


When the capacitor in question (which we’ll refer to as C, )
is connected to the J1/J2 input terminals, the circuit produces
a voltage—one millivolt per picofarad on the lower range and
one volt per microfarad on the upper range—that is directly
proportional to the capacitance. And it is that voltage that’s
shown on the DMM display and interpreted as a capacitance
value.

Capacitor C, (when connected across J1/J2) charges via DI
during the positive half-cycle of the oscillator output and
discharges on negative half-cycle via resistor RS (in the Low
range) or via the series-parallel network formed by R3/R4
and RS (in the HIGH range).

When the circuit is set to the HiIGH range, the output of Ul-a
is fed directly to the pin | input of Ul-b. So the output of Ul-b
is simply an inverted reproduction of its input signal. And
with no capacitor connected across the J1/J2 input terminals,
the output of Ul-c is virtually identical to that of Ul-b. If we
were to measure the voltage difference between the Ul-b/Ul-
¢ outputs, the result would be zero.

Now consider what happens when a capacitor is connected
across the J1/J2 terminals. Capacitor C, charges quickly via
DI and discharges slowly via R3/R4 and RS5. That causes pin
9 of Ul-¢ to stay high for longer than it stays low (the time
duration on the size of the capacitor). So the output waveform
from C, is a series of pulses at the same frequency as Ul-a,
but with the pulse length being inversely proportional to the
size of C,.

Refer to Fig. 2. Waveforms A, B, and C correspond to the
outputs of the three gates, respectively. If C, is relativeiy
large, the positive pulses fed to pin 8 of Ul-c will be very
short (as shown in waveform C). If the averaged voltage
difference between the waveforms B and C is measured, it
would be proportional to the capacitance of C,.
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Fig. 2—This collection of wavetorms shows the relation-
ship between the three nano Schmitt triggers when
the circuit is set to the HigH range.

The pulses are filtered by a dual RC filter (consisting of R8/
C2 and R9/C5) to give a smooth DC voltage. That voltage is
then measured by the DMM to give a direct readout of the
capacitor value.

Sadly, things become more complicated when the circuit is
switched to the Low range due to stray capacitance across the
J1/J2 terminals. Without some correction for stray capaci-
tance, reading low-value capacitors would result in serious
errors. That’s where the null circuit comes into play.

When S2 is set to the Low range, the output of Ul-a is fed
to pin | of Ul-b via diode D2, charging the 390-pF capacitor,
Cl. Capacitor Cl charges quickly via D2 and discharges

slowly via R6. So the input to pin | stays high for a short
period, each time pin 6 of Ul-a switches low. The result is that
the positive pulses output by Ul-b are slightly shorter than
they otherwise would be; compare the waveforms shown in A
and B of Fig 3. Look closely, as the differance may not be
apparent at first glance.

The C wavform in Fig. 3 shows the output of Ul-c with
only stray capacitance at the J1/J2 input (in other words, no
test capacitor is connected). The stray capacitance is charged
via DI and discharges via R8, so the positive output pulses of
Ul-c are also slightly shorter than they otherwise would be (if
there was no stray capacitance).
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Fig. 3—Shown here are the waveform timing diagrams for the
Low range. Note that the positive pulses at B and

C are shorter than those at A, due to capacitor C1 and the
stray capacitance at the J1/J2 input.

Potentiometer R6 is the null adjustment, which should be
set so that the positive-going edge of the B waveform in Fig. 3
coincides with the positive-going edge of waveform C (mak-
ing the delay times equal). If measured, the voltage difference
between waveform B and C would be zero, because the two
waveforms are identical. In other words, the effects of stray
capacitance are canceled out.

Offset Voltage

When the circuit is set to the Low range, D3 and R7 are
switched into the circuit. Diode D3 feeds the squarewave
output of Ul-c to a voltage divider consisting of R7 and R8
(which is tied to pin 8 of Ul-c). Actually, D3 is forward biased
only when the output of Ul-b exceeds 3.1 volts, and is reverse
biased when the output drops below that value.

As a result, a fixed 5-mV offset appears on the negative
output terminal (jacking up the negative terminal by 5 mV).
To null the circuit, the voltage on the positive terminal must
also be increased by 5 mV. That’s achieved by adjusting R6 so
that Ul-b goes high before Ul-c triggers.

The offset voltage overcomes a tendency for Ul-b and Ul-c
to lock together when their respective trigger points are
close. By adding the 5-mV offset, the circuit is nulled with
Ul-b set to trigger well before Ul-c, eliminating the locking
problem.
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CAPACITANCE ADAPTER
(Continued from page 46)

between the board and the front panel of the enclosure (see
photo). A strip of electrical tape can be used to prevent shorts
between the battery case and the trimmer potentiometers.

Calibration

Calibrating the circuit involves first setting the NULL
adjustment (R6), then adjusting R1 and R3 so that the DMM
displays the correct reading for a capacitor of known value on
the Low and HIGH ranges. respectively.

To set the NuLL control, set the DMM to the millivolt
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The Capacitance Adapter is designed to be plugged directly
into the jacks of your DMM. Banana plugs PL1 and PL2 are
soldered directly to the underside of board, and protrude
the enclosure of the project.

Shown here is the Adapter’s printed-circuit board prior to
being sealed in its enclosure. Note that the battery is
sandwiched between the printed-circuit board and the front
panel of the enclosure.

range. S2 to Low. and adjust R6 for a reading of 0 mV. In
practice. itis difficult to set R6 so that the meter reads exactly
zero, so a reading that is slightly negative is considered
satisfactory.

Now connect a capacitor of known value, say between 1000
and 2200-pF, across J1 and J2. Adjust R1 so that the meter
displays 1 mV per picofarad. In other words, if the capacitor
value is 1000 pF, adjust the meter to read 1 volt).

Finally. sct the Adapter to the HIGH range and connect a 0.1
to I-wF capacitor across J1 and J2. Adjust R3 so that the meter
displays I-volt per microfarad (or 0.1 volt for a 0.1-nF capaci-
tor and I volt for a I-puF capacitor).





