DIGITAL VOLTMETER

= RAJ K. GORKHALI

voltmeter finds its importance
Awherever voltage is to be mea-
sured. Here we present an easy-
to-build and accurate digital voltmeter
that has been designed as a panel meter
and can be used in DC power supplies

panels or where it is necessary to have
an accurate indication of the voltage.

Circuit description

The circuit uses an analogue-to-
digital converter ICL7107 made by
INTERSIL. Fig. 1 shows the pin detail
of IC L7107. This IC incorporates in a
40-pin case all the circuitry necessary
to convert an analogue signal into
digital and can drive a series of four
seven-segment LED displays directly.

PARTS LIST

Semiconductor:

IC1 - ICL7107 3%z digit
analogue-to-digital
converter

IC2 - 7805 +5V regulator

IC3 - 7905 -5V regulator

DIS1-DIS4 - LTS542 CA seven-
segment display

Resistors (all Ya-watt, 5% carbon):

R1 - 470-kilo-ohm

R2, R7 - 100-kilo-ohm

R3 - 22-kilo-ohm

R4 - 220-ohm

R5 - 10-ohm

R6 - 1-kilo-ohm

R8 - 1-mega-ohm

VR1 - 2-kilo-ohm trimpot

VR2 - 1-kilo-ohm trimpot

Capacitors:

C1 - 0.22pF ceramic disk

C2 - 0.47pF ceramic disk

C3 - 0.01pF ceramic disk

C4, C6, C7 - 0.1uF ceramic disk

C5 - 100pF ceramic disk

C8 - 220uF electrolytic

Miscellaneous:

S1 - Push-to-on switch

S2 - 2-pole, 4-position (each
ganged) rotary switch

BATT.1,

BATT.2 - 9V battery
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Fig. 1: Pin details of ICL7107

The circuits built into the IC are an
analogue-to-digital converter (ADC),
a comparator, a clock, a decoder and a
seven-segment LED display driver.

The circuit can display any DC volt-
age in the range of -1999 volts to +1999
volts. It operates off +5 volts.

In order to understand the operat-
ing principle of the circuit, it is neces-
sary to explain how the ADC IC works.
An analogue-to-digital converter,
better known as a dual slope converter
or integrating converter, is generally
preferred over other types as it offers
accuracy, simplicity in design and a
relative indifference to noise, which
makes it very reliable.

The operation of the circuit is
described in two stages for better un-
derstanding. During the first stage, for
a given period the input voltage is inte-
grated, and the output of the integrator
at the end of this period is a voltage

which is directly proportional to
the input voltage.

At the end of the preset pe-
riod, the integrator is fed with
an internal reference voltage and
the output of the circuitis gradu-
ally reduced until it reaches the
level of the zero reference volt-
age. This second phase is known
as the negative slope period and
its duration depends on the out-
put of the integrator in the first
period. As the duration of the
first operation is fixed and the
length of the second is variable,
it is possible to compare the two
and this way the input voltage is
in fact compared to the internal
reference voltage and the resultis
coded and sent to the display.

All this sounds quite simple
and easy but in fact it comprises
a series of complex operations,
which are all made by the
ADC IC with the help of a few
external components that are used to
configure the circuit for accurate mea-
surement.

Fig. 2 shows the circuit of the
digital voltmeter. The voltage to be
measured is applied across points ‘IN-
L" and “IN-H’ of pins 30 and 31 of IC1,
respectively, through circuit resistors
R5, R6, R7 or R8 and preset VR1.

Resistor R2 together with C5 forms
the circuit used to set the frequency of
the oscillator (clock), which is set at 48
kHz approximately. At this clock rate,
there are about three different readings
per second.

Capacitor C4, which is connected
between pins 33 and 34 of IC1, com-
pensates for the error caused by the
internal reference voltage and also
keeps the display steady. Capacitor C2
and resistor R1 together forms the cir-
cuit that does integration of the input
voltage and at the same time prevents
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Fig. 2: Circuit diagram of digital voltmeter
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Fig. 3: A single-side, actual-size PCB layout for digital voltmeter

any division of the input voltage mak-
ing the circuit faster and more reliable.
Capacitor C1 forces the instrument to
display zero when there is no voltage
at its input.

Resistor R3 together with reference
control preset VR2 is used to adjust
the instrument during set-up so that it
displays ‘0" when the input is zero. Re-

Fig. 4: Component layout for the PCB

sistor R4 controls the current that is al-
lowed to flow through the displays (for
decimal point) so that there is sufficient
brightness without damaging them.
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The IC, as mentioned earlier, is
capable of driving four common-an-
ode, seven-segment displays. Displays
DIS1 through DIS3 are connected such
that they can display all the numbers
from ‘0" to *9,” while display DIS4 can
display only digit ‘1" (and *-" sign when
the voltage is negative).

When TEST switch is pressed, test
pin is pulled high (to V+) and all seg-
ments turn on to show ‘1888 on the
display. The TEST pin will sink about
15 mA under this condition. In the
lamp test mode, the segments have
a constant DC power supply. Pin 36
(REF HI) is made high through VR2
to adjust the reference voltage and pin

35 (REF LO) is connected to the nega-
tive terminal of the input. Preset VR1
is used to adjust the range of voltage
divisions.

Resistors R5 , R6, R7 and R8 con-
nected to pin 31 are used for range
selection. Switch S2 is two-pole, four-
position (each ganged) rotary switch.
Decimal point is connected to resistor
R4 via rotary switch S2 for different
range selection.

The entire circuit operates off a
dual 5V DC power supply which is
applied to IC1 as follows: pin 1 to +5V,
pin 21 to OV and pin 26 to -5V. Dual
power supply is derived from two 9V
batteries. Regulators IC2 and IC3 are

used to provide a regulated +5V and
-5V, respectively to the circuit. Capaci-
tors C6 and C7 bypass any ripple from
the regulated supply.

Construction

An actual-size, single-side PCB layout
for the digital voltmeter is shown in
Fig. 3 and its component layout in Fig.
4. Connection points for decimal point
and for range-selection resistor are
provided on the PCB for connecting
rotary switch S2. IC base is used for
IC1. Rotary switch is fitted outside the
PCB. Connections from the PCB to the
rotary switches are made using suitable
lengths of shielded wire. ®
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