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WARRANTY

Notwithstanding any provision of any agreement the following warranty is exclusive:

The JOHN FLUKE MFG. CO., INC., warrants each instrument it manufactures to be free from defects in material and
workmanship under normal use and service for the period of 1-year from date of purchase. This warranty extends only to
the original purchaser. This warranty shall not apply to fuses, disposable batteries (rechargeable type batteries are
warranted for 90-days), or any product or parts which have been subject to misuse, neglect, accident, or abnormal
conditions of operations.

In the event of failure of a product covered by this warranty, John Fluke Mfg. Co., Inc., will repair and calibrate an instrument
returned to an authorized Service Facility within 1 year of the original purchase; provided the warrantor's examination
discloses to its satisfaction that the product was defective. The warrantor may, at its option, replace the product in lieu of
repair. With regard to any instrument returned within 1 year of the original purchase, said repairs or replacement will be
made without charge. If the failure has been caused by misuse, neglect, accident, or abnormal conditions of operations,
repairs will be billed at a nominal cost. in such case, an estimate will be submitted before work is started, if requested.

THE FOREGOING WARRANTY IS IN LIEU OF ALL OTHER WARRANTIES, EXPRESS OR IMPLIED,
INCLUDING BUT NCT LIMITED TO ANY IMPLIED WARRANTY OF MERCHANTABILITY, FITNESS, OR
ADEQUACY FOR ANY PARTICULAR PURPOSE OR USE. JOHN FLUKE MFG. CO,, INC., SHALL NOT BE
LIABLE FOR ANY SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES, WHETHER IN CONTRACT,
TORT, OR OTHERWISE.

If any failure occurs, the following steps should be taken:

1. Notify the JOHN FLUKE MFG. CO., INC., or nearest Service facility, giving full details of the difficulty, andinclude
the model number, type number, and serial number. On receipt of this information, service data, or shipping
instructions will be forwarded to you.

2. On receipt of the shipping instructions, forward the instrument, transportation prepaid. Repairs will be made at
the Service Facility and the instrument returned, transportation prepaid.

SHIPPING TO MANUFACTURER FOR REPAIR OR ADJUSTMENT

All shipments of JOHN FLUKE MFG. CO., INC., instruments should be made via United Parcel Service or "Best Way"*
prepaid. The instrument should be shipped in the original packing carton; or ifitis not available, use any suitable container
that is rigid and of adequate size. If a substitute container is used, the instrument should be wrapped in paper and
surrounded with at least four inches of excelsior or similar shock-absorbing material.

CLAIM FOR DAMAGE IN SHIPMENT TO ORIGINAL PURCHASER

The instrument should be thoroughly inspected immediately upon original delivery to purchaser. All material in the
container should be checked against the enclosed packing list. The manufacturer will not be responsible for shortages
against the packing sheet unless notified immediately. If the instrument is damaged in any way, a claim should be filed with
the carrier immediately. (To obtain a quotation to repair shipment damage, contact the nearest Fluke Technical Center.)
Final claim and negotiations with the carrier must be completed by the customer.

The JOHN FLUKE MFG. CO., INC, will be happy to answer all applications or use questions, which will enhance your use of
this instrument. Please address your requests or correspondence to: JOHN FLUKE MFG. CO., INC., P.0. BOX C9090,
EVERETT, WASHINGTON 98206, ATTN: Sales Dept. For European Customers: Fluke (Holland) B.V., P.O. Box 2269, 5600
CG, Eindhoven, The Netherlands.

*For European customers, Air Freight prepaid.

John Fluke Mig. Co., Inc., P.O. Box C9090, Everett, Washington 98206

Rev. 7/88



OPERATOR SAFETY INFORMATION

SAFETY SYMBOLS
The following symbols appear on the front and rear of the instrument:

/_J7 Indicates hazardous voltage may be present at or connected to this terminal. Located
on the front panel at input terminals.

A Indicates that the user should refer to the instruction manual and locate this symbol for
further information. Located on the rear panel of the instrument.

INSTRUCTION MANUAL SAFETY MESSAGES

WARNING indicates a possible hazardous condition to the operator.

CAUTION indicates a possible condition that could lead to equipment damage or malfunction.
MULTIMETER SAFETY INFORMATION

This multimeter has been designed and tested to comply with IEC Publication 348, Safety

Requirements for Electronic Measuring Apparatus. Safety information and warnings contained

in this instruction manual must be followed for safe operation.

The multimeter is a safety class I (grounded enclosure) instrument as defined in IEC 348.

WARNING
THE GROUNDING CONDUCTOR IN THE POWER CORD MUST BE CONNECTED TO ENSURE

PROTECTION FROM ELECTRIC SHOCK. CHECK THE LINE VOLTAGE SETTING BEFORE
APPLYING POWER TO THE INSTRUMENT.
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Section 1

Introduction & Specifications

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 dc volts
measurements, and for any optional modules ordered
with the instrument. Appropriate sectionalized
information is also included with any optional modules
subsequently ordered and may be inserted in Section 6.

1-3. DESCRIPTION

1-4.  The multimeter features 6-1/2 digit resolution, full
annunciation and simplicity of operation. Modular
construction, microprocessor control, and a bus structure
provide excellent flexibility. Memory programming from
the front panel (or through a remote interface) controls all
measurement parameters, mathematic operations and
special operations. An averaging mode is available to
automatically optimize display resolution and stability
for each function and range. The standard hardware
configuration allows for measurement of dc volts in five
ranges with 100 nV resolution on the lowest range.
Optional modules are available for ac volts (four ranges),
ac or dc current (five ranges), and resistance (eight ranges)
in two-wire or four-wire arrangements.

1-5. Modular Construction

1-6. Considerable versatility is realized through unique
contruction. All active components are contained in
modules which plug into a mainframe motherboard. This
module-motherboard mating, combined with bus
architecture and microprocessor control, yields both ease
of option selection and reduced downtime.

NOTE

The A3 Isolator PCB is standard in the
8505A. This assembly is documented in
Section 6 of this manual as Option -08 A.

1-7. Microprocessor Control

1-8. All modules function under direct control of a
microprocessor based controller. Each module is
addressed by the controller as virtual memory. External
reference values and offsets can be applied separately,
stored in memory, and automatically used as factors in all
subsequent readings. Digital filtering utilizes averaged
samples for each reading.

1-9. Software Callbration

1-10. The 8505A features microprocessor-controlled
calibration of all ranges and functions. Any range can be
calibrated using a reference input of any known value
from 60% of range to full scale. Software calibration can
be performed using front-panel or remote control,
allowing recertification without opening the case or
removing the multimeter from the system.

1-11. Recirculating Remainder A/D Conversion
1-12. The multimeter adapts Fluke’s patented
recirculating remainder (R2) A/D conversion technique
to microprocessor control. This combination provides
fast, accurate, linear measurements and long-term
stability.

1-13. Options and Accessorles

1-14. Remote interfaces, ac converters, a current
converter, and an ohms converter are among the
numerous options and accessories available for use with
the multimeter. Refer to Tables 1-1 and 1-2 for complete
listings. AC conversion can be accomplished with either
the AC Averaging module (Option 01) or the RMS
module (Option 09A). Any one of the three Remote
Interface modules (Option 05, 06, or 07) can be installed
at one time.

1-15. SPECIFICATIONS

1-16. Mainframe specifications with dc volts and dc
ratio measurement capability are presented in Table 1-3.
Optional function specifications are supplied with the
respective option modules and included in Section 6.

1-1
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Table 1-1. Options Table 1-2. Accessories
OPTION MODEL OR
NO. NAME NOTES PART NO. NAME
MO04-205-600 |5%-inch Rack Adapter
01 AC/DC Converter (Averaging) 1,3 MO00-260-610 | 18-inch Rack Slides
02A | Ohms Converter MO00-280-610 |24-inch Rack Slides
03 Current Shunts 3 80K-6 High Volitage Probe
05 | IEEE Standard 488-1975 Interface 2 80K-40 High Voltage Probe
06 | Bit Serial Asynchronous Interface 2 83RF High Frequency Probe
07 Paralie! Interface 2 85RF High Frequency Probe
09A | AC/DC Converter (True RMS) 1,3 Y8001 IEEE Std. Cable, 1 Meter Length
1) Options 01 and 09A canrot be Y8002 |IEEE Std. Cable, 2 Meter Length
installed simultaneously. Y8003 IEEE Std. Cable, 4 Meter Length
2) Only one of Options 05, 06, and 07 MIS-7011K* |Extender Card
can be installed at any time.
MIS-7190K* | Static Controller
3) For the ac portion of Option 03 to
operate, either Option 01 or 09A MIS-7191K* | Test Module
must be installed. MIS-7013K* | Bus Interconnect and Monitor
*For use during service or repair.

Table 1-3. Specifications

GENERAL SPECIFICATIONS
Dimensions ....................coveenn 10.8 cm High x 43.2 cm Wide x 42.5 cm Long
(4.25 in High x 17 in Wide x 16.75 in Long) (See Figure 1-1)

Weight
BASIC ...t 10 kg (22 Ibs)
FULLY LOADED .......cccvvivvvvnnns 12 kg (26 Ibs)
Operating Power
VOLTAGE .....coiiiiiiiiiiiiiine 100V ac, 120V ac, 220V ac, or 240V ac (£10%)
BASIC INSTRUMENT POWER ....... 12 watts
FULLY LOADED POWER ............ 24 watts
FREQUENCY ........ciiiiiiiiiiinnn, 47 Hz to 63 Hz (400 Hz available on request)
Warm-Up ..........coiiiiiiiiiiiiiann, 2 hours to rate accuracy
Shock and Vibration ................... Meets requirements of MIL-T-28800 for type ill, class 5,

style E equipment.
Temperature Range

OPERATING .......ccoiniiinniinnnnnn 0°C to 50°C
NON-OPERATING ..........cccovneen -40°C to 70°C
Humidity Range

0°CTO18°C ..vvviiiiiiiiiienenns 80% RH
18°CTO40°C ...t 75% RH
40°C TOS0°C . ivviiiiiiiiii e 45% RH

/\ Maximum Terminal Voltage
LOTOGUARD ..........covvvvnnnnnn 127V rms
GUARD TOCHASSIS ...........00e 500V rms
HI SENSE TO HI SOURCE ........... 127V rms
LO SENSE TO LOSOURCE .......... 127V rms
HI SENSE TOLO SENSE ............ 1000V rms or 1200V dc
HI SOURCE TO LO SOURCE ........ 280V rms




Table 1-3. Specifications (cont)

8505A

DC VOLTAGE
Input Characteristics
RANGE FULL SCALE RESOLUTION INPUT
6% DIGITS 7% 6% RESISTANCE
DIGITS* DIGITS
100 mV 200.0000 mV — 100 nV >10,000MQ
1V 2.000000V — 1 uV >10,000MQ
10V 20.00000V 1 uv 10 wv >10,000MQ
100V 128.0000V — 100 uV 10MQ
1000V 1200.000V — 1mV 10MQ
*7V2-digit resolution: In AVG operating mode.
Accuracy
DC VOLTS: £(% of Reading + Number of Counts)
24-HOUR 90-DAY
23°C £1°C 23°C £5°C
RANGE
OPERATING MODE OPERATING MODE
NORM AVG NORM AVG?
100 mV 0.0018 + 15 0.0010 + 8 0.0025 + 40 0.0020 + 8
1V 0.0008 + 7 0.0005 + 4 0.0015 + 8 0.0012 + 6
10V 0.0006 or 6* 0.0005 or 502 0.0010 + 8 0.0008 + 60?2
100V 0.0010 + 6 0.0005 + 5 0.0018 + 8 0.0015 + 6
1000V 0.0008 + 6 0.0005 + 5 0.0018 + 8 0.0015 + 6

*Whichever is greater

>90-Day: 23°C +5°C

Add to the 90-day specification per month the following % of Reading and Number of Counts.

OPERATING MODE
RANGE NORM CAVG?
100 mV 0.00017 + 5.6 0.0001 + 0.1
1\ 0.0001 + 0.1 0.0001 + 0.1
10V 0.0001 + 0.1 0.00008 + 12
100V 0.00013 + 0.1 0.0001 + 0.1
1000V 0.00013 + 0.1 0.0001 + 0.1

NOTES:

'Relative to calibration standards, 4-hour warm-up, within 1 hour of dc zero. After software calibration|
add the following to the 24 hour accuracy specification:

TIME SINCE INTERNAL NUMBER OF
(HARDWARE) CALIBRATION COUNTS*
<30 Days 0
<90 Days 1
<1 Year 2
>1 Year 3

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

27'%-digit mode of operation.

3After 4-hour warm-up, within 1 hour of dc zero.

1-3
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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 + &
1V 0.0003 + 1
10V 0.0002 + 0.5*
100V 0.0003 + 1
1000V 0.0003 + 0.5

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

NPUT BIAS CURRENT

AT TIME OF ADJUSTMENT

1-YEAR 23°C t1°C

TEMPERATURE COEFFICIENT

<t5 pA

<%30 pA

<+1 pA/°C

ZERO STABILITY

MAXIMUM INPUT VOLTAGE

ANALOG SETTLING TIME

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

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

FILTER TO 0.01% OF TO 0.001% OF

FILTER MODE COMMAND STEP CHANGE STEP CHANGE
Bypassed F1 2ms 20 ms
Fast FO or F3 40 ms 50 ms
Slow F or F2 400 ms 500 ms

DIGITIZING TIME

Line Synchronous

For 2° to 2'7 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.

Line Asynchronous

NOISE REJECTION

Normal Mode Rejection

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

factors turned off.)

LINE FILTER 4 SAMPLES/ 32 SAMPLES/ 128 SAMPLES/
FREQUENCY MODE READING READING READING
50 hertz Fast 60 dB 70 dB 75 dB
50 hertz Slow 85 dB 90 dB 95 dB
60 hertz Fast 60 dB 70 dB 75 dB
60 hertz Slow 90 dB 95 dB 100 dB

Common Mode Rejection

.......... 160 dB at 60 hertz with 1 kQ in series with either lead, and 4 samples or
more per reading. Greater than or equal to 100 dB with less than 4
samples per reading.
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DC RATIO
Accuracy

EXTERNAL REFERENCE VOLTAGE"

ACCURACY!

120V to 40V

+Vmin to 20V

(A + B + 0.001%)

(A + B + (0.02% / [Vxret]))

*Maximum External Reference Voltage = +40V between External Reference HI and LO terminals,
providing neither terminal is greater than +£20V relative to the Sense LO or Ohms Guard? terminals.

Operating Characteristics
INPUT IMPEDANCE .....

BIAS CURRENT .........

MAXIMUM OVERLOAD VOLTAGE

NOISE REJECTION

Sense LO.

nA.

kQ.

External Reference HI or LO >10,000 MQ relative to Ohms Guard® or

External Reference HI or LLO relative to Ohms Guard? or Sense LO <5

Resistive Unbalance (External Reference HI to LO) <4 kQ. Total
Resistance to Sense LO from either External Reference Hl or LO <20

. 1180V dc or peak ac (relative to Ohms Guard? or Sense LO). £360V dc

or peak ac (External Reference Hl to LO).

INPUT
TERMINALS NORMAL MODE COMMON MODE
Sense Same as dc volts Same as dc volts
External line frequency and line frequency and
Reference 2x line frequency 2x line frequency
>100 dB >75 dB
RESPONSE 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 50 ms
Slow F or F2 400 ms 500 ms
NOTES: (DC Ratio)
'A 10V dc range accuracy for the appropriate period of time.
B Input signal function and range accuracy for the appropriate period of time.
Viun Minimum allowable External Reference Voltage = £0.0001V, or Vinput /109 (whichever is greater).

|Vuv:1|

“Ohms Guard is available through the rear input.

Absolute value of the External Reference Voltage
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Table 1-3. Specifications (cont)

DC RATIO (cont)
Operating Characteristics (cont)

Digitizing Time .................... For 2° to 2" samples per reading digitizing timeis from 196 ms to9
minutes 6 seconds using a 60 Hz ac line with times increasing 20%
using a 50 Hz ac line. Selectable in 18 binary steps.

MAXIMUM RATIO DISPLAY .......... +1.00000 E+9

EXTERNAL TRIGGER INPUT

Polarity ............ ... ..., May be wired internally for either rising or falling edge. Factory wired
for falling edge.

HighLevel ............................. +4.3V (minimum)

Lowlevel ............ ... ... .. ..., +0.7V (maximum)

PulseWidth ........................... 10 us (minimum)

Connector ............................. BNC with the outer shell at interface common

Maximuminput ........................ +30V

Maximum Shell to Ground Voltage . ..... +30V

SCAN ADVANCE OUTPUT

Polarity ........... ... ...l Positive
HighLevel ............................. >+4V (TTL High)
Lowlevel .............. ...l <+0.7V (TTL Low)
PulseWidth ........................... 3 us (minimum)
Connector ..., BNC with the outer shell at interface common
Maximum Shell to Ground Voltage ...... +30V
43.18 cm | N
(17.0 in) ™
["”‘ “ _ — - - _]
== o,
13.25 cm | S X
in) 5.72 cm 10.8cm
(5:219.im) 575 ) (4.25 in)
7rL.:e., o ‘
— 3.77 cm FRONT VIEW
(1.484 in) 1.27 cm
(.5in)
e 41.66 cm (16.4 in) ~————— —
46.23 cm (18.2 in) ———————
— 7l
_ 1]
RIGHT SIDE VIEW

Figure 1-1. Dimension Drawing
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2-1. INTRODUCTION

2-2. Installation and operation of the multimeter are
explained in this section. These instructions should be
read thoroughly prior to multimeter operation. Once a
familiarization with the instrument is achieved, parts of
this section will serve as a quick reference. Explanations
and applications are provided for all standard functions
and operations. Should any difficulties arise, contact
your nearest Fluke Sales Representative (listed in Section
5) or the John Fluke Mfg. Co., Inc.; P.O. Box C9090;
Everett, WA. 98206; tel. (206) 342-6300).

2-3. SHIPPING INFORMATION

2-4. The multimeter is packaged and shipped in a 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
are 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.

2-8. The multimeter operates from 100, 120, 220, or
240V ac (£10%) at 50 or 60 Hz. Line voltage selection
must be verified before the power cord is connected. This
verification procedure is explained in Section 4.

Sect_ion 2
Operating Instructions

WARNING

TO AVOID ELECTRICAL SHOCK, PRO-
PERLY GROUND THE CHASSIS. AGROUND
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
ELECTRICAL SHOCK MAY EXIST IF HIGH
VOLTAGE IS MEASURED WITH THE LEADS
REVERSED (INPUT HI GROUNDED).

2-9. OPERATING 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 proportionately slower
reading rates and filter time-outs, operation at 50 Hz is
identical to that at 60 Hz.

2-14. 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 (in the
heat sink). The current and ohms protection fuse (1.5A
AGQC) 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 input
connections. Refer to Fuse Replacement in Section 4
before replacing any fuse.
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Figure 2-1. Controls, Indicators, and Connectors

Tabie 2-1. Controls, Indicators, and Connectors

ITEM NAME DESCRIPTION

1 Mantissa Field Displays 5%, 6% or 7% digits with polarity and decimal point. Aiso
displays errors and warnings, prompts, numerics, recalled values, and
limits indications.

2 Exponent Field Polarity and value of exponent shown for engineering notation of
display value. In Averaging or Calibration mode, the exponent may
be used as an extra digit of resolution.

3 Function Annunciators Annunciator lights to indicate function selection. V DC and V AC
annunciators will both light when respective functions are simul-
taneously selected and the RMS Converter is installed.

4 TRIGGER Push Buttons TRIGGER push buttons used to select continuous (AUTO) or indiv-
idual (MANUAL/EXTERNAL) measurement triggers.
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Table 2-1. Controls, Indicators, and Connectors (cont)

ITEM

NAME

DESCRIPTION

10

11

12

13

14

15

16

FUNCTION Push Buttons

RANGE Push Buttons

ZERO Push Button

MEMORY Push Buttons

Average Push Button

Input Terminals

Guard Selector

Ohms Selector

Rear Input Selector

Current/Ohms Fuse

MODIFIERS Push Buttons

Numeric Entry Push Buttons

CONTROL Push Buttons

Used to select any of six measurement functions: voltage (V DC, V AC,
or VDC and V AC), current (A DC or A AC), or resistance (OHMS).

AUTO toggles into/out of Autoranging mode, changing range only
when necessary. The up/down buttons exit Autoranging and increase/
decrease one range with first use, step up/down one range with each
additional use.

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 function.
Also used to recall zero values. Refer to text for use with Calibration
Memory.

STORE is used to initiate memory entry for displayed values or numeric
entries. RECALL commands display of a memory value. HI and LO
are used when storing or recalling limits, or when recalling peak values.

AVG toggles into/out of Averaging mode.

Measurement connection terminals.

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

Push in for 4-wire ohms measurement using OHMS SENSE (HI,
LO) and OHMS SOURCE (HI, LO) terminals. Push again to disengage
for 2-wire ohms measurements using OHMS SENSE (HI, LO)
terminals.

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

Use AGC 1.5A.

SAMPLE and FILTER modify the manner in which a reading is taken
(measurement parameters). EXT REF, OFFSET, and SCALING
modify the reading value (mathematic operations). LIMITS and PEAK
modify the usage of the measurement value (special operations).

When enabled by initially pushing the STORE button, these push
buttons can be used 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
to local, but not from local to remote.
b. If the Bit Serial (-06) or Parallel (-07) Interface is used, LCL/RMT
toggles between local and remote.
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Table 2-1. Controls, Indicators, and Connectors (cont)

ITEM NAME DESCRIPTION
17 |Status Annunciators SAMPLE flashes to show a new reading in progress.
FILTER lights whenever slow filter is selected.
AUTO lights for Autoranging.
EXT lights when External Reference is enabled (disables Scaling).
AVG/CAL lights (steady) for Averaging or flashes for Calibration mode.
ZERO lights when a V DC or OHMS zero correction value is in use.
OFFSET lights when Offset mode is enabled.
SCALE lights when Scaling mode is selected (disables Ext Ref).
PEAK lights when Peak mode is enabled.
REMOTE lights when the multimeter is controlled through a remote
interface.

18 |POWER Switch Push ON/push OFF. The Calibration switch (item 24) must be off before
cycling power on or off.

19 [Scan Advance Output TTL compatible output signals to external scanner (50-ohm output
impedance).

20 (Chassis Ground Binding post for ground connections.

21 Remote Interface Access Port Connector on optional remote interface module accessible here.

22 |Power Connector Three-prong connector accepting line cord with ground wire.

23 Line Fuse Use %A Slow Blow for 100 or 120V ac, A Slow Blow for 220 or 240V ac.
Refer to Fuse Replacement in Section 4.

24 |Calibration Switch Activates Calibration mode (AVG/CAL) annunciator flashes).

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

26 |Rear Analog Input Connection Alternate connections for all front panel inputs — enabled when
Rear Input Selector on front panel is pushed in. EXT REF HI and LO
inputs are also included, but are not switched by the Rear Input
Selector.

27 |Rear Input Fuse Use AGC 1.5A.

2-15. Required Hardware
2-16. The multimeter must be equipped with the
following modules for standard operation (dc volts).

1. Controller (blank display if not installed)
Active Filter (Error 2 if not installed)

A/D Converter (Error 5 if not installed)

P B

Isolator (Error 9 at power-up if not installed)

2-17. Additional modules are necessary when using the
multimeter in ac volts, dc current, ac current, or resistance

2-4

functions or for remote control. Separate modules for
averaging ac or rms ac measurements are available: only
one of these modules may be installed at one time. If it is
necessary to check, install or replace modules, refer to
Module Installation and Removal procedures in Section
4.

2-18. An*“Error 9” indication appears in the multimeter
display whenever an optional function is selected and the
respective function module is faulty or missing. At power-
up, the multimeter identifies all installed options by
displaying “CXXXXXX” (“X™ = Option number). An
“8” in the exponent display identifies an installed Isolator.



2-19. Power-Up Configuration

2-20. At power initialization, or whenever the RESET
button is pushed, the multimeter assumes the power-up
configuration. Basically, the instrument assumes the
V DC function with all modes and values disabled. The
power-up configuration is fully defined in Table 2-2.

2-21. Display
2-22. MEASUREMENT READING

2-23. The measurement display consists of mantissa and
exponent fields. The mantissa presents polarity, 5-1/2, 6-
1/2, or 7-1/2 digit resolution (range and function
dependent) and automatic decimal placement. In
addition, the mantissa displays numeric storing entries,
recalled values, error and warning information, and
interactive programming information (prompts).
Decimal point positions are labeled (1, 10, 100, 1k) to
correspond with range settings (as defined in Figure 2-3).

2-24. When very large or small readings are displayed,
the exponent field is also used to maintain maximum

8505A

resolution. A negative or positive exponent field polarity
indicates multiplication of the mantissa by the displayed
power of ten (-3 means .001, +3 means 1000). Exponent
values of -6, -3, +3, or +6 are available for displayed
readings. Additional exponents of -9 and +9 are
available for offset and scaling numeric entries.

2-25. When the Averaging mode is selected, the
exponent may serve as an additional digit of resolution.
When the Limits mode is selected, the entire measurement
display is devoted to an indication of HI, LO, or PASS.

2-26. ANNUNCIATORS

2-27. Any valid function selection causes one of the
function annunciators (V DC, V AC, A DC, A AC,
OHMS) to light. The V DC annunciator normally lights
in the power-up or reset configuration. However, if the
DC Signal Conditioner module is faulty or not installed
and a functional RMS Converter module is installed,
power-up or reset causes the V AC annunciator to light.
Two function annunciators (V DC and V AC) light when

Table 2-2. Default Configurations

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

Function DC Volts V DC on New Function VDC,VAC,ADC, AAC

or OHMS on
Range 1000V Manual AUTO off Autoranging AUTO on
Trigger Auto SAMPLE flashes Retains Previous Trigger Mode [ SAMPLE flashing or off
Filter FO FILTER off Retains Previous Filter Mode (2)| FILTER on or off
Sample 7 SAMPLE flashes Retains Previous SAMPLE flashes

Sample Setting (2)
Offset Off, Value 0 OFFSET off Off, retains value OFFSET off
Scaling Off, Value 1 SCALE off Off, retains value SCALE off
External Reference | Off, Note 3 EXT REF off Off, retains last value EXT REF off
Limits Off, Value 0 Normal Display Off, retains last value Normal Displa
Peak Off —PEAK off “Off, retains last values PEAW_L_—'
Averaging Off AVG/(CAL) not on steady { Off (2) AVG/(CAL) not on steady
Zero On, Cal ZERO on Retains mode values and ZERO on (VDC,OHMS)
Memory Values state (4) or off

Calibration Mode Note 4 Note 4

Notes:

number with the actual external reference value.

on or off with this switch ON.

zero values used depend on the Calibration mode state.

1. Re-selection of the same function sets autoranging (AUTO on), but retains all other mode values and states.

2. Disabling Average mode (by changing to a new function) sets filter mode FO and sample setting 7. If the same function is re-
selected, the state of Average mode is not changed, and the existing filter mode and sample setting are retained.

3. The External Reference value is initialized to the multimeter software number whenever power-up or reset occurs. RECALL
EXT REF can then be used to display this number. Any subsequent activation of External Reference mode replaces the software

4. The Calibration mode state is on or off solely dependent on the position of the rear panel Calibration Switch. Do not cycle power

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 whenever Zero mode is on or off (Calibration mode on or off, VDC or OHMS selected). However, the

Cal mode off, zero on

Modes Zero applied
Cal mode on, zero off Nothing
Cal mode on, zero on Permanent Zero
Cal mode off, zero off Permanent Zero

Permanent Zero and Temporary Zero
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the V DC and V AC push buttons are pressed simultan-
eously and the RMS AC Converter module is installed.

2-28. Status annunciators light to signify various modes
of operation. Annunciators (as defined in parentheses)
light when any of the following modes are enabled: Peak
(PEAK), Scaling (SCALE), or External Reference
(EXT), Averaging (AVG/CAL), Offset (OFFSET),
Autoranging (AUTO), or V DC/Ohms Zero (ZERO).
The FILTER annunciator lights (steadily) whenever the
slow filter is selected. The SAMPLE annunciator flashes
at the reading (display update) rate for sample settings
from 0 through 7. The flash rate for setting0, 1, or 2 is very
rapid: SAMPLE appears steadily on. 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. With a
distinctive display of HI, LO, or PASS, the Limits mode
requires no separate status annunciator.

2-29. OVERRANGE INDICATION

2-30. The measurement display presents a distinct
indication when overrange inputs are detected. An input
voltage exceeding the full scale value for the range
selected causes HHHHHH to flash. Overrange points for
each range are defined in Table 2-3.

2-31.  WARNING INDICATION
2-32. When in the Scaling, External Reference, Offset
or Limits mode, there may be no readily discemible
display of the true measurement value. Therefore, a single
H is flashed in the exponent display when the voltage is
30V or higher at either the front panel input connections
or the rear panel external reference terminals,
NOTE

Flashing indicators in the digit or exponent

display are a warning only; they have no effect

on instrument operation.

2-33. ERROR CODES

2-34. Error codes offer considerable help in identifying
improper procedures or equipment configurations. These
codes are explained in Table 2-4.

2-35. INTERACTIVE PROGRAMMING INFOR-

MATION

2-36. The multimeter displays prompting messages
during STORE and RECALL operations. Whenever the
STORE button is pushed, the display responds with “?”.
The operator may now designate either the displayed
value or keystroked numerics as the programming entry.
If the displayed reading is being stored, pushing the
appropriate terminator button (FILTER, SAMPLE,
SCALING, HI OR LO - for LIMITS or OFFSET)

Table 2-3. Measurement Ranges

DECIMAL POINT POSITION \
FUNCTION FOR RANGE INDICATED EXP OVERRANGE UNDERRANGE DIGITS

1 10 100 1k

v DC 100 mV -3 200 mVv — 6

v 2V AV 6%

10V 20V 1.7V 6%

100V 128V 12v 6%

1000V 1200V 120V 6

V AC v 2.5V - 5%

10v 20V 1.875V 5%

100V 160V 15V 5%

1000V 1000V 120V 5%

100 uA -6 312.5 uA — 5%

1 mA -3 2.5 mA 234 uA 5%

AAC 10 mA -3 20 mA 1.875 mA 5%

100 mA -3 160 mA 15 mA 5%

1A 1.28 mA 120 mA 5%

ADC 100 pA -6 250 uA — 5Y

1 mA -3 2 mA 187 pA 5"

10 mA -3 16 mA 1.5 mA 5'2

100 mA -3 128 mA 12 mA 5"

1A 1.28A 124 mA 5's

OHMS 10 200 — 5'

100 2000 18Q 5'

1K +3 2kQ 1800 6':

10K +3 25 k) 1.8 kQ 6':

100k +3 250 kQ 18 kQ 6

™ +6 4.1 MQ 180 kO 5"

10M +6 35 MQ 1.8 MQ 5%

100M 16 265 MQ 18 MQ2 5'
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Table 2-4. Error Codes

CODE

Error 0

Error 1

Error 6

Error 7

Error 8
Error b

Error C

Error d

Error F

Error H

MOMENTARY ERROR CONDITIONS

(The reading in progress is aborted, but multimeter operation is automatically restored with the next trigger. The
function annunciator remains on during a momentary error condition.)

FAULT

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

Store attempted during overload condition.

Display overflow error.

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

Controiler module is fauity.
Illegal push button sequence in Calibration mode.

Invalid push-button sequence, or illegal value
entered.

Calibration Memory faulty or not installed. Occurs
when storing into, or recalling from, Calibration
Memory, or at power-up.

Cal Memory check-sum problem.

Ohms connection problem.

LATCHING ERROR CONDITIONS
(A valid function must be selected to restore multimeter operation. All function annunciators are off during alatching

error condition.)

Error

Error 2

Error 3

Error 4

Error 5

Error 9

Error &

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

Filter module faulty or not installed.

DC Signal Conditioner module faulty or not
installed.

OHMS, A DC, or A AC error.

Analog to Digital Converter Module error.

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

More than one ac converter, or the wrong ac
converter, is installed. Also appears when
Calibration Memory module is installed.

SOLUTION

Check function. Only V DC and OHMS are
permissibie.

Change to higher range or (if storing cal
correction factors) use lower value source.

Check offset and scaling values.

Revise external reference input.

Power off; replace controller module.
Wait till display clears. Use correct sequence.

Wait till display clears. Use correct sequence
or value within limits.

Replace or install Calibration Memory chip.

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

Verify that all connections are proper. Check
input fuses. Check input lead polarity in four-
terminal connections.

Repeat power-up or reset.

Power off; replace or install filter module.

Power off; replace or install DC Signal
Conditioner module.

Check for improper input level. Check function
causing error indication. Applicable module
may need replacement or installation.

Power off; replace or install Analog to Digital
Converter module.

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

Power off, remove one ac converter, or install
correct converter, or remove the Calibration
Memory module (the multimeter uses a separate
Calibration Memory as part of the Controller).

N
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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 1s pushed. For either method, the display now
resumes the measurement reading function or, if HI or
LO were specified as the terminator, begins reading HI,
LO, or PASS.

2-37. 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 “77).

2. Push the appropriate terminator button
(OFFSET, SCALING, FILTER, SAMPLE or
ZEROQ). The respective value is displayed as long as
the terminator button is held depressed. Once the
terminator button is released, the multimeter
resumes operation; no mode or value is changed.

2-38. The following three push button steps are required
to recall a limit or peak value.

1. Push RECALL (display responds with “7”).

2. Then specify whether upper or lower limit or
peak is desired by pushing HI or LO (display
responds with “YES?”).

3. Finally, push the appropriate terminator
button (LIMITS or PEAK).

2-39. Front Panel Push Buttons

2-40. The multimeter employs 25 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
each push button and, where applicable, examples of
typical programming operations.

2-41. Operation of the multimeter is straightforward.
Preset measurement configurations are made at power-
up, reset, or function selection. Programmed values are
retained whenever the range or function is changed.
Desired mode changes are made independently following
a programming hierarchy of:

I. Measurement Parameters

2. Mathematic Operations

3. Special Operations

FUNCTION

VOC= VAC~ ADC= AAC~ OHMSQ

ce[ ] rD 7D s[] QB

The FUNCTION push buttons allow selection of the analog measurement function. Available functions include: dc
volts (V DC), ac volts (V AC), dc current (A DC), ac current (A AC), and resistance (OHMS — two wire or four wire).

Push V DC for dc voltage measurements with 6'-digit resolution (V DC annunciator lights). This
function is standard for the multimeter (no optional module required). Five ranges are available:

Push V AC for ac voltage measurements with 5'.-digit resolution (V AC annunciator lights). This
function can be used with either the -01 Averaging Converter or the -09A RMS Converter. Fouwt

Push A DC for dc current measurements with 5'-digit resolution (A DC annunciator lights). This
function can be used with the -03 Current Shunts module installed. Five ranges are available: 1A,

vV DC
1000V, 100V, 10V, 1V, and 100 mV.
V AC
ranges are available: 1000V, 100V, 10V, and 1V.
A DC
100 mA, 10 mA, 1 mA, and 100 uA.
A AC

Push A AC for ac current measurements with 5'.-digit resolution (A AC annunciator lights) This
function can be used when the -03 Current Shunts module and either the -01 Averaging Convetrter
or the -09A RMS Converter is installed. Available ranges are identical to those m the A DC
function.

2-8
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OHMS Select the OHMS function to make resistance measurements (OHMS annunciator lights). The -02A

Ohms Converter must be installed. Eight resistance ranges are available: 100 MQ, 10 MQ, 1 M(Q),
100k, 10 kQ, 1 kQ, 10002 and 10Q.

NOTE

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

TRIGGER

Pl -

MANUAL /
AUTO  xTERNAL

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

AUTO

initial use of 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. Each succeeding use of the MANUAL/EXTERNAL push buttontriggers
a new measurement: any reading already in progress is aborted and the new reading begun
immediately. The SAMPLE annunciator verifies that ameasurement has been triggered by flashing
once, or several times (if the sample-per-reading setting is greater than 7, 2 exponent 7 = 128
samples). An external trigger applied through the rear panel external trigger jack similarly
commands a new reading. An externaltrigger applied simultaneously with a front panei manual
trigger will be ignored. AUTO must be pushed to reenter the Auto Triggering mode.

MANUAL/
EXTERNAL

RANGE
00

AUTO * A 4

AUTO RANGE toggles into/out of the Autoranging mode, changing the existing range if necessary.
When enabled (AUTO annunciator lighted), Autoranging automatically selects a range that
AUTO displays the measurement with maximum resolution.

Each use of this manual ranging push button selects the next higher available range. if AUTO
RANGE was previously activated. use of the uprange push button toggles out of Autoranging
(AUTO annunciator off) and steps to the next higher range. No range change is effected if the
* multimeter 1s already in the highest range.

tse of the down-range push button causes the multimeter to toggle out of Autoranging (AUTO
annunciator off) and assume the next lower available range. Each successive use of the down-
range button sclects the next lower range. This push button has no effect once the multimeterisin
* the: lowest avatllahle range

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

LCL/RMT

EXT REF

LIMITS

PEAK

SAMPLE

CONTROL
RESET LCL/RMT

CAREFUL: The RESET push button is powerfu!: 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) If the -05 IEEE Interface is installed, LCL/RMT may be used to command local (front
panel) control only if the multimeter is already in remote (REMOTE annunciator
lighted). The push button has no effect if the multimeter is already in local.

2) If the -06 Bit Serial Interface or the -07 Parallel Interface is installed, LCL/RMT may be
used to toggle into/out of local control at any time.
3.) If no remote interface is installed, use of LCL/RMT causes a latching error condition.

MODIFIERS
EXT REF LIMITS  PEAK SAMPLE FILTER OFFSET SCALING

0:0:C

(CAL DATE) (CAL COR)

The EXT REF button toggles into/out of the External Reference mode. 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, can be read in the display
while 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 toggies into/out of the Peak mode. While in the Peak mode (PEAK
annunciator lighted), a continually updated record of the highest and lowest reading values is
stored. These values are also held in memory after the mode is disabled. Reentry into the PEAK
mode erases previously recorded values and begins a new recording.

Different reading rates can be specified by selecting the number of samples averaged per
measurement. There are two methods for making this selection.

1.) The SAMPLE button can be pushed to toggle between two commonly used reading
rates: slow (1.9 readings-per-second, SAMFPLE annunciator flashes slowly) and fast
(7.5 readings-per-second, SAMPLE annunciator flashes rapidly).

2-10
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FILTER

OFFSET

2) Any of 18 different reading rates can be specified using the following push button
sequence:

STORE (0-17) SAMPLE

The SAMPLE annunciator now flashes at a specified rate. For settings of 0-7, this rate is the reading
rate. For the slower settings of 8-17, a single rate is preset to indicate a reading in progress.

Two methods are available for filter selection.

1.) By toggling the FILTER push button, the operator can select mode F (no mode number)
or FO (mode number 0).

2) The following sequence can be used to seiect any of the five filter modes:

STORE (mode number) FILTER

MODE FILTER
NUMBER FILTER TIMEOUT LED
(blank) slow none on

0 fast none off

1 bypass none off

2 slow 550 ms on

3 fast 50 ms off
(No Mode Number is used for slow filter without timeout. Push STORE FILTER.)

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

1) A numeric value may be entered using a store sequence. For example, store an offset 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 OFFSET

NOTE

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

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

ro——

SCALING

(CAL COR)
P
Lood

STORE

When the multimeter is in the Calibration Mode (AVG/(CAL) annunciator flashes), the
(CAL DATE) push button is used to enter six digits which either denote the date or
identify the multimeter by number. Refer to Calibration Mode later in this section.

The SCALING push button can be used to 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 Scaling mode:

NOTE

Verify that the displayed value is the desired scaling value. Any mathematic operations
(SCALING, EXT REF, OFFSET) already in effect must be cancelled 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.

1. Use the following sequence to store the display as a scaling factor:
STORE SCALING

2. Numeric entry scaling factors must be programmed using the following
procedure:

STORE (numerics) SCALING

With either method. the Scaling mode is entered with the initial use of the SCALING
button.

The (CAL COR) push button is used when storing calibration factors for each function
and range, or when recalling uncorrected readings. Refer to Calibration Mode later in
this section.

ZERO MEMORY
VDC/n| STORE RECALL

AVG Hi Lo
H BB

STORE is used as a first step in programming certain measurement 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
“?”. Following is a list of STORE operations:

Measurement Parameters:

0-17 SAMPLE
STORE 0,1,23 or FILTER
blank

Figure 2-2. Front Panel Push Buttons (cont)
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Special Operations:

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

Mantissa Field:  enter a maximum of seven digits, with decimal point. Toggle polarity (+) button

Exponent Field: push EXP button, then enter a single digit exponent. Toggle the polarity button

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 a“?" display. Fresh numerics may then be entered immediately.

Mathematic Operations:
To store the displayed value as an offset or scaling 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:

STORE (numerics)

{ OFFSET
SCALING

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

Hi
STORE
LO
To store a numeric entry as a high or low limit and enter the Limits mode:
. HI
STORE (numerics) {
LO

( FUNCTION
VOC= VAC~ ADC= AAC~ OHMSQ

: O 7D o] [

TRIGGER RANGE
EXP D . D 4 U 5 D 6 D
wro MRl e A~ 9

CONTROL
RESET LCL/RMT | EXT REF LIMITS  PEAK

' U0 0 :C

as required.

again to set the exponent polarity.

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

ZERO
vV DC/Q

AVG

Hi

Lo

The RECALL push button can be pressed to recall and display values stored in the Limits, Peak,
Scaling, Offset, Zero, External Reference, Sample or Filter modes. For recall of uncorrected
readings, dates and identifiers, 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 recall measurement parameters:

SAMPLE
RECALL

FILTER

To recall mathematic operation values:

OFFSET
SCALING
RECALL
EXT REF
ZERO V DC/Q2
To recall a special operation value:
HI LIMITS
RECALL
LO PEAK

The ZERO push button can be used to store a dc volts zero (any range) or ohms zero (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 zero value is stored and the mode is enabled (ZERO annunciator on).
Pushing ZERO a second time disables the mode, but retains the previous value. A new zero valueis
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 function and range
combination. A stable reading is thereby assured. An additional digit (using the exponent display)
is available in 10V dc range when in the Averaging mode.

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.

2-14
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242. Measurement parameters (range, sample, filter,
trigger, averaging, zero) define all operations that affect
the resolution, stability, and accuracy of the reading. For
example, the range is specified to position the decimal
point, and the filter mode may be changed to improve
noise rejection.

243. 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.

2-44. 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, or Limits mode may be used for a HI, LO,
PASS display of the measurement reading. A
comprehensive setup routine is summarized in Figure 2-3.
All or part of this routine can be used to establish or
change measurement parameters, mathematic
operations, or special operations.

8505A

2-45. Error codes usually identify any programming
problem and specify a solution (refer to Table 2-4). A
numeric entry may be aborted at any time prior to
termination by pushing the CE button. The multimeter
responds by displaying “?”: 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 can 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 Erior C condition elapses.

NOTE

Errors due to thermal emfs should be
considered when making low level, high
resolution measurements. Thermal emf’s
(voltages produced by temperature
differences between contacts of two dissimilar
metals or by temperature gradients along a
length of material) may cause differences of
several microvolts. The use of low emf,
shielded cables with copper spade lugs is
recommended to minimize thermal emf
errors.

button(s) shown for the action described.

STEP ACTION
1 FUNCTION selection

a. Reselecting V DC sets
autoranging.

b. Push V AC and V DC
simultaneously to
measure ac voltage on
a dc level (with RMS
converter option -09A).

If multiple programming steps are required, use the sequence presented here as a general guide. Use the push

INITIALIZATION

CONFIGURATION AT POWER-UP OR RESET (V DC, 1000v,
Auto, Sample 7, Filter FO, zero mode ON, no other modes or
values). Calibration mode must be off before power-off.

CONFIGURATION AT FUNCTION CHANGE
(Autorange; previous filter, sample and trigger retained; all
other modes off but respective values retained.)

PUSH BUTTONS

VAC ADC

AAC OHMS

Figure 2-3. Programming Hierarchy
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2

MEASUREMENT PARAMETERS

TRIGGER selection

a. If in manual, change
to auto

b. If in AUTO, change to
manual

¢. Manual triggers

RANGE selection

a. Toggle into/out of
autoranging

b. Select manual
ranging, step to
next higher, lower
range.

c¢. Continue stepping to
available higher,
(lower) ranges.

Reading Rate Selection

a. Toggle between sample

settings 5 (2 exp 5 =
32)and 7 (2exp 7 =
128)

b. Select any sample
setting from 0 (2 exp
=1)to 17 (2 exp 17
= 131,072)

AUTO

MANUAL/
EXTERNAL

MANUAL/  MANUAL/
EXTERNAL EXTERNAL

AUTO AUTO

—

by

SAMPLE SAMPLE

STORE (0-17)
r=-=pn
'
t—ma

Measurement parameters establish reading resolution, noise rejection, stability and accuracy.

SAMPLE

2-16

Figure 2-3. Programming Hierarchy (cont)
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FILTER selection

a. Toggle between filter F
(slow) and FO (fast)

b. Select filter F, FO,
F1, F2, or F3.

Averaging: toggle on/off
(presets filter, sample)

V DC/OHMS Zero: toggle on/

off (V DC or OHMS only).

New zero stored each time

mode is enabled. Refer to
text for use with
Calibration mode.

FILTER

AVG

FILTER FILTER
(0!1’2’3!
STORE or blank)
AVG
ZERO
vV DC/Q

ZERO
v DC/Q

MATHEMATIC OPERATIONS

Scaling (or External Reference) is applied first. The resuit of this

Refer to Applications in this Section for examples.

NOTE

operation is then offset.

SCALING selection (disables External Reference)

a. Store displayed value,
enter Scaling mode

b. Store numeric value
(non-zero), enter
Scaling mode.

c. Toggle into/out of
Scaling mode while
retaining value.

STORE

STORE

SCALING

(numeric)

r—-
1

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

1 9

1
i
L]

4

SCALING

SCALING

SCALING

Figure 2-3.

Programming Hierarchy (cont)
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10

deviations.

11

12

EXTERNAL REFERENCE EXT REF EXT REF
selection (disables
Scaling) — toggle
on/off.

OFFSET selection

a. Store displayed value, STORE OFFSET
enter Offset mode

b. Store numeric value, STORE (numeric) OFFSET
enter Offset mode
=9 '|L
o
[ |
c. Toggle into/out of OFFSET OFFSET

Offset mode while
retaining value.

SPECIAL OPERATIONS

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

LIMITS selection

a. Store displayed value, STORE Hl or LO
enter Limits mode

b. Store numeric values, STORE (numeric) Hior LO
enter Limits mode
r=-
[}
' g 1
Ll--d
c. Toggle into/out of LIMITS LIMITS
Limits mode while
retaining values. <
PEAK: toggle into/out PEAK PEAK
of Peak mode. Frevious

peak values are lost each
time the mode is reentered.

2-18
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2-46. Measurement Terminals and Controls
2-47. GUARDING
2-48. General

2-49. 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, may cause significant
errors. Proper use of a floating, guarded multimeter
minimizes these errors.

2-50. Generally, guarding should be employed where
long signal leads are used, when signal source impedance
is high, when making measurements near high-level
radiated noise (particularly at the power line frequency),
or when making floating measurements.

NOTE

Errors due to thermal emf’s should be
considered when making low level, high
resolution measurements. Thermal emf’s
(voltages produced by temperature
differences between contacts of two dissimilar
metals or by temperature gradients along a
length of material) may cause differences of
several microvolts. The use of low emf,
shielded cables with copper spade lugs is
recommended to minimize thermal emf
errors.

2-51. Guard Selector

2-52. Correct use of the multimeter GUARD terminal
both protects the instrument and provides more accurate
readings. The EXT GD IN selector, when disengaged
(out), enables the internal guard connection. In many
cases accurate measurements 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 disables the
internal guard connection and allows for external guard
connections as shown in B and C of Figure 2-4. The
connection shown in B is better than thatin A, since some
common mode current (ICM) is shunted away from the
source resistance. The connection shown in C is 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.

2-53. Guard Terminal

2-54. Rcecommended guard terminal connections are
ilustrated in Figure 2-4. The potential between GUARD
and chassis ground must not exceed 500V. The potential
between SENSE O and GUARID must notexceed 127V.

2-55. VOLTS INPUT/OHMS SENSE (H!I and LO)
TERMINALS

2-56. ‘The VOLIS INPUT/OHMS SENSE terminals
arc used when making voltage (de and/or ac) and

8505A

DEVICE A MULTIMETER
LEAD RESISTANCE
HI HI
Enm EXT GD
(OuT)
Lo - Lo
SOURCE
Icm

FOR NONCRITICAL
MEASUREMENT — Ecpm ERROR PRESENT

B I .
HI e ma— = )
oy [
Enm i P
i ! ' i EXT GD
Lo D S S ——— +—+ o (N
SOURCE 150 k¢
{INTERNAL)
lem
@ (FLOWING TO GUARD) GUARD T

Ecm =
Ecym ERROR MINIMIZED — Iy, FLOWS THROUGH

SHIELD INSTEAD OF THROUGH TEST LEADS

7 ) 7
HI L\_ = £0) Hi
E
M o EXT GD
Lo + Lo (IN)
= 150 k::
: ™~ | (INTERNAL)
- GUARD J
— .

o

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

Figure 2-4. Guard Connections

resistance measurements. Connections are 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 (4T OHMS IN) is in the
disengaged (2-wire) position.

NOTE

In OHMS measurements, the voltage at the
SENSE INPUT terminals is sampled before
the Ohms Converter (Option 02)is connected.
No connection is made if excessive voltage
(X10V dc) is present.

2-57. AMPS INPUT/OHMS SOURCE (HI and LO)
TERMINALS

2-58. The AMPS INPUT/OHMS SOURCE terminals
are used when making current (A DC or A AC) or four-
wire resistance (OHMS) measurements. The potential
between SOURCE HI and SOURCE LO must not

2-19
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exceed 280V. The potential between SOURCE HI and
SENSE HI, or between SOURCE LO and SENSE LO
must not exceed 127V.
NOTE
In current 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 (£45V
dc) is present.

2-59. OHMS SELECTOR

2-60. When engaged (in), the Ohms Selector isolates
SENSE HI from SOURCE HI and SENSE LO from
SOURCE LO; four-wire resistance measurements can
then be made. When disengaged (out), SENSE HI is
connected to SOURCE HI and SENSE LO is connected
to SOURCE LO for two-wire resistance measurements.
Refer to Figure 2-5. Note that this control should be in the
disengaged (out) position only when two-wire resistance
measurements are being made. The Ohms Selector has no
control of the rear inputs (a four-wire configuration is
preset).

2-61. REAR INPUT SELECTOR

2-62. When pushed in, the Rear Input Selector
disconnects the front panel inputs and connects the rear
input connector. The Ohms Selector and Guard Selector
have no effect when rear inputs are enabled. The state of
the Rear Input Selector can be sensed remotely through
any of the remote interface options.

2-63. Function

2-64. Selection of a new function automatically cancels
any previously selected function and places the
multimeter in the function change configuration. 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. A valid
new function selection is verified when the appropriate
display annunciator(s) lights (V DC, VAC, A DC, A AC,
OHMS, or VDC+ V AC). An invalid function selection
occurs 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 a4 valid function is selected.

2-65. Measurement Parameters

2-66. SAMPLING

2-67. The multimeter averages a number of samples for
each reading (display update). Noise rejection is
influenced by the number of samples-per-reading and by
the filter selection. Each sample-per-reading setting yields
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 operation.
Synchronous or asynchronous operation can be specified
remotely.
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2-68. 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 = 128
samples-per-reading). Further, any sample setting
(exponent of 2) from 0 through 17 may be made using the
STORE (numeric) SAMPLE sequence. If a setting of 0
through 6 is in effect when SAMPLE is toggled, the
multimeter assumes setting 7. A previous setting of 7
through 17 is changed to 5 when SAMPLE is toggled.

2-69. 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 settings 8 through
17, the flash rate is preset to that of setting 7. This feature
insures a reliable reading-in-progress indication at these
slower reading rates.

2-70. TRIGGERING

2-71. Each new measurement is initiated with a trigger.
In auto triggering, each trigger is generated internally at
the end of the required reading time. Triggers may also be
applied locally (from the front panel) or remotely.

2-72. Auto trigger commands a continuously updated
reading. The frequency 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.

2-73. 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 initiated until
the next manual trigger is entered.

2-74. 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.

2-75. FILTERING

2-76. Two analog filters are available: either one of
these, or filter bypass, may be selected. The slow fiiter
provides better normal mode rejection. The fast filter
allows for faster instrument settling while still providing a
degree of noise rejection. Whenever a filter is used. a
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VDC, VAC, VDC +VAC

IN/OUT

ouT

IN/OUT

o

Ml RS PN
T g DM SOURCE

IN/OUT

IN FOUR
WIRE

ouT

IN/OUT

ouT TWO
WIRE

Figure 2-5. Measurement Connections
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timeout (for settling delay) may also be inserted before
each reading. No filtering is available for the external
reference input.

2-77. Two methods of filter selection are available.
Selection of any mode (F, FO, F1, F2, F3) is possible using
the STORE (numeric) FILTER sequence. The FILTER
push button by itself toggles between modes F and FO0.
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 (FO) is always selected when a slow filter (F or
F2) is in effect. Mode FO is preselected at power-up or
reset.

2-78. AVERAGING

2-79. The Averaging mode presets the sample setting to
10 and the filter mode to F to provide optimum stability
and resolution throughout the range of inputs.
Subsequent FILTER or SAMPLE selection may
jeopardize this intended optimization. Therefore, sample
settings less than 10 cause the multimeter to exit the
Averaging mode. Filter mode F2 can also be specified
while in the Averaging mode. Selection of any filter other
than F or F2 is accepted by the multimeter, but causes
deactivation of Averaging mode.

2-80. The Averaging mode can be used to improve
display stability (reduce rattle) in all ranges and to
increase display resolution in certain ranges. Preset
resolutions used for standard operation and for the
Average mode are summarized in Table 2-5.

2-81. RANGE

2-82. Ranges available in each function are summarized
in Table 2-3. A power-up or reset condition sets the
multimeter in the 1000V range, Autoranging disabled.
Each function selection enables Autoranging (AUTO
annunciator on). In Autoranging, the multimeter selects
the range offering maximum resolution for the measured
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
initially used. Each subsequent use steps to the next
higher/lower range (if available).

2-83. V DC AND OHMS ZERO

2-84. In VDC or OHMS, internal dc drift may be
corrected by zeroing. If Calibration mode is off, the
values are stored in a temporary memory and do not
affect Calibration Memory entries. The value stored at a
zero input level is used as a zero correction for the
selected range and for all higher ranges in the same
function. Separate zero values for each range can thereby
be stored by starting with the lowest range and working
up. Calibration Memory values are automatically loaded
into the temporary memory when power-up or reset
occurs. The Temporary memory values are reset to zero
when power-up or reset occurs. In this case, each zero
value stored does not affect values on any other range.
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Table 2-5. Resolution

RANGE |NORMAL| AVERAGING
DIGITS DIGITS

vV DC 100 mV 6% 6%
1V 6% 6%
10V 6% 7%
100V 6% 6%
1000V 6% 6%
V AC, 1V 5% 6%
OR 10V 5% 6%
VAC +V DC 100V 5% 6%
1000V 5% 6%

A DC 100 pA 5% 6'4(5%A AC)
or 1mA 5% 6%
A AC 10 mA 5% 6%
100 mA 5% 6%
1A 5% 6%
OHMS 100 5% 6%
100Q 5% 6%
1kQ 6% 6%
10 kQ 6% 6%
100 kQ 6% 6%
1 MQ 5% 6%
10 MQ 5% 6%
100 MQ 5% 6%

2-85. Good quality, low thermal shorting bars (not
shorted test leads) must be applied between INPUT HI
and LO terminals during the zero operation. Initial use of
the ZERO V DC/OHMS push button stores the zero
correction value and activates the Zero mode (ZERO
annunciator lights). Pressing ZERO V DC/OHMS a
second time deactivates the Zero mode (ZERO
annunciator goes off). A new zero value is entered each
time the mode is enabled. Scaling and offset values are
ignored in the stored correction value. Attempting to
store zero in an illegal function (A DC, A AC, or V AC)
results in an Error 0 indication. 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. The zero
value can be recalled for the selected range and function
(VDC or OHMS).

2-86. Mathematic Operations

2-87. Mathematic operations can be specified to change
the measured value (as influenced by measurement
parameters) before it is actually displayed. Ratio,
deviation, percentage variation and other mathematically
manipulated displays are thereby possible. Scaling (or
External Reference) 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 (or External Reference) and Offset can
be used in combination to display percentage variation.
Examples of such operations are given under
Applications later in this section.

2-88. Use of mathematic operations is expressed in the
following formula:

MEASURED VALUE

SCALING
(OR EXTERNAL REFERENCE)

DISPLAY = - OFFSET

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. V DC function: measured value is the measured
voltage less V DC Zero when the Zero mode is used.

2. OHMS function: measured value is obtained
after any applicable OHMS Zero is applied.

2-89. SCALING

2-90. 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- 9 and from -109 to -10%. When
compared to External Reference, Scaling offers a much
wider range. Only one scaling factor may be stored at a
time.

2-91. Storing the displayed value as a scaling factor
warrants a word of caution: insure 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.

NOTE

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

2-92. EXTERNAL REFERENCE

2-93. Scaling 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.

2-94. Immediately after a power-up or reset, RECALL
EXT REF can be used to verify the software version
number. The first subsequent use of EXT REF to activate
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External Reference mode disables this software
identification feature. When toggling into the mode, the
reference voltage is displayed as long as the EXT REF
button is depressed. The EXT annunciator is lighted
when the mode is enabled.

2-95. The applied External Reference voltage may be a
maximum of £20V dc on either high or low 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 is
the greater of 100 uV or a value found with the following
formula:
. * Vin
Vmin = 100

296. Normally, the External Reference low terminal is
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 each External Reference input.

2-97. OFFSET

2-98. In Offset mode, the display represents only the
deviation from a stored offset value. Measurements of
stability of 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 display) may be
stored at a time. Programmed numerics may range from
+10° to -10° (excluding 0). The stored offset value may be
recalled at any time.

2-99. Special Operations

2-100. PEAK

2-101. The highest and lowest deviations in the
displayed value may be recorded in the Peak mode.
Measurement stability may thereby be checked over a
period of time. The PEAK push button toggles into/out
of the Peak mode. High and low Peak values may be
recalled any time without exiting the Peak mode or
interrupting further peak recording. The following
sequence is used:

RECALL HI PEAK
RECALL LO PEAK

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

2-102. Exiting the Peak mode (toggle PEAK once) halts
further peak recording, but does not erase previously
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)
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erases previously recorded values. Both Peak mode and
peak values are lost during a« Power-Up or Reset
condition.

2-103. LIMITS

2-104. The Limits mode may be employed to display a
pass-fail indication of measurement values. The mode is
entered when a single high or ow 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 normally displayed value or
programmed numerics may be used for the limit values.
For example, high and low limits of 12.05 and 11.95
would be programmed as follows:

STORE 1 2 0 5 HI

STORE 1 1 9 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 H1, LO, or PASS. In this
case, readings higher than 12.05 yield a HI display,
readings lower than 11.95 yield LO, 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.

2-105. A display reading can also be stored as a limit
value. Use the following sequence:

STORE HI (or LO)

2-106. 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 normal 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.

2-107. Pushing the LIMITS button toggles the
multimeter into or out of the Limits mode whether or not
limits values have been entered. 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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2-108. Remote Control

2-109. The multimeter may be equipped with any of
three remote interface modules. These modules are fully
explained in Section 6. When the -05 IEEE Interface 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.

2-110. The LCL/RMT push button may be used to
toggle into/out of remote control when either the -06 Bit
Serial or the -07 Parallel Interface is installed. Whenever
the multimeter is in remote control, whether commanded
locally or from the remote, the REMOTE annunciator is
lighted.

2-111.  When in remote, only the POWER push button
remains operational at all times. The LCL/RMT push
button may remain operational, but is disabled by a local
lockout or display off command from the remote (refer to
Section 6). A power interruption returns the multimeter
to local control.

2-112. Calibration Mode

2-113. DESCRIPTION

2-114. 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 cycled 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. 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
latching error indications.

4. All mathematic operations and special
operations are disabled.

5. 7-1/2 digits are displayed on 10V dc range and
6-1/2 digits are displayed on all other functions and
ranges. A sign (%) is displayed for all functions to
facilitate potentiometer adjustment.

6. 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.



2-115. 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.

2-116. Troubleshooting is also aided by using the
Calibration mode. Latching errors can be disabled to
allow special module configurations.

CAUTION

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

2-117. USE

2-118. The multimeter uses three calibration 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 explained in the following
paragraphs.

2-119. The (CAL DATE) push button can be used in all
functions to recall a six digit number. This number may
signify the calibration date. For example, arecalled 021 8
8 3 would signify February 18, 1983. Alternately, the six
digits may be used to identify the multimeter.

2-120. 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 mode, the six digit
date (or identifier) can be recalled using RECALL LO
(CAL DATE).

2-121. The (CAL COR) push button may be used to
recall the uncorrected reading when the multimeter 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 (CAL COR)

2-122. Scan Advance

2-123. The multimeter outputs a sync signal during each
measurement sequence. This signal occurs after the
measurement is complete, but before a new trigger is
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.
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2-124. Systems Use

2-125. The availability of optional interface modules
makes the multimeter adaptable to a large variety of
digital systems. Operating and programming instructions
related to remote operation are included with the
appropriate optional module.

2-126. OPERATION

2-127. |Initial Turn-On

2-128. 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.

2-129. 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 number.

2-130. Power-up (reset) configuration is now
established. The functionis set for V DC, the 1000V range
is set, along with filter FO, sample 7, auto trigger, zero
mode on, and local operation. All other modes and values
are disabled, The multimeter may now be programmed as
described in this Section. A two-hour warm-up insures
rated accuracy. Better accuracies can be obtained in the
Average mode after a four-hour warm-up.

2-131. Measurement Instructions
2-132. Use the following procedures when making
measurements from the front panel:

1. Remove multimeter inputs.
2. Select the desired function. -

3. Referring to Figure 2-3, set measurement
parameters.

4. Further programming from the front panel is
often not necessary. If no mathematic operation or
special operations are desired, proceed to Step 6.

5. If mathematic or special operations are desired,
refer again to the guidelines in Figure 2-3.

6. Position the measurement terminal controls
(right of terminals) as required. The Rear Input
Selector must be disengaged (out) if the front panel
inputs are being used. The Ohms Selector must be
engaged (in) when four-wire resistance
measurements are being made. The Guard Selector
is normally left disengaged (out) for non-critical
measurements. Refer to Measurement Terminals
and Controls in this Section for other uses of these
selectors.
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7. Depending on the function selected, make the
measurement connection illustrated in Figure 2-5.

2-133. APPLICATIONS
2-134. Specific applications using the multimeter are
presented in Table 2-6. The applications may be used as

examples to aid in familiarization with the multimeter. If
the applications are duplicated, modes or values already
programmed could interfere with the expected
instrument response. Therefore, a power-up or reset
instrument configuration is a precondition.

Table 2-6. Applications

STORING A DISPLAYED VALUE

OFFSET
SCALING
Hi

LO

STORE ——s

APPLICATION 1

REQUIREMENT:

METHOD:

Monitor the stability of a power supply in terms of its deviation in volts from a present
output of +5.03V.

Store the present output as an offset. Press:
STORE ——=OFFSET

Offset is now enabled. The multimeter will read only the deviation from +5.03V.

APPLICATION 2

REQUIREMENT:

Monitor the stability of a power supply as a decimal ratio to its present reading of
-20.08V. DC zeroing appears to be necessary.

METHOD: Perform V DC Zeroing for internal drift. Apply low thermal short between INPUT Hi
and LO (at the terminals). Press:
ZERO
VDC/Q
The value stored will be displayed as long as ZERO VDC/Q is held depressed.
Release of the switch will activate the Zero mode. Revise terminal interconnections
for dc volts measurements. Connect the dc voltage.
Apply power supply reading of -20.08V as a 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
20.08
STORING A NUMERIC ENTRY
—_ 0-17 SAMPLE
STORE —— —,0,1,23 ——FILTER

OFFSET
SCALING
HI

—— (VALUE) — i
LO
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Table 2-6. Applications (cont)

APPLICATION 3

REQUIREMENT:

METHOD:

Identify the power supplies that have a tolerance of 15V 100 mV.
Set high and low limits. Press:

STORE 1 5 . 1 Hi

STORE 1 4 . 9 LO

The multimeter will now display “HI,” “LO", or “PASS” for each power supply.

APPLICATION 4

REQUIREMENT:

METHOD:

For a group of 20V power supplies, determine the deviation in volts.

Offset the displayed reading by 20. Press:

STORE 2 0 OFFSET

Any value displayed now will equal the deviation from 20V.

APPLICATION 5

REQUIREMENT:

METHOD:

Display the input error voltage for an operational amplifier by measuring the dc
output error. Gain = 2.6847 x 104

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

STORE 2 . 6 8 4

7 EXP 4 SCALING

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

APPLICATION 6

REQUIREMENT:

METHOD:

Make a series of measurements in a noisy environment. Speed of measurement is not
important. Display only the deviation in volts.

Allow for extra settling between readings: Press:

STORE —— 3 —— FILTER

Increase digital filtering (average more samples per reading). Press:
STORE ——— 9 —— SAMPLE

Offset by the nominal output (e.g., 15V). Press:

STORE 1 5 OFFSET
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Table 2-6. Applications (cont)

RECALLING

OFFSET
ZERO VDC/Q
EXT REF
SAMPLE
SCALING
FILTER

HE [
Lo

RECALL

PEAK
LIMIT

APPLICATION 7

REQUIREMENT:

METHOD:

Determine the highest and lowest readings encountered in measuring agroup of 28V
power supplies.

Press PEAK to record measurement extremes. Use a manual trigger for each
measurement. When required measurements are complete, use the following
sequence to recall high and low values. Press:

RECALL LO PEAK
RECALL HI PEAK

(Hold PEAK in to read the recorded values.)
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2A-1. INTRODUCTION

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

1. 1EEE-488 Interface (Option -05)
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 8505A and

8505A/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 information, 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 function can be
accomplished locally or remotely. Complete software

calibration information is presented in Section 7 of this
manual.
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Table 2A-1. Programming Instructions

The programming instructions in this table pertain to the 8500 Series Digital Multimeters with the IEEE-488
Interface (Option -05), the Bit Serial Interface (Option -06) or the Parallel Interface (Option -07) installed.
Features and instructions unique to the DMM modei or to the Interface used will be identified in the following
manner: '

1. 8500A or 8502A: the symbol 4 will denote an explanation applicable to one DMM model only. The
software version incorporated in the DMM may aiso 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 a 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:

REMOTE CODE COMMAND
\' Volts DC
R4 1000V range

® s5 (8500A) 25 Samples per Reading

¢ s7 (8502A) 27 Samples per Reading
FO Fast Filter, Timeout Disabled (Panel Indicator OFF)
X0 External Reference/Scaling Disabled
PO Offset Feature Disabled
uo Limits-Peak Value Storage Disabled
TO Single Reading Line Synchronous
B0 Single Character ASCII Format
Do Front Panel Display Active
LO Deactivate Local Lockout
JO Deactivate Line Feed Suppression
MO Enable Cal Memory Factors

€ Q0 (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 assumed at power on or Reset:

Remote/Local Local
Offset Zeroed
V dc Zero Zeroed or *
Ohms Zero Zeroed or *
Cal Memory Factors *
Peak Values Cleared
Limits Values Zeroed

. Ext. Ref/Scaling Values 1

@ 8/16 Bit Mode (-07 Option only) 8 Bit

*Retained if Cal Memory Option -04 installed

2A-2




8500 Series

Table 2A-1. Programming Instructions (cont)

PROGRAM SEQUENCE

When equipped with a remote interface option, the instrument is programmed through a sequence of

commands (“command string”) thdt will determine range, function, reading rate, etc. Examples of 5 possible
command strings are:

00100000
L ) L J 0 J I
| Execute, trigger and transmit

Slow filter, no time out
25 samples/reading

10 volt range

AC voltage

-

?
L I Execute, trigger and transmit
Echo characters
Turn display off
Continuous line synchronized readings

HUI0I010

Jooooelo
oooosolole
| R

|

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

Execute

Auto range

Ohms

7RG

—J
—()

(=]
19

o

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 ASCIl 7-bit upper case characters. A
command string is a sequence of 1 to 31 characters. (For the 8505A and 8506A, a command string may have up to
59 characters.) Characters are classified as immediate, command or termination. The instrument may be placed in
Remote mode by transmitting any character that the instrument will recognize from the remote controlling terminal.

Remote.

@ With the IEEE Interface installed, the REMOTE switch can only be used to select local mode if already in

REMOTE 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

@ Go To Local - Lock Qut Remote o

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

When transmitted, the reset character must not be
followed by any other character for 3 seconds with the
8502A (2 seconds with the 8500A). 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.

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 occur when halt is used:

From: Continuous Line Synchronous
To: Single Reading Line Synchronous

From: Continuous Asynchronous
To: Single Reading Asynchronous

This character will command the instrument (Options -
06 or -07 only) to enter local mode of operation and lock
out the remote interface.

The Remote mode may then be reentered by pressing
the front panel REMOTE switch (for Option -06, -07).
The Remote mode may not be reentered from the front
panel when using the IEEE-488 Interface (Option -05).
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Table 2A-1. Programming Instructions (cont)

@ Go To Local-Lock Out Remote (cont) The state of the instrument, when changing from
remote to local operation will be modified as follows:

1. Ohms fast mode will be ignored.
L 3 2. Scaling mode will not be in effect (8500A only).

¢ 3. [f 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 changing 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 either mode
when place into local.

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

@ High Speed Reading Mode @® The ”"!" character can be used with the Parallel
Interface (Option -07) (and with the IEEE-488 Interface
Option -05 in the 8502A only). The High Speed Reading
mode provides a shortened 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 mode of operation.

True readings can be computed from this response
using range and function dependent factors (refer to
Fluke Application Bulletin 25).

The High Speed Reading mode is suited to systems
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).

€ Use of the "!” character will place the DMM in the High
Speed Reading mode and trigger the first reading.
Subsequent readings can be triggered by sending the
"?" 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
other than "?” when a reading is to be triggered. The
character sent in this case 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 "!"

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 BYTE 2 BYTE 3

1111 0111 1011 1111 1111 1111

Implied Binary Point
Error Bit
Sign Bits

In this example, the sign bits are “1" and the reading is negative. Since the complement of the 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.

0000 1000 + 0100 0000 + 0000 0001

N~ e N e - P
~v" ~ o~

—{0 . 5 + .015625 0 + 0 .000001)
= 0.515626 X 10 (the implied scale tactor)

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

[Rt = Rap X Scale Factor]
Ohms Readings in 1"

The procedure for measuring ohms in High Speed Reading mode is more complex. 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 High 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. Programming Instructions (cont)

TERMINATION CHARACTERS

Termination characters cause the execution of a command string. They are normally placed at the end of each

programming statement.

Clear the Command String

@ Execute the Command String

Execute the Command String
and Trigger

Execute, Trigger, and Interrupt
when Ready

(Normally used only with the Bit-Serial Interface -06
Option.)

This character is used to erase an incorrect
programming entry from the command string buffer,
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.

This character is 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 made, the string need
then be cleared only back to the last execute character.
This execute character is also required if a command
string longer than 31 characters is used.

This character will cause three actions: any previously
entered 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 "?"
character, the "CR" and/or "LF" delimiter characters
should be, but do not have to be suppressed. If an error
occurs during the reading, a single "0", followed by a
"CR", will be transmitted. At this point, status should be
requested to determine the cause of the error.

This character is used to trigger a reading and generate
an interrupt when the reading is complete.
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Table 2A-1. Programming Instructions (cont)

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

when Ready (cont) (Option -06) and the Parallel Interface (Option -07)
transmit a single "CR". The IEEE-488 Interface (Option
-05) provides an interrupt by generating a service
request (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 IEEE-488 Bus

command "Group Execute Trigger”
perform the same function.

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

There are 7 function command characters. Whenever one of these characters is 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 not loaded, the function of the instrument will be

undefined, and the error code will be set to 19.

Vv DC Volts

@ AC Volts

DC Coupled AC Volts

DC Current

@ AC Current

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

@1 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)
VO: the voltage across the unknown resistor (Rx).

The value of Rx is then computed with Ohm’'s Law:

VO
Rx =Rr Vivz
Fast Ohms mode differs in that the value of
(W(IZ) 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.
NOTE

Fast ohms ("Z1”) differs from HIGH SPEED

READING ("!"). When using "!" for ohms

measurement, Rx is not computed by the DM M.

RANGE COMMAND CHARACTERS

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

VAorC lorlA Zorzi

DCVOLTS AC VOLTS cl:):n::eﬁi OHMS
@ Auto Auto Auto Auto
@ @ 312 mv Auto 312 pA 31.25Q
@ @ 2.5V 2.5V 2.5 mA 250Q2
@ @ 20V 20V 20 mA 2 kQ
@ @ 160V 160V 160 mA 32 kQQ
@ @ 1200V 1000V 1.28A 256 kQ
@ @ Auto Auto Auto 4.096 MQ
@ @ Auto Auto Auto 32.768 MQ
@ Auto Auto Auto 262.144 MQ)
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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 dc volts, ac volts or current function.

2° = 1 Sample/Reading (4 ms)
2' = 2 Samples/Reading (8 ms)
22 = 4 Samples/Reading (17 ms)

2% = 8 Samples/Reading (33 ms)

2* = 16 Samples/Reading (67 ms)

25 = 32 Samples/Reading (134 ms)

2% = 64 Samples/Reading (267 ms)

27 = 128 Samples/Reading (534 ms)

2% = 256 Samples/Reading (1.1s)

2° = 512 Samples/Reading (2.1s)

2 = 1,024 Samples/Reading (4.3s)

2" = 2,048 Samples/Reading (8.5s)

22 = 4,096 Samples/Reading (17.1s)

2" = 8,192 Samples/Reading (34.1s)

2'* = 16,384 Samples/Reading (68.3s)

2' = 32,768 Samples/Reading (137s)

2'* = 65,536 Samples/Reading (273s)

2'7 = 131,072 Samples/Reading (546s)

HEEEEEEEEEEEEEEEE)
EHEEEHEEEHEEREEEEEEE
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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 filter settling
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 filter, time-out disabled.

Fast filter, time-out disabled.

Bypass filter.

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

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

HEHEEE
0000

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
continuous readings are to be taken.

Continuous reading mode/line synchronized.
Single reading mode/line synchronized.

Continuous reading mode/line asynchronous.

Single reading mode/line asynchronous.

HEHG
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 continuous mode, any character (except “%"” HALT) will be ignored by the instrument (8502A).

When in the Single Reading mode ("T0" or “T2"),and IEEE Group Execute Trigger command, a "?" or "@"
character, or a TTL trigger (for the 8502A-08A) must be sent for each reading.

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

When each reading is accepted by the instrument 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
mode unlzss 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 “P" 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 displayed
value.

Offset values may range from 1 X 10° to = 1 X 10 (including 0.0).

@ Offset subtracted (ON).
@@ Oftset not subtracted (OFF).

EXTERNAL REFERENCE AND SCALING COMMAND CHARACTERS

The X" command characters select External Reference or Scaling 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 Reference On, Scaling Oft 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
maximum display with the volts range, whichever is
greater (8500A only).

@ For the 8502A, the minimum Vxref is the input divided
by 108,

Maximum Vxref = 140V 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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8500 Series

. Programming Instructions (cont)

@ @ External Reference Off,
Scaling Off

@ External Reference Off,
Scaling On

The "X1" Scaling mode will divide all readings by a
previously taken external reference voltage or by a
previously entered numeric scale factor. The read
valued may not be used as a scaling factor.

NOTE

The 8502 A can store the external reference voltage and
the numerical scale factor separately. The 8500A can
only store one or the other, not both.

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

For the 8502A minimum = 107®. 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 <10-° (8502A).

NOTE
The "X” and " X1” modes are mutually exclusive.

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

@ Limits Testing On

Peak Mode(s)

@@ Save Highest and Lowest

Values (Peaks On)

When this command character is sent, each instrument
reading is compared to upper and lower limits. Limit
values must be entered separately with a keep
command (refer to KEEP COMMAND CHARACTERS).
The output format from the instrument (when given a
"G" command) is as follows:

"0" is transmitted for a reading within limits.

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

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

"2" is transmitted if an error occurs (e.g.,
overranging).

Previous peak values are erased from memory
whenever the "U1” command character is
programmed.

2A-13



8500 Series

Table 2A-1. Programming Instructions (cont)

@@ Save Highest and Lowest @ For the 8500A, storage of limit and peak values are
Values (Peaks On) (cont) mutually exclusive. For the 8502A, limit and peak
values can be held in memory simuitaneously.
NOTE
Limits are applied after all other modifier

operations (Scaling, Offset, etc.) have been
performed.

CONTROL COMMAND CHARACTERS
Output Format

The "B” characters activate binary or ASCII output format.

Single Byte Binary Format

Single Byte ASCII Format

Binary 16-Bit Parallel
"B1","B2" used with Paralled ASCIl Interface (Option

-07) only.

16-Bit Parallel

000

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

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 8-bit byte thus serves as the integer portion. The 24 bits 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
exponent of the binary fixed point number defined by the first 4 bytes. An exception occurs in Limits testing; the
response will then be single byte binary two's complement number.

16-Bit
Format Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 —
8-Bit Byte 1 Byte 2 Byte 3 Byte 4 Byte 5
Format yte yte yte yte yte
Exponent
Sign Bit—y 1 2 3 4 [ s P

r 1 T A T N T
0000 0011 1000 000 0000 0000 0000 0000 0000 0001

implied binary point

\ / N\ /
N/ 2"
PN P
=3.5" X 10 1
=35.0
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Table 2A-1. Programming Instructions (cont)

NOTE
In dc volts and ac volts, the exponent is always 1.
In dc and ac current, the exponent is always -2.
The exponent is range dependent in ohms

Sfunction (1 for ohm ranges, 4 for kohm ranges,
and 7 for Mohm ranges).

Errors will be indicated by 5 bytes of 0.

ASCIl Data Output Format

+/- Digits 4, 5,6, 7 +/- CR

1 2 3 4 5 6 7 8 9 |10 |11 |12 | 13| 14

- ~
Digit 1,2,3 t ' t
and decimal point E Exp LF

The seventh digit in the ASCII format corresponds to the “Cal” or HIRES digit of the front panel display. In
some ranges and functions (e.g., 100 mV dc) this digit is permanently zeroed since it exceeds the resolution of
.the instrument. (When in the "Cal” or HIRES mode, the front panel will display the value of the reading
rounded to six significant digits.)

DISPLAY CONTROL

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

@ Display 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

ASCII output format is commanded.

LOCAL LOCKOUT CONTROL

The “L" command characters select the local lockout condition, in which the display remains activated while
none of the front panel switches affect the instrument.

L Local Lockout On

@ Local Lockout Off
ECHO COMMAND CHARACTERS

@ (used with Bit Serial Option -06 only)
ECHO ON (Full-Duplex)

@ ECHO OFF (Half-Duplex)

'.

‘a
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Table 2A-1. Programming Instructions (cont)

LINE FEED CONTROL COMMAND CHARACTERS

Suppress Line Feed Character

@ Transmit Line Feed Character
@ Suppress Output of Readings ¢

This character suppresses the LF character normally
sent at the end of a response line.

This character disables the "J” character; the "LF”
character will be sent.

In the 8500A, use of J1 will suppress all output from the
DMM. In the 8502A, 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 ?" will retrieve a reading. Use of "J"
or "J0” will exit the "J1” mode.

CALIBRATION CONSTANT

When the Calibration Memory (Option -04) module is installed, the “M" character will inhibit the adjustment of
readings by the Calibration Memory correction factor. A slight increase in the speed of readings wili result.

Inhibit Calibration Memory Factors

()
()

@ Enable Callbration Memory Factors

TRIGGER COMMAND CHARACTERS

@ Activate External Triggering Mode,
Interrupt when Ready

@@ Deactivate External

Triggering Mode

@@ Activate External Triggering
Mode, Transmit when Ready

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

This character enables the External Triggering mode.
Any external TTL trigger then initiates a reading and
interrupts when ready (SRQ).

The Q1 character also enables External Triggering
mode. Any external TTL trigger initiates and transmits
a reading.

NOTE

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

¢ 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.

() s
W) e
oo
W) e
ook
W) e
oo
(WG
oo
() v
ooors
ooors
ooors
oooks
ook
WO =
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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 & The 8500A 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)
@@‘ P i 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.)

@@ @ Store Numeric Value Following as Upper Limit
@@ Store Numeric Va'e 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 numeric 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 10" or 1.03

000088000

Keep numeric upper limit of 7.6 X 10*

00080008 000000

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:

0000800600

Exponent is limited to one signed integer digit, in this case the exponent would be -1 and the “3” would be
ignored.

NOTE

Numeric entries are limited 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"
command must be followed by a "?” termination character. The following memory "Get” commands may be
used:

@ Recall Previous Reading and Send on Next Trigger

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

Status information from the DMM may be obtained with the command character "G1?". The status response
will be returned in the following seven character format.

Error Codes

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

00 No Error
06 System Error
07 lllegal Numeric Entry
08 Remote Command String Error
09 Remote Overrange
10 V DC Zero/Ohms Zero Error
€& 11 Offset Error (8500A) Store during Overrange (8502A)
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Table 2A-1. Programming Instructions (cont)

12
13
14
15
16
17
18
19

~NO O A WN -0

0
1
2
3
4
5
6
7

The fifth

N, OO

Range Codes

Sample Codes

Function Codes

Error Codes (cont)

Filter Module Faulty or not installed

DC Signal Conditioner Module Faulty or not installed

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

Numeric Display Overflow

Magnitude of External Reference Input >20V

Controller Module Faulty

Function Module selected not installed

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

100 mV dc, 100 pA, 10Q

1V dc, 1V ac, 1 mA, 100Q

10V dc, 10V ac, 10 mA, 1kQ
100V dc, 100V ac, 100 mA, 10 kQ
1000V dc, 1000V ac, 1A, 100 kQ
1 MQ '

10 MQ

100 MQ

The fourth status response character contains 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

5 <CR> | <LF>

response character identifies 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 Trigger
PN Recall External Ref or Scaling Factor and Send on Next Trigger (8500A)
Recall Scaling Factor (8502A)

¢ @ @ @ Recall External Reference Factor and Send on Next Trigger (8502A)
@@@ Recall Upper and Send on Next Trigger
@@ Recall Lower Limit and Send on Next Trigger

NOTE
The instrument 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 series multimeters. The additional features for the 8505A and the
8506A 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 8502A/AT.
Incompatibilities have been kept to a minimum. Therefore, programs designed for the 8502A are generally
compatible with the 8505A and the 8506A, and 8502A/AT programs are generally compatible with the 8506A. The few
areas 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 multimeter to both exit High Speed mode and perform a normal reset.

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

3. Store Zero Commands (KO, K1): In the 8505A/8506A, the temporary zero correction values are setto 0 when

the instrument is reset or powered up (similar to the 8502A without the calibration memory option). In the
8502A with the calibration memory option, resetting the instrument does NOT clear the stored zeros.

INITIALIZATION

CAUTION
Interruption of input power could affect Calibration Memory entries when the muitimeter is in Calibration mode. Do
not cycle input power to the multimeter when Calibration mode is activated. If power is ON, verify that the
AVG/(CAL) annunciator is not flashing before cycling power to OFF. From the remote, Calibration mode status can
be verified with the G5 command (response of 0 = mode off, response of 1 = mode on). If power is OFF, verify that the
rear panel Calibration switch is off before cycling power to ON.

Both the 8505A and the 8506A assume the same configuration at power up as that described for 8502A, with the
following exceptions:

1. The Average mode is disabled (O0).

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

3. External Reference at power up or reset is 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.

4. Zero mode is enabled with all temporary zero correction values set to 0.

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. Use of any character (or bit pattern) other than “?” causes the multimeter to exit the High Speed mode. Use cf
“*” causes the multimeter to both exit the High Speed mode and perform-a normal reset. The character used
to exit High Speed mode mustbe sent by itself. Any commands to be executed after exiting High Speed mode
must be sent in a separate transmission (i.e., in a separate statement in the instrument controller program).

3. Selection of High Speed mode specifies the binary output format. Any previously selected output format
is restored once High Speed mode is exited.

4, The multimeter front panel display is blank while High Speed mode is on. The previously selected display
mode is restored once High Speed mode is exited. ‘
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Table 2A-2. Programming Instructions (8505A, 8506A) (cont)

5. High Speed mode specifies asynchronous, single trigger mode (T2). The previously selected trigger
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 8506A.

Voltage and Current Reading In “I”

The following scale factors are used:

FUNCTION UNITS RANGE
0 1 2 3 4

DC Volts (V) Vv 1/100* 1/10* 1 64/10* 64
DC Amps (1) mA -1/80* -1/10* -8/10* -64/10* -512#

AC Voilts v n/a 1/8 1 8 64
(8505A only)

AC Amps mA 1/64 1/8 1 8 64
(8505A only)

*Differs from 8502A

FUNCTION COMMAND CHARACTERS

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

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

2. If a new function is selected, the following configuration is set:

a. Autoranging (R) is set.

b. Theexistingtrigger mode, sample, and filter are retained. However, if Average mode was previously
on, it is turned off, sample is set to S7 and fiiter is set to FO.

c. Offset, External Reference, Scaling, Limits, and Peaks are turned off (P0, X0, UO respectively), with
all respective values retained.

d. Zeromodeistoggled off if a function other than dc volts (V) or ohms (Z) is selected. If dc volts (V) or ohms
(2) is reselected, the Zero mode state (on or off) is restored to that in effect the last time the function was
selected. The values of the temporary zeros are stored until the instrument is reset or powered off, or
until new temporary zeros are stored.

e. Calibration mode is on or off (as determined by the Calibration Switch setting) and gain correction
factors are enabled (MO).

When an 8506A function is changed, the multimeter assumes a configuration defined by the variety of both old and
new functions. One variety includes dc volts (V), ohms (Z), and dc amps (l). The second variety includes all ac 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 | — New function is V, Z, or I:

The 8505A configuration is used.
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Table 2A-2. Programming Instructions (8505A, 8506A) (cont)

2. Initial function was V, Z, or | — New function is ac or ac+dc volts:
a. Filter mode off (F0) is set.
b. No sample setting is allowed.

c. Zero mode is off.

3. Initial function was ac or ac+dc volts — New functionis V, Z, or I:
a. Filter mode on (F) or off (FO) is retained.

b. Sample S7 is set.

4, 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 volts), manual ranging mode is
retained at the same range, or autoranging is retained (starting at the same range).

b. 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.

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

The following commands are used when initially selecting an 8506A ac volts function:
1. V A:V AC Normal

V A1:V AC Enhanced

V A2:V AC High Accuracy

C : V AC Normal (DC Coupled)

C 1:V AC Enhanced (DC Coupled)

o o s w N

C 2:V AC High Accuracy (DC Coupled)

NOTE

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

If the 8506A is already in an ac volts function, an abbreviated command can be used when selecting either of the other
two ac volts functions. When selecting between ac or dc coupling for ac volts, the full command string mentioned
above must be used. The abbreviated commands are as follows:

1. S0:V AC Normal

2. S 1:V AC Enhanced
3. S 2:V AC High Accuracy
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Table 2A-2. Programming Instructions (8505A, 8506A) (cont)

RANGE COMMAND CHARACTERS

The nine range commands used with the 8505A or 8506A specify the full scale values by function as foliows:

DC VOLTS AC VOLTS AC VOLTS DC AMPS AC AMPS OHMS
) U] (1A) (Z or 21)
8505A 8506A 8505A
R Auto Auto Auto Auto Auto Auto
RO 200 mV Auto 125 mV 250 pA 312.5 uA 20 ohms
R1 2V 2.5V 400 mV 2.0 mA 2.5 mA 200 ohms
R2 20V 20V 1.25V 16 mA 20 mA 2 kohms
R3 128V 160V 2AY 128 mA 160 mA 20 kohms
R4 1200V 1000V 12.5V 1.28A 1.28A 200 kohms
RS Auto Auto 40V Auto Auto 4.1 Mohms
R 6 Auto Auto 125V Auto Auto 35 Mohms
R7 Auto Auto 600V Auto Auto 265 Mohms
Resolution available for remote readings is as follows:
ASCII DIGITS*
FUNCTION RANGE STANDARD MODE AVERAGING OR
CALIBRATION MODE
DC Volts (V) 100 mV (RO) 6% (5%) 6'%
1V (R1) 6% 6%
10V (R2) 6% 7%
100V (R3) 6% 6%
1000V (R4) 6% 6%
Ohms (Z) 10 ohms (RO) 6% 6%
100 ohms (R1) 6% 6%
1 kohm (R2) 6% 6'%
10 kohms (R3) 6% 6%
100 kohms (R4) 6% 6'%
1 Mohm (RS5) 6'% 6%
10 Mohms (R6) 6% 6%
100 Mohms (R7) 6% 6%
DC Amps (1) 100 uA (RO) 6% (5%) 6%
1 mA (R1) 6% 6%
10 mA (R2) 6% 6%
100 mA (R3) 6% 6%
1A (R4) 6% 6%
AC Amps 100 pA (RO) 5% 5%
(8505A only) 1 mA (R1) 6% 6%
10 mA (R2) 6% 6'%
100 mA (R3) 6% 6%
1A (R4) 6% 6'%
AC Volts (VA) 1V (R1) 6% 6%
or 10V (R2) 6% 6%
AC + DC (C) 100V (R3) 6% 6%
(8505A only) 1000V (R4) 6% 6%
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ASCII DIGITS*
FUNCTION RANGE AVERAGING OR
STANDARD MODE | ¢, \BRATION MODE
AC Volts 100 mV (RO) 6% (5%) 6%
(VA, VA1, VA2) 300 mV (R1) 6% (5%) 6%
or AC + DC 1V (R2) 6% 6%
(C, C1, C2) 3V (R3) 6% 6%
(8506A only) 10V (R4) 62 6%
30V (R5) 6% 6%
100V (R6) 62 6'%
500V (R7) 6% 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 follows:

1. With the 8505A, samples-per reading can be set with command S, 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 (0-9, corresponding to S8 through S17 respectively).

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

3. With the 8506A set for ac volts, no sample changes are allowed. Therefore, commands S0 through S17 (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 first three commands (S0, S1, S2) are used when commanding ac volts
functions as follows:

a. S0 commands ac volts normal. When initially commanding an ac volts function, only VA (for ac
coupling) or C (for dc coupling) need be used. When the multimeter is already set for either of the
other two ac volts functions, ac volts normal can be selected by using SO only.

b. S1 commands ac volts enhanced. When initially commanding an ac volts function, VA1 (for ac
coupling) or C1 (for dc coupling) must be used. when the multimeter is already set for sither of the
other two ac volts functions, ac volts enhanced can be selected by using S1 only.

c. 82 commands ac volts high accuracy. When initially commanding an ac volts function, VA2 (for ac
coupling) or C2 (for dc coupling) must be used. when the multimeter is already set for either of the
other two ac volts functions, ac volts high accuracy can be seiected by using S2 only.

FILTER COMMAND CHARACTERS

Any filter command is acceptable for the 8505A or the 8506A (in V, Z, cr | only). However, when Average mode is
enabled, filter F is initially selected and can only be changed to F2 or re-selected. Any other filter selection (FO, F1, or
F3), while accepted by the multimeter, sets the Average mode disabled and the sample at S7.

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

When the muitimeter (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 command (%) is sent.
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With any trigger mode, no command string is examined until the existing reading or recalled value is returned. Any
reading or recall 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 (TO or T2), and any buffered commands (with a terminating character) are executed.

AVERAGING COMMAND CHARACTERS

With the 8505A (all functions) and the 8506A (dc volts, ohms, dc amps only), the“O” character is used tocommand a
preset sample and filter combination for each function and range to optimize 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. O: Averaging mode enabled.
2. OO0 : Average mode disabled.

Enabling of Average mode in the situations defined above sets the multimeter to sample S10 and filter F. With
Average mode enabled, samples S11-S17 or filter F2 can also be selected. Disabling of Average mode changes the
sample and filter again and occurs under any of the following circumstances:

1. Command OO is sent. Averaging mode is disabled. The sample is set to S7 and the filter is set to FO.

2. The function is changed. The sample is set to S7 and the filter is set to FO. If an ac volts function is initially
selected with the 8506A, only filter FO is set. If a change is made between 8506A ac volts functions (VA,
VA1, VA2, C, C1, C2), Averaging (extended resolution) is retained.

3. A sample or filter not allowed in Average mode is commanded. If S0-S9 is commanded, Average mode is
disabled, the 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 S7.

With the 8506A set for any of the ac volts functions, Average mode is not available. However, the Olor 00 command
can still be used to enable or disable extended resolution (as defined under RANGE COMMAND CHARACTERS). In
this situation, only the sample and filter restrictions defined by the 8506A ac volts functions are applicable. No
sample change can be made. Only filter FO or 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 retained.
Extended resolution in 8506A ac volts functions is disabled if the O0 command is sent. If a change is made between ac
volts functions, extended resolution is retained with the existing filter mode. If dc volts, ohms, or dc amps is selected,
extended resolution (Average mode) is disabled, the filter is not changed, and the sample is set to S7.

Whenever the “O” 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 BYTE 3 BYTE 4 BYTE 5 BYTE 6

8-Bit Format (B):

BYTE 1 BYTE 2 BYTE 3 BYTE 4 BYTES BYTE 6

Example:
0000 0011 1000 0000 0000 0000 0000 0000 0000 0000 0000 0001

Implied Binary Point
Sign Bit Exponent Sign Bit

i\ / \7__/
=35X10EXP 1
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ASCIlI OUTPUT FORMAT

+ Digits 4, 5, 6, 7, 8 + CR
‘ / N\ \ ‘ ‘
1 2 3 4 5 6 7 8 9 | 10 11| 12| 13| 14| 15

A\ /
V- 1 1 t
Digits 1, 2, 3 and E Exp LF
decimal point.
Digit 8 is used only on the 10V dc range to yield 7' digit resolution. On all other ranges and functions, 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 8502A.
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 normally returned.

2. If no such standard error response message has been programmed since the last power-up or reset, a “2"
is returned to identify an error occurring during limits testing.

CONTROL COMMAND CHARACTERS
ASCII Data Output Format

Digit 7 is used with the 8505A and 8506A whenever 6'% digits of resolution are available. If 5% digits are available, digit
7 is not needed and is consequently set to O. '

CALIBRATION CONSTANT

The Calibration Memory is a standard feature of the 8505A and 8506A. Therefore, the M and MO commands may be used
at any time to inhibit or enable all Calibration Memory gain correction factors:

M: inhibit all calibration gain correction factors.
MO: enable calibration gain correction factors.

The M1 and M2 commands may be used to inhibit or enable the temporary zero correction factors stored with the KO and
K1 commands (V DC and OHMS only). This has the same effectas turning the Zero mode off and on with the ZERO push
button, except the M2 command dces not store zeros:

M1: inhibit zero correction values (turn Zero mode off).
M2: enable zero correction values (turn Zero mode on).

The temporary zero correction factors are applied in dc volts (V) or ohms (Z) whenever the M2 command is in effect (i.e.,
whenever Zero mode is on). When the mulitimeter is powered-up or reset, the Zero mode is turned on and the temporary
zero correction factors are reset to 0. During normal operation (Calibration mode off), the “permanent” zero correction
factors in Calibration Memory are always in effect, and are not affected by the M1 and M2 commands.

Calibration Memory allows for software calibration of all functions and is fully described in Appendix 7B. Although
software calibration procedures are not discussed here, the following considerations must be observed if Calibration
mode is turned on (the Calibration mode is enabled or disabled with the rear panel Calibration Switch when the
multimeter is in local control):

1. Calibration correction factors are always applied to readings unless the M command is sent. This is true
whether Calibration mode is on or off.

2. When Calibration mode is on, the M1 and M2 commands enable and disable the “permanent” zero
correction factors stored in Calibration Memory. Temporary zeros are not used in Calibration mode.

3. When Calibration mode is on, the resolution available for each range and function is the same as for
Average mode (refer to RANGE COMMAND CHARACTERS).
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MEMORY COMMAND CHARACTERS
STORE

Commands KO (store dc volts zero) and K1 (store ohms zero) can be used with either the 8505A or the 8506A.
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 the KO or K1 command is stored
directly in the Calibration Memory and retained until a new value is stored during Calibration mode on.
Software calibration uses this procedure and is fully described in Appendix 7B.

2. If Calibration mode is off (G5 response = 0), any zero value entered with the KO or K1 command is stored in a
separate, temporary memory. These values do not affect the values stored in Calibration Memory. The
temporary zero values are retained and applied to subsequent readings until the multimeter is powered-off or
reset. The temporary zero values are all reset to 0 at power-up or reset.

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

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

b. If Calibration modeis off, any zero value stored is applied to the existing range and all higher ranges
in the same function. Therefore, separate values for each range can be entered by using KO0 (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.

2. K N D : Keep the following six digits as the calibration date or the muitimeter identification. Any value
totaling 999999 or less can be entered (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).

3. K 3: Keep the error response message. This command allows the operator to specify the response for an
error condition. These characters (instead of the actual reading) are then automatically returned
whenever an error condition occurs. For example, the word ERROR or an obviously illegal resporise
value (such as 1E20) can be programmed as the error response message. The desired response 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 actual error can only be identified as the first and second
characters of the G1 (Get Status) response. The following rules must be followed when making the K3
entry:

a. A maximum of any 15 characters (excepting immediate and termination characters) can be
programmed following the K8 command. Spaces can be used as part of the 15 character total.
Characters in excess of 15 are ignored by the multimeter and do not cause an error condition.

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

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

d. 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 K3 command string.
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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 K8 command string.

4. K4 G 1:Clearall of Calibration Memory. If it is necessary to clear all calibration factors (as in acheck 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.

CAUTION

I any interrupting command is sent immediately after K4 (and before G1), the comprehensive clearing
operation may be interrupted prior to completion. A check sum (error 25) condition would then be set. Do
not send any Interrupting command (Immediate characters, reset, etc.) between K4 and G1.

5. K 2 : Store previous reading as scaling factor.
RECALL
Recall DC Zero (GO0)

The GO command (recall dc zero and send on next trigger) operates in the following fashion for either the 8505A or
the 8506A:

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

2. The multimeter can store both non-volatile (“permanent”) and temporary dc zero values. Which values are
recalled depends on the state of the Calibration mode at the time GO is used. When Calibration mode is on, the
zero values recalled are the permanent values, which are stored in Calibration Memory. When Calibration
mode is off, the zero values recalled are the temporary values, which are stored in a separate, temporary
memory. The temporary zero values are reset to 0 when the multimeter is powered-up or reset.

Recall Status (G1)

The first two digits of the G1 response (error codes) are identified in two steps. The first step 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. For example, an
obviously illegal multimeter response of 1E20 could be specified as the error message. If no such special message
has been programmed, a returned "0“ is used. In any case, this message alone is returned whenever an error
condition has been generated and a response from the multimeter has been commanded. The error message may be
returned repeatedly. This depends on the type of error condition generated (momentary or latching) and subsequent
corrective actions. The following rules apply:

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

2. A latching error condition, if not corrected, generates repeated errors. Therefore, the error message is
returned 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 error condition by number. This two-digit error code is stored in a separate error condition
buffer and is subject to 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 error buffer.
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3. The error buffer is cleared (set to 00) when either of the following actions occurs:

a. TheG1command is sent. Theerroris returned in the status response, and the buffer is reset to 00. If
the error still exists, a new reading must be triggered to reload 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 triggering a valid reading. If the momentary error does not reoccur, further
multimeter operation is not impeded. A latching error, if not corrected, does impede further multimeter operation by
generating another error (and returning the error message) each time a reading is triggered. Clearing the error buffer
by sending G1 does not affect this impediment. Latching errors include 12, 13, 14, 15, 19, and 24.

A momentary error condition is illustrated in the following example. Assume that 1V dc is applied to a multimeter
configured for dc voits. The following sequence of commands is sent: VR0? KG1? R1? The first command (VR0?)
triggers an overrange, causing the error message to be returned. The second command (KG1?) attempts to store this
overrange as an offset, loads momentary error 11 into the error buffer, and returns 11 (the most recent error to be

generated) in the status response. The third command (R17?) triggers and returns a valid reading and resets the error
buffer to 00.

A latching error condition is encountered in the following example. Assume that the multimeter is configured for dc
volts (V), but not dc current measurement (l), and 1V dc is applied to the inputs. The following sequence of
commands is sent: IR1? G1? ? 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 19 as the first
two characters of the status response and resets the error buffer to 00. The third command (?) triggers another invalid
reading, loads the error buffer with 18 again, and returns the error message. The fourth command (V?) is valid.
Therefore, the actual reading is returned, and the error buffer is reset to 00.

NOTE

Latching errors are enabled at all times (Calibration mode 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 occupy the error buffer for either the 8505A or the 8506A:
1. 23 : The Calibration Memory is faulty or not installed.

2. 24 : |llegal module configuration.

This error occurs at power-up or reset. It may mean that a Calibration Memory module is 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.
Also, error 24 may mean that the wrong ac converter configuration is installed. The 8505A uses either the
-01 Option or the -08A Option (not both). The 8506A uses only the Thermal True-RMS Converter. If an
illegal ac converter is installed, it must be removed. If the illegal configuration is not corrected, the error
buffer is cleared (G1 sent), 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
installed in the 8505A, the ac volts command (VA or C) causes selection of the -09A converter only.

3. 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. Ensure that Calibration mode is off, then try re-initializing power to
the multimeter. If error 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 number). If error 25 recurs

during the clearing procedure or during any subsequent programming attempt, the Calibration Memory
may be faulty.
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4. 27 : Ohms input problem
Error 27 can occur under any of the following circumstances:

a. At least one ohms input connection is open.
b. An input polarity reversal has been made in four-terminal connections.

c. 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 (recall status) response is modified when used with the 8506A in an-ac volts function.
The third character (range codes) is then defined as follows:

0 100 mVv 3 3V 6 100V
1 300 mV 4 10V 7 500V
2 1V 5 3ov

The fifth character (function codes) of the response to G1 is modified for the 8506A. Since ac current cannot be
measured with the 8506A, the fifth character cannot be defined as “3". Further, if the fifth character is a“1” (ac volts)
ora“5” (dc coupled ac volts), the specific ac volts function must also be identified. Since sample codes are not used
in 8506A ac volts functions, the fourth character (Sample) is utilized to define whether normal mode (fourth character
= 0), enhanced mode (1), or high accuracy mode (2) is selected.

Additional Recall Commands
The following 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 muitimeter 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)

c. Character 9: a colon (3)

d. Characters 10-22: 13 characters identifying the loaded modules.

D : DC Signal Conditioner

F : Active Filter

C : A/D Converter

1 : Averaging AC Converter (Option -01)
2 : Ohms Converter (Option -02A)
3 : Currént Converter (Option -03)
4 : Not used (always = -)

5 : IEEE-488 Interface (Option -05)
6 : Bit Serial Interface (Option -06)

7 : Parallel Interface (OPtion -07)

8 : Isolator

9 : True-RMS Converter (Option -09A)
A : 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 8506A, a response of DFC--3-5--8-A would identify a standard dc volts (DFC) with the Isolator
(8) and thermal true-rms volts (A) configuration with options for dc current (3), and IEEE-488 interfacing (5).
Modules allowed in either instrument are defined as follows:

ALLOWED CONFIGURATION
POSSIBLE (S = standard, O = optional,
CONFIGURATION N = not allowed, - = not used)
8505A 8506A
D S S
F S S
C S S
1 o) N
2 0] 0 (2)
3 0O (1) 0O (2)
4 - -
5 O (3) 0 @)
6 0 (3) 0 (3)
7 O (3) 9 (3)
8 S (3) S (3)
9 oM B
A N S
NOTES:

(1) 8505A AC Volts (VA) uses either Averaging (Option -01) or True-RMS (Option -09A)
converter. 8505A AC Amps (IA) 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) 8506A can use either the Ohms Converter (Option -01A) or the Current Converter
(Option -03) — not both.

(3) 8505A and 8506A: only one interface (Option -05, -06, or-07) can beinstalled at one time.

2. G3: recall front/rear input selector status on next trigger. Response is as follows:

0 (rear inputs)
1 (front inputs)

3. 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 responseis000000, and no
error is generated.

4, G 5 : recall Calibration mode status. A returned 0 identifies Calibration mode off, and a returned 1
identifies Calibration mode on.

5. G 6:recall Ohms zero value and send on nexttrigger. If G6 is sent when the Ohms function is selected, the
zero value for the range selected is returned. If any other function is selected when G6 is sent, the zero
value for the 10 ohm range (RO0) 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.
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3-1. INTRODUCTION

3-2. This section describes the theory of operation for
the mainframe, which includes the modules necessary for
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 acomputer. Figure 3-1is an
overall block diagram of the instrument with optional
modules drawn in dashed lines. Figure 3-2 is a block
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

8505A

Section 3
Theory of Operation

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.

3-6. The unguarded digital bus consists of the following
lines:

I. Address/Control (1C)

2. Bidirectional data (ID)

3. Real time (RT)

4. Handshake (EXTINT, ACK, INA)

5. Input/Output (SCAN ADV, EXT TRIG,
FRONT/REAR SENSE)

6. Power supply
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Figure 3-1. 8505A Block Diagram
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Figure 3-2. Analog Signal Flow

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

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
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 (Vcc and
Vss) are -15V and -20V with respect to analog common.
With the Isolator installed, Vcc and Vss are isolated from
analog common.

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

3-2

converting modules (ac converters, ohms converter, etc.).
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 (ID) 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 the R2 A/D converter in
taking a sample and receives the sample data from the
converter. The controller stores range and function
information for application to the sample data. Using the
arithmetic capability of the microprocessor, the software
processes the data to arrive at a binary twos complement
number which represents the polarity and value of the
measurement. This number is made available to an
optional remote interface either as is or after further
processing to ASCII code. The number is further
processed by the controller for application to the front
panel display in a seven-segment LED format.



3-13. The software program consists of two parallel
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.

MARK
INTERRUPT

UPDATE NEXT
DISPLAY DIGIT

READ NEXT
SWITCH BANK

PRIMARY
CYCLE?
(ALTERNATE MARKS)

A/D CONVERSION
TO OBTAIN A SAMPLE

OVER-RANGE TESTING
IF IN AUTORANGE

ADD LAST READING
TO THE BUFFER

TEST FOR SWITCH
PUSH & ACTON IT

MODULE CONTROL
REFRESH

C RETURN )

Figure 3-3. Background Software Process

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
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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 and one RAM for variables. Data lines
(DB0-DB?7) are used for bidirectional data flow. Address
lines (A0-A1S5) 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.

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 signalis not returned. MARKINT is used to
synchronize A/ D samples and display digit updates to the
line frequency.

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 synchronized 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

3-3
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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 either the input terminals or
optional signal conditioners (Ohms or Current Shunts)
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
Conditioner. 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 attenuator and switched 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 8 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 mulitiplexed to the A/D
Converter. Samples are taken of each input and
arithmetically manipulated by the Controller to arrive at
a reading. Outputs from the optional ac converter
modules are applied to the Active Filter module,
bypassing the DC Signal Conditioner.

>

r INPUT ]
3 HI ATTENUATOR
<
39 +10R
@ [ INPUT +64
o LO
I

. ACK 4—-—1
" FEEDBACK
F] _ < NETWORK
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3
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Figure 3-6. DC Signal Conditioner Block Diagram
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Figure 3-7. Active Filter Block Diagram



3-26. Fast Rz A/D Converter

3-27. The Fast R2 A/D Converter employs Fluke’s
patented recirculating remainder (R2) 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 R2 A/D Converter.

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
is changed 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.

8505A

3-29. Following the decision period is a subtraction
period. Feedback through the Remainder Storage nulls
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. Front/Rear Switch Assembly

3-32. 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,

A
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POLARITY |@— VOLTAGE
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IC14 (Y ‘\)
CONTROLLER \.\\;oeﬁ —
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D ‘-1
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Figure 3-8. R? A/D Converter Block Diagram
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SOURCE HI and LO, and GUARD connections to the
multimeter analog bus. The front panel Ohms Selector
and Guard Selector influence only the front panelinputs:
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
OHMS 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
(INPUT HI, SOURCE HI) and rear (INPUT HI,
SOURCE HI, GUARD) inputs. An LED on the
Front/Rear Switch Assembly lights when front inputs are
selected. The multimeter Controller senses this indication
through a phototransistor on the Motherboard. Front
input selection is also sensed by the IEEE-488 Bus.

3-33. CIRCUIT ANALYSIS

3-34. Introduction

3-35. 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
(Section 6 for optional modules). Table 3-1 is a list of
mnemonic definitions used in the Controller schematic.

3-36. Controller

3-37. TIMING

3-38. Refer to Figure 3-9. Timing for the
microprocessor is derived from a 12V, two-phase clock
(1 and #2). The two-phase clock is generated by clock
generator Ul4, which is designed 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 @1 clock (585 ns) governs the duration of a machine
cycle; there are three to five states in a machine cycle and
one to five machine cycles in an instruction cycle.

3-39. Shaped line frequency pulses are applied to phase-
locked loop U4 which, in conjunction with divide-by-
eight counter U3, generates eight times the line frequency
(480Hz for 60Hz line and 400Hz for 50Hz line). Line
synchronization is achieved by using the output of the
phase-locked loop to generate an internal interrupt
(MARKINT).

3-40. ADDRESS AND DATA BUSES

3-41. ROM locations are decoded from Al4 and Al3,
as chip selects and from AO through A12. RAM locations
are decoded from Al4 and All, as chip selects, and from
A0 through A10. External modules are selected by setting
A5 high. Inverted forms of A through A 14 are sent out
as 1C0 through 1C6 on the unguarded bus. The data bus
lines (DO through D7) are connected directly to internal
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Table 3-1. Mnemonics

AO-A15 Address bus on controller

ACK Acknowledge signal from
module

ACKINT Interrupt generated when
module does not respond

CPUINT Interrupt signal for uP

CPUREADY Ready signal for uP

CPURESET Reset signal

D0-D7 Data bus on controiler

DBIN Data bus input signal (from uP)

DLDACK Delayed version of ACK

EXTCOM Module communication signal

EXTINT Interrupt from module

FLINE Shaped line frequency signal

8xFLINE 8 times line frequency

FRONT/REAR Front or rear input signal

IC0-IC7 Module address/control bus

ICENABLE Enable module address signal

1D0-1D7 Module data bus

INA Interrupt acknowledge signal
in response to EXTINT

INP I/0 status signal

INTA Interrupt acknowledge status
signal

INTCLR Clear interrupt signal

LINEREF Line reference signal, bus
input on RT5

MARKINT Interrupt to synchronize to
line frequency

o1 One phase of uP clock

@2 Other phase of uP clock

ouT 1/0 status signal

READY Signal to generate CPUREADY

RESET Reset signal

RUN Exit wait state signal

SCANADV Scan advance signal, A/D
conversion complete

STOP Enter wait state signal

STSTB Clock signal to latch uP status

SYNC Signal from uP, used to

generate STSTB

SYNCDEXTINT Synchronized interrupt from

module
Vbb -5V supply
Vce +5V supply
vdd +12V supply
Vgg -12V supply
Vss Logic common
WAIT uP in wait state signal
WR Write data signal from uP

memory and through tristate buffers to the external data
bus (1D0 through 11)7).
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Figure 3-9. Timing Circuits

3-42. RESET

3-43. Refer to Figure 3-10. Shaped line frequency pulses
are applied to U2 and U3, providing a hardware reset on
power down, power up, or for missing line cycle 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.

3-44. STATUS LATCH

3-45.  Referto Figure 3-11. During the first state of every
machine cycle, the microprocessor sends out a status
word on the data bus. This status word contains the
information for external logic to synchronize with
microprocessor activity (e.g., memory read, interrupt
acknowledge). Clock signal STSTB (from U19) clocks
this information into quad D-type flip-flop U2 for use
during the machine cycle. External interrupts are also
latched into the status latch for synchronization to the
MICTOProcessor.

3-46. WAIT LOGIC
3-47. Refer to Figure 3-12. When the microprocessor
addresses an external module, the wait state logic forces

Vce
l r__{
T1 T2
FLINE FLINE E
—_—— — N
U2 U3
Vee _
QP—RESET RESET
CLR Q4 a[>—4
DELAYED Vce
Figure 3-10. Reset Logic
RESET
Dg CLR INTA
0 INTA
D4 L—L
utz YT
06— iINP
O——————
SYNCDEXTINT
F————
EXTINT O e ——
A SYNCDEXTINT
STSTB

Figure 3-11. Status Latch

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
generator U19 then synchronizes READY to the timing
requirements of the microprocessor and pulls
CPUREADY low.

3-48. To exit the wait state, RUN (the clear input to U1)
must be pulled low. Two events cause this to happen.
ACKINT is asserted by the interrupt 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,

3-9
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Figure 3-12. Walt Logic

3-49. ACK LOGIC

3-50. Refer to Figure 3-13. When a module is addressed
by the controller or is enabled for interrupt identification
by INA, it must return an ACK (high) to complete the
handshake. ACK is delayed about 1.6 us to produce
DKDACK. DLDACK is also generated ina MARKINT
interrupt response cycle.

3-561. INTERRUPTS

3-52. 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 3-14.

3-53. Internal interrupts are ACKINT and MARKINT
(Figure 3-14). The ACKINT logic consists of a
retriggerable one-shot (U2) and a D-type flip-flop (U7).
EXTCOM (A15 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.

INTA———————Q \
CPUREADY —— QO U16

SYNCDEXINT ———Q /

DLDACK

u16e

Figure 3-13. ACK Logic
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Figure 3-14. Interrupt Generation Logic
3-54. The MARKINT logic consists of two D-type flip- 3-56. Front Panel
flops. The first (U9-1) can be written to enable or disable 3-57. Refer to Figure 3-15. Annunciator segment data is
MARKINTS. The second (U9-12) is clocked by the eight clocked into register one by the direct address, 1CO0, 1, 5
times line frequency signal from the phase-locked loop. high. Data output from the switch matrix is also a direct
address-ICO, I, 6, high. For either direct address, the
3-55. Interrupts are prioritized by U-21 (refer to the condition of 1D7 (high for disable) is latched into U23 to
controller schematic in Section 8). ACKINT interrupts enable an indirect address. Digit segment address-1Cl1, 5
have the highest priority, and MARKINT interrupts have high, and digit-annunciator select address-ICO0, 5 are both
the lowest priority. External modules must drive 1D, 2, indirect addresses. Data is clocked into the registers upon
or 3 high in response to INA, to generate the correct termination of the address. An update sequence is as
vector for that module. follows:
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1. Register 1 is addressed with all data lines low to
blank the annunciator display and enable indirect
addressing.

2. Register 2 isaddressed indirectly with data lines
low to blank the digit display.

3. Register 3 is addressed indirectly with all data
lines high to turn off all LEDs, disable the switch
matrix, and disable indirect addressing.

4. Register 1 is addressed with ID7 low to enable
indirect addressing and with either annunciator
segment data or digit 7SD data on ID0-6. The data
is latched and applied to the annunciator LEDs (or
to digit 7SD).

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 ID7 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 is 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 circuit charged.

3-58. The seven steps just outlined 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.

3-59. DC Signal Conditioner

3-60. Relays K1 and K2 control the input to the DC
Signal Conditioner and the attenuation of the input
(Figure 3-16). 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 RT! (optional signal
conditioners). Q10, QI1I, CR3, and CR4 provide
overvoltage protection.

3-61. A differential amplifier (QI18, Q19) drives U3.
FET switched (Q14, Q15, Q16) control the gain of Q18
and Q37. An output voltage swing of £20V is achieved
through bootstrapping; U4 provides a bootstrap for Q38
and Q37, and U5 and U6 provide a bootstrap for U3 and
U4. Current sink and source for QI8 and QI9 are
provided by Q38 and Q37 respectively.
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3-62. The DC Signal Conditioner is addressed by 1CO0,
3, 4 high. Data on ID0-3 is latched up and decoded to
determine which switches and relays will be energized.
Figure 3-16 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 to
0V toensure positive relay action. Steady state voltages of
1.45V (off) and 2.75V (on) minimize current difference
between the on and off states while maintaining the relay
state under all conditions.

3-63. Filter/External Reference

3-64. All inputs to the A/D Converter are routed
through the Filter/ External Reference module. Refer to
Figure 3-17. External measurements are made by
multiplexing the three filter module inputs to the A/D
Converter. Q18, QI19, 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).

3-65. 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.

3-66. 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 series
resistors located on the Front/Rear Input Assembly.

3-67. Fast R2 A/D Converter

3-68. 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 Controller
addressing the A/D module, the A/D conversion
program could be considered a functional part of the
A/D Converter.
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3-69. ANALOG

3-70. Figure 3-18 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 R 14,
U3 serves as a highly regulated collector and zener supply
for UL. Operation of the A/ D Converter requires both a
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.

3-71.  Aninputsignalisapplied to the Summing Node of

the remainder amplifier (Q27, U7) through switch 1. 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 Q28
and forming a feedback path through CR5 and CRé6. Q28
sends a polarity bit to the digital portion of the circuitry.
On the basis of this first polarity bit, a reference polarity is
selected.

3-72. 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 switchis 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.

3-73. Following the decision period is the subtraction
period. Switch G is opened and switches X and SX are
closed 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 C10 in the X channel.

3-74. 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 U6 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.

3-75. When a sample is complete, the circuits are
autozeroed. U8 zeros the remainder amplifier through

3-16

channel X. Any offset is stored on C13 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 A1 and A2 are both opened and the Z 1
and Z2 switches are closed, storing any offset error on C5.

3-76. DIGITAL

3-77. For the following discussion, refer to the Digital
Fast R2 A/D schematic in Section 8. Direct address 1C2,
3, 4 latches data into U34 and U35 controlling input
switch I, remainder channel switches, autozero, and reset
(digital). U31, a ring counter, is clocked to the Cl state
enabling the indirect address decoder (U33) and the
polarity detector (switch G). A polarity bit is returned and
applied to U6.

3-78. Indirect address ICI, IC2 latches the polarity bit
in U6, enablesthe tristate transmitter, US, and clocks U31
to the C2 state. The transition of U31 from CI to 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 U6. If the polarity changed, the output of U6 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 CO state.

3-79. 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 U31 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
latch resets the first and selects the switch. If the polarity
does not change after closing a switch, the output of U6
plus the output of Ul1 (reference select) will place two
highs on the input of one section of AND gate U25.
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 zero would be applied to the D input,
opening the switch.

3-80. After the last step, at completion of a sample, the
Controller addresses the A/D Converter for autozero.
U31 is clocked to the C7 state causing a digital reset.
When U6, storage capacitor disable, is reset, autozero 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 settling
time for the reference switching amplifier. Both Al and
A2 are opened during the autozero time.
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A Message From

John Fluke Mfg. Co., Inc.

@ static awareness

Some semiconductors and custom IC’s can be
\|/ damaged by electrostatic discharge during

handling. This notice explains how you can
o minimize the chances of destroying such devices

Knowing that there is a problem.

Learning the guidelines for handling them.
Using the procedures, and packaging and
bench techniques that are recommended.

©

OJ
WN T
<

The Static Sensitive (S.S.) devices are identified in the Fluke technical manual parts list with the symbol

The following practices should be followed to minimize damage to S.S. devices.

e

(  ——
K‘/(Z 3. DISCHARGE PERSONAL STATIC BEFORE

HANDLING DEVICES. USE A HIGH RESIS-
1. MINIMIZE HANDLING TANCE GROUNDING WRIST STRAP.

2. KEEP PARTS IN ORIGINAL CONTAINERS
UNTIL READY FOR USE. 4. HANDLE S.S. DEVICES BY THE BODY
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8. WHEN REMOVING PLUG-IN ASSEMBLIES,
5. USE STATIC SHIELDING CONTAINERS FOR HANDLE ONLY BY NON-CONDUCTIVE
HANGLING AND TRANSPORT EDGES AND NEVER TOUCH OPEN EDGE
- CONNECTOR EXCEPT AT STATIC-FREE
WORK STATION. PLACING SHORTING
STRIPS ON EDGE CONNECTOR HELPS TO
PROTECT INSTALLED SS DEVICES.

6. DO NOT SLIDE S.S. DEVICES OVER
ANY SURFACE

\ /

: < 9. HANDLE S.S. DEVICES ONLY AT A

STATIC-FREE WORK STATION

10. ONLY ANTI-STATIC TYPE SOLDER-
SUCKERS SHOULD BE USED.

' 11. ONLY GROUNDED TIP SOLDERING

IRONS SHOULD BE USED.

A complete line of static shielding bags and acces-

sories is available from Fluke Parts Department,

/ Telephone 800-526-4731 or write to:

7. AVOID PLASTIC, VINYL AND STYROFOAM® JOHN FLUKE MFG. CO., INC.
IN WORK AREA PARTS DEPT. M/S 86
9028 EVERGREEN WAY
EVERETT, WA 98204

PORTIONS REPRINTED
WITH PERMISSION FROM TEKTRONIX, INC.
AND GENERAL DYNAMICS, POMONA DIV.

® Dow Chemical

J0089D-07U8604/SE EN Litho in U.S.A.
Page 2 of 2 Rev.1 MAR 86
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Section 4
Maintenance

WARNING!

THESE SERVICING INSTRUCTIONS ARE FOR USE BY QUALIFIED PERSONNEL ONLY. TO
AVOID ELECTRIC SHOCK, DO NOT PERFORM ANY SERVICING OTHER THAN THAT
CONTAINED IN THE OPERATING INSTRUCTIONS UNLESS YOU ARE QUALIFIED TO DO SO.

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 2). Software calibration may be performed at
any time and is described in Section 7. Recommended test
equipment is listed in Table 4-1.

4-3. SERVICE INFORMATION
44. Each instrument manufactured by the John Fluke
Mfg. Co., Inc. is warranted for a period of 1 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 list of domestic service centers is
located in Section 7 of the manual. Shipping information
is given in Section 2. If requested, the customer will be
provided an estimate before any work begins on
instruments that are beyond the warranty period.

4-6. GENERAL MAINTENANCE
4-7. Top and Bottom Cover Removal and
Installation

WARNING

LINE VOLTAGE IS PRESENT ON THE
POWER SUPPLY BOARD WHENEVER THE
POWER CORD IS CONNECTED. TO AVOID
SHOCK HAZARD, DO NOT TOUCH POWER
SUPPLY COMPONENTS.

4-8. Each 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:

1. Push the POWER control to OFF and
disconnect the line cord

4-1
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Table 4-1. Test Equipment

NOMENCLATURE MINIMUM USE SPECIFICATIONS RECOMMENDED EQUIPMENT

DC Source High Short-Term Stability Fluke Model 335A
Range: 0-1100V
Null Detector 10 pV Full-Scale Resolution Fluke Model 335A
Reference Divider +.001% Division Accuracy Fluke Model 750A
Kelvin-Varley Divider Linearity: £.1 PPM of Input Fluke Model 720A
Standard Cell Enclosure Guildline 91 Guildline 9152 (R)
Oscilloscope General Purpose with 10 MQ Probe Tektronix 465

Digital Multimeter Voltage Accuracy: .01% Fluke Model 8800A

Input Impedance: 1000 MQ

Low EMF, Shielded Connector Cables| Gold-plated Spade Lug Connectors

Terminating Load 1 MQ £10%/0.22 uf Nonpolarized
Parallel Load
Extender Card Fluke Model MIS-7011K
Bus Monitor Fluke Model MIS-7013K
Static Controller Fluke Model MIS-7190K
Test Module Fluke Model MIS-7191K

AS REQUIRED BY INSTALLED OPTIONS

AC Calibration System Voltage Range: 0-1000V ac Fluke Model 5200A with
Frequency Range: 10 Hz - 300 kHz Fluke Model 5215A or
Accuracy: 10 Hz - 30 Hz: .1% Fluke Model 5205A

30 Hz - 20 kHz: .02%
20 kHz - 100 kHz: .05%
100 kHz - 300 kHz: .33%

Current Calibrator Accuracy: +.02% Fluke Model 382A
with 200 kQ2 Resistor +.01%
Standard Resistors 10Q at 30 ppm; 100Q), 1.9k02, 10kQ, ESI SR-1010
100 kQ, 250 kQ, 1 MQ, 4 MQ at ESI SR-1050
10 ppm; 10 MQ at 50 ppm; 100 MQQ
at 100 ppm
2. Remove the multimeter top cover. 220V ac or 240V ac operation, use an MDL 1/4A
fuse.
3. The Line Voltage Selection switches are located
in the left front of the instrument, just behind the 5. If no further maintenance is necessary, install
main power control. Referring to Figure 4-1, set the top cover.
these two switches to indicate the desired line
voltage (dot/switch pattern). CAUTION
If the Calibration mode Is enabled, input
4. Verify installation of the line power fuse power must not be cycled on or off. Before
required by the line selected voltage. With the line cycling power off, verify that the AVG/(CAL)
cord still disconnected, remove and inspect the line annunciator is not flashing. Before cycling
fuse (rear panel, near the heatsink). For 100V ac or power on, check that the rear panel
120V ac operation, use an MDL 1/2A fuse. For Calibration Switch is off.
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4-11. Fuse Replacement
4-12. The line fuse can be replaced using the following
procedure:

I. On the multimeter front panel, push the
POWER switch to OFF (out).

2. Disconnect the line power cord.
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:
MDL 1/2 (for 100 or 120V ac line)
MDL 1/4 (for 220 or 240V ac line)
5. Reconnect the line power cord.

6. Push the POWER switch to ON.

4-13. Module Installation
CAUTION
Installation or removal of a module with the
POWER switch ON can cause damage to
sensitive circuitry. To avoid this kind of
damage, push the POWER switch to OFF
before installing or removing a module.

4-14. Use the following procedure for module
installation.

1. Push the POWER Control to OFF and
disconnect the line cord.

2. Remove the top cover.

NOTE

The multimeter allows some choice in the
placement of modules. For example, the
Ohms Converter (Option -02) may be placed
inslot A, B, C, or D. But the A/ D Converter
only functions in slot H. The Isolator must be
installed in slot K.

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. Close the module top and secure the module in
position by engaging the two sliding clips.

7. Install the top cover.

4-15. Module Removal
4-16. Use the following procedure for module removal.

4-4

1. Push the POWER control to OFF and
disconnect the line cord from the multimeter.

2. Remove the top cover.

3. Disengage the two sliding clips securing the
module to be removed.

4. Grasp the module at both ends and pull up. Use
an end-to-end rocking motion to help free the
module from the connector.

4-17. Module Disassembly and Reassembly

Avoid using excessive force with the following

procedure.

1. Pop open the lid on the module by using the
indentations at either end and lifting up. Hinge the
lid back.

2. Orient the module with one of the guides up.

3. Press down on the end of the case half above the
words OPEN while pulling up lightly on the lip of
the module guide. Slightly separate this 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 pcb while pulling
out to free the pcb 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 pcb, 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. Callbration Memory Replacement
4-20. Use the following procedure when replacing the
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. Reassemble and install the Controller module,
then replace the top cover.
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5. Verify again that the Calibration Switch is off, 1.
then reconnect the line power cord and push the 2
POWER button to ON. '

Remove the Front Panel and Power Supply.

Remove the three screws securing the Power
Supply Interconnect PCB to the framework.

NOTE
If a new Calibration Memory is installed, the
comprehensive clearing procedure should first
be performed, followed by re-programming of

3. Disconnect the card edge connector of the pcb
from the Motherboard connector. Lift the pcb out
through the front framework.

4. Reassemble in the reverse order.

all desired entries. Refer to Section 7 for

Calibration Memory programming
4-27. Front/Rear Switch Assembly

instructions.
4-28. REMOVAL
4-21. Front Panel PCB Removal 4-29. Use the following procedure to remove the
4-22. Use the following procedure to remove the Front Front/Rear Switch Assembly:
Panel PCB:

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 corners. Once disconnected,
work the pcb 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.

1. Push the POWER control to OFF and
disconnect 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 electrically
connected to the horizontally aligned
Motherboard PCB. Removal and
replacement of the Front/Rear Switch
Assembly each require a unique procedure.

3. At the front panel right side, pull on the three
selector buttons until they disconnect from the
Front/Rear Switch Assembly.

4-23. Power Supply Removal
4-24. Remove the Power Supply PCB Assembly using
the following procedure:

4. Remove the three buttonhead screws securing
the Front/ Rear Switch Assembly to the rear panel.

1. Push the POWER button to OFF and
disconnect 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.

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 connection between the
Power Supply and the multimeter chassis. Tighten
this screw securely.

4-25. Power Supply Interconnect PCB Removal
4-26.
using the following procedure:

Remove the Power Supply Interconnect PCB

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 right side.

6. The assembly must now be disengaged from the
Motherboard 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 onthe Front/ Rear Switch PCB extends
through this slot. Pry upward on this pcb tab to
disengage the Front/Rear Switch Assembly from
its Motherboard connector.

7. Once disconnected, the Front/Rear Switch
Assembly can be withdrawn straight back.

4-30. REPLACEMENT
4-31. Use the following procedure to replace the
Front/Rear Switch Assembly:

1. Replacement requires that the assembly be
positioned in the rear panel slot and slid forward.

4-5
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The pcb 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 is now
aligned with the Motherboard edge connector.
Push the assembly into this connector by
simultaneously pressing on the center of the
Front/Rear Switch PCB (through an access hole in
the middle of the right side chassis) and on the pcb
tab.

3. Replace the three side screws and the three rear
panel buttonhead screws (with feet).

4. Onthe 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 GDIN: top

b. 4T OHMS IN: middle
c. REAR INPUT IN: bottom

4-32. Motherboard PCB Removal
4-33. Remove the Motherboard PCB using the
following procedure:

1. Push the POWER button to OFF and
disconnect the power cord from the multimeter.

2. Remove the top and bottom covers.

3. Remove all modules, the Front Panel PCB, the
Power Supply PCB, the Front/Rear Switch
Assembly, and the Power Supply Interconnect
PCB.

4. Remove the shield covering the bottom of the
Motherboard. Remove the eight securing screws
(accessed from the bottom) and the two top screws
(accessed through holes in the center partition). The
shield then slips off.

5. 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 securing the
Motherboard PCB (four cach 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.

4-6

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
reassemble the multimeter in reverse order.

4-34. Cleaning Instructions
4-35. Periodically (at least every 90 days) clean the
multimeter using the following procedure:

I. Push the POWER switch to OFF and
disconnect the power 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 instrument.

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
water.

6. Replace the modules and covers if access to the
instrument interior is no longer required.

4-36. PERFORMANCE TEST

4-37. Introduction

4-38. The following paragraphs contain a performance
verification test which compares the operation of the
instrument to the specifications in Section 1 of this
manual. The test may be used to verify calibration of the
equipment between scheduled calibration periods or as an
aid in troubleshooting. The multimeter will be referred to
as unit under test (UUT). The test equipment required for
the Performance Test is 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 less
than 75% to maintain test validity.

4-40. Low Range DC Voltage Tests
441. Perform the LLow Range Tests as follows:

1. Connect the equipment shown with solid lines
in Figure 4-2. Do not connect the UUT at this time.
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Table 4-2. Low Range DC Voltage Tests
NULL DIVIDER UUT READING
METER RANGE |SETTING LOwW HIGH
N GUARD OUT’}JT
RHOH  pevoLTaGe Kife 100 mV [.0010000 | +9.9947 (-3) |+10.0053 (-3)
g1ow STANDARD £ '10 o ]
= (3354) —d_p 100 mV | .0100000 |+99.9920 (-3)H-100.0080 (-3)
1V .0100000 | +.099990 +.100010
1V ].1000000 | +.999972 | +1.000028
VOLTAGE
DIVIDER ___LL_ 10V [.1000000 | +.99991 +1.00009
1.1] 1.0 i)Lo (7204) r—==T 91
o} 61_0 00 00O o < 0oV 1.0000000| +9.99982 +10.00018
INPUT h HI Lo
OUTPUT I
| checks listed. For each check, set the specified
l Voltage Divider output, select the listed UUT range
5 | manually, and verify a UUT reading with the
STD CELL [ tolerances listed.
o ———d
i _' _—— 8. At the DC Voltage Standard, reverse the
! :wpur output leads. Now repeat step (7), and check for
o | o negative UUT readings with the listed tolerances.
T g © 4-42. High Range DC Voltage Tests
4-43. Perform the High Range Test as follows:
11 NULL 1. Connect test equipment and the UUT as shown
235A § in Figure 4-3.
ggﬂ 2. Onthe UUT, verify that the specified two-hour
T T warm-up period has expired. Also verify that the
INPUT OUTPUT test equipment is operating properly and that
i © required warm-up periods have expired.

Figure 4-2. Connections for Low Range DC Voltage Tests
3. The UUT must be set for dc volts, 100V range

2. Verify that test equipment used in Figure 4-2 is (manual), and SAMPLE setting 5. All other
operating properly and that respective warmup features on the UUT must be in the power-up
periods have been observed. configuration.
3. Onthe UUT, verify that the specified two-hour
warm-up period has elapsed. NULL DCVOLTAGE  outpuT
A MEITER STANDARD SUARD

4. On the UUT, select the following features: 1] &g (3354) 90-01 1]
VDC function, AUTO range, SAMPLE setting 5. L—O:__ = -
All other features should be in the power-up -
configuration.

HI pur REFERENCE INPUT !
5. Set the Voltage Divider controls for one-tenth LogOUTNULL D',"s'gfﬂ STD CELL CC"@
the standard cell certified value. Adjust the DC <—>'—.<,2 299+ (7508 992
Voltage Standard output for a null on the null ' —
meter. (]

—O STDCELL
H—o+

6. At the Voltage Divider output terminals, L%’f-
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 Figure 4-3. Connections for High Range DC Voltage Tests
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4. On the Reference Divider, set the Standard Cell
voltage controls 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. On the 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.

1. 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 for a
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.

Table 4-3. Autoranging

UUT CHANGES RANGE APPROXIMATE
FROM TO READING
100 mv v 200 mV

v 10v 2.0V

10V 100V 20V

100V 1000V 128V
1000V 100V 120V
100V 10V 12v
10V 1v 1.7V

v 100 mV 0.17v
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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.

4-44. Autoranging Test

Test the UUT autoranging feature using the

following procedure:

1. On the 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.

4-46. DC External Reference Test
4-47. 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. On the UUT, select V DC function and AUTO
range.

EXTERNAL L
REFERENCE r

LA 1 A

INPUT

H|éo

Loio

uuT

VOLTAGE DIVIDER

INPUT
1110 LO (7204 OUTPUT

000 - ©0o0o0 OOOHQLQ?T%

LA__.

7
§
NULL
METER DC VOLTAGE oUTPUT
g STANDARD surrd oY '
° £ )

Figure 4-4. DC External Reference Test



3. 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 +9.99982 to +10.00018
while this button is held depressed.

6. Releasethe EXT REF push buttononthe UUT
(EXT annunciator on). The UUT now computes
and displays the ratio (Vin/ Vref). Verify that this
reading is 1.000000 £ (56 digits).

7. On the Voltage Divider, set the controls to
0.1000000.

8. Verify that the UUT reads 100.0000 (-3) % (61
digits).

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.

4-48. CALIBRATION ADJUSTMENTS

4-49. 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 specifica-
tion. 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 Section 7. The third level involves
hardware calibration and is described in the following
paragraphs. Hardware Calibration procedures for all
opticn can be found in Section 6 of this manual.
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NOTE

If hardware calibration is necessary, software
calibration entries must first be cleared. The
extent of hardware calibration determines the
clearing operation required (Discrete or Com-
prehensive Clear). These “clearing” operations
can be found in Section 7 of this manual.

4-50. Adjustments and test points are accessible on the
top edge of the pcb modules be 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.

4-51. Power Supply

4-52. INITIAL PROCEDURE

4-53. With the POWER switch set to OFF, replace the
Isolator Module with the Bus Monitor Board
(MIS-7013K). Set the POWER switch to ON and allow
the instrument to warm up for at least 2 hours before
continuing with the calibration adjustment procedures.

4-54. CHECKS AND ADJUSTMENTS

4-55. Perform the following Power Supply checks and
adjustments. All required test points are available on the
Bus 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 Vce on the
Bus Monitor Board and the LO input to Vss.

2. Adjust R6for areading of 5.05V dc 3-.05 to set
the logic supply.
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3. Transfer the HI DMM input lead to VA2.

4. Adjust R5forareading of 5.05V dc % .05 to set
the analog supply.

5. Verify that the voltages in Table 4-4 are within
the prescribed limits.

6. Prepare the test DMM to read ac volts. Connect
the HI DMM input lead to LINE on the Bus
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, verify a voltage between 6.5V ac and
8.5V ac.

7. Onthe UUT, pushthe POWER button to OFF,
remove all test leads and the Bus Monitor Board,

and replace the Isolator.

8. Reapply power to the UUT.

Table 4-4. Power Supply Verifications

TEST POINTS VOLTAGE RANGE
(vDC) SUPPLY
HIGH LOow FROM TO

Voo Vss +11.4 +12.6 Logic
Vaa Vss -114 -12.6 Logic
VA1 AR +14.25 +15.75 Analog
VA2 AR -14.25 -15.75 Analog
VA3 AR +29.7 +31.7 Analog
VA4 AR -29.7 -31.7 Analog

4-56. DC Calibration Procedure

4-57. Hardware calibration is described in the following
paragraphs. Any software calibration entries for DC-Volts
must first be cleared with procedures described in Section
7 under “Clear Operations”. Ensure that the selectors on
the front panel (right) are positioned as follows:

I. Guard Selector - disengaged (out - internal
guard)

2. Ohms Selector - engaged (in -4T)

3. Rear Input Selector - disengaged (out - front
inputs)

4-58. DC SIGNAL CONDITIONER ADJUST-
MENTS

4-59. All adjustments in the following procedure are on
the DC Signal Conditioner.

4-10

1. Select dcvolts, 100 mV range, slow filter (toggle
FILTER until the FILTER annunciator lights),
sample 7 (toggle SAMPLE until the SAMPLE
annunciator flashes slowly), Calibration switch ON
(AVG /CAL annunciator flashes), and
V DC/Ohms Zero off (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 | megohm resistor in parallel with a0.22 uF
capacitor across VOLTS INPUT/OHMS SENSE
HI and LO terminals.

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.

4-60. A/D CONVERTER CALIBRATION
PROCEDURES

4-61. 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.

4-62. This paragraph contains the adjustment
procedure for R64. This resistor requires adjustment only
if R54 in the tens bit ladder has been replaced during
repair. If no such replacement has been made, proceed to
the next paragraph.

I. Connect a test DMM HI input to TP7, 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 10V range.

5. Using the test connections in Figure 4-2, apply
10.100000V dc to the UUT input terminals.

6. On the UUT, adjust R64 for a reading of
+10.100000 £ .000050.

7. Remove the test connections and proceed with
the following adjustments.



4-63. A/D Zero Adjustment
4-64. Use the following steps to adjust auto zero on the
A/D Converter module:

1. Verify that the 10V range is set on the UUT.
2. Short the UUT input terminals.

3. Onthe UUT, adjust R8 for a reading of 0.00000
£ .00001.

4-65. Control Setting A

4-66. To prepare the DC Voltage Standard for
subsequent tests and adjustments, use the following
procedure:

. Connect test equipment as shown in Figure 4-2.
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 value
X 0.1).

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 will be
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).

4-67. A/D Ladder Adjustments
4-68. 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 R1 (POS. CAL) for a
reading of +10.10000V + .00001.

4. On the DC Voltage Standard, reverse the dc
voltage polarity.

5. On the UUT, adjust R2 (NEG. CAL) for
10.10000V £ .00001. If the Rl 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. Onthe UUT, adjust R7 (REMAINDER) for a
front panel display of +0.50000 =+ .00001.

9. Repeat steps (2) through (8) until all readings
are within tolerance without making further
adjustments.

10. Set the Voltage Divider controls for a ratio of
0.5100000.

11. On the UUT, adjust R6 (5V LADDER) for a
reading of +5.10000 £ .00001.

12. Set the Voltage Divider controls for a ratio of
0.2600000.

13. Onthe UUT, adjust R5(2.5VLADDER)fora
reading of +2.60000 & .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
a reading of 0.75000 £ .00001.

18. Repeat steps 2 through 17 until all steps are
within the stated tolerance.

4-69. LINEARITY VERIFICATION
4-70.  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 ratio of
0.2000000.

3. Set the DC Voltage Standard for an output of
approximately 100V. Adjust this output for a
reading on the UUT of +20.00000 +.00012.

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 dc output voltage at
the DC Voltage Standard.
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6. On the UUT, verify a reading of -0.00000 +
.00001.

7. At the DC Voltage Standard, restore the dc
output voltage positive polarity.

8. Refer to Table 4-5. For each of the Voltage

Divider settings listed, verify a UUT reading within
the listed tolerances.

Table 4-5. Linearity Checks

DIVIDER READINGS

SETTING | MINIMUM | NOMINAL | MAXIMUM
.0100000 0.99995 1.00000 1.00005
.0200000 1.99995 2.00000 2.00005
.0300000 2.99995 3.00000 3.00005
.0400000 3.99995 4.00000 4.00005
.0500000 4.99995 5.00000 5.00005
.0600000 5.99995 6.00000 6.00005
.0700000 6.99995 7.00000 7.00005
.0800000 7.99995 8.00000 8.00005
.0900000 8.99995 9.00000 9.00005
.1000000 9.99995 10.00000 10.00005
.1100000 10.99994 11.00000 11.00006
.1200000 11.99994 12.00000 12.00006
.1300000 12.99994 13.00000 13.00006
.1400000 13.99993 14.00000 14.00007
.1500000 14.99993 15.00000 15.00007
.1600000 15.99993 16.00000 16.00007
.1700000 16.99992 17.00000 17.00008
.1800000 17.99992 18.00000 18.00008
.1900000 18.99992 19.00000 19.00008
.2000000 19.99992 20.00000 | 20.00008

9. At the DC Voltage Standard, reverse the
polarity of the dc output voltage. For each of the
Voltage Divider settings in Table 4-5, verify a
negative UUT reading within the listed tolerances.

10. At the DC Voltage Standard, restore positive
polarity and adjust for Control Setting A.

I1.  Set the Voltage Divider controls for a ratio of
1.0000000.

12. On the UUT, verify a reading of +10.00000 +
.00001.

4-71. RANGE ADJUSTMENTS

4-72.  All adjustments and test points in the following
procedure are found on the DC Signal Conditioner.
References mentioned in this procedure can be typically
found on the top edge of the DC Signal Conditioner PCB
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and on the inside of the hinged module top. Only the
hinged module top need be opened to access all
adjustments and test points.

4-73. Use the following steps to adjust the 100 mV
range:

1. Verify that the UUT is set fordc volts, FILTER
annunciator off, sample setting 7, and ZERO
annunciator off.

2. Verify that the DC Voltage Standard is set for
Control Setting A.

3. Set the Voltage Divider controls for a ratio of
.0000000.

4. Onthe UUT, manually select the 100 mV range.
If required adjust R53 for 0 = .0002 (-3).

5. Set the Voltage Divider controls for a ratio of
.0200000.

6. On the UUT, adjust R49 for a front panel
display of +200.0000 (-3) = .0005.

4-74. Use the following procedure to adjust the IV
range:

1. On the UUT, select the |V range.

2. Set the Voltage Divider controls for ratio of
.20000000.

3. On the UUT, adjust R48 for a front panel
display of +2.000000 £ .000001.

4-75. Use the following procedure to check the 10V
range:

1. 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.

4-76. Use the following procedure to adjust the 100V
range:

1. Connect the equipment as shown in Figure 4-3.

2. On the UUT, select the 100V range.



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 100.0000V and adjust for a null on
the null meter.

5. On the UUT, adjust R47 for a front panel
display of +100.0000 £ .0001V.

4-77. Use the following procedure to check the 1000V
range:

[. On the UUT, select the 1000V range and slide
the rear panel Calibration switch to OFF. Verify
that the AVG/(CAL) annunciator is off.

2. Verify that the 100 volt setting on the Reference
Divider is still nulled.

3. Verify a UUT reading of 100.000 + .005.

4. Set the Reference Divider input and output
controls to 500 volts.

5. Set the DC Voltage Standard to approximately
500 volts, then adjust its output for a null on the null
meter.

6. The UUT should read 500.000 + .010.

7. Set the Reference Divider input and output
controls to 1000 volts.

8. Set the DC Voltage Standard to approximately
1000 volts, then adjust its output for a null on the
null meter.

9. The UUT should read 1000.000 % .014.

4-78. If no further hardware calibration is necessary,
verify that the Calibration mode is disabled (rear panel
switch off). Refer to Section 7 for software calibration
procedures.

4-79. TROUBLESHOGTING

4-80. Static discharge can damage components
contained in the UUT. The following precautions should
be observed during troubleshooting, repair, or module
replacement.

1. Never connect or disconnect modules or

components without first pushing the UUT Power
switch to OFF.

2. Perform all repairs at a static-free work station.
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3. Minimize handling of ICs 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 conductive foam or anti-static containers
to store replacement or removed ICs and pcb’s

7. Remove all plastic, vinyl, and styrofoam
products from the work area.

8. Do not slide static-sensitive devices over any
surface.

9. Use only anti-static type solder removal tools.

10. Use grounded tip soldering irons.

4-81. A procedure for isolating faulty modules is
contained in Table 4-6. It is important that the theory of
operation given in Secton 3 be read before attemping 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 isolated to the correct
module. Fauits in some modules may cause apparent
faults in other modules.

WARNING

A HAZARDOUS COMMON MODE VOLTAGE
MAY APPEAR ON THE OUTPUT CON-
NECTOR OF THE BIT SERIAL REMOTE
INTERFACE IF THE BUS INTERCONNECT
MONITOR BOARD IS INSTALLED AS A
REPLACEMENT FOR THE ISOLATOR. TO
AVOID THIS SHOCK HAZARD, REMOVE
THE BIT SERIAL REMOTE INTERFACE
BEFORE INSTALLING THE BUS INTER-
CONNECT MONITOR BOARD.

4-82. Figure 4-5 and Tables 4-6 through 4-11 contain
symptom analysis troubleshooting information for each
of the modules and pcb’s contained in the mainframe. The
possible failures are listed in order of probability.
Troubleshooting information for optional modules is
contained in Section 6.
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GUARDED SUPPLY

SYMPTOM POSSIBLE FAILURE

VA1 — BAD U3,BR2, or Transformer

(+15V). Noisy C3

VA2 — BAD U4,BR2, or Transformer

(-15V) Noisy C4

VA3 — BAD U1,CR3,BR1, Transformer

(+30V) Noisy C1

VA4 — BAD U2,CR4,BR1, Transformer

(-30V) Noisy c2

Vce (Guarded) U5,R5,R3,C5,CR1,CR2, Transformer

VA1 and VA2 are used as areference for VA3 and VA4. VA3 and VA4 could load down VA1 and
VA2. Check by lifting the reference diodes CR3 and CR4.

UNGUARDED SUPPLY

Voo (+12V) U6,C6,C9,C12,BR3, Transformer
Vaa (-12V) uU7,C13,C10,C7,BR3, Transformer
Vce (+5V) U8,R6,R4,C8,C14,C11,BR4, Transformer

The drawing below identifies test points on the Power Supply pcb. Input voltages to the
regulators should be approximately 5V higher than the normal output voltages. If the output is
higher or lower than specified and noise is not the problern, the regulator is bad.

TP7 (+12 Vob) TP9 (+5 Vcc)
UNGUARDED

TP8 (-12Vaa)

—-TP10 Logic Return Vss

FRONT

(&)
yA \ f
TP6 Analog Return (AR) \
TP5 -20V Logic Return (Vcc)

TP1 +30V (VA3)
TP4 -15V (VA2)

TP2 -30V (VA4)

GUARDED TP3 +15V (VA1)

Figure 4-5. Power Supply Troubleshooting
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Table 4-6. Faulty Module Isolation

Go to the step
number given
STEP ACTION for correct
NO. response
YES NO
1. Turn the power ON. The following should be displayed:
HI-Y.Y.Y.(Y=Program number) then
CXXXXXX (X = installed option number) then
0.000 (+.050 DC Volts, 1000V range, fast sample rate)
2. Is the display blank 6 3
3. Is the initial display other than HI-Y.Y.Y. 42 4
4. Is the reading other than 0.000 +.050 59 5
5. Are the first three displays normal? 78 2
DISPLAY BLANK AT POWER ON
6. Remove Isolator.
7. Turn power ON. Is HI-Y.Y.Y. displayed? 8 1
8. Is “CXXXX” (Interface Option) and then “ERROR 9” displayed? 9 11
9. Install interconnect-monitor in the Isolator slot. Is HI-Y.Y.Y, CXXXX,0000 displayed? 10 13
10. Bad Isolator. Go to Section 6 under Isolator.
11. Is the power indicator on? 17 12
12 Check the fuse. Is it bad (replace)? 1 17
13. Remove Cal Memory Chip and remote interfaces if installed. Is HI-Y.Y.Y displayed? 14 17
14, Replace Cal Memory Chip, Is HI-Y.Y.Y displayed? 16 15
15. Bad Cal Memory Chip. Replace EE ROM.
16. Bad Remote Interface.
17. Install the Interconnect-Monitor PCB in the Isolator slot.
18. Check power supply voltages as follows. Test DMM Common to VSS.
VDD = +11.4 to +12.6 VCC = +5.15t0 5.25
VGG =-11.4 t0 -12.6 LINE =13V ac to 17V ac
6.5V ac to 8.5V ac (at 100 or 120V ac), or
6.5V ac to 8.5V ac
(at 220 or 240V ac)
19. Are the power supplies within tolerance? 26 20
20. Remove all modules except the Front Panel.
21. Recheck power supplies. Within tolerance? 22 23
22. Replace modules one at a time (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 figure for that module.
23. Remove the front panel. Recheck supplies. Within tolerance? 25 24
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Table 4-6. Faulty Module isolation (cont)

Go to the step
number given

STEP ACTION for correct
NO. response
YES NO
24. Problem on power supply, motherboard, or power supply interconnect.
25. Bad Front Panel. Go to Figure 4-7.
26. Remove Cal Memory Chip and the remote interface if installed.
27. Check IC 6, 5, 1, 0 on interbus. All moving? 28 30
28. Check ACK line. Moving? 29 30
29. Check ID0-7. All moving? 32 30
30. Check Controller Sync Pulse at TP7. Moving? 33 31
31. Bad Controller. Go to Figure 4-6.
32. Bad Front Panel. Go to Figure 4-7.
33. Remove analog modules, leaving only Controller, Front Panel, and Interconnect. 34 35
Is the display normal?
34. Faulty Analog Module. Replace one at a time — last one in is the problem. Go to the
appropriate figure for that module.
35. Remove Front Panel, replace DC Signal Conditioner, Filter, A/D Converter.
36. Check IC lines, ACK line, ID lines. All moving? 38 37
37. Bad Controller. Go to Figure 4-6.
38. Bad Front Panel. Go to Figure 4-7.
INITIAL DISPLAY OTHER THAN (HI-Y.Y.Y.)

39. Remove Interconnect PCB (or Isolator if instalied).
40. Apply power. Is the display as follows? 41 44

HI-Y.Y.Y.

CXXXXXX

Error 9
41. Was the Isolator installed? 42 47
42. Install Interconnect-Monitor PCB in Isolator slot. Is display normal? 43 48
43. Bad Isolator. Go to Section 6.
44, Are Cal Memory Chip or remote interface installed? 45 47
45. Remove Cal Memory Chip and remote. Display normal? 46 47
46. Replace one at a time. (G0 to appropriate figure.
47. Install Interconnect-Monitor PCB.
48. Check for shorts between the IC and the ID lines. Shorts? 49 51
49. Remove all modules except Front Panel. Removed short? 50 57
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Table 4-6. Faulty Module Isolation (cont)
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Go to the step
number given
STEP ACTION for correct
NO. response
YES NO
50. Reinstall modules one at a time (start with Controller), checking for shorts between
modules. Last one in is the problem. Go to the figure for the appropriate module.
51. Are any of the IC, ID, or ACK lines always high or always low? 53 52
52. Remove all modules except Front Panel and Controller. IC and ID moving? 56 53
53. Remove Front Panel. Reinstall dc analog modules if removed.
54. Are the IC, ID, and ACK lines moving? 57 55
55. Bad Controller. Go to Figure 4-6.
56. Is the display normal? 58 57
57. Front Panel bad. Go to Figure 4-7.
58. Fauity Analog module. Replace one at a time until symptoms recur. Last one in is faulty.
Go to the figure for the appropriate module.
READING NOT ZERO AT TURN ON
59. Remove all optional modules (except Isolator if installed), leaving Controller, (Isolator),
DC Signal Conditioner, Filter, A/D, Front Panel.
60. Apply power. Is the reading zero? 61 62
61. Replace modules one at a time until reading is not zero. Last one in is the problem.
Go to Section 6.
62. Is the Isolator installed? 63 65
63. Replace Isolator with Interconnect-Monitor PCB. Is the reading zero? 64 65
64. Bad Isolator. Go to Section 6.
65. Install Interconnect Monitor if not already installed. Check supply voltages as follows.
Test DMM LO on AR (analog return).
VA1 = +14.25 to +15.75V VA4 = -29 to -32V
VA2 = -14.25 to -15.75V VCC =-15V  Difference must equal
VA3 = +29 to +32V VSS =-20V 4.9 to 5.2V
66. Supply voltages in tolerance? 70 67
67. Remove all modules except Front Panel. Supplies in tolerance? 69 68
68. Repair power supply. Go to Figure 4-5.
69. Replace modules one at a time, checking supplies between modules. Last one in is faulty.
Go to the appropriate figure.
70. Remove Filter module. CAL switch on. Select DC Volts, 1000V range.
71. Is the reading zero? 72 77
72. Replace Filter module; remove DC Signal Conditioner.
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Table 4-6. Faulty Module Isolation (cont)

Go to the step
number given
STEP ACTION for correct
NO. response
YES NO
73. Place a jumper (short) between RT2 and RT6.
74. Is the reading zero? 75 76
75. DC Signal Conditioner bad. Go to Figure 4-8.
76. Filter module bad. Go to Figure 4-9.
77. A/D converter bad. Go to Figure 4-10.
78. Do the Performance Tests earlier in this section.
79. Is the unit within the tolerances given? 80
80. Is the Cal Memory Chip installed? 81 83
81. Remove the Cal Memory Chip. Is the unit now within tolerance? 82 83
82. Faulty Cal Memory Chip.
83. Is the Isolator installed? 84 87
84. Replace Isolator with Interconnect-Monitor PCB.
85. Is unit within tolerance? 86 87
86. Bad Isolator. Go to Section 6.
87. Is the failure in DC Volts Performance Test? 89 88
88. Go to Section 6 for the appropriate faulty function.
89. Remove all optional modules, leaving Front Panel, Controller, DC Signal conditioner,
Active Filter, and A/D Converter.
90. Do the DC Volts Performance Test. Is the unit within tolerance? 91 92
91. Reinstall options one at atime, rechecking DC Volts tolerance. Last module installed when
unit becomes out of tolerance is faulty. Go to Section 6.
92. Check supply voltages according to the following chart.
VA1 = +14.25 to +15.75V VA4 = -29 to -32V
VA2 = -14.25 to -15.75V VCC =-15V  Difference = 4.9 to 5.2V
VA3 = +29 to +32V VSS = -20V
93. Are the supplies within tolerance? 97 94
94, Remove all modules except Controiler and Front Panel. Are the voitages correct? 95 96
95. Replace modules one at a time until the voltages go bad. Last one in is the problem.
Go to the appropriate figure.
96. Repair power supply. Go to Figure 4-5.
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Table 4-6. Faulty Module Isolation (cont)

Go to the step
number given

STEP ACTION for correct
NO. response
YES NO
97. 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 TEST DMM
RANGE DC SIG COND INPUT READING
100 mV X100 2mv 200 mV
100 mV X100 200 mV 20.0v
1V X10 125 mV 1.25V
1V X10 2V 20V
10V X1 Vv 1.0v
10V X1 19V 19.0V
100V +64X10 1.28V 200 mV
100V +64X10 128V 20.0v
1000V +64X1 64V 1.0V
1000V +64X1 960V 15.0V
98. Are the readings correct (noise or drift in the DC Signal Conditioner will show up on the
Test DMM readings)? 100 99
99. DC Signal Conditioner faulty. Go to Figure 4-8.
100. Connect Test DMM HI to RTS. Repeat table in step 97. The test DMM readings should
be the same.
101. Are the Test DMM readings the same? 103 102
102. Faulty Active Filter module. Go to Figure 4-9.
103. Faulty A/D Converter. Go to Figure 4-10.
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Table 4-7. Controller Troubleshooting

1.

Note

Due to the speed and complexity of the Controller, it is recommended that, when a problem is isolated to the
Controller, the unit be sent to the nearest Service Center for repair. 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 Controller, Front Panel and Power Supply installed. The most common
symptom of Controller failure is a blank display. Other symptoms include an improper display, a failure to read
switches or respond to external interrupts, or an initialization display (“CXXXXXX") improperly indicating all optional
modules present. The following checks verify basic Controller operation:

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: TP3 (VCC +5V)
TP5 (VBB -5V)
TP6 (VDD +12V)

If any of these voltages are more than 5% out of tolerance, proceed to “Power Supply Troubleshooting” in this
section.

2. Ifthe power supply checks good, verify the presence of the following signals in sequence. If asignal is present,
go on to the next check. If a signal is not present, the Controller may be faulty. Although probable fault causing
components or circuits may be mentioned, the Controller will probably require repair at a Service Center.

SYNC pulse at TP7
If no SYNC pulse, check @1 at U15-22; @2 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
DLDACK at TP2
Table 4-8. Front Panel Troubleshooting
SYMPTOM POSSIBLE FAILURE
No ACK Pulse U28, U19 (Address Decoders) U23 (Indirect F/F) U18,
U11, Q10 (ACK Circuit)
No Display (ACK Pulse Present) U18 (Kill Circuit)
No Response to Switch Pushes (Display Gocd) Switch Associated with Function U32, CR2-CR6 Open
Segment Bad in all LED's Check path from Latch 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 one LED Bad LED
Display gives wrong numbers, one LED brighter U11 (Reset to Indirect Address F/F, U23) Address
Decoder. (Problem is indicative of front panel responding
} to an invalid address)
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Table 4-9. DC Signal Conditioner Troubleshooting

8505A

SYMPTOM

POSSIBLE FAILURE

DC Inoperative all Ranges

Display Blanks

Locks in Overrange
Reading Drifts

Won't Zero

100 mV Range Bad

1V and 100V Range Bad
100V and 1000V Range Bad
Random Readings

Nonlinear Readings

Digital Control Logic Q8, Q6, Q7, Open K1, Q1, Q2 Open;

Q18, Q19, U3 Bad

Ut or U2

u3

U4; Q14, Q15, Q16 Leaky
U5 or U6

Q31, Q32, Q14

Q33, Q34, Q15

K2, Q3, Q4

K1 Open, K2 Shorted
Q16, Q15, Q14 Leaky

ADDRESS AND DATA FIELD

DC SIGNAL CONDITIONER ADDRESS: IC, IC3, IC0 = 1

GAIN CONTROL
ID3 ID2  GAIN
0 1 X100
1 0 X10
1 1 X1
INPUT CONFIGURATION CONTROL

D1 1D0
1 0
0 0
0 1

*Used for ohms and dc current measurements.

NOTE: If R54-R57,Q18, Q19 or Q22 are replaced it will be necessary to returnthe module to the factory (attn. PARTS)

to be temperature compensated anew.

INPUT FROM ATTENUATION
External +1
External +64

RT1* -1
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Table 4-10. Active Filter Troubleshooting

SYMPTOM

POSSIBLE FAILURE

High Zero Offset

DC Inoperative

Overrange

Noisy
All Ranges
Either Filter

Slow Filter (ON)
Fast Filter (OFF)
Nonlinear Readings

Display Blanks

Q32, Q25, Q19, Q20 Shorted

Q18 Open - Q21, Q22, Q23, Q24 Open Q27, U5 Digital
Logic

U5 - Q19, Q20 Shorted

Q25, Q32 Leaky - Q31, U5 Bad
Q21, Q22 Leaky - U4 Bad
Q23, Q24 Leaky - U3 Bad

us

U1 or U2

ADDRESS AND DATA FIELD

ADDRESS
IC4,IC3,&IC1 =1

DATA

IDO = Filter Bypass

ID1 =1 Slow Filter

ID2 = 1 Fast Filter

ID3 = 1 Filter - Always on except in Ext. Ref.
iD4 = 1 Ext. Ref. Lo

IDS = 1 Ext. Ref. Hi

1.

1.

2
3.
4
5

6.

Adjustment of R14

Short the UUT input terminals, and select 10V dc range.

2. Short RT6 to RT2 on the Bus Interconnect Monitor.

Selection of R15 or R16.

3. Adjust R14 for a reading of +.000000 +2 digits. (This requires that the A/D Converter is working accurately.)

If Q27 or U5 have been replaced, R15 and R16 will require reselection if adjustment of R14 does not zero the reading.

Only one of R15 and R16 will be installed. Replace whichever is installed with a short.

Connect the R15 short to the R16 short.

Short RT6 to RT2 on the Bus Interconnect Monitor.

Connect the test DMM HI to TP3 and LO to TP1 on the Active Filter module.

Select a resistor from the table below according to the measured offset. |f the polarity is postive, install the
resistor as R16; if negative as R15. (Maximum allowable offset in this step is 5200 uV.)

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 133.0K 289074
3601-4400 165.0K 376186
4401-5200 205.0K 375931

After installing the resistor, adjust R14.
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Table 4-11. R2 A/D Converter Troubleshooting

DIGITAL BOARD

SYMPTOM

Display Blanks

Improper Readings, Inoperative A/D, Nonlinear Readings

Flickering Display
Direct Address
IC4, 3, & 2 High

Indirect Address

IC2 & 1 High (and Ring Counter not in CO time period, CO = 0)

POSSIBLE FAILURE

U33, U34, U35 (Affecting ID Lines)

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

ID0 = 1 = Reset Counter

ID1 =1 = Auto Zero

ID2 = 0 = Buffer Input

ID2 = 1 = Remainder Input

ID3 =1 = Channel X (Auto Zero and remainders
1 and 3)

ID3 = 0 = Channel Y (Remainders 2 and 4)

This Indirect Address allows the ID7 enable to
bring back Polarity Bits to the Controller Module

ANALOG BOARD

First Check TP5 — Should be switching between + and -7V. Typical failures in this circuit result in a portion of the
switching slope 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
Overrange

Bad Remainders (Lesser Digits)
No Polarity Bit Returned
Shifty Readings (Most or all Digits)

NOTE: If U1, R9, R14-R16, R34, R35, R50-55, R67, Q1-Q3, Q11-Q16, Q25, or Q26 are replaced it will be necessary to
return the module to the factory (attn. PARTS) to be temperature compensated anew.

POSSIBLE FAILURE

U1, U2, U3

U4, Q9, Q10 (Q27)

FETS Q11-Q15 or Q17-Q21
U7, Q31, Q32

U4, Q9, U1, U2, U3, Q2, Q3

Q22, U4, U6
Q29, Q28

Autozero Settling Time Problems U8, Q30-Q8,
Q7
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4-83. Troubleshooting Notes

4-84. Latching errors are normally enabled, but are
afforded special treatment for troubleshooting purposes
when the Calibration mode is on. The following rules then

apply:

I. Latching errors are automatically enabled
whenever Calibration 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. If a 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).

CAUTION

Since latching errors may also identify an over
voltage condition (as with Error 4) discretion
must be used. Do not disable latching errors
during normal multimeter operation or during
calibration

4-85. If interaction between modules is a problem
during troubleshooting, use of either the Static Controller
or the Test Module could be helpful. With the Static
Controller, bus IC, ID, and handshake signals may be
applied separately to most analog and digital modules.
The Test Module may be used to either check or
troubleshoot the Controller module. Complete use
information and troubleshooting techniques are provided
with these test modules.

NOTE

Ground integrity within the multimeter is
maintained via one of the Power Supply
securing screws. If this screw is loose or
missing, noise problems can be encountered.
Viewing the multimeter from the rear, locate
the three buttonhead screws along the left side
of the heat sink. Verify that the middle screw is
tightly secured.

4-86. 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
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physically does not extend to the Isolator-Interconnect
slot. RT1 is accessible with the Monitor Board installed in
any of the first fourslots (J11A, B, C, or D). The output of
the optional Ohms Converter and Current Shunts
modules are on RTI.

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.

4-87. Care should be exercised when soldering on
multilayer printed circuit boards. Excessive heat can be
especially ruinous. Note the following considerations:

1. Excessive heat can cause unseen damage to
board laminations and through-hole plating.

2. Soldering tip temperatures above 700° F should
be avoided in all cases.

3. Whenever possible, alternate soldering tool
usage between divergent areas on a board.
Concentration of heat in any one area will, thereby,
be minimized.

4-88. Non-recurring Adjustments

4-89. Variable resistor R9 in the U3 Regulator circuit of
the Power Supply Assembly is set at the factory and
should not require additional adjustment. If any other
Power Supply components are replaced, use the
following procedure:

1. Connect a test DMM between -15V (VA2) and
ANALOG RETURN (AR) at TP4 and TP6
respectively.

2. Record the value of the reading.

3. Connect the test DMM between +15V (VAL
and AR at TP3 and TP6 respectively.

4. Adjust R9 until the test DMM reads within +
0.25V of the reading recorded in step 2 above.

5. Recheck the -15V and +I5V 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 |
through 4 until both values are within tolerance.
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Section 5
List of Replaceable Parts

TABLE OF CONTENTS
ASSEMBLY NAME DRAWING TABLE PAGE FIGURE PAGE
NO. NO. NO. NO.
Final Assembly 8505A-T&B 5-1 5-4 5-1 5-5
8505A-5001
A1l Front Panel Display PCB Assembly 8505A-4001T 5-2 5-7 5-2 5-8
A2 Motherboard PCB Assembly 8505A-4002T 5-3 59 53 5-10
A3 Isolator PCB Assembly (Option -08A) 8502A-4181T 5-4 5-11 5-4 5-12
A4 Power Supply PCB Assembly 8505A-4051T 5-5 5-13 5-5 5-14
A5 Power Supply Interconnect PCB Assembly 8505A-4004 5-6 5-16 5-6 5-16
A6 Controller PCB Assembly 8505A-4187T 5-7 5-17 5-7 5-18
A7 Front/Rear Switch PCB Assembly 8505A-4005T 5-8 5-19 5-8 5-20
A8 DC Signal Conditioner PCB Assembly 8505A-4100T 5-9 5-21 59 5-23
A9 Active Filter PCB Assembly MIS-4130T 5-10 5-24 5-10 5-25
A10 Fast R? A/D Converter PCB Assembly MIS-4140T 5-11 5-26 5-11 5-26
A10A1 A/D Analog PCB Assembly MIS-1740 5-12 5-27 5-12 5-29
A10A2 Fast R? A/D Digital PCB Assembly MIS-1741 5-13 5-30 5-13 5-31
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5-1. INTRODUCTION

5-2. This section contains an illustrated parts list for the
instrument. 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.

5-3. Parts lists include the following information:
1. Reference Designation
2. Description of each part
3. FLUKE Stock Number

4. Federal Supply Code for Manufacturers (See
Code-to-Name list at the end of this section)

5. Manufacturer’s Part Number

6. Total Quantity per assembly or component

5-4. HOW TO OBTAIN PARTS

5-5. Components may be ordered directly from the
manufacturer by using the manufacturer’s part number,
or from the John Fluke Mfg. Co., Inc. factory or
authorized representative by using the FLUKE STOCK
NUMBER. In the event the part you order has been
replaced 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.

5-2

1. Quantity

2. FLUKE Stock Number

3. Deseription

4. Reference Designation

5. Printed Circuit Board Part Number

6. Instrument Model and Serial Number

CAUTION
*
Indicated devices are subject to damage by
static discharge.

5-7. Parts price information is available from the John
Fluke Mfg. Co., Inc. or its representative. Prices are also
available in a Fluke Replacement Parts Catalog, which is
available upon request.

5-8. MANUAL STATUS INFORMATION

5-9. The following Manual Status Information table
defines assembly revision levels documented in this
manual. To identify the configuration of the pcb’s used in
your instrument, refer to the revision letter (marked in
ink) on the component side of the pcb.

5-10. TECHNICAL SERVICE CENTERS
5-11.  Alist of technical service centers is included at the
end of this section.



Manual Status Information

8505A

REF

OR ASSEMBLY F;'::TE X = The PCA revision levels documented In this manual.
OPTION NAME NO.

NO. A(B|C|D|E|F|G|H K{L|M|N|O|P|Q]|R(S|T|U|V X1Y|Z

A1 Front Panel Display PCB Assy | 656637

A2 Motherboard PCB Assy 639385 X

A3 Isolator PCB Assy 486415 X

Ad Power Supply PCB Assy 639526 X

A5 Eg\fée;r\ SSSL;ppIy Interconnect 645960 X

A8 Controller PCB Assy 735696

A7 Front/Rear Switch PCB Assy 646281 X

A8 DCBS'i&;snsaJ Conditioner 646307

A9 Active Filter PCB Assy 383976 X
A10A1 | A/D Analog PCB Assy 383984 X
A10A2 | A/D Digital PCB Assy 383760 X
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REFERENCE
DESIGNATOR
-A>-NUMERICS--~-> S
A 1 *
A 2 *
A 3 *
A 4 *
A 5 *
A 6 *
A 7 *
A 8 *
A 9 *
A 10 *
C 1, 2
CR 1, 2
H 1
H 2
H 3
H 4
H 5
H 6
H 7
H 8
H 9
H 10
H 11
H 12
H 13
H 14
H 15
H 16
H 17
J 2, 5
MP 1
MP 2
MP 3
MP 4
MP 5
MP 6
MP 7
MP 8
MP 9
MP 10
MP 11
MP 12
MP 13
MP 14
MP 15
MP 16
MP 17
MP 18
MP 19
MP 20
MP 21
MP 22
MP 23
MP 24
MpP 25
MP 26 *
MP 27
MP 28
MP 29
MP 30
MP 31
MP 32
MP 33 *
MP 34
MP 35
MP 36
MP 37
Mp 38
MP 39
An *

Table 5-1, 8505A Final Assembly
(See Figure 5-1.)

FRONT PANEL DISPLAY PCB ASSEMBLY
MOTHER BOARD PCB ASSEMBLY
ISOLATOR PCB ASSEMBLY

POWER SUPPLY PCB ASSEMBLY

POWER SUPPLY INTERCONNECT PCB
CONTROLLER PCB ASSEMBLY
FRONT/REAR SWITCH PCB ASSEMBLY

DC SIGNAL CONDITIONER PCB ASSEMBLY
ACTIVE FILTER ASSY.

FAST R2 A/D CONVERTER PCB ASSSEMBLY
CAP,CER, 360PF,+-5%, 50V, COG
VARISTOR, 33V, +-10%,1.0MA

WASHER, LOCK, INTRNL, STL, .2671ID
SCREW, PH, P, SS, LOCK, 6-32, .437
SCREW, PH, P, STL, LOCK, 6-32, .250
SCREW, PH, P, SEMS, STL, 6-32, .250
SCREW, PH, P, STL, LOCK, 6-32, .312
SCREW, PH, P, STL, SEMS, 8-32, .375
SCREW, CAP, SCKT, SS,8-32, .375
SCREW, FH, P, STL, LOCK, 8-32, .375
SCREW, PH, P, STL, LOCK, 8-32, .625
SCREW, FH, P, STL, LOCK, 8-32, .437
WASHER, LOCK, INTRNL, STL, .512ID
NUT, HEX,BR,1/4-28

SCREW, FH, P, STL, LOCK, 6-32, .500
WASHER, LOCK, INTRNL, STL, .150ID
NUT, HEX,MINI, SS, 6-32

SCREW, PH, P, STL, LOCK, 4-40, .187
SCREW, FHU, P, $S, LOCK, 6-32, .250
CONN, COAX, BNC (F) , PANEL

PLASTIC PART,HOLE PLUG, POLYETH, .312
DECAL, FRONT PANEL

NAMEPIATE, SERIAL -REAR PANEL-
FRONT PANEL PH2

REAR, PANEL SCREENED PH2
ASSY,CHASSIS.RH PH2

ASSY,LH CHASSIS,PH2

BULKHEAD

ASSY,CENTER BULKHEAD

TERM, RING 1/4 & 1/32,SOLDR
LENS,DISPLAY

BOTTOM COVER

MODULE GUIDE LATCH

PUSH ROD MOLDED

MODULE GUIDE MOLDED

BUTTON, HOT STAMPED-REAR INPUT IN
MOLDED FRONT PANEL

BUTTON, HOT STAMPED 4T-OHM IN
BUTTON, HOT STAMPED-EXT GD IN

I/0 BEZEL

FOOT,MODIFIED

COVER, REAR INPUT

CORNER HANDLE, FRONT 4.25 IN, DK UMBER
CORNER, PLASTIC 4.25 IN, DK UMBER
FOOT, SINGLE BAIL TYPE (DARK UMBER)
BAIL, INSTRUMENT

BUTTON, POWER SWITCH

BINDING POST HEAD, PLATED

BINDING POST, METAL, PLATED
SHIELD, BOTTOM COVER

CABLE ACCESSORY,CLAMP,ADHESIVE, NYLON
DECAL, POWER SUPPLY

SHIELD, MOTHER BOARD-HDWR

TOP COVER

DECAL, REAR CORNER

SIDE TRIM-15"

DECAL, FRONT CORNER, DARK UMBER
CONN, RECT, CABLE, PLUG, 20 POS

DECAL CSA

in s~

FLUKE
STOCK

639419
639385
716365
683946
645960
660563
646281
660712
716316
716324
528471
485391
110817
362954
152140
178533
152157
436030
295105
114116
114983
306159
641381
110619
114397
110338
110569
129882
320093
386888
187799
640367
472795
857941
857953
857933
857938
645887
656652
102566
659565
646182
646232
646216
646224
660399
646240
660373
660381
416206
645945
823245
656165
656215
653923
707877
401646
225615
225623
660258
838300
659649
660282
646174
685222
525980
659219
369231
525527

N
MFRS  MANUFACTURERS 0
SPLY PART NUMBER TOT T
—CODE- ~OR GENERIC TYPE~=———- QTY- -E~-
89536 639419 1
89536 639385 1
89536 486415 1
89536 639526 1
89536 645960 1
89536 638544 1
89536 646281 1
89536 646307 1
89536 383976 1
89536 383984 1
04222 SR215A361JAA 2
$3385 SNR-D33K1 2
COMMERCIAL 1
COMMERCIAL 6
COMMERCIAL 2
COMMERCIAL 27
COMMERCIAL 8
COMMERCIAL 2
COMMERCIAL 4
COMMERCIAL 8
COMMERCIAL 4
COMMERCIAL 6
COMMERCIAL 4q
COMMERCIAL 1
COMMERCIAL 4
COMMERCIAL 12
COMMERCIAL 4
COMMERCIAL 4
COMMERCIAL 12
91836 KC-79-67 2
82240 B-2328 2
89536 640367 1
89536 472795 1
89536 857941 1
89536 857953 1
89536 857933 1
89536 857938 1
89536 645887 1
89536 656652 1
79963 813 1
89536 659565 1
89536 646182 1
89536 646232 20
89536 646216 3
89536 646224 20
89536 660399 1
89536 646240 1
89536 660373 1
89536 660381 1
89536 416206 1
89536 645945 4
89536 823245 1
89536 656165 2
89536 656215 2
89536 653923 4
89536 707877 2
89536 401646 1
89536 225615 1
89536 225623 1
89536 660258 1
06915 MWSSEB-1-01A 1
89536 659649 1
89536 660282 1
89536 646174 1
89536 685222 2
89536 525980 2
89536 659219 2
91662 00-8016-020-000-803 1
22678 525527 1

column indicates a static-sensitive part.
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Table 5-1. 8505A Final Assembly (cont.)

N
REFERENCE FLUKE MFRS MANUFACTURERS 0
DESIGNATOR STOCK SPLY PART NUMBER TOT T
~A>-NUMERICS~-~==~> S---c-cc-———-w- DESCRIPTION-=—=~===—ce—eme —— NO-- -CODE- -OR GENERIC TYPE----- QTY- -E-
MP 40 FACTORY MUTUAL DECAL 524611 89536 524611 1
™ 1 8505A INSTRUCTION MANUAL 638841 89536 638841 1
™ 2 GETTING STARTED MANUAL 745448 89536 745448 1
™ 3 8505A/8506A REFERENCE GUIDE 684357 89536 684357 1
W 1 * BNC ASSY SCAN ADV 651810 89536 651810 1
W 2 * BNC ASSY EXT TRIG 651802 89536 651802 1
W 3 LANYARD, REAR INPUT CONN. COVER 842989 89536 842989 1
W 4 CORD, LINE, 5-15/1IEC, 3-18AWG, SVT 284174 70903 17239 1

An * in ’S’ column indicates a static-sensitive part.
=
H9

CAUTION
SUBJECT TO DAMAGE BY
STATIC ELECTRICITY

MP29
(2

8505A
T& B

Figure 5-1. 8505A Final Assembly



9-S

(1uod) A|lquiessy [eul4 Y5058 “L-S 8anBid

zr) HO

MP5
,H16 2pC H4zm

< 2 MP20
B MP3 . /
SN H4 «Pic MP28 J2,J52°c
\ 5 Ve 2 MPA src MP15. K )i’ ///H44c . 7//
sPL HE A5 HS eric A 2 RN &
MP7 P RN ¢ :
\<H4 Hi4erec & > R

MP21 <rec
\_H3 2rc

\ % H10 crc
MP24 z2rmc

2nc H14
. 2 H5 }
MP26 ok "
ane MP31
MP25 apic
MP16 anc H14 'JgRsz:m
4 PLC H1 5 .
MP14 H1, MP10, H12 e,
[o2] C1 y C2
8 (REF)
2 (@ uSAynoN
1 SUBJECT TO DAMAGE BY
§ STATIC ELECTRICITY

vS0S8




8505A

Table 5-2. Al Front Panel Display PCB Assembly
(See Figure 5-2.)

N
REFERENCE FLUKE MFRS MANUFACTURERS 0
DESIGNATOR STOCK SPLY PART NUMBER TOT T
=A>-NUMERICS====> S———mese—mmee DESCRIPTION===—===mmme e NO-- -CODE- -OR GENERIC TYPE-~--— QTY~- -E-
C 1 CAP,CER,0,22UF, +-20%, 50V, 25U 309849 04222 SR215E224MAA 1
C 2, 4 CAP,AL, 47UF, +75-20%, 25V 655191 62643 SM25T470M13X31LL 2
C 3 CAP,CER,1200PF, +-20%, 100V, X7R 816223 04222 SRO71C122MAA 1
CR 1- 6 * DIODE, SI,BV=75V,I10=150MA, 5S00MW 203323 15818 1N4448 6
CR 7 LED, GREEN, RECTANGULAR, PCB MOUNT 650879 58361 MV54124 1
E 1, 2 TERM, UNINSUL, FEEDTHRU, HOLE, TURRET 179283 88245 2010B-5 2
F 1 FUSE, .25X1.25,1.5A, 250V, FAST 739888 75915 31201.5 1
F 2 WIRE,MAGNET, 36H,130C, NYLEZE 160978 89536 160978 1
H 1 NUT, HEX, BR, 8-32 631614 COMMERCIAL 10
H 2 SCREW, PH, P, STL, LOCK, 6-32, .250 152140 COMMERCIAL 6
J 1, 2 BINDING-POST-ASSY-BR-RED 637843 89536 637843 2
J 3, 4 BINDING-POST-ASSY-BR-BLK 637850 89536 637850 2
J 5 BINDING-POST-ASSY-BR-BLU 637876 89536 637876 1
MP 1- 5, 10- PUSHBUTTON-SQUARE~, WHITE 406744 89536 406744 14 1
MP 14, 20- 23 406744
MP 7, 24- 27 PUSHBUTTON-SQUARE-, LIGHT PUTTY GREY 401307 89536 401307 5 1
Mp 8, 9 PUSHBUTTON-SQUARE, YELLOW 419937 89536 419937 2 1
MP 16- 18 PUSHBUTTON-SQUARE-, DARK PUTTY GREY 406728 89536 406728 3 1
MP 19 PUSHBUTTON-SQUARE-, LIGHT BLUE 406736 89536 406736 1 1
MP 28 SPACER L.E.D 541284 89536 541284 1
MP 29 CAP,FUSE 683995 89536 683995 1
MP 30 INSULATOR, BINDING POST, MODIFIED 449363 89536 449363 1
MP 31 SPACER, RND, PLASTIC, .5001ID, .062 484832 89536 484832 1
MP 32 DISPLAY SHIELD 646166 89536 646166 1
MP 33 SPACER, SWAGED, .250 RND, BR, 6-32, .500 284380 9W423 9537B-B-0632 5
Q 1 * TRANSISTOR, SI,NPN, SMALL SIGNAL 330803 04713 MPS6560 1
Q 2- 8 * TRANSISTOR, SI,PNP,SMALL SIGNAL 340026 65940 MPS6563 7
Q 10 * TRANSISTOR, SI,PNP,SMALL SIGNAL 226290 04713 MPS3640 1
R 1 RES,CF, 62, +~5%,0.25W 441634 59124 CFl1-4 620 J B 1
R 2, 6 RES,CF, 200, +-5%,0,25W 441451 59124 CF1-4 201 J B 2
R 3 RES,CF, 100K, +-5%, 0. 25W 348920 59124 CFl1-4 104 J B 1
R 4 RES,CF, 150, +-5%,0.25W 343442 59124 CFl1-4 151 0 B 1
R 5 RES,CF,4.7K,+-5%,0.25W 348821 59124 CFl1-4 472 J B 1
R 8 RES,CC, 10M, +-5%,0.25W 194944 01121 CB1065 1
S - 5, 7- SWITCH, MODIFIED ITT/SHADOW 860064 89536 860064 25
S 14, 16- 27 860064
U 1, 21, 25 * IC,ARRAY,7 TRANS,NPN, COMMOM EMITTER 407866 56289 ULN2081A 3
U 2 * IC,CMOS,HEX INVERTER 404681 04713 MC14093BCP 1
U 3, 27, 31 * IC,CMOS,HEX D F/F,+EDG TRG,W/RESET 404509 27014 MM74C174N 3
U 4, 12 DIODE, LED,RED, +/~1 OVERFLOW 504787 28480 5082-7656-QPT-S02 2
U 5- 10, 13, LED,RED,7 SEGMENT,NUMERIC 418012 28480 QDSP-3836 8
U 34 418012
U 11 * IC,CMOS,QUAD 2 INPUT NAND GATE 355198 04713 MC14011UBCP 1
U 14, 24, 26 LED,RED, 10 SEGMENT,BAR GRAPH 685370 58361 MV57164 3
U 16, 22, 23 * IC,CMOS,DUAL D F/F,+EDG TRIG 340117 04713 MC14013BCP 3
U 17, 20 RES, CERM, DIP,14 PIN,7 RES,60,+-5% 344069 89536 344069 2
U 18 * IC,CMOS,RETRIG/RESET MULTIVIBRATOR 393512 34371 CD4098BE 1
U 19 * IC,CMOS,DUAL 4 INPUT NAND GATE 355206 04713 MC14012BCP 1
U 28 * IC,CMOS,TRIPLE 3 INPUT NAND GATE 375147 04713 MC14023UBCP 1
U 29, 30 RES,CERM,DIP,16 PIN,8 RES,1K,+-5% 358119 91637 MDP16-03-102J 2
1) 32 * IC,CMOS,HEX BUFFER W/3-STATE OUTPUT 407759 04713 MC14503BCP 1
U 33 RES,CERM,DIP, 14 PIN,7 RES,4.7K, +-5% 386961 91637 MDP14-03-472J 1
W 1, 5 WIRE, TEF,UL1180, 26AWG, STRN, BLK 200766 89536 200766 2
W 2 WIRE, TEF,UL1180, 26AWG, STRN, RED 170217 89536 170217 1
W 3 WIRE, TEF,UL1180, 26AWG, STRN, ORN 200733 89536 200733 1
W 4 WIRE, TEF,UL1180, 26AWG, STRN, WHT 166991 89536 166991 1
XF 1 HLDR, FUSE,1/4 X 1-1/4,PNL MT 435628 61935 FER 1

An * in ’S’ column indicates a static-sensitive part.

NOTES:

NOTE 1 = Parts are installed on corresponcing "S" reference designators in Figure 5-2.
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Figure 5-2. A1 Front Panel Display PCB Assembly
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Table 5-3. A2 Motherboard PCB Assembly
(See Figure 5-3.)

N
REFERENCE FLUKE MFRS MANUFACTURERS 0
DESIGNATOR STOCK SPLY PART NUMBER TOT T
~A>-NUMERICS--—=> S-mm=mmee—mcea DESCRIPTION-=-=m==mmm=—m= —= NO-- ~CODE- —-OR GENERIC TYPE--——- QTY- -E-
H 1 SPACER, SWAGED, .250 RND, BR, 4-40, .070 343996 9W423 9533B-B0440 2

H 2 SPACER, SWAGED, . 250 RND, BR, 6-32, .187 351882 9W423 9533B-B-0632 3

J 1, 14, 17 CONN, PWB EDGE, REC, .150CTR,8 POS 354951 00779 583407-5 3

J 2 CONN,