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1-1. INTRODUCTION

This manual provides complete operating instructions and service information for the
8842A. If you want to get started using your 8842A right away, proceed to the operating
instructions in Section 2. If you intend to use the 8842A with the IEEE-488 Interface
(Option -05), read Sections 2 and 3. This meter has been designed and tested according to
IEC publication 348, Safety Requirements for Electronic Measuring Apparatus. This
manual contains information and warnings which must be followed to ensure safe
operation and retain the meter in safe condition.

1-2. THE 8842A DIGITAL MULTIMETER

The Fluke 8842A Digital Multimeter is a high-performance 5-1/2 digit instrument
designed for general-purpose bench or systems applications. The 8842A is the top-of-the-
line DMM in the 8840A family. Using proprietary thin film resistor networks, a stable
reference amplifier and stable active components, the 8842A offers superior
measurement performance and stability. It also offers additional 20 mV, 20 ohm, and
200 mA dc ranges. Features of the 8842A include:

* Highly legible vacuum fluorescent display

* Intuitively easy front panel operation

¢ Basic dc accuracy of 0.003% for 1 year

e 2-wire and 4-wire resistance measurement

¢ DC current measurement

¢ Upto 100 readings per second

* (losed-case calibration (no internal adjustments)

e Built-in self-tests

1-3. OPTIONS AND ACCESSORIES

A number of options and accessories are available for the 8842A which can be easily
installed at any time. The options include:

* [EEE-488 Interface (Option -05), featuring:

Full programmability

Simple and predictable command set
Fast measurement throughput
External Trigger input connector
Sample Complete output connector
Automated calibration

Low cost

* True RMS AC (Option -09), featuring:

AC voltage measurement

AC current measurement

Accessories include a variety of rack mounting kits, probes, test leads, and cables. Full
information about options and accessories can be found in Section 8.
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SPECIFICATIONS

1-4. SPECIFICATIONS

Specifications for the 8842A are given in Table 1-1. External dimensions are shown in

Figure 1-1.
Table 1-1. Specifications
DC VOLTAGE
Input Characteristics
FULL SCALE 5/ RESOLUTION INPUT
RANGE DIGITS 5 DIGITS 4% DIGITS* RESISTANCE
20 mV 19.9999 mV 0.1uV 1uVv 210,000 MQ
200 mV 199.999 mV 1uVv 10 uVv =10,000 MQ
2V 1.99999V 10 uVv 100 uv =10,000 MQ
20V 19.9999V 100 uVv 1mVv =10,000 MQ
200V 199.999V 1mV 10 mV 10 MQ
1000V 1000.00V 10 mV 100 mV 10 MQ
*4Y> digits at the fastest reading rate.

Accuracy
NORMAL (S) READING RATE ............. +(% of Reading + Number of Counts)
RANGE 24 HOUR' 23+1°C 90 DAY 23+5°C 1 YEAR 23+5°C 2 YEAR 23+5°C
20 mv® 0.0050 + 20° 0.0070 + 30° 0.0100 + 30° 0.0120 + 40°
200 mV® 0.0030 + 2¢ 0.0045 + 3* 0.0070 + 3* 0.0100 + 4¢
2V 0.0015 +2 0.0025 + 2 0.0030 + 2 0.0050 + 3
20V 0.0015 +2 0.0030 + 2 0.0035 + 2 0.0060 + 3
200V 0.0015 +2 0.0030 + 2 0.0035 + 2 0.0060 + 3
1000V 0.0020 + 2 0.0035 + 2 0.0045 + 2 0.0070 + 3

1. Relative to calibration standards.
2. Within one hour of dc zero, using offset control.

3. When offset control is not used the number of counts are 50, 70, 90 and 90 for 24 hours, 90 day, 1
year, and 2 year respectively.

4. When offset control is not used the number of counts are 5, 7, 9 for 24 hours, 90 day, 1 year, and 2
year respectively.

MEDIUM AND FAST RATES.: ................ In medium rate, add 3 counts (20 counts on 20 mV Range) to
number of counts. In fast rate, use 2 (4%2 digit mode) counts
(30 counts on 20 mV range) for the number of counts

1-3
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Operating Characteristics

TEMPERATURE COEFFICIENT ........... <+(0.0006% of reading + 0.3 Count) per °C from 0°C to 18°C
and 28°C to 50°C.

MAXIMUM INPUT
NOISE REJECTION

1000V dc or peak ac on any range.

Automatically optimized at power-up for 50, 60, or 400 Hz.

RATE READINGS/ FILTER NMRR? PEAK NM CMRR3
SECOND' SIGNAL

S5 25 Analog & Digital >98 dB 20V or 2x FS* >140 dB

Mmé 20 Digital >45 dB 1x FS >100 dB

F 100 None _ 1x FS >60 dB

4. 20 volts or 2 times full scale whichever is greater, not to exceed 1000V.
5. Reading rate-1/3 rdg / sec. in the 20 mV, 202, 200 mA dc ranges
6. Reading rate-1.25 rdg / sec. in the 20 mV, 2022, 200 mA dc ranges

1. Reading rate with internal trigger and 60 Hz power line frequency. See “reading rates” for more detail.

2. Normal Mode Rejection Ratio, at 50 or 60 Hz +0.1%. The NMRR for 400 Hz +0.1% is 85 dB in S rate
and 35 dB in M rate.

3. Common Mode Rejection Ratio at 50 or 60 Hz +0.1%, with 1 kQ in series with either lead. The CMRR
is >140 dB at dc for all reading rates.

TRUE RMS AC VOLTAGE (OPTION 8842A-09)

Input Characteristics

RANGE FULL SCALE 5)> RESOLUTION INPUT
DIGITS 5%, DIGITS 4% DIGITS* IMPENDANCE
200 mV 199.999 mV Y 10 uv 1 MQ
2v 1.99999V 10 uv 100 pVv Shunted
20V 19.9999V 100 pVv 1mV By
200V 199.999V 1mV 10 mV <100 pF
700V 700.00V 10 mV 100 mV
*4Y> digits at the fastest reading rate

1-4
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SPECIFICATIONS

Accuracy
NORMAL (s) READING RATE .............. +(% of Reading + Number of Counts).
For sinewave inputs =10,000 counts'.
FREQUENCY 24 HOURS?23+1°C | 90 DAY 235°C 1 YEAR 23+5°C 2 YEARS #5°C
20-45 1.2+100 1.2+100 1.2+ 100 1.2+100
45-200 0.3 +100 0.35 + 100 0.4 + 100 0.5+100
200-20k
(200 mV range) 0.06 + 100 0.08 + 100 0.10 + 100 0.20 + 100
(2V-200V range) 0.05 + 80 0.07 + 80 0.08 + 80 0.15 + 80
(700V range) 0.06 + 100 0.08 + 100 0.10 + 100 0.20 + 100
20k-50k 0.15+ 120 0.19 + 150 0.21 + 200 0.25 + 250
50k-100k 0.4 + 300 0.5 + 300 0.5 + 400 0.5 + 500
1. For sinewave inputs between 1,000 and 10,000 counts, add to number of counts 100 counts for
frequencies 20 Hz to 20 kHz, 200 counts for 20 kHz, and 500 counts for 50 kHz to 100 kHz.
2. Relative to calibration standards.

MEDIUM AND FAST READING RATES........ In medium rate, add 50 counts to number of counts. In the
fast rate the specifications apply for sinewave inputs
=1000 (42 digit mode) counts and >100 Hz.

NONSINUSOIDAL INPUTS ... For nonsinusoidal inputs =10,000 counts with frequency
components =100 kHz, add the following % of reading to
the accuracy specifications.

FUNDAMENTAL CREST FACTOR
FREQUENCY
1.0TO15 1.5TO 2.0 20T03.0
45 Hz to 20 kHz 20 Hz 0.05 0.15 0.3
20 Hz to 45 Hz and 20 0.2 0.7 1.5
kHz to 50 kHz
Operating Characteristics
MAXIMUM INPUT ......cooiiiiiiieeeee e 700V rms, 1000V peak or 2 x 10" Volts-Hertz product
(whichever is less) for any range.
TEMPERATURE COEFFICIENT ............ +(% of reading + Number of Counts) per °C, to 18°C and 28°C
to 50°C.
FREQUENCY IN HERTZ
FOR INPUTS 20-20k 20k-50k 50k-100k
=10,000 counts 0.019+9 0.021 +9 0.027 + 10
=1,000 counts 0.019 + 12 0.021 + 15 0.027 + 21
COMMON MODE REJECTION............... >60 dB at 50 or 60 Hz with 1 kQ in either lead.

1-5



8842A
Instruction Manual

CURRENT
Input Characteristics
RANGE FULL SCALE 5% RESOLUTION
DIGITS
5% DIGITS 4" DIGITS'
200 mA ® 199.999 mA 1 uA 10 uA
2000 mA 1999.99 mA 10 uA 100 uA
1. 4% digits at the fastest reading rate.
2. The 200mA range is available for dc current only.
DC Accuracy
NORMAL (S) READING RATE................ +(% of reading + number of counts).
RANGE 90 DAYS 23+5°C 1 YEAR 23+5°C 2 YEARS 23+5°C
200 mA 0.04 + 40 0.05 + 40 0.08 + 40
2000 mA
<1A 0.04 +4 0.05+4 0.08+4
>1A 0.1+4 0.1+4 0.15+4

MEDIUM AND FAST READING RATES  In medium reading rate, add 2 counts (20 counts on 200 mA
range) to number of counts. In fast reading rate, use 2 (4%2

digit mode) counts (20 counts on 200 mA range) for number
of counts.

AC Accuracy (Option —09)
NORMAL (S) READING RATE................ +(% of Reading + Number of Counts).
23+5°C, for sinewave inputs =10,000 counts'.

FREQUENCY IN HERTZ

20-45 45-100 100-5K*
ONE YEAR 2.0 + 200 0.5+ 200 0.4 + 200
TWO YEAR 3.0 + 300 0.7 + 300 0.6 + 300

*Typically 20 kHz
1. For sinewave inputs between 1,000 and 10,000 counts, add to number of counts 100 counts for|
frequencies 20 Hz to 5 kHz (typically 20 kHz).
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1

MEDIUM AND FAST READING RATES........ In medium rate, add 50 counts to number of counts. In fast

reading rate, for sinewave inputs =1000 (4%2 digit mode)
counts and frequencies >100 Hz, the accuracy is +(0.4%
of reading +30 (42 digit mode) counts).

NONSINUSOIDAL INPUTS .......cooieeeein. For nonsinusoidal inputs =10,000 counts with frequency

components <100 kHz, add the following % of reading to
the accuracy specifications

FUNDAMENTAL CREST FACTOR
FREQUENCY
1.0TO1.5 1.5TO 2.0 20T03.0
45 HZ to 5 kHz 0.05 0.15 0.3
20 Hz to 45 Hz 0.2 0.7 1.5
Operating Characteristics
TEMPERATURE COEFFICIENT ............ Less than 0.1 x accuracy specification per °C to 18°C and
28°C to 50°C.

MAXIMUM INPUT .......

BURDEN VOLTAGE...

front panel, and interval 3A, 600V fuse.

1V dc or rms ac typical at full scale.

2A dc or rms ac. Protected with 2A, 250V fuse accessible at

RESISTANCE
Input Characteristics
RANGE FULL SCALE RESOLUTION CURRENT
5% DIGITS 51 DIGITS 4% DIGITS' THROUGH UNKNOWN
20Q° 19.999Q 0.1 mQ 1mQ 1 mA
200Q 199.999Q 1 mQ 10 mQ 1 mA
2 kQ 1.99999 kQ 10 mQ 100 mQ 1mA
20 kQ 19.9999 kQ 100 mQ 1Q 100 A
200 k2 199.999 kQ 1Q 10Q 10 uA
2000 kQ 1999.99 kQ 10Q 100Q 5 uA
20 MQ 19.9999 MQ 100Q 1kQ 0.5 uA
1. 4% digits at the fastest reading rate.
2. Four-wire ohms only.

1-7
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Accuracy
NORMAL (S) READING RATE............... +(% of Reading + Number of Counts)'.
RANGE 24 HOURS 23+1°C 90 DAY 23+5°C 1 YEAR 23+5°C 2 YEARS 23+1°C
20Q° 0.007 + 30° 0.009 + 40° 0.012 + 40 0.015 + 40°
200Q° 0.0040 + 3° 0.007 + 4° 0.010 + 4° 0.012 + 4°
2kQ 0.0025 + 2 0.005 + 3 0.008 + 3 0.010+3
20 kQ 0.0025 + 2 0.005 + 3 0.008 + 3 0.010 +3
200 ke 0.0025 + 2 0.006 + 3 0.010+3 0.012+3
2000 kQ 0.023 + 3 0.025 +3 0.027 + 3 0.030 + 3
20 MQ 0.023 + 3 0.040 + 4 0.042 + 4 0.050 + 4

1. Within one hour of ohms zero, using offset control.
Relative to calibration standards.

Applies to 4-wire ohms only.

A 0D

When offset control is not used the number of counts are 50, 70, 90 and 90 for 24 hours,90 day, 1
year, and 2 year respectively.

5.  When offset control is not used the number of counts are 5, 7, 9 and 9 for 24 hours, 90 day, 1 year,
and 2 year respectively.

MEDIUM AND FAST READING RATES........ In medium rate, add 2 counts to the number of counts for
the 200Q through 200 kQ ranges, 3 counts for the 2000
kQ and 20 MQ ranges, and 20 counts for the 20Q range.
In fast reading rate, use 3 (42 digit mode) counts for the
number of counts for the 200Q range, 20 (4'2 digit mode)
counts for the 20Q range and 2 (4 digit mode) counts for
all other ranges.

Operating Characteristics

TEMPERATURE COEFFICIENT ............ Less than 0.1 x accuracy specification per °C from 0°C to 18°C
and 28°C to 50°C.

MEASUREMENT CONFIGURATION .....2-wire or 4-wire in all ranges accept 20Q2 range. Only 4-wire
configuration is allowed in the 20Q range.

OPEN CIRCUIT VOLTAGE ..........ccc.c... Less than 6.5V on the 20Q through the 200 kQ ranges. Less
than 13V on the 2000 kQ and 20 MQ ranges.

INPUT PROTECTION........coeiiiieieene To 300V rms.
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SPECIFICATIONS
Reading Rates
READING RATES WITH INTERNAL TRIGGER (readings per second)
RATE POWER LINE FREQUECNCY'
50 Hz 60 Hz 400 Hz
2.08 (.26)° 2.5 (.31)° 2.38 (.30)°
M 16.7 (1.04) 20 (1.25)° 19.0 (1.19)°
100 100 100
1. Sensed automatically at power-up.
2.In 20 mV, 20 ohm, and 200 mA DC ranges.

AUTORANGING

The 8842A autoranges up to the highest ranges in all funtions, down to the 200 mV range in the VDC
and VAC funtions, and down to the 200 Q ranges in the ohms funtions. To select the 20 mV dc, 20Q, or
200 mA dc range, press the respective range button (or send the respective range command, if using
the IEEE-488 option).

AUTOMATIC SETTLING TIME DELAY

Time in milliseconds from single trigger to start of A/D conversion, Autorange off.

FUNCTION RANGE READING RATE NUMBER OF COUNTS
S M E FROM FINAL VALUE'
VDC 20 mV 342 342 9 30
200 mV 342 61 9 5
2V-1000V 342 17 9 9
VAC All 551 551 551 30 (Note 2)
MA DC 200 mA 342 342 9 9
2000 mA 342 17 9 5
MA AC 2000 mA 551 551 551 30 (Note 2)
Ohms 20Q 395 395 17 40
200Q 395 106 17 5
2 kQ 322 17 13 5
20 kQ 342 17 13 5
200 k2 141 121 21 5
2000 kQ 141 101 81 10
20 MQ 1020 964 723 10
1. Difference between first reading and final value for an in-range step change coincident with trigger.
For slow reading rate. 50 counts for medium rate; 10 counts for fast rate.

1-9
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EXTERNAL TRIGGER TIMING CHARACTERISTICS

The following diagram shows the nominal timing for the various processes which take place between an
external trigger and data sent out on the IEEE-488 interface. Delays will vary if a second trigger comes

before the data handshake is complete.

]
REAR BNC TRIGGER _Il,___l .

\

AUTOMATIC SETTLING TIME DELAY"

A/D CONVERSION? | '
)
SAMPLE COMPLETES 'U
DATA HANDSHAKE* ' [_L
1.2ms—=  —
t1-1.wmf
NOTES: 1. Time for single trigger to start of A/D conversion.(See “Automatic Settling Time

Delay” on previous page.) If the delay is disabled by using the T3 or T4 command,
then the delay is 1 ms+150 us. When the 8842A is triggered with an IEEE-488
command (GET or ?), the automatic settling time delay begins after the trigger
command has been processed and recognized.

2. A/D conversion time is dependent on the reading rate and power-line frequency:
RATE A/D CONVERSION TIME (ms)
50 Hz 60 Hz 400 Hz
S 472 (3800)* 395 (3195)* 414 (3300)*
M 52 (960)* 45 (795)* 47 (840)*
F 7 7 7
*In 20 mV DC, 2022 and 200 mA DC ranges.

3.

4.

Sample complete is a 2.5 us pulse which indicates that the analog input may be
changed for the next reading.

When talking to a fast controller.
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SPECIFICATIONS
GENERAL

COMMON MODE VOLTAGE.................. 1000V dc or peak ac, or 700V rms ac from any input to earth.

TEMPREATURE RANGE .........cccccoveeen. 0 to 50°C operating, -40 to 70°C storage.

HUMIDITY RANGE ........ccccoeiviiieiriieenne 80% RH from 0 to 35°C, 70% to 50°C.

WARMUP TIME ..o 1 hour to rated specifications.

POWER ...ttt 100, 120, 220, or 240V ac +10% (250V ac maximum), switch
selectable at rear panel. 50, 60, or 400 Hz, automatically
sensed at power-up. 20 VA maximum.

VIBRATION......etiiieiie e Meets requirements of MIL-T- 28800C for Type lll, Class 3,
Style E equipment.

PROTECTION .....cooiiiiiiiiiieiieeeciee e ANSI C39.5 AND IEC 348, Class I.

SIZE ... 8.9 cm high, 21.6 cm wide, 37.1 cm deep(3.47 in high, 8.5 in
wide, 14.6 in deep).

WEIGHT ... Net, 3.4 kg (7.5 Ib); shipping, 5.0 kg (11 Ib).

INCLUDED......uuoiiiiiiieeeeeeeeeee e, Line cord, test leads, Instruction/Service Manual, IEEE-488
Quick Reference Guide, (Option —05 only), and instrument
performance record.

IEEE-488 INTERFACE FUNTION .......... Option allows complete control and data output capability, and

supports the following interface funtion subsets: SH1,AH1, T5,
L4, SR1, RL1, DC1, DT1, E1, PPO, AND CO.

ELECTROMAGNETIC COMPATIBILITY Specifications apply when used in an environment with fields
strengths < 1 V/m, (0.8 V/m for DC Current.) For fields
strengths up to 3 V/m, multiply floor adder by 12 for VDC and
Resistance and 200 for DC current. VAC and AC Current have
no adders up to 3 V/m.

B—= T
21.6cm
(8.5")y—=
37.1¢cm ‘ i
(14.6") 00 | [ gs‘
oo l_L o cm
i : 3.77"
Qe T Q ( ‘ )
Y
25.4cm |
(10.0") ———=
'] |
T ! (] 1
8 9cm
(3 47") =

f1-01.wmf

Figure 1-1. External Dimensions
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2-1.

2-2.

2-3.

2-4.

INTRODUCTION

This section provides instructions for installing and operating the 8842A. Refer to
Section 4 for measurement considerations.

INSTALLATION

Installing the Power-Line Fuse

WARNING

FOR POWER-LINE VOLTAGES OF 198V TO 250V, THE POWER-
LINE FUSE MUST BE REPLACED WITH A 1/8A, 250V SLO-BLO
FUSE FOR FIRE PROTECTION. TO AVOID ELECTRIC SHOCK,
REMOVE THE POWER CORD BEFORE REPLACING THE
EXTERNAL LINE FUSE.

The 8842A has a rear-panel power-line fuse in series with the power supply. A 1/4A,
250V slow-blow fuse is installed in the factory for operation from 90V to 132V. For
operation with power-line voltages of 198V to 250V, the fuse must be replaced with a
1/8A, 250V slo-blow fuse.

To replace the power-line fuse, first remove the power cord. Then turn the rear-panel fuse
cover 1/4-turn counterclockwise with a screwdriver.

For power-line voltages of 198V to 250V, use only a 1/4 x 1 1/4 (6.3mm x 32mm) fuse
with at least a 100A breaking capacity.

Connecting to Line Power

WARNING

TO AVOID SHOCK HAZARD, CONNECT THE INSTRUMENT
POWER CORD TO A POWER RECEPTACLE WITH EARTH
GROUND. TO AVOID INSTRUMENT DAMAGE, CHECK THAT
THE REAR PANEL LINE VOLTAGE SELECTION SWITCHES ARE
SET TO THE POWER-LINE VOLTAGE IN OUR AREA.

The 8842A can be configured to accept line power of 100, 120, 220, or 240V ac (+/-10%,
250V maximum) at 50, 60, or 400 Hz. The voltage must be selected by setting the rear
panel LINE SET switches as shown in Figure 2-1. The 8842A automatically senses the
power-line frequency at power-up, so that no adjustment for frequency is necessary.

FOR THIS LINE USE THIS SWITCH FOR THIS LINE  USE THIS SWITCH
VOLTAGE: SETTING: VOLTAGE: SETTING:

90V to 109V LINE 198V to 229V LINE

SET SET

109V to 132V LINE 229V to 250V LINE

SET SET

f2-01.wmf

Figure 2-1. Line Voltage S  election Settings
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INSTALLATION

2-5. Adjusting the Handle
The handle provides two viewing angles for bench-top use. To adjust its position, pull the
ends out to a hard stop (about 1/4 inch on each side) and rotate it to one of the four stop
positions shown in Figure 2-2. To remove the handle, adjust it to the vertical stop
position and pull the ends all the way out.

2-6. Rack Mounting Kits

You can mount the 8842A in a standard 19-inch rack panel using the accessory rack
mounting kits shown in Figure 2-3. To install the Single Rack Mount Kit, remove the
handle and handle mounting plates, and attach the rack ears with the screws provided
(Figure 2-4). The Dual Rack Mount Kit is installed similarly. (Both kits include mounting
instructions.)

The rear feet may be rotated 180 degrees to clear a narrow rack space.

PULL ENDS OUTWARD 1. Viewing position 2. Alternate viewing position
TO ROTATE _

— n

Coonidcos=2 D

Qow
T O

g 0CO0C00 T
4. Removal position
(to remove, pull ends out)
3. Carrying position
- l _
4? J) t J)
f2-02.wmf
Figure 2-2. Adjusting the Handle
o [c —— — [
~ e 20 2]
ofé c )
5.,0505051353 g: slslelslalalel==rs g?maaoor_cggg
bl — OCcoCcOoo: - o CO00Coc — OOoC0C0o0 — -
Single Rack Mount Kit Dual Rack Mount Kit
(Accessory Y8834) (Accessory Y8835)

Center Rack Mount Kit (Accessory Y8836) also available.

f2-03.wmf

Figure 2-3. Rack-Mount Kits
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REMOVE ATTACH
HANDLE RACK EARS
MOUNTING

PLATES

f2-04.wmf

Figure 2-4. Installing the Single Rack Mount Kit

OPERATING FEATURES

Power-Up Features

When the 8842A is turned on, all display segments light up for about 2 seconds while the
instrument performs an internal self-test of its digital circuitry. The 8842A then assumes
the following configuration:

* VDC function

* Autorange, starting in the 1000V range
* Slow reading rate

* Continuous, internal trigger

* OFFSET off

* Local (front panel) control

While all display segments are lit during the power-up self-test, you can freeze the
display by pressing the SRQ button. All display segments will then remain lit until you
press any button.

Front and Rear Panel Features

Front panel features are explained in Figure 2-5. Rear panel features are explained in
Figure 2-6.

The alternate functions embossed below the front panel range buttons and the special
feature buttons are enabled by the CAL ENABLE switch. These functions are for use
only when calibrating the instrument. See the Maintenance section for further
explanation.

CAUTION

To avoid accidentally uncalibrating the 8842A, do not press the
CAL ENABLE switch unless calibrating the instrument. Never
cycle power on or off while the CAL ENABLE switch is on.
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Note that the VAC and mA AC functions are available only with the True RMS AC
option. If this option is absent, pressing the VAC and mA AC function buttons causes the
8842A to briefly display an error message (ERROR 30).

FUNCTION BUTTONS:

DC Volts 4-Wire Ohms

vacl AC Volts* mA
DC Current 57l ENABLE switch
HIGH and LO SENSE 2-Wire Ohms AC Current* enables calibration
Terminals for 4-Wire Ohms Only mode. (CAUTION! See text.)
Display
—_——— /

[
8842A MULTIMETER

HIl and LO » \ , : -
INPUT Terminals i cunnon
2A INPUT Terminal CIN o oo SPECIAL
FEATURES

(Houses 2A fuse) it':@ =]
@

FRONT/REAR switch selects
either front or rear inputs. 20 mV or 20Q

RANGE BUTTON:

200V, 200 kQ or
200 mA dc

™ 500 mV or 2000 [ 1000V dc, 700V ac,
2 MQ or 2000 mA

2Vor2kQ 20 MQ POWER switch turns 8842A
on or off. Also initiates
power-up self-test and
resets instrument to:

® VDC function

Autorange

Slow reading rate
Continuous trigger
OFFSET off

Local (front panel) control

Calibration Functions
(embossed)

20V or 20 kQ Autorange On/Off **

*Available with 8842A-09 True RMS AC only. ** For a description of the autorange feature,
Gives error message if option not installed. see paragraph 2-14.

f2-05_1.wmf
Figure 2-5. Front Panel Features
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TRIG triggers a new reading. EXT TRIG toggles between internal
Enabled in external trigger mode. /and external trigger modes

/-

IMETER
RATE cycles between slow, medium and

fast reading rates. Automatically
selects the optimum filter for each
reading rate.

SRQ generates a service request over the IEEE-
488 bus if enabled by the SRQ mask (IEEE-488

RATE .
Jalll ma mA |%| Iﬂl IW' Interface option only). When pressed for 3

===~ seconds, SRQ initiates diagnostic self-tests.

llorrser)| |[rocac]| [ “sra )|-e—

VAR IN HF AC ERASE
2000 / POWER\\
ZIBE=R

NOTE: Leave inputs disconnected during self-
tests or the 8842A may indicate errors.

DIGIT 3 DIGIT 4 DIGIT 5 DIGIT 4 | \
4

OFFSET stores the displayed reading as an
offset, which the 8842A subtracts from all
subsequent readings in the function
presently selected. Readings in the other
functions remain unaffected. Pressing
OFFSET again cancels the offset, or stores
a new offset if in a different function.

If the 8842A is in remote, LOCAL returns it to
local control. If the 8842A is in local, the
LOCAL button causes the 8842A to display its
bus address for two and one half seconds.
Ignored if the IEE-488 Interface is not
installed.

Error Condition
Reading Rate Slow, Medium

Overrange ibrati
and Fast. Blinks off when a 9 Calibration Mode Enabled
reading is trlggered Autorange On
Offset On
External Trigger pd

Mode Enabled \“EX1T_ERSI(T5 SIVIF OVER ERROR CAL  AUTO OFFSET

sortest _frewore L 2L OZH D20 2L o 6w VEEOT
\LIS;'FEI(\JI ..' ‘.' .l' ..' '.' .l 4 WIRE J| Annunciators

IEEE-488 Intejrface //
Annunciators

f2-05_2.wmf
Figure 2-5. Front Panel Features (cont)
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SAMPLE COMPLETE output
TTL-level. Normally high,
pulsed low when samples for

EX TRIG input* a reading are completed*

TTL-level,
falling-edge triggered
(internally selectable)

TALK ONLY and IEEE-488
ADDRESS Selection Switches*

IEEE-488 Interface
Bus Connector*

HIGH and LO SENSE
Terminals for 4-Wire
Ohms Only

Al
w  TTLLEVELS OUT
SHELL NOT
GROUNDED
15V MAX
EXT TRIG SH1, AH1, T5, L4, SR1, RL1,
10V MAX COMPLETE DC1, DT, PPO, CO, E1

JOHN FLUKE MFG. CO., INC. M IEEE-05
EVERETT, WA MADE IN U.S.A. [J AC-09

W 240v
LINE Ei 220V
SET e 120V
PATENTS PENDIN BE 100y
LINE FUSE @
CAUTION/ A 250

FOR FIRE PRE'/:NTION
REPLACE ONI/ WITH %

NI

EMOVE GROUNDING SC|3EW_\ BEFORE REMOVI |G COVER

10 g

20VA | 60/400 Hz

Line Voltage

Rear feet rotate . .
Selection Switches

for rack mounting

Hl and LO INPUT
Terminals
Power-Line Cord

Connector

Serial Number

Power-Line Fuse

*Available with IEEE-488 Interface only.
Otherwise, the upper portion of the rear panel is
covered with an insert as shown at right.

CAUTION: The rear panel insert is attached from

inside the case. Refer to Section 8 for instructions
on removing it.

Rear Panel Insert

aY L ~
/( \ g % / )
\
INPUT SENSE
_ , Q 4 WIRE
JOHN FLUKE MFG. CO., INC. I IEEE-05 W 20V u
@ EVERETT, WA MADE IN U.S.A. [J AC-09 LINE u Eg 20
100V, 1000V===
G  ATENTs PENDING
LINE FUSE @ 700v~ M A
__J| WARNING CAUTION A 20 -
GROUNDING CONDUCTOR FOR FIRE PREVENTION LO
IN POWER CORD MUST BE REPLACE ONLY WITH -
CONI NECTED TO ENSURE 1/4 A SLOW FUSE, 100/120v AL
PROTECTION FRO! 1/8 A SLOW FUSE, 220/240V 20 VA 50/60/400 Hz uTS
ELECTRICAL SHOCK 1000V === .l. MAX A
REMOVE GROUNDING SCREW “/ BEFORE REMOVING COVER 700V ~ =

Figure 2-6. Rear Panel Features

f2-06.wmf
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2-10. Display Features
The 8842A features a vacuum fluorescent display with a numeric field and annunciators.
The annunciators are explained in Figure 2-5.

2-11. Error Messages
If the 8842 A detects an operator error or an internal failure, it displays an error message
for about 2-1/2 seconds and then resumes normal operation. During this time, the front
panel buttons are ignored. The error message consists of the ERROR annunciator and a
two-digit error code. (See Figure 2-7.) Error codes are explained in Table 2-1.

If the FRONT/REAR switch is set to the REAR position while the mA DC or mA AC
function is selected, ERROR 31 is displayed. In this case the error message is displayed
until you return the switch to the FRONT position or select another function.

ERROR

an

R

Error 30: AC function selected without -09
True RMS AC option.

2-07.wmf

Figure 2-7. Typical Error Messages
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Table 2-1. Error Codes
ERROR MEANING ERROR CODE MEANING
CODE
ANALOG SELF-TEST ERRORS OPERATION ERRORS
1 200 VAC, Zero 30 | AC funtions availible only with 8842A-09 True
RMS AC option.
2 700 VAC, Zero 31 | mA AC or mA DC funtion selected while
REAR inputs selected.
3 mA AC, Zero 32 | OFFSET selected with reading unavailible for
overrange.
4 mA DC, Zero 40 | Computed calibration constant out of

range.(Previous cal may be wrong or there
may be a hardware problem.)

5 200 VDC, Zero 41 | Calibration input out of acceptable range.
Check that input is correct. (Previous cal may
be wrong or there may be a hardware

problem.)

6 1000 VDC, Zero 42 | Calibration memory write error. (Probably a
hardware problem.)

7 1000 VDC, Zero 50 | Guard crossing error detected by In-Guard
uC.

8 20 VDC + 20MQ 51 | Calibration command not valid unless
calibration mode is enabled.

9 20 VDC + 2000 kQ 52 | Command not valid at this time.

10 2 VDC + 2000 kQ 53 | Invalid calibration value in Put command.

(Example: Sending a negative value during
ac calibration.)

11 200Q, Overrange 54 | Command not valid in calibration verification.

12 2 kQ, Overrange 56 | Variable inputs not allowed during A/D
calibration.Use prompted value.

13 20 kQ, Overrange 60 | Device-dependent commands not valid
during self-tests.

14 200 kQ, Overrange 71 | Syntax error in device-dependent command
string.

15 1000 VDC + X10 T/H + 20 MQ 72 G(L)Jard crossing error detected by out Guard
uc.

16 200 VDC + 200 kQ 73 | Guard crossing error detected at power on or
CAL ENABLE switch on at power on.

17 200 VDC + 20 kQ 77 | |[EEE-488 Interface self-test error.

DIGITAL SELF-TEST ERRORS

25 |In-Guard uC Internal RAM

26 | Display RAM

27 | In-Guard uC Internal Program Memory

28 | External Program Memory

29 | Calibration Memory

NOTE: See the Maintenance section for a detailed description of self-tests.
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2-12.

2-13.

2-14.

2-15.

Overrange Indication

An input is overrange if it exceeds the full scale of the selected range. In most ranges, the
8842A indicates an input is overrange by lighting the OVER annunciator and showing a
"1" on the display. (See Figure 2-8.) The sign, the position of the decimal point, and the
other annunciators are not affected.

As a safety feature, the 8842A treats the 1000V dc and 700V ac rangesdifferently. In
these ranges, the 8842A indicates when the input exceeds the input overload limit of
1000V dc or 700V ac, respectively, by lighting the OVER annunciator and flashing the
display. Readings are still displayed.

Diagnostic Self-Tests

The 8842A features diagnostic self-tests which check both the digital and analog circuitry
in the instrument. The self-tests consist of 21 analog tests followed by the in-guard
program memory, calibration memory, and display self-tests. To initiate the self-tests,
press the SRQ button for 3 seconds. The instrument can be stopped in any of the test
configurations by pressing the SRQ button while the test number is displayed. Press any
button to continue the tests.

During the test, the TEST annunciator lights, and the numeric field displays the number
of each analog test as it is performed. Then all display segments light up while the
instrument performs the in-guard program memory, calibration memory, and display self-
tests. The 8842A then returns to the power-up configuration. The self-tests are described
in greater detail in the Maintenance section.

NOTE

The inputs must be left disconnected while the self-tests are performed or
the 8842A may indicate that errors are present.

If the 8842A detects an error, it displays an error message for about 2-1/2 seconds. (Error
codes 01 through 29 correspond to the self-tests.) If self-test errors are displayed even
when the input terminals are disconnected, there may be a hardware problem in your
8842A. In that event, refer to the Maintenance section or contact your local Fluke
representative.

Ranging
Measurement ranges can be selected using either autorange (by pressing the AUTO

button) or manual range (by pressing another range button). The 8842A displays explicit
units in every range, so that the display may be read directly.

AUTORANGE

In autorange, the 8842 A goes to a higher range when the input exceeds full scale (199999
counts), and goes to a lower range when the input falls below 9% of full scale (18000
counts). While the instrument changes range, the numeric field on the display is blanked
until a new reading is completed. However, the decimal point and units annunciators
always indicate what range the instrument is in.

Pressing the AUTO button when the instrument is already in autorange toggles the
8842A from autorange to manual range. This causes the instrument to remain locked in
the present range.

The 8842A autoranges up to the highest ranges in all functions, down to the 200 mV
range in the VDC and VAC functions, and down to the 200Q2 range in the ohms
functions. To select the 20 mV dc, 2092, or 200 mA dc range, press the respective range
button (or send the respective range command, if using the IEEE-488 option).
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2-18.

2-19.
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MANUAL RANGE

In manual range, the 8842 A remains fixed in the selected range until you select another
range or press AUTO. If you select a range which is not valid for the present function, or
select a function which is not valid for the present range, the 8842 A selects the nearest
valid range. For example, if the 8842A is in the VDC function and you press the 20 MQ
button, the 8842A selects the 1000V range.

The range buttons have no effect in the mA AC functions, since all measurements in
these functions are made in the 2000 mA range.

Triggering

Triggering causes the 8842A to execute a measurement cycle and display the result.
During each measurement cycle, the instrument samples the input a number of times and
then averages the samples to compute a reading. The number of samples averaged for
each reading depends upon the reading rate.

Each time a reading is triggered, the rate annunciator (S, M, or F) blinks off. In the fast
reading rate, the F annunciator flashes so rapidly it appears to be almost constant.

How the 8842A is triggered depends on whether the continuous trigger mode or external
trigger mode is selected. Pressing the EX TRIG (external trigger) button toggles the
8842A between the two modes.

CONTINUOUS TRIGGER MODE

In the continuous trigger mode, readings are triggered by a continuous, internal trigger.
The rate of the trigger is set by the RATE button.

EXTERNAL TRIGGER MODE

In the external trigger mode, readings are triggered by pressing the TRIG button. If the
IEEE-488 Interface option is installed, readings can also be triggered by remote
commands or by using the rear panel external trigger (EXT TRIG) connector. (See the
Options and Accessories section.)

In the external trigger mode, pressing any front panel button blanks the numeric field on
the display until a new measurement is triggered. This ensures that all readings
correspond to the instrument configuration indicated by the display annunciators. The
blanking also occurs in the continuous trigger mode, but usually isn’t noticed because
new measurements are triggered automatically.

The TRIG button does not trigger readings in the continuous trigger mode.However, it
does blank the last reading to acknowledge a button was pressed.

Reading Rates and Noise Rejection

The RATE button allows you to optimize either measurement speed or noise rejection.
The 8842A uses both analog and digital filtering to allow measurements in the presence
of unwanted environmental noise (especially line-related noise). However, since filtering
introduces a delay in response to a change in the input signal, there is an inherent trade-
off between noise rejection and measurement speed.

The instrument has three reading rates: slow (S) and medium (M), with a 5-1/2 digit
display, and fast (F), with a 4-1/2 digit display. To provide optimum combinations of
measurement speed and noise rejection, the RATE button allows control of both the
internal trigger rate and the degree of filtering. The same degree of filtering is used in
both the continuous and external trigger modes. In the 20 mV, 202, and 200 mA dc
ranges, use of slow (S) filter provides maximum noise rejection.
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In the continuous trigger mode, the actual number of readings displayed per second for
each reading rate is determined by the line-power frequency. At power-up, the 8842A
senses the line-power frequency and adjusts the analog-to-digital converter timing
characteristics for optimum normal-mode noise rejection. The resulting reading rates are
shown in the specifications in Section 1.

Automatic Settling Time Delay

When the external trigger mode is selected, the 8842 A automatically inserts a delay after
receiving a trigger signal, but before starting the first input sample. The delay is just long
enough so that the reading will be correct (within a specified number of counts of the
final value) even if the trigger signal occurs as the input makes a step change between
zero and full scale (10,000 counts and full scale in the ac functions).The length of the
delay depends on the range, function, and reading rate, as shown in the specifications in
Section 1. The delay is enabled only in the external trigger mode. It can be turned off
with a remote command over the IEEE-488 interface bus to accommodate special timing
considerations.

‘ OVER
v oC

o
| v,

OVER: Input 22V dc in 2V range.

f2-08.wmf
Figure 2-8. Overrange Indication

External Trigger Input (Option -05 Only)

The rear panel EXT TRIG input is a TTL-level input which can be used to trigger
measurements when the 8842A is in the external trigger mode. A measurement is
triggered on the falling edge of the input. Since the EXT TRIG input is pulled high
internally, it can also be controlled by a normally open switch. A measurement is
triggered when the switch is closed. For special applications using the IEEE-488
Interface, the automatic setting time delay can be disabled using remote commands. (See
Section 3.) Refer to Section 1 for timing details.

The polarity of the EXT TRIG input can be reversed by changing internal jumpers. Refer
to the Maintenance section for instructions.

Sample Complete Output (Option -05 Only)

The SAMPLE COMPLETE output indicates when analog input sampling for a reading is
completed. The output is a TTL-level signal which is pulsed low for approximately 2.5
us when the input-sampling portion of the A/D conversion is completed. The signal is
useful for interfacing with other equipment when the 8842A is used in external trigger
mode in an instrumentation system. For example, the SAMPLE COMPLETE output
could be used to advance a scanner to the next channel.
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2-24. MAKING MEASUREMENTS

2-25. Input Overload Protection Limits
WARNING
TO AVOID SHOCK HAZARD AND/OR INSTRUMENT DAMAGE,
DO NOTAPPLY INPUT POTENTIALS THAT EXCEED THE INPUT
OVERLOAD LIMITS SHOWN IN TABLE 2-2.
The 8842A is protected against input overloads up to the limits shown in Table 2-2.
Exceeding these limits may damage the instrument and/or pose a shock hazard.
Table 2-2. Input Overload Limits
FUNTION CONNECTORS MAXIMUM INPUT
VDC INPUT HI and LO: 1000 dc
MA DC 2A INPUTand INPUT LO: 2000mA
2 WIRE/4 WIRE kQ INPUT HI and LO: 300V rms
SENSE HI and LO: 300V rms

VAC

MA AC

All Funtions

INPUT HI and LO:

2A INPUT and INPUT LO:

Any terminal to earth:

700V rms, 1000V peak, or 2 x 10’
V-Hz (whichever is less)

2000 mA rms
1000V dc or peak ac

2-26. Measuring Voltage and Resistance

To measure voltage or resistance, select the desired function and connect the test leads as

shown in Figure 2-9. Resistance can be measured in either the 2-wire or 4-wire

To measure current, select the desired function and connect the test leads as follows:

1. Turn off power in the circuit to be measured (Figure 2-10).

2. Break the circuit (preferably on the ground side to minimize the common mode

voltage), and place the 8842A in series at that point.

Turn on power in the circuit, and read the display.

4. Turn off power in the circuit, and disconnect the 8842A.

configuration.
2-27. Measuring Current
2-28. Current Fuse Protection

The 2A input terminal is protected from overloads by a 2A, 250V fuse which is
accessible from the front panel, and by an internal 3A, 600V fuse. If either fuse blows,
the 8842 A will respond as though the input were zero.

WARNING

TO AVOID ELECTRIC SHOCK, REMOVE THE TEST LEADS
BEFOREREPLACING THE FRONT PANEL FUSE.
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To replace the front panel fuse, first remove the test leads. Then press in the lip of the 2A
input terminal slightly and rotate it 1/4-turn counterclockwise. Spring tension will force
the fuse and fuse holder out of the front panel. The internal 3A fuse should be replaced
only by qualified service personnel.

Offset Measurements

WARNING

WHEN THE OFFSET FEATURE IS IN USE, DISPLAYED
READINGS ARE RELATIVE AND MAY NOT INDICATE THE
PRESENCE OF DANGEROUS POTENTIALS AT THE INPUT
CONNECTORS OR TEST LEADS. USE CAUTION TO AVOID
ELECTRIC SHOCK OR INSTRUMENT DAMAGE.

The OFFSET feature allows you to store a reading as a relative reference value. When the
OFFSET button is pressed, the 8842A stores the present reading and displays subsequent
measurements as the difference between the measured value and the stored reading. The
OFFSET annunciator is lit whenever an offset is in use.

The OFFSET feature may be used in all functions. Since the display represents a numeric
difference, it always has a sign, even in the resistance and ac functions.

The offset can be canceled by pressing the OFFSET button again, in which case the
OFFSET annunciator disappears from the display. The offset can also be canceled by
storing an offset in another function. If a reading is overrange or unavailable when the
OFFSET button is pressed, the 8842A indicates ERROR 32 and does not store the offset.

If you change functions while an offset is stored, the OFFSET annunciator disappears and
the offset temporarily disappears. However, when you return to the original function, the
offset is restored (and the OFFSET annunciator reappears) unless a new offset was
established in another function. Note that the input overload limits are not changed by the
use of the offset feature. However, the display flashes if the 8842A is in the 1000V dc or
700V ac ranges and the input exceeds 1000V dc or 700V ac, respectively.

While an offset is enabled, the 8842A indicates an overrange condition if either of the
following conditions occur:

* The input signal is overrange
* The calculated reading is overrange

For example, suppose the instrument is in the 20V range of the VDC function and you
store an offset of +15V. The maximum positive voltage reading that can be displayed
without overranging is +4.9999V, which is actually a +19.9999V input signal. The
maximum negative voltage reading that can be displayed without overranging is -
19.9999V, which is actually a -4.9999V input signal. You can measure a greater range of
voltages by selecting a higher range.

When in autorange, the 8842A selects the range appropriate for the input signal,
regardless of any stored offset. If, for example, a +10V offset is stored, and a +1V input
is applied, the 8842 A will autorange to the 2V range and display an overrange condition
since it cannot display -9V on the 2V range. Manual range control could be used to lock
the 8842A into the 20V range in this case.

Applications of the offset feature include correcting for test lead resistance in 2-wire
resistance measurements, nulling offset currents or voltages, measuring voltage
deviations, and matching resistors.
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vDc| | VAC kN kN

~ 2 WIRE 4 WIRE

SENSE terminals for
4-wire resistance
measurement only.

f2-09.wmf

Figure 2-10. Measuring Current

2-30. EXTERNAL CLEANING
WARNING

TO AVOID ELECTRIC SHOCK OR INSTRUMENT DAMAGE,
NEVER GET WATER INSIDE THE CASE. TO AVOID
INSTRUMENT DAMAGE, NEVER APPLY SOLVENTS TO THE

INSTRUMENT.

f2-10.wmf

Should the 8842A case require cleaning, wipe the instrument with a cloth that is lightly

dampened with water or a mild detergent solution.

2-15
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4-1.

INTRODUCTION

This section discusses considerations and techniques to help you use the 8842A
effectively. Among other things, this section discusses sources of error which are an
inherent part of the measurement process and which occur for all multimeters. By
understanding why and when these errors occur, and by knowing how and when to
correct for them, you can make accurate measurements with confidence.

This section also discusses the relative benefits of 2-wire and 4-wire ohms, describes
special considerations for making ac measurements, and presents some unusual
applications--for example, using the test current in the 2-wire ohms function as a
troubleshooting tool in itself.

DC VOLTAGE MEASUREMENT

When measuring dc voltages in high-impedance circuits, there are two possible sources
of error to consider: circuit loading and input bias current.

Circuit Loading Error

Whenever a voltmeter is connected to a circuit, the voltmeter’s internal resistance changes
the voltage of the circuit under test. The resulting error is called circuit loading error. The
error is negligible as long as the resistance of the circuit under test (the source
impedance) is small compared to the input impedance of the meter. As the source
impedance approaches the input impedance of the voltmeter, the error can be
considerable. The percentage of error can be calculated using the formula in Figure 4-1.

Rs = (90 kQ) X (10 kQ) _

CIRCUIT LOADING ERROR IN % = 1—2?"—”.5
s + Ri
where Rs = Source impedance
Ri = 8842A input impedance
(Ri =>10,000 MQ in 200 mV, 2V, and 20V ranges)
(Ri = 10 MQ in 200V and 1000V ranges)

EXAMPLE

When measuring the voltage across the 10 kf2 leg of a 90 kQ over 10 kQ voltage divider, the circuit loading error is less
than 0.1% in the upper ranges, and less than 0.0001% in the lower ranges:

90 kQ
| [

SOURCE — 8842A
VOLTAGE &+

10 kQ2 Ri

9 kO
90 kO + 10 kQ
Error in the 200V and 1000V ranges = 100 x ———2K2___ — 0 099,
ska+ioMa
_ N 9 kQ _
Error in the 200 mV, 2V and 20V ranges =100 x —————— = 0.00009%

9 k2 + 10.000 MQ2

4-01.wmf
Figure 4-1. Circuit Loading Error Calculation
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The input impedance of the 8842A is 10 MQ in the 200V and 1000V dc ranges, and is
greater than 10,000 M in the 20 mV, 200 mV, 2V, and 20V ranges. Therefore, for the
8842A, circuit loading error is less than 0.01% as long as the source impedance is less
than 1 MQ in the 20 mV, 200 mV, 2V, and 20V ranges, and less than 1 k€2 in the 200V
and 1000V ranges. The exceptionally high input impedance on the 20V dc range allows
high-accuracy readings in CMOS and high-impedance analog circuitry.

NOTE

Input protection circuitry can reduce the input impedance to as low as 100
k2 when the input is overrange. This may also occur momentarily when the
instrument autoranges to a higher range.

4-4.  Input Bias Current Error

Input bias current error occurs because a voltmeter’s input bias current always changes
the voltage of the circuit under test. However, the error is significant only when
measuring voltages in circuits with very high source impedance. The error can be
measured as shown in Figure 4-2.

8842A

|
BIAS
Rsource

_

TO MEASURE INPUT BIAS CURRENT ERROR:
1. Select the VDC function and the desired range.

2. Eliminate any offset voltages by shorting the HI INPUT and LO INPUT terminals and then pressing
OFFSET.

3. Select aresistor which matches the source impedance (Rsounce) of the circuit to be tested, and connect it to
the HI INPUT and LO INPUT terminals.

4. Allow the circuit to settle.
5. Record the displayed voltage. This is the input bias current error (Verror).
The input bias current error may be calculated as a percentage as follows:
V earor

_ 9
ERROR (IN %) = VG[TAGE MEASUREMENT * '100%

The input bias current itself (Igss) may be calculated as follows:

_ VEF\ROQ
lgias = ———

SOURCE

4-02.wmf
Figure 4-2. Measuring Input Bias Current Error

With the 8842A, it is easy to correct for this error using the OFFSET button:
1. Select the VDC function and the desired range.

2. Connect the 8842A INPUT terminals to a resistor which matches the source
impedance of the circuit to be tested.
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3. Allow the displayed reading to settle.

4. Press the OFFSET button.

5. Remove the resistor.

6. Proceed with the desired measurement.

Example:

Measure a 1.5V source with 1 MQ source impedance, correcting for input bias current.
1. Connecta 1 MQ resistor between the INPUT HI and INPUT LO terminals.
2. Select the VDC function and the 2V range.

3. Allow the display to settle.

4. Press OFFSET. (This zeroes the input bias current error.)

5. Remove the 1 MQ resistor.

6. Measure the voltage of the circuit under test.

Note that this procedure does not correct for circuit loading error. Also note that if input
bias current error is not corrected for, it may be added to the circuit loading error.

RESISTANCE MEASUREMENT

The 8842A allows you to measure resistance in both 2-wire and 4-wire configurations.
Each has its benefits.

2-Wire Ohms

Two-Wire ohms measurements are simple to set up and yield good results for most
measurement conditions. Measurements are made as shown in Figure 4-3. An internal
current source (the "ohms current source") passes a known test current (Itest) through the
resistance being tested (Runknown). The 8842A measures the voltage drop across
Runknown, calculates Runknown using Ohm’s law (Runknown = Vtest/Itest), and
displays the result.

8842A
( OHMS CURRENT SOURCE )
VOLTAGE SENSE
_ )
HI INPUT LO INPUT

MNV—
R

UNKNOWN

4-03.wmf
Figure 4-3. Wire Ohms Measurement
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The test current and full-scale voltage for each resistance range are shown in Table 4-1.
Since the HI INPUT test lead is positive with respect to the LO INPUT lead, these test
leads are not interchangeable when a semiconductor device is being measured.

Correcting for Test Lead Resistance in 2-Wire Ohms

In 2-wire ohms, the resistance of the test leads can introduce error when measuring low
resistances. Typical test leads may add as much as 0.5Q to 2-wire ohms readings.

With the 8842A, it is easy to correct for this error using the OFFSET button:

1. Select the 2-wire ohms function.

2. Touch the test leads together. The 8842 A should indicate the resistance of the test
leads.

3. With the test leads still touching, press the OFFSET button.The 8842A should read
0Q.

4-Wire Ohms

Four-Wire ohms measurements provide the highest accuracy for low resistance
measurements. The 4-wire configuration automatically corrects for both test lead
resistance and contact resistance. Contact resistance (the resistance between the test probe
tips and the circuit being tested) is unpredictable, and therefore cannot be reliably
corrected with a fixed offset.

Four-Wire ohms measurements are especially important when using long test leads. In a
typical automated test system, for example, the test leads could be connected through
four or five switching relays, each with 2Q of resistance!

NOTE

Instability of the test lead’s resistance can cause significant error on low
ohms ranges, particularly on the 2082 and 20082 ranges. Therefore, only 4-
wire ohims measurement is permitted in the 202 range.

The 8842 A makes 4-wire ohms measurements as shown in Figure 4-4. The HI and LO
INPUT leads apply a known, internal current source to the unknown resistance, just as in
2-wire ohms. (See Table 4-1.) However, the voltage drop across the unknown resistance
is measured with the SENSE leads rather than the INPUT leads. Since the current flow in
the SENSE leads is negligible, the error caused by the voltage drop across the leads is
also negligible.

4-5
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HI INPUT HI SENSE
OHMS DC VOLTAGE
CURRENT (1) Iresr)  Runnows M ) SENSING
SOURCE CIRCUITRY
LO INPUT LO SENSE
8842A
( OHMS CURRENT SOURCE )
J(_\
\_/
VOLTAGE SENSE
b/
HI INPUT HI SENSE LO SENSE LO INPUT
@ §~— R cap (Four places)
;//*
AN /
RUNKNOWN
f4-04.wmf
Figure 4-4. Wire Ohms Measurement
Table 4-1. Ohms Test Current
RANGE TEST CURRENT FULL SCALE VOLTAGE
20Q 1mA 0.02v
200Q 1mA 0.2V
2 kQ 1 mA 2.0V
20 kQ 100 A 2.0V
200 kQ 10 uA 2.0V
2000 kQ 5 uA 10.0V
20 MQ 500 nA 10.0V

4-6
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NOTE

In the 2 M2 and 20 M L2 ranges of 4-wire ohms, the voltage across the
unknown resistance is sensed between the HI SENSE and LO INPUT
terminals. Accuracy is not affected as long as the resistance of the LO
INPUT lead is less than 1082in the 2 M range, and less than 100L2 in the
20 MQrange.

Applications of the Ohms Functions

The 2-wire and 4-wire ohms functions can be used for a variety of purposes in addition to
measuring resistance, as the following applications show.

TESTING DIODES

The 2-wire ohms function can also be used to test diodes.
1. Select the 2-wire ohms function and the 2 k< range.

2. Measure the resistance of the diode. If the diode is good, when forward-biased it will
measure about 0.6 k€2 to 0.7 kQ for silicon (0.25 k€2 to 0.3 k2 for germanium), and
when reverse-biased it will cause the 8842A to indicate overrange. (The forward-
biased reading depends upon the range used.)

The 2 k€2 range is used because its 1 mA test current provides a typical operating point,
and its 2V full-scale voltage is sufficient to turn on most diodes (even two diodes in
series).

TESTING ELECTROLYTIC CAPACITORS

The 2-wire ohms function can also give a rough test of an electrolytic capacitor’s leakage
and dielectric absorption. This test works well for capacitors 0.5 uF and larger.

1. Select the 2-wire ohms function, the 2 kQ range, and the medium reading rate.

2. Connect the test leads to the capacitor (with the INPUT HI lead to the + lead and the
INPUT LO lead to the - lead). The 8842A attempts to charge it to the open-circuit
voltage of the 2 kQ range (about 6V).

Disconnect the + test lead.

4. To test for leakage, select the VDC function and the 20V range (leave the 8842A in
the medium reading rate), and measure the voltage that was stored on the capacitor
during step 2.

a. If the capacitor is good, the voltage across the capacitor will be about 6V, and
will be relatively stable.

b. If the capacitor is leaky, the voltage across the capacitor will be much less than
6V, and the voltage will be decreasing. The rate of change depends on how leaky
the capacitor is.

c. With some electrolytic capacitors, the reading will increase. This usually
indicates the capacitor is defective.

5. To test the capacitor’s dielectric absorption, briefly short the capacitor’s leads together
and then measure the voltage across the capacitor.

a. If the dielectric is good (i.e., has low dielectric absorption), the voltage across the
capacitor will be nearly zero volts.

b. If the dielectric is poor (i.e., has high dielectric absorption), the voltage across the
capacitor will be significantly above zero.

4-7
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A PRECISION CURRENT SOURCE

The ohms current source (the internal current source used in the ohms functions) makes a
useful troubleshooting tool in itself. It has excellent linearity and temperature stability. Its
compliance voltage is typically 5V in the lower five ohms ranges, and 12V in the upper
two ohms ranges. The inputs are protected against accidental applications of voltage up to
300V rms.

To use the ohms current source, connect the test leads to the HI and LO INPUTS, and
select either the 2-wire or 4-wire ohms function. Press the range buttons to select any of
the current levels shown in Table 4-1.

The ohms current source can be used to troubleshoot circuits by injecting current into
selected nodes, forcing the circuits to be in a specific test state. For example, the ohms
current source can be used to set or modify the bias of amplifier circuits. The current
level can be changed simply by changing range.

The ohms current source can also be used to test mA or uA panel meters. The accuracy
of the current source is more than enough to verify panel meters, whose accuracy is
typically 1% to 5%. To test an analog panel meter, simply connect the current source
across the meter movement (as though measuring its resistance). A 1 mA meter should
show full scale when the ohms function is set on the 2 kQ range. The same technique also
works with digital panel meters.

4-13.DC CURRENT MEASUREMENT

To get the best accuracy using the mA DC function, it is important to understand the
concept of burden voltage error.

When a meter is placed in series with a circuit to measure current, error can be caused by
the small voltage drop across the meter (in this case, across the protective fuses and
current shunt). This voltage drop is called the burden voltage, and it is highest for full-
scale measurements. The full-scale burden voltage for the 8842A is typically less than
1V.

The burden voltage can present a significant error if the current source being measured is

unregulated (i.e., not a true current source) and if the resistance of the fuse and shunt is a

significant part of the source resistance. If burden voltage does present a significant error,
the percentage of error can be calculated and corrected for using the formulas in Figure 4-
5.
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8842A Es = Source voltage (measured)
E» = Burden voltage (measured)

Eo
I R 1 R.= Load + source resistance
v

Ro Ro = 8842A internal resistance

2A INPUT LO INPUT
+

Es Re

Eb

ERROR IN mA = (Displayed current) X
Es- E»

E
ERROR IN PERCENT = E—° X 100

EXAMPLE:

Displayed current = 1460 mA
Es = 15V (measured with 8842A in VDC function)
E» = 0.4V (measured with 8842A as described below)

0.4V
Error in percent = —— X 100 = 2.67%
0.4V
Error in mA = (1460 mA) X ——— = 40 mA
15V - 0.4V
To get the correct current, add the error in mA to the displayed current:

Correct current = 1460 mA + 40 mA = 1500 mA

NOTE: MEASURING BURDEN VOLTAGE

The 8842A allows you to measure burden voltage (Eo) directly. Leaving the 2A and LO INPUT leads in place for
current measurement, select the VDC function. Then, connect a third lead to the HI INPUT terminal and with it
measure voltage at the 2A terminal.

f4-05.wmf

Figure 4-5. Burden Voltage Error Calculation

4-14.REDUCING THERMAL VOLTAGES

When making very low-level dc measurements, thermal voltages can present an
additional source of error. Thermal voltages are the thermovoltaic potentials generated at
the junction between dissimilar metals. Thermal voltages typically occur at binding posts
and can be greater than 10 uV.

Thermal voltages can also cause problems in the low dc and ohms ranges, particularly in
the 20 mV and 20€2 ranges. Some low-value resistors are constructed with dissimilar
metals. Just handling such resistors can cause thermal voltages large enough to introduce
measurement errors.

The effect of thermal voltages can be reduced by using the following techniques:
1. Use tight connections.
2. Use clean connections (especially free of grease and dirt).

3. Use similar metals for connections wherever possible (e.g., copper-to-copper, gold-
to-gold, etc.).

4-9
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4. Use caution when handling the circuit under test.

5. Wait for the circuit to reach thermal equilibrium. (Thermal voltages are generated
only where there is a temperature gradient.)

4-15.AC VOLTAGE AND CURRENT MEASUREMENT

4-16.

4-17.

When making precise measurements of ac voltage and current, there are several
considerations in addition to those discussed under dc voltage and current measurement.
These include the concepts of rms conversion, crest factor, bandwidth, and zero-input
error.

True RMS Measurement

The True RMS AC Option measures the true rms value of ac voltages and currents. In
physical terms, the rms (root-mean-square) value of a waveform is the equivalent dc
value that causes the same amount of heat to be dissipated in a resistor. True rms
measurement greatly simplifies the analysis of complex ac signals. Since the rms value is
the dc equivalent of the original waveform, it provides a reliable basis for comparing
dissimilar waveforms.

By contrast, many meters in use today use average-responding ac converters rather than
true rms converters. The scale factor in these meters is adjusted so that they display the
rms value for harmonic-free sinusoids. However, if a signal is not sinusoidal, average-
responding meters do not display correct rms readings.

The 8842A actually derives the rms value using analog computation. This means that the
8842A readings represent true rms values not only for harmonic-free sinusoids, but also
for mixed frequencies, modulated signals, square waves, sawtooths, random noise,
rectangular pulses with 10% duty cycle, etc.

Waveform Comparison

Figure 4-6 illustrates the relationship between ac and dc components for common
waveforms, and compares readings for true rms meters and average-responding meters.
For example, consider the first waveform, a 1.41421V (zero-to-peak) sine wave. Both the
8842A and rms-calibrated average-responding meters display the correct rms reading of
1.00000V (the dc component equals 0). However, consider the 2V (peak-to-peak) square
wave. Both types of meter correctly measure the dc component (OV), but only the 8842A
correctly measures the ac component (1.00000V). The average-responding meter
measures 1.110V, which amounts to an 11% error.
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PEAK VOLTAGES METERED VOLTAGES DC AND AC
AC-COUPLED AC COMPONENT ONLY TOTAL RMS
INPUT DC
WAVEFORM PK-PK 0-PK RMS CAL 8842 COMPONENT | TRUE RMS =
ONLY Vac? +dc*
SINE 2 828
PK & 1414
1.000
0 f\/ PK-PK 1.000
0.000
? 1.000
RECTIFIED SINE 1414
(FULL WAVE) : 1414
0.421
PK i 0.435
m PK-PK 0900
0 ) 1.000
RECTIFIED SINE 2000
(HALF WAVE]) 2 000
0.764
PK ¥ 0771
JAWATS 0536
0 T 1.000
SQUARE 2 000
1.000
PK ; 1.110
0 PK-PK 1.000
v 0.000
1.000
RECTIFIED
SQUARE 1414 L4t
0.785
PK-PK
PK K2 0.707
| | | | 0.707
0 T 1.000
RECTANGULAR
PULSE 2.000 2 000
Pe - 2.22K
o |x| | IPK—PK . .
ST .
D=X/Y b
K-VD - D?
TRIANGLE 3.464
SAWTOOTH 1732
PK 0.960
7y 1.000
0 PK-PK 0.000
_ ¥ 1.000
* RMS CAL IS THE DISPLAYED VALUE FOR AVERAGE RESPONDING METERS
THAT ARE CALIBRATED TO DISPLAY RMS FOR SINE WAVES

f4-06.wmf

Figure 4-6. Waveform Comparison Chart

Since average-responding meters have been in use for so long, you may have
accumulated test or reference data based on them. The conversion factors in Figure 4-6
should help you convert between the two measurement methods.
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4-18.

4-19.

4-12

Crest Factor

Crest factors are useful for expressing the ability of an instrument to measure a variety of
waveforms accurately. The crest factor of a waveform is the ratio of its peak voltage to its
rms voltage. (For waveforms where the positive and negative half-cycles have different
peak voltages, the more extreme peak is used in computing the crest factor.) Crest factors
start at 1.0 for square waves (for which the peak voltage equals the rms voltage) and
increase for more "pointed" waveforms as shown in Figure 4-7.

WAVEFORM CREST FACTOR
SQUARE WAVE | | l 10
SINE WAVE r\J 1414
TRIANGLE
SAWTOOTH /\/ 1732
MIXED /\/\/\/\/\

FREQUENCIES 1414 10 2.0
SCR OUTPUT
OF 100% — 10% ‘/L\j_ 1414 103.0
WHITE NOISE ”mm 3.0 104.0
accourtep ] M
PULSE TRAIN ¢ 3.0
s

tg=1/10T

SPIKE > 90

4-07.wmf
Figure 4-7. Typical Crest Factors for Various Waveforms

The 8842A has a full-scale crest factor limit of 3.0 for the 20V and 700V ranges, and 6.0
for the other ranges. For full-scale input signals with a crest factor above these limits,
dynamic range limitations can begin to cause large errors. However, as Figure 4-7 shows,
signals with a crest factor above 3.0 are unusual.

If you don't know the crest factor of a particular waveform but wish to know if it falls
within the crest factor limit of the 8842A, measure the signal with both the 8842A and an
ac-coupled oscilloscope. If the rms reading on the 8842A is 1/3 or more of the
waveform’s zero-to-peak voltage, the crest factor is 3.0 or less.

AC-Coupled AC Measurements

Input signals are ac-coupled in the ac functions. One of the advantages of ac coupling is
that ac measurements can be made on power supply outputs, phone lines, etc. Ripple
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measurements, for instance, cannot be made with dc coupling. Remember, however, that
when the 8842 A measures signals with the ac functions, the reading on the display does
not include the dc component (if one exists). For example, consider Figure 4-8, which
shows a simple ac signal riding on a dc level. The VAC function would measure the ac
component only.

AC COMPONENT

DC COMPONENT

ov

RMS Total = V(ac rms component)? + (dc component)?

4-08.wmf

Figure 4-8. Combined AC and DC Measurement

4-20. Combined AC and DC Measurements

The 8842A can be used to evaluate the true rms value of waveforms such as the one
shown in Figure 4-8, which includes both ac and dc components. First, measure the rms
value of the ac component using the VAC function. Next, measure the dc component
using the VDC function. Finally, calculate the total rms value as follows:

2 2
VRMS = \/VAC +VDC

4-21. Bandwidth

Bandwidth defines the range of frequencies to which an instrument can respond
accurately. The accuracy of the 8842A is specified for sinusoidal waveforms up to 100
kHz, or for nonsinusoidal waveforms with frequency components up to 100 kHz. The
small-signal bandwidth (the frequency at which the response is 3 dB down) is typically
around 300 kHz.

For signals with components greater than 100 kHz, the measurement accuracy is reduced
because of frequency bandwidth and slew-rate limitations. Because of this, accuracy may
be reduced when measuring signals with fast rise times, such as high-frequency square
waves or switching supply waveforms. As a rule of thumb, an ac voltage input signal is
within the bandwidth limitations if the rise time is longer than 2 us, and within the slew-
rate limitations if the input slew rate is slower than (1V/us)x(full scale of range).

4-22. Zero-Input VAC Error

If the 8842A input terminals are shorted while the VAC function is selected, the 8842A
displays a non-zero reading (typically less than 80 digits in the highest four ranges, and
less than 300 digits in the 200 mV range). Such readings are due to random noise
combined with the inherent nonlinear response of computing-type rms converters to very
small input signals.
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The zero-input error is quickly reduced when the input is increased. The rms converter
error (a dc error) and the internally generated noise (a random ac error) are both
uncorrelated with the input signal. Therefore, when a signal is applied, the resulting
reading is not the simple addition of the signal and the zero-input error, but the square
root of the sum of their squares. This reduces the effect of the error, as shown in the
example in Figure 4-9.

EXAMPLE

Given a zero-input reading of 300 counts (0.300 mV in the 200 mV range) and an input signal of 10 mV, the 8842A might

read:
—\/ 102 + 0.3002 = —\’ 100 + 0.090 = 10.004 mV

The effect of the 2ero-input error is reduced from 0.300 mV to 0.004 mV.

4-09.wmf

Figure 4-9. Reduction of Zero-Input Error

As long as the 8842A reading is 1,000 counts or more, readings will still be within
specified accuracy.

4-23. MAKING ACCURATE MEASUREMENTS ON THE 20 mV
AND 2052 RANGES

NOTE

When making low-level (uV) measurements after a large step signal has
been applied to the inputs, allow sufficient time for thermal emfs and other
system-related sources of error to settle before taking readings.

The 20 mV dc and 202 ranges are the 8842A’s most sensitive ranges. For that reason,
they are also the most susceptible to error from electrical noise, thermal voltages, and (for
resistance measurements) test lead resistance. You can minimize these sources of error by
using good measurement practices.

The most common source of error is electrical noise. Typical sources of noise include
electrostatic noise, inductive pickup noise, radio frequency noise, power line noise and
noise generated by ground loop currents. Noise pickup can be minimized by properly
shielding the test leads between the 8842 A and the signal source.

For voltage measurements in most system applications, where common-mode voltages
are typically present, connect the test lead shielding to the 8842A INPUT LO terminal as
shown in Figure 4-10. This configuration minimizes the error caused by current that
would flow in the leads due to common-mode voltages between the measurement and
stimulus points and instrument ground. The 8842A’s INPUT LO terminal is internally
connected to the instrument’s internal guard, which provides a shield between the
instrument’s ground and its sensitive analog circuits. The 8842A’s analog circuits are
isolated from its digital circuits by an electrostatically shielded transformer, whose shield
is also connected to the guard.
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NOTE: THE 8842A INPUT LO TERMINAL IS INTERNALLY CONNECTED TO THE INSTRUMENT'S GUARD.

f4-10.wmf
Figure 4-10. Shielding for Low Voltage Measurements

For low-level resistance measurements, connect the test lead shielding as shown in Figure
4-11. Use the 4-wire ohms function to minimize the error caused by the resistance of the

test leads.
{ N\
INPUT  SENSE 88424
Rx f \ © Hi p HI
AN — |
| N | _% LO LO
| L 1 JO
L/
SHIELD O 2a
§ _J

f4-11.wmf
Figure 4-11. Shielding for Low Resistance Measurements

Errors due to thermal voltages should also be considered when making low-level voltage
or resistance measurements. Techniques for reducing thermal voltages are presented
earlier in this section.

4-24. MAKING ACCURATE HIGH-RESISTANCE
MEASUREMENTS

When high resistances are measured (typically 1 MQ or greater), leakage resistance at the
test circuit can provide enough shunt resistance to degrade the accuracy of the
measurement (see Figure 4-12). To minimize leakage resistance, watch out for
contamination, high humidity, poor-quality interconnections, and poor-quality insulation
of the stand-offs on which test resistors are mounted.

High-resistance measurements are also susceptible to error from electrical noise pickup.
For accurate measurements, use short test leads and enclose the test leads and test circuit
in a proper shield that is connected to the 8842A’s INPUT LO terminal. Pickup of slowly
fluctuating noise can also be reduced by using the OFFSET feature as described in
paragraph 4-7.
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Figure 4-12. Leakage Resistance in High Resistance Measurement
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5-1. INTRODUCTION

This section presents an overall functional description of the 8842A, followed by a
detailed circuit description. The descriptions are supported by simplified schematics in
text and by the complete schematics in Section 10.

5-2. OVERALL FUNCTIONAL DESCRIPTION

A functional block diagram of the 8842A is shown in Figure 5-1. The basic signal path
flows from left to right across the center of the page. The input is sensed at the input
terminals, scaled, directed through the Track/Hold circuit, converted into digital
representation by the Analog-to-Digital (A/D) Converter, processed by the Digital
Controller, and sent to the display.

The DC Scaling circuit, which constitutes the "front end" of the instrument, has two
major functions. First, it senses the input and produces an equivalent dc voltage for all
functions except VAC and mA AC. (AC inputs are converted to a dc voltage by the True
RMS AC Option.) Resistances are sensed as a dc voltage using a known test current from
the Ohms Current Source. A dc current input is converted to a dc voltage by a precision
current shunt.

Second, the DC Scaling circuit scales the equivalent dc voltages (for in-range inputs) to
within the input range of the A/D Converter (+/-2V). In addition, the DC Scaling circuit
provides input protection and provides analog filtering for certain ranges and reading
rates. (AC inputs are scaled by the True RMS AC Option.)

The Track/Hold (T/H) circuit samples the scaled dc voltage and presents the A/D
Converter with a voltage that is constant for the input portion of each A/D conversion
cycle. The T/H circuit also provides additional scaling for certain ranges.

The Digital Controller controls the operation of virtually every part of the 8842A.. It reads
the front panel keyboard, configures the instrument for each function and range, triggers
the A/D Converter, calculates the result of each A/D conversion cycle, averages A/D
samples, controls the display, and communicates with the IEEE-488 Interface Option via
the Guard Crossing circuit. The heart of the Digital Controller is the In-Guard
Microcomputer (uC).

The Guard Crossing circuit permits serial asynchronous communication between the
Digital Controller and the IEEE-488 Interface Option, while isolating the two circuits
electrically. Whereas the in-guard power supply floats with the voltage at the INPUT LO
terminal, the IEEE-488 Interface Option operates with reference to earth ground. The
"guard" is the isolation between the in-guard and out-guard circuits.

The Power Supply provides supply voltages to all parts of the instrument. The Precision
Voltage Reference provides precise reference voltages for the A/D Converter and the
Ohms Current Source.

5-3
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5-3.

DETAILED CIRCUIT DESCRIPTION

The following paragraphs give a detailed circuit description of each of the functional
blocks in Figure 5-1. For clarity, measurement ranges are referred to as r1, 12, r3, etc.,
where r1 is the lowest possible range, r2 the next higher range, and so on. Pins are
designated by the respective integrated circuit (e.g., U101-7 for U101 pin 7).

DC SCALING

The DC Scaling circuit scales all in-range dc inputs so that the output of the Track/Hold
(T/H) amplifier (U307) is within +/-2V. In addition, the DC Scaling circuit provides input
protection and analog filtering. Additional scaling is provided by the the T/H Amplifier.

The following paragraphs describe the configuration of the DC Scaling circuit in the
DCYV and mA DC functions and also describe the analog filter. The ohms functions are
described under a later heading because the T/H Amplifier provides additional input
switching for these functions.
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Figure 5-1. Overall Functional Block Diagram
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5-5. VDC Scaling
Scaling is performed in the VDC function by two precision resistors networks (Z301 and
7302). These components are configured by relay K301, switching transistor Q311, and
quad analog switches U302A and U301B to provide the correct scaling for each range.
Voltage follower U306 provides high input impedance for the 20V dc range. A simplified
schematic and a switch state table for the VDC function are shown in Figure 5-2.
R309 2302
INPUT 1K 9.9M iy TO
HI QWY A TRACK/HOLD
—>
LO
R319
). 2302 a3
2A (p—” \__I 100K Q304 Q#
K301 SHOWN
ENERGIZED

v

|
|
|
]
| ANALOG FILTER
i
»
[
|
I

HIGH SENSE FOR mA DC

SWITCH STATES FOR VDC

RANGE Q310 K301 Q311 & | U302A | U302D
u3o1B8

20 mV ] ° o

200 mV [ ° °

2V ° ° °

20V ° ° ]

200V ] .

1000V ° °

SWITCH STATES FOR mA DC

Q311 &

RANGE Q310 K301 u301B | U302A | U302D

2000 mA ] .

200 mA L) °

e = Switch closed (or relay energized).

u302D

SENSE PATH FOR
VDC, 200 mV RANGE

NOTE

TABLES SHOW CONFIGURATION
DURING TRACK PERIOD OF
TRACK/HOLD CYCLE.

FILTER SWITCH Q304 IS ON
FOR THE S READING
RATE IN VDC.
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Figure 5-2. DC Scaling (VDC and mA DC)
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In the 20 mV, 200 mV and and 2V ranges, the input voltage is applied directly to the T/H
Amplifier via Q310,Q311, and U301B. In the 20 mV range, the T/H Amplifier has a gain
of 100; in the 200 mV range, the T/H Amplifier has a gain of 10; in all other dc voltage
ranges, the T/H Amplifier has a gain of 1.

In the 20V range, the input voltage is buffered by unity-gain amplifier U306, and divided
by 10 by Z301. To allow U306 to handle +/-20V inputs, its power supplies are
"bootstrapped" by Q305 and Q306, so that the output voltage of U306 determines the
midpoint of its supply voltages. The positive supply is approximately 6.2V above the
input and the negative supply is approximately 6.2V below.

In the 200V and 1000V ranges, K301 is de-energized and the input voltage is divided by
100 by Z302. In the 200V range, the reduced input voltage is then applied directly to the
T/H Amplifier as in the 2V range. In the 1000V range, the reduced input voltage is
buffered by U306 and divided by 10 as in the 20V range.

VDC Protection

Input protection for the VDC function is provided by a 1K, fusible resistor (R309), four
metal-oxide varistors (MOVs) (RV301, RV402, RV403, and RV404), and additional
protection resistors and clamp circuits.

WARNING

TO AVOID INJURY OR EQUIPMENT DAMAGE, USE EXACT
REPLACEMENT PARTS FOR ALL PROTECTION COMPONENTS.

In all dc voltage ranges, voltage transients greater than 1560V are clamped by the MOVs.
Extreme overvoltage conditions cause R309 to fail open-circuit.

R309 is followed either by a 99 kQ, 10W resistor network (Z2304) in the 20 mV, 200 mV,
2V, and 20V ranges, or by 10 MQ2 (Z302) to ground in the 200V and 1000V ranges. Z304
provides current limiting in extreme overvoltage conditions in the 20 mV, 200 mV, 2V,
and 20V ranges. The non-inverting input of U306 is clamped to +/-25V by Q307 and
Q308.

mA DC Scaling

In the mA DC function, the unknown current causes a voltage drop across current shunt
R319. This voltage drop is then measured as in the VDC function. The DC Scaling circuit
is configured as shown by the simplified switch table in Figure 5-2.

Analog Filter

The three-pole, low-pass analog filter (U304) has a Bessel response with corner
frequency at 7 Hz, giving approximately 50 dB of rejection at 50 Hz. The filter is used
for the slow reading rate and is used in the VDC ranges and lowest three ohms ranges.
The filter is also used in the 20mV DC, 20€Q2, and 200 mA DC ranges when in the
medium reading rate. The filter is switched into the input signal path by Q304 (Figure 5-
2). In some ranges and functions, additional filtering is provided by Q317 and C314.

5-7
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5-9. TRACK/HOLD CIRCUIT

The Track/Hold (T/H) circuit presents a stable voltage to the A/D Converter during the
input period of the A/D conversion cycle. The circuit also provides a gain of 100 in the
20 mV, 202 and 200 mA ranges, and a gain of 10 in the 200 mV dc, 20092, and 2000 mA
dc ranges.

The T/H circuit consists of the T/H Amplifier (Figure 5-3), T/H capacitor C308, quad
analog switches U301, U302, and U303, and associated components. As shown in Figure
5-3, the T/H Amplifier functions as an op amp, with Q314 supplying additional gain. In
subsequent figures, the T/H Amplifier is represented as a single op amp.

A
7~ -15V

5-8
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Figure 5-3. Track/Hold Amplifier

The circuit operates by cycling between the track, settling, hold, and precharge
configurations shown in Figure 5-4. The In-Guard uC selects a particular settling and
hold configuration for each function and range, and suppresses the precharge
configuration for certain ranges. This control is achieved by latching function and range
information in U301, U302, and U303.

Basic timing for the T/H circuit is provided by the A/D Converter over clock lines PC,
HD1, TR1, and TR2. (See the timing diagram in Figure 5-5, top.) The T/H cycle is
initiated when the In-Guard uC pulls line TR low.
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TRACK CONFIGURATION
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HOLD CONFIGURATIONS *
D) GAIN OF 1

PRECHARGE CONFIGURATION
G)
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1.8K

2K

*
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TO
A/D
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**NOTE: IN 4-WIRE OHMS
RANGES R1 THROUGH R4,
AND R8 + INPUT OF THE T/H

U303B ' AMP IS SWITCHED AS
_Lu301C SHOWN.
v v
stRAY V
CAPACITANCE
C308 |
u301C
1 uso1D g7
R314
*SETTING SENSE LO
DEPENDS TERMINAL
ON RANGE
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Figure 5-4. Track/Hold Circuit Configurations
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Figure 5-5. Timing Diagram for One A/D Cycle

5-10. Track Configuration

In the track configuration (Figure 5-4A), the T/H circuit functions as a non-inverting

buffer. The voltage on C308 tracks the scaled dc input voltage.

5-10
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5-11. Settling Configuration

The circuit assumes a settling configuration between the track and hold configurations.
The circuit assumes the configuration in Figure 5-4B for unity gain and the configuration
in Figure 5-4C for gain of 10.

During this time the DC Scaling circuit is still connected to the T/H amp. However,
changes in the input do not affect the value to be measured, which is stored on C308.

5-12. Hold Configuration

The X1 hold configuration (Figure 5-4D) is used for all VDC ranges except r1 and for all
ohms ranges except rl. The output of U307 is the negative of the input voltage.

The X10 hold configuration (Figure 5-4E) is used for the mA DC function, the 200 mV
dc range, and the 200€2 range, and provides a gain of 10.

5-13. Pre-Charge Configuration
The pre-charge configuration (Figure 5-4F) occurs after the hold configuration in VDC
ranges rl, r2, and r4, and ohms ranges r1, 12, r3, and r4. U306 is connected as a buffer to
charge stray capacitance at the non-inverting input of the T/H Amplifier. The pre-charge
configuration is not used in any other ranges.

5-14. PRECISION VOLTAGE REFERENCE

The Precision Voltage Reference (Figure 5-6) provides precise reference voltages of -
7.00000 and +7.00000. The reference element is a reference amplifier (ref amp). The
nominal ref amp voltage is 6.5V.

REF AMP SUPPLY

Z702
AN
20.0K
2702 U7028
Z702 +15V 20.0K o> 7V
1.778K + I
R v TP702

-15V

-0.05V 2702

4.445K -7V SENSE

®
TP701

5-06.wmf
Figure 5-6. Precision Voltage Reference
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Resistor R701, precision resistor network Z701, and transistor/zener diode combination
U701 are produced as a matched set so that the output of U702A is precisely -7.00000V.
This output is remotely sensed at the pins of the custom A/D IC (U101). Diode CR701
prevents the output from going positive at power-up.

U702B functions as an inverter to provide the +7.00000V output and to supply the

reference amplifier. The gain of U702B is set by the two 20 k€ resistors in the resistor
network Z702.

5-15. OHMS CURRENT SOURCE

The Ohms Current Source (Figure 5-7) provides a precise test current for the ohms
functions. The first stage (U401, R401, and Q401) produces a precise reference current,

using precision resistor R401 and a -7.0000V reference voltage from the Precision
Voltage Reference.

REFERENCE
CURRENT l

2000K
+ 20M

02K+
2K + 2K +
20K + 200K

R415

u4028

R416 R401 20M
100 M.F. 54.6K

y : Z401 Z401 Z401
L 0.0v

-7V
FROM PRECISION U403A
VOLTAGE REFERENCE 20M
{ouT
TO OHMS
SWITCH STATE TABLE PROTECTION
RANGE | U402A | U4028 |U402C | U402D | U403A | U403B | U403C | Us03D| 1OUT T?ﬁ";,\‘jlfp
20 o ° ° ° 1 mA 100
2000 . o N . 1 mA 10
2 k0 ° ° ° ° 1 mA 1
20 kQ o o . o 0.1 mA 1
200 kQ ° o ° ° 0.01 mA 1
2000 kQ ° L) ) ° 0.005 mA 1
20 MQ ° ° 0.5 uA 1

® = Switch closed

5-07.wmf
Figure 5-7. Ohms Current Source
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The second stage (U404, precision resistor network Z401, and analog switches U402 and
U403) is a current amplifier whose gain is controlled by the In-Guard uC. The In-Guard
uC sets the output current for each range by controlling U402 and U403. (See switch
state table in Figure 5-7.)

5-16. OHMS PROTECTION

The Ohms Protection circuit (Q402, Q403, Q404, Q405, Q406, and Q407) clamps the
open circuit voltage of the Ohms Current Source and provides protection for the Ohms
Current Source.

The circuit protects the Ohms Current Source from up to +/-300V across the INPUT
terminals. The circuit also clamps voltage transients larger than 1560V with four MOVs
(RV401,RV402,RV403, and RV404). In addition, a 1 kQ, 2W fusible wire-wound
resistor (R410) in series with the output current path fails open-circuit under extreme
overvoltage conditions.

Large positive input voltages are blocked by CR402. Large negative input voltages are
dropped equally across three high-voltage transistors (Q402, Q403, and Q404). If -300V
is present at the collector of Q404, the voltage drops equally across Z402 so that large
negative voltages never reach the current source.

The circuitry associated with Q408 (R406, R407, R408, R409, Q406, Q408, and CR403)
clamps the open-circuit voltage of the Ohms Current Source below +6.5V in the lower
four ranges and below +13V dc in the higher two ranges. The in-guard uC turns Q408 on
or off depending on range. In the lower four ohms ranges, Q408 is on, effectively
shorting R409; R406 and R409 then form a voltage divider which clamps the output of
the ohms current source below +6.5V. In the higher two ohms ranges, Q408 is off,
including R409 in the voltage divider and clamping the output below +13V.

5-17. OHMS FUNCTIONS

5-18. 2-Wire Ohms

In the 2-wire ohms function, the Ohms Current Source is connected to the INPUT HI
terminal by ohms relay K401 (Figure 5-8). The Ohms Current Source applies a known
current to the resistance under test, and the resulting voltage drop across the resistor is
measured ("sensed") as in the VDC function.
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SENSE Q303 SENSE PATH FOR
HI 2 WIRE OHMS, 200Q
RANGE, DURING TRACK
PERIOD.
R309 2302
INPUT 1K 9.9M Q310 0
HIO Z301 TRACK/HOLD
—
3
u301B
OHMS . Q311 )|
CURRENT 100K Q304
SOURCE
ANALOG FILTER
INPUT SENSE U010
LO O= Lo O MW f
R314
CLAMP
Q309
K301 AND K401 uso1c
<} SHOWN ENERGIZED y
PERIOD| RANGE K401 Q310 Q303 K301 Q311 U301B | U302A | U301C | U301D
TRACK | 20Q * 2 4 ° . °
20002 [ 2 4 ° o [
2 kQ ] 2 4 ° ° .
20 kQQ . 2 4 ° . .
200 kQ ] 2 4 ° o °
2000 kQ ] 2 4 ) .
20 MQ . 2 4 [ D
HOLD | 20 Q ° 2 4 ° ° 2 4
200Q2 e 2 4 ° [} 2 4
2kQ . 2 4 ® ° 2 4
20 kQ . 2 4 ° ° 2 4
200 kQ (3 2 4 [ ° 2 4
2000 kQ ° 2 4 [} ° °
20 MQ ° 2 4 ° ° [ )
® = Switch closed (or relay energized). . . .
2 = Switch closed only in 2 WIRE ohms. NOTE: Filter gwnch Q304 is for the
~4 = Switch closed only in 4 WIRE ohms. S reading rate, ranges r1, r2, and r8.

Figure 5-8. Ohms Scaling

5-08.wmf
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The voltage sensed at the INPUT terminals is scaled as shown by the simplified switch
table in Figure 5-8. (Refer to the track period of the track/hold cycle, during which the
scaled input voltage is sampled.)

In the lower five ranges, the full scale input voltage to the A/D Converter is 2V.
However, in the 2000 k€2 and 20 MQ ranges, the full-scale input voltage to the A/D
Converter is +1V; the in-guard uC completes the scaling by multiplying the A/D result by
2.

5-19. 4-Wire Ohms

In the 4-wire ohms function, the Ohms Current Source is connected to the INPUT HI
terminal by ohms relay K401 as in 2-wire ohms (Figure 5-8). The Ohms Current Source
applies a known current to the resistance under test through the INPUT HI and INPUT
LO leads. The resulting voltage drop across the resistor is measured by the SENSE HI
and SENSE LO leads.

The voltage at the SENSE HI terminal is connected to the DC Scaling circuit by Q303
(Figure 5-8). The voltage is then scaled exactly as in the 2-wire ohms function. (Refer to
the track period in the switch table in Figure 5-8.) Q310 is turned off to isolate the
SENSE HI terminal from the INPUT HI terminal.

Additional input switching occurs during the hold period of the track/hold cycle. (Refer
to the hold period in the switch table in Figure 5-8.) In ranges r1 through r4, and r8, the
SENSE LO terminal is switched into the dc input path by U301D, and the INPUT LO
terminal is switched out of the dc input path by U301C. This has the effect of measuring
the SENSE HI terminal with respect to the SENSE LO terminal.

In ranges r5 and r6, the SENSE LO and INPUT LO terminals are both switched into the
dc input path by U301C and U301D during the hold period. This has the effect of
measuring the SENSE HI terminal with respect to INPUT LO terminal rather than
SENSE LO. Although the resistance of the INPUT LO lead is in series with the unknown
resistance, accuracy is not affected as long as the resistance of the lead is less than 10€2 in
the 2000 k€2 range and less than 100€2 in the 20 M range.

5-20. A/D CONVERTER

The Analog-to-Digital (A/D) Converter (Figure 5-9) uses Fluke’s patented recirculating
remainder technique. An input voltage (Vin) is compared to the output of the precision
Digital-to-Analog Converter (DAC). The output of the A/D Amplifier, connected as a
comparator, is monitored to indicate when the DAC output is larger than the input
voltage.
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BINARY LADDER NETWORK DAC AMPLIFIER A/D AMPLIFIER
A (- A
V(0 N N
+7V
Z101
15.238K
A
6 2101
7 | 10667
5
2101 Uto2B
50K
A%
2
BIT BIT SWITCHES

SeRISIR]

NOTE: A/D CONVERTER SHOWN DURING FIRST COMPARE PERIOD.

5-09.wmf

Figure 5-9. Analog-to-Digital Converter

The conversion process is broken up into an autozero period followed by five
measurement intervals. (A timing diagram is shown in Figure 5-5.) Six bits of the final
A/D sample are obtained during each interval.

During the first compare period (shown in Figure 5-9), the A/D Converter determines the
value of the scaled input voltage (Vin) by comparing Vin to the output of the DAC. Each
of the DAC bit-switches is tried in sequence and kept or rejected (left closed or reopened)
depending on the output polarity of the A/D Amplifier, which is configured as a
comparator. This process produces a string of six bits which is stored in the Timing/Data
Control circuit (the digital portion of U101).

During the following remainder-store period (Figure 5-10), the difference between the
Vin and the DAC output is multiplied by 16 by the A/D Amplifier and stored on
capacitor C102. During subsequent compare and remainder-store periods, the remainder
voltage is connected to the input of U103 and is resolved to six bits; the remainder
voltage (multiplied by 16) is stored alternately on capacitor C102 and C103. Each of the
five compare periods thus produces a six-bit nibble which is stored in the Timing/Data
Control circuit.
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2101 350K 100K Q200K <400K <Z800K
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DURING PREVIOUS
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C102

-7V

Vin 00—
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Figure 5-10. First Remainder-Store Period

This five-interval process thus generates five nibbles which are processed by the In-
Guard uC to produce one A/D sample. After the fifth nibble is generated, U101 interrupts
the In-Guard uC over line INT. The In-Guard uC then pulls line CS7 low five times,
causing U101 to send the uC the five (six-bit) nibbles one-at-a-time over lines ADO-
ADS5. The In-Guard uC then weights each nibble 1/16 of the value of the previous
number and calculates the input voltage.

The hardware for the A/D Converter has four major sections: Timing/Data Control,
Precision DAC, A/D Amplifier, and bootstrap supplies.

Timing/Data Control

The Timing/Data Control circuit (the digital portion of U101) times and controls the A/D
Converter by manipulating the switches in the A/D Amplifier and the bit-switches in the
Precision DAC. An A/D conversion cycle is triggered by the falling edge of line TR from
the In-Guard uC. Once triggered, the A/D Converter (under control by U101) generates
the five 6-bit nibbles without further interaction with the In-Guard uC.

The Timing/Data Control circuit also provides a watch-dog timer (line RES not) which
resets the In-Guard uC in case normal program execution is interrupted. If the timer
senses inactivity on line CS7 for longer than 1.5 seconds, it resets the In-Guard uC by
pulling RES not low.

The Timing/Data Control circuit is supplied with a fixed-rate 8 MHz clock and provides a
1 MHz output clock for the Keyboard/Display Interface (U212). In addition, four output
lines (PC, HD1 not) TR1, and TR2) provide control signals for the Track/Hold circuit.

Precision DAC

The Precision Digital-to-Analog Converter (DAC) is composed of DAC Amplifier
U102B and a binary ladder network, which consists of resistors in Z101 and digitally
controlled analog bit-switches contained in U101.

5-17



8842A
Instruction Manual

5-23.

The bit-switches determine the output voltage of U102B by controlling the binary ladder
network. The gain of U102B is set by the ratio of a precision feedback resistor (Z101-7, -
8) and the equivalent output resistance of the ladder network.

A/D Amplifier

The A/D Amplifier is composed of a comparator/amplifier (U103), two remainder-
storage capacitors (C103 and C102), an autozero storage capacitor (C101), and several
digitally controlled analog switches contained in U101.

The A/D Amplifier has three modes of operation: autozero mode, where any offsets in
the A/D input are stored on C101 so as to be cancelled later; compare mode, where the
A/D input is compared to the DAC output; and remainder-store mode, where U103
amplifies and stores the difference between the A/D input and the DAC output on one of
the two remainder-storage capacitors (C102 or C103). The autozero mode is shown in
Figure 5-11. The other modes are shown in Figures 5-9 and 5-10.

A/D AMPLIFIER
J

AY h

PRECISION DAC
A

+7V

gSOK

Z1n
15.238K

AZ

U103

+

2101
10.667K C1

5-24.
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Figure 5-11. Autozero Period

Bootstrap Supplies

The bootstrap supplies are composed of U102A, Q101, Q102, CR103, CR104, and
associated components. The bootstrap supplies enhance the gain accuracy of U103.
During compare periods, the bootstrap supplies limit the output of U103 to minimize the
time it takes to recover from being driven to a supply rail. Both functions are achieved by
manipulating the supplies of U103 (BS1 and BS2).

5-25. DISPLAY

5-18

The vacuum fluorescent display is similar to a vacuum tube, containing eight control
grids and 69 phosphor-coated plates which form the display segments and annunciators.
(See Figure 5-12.) The filament voltage is 4.5V ac, with a +5V dc bias. Each plate is
controlled by a G line and a P line. The G lines go to the control grids, and the P lines go
to the plates.
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Figure 5-12. Vacuum Fluorescent Display

The Digital Controller sequentially enables the G lines by applying +30V dc (nominal).
When a G line is enabled, electrons flow from the filament to the enabled grid. If a P line
is enabled (i.e., raised to a nominal +30V dc by the Digital Controller), the electrons
continue past the grid and strike the respective plate, causing it to glow.

5-26. KEYBOARD

The keyboard consists of a silicone-rubber switch matrix located over metalized epoxy
contacts on the printed wire board. Each button contains a conductive pad that shorts two
contacts when pressed.

5-27. DIGITAL CONTROLLER

The Digital Controller (Figure 5-13) consists of the In-Guard uC (U202), External
Program Memory (U222), Calibration Memory (U220), Keyboard/Display Interface, and
associated components.
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Figure 5-13. Digital Controller Block Diagram
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5-28.

In-Guard Microcomputer

The In-Guard Microcomputer (uC) is a single-chip Z8 microcomputer containing 4K
bytes of ROM, 144 bytes of RAM, a UART, and four 8-bit I/O ports. It communicates
with the rest of the instrument via the internal bus and dedicated 1/O lines. The In-Guard
uC is reset when pin 6 is pulled low either by C204 at power-up or by the watch-dog
timer in the custom A/D IC (U101). Pin 6 is tied to +5V through a 100 k€ resistor inside
the uC.

All internal bus communication is memory-mapped. Each component that sends or
receives data on the bus has a unique address or range of addresses. The internal bus
consists of lines ADO-AD7 and A8-A11. Lines ADO-AD7 are time-multiplexed to carry
both the least-significant address byte and the data. Lines A8-A11 carry the most-
significant bits of the address. The uC writes to and reads from the internal bus according
to the read and write cycles shown in Figure 5-14. During either cycle, the address strobe
(AS) changes from low to high when an address is valid, and the data strobe (DS)
changes from low to high when the data is valid.

The address strobe latches the address on ADO-AD7 into U219 which then provides static
address inputs for those devices that need it while data is on the bus. The data memory
line (DM) divides the address space between program memory (U222) and data memory
(all other devices on the bus). The data memory address space is further divided between
the calibration memory (U220) and the remaining devices by A11. The addresses of the
remaining devices are decoded from A8-A10 by U208, which combines the address with
the data strobe (DS) to provide a chip select (CS0, CS2, CS3, CS4, or CS7) for each
device.

The In-Guard uC performs the following functions: range and function control; A/D
control and computation; calibration corrections; keyboard/display control; serial
communication with the IEEE-488 Interface; and diagnostic self-testing and
troubleshooting.

5-21
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External 1/O i X
or Memory
Read and naCa ~O|
Write Timing FoRTS: X
@w
PORT 1 x o-A7 < 09-D7 IN >
oo -
i }-—T—: ® O
0
(l:l::; )
PORT 1 x Ao~Ay ;X Dg-D; OUT
~—®— -®~
. S C—
78681/82
8 MHa
No. Symbol Parameter Min Max Notes*t
1 TdA(AS) Address Valid to AS | Delay 50 1,23
2 TdAS(A) AS 1 to Address Float Delay 70 12,3
3 TdAS(DR) AS 1 to Read Data Required Valid 360 1,234
4 TwAS AS Low Width 80 1,2,3
S  TdAzDS) Address Float to DS | 0 1
6 — TwDSR———DS (Read) Low Width 250 1,2,3.4
7  TwDSW DS (Write) Low Width 160 1.2.3,4
8 TdDSR(DR) DS | to Read Data Required Valid 200 1,2.3,4
9  ThDR(DS) Read Data to DS 1| Hold Time 0 1
10 TdDS(A) DS 1 to Address Active Delay 70 1,2,3
11 TdDS(AS) DS 1 to AS | Delay 70 1.2,3
12—TdR/W(AS)——R/W Valid to AS 1 Delay 50 1,2,3
13 TdDS(R/W) DS 1 to /W Not Valid 60 1,2,3
14 TdDW(DSW)  Write Data Valid to DS (Write) | Delay 50 1,2,3
1S TdDS(DW) DS 1 to Write Data Not Valid Delay 70 1,2,3
16 TAA(DR) Address Valid to Read Data Required Valid 410 1,2,3.4
17 TdAS(DS) AS 1 to DS | Delay 80 1,2,3
NOTES:
. Test Loed | S. All iming references use 2.0 V lor a logic "1" and 0.8 V for a logic "0"

I
2. Timing numbers given are lor minimum TpC

3. Also see clock cycle ime dependen! characteristics table
4. When using extended memory timing add 2 TpC.

Zilog and Z8@® are trademarks of Zilog, Inc., with whom John Fluke Mfg. Ca.. Inc. is not associated.

Reproduced by permission ©1983 Zilog, Inc. This material shall not be reproduced without the written consent of Zilog, Inc.

© All units in nanoseconds (ns).
1 Timings are oreliminary and subject to change.
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Figure 5-14. Read/Write Timing Diagrams for Internal Bus
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5-29.

Function and Range Control

The In-Guard uC configures the DC Scaling circuit, the Track/Hold circuit, and the
Ohms Current Source to provide the proper input switching, scaling, and filtering for
each function, range, and reading rate. It does this by controlling dedicated output lines
which control relays and FET switches, and by sending configuration codes out on the
bus. The quad analog switches (U301, U302, U303, U402, and U403) latch the
configuration codes and perform any level-shifting needed to control their internal
MOSFET switches. Some of the switches require dynamic timing signals from the
custom A/D IC (U101); these signals are combined appropriately in the quad analog
switches with the configuration codes.

5-30.

A/D Control and Computation

The In-Guard pC initiates each A/D sample by pulling line TR low. When the uC is

reset, it senses the power line frequency on line FREQ REF. The uC then sets its internal

timer so that the A/D sample rate is as shown in Table 5-1.

The number of readings per second for the slow and medium rates are chosen to provide

rejection of input signals that are at the line frequencies.

Table 5-1. Sample Rates and Reading Rates

POWER LINE
FREQUENCY

SLOwW

MEDIUM

FAST

Samples

per Sec

Samples
per
Reading

Samples
per Sec

Samples

per

Reading

Samples
per Sec

Samples
per
Reading

50 Hz
60 Hz

400 Hz

66.67
80
76.19

32
32

32

66.67 4
80 4

76.19 4

100
100
100

The custom A/D IC (U101) generates five 6-bit numbers after each trigger from the uC

and then pulls INT low, telling the uC that data is ready. The nC reads the five 6-bit

numbers over the bus (CS7 pulses low five times for five read cycles) and computes the

value of the A/D sample using calibration constants. The uC averages the appropriate

number of samples for one reading, which is then sent to the keyboard/display interface

for display.

For example, with a 60-Hz power-line frequency, an externally triggered reading in the
slow reading rate would cause the uC to send 32 pulses on TR at an 80 Hz rate. The 32
A/D samples would be calibrated and averaged by the uC and sent for display. With
internal triggering, the A/D runs continuously at 80 samples per second with a reading
being sent to the display every 32 samples.

5-31.

Calibration Correction

The calibration constants used by the In-Guard uC in computing each reading are stored
in the EEROM (electronically erasable read-only memory) Calibration Memory (U220).

The front panel CAL ENABLE switch protects the EEROM from accidental writes.

5-23



8842A
Instruction Manual

5-32. Keyboard/Display Control

Keyboard/Display Controller U212 communicates with the In-Guard uC over the internal
bus. During a uC write cycle, address line AO tells U212 whether to consider data being
sent by the uC as configuration commands or as display data. Display data is stored in the
Keyboard/Display Controller, which automatically scans the display. The
Keyboard/Display Controller selects one of eight grids using decoder U213 and buffer
U215. The numeric display data is decoded from BCD to 7-segment by decoder U216
and buffered by U217. Additional annunciator data is buffered by U218.

The Keyboard/Display Controller is reset by the uC whenever the uC is reset. It receives
a 1-MHz clock signal from the custom A/D IC (U101), which uses the uC 8-MHz crystal
for its clock input.

The Keyboard/Display Controller scans the keyboard, sensing pressed buttons on lines
RLO-RL7. It sends an interrupt to the uC via line KEYINT whenever a front panel button
is pressed. The uC then reads the keycode from the Keyboard/Display Controller. (The
status of the FRONT/REAR switch is sensed separately by line F/R SENSE.)

5-33. Troubleshooting Modes

In addition to running the diagnostic self-tests, the In-Guard pnC has a troubleshooting
mode which aids in finding digital hardware problems. After the uC is reset, it senses the
relay control lines (U202-35 through U202-38) as inputs. If line U202-38 (TP205) is
shorted to ground, the uC goes into the troubleshooting mode. (U201 provides internal
pull-up.) The troubleshooting mode is described in detail in the Maintenance section.

5-34. Guard-Crossing Communication

The In-Guard nC contains a UART (universal asynchronous receiver transmitter) which
it uses to communicate across the guard to the IEEE-488 Interface. The transmission
speed is 62,500 bits per second.

5-35. GUARD CROSSING

The Guard Crossing consists of two identical circuits, each of which transmits data in one
direction across the guard isolation between the Main Printed Circuit Assembly and the
IEEE-488 Interface. One circuit is shown in Figure 5-15; the other circuit works
identically. A portion of each circuit is contained in the IEEE-488 Interface.

MAIN PRINTED CIRCUIT ASSEMBLY |IEEE-488 INTERFACE
A A
+5V
51K 1.5K
U221
C202 R203 7201 J.5K _
i 1ce AN hy
! A ouUTPUT
! ; +5V
: 51K 1.5K
D' |G ¢
)
U221 , 1 5K
INPUT — ! AAA— P I
C203 R204 8

5-15.wmf

Figure 5-15. Guard Crossing Circuit
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The circuit in Figure 5-15 has two stable states, corresponding to output high (+5V) and
output low (OV). If the output is high, the voltage present at the non-inverting input of op
amp A is approximately +140 mV.

Since the inputs to op amps A and B are inverted, their outputs are always in opposite
states. If the output of A is high, the output of B is low, forcing the inverting input of A
(and the non-inverting input of B) to ground, hence reinforcing the existing state. The
situation is analogous if the output of A is low.

A positive-going transition at the input causes a positive pulse at the non-inverting input
of A, and a corresponding negative pulse at the inverting input of A. If the output is high
to start with (with the non-inverting input of A raised 140 mV above its inverting input),
these pulses reinforce the existing state (raising the non-inverting input and lowering the
inverting input). If, however, the output is low to start with, the positive pulse (which is
greater than 140 mV) raises the non-inverting input of A above its inverting input,
switching the output to the high state. The situation is analogous for a negative-going
input transition.

5-36. POWER SUPPLY

The Power Supply provides the following in-guard outputs: +/-30V, +/-15V,-6.2V,
+7.5V,+5V,-5V, and -8.2V dc; and 4.5V ac. The Power Supply also provides a 16V ac
center-tapped out-guard output.

Input line voltage is directed to the primary transformer winding through fuse F601, the
front panel POWER switch, and the rear panel LINE SET switches. Metal oxide varistor
RV601 clamps line transients at about 390V. The LINE SET switches configure the
Power Supply to accept line power of 100, 120, 220, or 240V ac (+/-10% with a
maximum of 250V) at 50, 60, or 400 Hz.

AC voltage for the +5V supply is rectified by CR601 and CR602 and regulated by
VR601. The +5V output supplies mostly logic circuits. The ac input to the +5V supply is
sensed by the In-Guard uC (via R604, CR615, and U221-12, 13) to measure the line
frequency.

AC voltage for the +30V and -30V supplies is rectified by bridge network CR603,
CR604, CR605, and CR606 and regulated by VR602 and VR605. The +30V and -30V
outputs supply front-end buffer amp U306. In addition, the +30V output supplies the
anodes of the vacuum fluorescent display. Zener diode CR612 supplies -6.2V to the A/D
Converter clamps.

AC voltage for the +15V and -15V supplies is rectified by bridge network CR608,
CR609, CR610, and CR611 and regulated by VR603 and VR604. The +15V and -15V
supply analog circuitry throughout the 8842A. Zener diodes CR613 and CR614 supply
+7.5V and -8.2V to the A/D Converter, analog filter, and DC Scaling circuit.

Secondary T601-14, 15, 16 supplies the vacuum fluorescent display filament with 4.5V
ac. The center tap is connected to the in-guard +5V supply in order to correctly bias the
display. An isolated secondary supplies 16V ac to the power supply on the IEEE-488
Interface.

Zener diode CR615 and SCR Q601 comprise a protective crow-bar circuit. If the line
voltage exceeds the nominal value by approximately 30 percent or more, CR615
conducts, turning on Q601, shorting out the power transformer secondary and blowing
the line fuse. In normal operation, these components have no effect.
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5-37. IEEE-488 INTERFACE (OPTION -05)

The IEEE-488 Interface has five major parts, as shown in the block diagram in Figure 5-
16. All components are contained in a single printed circuit assembly (PCA). Reference
designations are numbered in the 900 series.

[ = T T T |EEE-488 INTERFACE OPTION | 4\
I
IN-GUARD ' |
uC GUARD |
U202 JCROSSING
< I IEEE-488 |
TALKER/
| LISTENER |
/1_\ IC U911 ' eEE
TRANSFORMER 1 OUT-GUARD AND BUS
POWER c A -488
T601 > H TRANS BUS
] SUPPLY uso1 CEIVERS I
U912 ‘
‘ AND
SAMPLE | U913 |
COMPLETES ] SIGNAL |
EXTERNAL | CONDITIONING |
TRIGGER I o |
| J_ b
| |

5-16.wmf

Figure 5-16. IEEE-488 Interface Block Diagram

5-38. Out-Guard Microcomputer

The Out-Guard Microcomputer (uC) (U901) communicates with the IEEE-488
talker/listener IC (U911) and the In-Guard uC (U202).

The Out-Guard uC is similar to the In-Guard Z8 uC except that is contains 8K bytes of
ROM and 236 bytes of RAM. For futher description of the Z8 uC, refer to the heading
"In-Guard Microcimputer, " above.

5-39. Guard Crossing

The guard crossing circuit permits serial asynchronous communication between U901
and U202 while isolating the two electrically. One-half of the guard crossing circuit is
contained on the Main PCA; the other half is on the IEEE-488 Interface PCA. Operation
of the guard crossing circuit is described in an earlier heading.

5-40. Bus Interface Circuitry

The IEEE-488 bus protocol is handled by the uPD7210 IEEE-488 talker/listener IC
(U911). It is controlled by U901 as a memory mapped peripheral through an 8-bit data
bus.

Bus transceivers U912 and U913 buffer U911 from the IEEE-488 bus. They provide the
bus with the required output drive capability and receiver impedance.
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5-41. Signal Conditioning

The SAMPLE COMPLETE and EXT TRIG signals (J903 and J904) are conditioned by
U909. Diodes CR903, CR904, CR905, and CR906 and resistors R917 and R918 provide
protection from excessive voltages. Jumpers E902 and E903 allow selection of the
polarity of the EXT TRIG signal. (A polarity selection procedure is given in the
Maintenance section.) The 8842A is configured in the factory so that it is triggered on the
falling edge of the EXT TRIG signal.

5-42. |IEEE-488 Interface Power Supply

The IEEE-488 Interface power supply circuit provides the IEEE-488 Interface PCA with
+5V. The circuit consists of rectifying diodes CR908 and CR909, filter capacitor C910,
and voltage regulator VR901. Power comes from transformer T605 on the Main PCA.
U908 and associated circuitry resets the Out-Guard uC at power-up and following power-
line voltage dropouts.

5-43. TRUE RMS AC (OPTION -09)

The True RMS AC circuit (Figure 5-17) performs two primary functions. First, it scales
ac input voltages and ac current sense voltages to a range of 0V to 2V ac rms. Second, it
converts the scaled ac voltages to an equivalent dc voltage which is then directed to the
A/D Converter via the Track/Hold Amplifier. The True RMS AC circuit is trimmed for
flat high-frequency response using a variable filter which is set by the High-Frequency
AC Calibration procedure.

R804, R805

VAC: r3, r5 VARIABLE RMS
FILTER CONVERTER 10
/
AC INPUT VAC: 12, (4 1 TRACK/
VOLTAGE O FILTERS HOLD
8068
CIRCUIT

(+500 FOR r4, r5)

R VAC: 11
CURRENT I or mA AC

SENSE

5-17.wmf

Figure 5-17. True RMS AC Option Block Diagram

The following paragraphs describe how these functions are performed. Components are
laid out on a single printed circuit assembly (PCA). Component reference designators are
numbered in the 800 series.

5-44. VAC Scaling

AC voltage inputs are directed from the HI INPUT terminal to the True RMS AC PCA
through protection resistor R309 on the Main PCA. In this way, voltage transients greater
than 1560V are clamped by MOVs (RV301, RV402, RV403, and RV404) as in the VDC
function. With the VAC function selected, K801 is closed. The input voltage is thus
applied to C801, which blocks dc inputs.

U807 and resistor network Z801 provide selectable attenuation and 1 M input
impedance. In the upper two ranges, K802 is closed and Q806 is off, providing a gain of -
1/500. In the lower three ranges, K802 is open and Q806 is on, shorting Z801-4 to
ground; this configuration provides a gain of -1/5. CR801 and CR802 provide protection
by clamping the inverting input of U807 to approximately +/-0.6V. Q805 shifts logic
levels to control Q806.
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5-45.

5-46.

5-47.

USO06A, U806B, and a voltage divider (R804 and R805) provide gain which is selected
for each range by the analog switches in U804. The configuration for each range is shown
in Figure 5-17. (In this figure, the CMOS analog switches are represented by mechanical
switches.) When U806A is not used, its non-inverting input is grounded by Q804. When
US8O06B is not used, its non-inverting input is connected to the CURRENT SENSE line.

mA AC Scaling

The mA AC function uses the same current shunt and protection network which is used
for dc current. In the mA AC function, Q802 switches the CURRENT SENSE line to the
non-inverting input of US06B, which provides a gain of 10.

Frequency Response Trimming

The frequency response is trimmed by software calibration using a digitally controlled
one-pole low-pass filter (R832 and a combination of C826, C827, C828, and C829). The
analog switches in U808 configure the four capacitors to select one of 16 possible RC
constants. The input of the digitally controlled filter is buffered by voltage follower
US8O1A. The individual gain stages are also provided with fixed frequency compensation.

True RMS AC-to-DC Conversion

U801B buffers the input to rms converter U802. U802 computes the rms value of the
scaled input voltage as shown in Figure 5-18. Rather than explicitly squaring and
averaging the input, U802 uses an implicit method in which feedback is used to perform
an equivalent analog computation.

FILTER Vour

5-18.wmf

Figure 5-18. True RMS AC-to-DC Converter

The filter averages the divider output signal. This filter consists of US09A, C813, R815,
and the internal 25 kQ resistor and op amp between pins 8 and 9 of U802. The output is
further filtered by a three-pole post-filter comprised of US09B and associated resistors
and capacitors. This output is then switched into the Track/Hold Amplifier of the dc front
end via U302 pins 15 and 14. The Track/Hold Amplifier is set up for unity gain on all ac
ranges.
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by:

1. Knowing that there is a problem.
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INTRODUCTION

WARNING

THESE SERVICE INSTRUCTIONS ARE FOR USE BY QUALIFIED
PERSONNEL ONLY. TO AVOID ELECTRIC SHOCK, DO NOT

PERFORM ANY PROCEDURES IN THIS SECTION UNLESS YOU
ARE QUALIFIED TO DO SO.

6-1. INTRODUCTION

This section presents maintenance information for the 8842A. The section includes a
performance test, a calibration procedure, troubleshooting information, and other general
service information.

Test equipment recommended for the performance test and calibration procedure is listed
in Table 6-1. If the recommended equipment is not available, equipment that meets the
indicated minimum specifications may be substituted.

Table 6-1. Recommended Test Equipment

INSTRUMENT
TYPE

MINIMUM SPECIFICATIONS

RECOMMENDED MODEL

DC Calibrator

PREFERRED:

Voltage Range: 0-1000V dc
Voltage Accuracy: 10 ppm
Absolute Linearity: +1.0 ppm

Fluke 5700A or Fluke 5440A

ALTERNATIVE:

(Must be used with Kelvin-
Varley Voltage Divider)
Voltage Range: 0-1000V dc

Voltage Accuracy: 20 ppm + 20 ppm
of range

Fluke 720A

Kelvin-Varley Voltage Divider:
Ratio Range: 0-1.0

Absolute Linearity: + 1 ppm of input
at dial setting

Fluke 720A

Resistor Calibrator

Resistance Accuracy: 0.0005%

Fluke 5700A or Fluke 5450A, ESI
DB62

DC Current Source

Accuracy: +0.025%

Fluke 5700A or Fluke 5100B

Oscilloscope

General porpose, 60 MHz, with 10
MQ probe

Philips PM3055 or PM3355

Digital Multimeter

Voltage Accuracy

:0.01% in Vdc

1.0% for 1V in V ac @ 100 kHz
Input Impedance:

10 MQ or greater in V dc;

1 MQ or greater in parallel with <100
pFinVac

Fluke 8842A (with AC Option —09)

6-3



8842A
Instruction Manual

AC Calibrator Fluke 5700A and Fluke 5725A
Minimum Required Accuracy (By Range)
Frequency Range 1,10, 100 mV' 1,10, 100V? 1000V?
20Hz-30Hz .1 +.005 .1 +.005 .12 +.005
30 Hz — 20 kHz .02 +10 0.2 +.002 .04 +.004
20 kHz — 50 kHz .05 +20 .05 + .005 .08 + .005
50 kHz — 100 kHz .05 + 20 .05 +.005 .1 +.01

1. (% of setting + uV) 2. +/-(% of setting + % of range)

AC Current Source Fluke 5700A
Frequency Range Minimum Required Accuracy (All Ranges)

30 Hz -1 kHz +.07% + 1 mA)
1kHz - 5 kHz +(.07% + 1 mA) X frequency in kHz
Shorting Bar Resistance <1.5 mQ Pomona MDP-S-0

Construction Soldered (not

rivetted)
6-Inch Jumper --- E-Z-Hook 204-6W-S or equivalent
Optional Test 9010A, 9005A or Micro-System Troubleshooter; 9000A-8048 Interface Pod.
Equipment

6-2. PERFORMANCE TEST

This test compares the performance of the 8842 A with the specifications given in Section
1. The test is recommended as an acceptance test when the instrument is first received,
and as a verification test after performing the calibration procedure. If the instrument
does not meet the performance test, calibration or repair is needed.

To ensure optimum performance, the test must be performed at an ambient temperature
of 18°C to 28°C, with a relative humidity of less than 75%. Also, the 8842A should be
allowed to warm up for one hour prior to beginning any test other than the self-test.

6-3. Diagnostic Self-Tests
The diagnostic self-tests check the analog and digital circuitry in the 8842A. There are 21
analog tests followed by in-guard program memory, calibration memory, and display
tests. Out-guard program memory is tested when self-test is initiated by a remote
command. Microcomputer RAM tests are done only at powerup. Each test is described
in detail under the heading Troubleshooting. All five digital tests are performed at
powerup.

NOTE

The inputs must be left open-circuited while the self-tests are performed.
Otherwise, the 8842A may indicate errors are present. Errors may also be
caused by inductive or capacitive pick-up from long test leads.

If the FRONT/REAR switch is in the REAR position, the 8842A skips tests 3
and 4. Also, if Option -09 is not installed, the 8842A skips tests 1, 2, and 3.
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6-4.

To initiate the self-tests, press the SRQ button for 3 seconds. The TEST annunciator will
then light up, and the 8842 A will run through the analog tests in sequence. Each test
number is displayed for about 1 second. The instrument can be stopped in any of the test
configurations by pressing the SRQ button while the test number is displayed. Pressing
any button continues the tests.

After the last analog test is performed, all display segments light up while the instrument
performs the in-guard program memory, calibration memory, and display tests. The
instrument then assumes the power-up configuration: VDC, autorange, slow reading rate,
offset off, local control.

If the 8842A detects an error during one of the tests, it displays the ERROR annunciator
and the test number for about 2-1/2 seconds, and then proceeds to the next test. The test
number thus becomes an error code. (Error codes are listed in Table 2-1, Section 2.)

Passing all diagnostic self-tests does not necessarily mean the 8842A is 100% functional.
The test, for example, cannot check the accuracy of the analog circuitry. If one or more
errors are displayed, the 8842A probably requires service.

DC Voltage Test
The following procedure may be used to verify the accuracy of the VDC function:

1. Ensure the 8842A is on and has warmed up for at least 1 hour.
2. Select the VDC function.

3. Connect the DC Calibrator (see Table 6-1) to provide a voltage input to the HI and
LO INPUT terminals. Connections for the Kelvin-Varley Voltage Divider and the
Fluke 5440A are shown in Figure 6-1.

4. For each step in Table 6-2, select the indicated range, set the DC Calibrator for the
specified input, and verify that the displayed reading is within the limits shown for
each reading rate. (For step A, connect a short across the HI and LO INPUT
terminals and press OFFSET. The measurement in step C should be relative to this
offset.)

5. Set the DC Calibrator to input negative voltage, and repeat steps C thrugh G of Table
6-2.

6. With the unit in the 2V range, check the A/D linearity by setting the DC Calibrator
for each step in Table 6-9, while verifying the display reading is within the limit
shown. Set the DC Calibrator for zero volts and disconnect if from the 8842A.
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A. CONNECTIONS FOR KELVIN-VARLEY VOLTAGE DIVIDER

CONNECTIONS ARE SHOWN
FOR POSITIVE INPUT VOLTAGES
TO 8842A

B. CONNECTIONS FOR FLUKE 5440A OR EQUIVALENT

DC CALIBRATOR

REVERSE THESE
LEADS FOR
NEGATIVE (NPUT

VOLTAGE TO B842A
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©
OUTPUT
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8842A

INPUT  SENSE

HI

w0 O

NOTE: THE KELVIN-VARLEY VOLTAGE DIVIDEA IS
NOT REQUIRED FOR INPUT VOLTAGES ABOVE 2.0V DC

f6-01.wmf
Figure 6-1. DC Calibration Connections
Table 6-2. DC Voltage Test
Displayed Reading
STEP RANGE INPUT SLOW MEDIUM FAST
(V dc) MIN MIN MAX MIN MAX
A' 20 mV ov -0.0030 +0.0030 -0.0050 +0.0050 -0.030 +0.030
(short)
B' 200 mV ov -00.003 +00.003 -00.005 +00.005 -00.03 +00.03
(short)

c 2V, 20V, ov
200V, (short)

1000V
D 20 mV 10 mV
E 200 mv | 100 mV
F 2V 1V
G 20V 10V
H

200V 100V

| 1000V 1000V

-2 counts

+2 counts

+9.9963 | +10.0037

+99.993 | +100.007

+.99996 | +1.00004

+9.9995 | +10.0005

+99.995 | +100.005

+999.95 | +1000.05

-4 counts | + 4 counts

+9.9943 | +10.0057
+99.991 +100.009
+.99994 | +1.00006
+9.9993 | +10.0007
+99.993 | +100.007

+999.93 | +1000.07

-3 counts +3
counts

+9.970 +10.030
+99.97 +100.03
+.9997 +1.0003
+9.997 +10.003
+99.97 +100.03

+999.7 +1000.3

1. Relative to high-quality short stored using OFFSET feature.




Maintenance
PERFORMANCE TEST

6-5. AC Voltage Test (Option -09 Only)
The following procedure may be used to verify the accuracy of the VAC function:

1.
2.
3.

Ensure the 8842A is on and warmed up for at least 1 hour.

Select the VAC function and the slow (S) reading rate.
Connect the AC Calibrator to provide a voltage input to the HI and LO INPUT

terminals.

(Low- and Mid-Frequency Test.) For each step in Table 6-3, select the indicated
range, set the AC Calibrator for the specified input, and verify that the displayed
reading is within the limits shown for each reading rate.

This procedure tests the extremes of each range. You may shorten the

NOTE

procedure by testing only the "quick test points" indicated in Table 6-3 with

asterisks.

(High-Frequency Test.) For each step in Table 6-4, select the indicated range, set the

AC Calibrator for the specified input, and verify that the displayed reading is within
the limits shown for each reading rate.

NOTE
This procedure tests the extremes of each range. You may shorten the

procedure by testing only the "quick test points" indicated in Table 6-4 with

asterisks.

6. Set the AC calibrator to standby and disconnect it from the 8842A.

Table 6-3. Low- and Mid-Frequency AC Voltage Test

Step Range Input Error in Display Readings
Number Voltage Frequency Counts Minimum Maximum
1 2V 0.01000V 200 Hz 181 0.00819 VAC 0.01181 VAC
2 2V 0.10000V 200 Hz 87 .09913 VAC .10087 VAC

3* 2v 0.30000V 200 Hz 101 0.29899 VAC 0.30101 VAC
4 2V 1.00000V 200 Hz 150 0.99850 VAC 1.00150 VAC
5* 2V 1.90000V 200 Hz 213 1.89787 VAC 1.90213 VAC
6 2V 0.10000V 20 Hz 220 0.09780 VAC 0.10220 VAC
7 2V 1.90000V 20 Hz 2380 1.87620 VAC 1.92380 VAC
8 2V .10000V 45 Hz 135 0.09865 VAC 0.10135 VAC
9 2V 1.90000V 45 Hz 765 1.89235 VAC 1.90765 VAC
10* 200 mV 0.001000V 100 Hz 204 00.796 mVAC | 190.252 mVAC
11 200 mV 0.190000V 20 kHz 252 189.748 mVAC | 190.252 MvAC

* Quick Test points
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Table 6-4. High-Frequency AC Voltage Test

STEP RANGE INPUT ERROR TEST LIMITS (IN VOLTS)
NUMBER IN
VOLTAGE | FREQUENCY COUNTS MIN MAX

1 200 mV | 0.010000V 50 kHz 169 09.831 mVAC | 10.169 mVAC
2* 200 mV | 0.010000V 100 kHz 350 09.650 mVAC | 10.350 mVAC
3 2V 0.10000V 100 kHz 350 0.09650 VAC 0.10350 VAC
4 20V 1.0000V 100 kHz 350 0.9650 VAC 1.0350 VAC
5 200V 10.000V 100 kHz 350 09.650 VAC 10.350 VAC
6" 700V 100.00V 100 kHz 350 96.50 VAC 103.50 VAC

7 20V 19.0000V 100 kHz 1250 18.8750 VAC 19.1250 VAC

8 200 mV | 0.190000V 100 kHz 1250 188.750 mVAC | 191.250 mVAC

* Quick test points.

6-6.

Resistance Test
The following procedure may be used to verify the accuracy of the 2-wire and 4-wire
ohms functions.

1. Ensure the 8842A is on and has warmed up for at least 1 hour.
2. Connect the Resistance Calibrator to the 8842A for 4-wire ohms.

3. For each step in Table 6-5, select the indicated range, set the Resistance Calibrator
for the specified nominal input. When the input is 0€2(short), press the OFFSET
switch and verify that the OFFSET anunciator is illuminated.

NOTE
A new OFFSET must be stored for each new range selected.
a. Test the 4-wire ohms function:
1. Select the 4-wire ohms function.

2. Verify that the displayed reading is within the limits shown for
each reading rate.

b. Test the 2-wire ohms function:

1. Select the 2-wire ohms function. (The SENSE test leads need not
be disconnected.)

2. Verify that the displayed reading is within the limits shown for
each reading rate.
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Table 6-5. Resistance Test

Step Range Input Error From Input' (in counts)
(Nominal) Slow Medium Fast’

1 20Q° 0% (short) +40 +60 +20
2 20Q° 10Q +49 +69 +21
3 200Q° 0Q (short) +4 +6 +3
4 200Q° 100Q +11 +13 +4
5 2 kQ 0Q (short) +3 +5 +2
6 2k 1kQ +8 +10 +3
7 20 kQ 0Q (short) +3 +5 +2
8 20 kQ 10 kQ +8 +10 +3
9 200 k2 0Q (short) +3 +5 +2
10 200 kR 100 kQ +9 +11 +3
11 2000 kQ 0Q (short) +3 +6 +2
12 2000 kQ 1 MQ +28 +31 +5
13 20 MQ 0Q (short) +4 +7 +2
14 20 MQ 10 MQ +44 +47 +6

1 — Using offset control

2 = 4 %2 digit counts

3 = Applies to 4-wire ohms only

6-7. DC Current Test
The following procedure may be used to test the mA DC function:

1. Ensure the 8842A is on and has warmed up for at least 1 hour.
2. Select the mA DC function.
3. Connect the Current Source to the 2A and LO INPUT terminals.

4. For each step in Table 6-6, set the Current Source for the indicated input and verify
that the displayed reading is within the limits shown for each reading rate.

5. Set the Current Source for zero mA and disconnect it from the 8842A.

Table 6-6. DC Current Test

DISPLAYED READING
STEP RANGE INPUT SLOwW MEDIUM FAST
MIN MAX MIN MAX MIN MAX
1 200 mA 0 mA -00.040 | +00.040 | -00.060 | +00.060 -00.20 +00.20
2 200 mA 100 mA 99.920 100.080 99.900 100.100 99.76 100.24
3 2000 mA 0 mA -000.04 | +000.04 | -000.06 | +000.06 -000.2 +000.2
4 2000 mA | 1000 mA | 999.56 1000.44 999.54 1000.46 999.4 1000.6
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6-8. AC Current Test (Option -09 Only)
The following procedure may be used to test the mA AC function:

1. Ensure the 8842A is on and warmed up for at least 1 hour.
2. Select the mA AC function.

3. Connect the AC Current Source to provide a current input to the 2A and LO INPUT
terminals. If an ac current source is not available, the functionality of the 8842A can
be checked at 10 mA by using a Fluke 5200A set at 100V and connected to the
8842A 2A terminal through a 10 kQ, 2W, 1% resistor.

4. For each step in Table 6-7, set the AC Current Source for the indicated input and
verify that the displayed reading is within the limits shown for each reading rate.

5. Set the AC Current Source to Standby and disconnect it from the 8842A.

Table 6-7. AC Current Test

STEP RANGE INPUT TEST LIMITS
NUMBER
CURRENT | FREQUENCY | MINIMUM MAXIMUM
1 2000 mA 1900.00mA | 1kHz 1890.40 1909.60
2 2000 mA 100.00 mA 1 kHz 97.60 102.40
6-9. CALIBRATION
CAUTION

To avoid uncalibrating the 8842A, never cycle power on or off
while the CAL ENABLE switch is on.

NOTE

If U220 is replaced, perform the Erase Cal Memory procedure (located
later in this section) before attempting calibration. Failure to do so may
result in an "ERROR 29" on the 8842A front panel display.

The 8842A features closed-case calibration using known reference sources. The 8842A
automatically prompts you for the required reference sources, measures them, calculates
correction factors, and stores the correction factors in the nonvolatile calibration memory.

Closed-case calibration has many advantages. There are no parts to disassemble, no
mechanical adjustments to make, and if the IEEE-488 Interface is installed, the 8842A
can be calibrated by an automated instrumentation system.

The 8842A should normally be calibrated on a regular cycle, typically every 90 days or 1
year. The frequency of the calibration cycle depends on the accuracy specification you
wish to maintain. The 8842A should also be calibrated if it fails the performance test or
has undergone repair. To meet the specifications in Section 1, the 8842A should be
calibrated with equipment meeting the minimum specifications given in Table 6-1.

The following paragraphs first present a basic calibration procedure. This is followed by
a description of advanced features and special considerations, and by a description of
remote calibration using the IEEE-488 Interface.

6-10
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6-10.

6-11.

Basic Calibration Procedure

The basic calibration procedure consists of the following four parts. These parts must be
performed in the order shown.

1. Initial Procedure.

2. A/D Calibration.

3. Offset and Gain Calibration for each function and range.

4. High-Frequency AC Calibration (True RMS AC option only).

Normally, it is recommended that the entire calibration procedure be performed.
However, under some circumstances the earlier parts may be omitted. For example, if
installing the True RMS AC option, it may be necessary only to perform Offset and Gain
Calibration for the ac functions, followed by High-Frequency AC Calibration. But if the
A/D Calibration is performed, it must be followed by a complete Offset and Gain
Calibration for all functions and then by High-Frequency AC Calibration.

Some of the calibration calculations are complex and take the 8842A some time to
execute. For example, when you store the zero input during the Offset and Gain
Calibration for the VDC function, it takes around 22 seconds before the next prompt
appears. (The 8842A automatically uses this input to calibrate the offset for all ranges.)
While the 8842A is executing a calibration step, it ignores all of the front panel buttons
and postpones execution of all remote commands.

INITIAL PROCEDURE
Always begin the calibration procedure as follows:

1. Allow the 8842A to stabilize in an environment with ambient temperature of 18°C to
28°C and relative humidity less than 75%.

2. Turn the 8842A on and allow it to warm up for at least 1 hour.

Enable the calibration mode by pressing the CAL ENABLE switch with a small
screw-driver or other suitable instrument. (The CAL ENABLE switch is located on
the right side of the display and is normally covered by a calibration seal.)

When the calibration mode is enabled, the CAL annunciator lights up, and the 8842A
displays the first prompt for the A/D Calibration procedure (Figure 6-2). To exit the
calibration mode, press the CAL ENABLE switch again.

S CAL

6-02.wmf

Figure 6-2. First A/D Calibration Prompt

In the calibration mode, the front panel controls assume the functions described in Figure
6-3. Some of these functions are advanced features and are not required for the basic
calibration procedure. The display blanks briefly when a button is pressed.
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Function Each button selects the Offset and Gain Calibration procedure for the respective function.
Buttons
Range These buttons have two functions. Normally, pressing a range button selects the Offset and Gain
Buttons Calibration procedure for that range in the presently selected function. When using the variable
input feature, these buttons are used to increment the digits of the displayed prompt. The range
buttons are ignored during the A/D Calibration procedure.
STORE Tells the 8842A that the input it is requesting is now present atthe input terminals. Pressingthe STORE
button causes the 8842A to compute and store calibration constants.
A/D Selects the A/D Calibration procedure.
HF AC Selects the High-Frequency AC Calibration procedure.
ERASE Used to erase calibration constants from calibration memory. To complete an erasure of all or part of
calibration memory, you must press another button within 1%-seconds of pressing this button.
CAUTION
If any part of calibration memory is erased, all or part of the calibration procedure must be performed.
RATE Changes the reading rate. Valid only when the 8842A is taking verification readings. Ignored at other
times.
VAR IN Allows the use of reference sources that differ from the prompted values. After pressing VAR IN
(variable inpat), the range buttons can be used to change the displayed prompt. The variable input
feature is not available during the A/D Calibration procedure.

6-03.wmf
Figure 6-3. Calibration Functions

The following functions are inappropriate during calibration, and are therefore
unavailable:

¢  Offset

* Autoranging

¢ External Trigger

* Front Panel Trigger

¢ Front panel SRQ (Under local control)

* Diagnostic self-tests

6-12. A/D CALIBRATION

The A/D Calibration procedure calibrates the analog-to-digital converter for offset, gain
and linearity. The 8842A automatically selects the A/D calibration procedure when the
CAL ENABLE switch is first pressed. The procedure must be performed in its entirety,
and may not be performed in part. If the A/D calibration is discontinued prior to
completion, the last complete set of A/D calibration constants will be retained unchanged.

To perform A/D Calibration, proceed as follows:

1. Ensure the Initial Procedure has been completed. The 8842A then displays the
prompt for the first reference source, zero volts (i.e., a short).
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2. Each time the 8842 A prompts you for a reference source, apply the requested source
to the HI and LO INPUT terminals, and press the STORE button. When STORE is
pressed, the numeric display field blanks while the 8842 A performs the necessary
calculations. (Do not change the reference source while the display is blank.) The
8842A then displays the next prompt. For reference, all prompts are shown in Table

6-8.

NOTE

The 8842A automatically checks that the reference input is near the value
prompted, and displays ERROR 41 if it exceeds a specific tolerance. (See
Advanced Features and Special Considerations, later in this section.)

3. After the last input is stored, the 8842 A begins taking readings in the 2V range of the
VDC function. (The CAL annunciator remains on.) Verify the A/D calibration using
the test points in Table 6-9. If you wish to repeat the A/D Calibration procedure,
press the A/D button.

Table 6-8. A/D Calibration Steps

STEP

DISPLAYED PROMPT

I O m m O O W

r X o

.0 V DC (short)
-.03VvDC
-1.01vDC
+.99VDC
+.51vVDC
-.51VvDC
-.26 VDC
+.26 VDC
+.135VDC
-.135Vv DC

-.0725V DC
+.0725V DC

Table 6-9. A/D Calibration Verification Test

STEP INPUT ALLOWABLE
ERROR
A 0V (short) +2 counts
B -0.03V +2 counts
C +0.03V-0.660V +2 counts
D -0.660V +3 counts
E +0.660V +3 counts
F -1.970V +4 counts
G +1.970V +4 counts
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The A/D Calibration procedure is an iterative process. Each pass through the procedure
uses the constants stored previously and improves them. Normally, one pass is adequate.
However, if the calibration memory has been erased or replaced, or the A/D Converter
has undergone repair, the A/D Calibration procedure must be performed twice.

Because the A/D Calibration procedure is iterative, the instrument’s performance can be
slightly enhanced by going through the procedure more than twice. However, this is not
necessary to meet the published specifications.

6-13. OFFSET AND GAIN CALIBRATION
This procedure calibrates the instrument’s offsets and gains by applying a high and low
input for every range of each function. To save time, the 8842 A uses each input for as
many ranges as possible.
A function is calibrated by pressing the corresponding function button. Once a function is
selected, the 8842 A automatically steps through each range of that function, prompting
you for the necessary reference sources. (The prompts are shown in Table 6-10.) The
8842A does not automatically select another function after one function has been
completely calibrated; therefore, the functions may be calibrated in any order.
To perform Offset and Gain Calibration, proceed as follows:
Table 6-10. Offset and Gain Calibration Steps
STEP DISPLAYED PROMPT
VDC VAC' 2 WIRE kQ mA DC mA AC'
4 WIRE kQ
A +00.0 mV DC (short) | 10.0 mV AC | 0.0022 (short) | 00.0 mA DC (open) 100 mA AC
B +19.0 mvV DC -- 10.0Q (4 wire) 100 mA DC --
C +190.0 mV DC 100.0 mV AC 100.0Q 1000. mA DC 1000.0 mA AC
D +1.900V DC 1.000 V AC 1.000 k€2
E +19.00 V DC 10.00 VAC 10.00 k€2
F +190.0 V DC 100.0 VAC 100.0 k2 Steps D-H not applicable for these
G +1000. V DC 500.VAC | 1000. ke functions.
H Step H not applicable for these 10.00 MQ
functions.

'Inputs should be at 1 kHz +/-10%. Performance may be enhanced for specific frequencies (see text).

1. Ensure the A/D Calibration procedure has been completed.

2. Select the desired function by pressing the corresponding function button. The 8842A
will display the first prompt for that function.

3. Each time the 8842A prompts you for a reference source, apply this source to the
appropriate terminals, and press the STORE button. When STORE is pressed, the
numeric display field blanks while the 8842A performs the necessary calculations.
(Do not change the reference source while the display is blank.) The 8842A then
displays the next prompt. For reference, all prompts are shown in Table 6-10.
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4.

6.

NOTE

To use reference sources that differ from the prompted values, see Storing
Variable Inputs later in this section.

After the last range is calibrated, the 8842 A begins taking readings in the highest
range so that you may verify its calibration. (The CAL annunciator remains on.) To
verify the calibration for the other ranges, press the corresponding range button.
(Pressing a function button begins the Offset and Gain Calibration procedure for that
function.)

Repeat steps 2, 3, and 4 for the remaining functions. Note that both 2-wire and 4-wire
ohms functions must be calibrated. (The VAC and mA AC functions require
calibration only if the True RMS AC option is installed.)

NOTE

(True RMS AC option only.) The VAC and mA AC functions should
normally be calibrated using reference sources at 1 kHz (+/-10%). For
special applications, performance may be optimized at other frequencies.
See Optimizing AC Calibration at Other Frequencies, later in this section.

When all functions have been calibrated, exit the calibration mode by pressing the
CAL ENABLE switch and attach a calibration certification sticker over the CAL
ENABLE switch. (If the True RMS AC option is installed, instead proceed to the
High-Frequency AC Calibration procedure which follows.)

6-14. HIGH-FREQUENCY AC CALIBRATION

The High-Frequency AC Calibration procedure calibrates the response of the VAC
function from 20 kHz to 100 kHz. If the True RMS AC option is not installed, selecting
this procedure results in an error message.

The reference sources used in this procedure should normally be between 90 kHz and 100
kHz. 100 kHz (nominal) is recommended. For special applications, performance may be
optimized at other frequencies. See Optimizing AC Calibration at Other Frequencies,
later in this section.

To perform High-Frequency AC Calibration, proceed as follows:

1.
2.

4.

Ensure Offset and Gain Calibration has been completed for the VAC function.

Select the High-Frequency AC Calibration procedure by pressing the HF AC button.
The 8842A will display the first prompt (100 mV AC). The "U" in the display
indicates the High-Frequency AC Calibration procedure has been selected.

Each time the 8842A prompts you for a reference amplitude, apply this amplitude to
the HI and LO INPUT terminals, and press the STORE button. When STORE is
pressed, the numeric display field blanks while the 8842 A performs the necessary
calculations. (Do not change the reference source while the display is blank.) The
8842A then displays the next prompt. For reference, all prompts are shown in Table
6-11.

NOTE

To use reference amplitudes that differ from the prompted values, see
Storing Variable Inputs later in this section.

After the last range is calibrated, the 8842 A begins taking readings in the highest
range so that you may verify its calibration. To verify the calibration for the other
ranges, push the corresponding range button. The CAL annunciator remains on.
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5. The calibration procedure is now completed. Exit the calibration mode by pressing
the CAL ENABLE switch, and attach a calibration certification sticker over the CAL
ENABLE switch.

6-15. Advanced Features and Special Considerations

Table 6-11. High-Frequency AC Calibration Steps

STEP DISPLAYED PROMPT',?
A 100.0 mV AC
B 1.000 V AC
C 10.00 V AC
D 100.0 VAC
E 200.0 VAC
1. The display also indicates “U” to show that HF AC cal is selected.
2. Inputs should be between 90 kHz and 100 kHz. (nominal) is recommended.

The 8842A has several advanced calibration features which are not necessary for the
basic calibration procedure, but which can make calibration easier. The following
paragraphs describe these features and also discuss special considerations for optimizing
the performance of the 8842A in special situations.

6-16. STORING VARIABLE INPUTS

As a convenience, the VAR IN (variable input) feature lets you calibrate the 8842A using
reference source values which differ from the values prompted by the 8842A. For
example, you may want to calibrate the 200Q2 range using a reference resistor with a
precisely known value of 99.875Q, rather than 100€2 as prompted. This feature is not
available during A/D Calibration.

To use the variable input feature, proceed as follows:

1. When the 8842A prompts you for an input, press the VAR IN button. The blank
digits will be replaced with zeroes. You can then increment each digit of the display
by pressing the range buttons. The 20Q2/mV button toggles the displayed sign.

2. Change the displayed prompt to correspond to the desired reference source by
pressing the appropriate range buttons.

3. Connect the desired reference source to the appropriate input terminals of the 8842A.
4. Press the STORE button.

To meet the specifications over all ranges, the reference source for the high prompts must
be between half and full scale. (The high prompts are those prompts that are between
50% and 100% of full scale.) The reference source for the low prompts must be equal to
or greater than the prompted value, but not more than that value plus 4000 counts. (The
low prompts are those prompts that are zero or 5% of full scale.)

For special applications, the 8842A can be calibrated at values outside the recommended
range. This can enhance the performance at the calibration value. However, performance
at other values may be degraded.

6-16
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6-17. CALIBRATING INDIVIDUAL RANGES
During Offset and Gain and High-Frequency AC Calibration, it is possible to calibrate

individually selected ranges. This feature does not apply to the mA DC and mA AC
functions and is not permitted during A/D Calibration.

To calibrate an individual range, proceed as follows:

1. Select the desired calibration procedure by pressing the appropriate function button

(or press the HF AC button if High-Frequency AC Calibration is desired).

2. Press the range button for the range to be calibrated. The 8842A then prompts for a
low reference source for that range. (See Table 6-12.) (During High-Frequency AC

Calibration, the 8842A prompts only for a high reference source. In this case,
proceed to step 4.)

3. Apply the requested reference source and press STORE. The display will blank
briefly and then prompt for a high reference source. (See Table 6-12.)

4. Apply the requested reference source and press STORE. The display will blank

briefly, and the 8842 A will then begin taking readings in the selected range so that

you may verify the calibration. The CAL annunciator remains on.

5. To continue, select another range. You may restart any of the calibration procedures
by pressing the appropriate function button, the A/D button, or the HF AC button.

6-18. VERIFYING CALIBRATION

Table 6-12. Prompts When Calibrating Individual Ranges

PROCEDURE FUNCTION LOW PROMPT HIGH PROMPT
Offset and Gain vDC Zero 95% of full scale
Calibration

kQ Zero 50% of full scale
VAC 5% of full scale * 50% of full scale *

High-Frequency AC
Calibration

(Not applicable)

(No low prompt)

50% of full scale °

1. Exception: The 1000V dc range has a high prompt of 1000V dc.
2. Exception: The 700V ac range has a low prompt of 100V ac and a high prompt of 500V ac.

3. Exception: The 700V ac range has a prompt of 200V ac.

When you complete certain parts of the calibration procedure, the 8842A automatically

begins taking readings so that you can verify the calibration is correct. (It is

recommended that you do so.) The CAL annunciator remains lit. The 8842 A continues to
take readings until you select another calibration procedure or exit the calibration mode.

Specifically, the 8842 A begins taking verification readings after:

1. Completing A/D Calibration.

2. Completing Offset and Gain or High-Frequency AC Calibration.

3. Completing the calibration of an individually selected range.

While the 8842A is taking verification readings, certain buttons are active or function

differently:
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6-19.

6-20.

1. If you just completed the Offset and Gain or High-Frequency AC Calibration for an
entire function (not just one range), the range buttons can be used to change ranges in
order to verify all ranges were calibrated correctly.

2. If you just calibrated an individually selected range, pressing another range button
begins the Offset and Gain Calibration procedure for the new range.

3. You can use the RATE button to verify the calibration at other reading rates.

CAUTION

It is still possible to erase the calibration memory while the
8842A is taking verification readings.

ERASING CALIBRATION MEMORY

The 8842A allows you to erase some or all of the correction constants stored in
calibration memory (U220). It is recommended that you erase the entire calibration
memory before beginning calibration if the calibration memory is replaced or
accidentally altered. The capability of erasing particular parts of the memory is mainly
intended as a troubleshooting aid to the technician.

CAUTION

Once the calibration memory is erased, the 8842A must be
recalibrated.

To erase all or part of the calibration memory, proceed as follows:

1. Press the front panel ERASE button. The display should show the erase prompt "cl"
(for "clear"). If you do not press another button within 1-1/2 seconds, the 8842A
returns to its previous state.

2. To complete an erasure, press one of the following buttons within 1-1/2 seconds of
pressing the ERASE button:

a. STORE -- Frases the entire memory.
b. A/D -- Erases the A/D Calibration constants

c. Any function button -- Erases the Offset and Gain Calibration constants for all
ranges of that function.

d. HF AC -- Erases the High-Frequency AC Calibration constants.

3. After an erasure is finished (a complete erasure takes about 3 seconds), the 8842A
returns to one of the following states:

After complete erasure: Begins A/D Calibration.
b. After A/D erasure: Begins A/D Calibration.

c. After Offset and Gain erasure: Begins Offset and Gain Calibration for erased
function.

d. After High-Frequency AC erasure: Begins High-Frequency AC Calibration.

TOLERANCE CHECK

The 8842 A automatically checks that the reference input is near the value prompted. This
minimizes common errors such as applying a reference source with the wrong sign. If the
reference input exceeds the tolerances shown in Table 6-13, the 8842A displays ERROR
41.



Maintenance
CALIBRATION

If ERROR 41 occurs, the most likely cause is that the reference input is incorrect (e.g.,
has the wrong polarity). If the input is in fact correct, refer to the Troubleshooting
heading in this section.

Table 6-13. Tolerance Limits

CALIBRATION TOLERANCE

A/D Calibration +244 counts from prompt
Offset and Gain Calibration
VDC, mA DC +488 counts from prompt

Ohms +3002 counts from prompt
VAC, mA AC +3002 counts from prompt
HF AC Calibration +9999 counts from prompt

6-21.

6-22.

AC CALIBRATION AT OTHER FREQUENCIES

For special applications where the 8842A is to be used to measure ac voltages or currents
exclusively at a single frequency or narrow range of frequencies, accuracy may be
enhanced at that frequency (or range of frequencies) by performing calibration according
to the following procedure. Note that this may degrade the accuracy at frequencies
significantly removed from the frequency of optimization.

To optimize performance at a frequency less than 1 kHz, perform the offset and gain
calibration procedure, above, using the frequency at which measurements will be made
rather than 1 kHz. This technique may be used for both the VAC and mA AC functions.
At the calibration frequency, the 8842A will yield accuracy closely approaching the
specified mid-band performance.

To optimize performance at a frequency greater than 1 kHz, perform calibration as
follows:

1. Perform the Offset and Gain Calibration procedure using inputs at 1 kHz.

2. Perform the High-Frequency AC Calibration procedure using inputs at the desired
frequency of optimization rather than at 100 kHz. Skip step 5 in that procedure

3. Again perform the Offset and Gain Calibration procedure, this time using inputs at
the desired frequency of optimization rather than at 1 kHz.

OPTIMIZING USE OF THE 5450A

If the Fluke 5450A Resistance Calibrator is used to calibrate the 2-wire ohms function,
the following procedure is recommended to optimize the calibration of the lowest two
ranges. (The 5450A has a 25 mQ "floor" which would otherwise result in 25 digits of
error in the 200Q2 range of the 8842A.) In this procedure, the 8842A is referred to as the
unit under test (UUT).

1. Complete Offset and Gain Calibration for the UUT’s 4-wire ohms function. The
UUT will then be taking verification readings.

2. Connect the UUT to the 5450A as shown in Figure 6-4.

Select the "SHORT" from the 5450A, and measure this value at the 5450A OUTPUT
terminals using the UUT in 4-wire ohms. If in remote, take the average of four
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readings. (In remote calibration, the averaged value can be stored in the controller.)
Record the value.

4. Select the "100Q2" output from the 5450A, and measure this value as in step 3.

Find and record the numerical difference between the values calculated in steps 3 and
4. This value will be used as the variable input for calibrating the 200€2 range in 2-
wire ohms.

6. Repeat steps 4 and 5 using the "1 kQ" output from the 5450A; find and record the
numerical difference between this and the "SHORT" measured in step 3. This value
will be used as the variable input for calibrating the 2 k< range in 2-wire ohms.

7. Press the UUT’s 2 WIRE k€ button. This selects the Offset and Gain calibration
procedure for the 2-wire ohms function and prompts for zero input. Select the
"SHORT" from the 5450A, and calibrate all the zeros by pressing STORE.

8. Select the "100L2" output from the 5450A and calibrate the high point for the 2002
range, entering the value computed in step 5 as a variable input.

9. Select the "1 kQ" output from the 5450A and calibrate the high point for the 2 kQ
range, entering the value computed in step 6 as a variable input.

10. Calibrate the remaining ranges (steps D-G of Table 6-10) using the 5450A outputs.

11. Recalibrate the low point for each 2-wire ohms range using a shorting link (Pomona
MDP-S-0 or equivalent) across the UUT’s HI and LO INPUT terminals.

12. Exit the calibration mode by pressing the CAL ENABLE switch.

13. Using the same configuration shown in Figure 6-4, verify that the UUT measures the
same value (within 1 digit) in 2-wire ohms (using the offset feature to correct for
5450A floor error) as in 4-wire ohms. If the readings differ by more than 1 digit,
reenable the calibration mode and repeat steps 2 through 8.

NOTE
Only 4-wire ohm calibration is allowed in the 20£2 range.

14. Cover the CAL ENABLE switch with a calibration certification sticker.

INPUT HI SENSE HI OUTPUT HI  SENSE HI
INPUT LO SENSE LO OUTPUT LO SENSE LO
| ] °
8842A 5450A

6-23.
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Figure 6-4. Optimizing Use of the 5450A

Remote Calibration

If the IEEE-488 Interface is installed, the 8842A can be calibrated under remote control.
Remote calibration is very similar to local (front-panel controlled) calibration. Table 6-14
shows the remote commands which correspond to the front panel features.To facilitate
remote calibration, there are some differences from local calibration:
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Table 6-14. Commands Used During remote Calibration

FRONT PANEL CORRESPONDING COMMENTS
FEATURE COMMAND
Display G2 Loads the calibration prompt into the output buffer. Not valid

when the 8842A is taking verification readings.

Function Buttons

F1 through F6

In the calibration mode, these select the Offset and Gain
Calibration procedure for the corresponding funtion.

Range

R1 through R6 and R8

In the calibration mode, these select the Offset and Gain
Calibration Procedure for the corresponding range in the
presently selected function. (For entering variable inputs, see
VAR IN below.)

STORE

Co

Tells the 8842A that the requested calibration input is valid.
This command causes the 8842A to take readings, and
compute and store calibration constants.

NOTE

The CO command can take up to 22 seconds to execute.
You must determine when this command is complete
before sending more commands. See Timing
Considerations in text.

A/D

C1

Selects the A/D Calibration procedure.

HF AC

Cc2

Selects the High-Frequency AC Calibration procedure.

ERASE

C3

After receiving this command the display shows the erase
mode prompt (‘cl’). (The prompt is not loaded into the output
buffer.) To complete the erasure you must then send CO.
Sending any other command after the C3 command causes
the 8842A to return to its previous state. There is no timeout
as with the front panel ERASE button.

CAUTION

The command string “C3 C0” erases the entire
calibration memory. A complete calibration must then
be performed.

RATE

S0 through S2

Changes the reading rate while the 8842A is taking
verification readings. Causes an error at any other time
during calibration.

VAR IN

N<value>P2

Enters <value> as a variable input. (See Entering Variable
Inputs, in text.) Causes an error if sent during A/D Calibration
or when the 8842A is taking verification readings. You can
check that the command was successful by checking the
error status or by sending the Get Calibration Input command
(G2).

P3<string>

Puts the <string> into calibration memory. The string must
contain up to 16 ASCII characters, and be recalled with the
G3 command.

NOTE: Other commands that may be used during calibration are: P1 (Put SRQ mask); the remaining Get
commands; and XO (clear Error Register).
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1. Inremote calibration, you can store a 16-character message in the calibration
memory which can be read by the system controller. Possible uses include
storing the calibration date, instrument ID, etc.

2. Although some buttons are ignored in local calibration (e.g., the AUTO button),
the corresponding remote commands (e.g., RO) load the output buffer with an
error message.

The calibration memory is erased differently. (This is explained later.)

4. The rear panel SAMPLE COMPLETE signal acts slightly differently. During
calibration, the SAMPLE COMPLETE signal is inactive. When the 8842A is
taking verification readings, the SAMPLE COMPLETE signal acts the same as
in normal operation.

Note that a command may be valid in some parts of the calibration procedure but not in
others. The Get Input Prompt (G2) command, for instance, is not valid when the 8842A is
taking verification readings. The Rate (Sn) commands, for instance, are valid when the
8842A is taking verification readings, but they are not valid at any other time during
calibration. Table 6-15 shows when commands are invalid.
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6-24. TIMING CONSIDERATIONS

Table 6-15. Error Numbers Which Are Displayed When Commands Are Not Valid

COMMAND NORMAL SELFTEST CALIBRATION MODE
WODE A/D CAL OFFSET & | HF AC CAL | VERIFICAT
GAIN CAL ION MODE

Bn 60 52 52 52 52
Co 51 60 54
C1 51 60
c2 51 60
C3 51 60
Dn 60 52 52 52 52
Fn 60
GO
G1
G2 51 60 54
G3 60
G4
G5
G6
G7
N
PO 60 52 52 52 52
P1
P2 51 60 56 54
P3 51 60
RO 60 52 52 52 52
R1-6 60 52 52 52 52
R7 60 52 52 52 52
R8 60 52 52
Sn 60 52 52 52
Tn 60 52 52 52 52
Wn
X0
Yn
Z0 60 52 52 52 52
* 60 52 52 52 52
? 60
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6-25.

6-26.

The CO command can take up to 22 seconds. If during this time the controller continues
to send the 8842A more commands, the commands may fill up the 8842A’s input buffer.
If this happens, errors will probably occur.

You can avoid this problem by knowing when these commands are completed. There are
three ways to determine this:

1. Monitoring the Cal Step Complete bit in the serial poll status register. This status bit
is set false every time the remote processor sends a command to the in guard
processor. It is then set true when the in guard processor completes the command and
is ready to accept more. So you can send a command and loop on a check of the
status, until the command is complete.

2. Setting the SRQ mask to generate an SRQ on Cal Step Complete. An SRQ is
generated and the Cal Step Complete bit in the serial poll status response is set when
a cal command is complete. This approach depends on capabilities of the controller
being used.

3. Executing a delay in controller software after sending each command. (Not
recommended.)

Although not usually necessary, these methods can be used for other commands as well.

REMOTE ERASURE

The C3 command allows you to erase the entire calibration memory. The erasure is
executed by sending the string "C3 C0" (equivalent to pressing ERASE and then
STORE). Any command other than CO after C3 will abort the erasure. To facilitate
remote calibration, the CO command does not timeout as does the front panel ERASE
button. The selective erasure that is possible from the front panel is intended as a
troubleshooting aid, and is not available over the IEEE-488 Interface.

Note that the erase command can take up to 3 seconds to execute. To prevent timeout
problems with the controller, you must determine when the command is completed
before continuing. Several methods are presented in Timing Considerations, above.

NOTE

When erasing calibration memory, it is good practice to send the
commands C3 and CO in the same command string. Sending C3 by itself
could lead to accidentally erasing calibration memory, since the C3
command does not time out as does the ERASE button.

EXAMPLE CALIBRATION PROGRAM
An example A/D calibration program is shown in Figure 6-5. The program is written in
Fluke BASIC for the Fluke 1722A Instrument Controller. It uses the Fluke 5440A Direct

Voltage Calibrator to perform and then verify the A/D Calibration procedure. In this
program, the 8842A is at bus address 1, and the 5440A is at bus address 7.
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This program performs the A/D Calibration procedure and then verifies the
A/D Calibration is correct. The program uses the Fluke 1722A Instrument
Controller and the Fluke 5440A Direct Voltage Calibrator. The 8842A is at
bus address 1, and the 5440A is at bus address 7.

10 DIM V(&)

20 DIM W(é6)

30 DATA 0.0, 2, 0.03, 2,-0.03, 2, 0.66, 3,-0.66, 3, 1.97, 4,-1.97, 4

40 FOR A=0 TO 6 STEP 1 ! LOOP TO READ IN VERIFICATION VALUES.

50 READ V(A), W(A)

60 NEXT A

70 INIT PORT O ' INITIALIZE SYSTEM.

90 REMOTE @1

100 'GOTO 290 ' PROVIDES MEANS TO DO VERIFICATIDN ONLY.

110 PRINT "PUT 8842A IN CAL MODE, THEN HIT (RETUR ! INSTRUCTION NOTE.
120 INPUT 7% ! STOP PROGRAH UNTIL C(RETURN) IS HIT.
130 FOR M=1 TO 2 ! LOOP FOR NO. OF PASSES.

140 PRINT @7, “SOUT 0.Q;0OPER" ! SET 5440A OUTPUT TO 0.0

150 WAIT 1000

160 PRINT @1, "C1" ! PUT B8842A IN A/D CAL.

170 FOR N=0 TO 11 STEP 1 ! CALIBRATION LOOP.

180 PRINT @1."G2"

190 INPUT e1,C

200 IF C ) 1000 GOTO 180

210 PRINT “PASS", "STEP", "INPUT"
220 PRINT M.N,C

230 PRINT @7, "SQUT";C

240 WAIT 73500

GET 8B42A CAL PROMPTS.

CLEARS POSSIBLE ERROR MESSAGE IN BUFFER.
LABELS.

DISPLAY PASS, STEP, INPUT VALUE.

SET OUTPUT OF 5440A

SETTLING TIME FOR 5440A.

]
]
)
]
‘
]
I
260 IF_(SPL(1%) AND B%) <) 8% GOTO 260 « "TEST 8840A FDR CAL STEP COMPLETE.

230 PRINT @1, "CO " STORE CAL.
270 NEXT N
280 NEXT M

290 PRINT "VERIFICATION"

300 WAIT 3000

310 FOR 7=0 TO 6 STEP 1 ' VERIFICATION LOOP.

320 PRINT @7, "SouT"; V(T) ! SET _95440A OUTPUT.

330 WAIT 7300 E SETTLING TIME FOR 5440A.

340 INPUT e1,R GET READING FROM £842

350 R$ = NUMS(R, "SH#. ###ss") i THIS AND NEXT 3 LINES FORMATS DISPLAY.
350 IF MID(RS,2,1) = "0" THEN R$ = LEFT(RS, 1)+" "+RIGHT(RS$, 3)

370 IF LEFT(R$,1) = " " THEN RS = "4"+RIGHT(RS, 2)

380 PRINT RS, ! PRINTS DISPLAY

390 IF ABS(R-V(T))(=W(T)#1E-5+1E-& THEN PRINT "PASS" ELSE PRINT "FAIL"
400 NEXT T
410 END

f6-05.wmf

Figure 6-5. Example A/D Calibration Program

6-27.DISASSEMBLY PROCEDURE

WARNING

TO AVOID ELECTRIC SHOCK, REMOVE THE POWER CORD
AND TEST LEADS BEFORE DISASSEMBLING THE
INSTRUMENT. OPENING COVERS MAY EXPOSE LIVE PARTS.

CAUTION

To avoid contaminating the printed circuit assemblies (PCAs),
handle the PCAs by their edges. Do not handle the areas of the
PCAs that are not solder masked unless absolutely necessary.
These areas must be cleaned if contaminated.

The following paragraphs present a disassembly procedure for the 8842A. The procedure
should be performed in the order presented. Remove the case first, and then remove
Option -09, the True RMS AC PCA, Option -05, the IEEE-488 Interface PCA, the Main
PCA, and the front panel. For reference, see the final assembly drawing in Section 7.
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6-28. Case Removal
1. Remove the grounding screw from the bottom of the case. Remove two rear bezel
mounting screws. (See Figure 6-6A.)

2. While holding the front panel, slide the case and rear bezel off the chassis (See
Figure 6-6B). (At this point, the rear bezel is not secured to the case.)

- MOUNTING SCREW
(1 OF 2)

REAR PANEL

\ GROUNDING SCREW

REAR BEZEL

CHASSIS

6-06_1.wmf

Figure 6-6. 8842A Disassembly
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6-06_2.wmf

Figure 6-6. 8842A Disassembly (cont)
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f6-06_3.wmf

Figure 6-6. 8842A Disassembly (cont)
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6-06_4.wmf

Figure 6-6. 8842A Disassembly (cont)
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6-29.

6-30.

6-31.

True RMS AC PCA Removal (Option -09 Only)

The True RMS AC PCA should be removed by reversing the last three steps in Figure

809-1 (see Section 8).

1. Release the True RMS AC PCA from the chassis by pulling the four plastic latches
upward (Figure 809-1E).

2. Raise the True RMS AC PCA slightly, and disconnect the red lead from the
connector (J301) located on the Main PCA (Figure 809-1C).

3. Disconnect the ribbon cable from the Main PCA by releasing the ribbon connector
latches (push outward; see Figure 809-1D) and pulling the ribbon cable directly
outward from the connectors (Figure 809-1C).

4. Lift the True RMS AC PCA out of the chassis.

IEEE-488 Interface PCA Removal (Option -05 Only)
The IEEE-488 Interface PCA should be removed by reversing the last four steps in
Figure 805-1 (see Section 8):

1. Remove the two jack screws and washers from the rear panel IEEE-488 connector
(Figure 805-1H).

2. Release the IEEE-488 Interface PCA from the chassis by pulling the two plastic
latches upward (Figure 805-1H).

3. Raise the forward edge of the IEEE-488 Interface PCA slightly, pull the PCA
towards the front panel (guiding the IEEE-488 jack and BNC connectors out of the
rear panel), and lift the PCA out of the chassis (Figure 805-1G).

4. Disconnect the ribbon cable from the IEEE-488 Interface PCA by releasing the
connector latches (push outward; see Figure 805-1F) and pulling the ribbon cable out
from the connector (Figure 805-1E).

Main PCA Removal
1. Disconnect the leads from the four front panel input terminals and the four rear panel
input terminals by unplugging them. (Refer to Figure 6-6C.)

2. Remove the cable harness from the two cable clamps on the side of the instrument
chassis. (Figure 6-6D.) Lift the cable harness clear of the sidewall cable guide.

3. Remove the front panel fuse by pressing in the lip of the 2A input terminal slightly
and rotating it 1/4-turn counterclockwise (Figure 6-6E).

4. (Disregard this step if the IEEE-488 Interface was installed.) Disconnect the ribbon
cable from the rear panel insert by pushing outward on the snap tab on either side of
the ribbon cable connector.

5. Disconnect the two ribbon cables from the Display PCA by pulling the two plastic
pull tabs directly outward from the Display PCA.

Remove the two mounting screws on either side of the rear panel power receptacle.

Disconnect the green power supply ground lead from the rear panel mounting stud.
(The stud is located near the rear panel power receptacle. See Figure 6-6F.)

8. Remove the Line Voltage Selection Switch (LINE SET) PCA as follows (Figure 6-
6G):

a. Remove the upper screw that holds the LINE SET PCA to the upper rear panel
standoff.
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10.

11.
12.

13.
14.

15.

16.
17.

18.

b. Unplug the ribbon cable from the Main PCA and lift out the LINE SET PCA.
Remove the push rod for the CAL ENABLE switch as follows (Figure 6-6H):

a. While supporting the white plunger of the CAL ENABLE switch with a finger,
pop the push rod off the switch plunger by pulling the push rod directly upward.

b. Rotate the push rod 90 degrees toward the center of the instrument.
c. Pull the push rod toward the rear panel and remove it.
Remove the FRONT/REAR switch push rod as follows (Figure 6-61):

a. Insert a blade-type screw driver in the slot visible on the top of the
FRONT/REAR switch push rod at the junction of the push rod and the switch.

b. Twist the screwdriver slightly to release the push rod from the switch shaft, then
pull the FRONT/REAR switch push rod out through the front panel.

Place the chassis on its side.
Remove the POWER switch push rod as follows (Figure 6-6J):

a. Insert a blade-type screwdriver in the slot visible on the top of the POWER
switch push rod at the junction of the push rod and the switch.

b. Twist the screwdriver slightly to release the push rod from the switch shaft, then
pull the rear of the POWER switch push rod out through the bottom of the
chassis.

c. Lift the push rod out and toward the rear panel, and remove it.

Remove the two screws fastened to the transformer bracket, then remove the bracket.

Remove the Main Shield as follows (Figure 6-6K):
Remove the screw that fastens the Main Shield to the Main PCA.

b. Grasp the Main Shield supports on one side of the instrument and pull the
supports toward the center of the chassis, bowing the Main Shield. Remove the
main shield.

Release the six plastic latches that hold the Main PCA to the chassis by pulling the
latches upward (Figure 6-6L).

Lift the front end of the Main PCA upward about 3 inches.
Free the white lead from the 2A INPUT tower as follows (Figure 6-6M):

a. Guide the wire, spring and fuse contact toward the front panel.

b. Thread the spring and fuse contact through the hole in the front end of the tower.

Slide the Main PCA forwards until it is free of the chassis.
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6-32. Front Panel Disassembly

1. Holding the chassis vertically (with the front panel downward), remove the mounting
screws from the four corners of the Display PCA (Figure 6-7A).

2. Holding the chassis vertically (now standing the instrument on the rear panel), pull
the front panel off the chassis and set it aside (Figure 6-7B).

3. Remove the the display assembly (Display PCA, spacer matrix, and keypad) from the
chassis as follows (see Figure 6-7C):

Release the two plastic tabs on the front of the chassis.

Let the bottom edge of the display assembly swing toward the rear of the
instrument.

c. Pull the Display PCA toward the bottom of the chassis.

4. Separate the spacer matrix from the Display PCA by releasing the two pairs of plastic
snap tabs on the back of the Display PCA (Figure 6-7D).

5. Remove the keypad from the spacer matrix.

CAUTION

The vacuum fluorescent display should not be removed from
the Display PCA; these are supplied as one part.

6. Remove the display window from the front panel as follows:
a. Slide the window upward (away from the buttons) about 1/32 inch (Figure 6-8A).
b. Push the window directly outward from the front panel (Figure 6-8B).

6-33. REASSEMBLY PROCEDURE

To reassemble the instrument, proceed as follows:

1. Assemble the front panel assembly by reversing the front panel disassembly
procedure (Figure 6-7). (It is easiest to lay the keypad on the Display PCA before
installing the spacer matrix on the Display PCA.)

CAUTION

The four Display PCA mounting screws are self-tapping. To
avoid damaging the threads, ensure the screws are threaded
properly before tightening. Do not overtighten them.

2. Turn the chassis upside down.

3. [Install the Main PCA through the bottom of the chassis as follows:
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NOTE

When installing the Main PCA, guide the rear ribbon cable around the
shield connected to the rear panel so that the cable is next to the side of the
chassis. Make certain that the cable is not pinched between the shield and
the Main PCA.

a. Slide the Main PCA toward the rear panel, and position the power connector and
fuse to fit through their respective openings in the rear panel.

b. Reinstall the white lead in the 2A INPUT tower and reinstall the 2A fuse in the
front panel.

c. Make sure the six plastic latch heads are extended. Lower the Main PCA into
position on the chassis and guide the six plastic latches into the circuit board
supports on the chassis. Press the latch heads to lock the board in the chassis.
Refer to Figure 6-6L. 4. Install one side of the Main Shield; bow it to install the
the other side, and secure it to the Main PCA with the retaining screw. 5. Place the
transformer bracket back into position and fasten down with the two screws.

Replace the push rod for the POWER switch as follows:
a. Insert the button end of the push rod into the rear of the front panel.

b. While supporting the opposite side of the plunger with your finger, snap the other
end of the push rod onto the POWER switch plunger. Refer to Figure 6-6J.

Set the chassis right side up.

Insert the FRONT/REAR switch push rod through the front panel and snap it into
place.

Reinstall the CAL ENABLE switch push rod by inserting the cylindrical end of the
push rod into the rear of the front panel, then snapping it onto the CAL ENABLE
switch plunger.
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REAR PANEL

FRONT PANEL

DISPLAY PCA

MOUNTING SCREW

(1 OF 4)

SPACER MATRIX

KEYPAD

DISPLAY PCA

DISPLAY PCA (REAR VIEW)

6-07.wmf

Figure 6-7. Front Panel Disassembly
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FRONT PANEL DISPLAY WINDOW

6-08.wmf

Figure 6-8. Removing the Display Window

CAUTION

Make certain that the CAL ENABLE switch shaft is in the out
(disabled) position after the CAL ENABLE push rod is installed.
If the 8842A is switched on with the CAL ENABLE switch in the
enabled position, the 8842A may require recalibration.

10. Position the slot in the lower edge of the Line Voltage Selection Switch PCA in the
slot on the lower rear panel standoff. Secure the top of the Line Voltage Selection
Switch PCA to the upper standoff using the single mounting screw, and plug the
ribbon cable into the Main PCA.

11. Connect the power supply ground lead to the rear panel mounting stud. (The stud is
located near the rear panel power receptacle as shown in Figure 6-6F.)

WARNING

TO AVOID ELECTRIC SHOCK, ENSURE THAT THE POWER
SUPPLY GROUND LEAD IS FIRMLY ATTACHED TO THE
REAR PANEL MOUNTING STUD.

12. Attach the two mounting screws on either side of the rear panel power receptacle.

13. Connect the two ribbon cables to the Display PCA to the connectors. Push the cables
straight in to avoid damage.

14. Reinstall the harness in the sidewall cable guide, and secure the harness to the chassis
with the cable clamps.

15. Connect the leads to the four front panel input terminals according to the color codes
marked on the rear side of the Display PCA.

16. Connect the leads to the four rear panel input terminals following the color codes as
shown in Figure 6-6B.

17. (Option -05 only) Install the IEEE-488 Interface PCA according to the instructions in
Section 8.

18. (Option -09 only) Install the True RMS AC PCA according to the instructions in
Section 8.

19. Slide the case and rear bezel onto the chassis.
20. Install the two rear panel mounting screws.

21. Install the case grounding screw in the bottom of the case.
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WARNING

TO AVOID ELECTRIC SHOCK, ENSURE THAT
THE GROUNDING SCREW IS FIRMLY
ATTACHED TO THE CASE BOTTOM.

6-34.INTERNAL FUSE REPLACEMENT

CAUTION
For fire protection, use exact fuse replacements only.
The 8842A has an internal 3A 600V slow-blow fuse (F301) in series with the 2A input
terminal. To replace this fuse, remove the case according to the disassembly instructions.

The fuse is held in fuse clips on the Main PCA. Do not use makeshift fuses or short-
circuit the fuse holder.

6-35. EXTERNAL TRIGGER POLARITY SELECTION (Option -

05 Only)

The EXT TRIG input is factory-configured with negative polarity (trigger on falling-
edge). This polarity is set by jumper E902 on the IEEE-488 Interface PCA. To select
positive polarity (trigger on rising-edge), remove jumper E902 and add jumper E903.

6-36. TROUBLESHOOTING

6-37.

The 8842A is designed to be easily maintained and repaired. Both the analog and digital
circuits have built-in diagnostic self-tests and troubleshooting modes to facilitate
troubleshooting and repair. The instrument’s circuits allow troubleshooting and repair
with basic electronic troubleshooting equipment such as a multimeter and oscilloscope.
The troubleshooting mode in the digital controller circuitry generates special test signals
to allow troubleshooting and repair without a special test signal generator or complex
logic analyzer. Using the information in this section, a technician should be able to
troubleshoot and repair the 8842A very efficiently. There is also a troubleshooting
package available which utilizes the Fluke 9010A System Troubleshooter. The 8842A-
9000 Troubleshooting Kit is described in detail in Section 8.

Initial Troubleshooting Procedure

WARNING

TO AVOID INJURY OR EQUIPMENT DAMAGE, USE EXACT
REPLACEMENT PARTS FOR ALL PROTECTION COMPONENTS.

When a problem occurs in the 8842A, first verify the problem is actually in the
instrument. If the problem occurs when the instrument is in a system, check to see if the
same problem exists when under local control. Watch the display as the instrument is
turned on to see if any of the digital self-test error codes appear indicating a digital
failure. If the malfunction does not involve the True RMS AC or IEEE-488 options,
remove the option(s) from the instrument before proceeding.
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If the display lights up, perform the self-test by pressing the SRQ button for 3 seconds.
(Remember, the input terminals must be disconnected from the test leads during the self-
tests. Otherwise, the 8842 A may indicate errors are present.) The test numbers will
appear consecutively. "ERROR" will appear on the display if a test should fail. The
8842A can be held in each of the test configurations by momentarily pressing the SRQ
button. (Press any button to continue the tests.) With the description of the self-tests
given below, it may be possible to isolate the failure. For reference, the states of various
switches and logic lines are shown in Table 6-16 for each function, range, and reading
rate.

If only one or a few failures appear in the self-tests, the problem is usually in the DC
Scaling circuit. By carefully analyzing which failure(s) occurred, the fault can be located
to within a few components. (Table 6-17 shows which components are exercised by each
of the analog tests.) The heading DC Scaling Troubleshooting provides detailed
instructions on locating and repairing DC Scaling circuit problems. However, before
troubleshooting the DC Scaling circuit, all of the power supply levels should be measured
to verify they are within the limits specified in Table 6-23 under Power Supply
Troubleshooting, later in this section.
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Table 6-16. Overall State Table

DEFINITIONS The variables HD1, HD2, PC, TR1, I TR2 are dynamic siYnals generated by
the A/D chip. (HD2 = TR2) These variables are true only shen the
A logical and corresponding dynamic signals are true. For example, the seitches in line
+ logical or 8 are on only when HD1 is true.
- logical not
T asserted loe signal A 0 stands For the suitch or relay being open, and a 1 stands for it being
s slow reading ,,82 closed. If a reference designator has a ‘®’ after it, the seitch or relay
e ive is closed shen the control voltage is low (oV). Otherwise, it is clesed mhen
£ fast " the control voltage is high (SV),
r range
GB (WA (r3+15)) +(phms A (r5+r6) )
[~ (VdcA(rB+r1+r24r4) ) +(ohasA(rB+r1+r2+r3¢rd))
3PFILT  (sA(Udc+(chesA(r14r2413))) ) 4(rBAF)
- NORMAL OPERATING MODE
VAC 2-Uire Dhms 4-dire Ohas I10C IAC
BN REN X XN MIOOUOOUGUR NN NI KRNKIUENE  KANNKNRRENKNNUNKNNKN  KNREN  RAK
TErLr2r3 T4 rs r1r2r3r4r5 rBr1r2r3r4rSré rBrlr2r3T4rSré TATS 5

OC Scaling
1 K01¥  (WcA(rB4rl+r¢r3)ldohes 1 1 1 1 © O 00 0 0 0 1111111 1111111 o0 0
2 Q303 4wohes 0 0 0 0 0 0 000 00 0 ¢ 0 0 0 0 0 1111111 o 0 0
3 Q304 IPFILT Fsssss 00000 s s s s 000 Fsss 000 00 [
4 @310 Zechws 111111 11111 1111111 00 0 00 00 11 1
S €1 111010 000 0 0 1111100 111110900 o o0 0
& U30la-1 PCAGC 111010 000 0 0 1111100 1111100 0 90 ]
7 U301b-5 TRIAGC 111010 000 0 0 1111100 1111100 0 0 0
8 U301c-7 HD1M(Zwohrs~(+B-ITAT) 111111 11111 111131111 00 00 0 11 11 1
9 UN1d-9 HD1“4wohas 000 000 0 00 0 0 0 0 0 0000 1111111 0 0 0
10 U3023-1 GBATR1 o 0 01 01 00000 00 0 0 0 1t 1 0000 0112 o 0 0
11 U302»-5 HD2”x1 0 0 1111 1 1111 o1 11111 0O 011111 [ 1
12 U302c-7 A~ (Vac+lac) 0000 00 11111 0000 000 0O 000 0 00 0 0 1
13 U302d-9 ADTA1dc 9 000 00 0000 0 0O 0 0 00 00 0000000 11 o
14 U3033-1 TR2 111111 11111 11111112 1111111 11 1
15 U303-5 TRZ2 111111 11111 1111111 1111111 11 1
16 U303c-7 HD27x10 01 0000 00000 1 000 00 0 010 090 00 0 1 [
17 U303d~9 HD2*x100 1 00 0 00 0000 0 00090000 1 00 0 0 0 O 10 0
34 @317 (e~ (rB+r1))+(chas*r4rF) 0O @« 0000 a0 000 mn 000 F oo 0O a 00 F 0O [ o

Ohms Section
18 K4901% ohas 0 00 000 00 0 00 1111 ¢ 11 1111111 o 0 [
19 408 GC 111010 11111 1111100 1111100 11 1
20 U402a-1 2000k +201 0000 00 00 000 00000 1t 1 00 000 11 0 0 ]
21 U0-5 02+, Kk+2K+20k+200k+ohws 1 1 1 1 1 11111 1111100 1111100 11 1
22 U403a-1 201 o 0 0 000 0O 0000 0 0 0 00 01 0O 000001 o o0 )
23 UA024-9 ZoTrohas 111111 11111 111121110 11111110 11 1
24 U402c-7 2004 +2000k O 0 0 0 00O 0 0 0 00 O 00 0110 0 0 00110 o9 o
25 U035 20k+ohas 111111 11111 0001000 00011000 11 1
26 U403c~7 FWohes 111111 11111 1111110 1111110 11 1
27 UA03d-9 .02 +. 2%+ Q 0 0 0 00 ¢ 00 0 0 110 00009 111000900 0 0

AC Option
28 KBO1x Vac+lac Q 0 000 O 11111 00 0 00 00 0 0 0 0 0 0 O 0o 0 1
29 KBO2x (VacA(r4+r3) ) +Iac © 0 0 000 0 0 011 0 0 0 9 0 0 0 0 0 0 0 0 0 O 0o 0 1
0 UB04a-1%  (VacA(r3+rS))+ac 111111 0 010 1 1111111 1111111 11 [
31 UBOG-8r  (Vac”rl)+lac O 0 0 00O 100 00 00 0 0000 © 00 0 0 00O o 0 1
32 UBQ4Cc-9%  (Vac“rl)+1dc 000 00O 1 000900 0 00 0 000 0O 000 00O 1 0
33 UBGAd-16% Vac”(r2+r4)) 0O 0 0 000 01010 0O 00 0 90 00 0 000 0 00O o 90 0
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Table 6-16. Overall State Table (cont)

AUTOHATIC SELF-TEST COMDITIONS

TEST #
RSB B BPRREBK 0B 5 B0 B SO B33 7000006 OBV B3 BB OO X MUOC M V3030 B RROMH 30 W R K

10 11 12 13 14 15 16 17 18 19 20 21 2

345 67 89

2

1

front end

000 0 00 00

1 1 11
0 000000 0O00O0CO0OCO0OO0COOO0O 0O OO0 O0 0

1

000 0 000 1 1

(VdcA(r84r1+412+4r3)) +tahas

1 K301x
2 @303

4uohas

110 01

1

11001 000 0 11

0 0 0 0 1

3 @304 3PFILT

4 Q310
S @31t

chms

1 0 1

1

0 0 0 0 1 1
G 0 0 0

00 0 0 1 00 00

1

1
1

o 0 0 O
0 0 0 O

GC

1
1

6 U301a-1 PCAGC
7 U301b-5 TR1AGC

1

8 U301c-7 HD1~(ZwohmsAlrE-Iras)

? U301d-% HD1*4wuhms

10 U302a-1 GBATRI

0000 00O0O0CGO0OO0CO0CO0O0OO0CO0OO0O0OO0O0OO06CO0 0

00 0 0 0

000 001 0O 0O0O0 OO0 1

1 11

1

11 U302b-5 HD2*x1

0 0 0 000O0O0COOO®®O0OOOOO0CTO0O0O

0 90 01 00 0 000 00 OO0 O0OCO0OO0CO0IQ O O

11

1

12 U302c-7 ADTA(Vac+Iac)

13 U302d-? HDIAIdc

14 U303a-1 TR2

15 U303b-5 TR2

000 00010001 00O0OO0O0O0O0

]

0 0 0

16 U303c-7 HD24x10

00 00 000 O0O0OCOOOOCDOOO0O0CO0O OO0 1
000 000000 O0OO0OO0OO0OOOCO0COCO0O0O OO

17 U303d-9 HD24x100

34 Q317 1PFILT

ohms section

1111110101
1101 11

1

1
100 00100000001

1
1

00 0 0001 111

0 0 0 0

18 KAQ1% ohas
19 @408

11 07

1

0 0 0 0 1
1

1

GC

11

1

00 0 00

20 U402a-1 2000k +20M

11011

1
1 00 00001000 0O0O0O 1

00 0 0 0 1
0 0 0 ¢ 01

1

00k +0hms

2

21 U402b-5 . 02k +. 2k +2k +20k +

22 U403a-1 20N

1

111110
t 010000 0O

111101
0 0 0

1
1

¢ 0 01

1
000 000 0 01

ms

24 U402c-7 200k +2000k

23 U402d-9 Z0t+oh

25 U403b-5 20k +ohms

0 0 0 0 0

1

00 000 0 01 00O

1
1 0 0 O
00 0 0 0 0 0 0 0 0

1

1

1

ms

27 U403d-9 .02k+.2k+2k

26 U403c-7 ZOF+oh

00 00 0 11

1

1

ac board

00 0 0 00 0 000 000 00 0 0 00 0 00

Vac+lac

28 KB01u
29 kBo2x

60 00 0O 0O0OCO0O0OCQCO0OO0OO0OO0O0OO0CO0 0

11

1

(Vacr(r4+rS))+lac

(VacA(r3415)) +ac
(Vac”r1) +Iac

30 UBO4a-1x

0 00 00 0O0OO0OCO0OOOCDOOOO0 OO0 00

01

0

31 UB04n-Bu

32 UBQAc-9n

00 0 000 000000 0O0CO0OO0O0TGC

0O 0000 OCOO0OOOOCO0O0OOO0OO0O0O0O0OO0OO0

00 01

1

(VacArl) +1dc

33 UB0Ad-14% VacA(r2+r4))
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Table 6-17. Circuitry Tested by the Analog Self-Tests

CIRCUITRY TESTED TEST NUMBER
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
DC:
K301 L L] L) L] . L] L] L] L] L]
Q310 ¢ o e o e e e o o o e e e e o e o o
Q311 . e o e o o e o e o e o
Q304, U304 D
R319, R315 ¢
U306 e o o+ e . . .
2301 L] L] . L] L]
7302 . ® e e o o o o o
7304 e e o o o o o
T/H:
Amphf‘er L ] . L] . L[] L] e L] L] L] - L] * L]
U301 . e o o o o
U302 e o o o ¢« o o . .
U303 e o o o e o e o o o e e o o
Z303 M °
OHMS:
Protec.tlon . L] . . L] * * . . L] L] L] L]
U401, U404 e o o o e o o o e« o o o .
U402 e o e e e o o o e e e o .
U403 e o e o o o e o o o e o .
Z401 ® . .
AC:
uso2 e
uso3 ¢
uso4 ¢ e
uso9 ¢
AD e o o o o e e e o e e o o o & e e s o e =

t6-17.wmf

Some failures will cause many self-tests to fail. If this occurs, the fault is usually in the
Track/Hold circuit, the A/D Converter, the Digital Controller circuit, or the Power
Supply. Again, measure all of the power supply levels according to the limits specified in
Table 6-23. The next step is to isolate the problem to a specific section.

If the self-tests display a large number of errors or if readings are noisy and/or in error,
the problem is usually in the A/D Converter or Track/Hold circuit. (A large number of
errors can also be caused by a problem in the Ohms Current Source.) To isolate the
problem, connect a jumper between TP103 and Reference Low (TP306, or the L-shaped
shield around U202). The display should typically read less than approximately 35 counts
(i.e., +/-.000XX where XX is less than 35) on the 2V dc range. If a good reading can be
obtained (less than approximately 35 counts), the A/D Converter and Precision Voltage
Reference circuits are most likely good. A more conclusive test can be made by
connecting a low-impedance dc source between Reference Low and TP103 with an
output voltage between -2.0V and +2.0V. The reading on the display will be of opposite
polarity to the voltage applied to TP103. (Disconnecting one end of R318 will usually
make it possible to display readings within 0.1% to 0.5% of the actual input.) After it has
been determined that the A/D Converter or the Track/Hold circuit is not functioning
properly, proceed to the corresponding heading for detailed troubleshooting instructions
and guidelines.
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A failure in the instrument may cause the 8842A to display random patterns or nothing at
all. Usually, analog circuit failures do not cause the display to go blank or display random
patterns. The best place to start troubleshooting a "dead" instrument or an instrument with
a non-functional display is to check the power supply with a voltmeter for proper levels
and to use an oscilloscope to check the supplies for oscillations. If all of the supplies are
working correctly, check the clock for the In-Guard nC at U202-2. The signal should be
an 8 MHz sine wave approximately 3.5V peak-to-peak. Then check the 1 MHz output of
the A/D IC (U101) at U212-3. (If not present, check at the A/D IC at U101-14.) The
signal should be a 1 MHz square wave approximately 5V peak-to-peak. The 8§ MHz sine
wave is generated by the clock circuit of the In-Guard uC, and the 1 MHz signal is the 8
MHz signal divided by a counter in the A/D IC. If the clock signals are correct, proceed
to the heading Digital Controller Troubleshooting, below, for detailed troubleshooting
instructions.

If a problem occurs in the keyboard/display area, the instrument may appear to be totally
inoperative even when the measurement circuitry is still functional. The heading Digital
Controller Troubleshooting provides detailed instructions on locating problems in the
display/keyboard system.

Finally, as in most processor-based systems, there are communication links between the
various parts of the system. Specifically, in the 8842A, there is a bus interface between
analog and digital control circuits and a guard-crossing interface between logic circuits
which may be separated by large potentials. Failures in these links can generate problems
that may be difficult to locate and repair. However, such failures will in turn cause
failures in some analog and or digital section. Thus, indirectly, troubleshooting the
affected section will lead to correction of problems in the internal bus or guard-crossing
circuit.

Diagnostic Self-Tests

To run the diagnostic self-tests, disconnect the test leads and press the SRQ button for 3
seconds. If the test leads are left attached to the input terminals the 8842A may indicate
errors are present (most likely, errors 5,7, 8,9, and 10). Also, if the FRONT/REAR
switch is in the REAR position, the 8842A skips tests 3 and 4, and if Option -09 is not
installed, the 8842A skips tests 1,2, and 3. For all tests, there is a 0.5 second delay period
before any readings are taken. The tests are all contingent on the A/D Converter being
properly calibrated, but do not depend on the Offset and Gain Calibration constants.

Failing the tests indicates that key portions of the 8842 A are not performing properly.
Passing the tests gives approximately a 90% probability that all VDC ranges and range r6
of 2-wire ohms can be calibrated. Passing the tests also gives a reasonable probability
that it will give accurate measurements in VDC and range 16 of 2-wire ohms. However,
passing the tests does not guarantee that the instrument can be calibrated in VAC, mA
DC, mA AC, 4-wire ohms, or ranges r1l to r5 of 2-wire ohms.

NOTE

If the A/D Converter or Precision Voltage Reference is not working, all
analog tests would show an error. If the A/D Converter is not calibrated,
tests 7, 15, 19 could show an error.

If the analog self-tests indicate an error, it may be possible to isolate the problem as
follows:

1. While the error code is being displayed, press the SRQ button. This latches the
8842A into the particular test configuration.

2. Referring to Table 6-18, check that the test point voltages are as shown using another
DMM.
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6-39. Self-Test Descriptions

Table 6-18. Self-Test Voltages

TEST NUMBER TEST POINT VOLTAGE
1 TP803 +5 mV dc
2 TP803 +5mV dc
3 TP803 +5 mV dc
4 TP103 T/H output waveform for zero input (Figure 6-14)
5 TP302 +5mV dc
6 TP302 +5mV dc
7 TP302 +50 mV dc typical
8 TP302 +11.5V dc typical
9 TP302 +11.5V dc typical
10 TP302 +4.5V dc with possibly 1V ac (p-p) at 10 Hz
11 TP302 +4.5V dc with possibly 1V ac (p-p) at 10 Hz
12 TP302 +4.5V dc with possibly 1V ac (p-p) at 10 Hz
13 TP302 +4.5V dc with possibly 1V ac (p-p) at 10 Hz
14 TP302 +4.5V dc with possibly 1V ac (p-p) at 10 Hz
15,22 TP302 +50 mV dc typical
16 TP302 +49 mV dc typical
17 TP302 +53 mV dc typical
18 TP302 +59 mV dc typical
19 TP302 <5 mV dc
20 TP302 +59 mV dc
21 TP302 <5 mVdc

Note: To measure these correctly, each test must be stopped using the SRQ button.
Also use TP306 (or L-shaped shield around U202) as Reference low.

e TEST 1: 200 VAC, Zero

Configures the 8842A in the 200V ac range (except that K801 is opened) and measures
the open-circuit floor reading. In this range, the first and second stage buffers effectively
divide any noise at the input terminals by 100. This test should be fairly immune from
noise because the input terminals are always open-circuited except for capacitive

feedthrough across K801.
* TEST 2: 700 VAC, Zero

Configures the 8842A in the 700V ac range and measures the open-circuit floor reading.
In this range, the open-circuit reading is divided by 1000. Again, K801 is opened to

reduce sensitivity to external noise.

e TEST 3: mA AC, Zero

Configures the 8842A exactly as in the mA AC function and takes a reading of the
voltage across the 0.1Q current shunt at the slow reading rate.

e TEST 4: mA DC, Zero
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Configures the 8842A in the mA DC function and the slow reading rate, and measures
the reading across the 0.1Q current shunt. This test should be fairly immune to outside
noise because the total driving impedance is typically less than 1 k€. The reading is not a
perfect zero because of the offsets generated by charge injection of U302 and the T/H
Amplifier (X10 configuration).

e TEST 5: 200 VDC, Zero

Configures the 8842A in the 200V dc range and slow reading rate. Input noise is divided
by 100. Assuming no input of any kind, the T/H Amplifier is essentially shorted to
ground by 100 kQ and filtered by the 3-pole analog filter. Any non-zero reading under
quiet input conditions is due to the offset of the T/H Amplifier (X1 configuration).

e TEST 6: 1000 VDC, Zero

Configures the 8842A exactly as in the 1000V dc range and slow reading rate, with input
noise being divided by 1000. The reading is very close to zero because of the inherent 2
k€2 driving impedance to the T/H Amplifier (X1 configuration).

e TEST 7: 1000 VDC + 20 MQ

Couples the 1000V dc range and 20 MQ current source together. The result is nominally
500 nA through the 10 MQ input divider. Since the 1000V dc range senses this voltage at
the divide-by-1000 point of the scaling circuit, the reading should be 5 mV, or 500 counts
at the A/D Converter. This test could indicate an error if input capacitance is greater than
1000 pF.

e TEST 8: 20 VDC + 20 MQ

Puts the DC Scaling circuit into the 20V dc range and the Ohms Current Source into the
20 M€ range. The infinite input impedance of the 20V dc range causes the 20 MQ
current source to be clamped at its maximum open circuit voltage, typically 12V. The
20V dc range scales this voltage and presents the A/D Converter with 1.15V, or 115,000
counts.This is a good test to ensure that the maximum open-circuit voltage of the Ohms
Current Source is less than 13V. This test is susceptible to capacitance greater than 0.01
uF at the input terminals.

e TEST9: 20 VDC + 2000 k€2

Puts the DC Scaling circuit in the 20V dc range and the Ohms Current Source in the 2000
k€2 range. The infinite input impedance of the 20V dc range causes the 2000 k<2 current
source to be clamped at typically 11.5V. The reading at the A/D Converter should be
1.15V. Again tests that the maximum open-circuit voltage of the Ohms Current Source is
less than 13V. Capacitances greater than 0.1 uF at the input terminals can cause an error.

e TEST 10: 2 VDC + 2000 k€2

Puts the DC Scaling circuit in the 2V dc range and the Ohms Current Source in the 2000
k€2 range, except that its maximum open-circuit voltage is limited to less than 6.5V in
this configuration. This test, as well as tests 11-13, checks clamps Q312 and Q313 and
the analog filter. The reading at the A/D Converter should be an overload. Capacitances
greater than 0.5 uF at the input terminals can cause an error.

e TEST 11: 200€2, Overrange

e TEST 12: 2 kQ, Overrange

e TEST 13: 20 k€2, Overrange
e TEST 14: 200 k<2, Overrange
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These tests put the 8842A in the respective range of the 2-wire ohms function. They
check that each range of the Ohms Current Source has enough compliance voltage to
overload the dc front end.

e TEST 15: 1000 VDC + X10 T/H + 20 M€

Puts the Ohms Current Source in the 500 nA range. The resulting current through Z302
(the 10 MQ input divider) causes a nominal divider output voltage of 50 mV. The T/H
Amplifier is in X10; thus the A/D Converter sees 50 mV, or 5000 counts. This test can be
susceptible to input capacitances above 1000 pF.

e TEST 16: 200 VDC + 200 k€2
e TEST 17: 200 VDC + 20 kQ
e TEST 18: 200 VDC + 2 k€2

These three tests put the DC Scaling circuit in the 200V dc range and the Ohms Current
Source in the respective current range. The 10M ohm input divider (Z302) senses the
maximum open-circuit voltage of each range of the current source, and the T/H Amplifier
(X1) presents the compliance voltage divided by 100 to the A/D Converter. Nominal
readings should be 49 mV for Test 16,53 mV for Test 17, and 59 mV for Test 18. All
three tests have a pass limit of 65 mV, insuring that no more than 6.5 volts appears at the
input terminals.

e TEST 19: 200 VDC, Filter On

Test 18 (above) ties the 1 mA range of the Ohms Current Source into the 200V dc range,
with the three-pole analog filter on, such that the A/D reads 59 mV nominal. Test 19
decouples the DC Scaling circuit from the Ohms Current Source; the In-Guard nC waits
28 ms and determines if the voltage at Z302-3 (the divide-by-100 point of the 10 M2
input divider) has not discharged to zero volts, due to the long time constant of the filter.

e TEST 20: 200 VDC + 2 k€, Filter Off
e TEST 21: 200 VDC, Filter Off
e TEST 22: x100 T/H

The T/H Amplifier is configured in x100 mode. DC stimulus of 5 mV (similar to test 15)
is amplified to 500 mV, which is applied to the A/D converter. This test can be
susceptible to input capacitance above 1000 pF.

Test 20 ties the 1 mA range of the Ohms Current Source into the 200V dc range, with the
3-pole analog filter off, such that the A/D Converter reads 59 mV nominal. Test 21 then
decouples the DC Scaling circuit from the ohms current source; the In-Guard uC waits 28
ms and determines if the voltage at Z302-3 is at zero volts.

e TEST 25: In-Guard uC Internal RAM (U202)

A GALPAT test is performed on the internal RAM of the In-Guard uC. If there are any
errors, ERROR 25 is displayed. This test is performed only upon powerup.

e TEST 26: Display RAM (U212)

A pattern is written to the Display RAM and read back for comparison.If there are any
differences ERROR 26 is displayed.

e TEST 27: In-Guard uC Program Memory (U202)

A two-byte check sum is calculated over the entire 4K Internal Program Memory and
compared with the checksum bytes at the end of that memory. A special add and shift
algorithm minimizes the possibility of double errors cancelling. If something is wrong
with the Internal Program Memory, ERROR 27 is displayed.
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e TEST 28: External Program Memory (U222)

A two-byte check sum is calculated over the entire 4K External Program Memory and
compared with the checksum bytes at the end of that memory. A special add and shift
algorithm minimizes the possibility of double errors cancelling. If something is wrong
with the External Program Memory, ERROR 28 is displayed.

e TEST 29: Calibration Memory (U220)

Numerous single-byte checksums are placed in the Calibration Memory, one at the end of
each group of calibration constants. They are calculated in such a way that the single-byte
sum of all bytes in the Calibration Memory add to zero (all carries discarded) and the
single-byte sums of each group also add to zero. A new checksum is calculated and
written to Calibration Memory each time a full or partial calibration is performed. If the
Calibration Memory is not properly configured or not working correctly, ERROR 29 is
displayed. The accuracy of the 8842A is suspect.

Digital Controller Troubleshooting

The basic strategy in troubleshooting the Digital Controller circuit is to check first
whether the In-Guard Microcomputer (uWC) system is functional, starting with the In-
Guard pC itself (U202). Most of this circuitry is tested using the specially provided In-
Guard Troubleshooting Mode.

If the In-Guard uC system proves to be functional, then basic instrument control is
assured and troubleshooting efforts can proceed in one of two directions. If the display
and keyboard appear to be malfunctioning, then they should be checked next. (See
Display System, below.) If the display and keyboard are functioning correctly, you can
omit Display System troubleshooting and proceed to verify that signals are arriving
correctly at the inputs of the analog control devices. (See Analog Control Signals, below.)
If these are also correct, the digital controller is functioning correctly, and you can
proceed to the appropriate analog troubleshooting procedure.

NOTE

For the convenience of the following tests, Options -05 and -09 should be
removed if present. They should only be removed in the power-off
condition.

IN-GUARD MICROCOMPUTER SYSTEM

This procedure is performed entirely in the In-Guard Troubleshooting Mode. This mode
is established by shorting TP205 (U202-38) to Reference Low (TP306, or the L-shaped
shield around U202) prior to turning on the instrument. Refer to Figure 6-9. To maintain
this mode, the short must remain in effect after the instrument is turned on. When this is
done, the uC programs U202-38 as an input (it is normally an output) to preclude any
possibility of damage due to the short.

CAUTION

To avoid damaging the uC, the short must be initiated before
the instrument is turned on, not after.

The In-Guard Troubleshooting Mode also programs all the normal port outputs to display
a 1 kHz square wave except that the IEEE-488 output (U202-4) sends the word "55"
repeatedly at a rate of 2,000 words/second and the A/D trigger (U202-40) is a square
wave at its normal frequency of 80 Hz, and DM and P23 stay high. (The data received at
U202-5 is meaningless.) Adjacent port outputs display opposite phases of the 1 kHz
square wave. All uC pins that are normally only programmed as inputs are also
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programmed as inputs to prevent contentions between them and the outputs from other
ICs which drive them. Data coming into all uC inputs (except pin 38) is ignored.

NOTE

Ifthe A/D IC (U101) is working properly, its watchdog timer briefly
interrupts all of the In-Guard Troubleshooting Mode signals every 1.5 sec
for a period of about 0.2 sec. (The signals are then re-established.) If this
occurs, the main counter in UIOI and its watchdog timer are operating
correctly. (See step 6, below.)

When the test is complete, turn off the 8842A and remove the short from TP205.

6-42. In-Guard Microcomputer

While the 8842A is in the In-Guard Troubleshooting Mode, check the following in the
order shown:

MMM+ —| 1 / 40 | — P36))a/dtrig ))>))))))80 hz )
OO (8 M (xta12 — 2 39 | — P31{(adint{(((((80 hz pulse {
ININMIMIMININIIINI Ixtat1t —| 3 38 |— P27 ) )ac relay ({0
(L Cuart out ((( (P30 —| 4 37 [— P26 Yac relay (({(CCCL{C+5¢
MMM Nuartin)))IP3T —| 5 36 |— P25))ohms relay { ({({(((+5¢
).8 hz pulses )))))})))RESET —| 6 35 |— P24) ) dc relay { (L +57¢
C+5" RN —| 7 34 | — P23{({ acsense { ({( ({0 or +5 (
45 CCCCCLLCECC(LKDS —| 8 g 33 |— P22))fomes )M ) 45)
( putses (CCCCCCCUUCCK(AS —[ 9 5 32 |— P21dCH7sense ((({({0" or +5 (
(1 khz (¢ 8279 rst ({({((P35 —]| 10 31 | — P20 (< freq sense {{ LK
MIIMIMIIIMIINIIIIIINIIIGND —| 1 § 30 | — P33{((key int (L +5%¢
NI calsense ))IP32 —| 12 29 |— P34Y)DM )))) 212D +5)
(1 khz (L ABC(C({(( POO —| 13 }Fi 28 |— P17()AD7))>)))>)))) 1 khz)
(1 khz CCCCUC ALK PO —| 14 27 |— P16 ()ADE)IY))D)) ) ) 1 khz)
1 khz COCCCCCAT10 (L (PO2 — | 15 26 |— P15()AD5))?)))))))) 1 khz)
{1 khz (AT (Po3 — | 16 25 |— P14 <) AD4 2)))03)))) 01 khe )
(1 khz {{{{4W ohms{({({{(PO4 —| 17 24 |— P13 QAD3I I 1khz)
{1 khzCCCCCC I LKL LCPos — | 18 23 |— P12 OAD2)Y2)))))))) 1 khz)
(1 khz ({({(rom bank{{{{{((P0O6 —| 19 2 | — P11 OADI ) I 1 khz)
(1 khz (CLCGCLCCLCLLCPO7 —] 20 21 |— P10()ADO))))))) )} )1 khz)
Notes on use.

Closest to the z8 is the z8 pin definition.

Next out is the normal use definition.

Next out is the signal that should be present during in-guard troubleshooting mode.

0 is TTL low (< .8v). +5'is TTL high (> 2.4v).

f6-09.wmf

Figure 6-9. U202 Pin Diagram
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Power supplies: +5V dc at U202-1; 0V dc U202-11.
uC clock output: 8 MHz at U202-2,-3.

Trigger line U202-40 (TP201): Square wave, 50% duty, low OV, high 3.8V
(nominal). The period of the trigger signal should be 12.500 ms for 60 Hz line.

Interrupt from A/D (U202-39): Normally low, duration 48 us occurs approximately
5450 us after falling edge of trigger signal on TP201 (U202-40).

Guard-crossing test pattern (U202-4): Waveform C (see Figure 6-10).

Interrupts from watchdog timer (U202-6): Pulsed low for 0.2 sec every 1.5 sec,
exponential rise between pulses.

Output test patterns (see Waveforms A and B in Figure 6-10): 1 kHz square wave on
indicated pins, 50% duty cycle, low OV, high 3.8V nominal. (The waveforms are
interrupted every 1.5 sec for 0.2 sec due to interrupts from the watchdog timer.) To
observe these patterns, remove U220, attach a logic clip to address latch U219 and

sync on U219-3 for Reference Waveform A on channel 1 of a dual trace scope.
Compare channel 1 with waveforms at U202-10,-14,-16,-18,-20,-22,-24 -26-28.
These should all be the same as reference Waveform A (including phase). Then
compare channel 1 with waveforms at U202-13,-15,-17,-19,-21,-23,-25,-27,-29 -

33.These should be the same as Waveform B, which is simply the opposite phase of

Waveform A.

Address Latch (U219)

Verify that U219-2,-6,-7,-12,-13,-16, -17 are the same as Waveform A (see Figure 6-

10) on U219-3. Verify that U219-4, -5, -8, -9, -14, -15, -18, -19 are the same as
Waveform B. The waveforms should be interrupted every 1.5 sec for 0.2 sec due to
interrupts from the watchdog timer.

PINS AT WHICH WAVEFORM APPEARS
1 KH2 U202-10,-14,-16,-18,-20,-22,-24,-26,-28
REFERENGE XU222-3-5,-7,-9,-12,-15,-17.-19,-23,-24
waveForM A L—— T L U220-1-3-5-7-10.-13,-15,-17,-22

U219-2,-3,-6,-7,-12,-13,-16,-17

U202-13,-15,-17,-19,-21,-23,-25,-27,-29,-33
—r—l—r— XU222-4,-6,-8,-10,-11,-13,-16,-18,-21,-25
WAVEFORM B U220-2,-4,-6,-8,-9,-11,-14,-16,-19,-23
U219-4,-5,-8,-9,-14,-15,-18 -19

WAVE U202-4 (16 us per bit) Guard-crossing out
Mo 111111 11111 T V11111 | e V1 1 1

(500 us rep rate per word)

A/D TR [ lBO HZ' 1 I 1 | 1 I_ U101-7, U202-40

ap wr —JL_80Hz | _ T 18 I-Lu202-39. U101-8

Figure 6-10. Waveforms for In-Guard Troubleshooting Mode

6-44. External Program Memory (XU222)
Sync on U219-3. Verify that XU222-3, -5, -9, -12,-15,-17,-19, -23, -24 are the same as

Waveform A (see Figure 6-10) on U219-3. Verify that XU222-4,-6,-8,-10,-11,-13

6-10.wmf
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6-48

6-45.

6-46.

6-47.

6-48.

16,-18,-21, -25 are the same as Waveform B. The waveforms should be interrupted
every 1.5 sec for 0.2 sec due to interrupts from the watchdog timer. (Note: XU222 pins
refer to a 28-pin socket.)

Calibration Memory (U220)

Sync on U219-3. Verify that U220-1, -3, -5,-7,-10,-13,-15,-17, -22 are the same as
Waveform A (U219-3). Verify that U220-2,-4,-6,-8,-9,-11,-14,-16, -19, -23 are the
same as Waveform B. The waveforms should be interrupted every 1.5 sec for 0.2 sec due
to interrupts from the watchdog timer.

Relay Buffer (U201)

At this point it is necessary to return the 8842A to the normal operating mode by turning
the power switch off, removing the short from TP205 (U202-38), and installing the True
RMS AC option, if present, so that U201-14, -15 may be checked. Power up the
instrument. Unlike the previous checks, outputs are steady state and therefore do not
require a sync signal. Logic "1" is approximately 4.3V dc.

Check that U201-14 is high (4.3V) for mA AC and all ranges of VAC, and low for all
other functions.

Check that U201-15 is high (4.3V) for mA AC and 200V ac and 700V ac ranges, and low
for all other functions.

Check that U201-16 is high (4.3V) for all 2-wire and 4-wire ohms ranges, and low for all
other functions.

Check that U201-17 is high (4.3V) for the lowest three VDC ranges and all 2-wire and 4-
wire ohms ranges, and low for all other functions.

3-to0-8 Chip Select Decoder (U208)

Make the following checks in the normal operating mode using the fast reading rate and
any function and range. These sequences begin 5.5 ms after the A/D trigger, which is the
falling edge at U202-40.

Check U208-13 for 0.2 us pulses, normally high, groups of 1, pulse spacing: 10 ms.

Check U208-12 for 0.2 us pulses, normally high, groups of 1, pulse spacing: 10 ms (10
us after pin 13).

Check U208-11 for 0.2 us pulses, normally high, groups of 1, pulse spacing: 10 ms (46
us after pin 13).

Check U208-15 for 0.2 us pulses, normally high, groups of 13, group width: 100 us,
group spacing: 10 ms (230 us after pin 13).

Check U208-7 for 0.6 us pulses, normally high, groups of 5, group width: 50 us, group
spacing: 10 ms (380 us after pin 13).

This concludes testing of the basic uC system. If the keyboard or display is still suspect at
this point, proceed to Display System, below. Otherwise proceed to Analog Control
Signals, below.

DISPLAY SYSTEM

The display/keyboard system is operated by a complex LSI IC (U212). Generally, this IC
is checked indirectly by observing behavior of the simpler logic devices which it drives.

If the keyboard is working at all, the 8842A display should be "frozen" to make the
following tests. This places the 8842A in a special display test configuration. If it is not
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possible to freeze the display, it should still be possible to observe the waveforms at
U215, U213, U221, and U211 as described in the following paragraphs.

To freeze the display, turn off the instrument, press the POWER switch and within 1
second press the SRQ button. If all is well, all display segments will light and remain lit.
Do not press any other buttons as that will release the display, allowing the instrument to
resume its normal power-up sequence. This state should remain in effect for all of the
following tests.

PiNS AT WHICH
WAVEFORM NAME WAVEFORM WAVEFORM APPEARS
SLO U213-1
I 1 L LI (s
7 0 1 2 3 4 5 6 7 0 1
SL1 U213-2
I e e O N P P
7 0 1 2 3 4 5 6 7 0 1
SL2 U213-3
- I I U212-34
7 0 1 2 3 4 5 6 7 0 1
STROBE J | L Uzizes
ZERO 585 us 4085 us U215-8
7 0 1 2 3 4 5 6 7 0 1 uU221-5
| [~ u213s5
ZLREOBE 585 us 4095 s U215-7
U203-9
7 0 1 2 3 4 5 6 7 0 1
U213-6
STROBE ] | U215-6
TWO 585 us 4095 us U203-5
DIGIT U216-4,
DATA L U U U U U Uy -6 and U216-9
140 us low for inter-digit blanking 450 us high for data on through U
U217-1
through U217-7

f6-11.wmf

Figure 6-11. Waveforms for Display Logic

6-49. Display Control (U212)
Check for the 1 MHz clock from the A/D IC at U212-3.

NOTE
The following waveforms are illustrated in Figure 6-11.

6-50. 8-Bit Digit Driver (U215)
Check for strobe waveforms 0-7 on U215-8, -1. Reference U215-8 for waveform

STROBE ZERO. U215-7 is STROBE ONE, U215-6 is STROBE TWO etc. High level is
3.8V to 4.3V and low is near OV.

6-49
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Check for the same waveforms at outputs U215-11 through U215-18. (However, the high
level should be approximately 30V.) If these waveforms are OK, then strobe decoder
U213 and display control U212 are OK in this regard.

6-51. 3-t0-8 Strobe Decoder (U213)

Check for strobe waveforms 0-7 on U213-4, -5,-6,-7,-9,-10,-11, -12. Reference U213-
4 for STROBE ZERO. Check for strobe decoder inputs SL.O, SL1, SL.2 on U213-1,-2,-3
respectively.

6-52. 8-Bit Segment Driver (U217)
Check that U217-1 through U217-7 all look like the waveform DIGIT DATA. High level
is 3.8V to 4.3V.

Check that U217-12 through U217-18 all look like the waveform DIGIT DATA except
high level is approximately 30V.

6-53. 4-to-7 Segment Decoder (U216)

Check that U216-1, -2, -7 are low and U216-4, -6 and U216-9 through U216-15 look like
the DIGIT DATA waveform.

6-54. 8-Bit Digit Driver (U218)
Check that U218-1 through U218-4 all look like the waveform DIGIT DATA. High level
is 3.8V to 4.3V.

Check that U218-15 through U218-18 all look like the waveform DIGIT DATA, except
that the high level should be approximately 30V.

6-55. Hex Inverter (U203)

At this point the display should be "unfrozen" by pressing any button. The instrument
should then complete the power-up self-test and begin normal operation. Then do the
following:

1. Check that U203-9 is the same as STROBE ONE and that U203-10 is STROBE ONE
inverted.

2. Check that U203-5 is the same as STROBE TWO and that U203-6 is STROBE TWO
inverted.

3. Check that U203-11 shows positive pulses 50 us to 300 us while repeatedly pushing
front panel buttons in normal mode and that U203-10 shows the inverse.

4. Check that the waveform seen at U208-15 is the same at U203-13, -4 and inverted at
U203-3, -12.

6-50



Maintenance
TROUBLESHOOTING

6-56. Hex Inverter (U221)
Check that U221-5 is the same as STROBE ZERO and that U221-6 is STROBE ZERO

inverted.

6-57. Quad OR Gate (U211)

Check U211-6 for 0.2 us pulses, normally high, in two groups of 3 and 15, group widths:
50 and 100 us, group spacing: 10 ms (in fast reading rate).

Check U211-8 for 0.4 us pulses, normally high, groups of hundreds, group widths: 3.5-4
ms, group spacing: about 8 ms (variable).

6-58. Keyboard Wiring

Table 6-19 indicates which waveforms in Figure 6-11 are seen on keyboard inputs to
U212 when each front panel button is pressed and held. For example, if the SRQ button is
pressed and held, an inverted version of STROBE ZERO waveform is applied to U212-
38. If range button "20" is pressed then inverted STROBE ONE is applied to U212-1, and
so forth. Note that these waveforms are very noisy with many spikes. That is normal.
Compare these waveforms with normal STROBE ZERO at U215-8.

6-59. ANALOG CONTROL SIGNALS

Table 6-19. Keyboard Wiring

SIGNAL NAME PIN BUTTONS THAT | BUTTONS THAT | BUTTONS THAT
PRODUCE PRODUCE PRODUCE
INVERTED INVERTED INVERTED
(STROBE ZERO) | (STROBE ONE) | (STROBE TWO)
RLO U212-38 SRQ 20Q/mV vDC
RL1 U212-39 LOCAL 200Q/mV VAC
RL2 u212-1 RATE 2 2 WIRE kQ
RL3 u212-2 OFFSET 20 4 WIRE KQ
RL4 u212-5 20MQ 200 mA DC
RL5 U212-6 TRIG 2000 mA AC
RL6 u212-7 EX TRIG Not used AUTO

Table 6-20 is useful for determining whether the correct digital signals are being applied
to the analog control devices indicated. Since most of these devices (the quad analog
switches in particular) have no digital outputs, it cannot be determined directly whether
the correct pattern is being latched. That determination must be made indirectly by analog
means. Nevertheless, it is valuable to know whether the correct digital signals are
reaching those devices.

6-51
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Table 6-20. Analog Control Devices

DEVICE REF. DES.
Relay Buffer U201
Quad Comparator U305
Quad Analog Switch U301
Quad Analog Switch U302
Quad Analog Switch U303
Quad Analog Switch U402
Quad Analog Switch U403
8-Bit Latch uso3 *
Quad Analog Switch uso4 *
Quad Analog Switch usos *
* Option -09 only

6-60.

Correct operation of 8-bit latch U803, situated on the True RMS AC PCA (Option -09
only), can be determined directly since all of its inputs and outputs are available. Again,
outputs of quad analog switches U804 and U808 are not available and must be
determined by analog means.

Evaluating Static Signals

Table 6-21 may be used to determine whether or not proper signals are reaching any
particular analog control device. It may also be used to quickly exercise all of the devices
before beginning analog troubleshooting if it is still unclear as to which devices are
suspect. A number of the inputs to these devices are static which makes them particularly
easy to check.

For example, suppose quad comparator U305 appears not to be working. Connect a scope
to U305-11 and step the 8842A through all functions and ranges in the following
sequence:

VDC: 20 mV, 200 mV, 2V, 20V, 200V, 1000V
VAC: 200 mV, 2V, 20V, 200V, 700V

2 WIRE k€2: 2002, 2k, 20k, 200k, 2M, 20M

4 WIRE k€Q: 2092, 200€2, 2k, 20k, 200k, 2M, 20M
mA DC: 200 mA, 2000 mA

mA AC (one range only)

While doing this, observe the state of U305-11. As shown in Table 6-21, this 24-range
sequence will produce the following pattern at U305-11:

AN N R W N =

111010 00000 111100 1111100 000
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Table 6-21. Analog Control Logic States

DEFINITIONS
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Next move to U305-5 and repeat. The slow reading rate gives the following pattern at

U305-5:

111111 00000 111000 1111000 000
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6-61.

6-62.

If the instrument is not in the slow reading rate, it gives the following pattern at U305-5:

000000 00000 000000 0000000 000
Next move to U305-7 and repeat. The pattern at U305-7 will be:

000000 00000 000000 1111111 000

Evaluating Dynamic Signals

The procedure for evaluating the dynamic signals is only slightly more involved. For
example, consider U302-7 in Table 6-21. At the right end of that row the table says to
sync on U302-3. The sync pulse is negative-going. Apply it to channel 1 of a dual-trace
scope syncing on the leading (negative-going) edge. Observe the target pin (U302-7) on
channel 2 of the scope. While stepping through the 24 ranges observe the state of the
target pin exactly when the sync pulse goes from low to high. (See Figure 6-12.) (This
procedure works best in the fast reading rate since the repetition rate of the sync pulse on
U302-3 is greater.) Using this procedure, the following pattern should be seen:

00000 11111 000000 000000 0 1
Note that the last eight rows in Table 6-21 are actually outputs of U803. Therefore,
observing those pins proves not only that the control signals are correct but also that
U803 itself is functioning correctly.

DC Scaling Troubleshooting

Whenever there is a failure in the DC Scaling circuit, first check the power supply
voltages for all active components. (Supply voltages and pin numbers are listed in Table
6-22.) A test of the bootstrap supplies for U306 is described later under this heading.

After checking the power supplies, use an oscilloscope to check the digital logic input
pins of quad analog switches U301, U302 and U303. These should show digital signals
with high =>+3V and low =<+0.5V.

4 —
2us SYNC PULSE
ov __ |
1
e B—
! \ LOGIC "1" AT
Co TARGET PIN
| \
oV __ e
4 — |
| LOGIC "0" AT
|
| TARGET PIN
oV — [/ S

OBSERVE TARGET PIN
AT THIS TIME

f6-12.wmf

Figure 6-12. Typical Dynamic Control Signals
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Table 6-22. DC Scaling and Track/Hold Supply Voltages
PIN OR DEVICE SUPPLY VOLTAGE PIN OR DEVICE SUPPLY VOLTAGE
U301-6 +5V U303-20 +7.5V
U301-10 ov U303-11 -8.2V
U301-20 +7.5V U304-4 -8.2V
U301-11 -5V u304-7 +7.5V
U302-6 +5V U305-3 +5V
U302-10 ov U305-12 -5.5V(Nom)*
U302-20 +7.5V uU307-4 -15V
u302-11 -5V u307-7 +15V
U303-6 +5V Q305,c +30V
U303-10 ov Q306,c -30V

*With OV input.

In the 20V range, any voltage applied to the HI INPUT terminal (relative to Reference

Low) should be present at U306-3. If it isn't, trace the voltage from the HI INPUT
terminal to U306-3 to isolate the problem.

To check U306, select the VDC function and the 2V range. Measure the voltage at TP302
while applying first 1V and then OV (a short) across the HI and LO INPUT terminals. If
1V and then OV appear at TP302, U306 is probably OK. If not, the problem is in U306 or
its bootstrap supplies (TP301 and TP303).

To check the bootstrap supplies, put the 8842A in the 20V range and measure the voltage
at TP301, TP302, and TP303. TP301 should be 6.3V (nominal) above TP302, and TP303
should be 6.2V (nominal) below TP302. If the bootstrap supplies are operating correctly,
measure the voltage at U306-3 and U306-6 for input voltages of +20V and -20V; if the
voltage at U306-3 differs from U306-6, then U306 is bad.

To check the dc input path after U306, short the HI and LO INPUT terminals and read
the display. If zero is displayed for ranges r3 and r5 but not for r1, r2, and r4, then the
signal path including Q311 and U301B is suspect. To check Q311, apply a 1V dc input in
the 2V range and check that the voltage at the drain and source of Q311 is 1V. If not,
Q311 or its driver is bad. If 1V appears at U301-16, but not at the display, then U301
may be bad.

If zero is not displayed for r3 and r5 with the HI and LO INPUT terminals shorted, then
7301 or U302D is probably bad.

6-55



8842A

Instruction Manual

6-56

6-63.

6-64.

Track/Hold Troubleshooting

If a problem is suspected in the Track/Hold (T/H) circuit, first check the power supply
voltages of all active components. (See Table 6-22.)

Next, check the T/H output waveform at TP103 with an oscilloscope. Set the 8842A to
the VDC function and 2V dc range, apply +1V dc across the HI and LO INPUT
terminals, and trigger the scope from the falling edge of line not-TR (TP201). The
waveform should look like that in Figure 6-13. The circuit may be checked as follows:

1. Short the HI and LO INPUT terminals, and select the 2V dc range.

2. Short U301-14 to ground (Reference Low). The 8842A should read within 10 counts
of zero. (The actual value is not as important as its stability.)

3. Connect U307-6 to U303-18, and monitor the voltage at TP103 using another
multimeter. The 8842 A should read about the same as the external multimeter, but
with opposite sign.

If the 8842A fails step 2 but not step 3, then U303 is bad. If the 8842A fails both steps 2
and 3, then the fault is in the A/D Converter or the T/H Amplifier. To tell which, lift the
end of R318 closest to the front panel (connected to U307-6) and apply an input of less
than +2V to TP103. If the A/D Converter is OK, the 8842 A will display the applied
voltage with the opposite polarity. (For example, if you apply +1V, it should display -
1V.) The readings may differ by a slight offset.

Ohms Current Source Troubleshooting

Malfunctions in the ohms functions can be caused by a fault in the Precision Voltage
Reference, Ohms Current Source, or Ohms Protection. Malfunctions can also be caused
by a fault in the DC Scaling circuit which loads the Ohms Current Source.

First check the power-supply levels (see schematic). Then check all digital logic input
pins of the quad analog switches (U402 and U403). These should show digital signals
with high =>+3V and low =<+0.5V.

To determine whether the Ohms Current Source is being loaded down by the DC Scaling
circuit, select the VDC function and connect a 10 k€2 resistor between the collector of
Q404 and ground (Reference Low). (Selecting the VDC function opens K401, and
configures the Ohms Current Source in the 20 k€2 range.) If the voltage across the 10 k€2
resistor is 1V, then the Ohms Current Source is working (at least in the 20 k€2 range), and
the problem is probably due to a defect in the DC Scaling circuit.
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Figure 6-13. Typical Output Waveforms for Track/Hold Circuit (TP103)

To test whether the Ohms Current Source is actually being sourced out the HI and LO
OUTPUT terminals, select the 20 kQ range and the 2-wire ohms function, connect a 10
kQ resistor across the HI and LO INPUT terminals, and measure the voltage across this
resistor with another voltmeter. There should be a 1V drop across the resistor.
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If the ohms functions do not work in any range, check the supplies at U401 (+/-15V),
U404 (+30V and -5V), U402 (+15V, +5V, and 0V), and U403 (+15V, +5V, and 0V), and
check the -7V reference at R416. Also, test the Ohms Protection circuitry as follows:
Select the 20 k2 range and 2-wire ohms function, connect a 10 k€ resistor to the HI and
LO INPUT terminals, and bypass the protection circuitry by connecting the emitter of
Q402 to the junction of R410 and R309. If a reading of 10 kQ is displayed, the protection
circuitry is defective. To isolate the problem, successively short each part of the
protection circuitry that is in series with the Ohms Current Source, until the display reads
10 kQ.

If the ohms functions work in only certain ranges, suspect resistor network Z401 or
analog switches U402 or U403. To test the analog switches, select a defective range and
connect a short across the switches that are supposed to be closed in that range. If the
Ohms Current Source then works, one of the analog switches is probably bad. If the
range still doesnt work, then Z401 is probably bad.

To test the first stage of the Ohms Current Source, short U402-19 to Reference Low
through a 2 k2 resistor and check that the voltage across R401 is 7.0V (nominal) and that
the voltage at U401-6 is -4V (nominal). If the voltages are correct, the first stage of the
Ohms Current Source (U401 and Q401) is working. If not, suspect U401 or Q401.
(Under no circumstances should U401-6 ever be positive.)

If the first stage of the Ohms Current Source is working, test the second stage as follows:
1. Select the 20 k€2 range and apply a 10 kQ input.
2. Check that the voltage between TP403 and U402-16 is +5V.

3. Measure the voltage at U404-6 with respect to ground. If the voltage at U404-6 is
negative, U404 is bad. (Under no condition should U404-6 ever be negative.)

Precision Voltage Reference Troubleshooting

If there is a failure of the Precision Voltage Reference, check the power supply levels at
U702. U702 requires two supplies, +15V and -15V, which must be within approximately
+/-5% of their nominal value. Using an oscilloscope, check that the power supplies and
op amp outputs (U702-1 and U702-7) are free from ripple and oscillations.

If the supplies are correct, check the output voltage levels at TP701 and TP702. The
voltages should be +7.00000V +/-1000 ppm and -7.00000V +/-250 ppm. Also check that
the reference amplifier output voltage (U702-1) is nominally +6.5V.

If the outputs are grossly out of tolerance (e.g., stuck at +15V or -15V), the most likely
cause is a bad op amp (U702) or open resistor network (Z701 or Z702). If the outputs are
slightly out of tolerance, the most likely cause is a defective or out-of-tolerance resistor in
72701 or Z702. Because Z701 is precisely matched with U701, Z701 and U701 must be
replaced as a matched set.

Shorts between lands or runs can also cause small errors (10 ppm to several hundred
ppm). Shorts between sense and output lands can cause small errors that are not related to
resistor networks. Load regulation problems can also be caused by shorts between sense
and load lines.

In some rare cases, the op amps (U702A and U702B) could be out of spec, causing a
small error. The maximum input offset voltage of the op amps used in the circuit is 3 mV.
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A/D Converter Troubleshooting

If there is a failure of the A/D Converter, all power supply levels should be checked at the
op amps (U102 and U103) and the A/D IC (U101). The A/D Converter has a total of

seven supplies: +15V,-15V,+5V,+7.5V, -8.2V, +7.00000V, and -7.00000V. All

supplies should be within 5% of their nominal values except for the +7.00000V and -
7.00000V reference supplies, which should be within +/-1000 ppm and +/-250 ppm
respectively. The bootstrap supplies (lines BS1 and BS2) should be +7V and -7V (+/-

10%) referenced to the + input of the A/D amplifier (U103-3).

Troubleshooting the bootstrap supplies can often be made easier by putting the 8842A in
EX TRIG (to stop the A/D Converter) and connecting the input of the A/D Converter
(TP103) to INPUT LO (Reference Low on the schematic). The bootstrap supplies are
then referenced to instrument common (Reference Low).

NOTE

For the following tests, set the 8842A to the VDC function and the 2V
range, and trigger the oscilloscope from the falling edge of line not-TR

(TP201).

If all supplies are correct, the next most useful troubleshooting tool is the A/D output
waveform at TP101, which can be checked with an oscilloscope. The waveform should
look like the one shown in Figure 6-14 when the input voltage is at 50% of the selected
range. Various portions of the waveform correspond to different parts of the A/D cycle.
By examining the waveform, problems in the A/D Converter can be isolated down to one
or two components.

=
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Figure 6-14. Output of A/D Amplifier (TP101)
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Figure 6-15. Waveforms at U101-24 and U101-25
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Figure 6-16. Typical Bus Data Line Waveform

The waveform at the storage capacitors can often be used to locate leakage problems. The
leakage can be due to contamination on the Main PCA or to defective switches in U101.
Figure 6-15 shows the waveforms across storage capacitors C102 and C103 (U101-24
and U101-25, respectively) for a specific input.

The A/D Converter communicates with the In-Guard uC via the internal bus, which also
goes to several other sections of the instrument. What looks like a problem in the A/D
Converter may actually be caused by a problem in another section of the instrument
which is loading down the bus data lines (U101-1, -2, -3, -38, -39, -40). A typical
waveform at one of the data lines is shown in Figure 6-16. One of the data lines can be
loaded down so that the In-Guard uC fails to recognize data sent over that line. If so, the
amplitude of the signal of the bad line would be less than 3V peak-to-peak.

One technique of finding an overloaded or shorted data line is to remove the In-Guard nC
and drive one data line at a time through a 1 kQ resistor. Measure the voltage drop across
a length of the line. Normally the voltage drop across the line is zero volts (less than 5
uV). Voltage drops larger than 5 uV indicate a short. (The voltage drop is caused by
excessive current flowing through the line.)

When troubleshooting the A/D Converter it may be desirable to determine what the
reading is at the A/D Converter when the display is definitely incorrect. A digital
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problem between the A/D Converter and the In-Guard uC can cause erroneous or noisy
readings or offsets. Similar problems may be caused by a failure of the Calibration
Memory (U220) or by bad A/D calibration constants. (To check for bad A/D calibration
constants, clear the calibration memory.)

Readings at the A/D Converter can be determined by interpreting the waveform at the
DAC output (TP102). Waveforms at TP102 for several input levels are shown in Figure
6-18. The A/D reading can be calculated by knowing the weight of each bit and by
weighting each nibble correctly. (The first nibble is weighted 1, the second 1/16, the third
1/16 * the fourth 1/16 ° etc.) Figure 6-18 shows how to read the A/D output for an input
of 0.66V by interpreting the waveform at TP102 using the first three nibbles.

Troubleshooting the A/D Converter for defective components can be simplified by
setting the circuit in a quiescent state. This can be done by selecting EX TRIG, which
causes all A/D activity to stop. The A/D Converter is then in the autozero configuration,
and the offset of the amplifiers and the various levels in the bootstrap circuits can be
easily measured with a voltmeter. Oscillations at the outputs of the amplifiers and other
abnormal signals can easily be identified with an oscilloscope.

Power Supply Troubleshooting
If the display does not light up, first check the following:

1. Is the instrument plugged in to an energized outlet providing alternating current at a
frequency of 47 Hz to 440 Hz and a voltage within +/-10% of that selected by the
rear panel line voltage selection switches?

2. Is the POWER switch ON (pushed in)?

Is the rear panel fuse blown?

CAUTION
For fire protection, use exact fuse replacement only.

If the rear panel fuse is blown, replace it with a 250V fuse of the proper rating for the line
voltage selected. Use 1/4A slow-blow for 100V and 120V power-line voltage and 1/8A
slow-blow for 200V and 240V power-line voltage. If the fuse keeps blowing, measure the
resistances of the power transformer (T601) windings. They should be within 10% of the
values shown on the schematic. If not, the transformer is probably shorted. Also inspect
the area around the transformer POWER switch and power-cord connector to make sure
there isn’t something shorting out the traces. If the IEEE-488 Interface board is suspected
of causing the problem, it can easily be unplugged. Check the crowbar circuit (CR615
and Q601, and R605). If CR615 or Q601 is shorted or if there is a large amount of
leakage or R605 is open, fuses may continue to blow.

If everything looks OK but the fuse keeps blowing, troubleshooting may be performed by
powering the instrument through a variac, applying only enough line voltage to find the
problem without blowing the fuse. NEVER USE A LARGER FUSE. To do so will only
turn a small problem into a big one.
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Figure 6-17. Waveforms at TP102 for Several Inputs on 2V DV Range

Since power supply problems can produce symptoms in many different sections of the
instrument, the first step in troubleshooting any problem should usually be a quick check
of the power supplies. For each power supply (TP801-TP806), check the level with a
voltmeter and check for ripple with an ac-coupled oscilloscope. The dc voltages should
be within the limits given in Table 6-23.

If a supply is too high, either its three-terminal regulator has failed or a fault elsewhere in
the instrument has shorted two supplies together. After repairing such a problem, make
certain that nothing else was damaged by the overvoltage.
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Figure 6-18. Calculating the A/D Reading From TP102 Waveform

Table 6-23. Power Supply Voltages

TEST POINT LIMITS (in volts)
MINIMUM MAXIMUM

+5V 4.75 5.25

+7.5V 7.00 7.87

+15V 14.25 15.75

+30V 28.45 31.55

-8.2 -8.61 -7.60

-15V -15.75 -14.25

-30V -31.55 -28.45

If a supply is too low, there are a number of possible causes. First check the input to the
affected regulator. If it is not at least 1V above the maximum output given in Table 6-23,
the cause may be a bad transformer winding (check the resistance), open or shorted
rectifiers, a shorted filter capacitor, or a shorted regulator. The latter two failures will

usually blow the line fuse.

All regulators incorporate current-limiting which allows them to shut down in the event
of a load failure. Therefore if the power supply output is too low, the first step should be
to determine if it is due to a high load caused by a failure elsewhere in the instrument.
Frequently the faulty component can be found by using a multimeter with at least 5 digits
resolution to check the supply pins of all components powered from that supply. Connect
one lead of the voltmeter to the appropriate test point for the power supply under test and
use the other lead to probe the loads. Small voltage drops across the PCA traces can be
detected in this way, and the fault isolated. If any component other than one of the
regulators is too hot to touch, there is something wrong with it or with something
connected to it.
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The True RMS AC PCA, if installed, uses +5V and +/-15V. If there is a problem with
one of those supplies, first disconnect the True RMS AC PCA. If the problem goes away,
troubleshoot the True RMS AC PCA using the procedure given later in this section.

With most power supply problems, the output voltage is too low or too high. More subtle
problems that may be encountered include high ripple or oscillation. If more than 10 mV
of line-frequency ripple exists on one of the power supply outputs, it is usually caused by
the input being too low, causing the regulator to drop out of regulation. It is also possible
(but not likely) that the regulator itself is defective. High-frequency oscillation
(frequently synchronized with the 1 Mhz or 8 Mhz clock) is usually the result of a bad
regulator or output bypass capacitor. A fair amount of high-frequency noise is generally
present on all the supplies, particularly +5V, and should not cause any concern unless the
instrument behaves erratically or the reading is noisy.

IEEE-488 Interface Troubleshooting (Option -05)

SERVICE POSITION
To provide easy access to the IEEE-488 Interface PCA and the Main PCA, the IEEE-488
Interface PCA can be placed in the specially provided service position as follows:

1. Remove the case from the chassis according to the Case Disassembly procedure
provided earlier in this section.

2. Release the two nylon latches that hold the IEEE-488 Interface PCA in place by
pulling the latches upward.

3. Position the IEEE-488 Interface PCA vertically as shown in Figure 6-19 and latch it
in place be pressing the two nylon latches into the mounting supports specially
provided on the chassis.

DIAGNOSTIC PROGRAM

To facilitate troubleshooting, the IEEE-488 Interface provides a diagnostic program
which places the instrument in known configurations. To initiate the diagnostic program,
proceed as follows:

CAUTION

To avoid damage to the 8842A or other equipment, the 8842A
must be disconnected from all other IEEE-488 Interface
instruments while the diagnostic program is running.

Ensure the 8842A POWER switch is OFF.
Disconnect all cables from the rear panel IEEE-488 connector.
Short TP903 to TP905.

Power up the 8842A. The 8842A should display ERROR 50. To exit the
troubleshooting mode, open the jumper and cycle the POWER switch from off to on.

b=

Once the diagnostic program is started, rear-panel IEEE-488 address switches A3, A2,
and A1 can be used to select one of four diagnostic modes, as shown in Table 6-24. In
this table, Configuration indicates which Out-Guard uC I/O port bits are programmed as
outputs and driven with a signal, as shown in Table 6-25.
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Figure 6-19. Option -05 Service Position
Table 6-24. Diagnostic Modes
SWITCHES
A3 A2 Al CONFIGURATION
1 0 1 Static, odd-port bits = 1, even-port bits =0
1 1 1 Static, odd-port bits =, even-port bits = 1
1 X 0 Dynamic
0 X X Read/Write

NOTES:

* “X” means switch setting does not matter.

* “Static” means the Out-Guard uC /O port bits programmed as outputs are driven to a constant
logic 1 or 0 level (as determined by switch A2).

* “Dynamic” means the Out-Guard uC I/O port bits programmed as outputs are driven with a 610
Hz, 50% duty cycle square wave. All odd port bit numbers are 180 degrees out of phase with
even port bit numbers.

* “Read/Write” means that data is read from and written to the NEC7210 IEEE chip (U901) when DS

(U901-8) is low. R/W (U901-7) determines whether the data is being read from or written to the
NEC7120. The address bits are always 3 (0011) and the data bits are incremented each time.
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Table 6-25. I/0 Port Configurations

CONFIGURATION CONFIGURATION
PORT BIT Static Read/Write PORT BIT Static Read/Write
Dynamic Dynamic
PO-0 ouT Address P1-0 ouT Data
PO-1 ouT Address P1-1 ouT Data
PO-2 ouT Address P1-2 ouT Data
PO-3 ouT Address P1-3 ouT Data
PO-4 IN IN P1-4 ouT Data
PO-5 IN IN P1-5 ouT Data
PO-6 IN IN P1-6 ouT Data
PO-7 IN IN P1-7 ouT Data
P2-0 IN IN P3-0 IN IN
P2-1 IN IN P3-1 IN IN
P2-2 IN IN P3-2 IN IN
P2-3 IN IN P3-3 IN IN
P2-4 IN IN P3-4 IN IN
P2-5 IN IN P3-5 IN IN
P2-6 IN IN P3-6 Clock Clock
P2-7 IN IN P3-7 serial Serial
NOTES:
* Due to external hardware conflicts, the following bits are NEVER driven by the Out-Guard uC in
ANY diagnostic mode: P0-4,5,6,7; P2 (all bits); P3-1,2,3,4.
* P3-6is the 4 MHz clock for the NEC7210 IEEE chip (U901).
* P3-7 is programmed as the serial output, and constantly transmits hex 55 every 820 us at 62,000
baud in all four diagnostic modes. This causes the front panel error message.

6-71.

6-72.

6-66

True RMS AC Troubleshooting (Option -09)

SERVICE POSITION

To provide easy access to the True RMS AC PCA and the Main PCA, the True RMS AC
PCA can be placed in the specially provided service position as follows:

1.

Remove the case from the chassis using the Case Disassembly procedure provided
earlier in this section.

Release the four nylon latches that hold the True RMS AC PCA in place by pulling
the latches upward. (See Figure 809-1E in Section 8.)

Disconnect the red ac input lead from both the True RMS AC PCA and the Main
PCA.
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4. Position the True RMS AC PCA vertically as shown in Figure 6-20 and latch it in
place by pressing the bottom two nylon latches into the specially provided mounting
supports on the chassis.

5. Connect the Main PCA ac take-off point (stud connector W301) to the True RMS AC
PCA input (the stud connector labeled AC IN) with a 6-inch jumper (E-Z-Hook 204-
6W-S or equivalent).

6-73. MAJOR PROBLEMS

The signal flow through the True RMS AC option is straightforward, with no feedback
paths between individual stages. This simplifies troubleshooting and often makes it
possible to isolate a single defective stage without removing the instrument cover.

Test the mid-frequency response of the VAC function around 1 kHz. If an accurate
reading can be obtained on at least one range, the rms converter (U802) is working
properly. Test the high-frequency response around 100 kHz. If, after calibration, an
accurate reading can be obtained on at least one range, the digitally controlled filter
(U801, U808, R832, and C826-829) is OK. If some ranges are good and others are bad,
the defective stage may be isolated using Table 6-26. If this table is used, the bad ranges
must correspond exactly to the ranges listed in the first column and all other ranges must
be good.

Most ac troubleshooting can be performed with the shields removed. To remove both
shields, unscrew the Phillips screw on the back of the True RMS AC PCA. The only time
it should be necessary to work on the PCA with the shields in place is when there is
subtle high-frequency (>20 kHz) or low-level (<10 mV) error. In that case, the PCA
should be left in its operating position, and the test points probed from the foil side of the
PCA. Test points are labeled on both sides to facilitate such troubleshooting.

Table 6-26. Isolating a Defective AC Stage

DEFECTIVE RANGES DEFECTIVE STAGE
200 mV, 2000 mA uso6B
20V, 700V UBOGA
2V, 200V UB06GA
200V, 700V Input (Q806, K802, Z801)
2V, 20V, 200V Input (Q806, K802, Z801)

If no ranges work, the signal should be traced from input to output. At any point where
the signal disappears, the preceding stage should be searched thoroughly. To trace the
signal, lock the instrument into one range (200 mV is usually a good choice) and apply
the appropriate voltage shown in Table 6-27 to the HI and LO INPUT terminals. The
input voltage should appear unchanged at pin Z801-1, and should appear at TP801 and
TP802 as shown in Table 6-27. If no ranges work, it is likely that the rest of the scaling
circuitry (U806B) is functional.
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Figure 6-20. Option -09 Service Position
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If the signal at the input to USO1A (pin 5) is incorrect, U804 may be defective, or the
switch codes may be wrong. If the latter problem is suspected, refer to Table 6-28 and
test the control lines to U804 (U804-1, 8, 9, 16). If a logic error is found, it may be due to
excessive loading or a faulty data latch (U803), or other cabling or main-board digital
problems. High-frequency oscillation problems are usually caused by switches being on
when they should be off, resulting in positive feedback loops being closed around
portions of the scaling circuitry.

Table 6-27. AC Signal Tracing

RANGE

INPUT VOLTAGE (1
kHz)

VOLTAGE AT TP801

VOLTAGE AT TP802

200 mV
2V

20V
200V
700V

100 mV
1V
10V
10V
100V

20 mV
200 mV
2v

20 mV
200 mV

1V
1V
1V
100 mV
100 mV

6-68

If the signal at TP802 is incorrect, but U801-5 is OK, the digitally controlled filter section
(UB01A and UB08) is probably defective.
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Table 6-28. Truth Table for U804 and K2
RANGE PIN OR DEVICE

u804-1 U804-8 U804-9 U804-16 K2
2000 mA 1 0 1 1 0
200 mV 1 0 0 1 0
2V 1 1 1 0 0
20V 0 1 1 1 0
200V 1 1 1 0 1
700V 0 1 1 1 1
NOTE:

For U804, logic 0 = switch on. Logic 1 is >2.4V; logic 0 is <0.8V.

If the signal at TP802 is correct but the output signal (TP803) is incorrect, the rms
converter is probably the source of the problem. Problems with U802 generally show up
as an identical number of counts displayed in all ranges or as an overrange in all ranges.
First isolate faults in the buffer amplifier (U802A) by ascertaining that the signal at
U802-13 is the same as that at TP802 when each is observed with an ac-coupled
oscilloscope, and that the dc offset at U802-13 is less than 4 mV. It is possible that a
component in the loop filter (US09A and associated passive components) or the post-
filter (USO9B and associated passive components) is defective. The dc voltage at U802-6
should be the same as that at TP803 for frequencies above 500 Hz, and should be equal to
the rms value of the input signal.

6-74. MORE OBSCURE PROBLEMS

Slow settling time or excessive jitter for low-frequency inputs is caused by rms converter
loop errors. The cause may be a fault in the rms converter or loop filter.

If the output voltage is stuck at the supply rails, the cause is probably a fault in the rms
converter. A less common cause is op amp oscillation; this can be checked with a scope
at TP802.

If one or more ranges are functional but cannot be calibrated at high frequencies, then
either the digitally controlled filter (U801B, R832, and C826-C829) is defective, or a
defective component elsewhere in the circuit has rendered the response out of calibration
range. (The high-frequency calibration is designed to cover the range of error expected
due to op amp variations, input dividers, PCA tolerances, shielding, etc.). A sweep
generator is useful in troubleshooting difficult frequency response problems.

The calibration control lines to U808 are set by software to store a high-frequency
correction factor for each range. A state table cannot be given for these signals, but
common sense will indicate if they are reasonable. For example, if all lines are at logic 0
for all ranges, something is probably wrong. Suspect U803, U808, or digital hardware on
the Main PCA. If the control signals do indeed change with range, U808 or some part of
the digitally controlled filter (US01B, R832, and C826-C829) may be defective. Even
with the worst possible error in the high-frequency calibration code, the reading should
be within 10% of the correct value at frequencies up to 100 kHz. If the error is larger,
there are analog problems.
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It is safe to force one control line at a time high (+5V) or low (0V) to test the individual
switches in U808. (The on resistance of switches in U808 should be less than 500Q2; the
off resistance should be greater than 10 MQ.) Forcing the control lines high or low
should cause the reading to change when the voltages in Table 6-27 are applied to the
input terminals at 100 kHz. If only certain ranges cannot be calibrated, refer to Table 6-
26 to find the suspected stage.

Guard Crossing Troubleshooting

To troubleshoot the Guard Crossing circuit, place the 8842A in the In-Guard
Troubleshooting Mode as described under Digital Controller Troubleshooting, earlier in
this section. This causes the In-Guard uC to send a test pattern to the IEEE-488 Interface
PCA via one-half of the Guard Crossing circuit. You should be able to observe the
waveforms shown in the left half of Figure 6-21.

To troubleshoot the second half of the Guard Crossing circuit, leave the 8842A in the In-
Guard Troubleshooting Mode. This causes the IEEE-488 Interface PCA to send a test
pattern to the In-Guard puC. You should be able to observe the waveforms shown in the
right half of Figure 6-21. The IEEE-488 Interface PCA sends the test pattern in response
to the test pattern sent by the In-Guard uC; therefore, the first half of the Guard Crossing
Circuit (which was tested in the previous paragraph) must be working properly before the
second half can be tested.

6-76.INTERNAL CLEANING

6-77.

CAUTION

Failures due to electrostatic discharge can be caused by
improper handling of the PCAs and by the use of a vacuum
cleaner with static-inducing brushes. To prevent damage by
electrostatic discharge, observe the precautions described on
the Static Awareness sheet in front of this section.

If visual inspection of the instrument shows excessive dirt build-up in the instrument,
clean the appropriate section using clean, oil-free, low-pressure air (less than 20 psi). If
necessary, remove the option PCAs first.

Cleaning Printed Circuit Assemblies

If conditions warrant, individual printed circuit assemblies (PCAs) can be cleaned with
water-based commercial cleaning systems such as dishwashers. If such systems are used,
observe the following precautions:

1. Remove all shield covers (applies to the True RMS AC PCA) and socketed ICs.

2. Use Reagent Grade 2 or better water (de-ionized or distilled water) for the final rinse
in geographic areas with exceptionally hard water. During the final rinse, spray or
run the water so that the surface is thoroughly covered to remove all ionized material.

3. Thoroughly dry all PCAs using one of the following methods:

a. Preferably, the PCA should be dried in a low-temperature drying chamber or
infrared drying rack with a temperature range of 49°C to 72°C (120°F to 160°F).

b. If neither a drying chamber nor a drying rack is available, air dry the PCA at
ambient room temperature for at least two days.

A satisfactory cleaning method consists of holding the PCAs under hot running water
until they are clean. Follow this wash with a final rinse. (See consideration 2, above.)
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INTERNAL CLEANING

6-78. Cleaning After Soldering

CAUTION

T.M.C. Cleaner and similar products can can attack the nylon
latches and other plastic pieces.

A. FIRST HALF OF CIRCUIT B. SECOND HALF OF CIRCUIT

4V 1 ~ 4V
ST =S
- oV —L ov
[, 7
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‘ ov L ov
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u Aoy [ L] | ]
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|EEE-488 MAIN
INTERFACE 0.2V PCA
Uﬁ-s +-02V]pca U204-9 '
oV [AY)

NOTE:

® THESE WAVEFORMS SEEN IN IN-GUARD
TROUBLESHOOTING MODE.

® REPETITION RATE = 500 us. INTERRUPTIONS
EVERY 1.5 SEC.

f6-21.wmf
Figure 6-21. Guard Crossing Test Waveforms

If a PCA has been soldered, it should first be cleaned with SPRAYON T .M.C Cleaner™
(rosin flux remover) or equivalent. The PCA should then be cleaned with water as
described above.
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Option —05 IEEE-488 Interface
INTRODUCTION

805-1. INTRODUCTION

The IEEE-488 Interface turns the 8842A into a fully programmable instrument for use
with the IEEE Standard 488-1978 interface bus (IEEE-488 bus). With the IEEE-488
Interface, the 8842 A can become part of an automated instrumentation system. The
8842A can be under complete, interactive control from a remote bus controller, or it can
be set to the talk-only mode, connected to a data logger or printer, and dedicated to a
single task.

805-2. CAPABILITIES

The IEEE-488 Interface provides remote control of all front panel controls except for the
POWER, CAL ENABLE, and FRONT/REAR switches. Other features include:

* A simple and predictable command set

¢ Fast measurement throughput

¢ Full talk/listen capability, including talk-only operation

* Full serial poll capability, with bit-maskable SRQ

¢ Full remote/local capability, including local lockout

¢ External Trigger and Sample Complete connectors

* Remote calibration

* Programmable trigger sources, including two bus triggers
* Informative output suffix (suppressible)

¢ Selectable output terminators

The 8842A supports the following interface function subsets: SH1, AH1, TS5, L4, SR1,
RL1,DC1,DT1, E1, PPO, and CO.

805-3. EXTERNAL CONTROLS

When the IEEE-488 Interface is installed, the rear panel contains EXT TRIG (External
Trigger) and SAMPLE COMPLETE connectors. These controls can be used even when
the 8842A is disconnected from the IEEE-488 bus. Refer to Section 2 for details.

805-4. INSTALLATION

The IEEE-488 Interface is contained on a single, easy-to-install printed circuit assembly
(PCA). To install the option, proceed as follows:

WARNING

TO AVOID ELECTRIC SHOCK, DISCONNECT THE POWER
CORD AND ANY INPUT LEADS BEFORE REMOVING THE
INSTRUMENT CASE.

1. Remove the grounding screw from the bottom of the case and remove the two
rear panel mounting screws (Figure 805-1A).

2. Holding the front panel, slide the case and rear bezel off of the chassis (Figure
805-1B). Note: At this point, the rear bezel is not secured to the case.
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3. Disconnect the ribbon cable from the plastic rear panel insert by pulling the tabs
on either side of the ribbon cable connector outward. Pull the ribbon cable
directly toward the front panel (Figure 805-1C).

4. Remove the rear panel insert by releasing the two snap tabs inside the instrument
(Figure 805-1D).

NOTE

The connection on the rear panel insert is used for factory calibration only.
The connector is electrically isolated from all measuring circuitry.

5. Connect the the ribbon cable from the Main PCA to the connector on the IEEE-
488 Interface PCA (Figure 805-1E).

6. Latch the ribbon cable in place as shown in Figure 805-1F.
Make sure the heads of the plastic latches are in the extended position.

8. With the component side down, guide the BNC and IEEE-488 connectors
(located on the rear of the IEEE-488 Interface PCA) into the rear panel, and seat
the IEEE-488 Interface PCA on the mounting supports on the chassis (Figure
805-1G).

9. Fasten the IEEE-488 Interface PCA to the chassis by pressing the two plastic
latches into the mounting supports. (See Figure 805-1H.)

10. Secure the IEEE-488 connector to the rear panel with the two screws and
washers supplied.

11. Replace the cover and rear bezel on the chassis and attach the two ear panel
mounting screws.

12. Attach the grounding screw to the bottom of the case.

WARNING

TO AVOID ELECTRIC SHOCK, ENSURE THE GROUNDING
SCREW IS FIRMLY ATTACHED TO THE CASE BOTTOM.

805-5. PROGRAMMING INSTRUCTIONS

Programming instructions are presented in Section 3. That section also explains how to
set up the 8842A on the IEEE-488 bus.

805-6. MAINTENANCE

All service information regarding Option -05 is contained in Section 6. The theory of
operation is contained in Section 5.

805-7. LIST OF REPLACEABLE PARTS

A list of replaceable parts for the IEEE-488 Interface printed circuit assembly (PCA) is
given in Table 805-1. Refer to Section 7 for ordering information.

Caution

The symbol 7 indicates a device that may be damaged by static
discharge.
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Figure 805-1. Installing Option -05
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Figure 805-1. Installing Option —05 (cont)
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Table 805-1. Option -05A IEEE-488 Interface PCA

REFERENCE FLUKE MFRS MANUFACTURERS ToT g
DESIGNATOR DESCRIPTION STOCK SPLY PART NUMBER ary T
NO CODE OR GENERIC TYPE g
C 901 CAP,TA,1UF, +-20%,35V 697417 56289 199D105X0035AG2 1
C 902,903,907, CAP,CER,0.01UF, +80-20%,50V, 25V 6972B4 60705 [562CZSUSESOEE103M 4
C 908 697284
c 909 CAP,CER, 430PF,~-5%,50V,C0G 732644 04222 [SRS9SA431JAA 1
c 910 CAP,AL.4700UF,+30-10%,16V,SOLYV PROOF 460261 62643 |KME16VN472K23X27LLV 1
C 911,918-920, CAP,CER,0.22UF, +80-20%,50V, 25U 733386 04222 |SRS9SE224ZAA 9
C 923,925-928 733386
C 914 CAP,CER, 1000PF, +-20%, 50V, X7R 697458 04222 |SR595C102MAA 1
C 915 CAP,TA,47UF, +-20%,10V 733246 S6289 |199D476X0010DG2 1
C 921,322 CAP,CER,1SPF, +-20%,50V,C0G 637524 04222 |SRS9SAL50MAA 2
CR 901,902 § ZENER,UNCOMP,3.9V,20%,20.0MA.0.4W 113316 81349 [1N748 2
CR 903-906,910 4 DIODE,SI,BV= 75.0V,IO=150MA,500MW 203323 653940 |1N4448 5
CR 908,908 DIODE, SI,100 PIV, 1.0 AMP 742874 65940 |1N4002A 2
E 902 RES JUMPER,0.02,0.25W 697060 59124 |z-25 1
H 4 NUT, HEX, STL, 4-40 110635 COMMER |CIAL 1
K S SCREW, PH, P, SEMS, STL,4-40, .250 185518 COMMER |CIAL 1
H 6, 7 FASTENER, GROMMET, POLYCARE, .271 682698 34848 |HN4G-44-1 2
H B8, 9 FASTENER, PLUNGER, NYL, .271 €82906 83014 |HN4P-44-4-1 2
J 9801 CONN,MIZRO-RIBBON, REC, PWB, RTANG, 24 POS $115C8 00779 |[554923-2 1
J $02 HEADER, 2 ROW, .100<TR,10 PIN 697355 28213 |3446-6322 1
J 903,904 CONN, COAX,BNC(F), PWB, RT ANG 911487 89536 |911487 2
MP 2 HEAT DIS,VERT,1.18X1.00X0.50,T0-220 414128 13103 6030B-TT 1
R 911,912 RES,CF,33%X,+-5%,0.25W 348888 813493 |RCR07G333Js 2
R 913,514 RES,CF,1.5K, +-5%,0.25W 343418 21349 |RCRO7G152JS 2
R 915,916,919 RES,CF,470,+-5%,0.25W 343434 @1345 |RCRO7G4710S 5
R 917,912,938 RES,CF,100,+-5%,0.25W 348771 81349 |RCR0O751013s 3
R 243 RES,CF,6BK,+-5%,0.25W 376652 81349 |RTRO7G683JS 1
R 944 RES,CF,51K,+-5%,0.25wW 376434 81349 |RCRO7GS13JS 1
R 945-%47 RES,CF, 10K, ~-5%,0.25W 348839 B134Y9 |RCRO07G102J5 3
kv 801 rILTER, 1,12VDC,7A,HV SURGES 807545 51406 |DSS71051D223S12-22M 1
S 901 SWITCH,DIP, SPST, PIANO, SEALED, 8 POS 658567 00773 1-435802-¢ 1
TP $01-903,905, TERM, FASTON, TAE, . 110, EOLDERK S12689 00779 62395-1 <
TP 50€ S128R9
U scl § ©MOS 28, Rk OTP, PE40A-79271 €79270 £9536 875270 1
U 305 § IC.LSTTL,HEX INVESTER W/3-STATE OUT 654442 01295 [SN74LS368AN 1
U 308 # 1C,COMPARATOR,QUAD, 14 PIN DIP 387233 04713 |LM33SN 1
U 309 # IC,LSTTL.HEX INVERTER W/SCHMT TRIG 43180 01235 |SN74LS14N 1
U 910 # 1C,LSTTL,QUAD 2 INPUT OR GATE 3931.0¢ 01295 |SN74LS32N 2
U 311 # IC,NMOS,GPIB TALKER/LISTENER/CNTK!R 773143 33297 |UPD7210 (C OR D) 1
U912 % IC,LSTTL,QCTAL GPIB ACTV PULL-UP X7VR SeS232 01255 [SN75161BN 1
U 53 # I1C,LSTTL,OCTAL GPIB XCVR W/OPEN COL 585224 01295 |SN75160BN 1
VR 501 # IC,VOLT REG,FIXED,+5 VOLTS, 1.5 AMPS 428847 04713 |MC7805T i
X 901 SOCKET, IC, 40 PIN,DUAL WIPE, RETENTION 756658 00779 |2-641616-1 1
Y 9C1 CRYSTAL, £.00MHZ QUART'Z liC-18U 707133 61429 |FOX HZ-1RU-8:00 1
Z 503 RES,CERM,.DIP.14 PIN.13 RES,3.3K.+ 5% 733402 91637 |MDF14-01-332J by
¥ Static sensitive parc.
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Option —09 True RMS AC
INTRODUCTION

809-1. INTRODUCTION

The True RMS AC option gives the 8842A the ability to make ac voltage and current
measurements. The ac functions are selected with the front panel VAC and mA AC
buttons, or by remote commands if the IEEE-488 Interface option is installed.
Specifications for Option -09 are shown in Section 1, Table 1-1.

809-2. INSTALLATION

The True RMS AC option is contained on a single, easy-to-install printed circuited
assembly (PCA). To install the option, proceed as follows:

WARNING

TO AVOID ELECTRIC SHOCK, DISCONNECT THE POWER
CORD AND TEST LEADS BEFORE REMOVING THE

INSTRUMENT CASE.

1. Remove the grounding screw from the bottom of the case and remove the two rear
panel mounting screws (Figure 809-1A).

2. Holding the front panel, slide the case and rear bezel off of the chassis (Figure
809-1B). (At this point, the rear bezel is not secured to the case.)

3. Holding the True RMS AC PCA slightly above the chassis, component side down,
connect the the ribbon cable from the True RMS AC PCA to the Main PCA and
latch it in place. (See Figure 809-1C and D.)

4. Connect the red lead from the True RMS AC PCA to stud W301 on the Main
PCA. (See Figure 809-1C.) The stud is located next to the forward end of the
FRONT/REAR switch.

5. Make sure the heads of the four plastic latches are in the extended position. Guide
the PCA into the 4 circuit board supports.

6. Fasten the True RMS AC PCA to the chassis by pressing the four nylon latches
into the mounting supports on the chassis. (See Figure 809-1E.)

7. Reinstall the cover and rear bezel on the chassis and attach the two rear panel
mounting screws.

8. Attach the grounding screw to the bottom of the case.

WARNING

TO AVOID ELECTRIC SHOCK, ENSURE THE GROUNDING
SCREW IS FIRMLY ATTACHED TO THE CASE BOTTOM.

9.

Calibrate the VAC voltage and mA AC functions according to the calibration
instructions given in the Maintenance section.
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809-3. OPERATING INSTRUCTIONS

For operating instructions, refer to Section 2. For ac measurement considerations, refer to
Section 4.

809-4. MAINTENANCE

All service information regarding Option -09 is contained in Section 6. The theory of
operation is contained in Section 5.

809-5. LIST OF REPLACEABLE PARTS

A list of replaceable parts for the True RMS AC printed circuit assembly (PCA) is given
in Table 809-1. Refer to Section 7 for ordering information.

CAUTION

The symbol * indicates a device that may be damaged by static
discharge.
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Figure 809-1. Installing Option -09
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Table 809-1. Option -09 True RMS AC PCA

Reference Description Fluke Stock Tot Qty Notes
Designator No

C801 CAP,POLYES,0.068UF,+-10%,1000V 714816 1
C802 CAP CER,56PF,+-2%,50V,C0G 714378 1
C803 CAP,CER.33PF,+-2%,50V,C0G 715292 1
C804 CAP,CER,6.8PF,+-0.25PF,50V,C0G 715243 1
C805,C806,C813 CAP,POLYES, 1UF,+-10%,50V 733089 3
C807,C808,C820 CAP,POLYES,0.47UF,+-10%,50V 697409 3
C809,C810,C824 CAP,CER,0.22UF,+80-20%,50V,Z5U 733386 3
C811,C812 CAP TA,1UF,+-20%,35V 697417 2
C814 CAP,CER,1000PF,+-20%,50V,X7R 697458 1
C816 CAP,CER,680PF,+-5%,50V,C0G 743351 1
cs19 CAP,CER,1.2PF +-0.25PF,50V,COK 715235 1
Ca21 CAP,TA,10UF +-20%, 10V 714766 1
C822,C823 CAP,TA,10UF,+-20%,25V 714774 2
Cc825 CAP,CER,0.01UF,+80-20%,50V,Z5V 697284 1
C826 CAP.CER,39PF,+-2%,50V,C0G 714840 1
c827 CAP,CER,12PF,+-2%,50V,COG 715169 1
Cc8z8 CAP,CER,68PF,+-2%,50V,C0G 715300 1
C829 CAP,CER,22PF +-2%,50V,C0G 714832 1
CR801,CR802 " DIODE,SI,BV=20V,|10=50MA,SELECT IR 348177 2
CR803-805 * DIODE,SI,BV=75V,|0=150MA 500MW 203323 3
H1,H4-6 FASTENER,GROMMET,POLYCARB,.271 682898 4
H2,H7-9 FASTENER,PLUNGER,NYL,.271 682906 4
H3 SCREW,PH,P,THD CUT,STL 4-14,.500 853668 1
K801 RELAY,REED,1 FORM A 5V HIGH VOLTAGE 714352 1
K802 RELAY REED,1 FORM A 4.5VDC 404590 1
MP1 SHIELD, BOTTOM 873732 1
MP2 SHIELD,TOP 784819 1
MP3 SPACER,SNAP,.180 RND,NYL,.125 844845 1
Q801,Q803,Q805 * TRANSISTOR,SI,PNP,40V,0.35W,TO-92 698233 3
Q802,Q804,Q806 * TRANS,SI,N-JFET SEL,TO-92 707968 3
R804,R805 RES,MF,10K +-0.1%,0.125W,25PPM 435065 2
R806,R811 RES,MF,20K,+-0.1%,0.125W,25PPM 340620 2
R807 RES,MF,5K,+-0.1%,0.125W,25PPM 340240 1
R809 RES.CF ,8.2K,+-5%,0.25W 441675 1
RB10,R825-827 RES,CF,100K,+-5%,0.25W 348920 4
R812 RES ,MF,2.222K,+-0.1%,.125W 25PPM 706143 1
R813 RES,CF,150K,+-5%,0.25W 348938 1
R814,R823,R836, RES,CF,0.50,+-5%,0.25W 830646 4
R837 830646

R816,R819 RES,CF,75K,+-5%,0.25W 394130 2
R817 RES,CF,91K,+-5%,0.25W 441709 1
R822 RES CF,2K,+-5%,0.25W 441469 1
R828 RES,CF,12K,+-5%,0.25W 348847 1
R829 RES,CF,15K,+-5%,0.25W 348854 1
R830,R831 RES,MF,10K,+-0.1%,0.125W,50PPM 343459 2
R832 RES MF,4.99K,+-1%,0.125W, 100PPM 168252 1
R833,R834 RES,CF,10,+-5%,0.25W 340075 2
RB35 RES,CF,100K,+-5%,0.25W 658963 1
TP801-811 TERM,FASTON,TAB,.110,SOLDER 512889 1
u801,uU806 * IC,OP AMP DUAL,LO-NOISE,8 PIN 707976 2
ugo02 M IC,BPLR,TRUE RMS TO DC CONVERTER 741900 1
uso3 - ICLSTTL,OCTAL D F/F,+EDG TRG 473223 1
UB04,U808 * IC,CMOS,QUAD BILATERAL SWITCH 586735 2
uso7 * IC,OP AMP JFET INPUT,8 PIN DIP 472779 1
U809 M IC,OP AMP,JFET IN,COMPENSTD,8 PIN DIP 418780 1
us10 * IC,OP AMP,PRECISION,JFET INPUT 808097 1
W3 CABLE ASSY,FLAT,20 CONDUCT,4.5 714014 1
Z801 *  BNET,CERM,SIP,8840 HI V DIVIDER 704478 1
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Figure 809-2. True RMS AC PCA
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Figure 9-1. Main PCA, DC Scaling and F/R Switch
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Figure 9-1. Main PCA, DC Scaling and F/R Switch (cont.)
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Figure 9-3. Main PCA, Ohms Current Source
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Figure 9-5. Main PCA, Power Supply
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