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WARRANTY

Fluke Corporation (Fluke) warrants this product to be free from defects in material and workmanship
under normal use and service for a period of 1 year from date of shipment. Software is warranted to
operate in accordance with its programmed instructions on appropriate Fluke products. It is not
warranted to be error free. This warranty extends only to the original purchaser and shall not apply
to fuses, computer media, batteries or any product which, in Fluke’s sole opinion, has been subject
to misuse, alteration, abuse or abnormal conditions of operation or handling.

Fluke’s obligation under this warranty is limited to repair or replacement of a product which is returned
to an authorized service center within the warranty period and is determined, upon examination by
Fluke, to be defective, If Fluke determines that the defect or malfunction has been caused by misuse,
alteration, abuse, or abnormal conditions of operation or handling, Fluke will repair the product and
bill the purchaser for the reasonable cost of repair. If the product is not covered by this warranty, Fluke
will, if requested by purchaser, submit an estimate of the repair costs before work is started.

To obtain repair service under this warranty purchaser must forward the product, (transportation
prepaid) and a description of the malfunction to the nearest Fluke Service Center. The product shall
be repaired at the Service Center or at the factory, at Fluke’s option, and returned to purchaser,
transportation prepaid. The product should be shipped in the original packing carton or a rigid
container padded with at least four inches of shock absorbing material. FLUKE ASSUMES NO RISK
FOR IN-TRANSIT DAMAGE.

THE FOREGOING WARRANTY IS PURCHASER’S SOLE AND EXCLUSIVE REMEDY AND IS IN
LIEUOF ALLOTHER WARRANTIES, EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO
ANY IMPLIED WARRANTY OF MERCHANTABILITY, OR FITNESS FOR ANY PARTICULAR
PURPOSE OR USE. FLUKE SHALL NOT BE LIABLE FOR ANY SPECIAL, INDIRECT, INCIDEN-
TAL, OR CONSEQUENTIAL DAMAGES OR LOSS WHETHER IN CONTRACT, TORT, OR
OTHERWISE.

CLAIMS

Immediately upon arrival, purchaser shall check the packing container against the enclosed packing
list and shall, within thirty (30) days of arrival, give Fluke notice of shortages or any nonconformity with
the terms of the order. If purchaser fails to give notice, the delivery shall be deemed to conform with
the terms of the order.

The purchaser assumes all risk of loss or damage to products upon delivery by Fluke to the carrier.
If a product is damaged in transit, PURCHASER MUST FILE ALL CLAIMS FOR DAMAGE WITH THE
CARRIER to obtain compensation. Upon request by purchaser, Fluke will submit an estimate of the
cost to repair shipment damage.

Fluke will be happy to answer all questions to enhance the use of this product. Please address your
requests or correspondence to: Fluke Corporation, P.O. Box 9090, Everett, WA 98206-9090, Attn:
Sales Department. For European Customers: Fluke Europe B.V., P.O. Box 1186, 5602 B.D.,
Eindhoven, The Netherlands.
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OPERATOR SAFETY
SUMMARY

WARNING

HIGH VOLTAGE

is used in the operation of this equipment

LETHAL VOLTAGE

MAY BE PRESENT ON THE TERMINALS. OBSERVE ALL SAFETY PRECAUTIONS!

TO AVOID ELECTRICAL SHOCK HAZARD, THE OPERATOR SHOULD NOT
ELECTRICALLY CONTACT THE OUTPUT HI OR SENSE HI BINDING POSTS.
DURING OPERATION, LETHAL VOLTAGES OF UP TO 1100V AC ORDC MAY
BE PRESENT ON THESE TERMINALS.

WHENEVER THE NATURE OF THE OPERATION PERMITS, KEEP ONE HAND
AWAY FROM EQUIPMENT TO REDUCE THE HAZARD OF CURRENT FLOW-
ING THROUGH VITAL ORGANS OF THE BODY.
SAFETY TERMS IN THIS MANUAL
This instrument has been designed and tested in accordance with IEC Publication 348, Safety Requirements for
Electronic Measuring Apparatus. This Operator Manual contains information, warnings, and cautions that must
be followed to ensure safe operation and to maintain the 5100B in a safe condition. Use of this equipment in a
manner not specified herein may impair the protection provided by the equipment.

WARNING statements identify conditions or practices that could result in personal injury or loss of life.

CAUTION statements identify conditions or practices that could result in damage to equipment.
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SAFETY

SYMBOLS MARKED ON EQUIPMENT

6 DANGER — High voltage | Power on
J___— Ground (earth) terminal O Power off

A Attention — refer to the manual. This symbol
indicates that information about the use of a
feature is contained in the manual.

POWER SOURCE

The 5100B is intended to operate from a power source that will not apply more than 264V ac rms between the
supply conductors or between either supply conductor and ground. A protective ground connection by way of
the grounding conductor in the power cord is essential for safe operation.

USE THE PROPER FUSE

To avoid fire hazard, use only a fuse specified on the line voltage selection switch label, and which is identical
in type, voltage rating, and current rating. Never bypass a fuse by shorting across the fuse terminals.

GROUNDING THE 5100B

The 5100B is a Safety Class I (grounded enclosure) instrument as defined in IEC 348. The enclosure is grounded
through the grounding conductor of the power cord. To avoid electrical shock, plug the power cord into a
properly wired earth grounded receptacle before connecting anything to any of the binding posts, terminals, or
connectors. A protective ground connection by way of the grounding conductor in the power cord is essential
for safe operation.

USE THE PROPER POWER CORD

Use only the power cord and connector appropriate for proper operation of a 5100B Series in your country.
Use only a power cord that is in good condition.

Refer cord and connector changes to qualified service personnel.

DO NOT OPERATE IN EXPLOSIVE ATMOSPHERES

To avoid explosion, do not operate the 5100B in an atmosphere of explosive gas.

DO NOT REMOVE COVER

To avoid personal injury, do not remove the 5100B cover. Do not operate the 5100B without the cover properly
installed. There are no user-serviceable partsinside the 5100B, so there is no need for the operator to ever remove
the cover.

DO NOT ATTEMPT TO OPERATE IF PROTECTION MAY BE IMPAIRED

If the 5100B appears damaged or operates abnormally, protection may be impaired. Do not attempt to operate
it. When in doubt, have the instrument serviced.
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1-1. INTRODUCTION

1-2. The microprocessor controlied 5100 Series B
Calibrator outputs are programmable from the Front
Panel or through an optional remote interface, througha
wide range of DC voltages and current; AC voltages,
current and dBm; and resistance. Connections on the
Front Panel include terminals for output, sense, voltage
guard, and current guard. A chassis binding post is
available on the rear panel. Available on the Front Panel
is a dedicated BNC output connector for use with the
Wideband Option -03 which extends the frequency range
of the instrument. The connector is installed in all
instruments, allowing addition of the option at some later
date, if desired.

1-3.  The output can be modified using the Front Panel
Error Mode controls or through an optional remote
interface. This allows the operator, in all outputs except
frequency, to modify the output and read the deviation
from the base in percentage or digits on the Front Panel
or the remote device. Frequency can be modified to step
through the entire range of the meter under test with
minimum amount of reprogramming by the operator.

1-4. The 5100 Series has three models of calibrators.
The basic model is the 5100B which has all the features
listed above. The Model 5101B has all the features of the
5100B plus an integral storage system consisting of a
memory and tape cassette which allows the operator to
enter or record a program to step the calibrator through a
predetermined sequence. The 5102B is electronically
identical to the 5100B with the addition of an
environmental, element-resistant, fiberglass case plus all-
position relays for operation at any angle. This permits
safer and easier transport plus the ability to operate in any
position.

5100 Series B

Section 1

Introduction & Specifications

1-5. Data (paragraphs, tables, or figures) pertaining to
only a portion of the series, and not the entire series, is
marked by following the title of the applicable item with a
descriptive notation enclosed in parentheses. Instruments
containing a storage memory and tape system, e.g., 5101B
are identified by the notation (Storage Only). Those with
the element-resistant case, e.g., 5102B, are identified by
the notation (Fiberglass Case Only).

1-6. The 5100 Series B instruments are an extension of
the preceding 5100 Series A instruments. They have all
the capabilities of the ”A* Series plus the following added
features: the instrument now has the capability to output
up to 1100V ac at 50 Hz through 1 kHz as opposed to the
400 Hz only, in the "A* Series. The boost capability has
been activated allowing the ”B“ Series to slave power
and/or current amplifiers to extend its limits. Special
handling and equipment are no longer required to
calibrate VOM's with a non-linear input impedance.

1-7. BASIC CALIBRATOR
1-8. Series Common Features

1-9.  All models of the calibrator can provide dc voltage
outputs from 0 to 1100 volts on six ranges with
resolutions ranging from 0.1 microvolts to 10 millivolts.
Direct current outputs are available from 10 microamps
to 2 amps on five ranges with resolution between 1
nanoamp and 10 microamps.

1-10. AC voltage outputs between 1 millivolt and 1100
volts are available from the 50 Hz minumum frequency
up to 1 kHz. From that point the maximum voltage
available is 110 volts up to 20 kHz, dropping to a 20 volt
maximum from 30 kHz to 50 kHz. Six ranges are
available for ac voltage outputs with resolution varying
from 0.1 microvolt to 10 millivolts. Five alternating
current ranges control output from 10 microamps to 2
amps at frequencies of 50 Hz to 1 kHz, with resolution
between | nanoamp and 10 milliamps.

1-1
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1-11. Allinstruments in the series have the capability to
extend their voltage (power) and current limits through
the BOOST Function using the Y5000 Interface
Accessory and selected external amplifiers. Loads up to
200 mA can be handled when a Fluke Model
5202A/5215A is connected through the interface
accessory and the applicable cable. Output currents up to
+19.9999A are available when a Fluke Model 5220A is
connected through the interface and the applicable cable.

1-12. Resistance outputs at the cardinal values from 1
ohm to 10 Megohms are available. The outputs from 1
ohm to 10 kilohm have a four-terminal measurement
capability. The 100 kilohm, 1 Megohm, and 10 Megohm
outputs use two-terminal measurements with the
OUTPUT HI and SENSE HI, and OUTPUT LO and
SENSE LO terminals, respectively, connected internally.

1-13. Modification of the output to measure the
deviation in a percent of error figure is displayed foreach
change of the output from the base. The frequency may be
altered for AC outputs to cover a range of frequencies;
however, there is no percent of error display. The
modifications can be programmed from either the Front
Panel or a remote source.

1-14. Storage System Models

1-15. The storage system consists of a storage memory
and a mini-cassette type system. The storage memory
holds up to 74 separate fixed length instructions. Any
field not filled when an instruction is created is filled with
the default condition; i.e., either the allowable maximum
or minimum, as applicable. Data stored in the memory to
form a test program for an instrument, or instruments,
may be read out, as desired, or transferred, through the
use of the integral tape system, to a tape for permanent
record. The storage memory may be loaded from a
prerecorded tape through the tape system to perform a
standard calibration procedure. A program must be
loaded into the storage memory to be run, the instrument
is not able to operate directly from the prerecorded tape.
A printed listing of the program or the data from the step
in progress can be obtained from storage system models
equipped with an optional remote interface. Use a printer
that is compatible with the interface you are using.

CAUTION

Tapes used must be certified digital mini-
cassettes that conform with ANSI| standard
X3B5/77-49. Audio quality tapes will not give
acceptable results.

1-16. Element Resistant Models

1-17. The environmental, element-resistant case is a
fiberglass shell with removable front and rear covers. The
case has handles to provide ease of transportation and
seals on the case openings to resist entrance of the
elements when the case is closed. The covers must be
removed to operate the system. The only change in
internal circuitry is the substitution of all-position relays
so that the instrument can be operated while sitting at any
angle. Operation of the instrument is identical with the
standard instrument.

1-18. OPTIONS
1-19. Analog Options

1-20. The Wideband Option (-03) allows outputs of 300
wV (-57.5dBm) to 3.1623V rms (+23 dBm) at frequencies
from 10 Hz to 10 MHz into a load impedance of 50 ohms.
The output impedance is 50 ohms and 50 ohm coaxial
cable should be used to transfer the output signal.

1-21. Interface Options

1-22. Two system interface options are available for the
5100 Series. Option -05 interfaces the instrument to the
IEEE 488-1975 Bus System. Option -06 interfaces the
instrument to a system using a RS-232-C Interface. Only
one of the interface options can be installed at a time;
however, they are easily exchanged with a minimum of
operator training and time.

1-23. Boost Mode Accessories

1-24. The Boost Mode of Operation permits the
operator to slave the Fluke Model 5205A/5215A and/or
the Fluke Model 5220A to a 5100 Series Calibrator to
extend the power and/or current capabilities of the
instrument. Required are the Y5000 Interface and the
applicable dedicated cable assembly, Y5001 to the Model
5205A/5215A, or Y5002 to the Model 5220A. Operation
of the Models 5205A and 5215A is the same except that
DC voltage outputs cannot be obtained from the Model
S5215A.

1-25. SPECIFICATIONS
1-26. Summarized Specifications

1-27. Table 1-1 summarizes the 5100 Series accuracy
specifications when they are used in a typical meter
calibration service. The tolerances in the table are valid
provided the ambient temperature is between 20 degrees
and 30 degrees Celsius, the relative humidity is less than
85%, and the input line voltage is within 10% of nominal.
In addition, they are applicable only when the instrument
being calibrated is an analog voltmeter with more than



1000 ohms/volt sensitivities, a TVM or DVM with
greater than 1| Megohm input impedance, or analog or
digital ammeter with less than I volt total voltage drop.

1-28. Complete Specifications

1-29. The complete specifications for the 5100 Series
Calibrators are listed in Table 1-2 through 1-9, with each

5100 Series B

table covering a specific portion of the specification.
Refer to Table 1-2 for detailed listing on DC volts; Table
1-3 for AC volts; Table 1-4 for Current, both direct and
alternating; Table 1-5 for Resistance; Table 1-6 for the
Wideband Option -03; Table 1-7, for the General
Specifications, including environmental information;
Table 1-8, for combined use with a Model 5205A/5215A
and Table 1-9, with a Model 5220A.

Table 1-1. Summarized Specifications

Direct Current

Alternating Current

Resistance

(Up to 110V)

10 kHz — 20 kHz (Up to
110V)

20 kHz — 50 kHz (Up to
19.9999V)

All

50 Hz — 1 kHz
(All ranges)

Four terminal
1 ohm
10 ohm
100 ohm, 1 kilohm,
10 kilohm

Two terminal
100 kilohm
1 Megohm
10 Megohm

ACCURACY
PROGRAMMED OUTPUT RANGE +/— (% OF OUTPUT +
% OF RANGE + FLOOR)

DC Voltage All .004 +.001 + 5uv
AC Voltage 50 Hz — 1 kHz
(All ranges)

. +.
1 KHz — 10 kHz 035 +.005 + 50 uVv

.06 +.008 + 50 uvV

015 +.002 +.02 uA
(.05 +.005) +.02 uA

.015%
.01%
.003%

.003%
.01%
.03%
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Table 1-2. DC Volts Specifications

DC Volts
RIPPLE AND NOISE
(10 Hz to 3 kHz) ACCURACY
RANGE RESOLUTION “é's:;“gm NO LOAD TO (6 months)
MAXIMUM RATED (20°C to 30°C)
LOAD
+(200V to 1100V) 10 mV 6 mA/400 pF max <0.05% of setting rms
<0.05% of setting rms
{open to 20k £2)
£(20V to 199.999V) 1mv 10 mA/400 pF <0.1% of setting rms
max (20k £ to max rated
load)
) + (0.004% of
F ) +
+(2V to 19.9999V) 100 uV 25mA/1000 pF | <0.02% of setting +50 uV rms | . 6.001% of
. range + 5uV
+(0.2V to 1.99999V) 10uV <0.01% of setting +25 uV rms
+(20 mV to 199.999 mV) 1V Limited by 502 | ) 5100 ¢ setting +25 uVrms
OUtpUt resistance
+(0 to 19.9999 mV) 0.1 uV <0.01% of setting +25 uV rms
£(0 to 1.99999V) 100 uV 25mA/1000 pF | <0.02% of setting +50 uV rms | = (-0.005% of
50 OVERRIDE setting +205 V)

Temperature Coefficient
Above 30°C and Below 20°C add to accuracy limits (5 ppm of setting +1 ppm of range +1 uV)/°C. 200V to
1100V range add *(5 ppm of setting +2 ppm of range )/°C.

Remote Sensing

Four wire remote sensing is available from 2V to 1100V and below 2V in 502 DIVIDER OVERRIDE mode.
The three lowest ranges are normally internal sensed. Internal sense connections are made automatically inside
the box.

Transient Recovery Time

2 seconds to settle within 50 ppm of final value following any change in output voltage or current for all
ranges except 20 to 199.999V, 20 kS2 to 2 k2 load and switching between two highest ranges which requires
4 seconds.

Short Term Stability (10 Minutes)
At any fixed temperature from 0°C to 50°C the short term stability is (10 ppm of setting +2 ppm of range
+5 uV) except above 500V which is £25 ppm of setting.

Load Regulation

EXTERNAL SENSE: 2V to 1100V %10 ppm no load to full rated load. Same for OV to 1.99999V using
502 DIVIDER OVERRIDE.

INTERNAL SENSE: (At output terminals) Same as external except max. Full load is 4000Q.

Overcurrent Protection

On all ranges current is limited to prevent damage due to an overload or short circuit at output terminals. The
operator is alerted by a flashing “O.L."”" on the central display. After approximately 2 seconds the calibrator
goes to standby.

Guard
The DC voltage section is guarded and a front panel terminal is provided labeled “V GUARD"'.




Table 1-3. AC Volts Specifications

5100 Series B

AC Volts
RANGE! |RESOLUTION FREQUENCY DISTORTION
' CURRENT (6 months) AND NOISE
(20°C to0 30°C)
200V to 6 mA/400 pF
1100V 10 mV o P Bandwidth of 10 Hz
(1 mV to 1100V) to 200 kHz. Distortion,
50 Hz to 1 kHz line interference +
20V'to Tmv 10mA/400 pF 50 Hz to 10 kHz noise includin d
199.999V max g random
+(.035% of
. i o
2Vto 25 mA/40082/ | (1 mV to 110V) setting +0.005% ]
19.999V 100 uv 1000 pF max 50 Hz to 20 kHz of range +50 uV) (20V andHigher)
(Below 20V) 50 Hz to 10 kHz: (0.08%
0.2V to 10V 2 kQ min./1000 | 50 Hz to 50 kHz ?10 kHz to 50 kHz of output) rms
1.99999V pFimax +(0.06% of
setting +0.008% (Below 20V)
20mV to of range +50 uV) 50 Hz to 10 kHz:
190.099mv | AV Limited by (0.05% of output
50Q source Accuracy: 3% NOTE +10 uV) rms 10 kHz to
; Resolution: 1 MSD | “Range” inaccuracy 50 kHz: (0.08% of out-
1mV2 to resistance
0.1uVv statement is 20V put + 20 uV) rms
19.9999 mV for 50Q override

(1) Can be setin dBm= 1 mW across 600L2 = .7746V

(2) 10% Lower voltage available using the Edit control

(3) When operating into 600Q, for decibel levels below -11.76 dBm and above -31.76 dBm, use a .62847 dBm

correction factor to compensate for the loading on the 50Q divider output.

For Example: If a -20 dBm output level is necessary, program -20 dBm, .62847 dBm (-19.37 dBm) to compensate
for loading and establish a true -20.00 dBm output across 600Q. Note that any inaccuracy in the values of the
internal 45Q and the external 600Q load resistance results in a commensurate error in the actual output across
the load. You may assume that the internal 45Q resistance is within .01Q (.02%), so the greatest error is in the

60002 load resistance.

To correctfor errors below 20 mV (-31.76 dBm), use the correction based on 600/649.5, or 92378 thatresultsina
dBm correction of .6886 dBm. For an output of -40 dBm, program -40 dBm, plus .6886 dBm (-39.31 dBm).

Resistance errors as outlined in the previous paragraph apply to this example.

The simplest way to insure accuracy is to monitor the output level across the 6002 load using a

high-impedance ac voltmeter.

NOTE
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Table 1-3. AC Volts Specifications (cont)

Temperature Coefficient (Above 30°C and Below 20°C)

AMPLITUDE:  Accuracy limits increase by (20 ppm of setting +2 ppm of range)/°C
FREQUENCY: Accuracy limits increase by +0.1%/°C

Remote Sensing

Four wire remote sensing is available from 2V to 1100V. The three lowest ranges are internally sensed.
Internal sense connections are made automatically inside the box.

Transient Recovery Time
2 seconds to settle within 100 ppm of the final value for amplitude and within 0.3% for frequency following any
change in output voltage, current, or frequency. Switching between two highest ranges requires 2.2 seconds.

Short Term Stability (10 Minutes)
At any fixed temperature from 0°C to 50°C the short term stability is (0.01% of range +10 uV).

Load Regulation

EXTERNAL SENSE: 0.2V to 1100V +200 ppm no load to full rated load.

INTERNAL SENSE: (At output terminals) Same as external except voltages less than 0.2V have a load regulation
expressed as an output impedance of 50Q.

The above load regulations are met with reactive loads with power factors between 0.9 and 1.0.

Overcurrent Protection

On all ranges current is limited to prevent damage.due to an overload or short circuit at output terminals.
The operator is alerted by a flashing “’O.L."” on the central display. After approximately 2 seconds the
calibrator goes to standby.

Guard
The AC voltage function is guarded and a front panel terminal labeled “V GUARD" is provided.

DISCRETE FREQUENCIES AVAILABLE

IN Hz 50 60 70 80 90 100 200 300 400 500 600 700 800 900
110V to 1100V ® ) ° ) ° ° ° ° ° ® ° ° ° °
20V to 110V ® ) ) ) ° ° ° ° ) ° ° ° ® °
1 mV to 20V ® ) ) ) ° ° ° ° ° ° ° ° ° )
IN kHz 1 2 3 4 5 6 7 8 9 10 20 30 40 50
110V to 1100V °

20V to 110V ° ° ) ° ) ° ) ° ) ® °

1 mV to 20V ® ° ) ° ° ® ) ) ° ° ° ° ° °
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Table 1-4. Current Specifications

DC Current
COMPLIANCE ACCURACY
RANGE RESOLUTION (6 months) RIPPLE AND NOISE
VOLTAGE (20°C to 30°C)
+(0.2A to 10 i
MHA 0to 2.1V min
1-99990A) +(0.015% of output
+0.002% of range (%?5% of output +0.01
uA) rms
+(20 mA to : +0.02 uA)
199.999 mA) THA 0o 10V min
(2 mA to 100 nA 0 to 10V min
19.9999 mA)
Compliance Measured with a bandwidth
(0.2 mA to 10nA 0 to 10V min voltage: >1V of 10 Hz to 10 kHz including
1.99999 mA) add 0.002% random spikes
setting/volt
1
(10 pA” to 1nA 0 to 10V min
199.999 pA)

(1) 10% lower current available using the Edit Control.

Temperature Coefficient (Above 30°C and Below 20°)
The accuracy limits increase by *(10 ppm of setting +2 ppm of range)/° C

Transient Recovery Time
1 Second to settle to within 0.01% of final value following any change in current or compliance voltage.

Short Term Stability (10 Minutes)
At any fixed temperature from 0°C to 50°C the short term stability is (50 ppm of setting + 5 ppm of
range + 0.002 uA).

Load Regulation

+20 ppm/volt for a change in the output voltage from 1 volt to maximum rated compliance voltage.
Overvoltage Protection

On all ranges voltage is limited to not more than 2V greater than maximum rated compliance voltage due
to an open circuit condition. The operator is alerted by a flashing ““O.L.” on the central display. After
approximately 2 seconds the calibrator goes to standby.

Guard

The DC current section is guarded and a front panel terminal labeled ‘Il GUARD" is provided.
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Table 1-4. Current Specifications (cont)

AC Current
TOTAL
ACCURACY
COMPLIANCE HARMONIC
Y
RANGE RESOLUTION VOLTAGE (zt(,tzénton:nosgc) FREQUENC DISTORTION
o AND NOISE
.2A to 0to 1.4V
0 21 99999A 10pA o e +(0.05% of 50 Hz to 1 kHz
. : setting +
20 mA to 0 to 7V rms +.005% of Accuracy: *3% Distortion, line
199.999 mA TuA i range +0.02 yA) interference +
) Resolution: noise including
2 mA to 100 nA 0 to 7V rms 1MSD random spikes
19.9999 mA min. .
Compliance Although no
: .05% of t
0.2mA to 10 nA 0to 7V rms \::‘I::%e‘; >V accuracy ﬁxg‘? ::nz :utpu
1.99999 mA min. 0.005% of specifications (>1V rms) add
K apply above 0.01% of
10pA' to 1nA 0to 7V rms setting/volt 1 kHz, output distortion/volt
199.999 pA min. is usable to 5 kHz.

Temperature Coefficient (Above 30°C and Below 20°C)

(1) 10% lower current available using the Edit Control.

CURRENT: Accuracy limits increase by (25 ppm of setting + 10 ppm of range+0.2 nA )/°C.

FREQUENCY: Accuracy limits increase by +0.1%/°C.

Transient Recovery Time
4 seconds to settie within 0.2% of final value for current and within 0.3% for frequency following any change in

output current, voltage, or frequency.
Short Term Stability (10 Minutes)

At any fixed temperature from 0°C to 50°C the short term stability is £(0.014% of setting + 0.002% of range

+ 0.4 nA).

Load Regulation

+50 ppm +20 nA/volt for a change in the output voltage from 1V to maximum rated compliance voltage. Load
regulation is met with reactive loads with power factors between 0.9 and 1.0.

Overvoltage Protection
On all ranges voltage is limited to not more than 2V peak greater than maximum rated compliance voltage
due to an open circuit condition. The operator is alerted by a flashing ““O.L."” on the central display. After

approximately 2 seconds the calibrator goes to standby.

Guard

The AC current section is guarded and a front panel terminal labeled “I GUARD" is provided.
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Table 1-5. Resistance Specifications

5100 Series B

Resistance
TEMPERATURE
. ACCURACY CCiEFFlCIENTO POWER
RANGE POWER MAXIMUM EAK (6 Months) >30°C and <20°C
DISSIPATION CURRENT VOLTAGE | (50°¢ t0 30°C) ACCURACY COEFFICIENT
LIMITS
INCREASE BY
10 1A 1V 0.015% 0.1 ppm/mW
10 ppm/°C
10 300 mA 3V 0.010%
10082 100 mA 10V
1w
1.kQ 30 mA 30V 0.3 ppm/mW
0.003%
10 kS 10 mA 100V 5 ppm/°C
100 k2 3mA
1MQ 100 mW 0.3mA 0.010% 0.2 ppm/mW
300v 10 ppm/°C up to
10 MQ 10 mwW 0.03mA 0.030% 40°C 0.02 ppm/mW
50 ppm/°C above
40°C

Two or Four Terminal Ohms Below 100 k2
The maximum residual resistance that can be compensated for using the Cal 1 function is 0.99999%2.

The accuracy specification given above is for a 4-terminal connection below 100 kQ. The accuracy specification
is valid if the CAL 1Q function is performed within the last 8 hours and the instrument is continually powered
during that period. The 2-terminal connection is made to the OUTPUT terminals.

RANGE

10Q
100Q
1kQ
10 kQ

The “Ohmmeter Error”is the error the Ohmmeter has in measuring the 1 Ohm function expressed

in Ohms.

ACCURACY

0.4%
0.05%
0.0125%
0.0075%

+ Ohmmeter Error (see note)

NOTE
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Table 1-6. Wideband Option -03 Specifications

Wideband Option —03

RANGE AMPLITUDE ACCURACY AT 1 kHz| FREQUENCY VS. AMPLITUDE
RANGE VOLTS TERMINATED IN 5052 FLATNESS TERMINATED WITH
APPROX dBm* (6 Months 20°C to 30°C) **50Q AND 1 FT OF RG58/AU
1V 10 3.1623V +13 to +23 +(0.25% of setting + 0.25% 10 Hz to 30 Hz: +0.3%
of range)
0.31624V to 0.99999V +3 to +13 +(0.50% of setting + 0.25% >30 Hz to 1 MHz: #0.25%
of range)
0.1V t0 0.31623V -7t0+3 +(0.75% of setting + 0.25%
of range) >1 MHz to 5 MHz
31.624 mV to 99.999 mV -17 to -7 +(1.00% of setting + 0.25% +0.25% above 1 mV
of range) +0.6% at 1 mV and lower
10 mV to 31.623 mV -27 to -17 +(1.25% of setting + 0.25%
of range)
3.1624 mV to 9.9999 mV -37 to -27 +(1.50% of setting + 0.25% >5 MHz to 10 MHz: £0.6%
of range)
1mVt03.1623 mV -47 to -37 +(1.75% of setting + 0.25% Frequency Resolution: 1 MSD
of range)
300 uV to 0.99999 mV -57 to0 -47 +(2.00% of setting + 0.25% Frequency Accuracy: 3%
of range)

(*) 0 dBm = mW across 500 = 0.22361V.
(**) Frequency vs amplitude flatness with respect to 1 kHz.

Temperature Coefficient (Above 30° and Below 20°C)

AMPLITUDE: Accuracy limits increasy by 0.1 times the accuracies listed in the amplitude accuracy
column/°C.

FREQUENCY: Accuracy limits increase by 0.25%/°C.

Transient Recovery Time
2 seconds to settle within 500 ppm of final value for amplitude and within 0.3% for frequency following any
change in voltage, current, or frequency.

Harmonics
—40 dB or lower relative to fundamental for each frequency except —32 dB above 5 MHz.

Spurious Outputs
—50 dB or lower relative to fundamental for each frequency.

Overload Protection
A short circuit on the wideband output will not damage the calibrator. Normal operation is restored upon
removal.

5100 SERIES WIDEBAND FREQUENCY RESPONSE
Y‘I mV AND BELOW

.052 dB 6%
.026 dB | SPEC LIMIT
.022 dB b T - .25%
N TYPICAL
-022 dB L ..25%
-.026 dB
-.052dB . -.6%

10 Hz 100 Hz 1 kHz 10 kHz 100 kHz 1 MHz 10 MHz




Table 1-7. General Specifications

5100 Series B

Stability/Environmental
All specifications have been stated with thefollowing conditions:

Time: Six months
Temp: 25°C*5°C
R.H.: <85%

Temperature Range
5100B/5101B: Operating 0°C to +50°C
Non Operating —20°C to +65°C
5101A w/tape: Operating +10°C to +40°C
Non Operating +4°C to +50°C

Humidity Range
0°Ct0 35°C:  85% RH (Non-Condensing)
35°Ct040°C: 70% RH
40°C to 50°C:  50% RH

Shock and Vibration

Meets requirements of MIL-T-28800 for class 5 style E equipment.

Operating Power
(100V,110V,115V,120V,200V,220V,230V,240V + 10%: 50 - 60 Hz)
5100B: 200 VA Fully Loaded
5101B: 220 VA Fully Loaded

Warmup
30 Minutes to rated accuracy

Dimensions
22.23cm H X43.18cm L X60.33Cm W
(8.75inH X 17.00in L X23.75in W)

Weight

5100B: 30.4 kgm (67 lbs.) basic.

32.7 kgm (72 Ibs.) fully loaded.
5101B: 32.7 kgm (72 |bs.) basic.

34.9 kgm (77 Ibs.) fully loaded.
5102B: 35.8 kgm (79 Ibs.) basic.

38.1 kgm (84 Ibs.) fully loaded.

Safety

Safety Class | as defined in IEC 348.

Line Regulation

Output changes less than 5% of Load Regulations.




5100 Series B

Table 1-8. System Specifications for Power Amplifier Application
(5100 Series B + Y500, Y5001, 5205A/5215A Combination)

DC Operation (with 5205A)

Output Voltage
+(100 to 1100) volts

Output Current
100 mA maximum

Accuracy
(90-Day) +(0.06% of output + 20 mV)
(180-Day) +(0.07% of output + 20 mV)

Maximum Capacitive
Load: < 1500 pF

Temperature Coefficient

+(25 ppm of output +3 mV/°C

Ripple and Noise

Random noise, in a 1 MHz bandwidth shall not exceed 100 mV rms. Line-related noise shall be less than
50 mV rms.

AC Operation (with 5205A or 5215A)

Output Voltage
100 to 110V rms

Output Current
200 mA from 100 Hz to 50 kHz linearly decreasing to 140 mA in the region 100 Hz to 50 Hz.

Amplitude Accuracy (180-Day, 23°C +5°C)
50 Hz to 10 kHz +(.08% Eo + .1 volt)
10 kHz to 50 kHz +(.12% Eo + .15 volt)

Total Distortion and Noise, (in the band 10 Hz to 1 MHz)
50 Hz to 20 kHz 0.1% of output
20 kHz to 50 kHz 0.2% of output

Maximum Capacitive Load
1500 pF or that value which draws the maximum rated load current, whichever is less.

Amplitude Temperature Coefficient
Above 30°C and below 20°C the accuracy limit increases by £(30 ppm of output +3 mV)/°C for 50 Hz to
10 kHz; and (50 ppm of output +5mV)/°C for 10 kHz to 50 kHz.
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Table 1-9. System Specifications for Transconductance Amplifier Application
(5100 Series B + Y5000, Y5002, 5220A Combination)

DC Mode
Output Range
+1 to £19.9999A

Accuracy of Output
+(0.025% of selected output+ 1 mA)

Resolution

+0.1 mA

Temperature Coefficient

+(0.003% of selected output + 100 pA) in ten minutes, with constant line, load, and temperature.

Line Regulation
Output changes less than 0.001% for a £10% in line voltage.

Load Regulation
Output changes less than +(0.005% +100 uA) for a full load change of 4 volts of compliance.

AC Mode

Output Range

1A rms to 19.9999A rms

Accuracy of Output

+(0.07% of selected output +1 mA rms) from 50 Hz to 1 kHz, and +(0.07% of selected output +1 mA rms) x f
from 1 kHz to 5 kHz, where f = frequency in kHz.

Resolution
0.1 mA rms

Temperature Coefficient
+(0.003% of selected output +100 pA rms) per degree C, above 30°C and below 20°C.

Short Term Stability
Output changes less than +(0.02% +500 A rms) in 10 minutes, with constant line, load, and temperature.




2-1. INTRODUCTION

2-2. This section contains information regarding installa-
tion and operation of the Model 5100 Series Calibrators. It is
recommended that the contents of this section be read and
understood before any attempt is made to operate the instru-
ment. Should any difficulties arise during operation, contact
your nearest Fluke Sales Representative, or the Fluke Corpo-
ration, P.O. Box 9090, Everett, WA 98206-9090, Tel (206)
356-5400. '

2-3. SHIPPING INFORMATION

24, The instrument is packed and shipped in afoampacked
cardboard carton. If reshipment is required use the original
container or request a new container from the Fluke Corpora-
tion. Please include the instrument model number with your
request.

2-5. OPTIONS AND ACCESSORIES

2-6. Listed in Table 2-1 are the options and accessories
available for the 5100 Series B Calibrators. A detailed
description of each is included in Section 6 of the
instruction manual.

2-7. INSTALLATION

2-8. The 5100 instruments are designed for bench-top
use (all) or for installation in a standard 19-inch
equipment rack (5100B and 5101B) using the optional
accessory rack mounting kit. If desired, accessory chassis
slides may be installed to facilitate access to the rack-
installed equipment. Information on the installation of

5100 Series B

Section 2

Operating Instructions

rack mounting accessories is given in Section 6 of the
instruction manual.

Table 2-1. Options and Accessories

PTION

l?n(;ngL Nog. TITLE

Option —03 Wideband (10Hz to 10 MHz)

Option —05 IEEE-488 Standard
Interface

Option —06 Bit Serial Asynchronous
Interface (RS-232-C)

5100A-7003K Transit Case

5100A-7005K Extender Accessory Kit

MIS-7190K Static Controller

M08-205-600 Rack Mounting Kit

MO00-280-610 Chassis Slides

Y5000 5100 Series Interface

Y5001 Cable Assembly (Y5000 to Model
5205A/5215A)

Y5002 Cable Assembly (Y5000 to Model
5220A)

Y8021 1 Meter |EEE Cable

Y8022 2 Meter |EEE Cable

Y8023 4 Meter |EEE Cable

Y8007 10-Pack of Minicassettes for Storage
System Instruments

2-1
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2-9. OPERATING FEATURES
2-10. Front Panel Controls

2-11. The 5100 Series Front Panels are divided into nine
major groupings. The groupings and their general use are
shown and explained in Figure 2-1 and Table 2-2. The
individual groupings are explained and illustrated in
greater detail in later paragraphs of this section.

2-12. The first eight groupings are identical in operation
and positioning for all models in the series. The ninth
grouping, the Storage System, is present only in the
Model 5101B and any material dealing with it is peculiar
to the 5101B only.

2-13. POWER

2-14. The Power Group consists of the POWER switch.
The switch is in to apply line power to the instrument and
out to remove power.

2-15. DATA ENTRY

2-16. Individual items or groupings on the Data Entry
keyboard are explained in Figure 2-2 and Table 2-3. In
addition, a voltage (V), dBm entry, WIDEBAND, or
EXT OSC selection will lock the keyboard from further
entries until either the ENTER, RECALL, or CLEAR
switchis depressed. If either "Err3* or "Err4*“ results when
ENTER is depressed, the original entry is not changed
and the KEYBOARD indicator remains illuminated.

2-17. CONTROL

2-18. Two switches in the Control Group select the
Operating mode (OPR/STDBY) and Controlling device
(LOCAL/REM). Both switches are push-push type
switches that illuminate the applicable indicator to show
the selected mode. To change from STDBY to OPR,
depress the switch and the OPR indicator will illuminate
and the STDBY indicator extinguish. To return to
STDBY depress the switch again and the condition will
reverse, i.e., the OPR indicator extinguish and the
STDBY indicator illuminate. The LOCAL/REM
pushbuttom switch operates in the same manner.

2-19. WIDEBAND OUTPUT

2-20. When the Wideband -03 Option is installed and
selected, the output is present at the BNC type connector
with an output impedance of 50 ohms. The maximum
output is 3.1623 volts rms (+23 dBm) into 50 ohms.

2-21. MAIN OUTPUT

2-22. An explanation of the terminals, controls, and
indicators are given in Figure 2-3 and Table 2-4.

2-2

2-23. OUTPUT DISPLAY

2-24. An explanation of the Output Display and
indicators is given in Figure 2-4 and Table 2-5.

2-25. CENTRAL DISPLAY

2-26. An explanation of the Central Display and
indicators is given in Figure 2-5 and Table 2-6.

2-27. ERROR MODE

2-28. An explanation of the Error Mode Controls and
indicator are given in Figure 2-6 and Table 2-7. The use of
any control automatically places the instrument in the
Error Mode if it has not been selected previously.

2-29. STORAGE SYSTEM (Storage Only)

2-30. An explanation of the Storage System controls
and indicators is given in Figure 2-7 and Table 2-8.

2-31. Rear Panel

2-32. The 5100 Series Rear Panel is shown and
explained in Figure 2-8 and Table 2-9, respectively.

2-33. Error Messages

2-34. The Central Display and the optional interface
output device will indicate an error by displaying an error
code. The codes and errors causing them are shown in
Table 2-10.

2-35. List (Storage Only)

2-36. The LIST switch in the Storage Group allows the
operator to print a hard copy of a stored program or a test
in progress, provided the instrument is equipped with one
of the optional remote interfaces. The instrument must be
in the Store Mode, the first desired step of the program
selected, and LIST selected to output a listing of the
stored program. The printed output starts with the
selected program step and continues to the end of the
stored program. The printed output includes the step
number; the 5100 output (programmed nominal and full-
scale as modified by the Error Mode and/ or Fractional-
Scale Operations); tolerance and entry limits; and the
status, to include Standby/Operate, Sensing, External
Oscillator, Wideband, 50 ohm divider override, Boost,
and the position of the Error Mode Digit. The placement
of the data in the print format is shown in Figure 2-9.
Entering any command during a list operation terminates
the listing. During a program list the instrument
automatically goes to standby.
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Figure 2-1. Front Panel
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Table 2-2. Front Panel Display and Controls

POWER
DATAENTRY

CONTROL

WIDEBAND OUTPUT

MAIN OUTPUT

OUTPUT DISPLAY

CENTRAL DISPLAY

ERROR MODE

STORAGE SYSTEM
(STORAGE ONLY)

Controls the application and removal of input power.

This portion of the Keyboard allows the operator to enter the data desired
into the input registers for display, and upon completion places the data
into memory.

Selects the operational status and mode.

(10 Hz - 10 MHz) Output terminal for the wideband frequency option.
Operational only with Option —03 installed.

(DC, 50 Hz - 50 kHz) Sense controls and output terminals for the main
output.

Displays the output value and function.

Displays the data entered from the data entry section, the error in a
percentage figure, the error in dB’s, the output frequency when an AC
output is selected and the limits, when recalled.

When enabled, the output may be modified at any decade and the percent
of error or dB error deviation from the original figure displayed in
percentage or dB respectively.

When enabled, operates the instrument from a stored program. The pro-
gram may be entered manually or from a previously recorded tape, read
by the integral tape system.
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Figure 2-2. Data Entry Group
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Table 2-3. Data Entry Group

1. POLARITY Depress the applicable keyswitch (+ or —) for the desired polarity with any
DC Volts or Amps entry. If an entry is not made positive polarity is
assumed, if the DC mode is selected.

2. NUMERICAL Depress the applicable keyswitch to enter the numerical data desired. Char-
acters available are O through 9, the decimal point (.), and the slash (/) used
for ratio. Data is entered by depressing the keys in sequence, beginning with
the most significant digit. Restrictions are placed on the numerical entries
for frequency and resistance. Only the first digit (the MSD) is variable with
a frequency entry. Resistance is variable only in decades from 1 ohm
through 10 megohms.

3. MULTIPLIER Select the multiplier for the numerical data entered. Available are u(10 ®),
m(10 3), k(10%) and M(10°). No entry assumes a value of units (10°).
4. FUNCTION Designates the function of the numerical data entered. Depress ““V" to

select Volts, A’ for Amps, 2" for Ohms, ““Hz’* for Frequency, *‘dBnt’
for decibels milliwatt and "%’ for percentage. Once Volts, Amps, Ohms,
Hertz, or dBm have been selected, the instrument is locked into the
Keyboard Mode until the data is entered into the instrument with the
“ENTER’’ switch. Switches “F1’ and “F2" are not used at this time.

5. ENTER When the correct entry has been completed (both magnitude and frequency,
if applicable) and is shown on the Central Display (frequency only is
displayed for AC entries) or Indicators, as applicable, the ENTER switch is
depressed to enter the data into memory and perform the selected action.

If an Error display results, the data entered in the keyboard memory is
retained until correctly entered or cleared.

WARNING
IF A KEYBOARD ENTRY IS TERMINATED WITH EITHER A CLEAR OR ERROR MESSAGE THE INSTRUMENT
RETAINS ITS PREVIOUS STATUS. IF TWO NEW PARAMETERS ARE ENTERED, E.G., FREQUENCY AND MAG-
NITUDE, AND ONE IS ILLEGAL THE INSTRUMENT REJECTS THE ILLEGAL ENTRY, WHILE ACCEPTING THE
LEGAL ENTRY, SOMETIMES RESULTING IN AN UNPLANNED OUTPUT. FOR SAFETY, ALWAYS VERIFY THE
OUTPUT MAGNITUDE OF THE INSTRUMENT, AS SHOWN ON THE OUTPUT DISPLAY, AFTER AN ILLEGAL
ENTRY.

6. CLEAR Depress the CLEAR switch once to clear the display (CLEAR ENTRY).
A second consecutive depression clears memory and resets the instrument
(CLEAR-ALL).

7. EXTERNAL An external input can be used to obtain a desired frequency not available
OSCILLATOR internally. The Source input must be 1.2V +/—5% and the impedance
must be less the 50 ohms. In addition the output frequency must be with-
in the allowable range for the output voltage selected. Only the frequency
range is shown on the Central Display, the frequency magnitude is blanked.
The function is not active until the ENTER switch is depressed.

8. BOOST Selects the Boost Function which extends the Voltage (Power) and
Current Capabilities of the instrument. This is accomplished by routing the
5100 B output through an accessory interface to a Fluke Model 5205A/
5215A Power Amplifier and/or a Fluke Model 5220A Transconductance
Amplifier. The Output is available at the terminals of the applicable
Amplifier instrument, rather than the Calibrator terminals, once the
Boost Function is selected the output value data keyed in, and the ENTER
Switch depressed.

9. WIDEBAND Selects the Wideband —03 Option with its greater frequency range (10 Hz

to 10 MHz) and its dedicated output connector. The function is not active
until the ENTER switch is depressed.

2-5
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Table 2-3. Data Entry Group (cont)

10.

1.

RECALL The RECALL switch can be used to restore to the Central Display the
stored limit values (output magnitude), voltage (e.g., when the output
display reads in dBm), and frequency. The RECALL switch will also clear
the keyboard memory and the keyboard indicator.

LIMITS Depression of the applicable limit switch enables entry into memory of a
limit value, including polarity if applicable for that function. If the polarity
is not specified, but is applicable, the entered value is applied as both
positive and negative limits. When the polarity is entered the unnamed
polarity is unchanged. When programmed data exceeds the ENTRY LIMIT
previously entered the entry is refused and the message “Err3” is displayed
on the Central Display and the LIMIT indicator illuminated. If the error
shown on the Central Display during Error Mode Operations exceeds the
figure set with TOL LIMIT the LIMIT indicator illuminates and the
Central Display numerics flash. This is for information only, it does not
effect the operation of the instrument. The tolerance limit is normally set
as a percentage of dB limit. If it is set using any other function, i.e. volts,
amps, etc. the value is automatically changed to a percentage of the
current output value by the instrument controller.
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Figure 2-3. Main Output Group
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Table 2-4. Main Output Group

1. WARNING DECAL Warning that lethal voltages may be present at the output terminals.

2. SENSE SWITCH Push-Push toggle switch to select internal (2-wire) or external (4-wire)
sensing. The indicator illuminated signifies the type of sensing selected. To
change types depress the switch one time and the indicators will reverse.

3. OUTPUT TERMINALS The HI and LO output terminals. All standard Voltage, Current, and
Resistance outputs are available on these terminals. The maximum difference
between the Hl and LO terminals is 1100 Volts rms.

CAUTION

Do not connect the Output Hl terminal to chassis, or an earth ground, at any time. Damage
to the instrument may result. Do not connect either guard terminal to the Output HI
terminal, component failure occurs within the instrument at output voltages above 15 volts.
When using the instrument always set the calibrator to STDBY before connecting or
disconnecting a load. Arcing may result if the connections are broken while a high voltage
outputis selected. The arcing may cause logic interruptions that could result in calibrator
damage.

4. SENSE TERMINALS Used for 4-wire resistance and remote voltage sensing. The allowable
difference between Output Hl and Sense HI or Output LO and Sense
LOis 0.3 Volts.

5. V GUARD Connects to the inner shield surrounding the analog sections of the 51008
to isolate them from the chassis, 1/O connections and digital section.
Normally connected to Output Lo at either the Front Panel or the Volt-
meter under test.

6. | GUARD Provides a driven shield ‘‘guard’’ around output HI in the AC and DC Current
modes. Held at the same voltage as Output HI by a unity gain amplifier, is
used to minimize the degradation of accuracy caused by stray capacitance
between Output Hi and Output LO.

CAUTION
Output Current inaccuracies will result if the |—Guard
terminal is connected to the V-Guard, Output LO,
Chassis, or Sense terminal.

7.  50Q DIVIDER/ The 5002 DIVIDER indicator illuminates when an output voltage between 0 and
OVERRIDE 1.99999V dc or between 1 and 199.99 mV ac is selected, with the exception of the
200 mV to 1.9999V ac range. Theillumination of the indicator verifies that the cali-

brator has automatically changed to an internal precision 500 divider.
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Figure 2-4. Output Display Group

Table 2-5. Output Display Group

w N

NUMERIC DISPLAY The absolute numeric value with decimal point and polarity, if applicable,
of the signal present at the output terminals.

AC INDICATOR Hluminated when the output signal is an AC Voltage of Current.

MULTIPLIER Indicator illuminates to show the multiplier of the numeric display. The
multipliers are u(10 ®), m(10 ), k(10%) and M(10). Units (10°) are the
default condition with no indicator illuminated.

FUNCTION llluminated to show whether the function displayed is Voltage (V), Current

(A), Resistance (§2), or decibel milliwatts (dBm). Indicators D1 and D2 are
not used at this time.

1 2 5

AC o V l KEYBOARD
e A % ERROR
[] :' '-' :’ :' .-‘ e N e dB ERROR

+‘ L '-' -' l.' .—' e Hz

e D3

e D4

6

Figure 2-5. Central Display Group
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Table 2-6. Central Display Group

1. NUMERIC DISPLAY
2. ACINDICATOR
3.  MULTIPLIER

4. FUNCTION

5. KEYBOARD

6. ERROR MODE
INDICATORS

7. LIMIT INDICATORS

The absolute numeric value and polarity, if applicable; of the signal displayed.
llluminated when the displayed signal is an AC Voltage or Current.

Indicator illuminates to show the multiplier of the numeric display. The
exponents are u(10 ¢), m(10 ), k(10®) and M(10°). Units (10°) are the
default condition with no indicator illuminated.

Illuminates to show whether the function displayed is Voltage (V), Current
(A), Resistance (£2), Frequency (Hz), or decibel milliwatts (dBm). Indicators
D3 and D4 are not used at this time.

Illuminates when a V", “A”, “§2"” dBm, Hz, WIDEBAND, or EXT OSC
entry is made from the DATA ENTRY group keyboard. Extinguishes
when the data is entered into memory.

When the Output is modified to select the ERROR MODE the applicable
indicator illuminates to define whether the displayed numeric is a per-
centage error or a dB error. The error is the difference between the
original output as shown on the output display and the present output
display, as modified by the error controls.

llluminates when the displayed error exceeds the tolerance limit stored for
that function. The indicator is a warning to the operator only. It does not
effect Speration of the instrument. The indicator also illuminates when
either ENTRY LIMIT or TOL LIMIT is keyed as the initial step in storing
a limit value or when the stored limits are recalled for observation.

2
ROR MODE
ENABLE
EDIT NEW REF/CAL 102 3
€DECADE DECADE >

1 [

Figure 2-6. Error Mode Group

Table 2-7. Error Mode Group

1. ENABLE

2. CONTROLS

The ENABLE switch toggles the instrument into or out of the Error Mode.
When in the Error Mode the indicator illuminates. The Error Mode cannot
be entered if the keyboard indicator is illuminated.

The edit switch increments the absolute value (clockwise rotation) or
decrements the absolute value (counterclockwise rotation) of the intensified
digit on the output display (Central Display for Frequency modifications)
when the error mode is selected. For example, a clockwise rotation will
make a positive number more positive and a negative number more negative.

2-9



5100 Series B

Table 2-7. Error Mode Group (cont)

The left decade switch moves the intensified digit one decade to the left
(toward the MSD) each time it is depressed. The right decade switch
moves the intensified digit one position to the right (toward the LSD) with
each depression. Continuing switch depressions when the digit has reached
one extreme have no further effect.

3. NEW REF/CAL Changes the reference used in the computation of %ERROR or dB ERROR
1 OHM to the Value in the Output Display and resets the displayed error to zero. If
the instrument is in the fractional scale mode, the full scale reference value
is not changed. Used during internal sensed (2-wire) resistance measure-
ments in the 1 ohm range to compensate the display resistance value for
residual resistance.

STORAGE

—ps . [ ]

4 ADVANCE/LOAD

5 SEL/DISPLAY STEP

DELETE STEP

7 usT
\D POWER \
|
9

8 B

CLEAR STORAGE
o
A

i

Figure 2-7. Storage Group (Storage Only)

Table 2-8. Storage Group (Storage Only)

1. ENABLE The ENABLE switch toggles the instrument into or out of, the storage mode
of operation. The ENABLE indicator illuminates with the storage mode
selected. Neither the tape system nor the memory can be used until the
storage mode is selected.

2. TAPE The TAPE switch is a toggle, enabling or disabling the Tape Mode. The TAPE
indicator illuminates when the Tape Mode is selected.

2-10
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Table 2-8. Storage Group (Storage Only) (cont)

3.

4.

5.

STORE

ADVANCE/LOAD

SEL/DISPLAY STEP

DELETE STEP

LIST

CLEAR STORAGE

TAPE SYSTEM

The STORE switch toggles the instrument between the Read and Store
Modes. The Store Mode is selected when the indicator is illuminated. When
the Store Mode is selected, data may be transferred from the instrument
output to the Storage Memory or from the Storage Memory to Tape. The
Read Mode is used to transfer data from a tape to the Storage Memory

or from the Storage Memory to the instrument output.

Operation of the ADVANCE/LOAD switch differs for the Read Mode, and
Store Mode. When the Read Mode is selected and the switch is depressed, the
next step in storage is transferred to the instrument output and the step
number increments. When the final step has been selected, “End P”’, is
displayed when the final step is loaded into the last step location. In the
Store Mode, when the switch is depressed the output state is transferred to
memory at the current step then the step number is incremented. After
entering the final step for the capacity of memory, “End P” is

displayed. If “FULL" is displayed, the memory buffer capacity

would be exceeded and additional commands cannot be accepted.

Operation of the SEL/DISPLAY STEP switch is controlled by the operation
preceding depression of the switch. |f the operation is not preceded by the
entry of a numerical value, the step number of the selected step is flashed
on the Central Display. if preceded by a numerical entry, the action taken
is dependent upon whether the Read or Store Mode is selected, if there is

a program entered and whether or not the step selected is within an existing
program. When the Read Mode is selected, the step number flashes, then
the stored output state is transferred to the instrument output. If the
number selected is greater than the last step in the program, “End P", is
displayed. In the Store Mode, the number selected is displayed, and that
becomes the step referenced in storage operation. If the selected number

is greater than the last step in the program the number of the first unused
step is displayed and the final step is referenced. In the Store Mode the
Output does not change when selecting or displaying steps.

The step selected for operation is deleted when the DELETE STEP switch is
depressed with the Store Mode selected. The step numbers of any
subsequent steps are automatically decremented so there are no gaps in the
sequence. The data replacing the deleted instruction is displayed. ““Err 1",
is displayed if the DELETE STEP switch is depressed with the Read Mode
selected.

Used with one of the Optional Interfaces to print an 80 column listing of
of either all or part of the stored program (Store Mode) or the results of
an individual test (Read Mode).

in the Store Mode all data in the storage memory is deleted and “’End P,
is displayed when the CLEAR STORAGE switch is depressed. If the
switch is depressed in the Read Mode “Err 1", is displayed and no clearing
action results.

Tape Unit to Read/Store data using a mini-cassette system, providing a
permanent record of test programs.
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Figure 2-8. Rear Panel
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Table 2-9. Rear Panel

oo A~ wnN =

Explanatory Decal lists set line voltage and nomenclature and/or identifiers for rear panel items
Input line power connector, J1

Chassis ground lug

Line power fuse, F1

Fan Filter. Refer to Section 4 for maintenance procedure

Interface Access slot. If one of the option interfaces is installed in the instrument, access to the connector
and address controls, if any, will be available here

N

MIS Bus Connector

Explanatory Decal lists Options installed in instrument

9.  Analog Bus Connector. Inputs for the External Oscillator Signal, Oscillator Output, and Oscillator Out-
put 90° are applied through the Analog Bus Connector, if required.

Table 2-10. Error Codes

Err0 No error (status message only)

Err1 Invalid character or sequence

Err2 Invalid frequency or resistance entry

Err3 Programmed output exceeds entry limits or instrument capabilities
Errd Invalid frequency/output combination

Err5 (Msg) O.L. (display)

Err6 Module accessed inoperative or not installed—voltage greater than 20V
programmed with high voltage output not installed

Err7 String command exceeds 32 characters

Err8 Tape load/feed problem or write protected

Err9 Unable to read the tape

Overload or overcompliance voltage

2-37. To obtain a listing of the current output, select the
Read Mode and List. The printed output includes the step
number, programmed nominal output, tolerance
programmed, the actual output error, and if that exceeds
the programmed tolerance, the word FAIL. The
placement of this data in the print format is shown in
Figure 2-10.

2-38. Both types of listing(s) are preceded by a heading
(see Figures 2-9 and 2-10). A heading may be obtained,
subsequent to completion of the current line, by toggling
the ENABLE pushbutton (two depressions), then depress-
ing the last switch. A heading in progress can be
terminated by entering a command.

2-39. All numeric data, except the tolerance limits for

both List Program and List Data, are printed in
engineering notation. Only the exponents E-6, E-3, E3
and E6 are printed, the EO entry is blanked.

2-40. Program Write-Protect (Storage Only)

2-41. Tapes recorded with a program destined for
permanent storage may be protected from accidental
erasure with the tape cassette write-protect feature. To
obtain this feature, punch out the cross shaped plug

(Figure 2-11) on the top back of the cassette as it is placed
in the tape reader. After the plug has been removed an
“Err8” results if an attempt is made to write additional

data, or, write over the existing data on that side of the
tape cassette.

2-13



5100 Series B

HEADING
DATA. ..
INSTRUMENT . .
STEP OUTPUT & REFERENCE LIMITS
1 2. 3

1.  Program Step Number

2. OUT: Actual Output
NOM: Programmed Output (nominal)
FS REF: Full Scale value if the nominal is a fractional scale

3. TOL: Tolerance limits in percent of dB
ENT: Positive entry limit
Negative entry limit (printed only if applicable)

4. STDBY or OPR, EXT SENSE or INT SENSE
EXT OSC or WIDEBAND or 502 DIV OVRD (mutually exclusive) and BOOST

Position of the Error Cursor (1 for Output Display MSD down to 6 for the LSD and FREQ for

frequency)
NOTE
If the second entry within a field is not used, subsequent
entries within the field fill the vacated space.

Figure 2-9. LIST Program (Storage Only)
INSTRUMENT . . . . . . . . . . . . SERIALNO
DATE . . . . . . . . . . . . . . . OPERATOR

STEP NOMINAL OUTPUT TOLERANCE ERROR
1. 2. 3. 4. 5.

1. Step number of the program (Blank without a program in memory)

2. Nominal Programmed Output
3. Tolerance in Percent or dB
4. Actual Value of Error in Percent or dB

5.  Prints **Fail™* if the Acutal Error Exceeds the Tolerance

Figure 2-10. LIST Data (Storage Only)




CROSS-SHAPED
PUSH-OUT PLUG

Figure 2-11. Tape Write-Protect Feature

2-42. LOCAL OPERATION
2-43. Initialization

2-44. The instrument is initialized when power is
applied with the power switch, after having been
removed, or when the CLEAR switch is depressed twice
successively. This clears the registers and memory,
extinguishing all the indicators except the following:
STDBY, LOCAL, INT, AND 500 DIVIDER. In
addition, the OUTPUT display reads 0.0000 mV and the
Central Display flashes the number of the software
revision, e.g., 1.0.5. The storage system, if installed, is not
cleared by the CLEAR switch depressions.

2-45. Status During Function Change

2-46. In some cases the instrument automatically drops
in status from Operate to Standby when the function is
changed. These cases are listed in Table 2-11. When the
status changes during a function change, depress the
OPR/STDBY keyswitch to toggle the instrument back
into Operate and continue with the procedure.

2-47. Meter Connection Procedure

2-48. Verify the instrument is in STDBY, then connect
the meter to be calibrated to the Output terminals using
the applicable configuration from Figure 2-12.

NOTE

Wideband AC Volitmeters (bandwidths
exceeding 1 MHz) are susceptible to high-
frequency noise on the low ranges and should
be calibrated at levels below 10 mV using the
Wideband (10 Hz-10 M Hz) Output (Option
-03).

5100 Series B

Table 2-11. Standby/Operate Status Change

PRESENT INSTRUMENT DROPS FROM
FUNCTION OPR TO STDBY GOING TO
THE FOLLOWING FUNCTIONS:
<20V dc =20V dc, 220V ac, A dc, A ac, Ohms
=20V dc =20V ac, A dc, A ac, Ohms
<20V ac =20V dc, =V ac, A dc, A ac, Ohms
=20V ac =20V dc A dc, A ac, Ohms
Adc V dc, V ac, Ohms
A ac V dc, V ac, Ohms
Ohms =220V dc, =220V ac, <20V dc, A dc,
A ac
Wideband =20V dc, =220V ac, A dc, A ac
<20V dc,
<20V ac: Selected Qutput is less than 20V
=20V dc,
=20V ac: Selected Output is equal to or
greater than 20V

2-49. DC Voltage Output

2-50. Obtain a DC voltage output using the following
procedure:

1. If the meter being tested is not connected,
perform the connection procedure above.

2. Select the desired polarity and depress the
applicable keyswitch.

3. Visible on the Central Display is the correct
polarity.

NOTE
If a polarity is not selected, during DC
operations, the instrument defaults to a
positive polarity when the command is
entered into memory.

4. Depress the numerical keyswitches required to
obtain the absolute value of the desired voltage.
Select in the normal sequence, i.e., from MSD (left)
to the LSD (right).

5. The digits appear in the Central Display as they
are entered with the LSD added on the right.

6. Select a multiplier, if required. If none is
selected the instrument assumes units.

7. The selected multiplier indicator, if any,
illuminates.
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Connections for a V dc, V ac, A dc, A ac and two
terminal (internal sensing) resistance outputs. (100 k€2,
1 M2, 10 MQ use internal sensing.) See NEW REF/
CAL 1Q procedure for residual resistance comp-
ensation.

Connections for four-terminal (external sensing out-
puts (192-10 kS2). May be used for 100 k2, 1 MQ
and 10 MQ outputs for convenience but output is
effectively two-terminal.

Connections for A ac with <2 mA ac and A ac with
F>400 Hz outputs. Alternate method for all A dc
and A ac readings. CAUTION: If shielded cable is
left in place during V dc or V ac operation, cable
dielectric must withstand full output voltage and
cable capacitance loads output.

Connections for =0.2V ac, 2.0V ac and <2.0V dc
with 509 override selected outputs to high burden
voltmeters; i.e., meters that draw a current large
enough to produce a voltage drop in the leads which
is large compared to the accuracy desired.

NOTE

If the current exceeds the capability of the

5100
CALIBRATOR
DMM INPUT
HI O»
LO 100 OHI
(o] VO-? oLO
J
5100
CALIBRATOR
DMM INPUTL SENSE
H1
100 OHI
L08 Q 0-? Lo
L ¥
NO CONNECTION 5100
(Do not ground shield CALIBRATOR
DMM INPUT of shielded cable)
HI o--o—————t
LoO- 53 oHI
o oQoLo
J
5100
M CALIBRATOR
- +
100 A HI
VO-? ? LO
-]
Figure 2-12. Meter Connections
8. Depress the V keyswitch to select volts.
9. The KEYBOARD and V indicators illuminate.

10. Depress the ENTER keyswitch.

1.

The data visible on the Central Display

transfers to the Output Display, blanking the
Central Display.

NOTE

If the programmed output is 2.0 volts or
greater the 50 OHM DIVIDER indicator
automatically extinguishes.

12. Select OPR on the instrument, if required.
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calibrator, the Central Display flashes “O.L.”
and the instrument goes into STDBY.

13. The DC output may be altered by repeating
the procedure starting at step 2.

2-51. AC Voltage Output

2-52. Obtain an AC voltage output using the following
procedure:

1. If the meter being tested is not connected,
perform the connection procedure above.



2. Depress the numerical keyswitches required to
obtain the absolute value of the desired AC voltage.
Select in the normal sequence, i.e., from the MSD
(left) to the LSD (right).

3. Thedigits appear in the Central Display as they
are entered, with the LSD being added on the right.

4. Select a multiplier, if required. If none is
selected the instrument assumes units.

5. The selected multiplier indicator, if any,
illuminates.

6. Depress the “V” keyswitch to select volts.

7. The KEYBOARD and V indicators illuminate.

NOTE

The output will be a DC voltage until a
frequency is entered. The AC voltage may be
altered without effecting the frequency by
depressing ENTER and deleting the
remaining steps of the procedure.

§. Depress the numeric keyswitches required to
obtain the absolute value of the desired frequency.
Select in the normal sequence, i.e., from the MSD
(left) to the LSD (right).

NOTE

* For a frequency entry the MSD is the only
allowable significant digit.

9. The frequency entry appears on the Central
Display.

10. Select a multiplier, if required. If none is
selected the instrument assumes units.

11. The selected mutiplier indicator, if any,
illuminates.

12. Depress the Hz keyswitch.

13. The Central Display AC and Hz indicators
illuminate.

14. Depress the ENTER keyswitch.
15. The frequency is displayed on the Central

Display and the AC indicator on the Output
Display illuminates.

5100 Series B

NOTE

The frequency may be altered without
entering the voltage into the instrument by
deleting steps 1 through 7.

16. Select OPR on the instrument, if required, to
obtain an output.

NOTE

If the output current exceeds the capability of
the calibrator the Central Display flashes
“0.L.” and the instrument goes into STDBY.

17. Either the voltage or frequency can
subsequently be altered without effecting the other.

2-53. Wideband Output

2-54. 1f the Wideband Option -03 is installed obtain an
output at the wideband connector using the following
procedure:

1. Depress the WIDEBAND switch.
2. The WIDEBAND indicator illuminates.

NOTE

Any voltage and frequency combination,
within the specified limits of the Wideband
Option, previously entered will be available
for output. Any limits previously entered are
still applicable.

3. Connect a 1 foot RG58/AU cable with BNC
connectors between the wideband output connector
and the receiving instrument.

NOTE

Any cable length greater than 1 foot will have
an effect on the accuracy specifications. Refer
to Section 6 of the instruction manual.

4. Select an AC voltage and frequency output, if
required, as described above.

NOTE

Toggling the WIDEBAND switch and
depressing the ENTER switch returns the
instrument to standard operation.

2-55. Direct Current Output

2-56. Obtain a Direct Current Output using the
following procedure:

1. If the meter being tested is not connected to the
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instrument output terminals perform the
connection procedure above.

2. Select the desired polarity and depress the
applicable keyswitch.

3. Visible on the Central Display is the correct
polarity.

NOTE

If a polarity is not selected the instrument
defaults to a positive polarity when the
command is entered into memory.

4. Depress the numerical keyswitches required to
obtain the absolute value of the desired DC amps
setting. Select in the normal sequence, i.e., from the
MSD (left) to the LSD (right).

5. The digits appear in the Central Display as they
are entered, with the LSD added on the right.

6. Select a multiplier, if required. If none is
selected the instument assumes units.

7. The selected multiplier indicator, if any,
illuminates.

8. Depress the A keyswitch to select Current
(Amps).

9. The KEYBOARD and A indicators illuminate.
10. Depress the ENTER keyswitch.

11. The command string visible on the Central
Display transfers to the Output Display, blanking
the Central Display. If the 50Q indicator was
illuminated from a prior setting it extinguishes.

12. Select OPR in the instrument, if required, to
obtain an output.

NOTE

If the required compliance voltage exceeds the
calibrator’s capacity, the Central Display
flashes “O.L.” and the instrument goes into
STDBY.

2-57. Alternating Current Output

2-58. Obtain an Alternating Current Output using the
following procedure:

1. If the meter being tested is not connected to the
instrument output terminals perform the
connection procedure above.
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2. Depress the numerical keyswitches required to
obtain the absolute value of the desired AC amps
setting. Select in the normal sequence, i.e., from the
MSD (left) to the LSD (right).

3. The digits appear in the Central Display as they
are entered, with the LSD added on the right.

4. Select a multiplier, if required. If none is
selected the instrument assumes units.

5. The selected multiplier indicator, if any,
illuminates.

6. Depress the A keyswitch to select Current
(Amps).

7. The KEYBOARD and A indicators illuminate.

NOTE

The output will be in direct current until a
frequency is entered. The alternating current
may be altered without effecting the frequency
by depressing ENTER and deleting the
remaining steps of this procedure.

8. Depress the numeric keyswitches required to
obtain the absolute value of the desired frequency.
Select in the normal sequence, i.e., from the MSD
(left) to the LSD (right).

NOTE

For a frequency entry the MSD is the only
allowable significant digit.

9. The frequency entry appears on the Central
Display.

10. Select a multiplier, if required. If none is
selected the instrument assumes units.

11. The selected multiplier indicator, if any,
illluminates.

12. Depress the Hz keyswitch.

13. The Central Display, KEYBOARD, AC, and
Hz indicators illuminate.

14. Depress the ENTER keyswitch.
15. The frequency remains on the Central Display

and the AC indicator on the Output Display
illuminates.



NOTE
The frequency may be selected without
entering the current into the instrument by
deleting steps 1 through 7.

16. Select OPR on the instrument if required, to
obtain an output.

NOTE
If the required compliance voltage exceeds the
calibrator’s capacity, the Central Display
flashes “O.L.” and the instrument goes into
STDBY.
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after initial power applications or a RESET
command. The CAL 1Q display is blanked
when the Resistance- Value is entered into
memory.

8. Depress the ENTER keyswitch.

9. The data visible on the Central Display
transfers to the Output Display, blanking the
Central Display.

10. Select OPR on the instrument, if required, to
obtain an output.

2-59. Resistance Output 2-61. dBm Output (AC Volts Only)
2-60. Obtain a Resistance Output using the following 2-62. Obtain an output in decibels (i.e., 0 dBm is equal
procedure: to 1 mW across 600 ohms for the main output terminals or

1. If the meter being tested is not connected to the
instrument output terminals perform the
connection procedure above.

2. Depress the numeric keyswitches required to
obtain the absolute value of the desired resistance
setting. Select in the normal sequence, i.e., from the
MSD (left) to the LSD (right).

NOTE

Resistance entries may only be made from |
ohm through 10 Megohms in multiples of
power of ten (e.g., 100, 101, 102...107).

3. The digits selected appear on the Central
Display as they are entered.

4. Select a multiplier, if required. If none is
selected the instrument assumes units.

5. The selected multiplier indicator, if any,
illuminates.

6. Depress the Q) keyswitch to select Resistance
(ohms).

7. The OHM indicator illuminates.

NOTE
If a low ohms value (10 kilohms and below)
and internal sensing (two terminal) is selected,
the Central Display flashes for one-half
second “CAL 1Q)” when the ENTER switch s
depressed. This display notifies the operator
that he may compensate for the residual
resistance encountered in low resistance, two-
terminal calibration by performing the CAL 1
OHM procedure. This message is only
displayed the first time low ohms is selected

across 50 ohms for the Wideband Option output) using
the following procedure:

1. If the meter being tested is not connected to the
instrument output terminals, perform the
connection procedure above.

2. Obtain an AC output using the procedure
above.

NOTE

The dBm entry below can be substituted for
AC volts when obtaining an output.

3. Depress the numeric keyswitches required to
enter the value of the desired dBm setting. Select in
the normal sequence, i.e., from the MSD (left) to
the LSD (right).

4. The frequency on the Central Display is
blanked and the digits appear on the Central
Display as they are entered, with the LSD added on
the right.

5. Depress the dBm keyswitch.

6. The KEYBOARD and dBm indicators
illuminate.

7. Depress the ENTER keyswitch.

8. The dBm value selected transfers to the Output
Display and the frequency reappears on the Central
Display.

NOTE

To determine the d Bm output level in voltage,
depress RECALL, V, ENTER, and the value
will be displayed on the Central Display.
Depress RECALL to toggle the instrument
out of the Recall Mode.
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2-63. Boost Mode Operation

2-64. Outputs can be obtained from either a Fluke
Model 5205A/5215A Power Amplifier or 5220A
Transconductance Amplifier to augment the calibrator
capabilities by selecting the boost Mode. In addition to
the Amplifiers named, a Y5000 5100 Series Interface
Accessory and a cable for the applicable amplifier (Y5001
for the 5205A/5215A and/or Y5002 for the 5220A) are
required.

2-65. The sequence of operations for the boost mode,
using the Power or Current Amplifiers are listed below.
Both amplifiers may remain connected to the calibrator,
through the interface, while the calibrator is operating,
however, only one can be selected and, therefore,
operational, at a time.

2-66. POWER AMPLIFIER OPERATION

2-67. The Power Amplifier used may be either a Fluke
Model 5205A or a Fluke Model 5215A. Either amplifier
may be used to obtain AC voltage output, however, DC
output can be obtained only from the Model 5205A.

2-68. Obtain a Boost Mode Power Amplifier output
using the following procedure:

1. Insure power has been remove from both
the calibrator and amplifier.

2. Connect the Y5000 Interface to the
calibrator.

3. Connect the amplifier to the Calibrator
Interface using the Y5001 Cable Assembly.

4. Apply power to both instruments and
allow an adequate warmup period.

5. If the Model 5205A is used, select the
REMOTE/5200 position.

6. Program a Boost Mode output from the
calibrator by selecting in turn boost, output
value data (100 to 1100 volts, and a frequency
from 50 Hz to 50 kHz if AC), and ENTER.

NOTE

Selection of the BOOS T keyswitch may either
precede or follow entry of the Output Value
Data without effecting operations, provided it
precedes the selection of ENTER.

7. The BOOST indicator illuminates when the
BOOST keyswitch is depressed, the voltage selected
appears on the Calibrator Output Display, and the
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frequency, if applicable, appears on the Central
Display when the ENTER keyswitchis depressed. If
a Model 5205A is used the 5200 indicator on the
amplifier illuminates.

NOTE

If both the 5205A/5215A and 5220A are
connected through the Y5000 the 52204 goes
into REMOTE, STANDBY, and LOCAL
LOCKOUT when ENTER is selected. This
prevents accidental operation of the 5220A
from the power amplifier drive signal on the
5205A4/5215A rear panel.

8. Select OPR (operate) on the calibrator.
NOTE

When operating in the AC Mode the AC drive
signal (up to 20V ac)for the Boost Amplifier is
present on the Calibrator Output Terminals.

9. The OPERATE indicators of both the
calibrator and amplifier illuminate and the
programmed output value is available at the
amplifier output terminals.

NOTE

Depressing BOOST, ENTER, while in the
BOOST Mode will toggle the calibrator out of
the Boost Mode, and return the output to the
calibrator; however, at the greatly reduced
power specifications of the basic instrument.

2-69. TRANSCONDUCTANCE AMPLIFIER
OPERATION

2-70. The Fluke Model 5220A Transconductance
(current) Amplifier is used to expand the capabilities of
the calibrator up to 20 (19.9999) Amps. When connected
to a 5100 Series B Calibrator through a Y5000 Interface
and Y5002 Cable Assembly outputs can be programmed
directly from the calibrator front panel.

2-71. Obtain a Boost Mode Current Amplifier Output
using the following procedure:

1. Insure power has been removed from both the
calibrator and amplifier.

2. Connect the Y5000 Interface to the calibrator.

3. Connect the amplifier to the Calibrator
Interface using the Y5002 Cable Assembly.

4. Connect a load or current meter to the 5220A
Outputs.



NOTE

The current selected multiplied by the load
resistance must equal lessthan3Vrmsor4.2V
dc to prevent a compliance trip of the
equipment.

5. Apply power to both instruments and allow an
adequate warmup period.

6. Program a Boost Mode Output from the
calibrator by selecting in turn BOOST, Output
Value Data (froma 0A dc or 2A acto a maximum of
19.9999 Amps), and ENTER.

NOTE

Selection of the BOOST keyswitch may either
precede or follow entry of the Output Value
Data without effecting operation, provided it
precedes the selection of ENTER.

7. The BOOST indicator illuminates when the
BOOST keyswitch is depressed. The current
selected appears on the Calibrator Output Display,
and the frequency, if applicable, appears on the
Central Display, when the ENTER keyswitch is
depressed. The REMOTE and REAR INPUT
indicators illuminate on the Current Amplifier
front panel when the calibrator ENTER keyswitch
is depressed.

8. Select OPR (operate) on the calibrator.
NOTE

When operating inthe AC Mode the AC drive

signal (up to 20V ac) for the BOOST
Amplifier is also present on the calibrator
Output Terminals.

9. The OPERATE indicators of both the
calibrator and amplifier illuminate and the
programmed output value is available at the
amplifier output terminals.

NOTE

Depressing BOOST, ENTER while in the
Boost Mode will toggle the calibrator out of
the Boost Mode and return the output to the
calibrator terminals; however, if an output
greater than the capability of the calibrator,
ie. >1.99999A4, has been programmed, an
error results and an error message is
displayed.
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2-72. Enter Entry Limit

Place an Entry Limit in memory using the

following procedure:

1. Depress the ENTRY LIMIT keyswitch.
2. The LIMIT indicator illuminates.

NOTE

Entry Limits may be set in either volts or amps
at any value; however, the instrument will not
exceed the values listed in the specifications. If
a polarity is not assigned, the entry will be
both positive and negative limits. If a polarity
is specified, the other polarity remains
unspecified until an entry is made.

3. Select the polarity, if desired, and depress the
applicable keyswitch.

4. Visible on the Central Display is the correct
polarity.

5. Depress the numeric keyswitches required to
obtain the absolute value of the desired entry limits.
Select in the normal sequence, i.e., from the MSD
(left) to the LSD (right).

6. The digits appear on the Central Display as
they are entered, with the LSD added on the right.

7. Select a multiplier, if required. If none is
selected the instrument assumes units.

8. Select either volts (V) or amps (A).

9. The applicable indicator illuminates.

NOTE

The value of the Entry Limit is stored at this
time; however, it is not compared against an
existing value until the ENTER switch is
depressed.

10. A value higher than the Entry Limit in
memory cannot be entered until the Entry Limit is
changed or cleared. Any attempt results in an Err3
display, which has no effect on the existing output.
The value stored can be verified by using the Recall
procedure described in a subsequent paragraph. In
addition, if an entry limit is entered that is smaller
than the programmed output, Err3 results. The
error signal can be cleared by reprogramming the
entry limit or the output, or by resetting (depressing
CLEAR twice successively) the instrument.
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2-74. Tolerance Limit Entry

2-75. Place the Tolerance Limit in memory using the
following procedure:

1. Depress the TOL LIMIT keyswitch.
2. The LIMIT indicator illuminates.

3. Depress the numerical keyswitches required to
obtain the absolute value of the limit percentage.
Select in the normal sequence, i.e., from the MSD
(left) to the LSD (right).

4. The digits appear on the Central Display as
they are entered, with the LSD added on the right.

5. Depress the % keyswitch.
6. The % ERROR indicator illuminates.

NOTE

The tolerance limit is now entered into
memory; however, it is not compared against
an existing value until the Error Mode is
entered. A percent of error greater than the
entry during Error Mode operations causes
the LIMIT indicator to illuminate and the
numeric value on the Central Display to flash.
This is a notice to the operator that the preset
error limit has been exceeded. It does not
effect the operation of the instrument.

2-76. Error Mode Operation

2-77. The Error Mode is used to find the deviation from
a previously obtained output. This output may be in volts
(DC or AC), Amps (DC or AC), ohms, Hertz, or decibels.

2-78. The Error Mode is entered by activating any of the
rotary or keyswitches in the Error Mode Group. The
Central Display immediately blanks any data displayed
and substitutes zero error if the EDIT switch is rotated, if
the NEW REF/CAL | OHM keyswitch is toggled, or if
the ENABLE, 4« DECADE or DECADE W keyswitches
are toggled (if cursor right decade is depressed to enter the
Error Mode the frequency is displayed). If an internal
calculation overflow results from exceeding the
instrument’s calculating ability or from a tolerance limit
entry the Central Display will show “L Err” for large
error. The data blanked from the Central Display is
placed in temporary storage and redisplayed with the
return to the normal mode. The instrument can be
returned to the normal mode of operation by toggling the
ENABLE keyswitch or by depressing any Front Panel
keyswitch except the remaining Error Mode Group or
OPR/STDBY.

2-79. VOLTS/AMPS ERROR MODE OPERATION

2-80. With the Volts/Amps measurements the output
2-22

signal is altered until the meter under test reads correctly.
Therefore as the output magnitude goes higher it shows
that a larger change is required to bring the test meter to
the correct display and the percent of error is negative.
The change in magnitude of the output is the inverse
polarity of the percent of error.

2-81. Check the Volts/ Amps Error Mode operation
using the following procedure:

1. If the meter being tested is not connected to the
instrument output terminals, perform the
connection procedure above.

2. Obtain the desired base output using the
applicable preceding procedure.

3. Place the instrument in the Error Mode using
the procedure described in the preceding
paragraph.

4. With the EDIT switch, modify the output until
the meter under test reads the base setting of the
output.

5. The Output Display reads the output required
in volts or amps to obtain the required reading and
the Central Display shows the difference from the
base as a percentage.

2-82. OHMS ERROR MODE OPERATION

2-83. For an Ohms Error the Output Display is altered
to match the reading of the test meter, and, as a result, the
percentage of error is displayed. In this case, the percent
increases or decreases with the change from the base and
the display polarity has a direct relationship to the change
of the output reading.

2-84. Check the Ohms Error Mode operation using the
following procedure:

1. If the meter under test is not connected to the
instrument output terminals perform the
connection procedure above.

2. Obtain the desired base output using the
applicable preceding procedures.

3. Place the instrument in the Error Mode using
the procedure previously described.

4. With the EDIT switch, modify the Output
Display until it corresponds to the reading of the
meter under test.

5. The Central Display shows the percent of error
in the meter under test.



2-85. FREQUENCY ERROR MODE OPERATION

2-86. The calibrator does not provide frequency error
percentages. However, the Error Mode does allow the
operator to quickly step through the frequency range of
the instrument, checking the frequency response of the
meter under test.

2-87. Check the Frequency Error Mode operations
using the following procedure:

1. If the meter under test is not connected to the
instrument output terminals perform the
connection procedure above.

2. Obtain the desired base frequency using the
applicable procedure.

3. Depress the DECADE B keyswitch to place
the instrument in the Error Mode and move the
cursor over the MSD (only digit accessible for
modification) of the frequency.

4. With the EDIT switch modify the frequency as
desired.

2-88. dBm ERROR MODE OPERATION

2-89. In the dBm Error Mode the displayed error is in
dB rather than a percentage. Modification to the base
figure is in dBm and the error on the Central Display is
changed accordingly.

2-90. Check the dBm Error Mode operation using the
following procedure:

1. If the meter under test is not connected to the
instrument output terminals, perform the
connection procedure above.

2. Obtain the desired base output in dBm using
the applicable procedure.

3. Place the instrument in the Error Mode using
the procedure described above.

4. With the EDIT switch, modify the base output
until the meter under test reads the desired setting.

5. The Output Display reads the dBm required to
obtain the proper reading and the Central Display
shows the difference from the base in dB.

2-91. NEW REF/CAL 1Q Operation

2-92. This switch performs two different functions,
dependent upon the status of the instrument. The New
Reference function is available any time the instrument is
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in the Error Mode, while the CAL 1 OHM function
requires that 1 ohm resistance be selected also. The
sequence of operations for each is given below.

2-93. NEW REFERENCE OPERATION

2-94. If the keyswitch is depressed when the instrument
is in the Error Mode, the output, as modified by the edit
feature of the error mode, becomes the new base except in
the Fractional-Scale Mode when the full-scale reference is
not changed. Error Mode modifications and percent of
error figures will be on the new base established with the
NEW REF/CAL 10 keyswitch.

2-95. CAL 1Q OPERATION

2-96. This feature is used to compensate for the residual
resistance during two-terminal (internal sensing)
operations. Use the following procedure for the CAL 1Q
sequence:

1. Connect the test ohmmeter using the two-
terminal method.

2. Select internal sensing and program a ()
output from the instrument.

3. Use the Error Mode and modify the instrument
output until it reads the same as the meter under
test.

NOTE

The meter under test must be reasonably
accurate (£1%) and must read between
1.00000 and 1.99999 ohms for the CAL 1Q)
feature to operate.

4. When the instrument output and the meter
under test read the same, depress the NEW REF/ |
OHM CAL keyswitch.

5. The residual resistance is automatically added
to any resistance range selected up to 10 kilohms, as
long as the resistance function is selected, it remains
on internal sense, and the instrument is not reset by
either removing power or a CLEAR ALL
command, or until a new value of residual
resistance is entered.

NOTE

If the switch is depressed when the instrument
display is greater than 1.99999 ohms, a
correction of zero ohms is stored. In addition,
the instrument operates as in the NEW REF
mode described above.
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2-97. Fractional-Scale Operation

2-98. Fractional-Scale Operations allow the operator to
output and modify for Error Mode operations some
fractional value of the base output while the displayed
error is computed on the original value. (Fractional scale
entries must be in units; multiplier, i.e., exponents cannot
be used.) It is intended for use with a meter under test that
has its accuracy at fractional-scale magnitudes specified
as a percent of full-scale. When a fractional-scale entry
results in a Err3 or Err4 an erroneous output value results
from the programmed fraction. Programming a valid
output or resetting the instrument will remove the error.
The procedure in the following example demonstrates
how the percentage of error is computed on a 12 volt base
rather than on a 9 volt output obtained with the 3
fractional-scale entry. The fractional-scale feature cannot
be used when the instrument is in the Keyboard Mode.

1. Obtain an output of 12 volts using the DC volts
output.

2. Depress the Data Entry Group keyswitches
“3,/4,” to make the fractional-scale entry.

3. The Central Display shows “3-4”.
4. Depress the ENTER keyswitch.

5. The Central Display blanks and the Output
Display is altered to read +9.0000 volts.

6. Rotate the EDIT switch clockwise for an
Output Display of +9.0001.

7. The Central Display reads -.0008 and the
%ERROR indicator is illuminated.

NOTE

A change of .0001 at 9 volts base would read
-.00111 (0.0001/9 = -.0011%) while the same
change with a 12 volt base would read the
-.0008 displayed.

2-99. Entries can be made for any function except dBm
or ohms. The entries may also be altered by makinga new
fractional-scale entry. For example: using the above
example if !5 was entered the output display would
change to 6.000, " would change it to 3.000 and 1/1
would change it back to 12.000. As you can see, all entries
have made their change based on the original 12 volts, not
on the current output. If at some time during the
procedure it is desired to change the base to the current
output, it can be accomplished by depressing the NEW
REF/CAL | OHM keyswitch. If the ENTER switch is
depressed without entering a valid fraction, the
instrument drops out of the Fractional Scale Mode.
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2-100. External Oscillator Operation

2-101. Desired frequencies that are outside the
capability of the instrument, i.e., more than one
significant digit or moreaccurate, can be obtained using
the External Oscillator feature. The external frequency
must be within the range of the standard 5100 Series (50
Hz to 50 kHz) at 1.2V rms +/-5% and an output
impedance no greater than 50 ohms. The signalisinput to
the instrument at pin 4 (EXT OSC) and 7(OSC COM) of
J2, the Analog Connector on the Rear Panel.

NOTE

Matching connectors to meet the customer’s
particular needs are available from Fluke or
the manufacturer. For example, a straight-in
hooded 14-pin male connector can be ordered
from Fluke using Part Number 272443. The
Federal Supply Code is 02660 and the
Manufacturer’s Part Number is 57-30140.

2-102. Certain limitations are placed on external
frequency/programmed voltage combinations when
maximum performance is required. These limits are listed
in Table 2-12. Other combinations may be programmed,
at the user’s discretion; however, the performance will be
degraded and the instrument may go into Overload
(“O.L.”). No damage will result to the instrument from
the overload condition.

NOTE

Amplitude instabilities, distortion, noise, etc.,
of the external oscillator can appear at the
instrument output.

Table 2-12. External Frequency/Voltage Limitations

PROGRAMMED AC
EXTERNAL FREQUENCY VOLTAGE
50 Hz — 1 kHz 1100V
> 1 kHz — 20 kHz 110V
> 20 kHz — 50 kHz 19.9999V

2-103. Operate with the external oscillator using the
following procedure:

1. Connect the external oscillator signal to J2 on
the rear panel, insuring it is within the frequency,
voltage, and impedance limits as stated above.

2. Depress the EXT OSC keyswitch to select the
external oscillator function.

3. The KEYBOARD and EXT OSC indicators
illuminate.



4. Program the desired output voltage or current.

5. Program a frequency within one of the brackets

in Table 2-13 to match the input frequency.

6. Depress the ENTER switch.

7. The programmed voltage and frequency are
displayed and the KEYBOARD indicator

extinguishes.

8. Select OPR, if required.

Table 2-13. External Oscillator Frequency Ranges

PROGRAM THE
UTPUT INPUT FREQUENCY
o u FREQUENCY F;iTWEEN
Volts 50 Hz to 1999 Hz 50 Hz to 1000 Hz
Volts 2 kHz to 20 kHz 2 kHz to 20 kHz
Volts 20 kHz to 50 kHz 30 kHz to 50 kHz
Amps 50 Hz to 1000 Hz 50 Hz to 1000 Hz

2-104. Recall Operations

2-105. With the instrument toggled into the Recall
Mode, data stored in memory can be recalled and
displayed on the Central Display. The stored values for
voltages (V), current (A), frequency (Hz), resistance (1),
decibels (dBm), dBm equivalent voltage, Entry Limits, or
Tolerance Limits, in the applicable polarity, can be
displayed. Depression of an illegal keyswitch toggles the
instrument out of the Recall Mode. If a numeric key is
depressed, “Err1” is displayed and the entry is ignored;
however, the instrument is toggled out of Recall. Toggle
the RECALL key prior to a numeric entry to preclude the
error message, or, if already displayed, reenter the
numeric or depress CLEAR one time to resume
operations.

2-106. Perform the Recall operation using the following
procedure:

1. Toggle the instrument into the Recall Mode
with the RECALL keyswitch.

2. The RECALL indicator illuminates.

3. If a Limit value (ENTRY LIMIT or TOL
LIMIT) is to be recalled, depress the applicable
keyswitch(s). The appropriate indicator
illuminates. The tolerance limit is displayed, if
selected.

4. If a polarity is required depress the applicable
keyswitch. The polarity indication appears on the
Central Display.
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5. Depress the keyswitch for the applicable
function, i.e., V, A, Hz, etc.

6. The recalled data is displayed on the Central
Display with any previously displayed data stored
and blanked from the display.

7. Toggling the instrument out of the Recall
Mode, by depressing the RECALL keyswitch,
blanks the recalled data and returns the stored,
previously displayed, data to the Central Display.

NOTE

Depressing RECALL clears the keyboard
memory of any data stored and extinguishes
the KEYBOARD indicator, if illuminated.

2-107. Storage System Operations
(Storage Only)

2-108. The following set of procedures are for the
operation of the Storage System and its integral Tape
System. In all cases, the Storage Mode must be selected
by depressing the ENABLE switch so that the ENABLE
indicator illuminates. If the Tape System is to be used, a
tape cassette must be loaded into the Tape System.

CAUTION

Tapes used must be certified digital mini-
cassettes that conform with the ANSI
Standard X3B5/77-49. Audio tapes will not
give acceptable results.

NOTE

Do not attempt to load a tape with any
Standard Analog PCB Assemblies removed,
except the Extended High Voltage Assembly.
The display will blank and the instrument
must be reset.

2-109. CREATING A STORAGE SYSTEM
PROGRAM (STORAGE ONLY)

2-110. The following routine is an example of a simple
program that can be used to become familiar with the
procedures required to enter a program into memory and
then transfer it to tape storage. A detailed description of
all the routines available follows in the ensuing
paragraphs. Load the example program using the
following procedure:

1. Insert the tape, on which the program is to be
written, into the tape system.

2. Select the ENABLE and STORE keyswitches.
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3. The ENABLE and STORE indicators
illuminate.

4. Select, in turn, the 1, V, ENTER,
ADVANCE/LOAD keyswitches.

NOTE

Any legal function or control can be included
in the command, e.g., Standby/Operate,
Internal| External Sense, etc; however, for
safety reasons step 001 always comes up in
STANDBY.

5. The Output Display reads 1.00000V and the
Central Display flashes the number “002™ to
indicate that new data will be placed in step 2.

6. Select the 2, V, ENTER, ADVANCE/LOAD
keyswitches.

7. The Output Display reads 2.00000V and the
Central Display flashes 003.

8. Continue the sequence using 3, 4, 5, etc, volt
entries for as many steps as desired.

9. Select the TAPE keyswitch.
10. The TAPE indicator illuminates.
11. Select ADVANCE/LOAD.

12. The loaded tape rewinds, runs forward to load
the data, and rewinds again.

13. The Output Display reads 1.00000V, the
Central Display flashes 001 and the TAPE and
STORE indicators extinguish.

14. Select the 3, SEL DISPLAY STEP
keyswitches.

15. The Output Display reads 3.00000V, i.e., the
programmed output for step 3 and the Central
Display flashes 003.

16. Select ADVANCE/LOAD.

17. The Central Display flashes the number of the
next step in sequence and the Output Display reads
the value of the of the step, i.e., 4.00000V.

18. Step through the program until the Central
Display reads “END P” signaling the end of the
program. At each step the Central Display should
flash the number of the step and the Output Display
read the value stored.
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19. Select the ENABLE keyswitch to toggle out of
the Enable Mode and disable the storage system,
and return to standard operations when desired.

2-111. DISPLAY THE STEP LOCATION
SELECTED (STORAGE ONLY)

2-112. Use the following procedure to display the
number of the selected step on the Central Display:

1. Depress the SEL/DISPLAY step switch.

2. The number of the step selected flashes on the
Central Display, holds for approximately one
second, then the display returns to its prior state.

2-113. SELECT A STEP-READ MODE
(STORAGE ONLY)

2-114. Use the following procedure to select a
predetermined step while in the Read Mode:

1. Verify the Read Mode is selected, i.e., the
STORE indicator is extinguished.

2. Select the number of the desired step with the
numeric switches in the data entry group.

3. The number entered appears on the Central
Display.

4. Depress the SEL/DISPLAY STEP switch.

5. The number of the step selected flashes on the
Central Display for approximately one second,
then the state stored in that location is transferred to
the instrument output. “End P” is displayed if the
selected step is beyond the end of the current
program.

NOTE

The instrument status might drop from OPR
to STDBY with the change in state of the
selected output. Refer to Table 2-11 for a list
of the operational status requiring a changein
status.

2-115. SELECT A STEP - STORE MODE
(STORAGE ONLY)

2-116. Use the following procedure to select a
predetermined step while in the Store Mode:

1. Select the Store Mode with the STORE switch.

2. The STORE indicator illuminates.
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3. Select the number of the desired step with the NOTE

numeric switches in the Data Entry Group.
“FULL” is displayed when the memory is full

4. The number entered appears on the Central and the step cannot be loaded.

Display.

2-121. DELETE INSTRUCTION
5. Depress the SEL/DISPLAY STEP switch. (STORAGE ONLY)
6. The memory moves to the step location 2-122. Use the following procedure to delete a
selected, provided it is within the existing program. previously entered instruction:
If not, it steps to the first location available for data
entry. The selected step number is flashed on the 1. Perform the Select a Step (Store Mode)
Central Display for approximately one second, procedure previously described using the number of
then the output returns to its original state. the step to be deleted.

2-117. READ OUTPUT STATE (STORAGE ONLY) NOTE
2-118. Read an output state previously stored in Instrument must be in the Store Mode.
memory using the following procedure: )
2. Depress the DELETE switch.
1. Perform the Select a Step (Read Mode)
procedure previously described, using the number
of the step to be read.

3. The step number deleted flashes on the Central
Display for approximately one seecond. All
subsequent steps move up one number and the step
moved into the step just deleted is transferred to the

2. Depress the ADVANCE/LOAD switch.
output.

3. The state is transferred to the output of the
instrument and its appropriate step number is
displayed for approximately one second, followed
by the display of the output condition.

2-123. TRANSFER STORAGE MEMORY TO
TAPE (STORAGE ONLY)

2-124. Transfer the instructions stored in memory to a
72-119. STORAGE OUTPUT STATE tape for a permanent record using the following
(STORAGE ONLY) procedure:

1. Insure a tape cassette is loaded in the Tape
Reader then select the Tape Mode with the TAPE
switch.

2-120. Store an output state in memory using the
following procedure:

1. Select the Store Mode with the STORE switch.
2. The TAPE indicator illuminates.

2. The STORE indicator illuminates.
3. Select the Store Mode with the STORE switch.
3. Verify the state to be stored has been

programmed into the instrument. 4. The STORE indicator illuminates.

NOTE 5. Depress the ADVANCE/LOAD switch.

. . NOTE
The desired state can be programmed into the
instrument at this time or at any time prior 1o

If the unit was in OPR (Operate), it will drop
selecting the storage mode of operation.

in status to-STDBY (Standby).
4. Depress the ADVANCE/LOAD switch. 6. The tape advances.

5. The number of the next step in sequence flashes 7. When the transfer of data is complete, the

on the Central Display for approximately one
second, then the display returns to its previous state.
“End P” is displayed if the step stored fills the
memory.

TAPE and STORE indicators automatically
extinguish and the tape stops. There is no change in
the data displayed or stored in memory except the
instrument remains in STDBY.
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2-125. TRANSFER TAPE RECORD TO STORAGE
MEMORY (STORAGE ONLY)

2-126. Transfer the data stored on a tape to the storage
group memory using the following procedure:

1. Insure the tape cassette containingthe program
to be transferred is loaded in the Tape Reader, then
select the Tape Mode with the TAPE switch.

2. The TAPE indicator illuminates.

3. Verify the Read Mode is selected, i.e., the
STORE indicator is extinguished.

4. Depress the ADVANCE/LOAD switch.

NOTE

If the unit was in OPR it will drop in status to
STDBY.

5. The tape advances.

6. When the transfer of data is complete, the
TAPE indicator extinguishes automatically, the
tape drive stops. Step 1 is transferred to the output,
and step “1” flashes on the Central Display,
followed by display of the data in Step | on the
Output Display and the Central Display, if
applicable.

2-127. LIST PROGRAM STEPS(STORAGEONLY)

2-128. Use the following procedure to obtain a
permanent printed copy of a program entered into
storage memory. An optional remote interface must be
installed in the instrument to use this feature.

1. Perform the Select a Step (Store Mode)
procedure previously described, using the first
number of the desired listing.

2. Depress the LIST switch.

NOTE
If the unit was in OPR it will drop in status to
STDBY.

3. The program, or selected portion, is transferred
through the optional remote interface to a printing
device.

NOTE

The listing is terminated if a front panel switch
is depressed or a command is input through
the remote interface.
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2-129. LIST DATA (STORAGE ONLY)

2-130. Use the following procedure to obtain a
permanent printed copy of the test data. An optional
remote interface must be installed in the instrument to use
this feature.

1. Verify the Read Mode is selected, i.e., the
STORE indicator is extinguished.

2. Depress the LIST switch.

3. The single test step at the output is transferred
through the remote interface to the printing device.

2-131. CLEAR STORAGE MEMORY
(STORAGE ONLY)

2-132.  Use the following procedure to clear the storage
memory:

1. Select the Store Mode with the STORE switch.
2. The STORE indicator illuminates.
3. Depress the CLEAR STORAGE switch.

4. Any data stored in memory is erased and the
Central Display flashes ”End P“ then returns to its
prior state.

2-133. REMOTE OPERATION

2-134. The 5100 Series B can be remotely programmed
through either the IEEE 488-1975 Standard Interface
Option (-05) or the Bit Serial Asynchronous (RS-232-C)
Interface Option (-06), described in Section 6 of the
instruction manual. Communication between the
controlling device and the instrument interface must be in
the standard ASCII codes. The codes accepted by the
instrument and a brief explanation of each is given in
Table 2-14.

2-135. When one of the optional interface modules is
installed in the instrument the Remote Mode can be
activated either manually or from the Control Device.
The instrument can be placed in remote through the
IEEE-488 Interface by addressing it with the address
assigned to the instrument. Remote can be accomplished
through the Bit Serial Interface by programming the
character “J” as described in later paragraphs. The
instrument is put in remote from the front panel by
toggling the REMOTE switch. Unless the front panel is
disabled or “locked out” by a remote command it can
return the instrument to local operation by toggling the
REMOTE switch on the front panel.
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Table 2-14. Programming Codes

CODE EXPLANATION CODE EXPLANATION
INITIATION CHARACTERS STORAGE COMMANDS (Storage Only)

i Reset — go to local Q1 Enable Storage Mode

C Clear Entry Qo Disable Storage Mode

cC Reset — stay in remote [ Enable Tape Mode

LC Clear entry limits [0 Disable Tape Mode

TC Clear tolerance limits W1 Select Store Mode

10-3 Interface Interrupt Enable Codes wo Select Read Mode

YO0-7 Interface Output Enable Codes & Advance/Load
Termination Character ( Select/Display Step
CONTROL COMMANDS ) E;'tete Step

J Go to Remote - RS232 = Clear Storage

# Go to local — RS232

u1 Enable Local Lockout DATA INSTRUCTIONS

uo Disable Local Lockout

S Go to Standby +,— Polarity entry

N Go to Operate 0-9 Magnitude entry

X1 * Select external sensing . Decimal point

X0 * Select internal sensing / Fractional scale entry

F1 * Enable external oscillator mode E Exponent entry follows

FO * Disable external oscillator mode \ * Volts entry

R1 * Select 50 ohm divider override A * Amps entry

RO * Disable 50 ohm divider override z * Ohms entry

@ Error Mode toggle H o * Hertz entry

< Error Mode Cursor one position left D * dBmentry

> Error Mode Cursor one position right % Percentage entry

; Increment digit under cursor

: Decrement digit under cursor STATUS

$or’ Store NEW REF/CAL 1 ohm reference

G Recall 2or"? Print Status message

L Enable Entry Limit entry ? Print Central Display

T Enable Tolerance Limit entry

P1 * Enable Wideband option

PO * Disable Wideband option

B1 * Enable Boost Mode *Terminator required for action

BO * Disable Boost Mode

2-136. Programming instructions may be either 2-137. Initiation Characters
initiation or string commands. The initiation commands 9138, RESET “*"

are one or two character messages that are operated on as
soon as they arrive unless they are part of a string, in
which case they are executed in sequence within the
string. The only exception is reset, which has an
immediate response. String Commands can be Control
Commands, Storage Command (used with the 5101B
only), Data Instructions, Status requests, or a
combination of the first three, and are sent in a series of 1-
to-32 characters that are, with the exceptions noted in the
text, concluded with a terminator character.

2-139. The instrument is reset to the initial sequence and
Local Mode with this instruction. It assumes the default
condition, i.e., all registers reset. The visible effect on the
instrument is the STDBY, LOCAL, INT, and 500
DIVIDER indicators illuminated and the Output Display
set to 0.0000 mV dc. In addition, the Wideband, External
Oscillator, Echo Capability, and Line Feed Suppression
features are disabled and the IEEE-488 Service Request
disabled.
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NOTE

Allow a 500 ms interval between a Reset
command “*” and any subsequent command.

2-140. CLEAR “C”

2-141. A single “C” entry during a numeric entry while
in the Keyboard Mode clears that entry. A second
successive “C” entry clears the instrument to its initial
state except it remains in remote. When the “C” is directly
preceded by an “L" entry the programmed entry limits are
set to their maximum setting. The entry “TC” sets the
tolerance limits to maximum tolerance.

2-142. INTERFACE INTERRUPT ENABLE
CODES

2-143. Interrupts for the interface system are generated
using the alpha character I followed by an octal number
between 0 and 3, inclusive. The numeric is based on the
three binary bits of an octal number with bit 0 high if the
interrupt (Service Request SRQ in the IEEE-488
Interface) is enabled with a “Ready”, and bit 1 high if
enabled with an “Error”. “Ready” interrupt refers to a
SRQ at the end of a timeout which represents the
maximum settling time required in the programmed
range. They are generated after a command which causes
a change in output, e.g., a terminator or
Standby/Operate Command. Bit 2is not used at this time
so the available codes extend only to an octal 3. The
possible combinations are given in Table 2-15.

Table 2-15. Interface Interrupt Codes

INTERRUPT ON
NUMERIC
READY ERROR
0 Disabled Disabled
1 Enabled Disabled
2 Disabled Enabled
3 Enabled Enabled

2-144. INTERFACE OUTPUT CODES

2-145. Outputs for the interface system are generated
using the alpha character I followed by an octal numeric
between 0 and 7, inclusive. The numeric is based on the
three binary bits of an octal number with bit 0 high to
suppress alphabetic character output, bit 1 highto enable
the echo feature of the RS-232-C Interface, and bit 2 high
to disable the automatic line feed following a carriage
return. The possible combinations are given in Table
2-16.
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Table 2-16. Interface Output Codes

own [ 55m2 [ auroume
NUMERIC | CHARACTER

OUTPUT CAP- CARRIAGE

ABILITY RETURN

0 Active Disabled Enabled

1 Suppressed Disabled Enabled

2 Active Enabled Enabled

3 Suppressed Enabled Enabled

4 Active Disabled Disabled

5 Suppressed Disabled Disabled

6 Active Enabled Disabled

7 Suppressed Enabled Disabled

2-146. TERMINATOR *“,”

2-147. The character “,” (comma) is entered to complete
a string of commands and is notice to the controller to
execute the preceding commands back to the previous
terminator.

2-148. String Commands

2-149. There are four types of commands that can be
used within a string. They consist of entries to program
Control Commands, Tape Commands (used with
Storage Units only), Data Instructions, or to request a
return statement on Status. The Control Commands,
Tape Commands, and Data Instructions can be
combined in a single string, provided the string does not
exceed 32 characters in length, including the terminator.

2-150. CONTROL COMMANDS

2-151. Control Commands are used to program the
modes of operation. The codes are used to enable or
disable the modes of operation. Multiple modes may be
enabled in one command string. The Control Commands
are given in the following paragraphs.

2-152. Interface Commands

2-153. The IEEE 488-1975 Interface is enabled with an
address character which is further defined in the Standard
and Section 6 of the instruction manual. The RS-232-C
Interface is enabled with the character “J™ and disabled
and returned to Local control with the character “#”. The
characters “U1” lockout the LOCAL/REM switch on the
Front Panel for a Local Lockout condition, preventing a
return to Local from the Front Panel. The Local Lockout
is disabled, allowing free use of the Front Panel with'the
instruction “U0”. The Local/Remote commands are
acted on immediately, not requiring a terminator.



2-154. Standby/Operate

2-155. Standby is enabled with the character “S”.
Operate is enabled with the character “N”. The modes are
mutually exclusive so the opposite mode is automatically
disabled. The Standby/Operate commands do not
require a terminator for action.

2-156. Sensing

2-157. External sensing is selected with the instruction
“X1”. Internal sensing with “X0”. A terminator is
required for execution.

2-158. External Oscillator

2-159. The External Oscillator Mode is selected with the
instruction “F1”. To return to the internal oscillator,
program “F0”. A terminator is required for execution.

2-160. 50 Divider Override

2-161. The Override Mode is programmed with the
characters “R1”. This mode does not allow the instrument
to go into DC voltage ranges below 20 volts (minimum
normal reading 2.0000). An output of 1.00000 or less has a
normal output impedance of 50 ohms. The override may
be disabled while remaining in the DC Volts with the
instruction “R0”. Programming a reading above 2.0000V
dc, or an output with any function except DC volts
selected automatically, disables the override. A
terminator is required for execution.

2-162. Error Mode Instructions

2-163. Programming any of the six Error Mode
instructions puts the instrument into the Error Mode
unless the instrument is in the Keyboard Mode. The
character “@” toggles the instrument, enabling and
disabling the Error Mode. The cursor (intensified digit)
can be moved to the left by programming “<” or to the
right, by “>”. The digit under the cursor is made more
positive with the character “;” and made more negative
with *“:”. The character “C” stores the NEW/REF CAL |
OHM reference. Programming any instruction not legal
for the Error Mode (Error Mode Codes, Standby or
Operate) while in the Error Mode toggles the instrument
out of the Error Mode. The Error Mode instructions do
not require a terminator for action.

2-164. Recall

2-165. The instruction “G” (GET) places the instrument
in the Recall Mode. When in the Recall Mode a legal
instruction (G, +, -, V, A, H, D, M, T, L, ?) displays the
stored data. Any instruction not legal for recall will toggle
the instrument out of Recall, if it had been in that mode of
operation. If a numeric is programmed while in the Recall

5100 Series B

Mode an “Errl” results. Programming a terminator (,)
prior to the numeric prevents the error message, as will a
Clear (C), which also removes any error message
inadvertently acquired. Programming Recall M (GM) or
Recall followed by a function not selected, displays on the
Central Display the magnitude of the function selected.
The message must be followed by the Central Display
Access Instruction (?) to place the data on an output
device. The Recall instructions do no require a terminator
for action.

2-166. Limits

2-167. The Entry Limit is programmed with the
character “L” followed by the applicable magnitude
entry. For example, the instruction L12.3456V would
enter a limit of +/-12.3456V dc and any entry exceeding
that figure would be rejected with an “Err3” display. The
instruction “T” followed by the applicable magnitude
entry sets the tolerance limits. The typical instruction
T.05% would program a limit of 0.05% and any error
exceeding that during Error Mode operation would
illuminate the LIMIT indicator and flash the display,
warning the operator the preset limits has been exceeded.
Both limit entries may be set to their maximum figure,
effectively disabling them, by entering the applicable
instruction followed by the character “C” (LC or TC).

2-168. Wideband Option

2-169. When installed, the Wideband Option is enabled
with the instruction “PI1”. It is disabled with the
instruction “P0”. When enabled the output is available at
the dedicated connector and the applicable voltage and
frequency specifications apply. A terminator is required
for execution.

2-170. Boost Mode

2-171. The Boost Mode is programmed with the
characters “B1”. To obtain the output from the applicable
amplifier (5205A/5215A for power or 5220A for current)
program the desired output data followed, preceded, by
the Boost Mode Command, and completed with a
terminator. The output is on the terminals of the selected
amplifier, and not on the calibrator output terminals. The
Boost Mode is disabled with the instruction “B0™. In both
cases, enable and disable, the programmed instruction
requires a terminator before it can be executed.

2-172. STORAGE COMMANDS
(STORAGE ONLY)

2-173. The Storage Commands are only used by
instruments in the 5100 Series that are equipped with a
Storage System and Tape Drive.
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2-174. Storage Enable

2-175. The Storage Mode is enabled with the
instruction “Q1” and disabled with “Q0”. Until the
Storage Mode is enabled with this instruction, the
remaining storage commands are ignored.

2-176. Tape System

2-177. Enable the Tape Mode for a Read or Store
operation on the tape with the instruction *“1”. Disable the
Tape Mode with the instruction “0”.

2-178. Store

2-179. Program the instruction “W 1" to select the Store
Mode and write data either in the storage memory or on
tape. Select the Read Mode with the instruction “WQ”.
This disables the store capability and permits the reading
of data from either the storage memory or the tape
system.

2-180. Advance/Load

2-181. The instruction “&” performs remotely the
functions of the ADVANCE/LOAD switch. The actual
function and performance varies with the state of the
Tape, Read and Store Modes. With the Tape Mode
disabled and the Read Mode selected, the program in the
storage memory advances one step. Selecting the Store
Mode with the Tape Mode remaining disabled results in
the programming data being written into the storage
location selected and then advancing the program one
step. When the Tape Mode is selected the instruction
starts the tape drive motor, which automatically advances
until it reaches the end of the program.

2-182. Select/Display Step

2-183. The instruction “(” performs the same function
as the Front Panel SEL/ Display switch. The instruction,
directly preceded by a numeric entry, displays the data in
the program step corresponding to the numeric entry on
the Central Display, after flashing the step number. The
same instruction, without a directly preceding numeric
entry, results in the flashing display on the Central
Display of the current step number.

2-184. Delete Step

2-185. With the Store Mode selected the instruction “)”
causes the program step presently selected to be deleted
from the program. Insure the step counter is at the correct
position before transmitting this instruction.

2-186. List Instruction

2-187. The instruction “K” lists the present program or
the data for the current test as determined by the
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Read/Store Mode status. When the Store Mode (W1) is
selected, the optional remote interface outputs to a
printing device the stored program, starting with the
program step selected. In the Read Mode (WO0) a list data
function results, with the data pertaining to the
instruction on the instrument output transmitted through
the optional remote interface to a printing device.

2-188. The transmisssion of any character, including
carriage return and/or line feed, after the ”K* terminates
the output, deleting the listing. Any characters used by the
system controller should be suppressed prior to
transmission to assure an output of the listing.

2-189. Clear Storage Instruction

2-190. When the Store Mode has been selected the
instruction “=" clears the program previously written in
the storage memory.

2-191. DATA INSTRUCTIONS

2-192. The Data Instructions are required to select or
change the output from the instrument. They set the
polarity, magnitude, multiplier, and function of the 5100
Series output. The instructions required for each are
listed in the following paragraphs.

2-193. Polarity Instructions

2-194. A positive or negative polarity can be entered
with the characters “+” or “-”, respectively. A positive
polarity is assumed by the instrument if no polarity entry
is made.

2-195. Magnitude Instructions

2-196. These instructions include the numeric
characters “0” through “9”, the decimal point “.” and the

‘slash “/” used for the fractional-scale divider.

2-197. Multiplier Instructions

2-198. The multiplier for the numeric value is entered
into the string using the scientific notation method. The
character “E” is programmed followed by the numeric
value of the power of ten desired, i.e., for 102 program E2,
103= E3, 10= E4, etc. If there is no entry the instrument
assumes units (10°) for the instruction.

2-199. Function Instruction

2-200. The Function Commands define the output
selected by the Magnitude Commands. The character “V”
is programmed to select volts, “A” for amps, “Z” for
ohms, “H” for Hertz, “D” for dBm, and “%" for
percentage.



2-201.

2-202. Status Messages can with draw from the
instrument and decode information in the status registers
and the central display. The displayed data contains both
alphabetic and numeric characters, unless the alphabetic
characters have been suppressed using the applicable
Interface Output Code. The Output Display is not
directly accessible but may be placed on the Central
Display with a recall instruction and then withdrawn with
a status request. With any Status Message, all characters
in the message must be accepted by the controlling device
before any other operation can be performed by the
instrument.

STATUS

2-203. Status Register Message Instruction “!?” or “’7”

2-204. Entry of the characters “!?” results in an
immediate response of a nine-character message followed

5100 Series B

by a carriage return and line feed to the interface. A
terminator is not required for this control character.
Characters 1 and 9 of the message are coded 0 through 9,
and character 2 through 8 are coded 0 through 7. Since
some functions or operations are mutually exclusive, not
all code combinations are used in some characters. The
characters, their position and the data provided are given
in Table 2-17 and examples of status register messages are
given in a subsequent paragraph titled PROGRAM
EXAMPLES. When the indicated bit is true the data
listed in the table is present, or selected. Conversely, in
cases where two conditions are mutually exclusive (e.g.,
Operate and Standby, External Sense and Internal Sense,
or Storage Mode and Read Mode) the false condition
automatically selects the opposite of the listed condition.
Bits 4 through 7 are always in the state indicated, which
creates the ASCII number required for printing when
joined with the variable four-low-order bits.

Table 2-17. Status Register Message Assignments

NO. BITS 74 BIT 3 BIT 2 BIT 1

BITO

COMMENTS

1 0011 X X X

Overload

2 0011 0 Ready

0011 0 Volts
0011 0] dBm AC

Amps

5 0011 0 502 5082
Override | Divider

External | Boost

Osc

Recall Error
Mode

6 0011 0

7 0011 0

8 0011 0 Storage Tape

Mode Mode

9 0011 X X X

High WARNING
Voltage

Ohms
Operate

External

Wideband

Keyboard

Storage
System
Enable

X Decoded binary number corresponding to the
Error Codes in Table 2-9.

NOTE
Only error codes 4, 5, 6, 8, and 9 appear in
character 1 of the Status Register Message.
Actions that prompt the remaining codes
clear themselves and therefore are transient.
If an IEEE Interface is installed all error
codes may be accessed using the SRQ line.

The High Voltage bit is set for a pro-
grammed voltage output above 20 Volts.

Only one function may be present at a time.

AC must be selected if dBm is present. Standby
present if Operate is not selected.

5002 Override and 50%2 Divider cannot be
selected at the same time. Internal sense
present if External Sense not selected.

External Oscillator and Wideband cannot
be selected at the same time.

Recall and Error Mode cannot be selected at
the same time.

Applicable only to models with a storage system
installed. Automatically zero for all other.

Bit 0 must be true before either Bit 1 or

Bit 2 can be enabled.

X Cursor position. Always 9 if Bit 1 of char-
acter 7 False. MSD digit position of Output
Display is 0, increasing to 7 at second digit
position of Central Display. In Error Mode
9 signifies off scale to left.
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2-205. Central Display Access Instruction “7”

2-206. Entry of the character “?” results in the
immediate response of a 54 digit scientific notation
number. The first digit will always be a 1 or 0 followed by
a decimal point, five digits, “E” for exponent, the
exponent sign, and the exponent digit. The sign of the
exponent is transmitted only when it is negative. The sign
for the number is transmitted only when itis relevant, i.e.,
it is not sent for AC amplitudes or frequencies.

2-207. The numeric message is followed by the
character “L” if the LIMIT indicator on the Front Panel
is illuminated. A character (Table 2-18) representing any
illuminated function indicator on the Central Display
follows the numeric portion of the message. When all data
has been transmitted the message concludes with a
Carriage Return and Line Feed.

Table 2-18. Status Message Function Codes
CHARACTER INDICATOR ILLUMINATED
L Limit
V — Volts
A — Amps
£ — Ohms
Hz — Hertz

dBm — Decibal Milliwatts
% ERROR
dB ERROR

O XN O I NP L

2-208. Only the data on the Central Display is
transmitted with the character “?”; however, the data can
be frequency from an AC operation, a percentage during
Error Mode operations or any data available on the
Central Display during Recall operations. Examples of
each of the above are given in the following paragraphs.

2-209. When the instrument is operating in the AC
Mode the frequency selected is displayed on the Central
Display. If this frequency was 400 Hz and the Central
Display was requested with the character “?”, the
response would be 0.40000E3H CR LF. A frequency of 10
kHz would be transmitted as 1.00000E4H CR LF. Any
other frequency would result in status message in the
same format.

2-210. Inthe Error Mode, the frequency for editing, the
percentage of error calculated, and the dB error
calculated can be transmitted in a status message when
they are present on the Central Display. If the message isa
percentage of error or dB figure and it exceeds the preset
tolerance limits so that the LIMIT indicator is
illuminated, the message ends with the character “L”.
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2-211. A frequency transmission is transmitted as
described above.

2-212. A percentage error is transmitted as shown on
the Central Display, i.e., a reading of 0.0031 would be
transmitted as 0.0031E0% CR LF.

2-213. Inthe Recall Mode, any data that can be recalled
to the Central Display can be transmitted in the status
message. This includes programmed values for volts,
amps, ohms, dBm, the voltage when dBm is programmed,
the tolerance limits and the entry limits, both voltage and
current.

2-214. Recalled programmed entry limits of +750V dc
would be transmitted as +0.75000E3VL CR LF.

2-215. An output of +150 pA dc recalled and
transmitted would be +1.50000E-04A CR LF.

2-216. Program Examples

2-217. The following paragraphs contain several
programming examples to aid the operator in using the
calibrator.

2-218. Use the following instructions to obtain the
output listed:

1. +6E-3A, N-In operate with an output of
+6mA dc.

2. 5VI1E3H, N-In operate with an output of 5V ac
at 1 kHz.

3. L+300VL-250V - Set the entry limits at
+1300V dc and -250V dc.

4. <T.019% - Sets the tolerance limit to £0.01%.

5. 1.5VXI1RI1, N-In operate with an output of
+1.5V dc and the instrument prepared for four-
terminal sensing with the 50 ohm divider
overridden.

6. GL+V?- Recall the positive voltage entry limit
and output it in a Central Display Access Word.

2-219. Some typical status register messages and their
decoded explanation are given in Table 2-19.



Table 2-19. Status Message Examples

5100 Series B

1. 004210019

2. 61410109

3. 001100275

No

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

1=0=0000= No errors

2 =0=0000 = None selected

3=4=0100 = Volts selected

4 =2=0010 = AC and Standby selected

5= 1=0001 = External Sensing selected

6 =0 = 0000 = None selected

7 = 0= 0000 = None selected

8 =1=0001 = Storage system enabled and Read Mode (default)

9=9=1001 = Error Mode not selected

1 =6 =0110 = Module missing (error code 6)
2 =1=0001 = High voltage dc programmed
3 =4 =0100 = Voltage selected

4 = 0=0000 = DC and standby selected

5= 1=0001 = External sensing selected

6 = 0 = 0000 = None selected

7 = 1=0001 = Keyboard Mode selected

8 = 0 = 0000 = Storage system not selected

9=9=1001 = Error Mode not selected

1=0=0000 = No errors

2 =0=0000 = None selected

3=1=0001= Ohms selected

4 = 1 =0001 = Operate selected

5= 0= 0000 = Internal sensing selected

6 = 0=0000 = None selected

7 =2=0010 = Error Mode selected

8=7=0111 = Storage system enabled, Store Mode & Tape Mode

9=5=0101 = Cursor on LSD of output display
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3-1. INTRODUCTION

3-2. The 5100 Series B Calibrators are a controllable
source of AC and DC voltage, AC and DC current,and a
set of precision resistors. The control of the voltage and
current magnitude is provided by an analog control
system. A Digital Controller responding to either Front
Panel or remote digital commands chooses the desired
output (i.e., AC volts, DC current, etc.), sets the desired
magnitude and operates the front panel displays.

3-3. Explanations at an instrument block diagram,
functional block diagram, and detailed circuit analysis
level are contained in the following paragraphs. The
functional block diagram section is divided according to
the function performed, i.e., DC voltage, AC current,
etc., followed by the Digital Controller System. the
detailed circuit analysis deals with the individual pcb
assemblies.

3-4. INSTRUMENT BLOCK DIAGRAM

13-5. The block diagram of the 5100 Series B in Figure
3-1 shows the major function of the instrument. An
explanation of the operation is given in these paragraphs
followed in subsequent paragraphs by an explanation and
block of each operating function within the instrument.

3-6. The Digital Controller receives all commands to
the calibrator via the Front Panel from an operator or
from a remote location by either the IEEE-488-1975
(Option -05) or RS-232-C (Option -06) Interface
Assembly. The Digital Controller in turn transmits digital
signals to a DAC (digital-to-analog converter), block A in
Figure 3-1, relays and FET switches in block B, relays and
FET switches in block C, and the Front Panel indicators
in block D. The commands received by the Digital
Controller are displayed thereon as well as Error
Messages in the event of an out-of-range or incorrect
command, and other status indications.

5100 Series B

Section 3

Theory of Operation

3-7. The analog control system senses the output
voltage or current, by using precision voltage dividers,
current shunts, and AC converter, as is appropriate,
block B, Figure 3-1, and presents the resulting DC voltage
to one input of a precision Integrator-Comparator, block
E.

3-8. The other input is supplied with a precision voltage
from the DAC, proportional to the desired vgltage or
current output of the calibrator. Any difference between
the two inputs is amplified by the Integrator-Comparator
to produce a controlling signal for the controllable
source. The Integrator-Comparator also provides the
phase and frequency compensation that establishes the
control-loop time response.

3-9. FUNCTIONAL BLOCK DIAGRAM

3-10. DC Voltage Less Than 20 Volts

3-11. There are three power amplifiers on the Power
Amplifier Assembly to provide the output voltage and
current levels needed at the output terminals in the DC
Voltage and other modes. The isolation circuitry in the
Current Modes is also contained on the assembly. Figure
3-2 is a simplified diagram for 0 to £19.9999V DC. The
High Frequency Amplifier, Al, drives the output high
terminal directly. The high sense terminal feeds this
voltage to the voltage ranging resistors and switches
where it is divided by two before being applied to the
Integrator-Comparator for comparison to a precision
voltage supplied by the DAC. The DAC is programmed
via the Digital Bus to produce one-half of the desired
calibrator output voltage with the desired polarity. When
there is a difference between the DAC voltage and that
from the voltage ranging, the integrator produces a
voltage, “Control”, that drives the input to Al so as to
correct the calibrator output.
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Figure 3-2. 2V dc to 19.9999V dc and 502 Override Inputs

3-12. Figure 3-3, illustrates the 2 volt, 200 millivolt, and
20 millivolt DC ranges, 0 to 1.99999V dc. The only
differences are the addition of the Millivolt Divider
between the Al output and the output high terminaland a
change in the voltage ranging connection to the top of the
Millivolt Divider. This gives better accuracy and lower
noise when calibrating meters at low voltages than using
the Integrator and DAC directly. It is possible to bypass
the Millivolt Divider if its 50 ohm output resistance
makes it undesirable in a particular application. The “500
DIVIDER OVERRIDE” function will hold the
calibrator in the 20V dc range even though low voltages
are called. Front panel lights indicate when the calibrator
output is from the Millivolt Divider or if it is in the
OVERRIDE mode.

3-13. AC Voltage

3-14. Anoscillator generates a fixed, low-distortion sine
wave for all AC outputs. It is a phase-shift oscillator
circuit that consists of two cascade integrators and an
inverter. The amplitude is held at approximately 1.2V rms

by a self-contained amplitude control system that is
independent of the 20V ac range. Note the differences for
the diagram in Figure 3-2. The Al is now supplied an AC
signal from the oscillator through a J-FET Q106. The
apparent resistance of Q106 is set by the Integrator output
voltage, “Control”. The voltage ranging now divides the
output by 10 and drives an AC Converter through an AC
Buffer before being applied to the Integrator. The AC
Buffer has unity gain and isolates the relatively low input
impedance of the AC Converter from the voltage ranging
circuit. The DAC output is now +2V for 20V ac output
and that its minimum voltage is 0.2V instead of zero as in
Figure 3-2. The AC Converter operates best at voltages
from 0.2 to 2.0 volts.

3-14a. The control or power amplifier circuit has two
basic functions. First, it is required to control the AC
voltage at TP4 at or between 2V and 19.9999V rms
depending on the output voltage selected. The second
function of the control circuit is to provide isolation
between F common and S common when AC current is
selected. This requirement is shown in Figure 3-6. In the

3-3



5100 Series B

AC current mode, F common is the power amplifier
output voltage, and S common is the power amplifier
common. The voltage between F common and S common
is the power amplifier output voltage.

3-14b. The amplitude control function is provided
primarily by the amplifier composed of Q104, QI105,
U111, and Q106. This amplifier functions as a variable
gain amplifier whose gain is controlled by the channel
resistance of Q106. With 1.2V rms at P81-37, the voltage
at the output of Ull1l varies between .3 and 3V rms
depending on the channel resistance of Q106. The channel
resistance of Q106 depends upon the output voltage
selected. The amplifier composed of Ul14-1, -2, and -3
serves as a gain-determining and level-shift network
between the control voltage at P81-17 and the gate. of
Q106. As the control voltage varies from 0 to 10 volts dc,
the gate voltage of Q106 varies from approximately -6
volts to 0 volts dc. The voltage channel resistance varies at
the gate of Q106 and thereby the voltage gain of the
variable gain amplifier controls the output voltage.

3-14c. U112 and U113 serve to provide the F common
and S common isolation required when the AC current
mode is selected. U113 is composed of four FET switches.
The FET switches are on and off in pairs. (When one pair
of the FET switches are on, the other pair is off.) Thereis a
relatively short time when no switches are on. U113
operates first by turning on two switches and charging
C33 to the control voltage at U101-1. During this time,
one end of C33 is connected to F common. Next, the first
pair of switches opens and the other pair closes. During
this time, the voltage across C33 is transferred across C34.

NOTE
C34 is connected to S common. Therefore, the
isolation required in AC current mode is
provided by two off FET switches.

3-14d. Ul12is a 1 kHz multivibrator. The duty cycle of
the multivibrator is very close to 50%. The output of U112
controls the state of conductance of the FET switches in
Ul13.

3-15. Figure 3-4 also shows the transformer, T2, that is
used to obtain 20 to 110V from 1 kHz to the specified
maximum frequency of 20 kHz for this range. The voltage
ranging now divides by 100.

3-16. For AC voltages below 2V, the output from the
Al is reduced by the Millivolt Divider in the same manner
as for lower DC volts, Figure 3-3. The AC Buffer is
connected to the 2V tap on the Millivolt Divider instead
of to the top end as is done in the case of DC volts.

3-17. AC and DC Voltage, 20 Volts & Higher

3-18. The block diagram for AC and DC voltages of
20V through 1100V and below 1 kHz is in Figure 3-5. The
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High Frequency Amplifier, A1, drives a higher power
amplifier, A2, (Low Frequency Amplifier) which in turn
drives step-up transformer, T1. The High Frequency
Amplifier receives a controlled input from the oscillator
through Q106, as described above. The integrator, DAC,
etc., have been omitted because they are connected in the
same way as shown in Figure 3-4. The connections shown
in Figure 3-5, are for the 20 to 250V ac output. Amplifier
A2 supplies approximately 2.8 to 35V ac to a tap on the
primary of T1, the low frequency output transformer. For
an output of 20 to 1100V dc, rectifiers and active filters are
switched in between the transformer and the output
terminals. Also, the oscillator is set to 1 kHz and its
waveform is modified to minimize the peak currents that
A2 must supply to the transformer, TI.

3-19. AC Current Under 200 mA

3-20. Figure 3-6is the block diagram illustrating the AC
Current Mode below 200 mA. The current ranging
resistors (current shunts) are switched for each 10 to 1
change in output current magnitude. This maintains an
input voltage between 0.2 and 2 volts to the AC Buffer as
in the AC Voltage Mode described above. Notice an
important difference. In AC volts, Figure 3-4, the common
forthe DAC, AC Buffer, etc., V F, was connected to LO
sense and output LO which is the common for Al,
oscillator, etc. In the AC Current Mode, the ¢ F
common is connected to the A2 end of the current
ranging. It is a “floating” ground. All circuits including
power supplies, that are connected to this common are
floating and shielded. A transformer and optical-isolators
in the DAC transfer Digital Bus signals to the ¥
common. J-FET Q106 isolates the output of the inte-
grator, “Control”, from the input of Al. Without this
isolation, the input to A1 would vary, not only with the
“Control”, but also with the calibrator output voltage
(compliance voltage).

3-21. There is an additional amplifier used in the
Current Modes: the Current-Guard Driver. It is a non-
inverting, unity gain operation amplifier that drives the I-
Guard terminal on the panel and shields placed around
the current ranging resistors. In this way, stray capacity
for output high to ouput low (common ground *+ 1and

< 2)is isolated and driven by the I-Guard Driver. If it
were not, the capacity would be driven by A2 with the
resulting current flowing through the current ranging
resistors. Since this is in addition to the actual calibrator
output current, it would cause an error, especially at the
higher frequencies and lower currents. The I-Guard
terminal permits the user to extend this guard to enclose
the lead from the output high terminal to the meter under
test. The operation above 200 mA is explained in the
following paragraph.
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Figure 3-6. AC Current Under 200 mA
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3-22. DC Current Under 200 mA

3-23. The Direct Current Mode under 200 mA is similar
to the AC Mode. See Figure 3-7. The & F common
“floats”, the same current ranging resistors are used, etc.,
but the isolation between the integrator output
(“Control”) and the Al input is different. In place of Q106
are U108 and U109. The “Control” voltage drives the
LED in U108 or U109 through amplifiers (omitted for
clarity). When U108 is driven, varying positive current is
supplied to A1. When U109 is driven, the current to Al is
negative. Thus, the input to A1 amplifier is proportional
only to the “Control” voltage as in the case of ac current
above; but, in this case, the input is dc.

3-24. Direct and Alternating Current >200 mA

3-25. For Alternating or direct currents above 200 mA a
third, high current, low voltage amplifier, the High
Current Amplifier, is used in place of A2 shown in Figures
3-6 and 3-7. Otherwise, there is no difference.

3-26. Resistance

3-27. Figure 3-8 and 3-9 show the connections in
simplified form for Low and High Ohms Mode. Four-
terminal (EXT Sense) and two-terminal (INT Sense)
connection is provided for values of 10,000 ohms and
lower. Notice that all the resistors, except one, have dual
usage: 1 ohm through 10 kilohms are also used for current
ranging and 100 kilohms and | Megohm are used for
voltage ranging. This saves space, cost, and calibration
time since two separate sets of precision resistors are not
needed.

3-28. Control System

3-29. The internal control of all aspects of the calibrator
is centered in a Digital Controller (Figure 3-10). It is
connected to all of the pcb modules (except the power
supply) by the Internal Digital Bus. Each pcb has one or
more addresses. The Controller directs commands to
specific pcbs or section of pcbs by preceding each
command with the appropriate address. Each module
transmits an acknowledge signal to the Controller after
receipt of the command data. In addition, some modules
transmit data to the Controller.

3-30. CONTROLLER

3-31. The Controller (Figure 3-11) is a small, specially
programmed digital computer, consisting of: a
microprocessor (uP) with timing, interface, and logic that
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constitutes a Central Processing Unit (CPU); Read Only
Memory (ROM), and Random Access (Read/Write)
Memory (RAM); and buffers to interface the controller
to the Internal Digital Bus. All control is be solid-state
switches and mechanical relays optimally located on pcbs
throughout the calibrator. They respond to commands
from the Controller. Commands to the Controller, in
turn, originate from an operator using the Front Panel or
from an external (remote) source via the IEEE-488-1975
or RS-232-C Bit-Serial Interfaces. The Controller also
transmits to the displays on the Front Panel the
commands it has received and error messages.

3-32.  FRONT PANEL

3-33. The operator controls and monitors the calibrator
operation from the Front Panel. Voltage, frequency, etc.,
are entered via a keyboard, similar to an electronic
calculator, or via rotary switch. As each key is depressed,
the Controller, which periodically scans all keys and the
rotary switch positions, decodes its function through the
use of the uP and data stored in the ROM, places the
resultinthe RAM, and lights the appropriate Front Panel
indicator in the Central Display. When a complete group
of numbers, units, and/ or a function has been entered, the
operator presses the ENTER key. The Controller now
checks to determine if the group is a valid entry by
comparing it to data stored in the ROM. If invalid, an
Error Message is displayed on the panel and no further
action takes place. If valid, the group is manipulated and
encoded for transmission via the Internal Digital Bus to
the appropriate analog pcb modules and on the Front
Panel the display is shifted from the central to the output
display on the left side.

3-34. INPUT/OUTPUT

3-35. This module operates with the Controller through
the use of a handler program stored in the ROM. It
interfaces the Internal Digital Bus (which is optimum for
internal data handling and is common to other Fluke
instruments) to the IEEE-488-1975 or RS-232-C
Interface. Details on the respective 1/ O options are found
in the applicable portion of Section 6.

3-36. GUARD ISOLATOR

3-37. This module transmits data both ways between
the unguarded and guarded sections of the calibrator
while maintaining the required isolation.

3-9
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3-38. DETAILED CIRCUIT ANALYSIS

3-39. The following paragraphs contain a detailed
circuit analysis of the individual pcb assemblies. Consult
the schematic drawings in Section 8 when components are
referred during the discussion.

3-40. Power Supply Regulator

3-41. The Power Supply Regulator supplies the
calibrator with guarded, unguarded, and floating voltage
outputs, in addition to a real time clock (approximately
60 Hz) and a power on preset generator.

3-42. UNGUARDED SUPPLIES

3-43. The three DC outputs from the unguarded
supplies are +5 volts, +12 volts, and -12 volts. The +5V
supply is regulated by U3 with transistors QI and Q22 to
increase the output current capacity. Current is limited by
R3 and R77 to approximately 4.5A. The triac, Q19,
provides overvoltage protection. If the output exceeds 5.6
volts, VR1 conducts, firing Q19, clamping the input
voltage to less than 1 volt, and opening the fuse, F1. The
output voltage can be adjusted, over a limited range,
underload with the variable resistor, R93, The +12V and
-12V supplies are controlled by the fixed voltage, three-
terminal regulators, Ul and U2, respectively.

344. FLOATING SUPPLIES

3-45. The floating supplies provide regulated +5 volts,
+15 volts, and 15 volts from unregulated inputs of +5
volts and *40 volts. The 40 volts, which is required
elsewhere in the instrument, is dropped to manageable
levels by the zeners, VR12 and VR13, for +15V regulator,
U6. The +5V supply is regulated by the three-terminal
regulator U4,

346. GUARDED SUPPLIES

3-47. Outputs of +15V, -15V, +62V, -62V, +39V, -39V,
and -20V are obtained from the guarded supplies. The
+15V is obtained from the regulator U7, augmented by
the series pass transistor Q2. Qutput current is sensed by
RT1 for overload limiting. The supply is adjusted with the
variable resistor R6.

3-48. The +15V is used as a reference for the remaining
outputs of the guarded supplies, either directly, indirectly
through the -15V supply, or both. The divider R9 and
R10, and the the operation amplifier, U8, detect any
difference between the plus and minus 15V supplies to
drive the series pass transistor Q3 and reduce the difference
to near zero. RT2 samples the output current and, if it
exceeds 0.6 volts, Q4 conducts to reduce the base current
of Q3 and reduce output current.
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Q21, CR16, CR17, CRI18, and R74 provide a constant
current sink to the base of Q3 and the output of U8. The
zener VR2 provides voltage translation from the base of
Q3, at -15.6 volts to the output of the op-amp or near zero
volts.

3-49. The -20 volt supply provides the +5 volt logic
supply by connecting the high side of the -20 volt supply
to the regulated -15 volt supply so the low side, logic
common, is at -20 volts with respect to the grounds ( + s
and 1). The supply is regulated by Ull with transistors
Q15 and Q23 to increase the output current capacity.
Current is limited by R31 and R73 to approximately
4.5A. The triac, Q20, provides overvoltage protection. If
the output exceeds 5.6 volts, VR 11 conducts, firing Q20,
clamping the input voltage to less than | volt, and opening
the fuse, F1. The output voltage can be adjusted over a
limited range, under load, with the variable resistor, R84.

3-50. The plus and minus 62 volt supplies operate
essentially the same as the -15 volt supply with the
exception of component values. The +15 volt supply
provides a reference for the +62 volt supply and the -15
volt supply to the —62 volt supply. The 30 volt zeners, VRS
and VR, are used to regulate the input voltages to the
proper level for the operational amplifiers. The £62 volt
supplies are further regulated to provide +39 volt
supplies. The regulating circuitry is essentially the same as
the +62 volt and -15 volt regulators. The %15 volt
supplies are used as the references.

3-51. REAL TIME CLOCK

3-52. The real time clock generator provides a square
wave output at approximately 60 Hz to synchronize
timing functions in the Controller. The frequency is
derived from Ul6 which operates as a free-running
multivibrator with the frequency set by the values of R80
and C62.

3-53. POWER ON PRESET GENERATOR

3-54. The Power On Preset (POP) Generator provides a
low-going pulse (POP) upon the application of power to
the instrument. The pulse provides a clear signal to the
logic, preventing the latches from turning on relays,
switches, etc., in a random manner, possibly resulting in
damage to the equipment or operator.

3-55. Digital-to-Analog Converter (DAC)

3-56. The DAC consists of digital and analog sections,
each individually guarded, that are optically coupled. The
digital section consists of a clock, two counters, one an
increment by ten-to-two hundred thousand and the other
an increment by one-to-ten, latches to hold the préset



data, and addressing circuitry. The analog section
converts the digital output into a square wave with the
duty cycle representing the output voltage. Each of the
sections is described in greater detail below.

3-57. DIGITAL SECTION

3-58. The +5V logic signal for the digital section is
derived by using the -15V for the logic high and -20V as
common. This procedure is common with the guarded
portion of the instrument. The high negative levels are
required to turn off FETs in the analog circuitry.

3-59. The programmed output value is loaded into five
quad latches (U26, U6, Ul1, Ul4, U20) and a single latch
for the overrange digit (UlS5). The data entered is
compared with two separate free-running counters, a
major counter (U4, U9, Ul2, Ul8, and U17-3) which
increments by tens up to two hundred thousand, and
minor counter (U24) which increments by one up to ten.
Both counters automatically reset to zero and restart
when the maximum count is reached. The major counter
is clocked by the 4 MHz clock at U17-5, which is a divide-
by-two circuit for the 8 MHz output of the free-running
clock formed by Y1 and its associated components. The
programmed data is clocked into the latches from the
data lines (ID0 through ID7) on commands decoded from
the control lines (ICO through 1C4).

3-60. The programmed output two MSD digits are
clocked into U15-8 and U20 when the first address is
decoded at U8-9. In addition, a preset signal at U15-4 sets
U15-5 high to enable the second and last address gates.
The second address gate at U8-6 loads the third and
fourth MSD digits at Ul4 and U11, respectively, and the
fifth MSD and LSD are loaded into U6 and U26,
respectively, with the last address at U8-10. The last
address also clocks U15-3 for alow at U15-5, disabling the
second and last address gates..

3-61. When the programmed data and both counters
contain the same count, the latches Q are set high (U29-10
for the major counter and U29-14 for the minor) to
control the duty cycle, and through it, the analog output.
The compafator (US, Ul10, U13, U19, U25) compares
each Q output from the counters against the equivalent Q
of the data latches with an exclusive OR circuit and the
output of the comparator is wire ORed to set the U29
latches.

3-62. The number actually stored in the latches for
comparison with the major and minor counters is one
digit less than the figure keyed in at the Front Panel. For
example, if 19999 is keyed in on the Front Panel (the
DAC scales the figure, ignoring decimal placement), the
latches corresponding to the major counter would be
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loaded with 19998 by the microprocessor and the latch
matching the minor counter would be loaded with 8. The
same holds true for zero. Loaded would be 19999 and 9
for the major and minor counters, respectively.

3-63. Sincethe major counter MSD only requires one of
the four bits available on the data lines, the first address
loads the remaining three bits into U35 to operate relays
which control the analog circuitry.

3-64. ANALOG SECTION

3-65. The analog section takes the square wave created
by the digital section and outputs a percentage of the full-
scale value available as determined by the duty cycle of
the waveform. For example, if the programmed count
was at 50,000 the duty cycle would be 25% of the total
count and the output would be 25% of the available full-
scale output.

3-66. The clock is transferred across the guard to the
analog circuitry for use on U34 with pulse transformer
T1. The signal at U34 is synchronous but is one clock
behind due to the transferring action. The remaining data
is transferred using opto-couplers. The output from the
the matching counters and latches is transferred to U34,
summed, filtered, and output from the DAC in ranges of
either zero to 10 volts or zero to 2 volts, as determined by
the status of relay K3 and U35-15. The major cycle uses
the output at U34-5 and -6 to operate the common base
drivers, Q10 and Q11, which in turn drive the FETs, Q2
and Q4, which are fast-switching devices with precise
known resistance. The output is filtered at U39, and with
the bootstrap capacitor C11 (which is completed by the
follower amplifier on the Analog Control PCB). The two
values are summed and divided by R35 in parallel with the
series resistors R36, R37, R42, and R40, to give an output
between zero and 10 volts, proportional to the duty cycle.
For DC current and AC measurements, K3 is energized,
and Q6 through Q9 enabled to change the network by
inserting R38 and R41 to VR CIM into the circuit of an
output between zero and two volts, proportional to the
input duty cycle. The input to these dividers comes from
the regulator on the Analog Control PCB as either +VR
(+10.0005V dc) or -VR (-10.00004V dc) as determined by
the status of K1 and K2.

3-67. The analog section uses a floating 5V supply for
part of the circuit. These are identified as +5V (FH) for
floating high and +5V (FC) for floating common.
Floating common is tied to either -15V for +VR
switching or the output of U33, which is approximately
-24V for -VR switching, as determined by the status of
K1 (energized with +VR selected) and K2 (-VR selected).
The lower common is required to turn off the FETs in the
applicable circuit because the switching voltage could
exceed the breakdown voltage to the FETs if left at -24V
when +VR is switched.
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3-68. Analog Control

3-69. The Analog Control PCB Assembly has four
individual sections. Included are the reference voltage
circuit, which provides the plus and minus 10 volt
references from the reference amplifier and inverter. The
main DC amplifier, or integrator, where the input is
compared to the reference and the difference amplified to
generate an error signal for the power amp to use to zero
the error. The AC Converter is an averaging converter
and full-wave rectifier, and the control section, with the
compliance voltage limiter and detector.

3-70. REFERENCE VOLTAGE SECTION

3-71. The reference voltage section is based on the

action of the accurate and stable reference amplifier U10.
Low frequency ripple is removed with the circuit formed
by U2, Q2, and their associated components, and high
frequency ripple with QI, Q16, and their associated
components. Output spikes are removed by C9, and C22
is for spike suppression. To reduce errors the circuit
common (VR COM)is independent, and connected to the
floating ground on the DAC.

3-72. Negative output is obtained by using a unity gain
inverter, op amp U3. Q10 and CR2 are installed in the
circuit to prevent it from stabilizing at some voltage other
than -10V. Without them it would be possible for the
circuit to stabilize at 0.6V.

3-73. The ref amp circuit has several components that
require special selection. U10, R9, and R10 are selected as
a set after TC checks. They must always be replaced as a
set. R17 and R20 are also matched for TC and must be
replaced as a set. R13 and R14 are selected from values
determined with a decade box using the procedure found
later in this manual.

3-74. INTEGRATOR

3-75. The DAC output is integrated with the selected of
three feedback paths. The feedback input is through Q73
when input for the dc attenuator, through Q74 when from
the AC Converter, or through K3B when from an
external source, e.g., the Wideband Option. An op amp is
formed by Q65, Q68, U67, and their associated
components with the DAC output at P53 to the non-
inverting input and the feedback signal supplying the
other op amp input. U61 and its associated components
provide the bootstrap circuit for the signal from the DAC
output at P37-51. The output of U6l also goes to the
zeners VR60 (3.9V) and VR61 (6.2V) for 1 mA current
flow through the diodes, CR60and CR61. The maximum
signal applied will be limited to 13 volts due to the back-
to-back zeners VR62 and VR63. Q62, Q63, Q69, and
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CR70 provide additionzal protection by clamping the
bases of Q68. R71 (DC BIAS) is adjusted for zero drift,
with TP13 and and TP14 shorted, to balance the input to
the integrator.

3-76. The resistors R65 and R67 are a matched pair and
must be replaced as such. R64 and R66 are selected to go
with the op amp formed by the Q65, Q68, U67
combination. One will be a selected value and the other
replaced with a piece of bus wire. Refer to the procedure
later in the manual when reselection is required due to
replacement of the installed resistor or one of the op amp
components, Q65, Q68, or U67.

3-77. AC CONVERTER

3-78. Buffered AC is input at P51-21, routed through
R32 and R36 to the op amp made up of Q36, U37, and the
output stage Q45, Q46. The high impedance output goes
to the two feedback diodes CR46 and CR47 and their 22k
plus resistosr, R35 and R33, respectively. The output is
filtered by the active three-pole filter, U51 and associated
components. The time constant of the integrator (U42)
also effects the filtering. U42 integrates the signal at the
summing-junction of the main amplifier and applies it to
the non-inverting terminal of U37. The result is a high
impedance input to Q36 which forms a unity gain high
impedance buffer with U37. The ferrite beads, L45 and
L46, on the bases of Q45 and Q46, respectively, keep the
transistors from oscillating. The AC Converter output
replaces the DC attenuator output to the integrator when
the AC Mode is selected. The signal path is through Q74
and Q73, and into the integrator.

3-79. COMPLIANCE VOLTAGE LIMITER AND
DETECTOR

3-80. This circuit operates when the instrument
operates in the Current Mode. If the compliance voltage
exceeds a 10 volt (2 volt on the 2A range) DC or peak AC
preset limit, the voltage is clamped at that point and a
visual indication (O.L. or Overload) is provided on the
Central Display.

3-81. If the compliance voltage exceeds 10 volts, it is
sensed at U84, which sets U96-5 and ID7 high to signal the
instrument Controller an overload condition exists. At
the same time, U100 is activated, turning on Q5S, which
turns of Q73, thereby disconnecting the feedback signal to
the integrator and holding the output level until the
overload is removed or the output switched to Standby.
The clamping takes effect when CR81 (CR82) conducts,
immediately after U84 turns on, dumping current into the
power transistor Q81 (Q82). When the 2A range is
selected, Q88 is turned on to shunt R88 and change the
compliance sense voltage to approximately 2V dc or peak
AC.



3-82. Power Amplifier

3-83. The Power Amplifier Assembly is made up of four
independent amplifiers and a control logic section. The
amplifiers are the high frequency, which may be used
alone or in combination with one of the other amplifiers
as determined by the output mode; the low frequency; the
high current; and the isolation. The control logic*
energizes or de-energizes relays to control the output path
as determined by the operating mode selected. Figure
3-12 and Table 3-1 are a simplified block diagram and
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relay truth table showing the amplifier combination
required for the various operating modes. The complete
relay truth table for the Power Amplifier Assembly is in
Section 8, located adjacent to the schematic.

3-84. HIGH FREQUENCY AMPLIFIER

3-85. The input stage of the high frequency amplifier is
the op amp U102. This is followed by a transistor
amplifier with a local feedback for voltage gain and low
output impedance. The output stage consists of

Table 3-1. Power Amp Relay Controls

K3 K4 K7 K8 K11 K10

AC Volts less than 20 Volts 0 1 0 0 o o
AC Volts 20—110 Volts 0 1 (0] 4] 0 0
1 kHz to 20 kHz

AC Volts 20—110 Volts 0 1 1 1 0 0
50 Hz to 1 kHz

DC Volts less than 20 Volts 1 0 0 0 1 0
DC Volts 20—1100 Volts 0 1 1 1 0 G
AC Current less than 200 mA 0 1 1 1 0 0
AC Current more than 200 mA 0 1 0 1 0 0
DC Current less than 200 mA 1 0 1 1 1 0
DC Current more than 200 mA 1 0 0 1 1 0
AC Boost Mode 0 1 0 0] 0 1
DC Boost Mode 1 0 0 0 1 1

K1

AC =0 HF AMP
K4 K8A
INPUT HI CUR AMP
DC
K3
:

K7A I LF AMP K7B

K8B

PA
ouT

\O_Aux

K10A out

[ 0= com

K10B

Figure 3-12. Power Amp Relay Controls

3-17



5100 Series B

Darlington connected Q117/Q119 and Q118/Q120.
Q115 and Q116 provide current limiting by monitoring
R140 and R141. When the shunt voltage reaches
approximately 0.6 volts, the transistors conduct by
passing the base current from the Darlington pairs. A
current limit condition also turns on the overload flag for
the Controller by directing base current to Q2 through
Ql14. VR108 and VRI109 provide a negative feedback
clamp around Ul02 to prevent amplifier saturation
during limit conditions.

3-86. LOW FREQUENCY AMPLIFIER

3-87. The low frequency amplifier may be used as either
a voltage amplifier with low output impedance (e.g., to
drive a transformer) or as a current source with high
output impedance.

3-88. The input stage is the op amp U104 with the signal
applied to the non-inverting input. A feedback path is
provided through R186 to the inverting input. In the
Voltage Mode (K5 energized, K2 de-energized) the
contacts of KS are closed, applying ground to one side of
R151, resulting in a gain of approximately five. In the
Current Mode (K2 energized, K5 de-energized) a positive
feedback signal (PAFB) is applied through U105 to
reduce the negative feedback.

3-89. The output stage is quasi-complementary with the
driver transistor Q131 and Q133 the complementary pair.
Current limiting is provided by Q129 and Q130 when the
drop across R182 and R 183 reaches approximately 0.6
volts. At the same time, the instrument Controller is
notified of the overload when P82-23 goes low as a result
of Q1/QI135 conducting through the action of Q128
and/or QI27. The zeners VR110 and VR111 provide
negative feedback clamping for the input op amp to
prevent amplifier saturation during the current limit
conditions.

3-90. HIGH CURRENT AMPLIFIER

3-91. The High Current Amplifier is used only for
current outputs equal to or greater than 200 mA. The op
amp U106 is the input stage and the output stages are the
complementary Darlington output transistors Q142 and
Q143. Q140 and Q141 provide current limit protection
and turn on the overload flag (Q2 and Q135) for
Controller notification.

3-92. ISOLATION AMPLIFIER

3-93. Isolation between the Analog Control Assembly
floating ground and the High Frequency Amplifier S-
ground is maintained by the Isolation Amplifier. The
input signal, either AC or DC, from the Analog Control
Assembly is applied to U101-1, which is connected, as
determined by the state of the FET switches Q101/Q102,
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as either a unity gain follower amplifier (switches open) or
unity gain inverter (switches closed). The relay
configuration for each function can be found in the table
adjacent to the schematic in Section 8.

3-94. For DC signals the output of Ul01-1 goes to
U101-4 through the contacts of K3B. U101-4is connected
as a voltage-to-current converter and produces a current
in the LED sections of U108 (positive) or U109 (negative)
proportional to the input voltage. If U108 is turned on,
the phototransistor section conducts a current from the
+15V supply through K3A into the summing network of
the high frequency amplifier input, U102. In the reverse
condition, U109 conducts from the -215V supply to the
summing network. As a result, the analog control output
signal referenced to F-ground is able to produce a
proportional input current to the High Frequency
Amplifier, which is referenced to S-ground.

3-95. When the High Frequency Amplifier inputs are
AC signals, the output of U101-1 is connected through
K4B to the bilateral switch (U113). The flip/flop (U112)
sets the frequency that cycles U113. The input signal is
sent to Ull4-1, -2, and -3, creating a network that
controls Q106. The circuit containing U-111; Q10 and
Q105 create a feedback network for Q106, converting the
input to a proportional change in the magnitude of the
AC signal input to the High Frequency Amplifier.

A 3-96. The variable resistor, R17, sets the gain of the

Isolation Amplifier. Negative feed back is provided by C6
and R20 for transient conditions to avoid saturation and
overshoot in the amplifier.

3-97. CONTROL LOGIC

3-98. The control logic decodes the microprocessor
commands to the power amplifier and energizes the relays
that direct the signal path with the decoded commands.
The control lines plus ID0 or ID1 are decoded by U1-6 or
U1-8 toclock U3 or U4 respectively and latch the data line
information. The data lines contain the configuration to
energize or de-energize the relays required, as determined
by the microprocessor program for the function selected.

3-99. Extended High Voltage

3-100. Outputs of the power amplifier higher than 20
volts are routed to the Extended High Voltage Assembly.
The assembly contains a high voltage transformer, a
rectifier, and filter circuit, and the relay control logic for
the relay contacts that control the signal path.

3-101. AC outputs between 20 and 100 volts at
frequencies greater than 1 kHz are routed through K3A to
the high frequency transformer, T2, and then directly to
the high voltage output. ’



3-102. AC outputs up to 265 volts at frequencies of 1
kHz or less, are routed through K1 to the high voltage
transformer, T1, then through the energized contacts of
K4 to the high voltage output. Outputs between 265 and
1000 volts go through K2 to reduce the number of
primary windings and then output on the same path.

3-103. DC output voltages are input to the assembly as a
modified 2 kHz square wave. For outputs between 20 and
200 volts the signal goes to T1 through KI, and then
through the de-energized contacts of K4 to the rectifier,
CR8 through CRI11. Polarity is established by the
condition of K5, de-energized for positive outputs and
energized for negative. The signal is then filtered by an
active filter, U1, and output through K6 and K7. Outputs
between 200 and 1000 volts dc are routed to T1 through
K2 to reduce the primary coils and increase the secondary
output. All other steps are the same.

3-104. Control lines 0, 3,and 4 high are decoded at U7-8
to clock the information from the microprocessor on the
data lines into U3. The latched data controls the
energizing and/ or de-energizing of the relays that control
signal paths. Relay status for each possible function is
given on the Extended High Voltage Assembly schematic
in Section 8. In addition to latching the data for the relays,
the signal at U7-8 performs several other functions. One
of these is the generation of the ACK signal so that the
Controller knows the data has been received. The first
time the signal is generated at power application, U7-6 is
set to enable U8-2. Each signal after that fires the
retriggerable one-shot, U9. If the pulse period of
approximately 4.5 seconds passes without the assembly
being accessed again to retrigger the one-shot, the trailing
edge of the U9 pulse will clock U8-3 to generate POP
(through U6-6) and reset the analog control circuits. This
insures no dangerous outputs are present if the Controller
becomes inactive.

3-105. Osdcillator

3-106. The Oscillator Assembly uses 360 degrees of
phase shift, obtained through two integrators and an
inverter, to obtain their required oscillation. The fre-
quency is selected by varying the resistors and capacitors
on the integrators with FET switches controlled by the
microprocessor. The range of oscillation is selected by the
state of relays K1, K2, and K3 which add capacitance and
resistance, through the selected FET switched, to the
circuit. The range multiplier selection is controlled by the
microprocessor which activates the applicable FET
switches. The schematic in Section 8 includes a table
giving the relay and FET switch control lines for each
frequency combination. For example, a programmed
output of 20V dc or greater would result in K2 and K5
energized and signals LF, F1, F4A, and F4B high; a
programmed output of 5 kHz would result in K3 and K5
energized, and signals (not)LF and F4A high.
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3-107. Feedback, through R11, makes Ul a unity gain
inverter. U4 provides an additional 90 degrees of phase
shift and the feedback is added to U1 through R1, R4, R8,
and QIl, which acts as a variable voltage controller
resistor. The output signal is added to the feedback
through R2.

3-108. The oscillator operates with a fixed output
amplitude. A four-phase signal is formed with the input
and output of Ul, the 90 degree shifted output of U4
(available at TP5), and the output of the U2, which inverts
the output of U4. These outputs, when rectified by the
four-phase rectifier, CR 1 through CR4, and integrated by
U3, provide a low ripple signal to compare against the
voltage reference VRI1. The circuit uses U3 as an
amplifier, set so that above 1 kHz the gain is rolled off by
Q3 and below 1 kHz, through Q2, the gain climbs to keep
the loop stable and to prevent oscillator ringing.

3-109. To prevent long delay times, waiting for settling
in the low frequency ranges, C10 and C17 are precharged
to zero and -1.7 volts, respectively. This allows the
oscillator to start oscillating immediately when the lower
frequency ranges are selected.

3-110. Capacitors C40 and C41, compensate for phase
errors from Ul at high frequencies. The integrators U4
and U5 use C42 and C43, respectively, for a signal
capacitor feedback to add a compensating signal at a
frequency approximately equal to the break frequency of
the amplifier. R50 adjusts the total phase error of the
oscillator at high frequencies and is set so the control
voltage at TP2 remains approximately constant at
frequencies above 20 kHz.

3-111. To obtain the symmetrical square wave output
required by the Extended High Voltage Assembly for
high voltage DC outputs, K5A is energized and the signal
routed through U14 and its associated components where
it is clipped and rectified. From there is goes out through
K5B to the power amplifier input.

3-112. When EXT OSC is selected on the front panel,
K6 is energized and K4 is de-energized. This routes the
external oscillator input at P91-39, which originates on
the rear panel, directly out to the power amp on P91-37.

3-113. Digital control of the circuit originates when
U10-12 decodes the proper information on the control
lines and clocks the data on the data lines into U8 and U9.
The data in U8 controls relay and rectifier operation and
in U9 the FET switches for frequency range multipliers.
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3-114. Ranging Assembly

3-115. The Ranging Assembly provides the path for the
output signal from the power amplifier or high voltage
output to the output and sense terminals. The data on the
Digital Bus from the microprocessor is decoded by the
logic circuitry (US through U18) to operate a series of
relays and photocouplers which direct the path of the
analog output through the assembly. The relays and
photocouplers energized for a function and range are
given in the chart on the Ranging Assembly schematic in
Section 8.

3-116. The analog circuitry controls the output signal,
steering it, either directly to the output and sense
terminals, or through a divider network. The path is
through the relay contacts controlled by the digital
section. The paths for the various output ranges are
detailed in the following paragraphs.

3-117. READINGS OF THE 2V TO 19.9999V
RANGE

3-118. The power amp output is input at P41-16/36, is
routed through the energized contacts of K18 and the de-
energized contacts of K56B tothe OUTPUT HI terminal.
OUTPUT LO is tied directly to ¢ s. Externalsensing is
from the HI terminal through de-energized K56A and
K 1D, energized K12, the resistor network to <¢ R and
back to the LO terminal. Part of the signal is picked off
through K14 and sent to the Analog Control Assembly
via P44, the DC ATTN cable. If internal sensing is
selected, the HI and LO SENSE terminals are connected
directly to the applicable OUTPUT terminal through the
energized contacts of K55.

3-119. The AC path is the same to the output terminals.
The path for external sensing is through K13A instead of
K12, used with the DC. A portion of the sensing is picked
off through K13A and routed to U2 for the buffered AC
signal at P41-21. Internal sensing is through the contacts
of K55 as in DC.

3-120. If external sensing and the 50 ohm override are
selected for DC outputs less than 2 volts or AC output less
than 200 mV, sensing is as described in the preceding
paragraphs.

3-121. READINGS OF LESS THAN 1.99999V

3-122. DC outputs on the 2V, 200 mV, and 20 mV
ranges are routed through either the energized contacts of
K50, K51, or K52, respectively, the energized contacts of
K57, the de-energized contacts of K56B to the OUTPUT
terminal. OUTPUT LO is connected to & s at the
bottom of the mV divider. Sensing is internally, through
the contacts of K55, with the pick-off for U2 through K53
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and K54, respectively. The 2V acrange path to the output
terminal is the same as the dc path for the 2V range. The
pick-off for U2 and the buffered AC is through K16 and
external sensing is available.

3-124. GREATER THAN 20V RANGES

3-125. Both the 200V dc and 1100V dc range outputs
originate at the Extended High Voltage Assembly and are
routed to the OUTPUT HI terminal through the
energized contacts of K56B. SENSE HI is through the
energized contacts of K56A and K10, the divider, and
back to SENSE LO. The DC ATTN pick-off is through
the energized contacts of K14 for the 20V dc range and
through the FET switch QI (enabled by photocoupler
U20B and Q4) for the 1100V dc range.

3-126. The 200V dcand 1100V dcrange outputs use the
same path to the OUTPUT terminals. The sense lines use
K9 for the 200V ac range. K10 for the 1100V dc range with
Q2 (enabled by U20A) providing the input for U2.

3-127. OHMS

3-128. The low ohms outputs use the energized contacts
of K3 to provide a path from the bottom of the divider to
SENSE LO through & R. The bottom of the divider is
also connected to OUTPUT LO through KIB and a
ground. The paths from the top of the divider to
OUTPUT and SENSE HI are through the energized
contacts of the applicable relay (A for output, B for
sense). Relays K4, KS, K6, K7, and K8 are energized
individually for ohms ranges 1, 10, 100, 1k, and 10 kohms,
respectively.

3-129. Internal sensing is automatically selected from
the microprocessor through K55 when the 100k, 1M, and
10M ranges are selected. The high ohm divider (R21
through R39, less R32) outputs 100k with K9, K55, and
K56 energized, 1M with K10, K55, and K56 energized,
and 10M with K55 and K56 energized.

3-130. CURRENT

3-131. The current ranges use the low ohm shunts as
current shunts in series between the power amp output
and OUTPUT HI. Relay K3 connects the floating ground

<& R to the PA output (P41-16) so that it floats above
OUTPUT LO by the output of the power amp. Relays,
K4, K5, K6,K7, and K8 are energized for the 2A, 100 mA,
20 mA, 2 mA, and 200 nA ranges, respectively, to connect
the “A” contacts to OUTPUT HI and the “B” contacts to
SENSE HIL



3-132. For DCcurrent, K19 is enabled to provide a path
for the sense to DC ATTN on P44. K16 provides the path
to U2 when AC current is selected. With K1 energized,
contacts “C” enable the I Guard Driver U1, which is a
follower, for the PAFB output (P41-35) for current feed
back to maintain the approximately constant loop gain of
the power amp. It also assists in the power amp operation
as a relatively high impedance current source and can be
used from the front panel to reduce high frequency errors.

3-133. DIGITAL CIRCUITRY

3-134. When directly addressed with the correct output
from the microprocessor on the IC line, U5-12 clocks the
data on line 1DO0 through ID4 into U6. Relays K57, K55,
K17, and K18 may be energized from U6, provided the
required data is the ID line. If DO is high, U5-5 and U5-9
are enabled for indirect addressing. With the indirect
address from the microprocessor. U5-9 latches the data
on line 1DO0 through 1D8 into U7 and U8 and/or U5-6
latches, then into U9 and U10. The data in the latches is
decoded to energize the relays required (as shown in the
chart) for the range and function selected. The data stays
latched until the function and/or range is altered.

3-135. Controller

3-136. 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
responds with an ACK signal, signifying that it is
receiving or sending data. On initial power-up, the
Controller checks the ACK signal from each module to
insure that module is installed. If any fail to respond, due
to either absence or a failure, error message (ERR6) is
displayed.

3:137. The Controller is structured around the Intel
8080 microprocessor. Figure 3-11 is a block diagram of
the Controller module. Hardware control functions have
been minimized by careful software design. Sequences of
events are timed from two sources. Basic operations of the
microprocessor are run from a 1.7 MHz clock. The other
source is generated by real time clock pulses at
approximately 60 Hz, which are applied to a phase-
locked loop. The phase-locked loop multiples the real
time clock frequency by eight. This signal is used to
generate mark interrupts which time the background
process.
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3-138. The Controller has two 2016-bit RAMs installed
on the PCB for use as temporary storage of data by the
microprocessor. The amount and location of the memory
devoted to the software varies with the model within the
series and is covered later in this paragraph. Data lines
(DB0-DB?7) are used for bidirectional data flow. Address
lines (A0-A15) determine the source or storage location of
data. Since other modules of the 5100 Series B are
addressed as memory locations, address and data I1/O
controls are used for access to the external bus structure.

3-139. 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:
ACK INT and MARK INT (priorities one and six,
respectively).

3-140. An interrupt may be externally requested by
pulling the INT line lower. 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 ID1-1D4) which
is used as a priority vector by INT CONTROL.

3-141. Two types of resets may occur: software and
hardware. Software resets are a result of a remote request.
Hardware resets occur at power-up or power-down. Real
time clock pulses from RTS5 are sensed by the reset logic.
At power-up the reset signal assures the microprocessor
will start from program location zero. At power-down the
reset signal assures the Controller will not call up wrong
modules.

3-142. The microprocessor control logic is responsible
for latching up a status word at the beginning of each
instruction cycle and for telling the microprocessor when
to enter and exit wait states. Microprocessor sequences
are divided into machine states (one clock period, 588 ns),
machine cycles (from three to five states), and instruction
cycles (from one to five machine cycles). Status words are
used to control and synchronize data 1/O, memory
read / write, and some of the interrupt control signals. The
microprocessor must be instructed to enter a wait state
after addressing ‘an external module and after being
interrupted to allow the external module time to respond.

3-143. Memory for non-storage instruments (5100B,
and 5102B) consists of two ROMs (U23 and U24).

3-144. Memory for the storage instrument (5101B)
consists of two ROMs (U23 and U24) and two RAMs
(U20 and U22).
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3-145. Front Panel

3-146. The control lines from the Controller
microprocessor (ICO through 1C6) are decoded by U22
and U23 to set up a series of control operations within the
Front Panel. The output of U23-10 (LD DIG) loads the
contents of the data lines into Ul and U9 to enable, if at
the correct level, QI through Q8, and through them,
enable the LED indicators, at the same time Ul and U9
via output lines B0 through B6, enable the Front Panel
key switches. The one-shot U12 clears Ul and U9 when
the clock is removed.

3-147. The decoded signals at U23-9, U23-6, and U23-
10 clock the contents of the data lines into U2and U3, U4
and US, and U6, respectively. These provide the low
required to illuminate the LED indicators, provided the
data on the lines selected the indicator.

3-148. A decoded signal at U22-9 (RSDW) enables the
output of the key switch matrix. A depressed key switch in
an enabled bank causes an output on the applicable data
line.

3-149. The edit circuit is enabled with a low at U22-6.
Movement of the EDIT switch (S51) outputs a signal on
the data lines.

3-150. Any decoded signal at U22 or U23 generates
ACK signal to the microprocessor through U28 and Q9.
This informs the Controller that the Front Panel has
received the instructions.

3-151. Guard Isolator

3-152. The isolator accepts parallel data, shifts it to
serial format for transfer across isolation transformers,
and converts it back to the parallel format. The module
reads the address on the Unguarded Control Lines (1C0
through IC6) and, if the data is destined for one of the
analog modules, shifts it across the isolation tranformers
and places it on the Analog Bus. When the Controller
requests data, the address on the Guarded Control Lines
is decoded and the data bit from the analog module
transmitted on 1D7 to the Controller. A more detailed
explanation using the block diagram in Figure 3-13
follows.

3-153. When data (ID0 through ID7) is destined for an
analog module the address is decoded by the control logic
circuitry which disables the clock (7.5 MHz), clears the
guarded shift registers, and enables the unguarded shift
register to load the parallel data. After a built-in time
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delay the clock resumes and begins shifting the data
through the isolation transformers into the guarded shift
registers to the output. Completion of the transfer is
decoded by the return logic to enable and pass through
the isolation transformer to the control logic, the ACK
(Acknowledge) signal generated by the receiving analog
module.

3-154. When the Controller requests data from an
analog module, the same sequence repeats itself through
the output of the address. The address output is decoded
by the return logic, returning the status of the addressed
module through the return logic and isolation
transformer to the control logic and, on the Unguarded
Bus, to the Controller.

3-155. Tape Interface (Storage Only)

3-156. The Tape Interface Assembly links the Raymond
mini-cassette tape system and the instrument Controller,
through the Internal Bus. It sends to the cassette system
operational commands originating from the Controller,
and accepts and transmits to the Controller system any
data transfer status information. The interface also
converts and coordinates data flow between the cassette
system, with its serial format, and the Controller, with its
parallel format. Operation of the interface is divided into
the control, status, write, read, and interrupt circuits,
each of which is discussed further below.

3-157. CONTROL CIRCUIT

3-158. The interface responds to four control
commands: interrupt enable, move, rewind, and write.
The cassette system responds to the control line
MOTION (move), FWD/RWND (Rewind), and
READ/WRITE (Write) to perform the indicated
operation. The interrupt enable command controls the
operation of the interrupt circuit. The commands are
received by the interface on the Data Bus and latched into
U23.

3-159. STATUS CIRCUIT

3-160. These circuits return the cassette system and
interface operational status to the Controller. The
cassette system status returned is CASSETTE
LOADED, SIDE A/B, WRITE INHIBIT, and TAPE
POSITION. The interface status returned is EOR (End
Of Record), DAV (Data Valid), RFD (Ready For Data),
and BSY (Interface Busy). The data is encoded in eight
parallel-bits and transferred to the Data Bus when the
correct address is decoded.
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3-161. WRITE CIRCUIT

3-162. The write circuit converts the data destined for
tape storage from the parallel format of the Controller to
the phase-encoded bit-serial format of the cassette
system.

3-163. The free-running oscillator, U1, provides timing
at 9.6 kHz, which is divided twice by U25 to produce
clocks at 4.8 kHz and 2.4 kHz. The two are combined to
generate two clocks to either load the shift register (U6)
from the parallel input (U7, U8) or shift the data out of the
register in the phase-encoded serial format.

3-164. At time T1 (Figure 3-14), the Controller
generated address is decoded at U9-6 to set RFD (US5-9),
not ready for data, high and to move 1D0 through ID7
into the latches U7 and U8. Transfer to the shift register is
accomplished by a pulse at U3-4 and is synchronized with
the master clock by U2. BSY (Busy), at time T2, sets U2-1
to indicate the data is being clocked out of the register and
resets RFD to signal the Controller that it is ready to
accept the next data byte. Each bit shifted out is latched,
in turn, into U5 and then phase-encoded in U10. At time
T3 the Controller outputs the next data byte to the
interface for loading into the latches U7 and U8, and to set
RFD high. The number of bits shifted is counted by U11,
and when it reaches eight, BSY is reset and a new load

pulse is generated at time T4. The sequence continues
until the final bit is shifted out so that BSY remains low
and there are no additional shift pulses generated, as in
TS.

3-165. READ CIRCUIT

3-166. Operation of the read circuit is the reverse of the
write circuit. Data is read from the tape in a phase-
encoded bit-serial format, decoded, and then output to
the Controller in the parallel format required.

3-167. When the data read from the tape at U10-13
changes, a spike is generated at U10-11, causing a 1 us
pulse at U12-5 (Figure 3-15). The approximately 301 us
clock from U13 clocks the tape data into U18. The trailing
edge of the pulse clocks the counter Ul4 to count the
number of data bits read. When eight bits have been read
U 14-2 goes high, resetting the counter, loading the latches
U19 and U20 from the shift register, and settingthe DAV
latch (U4-10/U4-11) to signify data is available (DAV).
When the Controller inputs the data from the tape
interface, the DAYV latch is reset, enabling the interface,
for when the next eight bits of data are available. The
output at Ul2-4 has been held low from the first data
transition of a tape reading operation. After data transfer
is complete the point goes high, signaling the Controller
the completion of data transfer.
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Figure 3-14. Write Timing Diagram (Storage Only)
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3-168. INTERRUPT CIRCUIT

3-169. The interrupt circuit notifies the instrument
Controller when the interface is ready to input data or
accept additional output data. An interrupt enable (INT)
control signal is generated at the start of an interrupt and
removed when a valid input data address is decoded.

3-170. Generation of either a DAV (Read Cycle) or
RFD (Write Cycle) resets the applicable portion of U26 to
generate an INT for transmission to the Controller. When
the interface receives an interrupt acknowledge (INA) in
return and INT is valid, it sets data line ID1 high and
generates acknowledge (ACK) for the Controller. Setting
ID1 high signifies the interrupt is from the tape interface.
The interrupt is removed on signal from the Controller.
The interrupt is also automatically reset at power on from
U10-3 to insure the instrument does not come up with the
interrupt active.

3-171. Tape Drive Assembly
3-172. INTRODUCTION

3-173. The Tape Drive Assembly is a reel drive, solenoid
operated, mini-cassette transport. The drive is intended for
use with an electronic motor speed controller for constantreel
speed (varying tape speed) in the read and write modes.
REWIND is accomplished by applying, to the motor, full
voltage in the opposite polarity and engaging the solenoid,
Table 3-2. The functional block diagram is found in Figure 3-
16.

3-174. The recording media is to track digital magnetic tape
in a certified mini-cassette, JF P/N 446997. This is used with
a single channel head and saturation recording techniques.

3-175. End-of-Tape, (EOT) is detected by an IR LED and IR
photo transistor detecting clear leader or EOT/BOT hole.
WRITE INHIBIT is detected by switch closure. The cassette
is file protected when switch is open. Cassette presence is
detected by switch closure.

3-176. The Tape Drive Assembly transfers data at a constant
reel speed, (variable tape speed), of three inches per second
at the beginning of the tape, in the forward direction and
rewinds at an average, (but variable), speed of 9 inches per
second.

3-177. TAPE DRIVE MOTOR CONTROL

3-178. A speed-regulated reel-drive motor moves the mag-
netic tape over the read/write head. To operate the motor in
the forward direction, a “low” signal is output to the FWD /
RWND line and to the MOTION line. These signals operate
the switch formed by U7B to connect the positive side of the
tape drive motor to the +5 volt supply. As a result, motor
current flows through U7B, through the motor and out
through back-EMF regulator, U8. The back-EMF regulator
senses the voltage across the motor, which is proportional to
motor speed and provides the feedback necessary to maintain
aconstant motor speed. Potentiometer R27 provides a means
of setting motor speed.

3-179. To operate the motor in the rewind direction, a “high”
signal is output to the FWD /RWND line and a “low” to the
MOTION line. The REWIND signal turns on the solenoid
driver, U7B, to actuate the rewind solenoid, closes the switch
formed by U7C, bypasses U8, flows through the motor and
through Q1 to ground, (MOTR). Since regulator U8 is by-
passed, motor rewind speed is uncontrolled and is the maxi-
mum provided by five volts.
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3-180. READ/WRITE CIRCUIT DESCRIPTION

3-181. The read/write electronics conditions and processes
the read/write signals at the recording head. The system
consists of write power control, write drivers, read signal
conditioning, peak detector, threshold detectors and data
latch. Figure 3-17 is the functional block diagram of the
system with accompanying waveforms. The following para-
graphs describe the block diagram and each of the areas listed
above.

3-182. Write Drivers

3-183. The write drivers convert the bi-phase TTL input data
into the properly phased WRITE current through the record-
ing head. The entire write circuit is interlocked to the READ
/WRITE command and the WRITE INHIBIT status signal
through write power control, Q1.

3-184. Write Power Control

3-185. The write power control, controls the application of
power to the write drivers. Write power is not applied until a
WRITE commandis present and the WRITE INHIBIT status
is off, in order to prevent interference with the read process.
This also ensures that a write protected cassette is not erased
or overwritten.

3-186. Read Signal Conditioning
3-187. The read signal conditioning circuit consists of the

read preamplifier and low pass filter. The data signal from
recording head is input to the differential preamplifier where
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it is amplified (see waveform U9, pin 1, in Figure 3-17). The
amplified data signal is routed to the low pass filter which
eliminates high frequency noise above 5 kHz and provides an
adjustable second stage amplification. The output of the read
signal conditioning circuits, (waveform TP6), is then routed
to the data peak detector and threshold detectors.

3-188. Data Peak Detection

3-189. This circuit consists of two circuits, a differentiator
with diode clamping and a high speed logic converter. The
first circuit differentiates the signal to provide a 90 degree
phase shift (see waveform U10, pin 1, in Figure 3-17) and
routes it to the data latch.

3-190. Threshold Detector

3-191. The threshold detectors are open loop level compara-
tors with detection levels set at £15%. This detection gating
logic helps eliminate the possibility of noise in the gap being
translated into false data and provides a signal polarity
indication (see waveforms U10, pin 7 and pin 14 in Figure 3-
17) to the data latch.

3-192. Data Latch

3-193. The data latch combines the peak detection output
with the threshold detection gating logic outputs to form the
biphase data stream (see waveform TPS in Figure 3-17). The
data output is clamped during WRITE mode to prevent
transmission of erroneous data.
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Table 3-2. Pin Assignments at /O Header Interface Connector J33

PIN SIGNAL
NUMBER NAME WAVEFORM REMARKS
1 MOTOR +5 VDC + .25V
2 +5VDC + .25V
3 MOTOR GND
4 SIGNAL GND
9 DATA IN V/oxa"/,
10 READ/WRITE READ WRITE
12 TAPE POSITION TAPE LEADER
o | FoRwo Forwsep FEWRD | SmsowELworoN
15 CASSETTELOADED | LOADED [
17 CHASSIS GND
19 KEYING POSITION
22 DATA OUT Vs
23 WRITE INHIBIT BQ&\‘ECTED QSBAFECTED
2 | oron st [ s
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ELECTRONIC ASSEMBLY TAPE TRANSPORT
MOTION COMMAND N >
FORWARD/REWIND SERVO-MOTOR
COMMAND DRIVING
SERVO SYSTEM
> CONTROL
CONTROL LOGIC INTERFACE
+5VDC
>
TAPE POSITION WRITE INHIBIT
< CASSETTE LOADED CASSETTE LOADED INTERLOCK
SWITCHES
CONTROL
LOGIC
WRITE INHIBIT
<
LOAD POINT-BOT/EOT SENSING BOT/EOT
DETECTION
CONTROL LOGIC INTERFACE
DATAIN
P
DATA OUT READ/WRITE
‘7
CIRCUITS RECORDING
READ/WRITE COMMAND READ/WRITE DATA
> HEAD
(READ/WRITE)
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Figure 3-16. Tape Drive Functional Block Diagram
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READ/WRITE BIT TIMING DIAGRAM
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Figure 3-17. Read/Write Electronic Block Diagram with Accompanying Waveforms (cont)
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A Message From
Fluke Corporation

@ 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
n[ D I\ i
o 1. Knowing that there is a problem.
2. Leaning the guidelines for handling them.
3. Using the procedures, packaging, and

bench techniques that are recommended.

The following practices should be followed to minimize damage to S.S. (static sensitive) devices.

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.



[

5. USE STATIC SHIELDING CONTAINERS FOR 8. WHEN REMOVING PLUG-IN ASSEMBLIES
HANDLING AND TRANSPORT. HANDLE ONLY BY NON-CONDUCTIVE
EDGES AND NEVER TOUCH OPEN EDGE
CONNECTOR EXCEPT AT STATIC-FREE
WORK STATION. PLACING SHORTING
STRIPS ON EDGE CONNECTOR HELPS
PROTECT INSTALLED S.S. DEVICES.

M

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

s 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.

7. AVOID PLASTIC,VINYL AND STYROFOAM®
IN WORK AREA.

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

® Dow Chemical

9/93



5100 Series B

Section 4

Maintenance

WARNING

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

4-1. INTRODUCTION

4-2. This section contains information on general mainte-
nance, troubleshooting, selected component replacement,
calibration procedures, and a performance test. The perfor-
mance test can be used upon receipt of the calibrator as an
acceptance test or at any other time, to verify the correct
operation of the instrument.

4-3. SERVICE INFORMATION

4-4. Each instrument manufactured by the Fluke Corporation
is warranted for a period of 1-year upon delivery to the original
purchaser. The WARRANTY is located at the front of the
manual.

4-5. Factory authorized calibration and service for each Fluke
product is available at various worldwide locations. A com-
plete list of domestic service centers islocated at the rear of the
manual. Shipping information is given in Section 2, if re-
quested, 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. CLEANING

4-8. Periodically (atleastevery 180 days)clean the instrument
using the following procedure:

1. Insure that power is removed from the instrument.

2. Remove the top and bottom covers from the instru-
ment.

3. Disconnect the PCB assemblies from the
motherboard and remove them from the instrument.

4. Clean the interior of the instrument 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. Replacethe PCB assemblies and coversifaccessto
the instrument interior is no longer required.

4-9. Air Filter Maintenance and Cooling
Considerations

4-10. Visually inspect the air filter at the rear of the fan
compartment periodically for dirt and contaminants. If clean-
ing is required, use the following procedure:

1. Insure that power is removed from the instrument
and the fan is not operating.

2. Applyinward pressure to the top and bottom of the
filter bracket then pull to the rear until the filter and
bracket are free from the instrument.

3. Cleanthefilterusing either low pressure, clean, dry
air, or a water and mild detergent solution.

NOTE
Ifwater is usedfor cleaning, insure that the filter
is dried thoroughly before reinstalling.

4. Reinstall the filter by inserting the bottom into the
frame first then pushing in on the top of the filter.

4-1
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4-10a. A hidden but important feature of the 5100 Series B is
its internal cooling system. Baffles direct cooling air from the
fans throughout the chassis to internally dissipate heat during
operation. The accuracy and dependability of all internal parts
of the 5100 Series B are enhanced by maintaining the coolest
possible internal temperature. By observing the following
rules, you can lengthen the life of the 5100 Series B and
enhance its performance:

CAUTION
Damage caused by overheating may occur if
the area around the airintake is restricted, the
intake airistoo warm, or the air filterbecomes
clogged.

+ The area around the air filter must be at least 3
inches from nearby walls or rack enclosures.

« The exhaust perforations on the sides of the
5100 Series B must be clear of obstructions.

+ The air entering the instrument must be room
temperature. Make sure that exhaust from another
instrument is not directed into the fan inlet.

» Clean the air filter every 30 days as described
earlier in this section, or more frequently if the 5100
Series B is operated in a dusty environment.

4-11. Line Voltage Selection

4-12. The calibrator is set at the factory to operate at a line
voltage of 115 volts +10% with a frequency of 50 to 60 Hz.
Three switches in the power supply (Figure 4-1) permit the
selection of one-of-eight possible input line voltage ranges
shown in Table 4-1. (The switch position settings are also
screened on the calibrator inner cover.) The table gives each
possible voltage and its high and low tolerance. Select the
setting for use with the local line voltage that includes the
expected fluctuations in the local line voltage.

S1 S2 S3

O
-

O O

SET FOR A NOMINAL LINE VOLTAGE OF
115V AC £10%

Figure 4-1. Input Line Voltage Switches

4-13. Fuse Replacement

4-14. Insure that the proper fuse is installed for the input line
voltage selected from the values below:

110 to 120 volt range selected - MDX 2A
200 to 240 volt range selected - MDL 1A
4-15. Instrument Assembly/Disassembly

4-16. The 5100 Series B instruments can be easily disas-
sembled by sections to gain access to any component within
the instrument. In most cases, some previous step in the
disassembly process will be required and the procedure will
refer to that step. Removal of the top cover is the first step in
disassembly for instruments with standard cases. Instructions
for assembly/disassembly of instruments with the fiberglass
case are in later subparagraphs of this procedure.

CAUTION

Use static awareness precautions during
instrument disassembly or assembly. Do
not allow the PCB card-edge connectors or
the cable connector pins to come in contact
with any ungrounded object, including per-
sonnel, since static charges in excess ofthe
damage point (approximately 60 volts) can
build up on these objects. The damage in-
curred may not be apparent immediately, it
may appear up to three months after the
incident occurs. The PCB digital input card-
edge connector should be inserted into a
connector with all pins shorted to make all
points common any time the assembly is
removed from the instrument. Refer to the
yellowinsert sheet on staticawarenessinan
earlier section of this manual for further
details.

4-17. Reassembly of the instrument should be performed in
the reverse order, as required, unless noted otherwise.

Table 4-1. Input Line Voltage Switch Settings

LINE VOLTAGE ‘(’:%SL';LOB' &F
—10% | NOMINAL | +10% S1 s2 s3
90 100 110 Up Up Down
99 110 121 Up Up Up
103.5 115 126.5 | Up Down | Down
108 120 132 Up Down | Up
180 200 220 Down | Up Down
198 220 242 Down | Up Up
207 230 253 Down | Down | Down
216 240 264 Down { Down | Up




4-18. FRONT PANEL PCB REMOVAL AND LED

REPLACEMENT

4-19. Perform the disassembly of the Front Panel using the
following procedure:

1. Remove any shorting links on the output terminals.

2. Remove the screws securing the bottom cover to
the front panel.

3. Loosenorremove the screws on each side, directly
to the rear of the front handles and, if applicable, the
screws attaching the side bars to the inner frame (fiber-
glass case only).

4. Slide the Front Panel and attached PCBs forward,
insuring they clear the output terminals.

NOTE

Disassembly operations requiring only the for-
ward movement of the Front Panel to free the
output terminals cease at this point.

5. Disconnect the ribbon cables connecting the Front
Panel to the power supply interconnect board when the
connectors become accessible.

6. The front panel, Front Panel PCB, and shield are
now free and may be lifted away from the instrument,
allowingremoval of the Front Panel to gain accessto the
LEDs on the Front Panel PCB.

7. Defective LEDs on the Output and Central Display
may be replaced without removing the shield by lifting
the small pcb assembly containing these indicators
away from the Front Panel PCB. The shield must be
removed front the rear of the PCB for access to the
remainder of the LEDs.

4-20. TRANSFORMER AND PCB ASSEMBLY

REMOVAL

4-21. Remove the transformer and its associated PCB assem-
bly using the following procedure:

1. Remove the bottom cover.

2. Remove the screws (in a trapezoidal pattern) secur-
ing the transformer frame to the inner bottom.

3. Remove the screws (in a square pattern) securing

5100 Series B

1. If the Ranging PCB requires removal from the
analog (main) compartment, slide the Front Panel for-
ward to clear the output terminals using the procedure
described above.

2. Toremoveany PCB in the analog compartment, or
the Power Supply Regulator PCB, insert the card puller
(provided with the instrument) into the hole provided at
the top center of the PCB and lift straight up.

NOTE

The card puller is required since the space
between the PCBs is insufficient to grasp the
boards firmly.

3. Remove the PCBs from the digital (rear) compart-
ment by grasping the boards firmly at each corner and
pulling straight up.

NOTE

If the four section shield must be removed from
the DAC PCB Assembly insure the cutaway
portions for the photocoupler and pulse
transformer are to the center on the component
side and the two cutaway corners are to the
center on the non-component side.

4-24. POWER SUPPLY COMPARTMENT SIDE PANEL
REMOVAL

4-25. Remove the outside panel from the power supply
compartment using the following procedure:

1. Remove the front Panel using the procedure de-
scribed above.

2. Remove the screws connecting the side panel to the
rear panel.

3. Remove the screws attaching the front bulkhead,
the center brace the capacitor bracket, and the trans-
former assembly to the side panel.

4. Remove the screws attaching the bottom flange of
the side panel to the inner bottom.

5. Slide the side panel forward, away from the rear
panel, and lift it away from the instrument.

the transformer frame to the side of the instrument. 4-26. REAR PANEL REMOVAL
4. Grasp the transformer firmly and lift the assembly
straight up and out of the power supply compartment. 4-27. Remove the rear panel from the instrument using the
following procedure:

4-22. PCB ASSEMBLY REMOVAL

1. Remove the plates around the DIGITAL CON-

4-23. Remove the PCB assemblies using the following NECTOR (J4) and the outboard screws around the
procedure: ANALOG CONNECTOR (J2) cover.

43
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4-28.

4-29.

2. Remove the screws attaching the bottom cover
to the rear panel.

3. Remove the two screws on each side attaching
the rear panel to the side panels, located directly in
front of the corner braces with the decals. It is not
necessary to remove the decals to remove the rear
panel.

4. Disconnect the power cord connecting the fan
to the power supply motherboard.

5. Move the rear panel straight back until the
digital connector is free, then lift the rear panel
away from the instrument.

MIS MOTHERBOARD REMOVAL

Remove the MIS Motherboard from the digital

compartment of the instrument using the following
procedure:

4-30.

4-31.

1. Remove the PCB assemblies from the digital
compartment using the procedure described earlier.

2. Remove the rear panel from the instrument
using the procedure described above.

3. Remove the two screws in the capacitor
chamber (beneath the MIS Motherboard and only
accessible with the rear panel removed) attaching
the MIS Motherboard bracket to the frame.

4. Remove the left side screws and panel, then lift
the MIS Motherboard, its bracket, and the

connector PCB free from the instrument
compartment.

MAIN MOTHERBOARD REMOVAL

Remove the main motherboard from the

instrument using the following procedure:

4-4

1. Remove the PCB assemblies from the analog
and digital compartments using the procedure
described earlier.

2. Remove the MIS Motherboard from the
instrument using the procedure described above.

3. Remove the twelve screws within the square
pattern attaching the main motherboard to the
instrument.

NOTE

Do not remove the screws in the round
patterns from the main motherboard. These
attach the bottom shield to the motherboard.

4-32.

4-33.

4. Remove the left side panel and lift the
motherboard away from the instrument.

POWER SUPPLY REMOVAL

Remove the power supply from the instrument

using the following procedure:

4-34.

4-35.

1. Remove the Power Supply Regulator PCB
Assembly as described above.

2. Remove the rear panel from the instrument
using the procedure described above.

3. Remove the Transformer and PCB Assembly
using the procedure described above.

4. Remove the Power Supply Interconnect PCB
from the front of the power supply motherboard by
removing the two screws on the top and lifting the
PCB straight up.

5. Remove the capacitor bracket (rear) and stud
(front) from the power supply chamber of the
instrument.

6. Disconnect J14 and J15 that connect the main
motherboard to the power supply motherboard.

7. Remove the screws fastening the power supply
motherboard to the frame.

8. Slide the power supply mother board out the
rear of the instrument.

9. The capacitors in the capacitor chamber are an
electrical part of the power supply and are
accessible for inspection or maintenance with the
rear panel removed.

ENVIRONMENTAL RESISTIVE CASE
ASSEMBLY/DISASSEMBLY
(FIBERGLASS CASE ONLY)

NOTE
All sections of the fiberglass case and covers

are part of a serial numbered matched set that
must be kept intact for maximum protection.

Remove the fiberglass case using the following

procedure:

1. Insure the front cover is attached to the
instrument then stand the instrument upright on its
front cover.



2. Remove the line cord and the hex (Allenhead)
screws along the side of the back panel.

3. Set the instrument upright on its rear panel.

4. Remove the front cover, the hex screws and
associated plates, and the vent screen.

5. Lift off the front half of the fiberglass case.

6. Place the instrument flat; i.e., the normal
operating position.

7. Support the inner chassis and slide the rear half
of the fiberglass case off the instrument.

4-36. Replace the fiberglass case using the following
procedure:

1. Set the instrument upright, on its rear panel.

2. Slide the front half of the case over the chassis,
insuring the feet are on the correct side.

3. Install the vent screen (left side) and the plates
using the hex screws previously removed. Install the
washers on the screws holding the screen.

4. Install the front cover on the instrument and set
the instrument upright on the front cover.

5. Slide the rear half of the case over the chassis,
insuring the feet are on the correct side.

6. Install the case with hex screws, using the
washers on the screws through the vent screen.

4-37. TAPE SYSTEM REMOVAL
(STORAGE ONLY)

4-38. Remove the tape system from the calibrator using
the following procedure:

1. Slide the Front Panel forward to gain access to
the tape system using the procedure described
previously.

2. Lift the tape access door on the Front Panel and
remove the four screws securing the tape system to
the Front Panel.

3. Disconnect the ribbon cable from the Tape
Drive PCB and lift the tape system clear of the
instrument.

NOTE

The Front Panel must be at its extreme
forward limit for the tape system to clear the
rear of the EDIT switch.

5100 Series B

4. The tape drive may be separated from the Tape
Drive PCB, if desired, by disconnecting the cable
connecting the drive to the PCB and removing the
four screws securing the drive to the PCB.

4-39. PERFORMANCE TEST

4-40. The following paragraphs contain a performance
verification test which compares the outputs of the
instrument to the specifications in Section 1 of this
manual. The test may be used to verify calibration of the
instrument between scheduled calibration periods, as an
acceptance test, or as an aid in troubleshooting.

4-41. The test equipment required for the performance
test is listed in Table 4-2. If the recommended equipment
is not available, replacements with equivalent
specifications may be substituted. The test must be
performed when the ambient temperature is between 22
and 24 degrees Celsius, with the relative humidity less
than 85%, to attain maximum accuracy.

4-42. If the instrument does not meet the error limits
listed in the performance test either the calibration
procedure or corrective maintenance should be
performed, as determined by the symptoms.

4-43. Calibration Test Equipment Accuracy
Considerations

4-44. Accurate calibration of the 5100 Series B
Calibrators requires precision calibration standards and
test equipment often accessible only in a standards lab.
Calibration is normally performed using test equipment
with accuracies four to ten times better than the
instrument being calibrated. This criteria allows the
errors of the test equipment to be ignored even though the
possibility exists that the inherent errors of the test
equipment could make the instrument read out of
tolerance when good, or in tolerance when bad. An
example of this problem using a four to one ratio and the
uncertain area is shown in Figure 4-2.

4-45. The performance test for the 5100 Series B
Calibrators contains tables used to verify the accuracy of
the DC voltage and current, and the AC voltage. These
tables have columns for the programmed output, both
calibrator and test equipment, and the specified
maximum allowable * error of the calibrator for the
programmed output, in percent. In addition, highlighted
columns have been added which list the maximum
specified error in percent of the test equipment called out
in the procedure; the summed errors of the calibrator and
test equipment, and the difference when the possible test
equipment error is subtracted from the possible calibrator
error.

4-46. These last three columns, which are highlighted,
are given as a convenience to the individual to use or not

4-5
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use, as he determines, depending on the circumstances
involved, and the desired degree of accuracy. In all cases,
if any test equipment is replaced with a different model,
the three columns must be recomputed.

4-47. Equipment Preparation

4-48. Perform the following procedure prior to
beginning any operation. The equipment should have a

warmup period of at least 30 minutes prior to performing
any test.

1. Verify that the instrument is set for the correct

input line voltage range, using the procedure
outlined earlier in this section.

2. Connect the calibrator to the input line power.

Table 4-2. Test Equipment

Digital Multimeter

Digital Multimeter Current Reading 1%

Frequency Counter
with —03 Option)

Oscilloscope
Amplifier

Distortion Analyzer

10092 +1%, LW
3302 £5%, 2w

Resistive Loads

2 k2 5%, 2W
20 k2 £5%, 2W
33 k2 5%, 2W

12 1%, 5W

Standard Resistor w/ 12 at 50 ppm minimum

Accessories

Lowpass Filter
in series

Extender PCB

ITEM SPECIFICATIONS (minimum) NOMENCLATURE
DC Voltage Standard 0.001% Accuracy Fluke 5700A
Current Calibrator 25 ppm/hr Stability Fluke 5700A
Voltage Divider 0.1 ppm Resolution, 1 ppm Terminal Linearity Fluke 720A
Ratio Transformer 0.5 ppm Terminal Linearity at 400 Hz ESI DT72A
Null Detector 11V Range Fluke 845AB
Thermal Transfer Standard 0.02% @ 1000V Range, 0.01% @ other ranges Fluke 5790A
DC Differential Voltmeter NMRR > 100 dB @ 400 Hz Fluke 885A
RMS Differential Voltmeter | 1 uV Resolution Fluke 931B

E’/z I:Egit 100 u2/1 uv Resolution

50 Hz to 50 kHz >0.5 Accuracy (10 Hz to 10 MHz
>60 MHz Dual Trace at .5 mV/cm Sensitivity

50 Hz to 50 kHz >0.01% Accuracy

2 ea. 182 £5%, 2W in parallel = 0.5S2 4W

1082 and 1 M2 at 25 ppm minimum
100L2, 1 k&2, 10 k€2, 100 k2 at 10 ppm minimum
10 M2 at 100 ppm minimum

Construct of 1 k2 resistor and 0.05 uF capacitor

Fluke 8500A/8505A/8506A

Fluke 8500A/8502A/8505A/
with -01 and -03 options

Fluke 1900A

Tektronix w/Dual
Trace Plug-In w/5A22N

HP 339A

Metal Film Type
Carbon Composition
Type

Carbon Composition
Type

Carbon Composition
Type

Carbon Composition
Type

Wire Wound Type
Carbon Composition
Type

Fluke 742A-1

Fluke 5450A

Metal Film Type
Non-polarized

Fluke 5100A-7005K
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GIVEN:
Calibrator Specification Maximum Error = +0.004%
Test Equipment Specification Maximum Error = $0.001%
Calibrator Spec. + Test Equipment Spec. = *0.005%
Calibrator Spec. — Test Equipment Spec. = *0.003%
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Figure 4-2. Accuracy Uncertainties

3. Depress the POWER switch to apply power to
the instrument.

4. The Output Display reads +0.0000 mV and the
STDBY, LOCAL, INT, and 50Q DIVIDER
indicators illuminate.

5. Make all interequipment connections, during
the test, using low thermal EMF copper leads or
coaxial cable, as applicable.

4-49. DC Offset Voltage

4-50. Perform the DC offset voltage test using the
following procedure:

1. Depress the CLEAR keyswitch twice in
succession.

2. The Front Panel indications blink, then read
+0.000 0 mV with only the STDBY, LOCAL, INT,
and 50Q DIVIDER indicators illuminated.

3. Prepare the test null detector to read a null &5
1V, then connect the equipment as shown in Figure
4-3.

4. Select OPR on the calibrator.

5. Verify the null detector reads 0 =5 pV.

NULL DETECTOR
OIN o

5100 SERIES
OUT SENSE
1O HIO— O
VOTa? o Cr-

igsrRD_?:%
/

Figure 4-3. Offset Voltage Checks
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4-51.

6. Depress the 500 DIVIDER OVERRIDE
keyswitch.

7. The OVERRIDE indicator illuminates.
8. Verify the null detector reads 0 205 uV.

9. Select STDBY on the calibrator.

DC Voltage Tests

4-52. Perform the DC voltage tests using the following
procedure:

4-8

1. Select STDBY on the calibrator.

2. Connect the equipment as shown in Figure 4-4.
Do not use the null detector built into the DC
Voltage Standard.

3. Select the setting in step 1 of Table 4-3, foreach
of the instruments listed.

4. Select OPR on the test equipment and
calibrator.

5. Enable the calibrator Error Mode and modify
the calibrator output until a null is obtained on the
null meter.

6. Verify the displayed error is no greater than the
allowable error for the programmed calibrator
output of the applicable step.

7. Select STDBY on the calibrator and test
equipment.

8. Repeat steps 3 through 7 for steps 2 through 4
of Table 4-3.

9. Connect the equipment as shown in Figure
4-12. If the DC Voltage Standard cannot be connect-
ed in the differential mode proceed to step 16.

10. Select the setting, in step 5 of Table 4-3, for
each of the instruments listed.

11. Select OPR on the test equipment and
calibrator.

12. Select the calibrator Error Mode and modify
the calibrator output until a null is obtained on the
null meter.

13. Verify the displayed error is no greater than
the allowable error for the programmed calibrator
output of the applicable step.

14. Select STDBY on the calibrator and test
equipment.

15. Repeat steps 10 through 14 for the remaining
steps of Table 4-3.

16. Connect the test DC voltmeter (5% digit
DMM or DC Differential voltmeter) to the DC
Voltage Standard.

17. Set the DC Voltage Standard to the value
called out in step 5 of Table 4-3.

18. Record the voltmeter reading.

19. Repeat steps 17 and 18 for the remaining
values in Table 4-3.

20. Select STDBY on the calibrator.

21. Connect the DC voltmeter to the calibrator
output terminals.

22. Program the calibrator for an output voltage
equal to the value recorded in step 18 then select
OPR on the calibrator.

23. Select the calibrator Error Mode and modify
the calibrator until the DC voltmeter reads the
voltage recorded in step 18.

24. Verify the displayed error is no greater than
the allowable error for the programmed calibrator
output of the applicable step.

25. Repeat steps 22 through 24 for the remaining
steps on Table 4-3.

26. Select STDBY on the calibrator and the test
equipment.

4-53. DC Ripple and Noise Tests

4-54. Perform the DC ripple and noise tests using the
following procedure:

1. Insure STDBY is selected on the calibrator.

2. Constructa 10 Hzto 3 kHz bandpass filter from
a 1 kQ metal film resistor in series with a 0.05 uF
capacitor. Connect the resistor to the calibrator HI
output terminal and the capacitor to the LO
terminal.

3. Connect the oscilloscope HI input to the

common point on the filter’s resistor and capacitor,
and the LO input to the calibrator LO terminal.
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10 O

Vo—o

5100 SERIES

OUT SENSE

OHI
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NULL DC VOLTAGE STANDARD
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VOLTAGE DIVIDER
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Figure 4-4. DC Low Voltage Tests
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Table 4-3. DC Voltage Tests

5100 pc VOLTAGE | voLTAGE | NYULL  fpaximum
STEP|PROGRAMMED| STANDARD | DivIDER |PETECTOR| g4,
OUTPUT OUTPUT RaTiO |STARTING| o pppoR
RANGE

1 | +19.9900 mV | +1.000000 | 0.0199900| 10uV + 0.0300
2* | -19.9900mV | —1.000000 | 0.0199900 [ 10uV + 0.0300
3 | +199.900 mV | +1.000000° | 0.1999000 [ 30uV + 0.0075
4 | +1.99900v +10.00000 | 0.1999000 | 300uV | +0.0053
5 | +19.9900v +19.99000 3mVv + 0.0050
6" | —19.9900v —19.99000 3mv + 0.0050
7 | +199.900V +199.9000 30mV + 0.0050
8* | —199.900v —199.9000 30 mV + 0.0050
9 | +1000v 1000.000 300mV | +0.0051
10*| —1000V 1000.000 300mV | +0.0051

*Negative outputs from the DC Voltage Standard may be obtained by reversin

1 Relad paragraphs 4-411 through 4-44, tlefore using ttlwese columns.I

5100 SERIES NULL DC VOLTAGE STANDARD
DETECTOR
OUT  SENSE -0 o
10 O OHI i o o
vVOoO—0 oLo ;—(:)'--ﬂ D ﬁ'?;_

- Figure 4-5. DC Voltage Tests



NOTE

If available, an oscilloscope plug-in filtering
module with a 10 Hz to 3 Hz bandpass
capability (e.g., Tektronix 5A22N) may be
used.

4. Program, in turn, the DC voltage outputs in
Table 4-4, applying the load, when applicable, and
verify the oscilloscope display is within the listed
tolerance.

NOTE

The peak-to-peak column is an approxima-
tion of the rms voltage and is not an exact
equivalent.

5. When all steps in the table have been
completed, select STDBY on the calibrator and
remove the filter.

4-55. DC Current Tests

4-56. Perform the DC current test using the following

5100 Series B

1. Select STDBY on the calibrator.

2. Connect the equipment as shown in Figure 4-6
using the 1.00000 kilohm shunt.

NOTE

If the actual value of the shunt is known, e.g.,
1.00010 kilohms, accuracy can be improved
by entering the value as a fractional-scale into
the calibrator prior to programming a current
output. Make the following entry: “1.00010
ENTER".

3. Select the setting in step 1 of Table 4-5 for each
of the instuments listed. Insure the correct null
meter polarity is selected for the programmed
calibrator output.

NOTE

The DC voltage Standard, as shown in Figure
4-6, is used as a differential voltmeter in this
test 10 obtain the added accuracy. A standard
DC differential voltmeter may be substituted;
however, the test equipment % of error figures

procedure: in Table 4-5 must be adjusted accordingly.
Table 4-4. DC Ripple and Noise Tests
APPROXIMATE ALLOWABLE RIPPLE

PROGRAMMED OUTPUT APPLIED LOAD PEAK-TO-PEAK (Vrms)*
19.9999 None 12mv 4mV

20.000 None 30mv 10 mV

20.000 2kQ 60 mV 20 mV
199.999 20kQ 0.6 mV 2v
200.000 33kQN 03mVv av

* Applicable when using a true-rms voltmeter

SHUNT

5100 SERIES
OUT SENSE
10 § O HI r
VO—Q OoLO b~

DC VOLTAGE
STANDARD
(" -O HI

LO O 00

Figure 4-6. DC Current Tests
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Table 4-5. DC Current Test

5100 DC VOLTAGE | MAXIMUM
STEP PROGRAMMED | STANDARD 5100
OUTPUT SETTING % ERROR
1 +1.90000 mA +1.900000V +0018
2* —1.90000 mA +1.900000V +0.018
3 +2.10000 mA +2.100000V +0.035
4* —2.10000 mA +2.100000V +0.035
5 +1.00000A +1.000000V +0.019
6* —1.00000A +1.000000V +0.019

*Selectla negative reading onl the null detec'(ori

4. Select OPR on the calibrator.

16. Repeat steps 11 through 15 for step 6 of Table
4-5.

S. Select the calibrator Error Mode and modify
the calibrator output until a null is obtained on the
null meter.

4-57. AC Voltage Tests

4-58. Perform the AC voltage tests using the following
6. Verify the displayed error is no greater than the procedure:

allowable error for the programmed calibrator
output of the applicable step.

7. Select STDBY on the calibrator.

8. Repeat steps 3 through 7 for steps 2 through 4
of Table 4-5.

9. Verify all instruments are in Standby.

10. Replace the 1.00000 kilohm shunt with the
1.00000 ohm shunt, using the parallel compensation
network.

11. Select the setting in step 5 of Table 4-5 foreach
of the instruments listed.

12. Select OPR on all instruments.
NOTE

Heat build up in the 1 ohm shunt can effect
accuracy. If the test requires more than one
minute, return to STDBY after that time, wait
five minutes for cooling, then resume the test.

13. Select the calibrator Error Mode and modify
the calibrator output until a null is obtained on the
null meter.

14. Verify the displayed error is no greater than
the allowable error for the programmed calibrator

output of the applicable step.

15. Select STDBY on the calibrator.

4-12

1. Select STDBY on the calibrator.
2. Connect the equipment as shown in Figure 4-7.

3. Select the setting in step | of Table 4-6 for each
of the instruments listed.

4. Select EXT Sensing on the calibrator.

5. Select OPR of the calibrator.

6. Perform the thermal transfer. Use the Error
Mode to modify the calibrator output to obtain the
null on the thermal transfer standard.

7. Verify the displayed error is no greater than the
allowable error for the programmed calibrator
output of the applicable step.

8. Select STDBY on the calibrator.

9. Repeat steps 3 through 8 for the remaining
steps of Table 4-6.

10. Program an output of 10V dc from the DC
voltage calibrator and of 10V ac at 400 Hz from the
5100 Series B Calibrator.

11. Perform the thermal transfer test. Use the
Error Mode to modify the 5100 Series B Calibrator
output to obtain the null on the thermal transfer
standard.
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5100 SERIES THERMAL DC VOLTAGE STANDARD
TRANSFER |
OUTPUT STANDARD ] OUTPUT
SENSE | a
10 c/ 5- HI i 2] i segsg}%
v LO 1
0 7\
¥ T
()
Figure 4-7. AC Voltage Tests
Table 4-6. AC Voltage Tests
PROGRAMMED 5100
DC VOLTAGE| MAXIMUM
STEP STANDARD
VO;J,QGE FREQUENCY |  gyTpuT % :::fon
1 19.9900V 400 Hz 19.99000 +0.040
2 19.9900V 10 kHz 19.99000 +0.040
3 19.9900V 50 kHz 19.99000 +0.068
4 | 2.1000v 400 Hz 2.10000V +0.085
5 2.1000V 10 kHz 2.10000V +0.085
6 2.1000V 50 kHz 2.10000V +0.139
7 199.900V 1 kHz 199.9000V +0.040
8 105.000V 20 kHz 105.0000V +0.075
9 1000.00V 400 Hz 1000.000V +0.041
10 | 1000.00v 50 Hz 1000.000V +0.041
11 1000.00V 1 kHz 1000.000V +0.041

12. Select STDBY on the calibrators. Do not
change the output settings of the 5100 Series B
Calibrator.

13. Connect the equipment as shown with the
solid lines in Figure 4-8.

14. Select OPR on the calibrator.

15. Set the AC ratio transformer to 0.1000000,
adjust the rms differential voltmeter for a null, and
record the dial setting of the rms differential
voltmeter.

16. Repeat step 15 with a ratio transformer setting

of 0.0100000 and record the rms differential
voltmeter setting required to obtain a null.

4-13
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OUTPUT5100 SERIES RATIO
SENSE T SuTeuT
1o &ch “OINPUT —O
vola. oLo -ocom | como
|
Hy
|
|
|
|
! |
h
| | AC
| L DIFFERENTIAL
e ——_——————— -’ VOLTMETER
e e e e e e e e o = -
Figure 4-8. AC Low Voltage Tests
17. Repeatstep 15 witha ratio transformer setting 4-59. AC Distortion and Noise Tests

of 0.0010000 and record the rms differential
voltmeter setting required to obtain a null.

18. Select STDBY on the calibrator.

19. Connect the equipment as shown with the
broken line in Figure 4-8.

20. Select OPR on the calibrator.

21.
Hz.

Program a calibrator output of 1V ac at 400

22. Set the rms differential voltmeter to the setting
recorded in step 15 and verify the error is less than
+0.065%.

23. Program a calibrator output of 100 mV ac at
400 Hz.

24. Set the rmsdifferential voltmeter to the setting
recorded in step 16 and verify the error is less than
+0.11%.

25. Program a calibrator output of 10 mV ac at
400 Hz.

26. Set the rmsdifferential voltmeter to the setting
recorded in step 17 and verify the error is less than
+0.56%.

27. Select STDBY on the calibrator.

4-14

4-60.

Perform the AC distortion tests using the

following procedure:

4-61

4-62.

1. Select STDBY on the calibrator.

2. Connect the distortion analyzer to the
calibrator output terminals.

NOTE

Broadband to:al distortion analyzers, such as
the HP330 Series, may give readings above
the specification limit unless used with a 200
kHz low pass filter between the calibrator
output and the distortion analyzer.

3. Program an output with each voltage/fre-
quency combination in Table 4-7 and verify the
reading on the distortion analyzer does not exceed
the listed tolerance.

4. When all steps in the table have been
completed, select STDBY on the calibrator.
Frequency Accuracy Tests

Perform the frequency accuracy test using the

following procedure:

1. Connect the calibrator output terminals to the
frequency counter input.
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Table 4-7. AC Distortion and Noise Tests

PROGRAMMED OUTPUT TOTAL DISTORTION TOTAL DISTORTION
VOLTAGE FREQUENCY AND NOISE (rms) AND NOISE %

0.3 50 Hz 0.16 mV 0.053%

0.3 1 kHz 0.16 mV 0.053%

0.3 50 kHz 0.26 mV 0.087%

10 50 kHz 8 mV 0.08%

200 1 kHz 160 mV 0.08%

200 50 Hz 160 mV 0.08%

1000 50 Hz 800 mV 0.08%

2. Program an output at each frequency in Table
4-8 at 1V rms and verify the counter reads within the
frequency range listed for the programmed
frequency.

Table 4-8. Frequency Accuracy Tests

CALIBRATOR COUNTER READING

FREQUENCY

OUTPUT MINIMUM MAXIMUM
50 Hz 48.5 Hz 51.5 Hz
400 Hz 388 Hz 412 Hz
2 kHz 1.94 kHz 2.06 kHz
3 kHz 2.91 kHz 3.09 kHz
4 kHz 3.88 kHz 4.12 kHz
5 kHz 4.85 kHz 5.15 kHz
6 kHz 5.82 kHz 6.18 kHz
7 kHz 6.79 kHz 7.21 kHz
8 kHz 7.76 kHz 8.24 kHz
9 kHz 8.73 kHz 9.27 kHz
10 kHz 9.7 kHz 10.3 kHz
50 kHz 48.5 kHz 51.5 kHz

4-63. Resistance Tests

4-64. The adjustment of the ohms function of the 5100
Series B Calibrators requires four separate test pro-
cedures. The first two test procedures are part of the
Two-Terminal Resistance Accuracy Verification. The
first test procedure is the Repeatability test. This test
procedure verifies that each reading is consistent when
changing the range using the ohms function. The test
procedure compares the reading on the calibrator to that
of a DMM. The second test procedure is the Accuracy
test. This test procedure adjusts and verifies the accuracy

of each setting. It also compares the reading of the
calibrator to a DMM. These two test procedures should
be completed before the next two test procedures to
ensure accurate results. The third test procedure is the
Current Source Transfer test. This test procedure is
required for the 1} range and may be used for the 10 and
10002 outputs. The test procedure uses the current reading
stability of a constant current source and a digital
voltmeter to perform the transfer test. The fourth test
procedure is the Resistance Transfer test. This test
procedure performs a transfer for the higher ohms values
from a certified standard resistor using a 5%-digit DMM
with a 1 MQ resolution and checks outputs of 1 k) or
higher. The 10 and 100Q2 outputs can also be checked if
not already done so by the Current Source Transfer test.

NOTE
Do not use a Kelvin bridge in lieu of the
DMM for the following test. Erroneous
readings will result for values <1 k().

4-64a. TWO TERMINAL RESISTANCE
ACCURACY VERIFICATION

1. Connect an ohmmeter capable of measuring 1}
to an accuracy of at least 10 m{) (see note) to the
calibrator OUTPUT terminals. Use the two-terminal
mode on both instruments.

NOTE

Suitable ohmmeters are the Fluke 8800A,
8810A, or any 8500 series. If the ohmmeter
used has an accuracy of 10 mQ or better, the
“Ohmmeter Error”in the two-terminal specifi-
cation may be ignored.

2. Call 1Q on the Calibrator. The center display
should flash CALI.

4-15



5100 Series B

3. Adjust the calibrator error dial until the output
display is the same as the ohmmeter display.
Depress the NEW REF/CAL 1Q button and verify
that the center display goes to .0000%.

4-64b. Repeatability Test

1. Place the calibrator to standby then back to
operate.

2. Call 10Q, 100k, 10kQ, and 100k(), then
return to 1Q).

3. Verify that the ohmmeter reading remains within
+10 mQ of that noted in step 3 of the Two-Terminal
Resistance Accuracy Verification.

NOTE

Failure to achieve the required repeatability
may be due to a defective relay related to the
1Q to 100 kQ resistors.

4. Call IMQ; then return to 1Q2. The ohmmeter
must again return to within +10 MQ of the previous
reading.

NOTE

Failure to achieve repeatability when going
over 100 kQ) and back is due to K56. Thisisa
high voltage rated button relay and operates
when going to 1 MQ and 10 MQ. There are
two choices if K56 malfunctions: clean the
contacts, or replace the relay. The contacts
can be cleaned with a strip of business card
soaked in alcohol.

4-64c. Accuracy Test

4-16

1. Call 1Q, and repeat step 3 of the Two-Terminal
Resistance Accuracy Verification to achieve a precise
reading.

2. Call each of the ohm values tabulated below
and verify that when the error dial is adjusted to
cause the output display to equal the ohmmeter
reading, the center display reads less than the value
shown in the accuracy column below.

RANGE ACCURACY
10Q 0.4%

100Q 0.05%

1kQ 0.0125%
10kQ 0.0075%

4-65. CURRENT SOURCE TRANSFER TEST

CAUTION

Set voitage limit controls on the current
source to the lowest voltage possible while still
providing the current required for the test. In
addition, to prevent damage to the equipment,
set the current source to STDBY before either
setting the 5100 Series B Calibrator to STDBY
or disconnecting the leads between the
instruments.

1. Connect the equipment as shown in Figure 4-9.

2. Program a calibrator output of 1 ohm with
EXT sensing selected and select DC volts on the
DMM.

3. Multiply the certified value of the 1 ohm
standard resistor by 0.1 and record the results as
volts, e.g., a | ohm standard resistor certified at a
-100 ppm error would be 0.999900 X 0.1, equaling
0.0999900, or 99.99 mV.

4. Adjust the output of the current source
(approximately 100 mA) until the DMM reads the
computed value.

5. Transfer the DMM leads from the standard
resistor to the calibrator sense terminals.

6. Verify the DMM reads between 0.09998 and
0.10002 volts (99.98-100.02 mV), i.e., 0.10000
10.02%.

5100 SERIES
CALIBRATOR

OUT SENSE
0 040

0—-0Q|0

CONSTANT
CURRENT
SOURCE

—O0 0 -0
OUTSIDE
g

INSIDE
TERMINALS

STANDARD
RESISTOR

DMM

-0 +
O -

Figure 4-9. Current Source Transfer Connections
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7. Ifthe current source transfer test is used for the
10- and 100-ohm test, repeat steps 2 through 6,
using calibrator settings of 10 and 100 ohms,
current source settings of approximately 10 mA and
1mA, and readings of .10000 £0.01% and .100000V
10.005%, respectively.

RESISTANCE TRANSFER TEST

1. Algebraically subtract the nominal value of the
standard resistor (e.g., 10 ohm, 100 ohm, etc) from
the certified value of the standard resistor. Record
the computed difference. A computation example is
shown in Figure 4-10, using | ohm as an example.

2. Connect the 54 digit test DMM to the 10 ohm
standard resistor, using the four-terminal
configuration.

3. Measure the resistance of the standard resistor
with the test DMM and record the value displayed.

4. Transfer the test DMM input leads from the
standard resistor to the calibrator output terminals.

5. Program a calibrator output of 10 ohm, with
EXT sensing selected.

6. Algebraically subtract the value recorded in
step | from the value recorded in step 3 and verify
the displayed value, when compared to the
computed difference is within the resistance and
tolerance listed in Table 4-9.

7. Repeat steps | through 6 for the remaining
calibrator resistance outputs, insuring the deviation
from the computed value is within the tolerance
listed in Table 4-9.

NOTE

The test DMM may be left in the four-
terminal configuration for the 100k, IM, and
10M readings, if desired; however, the actual
reading will be based on two-terminal
operation.

5100 Series B

CERTIFIED CERTIFIED
VALUE VALUE
GREATER LESS THAN
THAN NOMINAL
Step 1: NOMINAL
Nominal Value +1.000000 +1.000000
Certified Value +1.000033 +0.999977
Computation: +1.000033 +0.999977
Change sign & add | —1.000000 —1.000000
Difference +0.000033 —0.000023
Step 3:
Measured Value +1.00005 +0.99995
Step 6:
Recorded Step 1 +0.000033 —0.000023
Recorded Step 3 +1.00005 +0.99995
Computation: +1.000050 +0.999950
Change sign & add | —0.000033 +0.000023
Difference +1.000017 +0.999973
Rounded +1.00002 +0.99997

Figure 4-10. Resistance Computation Examples

Table 4-9. Resistance Tests

RESISTANCE TOLERANCE
1082 1 mQ
10082 *5 mf
1kQ 50 m{2
10 k2 +500 mS2
100 k2 50
1 MQ +1008Q2
10 MQ *5 k2

4-69.
following procedure:

Verify the AC current operation with the

1. Connect a DMM to the calibrator output

4-67. AC Current Tests

4-68. The accuracy of the alternating current networks
was verified with the direct current tests, however, the
following tests are included to verify the proper operation
of the AC relays required within the circuit. In all cases,
the tolerances of the calibrator far exceed the DMM
specification and the test must be considered an
operational test rather than an accuracy test.

terminals and prepare it to read alternating current.

2. Program a 190 pA, 400 Hz output from the
calibator.

3. The DMM reads between 187 uA and 193 uA.

4. Program a 1.9 mA, 400 Hz output from the
calibrator.
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5. The DMM reads between 1.88 mA and 1.92
mA.

6. Program a 19 mA, 400 Hz output from the
calibrator.

7. The DMM reads between 18.9 mA and 19.1
mA.

8. Program a 190 mA, 400 Hz output from the
calibrator.

9. The DMM reads between 189 mA and 191 mA.

10. Program a 1.9 A, 400 Hz output from the
calibrator.

11. The DMM reads between 1.89 A and 1.91A.

4-70. Overload Tests

4-71. These tests check the capability of the instrument
to detect and react to an overload condition. The
overload signal is the symbol “O.L.” on the Central
Display. '

4-72. Perform the overload tests using the following
procedure:

1. Verify the calibrator is in Standby.

2. Connect the 100 ohm, YW load to the
calibrator output terminals.

3. Select a 70.000 mA, 400 Hz output from the
calibrator.

4. Select OPR on the calibrator.

5. The calibrator does not go into overload.

6. Remove the load from the calibrator.

7. The Central Display shows the symbol “O.L.”.
After a delay of approximately two seconds, the

calibrator automatically drops into Standby.

8. Connect the 1 ohm, 5W load to the calibrator
output terminals.

9. Select a 1.40000A, 400 Hz output from the
calibrator.

10. Repeat steps 4 through 8 for the 1 ohm load.

4-18

4-73. Storage System Test (Storage Only)

4-74. Operation of the storage system may be verified by
loading the storage memory with random instructions,
transferring the data loaded in the memory to the tape,
and reading the tape back to the instrument, using the
applicable operating instructions given in Section 2 of this
manual.

CAUTION

As a safety precaution, none of the random
instructions should exceed 30 volts in value.

4-75. The calibration procedure requires a tape loaded
with 74 instructions. The data in each instruction is
irrelevant as long as each available instruction slot of the
74 available is used. The tape created during the verifica-
tion test may be set aside for use during the calibration,
provided all 74 instruction slots were used.

CAUTION

Tapes used must be certified digital mini-
cassettes that conform with ANSI Standard
X3B35/77-49. Audio quality tapes will not give
acceptabile results.

4-76. CALIBRATION PROCEDURE
4-77. Introduction

4-78. The normal calibration interval for the 5100 Series
B Calibrator is 180 days, however, the instrument should
be recalibrated any time repairs are made regardless of the
time since the last calibration. The ambient temperature
should be between 22 and 24 degrees Celsius, with the
relative humidity less than 85%. Refer to Table 4-2 for the
test equipment recommended for use during calibration.
Verify the instrument is set to operate at the local input
line voltage using the procedure given earlier in this
section. The calibrator should have a warmup of at least
1-hour before starting the calibration procedure.

4-79. Test points and adjustments for all assemblies
except the Power Supply Regulator (R83 only) and the
Power Amplifier are accessible along the top edge of the
applicable pcb assembly. Since there is an air space
between the Power Amplifier and the Extended High
Voltage assemblies, the power amp test points are
accessible, however, they may be more easily accessed if
the connections are made with the assembly partially
withdrawn from the instrument. When a test point is
called out in the procedure, turn power OFF, remove the
assembly, attach the test equipment to the applicable test
points, insert the assembly, and turn power ON. An



optional extender pcb is available as an accessory if this
alternative is desired. Adjustments and test points are
listed by their reference designator, followed by the
reference designator, in parentheses, of the pcb assembly
on which it is located; e.g., R84 (A9), TP21 (A17),Cl4
(A18); which are R84 on the Power Supply Regulator,
Test Point 21 on the Power Amplifier, and C14 on the
Oscillator, respectively. The assemblies containing
calibration adjustments and their reference designators
are listed in Table 4-10.

Table 4-10. PCB Reference Designators

REFERENCE NOMENCLATURE
DESIGNATOR

A9 Power Supply Regulator

A11 Ranging Assembly

A14 Analog Control Assembly

A15 DAC Assembly

A16 Extended High Voltage Assembly

A17 Power Amplifier Assembly

A18 Oscillator Assembly

4-80. The instrument should be placed in STDBY
(standby) prior to connecting or transferring any test
leads and returned to OPR (operate) as the last step in the
sequence when progamming an output.

4-81. Power Supply Calibration

4-82. Calibrate the Power Supply Regulator using the
following procedure. For non-adjustable voltages outside
their tolerance, refer to the troubleshooting portion of
this section.

1. Connect the test DMM to the test points listed
in the first step of Table 4-11.

2. Apply power to the calibrator.

3. Adjust the voltage for the listed tolerance with
the adjustment listed.

4. Repeat step 3 for the remaining steps of Table
4-11. If no adjustment is listed, verify the voltage is
between the listed tolerances.

4-83. Power Amplifier A17 (4083) Calibration

4-84. Calibration of the Power Amplifier requires
adjustments for loop gain, zero, and bias. Prior to
beginning the procedure below, prepare the instrument
using the applicable procedure described in the
introduction, then reapply power. Perform the Power
Amp calibration using the following procedure:

5100 Series B

Table 4-11. Power Supply Regulator Adjustments

TEST LEADS |VOLTAGE READING ADJUSTMENT
Hi LO LO HI
TP17 | TP18 | +4.9 +5.3 R83
TP16 | TP18 | +11.25 +12.75 None
TP15 | TP18 | —-12.75 -11.25 None
TP14 | TP13 +14.99 +15.01 R6
TP12 | TP13 | —15.15 -14.85 None
TP12 | TP1 +4.9 +5.3 R84
TP4 TP6 +60.0 +64.0 None
TP2 TP6 —64.0 —60.0 None
TP3 TP6 +37.5 +40.5 None
TP5 TP6 —40.5 -37.5 None
TP11 | TP10 | +14.25 +15.75 None
TP7 TP10 | -15.75 —14.25 None
TP8 TP9 +4.75 +5.25 None
NOTE

Connect the test leads to the Power Amp test
points using one of the three procedures
described in the Calibration Procedure
Introduction. Since some of the test points
called out are located on other assemblies,
verifv the assembly location prior to
connecting test equipment.

4-85. LOOP GAIN CALIBRATION

1. Center R52.

2. Connect a test DVM, prepared for approximately
10V dc, high input lead to TP24 (A17) and the low lead
to TP29 (A17).

3. Program the calibrator for an output of 2V ac at 1k
Hz.

4. Tum R17 completely CCW. The DVM should be
reading -1 to -3V dc. If not see section 4-118.

5. Program the calibrator for an output of +20V dc.
6. AdjustR17 (A17) for a reading of +1V +.02V dc.

7. Program the calibrator for an output of 2V ac at 1k
Hz.

8. The DVM should read 1.25 +.5V dc.

9. Program the calibrator for an output of 19.999V ac
at 50k Hz.

10. With a 2k ohm load the DVM should read between
7.5V and 11.5V dc.

4-19
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4-86. ZERO CALIBRATION

NOTE

In the remaining portion of the Power Amp Cali-
bration, the DC meter used must make a zero
measurement in the presence of up to 35V rms
normal mode AC signal. This requires excellent
normal mode rejection. In addition to the Fluke
885A Differential Voltmeter called out, a Fluke
845AB Null Detector, a Fluke 79 Multimeter, or
equivalent differential voltmeter may be used.

1. Connect the DC differential voltmeter high input
lead to TP4 (A17) and the low to TP23 (A17). Connect
a jumper from TP27 (A17) to TP23 (A17).

2. AdjustR114 (A17) for areading of 0 £.5 mV.
3. Remove jumper form TP27 (A17)and TP23 (A17).

CAUTION

High Voltage present at the output of
calibrator. Do not have any connections
to output terminals at this time.

4. Program the calibrator for an output of +1100V dc.
5. Select OPR on the calibrator.

6. Adjust R52 for 0 £30 mV.

7. Select STDBY on the calibrator.

8. Transfer to DC differential high lead to TP21
(A17).

9. AdjustR155 (A17) for a reading of 0 +0.5 mV dc.
10. Program STDBY on the calibrator.

11. Connect a 33Q, 2W load to the calibrator output
terminals,

12. Program the calibrator for an output of 199 mA at
400 Hz.

13. Select OPR on the calibrator.
14. Adjust R150 (A17) for a reading 0 £0.5 mV dc.
15. Program STDBY on the calibrator.

16. Connect a 0.5Q2, 4W load to the calibrator output
terminals.

NOTE

The loadmust be stable and the connections tight.

17. Program the calibrator for an output of 1.999A at
400 Hz.

18. Select OPR on the calibrator.

4-87.

19. Adjust F193(A17) for a reading of 0 £0.5 mV
dc.

20. Program STDBY on the calibrator.

21. Remove the 0.5Q load from the output
terminals.

BIAS CALIBRATION

1. Transfer the DC differential high input lead to
TP3 (A17) and the low to TP5 (A17).

2. Program the calibrator for an output of 190V
ac at 400 Hz.

3. Adjust R123(A17) for a reading between 149
and 151 mV dc.

4. Program the calibrator for an output of 25V ac
at 400 Hz.

5. Transfer the DC differential high input lead to
TP8 (A17) and the low to TP9 (A17).

6. Adjust RI165 (A17) for a reading between 44.9
and 45.1 mV dc.

7. Program STDBY on the calibrator.

8. Connect 0.5 ohm, 4W load to the calibrator
output terminals.

9. Transfer the test DMM high input lead to TP18
(A17) and the low to TP19 (A17).

10. Program the calibrator for an output of 200
mA at 400 Hz.

11.  Adjust R203 (A17) for a reading between 17.9
and 18.1 mV dc.

12. Program STDBY on the calibrator.

13. Remove the 0.5 ohm load from the output
terminals.

14. If the Power Amp Assembly is installed on an
extender PCB, remove power from the instrument,
remove the assembly and extender PCB, insert the
assembly into the motherboard and reapply power
to the instrument.

15. Install the top inner guard cover on the
instrument.



OSCILLATOR (A18) CALIBRATION

Calibrate the Oscillator Assembly using the

following procedure:

1. Connect the probe tip of one channel of a dual
trace oscilloscope to TP3 (A 18)and ground to TP10
(A 18) to monitor oscillation.

2. Connect the probe of the second channel to
TP2(A18)and ground to TP10(A18). Set the scope
controls for 1V dc, I ms/cm, DC coupling, and use
a 10:1 probe.

3. Connect atest DMM, prepared for 2V ac, high
input lead to TP3 (A18) and the low to TP10 (A 18).

4. Connect a frequency counter to the instrument
output terminals (wideband connector if the
Wideband Option is installed).

5. Program an output of 1V ac at 1 kHz with
WIDEBAND selected, if the option is installed.
Press ENTER after selecting WIDEBAND.

6. If no oscillation is present at first channel of the
scope, adjust R1 (A18) until oscillation begins.

7. Program a 50 Hz output (10 Hz if the wideband
option is installed).

8. Adjust R1 (Al8) so the positive peaks of the
waveform at TP2 (A18) are at the DC zero level
(between the 0V dc and -0.5V dc level).

9. Program a 50 kHz output (90 kHz if the
Wideband Option is installed).

10. Adjust Cl4 (A18) and C21 (A18) equal
amounts in the same direction for a counter reading
of 50 +£0.1 kHz (90 +0.1 kHz with the Wideband
Option installed).

11. Record the DMM reading at the completion
of the frequency adjustment, then transfer the
DMM high input lead to TP5 (A18) from TP3
(A18).

12. Adjust Ci4 (A18) and C21 (A18) equal
amounts in opposite directions until the same
DMM reading £0.05V rms is obtained as recorded
in the step above.

13. Repeat steps 10, 11, and 12 until the two
reading are within the stated tolerance without
further adjustments.
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14.  With 50 kHz (90 kHz) programmed. note the
DC level of the signal on the oscilloscope at TP2
(A18).

15. Program the calibrator output frequency of 20
kHz and note the DC level of the signal at TP2
{A18).

16. Adjust R50(A18) for a minimum difference in
the displayed DC level at the two frequencies.
Reprogram the frequencies, as required, to obtain
the minimum difference in DC levels while still
maintaining oscillation.

4-90. Reference Voltage Calibration

4-91. The Analog Control Assembly (Al14) reference
voltage is set using the DC voltage standard/ null detector
as a differential voltmeter (Figure 4-11). Perform the
reference voltage calibration using the following
procedure:

1. Prepare the DC voltage standard/null detector
for use as a differential voltmeter at +10.0005V dc.

2. Connect TPl (Al4) to the null detector input
HI and TP3 (Al4) to input LO.

3. Adjust R11 (A14) for a null of 0 50 uV dc.

CERTIFIED CERTIFIED
VALUE VALUE
GREATER
THAN LESS THAN
NOMINAL
Step 7: NOMINAL
Nominal Value +1.000000 +1.000000
Certified Value +1.000033 +0.999977
Computation: +1.000033 +0.999977
Change sign & add | —1.000000 —1.000000
Difference +0.000033 —0.000023
Step 9:
Measured Value +1.00005 +0.99995
Step 12:
Recorded Step1 .| +0.000033 —0.000023
Recorded Step 3 +1.00005 +0.99995
Computation: +1.000050 +0.999950
Change sign & add | —0.000033 +0.000023
Difference +1.000017 +0.999973
Rounded +1.00002 +0.99997

Figure 4-11. Calibration Resistance Computation Examples
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4. Remove the connection between TPl (Al4)
and the input HI terminal. at TPI.

5. Prepare the DC voltage standard/null detector
for use as a differential voltmeter at -10.0005V dc.

6. Connect TP4 (Al4) to the input HI terminal.
7. Adjust R23 (A14) for a null of 0 £50 uV dc.

8. Remove the test equipment from the Analog
Control PCB.

4-92. Low Range Ohms Calibration

4-93.

CAUTION

Set the voltage limit controls on the current
source to the lowest voltage possible while
still providing the current required for the
test. To prevent damage to the equipment,
set the current source to STDBY before
either setting the calibrator to STDBY or
disconnecting the leads between the
instruments.

The low ohms calibration is performed by relying

on the short term stability of a test DMM and usingitasa
transfer device. The accuracy is not critical as long as the
shot term stability is present, but the DMM must have a
resolution of 10 uQ. Perform the low ohms claibration
using the following procedure:

1. Connect the equipment as shown in Figure 4-9.

2. Program a calibrator output of | ohm with
EXT sensing selected and select DC volts on the
DMM.

3. Multiply the certified value of the 1 ohm
standard resistor by 0.1 and record the result as
volts (see Resistance Performance Test for
example).

4, Adjust the output of the current source
(approximately 100 mA) until the DMM reads the
computed value.

5. Transfer the DMM leads from the standard
resistor to the calibrator sense terminals.

6. Adjust R2 (All) fora DMM reading between
0.09999 and 0.10001V dc.

7. Algebraically subtract the nominal value of the
standard resistor (e.g., 10 ohm, 100 ohm, etc.) from
the certified value of the standard resistor. Record
the computed difference. Computation examples
are shown in Figure 4-11.

8. Connect the 5! digit test DMM to the 1 ohm
standard resistor, using the four-terminal
configuration.

NOTE

Do not use a Kelvin bridge in lieu of the
DMM. Erroneous readings will result for
values < kQ.

9. Measure the resistance of the standard resistor
with the test DMM and record the value displayed.

10. Transfer the test DMM input leads from the
standard resistor to the calibrator output terminals.

11. Program a calibrator output of 10 ohm, with
EXT sensing selected.

12. Algebraically subtract the value recorded in
step 7 from the value recorded in step 9 and adjust
RS (All) for a test DMM display equal to the
computed difference £ 1 digit.

13.  Repeat steps 7 through 10 using a 100 ohm
standard resistor and calibrator output, adjusting
R8 (Al1) to the value computed in step 12 =1 digit.

14. Repeat steps 7 through 10 using a 1K ohm
standard resistor and calibrator output, adjusting
R11(A1l)tothe value computed instep 12 £1 digit.

15. Repeat steps 7 through 10 using a 10K ohm
standard resistor and calibrator output, adjusting
R14 (All)tothe value computed in step 12 1 digit.

4-94. DC Zero Calibration

4-95. Set the DC zero circuits using the following
procedure:

1. Connect the equipment as shown in Figure
4-12.

2. Program the calibrator for a 0V dc output with
the 50 OHM OVERRIDE selected.

3. Set the NULL meter for the 30pV range.

4. Adjust R63 (Al14) for a null of 0 =10 uV dc.

5. Connect anoscilloscopesetto SO mV/cm witha
10:1 probe to TP5(A14)and ground to TP14 (A 14).

6. Connect a jumper between TP13 (Al4) and
TP14 (A14).

7. Adjust R71 (A14) for an oscilloscope display
that does not constantly drift toward the same
polarity.

8. Remove the jumper connecting TP13 (Al4)
and TP14 (A14) and readjust R63 (A14) for a null of
0 £10 pV dc, if required.
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5100 SERIES
DC VOLTAGE
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Figure 4-12. Differential Connections

4-96. Current Gain Calibration NOTE

4-97. Perform the current gain calibration using the Since R2(A11)is part off the divider networks
following procedure: Jor both the I ohms and | amp ranges, it must
be adjusted 10 meet both requirements. If this
cannot be accomplished the circuit requires
troubleshooting to define the problem.

2. Prepare the DC voltage standard/null detector 4-98. High Range Ohms Calibration
for use as a differential voltmeter at 1.9V dc. )

1. Connect the equipment as shown in Figure 4-6
using the 1k ohm precision shunt.

3. Program the calibrator for an output of 1.9 mA 4-99. Portions of the high range calibration require the

dc and adjust R42 (A15) for a null at 0 = 20 V dc. computation of a resistange va}lue prior to making an
adjustment. The computation is based on the nominal
4. Place the calibratorand DC voltage standard in value of a standard resistor (e.g., | kohm 100 kohm, etc.)
the Standby Mode. and the certified value of the same standard resistor
(Figure 4-10). Use the following procedure to obtain this
5. Replace the | kilohm precision shunt with the | value.

ohm precision shunt. )
1. Algebraically subtract the nominal value of the

6. Enter 1.9A dc into the calibrator. standard resistor (e.g., 1 k{1, 100 k{}, etc.) from the
] ) certified value of the standard resistor. Record the
7. Place the calibrator and DC voltage standard in computed difference. Connect the equipment using
the Operate Mode. the four-terminal configuration.
NOTE 2. Connect the 5! digit test DMM to the standard
Heat build up in the 1 ohm shunt can effect resistor in use.
accuracy. If the tesi requires more than one 3. Measure the resistance of the standard resistor

minute return to STDBY after that time, wait . .
- . . . 4 va with the test DMM and record the value displayed.

five minutes for cooling, then resume the tesi.
4. Transfer the test DMM input leads from the

8. Check for a null of 0 £285 uV (0.015%) on the standard resistor to the designated test points or

voltage standard (differential).

terminals.
9. If the reading is within tolerance proceed to the 5. Program the designated calibrator output, with
next procedure. If it is out of tolerance, perform the EXT sensing selected.

remainder of the subparagraph.
6. Algebraically subtract the value recorded in

10. Adjust R2 (Al1) for a null of 0 285 pV. step | f.rom the vglue ‘recorded in step 3 and adjust
the designated point for a test DMM display equal

11. Repeat the R2 (A1l) adjustment of the Low to the computed difference * the stated tolerance.

Rapge ths Callbratlon (s}eps I through 6) and 4-100. Perform the high range ohms calibration using

adjust, if required, for the listed tolerance. the following procedure:

12. Repeat steps 10 and 11 until both readings are 1. Perform steps | through 4 of the resistance

within tolerance. : procedure above using a | k() standard resistor.
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2. Program a 100 k{} calibrator output.
NOTE

The test is made with a | k() standard resistor
while the calibrator is programmed for 100 k)
1o set the lower portion of the high ohm and
voliage ranging ladder.

3. Perform step 6 of the resistance procedure
above, connecting the test DMM HI to TP8 (All)
and the LO to TP9 (A11) and adjusting R38 (All)
for the computed value *1 digit.

NOTE

The remaining resistance measurements may
be performed in the four-ierminal
configuration if desired: however. the
instrument automatically selects internal
sensing.

4. Perform the resistance procedure above, using
100 k{2, connecting the test DMM to the calibrator
output terminals and adjusting R30 (A1) and R33
(All) equal amounts in the same direction for the
computed value in step 6 1 digit.

5. Connect the equipment as shown in Figure
4-12.

6. Prepare the DC voltage standard/null detector
for use as a differential voltmeter at 19.00000V dc.

7. Program the calibrator for an output of 19V dc.
8. Adjust R30 (All) and R33 (All) equal
amounts in opposite directions for a null at 0 £190
uV dc.

9. Program the calibrator for an output of
-19.0000V dc, then adjust R23(A14) for precisely
-19.0000V dc on the differential voltmeter.

10. Prepare the DCvoltage standard/null detector
for use as a differential voltmeter at 190.0000V dc.

11. Program the calibrator for an output of 190V
dc.

12. Adjust R27(Al1) for a null of 0 £1.9 mV dc.

13. Prepare the DCvoltage standard/null detector
for use as a differential voltmeter at 1000.0000V dc.

14. Program the calibrator for an output of 1000V
dc.

15. Adjust R37(All) for a null of 0 10 mV dc.

16. Repeat steps 4 through 16 until all measure-
ments are within tolerance without an adjustment.

17. Perform the resistance procedure above using
1 MQ, connecting the test DMM to the calibrator
output terminals and checking for the computed
value +400. There is no adjustment for this step;
however, if the error is not gross it may be brought
within tolerance by restarting the procedure at step
1. If the reading is still out of tolerance after
repeating the procedure, troubleshoot the circuit.

18. Perform the resistance procedure above using
10 MQ, connect the test DMM to the calibrator
output terminals, and adjusting R22(A11) for the
computed value +400€).

4-101. Millivolt Range Calibration

4-102. Perform the millivolt range calibration using the
following procedure:

1. Connect the equipment as shown in Figure 4-4.
Do not use the null detector built into the DC
voltage standard.

2. Set the voltage divider ratio to .19.

3. Prepare the dc voltage standard/null detector
for an output of +10.000000V dc.

4. Program the calibrator for an output of 1.9V
dc.

5. Adjust R19 (Al1l) for a null of 0 £19 uV dc.

6. Reverse the leads at the DC voltage standard
output terminals to obtain a negative output.

7. Program the calibrator for an output of -1.9V
dc.

8. Adjust R19 (All) to balance the null error of
the £1.9V dc inputs.

9. Repeat steps 3 through 8 until the error is
balanced (the same at both plus and minus 1.9V dc)
and within the listed tolerances.

10. Set the voltage divider to .00190000 and repeat
the procedure in steps 3 through 8, using R16(A11)
to obtain a balance for the + 190 mV dcinput with a
tolerance of =5 uV dc.

11. Set the voltage divider to .0019000 and repeat
the procedure in steps 3 through 8, using R55 (All)
to obtain a balance for the 19 mV dc input with a
tolerance of =5 uV dc.
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4-103. AC Calibration CAUTION

. ) ) ] Tapes used must be certified digital mini-
4-104. Perform the AC Calibration using the following cassettes that conform with ANSI Standard

procedure: X3B5/77-49. Audio quality tapes will not give

1. Connect the equipment as shown in Figure 4-7.

2. Set the thermal transfer standard to the 2 volt
range.

3. Set the DC Voltage Standard controls for an
output of 2.000000V dc.

4. Program the calibrator for an EXT sensed
output of 2V ac at | kHz.

5. Perform the thermal transfer, adjusting R39
(A14) for a null £0.01%.

6. Set the thermal transfer standard to the 20 volt
range.

7. Set the DC Voltage Standard controls for an
output of 19.9999V dc.

8. Program the calibrator for an output of
19.999V dc at | kHz.

9. Perform the thermal transfer, adjusting R32
(A14) for a null £0.005%.

10. Repeat steps 3 through 9 until both tests are
within tolerance without an adjustment.

11. Program the calibrator for an output of
19.9999V ac at 50 kHz.

12. Perform the thermal transfer, adjusting C15
(All) for a null £0.01%.

13. Set the thermal transfer standard to the 100
volt range.

14. Set the DC Voltage Standard controls for an
output of 100.0000V dc.

15. Program the calibrator for an output of 100V
ac at 20 kHz.

16. Perform the thermal transfer, adjusting CI
(All) for a null £0.01%.

4-105. Storage System Calibration

(Storage Only)

4-106. Calibrate the storage system using the following
procedure:

acceptable results.
1. Select STDBY on the calibrator.

2. Connect a frequency counter between TP2 (A8)
(HI) and TP1 (A8) (LO).

3. Adjust R2 (A8) for a reading on the frequency
counter between 9.55 kHz and 9.65 kHz.

4. Place a prepared tape with data loaded into all
74 addresses into the tape reader.

NOTE
The prepared tape must have all 74 address
locations filled; however the data is immater-
ial. For example, all 74 locations could be
filled with the same instructions, ie., 1V dc or
100 mV, 400 Hz or 1001}.

5. Disconnect the frequency counter and connect
an oscilloscope between TP3 (A8) (HI) and TPI
(A8) (LO). Set the scope to read 50 us/cm.

6. Select STORAGE ENABLE, TAPE, and
READ (STORE indicator extinguished) on the
calibrator.

7. When the tape begins to run forward, adjust
R13 (A8) for a waveform high period between 295
and 305 us.

8. Select STORAGE and TAPE disable, and
disconnect the test equipment.

4-106a. Tape Drive Calibration

4-106b. Perform the tape drive calibration using the following
procedure:

1. With the 5101B off, connect the UUT to cable

P33.
NOTE

Be sure the bottom of the UUT is insulatedfrom any
metal surface.

2. Turm on the 5101B.
3. Using the DMM, verify 5 VDC,+.25, from+5V to

GND and from MOTV to MOTR.
4. Load Test Tape in tape drive.
NOTE

A test tape can be created by writing a string of
commands to the tape. The write cycle requires no
calibration.

5. Connectthe DMM to GND and TP8. Set DMM for
DCV.
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6. Connectthe Scope to TP6. Set Scope for 0.2V/div
and .2E-3s/div.

7. Press ENABLE, TAPE, and ADVANCE/LOAD.
This initiates the READ cycle.

8. Adjust R27 until DMM reads 4.08VDC, 10.02V,
at TP8.

9. Adjust R39 until the UNIFORM wave form is
0.6V, +0.01V, peak to peak.

10. Verify correct read cycle of tape.

11. If ERR 9 is displayed, read the tape again without
further adjustment. Since the UUT was not calibrated
at the beginning of the tape, it may not read the tape the
first time.

12. The tape drive may now be attached to the control-
ler pca. These are now a set. If they become separated,
the calibration procedure will need to be repeated.

4-107. Factory Selected Component
Replacement

4-108. Some components are factory selected at the
time of manufacture. None are high failure items:
however, if replacement is required, use the applicable
portion of the following prodedure, or return the
assembly to your local Fluke Service Center. Failure to
use the correct replacement procedure may affect the
calibration of the instrument. The instrument should be
recalibrated any time that one of the following
component selection procedures is used.

4-109. ANALOG CONTROL ASSEMBLY -R64/R66

4-110. Either R64 or R66 will be installed in the
instrument with a jumper wire installed in the other
position. If the installed resistor fails, use the following
procedure to replace the resistor/wire combination:

1. With power removed from the instrument and
the Analog Control Assembly removed, replace the
defective resistor with a jumper so that both the R64
and R66 positions are jumpered.

2. Replace the assembly and apply power to the
instrument.

3. Place a test DMM across the output terminals,
high to high and low to low.

4. Program a calibrator output of OV with 500

OVERRIDE selected.

5. If the DMM reading is positive, remove power
and the assembly, then replace the jumper in the
R66 position with a decade box. If the reading is
negative, replace the R64 jumper with the decade
box.

6. Restore the assembly and power, then adjust
the decade box for a DMM reading of 0.0 £5 uV.
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7. Replace the decade box with a resistor the value
of the decade box setting +3%. Determine the
actual value of the decade box setting with the 5!
digit test DM M. Use a T9 type, metal film. 1%, 1/8
watt resistor to replace the jumper wire.

4-111. ANALOG CONTROL ASSEMBLY R13/R14

4-112. The resistance value of R13 and R14 in the
analog control regulator circuit is critical to the accuracy
of the output. If either component fails or the regulator
(U10) is replaced, new values should be selected using the
following procedure:

I. Remove R13 (Al4) and R14 (Al4) from the
circuit and temporarily replace them with a 20-turn,
1 kQ, %5 watt potentiometer (Fluke Stock No.
267856).

2. Connect the 5% digit test DMM between TPI
(A14) HIl and TP3 (A14) LO.

3. Apply power to the instrument, allow it to
warmup., then adjust the 1 k() potentiometer,
installed in step 1, for a DMM reading of +10.005V
dc.

4. Remove power, then remove the potentiometer
from the instrument. taking care not to change the
potentiometer setting.

5. Measure the resistance of the potentiometer
using the 5!5 digit test DMM and select the
precision resistors required from Table 4-12. If the
value required is less than 200 ohms, install the
selected resistor in R13 and a jumper wire in R14.
For value in excess of 200 ohms place the required
100’s value in R13 and the 10’s value in R14.

4-113. RANGING ASSEMBLY C2/C18/C20

4-114. On the Ranging Assembly, capacitors, C2, C18,
and C20, are selected for high frequency performance.
Use the following procedure for component selection
when required by component failure or a fault in the high
frequency adjustment.

NOTE ]
This procedure requires a DM M certified for
20V ac at 50 k H=. Subtract, algebraically, the
supplied correction factor before using the
replacement table.

1. Remove any components presently installed in
the C2, C18, and C20 positions.

2. Connect the test DMM to the output terminals;
high to output high and low to output low.

3. Rotate CI5 through its range and record the
maximum and minimum readings.

4. Set CI15 for a reading at the midpoint between
the maximum and minimum readings.



Table 4-12. Divider Resistor Selection
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RESISTOR FLUKE RESISTOR FLUKE RESISTOR FLUKE RESISTOR FLUKE
VALUE STOCK NO. VALUE STOCK NO. VALUE STOCK NO. VALUE STOCK NO.
15 215038 65 214536 114 214049 164 213546
16 215020 66 214528 115 214031 165 213538
17 215012 67 214510 116 214023 166 213520
18 215004 68 214502 117 214015 167 213512
19 214999 69 214494 118 214007 168 213504
20 214981 70 214486 119 213991 169 213496
21 214973 71 214478 120 213983 170 213488
22 214965 72 214460 121 213975 171 213470
23 214957 73 214452 122 213967 172 213462
24 214940 74 214445 123 213959 173 213454
25 214932 75 214437 124 213942 174 213447
26 214924 76 214429 125 213934 175 213439
27 214916 77 214411 126 213926 176 213421
28 214908 78 214403 127 213918 177 213413
29 214890 79 214395 128 213900 178 213405
30 214882 80 214387 129 213892 179 213397
31 214874 81 214379 130 213884 180 213389
32 214866 82 214361 131 213876 181 213371
33 214858 83 214353 132 213868 182 213363
34 214841 84 214346 133 213850 183 213355
35 214833 85 214338 134 213843 184 213348
36 214825 86 214320 135 213835 185 213330
37 214817 87 214312 136 213827 186 213322
38 214809 88 214304 137 213819 187 213314
39 214791 89 214296 138 213801 188 213306
40 214783 90 214288 139 213793 189 213298
41 214775 91 214270 140 213785 190 213280
42 214767 92 214262 141 213777 191 213272
43 214759 93 214254 142 213769 192 213264
44 214742 94 214247 143 213751 193 213256
45 214734 95 214239 144 213744 194 213249
46 214726 96 214221 145 213736 195 213231
47 214718 97 214213 146 213728 196 213223
48 214700 98 214205 147 213710 197 213215
49 214692 99 214197 148 213702 198 213207
50 214684 100 214189 149 213694 199 213199
51 214676 101 214171 150 213686 200 213181
52 214668 102 214163 151 213678 300 227686
53 214650 103 214155 1562 213660 400 131698
54 214643 104 214148 153 213652 500 195388
55 214635 105 214130 154 213645 600 279711
56 214627 106 214122 155 213637 700 279703
57 214619 107 214114 156 213629 800 341701
58 214601 108 214106 157 213611 900 228742
59 214593 109 214098 158 213603 1000 131706
60 214585 110 214080 159 213595 1100 238949
61 214577 1M1 214072 160 213587 1200 278077
62 214569 112 214064 161 213579 1300 278069
63 214551 113 214056 162 213561 1400 278051

64 214544 163 213553

4-27



5100 Series B

Table 4-13. High Frequency Capacitor Selémion

DMM INDICATION C18 c2 Cc20 FLUKE STOCK NO.
19.900-19.953 2pF 148536
19.954-19.999 3pF 148551
20.000-20.068 2pF 175208
20.069-20.096 3pF 460436
20.097-20.124 4pF 190397
20.125-20.152 5pF 148577
20.153-20.180 4pF 2pF 190397,175208
20.181-20.208 4pF 3pF 190397,460436

5. Program a calibrator output of 19.9999V ac at
50 kHz.

6. Subtract, algebraically, the correction factor
from the DMM reading, then install the capacitors
listed for that voltage range in Table 4-13. The
capacitors are dipped mica, 5% tolerance, with a
voltage rating of 500V dc.

NOTE
The DMM reading will be 100 through 150
digits lower with shield removed from the
Ranging Assembly.

7. Adjust CI5 fora DMM reading of 19.9999V ac,
after taking into account the correction factor.

4-115. RANGING ASSEMBLY C31/C32

4-116. Capacitor C31 or C32, or possibly neither, are
installed in the Ranging Assembly to compensate for
PCB variances that effect the millivolt divider. The
procedure in the subsequent subparagraphs should be
performed any time the installed capacitor, or any of the
fixed wirewound resistors in the millivolt divider (R66,
R67, R68, R69, R70, R71), are replaced. Three parts are
possible for installation and the follow in the sequence;
Description, Fluke Stock Number; Manufacturers
Federal Supply Code, and Manufacturers Part Number:

Cap, Mica, 2 pf +5pF, S00V; 175208; 72136;
DM15C020E
Cap, Mica, 10 pf *10%, 500V; 175216; 72136;
DM15C100K
Cap, Mica, 22 pf +5%, 500V; 148551; 72136;
DM15C220]
Cap, Mica, 15 pf +5%, 500V; 148569; 72136,
DM15C150)

1. Verify a 2 pF capacitor is installed in the C31
position and the C32 position is vacant.

2. Connect an AC differential voltmeter to the
calibrator output terminals using coaxial cable.

3. Prepare the differential to read a null (1% scale
minimum) at 20 mV.

4. Program a calibrator output of 19.9999 mV at
50 kHz.
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S. If the reading is a null £0.29% on the 1% null
scale the present arrangement is correct and no
further checks are needed. This is generally the case.
If the null reading exceeds +0.29%, perform the
applicable of steps 6, 7, or 8. If the reading exceeds
-0.29% go to step 10.

6. Forreadings greater than the null between +0.29%
and +0.45%, install the 10 pF capacitor in C32 and

perform step 9.

7. Forreadings greater than the null between +0.45%
and +0.6%, install the 15 pF capacitor in C32 and
perform step 9.

8. Forreadings greater than the null of +0.6%, install
the 22 pF capacitor in C32 and perform step 9.

9. Retaining the original calibrator and
differential voltmeter settings, recheck for a null
+0.29%. If the reading is within the listed tolerance
the present arrangement is correct and no further
checks are needed.

10. If the readingis below the bottom tolerance on
the initial reading, or one pass through the selection
procedure, does not bring it within tolerance the
assembly is defective. Check the voltage divider
circuit or return the assembly to you local Fluke
service center.

4-117. POWER AMPLIFIER ASSEMBLY (R70)

4-118. If Q106 and/or Q107 are replaced and Loop
Gain Calibration is incorrect, use the following procedure
to select R70.

1. Center R52.

2. Connect a test DVM, set for approximately
10V dc. Place the high input lead to TP24(A17) and
the low input input lead to TP29(A17).

3. Program the calibrator for an output of 2V ac
at 1 kHz.

4. Turn R17 completely CCW. If the DVM reads
between -1 and -3V dc, then R70 need not be changed.
If the reading does not fall within the -2 and -3V dc
range, continue to step 5.

5. Note the DVM reading.



6. If the reading is greater than -1V, then select a
lower value of resistor (300 kQ, 330 kQ, 360 kQ, 390
kQ (installed), or 420 kQ). If the reading is less than -

3V, then select a resistance value higher than 420 kQ.
For each change of 30 kQ, the DVM can be expected

5100 Series B

with Table 4-14. When a step on the flow chart is
completed, check for a decision transfer. If not decision is
required, perform the next step of the table in sequence.

to change approximately -1V. NOTE
If any question arises during the
7. Install the new resistor. troubleshooting procedure on a reading by a
DMM, verify the signal present with an
4-119. TROUBLESHOOTING oscilloscope.
4-120. Troubleshooting for the analog circuitry in the

instrument is covered in the tabular flow charts beginning

Table 4-14. Display Troubleshaoting

Go to the step
number given
STEP ACTION for correct
NO. response
YES NO
1 Apply power to the instrument and select POWER ON.
2 Does the Output Display read +0.0000 mV, with the STDBY, LOCAL, INT (Sense), and 5052 7 3
DIVIDER indicators illuminated?
3 Check for voltages on the Power Supply Regulator (A9). With the DMM low at TP18, check with
the high lead at TP15 for —12 *0.5V dc, at TP16 for +12 +0.5V dc and at TP17 for +5.2 +.25V dc.
Are all voltages present and within their listed tolerance? 6 5
5 Check out the Power Supply Regulator (A9) using the applicable table. Repair as required, then
resume at step 1.
6 Check the Controlier and Memory Assemblies (A20 and A21), bus lines, and connectors. Replace
or repair as required, then resume at step 1.
NOTE
The following series of tests check out a section of the
Front Panel indicators. If any indicators are not
operational, perform the fault location subroutine, then
return to the main program at the step initiating the
transfer.
7 Key -in +188.88 uA, but do not depress ENTER.
8 Does the Central Display read +188.88 with the pA and KEYBOARD indicators illuminated? 9 58
9 Depress ENTER.
10 | Does the +188.888, 1, and A indicators transfer to the Output Display and the KEYBOARD 11 58
indicator extinguish?
11 | Toggle the SENSE switch.
12 | Does the EXT indicator illuminate and the INT indicator extinguish? 13 58
13 | Toggle the SENSE switch again.
14 | Does the INT indicator illuminate and the EXT indicator extinguish? 15 58
15 | Depress the CLEAR switch, then repeat steps 11 through 14 for the LOCAL/REM and 502
DIVIDER/OVERRIDE indicators.
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Table 4-14. Display Troubleshooting (cont)

Go to the step
number given
STEP ACTION for correct
NO. response
YES NO
16 | Did both operations perform correctly? 17 58
17 | Toggle the RECALL switch.
18 | Does the RECALL indicator illuminate? 19 58
19 | Toggle the RECALL switch again.
20 | Does the RECALL indicator extinguish? 21 58
21 | Repeat steps 17 through 20 for the EXT OSC, BOOST, and WIDEBAND switches.
22 | Did all of the operations perform correctly? 23 58
23 | Depress the following switches in the sequence listed: CLEAR,1,/, 2.
24 | Does the Central Display read 1—2, with the KEYBOARD indicator illuminated? 25 58
25 | Depress the following switches in the sequence listed: CLEAR, ENTRY LIMIT, 1,1, V.
26 | Does the Central Display read 1, with the u, V, and LIMIT indicator illuminated? 27 58
27 | Depress the following switches in the sequence listed: CLEAR, TOL LIMIT, 1, %.
28 | Does the Central Display read 1, with the LIMIT and % ERROR indicators illuminated? 29 58
29 | Depress the following switches in the sequence listed: CLEAR, CLEAR, 1, K, Hz.
30 | Does the Central Display read 1, with the AC, k, Hz, and KEYBOARD indicators illuminated? 31 58
31 | Depress the following switches in the sequence listed: 1, m, A, ENTER.
32 | Does the Output Display read 1.0000, with the AC, m, and A indicators illuminated and the "33 58
Central Display reads 1000.0 with the AC and Hz indicators illuminated?
33 | Depress the following switches in the sequence listed: —, 1,., 1, dBm
34 | Does the Central Display read —1.1, with the Ac, dBm, and KEYBOARD indicators illuminated? 35 58
35 | Depress the ENTER switch.
36 | Does the Output Display read —1.10000, with the AC and dBm indicators illuminated? 37 58
37 | Depress the ERROR MODE-ENABLE switch.
38 | Does the Central Display read +0.00000 with dB ERROR and ERROR MODE indicators 39 58
illuminated?
39 | Depress the following switches in the sequence listed: 1, M, .
40 | Does the Central Display read 1, with the M, £, and KEYBOARD indicators illuminated? 41 58
41 | Depress the ENTER switch.
42 | Does the Output Display read 1.00000 with the M and £ indicators illuminated and does the 43 58
Central Display and indicators extinguish?
NOTE
The D1, D2, D3, and D4 indicators are inoperdtive and
have no function at this time.
43 | Depress the following switches in the sequence listed: 2, 3, 4, 5, 6.
44 | Does the Central Display read 234567 45 59
45 | Depress the following switches in the sequence listed: CLEAR, 7, 8, 9, 1.
46 | Does the Central Display read 7891? 47 59
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STEP
NO.

ACTION

Go to the step
number given
for correct
response

YES

NO

47
48

49
50

51
52
53

55

56
57

58

59

60

Depress the following switches in the sequence listed: m, V, ENTER, ERROR MODE ENABLE.

Does the Output Display read 7.8910 with the zero intensified and illuminated? Does the
Central Display read +.0000, the % ERROR and ERROR MODE indicator illuminate?

Depress the left DECADE switch four times.

Did the intensified digit move to the left from the zero to the one, to the nine, to the eight, to the
seven?

Depress the right DECADE switch four times.

Did the intensified digit move to the right and back to zero?

Turn the EDIT switch knob clockwise until the Output Display reads 7.8920.

Does the EDIT switch change the Output Display and the error percentage on the Central Display?

For no movement, check U22-6; for periodic skips, check U26; for extra counts, check R4, R5,
and R6. Repair as required, then resume at step 53.

Depress the NEWREF/CAL 182 switch.

Does the Central Display error display change to +.0000 and the % ERROR indicator remain
illuminated?

Front Panel Indicator Subroutine. Each indicator on the Front Panel, including segments on the
numerical LED assemblies, are controlled on both the anode and cathode. All anodes are
connected in one-of-eight groups, each group is controlled by power transistors Q1 through Q8. U1
and U9 are latches, which in conjunction with U10, U11, and RN1 cycle the transistors Q1
through Q8 for 2 ms periods with one rest period at the ninth interval. The emitter voltage of the
selected transistor should be +5 +0.7V dc during the 2 ms period, while all other emitter voltages
should be less than 2V dc. Check CR44 and U21 for incorrect voltages. Commands from the
instrument Controller into latches U2 through U6 and their drivers (U7, U8, U13 through 20), apply
common to the indicators. Failure of the resistors (R9, R10, R11, R12) or the resistor networks
(RN3, RN4) can cause the indications under the control of that resistor to be excessively bright,
dim, or not illuminate. If the problem is located, repair as required, then return to the main pro-
gram at the step initiating the transfer to the subroutine. If the fault cannot be isolated to the
indicator control circuits, it might be in a defective key. In this case continue with step 59.

All the Front Panel key switches are wired into a seven column, eight row matrix. The instrument
Controller periodically activates the columns through latches U1 and U9 and, therefore, synchro-
nized with the power transistors, Q1 through Q8. Failure of any latch in U1 or U9 will disable a
column of key switches (refer to the matrix chart on the schematic). The key switch outputs are
held low by RN2 until a switch is depressed. An open resistor in RN2 can result in noise resulting
in spurious data entries. A shorted resistor in RN2 disables all the switches in that row. The
Controller reads switch closures on data lines IDO0 through ID7. These data lines are isolated by the
buffers U26 and U27 which are held disabled by RDSW high at U22-9 from the Controller. Repair
as required, then return to the step in the main program that initiated the transfer.

Troubleshooting of the Front Panel is now completed.

49

51

53

56

60

59

59

59

55

59
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Table 4-15. Analog Circuitry Troubleshooting

STEP
NO.

ACTION

Go to the step

number given

for correct
response

YES NO

10
1
12
13

14
15

16

Remove power from the instrument, wait at least 30 seconds, and then remove the Analog Control
Assembly from the instrument. Install it into an Extender Assembly and install the combination
in the calibrator. Reapply power to the instrument and program an output of +1.9V dc.

Check with an oscilloscope HI lead at P52; pins 14, 15, 17, 18, 19, 20, 32, 35, 36, 37, 38, 39, and
40 for a pulse train with high levels at —15V and low levels at —20V. Use TP9 (A14) or ﬁs
for scope low.

Is the pulse train present at all pins, at the proper levels?

One at a time, remove the PCB assemblies from the analog compartment until the pulse train returns
to normal. When the PCB causing the problem is identified, refer to the procedures for trouble-
shooting that board. If all boards in the analog compartment have been removed and the trouble
remains, check the buffer/drivers on the Isolator Assembly (A19). Repair as required, then resume
at step 2.

Connect the test 5% digit DMM to the output terminals of the calibrator in a four-terminal ohms
configuration.

Program, in turn; 1, 10, 100, 1k, 10k, 100k, 1M, and 10M ohms from the calibrator. Check the
outputs with the test DMM for readings of 1 +0.05, 10 £0.1, 1k +1, 100k +50, 1M 1k, and
10M =10k ohms, respectively.

Are all of the resistance readings within the stated tolerances?

Check the relay circuits and their associated logic components on the Ranging Assembly (A11).
Relay K55 is applicable to all ranges; K56 to the 100k, 1M, and 10M ohm ranges only; and K4
through K10 each applicable to a single range, 1 ohm through 10M ohms, respectively. The

relays are controlled by logic circuits in U3 through U8, U10 through U14, U16, and U18. Repair
as required, then resume at step 5.

Prepare the test DMM connected to the output terminals to read approximately 10V dc.
Program a +10V dc Calibrator output and observe the display.
Program a —10V dc Calibrator output and observe the display.
Are both readings within 1.0 mV of the programmed outputs?

Connect the DMM between TP5 (High) and TP8 (Low) on the Analog Control PCB and program
the first incorrect voltage.

Is a reading greater than the DMM floor but less than 10 volts present?
The control loop is closed but inaccurate. Check for one-half the programmed output (+5V +0.01
or —5 +0.01 volts) between the junction of R74, R77, R78, Q73 (High) and TP8 (Low).
Is the reading correct?
NOTE
The ranging divider is not easily loaded by the integrator

circuit; however, the possibility of loading does exist and
it can be checked using the following procedure:

a) Turn off power and remove the Analog PCB.

b) Install the Power Amp on an Extender PCB and
connect a variable isolated DC power supply be-
tween TP24 (+) and TP29 (- ).

28 13

15 27

18 17
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Table 4-15. Analog Circuitry Troubleshooting (cont)

Go to the step
number given

STEP ACTION for correct
NO. response
YES NO

¢) With a programmed output of 10V, increase the power
supply output while monitoring the output terminals. For

a swing of less than 10V from the supply the output terminals
should swing from zero to approximately 35V. If the input
polarity is reversed the swing should also reverse.

d) The voltage at the coaxial connector, J54, in the
Analog Control slot should be precisely one-half
the measured output voltage.

17 |Check Q1, U19, and their associated drive circuits on the Ranging PCB. Repair as required, then
resume at step 9.

18 |With a high impedance DVM check for 5 £0.01 volts between U61-3 and TP8 (Low).
19 |ls the reading correct? 26 20

20 |Check the reference voltage input to the DAC from common at A14 TP3 to A14 TP1 (+10V) and
A14 TP4 (—10V).

21 |Is the reading correct? 23 22
22 | Check the voltage reference circuit on the Analog Control PCB. Repair as required, then resume at
step 9.

23 | Check the DAC for a 50% duty cycle drive waveform on TP10, TP7, and TP5. If the waveform
is not present at TP5 check for the proper logic drive signals to the digital section. Check forthe
proper relay action using the schematic chart. Repair or replace as required.

NOTE
To eliminate the possibility of loading the DAC from the
Analog Control Integrator circuit the input may be re-
moved by desoldering the integrator input line at the
junction of Q62 and Q63.

24 |ls the programmed output voltage present at the output terminals? 9 25
25 | Check the Power Amp (A17) using the applicable Table. Repair as required, then resume at step 9.

26 |Check the Analog Control (A14) Integrator circuits Q68 (for excessive bias current), Q73, Q74, K3,
and their associated components. Repair as required, then resume at step 9.

27 | The control loop is open. Check the Ranging (A11), Analog Control (A14), and Power Amp (A17)
for proper closure of the relays and FETs using the applicable tables on the schematics. Repair as
required, then resume at step 9.

28 | Prepare the test DMM connected to the output terminals to read approximately 1V dc, then program
a calibrator output of +1V dc.

29 |ls the reading +1V dc +200 uV? 31 30

30 |Check K50, K14, and their associated logic circuits on the Ranging PCB. Repair as required, then
resume at step 28.

31 |Program a calibrator output of +100 mV dc.
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Table 4-15. Analog Circuitry Troubleshooting (cont)

Go to the step
number given

STEP ACTION for correct
NO. response
YES NO
32 | Does the test DMM read +100 mV dc 25 uV? 34 33
33 | Check K51, K14, and their associated logic circuits on the Ranging PCB. Repair as required, then
resume at step 31.
34 | Program a calibrator output of +10 mV dc.
35 | Does the test DMM read +100 mV dc £10 uV? 37 36
36 | Check K52, K14, and their associated logic circuits on the Ranging PCB. Repair as required, then
resume at step 34.
37 | Connect a test DMM prepared for DC current to the output terminals.
38 | Program a calibrator output of +100 mA dc and observe the DMM for a reading of +100 mA dc
+0.1 mA.
39 | Program a calibrator output of —100 mA dc and observe the DMM for a reading of —100 mA dc
*0.1 mA.
40 | Are both reading (steps 38 and 39) within the listed tolerances? 45 41
CAUTION
¢ F and¢R float on the PA output during current
operation. Do not short to any other ground in the
system, i.e., =S or = 1 during the current tests.
41 | Check the control loop voltage between TP5 (high) and TP8 (low) on the Analog Control PCB.
42 | Is the absolute value greater than the DMM floor but less 10V? 44 43
43 | The control loop is open. Check K1, K3, K5, K55, U19, and their associated logic circuits on the
Ranging PCB. Check relay K2, K3, K7, K11, and their associated drivers on the Power Amp. If the
fault is not located in the relays, check the Power Amp using the applicable table. Repair as
required, then resume at step 37.
44 | The control loop is closed. Check the * reference voltage from the PS Regulator and Analog Control
PCBs. The positive reference is called for negative current and vice versa. Check the DAC, beginning
with the procedure in step 23, followed by checks of K2 (open) and Q6 through Q9 (on). With
+100 mA programmed —1 +0.01V dc should be present at the junction C14/15 (high) and TP12
(low). Repair as required, then resume at step 37.
45 | Program a calibrator output of +1.9A dc.
46 | Does the test DMM read 1.9A dc 2 mA? 48 47
47 | The only difference for the high current operation is the use of R1 (A11) and the high current amp
(U106, Q142, Q143, and associated components) on the Power Amp. Repair as required, then
resume at step 45.
48 | Program a calibrator output of 10V ac at 1 kHz.
49 | Does the test DMM read 10V ac £10 mV at the output terminals? 70 50
50 | Check the control loop by measuring the DC voltage between TP5 (high) and TP8 (low) on the
Analog Control PCB with 10V ac output programmed.
51 | Does the test DMM read more than its floor but less than 10V dc? 52 59
52 | Measure the calibrator output voltage and the voltage between TP2 (high) and TP8 (low) on the
Ranging PCB.

4-34




Table 4-15. Analog Circuitry Troubleshooting (cont)
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Go to the step
number given
STEP ACTION for correct
NO. response
YES NO
53 | Is the voltage at the tesk points one-tenth (1/10) that of the output terminals? 56 54
54 | Check the relay operation on the Ranging PCB using the table on the schematic. Check U8, Q2, and
their associated circuits. Repair as required.
55 | Is 10V ac £ 10 mV present at the output terminals? 70 56
56 | With the DMM low at TP8 on the Analog Control PCB, check the rms voltage at pin 38 P51 and the
DC voltage at TP12.
57 | Is the positive value at TP 12 equal to the rms voltage? 59 58
58 | Check the AC Converter and/or Integrator on the Analog Control PCB for the following voltages
from TP8 to the points given: 0 £ 1 mV at U42-2, +1 £0.5V at U37-2, and U37-3, and 8 £1V at
U37-6. Check the integrator input stages at Q74 with its drive circuits. Repair as required.
59 | Is 10V ac +10 mV present at the output terminals? 70 60
60 | Check between TP3 (high and TP4 (low) on the Oscillator PCB (A18) with an oscilloscope for a
sine wave with no offset, and at the pro_grammed frequency *3%.
61 | Is the oscillator output correct? 68 62
62 | Is the DC voltage between TP2 (high) and TP4 (low) on the Oscillator PCB between 0 and —3V? 65 63
63 | Check, in sequence, the following items, checking with a DMM for 1.2 0.1V rms between TP3
(high) and TP4 (low) on the oscillator PCB after each item:
Check relays of the Oscillator PCB using the chart on the schematic.
Check op amps, U1 through U5 (0 220 mV dc at pin 2), and their associated components.
Check CR1 through CR4, VR1, and their associated componenets.
64 | Does the test DMM read 1.2 £0.1V rms between TP3 (high) and TP4 (low) on the Oscillator PCB? 60 67
65 | For frequency errors greater than 3%, check the FETs Q4 through Q11, and Q14 through Q21, and
their drive logic. Repair as reguired.
66 | Does the frequency equal the 1 kHz =30 Hz entered in step 48? 60 67
67 | Since arrival at this point is dependent upon all previous checks being correct, there is a possibility
that some component was damaged during testing and the test should be restarted at step 1.
68 | Is 10V ac £10 mV present at the output terminals? 70 69
69 | Perform the Power Amp test using the applicable table. Repair as required, then resume at step 48.
70 | Program a calibrator output of 10V ac at 50 kHz.
71 | Does the test DMM read 10V ac 20 mV at the Calibrator output terminals? 74 72
72 | Is the frequency equal to 50 kHz 1.5 kHz? 73 60
73 | For amplitude errors, restart at step 48, placing special emphasis on correct amplitude of test in
steps 56 and 57, and in the DAC output of the power amp of P53. Repair as required, then resume
atstep 70.
CAUTION
¢F and ¢ R float on the PA output in the current
ranges. Do not short to any other ground in the system,
i.e., ‘-f.‘ Sor ’-i-‘ 1 during the current tests.

4-35



5100 Series B

Table 4-15. Analog Circuitry Troubleshooting (cont)

Go to the step
number given

STEP ACTION for correct
NO. response
YES NO
74 | Program a calibrator output of 100 mA ac at 400 Hz.
75 | At the calibrator output terminals, does the test DMM read 100.000 mA +0.5 mA? 90 76
76 | Remove the test DMM connected to the calibrator output terminals.
77 | Does the instrument display flash overload (O.L.) and return to STDBY after approximately 2 78 79
seconds?
78 | Check the Power Amp Assembly using the applicable table, with special emphasis on the high voltagg
amp circuit. Repair-as required, then resume at step 74.
79 | On the Ranging Assembly, check relays K1, K3, K5, K16, K55, and their associated circuitry. Check
the AC voltage between TP2 (high) and TP8 (low) for an output proportional to the_ current at the
output terminals, i.e., 1.05 £.002V ac should be at TP2 when 105 mA is at the output terminals.
Repair as required.
80 | Is 100 +0.5 mA ac now present at the output terminals? 90 81
81 | On the Ranging Assembly check the AC buffer amp (U2), Q2, and their associated circuits and
drivers. Repair as required.
82 | Is 100 £0.5 mA ac now present at the output terminals? 90 83
83 | On the Analog Control Assembly recheck the AC Converter and Integrator circuits using the
procedure in step 56, 57, and 58. Repair as required,
84 | Is 100 £0.5 mA ac now present at the output terminals? 90 85
85 | Check the Power Amp Assembly using the applicable table with emphasis on the AC Current Mode.
Repair as required.
86 | Is 100 £0.5 mA ac now present at the output terminals? 90 87
87 | Check the Oscillator Assembly using the procedure in steps 60 through 64.
88 | Is 100 £0.5 mA ac now present at the output terminals? 90 89
89 | Since arrival at this point is dependent upon all previous checks being correct, there is a possibility
that some component was damaged during testing and the test should be restarted at step 1.
90 | Program a calibrator output of 1.9A ac at 400 Hz.
91 | Does the test DMM read 1.9A ac 4 mA at the calibrator output terminals? 93 92
92 | Check the Power Amp Assembly using the applicable table with emphasis on the high current
amplifier. Repair as required, then resume at step 90.
93 | Disconnect the test DMM from the calibrator output terminals.
94 | With no load, does the Central Display briefly show O.L., then return to the reading present before | 96 95
the test DMM was removed, and does the calibrator drop in status to STDBY?
95 | Check the Compliance Voltage Limiter and Detector circuit on the Analog Control Assembly. When
the output terminal compliance voltage goes above 2.1V dc or peak AC, at 200 mA or higher, Q81
and Q82 should be conducting heavily to cause the high current amplifier on the Power Amp
Assembly to go into current limit and signal the Controller an overload is present. Check the level
detectors, U83 and U84, R84 through R87, which set the plus and minus “trip".voltages. Q88 and
Q89 should be turned ““on’’ for currents over 200 mA and “off’’ for currents under 200 mA.
Repair as required and resume at step 93.
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STEP

Go to the step
number given
for correct

ACTION
NO. response
YES NO
WARNING
DURING THE REMAINDER OF THE TEST, LETHAL
VOLTAGES MAY BE PRESENT AT THE OUTPUT
TERMINALS AND ON THE HIGH VOLTAGE OUT-
PUT ASSEMBLY A16.
96 | Program a calibrator output of 100V ac at 20 kHz and check at the output terminals for a DMM
reading of 100 0.1V ac.
97 | Program a calibrator output of a 100V ac at 400 Hz and check at the output terminals for a DMM
reading of 100 0.1V ac.
98 | Program a calibrator output of a 1000V ac at 400 Hz and check at the output terminals for a DMM
reading of 1000 £1V ac.
99 | Are all of the high voltage AC readings within tolerance? 101 100
100 | Check the high voltage output (A16) with emphasis on T2 and K3, if the fault is only with the 20
kHz output, on T1 and K7, for 400 Hz faults, on K1 for 100V faults and on K2 for 1000V faults.
If the problem cannot be located in the A16 Assembly, refer to the low voltage AC procedure
beginning at step 48, since the high voltage is dependent upon a correct output from the low
voltage circuits. Repair as required, then resume at step 96 or step 48 determined by the component
replaced.
101 | Program a calibrator output of +100V dc and check the output terminals for a DMM reading of
+100 +.01V dc.
102 | Program a calibrator output of 1000V dc and check the output +1000 .1V dc.
103 | Are both dc voltage readings within their stated tolerances? 114 104
104 | Program the calibrator for the first incorrect output.
105 Is the output voltage greater than 20V dc? , 112 106
106 | Check the Ranging PCB (A11) for relay operation using the chart on the schematic. Begin with K56
and its drive logic.
107 | Is the programmed output present at the output terminals? 101 108
108 | Check the waveform at TP11 of the Oscillator Assembly (A18).
109 | Is the waveform as depicted? 110 113
(See Oscillator Waveforms in Section 8).
110 | Check the Power Amp Assembly (A17) using the applicable table with emphasis on the connections
and the high voltage amplifier. Repair as required.
111 Is the programmed output present at the output terminals? 101 112
112 | Check the High Voltage Output Assembly (A16) with emphasis on the high voltage DC path (CR1
through CR4, K5, K6, R35, through R39, U1, and associated components) and T1. Repair as
required, then resume at step 101.
113 | Check the Oscillator Assembly (A18) using the procedure in steps 59 through 65. Repair as
required, then resume at step 101.
114 | Troubleshooting of the analog circuits is complete.
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Table 4-16. Power Supply Regulator Troubleshooting

Go to the step
number given
STEP ACTION for correct
NO. response
YES NO
NOTE
The test can be performed, if desired, without placing the PCB on an extender,
since all test points and adjustments on the Power Supply Regulator Assembly
(A9) are accessible. However, to continue the test when a reading is out of
tolerance, remove power from the instrument, wait at least 30 seconds, remove
the PCB, return the PCB to the instrument on an extender PCB and reapply
power. The first supply checked is the +15V(s) dc which is used as a reference for
the —15V(s), 262V, and *30V supplies. The — 15V references the —30V and
—62V supplies, but since it is regulated by the +15V supply, that supply effect-
ively references them all and if it is out of tolerance all others will be also. It
should also be noted the —15V/{s) is logic high (LH) and —20V{s) is logic common
(LC) providing +5SV logic for some circuits. If any supply reads out of tolerance
check for ripple with an oscilloscope as the first step in troubleshooting. Typical
ripple values for the power supply regulator voltages are given at the end of the
table. The common connection between ( '...E S)and ( "._‘:'1 ) is on the Ranging
Assembly and if it is removed, a substitute connection must be made by con-
necting a jumper between TP13, and TP6.
1 With power removed from the instrument, remove the top and inner covers, then verify the
correct placement of the line voltage selection switches and fuse value.
Reconnect the line cord and depress the POWER switch.
Does the blower (fan) rotate? 5 4
4 Check the power source, line cord, line fuse, POWER switch, and line voltage selection switches.
Repair as required and resume the test at step 2.
5 Connect the test DVM, prepared for approximately +15V dc, between TP14 (high) and TP13 (low).
6 Can the voltage be adjusted with R6 to between +14.99 and +15.01? 16
7 Is the reading more than +15.01? 8
8 Check Q2, U7, and their associated components. Repair as required, then resume the test at step 5.
9 Transfer the voltmeter high input lead to the collector (center pin) of Q2.
10 |lIs the reading greater than 17V? 12 11
11 |Check the filtered DC V across C3 on the Aft Transformer Board (A8A2), the Bridge Rectifier(CR2),
and the card-edge connectors on the Power Supply Motherboard. Repair as required, then resume at
step 5.
12 | With the test DVM measure the voltage drops across R4 (1 ohm) on the P.S. Regulator.
13 | Is the reading greater than 0.65V? 15 14
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Table 4-16. Power Supply Regulator Troubleshooting (cont)

Go to the step
number given

STEP ACTION for correct
NO. response
YES NO

14 | Check Q2, U7, and their associated components. Repair as required, then resume at step 5.

15 | An excessive voltage drop is an indication of current limiting. Check CR14 and C13. If the trouble is
not isolated, perform the subroutine beginning at step 154, then resume the test at step 5.

16 | Connect the test DVM, prepared for approximately —15V dc, between TP12 (high) and TP13

(low).
17 | Is the reading between —14.85 and —15.15V dc? 27 18
18 | Is the reading greater than —15.15V dc? 19 20

19 | Check Q3, Q21, U8, and their associated componenets. Repair as required, then resume at step 16.
20 | Transfer the high input lead of the DVM to the collector {center pin) of Q3.
21 | Is the reading greater than —17V? 23 22

22 | Check the filtered DC across C4 on the Aft Transformer Board (A8A2), the Bridge Rectifier, CR2,
and the card-edge connectors on the P.S. Motherboard. Repair as required and resume the test at

step 16.
23 | With the test DVM measure the voltage drop across R12 (1 ohm) on the P.S. Regulator.
24 | Is the reading greater than 0.65V? 26 25
25 | Check Q21, Q3, Q4, U8, and their associated components. Repair as required, then resume at step

16.

26 | An excessive voltage drop is an indication of current limiting. Check CR15 and C12. If the trouble
is not isolated there, perform the subroutine beginning at step 154, then resume the test at step 16.

27 | Connect the test DVM, prepared for approximately +62V dc, between Tp4 (high) and TP6 (low).

28 | Is the reading between +60.0 and +64.0V dc? 38 29
29 | Is the reading greater than +64.0V dc? 30 31
30 | Check Q5, Q6, Q8, U9, and their associated components. Repair as required, then resume the test at

step 27.
31 | Transfer the high input lead of the DVM to the collector (center pin) of Q5.
32 | Is the reading greater than 69V dc? 34 33

33 | Check the Bridge Rectifier, CR1, on the Aft Transformer Board (A8A2), the transformer output,
and the card-edge connectors on the P.S. Motherboard. Repair as required and resume at step 27.

34 | With the test DVM, measure the voltage drop across R15 (1.1 ohm) on the P.S. Regulator.

35 | Is the reading greater than 0.65V? 37 36
36 | Check Q8, Q6, Q5, Q7, U9, and their associated components. Repair as required, then resume at
step 27. '

37 | An excessive voltage drop is an indication of current limiting. Remove the Power Amp Assembly
from the instrument and recheck the voltage drop to isolate the problem to an assembly. If the
problem remains, check C18, CR3, and the +39V regulator. Repair as required, then resume the
test at step 27.

38 [ Connect the test DVM, prepared for approximately +39V dc, between TP3 (high) and TP6 (low).
39 | Is the reading between +37.5 and +40.5V dc? 49 40
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Table 4-16. Power Supply Regulator Troubleshooting (cont)

Go to the step
number given

STEP ACTION for correct
NO. response
YES NO
40 | Is the reading greater than +40.5V dc? 41 42
41 | Check Q14, U12, and their associated components.
42 | Transfer the high input lead of the DVM to the collector (center pin) of Q14.
43 | Is the reading between +60 and +64V dc? 45 44
44 | Return to step 27 and test the +62V dc power supply.
45 | With the test DVM measure the voltage drop across R32 (4.7 ohm) on the P.S. Regulator.
46 | Is the reading greater than 0.65V dc? 48 47
47 | Check Q14, Q16, VRY, U12, and their associated components. Repair as required, then resume the
test at step 38.
48 | An excessive voltage drop is an indication of current limiting. Remove the Power Amp Assembly
from the instrument and recheck the voltage drop to isolate the problem to an assembly. If the
problem remains, check C23 and CR9. Repair as required, then resume at step 38.
49 | Connect the test DVM, prepared for approximately —65V dc, between TP2 (high) and TP6 (low).
50 | Is the reading between —60 and —64V dc? 50 51
51 | Is the reading greater than —64V dc? 52 53
52 | Check Q9, Q11, Q12, U10, and their associated components. Repair as required, then resume the
test at step 49.
53 | Transfer the high input lead of the DVM to the emitter of Q12.
54 | ls the reading greater than —69V dc? 56 55
55 | Check the output of the Bridge Rectifier CR1 on the Aft Transformer Board (A8A2), the transformer|
output, and the card-edge connectors on the P.S. Motherboard. Repair as required, then resume at
step 49.
56 | With the test DVM, measure the voltage drop across R25 (1.1 ohm)~
57 |ls the reading greater than 0.65V? 59 58
58 |Check Q9, Q10, Q11, Q12, VR8, U10, and their associated components. Repair as required, then
resume at step 49.
59 | An excessive voltage drop is an indication of current limiting. Remove the Power Amp Assembly
from the instrument and recheck the voltage drop to isolate the problem to an assembly. If the
problem remains, check C19, CR25, and the —39V regulator. Repair as required, then resume the
the test at step 49.
60 |Connect the test DVM, prepared for approximately —39V dc, between TP5 (high) and TP6 (low).
61 |Is the reading between —37.5 and —40.5V dc? 71 62
62 |ls the reading greater than —40.5V dc? 63 64
63 |Check Q13, U13, and their associated components. Repair as required, then resume at step 60.
64 |Transfer the high input lead of the DVM to the collector of Q13.
65 |[Is the reading between 60 and 64V dc?
66 |Return to step 49 and test the —62V dc.
67 |With the test DVM measure the voltage drop across R40 (4.7 ohm) on the P.S. Regulator.
68 |lIs the reading greater than 0.65V? 69 70
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Go to the step
number given

o, g
YES NO

69 | Check Q13, Q17, VR10, U13, and their associated components. Repair as required, then resume the

test at step 60.
70 | An excessive voltage drop is an indication of current limiting. Remove the Power Amp Assembly

from the instrument and recheck the voltage drop to isolate the problem to an assembly. If the

problem remains, check C26 and CR7. Repair as required, then resume the test at step 60.
71 | Connect the test DVM, prepared for approximately +5V dc, between TP12 (high) and TP1 (low).
72 | Can the reading be adjusted with R84 to between +4.9 and +5.3V dc? 85 73
73 | Is the reading greater than +5.3V dc? 74 75
74 | Check Q23, Q15, U11, and their associated components. Repair as required then resume at step 71.
75 | Transfer the high input lead of the DVM to the collector of Q15.
76 | Is the reading greater than +6.5V dc? 81 77
77 | Transfer the high input lead of the DVM to the input side of fuse F-2.
78 | Is the reading greater than +6.5V dc? 79 80
79 | Check F2 and the fuse holder. If the fuse is replaced and blows again, check Q15, Q23, U11, the

triac Q20 and VR11 for an overload. Repair as required, then resume at step 71.
80 | Check the input from the rectifiers on the transformer board and the card-edge connectors on the

P.S. Motherboard. Repair as required, then resume at step 71.
81 | With the test DVM measure the voltage drop across R31 (0.27 ohms).
82 | Is the reading greater than 0.65? 84 83
83 | Check Q15, Q23, U11, and associated components. Repair as required then resume at step 71.
84 | An excessive voltage drop is an indication of current limiting. Check C63. If the trouble is not

isolated there, perform the subroutine beginning at step 154, then resume the test at step 71.
85 | Connect the test DVM, prepared for approximately +5V dc, between TP17 (high) and TP18 (low).
86 | Can the reading be adjusted with R83 to between +4.9 and +5.3V dc? 99 87
87 | Is the reading greater than +5.3V? 88 89
89 | Transfer the high input lead of the DVM to the cotlector of Q1.
90 | Is the reading greater than +6.5V? 95 91
91 | Transfer the high input lead of the DVM to the input side of the fuse F1.
92 | Is the reading greater than +6.5V? 93 94
93 | Check F1 and the fuse holder. If the fuse is replaced and blows again, check Q1, Q22, U3, traic U189,

and VR1 for an overload. Repair as required, then resume at step 85.
94 | Check the input from the rectifiers on the Aft Transformer Board (A8A2), and the card-edge

connectors on the P.S. Motherboard. Repair as required, then resume at step 85.
95 | With the test DVM measure the voltage drop across R3 (0.27 ohms).
96 | Is the reading greater than 0.65V? 98 97
97 | Check Q1, Q22, U3, and their associated components. Repair as required then resume at step 85.
98 | An excessive voltage drop is an indication of current limiting. Check the PCBs using the +5 Digital

Bus for the path of excessive current. Repair as required, then resume at step 85.
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Table 4-16. Power Supply Regulator Troubleshooting (cont)

Go to the step
number given

STEP ACTION for correct
NO. response
YES NO

99 | Connect the test DVM, prepared for approximately +12V dc, between TP16 (high) and TP18 (low).
100/ Is the reading between +11.25 and +12.75V dc? 108 101
101 ] Is the reading greater than +12.75V? 102 103
102 | Check U1 and its associated components. Repair as required, then resume at step 99.
103 | Transfer the high input lead of the DVM to U1-1.

104 | Is the reading greater than +14V? 105 107
105 | Is the case of the regulator U1 excessively warm to the touch? 106 107

106 | Check C1 and CR10. Check the PCBs using the +12 (Vdd) on the Digital Bus for current limiting.
Repair as required, then resume at step 99.

107 | Check the input from the rectifier on the Aft Transformer Board (A8A2), and the card-edge
connectors on the P.S. Motherboard. Repair as required, then resume at step 99.

108 | Connect the test DVM, prepared for approximately —12V dc, between TP15 (high) and TP18 (low).
109 | Is the reading between —11.25 and —12.75V dc? 117 110
110 Is the reading greater than —12.75V? 1M1 112
111 | Check U2 and its associated components. Repair as required then resume at step 108.
112 | Transfer the high input lead of the DVM to U2-3.

113 | Is the reading greater than —14V? 114 116
114 | Is the case of the regulator U2 excessively warm to the touch? 115 116

115| Check C2 and CR11. Check the PCBs using the —12V (VGG) on the Digital Bus for current
limiting. Repair as required, then resume at step 108.

116 | Check the input from the rectifier on the Aft Transformer Board (A8A2), and the card-edge
connectors on the P.S. Motherboard. Repair as required, then resume at step 108.

117 | Connect the test DVM, prepared for approximately +5V dc, between TP8 (high) and TP9 (low).
118 Is the reading between +4.75 and +5.25V dc? 126 119
119 | Is the reading greater than +5.25V? 120 1221
120 | Check U4 and its associated components. Repair as required then resume at step 117.
121 | Transfer the high input lead of the DVM to U4-1.

122 | Is the reading greater than +7V? 123 125
123 Is the case of the regulator U4 excessively warm to the touch? 124 125

124 | Check C4 and the PCBs using the +5V (FH) on the Digital Bus for current limiting. Repair as
required, then resume at the step 117.

125 | Check the input from the rectifier on the Aft Transformer Board (ABA?2), and the card-edge
connector on the P.S. Motherboard. Repair as required, then resume at step 117.

126 | Connect the test DVM, prepared for approximately +15V, between TP11 (high) and TP10 (low).
127 | Is the reading between +14.25 and +15.75V? 135 128
128 | |Is the reading greater than +15.75V? 129 130

129 | Check U5 and its associated components. Repair as required, then resume at step 126.

4-42



Table 4-16. Power Supply Regulator Troubleshooting (cont)

5100 Series B

STEP

Go to the step
number given
for correct

NO. ACTION response
YES NO
130 | Transfer the high input lead of the DVM to U5-1.
131] Is the reading greater than +17V? 132 134
132 Is the case of the regulator U5 excessively warm to the touch? 133 134
133 | Check C5 and CR12. Check the PCBs using the +15V (F) on the Digital Bus for current limiting.
Repair as required, then resume at step 126.
134 | Check the input from the rectifiers on the Aft Transformer Board (A8A2), and the card-edge
connector on the P.S. Motherboard. Repair as required, then resume at step 126.
135 | Connect the test DVM, prepared for approximately —15V, between TP7 (high) and TP10 (low).
136 | Is the reading between —14.25 and —15.75V dc? 144 137
137 | Is the reading greater than —15.75V? 138 139
138 | Check U6 and its associated components. Repair as required, then resume at step 135.
139 | Transfer the high input lead of the DVM to U6-3.
140 | Is the reading greater than —17V? 141 143
141 | Is the case of the regulator U6 excessively warm to the touch? 142 143
142 | Check C6 and CR13. Check the PCBs using the —15V (F) on the Digital Bus for current limiting.
Repair as required, then resume at step 135.
143 | Check the input from the rectifiers on the Aft Transformer Board (A8A2), and the card-edge
connectors on the P.S. Motherboard. Repair as required, then resume at step 135.
144 | Connect a scope prepared for a 60 Hz 5V square wave to U16—3 (high) and U16—1 (low).
145 | Is the scope amplitude between 4 and 5V and the period between 15.7 and 17.7 msec? 146 147
146 | Check U16 and its associated components. Repair as required, then resume at step 144.
147 | Prepare a scope for triggered sweep, 50 ms per division, and 2V per division vertical sensitivity.
148 | Connect the scope between TP1 (low) and the junction point of the collector of Q18 and the
bottom of R48 (high).
149 | Turn the calibrator POWER switch ON and OFF several times while observing the scope display.
150 | Does the display match either waveform 1 or 2 below? 158 151
WAVEFORM1 45V A NORMAL
WAVEFORM 2 L 300 - 350 ms I I I ACCEPTABLE
WAVEFORM 3 A I l l | I I I NOT ACCEPTABLE
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Table 4-16. Power Supply Regulator Troubleshooting (cont)

STEP
NO.

ACTION

Go to the step
number given
for correct
response

YES NO

151
152
153

154

155

156
157

158

Does the scope display match waveform 3?
Check the one-shot multivibrator U14 and its control components CR19, C41, C42, and R45.

If there is no transisiton, check at P11-16/36 for the 20V rms input to the circuit (at line fre-
quency) which causes generation of waveform 1 above when power is applied to the circuit. Repair
as required, then resume at step 147.

Begin the subroutine to check for current limiting in the analog circuitry by removing one of the
analog PCBs from the analog compartment.

NOTE
When the Ranging Assembly is removed, insure
TP6 and TP13 are jumpered on the Power Supply
Regulator to maintain continuity between the
ground circuits.

Recheck the voltage drop on the applicable resistor to isolate the analog assembly causing the
current limitng.

Repeat the test removing one assembly at a time until the problem assembly is found.

Use the troubleshooting table applicable for the faulty analog assembly to trace the problem, repair
as required, then return to the step in the test calling out the subroutine.

The test of the Power Supply Regulator is complete.

TYPICAL READING IN

NOMINAL TABLE PEAK TO PEAK VOLTS
DC VOLTAGE STEP
RIPPLE SPIKES

+15 +0.01 6 2mV
—15 +0.15 17 2mV
+62 2.0 28 20 mV
+39 *1.5 39 10 mV
-62 2.0 50 20 mV
-39 1.5 61 10 mV
+5.1 £0.2 72 100 mV 700 mV
+5.1 £0.2 86 2mV 5mV
+12 +0.75 100 30 mVv
—-12 +0.75 109 100 mV
+5 +0.25 118 100 mV 600 mV
+15 +0.75 127 2mV
—15 +0.75 135 2mV

152 163
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Table 4-17. Power Amp Troubleshooting

Go to the step
number given

STEP ACTION for correct
NO. response
YES NO
NOTE

All test points listed in this table are

on the Power Amplifier Assembly (A17).

1 Remove power from the instrument, wait at least 30 seconds, then remove the PCB assembly from
the instrument. Install the assembly in an extender PCB and install the combination in the
instrument.

2 Use the test DVM to check the input voltages to the Power Amplifier. The first test point listed is
for the high input lead. If any voltages are out of tolerance, perform the test on the Power Supply
Regulator.

+15 £0.05V dc between TP11 and TP23
—15 +0.2V dc between TP12 and TP23
+39 +1.5V dc between TP2 and TP23
—39 +1.5V dc between TP5 and TP23
—20 +0.25V dc between TP14 and TP23
+62 +2.0V dc between TP7 and TP22
—62 £2.0V dc between TP10 and TP22
—12£0.75V dc between TP20 and TP22
+12 £0.75V dc between TP17 and TP22
+15 £0.75V dc between TP30 and TP29
—15 10.75V dc between TP31 and TP29

3 With the calibrator in STDBY, ground the HF Amp input by connecting a jumper between TP27
and TP23. Connect the test DVM between TP4 (high) and TP23 (low).

4 Is the voltmeter reading 0 +0.1V dc?

4A | Remove jumper from TP23 and TP27. 4A | 5
5 A large output from the High Frequency Amplifier with the input grounded is an indication of
problems within the amplifier. Trace the signal throug<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>