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INTRODUCTION

This Auto-Ranging Digital Capacitance Meter is a
compact hand-heid instrument that automaticaily
measures the capacitance of any capacitor having a
value that falls within the range of 0 pF to 199.9 mF
(.1999 Farad}. The instrument will select the correct
range and display the units of capacitance on the
3-1/2 digit liquid-erystal display. Light-emitting
diodes indicate the correct units (pF, nF, uF, or mF}.

To operate this Meter, merely plug in the capacitor
and press the POWER button. The value and the units
will then be automatically displaved. The instrument
is adequately protected by resistor, fuse, and diodes
against possible overioads.

A key feature of this instrument (when compared to
competitive units) is its ability to detect a “leaky”
capacitor. A nomoegram is provided so you can trans-
late the readings you obtain, using the two Leakage
switches, into approximate values of shunt or internal
capacitor leakage resistance. )

You can measure all types of capacitors: mica, glass,
palystyrene, paper, Mylar*, electrolytic, air gap, etc.

*DuPont Registered Trademark

For measuring capacitors that have a low operating
voltage, the Meter supplies a low test voltage. This
low test voltage is superimposed on & low bias voltage
for measuring electrolytic capacitors. A remote ex-
tension cable is also provided so you can test

. capacitors that cannot be plugged directly into the
 Meter.

 Standard capacitors supplied with this kit enable you
_to calibrate your Meter to the accuracies lsted in the

"Specifications” section of this Manua),

- A 9-volt alkaline battery (not supplied) typically pro-
-vides 4-10 hours of continuous operation, Battery

condition is continuonsly monitored and a warning,
“LOBAT,” is displayed whenever the battery voitage
drops to approximately 5 volts. You can also operate
the Capacitance Meter continuously from line voltage
using ome of the optional Heathkit battery
eliminators** available for this kit.

This Capacitance Meter is housed in & compact,
lightweight case that features a pivoting stand to sup-

port the front at 4 convenient viewing angle. Its care-

ful design will provide long, reliable performance for

‘vour labaratory, workbench, or portable applications,

“**Miodel P5-2350 for 120 VAC oparation and Mode PS-2450 for 240
. 'VAC aperation.
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UNPACKING

D SO,

DO NOT UNPACK ANY PART OF YOUR CAPACTH
TANCE METER UNTIL YOU ARE INSTRUCTED TO

The shipping carton for vour Auto-Ranging Digital
Capacitance Meter is divided into several small sec-
tions. These sections make up Packs 1 through 3 and
the Final Pack as shown on the Pack Index Sheet. Do
aot unpack any of these parts until you are told to do
so in a Parts List.

When vou check parts against a “Parts List,” return
any part or group of parts packaged in a bag or en-
velope, with a part number on il to its container after
vou kdentify H. Lesve if there until you actually use it
in a step. This will keep you from mixing up the parts
and help vou identify the parts when vou need them.

Scme paris, however, have been placed in a bag or
envelope that is not marked with the actual part
pumber, but with a packaging number that begins
with the number “172-." These numbers are used for
packaging purposes only and do nol appear in the
Manual “Parts Lists.” Open sach bag or envelope that
is marked with only a “172-" packaging number to
identify the parts it contains.

NOTE: Never use a "172-" packaging number if you
must order a replacement part. Use only the part
numbers listed in the Manual Parts Lists for this pur-
pose.

Save all packaging material until vou account for all
the parts.
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ASSEMBLY NOTES

TOGLS

You will need these tools to assemble your kit.
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ASSEMBLY

1.  Foilow the instructions carefully, Read the en- 3, Most kits use a separate 'Hiustration Booklet”
tire step before you perform each operation. that contains illustrations {Pictorials, Details.

et

2.  Theillustrations in the Manua! are called Picto- K:miJﬂi;ieaﬁltﬁfsiiﬁiiﬂrﬂtgjk?:tﬁ?i}zii T}f;lf;
riais and idetails, Pictorials show the overall op- ggmhi}r Manuai The i]]ugtratigns in it are ar-
eration for a group of HSSEmbI}’ StEDS; Detaiis ranged in Pictorial numhber sequence.
generally illustrate a single step, When vou are
directed to refer to a certain Pictorial “for the 4 Position all parts as shown in the Pictorials
following steps,” continue using that Pictorial +
untii you are referred to another Pictorial for 5. Solder a part or a group of parts only when you

another group of steps. are instructed to do so.
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6.  Each circuit part in an electronic kit has its own
component number (R2, C4, etc.}. Use these
numbers when you want to identify the same
part in the various sections of the Manual. These
numbers, which are especially usefui if a part
has to be replaced, appear:

— iIn the Parts List,

—. At the beginning of each step where 4 com-
ponent is installed,

— In some iliustrations,

- In the Schematic,

— In the section at the rear of the Manual.
7. When vou are instructed to cut something to a

particular length, use the scales {rulers) pro-
vided at the bottom of the Manual pages.

SAFETY WARNING: Avoid eye injury when you cut

off excessive lead lengths. Hold the leads so they
cannot fly toward your eyes,

SOLDERING

Soldering is one of the most important operations you
will perform while assembling your kit. A good sol-
der connection will form an electrical connection be-
tween two parts, such as 8 component lead and a
circuit board foil. A bad solder connection could pre-
vent an otherwise well-assembled kit from operating

properly.

It is easy to mseke a good solder connection if you
foliow a few simpie riles;

1. Use the right type of soldering iron. A 25 to
40-watt pencii soldering iron with a 1/8" or 3/18"
chisel or pyramid tip works best.

2. Keep the soldering iron tip clean. Wipe it often
on a wet sponge or cloth; then apply solder to
the tip to give the entire tip a wet look. This
process is called tinning, and it will protect the
tip and enable you to make good connections.
When solder tends to ““ball” or does not stick to
the tip, the tip needs to be cleaned and retinned.

Heathkit

3.  The circuit boards in this kit have foil on both
sides. Note that the "component” {or letiered}
side of each circuit board has the outline of sach
component screened on it. All components will
he mounted on this gide of the circuit board and
soldered to the other side. Do NOT solder on the
component gide of the circult boards unless you
are instructed to do so.

4. Dustothenature of thefoil pattern on the circuit
boards, soider may be drawn through a circuit
board hoie from the foil side to the lettered side.
This is normal, as many of the holes are 'plated
through' toconnect the foils on both sides of the
circuit board together. However, do not allow
solder to flow into adijacent unused holes when
you solder components to the foil.

NOTE: Always use rosin core, radio-tvpe solder
(60:40 or 58:50 tin-iead content) for all of the solder-
ing in this kit. This is the type we have supplied with
the parts. The Warranty will be void and we will not
service any kit in which acid core soider or paste has
been used.

CONSTRUCTION HINTS

The following valuabie hints will heip you doa good
assembly job.

A, Take your time when you assembise the circuit
boards. Work at a siow pace. Remember that
accuracy is far more important than speed. Work
with a good light to help reduce eve strain,

B, When vou perform the steps in the circuit board
pictorials, identify each component before you
install it. Then position it over its outling on the
circuit board as shown in the Detail drawing.

. Hyou find it necessary to remove a component
from the circuit board, use the desoldering braid
supplied with this kit. Follow the directions on
the package.

 :
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PARTS

Resistors are identified in Parts Lists and steps by
their resistance value in {1 {ohmsg}, k{1 {kilohms]}, or e R R s OR

M} (megohms). They are usually identified by a coloz 1/9.W
code and four or five color bands, where each color

represents a number. These colors {except for the last 1B
band, which indicates a resistor’s ‘“tolerance’’) wili be $ WATT
given in the steps in their proper order. Therefore, the Muttiptier

. Toterance
i 3 : : BANDS: t 2 3
following color code is given for information only. ;oo

NOTE: Qccasionally, 2 “precision’ or “power’ resis-

tor may have the value stamped on it. >-BAND RESISTORS

(1%}

+ 1ﬂ¢f{& Rl B i
( + 5% ) BANDS: 1 2\ .

Band 1 Band 3 (i used
15t Dtgri S {:}|.g|[

Resistance

Multiplier _
Tolerance

Costor {higit Multipher Tolerance

Black
Brown
Rad
Orange
Yeilow
Grapn
Bhie
Vighet
Gray
Wihite

L
.
3

1
10
100
1.G00
10,000
FO0,000

B N

oy 0 2 ot I L3 PO
TSR SRR s R R O 5. B N R

P RN S

Capacitors will be calied out by their capacitance EXAMPLES:
valuein uF (microfarads) or pF {picofarads)and type:

ceramic, Mylar®, electrolytic, etc. Some capacitors 151K = 15 X 10 = 150 pk
may have their value printed in the following man- 759 = 75 X0.1 = 7.5 pF
ner:
NOTE: The letter “R’’ may be used at times to signify a
First chgit of decimal point: as in: 2RZ = 2.2 (pF or uF)
capacitor's vaiue: 1 151K
Second digit of ¥ MULTIPLIER TOLERANCE OF CAPACITOR
capacitor's vaiue: & FOR THE | MULTIPLY || 10pFOR | | gyren OVER
Muitiplier: Multiply the NUMBER. I By: j LESS | 10 pF
first & second digits by 1 =% pF B
the proper value from the 10 +0.25 pf i »
Muttipter Chart. 100 J zOBpF D
Te find the tolerance of o T r;gﬁ 1 ;
the capacitor, 0ok up e ¥
this ietter in the Tolerance .
columns,
K
M

TRuPon Registered Trademark
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MAIN CIRCUIT BOARD

PARTS LIST

Remove the parts from Pack 1. Check each pan
against the following iist. The key numbers corres-
pond to the mumbers on the Main Circuit Board Parts
Pictorial [fHustration Booklet, Page 1), Return any
part that is packed in an individual envelope back to
the enveiope after vou identify it. Keep these paris in
the envelopes until they are called for in an assembly
step. Do NOT throw away any packing material until
you account for all the parts.

KEY MEATH QTY. DESCRIPTION CIRCUIT
Mo, Part No. Comp. No.
RESISTORS

NOTES:

1. Raesistors may be packed in more than one en-
velope. Open all of the resistor envelopes in this
pack before you check the resisiors againsgt the
following hst,

2. Al color-coded 1% resistors have five color bands

Some parts are marked witha 171" or “172-" pack-
aging number. These numbers are used for packaging
purpose and do not appear in the Manual Parts List,

To order a replacement part, always inciude the
PART NUMBER. Use the Parts Order Form furnished
with this kit. If a Parts Order Form is not available,
refer to “‘Replacement Parts” inside the rear cover of

this Manual. For prices, refer to the separate "“Heath
Parts Price List.”

(iast band brown). This brown band is set apart from
the other bands and is not called Gut beiow or in the
StEps.

The remaining resistors have four coior bands and
have a 5% toierance uniess otherwise noted. 5%
toierance is indicated by a goid fourth band. 10%
tolerance is incicated by a siiver fourth bang. This
fourth band {gold or silver) is not called out below or
in the steps.

KEY HEATH QTY. DESCRIPTION CIHCUIT
No.  Part No. Comp. No.
11’4-Watt, 1%
Al 6-8062-12% 2 BO.8 kil (gry-blk-biu-red),  R210, R211
100 PPMC
Al '__5451{:5_12“-1:; 1 10 MO {bmebik-bik-grm), R215
e 150 PPM/C
1/4-Watt, 5%
At B10212% 1 1000 0 (brn-blk-red) R208
At 7 B-10312-C 10 10 ki) {brm-bik-org) FP01, R202.
. R203, R208,
RP07, R209.
R212, A3
| 214, R216
AT 610512 4 1t MI {Broeblk-gen) 205
1/4-Watt, 10%
A1 18812 P 1 10 MO (hm-bik-blu) A204
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KEY HEATH QTY. DESCRIPTION CIRCUIT

No.  Part No. Comp. No.

CAPACITORS

Mica

BY <20:100° 1 30 pF o

B1 20-110 °F 1 T75pE C204

B1 720-148 w2 100 pF G210, C21t

81 55114 e 1 270 pF G206

01 ;251153 < 1 300 pF C207

Ceramic

B2 218 ¥ 1 20pF C201

B2 21'-"%"92 . 2 1 uF (104M) €202, C205

Electrolytic

B3 .25-83T: ¢ 2 10 pF, low leakage €203, €209

DIODES

C1 5655 ,,,,, ; 7 1N4149 D201, D202,

. A e W E}E{}B, [}2{}4,

D205, D206,
3207

TRANSISTORS — INTEGRATED CIRCUITS
(IC’s)

NOTE: Transistors and integrated circuits are marked fot iden-
tification in one of the following four ways:

1. Part number.

2. Type number. (On integrated circuits, use oniy
those numbers and letters in BOLD print. Disregard
any other numbers or lefters.}

Page 9

KEY HEATH QTY. DESCRIPTION CIRCUIT
No. Part No. Comp. No.
MISCELILANEQUS
£ \Eﬁ_?_EE PCB jack insulator®
E_?} ?E-BG‘E " 3 Standoff insulator
{'Ea ) ADA-D38 1 3579.545 kHz crystal Y201
E4  434-208 12 14-pin 30 sockat
E4 . -434-200 g  16-pin iC socket
€5 (43649 1 PCBjack 4201
£6 49011 1 IC Hter
480-185 1 Package of desoldering braid

Soldar

PARTS FROM THE FINAL PACK

85-2447 -1 1 Main circuit board
L7260 1 Parts Order Form
{inside Marual)
1 Assembily Manual
{see Page 1t for
part number),
Labels
F1 AG0-17RY 1 Caution labal**
F2 390-1768 1 Function lahel**
F3 1 Blue and whita iabet**
[-BATTERY

Representative manufacturers and their type num-

hers are:

Lhuracell #MN1604 {long life)
Eveready #216, P3

Burgess #2V6

Maliory #TR-146X {long life)

One 9-volt transistor battery, NEDA #1604.

RCA #V5323

You should purchase the following battery at this
time for use in yvour kit.

3. Pan number and type number.
4. Part number with a type number other than the one
shown,
Dy 4;__3%&@&“"&1 A2  MPSADS transistor Q202, Q203
Dt /41 ?@@ﬁ_} 1 MPSASS transistor Q201
D2 {‘gf;i_;_’_’g}f 18Y % 1 LMI3OTIC 201
D3 443806 £J 2 40271C U217, U218
D3 443701 1 4049 IC U202
D3 443-706™% ¥ 2 40711C L208, Uz11
D3 fﬁ;}a-z@ 4 1 4028 iC U206
D3 443-7375A% 2 451BIC {204, U205
D3 U43-751%. %3 4081 IC Uz10, U212,
U221
D3 k443?a4 A2 BTG U209, U216
DY r&g@a% 2 T4LS80{C 1203, U220
03 %gla‘ﬂqﬁ 2 4174 or 340174 IC U214, U215
D3 « 443__.515 “ 1 4538 I1C U218
D3 @43-9507%«+ 3 40721C U207, U213,
_____ .

Hellesens #410

Varta#438

CEI #6522

Ray-0-Vac #131604-1 {long life)

. sd

TSel this part aside for use during the "General Agsembly" section of your
Manual,

“"These labels are packed ingide your Manual. Sef them aside for use during
the "Final Assembly” section of your Manual
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STEP-BY-STEP ASSEMBLY

START W

in the following steps, vou wiil be
given detailed ingtruction on how to
inatal! and solder the first part on the
main cirouit board. Read and perform
pach step carefully. Then use the same
procedure whenever vou install parts
B a circuil board,

e e ™Y e 'Y s |
m [

{ \/}] Position the main circuit boand as

| shown with the printed side up,
Mote that this circudt board has
toil on both sides, Do NOT solder
a1 the prikted {component) side
unteds vou are ingtracted todo o,
The side of the circuit board op-
posite the printed side wili be re-
farred to as the foil side.

d

NOTE: When you install a component
thiat has s valus printed on it position
the value marking up, so it can be eas-
Hy read. Diodes should be mounted
with their type or part aumber up. if

possible.
.

—romn,

i;(ﬂf-‘ﬁ)ﬁ;id a 10 ki) (hro-bik-org) resistor
T with long-nose pliers and bend
the loads straight down to fit the
hole spacing on the circult board,

Hi R f

3
PiisH DWW N \

DARBDERDDDR R A FA e

CONTINUE &

i o Tym the cirouit board over and
" abdder the resistor leads 1o the foll
as follows:

=

1. Push the soldering iron tip
against both the lead and the
circuit board foil, Heat both
for twi or theee seconds,

SOLOTR NG

2. Then apply solder to the
other gside of the connection.
IMPORTANT: Let the heated
tead and the cirouit board {odl
mealt the soider.

3. As the golder begins to melt,
allow it to flow around the
connection. Then remove the
solder and iron snd lst the
connection coni.

&
e !
St
e , [ I § LS

H i . : g R ]
A 7 ol |

[~ R203: Push the leads through the . o I"? |

. “holes at the indicated location on 5 i A N

the circoit board. The end with (oo e B Y P {4 Cut off the excess lead lengths

color bands may be positinned
~ either way.

- e

{L:"F,;;’E?I‘EEE the resistor against the cir-

7 cuit board. Then bend the leads

T outward slightly to hold the resis.
tor in place,

PICTORIAL 1.1

o vlose to the connection, WARN-
ING: Clip the leads so the ends
will not fly toward yvour syes,

a

f L,)/{“ﬁ eck ssch connection. Compare
© o to the Hustrations on Page 11,
After you have checked the solder
connections, proceed with the as-
serabiy on Page 12. Use the same
soidering procedure for each
connection,

.....
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A GOOD SOLDER CONNECT ION

-l

Solcar Fiows Outward B 1, ff:'. ;-:E .
And Gradualty Blands S e”

“ With The Foit And The i SﬂFdﬂfmg
Lasd. Rel Irom

-
i” ‘\\ Fositioned

FOIL
| ‘i

&Drrecliy

POOR SOLDER CONNECTIONS

—_—“um_'_“u_—_ﬂ—_““—_muu——-mm“—q__m-_““

Soider Does Not Flow
Cnto Lead. A Hard Rosin .
Bead Surrounds And < -
insuiates Connection. HE‘SIN

o
. éaldﬁng
iromn
:, /\\ Positioned
incorrecty

+OIL
N

o g A

I

[

E

!

I

| When the lead is not heated sufficiently, the solder
| will not flow onto the lead as shown above. To cor-
| rect, reheat the connection and, if necessary, apply a
I smeall amount of additional sclder to obtain a good
Lcnnnectinn,

| When you heat the lead and the cifcuit bn'ard foil at the same
| time, the solder will flow evenly onio the lead and the foil.
{ The solder will make a good P]E‘E trical cdnneﬁmn between |
Lthe tead and the foil. | |

L I )

-
-

"

£ ST Solder Appears To ,.:'f_,' - Soidering

b ' Flow inward And Sit On 7 7 . e iron

: Pogitionsad
Incorractly

e e T
““ e

When the foil is not heated sufficiently the solder wil
biob on the circuit board as shown ahove. To correct,
reheat the connection and, if necessary, apply a small
:HITIDUI]t!ﬂf additional solder to oblain a good connec-
tion., |

L

SOLDER BRIDGES

A soider bridge between two adjacent foils is shown
in photograph A. Photograph B shows how the con-
nection should appear. A solder bridge may cccur if
you accidentally touch an adjacent previcusly sol-
dered connection, if you use too much solder, or if
you ““drag’ the soldering iron across other foils as you
remove it from the cornection, A good rule to follow
is: aiways take a good look at the foil area around each
lead before you solder it. Then, when you solder the
connection, make sure the solder remains in this area
and does not bridge to another foil. This is especially
important when the foils are small and close together.
NOTE: 1t is airight for solder to bndge twn connec-
tions on the same foil. -

Use only enough solder to make a good connection,
and lift the soldering iron straight up from the circuit
board. If a solder bridge should develop, turn the
circuit board foil-side-down and heat the solder he-
tween connections. The excess solder will run onto
the tip of the soldering iron, and this will remove the
solder bridge. NOTE: The foil side of most circuit
boards has a coating on it called “solder resist.” This
is a protective 1nsu¥atmn to help prevent solder
bridges. |

: -
R e

ey

SOLDER
BRIDGE

-.. ::. 1. . -. .:I B
o -
SN
~ e T
L
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MOTE: Be sure yvou installed resistor |-

RZ203 on Pictoriagl 1-1.

e )

“ .ﬁi vE’EID BOG kil 1% fgpry-blk-blu-
E'—“‘f‘fad] -

—

{ ;;{ R216: 10 ki2 {brn-blk-org).

q “}3 f;}Zl}'i} 10 kY [bro-blk-orgh

AL

.f
}L&*REH 80.6 ki}, 1% {gry-bik-blu-
red).

E.{\h

e

SNOTE: Besure touse the 1% resistor in
-the next step. |

h

= r% -
[} R215: 10 M{l, 1% (bra-blk-bik-
g, BT

uraw

(oA Ei{}lder the leads to the foil and cut
. off the excess lead lengths.

" ""'h-.,

: 1{ ki) {brn blk-orgh.

s
—

R L fi‘fa{}ﬁ:

':n.r

10 k£Y {brn-blk-org).

gy . I-_F-i"
=R R2ies: 1 MO (brn-blk-grn).
WHW%K .

IHPHEiﬁHEZIHi BANDED EXD OF DIODES CAN
REED IN A NEMEER BF WAYS.

Y mﬁI

& iﬁ? "? P fp"é‘ 4'

| T

RAKDED END

Detail 1-2A

{ .
q () S\Tb}dﬂr the {eads to the foil and cut
T off the excess lead lengths,

rorr T

NOTE: When vou install a dicde, al-
ways match the band on the diode with
the band mark on the circuit board.
THE CIRCUIT Wil NOT WORK
PROFPERLY IF IT IS INSTALLED
BACKWARDS, See Detail 1-2A.

..r
-------

YBAND GLASS (B(oger

If vour diode has a solid body, the band
is ciearly defined. If your diode has a
giass body, do not mistake the colored
and inside the diode for the banded
end, Look for a band painted on the
cutside of the glass,

fafAanaaqgeaen RN fp o e

— -
L] . ﬂ\j
s |
+ e
STy

k )

CONTINUE <

Install seven 1N4148 diodes {#56-56)
ai thv following locations,

{jymmﬁ.
e,

’L«")} RELEICY

J;f}r {1207,

BT
i

{;(__gff_ﬁiﬂdﬂr the leads to the foil and ot
. ﬂif the excess lead lengths.

|||||||| [T

{{u‘f R,ZF“HI 10 kf1 {bron-bik-org).

({;}zm 10 MfY, 1% [brn-bik- bfu}

PIC’I’GRIAL 1.2

T Ml s 4 _'_."'-"'-“-
. o S
B A
e " .

e e Tl
o . .
B | N

I‘:{._f s e

|
|
|
-
|
A

'{M I-’?"t‘gu.a 10 k&t {brni- hiknﬂrg}

%}zm 10 kf) (brn-blik-org).

| ,ﬁ.__.f-wfhzna: 1000 {} (brn-blk-red).

'.l.

[ ﬁ }nhii*r the teads to the foil and cut

~“off the extcess pin tengths,
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NOTE: Be very careful when vou in-
stall the 14 and 16-pin . sockets. as it
is possible to place a 14-pin socket in g

16-pin socket jocation by mistake. In- e

sert the sockst pins into the holes, The ;
index mark on the circuit board must .
still be visible after it is installed. Sol- :‘ T

der the pins to the foil as vou instali
gech socket and cut off any excess pin
lengths.

CONTINUE

i;}f;lalE two 16-pin [0 sockets at:

{x]" 210,

_{ } U217,

BT CH

--\.-—\.--\.-.-

"""

............. "H_ _,.—,__ ,.-'
.

/
/// 7//
......................... /// W“

a”%,@
/%/

° @

ur.
A

Install two 14-pin IC sockets at:

: wij L1216

qﬁ__f' —f__l—

"\.

-

L F Uzaz

E‘/,‘i) t6-pin W socket at 172068, NOTE:
' This socket i opposite to the
other sockets,

||||||

EETTTEEEE)

If:'stafl two 14-pin I sockets at;

pzﬂ?

{Mﬁ Uzt3.

v

!_;iﬁ I} two 16-pin 10 grnkets at;

|||||||||||||||||||||||||

L D202,
i i

'{" =7 U215,

ealaial e L,
r]

.........................

|||||||||||||||||||||||||

Tastall two 14-pin IC sockets at:

......

}"’th -pin [T soucket at Y214,

rorrT,

Make sure vou have soldered all of the
{. -}}14—pin iC socket at G220,

pins to the circuit board foil and cut off
the excess pin lengths,

N SR - P
oo PICTORIAL 1-3:4) 0
. K - SR R
P LI
R ]
1., . .
B R R
ix . o
i W
] . l?”!%u
I s
| R R
R o !
IR RN
- EEEE
' N .
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START @

NOTE: The circuit boards 1o this kit are ‘ [

very clpse together after the kit is as- B |-

sembied. Therefore. be sure 1o mound . '_

aii party down ciose to the circuit g | CO NTi N U E 3>

boards unltess you are directed other- o |

wine i When vou install an electrolvtic
— e —— v capaciior, always match the positive

i [+ mark on the capacitor with the
| positive [ +) mark on the cirouit board
{ ¥ match the negstive [ — ) mark on the
capacitor with the negative { -} mark
on the circuit board. Be aure to form the
; : ] ; leads of the capacitors to fit the circuit
B : S | board boles.

a. ] C}z{}" ) pF mica. | T, .
..... ; A ' C NEDATIVE
Rz I B — . - "

) $210: 100 pF mica.

T A A ke e — L
el .
e I T .

{ o 1 ,t 2 3 pF omica

{}3[}4 75 pF mica,

{2 ]}(ZLEB: 1 pF {toab) ceramic, ATy .
SN, LT SN R R
e s S - M r g
{* /ﬂ 211 1 pF omica, Qﬁ : gt‘l—;/".'-'“_"_ SAHE

_[ m}f’g Soider the leads o tae foil and cut

joff the excess lead lengths.

et L P T Pl e 1 B R ) P T el R BT Rt ) oo LU R w
rraca [T TEreErerren: v

it

_'}’} 204 10 uF slectrolytic,

NOTE: When vou instali a transistorin
pach of the foilowing steps. align s
Flat with the outline of the flat on the
vircuit board. Insert the leads into their
correet holes, Position the transistor
1/8" above the circuit board, Then sol-

{gﬂﬁ (G203 10 uF electrolyvtic.

‘f{;} {2202 .1 uF {104M]} ceramic,

. ﬁd’ul'!'r

/}/ iﬁﬁﬁ 270 pF mieca,

der the leads to the foil and cut off the

excess lead jengths. { M"r{dj:ﬁn: 20 pF ceramic,

H gk
: /}"’Ei{ami capacitors €206 and (201
r:;ﬁ*r. torward the nearby adge of the

e t_.lrt..mi board.

........

2o EDRA0R0a R ER e e D

/j/ Eﬂid er the leads to the foil and cut
afgﬁhe excess igad lengths.

m.Mx’a(ﬁﬂj' : . ! lj.f o Bo it is properly seat-
R z — __.E{fﬂg&mst the circuit board. Then

sobder the lugs to the foil and cut

) .-'@E[]:!: MPSAGR transigtor {#417-
i :. l:‘% o
[ 1 _{.}Eﬂ'ﬁ: MPSARS transistor (#417- e nseenn] 4

B6i5),

PICTORIAL 1l-4
?
|
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START W

NOTE: In the following steps, install
standoff insulators at three locations
on the component side of the oircuit
board. Place the stepped end of each
ingulator into the proper hole, If neces-
5ary, use a small nutdriver or similar

nbject to drive the insulator into the
biole.

TN STEPPED MO

h i Standoff tnsulator.

-
i

| {?-m." Standoff insulator
}a

.,;-....'_..L.,_....... PR
L R L

—a -
v

----------

r‘_ i 1.

F '&’gﬂl 3579.545 kHz crystal. Sol-
der the leads to the circult board
and cut off the excess lead
langths

.--'\-lu

resArsIIY—a

QJ%Jﬁ 201: LM330T IC {#442-716).

ateh the heat sink of the IC with
the double line on the circuit
board. insert thae [ leads into the
corresponding holes. Solder sach
lend to the fotl end cut off the ex-
cess lead lengths,

HEATS I MK
e

GUILINE

2908 a1rD

003208909 aaa g

Ly ¢

[
Ly
e

DD

PICTORIAL 15

C} Dlil.ll-;l-li'lll-l!;

Page 15

CONTINUE &

CIRCUIT BOARD CHECKOUT

Carefully inspect the foil side of ths
clrouit board for the following most
commonly made errors,

i 1%0}(;}Unsmiciered connectinns,

{ J Fﬂﬂr solder connections

jj@»’éﬂlder bridges between foll pat.

E@{ ?rntrudmg leads which oould
ouch together when the clreuit

board is installed later.

Refer to the Hlustration wheve the parts
were instalied as vou make the follow-
ing visual checks,

chﬂ-ﬂiﬁic capacitors for the cor-
. rect position of the positive {+} or

a negative {—) marksd lead.

o )/\bit'adeﬂ for the proper type snd in-
R A

oo Stallation.

| _..\‘&"'i.

B 1?}J«!’I‘!:ulsisil:m's for the proper type

Iw,__é,rﬂﬁd installation.

j201 for the proper installation.
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1IC INSTALLATION

Refer to Pictorial 1-6 for the following steps.

. | NDENTA

MA TN
CIRCUIT BUARD

'YELEEEZEEEEZE AR R R BB AR 4

T Y YT RN R ERE RN N RN LR

PICTORIAL 1-6

NOTE: Some integrated circuits are packed in con-
ductive foam. These IC's are rugged and reliable
components. However, normal static electricity dis-
charged from your body through an IC pin to another
object can damage the IC, To prevent the IU from

becoming damaged, always hold the IC in one hand;- ©

-

then touch the other obiect {table, circuit board. etc.}

with your other hand before you touch the cbject wi{h:__:._- x
the IC itself. Read all of the following information” == -
before vou install the IC's. .~ . SRR

P
.

SMALL
FION

ik 1

e i Detait 1-6A

i+ Thelpins on the IC's are bent out at an angle, so they do
% pot Hne up with the holes in the I socket. Do NOT try
*to install an 1C without first bending the pins as de-

scribed below. Todo so may damage the IC pins or the

. | ) ) )
- socket, causing intermittent contact.

|G LEADS

- Before you install an IC, lay it down on its side as
" shownbelow and very carefully roli it toward the pins
.- tobénd the lower pins into line. Then turn the IC over
and bend the pins on the other side in the same man-

HEI_':._I' .

Hﬂféﬂ‘ to Detail 1-8A to identify the pin 1 end of each
i, I:\fiake sure that the pin 1 end is positioned over the
index mark on the circuit board as shown below.
Alsk, make sure that all of the pins are started info the
socket. Then press the IC firmly into the socket,
NOTE: An IC pin can become bent under the [Cand it

“ - will appear as though it is correctly installed in the

socket.

| OCKET
MARK i

Heathkit
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Heathkit |

NOTE: Some inftegrated circuits may have s 1 in front {:_-t,f”}.-' LEEﬁ}Eﬁz 4328 (C {#443-713) at 1206, NOTE: This
of the tvpe numbers shown {14538 instead of 4538). | IC is positioned apposite o the other [T's. Be
| | sure to install #t correctly.
(V] U218: 4538 IC {#443-916) at U218 SR
(L. U222: 4072 1C {#443-950) at U222
NOE: An IC lifter has been furnished so vou can i
remove a dual-in-tine K from its socket if necessary, . {wjﬁ‘ UzG8: 4071 1C (#443-706) at U208,
b H,

UE{F:_M}?Z [C [#443-950) at U207,

-, -
_________

07/ U212: 4081 IC (#443-751) at U212,

............
- -
lllllll

e S{n) T UZTE 4072 1C (#443-950) at U213,

{H U205: 4518 IC (#443-737) at U205,
s / | ( 'j“’“ Uzug@: 4518 1C [#443-737) at 1204,
{H; Uzuiz: 4044 1C (#443-701) at U202,
f’ém’j U214: 4174 or 346174 1C (#443-836) at U214,
Push the shorter end of the lifter in between the I ang aﬁ '

the socket and rock the longer portion back and forth. E_{ij',z‘; 11215 4174 or 340174 1C (#443-836) at U215,
Be very careful, as the IC pins bend very easily. Dol |
LA U209: 4070 IC {#443-784) at U209,
"‘w{j:‘f} Y UZ19: 4027 IO {#443-686] at 1219, ”
s [ A U216: 4070 IC (#443-784) at U216,
g U221 4081 10 {#443-751) at U221, A
NOTE: You will install 1C's U203 and 17220 later, Set

[T

X {f:.:._'} 11214 4081 1C {#443-751) at U210, these IC's aside temporarily.

i‘w]i U217: 4027 1C {#443-606) at 1J217. This t::::nnp!letes the “Step-by-Step Assembly” of the
e f"ﬁ main circuit board. Set this circuit board assembly
{f} U211: 4071 10 {#443-706) at L1211, aside until it is called for in a step.
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—

INPUT CIRCUIT BOARD

r

-

PARTS

Remove the parts from Pack 2 and check each part
against the following list. The key numbers corres-
pond to the numbers on the “Input Circuit Roard Parts
Pictorial’” (11lustration Booklet, Page 2},

KEY HEATH QTY. DESCRIPTION CIRCUAT
Na. Part No. Comp. No.
RESISTORS

NOTES:

1. Resistors may be packed in more than one en-
velope. Open all of the resistor enveiopes in this
pack before you check the resistors against the
following list,

2. Al color-goded 1% resistors have five color bands
{last band brown). This brown band is set apart from
the other bands and is not calted out below or in the
steps.

3. All cotor-coded 5% resistors have four color bands.

5% tolerance isindicated by a gold fourth band. This .
fourth band is not called out below or in the steps.

e

1/4-Watt, 1%

NOTE: The following resistors have & temperaiure soeficient

(TC) of 100 parts per million per °C (100 PPM/°C}.

A1 8100912 1 10 0 (brebik-bik-gold) AT15

A 8801648 1 301 O (orgblk-brm-goidy  R116

A1 ‘648617127 1 1500 O forn-grnvblk-bmy  Ri22

A1 ABHHTNR¢ £3 5000 O {grn-bik-blk-brn) R104, R105,
R128

Al ("é-ind-m’””"f‘*t 1 74 M} (bro-viokysl-yel)

T T
a0 :._]..". .
ST
S

. H o I S

LTI .
M 1

R

b
I
;;f
[

N B
»t -
-

o
f
X
:

Tl

LIST

Heathkit

CE

To order a replacement part, always include the
PART NUMBER. Use the Parts Order Form furnished

with this kit, If a Parts Order Form is not available,
refer to “Replacement Parts™ inside the rear cover of
this Manual. For prices, refer to the separate "Heath
Parts Price List.”

KEY HEATH

QTY. DESCRIFTION CIRCUIT
No. Part No. Comp. No.
|
|
1[4-WE“, 5%
| .
At B-681-12 1 880 O (blu-gry-brn) R145
AT lB-102:1277 8 1000 © (bra-bik-red) R108, R112,
Yo e R119, R125,
oo s R130, R133,
‘ . F142, R144
At 87472412 B 4700 I {yel-viol-red) R109, R113,
"xih,_!?‘__:.\f;-*gg"'"::; f120, R126,
|3 2 I e R137, B138,
N R139, R140
A1 6-103-12 3 B 10k (brn-bik-org) R103, R131,
e R132, R134,
o T R135, R136,
I R141, R143
Al 6-473-12-° 8 47 k1 {yshviol-org) R107, R110,
| Rl | R11t, R114
A R118, R121,
| SO ‘ Rizd, Ry
| B3N iﬁ«m«tj&f 1 100 k{} {bra-bik-yel) A104
i ......... -
N
Other Resistors
A2 (352 .7 1 220, 2-wa, 10% A 102

wirg-wound {rad-red- goid)
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QTyY. DESCRIPTION

KEY HEATH .
No. Part No.
CONTROLS
A3 ktﬂ___jiﬁ? {1 1000} :
A3 10-1153" 1 1000 £ {1 &1}
A3 Q'ﬁ'"‘ﬁﬁa 1 500 k)
CAPACITORS
Mica
81 L20-11B 1 15pF
Bt 120-100 1 30pF
Bt - 20-143 - 1 75pF
81 20-714 1 185 pF
B1 - 20128 i 470 pF
Ceramic

LodT
B2 2140 J?f T OV uF [O0TM)
82  .23.27- T 005 pF
82 £21-192 1 uF {(104M)
Electrolytic
B3 f?ﬁ _gii:} Wi 3 10 uF, low leakage
B3 25918 1 100 ufF, low ipakage

e
-
"H.

Bs .331._ .........

ceeg ey

.....

.........

”,

1.3-5.4 pF air trimmer
15-80 pF geramic trimmer

T4 148

FD33a
IN4733A

CIRCUIT

Comp. No.

117

R123
K129

G104
109
107
Cigze
C102A

SERIY
oA
106

105, 11,

Ci12
€113

103
104

D104, 01465,
0oe, D107,

D108

101, D103

D02

KEY H:ATH

No.

F'a!rt

No.

o

GTY. DESCRIPTION

[P Y -

[LETTeT)

Page 1%

CIRCUIT
Comp. No.

‘TRANSISTORS — INTEGRATED CIRCUITS

{IC’s) 1

NOTE . Transistors and irtegrated circuits are markad for iden-

l

Part number.

Aification.in one of the foliowing four ways:

Type number. (On integrated circuits, use only
those numbers and letter in BOLD print. Disregard
any other numbers or letters

Part number and type number.

Part numbaer with a type number other than the ong

2.
33
LAl
y shuwn
D 478
4y ¥ #
Ao i
_ P |
I
b1 417
D
O
D2 144380
07 443 mw

T

MESADS transistor

MPSAERE trangigtor

5741,1C
CAZ130E IC
4011 iC
4081 1C

OTHER ELECTRONICS PARTS

E1 L B4-8R1
£1 ﬁiaﬂzf
E2  (260-24.

e L
£3 432707
E4  Ailgp s
E5 435708 |
HARDWARE
Fr C830.1347
F2 <.250.1364...
F3 ..250-428 .
Fa  253-82
F& 283437
E6 25441
F7 255 ??‘? p
F8 25578 .

|

B LRI

O L A

e

Switch wiocking action
Switch w/mormentary action

Fuse ciip
LED lamp

ti4-gmpers fse
Battery connedcior

4-40 x Fi377 sefscrew

(3102, Q04
106, G108,
G108, Giit,
112, G113,
{114, 3115,
{1118
201, Q10a,
Has, G147,
118
L2
LF101
103 U0s
LS04

SWI0T
SW1H02, SW03

FI109, 110,
111, X112
E101

4-40 »x 316" fat head screw”

4-40 »x 1:4" flat head screw

#4 flat washer®

#5 fiber fint washer
#& split iockwasher

Metal spacer
piaglic spaces

*Sat theke pans aside for usein tha “General Assembly” section of this Manuat

-|-|II-| adr . -.-- LRt
1 0 PR
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Heathkit

KEY HEATH QTY. DESCRIPTION KEY MEATH OTY. DESCHIPTION

No. Pant No. No. Pan No
SOCKETS — CLIPS MlSCELLANEOUS
G1 . 434230 2 B-pin 10 socket 1 wggmiﬁ*? 1 2Z2-wire ribbon cable
G1 4342684 3 14-pin IC socket ‘H2  .256-48 2 Spiitrivet
Ge 436-53.-¢ -7 "4 input contact - H3 4_&2412? t Roundknob
B | H4  400-23 1 Alien wranch
HE 480203 ¢ 1 inssrtion ool
WIRE .
‘PA
- . e-P HTIS FROM THE FINAL PACK
4- " Red wire L .~
gid iﬂ z O N irg BEZHFT-F T g ciroust Doard
) ahge w L1 T206-1358.7 1 Shield
344-129 & Yelow wire = ;T
344-130 6" {Green wire 5 . |
|
i
!

Important Construction Procedure

|
You must follow the procedure listed below
whenever you handle the input circuit board in this
kit. If you do not follow this p?{}LE’I'iﬂIE* the high
impedance areas of the ¢ircuit board may be contami-
nated by salt and oil from your.skin. When these areas
become contaminated, vour completed Capacitance
Meter may not meet the Hsted specifications when
you aperate it in certain mavlmnmentﬁ fhigh humid-
ity conditions, et} |

1. Wash vour hands with scap and water before
you handle the circuit board. Handle the circuil
bhoard only by its edges.

|

2. Avoid any excessive accumulation of rosin

build-up whenever you solder a connection.

NOTE: The “Operational Tests and "'In Case of [}iffi-
culty” sections of this Manual will aillow you to de-
termine if the input circuit board has been contami-
nated. If necessary, you will be referred to a circuit
board cleaning procedure, |

Y2 LN E R 2 3 _ 4 5

X/l 1 S5/ 78 i ; |
|!’“|"“| T ) [

1 LM '? 3 4
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START @

REMEMBER: The circuit hoards will
he very close together when the kit is
assembled. Be sure to mount all parts
closetothe cirenit board unless vou are
d-:i I‘ﬁi}{t?{f otherwise,

\_{ if}/’[’f}sjtmn the input rm:mt board
' with the printed side up as
shown.

RAND

INPUT CONTACTS .

SOLID BODY

e | NN

o
EANDED EMD
x’

R EDMPO%E%TL15£G?
CIRCUIT BOARD

DEE&I] . 2- 1A |

GLASS
Eﬂﬂﬂ 50Dy G@éfgin
INSIDE
CAUTION: ALWAYS POSETION THE
BANDED END OF A D{ODE AS
EHQWM ON THE CIRCUIT BOARD.

} IM0G2: 1N4733A diode {#36-619).

“\_

g }a I}’Hﬂ F12333 diode [ #586-03),

: FI3333 Eii{}dﬂ [#55-03],

.......

: 10 ki {brn-blk-org].

.

~ u} RI 12: 1008 0 {brn-blk-red).

L,

--------

e

ros,

g/ﬁnﬁ: 1000 €1 {bra-blk-red).

{ {*}’R‘Hﬂ 1004 0 {hrn-bik-red).

.\\'\.
.

rL.

{fé/{}ma 1N4145 diode [#56-56).

g
{ %3-Solder the leads to the foil and cut
L " off the excess lead lengths.

Page 21

STEP BY STEP ASSEMB_LY

NOTE: Use the following procedure
when vou install the four input con-
tacts that make up the two input test
;a{ i(-a in the next five steps,

s

g_ﬁ A ]ili‘-‘f{“r to Dletail 2-1A and install

“two inpul contacts at the location
shiown, Squeeze both contacts to-
gether and hold them down
against the circuit board while
vou temporarily solder both tahs
of each contact on the foil side of
the circuit board.

.

{ Ay (En*lhe sarne manner, instal] and
~ golder the remaining two input
contacts at the other input ek lo-

. Gation,

“ay
"
e

L) Pfat ¢ the insertion tool over the
" four input contacts as shown be-
low. Reheat and solder hoth tabs
of each of the four contacts to the

futl side of the circuit board,

INSERTION TOOL

iy R&?fertu Detail 2-1B and solder the

- outside adge of sach of the four
- cinput contacts {o the circuit hoard
as shown,

.

NUTE: Leave the insertiontool in place
urttil vou are directed to remove it a
fiar.

.....

S
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] ,*-:‘:mmueo

:r *‘f”r i 15-60 pF ceramic trimmer
IMPOATANT THE BaNDEB £k OF BIGDES CAN
. cilor #31-63) Disreg:
B MARKED & RUWBER 0F Wivs. R I ‘r”' 1 ”h isreg ;”E any
. ) ) : circasit board markings at this jo-
NOFVE: To install an 10 sockat, insert . : : ' 5 - B i

catiorn. Position the Jue marked
with thiearrow away from fhe out-

,_: f ‘1“!1 fit 3 y Hoe ot ineflat onotie cireu i hoard.
' I
|

ihe sockel pins intg the holes. The
index mark on the circwit bosrd most
stili be vigible afier the socke! s instai
e, Solder the ping to the foif as vou
instadl each socket and cut off any ex- , osaert and solier e Lo the forl
cess pin lengths. | BENBED EXD B B
SNOEE

. Srt o ' : '
WO WELE fravE 10 CpirEyl T

.

Fhen fserd the fues infy b Caor.
respanaling hofes in the cirogit

s slighily o Fit the oironi
Boarit Boles,

NP AT

......

NOTE: Use the following procedure
when a step directs you to install a
dicle:

1. Hoid the diode lead with
plters 4o you do not break the
diode body.

-

L ——

Bend the indicated ifead be-
fore vou instail the diodes.

I

Install thres T4-pin 10 sockets af

H[!ifﬁ L1134

3. Position the diode with $he
handed end down over 1he
circle cutline on the oirouit
bromrd.

P P LT LIT TT TP AL

g ; RS "g:amﬁ: IN4 149 divde {#56-36),
? . I _T._._Qr,__.i.;,l,.:_-..-_m_::rﬁ.::._. ........... E . B —
1 & } i}mf 1%454@ dmde I#56-58).
PICTORIAL 2-2 —

L {19 D104: IN414G diode [#56-56),

S

- " PERTTE ] e KA e

%«{J’] %1{1? NG 149 diode {#565-538)

3 5"';} volidter the Jeads to the foil and eut
B the excess fead lengths.

el JL T RSN
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NOTE: Mount the fellowing resistors
vertically to the circuft bosrd as
shown. Be sure each resistor is still ver-
tical to the circuit board after you scl-
der the leads to the foil.

e

(V) R144: 1000 Q (benbliered), o

wi B
T
K115 10 €, 1% {bra-blk-bik-
E [}Ed} . N .::f_.;.x
{m’LRIEE 1500 £}, 1% {bra-gro-hik;
. bm] '%ﬁ:___.-"-'.
: {:,JERIEB 1.74 M}, 1% {brn-viol-yel-
S }rei} o

LIS T TE L TR

{ > ﬂlzﬂ: 4766 1 (yel-viok-red).

aaar,

T8 : s

: 4700 £} {yvel-viol-red). .

AT

: 47 k{1 {yel-viol-org). ‘R

v

A M127: 47 k@ {yel-viol-org), ;.7

e,

:._,;{__E;Zifgﬂléer the ieads to the foil and cut
off the extess lead lengths.

%Lﬁﬁzz: 47 ki) (yel-vioi- org).

: 16 kf) {brn-blk-org). v

;18 k) (bron-bik-orgl.

rumLr

;10 ki} {brn-bik-org}.

4708 £ [vel-viol-red).

: 4700 0 {yel-viol-red).

........

||||||

=i vl R138: 4700 (3 {yel-viol-red).

E'ﬁ 3'135 10 k¥ {brn-bik-org), ¢

I

...~ oif thy axcess lead lengths.

older the leads to the foil end cut

Page 23

: 1080 0 {bro-bikered). 5

: 10 k? {bro-blk-org). o

10 kit {brnvhlkﬂrg]r:f

{mjgﬁﬁl 100 k(1 (hri-bik-yell, {

) {V’f ﬁ’llﬁ: 30.1 13, 1% (org-bik- hrn—

" gold)

P H.'

{L,Mmﬁ: 5000 {1, 1% {grn-bik-bik-

jhrnj S

pre— frm— {’f/j K1G5: 53000 €, 1% (grr-blk-blk-

&3 ./ bral, £

"'.

)| ==
{ w}}’ider the leads to the foil and cut
G off

the excess lead lengths,

e,
X NL TP

/U:0 R1v4: 5000 Q, 1% (gr-bik-blk-

A “‘ dbrn), B

T -
1 _{ w3 R109: 4700 O (veloviol-red), o7
vl G S )

+ [:: { if’f}hﬂ?: 47 k0 {vel-vicl-org). e
@ .} R108: 1006 0 {brn-blk-red}. 7

g M {Eﬁi}ilm: 47 kit {yel-viol-org). 1/

PICTORIAL 2-3

TP e (LTI P .

e

'—, . {yi}l]ﬂ: 4700 (} {yel-viol-red). ,ﬁ

TR LT

ropr
-:::

[yvel-viol- orgh e

5*{«”{%111: 47 kO

I o
. -'"l.ﬂ‘hi ' A B

{ g,ﬁ Solder the leads to the foil and cut

‘ o off the excess lead lengths.

; 1000 @ {brn-blk-red). wf:'ﬁ

© 10 ki) {brn-bik-org). /

: 4700 {} {vel-viol-red).

: 47 k) (yel-viol-org).

: 580 {1 {blu-gry-bra).

|||||||

. 47 ki} {vel-viol-org),

5'{_ ?;’{ E\";blder the leads to the foil and cut
- Dff the excess lead lengths,
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START W

NOTE: Ingtall the following transgistors
in the manner shown, First Hine up the
flat on the transistor with the outline of
the flat on the circuit board. Insert the
transistor leads into the corresponding
holes. Position the trapsistor 1/8°
abuve the circuit board before vou sol-
der each lead to the foil Cut off the
exciss lead lengths.

CONTINUE O

{ ;;{?f;}*tm‘i: MPSANS transistor 1417
~ BB

e — e mm (ISR FEN PR
..............

=
| 'yj} FTIG: MPSASS {ransistor (#417- E’ T S
e BBS] |

i
1 iy~
:I'

. Q167 MPSASS transistar [#417- | Gl S B [
T BAE] . : -

wTreTannn

.......

i MPSAOS fransistor (#4117

B},

-

| ? K'{:}‘Iﬂﬁr MPSAGS transistor [#417-

e 3641 :;i;e‘u;! t%*iﬁﬂl: MPSANS transistor {#417-
] a.f} (f}mﬁ: MPSANOS transistor {#417- _x“ *‘-"”’m‘ -------- e
..... 864,
{1 (3114: MPSAOS transistor (#417-
| : MPSAOS transistor {#417-

BB,

T A L
PREFrE LT

%w
S L}l 13 MPSANS fransistor (#417-

5. MEPSAQGS transistor {#417.

PICTORIAL 2.4
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(o7 Tnstali a fuse Iip withasplit rivel
al the indivated location

4
W/

[ 1 Place the circuil board Toil-sidie-
down on a hard surface. Use o
serewdriver to spread the tabs of
the rivet apart and press them flat
against the inside of the fuse clip

as shown

{+.y stmilarly.install afusedip witha
spdil rivet at the indicated loca-
tion

[ Install e fuse fnthe fuse clips te
aligt them

ixoomby part wav in one of the
clips, Then sedder the tabe o the
exposed rivet fo the asude of s
fuse s hip

N slidie the fuse e st o
S e chips T enpese the thes
rivel Then sulder the Libs at This

et o it e s

IR B MO TR TR N R TR R AR PR Y
Tt ~iee ot the sinouil boare

¢ Remove the fus

PICTORIAL 2-5

[CONTINUE O I

14Y R102: 22 9 L 2owatt red-red-
gald) Selder the leads o the foil
amd cut off the exc
lengths.

s lead

Install the next three controls as fol-
linvs:

i Position the contral with the
small adjustment sorew as
shinen.

I

Insert the leads into the i
iuit buard. solder them to the
fail. and cut off the excess
tead lengths, Note the posi.
tion of the screw.

e

NOU B Contids R1VIT e K26 -

shatlest b T et Baoo steps, s 1t

ARRA P e ey e e Loz

tralssliahith as vonnser Hest pize o

carcait beaeel beles

o1 RIIFD 100 £ 1W Lol control
{#10- 1167

o10nn £ W Lk contrul
[#i0- 110

11 REzae 2ot MY (WHOOKT control
[# 1010 166)
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] ‘-"a!art &4-40 x 327 setgoraw i the
__ gqmnd kipob, Uise the alien wrenadh
“.gupplied with this kit

=
=

"f.

%
§§--— SETSCOREW

ALLEAN WRENCH

[ E;T“'\:E_’EI-HZH the reskeried knadr o 1he shof
af the air trisner capaciter as
gl gt

SETSCREW

THIMMER

Heathkit

- o

When vou install sn clectrolviie
vapacitor, alwavs mateh the positive
i1 mark on the capacitor with the
prsttive {+ 4 mark on the cirowit board
R maded the negative |3 mark on the
capaciior with the negative 1§ mark
ol The sircuit board,

LBt 00 LR I Lt a st n e 4o m e e o 80 s e et e et e et emmm e e b o

0 LA i p b electraletic

P

fa ,, f ‘5{}% A ok omics.

. “I...-
[T R N ER U Sy LT T DT TT I S S——" PO

|-—|-\.-|-\.-\.|-\.-\.|-\.-|—|-|-\.-\.w—\.-|.-\.-\.-\. e D e e na e e e S

.:.{%f] 3 (RESE %g.ﬂ" MW{ ETATTEL.

:
.
”Jiw"f’:'ﬁ

E a)/{}l{#*"’a Lii';;:l (EEIENTD F{{*-E1|:%.vr1..'

fT'I‘-lI!:-Et'[]H lesforre sy treatasld this

Al er e Phat s mmawimoanm

i'itri}_té*.E phomes o) eeopesd P
J— 5
F:“:-'.::\.:':\.'-'-'-'---:---'- ----- e
W . A . .
‘f /‘giltt‘i ieb Dl om0
I

.{ I CHIA 0 p ¥ oedecirolvib

'|:-

} ‘H{;Mvr bhees boadks B Ehve ol anad cut
Hff the excess feard lengths,

{e ,] r:* 163 1.3-53.4 p¥ air trimmor
=T ghpacitor [#26-166) Insert the
N tugs into the corresponding holes
in the circuit board and solder
tharm o the foll Cut off the excess

lug fengths.

PICTORIAL 2-6

] af; [ :Lﬁ“twr i ksm%m [ fhf* sierf i e
circilit board. Then tighten the
sefsorew, et do nod overlighten
it

[* A 00113 005 o ceramic,
h“\ i,
’] ag: 30 pF mica.
::- [ L PO

.=.E *’3 sobdar the leads to the foll amd cut
etk the exvess lead fengths,
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START W

[} Locate the three switches. De-
press the shaft of each switch o
determine which one has the
Focking action. Use that switch in
the next step.

NOTE:

raA R —-

Lise the following procedure

when you install sach of the switches.

W DEH

CRIMP

insert the pins with the wider
crimped pottion iato the cie
cuit board holes,

Make sure the crimped por-
tion of each pinis fully seated
against the circuit board.

CTRCLIT
dOARD

Furn ihe cireuit board over,
angd solder the four corner
ping of the switch to the faoil.
Check the switch ard make
sure i is paratlel tothe ciron
troard. Ther solder the other
switch pins to the foil

Cad off the sxcess pin lengths
that protrede thru the cireit
hoard.

PARALLLEL

FPage 27

CONT!NUE{:}

||||

£ J{Z‘E‘L'& 103: c}umh wirnomentary ac.
tw‘ﬁ

rosn

{ ¥ W102: Switch wimomentary ac-
T o,

NOTE: When vou install an LED lamp.
place s plastic spacer overboth leads as
shown., Match the Inad epposite the
fiat with the positive (4] marked hole
an the circuit hoard. Tnsert the leasds
it the holes and solder them to the
foil Cot off the excess Tead lengthe,

H:.

PLASTIC
SPACLE

100 LEDY Jamp (#412-74),

Rt T TFES

g_,;jﬁ?m; LED lamp (#412- ?H].

|||||||| e

Jl"""ﬁ

) 5111 LED lamp {#41.3 741,

l'
''''''''''

1 Ez’%nzr LED famp (#412.79),

PICTORIAL 2.7 FINISH
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Referto Picturial 2-8 to install the s in the following
steps. He sure to install each K correctly. Refer to the
infurmation on Page 16 i necessary.

CIRCUIT BOARD CHECKOUT

Carefully inspect the circuit board for the following

most commonly made errors. R‘T\L’;}}’r U101 CA3130E 1C (#442-715) 51 U101

soldered connections, Y ﬂ o - :
Unsoldered connectic x{)/}ﬁ‘ U102 5741 1C (#442-22) at U102,
J'/

Poor solder connections.

(U JH303: 2011 1C (#443-603) at U103,

: s bridges between foil patferns. (A | | -~
Solder bridges betwoen fotl patt S U040 4081 10 (#443-751) at U104,

-l

1y P 1 qads which could touch together. {5770
(1Y Protruding leads which co | : {{J; CLIOA 4011 IO {#443-603) at L1105,

Refer to the tllustration where the parts were instalied
as you make the following visual checks.

Diodes for the proper type and instailation,

Yransistors for the proper type and installation.

LED lamyps for the correct position of the “flat

1h

side.

Elecirolytic capacitors for the correct position
of the {+3) or {—~] marked lead.

NOITE: Be sure all leads are trimmmed as close as possi-
e to the circuit boards, especialiv protruding leads
from L{. Sockets.

FHPLT
CIRCLIEY BOA

PICTORIAL 2-8

O Ve Yoo 3 ] (HROHES) 2 3 4 5 S 7
Powrn 3ie ) ham . tia | . | I ; | H i

;?rTT‘ Frtr'. :.; I. 1 i L | I - E T'| J ET _jr T| ..! L w |'|' Y Tl ; | | .IJ. |.I 1 TL - % .!j: - ¥ R ! F 'I' J..I

o " ' LR y P ~ z B @ r 17 12 14 1. & o



Heathkit

Page 29

Refer to Pictorial 2-0 (Hustration Booklet, Page 31 for

the folliwing steps.

NOTE: When vou are instructed to prepare a wire, as
in the following step, cat 1t to the indicated lenath
and remove 147 of insulation frons cach end. Then
twist the small wire strands together and melt a small
amaount of solder on the bare wire ends to hold the
strands together.

WA Prepare the lollowing wires:

4-1:2" black
3" green

NUTES:

1. Inthe following steps 7S-7 with a number. such
as [8-1], means Lo solder the connection. The
number follawing the =87 tells how many wires
are at the connection

I

Whenever vou are instructed to connect a sire
to a switch pin, make sure vou connect the wire
to the lower portion of the pin, Refer to the inset
drawing on Pictorial 2-9.

i~ A Position the vircuit board as shown in the Picto-
rial.

[+ 1 Connect one end of the 4-1 27 black wire 1o
switch 5AW 101 pin 3 (S-1). Route the frec end of
this wire as shown in the Pictorial and connect
it ta circiit board hole F (S8-1)

{ 1 Connect one end of the 37 green wire to switch
SWI0zZ pin 51511 Route the free end of this
wire as shown in the Pictorial and connect it to
circnit board hole B (S-11.

F—RH) 5-1/12 ——4

Detail 2-9A

I} Refor to Detail 2-9A and cut the black battory
contector wire to 67 and the red wire to 5-1 2
Then tiea knot in the wires 17 awav Trom the
battery connector as shoswn in the Pictarial,

Connect the battery connector wires 1o the circait
baard as tollows:

{1 Redwire to hole A 1S,

Black wire 1o hole 1 (510
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Refer to Pictorial 2-10 for the following steps.

Heathkift

is . B
. .
. oo
.
E
-

(i A JXonnect one end of the 3" orange wire to switch

Al

) - SW103 pin 1 (3-1}. Position this wire down as
| v (44 FPrepare the following wires: close as possible to the switch surface. Route
! I the free end of this wire as shown in the Picto-
~ 4-1;2" red A rial and connect it to circuit board hole C{5-1).
3 orange oy
©o2-3/4" vellow AYP } (onnect one end of the 2-3/4 vellow wire to
;" . - | | 1 switch SW102 pin 2 (S-1}. Position this wire
{ } Connect one end of the 4-1/27 red wire o switch . down as close as possible to the switch surface.
P SWI0Y pin 2 [(5-1) Position this wire down as o Route the free end of this wire as shown in the
L close as possible to the switch su rface. Route .- Pigtorial and connect it to circuit board hole E

. IR U
the free end of this wire as shown in the Picto- s,
rial and connect it to cireuit board hole G {5-1) % R

d-3/4" YEL

COINPUT
CIRCUIT BOARD

IEERY

O 6

PICTORIAL 2-10
: i A

- :

- :

£

: 3

. i
0y e 3, T NCHES] 2 a 4 S 6
|1i-'El:!JI'E§5:-El?JI‘EIlllllhlljlili | L_Llil¢|';i‘ [ % S % | 1Li1.1
KLASE Sa2E S A M S DAL B S SR AR A L L | LA SN L AR S A T
3 5 LA I 3 A 4 5 A 7 8 ] 1.:.1,; 11 v 13 14 15 10 17

} :

' :
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P
f- .
:
N
I
'f
|
:
B l |
LONG-KNOLE : _
PLIERS i ;
| NEGATIVE
- (-
1 . MARK
AT 22 e wiRs
2 RiBBON CABLE | )
1 9. A ‘.. .
Detail 2-11 . Detail 2-118
Referto Pictorial 2-11 (MNustration Booklet, Page 3} for { ’}'7 efer to Detail 2-11B and bend the leads of the
the following steps. “ ABD uF electrolytic capacitor as shown. Use
| long-nose pliers. NOTE: Make sure yvou posi-
¢/ 7 Locate the 22-wire ribbon cable. tion the capacitor with the polarity markings (4
4 . ot —}as shown before you bend the leads.

f
[i:::f} $A13: Install the 100 o F electrolytic capacitor as
| “shown in the Pictorial. Solder the leads to the
foil and cut off the excess lead lengths.

CAUTION: Do NOT allow the ends of theribbon cable
ter be flexed more than necessary before or alfer vou

install it. Excessive flexing mav break one or more P
pins, : gj( Refer to the inget drawing on Pictorial 2-11 and
- ocut off each of the switch pins on the three
{ +] - Refer to Detail 2-11A and its inset drawing and s gwitches to a maximum height of 1716° Be sure
) preform the 22-wire ribbon cable as shown, Use ; the tops of the cut off ;:;in:% do nol come toa
long-nose pliers, . sharp point. Failure to do this may cause a short

- during Final Assembly.
S S

[ / Position the 22-wire ribban cable as shown in ;ﬁ (F1ot: Install the 1/4-ampere fuse in the
N / the Pictorial. Then match the pins of the ribbon # fuseholder on the input gircuil board. Be sure

cable with the corresponding row of holes from
the botiom side of the input circuit board, Be
sure the cable is fully seated against the circuit
board and all the pins protrude through the

the batterv connector wires are routed under
1-_&1{-: tuse as shown.

[T T

ﬁ Ei‘ sure all excess wire and lead lengths are out

circuit board. Then solder all the pins to the top Jas short as possible on the foil side of the input
sidde of the circult board and cut off the excess -7 eircuit board,
pin lengths, CAUTHON: Be careful that vou do A SO
) i . . - ) . . o N ) . - ' f‘: - . ) . | )
ﬂ{ﬂ. b{lifl thfl‘ l['lSliIrHl{}H {111 ﬂﬂ".. L]}{tlf_t }Hhif‘fi g- "q] %‘E{iarpfullk Ffaly1{1% £ ihi’" 1”5{.31"[“_'”'3 {}{31 f}"””“; t}“”'r

wire with the seldering ivon. j;"i"{mr input contacts.
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Healhkit@

=)

> o - . g HHHH
L l , METAL SPACER 4

™~

e
-*""'f# a*"""—/"—‘
PR PLT

CuUlT BOARD

s T

~— .
S '-['\ | #5 FIBER
e \ ~_. @ WASHER

~ >
AN

Y
4-40 x 1/4" W
FLAT HEAR e
SCREW

PICTORIAL 2-12

‘SHIELBI

LETTELRED
S1DE

 Refer to Pictorial 2-12 for the tollowing steps,
f." kxf - Refor to Detail 2-12A and form the shield as

RERD AT . . .
shown by bending it a! the two scored lines.

SCORED LIRES

{/} Mount the shield to the input circuit board as

v ¢ showninthe Pictorial. Use a metal spacer, a #4

- split lockwasher, & #5 fiber flat washer, and a
4-40G < 1/4" fiat head screw.

This completes the *Step-by-Step Assembly” of the
input circuit board. Set this circuit board assembly
aside untii it is called for in a step.

Detail 2-12A

.
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DISPLAY CIRCUIT BOARD

Page 33

[
1
o

5'_

;-: )

PARTS LIST

Remove the parts from Pack 3 and check sach part
against the fellowing list, The key numbers corres-
pond to the numbers on the “Display Circuit Board
Parts Pictarial” {IHustration Booklet, Page 4).

QTY. DESCHIPTIﬁM

To order a replacement part, always include the
PART NUMBER. Use the Parts Order Form furnished
with this kit. If & Parts Order Form is not available,
refor to “Replacement Parts” inside the rear cover of
this Manual. For prices, refer to the separate “Heath
Parts Price List.”

KEY HEATH
No.  Fart No

GTY. DESCRIPTION CIRCUIT

Comp. No.

KEY HEATH CIRCUY
No. Part No. Comp. No.
Al 25-531 1 10 uF electrolytic capacitor G301
85-2488-1 T [splay circult board
AZ  52-68% 2 Display bracket
100-1754 1 LCD socke! assembly
consisting of:
A3 T LCD holder
A 7 Eiastomeric comact sthip
Ab 134-14113 1 18-wirg ribbon cabie
A 210-117 1 Herel
A7 250-4 2 440 « 318" serew
AR 2522 2 4-40 nut
A 2549 ¢  #4 lockwasher
A0 411-B43 1 LOD (Hguid crystal displayy  LCD301
A1l 434.299 4  18-pin 10 s00ket

NOTE: Integrated circuits are marked for identitication in one
of the folowing four ways:

1. Part number,

2. Type number. {On integrated circuits, use only
those numbers and lefter in BOLD print. Disregard
any other numbers or letters.}

3. Pan number and type numbaer,
4. Pan rumber with a type number other than the one
shiown.
At2  443.737 1 A518 iC U304
A12  443-931 3 A543 1(C U301, udge,
| ; 303
A13  4468-706 1 Window
Atd  490-5 1 hNut siarter
A15  490-183 1 Alignment blade

PARTS EHGH& THE FINAL PACK

t00-1779° 1 Calibration package
: consisting of the
; lnllowing setecied
.. ; capactors:
AlG i 15 uF polycarbonate
A17 : T 150 uF electroiytic
At8 ' 1 1O uF electrofylic

*Set this calibration package aside for use during the "Calibration”
section of your Manual.

i
H
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STEP-BY-STEP ASSEMBLY

START W

P Position the display ciroutt board
with thee printed [letteredi side up
as shHown.

B A e DU RE D RN EENRERUE b e e e P U DL S e e e ER R Y
L L

NOTE: To install an 0 socket, insert
the socket pins intu the holes. The
index mark on the circuit hoard must
stili e visible after the socket is in
stalled. Solder the pins to the foil as
vou install each socket and cut off any
axcess pin lengths

.......
T -

PR L I

‘u.,,,.ll'

CONTINUE O

- -

POSITEVE

T
’ / T"El.'i:-l'a-

. _-.'._f: +

{i\g{ L0 F electrolvtic Form the

T esds to fir the hole spacing. Sol-
gier the leads to the foif and cut off
{he excess lead lenpths,

B B L e e s renns e o e Dt Do e o e e o e e e e e

B LAl s e e ns mammm e e na e wnn e n e n e n e e e e s e

of each integrated cirouits, in the fal-
lowing steps, with the index mark on
the virenlt board.

Install four 16-pin K sockets at:
R

COBUBOR

{,} WUsez

LhUser .
H '“*.;i,u

[LEE

» , |
. L
/11303 4543 10 {#443-931)

2

DR AT m e 1= 15 1 1 et LA L

(#4430,

H

&, FU304 oo .

.......

i

I#443-T371

PICTORIAL 31
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CONTACT

DESPLAY
CERCUIT
BOARG

Page 35

LEo
HOLDER

capaciTOR | |

Detail 3-2A

Refer to Pictoriai 3-2 (Illustration Booklet, Page 5) for
the following steps.

{&}"}’ﬂsitinn the display circuit board as shown
N with the component side down. Note the loca-
tion of the capacitor that was mounted earlier.

CAUTION: Do NOT allow the ends of the ribbon cable
to be flexed more than necessary befare or after vou
install it. Excessive flexing may break the pins.

\K)/ Refer to Detail 3-2A and match the pins at either
©  end of the 16-wire ribbon cable with the corres-
ponding row of holes from the bottom lettered

side of the display circuit board. Be sure the
cable is fully seated against the circuit board

and ali the pins protrude through the circuit
board. Be careful not to use the small hole indi-

cated on the Pictorial. Then solder all the pins
tothetop side of the circuit board and cat off the

- excess pin lengths.

{ h‘m{ F}f&r again to Detail 3-2A and line up the tabs

~.gn the LCD holder with the corresponding

smail holes on the display circuit beard. Then
place the LCD holder on the circuit board.

NOTE: The contact strip may already have been in-

stalled in the LCD holder when you received the LeT)

socket assembly. i so, disregard the next two steps.

!J‘g;;jﬂ) Carefully remove the two elastomeric contact
strips from the envelope containing the LCD
socket assembly. CAUTION: Be sure vou do not
stretch the contact strips.

{*f{:} ﬁiefer again to Detaif 3-2A and insert a contact
~-strip either way in each of the two slots in the
LCD holder, Carefully push each contact strip
so the entire length rests against the circuit
~, board,

i
3

(y Make sure the window is free from fingerprints

and dust,

i
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pAINTED
BORDER

Detail 3-2B )

T
- o

.,

[ geffar t: Detail 3-2B and place the window next
“2 4o the bezel. Position the window so the side
with the painted border faces down. Then slide
the window into the grooves in the bezel,

{Conter the window in the hezel

CAUTION: The liquid crystal display (LCD) is =

supplied with a clear, protective film. In the follow- {
ing step, be sure you only remove this protective film. fa)
£)o NOT remove the top surface, which is a plastic
polarizer sheet, Also, be sure you do not scratch the
polarizer sheet.

LOWER

Heathkit

EGED TRYSTAL
DISPLMAY

HOLARIAER SHEET
WETH
BLACK HORDLER

Detail 3-2C

Refer to Detail 3-2C while vou hald the Hauid
crystal display between your index finger and
the thumb on one hand. Carefully lift just the
corner of the ciear, protective film from the top
of the display with the other hand as shown in
the Detail. Make sure the black border is stif
visible under the corner vou just lifted. If so,
completely remmove the protective film. If not,
push the polarizer sheet firmly down; then re-

. move the protective film.

Refer to Detail 3-2D and locate the identifica-
tion marks near one edge on the top surface of

“the liquid crystal display. This identifies the

fower edge of the display.

GEFTIONAL
ReD DOT

Wk

Fa N o i
:?I}E
L

i e e e N g T ey T T - o R

A S A T l.-"'.-'l__.-"_..-__._.-' g Lt b
e L S ey
o e o e L S L .-:!':-'":'..-:-'.-':':

g
., -
e W il

ANt

Detail 3-21)
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[{}}__.j LCD301: Refer to Detail 3-2E and place the dis- = | [ K}/}""ﬂ{@um the bezel to the display circuit board
- playinthe LCD holder so the lower edge of the - ¥, . .dssembly as shown in Detail 3-2E. Use a display
display is near the lower edge of the circuit . &7 bracket, a 4-40 % 3/8" screw, a #4 lockwascher
board. | R alnd a 4-40 nut at AA and AB.

[
J. N

o

Sk e Sy

|

L | DENTEFICATION
' MARKS

LIQUID
CRYSTAL

DESPLAY | ?
BRACKET ;

e ——— e = me
-

Detail 3-2E

P
. 1



GENERAL ASSEMBLY,

Refer to Pictorial 4-1 (HHustration Booklet, Page 5) for
the fﬂiiﬂwing steps. -

( L,J Reiﬂr to Detail 4-1A and match the pins at the
free end of the 16-wire ribbon cable with the

m..,_.-"'{:Dl‘l‘ﬂﬁpt}ﬂdlng row of hoies from the lettered
side of the main circuit board. Be sure the cable
is fully seated against the circuit board and ail
the pins protrude through the circui! board.
Then solder all the pins to the circuit board and
cut off the excess pin lengths.

.H\.
~,

{ ﬁ Refer to Detail 4-1B and match the pins at the

“ fres end of the 22-wire ribbon cable with the
corresponding row of holes from the letterad
side of the main circuit board. Be sure the cable
is fully seated against the circuit board and all
the pins protrude through the circuit board.
Then solder all the pins to the circuit board and
cut off the excess pin lengths.

-

BOARD

MAIN CIRCUIT

i\
)

t o0 CDORL OO0

ope [
-
o

DISPLAY
CHRCUIT BOARD
ASHEMBLY

-
= D
==

N Detail 4-1A
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SN A AbeA—. -
. B =
H L) o '\.:..I

I i P

—INPUT
CIRCLIET BOARD

Detail 4-1B -
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INITIAL TESTS

L e

© Refer {o Pictorial 5-1 to identify the points on the

The purpose of this section of the Manual is to make B
~ circult boards called out in the following steps.

sure your Capacitance Meter functions properly and
will not be damaged as the reselt of & wiring error. i
vou have any difficulty in the following steps, de- L+
press the POWER switch to off and discennect the
battery. Then refer to the “In Case of Difficuity™ sec-
tion on Page 59

Make sure POWER switch SW181 is in the off
{out] position,

(/} Plug the battery connector onto the 9-valt bat.
tery {not supplied).

4/ BORDER FOIL iPOINT A)
24,870 +5. 2 VOLTS

BATIERY
CONNECTOR

G-VAOLT CIRCUIT BOARD

EBATTERY




NOTE: 1If a high impedance [1t.}-,ﬂﬂ[] {/V or greater}

voltmeter is available, make the following “Voltage
Checks."” if a voltmeter is not available, however, per-
form the steps under “Heat Checks™ instead.. .

" VOLTAGE CHECKS

These voltage checks are made to make sure the 5-volt

reguiator (U201} is functioning properly.

| [ /5 Connect the common lead of y:}ﬁr voltmeter to
— the negative {—) lead of capacitor 3 13 on the |

input circuit board.

EI/} Set your voltmeter to the lowest range capahla
= of measuring +5 volts DC.

ﬁ\] lace switch SW101 in the on {in) position, The

«__~display should present some reascnable read-

 ing (not necessarily 00.0 at this time). Also the
pF LED annunciator should be lit.

..__..n.-\.,.\_

Lf’} 1 Connect the voltmeter test lead to the indi-

.~ cated border foil (point A} on the top side of

. the input circuit board. The meter reading
should be +4.8 to +5.2 volts.

{ .J 2. Ifthe voltage in step 1 is correct, connect the

-7 voltmeter test lead to the indicated lead of

- resistor R103 (point B). The meter reading
should be +2 volts DC + 10%.

[\ %law switch SW101 in the off {out] position.

NOTE: Be sure to match the pin 1 end of each of the
tollowing integrated circuits with the index marks on
the circuit board.

ffb)f U203: Install a 74L.560 IC {#443—8’;3] at U203
i/ on the main circuit board,

" ;meL E‘E‘{i t
% mol

N ﬁﬁﬁ"rf e'HEcxs
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w g ' . R :
__'f } \}22[] Install a 741890 IC (#443-813) at U220

€Il thp main ¢ircuit board,

.....

O
[

) .{1\/}'}[31;1{& switch SW101 in the on {in) position.

:*f}

[ J } HF;}E‘E‘I steps 1 and 2 above.

:‘}‘\}Plﬂ{ £ qmtth SWi101 in the nff {ﬂut3 position.

“General Assembly, Cont’d.”

| PEI‘fDHﬂ these checks tomake sure the 5-volt regulator
: [UJU 1} 15 f‘un{.tmnmg properly.

N f.'.

:. { } 1. F‘lace POWER switch SW101 in the on {in}

position. The display should present a
reasonable reading {not necessarily 00.0 at
this time}. Also, the pF LED annunciator
should be lit with average intensity. If so,
leave the Capacitance Meter on for a few sec-
cads. Then check the components, especially
5-volt regulator U201, for excessive heating.

A } 2. Place switch SW101 in the off (ottt} position.

NOTE: Be sure to match the pin 1 end of each of the
tollowing integrated circuits with the index marks on
the circuit board,

. i.
1.

{ ] U203: Install a 74L590 IC (#443-813) at U203
ont the main cireuit board,

{ ] U220: Install a 74L890 IC (#443-813} at U220
on the main circuit board.

) Repiﬂﬂ-t steps 1 and 2 above.

o
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GENERAL ASSEMBLY, Cont'd.
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Refer to Pictorial 5-2 for the following steps. -

install the input circuit board on the plastic spacers
on the main circuit boara as follows:

(4 Alignhole A]inthe input ¢ircuit board with the
corresponding plastic spacer on the main cir-
cuit board, Refer to inset drawing #1 on Picto-
rinl 5-2 and carefully press on the input circuit
board, using a nut driver or other blunt tool
centered over the spacer, untii the input circuit

board snaps in place. Be careful not to damage { ]

the foil on the top of the circuit board.

{ .1 Repeat the above step for holes AG and AH in

PLB JACK
iINSULATOR

Betail 5-2A

Page 43

Refer to inset drawing #2 on Pictorial 5-2 and

sat control 103 so if is about 50% engaged as
shown.

Fold the shield over the switches, Secure the
shield to the metal spacer mounted on the input
circuit board. Use a #4 flat washer and a 4-48 x
3/16" Hat head screw. Do NOT overtighten the

LosLTeEwW,

-1+ Refer to Detail 5-2A and press the PUB jack

insulator anto the PCB jack as shown.

that order. Proceed to CCalibration ™
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CALIBRATION PREPARATION

ALIGNMENT
ALADE

PICTORIAL 6-3

Refer to Pictorial -1 for the following steps.

Locate the alignment blade (#490-193). This is
the alignment tool tip. With pliers, insert thetip
of the hiade into the small end of the nut starter
so the narrow end extends 1/4” from the end of
the starter.

()

Refer to Pictorial 8-2 (Hlustration Booklet, Page 31 to
fingd the location of the controls referred to in the

following steps.

{ .4} "Use the alignment tool to sef calibration con-

Y tréls R117, R123, and R129 to their fully coun-

Ty~ térclockwise position {twenty turns or until you

“ _~“hear a very faint “click”),

NOTES:

1. New Capacitance Meters may exhibit a

smaii amount of calibration drift due fo

“component aging.” Therefore, we suggest.

that you recalibrate your Capacitance Meter

after an initial period of use; 30 days, for
example. You may alsc wish to recalibrate
vour Capacitance Meter regularly at six-to
twelve-month intervalg, or as reguired, to
insure optimum accuracy during use.

2. fyoudonot obtain the correct indication in
any of the following steps, refer to the In
Case of Difficulty” section. Locate and re-
pair any problem before vou continue with
the caitbration,

3. We recommend that you use battery power
when vou calibrate this Meter,

Make sure the battery eliminator is discon-
“nected from vour Capacitance Meter.

NOTE: Two methods of calibration are provided in
this section of the Manual. The first method
{Supplied Standards Method] uses the references
supplied with this kit. The second method {on Page
46} uses laboratory-grade standard references.

To perform the calibration with laboratory-grade
standard references, vou will need a capacitance
measurement standard having 5 times the accuracy of
the desired calibration accuracy. Also, these
capacitors should be of the type that will generallv be
measured on each of the three ranges of vour Capaci-
tance Meter. The capaciiors used as standards should
have minimum leakage, series resistance, induc-
tance, voitage coefficient, dissipation, and good
temperature stability, '

{Choose one of the calibration methods and perform
the steps for that method only.
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SUPPLIED STANDARDS METHOD

Refer to Pictorial 6-2 for the following steps.

(1.1 Locatethecalibration package (#100-1779)and
remove the three capacitors, Theyv will be used
innthe following steps. Be sureto save the pack-
age for future calibration information.

Eu’f} Place POWER switch SW101 in the on {in) ;‘Jﬁ*;t
fion.

NOTE: Make sure you perform the following calibra-
tion steps within the temperature range specified on
the envelope for the calibration package or in the
Specifications section of this Manual.

(7Y Install capacitor A from the calibration package
in vour Capacitance Meter, The nlF indicator
should light. Then adjust the A range calibra-
tion control {R129} for the value indicated {on

the envelope) for that capacitor, (’/4{5',8’

{ x\g Remove capacitor A from the Meter and adjust

coarse ZERQO control (104 for a reading of

0.0

(-7 Reinstall capacitor A and readjust the A range
calibration control for the value indicated for
that capacitor.

{/] Again remove capacitor A from the Meter and
actiust coarse ZERQO control €104 for a reading
of “00.0,7 NOTE: You should now be able to
adjust fine ZERO control C103 to obtain a dis-
play reading within 1 count of “00.07 {00.1pF}

without being close to the maximum or
minimum value for capacitor C183. If you can-
not obtain a display reading of "00.0" after
- calibrating the A range by adiusting C103
=.':_E;m_f;’f_:_i1:r (184, refer to “In Case of Difficulty.”
Install capacitor B from the calibration package
in vour Capacitance Meter. Be sure to observe
the polarity marking{s} of this capacitor the uF
capacitor should light. Then adiust the B range
calibration control {R123) for the value indi-

cated for that capacitor. /’f 4{} 8)

\1 Ht“l’lltﬂ’f—" capaciior B from the Meter.

{ } Vf[n&t&]f capacitor C from the calibration package
in vour Capacitance Meter. Be sure to observe
the polarity marking(s} of this capacitor. Then
adiust the Crange calibration control (R117) for

o p - -

- N . B
"~ e et e e a
g .

the value indicated for that capacitor. /4} & < f)

p } ermmre capacitor { from the Mster.
{ d } Place POWER switch SW101 in the off {out)
- pustiion.

_;,_.7_

[ j} Return the three calibration capacitors to their

AT . R R
- +oenvelope. Save this package for possible future

El1 542

This completes the “Calibration” of your Capacitance
Meter, However, after it has been in use for some time
— 38 days for example — you may wish to touch up
the calibration to remove anyv small “aging” drift.
Proceed to "Final Assembly.”
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Make sure your calibration standards are at least 5
times more accurate than the calibration acouracy you
desire. For example, to obtain an accuracy of =.25%,
the caiibration standards must be accurate within
4 015%. :

{1 Select a capacior standard for each of the three
calibration ranges of your Capacitance Meter.
NOTE: .15 uF, 150 uF, and 1004 i«F are suitable
Vailes. |

{ } Useacapacilance bridge to acourately measures
the value of each of the three capacitor stan-
dards selected under the conditions selected
below, |

VOLTAGE
(VD)

“See "Appendix” on Page 77

Refer to Pictorial 6-2 for the following steps. ﬁ
{ } Place POWER switch SW101 inthe on {in} posi-
tian,

NOTE: Make sure vou perform the following calibra-
tion steps within the temperature range given in the
Specifications section of this Manual,

( 1 Install capacitor A in your Capacitance Meter.
Then adjust the A range calibration control
(K124} forthe value measured for that capacitor.

{ 1 Remove capacitor A from the Meter and adjust
coarse ZERO control C104 for a display reading
of “00.0."

Heathkit

LABORATORY STANDARDS METHOD

{ .1 Reinstall capacitor A and readjust the A range

i calibration controf for the value measured for
that capacitor,

~f.} Agsain remove capacitor A from the Meter and

adjust coarse ZER(O control C104 for a reading
of “00.0." NOTE: You should now be abie to
| adjust fine ZERO control 103 to obtain a dis-
play reading within 1 count of “00.0" (0. 1pF)
without being close to the maximum or
| minimum value for capacitor C103. If you can-
not obfain & display reading of “00.0," after
calibrating the A range by adjusting €103
and/or C104, refer to “In Case of Difficulty.”

{ 1 Install capacitor B in your Capacitance Meter.
Be sure {o observe the polarity marking{s) of
this capacitor. Then adjust the B range calibra-
tion control {R123) for the value measured for
this capacitor.

i 1 Remove capaciior B from the Meter,

{1 Instell capacitor U in vour Capacitance Meter.
Be sure to observe the polarity marking{s} of
this capacitor. Then adjust the C range calibra-
tinn control (R117]) for the value measured for
this capacitor,

[ } Remove capacitor C from the Meter.

{ } Place POWER switch SW101 in the off {owt)
position.

{ ) Save the three calibration capacitors. with a
record of their measured values, for possible
Future use.

This completes the “Calibration” of vour Capacitance
Meter. However, after it has been in use for some time

.~ 30 days, for example — vou may wish to touch up

the calibration to remove any small “aging” drift.
Proceed to “Final Assembiy.”
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FINAL ASSEMBLY

PARTS LIST

Check each of the remaining parts against the follow-
ing list. The key numbers correspond to the numbers
on the “Final Assembly Partg Pictorial” {Illustration
Baoklet, Page 6).

1 Page 47
L= l

: A
i
L I' .
Dok g
S DA
LS L '
o sl B
.,\Et -\'i,\.: o
i FEe
i 1 .
;e - e
e S
T Yoapele H
2 i -5 o
L SN
1
f e
REERN
1'_.. . : i 1 -

To order a replacement part, always include the
PART NUMBER. Use the Parts Order Form furnished
with this kit, If a Parts Order Form is not available,
refer to “‘Replacement Parts” inside the rear cover of

this Manual. For prices, refer to the separate “Heath
Partsg Prlcﬂ Last”

KEY HEATH  QTY. DESCRIPTION CIRCUIT KE"'r‘ HEATH QTY. DESCRIPTION CIRCUIT
No. Part Neo. Comp. No. No. Part No, Comp. No.
HARDWARE MISCELLANEOUS
- q"‘“\-u__ s - . H
Al 250-186 4 #4 x /87 self-tapping screw 1 73-34 . = Red alligator clip insulator
AZ 250-1300 3  #6 x 5/8" self-tapping screw 1 ¥3-159 2 Black ailigator clip insulator
. A3 253-43 4  #5 fiber fat washer c2. 73-142 2  Rubber gasket
' | B5-2536 1 Printed cirouit card connector
CASE PARTS €3’ 21187 1 Bai
| . G4 26018 4 Alkgator clip
consisting of: LR C5  354.5 2 Cabie tie
Bt 92-722 7 Case bottom C6 | 462-1105 3 Knob
B2 §2-723 1 Case lop -
B3  §2-736 T Switch cover plate ;
|
e
1
G
: : j
O e Voo 34 1 (HECHER} 2 _ .. 3 4 I S & 7
r-:fﬁlafsiﬁfﬁi?{ﬂiiisEIJJELEIJ.IJJ E;ﬁ 5?3;1}2LE;1111E11: | 14;41J.
I]Ir1fIIFT'|' 1 'r r i T F 1 g 1 'I' 1 'I L] T F I'l" T fl r -|' E 'r F 'r :l' F i' Lj
G B+ (cwy 2 3 . R 5 e 7 a L 1" - 13 14 te 1l vy
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ST]LP BY STEP ASSEMBLY

30 |

!

-

I S R I

ol

- - ..-. .-.. _.h_

CUT TO LENGTH o

i SHIFLDED CABLE
Lk

Jﬂ"’“"f\

CUT GFF
SHIELD WIRES

TAKE CARE NOT TQ CLUT THE SHIELE GF VERY THIN
WIRES. REMOVE THE SPECIFIED LENGTH OF QUTER
INSULATION. |

EENCTH

COMB QUT THE SHIELD WIRES AND TWIST THEM TIGHTLY
TOGETHER, REMOVE THE SPECIFIED LENGTH OF THE
INNER INSULATION. APPLY A SMALL AMOUNT OF
SOLBER 7O THE END OF THE SHIELD WIRES AND THE
CENTER {EAD. USE ONLY ENOUGH HEAT FﬂF: THE SOLDER

TG FLOW,

ANE
FFIE

Detail 7-1A

REMOTE CABLE

Refer to Pictorial 7-1 {lllustration Booklet, F‘ag&f 6) for

the foillowing steps.

insuiator.

insulator.

Refer to Detail 7-1A dnfi prepare two 117 ami
two 127 lengths of shielded cable. R
Refer to Detail 7-1B, and insert end A of a 1177¢ Bl

shielded cable thmugh a hhuk aihgatnr fhp

Similarly, insert end A of the ather 117 shielded .
cable through the remaining bla{ K &i igatorclip o

E-‘&* |

1 osutator.
i

CRIME OVER . ‘.

Refer tor Petatl 7-183. and insert end A of a 127
shielded cable through a red alligator ¢lip in-

Similarly. insert end A of the other 127 shielded

4 cable through the ro mmrung red alligator clip
2| insulator.

NS LLATOR

' SHIELDED CAEBLE

N Detail 7-1B

.J;% Refer to Detail 7-1C and install an alligator ¢lip
24 onend A of any one of the four shielded cables.

 Similarly, install an alligator clip on end A of

~each of the three remaining shielded cables.

| After the solder has cooled, push each of the
four alligator ¢lip insulators down over the re-

s spective all:galnr clips as shown in the Picto-
.+ rial.
CALTIGATOR LAY SHIFLGED CASLE

iDL

cLIp

SOLOER

FRMNER.
P I8 SULATICR

TR
i P

1 P SH #5084
" GER [

S Detait 7-1C
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PRINTED CIRCLITY

CARD CONNECTOR

. 12" SHIELDED "

CABLEEND B
SHIELDED CABLE B
END 8
CENTER
LEAD
Detail 7-1D
i Pc}‘-}ltmn the printed circuil card uonnector as

shown in BDetaill 7-1D as shown,

Refer to Detail 7-10 and connect end B of an 11"
shielded cable to the printed circuit card connector as
follows. Solder sach lead as vou o nnﬂﬁi it cmd mt uff
ANy eXCess |t“]t’ 1f*ngfh . BNERE

.|.

.'

c"" z'r 1-. i L' - :
Y Center iﬁfif.‘i_ tor the indicated hole (near the -
- . signl

NOTE: In the following step.and in several others on
~this page. vou may find the shield wires of cables too
large to insert inthe circuit board holes. I this ocours.
trim the shield wires thinner with diagonal cutters so
the shiekd will [l in the hole,

A
{ Jv thld wires to the indicated h{}f ﬁ_

.....

Refer to Detail 710 and c:t:}nm-?-r{:! en{:i B of a Ei

shielded cable to the printed circuit card connector as
tollows. Sotder each lead as vou connect it a nd " ut uﬂ'
any excess lead length.

-|. . __H

i ,d_,;r"

s h

Center tead to the indicated hele {near the +
SIRnN).

Shield wires to the indicated hole.

_ Turn the printed circutt card connector over as
s ghown in Detail 7-1E.

|
B ?.. -
U DR E
. . "|_ o
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l
Cke |
i PRINTED CHRCUIT
| | CARD CONNECTOR
?-:" .: WIRES I''i..I..''.l-l-h-m-mml EnD B

12" SHiELDt%J
{IAELE END B

CENTER
LEAD

CENTER
LEAD

| B

.- Detail 7-1F

- N N z. -
e ——— ————

T
Refer to Detail 7-115 and connect end B of the remain-
ing 12" shielded cable to the printed circuit card con-

neg tor 88 fortlows, Solder each lead ag vou connect i
’md cut HH any excess lead length,

i\_/ (.f nter lead to the iﬂl‘iifﬂli‘{‘} Imit- tnear the +
= SIET, -

[ v } , Shwid ed wires (o the indicated hole

.-'

Refer to Detail 7-1F and connect end B of the remain-
ing 117 shielded cable to the printed circuit card con-
nector as follows, Solder each lead as vou connect it
-:—mi cut off any excess lead length.

L]
£ ,}/ [,Pntﬂ iead to the indicated hole (near the -
T osign

LA |

{“ﬂ Shield wires to the indicated hole,

q
Refer to the inset drawing on Pictorial 7-1 and
< with.a cable tie. secure the four cables to the
prmf&*ci circuit card connector at the location

B { u}. \

-1&.&
| 1;:;}: Hh{mm
e r‘-ﬁ:-

{ /}! %nm ar]v use the remaining cable tie and se-
{ ure thE' two shielded cables at the other loca-
- fion E:Ill'i the printed circuit card connector.

LTS

Set the remote cable aside.

& 1 UL 3 1 (MG E Sy 2 . 3 4 ' 5 5 “t
b 1B 3B mSE TIH ! _ ! . ) - _
1 L t F| k. i -r H 1 i . .% 1 J L i E L | & | & 1 = 4. ) j L j
- jresryrrrery ¥ H ¥ | f | T 1 "._ f ¥ l ¥ T 7 IJ' -1 i i | I- ?l A ] f E‘_ |] =-_I_.l 1 | " E; L 1]_ _.[:l. 3 H
_{} = LS ol T B~ 3 a 3 £ e b g S 11 12 13 14 1. e 17
i 3'- 1_-.--'\. - i o
: | |
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CASE

Refer to Pictorial 7-2 (Ilustration Booklet, Page 6] for =
- the following steps: | | | g

NOTE: For easier alignment, when vou perform the
nexi step, you may wish to loosen the hardware at AA
and AB. After you complete the step, be sure to re-
tighten the hardware.

cuit board assembly to the main circuit board.

{]1se #5 fiher fiat washers and #4 x 3/8" self-

tapping screws at AC, AD, AE, and AF. De NOT
overtighten the screws. R .

Lo s
e
P

DISPLAY
CIRCULT
BOARD

&
ﬁ .
7 &B #5 FIBER WASHER
B et EAx 38
B, SELF-TAPPING
e SCREW

Detail ’?-2A_

. L
..
Sl

] Refer to Detail 7-2A and mount the display cir- :

.o . - . . [
— e i —— .

R B

=

i

Heathkift
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BOTTOM

Detail 7-2B
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PEEL OFF
PAPER
e BACKING

{'\-n.
RUBRER
GCASKET £

1%

/ ,-
{ \j{ Peei the backing paper from two rubber gaskets. ( \/ Refer to Defail 7-2C and place a knob next to a

Then refer to Detail 7-2B and press these gaskets
to the inside of the case bottom at the locations

. shown,

Refer again to Detail 7-28 and slide the switch
plate cover into the slots in the side of the case
bottom as shown,

Refer again to Detail 7-2B and position the cir-
cuit board assembiy intc the case bottom. Line
up the besses at A, B, and C in the case bottom
with the corresponding holes in the circuit
board. Then push the circuit board assembiy

down over the bosses. Make sure the insulator

on the PCB jack is on the inside of the case
bottom,

switch shaft as shown. Line up square hole in
the knob with the end of the shaft. Then push

__.'fhe knob all the way onto the shaft.

Similarly, install a knob on each of the two
remaining switch shafts.

install the battery in the small compartment in
the case bottom, Make sure vou dress the two
wires from the battery connector inside the case
as shown in the Pictorial.

Detail 7-2C
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BLUE AND WEATE
LABEL

Heathkit

CASE
EOTIC

#6 % 5/8°

Refer to Pictorial 7-3 for the following steps.

{ F‘]j‘a Refer to Detail 7-3A and carefully apply the
Function label to the case top. First, if neces-
sary, remove the cutout portions of the label.
Then peel away the protective backing paper.
Finally, press the label into place on the case
top.

NOTE: The blue and white labei that you will install
in the following step shows the Model number and
Production Series number of your kit. Refer to these
numbers in any communications vou have with the
Heath Company about this kit.

{m} Carefully peel away the paper backing from the
"""""" ‘hiuearnid white label, Then press the label tothe
inside of the case top at the location shown.

{~)) Paosition the case top over the case botiom as
shown in the Pictorial. Press the case halves
together and make sure the printed border on
the display window is centered in the case top
window opening. You may have to loosen the
two 4-40 x 3/8" screws an the display circuit
board assembly to properly position the display
cireuit board. Be sure to retighten the two
SCrews.

4 SELF-TAPPING
SEREW

PICFORIAL 7-3

....................................................................................

CASE
FUNCTION I TOP

wo  EARIETE hAF 3 oed

Betail 7-3A

{ )} Being careful not to pinch any wires or the PCB
iack insuiator between the case halves, secure
the case halves together with three #6 x 5/8”
seif-tapping screws.
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PICTORIAL 7-4

Refer to Pictorial 7-4 for the following steps.
[ LA Position the cabinet bottom as shown.

NOTE: In the following step, be sure you position the
labe! as shown in the Picterial before you press the
label_._..-in place.

( ) Carefully peel away the backing paper from the
Caution label. Then press the label into the re-
cessed area in the case bottom.

[} /Instal} the bail in the recessed area in the case
V battom by first pressing the open end of the bail
slightly together with one hand. Line up the
ends of the bail with holes D and E in the case
nottom. Then release the pressure on the bail.
Finaliy, push the bail so it pivots into the reces-

sed area and is held in place by the catch.

This completes the assembly of vour Capacitance
Meter,
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OPERATION
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GENERAL

This portion of the Manual is divided inte three parts,
The first part, “‘General,” provides information con-
cerning various precautions you must cbserve when
using the Capacitance Meter. The second part,
“Operating Characteristics,” includes operating in-
formation that applies to the varicus functions of the
Capacitance Meter. The third part, “Measurements,”
provides specific operating instructions for the
Capacitance Meter,

NOTE: Be sure you read all of the “General” and
“QOperating Characteristics” before you use the
Capacitance Maeter,

Refer to Pictorial 8-1 (Illustration Booklet, Page 7} for
a brief description of each switch and jack.

The front of the Capacitance Meter has a standard
international operator warning. it is:

This symbol advises the operator teo
familiarize himself with the operation sec-

tion of this Manual.

OPERATING PRECAUTION

ALWAYS DISCHARGE A CAPACITOR T() BE MEA.
SUREID} BEFORE YOU INSERT IT INTO THE
CAPACITANCE METER. Although your Capacitance
Meter features a solid-state input protection circuit,
in addition to a fuse, always discharge a capacitor
before making a measurement. NEVER APPLY A
VOLTAGE TO THE INPUT OF THE CAPACITANCE
METER,

LIQUID CRYSTAL DISPLAY

The liquid crystal display (LCD) is a rugged and reli-
able device that should provide years of service, You

can extend the display lifetime by ohserving the fol-
lowing practices.

A. Protect the display from extended exposure
to bright sanlight.

B. Do NOT store your Capacitance Meter in
extremelv hot, humid, or coid environ-
ments. Refer to the “‘Storage Tempserature

Range' specification on Page 63 of this
Manual.

{_. Do NOT apply excessive pressure or stres-
ses o the LCI)
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POWER SOURCES

You may use either of two power sources for the
{lapacitance Moeter. We recommend an alkaline
power cell, NEIIA type #1604 for battery power. You
may purchase one of the optional Heathkit Battery
Eliminators, Model PS-2350 for 120 VAC operation or
Model PS-2450 for 240 VAC operation, if you wish to
power the Capacitance Meter without a battery or if
vou intend to use both,

When yvou have access to a conventional AU power
source, and if you have the proper battery eliminator,
merely push the subminiature phone plug into PUB
jack J2¢1 and connect the line cord plug to an AC
outlet. NOTE: In this Capacifance Meter, the Battery
Eliminator will not charge vour battery, which is
disconnected from the Capacitance Meter circuitry
when the battery eliminator is connscted to 1201,

NOTE: When the Capacitance Meter is powered by
one of the Battery Eliminators, and measuring low
capacitance values, you may notice some jitter in the
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display readings duse to electrical pickup from the
nower Hine, [Tthisjitter is excessive, it may be reduced
hy grounding the negative { ~) side of the capacitor
being measured.

BATTERY LIFE

Your Capacitance Meter is designed to operate on an
inexpensive 9-volt battery (NEDA 16041, If you use an
alkaline battery, you can typicaily expect 4-18 hours
of continuous operation {depending on the value of
the capacitors being measured. See the chart below:

CAPACITOR TYPICAL OPERATING HOLIRS
VaELE {Continuous Operation™)
- |
2 nFE 134
20 pF 7
20 mF 4
J

NUOTE: The expected life using a zinc-carbon battery
is only about 50-75% of that shown for an alkaline
hattery.

OPERATING CHARACTERISTICS

The liguid crystal display provides a continuous in-
dication of vour Capacitance Meter's operating statug:
off zero, low battery, and normal operation.

INPUT PROTECTION

When the instrument is "off,"” the input is protected
by a 2.2 {1, 2-watl resistor placed across the input
jacks. With power “on,” the input is protected by
clamp diodes and a 1/4-ampere fuse.

LOW BATTERY INDICATION

A "LO BAT” indication will appear in the upper
teft-hand corner of the dispiay when the battery vol-
tage has dropped to approximately 3 volts, Replace
the battery as soon as possible after the LO BAT indi-
cation appears, or use a Battery Eliminator, However,
yvou may still make “in spec’ measurements when the
L.O BAT first appears, CAUTION: Remove a weak or

dead battery promptly fo prevent possible damage
due to leakage.

"Opearating ttmes will De greally extended during typical osperation
when sufficient battery recovery time 13 permitied between opera-
ions. The major power consumplion takes place in the capacitor
chargeidischarge circuit. This consumption increases with the in-
creased value of the capacior being measured,
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+ 1 COUNT

it is normal for the right-hand digit of the display to
alternate one digit above and below a reading on
suCCessive Conversions,

When you do not have a capacitor installed in the
Meter, the first digit of the display may change
rapidly in areas of high electrical noise. This is dueio
the high input impedance and sensitivity of the Meter
circuitry.

UUSE WITH REMOTE CABLE

You may use the remote cable when you need to
measure large capaciiors or those having screw ter-
minal leads etc. Follow the procedure outlined below
when you use the remote cable to measure a capacitor,

1. Carefully insert the printed circuit card
connector of the remote cabie into the input
jacks. NOTE: Be sure you observe the indi-
cated polarity.

3. Connect the two alligator clips with black
insulators to the negative { —) lead or termi-
nal of the capacitor (or to the same lead or
terminal if the capacifor is not polarized).

3. (Connect the two alligator clips with red in-
sulators to the other capacitor iead or termi-
nal.

4. Place the POWER swifch in the on position
and measure the value of the capacitor (or
perform the leakage test as described
elsewhere in this section of your Manual).
Recaord this value.
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NOTE: If the value of the capacitor is in the pF range,
yvou should determine the value of stray capacitance
ir; the remote cable. Determine this value as follows:

5. Bisconnect the remote cable from the
capacitor.

6. Connect the two alligator clips with biack
insulators together.

7. Connect the two alligator clips with red in-
sulators together.

8. Record the open-circuit vaiue as it appears
in the display.

§. Subftract the value in step 8 from the vailue
obtained in step 4. The result is the true
value of the capacitor you are measuring.

FUSE REPLACEMENT

The Capacitance Meter is protected by the fuse which
isinstalled in the fuse clips on the input circult board.
Replace it onlv with a 1/4-ampere, 250V, BAGreguiar
blow fuse. Using a fuse with a higher current rating
may resuit in damage to the Capacitance Meter.
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MEASUREMENTS

This section deals with general. then specific mea-
surement! techniques,

INTERPRETING THE READING

This instrument will automatically select the Correcl
capacitance range from ten possible ranges and dis-
play the correct value for the capacitor being mea-
sured. Correct positioning of the decimal point is
automatic. The proper LED annunciator (pF. nb. gl
or mF) also lights automatically to indicate the
capacitance unit for the capacitor being measured.

CAPACITANCE MEASUREMENTS

1. Select the operating power for the Capacitance
Meter {line or hatterv). Connect the Battery
Eliminator to an AC outlet and the Battery
Fliminator's plug to the Capacitance Meter if
yvou seiected line operation.

2. Depress the POWER pushbutton [SW101) to
turn the Meter on, The switch will lock in the on
position. Pressing this pushbutton again will
turn the Meter off. The initial display reading
should be "'00.0"" with the pF range indicator lit,

3. If the value of the capacitor {0 be measured is
less than 2niF {2000 p¥l, and the display reading
in step 2 is not 00,0, adjust the ZERQ control
{C103) until you obtain a "00.0"" reading with an
occasional “00.1"7 reading displayed. NOTE:
This instrument will not display negative val-
ues if you should “over-zero™ it. It will, how-
ever, display a negative { -} sign. This indicates
an unacceptable zero setting of this trimmer
capacitor, If this happens, adjust the ZERO con-
trol until the negative sign disappears and you
obtain a reading of “0G.0."

4. To measure a capacitor with leads that may be
inserted directly into the input jacks of the
Capacitance Meter, straighten and clean the
leads before vou insert them. If the capacitor is
an electrolviic (polarized}. observe the polarity
marking(s) of the capacitor before vou insert the
ieads.

The following table indicates the display limits for
pach of the ten capscitance ranges:

| CAPACITANCE | MINIMUM MAXIMUM
HANGE DISPLAY DISPLAY
199.9 pf 06.0 199.9
1958 pF 0000 1999

""""" 16,99 nF 5.00 999
159.9 nF GO 199 O
1,999 uF 000 1 999
1989 uF ; {.40 15.99
199.9 uF 00.0 199 9
1999 uF 0060 1999
19.99 mF 0.00 19.99
199 9 mF 00.0 199 9

READING ACCURACY

Various techniques are used for measuring
capacitors. Due to leakage, ESR {Effective Series Re-
sistance}, ESL {Effective Seriss Inductance}, dielec-
tric ioss, dieiectric absorption, voltage coefficient,
and temperature coefficient, the value measured fora
capacitor may vary widely fromtime totime and even
maore from instrument to instrument {method to
methodl The display error in this type of instrument
is produced by the effective series resistance and
ieakage. Thus, capacitors exhibiting large values of
pftfective series resistance and ieakage will produce
readings that will varv considerabiy from readings
taken with instruments using other measurement
technigques. Such differences in readings should not
he considered as errors in either instrument, but
rather contributed to the basic nature of capacitors
and their parameters.
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LEAKAGE MEASUREMENTS

Select the operating power for the Capacitance
Meter {line or battery). Connect the Battery
Fliminator to an AC cutlet and the Battery
Eliminsator's plug to the Capacitance Meter if
yvou seiected line operation,

Depress the POWER pushbutton {SW101) to
turn the Meter on. The switch will fock in the on
position, Pressing this pushbutton again will

turn the Meter off. The initial display reading
should be "00.0” with the pF indicator lit.
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To determine if excessive leakage exists in a
capacitor whose leads may be inserted directly
into the input jacks of the Capacitance Meter,
straighien and clean the leads before you insert
them. If the capacitor is an elecirolytic

o
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(polarized}, observe the polarity marking{s] of
the capacitor before you insert the ieads.

Depress and hold LEAKAGE TEST pushbutton
#1 and observe the display reading.

Depress and hold LEAKAGE TEST pushbutton
#2 then release pushbutton #1 and observe the
display reading. Then release pushbutton #2.

NOTE: On the higher capacitance ranges, the two
readings should be about one-haif the vaiue of the
capacitance. On all ranges, the readings should be
within about 5% of each cther in numerical value. A
greater difference in the readings indicates excessive
leakage. Refer to the nomogram below to determine

the approximate leakage value in ohms based on the
leakage test readings.

RATIO TEST FOR LEAKAGE RESISTANCE

Bange “A", [ 10 195.9 nF.

Manga 'B" 200 aF 10 t88.5 uF.

Range “C", 200 uf. 10 199.9 mF.

USING THE NOMOGRAM.

i1 Rear the capacilance value {Press POWER Duwtton)

[} From @iz valee, setect correct Hange 5o el (A, B or C)

(3 Press LEAKAGE button # 1 nole Soeat (gnore gecingis)

i Progg LEAKAGE hulton # 2 release Builon #1, anc nols coun
fignore decimals).

5] Divigde raading #1 by raading # 2 1o deteeming RATHE (betow)

(B} Proect HATIO reading up 1o curva. then iaft to correct scate o
delermine approdimate pakage resistanse of capacic:

RATIC (Reading # 1 dhvided by Reading # 23
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IN CASE OF DIFFICULTY

This “in Case of Difficulty” section is divided into
three parts. The first part, “General Troubleshooting
Information,” teils you what to look for to eliminate
any possibie assembly or wiring problems.

The second part, “Troubleshocting Precautions,”
points out the care that is required when you service
the Capacitance Meter to prevent damaeage to the com-
ponents,

The third part, titled “Troubleshooting Charts,” is
provided to assist you in servicing the Capacitance
Meter if the "General Troubleshooting Information”

fails to clear up the probiem, or if difficuities occur
after your Capacitance Meter has been in use for some
time. The "Troubieshooting Charts" list a number of
possible difficulties that could arise along with sev-
eral possible solutions to these difficulties. Refer to
the “Circuit Board X-Ray Views'' on Pages 89, 70 and

71 for the physical location of parts on the circuit
boards.

¥ o _H

NOTE: It is important that vou read the entire “Gen-
eral Troubleshooting Information” and “Trouble-
shooting Precautions’’, which follow, before you at-
temnpt to service your Capacitance Meter.

GENERAL TROUBLESHOOTING INFORMATION

CAUTION: Always be sure the foil side of each circuit

board is on an insulated surface: otherwise, the
Capacitance Meter can be damaged.

1.  Recheck the wiring. It is often helpful to have a
friend check your work. Someone who is not
familiar with the unit may notice an error that
you have consistently overiocked.

2. About 90% of the kits that are returned to the
Heath Company for repair do not function prop-
erly due to poor connections and soidering.
Therefore, you can eliminate many troubles by
checking ail connections to make sure they are

soldered correctly. Reheat the connections, if

necessary, but be careful so you do not create
any solder bridges.

3. Check to be sure that all transistors and diodes

are in their proper locations. Make sure each
lead is connected to the proper point. Make sure
each diode band is positioned above the band

printed on the circuit board or as directed in its
step.

4.  Check electrolytic ca;}a{:itqr_s....ta----be"'"ﬁﬁi‘é'their

positive (+)or negatlvé {~) mark is at the correct
position.

5.  Check to be sure each IC is properly installed,

and that the pins are not bent out or under the IC.

Also be sure each IC is installed at the corract
location.
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6. Check the vahies of the parts, Be sure the proper
part has been installed at each location on the
circuit boards. It would be easy, for example, to
instalia 4700} {vel-viol-red) resistor wherea 47
k() (vel-viol-org) resistor should have been in-
sialled.

7. Check for bits of solder, wire ends, or cther
foreign matter which may be lodged in the com-
ponants on the circuit boards.

8. Check very carsfully to be sure there are no
solder bridges between different circuit board
foils. If you are not sure that a solder bridge
exists, compare the circuit board foil with the
“{Circuit Board X-Ray Views™ on Pages 69, 70
and ‘71 in this Manual. Remove any solder
bridges by holding a clean, hot soldering iron
tip between the two points that are bridged until
the excess solder flows down onto the tip.

If you still cannot locate and correct the trouble after
vou have completed the checks listed above, and if a
voitmeter is available, check the voltages in the
Capacitance Meter against the Schematic. A review of
the “Circuit Description” and the Schematic may also
heip you locate any difficulties in the kit, You may
alsofind the “‘Operational Logic Flow Chart” ({old-in)
useful. In an extreme case where you are unable to
resolve a difficulty, refer to the ""Customer Service”
information inside the rear cover of this Manual. Your
Warranty is iocated inside the front cover.

TROUBLESHOOTING PRECAUTIONS

& Hesure you do not short any adjacent termi-
nals or foils when you make tests or voltage
measurements. If a probe or test lead slips,
for example, and shorts together two adja-
cent connections, it is very likely to cause
damage tc one or more IC's, transistors, or

diodes.

® He especially careful when vou test any cir-
cuit that contains an IC or a transistor. Al-
though these components have almost un-
limited life when used properly, they are
much more vulnerable tc damage from ex-
cessive voltage or current than many other
parts.
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® inseveral areas of each circuit board, the foil
patterns are quite narrow. When yvou unsol-
dera part to check or replace it, avoid exces-
sive heat while vou remove the part. A
suction-type desoldering tool will make re-
moval considerably easier. You mayv also
use the desoldering braid supplied with this
kit to remove the solder.

Once the {apacitance Meter has operated properiy
initially, the two input test jacks are probably the only
items that will cause the Meter to malfunction. You
may clean these by carefully sliding fine sand paper
or a thin fingernail emery board between the pair of
contacts making up each testjack. CAUTION: He care-
ful so yvou do not spring the contacts apart.

If the troubleshooting extends bevond the chart that
follows, vou may need an osciiloscope. Lock the
Capacitance Meter on the 0" range by connecting a
wire from the hot side of resistor R266 {pin 15 of IC
11205} to 4V, {(pin 16 of I U205}, This holds the
range counter resel at 'step 07 and thus iniibits the
auto-ranging function. You canthen observe repeated
waveforms and logic voltages on the oscilioscope.
You can prevent the (apacitance Meter from making
repeated auic-ranging cycies [thus allowing it to
make continuous measurements on the same range)
by connecting a wire across resistor R206.

CIRCUIT BOARD CLEANING

Use the following “last resort” procedure to clean a
contaminated circuit board:

1. Removethebezel, the liguid crystal display. and
the LCD holder from the display circuit board.

2. 1lse demineralized water and a soft hrush to
clean the entire circuit boards and the pushbut-
ton switch assembly. CAUTION: Avoid getting
excessive amount of water in the switches,

3. Bake at 150°F {65°C) for 5 hours. CAUTION:
Allow the circuit boards time to cool before vou
reassembie the instrument,
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TROUBLESHOOTING CHARTS

The following charts Hist the condition and the possible causes of several malfunctions. I
a particular part is mentioned as a possible cause. check that part to see if it was correctly
installed. Also check it and the parts connected to it for poor connections. [t is aiso
passible, on rare occasions, for a part to be faulty and require replacement,

CONDITION | POSSIBLE CAUSE
1. No part of the display of nohe of A, Deard battery.
the range indicators hghis. B, J201.
. SWiD1
B LOD301.
2. "LO BATT is displayed. A.  Low battery voltage.
3. Display reads only "00.0" even after A. Input test jacks sprung open.
sufficient time is aliowed. g Over-range condition (greater than 1995 mF).
4. Display shows random numbers, A, Input test jacks sprung open.
rmuttipie or faded segments. B Low baftery voltage.
C. Fuse ¥101 open.
5. Erratic readings. A, Dirty leads on test capacitor.
B. #azuity iest capacitor.
. Electrical noise pickup.

6. Display reading drifts steadily
in one direction.

A, Fauity test capacior,
B, Very low battery voltage.

CALIBRATHON PROBLEMS

Lu__—_—-h-ﬂmmmm

PROBLEM POSSIBLE CAUSE
1. When calibrating a lower range, Meter reads on next iy Caalibration resistor on range being caiibrated is set too low,
high range. rotate counterclockwise until operation pocurs on correct
range.
2. Cannot bring into correct calibration reading. A, Zero not set properly {on lower ranges). reset zero.
3. Cannot zero Meter with no capacitor installed, A, Circuit hoard contamination. (See "Circuit Board Cleaning.”)
raads high, 8. Incorrect stray capacitance due to tauity
component,
C. Deformed input contacts. I
D, Check for tauity part or improper opsration. See note atbotom
of page.
i
4. Cannot zero Meter with no capacitor instalied, A tncorrect stray capacitance due to faulty component.
reads 00.0. B Circuit poard contamination.
C. Input jack sections not in contact with each other,
. Chack for detactive parts or improper operation. (See note at

bottom of page).

NOTE: if you cannet zero the Meter with no capacitor instalied, and the above checks fail to ciear up the problem,

contact Heath Company Technical Correspondence.

_— —d

-
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SPECIFICATIONS

NOTE: The accuracy of the I'T-2250 Capacitance Meter depends on whether you calibrate
it using the Heath supplied standards or laboratory standards. Specifications are listad
for both metheds of calibration. Accuracy specifications apply fora 87°F to 77°F {18°C to
25°() temperature range.

Ranges ... ... ... . . 199.9 pF, 1999 pF, 19.99 nF, 199.9 n¥F,
1.908 uF, 1.9 4F, 199.9 uF, 1999 uF,
19,99 mip, 199.4 m¥.

ACOUTACY ot ettt e e Heath suppiied standards®
199.9 pF, 1999 pF,19.99 n¥, 198.9 nF ranges:
+{.5% of reading + 1 count +.5 pFlL

1.999 uF, throngh 199.9 mF ranges:
+{5% of reading + 1 count}.

Laboratory standards
169.9 pF, 1969 p¥F, 14,99 nF, 199.9 nF ranges:
+{.2% of reading + 1 count +.5 pF).

1.999 4 F, through 19%.9 mF ranges:
+{5% of reading + 1 count}.

"Lalibration accuracy staled for Meath supplied standards applies when the standards and the Mster are kept within a 87° {0 77°F temperature
range.



Page 63

Heathkit

Conversion and isplay Rate .. ............ .. Vaiues up to 1999 uF: less than 1.5 seconds.
Values up to 189.9 mF: less than 10 seconds.

Operating Temperature Range ............. .. 327 to 104°F [6° to 40°C).
Storage Temperature Range ................. 4% to 140°F (~20° to 6G°C).
Powear Requirements .. ........... ... ...... 9-volf battery {INEDA 1604) or

Heath PS-2350 or PS-2450 Battery Eliminator.

Battery Indicator ......... ... ... ... ... ... .. Displays “"LO BAT" when battery voltage is down to
approximateiy 5 volts.
Display . ... .. . 3-1/2 digit {1999 maximum count) liguid crystal.
Testing Voltage ......... .. ... ... .......... 2.00 VDC maximum; typically varying from .6 to 1.4
VDC.
Dimensions . ... ... .. .. . . 2" (H) % 3-1/4" (W) x 7-1/2" (L)
{6.1 X 8.3 x 19.1 ¢m}.
Weight ... .. . . 16 oz. with battery,
(450 g).

The Heath Company reserves the right to discontinue
products and to change specifications at any time
without incurring any obligation to incorporate new
features in products previously soid.
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THEORY OF OPERATION

Refer tothe Block Diagram (Illustration Booklet, Page
8} as vou read the following material.

The Capacitance Meter determines the value of a
capacitor by measuring the time it takes to charge the
capacitor from one fixed reference voltage to a second
reference voltage; then to discharge the capacitor
back to the first reference voltage. That is, it measures
the time required for one charge/discharge cvele. The
time is determined by counting the number of crystal
controlled clock pulses fed intc the display counters
during this charge/discharge cycle. This count reads
directly in the vaiue units of the capacitor.

The unknown capaciter {C,) is charged from a fixed,
internal 2-volt reference source through a solid-state
switch and a fixed calibration resistor {R*). The in-
creasing voltage on the unknown capacitor is moni-
tored by one input of comparator U101. The other
comparator input monitors a voitage developed from
the reference supply across resistors R104 and R1086.
Resistor R105 is a hysteresis resistor that shunts R164
during the charge cycle and then shunts R106 during
the discharge cycle; thus causing the reference voit-
age on the comparater {—) input to change from ap-
proximately 1.4 volis [charge cycle} to .6 voit {dis-
charge cycle) as controiled by the sciid-state hys-
teresis switch.

When the charging voltage on the capacitor reaches
the 1.4-volt ievel on the comparator {—} input, the
comparator output suddenly changes state. This
switches beth the solid-state charge/discharge and
the hysteresis switches, causing the discharge cycle
to start. When the capacitor veltage draops to .6 volt,

the comparator output again changes state, and
another charge cycle begins. The output of the com-
parator operates the solid-state switches and other
cirouitry after passing through the wave-shaping and
inverter circuits and resistor select logic,

The rectangular waveform output of the comparator
is also used to control a clock gate to pass the selecied
frequency to the display counters when required.
This gate normally passes the clock signal during the
enlire charge/discharge cycle, except for a very small
time that is set aside for loading the count into the
display and resefting counter and logic circuits. The
clock gateis also inhibited on the pFranges for a time
which is determined by the zero-compensation flip-
flop circuit. This circuit generates the inhibit pulses
equal in time to the equivalent stray capacitance in
the circuits and/or test leads. (NOTE: This compensa-
tion time is actuaily much longer than the time re-
quired for loading the data count and resetting the
circuits; thus no time is “lost” during the operation of
the logic circuits as they update the displayv.) The
length of the pulse is fixed by the output from one of
the clock frequency dividers. Fine adjustment of the
“zero is accomplished by an adjustable shunt
capacitor which is varied to adjust the total stray
capacitance so it is exactly equal to the zero-
compensation flip-flop time period.

The output of the dispiay counters is in BCD {Binary
Coded Decimal) form and is loaded into the display
decoders with each update fload) command. The data
is then decoded and operates the LCID {liguid crystal
display} with decoding and driving circuits.
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[fthe capacitance is large enough to cause overflow of
the display counters {a count in excess of 1499, the
carry signal advances the range counter to the next
range and another measurement cycle begins.

The 1-0f-10 decoding {for ten ranges) of the range
counter is used for the following:

1. To controi the selection of the charge/dis-
charge resistors {three different resistor
networks are used for the ten ranges). Refer
to the "Appendix’” on Page 77,

2. Tocontral the selection of the three decimal
points in the displav,

3. To control the selection of the clock fre-
GUERCY,

4. To control the range indicator select cir-
ciiits,

5, To enable the zern circuit on the first four
ranges.

The 3.58 MHz clock frequency is generated by a
crystal-controlled oscillator for gnod frequency sta-
bility. This frequency is then digitally divided by the
clock frequency dividers to provide selectable clock
frequencies of 358 kHz, 35.8 kHz, 3.58 kHz, and 358
Hz. The selected clock frequency for each range is
decoded by the clock frequency select circuits,

As previously stated, the unknown capacitor is
charged/discharged between two reference voltages
{rather than being compiletely discharged)]. Thus
some bias voltage always appears on the capacitor
after the first cycle of operation. During the first cycle,
however, data must not be taken because of the extra
time required to charge the capacitor up to the lower
reference level. The second cycle detect circuit de-
tects the first cycle and inhibits loading of data into
the display during this first cycle. Also, if a range
change has occurred during any cycle, data must not
be displayed for that cycle. This condition is detected
by the range-change detect circuits. The load data
circuit also reduces the rate of data update on the low
capacitance ranges to minimize display jitter.
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Immediately after the generation of each load pulsein
the load pulse generator, a reset pulse is generated to
reset all counter and logic circuits.

Power forthe svstem is supplied by the internal .volt
battery. or by an optional battery eliminator, which is
regulated to 5 voits DC by the 5-volt power regulator.
Fach time the Meter is “turned on,” the power-up
reset circuit generates a reset pulse for all the related
circuits. The low battery detector detects whenever
the battery voltage has dropped to approximately 5
volts and signals an indicator in the display (NOTE:
{Operationis still valid when thisindicator first comes
on. but the battery should be replaced as soon as
possible.)

The ratiometric charge/discharge operation of the
system 1s in accordance with the equation t/2 = RC n2
where:

tiz= onecharge or one discharge or 1/2 mea-
surement cycle.

R=the charge/discharge resistor value in
ohms.
(.= the unknown capacitance in farads.

In= the natural logarithm {or Napier
fogarithm).

Both the charge and discharge times of each mea-
surement cycle are equal in time, if the unknown
capacitor has no shunt resistance {leakage). Any leak-
age resistance will both increase the charge time and
decrease the discharge time. In the leakage test mode
of operation, the time period for first the charge cvele
(pushbutton #1) and then the discharge cyvole
(pushbutton #2} is displaved. A large difference in
the displayed numbers indicates a leaky capacitor,

Also due to the ratiometric measurement technique,
any variation in the charge/discharge reference volt-
age does not affect the readings, since this same volt-
age is used for comparator reference, thus making the
system immune to small variations in the power sup-
ply voltage,
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CIRCUIT DESCRIPTION

Refer to the Block Diagram (Illustration Booklet, Page
8) and the Schematic (fold-in) while you read this
“Circuit Description.”’ The part numbers are arranged
in the following groups to help you locate specitic
parts on the Schematic and the circuit boards.

101-199 Parts on the input circuit board.
201-299 Parts on the main circuit board.
301-399 Parts on the display circuit board.

The Meter measures the unknown capacitance by
measuring the time required to change the capacitor
from some fixed reference voltage {bias voitagejup to
another fixed reference voltage and then to discharge
the capacitor back to the original reference voltage.
The time required for this charge/discharge cycie is
directly and linearly proportional to the value of the
capacitance,

The capacitor is connected to the system by a
4-terminal or Kelvin connector {one pair of contacts,
or circuits, to the capacitor are the current-carrying
ones, and the remaining pair of contacts are the
capacitor voltage-sensing circuits). This preventsany
voltage drop across the current circuits from produc-
ing an error in determining the actual capacitor vol-
tage. A reference voltage of approximately 2 volts DC
is provided by diode string D104 through 1086, oper-
ational amplifier U102, and transistor (Q116.

(Over the range of capacitance measurement possible
with the Meter, the unknown capacitor is charged and
then discharged through any one of three resistor
networks with its respective charge/discharge
switching transistor pair. At the beginning of each
measurement, the Meter tries to make the first mea-
surement on the smallest capacitance range {199.9
pFl. (3107 first charges the capacitor to the upper
reference voltage through R128 and R124 {the calibra-
tion resistor), and then discharges the capacitor
through the same resistors and (3108,

The voltage across the capacitor ig sensed at the +
input to comparator U101 and compared to the volt-
age on the ~ input, which is derived from a voltage
divider consisting of R104 and R106 across the 2-volt
reference supply. During the charge portion of a mea-
surement cycle, Q101 effectively connects R105 in
parallel with R104, thus setting the voltage on the
comparator — input at a value slightly higher than
one-haif the reference voltage (about 1.4 volts). Dur-
ing the discharge portion of a cycle, Q102 connects
R105 in paraliel with R106, setting the voliage to lase
than one-half the reference voltage {about .6 voit].
The net result is a comparator with hysteresis; that is,
the output of the comparator changes to a saturated +
output when the capacitor voltage {during the charge
cycle) crosses a value slightly higher than one-half
the reference voltage. Correspondingly, during the
discharge cycie, the comparator cuiput saturates iow
when the discharging capacitor voltage reaches a
value slightly below one-half the reference voltage.
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Thus the output of the comparator is a symmetrical
wavelorm corresponding to the charge/discharge
voitage on the capacitor. The capacitor voltage “oscil-
lates” an equal voltage above and below one-half the
reference voltage,

Praring each measurement cvcie, a clock frequency is
gated to a display counter to present a count propor-
tionai to the charge/discharge time and thus propor-
tional to the capacitance.

If the capacitance being measured is so large that an
overflow of the digital data counters occurs fcount
greater than 1999}, then several more measurement
attempts are made, each with a lower clock frequency.
if overrange still occurs after all clock frequencies
have been tried, the next charge/discharge resistor
network (R122 and R123) is tried with #ts respective

switches ({2105 and Q106]. At the largest capacitance
ranges, the final resistor network {R117, R115, and

R116] is employed with switches Q103 and (0104,

The comparstor output waveform is wave-shaped to
provide a fast rise and fall time by Q109 and Q11
Note that the output of Q109 is invertad while the
output of Q116 is in phase with the comparator out-
put. This waveform drives the enable logic for the
charge/discharge switches Thelogic for selecting the
correct switch pair consists of three gate sections sach
of U103 and 11104, Whichever gate pairis selected by
the control system logic respectively turns on and off
its related transistor switches and insures that in the
disabled state both of its related switches are off,

Additional fogic circuits on the input circult board
inciude & dual clock gate tlip-flop {{J105]. At the end
of each measurement cycle (end of a capacitor dis-
charge cycle), the low-going output from Q169 sets
the ciock gate flip-flop (U105 A & D} so the output
from pin 11 is low, thus closing the clock gate {17210
B} through 1167, SW103A and SW102A. After the
data has been loaded, this flip-flop isreset to open the
ciock gate,

When measuring small capacitances, some form of
zero of compensation to correct for stray circuit
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capacitance is required. This is accomplished on the
pt ranges (only} by the zero-compensation flip-flop
(U105 B & (). At the end of each measurement cycie,
this flip-flop is set by the reset pulse so that pin 10 of
U650 is fow, holding off the clock gate (U210 B).
Note that in any range other than the A range, pin 12
of U163 Dand pin 1 of U104 A are low {disabled} and
the flip-flop is held reset through R134 so that the zero
compensation flip-flop cannot function to block clock
sigrals.

At a time approximately correspending to the stray
capacitance, a digital output from the clock frequency
divider (U205 pin 6 via Q115) resets the flip-flop. This
allows the clock pulses to pass.

Final adjustment of the zero is made by €103 and
{C104, respectively fine and coarse zero capacitance
adjustments, which bring the net circuit board stray
capacitance exactly corresponding to the time at
which ouiput from the frequency divider {1205} oo
CUTS,

I the system has been over.compensatad {over-
zeroed], the zero-compensation flip-flop {U165B & C)
is never reset by an output from U205 before the end
of 8 measurement cycle. This condition is detected by
pin T of 1J210 A, in turn, feeding data to the latch
(U214} and finally, to the display minus sign.

The charge/discharge time is measurad by counting
the clock frequency cycles in the display counters.
The clock frequencies are generated from a crystal-
controlled base frequency of 3.58 MHz, which is in
turn divided successively by 10 {U203, U204A,
U2048, and U205 A} to produce a selection of clock
frequencies of 3.58 MHz, 358 kHz, 35.8 kHz, 3.58 kHz,
and 358 Hz, The selection of the correct clock fre-
quency is implemented by a range counter {1J205 B)
and its 1-0f-10 decoder (L1206).

Atthe beginning of each measurement, U208 is atits 0
position {00.4 pF). Each timetherange is changed, the
output of U206 advances to the next position. The
output from U206 is then decoded to select: {1) the
correct range deceding resistor (U207 A & B, 1J208 C,
and U209AY, (2} the correct range indicator LED
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(U211 A, U211 C, U209 D, U207 B, and 1208 C), (3)
the correct decimal point (U222 A & B), and {4} the
correct clock frequency (U208 A, B, & [, U216 1,
112118, U213 A & B, U212 ABCE&D. and U210 B —
the clock enable gate}. The gated, selected clock fre-
quency {pin 4, U216 B} is fed to the decade counter,
{1220, and the cascaded remaining counters on the
Display Board {U304}. The output of thase counters is
loaded and decaded for the 7-segment LCD display by
(}301, U302, and 1J303.

information for the LED range indicators and the de-
cimal points is latched by U214 and U215, respec-
tively. U216 A,B.C, and D perform the proper phuase
inversion for driving the respective decimal points
and the 1 K digit of the display. U218 A is a JK
flip-flop used to operate the 1 for the thousands dis-
play (1 Kj upon overflow from the last display coun-
ters, 11304 B. U209 C provides correct phasing for
driving the “LO BAT” display indicator.

During measurement, logic must provide information
as to when a successful data measurement has been
made. and then to update the display. Also. mea-
surement must not be made during the first charge
cycle after initial power turn-on, This later function is
performed by the second cycle fiip-flop, U217 A & B,
whose cutput opens load-pulse pass gate U221 Conly
after a second cvcle has occurred. Each time a range
change has been made {due to counter overflow out-
put from U219A to 17210 C to U205}, the range-
changed flip-flop, U219 B, is set to prehibit passage of
the load pulse by blocking gate 1221 €, in turn block-
ing gate U221 B. Without this inhibit, the load pulse
(generated by U218 A, as triggered from the change of
state on the comparator output) will pass to U221 A,
The load pulse may again be stopped at U221 A if a
recent load has been passed, due to the blocking ac-

tion of a one-shot timer, (U221 [3) — which prevents
excessive data update on the ow capacitance ranges
and the resulting display jitter.

{Ince the load pulse has passed through all the inhibit
gates and D205, it loads data into the two latches
(U214 and U215} and to the dispiay drivers (U361,
{1302, and U303}. This load pulse alsoresets therange
counter (U205 B} via U202 1),

The load pulse generated by U218 A also triggers
generation of a reset pulse by U218 B toreset ali logic
and counters once & measurement cycle has been
completed.

Lizo2 E and F generates an initial “power up’ reset
pulse to reset all counters and logic, and to load the
display with all zeroes. U201 provides a regilated B
volts DC for all circuitry. 3201 and Q202 detect a low
batterv condition.

The liquid crystal display requires that its sepgments
be operated from reversing polarity veltage to prevent
electropiating action in the display. This is done by
operating the backplane (common element} of the
display with the square wave output from the com-
parator (U101). The individual segments are also op-
erated from this same signal, but the waveform is
inverted(when compared to the backplane signal} for
an “on' segment {out of phase), and in phase with the
hackplane when the segment is off. The correct phase
relationship is determined by U216 A B.C, and D and
U209 B & C, as well as display drivers U301, U362,
and U363,

Al logic circuitry is CMOS except U203 and U220
These are Schottky devices which are required for
their high frequency inputs as weil as low power
consumption.
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CIRCUIT BOARD X-RAY VIEWS

NOTE: To find the PART NUMBER of a component C.  Adjacent to the circuit component number, you

tor the purpose of ordering a replacement part: will find the PART NUMBER and DESCRIP-
TION which must be supplied when you order a
A. Find the circuit component number (R5, C3, replacement part.

etc.) on the X-Ray View.

B. Locate this same number in the “Circuit Com-

ponent Number” column of the correct ‘““Parts
List.”

DISPLAY CIRCUIT BOARD
(Viewed from the component side)
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INPUT CIRCUIT BOARD
(Viewed from the component side)
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MAIN CIRCUIT BOARD
(Viewed from the component side)
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TRANSISTORS

CIRCUIT HEATH MAY BE
COMPONENT PART REPLACED IDENTHHCATION
NUMBER NUMBER WITH

02, Q104,
106, Q108,
Q108, G111,
G112, Q113,
Q114, Q115,
G116, Q202,
G203

101, G103,
105, CHOY, 417-B65 MPSARS
2110, 2201

INTEGRATED CIRCUITS (1C’s}

CHRCHT HEATH MAY BE
COMPONENT PART REPLACED
NUMBER NUMBER WITH

it CAZ130E
442-22 5741

U201 442-716 LM330T

IDENTHFCATION

U103, UGh 443-603 4011
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INTEGRATED CIRCUITS (Cont’d.)

HMEATH MAY BE

CIRCUIT

PAHT REPLACED IDENTIFICATION

NUMBER WITH

COMPONENT
NUMBER

LK
13

U217, U219 443-606 4027

202 443-701 404G

U208, U211 443-708 4071

GLETfUT R EHPLTS L aurR

vpp T3 R S S - L
16 o] 15 4 16 e 13 o 12 o] 11 8

50 51 52 532
14 11
CGHETPLT
SELECTOR

U206 443.713 4028
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INTEGRATED CIRCUITS (Cont'd.)

CIRCUT HEATH MAY BE

COMPONENT PART HEPLACED {DENTIFICATION
NUMBER NUMBER WITH

EmRAHLE DK

§ 10 hd

204, 1205, 443-T37 4518
LG4

] y ‘““"“ﬁ 3
clO0% SNARLE G

104, U210,
212, U221 44.3-7T51 4081

Li209, U216 443-784 40760

Li2ga, U220 443-813
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INTEGRATED CIRCUITS (Cont’d.}

HEATH MAY BE

CIRCUIT

{IDENTIFICATION

PART REPLACED
NUMBER WITH

COMPONENT
NUMBER

b £if % [ 04 CLO0E
R :
. ! B i HE G
4174 |
Uzt4, U215 443-836 ar
340174

) e ) S FY SO Y S (T o :-
U301, U302, i
U303 443-931 4543 3
L : 5 £ i B
S TR 2 !y 2o Ei'%';-ltfH"J Bl Vi

U207, U213,
U222 4072
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APPENDIX

AUTO-RANGING TABLE

STEP - CLOCK |CAPACITANCE|! RANGE DECIMAL REMARKS
NUMBER FREQ. RANGE | INDICATOR POINT
= ——
0 3.58 MHz 199.9 pF 000 | ONLY RANGE USING 3.58 MHz
1 358 kMz 1699 pF NONE ]
2 A 35.8 kHz 1999 nF 0.00
3 | 3.58 kHz 189.9 nF G0
3 358 KHz 1,999 F 000
5 B 35.8 kHz 19.99 uF 0.00
! 6 358 kHz 199.9 uF 00.0
7 35.8 kHz 1999 uF NONE
8 C 3.58 kHz 19.99 mF 06
s | 358 Hz 199.9 i 00.0 | ONLY RANGE USING 358 Hz
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SCHEMATIC OF THE
HEATHKIT®

AUTO-RANGING DIGITAL

CAPACITANCE METER
MODEL I1T-2250

NOTES:

REFER TO THE "CIRCUIT BOARD X-RAY VIEWS" FOR TRHE PHYSTCAL
LOCATION OF PARTS.

REFER TO THE COMPONENT IDENTIFICATION SECTION IN THE
VARIOUS PARTS LISTS FOR THE TOLERANCE, WATTAGE, AND

TEMPERATURE COEFFIClENT OF RESISTORS SHOWN ON THE

RESISTOR VALUES ARE IN OHMS (k=1000, m=1,000,000).
CAPACITOR VALUES ARE IN uF UNLESS OTHERWISE SPECIFIED.
@ INDICATES CIRCUIT BOARD GROUND.

[] INDICATES A WIRE CONNECTION TO A CIRCUIT BOARD.
(D INDICATES A DC VOLTAGE TAKEN WITH A HIGH INPUT

MPEDANCE (10 MQ TYPICAL) VOLTMETER FROM THE
DOINT INDICATED TO CIRCUIT BOARD GROUND.,

ALL WAVEFORMS WERE MEASURED AT NOMINAL BATTERY
VOLTAGE (9V) WITH LOW-CAPACITANCE, 10 MQ PROBE. LEVELS

MAY VARY 110%.

Copyright © 1981
Heath Company

Part ot 595-2450-02 All Rights Reserved

Printed in the United States of America
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o B m MEASUREMENT CYCLE
OUTPUT o T
U101 | | |
PIN 6 fe=COMPARATOR OUTPUT GOES HIGH.
" "= AT POWER UP
I S e & ) ‘
_ | o te B I e P - Je—1c COMPARATOR OUTPUM*GOES HIGH.
LOAD PULSE . P M
GENERATOR ‘. . L 1 9 T Y4sTR{GGER DELAY=3us.
we  UZ18A | | | ety
w _ PIN 6 WS oo t- 15=pyiSE WIDTH=15us. .
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_ e _
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PIN 10
0
POWER-UP
RESET PULSE —_— le—— 60 ps. TYPICAL
U202, ) E
PIN 12

%k

AS VIEWED TO COMMON GROUND, 10 MEG. INPUT . SCOPE PROBE, NO CAPACITOR INSTALLED (pF_RANGE,.READH—\%G"‘LESS. THAN 100 pFi..



capacitor is generated, 11102, (3116.

Reference voltage for charging unknown

Power-up reset pulse

Load data (all zeros] inte dispiay, 244,
17301, 3oz, Usos, 11214, (2156,

Data decade counters, range changed and Bk
flip-flops, clocked frequency. Dividers reset,
biang, Uzzo, U219A and B, U203, U204,
LIZ08A, via U211 and Q283

\ 2

Second cycle J-K flip-flop is clocked U217A.

Zero-compensation flip-flop set. U058 and

L. *

NO

¥

Is this the second clock
puise to U2 17 A7

Clock gate {U2108) inhibited via 53108,
SWIG3A, SWI1062A.

(>, input to 12178 goes high, flip-flop topglus
and latches in this state. U217A & H.

\ 4

Cme input of first data lpad gate goes high.
J2210.

Load data pulse is generated U211

One input to second load gate
tiz218.




OPERATIONAL ]

{Refer to the Schematic I

Py

| R

—

s generated. U202E& F

Display backplane voltage provided by out-
put of 110,

\ 4

{lock gate fHip-flop (U105A and 13 removes Hange counier reset 1o step 07 V2050, 1

inhihit on UZ210B via [3107, SWIG3A and 11206,

SWINZA,

Decimal points and range indicators de- . I

| Range “A" enabded, LI207A, "RA” line

] coded. U222A & UZ1T1A. ¢

Correct decimal point and range indicators Zern compensation flp-Hop {(Uos

loaded and displayed. 112135, U2168, U214, resef circuit opened. 115,
' (114, D112 N
A

\J |

Hysteresis resistor switched high, Q101 on
(3102 off U103A L1641

¥

Reference voltage goes to V,,




AL LOGIC FLOW CHART

tic Diagram when you use this chart.)

Start
Power On

3

58, 13202,

I 2

" line,

11058 & ()

Comparator oatput is low. 17101,

Second cvele J-K flip-flop reset. {1217A & B.

3.58 MHz clock signal fed to clock gate.
U21213, 112138, U210R,

Hysteresis resistor (R105) is switched hi
101 is ON, Q162 1s OFF. 111493A. U104

4

Comparator reference level goes to V.

EF LT RN

Charge/discharge switch for range A
sefected. Q107 ON. Q168 OFF, 171037

LJ164A.

Unknown capacitor starts to charge.

4

Comparator output goes low, Ui6t,

V. voltage threshold crossed by voltage o
unknown capacitor,

Output of U101 inverted and wave-shapad.

(2104, (Q110.

Charge of unknown capacitor starts, Q107
- ON, noa OFF. U030, TH04A.

V, voltage threshold crossed by voitage
unknown capacitor.

l Comparator output goes high, U101,

......

Quiput of U101 inverted and wave-shape
(3109, Q110.




e
B

..................................................................................................................................

¥ |

Clock Oscillator staris, Frequency dividers }
provide 3.58 MHz, 358 kHz, 35.8 kHz, 3.58
kHz, 358 Hz. U202A & B, U203, UJ204A.

L2048, L1205A ‘

Zero time-cut pulse generated after delay for
corresponding capacitance time. UZ205A.

.

Zara-compensation flip-flop is reset. U145B

& L.

Inkibit removed from ciock gate, [314G8,

SWI03A, SWI102A, U2108. Turn: on “LO BAT” indicator. {201, (Q202,
& 1215, LU209C {on next data ioad pulse.

Power supply regulator provides 5 VIDC to ali
circuits. [J281,

Is battery voltage greater than 5 V7

Data counters start counting selected clock
fraq. UJ220, 17304,

¥

Hysteresis resistor {R105) switched low,
Q101 OFF, 0162 ON. U163A, 11041

\

Reference voltage drops to V.

Nnes count exceed 14997

1I210A

Clock gate flip-flop [U105A & D) removes in-
hihit on L2108, via D107, SWI103A, SWi02A.

Clock signal applied to range counter clock

gate. 172100,

Has zero compensation tip-flog,
(U105 B & C} been reset?




Arte both first load
gate inputs high? U221L.

NG Are both gate inputs high? U221

YES

' YES

Load data puise passed to next gate.

Gate output goes high. U221C

Are both gate inputs high? U

Range changed |-K flip-flop is toggled and
latched. U2149B.

Block first latch gate. U221(.




t gate. U221A,

igh? U221A.

L.oad data pulse passed and all data loaded
into display. D205, U214, LI215, 1301, 302,

L1303,

At end of puise, load hold-off one-shot is
triggered. 112211,

T

Blocking pulse is generated during one-shot
periad. U221




v

Cutput of U101 inverted and wavesshaped,
(169, 0110,

At end of pulse, reset pulse is generated.

{i218H.

Reset: Data counters. 1k -X Hip-flop, range Discharge of unknown capacitor starts. Q107
changed flip-flop, frequency dividars, Clock OFF, 108 ON. 111030, U104A.
gate Hip-flop (UJ105A & 1) reget. |

V, voltage threshold crossed by voltage on

ﬁ rapacitor.

Range counter resat to step 07, L2z,
SW1I03B. SWia2RE, 13203




Has zero compensation thip-flop
{105 B & C) besn reset?

Are both gate inputs high
{no reset puise)? L1200

YES

Is range counter on step 0% 7

Liz06

Advance range counter one step. UU208B,
L1208,

After step 3%, zero-compensalion circuit die
abled (LU207A, Q115, U105 B & ), range A"
disabled. (71030, UJ104A. Display minus sign. U210A, U214, 112098,

\ 4

Steps 4 thru 687, range “B" enabled. {12078,
L1030, 111048,

Steps 7 thru 9%, range (" enabled, 112080
L209A, U103B, U104,

“See "Appendix’ on Page 77 in the Manual for reference to step Copyright € 1981
Heath Company

Al Rights Reserved

Prined in the United States of Amerca

Mimbers.

Part of 595-2450.02
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