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DIGITAL CAPACITANCE METER

Have you just invested in a
large bag of capacitots
with incomprehensibie,
little or no markings? Then
read on. The instrument
described here has five
capacitance ranges
covering a total range of
100 pF to 100uF, can be
powered from a single 9-V
battery, and has a built-in
over-range indicator fo
prevent ambiguous
readings. So, build this
capacitance meter before
even opening your bag .

E. Baitow

NMARKED capacitors can be bought

very cheaply but they often remain un-
uscd for vears because one is not certain of
their value A low-cost capacitance meten to
checkoutthe values quickly and withaceept-
able accuracy 15 duscribed here The instru-
ment is simple to build and based on
commonly available components

A bit of theory

If mathcmatics gives you a migraine you
might like toskip this section and jump to the
bottom line

Consider a capacitor C charging through
a resistor R from a supply voltage U, as
shown in Fig. 1

Us
R
Uc
C
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Fig. 1 Basic capacitor charging circuit.
Both Us and Uc are measured w r . ground.

The woliage on the capacitor. U may be
written as

.=t Al-¢ ")

where ¢ is the basc of natural legarithme:, o
2 7182482 Rearranging
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rearranging and taking natural logarithns
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If we make R, UL and U, constants. then the
left-hand side of the equation becomes acon-
stant term So.

C=kit

]
= constont or
C

I other words by measuring the time taken
for an unknown capacitor to be charged toa
certain voltage by a fixed potential (sce
Fig.2), we can calculate its capacitance if we
know the value of b Aneven bettcr way is to
set the value of & to some round number by
altering R This allows us to measure the
charge time and take this value dircctly as ca-
pacitance

Tocover wider values range switchingis
done by changing the charging resistor and
so k. by a factor of 10 To keep the resistance
within manageable levels.ie bebveen1kQ
and 1 M. we also switch the clock fre-
quency used to measure the charge time to

Liogth of its value Thus we geta total range
of Bdecades

The main problem comes when we
mensure dectroly e and timtalum boad -
pacitors These tend o have rehtivedy Tang
Jcakage curnonts s thedr dielectrics are nal
goud insulttors like  for instance. poly-
shvrae Se.as the idia postulated by Fig
no longer holds bug it has to be redrasn as
in Fig 3.

To climinate the error that would atise
sence of the parallch resistor the

from the pree
charging resistor can be made smaller o in-
crease the charging carrent This minimizes
the effect of the leakage resistance R,

The standard by w hich the charge timeis
measured isa fixed Jdock This dock s alse
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Fig 2. Thecharge volage of acapacitaris
essentially a logaritmic (e-) curve
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Fig 3. Accounting for leakage resistance
of electrolylic and tantalum capacitors

divided by 100 to give a second reforence as
mentioned above After boing slected one
ab the reforence clocks feeds anothur two
counters  The first onc is used along with a
-ty pe bitable configuad o divide by 2 1o
gonen el the liming signals io o reset
the counte s and the displyand charge md
discharge the capacitor  The second counter
feeds the display ditvors The whole opa-
dtien is shown inthe block diagramin big #

How it works

The practicatdircuit ot the digital capacitance
micler wownin big 6 A timer Type 555in
wtable mode generates the tixed clock.
which has a frequency of aboul 20kHz This
isalso divided by a 4518 dual decade counter,
1072 o give asecond clodk of 200 1z One of
these froquencics s scle led by Sia. and
dividud By 100 (C) and subscequently by 2
(1O 1y The complumantay outputs Qand (3
e used Tor all timing, operations

Fo understand the opuralion of the cir-
cut, letus assume that it has been running a
while. and output (s about to go high for
the next 100 ddock pulses On this positive
cdge, a positive pulse is sont to the display
counior, [C7, reschting it to the zerostate. The
bilateral swikch. 1C3¢ isnow closed charging
the testcapaditor through the charging resis-
tor selected by Sis A simple voltage reter-
e for the tisk has buen built around zencr
diode I

[f the capacitor has a value within the se-
lected tange i will be charged to haltthe ref-
crence voltage within 100 dock pulses When
it reaches this voltage. the output of com-
parator 1Ce goes high sending a pulsc to the
Tatches of the display dtisers This pulse Int-
¢hes the current value of counter 1C7 which
now appears on the display

Y we hav e choson the value of the <hog-
ing st lots e value on the disphy s slse
cquil to the capacitance Atter the 100 clock
pulscs hinve clapsed outpul QQ goes Jow and
Q) goes high This opens the charging bilat-
cral switch [C3¢, and closes the discharging
one 1C3k So, for the next 100 cock pulses the
capacitor is discharged A clock timing diag-
ram of the opaation is shown in Fig 5

Although the capacitor under test w it
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BIGITAL CAPACITANCE METER
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Fig. 4 Biock diagram of the capacitance mefer.
is outside the selected range . and the ‘over-
rangc’ LED lights If the comparator output
is high, the capacitor is within the sclected
range. and the LED s turned off

Both 1Cs and 1Cy are BCD-to-7 segments
decoders, setto drive common-cathode LED
displays Note that capacitors Cs and Cioare
cssential to prey ent the glitches produced by

never totally discharge, the amount ofcharge
left in the worst possible case Is unlikely to
atfect the accuracy . as it will be loss than 1%
of the total and the system is only accurale
to 1 count

When the discharging cycle isstarted the
output of the comparator is sampled by bi-
stable IC4B 1 the output is low, the capacitor
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Fig 5 Timing diagram {o illustrate the operation of the circuit
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Fig 6. Circuit diagram of the digital capacitance meter Although two LED displays are shown a dual type may also be used.

the digital clocks upsetting the timing of the
circuit

Construction

The author's design for a printed-cireuit
board is shown in Fig 7 Firstly. solder the
link wires, resistors and the zener dicde {(re-
member to get the polarity right) In the
prototype, all resistors used were 5% types
Because of the compact nature of this praject,
use a pencil nose soldering bit and a lot of
care (watch out for bridging tracks) Next, fit
the capacitors. [C sockets and the presets
(vertically mounted types are used here) It

is recommended to use polyester capacitors
especially for timing purposes (e g . C1) as
theseare stable The presetsare atight fitand
the solder pads are small. so that their legs
may necd a little filing to fit the holes Next
comes the Z-pole rotary range sclucling
switch, which is fitted on the front panel of
the enclosure. Ribbon cable is suggested to
connect the display to the main board . [n the
prototype, a small off-cut of veroboard was
used to mount the display, and a small non-
reflective bezel to improve the readability
The display can be aimost any dual commaon-
cathode LED type. Four bolts are used to
held the board in place, and a dip or a piece

of two-sided adhesive tape tostop the battery
from rattling around in the case. Two 4-mm
sockets, one ted (for +) and one black (for
0 volts), are fitted on the cover plate to con-
nect the unknow ncapacitor

Note Ut i 1C =ockelsare used Crand O
become tight fits. so use disc ceramic tvpes
here

Testing

The completed printed-circuit board may be
tested after it has been connected to the bat-
tery and the extornal controls To test the v
strument, a volbme ter is required and. i vou
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PIGTT AL C APACTEANCE METER

Resistors:

1 5k f1

1 33kQ R2

3 20k R3;R24;R25
14 1k& 84 - R17
1 27k R18

1 10kQ R1g

1 1kel R20

2 12kQ) R21;R22
1 8200 R23

1 4k€7 R26

1 52k R27

1 7kOE R28

1 B2k R29

1 B20kQ R30

1 220kE2 R31

2 2kQO2 preset V P1;P3

2 22k preset V P2:P4

1 220kQ preset V P5
Capacitors:

5 1nF C1-C5
2 4nF7 Ca;C114

i 6uF8 tantalum c7

1 47uF c8

1 2nF2 Cg

1 100pF c1o
Semiconductors:

1 NES55 1CA1

3 4518 IC2:1C3;1C7
1 4013 1C4

1 4068 IC5

1 LM311 1C8

2 4543 1C8.IC9

1 V80 4W zener dicde D1

1 LED 5-mm dia D2

1 dual CC LEDdisplay LDYLD2
Miscellaneous:

1 2-pole 5-way rotary switch S1
1 mirdature on/off switch 52

1 PP3 battery connector

Fig. 7.

have one, an escilkescop

First chedk thal pin 3 of 101 is supplying
a20:K |z signal This clieckis bost made with
an oscilloscope although it is possible. it you
have Dar-like hearing. to iy use a pair of
hoadphonts and ascrics 1ezistor Adso check
pin 14 of 102, which should supply a 200-Hz
sigmal

Sclthe range switch o the highost range
(100 pEy when pin 14 on 103 should be tog-

ling atabout 211z Finally check pins 1and

_ of 14, which should be toggling at 1 Hz,
otit of phase w ith each other.

To check the charging and discharging
mcchanism younced avoltmeter Check that
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Author's design of a printed-circuit board for ihe capacitance meter.

there ts o stable 6 8V acress the vener diode
Conneel a 68-pl capacitor Lo the unil The
vollage across it should rise and fall iegelar-
ly Similatly, the output of the comparator,
pin 7 ot 1Ce should also be pulsing egulnly
It the capacitor is changed by onc whose
value falls outside the range the compara-
tor s output should remain fow and the FED
turn on

Setting up

This requires a bit of common sense as each
range needs calibration separately Needless
to say that access to a setof reference capaci-

tors o1 another capacitance meter would
make life easy

For the low ranges, setting up is faitly
casy as 1% and 2.5% polystyrene capacitors
are widely available Note that the tolerance
of you wforence capacitor determines the
overall accuracy of the tinad setling A gouod
choeice is 6 8nb (1% ot 5%) for the Hestrange,

Connect the capaciter and adjust I°: until
the display reads the expected valoe, in this
casc 08 1 you have a low ditbcrent capacd-
tors lying around, use an average to adjust
the preset Follow the same procedurc for the
other ranges. so for the sccond range ty &
68 nk capacitor and a 6800k onc for the thind
range

The top bwo rtanges are a little difticalt to
calibrate as the type of 1eference capacitor is
practicalty imited toan clectrolytic ora tan-
talum one Untortunately, both these typues
have a toletance of typicalty 20% . Here, il is
best to use a mix of available capacitors and
average out the readings to get a consensus
Obviously, all polarized capacitors must be
connected the right way around -]



