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A Precision Three -Mode 
Voltage Calibrator 

By D. W. Nelson, WB2EGZ 
RCA Defense Electronic Products* 

Do you remember the last time you calibrated your VTVM? You don't? Well, you probably can 
recall the date you needed to know the deflection sensitivity of your 'scope. 

You can easily determine the sensitivity of your equipment and improve its accuracy with the 
aid of the three -mode voltage calibrator described by WB2EGZ in this issue. As an added bonus 
to building this useful instrument, you will gain a practical working knowledge of RCA's popular - 
priced CA3018 and CA3047A integrated circuits, as well as many valuable pointers on the versa- 
tile metal -oxide -semiconductor (MOS) field-effect transistor. 
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Figure 1: Exterior view of three -mode voltage 
calibrator constructed by WB2EGZ. A rather 
sophisticated circuit has been compressed into 
a 5 -by -5 -by -5 -inch "cowl box." 

Using the least complex circuit possible, 
the author has developed a voltage cali- 
brator offering a choice of three outputs: 
DC, an RMS sine wave, and a peak -to -peak 
square wave. Unlike some other calibrators, 
no manipulation or guesswork is involved in 
using the AC (RMS) mode of this calibrator. 

Circuit Description 

The calibrator is best described in terms 
of the block diagram shown in Figure 2 and 
the schematic diagram shown in Figure 3. 
Two 1 -kHz oscillators (a sine wave and a 

square wave) and a DC level form the basic 
generators of the correct waveforms. Any 
of the three modes may be selected and fed 
to a follower amplifier which prevents load- 
ing of the generators. The precision of the 
instrument is established at the output of 
the follower by a voltage divider. This is the 
only place in the circuit where precision 
parts are used. If an AC output were not 
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Figure 2: Block diagram of three -mode voltage calibrator. 

needed, the circuit could terminate here. 
The requirement for an alternating -cur- 

rent sine wave complicates the design ap- 
preciably because the basic generators 
cannot provide an undistorted wave form of 
sufficient amplitude. Remember that the 
peak -to -peak amplitude of a sine wave is 
2.83 times the RMS value. Furthermore, the 
signal must average zero volts to make most 
voltmeters read correctly. These require- 
ments have been met by using an opera- 
tional amplifier of fixed gain in the AC sec- 
tion of the calibrator. 

The three -mode calibrator requires reg- 
ulated power supplies to maintain stability. 
The dual supply used with the calibrator is 
shown in Figure 4. A positive 15 volts pow- 
ers the generators and the follower, but the 
AC amplifier uses a negative 15 -volt supply 
as well. The 30 -volt total permits generation 
of a 28.3 -volt peak -to -peak undistorted out- 
put for the 10 -volt RMS level. The use of 
positive and negative supplies permits the 
centering of the amplifier output around 
zero. 

Two types of integrated circuits, or 
"IC's," are employed in the calibrator. One - the RCA-CA3018 - contains four tran- 
sistors, only two of which are used. The 
second IC-the RCA-CA3047A-is a direct - 
coupled amplifier that contains both resis- 
tors and transistors. The original intent was 
to combine the square -wave generator with 
the sine -wave generator by using all the 
transistors in the CA3018. Due to certain 
temperature problems, however, it was im- 

possible to maintain accuracy in the AC 
mode with this configuration. Hence, the 
sine -wave oscillator was redesigned to use 
a discrete transistor, type 2N3241A. Two of 
this same type transistor may be used in the 
square -wave generator, if desired, without 
adversely affecting calibrator performance. 
The method of connecting the discrete 
transistors in place of the CA3018 is shown 
in Figure 5. In the instance of the AC ampli- 
fier, however, any substitution is out of the 
question. The CA3047A seems "made to 
order" for this application, and combines 21 
transistors and 14 resistors in a very sophis- 
ticated circuit. Can you imagine the size of 
this circuit if tubes - or even transistors- 
were used? 

Thermal stability presented the greatest 
design problem in this project. Power - 
supply voltage was stabilized by using 
1N5216 silicon diodes in series with the 
1N965 regulator diodes. Second, the sine - 
wave oscillator, which utilizes a twin -T 
bridge circuit, was stabilized by using two 
more 1N5216's in the base -biasing network. 
The system used in the sine -wave oscillator 
could be improved. In its present form, it 
limits the thermal drift to 2 percent of the 
output voltage. Long-term stability would be 
better if the diodes and transistor were 
physically connected as they are in an IC. 
Nearly perfect stability is the boast of the 
CA3047A operational amplifier. There is a 
slight long-term drift in the source -follower 
MOS transistor circuit, but this is insignifi- 
cant for most amateur applications of the 
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carbon 

R2, R3 - 27 kilohms, 1/4 watt, car- 
bon 

R4, R102, R703 - 2.7 kilohms, 1/4 

watt, carbon 

R5, R26, R27-100 kilohms, 1/4 

watt, carbon 

R6-10 kilohms, 1/4 watt, carbon 

R7-4.7 kilohms, 1/4 watt, carbon 

RO - 560 ohms 

R9 - 820 kilohms, 1/4 watt, carbon 
(may be adjusted for precise 
agreement between DC and 
square wave) 
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carbon 

R13 -1 megohm, 1/4 watt, carbon 

R74-2 kilohms, 1/4 watt, 1%, de- 
posited carbon or metal film 

R15, R10, R17r R78 - 400 ohms, 1/4 

watt, 1%, deposited carbon or 
metal film 

O 
-15 V 

O T 

AC 
CAL 

830 R31 

o SID% i 

o O o SIE OUTPUT 

7 

R79-200 ohms, 1/4 watt, 1%, de- 
posited carbon or metal film 

R20, R21, R22, R23, R24 - 40 ohms, 
1/4 watt, 1%, deposited carbon 
or metal film 

R25, R29-1 kilohm miniature pot 
(Mallory MTC-L1 or equiv.) 

R28-330 kilohms, 1/4 watt, car- 
bon 

R30 - 1.5 kilohms, 1/4 watt, carbon 

R31-100 ohms, 1/2 watt, carbon 

R101-120 kilohms, 1/2 watt, car- 
bon (not necessary with 120 -volt 
indicator assemblies) 

R104, R705 - 2.2 kilohms, 1/4 watt, 
carbon 

R106, R107-1.5 kilohms, 1/2 watt, 
carbon 

S7 -5 -pole, 3 -position rotary 
(Centralab PA -2015 or equiv.) 

S2 - 1 -pole, 11 -position rotary 
(Centralab PA -2000 or equiv.) 

S101- SPST toggle 

1'107 -power transformer (Triad 
F91X or equiv.) 

Miscellaneous - Cowl box (Bud 
SC -2133 or equiv.); heat sink 
(Thermalloy 2225-B or equiv.); 
binding posts; and 3AG fuse 
holder. 

Figure 3: Schematic diagram and parts list of WB2EGZ calibrator. 
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Figure 4: Schematic diagram of ±15 -volt power supply. 
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Figure 5: Schematic diagram of square -wave 
generator as it would appear if constructed with 
transistors in place of the CA3018 integrated 
circuit. 

calibrator. No special compensation was 
added to the follower or square -wave gen- 
erator portions of the calibrator. 

Construction 

Construction of the calibrator in a Bud 
"cowl box" 5 inches square keeps its size 
to a minimum (see Figures 6, 7, and 8). In 

some instances, however, builders may pre- 
fer larger cases, particularly if the small 
ceramic capacitors suggested here are not 
available. Larger components are accept- 
able and their placement is not critical, pro- 
vided that signal leads from the 60 -Hz AC 
field are adequately shielded. In the cali- 
brator described here, all such leads carry- 
ing calibration signal information have been 
shielded and the shields connected at a 

common point near the CA3047 (see Figure 
8). This arrangement follows standard de- 
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sign practice. It is not known whether un- 
shielded leads would introduce significant 
hum. 

The perforated boards containing power - 
supply regulators and signal -generator cir- 
cuitry are wired and tested before final 
placement. It is expedient to also pre -wire 
the rotary switches as completely as pos- 
sible. Dimensions for front and rear panels, 
bottom section, and all drill holes are shown 
in the chassis layout provided in Figure 9. 

Caution: The device used as the follower 

amplifier in the calibrator is an MOS field- 
effect transistor. Transistors of this type are 
shipped with a thin wire wrapped around 
the leads to prevent accidental burnout. 
This wire should not be removed until the 
device is connected into the circuit. Al- 
though the author used a small socket to 
facilitate changes during construction of 
the calibrator (see Figures 6 and 8), solder- 
ing of leads is "good practice" provided 
that the leads are kept shorted until solder- 
ing is complete. 
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Figure 6: High-level view of right side of calibrator showing layout of the generator -amplifier board. Note 
that the DC and AC calibration controls are mounted so adjustments can be made by a screwdriver 
through the grommets on the rear of the chassis. The MOS field-effect transistor, located near these 
controls, is mounted in a socket. A builder who chooses to wire the MOSFET directly must take the pre- 
caution of keeping all leads shorted together until the circuit wiring is complete. 
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Calibration 

In order for the calibrator to function 
accurately, each of its sections must be 
adjusted to agree with some voltage stand- 
ard. If you're a stickler for precision, find- 
ing a standard may be the hardest part of 
your project. A new and unused "D" cell, 
such as an RCA-VS036 1.5 -volt battery, 
should measure 1.55 volts and is a practical 
standard for DC calibration. This cell is 

used to calibrate an oscilloscope to 0.5 volt 
per division; total vertical deflection is 
slightly more than 3 divisions. The 'scope is 

then attached to the calibrator which is set 
for 1 volt DC. R75 is adjusted for a deflection 
of 2 divisions, or 1 volt. At this time, it would 
be wise to try all voltage settings of the 
calibrator to be sure the 1 -percent resistors 
are correct. 

The square -wave calibration has been 
made at the same time as the DC calibra - 
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Figure 7: View of left side of calibrator shows layout of the power -supply regulator board. Identical cir- 
cuitry, except for polarity, is used twice. The positive voltage pass transistor, type 2N3053, is obscured 
by its heat sink. No heat sink was employed on the negative -voltage counterpart because of its lower 
power requirements. 
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tion. Unfortunately, AC calibration requires 
a second adjustment. This adjustment is 
accomplished by trimming the gain of the 
CA3047A amplifier. This gain is needed to 
increase the peak -to -peak voltage to 2.83 
times the value shown on the voltage 
switch. For the 1 -volt setting, the sine wave 

is set by R29 to read 2.83 volts peak -to -peak. 
Even though the other voltage positions 
have been checked, AC on the 10 -volt po- 
sition must be tried to be sure the sine wave 
is not distorted. Should it be distorted or 
clipped due to differences in components, 
the output of the sine -wave oscillator must 
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Figure 8: Both perforated boards are hinged in order to gain access to the switches. This view illus 
trates how the shielded cables were installed between the perforated boards and the switches. The 
square piece of plastic insulation mounted on the large capacitor in the background insulates the 
capacitor from the wiring of the generator -amplifier board. Any suitable insulating material may be 
used, of course. 
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be reduced by increasing the resistance of 
R8. Although not experienced by the author, 
it is possible that some CA3047A's will ex- 
hibit clipping in the output stage when 
driven to 28.3 volts peak -to -peak. The sim- 
ple correction for this problem is to in- 
crease the 15 -volt supplies to 16 volts by 
substituting 1N966's for the 1N965's now 
used. Once the output distortion is elimi- 
nated, R29 may be readjusted for 28.3 volts 
peak -to -peak. 

Your new three -mode voltage calibrator 
stands ready for use with the 'scope or 
VTVM. It's a rather sophisticated addition 
to the ham shack, isn't it? Remember that 
this design is not intended to check VOM's 
or panel meters. Although the error on a 
20,000-ohm/volt meter is negligible, the er- 
ror on a 1,000-ohm/volt DC meter will be 
10 percent. Higher percentages of error 
can be expected on less sensitive meters. 

Figure 9: Calibrator chassis layout. 
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