silicon transistors, the barrier 
potential is ordinarily assumed to be 
0.65 volt. In other words, the term 
A(1) in the foregoing IE equation 
is routinely assigned the value 0.65, 
which "linearizes" the nonlinear 
system insofar as class -A operation 
is concerned. 

Barrier potential is a function of 
temperature. At room temperature, 
a 0.65 -volt value is assigned. How- 
ever, at higher operating tempera- 
tures, an assignment of 0.6 volt is 

more realistic. 
Barrier potential may range up to 

0.7 volt at low temperatures. There- 
fore, it is helpful to observe the dc- 
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voltage distribution patterns for the 
Fig. 1 circuit configuration at barrier 
potentials of 0.6 and 0.7 volt. If the 
barrier potential decreases from its 
median value of 0.65 volt to 0.6 volt, 
VB remains unchanged at 0.75 volt, 
but VC falls from its normal value of 
15 volts to 7.8 volts and VE rises 
from its normal value of 0.1 volt to 
0.15 volt. 

If the barrier potential increases 
from its median value of 0.65 volt to 
0.7 volt, on the other hand, VB again 
remains unchanged, but VC rises to 
22.2 volts and VE falls to 0.05 volt. If 
you have a temperature probe for 
your DVM, you can easily measure 
the operating temperature of the 
transistor to determine whether the 
measured dc- voltage distribution re- 
flects a barrier potential in the vicin- 
ity of 0.65 volt or of 0.6 volt, for ex- 
ample. This is one more helpful trick 
of the trade. 

Now let us examine circuit action 
and dc- voltage distribution patterns 
in the presence of collector junction 
and coupling- capacitor leakages. 

Test - Circuit Action 
As shown in Fig. 2, an informative 
test circuit can be provided by tempo- 
rarily short -circuiting the base and 
emitter terminals of the transistor 
when the collector voltage measures 
below normal and collector -junction 
leakage is suspected. This is called a 
"turn -off" test. If collector -junction 
leakage is present, VC will not jump 
to the Vcc value when the short cir- 
cuit is applied. On the other hand, if 
there is no collector -junction leak- 
age, VC will jump up to the Vcc value 
when the short circuit is applied. 

For the time being, we will disre- 
gard the possibility of leakage Rci in 
the coupling capacitor and focus on 
off -value components and parame- 
ters, as tabulated in Fig. 3, which lists 
the dc- voltage distribution patterns 
that encompass five measurements. 
Two of these measurements are 
checks of Vbb and Vcc values to en - 

VC 
VB 

VE 

Patterns of dc- Voltage Distribution Under Test Conditions 

RL 
High Low 
Low High 

Re 
High Low 
High Low 

Rbl Rb2 Beta 
High Low High Low High Low 
High Low Low High - High 
Low High High Low - 
Low High High Low - Low 

If RL is high, Vc approaches its normal class -A value when RL is shunted by a test resistor. 
If RL is low, Vc departs more from its normal class -A value when RL is shunted by a test 
resistor. 
If Re is high, Vc approaches its normal class -A value when Re is shunted by a test resistor. 
If Re is low, VC departs more from its normal class -A value when Re is shunted by a 
test resistor. 
If Rbi is high, Vc approaches its normal class -A value when Rbi is shunted by a 
testresistor. 
If Rbi is low, Vc departs more from its normal class -A value when Rbi is shunted by a 
test resistor. 
If Rb2 is high, Vc approaches its normal class -A value when Rb2 is shunted by a test 
resistor. 
If Rb2 ii low, VC departs more from its normal class -A value when Rb2 is shunted by a 
test resistor. 

Fig. 3. Patterns of dc- voltage distribution under lest conditions indicate the 
component or parameter that is off -value and whether it is too high or too low. 

sure that a malfunction is not being 
caused by a fault in the power supply. 
After the Vcc and Vbb values have 
been verified (or corrected as re- 
quired), you proceed to look at dc- 
voltage patterns that comprise three 
measurements: VC, VB and VE. 

Blank spaces in the Fig. 3 tabula- 
tion denote a dc- voltage change that 
is so small that it is ignored in tests. 
Note that there are various combina- 
tions of high and low dc- voltage mea- 
surements at the collector, base and 
emitter terminals. A measured value 
is "high" if it exceeds the normal val- 
ue, and vice -versa. In this example, 
normal transistor terminal values 
are: VC = 15 volts, VB = 0.75 volt 
and VE = 0.1 volt. (In any case, nor- 
mal transistor terminal voltages will 
be specified in the service data.) 

It is evident in Fig. 2 that there is 
more than one possible fault for each 
three -group pattern of voltages. For 
example, VC high with VB and VE 
low can be caused by a high value of 
Rbi or a low value of Rb2. To resolve 
this ambiguity, temporarily shunt 
Rbi with a resistor. In turn, if Rbi is 

high, VC approaches its normal 
class -A value when Rbi is shunted by 
the test resistor. Otherwise, VC will 
go even further from its normal class - 
A value when the test resistor is ap- 
plied. (In this example, a 50,000 -ohm 
shunt test resistor might be used. The 
resistor's value is not critical; just be 
sure to choose a "ballpark" value.) 

In the event that all three transis- 
tor- terminal voltages are incorrect, 
the fault is in the base circuit. Thus, if 
beta is low, only two of the terminal 
voltages will be incorrect. If the fault 
is in the collector circuit, only one 
terminal voltage will be incorrect. 
Accordingly, the initial dc- voltage 
distribution patterns tell you which 
section of the circuit is malfunction- 
ing so that you do not waste time 
making shunt tests in normally oper- 
ating sections. 

Because capacitor leakage resist- 
ance can cause confusion in base -cir- 
cuit tests, it is important for you to 
know how to check for this possibili- 
ty. To do so, apply a temporary short 
circuit between the left -hand termi- 
nal of Cc and ground in the Fig. 2 cir- 
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Fig. 4. Basic emitter -bias configura- 
tion is essentially the same as the bas- 

ic base -bias configuration. 

cuit and observe the change in base 
voltage (if any). If there is no change 
in VB, there is negligible leakage in 
C. However, if there is noticeable 
change in VB when this test is made, 
CC is leaky and should be replaced. 

Emitter -Bias Circuit 
The basic emitter -bias circuit config- 
uration shown in Fig. 4 is also in pop- 
ular use. Closely related to the basic 
base -bias configuration, from a cir- 
cuit- action viewpoint, it can be re- 
garded as essentially the same. As 
noted, VB is near ground potential at 
0.01 volt, whereas VE is 0.67 volt 
above ground. Thus, VB and VE are 
interchanged with respect to the 
base -bias circuit configuration. 
However, the base -emitter voltage 
(the difference between these two 
voltages) is the same in either circuit 
at 0.66 volt. 

Conveniently, Rbi in Fig. 4 is re- 
garded as the parallel combination of 
Rbi and Rb2 in Fig. 2. Physically, the 
emitter -bias arrangement uses one 
less resistor. Functionally, the trade- 
off is slightly less bias stability in the 
emitter -bias arrangement. In other 
words, Rbi in Fig. 2 has a compara- 
tively high value, which makes the 
bias source appear more like a cur- 
rent source than a voltage source. 

Localization of circuit defects in 
the Fig. 4 circuit follows the same 

principles discussed above for the 
Fig. 2 circuit. That is, the Fig. 2 tabu- 
lation applies to the emitter -bias cir- 
cuitry, just as it does for the base -bias 
circuitry. A turn -off test is made in 
the same way, and ambiguous situa- 
tions are resolved in the same way. 
The only difference is that there is 

only one base -bias resistor, so there is 
one less dc- voltage value in the distri- 
bution pattern. Capacitor leakage is 

checked as above, by monitoring VB 

when a temporary short circuit to 
ground is applied to the left -hand end 
of capacitor C. 

Differential Amplifier 
Shown in Fig. 5 is a basic differential - 
amplifier circuit configuration. In 
this circuit, two transistors are oper- 
ated in a balanced (push -pull or dou- 
ble- ended) mode. Emitter biasing is 

usually used in such an arrangement. 
The collectors of both transistors 
normally have the same dc voltage, 
and both bases normally have the 
same dc voltage on them. 

The bases of the transistors are a 
bit above ground potential as a result 
of the base -emitter bias voltage deve- 
loped chiefly in the emitter circuit. 
Note that both transistors are emit- 
ter- coupled. If emitter current in one 

transistor increases, emitter current 
in the other transistor is forced 
to decrease. 

You are concerned primarily with 
whether the circuit is operating in 
class -A (collector voltages approxi- 
mately half -way between Vee and Ve) 

and whether the dc- voltage distri- 
bution pattern is balanced. That is, 
the two collector voltages are nor- 
mally the same, within a slight toler- 
ance range. Similarly, the two base 
voltages are normally the same, 
again within a very small tolerance 
range. Observe that if the collector 
load resistor (RL) for the left transis- 
tor becomes too high, Vc for that 
stage will be subnormal. An off - 
value RL has no noticeable effect on 
VB and VE, however. 

It follows that although a high val- 
ue of RL for the left transistor re- 
sults in a subnormal Vc there, this 
change in the dc- voltage distribution 
pattern is not reflected into the right 
transistor branch circuit. In turn, the 
circuit becomes unbalanced with un- 
equal collector voltages. 

Insofar as dc-beta values are con- 
cerned, it is helpful to consider the 
limiting case in which the beta value 
of the left transistor, for example, 
becomes zero. In this case, the two - 
section amplifier becomes a one -sec- 

Fig. S. Basic differential amplifier configuration is essentially a "twinning" of 
the emitter -bias configuration. 
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tion amplifier and its circuit action 
follows that discussed for the Fig. 
4 circuit. 

In this comparison, Vee for the 
Fig. 4 circuit is now double its normal 
value, with the result that Vc falls to 
a very low value, saturating the tran- 
sistor. Thus, if the beta value of one 
transistor in Fig. 5 becomes seriously 
subnormal, the other transistor will 
go into saturation. As would be anti- 
cipated, the value for Rb is not cri- 
tical. If one base resistor in Fig. 5 

goes considerably off -value, the cir- 
cuit remains essentially in a balanced 
state. Of course, if one of the base re- 
sistors goes greatly off -value, the as- 
sociated VB will be significantly af- 
fected and the circuit will be in an un- 
balanced state. 

It is helpful to note that RE in the 
typical differential -amplifier ar- 
rangement ordinarily has a compara- 
tively high value, resulting in signifi- 
cant feedback. In turn, bias stability 

is good and the value of RE can go 
considerably up or down without 
causing serious shifts in the collec- 
tor voltages. 

Although you are primarily con- 
cerned with dc- voltage distribution 
patterns, you should also take note 
of the basic signal -voltage considera- 
tions in the Fig. 5 arrangement. For 
example, the bases of the transistors 
may be driven in push -pull such that 
when one base is driven positive, the 
other base is driven negative and 
when one collector goes positive, the 
other collector goes negative. 

Suppose both bases of the transis- 
tors were driven positive (common - 
mode drive). Under this condition, 
both collector voltages would de- 
crease equally. Consequently, there 
would be no collector -collector out- 
put, resulting in a condition known 
as "common -mode rejection." 

In addition to push -pull drive, the 
differential amplifier arrangement 

shown in Fig. 5 is often driven by a 
single -ended source. Thus, the base 
of the left transistor may be driven 
positive while the base of the right 
transistor remains essentially at 
ground potential. Accordingly, VC 

at the left transistor falls, due to in- 
creased emitter current. In turn, in- 
creased emitter current results in a 
higher VE, with the result that the 
right transistor is driven toward cut- 
off and its VC increases. Hence, the 
single -ended input has been changed 
into a double -ended output. 

As the foregoing has demonstrated, 
a dc voltmeter can be an invaluable 
aid in troubleshooting circuits. How- 
ever, it can be put to effective use on- 
ly if you have a basic understanding 
of circuit -action conditions, both 
proper and otherwise. Once you un- 
derstand and apply this, the first in- 
strument you reach for to trouble- 
shoot an ailing circuit is likely to be 
your dc voltmeter. RE 
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