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ECD MODEL 100 DIGITAL CAPACITANCE METER

The ECD Model 100 will automatically
measure capacitance from 0.1 pf to
200,000 microfarads in 10 automatically
selected ranges. Single button oper-
ation makes measurements simple and
rapid. The meter has 3 1/2 digit reso-
Tution and P Eacclracy I E w1
measure 20,000 capacitors on a single
set of inexpensive batteries. A
variety of test clips are included to
connect to any capacitor.

+ 1975, ECD Corp. All rights
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ECD MODEL 100

SPECIFICATIONS

Range
10 ranges with full scale values from
199.9 picofarads to 199,900 microfarads,
automatically selected to give maximum
resolution.

Accuracy
0. 1% £ 1  cotimtiN o 40i0s aiifid = rili%l dfirlom: £2 0.0
ufd Sta 20PN 00IREEdEEN A cliliracy .am all
ranges is maintained over the temper-
ature range of 59 to 95 degrees F.
( Xi5¢ it 35 defrré es! Dud

ConErols
Measure: meter performs measuring
cycles while depressed. Cap. Offset:
front panel offset adjustment allows

et cancelling @n ,ta 15 pf. stray
capaci tance.

Test Characteristics
Measurements are made by determining
the time constant of the unknown
capacitor and a standard resistor.
Maximum potential applied is less
than 4.0 volts DC. Maximum current
is less than 20 milliamps.

Display
gyl diiig L ts, 0.6 .i1nch high -Vigquid
GlpvsinalREciis piliayio o i SUEDI s vind heatie
the unlts.



Reading Rate
First reading available in 1/2 second
for capacitors up to 200 microfarads.
Subsequent readings every 600 milli-

seconds. Reading rate decreases to one

every 5 seconds at 199,900 microfarads.

Operating Temperature Range
4LO to 160 degrees F. (5 to 50 degrees
Centigrade)

Power
L standard 'AA' cells. Battery life -
sufficient to measure at least 20,000
capacitors (except for high value
caps). Low battery voltage signified
by a flashing display.

Mechanical
He'lgivt ;o 252500 nu” (57,2 min) apidth
in. (80,0 mm) Length: 5.90 ms (
mm) Weight: 15 oz. (425 gm.)
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OPERATING INSTRUCTIONS

The ECD Model 100 is extremely easy
to operate. Simply connect a capacitor
to the meter terminals (observing polar-
ity on polarized devices) and press the
'measure' button. The capacitance value
will appear on the liquid crystal dis-
play, 'withi thelprioper units .ndicated
by aultEDL

Care should be taken to assure capac-
itors to be measured are initially
discharged. Although the input circuit
to the Model 100 is protected, large
electrolytics or high voltage capacitors
could damage the meter if they contained
sufficient energy prior to measurement.

The front panel.'capacitance offset'
control allows the mﬁwm< capaci tance
of the various test clips to be cancel-
led. With no capacitor connected,
rotate the adjustment until the display
reads alily.0fses s adijusteds too, far,
the leftmost decimal point will turn on,
indicating a negative value.

It is recommended that the operator
read the pamphlet 'The Secret Life of
Capacitors'* before making precision
measurements. This pamphlet explains
why values of lossy capacitors will be
different when measured by different
techniques, and describes how dielec-
tric absorbtlion causes the apparent
value of large electrolytlics to

*Extra copies available from ECD.
lml



decrease durlng measurement.

A variety of methods are provided
for connecting capacitors to the meter.
The integral clips, to the right of the
bananna jacks, accept wire leads up
to #20. These clips wi'll even accept
components removed from printed circult
boards"with " heads' as- Shot't® as” 011" Thch.
The external component clip allows
measur ing axial lead capacitors, seper-
ately or on bulk taped rolls. The
alligator clips make it easy to connect
screw lug electrolytics to the Model
100.

When measuring physlcally large
capacitors of small value it is neces-
sary to minimize 60 Hz. pickup from
the air."" This''is 'done' by’ conhecting
the '-' terminal of the meter to the
capacitor electrode with the most
shielding value, such as the frame of
an air variable capacitor or the shield
of coaxy

Four standard 'AA' batteries power
the Model 100. They have sufficient
life to measure at least 20,000
capacitors, which should last a year
or more in normal laboratory use.

Low battery condition is indicated by
flashing of the liquid crystal dls-
play. The meter remains accurate
throughout battery life. The bat-
teries can be changed by removing the
four corner screws on the bottom of
the meter, and gently pulling the

two halves of the box apart.

Iml

6 g% ftle st aiiE  ils1itor bleritisied! Twil th
the Model 100 which has more than 15
pf, such that the offset control cannot
zero the meter, a couple of things can
be done. Trimmer capacitor C26, which
can be adjusted through the hole in the
outer board, can remove at least 20 pf
from the reading. Another 27 pf can be
deleted by cutting the wire loop in
front ©f ‘Erimpot . R1s. In this way, a
jig. capacitence.of up to at least 62 pf
can be offset.



PRINCIPLES OF OPERATION

Overview

The Model 100 measures capacitance by
determining the RC time ‘constant of the
unknown capacltor and a standard reslistor.
The meter steps through its 10 ranges,
from the 200 millifarad range down.

When it arrives at a value which will
display between 200 and 1999, independent
ofi idecimal .polnt, eyvcling. stops. . At

this point, or on the lowest range, the
value, decimal point, and units are
latched and displayed. A new measurement
sequence then starts.

Range changing is accomplished by
switching between one of 3 standard
charging resistors; by selecting the
frequency to be counted to measure the
RC time constant; and by reducing the
charging threshold to 0.1 time constant
on the highest range. The capacitance
offset adjustment is implemented by
variably reducing the time measured
By thietcolnhkng clncul s .

The meter is powered by 4 to 6 volts,
as praovided by & 'AA' batteries. This
is regulated internally to produce +hv,
and inverted and regulated to produce
+14 volts to run the logic (CMOS) and
liquid crystal display. A shutdown
circuit causes the dizplay te flash if
the battery voltage falls below 4 v,

tn.the followkrne dilselssion, the

-m, 0

notation x/y means "the circuit in
ICx with output at ICx pin y."

Power Supplies

The digital circuitry in the Model
100 operates from the +14 v. The bulk
of the analog section runs off of
regulated +4. The +14 Is generated
by theldnverterks@l0sand @l .o  Thissis
a self-oscillating, self-starting
flyback type inverter, which runs
around 150 khz. The output is feed-
back regulated to 14 v. by zener D4,

The +4 volts is regulated by the
72313 HER2.6., If the battery voltage
drops below 4 v, then excessive cur-
rent is drawn through R 28 into the V+
terminal of the 723. The voltage drop
across R 28 triggers monostable Q8 and
Q8, which temporarily removes the +14.

This causes the display to blank.

Analog Front End

The unknown capacitor is placed across
€ 263cand <CLi3 5 a5« IBsodes) Dl sand D2, and
fuse F1 protect the Input circuitry
should the capacitor have been charged.
Transistor Ql discharges the test capa-
citor between measurement trials.
Buring eachyitiniall, QL .iisisturnedac £ f,
whereby the capacitor charges through
R4, R5, or R6; depending on the range
being tried. The capacitor voltage is
compared to a reference voltage via

l@l



follower Q7 A&B and the 311, 1C27. The
reference voltage is determined by R13,
R14, R15, & R16, and the states of Q5
and Q6. For all but the highest range,
Q6 is off. The R13 & R15 voltage
divider sets a first threshold, around
0271 v, 'The"test e€apacitor:-charges
through this point, whereby Q5 turns
on. The capacitor continues to charge
until it reaches the 2nd threshold,
determined by R13 parallel R1h4; and
R15. This voltage Is approximately
2,77°%." This 'voltage' ratio'causes:  the
interval between thresholds to be about
.988 RC. On the highest range Q6 is
on, making the two thresholds be ap-
proximately . 044 and .417 v., and the
time be .0988 RC.

Counting And Display

The timebase used to measure the RC
time constant consists of the 5.0 mhz
crystal) esecillator Xl andpllfll.. This
5 mhz is gated and then divided down
imsdecade steps by 1C's 16.and 17.
Transmission sgates 1€ 1 andiiCl5ract
as a multiplexer to select the proper
time base decade for the particular
measurement range being tried. Count-
ers €222 and NG E0icount sEhe iseliected
clock to arrive at the measured value.
The value present at the end of a par-
ticibar ' teitalfiisy haiteNiedsnf athe Yconkrol
logic determines that it will give
the best possible resolution. Display
oscillator IC 18 produces a square
wave drive which is fed to the latch/
EEBMdE iPvie pst (FIC Ty SIS RIS = 2 G @

IHOI

energize the display. The appropriate
set of units and decimal point are
determined from the state of IC 13.
The units are latched in IC 24 which
drives the appropriate LED.

Control Logic

The ten capacltance ranges are
labeled "A'>'J'; 'A' being 200 milli-
farads full scale. The range being
tested is determined by which output
oft L0 1'5 sifstaisclalritad.,

A measurement cycle beglins with
a trial measurement on range 'A'.
| f an adequately large count is not
obtained, additional trials are
performed in rapid succession on
progressively lower ranges. When
a count in excess of 200 is achieved,
or when range 'J' has been reached
and tried, the negatlve pulse from
12/10 is allowed through 12/11 from
which TLE TolFietea = A TE Strobing 'of
count, decimal point, and units to
the visible display; (2) reset of
(C 13 ta ralt-e . stave ..a ;. and C3)Y dis-
charge . aof C2% to 2 potentidl nedr
OvaE

The lcombinatton Qi €225 \RSASESane
ICl1 controls the overall timing of
the measurement cycle. The voltage
on C22 is detected by I1C1l, which is
wired as a schmidt trigger with both
thresholds slightly above the regulated
+4 v potential.

IHHI



Between the successive trials of
a single measurement cycle, C22 1is
discharged to the lower threshold of
ICl by Ql12. When R50 brings C22
back up to the upper threshold of
IC1, it is I1 (see below) of the next
trial. The charging process between
the two thresholds takes only a few
milliseconds, so successive trials
are performed rapidly. The final
trail in each cycle, however, is
followed by complete discharge of
G2 AS N E  talkies abeltlE/2 seceond to
charge back up, ample time is provided
for the operator to read the value
strobed into the display.

While the circuit as described
so far provides a minimum of a few
milliseconds to discharge the unknown
between successive trials, larger
unknowns may require more time. This
is provided for by returning R50 to
the comparator output rather than to
V+, With the particular voltage levels
used here, the Integratlng effect of
C22 gives the unknown capaclitor a
minimum of about 1 1/2 times the dis-
charge time actually required to get
it down to the lower threshold of
the front-end comparator.

The timing for a single trial
consists of five events, labeled
I1>T5 (see figure 1). Il corresponds
tg the "Start of "a £rfal, “and 'iIs
caused by 4/15 going high. The
unknown capacitor begins charging.
When the ‘voltage on the unknown rises

IHNI

through the lower threshold of the
front-end| compagator, it is itime B2,
When the capacitor voltage reaches the
upper sthireshold, time I3 ocecurs. * Time
T2 is delayed a variable amount by [C2
to produce a variable capacitance
offset. The time between T2 delayed
and T3 is measured to give the capacl-
tance.

Latch 8/AlGisiks, high during the
TI2>Th interval. 6/3 is high between
I3 amd Th. *3/3 gpes low for the 12
delayed to I3 interval. When the
offset control is set below zero, I3
preceeds the T2 delaved signal. In
this case, a negative value is dis-
played, as the counters are gated on
for the I3 to I2 delaved interval, and
latch 8/1 goes to high causing the
leftmost decimal point to set. This
negative value latch is reset at the
onset of a new trial.

At T3mebBi22 sbeginsitdischarging
through R62 and Ql2. Shortly after
this, C22 passes through the lower
threshold of I1Cl1; when ICl changes
state at T4, the unknown capacitor
begins discharging. Discharge of the
unknown through the lower threshold
of the front-end comparator causes
it to echange state, at, T5, at.which
time C22 begins charging again. When
C22 reaches the upper threshold of
IC1, T1 of the next cycle Is initiated.

IHWI
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State Range Charglng Counting Voltage
resistor frequency V2
A 20-200mf 200 ohms 500hz b2
B =20 200 ohms 500hz At
c 200-2000uf 200 ohms Skhz 2.7 ~
: o
. D 20-200uf 2k Skhz 2.7 o
= b
© E 2-20uf 2k 50khz 2.7
E 200-2000nf 2k 500khz 9 9
G 20-200nf 2k 5mhz 77
H 2-20nf 2M 50khz 2.7
| 200-2000pf 2M 500khz 9.7
J 0-200pf 2M Smhz S .



R1

R2

R3

Ru4

R5

R6

R7

R8

R9

R10
R11
R12
R13
R1k
R15
R16
R17
R18
RIS
R20
R21
R22
RZ3
R24
R25
R26
R27
R28
R29
R30
R31
R32
R33
R34
R35
R36
R37

9 1964,

PARTS LIST

100k pot
100 poit
10 pot
.96,
1.86k, 1
196 1§
L, 7k

i 7Tk
4.7k

1k

10k

51k

O\ S\ o\

1.02k,
2,10k,
110
27k
10k
10k
10k
L.7M
10k
10k
13k
100
27k
22k
150
b.7k
22
1k
51k
1k
4.7k
100k
1M
10k

S\° S\ S\° S\

=

S
O o

IMOI

R38
R39
R4 O
R41
RL2
R43
RLL
RL5
R46
RL7
R4S
RLY
R50
R51
R52
R53
RS54
R55
R56
R57
R58
R59
R60
R61
R62
R63
R6L
R65
R66
R67
R6 8

R69

Cl
C2
e3
Ch

10k*
3.8k 1%
1k pot
3.48k 1%
51k

51k

51k

51k

M

1M

27k

g Tl

1.5M
2.2M
10k
100k
Salile
Salilk

470k

4kk
22M
51k
51k
200
3k
100
51k
100k
390k
100k
100k
3k

L0t g ik 5y
10uf 15v
200 pif

b Zsfe 2 il 5V

¢S

cé

c7

c8

9

clo
Cl1l
cl2
613
Clu
Ci8
clé
Ci7
C18
c19
c20
CZ1
o i
C23
C2h
C25
C26
Cet
C28
Led
Cc30
6, 31
Cc32
€33
CZ4
(54 8.
C36

N1
D2
D3
D4
D5
Lo
D7
D8
D9

2.2uf
10uf
10uf
10uf
120pf
Inf
10nf
10uf
LUk
Skt
6.8nf
2 /p'f
220pf
22pit
120pf
220pf
22pf
iy (0
120pf
SN
10pf
5-40pf
10uf
10uf
10uf
1. 8mit
510pf
220pf
2.2uf
220pf
47pf
L7pf

INGLSTA
INL57A
INL1LS
IN9G6LB
INLILS
INL14LS
INL1LS
INGLILS

15v
15v
15v
1 5y

15v

15w

15
1.5v
150

15

Zzener

5082-u4684 LED

|NHI

D10
D11
D12
D13
D14
D15
D16
D17
D18
D19
D20
D21
D22
D23
D2L
D25
D26

Ql
Q2
Q3
Qb

Q6
Q7
Q8

Ql0
Qll
Ql2

IC1l
1C2
IC3
I1Ch
IC5
1C6
IC%
1C8
tC9

5082-4684
5082-468L
5082-L4684L
ING14LS
INLGILS
INGILS
INL14S
IN414S8
IN414S
INLILS
IN41LS
INGILS
ING1L S
ING14LS
INL1L4S
ING1L8
INUL742 zener

MZNNNNH
2N2222
IN22224
2N2222
2N2222
2N2222
EL11
2N2907
2N2907
2N2222
2N2222
2N2222

CA3080E
CA3080E
4030
LLyg
4011
4001
LO75
Loy
LO71
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* Selected

-22-

MAINTAINANCE

In the event that the Model 100 is
connected across a large value charged
capacitor, fuse F1 (= a type 112 light
bulb) will blow to protect the meter.
The symptom of a blown fuse is a
displayed value independent of the
test capacitor. This value will be
approximately minus (leftmost decimal

point on) 75 pf, and can be altered

by the "Ycab.  offset control. Fuse
F1 is socketed and accesslible by re-
moving the box back. 0ot not res

place it with anything other than a
1 128 b st

Other repairs should not be attempted
unless the repairman is accustomed with
the precautions necessary for working
with CMOS ic's. The two p.c. boards
should not be seperated unless both the
boards and workman are grounded. Use
only a grounded soldering iron when

making repairs.

|f the display board is removed from

the box, be sure to reposition the
grounding pin to the front panel (be-
tween the banana -jacks) when reassembl-

ing. :

IMWI
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CALIBRATION

The Model 100 comes fully calibrated
from the factory.: Recalibration should
be done semi-annually, if deemed necessary
by the application.

The calibration procedure is very
simple. A screwdriver and 3 precision
capacil Boirs are: necessarys.. ILhe {first
capacitor should be somewhere between
100 pf and 19.99 nf. The second should
lie between 100 nf and 199.9 uf. The
llasiteapaeitolr should be over 260 i
The values of the first two capacitors’
shicubd he Kknowp. to ,at least 0.1% (.01%
recommended), and the last to 1% (0.1%
recommended). Values just under a mul-
tiple of 2 will give the best resolution
for the adjustments. Either good qual-
ity film capacitors measured accurately
on a precision bridge, or commercial
standard capacitors, can be used for
the calibration.

The first step is to zero the cap-
citance offset via the front panel
control, as outlined in .the operating
instructions section. The three ad-
justments to be made are non-interactive,
and can thus be performed in any order.
With the capacitor between 100 pf and
19.99 nf inserted, adjust R1 for the
correct value on the display. Repeat
with the 100 nf to 199.9 uf capacitor
and R2. Repeat with the capacitor

-24- O

C

greater than 200 ufd and R3. This
completes the calibratlon.

Lift edge of shield to access R1l, R2,
R3, and wire loop.

Wire
loop

ﬁw B 44

o[o]a
B
b C28act “ :
F1 : : \
R3 R? R1

2SR £ G
up. 199.9uf 19.99nf

#34-



WARRANTY
ECD Corp. warrants that the Model
100 will be free from defects in parts

and workmanship for a period of one
year,“and will remain in calibration

for a period of six months from date

of purchase. This warranty does not ,
extend to meters which have been
subjected to misuse, neglect, or acci-
dent. Nor shall it extend to meters
which have been repaired, worked on,

or altered outside of our factory by
pelisonstumatrthorized by -EED Corpus: in
such a manner as to injure, in ECD
Corp's sole judgement, the performance,
sitabii Liitys* ardrel'iablility.of 'theninstru-
ment.

THIS WARRANTY IS IN LIEU OF ANY OTHER
WARRANTY, EXPRESS OR |MPLIED. ECHYGo rp.
reserves the right to make changes in
the design or construction of this
instrument at any time, without incur-
ring any obligation to make any change
whatever in units previously sold or
delivered.

BECB Corpls. Jiabillty shall be Timit-
ed to the repair or replacement of any
instrument which proves, upon ECD's
examination, to be defective within the
one year warranty period from date of
purchase. ECD Corp. shall in no way
be liable for damages consequential or
incidental to defects in an instrument,

for injuries resulting from its use,
or any other cause.

For service under this warranty,
please advise the factory promptly of all

~26- Av.

A»Lmnm~ﬁm. Domestlic surface transportation
charges for return of a defective instru-
ment shall be borne by ECD Corp. if the
Instrument Is determined to be defective
within the limitatlons of this warranty.
Transportation charges for instruments
returned for recalibration only shall be
paid by the purchaser.

IMNI
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4001 2-Input nor 4911 2-lnput nand 4016 bllateral switch

e 14
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