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BUILD AN 

• nging ~ &igital 
eifanee 

eter 
BY DAVID H. DAGE 

Autoranges from 1 pF to 1 µ,F and from 1 µ,F to 4000 µ,F. 

T HE DIGITAL-READOUT capaci
tance meter described here is a 

most useful instrument when one has to 
determine values of unmarked capaci
tors or those with unknown codes , or 
when checking the tolerances of marked 
components. Its autorange function 
greatly simplifies what would ordinarily 
be a measurement chore without this 
feature . Moreover, the meter's accuracy 
of over 1 % (dependent on the toler
ances of a few passive components) 
from 1 pF to 4000 µF enhances its utili
ty . The project is easy on the budget , 
too, as low-cost 7400 series logic and 
555 timer IC's are used throughout. 

To operate , simply turn on the unit , 
connect a capacitor to the test terminals, 
and read the digital value displayed for 
any capacitor up to 1 µF. Switching a 
mode switch from nF to µF extends the 
autorange function to 4000 µF and 
beyond , limited only by the leakage 
characteristics of the test capacitor. 

How it Works. Traditionally , capaci
tance has been measured on an ac 
bridge by balancing known components 
against the reactance of an unknown ca
_ pacitance at a given, fi xed frequency. 
However, instruments are now appear-
ing which employ a different method to 
determine capacitance-they measure 
time . Here·s how. 

Mathematically, the voltage across a 
capacitor discharging through a resistor 
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Updates readings automatically. 

in a simple RC network can be ex
pressed by the equation : 

Ve = Vo (1 - e - t!RC) 
where Vo is the voltage across the ca
pacitor when fully charged , R the re
sistance in ohms, C the capacitance in 
farads , t the time in seconds , and e the 
exponential constant or base for natural 
logarithms (approximately equal to 
2.718) . If we let a capacitor that has 
charged to a known voltage discharge 
through a fixed , stable resistance to 
some given voltage , the discharge time 
will be directly proportional to the com
ponent's capacitance, which then can 
be readily determined. 

The meter described here employs 
this method of measurement, which 
readily lends itself to use with a digital 
readout and eliminates null adjustments. 
As shown in Fig. 1, the capacitance to 
be measured is charged through RA and 
Re. When the voltage across the capa
citor equals VREF. comparator A sets 
the flip -flop , turning on the transistor. 
The capacitor then discharges through 
RA until the voltage across it drops to 
one-half VREF· At this point , comparator 
B resets the flip-flop, which in turn cuts 
off the transistor. The capacitor then 
starts to charge up to VREF. and the cy
cle is repeated . 

A reference oscillator output at a fixed 
frequency is gated by the flip-flop output 
signal. The gated reference pulses are 
counted by a digital counter , decoded, 

and displayed directly as capacitance. 
The two comparators, flip-flop , transis
tor, reference voltage sources , and an 
output driver are all contained in one 
package-the common 555 timer JC . 

The meter's autorange circuit func
tions during a single capacitor discharge 
cycle . If the three-decade counter over
flows, the reference frequency input is 
automatically divided by ten. Simultane
ously, the decimal point in the digital dis
play is shifted one position to the right. If 
necessary, the process is repeated once 

In terior photo of prototype. 
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Fig. 1. Block diagram of 
the capacitance m eter. 
Circuit determines unknown 
capacitance by measuring 
time it takes to disc harge. 

PARTS LIST 

C 1-4000-µF . 16-Y electrolytic capac itor 
C2,C4 .C8 through CJ6, C23--D .01-µF disc 

ceramic capaci tor 
C3---0 .0033- µF , 10% Mylar capac itor 
CS---0 . I µF disc ceramic capaci tor 
C6,C 17-4. 7-µF, 16-volt tant alum capac itor 
C7-220-µF , 16-vo lt electrolytic capacitor 
C 18---0.0 1-µF , 5% po lystyrene capac ito r 
C l9-820-pF, 5% po lystyrene capac ito r 
C20-470-pF. 5% polystyrene capaci tor 
C2 1-220-pF, 5% po lys tyrene capac itor 
C22---0 .005-µF , I 0% Mylar capacito r 
DI .D2- I N4002 silicon diode 
D3 through DS-1N4 I54 or HEP R0600 sili

con fas t-recove ry diode 
DIS I th rough DIS3- DL 707 common-anode, 

seven- segment LED disp lay 
F l . F2-1!.-ampere fast-b low fuse 
IC I ,IC2 ,IC3 ,IC I 7, IC 18. IC 19- 7490 decade 

counter 
IC4, IC 15-7404 hex in ve rt er 
JCS- 74 125 Tri -S tate quad buffe r 
IC6, IC20---555 timer 
JC7 .IC8.IC22-7400 quad Two- input NAND

ga te 
IC9, ICIO, IC J 1- 7447 BCD to seven-segment 

decode r/dri ver 
JC 12, IC13-74 74 dual D edge-tri gge red flip-

fl op 
JC 14 ,IC2 l-74 12 1 monostab le mu lti vibrator 
IC 16- 7493 4-bi t binary counter 
IC23- LM 309K 5-volt regu lator 
Ll - 13-µH inductor 
LED I . LED2-20-mA li ght emilling diode 
R 1- 100,000-ohm pc mo unt trimme r potenti 

ometer 
R2- l -megohm , I o/c tolerance . 50 ppm/°C 

metal film res istor 

or twice, resulting in four automatically 
selected ranges. Additional overflow 
pulses are displayed by two LED's locat-
ed to the left of the display. <x 

Circuit Details. Refer to the appropri
ate schematic (Figs . 2 through 6) for the 
following detailed circuit description . 
Free-running 555 timer IC20 (Fig. 2) is 
the basic capacitance measuring circuit , 
comprising the comparators, reference 
voltages, flip-flop , and discharge transis
tor described previously . The timer's dis
charge period is used to measure the 
component under test. When MODE 

switch S1 is in the nF position. the dis
charge period is determined by R 1, R2, 
and Cx. In the µF position , the interval is 
determined by R3, R4, and Cx. 
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R3- IOO-ohm pc mount trimmer potentiome
ter 

R4- J 000-ohm , I% tolerance, 50 ppm/°C 
metal film resistor 

RI 0---25 ,000-ohm, panel mount I inear taper 
potentiometer 

The foll owing are !Ii-wall, 5% to lerance ca r-
bon composition res istors. 

RS- I 000 ohms 
R6 , R7-J OO,OOO ohms 
RS. R9-1 500ohms 
RI l ,Rl 2 ,Rl 3-100ohms 
R 14 , R 15- 3300 ohms 
R 16 through R20-470 ohms 
R2: I . RI :2, R3:3, R5:4, R4 :6, R7:5 , R6:7 

(one set for each of three decades)-330 
ohms 

S 1- 3-pole, 3-pos it ion rotary switch 
T 1- 16-vol t ce nter-tapped transfo rmer 
Misc.-Sui tab le enc losure, banana jacks or 

binding posts fo r Cx termina ls , printed ci r
cuit boa rd . fu seholders. knobs . hook-up 
wi re. IC socke ts or Molex Soldercons, hard 
ware. so lder. etc . 

Note-The follow ing it ems are ava il able from 
Dage Scientific Instrument s, Box 1054 , Li
ve rmore, CA 94550: CM-6 complete kit of 
part s. inc luding tested !C's. cab inet, hard
ware . misce ll aneous items , calibratio n ca
pac it or. and assembly manua l. $69 .95 in 
U .S . and Canada. CM-68 partial kit in 
c ludes etched and drill ed doub le-sided pc 
board . 13-µH inductor, polystyre ne capaci
tors (C 18 through C2 I). ca libration capac i
tor . and asse mbl y manual fo r $20 in U.S . 
and Canada . U.S . res ident s add SI postage 
and ha ndling , Canad ians add $2 . Californi
ans add sa les tax . 

"' IK 
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*CLOS E -TOLER ANCE COMPONE NTS 

Fig. 2. I nptlt stage has 
fre e-running 555 timer. 

A second free -running 555 timer , /C6 
Fig . 3) , is employed in an autocycling 
circuit which automatically updates the 
capacitance measurement. The refer
ence frequency (about 1.4 MHz) is sup-

plied by a Colpitts oscillator made up of 
IC4 , L 1, and C18 through C21 . Signals 
from the reference oscillator and timers 
/C6 and IC20 are combined by dual-D 
flip-flops IC12 and IC13. One half of 
/C12 synchronizes the output of /C20 
with the 1.4-MHz reference frequency, 
providing dual-phase (Q and Q) outputs. 
The other half of IC12 and /C13 select 
one discharge pulse from IC20 after the 
output of autocycle timer /C6 goes high. 
The flip-flops disable /C6 until the dis
charge pulse is completed. 

The reference oscillator output is gat
ed by /C7 so that it passes to the count
ing stages during one discharge period 
of Cx per measuring interval. Monosta
ble multivibrator /C14 , when triggered by +Vee-------------•• 1001( 

--

+Vee 

"" IOOJl 

- -- -
TO I C20 PIN 3 

TP-F 

14 

I 

IC4 
7404 

.Ol 11F .:r: 

TOI C3 PIN2--------' 
*SEE TEXT 

Fig. 3. Osci llator, sync., 
and rese t ci rcuits. 

the leading edge of the synchronized 
discharge pulse , resets decade coun
ters IC16 through /C19 and dividers /C1 
through /C3. When S1 is in the nF posi
tion , the width of the reset pulse gener
ated by /C 14 is controlled by the setting 
of ZERO trimmer potentiometer R10. 
This allows the user to keep stray capa
citance out of the measurement. 

The gated reference signal is divided 
by decade counters IC1, /C2 and /C3. 
Output signals from these counters, at 
1I 1 OOOth , 1I 1 OOth, and one-tenth the in
put frequency, are applied to Tri-State 
logic switch /C5 (Fig. 5) , which passes 
the appropriate pulse train to decade 
counter IC19. Overflow pulses from this 
BCD decade counter are applied to 
counter IC18 , whose overflow pulses in 
turn are counted by /C17. Binary coded 
decimal outputs from these three dec
ade counters are decoded by /C9, /C10 
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Fig. 4. Display and driv ers. 

and /Ct t (Fig. 4), which also drive sev
en-segment displays 015t , 0152, and 
0153. Current limiting for each display is 
performed by resistors R2:t , Rt :2, R3:3, 
R5:4, R4:6, R7:5, and R6:7. (This meth
od of identifying the resistors is dis
cussed in the Construction section of the 
article.) 

Now we 'll examine the capacitance 
meter's autorange circuitry (Fig. 5) . 
Overflow pulses from the last BCD dec
ade counter (/Ct 7) are applied to 4-bit 
binary counter IC t 6. This IC has four 
weighted binary outputs , A, B, C, and D, 
which are inverted by /Ct5. Lines A, A, 
B, and B are decoded by the NANO 
gates in /CB to provide control signals 
for the Tri -State logic switches in /C5 
and selection of the proper display deci
mal point. Outputs C and C either sink or 
block current from overrange indicators 
LEOt and LE02. 

Assume that counters /Ct 7 through 
IC 19 have counted 999 pulses and the 
display reads " .999 ." Upon receipt of the 
next pulse, the decimal point is shifted 
one position to the right and the display 
reads "0.00." Tri-State switch /C5 then 
passes the -;- 10 reference output of /C3 
to decade counters /C1 7 through /Ct 9. 
One-shot /C21 and /C22 then produce a 
pulse which advances the most signifi
cant counter and (leftmost) display by 
one so that the displays now read 
" 1.00 ." If necessary, this process is re
peated once or twice, resulting in an au
torange function of 1000:1. After the 
third counting sequence, the overflow 
pulses cycle the two overrange LED's to 
indicate a count of 1000 pulses. 

The 7400 series IC's require + 5 volts , 
which is provided by the projects's pow
er supply (Fig. 6). Transformer Tt re-
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duces the line voltage to a convenient 
value . The low-voltage ac is rectified by 
O t and 02 into pulsating de and 
smoothed by Ct. A regulated de output 
at + 5 volts is provided by /C23. Al
though the regulator IC can provide a 1-
ampere output, the capacitance meter 
circuitry requires only about 700 mA. 

Construction. For the most part, the 
circuit is not critical and any assembly 
technique can be used to reproduce it. 
However, the measuring circuit compris
ing /C20 and its associated components 
is critical, and should be properly shield
ed and decoupled from the other stages . 
Etching and drilling and parts placement 
guides for a suitable printed circuit board 
are shown in Figs. 7 and 8. 

The pc board holds all components of 

TP -C 

feed-through pads are accessible to the 
sides of the sockets. Molex Soldercons 
present no problem, as they can be sol
dered on both sides of the board . The 42 
feedthrough points are identified by cir
cles on the component placement guide 
(Fig. 8). 

Sockets or Molex Solercons are man
datory for the LED displays and decod
er/ drivers. By cutting a socket length
wise or using Molex Soldercons on the 
outside pin rows , as shown in Fig . 9A, a 
trough is provided under the displays 
and decoder/drivers into which the cur
rent-limiting resistors are placed . Num
bering the holes from the center both up 
and down will allow quick resistor place
ment. For example, the leads of R2:t 
occupy the second hole up and the first 
hole down . (See Fig . 9B.) Use small, 11-i-

TOICl 4 PIN6-----

Fiu. 5. Sche·rnatic of nwter'i; aulorange c·i·rc uil. 

the capacitance meter, less those in the 
power supply. It is a double-sided board 
on which many connections must be 
made between the top and bottom foil 
pattern s. If you cannot make plated 
through holes, you must use wire feed
throughs to make the necessary con
nections . Component leads must be so l
dered on both sides of the board when 
pads are ava ilable. 

Sockets or Molex Soldercons should 
be used to hold the integrated circuit and 
display packages. However, it is impos
sible to so lder leads to pads on the com
ponent side of the board when they are 
under an IC socket. Because of this, all 

C8-Cl~ 1 CZ3 
.Ot11F 

F ig. 6. Power 
sup7J ly circui t 
has a vo ltage 
regulator I C. 

watt resistors and, where necessary , in
su late leads with sleeving. 

The crit ical components on the board 
are L1 , Ct B through C2t, which deter
mine the frequency of the refe rence os
cillator, and Rt through R4 which with 
/C20 form the basic capacitance mea
suring circuit . 

High-quality polystyrene capacitors 
and metal-film fixed resistors with tem
perature coefficients of less than 50 
ppml°C should be used . These compo
nents, together with /C20, will determine 
the long-term accuracy of the meter and 
measurement error as a function of tem
perature. If high-quality components are 
used and the meter is properly calibrat
ed, its accuracy will be at least 1 % at 
room temperature . 

Checkout and Calibration. A prop
erly functioning unit will respond as fol
lows, and should then be calibrated. Ro
tate Rt , R3, and RtO fully counterclock-
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wise , set S1 to the nF position and apply 
power to the project. The display will 
light and within 2 seconds will reset to 
" .000." Rotate ZERO potentiometer R10 
fully clockwise. The display will indicate 
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a few picofarads (.003 to .030 nF). 
Slowly rotate the ZERO potentiometer 
counterclockwise until the display reads 
" .001 ." Rotate the control slightly coun
terclockwise until it reads ".000. " 

Connect a reference capacitor with a 
known value of 0.68-µ.F to the Cxtermi
nals of the meter. The display will count 
up for about one-half second and stop at 
some value which is not critical at this 
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time . Place S1 in the µ.F position. The 
display will read a similar value , but will 
not appear to flicker. Finally, place a 
5000-to-8000-µ.F capacitor across the 
Cx terminals. Within a few seconds, the 
display will advance and the overrange 
LED's will cycle top on only, bottom on 
only , both on , both off, and repeat the 
sequence . The meter is now ready for 
calibration. 

The most direct method of calibration 
is to measure a reference capacitor 
whose value is about 0.7 µ.F . A precision 
capacitor will be very expensive , so if 
you have access to a precision (0.1 % or 
better) capacitance bridge, measure the 
value of a good-quality Mylar capacitor 
on it . If the capacitor is used at approxi
mately the same temperature as the 
bridge environment, it will be a suitable 
reference component. 

The 0.7-µ.F capacitor will be used as a 
reference for both the nF and µF switch 
positions. Setting one point for each po
sition is all that is required , as absolute 
linearity is provided by the project cir
cuitry . The reference oscillator's mean 
output frequency is designed to be 
slightly high when only C18 and C19 are 
included in the circuit. If trimmer potenti
ometers R1 and R3 cannot be adjusted 
to bring the display read ing into agree
ment with the value of the reference 
component , install C20 and/or C21 . Ca
libration is now a matter of merely con
necting the reference capacitor to the Cx 
terminals, placing S1 in the µF position, 
and adjusting R3 until the display 

~ -~ ~ ~~=-=----~ ----
6 -- - -------

7 -----------
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F i g. 8. Component p lacem ent gu ide. N umbered ci1·cles ar e f eedth1·ough s. 

matches the value of the reference com
ponent . Then , S1 should be placed in 
the nF position and R1 adjusted for the 
same displayed capacitance . 

Using the Meter. Apply power to the 
project by placing S1 in the nF position . 
Zero the display by slowly rotating the 
shaft of R10 counterclockwise until the 
display reads , " .001 ," advancing the 
control slightly more until a " .000" read
ing is obtained . Once zeroed , no further 
adjustments are necessary . The µF po
sition does not require zeroing . 

F ig. 9. A trough i s pr ovided 
.for lhe cunent- limiti.n g 
res iston as shown i.n (A ). 
D·iagram at (B) shows how 
nu mber ing the holes allows 
quic k resis tor placem ent. 

Connect the capacitor to be measured 
across the Cx terminals . Polarized ca
pacitors must be oriented positive to 
positive , negative to negative . Do not 
connect charged capacitors to the pro
ject. Although the input circuitry is pro
tected with clamping diodes and a fuse , 
charged capacitors might damage the 
project. 

Capacitance is displayed in either nF 
or µF, depending on the setting of S1 . 
Values greater than 1000 nF should be 
read in the µ F position . Capacitance 
greater than 1000 µF is determined by 
observing the overrange LED's to the 
left of the display. Because these .two 
LED's cycle every Vi second , they are 
easily observed . If the top LED glows , 
1000 µFis indicated ; if the bottom LED 
glows , 2000 µF ; if both, 3000 µF. 

This sequence will then repeat, with 
two dark LED's representing 4000 µF ; 
the top LED glowing , 5000 µF ; the bot
tom LED, 6000 µF; both on , 7000 µF; 
both dark. 8000 µF ; and so on until the 
cycling stops. Values up to several thou
sand microfarads can be measured. The 
upper limit is determined mainly by ca
pacitor leakage, and to a lesser extent 

, by your patience! Capacitors , with high 
leakage will never charge to VREF. and 
thus will not trigger the discharge cycle . 

When using the capacitance meter 
with S 1 in the nF position, treat the read
ing as if it were in picofarads if the deci
mal point is to the left. That is, " .084" 
should be read as 84 pF, and " .003" as 
3 pF. With a little experience , you will 
quickly become familiar with the auto
range function and the behavior of the 
overrange LED's. <> 
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