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"INTRODUCTION

Chapter 1
INTRODUCTION

1.1 GENERAL

a. Deta Precision Model 248 4% digit multimeter {(DMM) (frontispiece} is
a miniature, rugged, battery-powered (or line-charged battery), portable meter
for measuring DC or AC voltages, DC or AC currents, and ohmic resistances
with 0.005% resolution in 25 ranges with 100% overrange._The Model 248 iike
i1s predecessor Model 245, uses the field-proven Tri-Phasic analog-to-digital
conversion, ksopolar reference, and Ratiohmic resistance measurement
technique. In addition, the Model 248 incorporates true RMS sensing on AC
inpuLs.

3. The Modet 248 DMM is complete, including carrying case, wrist strap, test
probes, battery pack with rechargeabie batteries, charger with integral line cord,
and this complete instruction manuai. Performance-extending accessories are
avaiiable and are listed in paragraph 1.4,

1.2 OPERATING & DESIGN FEATURES

a. Model 248DMM is operated simply by selecting the measuring function with
one front-panel rotary switch and an apprepriate range with the other, The
measured input signal inciuding sign and decimal point is displayed on 7-segment
pianar LED characters, All measured values are direct reading as determined by
the selected function and range. Dut-of-range inputs {overload) are indicated by
a blankec dispiay {decimal point and polarity sign, if appropriate, remain lighted).

b. A nominal full scale sensitivity of 100mV, 1 Kohms, or 100 microamps is
avaiiable for voltage, resistance, or current measurements, respectively, providing
a resolution of 10 microvolts, 100 milliohms, and 10 nanoamperes. Measurements
up 1o 100% overrange may be made on gach range scale {except for voitage on the
highest range} with the same high accuracy as for in-range measurement on each
scale. Model 248 DMM incorporates protection circuitry to permit maximum in-
put signais (within specifications) to be applied indefinitely on any selected range,
without damage.

c. A fulty-charged battery pack will supply 6 hours of in-specification opera-
tion; it can be recharged fully overnight (12 hours}. Moreover, the batteries are
always being recharged when the battery charger is connected, whether the meter
is turned on or off. Power consumption is less than 1 watt from the battery and
slightly more than one watt from AC mains when operating the charger. Battery
drain and parts count are minimized by the use of a proprietary L.SI/CMOS chip
which perfarms all the logic functions required by the A/D converter,
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1.

1.3 SPECIFICATIONS (For 1 year, without recalibration)

1.3.1 DC Voits
Range Futi Scale Resolution
100mV *199.99mv 10UV
1 -1 T1.00099v 100V
10 * 18.808V mv
100 t19g.99v 10mVv
% + 1000.0V 100mV

Input lmpedance: 10%&49. all ranges.
Maximum Voitage: 1000V, all ranges.
{24 hrs., 239C 219C): 10.03% inp 11 isd
(1 year, 23°C ¥5°C): £0.06% inp 1 Isd
Add £0.00001% 10.1 ppm) of inp/volt on 1k range.
Temperature Coefficient: (0°C to 40°C, alf ranges): (£0.003% inp $0.001% f.5.1/°C.
Common Mode Voitage: 500 VDC {or peak AC}) max when connected to AC power
power line,
1000 VDC {or peak AC) max when on battery operation
{(for safety).
Common Mode Rejection Ratio!
{with 1000 ahm source impedance unbatance)
AC [ine operation: = 120dB @ dc.
= 100dB @ 50z and @ 60Hz
Battery operation: Essentially infinite @ dc
=120 di @ 50Mz and ® 60HzZ
Normal Mode Rejection Ratio: 50 dB @ 50Hz and @ 60 Hz

Accuracy:

1.3.2 AC Volts {True RMS Sensing)

Range Full Scale Resolution
100mV 109.99 10L
1 1.9999 100V
10 1¢.999 TmV
100 199.99 10mv
500VACT 500v* 100mV

*See maximum input voltage limits below.

At frequencies greater than 1kHz with display greater than 10% of
full scale,

To obtain optimum resolution and staied accuracy:
1. Decrease range from maximum to obtain overrange indication.
2. Setect next highest range.
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tnput Impedance: 10ME2in paratiel with 7bpF or less.
Sensing and Calibration:  True RMS
Accuracy: {1 year ® 23°C *5°C),

Frequency® {naccuracy

30Hz : 1% input + 0.6% f.5.)
50 Hz to 500 Hz | H0.4% input + 0.2% f.5.)
2kHz to 20kHz T(1.0% input + 0.2% f.s.}

*Interpolate linearly between frequency end points.

Temperature Coefficients (0°C to 40°¢, al! ranges):

Frequency® Coefficients
50 Hz 1o 500 Hz | T (0.02% input + 0.02% range}/°C
2kHz to 20kHz +{0.1% input + 0.02% range) /°C

*interpolate linearty betwee'n frequency end points

Maximum input voltage {sinewave}
30Hz to 10kkz: 500 VRMS
==10kHz Decreasing to 250 VRMS @ 20KHz

Settling Time: 2.5 seconds max. to 0.1% of fina! reading for full-scale step
input change,

1.3.2 Resistance

Range Euil Scale Resolution Maximum Test Current
1 1.9999k{2 100m&2 1.8mA
10 19.999k{2 182 3304A
100 199.99k§2 1082 3BLA
1k 1999 9k {1} 10082 3.5UA
1oME2 | 19.999m{l 100082 0.35MA

Accuracy {1 year, ® 23°C £5°Ch:

Range Inaccuracy

1,10, 100 £{0.07% input + 1 Ls.dl.}
1k +{0.1% input + 1 {.5.d.}
1oMEL +{0.25% input +11.8d.)
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Temperature Coefficient (0°C to 40°CH:

Range- Coefficient

1,10, 100 +{0.005% input + 0.001% range)/°C
1k +{0.01% input + 0.001% range) /°C
tom £2 £ (0.02% input + 0.005% range}/°C

Measuring Configuration: 2-wire

Maximum Open Circuit Voltage: 3.5 Volts
Maximum Input Voltage: 250 VRMS AC or DC
Setting Time: 0.7 + {0.3) {Resistance in VAP

1.3.4 BC Current.

Range Futl Scale Resclution
100UA *189.80uA 10nA
1 +1,9999mA 0.10A
10 +10.999mA 1A
100 £199.99mA 1044
1k +1989.9mA 100A

Maximum Current: Limited to 2A by series fuse{250V} iocated in red probe
Nominal Full Scate Voitage Across Shunts: 100mV
Accuracy % year, @ 23°C +89C): £(0.3% input + 1 Ls.d.)

Range inaccuracy
100MA, 1, 10 T {0.1% input + 1 1.5.d.)
100, 1K +{0.2% input + 1 Ls.d.}

Temperature Coefficient {0°C to 40°C):

Range Coefficient
100UA, 1, 10 +(0.01% input + 0.001% f.5.1/°C
100, 1K +{0.02% input + 0.001% £.5.1/°C
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1.3.5 AC Current {True RMS Sensing)

Range Full Scale Resoiution

1OGMA 199.95u4 1084

1 1.9999mA | 100nA

10 19.999mA 1A

100 199:99mA 1OHA

1k 199%.9mA 100HA

Maximum Current*:  Limited (o 2A by series fuse (250V) tocated in red probe.
"CAUTION: Protection is defeatred if fused probe is not
used.

Nominal Full Scale Voltage Across Shunts: 100mVREMS

Accuracy {1 year, ®23° +5° ¢}.

Freguency ® Inaceurdcy

30H:2 H1.5% input + 0.5% f.5.)
50Hz to BOOHz H0.75% input + 0.2% f.5.)
2kHz to 20%Hz 1.8% input + 0.2% f5)

*interpotate finearly between frequency end points.

At frequencies greater than tkMz, with display greater than 10%
of full scale.

Temperature Cosfficients {0° to 40°CH

Frequency* Coefficient

30Hz to BOOHz H0.03% input + 0.02% £.5.)/°C

- 2kHz to 20kHz | X0 1% input + 0.02% 1.5.1/°C

*Interpolate linearly between frequency end points.
To obtain optimum resolution and stated accuracy;

1. Decrease range from max. to obtain overrange indication.
2. Select next highest range.
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1-6

1.2.6 Al Measuring Modes

Reading Rate: 2.5 readings/second

Polarity: . Automatic plus {+) or minus {-} dispiayed for all dc
measurements
Overload: indicated by blanking of all digits; decimal point and polarity

{if appropriate} remain lighted.

Power Suppiy: Battery pack with 6 NiCd patteries. Recharging requires
approximately 12 hours. Battery charger operates from -
105-128V (47 1o 400Hz). Model 248E operates from 220-
250V {47 to 400Hz). Charged battery providesup 10 6
hours of operation.

Power Consumption:  0.75W battery operation
Low Battery Indication: Decimal point biinks @ 2.5/second for approximately
' 5 minutes before discharge.
Environment:
Temperature Range:  Operating, 0°C 10 409C
Storage, -25°C to +80°C
Humidity: 89% RH, 0°C 10 40°C, noncondensing
Phvsical:
Size: A% wx 1% h x 3% d. {13.87 x 4.45 x 8.8 cm}
Weight: 1.3 1b. net; 3 ib. packed for shipping (Q.63 ka!

1.4 Accessories (Supplied as Standard shown by *)
{Supplied for Mode! 248E shawn by **)

Data Pracision

Name Miode! No.
Bench Stand B40
Battery Module (Spare) ' P50
Test Leads (8pare) (Set of two) T4~

(Fuse, 3AG, 2amp Fast-Blo}
{Part No. 25-500002}

Charger/Line Cord (105-125V) L15~

Charger{Line Card {220-250V} 30+~
High Veitage Probe {to 40kV) VAQA
Current Probe to 1580 amp IP150
Leather Case WES

Adaptor, Std. Banana to Mini Banana | MB2
Rack Mount R35
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Chapter 2
OPERATION & CALIBRATION

2.1 GENERAL

a. Moda! 248 4% digit Multimeter has been shipped with a fully charged
battery pack, and should be usable immediately upon opening the box and
attaching the probe leads.

b. This chapter contains:

(1

an inventory |ist of what you should find upon apening your
packing carton;

a complete description of the operating controls and indications;

a step-by-step procedure for operating the instrument in any of its
6 measuring functions,

a procedure for determining when to recalibrate the meter; and

application notes to help obtain the measurement accuracies of
which the meter is capabie.

2.2 UNPACKING & REPACKING

a. Mode! 248 is shipped in a molded protective fitted container. This manual
has been packed in a recess at the top of the cuter protective layer, and should be
read before attempting to use the meter. When the protective box is opened, you
should find the following items inside the fiexible fitted carrying case:

3]

Model 248 4% digit Multimeter with attached wrist strap and
battery pack module inserted;

Line cord with attached battery charger unit; (Charger L18 for 105-
125V) (Charger L30 for 220-250V);

Two probes {Red probe fused with 2A {260V) fuse; {Alligator clips &
spare fuse.)

Certificate of Conformance and copies of authenticated Factory
Test Data Sheets;

Warranty Card.
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2.2

b. Carefully examine these articles, noting especially the matching seriai
nurnbers of the instrument and the test data. Inspect the packing case and the
instrument for any signs of damage during shipment and report immediately to
the carrier. Fill out and return the warranty card to register your instrument and
10 establish your warrantied service interval.

c. Accessories, such as bench stand, spare charger; spare battery pack, or high
voltage probes, may hsve been ordered. These will be shipped in their own con-
tainers.

d. Retain the packing materiat for reshipment.

e. When shipping Model 248 DMM, place the instrument in its protective '
carrying case, including test probes and battery charger. Use foam liners and
pack in original shipping carton, if available.

If original shipping carton is no longer available, wrap the instrument {inits
carrying case as above) with a foam-type insulation or air bubble plastic and
pack in a suitabie carton. Use sufficient stuffing to keep the unit securely
positioned in the carton. :

f. if the Mode! 248 DMM is to be kept stored without use for any appreciabie
time {6 months or more), the batteries should be recharged every 6 months,
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Fig. 2-1. Outline Dimensions & Features
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2.3 KEY POINTS ON YOUR MODEL 248 DMM (Figure 2-1}

Fig. -
Ref. item Functional Description

1. Display Area Automatic polarity indication; decimal
digits plus overrange **1"'; and range-
scale selected decimal point display,

2. Function Switch Rotary §-position switch, Seiects one
of five measuring functions or disconnects
battery power {OFF},

3. Range Switch Rotary B-position switch. Selects one of
six full scaie display values and correspond-
ing decimat points for voltage, current, angd
resistance measurements,

4. COM, HI Receptactes for probe leads, common and
high,

. Assembiy Screw Slotted screw fastens meter assembly to case.

8. Flip-Down Tilt Leg Recessed hinged leg to support meter in tift
position,

7. Non-skid pads 2 pads to prevent meter from sliding on
smooth surfaces.

8. Screw Holds rear cover in place.

Chargar Input Receptacle for charger input.
10. Rear Cover Removable cover 1o permit access to calibrat-
ing adjustments, and to remove battery.
11. Adjustments 7 calibrating adjustments.

2.4 OPERATING PROCEDURES

2.4.1 General

Operate your multimeter in the foliowing sequence for most efficient use:

a. 1f line power is to be used, attach battery charger output 10 meter at rear
panei connector; then plug in battery charger to appropriate AC power line. See
power data on charger izbel. Do not remove battery pack. Battery pack must
always be installed for preper operaticn,
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b. Turn the instrument on by selecting the desired measurement function
with Function Switch. . .DCV, ACV, etc.

¢. Select the appropriate full scale range. . 1K, 100, 10, etc.
d. Connect test ieads to meter and apply probes to circuit under test,
e. Read display.

f. Select range for highest resoiution capabitity.

2.4.2 Applying Power

a. The Model 248 4% digit muitimeter may be operated from power supptied
by the internal battery module containing six rechargeable NiCd batteries. The
batteries wifl suppty up to six hours of in-spec operation when fuily charged,
Completety discharge the batteries before recharging. Recharging requires ap-
proximately 12 hours. The meter may also be operated from AC line power,
where available, without disconnecting the batteries. Use the AC charger and
integrai connecting cable supplied with the instrument. The standard Mode! 248
is shipped with a charger that operates from 105-125V AC; Model 248E is shipped
with a charger intended for 220-250V AC. When the line'cord and battery charger
are connected, the batteries are always charging, even when function switch is in the
off position. A protective circuit prevents overcharging the batteries. For ex-
rended field use without access to charging power, an extra battery module is
recommended.

b. Low battery power is indicated by a blinking decimal point in the display,
and approximataly 5 minutes of useful battery power remains when the dispiay
first starts to blink.

2.4.3 Selecting Measuring Function

The feft-hand seven-position rotary Function Switch makes the required in-
ternal connections to measure DC volts, AC voits, Kilohms (3.5V excitation),
DC milliamperes, or AC miiliamperes. The OFF position disconnects battery
powaer from the circuitry but does not disconnect the charging cirguit, if AC
power is connected. The switch positions are as shown in Table 2-1.

2.4.4 Selecting Range

The right-hand rotary Range Switch selects the full scate sensitivity of the
rmeasurement and simultaneously positions the decimat point for direct reading
in the seiected units. The switch positions and the full-scale readings are shown
in Table 2-2. Note that the highest scale position provides for 1oMED for resist-
ance measurements, 500 VAC for ACV measurements, 1000 DCV on DCV mea-
surements, and 1000 mA on current measurement {DCmA and ACmAL
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or equipment,

CAUTION

When making voltage measurements,
exercise care that the source signal
does not include high voltage spikes
which couid be injurious to personnel

2.4.5 Connecting the Inputs

Connect the probes: red probe lead to the HI receptacie and the black probe
lead to the COM receptacie of the meter. Measurements made at the sensing ends
of the probes will be the vatue of the M1 input with respect to the COM input. H
the meter reads + 17.725 voits DC, then the Hi {red-iead) is 17.725 volts more
positive than the COM {black-lead) terminai.

Table 2-1 Function Switch Selections

FUNCTION SWITCH POSITION
{clockwise from OFF)

" PARAMETER MEASURED

DCv
ACV

kS

DCmA

ACmA

DC voltages up to 1,000 voits.

Up to 500 VRMS of true RMS AC
voitage, from 30Hz to 10Kkz, de-
creasing linearly to 250V at 20KHz,

Resistance up to 20 megohms with
maximum open-circuit voltage of
3.5V. Able to withstand connected
externat voltage of 260 VRMS AC
or DC.

2irect Current in milliamperes, up
to 2,000mA, protected by 2-ampere
fuse rated at 250V in red input probe.

Alternating Current in milliamperes.
Up to 2,000mA of true RMS inputs,
protected by 2-ampere fust {260V) in
red input probe.,

2.4.5 Reading the Display

a. DC polarities are automatically indicated on the display, and reflect the
polarity of the M| signai with respect 1o the COM,

b. Overrange values up to 100% above the selected range will be measured and
displayed. The maximum indication is 19999 with the appropriate decimal point
location, (See exceptions for maximum voltages per specifications.)
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Tabie 2-2 Range Switch Seiection

Switch Position ov Linits
Maricing Nominal errange
h Full Scate
{Clockwise Range
Value .
from top) Voltage | Current Resistance
100(mV, UA) 100.00 199.99 mv MA -
1.0 1.0000 1.9999 v mA k&2
10 10.000 19.299 Y mA ey
100 100.00 199.99 v mA x$2-
1K/500VAC . | 1000, {Note 1} % mA k$2
toMEL 10.000 19.099 - - “mEL

{Note 1): See specification para 1.3 for overrange limits on these scales.

. OQOverload measuremants of more than 100% above the selected range are
indicated by a blanking of all digits, leaving only the polarity of overicad and
decimal point display lighted. For example, if the applied signal is more than
+19.990 voits on the 10 volt fuli scale range, only the + sign and the decimal
point will appsear,

d. Values on the display are interpreted directly in engineering units defined
by the setting of the function switch and scated by the setting of the range switch.
The table below illustrates the interpretation of various displayed values for ap-
propriate range scales and function modes.

Displayed Value Function Range {ntarpretation
+1.2345 DCv 1 1.2345 volts positive DC
1.2345 kE2 1 1.2345 kilohms
12.345 kEX 10 - 12.345 kitohms
1234.5 k€Y 1K 1,234.5 kilohms
or 1.2345 megohms
12.345 kE1 10M82 12.345 megohms
+ . DCV 10 Input is greater than
+19,998 VvDC
x$2 1omE2 input is greater than
19.999ME2

2.5 CALIBRATION

a. The Model! 248 Digital Muitimeter is factory caiibrated and burned-in prior
to shipment, and is designed to remain in catibration for a minimum of 1 vear
before the recalibration procedure should be required. The complete set of fac-
tory test data sheets for each instrument is shipped with the meter, and may be
referenced to determine the need for calibration,
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NO ZERD ADJUSTMENT IS EVER REQUIRED ON ANY MEASUREMENT
FUNCT!ON OR RANGE SCALE AND NONE IS PROVIDED

b. When calibration is required, test standards of the ranges and accuracies
tisted betow should be used to eliminate any test standard uncertainty.

Paraméter Range Accuracy
Tolerances
DC Voltage 0to 10V +0.005%
AC Vohage
@ 500Hz 0tc 10V RMS 10.01%
@ 10kHz 0 to 500.0V RMS 10.02%

¢. Calibration Adjustments are accessibie through the rear panei, behind the
removabie cover plate in the lower left corner. Lift out the cover plate by insert-
ing a smail tool in the hole and lifting out. The circuit reference designations are
stamped on the rear panel for each of the seven adiustments.

d. Perform the adjustments in the sequence tabulated below. Apply test
input standards of amplitude and frequency as close as possibie to the values
listed in the tablte. Adjust the designated control until the display is the input
{or the designated reading}. 1 availeble test standards do ot deveiop the listed
values, then the closest value to the specified input should be used and the con-
trol adjusted accordingly. It Is desirable to use signals at least 50% of the full
scale value for the specified rangs.

CALIBRATION SEQUENCE
Function Range Test Adjust for
Step Select Selact input input/or Record
. pCv 1 +1.9000 VDC R31 for +1.9000
2. pev 100mV | +100.00mVDC R36 for + 100.00
3. ACV 1 1.0000V @ 100Hz R18 for 1.0000
4. ACV 100mV | 100.00mv
@ 100Hz R12 for 100.00
5. ACV . IK 500V @ 10KHz | C4 for 500.0
a. ACV 100 50V @ 10K Hz C10 for BO.QC
7. ACY 100 100V @ 10KHz Record Display
8. ACV i0 10V @ 10KHz Record Dispiay
Adijust C6 until Display
is 2/3 between Step 7
and vaiue first recorded
in Step B.
ACY 10 Same as Step B C4 for 10.000
1C. Repeat Steps 7, 8, and 8.
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2.6 APPLICATION NOTES

- 2.8.1 General

Optimurm performance is obtained from your Model. 248 by observing a
number of precautions in establishing the test measurement conditions. The few
hints included in these paragraphs are only indicative of the types of measuring
environment problems which may influence the meter performance. it is sug-
gested that the user recard his own application aids as he determines them.

2.6.2 Avoiding Ground Loops {(Making Grounded Measurements)

if the battery charger/iine cord is connected, a potential difference may exist
petween the “ground” of the power source and the “ground’’ of the measured
circuit. This difference of ground potantials may set up ground-loop currents
and affect the measured values although the instrument will reduce their effects
significantly (CMRR = 120dB, NMR = 50B). The ground loop effects can be
avoided atmost compietely by operating the meter on batteries.

e
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Fig. 2-2. Ground Loop Voltage Generation

2.6.3 Making “Floating” Measurements

In a floating measurement, such as in figure 2-3, it is possible to introduce a
common mode voltage by reactive coupling through the AC power iine when that
source of Modetl 248 power is connected. As in paragraph 2.6.2, although this
effect is smali, it may be aveided aimost completely by disconnecting the AC
power source and reverting automatically to battery power.

26.4 Making High Resistance Measurements
a. Wnen making measurements of very high impedance sources, as when re-

quired to measure resistance on the 10MQrange, the input circuit may be suscept-
ible to noise. The effect of voitage-producing noise fields on the probe leads may
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be sufficient to introduce significant changes in the least significant digit of the
dispiay.

b. Measurement errors may be kept to @ minimum under these circumstances
by keeping the leads as short as possible {do not use any extensions on the probes),
and by twisting the probe leads so as to eqgualize any fieid effects on the signal in-
put leads,

NOTE: It is good practice to twist probe leads whenever
possibie in order to equalize any field effects on the
the signal input leads.

MODEL H |
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g. 2-3. Induced AC Common Mode Voltages

2.6.5 Making Very Low Voltage Measurements

Problems may arise when measuring very |ow voitages because of the differ-
ences in temperature of the probe contact points. Both probes are plated brass,
and if the HI probe is in contact with copper in a high ambient temperature (for
exampie, in a computer tape drive mechanism), white the COM probe is grounded

at a very much cooler steel cabinet frame, then g difference in emf of several
2-9



MODEL 2480MM

2-16

hundred microvolts may resuit, changing the least significant digit. In order to
miinimize such erraors, connect the probes wherever possible at approximately the
same temperature,

2.6.6 Making AC Measurements of Complex Waveforms

To obtain optimum performance of Model 248DMM, use the range indicated
in Tabie 2-4 when measuring waveiorms whose complexity is described by the
crest factor, CF (CF = Peak Voltage - RMS Voltage). Ali selections are subject
10 the requirement that ac voltage must not exceed 750 V-peak to avoid instru-
ment damage.

TABLE 2-4
FOR CREST SELECT MODEL 24BDMM
FACTOR RANGE

For dispiayed BRMS values
Up to 2.5 up to maximum possible
on the selected rznge.

For displayed RMS values
up to 100% of nominal
2.51t0 5.0 ’ range, {50% of maximum

: possibie on the selected
range}.

2.6.7 Making DCV Measurements in the Presence of AC interference

input dec voltages are frequently measured in cireuits that injgct an ac voltage
i series with the unknown dc input signal. These “normal mode” interference
signais are rejected by the Model 248 circuitry in accordance with the NMRR
specifications in Chapter 1. The extent to which the ac component of the dc
signat is attenuated depends upon the frequency of the ac interference. At 50
and 80 Hz. the ac signal amplitude is attenuatad by a factor of at least 300
{60dB}.
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Chapter 3

PRINCIPLES OF OPERATION

3.1 INTRODUCTION

Modei 248 DMM is triggered internally to initiate a 3-phase measurement
cycie. During Phase 1 the meter circuits are automatically servoed to determine
the correction for the accumulated zero offsets in the analog integrator loop. in
Phase 2 the signat to be measured, which has been conditioned according 10 the
type of signal (AC, DC, or Ohms) and seiected range scaie, is connected in series
with the zero offset correction to the dual siope A/D converter integrator which
integrates the conditioned input for a fixed time interval of 100 milliseconds,
After the fixed time interval of Phase 2, Phase 3 begins, in which the input
signal is disconnacted from the A/D canverter, and in its piace a reference signal
of opposite polarity and fixed magnitude is connected in series with the zero off-
set correction. The integration of the reference signal continues in Phase 3 until
this second ramp of the dual ramp A/D converter reduces the voltage on the inte-
grating capacitor to zero. The zero tevel on the integrating capacitor is sensed
and indicates the End of Conversion {EQC) if it occurs in 200 msec or less dur-
ing Phase 3. If there has not been an EQC signal within 200 -msec in Phase 3,
the meter interprets this as an overlead condition. 1t quickly ends Phase 3 via
& fast time discharge and initiates Phase 1 to restart the conversion cycie. The
fast ime constant intreduced into the capacitor discharge circuit assures thet the
‘auto-zercing integration in Phase 1 will start from zero conditions after an out-
of-range input, The overload sense circuit also initiates the deveiopment of
iogic control signals for the overload display.

3.2 OVERALL BLOCK DIAGRAM

As shown in Fig. 3-1, the meter consists of the foliowing major functional
sections: '

a. Input Signal Conditioners (Excitation, Diviaers, Shunts, AC/DC Converter}
b. Tri-Phasic' M Anziog-to-Digital Converter,

c. . Digital Logic Programmer and Master Timing Oscillator.

d. lIsopoiar Reference Generator.

e. Disptay {(Decoder and Scanner).

f. Power Supply {Inciuding DC/DC Converter and Reference}.
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3.2.17 Input Signal Scaling

a. The output count n, of the Tri-Phasic A/D converter is determined by the
formula

v
anm
VRer

where n = The count accumuiated in the output register during Phase 3

VCOND = The conditionad voltage amplitude input 1o the A/D during
Phase 2.

Viper = The reference voltage amplitude input ta the A/D during
Phase 3.

K = scaling constant, getermined by the timing clock counter
input to the accumulating register.

Thus, as shown in Figure 3-1, the digital value will be scaled by the combined -
effects of the input voitage attenuator or current shunt, the gain through the
AL/DC converter ifor AC inputs), the selected reference voltage amplitude, and
the gain of the A/D, Table 3-1 summarizes the reiationship of the gain factors
for each range and in each function modae.

b. Aninputvoliage signal is conditioned by the voltage attenuator and an
input current by a current shunt. The devetopment of a conditionad voltage
across an unknown input resistance is described in some detall in a subsequent
paragraph.

3.2.2 AJ/D Converter

The analog section of the Tri-Phasic Analog-to-Digital Converter includes an
input buffer stage, integrator, and comparator, connected as shown in a very
simplified schematic of Figure 3-1. They function as follows during the three
phases of Tri-Phasic operaticn,

a. Phase 1

During Phase 1 the analog section automaticaliy zeros the unit to correct for
the zero offsets inherent within the analog functioning elements, During this
phase, switch A and switch © are ciosed, removing the conditioned input, and
grounding the input to the high input impedance unity gain amplifier, As a re-
sult, the closed loop servos the putput of the A/D comparator to near-zero. At
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TABLE 3-1
MODEL 248
GAIN FACTOR TABLE
Selected DC | A/D
Maasure | HRange: Input AMP + AC to DC | Ref Voltage: Input
Mode Sstected Atten/Shunt AMS 1o DCV Amplitude | AMP
1 11 NOT 0.1 10:1
1 1:1 USED 1 1:1
DCV 10 1:10 1 11
100 1:100 1 1:1
1K 1:1000 1 t:1
A 1:1 10:1 1 1
1 1:1 1:1 1 1:1
ACY 10 1:10 1:1 1 1:t
160 1:900 11 1 1:1
1K 1:1000 1:1 1 1:1
N 1:1 10:1 1 1
i 1:10 10:1 1 1
ACmA 10 1:100 10:1 1 1
100 1:1000 10:1 1 1
K 1:160000 10:1 H 1
N 1:1 NOT a1 10:1
1 1:10 USED 0.1 10:1
DCmA 10 100 Q.1 141
100 1:1000 0.1 10:1
1K 1:10000 0.1 1011

that time a voitage will have been developed across the memory capacitor, Co
which batances the sum total of all the individual offsets generated within the
toop, and the servo loop “sees’ a zero error signal.

by, Phase 2

At the start of Phase 2, switches A and D open, and switch B closes. In the
open position of switches A and D, the analog section retains the offset voitage on
memory capacitor Cg, as a correcting vatue which will be combined aigebraically
with the input signals and the values integrated in Phase 2 and Phase 3.

Switch B, which remains ciosed during Phase 2, connects the input signal con-
ditioner output to the buffer amplifier. The buffer output is integrated for a
fixed time of 100 mitliseconds as controlied by the digital logic. The voltage de-
veloped across the integrating capacitor C| is therefore propertionat to the mag-
nitude of the input signal, and the output of the high-gain comparator amplifier
will be at a saturation level of opposite polarity to the conditioned input voltage.
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¢c. Phase 3

At the start of Phase 3, switch B opens, removing the conditioned output
signal from the unity gain amplifier. At the same time {start of Phase 3}, the
polarity sense function of the digital section determines the polarity of the
comparator ouiput and transmits a control signal to the isopolar reference
switching network, thereby connecting the correct polarity of the reference
veltages through Switeh € to the unity gain amplifier for integration during
Phase 3. The reference voltage integrated during Phase 3 decresses the voltage
across integrating capacitor Cj until the output of the high gain comparatbr
changes polarity. This change in comparator output potarity indicates end of
conversion and is sensed in the logic 1o indicate the end of Phase 3 and the
start of Phase 1. The cycle repests.

If the charge on C is not recduced to zero in the time interval allowed for
full overrange measurements, the cligital control iogic initiates the overload ac-
tions in the multimeter, as explained tater. it should be noted that the zero
oftset is generated and the storage capacitor charge is updated in each conver-
sicn cycle, Also, note that the stored voltage representing the corrected zero is
introduced into the analog section for both the unknown integration and the
reference integration, thereby remaving the zero effocts from both the charg-
ing and the discharging actions on Cy

The timing relationships of the Triphasic conversion cycle are summarized
in Figure 3-2,

3.2.3, Digital Logic Programmer

a. All of the iogic circuitry to develop the phase timing control signals for
the A/ converter are incorporated in one CMOS integrated circuit. This com-
ponent receives the 400 kiz master oscillator puise chain from which it derives
the controf signals for the start of Phase 1, the start of Phase 2 {100 milliseconds
tater} and the start of Phase 3 (100 miliiseconds after the start of Phase 2). it
atso receives the A/D comparator cutput from which it derives the control
stgnals to select the polarity of the reference for Phase 3 signal integration and
the control signal that ends Phase 3,

b. The logic chip also genarates the control signal for the fast discharge of the

integrating capacitor, if applicabie, and the control signals that cause the overload
indication in the display.

c. The digitized value of the conditioned multimeter input is time multiplexed

in BCD format on four paraliel jines to the Decoder Driver, whiie the correspond-
ing digit address is transmitted o the address scan elemant,
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Fig. 3-2. System Timing Waveforms

3.2.4. Decoder/Driver

The dinitized vatue of the conditioned input is converted from the BCD
format into 7-segment display code in @ CMOS Decoder/Driver. The Decoder/
Driver putputs provide adeguate current to drive directly the segment of each
digit display. The decoder unit also receives the bianking control output from
the digital programmer {paragraph 3.2.3) and responds with the blanked display

format of an overioad indication.

3.2.5. Display

The dispiay consistg of four full decades of seven-segment

characters, a fifth

element which may take a character of "1 or remain blank, and an element for
indicating the polarity of the input signal. The decimal point position is con-
trolied directly by the manuai range selection, and may be located in any one of

five positions.
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3.2.8. Reference Generator

The Iso~p<)|arTM reference generator provides a precise 1.0 or 0.1 volt level
to be connected to the analog input for Phase 3 operaticn, The selection of 1.0
or G.1 voltage tevel is accomplished by the mode selection. The Iso-polar action
obitains positive or negative references with egual magnitudes,

3.2.7, BC/PC Converter & Power Supply

a. Power for the meter is obtained from a nominal 7.5 volt battery supply which
is connected as a negative voltage source. A plug-in battery charger, provided as
standard equipment, maintains the voltage whenever the charger is connected o
line power, whether or not the meter is on. The DC/DC converter is connected
to the battery supply oniy when the meter is turned ON, and develops nominal
+7.5 volts for the analog circuitry. The 6.8 volts for the digital logic and for
the anatog amplifier units are supplied directly by the battery.

b. The reference voltage generator reguiates the +7.5 volt autput of the
DC/DC converter, and develops both the +1 and 100mV reference potentials
for use in the A/D conversion. The isopolar refarance circuitry determines the
appropriate polarity of these levels before connection to the A/D converter in
Phase 3. The reguiation circuitry also monitors the level of the negative supply
and causes the decimal point 1o biink when a low-batrery condition exists.

3.3. INPUT SIGNAL CONDITIONING
3.3.1. Voltage Divider

a. Mode! 248 DMM scales afl ac and de voitages in a frequency-compensated
voitage divider, as shown in the fold-out reference schematic. Parts of the divider
are aiso used as the reference resistance for the Ratiohmic resistance measurement,
The decimal point tocation automaticalty tracks the decade selection effected by
the range switch.

b. Resistance slements of the divider are contained in a single resistor net-
work, A4, that has been trimmed during manufacture to within 0.03% refative and
absolute accuracy. No externat resistive trimming is required. Capacitive elermernts
that trim the network for specified frequency response are mounted external to
the resistor network. As noted in the reference illustration, C3, €5, and C8 are
trimmed by C4, C8§, and C10, respectively for the separate decades, while C11 is
trimmed by bleeding some current through €3¢ from the full input via C2.
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3.32.2. DCV Signal Conditioning

When the Function Switch is in the DCV position, the output of the voltage
attenuator is capacitive-coupled {C20 - 47UF} to the A/D converter during Phase 2
of the 3-phase conversion cycle. Resistor R19 and capacitor C17 form a simple
input filter for all dc input signals, ‘

3.3.32. ACV Signal Conditioning {Reference Fold Gut}

a. When the Function Switch is in the ACY position, the output of the volt-
age divider is connected 1o the AC/DC converter, The AC/DC converter consists

. of a true RMS 1o DCV unit preceded by an amplifier of selectable gain {1:1 or

1:10}.

h. The AC/DC converter is connected in the circuit through contacts on one
wafer of the mode switch when positioned to ACY or ACmA, and receives the
output of the voltage attenuator or current shunt, respectively. The gain of
amplifier Z1 is either unity or 10:1, determined by the configuration of the feed-
back circuit that is controlied by the selected function mode and range. A gain
of 10:1 is set up for all ranges when in ACmA measurements, or when the .1
RANGE is selected for ACV measurements. The 10:1 divider rato is obtained
by resistors 213 and R14 and trimmed Dy serigs potentiometer R12 for calibra-
tion purposes.

c. The ac output of 21 is capacitor-coupied to 22, in which it is converted to
a de voltage and scaled such that TVRMS at Z2-1 produces 1VDC at Z2-8. The
scaling of 22 is adjusted by B18 for calibration.

3.3.4. Current Shunt & Current input Conditioning

a. When in either DCmA or ACmA position, the Function Switch connects
the input signal to a decade current shunt {(R24 through R28}). Shunt vaiues are
ssiected so that the cutput will be 100mV for nominal range inputs. Diode ring
CR1 through CR4 provides a protection against overload input to keep the shunt
voltage outputs within £ 3.5¥

b. When in DCmA position, the Function Switch capacitor-coupies the shunt
output to the A/D converter, as for DCV operation.

c. When in ACmA position, the Function Switch connects the shunt output
to the AC/DC converter and the AC/DC converter output to the A/D input as
for ACV operation.

3.3.5. Resistance Measurement Signal Conditioning

a. ' in the Data Precision Ratiohmic technigue of resigtance measurement, the
resistance to be measurad is connected in series with a selected standard resistance
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and driven by a source voltage so that the voitage input 1o the A/D for Phase 2
and the voltage input to the A/D for Phase 3 are derived from the action of the
same current in the circuit, Because the Tri-Phasic technigue digitizes the ratio
of the two voltages (see paragraph 3.2.1), the exact value of the current is not
significant in determining the results, only its stability over the measurement
cycie. Figure 3-3 is a simplified schematic iHustrating the Model 248 operation
when in Resistange measurement mode.

b. Asshown in Sigure 2-3, selection of k{2by the Function Switch applies a
nominal 3.6 V as the reference voltage. The reference voitage is applied across
the serigs-connected unknown resistance and the range-selected precision stand-
ard resistance. (The standard resistance is selected from the voltage-divider pre-
cision resistor network deseribed previously in paragraph 3.3.1.0 The voltages
for Phase 2 and Phase 3 are generated by the current, iS, whiose value is deter-
mined by the series combination of the two resistances.

c. The voltages connected to the A/D input are controlied by the switch
closures of Q6, 07, Q8 and Q8. During Phase 1, C12 is charged to the vaiue
VS +Vy by the closing of 6 and Q9. The input to the A/D is zero because
of the closing of Q9. During Phase 2, 06 and Q9 open, O8 cioses, and the
input to the A/D is V. During Phase 3, Q8 opens, and Q7 cioses connect-
ing the high side of C19 10 VX' The low side of C19 is thus Vy - (VX + VS),
or —\/S, and that value is the input 1o the A/D. The dual slope integration
digitizes the ratio VXNS' But Vy = lg "Ry, and Vg = lg "Rg, so that the
measured value is the ratio RX/‘RS, as required. {Q5 remains open for all

phases.)
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Fig. 3-3. Resistance Measurement Signal Conditioning
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d. Figure 3-4 is a simplified schematic of the circuitry that generates the
excitation voltage used for resistance measurement. The two pass transistors
Q7 and Q2 and diode CR1 are used to develop the nomina!l 3.5 volts 1o excite
the series input of resistance to be measured and range-selected precision stand-
ard resistance. The pass transistors provide a breakdown limit of 2 x 250V peak
for protection of the specified 250 VRMS value, while FET transistor Q3 is
connected as a voitage clamp on the input to Q1.

3.4. Tri-Phasic A/D Converter

a. The fold-put reference schematic identifies the A/D circuitry containing
active elements 23, 24, and 25, Amplifier Z3 is connected as a programmable
gain non-inverting amplifier, whose gain is determined by the switched com-
poneants in the feedback circuit. In DCmA and in the .1 Range of DCV measure-
ment function the 18K and 2K resistors of the A1 network are connected as a

1.35
a1 12
P
[ *_nm
A8V INORY
~6.8Y "‘"“"b’
1%}

100K 10 ISOPOLAR CIRCUIT

egm

Fig. 3-4. Resistance Voltage Excitation
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voltage-divider to ground with 2 1:10 feedback ratio. Amplifier 24 is connected
as an integrator with C22 = 10U F and the 50K resistor of network Al determining
the charging current. Amptlifier Z8 is connected as a high gain comparator, sens-
ing the polarity of the 24 output with respect to ground.

b. During Phase 1, Q11 is closed, connecting the comparator output to the
A/D input, and servoing any non-zero signals generated in the active elements o
charge capacitor C20 with a voltage balancing the non-zero effects. If the prior
conversion is overioad, digital logic programmer Z6 transmits the FC signat to
close Q172 and to provide a path from comparator output t¢ the integrater capaci-
tor. This action delivers a high leval charging current to reduce the remaining
voltage on C22 to zero hefore the start of Phase 2.

¢. During Phase 2, 08 is closed, connecting the conditioned input to the A/D
converter. f the measuring function is DCmA lany Range} or DCV (Range .1}
then nominal full scate input will be 100mV at the input to £3. The gain around
Z3 will be 10:1, so that the integrating capacitor will be charged with the same
current as for nominal 1V full scale inputs. Sealing for 100mV inputs then takes
place by using the .1 VDC reference voltage during Phase 3.

d. During Phasa 3, Q8 opens, removing the conditioned signal input, while
the closing of Q7 applies a negative reference, or of 05 applies a positive refer-
ence to the A/D converter. The reference magnitude is determined by the Func-
tion Switch and Range Switch selections as previously shown in Table 3-1. The
charging path for £22 remains set up as for Phase 2, and the circult reduces the
voltage on C22 while the digital counter in ZB digitizes the measured value.
Phase 3 iasts until comparator Z25-7 indicates the zero crossing of the C22 voltage
by a change in polarity of the Z5.7 cutput. The comparator output change is
sensed in digital logic 26 and results in the generation of the Phase 1 control
signals to start the next conversion.

3.5 ISOPOLAR REFERENCING

a. Figure 3-5 is a simplified schematic of the complete circuit in the fold-out
reference. The function Switch and Range Switch combination selects either
+1.0 V or + 0.1 V according to the conditions of Table 3-1.

b. During Phase 1, 06 and Q8 are closed, charging C19 to the 100mV or 1V
reference value. During Phase 3, if a negative reference is required {positive con-
ditioned input} Q7 closes, placing the high side of C19 at ground level. As are-
suft, the negative side of C19 is negative by the magnitude of the voltage on C19.
If a positive reference is required {negative conditioned input), then Qb is closed,
connecting the positive reference as input to the A/D converter,
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Fig. 3-5. Isopotar Reference Voitage Generation
3.6 DIGITAL LOGIC PROGRAMMER & MASTER OSCILLATOR

a. The digital logic programmer circuitry is contained entirely on one CMOS
solid state component, Z6. It contains {Fig. 3-6):

4 Decade Counter and the MSD flip-flop

tatching BCD Qutput Register

Ciock Generator

A/D Phase Signal Generator and Fast Charge Control
Polarity and Overload Detection Logic

b. In addition to the phase control signals described earlier, digital logic Z6
outputs the latched register BCD values series by digit parallel by bit on 4 BCD
ocutput lines. The digit address for the BCD data is indicated as a high tevet on
one of 4 parailel lines, while separate output lines indicated the binary value of
the MSD (0 or 1], and the polarity {binary + or ). The binary overload condi-
tion is also indicated on a separate Z6 output ling,

c. The master clock oscillator circuit containing resonator Y1 oscillates at
400 kMz. This frequency is counted down by 4 to obtain a basic counting rate of
100 kHz so that the carey from the 4-decade counter represents an intervaj of
100 milliseconds for Phase 1 and Phase 2 timing. An MSD divide-by-two fiip

3-12
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flop &t the cutput of the 4-decade counter is used to sense the MSD of 104
counts, and, when digitizing an overtoad input to the A/D, senses 2 X 104, from
which the blanking control and FC contro! signals are developed.

d. Decoder/Driver Z7 receives the latched outputs in BCD format, time
multiplexsed on 4 paraliel lines successively for each of the four full decades.
It converts these to appropriate seven-segment outputs for the LED display
-digits.

e, Figure 3-7 is a summary of the timing relationships of the waveforms
generated in Z8. Conditions for converting an in-range A/D positive input are
shown in the upper portion and for an overicad nggative input in the lower
portion of the itlustration, The SIGN output of Z6 is always produced; whe-
ther the polarity is disptayed is determined by an enabling signal controlied
by the setting of the front-panel Function Switch.

3.7 DISPLAY

The display is assembied on s separate PC card. |t contains the five display
digits, including sign and decimal points, current limiting resistors for the seg-
ment drivers of the four full decades, transistor driver circuits for the most
significant 1" {when appropriate}, and for the polarity {pius or minus). Digit
address enabling signals multiplex the full decade digits DS102, D5103, DS104,

- and DS105; a control signat from the main PC bosrd assembly enables the
potarity display when in DCV or DCmA measuring function. Range-selected
control signais drive the decimat point in the appropriate decade through
limiting resistors.

2.8 PC/DC CONVERTER & POWER SUPPLY

a, The DC/DC Converter is a switching reguiator type, triggered by a
100 KHz pulse train from the digital programmaer. Transistors Q17 and Q18
switch the current through L1 and CREB. When Q17 is gff, the currentin L1
continues to fiow through CRS and charges capacitar C27 and C28.

b. Amplifier Z6 and reference zener CR7 are connected in a voltage regu-
fator circuit that results in a regulated +7.35V with respect to COM. Volt-
age divider networks R31, R32, R33, R34, R36, R37 and R38 are used
to develop the +1V and +0.1V reference levels for the Phase 3 A/D integra-
tion. R31 and R36 are the calibrating adjustments for these voltages.

c. Amplifier Z5 is connected as 3 comparator in which the battery voitage
tevel is compared with a reference derived from the zener CR7 and the divider
network. For low battery levels transistor Q19 is turned on and off by the
Phase 1 waveform, providing a blinking signal for the decimal pointata 2%
per second rate, corresponding to the conversion rate.
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Chapter 4
MAINTENANCE

4.1 GENERAL
CAUTICN

Your Multimeter is coveredwbv a one-year warranty and
shouid be referred to the factory for maintenance within the war-
ranty period. Attemnpts to make any extensive repairs within the
warranty period may invalidate the warranty. If repairs are needed
after the warranty period, only qualified technicians should attermpt
to effect such repairs and shouid use test instruments and standards
calibrated within the accuracy and tolerances of the specifications.,

4.2 TROUBLE-SHOOTING FLOW CHART

Should the meter performance indicate a possible need for repair, a weil-
defined strategy should be used to isolate the cause of trouble. This is ilius-
trated in Figure 4-1. It inidicates 2 sequence of steps in terms of standard
symbols and defines a program of actions based on a philosophy of positive
rmaintenance. The positive approach isoiates to the faulty sections by verify-
ing proper operation of the remaining instrument sections.

4.2 TEST POINTS

The test sequences identified in the chart of Figure 4-1 are described in step-
by-step detail in the paragraphs that follow. in performing the tests detailed in
these paragraphs, the maintenance technician is directed to make measurements
at designated test points which have been placed at significant portions in the
circuit. The special test points are identified by E-veference nurnbers, and
their locations on the printed circuit board are shown in Figure 4.2, Other
test points designated in the test procedure paragraphs may be pin terminals
of circuit components, and technicians should refer to component data sheets
for the pin terminal locations as well as 10 Figure 4-2. Use caution in attaching
test leads to avoid accidental shorting of adjacent components. The use of EZ
Mini Hook P , or equivalent is suggested to aid in making good connections.

4.9
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Fig. 4-1. Qverall Test Strategy
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4.4 CLOSED-METER TESTS (FIELD MAINTENANCE} T84-1

a. The first test sequence is performed with the “cased” meter. The sequence
is fully detailed in the ilustration of Figure 4-3.

b. The multimeter may exhibit certain battery performance below rated
characteristics that are only temporary operational effects typical of battery
usage patterns. Such beiow-specification performance can be corrected eashy
and in a minimum of time.

Memory. If the meter is used in a series of repeated partial charge and dis-
charge cycles that use only a small portion of the availabte battery capacity, the
battery will become conditioned to deliver dnly slightly more than normal end-
of-discharge voltage capacity when calied on to perform in an extended discharge
cyele,

BLUG IN CHGR

WaALT 5-10 MIN

R/R CHGA
QR BATT

BATT DK .

MODE =

SHORT TEST LEADS #

BY PASE FUSE
N RED PROBE
SHORT INPLIT -
AT CONMNECTOR &

DISPLAY =
Low?

CHEPLAY
Low?

ELISE OK

MALFUNCTHON )
GonE: &

$NTERNAL MALFUNCTION

RETURN DMM {F WITHIN WARRANTY
ELEE
PROGEED YO GPENMETER TESTS

Fig. 4-3, Test TS4-1, Closed Meter Testing
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To correct this condition, sublect the battery 1o a deep discharge, anc then
recharge to full capacity. This will erase the “"memory” pattern.

Sustained Overcharge. |f the meter is kept on "high voltage charge” for iong
periods of time without discharge interruptions, the battery may not deliver
normal voltage at the end of the first sustained discharge operation thereafter.

To correct, proceed as for the memory effect described above; discharge the
battery, then recharge to full capacity.

4.5 OPEN-METER TEST/MAINTENANCE
4.5.1 Generai

¥ the multimeter does not perform correctly after the tests of TS4-1 are
satisfactorily completed, then it is likely that repairs to an internal assermnbly are
required. The sequence of such tests is indicated in the overall strategy of Fig-
ure 4-1, and is identified by a TS number for further reference. Each test se-
auence paragraph inciudes the designation of test points, the indicators of
proper performance, the circuits that are checked when proper performance
is observed, and the circuits that should be examined in greater detail when in-
dications of improper performance are recorded. Refer to the fold-out sche-
matic in the back of this manuai for complete circuit details, and 1 Chapter §
for reptacement parts identification. '

4.5.2 Removal of Meter Assembly from Case {See Figure 2-1)

a. The meter assembly is contained on one main PC board. To remove this
hoard from the case:

{1.} Remove the battery module;

{2} Remove the fastening screw from the case underside;

{3.) Carefully withdraw the meter assembly from the case through the
front. Place on insulating surface. Major assembiies are pointed

out in Figure 4-2,

b. To insure specified accuracy, the meter must be recal ibrated each time it is
removed and replaced in its case. See Chapter 2 for recalibration procedures.

4,5.3 Applying Powsr to the Meter Assembly

Power for the multimeter may be obtained by connections to the battery pack
with jumpers as shown in Figure 4-4, Be sure that a fully charged battery pack is
available for these trouble-shooting test sequences. The battery charger may be
connected after the battery has been connected to the circuit,
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WARNING

Be sure to maintain the proper polarity relationships as shown in
Figure 4-4. lmproper polarity connection, even if momentary,
may result in major component damage. The battery module
should be connected before connecting the charger input because
the battery acts as a necessary filter for the charger circuit.

INSULATED LEADS & ALLIGATOR CLIPS

TO NEGATIVE HIGH (HI} TERMINAL

NEGATIVE HIGH " B ToPOSITIVE
¢ TERMINAL
BATTERY

MODULE

POSITIVE (+}

WARNING
CROSSED POLARITIES WILL CAUSE IRREPARABLE DAMAGE TO COMPONENTSH!

Fig. 4-4. Connecting Battery Module to Assembly
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4.6 TEST EQUIPMENT

Test instruments and reference standards needed for the trouble shooting
analysis should have the following characteristics:

Parameter Range Accuracy Measure/Generate™
M/G
DC Voitage —10V to +10V I01% M/G

1 kHZ  100mV
AC Voltage 150KHz 1 VRMS

10KHz 200 VEMS | r0.1% B/G
100 VRMS
16 VRMS
1T VRMS
Titning Oscilloscope ts% M
Waveforms SNz BW
Resistance 0 to 10 ME2 1 0.05% M/G

*Measure = indicates test instrument. Generate = indicates source instrument.

4.7 POWER SUPPLY TEST T54-2
a. Select K§2Function and 10M$? Range,

b. Check dc voltages at points and in sequence shown in the tahular presenta-
tion betow. Measurements should be made between the indicated point and case
reference. The latter is easily available at the metal support bracket securing the
dispiay assembly to the main assembly PC board. See Figure 4-2 for designated
test point location and Figura 44 for the bracket location.

Test Point Reasure Value Indicated Proper-Functioning Gircuit

CR8-Cathode  +7.2V to +7.5V DC/DC Converter
Reference Zener

Battery-
Negative ~-7.1V 10 -8.6YV Negative Supply Regulator

c. Ground the positive battery electrode by rnomentarily connecting a jumper
from that etectrode to COM input. Check to see that the display presents the
blinking decimal point of a iow battery condition while the battery is thus shorted.
1% satisfactory performance is observed the Zb circuitry is functioning properly.

a-7
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FUNCTION:K L) CHECK
B POSITIVE
RANGE: 10M VOLTAGE

CHECK

NEGATIVE
YOLYAGE

CHECK CLOCK

R/R [ 743

A6, CRE,CRY.I4 B WAVEFORM 2

18, ¥1,78

Fig. 4.5. Test TS4-2, Power Supply Trouble Shooting

d. Check waveform at Z8 pin 23. Proper functioning of master oscillator

circuit (Y1) and count-down section of ZB are indicated by observing a 100kHz
square wave at amplitude of 4V p-p.

e,

Check switching components Q16, Q17, and Q18 for waveforms as shown
beiow,

G 16 GATE
6.8V L~

Fax FOOHKZ
Q1r
~obAY

4-8
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STAAT

CHECK

108KHz

CHECK

A0 KH OSC

SHOAT z4.10

Thzss

RIR

€41, 018,24, }

DISPLAY
BLANKED?

SHORT 254
YO GNB
SHORT 284, 2,5 7 f
T 5y 4

DESPLAY =
0R6T

REMOVE

ALL BHORTS Loaie ox

Fig. 4-6. Test T54-3, Digital Logic

4-8
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4.8 DIGITAL LOGIC T64-3

Al the digital logic functions are essentially impiemented in two CMOS chips,
Z6 and Z7. The separate and sometimes independent functions performed by
these 1.8} circuits are checked as shown in Figure 4-8. Proceed as shown below.
{A simplified bloek diagram of Z-6 is shown in Figure 36.}

4.8.17 Time-Base Generation

Check 100kHz Clock, Waveform at 26-23 should have 6.8V p-p amplitude.
If not, trace from origin at master timing osciflator and 76,

4.8.2 Program f.ogic
a. Connect 26-10 to Z6-5. Simulates overload input.

b. Observe waveforms at Z6 outputs and compare with those illustrated in
Figure 4-7. If satisfactory, then Z8 is functioning properiy,

4.8.3 Decoder/Driver Logic

a. Observe display, If indication is of an overload input (blanked digits), then
Z7 function is partially checked.

b. Short 24 to ground (and connect 27-7, 27-1, Z27-2, and £7-6 to 276
{-6.8V). This action simulates a zero value out of the counter of 24,

c. Observe display. If indication is 0000, Z7 is functioning properly.

d. Remove atl shorting jumpers,

26-12 SCAH : ' ; o
gt l 2628 v | .

615 e
wzlj r Zﬁ’m { ﬂ r—L

5
=
Ry

P3+)
| ‘ P Z5-§  SIGN(HIGH
FES—IZ 25-14 BLHK{LOW)

Figure 4-7, Program Logic Waveforms
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£.9 A/DCONVERTER & SIGNAL CONDITIONERS TS 44

4.9.7 Analog A/D
a. Select DCV measuring function

b, Connect Z6-10 to 26-5 and synchronize oscilloscope to positive going edge

of P1 waveform by connecting to Z6-13. Observe waveform devetopment in 26 as
shown in Figure 3-7,

4.8.2 AC/BC Signal Converter
a. Select ACV function,
b Apply 100mVRMSE @ 1kHz fo VX Hi and VX cOoMm.

e. Observe waveform at output of Z1-6 by piacing scope at junction of R12
and Z1-6 pin. Performance of Z1 is satisfactory when output waveform is 10
times input.

d. Check operation of AG/DC true rms converter Z2 by observing output of
Z7-8. DC voltage at Z2-8 should be 1 volt for 1VAC output of £21-6. Check
waveform shape to see that crest factor is not exceeded if test generator output
appears to be a compiex waveform.
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SHORT 16-10
O Le~S

SYNCH SCOPE

AT 26-13

CHECK CONDITION

REPAIR B REPLACE ACTION

Fig. 4-B. T84-4 A/D Converter and Signal Conditioning

£-12
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Chapter 5
PARTS LIST
{Replaceable Parts)
s

REF. SYMBOL DESCRIPTION Eﬁ‘ﬁ?ﬁg?c'
Al RAES NETWORK 2248-5062
A2 RES NETWORK 22-48-1063
A4 INPUT ATTENUATOR 22.48.1085-07
A5 AES NETWORK 27731002
AG RES NETWORK 22.731001
AtCY RES NETWORK, 1K, 5 PIN SiP 22-741000
A102. 104 RES NETWORK, 39081, B PIN SIP 22.751000
A103 RES NETWORK, 39081, 6 PiN Sip 22.741001
A105 RES. NETWORK, 2K, 8 PIN SIP 22-751081
43 JACK 25700010
Cs CAP, 022uF, 400V, 10% 23510015
2 CAP, 5pF, 1KV, 10% 23511900
£3 CAP, 16pF, 1KV, 5% SELECTED 231 10006 -A
C4. 6,10 CaP, 10-60pF, VARIABLE 23.8 10003
cs CAP, 78pF . DM15 23-311008
c7 CAP, 270pF, 1KV, 10% 71110038
C8 CAP 1000pF, 100V, 5%, DMID 233110072
c13 CAP, 12pF 1KV {OPT.FSV.i 23-111002
it CAP, Giuf, 50V, 2%, FOLYCARG 23-510024
cz1, 21 CAP, 10pf, BM0 23310002
27,79, &1 CAP, 15uF , 10V, 20%. TANT 23441003
cis CAP. 4.7uf 16V 20% TANTY 23441052
17 CAP, 05BuF, 50V, 16% 23510020
c26 CAP, G01uF, 150V, 20% 23118201
c2? CAP, 1uF, 50V, 10% SELECTED 73-510001-A
C20,40 CAP 4Tuf 63V, 20% TANT 21441053
24 CAP, B8BpF, 1KV, 10% 23110018
25 CAP, 19pF, 1KV, 10% 73110014
caz CAP, 270pE, 5% DMI1S 23311022
28,3033 CAP, 68uF, 15V, 20%, TANT 23447004
o CAP.. 1uF, 50V, 20% 23-142003
34 CAP, 100pF, 1KV, 10% 23111072
C35, 36,37, 38 CAP, 6.8uf, 20%, 20V MIN, 23-44 1005
c12 CaP, 1uF_ 36V, 20%, TANT 73-441001
Cid4 CAP, 30pF, 500V, 5%, DM15 23-311005
C16 CAP,3.3uf, 16V, 20%, TANT 73841007
c19 CAP, BBUF, 50V, 10% 23510013
39 CAP, 51pF, 500V, 5%, DM15S 73311006
CR1.6 DIODE, 1NA004 24104004
CR4.,5 DIODE, A4, 2 5AMP. 2571V 24102001
CR? DIODE AEF JENER FAAB-1001
CRY, CR8 DIODE, IN4148 24110061
CR2,3 DIODE, A4l SELECTED 24.48-1154
DS1G POLARITY INDICATOR(S082.7736) 25227736
DS102- DS105 SEVEN SEGMENT INDICATOR

t5082-77401 25.227740
Lt INDUCTOR, Tm# 25-48-1083
Qat, 2 TRANSISTOR, MPSA23 24.240A93
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Q3, 4, 13 TRANSISTOR, FET 24-48-1015-01
as, TRANSISTOR, FET 24-48-1014-02
a6, 7 TRANSISTOR, FET 24-48-1014-03
Q8, Q% TRANSISTOR, FET, YELMWHT 24.48-1014-08
Q11, Q12 TRANSISTOR, FET 24.48-1014-05
oo TRANSISTOR, P CHANNEL FET 24210177
Q14 THANSISTOR, 2N3904 24.232904
Q17, Q101-Q106 TRANSISTOR, 2N5818 24235818
Q15,19 TRANSISTOR, 2N3G06 24-743806
016 . TRANSISTOR, U233 2448107401
a1s TRANSISTOR. MPSGS15 24 236515
R RESISTOR, 3.3K, 1/4W, 5% 22073378
Az RESISTOR, 1 6K, 1/4W. 5% 27021629
R3 RESISTOR, 100K, 1/2W. 5% 7-031049
A4 RESISTOR, 1/2W, 20%, FSV T2203% 47
5,19 HESISTOR, 100K, 2W. 5% 22051049
RE RESISTOR, 4.7M, 1/4W, 5% 27-074759
AB RESISTOR, 150K, 2W, 5% 22.U51543.4
R0, 203542 44 RESISTOR, 100K, 1/4W, 5% 72-021049
R FESISTOR, 2.7K, 1/4W, 5% 22022279
A2 RESISTOR. 5081, TAIM POY 22.674500
R13, 14 RESISTOKSET 27 481069 2

RESISTOR B.978K (-1} (R13)

AESISTOR, 1K (71 {R14)
218 AESISTOR SOov) TRiIM POT 22674503
R21.30, 41 RESISTOR, 10§), 1/4W, 5% 27.071009
R72 RESISTOR, 7 5K, 1/4W, 5% 22027529
R23 AESISTOR, 2.7M, 1/4W, 5% 27027759
£33, 34, 38 FRESISTORSET 2748 1069 1

AESISTOR, 9K {-11{A34)

RESISTOR, 1 028K (R38)

RESISTOR 52K {R33)
3% RESISTOR, 1008l 174w, 5% 72 021009
Rg RESISTOR 100K, THIM POT 22674104
A16 RESISTOR, 3381 174w 5% 272-02330%
AvY RESISTOR, 68X, 1/4W, 5% 7706839
f36. 31 RESISTOR, 200§ TRM POT 2267420}
Aa37 RESISTOR, 39 2K, 1%, RNS5C 22-343922
R39 AESISTOR, 51K, 1/4W, 5% 22-078128
R40 AESISTOR, 1K 1/4W, 5% 72071079
Aza RESISTOR, 90081 20-68-1015-01
R25 RESISTOR, 90l 22-8B-1015.02
R26 RESISTOR, 951 22-68-1015-03
127 mFES1STOR. 9§ 22-68-1015-04
AR RESISTOR, 51 22-B6-1015.06
R29 BESISTOR 3051 »W. 5% 22033008
R45 RESISTOR, 470M, ¥a W, 20% (FSV OPT.} | 22.034777
51 SWITCH, RANGE PLAC-1112
82 SWiTCH, FUNCTION PLAG-111Y

H AESONATOR, 402K Hr 25141000

71 INTGKT, LF 3564, YEL DOTSELECTED | 24-48-1118
23 INTCKTLF 356 HBLUE DOT SELECTED | 24-68.1032
27 INT CKT 3737 24 303737
74 INT CKT TLO82 24-400082
75 INT CKT £M383 24-400383- A
76 INTCKT LS CMOS, A/D LOGHS 24 431058
77 INT CKT MG 14513 24-L 14511

5-2
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