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INTRODUCTION

This Portable Digilal Multimeter [DMM) is a compact, hand-held instr-
ment designed for both field and laboratory use. Built-in references eneble
you tn rcalibrate it tu the acevracies listed in the Specifications section of
this Manual. A 9-voll alkaline battery [not supplied) typically provides 200
hours of operation. You van elso operate the Multimeter rontinuously lrom

line: vollage using one of Lhe optional Heathkit converter/chargers* avail-
able for this kit.

The 3-1/2 digil, liquid crystal display features large. easy-to-read numerals
with automatir: decimal point placemenl and polarity indication. Battery
condition is continuously monitored and a warning {"L0O BAT™) 15 dis-
played during appproximately the last 20% of battery life. All of the duoal-
slope, analog-to-digital conversion circuilry, which provides extremely
stable and accurate performance is contained in one MOS/LST** integrated
circuit.

‘Model PS-2350 for 120 VAL operation and Model PS-2450 for 220 VAL
operalion.

**Metal-oxide semicondurtorf/large scale integration,

Mreasurement functions include AL and DC voltages, AC and DU currents.
and resistance. All functions are protected by fuse and diode against ovee-
load and transients, Voltage and current inputs are separated to protect the
Multimeter and the circuitry being lesled. The “full-scale™ resistance test
voltage alternates from high to low over 1the six ranges to allow both
semicondurtor testing and in-circuit resistance measuremenls.

This compact, lightweight instrument featurcs pushbutton switching,
which permits one-hand operation, leaving the other hand free for probe
placemeni. A pivoling stand isused to support the front of the instrumenl al
a more convenient viewing angle. This carcfully designed Muoltimeter will
provide long. reliable perfurmance for vour laberatory. workbench. or port-
able applications.
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BATTERY ELIMINATOR JACK

Used for line-powered operation. Disconnects
battery from Multimeler circuitry.

ON-QFF SWIT(CH DISPLAY

Nisplays vahie of what is being measured. Dec-
imal point positien is determined by (RANGE
switthiss [SW3 through SW7). Polarity indi-
cators [implied for positive, - {or negative) are
displayed automatically. Overrange is indiated
by a 1inthe must significant digit and the other
digits blanked. LOHAT comes on when approx-
umalely 20% of batlery capacity remains.

Turms Hwe instrument on saod of

e —
__—-——__________
-

REANGE SWITUHES

TO OO

Sclects desired range ol operation.

2000 RNt | aon

24 700 | 2DDh#

FUNCTION SWITCHES

Selects proper circoits to measure AC or DO
currenk, or resistance,

1D 20 20k

CITRRENT INPUT

ool oesd teed Deanl hueres

when TSN TINE urreml.

COMMON INPL'T LM—EHS VOLTAGE/RESISTANCE INPUT

Ciorceeed med test Lol here

Connes t black 1est lead here
Eou ol pELeaaa e et e,

wwhen meisiring voltage or resistanrne,

PICTORIAL 6-1
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CALIBRATION

NUTES:

1, New Multimetors may exhibit a small smount of calibration drifi
due to component "aging". Therefors, we suggest that you ru-
calibrate your Multimetor after an initial period of usc: six
munths, for example. You may also wish o recalibrate your
Multimeter regularly at six to twelve months Intervalgs, or as
required, W lonsure oplimum sccuracy during use,

2. Tfyow donot obtain the correcl indicetion inany of the following
steps, refar tn the “In Case of Dilficully" section, Locets and
repair any problem belore you continue with the calibration,

[ | Meke sure the converter/charger is digconnected from your Multi-
meler,

The following characteristics of the display, which cccur during calibivs-
tion, are normal:

1, Cwerrange is indicated by a 1" 1o the left-end digit with the
remaining digits blanked.

2, When vou seledt an AC vollage range. the display reading may -
take seversl scconds to settle,

NOTE: Two methads of calibration are provided in this section of the
Manual. The first method [V Built-in Standards Method '] uses the internsl,

supplied roferenees, The second method {on Page 48) uses laboralury-gradic
standard references.

o perform the calibration with laboratory-grade standard references, yon
will need the [ollowing cquipment:

L. A DCvullape standard that provides plus and minus 190 my OC
with amr accutacy greater than = .05%.

2, An AC voltage standard that prowvides 100 mV AC rms with an
arouracy within +,1%. The matpul must be a low distortion 100
Hz sine-wave.

Choose ane of the calibration methods and perfurm the steps far that
method only.
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Built-In Standards Method

DC CALIBRATION

Rofur 1o Pictorial 4-1 (Ilustration Booklet, Pagu 15 for the following staps,
| | Locate the DC calibration labal; it will be used in the following steps.

{ | Plug the red test lead into the VD mck

| | Select the 2VIN. enge by depressing SWa only.
( ) Shde the OFF-ON swiltch 1o ON,

{ | Touch the red twst prubetip to T on the component side of the main
circnit board and adjust the D CAL control [R13} so the meter
displays the number un the DC calibration label. NOTE: An ocra-
sional variation of =1 digit is acceptable.

| } Remowe the probe tip from TP1.

AC CALIBRATION

Refor to Pictarial 441 (Mustration Booklet, Page 13] for tha following steps.

[ ) Setthe ACREF AD| control fully counterclockwise ‘as viewed from
the fromt of the control.

i ] Select the 200 mV 1C range by selecting SW7 only.

{ | Touchthered test probetip 1o TP2 and adjust the AC REF AT control
[R 16} for a reading of 171 2. NOTE: An occasional lash of = 2digitsis

acreEptable.
[ 1| Sielect the 200 mV AC range by depressing SW1 and SW7 anly.

NOTE: Allow aufficiant time for the display to stabilize bafore you procoed
ta the next step.

{ ] ‘Touch the red test probe tip o T2 and adjust the AC CAL control
|R34) for a reading of 190.0 NOTE: An occaslonal variation of 2
digits is acceplable.

[ ) Remove the probe tip from TEL.

This completes the “{ alibration™ of your Multimeler, However. after it has
beon in use for sume Ume - six months for example = you may wish in
touch up the calibralion to remove any &mall “aging™ drift.
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Laboratory Standards Method

Make sura that vour valibration standards are 8t least 5 imes more accurate
than the Laboratory Standards Accurmcy Specification on Peges 70and 71.

Fur example, to oblaln anacouracy of =.25%, the Laboratory Standard must
be aveurate to within «.05%,

D CALIBRATION

Refer to Pictorial 4-1 {[lustration Booklet. Page 15) for the folluwing steps.
{ 1 Ssalact the 200 mV DG range by deprossing SW7 only,

[ 1 Slde the OFF-0N switch to ON,

[ )} Connedtthe black test lead totha COM mck and the red Lest lead tothe
Vi jack

[ ) Congect the Multimeter test leads to o +190.0 mV sourea.

[} Adjust the DC CAL contral {R13) for display reading of 190.0 NOTE:
An ocrasional vadation of = 1 digil is acceptable.

[ ) Disconnect the test leads from the + 190.0 mV source,

AC CALIBRATION
Refer to Picturial 4-1 for the fullowing steps.

[ ] Selectthe 200 mV AG range by deprogsing SW i and SW7 oaly, Allow
the Multimeter display timoe b stabilize.

{ | Connect the Multimeter test leads to a 190.0 mV. 100 Hz source.

[ 1 Adjust the AC CAL contrul (R34] far a display reading af 1090.0,
MNOTE: An occasional variation of +1 digit s acceptabla,

i | Disconnecd the tast leads

This completes the “Calibration” of your Multimeter. However, after it has
hean [n use [ur some time — six months for example — you mey wish to
touch up the callbration to remove any small “sging” drift.

Procesd 1o “Final Assembly."
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OPERATION

This portion of the Manuzal is divided into three parts. The first part,
“General,” provides inforniation concerning various precautions you must
abserve when ueing the Multimater. The second part, ' Operating Charac-
teristics,” includes opurating information that applies to the various fune-
tions of ths Multimeier. The third part, " Measuremants," provides specific

operating instructions fur esch function of the Multimeter, along with
guidelines and techoiques for providing optimum messurement accuracy.,

NOTE: Ba sura you read all of the "General™ and ** Operating {Uharactoris-
Lics™ sections bolore you wse the Multimeter.

General

Rafur to Pictorial 6=1 (Hlustration Boaklel, Paga 18] for a brief description of
pach switch und input jack.

The front of the Meltimeter has two standard operator warmnings. Thesu are:

This symbol warng the operstur that there may be

Ll dengerously high vollage st this location, or thal thera
is & voltage limitation to be considered when using this
termimal

This symbal advises the operator to familiarize himself
wilh the aperation suction of this Manual.

Specific limations of the Multimeter are includued 1o the VDO, VAL, mA
DC. and mA AU portions of the " Mcasurement' scclion concerning thass
symbuols.

SAFETY PRECAUTIONS

You may often use your Multimeter to check, maintein, and repair oluc-
tronic equipment that contains DANGEROUSLY HIGH VULTAGES. Be

causs of this danger, elways vheerve the safety procadures listed below.

P Always handle the test probe by the insulsted pertion only. He
careful not to touch the exposed tlp.

2. When you measure high vollages. tum off the power 1o the equip-
ment to be tested before you connect the tost leads. I this is oot
poszsible, be very careful o avoid accidental contact with eny object
that could provide a ground return (circoit enmpletion) path.

3 If at &1l poesibla, use only one hand when yoo moke teales onaouip
misnt that is turned on. Keep one hand inyour pocket or behind your
back 1o help evoid srcidental shock.
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& If pussible, iusulate yoursel frimn ground while van make measure
ments. Stand ve o propedy insulated flocr or floor FOTOTINg.

LIQUID CRYSTAL DISPLAY

The liguid crystal digplay {LCD) is a rugpoed and religble device which
ghionld prowvide vears of service, Yoo can extend the display lifetime by
obgerving the following practices:

A, Protert the dieplay from ssdanded axposure to bright sunlight.

B. Do NOT store your Multimeter in extremely hiot, humid. or aold
enviromments. Reler to the “Storage Temperature’” specification
o Page 74 of this Manual.

. Do NOT apply excessive pressure or stresses to the LUD,

POWER SOURCES

You may use githar of bwo power sources for the Multimeter. We recom-
mend analkaline powor cell, NEDA type # 1604 for battery power. Y ou may
purchase the optional 9-volt Heathkit Converter/Charger, Model P5S-2351
far 120 VAL operation or Madel PS-2450 {or 220 VAC operation, if you wish
tp power the Muoltioeter without a battery or if yoo intend to use bhath.

When vou hove accoss to a conventionol AC power soerce, and 16 you bave
the proper Converter/Charger. merely push the submdoiatuee phone plog
inta PCH jack 19 and comnect the line cord plug to an AC outhet, NOTE: In
this Multimeter, the Converter/Charger is vsed as a Batiery Eliminator; it

will not rharge vowir battery, which is disconnected from the Multimeter
vircuitry when the Comvarter/Charger i8 comnected to (4. '

BATTERY LIFE

Your Mullimeter is designed to vperate en an inexpensive S-volt battery
INELDA 1604), If you uee an slkaline baflery. you can expect a typical
pperating Ll of up o 200 hours, A zinccarbon ballery will provide 100-
150 hours of aperation.

CAUTION: You should replace the battery annually or when it is dis-
chargrd to pritect your Multimeater from hattary lsakagr or rupture. Several
battery manufacturers will repair any device damaged hy their hattaries —
it isadvisshleta use s battery with such a guarantes, It isfurther advisahleto
remave the hattery during extended storage.
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Operating Characteristics

The LIT) provides a continuous indication of vour Multimetir's operating
status overload. low battery, and normal operation.

INPUT OVERLOAD PROTECTION

All functinns are profocted against Inpul overloads, sliher by resistor-diodao
networks, of through fuse acilon as long as the overload is within the
specifind limits, (Sce Paga 70).

OVERLOAD/OVERRANGE INDICATION

An overload/overrange condition is indivated whan all display digits,
pxcept the mast slgnificant diglt (" 1), are blaaked, This does not necessor-
ily mean that the Multimeter is being exposed ta s damaging input condi-
tion. For example, when you messurs resistance, an open-inpul condition
will cause an overload/overrange condition.

NOTE: The minus sign |—) may flash momentarily as your Multimetor
recoviirs from an overload/overrangs condition, Y ou will most likely see
thisin tha ohms mode when the open aircult test leads are connacted across
on in-range registor, IF the minus sign romains oo fur in-range olms read-
ings, a voltage ls prusent at tho Input terminals due to charged capecitors,
el For this resson, you will observe incorrect resistance readings.

LOW BATTERY INDICATION

Whun approximitely 80% of the useful battery 1ife has been sxhausted, o
“LO AT indlcation will appear in the upper left-hand corner of the
display, When tha low battery indication first appoars, at loast 20 hours of
oparating time will remain bafore the sccurscy of your Mulitmeter will be
affscted {if an alkaline battery iz being used).

OPEN INPUT DISPLAY

A significant voltage may bo displaywed on the lowost VDO or VAC ranges 1
tha test leads aro not connocted toa moasuremuonl point (or (o cach othur),
This is normal and will nol produce 8 measuremaent error when the leads are
connecled to 8 low impoedance (less than 1 MO for VI ar 100 kO Tor VAL)
measuremen! poinl

+ 1 COUNT

It s normal For the right-hand diglt of the display to alternate one digit
above and below o reading oo succossive conversions,
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USE WITH ACCESSORY PROBES

High Voltage Probe

You can use this Multimater with a high vollage probe on VDC only, The
prubu must be designed for a meter that has a 10 Mi) input impedanca. (A

high vollags probe of this type is available from the Heath Company.] The
probe should be connected between the Vil and COM suckets: The Mul-
timeter should bue-sot for a range govarned by the voltage divisivn ratio of
tha probe. 1f, for vxample, you are using a 100:1 probe and you expect the
voltaga to measure approximately 14,000 VD, the Multimeter should by
#ot Lo 1ts 200 VI range. The display reading must now he multiplicd by

|00, IF yom do not koww the voltage to be expacted, start with the 1000 VI
Tanps,

LALUTION: Do not exceed the voltage rating of the probe,

RF Probe

You can also use an RF probe with this Multimeter. It should be connestad
betwaen ¥} and COM sockets, Consult the manufacturer's suggestion for

which VIX range providus the best accuracy; then set the Mulli{.‘l‘lﬂt&[‘tﬂ that
TENZE. '

CAUTION: Do not exeeed the voltage rating of the probe,

FUSE REPLACEMENT

The Multimetor i protected in the mA DU oand mA A modes by the mA
fuse which is inatalled in the fuseholder, Replace it anly with a 24, 250 V,

BAG regular blow fuse. Use of a higher current-rated fuse may cause Mul-
timeter damagn.

Measurements

This section deals first with general, then with specific muasurement
tichniques, In addition, it containg some application information 1o help
you vblain valid measurements in harsh environments.

Included are:

Interpreting the Display
Connecting the Multimeter
VI Messurements

VAC Measurcments

mA DC Measuruments

mA AC Measuromunts

1} Measurements
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INTERPRETING THE DISPLAY

On all rangus o all functlons, the measurenent display 1s direcl-nmding,.
Correct positioning of the decimal point is automatic.

Fuor voltage measurements, the display reading is in millivalts or volts, On
VIIC negative polarity is indicsled when the ™ - sign is displeyid. Pusitive
polarity it Indicated when the ™ —"" sign is ahsent [+ ™ sign is implied). (n
VAL, nosign is displayod, except during recavery from exlreme overlnads.

For current measurcmviits, the display reading is in mA: On mA NC nega-
tive polarity is indicated whan the "< {g.displayed. Positive polarity is
indicatad whenthe ' " slgn fsabsont [+ sign b8 tmplied], OoanA AL v
wign 18 displayed, excopt during recovory from extreme overloads,

For resistance resdings. the display raading is in (). kf). oe M0}, No podarity
gign is displayed for thess measurements, except pussibly when the Mul
timeter is cunnccted to an enargized circuit.

CONNECTING THE MULTIMETER

Hefore you make any mossuremants with the Mulllmeter, ba suro (if possi-
bloj that the mcasurement will aot sxceed tho Hmits indicated in Uwe
voltege, curront. or reslstance sections which follow.

MNever use upinsulated. cracked. or lroyed test leads. Replace or repair any
questivnahle test lnads,

All inputs to the Multimater are madi ot the three front paocl banana jacks
idantifind as VI mA, and COM, These will accommaodaty soparate banans
plupe or o “dusl” banane plug (304" conters], You may use thi test leads
supplled with the Multmeter, or you iay mako up your vwn test leads, For
low-lovel VDG oF VAD measuremonts, vou may find that using " tiwisted
pair' test leads or coaxial, shielded, cable provides maore gtabli. accurate,
messuremunls. For high comrent of low resistani « micasnremenls, use guod

guality, stranded. ropper wire.

VDC MEASURFMENTS

WARMING: For any VIN, measurmmoent, do not connect the GO sackel
(block ten Lead) tos valtoge thal excoeds BOU valts |16 plus pouk AC) er 350
vults T ihove eartly (power ling) ground. This can present u safoty hazard,
of damage the Multimeer when usied with the battery cliinal or.

CAUTION: 1000 vults [IX : plus peak AC) is the maximum voltage allowable
betwesn the VAT and COM sockets

1. Sulect the sperating power for the Multimster [line or ballery). Con-
noct the conneoteor/charger o aa AU outlet aned tho convar-
ter/chucgers plug b the Mulllimueter if you selected lioo aperation,

2, Rulonse pushhuitons $W1 and 5WE.

- Dupress the pushbullon [SW3 through SW7) Usat sedacis the desired
range. If you sre ol sere, saloct the highes! range
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Caomneit the test leads 10 the Molometer VI and COM soi-kts,
Comnact tle Iack test Inad to clreadt ground e the V=" point,

Toweh the rod test lead probe tip 1o the measurvment puint and
ohisarve thie display.

Seloul a higher range if an overload Is imdicated. Fir readings less

than 200 counts, you may sclet g lower range for increased resnln.
ko

The fulliwing tably indicates tho display limits foc vach VIIC Tangu:

NCFLE: Inputs of np to -+ 1000 VDU (o any rangs, Including the 200 mV DU
runge, will i damage the Multimater,

Additional aonsidarations:

A

Todetermine measurement acourecy, keep In mind that the sccuracy
specification for VIN is + (25% of resding + | digit). For mample. a
display reading of 1,000 VDC frum e fow impedance souron will have
an uncertainty of = 0035 VN

The input resistance of tuw Muoltimeater on all VDU renges is 10 MIL
Measupomonts at relatively high sonree rosislonces could cause a
signiffcant reading ceror. The amount of weror due to Multimster
loading «an be determined by the following:

(_.E’—) = 100
H; i 10M

For w:}ﬂmnlﬂ. a sourcy resistancn (Re) of 10 k(3 will result in s loading
wrror of =0.1%, Th oreor will alweys havo o ' sign, sinee the
luading will always reduce the voltage under load” from Lis “un-
loadid™ value

% Frror =

NOTE: Loading ermror will become very significant for scurce resis-
tances above 100 K.
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(= When the Multimeter inputs are vpen-circulted on the 200 mV DC
range., several counts will be displayed duc to bies currents in the
measuring cirevitry, This |y purmal and will nol produce 8 mea-
surgment ereor when the louds are connocted to 8 luw resistance [less
than 1 MO source.

VAC MEASUREMENTS

WARNING: For any VAC measuroment. do not connect the COM souket
(black test lead) tn a voltage that exceeds 500 volts (T plus peak AC) or 350
viilts rms above carth (power ling) ground. Thin can present a safety husard
ar damagoe the Multimeler whon used with the hattery eliminator.

CAUTION: 750 volty AC coms (1000 volts peuk AL plug DC) 18 the maximom
voltage allnwable between the VI and COM sockets.

NOTHS:

A. When you messure AC voltage, any inpul other than a
pure sine wave will cause an error because the AU conver-
ter is aversge-sensing and rms (sine wave) ralibmted.
Suare waves, sawtooth waves, eto. can bir measured hest
with un vscilloscopu, '

R After von have firsl selected the VAC function, allow the
Multimeter sevaral seconds (o siabllize before you make
any moasuremaenis. This also applies afler o severs over-
load has ccourred.

C. Un VAC ranges, the input signal is AC coupled (capaci-
tive) to the measuremant eircuitry so that [ is blocked.

0. The Multinueter will display the measured voltage within
ralinl accuraly withina fow ssoouds, but i may take g fuw
additional seconds to obtain o stable [ £ 1 gount) display.

Selact the operaling powes for the Multimeter (line or battery). if yoo
selected line eperation, connect Lhe converter/charger to an AC out-
let andd the converter/charger's plug te the Multimeter.

Depreas pushbution SW1.
Releasa pushbutton SWH,

Depress the pushbetton [SW3 throngh SW7) that selects the degirad
Tange.

Cunnect test leads to the Multimeter Vild and COM sockots.
Connact the black test lead to circuit ground or low poiat,

Teouch tho red test lopd probe thp to the muasurement polnt and '
obgerve the display, |

Select a higher renge Il an overload Is indicatid. For readings less
than 200 counts. you may select a lower raoge for increased resolu-

Huoai
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The fullowing tauble indicates the display limits for each VAL range.

Maximum
Display

Minimum
Display

NOTE: Applying 750 VAC ur luss Lo any range, except the 200 mY ACrangs,
will not damage the Multimeter. An overload that does not exceed 300 VAL

frmg) can be applied to the 200 mV AC range indefinitely, and for a
maximum of 15 seconds when over 300 VAC.

A, To determing measurement accuracy, keep in mind that the com-
bined accuracy specification for VAU is = (1.5% of reading + 3
digits) ovor the frequency range applicable to the VAU range being
used, For-example. a display reading of 1.000 VAC from o low
impedance source will have an uncertainty of © 018 VAC over the
fraquency ranga of 40 Hz to 1000 He.

R. The input impedance of the Multimeter on all VAL ranges is fra-
nuency dependent, and can by reprosented as 10 M{1 in parallel with
appraximately 100 pF, This corresponds to approximately 1,36 ML
at it Hz. Measurements at relatively high source resistances could
causs a significant reading error, The Multimeter input impedance at
other freiquancies may be determined by the lollowing expression:

11k WAgY
oo =

VOl + [B.28 % L

where /5, = effective Multimiter inpat impedance, and
f-= freguency in kHz.

Source losding wrror can be determined as follows:

I‘I‘I‘.{'.'.':I-":
U KrTOr = = f \' X100
.‘l :Ilr\'ﬂll"'l'l' + El:| |l'

Loading crror at low frequencies (< 100 Hz) can be vory significant
for source Impoedance [resistances) above 100 k£); and al higher
frequencies {in the oeder of 1 kHz) for sonree impedance even as low
s 20 kf}. The arror will always have a * —  sign, ginee the loading
will alwave roduce the valtage nnder load ko its unloaded value.
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4 When the Multimeler inputs are spons-cireailed omn the 200 Y Alor
& VAC ranges, thore will be a significant emount of counts displayed,
dus to stray line voltage radiastion. This is normal and will oot
mroduce 8 missurement ooror when the leads gro connected toa low
impedance sourcse.

mA DC MEASUREMENTS

WARNINGS:

A For any mA DC messurement, do not conneil the COM socket
(hlark test lead] 10 8 voultage sxcesding 500 veolts (I plus peak
AC] or 3.0 volts rmma sbuve carth [power line) ground. This can
present a safety hazard or damage the Mullimeler when osed
with a battery elimiuator,

B, Uperator injury or instrmoen demege may result i the fusa
apens while moasuring currenl lua civewil with an cpun-circait
voltage greater than 260 V.

CAUTION: The Multimeter is fuse-prodected for s 2-ampere maximuom D
current un the mA [ ranges. If this is excesdad. the fuse will open. the
display will read zero, and the circuil under tast will be vpeoed. [Ses “Fose
Replacemont” on Paga 53],

Select the operatiug powar for the Multimeter (line or buttory], If vou
snlucted line uperation, connecl the converter/charger (o.an AC out-
It &nd the converter!charger plug to the Mullimcter

Release pushbuttons S\W1 and SWa

e —

Dupress the pushbutton (SW3 Uaough SWi) that selocty the desi vl
rauge. If yon are not gure, select the highest range.

Connead tesl leads Lo the Moltimeter mA and COM sockels,

Connect the test leads into the circuit under test. eod observe the
display. :

Select w blgher rangs IF an overload. = indicated. For readings lusy
than 200 counts, you may select u lower range for incroased reaalu.
i,

The following table indicates the display limite for sach mA DU

Minimum
Display

NOTE: Inputs of up to = 2000 mA DC to any range, will nul damags the
Multimeter.
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Additional Lonsiderations:

A

‘I'n delermine measurement accuracy, keep In mind that the accuracy
spociication fur mA DU = |75% of reading + 1 digit), For exam-
ple, u display reading of 1,000 mA DU will have an uncertainty of
= UoBs mA D

When yuu measumo current. your Multimoler will, o somiz degres,
affit the vperation of the cirouitl you amn: testing. This elfect. knoen
as “ingsrtion lnss.” cansesa voltage drop. This will reduce the actual
cirrasit current 10 the current displayed on the Multimoter. This error
should be considarad if the sonrea registance of the circuit under test
15 et at least 1000 times the shont resistor for tha rangas being usad,
For meampla, an the 2 mA 130 range, the shunt reslstur is thLIl-:
tharpfores, 8 saurcn resistancs of 10 k0 wonld result in an insertion
lss neror of approximataly 1% of tha eading. You can determine
insartion loss arror for other source resistances with the following
formula:

Rawsr + 250"
% krrog - ( e —-) < 10

WhEI.'E-' }L.lnlll £ I.ULI II

H-nr.-.-' + R-.nnq « 251"

ail the 2 mA DU range
[N on the 20 mA DO ranges

1 £} on the 200 mA DO range
1N an the 2000 mA LK range

* 35 11 Is the maximum fuse and wiring resistance of the Multimeter.

Thecoroe will always havo s © — " sign, since the “inserted”’ coment
will always it less than the “'not insurled” current. Ta reduce this

offuct, uss the highest range possiblu consistent with the measure-
ment resulution required. '

(. When you altempt to measure DC current wilh s sebstantial AC
of pulse compoticnt superimposed on it, no significant error will
result If the peak-lo-poak variation in corrent does nol excsed
three times thefull-scale DC current of the range being used (2.0

emperes peak AC plus DC on 2000 mA DHC range). A higher
ramge, will minimize this crror.

mA AU MEASUREMENTS

WARNINGS:

A Forany mA AC measurement. do not connect the COM socket
iblack tost lead) 1o a voultage exceoding 500 volis (DO plus peak
AC) or 350 volts rma above carth [powor line) grovwnd, This can

presenl o safety haward or damage the Multimeater whon usod
with a buttery eliminator.

0. Operalur injury or lnstrument damage may result if the fusa

opens while meassuring current in s circuit with an open-circolit
vollage greater than 250 V.
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CAUTION: The Multimeter is fuse-protected for a Z-ampaere maximum AG
current on the mA AC ranges, If Whis is excewded, 8 fuse will open, the
digpluy will read zero, and the cireult under test will ba apenad. (Son “TFuse
Replucoment’ on Page 53).

KNUTES:

A. When you measure AC curmnt, any input other than a pure sinc
wave, will causo an error because the AC converter i3 average-
sensing and rs (sinc wave) calibrulod, Sguary waves, sawtooth
waviy, ote.can be measursd best with an sscilluscopa.

B. After you have first salected the VAL functon, allow Ue Mul-
timeter several seconds (o stabilize before you makes sny mes-
surements. This also applics afier a severe overload has occur-
rel.

L. OnmA AC ranges. the input signal {s AC coupled [capacitively)
Lo the measurement circuitry &o thal DC s blocked.

0. The Moltimoter will display the messured curvent within rated
sccuracy, within a few seconds. bul it may take a few additional
saconds to oblain & stable (= 1 count) display.

1. Select the operating power fur the Multimeter [Line or battary], I you
selectod line oparation, connect the converter/chorger tooan AC out-
let and the converter/chargor's plug o the Multimetar.

2.  Depress pushbution SW7

Relmse pushbullon SWa.

Buprass the pushbulion (SW3 through 8Wa| thol selects the desired
FLILEE,

Connerd (the test loads to the Multimelor mA and COM sockets

Connect Lhe test leads into the cireull under tes! and observe the
display.

Sulect & higher ronge  an overload s indicatod, For readings less

than 200 caunts, vou may selocl a lowaer range for increased resolu-
tion.

The following talile indicates the display limits [or cach mA AL range:

NOTE: loputs of up to 2000 mA AC {0 aoy renge will oot damage the
Multimeter.
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Additional Consideratione,

A,

R = -

Wharn B

To determins messuremenl sururacy, you should keep in mind that
the accuracy specification lur mA AU 8 = [1.5% of reading + 3
digits] from 40 to 1000 Hz on the 20, 200, and 2000 mA ranges and 4
|11.5% of ruading + % digits) [roen 40 to 200 Hz on tho 2 mA ranga.
Thun, as an example. a diaplay reading of 1000 mA AU will havoan
uncertainty of = 010 mA AL

When you messure current. your Multimeter will. to some dogres,
sffect the uperstion of the current you ar testing. This effect, known
a8 “insertion luss.” causes a voltaga drop. This will neduce the actuel
cirenit currenl Lo the current displayed on the Multimeler. This nrror
should be considered if the sourca resistance of the circuit under test
i not at lesyt 1000 times the shunt rosistor for the tongo being used,
For example, un the 2 mA AC rangs, the shunt rosistor is 100 {);
therefore, a svurce resistance of 10 k01 wonld result o an insertion
lnas error of approximately 1% of the reading. You can determine the
insartion loss crrur for other source realstances with the fﬂ].luwlllﬂ

frrmnula:
—) = 100

= 100 [1 on the 2 mA A rango
104} on the 20 mA AC rangs
1 §} un the 200 mA AC range
A2 uet the 2000 mA AC range

Rossws + .25 10)°
Ri.ml.nl'l ! Hl-ﬂl‘" X '25 il.

* 251} is the maximuom fuse amd wiring resistance of Lhe Multimeter.

The emmor will always have a * — " sign since the “inserted™ current
will always be loss than the “not inserled™ cument. To reducs this
effit. use the highest ranga possible consistent with the measure-
munt residution required.

{} MEASUREMENTS .

CAUTION: Before you make in-vircuit resistance measurements, make sure
you disconnect power to the drenit. Also discharge all capacitors,

NUTES:

A

The resistances of the test loads may affect the accuracy on the 200 ()
range of your Multimeter. T'o determine this error, first shori the test
leads together and read the lead resistance. Then subtract the lead

resistance (typleally o1 to 3 ) from the reading for the unknown
resistor,

When you make resistance measurements oo the two highest rangus,
the test leads may pick up stray line-noise, which may result in
crratic behavior of the last dight in the display. You can minimize this
eifect by using one or mure of the following methods.

1. Twist the test leads together.

2. Place the unkoown resistor directly scross the input jacks,

3. Opurate the Multimeter on the internal battery,

4. Keep vour hands away from the lest leads.
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4 If an overmnge cooditivn ocrurs while you woke msistance me- Theselure, you can maks nslstanc: measurements without having to
surements an the two highsst mnges, it may tloke several seconds remove diodes snd fransistors from the cirouil
before the display shows the correct. measunsd value.

. Yo can muke dnscirenit roslatance messaremonts by using the 200 k. O the 2 kD, 200 k£, 20 M ranges, the Multimeter produces a
£1, 20 ki1, and 2000 kO ranges. since full-scale massuroment vollagos sl voltage that is sufficient to forward-tins silicon june:
on these rangus are not sufflciont 1o forward.bias silicon junetions s, Theseranges aro uinhul whan you cheek and match diodus amd

: Lraiigigfurs:

The follonwing table indicates the approximate valtage and current charac-
teristics for pach resistance range.

Full Sealu Short Circubl Ohpen Circuil Test
Vollage (Lypioal) Cinrrend [ty ploal) Vollago [Lypical)

AO0 mY
200 mV
d00 my
200 mY
Y
75 mY¥
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IN CASE OF DIFFICULTY

NUTE: It s important that you road Lhe entire “General Troublashooting
Information™ sectinns which follow. before you attempt to servire your
Multimeter.

This section of the Manual is divided iule four paris. The first par, titled
“General Troubléeshooting Information,” describes what 1o do about the
difficultics that may occur right after your Muhtimoter is sssembled.

The socund section. titled “Troublishonting Precautions,” poinly out the
cieit thit is required when you service tho Multimetar to provent damasga to
the veanposunls.

The third part, titled "Troubloshooting Chart,” 1s provided (o assiat you in
wnrviving the Multimeter if tho "Genaral Troubleshooting Information”
falls to eloar up the problem, or if difficulties occur afler your Multimeter
hits bewn in nse for seme time. The “Troublsshooting Chart” lists s number
ol posalble difficultics that could arise along with several possible solutions
tothoaa difficalties. Refer to the " Clrcuit Board X-Ray Views' un Pages 88
md 849 for the physical location of parts on the circuit boards

The fourth part “Circuit Board Cleuning,” should be used only as a “last
mrt” to clean a contaminstod main circoit board.

General Troubleshooting Information

=

CALUTHON: Always be surethe foil side of the cincuit board is pasitioned on

an insulated surface; atherwisa, the Multimeter can be damaged.

L Recheck the wiring. It Is often helphul o have a friond check your
work, Someone who is nol familisr with the unit may notics an errar
that was consistently overlookoed by the builder,

- Abuut 90% of the kits that aro riturned for repair do oot function
proporly due to poor connections and soldering, Thevelor, you can
ulbisliste many troubles by chwcking all connectiona L meke surs
that thoy are goldered correctly, Roheat the connections, I nuceasary,
but be carciul su you do not create any solder bridges,

3. Cheek the values uf all the parts. Be sure that the proper part has beon
installad at cach location v the circuit board. Refer to tha " Circuit
Board X-Ray Views" fur the physical location of parts an the cireuit
board.

3. Check for bits of solder, wire ends, or other [oreign matter which may
b lodged in the components on the circuil board.
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Check very carafully to ba surs thare are no golder bridges between
diffarent circuit board folls, If you are net sure a solder bridge exists,
compara the circuit board foil with the “Circult Board X-Ray Views"
on Pages A8 and 89 In this Manual. Remove any solder bridges by
holding a clean; hot goldering 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 alfer you have completed
the checks listed above, and if & valtmeter is available; check the voltages in
the Multimeter agains! thu Schomatic: A review of the "Circuit Tlescrip-
tiun" and Schematic may also help vou to locate any difficulties in the kit

In an extreme case where you arc unable to resolve a difffculty, rofer to the
“Customer Scevice' inflormatlon instde the rear cover of the Manual. Your
Warranty is located inside the front cover,

Troubleshooting Precautions

Integrated circuits U3 and U4 are MOS [metal-oxide semiconducs
tor) devices and they can be damaged by static electricity, There
fors, make sure you remove these [C's o the same mannerthat yoo
Inetalled them. Refor to Pages 38 and 38 fer the dorrect technigue

Bu sure you do net short eny adjscent terminals or foils when you®
make lests or voltage measuremonts. If & probe ortest lead slips for
example; and shorts toguther bwo adjscent connections, it is very
likely to cause damage te one or moce 10, transistors, or diodes,

Beespocially careful when you test any circuit that contains an IC
ora transistor, Although these components have alimost unlimated
life when uged properly, they are muoch more vulnerable 1o dam-
age from excessive voltage or current than maeny other parts,

In saveral aress of the circuit board, the foil patterns are quite!
narrow. Whaen you unsolder 8 part to check or replace it, avaid
excarRive heat while you remove the part, A suction-type desal-

dering toul will maks removal considerably sasier, You may also

use the desoldering braid supplind with this kit to remove the

salder,
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Troubleshooting Charts

These charts list the condition and possible causes of several malfunclious, connected ta it for poor connections. It is also possible. on rare occasions,
Ifa particular part is mentiomad (U4 for axample) as a possible cause, check fur a part to be faulty and require replacement.
that part to sea if it was installed corractly. Also check it and the parls

PROBLEM POSSIBLE CAUSE

Dead battery,

SWa,

Z01.

U4.

LCD1.

J4,

Open winng to battery.

1. MNopan of the display lights on any funclion or range.

2. LO BAT is displayed. Low battery volage.
3.
B25, R28, or R27.

L3 or U4,

comerammOCOEn e

Interconnection belwaen
U4 and LCD1.

B. LCD1,

H L4,

3. One or more display segments do not light.

=== ==
| 4. One or more digits do not light.
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PROBLEM FPOSSIBLE CAUSE

#

4.

5. One or more display segmenis are always [it.

SW2 through SW7.
U3

H18, RI39, or R21
(378

»|pome

7. Negalive sign impropedy displayad.

B. L or X segmenis of display are il (see Schemalic),

L4,

-

interconnection batwaan display
crrcidt bosrd and LCDY.

9. Display does not respond o any input changes on the
200 mV DC range.

Ut or U4,

C4, C12, 13, C14, C15, or C18,
M4, HS, A24, or R35 lo R38,
Open in SW1 1o SW8 ¢lrcuit.

SO

10. Readings are oul ol tolerance on the 200 mV DC range. DC CAL control (R13)

improperly adpustod.
un

Ag, Ag, R11, A12
(2.

Flonm @

11, Displayed reading is greatar than = 001 on the 2 VDC Main circuit board is contaminated. See "Circuil Board Clean-
range with COM and VI inputs shored. ing” on Page 70.

U4,
Ci6.
4 or Q5

oom
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PROBLEM POSSIBLE CAUSE
— _—
12. Readings are oul of tolerance on any (or alf) VDC and A RN1or AN2
VAC ranges except the 200 mV range B RZ or A3
C 4 o O5
————— e e e
13. Readings are out of tolerance on the 200 mV AC range for A U2
lull-scale valuss only at 60 Hz. B. D5 or D6.
C. ca.
f— —— -
14, Aradings are out of tolerance on the 200 mV AG range for A CForCH,
low values only at 80 Hz. B. D8 or DA,
. R23.

h—-——

A AC CAL control (R34)

impropery adjustad.
B. R29. R32, or R33.

15. Headings dre out of tolerance on the 200 mV AC range for
any valye at 80 Hz.

Readings are oul of toleranca on the 200 mV AC range for
low frequences (less than 60 Hz)

C5 through C9 o C1E
B. R22

Uz

17. Readings are outl of lolemance on the 200 mV AC ranga ior
high frequencies,
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PROBLEM

POSSIBLE CAUSE

18. Freguency response is not flal on higher AC voltage
ranges.

19, Headings are oul of tolerance on the 200 1} reslalance
range only.

20. Readings are oul of tolerance on the highar resistancoe
ranges.

21. Raadings are out of tolarance on the 2000 kil and 20 MI}
resistance ranges only.

22, HAeadings are unslable on all resislance ranges.

23 Full-scale vollages on all resistance ranges are not as

specified,

24. Displayed reading remains unchanged regardiess of
currerd nto the mA input.

A C2 or CA

B.  Shield is not grounded.

A, HE.

A RS,

B. AN1.

A Main circuit board is contaminated. See ~“Circul Board
Cleaning™ on Paga 70

B. RN1.

. 5

A, AT1.

A, o1,

B. Hb ar /Y.

v D3 or D4.

A F1 (or wiring)

B D1 or D2

C. Open n SW3A, SWd, or SWS arcuil

——— e —— =
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PROBLEM

25, Readings are out of tolerance on the 200 mA
or 2000 mA current ranges.

26, Readings are oul of lerance on all current rangas.

27, DC CAL contral (R13) is wrned to either limit,

28.  AC CAL control (R34} is wmed to sither limil,

T e

29, AL REF ADJ-contral (R16) is turnad to ether limit.

POSSIBLE CAUSE

A

@ »

O@BF DO mF

AMNZ.

R2 or A3,
RANZ.

L.
RE. RS, Ri1, A12, or A1 3.

Lz

DE or D9,

R29, B32; H33, or R34.
C7.

g,
0.
R15, R18, or R17.
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Circuit Board Cleaning

Use the following "last resort™ procedure to clean a contaminated main 2.
circuit board.

1.

Remove the bezel, the liquld crystal display. and tha LCD haldar
from the display circuit board. 3.

SPECIFICATIONS

NOTH: Thaaconracy of this Multimater depends on whather vou calibrated
it using the built-in references or lahoratory standards. specifications are
listed for hoth methods of calibration, where applicable, at 25°C.

DC VOLTAGE

T R R T N B P e ey e + 900 my, £ 2%, = 20V. = 200V, £ 1000

L O R U —— . Laboratory standards:
= {.25% ol reading + 1 count],

Buill-In standards:
L [.A%% of reading + 1 count].

Iee demineralized water and o seft brush Ly clean the entire cireuit
board and the pushbutton switch assembly. CAUTTON: Avoid get-
ting axcessive amounts of water in the swilches,

Bake at 150°F for 5 hours. CAUTION: Allow the circuit board time to
conl down hefare yon reassemble the instrument,

!
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Riprik Senpisedaiton: . L Lol LAl e el d e e s 16 M) on all ranges.

Crrarvoltage-ProteetiOn . .o e oo or b s 1000 VI, 760 VAL on all ranges.

HhmR*--.-- e BOEE F#bla st Ve g i F B ke Rt e PR E RS Grﬂtﬂrthﬂﬂludﬂunﬂ}lrmﬂﬂﬂ-

{line and battery operation) (@ DC, 50 and 60 Hz AC). '
T et PR M R PR e e g L W L e ST Creater than 100 dB un all ranges_

[I.me:ndhnﬂ:erj' uperation) (& DL, 50 and 60 Hz AL).

AC VOLTAGE (Average-responding, rms-calibrated)

BREEVBEIE (1cs o 1w s M 4o o et e B A48 L 100 mV, 2 V, 20 V, 200 V, 750 V.
Basic Accutacy ©...oii.ihaioa, NS T T O Laboratory standards:
{50 and 60 Hz) + (5% of reading + 3 counts).

Built-in standards:
& |% of reading + 3 counts).

Frequency Response . . bR 200 mV, 2V, 20V, 200 V ranges:
(@ 25'C = 1w0° C I!:!fﬂ.l‘ﬂl:ltﬂd tu E'-:] H: 'Hﬂdi'lal + 1% of reading), 40 He to 1 kl=.

VAUV range!
L[ 1% ul reading), 40 to 400 He.

*Normal Mode Rejection Ratio.
“Lomman Mode Rejection Ratio
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laput lmpedance ......... el b e e 10 MO shunted by approximately
10 pF on all rangos. 1
Ovezvollage Prolection .....ccvvirrvsrormrnsainssnssnss : 2V, 20 V. 200 V, 750 V ranges:

1000 VI, 750 VAC

200 mV range:
1000 VDX 15 scconds maximoem over 300 VAC

DIRECT CURRENT

Ranges .. ... v A A RN B SR A 3 b ek e = 2 mA. = 20 mA. = 200 mA, = 2000 mA.
ACCOrRCY i oiiains : e + [.7%% of reading + 1 count) on all DG ranges,
Voltage Drop [Mesimum) ... c.oicivrieanaiacssizzsnsas =2 mA, =20 mA, =200 mA ranges:

.25 VDU el maximum display.

£ 2000 mA rangu:

7 VDL et maximum display.

Overcurrent Protection .. .c.oiveinmsimeananis N s 2000 mA maximum vn all ranges,

protecied by fuie end clamp diodes
in circuils with open cireuil vollage
less then 250 volts.
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ALTERNATING CURRENT (Avcrage-responding, rms-calibrated)

1 Toi T T L

AELTIRBET v e me s

Voltaga Drap (maximum) ., .

---------------------------

e TR el e e i s b e e R e

RESISTANCE

Ranges ...

2 mA, 20 mA, 200 mA, 2000 mA,

20 mA, 200 mA, 2000 mA ranges:

= {1.5% of reading | 3 counts],
40 Hz to 1 kHz.

2 mA TAnge:
= (1:5% of reading + 3 counts],
4 ta 200 Tz

2mA, 2o mA, 200 mA ranges:
25 VAL al maximum display.

2000 mA ranga:
7 VAL at maximum display.

2000 mA maximum on all rangas,
protected by fuse and clamp diodes
In circudts with open circuit voltage
less than 250 volts.

200 00, 2 k0, 20 k02, 200 k{1, 2000 ki1, 20 ML
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PR (i s i aaa Db e is s il s et B LN C b bans ] 200 {] range:
= |.3% of reading + 3 connts),
2 kb, 20 ki), 200 k., 2000 kL) rangos)
+ |.25% of redding + 1 count),
20 MI} rangw:
(2% of reading + 1 count).
Voltage @ max. display ... ..ooioiimiciiieiniinasy 200 1), 20 K. 2000 k1 ranges
[lowe test vollage):
Laas than .25 V.
2 k0, 200 k). 20 M ranges
(kigh test voltege):
Creater than 7 VINL
Overvoltage ProtocHon ...y ccsvaigmsain o 300 volts D or A on all rmanges.
GENERAL
Operating Temporaturs Rangn .. &, . ...0cveiinae . 070 L 50°C (32F L 122°T).
Slorsge Tomperslure: ... - aiioiiiitecanidasassneis =20 1o 60°FC {—4°F 1o 140°F),
Tuemperature Coulficient ................ S = {.1 x applicable accuracy)™.
Power ROqUIremonts . . .. oo oo iieiniisinasissosis S S-volt battury (NEDA 1604) or

Heath P5-2350 or PS-2450 Converter/Charger.
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Battory Life (ovpieedd . oo e e e e ey Alkaline 200 hours: carbon-zine
10O Lo 150 hours.

B T R N R s oo 3 L e W R [Yiaplays "L BAT™ when approximately
2% of battery life remains.

Polarity Indication Antomatic negative. implicd positive on VIO, mA 0C,

Dverrange Indbeation o o oo e et e ﬁlldlgﬂ_ﬁ.mnﬁpl‘mngl‘
significant digit blanked.

Maximum Hesolution ., .. ocoviiin oo i oiean. Violtage: 100 u V.

[kow range} Currant: 1 uA.
Resistance: .1 (0.

EHEplay RAtE ooy aenis sl T T Approximately 2-1/2 per second,

RN im0 1 W e L i A-1/2 digit (1995 maximum
cownt} liquid cryatal.

T ey s g o L S R e RS e S 2* Hox 31" Weox-72-12" L
[5.1 = 8.3 = 19.1 cm]

MR L N R R S R R 14 az. [400g] with battery,

el U R N —

Tha Heath Company resprves the right to dircontinue products and to
rhanga specifications at any time without incurring any obligation tn
imcorporate new features in producte previously sold, -
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CIRCUIT DESCRIPTION

Refer to the Schematic Diagram, the Block Dhagram [1Mlustration Aooklet,
Page 18], and the follrwing Pictorials as you read this “Circuit Descrip.
tion."

BASIC METER CIRCUIT

The nalog-to-digital (A/D] converter, linuid crystal display (LCD), and DC
vaoltage raference make up the basic mater cleeuit, which provides a digital
indication for DL inpul voltages betweon — 1999 millivelt and + 199.9
millivalt, The MOS/LSI integraled clrondt [U4) coulaing all of the active
analog, digital, timing, and display drive clreuits required fur the 3-1/2
digit A/D conversion.

111 is a tempersture-compensated, 1.23 vaolt DC reference, which is used 1o
estahlish a reference voltage for the A/D conversion process. 11 also pro-
vides a known DC voltage st TP1 for calibrstion purposes. RA sets the
reverse current through U1 at sbout 1 mA. Shumt capacitor C4 pesvents U1
from oscillating: thus, ensuring reference stabllity under all operating
conditions. R11, R12, and R13 form & resistive voltage dividor, which

establishos a 100.0 millivelt voltage drop across R11 whan R13 {8 properly
adjusted,

The reforence valtage across R11 is applied 10 AfD REF HI and REF LO
inputs in the volisage and current modes of operation. This voltags charges
reference capacitor C14 once evary conversion cycle {once every .4 second).
K24 and C14 provide luw-pass filtaring of the relerence voltage, reducing
noise affect. When the Multimater |s operated In the resistance mode. the

referencad clrenil is used ag a voltage source for resisiance measuruments
(see “Reglstance Moasuromants').

C15 and R38 are oscillator components which determine the A/ conves-
ter's oscillator frequency of spproximately 40 kHz This frequency provides
2-1§2 comversions per socond and helps suppress 50 and 50 Hz noise. The
sniife conversiva timing asquence is controlled by this escillatue.

U4 is powerod by a devalt battery, which is conncctod acrass Vi, and Vi
An Intornal reguletor on L13 sets Vi, (pin L) at approsimately 4 28 volls
with regpect 1o the COM pin (32). The COM pin is usod as analog ground;
The TEST pin {37) is about ~2.2 volis with respocd 1o COM aned {8 used s
the digital ground [ur U4 snd the decimal and snnunciator drives drcaitry.

IN LO [pin 30} and IN HI {pin 31} aru the apalog signal inpuls to the A
converter. R35 and C18 provide low-pass filtering of the input signal
supprass AL line and nolse signals from the input DC signal. Transistors
and % ure connectud a8 clamp dlodes to protect U4 agalngt excessiv
positivo or negative lnpot veltages, Under overlond condltions, R3S limits
the:current passing through 04 and 06, while R36 Hmits the current to 114,

013 is churged by internally genvrated voltages 1o compansato for off:
voliages lo the analog circuitey of 1[4, This “sulumatic zerolng” «
that the digital display will be zero for & zoro voliage input 1o the Al
converier inpul
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Integrating resistor R37 and integrating capacitor 12 ars ussd in conjune-
tiem with the internal vircuitry of U4 to integrate the analog Input valtage
ofera fixed time interval. After integretion, the voltage across the reference
apacifor is used to return the inlegrator output to zeéro, The time required

fer the output to roturn W zero is proportional to the analog Input slgnal.
Specifinally,

I"".rﬁ.' i lI"lln'.'ll L.i}

Display readt = 1030 r_
P o L v.i'tEF R vﬂmr Ll

RESISTANCE MEASURING CIRCUIT

Begistance measurements are accomplished with o retiometric technique
wihich compares the voltage across a standand resistor with the voltage
acrnes the resistor being measured. This is possible since the AJD converter
produces a display that is proportional (o the ratio of the AJ/D analog inpat

- valtage (Vi) to the A/D reference input voltage [V,.). Specifically, the
digital value displayed is: 1000 L... . Thurefore, if ¥, and V, , are equal,

Tl

1000 wontld be displaved.

bC VOLTAGE
SOURCE

PICTORIAL 7-1

In Pictorial 7-1, the DC voltage source forces a current to pass through
unknown resistor Ry and standard resistor R.. This current produces a

voltage drop across each resistor such that:

Vi, =RJ  and  V,, =Rl

If these equations are substituted for V,, and V., in the previous A/D
eujuation, the displayed value will be:

=

(v'" 1000 il 1000
Vier R, R,
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Sincw the value of B, 16 chosen to b some power uf 10, thie disploved vala iy
cyual to the unknown resistance limes 8 powor of 10 scaling factor.

As shown in Piclorial 7-2. the voltage scross unknown resistue R, is applied
to AT convertar inputs IN HI and IN LO through a low-pass filter and
profes tion circuitry. The voltage scross standand resistor B, (RN1T and RS is
applied to A/D converter inpuls REF HI and REF LO throngh a low-pass
filter made up of K24 and C14. Trunsistor Q2 i3 connected as n zener dicsde;
tharefore , its emitler-collector voltage is limitod to approximutely 9 volts
when the “diodu' s reverse-biosed by a positive ovarlond voltage. When
the " diode” s furwued -biased by n negative mwirload voltage, the emitier
colluctor voltage of Q2 is approximately — 7 volt, In either cose, 8 curren
path exists through (32, RT1, R1, and the source of the overlosd. RT1 scts oy
@ lovir resistor until the current through It excosds 12 mA. Above this
vialue its resistance increases rapidly in 2 non-linear manner, limiting the
wurrent to some value less than 12 mA. This provides protection for the A/D
reference inputs as wall as for the DC voltage source.

U1 in used asa DO voltage source for ohms mussurements. The exact valun
af the voltage is not Important since the sami curcenl pessos through both
thes unknown reslstor and the standard reslslor fue any volue, Tt is this
curennd that establishes the ratiometric voltugis, Transistor Q1 is driven
into saturation on the 20 k6 and 2000 kO ranges, affertively reducing the
D test voltage al tho bottuwn of the standard resistor string (junction of RS

and Ré). On the 200 1 range, considerabla viltage drops across R9, KT,
and R1 provide the desired low tost voltage condition.

—

IRi

LOW-FASS FILTER
&
FPROTECTION

I

IX HI iN LD

AlD AMALOG
INFUIS

Vig
Ry

(oo

COM

bE VOLTAG
SOURCE

REF LO REF HI

AfD REFERENCE
INPUTS

PICTURIAL 7-2
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DECIMAL POINT AND ANNUNCIATOR DRIVE

(e input of each of the Exclusive OR gates in U3 is connected to the
baciplane (BP) pin of L4 (see Pictorial 7-3). The other inputs are nucmally
“pulled down™ to digital ground by resistors R18. R14, R21, and RZ6. When
hese inputs are pulled down, the LO BAT annunciator and the decimal

Yoo
Yol 3 ¢
l LCD STGMENT
170k iDF OR ANKUMNCIATOR)

i ap

.J— LCD BACKPLANE

TE5T

PICTORIAL 7-3

BACKFLANE

points [DPs] are blanked [off}, since the back plane and segment waveforma
are in phaso and the net voltage from LOD backplane to segment is zaro.

When the swilch is closad, the gale input is “pulled up” to V., and the
segment wavidorm is shifted 180° with respeact to the beckplane wavelurm.
This results in a net LCD drive waveform with a 5 volts rms or 10 volts
peak-lo-pesk value (see Pictorial 7-4).

When the battery voltage [V, « Vi) is higherthan approximately 7.2 volts,
(3 s saturated and pin 2 of 173 is pulled near digital ground, so the LO BAT
annunciator 1 Manked. When the battery voltage drops ta about 7.2 volts,
pin Z of [13 is pullud to V. Thig turng the annunclator on, at which tlme

approximately 205 uof the battery capacity remains before the accuracy of
Multimeter falls off.

-—Ypp
TEST
5Eu.~.1r~.1~—]__]—|_|—-1_|—’-fnn
==-TES |
LT
e R I S, sl E - ILCD WAVEFDRM
—— P ISEGMENT VOLTAGE WITH

Py 1 —-—

RESPECT 10 BACKPLANE)
PICTORIAL 7-4
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VOLTAGE DIVIDER/STANDARD RESISTORS

RN1, RZ, R3, and RN2 form o ducade resistiva dividoer network for attanuat-
ing loput voltages. Range swilches select the proper lap in the divider
network. On the 200 mV range. the input voltage is applied directly to the
AC/IDC or A/D converter through R4. which provides current limiting for
the ACDC converter. (2 and C3 mre voltage divider compensation
capacitors, which etend the AC [requency response of the Multimeter.
RN1 and RS wre used as standard resistors for resistance mossurements.

CURRENT SHUNTS

Ri. R3, and RN2 are used as current shunts for 1DC and AC currénd mass-
sureménts. RNZ provides lour-terminal messurement on the 200 and 2000
mA ranges; therefore. ermors ame reduced doe to switch and contact resis-
tances. D1 and D2 are voltage clamps which, together with F1, protect tha
shunts from voltage and current overluads.

AC/DC CONVERTER

Voltages from the divider taps are applied to C5, which blocks any G or
low [requency AC components. D5 and D6 are pratection diodes which
clamp any excessive inpul voltage. R14 limits the peak current through s
and D6. Capacitor C6 blocks any DC voltege present st the junction of Ds
and 6, so that the DC opereting point of U2 does not shift during an
ovarlosd condition. R22 refurunces the very high Input resistance of U2
ground, Dwa to the high value of R22, It has a very small loading effuct on
the divider resistance with respect to ground.

|

The U2 circultry has two separate fnadback paths; one for DG and onn fer
AL The DO fecdback signal, through R23, causey the DC aatput buvel at pla
G of LI [by virtue of its high gain) to track the DU voltage at pin 3. If the
autput varies from this poiol, a correction signal to pin 2 coupteracts the
variation.

When 200 mV AC is applied Lo pin 3 of 112, the positive and negative hali
cyiles of the sine wave are routed through different circuits ot the output of
U2, These hall vycles aro rorombined in & manner ss describod naxt. For lhe
poaltive half cycle, the pln 6 utput iy delyon positive by the gain of 02, Thiy
vutput variation, which 18 coupled through C8, forward bisses Do and o
pusitive currant is furved through R32 to R33 and R34. The voltage pro-
duced at the junction of R32 and B33 by thiz current Is coupled by C7 back to
pin 2 of U2. The pusitive half cycle of the AC voltage at pin 2 is forcad by the
high gain of U2 v be equal to the pusitive half-cycle of the AU voltage at pin
3. During the negative half cycle, the AU output at C8 bisases D8 an and, jn e
similar manner as just described, the segative half-cycle at R33 is coupled
buck to pin 2 and is the same as the negative half-cycle al pin 3.

Mhiring the positive half-cycle, the poak voltage vut of 349 to R332 is divided
down by the R12 through R34 circult. However, since the voliage at R33
must be equal to the peak voltageat pin 3, the peak vollage at R32 is higher.
E32 has, in faci, approcdmately a .63 volt peak value when the input at pin 3
(200 mY AC) has a .28 volt peak value. Likewise, the oopul of D8 hasa - /)
voll puak value. During the pesitive balf-cycle, tha positive peak voltage
from D8 charges C9 through B31, During the negative hall-cycle, GO s
diguhurged somawhat (Uhrough Ra2) by the —.28 volt peak signa at B33,
Huwaever, the net charge during a camplate cycli risults Ina positlve charge
aon LY.
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Admsiment of the gain of this cincuil is made at R34 such that, for cxample,
3 190 mV AL signal applied to the Multimeler on the lowsast range produeces
4190 mV DC st the jonctinn of R31 and Co. This is measured by the A/D
orait

L privides u pesking of the high-frequency response of this circnit by
increasing tho cirenit gain for frequencies above 500 He,

INTERNAL REFERENCES

L!1 is extremaly stable with respeecd 1o temperaturs, bias current variations.
and aging. s roverss breakdown voltage hae buen mansured amlrtlu{ﬂnd
then recarded for use as 8 “reference’ voltage for DC mhhral.'iun

Thuo backplane signal of L4 1z a high quality, 50 Hz square wave which can
bo wsed for calibrating the ACTC convurter, A known ratio axists botwoen
the values displayed for AC and DO mode measurements of the voltage at
TP2. D10 rectilies the backplane signal, R15, R16 and R17 form a voltage
divider. In the DC mode, R16 is adjusted for a voltage of 171.2 mV at TPL
Thes AC mod e i then selected and R34 is adjusted (ue a reading of 190.0 mV.
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SEMICONDUCTOR IDENTIFICATION CHARTS

DIODES

CIRCUIT HEATH MAY BE
COMPONENT PART REPLACED
NUMBER NUMBER WITH

D3, 04, OY 56-56 1N4149
De, Do, D10
D&, Dé

Df., D2 selected
] L

IDENTIFICATION

IMPORTRNT: THE BAMDED END OF DADDES CAN
BE MARKED IN & NUMBER OF WhYS,

P f iy -"'“yf- _.:,.-:"rp ; Fa

& iff. £ i .
fﬁﬁtﬁ”@{‘ﬂi ;/ '
“ = _,
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DISPLAY

CIRCUIT
COMPONENT
NUMBER

HEATH
PART
NUMBER

MAY BE
REPLACED
WITH

IDENTIFICATION

i)
i

e

AND
FEQOZD2
ar
411-843 BECKMAN
738-02050
o
HAMLIN
3933-363-158

LG

Y[

— . 3

20
= e e J

|

!
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TRANSISTORS

CIRCUIT
COMPONENT
NUMBER

MAY BE
REPLACED
WITH

IDENTIFICATION

417-875

FLAT
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INTEGRATED CIRCUITS

CIRCUIT HEATH
COMPONENT PART IDENTIFICATION
NUMBER NUMBER (TOP VIEW)
SRS IR
b UNITS)[ 2]
CTUNI TS 3] 0563
BrUNITS )[4 TEST
A CUNT TS H[5] GE|REF HI
xS e REF 0
6 ”“"‘HE FAREF, CAP
L 442-678 ICLT10BCPL £ AUNITS)[d] GAREF. CAP
DoTENSI[] LA commaon
CorTEns Lo GIINPUT HI
B ATENSI[LL B0 INPUT LD
A ITENS) [12 2 AUTO- ZERD
FITENSI[L3 ZEBUFFER
E ITENSHTA Z7 INTEGRATOR
b 1100 sh)15 28] -1 SUPPLY
B 100" s) 18] 256G tTENS)
F o100 s 7] %q: (100 s
E (a0 s) 18 23]A (100" 5)
BC (l0a0) 9] 276G (1000 s)
T ]
Pmlnmﬁuq;r@ ZTBACKPLANE
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Integrated Circuits [cont'd.)

CIRCUIT HEATH MAY BE
COMPONENT PART REPLACED
NUMBER NUMBER WITH

uz 442-678 TLOG1CP

IDENTIFICATION

M C

Vige

DU
FUE

DFFSFT
MULL
INZT

r.:l

i

f

1

OFFSET
MULL
INTI
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e

E HEATHITY
CIRCUIT HEATH MAY BE
COMPONENT PART AREPLACED IDENTIFICATION
NUMBER NUMBER WITH
U3 443-017 CD4030AE
SELECTED
U (PART OF
100=1757)
- ———,—— e
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CIRCUIT BOARD X-RAY VIEWS

NOTE: To find the PART NUMBER of a component for the purpose of
ordering a replacement part: DISPLAY CIRCUIT BOARD *

A. Find the eircuit component number {R5, C3, ote.) on the X-Ray
View,

B. Locate this same number in the “Circult Component Number™
column of the “"Parts List™ in the fronl of this Manual.

. Adjacenl to the circull compenent number, you will find the
PART NUMBER and DESCRIPTION which must be supplied
when you order a replacement part.

[(Viewed from the component side)
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(Viewed from the component side)
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NOTES:

~

s W

REFER TO THE "CIRCUIT BOARD X-RAY VIEWS" FOR THE
PHYSICAL.LOCATION OF PARTS,

REFER TO THE COMPONENT IDENTIFICATION SECTION
FOR THE TOLERANCE, WATTAGE, AND TEMPERATURE
COEFFICIENT OF RESISTORS SHOWN ON THE SCHEMATIC.
RESISTOR VALUES ARE IN OHMS (k=1000, M=1,000,000).
CAPACITOR VALUES LARGER THAN 1.0 ARE IN pF AND

CAPACITOR VALUES LESS THAN 1.0 ARE IN UF UNLESS
OTHERWISE SPECIFIED.

<7 INDICATES POWER GROUND.

INDICATES LOW-NOISE GROUND.

INDICATES A WIRE CONNECTION TO A CIRCUIT BOARD.
INDICATES A TEST POINT.

INDICATES DC VOLTAGE MEASUREMENT WITH V/Q

AND COM INPUT JACKS SHORTED.VOLTAGES ARE
MEASURED WITH RESPECT TO INPUT COMMON (J2).

*
INDICATES DC VOLTAGE MEASUREMENT WITH SW8
IN OHMS POSITION AND V/Q AND-COM INPUT
JACKS SHORTED. VOLTAGES ARE MEASURED WITH
RESPECT TO INPUT COMMON (J2).

SVITCHES ARE SHOWN IN THE 200MV DC POSITION.

NOTE: ALL VOLTAGES WERE MEASURED AT NOMINAL
BATTERY VOLTAGE (9V) WITH A 10 MQ INPUT IMPEDANCE
VOLTMETER. VOLTAGES MAY VARY +20% EXCEPT AS NOTED.
ALL WAVEFORMS WERE MEASURED AT NOMINAL BATTERY
VOLTAGE (9V) WITH LOW-CAPACITANCE, 10MQ PROBE.
LEVELS MAY VARY +10%

SEE DISPLAY
WAVEFORM
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