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DIGITAL METER CIRCUITS 

ALTHOUGH the majority of analog meters (i.e., scale and 
pointer types) are not as expensive as corresponding 

digital instruments, the gap is narrowing ; and in some catego­
ries , commercially manufactured digital meters are actually 
less costly than their analog counterparts , especially in the 
more sensitive models. For many experimenters and hobby­
ists, however, cost is not an overriding factor when consider­
ing a new project , as long as it is within their budgetary limits. 
A considerable number prefer to assemble equipment or in­
struments " from scratch" even though commercially built 
products with similar performance specifications are available 
for about the same prices (or even less) . The real pleasure is 
perhaps more in building and debugging the project than in 
the final use of the completed equipment. If you 're one of th is 
group of enthusiasts and need a digital meter for one or more 
of your projects, chances are you 'd prefer to " roll your own ." 
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F ig. 1. Simple 2!12-digit meter circuit 
v.oo suggested by National Semiconduc tor. 
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Fig. 2. A 3!12-digit meter circuit abstracted 
from Micro Power Systems, Inc., data bulletin. 
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Typical 2Y2- and 3Y2-digit meter circuits suggested by various 
semiconductor manufacturers are illustrated in Figures 1 
through 4. 

A word about "Yi digits." Normally, each digit in a readout 
display represents a significant figure and can be any number 
from "O" to "9." Thus, a 2-digit instrument can provide read­
outs from "O" to "99" or decimal fractions thereof, depending 
on the instrument's sensitivity, number of ranges, and deci­
mal-point placement. Whether the displayed reading is .01, 
.09, .99, 9.9 or 99, however, there can be only two significant 
figures. By adding the "half" digit-in reality a "1" with , some­
times, a polarity sign-the readout will display up to three sig­
nificant figures for most applications. While a 2-digit instru­
ment can furnish readings of only Oto 99, then, a 2Y2-digit de­
sign can display readings from Oto 199. Generally, the added 
cost and circuitry required to supply the extra Yi digit is nomi­
nal compared to that of providing a full Oto 9 digit, hence the 
popularity of Yi-digit circuits. 

Featured in a four-page data bulletin published by the Na­
tional Semiconductor Corporation (2900 Semiconductor 
Drive, Santa Clara, CA 95051 ), the 2Y2-digit meter circuit 
shown in Figure 1 requires only two active devices: an 
ADD2500 (DS8700) single-chip meter IC and a common­
cathode 2V2-digit LED readout similar to the NSB3881 or 
NSN333. The design requires +5-V (Vee) and - 15-V (VEE) 
de sources for operation and, with the component values 
specified, has an input impedance of better than a half meg­
ohm while offering a full-scale reading of up to 1.99 volts at an 
accuracy of ± 1 % . Specified for operation over the range from 
0°c to + 70°C, the ADD2500 is supplied in either a side­
brazed ceramic or Epoxy B plastic 24-pin DIP. It includes on­
chip provisions for auto-polarity selection and identification, 
overrange and underrange output indication, LED segment 
and digit drivers, and programmable decimal-point selection. 
In addition, the device contains an internal clock and a built-in 
temperature-compensated reference source. 

In operation, the ADD2500 utilizes a dual voltage-to-fre­
quency (V/F) technique for analog-to-digital conversion. One 
V/F converter serves to develop a continuous signal with a 
frequency proportional to R1N, C1N, the zero adjust resistance, 
and the input voltage plus a fixed 3 volts. The second V /F 
converter acts both to provide a sample window and to deter­
mine the conversion rate for counting the input frequency. 
Since the output frequency of the first V /F converter is directly 
proportional to the input voltage, as modified by fixed con­
stants, counting this signal for a known interval provides a dig­
ital signal which is also proportional to the input voltage. From 
this point, conventional digital logic is used to develop the out­
put drive signals for the readout display. Auto-polarity selec­
tion is achieved by an offset counter controlled by analog in ­
puts referenced to a -3-volt level, permitting the instrument to 
accept both positive and negative input voltages. 

With neither layout nor lead dress overly critical, the digital 
meter circuit should not be too difficult a project for the aver­
age experimenter. The circuit can be assembled using either 
pc or pert board construction techniques. The data bulletin 
cautions, however, that a single connection point should be 
used for both the analog and digital grounds to avoid possible 
ground-loop problems. After assembly and check-out, the fol­
lowing calibration procedure is recommended : 

1. Using an accurate voltmeter, adjust the SCALE ADJUST 
potentiometer for -3 volts at pin 5(VREF). 

2. With V1N at analog ground, adjust the ZERO ADJUST po­
tentiometer for a display of" .00." 

MARCH 1978 

3. With 1.90 volts applied to VIN• readjust the SCALE ADJUST 
for a display of "1 .90." 

4. Repeat steps 2 and 3, as needed, to achieve an optimum 
balance between the two adjustments. 

Offering a greater challenge for the more experienced hob­
byist, the 3Y2-digit meter circuit shown in Fig. 2 was abstract­
ed from a six-page technical brochure issued by Micro Power 
Systems, Inc. (3100 Alfred St. , Santa Clara, CA 95050) . Using 
an MP7138 monolithic CMOS AID converter IC, the circuit is 
designed for operation on a standard single-ended, 5-volt de 
power supply. Supplied in both plastic and ceramic 28-pin 
DIP's, the MP7138 includes an on-chip clock and all the cir­
cuitry needed to provide a multiplexed BCD output with auto­
zero, auto-polarity, and display hold features, the latter imple­
mented by applying a logic "O" to pin 21 . The device is speci­
fied for operation from -40 to ±85 °C and needs only 10 mW, 
typical, in most applications. With an extremely high input 
impedance, the IC requires an input current of only 10 pA. 

In addition to the MP7138, the digital meter circuit employs 
a DS-8857 BCD-to-7-segment LED driver, a DS75492 MOS­
to-LED hex digit driver, four HP 5082 series LED displays, 
and a 7 4C04 hex inverter, plus an MPS5010 zener, a general­
purpose npn transistor, and two general-purpose diodes. The 
74C04 hex inverter, the two general-purpose diodes, and a 
pair of 10-µ,F, 20-V electrolytics are used as part of a negative 
voltage power supply which is not required if a dual ±5-V de 
source is available. 

The MP7138 utilizes a dual-slope analog-to-digital conver­
sion technique. In principle, the dual-slope technique involves 
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Fi.g. 3. Teledyne's 3!/.i-digit meter circuit uses an L CD readout. 
R equiring only 20 mW, a full-scale reading indicates input of 10 volts. 

the conversion of the input signal voltage to a proportional 
time interval, which is then measured digitally. This is accom­
plished by integrating the input signal for a fixed period and 
then applying a reference voltage of opposite polarity to the 
integration capacitor, causing it to discharge at a known rate. 
The discharge interval, converted to a digital number, is pro­
portional to the average input signal voltage during the initial 
charge period. The conversion rate is determined by the cir­
cuit's clock frequency, with the MP7138 capable of making up 
to 15 conversions per second . 

With the component values specified in Fig . 2, the meter 
has a full-scale range of 1.999 V, providing a typical accuracy 
of :±:0.05% of reading. The display blanks automatically when 
the input voltage exceeds the full-scale range. If desired, the 
instrument's sensitivity may be increased to obtain a full scale 
range of 199.9 mV. This is achieved by replacing the capaci­
tor between pins 1 and 28 with a 0.47-µF ,.mit, by replacing 
the capacitor between pins 4 and 5 with a 0.47-µF unit, by re­
placing the resistor between pins 26 and 27 with a 100,000­
ohm unit, and by readjusting the reference voltage applied to 
pin 6. For a nominal "2-volt" full-scale range, a 1.0-volt refer­
ence voltage is used (pin 6), while a 0.1-volt reference is used 
for a nominal "200 millivolt" range. 

As the first circuit discussed, the 3lh-digit meter may be as­
sembled using the builder's choice of construction tech­
niques, with both pc and pert board methods acceptable . Nat­
urally, the customary precautions should be observed to avoid 
damage to the CMOS devices. After assembly and check-out, 
the only adjustment required is the reference voltage applied 
to pin 6, which should be set precisely for 1.0 V for a 1 .999 V 
full-scale range or at 0.1 V for a 199.9 mV range. The negative 
voltage power supply (including the 74C04, two diodes and 
two 10-µF capacitors) may be omitted if a dual de power sup­
ply is used by connecting the - 5-V source to pin 24. 

If your intended application requires the lower power con­
sumption of an LCD readout as compared to an LED display, 
you may prefer the 3lh-digit meter circuit illustrated in Fig. 3. 

Described in the 6-page data bulletin for the 8750 AID con­
verter IC published by Teledyne Semiconductor (1300 Terra 
Bella Ave ., Mountain View, CA 94043), the circuit uses this 
device in conjunction with a Shelly No. 8654-01 readout, a 
4013 dual D flip-flop , a 4070 quad 2-input exclusive-OR gate , 
and three 4543 BCD-to-seven segment latch/decoder/driv­
ers. The 8750 is a CMOS device supplied in 24-pin ceramic or 
plastic DI P's. Requiring only 20 mW, typical , for operation , the 
A/D converter provides a full-scale reading with an input cur­
rent of only 1 O µA, permitting the user to change the voltage 
range simply by changing the value of the input scaling resis­
tor. With the value specified in the diagram (R1N, 1 megohm) , 
a full-scale reading indicates an input of 10 volts . The device 
does not have an auto-polarity circuit and requires a positive 
input voltage with respect to circuit ground. 

Within the 8750 device, the analog-to-digital conversion is 
achieved using an incremental charge balancing technique. In 
operation, an amplifier integrates the sum of the applied (in­
put) current and pulses of a reference current for a fixed num­
ber of clock periods. The reference current is of opposite 
polarity compared to the input current. The number of refer­
ence current pulses (charge increments) needed to maintain 
the amplifier summing junction near zero during the conver­
sion period is counted. At the end of conversion , the total 
count is latched into the digital outputs in a 3lh-digit BCD for­
mat. The number of pulses needed to maintain the charge 
balance near zero during each conversion period is, of 
course, directly proportional to the input current (or voltage) . 
The 8750 makes approximately 100 conversions per second. 

Requiring a dual :±: 5-V de power source for operation, the 
3lh-digit LCD meter circuit may be assembled using any 
standard construction technique, provided the usual care is 
exercised to avoid damage to the CMOS devices. The value 
of the input scaling resistor (R1N) is determined by the full­
scale voltage range required , based on an input of 10 µA for a 
full-scale readout. A precision resistor should be used for R1N 

or, if preferred, a small potentiometer, permitting a precise ad-
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justment of the full-scale reading. Other than the scaling resis ­
tor, the only other adjustment required is that for zero input, 
made with the ZERO ADJUST potentiometer. 

Reader's Circuit. Peter Stys (44 Massey St., Brampton, 
Ontario, Can. L6S 2W3), an electric guitar enthusiast, was un­
happy with the results obtained from various fuzz boxes he 
had tried with his instrument. None, he fe.\t, provided the real 
"pro" sound he wished to achieve. So, he decided to tackle 
the problem head-on and design his own unit. His fuzz box cir­
cuit is illustrated in Fig. 4. Suitable for operation on dual de 
power supplies from ±5 to ± 18 volts, the design uses inex­
pensive, readily available, standard components and can be 
duplicated quite easily by the average hobbyist in one or two 
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Fig. 4. R eader 's fuz z-box circuit 
ampli fi es guitar's sign al unti l clipping 
occurs and then overdrives output stage. 

evenings. According to Peter, his unit changes the tones pro­
duced by an unaided electric guitar to sounds similar to those 
produced by an electronic music synthesizer. 

For the uninitiated, old timers , and classical music lovers, a 
"fuzz box" is not a care package for police officers but a de­
vice used to introduce distortion deliberately in a sound sys­
tem in order to create special effects. The device may be as 
simple as one or two diodes used to clip the signal or as com­
plex as a multistage amplifier. In operation, Peter's circuit 
achieves the desired effect by amplifying the signal from the 
guitar's pick-up until clipping starts to occur and then overdriv­
ing a dual JFET output stage. 

Neither parts placement nor the wiring dress should be 
overly critical and, therefore, prospective builders can use 
their choice of construction techniques when duplicating Pe­
ter's design. Except for VOLUME control , RB, all resistors are 
half- or quarter-watt types, while· the capacitors are all low­
voltage ceramic or plastic-film units. Either an integral or sep­
arate de source may be used as a power supply, at the build­
er's option . If a lower voltage (below ± 15 V) supply is 
used, it may be necessary to reduce R7's value for optimum 
performance. Although not shown on the schematic diagram, 
most builders probably will include a combination ON / OFF and 
system bypass switch in their models. In practice, the fuzz box 
is connected between the guitar's pick-up (microphone) and 
the audio amplifier's preamp (or input jack}. o 
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• 	Direct cursor addressing 
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