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Voltmeters are always useful as far as
anybody interested in electronics is con-
cerned. Junior Computer owners can
use this straightforward circuit and pro-
gram to convert their computer into an
excellent digital voltmeter.

The basis of the circuit is an A/D con-
verter from Intersil. This IC has binary
outputs and will convert the input signal

plete voltmeter circuit for a 3% digit
display including automatic polarity
indication. This means the whole circuit
can be very straightforward.

Figure 1 shows the circuit diagram. The
voltmeter IC contains a 12 bit A/D con-
verter with tri-state outputs. The out-
puts B1...BB are displayed in two
bytes. Which byte is displayed depends
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level into the BCD code. Since the IC
has tri-state outputs, it is suitable for
use with microprocessors.

The circuit

on the address decoder IC2. The low

order byte contains the eight least sig-

nificant bits and the high order byte the
four most significant bits plus an over-
flow bit and a polarity bit.

The Intersil ICL7109 contains a com- Using the given specifications, the
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Figure 1. The digital voltmeter circuit diagram which enables the Junior Computer to measure
DC voltages. IC1 takes care of the whole process, converting an analogue input signal into

a 12 bit code for the computer.
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input voltage for ‘full scale deflection’
will be 4.096 V. The conversion speed
is about 30 per second. The input range
can be varied by changing the value of
R2 and by modifying the reference volt-
age which is set by P1.

Thus,

_ Usull scale
R2 = *——m and

Ufull scale = 2 * Uref-

The value of C1 and C2 is determined
by the oscillator frequency used, where

1= 2048 - period - 20 pA
35V
and C2=2-C1.

C

The 250 kHz frequency that is used for
the converter is derived from the micro-
processor clock. For this IC3 is connec-
ted as a divide-by-four. If required, the
converter may be run at a different fre-
quency by choosing a different output
of IC3. This will also alter the number
of conversions per second. Because of
the converter’s high input impedance,
input attenuators can be included fairly
easily to provide several voltage ranges.

The program

The program which enables the JC to be
used as a digital voltmeter is shown in
table 1. This will read in the two bytes
produced by the converter, after which
a binary-to-decimal conversion takes
place and the result is then shown on
the display. In the case of a negative
input signal the status of the polarity
flag is detected and a minus sign is
shown on the display. If the maximum
input voltage of the converter is ex-
ceeded, the display will indicate OL
(overload) together with the polarity.

In the circuit diagram in figure 1 the
converter is connected in the ‘free run
mode’. This means it will start with the
next conversion as soon as an analog-to-
digital conversion has been completed.
This is fine under normal circumstances,
but it may prove necessary to detect the
actual moment a conversion has ended
and then read in the data to avoid this
happening while the data is changing.

This can be done by connecting the
status output of IC1 to PA7 of the port
connector and by using the negative-
going edge of this output to enable an
interrupt (IRQ) at the end of a conver-
sion. The interrupt routine can then
read in and store the two bytes before
the following conversion comes to an

end. An example of this interrupt
routine is provided in table 2.
Once the two programs have been

loaded beginning with address 0200, the
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IRQ service routine:
@380 48 INTS: PHA ; save A
@381 8A TXA ; save X
(@382 48 PHA
@383 98 TYA ; save Y
(@384 48 PHA
@385 AD 85 1A LDA 1A 85 ; reset IRQ
@388 ADGQ 18 LDA 18 @@ ; read high byte
@388 85 D@ STA D@ ; store it
338D AD Q118 LDA 18 @1 ; read low byte
03990 85 D1 STA D1 ; store it
@392 68 PLA ; restore all registers
@393 A8 TAY
@394 68 PLA
@395 AA TAX
@396 68 PLA
@397 49 RTI ; return to main program

IRQ vector has to be specified:

1A7E 80
1A7F 03

Finally, the initialisation routine which
is needed whether or not the interrupt
routine is used:

0000 8D 86 1A STA 1A 86
0003 58 CLI
0004 4C 00 02 JMP-MAIN

Now a reference voltage is connected to
the input of the meter circuit (4 V, for
instance) and P1 is adjusted so that the
display indicates the value of the refer-
ence voltage. In the absence of a known
voltage, any DC voltage of about 4 V
can be used instead and the display can
be compared to that of another, accu-
rate meter.

These instructions make sure the PIA
produces a negative-going edge at PA7
and that the interrupt-disable bit is
restored once the processor is reset.
When this has been done and the circuit
in figure 1 is connected to the Junior
Computer, the program can be started
at address 0000. ]
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