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1-1. INTRODUCTION

1-2.  This eight-section manual provides comprehensive
information for installing, operating and maintaining
your Fluke digital multimeter. Complete descriptions and
instructions are included for the instrument mainframe,
for all modules necessary in making thermal true-rms and
dc volts measurements, and for any optional modules
ordered with the instrument. Appropriate sectionalized
information is included with any optional modules
subseguently ordered and may be inserted in Section 6.

1-3. DESCRIPTION

I4. The multimeter features 6-1/2 digit resolution, full

annunciation and simplicity of operation. Modular
construction, micraprocessor control, and a bus structure
provide excellent flexibility. Memory programming from
the front panel (or through a remote interface) controis all
measurement parameters, mathematical operations and
special operations. The standard hardware ¢configuration
.allows for measurement of thermal true-rms volts on
eight ranges and de volts in five ranges. An averaging
mode is available to automatically optimize display

resolution and stability for each range in de¢ volts,

resistance, and dc current functions. Extended resolution
is also available in the ac volts function, Qptional
modules are available for de current (five ranges), and
resistance (eight ranges) in two-wire or four-wire
arrangements,

1-5. Thermal True-RMS Conversion

1-6. The thermal true-rms feature allows the operatorto
measure the true-rms value of an ac signal at accuracies of
up to .012% with a reading rate of one every six seconds.
This response time compares favorably with that of
existing thermal transfer standards which can take up to
five minutes to complete a measurement.

1-7. Modular Construction

1-8. Considerable versatility is realized through unique
modular construction. All active components are
contained in modules which plug into a mainframe

Section 1
Introduction & Specifications

motherboard. This module-to-motherboard mating,
combined with bus architecture and microprocessor
control, vields ease of option selection.

1-9, Microprocessor Control

1-10. All modules function under direct control of a
microprocessor based controller. Each module is
addressed by the controller as virtual memory, Scaling
factors and offset values can be applied separately, stored
in memory, and automatically used as factors in all
subsequent readings. Digital filtering utilizes averaged
samples for each reading.

1-11. Software Calibration

1-12. The 8506A fzatures microprocessor-controlled
calibration of all ranges and funetions. Any range can be
calibrated using a reference input of any known value
from 609% of range to full scale. Softwaze calibration can
be performed using front-panel or remote control,
allowing recertification without opening the cage or
removing the multimeter from the system.

1-13. Recirculating Remalinder A/D Conversion
1-14. The multimeter adapts Fluke's patented
recirculating remainder (R2) A/D conversion technique
to microprocessor control. This combination provides
fast, accurate, lincar measurements and long-term
stability.

1-15. Options and Accesaorles

1-16. Remote interfaces, a de current converter, and an
ohms converter are among the options and accessories
available for use with the multimeter. Refer to Tables 1-1 -
and 1-2 for complete listings. Any one of the three
Remote Interface modules (Option 05, 06, or 07) may be
installed at one time.

1-17. SPECIFICATIONS

1-18. Mainframe specifications for ac volts, de volts and
de'ratio measurement capability are presented inTable1-3
Optional function specifications are supplied with the
respective option modules and included in Section 6.

1-1




Tahle 1-1. Options Table 1-2. Accessories

OPTION R
No? NAME WMODEL O NAME

PART NO.
MO4-205-600 | 5%-inch Rack Adapter
MQO-260-610 | 18-inch Rack Slides

MOO-280-610 | 24-inch Rack Slides

Ohms Converter

Current Shunts
IEEE Standard 488-1975 Interface 80K-6 High Voltage Probe

Bit Serial Asynchronous Interface 80K-40 High Voltage Frobe
Parallel Interface B3RF High Frequency Probe

85RF High Frequency Probe
Either Option 02A or Option 03 can Y8001 IEEE Std. Cable, 1 Meter Length
be installed at one time.

Y8002 IEEE Std. Cable, 2 Meter Length

Only one of Options 05, 06, and 07
IEEE Std. Cable, 4 Meter Length

can be installed at any time. Y2003
MIS-7011K* | Extender Card

MIS-7190K* | Static Controller

MIS-T181K* | Test Module

MIS-7013K* | Bus Interconnect and Monitor
*For use during service or repair.

‘Table 1-3, Specifications

GENERAL SPECIFICATIONS
Dimenslons 10.8 cm High x 43.2 cm Wide x 42.56 ¢cm Long
(4.25 in High x 17 in Wide x 16.75 in Long)(See Figure 1-1)
Weight
BASIC 10 kg (22 1bs)
FULLY LOADED 12 kg (26 1bs)
Operating Power
VOLTAGE 100V ac, 120V ac, 220V ac, or 240V ac {£10%)
BASIC INSTRUMENT POWER 12 watts
FULLY LOADED POWER
FREQUENCY 47 Hz to 63 Hz (400 Hz available on request)
2 hours to rated accuracy
Shock and Vibration ... .. ... ... Meets requiraments of MIL-T-28800 for type {il, class 5,
style E equipment.
Temperature Rahge
DOPERATING 0°C to 50°C
NON-OPERATING -40°C to 70°C
Humigity Range
0*CTO 18°C
18°C TO 40°C 75% RH
40°C TO 50°C ..., haeaaaaaiaiiaaas 45% RH
Maximum Terminal Yoltage
LO TO GUARD 127V rms
GUARD TO CHASSIS 800V rms
HI SENSE TO HI SOURCE 127V rms
LO SENSE TO LO SOURCE 127V rms
HI SENSE TO LO SENSE 1000V rms or 1200V dc
Hl SOQURCE TO LO SOURCE




8506A

Tabie 1-3. Specifications {(cont)

AC VOLTAGE
input Characleristics
RANGE FULL SCALE RESOLUTION INPUT IMPEDANGE
5% DIGITS 8% DIGITS" 5% DIGITS '
100 mv 125.000 mv — T uv 1 MG
360 mv _ 400.000 mv - 1 uv
1V 1.25000V 1 uv 10 v 1%
3v 4.00006V 1uV 10wV
1oV 12.5000V 10 4V 100 pv Shunted by
30v 40.0000V 10 w4V 100 wv
100V 125.000V 100 pv 1 mv <180 pF
500 V 600.000V 100 uv Tmv
*In AVG operating mode.

Accuracy
HIGH ACCURACY MODE +{% of Reading + Number of Counts)

24 HOUR: 23°C +1°C?

FREQUENCY IN HERTZ
RANGE 1070 40 TO 20k TO 50k TO | 100kTO | 200k TO | 500k TO
40* 20k 50k | 100k 200k 500k M
100 mv 0.08+0 002+5 | 0.04+5 0.2+0 06+0 15+0 35+0
300 mV to
10V 0.08+0 | 0012+0 | 0.04+0 0.2+0 05+0 1540 35+0
30V 0.08+0 | 0012+0 | 004+0 02+0 05+0 35+0 12+0
100V 008+0 | 0012+0 | 004+0 02+0 10+0 35+0 _
500v° 0.09+0 0014+0 | 0046+0 | 023+0 - — -

90 day: 23°C 35°C
FREQUENCY IN HERTZ

RANGE 1070 40 TO W0k TO 50k TO 100k TO 200k TO 500k TO
40" 20k 50k 100k 200k 500k M4

100 mv 008+0 | 0026+5 | 006+0 06.2+0 06+0 15+0 d5+0
300 mv to 008+0

10V 008+0 | 0016+0 | 0.08+0 0.2+0 0.5+0 1.5+0 35+0
3oV 008+0 | 0.0186+0 | 0.06+0 02+0 05+0 35+0 12+ 0
100V 0.08+0 | 0016+0 | 0.06+0 0.2+0 1.0+0 35+0 —
500v° 0.00+0 0.018+C | 0.060+0 | 023+0 —_ — —_

"With slow filter

1-3




8506A

Tabile 1-3. Specifications (cont)

AC VOLTAGE (cont)
input Characteristics (cont)

>80 DAY: 23°C £5°C
ADD TO THE 80 DAY SPECIFICATION PER MONTH THE FOLLOWING % OF READING

FREQUENCY IN HERTZ
ALL 0 TO 40 TO 20k TO 50k TO 100k TO 200k TO 500k TO
RANGES 40 20k 50k 100k 200k 500K 1M
0.008 0.001 00025 | 0012 0.021 0.06 g1
NOTES:

' AC coupled, 5% digits, input level >0.25 x full scale. For 6% digits multiply Number of Counts by 10.
For input levels between 0.1 x and 0.25 x full scale, add 5 counts for the 100 mV, 1V, 10V, and 100V
ranges, add 15 counts for the 300 mv, 3V, 30v ranges, and add 25 counts for the 500V range.

? Relative to calibration standards, within 1 hour of de 2ero.
# Add 0.02 x {Input voltage / 600)? % of Reading to the specification.

* For input frequencies above 700 kHz, for the 300 mV and 3V ranges add 1.5% to the specification.

ENHANCED MODE: Addthe following (% of Reading + Number of Counts) to the High Accuracy Mode
Specifications.

TIME SINCE FIRST READING
RANGE )
<5 MINUTES <30 MINUTES

100 mV, 1V, 10V, 100V 0+0 0.003 + 4

3G0 mV, 3v, 30V 0+0C 0.003 4+ 4

500v _ 0+0 0.003+8
*AC-coupled, 5'% digits, temperature change <1°C, input lavel >0.25 x full scale. For input levels between

0.1x and 0.25x full scale, multiply % of Reading adder by 10,

NORMAL MODE: Add the following % of Reading to the High Accuracy Mode Specification.

SEGMENT OF SCALE 24 HOUR, 80 DAY >80 DAY ADD PER MONTH
0.25x to 1x full scale 0.4 ' 0.044
C.1x to 9.25x full scale 0.8 0.055

AC+DC COUPLED MODES: £(1.1 times the ac specification for the appropriate mode + the resuit {Adder)
from the following table).

BANGE ADDER
100 mV to 1V (150 puV x {dc volts / total rms voits))
3V and 10V +(1 mV x {(dec volts / total rms volts})
30V and 100V £(10 mV x (dc volts / total rms volts))
500V 150 mV x (dc volits / total rms voits))

1-4



Table 1-3. Speclfications {cont)

Operating Characteristics
STABILITY: £(1% of Reading + Number of Counts)”

RANGE . 24 HOUR 90 DAY

100 mV, 1V, 10V, 100V 0.0025 1+ 1 0.004 +1

300 mVv, 3V, 30v 0.0025 + 3 0.004 + 4

500V . 0.0025 + 5 0.004 4+ &

*High Accuracy Mode, ac coupled, 5% digits, input level >0.28x full scale, 40 Hz to 20 kHz, temperature change
<1°C. For & digits, multiply Number of Counts by 10. For input levels between 0.1x and 0.25x full scale, add to
the Number of Counts specification 2 counts for the 100 mV, 1V, 10V, and 100V ranges, & counts for the 300 mV,
3V, and 30V ranges, and 10 counts for the 500V range. ' ' \

CREST FACTOR Up to B:1 at full 80 day (or greater) accuracy for input signals with
peaks leas than two times full scale, and highest frequency
components within the 3 dB bandwidth. Up to 4:1 for signalg with
peaks less than four times full scale, with an addition of 0.03 to the % of
Reading.

3 dB BANDWIDTH 3 MHz for the 100 mVY range and 10 MHz for the 300 mV, 1V, 3V and 10V
ranges (typical).

MAXIMUM INPUT VOLTAGE ......... 600V rms or de, 840V peak, or 1x 107 volts-hertz prcf\duct.

TEMPERATURE COEFFICIENT 0°C to 18°C and 28°C to 50°C
1/10 of 90 day Specification per °C

COMMON MOQDE REJECTION =120 dB, dc to 60 hertz, with 1000 in series with either jead.

SETTLING TIME
High Accuracy Mode Sample time = 3.5 seconds
Hold time = 2.5 seconds
Measurement time = 6 seconds

I the state of the instrument is unknown, two complete measurement
times will be required to guarantee a corract reading. Use of the
external trigger mode will always aliow a 6 second measurementtime,

Enhanced Mode .........cvenv-.... Thefirst reading requires the same time as the High Accuracy Mode.
Subsequent readings occur every 500 milliseconds. |f the input
charges 1% the analog settling time to 20 Day mid-band accuracy is
1.5 seconds.

Normal Mode ......... Settling times for large changes are non-linear. Zero to Full Scale
changes require 2.0 seconds to settle to 90 Day, mid-band
specifications, Full scale to 1/10th full scale changes require 3.0
seconds to settie to 1/10th full scale, mid-band; 90 day specifications.
Small changes (<I1%) settle t¢ mid-band specifications in <1.5
seconds. ‘




Table 1-3. Specifications (cont)

AC VOLTAGE (cont)
Operating Characteristics (cont)

AUTORANGE POINTS

RANGE UPRANGE DOWNRANGE

100 mv 125.000 mv None
300 mv 400.000 mV 110 mV
v 1.25000V 0.352v
3V 4.00000V i1V
10V 12.5000V 3.52v
30V 40.0000V 11V
100V 125.000V 35.2v
500V None 110V

QPFERATING RANGE

OVERRANGE MINIMUM UNDERRANGE
RANGE DISPLAY SPECIFIED DISPLAY
HHHHH LEVEL CLLLL

100 mV 125.000 mV 12,6 mv 6.25 mV
300 mV 400.000 mV 40 mv 20 mV
1V 1.28000V 125 mV 62.5 mv
av 4,00000V 400 mV 200 mv
10V 12.3000V 1.28V 623 mV
3oV 40.0000V 4V 2V
100V 125.000V 12.6V 6.25Y
500V 600.000V 80V aov

DC VOLTAGE
input Characieristics

RESOLUTION
FULL SCALE INPUT

RANGE 6% DIGITS 7% 6% RESISTANCE
DIGITS* DIGITS

100 mv 200.0000 mV 100 nV >10,000M

v 2.000000V 1 v =>10,000M

10V 20.00000V 10 uV =10,000M(}
100V 128.0000V 100 uV 10MG0
1000V 1200.000V 1mV 10MQ

*Tia-digit resolution: In AVG operating mode.




Table 1-3. Speciflcations (cont)

Accuracy

DC VOLTS; £(% of Reading + Number of Counts)

24-HOUR
23°C #1°C

90-DAY
23°C +5°C

OPERATING MODE

QFERATING MODE

NORM

AVG

NORM

AVGE

100 mV
1V
10V
100V
1000V

0.0018 + 15
0.0008 +7
0.0006 or 6"
0.0010 4+ 6
0.0008 + &

0.0005 or 502

0.0010+ 8
0.0005 + 4

0.0005 + &
0.0005 + 5

0.0025 + 40
0.0015+ 8
0.0010 4+ 8"
coot8a + 8

© 00018 + 8

0.0020 + 8
0.0012+6
0.0008 + 807
0.0015 + &
0.00156 + B

*“Whichaver is greater

=80-Day: 23°C £5°C
Add to the 90-day specification per month the following % of Reading and Number of Counts.

OPERATING MODE

NORM

AVGE?

0.00017 + 5.6
0.001 + 0.
0.0001 + 01
0.00013 + 0.1
0.00013 + 01

0.0001 + @A
0.0001 + 041
0.00008 + 12
0.0001 + 0.1
0.0001 < 0.1

| NOTES:

7

X ‘Relativa to calibration standards, 4-hour warm-up, within 1 hour of de zero. After software calibration,
add the following to the 24 hour accuracy specification:

TIME SINCE INTERNAL
(HARDWARE) CALIBRATION

NUMBER OF
COUNTS*

<30 Days
=290 Days
<1 Year
=1 Year

0

1
2
3

“With 6%-digit display. For 7%-digits, multiply Number of Counts by 10.

77 %-digit mode of operation.

saftar 4-hour warm-up, within 1 hour of de zero.




Table 1-3. Specifications (cont)

Operating Characteristics
TEMPERATURE COEFFICIENT: (% of Reading + Number of Counts}/°C

RANGE 0°C TO 18°C AND 28°C TO 50°C

100 mV 0.0003 + &
v 0.0003 + 1
10V 0.0002 + 0.5

100V 0.0003 + 1
1000V 0.0003 1 0.5

*Multiply Number of Counts by 10 for AVG operating mode (7%-digit).

NPUT BIAS CURRENT

1-YEAR 23°C £1°C

TEMPERATURE COEFFICIENT

AT TIME OF ADJUSTMENT

<1 pA/SC

<45 pA <430 pA

Less than 5 yV for 90 days after a four-hour warm-up. Front panel
pushbutton zero is provided for permanent storage of a zero
correction for each ranga. Zero may be turned off at any time.

ZERO STABILITY

=1200V do or 1000V rms ac to 60 Hz, or 1400V peak above 60 Hz may
be applied continuously to any de range without permanent damage.
Maximum common mode rate of voltage rise is 1000V / usec.

ANALOG SETTLING TIME

FILTER MODE

FILTER
COMMAND

TO 0.01% OF
STEP CHANGE

TO 0.001% OF
STEP CHANGE

Bypassed
Fast
Slow

F1
FO or F3
ForF2

Z2ms
40 ms
400 ms

20 ms
50 ms
500 ms

DIGITIZING TIME
Line Syrnchronous

Line Asynchronous

NOISE REJECTION
Normal Mode Rejection

For 2¢ to 2V samples per reading digitizing time is from 4 ms to 9
minutes 6 seconds using a 60 Hz ac line with times increasing 20%
using a 50 Hz ac line. Selectable in 18 binary steps.

2 ms, {In 3 byte binary mode with dc zero, offset, limits and calibration
factors turned off.)

LINE
FREQUENCY

FILTER
MODE

4 SAMPLES/
READING

32 BAMPLES/
READING

128 SAMPLES/
READING

50 hertz
50 hertz
60 hertz
60 hertz

Fast
Slow
Fast

60 dB
85 dB
60 dB
20 db

70 dB
90 4B
70 dB
25 dB

75 dB
26 di
75 dB
100 dB

Common Mode Rejection

160 dB at 60 hertz with 1 k1 in series with either lead, and 4 samples or
maora per reading. Greater than or equal to 100 dB with less than 4
samples per reading.




Table 1-3. Specifications {cont)

DC RATIO
Accuracy

EXTERNAL REFERENCE VOLTAGE" ACCURACY!

+20V to 40V ' (A + B + 0.001%)
Vi to 20V | (A + B + (0.02% / [Virol )

*Maximurm External Reference Voltage = 40V between External Reference Hl and 1O terminéls.
providing neither terminal is greater than 20V relative to the Sense LO or Ohms Guard? terminals,

Operating Characteristics
INPUT IMPEDANCE .... External Referance H! or LO 10,000 ML} relative to Ohms Guard? or

Sense LO.

BIAS CURBENT ....iivvverainnnnnns . External Reference H! or LO relative to Ohms Guard? or Sense LO <5
nA.

Resistive Unbalance (External Reference H! to O} <4 kQ. Total
Resistance to Sense LO from either External Reference Hl or LO <20
kO,

MAXIMUM OVERLOAD VOLTAGE ... +180V dc or peak ac (relative to Ohms Guard? or Sense | O). 300V de
or peak ac (External Reference M1 to LO). '

SOURCE IMPEDANCE

NOISE REJECTION

INFUT

TEAMINALS

NORMAL MODE

COMMON MODE

Sense

External
Reference

Same as dc volts

line frequency and
2% line frequency
=100 B

Same as de volts

line frequency and
2% line frequency
=75 dB

RESFPONSE TIME
Analog Settling Time

FILTER MODE FILTER TO 0.01% OF TO 0.001% OF
COMMAND STEP CHANGE STEP CHANGE

Bypassed F1 2ms 20 ms
Fast FO or F3 40 ms &0 ms
Slow F or F2 400 ms . 500 m3%

NOTES: (DC Ratio)
1A = 10V do rangse accuracy for the apprapriate period of time.

B = Input signal function and range accuracy for the appropriate period of time.

Vmin = Minimum allowable External Reference Valtage = £0.0001V, ot Vinput /10° (whichever is greatar}.
|Vwrer] = Absolute value of the External Reference Valtage

¥0hms Guard is available through the rear input.




Table 1-3. Specifications {cont)

DC RATIC {cont)
Operating Characteristics {cont)

Digitizing Time For 2° to 2 samples per reading digitizing time is from 196 ms to8
minutes 6 seconds using a 60 Hz ac line with times increasing 20%
using & &0 Hz ac line. Selectable in 18 binary steps.

MAXIMUM RATIO DISPLAY =+1.00000 E+9

EXTERNMNAL TRIGGER INPUT

Polarlty + May be wired internally for aither rising or falling edge. Factory wired
for falling edge,

High Level +4.3V (minimum)

Low Level +0.7V (maximum)
10 & (minimum)

Conhector BNC with the outer shell at interface common

Maximum Input

Maximum Shell to Ground Voltage

SCAN ADVANCE QUTPUT

Polarity Positive
High Level =4V (TTL High)
Low Level <+H0.7V (TTL Low)
. 3 us {minimum)
Connectar BNC with the outer shell at interface common
Marximum Sheil to Ground Voltage

43.18 em
{(17.0 in)

13.25 em =
in 5.72 ¢
{5.219 in) % in)j

l 7_t_:D_

— 3,77 cm FRONT VIEW
(1.484 in)

41.668 ¢m {16.4 in)
46.23 em (18.2 in)

RIGHT SIDE VIEW

Flgure 1-1. Dimension Drawing




2-1. INTRODUCTION

2-2. Installation and operation of the multimeter are
explaincd in this section. These instructions should be
read thoroughly prior to multimeter operation. Once a
familiarization with the instrument is achieved, parts of
this seetion serve as a quick reference. Explanations and
applications are provided for all standard functions and
operations. Should any difficulties atise, contact your
nearest Fluke Sales Representative (listed in Section 7) or
the John Fluke Mfg. Co., Inc.; (P.O. Box C3090; Everett,
WA 08206; tel. (206) 342-6300).

2-3, SHIPPING INFORMATION

2-4. The multimeter is packaged and shipped in 2 foam-
packed container. Upon receipt of the instrument, a
thorough inspection should be made to reveal any
possible shipping damage. Special instructions for
inspection and claims are included with the shipping
container.

2-5. if reshipment is necessary, the original container
should be used. If the original container is not available, a
new container can be obtained from John Fluke Mfg.
Co., Inc. Please reference the instrument model number
when requesting a new shipping container.

2-6. INSTALLATION

2-7. Non-marring feet and a tilt-down bail arrangement
arc installed on the instrument for field or bench use, A
rack-mounting kit and rack slides are available for use
with the standard 19-inch equipment racks. Information
regarding installation and rack-mounting accessories is
contained in Section 6.

2-%. The multimeter operates from 100, 120, 220,0r
240V ac 109 at 30 or 60 Hz.

B | Section 2
Operating Instructions

WARNING

TO AVOID ELECTRICAL SHOCK, PROPER-
LY GROUND THE CHA$$IS. A GROUND
CONNECTION IS PROVIDED ON THE
THREE-PRONG POWER CONNECTOR. IF
PROPER GROUND IN YOUR POWER
SYSTEM IS IN DOUBT, MAKE A SEPARATE
GROUND CONNECTION TO THE REAR
PANEL CHASSIS BINDING POST.
OTHERWISE, THE POSSIBILITY OF
EILECTRICAL SHOCK MAY EXIST IF HIGH
VOLTAGE |5 MEASURED WITH THE LLEADS
REVERSED (INPUT HI GROUNDED).

2-9. QOPERATING FEATURES

2-10. Front and rear panel features are illustrated in
Figure 2-1 and described in Table 2-1. Use this
information for initial familiarization with the
multimeter. A full explanation of all features is presented
later in this section,

2-11. OPERATING NOTES

2-12. input Power

2-13. A binding post on the rear panel has been
provided as an earth ground connection. Line voltage
selection (100, 120, 220, or 240V ac) is explained in
Section 4. With the exception of slower reading ratesand
filter time-outs, operation at 50 Hz is identical to that at
60 Hz.

2-14. Fuse Location

2.15. The line fuse (0.5A MDL Slow Blow for 100 or
120V ac, or 0.25 MDL Slow Blow for 220 or 240V ac) is
located on the lower right side of the rear panel (next to
the power connector). The current and ohms protection
fuse(1.5A AGC)is located in the lower right-hand corner
of the front panel for front input connections and on the
left side of the rear panel {as seen from the rear) for rear

2-1
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Figure 2-1. Controls, Indicators, and Connectors

Table 2-1. Controls, indicalors, and Connectors

NAME

DESCRIPTION

Mantissa Field

Exponent Field

Function Annunciators

TRIGGER Push Buttons

FUNCTION Push Buttons

RANGE Push Buttons

ZERO Push Button

Displays 5%, 6%, or 7% digits with decimal point. Also displays errors,
overrange warnings, underrange warnings (V AC only), prompts, numerics,
recalled values, and hmits indications.

Polarity and vaiue of exponent shawn for engineering notation of display
value.

Annunciator(s) light to indicate function selected.

TRIGGER push buttons are used to select continuous (AUTO) or individual
{(MANUAL/EXTERNAL) measurement triggers.

These buttons are used to select any of nine measurement functions: ac volts
(Hi ACCUR, ENH'D, NORMAL); dc velts (V DC); dc coupled ac volts
{simultaneously push V DC and one of the three ac volts buttons); resistance
(OHMS), or dc current (A DC).

AUTO toggles into/out of Autoranging mode, changing range only when
necessary.

(Up)/(Down) push buttons exit Autoranging and increase/decrease one
range with first use. Each succeeding use steps to the next higher/
lower range (if available}.

Used to toggle into/out of the Zero mode (V DC or OHMS only). A new zero
value is stored each time the mode is entered. This value is applied to the
selected range and to all higher ranges within the same functicn. Also used to
recall zero values. Refer to text for use with Calibration Memaory.




Table 2-1. Controls, Indicators, and Connectors (cont)

NAME

DESCRIPTION

MEMORY Fush Buttons

Average Push Button

Input Terminals

Guard Selactor

Qhms Selector

Rear Input Selector

Gurrent/Qhms Fuse
MODIFIER Push Buttons

Numeric Push Buttons

CONTROL Push Buttons

Status Annunciators

STORE is used to initiate memory entry for displayed values or numeric
entries. :

RECALL commands display of a memary vaiue.

HI/LO are used when storing or recalling fimit values, or recalling peak
values.

AVG toggles into/out of Averaging mode in V DC, OHMS, or A DC, and
enables extended reselution in V AC.

Measurement connections,

GUARD is connected to SENSE LO when disengaged (out); GUARD is
flcated to allow external connection when engaged (in).

Push in for 4-wire chms measurements using OHMS SENSE (HI, LO) and
OHMS SOURCE (M1, LO) terminals. Push again to disengage for 2-wire ohms
measurements using OHMS SENSE (M1, LO) terminals. In V AL functions,
use of the 4T position is recommended to minimize input capacitance. The

' Ohms Selector has no affect on rear inputs.

Push in to connect rear analog input terminals and disconnect front
terminals. Push again to digsengage, reconnecting front terminals and
disconnecting rear terminals. Position of the switch can be sensed remately.

Use AGC 1.5A.

SAMPLE selects the number of samples-per-reading in V DC, OHMS, or A
DC. (Not used in V AG).
FILTER selects the filter mode.

OFFSET
SCALING
EXT REF

Mathematic Operations
that modify the
reading value,

LIMITS Special Operations that modify
PEAK the use of the reading.

Whan enabled by initially pushing the STORE button, thesa push buttons can
be usad to enter numerics, exponents, and related polarity signs.

RESET initiates a power-up reset.
LCL/RMT usage depends on the remote interface in use:
a. If the IEEE Interface {-05) is used, LCL/RMT toggles from remote 1o
local, but not from iocal to remote.
b, If the Bit Serial (-08) or Parallel (-07) Interface is used, LCL/RMT
toggles between local and ramote.

SAMPLE flashes to show a new reading in progress.

FILTER lights whenever a slow filter Is selected.

AUTO lights for Autoranging.

EXT lights when External Referance is enabled (disables Scaling).

AVG/{CAL) lights (steady) for Averaging mode or flashes for Calibration
made. ‘

ZERO lights when a zero correction value is in use (V DG, OHMS only).

OFFSET lights when Offset mode Is enabled.

SCALE lights when Scaling mode is selected (disables External Reference).

PEAK lights when Peak mode is enabled.

REMOTE lights when the multimeter Is controlled through a remota
interface.

2-3




Table 2-1. Controls, indicators, and Connectors (cont)

NAME DESCRIPTION

POWER Switch Push ON/push OFF. Calibration mode must be off before cycling power on or

off.

Scan Advance Quiput TTL compatible control signals to external scanner (60-chm output

impedance).
Chassis Ground Binding post for ground connections.

Remote Interface Connector on optional remote interface module.

Fower Connector Three-prong connector accepting line cord with ground wire.

Use 1/2A Stow Blaw for 100 or 120V ac. 1/4A Slow Blow for 220 or 240V ac.
Refer to Fuse Replacement in Section 4.

Line Fuse

Calibration Switch Activates Calibration mode (AVG/(CAL) annunciator flashes),

External Trigger Enabled by front panel MANUAL/EXTERNAL push button.

Rear Analog Input Alternate connections for all front panel inputs (enabled when Rear Input
Selector on front panet is pushed in). EXT REF HI and LO inputs are also

included, hut are not switched.

Rear Input Fuse Use AGC 1.5A,

remote control, The resistance and de current modules
(Options 02 and 03 respectively) cannot be installed at the
same time. If it is necessary to check, install or replace
modules, refer to Module Installation and Removal
procedures in Section 4,

input connections. Refer to Fuse Replacement in Section
4 before replacing any fuse,

2-16. Required Hardware

2-17. The multimeter must be equipped with the
following modules for standard operation (¢ volts and de
vohs). 2-19. An“Error 9" indication appears in the multimeter
display whenever a function is selected and the respective
funetion module is faulty or missing, Refer to Error
Codes later in this section for error descriptions and
remedies. At power-up, the multimeter identifies the
hardware configuration by displaying “C*'and a series of
alphanumerics. The Thermal True-RMS Converter is
identified as “A”. Optional modulcs are identified by the
respective option number, An “8” appears in the
exponent display at power-up or resct when the Isolatoris
installed. For example, a multimeter configured with the
Current Shunts (Option 03), the [EEE Remote Interface
(Option 05), and the Isolatoris identified with 2 power-up
display of “C35A 8.

l. Controller (blank display if not installed)

2. Active Filter (Error 2 if not installed)
A/ Converter (Error 5 if not installed)
Isolator (Error 9 at power-up if not installed)
DC Signal Conditioner (Error 9 if not installed)
Thermal True-RMS Converter

NOTE

The Thermal True-RMS Converter is the only 2-20. Power-Up Configuration

ac converter that can be used in the 8506 A. If 2-21. At power initialization, or whenever the RESET

anather type of ac converter is installed in the button is pushed, the multimeter assumes the power-up

8506A, an Error E condirion will be specified configuration. Basically, the instrument assumes the

ar power-up or reset, V DC function, 1000V manual range, filter mode FOQ,
sample factor 7, with all modes and values disabled. The

2-18.  Additional modules are necessary when using the
multimeter in resistance or de current functions or for

power-up (ot reset) configuration is fully defined in Table
2-2.




Table 2-2. Default Configurations

POWER-UP OR RESET - SELECTION OF NEW FUNCTION {1)
CONDITION DISPLAY CONDITION DISPLAY

Function DC Volts VDG on : MNew Function . | VDG VAC,ADC,or
. . | OHMS on

Range . 1000V Manual AUTO off Auteranging : ‘ AUTO on

Trigger Auto SAMPLE flashes Retains Previous Trigger Mode | SAMPLE flaghing or off

Filter FO FILTER oft Sea Notes 2,3 and chart - FILTER on or off

Sample 7 SAMPLE flashes See Note 3 and chart SAMPLE tlashes

Offaet . Off, Value 0 OFFSET off Off, retains value QFFSET off

Scaling Off, Value 1 | SCALE off Off, ratains value SCALE off

External Reference | Off, Note 4 EXT REF off Off, retains last value EXT REF off

|__Lirits Off, Valye O Normal Display - Off, retains value Normal Digpla ‘ i
Paak Off PEAR off Off, retains last values FEAR off

Averaging Off AVG/(CAL) not on steady | OFf (3) AVG/ACAL)Y not on steady

Zoro On, Cal ZERO on Ratains mode values and ZERO on (VDC,0HME)
Memory Values state (3) or off

Calibration Mode | Note 5 . . Note 5

Notes:
1, Re-zalection of the same function sets autoranging (AUTO on), but retains all other mode values and states.
2. InVAC functions, only filtar modes F and FO are allowed. In VDG, OHMS, or ADG, filter modes F, FO, F1, F2, and Fl are allowed.

3, Averaging mode is available in VDG, OHMS, and ADC only. The AVG button can also be usad in VAC functions to command
extended resolution only. If Avaraging modewas in effect, selecting VDG, OMMS, or ADC sets filter mode FO and samplesetting 7. If
VDG, OHMS, or ADC is re-selacted without changing the function, the state of Average mode Is notchanged, and tha existing filter
mode and sample setting are retained.

4. The External Reference value is initialized to the multimeter software number whenaver power-up of reset cocurs. RECALL.
EXT REF can then be used to display this number. Any subsequent activation of External Referance moda replaces the software
number with the actual external raference value. Whils in VAGC functions, EXT REF cannot be used to either recall the software
number or activate External Refarence mode.

& The Calibration mode state is on or oft solely dependent on the position of the rear panal Calibration Switch. Do not cyclepower
on or off with this switch ON. .

Calibration mode entries are applied to the reading as follows:
a. Gain correction factors are always applied (Calibration mode on or off),

b. Zero values are applied whanever Zero mode Is on (Calibration mode on or off, VDT or OHME selected). However, the
zaro values used depard on the Calibration mode state. If Galibration modae is on, the values used are those storad in
Calibration Mamory. If Calibration mode is off, the Galibration Memory values are lcaded into a temporary memory at powaer-
up or reset, Temporary memary valugs are retained at function setection and ¢an be changed (when Calibration mode ig off}
without affecting the values stored in Calibration Memaory.

vO&
TO: VAC  OHMS
‘ - ADG

If manual ranging, retains manual ranging and previous range. : . ‘
If autoranging, retains autoranging beglinning at previous range. Filter mode retained.

Autoranging

Begins at highest range (1000V, 100 Magohms, or 1A}
Retaing previous filter mode (F or FO)

Sample factor 7

Autoranging
Bagine at r500
Flitar mode off (FO)

Autgranging )

Begins at highest range (1000V, 100 Megohms, or 1A)
Rotains previous filter mode (F, FO, F1, F2, or F3)
Retaing previous sample factor




8506A

2-22. Display

2-23. MEASUREMENT READING

2-24. The measurement display consists of mantissa and
exponent fields, The mantissa presents polarity, 5-1/2, 6-
1/2 or 7-1/2 digit resclution (range and function
dependent) and autematic decimal placement. In
addition, the mantissa displays range identifiers (V AC
only), numeric storing entries, recalled values, error and
warning information, and interactive programming
information (prompts).

2-25. When very large or small readings are displayed,
the exponent field is also used to maintain maximum
resolution. A negative exponent field polarity indicates
multiplication of the mantissa by the displayed power of
ten (-3 means .00I). A positive exponent field polanty
indicates multiplication of the mantissa (+3 means 1000).
Exponent values of -6, -3, +3.80r +6 are available for
displayed readings. Additional exponents of -9 or 19 are
displayed when storing offset or scaling factors entered
with the front panel push buttons,

2-26. The measurement display is altered under certain
conditions. Use of the AVG pushbutton changes display
resolution in some range and function combinations,
When AVG is pushed (Average mode enabled,
AVYG/(CAL) annunciator on) in the V DC, A DC, or
OHMS function, an extra digit of resolution is provided
in certain ranges. V DC (10V range) now displays 7-1/2
digits (4-1/2 digits are still displayed in the other V DC
ranges). A DC displays 6-1/2 digits in all applicable
ranges while the multimeter is in the Averaging mode. In
the OHMS function, a total of 6-1/2 digits is available in
all ranges. Average mode is not available in any V AC
function, but the AVG pushbutton can stil]l be used to
enable extended resolution. Resolution in each range and
function is summarized in Table 2-3. The display is
significantly altered when the Limits mode is selected (any
funetion). The entire measurement display is then
devoted to an indication of HI, LO, or PASS,

2-27. ANNUNCIATORS

2-28. Selecting a valid function causes the respective
annunciator(s) to light. One annunciator lights if ac volts
high accuracy (H!I ACCUR), ac volts pormal
(NORMAL), de volts (V DC), resistance (QHMS), or de
current (A D) is selecied. Two annunciators iight if ac
volts enhanced (ENH'D) or ac volts normal (or high
accuracy) and dc coupled ac volts (HI ACCUR + V DC,
or NORMAL + V DC) are selected. Three annunciators
light when de coupled ac volts enhanced (ENH'D + V
DC) is selected. Ordinarily, the V DC annuneiator lights
in the power-up or reset configuration.

2-29.  Status anpunciators light to signify various modes
of operation. Annunciators (as defined in parentheses)
light when any of the following modes are enabled: Peak
(PEAK), Scaling (S8CALE), or External Reference

]

(EXT), Averaging (AVG), Offset (OFFSET),
Autoranging (AUTO), or V DC/Qhms Zero (ZERQ).
The FILTER annunciator lights (steadily) whenever the
slow filter is selected (filter on mode in V AC). With a
distinctive display of HI, LO, or PASS, the Limits mode
requires no scparate status annuneciator,

2-30. The SAMPLE annuneiator blinks to signify a new
reading in progress. Depending on the function selected,
two response patterns are available, If the multimeter js in
one of the ac volts functions (NORMAL, HI ACCUR, or
ENH'D), SAMPLE blinks at predetermined rates. AC
Volts High Accuracy causes SAMPLE to blink on once
every six seconds. AC Volts Normal causes SAMPLE to
blink on once every 0.5 second. AC Volts Enhanced
causes SAMPLE to blink on once as an initial high
accuracy reading is taken, then (after six seconds) to
continue blinking once every 0.5 second.

2-31.  When the multimeter is sct for dc volts, resistance,
or d¢ current functions, the SAMPLE annunciator
ftashes at the reading (display update) rate for sample
settings from O through 7. The flash rate for sample
settings 0, 1, and 2 is very rapid and causes the SAMPLE
annunciator to appear to be steadily lighted. For sample
settings from 8 through 17, the SAMPLE annunciator
flashes at the sample setting 7 rate only. Since these higher
sample settings may require considerable time for a
display update, this feature Is necessary to insure that the
operator is aware of a reading in progress.

2-32. RANGE IDENTIFIER
2-33. The multimeter momentarily displays a range

. identifier whenever a vV AC function is selected and when

a new range is selected in 2 V AC function, For exampie,
500 is displayed when a V AC function is selected (and
the previous function was V DC, A DC, ar QHMS).
When changing from one V AC function to another, the
previously enabled range is retained and momentarily
displayed. The appropriate range identifier is displayed
for any subsequent range change (whether the instrument
is in auto or manual ranging), The range can be verified at
any time by reselecting the same V AC function. This
action causes no change in the multimeter, other than a
momentary interruption of measurements (during which
the range identifier is displayed). In V DC, A DC, and
OHMS functions, the range is identified by the position
of the decimal point.

2-34. OVERRANGE INDICATION
NOTE

The accuracy of a VAC reading is a function
of the input level Therefore, accuracy is
specified within the minimum and overrange
input levels defined in Table 2-4. VAC inputs
outside this range are not displaved.

‘;h




Table 2-3. Display

The reading {with decimal point) Is displayed as shown in each function and range, The uze of mathematic
operations (SCALING or EXT REF and OFFSET) may alter these patterns. The use of LIMITS causes a digplay of
HI, LO, or PASS, '
VvV AC
RANGE IDENTIFIER™ NORMAL RESOLUTION

r100 (-3) /8 8.68888 -3
300 (-3) ,859.8998 . -3
r L]

3 . 8

ro , .

(30 . 8

1100 ! .

(500

(Additional digit in V AC extended resolution is shown in lighter print.)

PISPFLAY
EXPONENT

-3

z
=

]

moOmom 3
M O m @ m
Oomoomg
O m mom
Hommm

+ 8
+ g,
+ g
+ 8
+ 8

UZIU:JEBEIJL'D

100
1000
1kQ
10 kO
100 k02
1MQ
10 MO
100 MO

mDooooo oo

100 pA
1mA
10 mA
100 mA .

1A +3.888888

(Additional digit in averaging mode is shown in lighter print.)

LoD | DCOOODO®ODm
omDhon | cobhoodom
Domon | Dhooboom
DmOon | OOHOMooDoom
mMOmOc | OmMDHomom
o oo OO Eommo

o m oo

H YW B W




Table 2-4. Operating Range

UNDERRANGE
(LLLLLL)

MINIMLUM
SPECIFIED
LEVEL

OVERRANGE
{(HHHHHH)

6.25 mV
20 mv
625 mv
200 mv
625 mv
2v
6,25V
30V

12.5 mv
40 mv
126 mv
400 mv
1.25v
4y
12,6V
60v

125 mv
400 mv
1.25V
4
12.5v
40V
126V
600V

OVERRANGE
{(HAHHREH)

200 mv
2V
20V
128v
1200V

OVERRANGE
(HHHHHH)

250 uA
2 mA
16 mA
128 mA
1.20A

OVERRANGE
{(HHHHHH)

2002
2000

2 kQ)
25 k(3
250 k)
4.1 MQ
35 MO
265 MQ

2-35. The measurement display presents a distinct
indication when overrange inputs are detected in any
function. An input voltage exceeding the full scale value
for the range selected causes a display of HHHHHH. In
V AC functions, full scale values approximate maximum
specified levels (as required to maintain accuracy). The
overrange indication therefore also serves as an upper
accuracy limit indication.

2-36. LOW INPUT INDICATION
2-37. The multimeter notifies the userif the input levet is

100 low to maintain specified reading accuraey (V AC

functions only). If a V AC function is selected, LLLLLL is
displayed whenever the input voltage is less than
approximately 5% of full scale.

2-38. WARNING INDICATION
2-39. When in the Scaling, External Reference, Offset
or Limits mode, there may be no readily discernible

2-8

display of the true measurement value. In these modes of
operation, the multimeter provides a distinctive display
when the voltage is 30V or higher at the front panel input
connections, I this voltage exceeds the overload point for
the range in use, the Overrange Indication (flashing
HHHHHH) is displayed. If this voltage does not exceed
the range overload point, a single H is flashed in the
exponent display.

NOTE

Flashing indicators in the digit or exponent
display are a warning only; they have no effect
on instrument operation.

2-40. ERROR CODES

241, Error codes offer considerable help in identifying
improper procedures or equipment configurations. These
codes are explained in Table 2-5,




Table 2-5. Error Codes

function annunciator remaing on during & momentary error condition.)

CODE
Error 0

Error 1

Error 6
Error 7

Efror 8
Error A

Error b
Error C

Error d

Error H

Error

Error 2
Error 3

Error 4

MOMENTARY ERROR CONDITIONS
(The reading in progress is aborted, but multimeter operation is automatically restored with the next trigger. The

FAULT
V DC/Ohm Zero, zero attempted in wrong
function (not V BC or OHMS) or an overrange
has been entered.

Store attempted during overrange condition.

Display overflow error.

External Reference error - voltage on one
input exceeds 20V dc.

Controlier module is faulty.

Mlegal push button usage in any of the three
V AC modes.

lllegal push button sequence in Calibration
mode.

trvalid push button sequence, or illegal value
enterad.

Calibration Memaory chip faulty or not instafled.
Qccurs when storing into, or recalling from,
Calibration Memory,

Cal Memory check-sum problem,

Ohms connection problem,

SOLUTION :

Check function. Only V DC or OHMS are

permissible.

Change to higher range, or (if atoring cal cor-
rection factors) use lower value source,

Check offset and scaling vaiues.
Revise external reference input.

Power off: replace Controller module,
Use correct button(s).

Wait till display clears. Use correct sequence.

Wait till display ¢lears, Use correct sequence

or value within limits,

Replace ar install Calibration Memory chip.

Try new power-up, If necessary, reprogram Cal
Memory. Replacemant of Calibration Memory
may be necessary.

Verify prope'r connections. Check input
protection fuges.

LATCHING ERROR CONDITIONS

{A valid function must be selected to restore multimeter operation. All function annunciators are off during a
latehing error condition.)

System error, usually appears at power-up or
reset,

Filter module faulty or not instalied.

DC Signal Conditioner modue faulty or not
installed,

OHMS, or A DC efror.

Analog to Digital Converter Module error.

Function selection errar. The function module
selected is faulty or not installed. V DC problem
causas Error 3.

At power-up or reset only, an unallowed ac
converter is installed or the Calibration Memaory
module is installad,

Repeat power-up or reset.

Power off; replace or ingtall filter module.

Power off; replace or install DC Signal Con-
ditioner module.

Check for improper input lavel. Check function
causing error indication. Applicable moduie may
need replacament or installation,

Power off, replace or install Analog to Digital
Converter module,

Select valid function to clear error condition.
Power off; replace or instalt appropriate module.

Power off, remove the unallowed ac convertar or
the Calibration Mamory module., The Thermat
True RMS Converter is the only ac converter
ailowed in the B506A. The Calibration Memory is
a standard part of the controller.
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2-42. INTERACTIVE PROGRAMMING INFOR-
MATION

2-43. The multimeter displays prompting messages
during STORE and RECALL operations. Whenever the
STORE hutton is pushed, the display responds with “7",
The operator may now designate cither the displayed
value or keystroked numerics as the programming entry.
If the displaycd reading is being stored, pushing the
appropriate terminator button (SCALING, HE OR LO
for limits, or QFFSET) completes the operation. The
multimeter adopts both the mode specified with the
terminator and the value previously displayed. If
keystroked numerics are being stored, the multimeter
displays the digits as they are entered from the front
panel. Once all numbers for a particular mode are
entered, the appropriate terminator button (SCALING,
HI, LO, OFFSET) is pushed. With V DC, OHME, or
A DC functions, keystroked numerics can be used to
enter the filter mode and sample factor. When either the
displayed value or keystroked numerics have been
entered, the display resumes the measurement reading
function (or HI, LO, PASS in the Limits mode) when the
terminator button is pushed.

2-44. The RECALL button commands a display of a
stored factor or value. The procedure requires the
following two steps when recalling the offset value, the

scaling factor, the filter mode, the sample setting, or the
zero value

1. Push the RECALL button (display responds
with “I™),

2. Push the appropriate terminator button
(OFFSET, SCALING, FILTER, SAMPLE or
ZERO). The respective value is displayed aslongas
the terminator button is held depressed. Once the
terminator button is released, the multimeter
resumes operation; ho mode or value is changed.

2-45. Three push button steps are required to recall a
limit or peak value. First press RECALL (*77). Then
specify whether upper or lower limit or peak is desired by
pressing HI or LO (display responds with “YES?").
Finally, push the appropriate terminator button
(LIMITS or PEAK).

2-48, Front Panel Push Buttons

247, The multimeter employs 26 color-coded push
buttons on the front panel. Most of the push buttons
control more than one function. For example, many
mode control push buttons also serve as numeric entry
push buttons when used during a store operation. The
number of keystrokes required for any operation is kept
to a minimum. Refer to Figure 2-2 for a description of
gach push button and, where applicable, examples of
typical programining operations.

2-10

248. Operation of the multimeter is straightforward.
Preset measurement configurations arc made at power-
up, reset, or function sclection. Programmed values are
retained whenever the range or function is changed.
Desired mode changes are made independently following
a programming hierarchy of:

1. Measurement Parameters
2. Mathematic Operations

3, Special Operations

2.49. Measurement parameters define operations that
affect the resolution, stability, and accuracy of the
reading. Depending on the function selected, a specific set
of parameters is available. In V AC functions (HI
ACCUR, ENH'D, NORMAL), range, filter, cxtended
resolution, and trigger may be specified. In V DC,
OHMS, and A DC functions, range, filter, trigger,
sample, and averaging may be specified. The Zero
operation can be performed in the V DC and OHMS
functions only.

2-50. Mathematic operations (External Reference or
Scaling, Offset) alter the reading to operator
requirements. For example, when Offset is used, only the
difference between the reading and the offset value is
displayed. External Reference may not be used in V AC
functions.

2-51. Special operations (LIMITS, PEAK) specify how
the reading is used. For example, Peak mode can be used
to continuously update a record of the highest and lowest
readings, and/ or Limits mode may be used for a HI, LO,
or PASS display of the measurcment reading. A
comprehensive setup routine is summarized in Figure 2-3.
All or part of this routine can be used to cstablish or
change measurement parameters, mathematic
operations, or special operations.

2-52. Use the push buttons in a steady and methodical
manner when programming the multimeter. Error codes
usually identify any programming problem and specify 2
solution (refer to Table 2-5). A numeric entry may be
aborted at any time prior to termination by pushing the
CE button. The multimeter responds by displaying “7™
another numeric entry may now be made, or the displayed
value may be stored by pushing the desired terminator
button. A store or recall operation may be entirely
aborted prior to execution by pressing STORE or
RECALL a second time. The multimeter reverts to its
state prior to the store or recall once a momentary Error C
condition elapses.




The FUNGTION push buttons allow selection of the analog measurement function. Standard functions includg; ac
volts (NORMAL, ENH'D, HI ACCUR) and dcvelts (V DC). Optional functions include resistance (OHMS) and current

(A DC).

Hi ACCUR

NORMAL

Push HI ACGUR far maximum ac volts accuracy with six second reading times. Eight ranges are
available (100 mV, 300 mv, 1V, 3V, 10V, 30V, 100V, 500V). Standard resolution is 3% digits on all
ranges. Extanded resolution (6% digits) is available when the AVG button is pushed,

Push ENMD for an initial HI ACCUR measurement, which is used to correct s bsequent
measurements made at NORMAL modse speed. The same eight ranges are available. Extended
resolution (6% digits) is available when the AVG button is pushed.

Push NORMAL for somewhat reduced ac volts accuracy, but with fast reading times. The same
eight ranges are available. Extended resolution (6% digits) is available when the AVG button is
pushed.

Push V DC for dc voltage measurements with 6% digit resolution on five ranges {100 mV, 1V, 10V,
100V, 1000V).

Push OHMS to make resistance measurements with 5'% or 61 digit resolution on eight ranges (10
ohms, 100 ohms, 1 kilohm, 10 kilahms, 100 kilohms, 1 Megohm, 10 Megohms, 100 Megohms). The
Ohms Convarter madule (Option 02) must be installed.

NOTE

Either two-wire or four-wire registance measurements can be made. Refer to
Measurement Terminals and Controls.

Push A DG for de current measurements with 5% digit resolution on five ranges (100 uA, 1 mA, 10
mA, 100 mA, 1A). The Current Shunts module (Option 03) must be installed.

Figure 2-2. Front Panel Push Buttons




MANUAL/
EXTERNAL

The AUTO (trigger) push button selects the Aute Trigger mode. A flashing SAMPLE annunciator
verifies Auto Trigger operation.

If used in Auto Trigger mode, the MANUAL/EXTERNAL push button disables the Auto Trigger
mode (SAMPLE annunciator stops flashing), enables the front panel Manual Triggering mode, and
arms the External Triggering mode. If used in Manual Trigger mode, the MANUAL/EXTERNAL
push button triggers a new measurement: any reading already in progress is aborted and the new
reading begun immediately, The display, once updated, is held until the next manual trigger. An
external trigger applied through the rear panel external trigger jack similarly commands a new
reading. Anexternal trigger applied simultaneously with a front panel manuai trigger will be
ignored, AUTO must be pushed to reenter the Aute Triggering mode.

AUTO RANGE toggles into/out of the Autaranging made, changing the existing range if necessary.
The AUTO annunciator lights when Autoranging is selected.

Each use of this manual ranging push button selects the next higher available range. If AUTO was
previously activated, use of the up-range push button toggles out of Autoranging (AUTO
annunciator off) and steps to the next higher range. No range change is effected if the multimeter is
already in the highest range.

Use of the down-range push button causes the multimeter to toggle out of Autoranging (AUTC
annunciator off) and assume the next lower available range. Each successive use of the down-
range button selects the next lower range. No range change is effected if the multimater is atready
in the lowest range.

Figure 2-2. Front Panel Push Buitons (cont)




LCL/RMT

R

The RESET push button is powerful: all modes and stored values (other than calibration factors}
are lost if RESET is pressed. Once RESET is used, the multimeter assumes the Power-Up
configuration (without actual power loss). Temporary zero values are replaced with zero values
stored in Calibration Memory,

Depending on the remote interface being used, pushing the LCL/RMT button may cause one of
three multimeter responses.

1) Ifthe IEEE Interface (Option 05) is installed, LOL/AMT can be used to command local
cantrol only if the multimeter is already in remote control. LCL/RMT cannot command
remaote control. ‘

2.) Ifthe Bit Serial Interface (Option 06) or the Paratlal interface (Option 07) is installed,
LCL/RMT can be used to alternately select local or remote control.

3) If no remote interface is installed, use of LCL/RMT causes a latching error condition.

LIMITS

The EXT REF button toggles into/out of the External Reference mode in ¥V DC, OHMS, and ADC
functions only. Either External Reference or Scaling may be enabled: selection of one mode
disables the other. After power-up or reset, RECALL EXT REF can be used to identify the software
version.

NOTE

The external reference voltage, applied through the rear input connector, is
displayed as long as EXT REF is held depressed.

The LIMITS push button toggles into/out of the Limits mode without changing stored limits values.
A display of HI, LO, or PASS denotes use of the Limits mode.

The PEAK push button toggles into/out of the Peak mode. While in the Peak mode (PEAK
annunciator lighted), a continuously updated record of the highest and lowest reading values is
stored. These values are also held in memory after the mode is disabled. Resntry into the Peak
mode causes previously recorded values to be erased and a new series of peak values to he stored.

Figure 2-2. Front Panel Push Buttons (cont)




SAMPLE

FILTER

QFFSET

-
=
i 1
[E—

{(CAL DATE)

SCALING

Ifthedcvolts (V DC), resistance {OHMS), ordccurrent (A DG} function is selected, SAMPLE can be
used to select the number of samples to be averaged for each display update. SAMPLE cannat be
used in V AC functions.

AC Volts functions normally use filter mode FO. The filter can be selected for these functions {ifthe
input frequancy is less than 40 Hz) by pushing FILTER. The accuracy of the instrument is degraded
if the filter is selected for higher input frequencies.

VDG, ADG, orOHMS s selected, FILTER can be used to toggle between the sfow filter (mode F -
FILTER annunciator on} and the fast filter (FO - FILTER annunciator off). Alternately, any of five
combinations of filter and timeouts can be selected as programmed numerics.

The OFFSET push buttoan can be used to toggle into/out of the Offset mode (OFFSET annunciator
lights). Two methods are avajlable for simultaneously entering an offset value and activating the
Oftset mode.

1) A numerie value may be entered using a store sequence. For example, store an oftset
of 1.25 as follows:

STORE 1 2 5 OFFSET

2.} A displayed reading can be stored as the offset value. Use the following sequence:

STORE QFFSET

NOTE

In some instances, the displayed vatue may not be an appropriate offset value. For
example, if the displayed value is being used to zero the multimeter, itis important
to verify that no other mathernatic operations are in effect. tn such a case, check
that OFFSET, SCALING, and EXT REF annunciatars are all off before storing a
new offset vaiueg,

When the multimeter is inthe Calibration mode (AVG/(CAL) annunciator flashes), the (CAL DATE)
push button is used to enter six digits which either dencte the date or identify the multimeter by
number. These digits may be recalled at any time.

The SCALING push button can be used ta toggle into/out of the Scaling mode without affecting
any scaling value already stored. Either of the following two methods can be used to store a new
scaling factor and enable the Sealing mode:

1.} Use the foltowing sequerce to store the display as a scaling factor;
STORE SCALING
2) Numeric entry scaling values may be programmed using the following procedure:;
STORE

(numerics) SCALING

With either methed, the Scaling mode is entered with the initial use of the SCALING button,

NOTE

Verify that the displayed value is the desired scaling value. Any mathematic
operations (SCALING, EXT REF, OFF3ET) already in effect must be cancetled if
the actual measurement is desired as the scaling value. To cancel any of these
modes, toggle SCALING, EXT REF, or OFFSET and verify that the respective
annunciators are dark,

Figure 2-2. Front Panel Push Buttons {(cont)




f ‘: With the rmultimeter in Galibration mode, calibration correction factors can be entared for each
1! range inV DG, OHMS, and A DC functions. Correction factors can also be stored at a frequency of
interast in V AC functions. Correction factors are automatically applied to the uncorrected reading.

{CAL COR) Uncorrected readings can e recalled when the Calibration mode is either enabled or disabled.

Refer to Calibration Mode [ater in this section.

STORE is used as a first step in programming certain meésurement parameters, mathematic
operations, or special operations, STORE is the only push button that can activate the numeric
entry keys. The multimeter prompts the second step by displaying "?". Followingis a list of ETORE
operations:

Measurement Parameters (for V DC, OHMS, A DC only):

0-17 SAMPLE
S5TORE
0,1,2,3 or

FILTER
no key

Mathematic Operations:

To store the displayed value as an offset or sealing value and enter the respective mode:

{ OFFSET

STORE SCALING

To store a numeric entry as an offset or scaling value and enter the respective mode:
OFFSET

STORE (numerics) ;
SCALING

Special Operations:

To store the displayed value as a high or low limit and enter the Limits mode:

STORE H
: LO

To store a numeric entry as a high or low limit and enter the Limits mode:

HI
STORE (numerics) [
LO

Figure 2-2, Front Panet Push Buttons (cont)




The multimeter utilizes fourteen dual purpose push buttons as numeric entry keys. When programming sample
settings orfitter modes, a one- or two-digit entry is necessary. When programming limits, or scaﬂ"ng and offset values,
a longer entry may be required. Use the following sequence:

Mantissa Field:  Enter up to seven digits, with decimal point. Teggle polarity (+) button as
required.

Exponent Field:  Push EXP button, then enter a single digit exponent. Toggie the polarity button
again to set the exponent polarity.

Use the CE push button at any time prior to the terminator (last button in a store numeric sequence)
to clear all numerics and revert to 27" display. Fresh numerics may then be entered immediately.

RECALL The RECALL push button can be pressed to recall and display values stored in the Limits, Peak,
Scaling, Offset, Zero, External Reference, (V DC, OHMS, A DC functions only), Sample ar Filter
modes. For recall of uncorrected readings, or calibration dates, refer to Calibration Mode later in
this section. No stored value is affected during the RECALL operation. The recalled value will be
displayed as long as the last push button in the sequence is held depressed.

To racall measurement parameters:

SAMPLE
RECALL
FILTER

To recall mathematic operation values:

OFFSET

SCALING
RECALL
EXT REF {not in V AC)

V DC/OMMS ZERO

To recall a special operation value:

H} LIMITS

RECALL
LO PEAK

Figure 2-2, Front Panel Push Buttons (cont)




The ZERQ push button can be used to store a dc volts zero (any range) or ohms zera (any range).
The zero value stored is also applied on all higher ranges in the same function. For discrete zero
values on each range, zero must be stored sequentially on each range (from lowest to highest). With
the initial button push, a new zera value is stored and the mode is enabled (ZERQ annunciatoron).
Pushing ZERO a second time disables the mode, but retains the previousvalue, A new zerovalueis
stored each time Zero mode is enabled. Refer to text for use with Calibration mode.

The AVG push button can be used to optimize sample and filter factors for each range in V DC,
OHMS, and A DG functions only. In V AC functions, Average mode is not available, but the AVG
butten can be used to command an extra digit of resolution on most ranges.

The HI and LO push buttons are used to store or recall limit values and for recall only of peak values.
Refer to STORE and RECALL push button descriptions for the applicable sequence.

Figure 2-2. Front Panel Push Buttons (cont)

It multiple programming steps are required, use the sequence presented here as a general guide. Use the push
button(s) shown for the action described. ‘

INITIALIZATION

CONFIGURATION AT POWER-UP OR RESET (V DC, 1000V,
manual range, auto trigger, filter mode FO, zero mode on, no
other modes or values). Calibration mode must be off before
power-up.

ACTION PUSH BUTTONS

FUNCTION selection V AC V AC V AC
HI ACCUR ENHD

a. Selecting any V AC
function sets autorange,
filter mode FO.

b. Push V AC HI ACCUR, V AC V AC
ENHD, or V AC NORMAL and NORMAL
V DC simultaneously for
do-coupled ac measurements,

Figure 2-3. Programiming Hierarchy




FUNCTION selection (V DC,
OHMS, A DC}

a. tf previous function was
V AC, the following
conditions are set:
Autoranging
Filter mode retained
Sample factor 7
All mathematic and
special operations values
retained, modes disabled

b. If previous function was

vV RC, OHMS, or A DC. the

following conditions are set;
Autoranging
Previous filter mode retained
Previous sample factor retained
All mathematic and special operations

values retained, modes disabled

Praevious trigoer mode retained

MEASUREMENT PARAMETERS

Measurement parameters establish reading resolution, neise rejection, stability and accuracy.
3 TRIGGER selection

a. If in manual, change
to auto

b. Ifin AUTO. change to
manual

c. Manual triggers

MANUAL/ MANUAL/
EXTERNAL EXTERNAL

RANGE setection

a. Teggle into/out af
autoranging

Figure 2-3. Programming Hierarchy (cont)




b. Select manual
ranging, step to
next higher, {lower) 4 N)
range. ‘

¢, Continue stepping to
available higher,

{lower) ranges. 4 (H * (”

Reading Rate Selection (V DC, OHMS, A DC enly)

a. Toggle between sample SAMPLE SAMPLE
settings 5 (2 exp 5 =
3 and 7 (2exp 7=
128)

b Select any sample SAMPLE
setting from 0 (2 exp
0C=1) 1017 (2 exp 17
=131,072)

FILTER selection | FILTER FILTER

a. vV AC functions only;
toggle between filter
mode FO and F

b. V DG, OHMS, A DC only: FILTER FILTER

toggle between slow .
filter (F) and fast filter (FQ).

0.1,2,3,
c. V DC, OHMS, A DC ondy: or NG KEY) FILTER

select filter F, FO,
F1, F2, or F3.

V DC, OHMS, A DC only:
toggie the Averaging maode
on ar off. In V AC, enables
extended resolution.

V DC/OHMS Zero; toggle on/

off (Vv DG or OHMS only).

New zero stored each time

mode is enablad. Refer to

text for use with Calibration mode.

Figure 2-3, Programming Hierarchy (cont)




MATHEMATIC OFERATIONS

Stop here if only a direct measurement reading is desired. Further steps yield ratio, deviation, percentage variation
and other special readings.

Refer to Applications in this Section for examples.

NOTE

Scaling (or External Reference) is applied first. The result of this
operation is then offset.

SCALING selection (disables External Reference)

a. Store displayed value, STORE SCALING
enter Scaling mede

b. Store numeric value STORE {numeric) SCALING
(non-zero), entar
Scaling mode., f

L

c. Teggle inta/out of SCALING SCALING
Scaling mode while
retaining value.

External Reference EXT REF EXT REF
selection {disables
Scaling) — toggle
an/off. Not available
in V AC functions.

OFFSET selection

a. Store dispiayed value, OFFSET
enter Offset mode

k. Store numeric value, {(numeric)
enter Offset mode

- -

-=d

¢. Toggle into/out of OFFSET CFFSET
Offset mode while
retaining value.

Figure 2-3. Programming Hierarchy (cont)




deviations.
12 LIMITS =zalection

a. Store displayed value,
enter Limits mode

k. Store numeric values,
enter Limits mode

c. Toggle into/out of
Limits mode while
retaining values.

PEAK: teggle into/out

of Peak mode. Previous
peak values are lost each
time the mode is reentered.

SPECIAL OPERATIONS

Use the reading, as modified by any math operations, for comparison with set limits, or record the reading maximum

{(numeric) H! or LO

r=y
]
] ]
Lim w=d

LIMITS LIMITS

Figure 2-3. Programming HIerqrr;hy {cant)

2-53. Measurement Terminals and Controls

2-54. GUARDING

2-55. General

2-56. Guarding may be used to reduce noise and
improve accuracy, Common mode voltages, resulting
from currents and voltage drops between two points
otherwise electrically common, mey cause significant
errory. Proper use of a floating, puarded multimeter
minimizes these errors.

2-57. Generally, guarding should be employed where
long signal leads are used, when signal source impedance
is high, when making mecaserements near high-level
radiated noise (particularly at the power line frequency),
or when making floating measurements.

NOTE
Errors due to thermal emfs should be
considered when making low level, high
reselution measurements. Thermal emf's
(voltages produced by temperature
differences between contacts of two dissimilar
metals or by temperature gradients along o
length of material) may cause differences of

severgl microvolts. Since the multimeter
utilizes copper input terminals, the use of low
emf, shielded cables with copper spade lugs
minimizes thermal emf errors.

2-58. Guard Selector and Guard Terminal

2-59, Correet use of the multimeter GUARD terminal
both protects the instrument and provides more accurate
readings. The Guard Selector (EXT GD IN), when
disengaged (out), connects the internal guard. In many
cases accurate measuréments may be made with the
selector in this position (shown as A in Figure 2-4). Here,
the difference in potential between multimeter ground
and device ground is very small, or the measurement is

not critical. When pushed in, the selector digables the

internal guard connection and allows for external puard
connections as shown in B and C of Figure 2-4. The
connection shown in B is better than thatin A, since some

commuon mode current (ICM) is shunted away from the

source resistance. The connection shown in Cis necessary
when the source may not be capable of driving the guard.
The buffer amplifier shown in C prevents this source
loading. Practical considerations usually dictate which of
the three connections is used.

2-2




DEVICE A

LEAD RESISTANCE

MULTIMETER

fcm

9
0

FOR NONCRITICAL
MEASUREMENT — Ecyy ERROR PRESENT

—) HI

£XT GD

.
it w. N
150 ki
ow- (INTERNALI
C%)- IFLOWING T GUARD] GUARD  (Q)
l’ Fem

Eap ERROR MINIMIZED — tepy FLOWS THROUGH
SHIELD INSTEAD OF THROUGH TEST LEADS

H @

-
I
L
! 1
b EXT GD
— e N
160 k2

(INTERNAL)

GUARD %
DRIVING THE GUARD FOR A FLOATING MEASUREMENT
WHICH MAY BE LOADED BY DIRECT

CONNECTION OF THE GUARD

_ Figure 2-4. Guard Connections

2-60. Guard terminal connections are shown in Figure 2-4.
Guard to chassis ground potential must not exceed 500V,
Guard to SENSE LO potential must not exceed 127V.

2-61. VOLTS INPUT/OHMS SENSE (H! and LO)
TERMINALS
2-62. Voltage and resistance measurements are made
with the VOLTS INPUT/OHMS SENSE terminals, as
shown in Figure 2-5. The input on the HI terminal with
respect to the LO terminal must not exceed 1000V. The
LO to GUARD potential must not exceed 127V. These
terminals are internally shorted to the AMPS
INPUT/OHMS SOURCE terminals (HI to HI, LO to
LO) when the Ohms Selector is in the disengaged (2-wire)
position. '

NOTE

In OHMS measurements, the voltage at the
SENSE INPUT terminals is sampled before
the Ohms Converter (Option02)is connected.
No connection is made if excessive voltage
(£10V dc) is present.

2-63. AMPS INPUT/OHMS SOURCE (HI and LO)
TERMINALS

2-64, The AMPS INPUT;OHMS SOURCE terminals
are used when making current (A DC) or four-wire
resistance {(OHMS) measurements. The potential
between SOURCE HI and SOURCE 1.O must not
exceed 280V. The potential between SOURCE HI and
SENSE HI, or between SOURCE LO and SENSE LO
must not exceed 127V. When the Ohms Selector is in the
disengaged (2T) position, these terminals are internally
shorted to the VOLTS INPUT/OHMS SOURCE
terminals (HI to HI, LO to LO}.

NOTE

In A DC measurements, the voltage at the

_input terminals is sampled before the Current
Shunts module (Option 03) is connected. No
connection is made if excessive voltage (T45V
de) is present.

2-65. OHMS SELECTOR ‘

2-66. When engaged (in), the Ohms Selector control
isolates SENSE HI from SOURCE HI and SENSE LO
from SOURCE LO; four-wire resistance measurements
can then be made. When disengaged (out}, SENSE Hl is
connected to SOURCE HI and SENSE LO is connected
to SOURCE LO for two-wire resistance measurements,
The Ohms Selector does not influence the rear inputs
(which are preset in a four-wire configuration). Refer to
Figure 2-5. The Ohms Selector may remain disengaged
(2T) for V DC or A DC meggurements. However, - for
V AC measurements, it is&eeguumended that the Ohms
Selector: be engaged (4T) in ‘order-to minimize input
capacitance.

2-67. REAR INPUT SELECTOR

2-68. When pushed in, the Rear Input Selector
disconnects all front panel inputs and connects the rear
input connector. Rear inputs are identical to those on the
front panel (with the addition of Ohms Guard). External
reference inputs (HI and LO) are always applied through
the rear connector (not switched). The Ohms Selector and

. Guard Selector have no effect when the rear inputs are

enabled. The state of the Rear Input Selector can be

determined remotely through any of the remote interface

options.

2-69. Function

2-70. AC volts (HI ACCUR, NORMAL, or ENH'D),
dc volts, and dc coupled ac volts are standard with the
multimeter. Optional functions include resistance
(OHMS) and dc current (A DC). Selection of a new
function automatically cancels any previously selected

_function and places the multimeter in the function change

configuration (refer to Table 2-2), If the same function is
successively selected, the multimeter assumes the
Autoranging mode, but retains all other modes and
values existing prior to the reselection. One, two, or three
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Figure 2-5. Measurement Connections
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annunciators light to verify a valid function selection. An

invalid function selection ocenrs whenever the necessary -

analog measurement module is not installed or is faulty;
either ERROR 9 or ERROR 3 appears in the display in
such cases. Once an invalid function has been selected, the
multimeter ignores all other push buttons until a-valid
function is selected.

2-71. The Thermal True-RMS Converter uses three

front panel function push buttons (V AC HTIACCUR, V.

AC NORMAL, and V AC ENH'D). The high accuracy

mode (V AC HI ACCUR) requires approximately six

seconds per reading, but the resulting accuracies of up to
0.016% rival those of thermal transfer standards (at a
fraction of the time). The normal mode (V AC
NORMAL) displays an rms value of the input (updated
every 0.5 second), but with reduced accuracies since no
sensor linearization is performed. The enhanced mode (V
AC ENH’'D) takes one initial high accuracy
measurement. This measurement is then used to ¢orrect
subsequent measurements, which are made at normal
mode speed (0.5 second). The enhanced mode is specified

as long as the following conditions are maintained: the

input eannot vary more than +1% from that used for the
initial high accuracy reading, the temperature cannot
vary more than x1°C, and the time lapse cannot exceed
one hour. If the input changes by more than £19; from
that used in the initial high accuracy reading, another
high accuracy reading is taken to automatically update
the correction factor.

2-72. Measurement Parameters
2-73. SAMPLING ‘
2-74. AC Volts Functions’

2-75. One sample is taken for each V AC reading.

Reading time in NORMAL is approximately 0.5 second.
HI ACCUR readings require six séconds. ENH'D
requireg an initial six second high aceuracy reading, then
reverts to 0.5 second normal readings. Any of these

reading times may be lengthened slightly when

mathematic operations are in ¢ffect. The SAMPLE push
button is inoperative when the multimeter is set for ac
volts measurements (pushing SAMPLE causes an Ertor
A). A new high accuracy measurement can he
commanded in the enhanced mode (ENH’D) by pushing

the ENH'D button again. Similarly, when the d¢ coupled

enhanced mode is used, a new high accuracy
measurement can be commanded by simultaneously
pushing the ENH'D and V DC buttons.

NOTE

In the Enhanced mode, the Thermal True-
RMS Converter automatically takes a new
reading to establish a new correction factor ift
the range changes (either manual or
quiorange), the filter setting changes, or the
difference berween the reading and the present
correction factor is =1%,

2-76. DC Volts, Resistance, and DC Current
Functions

2-77. The multimeter averages a selectable number of
samples for each reading (display update) in V DC,
OHMS, or A DC. Noise rejection is influenced by the

- number of samples-per-reading and by the filter selection,

Each sample-per-reading setting vields a specific
processing time. Additional processing time is necessary
when mathematic operations (such as OFFSET or
SCALING) are involved. Samples taken are synchronous
to the line frequency for local (front panel) operation.
Synchronous or asynchronous operation may be
specified remotely.

2-78. Sample settings are specified as exponents of two.
For example, the SAMPLE push button can be used
individually to toggle between settings 5 (2 exponent 5=

32 samples-per-reading} and 7 (2 exponent 7 = 12§

samples-per-reading). Further, any sample setting
(exponent of 2) from O through 17 may be made usingthe
STORE (numeric) SAMPLE sequence. If a setting of (
through 6 is in effect when SAMPLE is toggled, the
multimeter assumes setting 7. A previous setting of 7
through 17 is changed to setting 5 when SAMPLE is
toggled.

2-79. The SAMPLE annunciator is controlled by both

the sample setting and the trigger. At sample settings from
0 through 7, SAMPLE flashes once for each triggered
reading. The rapid reading rate at 0 or [ setting yields an
apparent steady indication. At sample setfings 8 through
17, the flash rate is preset to that of setting 7. Thisfeature
insures a reliable readmg—m—prngress indication at these
slower reading rates..

2-80. TRIGGERING | ‘ ‘
2-81. Each new measurement is initiated with a trigger.
In AUTQ triggering, the trigger is generated internally at

the end of the required reading time, Trigpers mavalsobe -

applied locally (from the front panel) or remotely.

282, Auto trigger commands a contimuously updated
reading. The frequeney of this updating is influenced by
the number of samples-per-reading and by any extra
processing time required by mathematic operations. The
SAMPLE annunciator flashes to indicate the triggering
of a new reading. .

2-83, Local triggers can be manually commanded from
the front panel. The duration of each reading is
determined in the same manner as the auto triggers

(samples, mathematics). Each use of the

MANUAL/EXTERNAL push button commands an

immediate response from the multimeter; any reading

already in progress is aborted and a new reading begun,
During any manually triggered reading, use of any other
push button halts the multimeter; a new trigger must then
be entered. Conversely, between manually triggered




readings, the multimeter is inhibited; no display update or
SAMPLE annunciation is evident. During this interval,
any measurement parameter, mathematic operation, or
special operation may be entered, but is not initisted until
the next manual trigger is entered. '

2-84. External triggers are applied through the rear
panel TRIGGER jack. A local trigger manually applied
from the front. panel overrides a simultaneously applied
external trigger,

2-85. FILTERING

2-86. AC Volts Functions

2-87. Two filter modes (off and on) are available when
the multimeter is set for ac volts measurements (HI
ACCUR, NORMAL, or ENH'D). The filter off mode
(F0) is set when changing into a V AC function from
vV DC, ADC, or OHMS. Most V AC measurements use the
filter off mode. The filter on mode (F) is to be used only
when the input signal frequency is below 40 Hz, Degraded
accuracies result if filter on mode is used at higher signal
frequencies. The filter mode can be changed by toggling
the FILTER button (FILTER annunciator is on for filter
on mode and off for filter off mode). When any V AC
function is selected while a V AC function is already in
effect, no filter mode change is made.

2-88. DC Volts, Resistance, DC Current Functions
2-89. Five filter modes are available. Either of two
analog filters (or filter bypass) may be selected. The slow
filter provides better normal mode rejection. The fast
filter allows for faster imstrument settling while still
providing a degree of noise rejection. Whenever a filter is
used, a timeout (for settling delay) may also be inserted
hefore each reading. No filtering is available for the
external reference inputs. Table 2-6 defines the five filter
modes,

290, Two methods of filter selection are available in
V DC, A DC, or OHMS. Selection of any mode (F,F0,F1,

F2, F3) is possible using the STORE (numeric) FILTER:

sequence. The FILTER push button by itself toggles
between modes F (slow, no timeout, annunciator on) and
FO (fast, no timeout, annunciator off). The multimeter
u$es a preset selection pattern if a mode other than F or FO

Table 2-6. Filter Modes ( V DG, A DC, OHMS)

MODE
NUMBER

FILTER

TIMEQUT

FILTER
LED

(blank)
0
1
2
3

slow
fast
bypass
slow
fast

none

none

none
550 ms
50 ms

on
off
off
on
off

{No Mode Number is used for slow filter without
timeout. Push STORE FILTER.)
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is already selected when FILTER is toggled. The slow
filter (F) is always selected when a toggle is performed
with a fast filter (FO, F1, or F3) in effect. The fast filter
(F0) is always seleeted when a slow filter (F or F2) is in
effect. Mode FO is preselected at power-up or reset.
RECALL FILTER may be used at any time to verify the
filter combination in use (without changing the filter
mode).

2-91. AVERAGING

2-92. The Averaging mode presets the sample setting to
10 (2 exponent 10 = 1024 samples-per-reading) and the
filter mode to F (slow filter, no time out). These settings
provide optimum stability and resolution throughout the
range of inputs. Subsequent use of the SAMPLE or
FILTER push button while in Averaging mode may
jeopardize this intended optimization. Therefore, sample
settings less than 10 cause the multimeter to exit the

- Averaging mode. For example, a sample setting of 12,

which specifies greater noise rejection than the setting of
10, is accepted and retained for all ranges within the same
function. Conversely, a sample setting of 7, offering less
stability, is accepted (but canses the multimeter to exit the
Averaging mode).

293, Filter mode F2 can also be selected in Averaging
mode. Any filter selected other than F or F2 is accepted by
the multimeter, but causes deactivation of Averaging
mode.

2-94. The Average mode can be used to improve display
stability (reduce rattle) for measurements in V DC,
OHMS, or A DC. Averaging mode is not available in any
of the ac volts functions (although the AVG pushbutton
can be used to command extended resolution in V AC
functions). In V DC, OHMS, and A DC functions, the
Average mode provides increased digplay stability in all
ranges and an increase in display resolution in certain
ranges. In V DC (10V range only), a total of 7-1/ 2 digits is
now available. Other V. DC ranges still provide 6-1/2

digits of resolution. In A DC, 6-1/2 digits (instead of the

standard 3-1/2) are now available in all ranges. In
OHMS, a total of 6-1/2 digits iy available on all ranges.
Preset resolutions used for standard operation and for the
Average mode are summarized in Table 2-7.

2-95, RANGE

2-96. Ranges available in each function are summarized
in Table 2-3, A power-up or reset condition sets the
multimeter in the 1000V range (V DC function),
Autoranging disabled. Any function selection enables
Autoranging (AUTO annunmator on). Autorangmg
begins on the highest range for each function (1000V dc,
500V ac, 100 Megohm, or 1A). In V AC only, autoranging
begins at the previous range when selecting between V AC
functions. In Autoranging, the multimeter selects the
range offering maximum resolution for the measured
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Table 2-7. Resolution

RANGE |STANDARD|AVERAGING
DIGITS DIGITS

100 mv 6% 6% .
1V BY% &%
10V 6% T4

100V 6% 6%
1000V 6% 6%
100 5% 6%
1000 5l 6%
1 k0 6% 6%
10 kO 6% 6%
100 kQ 6% 8%
1 MG 5% 6%

10 MQ 5% 6%

100 MO 5% 6l

100 pA 5% 6%

1 mA 5% 6%

10 mA 5% - BY%

100 mA 5% 6%
1A 5% 6%

value. The AUTO (range) push button toggles
Autoranging mode on or off. When toggling off, no range
change is effected, Either of the up/down push buttons
select manual ranging and step up,/ down one range when
mitially used. Each subsequent use steps to the next
higher/ lower range (if available), A range identifier is also
displayed with each range change in V AC functions. This
identifier may also be used at any time in VAC to verify
the range in use: just reselect the V AC function being
used.

2-97. AC volts can be measured on the following eight
ranges: 100 mV, 300 mV, 1V, 3V, 10V, 30V, 100V, and
500V, Resolutions vary respectively from 1 uVto 1 mVin
standard operation (or from 1 uV to 100 vV when the
AVG button has been used to command extended
resolution). Input impedance is 1 megohmy<180 pF.
Resolution in each range is illustrated in Table 2-3.

2-08. DC volts can be measured on five successive

ranges from 100 mV to 1000V, Respective resolutions
vary from [00 nV to 1 mV. Refer to Table 2-3 for a
presentation of display resolution in each range. Input
impedance on the 100V and 1000V ranges is 10 Megohms.

On the iower three ranges it is greater than 10,000

Megohms,

299, Out of range indications are displayed whenever
the reading does not fall within the specified rating in a
particular range. When the multimeter is in autoranging,
autoranging points cause an automatic new range
selection, averting an out of range indication. An out of
range indication cannot be averted if the reading is less
than that allowed inthe lowest range (LLLLLL displayed
in V AC functions only) or greater than that allowed in
the highest range (HHHHHH displayed in all functions).
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When the multimeter is in manuval ranging, an out of
rangé indication can be disabled by manually selecting a
higher or lower range. Ot of range values are presented
in Table 2-4,

2-100. V DC AND OHMS ZERO

2-101. In VDC or QHMS, internal de drift can be
corrected by zeroing. Good quality, low thermal shorting
bars (not shorted test leads) must be applied between
INPUT HI and LO terminals during the zere operation.
Initial use of the ZERO V DC/ OHMS push button stores
the zero correction value and activates the Zero mode
(ZERO annunciator lights). Pushing ZERO
VDC/OHMS a second time deactivates the Zero mode
(ZER.C annunciator goes off). A new zero value is entered
each time the mode ig enabled. Scaling and offset values
are ignored in the stored correction value, Attempting to
store zero in an illegal function (A DC or V AC) results in
an Error 0 indication. The zero value can be recalled for
the selected range and function (VDC or OHMS). Exiting
the zeroed function deactivates the Zero mode, but
retains the stored values. Upon reentering the zeroed
function, Zero mode and the old value are automatically
restored. Applied zero values can be either those stored in
a temporary memory or those permanently stored in
Calibration Memory. The method of entering zero values
in temporary memory also differs from that used for
Calibration Memory entries. The following descriptions
define which value is applied and which storing method is
used: ‘

1. If Calibration mode is off, zero values stored in
temporaty memory are applied to the reading.
When the zero value is stored, the same value is used
for the selected range and for all higherranges in the
same function. Separate zero values for each range
can thereby be stored by starting with the lowest
range and working up. This method does not affect
Calibration Memory zero values, Calibration
Memory values are automatically loaded into the
temporary memory when power-up or reset occurs
(and Calibration mode is still off).

2. If Calibration mode is on, zero values stored in
Calibration Memory are applied to the reading.
When the zero value is stored, each value does not
affect values on any other range.

2-102. Mathematic Operations

2.103. Mathematic operations can be specified to
change the measured value (as influenced by
measurement parameters) before it is actually displayed.
Ratio, deviation, percentage varietion and other
mathematically manipulated displays are thereby.
possible. Scaling can be used to divide the measured value
and display the ratio. An offset value can be subtracted
from the measured value to display only the deviation.
Scaling and Offset can be used in combination to display
percentage variation. Examples of such operations are
given in Applications later in this section.




2-104. Use of mathematic operatlons is expressed in the
following formula:

. MEASURED VALUE _
DISPLAY = SCALING OFFSET
(OR EXTERNAL REFERENCE)

Measured value in this formula refers to the measurement
as influenced by all selected measurement parameters.
This value is subject to the following function-dependent
considerations.

1, VDC or OHMS functions: any applied zero
value is first subtracted, yielding the measured

value,

2. VAC functions: External Reference cannot be
used.

2-105. SCALING
NOTE.

If the multimeter is in both Scaling and Offset
modes, the scaling value is applied before the
affset value.

2-106. The Scaling mode divides the measured value
(after application of V DC or OHMS zero) by a known
amount and displays the quotient. Ratios, percentage
deviations, or input/ output relationships can thereby be
displayed. The scaling divisor may be a previously
displayed and stored value, or any non-zero numeric
entry from +10° to +10 and from ~10? to -10"%. When
compared to External Reference, Scaling offers 2 much
wider range. Only one scaling factor may be stored at a
time.

2-107. Storing the displayed value as a scaling factor
warrants a word of cautiom: ensure that the displayed
value is the true original display by first toggling out of
Scaling and Offset modes (respective annunciators off).
No stored scaling or offset value is lost in this manner. To
store the desired display, push STORE SCALING.

2-108. EXTERNAL REFERENGCE
NOTE

External Reference mode isnot available inac
voltage functions (NORMAL, ENH'D, or HI
ACCUR). Attempting to enter External
Reference mode in any V AC function causes
an Error A condition.

2-109. Secaling and External Reference 'modes are
mutually exclusive: selection of either mode
automatically disables the other. The External Reference
value (always measured as a dc voltage) is applied as an
unswitched input through the rear input connector.

BIOBA

2-110. Immediately aftera power-up orreset, RECALL
EXT REF can be used to verify the multimeter’s software
number. The first subsequent use of EXT REF to activate
External Reference mode disables this software
identification feature. When enabling External Reference
mode, the teference voltage is displayed as long as the

"EXT REF button is depressed. The EXT annunciator is

lighted when the mode is enabled.

2-111. The external reference voltage may be a
maximum of 20V dc¢ on either high or low External
Reference input with respect to VOLTS INPUT LO. The
voltage between External Reference high and low may
not exceed 40V dc. The minimum acceptable External
Reference voltage ig the greater of £100 uV or a value
found with the following formula:

+ Vin
109
2-112. Usually, the External Reference low terminal is
externally tied to VOLTS INPUT LO. In any event, the
resistance between either External Reference terminal
and VOLTS INPUT LO should be less than 20 kilohms.

A reading rate of eight samples-per-reading and filter
bypass are specified for the External Reference input.

Vmin =

2-113. OFFSET

2-114. 1n Offset mode, the display represents the
deviation from a stored offset value. Measurements of
stability or analog variation are thereby possible. The
multimeter automatically subtracts a programmed
numeric {or previously stored display value} from the
measurement and displays the result. No increase in
resolution is displayed while in the Offset mode. One
value (whether a numeric or a previous dispiay) may be
stored at a time. Programmed numerics may range from
4109 to -10°, The stored offset value may be recalled at
any time.

2-115. Special Operations

2-116. PEAK :
2-117. The highest and lowest devxatmns in the
displayed value may be recorded in the Peak mode.
Source stability may thereby be checked over a peried of -
time. The PEAK push button toggles into/out of the
Peak mode. High and low Peak values may be recalled at
any time without exiting the Peak mode or mterruptmg

- further peak recording. The followmg sequence is used:

RECALL HI PEAK
RECALL LO  PEAK

The high or low peak value islatched in the display as long
as the PEAK button is held depressed.

2-118. Exiting the Peak mode (toggle PEAK once) halts
further peak recording, but does not erase previously
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recorded high and low values. A multimeter function
change disables Peak mode and retains peak values, At
any time, reentry into the Peak mode (toggle PEAK
again) erases previously recorded values. Both Peak
mode and peak values are lost during a Power-Up or
Reset condition,

2-119. LIMITS

2-120. The Limits mode may be employed to display a
pass-fail indication of measurement values. The mode is
entered when a single high or Jow limit value is stored, or
when the LIMITS button is pushed. A second store
sequence must be used if both high and low limits are
desired. Either the regularly displayed value or
programmed numerics may be used for the limit values,
For example, high and low lmits of 12.05 and 11.95
would be programmed as follows:

STORE 1 2 0 5 HI
STORE 1 1| 92 5 LO

In this example, the multimeter enters the Limits mode
when either the HI or LO button is first pushed. Mode
entry is verified by a display of HI, LO, or PASS. In this
case, readings higher than [2.05 yield a HI display,
readings lower than 11.95 yield L0, and all other readings
yield PASS. The limit value(s) are compared to the now
transparent display reading with all other parameters and
operations still in effect.

2-121. A display reading can also be stored as a limit
value, Use the following sequence:

STORE  HI (or LO)

2-122.  Use of Limits mode does not interrupt other uses
of the multimeter. No measurement parameter or
mathematic operation is changed: The other special
operation (Peak) may be used simultaneously with Limits
mode. Any of the measurement parameters or operations
may be enabled, changed, or recalled while in the Limits
mode: the display responds in the standard fashion during
this process and automatically reverts to limits
indications once the process is complete. Limits values
may be recalled at any time (Limits mode enabled or
disabled). The recall sequence does not change the state of
the Limits mode. The following recall sequence is used:

RECALL HI LIMITS
RECALL LO LIMITS

The recalled value is latched in the display as long as the
LIMITS button is held depressed.

2-123, Pushing the LIMITS button toggles the
multimeter into or out of the Limits mode whether or not
limits values have been ¢ntered. A function change
disables the Limits mode, but retains any existing limit
values. Once stored, limits values are retained during all
but Power-Up and Reset sequences.
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2-124. Remote Control

2-125, The multimeter may be cquipped with any of
three remote interface modules. These modules are fully
explained in Section 6. When the IEEE Remote Interface
(Option 03) is installed, the front panel LCL/RMT push
button can be used to enable local control, but cannot be
used to enable remote control. Remote control can only
be commanded from the remote location with this
interface.

2-126. The LCL/RMT push button may be used to
toggle into/out of remote control when either the Bit
Serial Remote Interface (Option 06) or the Parallel
Remote Interface (Option 07) is installed. Whenever the
multimeter is in remote control, whether commanded
lacally or froim the remote, the REMOTE annunciator is
lighted.

2-127.  When in remote, only the POWER push button
remains operational in all circumstances. The LCL/RMT
push button may remain operational, but is disabled by a
local lockout or display off command from the remote
(referto Section §). A power interruption, whether caused
by line failure or toggling of the power push button,
returns the multimeter to local control.

2-128. Calibration Mode

2-129. DESCRIPTION

2-130. The rear panel calibration switch is used to
enable or disable the Calibration mode (remove
calibration seal for access). The AVG/(CAL)
annunciator flashes when the Calibration mode is
enabled, or is lit steadily when the Averaging mode is
enabled. Regular multimeter operation is significantly
altered while in the Calibration mode;

1. Power must not be eycled on or off when the
Calibration mode is activated (rear panel
Calibration Switch on).

2. Overrange conditions no longer cause a special
flashing “HHHHHH” indication,

3. Underrange conditions in V AC functions no
longer cause a “flashing L” indication.

4. Averaging mode is locked out: the Calibration
and Averaging modes are mutually exclusive.
However, pushing the¢ AVG button when
Calibration mode is on does enable or disable
latehing error indications.

5. All mathematic operations and special
operations are disabled.

6. 7-1/2 digits are displayed on 10V d¢ range and
6-1/2 digits are displayed on all other functions and
ranges. A sign (1) is displayed for all functions to
facilitate potentiometer adjustment.

7. Calibration correction factors (for each range
inV DC, A DC, OHMS, and for VAC ranges at a




frequency of interest) and the calibration date may
be stored.

2-131. Hardware calibration is facilitated while in
Calibration mode, Enhanced resolution allows for more
precise potentiometer adjustment during hardware
calibration. With no mathematic operations allowed, the
display represents the true input value.

2-132. Troubleshooting is also aided by using the
Calibration mode. Latching errors can be disabled to
allow gpecial module configurations.

CAUTION
Latching errors are intended for multimeter
protection and must not be disabled during
normal operation or callbration. Refer to
Troubleshooting In Section 4.

2-133. USE

2-134. The multimeter uses three cahbratlon controls:
the rear panel calibration switch, and the front panel
(CAL DATE) and (CAL COR.) push buttons. The rear
panel calibration switch activates the Calibration mode
and enables use of the {CAL COR) and (CAL DATE)
push -buttons, Store operations with these two push
buttons are used for software calibration and are
explained in Appendix 7B. Recall operations can be
performed at any time and are explamed in the following
paragraphs.

2-135. The (CAL DATE) push button can be used in all

functions (including the three V AC functions) to recall a
six digit number. This number may signify the calibration
date. For example, & recalled 0 2 1 8 8 3 would signify
February 18, 1983. Alternately, the s:x d1g1ts may be used
to identify the multimeter. ‘

2.136. To recall the six digit date (or identifier) while in
the- Calibration mode, push:

RECALL  (CAL DATE)

If the multimeter is not in the Calibration maode, the six
digit date (or identifier) may be recalled uging the
following sequence:

RECALL Lo' (CAL DATE)

2-137. The (CAL COR) push button may be used 1o
recall the uncorrected reading when the mult:meter is in
the Calibration mode, use:

RECALL  (CAL COR)

The uncorrected reading can also be recalled when the

multimeter is not in the Calibration mode. Use the

following sequence:
RECALL LO

2-138. Scan Advance

2-139. The multimeter outputs a syncsignal during each
measurement sequence. This signal' occurs after the
measurement is complete, but before a new trigger is

'(CAL COR)
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accepted. The sync signal thereby allows for faster bus
communications by advancing a scanner before a new
reading is triggered. The signal (positive going TTL, 3
microsecond pulse width, 50-ohm output impedance) is
available at a BNC connector on the multimeter rear
panel

2-140. Systems Use ‘

2-141. The availability of optional interface modules
makes the multimeter adaptable to a large variety of
digital systems. Operating and programiming instructions
related to remote operation are included with the
appropnate optional module.

2-142. OPERATION

2-143. Initial Turn-On

2-144. Before initial turn-on, check that the line voltage
specified on the rear panel sticker (near the line fuse)
agrees with the line voltage actually being used. If there is
any doubt concerning the line voltage setting, refer to

" Line Voltage Selection in Section 4. Also verify that the

Calibration Switch is off. Once these verifications have
been made, connect the power cord and push the
POWER button to ON.

2-145, The multimeter identifies its own software and
hardware at initial turn-on. Software is identified with a
display of “HI - Y.Y.Y”, where “Y” represents the software
version in use. Hardware is then identified with a display
of “CXXXXX,” where “X” signifies any installed options
by mumber (or the Thermal True-RMS Converter as A).

2-146. The power-up (reset) configuration is now
established, The multimeter i set for the V DC function,
the 1000V manual range, filter mode F0, sample factor 7,
auto trigger, zero mode on, and local operation. All other
maodes and values are disabled, The multimeter may now
be programmed as described in this Section. A two-hour-
warm-up ensures rated accuracy. Better accuracies can be
obtained in the Averaging mode (after afour-hour warm-

up).

2-147. Initial Set-Up

2-148. The three front panel terminal controls (Rear
Input Selector, Ohms Selector, and Guard Selector) must
be positioned cotrectly prior to taking measurements.
Use the following guidelines:

1. The Rear Input Selector must be dtsengaged
(out) for front panel inputs or engaged (in) for
inputs applied through the rear panel connector.
Ohms Guard is only available through the rear
connection. External Reference HI and LO is
always available through the rear input connector
(not switched).

2. The Ohms Seclector must be disengaged (out)
for two-wire resistance measurements or engaged
(in) for four-wire resistance measurements. For all
other functions, the Ohms Sélector can be . left
disengaged. However, it is recommended that the
Ohms Selector be engaged (in) whenever making
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V AC measurements. This setting minimizes input
capacitance,

NOTE
The Ohms Selector has no affect on rear

inpuis. Rear inpuis are dedicared in a four-
wire configuration.

3. The Guard Selector ts disengaged (out) for non-
critical measurements, Refer to Measurement
Terminals and Controls for a full description of
guarding when this selector s engaged (in). The
Guard Selector has no affect on the rear inputs.

2-149. Measurement parameters, mathematic
operations, and special operations can be specified prior
to or during measurements. These parameters and
hr_perations can be applied to measurements in any
function, with the following exceptions:

I.  External Reference mode is not available in any
af the V AC functions (HI ACCUR, NORMAL, or
ENH'D).

2. Averaging is not available in any of the V AC
functions (HI ACCUR, NORMAL, or ENH'D).
The AVG pushbutton may be used in the V AC
functions to enable an extended display resolution.

2-150. Front panel programming of the multimeter is
best aceomplished in 4 sequential manner. This sequence
is fully explained in Figure 2-3, Often, only measurement
parameters need be specified. Programming of any
mathematic operation requires consideration of
mathematics already in effect,

2-151. Refer to Figure 2-5 for an outline of
measurement connections. Also refer to Measurement
Terminals and Controls earlier in this Section.

2-152. Measurement Instructions
2-153. AC VOLTS (THERMAL TRUE-RMS)

% NOTE

It is recommended that all ac volis
measurements be made with the the Ohms
Selector in the engaged (in) position to
minimize input capacitance.

2-154. Thermal ac-azc transfer measurements can be
made using the Thermal True-RMS Converter Module.
Select the mode of operation desired, as determined by
the degree of accuracy and speed required.

2-155. AC Volts Normal Mode (V AC NORMAL)
2-156.  Use the following procedure when measuring ac
volts with the normal mode of the Thermal True-RMS
Converten
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I. Pushthe V ACNORMAL button (NORMAL
annunciator lights),

2. The multimeter assumes autoranging
{beginning at the 300V range) when a V AC
function is selected. However, if a V AC function
was previously in effeet, the previous range is
retained as the starting point for any possible
autoranging.

3. Select the filter by pushing the FILTER button
if the frequency of the input signal is <40 Hz. (The
accuracy of the instrument is degraded if the filteris
selected for higher input frequencies).

4. Connect the ac vollage to the HI and LO
SENSE INPUT terminals).

2-157. AC Volts Enhanced Mode (V AC ENH'D)

2-158. Use the following procedure when measuring ac
volts with the enhanced mode of the Thermal True-RMS
Converter:

I. Push the V AC ENH'D button (ENH'D
annunciators light).

2. The multimeter assumes autoranging
(beginning at the 500V range) when a vV AC
function ts selected. However, if a V AC function
was previously in effect, the previous range is
retained as the starting point for any possible
autoranging.

3. Select the filter by pushing the FILTER button
if the frequency of the input signal is =40 Hz. (The
accuracy of the instrument is degraded if the filteris
selected for higher input frequencies).

4. Connect the unknown ac voltage to the Hl and
LO SENSE INPUT terminals.

5. Theinitial high accuracy measurement requires
six seconds. The rms voltage should be displayed
within 0.5 second of the completion of this initiai
high accuracy reading and updated every 0.5 second
thercafter,

6. A new high accuracy meagurement can be
commanded at any time by pushing the ENH'D
button again. After six seconds, the SAMPLE
annunciator flashes briefly and 0.5 second updates
resume.

NOTE

The Thermal True-RMS Converter
automatically takes a new reading to establish
a new correction factor if the range changes
(either manual or autorange), the filter setting
changes, or the difference between the reading
and the present correction fuctor is 2{%.




2-158, AC Volts High Accuracy Mode

2-160. Use the following procedure when measuring ac
volts with the high accuracy mode of the The:rmal True-
BRMS Converter:

1, Push the V AC HI ACCUR button (HI
ACCUR annunciator lights).

2. The multimeter assumes autoranging
(beginning at the 500V range) when a V AC
function is selected. However, if a V AC function
was previously in effect, the previous range is
retained as the starting point for any possible
autoranging,

3. Select the filter by pushing the FILTER button
if the frequency of the input signal is <40 Hz. (The
accuracy of the instrument i3 degraded if the filter is
selected for higher input frequencies).

4, Connect the unknown voltage to Hl and LO
SENSE INPUT terminals.

5, The multimeter requires approximately six
seconds for each high accuracy measurement,

2-181. AC VOLTS - DC COUPLED

(THERMAL TRUE-RMS) :
2-162:. AC Volts Normal Mode on DC Voits
2-163. Use the following procedure when measuring ac
volts (dc coupled) with the normal mode of the Thermal
True-RMS Converter:

[. Simulaneously push the V AC NORMAL and
V DC buttons (NORMAL and V DC annunciators
light).

2. The multimeter assumes autoranging
(beginning at the 500V range) when a V AC
function is selected. However, if a V AC function
was previously in effect, the previous range is
retained as the starting point for any possible
autoranging,

3. Select the filter by pushing the FILTER button

if the frequency of the input signal is <40 Hz. (The |

accuracy of the instrument is degraded if the filteris
selgcted for higher input frequencies).

4, Connect the unknown voltagetothe Hland LO

SENSE INPUT terminals.

5. The ac voltage display is updated every 0.5
second,

, 2-184. AC Volts Enhanced Mode (DC Coupled)
2-165. Use the following procedure when measurmg ac
volts (de coupled) with the enhanced mode:

1. Simulianeously push the V AC ENH'D and
V DC buttons (ENH'D and V DC annunciators
light).

2. The multimeter assumes autoranging
(beginning at the 500V range) when a V AC
function is selected. However, if a V AC function
was previously in effect, the previous range is
retained as the starting point for any possible
autorangmg

3. Select the filter by pushing the FILTER button.
if the frequency of the input signal is <40 Hz. (The
-accuracy of the instrument is degraded if the filter is
selected for higher input frequencies).

4, Connectthe unknown voltagetothe Hland LO
SENSE INPUT terminals.

5. The multimeter requires approximately six
seconds for the initial high acouracy measuretment.
The ac voltage should be displayed within 0.5
second after completion of the initial measurement
and updated every 0.5 second thereafter.

6. A new high accuracy measurement can be
commanded at any time by pushing the ENH'D
button apain. After six seconds, the SAMPLE
annunciator flashes briefly and 0.5 second updates
resnme.

NOTE

‘The Thermal True-RMS Converter

automatically takes a new reading 1o establish.
@ new correction factor if the range changes

(either manual or autorange), the filter setting

changes, or the difference berween the reading

and the present correction factor is 21%.

2-166. AC Volts High Accuracy Mode
(DC Coupled)
2.167. Use the following procedure when measuring ac

volts high accuracy (dc coupled) using the Thermal True-

RMS Converter:

i. Simultaneously push the V AC HI ACCUR
and V DC buttons (HI ACCUR and V DC
annunciators light).

2. The multimeter assumes autoranging
(begmmng at the 500V range) when a V AC
function is selected. However, if a V AC function
was previously in effect, the previous range is
retained as the starting point for any possible
autoranging.

3. Selectthe filter by pushing the FILTER button
if the frequency of the input signal is <40 Hz. (The
~ accuracy of the instrument is degraded if thefilteris
selected for higher mput frequencies). '

2.3
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4. Connect the unknown voltage to HI and LO
SENSE INPUT terminals.

5. The multimeter requires approximately six
seconds for each accuracy measurement.

2-168. DC VOLTAGE (V DC)
2-169. Use the following procedurcs when making de
voltage measurements from the front panel:

selection may also be made, Available ranges are:
1000V, 100V, 10V, 1V, and {00 mV,

3. Set or revise the requircd measurement
parameters, mathematic operations, and special
operations (refer to Figure 2-3),

4. Apply the unknown voltage to the HI and LO
SENSE INPUT terminals.

1. Push the V DC button (V DC annunciator 2-170. APPLICATIONS

lights). 2-171.  Specific applications using the multimeter are
presented in Table 2-8, If these examples are duplicated
on the multimeter, a power-up or reset configuration is
first required.

2, The multimeter assumes the autoranging mode
at the highest (1000V dc) range. Manual range

Table 2-8. Applications
APPLICATION 1 (V AC)

REQUIREMENT: Characterize on AC Standard (Fluke 5200A) using the multimeter and a known ac

S50Urce.
METHOD: Connect the multimeter (set for V AC HI ACCUR) to a known value ac source (such
as a characterized Fluke 5200A). Record the reading,
Now connect the multimeter to another 5200A (the one being characterized). Adjust
this second 5200A for a High Accuracy reading equal to that originally recorded.

AFPLICATION 2 (V AC)

REQUIREMENT: Manitor the stability of an a¢ source in terms of its deviation in voits from a present

output of 10V ac.

METHQD; Store the present output as an offset. Push:

STORE OFFSET

Offset mode is now enabled. The multimeter will read only the deviation from the
original 10V ac reading.

APPLICATION 3 (V DC)

REQUIREMENT: Determine which of a group of power supplies has a tolarance of 15V 100 mV.

METHOD: Set high and low limits. Press:
STORE —1 —5 — , —1 —Hl
STORE —1—4— &« —9—LO

The multimeter will now display "HIL” "LQ." or “PASS" for each power supply.




Table 2-8. Applications {cont)

APPLICATION 4 (V¥ DC)

REQUIREMENT:; Meonitor the stability of a paWar supply as a decimal ratio to its present reading of
~20.08V. DC zeroing appears to be necessary.

METHOQD: Perform V DC Zeroing for internal drift. Apply low thermal short between INFUT HI
and LQO (at the terminals). Press:

ZERO
vDC/Q

The value stored will be displayed as long az VDC/Q2 ZERO is held depressed,
Ralease of the switch will activate the Zero mode. Revise terminal interconnections
for de volts measurements. Connect the de voltage.

Apply power supply reading of -20.08V as & scaling factor, Press:
STORE — SCALING

Display will now yield the ratio of subsequent readings to the scaling factor, e.g., an
input of 22.08V yields a ratio of:

22.088 _

2008

APPLICATION 5 (V DC)

REGQUIREMENT: Display the input error voltage for an operational amplifier by measuring the de
output error. Gain = 2.6847 x 10°.

METHOD: Divide the measured de output error by a scaling factor (the op amp gain). Press:

STORE—2— ., —6—8—4
7 — EXP — 4 — SCALING

The multimeter will now divide the measured input by the gain of the op amp and
display the input error voltage,

2-33/2-34




2A-1. INTRODUCTION

2A-2,. This section documents remaote operation of the
multimeter with any of the following interface modules
installed:

1. IEEE-488 Interface (Option -03)
2. Bit Serial Interface (Option -06) .
3. Parallel Interface (Option 07)
2A-3. Basic remote operation for 8500 series

multimeters is detailed in Table 2A-1. These operating
features are generally compatible with the 3505A and

B505A/8506A

. Section 2A
Remote Programming Commands

8506A multimeters. Table 2A-2 details additional remote
operating features available with the 8505A and 8506A
only.

2A-4, General information, theory of operation,
maintenance informatioh, parts lists, and schematic
diagrams for each of the three remote interfaces are
presented in Section 6 of this manual.

2A-5. Software calibration for each funetion can be
accomplished locally or remotely. Complete software
calibration information is presented in Appendix 7B of

‘this manual.
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Table 2A-1, Programming Instructions

The programming instructions in thig table pertain to the 8500 Series Digital Muitimeters with the IEEE-488
Interface (Qption -05), the Bit Serial Interface (Option -08) or the Parallel Interface (Option -07) instalied.
Features and instructions unigque to the DMM maodel or to the Interface used will be identified in the following
manner:

1. B500A or 8502A: the symbol 4 will denote an explanation applicable to one DMM model only, The
software version incorporated in the DMM may also be mentioned for further identification. To verify the
software version incorporated in your instrument, observe the display indication at power on or reset. For
example, in the 8502A, “HI-2.0.2" will appear in the display for models with software version 2.0.2.

2. =05, =06, or -07 Interface Options; the symbol @ will be used with & feature or instruction unique to a
particular Interface.

INITIALIZATION

When power is applied, or the Reset character (*) is transmitted, the instrument assumes a preset default
condition. This condition is defined by the following remote codes!

HEMOTE CODE COMMAND

v Vaoits DC

R4 1000V range

£S5 (85004A) 25 Samples per Reading

57 (8502A) 27 Samples per Reading

Fo Fast Filter, Timeout Disabled {Panel Indicater OFF)
X0 External Reference/Scaling Disabled

PO Offset Feature Disabled
Lo Limits-Peak Value Storage Disabled
TO Single Reading Line Synchronous
BO Single Character ASCII Format
Do Front Panel Display Active
LD Deactivate Local Lockout
Jo Deactivate Line Feed Suppression
MO Enable Cal Memory Factors

& QO (8502A) Disable External Trigger

& W (8502A) No Delay

® YO (-06 Option only) Echo mode off (Bit Serial IF)

in addition, the following instrument states are agsumed at power on or Reset:

Remote/Local Local
Offset Zerged

V dc Zero Zeroed or "
Ohms Zero Zeroad or *
Cal Memory Faciors *

Peak Values Cleared
Lirmits Values Zeroad
Ext. Ref/Scaling Values 1

8/16 Bit Moade (=07 Qptien only) 2 Bit

*Retained if Cal Memory Option -04 installed
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Table 2A-1. Programming Instructions {cont)

PROGRAM SEQUENCE

When equipped with a remote intarface option, the instrument is programmed through a seq'uence of
commands (“command string”) that will determine range, function, reading rate, etc. Examples of & passible
command strings are: '

00l008]00I0

| [ ] I — 1 .

| I——— Executs, trigger and transmit
Slow filter, no time out )

25 samples/reading
10 volt range
AC voltage

Execute, trigger and transmit

Echo characters

Turn display off

Continuous ling synchronized readings

Lipper limit

aocaeololal

Execute
Entar limits mode
Lower limit

s[gofo

Clears command string to preceeding /" *?" or “@"
2% samples/reading

- Execute

Auto range

Ohms

Execute, trigger and transmit
Get status and transmit on trigger
Halt reading
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Table 2A-1. Programming Instructions {cont)

All command string characters transmitted via the remote interface must be ASCII 7-bit upper case characters.
A command string is a sequence of 1 to 31 characters, Characters are classified as immediate, command or
termination. The instrument may be placed in Remote mode by toggling the front panel REMOTE switch orby
transmitting any character that the instrument will recognize from the remote.controlling terminal.

With the {EEE Interface installed, the REMOTE switch can only be used to select logal mode if already in
Remote. \

AEMOTE is the only front panel switch to remain active when in REMOTE mode; REMOTE may, however, be
locked out by the local lockout command.

IMMEDIATE CHARACTERS

There are 5 immediate characters; each of these may be executed at any time and does not require a
termination character.

Reset This immediate character will reset the instrument to
the conditions describad under INITIALIZATION.

When transmitted, the reset character must not be
followed by any other character for 3 seconds with the
8502A (2 saconds with tha B500A), Any carriage return
or line feed following the reset character must be
suppressed. The remote interface will be unable to
accept programming characters during this time,

Halt The halt character is used to terminate the continuous
mode and cause the instrument to wait for a command
string. No other characters should precede the halt
character if continuous mode is in effect. Upon receipt
of the halt character, the transmission of readings is

terminated immediately. The following trigger mode
transitions will o¢our when hailt is used:

From: Continuous Line Synchronous
To: Single Reading Line Synchronous

From; Continuocus Asynchronous
To: Single Reading Asynchronous

@ Go To Local -~ Lock Out Remote @ This character will command the instrument {Options -
06 or -07 only) to enter local mode of operation and lock
out the remote interface.

The Remate mode may then be reentered by pressing
the front panel REMOTE switch (for Option -08, -07).
The Remote mode may not be reentered from the front
panel when using the IEEE-488 Interface (Option -08).




8500 Series

" Table 2A-1. Programming Instructions (cont)

@ Go To Local-Lock Qut Remote (cont)

@ High Speed Reading Mode

4
¢

Use of the “I" character will place the DMM in the High
Speed Reading mode and trigger the first reading.

" other than "?* when a reading is to be friggered. The

The state of the ingtrument, when changing from
remote to local operation will be modified as follows:

1. Ohms fast mode will be ignored.
2. Secaling mode will not be in effect‘(BE»ﬂUA only).

3. If the high averaged samples per reading rate
was in effect, the samples per reading will be set to 27
(8500A only).

The state of the instrument when ¢hanging from local
to remote operation will be modified as follows:

1. Ohms fast mode (Z1) and continuous reading
mode will be resumed if the DMM was in gither mode
when place into local,

2. Any error that occurred during local operation
will be stored and available for recall.

The “I" character can be used with the Parallel
Interface (Option -07) (and with the [EEE-488 Interface
Qption -05 in the 8502A only}. The High Speed Reading
mode provides a shortensd 3-byte binary two's
complement format response representing the inputto
the DMM's A/D Converter. Speeds up to 500 readings
per second are possible in this made of operation.

True readings can be computed from this response
using range and function depandent factors (refer to
Fiuke Application Bulietin 23).

The High Speed Reading mode Is suited to systams
with very fast processors, to use with stored readings,
or to applications not requiring direct numeric
conversions (e.g., zero crossings or large deviations
from a nominal value).

Subsequent readings can be triggered by sending the
"7' character. In addition, for the 8502A equipped with
the -08A Option, subsequent readings can be triggered
by sending the TTL pulse with the External Triggering
Mode ("Q" or "Q1"}). The High Speed Reading mode
can be aborted at any time by transmitting a character

character sent in this cage will do nothing more than
cause the DMM to exit the High Speed Reading mode.
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Table 2A-1. Programming Instructions (cont)

Voltage and Current Reading in "t"

The response data from the DMM will be in 3-byte format, as shown below, for each voltage or current reading,
The first byte of this response contains sign and error bits, an implied binary point, and an implied scale factor
of ten. Bytes 2 and 3 further define the reading. If the reading is negative, the sign bits will equal “1”, and all
three bytes must be two's complemented before conversion. If the error bit is equal to the complement of the
sign bit, an error is defined.

BYTE 1

Implied Binary Point
Error Bit
Sign Bits

In this examplse, tha sign bits are "1” and the reading is negative. Since the complement of tha sign bit does not
equal the error bit {"1"), no error is defined.

To convert the response in this example, the two's complement must first be formed.

0Do0O0 1000 0000 0001

o ey S Mo e

—{0 . 5 015625 000001}
= (1.515626 X 10 (the implied scale factor)

Further conversion to calculate the true reading Rt necessitates multiplication of the A/D Converter reading
(RAD) by the scale factor for the ingtrument’s range and function.

[A; = Rap X Scale Factor]

Ohms Readings In "1

The procedure for measuring ohms in High Speed Reading mode is more ¢omplex. High Speed Ohms
readings differ from Fast Ohms (Z1) readings; when using the "!” character, the DMM will not compute the true
reading. This conversion must be performed by the user. Up to 500 readings a second are possible when using
High Speed Ohms, Refer to OPERATING NOTES, provided with Option -05 and -07 for Migh Speed Ohms
Reading procedures.

8/16 Bit Toggle The “/" character is used to toggle between the 8-bit
and the 16-bit mode. When this character is used to
toggle from one mode to another, the immmediate

and/or termination character must be placed in the
least significant byte (LSB) of the programming word.
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Table 2A-1. Prnﬁrnmming Instructions (cont)

TERMINATION CHARACTERS

Termination characters cause the execution of a command string. They are normai‘ly placed at theend of each
programming statement. '

Clear the Command String ® (Normally used only with the Bit-Serial Interface -06
Option.)

This character is used to erase an incorrect
programming entry from the command string butfer,
deleting all characters issued back to, but not
including, the preceding termination character. A new
command string is then needed to modify the state of
the instrument.

@ Execute the Command String This character s used to cause the execution of the
previous command string. The instrument will then be
in the defined state only; the character will nottriggera

reading or produce a response from the instrument.
When programming a string of characters, it is
recommended that the execute character be used at
frequent intervals; if an error is mads, the string need
then be clearad only back to the last execute character.
This execute character is also required if a command
string longer than 31 characters is used.

Execute the Command String This character will cause three actions: any previously
and Trigger enterad command string will be executed, a reading
‘ will be taken, and that reading will be transmitted
through the remote interface. If a command string was
not entered immediately preceding this character, the
instrument will take and transmit a reading in the last
defined state.

An exception occurs when a command string
containing a "Get” command has been entered; the

_instrument will then respond with the value or status
that was requested by the command string (no reading
will be triggered).

When issuing a program string terminated by the 7"
character, the "CR" and/or "LF" delimiter characters
should be, but do not have to be suppressed, Ifan error
ocours during the reading, a singte "0”, followed by a
"GR”, will ba transmitted. Atthis paint, status should be
requested to determine the cause of the error.

e Execute, Trigger, and Interrupt This character Is used to trigger areading and generate
when Ready ‘ an interrupt when the reading is complete.
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Tabie 2A-1. Programming Instructlons (cont)

@ Execute, Trigger, and Interrupt To provide the interrupt, the Bit-Serial Interface

when Ready (cont) {Option -08) and the Parallel Interface (Option -07)
transmit a single “CR". The |EEE-488 Interface (Option
-05) provides an interrupt by generating a service
reqguest (SRQ).

The reading triggered by the “@" character can be
obtained by inserting a “G" (get) command in the
following command string (terminated by a "),

The "@" character and the IEFE-488 Buy
command "Group Execute Trigger”
perform the same function.

COMMAND CHARACTERS
Command characters are classified within the following five groups:
1. FUNCTICON 3. MODIFIERS
2. RANGE 4, CONTROL
5. MEMORY
FUNCTION COMMAND CHARACTERS

There ara 7 function eommand characters. Whenever one of these characters iz used, the state of the
instrument will be changed as follows:

RANGE Auto

MODIFIERS Offset, Scaling, Limits, Peaks modes are turned off; stored values
for these modes are retained.

MEMORY, CONTROL Unchanged

If a function is selected requiring an optional module which is notloaded, the function of the instrument will be
undefined, and the error code will be set to 19,

DC Vaolts
@ AC Voits

DC Coupled AC Volts

DC Current

AC Current
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Tabla 2A-1. Programming Instructions (cont)

@ Ohms

@@ Fast Ohms The Z1 character will place the instrument into the
ohms function and the fast ohms mode. In normal ohms
operation, the unknown resistor value Rx is computed
from the following measurements:
V1-V2: the voltage across an internal precision
resistor (Rr)
V0: the voitage across the unknown resistor (Rix).
Thae value of Rx is then computed with Ohm’s Law:
VO
Vi-v2
Fast Ohms mode differs in that the value of
(‘V'ﬁﬁ) Is stored as a constant. The
instrument will the find Rx by measuring VO -and
multiplying this constant. The constant will change
with a function change, range change or overload
condition.

Rx = Rr

NOTE
Fast ohms ("Z1") differs from HIGH SPEED
READING ("F). When using "V for ohms
measurement, Rx is not computed by the DMM.

RANGE COMMAND CHARACTERS

The nine range commands specify the following maximum values by function.

loriA
VAorC ‘ ZorZ1
PpC VOLTS AC VOLTS DC or AC OHMS

CURRENT
Auto Auto Auto Auto

312 mv Auto 32puA 31.250)
25V 2.5V | 25mA 2500
v 20v 20 mA 2k

160V 160V ' 160 mA 32 kQ

1200V 1000V - 1.28A 256 kD
Auto Auto Auto 4,006 MG

Auto Auto Auto 32.768 MQ

CEEEEEEEE)
HEEEEEEE)

Auto Auto Auto 262.144 M[)
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Table 2A-1. Programming Instructions {cont)

MODIFIER COMMAND CHARACTERS
SAMPLES PER READING COMMAND CHARACTERS

The modifier command character S or “H" specifies the number of samples taken per reading, The times
shown for these characters are approximate digitizing times per reading for 60 Hz line synchronous operation
in de volts, ac volts or ¢urrent function,

2¢ =1 Sample/Reading (4 ms)

2" = 2 Samples/Reading (8 ms)

22 = 4 Samples/Reading (17 ms)

22 = 8 Samples/Reading {33 ms)

2¢ = 16 Samples/Reading (67 ms)
25 = 32 Samples/Reading (134 ms)
2¢ = §4 Sampies/Reading (267 ms)
27 = 128 Samples/Reading (534 ms)
2 = 258 Samples/Reading (1.18)

2* = 512 Samples/Reading (2.1}

21 = 1,024 Samples/Reading (4.35)

21 = 2 048 Samplas/Reading (8.55)
22 = 4,096 Samples/Reading (17.1s8)
213 = §,192 Samples/Reading (34.13)
2% = 16,384 Samplaes/Reading (68.3s)

21 == 32 768 Samples/Reading (13735)

2’ = §5 536 Samples/Reading (273s)

27 = 134,072 Samples/Reading (5463)

EEEEEEEEEE ) )
EGEEEEERHEEEEEEEEE)
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Table 2A-1. Programming Instructions (cont)

FILTER COMMAND CHARACTERS

The “F* character is used to specify the type of filtering and the enabling of a time-out {for the fiiter sattling
time). This time-out causes a delay between a trigger command received and the actual reading taken. In the
continuous trigger modes, the time-out will occur before each reading is initiated, The following “F” modifier
command characters are used: ‘

Slow fllter, time-out disabled,

Fast fliter, time-out disabled.

Bypass filter,

Slow filter, time-out enabled (approximately 500 ms).

Fast filter, time-out enabled (approximately 50 ms).

HEEE)E)
8060

TRIGGER COMMAND CHARACTERS

The "T" characters specify the instrument’s trigger mode. These characters determine whether samples taken
are line synchronous (every 4 or 5 ms) or line asynchronous (approximately every 1.7 ms), whether single or
gontinuous readings are to be taken. '

‘Continuous reading mode/line synchronized.
- Single reading mode/ling synchronized.

Continuous reading mode/line asynchronous-

Single reading mode/line asynchronous,

Q0006
000

NOTE

When line asynchronous modes are selected, the
display will be turned off to save time; the front
panel switches are then ignored.

& When in the continugus mode, any character (except “%" HALT) will be ignored by the instrument (8502A).

Whan in the Single Reading mode ("T0” or “T2").and IEEE Group Execute Trigger command, a "?" or "@"
character, or a TTL trigger (for the B502A-08A) must be gent for each reading.

With the Continuous Reading mode T" or "T1"), use of the "GET" command, “av m@” ora TTL trigger will
start continuous readings.
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Tabla 2A-1. Programming Instructions {cont)

When each reading is accepted by the instrurnent controller, the next reading will be started. An exception to
this sequence occurs in the "J1" Suppress Output mode; the next reading will now be taken immediately,
without waiting for the output to the controller.

NOTE

The front panel display does not update in this
made unless the controller asks for a reading.

Use of the "% character will halt the Continuous Reading mode and cycle the unit back to the Single Reading
mode,

OFFSET COMMAND CHARACTERS

The "F” command characters specify whether an offset will be subtracted from a reading. The offset value may
be entered by storing either a previous reading or a numerically entered offset.

¢ When storing readings, the 8500A will store the unprocessed reading, and the 8502A will store the digplayed
value.

Offset values may range from £1 X 10° to £ 1 X 10 {including 0.0}.

@ Offzet subiracted {ON).

@ @ Otfset not subtracted (OFF).

EXTERNAL REFERENCE AND SCALING COMMAND CHARACTERS

The "X" command characters select External Reference or Sealing mode. Either mode is valid for any function
and range. In External Reference mode, readings are divided by the signed magnitude of the external reference
voltage. In Scaling mode, readings are divided by a numerically entered scale factor or by a previously read
value,

External Reterence On, Scaling OH The “X" External Reference mode uses the external
reference voltage (Vxref) to divide the measured
voltage. Vxref is measured during each reading cycle.

Minimum Vxref = £0,0001V or the input divided by the
maxirmum display with the volts range, whichever is
greater (8500A anly).

For the 8502A, the minimum Vxref is the input divided
by 10°.

Maximum Vxref = £40V between Ext Ref Hi and Lo
terminals, providing neither terminal is greater than
£20V relative to the Sense Lo or Ohms Guard
Terminals.
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‘Table 2A-1. Programming lnstfucﬂons {cont)

External Reference Off,
Scaling Off

External Reference Off, The "X1" Scaling mode will divide all readings by a

Scallng On previously taken external reference voitage or by a
praviously entered numeric scale factor. The read
valued may not be used as a scaling factor.

NOTE

The 85024 can store the external reference voltage and
the numerical scale factor separately. The 85004 can
only store one or the other, not both.

Minimum scaling factor = the same as the minimum
Vxraf, for the 8500A.

For the 8502A minimum == 10", Factors less than this
will be set to 0, which is not a valid scale factor,

Maximum scaling factor = £100 (8500A), or Input/Max
Scale factor <107 (8502A).

NOTE
The "X" and "X 1" modes are mutually exelusive.

LIMITS AND PEAKS COMMAND CHARACTERS
The "U" command characters specify selection of Limits or Peaks modes.

@ Limits Testing On When this command character is sent, each instrument
reading is compared to upper and lower {imits. Limit
values must be entered separately with a keep
command {refer to KEEP COMMAND CHARACTERS).
The cutput format from the instrument (when given a
*@&G" command) is as. follows:

"Q" is transmitted for a reading within limita.

"1" is transmitted for a reading greater than the
upper limit, '

¥-1" is transmitted for a reading less than the lower
limit.

2" jg trgnsmitted If an error occurs (e.9.,
overranging).

(0 i

Paak Mode(s)

@@ Save Highest and Lowest Previous peak values are erased from memory

Values (Peaks On) whenever the “U1” command character is
‘ programmed.
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Table 2A-1. Programming Instructlons (cont)

@@ Save Highest and Lowest & For the 8500A, storage of limit and peak values are

Values (Peaks On) (cont) mutually exclusive., For the BS02A, limit and peak
values can be held in memory simultaneocusly.

NOTE
Limits are applied after all other modifier

operatipns (Scaling, Offset, erc) have been
performed.

CONTROL COMMAND CHARACTERS

Output Format

The "B" characters activate binary or ASCIl output format.

Single Byte Blnary Format
@ Single Byte ASCII Format
9 @ Binary 16-Blt Paraliel
"B1","82" used with Parailed ASCH Interface (Option

-07) only.
G@ 16-BIt Parallel ) only

The front panel DMM display is turned on when the ASCII mode is entered and off when the binary mode is
entared.

The Binary Output Format

The binary output format consists of five bytes. The first four bytes comprise a 32-bit binary two's complement
fixed point number. An implied binary point for this number is located between the first and second bytes. The
first B-bit byte thus serves as the integer portion. The 24 bitg of the next 3 bytes serve as the binary fraction.
Additionally, since this format cannot be used to hold the entire range of possible values for the DMM, a fifth
byte Is used as an exponent. This exponent is a two's complement binary number representing the decimal
expanent of the binary fixed point number defined by the first 4 bytes. An exception occursin Limits testing; the
response will then be single byte binary two's complement number,

16-Bit

Farmat Byte 1 Byte 2 Byte 3 Byte 4 Byte 5

8-Bit

Format Byte 1 Byte 2 Byte 3 Byte 4 Byte &

. Exponent
Sign Bit—y 1 2 3 4 1 5 Sign Bit

0000 0031 1000 000 0000 0000 0000 000D 0000 0001

implied binary point

'

e
<35 X 10" =
= 35.0
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Tabla 2A-1. Programming Instructions (cont)

NOTE

It de voits and ac volts, the exponent is always I.
In de and ac current, the exponent is always -2,
The exponent is range dependent in ohms
Sunction (1 for ohm ranges, 4 for kohm ranges,
and 7 for Mohm ronges).

Errors will be indicated by 5 bytes of 0.

ASCIl Data Output Format

Digits 4, 5,6, 7

o

3 4 10 12 14

Digit 12,3 ! f 1
and decimal point E Exp LF

The seventh digit in the ASCII format corresponds to the "Cal” or HIRES digit of the front panel digplay. In
some ranges and functions (€.g., 100 mV d¢) this digit is permanently zeroed since it exceeds the resolution of
the instrument. (When in the "Cal” or HIRES mode, the front panel will dispiay the value of the reading
rounded to zix significant digits.) ‘

DISPLAY CONTROL

The “D” command characters turn the DMM front panel digpiay on or off.

@ Dlsplay Off

@@ Display On ‘ ~When the "D0” command is used, the instrument will
no longer interrogate any of the front panel switches
{local lockout). The display will be turned On when the

ASCH output format is commanded,

. LOCAL LOCKOUT CONTROL

The "L” command characters setect the local lockout condition, in which the digplay remains activated while
none of the front pana! switches affect the instrument. , :

Local Lockout On
@ Local Lockout Off
ECHO COMMAND CHARACTERS
@ (used with Bt Serlal Option -06 only)
ECHO ON (Full-Duplex)
@ " ECHOQ OFF {Half-Duplex)
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Table 2A-1. Programming Instructions (cont)

LINE FEED CONTROL COMMAND CHARACTERS

Suppress Line Feed Character This character suppresses the LF character normaily
sent at the end of a response line.

@ Transmit Line Feed Character This character disables the “J" c¢haracter; the "LF”
character will be sent.

@ Suppress Output of Readings 4  In the 8500A, use of J1 will suppress all output frem the
DMM. In the B502A, use of J1 will suppress output with
the following exceptions: Service Request (SRQ),
status, recalled values, While in the J1 mode, use of the
recall command "G 7 will retrieve a reading. Use of "J"
or “JO” will exit the "J1" mode.

CALIBRATION CONSTANT

When the Calibration Memory {Option -04) module Iz ingtalled, the "M" character will inhibit the adjustment of
readings by the Calibration Memory correction factor. A slight increase in the speed of readings will result.

@ Inhibi Calibration Memory Factors
@@ Enable Calibration Memory Factors

TRIGGER COMMAND CHARACTERS

€ This set of command characters is available for the 8502A with the Isolator Option -08BA.

@ Activate External Triggering Mode, This character enables the External Triggering mode.
Interrupt when Ready Any external TTL trigger then initiates a reading and

interrupts when ready (SRQ),
@@ Deactivate External

Triggeting Mode

@@ Activate External Triggering The Q1 character also enables External Triggering
Mode, Transmil when Ready maode. Any external TTL trigger initiates and transmits

a reading.

NOTE

The "7 and "@" characters remain
operative during External Triggering.
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Table 2A-1. Programming instructions (cont)

4 EXTERNAL TRIGGER DELAY COMMAND CHARACTERS
{-08A with 8502A only) :

The "W" command characters select the amount of delay between the external trigger signal and the initiation
of the reading. : ‘ '

@ No Delay

(W)(3) 2ome
oo
() ==
W) e
(W) =
W)(5) wem
(W)(o) swsm
@ 266.6 ms
oo
Q) =
ook
oooks
ooors
WO
WO =
oools
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Table 2A-1. Programming Instructions (cont)

MEMORY COMMAND CHARACTERS
STORE

The "K" (Keep) command characters specify the storing of a reading or numeric entry.

@ Store Last Reading as Offset & The8500A will store the unprocessed reading, whereas
the 8502A will store the displayed reading.

@ @ Store Last Voltage Taken as VDC Zero (on RO Only)

@@ Store Last Reading as Ohms Zero (on RO Only)
@@@ Store Numeric Value Following as Offset
@@@ Store Numeric Value Following as Scaling Factor

(Note: The read value may not be stored as a Scaling Factor.)}

@@ @ Siore Numerie Value Following as Upper Limit
@@ Store Numeric Value Following as Lower Limit

Offsets, Scaling Factors, Upper and Lower Limits may be entered via the "KN" command characters, followed
by one of the modifier characters “P”, "X", "U" or "L" and the numeri¢ value (on ASCII string of numeric
characters, and optional sign, decimal point and signed decimal exponent digit in "E” notation).

Examples of legal numeric strings are:

00000

Keep Numeric offset of 10.0

0000080000

Keep numeric scaling factor of 10.3 X 107 or 1.03

00088000

Keep numaeric upper limit of 7.6 X 10°

000800080000 080

Keep numeric lower limit of -123.456
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Table 2A-1. Programming Instructions (cont)

An example of an illegal numeric string is:

00006800800

Exponent is limited to one signed integer digit, in this t¢ase the exponent would be -1 and the "3” would be
ignored. ‘

NOTE

Numeric entries are Hmited to the maximum
display value, These values are:

+1.00000 E+9 to +1.00000 E~9, and-1.00000 E
-9 to -1.00000 E +9 '

Numbers less the £1.00000 E -9 are treated as
zero,

RECALL
The "G" (Get) command characters specify the recall of a reading, a numeric entry or a status. Each “Get”

cammand must be followed by a 2" termination character. The following memory "Get” commands may be
used: ‘

@ Racall Previous Reading and Send on Next Trigger

@ @ Recall DC Zero and Send on Next Trigger
@@ Recall Siatus and Send on Next Trigger

Status information from the DMM may be obtained with the command character "G17". The status response
will be returned in the following seven character format.

Error Codes
2

Characters 1 and 2 define error code status, Each error code contains two digits: those cades with azero for the
first digit are related to remote operation only. All other codes contain the same second digitasthe DMM's front
panel error ¢odes,

00 No Error

06 System Error

07 lilegal Numeric Entry

08 Remote Command String Error

09 Remote Overrange

10 V DC Zero/Ohms Zero Error

11 Offset Error (8500A) Store during Overrange (B502A)
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Table 2A-1. Programming Instructions (cont)

Error Codes {cont})

12 Filter Module Faulty or not installed

13 DC Signal Conditioner Module Faulty or not installed

14 Excessive voltage present at terminals for Qhms/Current Measurement
15 Fast A/D Converter Faulty or not installed

16 Numeric Display Overflow

17  Magnitude of External Reference Input =20V

18 Controller Module Fauity

19 Function Module selected not installed

Range Codes

The third character of the status response contains the following range information;

100 mV dc, 100 pA, 100

1V dg, 1V ac, 1 mA, 1000

10V de, 10V ag, 10 mA, 1kQ
100V dc, 100V ac, 100 mA, 10 kD
1000V de, 1000V ac, 1A, 100 kO
1 MQ

10 MG

100 MO

0
1
2
3
4
5
8
7

Sample Codes

The fourth status response character comtaing sample information identified by the following codes:

1 Sample per Reading

2 Samples per Reading

4 Samples per Reading

8 Samples per Reading

16 Samples per Reading

32 Samples per Reading

64 Samples per Reading

128 Samples per Reading or Greater

~N G B Wk 2O

Functlon Codes

The fifth response character identities function:

DC volts

AC Volts

DC Amps

AC Amps

Ohms

DC Coupled AC Volts
Function Not Defined
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" Table 2A-1. Programming Instructions (cont)

@@ @ Recall Offset and Send on Next Yrigger
¢ Recall External Ref or Scaling Factor and Send on Next Trlgger'(BSDOA)
Recall Scaling Faclor (8502A)
¢ @ @@ Recall External Reference Factor and Send on Next Trigger (8502A)

@@@ Recall Upper and Send on Next Trigger
‘ G H N N L | Recall Lower Limlit and Send on Next Trigger

NOTE

The instrumert will replay to "GNU”" or
"GNL" by transmitting the stored limit
value.

@ @@ Recall Lowest (Peak) Value Found and Send on Next Trigger
@ @@ Recall Highest (Peak) Value Found and Send on Next Trigger
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Table 2A-2. Programming Instructions {8505A, 8506A)

The following discussion relates remote operation features available with the 8505A and the 8506A to existing
documentation for remote operation of the 8500 zeries multimeters. The additional features for the B505A and the
B506A are presented in this discussion in the same sequence as they would appear in the “Programming
Instructions” table (Table 2A-1).

Most of the items documented in this table supplement features available with the 8502A and BS502A/AT.
Incompatibilities have been kept to a minimum. Therefore, programs designed for the 8502A are generailly
compatible with the 8505A and the 8506A, and 8502A/AT programs are generally compatible with the 8506A. The few
araas that are not compatible are briefly described below. Refer to appropriate areas in this table for amore detailed
description.

1. High Speed Mode (!): Some High Speed mode scaling factors have been changed. Also, use of the reset
command (*) causes the multimetar to both exit High Speed mode and perform a normal reset.

Range Commands: Full scale points and autoranging points have been changed in several instances.

Store Zero Commands (KO, K1): Zero values are stored in Calibration Memory when Calibration mode is
on, but saparate zero values can be stored in a temporary memory whan Calibration mode is off, The
temporary values are always raplaced with the values stared in Calibration Memaory when a power-up or
reset occurs with Calibration mode off,

INITIALIZATION
CAUTION

Interruption of input power could affect Calibration Memory entrles when the muitimeter is in Calibration mode, Do
not cycle input power 1o the multimeter when Calibration mode is activated. If power is ON, verify that the
AVG/(CAL) annunciator is not flaghing before cycling power to OFF, From the remote, Calibration mode status can
be verifled with the G5 command (response of 0 = mode oft, response of 1 = mode on). I power s OFF, verify that the
rear pane} Callbration switch Iz off before cycling power to ON.

Both the 8505A and the 8506A assume the same configuration at power up as that described for 85024, with the
following exceptions:

1. The Average mode is disabled (Q0).

2. Calibration Memory factors are retained at all times. These factors include zero corrections for each
range in do volts and ohms functions, gain corrections for each range in each function, and the
calibration date (or ingtrument identification) number.

External Reference at power up or reset iz used as temporary storage for the multimeter software version
number. The GNR command can then be used to recall this number. Any use of the X command
subsequent to power-up or reset replaces this number with the value applied at the external reference
inputs.

Zere mode is enablad with the zero values stored in Calibration Memory,
HIGH SPEED MODE
Selection of the High Speed mode sets the following conditions:
1. The “I* command both enters the High Speed mode and triggers a reading.

2 Lise of any character (or hit pattern) other than “?" causes the multimeter to exit the High Spesd mode.
Use of “*" causes the multimeter to both exit the High Speed maode and patform a normal reset,

Selection of High Speed mode specifies the binary output farmat. Any pravicusly selected autput format
is restored once Hlgh Speed mode is exited.

The multimeter front panel display is blank while High Spged moda is on. The previously selected display
mode is restored once High Spesad mode is exited.
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Table 2A-2. Programming Instructlons (8505A, 8506A) (cont)

5. High Speed mode specifies asynchronous, single trigger mode (T2). The previously selected irigger
mode is restored once High Speed mode is exited.

The high speed reading mode (") ¢cannot be used for any ac volts function (normal, enhanced, or high accuracy)
with the 8308A.

Voltage and Current Reading In 1"

The following scale factors are used:

FUNCTION UNITS

0 3
DC Volts (V) 1/100* 64/10%

DG Amps (1} =1/80* -64/10*

AC Volts n/a 8
{B50SA only)

AC Amps 1/64
(BS505A only)

*Ditfers from 8502A

FUNCTION COMMAND CHARACTERS

The B505A uses the same function command characters as those listed. The “C” command (d¢ coupled ac volts) can
only be used when the True-RMS Converter {Opfion -09A) is installed. When an 8505A function is changed, the
multimeter i configured as follows:

1. If the same function is re-selected, the multimeter assumes autoranging and retalna all other existing
modes and stored values,

If a new function is selected, the following configuration Is set:
a.  Autoranging (R) is set.

b. The existing trigger mode, sample, and filter are retained. However, it Average mode was previously
on, it is turned off, sample is set to S7 and filter is set to FO.

Offset, External Reference, Scaling, Limits, and Peaks are turned off (PO, X0, U0 respectivély), with
all respective values retained.

Zero mode is set off if a function other than dc volts (V) or ohms (Z) is selected. If d¢ volts (V) or
ohms (Z) is selected, the zero mode state (on or off) is restorad to that in effect the last time aither
function was selected. Zero mode is always set on when & power-up of reset oCeurs. Values stored
in temporary memory are retained and are defined as those loaded from Calibration Memory at the
jast power-up or reset, or subsequent values stored with Calibration mode off.

a. Calibration mode is on or off (as determined by the Galibration Switch setting) and gain corraction
factors are enabled (MQ). ‘

when an BE06A funetion is changed, the multimeter assumes a configuration defined by the variety of both old and
new functions. One variety inciudes de volts (V), ohms (Z), and dc amps {1). The socond variety includes all a¢ volts
functions (VA, VA1, VA2, C, C1, and C2). Four types of configuration change are therefore possible. Each of these
changes resembles that detailed above for the 8505A, with the following exceptions:

1. Initial function was V, Z, or | — Naw function is V, Z, or I,

The 8505A configuration Is usad.
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Initial function was V, Z, or | — New function is ac or ac+dc volts:
a. Filter mode off (FQ) is set,
b. No sampie setting ia allowed,

¢, Zero mode is off.

Initial function was ae or ac+dc volts — New function is V, Z, or |-
a. Filter made on (F) or off (FO} is retained,

b. Sample 57 is set,

Initial function was ac volts — New function is ac volts:

a. If the initial and new functions are both ac volts (or both ac+dc voits}, manual ranging mode is
retained at the same range, or autoranging is retained (starting at the same range}.

If the change is between an ac volts function (VA, VA1, VA2) and an ac+dc volts function {C,C1,
C2), autoranging is automatically enabled.

For all types of change (ac to ac, act+dc to ac, ac to ac+dc, or ac+dc to ac+de), Averaging mode
{extended resolution) and all other modes and values are retained. No sample change is aliowed in
any 8506A ac volts function.

The following commands are used when initially selecting an 85064 ac volis function:
1. VAV AC Normal
V A1:V AC Enhanced
V A2:V AC High Accuracy
C :V AC Normal (DC Coupled)
C1:V AC Enhanced (DC Coupled)
C 2 :V AC High Accuracy {DC Coupled)

NOTE

AC volts function eommands used with the 8502A/AT are compatible with the 8506A. However, the six
function commands mentioned abave allow for faster, direct entry into the desirad 8506A ac volts mode.

If the 8506A is already In an ac volts function, an abbraviated command can be uged whaen salecting elther of the other
two ac volts functions. When selecting between ac or de coupling for ac volts, the full command string mentioned
above must be used. The abbreviated commands are as follows:

1. 3 0:V AC Normal

2. 51 :V AC Enhanced
3. S 2.V AC High Accuracy
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8505A/8506A,

RANGE COMMAND CHARACTERS

The nine range commands used with the 8505A or 8508A specify the full scale values by function as follows:

DC VOLTS
)

AC VOLTS

B505A

AC VOLTS

8508A

DC AMPS
n

AC AMPS
(1)
8505A

OHMS
(Z or Z1)

R
RO
R1
R2
R3
R4
R5
R&
R?7

Auto
200 mv
2v
20V
128v
1200V
Autc
Auto
Auyto

Auto
Auto
2.5V
20V
160V

1000V
Auto
Auto
Auto

Auto
125 mv
400 mv

1.25V

4y
12.5V

40V
1258V

Auto
250 uA
2.0 mA
16 mA
128 mA

1.28A

Auto

Auto

Auto

Auto
2.5 pA
2.5 mA
20 mA
160 mA
1.28A
Autoe
Aute
Auto

Auto

20 ohms
200 obms

2 kohms
20 kohms
200 kohms
4.1 Mohms
35 Mchms
265 Mohms

800V

Resolution available for remote readings is as follows:

ASCI DIGITS*

AVERAGING OR
CALIBRATION MODE

6%
6%
7%
6%
6%

6%
6%
6%
6%
8%
6%
6%
6%

FUNCTION

STANDARD MODE

DG Volts (V) 100 mV (RO)
1V (R1)

10V (R2)
100V (R3)

1000V (R4)

10 ohims {RQ)
100 ohms (R1)

1 kohm (R2)

10 kohms (R3)
100 kohms (R4)
1 Mohm {R&)

10 Mohms. (R6)
100 Mohms (R7)

6% (5%)
6%
6%
6%
6%

6%
&'%
6%
6%
6%
6%
6%
6%

&% (5'%)
6%
6
6%
&%

QOhms (Z)

DC Amps (1) 100 A (RO)
1 mA (R1}
10 mA (R2)
100 mA (R3)

1A (R4)

100 gA (RO)
1 mA (R1)
10 mA (R2)
100 mA (R3)
1A (R4)

AC Volts (VA) 1V (R1)
or 10V (R2)
' AC + DC (C) 100V (R3)
(8505A only) 1000V (R4)

6%
8%
6'%
6%
6%

5%
8%
6%
6%
6%

5%
6%
6%
8%
8'%

6%
6%
6%
6%

AC Amps
(B505A only)

8%
8%
6%
6%
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Table 2A-2. Programming Instructions (8505A, 8506A) (cont)

ASCIHl DIGITS*

FUNCTION RANGE AVERAGING OR
STANDARD MODE CALIBRATION MODE

AC Volts 100 mV (RO} BY% (5%) Bl
(VA, VA1, VA2) 300 mV (R1) 6% (5%) 6%
or AC + DC 1V (R2) 6% 6%
(C, C1, C2) 3V (A3) 6% 6%
(B506A only) 10V (R4) B Bl
30V (RS5) 6% 8%
100V (R8) 6% 6%
500V {(R7) 6% &'

*Resolution in binary mode is generally the same as in ASCII mode. Differing resolution in binary mode is shown in
parentheses,

SAMPLES PER READING COMMAND CHARACTERS
Use of the sample commands is modified as fotlows:

1. With the BROSA, samples-per reading ¢an be set with command 5, followed by one or two digits (0-17).
Digits greater than 17 cause a command string error (08). The H command can still be used, but the
multimeter recognizes only one following digit (0-%, corresponding to 88 through 517 respectively).

With the 8506A (dc valts, ohms, de amps only), samples-per-reading can be commanded in the manner
described above,

With the B508A setfor ac volts, no sample changes are allowed. Therefare, commands S0 through $17 {or
HO through H9) cannot be used for sample settings when the 8506A is set for ac volts normal, enhanced,
or high accuracy. However, the firat thrae commands (50, 51, 52} are used when commanding ac vols
functions as follows:

a. 50 commands ac volts normal. When initially commanding an ac volts function, only VA (for ac
coupling) or C (for dé coupling) need be used. When the multimeter is already set for gither of the
other two ac volts functions, ac volts normal can be selected by using 30 only.

51 commands ac volts enhanced. When initlally commanding an ac volts function, VA1 (for ac
coupling) or C1 (for de coupling) must be used. whan the multimeter |s already set for either of the
ather two ac valts functions, ac volts enhanced can be selected by using S1 only.

52 commands ac volts high accuracy. When initially commanding an ac volts function, VA2 (forac
coupling) or C2 (for dc coupling) must be used. when the multimeter is already set for aither ofthe
other two ac volts functions, ac volts high accuracy can be selected by using 52 only.

FILTER COMMAND CHARACTERS

Any fiter command is acceptable for the 8505A ar the 8506A (in V, Z, or | only}, However, when Averages mode is
enabled, filter F is initially selected and can only be changed to F2 or re-selectad. Any other filter setection {FQ, F1, or
F3), while accepted by the multimeter, sets the Average mode dizabled and the sample at 57.

When the 8506A is in an ac volts function, only filter FO (set at new function selection) or F (subsequently selected for
inputs less than 40 Hz) is allowed.

TRIGGER COMMAND CHARACTERS

wWhen the multimeter (8505A or 8506A) is in a continuous trigger mode (T or T1), the reset command (*) causes a
normal multimeter reset. All other commands are buffered and examined only when the halt cemmand (%) is sent,
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Table 2A-2. Programming Instructions (8505A, 8506A) {cont)

With any trigger mode, no command string is exarnined until the existing reading or recalled value is raturned. Any
reading or racall value commanded (but not yet returned) can be discarded by sending the halt (%) command. if a
continuous trigger mode (T or T1) is in effect when (%) is sent, the multimeter configuration is changed to single
trigger mode (T0 or T2), and any buffered commands (with a terminating character) are executad.

AVERAGING COMMAND CHARACTERS

With the B505A, (ali functions) and the 8506A (dc volts, chms, dc amps only), the “0" character Is used to command a
preset sample and filter combination for each function and range to optimizé accuracy and stability. Averaging also
provides an extra digit of resolution in several ranges (as defined under RANGE COMMAND CHARACTERS). The
following commands are available:

1. 0 ; Averaging mode enabled,
2, 0 0 : Average made digabled.

Enabling of Average mode in the situations defined above sets the multimeter to sample $10 and filter F. With
Average moda enabled, samples 811-317 or filter F2 can aiso be selected. Disabling of Average mods changes the
sample and filter again and occurs under any of the following circumstances:

1. Gommand OO is sent. Averaging mode is disabled. The Qample is set to S7 and the filter Is set to FO.

2. The function is changed. The sample I set to 57 and the filter is setto FO. If an ac volts function is initially
salectad with the 8506A, only fitter FO is set. If a change is made batween BEO6A acvolts functions (VA,
VA1, VA2, G, C1, C2), Averaging (extended resolution) is ratained.

A sample or filter not allowed in Average mode is.commanded. It 50-S9 is commanded, Average modeis
disabled, tha new sample setting is accepted and the filter is set to FO. If a filter other than F or F2 Is
selected, Average mode is disabled, the new filter is accepted and the sample is set to 57,

With the 8506A set for any of the ac volts functions, Average mode is not available. However, the 0 or Q0 command
can still be used to enable or disable extended resoiution (as defined under RANGE COMMAND CHARACTERS), In
this gituation, only the sample and filter restrictions defined by the 8508A ac volts functions are applicable. No
sample change can be made. Only filter FO ar F (for Input signals less than 40 Hz) can be selected, If asample change
is attempted or an unallowed filter is commanded, a momentary error is set and extended resolution is refained.
Extended resolution in 8506A ac volts functions I disabled if the O0 command is sent. Ifachange iz made betwean ac
volts functions, extended resolution is retained with the existing filter mode. If dc volts, ohms, or deamps is selected,
extended resolution (Average mode) is disabled, the filter iz not changed, and the sample is set to 87,

Whanever the “0" character is used (8505A or 8506A, - any function), the multimeter responds with the following
output format: ‘

BINARY OUTPUT FORMAT
16-Bit Format (B1):
BYTE 1 BYTE 2

g-Bit Format (B}

BYTE 1| [BYTE2

Example:

0000 0011 1000 0000 000D 0000 0000 0000 0000 0000 0000 0001

Implied Binary Point
Sign Bit Exponent Sign Bit

A — ‘ / \__Y_/
=35 X 10 EXP1 .
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Table 2A-2. Programming Instructions (8505A, 8506A) (cont)

ASCIl QUTPUT FORMAT
Digits 4, 5, 6,7, 8
FAN

3 7 8 13

v f
Digits 1, 2, 3 and Exp
decimal poeint.

Digit 8 is used only on the 10V de range to yield 7% digit resolution. On all other ranges and fupctions, 6% digit
resolution is used and digit 8 is set to 0.

OFFSET COMMAND CHARACTERS

When storing the previous reading as an offset, both the 8505A and the 8506A use the displayed value in the same
manner as does the B502A,

LIMITS AND PEAKS COMMAND CHARACTERS
When Limits testing is enabled (U), an error is identified by either of the following responses:
1. The standard error response message (programmed with the K3 command) is normaily returned.

If no such standard errof response message has been programmed sincethe last power-up or reset, a ‘2"
is returned to identify an error oceurring during limits testing.

CONTROL COMMAND CHARACTERS
ASCII Data Qutput Format

Digit 7 is used with the 8505A and B506A whenever 614 digits of resolution are available. If 51 digits are available, digit
7 is not needed and is consequently set to 0.

CALIBRATION CONSTANT

The Calibration Memaory is a standard feature with the 8505A and the B506A. Therefore, the "M™ and “MQ" commands
may be used at any time to inhibit or enabile Calibration Memory gain correction factors. Zero correction values,
although applied in de velts (V) or ohms (Z), can be controlled when the multimeter is in any function, The following
commands are available;

1. M1 : inhibit zero correction values.
2. M2 : enable zero correction values,

Calibration Memary allows for software calibration of all functions and is fuily described in Appendix 7B. Although
software calibration procedures are not discussed here, the following considerations must be made if Calibration
mode is activated.

Calibration gain correction factors are applied to the reading when Calibration maode is an or off and the M command
(inhibit Calibration Memory factors) has not been sent. Resolution availahle for each range and function is the same
for Calibration mode as for Averaging mode (refer to RANGE COMMAND CHARACTERS). Calibration mode can be
enabled or disabled {only when the multimetar is in local control) by positioning of the rear panel Calibration Switch.

Zero correction values are applied in do volts (V) or ochms (Z) whenever the M2 cammand is in effect, The zero mode
is atways turned on at power-up or reset. The actual zero values are those stored in Calibration Memory (entered with
the multimeter in Calibration mode) or separate values entered into temparary memory (when the muitimeter is not
in Calibration mode). Tamporary zero memory is always loaded with Calibration Memory zero values when a power-
up or raset ocours.




8505A/8506A

Table 2A-2. Programming Instructions (8505A, 8506A) (cont)

MEMORY COMMAND CHARACTERS |
STORE

Commands KO (store dc volts zero) and K1 (store ohms zero) can be used with either the 8505A or the 8508A.
However, the zero value is stored in the following new fashion: ‘

1. if Calibration mode is on (G5 response = 1), any zero value entered with tha K0 or K1 command is stored
directly in the Calibration Memory and retained until 2 new value is stored during Calibration mode on.
Software calibration uses this procedure and is fully described in Appendix 7B.

i Calibration mode is off (G5 response = 0}, any zero value entered with the KO or K1 command iz stored
in a separate (temporary) memory. Thig value does not affect any value already stored In Calibration
Memory. The temparary value is retained and applied to subsequent readings until a power-up or reset
condition occurs when the multimater is still in the Calibration mode off condition. If power-up o reset
occurs when the Galibration mode is off, the temporary values are updated with those stored In
Calibration Memary.

Whenever the KO or K1 command is used (Calibration mode on or off), a separate zero vaiue can be stored
for each range. ‘ ‘

a. M Calibration mode is on, the zero value is stored for the range selected without affecting the value
for any othar range.

If Calibration mode is off, any zero value stored is applied to the existing range and all higherranges
in the same function. Therefore, separate values for each range can be entered by using KO {or K1)
sequentially for each range (from lowest to highest),

The following additional store commands are available for the 8505A or the 8506A:

1. K N G: Keep gain correction on this range. This command is used when storing calibration gain
correction factors with Calibration mode on. Software Calibration (Appendix 7B) deals with this
procedure in detail.

K N I : Keep the following six digits as the calibration date or the multimeter identification. Any value
totaling 999999 or less can be entared (with Calibration mode on). Zeros are not suppressed if less than
six digits are entered. The full procedure is defined in Software Calibration {(Appendix 7B).

K 3: Keaep the arror response message, This command allows the operator to specify the response foran
error condition. These characters (instead of the actual reading) are then automatically returned
whenever an error condition occurs. For exampls, the word ERROR or an obviously illegal response
value (such as 1E20) can be programmed as the error responsa message. The desired rasponse must be
reprogrammed after a power-up or reset condition occurs. The multimeter returns 0 as the error message
if no other message has been programmed. The sctual error can only be identified as the first and second
characters of the G1 (Get Status) response. The following rutes must be followed when making the K3
antry: ‘

a. A maximum of any 15 characters (excepting immediate and termination characters} can be
programmed following the K3 command. Spaces can be used as part of the 15 character total.
Characters in excess of 15 ara ignored by the multimeter and do not cause an error condition.

Nulls are discarded and not stored. Nulls are not counted for the 15 character limit.

Any immediate character (including termination characters) terminates and éxecutes the string
normally.

The $ command is an immediate character only when used with the Bit Serial interface (Option -
06). With the IEEE-488 Interface (Option -05) or Parallel Interface (Option -07), $ is not an
immediate character and can be used as part of the K2 command string. ‘
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Table 2A-2, Programming Instructiona {8505A, B506A) (cont)

e. The#command is an immediate character only when used with the Bit Serial Interface (Option -06)
or the Parallel Interface {Option -07). With the IEEE-488 Interface (Option -05), the # command is
not an immediate character and can be used as part of the K3 command string.

K 4 G 1 : Clear all of Calibration Memory. If it is necessary to clear all calibration factors {as in a chack sum
error 25 condition or prior to hardware calibration of all functions), the K4G1 command string can be
used. Depending on the humber of entries being cleared, several seconds may be necassary to complete
this operation. Gampletion of this comprehensive clearing operation is verified by return of the status
response.

CAUTION

If any Interrupting command Is sent immedlately atier K4 (and before G1), the comprehansive clearing
operatlon may be interrupted prlor to completion. A check sum (error 25) condition would then ba set. Do
not send any Interrupting command (immediate characters, resel, efc.) between K4 and 1.

K 2 : Store previoua reading as scaling factor.
RECALL
Recall DC Zero (GO)

The GO command (recall dc zero and send on next trigger) operates in the following fashion for either tha B505A or
the 8506A:

1. The multimeter can store separate dc zero values for sach range. If GO is used when dc volts function is
selected, the d¢ zero recalled is the vaiue for the range selected. If G0 is used when any other function is
selected, the dc zero recalled is tha value for the 100 mV range only.

The multimeter can also store zero values in two separate memories. The recalled dc zero value depends
on tha state of Calibration mode at the time GO is used. When Calibration mode is on, zero values recalled
are those stored in Galibration Memory. Whan Calibration mode is off, zero values recalled are thase
stored in a separate, tampaorary mamory. Also note that any zero values stored in temporary mamory
(with Calibration mode off) are replaced by Calibration Memory zero values when power-up or reset
oeeurs.

Recall Status (G1)

The first two digits of the G1 response {(error codes) are identified in two steps. The first gtep involves a user-
programmed error message that is returned whenever an error condition has been generated. This message is stored
in an error response buffer and serves only as a "flag” that an error exists. it does not identify the error. An error
message is programmed with the K3 command, followed by any combination of up to 15 characters. Forexample, an
obviously iltagal multimeter response of 1E20 could be spécified as the error message. [fno such special message
has been programmed, a returned "0" is used. In any case, this message alone is returned whenever an &rror
condition has been generated and a response from the multimeter has been commanded. The arror message may be
returnad rapeatadiy. This depends on the type of error condition generated {momentary or latching) and subsegquent
corrective actions. The following rules apply:

1. Each momentary error condition generates only one efror message.

2. A latching error condition, if not corrected, generates repeated errors. Therefare, the error massage is
returnad for each attempted reading.

For the second step, the G1 {get status) command must be sent. The first and second characters of the status
response then identify the errar condition by number. This two-digit error code is stored in a separata error condition
huffer and is subject 1o the following rules:

1. A single two-digit error code can occupy the error buffer.

2. If a multiple error condition exists, only the last error to have been generated is stored in the arror bufter.
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Table 2A-2, Programming Instructlons (8505A, 8506A) (cont)

The error buffer is cleared (set to 00) when aither of the following actions ocours:

a. The G1command is sent. The error is returnad in the status response, and the buffer Is reset to 00. if
the error still exists, 2 new reading must be triggered to reioad the error buffer (and return the error
message). If another G1 command is sent before a new reading is triggered, no error (00) is
identified in the response.

b. A valid reading is triggered. The reading Is returned and the buffer is reset to 00.

The multimeter employs both momentary and latching errors. A momentary error in the buffer can be cleared by
sending the G1 command or by triggeting a valid reading. If the momentary error doas nat recccur, further
multimeter operation is not impeded. A latching error, if not corrected, does impede further multimeater operation by
generating another error (and returning the error message) each time a reading is triggered. Clearing theerror buffer
by sending G1 does not affect this impediment. Latching errors include 12, 13, 14, 15,18, and 24.

A momentary error condition ig illugtrated in the following example. Assume that 1V deis applied to a multimatar
configured for dc volts. The following sequence of commands Is sent: VRO? KG17 R1? The first command (VRO
triggers an overrangs, causing the error message to be returned. The second command (KG17) attempts to store this
overrange as an offset, loads momentary error 11 into the error buffer, and returns 11 (the most recent error o bé
generated) in the status response. The third command (R17) triggers and returns a valid reading and resets the error
huffer to 00.

A latching error condition is encountered in the following example. Assume that the multimeter is conflgured forde
volts (V), but not de current measurement (1), and 1V dc is applied to the inputs. The following sequence of
commands is sent: IR17 G17 7 V? The first command (IR17?) triggers an invalid reading, loads the error buffer with
latching error 19, and causes the error message to be returned. The second command (G17) returns 13 as the first
two characters of the status response and resets the error buffer to 00. The third command (?) triggers another tnvalid
reading, loads the error buffer with 19 again, and returns the error message. The fourth command (V?} is valid.
Tharefore, the actual reading Is returned, and the error buffer is reset to 00.

NOTE

Latching errors are enabled at all times (Calibration moda on or off) when remote operation is in use.
However, latching errors can be disabled locally (with Calibration mode on). This procedure is intended
for use during troubleshooting only. Do not attempt to disable latching errors at any other time.

The following additional error conditions can cccupy the error buffer for either the 8505A or the 8508A:

1. 23 ' The Calibration Memory is fauity or not installed.

2. 24 : llegal module configuration. ,

This error occurs at powsr-up of reset. it may mean that & Calibration Memory module fs instatled. The
B505A and 8508A do not use a separate module for calibration memory entries (calibration memory isa
standard part of the Controller modute). If a Calibration Memory module is installed, it must be removed.
Also, error 24 may mean that the wrong ac converter configuration is installad. The 8505A uses either the
-01 Option or the -09A Option (not both). The 8508A uses only the Thermal True-RMS Converter. i an
illegal ac converter is instalied, it must be removed. If the illegal configuration is not corracted, the error
buffer is cleared (G1sent), and a valid function is subsequently selected, the illegal module configuration
does not interrupt further multimeter operation. However, If both ac converters (-01 and -09A) are
installad in the B505A, the ac volts command (VA or C) causes selection of the -09A converter only.

25 : Tha Calibration Memory check sum is wrong.

Thig error condition may occur when applying power, when storing inte Calibration Memory, or when
recalling a Calibration Memory entry. It may be caused by an inadvertent cycling of power when the
multimeter is in the Calibration mode. Ensure that Calibration mode is off, then try re-initializing power to
the multimeter. If arror 25 remains, it may be necessary to first clear, and then re-enter, all correction
factors, zero values, and the calibration date (or instrument identification numbet), If error 25 recurs
during the clearing procedure or during any subsequent programming attempt, the Calibration Memory
may be faulty. ‘

2A-3
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Table 2A-2. Programming Instructions (B505A, 8506A) (cont)

27 : Ohms input problem
Error 27 can ocour under any of the following circumstances:

a. At least one ohms input connection is open.
k.  An input polarity reversal has been made in four-terminal connections,

¢, Aninput protection fuse is bad, For input connections at either the front panel terminals or through
the rear input connector, any of the input fuses on the Front/Rear Switch PCB could be bad. Either
the front or rear current/ohms fuse could also cause this error condition,

The third character of the G 1 (racall status) response is modified when used with the 8506A in an ac valts function.
The third character (range codes) is then defined as follows:

0 100 mV 3 3V 6 100V
1 300mv 4 10V 7 bOOv
2 1V 5 3V

The fifth character (function codes) of the response to G1 is modified for the 8506A. Since ac current cannot be
measured with the 85064, the fifth character cannot be defined as “3", Further, if the fifth character is a"1” (ac volts)
or a 5" (de coupled ac volts), the specific ac volts function must alse be identified. Since sample codes are net used
in B508A ac volts functions, the fourth character (Sample} is utilized to define whether normal mode (fourth character
= ), enhanced mode (1), or high accuracy mode (2) is selected.

Additional Recall Commands

The tollowing additional recall commands are available with either the 8505A or the 8506A:

1. G 2 . Recall multimeter configuration and send on next trigger. This recall command is useful in
determining the multimeter type and identification number, verifying the installed modules prior to a
performance test or calibration, and identifying the cause of an error 24 (illegal module configuration). A
22-character response identifies the multimeter and its hardware configuration as follows:

a. Characters 1-5: the model number (e.g9. BB0BA)
b. Characters 6-8: & special number {or biank)
Character 9: a celon ()
Characters 10-22; 13 characters identifying the loaded modules,

D : OG Signal Conditioner

F : Active Filter

G A/D Converter

1 : Averaging AC Converter {Option -01)
2 : Ohms Converter {Option -02A)

3 : Currant Converter (Option -03)

4 : Not used (always = =)

5 : |EEE-4B8 Interface (Option -05)

& : Bit Serial Interface (Option -06)

7 1 Parallel interface (OPtion -07)

8 : Isolator

& ; True-RMS Converter (Option -09A)
A Thermal True-RMS Caonverter
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Table 2A-2. Programming Instructions (8505A, B506A) (cont)

Any module not installed is noted with a (-) in the response. Forthe 8505A, a response of DF G 2----78-- would sighify
a standard dc volts configuration (DFC) with the Isolator (8) and options for averaging ac (1}, ohms (2), and parallel
intarfacing (7). For the 8508A, a response of DFC--3-5--8-A would identify a standard d¢ volts (DFC) with the §solator
(8) and thermal true-rms volts (A) configuration with options for de¢ current (3}, and |IEEE-428 interfacing (5).
Meodules allowed in either instrument are defined as follows:

ALLOWED CONFIGURATION
POSSIBLE (8 = standard, O = optional,
CONFIGURATION N = not allowed, - = not used)

85054 8506A

s
5
5
0 (1)
O
a1

0 (3)
03
0 (3)
S (3)
O (1)
N

POmMNOO RO OTO

NOTES:

{1) 8505A AC Volts (VA) uses either Averaging (Option =01} or True-RMS (Option -09A)
converter. B505A AC Amps (1A) uges Current Converter (Option -03) and elther ac converter.
It both ac converters are installed with ac volts or ac amps selected, the True-RMS converter
{Option -09A) is used.

(2) 850BA can use either the Ohms Converter (Option -01A)} or the Current Converter
(Option -03) — not both.

(3) 8505A and B506A: only one interface (Qption -05, -08, or -07) can be installed at onatime.

Ga: recall front/rear input selector status on next trigger. Respanse is as follows:

0 {rear inputs)
1 {front inputs)

G 4 : recall the calibration date (or instrument identifying) number. Response includes six digits with no
leading zero suppression. If the Calibration Memory is not installed, the response is0 00000, and no
arror is generated,

G 5 : recall Calibration mode status. A returned 0 identifies Calibration mode off, and a returned 1
idantifies Calibration mode on.

G 6 recall Ohms zero value and send on next trigger. If G6 is sant when the Ohms function is selected, the
zero value for the range selected is returned. If any other function is seiected when G6 is sent, the zero
value for the 10 obm range {(RD) is returned.

If any unspecified G command is attempted (such as G7), the multimeter assumes that G (recall previous reading and
send on next trigger) has been sent.

2A-33/2A-34




3-1. INTRODUCTION

3-2. This section describes the theory of operation for
the mainframe, which includes the modules necessary for
ac volis, dc volts and dc¢ ratio measurements, Block
Diagram Description gives an overview of the operation
of the multimeter and an explanation of its bus structure.
This description is followed by Circuit Analysis, which
gives a more detailed description of the circuitry.
Optional modules are described in Section 6.

3-3. BLOCK DIAGRAM DESCRIPTION

3-4. Bus Structure

3-5. The multimeter is constructed with a bus
architecture similar to that of a computer. Figure 3-1is an
overall block diagram of the instrument with optional
modules drawn in dashed lines. Figure 3-2 is a block

Section 3
Theory of Operation

diagram illustrating signal flow. A microprocessor-based
Controller module controls information flow on the three
buses. The Controller sets up each of the analog modules
for a measurement by addressing the modules as memory
locations. An unguarded digital interbus is used to
connect the Controller to the front panel and to digital
option modules such as the IEEE-488 Remote Interface.

3-6. The unguarded digital bus consists of the following
lines:

1. Address/Control (IC)
2. Bidirectional data (ID)

3. Real time (RT)

CONTROLLER

REMOTE
INTERFACE

EXTERNAL
SYSTEM

DASHED LINES
REPRESENT OPTIONS

FILT. EXT. A/D
REF. CONV.

FRONT OR
REAR INPUTS

Figure 3-1. Block Dlagram
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Figure 3-2, Analog Signal Flow

4, Handshake (EXTINT, ACK, INA)

5. Input/Output (SCAN ADV, EXT TRIG,
FRONT/REAR SENSE)

6. Power supply

3-7. The guarded bus connects the Controller to the
analog modules through the Isolator module. The
guarded bus consists of the following lines:

1. Address/Control (IC)
2. Bidirectional data (ID)
3. Real time (RT)

4. Handshake (ACK)

5. Power Supply

3-8. The address, handshake, and data lines of the two
buses serve the same functions. The real time and power
supply lines may have differing functions. For example,
the RT lines in the unguarded bus are unused except for
RTS (frequency reference). The RT lines in the guarded

3-2

bus form an analog bus which carries all the conditioned
and converted analog signals between the analog
modules. The external reference input lines are part of the
analog bus (RT7 and RT8). Logic supply lines (Vee and
Vss) are isolated from analog common when the Isolator
is installed,

3.9. The high quality bus consists of lines connecting the
input switch (Sense HI and LO, Source HI and LO,
Guard, Ohms Guard) to the signal conditioning and
converting modules, Ohms guard is only available
through the rear inputs.

3-10. Controller
3-11. Under the direction of the software program, the

Controller addresses and sets up each of the modules
necessary to perform a function. Two types of addresses
are used: direct and indirect. An indirect address requires
a previous direct address to set up the indirect address
response logic. Data transfers are accomplished with a
handshake between the address (IC) lines and the
acknowledge (ACK) line. When the controller addresses a
module, it places data on the data (1D) lines or receives
data from the addressed module. The addressed module
must respond with an ACK signal signifying that it is
receiving or sending data.




3-12. The Controller directs each step of sample
processing. The A/D Converter is first directed to take
the selected number of samples-per-reading (2 exponent 0
through 2 exponent 17). Using the arithmetic capability
of the microprocessor, Controller software then sums all
samples and divides by the number of samples to compute
the average sample value. This digital filtering reduces
noise. If the multimeter is in Zero mode (V DC, OHMS
only), this average value is then zero corrected and scaled
to correct for the gain and attenuation of analog modules
used in taking the reading. Any stored calibration
correction factor is then applied to scale the averaged
value, correcting for gain changes in the applicable analog
modules. The averaged, corrected reading is then scaled
by either the Scaling mode or External Reference mode
factor, and finalily offset by the Offset mode value. The
result of these processes is the value of the reading. Peak
and Limit modes are applied to this reading. The resulting
number (or indication in Limits mode) is made available
to an optional remote interface either in binary two’s
complement form, or, after further processing, in ASCII
code. This number (or indication} is further processed by
the controller for application to the front panel display in
a seven-segment LED format. The average sample value
(prior to any correction or processing) may also be
transmitted directly across the remote interface by using
the High Speed mode.

3-13. The software program consists of two paraliel
processes. A background process (Figure 3-3) is
responsible for interrupt driven activities such as
updating the display digits and directing the A/D
converter in taking a sample. The foreground process
(Figure 3-4) is responsible for the measurement cycle
including accumulating data from the background
process and performing required calculations.

3-14. The controller is structured around the Intel 8080
microprocessor. Figure 3-5 is a block diagram of the
controller module. Hardware control functions have been
minimized by software design. Sequences of events are
timed from two sources. Basic operations of the
microprocessor are run from a 1.7 MHz clock. The other
source is generated by shaped line frequency pulses,
which are applied to a phase-locked loop. The phase-
locked loop multiplies the line frequency by eight. This
signal is used to generate mark interrupts which time the
background process.

3-15. Memory for the multimeter consists of two ROMs
for software, one RAM for variables, and one EEROM
for calibration memory. Data lines (DB0-DB7) are used
for bidirectional data flow. Address lines (A0-Al5)
determine the source or destination for data and
instructions. Modules in the multimeter system are
memory mapped and are accessed through normal
memory reference instructions.

MARK
INTERRUPT

UPDATE NEXT
DISPLAY DIGIT

PRIMARY
CYCLE?
(ALTERNATE MARKS)

OUT-OF-RANGE
TESTING iF
IN AUTO RANGE

A/D CONVERSION
TO OBTAIN A SAMPLE

ADD LAST READING
TO THE BUFFER

TEST FOR SWITCH
PUSH & ACT ON IT

MODULE CONTROL
REFRESH

( RETURN ’

Figure 3-3. Background Software Process

3-16. Interrupts are used to divert the microprocessor
from the main program to service other routines.
Interrupts are synchronized to an appropriate time in the
microprocessor cycle through interrupt control, where
assigned priorities vector module identity data onto the
data bus. Module identity data words direct the
microprocessor to the memory location containing the
next instruction. Two interrupts are internally generated:
ACKINT and MARKINT (priorities one and six
respectively). ACKINT is generated when an
acknowledge signal is not returned. MARKINT is used to
synchronize A/ D samples and display updates to the line
frequency.

3-3
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3-17. An interrupt may be externally requested by
pulling the EXTINT line low. When the microprocessor is
ready to accept the interrupt, the interrupt acknowledge
(INA) signal is generated. The requesting module must
respond with an ACK and a data bit (on ID1-1D3) which
is used as a priority vector by interrupt control.

3-18. Software or hardware resets may occur. Software
resets result from front panel requests or remote requests.
Hardware resets are generated from the reset logic by
monitoring line frequency on RTS. On power-up, or for
line disturbances, the reset logic initializes the
microprocessor and other logic. At power down, the reset
signal prevents erroneous operation.

3-19. The control logic can be divided into two areas;
control of the microprocessor and control of the external
logic. The microprocessor control logic is used when the
microprocessor enters and exits wait states. The external
control logic is responsible for latching status
information from the microprocessor at the beginning of
each instruction cycle. The status information controls
and synchronizes the activities of the external logic.

3-20. Front Panel

3-21. The front panel serves as an interface between the
operator and the controller. The display is multiplexed by
the controller by means of addressing the front panel for
each digit. One direct address, two indirect addresses, and
the accompanying data determine which digit or
annunciator will light and which segments will light. An
indirect address requires a previous, valid direct address
to set up the indirect response. Another direct address
enables the switch matrix to be read to determine if any
function changes are desired. The cycle of updating each
digit and annunciator and reading the switch matrix
requires approximately 28 ms and is continuous. Input
terminals, J1-J5, are physically located on the front panel
but have no electrical interaction with the front panel.

3-22. DC Signal Conditioner

3-23. DC signals from the input terminals (direct in
V DCQC), from the Thermal True RMS Converter (V AC),
or from optional signal conditioners (OHMS or A DC)
are routed through the DC Signal Conditioner to be
brought within the range of the A/D Converter (£20V).
Figure 3-6 is a block diagram of the DC Signal Condi-
tioner. Gain or attenuation factors are selected by the
microprocessor addressing the module. Data from the
data bus is latched into the control circuitry and used to
select relays in the attenvator and switches in the
amplifier feedback circuit. The combination of the
attenuator and feedback-controlled amplifier give gain
factors of 1, 10, or 100 and attenuation factors of 1 or 64.

3-24. Active Filter

3-25. The purpose of the-Active Filter module is to
multiplex dc signals to the A/ D Converter and to switch
analog filters into the signal path. Figure 3-7 is a block
diagram of the Filter/ External Reference module. Five
filter modes may be selected from the front panel. For
external reference measurements, the signal conditioner
input, the External Reference HI input and the External
Reference LO input are multiplexed to the A/D
Converter. Samples are taken of each input and
arithmetically manipulated by the Controller to arrive at
a reading,

3-26. Fast R? A/D Converter

3-27. The Fast R2 A/D Converter employs Fluke's
patented recirculating remainder (R?) technique for
converting a dc input signal into a binary, bit-serial data
stream. The R2 technique has been modified for
microprocessor control. Obtaining a sample is a five-step
process. Each step consists of a decision period of five
decisions and a subtraction period. Set-up of the
converter, decisions, and reset are initialized by the
Controller addressing the A/ D Converter. Figure 3-8 isa
block diagram of the R? A/D Converter.

+1 OR
+ 64
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IC0, 3,4 .

CONTROL
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I
FEEDBACK
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Figure 3-6. DC Signal Conditioner Block Diagram
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3-28. During the first step, the input signal is applied to
the Summing Node. The polarity of the input is detected
and the resulting bit of information is transmitted to the
Controller. On the basis of the returned polarity, the A/ D
module selects which reference polarity is required:
positive for negative inputs, negative for positive inputs,
The first of five precision currents is switched into the
Summing Node and a polarity bit returned. If the polarity
ischanged, the first current is switched off. If the polarity
is not changed, the current is left on. Then the next

current is switched into the Summing Node and another
polarity bit returned. Another decision is made and so on
until all five currents have been switched into the
Summing Node and five decisions have been made, This
completes the first decision period. The five precision
currents are related by powers of two. The fifth current
has a resolution of thirty two.

3-29. Following the decision period is a subtraction
period. Feedback through the Remainder Storage nulls

REFERENGE
POLARITY
SWITCH

PRECISICON
VOLTAGE
REFERENCE

PRECISION DIVIDER
AND MULTIPLEXER

CONTROLLER
INTERFACE
AND
DECISION
LOGIC
(D7 t—o]

ACK wag—

REMAINDER
STORAGE
AND
| MULTIPLEXER

REMAINDER
AMP

RT5 > oo

FROM FILTER MODULE

POLARITY

<

DETECTOR

Figure 3-8. R? A/D Converter Block Diagram
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whatever remainder was left after the five currents have
been switched into the Summing Node. The remainder is
amplified by 16 in the Remainder Amp and is stored ona
capacitor in Remainder Storage. This completes the first
step. The input is now switched out of the Summing Node
and the amplified remainder switched in for the next step.
There are two remainder channels in Remainder Storage
and they are alternated in the four subsequent steps. Since
the fifth current has a resolution of thirty two and the
Remainder Amp has a gain of 16, the first bit of a step has
the same significance as the last bit of the previous step.

3-30. Of the five steps required to complete a sample,
the first uses the input signal for decision and subtraction
periods. The four subsequent steps alternate remainder
channels to use the amplified remainder of the preceding
step for decision and subtraction periods. Polarity bits
returned at each decision are accumulated by the
Controller and assembled into a 24-bit word describing
the polarity and magnitude of the input.

3-31. Thermal True RMS Converter

3-32. This description is divided into two parts. The first
is a theoretical description of the rms converter. The
second is the operation of the rms converter within the
multimeter.

3-33. THEORETICAL DESCRIPTION

3-34. Previously AC/DC transfer measurements were
made by sequentially applying an unknown ac voltage
and a variable dc voltage to an rms sensor until the
outputs were equal. The rms voltage was then assumed to
be equal to the value of the de voltage applied at the time
the two inputs were equal. The Thermal True RMS
Converter module differs in that it uses the dc equivalent
value of the rms sensors first cutput to serve as the first
approximation for the companscen. Therefore, if a
computation capability is available, and the transfer
curve of the sensor is reasonably smooth, the first
iteration is the only one necessary to obtain a high
accuracy measurement.

3-35. Figure 3-9 shows an ideal curve where the rms
input (X} equals the de output (Y), an example of an
actual curve, and the positions on the curves for two
separate readings. X1 represents the value of the original
unknown rms input and Y1 represents the dc value of the
sensor output, The difference, or error, between the two
values is represented by El. A second dc voltage (X2)
equal to Y1 is applied to the sensor which preduces an
output Y2. From these it can be seen that: YI=X1+E]l,
Y2=X2+E2, and X2=Y1. Substituting these values into
the formula 2(Y 1)<(Y?2) the rms value of the original input
can be computed from the following derived formula.

= AY1)Y2)
= 2(X14+E1)-(X2+E2)

= AXI+E1)(XI+EI+E2)
= X1+HEI E2)

X (computed)

Figure 3-9. Ideal Curve

3-36, Solution of the example formula shows that by
doubling the first sensor output and subtracting the
second sensor output, the original input can be computed
to an accuracy determined by how much the error
changes between the two readings. The closer together the
two points and the smoother the error curve, the lower the
resultant error (E1-E2).

3-37. SYSTEM OPERATION

3-38. Figure 3-10 is a block diagram of the Thermal
True RMS Converter in relation to the multimeter when
used in the thermal true rms function. The unknown ac
signal is applied through the input attenuators, ranging
amplifier, and sensor switching circuits to the Fluke
thermal sensor. The sensor output is simultaneously
measured by the multimeter and routed through the
sensor switching circuits for storage by the sample/ hold
circuit. The measured value is doubled and the result
stored in memory (part of the controller). The controller
module then commands the logic control circuit to alter
the sensor switching circuits to open the path from the
ranging amplifier output and to close the path from the
sample/ hold output (the stored sensor measurement) to
the thermal sensor input. The sensor output is then
measured again by the multimeter and the result
subtracted from the stored value (twice the first
measurement). The difference is displayed as the rms
value of the original input signal.

3-39. The unknown input signal must be within the
dynamic range of the measuring circuit to use this
technique. The input attenuator circuit and ranging
amplifier, as directed by the controller (system software)
through the logic circuit, bring the input signal within the
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range required, AC accuracy limitations at full scale for
thig technique are primarily due to the flatness of the
input attenuator and the ranging amplifier. At one tenth
of full scale the limitation is 1/f noise in the gensor. DC
accuracy limitations are primarily due to the input drift of
the ranging amplifier. The 6-second response time is
determined by the thermal sensor tirme constants and the
agsociated circuitry.

3-40. Front/Rear Switch Assembly

341, Analog inputs are applied either at front panel
terminals or through a rear panel connector. The
Front; Rear Switch Assembly is controlled by the Rear
Input Selector on the front panel, When disengaged (out),
this selector routes front panel INPUT HI and LO,
SOURCE HI and LO, and GUARD connections to the
multimeter analog bus. The front panel Ohms Selector
and Guard Selector influence only the front panel inputs;
these two selectors have no effect on the rear inputs.
When engaged (in), the Rear Input Selector routes
INPUT HI and LO, SOURCE Hl and LO, GUARD, and
COHMS GUARD from the rear input connector to the
analog bus, External Reference Hl and LO inputs are also
applied through the rear input connector but are not
switched. Separate fuse protection is used for front panel
(SOURCE HI) and rear (SOURCE HI) inputs.
Front/Rear Switch position is sensed by the Controller
via a photocoupler. This arrangement allows for
interrogation of the Front/ Rear Switch position through
a remote interface while maintaining guard integrity.

3-42. CIRCUIT ANALYSIS

3-43. Introduction

344, Detailed circuit description of each module in the
standard mainframe is presented in the following
paragraphs, Optional modules are covered in Section 6.
The block diagram description should be read first to get
an understanding of the overall functioning of the
instrument. Schematic diagrams are located in Section 8
(Rection 6 for optional modules), Table 3-1 is a list of
mnemonic definitions used in the Controller schematic.

3-45. Controlier

3-46. TIMING

3-47. Refer to Figure 3-11. Timing for the
microprocessor 15 derived from a 12V, two-phase clock
(01 and 02). The two-phase clock is generated by clock
generator Ul4, which is desipned to meet the timing
requirements of the microprocessor. The clock generator
also uses internal logic and a SYNC pulse from the
microprocessor to generate an STSTB signal (which
clocks microprocessor status information), The period of
the 0! clock (585 ns) governs the duration of a machine
cycle; there are three to five states in a machine ¢yele and
one to five machine cycles in an instruction cycie,

348, Shaped line frequency pulses are applied to phase-
locked loop U26 which runs at eight times the line
frequency (480 Hz for 60 Hz hine, 400 Hz for 50 Hz line).

310

Tabkle 3-1. Mnamonics

AD-A15
ACK

ACKINT

CPUINT
CPUREADY
CPURESET
DO-07
DBIN
DLDACK
EXTCOM
EXTINT
FLINE
8xFLINE
FRONT/REAR
1CO-ICT
ICENABLE
100-107

INA

NP
INTA

INTCLR
LINEREF

MARKINT

@1

g2

ouT
READY
RESET
RLUN
SCANADV

STOP
STETB
SYNC

SYNCDEXTINT

Vbb
Veo
vdd
Vgg
Vs
WAIT
WR

Address bus on controiler
Acknowledge signal from
module

Interrupt generated when
module does not respond
Interrupt signai for 4P

Ready signal for P

Reset signal

Data bus on controller

Data bus input signal {from uP)
Dalayed version of ACK
Module communication signal
Interrupt from module
Shaped line frequency signal
8 times line frequency

Front or rear input signal
Maodule address/control bus
Enable module address signal
Module data bus

Interrupt acknowledge signal
in response to EXTINT

170 status signal

Interrupt acknowledge status
sighal

Clear interrupt signal

Line reference signal, bus
input on RTS

Interrupt to synchronize to
line frequency

One phase of uP clock

Other phaze of 4P clock

1/Q) status signal

Signal to generate CPUREADY
Reset signal

Exit wait state signal

Scan advance signal, A/D
canversion complete

Enter wait state signal

Clock signal to latch uP status
Signal from uP, used to
generate STSTB
Synchronized interrupt from
modula

-5V supply

48V supply

+12V supply

=12V supply

Logic common

MP in wait state signal

Write data signal from uP
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TO uP
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15.36 MHz == @2 TO 4P

—
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L SYNC cpom up

STSTB_ 10 STATUS
LATCH

LINE FREQ
—-o<]* FROM

POWERS

8x LINE FREQUENCY

Figure 3-11. Timing Circuits

3-49. ADDRESS AND DATA BUSES

3-50. ROM locations are decoded from Ald and Al3,
as chip selects and from A0 through A12. RAM locations
are decoded from A 14 and All, as chip selects, and from
A0 through A 10. External modules are selected by setting
A 15 high. Inverted forms of A8 through Al4 are sent out
as IC0 through IC6 on the unguarded bus. The data bus
lines {D0 through D7) are connected directly to internal
memory and through tristate buffers to the external data
bus (ID0 through 1D7}.

3-51. RESET

3-52. Refer to Figure 3-12, Shaped line frequency pulses
are applied to U2 and U3, providing a hardware reset on
power down, power up, or for missing line cycie pulses. In
any of these three reset conditions, retriggerable one shot
U2 (T=40 ms) generates a reset pulse for up counter U3.
After the reset to U3 is removed (delayed Vcc high or a
line frequency pulse), U3 must be clocked by eight line
frequency pulses to raise Q4 high and remove the reset
signal. The reset pulse is held for eight line cycles to allow
time for the power supplies and microprocessor oscillator
to stabilize.

3-83. STATUS LATCH
3-54. Referto Figure 3-13. Duringthe first state of every
machine cycle, the microprocessor sends out a status

—|

T2
m--w---——III'En
uz U3

Q
CLR Q4

Fa¥

L |

DELAYED Vcc

$

Figure 3-12. Reset Logic

| SYNCOEXTIN

O— -
A SYNCDEXTINT

STSTB

Figure 3-13. Status Laich

word on the data bus. This status word contains the
information for external logic to synchronize with
microprocessor activity (e.g., memory read, mterrupt
acknowledge). Clock signal STSTB (from U19) clocks
this information into quad D-type flip-flop Ul12 for use
during the machine cycle. External interrupts are also
latched into the status latch for synchronization to the
IMICrOpProcessor.

3-55. WAIT LOGIC

3-56. Refer to Figure 3-14. When the microprocessor
addresses an external module, the wait state logic forces
the microprocessor to enter a wait state and allow the
module time to respond. When the microprocessor
acknowledges an interrupt, the wait state is similarly
forced to allow time for the interrupt vector to be
generated. A wait state is entered when a rising edge on
STOP (the clock input Ul) sets READY low, Clock

3-11




CPUREADY
TO upP ==

| CPUINT

| _INTA

Figure 3-14. Wait Logic

generator U19 then synchronizes READY to the timing
requirements of the microprocessor and pulls
CPUREADY low.

3-57. Toexit the wait state, RUN (the clear inputto U1)
must be pulled low, Two events cause this to happen.
ACKINT is asserted by the mterrupt circuitry if the
addressed module does not return an ACK in a specific
time period. Alternately, DLDACK is asserted.
DLDACK is asserted by a module returning an ACK or
by response to a MARKINT.

3-58, ACK LOGIC
3-59. Refer to Figure 3-15. When a module is addressed
by the controller or is enabled for interrupt identification

by INA, 1t must return an ACK (high} to complete the
handshake. ACK is delayed about 1.6 us te produce
DIL.DACK. DLDACK is also generated ina MARKINT
interrupt response cycle,

3-60. INTERRUPTS

3-61. Two possible internal interrupts(MARKINT and
ACKINT) and three possible external interrupts
(EXTINT) are able to drive CPUINT high and interrupt
the microprocessor. The microprocessor samples the
interrupt line at the end of each machine cycle, If an
interrupt exists, the microprocessor asserts INTA in the
status word of the next instruction fetch machine cycle,
External logic is thereby enabled to place an interrupt
vector {(and not the next instruction) on the data bus.
Refer to Figure 3-16.

INTA—————(Q N\
CPUREADY —————O U
SYNCDEXINT ——————— (3 /

DLDACK

Figure 3-15. ACK Logic
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DLDACK
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Figure 3-16. Interrupt Generation Logic

3-62. Internal interrupts are ACKINT and MARKINT
(Figure 3-16). The ACKINT logic consists of a
retriggerable one-shot (U2) and a D-type flip-flop (U7).
EXTCOM (AlS and STSTB) triggers U2, If DLDACK
does not occur in the time constant of U2, U2 clocks U7
and asserts ACKINT. This action takes the
microprocessor out of the wait state.

3-63. The MARKINT logic consists of two D-type flip-
flops. The first (US-1) can be written to enable or disable
MARKINTS. The second (U9-12) is clocked by the eight
times line frequency signal from the phase-locked loop.

3.64. Interrupts are prioritized by U-21 (refer to the
Controller schematic in Section 8). ACKINT interrupts
have the highest priority, and MARKINT interrupts have
the lowest priority. External modules must drive [D1, 2,
or 3 high in response to INA, to generate the correct
vector for that module.

3-65. Front Panel

3-66. Refer to Figure 3-17. Annunciator segment data is
clocked into register one by the direct address, ICQ, 1, 5
high. Data output from the switch matrix is also a direct

3-13
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address-IC0, 1, 6, high. For either direct address, the
condition of ID7 (high for disable) is latched into U23 to
enable an indirect address. Digit segment address-1CI, 5
high, and digit-annunciator seiect address-1C0, 3 are both
indirect addresses. Data is clocked into theregisters upon
termination of the address. An update sequence is as
follows:

1. Register | 15 addressed with all data lineslow to
blank the annunciator display and enable indirect
addressing.

2. Register 215 addressed indrectly with data lines
low to blank the digit display.

3. Register 3 is addressed indirectly with ali data
lines high to turn off all LEDs, disable the switch
matrix, and disable indireet addressing.

4, Register | 15 addressed with 1D7 low to enable
indirect addressing and with either annunciator
segment data or digit 75D data on 1D0-6. The data
is latched and applied to the annuneiator LEDs (or
to digit 75D),

5. Register 2 is addressed with digit segment data
on ID0-7 (U23 is not clocked by this address so ID7
may be high without disabling indirect addressing).
The data is latched and applied to the digit LEDs,

6. Register 3 is addressed with ID}7 high (disable
indirect addressing) and one of the data lines, ID0-6
low to enable one digit LED and one annunciator
LED. One bank of the switch matrix 13 also enabled.

7. The output buffer is addressed enabling the
data from the previously enabled switch bank to be
placed on the data bus, One or more lines being low
indicates a change is desired. This address also
keeps the kill ¢ircuit charged, .

3-67. The seven steps just ontlined are required for one
digit-annunciator-switch bank update. The process is
repeated seven times for a complete update. The kill
circuit is used to blank the display if the Controller
discontinues addressing the front panel.

3-68. DC Signal Conditioner

3-69, Relays K1 and K2 control the input to the DC
Signal Conditioner and the attenuation of the input
(Figure 3-18). If both relays are energized, the input is
from the Volt/Q input sense terminals with + 64
attenuation. If just K1 is energized, the input is from the
Volt/{} input terminals with no attenuation. If just K2 is
energized, the input is from RT1 with no attenuation.
Q10,Q11, CR3, and CR4 provide overvoltage protection.

3-70. A differential amplifier (Q18, 19) drives U3,
FET switched (Q14, Q15, Q16) control the gain of QI8

B506A

and Q37. An output voltage swing of £20V 1s achicved
through bootstrapping; U4 provides a bootstrap for Q38
and Q37, and U5 and U6 provide a bootstrap for U3 and
J4, Current sink and source for QI8 and QI9 are
provided by Q38 and Q37 respectively.

3-71. The DC Signal Conditioner 13 addressed by 1C0,
3, 4 high. Data on ID0-3 is latched up and decoded to
determine which switches and relays will be energized,
Figure 3-18 includes an example of the relay driver used
to minimize thermal changes in the relays between the on
and off states. RC coupling between the decoder and the
relay driver provide voltage swings up to 4V or down 10
0V to ensure positive relay action. Steady state voltages of
1.45V (off) and 2.75V (on} minimize current difference
between the on and off states while maintaiming the relay
state under all conditions.

3-72. Filter/External Reference

3-73. All inputs to the A/D Converter are routed
through the Filter/ External Reference module. Refer to
Figure 3-19. External measurements aré¢ made by
multiplexing the three filier module inputs to the A/D
Converter. Q18, Q19, and Q20 switch the signal
conditioner input, the external reference LO input, and
the external reference HI input respectively. Data
controlling the switches is latched into Ul upon
termination of the address (IC1, 3, 4 high).

3-74. Three-pole, active Bessel filters (U3 and U4) have
different setting times and cut-off points. Either filter may
be selected from the front input panel for application to
the signal conditioner input. Bypass is automatically
selected for external reference inputs and may be selected
for signal conditioner inputs. The combination of Q32,
Q25, Q23, Q24, or Q21, Q22 is turned on to select a filter
mode.

3-75. A dual, super-beta transistor in a differential
configuration (Q27) drives US. A current source (Q26)
and sink (Q30) bias Q27. Enough current is drawn
through R19 by Q26 to bootstrap the input amplifier,
Q27, 5V above the output. Gain of the amplifier is set at
one by the combination of R21 and the input resistors.
The external reference inputs have additional senes
resistors located on the Front/ Rear Input Assembly.

3-76. Fast R* A/D Converter

3-77. The Fast R2 A/ D Converter may be separated for
analysis into two component groups: analog and
digital. Analog circuitry is responsible for producing a
voltage reference, for summations, and for remainder
amplification and storage. Digital circuitry interfaces the
analog circuitry to the Contoller and is responsible for
reference selection, decision in the summation process,
remainder channel control, and autozeroing. Since
functions within the A/ D Converter are either directly
controlled by the Controller module via the data bus or
are clocked through their operations by the {ontroller

3-15
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addressing the A/D module, the A/D conversion
program could be considered a functional part of the
A;D Converter.

3-78. ANALQG

3-79. Figure 3-20 is a simplified schematic of the analog
portion of the A/D Converter, For clarity, switches are
shown as a circle enclosing a letter designator, Ul is a
reference and reference amplifier controlling U2, a
current source. The -7V reference is set by R9 and R14.
U3 serves as a highly regulated collector and zener supply
for U1, Operation of the Aj D Converter requires botha
positive and negative reference (for negative and positive
inputs, respectively). Q9 and U4 are a precision unity gain
amplifier whose input is controlled by switches Al and
A2, With Al closed and A2 open, Q9 and U4 are a
noninverting amplifier.

3-80. Aninputsignalis applied to the Summing Node of
the remainder amplifier (Q27, U7) through switch I, Q27
and U7 are an inverting amplifier with two gain
configurations. During the decision period, switch G is
closed, applying the output of U7 to polarity detector (928
and forming a feedback path through CRS5 and CR6. Q28
sends a polanty bit to the digital portion of the circuitry.
On the basis of this first polarity bit, a reference polarity is
selected,

3-81. Switches B, C, D, E, and F are closed, one at a
time, to switch a precise amount of current into the
Summing Node. When a switch is closed, the opposite
switch is opened and vice versa. For example, when D is
closed, D is opened. After a switch is closed, a polarity bit
is returned. If the polarity changed with respect to the
original polarity selected for a step, the switch is opened;
otherwise it is left closed. The next switch is closed, a
polarity bit returned and a decision made, and so on until
all five switches have been closed (and possibly opened
again). This constitutes a decision period.

3-32, Following the decision period ig the subtraction
period. Switch G is opened and switches X and X are
¢losed to form a feedback path for the remainder
amplifier through the X channel, A 400K resistor, R35,
sets the gain of Q27 and U7 at sixteen. The feedback
current completes the summation process and the
amplified remainder is stored on the Cl10in the X channel,

3-83. For the next decision period switches SX and X
are opened and switches RX and G are closed. Since Q27
and U7 form an inverting amplifier, the opposite polarity
reference from the original selection is automatically
selected. The amplified remainder is applied to the
Summing Node through Ué and R34, Five decisions are
made, followed by a subtraction period using channel Y
for feedback and remainder storage. The first decision-
subtraction period applies the input signal to the
Summing Node. The four following steps apply an
amplified remainder, alternating between channel X and
channel Y.

3-18

384, When a sample is complete, the circuits are
autozeroed. U8 zeros the remainder amplifier through
channel X, Any offset isstored onC13 at the noninverting
input of Q27. The switching reference, Q9 and U4, is
zeroed by first closing Al and opening A2 to decrease
settling time. Then Al and A2 are both opened and the Z1
and Z2 switches are closed, storing any offset error on C5.

3-85. DIGITAL

3-86. For the following discussion, refer to the Digital
Fast R2 A;D schematic in Section 8. Direct address I1C32,
3, 4 latches data inte U34 and U35 controlling input
switch I, remainder channel switches (RX, RY, 8X, 8Y),
autozero (£1), and reset (digital). U3, a ring counter, 15
clocked to the €l state ¢nabling the indirect address
decoder (U33) and the polarity detector (switch G). A
polarity bit is returned and applied to Ueé.

3-87. Indirect address IC1 and IC2 latches the polarity
bit in Us, enables the tristate transmitter, US, and clocks
U31 to the C2 state. The transition of U3] from Clto C2
clocks the polarity into Ull (the uppermost section)
whose output determines whether switch Al or A2 will be
closed (reference polarity)., At the same time, Ul
{uppermost section) is clocked to set the other section of
Ull, closing the first reference switch, B, of the A/D
Converter, The next indirect address clocks a new
polarity bit (a result of closing the first reference switch B)
into 6. If the polarity changed, the output of Ué will
cause a reset of the previous switch latch, opening the
previous switch. At termination of the address the next
switch is closed. One direct address and six indirect
addresses are required to complete a step. The last
indirect address resets the control logic to the C0 state.

3-88. Switch selections are made through switch drivers
which rely on Vee and Vss being a -15V and -20V with
respect to analog common. This allows simple transition
from TTL levels to FET off voltages. D/ A Converter
switches are selected on transition of U3 from one state
to the next. The transition clocks the first of two D-type
flip-flops which sets the second. The output of the second
lateh resets the first and selects the switch. If the polarity
does not change after closing a switch, the output of U6
plus the ocutput of Ull (reference select) will place two
highs on the input of one section of AND gate U235,
Through OR gate, Ul6, a one will be applied to the D
input of that switch latch. The next transition of U31 will
clock the latch, keeping the switch closed, If the polarity
had changed, a zere would be applied to the D input,
opening the switch.

3-89,  After the last step, at completion of a sample, the
Controller addresses the A;D Converter for autozero.
U3! is clocked to the C7 state causing a digital reset.
When U6, storage capacitor disable, i3 reset, antozero is
enabled. RC coupled gates delay the zero switch controls
so that switch Al may be closed and A2 opened in the
reference switching circuit. This provides a faster gettling




4 119 ALIHVIOd
8¢Z0 Ku|'

diNY
HIANIYINTY

l1g ot

IAON DNINIRNS

11845 18982 g szt

L8 G290

HIvaQ33d
Mooy
SEH

0ED

<

]
STINNVHD
HIANIVIAISY gai

3

L

/\
&)

(®)

y3oniviag 910 'SED

[439]

b7
YEH

HILHIANOD V/a

Q3103138

R61 58K

Figure 3-20. Fast Rz A/D Converter (Analog}

HOLIMS 3ON3HI43Y

AONIHIJIH AL—




B50BA

time for the reference switching amplifier. Both Al and
A2 are opened during the autozero time,

3-99. Thermal True RMS Converter Module

3-91. The following description of the Thermal True
RMS Converter module explains a full operating eycle of
the high accuracy mode including both a sample mode
and hold mode in succession. H the normal mode is
selected, the module performs only an abbreviated
sample mode and displays the direct output of the
Thermal Sensor Circuit, which is updated every 0.5
seconds. If the enhanced mode is selected, one high
accuracy measurement is made, and a correction factor
computed and stored. The instrument then reverts to a
measurement mode similar to that used during normal
mode operations, but with the software correction
applied to the sensor output. Enhanced is therefore a
hybrid mode, using the speed of the normal mode and
nearly the same accuracy as found in the high accuracy
mode. Due to the hybrid nature of the enhanced mode,
the following conditions must be maintained to preserve
accuracy: the high accuracy measurement must be made
within one hour at a temperature within 1°C of the
working measurement and the deviation of the input from
the level of the high accuracy measurement must be less
than 19. If the latter condition is not maintained, the
instrument autotmatically re-initiates a new high accuracy
measurement.

3-92. The description of the Thermal True RMS
Converter module is divided into four sections. The first
explains the mode timing. The second covers the
decoding of the logic to control the module operation.
The third and fourth sections deal with the two basic
maodes of operation, the sample mode and the hold mode,
Refer to the block diagram of the moduie in Figure 3-10
and the diagram of the module in the multimeter
operation in Figure 3-21 as required during the
explanation.

3-93. MODE TIMING

394, A high accuracy measurement with the Thermal
True RMS Converter module requires a full cycle of
operation, i.e. one sample mode (3.5 seconds) and one
hold mode (2.5 seconds). The instrument constantly
cyeles between sample and hold modes during high
accuracy measurements; however, if the input is not
present at the beginning of the cycle, the accuracy of the
measurément cannot be guaranteed. To ensure full
settling time and complete accuracy for the first reading,
either trigger the instrument from the front panel or wait
until the second reading is displayed (a maximum of 12
seconds).

3-95. The measurement takes a total of 6 seconds to
complete. Three seconds are required for the thermal
sensor to settle, and half a second is required for the de
measurement to be made, Then, while the multimeter
processes the sensor output via the normal de signal path,

3-20

the stored sensor output 15 applied to the sensor which
requires an additional 2 seconds to settle and another half
second for the second dc measurement to be made.

3-96, LOGIC CONTROL

3-97. Controlling instructions enter the module on the
IC and 1D Bus lines from the controller module. The
instructions may originate at the front panel or on the
IEEE Bus from a remote source. Address lines IC0, ICI
and 1C4 must be high for the module to be addressed. If
the proper address is decoded in the Logic Gates/ Latches,
an ACK is returned to the bus and the data onthe ID Bus
is latched into flip-flops. The data is then decoded in the
Logic Controls block and used to control gain, switches,
relays and attenuators in the circuit. The data required on
ID4 through ID7 1o select the mode of operation (Sample
or Hald), select the filter IN or QUT, select AC or
AC-+DC coupling, and to activate or deactivate the
module is shown in Table 3-2. The data required on ID0
through ID3 to control the Attenuation, Gain, and Range
selected is given in Table 3-3,

3-98. SAMPLE MODE

3-99. The unknown rms signal is applied to the Input
Circuit where it is coupled to the Input Relays. Either AC
(through a capacitor) or AC+DC (bypassing the
capacitor) coupling is selected by the Logic Controls. One
of the Input Relays is energized by the Logic Controls to
ronte the signal to the Attenuator Cireuits for attenuation
by either 0.00167, 0.008, 0.08, or (.8 according to the
selected range. The attenuation brings the signal to within
a 0.1 to 1-volt span before it is applied to the Ranging
Amplifier. When the signal leaves the Attenuator PCB
Assembly it passes through a cable with a driven Guard en
route to the R.anging Amplifier, which is on the Amplifier
PCB Assembly.

3-100. The gain of the Ranging Amplifier is either 2,
6.25, or 20, as determined by the ID Bus inputs to the
Logic Controls, The Ranging Amplifier outputis applied
to the Amplifier Switching circuit and to the Attenuator
Circuits on the Attennator PCB Assembly through a
coaxial cable as feedback for compensation at high
frequencies. The Amplifier Switching circuit is enabled
during the sample mode to allow the input rms signal to
be applied to the Thermal Sensor Circuit.

3-101. The Thermal Sensor Circuit consists of a Fluke
thermal sensor, a sensor amplifier, and a square root
amplifier, Combined they produce a dc output that is
equivalent to the rms signal input, plus the error of the
sensor, The thermal sensor senses the difference between
the de on the output and the ac on the input, the sensor
amplifier provides feedback to bring the output dc to the
value equal to the ac input, and the square root amplifier
enhances transient response. The output is applied first to
the Ouiput Amplifier (X1) and then the Output Switching
circuit for routing, under software logic control, 1o the
instrument main bus for action by the DC Signal
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Table 3-Z. Module Commands Logic

o
&

=
@

1D7

SAMPLE/HOLD

FILTER

COUPLING

MODULE

I I ITrTIIIXIrrrerrierre

I ITIrrrmrIIITIrCrrrir

ITre IXIrrTIcrITIIrC -

IrIrIrIrIrIrITIe-Tr-

HOLD
HOLD
HOLD
HOLD
HOLD
HOLD
HOLD
HOLD
SAMPLE
SAMPLE
SAMPLE
SAMPLE
SAMPFLE
SAMPLE
SAMPLE
SAMPLE

ouT
QuT
ouT
ouT
IN
IN
IN
IN
ouT
ouT
ouT
ouT
N
IN
IN
IN

AC
AC
AC +DC
AC +DC
AC
AC
AC +DC
AC + DC
AC
AC
AC +DC
AC+ DC
AC
AC
AC +DC
AC 4+ DC

ON
OFF
ON
OFF
ON
OFF
ON
OFF
ON
OFF
ON
OFF
ON
OFF
ON
OFF

Table 3-3. Decoded 1D Bus Logic

ID3

ATTENUATOR

(AT}

L
L
L
L
H
H
H
H

0.8
0.8
08
0.00167
0.008
0.008
0.08
0.08

NOTE: Logle High = -15V RC, Logic Low = -20V DC

Conditioner. The Protection Circuit monitors the
temperature of the Thermal Sensor Circuit. If the internal
temperature of the Fluke thermal sensor reaches
approximately 100°C, the Protection Circuit limits the
output of the Ranging Amplifier.

3-102. The signal from the Qutput Amplifier is also
routed to the 5/ H Input Switching circuit for application
to the sample/hold circuit. When the sample mode is in
progress the 5/H Input Switching is enabled while 5/ H
Sense Switching and S/ H Qutput Switching are disabled.
The sample/hold circuit multiplies the signal from the
Output Amplifier by five. The resultant signal is stored on
a capacitor (C34). The signal is multiplied to reduce the
effect of leakage current i the storage capacitor. The
sample mode is complete when the signal is stored in the
capacitor,

3-103. HOLD MODE

3-104. When the module goes into the hold mode the
Amplifier Switching and S/H Input Switching circuits
are disabled and the §5/H Sense Switching and S/H

3-22

Output Switching errcuits are enabled. The unknown rms
signal is still applied to the input circuits but it is blocked
at the Amplifier Switching circuit from going into the
Thermal Sensor Circuit, Instead, the value stored in the
sample/ hold eireult is withdrawn from the capacitor and
divided by five to return the stored value to the original
magnitude. The result i3 then applied to the Thermal
Sensor Circuit through the $/H Output Switching
circuit. The value applied is sensed at the Thermal Sengor
input and returned through the 5/H Sense Switching
circuit to the sample/ hold cireuit. The signal from the
sample/ hold circuit is processed by the Thermal Sensor
circuit in exactly the same manner as the unknown signal
from Input circuit. The output is directed through the
Qutput Amplifier and Qutput Switching circuits to the
DC Signal Conditioner.

3-105. The hold mode result and the sample mode result
are processed in the Controller Module to obtain the true
rig value of the input signal. The result of the
computation 1s then sent to the Front Pane] for display
until another cycle is performed.,

.ls.




static awareness

John Fluke Mfg. Co., Inc.

Some semiconductors and custom IC's can be
damaged by electrostatic discharge during
handling. This notice explaing how you can
minimize the chances of destroying such devices

by:
1. Knowing that there is a problem.

2. Learning the guidelines for handiing them,
3. Using the procedures, and packaging and
bench techrniques that are recommended.

The Static Sensitive (8.8.) devices are identified in the Fluke technical manual parts listwith the symbol

The following practices should be followed to minimize damage to 5.5, devices.

—

3. DISCHARGE PERSONAL STATIC
BEFORE HANDLING DEVICES

MINIMIZE HANDLING

KEEP PARTS IN ORIGINAL CONTAINERS
UNTIL READY FOR LSE. 4. HANDLE S.8. DEVICES BY THE BODY

Page 1 of 2
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5. USE ANTI-STATIC CONTAINERS FOR
HANDLING AND TRANSPORT

6. DO NOT SLIDE 8.5, DEVICES OVER
ANY SURFACE

7. AVQID PLASTIC, VINYL AND STYROFQAM®
IN WORK AREA

PORTIONS REFRINTED
WITH PEAMISSION FROM TEKTRONIX, INC
AND GENERAL DYNAMICS, POMONA DIV,

* Dow Chamical

Page 2 of 2

WHEN REMOVING PLUG-IN ASSEMBLIES,
HANDLE ONLY BY NON-CONDUCTIVE
EDGES AND NEVER TOUCH OFPEN EDGE
CONNECTOR EXCEPT AT STATIC-FREE
WORK STATION. PLAGING SHORTING
STRIPS ON EDGE CONNECTOR USUALLY
PROVIDES COMPLETE PROTECTION TO
INSTALLED 5SS DEVICES.

HANDLE 5.5, DEVICES ONLY AT A
STATIC-FREE WORK STATION

. ONLY ANTI-STATIC TYPEZ SOLDER-
SUCKERS SHOULD BE USED.

. ONLY GROUNDED TIP SOLDERING
IRONS SHOULD BE USED.

Anti-static bags, for storing 3.5, devices Or pebs
with these devices on them, can be ordered from the
John Fluke Mfg. Co., Inc.. See section Sinany Fluke
technical manual for ordering instructions. Use the
following part numbers when ordering these special
bags.

John Fiuke Part No,

453522

453630

453548

464025

Pink Poly Sheet

30"x60"x60 Mil

P/N RC-AS-1200

$20.00

Description

6" X 8" Bag
B X 12" Bag
16" X 24" Bag
127 X 15" Bag
Wrist Strap
P/N TLE-60
$7.00

JOOBOB-07U7810/SE EN  Litho in U SA




Section 4
Maintenance

WARNING!

THESE SERVICING INSTRUCTIONS ARE FOR USE BY QUALIFIED PERSONNEL ONLY. TG AVQID
ELECTRIC SHOCK, PO NOT PERFORM ANY SERVICING OTHER THAN THAT CONTAINED IN THE
OPERATING INSTRUCTIONS UNLESS YOU ARE QUALIFIED TO DO 50,

4-1. INTRODUCTION

4-2. This section of the manual contains maintenance
information, performance tests, hardware calibration
procedures, and troubleshooting procedures. Hardware
calibration intervals may be determined by the user
according to the accuracy desired (specifications are listed
in Section 1). Software calibration may be performed at
any time and is described in Appendix 7B. Recommended
test equipment is listed in Table 4-1.

4-3. SERVICE INFORMATION
4-4, Each instrument manufactured by the John Fiuke
Mfg. Co., Ine. is warranted for a period of | year upon
delivery to the original purchaser, The warranty terms are
located at the front of the manual.

4-5. Factory authorized calibration and service for each
Fluke product are available at various worldwide
locations. A complete hist of domestic service conters is
located in Section 7 of the manual, Shipping information
15 given in Section 2. When requested, an ¢stimate 1s
provided before any work beging on instruments that are
beyond the warranty period,

4-6. GENERAL MAINTENANCE
4-7. Top and Botiom Cover Removal and
Instatlation

WARNING

LINE VOLTAGE 1S FPRESENT ON THE
POWER SUPPLY BOARD WHENEVER THE
POWER CORD IS CONNECTED. TO AVOID
SHOCK HAZARD, DO NOT YOUCH POWER
SUPPLY COMFPONENTS.

4-8. Fach cover is secured with six screws, When
replacing a cover, install the rear center (pivot) screw first.

4-9. Line Voltage Selection

4-10. Input line voltage can be set for 100V ac, 120V ac,
220V ac or 240V ac. This selection must be made, or
verified, before the multimeter is initially turned on.
Proceed as follows:

CAUTION

if Callbration mode Is on, Input power must
not be cycled on or off. Before cycling power
off, verity that the AVG/(CAL) annunclator I8
not flashing. Before ¢ycling power on, check
that the rear panel Callbration Switch Is oftf.

1. Pushthe POWER control to OFF, disconnect
the line cord and remove the multimeter top cover.

2, The Line Voltage Selection switches are located
in the left front of the instrument, just behind the
main power control. Referring to Figure 4-1, set
these two switches to indicate the desired line
voltage (dot/switch pattern).

3. Verify installation of the line power fuse
required by the selected line voltage, Refer to Fuse
Replacement.

4-11. Fuse Replacement
4-12. The line fuse can be replaced using the following
procedure:

[. On the multimeter front panel, push the
POWER switch to OFF (out).

2. Disconnect the line power cord,




Table 4-1. Test Equipment

NOMENCLATURE

MINIMUM USE SPECIFICATIONS

RECOMMENDED EQLWPMENT

ACG Calibration System

Thermal Transfer Standard

True-RM3 Differential
Voltmeter

Ratio Transformer

DC Source

Null Detector
Reference Divider
Kelvin-Varley Divider
Standard Ceil Enclosure
Oscilloscope

Digital Multimeter

Low EMF, Shielded Connector Cables

Terminating Load

Adapter

Attenuator

T-Adapter
Extender Card

Bus Monitor
Static Controller

Test Module

Voltage Range: 0-1Q00V ac
Frequency Range: 20 M2z-1 MHz
Accuracy: Refer to Tablg 4-4,

Refer to Accuracy
Table 4-4,

Within 80 Day
Calibration

1 ppm or better

High Short-Term Stability
Range: 0-1100V

10 uV Full-Scale Resclution

*.001% Division Accuracy

Linearity: £ 1 ppm of Input
Guildline M

General Purpose with 10 M{ Probe

Voltage Accuracy 01%
Input Impedance: 1000 MO

Copper Spade Lug Connectors

BNC, 50-Ohm
Feed Through

BNC to Double
Banana Plugs

BNC, 50-Ohm,
2 Watt, 20 dB

BNC T

Ftuke Model 5200A with
Fluke Model 5215A or
with Fluke Model 5205A

Fluke Model 5408

Fluke Model 9318

ES| DT72A
Fluke Maodel 3350

Fluke Model 335D
Fluke Model 750A
Fluke Model 720A
Guildline 9152 (R)
Tektronix 465
Fluke Model 8300A

Fiuke Y3103

Fluke Y2108

Fluke Y2102

Fiuke Y9106

Fluke Model MIS-7011k
Fluke Model 8502A-7001

Fluke Model MIS-7013k
Fluke Model MIS-7190K
Fluke Model MIS-7191K

AS REQUIRED BY INSTALLED QPTIONS

Current Calibrator
with 200 k{) Resistor

Standard Hesistors

Terminating Load

Acouracy: = .08%
+.01%

1040 at 30 ppm; 10002, 1.9 k0, 10 kQ.
100 k§2, 250 k2, 1 MO, 4 MO at
10 ppm; 10 MO at 50 ppm; 100 MQ
at 100 pprm

1 MG +10% 1.22 uF
Nenpolarized Load.

Fluke Model 382A

ESl SR-1010
ESI SR-1050
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4-15. Module Remaoval
4-16. Use the following procedure for module removal,

3. Locate the line fuse on the rear panel heat sink.

4. Identify the selected line voltage and replace the
fuse with one having the appropriate ratings: I. Push the POWER control to OFF and

disconnect the line cord from the multimeter,
MDL 1/2 (for 100 or 120V ac line)

2 R the multimeter t er.
MDL 1/4 (for 220 or 240V ac line) emaove the multimeter top cover

3. Disengage the two sliding clips securing the
module to be removed,
6. Push the POWER switch to ON, 4. If the Thermal True-RMS Converter is being

removed, disconnect the cable connector at the
right side chassis.

5. Reconnect the line power cord.

4-13. Module Installation

CAUTION 5, Grasp the module at both ends and pullup, Use
an end-to-end rocking motion to help free the

tnstallation or removal of a module with the
module from the connector.

POWER switch ON can cause damage to

sensilive clrcultry. To avold this kind of 4-17. Module Disassembly and Reassembly

damage, push the POWER switch to off before 4-18. Avoid using excessive force with the following
Installing or removing a module. procedure.

4-14. Use the following procedure for module i, Pop open the lid on the module by using the

1, Push the POWER Control to OFF and
disconnect the line cord.

2. Remove the top cover.

NOTE

The first four module slois (4, B, C, D) are
reserved for signal conditioning modules. The
Thermal True-RMS Converter requires slots
C and D, The DC Signal Conditioner can be
installed in slot A. The remaining slot (B) can
be used for either the Ohms Converter
(Option 02) or the Current Shunis (Option
03). The Isolator must be installed in slot K.
Refer to Section 8 for a complete listing of
preferred and permissible slots for all
modules.

3. With the correct slot chosen, slide the module
down between the module guides,

4, Press the module firmly into place.

5. Open the hinged module top. Verify that the
leaf spring (attached to one half of the module
shield) is resting firmly over the flange of the
opposite half of the module shield.

6. For the Thermal True-RMS Converter, attach
the cable connector to the jack on the Front/ Rear
Switch Assembly. This jack is accessible through a
hole in the center of the right side chassis.

7. Close the module top and secure the module in

installation: indentations at either end and lifting up. Hinge the

lid back.

2. Orient the module with one of the guides up.

3. Press down onthe end of the case half above the
words OPEN while pulling up lightly on the lip of
the module guide. Slightly separate thig end. Repeat
this step for the other end.

4. Open the top of the module, The bottom catch
automatically comes apart.

5, Press down on the top of the peb while pulling
out to free the peb from the case half,

6. To reassemble the module, insert the pcb in the
bottom half of the case and lightly press down on
the top to snap it in place.

7. Ensuring that the spring shield connection is
not caught behind the peb, align the bottom center
catch of the case halves and verify that the shield at
either end fit together properly.

8. Close the two halves together, snapping the
module guides closed,

9. Using a small screwdriver or similar tool, lift
and position the leaf spring, attached to one half of
the module shield, so that it rests firmly over the
flange of the opposite half of the module shield.

4-19. Calibration Memory Replacement

position by engaging the two sliding clips. 4-20. Use the following procedure when replacing the

8. Install the top cover. + Calibration Memory chip:




1. First ensure that the rear panel Calibration
Switch is off, then push the POWER button to OFF
and remove the line power cord.

2. Remove the top cover, then remove and
disassemble the Controller module,

3. Install (or replace) the Calibration Memory
chip (U20 on the Controller PCB).

4. Reassembly and install the Controller module,
then replace the top cover.

5. Verify again that the Calibration Switch is off,
then reconnect the line power cord and push the
POWER button to ON,

6. Refer to Appendix 7B for Calibration Memory
programming instructions.

4-21. Front Panel PCB Removal
4-22, Use the following procedure to remove the Front
Panel PCH:

1. Note the position of any LEDs needing
replacement. Push the POWER control to OFF
and remove the line cord.

2. Remove the multimeter top cover (six screws).

3. Remove the front panel bezel. Press down on
the bezel center top and pull out.

4, Remove the five screws securing the Front
Panel PCB. Unplug this pcb by alternately pulling
up gently on its upper comers. Once disconnected,
work the peh forward to clear the power push
button, then retract it through the front opening.

5. If necessary, replace any defective LEDs,

6. Replace the Front Panel PCB and the bezel in
the reverse order.

4-23. Power Supply PCB Assembly Removal
4.24, Remove the Power Supply PCB Assembly using
the following procedure:

1. Push the POWER button to OFF and remove
the line power cord from the multimeter.

2. Remove the three buttonhead screws attaching
the Power Supply to the rear panel, As seen from
the rear, one of these screws is found along the
Power Supply left edge; the other two secure both
the feet and the Power Supply right edge.

BSOGA

3. Pulling from the rear, retract the Power Supply
PCB with a gentle rocking motion, Once
disconnected from the card edge connector at the
front, the pcb slides straight back,

4. Replace the Power Supply PCB by reversing
the steps above. The left center buttonhead screw
also serves as a ground c¢onnection between the
Power Supply and the multimeter chassis. Tighten
this screw securely.

4-25. Power Supply Interconnect Assembly
Removal

4-26. Remove the Power Supply Interconnect
Assembly using the following procedure:

1. Remove the Front Panel and Power Supply.

2. Remove the three screws securing the Power
Supply Interconnect Assembly to the framework.

3, Disconnect the card edge connector of the pcb
from the Motherboard connector. Lift the peb out
through the front framework.

4. PReassemble in the reverse order.

4-27. Front/Rear Switch Assembly

4-28. REMOVAL

4-20., Use the following procedure to remove the
Front/ Rear Switch Assembly:

1. Push the POWER control to OFF and remove
the line cord from the multimeter,

2. Remove the multimeter top cover.

NOTE

As seen from the front, the Front|Rear
Switch Assembly is housed in the right side
chassis. Although the Front]Rear Switch
Assembly is mechanically secured to the
vertically aligned rear panel, it is electricaily
connected 1o the horizontally aligned
Motherboard PCB. Removal and
replacement of the Front/Rear Switch
Assembly each require unique provedures.

3. At the front panel right side, pull on the three
selector buttons until they disconnect from the
Front/ Rear Switch Assembly.

4. Remove the three buttonhead screws securing
the Front/ Rear Switch Assembly to the rear panel.
Identify two of these screws as also attaching two of
the rear panel feet.

5. Next, remove the three screws securing the
assembly front-to-back along the nght side,

4-5
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6. The assembly must now be disengaged from the
Matherboard PCB edge connector, Viewing the
multimeter from the front, locate a slot in the
chassis behind the Front Panel PCB (upper right
side). A tab on the Front/ Rear Switeh PCB extends
through this slot. Pry upward on this peb tab to
disengage the Front/Rear Switch Assembly from
its Motherboard connector,

7. Once disconnected, the Front/Rear Swatch
Assembly can he withdrawn straight back,

INSTALLATION
Use the following procedure to install the

Front/Rear Switch Assembly:

1. Installation requircs that the assembly he
positioned in the rear panel slot and slid forward.
The peb tab mentioned above must be inserted far
enough into the front chassis slot so that the
assembly rests flush against the rear panel.

2. The Front/Rear Switch Assembly 15 now
aligned with the Motherboard edge connector.
Push the assembly into this connector by
simultaneously pressing on the center of the
Front; Rear Switch PCR (through an access hole in
the middle of the right side chassis) ahd on the peb
tab.

3. Replace the three side serews and the three rear
panel buttonhead screws (with feet).

4. On the Front Panel right side, insert each of the
three selector buttons through slots in the front
panel and in the right side chassis. Align each
button with the appropriate switch and press into
place. The three selector buttons must be
configured as follows:

a. EXT GD IN: top
b. 4T OHMS IN: middle

¢. BEAR INPUT IN: bottom

4. Remove the shield covering the bottom of the
Motherboard. Remove the eight securing serews
(accessed from the bottom) and the two top screws
(accessed through holes in the center partition). The
shield then slips off.

2. As seen from the top, unplug the SCAN ADV
and TRIGGER connectors from the right rear
corner of the Motherboard.

6. Remove the eight screws sccuring the
Motherboard PCB (four each accessed from top
and bottom).

7. Remove the front handle-frame assembly.
Remove the three screws attaching each handle.
Note that the longest screws must occupy the center
holes during reassembly.

8. Pull off the front handle-frame assembly.

9. The Motherboard PCB is now disconnected
and can be removed.

10. Replace the Motherboard PCB and
teassemble the multimeter 1in reverse order,

4-34. Cleaning Instructions
4-35. Periodically (at least cvery 90 days) clean the
multimeter using the following procedure:

I. Push the POWER bution to OFF and
disconnect the line cord from the multimeter.

2. Remove the top and bottom covers from the
instrument.

3. Disconnect the modules from the Motherboard
and remove them from the instrutnent.

4. Clean the interior using low pressure clean, dry
air or a vacuum cleaner.

5. Clean the Front Panel and exterior surfaces
with anhydrous ethyl alcohol or a soft cloth
dampened with a mild solution of detergent and

‘j

4-32. Motherboard PCB Removal water.
4-33, Remove the Motherboard PCB using the
following procedure; 6. Replace the modules and covers if access to the
instrument intertor is no longer required.
1. Push the POWER bution to OFF and
disconnect the line cord from the multimeter. 4-36. PERFORMANCE TEST
4-37. Introduction
2. Remove the top and bottom eovers, 4-38.  The following paragraphs contain a performance
verification test which compares the operation of the
3. Remove zl! modules, the Front Panel PCB, the instrument to the specifications in Scction ! of thiy
Power Supply PCB, the Front/Rear Switch manual. The test may be used to verify calibration of the
Assembly, and the Power Supply Interconnect equipment between scheduled calibration periods or as an
Assembly. aid in troubleshooting. The multimeter iy referred to ay




unit under test (UUT). The test equipment required for
the Performance Test 1s listed in Table 4-1. If the
recommended equipment is not available, replacements
with equivalent specifications may be substituted.

4-39. If the instrument does not meet the specifications
listed in the Performance Test, either software or
hardware calibration or corrective maintenance should
be performed, as determined by the symptoms. The test
should be performed when the ambient temperature is
between 18° and 28° Celsius and the relative humidity is
less than 75%.

4-40. DC Performance Test
4-41. LOW RANGE DC VOLTAGE TESTS
4-42. Perform the Low Range Tests as follows:

1. Connect the equipment shown with solid lines
in Figure 4-2. Do not connect the UUT at this time,

2. Verify that test equipment used in Figure 4-2 is
operating properly and that respective warmup
perlods have been observed,

NULL
METER

QUTPLIT
GUARD

[\%}Q DC VOLTAGE o
© STANDARD Ly, 00
(3354) - |||

VOLTAGE DIVIDER
(720A) e
LG

[
<-’&\_.000 ooo +4$6°

L Ol GND
ouTPUT

INPUT  QUTPUT
LO LO

Figure 4-2. Connections for Low Range DC Voltage Tests
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3. Onthe UUT, verify that the specified two-hour
warm-up period has elapsed.

4, Onthe UUT, ensure that the V DC and AUTO
annunciators are on, and that the SAMPLE
annunciator flashes at approximately eight times
per second (32 samples per reading). Al other
annunciators should be dark.

5. Set the Voltage Divider controls for one-tenth
the standard cell certified value. Adjust the DC
Voltage Standard output for a null on the null -
meter.

6. At the Voltage Divider output terminals,
disconnect the existing leads and connect the UUT
as shown with the broken lines in Figure 4-2.

7. Refer to Table 4-2. Without changing the DC
Voltage Standard output setting, perform the six
checks listed. For each check, set the specified
Voltage Divider output, select the listed UUT range
manually, and verify a UUT recading with the
tolerances listed.

8. At the DC Voltage Standard, reverse the

output leads. Now repeat step 7, and check for
negative UUT readings with the listed tolerances.

Table 4-2. Low Range DC Voltage Tests

DIVIDER UUT READING
SETTING LOW HIGH

RANGE

100 mV {.0010000 | +9.9957 (-3}| -+10.0043 (-3)

100 my | .0100000 |+99.9935 (-3} +100.0065 {-3)

1AY 100000 § +.099990 -+.100010

v .1000000 | +.989977 +1.000023

.1000000 +.98991 +1.00009

1.0000000| +9.99982 +10.00018

4-43. HIGH RANGE DC VOLTAGE TESTS
4-44, Perform the High Range Test as follows:

1. Connect test equipment and the UUT asshown
in Figure 4-3.

2. Onthe UUT, verify that the specified two-hour
warm-up period has expired. Also verify that the
test equipment is operating properly and that
required warm-up periods have expired.

3. The UUT must be set for dc volts(V DC), 100V
manual range, and SAMPLE sctting 5 (SAMPLE

4-7
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Figure 4-3. Connections for High Range DC Voltage Tesls

annunciator flashes approximately eight times per
second). All other features on the UUT must be in
the power-up configuration.

4. On the Reference Divider, set the Standard Cell
voltage controis to the standard cell certified value.
Set both the input and output controls to 10 volts.

5 On the DC Voltage Standard, set the output
controls for 10 volts. Next adjust this output for a
null reading on the null meter.

6. Onthe UUT, verify a reading between +9.9990
and +10.0010.

7. On the Reference Divider, set the input and
output controls to 100 volts.

8. On the DC Voltage Standard, set the output
controls for 100 volts. Next, adjust this output fora
null reading on the null meter,

9. On the UUT, verify a reading between
+99.9974 and +100.0026.

10. On the UUT, manually select 1000V range.

11. On the UUT, verify a reading between
+99.990 and +100.010.

12. On the Reference Divider, set the input and
output controls to 1000 volts.

13. Onthe DC Voltage Standard, set the output to
approximately 1000V. Next adjust this output fora
null reading on the null meter.

14, On the UUT, verify a reading between
+999.974 and +1000.026,

15. Set the DC Voltage Standard to standby.

16. Reverse the leads at the DC Voltage Standard
and at the Standard Cell terminals. In sequence, set
the DC Voltage Standard output to 10 volts, and
return this instrument to operate,

17. On the UUT, manually select the 10V range.

18. Now repeat steps 4 through 15, verifying
negative readings on the UUT.

4-45. AUTORANGING TEST
4-46. Test the UUT autoranging feature using the
following procedure:

I. Onthe UUT, select V DC function and AUTO
range.

2, Connect the DC Voltage Standard output
directly to the UUT input.

3. Vary the DC Voltage Standard output,
checking that the UUT autoranges up and down at
the points listed in Table 4-3. These points are
approximate and are determined without
application of software calibration factors.

Table 4-3. Autoranglng

UPRANGE DOWNRANGE
POINT POINT

DC VOLTS

200 mv
2.0v
20V
128v
NA

AC VOLTS

125.000 mv
400.000 mV
1.25000V
4.000V
12.50000V
40.0000V
125.000V

NA

4-47. DC EXTERNAL REFERENCE TEST
4-48. Test the DC four-wire true ratio, using the
following procedure:

1. Connect test equipment and the UUT as
illustrated in Figure 4-4,

2. Onthe UUT, select V DC function and AUTO
range.

&
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Figure 4-4. DC External Reference Test

J. On the DC Voltage Standard, set the output
controls for +10.0000 volts,

4. On the Voltage Divider, set the controls for
1.000000.

5. On the UUT, push and hold the EXT REF
button. Verify a reading of +9.999%0 to +10.0002¢
while this button is held depressed® i

6. Release the EXT REF push buttononthe UUT
(EXT annuonciator on). The UUT now computes
and displays the ratio (Vinj Vref). Verify that this
reading is between 0.999960-and 1.000044.

by vl
7. On the Voltage Divider, set the controls to
0.1000000.

8. Verify that the UUT reads between 99.9950(-3)
and 100.0053\ (-3). *

9. Push and release the EXT REF button to toggle
the UUT out of External Reference mode (EXT
annunciator goes off).

10. Remove the test equipment connections. This
step completes the Performance Test procedures.

4-49. Thermal True-RMS Converter Performance
Test

4-50. The following test equipment is required for the
Performance Test of the Thermal True-RMS Converter:

8506A

1. A 540B Thermal Transfer Standard with
corrections data.

2. A 5200A AC Standard and a 335D DC
Standard (both on 90 day calibration cycles).

3. A flatness verified 20 dB attenuator with a
proper 50 ohm load.

4, A 1 ppm Ratio Transformer.

4-51. Before starting the Performance Test, verify that
the ambient temperature is 23 +2°C, the relative
humidity is <709, and the instrument has completed the
warm-up period of two hours. Remember that the
characterized voltage test must be readjusted whenever
the frequency is changed.

4-52. Perform the test with the high accuracy mode
selected. If the voltage or frequency output of the source is
changed, allow the source to settle before taking a reading
for record. This can be accomplished by waiting for the
first update of the UUT display.

4-53. Complete the UUT Performance Test using the
following procedure: |

1. Connect the 5200A, 335D, and the 540B for DC
to AC Transfer Measurements as shown in Figure
4-5.

2. Set the DC Standard for the output listed in
Table 4-4.

3. Set the 540B to the range listed in Table 4-4 and
in the DC Transfer mode. Adjust the 540B to obtain
a null indication on the meter.

4, Reverse the DC input leads to the 540B and
adjust the null to compensate for positive and
negative turnover,

5. Select the 5200A output listed in Table 4-4.

6.  Switch the 540B to the AC Transfer mode and
adjust the 5200A output to obtain a null indication
on the 540B.

7. Record the output setting on the 5200A for
future usage.

8. Repeat steps 1 through 7 for all points listed in
Table 4-4,

9. Connect the 5200A output terminals to the
input of the Ratio Transformer and connect the
output of the Ratio Transformer to the input
terminals of the UUT as shown in Figure 4-6.
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5200A SELECT:

VOLTAGE: Per Procedure

VOLTAGE RANGE: Per Procedure

FREQUENCY: Per Procedure

SENSE: External (straps removed)

PHASE LOCK: Off

INPUT POWER: Connect to same source as other equipment

5408 SELECT:

MODE: Per Procedure

RANGE: Per Procedure

POWER: On

SENSITIVITY: Adjust for null per procedure

REFERENCE ADJUST: Use for null adjustment in conjunction with sensitivity

SENSITIVITY TEST: OPR

GALV: Lock and Momentary during null adjustment and Oper when changing Ranges or Modes

335D SELECT:

VOLTAGE: Per Procedure

VOLTAGE RANGE: Per Procedure

TRIP: 1000

CURRENT LIMIT: Fully clockwise

SENSITIVITY: | output monitor

INPUT MOQDE: TVM

INPUT POWER: Connect to same source as other equipment

Figure 4-5. Equipment Set-Up A




Table 4-4. Characterization Points

N

5200A FHEQL;(ENCY (Hz) )/

20

1k

10k

20k

50k

SV

1v

1V

Y

1ov

50v

100V

300V

LA

v

LAY

10v

10V

100v

100V

1000V

1.1V
1A'
3.9V
jOV
35v
100V

300V

380 mV
0.01%**

110 mV
0.016%*"

LAY
0.01%**

3.9v
0.01%**

10V
0.01%*"

35V
0.01%**

100V
0.01%**

aoov
0.01%**

380 mv*
0.005%"*

110 mv*
0.009%™*
v
0.005%"*

3.9v*
0.005%**

10v*
0.005%"*

35V
0.005%"*

100v*
0.005%**

300V
0.005%""

300V
0.005%**

390 mv*
0.005%**

110 mV
0.01%**

v
0.005%"*

3.9v
0.005%**

1oV
0.005%**

3sv
0.005%**

100V
0.005%**

390 mV
0.006%**

110 mv*~
0.015%"**

v
0.006%**

3.0v*
0.006%"*

1ov*
0.006%"*

35v
0.006%"*

100v*
0.006%**

100V
0.01%**

All accuracy tolerances are plus or minus (). The 540B must be characterized by a standards lab to support these
accuracy tolerances.

*Characterized points also used in the Calibration Procedure.

**Accuracy requirement for voltage at frequency points,

10, Using the 5200A settings recorded in step 7
above, check the first two voltage/frequency
combinations (20 Hz and ! kHz) in Table 4-5 for the
stated tolerances. Record the displayed reading on
the UUT for 1 kHz.

I1. Compiete the Low Frequency Attennator
Accuracy Test (described under Calibration).

12. Connect the 5200A, 540B, and the flatness
verified 20 dB attenuator as shown in Figure 4-7.

13.  Adjust the 5200A output (at 1 kHz) for the
reading recorded on the UUT display in step 10 and
adjust the 540B for a null indication. Note the
5200A output setting. Do not adjust the 540B
controls until steps 14 and 15 have been completed.

14. While maintaining a null on the 540B by
adjusting the 5200A output, check the last three
voltage/ frequency combinations in Table 4-5 for
the stated tolerances.

15. Return the 5200A output level (at 1 kHz) to
the setting noted in step 13 and check for
repeatability. Verify that the 540B is within (.002%
of null. If this verification cannot be made, repeat
steps 13 through 15.

16, Connect the 5200A to the UUT input
terminals as shown in Figure 4-8,

17. Using the 5200A settings recorded in step 7
above, check the voltage/frequency combinations
in Tables 4-6 through 4-14 for the stated tolerances.

18. Connect the 5200A/5205A (5215A)
combination to the UUT input terminals as shown
in Figure 4-9.

19. Using the 5200A/5205A (5215) settings
recorded in step 7 above, check the
voltage/frequency combinations in Table 4-15 for
the stated tolerances.

4-54, CALIBRATION ADJUSTMENTS

NOTE

The standards called ouwt in the following
procedure are required to meet the published
accuracy specifications. If published accuracy
is not required for a particular function (e.g.
resistance, dc current, etc), standards with a
lower rated accuracy may be used.
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5200A SELECT:

VOLTAGE: Per Procedure

VOLTAGE RANGE: Per Procedure
FREQUENCY: Per Procedure

SENSE: External (straps installed)

PHASE LOCK: Off

INPUT POWER: Connect to same source as UUT

RATIO TRANSFORMER SELECT:
DIAL SETTINGS: Per Procedure

UUT SELECT:

VOLTAGE RANGE: Per Procedure

SENSE: Two terminal (selector out)

MODE: Per Procedure

INPUT POWER: Connect to same source as the 5200A

CONNECTIONS: All other instruments or IEEE cable connections must be removed

Figure 4-6. Equipment Set-Up B

Table 4-5. 110 mV Tests

RANGE: 100 mV

FREQUENCY

(Hz)

MINIMUM

NOMINAL

MAXIMUM

20
1k
20k
50k
™

109.912 (-3)
109.972 (-3)
109.972 (-3}
109.934 (-3)
106.150 (-3}

110.000 {-3)
110.000 (-3)
110.000 (-3)
110.000 (-3)
110.000 (-3)

110.088 (-3}
110.028 (-3)
110.028 (-3}
110.066 (-3)
113.850 (-3)
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5200/ SELECT:

VOLTAGE: Per Procedure

VOLTAGE RANGE: Per Procedure

FREQUENCY: Per Procedure

SENSE: External (straps instailed)

INPUT POWER: Connect to same source as UUT

PHASE LOCK: Off

CONNECTIONS: All other instruments or IEEE cable connections must be removed

540B SELECT:

MODE: AC Transfer

RANGE: Per Procedure

POWER: On

SENSITIVITY: Adjust for null per procedure

REFERENCE ADJUST: Use for null adjustment in conjunction with sensitivity

SENSITIVITY TEST: OFR

GALV: Lock and Momentary during null adjustment and Oper when changing Ranges or Modes

UUT SELECT:

VOLTAGE RANGE: Per Procedure

SENSE: Ohms Selector in {4T)

MODE: Per Procedure

INPUT POWER: Connect to same source as the 5200A

CONNECTIONS: All other instruments or |IEEE cable connections must be removed

20db ATTENUATOR:
Requires Flatness Verification

Figure 4-7. Equipment Set-Up C




5200A SELECT:

VOLTAGE: Per Procedure

VOLTAGE RANGE: Per Procedure

FREQUENCY: Per Procedure

SENSE: External (straps installed)

PHASE LOCK: Off

INPUT POWER: Connect to same source as UUT, not through 5205A
CONNECTIONS: All other instrument or IEEE cable connectors must be removed

UUT SELECT:

VOLTAGE RANGE: Per Procedure

SENSE: Ohms Selector in (4T)

MODE: Per Procedure

INPUT POWER: Connect to same source as 5200A

CONNECTIONS: Al other instrument or IEEE cable connections must be removed
GUARD: Internal

Figure 4-8. Equipment Set-Up D

Table 4-6. 380 mV on the 300 mV Range Tests

Range: 300 mV

FREQUENCY

(Hz)

MINIMUM

NOMINAL

MAXIMUM

20
1K
20k
50k
M

389.688 (-3)
389.953 (-3)
389.953 (-3)
389.844 (-3)
366.700 (-3}

390.000 (-3)
390,000 (-3)
390.000 (-3)
390.000 (-3)
380.000 (-3)

390,312 (-3)
390.047 (-3)
390.047 (-3)
390.156 (-3)
393.300 (-3)




Table 4-7. 390 mV on the 3V Range Tests

FREQUENCY RANGE: 3V
(Hz) MINIMUM NOMINAL MAXIMUM

20 .38969 .39000 .39031
1k .38904 .38000 .38008
20k 38994 .39000 39006
50k .38977 39000 .39023
1M 36670 38000 .389330

Table 4-8. 1V on the 1V Range Tests

FREQUENCY RANGE: 1V
{Hz) MINIMUM NOMINAL MAXIMUM

20 89920 1.00000 1.00080
1k .89984 1.00000 1.00018
20k .99984 1.00000 1.00016
50k .99940 1.60000 1.00060
M .96500 1.00000 1.03500

Table 4-9. 3.9V on the 3V Range Testls

FREQUENCY RANGE: 3V
(Hz) MINIMUM NOMINAL MAXIMUM

20 3.89688 3.90000 3.90312
1k 3.89938 3.80000 3.90062
20k 3.89938 3.80000 3.90062
50k 3.89766 3.80000 3.90234
™M 3.66700 3.80000 3.93300

Table 4-10. 3.9V on the 30V Range Tests

FREQUENCY RANGE: 30V
(Hz) MINIUM NOMINAL MAXIMUM

20 3.8569 3.9000 3.8031
1k 3.8094 3.9000 3.9006
20k 3.8994 3.9000 3.9008
50k 3.8977 3.9000 3.9023
1M 3.4320 3.9000 4.3680

Table 4-11. 10V on the 10V Range Tests

FREQUENCY RANGE: 30V
(Hz) MINIMUM NOMINAL MAXIMUM

20 9.9920 10.0000 10.0080
1k 9.9984 10.0000 10.0016
20k 9.9984 10.0000 10.0016
50k 9.8940 10.0000 10.0060
M 9.6500 10.0000 10.3500
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5200A/5205A (5215A) SELECT:

VOLTAGE: Per Procedure

VOLTAGE RANGE: 1000V

FREQUENCY: Per Procedure

SENSE: Internal (straps removed)

PHASE LOCK: Off

INPUT POWER: Connect 5205A (5215A) and UUT to same source. Connect 5200A through 5205A
CONNECTIONS: IEEE cable may be connected provided controller chassis is connected to 5200A chassis.
All other instrument connections must be removed

UUT SELECT:

VOLTAGE RANGE: Per Procedure

SENSE: Ohms Selector in (4T}

MODE: Per Procedure

INPUT POWER: Connect to same source as 5205A

CONNECTIONS: |[EEE cable may be connected provided controller chassis is connected to 5200A chassis.
All other instrument connections must be removed

GUARD: Interna!

Figure 4-9. Equipment Set-Up E

Table 4-12. 35V on the 30V Range Tests

FREQUENCY ARANGE: 30V

{Hz) MINIMUM NOMINAL MAXIMUM

20 34.9720 35.0000 35.0280
1k 34.9044 35.0000 35.0056
20k 34.9944 35.0000 35.0056
50k 34.9790 35.0000 35.0210
200k 34,9825 35.0000 35.0175

Table 4-13. 100V on the 100V Range Tests

FREQUENCY RANGE: 100V

(Hz) MINIMUM NOMINAL MAXIMUM

20 99.982 100.000 100.080
1k 90.984 100.000 100.016
20k 90.984 100.000 100.016
B0k 99.940 100.000 100.060

99.800 100.000 100.200




Table 4-14. 100V on the 500V Range Tests

FREQUENCY

RANGE: 500V

{Hz) MINIMUM

NOMINAL MAXIMUM

20 99.895
1k 99959
20k 99,959
50k 99.915
100k 99,750

100.000 100.105
100.000 100.041
100,000 100.041
100.000 100.085
100.000 100.250

Table 4-15. 300V on the 500V Range Tesis

FREQUENCY

RANGE: 500V

(Hz) MINIMUM

NOMINAL MAXIMUM

20 208,760
1k 209.952
2909 852

300.000
300.000
300.000

300.24G
300.048
300.048

4-55. Introduction

4-56, Calibration of the UUT is carried out on three
levels, The first level consists of an accuracy check using
the Performance Test. The Performance Test should be
used to check the UUT for calibration every 90 days or 1
year, as required to meet the applicable accuracy
speeifications, The Performance Test should also be used
to check the UUT for calibration after any repairs are
made to the instrument. The second level involves
software calibration and can be performed at any time,
Applicable procedures are described in Appendix 7B, The
third level involves hardware calibration and 13 described
in the following paragraphs. Power supply adjustments
are shown in Figure 4-1. Adjustments and test points are
accessible on the top edge of the pch by opening the
hinged module top. For any level of calibration, the
ambient temperature should be 23°C £ 2°C and the
relative humidity should be less than 75%. Refer to Table
4-1 for the recommended test equipment,

4-57. Initial Procedure

4-58. With the power switch set to OFF, replace the
Iselator with the Bus Interconnect and Monitor Board,
MIS-7013K., Set the power switch to ON and allow the
instrument to warm-up for at least two hours before
continuing with the calibration adjustment procedures.

4-59, Power Supply

4-60. Perform the following Power Supply checks and
adjustments. All required test points are available on the
Bus Interconnect and Monitor Board. All adjustments
are found on the Power Supply Board, as illustrated in
Figure 4-1.

CAUTION

The multimeter ¢can be damaged if used to
check its own supply voltage. To avoid this
possibility, do not use the UUT to check UUT
voltages.

1. Connect the test DMM HI input to Vec on the
Bus Interconnect and Monitor Board and the LO
input to Vss.

2. Adjust R6 for areading of 5.05V de £ .05to set
the logic supply.

3. Transfer the HI DMM input lead to VA2,

4, Adjust R5 for a reading of 5.05V dec £ .05to set
the analog supply.

5. Verify that the voltages in Table 4-10 are within
the prescribed limits.

Table 4-16. Power Supply Verlllcalions

TEST POINTS VOLTAGE RANGE
(VDC) SUPPLY

HIGH LOowW FROM TO

Voo Vas +11.4 Logic
Vea Vss -11.4 Logic
VA1 AR +14.25 Analog
VAP AR -14.25 Analog
VA3 AR +29 7 Analog
VA4 AR -29.7 Analag

4-17




6. Preparc the test DMM to read ac volts,
Connect the HI DMM input lead to LINE on the
Bus Interconnect and Monitor Board (LO to AR),
If the UUT is set for 100V ac or 120V ac operation,
verify a voltage reading of 13 to 17V ac, With 220V
ac or 240V ac operation, venfy a voltage between
6.5V ac and B3V ac.

7. QOnthe UUT, push the POWER button to OFF,
remove all test leads and the Bus Interconnect and
Monitor Board, and replace the Isolator,

8. Reapply power to the UUT.

4-61. DC Calibration Procedure

4-62. There are two mcthods of performing de
calibration on the UUT. The first method uses the
Calibration Memory to store separate correction factors
for each range and function and is explained later in this
manual, The second method does not use the Calibration
Memory and is dealt with in this section, The following
preliminary steps are required to ensure that no zero or
calibration correction factors are in effect during de
calibration;

L Sceleet V IDC function and 100 mV range.

2. Toggle the ZEROQ V DC/OHMS button so that
the ZFRO annunciator goes dark.

3. S8hde the rear panel Calibration Switch to the
ON position and verify that the AVG/(CAL)
annunciator is flashing.

4. For vach range, push STORE (CAL COR).
This operation disables the software calibration
correction factors for VDO function,

4-63.  Ensure that the selectors on the front panel (right)
are positioncd as follows:

1. Guard Selector - disengaged (out - internal
guard)

2. Ohms Selector - engaged (in - 4T)

3. Rear Input Selector - disengaged (out - front
input)

4-64. DC SIGNAL CONDITIONER ADJUST-
MENTS

4-65.  All adjustments in the following procedure are on
the [2C Signal Conditioner.

1. Seleet devolts, 100 mV range, stow filter (topgle
FILTER until the FILTER annunciator lights),

4-18

sample 7 (toggle SAMPLE until the SAMPLE
annunciator flashes slowly), Calibration switeh ON
(AVG/CAL annunciator flashes), and V DC/Ohms
Zero ofl (ZERO annunciator off).

2., Place a short across the VOLTS
INPUT;OHMS SENSE HI and LO terminals,

3. Adjust R53 for a UUT reading of 0.0000 =
0002 (-3).

4. Remove the short from the input terminals.
Place a 1 megohm resistor in parallel with 20,22 uF
capacitor across VOLTS INPUT/OHMS SENSE
H1 and LO terrmnals.

5. Adjust R52 for a UUT reading of 0.0000 +
0030 (-3).

6. Repeat steps 2 through 5 until both readings are
within range without further adjustment

4-66. A/D CONVERTER CALIBERATION
PROCEDURES

4-67. Use the following procedure to calibrate the A/ D
Converter module. All adjustments and test points
mentioned in this procedure are found on the A/D
Converter module. References are found at the top of the
A;D Converter PCB or on the inside of the hinged
module top. Only the hinged module top need be opened
to access these test points and adjustments,

4-68. This paragraph contains the adjustment
procedure for R64, This resistor requires adjustment only
if R54 in the tens bit ladder has becn replaced during
repair. If no such replacement has been made, proceed to
the next paragraph.

1. Connect a test DMM HI input to TP?7, LO
input to TP6.

2. Adjust R1 for a test DMM reading of -7.0000v
£ .0002V.

3. Remove the test DMM connections.
4. Set the UUT for the 1)V range,

5. Using the test connections in Figure 4-2, apply
10.100000V de to the UUT nput terminals,

6. On the UUT, adjust Réd for a reading of
+T10.100000 £ 000050,

7. Remove the test connections and proceed with
the following adjustments.

Q&




4-68, A/D Zero Adjustment
4-70. Use the following steps to adjust auto zero on the
A/D Converter module:

l.  Verify that the 10V range is set on the UUT,
2. Short the UUT input terminals.

3. Onthe UUT, adjust R8 for reading of 0.00000
4 .00001.

4-71, Control Setting A

4-72. To prepare the DC Voltage Standard for
subsequent tests and adjustments, use the following
procedure:

1. Connect test cquipment as shown in Figure4-2.
Make only the connections shown as solid lines; the
UUT is not connected at this time.

2. Set the Voltage Divider controls at one-tenth
the standard cell certified value (standard cell valoe
X o0.0.

3. Adjust the DC Voltage Standard output for a
null on the null meter,

4. Record the dial setting of the DC Voltage
Standard as Control Setting A. This value is used
later in the A/ D Converter Calibration Procedures.

5. Disconnect the two leads at the Voltage Divider
output terminals. Connect the UUT as shown in
Figure 4-2 (broken lines).

4-73. A/D Ladder Adjustments
4-74. Use the following procedure when adjusting the
A/D Ladder:

1. Verify that the UUT is set for the 10V range.

2. Set the Voltage Divider controls for a ratio of
1.0100000,

3. On the UUT, adjust R (POS. CAL} for a
reading of +I10.10000V £ .00001.

4. On the DC Voltapge Standard, reverse the de
voltage polarity.

5, On the UUT, adjust R2 (NEG. CAL) for
-10.10000V £ 00001 If the R1 and R2 adjustments
cannot be made, perform the A/D Converter
Calibration Procedures.

6. On the DC Voltage Standard, restore the
positive de voltage output polarity,
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7. Set the Voltage Divider controls for a ratio of
0.0500000.

8. On the UUT, adjust R7 (REMAINDER} fora
front panel display of +0.50000 £ .00001.

9. Repeat steps 2 through § until all readings are
within telerance without making ferther
adjustments.

10. Set the Voltage Divider controls for a ratio of
0.5100000.

11. Onthe UUT, adjust R6 (5V LADDER) fora
reading of +5.10000 X .00001.

12. Set the Voltage Divider controls for a ratio of
0.2600000.

13. Onthe UUT, adjust R5(2.5V LADDER)fora
reading of +2.60000 I 00001,

14. Set the Voltage Divider controls for a ratio of
0.1400000.

15. Onthe UUT, adjust R4 (1.25V LADDER) for
a reading of +1.40000 £ 00001,

16. Set the Voltage Divider controls for a ratio of
0.0750000.

17. Onthe UUT, adjust R3 (.625V LADDER) for
# reading of 0.75000 £ .00001.

18. Repeat steps 2 through 17 until all steps are
within the stated tolerance.

4-75, Linearity Verification
4-76. Use the following procedure to check linearity for
the UUT:

1. Verify that the UUT is set for the 10V range
(manual) and sample setting 7.

2. Set the Voltage Divider controls for a ratic of
0.2006000.

3. Set the DC Voltage Standard for an output of
approximately 100V. Adjust this output for a
reading on the UUT of -+20.00000 == .00001.

4. Set the Voltage Divider controls for a ratio of
0.0000000 and verify that the UUT reading is
0.00000 £ .00001.

5. Reverse the polarity of the de output voltage at
the DC Voltage Standard.
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6. On the UUL, verify a reading of 0.00000 +
00001,

7. At the DC Voltage Standard, restore the de
oulput voltage positive polarity.

8. Refer to Table 4-17. For each of the Voltage

Divider settings hsted, venfy a UUT reading within
the hsted tolerances

Table 4-17. Linearity Checks

DIVIDER | READINGS

SETTING | pmiNIMUM | NOMINAL | MAXIMUM

1 00000
2.00000
3.00000
4 00000
5 00000
6 00000
7.00000
8 00000
9 00000
10.00000
11 00000
12 00000
13.00000
14.00000
15 00000
16.00000
17 00000
18 00000
19 00000
20.00000

1.00005
2.00005
3 00005
4 00005
& 00005
& 00005
7 00005
8 00005
800005
10 00005
11.00006
12 00006
13.00008
14 00007
15 Q0007
16 00007
17.00008
18.00008
19 00008
20.00008

0100000
0200000
0300000
0400000
0500000
0600000
0700000
.0B0O000O
0900000
1000000
1100000
1200000
1300000
1400000
1500000
1600000
1700000
1800000
1200000
2000000

(.99995
199995
299995
3 99995
4.999895
2 99905
6 99955
7.99995
8 89995
9 59995
10 99994
11 99994
12.99994
13 99993
14 99993
15 99993
16 99892
17 99592
18.99992
19 990492

9. At the DC Voltage Standard, reverse the
polarity of the dc output voltage, For each of the
Voltage Divider scttings in Table 4-17, venfy a
negative UUT reading within the lsted tolerances.

10. At the DC Voltage Standard, restore positive
pelanty and adjust for Control Setting A,

11, Set the Voltage Divider controls for a ratio of
1.Q0OO000.

12 Onthe UUT, venfy a reading of +-10.00000
00001,

4-77. RANGE ADJUSTMENTS

4-78.  All adjustments and test points in the following
procedure are found on the DC Signal Conditioner,
References mentioned in this procedure can be typically
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found on the top edge of the DC Signal Conditioner PCB
and on the ingide of the hingad module top. Only the
hinged module top need be opened to access all
adjustments and test points,

4-79. Use the following steps to adjust the 100 mV
range

1. Verify that the UUT igsetfordcvolts, FILTER
annunciator off, sample setting 7, and ZERO
annunciator off.

2. Verify that the DC Voltage Standard 15 set for
Control Setung A.

3. Set the Voltage Dhvider controls for a ratio of
.0000000,

4., Onthe UUT, manually select the 100 mV range.
If requirad, adjust R53 for 0 = 0002 {-3),

7. Set the Voltage Divider controls for a ratio of
0200000

6. On the UUT, adjust R49 for a front pancl
display of +200.0000 (-3) = 0005,

4-80. Use the following procedure to adjust the 1V
range:

1. On the UUT, select the 1V range.

2, 3Set the Voltage Divider controls for ratio of
.20000000.

3. Omn the UUT, adjust R48 for a front panel
display of +2 000000 + 000001,

4-81. Use the following procedure to check the 10V
range:

I. On the UUT, select the 10V range.

2. Connect the UUT directly to the DC Voltage
Standard as shown in Figure 4-2.

3. On the DC Voltage Standard, set the output to
Control Setting A,

4. On the UUT, verify a front panel display of
+10.00000 £ .00002V,

4-82.  Use the following procedure to adjust the 100V
range:

2. On the UUT, select the 100V range.

1. Connect the equipment as shown in Figure 4.3, Q



3. On the Reference Divider, set the standard cell
voltage controls to the standard cell certified value
and both the input and output controls to 100V,

4. On the DC Voltage Standard, set the output to
approximately 1000000V and adjust for a pull on
the null meter,

5. On the UUT, adjust R47 for a front panel
display of +100.0000 = .0001V.

4-83. Use the following procedure to check the 1000V
range:
I. On the UUT, select the 1000V range and slide
the rear panel Calibration switch to OFF. Venfy
that the CAL annunciator is off.

2. Verfy that the 100 volt setting on the Reference
Divider is still nalled.

3. Verify a UUT reading of 100.000 I .005.

4. Set the Reference Divider input and output
controls to 500 volis.

3, Set the DC Voltage Standard to approximately
500 volts, then adjust its output for a null on the nul
meter.

6. The UUT should read 500.000 & .010.

7. Set the Reference Divider input and output
controls to 1000 volts,

8. Setthe DC Voltage Standard to approximately
1000 volts, then adjust its output for a null on the
null meter.

9. The UUT shouid read 1000.000 = .014.

4-84. If no further hardware calibration 1s necessary,
disable the Calibration mode by siiding the rear panel
switch to off. Refer to Appendix 7B for software
calibration procedures.

4-85, AC Calibration Procedure (Thermal True-
RMS Converter)

4-86. REQUIRED TEST EQUIPMENT

4-37. The following items of test cquipment are required
to calibrate the Thermal True-RMS Converter:

1. A 540B Thermal Transfer Standard (with
corrections data),

2. AS5200A AC Standard (on a 90 day calibration
eyele).

3. A 335D DC Standard (on a 90 day calibration
cycle).
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4. A flatness verified 20 dB attenuator with 2
proper 50 ohm load.

5. A ratio transformer (1 ppm or better).

4-88. Before starting the Calibration Procedure, venfy
that the ambient temperature is 23 /+/-1°C, the relative
humidity is <70%, and the instrument has completed the
warm-up period of 2 hours. 1f the frequency 1s changed
during the test, the characterized voltage must be
readjusted to conform to the new frequency.

4-89. Perform the Calibration Procedure with the High
Accuracy mode and the Calibration mode selected. Any
software calibration entries for ac volts must first be
cleared with procedures described in Appendix 7B. When
the voltage or frequency output of the source 15 changed,
allow the souree to settle before taking a readmg for
record. This can be accomplished by waiting for the first
update of the UUT display. If an adjustment 15 required,
select the Enhanced mode while making the adjustment,
then return to the High Accuracy mode to verify the
reading before proceeding with the procedure.

4-90. GROUND EQUALIZER ADJUSTMENT
491, Perform the Ground Equalizer Adjustment using
the following procedure.

1. Select the DC Volts fupction, 100 mV range.

2. Connect the HI input terminal to the metal bar
in the center of the Thermal True RMS Converier
Module Case. Leave the LO input terminal open.

3. Adjust RS0 (Amplifier PCB) for a display
reading of 0 £2 uV de.

4-92. AMPLIFIER ZERO ADJUSTMENT
493, Perform the Amplifier Zero Adjustment using the
following procedure:

1. Select the AC + DC NORMAL function, 500V
range.

7 (onnect the HI input terminal to the metal bar
in the center of the Thermal True-RMS Converter
Module Case. Leave the LO input terminal open.

3. Connect a test DVM HI lead to TP3 (the left
side of R70) through a 10 kilohm resistor. If TP3 15
not accessible the lead may be placed on the metal
adjustment portion of C12. Connect LOto TPl on
the Attenuator PCB.

4. Adjust R15 for a reading on the test DVM of 0
+2 uV de.

4-94. SENSOR ADJUSTMENT
4-95, Perform the Sensor Adjustment using the
following procedure:
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. Connect the 5200A to the UUT input terminals 4-90.  Adjustment Procedure
as shown in Figure 4-§. 4-100. Perform the attenuator and amplifier
adjustments using the following procedure:

2. Select the HI ACCUR function on the UUT,
3. Manually sclect the 1V range on the UUT.,

4. BSelect a 1.25V (at 1 kH7) output from the
5200A.

2. Adjust R35 (Amplifier PCB) unul the reading
displayed in the NORMAL maode is within +.00065
of the reading obtamed in the HI ACCUR mode,

6. Select a 0.125V (at | kHz) output from the
3200A,

7. Adjust R26 (Amplifier PCB) until the reading
displayed in the NORMAL mode is within +.0001 3
of the reading obtained in the HI ACCUR mode.

8 Repeat steps 3 through 7 until no further
adjustments are required.

4-96. ATTENUATOR AND AMPLIFIER ADJUST-
MENTS

4-97. DC to AC Transfer Measurement Procedure
4-98. Perform the de to ac transfer measurement
procedure as follows:

1. Connect the 5200A, 335D, and the 5408 for DC
to AC Transfer Measurements as shown in Figure
4-5

2. Set the DC Standard for the first characterized
pamnt required to complete the calibration
procedurc listed in Table 4-4,

3. Set the 5408 to the range listed in Table 4-4 and
to the DC Transfer mode. Adjust to obtain a null
indication.

4. Reverse the DC input leads to the 5408 and
adjust null to compensate for positive and negative
turnover error,

2. Belect the 5200A output listed in Table 4-4.

6. Switch the 540B to the AC Transfer mode and
adjust the 5200A output to obtain a null indication
on the 5408,

7 Record the output sctting on the 5200A mn a
characterization points table for future usage.

& Perform the above procedure for all
characterized points required for calibration (listed
in Table 4-4).

i. Connect the 5200A output to the UUT input
terminals as shown in Figure 4-8,

2 Perform the test and adjustments for steps |
through 4 listed in lable 4-18 using the
characterized points table recorded above.

3. Repeat step | of Table 4-18 and verify the
displayed reading is within the stated tolerance, If
an adjustment is required, perform the four steps
unt1] all four readings are within tolerance without
any further adjustments.

4. Perform the test and adjustments for steps 5
and 6 1n Table 4-18 using the characterized points
table recorded above.

5. Perform the test and adjustments tor steps 7
and 8 in Table 4-18, Repeat the test untl both steps
are within tolerance without further adjusiments.

6. Perform the test and adjustments for steps 9
and 10 10 Table 4-18,

7. Perform the test and adjustments for steps 11
and 12 in Table 4-18 usmg the characterized points
table recorded above. Repeat the tests until both
steps are within tolerance without further
adjustment.

8. Venly that the readings for steps 9 and 10 1n
Table 4-18 are still within tolerance, Repeat steps 9
through 12 in Table 4-18 until all four steps arc
within tolerance without further adjustment.

9. Perform the test and adjustments for steps 13
and {4 in Table 4-18.

10.  Perform the test and adjustments for steps 15
and 16 in Table 4-18 using the charactenized points
table recorded above,

11, Connect the 5200A output terminals to the
input of the Ratio Transformer and connget the
output of the Ratio Transformer to the input
terminals of the UUT as shown in Figure 4-6.

12. Perform the test and adjostment for step 17 in
Table 4-18 using the characterized points table
recorded above, Record the dusplayed reading on
the UUT,

13, Connect the 5200A, 5408, and the flatness
venfled 20 dB attenuator as shown in Figure 4-7.
(Before perforrming this step complete the Low
Frequency Attenuator Accuracy Test)




Table 4-18. Amplifier and Attenuator Adjustments

REQUIRED
CHARACTERIZED

5200A

POINTS TO BE USED | VOLTS

HERTZ

LUt
RANGE

READING BETWEEN

MINIMLUIM

MAXiMUM

ADJUSTMENT

1

1K

1V

80898

1 00002

R1{Atten)

390 mv

1K

300 mv

388,995 (-3)

380.005 (-3)

REHAMPN

3.8V

1K

3V

3.88005

3.90003

R2(Atten)

10

1K

10V

9,9998

10 0002

R52{Ampl)

100

K

100V

99 998

100.002

R3(Atten)

100

1K

00V

92.994

100.008

R5(Atten)

380 mV

20K

300 mV

380.985 (-3)

390,005 (-3)

CB(Atten)

AN ANANAN ALY AN AN

7

20K

v

-§9998

1.00002

C11{AmpH

3.9V

™

3V

See Note 1

See Note 1

Z|Z
el Bl
b

10V

1M

10V

See Note 1

Sea Nota 1

R13(Atten)

10V

S0k

10V

9.9984

10.0006

CI5(Atten)

ks | emd | ek
et e =g 1011 RS ST RS T N PR DT B

3.9v

20K

3V

3.80844

3.90156

C12{Ampl)

I<|<

@
s
*

1oV

™

100V

See Note 2

See Note 2

10V

™

30V

See Note 2

See Note 2

R16(Atten)

100V

50K

100V

95.998

100 002

C30(Atten)

100V

50K

500V

99,996

100 004

C27 (Atten)

11V

1K

100 mv

109 997 (-3)

110.003 (-3)

RE6(AMp)

| = | =
oo~ o P

1.1V

50K

100 mv

109 997 (-3}

110.003 (-3)

R72(Ampl}

Note 1

Where:

Mote 2
Where

First, compute RA1 using the following formula:
RA1 =10+ (R1 " .5 - (R2 * 1.25) x 0160

R1 = recorded reading at 10V, 1 MHz, 10V range
R2 = recorded reading at 3.9V, 1 MHz, 3V range

Second, adjust R13 for RA1.

R3 = recorded reading at 10V, 1 Mz, 30V range

R4 == recorded reading at 10V, 1 MKz, 100V range
If 20 - R4 == R3, then no adjustment of B16 is required.
It 20 - R4 = R3, then adjust R16 50 that the reading at 10V, 1 MHz on the 30V range 12 equal to 10 + 1/2(R3-B4) £.015

14. Adjust the 5200A output for the reading 1. Connect the 5200A, 931B, and the 20 4B

recorded on the UUT dwisplay in step 17 of Table
4-18 and adjust the 540B for a null indication.
Record the 3200A setting,

15. While maintaining a null on the 540B by
adjusting the 5200A output, perform the test and
adjustment for step 18 in Table 4-18.

16, Repeat step 14 with the recorded 3200A
setting and cheek for repeatability within 0026 of
null indication on the 540B,

4-101. LOW FREQUENCY ATTENUATOR
ACCURACY TEST

4-102. Perform this test immediately prior to usage of
the attenuator.

attenuator as shown in Figure 4-10.

2. Select a 1V (at 1 kHz) output on the 1V range
from the 5200A.

3. Record the reading on the 931B. Save this
reading for future reference.

4. Verify that the 9318 reading is within the
attenuator manufacturer’s specification for dc
attenuation accuracy.

NOTE

The Attenuator Flainess Verification Test
need only be performed every five years, or if
the attenuator fails the Low Frequency
Attenuator Accuracy Test.
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5200A SELECT:

VOLTAGE: Per Procedure
VOLTAGE RANGE: Per Procedure
FREQUENCY: Per Procedure
SENSE: External (straps mstalied)
PHASE LOCK: Off

9318 SELECT:
POWER: BAT OPR
RANGE: Per Procedure

DIALS: Per Procedure

INPUT POWER: Connect to same source as other equipment
CONNECTIONS: All other instrument or IEEE cable connections must be removed

MODE: 1% Null for testing and X1 TVM when changing Ranges oar Setting

—
| ATTENUATOR 5000 Lilo
L]
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Figure 4-10. Equipment Set-Up F

4-103. ATTENUATOR FLATNESS VERIFICA-
TION TEST

4-104. 931B Characterization Procedure

4-105. Characterize attenuation versus frequency
flatness for the 931B using the following procedure.

1. Connect the 5200A, 5408, and the 9318 as
shown in Figure 4-11,

2. Select a 250 mV (at 500 Hz) output on the 1V
range from the 5200A.

3. With the 1V range and the AC Transfer mode
set on the 340B, adjust the 3200A output to obtaina
null indication on the 931B.
4. While still maintaining a null on the 931B,
adjust the 540B for a null indication on the
galvanometer,
5. Select a frequency of 20 kHz from the 5200A.
6. Record the reading on the 931B.

Repeat steps 5 and 6 above for 50 kHz.

Repeat steps 5 and 6 above for 100 kHz

9. Repeat steps 5 and 6 above for 500 Hz and
check for repeatability within 002% of null.

4-106. Attenuator Flatness Verification Test
Procedure

4-107. Perform the flatness verification test on the 204 B
attenuator using the following procedure:

1. Connect the 5200A, 5408, 9318, and the 20 dB
attcnuator as shown in Figure 4-12,

2. Select a 2.5V (at 500 Hz) output on the 10V
range from the 5200A.

3, Withthe931B onthe 1V range adjust the 5200A
output to obtain a null indication on the 931B.

4. With the 5408 on the 2V range mn the AC
Transfer mode adjust for a null indication on the
540B while still maintaining a null on the 9318

5. Increase the frequency output on the 5200A to
20 kHz.

6. Adjust the 5200A output level to obtain a null
indication on the 540B meter,

7. Record the reading on the 331B.




5200A SELECT:

VOLTAGE: Per Procedure

VOLTAGE RANGE: Per Procadure

FREQUENCY: Per Procedure

SENSE: External (straps instalied)

PHASE LOCK: Off

INPUT POWER: Connect to same source as other equipment

CONNECTIONS: All other instrument or IEEE cable connections must be removed

540B SELECT:

MODE: AC Transfer

RANGE: Per Procedure

POWER: On

SENSITIVITY: Adjust for null per procedure

REFERENCE ADJUST: Use for null adjustment in conjunction with sensitivity

SENSITIVITY TEST: OFR

GALV: Lock or Momentary during null adjustment and Open when changing Ranges or Modes

9318 SELECT:

POWER: Bat OPR

RANGE: Per Procedure

MODE: .1% Null for testing and X1 TVM when changing Ranges or Settings
DIALS: Per Procedure

Figure 4-11. Equipment Set-Up G
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5200A SELECT:

VOLTAGE: Per Procedure

VOLTAGE RANGE: Per Pracedure

FREQUENCY: Par Procedure

SENSE: External (straps installed)

INPUT POWER: Connect to same source as other equipment

PHASE LOCK: Off

CONNECTIONS: All other instrument or IEEE cable connections must be removed

5408 SELECT:

MODE: AC Transfer

RANGE: Per Procedure

POWER: On

SENSITIVITY: Adjust for null per procedure

REFERENCE ADJUST: Use for null adjustment in conjunction with sensitivity

SENSITIVITY TEST: OPR

GALV: Lock or Momentary during null adjustment and Open when changing Ranges or Modes

931B SELECT:

POWER: BAT OPR

RANGE: Paer Procedure

MODE: 1% Null for testing and X1 TVM when changing Ranges or Settings
DIALS: Per Procedure

Figure 4-12. Equipment Set-Up H




%. Repeat steps 6 and 7 for 50 kHz.
9. Repeat steps 6 and 7 for 100 kHz.

10. Compare the 931B readings at each frequency
with the characterized readings obtamed in the
9318 Characterization Procedure, Verify that any
differences between these readings are within the
tolerances listed below:

a. At 20 kHz +.006% corrcetion factor.
b. At 50 kHz £.015% correction factor.
¢. At 100 kHx £.0304 correction factor.

4-108. TROUBLESHOOTING

4-109. Troubleshooting the multimeter may require
module configurations that normally generate latching
error conditions. If this situation does occur, the
following procedure can be used to override latching
errars:;

1. Enable the Calibration mode by sliding the rear
panel Calibration Switch to on.

2. Push the AVG button and verify a display of
Err. oFF. This operation disables latching errors.
The Averaging mode, which is mutually exclusive
with the Calibratton mode, is not enabled,

3. To enable latching crrors once again, push the
AVG button a second time. If no latching error
conditions exist at thig time, the display responds
with Err. on and normal Calibration mode
conditions are restored. If a latching error condition
does exist, that condition is identified in the display
and must be corrected prior to the resumption of
normal Calibration mode conditions.

4, 1f the Calibration mode is no longer required,
slide the rear panel Calibration Switch to off,
Latching ¢rrors are automatically enabled
whenever this switeh is eyeled on or off.

4-110. A procedurc for isolating faulty modules is
contained in Table 4-19. It is important that the theory of
operation given in Secton 3 be read before attempting to
troubleshoot the UUT, The module isolation procedure
involves making observation of the UUT behavior, then
removing or replacing modules to establish cause-effect
relationships, Do not remove or replace modules with the
power on, Follow the procedure step-by-step all the way
through to assure that the fault is 1solated to the correct
module. Faults in some modules may cause apparent
faults in other modules,

WARNING

AHAZARDOUS COMMON MODE VOLTAGE
MAY APPEAR ON THE OUTPUT CON-
NECTOR OF THE BIT SERIAL REMOTE
INTERFACE (OPTION -06) [F THE BUS
INTERCONNECT MONITOR BOARD I8
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INSTALLED AS A REPLACEMENT FOR THE
ISOLATOR. TC AVOID THIS SHOCK
HAZARD, REMOVE THE BiIT SERIAL
REMOTE |INTERFACE BEFORE INSTALLING
THE BUS INTERCONNECT MONITOR
BOARD.

4-111. Symptom analysis troubleshooting is provided
for standard modules in this section. Possible failurcs are
listed in order of probability. Troubleshooting
information for optional modules 15 contained in Section
6. The following tables and figures provide
troubleshooting procedures for standard modules:
I. Controller - Table 4-20
Front Panel - Table 4-21
DC Signal Conditioner - Table 4-22
Active Filter - Table 4-23
A/ D Converter - Table 4-24
Power Supply - Figure 4-13
. Thermal True-RM$5 Converter Module - Table
-25
a. RMS Sensor Troubleshooting and
Replacement - Table 4-26

b. Thermal True-RMS Converter Typical Test
Voltages - Table 4-27

c. Thermal True-RMS Converter Attenunator
Logic - Table 4-28

4-112. Static discharge can damage components
contained in the UUT, The following precautions should
be observed during troubleshooting, repair, or module
replacement.

1. Never comnect or disconncct modules or
components without first pushing the UUT Power
switch to OFF.

2. Perform all repams ata static-free work station.

3. Minimize handling of 1Cs and pcb’s; do not
handle them by their connectors.

4, Keep repair parts in their original containers
until ready for use,

5. Use static ground straps to discharge repair
personnel.

6. Use conduetive foam or anti-static containers
to store replacement or removed ICs and peb’s

7. Remove all plastic, vinyl, and styrofoam
products from the work area.

% Do not slide static-sensitive devices over any
surface.

9, Use only anti-static type solder removal tools.

10. Use grounded tip soldering irons.




NOTE

If a component is replaced during
troubleshooting, reselection of a selecred
component, adiusiment af a non-recurring
adiustment, or some ather specific component
replacement procedure may become
necessary. Refer to applicable instructions
later in this section,

4-113. If troubleshooting requires opening the Thermal
True-RMS Converter while power is applied to the
mstrument, proceed as follows:

1. Push the POWER button to OFT,
2. Remove the Thermal True-RMS Converter,

3. Attach the Thermal True-RMS Converterto a
special extender peb (Fluke Order Number 8502A-
7001K).

4. Install the converter-extender in the original
position.

5. Push the POWER bhutton to ON.

4-114. Troubleshooting Notes

4-115, Latching crror conditions are disabled in the
Calibration mode Momentary error conditions are not
disabled

NOTE

The pround integrity of the multimeter v
mamntgined vig one of the Power Supply
securing screws. If this screw v loose or
missing, noise problems can he encountered.
Viewing the mudtimeter from the rear, locate
the three buttonhead screws along the left side
of the hear sink Verdv that the middle screw is
tightly secured.

4-116. If interaction between modules is a problem
during troubleshooting, use of either the Static Controller
or the Test Module could be helpful, Using the Static
Controlier, bus 1C, 1D, and handshake signals may be
applied scparately to most analog and digital modules,
The Test Module may be used to either check or
troubleshoot the Controller module. Complete use
mformation and troubleshooting techniques are provided
with these test modules,

4-117.  Use the Bus Interconnect and Monitor Board
(MIS-7013K) to access lines on either the digital
{(unguarded) or analog (guarded) interbus, In using the
Bus Interconnect Monitor Board, note that RTi
physically does not extend to the Isolator-Interconnect
slot. RT 1 15 accessible with the Monitor Board installed in
any of the first four slots (J11A, B, C, or D). The outputs
of the optional Ohms Converter and Current Shunts
modules are on RT1.

4-28

CAUTION

Do not apply an input directly to the A/D
Converter module. Damage to the A/D
Converter may result. The DC Signal
Conditioner may be bypassed by applying a
signal directly to the Active Filter module, as
outlined in the module isolation procedure.

4-118. Care should be exercised when soldering on
multilayer printed cireuit boards. Excessive heat can be
especially ruinous. Note the following considerations:

. Excessive heat can cause unseen damage to
boatd lammations and through-hole plating,

2. Soldenng tip temperatures above 700°F should
be avoided 1n all cases.

3 Whenever possible, alternate soldering tool
usage between divergent areas on a board.
Concentration of heat in any onc area is therchy
minmmnized,

4-119. Non-Recurring Adjustments

4-120. POWER SUFPPLY

4-121.  Variable resistor R9 in the U3 Reguiator circuit
of the Power Supply Assembly is set at the factory and
should not require addinonal adjustment. {f any other
Power Supply components are replaced, use the
following procedure;

1. Connectatest DMM between 15V (VA2)and
ANALOG REIURN (AR) at TP4 and TP6
respectively.

2. Record the value of the reading,

3. Connect the test DMM between +15V (VA
and AR at TP3 and TP6 respectively.

4. Adjust R9 until the test DMM reads within +
0.25V of the readmg recorded in step 2 above.

2. Recheck the -15V and +15V supplies at the
points given in steps | and 3 above respectively and
verify that they read -15 = 0.75V and +15 £ 0,75V,
If either is outside the stated tolerance repeat steps 1
through 4 until both values are within tolerance.

4-122. THERMAL TRUE-RMS CONVERTER
4-123. Thermal True-RMS Amplifier Assembly
4-124. Variable resistor R34 1n the Squarc Root
Amplifier eircuit controls the Sensor circuit transient
response. 1t1sset at the factory and should not requure any
additional adjustment. If any components in the circuit
are replaced during troubleshooting, adjust or verify the
R34 setting as follows:

1. Manually select the AC + DC Normalfunction
and the 1V range,

2. Apply an input of 0.625V dc to the UUT inpnt
terminals.

 J
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3. Connect a test DVM between TP4 (HI) and
TP1 (LO).

4, Adjust R34 for a test DVM reading of 2.5
4-0.03V dec.

4-125. Variable resistor R6l in the Sensor Protect
circuit controls the maximum voltage applied to the rms
sensor. It is set at the factory and should not require any
additional adjustment. If any components in the circuit
are replaced during troubleshooting the circuit can be
adjusted or verified using the following procedure:

1. Adjust R61 fully clockwise (CW),

2. Manually select the AC + DC function and the
1V range.

3. Apply 2 2V dc input to the UUT input
terminals.

4, Connect a test DVM between TP6 (HI) and
TPI (LO).

5. Adjust R6l for a test DVM reading of 2.2
+0.01V dc.

4-126, Variable resistor R78 in the Ranging Amplifier is
the coarse adjustment for the zero adjustment R15. 1t is
set at the factory and does not require calibration
adjustment, However, if any components in the circuit are
replaced during troubleshooting, or if R15 1 at one
extreme without bringing the circuit into tolerance, R78
can be adjusted using the following procedure;

I. Adjust R15 to the center of its adjustment
TATLEE,

2. Connect a test DVM between TP3 (HI)
through a 10 kilohm resistor and TP1 (LO).

3. Adjust R78 for a test DVM reading of 0 £2 uV
de.

4. Perform the Thermal True Converter
Adjustments to verify the calibration of the UUT.

4-127. Variable capacitor C8 compensates the ranging
amplifier in the X20 setting and requires adjustment only
If repair or replacement of components takes place in the
ranging amplifier. Use the following procedure to adjust
C8 if required.

1. Short the center wire of P2 to ground. The shell
of the P2 connector is not at ground.

2. Select the 100 mV range on the UUT.

3. Connect an oscilloscope probe to TP3 with the
ground clip in TP1. Select oscilloscope settings of
50 mV/div and 0.5 ms/ div.

8506A

4, Adjust C§ for minimum noise on the scope
display.

5. Select an oscilloscope sweep speed of 0.01
us/ div.

6. Verify that the amplifier is stable, i.e., not
oscillating.

7. If the amplifier is unstable, readjust C8 until the
minimum noise is obtained without causing the
amplifier to oscillate,

4-128. Variable capacitor C9 compensates the ranging
amplifier in the X6.25 setting and requires adjustment
only if repair or replacement of components takes place in
the ranging amplifier. Use the following procedure to
adjust C9 if required.

1. Short the center wire of P2 to ground. The shell
of the P2 connector is not at ground.

2. Select the 300 mV range on the UUT.

3. Connect an oscilloscope probe to TP3 with the
ground clip in TP1. Nominal scope settings are 50
mV/div and 0.01 us/div.

4, Adjust C9 for minimum capacitance, Le., with
the center adjustment screw all the way out.

5. Adjust C9 in toward maximum capacitance
until the oscillations stop. Adjust C9 in at least two
full tarns (720°).

4-129. Thermal True-RMS Attenuator Assembly
4-130, Variable eapacitor C13 in the X.08 Attenuator
circuit is the coarse adjustment for the 10V range
adjustment C15. It is set at the factory and does not
require calibration adjustment. However, if any
components in the circuit are replaced during
troubleshooting, or if C15 is at one extreme without
bringing the ¢ircuit into tolerance, C13 can be adjusted
using the following procedure:

1. Adjust C15 to the cemter of ity adjustment
range.

2. Manually select the AC HI ACCUR function
and the 10V range.

3. Apply an input of 10V at 50 kHz to the UUT
mput terminals.

4. Adjust C13 for a UUT reading between 9.9850
and 10.0150V ac.

5. Perform the Thermal True-RMS Converter
Adjustments to verify the calibration of the UUT.
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Table 4-19. Faulty Module Isalation

ACTION

Go to the step
number given
for correct
response

YES NO

Push POWER ON. The following should be displayed:
HI—=Y.Y.Y (Y = Software Number)
CXXXXXA (X = Option Number)
0.000 {DC Volts, 1000V range, sample 7, filter FO)

Is the display blank?
Is the initial display other than HI—Y Y. Y7
Is the reading ather than Q.000 £.0057

Are the first three displays normal?

DISPLAY BLANK AT POWER ON

Remove Bus Interconnect (or Isotator if installed).

Turn power ON, Is MI—YYY displayed?

Was the isolator installed?

Install interconnect-manitor in the Isolator slot. 15 HI—Y.Y.Y displayed?
Bad Isolator. Go to Section 6 under Isolator.

Is the power indicator on?

Check the fuse. 15 it bad (replace)?

Remove Cal Memary chip and remote interfaces if installad. 15 HI—Y.Y.Y displayed?

Replace Cal Memory chip. |s HI—Y.Y.Y displayed?

Bad Cal Memory chip, Replace EERQOM,

Bad Remote Interface. Go to Section 6 under the appropriate interface.
instail the Interconnect-Monitor PCB in the Isolator slot.

Check power supply voltages as follows. Test DMM Commeon to VSS.
VBD = +11.4 to H126 VCC =45.15te 5.25
VGG = 11410 126 LINE =13V ac to 17V ac (100 or 120V AC), or
6.5V ac to 8.5V ac (220 or 240V AG)

Are the power supplies within tolerance?
Remove all moduies except the Front Panal,
Recheck power supplies Within tolerance?

Replace modules one at a tima (start with Controller), rechecking supplies after replacing
each module. The last one put in when the supplies go bad is the problem. Go to the
appropriate figura or table for that module.

Remove the front panel. Recheck supplies. Within tolerance?

Prablem on power supply, motherboard, or power supply interconnect.
Bad Front Panel. Go to Table 4-21.

Remove Cal Memory chip and the remote interface if installed.

Check 1C 6, 5, 1, 0 on interbus, All maving?




Table 4-19. Faulty Module Isolation (cont)

Go to the step
number glven
ACTION for correct

response
YES NO
Check ACK line. Moving? 29 30

Check 1D0-7. All moving? 32 30
Check Controller SYNC PULSE AT TP7. Maving? 33 3
Bad Controller. Go to Table 4-20,

Bad Front Panel. Go to Table 4-21.

Remove analog modules. leaving only Controller, Front Panel, and Interconnect.
15 the display normal?

Fauity Analog Module. Replace one at & time — last one in is the problem. Go to the
appropriate table for that module.

Remave Front Panel, replace DC Signal Conditioner, Filter, A/D Converter.
Check IC lines, ACK line, 1D lines, All maoving?

Bad Controller. Go to Table 4-20.

Bad Front Panel. Go to Table 4-21.

INITIAL DISPLAY OTHER THAN HI—-Y.Y.Y

Remove Interconnact PCB (or Isolator if installed).

Apply power. i3 the display as follows?
HI—YYY
CXXNXXA
Error 9

Was the Isolator installed?

Install Interconnact-Manitor PGB in [solator slot. 1 display normal?
Bad |solator. Go to Section 6.

Are Cal Memory chip or remote interface installed?

Remove Cal Memory chip and remote. Display normal?

Replace one at a time. Go to appropriate figure.

Install interconnect-Monitor PCE,
Check for shorts between the IC and the ID lines. Shorts?
Remave all modules except Front Panel. Removed short?

Reinstall modules one at a time (start with Controlier), checking for shorts bétwean
modules. Last one in is the problem. Go to the figure for the appropriate module.

Are any of the IC, ID, or ACK lines always high or always low?

Remove all modules except Front Panel and Controller. 1C and ID moving?
Aemove Front Panel. Reinstall dc analog modules if removed.

Are the IC, ID, and ACK lines moving?

Bad Controller. Go to Table 4-20,




Table 4-19, Faulty Module Isolatlon (cont)

ACTION

Go to the step
number given
for correct
response

YES

NO

Is the display narmal?
Front Panel bad. Go to Table 4-21.

Faulty Analog module. Replace one at a time until symptoms recur, Last one in is faulty.
Go to the table for the appropriate module,

58

&7

READING NOT ZERQ AT TURN ON

Remove all optional modules (except Isolator if installed), leaving Controller, {Isolator),
DC Signal Gonditicner, Filter., A/D. Front Panel.

Apply power. |s the reading zero?

Replace modules one at a time until reading is not zero. Last ona in is the problem.
Go to Section 8

Is the lsolator installed?
Replace Isclator with Interconnect-Monitor PGB. Is the reading zero?
Bad Isolator. Go to Section 8.

Install Interconnect Monitor if not already installed, Check supply voltages as follows,
Test DMM LO on AR (analog return).

VA1 = +14.25 to +15.75Y VA4 = 29 to -32V

VA2 = -14.25 10 -16.768Y VCC = -15V Different must equal

VA3 = +29 to +32V V85 = -20V 4.9 10 5.2V

Supply voltages in tolerance?
Remove all modutes except Frant Panel Supplies in tolerance?
Repair power supply Go to Figure 4-13

Replace moduies one at a time, checking supplies between modules. Last one in is faulty.
Go to the appropriate figure or table.

Remove Filter module CAL switch on. Select DC Volts. 1000V range.
I3 the reading zero?

Replace Filter module; remove DC Signal Gonditioner.

Pace a jumper (short) between RT2 and RTE.

ls the reading zaro?

OC Signal Conditioner bad, Go to Table 4-22,

Filter modute bad. Go to Table 4-23,

A/D eonverter bad. Go to Table 4-24.

Do the Performance Tests earlier in this section.

Iz the unit within the tolerances given?

Iz the Cal Memory chip installeg?

Remove the Cal Memory chip |5 the unit now within tolerance?

Faulty Cal Memory chip.




Table 4-19. Faulty Module Isolation {cont)

ACTION

Go to the step
number given
far correct
response

YES

ND

Is the Isolator installed?

Replace Isolator with Interconnest-Monitor PCB,
is unit within tolerance?

Bad Isolator. Go to Section 6.

Is the failure in DC Volts Performance Test?

Go to Section & for the appropriate faulty function.

Remove all optional modules, leaving Front Panel, Controller, DC Signal Conditioner,
Active Filter, and A/D Converter.

Do the DC Volts Performance Test. |s the unlt within tolerance?

Reinstall options ong at a time, rechecking DC Volts tolerance. Last module instalied
when unit bacomes out of tolerance is faulty. Go to Section 6.

Check supply voltages according to the following chart.
VA1 = +14.25 to +15.75V VA4 = =20 1o -32V
VA2 = -14.25 to -1575V VCC = 15V Different = 4.9 to 5.2V
VAZ = 429 to +32V V58 = =20V

Are the supplies within tolerance?

Remove all modules except Controllar and Front Panel. Are the voltages correct?

Replace modules one at a time until the voltages go bad. Last one in is the problem.
Go to the appropriate figure.

Repair power supply. Go to Figure 4-13,

Connect the test DMM LO to RT2 and HI to RT6. Apply known voltages to the input to test
the DC Signal Conditioner. The following voltages are suggested inputs:
GAIN RANGE DG 516G COND TEST DMM INPUT READING

100 my X100 2 my 200 mv
100 my X100 200 mv 20.0V

v X10 125 mV 1.25V
v X10 2V 20V

10V x1 v 14v
10V X1 19V 19.0v

100V X10--64 1.28v 200 mV
100V X10+-64 128Y 20.0v

1000V X1+84 a4V 10V
1000V X164 980V 150V

Are the readings correct (noise or drift in the DG Signat Conditioner will show
up on the Test DMM readings)?

DC Signal Conditioner faulty, Go to Table 4-22.

Connect Test DMM HI to RT5. Repeat table in step 97. The test DMM readings
should be thé same.

Ara the Test DMM readings the same?
Faulty Active Filter module. Go to Table 4-23,
Faulty A/D Converter. Go to Table 4-24,

84

86
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Table 4-20. Controller Troubleshooting

Note

Bue to the speed and complexity of the Controller, it is recommended that, when a problem is isolated to the
Controlier, the unit be sent to the nearest Serviee Centear for répair. The following information will assist in verifying
Controller operation Many problems require the use of an in-circuit tester.

Troubleshoot the Controller with only the Gontroller, Front Panel and FPower Supply installed The most common
symptom of Controller failure is a blank display. Other symptoms include an improper display, a farlure to read
switches or respond to external interrupts, or an initialization display ("CRXXXXX"yimproperly indicating all optional
modules present The following checks verify basic Controllar operation

1

Check power supply voltages at the Controller. Test Points are located on the circuit board top edge and are
identified on the inside of the hinged module top

Test DMM LO TP1 (VSS)

Test DMM HI: T3 (VGG +5V)
TPS5 (VBB -5V)
TP (VDD +12V)

If any of these voltages are more than 5% out of tolerance, proceed to “Power Supply Troubleshogting' in this
section

ifthe power supply checks gaod, venfy the presence of the following signals in sequence. If a signal is present,
go onto the next check. if a signal 1s not present, the Controller may be faulty. Although probable fault causing
components or circuits may be mentioned, the Gontroller will probably require repair at a Service Center

SYNC pulse at TP7

If no SYNC pulse, check 01 at U15-22; 02 at U15-15. (test failure suggests U19).

RESET signal at U10-2 on power-up' check for 0.1 sec low-going pulse. {Test failure suggests reset
circuit }

CPUINT at TP4

CLOACK at TP2

Table 4-21. Front Panel Troubleshooting

SYMPTOM POSSIBLE FAILURE

No ACK Pulse W28, U19 (Address Decoders) U23 (Indirect F/F) U1,

U1, Q10 (ACK Cirguit)

Mo Display (ACK Pulse Present) u18 (Kill Gircuit)

No Response to Switch Pushes (Display Good) Switch Associated with Function U32, GR2-CR6 Open

Segment Bad in all LED's Check path from Latgh to Transistor drivers to LED

Cathodes

One LED doesn't light Check path from Latch to Inverter to Transistor Drivers

to LED Anode

Segment or Decimal missing on only sne LED Bad LED

Display gives wrang numbers. one LED brighter UT1 (Reset to Indirect Address F/F U23) Address
Decoder {Problem is indicative of front panel responding
to an invalid address)




Table 4-22. DC Signal Conditioner Troubleshooting

SYMPTOM POSSIBLE FAILURE

DC inoperative all Ranges Digital Control Logic Q8, Q6, Q7. Open K1, Q1, Q2 Open;
Q18, Q19, U3 Bad

Display Blanks Ut arli2

Locks in Qverrange U3

Readitg Drifts U4; 14, Q15, Q16 Leaky
Won't Zero U5 or LI6

100 mV Range Bad Q31. Q32. Q14

1V and 100V Range Bad Q33, Q34, Q16

100V and 1000V Range Bad K2, Q3, Q4

Random Readings K1 Opean, K2 Shorted
Nonlinear Readings Q16, Q15, Q14 Leaky

ADDRESS AND DATA FIELD

DG SIGNAL CONDITIONER ADDRESS: IC, IC3, 1C0 =1
GAIN CONTROL
N3 D2 GAIN
0 1 X100
1 0 X10
1 1 X1
INPUT CONFIGURATION CONTROL
INPUT FROM ATTENUATION
External
External
RT1"

"Used for ohms and de current measurements

NOTE: If R54-R57, 18, Q19 or Q22 are replaced it will be necessary to return the module to the factory (attn. PARTS)
to be temperature compensated anew.




Table 4-23. Active Filter Troubleshooting - - |

" SYMPTOM ‘ POSSIBLE FAILURE

High Zero Offset Q32, Q25, 19, 20 Shorted

DC inoperative Q18 Open - Q21, Q22, Q23, Q24 Open 27, US Digital
Logic

Overrange U5 - Q19, Q20 Shorted

Noisy
All Ranges : o
Either Filter ' , Q25, Q32 Leaky - Q31, U5 Bad

Slow Filter (ON) ‘ Q21, Q22 Leaky - U4 Bad
Fast Filter (OFF) Q23, Q24 Leaky - U3 Bad_
Nonlinear Readings ‘ s
Display Blanks U or Uz

ADDRESS AND DATA FIELD

ADDRESS . DATA

o4, IC3, & 1C1 =1 ‘ IDO = Filter Bypass

ID1 =1 Slaw Filter
102 =1 Fast Filter
1D3 = 1 Filter - Always on except in Ext. Ref.
D4 = 1 Ext. Ref. Lo
IDS =1 Ext. Ref. Hi

Adjustment of R14

1. Short the UUT input terminals, and select 10V dc range.

2. Short RTE to RTZ on the Bus Interconnect Monitor,

3. Adjust R14 for a reading of £.000000 £2 digits. (This requires that the A/D Converter is. working accurately.)

Selectlon of R15 or R16.

If Q27 or U5 have been replaced, R15 and R16 will require reselection if adjustment of R14 does not zero the reading.
1. Only one of R15 and R16 will b& installed. Replace whichever is installed with a short. ‘

2. Connect the R15 short to the R16 short. ‘

3. Short RTE to RT2 on the Bus Interconnect Manitor,

4. Connect the test OMM Hi to TP3 and LO to TP1 on the Active Filter module.

5

Select a resistor from the table below according to the measured offset. If the polarity is postive, install the,
resistor as R16; if negative as R15, (Maximum allowable offset in this step is 3200 V)

OFFSET {uV) RESISTOR .FLUKE PART NO.

0-400 None
401-1200 31.6k 261610
1201-2000 £63.4K . 235382
2001-2800 97.6K 241380
2801-3600 C133.0K [ 289074
3601-4400 165.0K 376186
4401-5200 205.0K 375931

6. After ingtalling the resistor, adjust R14.

4-36




Table 4-24. R? A/D Converter Troubleshooting

DIGITAL BOARD

SYMPTOM

Display Blanks

Improper Readings, inoperativé A/D, Nonlinear Readings

Flickering Display
Dirgct Address
1G4, 3, & 2 High

Indirect Address
IC2 & 1 High (and Ring Counter not in CO time period, G0 = 0)

POSSIBLE FAILURE

133, U34, U3s (Affecting ID Lings)

Check Transistor Array Outputs to J1 and J2 —
The rise and fall times of these Switching Pulses
Must be <2 usec.

Autozero Control — U25, U34

DO = 1 = Reset Counter

iD1 =1 = Auto Zero

D2 = 0 = Buffer input

IDZ =1 = Remander Input

{03 =1 = Channel X (Auto Zera and remainders
1 and 3)

ID3 = 0 = Channel Y (Remainders 2 and 4)

This Indirect Address allows the (D7 enable to
nring back Polarity Bits to the Controller Module

ANALOG BOARD

First Check TF5 — Should be switching between + and -7V. Typical failures in this circuit result in a portion of the
switching stope having a slew rate less than 1V/usec. A glitch at the zero point is normal.

SYMPTOM

Noisy Readings
Nonlinear Ladder
Ladder out of Tolerance
All Digits Wrong

Reading Locked {Doesn't Respond to Input Change) or Always
Qverrange

Bad Remainders (Lesser Digits)
Mo Polarity Bit Returned
Shifty Readings (Mast ar all Digits)

POSSIBLE FAILURE

Ui, U2 U3

U4, Q8. Q10 (Q27)

FETS Q11-Q15 or Q17-Q21
U7, Qa1, Q32

U4, Q9. U1, U2, U3, Q2 03

22, U4, Us
Q29, Q28

Autozero Settling Time Problems U8, Q30-Q8,
Q7

NOTE IfU1, RO, R14-R16, R34, R35, R50-55, RE7. 01-Q3, Q11-Q1E, Q26 or Q26 are replaced it will be necessary to
return the module to the factory (attn PARTS) to be temperature compensated anaw.




UNGUARDED

GUARDED

GUARDED SUPPLY

SYMPTOM POSSIBLE FAILURE

VA1 — BAD U3.BR2, or Transformer
{115V) Noisy C3

VAZ — BAD U4.BR2 or Transformer
(~15V} Noisy C4

VA3 — BAD U1,CR3.BR1, Transformer
{1 30V) Noisy CA

VA4 — BAD J2.CR4 BR1. Transformer
(-30V) Nosy c?2

Voo (Guarded) US.R5 R3 C5 CR1,CR2, Transformer

VA1 and VAZ are used as a reference for VA3 and VA4 VA3 and VA4 could load down VA1 and
VAZ Check by lifting the reference diodes CR3 and CR4

UNGUARDED SUPPLY
Voo {(+12V) 6.C6,C9.C12.BRA, Transtformer
Voo (=12V) U7.C13,C10.C7.BR3. Transfarmer
Voo { 15V) LB RE.R4,C8 C14,C11,BR4. Transformer

The drawing below identifies test points on the Power Supply pch. Input voltages to the
regulators should be approximately 3V higher than the normal outputvoltages. If the output is
higher or lower than specified and noise is not the problem. the regulator is bad

TPT (112 Voo) TP (+5 Veco)

TP8 (-12Vea) — TP10 LOGIC RETURN Vss

It

TPE ANALOG RETURN (AR) — \
TPS =20V Logic Return (Vco)
TP1 +30V (VAJ)

TP2 -30V (VA4)

TR4 -15V (VAZ)
TP3 +15V (VAT)

Figure 4-13. Power Supply Troubleshoating




Table 4-26. Thermal True RMS Converler Modﬁle Troubleshooting

ACTION

Go to the step |
number given
for correct
response

YES NO -

Perform the DC Volts Performance Test
Is the DC Volts Performance Test within the iis'tec_l'tolerances’?

Troubleshoot the DC pohion of the instrument using the procedure in Table 4-19. Repair
as required then resume at step 1.

Perform the Thermal True RMS Performance Test.
Is the Thermal True RMS Performance Test within the listed toleranceé?

Remove modules not required for Thermal True RMS option, i.e., the Ohms Converter,
Isolator, and IEEE Interface, then repeat the Thermal True RMS Performance Test.

Is the Thermal True RMS Performance Test now within the listed tolerances?

Replace the modules one at a time until the failed reading returns. Repair or replace the
last module reinserted in the instrument then resume at step 4.

Check the Supply voltages. Place the test DMM LO on AR (P11-9/30).
VA1 (P11-28) +14.25 to +1 575 ‘_Vdc
VA2 (P11-8) -14.25 to ~15.75 Vdc
VA4 (P11-7) {Ampl PCB only) -29 {0 -32 Vdc
Vee (P11-12/33) (Atten PCB only) = -15 Vdc
Vss (P11-11/31) = -20 Vdc
Vee (DMM HB to Vss (DMM LO) +4.9 to +5.2 Vde
Are the supply voltages within the listed tolerances?

Check the power supply and instrument bus using the procedures préviously given. Repair
or replace as required then resume at step 4.

Is the voltage between TP1 (DMM HI} and Input Low (DMM LO) equial to 0 £50 uv?

With the DMM LO on TP1 is the signal at U5-7 (Ampl)
>5 Vdc and at U5-1 (Ampl) <-5 Vde?

Check U13, Q32, Q33, and their éssocia_ted components on the Amplifier PCB. Repair
as required then resume at step 4.

With the DMM LO on TP1 is the' sngnat at U5-6 (Ampl) >-0.7 Vdc?

Check U5 and its associated components on the Amplifier PCB. Repair as requlred then
resume at step 4.

Remove and disconnect power from the UUT. Measure the resistance between TP1 and
TP2 and between TP1 and TP5 of the Amplifier PCB usmg a test multimeter whose ohms
function output is less than 5 mA.




Table 4-25. Thermal True RMS Converter Module Troubleshooting (cont)

ACTION

Go to the step
number given
tor correct
response

YES NO

Is the resistance reading 294 ochms £7% between TP1 and TP3, and 389 ohms +8%
between TP1 and TP5?

Check in sequence the following items on the Amptifier PCB:
a. Switching transistors Q26, 12, Q14, Q16, and their associated components.

b. Q28 and its associated components.
3. Q18, Q18, Q31, and their associated components.

d. @10, Q8, and their associated components. (The gate voltages on Q8 and Q10
normally vary approximately 1V from off to on.)

e. Amplifier U1 and its associated components. Repair as required then resume at
step 4.

Check the RMS Sensor using the procedure in Table 4-26. Repair or replace then resume
at step 4.

Does the fault occur only if the high accuracy and/or the fast enhanced modes are
selected?

Connect a test DMM between TP8 {(HI) and TP1 (LO} on the Amplifier PCB, then apply a
full scate voltage input to the UUT terminals. (Apply an input equal to the full scale reading
rather than the range title of the defective range.}.

With the high accuracy mode selected, does the reading at TP8 remain stable (£50 uV) after
the initial settling period of approximately 0.5 second (the settling period repeats
every 3 seconds).

Check the sensor adjustment portion of the Calibration Procedure. Adjust or repair as
required then resume at step 4.

Check U11, U12, Q19, @18, Q31, and their associated components. Repair as required then
resume at step 4.

Select the AC Normal + DC Voelts function and Autorange. Apply a 1V de¢ signal to the
UUT input terminals.

With the instrument still in Autorange and the input unchanged, select the AC Voits
Normal function.

Is the instrument reading within the required tolerance with the AC Normal + DC Volts
function selected and approximately zero with the AC Volts Normal function selected?

Check the following items in the sequence listed until the fault is located, repair as
required, then resume at step 4. If the fault is not located in one of these areas, proceed to
the next step in the table. :

a. K2 and K3 on the Attenuator PCB for the proper switching action.
b. C1 through C4 on the Attenuator PCB.

¢. U3 and its associated components on the Amplifier PCB.

d. Voltages at Q1-7 using the typical voltages in Table 4-27.

e. Attenuator circuits on the Attenuator PCB.

19 20




Table 4-25. Thermal True RMS Converter Module Troubleshooting (cont)

ACTION

Go to the step
number given
for correct
response

YES NO

Check the voltages present at TPS against the typical voltages in Table 4-27.
Are the readings at TP5 comparable to the typical voitages in the Table?
Check the voitages present at TP3 against the typical voltages in Table 4-27,
Are the readings at TP3 comparable to the typical voitages in the Table? _
Check the voltages present at TP6 against the typical voltages in Table 4-27.
Are the readings at TP8 comparable to the typical voltages in the Table?

Check U9 and Q22 (for correct switching) on the Amp!lfler PCB. Repair as required then
resume at step 4.

Select the AC Volts Normal function and Autorange Apply a 1V ac at 1 kHz slgnal to
the UUT input terminals,

Is the displayed reading approximately 1V? .

Are all of the RMS tests at frequencies at 20 kHz or less within tolerance?

Check the attenuator logic levels using the information in Table 4-28. Repair as raquired
then resume at step 4. .

Are all of the RMS tests at frequencies greater than 20 kHz within tolerance?

Test the switching hybrids on the Attenuator PCB using the following tests {unless other-
wise noted all test points are on the Attenuator PCB and TP1 is LO):

a. Apply a 12.5 mV ac input and take a reading in the high accuracy mode for AC and
AC DC. The ditference in the two readings should be less than 10 uV.

b. With the instrument in the normal mode and no input, the difference in the readings
between TP3 and TP1 on the Amplifier PCB in the 1V range and the 500V range
should be less than 400 uV.

¢. U8-6 to TP1 reads +7+1V dc for all ranges.
d. UB-9 to TP1 reads -7+1V dc for all ranges.
e. UB-1 To TP1. reads -0 740.4V dc-for all ranges except 500V,
f, U7-1 to TP1 reads -3:1:1 8V dc for all ranges except 30V and 100V.
g. U-1 to TP1 reads f8:t1V de for all ranges except 4V and 10V,
h. U5-1 to TP1 reads -8+1V dc for ali ranges except 1V.
Ara the switching hybrlds within the stated tolerances?

Replace any componanté indicated. If replacement does not cure the trouble, resume with
the tests in step 29. .

Perform the Calibration Procedure and Performance Tests for the UUT. '
Does the UUT pass all tests?
Troubleshooting of the Thermal True RMS Converter is complete.




Table 4-26. RMS Sensor Troubleshooling and Replacement

ACTION

Go to the step
number given
for correct
response

YES NO

Unsolder the suspect RMS Sensor (U6) from the Amplifier PCB using a grounded
soidering iron.

Remove R24 or R28, if either is instalied, and replace the resistor in the circuit with
a bus wire.

Install the Attenuator PCB and the Amplifier PCB on the special Thermal True RMS
Converter extender board in the open configuration. Insure the ground jumper on the back
of the Amplifier PCB is installed.

Apply power to the instrument and compare the voltages at Q1-7 for the 100 mV, 300 mV
1V ranges against the typical voltages in Table 4-27.

Are the readings comparable?
Check the following items in the sequence listed until the fauit is located:
a. K2 and K3 on the Attenuator PCB for the proper switching action.
b. C1 through C4 an the Attenuator PCB.
¢. U3 and its associated components on the Amplifier PCB.
d. Voltages at Q1-7 using the typical voltages in Table 4-27.

e. Attenuator circuits on the Attenuator PCB. Repair as required, then resume at
step 4.

Compare the voltages at TP3 on the Amplifier PCB for the 100 mV, 300 mV, and 1V
ranges against the typical voitages in Table 4-27.

Are the readings comparabie?

Check in sequence the foliowing items on the Amplifier PCB:
a. Switching transistors Q26, Q12, Q14, Q16, and their associated components.
b. Q28 and its associated components.

c. Q19, Q18, Q31, and their associated components.

d. Q10, Q8 and their associated components. (The gate voltages on Q8 and Q10
normally vary approximately 1V from off to on.)

e. Amplifier U1 and its associated components. Repair as required, then resume
at step 7.

Select the V AC Normal Function and set the UUT for the 1V range. Apply
+2V dc to the UUT input terminals.

Does the test DMM connected between TP3 (HI) and TP1 (LO) read ll4+3.2V dc?
Connect a jumper from the cathode of CR1 to TP1,




ACTION_

Go o the step

number given

.. tor correct

response

YES | NO

Does the test DMM connected between TP3 (HI) and TP1 (LO) now read <+2. 5V
dc?

Check U5, Q24, Q25, and their associated components on the Amplitier PCB. Repair as
required, then resume at step 10.’ '

Apply -2V d¢ to the UUT tnput termmais
Does the test DMM connected between TPS (HI) and TP1 (LO) read |13.2V dc?
Connect a jumper from the cathode of CR1 to TP1

Does the test DMM connected between TP3 (HI) and TP1 {LO) now read <-2 5V
de?

Check U5, Q24, Q25, and their associated components on the Amplifier PCB. Repair as
required, then resume at step 15.

Remove pomfer from the instrument and replace the RMS Sensor.
Perform the Sensor Adjustment portion of the Callbration Procedurs.
Can the Sensor Adjustment procedure be successf.utly completed?
Does R26 run out of adjustment in the clockwise dlrectlon?

Replace R24 on the Ampllfler PCB with a 20-k|lohm 1% metal film resustor then resume
.at step 21. :

-Does R26 run out of adjustment in the countéfclockwise direction?

Heplace R28.on the Amplifier PCB with a 20-kilohm, 1%, metal fitm resistor, then resume
at step 21. : :

Remove the ground jumper'on the back of the Ampiifier PCB, then close and reinsert
the module in the UUT.

Perform the Calibration Procedure and Performance Test.

Does the UUT Calibrate and pass the Performance Test?
Troubleshoot the instrument usinﬂg the procedure in Table 4-25.

Troubleshooting of the UUT is complete.




Table 4-27. Thermal True RMS Converter Typical Test Voltages

RANGE a1-7 TP3 TPA* TPS TP6

ALL 0.00 0.00 0.00 0.00 0.00
1V 0.80 1.60 6.40 1.60 1,60
av 0.08 0.50 0.63 0.50 0.50
100 mv 0.08 1.60 6.40 1.60 1.60
300 mV 0.08 050 0.63 0.50 0.50
10V 0.08 0.16 0.06 0.16 0.16
10V 0.80 1.60 6.40 1.60 1.60
100V 0.08 0.16 0.06 0.16 0.16
100V 0.80 1.60 6.40 1.60 1.60
500V 0.16 0.33 0.28 0.33 0.33
500V ~1.00 2.00 1000 | 200 2.00

All measurements are made on the Amplifier PCB with reference to TP1
*Value at TP4 =250 * (Ay"V|N"AT)2
(See Table 3-3 for Ay and AT values)

Table 4-28 Thermal True RMS Converter Attenuator Logic Table

FUNCTION

SAMPLE: F OUT
HOLD: F QUT
SAMPLE: FIN
HOLD:; F IN
RANGE: 500V
RANGE: 100V
RANGE:; 30V
RANGE: 10V
RANGE: 3V
RANGE: 1V
RANGE: 300 mV
RANGE: 100 mV
MODE: AC
MODE: AC + DC

XX I I rIrIrrrxrXx
XX T ITrrIrIrcr I xIX
XX T IrIrcrIITIXIX
XX I TTIIITITIXIX
KX X HXMNXXXXXrOrI
MMM XK I I
g e - A il ol e N
XX rrrrreerrFrrrrreroar-
XX I ITIXTITTITIrXXXX
XX T T IITIrrTIXXXX
XX T ITITIrrITIXXXX
XX T IITIITIX>X>XX
FoLoX 3 X X % XX XX XX
T r o= X XXX XXX XXX
rrrrrreFEFCECrC

X = Don't Care H = Logic High =1 =-15V L = Logic Low =0 = -20V




4-131. Factory Selected Component Replacement
Procedures

4-132. The values of some components in the Thermal
True-RMS Converter are selected at the factory. These
components do not normally need reselection unless there
is a failure and subsequent replacement of some
component in the circuit, For those cases the selection
procedure is given in the following paragraphs.

4-133. AMPLIFIER OFFSET SELECTION

4-134. If certain components are replaced, the
Amplifier Offset Adjustment R15 may not bring the
reading within the accepted tolerance, These components
include the amplifier Ul, components associated with Ul
(especially in the Ul input circuit), and components in the
attenuator circuit. If R15 cannot be properly adjusted,
use the following procedure to reselect R10 or R13.

1. Set R15 to approximately the mechanical
center of its range.

2. Connect the test DMM between TP3 (HI) and

TPl (LO). Insert a 10 kilohm, 5% resistor in line
with the test DMM connection to TP3 (HI). This
resistor must be connected within one foot of TP3,

3. -Onthe UUT, select the 100 mV range and apply
a high quality, low-thermal short across the SENSE
HI and LO inputs,

4. Note the test DMM reading. Match this

reading (positive or negative) to the appropriate

voltage range shown in Table 4-29.

5. For a positive test DMM reading, compute a
new value for R10 by adding the respective
resistance shown in Table 4-29 to the original R10
value. Then replace R10 with a 195 resistor nearest
this new value,

6. For a negative test DMM reading, compute a

new value for R13 by adding the respective
resistance shown in Table 4-29 to the original R13

value. Then replace R13 Wlth al% remstor nearest

this new value.

7. Adjust R15 for a test DMM reading of
0.000000 +.000002.

8. If the RIS adjustni'ent does not yield the
required test DMM reading, select a 1% resistor
next closest to the newly computed value for R10 or
R13.

9. Replace R10 (or R13) and repeat step 7.

10. Once RIS is satisfactorily adjusted, remove
the test DMM leads and the UUT short.

B506A

Table 4-29. Amplif_ler Offset Reeletor Selection

'VOLTAGE | OHMS | VOLTAGE | OHMS
() (£)

0.050982 0.018962
0.047762 25.3 0.017606
0.045783 24.2 0.016250
0.043855 23.2
" 0.041944 22.2
0.040031 21.2
0.038116 20.2
. 0.036298 19.2
0.034572 18.3
- 0.032843 17.4
1 0.031213 16.5
0.029574 15.7
0.027940 14.8
0.026398 14.0
0.024855 | 13.2
0.023311 12.4
0.021864 11.6
0.020411 10.9

0.014991
0.013727
0.012467
0.011301
0.010134
0.008966
0.007798
- 0.006728
0.005854
0.004583
0.003507
0.002435
0.001458
~ 0.000480
0.000000

0.018962 . 10.1

4-135. RMS SENSOR GAIN SELECTION

4-136. If the RMS Sensor U6 or any of its associated
components are replaced, the RMS Sensor Gain
Adjustment R26 may not be able to bring the reading
within the accepted tolerance. If this occurs, use the
following procedure to reselect R24 or R28 so that R26
can adjust the RMS Sensor Gain.

1. Remove R24 or R28, if either is installed, and
replace the resistor in the circuit with a bus wire.

2. Perform the Sensor-Adjustment portion of the
Calibration Procedure. '

3. If the Sensor Adjustment procedure cannot be
successfully completed, check the direction of
rotation of R26. If R26 runs out of adjustment in
the clockwise direction replace the bus wire in the -
R24 position on the Amplifier PCB with a 20
kilohm, 1%, metal film resistor, If R26 runs out of .
adjustment in the counterclockwise direction,
replace the bus wire in-the R28 position on the

Amplifier PCB with a 20 kilohm, 19, metal film _

_ resistor..

4. Perform the Sensor Adjustment portion of the
Calibration Procedure if a resistor was inserted in
either the R24 or R28 position. '

4-137. LOW VOLTAGE 50 kHz CAPACITOR
SELECTION :
4-138. Capacitor C7 is selected depending upon the

value of the components installed in C5 and C6. Use the

following procedure to-select the value of C7.

4-45
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1. On the Attenuator PCB set the variable
capacitor C8 for the minimum capacitance, and the
- variable capacitors C20 and C27 for the maximum
capacitance; insure that the C7 position is vacant.

2. Select the' V AC function, high accuracy mode,
and the 1V range on the UUT.

3. Apply a 1V, 50 kHz input to the UUT input
terminals.

4. Select the column in the Table 4-30 that
corresponds to the values of the components
installed in the C5 and C6é positions. Find the
reading in that column nearest the instrument
reading and install in the C7 position the
capacitance value for that line,

5. After C7 has been installed take a new reading
and verify that it is within the instrument tolerance
for that voltage and frequency. If it is not, decrease
the value of C7 to lower the voltage, or increase the
value C7 to increase the voltage until the reading is
within tolerance. If the reading is >1.03640 installa
6.2 pF capacitor in the C6 position and repeat the
test using the appropriate column,

6. Perform the Calibration Procedure and
Performance Test to reset C9, C20, and C27.

- 4-139.. HIGH VOLTAGE 50 kHz CAPACITOR

SELECTION
4-140. Select the value of ClS on the Attenuator PCB
using the following procedure:

1. Ensure that no component is installed in the
CI18 position,

2. Select the V AC function, HI ACCUR mode,
and the 100V range on the UUT.

3. Applya 100V, 50 kHz input to the UUT input
terminals.

4. Compare the UUT displayed reading to the
values in Table 4-31. Install the value of capacitor
on the line including the displayed voltage.

5. Perform the Performance Test to verify that the
UUT meets its specifications requirements,

4-141. Select the value of C25 on the Attenuator PCB
using the following procedure:

1. Ensure that no component is installed in the
C235 position.

2, Select the V AC function, HI ACCUR mode,
and the 500V range on the UUT,

Table 4-30. C7 Selectlon Values

C5 = 36 pF
C6 = OPEN

= 27 pF Ccs
= OPEN _ cé

= 27 pF
6.2 pF |

< 1.00500

< 1.00600

< 1.00550

1.00500
1.00941
1.01161
1.01461
1.01871
1.02191

1.02911

to 1.00940
to 1.01160
to 1.01460
to 1.01870
to 1.02190
to 1.02810
to 1.03160

1.00600
1.01021
1.01281
1.01361
1.02041
1.02491

to 1.01020
to 1.01280
to 1.01360
to 1.02040
to 1.02490
to 1.03340

1.043341 to 1.03640

1.00550
1.00961
1.01191
1.01591
1.01871
1.02281
1.03031

to
to
to
to
to
to
to

1.00960
1.01180
1.01590
1.01870
1.02280
1.03030
1.03300

I -

w

Table 4-31. C18 Selection Values

C18 VALUE VOLTAGE' READING
0 pF : < 100.15

15 pF
27 pF
39 pF
47 pF
56 pF
68 pF

100.15 to 100.90
100.91 to 101.58
101.59 to 102.25
102.26 to 102.80
102.81 to 103.56
103.57 to 104.52




3. Apply a 100V, 50 kHz input to the UUT input
terminals.

4. Compare the UUT displayed reading to the
values in Table 4-32, Install the value of capacitor
on the line including the displayed voltage.

5. Perform the Performance Test to verify that the
UUT meets its specifications requirements,

4-143. Select the value of C26 on the Attenuator PCB
using the following procedure:

1. Ensure that no component is installed in the
C26 position.

8506A

2. Select the V AC function, HI ACCUR mode,
and the 600V range on the UUT.

3. Apply a 100V, 50 kHz input to the UUT input
terminals.

4, Compare the UUT displayed reading to the
values in Table 4-33. Use the column of Table 4-33
that corresponds to the value selected for C25 and
install in C26 the value of capacitor on the line
including the voltage nearest to the displayed
reading.

5. Perform the Performance Test to verify that the
UUT meets its specifications requirements.

Table 4-32. C25 Selection Values

C25 VALUE

VOLTAGE READING

0 pF
100 pF
180 pF
220 pF
270 pF
330 pF

< 100.820

100.821 to 100.990
100.991 to 101.550
101.551 to 102.400
102.401 to 103.100
103.101 to 104.030

Table 4-33. C26 Selection Values

C25=0

C25=100

C25=150

C25=220 C25=270 €25=330

< 100.170

100.170
to
100.280

100.281
to
100.370

100.371
to
100.460

100.461
to
100.520

100.521
to
100.600

100.601
to
100,700

100.701
to
100.820

100.821
to
100.980

< 100.170

100.170
to
100.310

100.311
to
100.430

100.431
to
100.550

100.551
to
100.630

100631
to

100.730 -

100.731
to
100.860

100.861
to
101.010

o1

to

101.230

< 100.170

100.170
to
100.330

100.331
to
100.460

100.461
to

100.600.°

100.601
to
100.690

100.691
o
100.790

100.791
to
100.990

100.911
to
101.120
101.212

to
101,340

< 100,170 < 100.170 < 100.170

100.170 100.170 100.170
to . | . to to
100.350 100.370 ©100.390

100.351 100.371 100.391
to o to
100.510 100.540 100.570

100.511 100.541 100.571
to to to
100.660 100.700 100.750

100.661 100.701 100.751
ta to to
100.760 100.810 ~100.880

100.761 -100.811 © 100.881
to fo to
100.880 100.950 101.020

100.881 100,951 101.027
to to to
101.050 101.120 101.210

101.051 101.121 101.211 -
to - to to
101.240 101.330 101.430

101.241 101.331 101.431
to A to to
101.500. < 101610 101.730

4-47/4-48




Section 5
List of Replaceable Parts

TABLE OF CONTENTS

ASSEMBLY NAME ' DRAWING FIGURE
o NO. : NO. PAGE

Final Assembly e ‘ 8506A-T&B 5-1 53 5-1 5-5
: ‘ E506A-5001 .
Al Front Panel Display Assembly ... 8506A-4001T - 5.2 57 3-2 549
A2 Motherboard PCB Assembly Ceveveee.. o BS0SA-4002T 5-3 510 .- 5-¥ 5-11
A3 Bus Interconnect PCB Assembly |, .Y MI5-4081 5-4 5-12 5-4 3-12
A4 Power Supply PCB Assembly L. B505-4051T 55 5-13 55 5-15
A5 Power Supply Interconnect .. . - B503A-4004 5-6 5-17 5-6 5-17
A6 Controller PCB Assembly . ., B505A-4187T . 57 518 5-7 3=20
A7 Front/Rear Switch PCH Assembly . 8505A-4005T 58 . 521 3-8 522
AR DC Signal Conditioner PCB Assembly ... vevee.  MISAI00T 59 - 5-23 ‘ 59 5-26
A9 Active Filter PCB Assembly ........ . MIS-4130T 510 527 510 529
A10 Fast R A/D Converter Assembly .....,..... .. MIS-4140T . 511 5-30 S-11  5-30
All Thermal True-RMS Converter PCB Assembly . .| 8506A-4126T 5-14 537 - 514 537
-0BA Isolator PCB Assembly .......... : ver | m——— 608BA-3 608A-5 60BA-3 GOBA-T
(Fart of the Standard Unit) . , (5ee Section 6)

NOTE: Optional equipment, see Section 6.
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5-1. INTRODUCTION

5-2. This section contains an illustrated parts
breakdown of the instrument. A similiar parts list is
included in the Options and Accessories Section for each
of the options. Components are listed alphanumerically
by assembly. Both electrical and mechanical components
are listed by reference designation. Each listed part is
shown in an accompanying illustration.

3-3. Parts lists ineclude the following information:
}. Reference Designation.
2. Description of Each Part.
FLUKE 5Stock Number.
Federal Supply Code for Manufacturers.
Manufacturer's Part Number.
6. ‘Total Quantity of Components Per Assembly.

7. Recommended quantity; This entry indicates
the recommended number of spare parts necessary
to support one to five instruments for a period of 2
years. This list presumes an availability of commaon
electronic parts at the maintenance site. For
maintenance for | year or more at an isolated site, it
is recommended that at least one of each assembly
in the instrument be stocked. In the case of optional
subassemblies, plug-ins, etc., that are not always
part of the instrument or are deviations from the
basic instrument model, the REC QTY column lists
the recommended spares quantity for the items in
that particular assembly.

5-4. HOW TOQ OBTAIN PARTS
5-5. Components may be ordered directly from the
manufacturer’s part number, or fram the John Fluke

Mfg. Co., Inc. or an authorized representatlive by using
the FLUKE STOCK NUMBER. In the cvent the part
ordered has been replaces by a new or improved part, the
replacement will be accompanied by an explanatory note
and installation instructions if necessary.

5-6. To ensure prompt and efficient handling of your
order, include the following information.
[. Quantity.
FLUKE Stock Number.
Drescription.
4, Reference Designation.

5. Printed Circuit Board Part Number and
Revision Letter.

6. Instrument Model and Serial Number.

5-7. A Recommended Spare Parts Kit for your basic
instrument is available from the factory, This kit contains
those items listed in the REC QTY column for the parts
lists in the quantities recommended.

5-8.  Parts price information 1s available from the John
Fluke Mfg. Co., Inc. or its representative, Prices are alsa
available in a Fluke Replacement Parts Catalog, which s
available upon request,

CAUTION

Indicated devices are subject to damage by
static discharge.




Table 5-1. 8506A Final Assembly

' FLUKE | MFG
DESCRIPTION STOCK | 8PLY MFE PART NO.
‘ ' NO. CODE

@ FINAL ASSEMBLY ‘ 85064 89536 85064
FIGURE 5-1 (85064-5001/T&B)

@®DISFLAY ASSEMBLY 656637 89536 656637
MOTHER BOARD 639385 89536 639385
BUS INTERCONNECT PCB ASSEMBLY
FOWER SUPPLY ASSEMBLY - 683946 BG536 639526
POWER SOPPLY INTERCONNECT 646273 89536 6u6273

@ CONTROLLER ASSEMBLY 660563 89536 638544

FRONT REAR SWITCH ASSEMBLY 652164 89536 652164

@DC SIGNAL CONDITIONER 660712 89535 6A6307

@ ACTIVE FILTER ASSEMBLY 383976 89536 383976
@FAST R? A/D CONVERTER ASSEMBLY 383984 B9536 383984
THERMAL TRUE-RMS CONVERTER ASSEMLY 683938 89536 651704

ISOLATOR PCB ASSEMBLY PART OF STANDARD UNIT
(SEE SECTION 6, -084)

NUT, HEX, 1/4=28 110619 89536 110619
SCREW, CAP, 8-32 X 3/8 205105 89536 295105
%CREW, FHF, B8-32 X 3/8 114116 89536 7114116

CO = -

SCREW, SBH, HEX, B~32 X 1/2 658581 89536 658591
SCREW, FHP, UNDERCUT, 6-32 X 1/4 320093 89536 320003
SCREW, PHP, W/LOCEWASHER, 6-32 X 1/} 178533 84536 178533
SCREW, SBH, HEX, 6-32 X 1/3 28281 809836 528281
SCREW, PHP, 6-32 X 1/2 114397 89536 114397

SCREW, PHP, 6-32 X 1/% 152140 89536 152140
SCREW, PHP, 6~32 X 5/16 182157 89536 152157
SCREW, FHP, 8-32 X 7/16 306159 89536 306159
SCREW, SBH, HEX, 8-32 X 3/8 658583 89536 658583
WASHER, LOCK, INTERNAL TOOTH, 1/% 110817 89536 110817

-3 hy O 0o 0o g LG\

WASHER, LOCK, INTERNAL TOOTH, #6 110338 89536 110338
SCREM, FHP, 6-32 X T/16 362954 89536 362954 -
NUT, HEX, 6-32 110569 89536 110565
SCREW, PHP, 4-40 X 1/8 108200 89536 198200
WASHER, SPRING STEEL, ' G43405 89536 SH3405

—
3%]

BAIL, INSTRUMENT 523571 89536 523571

EEZEL, I/0 416206 B9536 416206

BULKHEAD 645887 89536 645887

BULKHEAD, CENTRAL 656652 89536 686652

CORD SET, W/FEMALE PLUG 28Y1TY 89536 28M1Th
(not shown) '

COVER, BOTTOM 646182 B9536 6U6182
DECAL, LENS 659557 89536 659557
COVER, TOP BUETTY BOR3E 6EX61TY
CORNER HANDLE, FRONT . 656165 85536 656165




Tabla 5-1. 8506A Final Assembly (cont}

FLUKE MFG
QESCRIPTION ‘ STOCK | SPLY MFE PART NO.
ND. CODE

CORNER, PLASTIC 656215 89836 BBE21S
DECAL, FRONT PANEL G40375  BOHS3E  H403TE
FOOT, MOLDED ALEGLE  B953I6  GUBGLE
FOOT, SINGLE BAIL, (DARK UMBER) 653023 09536 653923
FRONT PANEL E3949z B9536 639L92

FRONT PANEL, MOLLDED 646240 89536 6GLE2UD
LATCH MODULE GUIDE 6Lp232  B9B36 646232
(CHA%8TS, LEFT SILE 656371 B9S36 E5E3TY
PLUG, HOLE 187799 80536 1BTTH9
GUIDE, MOLDED MODULE Ba622Y  EB9R36  6LE22Y

ROD, MOLDED PUSH BUE216 89536 BH6Z16
PUSHEUTTON, YEXT/GD IN® 660381 89836 660381
POST, BINDING, GROUNDING TYPE 225615 20584 3575
PCST, BINDING, GROUKNDING TYPE Z2B623  205BY4 3576
PUSHBUTTON, YF/R" 660399 89536 660399

PUSHBUTTON, "47/2T" 660373 89536 660373
REAR PANEL, SCREEN 660316  Bo536 560316
CHASSIS, RIGHT SIDE 638560 89536 638569
SHIELD, MOTHER BOARD 660282 89536 H40282
DECAL, POWER SUPPLY 659649 BOB3E LE96KY

SHIELD, BOTTOM COVER 660258 B9E36  £60ESH
DECAL, REAR CORNER paez2er  Bo53E& 685222
DECAL, =IDE TRIM ESEGEC 89536 525980
DECAL, FRONT CORNER 659219 BY536 659219
CONNECTOH, CABLE PLUG 369231 91662 00-B016-000-703

SCAN ADVANCE ASSY, BNC 651810 89536 631810

TRIGGER (EXT) ASSY, BNC €51802 89536 651802

CONTACT, CRIMP 369280 89536 369280
(not shown)

CONTACT, SOLLER 369298 89536 369298
(not shown) '

MANUAL, INSTRUCTION, B506A 6386858 85536 638858

RECOMMENDED SPARE PARTS KIT, 85064 661173 Bos36 HETIT3
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Figure 5-1. 8506A Final Assembly
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Table 5-2. A1 Front Panel Display Assembly .

OESCRIPTION

FLUKE
3T0CK
NG

MFG&
SPLY
CODE

MFG PART NO.

Al

c1
ce

€3

cY
CR1-CRE
CR7

F1

Fz
H1

| Bz

J1
J2
J3
J4
J5

FRONT PANEL DISFLAY ASSEMBLY
FIGURE 5-2 (8506A-3001T)

CAR, CER, 0.22 UF +/=-20%, 50V
CAP, ELECT, 47 UF +75/-20%, 25V

CAP, CER, 1200 PF +/-20%, 100V
CAP, ELECT, 47 UF +75/-20%, 25V
DIODE, SI, HI-SPEED SWITCHING
LIGHT EMITTING DIODE (LED)
FUSE, FAST ACTING, 1-1/2 AMP

WIRE, 0.0063 DIA, #36

'SCREW, PHP, 6-32 X 1/4

(not shown) ,
WASHER, BELLEVILLE, #6
{not shown) ’

BINDING POST, RED
BINDING POST, RED
BINDING POST, BLACK
BINDING POST, RLACK
BINDING POST, EBLUE

FUSEHOLDER
{(w/F1)

CAP, FUSE
(W/F1)

PUSHBUTTON, DARK PUTTY GREY
(w/816, 817, 818)

FUSHBUTTON, ELUE
(%/519)
FUSHBUTTON, WHITE
(w/51-56, 510-51Y4, 520-523)

FUSHBEUTTON, GREY
{w/57, 524, 327)
PUSHBUTTON
{w/58, 59)
SPACER, 0.062 DIA

SHIELD, DISFLAY
{not shown)
SPACER, SWITCH, 6-32 X 1/2
{not shown) :
TRANSISTOR, 5I, NBW

TRANSISTOR, SI, ENP

TRANSISTOR, S8I, PNFP

RES, DEP. CAR, 62 +/-5%, 1/4W
RES, DEP. CAH, 200 +/~8%, 1/4W
RES, DEF. CAR, 100K +/~5%, 1/4¥W

HES, DEF. CAR, 150 +/-5%, 1/4¥
RE3, COMP, 4.TK +/-5%, 1/4W-
RES, DEF. CAR, 200 +/-5%, 1/LW
RES, COMF, 10M +/-5%, 1/4W
SWITCH, MOMENTARY

(815 not used)

656637

300849
655151

358283
655161
203323
SO4TH 1
109330

160978

152150
571968
275552
275552
278560
ATE560
275578
435628
455857

hot728

406736
467U

401307
419937
484832
646 166
284280
330803

340026
226290

- AR1634

4u1 481
348920

343442
348821

341851

19494
507319

89536

71590
89536

80031
89536
07910
14936
71400

85536

89536

89536

32767
32767
32767
32767
32767

89536
Bg536

89536

89536
89536

89536
89536
89536
89536
89536
05713
04713
04713

80031
80031

80031

80031
01121
80031
01121
89536

656637

CW3COC22LK
655191

2222-630-01-122
655191
1MLLE

‘MV57 124

AGCI=~1/2

160978
162140

571968

820-65
820-65
820-15
B20-15 .
820-85

435628

455857
406728

406736

HOET

501307
419937
584832
646166
284380
MPS6560

MBS6563
MPS3640
CR261-4-EPG2E
CR25T-#=-5F200E
CR2E51-4-5P100K

CR251-4-5P140E
CBUT2E
CRz61=4=-5F200F
CB1065
507319




Table 5-2. A1 Front Panel Display Asgembly (cont)

FLUKE MFG
DESCRIPTION 8TOCK | SPLY MFG PART ND.
NO. CODE

TP1,TP2  TERMINAL, TEST POINT 179283 89536 179283
{not shown)

13} IC, NPN XSTR ARRAY 407866  AG6T1  CA3081

uz . @IC, TMCS, HEX INVERTER hobosr 02735 CDYOGYEBE

U3 ®IC, CMOS, BEX D FLIP-FLOP hokB09 12040 MMTLCITLN
Yy LED, DISFLAY GOUTBT 2BLED 5082-T656
Us=U10 LED, DISPLAY, 7-SEGMENT 18012 28480 S0EZ-TRST
U1 ®IC, CMO3, QUAD 2-INPUT NAND GATE 355198 04713 MCTH0V1UBCE
ma " LED, DISPLAY E0LTRY 28480 50BZ-THE5E

U13 LED, DISPLAY, 7-SEGMENT 418012 28480 50B2-7651
U16 ®IC, CMOS, DUAL D FLIP-FLOP 340117 02735 CD4YOI3AE
ui7 RES, DIL, 60 +/-5%, 1 i/2W 344069 89536 3LU069

U18 ®1IC, CMOS, DUAL RETRIG/RESET MONOSTABLE 393512 02735 CDYOOBAE
U9 ®IC, CMOS, DUAL 4-INPUT NAMD GATE 355206 08713 MMI1BO12CP

Uz20 REZ, DIL, 60 +/-5%, 1 1/2¥ 344069 89536 IUHOGQ
U2 IC, NPN XSTR ARRAY BOTBEE  496T1 CA3081
uzz @®IC, CMOS, DUAL D FLIP-FLOP 340117 02735 CDUOT3AE
u23 @;IC, CMOs, DUAL D FLIP-FLOF 380117 02735 CDUD13AE
Uzs IC, NPN XSTR ARRAY HOTB66 49671 CA3081

n26 DISPLAY BAR GRAPH, RED £50796 28480 HDSP4B30
uaT ®IC, CMOS, HEX D FLIP-FLOP . hous09 12040 MMTHCTTLN
U28 @®IL, CMOS, TRIPLE 3-INPUT NAND GATE 375147 02735 CDHO23AE
29 RES, DIL, 1K +/=5%, 1 3/4W 358119 89536 355119
u30 RES, DIL, 1K +/-5%, 1 3/4uW 358119 89536 358119

U3 ®IC, CMO3, BEX D FLIF-FLOF kQU509 12040 MMTUCITHN
v3z @IC, CMO3, HEX BUFFER-TRI 3STATE Y0779 12040 MMBOCOTHN
33 RES, DIL, 4.TK +/-5%, 1 1/2W 386061 B9536 386961

U3k LED, DISFLAY, 7-SEGMENT 418012 284380 s5082-T651
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Figure 5-2. A1 Front Panel Display Assembly




Table 5-3. A2 Mother Board PCB Assembly

FLUKE MFG
DESCRIPTION STOCK | SPLY MFG PART NO.
NO. CODE

MOTHER BOARD PCB ASSEMBLY 639385 639385
FIGURE 5-3 (85054-4002T)

CONNECTCR, BD EDGE, RECPT, 8~PIN 354951 5834075
CONNECTOR, BD EDGE, RECPT, 18-PIN 291906 583650-3

CONNECTOR, BD EDGE, RECPT, U4~PIN k17550 1-583694-1
CONNECTOR, BD EDGE, RECPT, 4-PIN 417550 1-583694-3
CONNECTOR, BD EDGE, RECPT, 20-PIN 291914 583650-4
CONNECTOR, BD EDGE, RECPT, 4-PIN 417550 1-583694-1
CONNECTCR, BD EDGE, RECPT, 16-PIN 408484 583407~9

CONNECTOR, ED EDGE, RECPT, 40~PIN 422550 2-583407-0
CONNECTOR, BD EDGE, RECPT, 40-PIN L422550 2-583407~0
CONNECTOR, BD EDGE, RECPT, 40-PIN 422550 2-583407-0
CONNECTOR, BD EDGE, RECPT, 4Q-PIN 422550 2-583407-0
CONNECTCR, BD EDGE, RECPT, 6-PIN 291625 583650~1

CONNECTOR, BD EDGE, RECPT, 6~PIN 291625 583650-1
CONNECTOR, BD EDGE, RECPT, 6-PIN 291625 583650~1
CONNECTOR, BD EDGE, RECPT, 6-PIN 291625 583650-1
CONNECTOR, BD EDGE, RECPT, 4-PiN 417550 1-583694-1
CONNECTOR, BD EDGE, RECPT, 4-PIN 417550 1-583694-1

CONNECTOR, BD EDGE, RECPT, 4-PIN 417550 15836941
CONNECTOR, BD EDGE, RECPT, 4-PIN 417550 1-583694-1
CONNECTOR, BD EDGE, RECPT, 8-PIN 354651 5834075
CONNECTOR, ED EDGE, RECPT, 8-PIN 354951 5834075
CONNECTOR, BD EDGE, RECPT, 40-~PIN 422550 2-583407-0

CONNECTOR, ED EDGE, RECPT, #40-PIN 422550 2-583407-0
CONNECTOR, BD EDGE, RECPT, 4O-PIN 422550 2~-583407-0
CONNECTOR, BL EDGE, RECPT, 40-PIN 422550 2-583407~0
CONNECTOQR, BD EDGE, RECPT, 40-PIN 422550 2~583407-C
CONNECTCR, BD EDGE, RECPT, 40-PIN 422550 2-583407-0

CONNECTOR, BD EDGE, RECPT, 40-~PIN L22550 2-583407-0
CONNECTOR, BD EDGE, RECPT, 4LO-PIN 422550 2-583407-0
CONNECTOR PIN 267500 8702241
KEY INSERT, CONNECTCR POLARIZING 293498 293498
INSULATOR, MYLAR .005 380923 380923

SPACER, SWAGE, 4-L40 X .020 343996 343996
SPACER, SWAGE, 6-32 X .187 351882 351882
TRANSISTOR, SI, PHOTO, LIGHT DETECTOR 27179 2NSTTT
RES, DEP. CAR, 1K +/-5%, 1/4¥W 343426 CR251-4-5P1K
SWITCH, SLIDE 697466 69TU66
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Figure 5-3. A2 Mother Board PCB Assembly




Table 5-4. A3 Bus Interconnect PCB Assembly

DESCRIPTION

FLUKE
STOCK
ND.

MFG
SPLY
CODE

MFG PART NO.

BUS INTERCONNECT PCB ASSEMBLY
FIGURE 5-4 (MIS-4081)

CAP, TA, 220 UF +/-20%, 6V
CAP, TA, 220 UF +/-20%, 6V

DIODE, &SI, RECT, 1 AMP

4596 36

hose &2
Lo86&2

23493

89536

56289
56289

01285

4596 36

196D227X0006 TE4
196DZ227X0006 TEA

1N400Z

MIS-1681

Figure 5-4. A3 Bus Interconnect PCB Assembly




Table 5-5. A4 Power Supply PCB Assembly

: FLUKE | MFG
GESCHIPTION STOCK " | SPLY MFG PART NO.
NO. CODE

POWER SUPPLY PCE ASSEMBLY 639526  E9536 639526
FIGURE 5-5 (85054-4051T)

RECTIF1ER BRIDGE 296509 ©S423 FBzOO
RECTIFIER BRIDGE . 296509 09423 FBZOO

RECTIFIER BRIDGE 296509 06423 FB200

RECTIFIER BRIDGE 586115 14936 KBLOOS
CAP, ELECT, 330 UF +/-25%, 50V 484436 89536 4BHU36
CAP, ELECT, 330 UF +/-25%, 50V Lguu36 89536 HBUU36
CAP, ELECT, 470 UF -10/+450%, 50V 478792 89536 HTETG2

CAP, ELECT, 470 UF -10/450%, 50V 78792 89536 H78792
CAP, ELECT, 3,300 UF, 16/20V 603472 89536 603472
CAP, ELECT, 470 UF -10/+50%, 50V L7dr9z 89536 4TETGR2
CaP, ELECT, 470 UF =-10/+50%, 50V k78792 89536 k78792
CaP, ELECT, 15,000 UF, 16/20V 603480 89536 603480

CAP, TA, 5.6 UF +/-20%, 25V 368969 56289 196D565X0025KA1
CAP, TA, 5.6 UF +/-20%, 25V : 368969 56289 196D565X0025KA1
CAP, TA, 5.6 UF +/-20%, 25V¥ 368969 56289 196D565X0025KA1
CAP, CER, 0.22 UF +/-20%, 50V 309849 71590 CW3C0C224K
CAP, CER, 0.22 UF +/-20%, 50V 309849 71580 CW3C0C224K

CAP, CER, 0.22 UF +/-20%, 50V 309849 71560 CW3C0C224K

CAP, DISC, 5000 PF +/-20%, 3000V 485839 89536 UB5839

CAP, DISC, 5000 PF +/-20%, 3000V 485839 89536 485839

CAP, TA, 5.6 UF +/-20%, 25V : 368969 56289 196D565X0025KA1
CAP, TA, 1 UF +/-20%, 35V 161919 56289 196D010X0035G

CaP, TA, 1 UF +/-20%, 35V 161919 56289 196D010X0035G
CAP, TA, 1 UF +/-20%, 35V 161919 56289 196D010X0035G
CAP, CER, 0.22 UF +/-20%, 50V 309849 71590 CW3COCz224K
DIODE, SI, RECT. 24, 50V 347559 05277 1NS400

DIODE, SI, RECT. 24, 50V 347559 05277 1N5400

DIQODE, S8I, RECT, tA 343491 01295 iN4OO2
DICDE, SI, RECT, 14 ' 343491 01295 IN4OO2
DICPE, SI, RECT. 24, 50V 347559 05277 1NS400
FUSE, SLO-BLO, 1/2 AMP 109322 71400 MDL1-2
NUT, HEX, DOUBLE CHAMFER, 4-40 184044 73734 B002A-NP

NUT, HEX, 8-32 110544 89536 110544
SCREW, RHF, 4-40 X 1/4 574780 89536 5T4TE0
SCREW, FHP, 4-40 X 3/8 493932 89536 493932
SCREW, CAP, 4-40 X /2 528307 89536 528307
SCREW, PHP, 6-32 X 1/4 152140 89536 152140

SCREW, PHP, 8-32 X 3/8 114124 89536 114124
SCREW, CAP, 8032 X 3/8 BH - 658583 89536 658583
SCREW, PHP, U4-40 X 1/2 601880 89536 601880
WASHER, LOCK, #4 110403 89536 110403
WASHER, LOCK, INT TOOTH #8 110320 89536 110320

WASHER, SHOULDER 436386 89536 436386,
CONNECTOR, LINE, W/LINE FILTER . 649998 89536 649998
BRACKET - 166322 73734 1552
HEAT SINK - 414128 13103 6030B~TT
HEAT SINK, POWER SUPPLY 639849 89536 639849




Table 5-5. A4 Power Supply PCB- Assembly (cant)

DESCRIPTION

FLUKE
3T0CK
NO.

MFG
SPLY
CODE

MFG PART NO.

MPU
MP5
MP6
MET
MPB

MPg
MP10
MP11
MP12
R1

R3
R4
R5
R6
RT

R8
R9
51
52
53

T1
TP1-TP10
U1
Uz
U3

0]
U5
ué
u7
ug

XF1-4
XE'1
Xus

HEAT SINK, REG.
INSULATOR, SEMI-CONDUCTOR MOUNTING
INSULATOR, GASKET

INSULATOR, SWITCH

LABEL, WARNING

LUG, SOCLDER, #4

NUT PLATE

SHIELD, POWER SUPPLY

SUPPORT, HEAT SINK

RES, DEP. CAR, 3.3K +/-5%, 1/4W

RES, DEP. CAR, 390 +/-5%, 1/4W
RES, DEP. CAR, 390 +/-5%, 1/4¥
RES, VAR, CERMET, 50 +/-20%, 1/2W
RES, VAR, CERMET, 50 +/-20%, 1/2W
RES, DEP. CAR, 240 +/~-5%, 1/4W

RES, DEP. CAR, 2.4K +/~5%, 1/4Y4
RES, VAR, 500 +/-20%, 1/2W
SWITCH, SLIDE, DPDT

SWITCH, POWER, DPDT

SWITCH, SLLIDE, DPDT

POWER TRANSFORMER, W/HEADER
CONNECTOR, TEST POINT

IC, VOLTAGE REGULATOR, +15V

IC, VOLTAGE REGULATOR, -15V

IC, LINEAR, ADJ VOLTAGE REGULATOR

IC, VOLTAGE REGULATCR, -15V
IC, VOLTAGE REGULATOR, +5V
IC, VOLTAGE REGULATOR, +12V
IC, VOLTAGE REGULATOR, ~12V
1C, VOLTAGE REGULATOR, +5V

FUSEHOLDER, BODY
FUSEHOLDER, CAP
SOCKET, XSTR/IC

639864
5086 30
654467
383158
386250

102558
639807
639856
646208
348813

441543
441543
320861
320861
376624

4U41493
226068
234278
291526
234278

639815
512889
413187
413179
heolui0

413179
355107
428854
381665
428847

375188
460238
402958

639864
7403-0G4-FR~51
654467
383158
386250

102558
6396807
635856
646208
CR251-L4-5P3K3

CR251-4-5P390 &
CR251~4-5P390E
62-1-1-500
62-1-1-500
CR251-L4-5P240E

CR251-4~5P2K4
62-1~1-501
234278

291526

234278

639815
62395
MC7615CT
MC7815CP
LM31772

MCTS15CP
LM3407T-5
MC7612CT
MC7912CP
MCYEQSCT

375188
460238
16-18-2031
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Figure 5-5. A4 Power Supply PCB Assembly
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Figure 5-5. A4 Power Supply PCB Assembly (cont)




Table 5-6. A5 Power Supply Interconnect Assembly

DESCRIPTION

FLUKE
§TOCK
NO.

MFG
SPLY
CODE

MFG PART NO.

POWER SUPPLY INTERCONNECT ASSEMBLY
FIGURE 5-6 (8505A-4004;

CONNECTOR, BD EDGE, RECPT, 14-PIN
CONNECTOR, BD EDGE, RECPT, 6-PIN
KEY, CONNECTOR POLARIZING

645960

352682
291625
293498

§9536

645960

563694-2
5683650-1
293448

8505A-4004

Figure 5-6. A5 Power Supply Interconnect Assembly




Table 5-7. A6 Controller PCB Assembly

FLUKE | MFG
DESCRIPTION STOCK | SPLY MFG PART NO.
NO. CODE

@CONTRCLLER PCB ASSEMBLY 660563 569536 6365u4
FIGURE 5-7 (B505A-4187T)

CAP, CER, 0.22 UF +/-20%, 50V 309649 71590 CL30C224M
CAP, CER, 1800 PF +/-5%, 50V 528547 89536 528547

CAP, CER, 0.22 UF +/-20%, 50V 309848 71596 Cni0C22uM
CAP, FILM, 6.8 UF +/-10%, 35V 182762 56289 150D6ETXB035
CAP, CER, 0.22 UF +/-20%, 50V 309849 71590 Ci30C2z2iyM
CAP, CER, 0.22 UF +/-20%, 50V 309648 71590 Ci3ccraky
CAP, CER, 0.22 UF +/-20%, 50V 30984¢ 71580 CZ30C2zLM

CAP, TA, 39 UF +/-20%, 6V 163915 56289 196D396X0006

CAP, CER, 0.01 UF +/-20%, 100V 407361 72982 8121-A100-W5R-103M
CAP, CER, 0.22 UF +/-20%, 50V 309849 71590 Cils0C224M

CAP, CER, ¢.22 UF +/-20%, 50V 309849 71590 CZ30C224M

CAP, CER, 0.22 UF +/-20%, 50V 309849 71590 CZ30C224M

CAP, MICA, 33 PF +/-5%, 500V 160317 02799 DM15E3304

CAP, CER, 2700 PF, GMV, 600V 106211 51406 DD6OE1C250272P1KY
CAP, CER, 0.22 UF +/-20%, 50V . 309849 71590 CZ30C224M

CAP, ELECT, 47 UF +75/-20%, 25V 655191 89536 655191

CAP, CER, 0.22 UF +/-20%, 50V 309845 71590 CZ30C2zLl

CAP, CER, 0.22 UF +/-20%, 50V 309849 71590 Cz30Cz224M
CAP, CER, 0.22 UF +/-20%, 50V 309849 71590 CZ30C224M
CAP, CER, 0.22 UF +/~20%, 50V 309849 71590 CZ30C224M
CAP, ELECT, 47 UF +75/-20%, 25V 655191 89536 655191

CAP, CER, 0.22 UF +/-20%, 50V 309849 71590 CZ30C224M

CAP, CER, 0.22 UF +/-20%, 50V 3098%9 71590 CZ30C224M
CAP, CER, 0.22 UF +/-20%, 50V 309849 71590 CZ30C224M
CAP, CER, 0.22 UF +/-20%, 50V 309849 71590 CZ30C224M
CAP, ELECT, 47 UF +75/-20%, 25V 655191 89536 655191

CAF, CER, 0.22 UF +/-20%, 50V 309849 71590 CZ30C224M

CAP, CER, 0.22 UF +/-20%, 50V 3098448 71590 CZ30C224M
CAP, ELECT, 47 UF +75/-20%, 25V 655191 89536 655191
CAP, CER, 0.22 UF +/-20%, 50V 309849 71590 CZL30C224M
DICDE, SI, HI SPEED SWITCHING 203323 07910 1RL446
DIODE, ZEN, UNCOMP, 5.1 Vz 535476 04713 1N5231B

SCREW, PHP, 4-40 X 3/8 256164 89536 256164
CASE ASSEMBLY (INCLUDES MP2-MP8} 638510 89536 638510
CASE HALF 402990 89536 402990
CASE COVER 40oz9T4 69536 402974
SHIELD, CASE COVER 652172 89536 652172

DECAL, "CONTROLLER™ 640359 89536 640359

DECAL, "CAUTION" 454504 89536 454504

GUARD, CASE REAR 383364 89536 383364

GUARD, CASE FRONT 383356 89536 383356

SPRING, COIL, 6 -~ 3/4 Lakhes 83553 C0102-014-0380M
(with H1)

SPACER, STANDOFF, 4-40 335604 89536 335604

(not shown)
RES, DEP. CAR, 100K +/-5%, 1/4u 348920 80031 CR251-4-5P100K
RES, DEP. CAR, 620K +/-5%, 1/4¥ 442509 800631 CR251-4-5P620K




- Table 5-7. A6 Controller PCB Assembly (cont)

DESCRIPTION

FLUKE
STOCK
NO.

MFG
sPLY
CODE

MFG PART NO.

RES, DEP. CAR, 10K +/-5%, 1/4W
RES, DEP. CAR, 1.5K +/-5%, 1/4¥
RES, DEP. CAR, 1.5K +/=5%, 1/4W
RES, DEP. CAR, 10K +/=5%, 1/4¥
RES, DEP. CAR, 33K +/~5%, 1/4W

RES, DEP. CAR, 1.5K +/-5%, 1/4u
RES, DEP. CAR, 100K +/-5%, 1/4U
RES, DEP. CAR, 10K +/-5%, 1/U¥
NETWORK, RESISTOR, SIP; 6.2K, 10-PIN
NETWORK, RESISTOR, SIP, 6.2, 10-PIN

NETWORK, RESISTOR, SIP, 2K, 10-PIN
NETWORK, RESISTOR, SIP, 6.2K, 10-PIN
TERMINAL, CONNECTOR

@1¢, TIL LPS, DUAL J-K F/F

@IC, CMOS, MONOSTABLE MV

®1Ic, CMOS, DUAL UP COUNTER

@1IC, CMOS/MOS, BLL ‘
@1IC, LSTTL, QUAD 1-INPUT NAND GATE
@®IC, LSTTL, TRIPLE 3-INPUT & GATE
@®IC, CMOS, DUAL D EF/F W/SET & RESET

@IC, CMOS, TRIPLE 3-INPUT NOR GATE
@®@IC, CMOS, DUAL D F/F/ W/SET & RESET
@®IC, CMOS, HEX INVERTER

@IC, CMOS, TRI 3-INPUT NAND GATES
®IC, LSTTL, QUAD & EDGE TRG D F/F CLR

®IC, LSTIL, OCTL INV DRVR W/ENAB NOT
@IC, CMOS, QUAD 2-INPUT NAND GATE
®1c, NMOS, 80804, 8-BIT MICROPROCESSOR
@I1C, CMOS, TRIPLE 3-INPUT NOR GATE
@IC, CMOS, QUAD 2-INPUT NOR GATE

®I1C, TTL MULTIPLEXER

@®l1Cc, STTL, 8224/8080 CLOCK GENERATOR
®IC, NMOS, 512X8 BIT EEPROM

@®IC, CM0S, 8-BIT PRIORITY ENCODER
@®IC, NMOS, 2KX8 BIT STATIC ROM

@®IC, PROM, PROGRAMMED, 85054-4502

®1IC, PROM, PROGRAMMEL, 8505A-4503

@®IC, CMOS, OCT BUS TRNSCVR EQ TO L3245

@IC, CMOS, GUAD 2-INPUT NOR GATE

@IC, CMOS, QUAD 2-INPUT NAND GATE
SOCKET, 1C, 40-PIN

SOCKET, IC, 16-PIN
SOCKET, 1C, 24-PIN
SOCKET, 1C, 24-PIN
SOCKET, IC, 28-PIN
SOCKET, 1C, 28-PIN

CRYSTAL, QUARTZ

1 USE P/N 638510 TO ORDER COMPLETE
MODULE CASE ASSY., WITHOUT PCB ASSY.

348839
343418
343418
348839
348888

343118
348920
348839
501536
501536

446680
501536
512889
412999
454017

355164
403584
393033
393082
536433

586453
536433
381848
375147
3493215

4294 80
355198
04541
586453
355172

393165
586230
685545
412973
584144
660449

660456
535906

355172

4ou632
429282

276535
376236
376236
4u8217
Ly8217

642728

CR251=-4-5P10K
CR251-4~5P1K5
CR251-4~5P1K5
CR251-4-5P10K
CR251-4-5P33K

CR251-4-5P1K5
CR251~-4-5P100K
CR251-4-5P10K
MSP10A01622G
MSP10401622G

446880
MSP10A01622G
62395
SNTY4LST109N
MC14538BCP

MC14520B8CP
CD40 b6 AE
SNT4LSOON
T4LS11PC
MCH0O13ECP

MC14025UBCP
MCH013ECP
CDUOUYGAR
CD4023UBE
SN7HLS175N

SNTULS2 40N
MC14011UBCP
c8080A
MC14025UBCP
CDUQOTAE

SNT4LS139K
586230
XD280%A
CD4532BE
584144
660445

660456
MDT4C245AC
CD40014E

' CD4039BE
- 340-AG39D

316-AG39D
324-2G39D
32h=- AG39D

328-4G39D

328-A039D
642728
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A6, MP1 Case Assembly

MP3

MP2(2)

SUBJECT TO DAMAGE BY
STATIC ELECTRICITY

MIS-1687

Figure 5-7. A6 Controller PCB Assembly




Table 5-8. Front/Rear Switch PCB Assembly

DESCRIPTION

FLUKE
$TOCK
NO.

MFG
SPLY
COBE

MFG PART NO.

FRONT/REAR SWITCH PCB ASSEMBLY
FIGURE 5-8 (B506A-4005T)

DIODE, INFRARED
VOLTAGE SURGE PROTECTOR

FUSE,
FUSE,
FUSE,
WIRE,
FUSE,

34, 300V

34, 300V

FAST ACTING, 1-1/2 AMP
MAGNET, #36, SLEEVED
34, 300V

FUSE, 34, 300V

SCREW, FHP, 2-56 X 5/8
(w/d1)

WASHER, STAR, EXTERNAL
{(w/F3}

NUT, PRESS, 2-56

SCREW, FHM, 2-56 X 3/8

REAR INPUT CABLE ASSEMBY

CONNECTOR, HV, 2-CONTACT, (SOCKET, PIN)
CONNECTOR HOOD

RESISTOR COIL
CHOKE, COMMON MODE
PLATE, REAR INPUT
FUSE HOLDER

(w/F3)

CABLE TIE

{(w/F1, F2, F5, F6)}
MOUNT, LED

(w/CR1)
CAP, FUSE HOLDER

{w/F3)

CONNECTOR, AMP POST
SPACER, SWAGE, 6-32 X .265
DECAL, REAR INPUT

{not shown)

RES, DEP. CAR, 330 +/-5%, 1/4
THERMISTOR, 1K +«/-l0% :

RES, MTL. FILM, 30.9K +/-1%, 1/2V
RES, MTL. FILM, 30.9K +/-1%, 1/2W
RES, DEP. CAR, 270 +/-5%, 1/U4

SWITCH, PUSHBUTTON, 10 POLE

SAITCH, PUSHBUTTON, 2 POLE

SWITCH, PUSHBUTTON, 2 POLE

WIRE, TEFLON, RED, #22
(w/F3)

652164

403238
442731

643833
643833
109330
160978
643833

643833
370270

175943

. 503688

614388
639609
603712
603720

438325
656629
651760
375188

172080
658161

460238

267500
650192
680751

368720
HohTho
247569
247569
348789

647149
647131
647131
115576

89536

14936
25088

71400
71400
71400
89536
71400

71400
89536

89536

89536
89536
89536
91637
91637

89536
B9536
89536
89536
89536
89536
89536
00779

89536
89536

80031

50157
91637
91637
80031

89536
89536
89536
89536

652164

MET024
B1-C145

5C3

3C3

AGCT1 1=-2
160978
5C3

3C3
370270

175943

603688
614388
639609
G16P-4 -
G16H

438325
656629
651760
375188

172080
658161
460238

87622-1
650192
680751

CR251~4-5P330E
180Q10215
CMF653092F
CMF653092F
CR251-L4~5P270E

647148
647131
647131
115576




MP3(4)

MP7(3)

J2

H4(2)—-_/

MP3(4)

MP2
M': , ‘ 8506A-1605

Figure 5-8. A7 Froni/Rear Switch PCB Assembly




Table 5-9. A8 DC Signal Conditioner PCB Assembly {cont)

. : FLUKE | MFG
DESCRIPTION - | stock | spLy MFG PART-ND.
R NO. CODE

@DC SICNAL CONDITIONER FCB ASLRMBLY 6H6 30T LYL3E  6LE3CT
FIGURE 5~9 (8505441007}

CAP, TA, 5.6 UF +/-20%, 25V 368969 56289 196DL65K00Z5KAN
CAP, TA, 5.6 UF +/~20%, 25V 368966 56289 196D565X0025KA1

Cap, CER, 0.22 UF +/-20%, 50V 309849 72982 8131-050-651-220NH
CAP, CER, 0.22 UF +/-20%, 50V 309849 72982 8131-050-651-220 K
CAP, TA, 30 UF +/-20%, 6V 163915 56289 196D3%96X0006

CAP, POLY, 0.0047 UF +/-10%, 200V 512830 89536 512830

CAP, ELECT, 6.8 UF -10/450%, 63V 218966 80031 ETOPEX06343

CAP, ELECT, 6.8 UF -t0/450%, 63V 218966 80031 ET6PBX063A3
CAP, MICA, 100 PF +/~-5%, 500V 148494 (2799 DMISFI0Te |
CAP, CER, 0.01 UF +/-20%, 100V 159153 56289 C023B101F103M
CAP, MICA, 100 PF +/-5%, 500V 148494 02799 DMISF101d
CAP, MICA, 47 PF +/-5%, 500V 148536 02799 DMISENTOJ

CAP, MICA, 47 PF +/-5%, 500V 148536 02799 DM1SEAT0J

CAP, CER, 33 PF +/-2§, 100V 354852 80031 2222-636~10339
CAP, CER, 33 PF +/-2%, 100V 354852 80031 2222-638-10339
DIODE, EI-SPEED SWITCHING 203323 07910 TN4u48

DIODE, HI-SPEED SWITCHING ' 203323 07910 1N4L48

DIODE, ZENER 181073 07910 1N969B
DIODE, ZENER - 181073 07910 1N969E
DIQODE, SI, LOW-CAP, LOW LEAKAGE 348177 07263 FD7223
DICDE, SI, LOW-CAP, LOW LEAKAGE 348177 07263 FD7223
SCREW, RHP, 4-40 X 3/8 ' 256164 69536 256164

RELAY, ARMATURE 515437 89536 515437
RELAY, ARMATURE ‘ ‘ 515437 89536 515437
CASE ASSEMBLY (INCLUDES MP2-MP9) 458992 89536 458992
CASE HALF . ‘ 402990 89536 402990
CASE HALF 402990 89536 LD2990

COVER, CASE 402974 89536 402974
SHIELD, COVER : 411916 89536 411916
DECAL, DC SIGNAL CONDITIONER 413377 69536 M13377
DECAL, CAUT1ON : 454504 69536 454504
GUARD, REAR : 383364 89536 383364

GUARD, FRONT 383356 689536 383356
.TERMINAL, FEED-THROUGH : ‘ 281865 12615 SL-BM1-TTT
(not shown)} )
SQCKET, SPRING TYPE 343285 00779 2-331272-6
{not shown}

SPACER, TRANSIPAD 152207 O7047 10123-DAP
{not shown, use w/Q37) e

SPRING, COIL ‘ §2uu6s 27745  C0120-014-0380M
(not shown)

DECAL, DC SIGNAL CONDITIONER 651950 89536 651950
{not shown) :

TRANSISTOR, NPN, SI 330803 07263 MPS6560
TRANSISTOR, PNP, SI 195974 04713 2N3906
TRANSISTOR, NPN, SI . 330803 07263 MPS6560
TRANSISTOR, PNP, SI 195974 04713 2N3906




Table 5-9. A8 DC Signal Conditioner PCB Assembly (cont)

FLUKE { MFG
DESCRIPTION STOCK | sPLY MFG PART NO.
: ND. CODE

TRANSISTOR, PNP, SI 226290 DO4T13 MPS3640
TRANSISTOR, PNP, SI 195974 04713 2N3906
TRANSISTOR, NPN, 81 218396 04713 2N390%
TRANSISTCR, FET,. N-CHANNEL 393314 89536 393314
TRANSISTOR, NPN, SI 218396 04713 2N3904

TRANSISTOR, NPN, SI 216396 04713 2N3904
TRANSISTOR, NPN, SI 218396 04713 2N3904
TRANSISTOR, NPN, SI 218396 04713 2N390%4
TRANSISTCR, FET,. N~-CHANNEL 393314 89536 363314
TRANSISTOR, FET,. N-CHANNEL 393314 89536 393314

TRANSISTOR, FET,. N-CHANNEL 393314 89536 393314
TRANSISTCR, NPK, SI 585109 89536 585109
TRANSISTOR, NPN, 33 295717 24355 ADB11-00/17
TRANSISTOR, NPN, SI 218396 04713 2N3904
TRANSISTOR, NPN, SI 216396 04713 2N3904

TRANSISTOR, PNP, SI 195974 04713 2N3906
TRANSISTOR, NPN, SI 216396 04713 2N3904
TRANSISTCR, PNP, SI 195974 O4T13 2N3906
TRANSISTOR, NPN, 81 218396 04713 2N3904
TRANSISTOR, PNP, SI 195974 04713 2N3906

TRANSISTOR, NPN, S1 218396 04713 2N3904
TRANSISTOR, PNP, SI 218388 07263 PN3645
TRANSISTOR, NPN, &1 218396 04713 2N3904

RES, DEP. CAR, 330 +/-5%, 1/4W. 368720 80031 CR251-4-5P330E
RES, MTL. FILM, 28.0K +/-1%, 1/8W 291385 91637 CHF552802F

RES, MTL. FILM, 28.0K +/-1%, 1/8W 291385 91637 CMF552802F
RES, MTL. FiLM, 21K +/-1%, 1/68W Ly1212 91637 CMFS552102F
RES, MTL. FILM, 17.8K +/-1%, 1/6W 349183 91637 CMFR51782F
RES, DEP. CAR, 470 +/-5%, 1/4¥ 343434 80031 CR251-4-5P4T0E
RES, DEP. CAR, 10K +/-5%, 1/4W 348839 80031 CR251-4-5P10K

RES, COMP, 150K +/-5%, 2W 110122 01121 HB154%

RES, COMP, 150K +/-10%, 1/2%W 108167 01121 EB15ME

RES, DEP. CAR, 150 +/-5%, 1/4¥ 343442 80031 CR251-4-5P150E
RES, DEP. CAR, 47K +/~5% 1/4W 346896 80031 CH251~4-5PUTK

RE8, DEP. CAR, 15 +/-5%, 1/4% 348755 80031 CR251-4~5P15E

RES, DEP. CAR, 15 +/-5%, 1/4W 348755 80031 CR251-4~BEP15E
RES, DEP. C4R, 1M +/-5%, 1/4W 348987 B0031 CR251-4-5p1k
RES, DEP. CAR, 100K +/-5%, 1/4% 348920 80031 CR251-4-5P100K
RES, DEP. CAR, 100K +/-5%, 1/4¥ 348920 80031 CR251-84-5P100K
RES, MTL. FILM, 21K +/-1%, 1/&W 431212 91637 CMF552102F

RES, MTL. FiLM, 17.8K +/-1%, 1/8W 349163 91637 CMF551782F
RES, DIVIDER SET 434605 89536 L34605
(PART OF R21 SET)
(PART OF R21 SET)
RES, DC RANGE SET 6u8212 89536 6L8212

{PART OF R24 SET)

{(PART OF R2Y4 SET)
RES, DEP. CAR, 15K +/-5%, 1/4W 348854 CR251~4-5P15K
RES, DEP. CAR, 10K +/-~5%, 1/4¥ 348839 CR251-4-5P10K .
RES, DEP. CAR, 10K +/-5%, 1/4W 348839 CR251-4~5P10K




Table 5-9. A8 DC Signal Conditioner PCB Assembly

] FLUKE |} - MFG ‘ )
DESCRIPTION STOCK | SPLY MFG PART NO.
NO. CODE

RES, DEP. CAR, 10K +/-5%, 1/4W 348839 CRk251-4~5P10K
RES, DEP. CAR, 10K +/-5%, 1/4¥ 348839 CR251-4-5P10K
RES, MTL. FILM, 1M +/-1%, 1/8&W 268757 CHF551004F
RES, CERMET, 1004 +/-10%, 1W 441758 441758

RES, VAR, CERMET, 200 +/-20%, 1/&W 284711 190 FC201E

RES, VAR, CERMET, 50 +/-20%. 1/ZW C 267815 190 PC500E
RES, VAR, CERMET, 50 +/-20%. 1/2W 267615 190 PC500E
KES, DEP. CAR, 2.2 +/-5%, /LW 354944 CR251-4-5pP2EZ
RES, DEP. CAR, 20 +/-5%, 1/3V 4uz202 CR251-4--5P20F
RES, VAR, CERMET, 100K +/-20%. 1/2V 268581 190 PC104L

RES, VAR, CERMET. 10K +/-20%, 1/2W 267680 190 PC103E
RES, SELECTED, DURING TEST
RES, SELECTED, DURING TEST
" RES, SELECTED, DURING TEST
RES, SELECTED, DURIKG 1EST

RES, SET, MATCHED 290320 290320
(PART OF R58 SET)

RES, MTL. F1LM, B86.6K +/-1%, 1/8W 291468 CMF558662F

RES, MIL. FILM, 1M +/-1%, 1/86W 268797 CMF551004F

RES, MTL. FILM, 1.87K +/-1%, 1/8W 267229 CMF551871F

RES, MTL. FiLM, 1K +/-1%, 1/8W 168229 CMF551001F
RES, MTL. FILM, 52.3K +/-1%, 1/6W 237248 CHMF455232
RES, MTL. FILM, 3.01K +/-1%, 1/8W 312645 CHMF553011F
RES, MTL. FiLM, 3.65K +/-1%, 1/8W 293779 CMF553651F
RES, MTL. FILM, 100K +/-1%, 1/8W 248807 CMF&51003F

RES, MTL. FILM, 100K +/-1%, 1/8W 248807 CHMF551003F
RES, MTL. FiLM, 100K +/-1%, 1/8W 248807 CMF551003F
RES, MIL. FILM, 4.02 +/-1%, 1/8W 235325 CMFS54021F
RES, MTL. FILM, 200K +/-1%, 1/8W 261701 CMF552003F
RES, DEP. CAR, 100K +/-5%, i/L¥ 348920 CR251-4-5P100K

RES, DEP. CAR, 100K +/-5%, 1/4W i 348920 CR251-4-5P100K
RES, DEP. CAR, 100K +/-5% 1/4¥ 348920 CR251-4=~5P100K
RES, DEP. CAR, 100K +/~5%, 1/4¥ 348920 CR251-4-5P100K
RES, DEP. CAR, 100K +/-5%, 1/4¥ 348920 CR251-4-5P100K
RES, DEP. CAR, 100K +/-5%, 1/4¥ 348920 CR251-4-5P100K

DEP. CAR, 1M +/-5%, 1/4¥ ) 348987 CR251-4-5P1K
DEP. CAR, 1M +/-5%, 1/44W 348987 CR251-4-5P1k
DEP. CAR, 1M +/~5%, 1/4¥W 348987 CR251-4-5P1M
MTL. FILM, 3.65K +/-1%, 1/8W 293779 CMF553651F
MTL. FILM, 2.15K +/-1%, 1/6W 293712 CMF552151F

MTL. FILM, 100K +/-1%, 1/6W 248807 CMF551003F
€0S/M0S, QUAD CLOCKED D LATCH 355149 CDUGU2BE
C-M0S, TRIPLE 3 INPUT NAND GATES 375147 CD4023UBE
OPF AMP, J-FET 680439 LM11CLH
OP AMP, J-FET 680439 LM11CLH

0P AMP 271502 - LM301A
OGP AMP 271502 LM3014

USE P/N 458992 TO ORDER COMELETE
MODULE CASE ASSY., WITHOUT PCB ASSY.
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CAUTION
SUBJECT T0 DAMAGE BY
STATIC ELECTRICITY

A8, MP1 Case Assembly

MP4

MIS-4100-CASE

MiS-1700

Figure 5-9. A8 DC Signal Conditioner PCB Assembly




- Table 5-10. A9 Active Filter PCB Assembly

FLUKE MFG
DESCAIPTION - STOCK | SPLY | MFG PART ND.
NO. CODE

@ ACTIVE FILTER PCB ASSEMBLY 383976 89536 383976
FIGURE 5-10 (MIS-4130T) :

CAP, FILM, 0.047 UF +/~10%, 50V 413228 89536 413228
CAP, FILM, 0.047 UF +/-10%, 50V 413228 89536 413228

CAP, FiILM, 0.047 UF +/-10%, 50V 413228 89536 413228
CAP, MICA, 33 PF +/-5%, 500V 160317 02799 DM15E330J
CAP, FILM, 0.47 UF +/-10%, 50V 363085 89536 363085
CAP, FILM, 0.47 UF +/-10%, 50V 363085 89536 363085
CAP, FILM, 0.47 UF +/-10%, 50V 363085 89536 363085

CAP, MICA, 33 PF +/-5%, 500V 160317 02799 DMi5E330J
CAP, MICA, 33 PF +/-5%, 500V 160317 02799 DMISE330J
CAP, MICA, 33 PF +/-5%, 500V 160317 02799 DMI5E330J
CAP, ELECT, 6.8 UF -10/+450%, 63V 218966 73445 ET6PBX063A3
CAP, ELECT, 10 UF -10/+50%, 25V 170266 73445 ET100X025A2

CAP, ELECT, 10 UF -10/+450%, 25V 170266 73445 ET100X02542
CAP, ELECT, 6.8 UF -10/450%, 63V 218966 73445 ET6PSX06343
CAP, FILM, 0.0022 UF +/-10%, 200V 442632 89536 442632
DIQDE, ZEN, UNCOMP, +/-50%, 6.8V, UOOMW 260695 07910 1NT544
DIODE, Z2EN, UNCOMP, +/-50%, 9.1V, UOOMd 386557 04713 1NO60B

DICDE, SI, HI SPEED SWITCHING 203323 07910 1N4ULE
SCREW, PHP, 4-30 X 3/8 256164 89536 256164
. {not shown)

MODULE CASE ASSEMBLY (MP2-MP9) 458976 89536 458976
. CASE HALF ho2990 89536 402990

. CASE HALF 302990 89536 402990
. COVER, CASE ho2794 89536 402794
. SHIELD, COVER 411959 89536 411959
. DECAL, ACTIVE FILTER ASSEMBLY 413443 89536 413443
. DECAL, CAUTION ' _ 454504 89536 45US0Y

. GUARD, REAR 383364 89536 383364

. GUARD, FRONT 383356 89536 383356

SPACER, XSTR 152207 07047 10123DAP

. (W/Q26) . .

SPACER, PCB 335604 89536 435604
{not shown) ’

SPRING, COIL 424465 63553 C0120-014-03B0M
{nct shown} :

TRANSISTOR, SI, 195974 QU713  2N3906

TRANSISTOR, &I, 216396 04713 2N3904

TRANSISTOR, 21, 195974 04713 2N3906
TRANSISTOR, 51, 218396 04713 2N3904
TRANSISTCR, 81, 195974 04713 2N3906
TRANSISTCR, 31, 218396 04713 2N3904
TRANSISTOR, SI, 195G74 04713 2N3906

TRANSISTCR, SI, 218396 QU713 2N3904
TRANSISTCR, SI, 195974 04713 2N3906
TRANSISTOR, SI, 218396 OUT13 2H3904
TRANSISTCR, 51, 195974 04713  2N3906
TRANS1STCR, SI, 218396 04713 2N3904




Table 5-10. A9 Active Filter PCB Assembly {cont)

FLUKE MFG
STOCK 1 SPLY
NO. CODE

DESCRIPTION MFG PART ND.

MPS3640
393314
2N3645
1781099
2N3904

04713
89536
07263
32293
04713

226290
393314
218388
284075
218396

TRANSISTOR,
TRANSISTOR,
TRANSISTOR,
TRANSISTOR,
TRANSISTOR,

SI, PNP
N~ CHAN,
SI, PNP
SI, NPN
SI, NEN

Q13
U14-a25
Q26
@7
@8

FIELD EFFECT

2K3904
2N3904
393314
393314
393314

218396
218296
393314
393314
393314

04713
G4713
59536
89536
89536

31, NPN
SI, NPN
N- CHAN,
N-CHAN,
N-CHAN,

Q29
Q30
Q31
Q3z
Q33

TRAN SISTOR,
TRANSISTOR,
TRAN SISTOR,
TRANSISTOR,
TRANSISTOR,

FIELD EFFECT (FET)
FIELD EFFECT (FET)
FIELD EFFECT (FET)

CR251~4-5PBK2
CR251-4-5P150E
CHF555112F
CR251-4~5P8K2
CR251-4-5P8K2

442368
343442
289553
441675
441675

80031
80031
G1637
80031
80031

DEP.
DEP.
MTL.
DEP,
DEF,

CAR, 6.2K +/-5%, 1/4u
CAR, 150 +/-5%, 1/44
FILM, 51.1K +/~5%, 1/6W
CAR, 8.2K +/-5%, i/
CAR, 8.2K +/-5%, i/4%

Rt RES,
R2 RES,
R3 RES,
Kt RES,
RS RES,

R8-R11
R12
R13
E14

RES,
RES,
RES,
RES,

MTL.
MTL.

FILM, U5.3K
FiLM, 12.1K
MIL. FILM, 4.87K
VAR, CERMET, 20K

+/~1%, 1/8H
+/=1%, 1/8W
+/-1%, 1/8W
+/-10%, 1/2k

234971
234997
294850
291609

91637
91637
91637
859536

CHF554532F
CHMF551212F
CMF55487 1F
291609

R15 RES, MTL FILM {SELECTED)

MTL FILM (SELECTED)

MTL. FILM, 1M +/~1%, 1/2W
MTL. FILM, 1M +/-1%, 1/2W
MTL. F1LM, 12.1K +/~1%, 1/6W
MTL. FILM, 249K +/-1%, 1/6W

R16
R17
R18
K19
Rz20

RES,
RES,
RES,
RES,
RES,

CHFO51G04F
CMF651C04F
CMF551212F
CMF452443F

91637
91637
91637
91637

327510
327510
234997
268805

CMES55762F
CME551212F
CMFu52493F
CR251-4-5P15E
CRZ51-4-5P100E

289116
234697
268805
348755
3u8YT

91637
Y1637
91637
80031
80031

FiLM, 57.6K +/-1%, 1/6&W
FILM, 121K +/-1%, 1/8W
FILM, 249K +/-1%, 1/86W
CAR, 15 +/-5%, 1/4¥W
CAR, 100 +/-5%, 1/4U

MTL.
MTL.
MTL.
DEP.
DEP.

R21
k22
RZ3
RZ4
R2%

RES,
RES,
RES,
RES,
RES,

CRz51~4-5P100E
CRZ57-4-EP15E
CHF552672F
CMFLE26TZF
179283

600321
80051
91637
91€37
89536

348771
348755
24577%
245779
179283

CAR, 100 +/~5%, 1/kk
CAR, 15 +/-5%, 1/4¥
RES, MTL. FILM, 26.7K +/-1%, 1/6W
RES, MIL. FILM, 26.7K +/-1%, 1/86W
TERMINAL, TEST POINT

DEP.
DEP.

k26
R27
R28
k29
TPi1-TE4

RES,
RES,

i204C
62735
1204C
12040
12040

MMILCIT 4N
CD4OR2ZUBE
LM307EN
LH307 AN
LM1436H

404509
35k
363515
363515
36290z

U1 DIC,
U2 @Ic,
U3 ic,
uy ic,
us ic,

CMOS, HEX D FL1P FLOP

CMOS, TRIPLE 3~INPUT NAKD GATES
LIN, OPERATIONAL AMPLIFIER

LIN, OPERATIONAL AMPLIF1ER

LIN, OPERATIONAL AMPLIFIER

85536
89536
0oTrY

HOUT 4G
380616
2-331272-6

BoUTLG
360618
343285

16-P DUAL THRU
16-F THROUGH

U6 NETWCRK, 100K +/-5% 1/4W,
u7 NETWORK, 100K +/-5% 1/4U,
XR15,16 S0CKET, RESISTOR

1 USE P/N 458676 TC ORDER CASE WITHOUT
PCB ASSEMBLY.

Ri5 AND R16 ARE SELECTED DURING TEST
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Figure 5-10. A9 Active Filter PCB Assembly




Table 5-11. A10 Fast R2 A/D Converter Assembly

FLUKE MF&
DES DESCRIPTION STOCK | SPLY MFG PART NO.
ND. CODE

AlG ®FAST RZ A4/D CONVERTER ASSEMBLY 383684 89536 383984
FIGURE 5-11 (MIS-4140T)

AT0A1 A/D ANANLOG PCB ASSEMBLY
A0Az DA/D DIGITAL PCB ASSEMBLY

MP1 CASE ASSY (INCLUDES MP2-MP9) 458968 48968
MPz CASE HALF 402990 402990
MP3 CASE HALF, MODIFLED 402982 402982
MPY COVER, CASE Lozgra 402974
MP5 SHLELD, COVER k11967 411667

MP6 DECAL, FAST KR CONVERTER ASSY 4135450 L13u50
HEY DECAL., CAUTION L4504 L5450
MBS GUARD, REAR 383364 383364
MPY GUARD, FRONT 263315 363315

USE F/N 458968 TO ORDER COMPLETE
MODULE CASE WITHOUT THE PCB'S.

A10, Module Assembly

A10A1(Fig. 5-12)

A10A2 (Fig. 5-13)
H1(3)

CAUTION
® SUBJECT TO DAMAGE BY .
STATIC ELECTRIGITY MP3 . . MIS-4140

Figure 5-11. A10 Fast R2 A/D Converier Assembly




Table 5-12. A10A1 A/D Analog PCB Assembly

, FLUKE | MFG
DESCRIPTION | sToCK | seLy MFG PAAT NO.
N0, | cooe .

A/D ANALOG PCB ASSEMBLY 383752 w4L36 383752

FIGURE 5-12 (MIS-4140)
CAP, TA, 10 UF +/-20%, 35V 437683 56289 196D106X0G35KA1
CAP, TA, 10 UF +/-20%, 35V 417683 56283 166LI06K0035KA1

CAP, MICA, 33 PF +/-5%, 500V 160317 72136 DM1SE330J
CAP, MICA, 30 PF +/-5%, 500V 340570 72136 DMISE300¢
CAP, FILM, 0.22 UF +/-10%, BOV 159392 56289 192P2249L8
CAP, TA, U.7 UF +/-20%, 25V 161943 56289 196D475X0025KA1
CAP, MICA, 150 PF +/~5%, 500V 148478 72136 DM15F151¢

CAP, MICA, 150 PF +/-5%, 500V 148478 72136 DM15F1514
CAP, POLYST, 0.047 UF +/-10%, 100V 260562 &G4411  B63UWLT 361
CAP, POLYST, 0.047 UF +/-10%, 100V 260562 &4411  B63UWLT 391
CAP, MICA, 47 PF +/-5%, 500V 148536 72136 DMISENTOJ
CAF, MICA, 47 PF +/-5%, 500V 148536 72136 DMISEMYCJ

CAP, ELECT, 470 UF -10/450%, 6.3V 187773 80031 ETUT1X6P346
CAP, MICA, 47 PF +/-5%, 500V 148536 72136 DMISE4T0J
CAP, CER, 0.00%7 UF +/-10%, 500V 106724 11590 CF-u72

CAP, CER, 0.22 UF +/-20%, 50V 309849 71590 CW30C224K
CAP, CER, 0.22 UF +/-20%, 50V 309845 71590 CW3QC224K

CAP, TA, 68 UF +/-20%, 25V 446450 56289 196DEBEX0025TEY
CAP, TA, 0.22 UF +/-20%, 35V 161331 56289 196D224X0035HA1
CAP, MICA, 1800 PF +/-5%, 500V 148353 72136 DMI19F1624
CAP, CER, 0.22 UF +/-20%, S0V 309849 71590 CW30C224K
CAP, CER, 0.22 UF +/~20%, 50V ' 309845 71590 CW30C224K

DIODE, Hi-SPEED, SWITCHING 203323 07910 iN4LAE
DIOLE, SI LO-CAP, LO~LEAK 348177 07263 FD7223
DIOLE, SI LO-CAP, LO-LEAK 348177 07263 FD7223
DIODE, 81, CONTROLLER FWD VOL 234468 07910 TLSO39
DIODE, Si, CONTROLLER FWD VOL ' 234468 07910 TDY039

DIOLE, SI LO-CAP, LO-LEAK 348177 07263 FD7223
DIOLE, SI LO-CAP, LO-LEAK - 348177 07263 FDT223
DIODE, HI~-SPEED, SWITCHING 203323 07910 1N444B
SCREW, PHP, &-40 X 1/4 256165 89536 256165
SCREW, RHP, 4-40 X 3/8 256164 89536 256164

SOCKET, 1C 276535 91506 316-AG39D
SOCKET, 1C 276535 91506 316-AG39D
SOCKET, COMP. LEAD 343285 00779 2-331272-6
(TO R55, R6T)
SPRING, COIL L2iues 83553 C0120-014-0380
{not shown)

SPACER, ROUND 417881 89536 417881
(not shown) '

SPACER, ROUND 335604 89536 335604
(not shown)

TRANSISTOR, FET (SELECTED) 256487 89536 256487

TRANSISTOR, FET (SELECTED) 256487 B9536 256487
TRANSISTOR, FET (SELECTED) 256487 89536 256487
TRANSISTOR, FET, N-CHANNEL 343630 89536 343630
TRANSISTOR, FET, K-CHANNEL 343830 89536 343830
TRANSISTOR, FET, N-CHANNEL 343830 89536 343830




Table 5-12. A10A1 A/D Analog PCB Assembly (cont)

DESCRIPTION

FLUKE
STOCK
NO.

MFG
SPLY
CODE

MFG PART NO.

TRANSISTOR,
TRANSISTOR,
TRANSISTOR,
TRANSISTOR,
TRAN SISTOR,

TRANSISTOR,
TRANSISTOR,
TRANSISTOR,
TRANSISTOR,
TRANSISTOR,

TRAN SISTOR,
TRAN SISTOR,
TRAN SISTOR,
TRAN SISTOR,
TRANSISTOR,

TRANSISTOR,
TRAN SISTOR,
TRAN SISTOR,
TRANSISTOR,
TRAN SISTOR,

TRANSISTCR,
TRANSISTOR,
TRAN SIS TOR,
TRAN SIS TOR,
TRAN SIS TOR,

TRANSISTOR,

FET, N-CHANNEL
FET, N-CHANNEL

FET, DUAL, N-CHANNEL
SI, NPN

FET (SELECTED)

FET (SELECTED)
FET {SFLECTED}
FET (SELECTED)
FET (SELECTED)
FET (SELECTED)

FET, N-CHANNEL
FET, N~CHANNEL
FET, N-CHANNEL
FET, N-CHANNEL
FET, N-CHANNEL

FET, N-CHANNEL
FET, N-CHANNEL
FET, N-~CHANNEL
FET (SELECTED)
FET (SELECTED;

FET, DUAL, MN~CHANNEL
SI, BNP

FET, N-CHANNEL

FET, H-CHANNEL

FET, N-CHAMNEL

FET, N~CHANNEL

KES, VAR, CERMET, 500 +/-20%, 1/Z¥
RES, VAR, CERMET, 10 +/-20%, 1/2W
RES, VAR, CERMET, 500 +/-10%, 1/2¥
RES, VAR, CERMET, 200+/-10%, 1/2W

RES, VAR, CERMET, 50 +/-10%, 1/zW
RES, VAR, CERMET, 20 +/-20%, 1/2W
RES, VAR, CERMET, 50 +/-10%, 1/&¢W
HES, VAR, CERMET, 50K +/-10%, 1/2M
REF. AMP SET (U1,R9,R1L4,R15,R16)

RES, MTL.
RES, MTL.
RES, MTL.
RES, MTL

FILM, 3.4K +/-1%, 1/8¥¢
FILM, 12.1 +/-1%, 1/8W
FILM, 24.3 +/~1%, 1/6&W
FILM, 12.1 +/-1%, 1/8¥

REF. AMP SET (U1,R9,R14,R15,R16)

REF. AMP SET (U1,R9,R14,R15,K16)
REF. AMP SET (U1,R9,R14,R15,R16)
RES, MTL. FILM, 10K +/-1%, 1/8W
RES, MTIL. FILM, 10K +/-1%, 1/56W
RES, DEP. CAR, 100K +/-5%, 1/4¥

FILM, 10K +/~1%, 1/8W
RES, DEP. CAR, 100K +/-5%, 1/4¥
RES SET (R22, F23)
RES SET (H22, PR23)
RES, DEP. CAR, 470 +/-5%, 1/kk

RES, MIL.

343630
343630
376087
218396
256 467

256 487
256487
256 487
256 487
256487

261578
261578
2615748
261576
261578

261578
261576
261578
256 487
256 487

376087
195974
261578
261578
261576

261576
267649
344135
291120
285148

285122
261180
283122
288290
415034

260323
296608
#81816
266608
k15034

415034
41E03Y
328120
328120
348926

168260
348920
409856
405856
343434

89536
86536
83536
04713
89536

89536
89536
89536
89536
69536

69536
69536
69536
89536
59536

89536
856536
69536
89536
869536

89536
0l713
69536
69536
69536

69536
75378
75378
69536
89536

89536
75378
89536
89536
69536

91637
91637
41637
91637
84536

69536
89536
91637
91637
80031

91637
80031
£9536
£9536
BO03T

343830
343830
376087
2N3904
256 487

256487
256 487
256487
256 487
256487

261576
261574
261576
261578
201578

261576
261576
261576
266 487
256467

376087
2N3906
261578
261576
261576

261576
190PC501E
190 FC1001
291120
285148

285122
190 PC200E
285122
288290
k15034

MFF1-83401F
MFF1-812R1F
MFF1-82 4R3F
MFF1-812R1F
415034

41E03Y

415034
MFF1-81002F
MFF1-81002F
CRZ51=-4=-5P100K

MFF1-81002F
CR251-4-5P100K
409896

409896
CR251-U-5P470E




Tabie 5-12. A10A1 A/D Analog PCB Assembly (cont)

REF
DES

DESCRIPTION

FLUKE
3TOCK
NO.

MFG
SPLY
CODE

MFG PART NO,

R25
R26
R27
hz28
R29

R30
R31
R32
k33
R34

R35
R36
R37
R38
R39

R4O
R41
RuU2
R43
R4 Y

RU45
E46
RU47
RuB
R4Y

R50
R51
R52
R53
RS Y4

R55
R56
R58
R6Q
R61

K62
k63
Ro 4
R65
R66

R6T

R6 8
TP1=-TP7
o

u2

u3
U4
s
U
U7

U8
uis
U19

' RES, DEP.

FILM, 42.2K +/-1%, 1/5U
FILM, 42.2K +/-1%, 1/0bk
CAR, 62 +/-5%, 1/4v
F1LM, 10K +/-1%, 1/6W
CAR, 33K +/-5%, 1/4¥

RES, - MTL.
RES, MIL.
RES, DEP,
RES, MIL.
RES, DEP.

RES, MIL.
RES, MTL.

FILM, 10K +/-1%, 1/6W
FILM, 11.3K +/-1%, 1/6W
RES, MTL. FILM, 24.9K +/-1%, 1/8W
RES, DEP. CAR, 47 +/-5%, 1/4U

RES SET (R34,R35,R50-54,R56)

RES SET (R34,R35,R50-~54,R56)

RES, MIL. FILM, 26.7K +/~1%, 1/8W
RES, DEP. CAR, U7 +/-5%, 1/hW
RES, MTL. FILM, 75K +/-1%, 1/6W
RES, MIL. FILM, 75K +/-1%, 1/8W

CAR, 15K +/-5%, 1/4¥%
FILM, 75K +/-1%, 1/8W
CAR, 3K +/-5%, 1/4
CAR, 510 +/-5%, 1/4W
CAR, 1.5K +/-5%, 1/4¥W

RES, MIL.
RES, DEP.
RES, DEP.
RES, DEP.
RES, DEP. CAR, H70K +/-5%, 1/UW
RES, MTL. FILM, 665 +/-1%, 1/8UW
RES, MTL- FILM, 1” +/-1%’ 1/8“

RES, DEP. CAR, 15K +/-5%, 1/4Y

RES, DEP. CAR, 100K +/~5%, 1/4VW

RES SET {(R3%4,R35,R50-54,R56)
RES SET (R34,R35,R50-54,R56)
RES SET (R34,R35,R50-54,R56)
RES SET (R34,R35,R50-54,R56)
RES SET (R34,R35,R50-54,R56)

RES, MTL. FILM, 56.2 +/-1%, 1/8W
RES SET (R34,R35,R50-54,R56)

RES, MTL. FILM, 2573 +/-0.1%, 1/8W
RES, DEP. CAR, 33K +/-5%, 1/4W
RES, MIL. FILM, 57.6K +/-1%, 1/8W

RES, MTL. FILM, 66.5K +/-1%, 1/ 8W
RES, MIL. FILM, 100K +/-1%, 1/8W
RES, VAR, CERMET, 10 +/-20%, 1/2W
RES, DEP. CAR, 820 +/-5%, 1/4W
RES, DEP. CAR, 5.1K +/-5%, 1/4¥%

RES, MIL. FILM, 18.7 +/-1%, 1/8W
RES, DEP. CAR, 1M +/-5%, 1/4W
TERMINAL, TEST POINT

REF. AMP SET (U1,R9,R14,R15,R16)
ic, OP AMP

ic, OP AMP

IC, OP-AMP, MONOLITHIC, J-FET INFUT
IC, LIN, VOL, FOLLOWER

IC, LIN, VOL, FOLLOWER

iC, OP-AMP, MONCLITHIC, J-FET INPUT

IC, OP AMP
RES NETWORK, 33K
RES NETWORK, 100K

221655
221655
441634
168260
348888

168260
293639
291369
441592
Lpgghe

Lo9gls
245779

Cb4rs92

251443
291443

348854
291443
441827
441600
343418

342634
320028
268767
348854
348920

409946
409946
409946
409946
409946

305938
49946
321463
345888
286116

289082
248807
344135
hy2327
368712

41776
348987
179283
415034
271502

271502
429837
288365
288365
429837

225961
413146
380618

951637
91637
83031
91637
80031

91637
91637
91637
80031
89536

89536
91637
80031
91637
91637

80031
81637
80031
80631
80031

80031
91637
91637
80031
80031

89536
89536
89536
89536
89536

91637
89536
41637
80031
91637

91637
91637
75378
80031
80031

91637
80031
89536
89536
12040

12040
12040
12040
12040
12040

24355 -

89536
89536

MFP1-8h222F
MFFi-8h222F
CR2B1=4--5P62E
MFF1-81002F
CRZ51-4-5P53K

MFF1-81002F
MFF1-81132F
MFF1-82492F
CR251-U-5P4TE
40ogu6

409946
MFF1-82672F
CR251-4-5P4TE
MFF1-87502F
MFF1-87502F

CR251-4-5P15K
MFF1-87502F
CR251-4-5P3K
CR251-4~5P510k
CR251-4-5P1K5

CR251-U4=-5P470K
MFF1-86650F
MFF1-81004F
CR251-4~5P15K
CR251-4-5P100K

409946
409946
409946
409946
409946

MFF1-856 R2F
4o99u6
MFF1-8257 3F
CR251-4-~5P33K
MFF1-~85762F

MFF1-86652F
MFF1-81003F
190PC100B
CR251-L4~5PB20E
CR251-4-5P5K1

MFF1-812RTF
CR251-U~5P1M
179283
415034
LM3014A

LM3014
LF356F
LM310H
LM310H
LF356F

AD3092
413146
380618
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Figure 5-12. A10A1 A/D Analog PCB Assembly




Table 5-13. A10A2 Fast R? A/D Converter Digital PCB Assembly

FLUKE | MFE
DESCRIPTIGN " STOCK | SPLY MFE PART NO.
NO. CODE

AOAZ @FAST K2 A/D CONV DGTL PCB ASSEMBLY 383760 89536 383760
FIGURE 5-13 (MIS-41341) .

€1 CAP, TA, 220 UF +/-20%, 6V 4oBebz 56289 196D227X0006TEY
cz CAP, MICA, 82 PF +/-5%, 500V 148502 72136 DM15F8204J

C3 CAP, MICA, 82 PF +/-5%, 500V 148502 72136 DM15F82CJ

cy CAP, TA, 220 UF +/-20%, 6V 408682 56289 196D227X0006 TEY4
J1 CABLE ASSY, 16 PIN CONN 380576 08261 5122-003.5

gz CABLE ASSY, 16 PIN CONN 380576 08261 5122-003.5

Q1 TRANSISTOR, 51, PNP 226290 04713 MPS364C

R1 RES, DEP. CAR, U4TK +/-5%, 1/4¥ 348896 80031 CR251-4-5PHTK
k2 RES, DEP. CAR, 20K +/-5%, 1/4¥W yy1477 60031 CR251-4~5P20K
R3 RES, DEP. CAR, 20K +/-5%, 1/4W 4y1471 80031 CR251-4-5P20K
RY RES, DEP. CAR, 150 +/-5%, 1/4u 343442 80031 CR251-U-5P150E
R5 RES, MIL. FILM, 100K +/-1%, 1/6K 248807 91637 MFF1-81003F

F6 RES, MIL. FILM, 100K +/-1%, 1/8W 248807 91637 MFF1-B1003F
RY RES, DEP. CAR, 100K +/-5%, 1/4¥ 348920 80031 CR251-4-5P100K
TP1, TP2 TERMINAL, TEST POINT ‘ 179283 89536 174283

U1 @ IC, C-MO0S, DUAL TYPE D FL1P FLOP 340117 02735 CDHO1ZAE

U2 @ ic, C-M0S, DUAL TYPE L FL1P FLOP 340117 02735 CDHO1ZAE

U3 @ Ic, C-MOS, HEX INVERTER Q4681 02735 CDUD6GOEE
ul RES NETWORK 380618 89536 38061€

U5 @ IC, C-MDS, DUAL, COMPLEMENTARY 40801% 02735 CDUDOTALE
U6 @ 1C, C~-M0S, DUAL TYPE D FLIP FLOP 340117 02735 CDAO1YAE
| @ IC, C~M0S, HEX INVERTER 4LOUEE1T 02735 CDYO69EE

@ IC, C-MOS, QUAD, 2-1INPUT NAKD GATES 355198 02735 CDUOT1AE

@ IC, C~MD8, DUAL TYPE Db FLIP FLOP 340117 02735 CDHO1ZAE

@ IC, C-M0S, DUAL TYPE P FLiP FLOP 340117 027535 CD4O1ZAE
RES NETWORK 380618 89536 360618
1C, LINEAR, 5 XSTR ARRAY 360188 02735 CA3183E

iC, LINEAR, 5 XSTR ARRAY 380168 02735 CA31E3E
@ 1C, C-MOS, QUAL, 2-INPUT OR GATE 408393 02735 CDHOTIEE
IC, LINEAR, 5 XSTR ARRAY 360188 02735 CA31E3E
1C, C-MOS, HEX INVERTER LO4EET 02735 CDUOGYLE
ic, C-M08, DUAL TYPE D FL1P FLOP 340117 02735 CDHOIZAE

IC, LINEAR, 5 XSTR ARRAY YTTTTE 69536 Wi TYTE
@ 1¢, C~MDS, QUAD, 2-INPUT AND GATE BOBACT (2735 CDHOBILE
@ 1C, DGTL, C~-MCS, QUAL, 2-INPUT OR CATE 408393 02735 CDHOTILE
@ IC, C-MOS, DLV BY -8, COUNTER/DIV . 403260 02735 CDUO2ZAE
@ 1¢, C-MOS, DUAL TYFE D FLIP FLOP 340117 027535 CDHG13AE

@ it, C-MOS, QUAL, 2-INPUT NAND GATES 375147 02735 CD4CZ3AE
@ 1C, C~MDS, DUAL TYPE L FL1P FLOP 340117 02735 CDUC1ZAE
® 1C, C-MOS, DUAL TYPE D FLIP FLOP 340117 02735 CB4O13AE
@ LC, C-}0S, QUAL, 2-INPUT NAKD GATES 355198 02735 CD4O11AE
RES NETWURK 38061¢ 89536 38061¢

1C, LINEAR, 5 XSTR AKRAY HTTTIE E9536  HVTTTE
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Figure 5-13. A10A2 Fast R: A/D Converter Digital PCB Assembly




Table 5-14. A11 Thermal True-RMS Converter PCB Assembly

FLUKE | MF6 ‘
DESCRIPTION STOCK | SPLY MFG PART NO.
NO. CODE

THERMAL TRUE-RMS CONVERTER MODULE ASSY 683938 89536 651794
FIGURE 5-14 (8506A-4126T)

ATTENTUATOR PCB ASSEMBLY
AMPLIFIER PCB ASSEMBLY

SCREW, PHP, 6-32 X 1/4 152140 152140

SCREW, PHP, 6-32 X 1/2 115006 115006

NUT, ALTERED 617944 617944

SHIELD, AMPLIFIER ' 613596 613596

CASE ASSEMBLY 656298 656298
(MP2 INCLUDES MP3 THRU MP11}

GUARD, FRONT 656678 656678
GUARD, REAR 576454 576454
SHIELD, COVER 577007 577007
DECAL, THERM TRMS 640383 6540383

DECAL, CAUTION 454504 454504
DECAL, ADJUST 536011 536011
COVER, MOD CASE 402974 ho2974
CASE HALF, MOD 660241 660241
CASE HALF, EXT MOD 656249 656249

1 COMPLETE MODULE ASSEMBLY
2 SELECT AT TEST

3 ORDER B/N 656298 FOR CASE ONLY,
DOES NOT INCLUDE PCE BOARDS,

@ LAY,
STATIC ELECTRICITY 8506A-4126T

Flgure 5-14. A11 Thermal True-RMS Converter PCB Assembly




Table 5-15. A11A1 Attenuator PCB Assembiy

DESCRIPTION

FLUKE
STOCK
0.

MFG
SPLY
CODE

MFS PART NO.

ATTENUATOR PCB ASSEMBLY
FIGURE 5- 15 (8506A-402))

CAP, POLY, 0.22 UF +/-10%
CAP, POLY, ¢.22 UF +/-10%

CAP, POLY, 0.22 UF +/-10%

CAP, CER, 0.05 UF -20/+80%, 500V
CAP, PORC, 36 PF +/-12, 1000V
SEE FOOTNOTE 1

SEE FOOTNOTE 1

CAP, VAR, 0.8-10 PF +/-15%, 250V
CAP, PORC, 3.9 PF +/-0.25 PF, 1000V
CAP, PORC, 1.5 PF +/-0.25 PF, 1000V
CAP, MICA, 330 PF +/-5%, 500V

CAP, PORC, 2.2 PF +/-0.25 PF, 1000V

CAP, VAR, 1-20 PF +/-30%, 250V

CAP, PORC, 1.0 PF +/-0.25 PF, 1000V
CAP, VAR, 0.8-10 PF +/-15%, 250V
CAP, PORC, 0.5 PF +/-0.25 PF, 1000V
CAP, CER, 47 PF +/-2%, 100V

SEE FCOTNOTE 1

SEE FOOTNOTE 1

CAP, VAR. 1-20 PF +/-30%, 250V

CAP, PORC, 0.5 PF +/-0.25 PF, 1000V
CAP, CER, 0.001 UF +/-20%, 500V

CAP, CER, 220 PF +/-5%, 100V
SEE FOOTNOTE 1

SEE FOOTNOTE 1

CAP, VAR, 1-20 PF +/-30%, 250V
CAP, TA, 39 UF +/-20%, 6V

CAP, TA, 22 UF +/-20%, 15V

CAP, TA, 22 UF +/-20%, 15V

CAP, CER, 1.5 PF, 100V

CAP, CER, 56 PF +/-2%, 100V
SCREW, PHP, 4-40 X 3/8

SCREW, SEMS, 6-32 X 3/8
SOCKET, CONNECTOR

SOCKET, CONNECTOR

RELAY, REED, 1 FORM A
RELAY, DRY REED, HY SWITCH

RELAY, REED, 1 FORM A
RELAY, REED, 1 FORM A
RELAY, DRY REED, HV SWITCH
RELAY, DRY REED, HV SWITCH
RELAY, DRY REED, HV SWITCH

SHIELD, CAPACITOR
CONNECTOR

SPRING COIL
SHIELD, PCB

POST, CONNECTOR

656272

275495
275495

275495
105676
614691

229930
603597
603589
148445
603936

603449
603571
229930
603514
512368

603445
603514
402966

512111

603kLg
163915

423012
423012
52990¢
512970
256 164

177022
352450
352450
603340
41049

603340
603340
141049
441049
441949

576371
484428
L24k65
5769k2
267500

89536

89536
89536

89536
56289
95275

656272

275495
275495

275495
33C58B
VY30CA360FA

5201
VY10CA3RICE
VY10CATR5CE
DM15E3314
VY10CA2R2CE

5501
VY10CA1ROCE
5201
VY10CAORSCE
512368

5501
VY10CACRACE
8121-A100-W5R-102M

512111

5501
196D394X0020KA 1

196D226XC015KA1
186D226X0015KA 1
529909
512970
256 164

177022
51-051-0000
51-051-0000
CRE131
UF40094

CR5131
CR5131
UF50094
UF40094
UF40094

576371
9-87022-1
424k65
576942
267500




Table 5-15. A11A1 Attenuator PCB Assembly (cont}

DESCRIPTION

FLUKE
STOCK
NO.

MFG
SPLY
GODE

MFG PART NO.

GROMMET

SPACER, 0.187

SPACER, 1.138

RIBBON CABLE, 10 CONDUCTOR
TRANSISTOR, SI, PNP

RES, VAR, 5K +/-20%, 1/2W

RES, VAR, 100 +/~20%, 1/2V

RES, VAR, 1K +/-20%, 1/2W

RES, MTL. FILM, 237K +/-1%, 1/8W
RES, VAR, SOK +/-10%, 1/2%

RES, DEP. CAR, 47K +/-5%, 1/4¥W
RES, DEP. CAR, 150 +/-5%, 1/4W
RES, DEP. CAR, 1.5K +/-5%, 1/4W
RES, DEP. CAR, 1.5K +/-5%, 1/
RES, MTL. FILM, 2.55K +/-1%, 1/84

RES, MTL. FILM, 49.9 +/-1%, 1/8W
RES, DEP. CAR, 620 +/-5%, 1/
RES, VAR, 5K +/-10%

RES, MTL. FILM, 100 +/~1%, 1/6W
RES, MIL. FILM, 25.5K +/-1%, 1/8W

RES, VAR, 200 +/-10%

RES, MTL. FILM, 11 +/=1%, 1/8W
RESISTOR NETWORK, 0.8 ATTEN
RESISTOR NETWORK, 0.08 ATTEN
RESISTOR NETWORK ASSEMBLY
RESISTOR NETWORK, 0.0017 ATTEN

IC, HYBRID, SWITCHING NET
IC, HYBRID, SWITCHING NET
IC, HYBRID, SWITCHING NET
IC, HYBRID, SWITCHING NET
IC, DUAL WAND DRIVER

IC, DUAL NAND DRIVER
@IC, C-MOS, NAND GATES, TRIFLE, 3-INPUT
@IC, C-MOS, QUALD CLOCK, D-LATCH
@lrc, C-M03, QUAD CLOCK, D-LATCH
@IC, C-MOS, HEX INVERTER

IC, DUAL NAND DRIVER
®IC, C-MOS, QUAD, 2-INPUT NAND GATES

IC, DUAL NAND DRIVER

DIODE, ZENER, 7.5V +/-5%

DIODE, ZENER, 7.5V +/-5%

CABLE, RIGID
CABLE, INFUT

1 THESE CAPACITORS ARE MATCHED ITEMS
AND ARE INSTALLED AT THE TESTED
LEVEL. THE BARDWARE THAT MAY BE
SHIPPED WITH THESE CAPACITORS WILL
NOT EE USED.

135269
335604
543652
603886
226290

267872
267823
267856
288373
330688

358896
343442
3438
343418
325498

305896
442319
288282
168195

- 291377

285148
441204
540641
576025
540799
546796

544361
544361
544361
544361
604108

604108
375147
355146
355149
4oh6 81

604108
355168
604108

256446 .

256 446

612598
656306

89536
89536
89536
89536
Q4713

11236
11236
11236
91637
75378

80031
80031
80031
80031
91637

91637
80031
75378
91637
91637

75378
91637
89536
89536
89536
89536

89536
89536
89536
89536
56289

56289
02735
02739
02739
02735

56289
04713
56289
04713
04T 13

89536
B9536

135269
335604
543652
603886
MPS3640

190FPC502B
190PC101B
190 PC102B
CMF55237 3F
190 PC503E

CR251-U4=-5PhTK
CR251-U4~5P150E
CR251-4~5P1K5
CR251~4~5P1K5
CMF552551F

CMF5549ROF
CR251-4-~5P620E
360T052A2
CMF551000F
CMF552552F

360720042
CMF5511ROF
550641
576025
540799
546796

544361
544361
544361
544361
UDN5ST 12N

UDNST 12N
CDU023UBE
CDUO 42 AR
CDUO U2 AR
CDYO69EE

UDK5T 12K
MC14011CP
UDN5T 12K
1NT554
TNTE54

612598
656306
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Figure 5-15. A11A1 Attenuator PCB Assembly




Table 5-16. A11A2 Amplifier PCB Assembly

FLUKE | MFG
DESCRIPTION 8TOCK } SPLY MFG PART NO.
NG. CODE

. AMPLIFIER PCB ASSEMBLY 656280 89536 656280
FIGURE 5-16 (B506A-4025)

CAP, TA, 10 UF +/-20%, 20V 330662 196D 106XC02CKAY
CAP, TA, 10 UF +/-20%, 20V 330662 196D 106X0020KA1

CAP, CER, 0.05 UF -20/+80%, 25V 148924 5855.000-Y5U6-~5032
CAP, TA, 10 UF +/-20%, 20V 330662 196D 106X0020KA1
CAP, TA, 10 UF +/-20%, 20V 330662 196D 106 XOC20K A1
CAP, VAR, 0.35 - 3.5 PF 250V 603456 5801

CAF, VAR, 0.8 - 10 PF +/-15%, 250V 229930 5201

CAP, CER, 27 PF +/-2%, 100V 362749 362749

CAP, VAR, 0.8 - 10 PF +/-15%, 250V 229930 5201

CAP, VAR, 0.35 - 3.5 PF 250V 603456 5801

CAP, CER, 4.7 PF +/-0.25%, 100V 362772 362772

CAP, TA, 2.2 UF +/-20%, 15V : 364216 196D 225X0015HAT

CAP, CER, 3.9 PF +/~0.25%, 100V 512647 512947

CAP, CER, 1.2 PF, 100V : 543256 543256

CAP, CER, 0.01 UF +/~-20%, 100V 149153 C0238101F103M
CAP, POLY, 0.15 UF +/-5%, 50V : 343616 U6 TUWO .15-5P50V
CAP, POLY, 1 UF +/-10%, 50V 271619 1463041029,50W

CAP, CER, 82 PF +/-10%, 500V 105585 ED-82

CAP, POLY, 0.15 UF +/-5%, 50V 343616 X46UW0 .15=5P50V
CAP, POLY, 0.01 UF +/-2%, 150V 168385 PE103G

CAP, POLY, 0.01 UF +/-2%, 150V 168385 PE103G

CAP, CER, 0.01 UF +/-20%, 100V 149153 C0238101F103M

CAP, CER, 0.01% UF +/-20%, 100V 149153 €0238101F103M

CAP, TA, 10 UF +/-20%, 20V 330662 106D 106 X0020KA 1
CAP, TA, 39 UF +/-20%, 20V 358234 196D396X0020PES
CAP, TA, 39 UF +/-20%, 20V 358234 196D396X0020PEY
CAP, POLY, 1.8 UF +/-106%, 100V 603548 $3910D1C1C 185K

CAP, CER, 33 PF +/-2%, 100V 513226 513226
CAP, CER, 33 PF +/-2%, 100V 513226 513226
CAP, CER, 33 PF +/-2%, 100V 513226 513226
CAP, CER, 1200 PF +/-20%, 100V 358283 8121-4100-W5R=-122M
CAP, CER, 39 PP +/-2%, 100V 512962 512962

DIQODE, SI, HI-SPEED SWITCHING 203323 TNuYY8
DIODE, SI, L-CAP/LO-LEAK 375907 FD7223
DICDE, SI, 1L~CAP/LO~LEAK . 375907 FD7223
DIODE, SI, HI-SPEED SWITCHING 203323 1N44L8
DIOLE, SI, HI-SPEED SWITCHING 203323 1N4 548

DIODE, SI, HI-SPEED SWITCHING 203323 BT
.DICDE, $I, HI-SPEED SWITCHING 203323 INLL4E
DIODE, SI, HI-SPEED SWITCHING 203323 TN4 4L 8
DIODE, SI, HI-SPEED SWITCHING 203323 1NLLYS
DIODE, SI, HI-SPEED SWITCHING 203323 1HL 448

DIOLE, HI-SPEED SWITCH 256339 50822900
DIODE, SI, HI-SPEED SWITCHING 203323 IMLLY48
SCREW, PHP, 2-56 X t/4 408054 408054
SOCKET, IN-LINE, 10-POS (NOT SHOWN) 477661 583773-1
COVER, ASSEMBLY 613521 613521




Table 5-16. A11A2 Amplifier PCB Assembly (cont)

FLUKE MFG
DESCRIFTION STOCK | SPLY MFG PART NO.
NO. CODE

SPACER, ALTERNATE 613604 89536 613604

TRANSISTOR, DUAL FET 476788 89536 ATHTSEB

TRANSISTOR 453829 89536 A45382¢

TRANSISTOR, MATCHED PAIR (Q3, Q4) 630814 89536 630811
{PART OF Q3)

TRANSISTOR, SI, PNP 225599 07263 2N4250
TRANSISTOR 333898 89536 333898
TRANSISTOR 333898 89536 333898
TRANSISTOR, J-FET 343830 1208C NSSFs0024
TRANSISTOR, J-FET 343830 12040 NSSF50024

TRANSISTOR, J-FET 343830 12040 N3SF5002Y4
TRANSISTOR, J-FET 343830 12040 NSSF50024
TRANSISTCR, FET L2997T 89536 h29977
TRANSISTOR, FET 429977 89536 429977
TRANSISTOR, FET 429977 89536 429977

TRANSISTOR, FET 429977 89536 k29977

TRANSISTOR, FET 429977 89536 429977

TRANSISTOR, FET 429977 89536 429977

TRANSISTCR, FET, MATCHED PAIR (Q18, C19) 265744 89536 265714
(PART GF Q18)

TRANSISTOR, J-FET 328237 2N4h16
TRANSISTOR, J-FET 343830 NSSFEC024
TRANSISTOR, FET 393314 5T3824
TRANSISTCR, SI, NPN 218396 218396
TRANSISTOR, SI, NPN 330803 MPS656C

TRANSISTOR, SI, PNP 418707 MPS56562
TRANSISTOR, FET 429977 429977
TRANSISTCOR, FET 429977 429977
TRANSISTCR, FET 261578 261578
TRANSISTOR, J-FET 535039 535036

TRANSISTOR, FET 429977 L2g9977
TRANSISTOR, FET 261578 261578
TRANSISTOR, SI, 218396 218396
TRANSISTOR, SI, 15597 4 2N3906
TRANSISTCR, FET 429977 429977

TRANSISTOR, FET 429977 k29977
TRANSISTOR, FET 429977 k29977
TRANSISTOR, FET 429977 429977
TRANSISTOR, SI, NPN 218396 218396
TRANSISTOR, SI, PNP 195974 2N3906

RES, MIL. FILM, 787 +/-1%, 1/8W 459909 CMF557 870F
SELECTED AT TEST
SELECTED AT TEST
SELECTED AT TEST
SELECTED AT TEST

RES, MIL. FILM, 787 +/-1%, 1/8W 459909 CMF55T 870F
RES, DEP. CAR, 510 +/-5%, 1/4W 441600 CR251-4-5P511E
RES, DEP. CAR, 33 +/-5%, 1/4¥W 414524 CR251~4-5P330E
RES, DEP. CAR, 23 +/-5%, 1/4W Y1452 CR251-4-5P330E
SELECTED AT TEST




Table 5-16. A11A2 Amplitler PCB Assembly (cont)

. .| FLUKE | MFG
DESCRIPTION STOCK | SPLY MFG PART NO.
NO. CODE

SELECTED AT TEST

RES, MTL. FILM, 200K +/-1%, 1/8W 269701 CMF552003F
RES, MTL. FILM, 20 +/-0.5%, 1/8W hok3zoz CMF5520R0

RES, MrL. FILM, 4.02K +/-1%, 1/BW 236325 CMPS54021F
RES, VAR, 20K +/-20%, 1/2% 267698 180 PC203E

RES, DEP. CAR, 100 +/-5%, 1/4W 348771 CR251-4-5P100E
RES, DEP. CAR, 100 +/-5%, 1/4% 34877 CR251-4~5P100E
RES, MTL. FILM, 1.58K +/-1%, 1/8&¥ 385344 CMF551581F
RES, MIL. FILM, 8.06K +/-1%, 1/8V¥ 26hgh2 CHFS5806 1F
RES, MTL. FILM, 10K +/-1%, 1/8U 168260 CMFE51C02F

RES, MTL. FILM, 10K +/-1%, 1/8W 168260 CMF551002F
RES, MIL. FILM, 40.2K +/-1%, 1/8UW 235333 CMF554G22F
RES, MTL, FILM, 250K +/-0.25%, 1/8W 34014 CMF552503C
SELECTED AT TEST

RES, MTL. FILM, 383K +/-1%, 1/6W 288498 CMF553833F

RES, VAR, 20K +/-20%, 1/2W 267898 160G PC203E
RES, MTL. FILM, 383K +/-1%, 1/8k 288498 CMF553833F
SELECTED AT TEST

RES, MTL. FILM, 250K +/-0.25%, 1/8U 350141 CMF552503¢C
RES, MTL. FILM, 357K +/-1%, 1/8W 235002 CMF55357 3F

RES, MIL. FILM, 20K +/-1%, 1/8W - 291872 CMF5520602F
RES, DEP. CAR, 2.2K +/-5%, 1/y 343400 CR251-4-5P2K2
RES, MTL. FILM, 8.06K +/-1%, 1/8W 264942 CMF55806 1F
RES, VAR, 10K +/-10%, 1/ZW 309674 360T1034

RES, VAR, 2K +/-20%, 1/2W 267664 180 FC202B

RES, MTL. FILM, 13.7K +/-1%, 1/8W 236752 CMF551372F
RES, MTL. FILM, 2.80K +/-1%, 1/8W 325670 CMF55280 1F
RES, COMP, 10M +/-5%, 1/4¥ 1945944 CB1065
RES, COMP, 10M +/-5%, 1/4W 19494y CB1065
RES, MTL. FILM, 2.00K +/-1%, 1/6W 235226 CMF£E2001F.

SELECTED AT TEST

RES, MTL. FILM, 178K +/-1%, 1/8¥ 312769 CMF5517 83F
RES, MTL. FILM, 1M +/-1%, 1/8W k60535 CMF551004F
RES, MTL. FILM, 2.00K +/-1%, 1/8W 235226 CMF552001F
RES, MTL, FILM, 39.2K +/-1%, 1/8U 236414 CMF553922F

RES, COMP, 510 +/-5%, 1/2W 108951 RCOZOGF511J8
RES, COMP, 510 +/-5%, 1/2W . 108951 RCO20GF511J8
RES, MTL. FILM, 24.9 +/-1%, 1/8W 296657 CMF5524R9F
RES, MTL, FILM, 499K +/-1%, 1/8W 268813 CMF554993F
RES, VAR, 200K +/-20%, 1/2V¥ 381509 1G0PC204B

RES, MTL. FILM, 127K +/-1%, 1/8W 291328 CMF55127 3F
RES, VAR, 50K +/-10%, 1/2V © 330688 190 PCS03B
RES, MIL. FILM, 137.04K +/-0.1%, 1/8V 4040 U6 Lo 4046

RES, VAR, 25K +/-20%, 1/2V 285213 190 PC253E
RES, MTL. FILM, 6%.9K +/-1%, 1/8U 312694 CMF556 492F

RES, VAR, 25K +/-20%, 1/2¥ 285213 190PC253B
RES, MTL. FILM, 20.5X +/-1%, 1/8W 26 1669 CMF552052F
RES, MTL. FILM, 110K +/-1%, 1/8W 234708 CMF551103F
RES, MTL. FILM, 20.5K +/-1%, 1/8W 261669 CMF552052F.
RES, VAR, 2K 309666 309666




Table 5-16. A11A2 Amplifier PCB Assembly (cont)

FLUKE | MFG
DESCRIPTION STOCK | SPLY MFG PART NO.
NO. CODE

RES, MTL. FILM, 169K +/-1%, 1/8W 2BoUss 91637 CMFSRI693F
RES, DEP. CAR, 100K +/-5%, 1/LW 348920 80031 CR251-4-5P100K
RES, COMP, 10M +/-5%, 1/4W 194984 01121 CB1065

RES, COMP, 10M +/-5%, 1/4¥ 194944 01121 CB1065

RES, COMP, 10M +/-5%, 1/4 194944 01121 CB1065

RES, COMP, 10M +/-5%, 1/4W 194944 01121 CB10665

RES, MTL. FILM, 60.4K +/-1%, 1/6U 291518 91637 CMF556042F
RES, MTL. FILM, 10K +/-1%, 1/8W 291633 91637 CMF551002F
RES, MTL. FILM, 499 +/-1%, 1/8VW 289256 91637 CMFS54990F
RES, VAR, CERMET, 50 +/-20%, 1/2W 267815 11236 190PC5Q0B

RES, MFL. FILM, 10K +/-1%, 1/8W 291633 91637 CMF551002F
RES, DEP. CAR, 15K +/-5%, 1/Lu 348854 80031 CR251-U4-5P15K
RES, DEP. CAR, 370 +/-5%, 1/4w 343434 80031 CR251-4-5PAT0E
RES, MTL. FILM, 499K +/-1%, 1/8W 268813 91637 CMFS54993F
RES, VAR, 100K +/-10%, t/2W 603555 32997 3299W-CR2-10%

RES, MIL. FILM, 38.3K +/-1%, 1/8W 241372 91637 CMF553832F
RES, MTL. FILM, 2.49K +/~1%, 1/8W 226209 91637 CMFS552401F
RES, COMP, 4TOM +/-10%, 1/4W 603530 01121 CB4TT
RES, COMP, 470M +/-10%, 1/4W 603530 01121 CB47T
RES, MTL. FILM, 10K +/-1%, 1/8W 291633 91637 CMF551002F

RES, DEP, CAR, 100K +/-5%, 1/4W 348920 80031 CR251-4-5P100K
RES, DEP. CAR, 100K +/-5%, 1/4W 348920 80031 CR251-4-5P100K
CONNECTOR, TEST POINT 512889 (2660 62395
CONNECTCR, TEST POINT 512689 02660 62395
CONNECTOR, TEST POINT 512889 02660 62395

HYBRID, AMPLIFIER CUTPUT 539759 89536 539759
RESISTOR NETWORK £41953 89536 541953
IC, LINEAR, VOLTAGE FOLLOWER 288365 112040 LM310H
IC, HIGE-VOLTAGE DISPLAY DRIVERS 504795 56289 UPH-480
IC, LINEAR OP-AMP 418566 12040 LM358N

RMS SENSOR 521625 89536 521625
IC, LINEAR, OP-AMP, METAL CAN 288928 12040 LM308AH
IC, LINEAR OQF-AMP 478566 12040 LM358N
IC, LINEAR, OP-AMP, METAL CAN 288928 12040 LM308AH
IC, LIN, NPN, 5-XSTR, SI, ARRAY 248906 02735 CA3046
I, OP-AMP, J-FET, LO-NOISE 385450 12040 SH29467

JC, OP-AMP, J-FET, LO-NOISE 381962 12040 SHE1140
IC, LINEAR, OP-AMP, METAL CAN 288928 12040 LM3084H
IC, HIGH-VOLTAGE DISPLAY DRIVERS 504894 56289 UPH4S1
RESISTCR NETWORK, 100K 412908 86536 412908
RESISTOR NETWORK 603498 89536 603498

DIODE 330829 07910 1M45T1
DIODE, ZENER, 5.6V 277236 07910 1N7524
DIODE, ZENER, 13.0V, +/-5% 110726 04713 1N964B
CABLE ASSEMBLY 577023 89536 577023
CABLE ASSEMBLY 577023 89536 577023

SOCKET, 3-PIN, (W/R11, R41) 402958 09922 402958
SOCKET, 4~PIN (W/E2, R3, RY, R5) 417311 30035 S85-109~1-04

THESE RESISTORS ARE MATCHED ITEMS
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Figure 5-16. A11A2 Amplifler PCB Assembly
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B8506A

6-1. INTRODUCTION

6-2. This section of the manual contains
information concerning options and accessories
available for use with the multimeter. Subsections
are in¢luded for accessories and for each option. The
Table of Contents identifies each item by name,
number, and appropriatc page number,

6-3. ACCESSORIES

6-4. Several accessories are documented in the first
subsection. Additional accessories are listed in
Section | of this manual. Complete documentation
1 provided for any accessory ordered for the
multimeter,

6-5. OPTIONS

6-6. Documentation for all currently available
options is also included in this section. A subsection
is devoted to each option. Applicable pages arc
identified by section, option number, and page
number within the subsection. For example, page 3
for the -02A option is identified as 602A-3.

6-7. Programming instructions for any of the
remote interface options (-05, -06, or -07) are
included in Section 2A of this manual. The Isolator,
which is a standard module with the 8505A and
8506A, is documented in subsection 608A.

6-8. Each subsection includes all information to
install, operate, and maintain the option.
Specifications, a list of replaceable parts, and a
schematic diagram are also provided.




600-1. RACK EAR MOUNTING ASSEMBLY
600-2. Figure 600-1 illustrates installation of the
Rack Ear Mounting Assembly. Use the following
procedure;

I. Remove the nameplate decals from the
handles.

2. Remove the screws from the handles.

3. Attach the rack ears with #8-32 x 5/8 PHP
screws (included with the kit).

4. Note the hole pattern in the top and
bottom trim items. Remove the corresponding
screws from the multimeter’s top and bottom
COVers.

5. Attach the top and bottom trim items with
#6-32 x 3/8 PHP screws and lock washers
(included with the kit).

600-3. HIGH VOLTAGE PROBE ({80K-6)
600-4. The 80K-6 extends the voltage measuring
capability of an ac/dc voltmeter up to 6000 volts. A
1000:1 voitage divider provides a high input
impedance. High accuracy is provided when the
divider is used with a voltmeter having a 10 Mohm
input impedance. A molded plastic body houses the
divider and protects the user from the voltage being
measured,

600-5. HIGH VOLTAGE PROBE (80K-40)

600-6. The 80K-40 is a high voltage accessory
probe designed to extend the voltage measuring
capability of an ac/dc¢ voltmeter up to 40,000 volts.
The probe is a precision 1000:1 voltage divider
formed by two matched metal-fiim resistors. The
unusualtly high input impedance offered by these
resistors minimizes circuit loading and optimizes
measurement accuracy. A special plastic body

Accessories

houses the divider and provides the user with
isolation from the voltage being measured.

600-7. HIGH FREQUENCY PROBE (83RF)
600-8. The 83RF converts a dc voltmeter into a
high frequency, 100 kHz to 100 MHz ac voltmeter.
Conversion from ac to dc is on a one-to-one basis
over a range of 0.25 to 30V rms. The probe’s dc
output is calibrated to be equivalent to the rms value
of a sinewave input.

600-9. HIGH FREQUENCY PROBE (85RF)
600-10. The &5RF is designed to convert a dc
voltmeter into a high frequency, 100 kHz to 500
MHz ac voltmeter. Ac to de conversion ratio is one-
to-one over a range of 0.25 to 30V rms. The probe’s
dc output is calibrated to be equivalent to the rms
value of a sinewave output.

M04-205-600
TRIM, TO# \
1420877}
SCREW #8. 32

177022}

Q.%

SCREW 40 22 2 & SCREW #8- 32
[t ] 1114083

Figure 600-1. Rack Ear Mounting Installation
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602A-1. INTRODUCTION .

602A-2, Installation of the Ohms Converter provides
precision resistance measurement capability. Both two-
terminal and four-terminal measurements may be made.

602A-3. SPECIFICATIONS
02A-4. Table 602A-1 lists the specifications for the
Ohms Converter.

602A-5. INSTALLATION

602A-6. Refer to Section 4 of this manual under
Module Installation and Removal for instructions on
installing and removing modules. Section 8 provides a list
of permissible and preferred installation slots.

602A-7, OPERATING NOTES

602A-8. Operation of the front panel controls with the
Ohms Converter installed is deseribed in Section 2 of this
manual. Eight resistance ranges are available: 10, 100, 1k,
10k, 100k, IM, 10M and 100M., Manual or auto ranging
is available. Figure 602A-1 shows possible connections
for both two-wire and four-wire confipurations, Four-
wire measurements provide maximum accuracy and can
be made on the 10, 100, 1k, 10k, and 100k ranges when the
Ohms Selector is pushed in (4T IN). Two-wire
measurements (Ohms Selector out) can be made on the
IM, 10M, and 100M ranges without affecting accuracy.

602A-9. During normal operation (Calibration mode
off), ohms zero can be made by shorting the input test
leads to compensate for both multimeter internal drift
and lead resistance. The front panel Ohms Selector must
be pushed in (4T IN) for four tertninal zero corrections or
out for two-terminal zero corrections. When Calibration
mode is off, zero values are stored in temporary memory.
Select the 1011 range and push the ZERO VDC/OHMS
button. This zero value is then applied to the selected
range (1002} and all higher ranges. If greater measurement
accuracy is desired, discrete zero values can be stored by
subsequently pushing ZERO VDC/OHMS twice in

684266 3/83

8505A/85068A-02A

Option -02A
- Ohms Converter

each higher range (lowest to highest), Zero values entered
in this fashion do not affect other zero. values already

" entered into Calibration Memory during software

calibration. If a power-up or reset occurs with Calibration
mode off, the temporary values entered with the above
procedure are replaced with the Calibration Memory
values.

602A-10. Zero values stored with Calibration mode on
are permanently stored in Calibration Memeory. This
procedure differs in that corrections are made only for
multimeter internal drift and the zero value is entered for
the selected range only, Refer to Software Calibration
(Appendix 7B) for a full description. The temporary value
(Calibration mode off) or the permanent value
(Calibration mode on) for the range selected can be
recalled by pushing RECALL ZERO VDC/OHMS.

602A-11, GUARDING

.602A-12. The ohms guard connection is only avaﬂable

through the rear input connector, Figure 602A-1 shows
optimal use of the guard. Basically, the ohms guard is
used to minimize leakage resistance between HI and LO

/input leads. This leakage would appear as shunt

resistance across high Rx values. In some hlghmresmtﬂ.nce
measurement set-ups, leakage resistance in or on the
surface of insulating matenials may provide enough shunt
resistance to degrade the accuracy of the measurement.
Figure 602A-1 illustrates one such case. Connecting the
ohms guard to the metal plate on which the standoffs are
mounted reduces the affect of leakage resistance through
or on the standoffs, : :

BDZA—13. THEQRY OF OPERATION .
602A-14. The function of the Ohms Converter is to

produce a current through an unknown resistance such
that the voltage across the unknown is proportional to the
value of resistance. This is accomplished by configuring
the unknown resistance, Rx, as the feedback element of an
operational amplifier, A reference voltage, VREF, is

602A-1
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Table §02A-1. Ohms Convarter Specifications

Input Characteristics

RESQLUTION CURRENT
RANGE FULL SCALE THROUGH

8% DIGITS &% DIGITS" 5% DIGITS UNKNOWN

100} 20.00000 10 ud 100 wid 10 mA

10001 200.0000 100 u2 10 mA
1 kO 2.00000 kO 1mQ 6% 1 mA
10 kQ 25.0000 kQ 10 mil Digits 78 uA
100 kO 250,000 k2 100 mQ) Only 7.2 pA

1 M 4.10000 M 10 1002 4.5 uA
10 MO 35.0000 MO 1002 10002 0.45 uA
100 MQ 265.000 ML 1000 1 k0 56 nA

*In normal operating mode, 5% or 6% digits depending on range. In AVG operating mode, 6% digits
on all ranges.

Accuracy

v

+(% of Reading + Number of Counts)*

RANGE 24-HOUR 23°C £1°C 80-DAY 23°C £5°C

100 0.003 + 20 0.005 + 20
1000 0002+ 1.4 0.003 + 1.4
1 k0 0.002 + 0.8 0.003 + 0.8
10 ki) 0.002+08 0.003+ 0.8

100 k(1 0.002 + 0.8 0.003 + 0.8
1 MO 0002+ 08 0.003 + 0.8
10 M(} 0.0075 + 0.8 0.02+08

100 M) 0026 +08 0.05 +1

*With 5% digit display. For 6% digit display, multiply Number of Counts by 10.

200 DAY: 23°C +5°C
ADD TO THE 80 DAY SPECIFICATION PER MONTH THE FOLLOWING % CF READING

RANGE % OF READING

100 0.00056
1004 - 1 MO 0.00033
10 MQ 0.0022
100 M 0.0056
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Table 602A-1. Ohms Converter Specifications (cont)

QOperating Characteristics
TEMPERATURE COEFFICIENT

+(% OF READING + NUMBER OF COUNTS) /°C*

RANGE

0°C TO 18°C AND 28°C TO 50°C

100
10002
1kQ
10 k)
100 k2
1 MO
10 MO
100 MO

0.0008 -+ 1.5
0.0007 + 0.2
0.0007 + 0.2
. 0.0007 + 0.2
0.0007 + 0.5
0.001 + 0.5
0.005+ 0.5
0.02+05

“With 5% digit display. For 6% digit display, multiply Number of Counts by 10.

MAXIMUM LEAD RESISTANCE

RANGE

MODE

LLEADS

LEAD RESISTANCE

1062 - 1000
1k
10 k2 - 100 MO

4 wire

4 wire -

4 wire

Source
Source
Source

100
10002
1 k2

=,

OPEN CIRGUIT VOLTAGE

RANGE

VOLTAGE

1002 - 100 ki)

7 volts maximum
25 volts maximum

1 MG - 100 MG

MEASUREMENT CONFIGURATION .. Two-wire and four-wire available on all ranges.

MAXIMUM OVERLOAD VOLTAGE .. 400V dc or peak ac continucus on any range with no damage.

AESPONSE TIME '
Analog Settling Time
Digitizing Time

&80 ms with Fast Filter or 800 ms with Slow. Filter 1o rated accuracy.
Depending on sample rate and filter selection the digitizing time
will vary from 145 ma to 9 minutes & seconds-using a 60 Hz ac line -
with times increasing 20% using a 50 Hz ac line.
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TO OHMS GUARD

—O
O GUARD

TWO TERMINAL OHMS MEASUREMENT CONNECTIONS TO
MAXIMIZE THE EFFECTIVENESS OF THE GUARDS

SOURCE

" ¥
O » O

O GUARD

FOUR TERMINAL OHMS MEASUREMENT CONNECTIONS TO
MAXIMIZE THE EFFECTIVENESS OF THE GUARDS

b —— — —

TO
OHMS GUARD

WA

LEAKAGE E
INSULATING RESISTANCE
STANDOFFS — ™ b, ""-.,‘

f—— OHMS GUARD

#t—— METAL PLATE

OHMS GUARD IS AVAILABLE ONLY THROUGH THE
REAR INPUT CONNECTOR

Figure 602A-1. Ohms Measurement Connections And Guarding




applied through a reference resistor, RREF, to the
summing node of the amplifier. By definition of an ideal
operationa! amplifier, the current through Rx is the same
current flowing through RREF (the summing node
represents virtual ground). Figure 602A-2 is a simplified
schematic of the Ohms Converter and contains an
illustration of the derivation of the formula for Rx. A
current flowing through RREF equals (V1-V2)/RREF.
Using the expression for current to obtain the value of Rx:

Vo
Bx=RREF (V1-V¥2)

The Ohms Converter multiplexes the voltages which,
after being routed through the DC Signal Conditioner
and Filter modules, are measured by the A/ D Converter.

602A-15. The current reference for the Ohms Converter
is derived from the -7V reference (RT4) from the A/D
Converter, Inverting amplifier U4 uses two possible
feedback paths to produce either approximately +1.86V
or +18.5V as Vi, U4 drives Q8. Q8 serves as a larger
current source than is available from U4. R41, R45, and
R56 are the reference resistors, each having an
adjustment.

602A-16. Rxis the feedback element for the opérational
amplifier composed of Q9 and U5. U5 drives Q37 which
serves as a higher current source, This arrangément also
allows a larger output voltage swing. Note that Q9 and U5
are configured as an inverter, yet the output of USis a
positive voltage. Q37 draws its emitter current through
R48 and R49 from the -30V supply with CR18 and CR13
ensuring that Q37 need not be in a state of saturation.
SOURCE voltages out are negative voltages at SOURCE
LO with respect to circuit common. In the 100M range,
the voltage applied to R41 is divided by 8. However, the
unattenuated VREF is measured. The factor of 8 is
preserved by assigning RREF the value of 8 x R4l in the
equation. As the Ohms Converter downranges, R4l
remains enabled so lower RREF values are actually
parailel combinations. V2 is not measured in the three
highest ranges (1M, 10M, 100M) since lead resistance is
not large enough to affect accuracy. '

602A-17. Extensive overvoltage protection has been
provided for the Ohms Converter. Refer to the full
schematic, Voltages appearing on the SENSE or
SQURCE HI terminals in excess of +28V or -3V (with

respect to circuit common) are clamped to ground by -

Ql4, CR7, Q10, and Q39. U5 is configured as a voltage
comparator biased by CR19 and R14. The clamping
action of Q14 or Q10 causes a voltage on the input Lo line
which triggers comparator US through Q11 or QI3. In
either case, the output at U5 pin 7 toggles to its maximum
positive level, clocking U3 while placing a high on the ID3
fine. This opens relay K1 and removes the input voltages
from the module. The high from U5 also inhibits the ACK
logie so an Error 4 is displayed. CR13 and CR14 at'the

B505A/8506A-02A

output of Q9, U5 are high voltage biocking diodes. E1 isa
spark gap preventing voltages in excess of 400V between
the guard shield and cireuit common.

602A-18. The Ohms Converter is addressed by IC1,2,3
high, and must be addressed for each sample voltage.
Samples are multiplexed out at the rate of one every four
msec. This requires the fastest response time in the DC
Signal Conditioner of any measurement mode.

602A-19. MAINTENANCE

602A-20. Performance Test

602A-21. Test the Ohms function using the following
procedure: :

1. Connect test leads to the instrument in the four-
wire confipuration. Ensure that the front panel
Ohms Selector is pushed in (4T IN),

2. Select OHMS (function) and [0} manual
(range).

3. Short all leads together, then push ZERO
VDC/OHMS,

4. Connect the standard resistor for the range
. selected. Check that the UUT reading falls within
the limits specified in Table 602A-2,

S, Select the next higher manual range.

6. .Rapeat steps 3, 4,and 5 for the 100, 1k, 10k, and
100k ranges.

7. Connect test leads in the two-wire
- configuration (Ohms Selector out).

8. Repeat steps 3, 4, and 5 for the 1M, 10M, and
100M ranges.

Table 602-2. Performance Test

UUT Reading
High (exponent)

Standard
" Resistor

Low {axponant)

' 10.0025
100,005
1.00004 (+3)
10,0004 (+3)
100.004 {+3)

10 9.9975
100 98.995
1K 09996 (+3)
10K ©.9996 (+3)
100K 09,596 (+3)

™
10M
100M

59986 (+6)
9.9979 (+6)
99,949 (+6)

1.00004 (+6)

10,0021 (+6)

100.051 (+6)

602A-22. Callbration
602A-23. Use the following procedure for hardware
calibration of the Ohms Converter.

1. Allow for a two hour warm-up, then ensure that
de volts accuracy is within tolerance,

&602A-5
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2. With the Calibration Switch set to on
(AVG/(CAL) annunciator flashes), disable
software calibration gain factors by pushing
STORE (CAL COR) once for each of the eight
ohms ranges.

3. Ensure that the Zero mode is off (ZERO
annunciator off). If necessary, toggle the ZERO
VDC/OHMS button.

4. Fnsure that the Ohms Selector and the Guard
Selector are both pushed in. Then apply a high-
quality, low-thermal short to the inputs in a four-
terminal configuration.

5. Use manual range selection to prevent range
changes while testing at the range extremities.

6. Select the 100} range on the UUT,

7. Adjust R24 for a reading between -0.0003 and
+0.0003.

8. Step through the other seven ranges, checking
that the reading is 0 £1 digit on all ranges.

6  Remove the four-terminal short and make
four-terminal measurement connections. Select the
IM range and connect the input leads to a 4 MQ
s;andard resistor.

NOTE

Refer to Table 4-1 of the Instruction Manual
Jor specifications on the Standard Resistors.

10. Adjust R40 for a reading between 3.39998
(-+6) and 4.00002 (+6).

11, Select the 100 MO range and connect the input
leads to a 100 M{} standard resistor,

12.  Adjust R37 for a reading between 99.995 (+6)
and 100.005 (+6).

13. Select the 100 k() range and connect the input
leads to a 250 k{} standard resistor.

14, Adjust R44 for a reading between 249.998
{(+3) and 250.002 (43}

8505A/8506A-02A

15. Select the | k2 range and connect the input
leads to a 1.9 k() standard resistor,

16. Adjust R54 for a reading between 189998
(++3) and 1.90002 (13).

17. Disable the Calibration mode (Calibration
Switch to off). .

Table 602-3, Catibration Tests

Reésistance . Readings

Standard

Minimum ‘Nominal Maximum

10 99989 10.0000 10,0011

100 99.997 100.000  {100.003

1k 0.99997 {+3)|1.00000 {+3) |1.00003 (+3)
10k 9.9997 (+3) |10.0000 (+3)|10.0003 (+3)
100k |99.997 (+3) |100.000 (+3)[100.003 (+3) -
™ 0.99997 (+6)|1.00000 (+6}|1.00003 (+6)
10M  |9.9989 (+6) |10.0000 (+6)|10.0011 (+6)
100M  |99.960 (+6) |100.000 (+6)]100.031 (+6)

18. Short all four test leads and perform the ohms
zero procedure for each range (lowest to highest).
Ensure that a reading of all zeros (£ 1 dxglt) is
obtained on each range.

19. With Zero mode on, perform the standard
resistor tests in Table 602A-3. There are no
adjustments for these readings. If any reading
exceeds the listed tolerance, the module is faulty.

602A-24. TROUBLESHOOTING

602A-25. Troubleshooting procedures for the Ohms
- Converter follow the format used for the mainframe

instrument. Table 602A-4, Failure Isolation, assures that
the problem is in the Ohms Converter. Table 605A-5 lists
symptoms and possible failures in the order of
probability. Figure 602A-3 shows timing relationships.
Tables 602A-6 through 602A-8 give additional
troubleshooting procedures. ‘

602A-26, Always remove power before removing or
installing a module.

602A-27. PARTS LIST

602A-28. Table 602A-0 is a parts breakdown for the
Ohms Converter, Refer to Section 5 of this manual for
ordering and use code information.
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Table 602A-4, Fallure |solation

Go to the step
number given

ACTION for correct
response

YES NO
Section

Perform DC Volts test (Section 4). Is DC Volts within tolerance? 2 4
Section
Perform Qhms test, Is Ohms within tolerance? 4 3

Remove all optional modules except |solator and Ohms converter,
Is Ohms now within tolerance?

An optional module is affecting Ohms. Replace one at a time until Ohms goes bad,
Last one in is faulty — go to appropriate portion of Section 6.

15 |solator installed?

Remaove |solator. Insert Jurmper/Monitor peb. Is Ohms within tolerance

Bad Isolator. Go to Subsection 608,

Check power supply voltages as follows. Test DMM LO on AR {(analog return),

VAl = +14.25t0 15.75V VA4 = =29 10 =32V
VA2 = —14.25t0 —1575V Vee = =18V | Difference = 4.9
VA3 =+20 10 32V Vss = =20V } w052

RT4 = —6.993 to —7.007

Are the supply voltages within tolerance?

The problem is probably in the Ohms board. However, the DC Signal Conditioner may
contribute errors if the slew rates of the amplifiers are not fast enough. Go to Table 6025,

Table 602A-5. Sympiom Analysls

SYMPTOM POSSIBLE FAILURE

No Ohms Readings (V) Us, QF, Q35, Digital Logic
(v,) U4, 08, 029 Digital Logic & Drivers

Ohms Zero Drift us, 09

10K — 100K Ranges Bad Q32, Q33, Digital

10 — 100 — 1K Ranges Bad Q30, @31, Digital

10M Full Scale Low Q20, 022

No ACK us, Q14, Q11t, Q38

Al Ranges Out of Tolerance 37, U5

100M Noisy, 30M High 10, K3 Shorted

1K, 100K, 10M, 100M Ranges Bad Qb, Q4

100M Range Bad 020, 022, Q19 Leaky

Display Error 4 with no voltage at input Qta

MNoisy at 30M or Full Scale CR15, CR17,CR4, CRB

Full Seale 1M, 10M, 100M Ranges Qut of Tolerance CR18

DC SIGNAL CONDITIONER
Stew Rates Bad Q37, 038, 019, U3, UL, UB

Note: If Q9, Q18, UE, R19, R20, R21, R23, R25, or R26 are replsced it is necessary to return the module ta the
factory (Attn: Parts) for temperature compensation.

602A-8
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Voltages shown are at RTH, (IjC Signal Conditioner
Output).

Vo is propottional to Rx, Vo for ful! scale
Rx is shown,

*

Sample Rate Fitter  Tvyq Tvo Tvp

Fast Mo 30ms
Fast Yas 30ms
Slow . No 30rms
Slow Yes 30ms

These are approximate times,

*Except Tvo for ranges 1M, 10M, 100M is zero. No
V2 is measured for these ranges.

The first reading after a range change or overrange is
madified with longer V1 and V2 periads.

Figure 602A-3. Timing

Table 602A-6. Voltage Measurements

Full ' 1 ref* Vo' Va
Scale TP2 "R ref (Source Hi) | (Range Value)| (Offset)

31.25 4185V 2K 9.3 mA 083V <100 mv
250 +18.5V 2K 9.3 mA 83V | <100 mV
2000 1.86V 2K 083mA | .83V <100 mV
32K +18.5V T2pA | . <100 mv
256K 1.86V 7.2 uA . <100 mv
1™ 4.091M +18.5V 4.5 uh NA
10M 32,728M 1,86V 045 uA ~ NA
100M 261.824M | 1.86V/8 . 56 A . NA

*Approximate values (£5%)

TP is always -7.0V o

TP3 Ref common {use for low side of measurements) SCANNER: Voltages will appear on
TP4 amplifier oftaet (<210 4V properly adjusted) ' : RT1 in order. Vo — Vi — V2
Vo is proportional to RX ’ « :
Vz will vary some with range change
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Table 602A-7, Range Switch Closuras

0 = Switch Open Chart applies for time the particular voltage is SCANNED,

1 = Switch Closed All other times "0 applies.

Vo V2a | V2b Vi
K1 Q20 Q29 Q31 Q33 035

1082 1 1 1 0 1

1KE2
10K 2

100482
ME2

10ME2

T00ME2

OHMS

Table 602A-8. Address and Data Coding
ADDRESS IC1, 2, 3 HIGH
101 ID2 D3
1 1
D

=
~

o o ol o o o | oo o

oo o|lo o oo o o o o

100M

-l oo ojo Ol o o O

OHMS

802A-10
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Table 602A-9. Ohms Converter PCB Assembly

' : FLUKE | MFG _
DESCRIPTION ‘ STOCK | SPLY MFG PART NO.
-1 N0 COBE

OHMS CONVERTER PCB ASSEMBLY ORDER  BY OPTION ~02
FIGURE 602-4 (8505A-4110T)

cap, TA, 6.8 UF +/-20%, 35V 363713 196D685X0035KA1,
CAP, CER, 33 PF +/-2%, 100V 354852 8121-4100-C0G~330G

CAP, CER, 1200 FF +/-20%, 100V 358283 2222-630-01-122
CAP, CER, 1200 PF +/-20%, 100V 358283 2222-630~01-122
CAP, POLY, 100 PF +/-10%, 500V 446609 4k6609

CAP, CER, 0.01 UF +/-20%, 100V 149153 C023B101F103M
CAP, CER, 0.01 UF +/-20%, 100V 149153 C023B101F 1034

CAP, TA, 22 UF +/-20%, 15V 423012 196D226X0015KA1
caP, CER, 0,01 UF +/-20%, 100V 149153 C023B101F103M
CAP, CER, 0.01 UF +/-20%, 100V 149153 C023B101F103M
CAP, CER, 0.01 UF +/-20%, 100V 149153 C023B101F103M
CAP, CER, 0.01 UF +/-20%, 100V 149153 C023R101F103M

CAP, TA, 5.6 UF +/-20%, 25V 368969 196D565X0025KA1
CcaP, CER, 0.22 UF +/-20%, 50V : 309849 CWw3coctz2u4K

CAP, TA, 0.47 UF +/-20%, 35V 161349 196047 UX0035HAT
CAP, CER, 0.01 UF +/-20%, 100V 149153 - CO23B101F103M
CAP, CER, 0.0022 UF +/-10%, 500V 268425 851000Z5R222K

CAP, CER, 0.22 UF +/-20%, 50V 309849 CU3CoC224K
CAP, TA, 0.33 UF +/-20%, 35V 408690 196D334X0035H
CaP, CER, 0.22 UF +/-20%, 50V 309849 CW3COC224K
DIODE, SI, HI-SPEED SWITCHING 203323 THUBLE -
DIODE, SI, HI-SFEED SWITCHING 203323 T1RUULE

DIODE, SI, HI-SPEED SWITCHING 203323 1NLL48
DIODE, SI, RECTIFIER, 14 428144 1N4006
DIODE, SI, RECTIFIER, 1A 428144 1N4006
DIODE, SI, RECTIFIER, 1A 428144 1N4006
DIODE, ZEN, UNCOMP, +/-10%, 10.0V, 400M¢ 113324 1§96 1A

DIODE, SI, MJLTI-PELLET - 375485 MPD300
DIODE, SI, HI-SPEED SWITCHING 203323 1N44L8
DIODE, SI, MJLTI-PELLET 375485 MPD300
DIODE, SI, RECTIFIER, 14 428144 1N4006
DIODE, SI, RECTIFIER, 1A 428144 1N4006

DIODE, SI, RECTIFIER, 14 . hog1ly 184006
DIODE, SI, HI-SPEED SWITCHING 203323 THH YU S
DIODE, SI, RECTIFIER, 14 428144 184006
DIODE, ZEN, UNCOMP, +/-10%, 10.0V, LooMd 113324 1N96 14
DIODE, 2-PELLET : 3754TT MPD-200

DIODE, SI, HI-SPEED SWITCHING 203323 1N4448
VOLTAGE SURGE PROTECTOR hy2723 B2-BUTO
SCREW, PHP, 4-k40 X 5/8 413062 413062
RELAY, ARMATURE 515829 515429
RELAY, DRY REED 357582 UF40070

HELAY, DRY REED 357582 " UFL00T0

CHOKE, RF ’ 111542 1537-76

MODULE CASE (Includes Mp2-MP9) 651885 651885
CASE HALF, MODULE : 402990 402990 |
CASE HALF, MODULE k02990 402990
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Table 602A-9. Ohms Converter PCB Assembly (cont)

FLUKE MFG
STOCK | SPLY
NO. CODE

DESCRIPTION MFG PART NO.

ho2974
411942
650572
454504
383364

402974
411942
650572
454502
383364

89536
89536
89536
89536
89536

COVER, MODULE CASE
SHIELD, COVER

DECAL, OHMS CONVERTER
DECAL, CAUTION
GUARD, REAR

89536
07047

383356
152207

383356
10123-DAF

GUARD, FRONT
SPACER, XSTR

{not shown)
LUG, SOLDER
SPRING, COIL

103531
L2h4uss

77963 5C1
83553 C0120-041-0380

TRANSISTOR,
TRANSISTOR,
TRANSISTOR,
TRANSISTOR,
TRAN SISTOR,

TRANSISTCR,
TRANSISTOR,
TRANSISTOR,
TRANSISTOR,
TRANSISTOR,

TRANSISTOR,
TRANSISTOR,
TRANSISTOR,
TRANSISTOR,
TRANSISTOR,

TRANSISTOR,
TRANSISTOR,
TRANSISTOR,
TRANSISTOR,
TRANSISTOR,

TRANSISTOR,
TRANSISTOR,
TRANSISTOR,
TRANSISTOR,
TRANSISTOR,

TRAN SISTOR,.

TRANSISTOR,
TRANSISTOR,
TRANSISTCR,
TRANSISTOR,

TRANSISTOR,
TRANSISTOR,
TRANSISTOR,
TRANSISTOR,
TRANSISTOR,

TRAN SISTOR,
TRANSISTOR,
TRANSISTOR,
TRANSISTOR,
TRANSISTOR,

SI, PNP
SI, NEN
SI, PNP
SI, NPN
FET, N-CHANNEL

SI, NPN
SI, NEN
SI, NEN
FET, DUAL, N-CHANNEL
SI, NPN

SI, NPN
8I, PNP
SI, NPN
SI, NPN
SI, NPN

SI, NPN
SI, PNP
SI, NEN
FET, N-CHANNEL
FET, N-CHANNEL

SI, PNP
SI, NPN
SI, NP
SI, PNP
SI, NPN

SI, PNP
SI, NPN
SI, NPN
FET, N-CHANNEL
SI, NP

FET, N~CHANNEL
SI, NBEN
FET, N-CHANNEL
SI, NPN
FET, N-CHANNEL

FET, N-CHANNEL
SI, NPN

SI, PNP

SI, NPN

J-FET, N-CHANNEL

226290
218396
195974
218396
261578

168716
168716
218396
476309
203489

203489
195974
218396
203489
203489

203489
195974
218396
261578
261578

195974
218396
218396
195974
218396

195974
218396
218396
393314
21839

393314
218396
393314
21839
393314

261578
218396
195974
168716
288324

04713

04713
04713
04713
89536

89536
89536
04713
89536
09214

09214
04713
04713
09214
09214

09214
04713
04713
89536
89536

04713
04713
04713
04713
04713

04713
04713
QU713
89536
04713

89536
04713
89536
0u713
89536

89536
04713
0u713
89536
89536

MPS3640
2N390%
2N3906
2N3904
261578

168716
168716
2N3904
476309
1162322

11€2322
2N3906
2N3904
11c2322
T1C2322

11¢2322
2N3906
2N3904
261578
261578

2N3906
2N3904
2N3904
2N3906
2N3904

2N3906
2N3904
2N3903
393314
2N3904

393314
2N3904
393314
2N3904
393314

261578
2N3904
2N3906
168716
288324
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Table 602A-9. Ohms Converter PCB Assembly (cont}

DESCRIPTION

FLUKE
STOLK
NO.

MFG
SPLY
CODE

MFG PART ND.

DEP. CAR, 20K +/-5%, 1/U¥
DEP. CAR, 150 +/-5%, 1/4W
DEP. CAR, 20K +/-5%, 1/L¥
DEP. CAR, 150 +/-5%, 1/4¥
COMP, 220K +/-5%, 1/2W

COMP, 1.8K +/-5%, 1W

DEP. CAR, 20K +/-5%, 1/UW
DEP. CAR, 20K +/-5%, 1/4W
COMPF, 100K +/=10%, 1W

DEP. CAR, 20K +/-5%, 1/4W -

MIL, FILM, 30.1K +/-1%, 1/8W
DEP. CAR, 1M +/-5%, 1/4%
DEP. CAR, 1M +/-5%, 1/4W

WW, 4OK +/-0.1%

WIRE, #22AWG

MIL. FILM, 10 +/-1%, 1/8¥%
WIRE, #22AWG

VAR, 100 +/-20%, 1/2W

WW, HOK +/-0.1%

MTL. FILM, 10 +/-1%, 1/8W

MIL. FILM, 20K +/-1%, 1/8W

DEP. CAR, 39K +/-5%, 1/UW

DEP. CAR, 39K +/-5%, 1/4W
FILM, 8.87K +/-1%, 1/8W
FILM, B0.6K +/-1%, 1/8W

CAR, 1M +/-5%, 1/4W

CAR, 180K +/-5%, 1/bW
FILM, 3.16K +/-0.1%, 1/8
FILM, 21.5K +/-1%, 1/8W
FILM, 100K +/-1%, 1/8W

VAR, 50K +/=10%, 1/2W

DEP. CAR, 1.6K +/-5%, 1/4¥
VAR, 10K +/-20%, 1/24

WW, 4.091M +/-0.1%, 2W
DEP. CAR, 20K +/-5%, 1/44

DEP. CAR, 1M +/-5%, 1/UW
VAR, 500 +/-20%, 1/2W

WW, 272.84K +/-0.08%, 1/2V
DEP. CAR, 3.3K +/-5%, 1/4¥W
DEP. CAR, 120K +/-5%, 1/4W

DEP. CAR, 470 +/-5%, 1/4W
COMP, 1.8K +/-5%, 1W

DEP. CAR, 2.7K +/-5%, 1/4W
DEP. CAR, 2.7K +/-5%, 1/4%
DEP. CAR, 150 +/-5%, 1/4¥W

DEP. CAR, 1M +/-5%, 1/4W
VAR, 200K +/-20%, 1/2W

MTL. FILM, 332K +/-1%, 1/8W
WW, 2.01K +/-0.1%, 1/2¥
DEP. CAR, 1M +/-5%, 1/4¥

HHANTT
343442
Ly1uTT
343442
109025

180331
Lg1 47T
byt
109397
Ly urT

293431
348087
348587
271403
115469

268789
115469
267823
271403
268789

291872
4421400
hx2400
394967
312710

348987
348046
340588
344540
248807

330688
348805
267880
412205
Lyt

348987
267849
412197
348813
441386

343434
180331
386490
386490
343442

348987
381509
289504
k12189
348987

80031
80031
80031

80031

01121

01121
‘80031
80031
01121
80031

91637
80031
80031
89536
89536

91637
89536
11236
89536
91637

91637
80031
80031
91637
91637

80031
80031
91637
91637
91637

11236
80031
11236
B9536
80031

80031
11236
89536
80031
80031

80031
o121
80031
80031
80031

80031
11236
91637
89536
80031

CR251-4-5P20K
CR251-4-5P150E
CR251-4-5P20K
CR251-4-5P150E
EB2215

GB1825
CR251-4-5F20K
CR251-4-5P20K
GB1031
CR251-4-5P20K

CMF553012F
CR251-4-5P1M
CR251-4-5P1M
271403
115469

CMF550100F
115469
190PC101B
271403
CMF550100F

CMF552002F
CR251-4~5P39K
CR251-4-5P39K
CMF55887.1F
CMF558062F

CR251-4-5F1M
CR251-4-5P180K
CMF55316 1B
CMF552152F
CMF551003F

190PC503B
CR251-4-5P1K6
190PC103B
412205
CR251-U4-5P20K

CR251-4-5P1M
190PC50 1B
412197
CR251-4-5P3K3
CR251-4~5P120K

CR251«U4~5PHTOR
(B1825
CR251-U4-5P2KT
CR251-4-5P2KT
CR251-4-5P150E

CR251-4-5F1M
190 PC204B
CMF553323F
412189
CR251-4-5P1M
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Table 602A-9. Ohms Converter PCB Assembly (cont)

REF FLUKE { MFG
DES DESCRIPTION STOCK | SPLY MFG PART ND.
NoO. COOE

R58 RES, CAR, 1K +/-5%, 1/4W 343426 80031 CR251-4-5PIK
R59 RES, CAR, 20K +/-5%, 1/4W 441477 80031 CR251-4-5P20K
R60 RES, FILM, 1M +/-1%, 1/8UW 268797 91637 CMF551004F

R61 RES, CAR, 120K +/-5%, 1/4W 441386 80031 CR251-8-5P120K
R62 RES, CAR, 120K +/-5%, 1/4W 441386 80031 CR251-4-5P120K

R63 RES, . FILM, 15.8K +/-1%, 1/8% 263688 91637 CMF551582F
R64 RES, . FILM, 73.2K +/=-1%, 1/8% 237222 91637 CMF&57322F
R65 RES, . FILM, 30.1K +/-1%, 1/8¥% 168286 91637 CMF553012F
R66 HES, CAR, 120K +/-5%, 1/4W 441386 B0031 CR251-4-5P120K
R67 RES, . CAR, 1K +/-5%, 1/4W 343426 80031 CR251-4-5P1K

R6B RES, DEP. CAR, 560K +/-5%, 1/4W 342642 80031 CR251-U-5P560K
R69 RES, DEP. CAR, 300 +/-5%, 1/4% 441519 BOO31 CR251-4-5P300E
RT0 RES, DEP. CAR, 200K +/=-5%, 1/4W 441485 80031 CR251-4-5P200K
RT1 RES, DEP. CAR, 470 +/-5%, 1/4W 343434 80031 CR251-4-5P4TOE
TP1-TP4  TERMINAL, TEST POINT 179283 89536 179283

TP1~TP4  TERMINAL, TEST POINT 179283 89536 179283
U1 @ IC, CMDS, TRIPLE 3-INPUT NAND GATE 375147 02735 CDUO23AE
u2 ® 1c, CMOS, QUAD CLOCKED D LATCH 355149 02735 CDHOU2AE
U3 ® IC, CMoS, QUAD CLOCKED D LATCH 355149 02735 CD4OH2AE
Ui IC, LIN, OPERATIONAL AMPLIFIER 363515 12040 LM301

U5 IC, LIN, OPERATIONAL AMPLIFIER h18566 12040 LM358N
U6 RESISTOR NETWORK 380618 89536 380618
u7 RESISTOR NETWORK 380618 89536 380618
XR20 SOCKET, COMPONENT LEAD 343285 00779 2-331272-6
xR21 SOCKET, COMPONENT LEAD 343285 00779 2-331272-6

XR23 SOCKET, COMPONENT LEAD 343285 00779 2-331272-6
XR26 SOCKET, COMPONENT LEAD 343285 00779 2-331272-6

ORDER P/N 458927 TO ORDER COMPLETE
MODULE CASE, WITHOUT PCB ASSY.




A @3 @
mm::

u@@am@

—{ry }—

i

= b

RﬁJ R44|| RS+
B505A-4110 CASE

<=5 -

<&EF_-
—Em—

MP2

i@l 1@ @ | amH m

‘a!@T

— 53—

CAUTION

SUBJECT TG DAMAGE 8Y -
STATIC ELECTRICITY

MP1, CASE ASSY.

FIG 6 02A -4
ST L o F




Figure 602A-4. Ohms 0




B505A /8506A -02A
MIS-1710

Figure 602A-4. Ohms Convertar PCB Assembly

,.%.o! 0 66

Fite GO02A- 4
=T 3 0 S




L3¥ ogwnw
SSA (KOED
FIN AGI-

J29 K
ISOLATOR

JITA

NRL I AT,
IH LNANE 9% didY umU

el
&EI

W AVND SWHO} P13
{NOWINOD 338} oLl

(ANOT WHO OL a7 AL-34) b LY

104N 427 & N4 100 Sidg
A.Uq 3 OAY Ty Y uau@,ﬁ

(01 433 X)) 214
(ADE-) WA
{AG1-) T VA

LMING 1N3HI0F SHHO) | 1Y
01 ind 10D LNHIHAG3 + O
LINdNT SWA % DAY OV ) £ 1Y

(LNJLRO 37 7 L0ANT G/Y) S L
(PHY333% 2 1H

{AGELY TYA

(ASHEY LEA

Bl7le]5]a3]|2

AN A A R A 4

IOAITMONAIY (LdNHdILNY
AL 3 D07 INY

NE0L3F I TRTHNSC SSALQZ )
(39Q3TMONXIV) 1Y

40S Y01 TITV0T CIIA (AT
1NOD ShE LNt-CT
ANTD SOF LN -ED1
LNOD SNE -t
viva S08 v -.qd1
wLv@ Sna Lt - SOI
viwl $03 AN -EQ)
Hiw] Sod LN -3V

0
)

‘ ze
029 28 27 S 2% 24 21

TLdNHHTLING) LN}

0

s 8 1 6 5 4 3

i)

§§Z

AT4d0S 2T QITNND TPA LASL
ANCT 513 1M 900
N0 SNa AN B 3
A%y S0d AN 2 TJ1
ANOD 503 AN 2 Di
yivd 53 N oy

iz

iy 3

13

4

15
an| 49 48] 7] $ul 36 1 dal

6

17

#rr] 0a LV 5Ot
T2z

ATl

18

9

40 3% 38 37 3¢ 35 34

NI |3t|2 W

20

PCRB DISPLAY

JIZA

QAwD SINHO
0T LOdNt 07 334005
CT 3TN0S 07 04N

GAYNT SINHO qAvN9 LSt

i
4

4
S

65 412D

3
=3

4 3| 3D

— mj tH 3300S tH 3DUN0S
<

ol

— |

iH Lkl —l 1H iDNdiN
jun
GoTVEoE RS mMS IvIe [no3s aog Lo~ ol ¢

4 3
-3 ]

i3
g

|7
!

OHMS Guab |6

aq

A-btF LD
INT CUARD
INFUT LO |4
SUk(E LG

INPUT HI

SOURLE HI

<




Fi. @02A~F
55_-3_; ; &F ; 8505A/ B506A -02A

I

¥R

gy

Vs g -

11
e

GUBRDED Bu§
Pl

23| RTI

%45 < mso
*12. 85K Tz"'“
Wy

{ouTPuT

R 26

Fav
K27

LOK vaw W

Figure 602A-9. Ohms Converter PCB Assembly (cont)

602A-16




£2G, GOZA-F
8505A / 8506A -02A SwI- 33

GUSRDED BUS
Pt

2% | RTi
{ouTRuT

R5T RS&
33K 2.0
W

8505A-1110

Figure 602A-9. Ohms Converter PCB Asgsembly (cont)

602A-18




6031, INTRODUCTION

603-2. Installation of the Current Shunts moduie allows
for current measurement in five ranges: 100 uA, I mA, 10
mA, 100 mA, and 1A, The 8506A DMM has dc current
capability only. All other 8500 Series DMM’s have both
de and ac current capabilities. For any of these DMM’s,

ac current measurements require installation of one of the -

ac converter options.

CAUTION

Selectlon of the autorange mode when using a
congtant current powar source, e.g. the Fluke
3330B Constant Current Mode, can result in
excassive voltage overioads. The ovarlpad
results from the momentary open circult at the
DMM Input terminals when ranging Into or out

“of the 100 uA or 1A range. Constant voltage
power sources are not atfected.

603-3, SPECIFICATIONS

603-4. Table 603-1 hsts the specifications for the
Current Shunts module. These specifications cover both
de and ac current. All ac current specifications are not
applicable to the 8506A. This DMM has dc current
measurement capability only, All de current
specifications apply to any 8500 Series DMM. All
references to the “6-1/ 2 digit display” apply to the 83)5A
and 8506A DMM’s.

603-5. INSTALLATION

603-6. Refer to Section 4 of this manual under Module
Installation and Removal for instructions on installing the
Current Shunts module. The interconnect diagram in Section
8 contains a table Hsting permissible and preferred slots.

469692 Rev 2 3/83

8600 Series -03

Option —03
Current Shunts

603-7. OPERATING NOTES

603-8. Operation of the front panel switches is the same
as described in Section 2 of this manual. Inputs to the Cur-
rent Shunts module are between Source HI and Source
LO. Sense HI and Sense LO may be left connected with
the shorting links provided.

NOTE
Position sensitivity of switches requires that the
instrument be operated within 30° of its hori-
zontal position,

§03-8. THEORY OF OPERATION

603-10. The function of the Current Shunt module is to

generate a voltage proportional to the cwrrent to be mea-
sured. Outputs from the Current Shunt module are applied
gither to the DC Signal Conditioner for de currents or to an
optional ac converter for ac currents,

603-11. Two modes of operation are used in the Current
Shunt module, depending on the range selected. Figure
603-1 illustrates the two configurations and contains
tables relating resigtors, switches, and relays to each range.
Mode A is used for the 100 MA, 1 mA, and 10 mA ranges.
Input curtents are applied to the summing node (virtual
ground) of an operational amplifier through R4, R4 ensures
stability when the currént source iz highly capacitive,
while presenting a very low voltage burden. The formula
given for determining floor digits (uncertainty) in the
accuracy specifications is based on the feedback resistors
used in the three lowest ranges. For source resistances less
than approximately 10 x Rpgpgpppack. the gain of the
circuit becomes greater than one for error sources such as
offset voltages and current neise. Thus the basic uncer-
tainty {digits) of a measurement increases as the source
resistance decreases. The output voltage is equal to the
input current multiplied by Rppipeack -

603-1
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Table §03-1. Current Shunts Specifications

Input Characterlstics

FULL SCALE 5% DIGITS

RESOLUTION®

VOLTAGE

RANGE

DC

AC?

6% DIGIT

8% DIGIT

BURDEN

100 pA
1 mA
10 mA
100 mA
1A

250.000 pA
2.00000 mA
16.0000 mA
128.000 mA
1.28000A

312.500 pA
2.50000 mA,
20.0000 mA
160.000 mA
1.280004A

0.1 nA
1A

10 nA

100 nA
1 uA

1 nA
10 nA
100 nA
1 uA
10 pA

<=100 mV
<=100 mV
=200 mV
<=200 mV
==500 mv

*&% digit resalution in AVG operating mode (B505A/8506A), 100 pA ac range is 5% digits only.

DC Current Accuracy (% OF READING + NUMBER OF COUNTS)”

RANGE

24 HOUR
23°C +£1°C

50 DAY
23°C £5°C

AT SOURCE
RESISTANCE!

100 pA
1 mA
10 mA
100 mA
1A

0.02 4+ 10
0.02 + 10
0.02 + 10
0.03 + 20
0.03 + 20

0.03 +10
0.03 + 10
0.03 +10
0.05 + 20
0.05 + 20

=80 kQ
==10 ki)

»=1.25 KQ
=4 000
=>=1002

“With 5% digit display. For 6% digit display multiply Number of Counts by 16

>80 DAY 23°C £5°C

ADD TO THE 90 DAY SPECIFICATIONS PER MONTH THE FOLLOWING % OF READING

RANGE

% OF READING

100 uA
1 mA
10 mA
100 mA
1A

0.0022
0.0022
0.0022
0.0056
0.0056

AC Current Accuracy +(% OF READING + NUMBER OF COUNTS)

24 HOUR 23°C £1°C”

FREQUENCY

AVERAGE RESPONDING
OPTION -01

TRUE RMS
OPTION -09A

10 Hz-20 Hz

20 Hz-50 Hz
50 Hz-10 kHz
10 kHz-20 kHxz
20 kHz-50 kH=z
50 kHz-100 kHz

0.7+ 110
0.55 + 35
028+ 35
0.7 + 110
1.0 + 260
2.8 + 760

10 Hz-20 Hz

20 Hz-50 Hz

50 Hz-10 kHz
10 kHz-20 kHz
20 kHz-50 kHz
50 kHz-100 kHz

0.7 + 110
0.35+ 35
0.08 + 35
014 + 110
0.2 + 260
0.7 + 760

10 Hz-20 Hz
20 Hz-50 Hz
50 Hz-10 kHz
50 Hz-100 kHz

0.16 + 55

0.7 + 150
0.35 + 80
0.18 + 40

1A

10 Hz-20 Hz
20 Hz-50 Mz
50 Hz-10 kHz

0.34 + 85
0.16 + 65

0.07 + 160
0.35 + 90
0.18 + 90

current,

*With 5% digit display. For 6' digit display, multiply Number of Counts by 10. Same source resistance as dc




Table 603-1. Current Shunts Specitications (cont)

8500 Series -03

AC Currant Accuracy (cont)®

ag DAY 23°C £5°C7

FREQUENCY

AVERAGE RESPONDING
OPTION -0

TRUE RMS
OFTION -09A

10 Hz-20 Hz

20 Hz-50 Hz

50 Hz-10 kHz
10 kHz-20 kHz
20 kHz-50 kHz
50 kHz-100 kHz

0.8+9
04+9
0.7+8
15+9
30+ 9

1.0+ 110
0.8+ 35
0.4+ 35
1.0 + 110
1.5 + 260
4.0 -+ 760

10 Hz-20 Hz

20 Hz-50 Hz
50 Hz-10 kHz
10 kHz-20 kHz
20 kHz-50 kHz
50 kHz-100 kHz

05+9
0.06 +9
011 +9
g12+9
051 +9

1.0 + 110
05+ 35
011+ 35
a2+ 110
0.3 + 260
1.0 4+ 760

10 Hz-20 Hz

20 Hz-50 Hz
50 Hz-10 kHz
50 Hz-100 kHz

05+ 565

0.24 + 35

1.0 + 130
0.5+ 80
0.26 + 80

1A

10 Hz-20 Hz
20 Hz-60 Hz
50 Hz-10 kHz

0.5+ 65
0.24 1+ 66

1.0 + 160
0.5+ 80
0.26 + 20

de current.

*With 5% digit display. For 6% digit display, multiply Number of Counts by 10. Same source resistance as

=00 DAY 23°C £5°C”

ADD TO THE 90 DAY SPECIFICATIONS PER MONTH THE FOLLOWING % OF READING

RANGE

FREQUENCY

AVERAGE RESPONDING
OPTION -01

TRUE RMS
OPFTION -09A

10 Hz-20 Hz

20 Hz-50 Hz

50 Hz-10 kHz
10 kHz-20 kHz
20 kHz~50 kHz
50 kHz-100 kHz

0.089
0.044
0.088
0.17
0.33

o1
0.089
0.044

0.11

07

0.44

10 HMz-20 Hz

20 Hz-50 Hz
50 Hz-10 kHz
10 kHz-20 kMHz
20 kHz-50 kHz
50 kHz-100 kHz

0.056
0.0067
0012
0.013
0.057

011
0.056
0.012
0.022
0.033
0.11

10 Hz-20 Hz

20 Hz-50 Hz

50 Hz-10 kHz
50 Hz-100 kHz

0.056

0.029

0.1
0.056
0.029

10 Hz-20 Hz
20 Hz-50 Hz
50 Hz-10 kHz

0.056
0.029

0.11
0.056
0.029




8500 Series -03

Table 603-1. Current Shunts Specifications (cont)

Operating Characteristics
TEMPERATURE COEFFICIENT t(% OF READING + NUMBER OF COQUNTS) /G

0°C TO 18°C AND 28°C TO 50°C

AVERAGE RESPONDING
ACH
100 uA 0.0025 + 0.6 0.006 + 3.5 0.004 +1.5
1 mA 0.0025 + 0.6 0.005 + 3.5 0.004 + 1.5
10 mA 0.0025 + 0.6 0.005 + 3 0.004 + 1
100 mA 00036 + 0.6 . 0.005+9 0.004 + 7
1A 0.0035 + 0.6 0.005 + 9 0.004 + 7

*With 5% digits display. For 6% digits display, multiply Number of Counts by 10,

RANGE DC? TRLUE RMS AC3

CREST FACTOR (RMS ac) >4.5 at full scale, increasing down scale by
4.5 x+/ | range / | input
MAXIMUM QVERLOAD 1.5A maximum, 140V d¢ or peak ac to 60 Hz, or 200V peak ac

above 80 Hz on any range with no damage. Protected by a 1.5A fuse.
SETTLING AND DIGITIZING TIME ... Same as dc volts (see Section 1).

NOTES:

'For Source Resistance less than specified replace the Number of Counts in the de Accuracy
specification with the following:

RANGE NUMBER OF COUNTS*

100 pA 9x (1+8KkQ/Rs)
1 mA 9x (141 Kk{/Rs)
10 mA 9 x (1 + 1250)/Rs)

"With 5% digit display. For 6% digits, multiply Number of Counts by 10.

For Bource Resistance less than specified replace the Number of Counts per *C in the dc Temperature
Coefficient spacification with the following:

RANGE NUMBER OF COUNTS /2 C*

100 A 0.5 % (1 + 8 k{¥/Rs)
1 mA 0.5 x (1 + 1 k{}/Rs)
10 mA 0.5 x (1 + 12502/Rs)

*With 5% digit display. For 6'% digits, multiply Number of Counts by 10,

®AC Current cannot be measurad with the 8506A
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R FEEDBACK

MODE A — 100 g, 1 mA, 10 mA

REEEDBACK Qy ay RELAYS FULL SCALE Egyp

R30, R31 K3, K4 BV
R33, R34 a7 K3, K& 1.0V
R36, R37 Q9 K3, K4 1.25 V

MODE B 100 mA, 1A

RANGE | Rgnunt R, RELAYS | FETswitgHEs | FULLSCALEEq, )y

104 mA R2, R1 |R7, R70,R71 | K1, K2 Q20, 03z, 029, Q12 1.6V
1A R1 R7, RE8, RE69 | K2, K3 020, 029, Q28, 012 2.0v

Q11 and sither Q3 or 04 will be conducting in all ranges

Figure 6031, Current Shunt Configurations And Range Information
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603-12. Mode B configures the amplifier as a difference
amplifier measuring the voltage across a shunt. The ratio of
the feedback resistor, R66, to Ry sets the gain of the am-
plifier at approximately 20 [R66/R| = (R8 + R73)/R6].

603-13. The amplifiet consists of a dual FET (Q19). U1,
01, and Q2. Refer to the schematic. R18 biages Q19 from
the —7V reference (from the A/D Converter). R57 and
R58 are selected to compensate for offset error (one of
them will always be 10£2). R35 and R56 are selected for
ternperature coefficient compensation. Q1 and Q2 are a
complementary pair (for cither polarity output) to increase
the current outlput capahility of the amplifier.

603-14. Qi1 and relay K3 are always closed for current
measurements. Q3 and Q4 control the ground reference
selection for the amplifier. [n the dc moede, Q3 connects
the noninverting input of the amplifier to reference com-
mon. In the ac mode the amplifier is referenced to the ac
module ground (RT3) through Q4.

603-15. The Current Shunts module is addressed by
ICO, 1, 3 high. At the first address, an ACK is returned and
K5 is energized to sample the input voltage, If the voltage
exceeds £ 45V, one section of U6 will have a high output,
depending on the input polarity, The output from U6 is
stored on C10. At the next address the voltage on C10
will prevent the return of the ACK 1csponse and will
prevent control data from being latched into U2, An Error
4 will be displayed. In addition to overveliage protection
provided by U6, overcurrent protection is provided by
CR9 and CRI10 in the 100 MA. 1 mA, and 10 mA ranges,
and by CRS and CR6& in the 100 mA and | A ranges. A
fuse in series with the Source HT terminal is located on the
front panel for additional overcurrent protection,

603-16. At the second address, if the input voltage did
not exceed * 43V, termination of the address clocks range
and reference control data into U2, Since relay common is
Vee, relay drivers must go low to encrgize a relay, FET
switch drivers are configured to use a low from U2 to tum
on the FET (close the switch) by turning off the gate
control transistor.

603-17. MAINTENANCE
603-18. Performance Test

603-19. Test the direct current function by using the
following procedure,
Select ADC and AUTO.
Connect the direct current source output HI to
the instrument SOURCE Hl and output LO to
SOURCE LO,
Using Table 603-2, sequentially apply the inputs
shown, manually selecting the range after the
first reading. The instrument must read within
the limits specified.

Table 603-2. Performance Teast

Reading

DC Input
n Low {exp.)

10 uA 9.987 (—8)
100 uA 99.980 (—8)
250 uA 249 915 (—6}
0.1 mA 0.00987 {—23)
1.0 mA 0.99860 (—3)
2.0 mA 1.99930(—3)
1.0 mA 0.9996 {~3}

10 mA 2.9960 (-3}

15 mA 14,9945 (-3}

10 mA 8.930 (-3
100 mA 99.930 (-3}

150 mA 149,905 {—3)

0.1A 0.08975

1A 0.89930

High {axp.)
10,013 {—6)
100,040 (—6)
250,085 (—B)
0.10013 [-3)
1.00040 (—3)
2.00070 (—3)
1.0004 (-3}
10.0040 (3}
15,0055 (—3)
10.670 (-3}
100.070 (=3)
150.0895 (—3)
010025
1.00070

603-20. Calibration

603-21. Before calibrating any part of the instrument,
the Calibration Memory module should be removed if
installed. Apply power and allow a two hour warm-up
period. All adjustments are on the Current Shunts module.
DC calibration should be performed before calibrating
current. Use the following procedure to calibrate the
Current Shunts module.

1. Verify that the instrument is in the 1A range
and the Cal mode (CAL indicator illuminated).

Connect the test DVM HI inﬁut lead to TP3 and
the LQ input to TP1.

The test DVM must read less than 200 mV.
Remove the test DVM,
Select the 100 mA range on the instrument,

Adjust R17 for a reading between .Q.000-1 and
+0.000-1 (0.000 1 cal digit).

Set the current source controls for an output

of 20,0000V de,

Connect the instrument HI input to the current
source HI output inserting a 200 k£2 = 0.01%
resistor In series with the instrument HI input
lead. Connect the LO input terminal to the current
sopurce LO output,

Select the 100 pA range on the instrument and

+100.001.

Disconnect the instrument HI input lead from the
curreni! souree, remove the inserted resistor and
reconnect the HI input lead.

Select a current source output of +1 00000 mA.

Adjust B34 for a reading between +0.999990
and +1.000010,

3/83
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Select a current source output of 10.0000 mA. 22. ERROR 4 is displayed to show excessive voltage
' in the corrent function,

Adjust R37 for a reading between +9.9999-0 )
and +10.0001.0. 603-22. Troubleshooting.

60323, Troubleshooting procedures for the Current
Shunts module follow the format used for the mainframe
Adjust R71 for a reading betwosn +99.999-0 and instrument, Table 603-3 assures that the problem is in the
+100.001-0. Current Shunts module, Figure 603-2, Symptom Analysis,

lists symptoms and possible failures in the order of prob-
Select a current source output of 1.000004., ability. Table 603-4 contains address and data information
used to set up the module.

Select a current source output of 100.000 mA.

Adjust R68 for a reading bet +0.99999.0
am‘; +1‘00001_0_r § permesn | 603-24, Always remove power before removing or ‘instal-

ling modules.
Select the VDC function and Autorange on the 603-25. PARTS LIST
instrument. .
Salect a 50V de output from the current source. 603.26. Table 603-5 is a parts breakdown for the Current
: Shunts module. Refer to Section 5 of this manual for
Select the ADC function on the instrument. ordering and use code information.

Tahle 603-3. Current Shunts lsolation

Go to the step
number given

ACTION for correct
: response

YES NO

Section
Perform DC Volts test (Section 4). Is DC within tolerance?

Parform Current test. Is Current within tolerance?

Remove all optional modules except Isolator and Current Shunts. 15 Current now within
tolerance? '

Replace modules one at a time, testing Current between modules. Last one in when
Current goes bad is faulty. Go to appropriate subsection of Section 6.

Remove Isalator. Install Interconnect/Monitor pob., 1s Current within tolerance?
Bad Isolator. Go to subsection 608,

8ad Current Shunts module, Go to figure 803-2.
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SYMPTOM

POSSIBLE FAILURE

Zero noisy or out of tolerance

Neo zero reading

Always zerg

100pA, 1 mA, 10 mA ranges bad, others OK
100 mA, 1 A ranges bad, others OK

High random — full-scale readings

Mo display

No ACK — Error 9 or Error 4

Only 100 1A range bad
Only 1T mA range bad
Only 10 mA range bad
Only 100 mA range bad
Only 1 A range bad

Q21, G20, Q29, W1, Q3, Q4, leaky output FETS

K3, K4, Q19, U1, a1, Q2

K3 or Q11 open

K4 gpen, Q29, Q20 leaky protection diodes

Q20, Q29, leaky protection diodes, Q12

019, U1, Qf1, Q2

us, u2

Voltage limit circuit, UG or leaky diode (CR14,
CR16), U, Q18

30, Q31, Digital Control

Q7, 010, Digital Control

08, 09, Digital Cantrol

k2, 32, Digital Control

K2, Q28 Digital Control

Q19 DC Readings with Zero Input

Drains (1082 resistors) = —0.6 V de
Sources (40 K§ resistors)= 8.0 V dc
U1l pin 6= OV dc

Differences between ADC and AAC

1. AC/DC Reference {ground)
2. Frequency response in AAC

Conditioner bypassed)

3. RT1 cutputs are applied to DC Signal Conditioner for DC and to optional AC madule for AC {DC Signal

temperature compensation.

it Q19, R1b, R16, R55, or R56 are replaced, it is necessary to return the madule to the factary {attn: PARTS) for

Figure 603-2. Sympt:ulrrﬂl Analvsis

Table 603-4, Address and Data Field

Address — {C0O 1, 3 High

Current LO Input {(K3)
and Qutput FET (Q11)

DC Reference (Q3)
AC Reference (Q4)
1004A Range

1 mA Range

10 mA Range

100 mA Range

1A Range

Voltage Check

Reset
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Table 603-5. Current Shunts Assembly

REF FLUKE MFG
DES OESCRIPTION STOCK | SPLY MFG PART NO.
NO. CODE

=03 @ CURRENT SHUNTS PCB ASSEMBLY ORDER  BY OPTION -03
FIGURE 603-3 (MIS-4104T)

c1, C2 CAPF, TA, 0.47 UF +/-20%, 35V - 161349 56349 196D4T4X0035HAT
C3 CAP, MICA, 47 PF +/-1%, 500V 284802 72136 DMISENTOF

o CAP, MICA, 150 PF +/-5%, 500V 148478 72136 DMISF151J
C5, C6  CAP, MICA, 100 PF +/-5%, 500V 148494 72136 DMI5F101J
cT CAP, CER, 1200 PF +/-20%, 100V 358283 80031 2222-630-01-122
€8, CO  CAP, MICA, 39 PF +/-5%, 500V 148544 72136 DM15E390J
c10 CAP, TA, 4.7 UF +/-20%, 25V 161943 56280 196DUT5X0025KA1

ct1 CAP, TA, 220 UF +/-20%, 6V 408682 56289 196D227X0006TEY
c12, €13 CAP, CER, 0.22 UF +/-20%, 50V 309849 71590 CW30C22LK

C14 CAP, MICA, 390 PF +/-5%, 500V 148437 72136 DM15F391J
C15-C17  CAP, T4, 10 UF +/-20%, 15V 193623 56289 196D 106X001541
CR1-CR4  DIODE, HI-SPEED, SWITCHING 203323 07910 1hHuL448

CR5-CR10 DIODE, SI 680447 14552 MT20614
CR11 DIODE, HI-SPEED, SWITCHING 203323 07910 1MuLLSB
CR12 DIODE, HI~-SPEED, SWITCHING 203323 0791C 1NuL48
CR14 DIODE, HI-SPEED, SWITCHING 203323 07910 1N4LUB
CR15 DIODE, HI-SPEED, SWITCHING 203323 07910 tN4448

CR16 DIODE, HI-SPEED, SWITCHING 203323 07910 1NLLYS
CR17 DICDE, HI-SPEED, MITCHING 203323 07910 1NULLB
CR18 DIODE, HI~SPEED, SWITCHING 203323 07910 1N4L4S
CR19 DIODE, HI~SPEED, SMWITCHING 203323 07910 1N4L438
CR20 DIODE, HI-SPEED, SWITCHING 203323 07910 1N4448

CR21 DIODE, HI-SPEED, SWITCHING 203323 07910 1NMA48
CR22 DIODE, ZENER 325803 07910 TD333408
H1 SCREW, PHP, 4-40 X 3/8 2656164 89536 256164
K1 RELAY ASSY

COIL, REED RELAY 269019 71707 U-6~P

SWITCH, DRY REED 602714 15636 V1101
RELAY ASSY

COIL, REED RELAY 269019 71707 U-6-P
RELAY ASSY

COIL REED RELAY 269019 71707 U=-6-P

RELAY ASSY

COIL, REED RELAY 269019 71707 U-6-P
RELAY AS3Y

COIL, REED RELAY 269019 71707 U-6-P
CASE ASSEMBLY 459008 89536 459008

CASE EALF, MODULE hp2990 B9536 102990
CASE HALF, MODULE 402990 89536 402990
COVER, MODULE, CASE h02974 89536 402974
SHIELD, COVER 412015 89536 412015
DECAL, CURRENT SHUNTS ASSY 413419 89536 M13M19

DECAL, CAUTION 4sh508 89536 454504
GUARD, REAR 383364 89536 383364
GUARD, FRONT 383356 89536 383356

SOCKET, COMP. LEAD 343285 27264 02-09-2133
{not shown)
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Table 603-5. Current Shunts Assembly {(cont)

OESCRIPTION

FLUKE
STOCK
NO.

MFG
SPLY
CODE

MFG PART NOD.

Q13-Q16

Q17
Q18

Q21-Q23

Q25-Q27
Q28-0Q32
Q33

R1

R2

R3
Ry
R5
R6
R7

R8
R9-R14
R1%, R16
R17

R18

R19
R20
R21
R22
R23, R24

R25-R29
R30
R31
R32
R33

R34
R35
R36
R37
R38

SPACER, COMPCNENT
(not shown)
SPRING, COIL
(not shown)
SPACER, STANDOFF
{(not shown)

¥STR, SI, NEN
XSTR, SI, PNP

DIODE, HI-SPEED, SWITCHING
XSTR, FET, N-CHANNEL

XSTR,
XSTR,
ASTR,
XSTR,
XSTR,

SI, NBN
FET, N-CHANNEL
FET, N-CHANNEL
FET, N~CHANNEL
SI, NBN

XSTR, SI, PNP
%STR, SI, PNP

XSTR, FET, DUAL, N~CHANNEL (SELECTED)
XSTR, FET, N-CHANNEL

¥STR, SI, NPN

XSTR, SI, NPN
XSTR, FET, N-CHANNEL

XSTR, SI, PNP

RES, WW, 0.1 +/-0.05%, 1/2W
RES, WW, 0.7 +/-0.1%, t/UW

DEP. CAR, 100K +/-5%, 1/4W
MTL. FILM, 10 +/=1%, 1/68Y

DEP. CAR, 100K +/-5%, 1/u4u
MTL. FILM, 383 +/-1%, 1/8W
WW, 519 +/-0.1%, 2W

RES,
RES,
RES,
RES,
RES,

MTL. FILM, 7.87K +/-1%, 1/8W
DEP. CAR, 100K +/-5%, 1/4W
WW, 40K +/-0.1¢%

VAR, CERMET, 10 +/-20%, 1/2¥
MTL. FILM, 19.1K «/-1%, 1/8W

RES,
RES,
RES,
RES,
RES,

DEP.
DEP,
DEP,
DEP.
DEP.

CAR, 1K +/-5%, 1/4W
CAR, 18K +/-5%, 1/4W
CAR, 1K +/-5%, 1/bW
CAR, 18K +/-5%, 1/LW
CAR, 39 +/=5%, 1/4W

RES,
RES,
RES,
RES,
RES,

DEP, CAR, 100K +/=5%, 1/4W
WW, 7975

VAR, CERMET, 50 +/-20%, 1/2W
WW, 1020 +/-0.0%%, 0.2W

MTL. FILM, Y7.5K +/-1%, 1/BW

RES,
RES,
RES,
RES,
RES,

VAR, CERMET, 10K +/-20%, 1/2W
WW, 128 +/-0.05%, 0.2V

MIL. FILM, 4.99K +/-1%, 1/BW
VAR, CERMET, 1K +/-20%, 1/2W
DEP. CAR, 150 +/-57, 1/uW

RES,
RES,
RES,
RES,

296319

‘425465

335604

218396
195974
203323
261578

218396
261578
393314
261578
218396

195974
226290
267963
261578
218396

218396
261578
195974
3746 11
LELRL

348920
268789
348920
37589¢
440883

294934
348920
271403
344135
234963

343426
348862
343426
348862
340836

348920
440909
267615
440891
289546

267880
BHOBTS
168252
26TERG
Iy3Lun

32659
83553

89536

04713
4713
07910
89536

04713
89536
89536
89536
o4t 13

04713
04713
89536
89536
04713

04713
89536
04713
89536
89536

80031
91637
80031
91637
89536

91637
80031
89536
75378
91637

80031
80031
80031
80031
80031

80031
89536
75378
89536
91637

75378
895136
41637
75378
8003

T0806
C0120-014-0380

335604

2N3904
2N3906
1N4L 48
261578

2N39Ck
261578
393314
261578
2N3904

2N3906
MPS3640
267963
261578
2N3904

283904
261578
2N3906
374611
LucH0Y

CR251-4-5P100K
MFF1-BA100F
CR251-4~5P100K
MFF1-88380F
B40883

MFF1-87871F
CR251-4-5P100K
271403
190PC100B
MFF1-81912F

CR251-4-5P1K
CR251~-4-5P18K
CR251-4-5P1K
CR251-4-5P18K
CR251-4-5P30E

CR251-4-5P100K
446909
190PC500B
450891
MFF1-B4752F

180PC103B
440875
MFF1-849%1
190PC102B
CR251-U-5P150E
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Table 603-5. Current Shunts Assembly {cont)

REE FLUKE MFG
DES DESCRIPTION STOCK | SPLY MFG PART KO,
LI COOE

R39 RES, DEP. CAR, 20K +/-5%, 1/4W 5451477 80031 CR251-4-5P20K
RUO RES, MTL. FILM, %9.GK +/-1%, 1/8W 268821 91637 MFF1-84992F
R41, R42 RES, MTL. FILM, 100K +/-0.5%, 1/8W 291054 91637 MFF1-81003D
RY3 RES, COMP, 10M +/-10%, 1/2W 108142 01121 EB1061

RU Y RES, DEP. CAR, 100K +/-5%, 1/4W 348920 80031 CR251-4-~5P100K

RYS RES, DEP. CAR, 47K +/-5%, 1/4W 348896 80031 CR251-4-5PHTK
RM6, R4T RES, DEP. CAR, 100K +/-5%, 1/LW 348920 80031 CR251-4-5P100K
R4B RES, MIL. FILM, 150K +/-1%, 1/8U 241083 91637 MFF1-81503F

RUG-R52  RES, DEP. CAR, 20K +/-5%, 1/4W 41477 80031 CR251-4-5P20K
R53 RES, DEP. CAR, 100K +/-5%, 1/4W 348920 80031 CR251-4-5P100K

R54 RES, MIL. FILM, 13K +/-1%, 1/8¥W 335539 91637 MFF1-B1302F
R55 RES, SELECTED

R56 RES, SELECTED

R57-R59  RES, MIL. FILM, 10 +/-1%, 1/8W 268789 91637 MFF1-8A100F
R&O RES, DEP. CAR, 5.6K +/-5%, 1/4VW 442350 80031 CR251-4-5P5K6

R6 1 RES, COMP, 10M +/-10%, 1/2W 108142 01121 EB1061

R62-R65  RES, DEP. CAR, 100K +/-5%, 1/4W - 348920 80031 CR251-4-5P100K
R66 RES, WW, 7975 440909 89536 440909

R67 RES, DEP. CAR, 100K +/-5%, 1/hW 348920 80031 CR251-4-5P100K
R68 RES, VAR, CERMET, 5K +/-20%, 1/2W 267872 75378 190PC502B

R69 RES, MIL. FILM, 12.4K +/-1%, 1/8v 261644 91637 MFF1-81242F
R70 RES, MTL. FILM, 13.3K +/-1%, 1/8W 296566 91637 MFF1-81332F
RT1 RES, VAR, CERMET, 5K +/-20%, 1/2W 267872 175378 190PC502B

R72 RES, DEP. CAR, 100K +/-5%, 1/4W 348920 80031 CR251-4~5P100K
RT3 RES, MTL. FILM, 100 +/-1%, 1/8W 168195 91637 MFF1-B1000F

RT4 RES, DEP. CAR, 6.8K +/-5%, 1/4W 368761 80031 CR251-4-5P6K8
TP1-TP3  TERMINAL, TURRET 179283 88245 2010B-6

U1 ic, LIN, OP AMP 483495 12040 LM318H

U2 ® 1C, C-MOS, HEX "D" FLIP FLOP 404509 12040 MMT4CITAN

U3 ® IC, C-MDS, HEX, INVERTER/BUFFER 381848 02735 CDUOUQAE

U4 IC, TTL, HEX INVERTER, BUFFER/DRIVER 327775 01295 SNT416J
U5 @ IC, C-MOS, TRIPLE, 3-INPUT NAND GATES 375147 02735 CDUO23AE
Ub 1¢, LIN, OP AMP, DUAL k18566 12040 LM358N

U7 @ IC, C-MOS, QUAD, 2-INPUT NOR GATES 355172 02735 CDULOO1AE

ORDER P/N 459088 FOR COMPLETE
MODULE CASE ASSY., WITHOUT PCB ASSY.

RESISTORS ARE TEMPERATURE
COMPENSATED AND MUST BE RETURNED
FOR RESELECTION IF ANY REQUIRE
REPLACEMENT. (R55 AND RG56)
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605-1. INTRODUCTION

605-2, This manual will specifically describe the IEEE
Interface (Option -05); refer to the IEEE standard for
general IEEE-488 bus interface information.
Descriptions unique to the IEEE Interface will be
presented separately from Programming Instructions in
this manual. The Systems Multimeter Programming
Card provided with the DMM lists condensed
programming instructions. Refer also to Fluke
Application Bulletins 25 and 36, and the IEEE Standard
488-1975 Digital Interface for Programmable
Instrumentation.

603-3. SPECIFICATIONS
605-4. Specifications for the IEEE 488-1975 Standard

Interface, Option -03, conform to those established in the

IEEE Standard Digital Interface for Programmable
Instrumentation as published by the Institute of Electrical
and Electronics Engineers; 345 E. 47th Street, New York,
N.Y. 10017. For an explanation of the IEEE 488-1975
Standard, refer to the Standard Document.

605-5. INSTALLATION

605-6. The IEEE-488 Interface is easily installed as a
module in the 8500 Series DMM. Use the following
installation procedure;

1. On the DMM, press power OFF and remove
the line power cord.

2, Remove the DMM's top cover.

3. The Interface module fits in the rear slot, bus
connector and addresss switches facing to the rear.
Slide the module vertically between the module
guides, and press firmly into place.

P/N 684324 3/83

8505A/8506A-05

- Option =05
- |EEE-488 Interface

NOTE

Make sure the leaf spring, attached 1o one-

half of the module shield, is resting firmly over

the flange of the opposite half of the module
shield,

' 4. Ifinstalled, remove the Interconnect PCB from

slot K. This slot can be identified as the only slot
with connectors on the analog and digital bus lines,
To remove the Interconnect PCB, grasp the board
at both ends and pull up. An end-to-end rocking
motion may be necessary to free the PCB from its
COMNECtOTs,

5. The Isolator module must be installed in slot K
whenever a remote interface (Option -05, -06 or-07)
is used in the DMM.

NOTE

Use Isolator -08 with the 8500A; Isolator -08 4
riust be used with the 85024,

6. Connect the Interface to the IEEE-488 Bus.
Attach a standard 24-pin cable to the bus connector
accessed through the DMM’s rear panel. Standard |
cables, listed in Table 605-1, are available from
John Fluke Mfg. Co., Inc.

7. Optionally, connect the cable shield to chassis
ground. The shield, pin 12 in the connector, is
accessed from the rear panel via a banana jack.
Chassis ground is available at a binding post on the
DMM’s rear panel.

605-1
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8. Set the Interface address switches (Al-AS5) as
required. Controls and connections accessed
through the rear panel are illustrated in Figure 605-
1. Refer to Table 635-2 for permissable address
settings. Depressing a switch to the bottom sets the
associated address bit true (true = 1). TALK
address bits T1 through T35 are equal to LISTEN

10. Energize the DMM.

11. Remote can be entered by sending any
character that the DMM recognizes. While in
remote, only the POWER. switch (local lockout on)
or the POWER and LCL/BMT switches (local
lockout off) remain active on the front panel.

address bits L1 through LS.

NOTE Table 605-1. IEEE-488 Standard Cables

ORDER
NUMBER

Y8001
Y8002
Y3003

If the other devices in the system are listeners
only, the DMM may be place in TALK
ONLY mode by toggling the TALK/
ADDRESSABLE swirch; access to this
switch is through the rear panel.

DESCRIPTION

{EEE-428 Cable, 1 meter
IEEE-438 Cahle, 2 meters
IEEE-488 Cable, 4 meters

9. Replace the DMM?’s top cover.

SHIELD
|

ADDRESS SWITCHES ADDR/TALK SWITCH
| /

| /
H=I111= .

A A4 A3 AZ AT

Figure 605-1. Rear Pansel Access

Table 605-2. Altowable Listen and Talk Addresses

ASClHl CHARACTER ASCII CHARACTER

DECIMAL

LISTEN

TALK

DECIMAL

54321
BINARY

LISTEN

TALK
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605-7. OPERATING FEATURES

605-8, Attached to the assembly and accessible through
a port on the rear panel (Figure 605-1) are a standard
specified connector, five address switches and a Talk Only
Mode switch. The connector is standard for the IEEE bus
and ig specified by the standard docurment. The address of
the instrument is set using the five address switches. The
characters used to address the instrument in the talk and
listen mode are given in Table 605-1. The five low order
bits of the message determine the address, the next two
higher bits differentiate between the Talk and Listen
modes. Normal operation allows the instrument to both

talk and listen to the bus. The Listen mode can be disabled -

with the Talk Only switch, if desired.
605-9. OPERATING NOTES
605-10. Interface Control

605-11. Information is input to the interface from the .

controller on the system bus, which contains eight data
lines, three handshake lines and five bus management

lines, Control of the handshake and management lines is -

from the controller and will vary with the controller used.
R.efer to the instructions with the system controller for the
information on how to obtain the correct level on these
lines, The lines and a brief explanation of their function
are given in Table 605-3, Refer to the IEEE 488-1975
Standard Manual for a further explanation of their
function. '

605-12. Interface Messages

603-13. Multiple line messages areinput to the interface
from the controller using the data lines. The messages
used within the instrument are listed with their codes in
Table 605-4. Further information on the messages can be
obtained from the IEEE 488-1975 Standard Manual.

605-14. Status Request Responses

605-15,  If enabled by the applicable Interface Interrupt
Enable Code, a service request (SRQ) can be generated
within the interface by either an error or ready condition.
‘When the instrument is addressed duning a serial poll
operation by the IEEE 438 Controller, and an interrupt is
generated, the response byte will be a zero for ready or the
nurneric of the applicable Error Code. If the SRQ was not
generated, the response is a null character (binary
000000000) to the controller.

605-16. THEQORY OF OPERATION

605-17. The IEEE Interface provides for
communication between the IEEE system bus and the
DMM internal bus structure, The IEEE system bus is
defined by the IEEE standard; the DMM internal bus
structure is discussed in the instrument Instruction
Manual. System bus signal lines will be referred to by
their mnemonic designators (refer to Table 605-3 for
definitions).

8505A/8506A-06

605-18. The IEEE Interface consiste of two

interconnected peb’s in one module. Each peb will have its

own reference designator system. To distinguish between
the two, reference designators mounted on the Pigayback
board will be followed by a (PB).

605-19. Data Lines

605-20. System bus data lines (DIO1-08) are applied to
the interface through receiver/ drivers, U21 and U24. The
receivers consist of noninverting buffers, while the drivers
are gates with a common enable line from U32-8.

NOTE
True conditions on the sysiem daia bus are
defined as a low; true conditions on the
instrument bus are defined as a high.

Outputs from the data line receiver drivers are applied
directly to address decoders, U19 and U2, through
address switch 51 to address decoders U6 and U3, and
through inverters to a data register consisting of U30 and
part of U31.

605-21. The internal DMM data bus is applied to a

response register consisting of U26 and U29. This register

latches data up for application to the syatem bus lines (the

systern bus requires that data be held longer than is
desirable to tie up the instrument controller), Instrument

data is also applied to the control register on the

Piggyback board (U11-PB, Ul6-PB, U14-PB). -

605-22. Addresses

605-23. Instrument address lines (IC0-IC6) are applied
to address decoders located on the Piggyback board. All
of the following listed addresses cause an ACK to be
returned to the instrument controller through U6 (PB)-1.

1. IC 1, 5 and 4 High: Decoded U12 (PB)-6 to
enable the response register.

2. IC6, 4 and 3 High: UI12(PB)-10 to clock data

- into the control register; if 110 is high, this address -
also causes a Return to Local signal from US(PB)-3. -
3. IC 5, 3 and 0 High: Decoded by Ul3(PB)-6 to.
cause a software reset through US(PB)-10.

4. 1C 6, 0 and 4 High: Decoded by U13(PB)-9 to
enable the status register (U28 and part of U3l).

5. IC, 6, 1 and 4 High: Decoded by U13(PB)-10to
enable the data register (U30 and part of U31).

605-24. Addresses to the IEEE Interface from the
system are received on the data lines when ATN is true.
Address switch S1 routes My Listen Address (MLA) and
My Talk Address (MTA). Decoding for MLA is done by

. U6-13; the DAV signal clocks this address into Ull-1.

The MTA flipflop Ull-1 is cleared by the UNL
(Unlisten) signal (decoded by U19-13). The Message
Decoder (U9, U5 and UB) is enabled by the ATN and
U12-10 (decoded by D102, DI06, DIO7).

8505-3
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Table 605-3. Mnamonics

MNEMONICS

FUNCTION

COMMENTS

DIO1
Dio 2
DIO3
DI04
DIO b
DIO &
Plo 7
DIO 8
EQI

DAv

NRFD

REN

GND
GND
GND
GND
GND
GND

GND

Data
Data
Data
Data
Data
Data
Data
Data

End Or Identify

Data Available

Not Ready For Data

Mot Data Accepted

Interface Clear

Service Request

Attention

Shield™

Remote Enable

Return for DAV
Return for NRFD
Return for NDAC
Return for IFC
Return for SRQ

Return for ATN

Data input/output lines. Message bytas are cartied on the DIO lines in a
bit-parallel byte-serial form, asynehronously, and generally in a bidirectional
manner,

Used to indicate the end of a nultiple byte message.

Is asserted TRUE by the sender of data when NRFD goes TRUE, remains
TRUE until NDAC is sent TRUE by the data receiver,

When all devices are ready to receive data this line goes high. Remaing high
until DAV is sent TRUE.

When ali receiving devices are through with the data gn the bus, this line goes
high, indicating that the sender may remove the data and set DAV low. When
DAV goes 1o the receiving devices then pull NDAC low again.

Sent high by the controller, It places all device interfaces in a known quiescent
state.

This line is used by any device to get the attention of the controtler.

Used by the controller to notify all other devices what type of message
{interface versus device dependent) is on the data bus. When ATN is TRUE,
messages sent are interface messages and all devices capable of receiving
messages must handshake the transfer, When false, device dependent messages
are sent and only devices that have been addressed remain active.

Surrounds all conductors,

Must be TRUE to place instruments into remote. Once in Remote, if REN
goes false all instruments must go to local.

Logic commaon for DIO 1-DI1D 8, EQI, and REN

“The cable shield is routed to ¢ banana jack on the rear of the Option —05 interface adjacent to the
programming conductor. This banana jack may be tied to the DMM chassis ground post located on
the rear panel, However, caution must be exercised to prevent ground loops in the system.
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MNEMONIC

MESSAGE

CODING

ALL
DEVICES

" BINARY

RESPOND

QOCTAL {Univarsal}

ADDRESSED
- DEVICES
ONLY
RESPOND

DEVICE
IN LOCAL
RESPONDS
AND GOES

] TO REMOTE] -

My Listen Addrass

My Talk Address |

Linlisten
Untafk
Other Talk Address
Sarial Poll Enable
Serial Poll Disable
Local Lockout
Go To Local
Device Clear

Selactad Clear

X FTA5 A4 A3 AZ Al

XTFAS A4 A3 AZ A1

XFTTTTTT
XTFTTTTT
XKXXXAKXXX
XFFTTFFF
XFFTTFFT
XFFTFFFT

XFFFFFFT

XFFTFTFF

XFFFFTFF

X

X

‘.x,

X

605-25. Resetls

605-26. Power-on or software resets may oceur, At
power-on, US(PB)-10 causes an interface reset to prevent
unwanted states in the interface logic. Software resets,
decoded by Ul3(PB)-6, may occur as a result of a
momentary power interruption, a front panel request, or
@ system request.

605-27. Control Register

605-28. The following six "D flip-flops compose the
contro] register;

I. Interrupt enable UIl4(PB)-2 remains true,
except during the power-on routine,

2. A service request (SRQ) to the system
controller is initiated by U14(PB)-13.

3. The instrument controller being ready for data
(RFD) is indicated by Ul6(PB)-1.

4. At the last data byte of a message to the system
from the instrument controller, Ul1(PR)-13 goes
true,

5, Data accepted (DAC) is sent and RFD is reset
by U16(PB-13.

6. When the instrument is a talker, U11(PB)-2 is
used to generate the data available (DAV) signal.

605-29. Status Register

605-30. The status register consist{ of U28 and part of
131, The instrument address decoded by Ul3(PB)-9
enables 2 status byte to be placed on the data bus (IDO-
ID7). This status byte is defined as follows:

1. IDO: true from U28-7 when in the talk only
mode,

2. IDI: true from U28-9 when remote enable
(REN) from the system’ controller is false,

3. ID2: true from UU28-9 when go‘to,local (GTL)is
true from the message decoder US4,

4. ID3: true from U28-3 for an interface message.
5, ID4: true from U31-3 for an interface message.

6. ID5: true from U3l-5 to indicate a device
dependent message.

7. ID%; true from U31-7 during the serial poll
mode when the system controller is requesting
status.

8. ID7: true from U"3"l‘—'9 when the system
controlier is requesting data from the instrument.

605-5
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605-31. Message Decoder

605-32, Interface messages sent by the system controller
on the data bus are decoded by U9, U5 and U8. The device
dependent messages GET, SCD and GTL require the
interface to be a listener before the instrument controller
is interrupted. For group execute trigger (GET), UB-11 is
true, For selected device clear (SDC), U8-10 is true, For
go to local (GTL), US54 is true, The universal messages
DCL and LLO are unique in that they cause the
instrument controller to be interrupted when in local. For
locallockout (L1LO), U5-3 is true. For device clear (DCL),
U5-10 is true. In addition, U8-4 goes true for the serial
poll mode (SPE), and U8-3 is true for serial poll disable
(SPD).

605-33. Mode Register

605-34. The mode register consists of the following four
J-K flip-flops: Ul1-1 (clocks in MLA), U11-15 (clocks in
MTA), U151 (true in remote mode} and U15-15 (true in
serial poll mede).

605-35. Instrument Interrupts

605-36, Except during the power-on routine, interrupts
are enabled by Ul4(PB)-2. The interrupt flip-flop may be
clocked by the DAV gignal through U4(PE)-4 and
U4(PB)-3 or by U6(PB)-13 when the instrument is to be
an active talker,

605-37. MAINTENANCE

605-38. Refer to Section 4 of the Instruction Manual

for information on cleaning the module. The two pch’s
are disassembled by removing the screws and standoffs

fastening them together. To prevent damage to the
electrical connectors, pull the boards straight apart.

605-39. PERFORMANCE TEST

605-40. Operation of the IEEE Interface can be verified
by programming changes in range, output and mode, and
by observing response data.

605-41. CALIBRATION

605-42. The IEEE Interface does not require
calibration.

605-43. TROUBLESHOOTING

605-44. Troubleshooting the -05 IEEE Remote
Interface Option consists of the tabular flow chart in
Table 605-5. When a step in the flow chart is completed,
check for a decision transfer, If no decision is required,
perform the next step of the table in sequence.

605-45. Programming Instructions

605-46. Programming commands and instrument
responses are explained in Table 605-6. For the B505A
and 8506A, refer to Section 2A.

605-47. PARTS LIST

605-48. Table 605-6 provides a detailed parts list forthe
Interface PCB; Table 605-7 lists parts for the Piggyback
PCB. Refer to Section 5 of this manual for ordering
information.
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Table 605-5. Troubleshooting

Go to the step
number given

ACTION for correct
response

YES NO

NOTE

Due to the speed and complexity of the data on the bus
system, it is recommeded that the pch be sent to the nearest
Fluke Service Center for repair when a problem is isolated

to the interface. The following table will be of some assist-
ance when troubleshooting simpler problems; however, mani
many problems will require the use o f a Fluke Trendar,

or similar logic board tester. The instrument must be con-
nected through a bus network to a system coniroller, e.g.,
the Tektronix 4051 or HP 9825, to operate.

This test is based on the assumption that the DMM was checked and found opeatianal in local
operation prior to installation of the |EEE Interface.

Install the |EEE Interface Assembly in the instrument and apply power from the front panel
switch.

Is the front panel display correct?
If the display is blank, check the ACK circuit on the PB PCB.

if the display is incorrect, check the input latches and output buffers on the Main PCB. Repair
as required and return to step 2.

Address the instrument on the |EEE bus with the applicable address. Does the instrument go
into remote?

On the Main Board check the address lines through the Receiver/Driver, the address switches,
the MLA circuitry, and the REN and DAV signals. On the Piggyback Board check the INT
circuit. Repair as required then resume at step 2.

Program an instruction from the remote controller. 1s the output display as programmed?

Check the output latches and buffers, the UNL circuitry and the Receiver/Driver on the Main
Board. Repair as required and return to step 8.

Does the instrument respond to and “SRQ” from an Interrupt Ready or Error?

Check the SRQ line inand the Receiver/Driver on the Main Board and the status latches on the
Piggyback Board. Repair as required then resume at step 10.

Does the interface clear from the system controtler?
Check the |FC input and the IFC circuit. Repair as required, then resume at step 12.
Can the Front Panel be locked out from the system controlier?

Check the LLO line and the decoder circuit, Repair as required then resume at step 14.

Troubleshooting of the |EEE Interface, as applicable at this level, is complete.
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Table 605-6. |IEEE 488-1975 Interface PCB Assembly

FLUKE MFG
DESCRIPTION STOCK | SPLY MFG PART NOD.
NO. CODE

IEEE 488-1975 INTERFACE PCB ASSEMBLY ORDER  BY CFTION -05
FIGURE 605-2 (MIS-4172T)

@IEEE 488-1975 PIGGYBACK PCB ASSEMBLY
FIGURE 605-3 (MIS-10T4)

CAP, MICA, 270 PF +/-5%, 500V 148452 DM15F2T 14
CAP, MICA, 270 PF +/-5%, 500V 148452 DM15F2714J
CAP, CER, 0.22 UF +/- 20%, 50V 309849 CW30C224K
CAP, MICA, 100 PF +/-5%, 500V 14819k DM15F1014J

DIODE, SI, HI-SPEED SWITCH 203323 1H4LL 8

LOCKWASHER, SPLIT, 8-32 111070 111076

SCREW, FPHP, 4-40 X 3/5 256 164 256164
{(not shown)

SCREW, CONN MTG, (USE ON J3) yoghte L29ut2

POST, CONTACT 447813 65501-136

COKN, CABLE, 24-PIN, MODIFIED 534107 534107

CASE ASSY (INCLUDES MP2-MP8) 458935 458935
CASE HALF, MODULE 4p2990 02960
CASE HALF, MODYLE, MODIFIED 456079 456079

COVER, MODULE CASE 302974 402974
SHIELD, COVER 441022 431022
DECAL, IEEE INTERFACE ASSY 413518 413518
DECAL, CAUTION 454504 454504
GUARP, REAR 383361 383364

COIL, SPRING Lojuss C0120-014-0380
(not shown)

SPACER, 4-40 X .187 335604 335604
(not shown)

SPACER, 4-40 X .340 380329 380329

SPACER, 6-32 X .550 312421 312421
SPACER, 6-32 X .220 261727 261727
XSTR, SI, NPN 218396 2N3904
RES, DEP. CAR, 18K +/-5%, 1/4W 348862 CR251-4-5P18BK
RES, DEP. CAR, 10K +/-5%, 1/4W 348839 CR251~4-5P10K

RES, DEP. CAR, 1K +/-5%, 1/4W 343426 CR251-4-5P1K
RES, DEP, CAR, 4.7K +/-%%, 1/LW 348821 CR251-4-5P4KT
RES, DEP. CAR, 15K +/-5%, 1/4W 348854 CR251-4~5P15K
SHITCH, MODULE SPDT, 5-POS. 417766 435470~4
SWITCH, SLIDE, SPDT 417287 MSS~1040~1

IC, C-MOS, QUAD, 2-INPUT NAND GATE 355198 CDULOT1AE
IC, COS/MOS, DUAL, 4-INPUT, NOR GATES 363820 CDUO02AE
I, C-MOS, 8-INPUT, NOR GATES 408781 CD40T8BE
IC, C-MOS, QUAD, 2-INPUT AND GATE 408401 CD4081EBE
IC, COS/MOS, QUAD, 2-INPUT NOR GATES 365172 CDLOOTAE

IC, C-MDS, 8-INPUT, NOR GATES 408781 CD4O7BBE
IC, COS/MOS, TRIPLE, 3-INPUT NCR GATES 355180 CDLO25AE
IC, COS/MOS, QUAD, 2-INPUT, NOR GATES 355172 CD4001AE
IC, C-MOS, DCDR/MULTIPLEXER 408369 MC14556CP
I¢, C-MOS, QUAD, 2-INPUT OR GATE 4386393 CD4QT 1EE




Table 605-6. 1EEE 488-1975 Interface PCB Assembly {cont}
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BESCRIPTION

FLUKE
8T0CK
ND.

MFG
SPLY
COBE

MFG PART NO.

C0S/MOS, DUAL, JE MASTER FLIP FLOP
C-MOS, TRIFLE 3-INPUT NAND GATES
C-M0S, HEX INVERTER

COS/MOS, QUAD, 2-INPUT NOR GATES
COS/MOS, DUAL, JK MASTER FLIP FLOF

C-MOS, QUAD, 2-INPUT, NAND
C-MOS, QUAD, 2-INPUT AND GATE
C-M0S, HEX INVERTER

C-MOS, 8-INPUT, NOR GATES
QUAD, INTERFACE, BUS XCVR

QUAD, INTERFACE, BUS XCVR
¢-M0S, HEX INVERTER BUFFER
QUAD, INTERFACE, BUS XCVR
C-M0S, HEX INVERTER BUFFER
C0S/MOS, QUAD, LOCKED I LATCH

QUAD, INTERFACE, BUS XCVR

C-M0S, TRI HEX NON INV BUFFERS
C0S/MOS, QUAD, LOCKED D LATCH
C-M0S, TRI HEX NON INV BUFFERS
C-M0S, TRI HEX NON INV BUFFERS

TTL, QUAD, 2-INPUT NAND GATES
. NETWORK, 4.7K
. NETWORK, 4.7K

ORDER P/ 458935 FOR COMPLETE
MODULE CASE ASSY., WITHOUT PCE ASSY.

355230
375147
404681
355172
355230

404632
408401
404681
408781
428649

428649
381848
428649
381848
355149

428649
407759
355149
Lo7759
ho7759

393033
412916
h12916

02735
02735
02735
02735
02735

02735
02735
02735
02735
04713

04713
02735
04713
02735
02735

04713
12040
02735
12040
12040

01295
89536
89536

CD4027AE
CD4D23AE
CD4069BE
CDLOO1AE
CDYO2TAE

CDUO93BE
CD40B81BE
CDYO69EE
CDYOTHEE
MC3hul6P

MC3L46P
CD4OY9AE
MC3446 P
CD4OU9AE
CDUOY2AE

MC3446P

MMBOCYTN
CD4QU2 AR
MMBOCOTN
MMBOCOTN

SNTALSOON
k12916
412916
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Table 605-7. |EEE 488-1975 Piggy Back PCB Assembly

FLUKE | MFB
DESCRIPTION STOCK | SPLY MFG PART NO.
ND. CODE

IEEE-488-1975 PIGGY BACK PCB ASSEMBLY PART OF OPTION -05
FIGURE 605-3 (MIS-4074)

CAP, MICA, 270 PF +/-5%, 500V 148452 DM15F271J
CAP, MICA, 100 PF +/-5%, 500V 148494 DM1EF 1014

CAP, T4, 1 UF +/-20%, 35V 161919 196D 105X0035J41
CAP, MICA 270 PF +/-5%, 500V 148452 DMtBF2T 1d
DIODE, HI-SPEED SWITCHING 203323 1NUBYEB

WASHER, FLAT, S/8 1/4 INCH (W/P4) 200980 57 10~65-16
WASHER, INT LOCK, 1/4 INCH (W/P4} 110817 1308

CONNECTOR, SOCKET, 20 PIN 447110 SK-109-1-20
CONNECTOR, SOCKET, 16 PIN 447102 58-109-1-16
BINDING POST kh1741 byt
XSTR, SI, NPN 218396 2N390%4
XSTR, SI, PNP 226290 MPS3640

RES, DEP CAR, 10K +/-5%, 1/4W 348839 CR251-4-5P10K
RES, DEP CAR, UTK +/-5%, 1/UW 348896 CR251-U4~5PUTK
RES, DEP CAR, 150 +/-5%, 1/4W 343442 CR251-4-5P150E
RES, DEP CAR, 150 +/-5%, 1/4W 3453442 CR251-4-5P150E
RES, DEP CAR, 10K +/-5%, 1/4W 348839 CR251-4~5P10K

RES, DEP CAR, 47K +/~-5%, 1/U4W 348896 CR251=-U4=5P4TK
RES, DEP CAR, 10K +/-5%, 1/4W 348839 CR251=-4=5P10K
RES, DEP CAR, 15K +/-5%, 1/4W 348854 CR251-4=-5P15K
SELECTED AT TEST

(may or may not be added)

¢, C-M0S, DUAL "™ FLIP-FLOP 340117 CDUO13AE
IC, COS/MOS, QUAD, 2-INPUT NOR GATES 355172 CD4OO01AE
IC, C-MOS, QUAD, 2-INPUT NAND GATE hok632 CD4093BE
IC, COS/MOS, QUAD, 2-INPUT NOR GATES 355172 CD4001AE
IC, C~MDS, HEX INVERTER 404681 CD4069BE

IC, CO3/MOS, DUAL, 4-INPUT NOR GATES 363820 CD4002AE
IC, C~MOS, HEX INVERTER 4ou681 CD40S9BE
I1C, C-MOS, QUAD, 2-INFUT, NAND GATES 355198 CD4011AE
IC, C-M0S, QUAD, 2-INPUT, NAND GATES 355198 CD4011AE
IC, C-MO3, HEX INVERTER BUFFERS 381848 CDUOL9AE

Ic, C-M)S, DUAL "D FLIP-FLOP 340117 CD40134AE
IC, C~MOS, TRIPLE 3-INPUT AND GATES 408807 CD407 3BE
I¢, C-MDS, TRIPLE 3-INPUT NAND GATES 375147 CD40234AE
IC, C~-MOS, DUAL "D" FLIP-FLOP 340117 CD4O13AE
IC, C-MOS, DUAL "D" FLIP-FLOP 340117 CD40134E

IC, C-MOS, TRIPLE 3-INPUT NOR GATES 355180 CDU025AE
IC, C~-M0S, DUAL "D" FLIP-FLOP - 340117 CD4O134E
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Figure 605-3. |EEE 488-1975 Piggy Back PCB Assembly
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606-1. INTRODUCTION

606-2. The Bit Serial Asynchronous Interface provides
remote programming capability in applications where
speed is not a critical factor. Switch selectable baud rates,
stop bits, and current requirements permit maximum
flexibility.

606-3. SPECIFICATIONS

606-4. The Bit Serial Asynchronous Interface meets or

gxceeds the requirements for data transmission and
reception of EIA Standard RS-232B or C, MIL-STD-
188B, CCITT V24 and 20 mA current loop.
Specifications are as follows:

Input Format
Timing Format
Qutput Format
Baud Rates

Byte Serial, 8-bit parallel.
Asynchronous.

Bit Serial.

50, 75, 110, 134.5, 150,
200, 300, 600, 1200, 1800,
2400, 4800 and 9600.
Derived from the DMM.
0° to 50°C,

Operating Power
Operating Temperature

606-5. INSTALLATION

606-6. The Bit Serial Interface is easily installed as a
module in the 8500 series DMM. Use the following
installation procedure:

1. On the DMM, press power OFF and remove
the line power cord.

2. Remove the DMM's top cover.

3. The Interface module fits in the rear slot, bus
connector and address switches facing to the rear,
Slide the module vertically between the module
guides, and press firmly into place. ‘

P/N 884340 3/83

8505A/8506A-06

Option -06
Bit Serial Interface

NOTE

Make sure the leaf spring, attached to one-
half of the module shield, is resting firmly over
the flange of the opposite half of the module
shield. '

4. Ifinstalled, remove the Interconneet PCB from
slot K. This slot can be identified as the only slot
with connectors on the analog and digital bus lines.
To remove the Interconnect PCB, grasp the board
at both ends, and pull up. An end-to-end rocking
motion may be necessary to free the PCB from its
connectors,

5. The Isolator madule must be installed in slot K
whenever a remote interface (Option -05, -06 or-07)
is uged in the DMM.

NOTE

Use Isolator -08 with the 8500A; Isolator -08A
st be used with the 8502A4.

6. Replace the DMM’s top cover.
606-7. GENERAL

606-8. EIA Standard RS-232-C provides the electronics
industry with the ground rules necessary for independent
manufacturers to design and produce both data terminal
and data communication equipment that conforms to a
common interface requirement. As a result, a data
communications system can be formed by connecting an
RS-232-C data terminal (such as the 8502A) to an R5-
232-C data communications peripheral (such asa TTY,
MODEM, computer, etc.). This works fine on paper.
However, in practice the user must be aware of the
subtleties of serial binary data interchange to ensure that
any two pieces of R$5-232-C equipment will be
compatible. For example, the two instruments must share

606-1
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at least one of the features from each of the following
characteristics.

I. Timing Format - Synchronous or
Asynchronous,

2. Transmission Mode - Simplex, half-dupl&k, o1
fuil duplex, .

3. Baud Rate (bits per second) - 50,75, 110, 134.5,
150, 200, 300, 600, 1200, 1800, 2400, 4800, 9600,

4. Bits per character - 5, 6, 7, 8,
5. Parity Bit - Odd, even, high, low, not used.

6. Data Interface Levels - EIA or 20 mA current
loop.

606-9. Timing formats conforming to both
synchronous and asynchronous operation are shown in
Figure 617-1. In asynchronous operation each character
is bracketed by both start and stop bits. These bits
separate the characters and synchronize both the
transmission and receipt of data. When data ig not being
sent the data line is held high. Insynchronous operation a
sync character is sent prior to each data stream (a data
stream usually consists of a block of characters). When
the line is idle, a fill or sync character is continuously
transmitted.

606-10. Transmission mode i3 an overall system
requirement. It defines the communication ability of both
instruments in the system configuration. Simplex
indicates data transmission in one direction only. Half-
duplex permits two way communication, but not
simultaneously. Simultaneous transmission of data in
both directions defines the full duplex system. QObviously,
an instrument capable of full duplex operation can be
downgraded to simplex operation. However, the reverse
is not possible without degrading the system capability,

606-11, Baud rate Is usually selectable on the R5-232-C
Interface. If it is not, the manufacturer uswvally offers a
choice when the instrument is purchased.

606-12. Character format (bits per character and parity)
is somewhat flexible between instruments. Investigate the
requirement of both instruments before committing
either to a system configuration.

606-13, Data interface levels can occur as either EIA
voltage levels or as a 20 mA current loop. At times an
interface offers both simultaneously, The 20 mA current
loop is used almost exclusively for teletypewriter, or
paper tape punch/reader interface. EIA voltage levels
are; 1 or OFF = -[5t0 -3V de, 0 orON=-+3to+15Vde.

606-14, QPERATING FEATURES

606-15,  Attached to the PCB and accesgible through a
port on the rear panel {(Figure 606-1) are a standard
specified connector and a switch module with eight
micro-switches, The connector is standard for the R5-232
Interface and is specified by the standard document. The
eight switches control the operating modes of the
interface and the BAUD rate, The modes selected by the
switches are shown in Table 606-1 and Table §06-2, The
selection of Odd or Even parity with switch 8 is applicable
only if the parity feature has been selected using the
jumpers described below.

606-16. The interface iy shipped configured for an eight
bit character without parity. Selection of parity and five,
six or seven bit characters can be aceomplished by
installing jumpers into the PCB as shown in Table 606-3.

INTERFACE CONNECTOR

SWITCHES

5123 4 56 78

Qoo

Figure 606-1. Rear Panel Access

w
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Table 606-1. Mode Selection 606-17. THEORY OF OPERATION
swi SELECTION 5WON SW OFF

606-18. General

&1 GCurrent Loop/R5232 Currant |5232

‘ 606-19. The bit serial interface alters and transmits data
82 - RE232B/RE232C RE232E RS232C

between the eight bit (byte) parallel format used on the
LX) Stap Bits .| 1Bit 2 Bits - instrument bus and the bit serial format of the system bus.
54 goud Rate . " As shown on the schefmatic, data inputs from either the
systern bus or the instrument bus are latched into
85 ~ Baud Rate . . universal asynchronous recelver transmitter (UART) U9,
56 Baud Rate . ™ which is driven by a progammable clock (U3) set at the
selected baud rate. Data in the Instrument Bus (ID0-1D7)
is latched into the UART on DBI through DBS and
58 Parity output from the UART to the instrument bus on RD1
* Defined in Table G062 through RD§, Four separate functions are decoded from

the control lines, and the receipt of any one generates a

common acknowledgement signal (ACK). An interrupt

function can be generated to notify the instrument

controller the received data is available, allowing polled

Table 606-2. Baud Rate Seleétion or interrupt control of the interface.

57 Baud Rate * S

54 g | 56 57 606-20. Functions

606-21. An address of IC0, 1C4 and IC6 high with the
remaining lines low generates the STATIN function. This
generates ACK and enables the tri-state transmitters on
the IDO-ID3 lines 3o that DA (received data available at
RDI1-RD8), OR (overrun; i.e., a new character received
prior to final transmission of the previous character),
RVMT (transmitter buffer empty and ready for the next
character) and/ or FE (framing error; i.e., no stop bit with
received character) can be placed on the data lines.

0
1
2
3
4
5
-]
,
-1
9

606-22. The DATIN function (IC1, IC4, IC6 only high)
strobes the RDE and RDA input to the UART. The
UART is enabled to place data on the instrument bus by
RDE and to receive another serial character from the
system bus by RDA.

[ e |
Ly By = QD

606-23, With IC2, IC4 and IC5 high, COUT is decoded
to reset the UART and clock U5-3. If ID7 is high with
COUT, the interrupt capability is disabled by enabling
the reset at U5-10. This action prevents an interrupt signal
to the instrument controller until removed. If IDS is 1ow,

Table 606-3. Jumper Arrangements the interrupt circuitry is enabled.

JUMPER #1 | JUMPER #2 | JUMPER #3 606-24, DATOUT is decoded from IC3, 1C4 and IC6
INSTALLED | INSTALLED | INSTALLED high, to strobe the DS input to the UART, The rising edge
of DS injtiates serial transmission of the character from
SO onto the system bus. It is available at both JI1-2 for
Bit S R5-232 and JI-11 for the 20 mA current loop, for the
Bit 6 users selection.

Bit 7
Bgit8
Parity 606-26. When DA (received data available) goes high,

No Parity an interrupt is generated (unless it has been disabled by
the COUT function) for a low at INT. The instrument

606-3

606-25. Interrupt
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controller responds with anINA, generating an ACK and
enabling U3-15 to pass the output of the interrupt flip-
flop to the instrument controller for interrupt vectoring.
The removal of INA by the instrument controller canses
the Interrupt flip-flop to reset itself and prepare the circuit
for the next interrupt,

606-27. MAINTENANCE

606-28. Refer to Section 4 of the Instruction Manual for
information on module disassembly and cleaning.

606-29. PERFORMANCE TEST

606-30. Operation of the Bit Serial Interface may be
verified by programming changes in range, output and
mode, and by observing response data.

606-31. CALIBRATION

606-32. The Bit Serial Interface does not require
calibration,

606-33. TROUBLESHOOTING

606-34. Troubleshooting for the -06 Bit Herial
Asynchronous Remote Interface Option consists of the
tabular flow chart in Table 606-4. When a step in the flow
chart is completed, check for a decision transfer. If no
decigion 13 required, perform the next step of the table in
sequence.

606-35. PROGRAMMING INSTRUCTIONS

606-36. Programming commands and instrument
responses are explained in Table 606-5. For the 8505A
and 8506A, refer to Section 2A.

606-37. LIST OF REPLACEABLE PARTS

606-38. Table 606-5 is a list of replaceable parts for the
Bit Serial Interface Option. Refer to Section 5 for an
explapation of the columnar entries.




_Table 606-4. Bﬁt Sarial Interface Troubleshooting

8505A8506A-06

ACTION

Go to the step
number given
for correct
response

YES | NO

: NOTE

The instrument must be connected rhrough a bus network
to a system controller, e.g., the Tektronix 4051 or HP 9825,
to operate, ‘

This troubleshooting procedure is based on the assumption that the instrument has been
checked in local and found to be operational in all aspects prior 1o installation of the Bit
Serial Interface. -

Install the Bit Serial Interface in the instrument and apply power from the front panel switch.

Is the display blank?
Check the address lines and address decoders.

Check for a high ACK line. Repair as required and resume at step 2.

If the display is incorrect {garbled or wrong), check the input ID lines and gates. Repair as

required and resurne at step 2.
Using the controller, instruct the instrument to go to remote {program the character *J"}.

Does the instrument go into rernote?

Check the input gates (TP1), the UART (U9), the haud rate at TP3, the INT circuif, and the
status output buffer.

Program several instructions from the remote controller,
Does the instrument respohd correctly to the programmed instructions?

Check the UART (U3), the output gates {4}, and the data input gate (U7). Repair as
required and resume at step 10.

Troubleshooting of the Bit Serial Interface, as applicable at this level, is complete,
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Table 606-5. Bit Serial Asynchronous Interface PCB Assembly

FLUKE MFG
PART NO.
REF . DESCRIPTION STOCK | SPLY MFe
DES NO. COBE OR TYPE

~06@® BIT SERIAL ASYNCHRONOUS INTERFACE ASSY ORDER  BY OPTION -06
FIGURE 606-3 (MIS-4170T)

C1 CAP, TA, 5.6 UF +/-20%, 25V 368969 196056 5X0025KA1
cz CAP, TA, 5.6 UF +/-20%, 25V 368969 196D56 5X0025KA1

3 CAP, TA, 5.6 UF +/-20%, 25V 368969 196D565X0025KA 1
o CAP, MICA, 56 PF +/-5%, 500V 148528 DM15F56 0J
5 CAP, MICA, 56 PF +/-5%, 500V 148528 DM15F560J
c6 CAP, CER, 0.22 UF +/-20%, 50V 309849 CW30C224K
c7 CAP, CER, 0.22 UF +/-20%, 50V 309819 CW30C224K

c8 CAP, CER, 0.22 UF +/=-20%, S50V - 309849 CW30C2248K

C9 CAP, CER, 0.22 UF +/=-20%, 50V 300849 CW30C224K

CR1 DIQDE, SI, HIGH-SPEED SWITCHING 2033323 iNuBL8

Hi SCREW, FHP, U/C, 6-32 X 1/4 320093 320093
(not shown)

H2 SCREW, PHP, 4-40 X 1/% 129890 19022
H3 SCREW, RHP, 4-40 X 3/8 256 164 256164
J1 CONNECTOR, D, SUB-MINI 413898 DB25 PV
MP1 CASE ASSY (INCLUDES MP2-MP8) 458943 458943
MF2 CASE HALF, MODULE bp2990 402990

MP3 - CASE HALF, MODULE, MODIFIED 412031 412031
MPY COVER MODULE CASE hoz2974 402974
MP5 SHIELD, COVER 411983 411983
MP6 DECAL, BIT SERIAL INTERFACE 413492 413492
MPT DECAL, CAUTION Us5h504 45U504

MP8 GUARD, REAR 383364 383364
MF9 SHIELD, FRONT 383372, 383372
MP10 SPRING, COIL 42Lugs £0120-014-0380
MP11 SPRING CLIP ASSY KIT 330134 17529
MP12 STANDOFF 385604 385604

MP13 STANDOFF : 3124521 312421
MP14 TERMINAL 179283 179283
{not shown)
TERMINAL 208363 208363
(not shown)

X3TR, NPN, SI 218396 2N3904

XSTR, PNP, SI 226290 MPS3640

XSThR, PNP, SI 195974 2N3906

RES, DEP. CAR, 150 +/-5%, 1/4W 343442 CR251~4-5P150E
RES, DEP. CAR, 47K +/-5%, 1/4W 348896 CR251-4-5PUTK

RES, DEP. CAR, 10K +/-5%, 1/4W 348839 CR251-4-5P10K
RES, DEP. CAR, 150 +/-5%, 1/4VW 343442 CR251~-4-5P150E
RES, COMP, 10M +/-5%, 1/4W 194944 CB1065

RES, DEP., CAR, 33K +/-5%, 1/4W 348888 CR251-4-5P33K
RES, DEP. CAR, 1K +/~5%, 1/4W 343426 CR251-4-5P1K

RES, DEP. CAR, 2.2K +/-5%, 1/4 343400 CR251-U4-5P2K2
RES, DEP. CAR, 47 +/-5%, 1/4¥W k41592 CR251-U-5P4TE
RES, DEP. CAR, 750 +/-5%, 1/4W 441659 CR251-4-5P750E
RES, DEP. CAR, 4.7K +/-~5%, 1/4W 348821 CR251-4-5PHKT
RES, DEP. CAR, 4.7K +/-5%, 1/4W 348821 CR251-8-5P4KT
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Table 606-5. BitSerial Asynchronous Interface PCB Assembly (cont)

FLUKE | MFG MFG PART NO.

DESCRIPTION STOCK | spLy
NO. | conE OR TYPE

RES, DEP. CAR, 620 +/-5%, 1/4W 442319 80031 CR251-4~5P620E
RES, DEP. CAR, 1K +/-5%, 1/ 343426 80031 CR251-4-5P1K
RES, DEP. CAR, 3.7K +/-5%, 1/4¥ 348821 B0031 CR251-4-5PHKT
SJITCH, SPST, 8-POS. 414490 00779 #35166-5

IC, TTL, DUAL EIA/MIL LINE RECEIVER 3IBHTON 18324 8T16A

C-M0S, HEX BUFFER INVERTER 381848 02735 CDUDUSUBE
C-M0OS, PRGMBLE BIT RATE GEN 418731 07263 FU702/34702
TTIL, MSI, DUAL EIA/MTL 350696 18324 N8T154
C-M0S, DUAL "D FLIP-FLOP 340117 02735 CD4O13AE
C-MOS, NAND GATES, TRIFLE, 3-INPOT 375147 02735 CDUO23AE

C-MOS, NAND GATES, TRIFLE, 3-INPUT 375147 02735 CD4D23AR
C-M0S, TRI, HEX, NON INV BUFFERS ho7759 12040 MMBOCOTN
UA, RECEIVER TRANSMITAL . 354753 05828 AY-5-1013
C-M0S, TRIFLE, 3-INPFUT AND GATE ho8807 02735 CDUMOT3BE
C-M0S, QUAD, 2-INPUT NAND GATE 355198 02735 CDHOT14E

C-M0S, HEX, INV BUFFER 381830 02735 CD4HOS0AE

C-MOS, HEX, INV BUFFER 381830 02735 CDEOS0AE
CRYSTAL, QUARTZ 435370 89536 435370
SOCKET, IC, 40-PIN 429282 09922 DILBYOP-108

ORDER P/N 458943 FOR COMPLETE
MODULE CASE ASSY., WITHOUT PCB ASSY.

606-7/606-8
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Figure 606-2. Bit
interface P
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Figure 606-2. Bit Serial Asynchronous
Interface PCB Assembly




losic RLTURMVSS {

(+54) \fu.i

(+12¥)Voo

(=12v) Vot




AG- (o6-Z 4
S¥T L oF 3 8505A/8506A-06

0 |—o” o——
.
4 =1
3
St pf 1 % » E_o/o___" .%o, | TePE | vas | wec | vob | vaa
— ! 56
wslol | us y IR
— B 52 o—-o uz w4702 [ B35 | e
2a5%] wz o~ 2 ag ua aTis” |jones Ty )
Ve VL us 4oz |4 | &
Q[; v cs e P I \ ve,.ut | oz3 |7 "
StepP L.~ u uB socH] a s
a z 1 w| |5 54 s sz | 3 1 e
—— Vv wo ac73 I 4
Al RGE e | 15 T v 40il T Ty
viz, w3 | aoso a '
£l ape ees |3 o
58
ol aot e 3_5‘;0_' Pl P BITS = 1 Jeowa/reaseoti i 23y
1 = o o 5 " S2 [Py W jorrRsnio A
RO w2 L - oy ¥ 2131w s 16
e | 1 o 6 oy TPemegreey e 1 S e B e
a Top | X —9/ =] i A
nes 53 1 ! 8 54 BAUD : tojolojolelelelefs]ifi b
*eopa e ¥ PR INSTALED = PeettY 55 | pate alotala[+|' [ |1 [°[elole
oY = otels i ool
Ll Ead | = JUMPER NOT ISTALLED 56 | agcovm efo] 1]
o2 ] = Ve . 51 alv]o|diols o]y |2 o)y
“apz u ocen | > G eVt J JHDICATES “ON
- 2 2000}/  INDIEATLS * OFF
D1 ol . N
B| e e L2
Ll oas |22
51 om e il
vee ph= a1
) swe oes 2 <1 o
& " met ez 15 4 | b ] @ oP
] 24 - ¥] 22 ut I 250
B5A DB 1» "% " \ Ve
il [~V P ! 5 2|sour
2. VGin ROTES: isagst CUErwWee
s o 4 il oAl RESISTANCR N
*R,  TRAAT D e a4 Je lw Je 15 le Jv 4 A i -
1) Ir.z. 23 t.{é Aé§ 2 AAQ 2ZuF i po— 2. AL RESIBTORS Culo
] < ) L] [} Y ki o 1 5—'_ GROWMD
Z
Bl UL j
lz + Y
5 ver RS
w "
+ a'é\}

Figure 606-2. Bit Serial Asynchronous Interface
PCB Assambly {cont)

606-10



6. Go6-2 a
8505 A/8506A-08 5HT_“ ;W_é

e, h3

IPL JPL BT/ CHARMNITOR| Y OFF=RS 237
[~ =] s : neF- RS2
o 3 or= S el 2
1 ] B olelafa
o
t
o

'
(L) a
1<}

JP3 INSTALLED = PARITY
1 = JUMAPER MNOT NSTALLED

Q|0
1|0 |0 i

B INDICATER < ON
[ INGICATLS = GFF

ool - l4800

MNOTES: s OOERWEE SWEsrED
1. ALl RESISTANMCE N ORMS,

2. AL mEEISTORS .0, MW 5.

MIS-1170

Figure 606-2. Bit Serial Asynchronous Interface
PCB Assembly {cont)

606-10




607-1. INTRODUCTION

607-2. Installation of the Paralle] Interface provides
external programming capability in mini- and
microcomputer systems. Program inputs must be in
ASCII code. Outputs are remotely selectable between
ASCII or binary (2's complement) and 8 or 16 bit
characters.

607-3. Interfacing to a wide variety of devices is
accomplished with 3 plug-in header termed a “personality
card”. By defining the pins, this ¢ard can be tailored to
perform control of the LMM through the external

B505A/8506A-07

Option -07
Parallel Interface

device. Table 607-1 lists pins and definitions for the
personality card. The personality card plugs into J2, as
seen in Figure 607-1. Available personality cards are
listed in Table 607-2.

607-4. Descriptions unique to the Parallel Interface will
be provided separately from Programming Instructions
in this manual. The Systems Multimeter Programming
Card provided with the DMM lists condensed
programming instructions. Fluke Application Bulletin
#23 contains useful information concerning the use of the
Parallel Interface,

Table 607-1. Personality Card Pin Definition

INTERFACE
MNEMONIC

BOARD - PIN DEFINITION

Cos-B
co5B
cos
OR2a
OR2e

OR2a + OR2e
COS-B
COEN

DOEN
OSLE

ILAT

SLAT

ISLE
ILS

—
O DL 40 m s Wk -

— ol o —
bW -

= Control Quiput Strobe Buffered

= Control Qutput Strobe Inverted Buffered
= Control Output Strobe

=0R Gate 2 Input A

= 0R Gate 2 Input B

= OR Gate 2 Output

= Control Qutput Strobe Inverted Bufferad
= LSB Qutput Enable

= MSB Quiput Enable

= Qutput Strobe Latch Enable

= Data Input M5B Latch

= Control Input LSB Latch

= [nput Strobe {_atch Enable

= Data Input Lateh Strobe .

P/N 684332 3/83
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Table 607-1. Personality Card Pin Definition {cont)

INTERFACE
MNEMONIC

BOARD-PIN DEFINITION

10

Da
TTLPU
OR1A
OR1B
OR1a + OR1s
CISB
CISB
cIs
NC
HT
COR
LT
TIR

= Control Input Latch Strobe

= Data Qutput Latch Reset

= Control Output Latch Reset

= High Qutput Delay Puise

= Ground

=+5V dc

= interrupt Clock

= Contro! Input Strobe Clock Inverted
= Low Output Delay Pulse

= Control Input Strobe Inverted Buffered
= Data Input Ready Low

= Data Input Ready High

= Data Qutput Ready Low

= Data Qutput Ready High

=TTL Pull Up

=R Gate 1 Input A

=0R Gate 1 Input B

= 0R Gate 1 Qutput

= Control Input Strobe Inverted Buffered
= Control Input Strobe Buffered

= Control Input Strobe

= No Connection

= High Trigger Delay Pulse

= Control Output Ready Inverted

= Low Trigger Delay Pulse

= Control Input Ready Inverted

Table 607-2. Personality Cards

DESIGNATION DESCRIPTION

Figure 607-1. Personality Card Location

Duplex Parallel Interface for PDP-11,
DR11C, DRV-11.

Duplex Parallel interface for PDP-11,
PC11.

Duplex Parallel Interface (wiring comp-
leted by user).

Duplex Parallel Interface for HP125668B,
9825A.

Similar to the 07A, but used in
noisier systems.




607-5. INSTALLATION

607-6. The Parallel Interface is easily installed as a
module in the 8500 series DMM. Use the following
installation procedure:

1. On the DMM, press power OFF and remove
the line power cord.

2. Remove the DMM’s top cover.

3. Ensure that the desired personality card is
installed on the Interface PCB. H necessary, refer to
"Module Disassembly” in Section 4 of the
Instruction Manual when accessing the Interface
PCB.

NOTE
If the -07L Personality Card is used remove
Jumpers W1 and W2 from the Interface PCB.

4. Plug the personality card into J2 on the Parallel
Interface PCB. The location of J2 is illustrated in
Figure 607-1.

5. Reassemble the module {(PCB and shield
COVErS).

6. The Interface module fits in the rearmost slot,
bus connector and address switches facing the rear.
Slide the module vertically between the module
guides, and press firmly into place.

NOTE

Make sure the leaf spring, attached to one-
half of the module shield, is resting firmly over
the flange of the opposite half of the module
shield, !

7. Remove the Interconnect PCB, if installed,
from slot K. This slot can be identified as the only
one with connectors on the analog and digital bus
lines. To remove the Interconnect PCB, grasp the
board at both ends, and pull up. An end-to-end
rocking motion may be necessary to free the PCB
from its connectors. The Isolator module must be
installed in slot K whenever a remote interface
(Option -05, -06 or -07) is used in the DMM.

NOTE

Use Isolator -08 with the 8500A; Isolator -08A4
must be used with the §5024.

8. Replace the DMM’s top cover.

9. Energize the DMM.

8505A/8506A-07

607-7. OPERATING DIRECTIONS

607-8. The normal power-up condition of the Parallel
Interface is eight-bit ASCII input and output. Command
codes can change this to 16-bit ASCII input (iwo
characters per transfer), 16-bit ASCII output, 8-bit
Binary output, or 16-bit Binary output in character serial
format.

607-9. When the front panel remote switch is pressed on
the 8500A, the DMM stops measurements and waits for
stimulation from the external device. On the 85024,
pressing the front panel remote switch results in the
Parallel Interface trying to output data (ASCII 8-bit)ina
continuous talk only mode. '

607-10. THEORY OF OPERATION

607-11. Block Diagram Analysis

607-12. Data transfer through the Parallel Interface
involves handshake processes between the interface and
either the system controller or the instrument controller.
Refer to the Block Diagram, Figure 607-2, during the
following descriptions.

607-13. At power on, a reset circuit in the interface
holds the control latches in the proper state until Vee
stabilizes. The instrument controller sends a software
reset and an interrupt enable signal to the interface during
its power on routine, This enables /O operations to proceed.

607-14. This paragraph describes a typical two-wire hand-
shake process for transferring commands through the inter-
face to the DMM. Before the system controller attempts to
send data to the instrument it verifies that the DMM is
ready to accept the data. If the Control Input Ready (CIR)
handshake signal indicates the DMM is ready, the system
controller can strobe the Control Input Strobe (CIS) hand-
shake signal line, The CIS has three functions. One clocks
the input data placed by system controller on the input
lines into the data input latches of the -07 interface. The
second generates an interrupt request to the instrument
controller. The last toggles the CIR handshake signal to
indicate that the DMM is not ready and cannot accept addi-
tional input data. The CIS interrupts the DMM which
responds by accepting the input data from the -07 interface
data input latches and toggling the CIR handshake signal to
indicate that the -07 interface is now ready to accept addi-
tional data from the system controller. This process is
repeated for each input operation

607-3
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Figure 607-2. Parallel Interface Block Diagram




607-15. A typical two-wire data output transaction from
the DMM is handled in a similar manner to the command
input operation described above. When 2 data output trans-
action is initiated the instrument loads the data into - the
data output latches of the -07 interface and togples the
Control Output Ready (COR) handshake signal. This indi-
cates that the -07 interface contains data to be transferred
to the receiving device. The receiving device may accept the
output data via the Data Out/Control Out Signal lines while
enabling the Data QOutput Buffers. The receiving device
strobes the Control Output Strobe {C0OS) handshake signal
line ejther while or after it accepts the data. This toggles the
COR handshake signal to indicate acceptance of the
previously cutput data and to permit subsequent data out-
put operations to oceur. This process is repeated for each
output operation.

607-16. Due to the wide variety of handshaking protocols,

a personality card is used to mateh the logical and electrical
- characteristics of the system interface handshake signals to
the -07 interface circuitry. The personality card connects
the handshake lines to interface control and status signals.
However, if the handshake protocol warrants additional eir-
cuitry may be used in the personality card connection con-
figuration. The additional circuitry may be from either
logie and timing circuitry existing on the -07 interface PCB,
or additional circuitry on the personality card. Typical
personality eard connections have 1-LAT, S-LAT, I_ﬁf, and
SLS stimulated through the CIS handshake signal and CIR
stimulated by IQ for input operations. [-LAT and 8-LAT
are used to store input data over the Data In and Control In
signal lines. INT is used to generate the interrupt request to
the instrument controller. SLS toggles the CIR signal. For

output operat'ions, COR is stimulated through DQ and -

COS stimulated by CLR. CLR toggles the COS signal.

607-17. Circuit Analysis

607-18. The following circuit analysis is accurate for
Parallel Interface with Personality Card DRI1C (4062)
installed; control signats COS, CIS, COR, and CIR are there-

fore positive true logic. Refer to the Schematic Diagram

during the following circuit deseriptions, Table 607-3 de-
fines interface connections.

607-19. RESETS

607-20. Power up resets are controlied by the RC
network connected to U19-13. The reset signal is applied
through Ul-11 and U84 to the control latches (U29-8 and
U28-8 are reset, while U29-3 and 128-5 are set). Address
ICS, 3, 2, decoded by U25-10, provides software resets,

607-21. ADDRESSES
607-22. For all addresses, an ACK response is returned

to the instrument controller through U31-10 and QL.
Upon termination of the address, U30-12 is clocked, If

8505A/8506A-07

ID7 1s high, the interface is reset through U23-10, U23-11
and UI9-12 and interrrupts are disabled, If ID7 is low at
address IC5, 3, and 2, interrupts are enabled, U30-12 goes
high. Since U30-2 was reset, U19-6 is high; U194 placesa
high on U30-5. When U30-2 is clocked, an interrupt will -
be generated from U20-11. When triggered by U19-10,
Ull-12 goes low to clear U29-5 and U28-5. The signal
from U28-5, routed through the personality card to
generate CIR, indicates to the system controller that the
instrument is ready to receive data, S

607-23. DATA INPUTS

607-24, The system controller strobes the CIS line to make
U222 low and applies it through the personality card to
I-LAT, 5-LAT, and LT. U2-4 also goes high and is apphied
to SLS through the personality card. I-LAT and S-LAT
from the personality card clock the input data on the Data
In and Control In lines into the data latches U3, U7, U13,
and Ul4 at the termination of the CIS strobe. The termina-
tion of CIS also triggers a pulse (QF) at Ul1-2 through the
LY signal at Ul)-1 which connects through the personality
card to INT. INT, through 1U19-10, clocks U30-2 which
enables the tri-state U20-11 to interrupt the instrument
controller. 8L, throigh Ul8-8 and U274 clocks U28-5

(1Q) high. 1Q, through the personality card and U2-6,

drives CIR to indicate to the system controller that the -07
interface is not ready to accept additional data. The instru-
ment controller responds to INT with an INA which drives
U8-2 low to enable tri-state U12-13 to place a high (from
U30-1) on ID2 for uge as the interrupt vector in the instru-
ment controller. INA is also applied directly to U23.2
which drives U23-3 and U19-10 low to cause an ACK
tesponse. Termination of INA clocks .U30-1 low, ending
the interrupt signal.

607-25. The intetrupt vectot tells the instrument con-.
troller to read data out of the interface. Address IC1, 4, 6 is
decoded by U24-10 to enable tri-gtate buffers Ul2, U21
and UU22. The low from U24-10 is applied through U27-4 to
the clock input of U28-5. Termination of the address clocks
IQ (728-4) low. This state, transfarred through the person.
ality card and U2-6, causes CIR to go high and signals the
system controller. that the instrument is ready for mote
data.

607-26. In the double character mode, data of the most
significant byte (DATA IN) is read first and the least signifi-
cant byte (CONTROL IN) is read second. In the data out-
put mode the MSB is loaded first. All termination and im-
mediate command characters must use the CONTROL IN
data lines. '

607-2_7. DATA OUTPUTS

607-28. Data bytes are loaded into data latches U15, uls,
U17, and U26 by addresses ICO, 3, 5 (decoded by U25-9)
and IC1, 3, 5 (decoded by U25-6). Termination of the

607-5




8505A/8506A-07

addresses also clock DQ (U28-8) low. Applied through the
personality card to UU2-8, this low sets COR high. The
receiving device now sces that data is ready to be read from
the interface.

607-29. The COS strobe is used by the receiving device to
complete the output handshake. Since data cutput buffers
U4, U5, and U6 are enabled by DOEN and COEN low
through personality card connections, output data is avail-
able on Data Out and Control Out lines. The COS strobe is
generated, cither while or after, the receiving device accepts
the data. A high on U2-10 from COS is applied through the
personality card to the CLR line (U18-4) and eventually to
the clock input of DQ (U28-11). Termination of COS clocks
D{) high which toggles COR and informs the instrument
controller that more data may be transferred to the receiv-
ing device via the -07 interface.

607-30. One complete reading in the 16-bit mode con-
sists of seven transfers in ASCII (six with line feed sup-
pression), or three transfers in binary code. Each reading in
the eight bit mode consists of fourteen transfers in ASCIL
(thirteen with line feed suppression) or five trapsfers in
binary code. When a complete reading has been sent in
either mode, the instrument controller resets the interface
and enables interrupts. CIR goes high to indicate that the
instrument is ready to receive data.

607-31. Detailed Input Processes Description

607-32. For a graphical representation of the signal timing
relationships, refer to Figure 607-3 and Table 6074, Before
inputting any information to the DMM, the -07 interface
must indicate that it is ready to accept input data, This is

Tahle 607-3. Parallel Interface Connections

TITLE MNEMONIC

J1 PIN NO, SIGNAL FLOW

Input Strobe C15
{Qutput Strohe cos
MSD Bit 18 Input 17
MSD 8Bit 14 Input 16
MSD Bit 13 lnput 15
MSD Bit 12 input 14
MSD Bit 11 Input 13
MSD Bit 10 Input 12
MSD Bit 9 Input "
MSD Bit 8 Input 10
LSD Bit 7 Input s7
L5D Bit 6 Input 56
LSD Bit 5 Input 55
LSD Bit 4 Input 54
LSD Bit 3 Input 53
LSD Bit 2 Input 52
LSD Bit 1 Input 51
LSD Bit 0 input 50
Qutput Ready
Input Ready

MSD Bit 16 Output
MSD Bit 14 Qutput
MSD Bit 13 Qutput
MSD Bit 12 Quiput
MSD Bit 11 Output
MSD Bit 10 Qutput
MSD Bit 9 Output
MSD Bit 8 Qutput
LSD Bit 7 Qutput
LSD Bit & Qutput
LSD Bit 5 Qutput
LS50 Bit 4 Output
LSD Bit 3 Output
LSD Bit 2 Qutput
LSD Bit 1 Qutput
LSD Bit 0 Qutput

31 From Caontrol Device
37 From Control Device
14 From Control Device
15 Fram Control Device
16 Fraom Control Device
17 From Control Device
18 From Control Device
19 From Control Device
20 From Control Device
21 From Control Device
G From Control Device
7 From Control Device
8 From Control Device
9 From Control Device
10 From Control Device
1 From Control Device
12 From Control Device
13 From Control Device
1 To Control Device
29 To Contral Device
48 To Control Device
45 To Control Device
44 To Control Device
43 To Control Device
42 To Control Device
11 To Control Device
40 To Control Device
39 To Control Device
22 To Control Device
23 To Control Device
24 To Control Device
25 To Control Device
BO To Control Device
49 ~ To Control Device
48 To Control Device
47 To Control Device




reflected by Data Input Ready Indicator, IQ or IQ. The
Data Ready Indicator, DQ, is at a low level when the DMM
is ready to accept data (prior to T9). (Conversely, DQ is at
a high level to reflect this condition.) With this indicating
ready, data on data lines I0-I7 and 50-57 if appropriate, can
be strobed into the data latches. This is done by a low fo
high transition on ILAT and SLAT as appropriate (T4).
(50-57 and SLAT are only used for 16 bit mode input
operations.)

607-33. The Data Input Ready Indicator must be topgled
to reflect that the interface is no longer able to accept
data. ISLE and SLS are used to toggle Data Input Ready.
The logical NAND of ISLE and SLS is formed. This signal
is termed CIS. With both ISLE and SLS in 2 high state, the
high to low transition of SLS toggles the Indicator (T7).
1S is low with both ISLE and SLS high. The high to low
transition of SL8 causes a low to high transition on Cis
(T$), togaling the Data Input Ready Indicator (T9). CTS
must remain high vuntil the input cycle is complete. This
means that both ISLE and SLS must not be high simul-
taneously again until the completion of the input cycle
(T12).

8506A/8506A-07

607-34. Toinitiate processing of the data from the interface
into the DMM, a low going pulse must be placed on INT.
lts trailing edge injtiates the activity (T13). INT must not
again make a low to-high transition until the subsequent
input trapsaction.

607-35. Following the TNT signal, the DMM is processing
the data from its interface. When it has completed this
processing, it will toggle the Data Input Ready Indicator

(T12). When this has occurred, the DMM input operation is

complete, Additional data may now be transferred to the
interface from the external device as necessary.

607-36. Detailed Output Processes Description

607-37. For a graphical representation of the signal timing
relationships, refer to Figure 607-4 and Table 607-5. An
output cycle is started by the DMM indicating that its
interface contains data to be transferred to the external
device. This is shown by the Data Output Ready Indicator,
DQ or DQ. DQ is at a low level and DQ is at a high level
whern output data is available from the DMM (prior to T2).

TS T1Q

*CIS = NOT (ISLE AND 5LS)

Figure 607-3. Interface tnput Control Signal Timing Diagram
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Table 607-4. Input Timing Parameters

Table 607-5. Qutput Timing Parameters

Ty Ty b ns Data set up time preceding SLAT

or ILAT low to high transition

Data hold time following SLAT
or AT low to high transition

T4'T6 3 ng

Minimum wait time following the
ready transition of 1Q or TQ before
new data can be placed on data
lires

Minimum time SLAT or ILAT

can be high

Minimum time SLAT or ILAT
can be jow

T12'T14 0O ns

Ta T

T3~TB Maximum time from when 1SLE
and 5LE both become high to the
high to low transition of CIS

Maximum time from when either
ISLE or SLS become low to when
C1S becomes high

Ty Tg

TgTy Time for the law to high transition
of CIS to toggle 10 or 10

T16T17 Minimum time CIS may be low
T1.2~T1E Minimum wait time following the
reacly transition of 1Q until CI8

may enter a low condition

Minimum time for INT to remain
low preceding the low to high
transition :

T5T1p0

Typical time for 10 or 1Q to
respond to INT transition (2 bit
mode}

Ti0T12

Typical time for 1Q or TQ to
respond to TNT transition (16 bit
mode)

Minimum time TNT must remain
high

Ti0T13

mﬁimum wait time following the
CIS transition before the INT
transition

Ti7T1g

607-38. At this point, data is stored in latches on the -07
interface (T3). For this data to be on data lines C0-C7 and
DO-D7 if appropriate, the output driver circuitry must be
enabled. A low level on COEN enables the data line drivers
on CO-C7. Similarly, a low level on DOEN cnables data line
drivers on DO-D7. DO-D7 need only to be enabled when data
is transferred in the two byte, 16 bit format. A high Jevel

on either of these enable lines disables the tri-state drive

circuitry and presents a high impedance to the appropriate
data lines from the interface. :

607-8

Minimum enabling time for data
lire driving circuitry

T1“T3 40 ns

Mirimum disabling time for data
line driving circuitey

Tm-T11 30 ns

1170 ns| Minimurn time from data ready
transition until valid dats

T3
T2-1"4 0 ns Minirmurn time following ready
transition until start of ready
toggle puise

Maximum time from when both
CLR and OSILE become high antif
DOTGL makes a high to Jow
transition

TaTs

Maximum time for DQTGL1to
make a low 1o high transition
following either CLR or OSLE
becoming high

TgTy

TE 'T7 1 5 ns
Ty Tg

Minimum ready togate pulse time

318 ns | Time to toagle the ready indicator
: following the toggle pulse

Time following ready indicator

TS-TQ 1us
. togole before data is not valid

607-39. With the acceptance of the data from the inter-
face, the external device must toggle the Data Output
Ready Indicator. This indicates that the ouiput cycle is
complete. Subsequent operations may then proceed (such
as another ourput cyele, another measurement, subsequent
command processing, etc.). To logele the Data Output
Ready Indicator, OSLE and CLR are used. OSLE and CLR
are NANDed together to generate the signal which toggles
the Data Output Ready Indicator, (This combined signal is
termed DOTGL in the timing dizgram.) A rising edge on
this signal toggles the indicator (T7). From the completion
of the previous output cycle, OSLE and CLR cannot both
be at a high level simultaneously. One or the other or both
must be low at all times. To toggle the indicator, both OSLE
and CLR should be at or change to a high state (T4), and
then CLR should make a high to low transition (T&). The
Output Data Ready Indicator toggles (T8) and completes
the output eycle.

607-40, TROUBLESHOOTING

607-41. Troubleshooting the Parallel Interface requires an
external control device with a parallel 1/0, such as a PDP 11
with the DR11C Interface. When a problem is isolated to
the Parallel Interface, it is rccommended that the faulty
unit be sent to the nearest service center for repair.
Table 607-6 additionally provides a tabular flow chart
approach to troubleshooting. When a step on the flow chart




is completed, check for a decision transfer. If no decision
is required, perform the next step in sequence,

607-42. PROGRAMMING INSTRUCTIONS

60743, Programming command instructions are
_ provided in Table §07-7. For the 8505A and 8506A, refe
to Section 2A. :

BE05A/8506A-07

607-44, PARTS LIST
607-45. Table 607-7 gives a parts breakdown for the

Parallel Interface. Refer to Section 5 of this manual for
ordering information.

cauTion )
Indigated devices are subject to damage by
static discharge.

_.\

T

TS T7

* DATGL = NOT {OLSE AND CLR)

Figure 607-4, Interface Qutput Control Signal Timing Diagram
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Table §07-6. Troubleshoollng

Go to the step
number given
for correct
response

ACTION

YES NO

This troubleshooting procedure is based on the assumption that the instrument has been
checked in local and found to be operational in all aspects prior to installation of the
Paralle! Interface.

Install the Parallel Interface in the instrument and apply power from the front panel switch,
Is the display blank?

Check for an address (IC) line held low, Check the address decoders.

Check for tha ACK line held high. Check the ACK circuitry. Repair as required and return to
step 2.

{5 the wrong option configuration displayed at power on or reset?

Check for an address (IC} line held high. Check the address decoder. Repair as required and
return to step 2.

Is the display incorrect or garbled?

Check for an 1D line held high or low. Check the input latch, cutput buffer, and INT set
flip-flop.

Instruct the instrument to go to remote by inputting a valid program character. Does the
instrument go to remote?

Check the input strobe (CI5) J2-34; check for the INT eircuit not being set (U30,19);
check for the INT from the input strobe {(J2-21).

Select a mode from remote. 15 the right mode selected?

Check the input data latches or buffers. Check the data strobe at J2-22, -12,

Check the response data. |s there any, or is it correct?

Check the ready (COR) line, Check the output strobe (COS}. Check the output latches or buffer,
Is the response only a single byte of data?

Check the status flip-flops (U28, U29) for reset.

I5 the ready line hung?

Check for incorrect data out or bad input data.

I there is no input, check for a bad input ready (CIR}.

Troubleshooting of the Parallel Interface as applicable at this level, is complete,
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Table 607-7. Parallel Interface PCE Assembly

1 FLUKE | MFG
s ND. CODE OR TYPE

=07® PARALLEL TNTERFACE PCB ASSEMBLY ORDER BY OPTION =0T
FIGURE 607-5 (MIS-4175T)

1 CAP, TA, 5.6 UF +/-20%, 25V ‘ 368069 5A288 196DE6GX0025KAN
ca CAFP, CER, 0.22 UF +/-20%, 50V 309840 71590 CW3I0C224K ‘

c3 CAP, MICA, 100 PF +/-1%, 500V 226126 72136 DMISFI0MF

cY CAP, MICA, 390 PF +/«5%, 500V ' 148437 72136 DMIGF391J

C5 CAP, CER, 560 FF +/-10%, 600V 106203 72982 B01-00-%BRO-56 1K
cH-C12 CAP, CER, 0.01 UF +/-20%, 100V 149153 56288 CO23B101F103M
Ht SCREW, FHE, 4-30 X 1/1 129890 73734 19022

H2 SCREW, PHP, 4-40 X 3/8 266164 89536 ZE6164

A3 WASHER, INT/LK #4 © 110403 73734 g9oko2

by SCREW, FHP, 6-32 X 1/4 320093 89536 320003
{not shown)

J2 CONNECTOR, SOCEKET, 20 FIN 4UT110 89536 MAT110

CASE ASSY (INCLUDES MP2-MPB) - 458950 89536 458950
CASE, HALF ‘ ‘ ‘ 402990 89536 302990
CASE HALF, MODOLE ‘ 427625 89536 427625
COVER, MODULE CASE hozgry 89536 H02971
SHIELD, COVER ‘ ' 411991 89536 41199

DECAL, PARALLEL DNTERFACE 413500 89536 413500 -
DECAL, CAUTION 4sksod  B9536  UBMBOL
GUARD, REAR 383364 89536 383364
LATCH ‘ B12700 13511 57-1001
SFRING, COTL : 423465 83553 CO120-014-0380

(net shown) ‘
SFRING, CONNECTCR 4112718 71785 436-99-22-205
SHIELD, FRONT . 383372 89536 383372

{not shown) S
EPACER, SWAGED ‘ 312427 89536 312421

SPACER, SWAGED 335604 89536 335604
B1 CONNECTOR, CABLE, 50-PIN, MODIFIED 413138 13511 57T-20500-31
@ X3TR, SI, FNP 226290 0Q4T13 MES3640
R1 RES, DEP. CAR, 10K +/-5%, 1/4W a 348839 80031 CR2G51-U4-GP10K
R2 RES, DEF. CAR, 1K +/«5%, 1/4W 343426 80031 CR251-4-5P1K

3

R3 RES, DEPF. CAR, 10K +/-5%, 1/4W 3458829 80031 CR251-4-BP10K
RA RES, DEP., CAR, 150 +/-5%, 1/4W 343442 - 80031 CR251-4-5P150F
i3 RES, DEP. 1K +/=5%, 1/ Y3426 B0O31 CR251-4-SPIE
R6 ' RES, DEP. 2K +/-5%, 1/4W 441469 80031 CR251-4-5F2K
i RES, DEP CAR, 100K +/-5%, 1/4¥W 348020 80031 CR251-U4-SP100K

m
I -

RESISTOR NETWORE, 4.7EK, B-PINS 412916 89536 412916
o1 Ic, TTL, 2-INPUT POSE OR GATE 393108 01295 SNTHLS32N
Uz Ic, TTL, POS NAND GATES 202497¢ 01295 SNTHOLN
o3 I¢, TIL, LO-PWR SCHOTTEKY 393215 01295 SNTUSITSN
Ul U IC, TTL, TRISTATE, HEX BUFFERS 4OBTES 01295 SNTUZETN

u7 I¢, TTL, LO-TWR SCHOTTEY 393215 01295 SNTUS175N
Ue® iC, C-MDS, HEX INVERTER/EUFFER 381848 02735 CDHOLOAE
U9, U10® IC, C-MOS, HEX INVERTER/BUFFER 381830 02735 CDUOSOAE
U@ 1C, LO-IWR SCHOTTKY 404186 01295 SNTALSIZ3N
Uiz2® IC, MDS, TRISTATE HEX BUFFER 407759 12040 MMBOCOTN

=)
4:-5[\:—!% L




8505A/B506A-07

Table 607-8. Parallel Interface FCB Assembly (cont)

FLUKE MFG
REF MFG PART NO.
DESCRIPTION STOCK SPLY OR TYPE

BES N0, | coee

mns i¢, TTL, LO-PWR SCHOTTKY 393215 01295 SNT4US17EN
U1y Ic, TIL, LO-PWR SCHOTTKY 303215 01295 SNTMSITEN
U15-U17D 1IC, COS/MOS, QUAD, CLOCKED D LATCH 355149 02735 CD40L2AE
V8@ I¢, TTL, QUAD, 2-INFUT FOS NAND GATE 393033 01295 SNTULSQON
U19® IC, C-MD3, QUAD, 2-INPUT, AND GATE HoB401 02735 CDBOBIBE

U20-U22® IC, MOS, TRISTATE HEX BUFFER 207759 12040 MMBOCOTN
U23® IC, C-MDS, QUAD, 2-INPUT NAND GATES 355198 02735 CHMOT1AE
U2y, U2s5® IC, ¢-MOS, TRPL, 3-INFUT NAND GATE 375147 02735 CDUO23AE
U6 1c, COS/MOS, QUAD, CLOCEED D LATCH 355149 02735 CDUDUZAE
u27® I¢, C-MDS, QUAD, 2-~INFUT, AND GATE BOR4G1 02735 CDYOB1EE

uz8, U2e IC, LO-PWR SCHOTTEY 293124 01295 SNTALSTAN
U30® IC, C-MOS, DUAL TYPE "D™ FLIMFLOP UH117 02735 CDHOI3AE
[ES L IC, C-MOS, TRIPLE 3-INPFUT, AND GATE 408807 02735 CD4OT3RB

DR11-C, LNT PERSONALITY CARD FCE ASSY 523043 £23043
(MI5-4062) (NOT SHOWM)

DIODE, 5I, HIGH-SPEED SWITCHING 203323 INBALE
DIODE, 35X, HIGH-3FPEED SWITCHING 203323 THE4Y48
DIOBE, SI, HIGH-SPEED SWITCHING 203323 INEHYE

DIODE, $I, BIGH-SPEED SWITCHING 203323 INBUYE
CONNECTOR, POST 267500 87022-1
RES, COMP, 4.7K +/-5%, 1/4W 148072 CBAT 25
DR11-C, HN1 PERSONALITY CARD PCB ASSY 523068 87022-1
(MIS-4063) (NOT SHOWN)

PC11 PERSONALITY CARD PCB ASSY YyguuT quokhy
(MIS-4069) (NOT SHOWN)
SFH PERSONALITY CARD PCB ASSY yuoh5Y 4hok5Y
{MIS-4070) (NOT SHOWN)
GP PERSONALITY CARD PCB ASSY Yuyahs 2 Laghe2

(MIS-%071) (NOT SHOWN)

DIODE, 3I, HI-SPEED SWITCHING 203323 TNHLYB
DIODE, 3I, HI-SPEED SWITCHING 203323 TNH4LB
DIODE, 23I, HI-SFEED SWITCHING 203323 TNU4LE
DIODE, SI, HI-3FEED SWITCHING 203323 THHLLE

CONNECTOR, POST . 267500 B7022-1

HF FERSONALITY CARD FCB ASSEMBLY 476218 476218

(MIS-4067T) (NOT SHOWN) .

CAP, CER, 0.01 UF «/-20%, 100V BOT361 8121~ 4100-WSR=-103M
CAP, MICA, 100 FF +/=5%, 500V 148494 DMISF101d

RES, DEP, CAR, 330 +/-5%, 1/4vW 368720 CR251-4~5P330E
RES, DEP. CAR, 220 +/-5%, 1/44W 342626 CR251-4-5F220E
RES, DEP. CAR, 330 +/-5%, 1/4W 368720 CR251=-U4~5F330E
RES, DEP. CAR, 220 +/-5%, 1/4W 3h2626 CR251-4-5P220E
RES, DEP. CAR, 10K +/-5%, 1/L4U 348839 CR251=4=-5P10K

I¢, TTL, QUAD, 2-INPUT, POS AND GATES 391066 SNT4LEDS
Ic, TTL, LO-PWR SCHTKY MNSTE MULTVBRS 404186 SNTHLET 23N

THE DRY1-C/EN1, BC1t, SFH, AND

GP PERSONALITY CARDS RAVE THE

SAME COMPONENT PARTS,

1 ORDER P/N 458950 FOR COMPLETE
MODULE CASE ASSY., WITHOUT PCE ASSY,
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608A-1. INTRODUCTION

608A-2. The Isolator modulé maintains the guarded
nature of the analog bus by isolating the analog signal
processing and converting circuitry from the digital
processing, control, display, and input/output circuits.
An Isolator module must be installed whenever a remote
interface (option -05, -06, or -07) is used in an §500 series
DMM. The following description pertains to the Isolator
-08A only. This module provides the capability for
external triggering of the DMM, The 8500A DMM does
not have provision for external triggering and
consequently must use the -08 Isolator or the -08A
without external triggering.

608A-3, INSTALLATION

603A-4. Refer to Section 4 of the Instruction Manual
for general module installation procedures. The Isolator
module uses slot K (which can be identified as the only
module slot with connectors on both the analog and
digital bus lines), Section 8 contains further information
on module slot locations,

608A-5. SPECIFICATIONS
608A-6. Input

608A-7.  The trigger input is factory-wired for a high
level of 4,3V (minimum) and a low level of 0.7V (maxi-
mum); pulse width should be greater than 10 us.
Common will be the same as interface logic common.

60BA-8.  The outer connector for external triggering
is at interface common. There should be no more than
10V between the outer connector and earth ground.

P/N 486357 Rev. 2 3/83

8500 Series -08A

Isolator -08A
(External Trigger)

608A-9. Trigger Processing Time

608A-10. The time between trigger edpe and first A; D
conversion (not inctuding filier timeouts or programmed
delays) is:

. Non-line synchronous mode, .8 to .9 ms

. Line synchronous mode, 1 to 6 ms

. High speed mode (Option 05 or -07
instalted), 114 £.5 us

.GOBA-H . OPERATING NOTES

608A-12. Installation of the lsolator (Option -08A) will
not affect standard operation of the instrument. The
External Triggering mode may, however, be activated
locally from the front panel or through remote interfac-
ing commands,

608A-13. Local Operation

608A-14, The External Triggering mode may be
enabled from the DMM’s front panel (Option -08A must
be installed). To activate this mode, press TRIGGER.,
The SAMPLE LED will now stop flashing to denote that
both External Triggering and Manual Triggering modes
are in ¢ffect. Apply a negative going TTL level pulse to
the external trigger input connector located on the rear
panel. The SAMPLE LED will now flash once for each
trigger received.

608A-15, The following considerations apply when
External Triggering mode is in use:

1. A manual trigger attempted from the. front
panel will take precedence over an external
trigger. If manual TRIGGER is pressed while.
a reading is in progress, the reading will be
aborted and a new one started,

All other front pane] switch applications will
abort the reading in progress. A new reading

G08A-1




8500 Series -08A

will not start until another trigger is received;
the numeric display will not update until the
new reading is complete.

608A-16. Remote Operation

608A-17. External Triggering can be enabled and
controlled remotely when a remote interface (Option-05,
-06, or -07) and the Isolator (Option -08A) are installed.
The command characters in Table 608A-1 can be used
from the remote.

608A-18. Trigger Polarity

608A-19. Either positive or negative going external
triggers may be accepted by the Isolator (Option -08A);
factory settings will be for negative triggers. Separate
jumper wire arrangements arc employed for negative and
positive triggers. Refer to Figure 608A-1 for the location
of jumper terminals on the Iselator PCB. To change the
jumper arrangement, use the following procedure:

On the Digital Multimeter (8500 series), press
POWER QFF and disconnect the line cord.

Table 608A-1. Remote Commands

Ext. Trigger Commands

.Ext. Trigger—interrupt when ready
Ext. Trigger and Transmit Reading
Disable Exlt. Trigaer

External Trigger Delay Commands
Mo Delay
2.083 ms
4,166 ms
B.332 ms
16.66 ms
33.33 ms
66.66 ms
132.3 ms
266.6 ms
533.2ms
1,066s
2133
4.266s5
8.5632s
17.06s
34.13s

68.2065

Remove the [solator module,

Observe Static Sensitive device precautions
listed in Section 4 of the Instruction Manual,
Avoid touching connector terminals on the
Isolator PCB,

Remove the Guard Covers from the Isolator
PCB using techniques outlined in Section 4 of
the Instruction Mapual (Module Assembly
and Disassembly).

For negative going triggers, there will be a
jumper between pin | and pin 4 on Schmitt
Trigger U35,

For positive going triggers, remove the
jumper between pins [ and 4 and jumper pin
lto2and 3to4 on U35,

Reassemble madule, replace in Digital
Multimeter.

608A-20, THEORY OF OPERATION

608A-21, The lsolator accepts parallel data and address
bytes, shifts them to serial format for transfer across
isolation transformers, and converts them back to
parallel format. Seven address (1D) and eight data (1D)
lines are used. Lines 1CS and 1C6 are always low. The

Figure 60BA-1, Triggar Polarity Connactions




Controller can send data to any addressed module; the
A/ D Converter will be the only analog module that sends
data back to the Controller (bit serial data stream on
1D7). Refer to the Isolator Schematic (Figure 608 A-3)
and the Functional Block Diagram (Figure 608 A-2) for
the following circuit descriptions,

NOTE

When the Isolator is Installed, Vec and Vssin
the unguarded digital bus are isolated from
analog common.

608A-22. The description given in this paragraph will
detail how data (1ID0-ID7) and address (1C0-1C4) levels
on the unguarded digital bus are loaded into shift
registers (U3 and U7) in the Isolator. Inputs on address
lines 1C0-4 for either direct or indirect addresses are
applied through inverters to shift register U7. Inputs on
data lines {ID0-7) are applied to U7 (1D0, iDI1)and U3
(1D2-7). A fow on Ul4-12 will clock both address and
data levels into the shift registers; the relaxation oscilla-
tor made up of U9-6 and U9-8 will be disabled by this
same low during the load time. Monostable multivibra-
tor U14-12 is clocked by a low going signal on U10-12.
Two inputs to U10-12 will always be high (IC5, IC6 will
always be low and are inverted). The third input will be a
high from U10-8, which is enabled with any direct
address on 1C0-4 (ICO, 3, or 4 will have at least one high).
The length of the load time will be determined by R2and
C2.

8500 Series -08A

608A-23. At the end of the load time, relaxation oscilla-
tor U9-6 and U9-8 will be enabled, and data will be
serially shifted out of registers U3 and U7, across
isolation transformers T1 and T2, and into registers U20
and U6. Oscillator pulses from U11-10 and Ul1-13 clock
serial data out of U3 and U7, and into U20 and Ul6.
When this data transfer is complete, U16-11 will go high
to enable address gates U22 and U26-4 and disable
loading clock pulses to U20 and U16. Parallel data will
then be applied through output buffers to 1D0-7 on the
guarded analog bus. Parallel address levels will be
applied through the enabled address gates to address
lines 1C0-4 on the guarded analog bus,

608A-24. The clock pulse for U9-6 and U9-8 is disabled
during the load period (U14-12 low). When clock pulses
cease from U24-4, retriggerable monostable multivibra-
tor U23-13 places a low on U20-9 and U16-9 to clear any
previously latched data.

608A-25. An acknowledge (ACK) signal is transferred
from the guarded analog bus to the unguarded digital bus
by way of an isolation transformer. A low at U23-12 will
enable U19-1 whenever an ACK is returned. With U19-1
high, a clock pulse from U24-4 and U24-12 is applied
through U15-3, U15-6, T8 and T7. This pulse then clocks
U8-2, resulting in an ACK signal out on U8-13.

608A-26. In order to obtain a data bit return on 1D7,
the indirect address is used in three ways. First, the
address (1Ci, IC2 high) is sent to the A/D Converter

SERIAL DATA

100107

INPUT GATES
& UNGUARDED
SHIFT REGISTER !

EXTERNAL TRIG.

INA EXTERNAL
T4 TRIGGER

e SERIAL DATA ‘
1D0~ID?
GUARDED SHIFT

ISCLATION

TRANSFORMERS REGISTER &

CLOCK QUTPUT GATES
1C0O--1C4

XFR COMP

ACK & ID7

TR
100166 ) Cof'oclgL

107

Figure 608A-2. Isolator Black Diagram
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through the Isolator’s shift register system. The address
will also be used to enable U9-11 on the unguarded side of
the lsolator. Thirdly, on the Isolator’s guarded side, ICl
and 1C2 high will enable address decoders UI8-4 and
U25-9. With UI8-3 consequently high, tri-state device
U21-13 is placed in the high impedance mode. A path i3
now enabled for 1D7 levels from the guarded analog bus
to be transferred back to the unguarded digital bus. For
instance, with a high on U19-5, 1D7 high willenable U 19-
4. Clock pulses from U24-4 and U19-4 high enable U]5-
It and U15-8. While U9-11 enables U13-9, U8-5 clocked
high places 1D7 high on the unguarded digital bus.

608A-27. The following sequence of events takes place
it the [solator during external triggering. Dual D flip-
flop U31 will beenabled by a low on 1D0 and high at U33-
9. Address lines IC4, IC5, and IC6 must all be high for
U33-9 to go low. With Vec applied to U31-5, a positive
going external trigger from U35-10 will clock U31i-1 high.
The network of R24 and C6 will detect Vcc at power on

and disable the module’s interrupt capability, The high at
U31t-1sets INT fow and places a high at pin 12 of tri-state
buffer UI3. A returned high on INA then gates Ul3-11
high onto IDI. The controller will react to this high on
IDI by taking a reading. When data from the reading is
accepted, DO will again go low, resetting U31 ready for
the next external trigger. Triggers received prior to 1D0O
going low will be ignored.

608A-28, TROUBLESHOOTING

608A-29. Table 608A-2 gives a symptom analysis
routine for troubleshooting the Isolator module.

608A-30. PARTS LIST

608A-31. Table 608A-3 gives a detailed parts
breakdown of the lsolator (Option -08A). Refer to
Section 5 of the Instruction Manual for ordering
information.

Tabla 608A-2. Isolator Troubleshooting

SYMPTOM

POSSIBLE FAILURE

No display at Power Cn

Display Bad

IC line held low US, U12, U3G
IC line held high U5, U12, U35

ID line held high or low U1, U2, U13

Error 9 at Power On

Option Configuration Wrong
Can’t Call Proper Ranges

Constant Bad Reading Displayed

UNGUARDED SECTION

Oscillator check U11-10

Shift Register U31-1, U7

Not transferring puises U4, core windings
ACK bad U9, U12, Q1, UB, U7, U2, U8

Address lines hung
Data lines hung U1, U2, U3

{D7 not returned U8, U13, core winding
U12, u10, U9, U35, UB.

Error 9 or Configuration Wrang

Can’t Call Proper Ranges

Constant Bad Reading Displayed

GUARDED SECTION

U12-10, U16-1, U23-13
{Address, Data)

U25, U19, U15, U24 (ACK)
U24, U23 {Address)

U16, U21, U18

U18, U26, U25, U19, U15 (1D7)




8500 Series -08A

Tahle 6O8A-3. Isolator PCB Assembly

FLUKE WFG
DESCRIPTION STOCK | SPLY MFG PART 0,
NO. CODE

-084 ISOLATOR PCE ASSEMBLY ORDER OPTION -084A
FIGURE 6084-3 (85024-4181T)

C1 CAP, MICA, 220 PF +/-5%, 500V 170423 DM15F221Jd
cz CAP, MICA, 18 PF +/-5%, 500V 266585 DM15C180J

c3 CAP, MICA, 180 PF +/-5%, 500V 148460 DM15F181J

cl CAP, MICA, 220 PF +/-5%, 500V 170423 DM1SF221J

C5 CAP, MICA, 6B PF +/-5%, 500V 148510 DM15F680J

Ch CAP, TA, 39 UF +/-20%, 6V 163915 196D396X0006KA1
CcT CAP, ELECT, 150 UF -10/+50%, 16V 186296 ET151X0164A5

c8, C9 CAP, MICA, 27 PF +/-5%, 500V 177998 DM15E27 04
c10 CAP, CER, 0.22 UF +/-20%, 50V 309849 CW30C2234K
c11 CcaP, CER, 0.0047 UF +/-10%, 500V 106724 CF-U72

¢12, C13 CAP, CER, 0.22 UF +/-20%, 50V 309849 CW30C224K
c16 CAP, CER, 0.22 UF +/-20%, 50V 309849 CW3oc224K

H1 SCREW, PHP, 4-40 X 5/8 145813 19027
L1 INDUCTOR, COIL 6-TURN 320911 320911
MP1 CASE MODULE ASSY (INCLUDES MP2-MP11) k86407 486407
MP2 CASE HALF, MODULE 402990 402990
MP3 CASE HALF, MODULE 802990 402990

MPY4 COVER, MODULE, CASE 486340 486340
MPS SHIELD, COVER 437939 437939
MP6 DECAL, ISCLATOR/EXT TRIGGER 477570 477570
MPT7 DECAL, CAUTION Lsh504 454504
MP8 GUARE, REAR LEFT 437947 437947

MP9 GUARD, REAR RIGHT 383349 383349

MP10 GUARD, FRONT LEFT 487298 487298

MP11 GUARD, FRONT RIGHT 487280 487280

Mpi2 SPRING, COIL 424465 C0120-014-0380
(not shown)

[a} TRANSISTOR, SI, PNP 226260 MPS3640

Q TRANSISTOR, SI, NPN 218396 2N3904

R1 RES, DEP. C&R, 220 +/-5%, 1/4¥ 342626 CR251~L4-5P 220ET
R2 RES, DEP. CAR, 10K +/-5%, 1/4¥W 348839 CR251-4~5P10KT
"3 RES, DEP. CAR, 47K +/-5%, 1/4W 348896 CR251-4-5PUTKT

R4 RES, DEP. CAR, 4.7K +/=-5%, 1/4W 348821 CR251-4=-5P UKTT
RS RES, DEP. CAR, 10K +/-5%, 1/4W 348839 CR251-4-5P10KT
R6 RES, DEP. CAR, 1K +/-5%, 1/4W 343426 CR251-U=-5P1KT
R7 RES, DEP. CAR, Y4.TK +/-5%, 1/h4W 348821 CR251-U4-5P UKTT
RES, DEP. CAR, 10K +/-5%, 1/44 3148839 CR251-4-5P10KT

RES, DEP. CAR, 150 +/-5%, 1/4W 343442 CR251-4-5P150E
RES, DEP. CAR, ¥70 +/-5%, 1/4W 343434 CR251-4-5P 470ET
RES, DEP. CAR, 10K +/-5%, 1/4W 343426 CR251-U4~5P1KT
RES, DEP. CAR, 100K +/-5%, 1/L4W 348920 CR251-4~5P100K
RES, DEP. CAR, 150 +/-5%, 1/LW 3434842 CR251-4-5P150E

RES, DEP. CAR, 47K +/-5%, 1/4U 348896 CR251-4-5PUTKT
RES, DEP. CAR, 10K +/-5%, 1/4u 348839 CR251~4-~5P10KT
INDUCTOR 437608 437608
INDUCTOR k37590 437590
INDUCTOR 437608 437608
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Tahle 608A-3. lsolator PCB Assembly {cont)

DESCRIPTION

FLUKE
8TOCK
NO.

MFG
SPLY
CODE

MFG PART NO.

®Ic,

INDUCTOR
INDUCTCR
INDUCTOR
INDUCTCR
INBUCTOR

C-M08, HEX BUFFER/INVERTER
C-M08, HEX BUFFER/INVERTER

TTL, MSI 8 BIT SHIFT REGISTER
TTL, QUAD, 2INPUT HV INTRF NAND
C-M0S, HEX BUFFER/INVERTER

TIL,
T1L,
TIL,
TIL,
POS NAND GATES,

PFOS NAND GATES, REX INVERTERS
MSI 8-BIT SHIFT REGISTER

LO PWR, SNGL/DUAL RETRIG
QUAD 2-INPUT NAND GATE

TRIPLE 3 INPUT

POS NOR GATES, TOTEM POLE QUTPUTS
C-M0S, QUAD 2-INPUT NOR GATES
C-M03, TRI-STATE HEX NONINV BUFFERS

TTL, LO PWR, SNGL/DUAL RETRIG
TTL, QUAD, 2INPUT HV INTRF NAND

SHIFT REGISTER, 8 BIT PARALLEL OUT
NETWORK, 10K +/-5%, 1/4W

C-MOS, QUAD 2-INPUT AND GATES

POS NCR GATES, TOTEM POLE OUTPUTS
SHIFT REGISTER, 8 BIT PARALLEL GUT

C-M0S, TRI-STATE HEX NONINV BUFFERS
C-MOS, QUAD 2-INPUT NOR GATES

TTL, LO PWR, SNGL/DUAL RETRIG

TTL, POS NAND GATES, HEX INVERTERS
C-M0S, TRIPLE 3-INPUT NOR GATES

c-MOS,
C-MDS,
c-MOS,
c-M0S,
c-M08,

QUAD 2-INPUT NCR GATES

DUAL "D" FLIP FLOP

FAST QUAD 2-INPUT NAND GATE
TRIPLE 3-INPUT NAND GAE
HEX SCHMITT TRIGGER

CRDER
MODULE

P/N 486407 FOR COMPLETE
CASE ASSY., WITHOUT PCB ASSY.

L37590
k37590
437608
437590
437608

381830
381830
293118
408021
381830

393058
293118
404186
363580
393074

393041
355172
407759
404186
408021

272138
355305
408401
3930
272138

L07759
355172
hou186
393058
355180

355172
340117
513211
375147
477810

437590
437590
437608
437590
437608

CBUDS0AE
CBUOB0AE
SNT4165N
N7426A

CD4050AE

SNTULSO4N
SN7L4165N
SNT4LS123N
SNT7 400 SN
SNTLULS1ON

SNTULSO2N
CD400TAE
MMBOCITN
SNTU4LS123N
NTU426A

SHTU164N
355305
CDL0 81 B1
SNT4LS02N
SN74164K

MMBOCOTN
CDLOO1AE
SNTULS123N
SN7TULSO 4N
CD4025AE

CDUO0O1TAE
MC14013CP
34011PC/4011PC
MC14023CP
MM7LCE1 LN
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Figure 608A-3. Isolator PCB Assembly
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Section 7
General Information

7-1. This section of the manual contains generalized
user information as well as supplemental information to
the List of Replaceable Parts contained in Section 5.
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Federal Supply Codes for Manutacturars

Q0213

Nytronics Comp, Group Inc,
Subsidiary of Mytronigs Ing,
Farmerly Sage Electronica
Aochostar, New York

00327
Waelwyn Intarnational, inc.
Westlake, Qhio

00656
Aerovox Corp,
New Bedford, Massachusetts

06ge
Film Capacitors, Inc,
Paszaic, New Jersay

o779
AMF Ing.
Harrighurg, Pannzylvania

01121
Allen-Bradley Co,
Milwaukee, Wisconain

01281

TRW Electronic Comp.
Semiconductor Operations
Lawndale, Callfarnia

01295

Texas Instruments, ine.
Semicanductor Group
Dallas, Texas

01537

Motoroia Communications &
Electronics Inc.

Franktin Park, llinois

01686
RCL Electronics Inc.
Manchester, New Hampshire

01730
Raplaced by 73586

1aa4

Use 56280

Sprague Electric Co.
Daarborn Electronic Div.
Lockwood, Florlda

02114
Fatraxcuba Corp.
Saugertles, New York

02131

General Inatryment Corp,
Harris ASW Div.
Woestwood, Maine

02395
Rasen Mig, Co,
Brooklyn, New York

02533

Snelgrove, C.R, Co,, Ltd,
Don Millg, Ontarle, Canada
M3B 1M2

02606

Fenwal Labsg

Div. of Travenal Labs,
Martan Grove, lllinpiz

02660

Bunker Ramo Corp., Gonn Div,
Formerly Amphenol-Borg
Electric Corp.

Broadvlew, Illinois

02749
Areo Capacitors, Inc,
Chatsworth, Caliternia

Q3508

General Electric Co,
Semiconductor Products
Syracuse, New York

03614
Replaced by 71400

03651
Replacad by 44855

03797

Eldema Div.

Genisco Taechnelogy Corp,
Compton, Califernia

03877
Trangigtron Elegtronlc Corp,
Wakefield, Massachusetts

03888
KDI Pyrofilm Corp.
Whippany, New Jarsay

03911

Ctalrex Electronics Div.
Clairex Corp,

Mt, Vernan, New York

03980
Muirhead Ing.
Mountainside, New Jersey

040089
Arrow Hart Ing,
Harttord, Connectlcut

040862
Replaced by 72136

04202
Replaced by 81312

04217

Essex Intermatienal Inc.
Wire & Cable Div.
Anaheim, Califernia

04221

Aemco, Div, of
Midtex Inc,
Markata, Minnesota

04222

AVX Geramics Div.
AVX Corp.

Myrtle Beach, Florida

04423
Talanie Industries
Laguna Beach, California

04645 ]
Replaced by 75376

04713

Motorola Ing. Semiconductor
Froducts

Phoenix, Arizona

04946
Standard Wire & Cable
Loz Angeles, California

Q5082
Replaced by 84988

05236
Jonathan Mfg, Co.
Fulleston, Calitornia

05245

Compaonents Corp, now
Corcom, Ing.

Chigago, Hlingig

05277

Westinghouse Electric Corp,
Semiconductor Div,
Youngwood, Pennsylvania

05278
Replaced by 43543

05279

Southwast Machine &
Plastic Co.

Glendara, Califarnia

05387

Uinion Garbide Gorp,
Matarigls Systems Div,
New York, New York

05571

Lise 56280

Sprague Electric Ca,
Pacific Div.

- Los Angales, Galifarnia

08574
Viking Industries
Chatsworth, California

05704
Replaced by 16258

05820
Wakefield Engineering Ine.
Wakefield, Massachusetts

06001 :

General Electric Co.
Electronic Capacitor &
Battery Products Dept.
Columbia, South Carolina

06136
Replaced by 63743

06383
Panduit Corp.
Tinlay Park, Illingis

06473

Bunker Ramo Caorp.
Amphenol SAMS Div.
GChataworth, California

06555
Beede Electrical Instrument Co.
Penacook, New Hampshire

06738
Electron Corp.
Littleton, Colorado

06743
Clavite Corp.
Claveland, Ohio

08751
Componants, Inc, Semcor Div,
Phaenix, Arizana

0gag0
Gould Automotiva Diy,
City of Industry, Calffornia

Q6e61

Vernitron Corp,, Pigzo
Elactric Div.

Formerly Clevite Corp., Piezo
Electric Div.

Bedford, Ohip

Q6980

Eimag Div.

Varian Assgciates
San Carips, California

Q7047
The Ross Milten Co.
Soputh Hampton, Pannsylvania

07115
Replaced by 14674

07138

Wwastinghouse Electric Corp.,
Elactranic Tube Div,
Horsehsad, New Yark

07233

TRW Electronlc Componenis
Cinch Graphic

Chty of Industry, Califgrnia

Q7256

Slliggn Transistor Corp.
Div. of BBF Group Ing.
Chalmsferd, Maasachuzetta

07261
Aumet Corp.
Culvar GCity, California

07263

Fairchild Semicondyector
Div, of Fairchilg Camera
& Instrumant Corp,
Maountain View, Californla

07344
Bireher Co., Inc.,
Rochestar, New York

075887

Burndy Corp,
Tape/Cable Div,
Rochesler, New York

07782
Lerma Engingering Corp.
Nerthampton, Massachusetts

07910

Teledyne Semiconductor
Formerly Continental Device
Hawthorne, California

Q7833

Lse 49956

Raytheon Co.
Sarmiconductor Div. HOQ
Mountain View, Califarnla

08225
Indusgtre Transistor Corp.
Long island City, Mew York




Federal Supply Codes for Manufacturers (cont)

08261
Spectra Strip Corp,
Garden Grove, Callfarnia

08530
faliance Miga Corp,
Brookiyn, Mew York

02806

General Electric Co,

Minlatiire Lamp Products Dept
Gleveland, Ohio

08863
Wylematic Gorp,
Marrisvilte, Pannsylvania

(gate

Lj=e 53085

Skottie Electronics Ing.
Archbald, Penngylvania

09214

G.E. Co. Semi-Conducior
Products Dept.

Power Semi-Conductor
Products OPN Sec.
Aubiurn, New Yark

09353
G and K Compenents
Watertown, Massachuseits

09423
Sclentific Componentg, Inc.
Santa Barbara, California

09922
Burndy Gorp.
MNorwatk, Connacticut

08969
Dale Electronics Inc.
Yankton, 3, Dakota

10059

Barker Engingaring Corp.
Formerly Amerace, Amerace
ESNA Corp.

Kenilworth, New Jersey

11236
CTE of Barmg
Berne, Indiana

11237
CTS Keane Ino.
Paso Rables, California

11358

CB5 Electronic Div.

Calumbla Broedeasting System
Newburyport, Minngsota

11403
Bast Products Co,
Chicago, Illinois

11503
Keystone Columbia Ina.
Warren, Michigan

11532
Teledyna Ralays
Hawthorne, California

117

General Instrument Corp,
Rectifier Division
Micksville, New York

1726
Qualidyne Corp,
Santa Clara, California

12014
Ghicage Rivet & Machine Co.
Baliwood, lllinais

12040
Mational Semlconductor Corp.
Danburry, Connecticut

12060
Diodes, ing,
Chatsworth, California

12126
Philadelphia Handle Co.
Camden, Mew Jersay

12300

Potter=Brumfield Dv.
AMF Canada LTD.
Guelph, Cntario, Canada

12323
Presin Go., Ine.
Shelton, Connecticut

12327

Fragway Corp. formefly

Freoway Washer & Stamping Go.
Cleveland, Ohio

12443

The Budd Cg. Polychar Prodiicts
Plastic Products Div.

Bridgeport, Pennsylvania

12615
U.5. Terminals Inc.
Cincinmati, Chig

12617
Hambn Inc.
Lake Mills, Wisconsin

126487
Clarostat Mig. Co.
Davaer, Mow Hampshire

12749
James Electronics
Chicaga, Ninoig

12BE6
Micrametals
Bierra Madre, California

12854
Dickson Etactronics Corp.
Scottsdale, Arizona

12069
Unitrpde Corp.
Watertown, Massachusetts

13103
Tharmalloy Co., In¢,
Dallas, Texas

13327
Saolltron Devices Inc,
Tappan, Naw York

13511

Amphenol Cadre Div.
Bunker-Ramg Gorp.
Los Gatos, California

13608

Use 56289

Sprague Electiic Co.
Transistor Riv,

Concard, New Hampshire

13839
Replaced by 23732

14090
Semtech Corp,
Newbury Park, California

14140

Edison Electronic Div.

Mc Gray-Edison Co.
Mancheater, New Hampshire

14193

Cal-R-Inc. formaerly
Califprnia Resistor, Corp.
Santa Manica, Callfernia

14298

American Compoanants, Inc.
an Insilca CGo.
Conanohocken, Pennsylvarnia

14655

Gornell-Dublier Electronics
Division of Faderal Pacific
Electric Co. Govt, Control Dept.
Newark, New Jersey

14752
Electro Cube Ing.
San Gavrlel, California

14869
Raplaced by 96853

14936

Goneral Ingtremant Gorp.

Sami Canductor Products Group
Hicksville, Mew York

15636
Eleg-Trol Inc,
Saugus, California

15801
Fenwal Electronics Inc.

Div. of Kidde Walter and Co,, 1na.

Framingham, Mazaachusetls

15818

Teladyne Semicondudtors,
formerly Ameleo Semiconductor
Mountain View, California

15849

Litton Systems in¢. Useco Div.
formerly Lseco Inc.

Van Nuys, California

155898

intarnational Buginass
Machinas Corp,

Eszex Junction, Vermont

15809
Replaced by 14140

16258
Space-Lok ing,
Burbank, Galifornia

1629%

Corning Glass

Elactrenic Components Div,
Ralaigh, North Garolina

16322
Raplaced by 28478

16473

Cambridge Scientific Ind,
Div. of Ghemed Corporation
Cambridge, Maryland

16742

faramount Plastics
Fabricators, 1nc,
Downey, Canfornia

16758

Delco Electronics

Div. of General Motors Corp,
Kokoma, Indiana

17001
Feplaced by 71468

17089
Circuit Structures Lab.
Burbank, Galifornia

17328
High Pressure Eng. Co., Ing.
Oklabhoma City, Oklakama

17545
Atlantic Semicondustors, inc.
Asbury Park, New Jersey

170956
Siliconix, Ing,
Santa Clera, Callfornia

17870
Replaced by 14140

18178
Vactao Ing,
Maryland Heights, Missourl

18324
Signetics Corp,
Sunnyvale, California

18612

Vishay Resistor Products Div.
Vishay Intartechnglogy tnc.
Malvern, Pennsylvania

18736
Voltranies Corp.
Hangver, New Jersay

18927

GTE Sylvania Inc.
Precision Matarial Group
Parts Division

Titusvills, Penngylvania

19451
Perine Machinery & Supply Go.
Seattle, Washington

12701

Eiectro-Midland Garg.
Mepco-Electra Inc,
Mineral Wells, Texas

20584
Encchs Mfg. Inc.
Indianapolis, Indiana




Federal Supply Codes for Manutacturers (cont)

20891
Sell-Organizing Systems, Inc,
Dailas, Texas

21604
Bucheye Stamping Co.
Calumbus, Ohio

21845

Solitren Daevices Inc.
Trangistor Division
Riveria Beach, Florida

22767
ITT Semiconductors
Pale Alto, Californla

23050
Product Comp, Corp,
Maount Vernon, Mew Yark

23732
Tracor Inc,
Rackville, Marylang

23880
Stanford Appliad Engrng.
Santa Clara, Califernla

23836
Pamotor Div.,, Wm. J. Purdy Co.
Burlingame, Calitornia

24248
Replaced by 94222

24365
Analog Devices Ing,
Norwood, Massachusetts

24655
Genaral Radio
Concord, Massachusetts

24759
Lenox-Fugle Electronles Inc.
South Plainfleld, New Jersey

25088
Slemen Corp.
Isilen, New Jarsey

25403

Amperex Elpctronic Corp.
Semiconductor &
Migro=Circuits Div,
Slateraville, Rhode 1aland

27014
National Semiconductor Corp.
Santa Clara, Califeroia

27264
Maolax Praducts
Downars Grova, Illinois

28213

Minnesota Mining & Mg, Co,
Conaumaer Products Div,

5t Paul, Minnesota

28425

Sarv-/-Link formerly
Bahannan Industries
Fart Werth, Texas

28478

Celtrol Controls Div,
Daltrgl Corporation
Mllwaukee, Wisconsin

28450

Hewlett Packard Co.
Corporate HQ

Palo Alte, California

28520
Heyman Mtg, Co,
Kenilworth, New Jersay

28083
Monsanto, Co,, Inc.
Santa Clara, Calitornia

29604
Stackpole Components Co.
Raleigh, North Carolina

30148
AB Entarprise Inc.
Ahoszkie, North Garolina

30323
Hlinoiz Tool Works, Inc,
Chicage, lllinois

31097
Optimax Ing,
Colmar, Pennsylvania

32539
Mura Corp,
Greal Neck, New York

32767
Griffith Plastle Corp.
Burlingame, California

32679

Advanced Mechanical
Components
MNerthridge, California

32887

Eria Tachnelogical Products, Inc,
Frequaney Control Div.

Carlisle, Pannsylvania

32897

Bourns Ing.

Trimpot Products Divislon
Riverside, California

33173

General Electric Co,
Praducts Dept.
Owensbors, Kentucky

34333
Silicon General
Waestminigter, Calllornia

34335
Advanced Micra Daevices
Sunnyvale, California

34802
Elactrornotive Inc.
Kenilworth, New Jarsey

372
P.H. Mallary & Co., Inc.
indianapolis, Indiana

42498
MNational Radio
Melrose, Massachusells

43543

Nytronicse Ing.
Transformer Co. Div,
Ganava, New York

44855
Ohmite Mig. Co.
Skokia, [Ninpis

48671
RCA Corp,
New York, New York

49956
Raytheon Company
Lexington, Massachusetts

50028
Mpstek Corp.
Carroliton, Texas

50579
Litronix Ing.
Cuperting, California

51605
Seiantitic Components Ing,
Lindan, New Jersey

53021
Sangamg Electric Co,
Springfield, illingis

54204
Cutler-Hammer ing. formerly

Shalicrpss, A Gutter-Hammer Co,

Salma, North Carelina

558026

Simpson Electric Co.

Div. of Am. Gage and Mach, Co,
Elgin, IHingis

56289
Sprague Electric Co.
North Adams, Massachuselts

58474
Superior Electric Co.
Bristol, Connectigut

60369

Tarin Corp. formarly
Tarrington Mfg. Co.
Torrington, Connecticut

63743
Ward Laonard Electric Go., Ing.
Mount Vernon, Naw Yark

584834
West Mfg. Co.
San Francisco, Calliornia

65002
Weston Instruments inc,
MNewark, New Jargay

685150

Winzslow Tele-Tronigs Ing,
Eaten Town, New Jersey
70485

Atlantic India Rubber Works
Chicago, lllinois

70563
Amperite Company
Union City, New Jersay

70803
Belden Corp,
Geneva, lllinols

71002
Birnback Radio Co., inc.
Freeport, Naw York

71400

Buzzmann Mfg.

Div, of McGraw-Edison Co.
Saint Louis, Missourt

71450
CTS Corp.
Elkhart, Indiana

T14€8
ITT Cannon Elactric Ine.
Santa Ana, California

71482
Clare, C.P. & Co.
Chicage, Minois

71580

Centrelab Electronics
Div. of Globe Union Inc.
Mllwaukes, Wisconsin

71707
Cota Coil Co., Inc.
Pravidenss, Rhode laland

71744
Chicago Miniature Lamp Works
Chicago, Minois

71785

TRW Electronics Componants
Clnch Connector Oparations Div.,
Elk Grove Village

Chicago, Illincis

72005
Wilbar B, Driver Co,
Newark, New Jersay

72002
Replaced by 06980

72136
Elagtro Motive Mig. Co,
Wiltiamantic, Connacticut

72259
MNytronlcs inc.
Petham Manor, New Jersey

12819

Dialight Div,

Amperex Electronic Gorp.
Brooklyn, New York

72653

G.C. Electronles

Div. of Fydromatals, Inc.
Brooklyn, New York

726685

Replaced by 80303
72794

Dzus Fastener Co., Inc.
wast Isllp, New York

72028

Gulton Ind. Ine.
Gudeman Div.
Chicago, (Ninois




Federal Supply Codes for Manufacturers (cont)

72982
Erle Tech. Products Ine.
Etle, Pennsylvania

73138

Bechrman instrument Inc.
Helipat Divistion
Fullerton, California

73293

Hughes Alrcraft Co.
Electron Dynamics Div,
Torrance, California

73445
Amperex Electronic Corp,
Micksville, New York

73559
Catling Elgctric 1ns.
West Hartford, Connecticut

73586
Gircla F industries
Trenton, New Jersey

73734
Federal Screw Products, Inc.
Chicago, Illinois

73743
Fiacher Spocial Mfg. Co.
Cineinratl, Qhio

73899

JFD Electronics Co.
Components Corp.
Brogklyn, New Yark

73949
Guardian Electric Mfg. Co.
Chicago, lllincls

74168
Quzn Nichols Co,
Chicago, llingls

74217
Radia Switch Garp,
Marlbora, Now Jersay

T4276

Signalite Div.

General Inatrument Corp,
Neptune, New Jersoy

74308
Pieze Crystal Co.
Garlisie, Penngylvania

74542
Moyt Elect, inatr. Works
Panacook, Mew Hampshire

74970
Jahnson EF, Co.
Waseca, Minnesota

75042

TRW Electronice Componants
IRC Fixed Resiators
Philadelphia, Pennsgyivania

75376
Kurz=Kaseh Ing.
Dayton, Ohio

75378
CTS Knights Ing.
Sandwich, Ilinoiz

75382
Kulka Elaetric Corp,
Mount Vernon, New York

75915
Littlefuse 1nc.
Des Plaines, llingis

TEB54

Cak Industries Inc,
Switch Div.

Cryatal Lake, Nlinois

77342

AMF Inc,

Patter & Srumfield Div.
Princeton, Indiana

77638

Gaoneral Inetrument Corp.
Roctifter Division
Brooklyn, New York

77969
Rubbergraft Gorp. ot A, LTO.
Torrance, California

78189

Shakeproof

Div, of lllinoiz Tool Werks Inc.
Elgin, lllinois

78277
Slgma Instruments, Inc,
Sauth Braintree, Massachusetts

78488
Stackpole Carbon Co,
Saint Marys, Pennsylvania

78553

Eaton Corp. Engineerad
Fastenar Div.
Tinngrman Plant
Cleveiand, Ohio

79136
Waldes Kohinoor Inc.
Long sland City, New York

79497
western Rubber Company
Goshen, Indiana

79963
Zierick Mfg. Corp.
Mt. Kisko, New York

20031

Elegtrg-Midland Corp.

Mepco Div.

A MNorth American Phillips Co,
Narristown, New Jersey

80145

LFE Corp., Pracess Gontrol Dhv.

tormerly AP| Instrumemnt Co,
Chasterland, Ohio

80183

Use 56289

Sprague Products

Marth Adams, Massachusetts

80294
Bourns Inc., Instrument Div,
Riveraide, California

a583
Hammarlund Mfg. Ce., Inc.
Red Bank, New Jersay

80640
Arnold Stevens, InG,
South Boston, Massachusetts

81073
Grayhill, Inc.
La Grange, Ilinois

81312

Winchaster Electronics

Div. of Litton Industries Inc.
Oakville, Connegticut

81483
Therm=0-Diss Ing.
Mansfield, Ohio

81483
International Rectifier Corp.
Los Angeles, Callfornia

81590
Kaotry Mtg. Ca.
Seattle, Washington

81741
Chicago Lock Co.
Chicago, lllinois

82305
fFalmer Electronics Cotp.
South Gate, Catifernia

82389
Switchoraft Ing,
Chicago, lllinels

52415

MNarth American Phillips
Contrals Corp.
Frederick, Maryland

B2BT2
Roanwesll Gorp.,
New Yark, New York

82877
Rotron Ing.
Woodstock, Méw York

BZETS
ITT Royal Electric Tiv.
Pawiucike!, Rhode Isiand

83003
Varo Ing,
Garland, Texas

a305a

The Carr Co., United Can Div.

of TRW
CGambridge, Massachusetts

83298

Bendix Corp.

Electric Power Div.
Eatoniown, New Jfersey

83330
Herman H. Smith, Ing.
Brooklyn, New York

83478

Rubbercraft Corp.

of America, Inc.

west Haven, Gonnecticut

83654

Burroughs Corp.

Elactronic Components Dy,
Plainfleld, New Jarsay

83740

Union Carbide Corp.

Battery Products Div.

tormerly Corsumer Products Div.
New York, New York

B41T1
Arco Electronics
Great Neck, New York

24411

TRW Elactranic Components
TRW Capacitors

Qgallaia, Nebraska

84513
Fuse Indicator Corp.
Rockvilla, Maryland

84682

Essax International Inc.
Industrial Wire Div.
Peabody, Massachusetts

ags77

Pracision Metal Products
of Malden Ing.

Stoneham, Massachusatts

BEGE4

Badio Corp. of America
Electronic Compaonents Div,
Harrison, New Jersey

88028
Seastrom Mfg. Co., Inc.
Glendale, California

87034

llluminated Products inc.
Subsidiary of Qak Industrias Inc.
Anahism, California

BB21O

Gould In¢,

Industriat Div,
Trenton, New Jersay

88245

Litton Systems Inc,
Liseco Div.

van Muys, Catlfornia

Ba41%

Cornell-Dubilier Electronic Tiiv.
Faderal Pacific Co.
Fuguay-Varian, North Carolina

AB486
Ptastic Wire & Cable

. Jewitt Gity, Gonnectiout

BAES0
Replaced by 04217

89536
John Fluke Mfg. Co,, Inc,
Zeattte, Washington

89720
G.E. Co,, Newark Lamp Warks
Nawark, New Jerzay




Federal Supply Codes for Manufacturars (cont)

50201

Mallory Capacitor Co.,

Div. of P.R. Mallory Co., Inc.
Indianapaiis, Indlana

90211

Use 56365
Sguare D Co.
Chicago, Hliinplz

an2ts
Best Stamp & Mfg. Co.
Kansas City, Missouri

0303

Matlory Battery Co.
Dhiv. of Mallory Co., Inc.
Tarrytown, New York

91004

Essex Internattonal Inc.
Suglex/IWP Dlv,
Newmarkat, New Hampshire

21293
Johanson Mig. Co.
Boonton, New Jersay

31407
Replaced by 58474

p1502
Asgsocigted Machina
Santa Clarg, California

91506
Augat Inc.
Attlebore, Massachusatts

91637
Dale Elagtronica Inc.
Columbus, Nebraaka

#1662
Elea Corp.
Willow Grove, Pannaylvania

81737
Lise 71466
Gremar Mfg. Co.. Ing.
ITT Gannon/Grémar
Santa Ana, California

81802
Industrial Davicas, [he,
Edgewater, New Jersey

91833
Keystone Electronics Corp,
New York, New York

#1836
King's Electranics Co., [ne.
Tuckahoa, New York

21829

Hanaywell Ine.
Micra Switeh Div,
Freaport, [llinols

91934

Mitler Elactric Go., Ine.
Div. of Aunat
Woonsockat, Rhode Island

52184
Alpha Wira Corp.
Elizabeth, Naw Jersey

83332
Sylvania Electrie Products

Samiconductor Praducts Div.

Waburn, Massashuszeatts

94145
Replaced by 48956

24154

Llze 54988

Wagner Elegtric Corp.
Tung-5eal Div.
Newark, New Joersay

4252

Southco Inc. formarly
South Chester Corp,
Lestar, Pennsylvania

85146

Aleo Elactronie Products Ina.

Lawrence, Massachussetts

85263
Laacratt Mfg. Ca.
Long laland City, New Yaork

85264
Replacad by 88278

B5275
Vitramon Ine,
Bridgeport, Connacticut

85303

RCA Gorp.
Recaiving Tube Div,
Cincinnatl, Ohlo

95348
Gordo's Corp.,
Bloomfield, New Jersay

85354
Mathode Mfg. Corp,
Rolling Meadows, lllinols

95712

Bandix Corp.

Electrical Components Div.
Microwave Davlces Plant
Franklin, indiana

25887
Wackesaar Co. Inc.
Chlcago, lilnols

08733
San Fernando Electric Mfg. Co.
San Fernando, Callfornia

26863
Gulton Industries Inc,
Measurament and Controls Div,

formerly Rustrak instruments Co.

Manchaster, New Hampshire

95881
Thomson Industries, Inc,
Manhasset, Now York

97540

Mazster Mobile Maunts, Div, of
Whitenall Electronics Corp,
Ft. Meyers, Florida

97913

Indyatriat Elegtranic
Hardware Corp.
New York, New York

G7845
Penwalt Corp,

S5 Whita Industrial Products Dlv.

Pizcataway, New Jarsay

a70866
Replaced by 11358

98094
Replaced by 49956

98159
Rubbker-Teck, Inc.
Gardena, California

93278

Malea A Microdot Co., Ing.
Connector & Cabla Div.
Pasadena, California

28201
Zealectro Corp,
Mamaroneck, NawlYark

98388

Rayal ndusttlas
Products Div.

San Dlego, California

98743
Replaced by 12748

98925
Replaced by 14433

80120
Plastic Capacitars, ine.
Chicage, Hlineis

99217

Ball Industries Elact,

Coamp, Div.

formearly Southern Elect. Div.
Burbank, Catifornia

82392
8T™
Qakland, Californla

88515

ITT Jennings Menrovia Plant

Div, of ITT Jennings farmarly
Marshall Industries Capacitor Div,
Monrovia, Galifornia

48770

Use 20587
Bunker-Ramo Gorp.
Barnez Div,

" Landsdowne, Pannaylvania

G800

Amerigan Pragision Industries [ne.
Delevan Division

East Aurora, New York -

93642

Centrelab Semiconductor
Centrelab Eleétronics Driv. of
Globa-Union Inc.

El Monte, California

Tayo Eleatronlcs
{R-Ohm Carp.)
Irvinia, California

National Connector
Minnoapells, Minnesota




U.S. SALES AREAS for all Fluke products

AK, Anchorage
Harry Lang & Associatas
1371 Hillerest Drive #303
Anchorage, AK 98503
{907} 278-5741

AL, Huntsville
John Fluke Mig. Co., Inc.
3222 5. Memarial Perkway
Buite 96
Muntsville, AL 358(H
(205) 8a1-6220

AZ, Tampa
John Fluke Mfg. Co., Ing,
2125 &, 48th Stroet
Suite 104
Tempa, AZ 85282
(602) 967-B724
Tueson
(602) 780-8881

CA, Los Angeles
John Fluke Mg, Co., Ihe.
20902 South Banita 51.
Carson, GA 90746
{213) 538-3000
or {714) 7612449

San Diego

John Fluke Mfg. Co., Inc.
8807 Aara Drive, Suite 200
San Diego, CA 92123
(714) 226-1254

Santa Clars

Jahn Fluke Mig. Co,, Ing,
2300 Waish Avae,, Bldg. K
Santa Clara, CA 95051
(408) 727-0513

Tustin
Jehn Fluke Mfg. Co,, ing,

154435 Red Hill Ave,, Suite F

Tustin, CA 92680
(714) 838-8863

CO, Denvar
Jehn Fluke Mfg, Co,, inc.
19B0 South Quebes St. #4
Denver, CC 80231
{303) 750-1202

CT, Hartford
John Figke Mg, Co., Ing,
Glen Locken East

41-C New Landon Turnpike

Grastonbury, T 06033
{203) 659-3541

FL, Orlando
John Fluka Mig, Co,,Inc.
940 N. Fern Croek Ave,
Qrlanda, FL 32803
(305) 806-4881

GA, Atlanta
John Fluke Mg, Co,, Ing,
2700 Delk Rd., Suite 250
Mariatta, GA 30067
(404) 953-4747

HI, Henolulu
EMC Corporation
2879 Lialena 5t
Honalutu, HI 968158
(B08) A36-1138

IA, lowa Clty
(319) 354-2811

Ik, Chlcago )
John Fluke Mfg. Co., Ing,
3740 Induatrial Ave,

Raliing Meadows, IL 60008
(312) 398-0850

IN, Indianapaliz
Jahn Fluke Mig, Ca., Inc.
B77 Purdue
Suite 101
indianapalis, IN 46268
(3717) B75-7870

K5, Kanaas City
dohn Fluke Mfg. Co., Ing.
4550 W. 109th 3t,, Suite 130
Shawnee Mission, KA 668211
(913) 3B1-9800

LA, New Orleana
{504) 455-0814

MA, Burlington
John Fluke Mg, Ca., Inc.
25 “B" Straat
Burlingten MA (1803
(6817) 273-4674

MD, Baltimore
(301) 782-7060

Rockvliie

John Fluke Mig. Co., Ing,
5840 Fizshera Lang
Rockyille, MD 20852
(301) 770-1570

M1, Delrolt
John Fluke Mfg. Ca., Inc.
139556 Farmingtan Rd.
lLivonia, Ml 48154
(313) 522-2140

MN, Bloomington
John Fluke Mfg, Co,, inc.
1801 E. 79th 5t., Suite 9
Blaomingtan, MN 55420
(612) B54-5526

MO, 5t Louls
Jehn Fluke Mg, Co,, Inc.
2029 Woodland Parkway
Suite 105
St. Louis, MO 63141
{314} 993-3805

NC, Greensboro
John Fluke MIg, Ca,, Inc,
1310 Beaman Place
Graenaboro, NG 27408
{214y 2131018

NJ, Paramus
John Fluke Mfg. Go., Ing.
PO, Box 930
West 75 Century Road
Paramus, NJ 07852
(201) 262-8550

NM, Albuguerque }
John Fluke Mfg. Co., ing.
1108 Alvarado Crive N.E.
Albuguerque, NM 87110
(505) 881-3550

NY, Rochester
John Fluke Mfg, Go., Ine,
4515 Culver Read
Rochester, NY 14622
(714) 323-1400

OH, Clovaland
Jahn Fluke Mig. Co., Ine.
7830 Freaway Circla

Middleburg Heights, OH 44130

(216) 234-4540

Columbus
(614) BBI-5715

Dayton

John Fluke Mfg, Ceo., Inc,
4756 Fishburg Rd.
Dayton, OH 45424

{513) 233-2238

OR, Portiand
John Fluke Mfg. Co., Ine.

18360 8.W, Springfield Lana

Aloha, OR 97007
(503) B42-1342
PA, Philadelphla
John Fluke Mfg, Ce., Inc,

1010 West Bth Ave., Suite H

King of Prussia, PA 19406
(215) 265-4040

Plttaburgh
{(412) 261-511

TX, Aunslin
John Fiuke Mfg, Co,, Ing.
Creek Gardens, Sulte 103
8705 Shoal Creek Blvd,
Austin, TX 78758
(512) 458-3344

Dellas

John Fluke Mfg, Co., Inc,
14400 Midway Road
Dallas, TX 75234

(214) 233-99%0

Houston

John Fiuke Mfg. Co., Inc.
4240 Blue Bonnet Dr.
Stafford, TX 77477

{713) 481-5995

San Antonlo

John Fluke Mfg, Co., Inc.
10417 Gulfdale

Sen Antonia, TX 78218
{512) 340-2621

UT, Salt Lake City
John Fluka M1g. Co., Inc.
5226 S0, 300 West, Buite #2
Salt Lake Clty, UT 84107
(B01) 268-9331

WA, Sopitle
John Fluke Mig, Ca,, Ing.
5020 148th Ave. N.E,
Suite #110
Radmand, WA 28052
(206) 881-6966

Servica Conter Areas

CA, Burbank (213) 840-4641
CA, Santa Clara (408) 727-8121
CO, Denver (303) 730-1228

FL, Oriando (305} 896-2296

IL, Chicago (312) 398-5800
MA, Burlington (617) 273.4678
MD, Rochville (301) 770-1576
NJ, Paramus (201) 262-3550
TX, Daflas (214} 235-0045

WA, Evereit (206) 356-5560

The following low-cost instruments. . .

are stocked locally and agid by the aythorizad Distributora listed

on the othar slde of thiz sheet, as well as by the sales offices shown.
Handheld DMM's: 80208, 80218, 80228, BORAB, 80268, B080A, BOG2A
Portable DMM'a: 8000A, 8010A, 8012A, B0A0A, 30404, BOSOA

Digital Counters: 19004, 15104, 19114, 19124

Digital Tharmometers: 2180- and 2170 - Series

All gther instruments are sold by the sales officea only.

For more information on Fluke products or Sales Qffices you may dial (800) 426-0361 toll-free in most of the U.S.A.
From Alaska, Hawall, or Washington, phone (206) 356-5400. From Canada and other countries phone (206) 356-5500.

FLUKE

B

John Fluke Mfg. Co., Inc,, P.0. Box €9090, Everett, WA 98206
Fluke (Holland) B.V., P.O. Box 5053, 5004 EB, Tilburg, The Netherlands. Phone (013) 673973
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INTERNATIONAL SALES OFFICES

Argenting #

Goasin. 5.A.

Virray det Ping 4071

Buyenos Airas, Argentina

Tal: 652-5248, TLX: 22284
Australla »

Eimonsco inatrurments Pty Ltd,
P.O. Bex 30, Goncord, N.5.W.
Australla 2137

‘Tal {2) TI8-2808, TLX: (790) 25887
Elmopsce Instruiments Pty Ltd.
21223 Anthony Drive

Mt Wavarly, VIC 3148
Australiz

Tal; 3334044, TLX! (780} 36206
Elmaaseo Instruments Pty Lid,
Professicnal Suites Bldg.
G.F.O. Bax 2360

Brisbana, 4001, Australia

Tal: (07) 22a-31€1

Elmaageo Instruments Pty Lid,
5.F.C. Box 1240, Adelaide
South Australia 5001

Tal: (0B} 271-1639

Elmeasco {nstruments Pty. Lid.
P.C:. Box 95, Gosnells

Waesat Australia 6410

Tai. {08) 398-3362

Austrin &

walter Rekirsch

Elgktronische Garate GmbH & Co.
Vortrish KG

Obashgasse 28

Vienna, Auatria

Tet {D222) 235555, TLX: 134759
EBangindosh &

wiatherland Sorporation

24 Hatkhaip Rd., Tikatuli
Dacer 3, Bangladesh

Tal; 257249 or 255776

Balglum =

Fluka (Belgium) S.A/MNY.

8, Rue de Geneva

1140 Brussels, Balgium

Tal: (2) 2184080, TLX: 268312

Ballvia #

Coasin Boiivia 5.A L.

GCasilia 7295, La Paz, Bolivia
Tei 40862, TLX: 3233

Hrazfi =

Fluka Brasil«induatria £
Commargio LTCA

Al Amazonas 422,

Alphavitle, Baruerl.

GEF 08400 Sao Paula, Beazll
Tal; (G11) 4212477, TLX: 01136689
Fluka Srasil-Induatria E
Cammarsio LTDA

Av. Henrigue Valadaras. 23/401
Rio de Janalre, Brazil

Tel: 252-1297

Brunal =

Rank O'Connor's {PTE} Limitad
No. 8, BK.C

Surfri Ghop Houze Complex
Mtle 1, Jalong Tuiong

Bandar Seri Bagawan, Bransi
Tal: 26800

Bulgarta m

Amtast Associntas Lid.
Clarpnge Mouss, 31, Clarence 51,
Staines, Middtasex TW1B 45Y
United Kingdaom

Tal: (784) 83553, TLX: 526855

Canade &

Allpn Crawford Assos., Lig.

#14 1835 30th Ave. NE.

Galgary, Alparta T2E 6Z5

Tol (403) 230-1341, TLX: 03-821188
Allan Crawforg Agsoc.. Lid,

P.O. Bag 3967

Postnl Station “D"

Edmonton, Alsarta TSL 4K1

Tal: (403} 451-4833

Allan Crawlard Assoc., Lid.

3745 William S1reet

Burnaby, British Columbia V5G 3H3
Tal: (BC4} 284-1326, TLX: 04-54247

Allen Crawford Assoc., Lid,
881 Lady Eilen Place
Ottawa. Ontanoe K1Z $L3
Tal: (G13) 722-7802, TLX: 0533600
Allan Crawtord Assoc,, Lid.
6503 Mortham DCrive
Migaiggauga, Ontarla L4V 142
Teol: (416) 678-1500, TLX: DE9GETEY
Allgn Crawford Assse., Lid.
7918 cote do Liosse
5, Laurent, Quobhes H4T 1E7
Tal; (514) 721-0864, TLX: 05824944
Chad =
Fluke {Heiland) B.V.
P.O. Bax 5053, 5004 E& Tiburg
Zevenhauvelanwag 53, 5048 AM Tilburg
The Nethariands
Tal; (113) £723973, TLX: 52237
ChHe &
Intrenica Ghile Lida.
Manuel Meontt 024 - 1. D
Casilla 16228, Santiage 9, Ghike
Tal: 44940, TLX: 240301

Attn: Intronica Chile
China, Feople's Republic of »
Fluka Jntarpatignal Corparation
P.Q, Box G5050
Evarot?, WA 95206, U.S.A.
Tal: {2G6) 9585611
TLX: 152662 JOHN FLUKE EVT
Colomble ¢
Sigtamas E Instremaontacesn, Lida,
Carrara 13. Mo, 37.43, Of. 401
Ap. Aproo 29583
Bogola DE, Celombla SA
Tal: 232-45-32, TLX: 4578Y
Cyprus m
Chria Radiovision Lid,
PO, Box 1989, Niceia, Cyprus
Tel: 88121, TLX: 8262385
Crechosiovakin B
Amtast Associntes Lid.
Clorpnga House, 31, Clarence St.
Stainos, Middlasex TW18 45Y
United Kingdom
Tel: (784} 83555, TLX: 928855
Danmark =
Tage Glaen A/S
Ballerup Byve| 222
DK, - 2750 Ballerup, Danmark
Tel, (&) 6837111, TLX: (855) 35293
Ecumdor 4
Protaco Coagin Cia., Lida.
Edificio “Jerica”
Ave. 12 ge Octubre REZES v

Ave. Drailana [Flanta Baja)
Quito, Ecuador
Tal: 529684, TLX; (393) 2065
Protogo Coasin Cia., Lida.
Caldaron 103 y Malacon
Cazsilla #8733
Guayaqull, Ecuagor
Tal: 526083

Egypt and Sudan m

Elactronic Enginasring Linisan Office
F.0, Box 2881 Horrgya

Hallppolis, Caire, Egypt

Tol: 801588, TLX: (827) 92502
England m

Fluka (Graat Britain) LTD.

Colonial Way

Wattard, Harts, WD2 4TT

Lnited Kingdam

Tel: {(0823) 40519, TLX: (B51) 934683
Rapifax: (08923) 25067

Ethlopla w

Fluka (Holtand) B.V. )

P.O. Box 5053, 5004 EB Tlburg
Zovenhauvelenwag 53, 5048 AM Tliburg
The Metheriands

Tol: {013) 673873, TLX: 52837

Fijl =

AWA Fijl

47 Forster Aoad, Walu Bay

Suva, Fiji

Tal: 312079, TLX: FJ2347

Finland w

Oy Findip AB, Teollisuustio 7

D2700 Kauniainen. Fintand

Puh: {0) 5052255, TLX: (857) 123128

France m

M.B. Electranigquae 5.A.

Rua Fourny 606, 21 Centro
78530 BUG

8.F Mo, 31

78530 BUC, France

Tal; (2} 9560131, TLX! (842) 685414
Gorman Democratic Republic @
Amtest Associates Lid,

Ciarance House, 31, Clarenco St
Stalnes, Middlosox TW18 43Y
United Kinggem

Tal; (¥84) 83555, TLX. 828855
German Federal Republic =
Fluke (Doutschiand) GmoH
Maz-Hughoer StraBe 8

8045 lsmaning, Waost Germany
Tl {089) 96050, TLX. 522472
Rapifax; (085 9805168

Fiukg (Dautsehiand) BmibH
Maoineckastrasse 53

4000 Dussaldor! 30, West Germany
Tt {02171) 450831, TLX: (847} BRAGGTE

Gresco o

Hellanlg Scientific Representations Ltd,
11, Vrassida Straef

Athans B12, Greece

Tab: {1} 711140, TLX: (B§3) 21933¢

Hong Kong =

Schmidt & Co, (H K.) Lid.
23th Fi, Wing on Cantre

111 Connaught Road

Central Hong Kang

Tal: 5-435644

TLX: 74766

Hungery 8

Amtost Associates Lid.
Glarence House, 31, Claraenca St.
Staings, Middlpsax TW18 45Y
United Kingdam

Tal: (T84) 63555, TLX: 928855

Icaland

Kriatjan Q. Skagflord Ltd.
F.O. Box 406

Reykjavik, leotand

Taol: 24120, TLX: 2133

indla

Hinditror Sarvices Pvt. Lid.
68/A L, Jagmehandas Marg
Bombay 400 008, India

Tei: 811218, TLX: 112326

Hinditron Sarvices Pvt. Ltd.

8th Main Raad

3%/44.4 An| Mahl Vilas Extension
Bangalore 580 080, India

Tel: 33130, TLX: (853) 0845741

Hinditron Services Pvt. Ltd.
Shantiniketan, Office No.6
6th Floor. 8 Camac Stroat
Galcutta 7O 017, India
Tal; 434032, 447541

Hingitran Services Pyt Ltd,
204208 Fenkunt Tower

98 Nehri FPlaca

taw Delki, 110018, India

Tol: 640380, TLX: (85) 214890
Hingditron Sorvices Pyl Lid.
Sringth Complax, 5th Floor
1-1-58/1 1o 1-1-58/11

Sarojini Devi Road
Sasunderabad 500 903, India
Tel: 821117 TLX; (963) (155 575

Indonesia *

7.7, Owi Tunggal Jaya Sakti
Kebayoran Barg

Jakarta Selatan, Indonesia

Tal 716374, TLLX: 45305

Ireqg @

Fiuke (Holland) B.V.

P.0. Bos 5053, 5004 EB Tilhury
Zevenheuvelanweg %3, 5048 AN Tilburg
The Natharlands

Tel: (013) 673873, TLX: 62337

Iraland &

Eurg Elestranics

a2 Braws Hill

Naven County Maath, |reland
Tal; (46) 2AET7, TLX: (B51) 3182

izsronl W

R.P.T. Elaetronice Enginessing Ltd,
PO Box 75

46, Sokolov Street

Ramat Hasharan 47235, 1sresl

Tal; (3} 483216, TLX: (922) 32143

taly =

Siatral 3.p A.

Via Palizza da Volpeds 55
200892 Ciniggllo Balsamo

Milan, italy

Tal: (2) 6181883, TLX: (B43) 334643
Sistral 3.pA

via Glusappe Armallini No. 38
DDY4% Roma, 1taly

Tol; (B) 6915551, TLX: (843} GBISE
Siztral 3.p.A,

via Cinta

Faree § Paglo

20726 Naples, Haly

Yal; {81) 7679700

Jmpan #

John Fluke Mig. Go., Inc.

Japar Branch

Sumitomo Migazhi

Shinbasti Bldg.

1-1-11 Hamarnatsuche
Minato-ku, Tokyo. Japan

Tal: {03) 434=(181, TLX: 2424331
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WORLD-WIDE SERVICE ORGANIZATION

North Amarica-5Service Conlors
ppiled & Supported by
K, Evarotl

n Fluke Mig, Ga., i,
Cuntomer Sarvige Division
P.0. Box GOS0
Evorott. WA BI204
(208) 338-5560

Cantral Raglon
3740 Indusinat Avi,
Aglilng Maadowa, IL 80008
(312) 398-5A00

Waklera Reglon
2020 M. Lincoln Strost
Turbank, A 91504
(213) B4D=4E41

Eantert Raglon
PG Box 930
Paramug, MJ 07652
{201) 262-8550

Fluka Tachnical Cantar
PN, Lingaln Stroat
Burbank, A &1504
(213 B49-4841

Fluks Technioal Centar
2300 Wolsh Avenua. Bldg K
Sarita Glars, ©A 95050
{408) 727-3121

Fluke Tochndeal Conter
1900 5, Quabag S, Linit4
Danvar, GO 8023
(303) T50-1220

Fluke Tachnicl Cantar
2740 Induatrial Ave.
Aclling Menddwa. L S0008
{312) 295-5600

Fiuks Technleal Conter
14400 Midway Aoad
Onlian, TX 75240
(214} 23945

Fluke Tochnlcal Conter
258" Swan
Buritngion, MA 01803

17) 2r3-46T8

o Tachnical Cantor
.0. Box 830
Paramus, NJ G852
(200} 202-8550

Fluke Tochnical Canlar
5640 Fihiors Lana
Rockvilla, MD 20852
130%) T70-1578

Fluke Technlcal Cantar
B0 N Form Grak Avniug
Orlondo, FL 32803
1308} ok-2206

Alan Crawiord Awscciates Lid,
8507 Noriham Debvi
Mizaiazauga, Ontario L4V 142
(418) B79-1500

Allan Crawiprd Assacipies Lid.
8503 Mortham Drive
Mlansadga, Oatnrio LV 12
{416) 878- 1500

Allan Griwlord Arsacinten Lid,
W14 1935 306 Ava, M.E.
Calgary. Alboria T2C 629
{403) 2301344

Allbn Crowtord Associales Ltd,
7918 Colo da Liosan
Maonlroal, Gueges HAT 1ET
{S14) 7318584

Allan Crawilard Associates Lid.
A7PS Willlam Stegat
Burnaby. 8.8, V5C 3H3
6043 254- 1125

International Sarvice
Rapresiniatives
Supplled & Supported by
Fluke, Evarett

Connin 5.A,
Virriy gl Bing 4071
Buenns Alres, Argentina
Tol: $22-5248/4485
TiX. 122284 COA3SMN AR

Elmessco Insruments Ply Lid,
P.O. Dox W
Cencord, M.E.A. 2137
Austrolin
Teal; 02-736- 2063
TLX: 79020887

Elmesscs Inatrumants Pty Lid.
P.O. Box 107
Mount Waverly
Victoria 3149
Australia
Tel: 03-233-4044
TLX: 36206

Elmiomics Indiruments Pty Lid.
G.P.O, Box 2380
Erisbana, Susenslond 4001
Australia
Tab 07-229.2181

Intronlca Chile Lida,
Manuel Moal 024 - O1. 0
Caallla 18228
Santiago 8. Chilg
Tel 44040
TLX: 240001

Sisterras E Instrumantacion, Lida,
Carrara 13, Mo, 37-43. Of. 401
Ap. Aared 20583
Bagem O, Colombls SA
Tal: 2324532
TLX: 43787 COASN CO

Proleco Comin Cln., Lida.
Editigla "Joricha™
Ava. 12 deo octubre #2285 v
Ave, Drallana {Planta Baja)
Qulto, Ecundar
T daded, 528750
TLX: 2B8% Prolec Ed
Cable: PROTEGQ

Senmidt & Go (HK.) Lid.
28th FI. Wing on Conteo
141 Sonnought Réad
Cantral Hang Kong
Tal 5455844
TLX: 74708 SCHMG HY

Hinditron Sorvices Pyt Lid,
89/A.L. Jagmohandas Marg
Bartuy - 400 008, indla
Tok 891316, D164
YLK: B53-112326 HEPL IN

Hindltran Sarvices Pyt. Lid.
Flald Sarvice Contra
8th Maln Road
/4d-p Raj Mahal Vias Extn.
Baagalaeg « 580 080, India
Tol: 33128
TLX: GBa571

Hinditron Services Pvt, Ltd.
13, Camnunity Contra
Panahshila Park
Mew Dolni - 110 017, india
Tol 615918
TuL¥; G231 4590 SAMP IN

P.T. Dwi Tunggal Jaya Saktl
I, Suran Ryh dd
P.O. Box 4435
Jakarta, Indanagia
Tal: 378808, 367390
TLX: 46624 SADUANA 1A

Elsetro-Sclance Karaa Co.
£.P.0. Box Bd4l
Room 201. Beando Blag.
58-12, Jangehung-1Ka
Jung-Ku
Swiul, Korga
Tal: 281-7702. 260- 1808
FLx: Ke5as

AAnK O'Cannor's (Malaysia) Sdn, Bhd,

£.0. Box 9

Pataling Jayn. Selanger

Weal Malaysia

Tal. 586539

TLX: OCONQR MA3Z7E4D

Cabio: CINECOM PETALING JAYA

Efactronica Y Technologla
Avanzada, 5a de C.V. (ETA)
Uzmal Na, 30
03020 Maxico, D F.
Tol: 520-72-24 y 44
TLX: 1773

McLoan Informatian Technology Lid.
483 Kybar Pasg Rpad, Nowmarke!
P.Q. Box 5384, Nowmarkat
Auckland 1. New Zaslang
Tel 501-801, 504-218, GOT-ON7
TLY: NZ21570 THERMAL

Pak mtarnational Uperations
£05 Muhammadi Fiouas
11, Shundrighr Road
PO, Bax 5323
Karachl Pakistan
Tl 224127, 209052
TLX: 24434 PIO PR

Importaci & RAap
Elecironicas BA
Avaa Frankiln . Rocaevel] 195
Lima 1. Pery
Yol 288650
TLX. 37425563

Spark Radls and Eloctronios Corp.
£.0, Box 610, Greonhills
KMetro Mania, Phibpgines 3113
Tal 76-75:18
TLX: 27901 ALA PH

Ratk O'Connors {PTE) Limited
82 Fosir Panjang Prosd
Singapore 0511
Hepublie of Singapors
Tal 837944, 230042
TL¥: DCONSIN AS21G23

Sohmidt Selentific Far East Ltd.
Taiwan Branch
905, Shia Wein Building ,
85 Chung Shan N. Road. Sec. 2
Talpel, Tanvan
Tal: ja14818
TLX: 11111 Schrmigt

Mankuratironly Lid.
1399/10 Romkamhaeng Rd,
Huamark. Bangkik 24
Thallang
Tal; 2143386, 3143430
TLx: 81143 DEJORKK TH

Coasin Uruguayn S.RL,
Caaillp da Correo N 1460
Lorrec Geniral
Montavidan, Uruguay
Tal: 29-31-832
FLK: UY 8571 OROGUER

Comin C.A.
Callg § Con Calle 4. Edi, Einurbi
Apartado dé Corrags Nr70.136
Loe Auicas
Carachs 10700, Yorezusii
Tk 38-78-4%. J8-78-58
TLA: 21027 EMVEN VE

internationat-Direct Service
Organitations

Supplied & Supperied by
Fluke {¥alland) B.V.

Fluke (Holland) B.V.
2.0, Box S05)
SO0 EB Tllburg
The Netherlands
Twl. [13) 873972
TLX: E2237

Fluks (Betginm) SA/NA
& Ruo da Geneve
1740 Bryanals, Ealglum
Tal: (02) 2164090
TLX: 26312

Fluk# (GZB) LTD
Colonial Way
Watlord, rlens WD2 47T
England
Tol: (082d) 23067
Tl¥! 934583

Floke {Deutschland) QmbH
Max-HygtwrStrossno B
8045 tamaning/haretien
West Gormuny
Tl (029) 960060
TL¥: 0322472

Fluka (Netharlands) B.Y.
Zonnehaan 39
P.O. Box 226
itk GH Moarapan
Tha Natherlanda
Tai: (039) 436514
TL. 47428

Fluke Brasi-ladusiria E Comaralo Lida,
AL Amizangs 422
Alghaville, Baraer|
CER 06400 S0 Paule, Brazil
Tal: (011 451-3803
TLX: Q1125580 FLKE BR

Buoling Radio Reksareh lnstitute
89 Dianmen Ayy, B4
Bajing
Paophe's Republic &1 China
Yol ansad

John Eluke Mig. Co., tng, Japan Branch
Sumitems Higashl Shinbashl Bldg.
1111 Hamamatsucha )
Minato-ku. Takys 105, Japan
Tal (03 434-0181
TLX: (7B} 2424331 [FLLIKUPS)

Fluke 3.A. {PTT) Lid.
PO Baw B9TET
Bramlay 2018
Republie of South Africa
Tal. (041) 786-3170
TLE: 624326

International Service
Reprasentatives
Supplied & Supported by
Fluke {Holinrd) B.Y.

Walter Relirsch Elecironische Gorate
LmbH & Co. Vortrab KG
Lioontanstainstrasss 97/8
1080 Vienne, Agatria
Tal: (0222} 230605
TLX: 139738

Tage Qlagn A/
Ballarup Byveg 222
2760 Ballarug
Danmark
Tal: {02) B55111
TLX: 35202 TOAS 5K

Elactronic Enginasring Lisison Otilce
P.O. Box 2801 Horrayn
Huliopalia, Cairo
Egyp!
Tok 891588
TLXE: B2502

Qy Findip AB
Teciliuustie ¥
Q2700 Kaunisinan
Finland
Tai: {0) 2052255
TLX: tR3129

W.B. Electronlgque 5.4,
Rue Fourty, P.Q. Box 31
79536 BUG, France
Tol: (07) BEE131
TLA BA5414

HaHenlc SchentMic Represantations
11 Vemsaiclh Stroot
Athana 812, Groece
Tol: {01} 711140
TLN: 219330

R.D.T. Electronics Engineering Lid,
48 Sokglov Stroel, PO, Béx 75
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INTRODUCTION

This section of the manual contains information
necessary to backdate the manual to conform with earlier
peb configurations. To identify the configuration of the
pcb's, refer to the revision letter (marked in ink) on the
component side of each pcb assembly. Table 1 definesthe
revision levels documentated in this manual.

NEWER INSTRUMENTS
Changes and improvements made to the instrument are

Section 7A
Manual Change Information

identified by incrementing the revision letter marked on
the affected peb assembly. These changes are documented
on a supplemental change/errata sheet which, when
applicable, is inserted at the front of the manual.

OLDER INSTRUMENTS
To backdate this manual to conform with earlier revision
levels, perform the changes indicated in Table 1.




Table 7A-1. Manual Status and Backdating Information

Fluke * To adapt manual to earlier rev configurations perform changes
A?;\Slembw pary | in desending order (ky no.), ending with change under desired rev letter
ame
No,

—|JA|IB|C|D|EIF|G|H|J|[K]LIMINIPE

Front Panel Display PCB Assy [ 639419 | x

Mother Board PCB Assy 638385

Bus Interconnect PCB Assy | 459636

Power Supply PCB Assy 639526

Power Supply interconnect

PCB Assy 645960

Controller PCB Assy 638544

Front/Rear Switch PCB Assy | 646281

DC Signal Conditioner
PCB Assy

Active Filter PCB Assy 383976

A/D Analog PCB Assy 383984

A/D Digital PCB Assy 383760

* X = The PCE ravision levels documented in this manual,
# = These revizion letters were never used in the instrumrant.
—® Mo ravision latter on the PCB.




Appendix 7B
Software Calibration

78-1. INTRODUCTION

The 8505A and 8506A use a nonvolatile, read/write memory for mucroprocessor-
controlled calibration of each range in each function. The Calibration Memory is a
standard part of the Controller module with these multimeters. Extended intervals
between hardware calibration are possible. The scale factor for each range can be
calibrated using any reference input value from 60% of range to full scale. The following
paragraphs first discuss the general procedure used in software calibration, then detail the
procedure used for ¢ach function.

CAUTION

Interruption of input power could atfect Calibration Memory entries when the
multimeter Is in Calibration mode. Do not cycle input power to the multimeter
when Calibration mode is activated. If power Is ON, locally verify that the
AVG/(CAL) annunciator Is not flashing or remotely verlfy that Calibration
mode s off (G5 response = 0) before cycling power to OFF. if power is OFF,
verify that the rear panel Calibration switch is off before cycling power to ON.

- §oftware calibration entails 2 combination of zero offset and gain corrections. The
Calibration mode must be activated when making calibration entries from either a local
or remote location. This mode can only be entered by accessing the Calibration switch on
the multimeter rear panel. The calibration sticker must be removed and the slide switch
positioned to ON when the multimeter is in local (front panel) control. The front panel
AVG/(CAL) annunciator flashes to denote activation of Calibration mode, Zero
correction values can then be entered for each range in de voltage (VDC) and resistance
(OHMS) functions only. Gain correction factors can be stored for each range in each
function by applying a reference input and entering a numeric string representing that
reference value, The multimeter then computes the gain correction factor necessary to
read the reference value. Depending on the function being calibrated, gain corrections are
made once or twice for each range. A number representing the calibration date or
identifying the multimeter can also be entered when the Calibration mode is activated.

The zero offset correction values are applied to the reading whenever the Zero mode is on
(ZERO annunciator lighted). The gain correction factors are applied to the reading
immediately upon entry and continue to be applied whether Calibration mode is on or
off.

Locally, application of zero values can be interrupted by turning the Zero mode off.
Remotely, both zero values and gain correction factors can be inhibited or enabled with
the following commands:

BLROSA/B506A




8G05A/8506A

M : inhibit gain correction factors
M 0 : enable gain correction factors
3. M ] : inhibit zero values
4. M 2: enable zero values

The multimeter may be interrogated from local or remote locations (Calibration mode on
or off) for recall of zero values (VDC or OHMS) or the calibration date (multimeter
identification) number. The last uncorrected reading can also be recalled from the front
panel at any time. Remotely, uncorrected readings can be verified by sending a
calibration factor inhibit command (M) and commanding a new reading,

Software calibration offers numerous benefits. Physical access to the multimeter is not
necessary; no cover need be removed. Uncertainties due to internal temperature
differentials and thermal equilibrium can thereby be eliminated. The procedure also
proves convenient where the multimeter is stacked or mounted in a rack. The multimeter
does not need to be removed from the system during software calibration: the procedure
can be accomplished from local (front panel) or remote locations.

When the multimeter is in Calibration mode (AVG/(CAL) annunciator flashes) the
following special conditions should be noted:

1. Locally, the multimeter display is altered to provide 7-1/2 digits on the 10V dc
volts range and 6-1/2 digits on all other ranges and functions. Overrange indications
(flashing H’s) are not available. On the 8506A only, underrange indications
(flashing L’s) are not available.

CAUTION

Do not disable latching errors during multimeter calibration. The latching error
disable feature is useful during troubleshooting (when normally disallowed
module configurations may be necessary). Since latching errors may also
Identify an over voltage conditlon (as with local Error 4 or remote error 14),
discretion must be used.

2. Averaging mode is locked out (Calibration and Averaging modes are mutually
exclusive). However, the AVG button can be pushed locally to disable latching error
conditions, Pushing AVG a second time enables latching errors once again,

3. All mathematic operations (Offset, Scaling, External Reference) and special
operations (Limits, Peaks) are disabled.

7B-2. DESCRIPTION

The function being calibrated determines the calibration corrections that are available.
Applicable correction points are summarized in Table 1. DC voltage (VDC) uses all three
possible correction points (zero, positive, negative) and is used as an example in the
following discussion. Refer to Figure 1 and Table 1. The dc voltage function requires that
a zero correction and negative and positive gain corrections be made. Software
algorithms (Y=MX + C) are used to perform these corrections, The constant C
represents the zero correction value, This value can be stored on any range in the dc
voltage (VDC) or resistance (OHMS) function. The constant M is computed by the
multimeter, This computation is made by dividing the actual reference input (entered asa
numeric) by the measured reference input (the uncorrected reading). Separate
computations are made for negative and positive inputs.




Table 1. Calibration Points

CALIBRATION PQINTS

FUNCTION Specitied

Frequencles

Zaro Positive Negative
Corrections Giain Gailn

8505A Software Calibration

DG Volts (VDG or V) X
DC Amps (ADC or 1) X
Ohms (OHMS or Z)
AC Volts

Averaging
Option =01 -
{(VAGC or VA)

True-RMS

Option 09A
(VAC or VA)
(VAC+VDC or C)

AC Amps (AAC or 1A)

Software Calibrati

DC Volts {(VOC or V)
DG Amps (ADC or 1)
Ohms (OHMS or )
AC Volts

{HI ACCUR or VA2}

{Hl ACCUR-+VDC
or C2)

For example, assume that the 1V dc range is being calibrated from the front panel. VDC
zero (point A in Figure 1) is first performed with the multimeter input shorted to define
the offset constant C. The positive gain correction constant M is then defined using any
reference value from 600 mV (60% of range) to 2V (full scale). A value of 1.9V (point Bin
Figure 1) is selected in this case to minimize percentage of reading error and avoid
saturation of the A/ D Converter. Without correction, the multimeter reads 1.987250V.
The correction constant M is therefore computed as:

1.9V
M= —
1987250V

‘T'his linear correction factor is now applied to any input between 0 and -+2V. Errors due
to polarity reversals can be eliminated by storing a separate correction factor using a
negative vollage. A procedure identical to that used with a positive reference input yields
a linear gain correction that is applied to all inputs between -2V and 0.

8506A/8506A
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Figure 1. DC Voltage Calibration

Gain correction points for each function and range can be ascertained using Tables ! and
2, For calibration of ac voltage, separate sets of correction points are used for the 8505A
and the B506A. A list of reference sources sufficiently accurate to calibrate the
multimeters is presented in Table 3. Reference source connections are described in
Section 4 (standard functions) and Section 6 (optional functions).

NOTE

The accuracy of the calibration correction facror reflects the accuracy of the
reference source. To maintain accuracy, use only the sources listed in Table 3
or calibrated sources of equal or better accuracy.

7B-3. LOCAL (FRONT PANEL) CALIBRATION

Local calibration is carried out using several of the push buttons on the front panel. If
necessary, refer to Section 2 of the appropriate Instruction Manual for a review of push
button operation.

7B-4. Equipment Configurations

Front panel calibration can be made using zero or reference value connections either at
the front panel terminals or through the rear input connector. Connections are described
in Section 2 of the appropriate Instruction Manual. The following general considerations
should be noted:

1. When using the front panel terminals, the three input selectors must be
positioned as follows:

a. Guard Selector: in or out, as required.




Table 2. Gain Correction Parametars

RANGE

RECOMMENDED

MINIMUM

MAXIMUM

DG Volts

AC Amps (1)
(8505A)

AC Volts (2)
(B305A)

AC Volts (3)
(8506A)

100 mV
v

10V
100V
1000V

10 ohms
100 ¢hms

1 kohms
10 kohms
100 kohms
1 Mohm

10 Mohms
100 Mohms

100 uA
1 mA
10 mA
100 mA
1A

100 uA
1 mA
10 mA
100 mA
1A

1V
10V
100V
1000V

100 mV
300 mv
1V

av

10V

aov

100V
500V

190 mv
1.8V
19V
120V
1000V

20 ohms
200 ohms
2 kohms
20 kohms
200 kohrms
2 Mohms
20 Mohms
100 Mohms

190 uA
1.8 mA
10 mA

100 mA
1.0A

200 uA
2.0 mA
19 mA

150 mA
1.0A

2v
19v
100V
200V

120 mV
390 mV
1.2V
3.8V
12v
asv
120V
500V

60 mvV
0.6V
6Y
B0V
600V

6 ohms

60 ohms
600 ohms
6 kohms
B0 kohms
600 kohms
& Mohms

80 Mohms

60 uA
600 uA
6 mA
60 mA
600 mA

60 uA
800 A
& mA
60 mA
800 mA

600 mv
av

6OV
Goov

60 mV
180 mv
€00 mV
1.8V
6v

18V
&60v
300V

200 mv
2v

20V
128V
1200V

20 ohms
200 ohms

2 kohms

25 kohms
250 kohms
4.1 Mohms
35 Mohms
265 Mohms:

250 puA
2 mA
16 mA
128 mA
1.28A.

312.5 pA
2.5 mA
20 mA
160 mA
1.28A

2.5V
20V
160V
1000V

125 mV
400 mv
1.25V
4y
12,5V
40V
128V
600V

Notes:

1. Gain cotrection entered at 1 kHz. Actual value must be vetified at source output.

. Gain ﬁorrection entered at 1 kHz, checked at 10 kHz, 50 kHz, 100 kHz (Averagi‘ng
Converter Option -01) or at 100 kHz, 500 kHz, 1 MHz (True-RMS Converter Option
-09A}.

 Gain correction entered at 1 kHz, checked at 10 kHz and 100 kHz.
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Table 3. Reterence Sources

MINIMUM USE RECOMMENDED
SPECIFICATIONS EQUIPMENT

CC Voltage

DC Source High Short-Term Fluke Model 335A
Stability (0-1100V) .

NOMENCLATURE

Null Datector 10 pwV Fuil-Scale Fiuke Model 335A
Resolution

Kelvin-Varley Divider Linearity 1 ppm of Input Fluke Model 750A

Standard Cell Guildline 81 Guildline 9152(R)
Enclosure

AC Volitage (B505A)

AC Calibration 0-1000V ac Fluke Model 5200A
System Accuracy: with Fluke Model

1 kHz: .02% 5215A or 5205A

10 kHz; .02%

50 kidz: 05%

100 kHz-1 MHz: .33%

{refer 1o Section 4 for 8506A specifications, setup)

Ohms

Standard 20 chm: 30 ppm ES! SB-1010

Resistors 200 ohm - 20 Mohm: ESI SR-1050
50 ppm

200 Mohm: 100 ppm

DC Current

DC Current Accuracy £.02% Fluke Model 382A
Calibrator

200 kohm Resistor Aceuracy +.01%

AGC Current

AC Current Verification Fluke Model 5100
Calibrator Dependent

b. Ohms Selector: In (4T) for Ohms Zero and Ohms gain corrections (8505A
and 8506A) and for VAC corrections (8506 A only). The Guard Selector can be in
or out for other calibration connections at the front panel terminals.

¢. Rear Input Selector: out,

2,  When the rear input connector is being used, the Guard Selector and the Ohms
Selector have no affect. The Rear Input Selector must be pushed in. Rear inputs are
dedicated to a four terminal configuration. Four terminal connections must be used
for Ohms Zero and Ohms gain corrections (8505A and 8506A) and for VAC
corrections (8506A),




7B-5. Zero Corrections , ‘

Zero corrections require activation of the Calibration mode (slide rear panel Calibration
switch to on). Zero corrections can then be made separately for each range (without
affecting values for otherranges) in dc volts and ohms functions. Each zero value stored is
applied to subsequent readings in the selected range and function only. These values are
stored permanently in Calibration Memory and can only be changed by storing new
entries when Calibration mode is on.

Whenever Calibration mode is off, separate zero values can be stored in a temporary
memory. This procedure is not used for software calibration and does not affect any
software calibration zero values stored in the Calibration Memory. When this procedure
is used, each stored zero value is applied in the existing range and in all higher ranges in
the same function (dc volts or ohms). This process can be repeated for each range (from
lowest to highest) if separate zero values must be temporarily stored for each range.

The zero value applied to the reading is defined as follows:

1. If Calibration mode is on, the permanent values stored in Calibration Memory
during software calibration are applied.

2. When Calibration mode is turned off, temporary memory is loaded with -

permanent (Calibration Memory) values,

3. While the Calibration mode is off, the following conditions apply:

a. Temporary zero values are applied.

b. If a power-up or reset occurs during the Calibration mode off state,
temporary memory. zero values are re-initialized to the permanent (Calibration
Memory) values.

¢. Zero values entered when Calibration mode is off change these initialized (or
re-initialized) temporary memory values. Remember that any zero value entered
with Calibration mode off is “read up” to all higher ranges in the same function.

-7B-6. Gain Corrections

Corrections at reference input points require activation of the Calibration mode (slide
rear panel Calibration switch to on). A reference input can be made at any point from
60% of range to full scale. Reference input parameters for each function are defined in
Table 2. It is recommended that reference inputs near the full scale point be used to
minimize reading errors. Reference sources are defined in Table 3. Reference source
connections for standard functions (dc volts with the 8505A, dc volts and ac volts with the
8506A) are described in Section 4. Source connections for optional functions are
described in Section 6. The following procedure is used for each range:

. Manually select the range to be calibrated (push the up range or down range
button).

2. Apply the reference value either to the front panel INPUT HI and LO terminals
or through the rear panel input connector.

3. Allow the multimeter to take one reading,
4. Using the front panel push buttons, store the reference value defined by the

source. For example, for a reference of 1.9V dc on the IV dcrange, pushSTORE 1.
9 (CAL COR).

BS05SA/B506A
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5. The multimeter computes the gain correction factor necessary to display the
stored source value. This factor s then automatically applied to all subsequent
readings in this function and range.

6. Verify proper entry of the reference value by allowing the multimeter to take a
reading, This reading should be the actual reference value (+accuracy specifications
for the multimeter function and range).

7. Repeat steps | through 6 for each range.

7B-7. Calibration Date (Multimeter Identification)

Up to six integers signifying the calibration date or identifying the multimeter can also be
entered from the front panel. If the calibration date is being entered, the first two digits
could represent the vear, the third and fourth digits could define the month, and the fifth
and sixth digits could represent the month. For example, January 1, 1983 is entered as
STORE830101(CAL DATE). Alternately, an instrument identification number of 242
is entered as STORE 2 4 2(CAL DATE). Only integers may be entered: if a decimal point
or exponent is used, an Error C condition is set. The multimeter can store only one set of
S1X integers at a time.

7B-8. Recall Operations

The last uncorrected reading and the calibration date (or instrument identifying) number
can be recalled for display at any time (Calibration mode on or off). If the Calibration
mode is on (AVG/(CAL) annunciator flashes), the sequences used to recall the
uncorrected reading and the number are, respectively:

RECALL (CAL COR)
RECALL (CAL DATE)

If the multimeter is not in the Calibration mode (AVG/(CAL) annunciator not flashing),
the following sequences must be used:

RECALL LO (CAL COR)
RECALL LO (CAL DATE)

Zero values for the function selected (VDC or CHMS) can be recalled by pushing:
RECALL ZERQ VDC/OHMS

This operation can be repeated for each range and does not affect either the stored zero
value(s) or the zero mode status. If the multimeter is in VDC or OHMS, the zero value for
the range and function selected is recalled. If the multimeter is not in VDC or OHMS, an
Error 0 condition is set.

The value recalled may be either of the following:

1. If zero is recalled when the Calibration mode is off, the value displayed may
differ from that actually stored in Calibration Memory. During a Calibration mode
off condition, the muitimeter stores separate, temporary zero values whenever the
ZERO VDC/OHMS button is pushed. Such entries are recalled if both the
following conditions are met:

a. A power-up or reset has not occurred since the entry.

b. Calibration mode is still off.
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2 1f Calibration mode is on, the recalled zero value is always that stored in
Calibration Memory. Also, Calibration Memory zero values automatically replace
the values held in the temporary storage referred to above when a power-up or reset
condition occurs when Calibration mode is off. :

7B-9. Error Conditions . :

The multimeter employs both momentary and latching errors. Once a momentary error
automatically clears, further multimeter operation is not impaired. A latching error does
not automatically clear and does impede further multimeter operation until the cause for
the error has been corrected. Latching errors include Error, Error 2, Error 3, Error 4,
Error 5, Error 9, and Error E. Latching errors are normally enabled, but are afforded
special treatment when the Calibration mode is on. The following rules then apply:

CAUTION

Do not disable latching errors during multimeter calibration. The latching error
disable feature Is useful during troubleshooting (when normally disaliowed
module conflgurations may be necessary). Since latching errors may also
ldentity an over voltage condition (as with local Error 4 or remote error 14),
discretion must be used.

1. Latching errors are automatically enabled whenever Calibrationi mode is
enabled or disabled with the rear panel Calibration Switch. ‘

2. If Calibration mode is on, latching errors can be disabled by pushing the AVG
button. Since Average mode and Calibration mode are mutually exclusive, this
operation does not enable Average mode. The multimeter front panel display
responds with (Err, oFF).

3. With Calibration mode still on, latching errors are re-enabled and normal
Calibration mode operation is restored when the AVG button is pushed again. Ifa
latching error condition exists at this time, the error message is displayed. If no
latching error exists, the multimeter front panel display responds with {Err. on).

The front panel display identifies numerous potential error conditions. A full description
of error conditions is presented in Section 2 of the appropriate Instruction Manual. The
following list identifies error conditions specifically applicable to front panel calibration
procedures.

1. Error 0: Store 0 error: .
A zero STORE or RECALL has been attempted in an unallowed function, Zero
corrections can only be made in VDC or OHMS.

2. Error 1; Store during overrange:

The STORE (CAL COR) sequence has been performed when the previously taken
reading was overrange. This reading cannot be used .in the multimeter’s gain
correction computation. The applied source value must be revised immediately to
fall within the limits defined in Table 2. Damage to the multimeter could otherwise
result, In any event, Error 1 signifies that the gain correction factor has not been
stored. With a legal value applied to the multimeter, the numerics representing that
value must be entered again with the STORE (CAL COR) sequence.

3. Error b: Not allowed in Calibration mode: .
An unallowed push button sequence has been attempted in the Calibration mode.
{Jse the correct sequence once the display has cleared.
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4, Error C: Invalid push button sequence:
This error can occur under the following conditions:

a. Numerics representing a value less than 609 of range or more than full scale
have been entered during the STORE (CAL COR) sequence. Select a new value
and repeat this sequence. '

b. The wrong sequence has been used to clear all Calibration Memory entries
when the Calibration mode is activated.

¢. Error Calse occurs when attempting to clear all Calibration Memory entries
when not in Calibration mode.

5. Error d: Calibration Memory is faulty or not installed.

6. Error F: Calibration Memory check sum error;

This error condition may occur when power is applied, when storing into
Calibration Memory, or during a recall operation. It may be caused by an
inadvertent cycling of input power when the multimeter is in the Calibration mode.
Reset the multimeter. If Error F remains, it may be necessary to first clear, and then
reenter, all correction factors, zero values, and the calibration date (or instrument
identification number). If Error F recurs during either the clearing procedure or a
subsequent programming attempt, the Calibration Memory may be faulty.

NOTE

If an error condition identifies a faulty Calibration Memory chip, refer to
Calibration Memory Replacement in Section 4. If a new Calibration Memory
is installed, the comprehensive clearing procedure should first be performed,
Jollowed by re-programming of all desired entries.

7. Error H: Ohms input error:

This error can be caused by an open input during OHMS measurements, a bad
protection fuse, or a polarity reversal in connections for four-terminal ohms
measurements,

8. Error 4: Excessive voltage present at inputs (OHMS, ADC, AAQ):
An improper input level has been used for ohms or resistance calibration. The
appropriate function must be re-selected, and the input level must be revised.

9. Error E: Invalid module configuration:

A Calibration Memory module may be installed. The 8505A and 8506A do not use a
separate module for calibration memory entries (calibration memory is a standard
part of the Controller module). If a Calibration Memory module is installed, it must
be removed. This error may also identify an illegal ac converter configuration. For
the 8505A, only one ac converter (-01 Qption or 09A Option) is allowed. For the
B506A, only the Thermal True-RMS Converter is allowed. Additional ac converters
must be removed.

7B-10. Clear Operations
Calibration correction entries can also be removed or replaced from the front panel. The
following procedures are available:

. Applied zero correction values can be altered from the front panel as follows:




a. If temporary zero corrections have been entered while the Calibration mode
is off, Calibration Memory zero values can be reinstated in temporary memaory.
With Calibration mode off, push the RESET button or cycle input power.

b. Application of all zero values can be disabled by pushing the ZERO
VDC/OHMS button once (ZERO annunciator goes off).

c. New zero values can be entered by applying a short across the inputs and
pushing the ZERO VDC/OHMS button again (ZERO annunciator comes on),
When Calibration mode is on, this procedure creates a new Calibration Memory
zero entry for the function (VDC or OHMS) and range selected only. If
‘Calibration mode is off, this procedure creates a new temporary Zero memory
entry in the selected function (VDC or OHMS), the selected range, and all higher
ranges, Zero values stored in temporary memory do not affect existing
Calibration Memory entries,

2. Since only one or two gain correction factors are allowed per range (depending
on the function), storing a new correction factor automatically replaces any
previously stored correction factor. For those functions requiring two gain
corrections per range (VDC and ADC), this operation must be performed twice
(once for positive, once for negative) to ensure new correction factors for the full
range of possible inputs. :

NOTE

If hardware calibration is necessary, software calibration eniries must first be
cleared. The extent of hardware calibration determines the clearing operation
required. If all functions are to be hardware calibrated, the procedure in step
(4.) must be used, If select functions only are 10 be hardware calibrated,
respective gain correction factors must be cleared with the procedure in step
(3.), and zero factors must be disabled where appropriate.

3 Gain correction factors can be erased by using the STORE (CAL COR)
sequence (without numerics) once for each range in each function, Using STORE
(CAL COR) once clears both positive and negative gain corrections for the selected
range in VDC or ADC.

4. Calibration memory factors for all ranges and functions, zero correction values
for all VDC and OHMS ranges, and the calibration date (or instrument identifier)
can also be erased using a single operation. This operation may be necessary if an
Error F condition (check sum error) cannot be cleared with a multimeter reset or ifit
is necessary to clear software calibration entries for all functions prior to hardware
calibration. With the multimeter in the Calibration mode, the following procedure
is used:

a. To initialize the clear procedure, push STORE ZERO VDC/OHMS.

b, If the multimeter is not in the Calibration mode, a momentary Error C
condition is set. After a brief pause, the multimeter reverts to the normal display
to signify that no change has been initiated. ‘

¢. If the multimeter is in the Calibration mode, the display responds with:
CL.EAr?. At this point, the clear operation can be aborted and the existing
correction factors retained by pushing any button other than ZERO
VDC/OHMS. The multimeter would then respond with a momentary Error C
display and revert to the normal Calibration mode display.
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CAUTION

If RESET Is pushed during the clearing interval, the clear operation may be
interrupted prior to completion. A check sum {(Error F) condition would then be
sel. Do not push the RESET hutton until the final ¢learing step {d) has been
completed.

d. If the operation is to be completed (not aborted), all zero correction values,
calibration correction factors, and the calibration date (instrument
identification) number can be cleared by pushing the ZERO VDC/OHMS
button a second time. Depending on the extent of Calibration Memory entrics,
the clear operation may require several seconds. Completion of the clear
operation is verified by the removal of CLEAt?, a momentary blanking of the
digit display, and extinguishment of the ZERO annunciator. If manualtriggering
is in effect, the display remains blank until the next manual trigger.

78-11. REMOTE CALIBRATION
Remote calibration procedures are similar to those used fos front panel calibration. The
parameters defined in Tables | and 2 are also used in remote calibration.

7B-12. Equipment Configurations

Remote calibration can be made using zero or reference value connections either at the
front panel terminals or through the rear input connector. Connections are described in
Section 2 of the appropriate Instruction Manual, The following general considerations
should be noted:

1. When using the front panel terminals, the three input sclectors must be
positioned as follows:

a. Guard Selector: in or out, as required.

b. Ohms Selector: In (4T) for Ohms Zero and Ohms gain corrections (8505A
and 8506A) and for VAC corrections (8506A only). The Guard Selector can be in
or out for other calibration connections at the front panel terminals,

¢. Rear Input Selector: out.

2. When the rear input connector is being used, the Guard Selector and the Ohms
Selector have no affect. The Rear Input Selector must be pushed in. Rear inputs are
dedicated to a four terminal configuration. Four terminal connections must be used
for Ohms Zero and Ohms Gain corrections (8505A and 8506A) and for VAC
corrections (8506A only).

7B-13. Local/Remote Control

Remote calibration is carried out using any of the remote interface options available for
the multimeter (IEEE-488, Bit Serial, or Parallel). Remote calibration requires that the
multimeter be placed in local control prior to enabling the Calibration mode. Refer to the
following local/ remote control guidelines:

1. To select local control;

a. From the front panel: push the LCL/RMT button and verify that the
REMOTE annunciator is off.
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b. From the remote location: send the # character (go to local, lockout remote)
when using the Bit Serial Remote Interface (Option -06) or the Parallel Remote
Interface (Option -07). With the IEEE-488 Remote Interface (Option -05), send a
Go-to-Local (GTL) command. ,

To select remote control:

a. From the front panel; push the LCL/RMT button and verify that the
REMOTE annunciator is on (Bit Serial and Parallel Interfaces only). With the
TIEEE-488 Interface, remote control cannot be selected from the front panel.

b. From the remote location: With the Bit Serial or Parallel Interface, remote
control can be selected by sending any character that the multimeter recognizes.
However, if local control was originally commanded with the # character, the
front panel LCL/RMT button must be pushed. With the IEEE-488 Interface,
remote is selected (with REN asserted) by sending an MLA, Some IEEE-
interfaced controllers (such as the Fluke 1720A) automatically supply an MLA
with any transmitted command string.

7B-14. Entry Format
Numeric entry commands are terminated by any subsequent non-numeric character. For

calibration entries, an execution command must be included at the end of the string.

Execution commands are not included in the instructions provided in this discussion but
must be included in practice. The following terminating commands are available:

1. “”is used to execute the command string.
2. “? is used to execute the command string and return a reading.

3, “@" is used to execute the command string, take a reading, and interrupt when
ready.

7B-15. Zero Correclions
Storing zero values involves separate commands for the dc voltage and resistance
functions. Calibration mode must be enabled when storing zero correction values during
Software Calibration. With a high-quality, low-thermal shorting bar applied across
SENSE HI and LO inputs, the zero value is stored as an offset (in the dc voltage function)
by first allowing sufficient thermal voltage settling time, verifying that the multimeter has
returned at least one reading, and then sending the KO command. This operation stores
the last reading as a dc voltage zero in the existing range and function, Ohms zero values
are stored using the K1 command. The shorting bar must be applied to the HI and LO
inputs in a four terminal configuration. Remote commands M1 (inhibit all zero values)
and M2 (enable all zero values) can be sent at any time without affecting the stored values.

7B-16. Gain Corrections

The Calibration mode must be activated prior to entering gain correction factors. With
the multimeter in local (front panel) control, the rear panel Calibration switch is
positioned to ON (causing the AVG/(CAL) annunciator to begin flashing).

Gain corrections are initiated remotely with the KNG command. Reference values are the
same as those used for front panel calibration, Source connections for standard functions
{dc volts with the 8505A, dc volts and ac volts with the 8506A) are described in Section 4.
Source connections for optional functions are described in Section 6. Remote verification
of Calibration mode status can be made by sending the G5 command. A returned 0
signifies that the Calibration mode is off, and a returned 1 signifies that the Calibration
mode is on, o
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Remote calibration for each range and function is accomplished by first taking a reading
of the reference input and then programming the actual reference value. The
programming step consists of the KNG command, followed by numerics representing the
reference value. The first non-numeric following this entry terminates the numericentry.
The KNG command is only executed if followed by a terminating character (, 7 or @). The
multimeter now computes and stores the gain correction factor. If the KNG is not
followed by a number, or is followed by zero, the gain correction for the range selected is
disabled {none stored).

7B-17. Calibration Date (Multimeter Identification)

The identifying number can be programmed remotely with the KND command. As in
front panel calibration, Calibration mode must first be activated. A maximum of six
digits can be programmed following the KND command. One set of digits can be stored
at a time. Digits could be e¢ntered for the day, month, and vear of the calibration date.
February 18, 1983 is programmed as K ND 21 8§ § 3. Alternately, an instrument
identification number of 242 is entered as K N D 24 2. Any non-numeric entry following
these digits causes termination of the entry,

The digits programmed with the KND command can be recalled at any time (Calibration
mode on or off) by sending the G4 command. The response is expanded to six digits with
the inclusion of leading zeros (02188 3,0r 00024 2 for the examples mentioned above).

78-18. Recall Operations
Various commands are used to recall calibration entries. The following list identifies

these commands:

1. GO: recall the dc voltage zero value. If the multimeter is in the dc voltage
function, the zero value for the existing range is returned. If some other function is
selected, the zero value for the 100 mV range is returned.

2. G2 : Recall multimeter configuration and send on next trigger. This recall
command is useful in determining the multimeter type and identification number,
verifying the installed modules prior to a performance test or calibration, and
identifying the cause of an error 24 (illegal module configuration), A 22-character
response identifies the multimeter and its hardware configuration as follows:

a. Characters 1-5: the model number (e.g. 8506A)
b, Characters 6-8: a special number (or blank)
¢. Character 9: a colon (;)
Characters 10-22: 13 characters identifying the loaded modules.

D : DC Signal Conditioner

. Active Filter

: A/D Converter

: Averaging AC Converter (Option -01)
: Ohms Converter (Option -02A)

: Current Converter (Option 03)

: Not used (always -)

: IEEE-488 Interface (Option -05)

: Bit Serial Interface (Option -06)

: Parallel Interface (Option -07)

: lsolator

: True-RMS Converter (Option -09A)
: Thermal True-RMS Converter
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Any module not installed is noted with a (-} in the response. For the 8505A, a response of
DFC12----78-- would signify a standard dc volts configuration (DFC) with the Isolator
(8) and options for averaging ac (1}, ohms (2), and parallel interfacing (7). For the 8506 A,
a response of DFC--3-5—-8-A would identify a standard dc volts (DFC) and thermal true-
rms volts (A) configuration with the Isolator (8) and options for dccurrent (3) and IEEE-
488 interfacing (5).

Notes:

(1) B505A AC Volts (VA) uses either Averaging (Option -01) or True-RMS
(Option -09A) converter. 8505A AC Amps (1A) uses Current Converter
(Option -03) and either ac converter. If both ac converters are installed with ac
volts or ac amps selected, the True-RMS converter (Option -09A) is used.

(2) B8506A can use either the Ohms Converter (Dptlon -02A} or the Current
Converter (Option -03) - not both.

(3) 8505A and 8506A: only one interface (Option -05, -06, or -07) can be
installed at one time.

3. G4 recall the calibration date or instrument identification number on the next
trigger. A total of six digits is returned - there is no leading zero suppression.

4. G5 recall Calibration mode status. A returned O identifies Calibration mode
off, and a returned 1 identifies Calibration mode on.

5. (6: recall the ohms zero value. If the multimeter is in the ohms function, the
zero value for the existing range is returned. If some other function is selected, the
zero value for the 10 ohm range is returned.

6. M: inhibit calibration factors, This command can be used to take a reading with
calibration correction disabled. Once the uncorrected reading has been noted,
calibration correction factors can be enabled by sending the M0 command.

7B-19. Error Conditions

An error condition is identified by a user-defined response, This response is entered with
the K3 command, followed by any combination of up to 15 characters. For example, an
obviously illegal response of 1E20 could be specified to ﬂag an error condition, If an error
exists, this response is returned whenever a reading is attempted. The G1 (get status)
command must then be sent to identify and note the specific error. This command can
only be used once for each error response generated. The following error codes (defined in
the first and second characters of the G 1 response) may be encountered during remote
calibration:

I. 08: Command string error

2. 10: VDC/OHMS Zero error

3. 14 : Excessive voltage present (Ohms or Current function)

This is a latching error condition and necessitates, in sequence, revision of the input

level and re-selection of the appropriate function prior to further calibration.

4. 16 : Numeric display overflow
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5. 23 : The Calibration Memory is faulty or not installed. .@

6. 24 : lllegal module configuration

A Calibration Memory module may be installed. The 8505A and 8506A do not use a
separate module for calibration memory entries (calibration memory is a standard
part of the Controller module). Also, the wrong ac converter(s) may be installed.
The 8505A uses either the -01 Option or the -09A Option (not both). The 8506A uses
only the Thermal True-RMS Converter, Remove any disallowed module.

7. 25 : The Calibration Memory check sum is wrong.

This error condition may occur when applying power, when storing into Calibration
Memory, or when recalling a Calibration Memory entry. It may be caused by an
inadvertent cycling of power when the multimeter is in the Calibration mode. Reset
the multimeter. If error 25 remains, it may be necessary to first clear, and then
reenter, all correction factors, zero values, and the calibration date (or instrument
identification number). If error 25 recurs during the clearing procedure or during
any subsequent programming attempt, the Calibration Memory may be faulty.

NOTE

if an error condition identifies a faulty Calibration Memory chip, refer to
Calibration Memory replacement in Section 4. If a new Calibration Memory is
installed, the comprehensive clearing procedure should first be performed,
Sfollowed by re-programming of all desired entries,

8. 27: Ohms connections are faulty.
Error 27 can occur when an ohms connection is open, a protection fuse is bad, or a
. polanty reversal has been made with the four-terminal connection.

7B-20. Clear Operations
The following procedures are available to remove or replace Calibration Memory entries
from the remote location:

1. In the dc volts or ohms function, zero correction values can he replaced by
entering new values. Existing values can be inhibited by sending the M1 command
(or enabled with the M2 command).

2. Any Calibration Memory gain correction entry can be replaced by merely
making a new entry. Where multiple gain correction factors are stored (as in d¢
volts), separate new factors must be stored (one for positive gain, one for negative
gain).

3. Gain correction factors for the function selected can be erased by using the K N
G 0 command string once for each range. Using K N G 0 once clears both positive
and negative gain corrections for the selected range in dc volts (V) or dc amps (I).

NOTE

If hardware calibration is necessary, software calibration entries must first be

cleared. The extent of hardware calibration determines the clearing operation

required. Jf all functions are 10 be hardware calibrated, the procedure in step w
{3.) must be used. [f select functions only are to be hardware calibrated.

respective gain correction factors must be inhibited with the procedure in slep

(3.). and zero values must be disabled where appropriate.




4. All calibration factors can be inhibited (but not cleared) with the M command.
The M0 command rgapplics these factors.

CAUTION

it any Interrupting command is sent Immediately atter K4 (and before G1), the
comprehenslve clearing operation may be interrupted prior to completion. A
check sum (error 25) condition would then be set. Do notsend any interrupting
command (Immediate characters, reset, etc.) between K4 and G1.

5. If it is necessary to clear all calibration factors (as in a check sum error 25
condition or prior to hardware calibration of all functions), the K4G1 command
string can be used. Depending on the number of entries being cleared, several
seconds may be necessary to complete this operation. Completion of this
comprehensive clearing operation is verified by return of the status response.

7B-21. CALIBRATION PROCEDURES

7B-22. DC Voltage

7B8-23. LOCAL (FRONT PANEL) PROCEDURE

Front panel de voltage calibration can be accomplished using reference inputs and
the front panel push buttons. Calibration mode must first be enabled by sliding the
rear panel Calibration switch to ON (AVG/(CAL) annunciator flashes). Remember
never to cycle input power to the multimeter when the Calibration mode ison, Then

proceed as follows:
1. On the multimeter, select VDC function and 100 mV (manual) range.
2. Apply a good-quality, low-thermal shorting bar between INPUT SENSE HI

and LO terminals. Allow sufficient thermal voltage settling time before proceeding
to the next step.

3. Allow the multimeter to take at least one reading, then push the ZERO

VDC/OHMS button,

4. Manually select the next higher VDC range, then push ZERO VDC/ OHMS
twice. In sequence, repeat this step for each higher VDC range. This procedure
ensures that a discrete zero value is stored for each VDC range.

‘5. Remove the shorting bar.

6. Refer to Table 2 and select the reference value for the range being calibrated,
Generally, any value between 60% of range and full scale may be selected. However,
values near the full scale point ensure minimum percentage of reading error. Values
too near the full scale point may cause saturation problems in the A/D Converter.
The values given here (in parentheses) are recommended to both minimize
percentage of reading error and avoid saturation problems.

7. Manually select the 10V range. With the reference value (19.000000V) applied
to INPUT SENSE HI and LO terminals, push:
STORFE (numerics of reference value) (CAL COR).

8. The gain correction is automatically applied to the next reading in this range.
Verify proper reference value entry by observing that subsequent readings of the
reference value equal that known value = multimeter accuracy specifications. If
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necessary, recall the uncorrected rcadmg for comparison by using the RECALL .}
(CAL COR) sequence,

9. Manually select the 100 mV range, apply an appropriate reference value
(190.00000 mV), allow the multimeter to take one reading, push STORE (reference
numerics) (CAL COR) once again, and verify the result. Repeat this procedure in
sequence for each higher VDC range. The following reference values are
recommended:

a. 1V range: 1.9000000V

b. 10V range: 19.000000V

¢. 100V range: 120.00000V

d. 1000V range: 1000.0000V

10. The following steps store negative gain corrections for each range. Reverse the
input connections to the multimeter.

I1. Now return the reference source to the value used for the 10V range
(19.000000V), and manually select the 10V range on the multimeter.

12, First allow the multimeter to take at least one reading, then push STORE
(reference numerics) (CAL COR). Ignore polarity when entering numerics for the
reference value.

13. The gain correction is automatically applied to the next reading in this range.
Verify proper reference value entry by observing that subsequent readings of the
reference value equal that known value + multimeter accuracy specifications, If
necessary, recall the uncorrected reading for comparison by using the RECALL
(CAL COR) sequence.

14, Manually select the 100 mV range, apply an appropriate reference value
(190.00000 mV), allow the multimeter to take at least one reading, push STORE
(reference numerics) (CAL COR) once again, and verify the result. Using the
preferred reference values mentioned above, repeat this procedure in sequence for
each higher VDC range,

15. Set the reference output to zero, and remove connections between the
reference source and the multimeter.

16. Front panel dc voltage calibration is complete once zero values and positive
and negative gain corrections have been entered for each of the five ranges.

17, If no further calibration is required, disable the Calibration mode by sliding
the rear panel switch to OFF,

7B-24. REMOTE PROCEDURE

Remote calibration employs the same sequence as that used for local calibration. The
Calibration mode must be enabled when the multimeter is in local control (REMOTE
annunciator off). The rear panel Calibration switch can then be positioned to ON (front
panel AVG/(CAL) annunciator flashes) and remote control selected. Remember never to
cycle input power to the multimeter when Calibration mode is on. The full calibration
procedure is as follows:




1. Select the de volts function (V) and 100 mV (manual) range (R0).

2. Apply a good-quality, low-thermal shorting bar between input SENSE HI and
LO inputs. Aliow sufficient thermal voltage settling time before proceeding to the
next step. .

3. Allow the multimeter to take at least one reading, then send KO (store last
reading as dc volts zero). -

4. Send the next higher dc volts range command, allow the multimeter to return at
least one reading, then send KO again. In sequence, repeat this step for each higher
de volts range (R 1, R2, R3, R4). This procedure ensures that a discrete zero valueis
stored for each dc volts range.

5. Remove the shorting bar.

6. Refer to Table 2 and select the reference value for the range being calibrated.
Generally, any value between 60% of range and full scale may be selected, However,
values near the full scale point ensure minimum percentage of reading error. Values
too near the full scale point may cause saturation problems in the A/D Converter.
The values given here (in parentheses) are recommended to both minimize
percentage of reading error and avoid saturation problems.

7. Send the R2 command (10 volt range),

8. With the reference value (19.000000V) for the 10V range applied to SENSE HI

and LO inputs, send the following command:
K N G (numerics of reference value)
9. The gain correction is automatically applied to the next reading in this range.

Verify proper reference value entry by observing that subsequent readings of the
reference value equal that known value + multimeter accuracy specifications.

10. Revise the reference source output to the value used for the 100 mV range
(190.00000 mV). Then send the RO command.

11. Allow the multimeter to return at least one reading, then send KNG (reference

numerics), and verify the result, Repeat this procedure in sequence for each higher
do volts range (R 1, R2, R3, R4). The following reference values are recommended:

a. |V range (R1): 1.9000000V

b. 10V range (R2): 19.000000V
c. 100V range (R3): 120.00000V
d, 1000V range (R4): 1000.0000V

12.  Now send the R2 command again, and return the reference source to the value
used for the 10V range (19.000000V).

13. The following steps store negative gain corrections for each range. Reverse the
input connections to the multimeter.

8505A/8506A
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14.  First allow the multimeter to return at least one reading, then send KNG
~ (reference numerics). Ignore polarity when entering numerics for the reference
value,

13, The gain correction is automatically applied to the next reading in this range.
Venfy proper reference value entry by observing that subsequent readings of the
reference value equal that known value + multimeter accuracy specifications.

l6. Apply a reference value appropriate for the 100 mV range (190.00000 mV),
allow the multimeter to return at least one reading, send KNG (reference numerics),
and verify the result. Using the preferred reference values mentioned above, repeat
this procedure in sequence for each higher de volts range (R1, R2, R3, R4).

17. Set the reference output to zero, and remove connections between the
reference source and the multimeter,

18. Remote dc voltage calibration is complete once zero values and positive and
negative gain corrections have been entered for each of the five ranges.

19. If no further calibration is required, disable the Calibration mode by sliding
the rear panel switch to OFF.

7B-25. AC Volts

AC voltage software calibration involves storing one gain correction factor for each
range. The type of multimeter (8505A or 8506 A), the variety of ac converter installed, and
the ac volts function selected (ac or ac + dc) are all factors that determine the exact
procedure to use. Separate sets of ac volts gain corrections can be stored for the following
configurations:

1. 8505A, Averaging Converter (Option -01) installed, VAC (VA) selected. AC +
DC (C) cannot be selected for use with the Averaging Converter.

2. 8505A, True-RMS Converter (Option -09A) installed, VAC (VA) selected. If
both the Averaging and True-RMS converters are installed, selecting VAC (VA)}
automatically connects the True-RMS Converter.

3. B305A, True-RMS Converter (Option -09A) installed, VAC + VDC ()
selected.

4. 8506A, Thermal True-RMS Converter installed, VAC Hl ACCUR (VA)
selected.

5. B5306A, Thermal True-RMS Converter installed, VAC HIACCUR + VDC (C)
selected,

7B-26. 8505A AC VOLTS

The three possible ac volts configurations for the 8505 A each require the same calibration
procedure. First, a | kHz reference signal is applied at a level between 609 of range and
full scale, and the reference level is entered numerically. Second, accuracy is checked at
several higher frequencies. These accuracy checks are made at different sets of frequencies
for the Averaging Converter and the True-RMS Converter.

7B-27. Local (Front Panel) Procedure
Refer to Table 2 for the allowed range of reference values and Table 3 for reference sousce
requirements. Calibration mode must first be activated (with the multimeter in local
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0 control) by sliding the rear panel Calibration switch to ON (AVG/{CAL) annunciator
= flashes). Remember never to cycle input power to the multimeter when Calibration mode
is on.

1. Select the ac volts function (VAC for either ac converter, VAC + VDC for True-
EMS Converter only) and the lowest range (1V manual).

2. Select the appropriate reference value with the aid of Table 2. Recommended
values are as follows:

a. 1V range: 2V @ | kHz

b, 10V range: 19V @ I kHz
100V range: 100V @ | kHz
1000V range: 900V @ 1 kHz

3, Apply this value to the INPUT SENSE HI and LO terminals and allow the
multimeter to take at least one reading,

4. Now push the following buttons:
'STORE (reference value numerics)(CAL COR)

5. The multimeter computes the gain correction factor and automatically applies
it to the next reading in this range. Verify proper reference value entry by observing
that subsequent readings of the reference value equal that known value + accuracy
specifications. If necessary, recall the uncorrected reading for comparison by using
the RECALL (CAL COR) sequence. '

6. Verify accuracy at higher input frequencies. The required check frequencies
(depending on the type of ac converter) are as follows:

a. Averaging Converter (Option -01), VAC only: 10 kHz, 50 kHz, 100 kHz,

b. True-RMS Converter (Option -09A), VAC or VAC + VDC: 100 kHz, 500
kHz, and 1 MHz.

7. Manually increment the range, apply the appropriate reference value (at | kHz),
allow the multimeter to return at least one reading, and then push STORE
(reference numerics) (CAL COR) once again.

8. Verify gain correction entry by either observing subsequent readings or usmg
the RECALL (CAL COR) routine.

9. Verify accuracy at-the higher frequencies specified above.
10. Repeat steps 7, &, and 9 for each higher range (10V, 100V, 1000V).

11. Front panel ac volts calibration is complete once gain corrections have been
entered for each of the five ranges. If required, a maximum of three sets of correction
factors can be stored (one set each for Averaging Converter and VAC, True-RMS
Converter and VAC, True-RMS Converter and VAC + VDC). Just repeat the
entire procedure with the desired function and module. Remember that the True-
RMS Converter is always selected if both ac converters are installed.
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NOTE .3

If ac converters are improperly interchanged, software calibration is defeated.
The calibration correction factors for each type of ac converter are stored in the
Controller module. Therefore, it is possible ro remove either type of ac
converter, replace it with another ac converter of the same type, and retain
software calibration factors. But remember, these factors are unique 1o the
combination of the originally calibrated ac converter and this multimeter only.

12.  If no further calibration is required, disable the Calibration mode by sliding
the rear panel switch to OFF.

7B-28. Remote Procedure

Remote ac volts calibration can be carried out when the multimeter is in the Calibration
mode. With the multimeter in local control, position the rear pane} Calibration switch to
ON. Refer to Table 2 for the allowed range of reference values and Table 3 for reference
source requirements. Remember never to cycle input power to the multimeter when
Calibration mode 15 on. Then select remote control and continue with the following

procedure;

1. Send the appropriate ac volts command (VA for either ac converter, C for True-
RMS Converter only) and the 1V range command (R1).

2. Select the appropriate reference value with the aid of Table 2. Recommended
values are as follows:

a. IVrange (R1): 2V @ | kHz
b. 10V range (R2): 19V @ ! kHz
¢. 100V range (R3): 100V @ 1 kHz

d. 1000V range (R4): 900V @ 1 kHz

3. Apply this value to the SENSE HI and LO inputs and allow the multimeter to
return at least one reading,

4. Now send the following commands:

K N G (reference numerics)

5. The multimeter computes the gain correction factor and automatically applies
it to the next reading in this range. Verify proper reference value entry by observing

that subsequent returned readings of the reference value equal that known value +
accuracy specifications.

6. Verify accuracy at higher input frequencies. The required check frequencies
(depending on the type of ac converter) are as follows:

a. Averaging Converter (Option 01), VAC only: 10 kHz, 50 kHz, 100 kHz.

b. True-RMS Converter (Option -09A), VAC or VAC + VDC: 100 kHz, 500
kHz, and | MHz.
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7. Send the next higher range command, apply the appropriate reference value (at
1 kHz), allow the multimeter to return at least one reading, and then send KNG
(reference numerics) once again.

8. Verify gain correction entry by observing subsequently returned readings.
9. Verify accuracy at the higher frequencies specified above.
10. Perform steps 7, 8, and 9 for each higher range (R2, R3, R4).

11. Remote ac volts calibration is complete once gain corrections have been
entered for each of the five ranges. If required, a maximum of three sets of correction
factors can be stored (one set each for Averaging Converter and VAC, True-RMS
Converter and VAC, True-RMS Converter and VAC + VDC). Just repeat the
entire procedure with the desired function and module. Remember that the True-
RMS Converter is always selected if both ac converters are installed.

NOTE

If ac converters are improperly interchanged, sofiware calibration is defeated.
The calibration correction factors for each type of ac converter are stored in the
Controller module. Therefore, it is possible to remove either type of ac
converter, replace it with another ac converter of the same type, and retain
software calibration factors. But remember, these factors are unique to the
combination of the originally calibrated ac converter and this multimeter only.

12. If no further calibration is required, disable the Calibration mode by sliding
the rear panel switch to OFF.

7B-29, 8506A AC VOLTS

The same procedure (1 kHz reference signal applied at a level between 60% or range and
full scale, reference level entered numerically) is used for each range in High Accuracy
mode for the 8506A. Gain corrections stored in High Accuracy mode are subsequently
applied in all ac volts modes (High Accuracy, Enhanced, or Normal). Separate sets of
gain corrections can be stored for VAC (VA2) or VAC and VDC (C2).

7B-30. Local (Front Panel) Procedure

Refer to Table 2 for the allowed range of reference values and Table 3 for reference source
requirements. Calibration mode must first be activated (with thé multimeter in local
control) by sliding the rear panel Calibration switch to ON (AVG/(CAL) annunciator
flashes). Remember never to cycle input power to the multimeter when Calibration mode
is on. '

I. Select the ac volts high accuracy function (VAC Hl ACCUR) and 100 mV
manual range.

2, Select the appropriate reference value with the aid of Table 2. Recommended
values are as follows:

a. 100 mV range: 120 mV @ | kHz
b. 300 mV range: 390 mV @ | kHz

¢. IV range: 1.2V @ | kHz

8505A/8306A
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d. 3V range: 39V @ | kHz
10V range: 12V @ | kHz
30V range: 35V @ 1 kHz
100V range: 120V @ 1 kHz
500V range: 500V @ 1 kHz

3. Apply this value to the INPUT HI and LO terminals in a four-terminal
configuration. Ensure that the Ohms Selector is pushed in (4T).

4. Allow the multimeter to take at least one reading, then push the following
buttons:

STORE (reference value numerics) (CAL COR)

3. The multimeter computes the gain correction factor and automatically applies
it to the next reading in this range. Verify proper reference value entry by observing
that subsequent readings of the reference value equal that known value + accuracy
specifications. If necessary, recall the uncorrected reading for comparison by using
the RECALL (CAL COR) sequence.

6. Venfy accuracy at higher input frequencies. The required check frequencies are:
10 kHz and 100 kHz.

7. Manually increment the range, apply the appropriate reference value (at 1 kHz),
allow the multimeter to return at least one reading, and then push STORE
(reference numerics) (CAL COR) once again.

8. Verify gain correction entry by either observing subsequent readings or using
the RECALL (CAL COR) routine.

9. Verify accuracy at the higher frequencies specified above.

10.  Repeat steps 7, 8, and 9 for each higher range (1V, 3V, 10V, 30V, 100V, 500V).
I1.  Front panel ac volts calibration is complete once gain corrections have been
entered for each of the eight ranges. If required, a separate set of correction factors

can be stored for dc coupled ac volts (VAC HI ACCUR + VDQ). Just repeat the
entire procedure with the new function.

12. If no further calibration is required, disable the Calibration mode by sliding
the rear panel switch to OFF.

78B-31. Remote Procedure

Remote ac volts calibration can be carried out when the multimeter is in the Calibration
mode. With the multimeter in local control, position the rear panel Calibration switch to
ON. Refer to Table 2 for the allowed range of reference values and Table 3 for reference
source requirements. Remember never to cycle input power to the multimeter when
Calibration mode is on. Then select remote control and continue with the following
procedure:




1. Send the desired ac volts function command (VA2 for ac coupled, or C2 for de
coupled High Accuracy ac volts) and the RO range command.

2, Select the appropriate reference value with the aid of Table 2. Recommended
values are as follows:

a. 100 mV range (R0): 120 mV @& 1 kHz
b. 300 mV range (R1): 390 mV @ 1 kHz

1V range (R2): 1.2V @ 1 kHz

3V range (R3): 39V @ 1 kHz

10V ranpe (R4): 12V @ I kHz
30V range (R5): 35v @ 1 kHz
100V range (R6):. 120V @ 1 kHz
500V range (R7). 500V @ 1 kHz

3. Apply this value to the HI and LO SENSE inputs and allow the multimeter to
return at least one reading.

4, Now send the following commands: K N G (reference numerics).

5. The multimeter computes the gain correction factor and automatically applies
it to the next reading in this range. Verify proper reference value entry by observing
that subsequent returned readings of the reference value equal that known value £
accuracy specifications.

6. Verify accuracy at higher input frequencies. The required check frequencies are:
10 kHz and 100 kHz.

7. Send the next higher range command, apply the appropriate reference value (at
| kHz), allow the multimeter to return at least one reading, and then send KNG
(reference numerics) once again.

8. Verify gain correction entry by observing subsequently returned readings.

9. Verify accuracy at the higher frequencies specified above.

10.  Perform steps 7, B, and 9 for each higher range (R2, R3, R4, R5, R6, R7).
Il. Remote ac volts calibration is complete once gain corrections have been
entered for each of the eight ranges. If required, a separate set of correction factors

can be stored for de coupled ac volts (C2). Just repeat the entire procedure with the
new function selected. ,

12. If no further calibration is required, disable the Calibration mode by sliding
the rear panel switch to OFF,
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7B-32. Reslistance

7B-33. LOCAL (FRONT PANEL) PROCEDURE

Front panel OHMS calibration is accomplished using zero corrections and positive gain
corrections for each range. The Calibration mode must be enabled. With the multimeter
in local control, the rear panel Calibration switch is positioned to ON (AVG/(CAL)
annunciator flashes). Remember never to cycle input power to the multimeter when the
Calibration mode is on, The complete calibration procedure is as follows:

1. Apply a good-quality, low-thermal shorting bar to the HI and LO inputs in a
four wire configuration, If connections are made at the front panel terminals, the
Ohms Selector must be in (4T) and the Guard Selector must be out (internal guard).

2. Allow sufficient thermal voltage settling time before proceeding to the next
step.

3. Push the OHMS button and manually select the lowest range (10 ohms).

4. Allow the multimeter to take at least one reading. If an Error H condition is
encountered, a multimeter protection fuse may be bad, or the four-terminal
connections may be fauity. In either case, the problem must be corrected before
proceeding with the calibration procedure.

5. Once a reading is properly returned, push the ZERO VDC/OHMS button.

6. Manually select the next higher OHMS range. Allow the multimeter to take at
least one reading and then push ZERO VDC/OHMS twice, In sequence, repeat this
step for each higher OHMS range. Eight ranges are zeroed in this fashion.

7. Remove the shorting bar.
8.  Manually select the lowest OHMS range (10 ohms) once again.

9. Positive gain corrections are next stored for each OHMS range, Refer to Table
2 and select the reference resistance value for the range being calibrated.
Recommended values are shown (in parentheses) in the following procedure. Also
refer to Table 3 for reference resistance tolerance requirements.

10. With the reference resistance for the 10 ohm range (20 ohms) applied to the
INPUT HI1 and LO terminals (four wire configuration), allow the multimeter to take
at least one reading and then push:

STORE (reference numerics) (CAL COR).

11. The gain correction is automatically applied to the next reading in this range.
Verify proper reference value entry by observing that subsequent readings of the
reference value equal that known value & multimeter accuracy specifications. If
necessary, recall the uncorrected reading for comparison by using the RECALL
{CAL COR) sequence.

12. Manually increment the range, apply an appropriate reference resistance
value, allow the multimeter to take at least one reading, and push STORE (reference
numerics) (CAL COR) once again. Repeat this step in sequence for each higher
OHMS range (total of eight). Recommended reference resistance values are as
follows:
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100 ohm range: 200 ohms
1 kohm range: 2 kohms
10 kohm range: 20 kohms
100 kohm range: 200 kohms
1 Mohm range: 2 Mohms
f. 10 Mohm range: 20 Mohms
g. 100 Mohm range: 100 Mohms-

13. Front panél resistance calibration is complete once zero corrections and
positive gain corrections have been entered for each of the eight ranges.

14. If no further calibration is required, disable the Calibration mode by sliding
the rear panel switch to OFF.

7B-34. REMOTE PROCEDURE

Remote resistance calibration follows the same pattern as that used for front panel
calibration. Calibration mode must be enabled for all calibration procedures. With the
multimeter in local control, position the rear panel Calibration switch to ON
(AVG/(CAL) annunciator on front panel flashes). Remember never to cycle input power
to the multimeter when the Calibration mode is on. Select remote control and use the
following calibration procedure: '

1. Apply a good-quality, low-thermal shorting bar to the HI and LO inputs ina
four wire configuration. If connections are made at the front panel terminals, the
Ohms Selector must be in (4T) and the Guard Selector must be out (internal guard).
Allow sufficient thermal voltage settling time before proceeding to the next step.

2. Verify that ohms connections are correct and multimeter protection fuses are
good before proceeding. Use the following sequence:

a. Send the G2 command (recall status). Ignore the response.
b. Send the ohms function command (Z) and the 10 ohm range command (R0).
c. Triggera reading. If the error response is returned, send G2 again. If error 27

is defined (first two digits of the response), the four terminal connections may be
faulty or a protection fuse may be bad. '

d. In either case, correct the problem before proceeding with ohms software
calibration. ‘

3. Once a proper reading has been returned, send the K1 command (store last
reading as ohms zero). ‘ ‘

4. Send the next higher range command, Allow the multimeter to return at least
one reading, and then send K| again. In sequence, repeat this step for ¢ach higher
OHMS range. Eight ranges are zeroed in this fashion.

5. Remove the shorting bar.
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6. Send the RO (10 ohms) command again.
7. Positive gain corrections are next stored for each OHMS range. Refer to Table
2 and select the reference resistance value for the range being calibrated.

Recommended values are shown (in parentheses) in the following procedure. Also
refer to Table 3 for reference resistance tolerance requirements.

8. With the reference resistance for the 10 ohm range (20 ohms) applied to the
INPUT HI and LO terminals (four wire configuration), allow the multimeter to
return at least one reading and then send:
K N G (refercnce numerics)
9. The gain correction is automatically applied to the next reading in this range.
Verify proper reference value entry by observing that subsequently returned
readings of the reference value equal that known value == multimeter accuracy
specifications.
10. Send the next higher range command, apply an appropriate reference
resistance value, allow the multimeter to return at least one reading, and send KNG
(reference numerics) once again. Repeat this step in sequence for each higher
OHMS range (total of eight). Recommended reference resistance values are as
follows:
a. 100 ohm range (R1): 200 ohms
b. 1 kohm range (R2); 2 kohms
10 kohm range (R3): 20 kohms
100 kohm range (R4): 200 kohms
1 Mohm range (R5). 2 Mohms
f. 10 Mohm range (R6): 20 Mohms
g. 100 Mohm range (R7): 100 Mohms

1. Rémote resistance calibration is complete once zero corrections and positive
gain corrections have been entered for each of the eight ranges.

12. If no further calibration is required, disable the Calibration mode by sliding
the rear panel switch to OFF,

7B-35. DC Current

DC current calibration procedures are very similar to the positive and negative gain
corrections used with dc voltage calibration, With the multimeter in local control,
Calibration mode can be enabled by sliding the rear panel Calibration switch to ON
(AVG/(CAL) anounciator flashes). Remember never to cycle input power to the
multimeter when the Calibration mode is on.

7B-36. LOCAL (FRONT PANEL) PROCEDURE
Use the front panel push buttons as follows:

1. Pushthe ADC button and manually select the lowest (100 uA) de current range.

.'\
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2. Refer to Table 2 and select the reference value for the range being calibrated,
Recommended reference values are mentioned in the following steps, Also refer to
Table 3 for de current reference source requirements,

3. With the reference value for the 100 uA range (190 uA) applied to the INPUT
SOURCE HI and LO terminals, allow the multimeter to take at least one reading,
then push:

STORE (numerics of reference value) (CAL COR).

4. The gain correction is automatically applied to the next reading in this range.
Verify proper reference value entry by observing that subsequent readings of the
reference value equal that known value + multimeter aceuracy specifications. If
necessary, recall the uncorrected reading for compansc)n by using the RECALL
(CAL COR) sequence,

5. Manually increment the range, apply the appropriate reference value, allow the
multimeter to take at least one reading, and then push STORE (reference numerics)
(CAL COR) once again, Repeat this step in sequence for each higher ADC range.
Recommended reference values are as follows:

a. 1 mA range: 1.9 mA
b. 10 mA range: 10 mA
¢ 100 mA range: 100 mA

1A range: 1.0A

6. Return the reference output to the valug used for the 100 uA range. Then
manually select the 100 uA range on the multimeter.

7. Reverse the reference output polarity.

K, cheat steps 3, 4, and 5. Ignore polarity when entering the reference value
numerics.

9. Front panel dc current calibration is complete once positive and negative gain
corrections have been entered for each of the five ranges.

10. If no further calibration is required, disable the Calibration mode by sliding
the rear panel switch to OFF.

7B-37. REMOTE PROCEDURE
Remote dc current calibration employs the same sequence as used for local calibration.
Proceed as follows:

l. Select the required function and range by sending; I (for dc current) and RO (for
100 uA range),

2. Refer to Table 2 and select an appropriate reference value. Recommended
reference values are shown in the following steps. Also refer to Table 3 for reference
source requirements, Apply the selected reference value for RO range (190 uA) to
SOURCE HI and LO inputs.

3. Allow the multimeter to return at least one reading, then send KNG (numerics
of reference value).
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4. Proper gain correction storage can be verified by comparing subsequently
returned readings to the reference value(s) used + multimeter accuracy
specifications.

5. Increment the range by sending the next higher range command (R1, R2, R3,
R4), apply an appropriate reference value, allow the multimeter to return at least
one reading, and send K N G (reference numerics). Repeat this step for each higher
range in the dc current function. Recommended reference values are as follows:

a. 1 mA range (R1) 1.9 mA

b. 10 mA range (R2): 10 mA
100 mA range (R3): 100 mA
1A range (R4): 1.0A

6. Return the reference output to the value used for the RO (100 uA) range. Send
the RO command again to select the 100 uA range on the multimeter.

7. Reverse the reference output polanty.
8. Repeat steps 3,4, and 5. Ignore polarity when sending reference value numerics.

9. Remote dc current calibration is complete once positive and negative gain
corrections have been entered for each of the five ranges.

10. If no further calibration is requited, disable the Calibration mode by sliding
the rear panel switch to OFF.

7B-38. AC Current

The ac current function is available with the 8505A, but not with the 8506A. Before
software calibration (using either the RMS Converter or the Averaging Converter) is
carried out, the following conditions must be met:

1, The Current Shunts module (Option -03) must be installed.

2. Fither the Averaging AC Converter (Option -01) or the True-RMS Converter
(Option -09A) must be installed.

3. With the multimeter in local control, Calibration mode must be enabled by
sliding the rear panel Calibration switch to ON (AVG/(CAL) annunciator flashes).
Remember never to cycle input power to the multimeter when the Calibration mode
is ot

4. AC current function (AAC push button, or remote command 1 A) must be
selected.

7B-39. LOCAL (FRONT PANEL) PROCEDURE
Front pane! AAC calibration is accomplished using gain correction factors at mid-band
(1 kHz) for each range. The following procedure is used:

1. Select the ac current function (AAC) and manually select the 100 uA range.

2. Select the appropriate reference value with the aid of Table 2. The
recommended value for the 100 uA range is 200 uA. Apply this value (verified level
at 1 kHz) to the INPUT SOURCE HI and LO terminals.
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NOTE
The aciual reference level must be verified at the source output.

3. Allow the multimeter to take at least one reading. Now push the following
buttons: :

STORE (numerics for verified value) (CAL COR)

4. The gain correction is automatically applied to the next reading in this range.
Verify proper reference value entry by observing that subsequent readings of the
reference value equal that known value T applicable accuracy specifications. If
necessary, recall the uncorrected reading for comparison by using the RECALL
(CAL COR) sequence. ‘

5. On the multimeter, select the next higher range.

6. Select a reference value for the next higher multimeter range. Verify this
reference value at the source output, Recommended reference values are as follows:

a. 1 mA range: 20 mA @ | kHz

b. 10 mA range: 19 mA @ 1 kHz
¢. 100 mA range: 150 mA @ 1 kHz
d. 1A range: 1.0A @ | kHz

7. With the verified reference value (at | kHz) applied to the multimeter, allow at
least one reading to be returned.

8, Now push STORE (numerics for verified reference value) (CAL COR) once
again.

9. Repeat steps 5, 6, 7, and 8 for each higher range.

10. Front panel ac current calibration is complete once gain corrections have been
entered for each of the five ranges,

11. If no further calibration is required, disable the Calibration mode by sliding
the rear panel switch to OFF,

7B-40. REMOTE PROCEDURE .
Remote ac current calibration is accomplished using gain correction factors at mid-band
(1 kHz) for each range, The following procedure is used;

I. Belect the required function and range by sending I A (for ac current) and R 0
(for 100 uA range).

2. Refer to Table 2 and select an appropriate reference value, The recommended
value for the 100 uA range (R0)is 200 uA at | kHz. Apply this value (verified level at
| kHz) to the Source Hi and Lo inputs.

NOTE

The actual reference level must be verified at the source output.
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3. Allow the multimeter to return at least one reading.

4. Now send: K N G (numerics for verified reference level).

5. Proper gain correction storage can be verified by comparing subsequently
returned readings of the reference value to that known value & applicable accuracy
specifications.

6. Increment the multimeter range by sending the next higher range command.

7. Select a reference value for the next higher multimeter range. Verify this value at
the source output. Recommended reference values are as follows:

a, | mA range (R1): 2.0 mA @ 1 kHz
b. 10 mA range (R2) 19 mA @ 1 kHz
¢, 100 mA range (R3): 150 mA @ | kHz
d. 1A range (R4): 1.0A @ 1 kHz

%, With the verified reference value applied, allow the multimeter to return at least
one reading.

9. Now send K N G (numerics for verified reference level),
10. Repeat steps 6, 7, 8, and 9 for each of the remaining ac current ranges.

11. Remote ac current calibration is complete once gain corrections have been
entered for each of the five ranges.

12, If no further calibration is required, disable the Calibration mode by sliding
the rear panel switch to OFF.

7B-41. SPECIFICATICNS

Use of software calibration allows for extended intervals between hardware calibration,
Software calibration can be performed at any time, as determined by the user’s accuracy
requirements. Specifications attainable with software calibration are defined in Section |
(standard functions) and Section 6 (optional functions). If the multimeter has been
repaired, hardware calibration may be necessary. Once hardware calibration has been
carried out, 24-hour specifications are in effect and immediate software calibration is not
necessary.
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LIST OF MNEMONICS

AD-A15
ACK
ACKINT
CPUINT
CPUREADY
CPURESET
Do-b7
DBIN
DLDACK
EXTCOM
EXTINT
FLINE
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Figure 8-10.
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