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WARRANTY

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

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

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

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

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

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

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

SHIPPING TO MANUFACTURER FOR REPAIR OR ADJUSTMENT

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

CLAIM FOR DAMAGE IN SHIPMENT TO ORIGINAL PURCHASER

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

The JOHN FLUKE MFG. CO., INC, will be happy to answer all applications or use questions, which will enhance your
use of this instrument. Please address your requests or correspondence to: JOHN FLUKE MFG. CO., INC., P.O. BOX
C9090, EVERETT, WASHINGTON 98206, ATTN: Sales Dept. For European Customers: Fluke (Holland) B.V., P.O. Box
5053, 5004 EB, Tilburg, The Netherlands.

*For European customers, Air Freight prepaid.

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

Rev. 6/81
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Section 1

Introduction & Specifications

1-1.  INTRODUCTION

1-2. The Model 5200A is a guarded, precision AC
Calibrator designed for use in calibration laboratories and
in manufacturing environments. The Calibrator provides
accurate ac voltages from 100 uV to 120V rms, at currents
up to 50 mA, and at frequenceis from 10 Hz to 1.2 MHz.

1-3. The amplitude of the output voltage is controlled
by a range selector switch and six decade switches. Any of
seven amplitude ranges (ImV, 10 mV, 100 mV, 1V, 10V,
100V, and 1000V) may be selected. (The 1000V range is
used only in conjunction with a companion unit, the Model
5205A Precision Power Amplifier). The decade switches
can then be set for any value from 10 to 120 percent of
the selected range (each range has a 20 percent overrange
capability). Six-digit resolution within the selected range
provides steps as small as 1 nV in the 1 mV range through
100 uV in the 100V range (and 1 mV steps in the 1000V
range). The amplitude can be offset up to either +0.3 per-
cent or +3 percent (selectable) by means of a voltage error
measurement feature. This feature provides direct indica-
tions of percentage error during calibration of voltmeters.

14. The frequency of the output voltage is similarly
controlled by a range selector switch and four decade
switches. Any of five frequency ranges (100 Hz, 1 kHz,
10 kHz, 100 kHz, and 1 MHz) may be selected. The decade
switches can then be set for any value from 10 to 120
percent of the selected range. Four-digit resolution within
the selected range provides steps as small as 0.01 Hz in the
100 Hz range through 100 Hz in the 1 MHz range. If de-
sired, the frequency can be phase-locked to an external
reference source connected by coaxial cable to a BNC
connector on the rear panel. The accuracy of the phase-
lock feature is +1 degree (nominal).

1-5. The selected output of the 5200A is available at
output connectors located on both the front and the rear
panels. The front panel connectors are banana-type jacks
and are provided for high and low output lines, high and
low sense input lines, guard, and ground. The rear panel
connectors are a pair of pcb card-edge connectors accessed
through openings in the panel. One of the connectors pro-
vides interconnection to the Model 5205A Precision Power
Amplifier (when used), and the other provides the selected
calibrator output (except ground) to any other external
equipment requiring it.

1-6. In addition to the regular calibrator outputs, a
quadrature output and a counter output are available at
BNC connectors on the rear panel. The quadrature output
leads the regular output in phase by 90 degrees. The ampli-
tude of the quadrature output is proportional to the setting
of the amplitude control decade switches. Regardless of the
range selected, the rms amplitude of this output will be any-
where from 1V, at minimum setting, to 12V, at maximum
setting. At full-range (100 percent) setting, the amplitude
will be 10V rms. The counter output is the same frequency
as the other outputs, but in pulse form. The pulses are fixed
in amplitude at +3V peak, and vary in width according to
the selected frequency range.

1-7. Output overload protection is provided to limit
output current. When an output overload occurs, the cali-
brator automatically enters the limit mode. When the nor-
mal load is restored, the calibrator automatically reverts to
the operate mode.

1-8. All operating functions, except primary power
switching and voltage error measurement, can be remotely
programmed upon installation of the Remote Control Unit
pcb assembly (—02 option). Programming requirements are

1-1
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TTL compatible, or contact closures to ground. Connec-
tion of the programming control lines to the Remote Con-

trol Unit is by means of a card-edge connector accessed
through an opening in the rear panel of the 5200A.

1-9. The 5200A may be bench or 19 inch rack mount-

ed. (The overall dimensions of the unit are shown in Figure
1-1.) Input power requirements are 100, 115, 200, or 230V
ac +10 percent, 50 to 60 Hz, 150VA. A 50-to-400 Hz Input
Power Modification (—02 option) is available to permit the
unit to operate from 400 Hz, as well as 50— and 60— Hz,
power lines.

r 17.0” A
A
FRONT 7.0"
Y
20.75" | 1.75" [&¢—
—— —
SIDE
| ] |

Figure 1-1.

1-10. SPECIFICATIONS

VOLTAGE RANGES
1 mV, 10 mV, 100 mV, 1V, 10V, 100V
(1000V with 5205A Power Amplifier)

Overrange
20% on all ranges (120V maximum)
(1100V with 5205A Power Amplifier)

Range Limits
10% to 120% (100 uV and above)

Resolution
0.0001% of Range (1 nV on 1-mV range)

1-2

EQUIPMENT DIMENSIONS

FREQUENCY RANGES
100 Hz, 1 kHz, 10 kHz, 100 kHz, 1 MHz

Overrange
20% on all ranges (1.2 MHz maximum)

Range Limits
10% to 120% (10 Hz and above)

Resolution
0.01% of Range (.01 Hz on 100-Hz Range)

+0.1% of Range (100 kHz Range)
+1.0% of Range (1MHz Range)
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ACCURACY
(for 90 days, 23 +5°C, after
1-hour warmup.)

Amplitude
10 Hz to 30 Hz

+ (0.1% of setting +0.005% of range)
1, 10, 100 volt ranges.

+ (0.1% of setting +10 uV
1, 10, 100 millivolt ranges.
30 Hz to 20 kHz
+ (0.02% of setting +0.002% of range)
1, 10, 100 volt ranges.
+ (0.02% of setting +10 uV)
1, 10, 100 millivolt ranges.
20 kHz to 100 kHz
+ (0.05% of setting +0.005% of range)
1, 10, 100 volt ranges
+ (0.05% of setting +20 uV
1, 10, 100 millivolt ranges.
0.1 MHz to 1 MHz/
+ (0.33% of setting +0.03% of range)
1, 10, 100 volt ranges. '

+ (0.33% of setting +30 uV)

1, 10, 100 millivolt ranges.
Frequency ‘
100-Hz to 100-kHz Ranges +({1% of setting
+0.1% of range)

1-MHz Range +(3% of setting

+0.3% of range)

SHORT TERM AMPLITUDE STABILITY
1-mV to 100V Ranges:

The change in rms value will be less than
(0.007% of setting + 0.0003% of range)
p-p for the 1 kHz thru 1 MHz ranges and
(0.007% of setting + 0.004% of range)
p-p for the 100 Hz range over a ten
minute interval.

LONG TERM AMPLITUDE STABILITY
(At Constant Line, Load and Temperature)

+0.005% of setting for 24 hours
+0.01% of setting for 6 months

FREQUENCY STABILITY

+0.05% for 24 hours

+0.1% for 6 months

I NOTE: on ImV range, at output frequencies above

100 kHz, specifications apply for measuring instru-
ments with bandwidths less than 2 MHz.

5200A

AMPLITUDE LIMITS WITH TEMPERATURE
(0° to 18°C and 28°C to 50°C)

Add +(0.025 x accuracy) per °C to stated accuracy limits

FREQUENCY LIMITS WITH TEMPERATURE
(0° to 18°C and 28°C to 50°C)

Add +(0.025 of setting) per °C to stated accuracy limits

MAXIMUM OUTPUT CURRENT (For Rated Accuracy)
50 mA rms from 10% to 120% of range

NOTE: Min. Load impedance for specified accuracy:

1-, 10-, 100-mV Ranges. . . 6kS2
1V Range . 5082 above
.1 MHz

CURRENT LIMIT
The output is protected against overloads and short

circuits by a current limiter.* Upon removal of the over-
load, the output will recover automatically.

*NOTE:  See MAX. INDUCTIVE LOAD.
MAXIMUM CAPACITIVE LOAD

1000 pF

MAXIMUM INDUCTIVE LOAD

Maximum inductive current allowed is shown below.

g

3 8

S
o

MAX. INDUCTIVE CURRENT
N
=}

(% OF TOTAL LOAD CURRENT)

FREQUENCY (Hz)

The above limit does not restrict the use of precision induc-
tive dividers that have a maximum voltage limit of (0.35 x
frequency) or higher.
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MAXIMUM OUTPUT VOLTAGE

120V rms, up to 83.33 kHz. Beyond that, maximum out-
put voltage decreases as frequency increases. At highest
frequency (1.2 MHz), maximum output voltage is 8.33V
rms. Maximum volt-hertz product is 1.0 x 107 or 1.0 x
107 x (Voltage Range/10), whichever is less (See graph
below).

83.33kHz

120V

1.2 MHz

—8.33V

VOLTS RMS
°

FREQUENCY (Hz)

RESPONSE TIME

For any programmed amplitude, the output voltage and fre-
quency will settle to within 0.01% of change as follows:

10Hz-30Hz 4 to 15 seconds
30 Hz - 100 Hz 4 seconds
100 Hz - 400 Hz 2 seconds
400 Hz - 1 MHz 1 second

The output will recover from short circuits and overload
conditions within the specified settling time.

*Typically below 0.5 seconds from 400 Hz to 1.2 MHz
except for frequency range changes.

TOTAL HARMONIC DISTORTION AND LINE RELATED
NOISE

(Bandwidth 10 Hz to 10 MHz) Effects of broadband noise
included in accuracy specification for both RMS and average
_responding instruments.

10 Hz to 100 kHz. 0.04% of setting +10 uV rms *1

100 kHz to 500 kHz . 0.3% of setting +30 uV rms

500 kHz to 1 MHz 1% of setting +30 uV rms

*For output currents exceeding 15 mA, see below:
tThe specification on the 1-Volt range between 10 Hz and

15 Hz is 0.08% of setting + 10uV rms.
20 kHz to 100 kHz

oo )5) ()]

V = volts, F=kHz, | =mA
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LOAD REGULATION (EXT. SENSE MODE)

0.005% of selected range, no load to full load, up to 10 kHz.
Beyond that, regulation is a function of both range and fre-
quency selected (See following graph).

z OS5 — — — —— —

o IOOVRANGE\

] 1V & 10V RANGES 1

< ol S -

5

3 005~

w

o

a o001} . _

<

o 0.005 | |

- T T T T T
10 100 1k 10k 100k ™

FREQUENCY (Hz)

NOTE: Output impedance on the 1-mV through 100-mV
ranges in less than 1.5S) in series with 1.5 uH.

LINE REGULATION
+0.001% of setting for a 10% change in line voltage.

EXTERNAL FREQUENCY PHASE LOCK INPUT

The oscillator of the 5200A has the capability of being
phased locked to an external signal. Phase lock accuracy is
+3° below 30 Hz, and +(1° +0.05° per kHz) over a +2%
band around the center frequency, (BNC connector on rear
panel). Inputis 1 volt to 10 volts rms (useable down to

100mV rms).

QUADRATURE OUTPUT

(Minimum Load Z =3 k)

Amplitude

10V rms +10% when 100% of range is selected. Quadrature

amplitude is proportional to the dialed output voltage from
10% to 100% of Range. (BNC connector on rear panel.)

Phase

90° +(1° + 0.03° per kHz), 40 Hz to 1.2 MHz.
90° + 3°, 10 Hz to 40 Hz

COUNTER OUTPUT

Auxiliary frequency counter output (BNC Connector) on
rear panel; 3V pulse, short circuit protected.



EXTERNAL SENSE

A two powition switch is provided to control Internal or
External Sensing on the 1V, 10V, and 100V ranges. When
in Remote Sense (1, 10 and 100V ranges) and the sense
leads are accidently disconnected, the output voltage will
not exceed the programmed setting by more than 2.0 volts.

VOLTAGE ERROR MEASUREMENT

0 to +0.3% with 0.001% resolution
0 to +3% with 0.01% resolution

An ""OFF'’ error switch position is provided to easily lock
out the error measurement function which is automatically
disabled in program mode.

OUTPUT TERMINALS

High, Low, High Sense, Low Sense, Guard, and Ground ter-
minals on front and rear panels. Front panel terminals are
five-way binding post. Rear panel terminals are pins of a
pcb card-edge connector, with mating connector supplied
(P/N 337675).

LOCAL/REMOTE OPERATION

Two-position CONTROL switch, interlocked with the op-
tional remote programming function. In the LOCAL pos-

ition, all control is implemented from the front panel switches.

In the REM position, control is obtained via the programm-

ing lines through a rear panel connector. When the REMOTE

function is called on the programming line, the 5200A will
be locked in the Remote condition (regardless of the posi-
tion of the CONTROL switch), disabling the error measure-
ment control and all other front panel controls except the
POWER switch. When the LOCAL function is called on
the programming line, the 5200A may be operated in either
the Local or the Remote condition, at the operator’s dis-
cretion.

SAFETY FEATURES

When the ac power is turned on, the instrument is automatic-

ally set to the Standby condition. When in Remote Sense
and the sense leads are accidentally disconnected, the out-
put voltage will not exceed 2.0 volts above the programmed
setting on the 1V thru 100V ranges. The 1 mV thru 100 mV
ranges are not affected.

CALIBRATION REQUIREMENTS

The 5200A is calibrated at the factory by instrumentation
traceable to the Naional Bureau of Standards. Periodic cali-
bration of the 1V, 10V, and 100V ranges may be accom-

5200A

plished through the use of a thermal transfer standard and a
precision dc source, such as the Fluke Models 540B and
332D. The accuracy on the 1-, 10-, and 100 mV ranges de-
pends on precision inductive dividers which are tested at
the factory with special verification equipment, and do not
require periodic adjustment. All other adjustments can be
made with general purpose laboratory equipment.

GENERAL
Input Power

100, 115, 200, 230V ac + 10% (switch selectable), 50 to
60 Hz (50-t0-400-Hz Option available, 150 VA.

Maximum Isolation Voltages

500V dc or peak ac, “’Guard”’ to ““Chassis’’
100V dc or peak ac, “'Lo" to ""Guard”

Dimensions
7” (178 mm) x 17" (432 mm) x 21.75"" (633 mm)

Weight
53 pounds (24 kg)

ENVIRONMENTAL

Cooling

Forced air cooled. Air intake through re-useable filter on
rear panel. Air exit along both sides,

Temperature

0°C to 50°C, operating
—40°C to +75°C, storage

Relative Humidity

0 to 80 percent (0°C to +40°C)
0 to 70 percent (+40°C to +50°C)

Shock

15G, 11-ms half-sine wave

Vibration

3.1G, 10 Hz to 55 Hz

Altitude

0 to 10,000 feet, operating
50,000 feet, non-operating

Protection Class 1 (relates solely to insulation and
grounding properties further defined in IEC 348.)

1-5/1-6






A Message From

John Fluke Mfg. Co., Inc.

@ static awareness

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

handling. This notice explains how you can

o minimize the chances of destroying such devices

by:
o
D , \ 1. Knowing that there is a problem.
2. Learning the guidelines for handling them.

3. Using the procedures, and packaging and
bench techniques that are recommended.

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

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

[

(

O 3. DISCHARGE PERSONAL STATIC
BEFORE HANDLING DEVICES

1. MINIMIZE HANDLING

\

2. KEEP PARTS IN ORIGINAL CONTAINERS
UNTIL READY FOR USE. 4. HANDLE S.S. DEVICES BY THE BODY

Page 1 of 2
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5. USE ANTI-STATIC CONTAINERS FOR
HANDLING AND TRANSPORT

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

7. AVOID PLASTIC, VINYL AND STYROFOAM®

IN WORK AREA

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

® Dow Chemical

Page 2 of 2

WHEN REMOVING PLUG-IN ASSEMBLIES,
HANDLE ONLY BY NON-CONDUCTIVE
EDGES AND NEVER TOUCH OPEN EDGE
CONNECTOR EXCEPT AT STATIC-FREE
WORK STATION. PLACING SHORTING
STRIPS ON EDGE CONNECTOR USUALLY
PROVIDES COMPLETE PROTECTION TO
INSTALLED SS DEVICES.

9.

10.

11.

\-

HANDLE S.S. DEVICES ONLY AT A
STATIC-FREE WORK STATION

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

ONLY GROUNDED TIP SOLDERING
IRONS SHOULD BE USED.

/

Ant

i-static bags, for storing S.S. devices or pcbs

with these devices on them, can be ordered from the

Joh

n Fluke Mfg. Co., Inc.. See section 5in any Fluke

technical manual for ordering instructions. Use the
following part numbers when ordering these special
bags.

John Fluke Part No.  Description
680892 5" x 8" Bag
680934 8" x 10" Bag
680942 8" x 12" Bag
680983 12" x 16" Bag
681023 18" x 18" Bag

Pink Poly Sheet Wrist Strap

30" x 60" x 60 Mil P/N TL6-60

P/N RC-AS-1200 $7.00

$20.00
J0089C-07U8412/SE EN Litho in U.S.A.
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Section 2

Operating Instructions

2-1. INTRODUCTION

2-2. This section contains information regarding install-
ation and operation of the Model 5200A AC Calibrator. It

is recommended that the contents of this section be read and

understood before any attempt is made to operate the cal-

ibrator. Should any difficulties arise during operation, please

contact your nearest John Fluke Sales Representative or the
John Fluke Mfg. Co., Inc., P.O. Box 43210, Mountlake
Terrace, WA 98043; telephone (206) 774-2211. A list of
Sales Representatives is located in Section 7 of this manual.

2-3. SHIPPING INFORMATION

2-4. The Model 5200A is packaged and shipped in a
foam-packed container. Upon receipt of the equipment, a
thorough inspection should be made to reveal any possible
shipping damage. Special instructions for inspection and
claims are included in the shipping carton.

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

26. INPUT POWER

2-7. The 5200A can be operated from a 100,a 115, a
200 or a 230V ac, 50 to 60 Hz, power line. (Installation of
the —02 option permits operation from a 400 Hz power

7/75

line.) Before connecting the equipment to primary power,
check and, if necessary, set the input power selection switch-
es as follows:

s

2-8.

2-9.

Remove the top dust cover.

Remove the inner cover located in the right
section (as viewed from the top front).

Locate the input power selection switches shown
in Figure 2-1.

Set the two slide switches to accomodate the local
line voltage. The different switch position com-
binations are printed on the printed circuit board.

Replace the inner and top dust covers.

Install the proper fuse (i.e. 1}4A slo-blo for 100
and 115 vac, and %A slo-blo for 200 Vac line
voltage) in the rear panel fuse holder.

RACK INSTALLATION

The 5200A is designed for bench-top use or for in-

stallation in a standard 19 inch equipment rack using the op-
tional Accessory Rack Mounting Kit (part number M07-205-
600). Accessory chassis slides (part number M00-208-610)
can also be installed to better facilitate access to the rack-
installed equipment. Information regarding installation of
the mounting accessories is given in Section 6, Rack Instal-
lation subsection. ’

21
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7 r s1 S2 s1 S2
] 100V o o [ o 200V
, || || o |||
| +— S2
I
/POWER //
TRANSFORMER |
(TOP VIEW)
O [ I (1=
115V 230V
— O @) O
_ NOTE: THE ABOVE DIAGRAM APPEARS ON
FRONT THE TRANSFORMER PCB JUST TO
THE LEFT OF THE SWITCHES.

Figure 2-1. INPUT POWER SELECTION SWITCHES, LOCATION AND POSITIONS.

2-10. OPERATING FEATURES are shown in Figure 2-2. The items shown are listed in
: numerical order in Table 2-1, together with the name and
2-11.  The front panel controls, indicators and terminals function of each.
1 2

17 16 15 14 13 12 1 10 9

Figure 2-2. FRONT PANEL CONTROLS, INDICATORS AND TERMINALS
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Table 2-1. FRONT PANEL CONTROLS, INDICATORS AND TERMINALS.
FIG. &
INDEX NAME FUNCTION
NO.
2-2,
1 VOLTAGE Selection Select desired calibrator output voltage (within range selected by VOLTAGE
Switches RANGE switch). Position of each switch is displayed in window above
switch; windows form a readout that displays selected voltage. Leftmost
switch has 11 positions (.1 thru 1.1 range) to provide 20% overrange; rest of
switches have 10 positions (0 thru 9).
2 FREQUENCY Selection Select desired calibrator output frequency (within range selected by FRE-
Switches QUENCY RANGE switch). Operation of switches in same as VOLTAGE
selection switches (direct readout of selected frequency, and 20% overrange
capability).

3 VOLTAGE RANGE Selects desired output voltage range. Controls decimal point location in

Switch VOLTAGE readout. Also controls prefix for unit of measurement (win-
dow to left of “V” will be blank or have the prefix “m’, depending upon
range selected).

4 FREQUENCY RANGE-Hz| Selects desired output frequency range. Controls decimal point location

Switch in FREQUENCY readout. Also controls prefix for unit of measurement
(window to left of “Hz” will be blank or have either “K" or "M for a
prefix, depending upon range selected).

5 VOLTAGE ERROR —% Enables voltage error measurement feature and selects multiplier for VER-

Switch NIER scale indication. When in X1 position, indication is read directly;
when in X.1 position, indication must be multiplied by 0.1 (divided by
10).
NOTE: If the switch is left in the error position the error selected by the
switch and dial positions are automatically entered on all outputs.
6 VERNIER Scale Indicates voltage error of instrument under test in percent of selected cali-
brator output, when voltage error measurement feature is enabled and instru-
ment under test is brought to proper indication by VERNIER + control.
Highest graduations are +3.0, subject to selected multiplier.
7 VERNIER + Control Adjusts output of calibrator up to +3% when voltage error measurement
feature is enabled, bringing instrument under test to proper indication, in
order to determine amount of voltage error.
8 SENSE HI, SENSE LO Provide front panel connection to sense inputs for external sensing (1V,
Terminals 10V and 100V ranges only).

9. OUTPUT HI, OUTPUT Provide front panel connection to calibrator output.
LO terminals

10 (Ground) Terminal Provides front panel connection to chassis, and to earth ground when power
= cord is properly connected. Refer to paragraph 2-30.

11 GUARD Terminal Provides front panel connection to internal guard shield and is used to re-

duce effects of common-mode voltages. Refer to paragraph 2-32.

2-3
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Table 2-1. FRONT PANEL CONTROLS, INDICATORS AND TERMINALS (Contd.)

FIG. &
INDEX NAME FUNCTION
NO.
2-2,
12 OVERLOAD Lights to indicate overloaded calibrator output, and remains lit until over-
Indicator load condition is removed.
13 SENSE Switch and Selects desired sensing mode:
Indicators

INT . . . . . . Enables internal sensing mode (local sens-
ing); sensing takes place at the output of
Attenuator Assembly, AG.

EXT . . . . . . Enables external sensing mode (remote
sensing); sensing takes place at load, when
sensing leads are connected between load
and SENSE terminals. (Can only be
selected on V ranges; on mV ranges, in-
ternal sensing is automatically selected.)

Indicator for selected sensing mode lights.

14 PHASE LOCK Switch Switches phase lock feature on and off. When in ON position, causes
and Indicator oscillator to phase-lock to external reference signal applied to appropriate
rear panel BNC connector. Refer also to paragraph 2-34. Indicator lights

when phase lock is switched on.

NOTE: If the PHASE LOCK Switch is ON and no phase reference signal is
present the output frequency will be at the lower end of the search
pattern.

15 CONTROL Switch Selects desired calibrator control mode:
and Indicators REM . . . . . . Places calibrator in remote control mode
by enabling remote interface (Option
—01) and inhibiting front panel controls,
except for POWER switch.

LOCAL . . . . . Places calibrator in local control mode by
enabling front panel controls.

Indicator for selected control mode lights.

16 MODE Switch and Selects the desired calibrator operating mode:
Indicators .

STDBY . . . . . Places calibrator in standby mode by re-
moving selected output voltage from out-
put terminals.

OPER . . . . . Places calibrator in normal operating mode.

If the 1000V range is selected but a 5205A
is not connected the mode switch will not
go into operate.
Indicator for selected operating mode lights.
NOTE!
The calibrator automatically reverts to standby after a
30 second warm-up delay when power is initially applied.
17 POWER Switch and Switches calibrator on and off. Indicator lights when power is switched on.
Indicator

2-4
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212. OPERATING NOTES

2-13.  The following paragraphs describe various condi-
tions which should be considered before operating the S200A.

2-14. AC Line Connection

2-15.  The input power cord plug is a three-prong
polarized connector which permits connection to any of
the power line voltages described in paragraph 2-6. Ensure
that the round pin is connected to a high quality earth
ground. The 5200A is energized by means of the front pan-
el POWER switch.

2-16. Load Connections

2-17.  Connection of the load (i.e. the voltmeter or other
device or system using the calibrator output) to the S200A
may be made at the front panel, or at either of two rear pan-
el connectors. The front panel connectors are shown in
Figure 2-2; the rear panel connectors are shown in Figure 2-3.

J31, ATTENUATOR (A6)
OUTPUT CONNECTOR
(TO EXTERNAL EQUIPMENT)

/
i
o4,
A" PHASE Lock
O INPUT
| J6s,
QUADRATURE
FAN ASSEMBLY O~ St
J66,
A~ COUNTER
O GUTPUT
\ AN
\

J81

J32, ATTENUATOR (A6
JENUATOR (26) RCU (A11) CONNECTOR

OUTPUT CONNECTOR
(TO 5205A ONLY) PART OF OPTION —01
Figure 2-3. REAR PANEL CONNECTORS
2-18. FRONT PANEL
2-19.  Front panel terminals permit connection of the

load in several different configurations as shown in Figures
24, 2-6 and 2-7. Figure 24 shows a simple load connection
with neither sensing or guarding (from common mode volt-
ages). Sense connections are described in paragraph 2-27
and guard connections are described in paragraph 2-31.
2-20. REARPANEL

2-21. A pair of printed circuit board edge connectors is
accessible through openings in the rear panel when the cover
plates are removed. The lower connector (shown in Figure
2-3) provides connection to the companion Model 5205A
Precision Power Amplifier as described in paragraph 2-22,

5200A

B O
LOAD
o
NOTE:  [SENSEJSWITCH IN THE[INT JPOSITION.

SIMPLE LOAD CONNECTION
(WITH INTERNAL SENSE).

Figure 2-4.

while the upper connector provides the calibrator output to
any other external equipment by means of a user-supplied
cable and a 5200A-4023 *(A6A1) connector assembly. The
pin assignments of the printed circuit board output connector
are shown in Figure 2-5 and should be referenced when con-
structing the interconnecting cable. If the guard feature is

to be used, the interconnecting eable must be shielded.

Refer also to the guard connection information contained

in paragraph 2-31, and the sense connection information
contained in paragraph 2-27.

*P/N 346577 (See A6AL1 Parts Listing).

2-22. Model 5200A to Power Amplifier
(5205A/5215A Connections)

2-23.  The 5200A AC Calibrator output can be extended
past its normal maximum 120V ac output by connecting

it to either of the Fluke precision amplifiers available.
Either the Model 5205A or Model 5215A can be connected
to the 5200A with the cable (Fluke Part Number 341560)
provided with the power amplifier. The cable mates to J32,
on the 5200A (see Figure 3-2) and the 25-pin connector on
the rear panel of the power amplifier marked 5200A.

2-24. Auxiliary Outputs

2-25.  The 5200A is equipped with a pair of auxiliary
outputs which appear at BNC connectors on the rear panel as
shown in Figure 2-3. The upper connector provides a sig-

nal which leads the fundamental (main) output by 90 de-
grees and which has an amplitude proportional to that of

the selected fundamental output. This output (quadrature)
has a maximum amplitude of 10V rms, +10% when the
VOLTAGE decade switches are set to 100 percent of any
selected amplitude range, and is reduced proportionally to
1V at the 10 percent setting.

2-26. A second auxiliary output provides a 3 volt pulse
signal for application to an external frequency counter. The
counter output is short-circuit protected and appears at a
BNC connector shown in Figure 2-3.

2-5
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30F29

J31, TO EXTERNAL —

EQUIPMENT
i FAN
= ASSEMBLY
0[] 2
32, TO 5205A/
ONLY
21
REAR PANEL
131 132
PIN NO. FUNCTION PIN NO. FUNCTION
) GUARD CONNECTION 1 5205A STANDBY STATUS
19 SENSE INPUT—LOW g 5235;\;%%“0'-
22 CALIBRATOR OUTPUT—LOW
27 SENSE INPUT—HIGH 117 ;gXSiUOP?I;;ATE COMMAND
29 CALIBRATOR OUTPUT—HIGH " S oMt
21 GUARD CONNECTION
23 5205A SENSE—HIGH
25 5205A INPUT—HIGH
27 5205A INPUT—LOW
29 5205A SENSE—LOW

2-6

Figure 2-6. CALIBRATOR OUTPUT CONNECTORS, PIN ASSIGNMENT




2-27. External (Remote) Sensing

2-28.  When aload is connected to the calibrator output,
and when the IR drop across the output leads is significant,
the rated accuracy of the calibrator is available at the load if
external sensing is used. High and low sense terminals and
connectors are provided for this purpose, on the front panel
output and on both of the rear panel outputs, and may be
used when operating in the 1V, 10V and 100V ranges only.
(Internal sensing is automatically selected on all three mV
ranges, regardless of the position of the SENSE switch.)
Polarities must be matched with the output terminals.
Figure 2-6 shows a typical calibrator output connection using
the external sense feature, but not the guard feature.

CAUTION!

When the external sense function is not being
used, the front panel SENSE switch must be
in the INT position in order to prevent higher-
than-selected output voltages.

2-29. Ground Connections

2-30. A ground terminal is provided at the front panel
output. The ground terminal is connected directly to the"
equipment chassis and to earth ground via the power cord.
Note that no connection to chassis is provided at the two
rear panel Attenuator output connectors.

2-31. Guard Connections

>
O—

3 Lomo

I

C,
>
oo
L] owma

Figure 2-6. EXTERNAL SENSE CONNECTIONS

5200A

2-32.  The calibrator is equipped with a guard shield that
isolates its internal circuitry from the chassis and earth
ground. Guard terminals and connectors are provided at
the front panel and both rear panel calibrator outputs, and
when used, greatly reduce errors caused by common-mode
voltages. A typical connection of a load to the calibrator

LOAD

®

L

Figure 2-7. GUARD CONNECTIONS

output using the guard and remote sense features is shown
in Figure 2-7.

2-33. External Frequency Input

2-34.  The output frequency of the 5200A can be phase-
locked to an external reference input signal if they are with-
in +2% of each other. The external reference signal should
be between 1V and 10V rms, sine wave or square wave. Con-
nection of the external reference signal is made to the cali-
brator by means of the BNC connector shown in Figure 2-3.

NOTE!

If the PHASE LOCK switch is ON and no phase
reference signal is present, the output frequency
will be at the lower end of the search pattern.

2-7
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2-35. Output Accuracy

2-36.  Following are some guidelines and comments that
should help the operator to achieve the best possible calibra-
tion results when using the 5200A.

2-37. ACCURACY VERSUS OUTPUT CONNECTIONS

2-38. The mV output ranges of the 5200A are derived
through precision step-down transformers from the 1V range,
where internal sensing at the input to the transformers is em-
ployed to ensure accuracy. These low-level outputs are float-
ing, with provision for guarding them from low-frequency
(power line, primarily) ground loop currents. Because of the
extremely low level of the mV outputs, and the fact that
external sense cannot be used, it is necessary to exercise
care when calibrating mV measuring instruments. Many of
these instruments are ac-line operated, and nearly all of the
broadband instrument inputs are referenced to chassis ground.
Generally speaking, the optimum connections for low-level
calibrations when using the mV ranges of the 5200A are as
shown in Figure 2-8.

2-39.  Due to the finite output impedance in the mV
ranges (< 1.5 in series with 1.5 uH), the 5200A accuracy is
specified for load impedances greater than 6 k€. A typical
millivoltmeter has an input resistance of 1 M£Q, in parallel
with about 30 pF . Below 100 kHz, up to 3 feet of coax
cable (RG-58) will not cause significant error. When opera-
ting on the 1 MHz range, at specifically 1 MHz, the 30 pF

of the millivoltmeter input alone represents 5-k€2 reactance.
Therefore, the length and type of connecting cable may sig-
nificantly affect accuracy at the higher frequencies.

2-41.  The 5200A amplitude accuracy statement refers in
all instances to the rms value of the output which is, ideally
a pure sine wave. The distortion and noise specifications
characterize the contaminants to the sine wave output in
the frequency band from 10 Hz to 10 MHz. Within this
band, the calibration of an rms-sensing meter is straightfor-
ward, and the output accuracy statement may be taken at
face value since it refers to the rms value. The mV outputs
of the 5200A, operating in the 1-MHz range, contain some
low energy noise with Fourier components above 10 MHz.
These are created by transients occuring for a very small
fraction of the period of the output waveform. Assuming
that these sources represent a 1 percent contribution (on a
continuous-sine-wave basis), it is apparent that the rms
output is affected less than 0.005%. (See Figure 2-9).

2-42.  Calibrating an average-responding, rms-indicating
meter in the presence of these low-energy components
presents no problem since they have such a low average
value referred to the period of the primary output wave-
form. Of more concern are the low-order harmonic com-
ponents; specifically, the odd harmonics, since even har-
monics are ignored by an average detector for the levels

to be discussed. Odd harmonics can cause reading errors
on average detecting instruments which are proportional

to (1/Harmonic No.) x rms value (Harmonic). (See Harmon-
ic 3 Figure 2-10 for multiplier.) Harmonics through the
9th are included in the distortion and noise specification
passband of 10 MHz for 5200A outputs up to 1 MHz. Effects
of the 11th and higher order elements (which are excluded
from the specification) are attenuated by more than 90 per-
cent of their respective rms values. Finally, since the tran-
sients appearing in the 5200A mV output occur near the

2-40. ACCURACY VERSUS DISTORTION AND sine wave zero crossing, they will have no effect on peak-
NOISE. detecting instruments.
SHIELDED, TWISTED-PAIR,
5200A LOW-CAPACITANCE CABLE mV MEASURING
7~ gty INSTRUMENT
H O— f—3+—0O
OUTPUT ! t b
LO O \\ P ? |\ ,, /Q —
cuarp O——~ v :
P }
|
NOTE: IF THIS COMMON-MODE SOURCE (*) IS TOO @ *
GREAT, IT MAY BE NECESSARY TO ISOLATE
THE LINE POWER INPUT OF THE MEASURING _L
INSTRUMENT. =

Figure 2-8: ACCURACY VERSUS OUTPUT CONNECTIONS
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Figure 2-10. ACCURACY VERSUS
LOW-ORDER ODD HARONICS

243. LOCAL OPERATION (MANUAL)
NOTE!

Ifit is desired, prior to operation of the calibra-
tor, to verify its performance against the specif-
ications listed in Section 1, refer to the calibra-
tion procedure presented in Section 4.

2-44. Turn-On Procedure

2-45.  Use of the following procedure is suggested for
initial turn-on of the equipment, and for familiarization with
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the controls and indicators. With reference to the previous
paragraphs, turn-on the 5200A as follows:

a. Ensure that the proper input power switching is
selected (Refer to paragraph 2-7).

b. Connect the calibrator to ac power.

c. Make all necessary load and sense connections.

d. Set the CONTROL switch to LOCAL.

e. Set the PHASE LOCK and SENSE switches as
required.

f. Set the POWER switch to ON. Observe that the

OVERLOAD lamp lights for five to ten seconds.

CAUTION!

If the OVERLOAD lamp remains lit for more
than 30 seconds, turn power off and refer to
the troubleshooting procedures presented in
Section 4.

g. Momentarily set the MODE switch to OPER to
energize the output.

NOTE!
The 52004 assumes the standby mode after a 30 second
warm-up delay when power is initially applied.

h. If it is desired to verify operation of the calibrator,
connect a suitable scope across the load and select
several values of frequency and amplitude while
observing the results on the scope.

2-46. Amplitude Selection

247. Manual amplitude selection of the calibrator out-
put is performed using the front panel VOLTAGE decade
switches shown in Figure 2-2. (The CONTROL switch must
be set to LOCAL in order to control the 5200A from the
front panel.) The minimum selectable output amplitude

is 100 uV rms. The maximum selectable output amplitude
is 119.9999V rms, or 1199.999V rms when used in conjunc-
tion with the 5205A Precision Power Amplifier. The VOLT-
AGE RANGE switch provides the necessary range selection.

2-48. Frequency Selection

249.  Manual frequency selection of the calibrator out-
put is performed using the front panel FREQUENCY de-
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cade switches shown in Figure 2-2. (The CONTROL switch
must be set to LOCAL in order to control the 5200A from
the front panel.) Five frequency ranges provide outputs of
10 Hz to 1.1999 MHz. The FREQUENCY RANGE - Hz
switch provides the necessary range selection. When used
with the 5205A Precision Power Amplifier, the output
signal meets specification only to 100 kHz.

NOTE!

If the PHASE LOCK switch is on and no phase
reference signal is present, the output frequency
will be at the lower extreme of the phase lock
capture range (typically 4% below the selected
output frequency ).

2-50. Voltage Error Measurement

2-51.  In the local mode of control (only), the 5200A
can be used to measure the amount of voltage error (ex-
pressed as a percentage of the output) present in a volt-
meter under calibration. To measure voltmeter error, pro-
ceed as follows:

a. Set the MODE switch to STDBY.
b. Set the VOLTAGE ERROR - % switch to X.1.
c. Set the VOLTAGE RANGE and the FREQUENCY

RANGE - Hz switches to the desired ranges.

d. Set the VOLTAGE and the FREQUENCY decade
switches to the desired values.

e. Connect the voltmeter under measurement to the
calibrator output using one of the previously de-
scribed methods of connection.

f. Select the proper voltage range on the voltmeter
to correspond with the calibrator output selected
in steps ¢ and d.

g. Set the MODE switch to OPER.

h. Adjust the VERNIER control to obtain an indica-
tion on the voltmeter that corresponds to the

selected calibrator output voltage. (If necessary,
set the VOLTAGE ERROR - % switch to X1.)

i Read the amount and polarity of voltmeter error
directly from the VERNIER scale.

j. Return the VOLTAGE ERROR - % switch to
OFF. ‘

2.52. REMOTE OPERATION

2-53.  Remote operation of the 5200A is controlled by
an external programming source when the calibrator is
equipped with the —01 Option. Refer to Section 6 of

this manual for remote programming information used with
this option.
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Section 3

Theory of Operation

3-1. INTRODUCTION

3-2. This section contains the theory of operation for
the Model 5200A. The theory is presented first in a simp-
lified block diagram description, followed by a functional
block diagram description, then in a schematic-level circuit
description. A complete set of schematic diagrams is
contained in Section 8 of this manual.

3-3. SIMPLIFIED BLOCK DIAGRAM
DESCRIPTION

3-4. The main function of the Model 5200A is to gen-
erate an ac voltage which can be precisely selected over wide
ranges of frequency and amplitude. (The accuracy and sta-
bility of the output voltage and frequency are listed in the
specifications contained in Section 1.) Output sensing of
the amplitude is provided, either at the load or the calibra-
tor output, so that the calibrator operates as a closed-loop
control system and provides accurate output voltages over

a wide range of loads and selected amplitudes.

3-5. A simplified block diagram of the 5200A is pre-
sented in Figure 3-1. The ac signal source is a double-in
tegrator type oscillator. The oscillator output is selectable
over a wide range of frequencies by means of the front
panel switches, and is fed to the input of a Power Ampli-
fier. The Power Amplifier provides the gain necessary to
accommodate the two higher amplitude ranges (not count-
ing the 1000V range), and feeds the Attenuator which ac-
commodates the four lower amplitude ranges. The Atten-
uator output connects the selected ac signal to the load,
which can be converted to either the front panel or the
rear panel connectors.

3-6. In order to maintain precise control of the output
amplitude, the calibrator operates as a closed-loop control
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system using output sense connections to complete the loop.
The sense connections are made at either the load or the
Attenuator output, and feed the sense signal back into the
calibrator via a high-impedance input within the AC-DC
Converter. The ac sense signal is converted to a proportional
dc value by a wideband rectifier contained in the AC-DC
Converter. The dc sense signal is then compared (summed)
with an amplitude reference voltage of the opposite polarity
and a difference (error) voltage is produced to adjust the
oscillator amplitude to the proper value.

3-7. The amplitude reference voltage is produced within
the calibrator as a result of the amplitude selector switch
settings. That is, the Reference Assembly interprets the set-
tings of the front panel amplitude switches and generates a
corresponding reference voltage. The reference voltage is
compared to the dc sense voltage and any error voltage pro-
duced by the integrator is fed to the Oscillator Control
Assembly. The Oscillator Control Assembly, in turn, uses
the error voltage (amplitude control voltage) to control
the amount of feedback voltage to the Oscillator.

3-8. The action of the described control loop is such
that when a different output amplitude is selected, a change
in amplitude reference voltage (produced by the Reference
Assembly) results. Since the sense input has not yet changed
and the dc sense voltage is compared with the changed amp-
litude reference voltage, a resulting amplitude control vol-
tage (error voltage) is fed to the Oscillator Control Assembly.
The Oscillator Control Assembly uses the amplitude control
voltage to adjust the oscillator amplitude in the proper direc-
tion. When the calibrator output reaches the selected ampli-
tude, the dc sense voltage (at the wideband rectifier output)
becomes balanced with the amplitude reference voltage, and
no error voltage is produced. At this point, the Oscillator
Control Assembly ceases to alter Oscillator amplitude.
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3-9. The Oscillator Control Assembly controls oscillator
amplitude over a 12:1 range. Amplitude range selection is
provided by the two selectable gain values of the Power
Amplifier and several settings of the attenuator. Frequency
and frequency range selection are made by switching selec-
ted values of R and C within the Oscillator. In addition, all
front panel amplitude and frequency selection switches
(except for the error measurement feature) can be dupli-
cated by a remote programming source when option —01 is
installed in the calibrator.

3-10. FUNCTIONAL BLOCK DIAGRAM

DESCRIPTION
3-11. Oscillator
3-12.  The heart of the 5200A is a double-integrator type,

RC oscillator contained in the Oscillator Assembly (A10)
and shown in Figure 3-2. (Figure 3-2 is a block diagram of
the 5200A which shows the functional elements.) The
Oscillator comprises a summing amplifier, a quadrature amp-
lifier, an oscillator amplifier and their associated resistors
and capacitors. The quadrature and oscillator amplifiers,

in conjunction with their frequency, select resistors and fre-

quency range select capacitors, form a pair of integrators,
each providing a phase shift of 90 degrees; or a total phase
shift of 180 degrees. The output of the oscillator ampli-
fier is fed back through a resistor (R1) into the summing
amplifier, which provides an additional 180 degrees of
phase shift by means of signal inversion. The result of
the combined phase shifts around the loop is approximate-
ly 360 degrees at all frequencies. As a result, the loop is
on the verge of sustaining oscillation at a frequency that
yields unity gain. It needs only the parallel, electronically
controlled feedback paths on the Oscillator Control pcb to
bring the combined loop phase shifts to exactly 360 de-
grees and thus sustain oscillation at the selected frequency.

3-13.  The oscillator frequency is controlled over a 12:1
range by switching values of the frequency select resistors
at the inputs of the quadrature and oscillator amplifiers.
The range of frequencies is controlled by the frequency
range select capacitors (located on the oscillator control
assembly) whose values are switched in accordance with
the desired frequency range. The switching of the oscilla-
tor frequency select resistors is accomplished entirely by
means of FET swtiches, and the switching of the frequen-
cy range capacitors is accomplished with reed relays. Both
are controlled by either the front panel switches or the Re-
mote Control Unit.

5200A

3-14. Power Amplifier Assembly

3-15.  The Power Amplifier accepts the 0.33 to 4.0V
mms output of the Oscillator and provides the gain neces-
sary to obtain attenuator inputs of 1.0 to 120V rms. The
Power Amplifier has two fixed gain settings of 3 and 30;
the latter is used only on the 100V range.

3-16.  As shown in Figure 3-2, the Oscillator output
signal is fed to the negative side of the Power Amplifier
input stage, while the positive side is connected to the
output of a low-drift dc amplifier. The purpose of the
low-drift dc amplifier is to compensate for any dc offset
voltages developed within the Power Amplifier, which re-
sult in an error at the output. Since the output is fed
back via R1/R2 and R4 to the dc amplifier, and the out-
put of the amplifier feeds the positive side of the input
stage, any dc voltage appearing at the Power Amplifier
output is compensated for. That is, any error on the nega-
tive side of the input stage is matched on the positive side
by the dc amplifier, resulting in a net dc error at the assem-
bly output of zero.

3-17.  The mid-stage of the Power Amplifier drops the dc
operating point of the amplified oscillator output to -190V
dc and provides voltage gain. The output stage operates in
conjunction with a bootstrap amplifier to produce the 1-to-
120V rms output to the attenuator. The function of the
bootstrap amplifier is to eliminate the need to connect the
output stage directly across the +190-volt and —190-volt
regulated supplies by allowing the stage to float between
these potentials. The low voltages produced by zener
diodes CR8 and CR9 provide the necessary collector vol-
tages for the output transistors, in place of the 190-volt
supplies.

3-18. Attenuator Assembly

3-19.  Since the output of the Power Amplifier is always
greater than 1V rms, the Attenuator is necessary in order to
obtain calibrator outputs in the range of 0.1 to 1000 mV
rms. Figure 3-2 shows that the Attenuator assembly inserts
a series of ratio transformers into the calibrator output
when operated in the 1-mV, 10-mV, 100-mV and 1V ranges.
For operation in the 10-volt and 100-volt ranges, the ratio
transformers are bypassed. When operating in the 100V
range, the Power Amplifier has a gain of 30 so that the in-
put to the Attenuator is in the range of 10 to 120V rms,
depending upon the front panel amplitude selection. For
all other amplitude ranges, the Power Amplifier has a gain
of 3, resulting in an Attenuator input of 1 to 12V rms.
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3-20.  Three ratio transformers are used to provide an
output for any of the four lower ranges that is flat over the
entire frequency range of the calibrator. The transformers
have a primary-to-(full) secondary step-down ratio of 10:1,
to accommodate the 1V range. The secondary winding of
each transformer is also tapped to provide step-down ratios
of 100:1, 1000:1 and 10,000:1 to accommodate the 100mV,
the 10mV and the ImV ranges, respectively. Switching
within the Attenuator selects the correct tap on the correct
transformer in accordance with the front panel amplitude
range selection, and connects that tap to the calibrator out-
put.

3-21.  The Attenuator also provides the necessary division
or attenuation of the sense input signal. When operating

in the 1-, 10- and 100-volt ranges, the sensing may be inter-
nal within the calibrator, or external at the load. In the
1-volt range, the sense signal is taken directly from the

load or calibrator output with no attenuation required for
application to the AC-DC Converter Assembly. In the
10-volt range, the sense signal is inductively divided by a
factor of 10; and in the 100-volt range, the sense signal is
resistively divided by a factor of 100.

3-22.  On the 1-, 10- and 100- millivolt ranges, sensing
is always internal and is derived from the ratio transformers
used in these ranges to step down the power amplifier out-
put to a level suitable for application to the AC-DC Conver-
ter. Since the ratio transformers are fixed, the outputs
which supply the sense signal are proportional to the amp-
litude of the calibrator output, and are in the range of 0.1
to 1.2V rms as required by the AC-DC Converter assembly.
External sensing cannot be provided in the three lowest
ranges due to the 0.1 to 1.2V rms sense input requirement
of the AC-DC Converter assembly.

3-23. AC-DC Converter Assembly

3-24.  The AC-DC Converter produces an amplitude con-
trol voltage for use by the Oscillator Control assembly,
which is derived from the sense signal input and a selected
reference input. (The reference input is produced as a re-
sult of front panel amplitude selection, and is described in
paragraph 3-34.) As shown in Figure 3-2, the 0.1 to 1.2V
rms sense signal is fed to the buffer amplifier within the
AC DC Converter. The buffer amplifier has a high impe-
dance input to minimize IR drop in the sense leads. The
output of the buffer amplifier is fed to a wideband rectifier
for conversion to a proportional dc value. The rectifieris

a multi-path operational amplifier which rolls off at 6 dB
per octave from 0.001 Hz to 150 MHz, and is equipped
with a pair of diodes in the feedback paths.
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3-25.  The dc output of the rectifier is summed with a
variable reference voltage (dc) produced by the Reference
assembly in accordance with the front panel amplitude se-
lection switches. The rectifier output is of the opposite
polarity to the variable reference, and when the two are

in the proper ratio to each other, the input to the high-gain
integrator amplifier is zero and the output is constant. If
either the dc sense signal or the variable reference voltage
changes value, the integrator amplifier output amplitude
control voltage changes accordingly, and the Oscillator
Control assembly, in turn, adjusts the amplitude of the
Oscillator in the proper direction and by the required
amount. In this manner, the servo action of the amplitude
control loop adjusts the Oscillator amplitude in response to
load changes and amplitude selection changes.

3-26. The input to the integrator is also directly affected by
selection of the amplitude least significant digit. Front pan-
el (or remote) selection of the least significant amplitude
digit adds or subtracts positive voltage to or from the inte-
grator input, resulting in an adjustment of amplitude con-
trol voltage. The other five amplitude digits adjust the os-
cillator control voltage by means of the Reference Assembly.

3-27. Oscillator Control Assembly

3-28.  The two main functions of the Oscillator Control
assembly are to adjust the amplitude of the Oscillator out-
putin accordance witha negative amplitude control voltage
from the AC-DC Converter, and to keep the Oscillator out-
put in phase with some external reference frequency when
that feature is used. Oscillator amplitude control is a func-
tion of feedback from the output of the quadrature ampli-
fier (contained in the Oscillator assembly) to the input of
the summing amplifier, effecting an adjustment in phase
shift around the loop to provide a means of oscillator amp-
litude adjustment.

3-29.  Asshown in Figure 3-2, the quadrature amplifier
output is fed from the Oscillator assembly to the y-input

of an analog multiplier (U3) contained in the Oscillator
Control assembly. The ouput of the multiplier is fed to

the input of the summing amplifier to control the oscilla-
tor output amplitude in accordance with the x-input of the
multiplier. The x-input of the multiplier (U3) is derived
from the negative amplitude control voltage (produced by
the AC-DC Converter) after comparison with the peak out-
put of the oscillator quadrature amplifier. The comparison
of the quadrature amplifier output to the amplitude control
voltage creates a secondary control loop, and is provided for
by a diode switch operated indirectly by the Oscillator out-
put signal.



3-30.  The Oscillator output signal is fed to a zero-cross-
ing detector. The zero-crossing detector operates to pro-
duce an output pulse whenever the Oscillator output passes
through zero while going from negative to positive (i. e.,
once each cycle). Since quadrature amplifier output is 90
degrees out of phase with the oscillator output, the zero
crossing pulses close the diode switch for a brief period of
time when the quadrature amplifier output is at its peak.
The quadrature amplifier output and the negative amplitude
control voltage (from the AC-DC Converter) are both fed

to the input of a dc amplifier preceding the diode switch.

As a result, the diode switch supplies a signal to the succeed-
ing integrator whenever the peak quadrature amplifier out-
put is different from the negative amplitude control voltage.
The integrator output is connected to the x-input of the ana-
log multiplier to control the amplitude of the oscillator
accordingly.

3-31.  The action of this secondary control loop is such
that any change in the amplitude control voltage causes an
output from the integrator next time the diode switch clos-
es. The integrator output causes the analog multiplier to
adjust the amplitude of the oscillator output in accordance
with the change in oscillator control voltage. This control
loop operates within the previously described main control
loop which employs the sense input and the AC-DC Conver-
ter assembly.

3-32.  The Oscillator Control assembly also provides for
the phase-lock feature of the calibrator. The external phase-
lock input is squared-up and applied to one input of a phase
detector. The second input of the phase detector is derived
from a one shot multivibrator triggered by the zero-crossing
detector. The one shot supplies a pulse to the phase detec-
tor which compares the phase relationship of the oscillator
output and the external phase-lock reference signal. The
phase detector produces an output proportional to their
difference, which is summed with the other inputs to the
summing amplifier. The phase detector provides a slight ad-
justment of oscillator loop gain, and thus provides a small
amount of frequency control.

3-33.  The action of the phase-lock loop is such that any
phase difference between the Oscillator output and phase-
lock reference input results in a proportional phase detector
output. The output of the phase detector is summed with
the other Oscillator inputs, and adjusts the total Oscillator
feedback by an amount necessary to bring about synchron-
ism with the reference phase lock input.

3-34. Reference Assembly

3-35.  The Reference Assembly receives the amplitude
selection information (except for the least significant digit)
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from the front panel switches (or from the Remote Control
Unit) and generates a corresponding dc reference voltage
used to control the calibrator output amplitude. The output
of the Reference assembly is referred to as the Variable Ref-
erence signal, and is fed to the AC-DC Converter where it is
compared with the rectified AC Sense signal to control the
Oscillator amplitude.

3-36.  To generate the Variable Reference signal, which
is proportional to the selected output amplitude, a 10-MHz
clock is employed to drive a digital counter. The counter
divides the clock signal by a factor of 1.3 x 10°, and all
counter outputs are fed (in parallel) to one set of inputs on
a digital comparator. The other set of inputs to the digital
comparator is supplied by the front panel switches (or by
the Remote Control Unit). The comparator accepts both
sets of inputs, and when the counter reaches the same state
as selected on the front panel amplitude switches, produces
a “compare” output. The compare output pulse sets a
flip-flop which by means of FET switches, removes the out-
put of a 7-volt reference supply from the input of a five-
pole, active filter, and replaces it with a ground.

3-37.  When the counter reaches full count and wraps
around to zero, a pulse is fed into the clear input of the flip-
flop. When the flip-flop is cleared, it changes state to open
the ground connection and connect the 7-volt reference
supply to the active filter. The result of the opening and
closing of the fet switches is the generation of dc pulses at
the active filter input. The duty cycle of the pulses is de-
termined by the timing of the compare signal, which is de-
termined by the setting of the front panel amplitude switch-
es. The active filter removes all ac components from this
pulse train, leaving a dc average voltage proportional to the
pulse duty cycle. The averaged dc voltage is applied to the
integrator within the AC-DC Converter.

3-38.  The Reference assemlby also provides the error
measurement feature. Error measurement is made by
slightly adjusting the 7-volt reference supply in either dir-
ection. Since the Variable Reference signal is derived from
the 7-volt supply, and also controls calibrator output amp-
litude, adjustment of the supply results in adjustment of
the calibrator output amplitude.

3-39. CIRCUIT DESCRIPTION

3-40. The following paragraphs present a circuit de-
scription of each pcb assembly within the 5200A. The
schematic diagrams referenced are located at the very back
of the manual. Without the Inverter Assembly (—03 Option).
the 5200A interfaces with external equipment on a nega-
tive-active basis. That is, a contact closure to ground is
required to activate a given function. With the Inverter
Assembly installed, interfacing is on a positive-active basis
(open contacts activate function). In either case, the system
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of logic notation employed throughout the schematics is
the standard, positive-true notation. That, the more posi-
tive of the two voltage levels (a high) represents the truth of
the signal name, the less positive (a low), the falseness of
that signal. Also, a bar over an expression represents the
word “not” placed before the expression (i.e., OP = not
operate).

3-41.  This system of positive-true logic notation is illus-
strated on the simplified schematic in Figure 3-3. When the
MODE switch (S14) is in the STDBY position, as shown,

the input line to inverter U2 will be low. The name of the
signal on this line is OP (operate). With the line low, this
expression (or signal name) is false. Since the operate con-
dition is false, the OPER indicator should be off, and the
STDBY indicator should be lit. An inspection of the sche-
matic will show that this is the case. If switch S14 were set
to OPER, the STDBY indicator would to out, and the OPER
indicator would light. The OP line would then be high, and
the expression OP (operate) would be true. At this same
time, the output of U2 is low. Therefore, the ex pression

on that line OP (not operate) would be false, implying that
the operate condition is true. Note that the signal name to
the right of jack J12H could just as well be STANDBY, since
“not operate” is the equivalent of “standby.”

342. Motherboard PCB Assembly, A2

3-43.  This assembly interconnects the other pcb’s of the
5200A (dwg No. 5200A-1010). It is located across the

15V

| OPER I

+3V i//" */}

J12H
OPERATE

Figure 3-3. LOGIC SIGNAL NOTATION
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front of the unit, just behind the Switch pcb assembly,

A3 (see Figure 5-1). The Motherboard assembly consists
of 8 female, 86-pin, card-edge connectors and 83 indivi-
dual male connector pins all mounted on a pcb. The 8-card-
edge connectors mate with pcb’s A5 through A12; the 83
connector pins mate with corresponding receptacles on pcb
A3. The 83 individual pins are divided into 8 groups. let-
tered A through F, H, and K. Each pin is uniquely desig-
nated, starting at the top of each group with P1, suffixed
with the group letter, and proceeding consecutively to the
bottom. For example, the fifth pin from the top in group
H is pin P5SH (mates with jack J5H on pcb A3).

344. Switch PCB Assembly, A3

3-45.  The Switch pcb assembly, A3, is located between
the front panel and the Motherboard assembly. (See Fig-
ure 5-1). This pcb contains the switch decks and the light-
emitting diodes (LED’s) for the front panel switches and
indicators, respectively. It also contains logic elements asso-
ciated with these switches and LEDs.

3-46.  (Refer to schematic diagram 5200A-1011.) When
dc power comes on, the ON indicator by the POWER switch
will light. Until sufficiently charged, capacitor C1 will place
alow on pin 13 of U2, initially placing the Mode flip-flop in
the Standby state (OP1, or “not operate 1 will go high, or
true). (Throughout the schematics, the numeral 1 following
an OP, an EXT SEN, or a PHASE LOCK signal, denotes the
signal as originating in the 5200A, while the numeral 2 de-
notes an external origin.) Should an overload occur, LIMIT
will go low at jack J12, lighting the OVERLOAD indicator.
CR43 and CR48 are connected as a wired OR circuit to
form the Interrupt Operate (INT OP) function. This circuit
acts to place the instrument into the STANDBY condition
at power-off and during frequency range switching. US on
the Power Supply Mother PCB acts as a 30 second turn on
delay. The switch PCB input on J19H will be high for approx-
imately 30 seconds after power is applied. This signal is in-
verted by U3 and connected to the Interrupt Operate Line
by CR48. U10 and CR43 will activate the Interrupt Operate
line during frequency range switching. U8 stores the range
setting. U7 detects changes and triggers U10. U8 is then
reset by a pulse from Ul1. Q18 on the Power Supply Mother
PCB acts as a power-off detector. The signal from Q18 is
connected to the Interrupt Operate line on the Mother PCB.

3-47. The CONTROL switch, S15, selects either local or
remote control for the 5200A. When S15 is set to REM, pin
6 of gate U2 goes high, disabling the MODE, the PHASE
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LOCK, and the SENSE switches. This high also turns off
transistor Q1, disabling the FREQUENCY decade switches’
and the VOLTAGE (least significant digit) decade switch.
(The rest of the VOLTAGE decade switches are disabled by
using the low from switch S15 through jack J10C to inhibit
their signals at the RCU Gating circuits on the Reference
Supply Assembly, A12.) The high out of U2-6is also ap-
plied to input D of bed-to-decimal converters U4 and

US5. This causes outputs O through 7 to be held high, allow-
ing no decimal point LED to light. The high out of U2-6 is
inverted to a low at pins 8, 4, and 10 of three U3 inverters.
The low out of pin 8 inhibits the three Ul and the three U6
gates, thus disabling the FREQUENCY RANGE —Hz and
the VOLTAGE RANGE switches, respectively. The low
out of pin 4 of U3 turns off transistor Q2, de-energizing
relay K1, and thus disabling the VOLTAGE ERROR - %
switch. The low out of pin 10 of U3 turns on the REM in-
dicator and holds the Mode flip-flop in the Standby state.
All of the foregoing conditions will be true regardless of the
position of the CONTROL switch if an external program-
ming source has activated the Remote function. The CON-
TROL switch would be overridden by a low at jack J1C
(RCU REMOTE, or ““ not RCU remote”, would be false).

3-48.  When the 5200A is in theRemote mode of control
(whether locally or remotely selected), and there are no
(other) external commands, the STDBY and the INT indi-
cators will be lit, and the ON indicator by the PHASE LOCK
switch will be out. Externally programmed commands may
alter any of these three conditions. An external contact clo-
sure to ground may be applied, by way of the Remote Con-
trol Unit pcb, Al1, tojack J3C. This would have the same
effect on the 5200A as setting the PHASE LOCK switch to
ON when the CONTROL switch is set to LOCAL; the phase
lock ON indicator would light, and the phase lock feature
would be activated (PHASE LOCK, at jack J1E, would be
false). Similarly, a ground applied by way of Al1 to pin

54 of connector P30 (edge connector of pcb A6) would
cause jack J11H to go high, having the same effect as set-
ting the SENSE switch to INT while in the Local modeof
control; the INT indicator would go out and the EXT indi-
cator would light. Again similarly, a ground applied by way
of A11 to pin 30 of connector P30 would cause jack J17H
to go low, having the same effect as momentarily setting

the MODE switch to OPER while in the Local mode of
control; the STDBY indicator would go out, the OPER in-
dicator would light, and the 5200A would be placed into the
Operate mode. Note that the Mode flip-flop would be un-
affected, remaining locked in the Standby state by the low
state of pin U3-10. The output of this flip-flop is by-passed
by the external Operate command, which is applied to the
5200A downstream of the flip-flop.
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3-49.  When the CONTROL switch is set to LOCAL, and
jack J1C is high (RCU REMOTE, or “not RCU remote”, is
true), pin 6 of gate U2 goes low. This low enables the
MODE, the PHASE LOCK, and the SENSE switches. It also
turns on transistor Q1, enabling the FREQUENCY decade
switches and the least significant digit of the VOLTAGE de-
cade switches. (The rest of the VOLTAGE decade switches
are enabled by using the high from switch S15 through jack
J10C to enable their signals at the RCU gating circuits on
pcb A12). The low out of U2-6 applied to input D of U4
and of U5 enables them to output a unique low at outputs
0 through 7 in response to the inputs at A through C, light-
ing the proper decimal point for the selected range. The
three U6 and three Ul gates that feed the A through C inputs
of U4 and of U5, respectively, will be enabled by the high
out of pin 8 of U3. The high out of pin 4 of U3 will turn
on transistor Q2, which will energize relay K1 to enable the
VOLTAGE ERROR - % switch, S8. The high out of pin 10
of U3 will unlock the Mode flip-flop, allowing it to respond
to the MODE switch.

3-50.  Signals from the VOLTAGE RANGE switch are
routed to the Attenuator Assembly, A6, by way of Jacks
J16H, J14H, and J15H. External voltage range signals exit
by the same jacks, after entering A3 by way of J9C, J7C,
and J8C, respectively. Signals from the FREQUENCY
RANGE - Hz switch are also routed to A6, by way of jacks
JOH, J8H, and J13H, and to the Oscillator Control Assem-
bly, A9, by way of jacks J4E, J3E, and J2E. External fre-
quency range signals exit the same jacks, after entering A3
by way of jacks J5C, J4C, and J6C, respectively. (The
group M jacks are not used.) Amplitude control signals
from VOLTAGE decade switches S1 through S5 are routed
by way of group B jacks to the Reference Assembly A12;
those from S6, by way of group F jacks to the AC-DC Con-
verter Assembly, A9. Frequency control signals are routed
by way of group C and Group D jacks to the Oscillator As-
sembly, A10. (The group L and group M jacks are not used.)

351. Power Supply Assembly, A5 (AbA1, ABA2,
and ABA3)

3-52.  The Power Supply Assembly supplies all of the dc
operating voltages for the rest of the 5200A. It consists of
a Power Supply Motherboard assembly; AS, a Power Sup-
ply assembly; A5A1, a Power Supply Regulator assembly;
AS5A2, and a Power Supply Transformer assembly; ASA3.
The Power Supply Motherboard assembly, AS, mates with
J20 on the 5200A Motherboard assembly; A2. The other
three power supply assemblies mate with connectors on AS.
All four of the foregoing assemblies are shown on a single
schematic diagram: (5200A-1020). The Power Supply As-
sembly is divided into four functional supplies, each having



special properties. Of all the four supplies, one is outside
the guard, the other three, inside. Of the three inside the
guard, one is floated (referenced to the SENSE LO termi-
nal), one is referenced to the OUTPUT LO terminal, and
the third provides two levels of high voltage for the Power
Amplifier circuits.

3-53.  The outside supply is so designated because it is
the only one of the four that is outside the guard and is
used to supply circuits that are also outside. It is located
on pcb ASA1 (lower left corner of schematic). The output
voltages from this supply are identified by “(0)” following
the voltage; such as +5V (O). The letter “O” is also used to
distinguish the circuit return symbol for this supply from
that of the other supplies.

3-54.  The output voltages and circuit return symbol for
the floated supply (upper right corner of schematic) are
similarly identified with the letter “F”. This supply is ref-
erenced to the SENSE LO terminal and is used primarily

in circuits having to do with amplitude control (AC-DC Con-
verter and Reference Supply). The floated supply occupies
part of pcb ASA2.

3-55.  The other part of pcb ASA2 holds the supply (low-
er right comner of schematic), that is referenced to the OUT-
PUT LO terminal. The voltages for this supply are identified
by the absence of any special marking, but the circuit re-
turn symbol is identified by the letter ”L”. This supply pro-
vides the voltages for the bulk of the circuits inside the guard.

3-56.  The last of the four supplies (right center of sche-
matic) is located directly on pcb AS, and provides the oper-
ating voltages for the output stage of the Power Amplifier,
A7. The +190V RAW and —190V RAW voltages are ac-
tually approximately +240V and —240V, respectively. They
are identified as 190V merely because they are the raw volt-
ages that are regulated to 190V on the Power Amplifier pcb.

357. Attenuator Assembly, A6

3-58. The Attenuator assembly has two main functions;
to attenuate the output of the Power Amplifier assembly (A7)
on the 1V and the 1-, 10- and 100-mV ranges, and to provide
a proper level of AC Sense signal back to the AC-DC Conver-
ter assembly (A8). Both the output and the AC Sense signals
are routed within the assembly by means of relays. The re-
lays'are controlled by logic circuits that detect the various
combinations of selected voltage and frequency ranges, and
Sense and Mode commands. Table 3-1 lists the relay paths
for both types of signals during Operate mode for each com-
bination of voltage and frequency range. For internal sensing,
relay K3 on Switch PCB Assembly is included in the sense
path for the 100V, 10V and 1V ranges.
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3-59.  The attenuation of the output signal is accomplished
by one of three precision, ratio transformers; T1, T2 or T3,
depending on the selected frequency range. (See schematic
diagram 5200A-1030, sheet 1). When either the 100V or the
10V range is selected, the output signal is applied directly to
the front and the rear attenuator output connectors by relay
K1 (no attenuation takes place). However, when the 1V
range or any of the three mV ranges are selected, relay K1

is open, and relay K34 applies the output signal to one of the
three transformers by way of relay K4, K5 or K6. The se-
lected frequency range determines which of the three relays
is closed (in addition to K34), and therefore, which of the
three transformers is used. (On the schematic diagram, all
relay contacts are marked with the conditions required to
close them. For all other conditions, the contacts are open).

3-60. In order to provide the AC-DC Converter with the
same level of AC Sense signal (0.1 to 1.2V rms) no matter
what the selected voltage range, the Sense signal is attenuated
on the 100V and the 10V ranges, fed straight through on the
1V range, and taken directly from the secondary of the ap-
plicable transformer on all three mV ranges. The attenuation
on the 100V range is accomplished by a resistor voltage di-
vider consisting of resistors R8, R9 and R10. Resistor R9

is a potentiometer used for calibration purposes. Capacitor
C3 is variable to provide calibration of the divider on the
1-MHz frequency range. On the 10V range, the Sense signal
is attenuated by the primary of the applicable transformer.
The transformers are not being used for output signal at-
tenuation on the 10V range, so the primaries are used as
inductive voltage dividers. The Sense signal is applied to

the primary by section A of relay K10, K12 or K14, as
applicable, and the attenuated Sense signal is picked off by
section B of the relay.

3-61. The foregoing is true only for the Operate mode.
When the MODE switch is set to STDBY, relays K1 and K15
through K26 cannot be energized. (Refer to sheet 2 of
5200A-1030.) Whenever input D of decoder U10 is high,

as it is during Standby mode, outputs O through 7 are held
high. Logic signals F through N (outputs 0 through 7 inver-
ted) are held low, inhibiting the drive gates for K1 and K15-
26. Whichever of these relays are closed during Operate
mode, will open when the unit is placed into Standby mode,
thereby removing the output voltage from the OUTPUT HI
terminal(and the corresponding pin of the rear output con-
nector).

3-62.  Also during the Standby mode, a substitute AC
Sense signal to the AC DC Converter is provided to main-
tain balance in the amplitude control loop. With the output
voltage removed from the output line, there can be no vol-
tage on the sense line, and the AC Sense signal must come
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Table 3-1. ATTENUATOR PCB, SIGNAL PATH SUMMARY

SIG
RANGE TYPE 100 Hz & 1 kHz ll 10 kHz & 100 kHz ll 1 MHz
K34 —K3A
1000V *
s K3B —— K32
K1
100V
s (R9—s) K27
0 K1
10V
s K8—»K10—K32 “ K8 —+K12—»K32 " K8—» K14—>K32
" K34 — Kd—s K15 —K2 II K34—sK5—sK19—s K2 " K34—sK6—>K23—K2
s K8 —»K7—»K32
100 mV K16 K20 K24
10mvV 0 K34—aKd—| K17 |ok2 K34—K5 |K21 [»k2 K34—sK6—| K25 |+K2
TmV K18 K22 K26
———————
mV (all) st K9—»K32 K11—K32 K13—sK32

* Used only in conjunction with Model 5205A Power Amplifier.

T Internal sensing only, on all mV ranges, from secondary of xfmrs.

by another route. (Refer to sheet 1 of 5200A-1030.) In
Standby mode, relays K32 and K34 close regardless of the
position of the VOLTAGE RANGE switch. Also, depend-
ing on the position of the FREQUENCY RANGE-Hz switch
one of the following pairs of relays closes: K4, K9;K5,K11
or K6, K13. This established a path for the output of the
Power Amplifier to be attenuated by factor of 10 (step-
down ratio of transformers, primary to full secondary)

and fed to the AC-DC Converter as the AC Sense signal.
The output of the Power Amplfifier in Standby mode is
the same as it would be in Operate mode for any range
other than 100V. The output range of the Power Ampli-
fier is controlled by a signal from pin 2 of U10 (sheet 2).
Pin 2 of U10 is held high in Standby mode, regardless of
the voltage range selected. Further, in Standby mode, pin
2 of NAND gate U17 goes low, inhibiting the selection of
external sensing. The INT indicator will light, and the
EXT indicator will be out, regardless of the position of the
SENSE switch.

3-63.  When a Model 5205A Precision Power Amplifier is
used in conjunction with the 52004, its operation is con-
trolled through the 5200A. When the 1000Vrange is se-
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lected, and the 5200A is placed into the Operate mode,
pins 8, 10 and 12 of U11 are a’: high. This causes pin 2
of U9 to go low, activating the S205A.

3-64. Power Amplifier Assembly, A7

3-65.  The function of the Power Amplifier assembly is to
amplify the output of the Oscillator assembly to a voltage
level adequate to feed the OUTPUT terminals on either the
100V or the 10V range. (The voltage level obtained for the
10V range is also obtained on the four lowest ranges, but at-
tenuated to the desired range by assembly A6.) The gain of
the Power Amplifier is fixed at 3 for all ranges except the
100V range. For the 100V range, the gain is fixed at 30
(Operate mode only; the gain reverts to 3 in Standby mode.)
Gain switching is accomplished by relays K1 and K2, (see
schematic diagram 5200A-1040) The relays are controlled
by a signal from the logic circuits of the Attenuator assem-
bly, applied to pin 29 of card connector P40. When the
signal is low, K1 opens, and K2 closes. This alters the over-
all and the input-stage feedback resistances, respectively,
and fixes the gain of the Power Amplifier at 30. The only
time the signal or pin 29 is low is when both the 100V range
and the Operate mode are selected.



3-66. The input stage of the Power Amplifier consists of
transistors Q1 through Q9 and their related components.
The input stage is a differential, voltage-to-current amplifier.
The positive (reference) input to this amplifier is the out-
put of a low-drift dc amplifier (U1). Amplifier U1 monitors
the feedback to the input stage from the output stage. Any
error in the dc level of the output signal fed back to the
signal input (negative side) of the input stage, is detected

by Ul, which compensates by altering the dc level of the
reference input (positive side). This control loop locks the
output of the Power Amplifier to a dc level of O volts, pre-
venting drift during operation. During calibration, this
output dc level is set to zero, as required, by adjusting po-
tentiometer R6.

3-67.  The mid-stage amplifier consists of transistors Q34
through Q37 and Q15, and their related components. The
mid-stage is a current-to-voltage amplifier. Transistors Q34
through Q37 provide current gain, while Q15, in a common-
base configuration, provides high voltage gain.

3-68.  The output stage of the Power Amplifier consists
of transistors Q14, Q17, Q18 and Q20 through Q23 and
their related components. This stageis a complementary
emitter-follower bootstrap amplifier. Transistors Q21

and Q22, in Darlington configurations with Q17 and Q18,
respectively, provide on-off control for power transistors
Q20 and Q23, respectively. Transistors Q17 and Q18 are
driven by Q15 of the mid-stage amplifier. Transistor Q14,
together with current source diode CR17, provides the
potential differential for the bases of Q17 and Q18 that

is necessary for smooth transition of the output waveform
at the zero-crossing point. The bootstrap effect is provided
by zener diodes CR8 and CR9. These two diodes maintain
a potential difference of 20V (nominal) between the bases
of the power transistors (Q20, Q23) while those bases are
swinging through approximately 340V ac, peak-to-peak.

3-69. Transistor Q23, shown on the schematic as a single
transistor, is actually a multiple transistor assembly. The
transistors are a matched set, making the assembly non-re-
pairable. Hence, it is treated as a single, replaceable transis-
tor.

3-70.  Operating power for the output stage is provided

by two voltage regulators supplied with raw voltage from
assembly AS. The +190V regulator consists of series-pass
transistors Q25 and Q26, control transistor Q28, and sensing
divider R48/R49. The —190V regulator consists of series-
pass transistors Q31 and Q32, differential control transistors
Q29 and Q30, and sensing divider R55/R53. The expression,
“+190V RAW” literally means, *“the raw input voltage for
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the +190V regulator”; the dc value of that raw input vol-
tage is actually approximately +240V. Similarly, “~190V
RAW” is approximately —240V dc.

3-71.  Overload detection begins with transistors Q24
and Q19. As current drawn from the —190V regulator,
through resistor R61, increases, the current through Q19 in-
creases, decreasing current through Q24. This makes the
collector of Q24 (—190V LIMIT) increasingly positive.
When —190V LIMIT becomes positive enough , with re-
spect to —190V REGULATED, transistors Q11 will be
turned on. This will turn on Q12, which will turn on Q13.
Transistor Q13 will apply a low to pins 12 and 13 of NAND
gate U12, and pins 35 and 25 of connector P40 will go high
and low, respectively. These two signals are used by assem-
bly A8 to place the 5200A into the Limit mode of opera-
tion. Also, the low at pin 25 is used to light the OVER-
LOAD indicator.

372. AC-DC Converter Assembly, A8

3-73.  The function of the AC-DC Converter assembly is
to rectify the AC Sense signal, compare it to the Variable
Reference signal, and develop an Amplitude Control signal
(error voltage) directly related to the comparison. The com-
parison takes place in a summing junction, at the input to a
dc operational amplifier (see schematic diagram 5200A-
1050, sheet 1). The summing junction is fed on one side by
the Variable Reference signal from the Reference assembly
(A12) and on the other side by the parallel outputs of a
buffer amplifier and a rectifier amplifier. These latter two
outputs are derived from the AC Sense signal from the
Attenuator assembly (A6).

3-74.  The output of the buffer amplifier is a sine wave,
equal in amplitude, but 180 degrees out of phase to the in-
put signal (see Figure 3-4, A and B). The buffer amplifier
output is fed to the summing junction through resistor R36,
and to the rectifier amplifier. The output of the rectifier
amplifier is also a sine-wave of equal amplitude, shifted a-
nother 180 degrees. Only the negative half-cycles of this
output (C) are fed to the summing junction, through diode
CR10 and resistor R37. The net result of these two signals
being mixed in the summing junction is a full-wave-rectified
pulsating dc voltage (D). When the AC Sense signal and the
variable Reference signal are in the proper balance, that is,
when all of the current supplied to the summing junc tion
by the positive Variable Reference voltage is drawn by the
outputs of the two amplifier, the summing junction poten-
tial will be at virtual circuit-commen potential, (the pul-
sating dc voltage will be centered around zero volts) and no
error voltage will be developed at the converter output (pin
55 of P50). When more current is drawn, or when less
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Figure 34. AC SENSE SIGNAL PROCESSING

current is drawn, through R36 and R37 than is supplied by
R35, the difference is supplied or drawn, respectively, through
a summing junction voltage divider (four series resistor pairs
in parallel: R48/R49, R51/R52, R54/R55 and R57/R58)

to circuit common. This alters the dc potential of the sum-
ming junction, and an error voltage is produced at pin 55.

3-75.  Also affecting the current supplied to the summing
junction, is a resistor-switching circuit (lower left quadrant

of the schematic) connected to the junction voltage divider.
The resistors (R47, R50, R53, and R56) are switched by
FET’s into any of 10 possible combinations, corresponding
to the 10 positions of the rightmost VOLTAGE decade
switch (least significant digit). This resistor-switching cir-
cuit is connected between the junctions of the voltage divider
resistor pairs and +15V (F) dc. With the decade switch set to 0,
all four FET’s are open, and no current is supplied by the cir-
cuit. As the switch is rotated from 1 to 9, current in digitally
increasing increments, is supplied. These amounts of current
are small but discrete (approximately 7uA on position 1

to approximately 70 uA on position 9), creating small im-
balances in the amplitude control loop that can only be
cancelled by small, corresponding increases in the output
voltage.

3-76.  The pulsating dc signal at the summing junction is
applied to one side of an operational amplifier (A8A1, pin 1)
This amplifier is referenced to circuit common through pin 2
and resistor R60. (Potentiometer R63 and the three asso-
ciated resistors R59, R61 and R62, provide a means of pre-
cise zero-adjusting during calibration.) The amplifier feeds
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output transistor Q24 (an emitter follower). The pulsating
dc at the summing junction appears at the emitter of Q24,
but is filtered at the output by resistor R75 and an active
filter U2. Feedback for the operational amplifier is provided

by capacitor C25 on the 100 Hz range, and by C26 for the
other four ranges.

3-77.  Should an overload condition be detected, a Limit
signal and its complement would be generated on the Power
Amplifier assembly (A7) and applied to the AC-DC Conver-
ter assembly (pins 18 and 12 of P50 would go high and low,
respectively). Relay K4 would open, removing the AC
Sense signal from the input of the buffer amplifier. Relay
K3 would close, replacing the AC Sense signal with the out-
put the oscillator amplifier (attenuated by divider R85-R86
to the approximate value of the normal AC Sense signal).
This is to maintain stability in the amplitude control loop
during overload conditions. It should be noted that voltage
is not removed from the OUTPUT HI terminal during a
Limit (overload) condition, as it is during Standby mode.

3-78. Oscillator Control Assembly, A9

3-79.  The Oscillator Control assembly has a number of
functions. The primary function of the assembly is to com-
pare the amplitude control voltage to the positive peaks of
the quadrature oscillator output and, as required, provide a
correcting input current for the summing amplifier. Second-
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ary among the functions is the locking of the Oscillator fre-
quency to an externally supplied frequency when the Phase
Lock feature is on. (The external frequency must be within
2 percent nominal of the 5200A selected frequency for
phase lock to be achieved.) Other functions are: to translate
Frequency Range signals for Oscillator range control, to
amplify the output of the quadrature amplifier for applica-
tion to rear panel BNC connector J65, and to provide the
Counter output to rear panel BNC connector J66.

3-80.  Control of the Oscillator output amplitude starts
with detection of the positive slope zero crossings of the
oscillator amplifier output by amplifier Ul (sheet 2). The
output of Ul is used to trigger the timing one shots U2A
and U2B. The Q output of U2A is used, in turn, to trigger
one shots U1l1, U15A and U15B. The duration of each
one shot and the frequency ranges for which they are en-
abled are shown in Table 3-2. (The enabling signals come
from IC gate pack U4 on sheet 1.) The 6output of the five
one shots are connected to the switch driver circuit (Q9
through Q11) through an AND gate consisting of diodes
CR16, CR17,CR64, CR65 and CR67. This AND gate is
used to perform the OR function for low inputs). The
switch driver circuit will be controlled by the longest-dura-
tion pulse applied to the gate. While the input is low, the
switch driver will close” the diode switch, consisting of
diodes CR9 through CR12. During this time, :t'he output
of the dc amplfiier, which is fed by the Amplitude Control
voltage from A8, is connected to the input of the integra- -
tor. The integrator in turn feeds the +x input of multiplier
U3. The +Yinput is being fed by the output of the Quadra-
ture amplifier from pcb A8. If the positive peaks of the
quadrature amplifier and the Amplitude Control voltage
are not in balance, U3 will provide a correcting input cur-
rent to the summing amplifier on pcb A8.

3-81.  In order for the integrator to operate properly over
the entire bandwidth of the 5200A, external RC feedback
paths are switched in and out, depending on the frequency
range selected. The switching is performed by FET’s Q29-
31 and Q4. These FET’s are controlled by BCD-to-decimal
converter U5 (sheet 1) through drive transistors Q14-16,
and Q25.

3-82.  The high-frequency roll off compensator (sheet 2)
slightly increases overall Oscillator gain at high frequencies

to compensate for intrinsic deficiencies in the three amplifier
stages of the Oscillator. It acts as an electronically variable re-
sistor in parallel with feedback resistor R1 on the Oscillator
pcb.

3-83.  Phase locking starts when an external frequency is
squared, by amplifier U7 (sheet 3) and applied to phase de-

tector U6. Zero-Crossing pulses from the timing one-shots
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are also applied to U6. The phase and frequency differences
are detected by U6, which applies a correspondingly offset
ac signal to be applied to amplifier U8. The output of U8
feeds the —y input of multiplier U9; the +x input is fed by
the output of the oscillator amplifier, on pcb A8. The amp-
lified offset signal will upset the balance between the —y
and the +x inputs, and U9 will apply a correcting input cur-
rent to the summing amplifier on pcb A8. This is, of course,
provided that the PHASE LOCK switch is set to ON, ener-
gizing relay K5. When the phase and the frequency of the
Oscillator, represented by the Zero-Crossing pulses, are the
same as those of the external frequency, no offset will be
introduced to the input of U8, and no correcting input cur-
rent will be supplied to the summing amplfiier.

3-84.  In order for amplifier U8 to operate properly over
the entire bandwidth of the 5200A, external RC feedback
paths are switched in and out, depending on the frequency
range selected. The switching is performed by FET’s Q20-
23). These FET’s are also controlled by BCD-to-decimal
converter U5 (sheet 1) through drive transistors Q14-16 and
Q25, as are the FET switches for the amplitude control cir-
cuit integrator.

3-85.  The frequency range of the Oscillator assembly is
determined by the selection of feedback capacitors for the
quadrature and the oscillator amplifiers. The capacitors for
the three lower ranges are located here on the Oscillator
Control assembly (sheet 1). The relays that switch the ca-
pacitors in and out of the oscillator circuits are controlled
by the same circuit that controls the selection of feedback
capacitors for amplifier U8 in the phase-lock circuit. Relays
K1, K2 and K3, normally open, close for the 100-Hz, 1-kHz
and 10-kHz ranges, respectively. Feedback capacitors for
the two higher frequency ranges are located on the Oscilla-
tor pchb.

3-86.  Rear panel BNC connector J65 (QUADRATURE
OUT) is fed by amplifier U14 (sheet 1). Amplifier Ul14

is fed by the quadrature amplifier (A10A2) and has a gain
of 3. The output of Ul4 is a sine wave with an amplitude
of 1V to 12V rms, depending on the settings of the VOL-
TAGE decade switches, no matter which voltage range is
selected.

NOTE

The quadrature output has a minimum im-
pedance specification of 3 kS. Therefore,
Lead length from J65 to external equipment
becomes critical at the higher frequencies.
At 1 MHz, the distributed capacity along a
coaxial lead greater than 1 food in length,
could overload the quadrature output.

3-15
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3-87.  Rear panel BNC connector J66 (COUNTER OUT)

is fed by pin 6 of gate U13 (sheet 2). This signal is the com-
plement of the longest of the three negative-going pulses ap-
plied to U13 from the timing one shot circuit.

3-88. Oscillator Assembly, A10

3-89.  The function of the Oscillator assembly is to pro-
vide a sine wave, 0.3V to 4.0V rms in amplitude and from
10 Hz to 1.2 MHz in frequency, to the input of the Power
Amplifier assembly, A7.

3-90.  The Oscillator is the double-integrator type. (Refer
to schematic diagram 5200A-1070.) Each of the two inte-
grators (A2 and A3) has five separate capacitive feedback
paths (two on this pcb, three on the A9 pcb) that can be
switched in and out of the circuit to change the frequency
range of the oscillator. The switching is by means of relays,
which are operator-controlled by means of the FREQUENCY
RANGE-Hz switch. Table 3-2 shows the relay configuration
for each selected frequency. For all four relays, section A
applies to the quadrature amplifier; section B, to the oscil-
lator amplifier. Relay A10K1 is held closed on all ranges
except 1 MHz. The extra capacitance it provides on the

three lower ranges offsets the slight isolation of the range-
select capacitors on the A9 pcb caused by the distributed
inductance of the traces to those capacitors.

Table 3-2. FREQUENCY RANGE RELAYS

RELAY
RANGE A9IK1 A9K2 A9K3 A10K1
100 Hz Cc (0] 0] c
1 kHz 0] Cc 0] c
10 kHz (0] 0] C C
100 kHz (0] (0] 0] c
1 MHz 0] 0 0] 0]

C = Closed; O = Open

3-91.  The frequency of the Oscillator, within the selected
range, is determined by the net value of resistance between
amplifier stages. There are 16 separate resistor paths between
amplifiers A1 and A2 and an identical circuit between amp-
lifiers A2 and A3. These resistor paths are switched in and
out of the Oscillator circuits by FET’s Q18 through Q49.
The FET’s are driven by 16 drive transistors (Q1 through
Q17; Q4 not used) in response to the FREQUENCY decade
switches. Each drive transistor drives two FET’s, one from
each interstage resistor circuit. Each group of four drive
transistors and their associated FET’s translates the position
of one of the four FREQUENCY decade switches on an
8-4-2-1, binary code basis.

3-16

392, Reference Assembly, A12

3-93.  The function of the Reference assembly is to pro-
vide a Variable Reference voltage, proportional to the set-
tings of the VOLTAGE decade switches, for use by the AC-
DC Converter for amplitude control. This Variable Refer-
ence voltage is the positive dc output of a five-pole active
filter. The input to the filter is alternately switched back
and forth from circuit common to +7V dc. The duty cycle
of the +7V portion of the filter input is controlled by the
selected-amplitude information from the VOLTAGE de-
cade switches (or from the RCU, as applicable).

3-94.  The selected-amplitude information is applied to
the RCU gating circuits (see schematic diagram 5200A-
1090, sheet 2). The signal on pin 53 of P90 determines
which set of amplitude information is gated to the com-
parator. When pin 53 is high, the information from the
VOLTAGE switches is gated; when it is low, that from the
RCU is gated.

395.  The other side of the comparator is fed by a coun-
ter that is driven by a 10-MHz clock. Every 13 ms, the
counter increments from 00000 to 130000. The most
significant digit (U16) of the counter is monitored by a
NAND gate. When U16 reaches 13 (full count), normally
high pin 6 of gate U18 goes low. This low clears U16 and
pin 6 reverts to a high. This short-duration low from pin

6 pulses transformer T2.

396. The other side of T2 is fed by pin 8 of NAND gate
U18. This gate monitors the output of the comparator. As
the counter increments, there will be a 0.1-us period of
time (somewhere from 10000 to 119999, inclusive) when
the counter output is exactly the same as the selected-amp-
litude information.. During that period of time the outputs
of all the comparator gates will be high, and normally high
pin 8 of U18 will go low. This 0.1 -us low from pin 8 pulses
T2 in the opposite direction as pin 6.

3-97.  The two opposite-polarity pulses to T2, the first
when a compare is reached; the second when full count is
reached, are fed to a flip-flop inside the guard (see sheet 1).
The flip-flop drived FET’s Q9 and Q11, which control the
input to the five-pole filter. From a Full Count pulse to the
following Compare pulse, Q9 is on, Q11 is off, and +7V dc
is applied to the filter. From the Compare pulse to the fol-
lowing Full Count pulse, Q9 is off, Q11 is on, and circuit
common [ 15V (F) Return ] is applied to the filter. The re-
sulting output of the filter is a positive dc voltage proportion-
al to the settings of the VOLTAGE decade switches (except
for the rightmost switch), or to the remotely supplied amp-
litude control inputs, as applicable.
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Section 4

Maintenance

4-1. INTRODUCTION

4-2. This section contains information on General Main-
tenance, a Performance Verification test, a Calibration pro-
cedure and Troubleshooting information. The calibration
procedure should be performed on a periodic basis (90 days)
to detect the need for and to make required adjustments. The
performance verification test can be used upon receipt of the
5200A and any other time desired to verify the correct
operation of the equipment. The troubleshooting procedures
will aid in the isolation of a fault to a particular pcb assembly
and further, to a circuit or particular section of the pcb.

4-3. SERVICE INFORMATION

44, Each instrument that is manufactured by the John
Fluke Mfg. Co., Inc. is warranted for a period of one 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 world-wide locations.
A complete list of domestic service centers is located at the
front of this manual. Shipping information is given in
Section 2. If requested, an estimate will be provided to the
customer before any repair work is begun on instruments
that are beyond the warranty period.

46. GENERAL uMAINTENANCE
4-7. Cleaning Instructions
4.8. Periodically ( at least every 90 days) clean the

5200A to remove dust, grease and other contaminants using
the following procedure:

a. Insure power is removed from the 5200A.

b. Remove the top and bottom covers and the internal
top covers from the power supply and instru-
ment compartments.

c. Remove the air filter from the rear of the fan com-
partment. Clean the filter using either low pressure
clean dry air or a water and mild detergent solution.

d. Clean the interior of the 5200A using low-pressure
clean dry air er a vacuum cleaner.

e. If required, clean the pcb assemblies by spraying
them with anhydrous ethyl alcohol to loosen the
dirt and then remove it with low pressure clean
dry air. Allow at least six hours for drying time
before reapplying power to the S200A.

f. Clean the front panel and exterior surfaces with
anhydrous ethyl alcohol or a soft cloth dampened
with a mild solution of detergent and water.

4-9. Fuse Replacement

4-10.  Listed below are the correct replacements for the

Line Power Fuses. Use only the correct rating as a replacement,

dependent upon the supply voltage:

a. Line voltage 100 or 115 volts - MDX 13 amp
b. Line voltage 200 or 230 volts - MDX % amp
4-11. Line Voltage Selection

4-12.  The 5200A can operate from any one of four
possible line voltages. Selection between 100, 115, 200, or

4-1
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230 is performed by a combination of switch settings which
may be changed locally if required. The switches may be set
to the desired configuration using the procedure given in
Section 2 under the heading of Input Power.

4-13. Lamp Replacement

4-14.  The indicators on the 5200A are Light Emitting

Diodes (LEDs). If replacement is required, use the following

procedure:

a. Insure power is removed from the 5200A.

b. Remove the VERNIER control knob.

c. Remove, if installed, the shorting links on the front
output terminals.

d. Remove the top and bottom covers.

e. Remove the five screws under the side decals that
secure the front handles and front panel to the
mainframe.

f. The front panel is now free to be moved away from
the switch panel for access to the LEDS. The front
panel may be removed entirely if desired by removing
the wires from the pcb that bring the line voltage to
the power switch.

g. Remove the LEDs requiring replacement from the
extension sockets and replace.

h. After replacement reassemble the 5200A in reverse
order.

4-15. Access to the Mainframe PCB Assemblies

4-16.  Use the following procedure to gain access to the pcbs:

CAUTION

Voltages of +300 volts are present within the
instrument (Power Supply, Power Amp and
Front Motherboard) for up to two minutes
after power is removed from the system.
Extreme caution should be exercised any
time that the inner covers are removed from
the instrument for servicing.

(Location of the individual pcbs within the instrument com-
partment is illustrated in Figure 4-1.)

a.

b.

4-2

Insure power is removed from the 5200A.

Remove the top outer and inner covers from the
instrument.

e.
4-17.

4-18.

The desired pcb may be removed by grasping the
color-coded retainers and gently rocking the pcb
while moving it to the rear. Once the pcb is free
from the motherboard lift it out of the instrument
compartment. Both the pcb and its location in
the motherboard are color-coded for ease in re-
moval and replacement. Some pcbs have conhex
cable connectors which must be removed prior

to lifting the board free from the motherboard.

The two top inner covers have labeled adjustment
ports to facilitate the calibration procedure. All
calibration points but two power supply adjustments
can be reached through these ports. For trouble-
shooting the boards are removed from the mother-
board and installed on an optional extender board.
(A4)

Reverse the procedure to replace the boards.
Power Supply Motherboard Removal

To service the Power Supply Motherboard and its

unregulated voltage components use the following procedure:

a.

02

Insure power has been disconnected from the 5200A
for at least two minutes.

Remove the top outer and inner covers from the
instrument.

Remove the Attenuator pcb from the instrument.

Remove the two small power supply pcbs from the
power supply motherboard with a gentle rocking
motion and movement to the right.

Disconnect the Line Power plug from the Power
Supply Transformer board located on the top edge
of the pcb at the rear of the Power Supply com-
partment.

Remove the three hold down screws that connect

the Power Supply Motherboard bulkhead to the
bottom inner cover.

Carefully move the power supply motherboard bulk-
head with the transformer pcb still attached to the rear
with a gentle rocking motion. Once free, move the
front of the bulkhead toward the right side and forward
to remove the bulkhead and pcbs from the power supply
compartment.

Reverse the procedure to replace the boards.
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Figure 4-1. PCB ASSEMBLY LOCATIONS

4-19. Front Motherboard Removal

4-20.  The front motherboard may be removed using the
following procedure after all of the mainframe pcbs and the
power supply pcbs have been removed.

a. Set the opened 5200A upright with the Front
Panel down.
b. Remove the screws that fasten the motherboard

to the mainframe.

C.

Carefully lift the motherboard away from the main-
frame.

CAUTION

Long pins extend from the motherboard through
the mainframe and connect to the Switch pcb
assembly. Care must be used to insure that none
of these pins are bent or broken while handling
this péb.

Reverse the procedure to replace the motherboard.

4.3
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4-21. Access to the Switch PCB Assembly

4-22.  Use the following procedure for access to the switch
pcb assembly.

. a. Insure power is removed from the S200A.
b. Remove the VERNIER control knob.
c. Remove, if installed, the shorting links on the

front output terminals.
d. Remove the top and bottom covers.

e. Remove the five screws under the side decals that
secure the front handles to the front panel.

f. Move the front panel away to gain access to the
power switch pcb and disconnect the power wires
from it.

g. Remove the hardware holding the four metal covers

in place for access to the switches and the switch
assembly pcb.

h. Remove the ten screws securing the top
cover of the power supply section of .the
instrument and remove the cover.

i Unplug and remove the REG ASSY PCB
(the board closest to the front of the
instrument).

je Remove the three screws securing the

Vernier Assembly to the main chassis and
lower the assembly away from the chassis.
Unplug the three leads from the Vernier
Assy pot to the PCB.

k. Reverse the procedure to replace the
assembly PCB

CAUTION

Long pins connect the switch assembly pcb to
the motherboard through the mainframe. Care
must be used to insure that none of these pins
are bent or broken while handling this pcb.

44

4-23. PERFORMANCE VERIFICATION CHECKS

4-24. Introduction

4-25.  The following paragraphs contain a performance
verification procedure. These tests may be used as an
acceptance test upon original receipt of the equipment, to
verify calibration at any time prior to a scheduled calibra-
tion cycle or as an aid in troubleshooting.

4-26.  The test equipment required for the performance test
is listed in Table 4-1. If the recommended equipment is not
available replacements with equivelant specifications may be
used.

4-27.  Inaddition to the test equipment recommended in
Table 4-1, several accessory items are required to calibrate
and service the 5200A. With the exception of the extender
board, these are common items which may be easily ob-
tained or fabricated locally. These accessory items are listed
in Table 4-2.

Table 4-1. TEST EQUIPMENT

RECOMMENDED

TEST EQUIPMENT MODEL

Fluke Model 8600A
Fluke Model 5408 *
Fluke Model 343A
Fluke Model 931B
Fluke Model 887A

Digital Voltmeter

Thermal Transfer Standard

DC Voltage Calibrator

RMS Differential Voltmeter

Differential AC-DC Volt-
meter

Test Oscillator General Radio Model

1310A or Fluke Model

5200A

Phase Meter Wiltron Model 351 or
355

Wave Analyzer Hewlett-Packard
Model 310A

Fluke Model 1900A
Tektronix Model 7603
(with model 7A22 ver-
tical plug-in)

Variac

Frequency Counters
Oscilloscope (with sen-
sitive differential

plug-in)
Autotransformer

Distortion Analyzer HP 330 Series

* A Standards Lab calibration on the 540B is
required to give correction at 100 kHz to 100V
that are accurate within +/-0.02% or better.
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Table 4-2. TEST ACCESSORIES

ACCESSORY

USE

Extender Board

Coax Extension Cables (2 ea.)

Coax Test Cables (2 ea.)

Grounding Leads (2 ea.)

Twisted Pair Cable

Loads

Accessories

Used to gain access to pcb during troubleshooting. Available from John Fluke
Mfg. Co., Inc. Request 5200A-7015K Extender Board Kit.

Part of Extender Board Kit or can be fabricated from RG 187A/U, RG 188A/U
or equivalent. Make approximately 18 inches long with a conhex male connector
on one end and a female connector on the other. Used when pcb are on the ex-
tender board.

Fabricate from RG 58U or coax cable with a similar capacity per foot rating.
Each cable should be 12 inches long with a BNC male connector on one end

and a GR double banana plug on the other. These cables and a BNC “T"* are
used for voltage accuracy verification and calibration.

Standard leads with insulated alligator clips at each end. Used for proper
grounding during accuracy measurements.

Fabricate from twisted pair with foil or similar shielding. The cable should be
approximately three feet long. It should have two BNC male connectors on one
end with the shield connected to the BNC shell. The other end should have

the pair connected to the GR double banana and the shield connected to a GR
single banana plug. This cable is used for verification and calibration of the
millivolt levels.

Loads with the following values are required to check load regulation at various
levels. Placing each load across a GR double banana plug facilitates their use.

0 ohms (short) 20 ohms/1 watt 50 ohms/2 watts
200 ohms/2 watts 2K ohms/10 watts 593pF /100 volts

Standard adapters, connectors and cables as required.

4-28. Equipment Set-Up

4-30. Output Accuracy Test - Voltage Ranges

429. Perform the following procedure prior to beginning 4-31.  The output accuracy test may be performed by

any operation. The equipment should have a warm-up period
of at least one hour prior to performing any test.

either of two different methods. The first and preferred
method uses the thermal transfer method (Fluke Model
540B). The ASS Thermal Converters may also be used with

a. Insure that power is applied to the 5200A and the the transfer standard for increased accuracy if available.
POWER switch is ON. The second method requires a Certified AC Differential
Voltmeter (Fluke Model 931B) to perform the test.
b. Set the MODE switch to STDBY.
c. Set the CONTROL switch to LOCAL. 432.  THERMAL TRANSFER METHOD
d. Set the PHASE LOCK switch to OFF. 433.  Use the following procedure to perform the output
.. Set the SENSE switch to EXT. acc1.1racy test by the t‘hen.nal transfer method. Connect the
equipment as shown in Figure 4-2 to perform the test.
f. Set the VOLTAGE ERROR-% switch to OFF.
a. Insure the equipment set-up procedure in paragraph
g. Verify that only those indicators selected by the 4-28 has been performed.
listed switch settings, plus the decimal indicators
applicable for the voltage and frequency ranges b. Select the desired output voltage and frequency from
selected are illuminated. All other indicators, in- the 5200A. Suggested, representative voltage and
cluding OVERLOAD, should be extinguished. frequency combinations are given in Table 4-3.

45
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Figure 4-2. OUTPUT ACCURACY TEST EQUIPMENT CONFIGURATION
Table 4-3. OUTPUT VOLTAGE ACCURACY TEST TOLERANCES
VOLTS/RANGE
FREQ/RANGE 11 1/10 10/10 100/100
1kHz/1kHz +0.02% +0.04%* +0.02%" +0.02%*
20 kHz/100 kHz +0.02% +0.04% +0.02% +0.02%
100 kHz/100 kHz +0.05% +0.10% +0.05% +0.05%
1MHz/1MHz +0.33%" +0.66%* +0.33% NOT ALLOWED
* These points are adjusted during the calibration procedure.
CAUTION Care must be taken that the 931B is cycled through certifica-

tion often enough to verify its stability and repeatability. Use

Ensure that the selected 5200A output voltage and
the voltage rating of the thermal transfer standard

are the same before continuing. a.

c. Set the MODE switch to OPER. b.
d. Perform the transfer measurements. Refer to the

transfer standard instruction manual for the pro- C.

cedure for precision ac/dc transfer measurements.

e. Repeat step d for each desired voltage and frequency
combination. d

4-34. CERTIFIED AC DIFFERENTIAL VOLTMETER
METHOD e

4.35.  This method requires certifying an AC Differential
Voltmeter, such as the Fluke Model 931B, at the desired f.
voltage/frequency settings and using it as a Transfer Standard.

46

the following procedure to perform the Output Accuracy Test:

Connect the equipment as shown in Figure 4-3.

Insure the equipment set-up procedure in paragraph
4-28 has been performed.

Select the desired output voltage and frequency from
the 5200A. Suggested representative voltage and
frequency combinations are given in Tabel 4-3.

Set the MODE switch to OPER.

Perform the measurements using the AC Differen-
tial Voltmeter.

Repeat step e for each desired voltage and frequency
combination.



5200A

BNC "T"
AC DIFFERENTIAL VOLTMETER
5200A - 9318
2 um" 12" coax e}
=3
3 2 14
@ %] & jH' S
: ISOLATED FROM
GUARD O—-L0 POWER LINE GROUND
clip lead

Figure 4-3. OUTPUT ACCURACY ALTERNATE CONFIGURATION

4-36. Output Accuracy Test - Millivolt Ranges

4-37.  The 5200A millivolt accuracy depends primarily
on the linearity of the control loop and the ratio accuracy of
the attenuator transformers. The control loop linearity is
calibrated at full scale and one-tenth of full scale in the 10V
mode of operation. The source control loop levels are
maintained even in the millivolt range of operation, there-
fore the millivolt output depends primarily on the accuracy
of the attenuator transformers and their related circuitry.
To test and verify these voltages care is required to insure
that ground, guard, shield, thermal, and line related currents
are not present, and that external rf radiations do not enter
into the measurement signal level.

4.38. The basic method used to verify the millivolt levels
is to ratio-down from ten-percent of full-scale on one range
to full scale on the next lower range. Voltage accuracy is
then the algebraic sum of all errors noted up to that measure-
ment level. The following procedure is recommended for use,
and if followed closely, will yield measurements that are sub-
stantially correct. It is recommended that the frequencies
used be selected according to the normal application of the
instrument.

NOTE!

This test assumes results of 1/10 and 10/10 col-
umns of Table 4-3 are sufficiently close to zero
error to be ignored, i.e. 1/4 or less of the appli-
cable tolerance for the point being measured in
Table 4-4. If required, adjustment per the ““Cali-
bration Procedures Section’’ is recommended to
minimize the 10:1 control loop non-linearity.

439.  Use the following procedure to perform the milli-
volt output accuracy test. (Use the specifications listed in
Table 4-4 and connect the equipment as shown in Figure 4-3.)

NOTE!
During the following tests always set the differ-
ential null meter to the lowest range that gives
an on-scale reading for a final null.

o

Insure the equipment set-up procedure in paragraph
4-28 has been performed.

Set the 5200A output to 100 mV (0.1 volt) on the
1 volt range. Set the frequency range for the de-
sired frequency (typically 1 kHz, 10 kHz, 100 kHz,
1 MHz, etc.).

Set the MODE switch to OPER.

Vary the ac differential voltmeter (931B) dial
settings to obtain a precise null. Do not change
the setting of the 931B voltage dials.

Set the 5200A output to 100 mV on the 100 mV
range. Remove the 12-inch coaxial cable from the
SENSE terminals of the 5200A and ac differential
voltmeter.

NOTE!

Internal sensing is automatic on the 52004 milli-
volt ranges.

Note and record the 931B null meter reading
in percent. The reading should not be greater
than the figure listed for the voltage/frequency
selected in Table 4-4.

Connect the equipment as shown in Figure 4-4 for
the remainder of the test.

Set the 5200A output to 10 mV on the 100 mV range.

Adjust the oscilloscope differential amplifier
for a gain of 100 (1 volt output) and the
ac differential voltmeter (931B) for a
precise null on the 1 volt range. Do not
change the test equipment settings until the
10 mV readings are complete.

Set the 5200A output to 10 mV on the 10 mV
range.

Record the null meter reading in percent. Alge-
braically add it to the reading of step f.

4.7
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Table 4-4. MILLIVOLT RANGES OUTPUT ACCURACY TESTS TOLERANCES

10Hz - 30Hz 30Hz - 20kHz 20kHz-100kHz 0.1MHz-1.0MHz
(0.1% + 10 uVv) (0.02% + 10 uV) (0.05% + 20 uV) (0.33% + 30uV)
Difference = A
100mV/1V range
+0.11% +0.03% +0.07% +0.36%

compared to
100mV/100mV range

Difference + A=B
10mV/100mV range +0.2% +0.12% +0.25% +0.63%
compared to

10mV/10mV range

Difference + B=C
1TmV/10mV range
compared to
TmV/1mV range

+1.1% +1.02% +2.05% +3.33%

An algebriac total must be calculated to verify the 1T0mV and TmV levels. Add the difference noted in the 100mV com-
parison to the difference noted in the 10mV comparison for a 10mV verification total. Further, add this 10mV verifica-
tion total to the TmV comparison difference for a ImV verification total. If the algebriac totals for each millivolt level

is significantly below the specification levels in this table the small error in linearity from full scale to tenth scale may be

ignored.
AC DIFFERENTIAL VOLTMETER
OSCILLOSCOPE 9318*
MAINFRAME *
[
5200A 5 4
& @ 7A22 _
> 3 P Vertical
o o ug-in . n ~
OHI S - Y
= = Output
GUARDQ |©  OLO (@) | coax
Shielded Twisted Pair
\ Clip Leads * Oscilloscope and AC
¢ 3’ APPROX » Differential Voltmeter should
I \\ | be isolated from the power line
T H oo BNC  ground.
l \\
GR BANANA PLUGS
Shielded Twisted Pair Cable Detail
Figure 4-4. OUTPUT ACCURACY MILLIVOLT CONFIGURATION
Record the result. It should not be greater than the m. Adjust the oscilloscope differential amplifier (7A22)
figure listed for the voltage/frequency selected in gain to 1,000 (1 volt output) and adjust the 931B for
Table 4-4. a precise null on the 1 volt range. Do not change
the test equipment settings until the 1 mV readings

L Set the 5200A output to 1 mV on the 10 mV range. are complete.
4-8



n. Set the 5200A output to 1 mV range.

Record the null meter reading in percent and alge-
braically add it to the result in step k and record.
The result should not be greater than the figure
listed for the voltage/frequency selected in Table
4-4,

NOTE!

The following procedure makes the assumption
that the tests in Table 4-3 were sufficiently
close to zero to ignore any errors; ie., less
than 25% of the allowable error at the testing
point. If the readings do not meet this four
to-one requirement perform the calibratior
procedure to obtain the desired accuracies.

The statement, “Do not change the equip-
ment setting”, does not apply to the null
range switch. Movement of this switch is
often required to obtain null meter readings.

4-40. Frequency Output Test

4-41.  The frequency accuracy of the 5200A may be veri-

fied using the following procedure.

a. Connect the frequency counter to the COUNTER
OUT connector (J66) at the rear of the 5200A.

b. Set the 5200A to the frequency and voltage desired.

Monitor the frequency counter for the selected fre-
quency within the tolerances listed in the specifica-
tions in Section 1.
NOTE!
A list of representative frequencies and their toler-
ances are given in Table 4-5.
4-42.  Connect an oscilloscope to the J66 connector at the
rear of the 5200A. The output should be at least 2.5 volts
peak-to-peak at all frequency ranges.

4-43. Distortion Tests

4-44,  Paragraph 4-45A tests harmonic distortion from
20 kHz to 400 kHz using a wave analyzer. Paragraph 4-45

Table 4-56. FREQUENCY ACCURACY TEST TOLERANCES

FREQUENCY SELECTED

RANGE FREQUENCY TOLERANCE

100 Hz 50 Hz +0.6 Hz
100 Hz +1.1Hz

1 kHz 0.5 kHz +0.006 kHz
1 kHz +0.011 kHz

10 kHz 5 kHz +0.06 kHz
10 kHz +0.11 kHz

100 kHz 50 kHz +0.6 kHz
100 kHz +1.1kHz

1 MHz 0.5 MHz +0.018 MHz
1 MHz +0.033 MHz

5200A

tests harmonic distortion from 10 Hz to 20 kHz using a
total distortion analyzer and filter network. Table 4-6

lists voltage levels and frequencies from 20 kHz to 400 kHz
which may be tested using either the wave analyzer or a
total distortion analyzer. If desired, a spectrum analyzer
may be used to test frequencies above 600 kHz using a
method similar to that detailed in paragraph 4-45A.

4-45.  The procedure to verify output frequencies less than
20 kHz is listed below. The filter shown is not required at
voltage outputs of 1V or greater on the 1 volt range, greater
than 5V on the 10 volt range, or at any higher range.

a. Insure that the equipment set-up procedure
in paragraph 4-38 has been performed.

b. Set the SENSE switch to INT.
c. Connect the equipment as shown in
Figure 4-4A.
NOTE!

Ground the 52004 at the power line. Connect
the power line ground and front panel ground
on the distortion analyzer as required to obtain
the lowest distortion reading.

d. Measure the distortion present at the frequencies
and voltage levels listed in Table 4-5A, verifying
that the measured distortion is less than the figure
shown in the maximum distortion column.

200 kHz LOW

PASS NETWORK|  piSTORTION

52004 8.2k, £5%, %w | ANALYZER
l— —oO
GUARD 0-0— -@_
100 pf MICA, £10% L=

(USE INT. SENSE)
Figure 4-4A. LOW FREQUENCY DISTORTION TESTS

Table 4-56A. LOW FREQUENCY DISTORTION TESTS

FREQUENCY|RANGE [VOLTAGE[RANGE|p,sToRTION
10 Hz 100 Hz | 0.3V 1V 0.081%
50 Hz 100 Hz | 0.3V 1V 0.041%
1 kHz 1 kHz 0.3v 1Y 0.041%
10 kHz |10 kHz | 0.3v 1 0.041%
20 kHz |100 kHzl 0.3V 1V 0.041%
10 Hz 100 Hz 1.0V 10V 0.041%
20 kHz [100 kHz| 1.0V 10V 0.041%

Remove Filter Network from Set-up
10 Hz 100 Hz 1.0V 1V 0.081%
20 kHz |100 kHz] 10.0V 10V 0.041%
20 kHz |100 kHz| 100.0V | 100V 0.041%
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445A. The procedure to verify the 20 kHz to 400 kHz area is
described below. To use either of the other methods refer to
the instruction manual for the test instrument selected.

a.

4-46.

4-47.

Insure the equipment set-up procedure in paragraph
4-28 has been performed.

Set the SENSE switch to INT.

Connect the 5200A output to the Wave Analyzer
input.

Set the 5200A output to the voltage and frequency
range desired.

Set the MODE switch to OPER.

Measure and record the reading on the wave analyzer
at the second and third harmonic of the selected
frequency.

Calculate the root mean square (the square root of
the sum of the squares) of the readings obtained
above and verify it is within the specifications
listed in Section 1 for the frequency and voltage
selected.

Apply a 50 mA load.

Repeat steps f and g above with the load applied.

NOTE!

Table 4-6 contains a list of representative
frequencies, voltages, loads and tolerances
for the Harmonic Distortion test.

Overload Test

The overload indicator illuminates when the output

load substantially exceeds the maximum specified 50 mA

‘load limit on the 1, 10 and 100-volt ranges. Use the follow-

ing procedure to perform the overload test:

a. Insure the equipment set-up procedure in paragraph
4-28 has been performed.

b. Set the 5200A output to 10 volts on the 10-volt
range.

c. Set the 5200A output to 1 kHz on the 1 kHz
range.

d. Connect a power-line grounded AC Differential Volt-

meter to the 5200A sense terminals using a 12 length
of coaxial cable. Use INT* sense. Connect the 5200A
OUTPUT LOW-TO-GUARD link.

*NOTE!

On older Phase One instruments built before 1974
generally having 5-digit serial numbers, it may be
necessary to use EXT sense and shorting bars be-
tween output and sense due to location of inter-

nal sense relay too far from output terminals.

€. Apply a 200-ohm, 2-watt carbon composition

resistor to the output terminals of the 5200A.

f. The output voltage should change less than +500
uV rms (+0.005%) for the applied 50 mA rms load.

g. Remove the 200-ohm resistor and apply a 50-ohm,
2-watt carbon composition resistor.

h. The overload indicator should light and the measured
output voltage should drop.

i Remove the 50-ohm resistor.

j- The overload indicator should go out and the measured
output voltage should return to its original reading.

Table 4-6. DISTORTION TEST SETTINGS AND TOLERANCES

FREQUENCY RANGE VOLTAGE RANGE LOAD VALUE NO LOAD FULL LOAD

20 kHz 100 kHz 1 volt 1 volt 20 ohms <0.041% <0.1%

50 kHz 100 kHz 1 volt 1 volt 20 ohms <0.041% <0.19%
100 kHz 100 kHz 1 volt 1 volt 20 ohms <0.041% <0.34%
20 kHz 100 kHz 10 volts 10 volts 200 ohms <0.041% < 0.046%
50 kHz 100 kHz 10 volts 10 volts 200 ohms <0.041% < 0.055%
100 kHz 100 kHz 10 volts 10 volts 200 ohms <0.041% <0.07%
400 kHz 1 MHz 10 volts 10 volts 200 ohms < 0.303% < 0.303%
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k. Repeat steps g through j substituting a shorting wire sibilities (100, 200 or 230) have been selec ted the
for the 50-ohm resistor. The results should be the figures listed as the basic +10% must be adjust-
same. ed accordingly.

448. Load Regulation Verification Test b. Insure the equipment set-up procedure in paragraph

4-28 has been performed.

449. Pferform the load regulation test using the following . Set the 5200A output to 10 volts on the 10-volt

procedure: range and 1 kHz on the 1 kHz range.

a. Connect the equipment as stated in step d of
paragraph 4-47. d. Connect the equipment as shown in Figure 4-3,

replacing the ac differential voltmeter (931B)

b. Insure the equipment set-up procedure in paragraph with a Fluke Model 887A AC-DC Differential
4-28 has been performed. Voltmeter.

c. Set the 5200A output to the voltage and frequency e. Set the MODE switch to OPER.
combmatlor?s desired for l?ad retgulatlon verification. £ Adjust the differential voltmeter for an ac null.
Representative values are listed in Table 4-7.

Lower the line voltage to 103 volts.
d. Set the MODE switch to OPER.
¢ h. The output voltage should not change more than

e. Obtain a null on the ac differential voltmeter (931B). +100uV.

f. Apply the required load to the 5200A OUTPUT ter- L Raise the line voltage to 127 volts.
minals. j. The output voltage should not change more than

+100 uV from the reading at 115 volts.

g. Note the reading on the ac differential voltmeter
(931B). After settling it must not have shifted 4-52. Phase Lock
more than allowed in the specifications in Section 1. 4 53 110 5200A Phase Lock circuitry may be checked

. i fi i :
4.50. Line Regulation Test using the following procedure
a. Insure the equipment set-up procedure in paragraph
4-51.  The 5200A line regulation may be checked using the 4-28 has been performed.
following procedure:
) ) b. Connect the 5200A OUTPUT terminals to one

a. Connect the 5200A to the input line voltage through channel of a dual channel oscilloscope.
an autotransformer. Adjust the autotransformer for
an input voltage of 115 volts AC. c. Connect the other channel of the oscilloscope to

NOTE a test oscillator.

This procedure is written on the assumption that d. Connect the test oscillator output to the S200A

the standard 115 volts has been selected as the PHASE LOCK input (J64) on the 5200A rear

input line voltage. If any of the other three pos- panel.

Table 4-7. LOAD REGULATION TEST VALUES AND TOLERANCES
VOLTAGE RANGE FREQUENCY RANGE LOAD TOLERANCE

1 volt 1 volt 20 kHz 100 kHz 20 ohms +0.006%
1 volt 1 volt 100 kHz 100 kHz 20 ohms +0.01%
1 volt 1 volt 1 MHz 1 MHz 50 ohms +0.1%
10 volts 10 volts 20 kHz 100 kHz 200 ohms +0.006%
10 volts 10 volts 100 kHz 100 kHz 200 ohms +0.01%
10 volts 10 volts 1 MHz 1 MHz 200 ohms +0.1%
100 volts 100 volts 20 kHz 100 kHz 2k ohms +0.006%
100 volts 100 volts 100 kHz 100 kHz 2k ohms +0.012%
60 volts 100 volts 0.2 MHz 1 MHz 593 pF +0.04%
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e. Obtain an output from the test oscillator of 10 volts
rms at 1 kHz.

f. Set the 5200A for an output of 10 volts at 1 kHz.

g. Set the oscilloscope to external trigger and the

input mode to chop. The two wave forms should
be displayed, out of phase with each other.

h. Set the PHASE LOCK switch to ON. The two
waveforms should come into sync on the display.

i Further verification of the phase lock operation
may be made by adjusting the 5200A frequency
to +2% of the test oscillator frequency. When
the PHASE LOCK switch is turned back ON sync
between the two waveforms should be restored.
Lock should occur at all 5200A output frequencies
as long as the 5200A and test oscillator frequencies
are within 2% of each other.

NOTE
If phase lock angles require verification use the
phase lock calibration procedures.

4-54. Quadrature Output Test

4-55.  The voltage level at the QUADRATURE OUT
(J65 on the rear panel) should vary from one to ten volts
+10%, as selected by the most significant digit of the volt-
age range. The following procedure verifies the amplitude
accuracy for the 1 MHz range: (Other frequency ranges
should be substantially better in output level flatness versus
frequency.)

a. Insure the equipment set-up procedure in paragraph
4-28 has been performed.
b. Set the 5200A output to 10 volts on the 10-volt

range and 1 MHz on the 1 MHz range.

c. Connect the ac differential voltmeter to the quad-
rature output using a 12-inch RG58U or equivalent
coaxial cable.

d. Set the MODE switch to OPER.
e. Obtain a 10% range null on the differential voltmeter.
f. Vary the frequency through the 1 MHz range. The

quadrature output should be 10 volts rms +10%
throughout the entire range.

g. Other frequency ranges, as desired, may be checked
in the same manner.

456. Voltage Error Control Test

4-57.  Use the following procedure to check the voltage
error control:

4-12

a. Insure the equipment set-up procedure in paragraph
4-28 has been performed.

b. Set the 5200A for an output of 10 volts on the )
10-volt range and 1 kHz on the 1 kHz range.

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

d. Set the MODE switch to OPER.

e. Obtain a null on the ac differential voltmeter (931B).

f. Set the VERNIER dial to 0 and the VOLTAGE
ERROR-% switch to X1.

g. The ac differential (93 1B) indication should not

change more than +0.01% (+1 mV).

h. Check the end point accruacy of the vernier by
setting the ac differential voltmeter (93 1B) dials
to 10.3XXX (ieast-significant digits are variable)
and the 5200A VERNIER dial to —3.0. The null
on the ac differential voltmeter (931B) should be
the same as in step g, +0.05%.

i Check the other end point accuracy by setting the
931B dials to 9.7XXX and the 5200 VERNIER
dial to +3.0. The null on the ac differential
voltmeter (931B) should again be the same as
in step g, +0.05%.

j. Repeat steps g through i with the VOLTAGE
ERROR-% switch in the X.1 position. The
tolerances increase to +0.001% and +0.005% for
steps g and h, i respectively.

458, CALIBRATION PROCEDURES
4-59. Introduction
4-60.  The 5200A Calibration procedure should be per-

formed at least every 90 days. Because of circuit interaction
it should be performed in the sequence given in the following
paragraphs. The recommended test equipment and accessor-
ies are listed in Tables 4-1 and 4-2. It is further recommended
that all adjustments be made with a small insulated blade
screwdriver.

NOTE

Prior to beginning the periodic calibration pro-
cedure it is recommended that the Cleaning
Instructions contained in paragraph 4-7 be per-

formed.
4-61. Equipment Preparation
4-62.  Prepare the equipment for calibration using the

following procedure:

a. Remove the top outer cover from the 5200A.



S

b. Remove the two inner covers to expose the pcbs.
c. Perform the equipment set-up procedure in
paragraph 4-28.
CAUTION!

Voltages of +300 volts are present within the instru-
ment (Power Supply, Power Amp and Front Mother-
board) for up to two minutes after power is re-
moved from the system. Extreme caution should

be exercised any time that the inner covers are
removed from the instrument for servicing.

4-63. Power Supply Calibration

4.64.  Use the following procedure to calibrate the Power
Supply: (Refer to Figure 4-5 for the test point locations

of the Power Supply Regulator and Power Amplifier PCB
Assemblies.)

a. Insure the equipment set-up procedure in paragraph
4-28 has been performed.
b. Connect a DVM to tp8 (HI) and tp5 (LO) on the

ASA2 Power Supply Regulator pcb assembly
(brown retainer pins).

c. Adjust R32 on the Power Supply Regulator for
a DVM reading of 15 +0.01Vdc.
d. Prepare the DVM to read +190 volts and move the

HI lead to tp3 on the A7 Power Amplifier pcb
assembly (yellow retainer pins).

e. The DVM should read at least +185 Vdc. If the
reading is less than +185Vdc readjust R32 on the
Power Supply Regulator for a minimum reading
of +185 volts at tp3. If the error is excessive (20%
or greater) the +190V power supply is defective.

4-65.

4-66.  Use the following procedure to calibrate the Power
Amplifier Bias: (Refer to Figure 4-5 for the test point and
adjustment locations on A7 Power Amplifier Assembly
(yellow retainer pins).)

Power Amplifier Bias Calibration

a. Insure the equipment set-up procedure in para-
graph 4-28 has been performed.

b. Replace the top inner covers. Secure the cover
over the power supply compartment only. Allow
the 5200A to operate with the covers in place for
at least 5 minutes before continuing.

c. Set the MODE switch to OPER and the SENSE
switch to INT.
CAUTION!

In the following step tp4 and tp5 are floating at
approximately +190 Vdc. Use a floating DVM

5200A

only. If the DVM has a guard it must be con-
nected to the low input terminal.

d. Remove the inner cover from the instrument
compartment and connect the DVM between
tpS (HI) and tp4 (LO) on the Power Amplifier.
The DVM should read between 0.34 and 0.36 Vdc.

e. If the reading is not within tolerance turn R26
(Bias Control) fully counter-clockwise for an
approximate voltage of 0.2 Vdc. Rotate R26
clockwise until the DVM reads between 0.34
and 0.36 Vdc.

4-67.

4.68.  The calibration procedure in the following six sub-
paragraphs (4-69 thru 4-74) are for circuits that do not
normally require calibration. However if the performance
test reveals an out of tolerance condition or a component
in one of the affected circuits is changed due to a failute
they should all be performed in the sequence given at this
time. Refer to Figure 4-5 for the test point and adjustment
locations on the A9 Oscillator Control pcb Assembly (blue
retainer pins) and the A10 Oscillator pcb Assembly (violet
retainer pins).

Special Calibrations

469. INTEGRATOR ZERO CALIBRATION

a. Insure the equipment set-up procedure in paragraph
4-28 has been performed.

b. Set the 5200A output to 1.19 volts on the 1-volt
range and to 10Hz on the 100Hz range.

c. Set the MODE switch to OPER and the SENSE
switch to INT.

d. Connect the DVM between tp1 (LO) on the oscillator

pcb and tp5 (HI) on the oscillator control pcb.
Connect a 10K-ohms resistor in series with the HI
lead of the DVM.

e. Adjust R110 on the oscillator control board for
a reading of 0 £10 mVdc.

4.70. HIGH FREQUENCY COMPENSATION CALIBRA-

TION

a. Insure the equipment set-up procedure in paragraph
4-28 has been performed.

b. Set the 5200A output to 10 volts on the 10 volt
range and to 1.1999MHz on the 1MHz range.

c. Set the MODE switch to OPER and the SENSE
switch to INT.

d. Connect a DVM between tp1 (LO) on the oscillator

pcb and tp6 (HI) on the oscillator control pcb. Con-
nect a 10K-ohm resistor in series with the HI lead
of the DVM.

4-13



5200A

TP7 (OSC) J51 (AC—DC) TP3 (PA) TP4 (PA) TP5 (PA)  R26 (PA)

R110 (OSC CTL)
C54 (0OSC CTL)

TP5 (OSC CTL)~
TP6 (0SC CTL)—1}

TP5 (Reg)

| _R32 (Reg)

‘)TP8 (Reg)

R2 (OscC)

TP1 (OSC)—— »

(Reg) Power Supply Regulator (0Ssc) Oscillator
(PA) Power Amplifier (OSC CTL) Oscillator Control
(AC-DC) AC-DC Converter

Figure 4-5. TEST POINT AND ADJUSTMENT LOCATIONS
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Figure 4-6. LABELED ADJUSTMENT PORTS
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4-71.

Adjust C54 on the oscillator control pcb for a read-
ing of 0 +200 mVdc.

FREQUENCY ACCURACY AND QUADRATURE
LEVEL CALIBRATION

NOTE

These procedures are combined because of the
interaction between the circuits.

Insure the equipment set-up procedure in paragraph
4-28 has been performed.

Set the 5200A output to 10 volts on the 10-volt
range and 1.0520 MHz on the 1 MHz range.

Install the instrument compartment inner cover
and secure it at one point front and rear.

NOTE

Adjustments may be made through the installed
cover at the labeled points, as shown in Figure 4-6.

4-16

Connect a frequency counter to the S200A at the
COUNTER OUT connector (J66) on the rear panel.

Connect an ac differential voltmeter (931B) to the
QUADRATURE OUT connector (J65) on the rear
panel with a 12-inch RG58U coaxial cable.

Set the MODE switch to OPER and the SENSE
switch to INT.

The frequency counter should read between 1.0420
and 1.0620 MHz and the quadrature level should be
between 9 and 11 volts.

If a frequency adjustment is required, adjust IMHz
A2 (C41) and 1MHz A3 (C45) equal amount in
the same direction until the frequency is within
tolerance.

If a quadrature level adjustment is required, adjust
1MHz A2 and 1MHz A3 equal amounts in opposite
directions until the level is within tolerance.

Set the 5200A output to 80kHz on the 100kHz range.

Adjust 100kHz (C42) for a frequency counter reading
between 79.6kHz and 80.4kHz.

PHASE LOCK CALIBRATION

Insure the equipment set-up procedure in paragraph
4-28 has been performed.

Set the S200A output to 10 volts on the 10-volt
range and 1kHz on the 1kHz range.

4-73.

o

Connect a test oscillator set to 10 volts rms at 1kHz
to the PHASE LOCK INP connector (J64) on the
5200A rear panel.

Connect two cables of the same length (approximately
2 feet) between the 5200A output and the E1 and
E2 inputs of the phase meter as shown in Figure 4-7.

Set the MODE switch to OPER and the SENSE
switch to INT.

Zero the phase meter.

Disconnect the 5200A output going to the phase
meter E1 input and move it to the PHASE LOCK
INP connector (J64).

Set the PHASE LOCK switch to ON.

Record the phase meter indication.

Set the 5200A output to 1 volt on the 10-volt range.

The phase meter should indicate the angle obtained
instepi +0.2 degrees. Adjust PHASE LOCK B
(R109, Oscillator Control pcb) if required.

Repeat steps i through k until the two readings are
within 0.2 degrees without making any adjustments.

Set the test oscillator output to 1 volt rms.

Set the 5200A output to 10 volts on the 10-volt
range.

Adjust PHASE LOCK A (R52, Oscillator Control
pcb) until the phase meter reads 0 +0.3 degrees.

Set the test oscillator output to 10 volts rms.

The phase meter reads 0 £0.3 degrees.

Repeats steps o through q until the two readings are
within 0.2 degrees without making any adjustments.

DISTORTION CALIBRATION

Insure the equipment set-up procedure in paragraph
4-28 has been performed.

Set the 5200A output to 10 volts on the 100-volt
range and 100 kHz on the 100 kHz range.

Remove the instrument compartment inner cover.

Set the MODE switch to OPER and the SENSE
switch to INT.

Recheck the Power Amplifier bias level. The pro-
cedure is detailed in paragraph 4-65.

Replace the instrument compartment inner cover.
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TEST OSCILLATOR PHASE METER
E1 E2
r——————— n—
| =
5200A S
| E 2
i J64 (rear) 8 uw
E J_E __E—O KOHI a
- o R) E1 and E2 Cables same

BNC Guard R Lo length for zeroing meter
‘lTI'

4.74.

Figure 4-7. PHASE LOCK CALIBRATION CONFIGURATION

Connect the wave analyzer to the 5200A output and
tune to the second harmonic, approximately 200 kHz,
of the input frequency.

Adjust OSC DIST (R31, Oscillator Control pcb) for a
minimum deflection and record this reading.

Tune to the third harmonic and record the meter
reading.

The root mean square of the readings obtained in
steps h and i should be less than 0.041%.

OSCILLATOR ZERO CALIBRATION

Insure the equipment set-up procedure in paragraph
4-28 has been performed.

Set the 5200A output to 1 volt on the 10-volt range
and 1kHz on the 10kHz range.

Remove the instrument compartment inner cover.

Disconnect the white coax cable from J51 on the.
AC-DC Converter pcb. Connect the shields of the
jack and plug together with a short alligator clip lead.

Connect a DVM between tp1 (LO) and tp7 (HI)
on the oscillator pcb.

Set the MODE switch to ON and the SENSE switch
to INT.

g

4-75.

4-76.

4-71.

Adjust OSCILLATOR ZERO (R2, Oscillator pcb)
for a reading of 0 +5mVdc.

Reconnect the coax to J51 and replace the inner cover.
Power Amplifier DC Zero Calibration

Insure the equipment set-up procedure in paragraph
4-28 has been performed and both inner covers are
installed.

Connect the equipment as shown in Figure 4-3,
replacing the ac differential voltmeter (93 1B) with
a Fluke Model 887A AC-DC Differential Voltmeter.

Set the 5200A output to 1 volt on the 10-volt range
and 1kHz on the 1kHz range.

Set the MODE switch to OPER.

Adjust PWR AMP ZERO (R6, Power Amplifier pcb)
for 0 +100uVdc.

Voltage Amplitude and Linearity Calibration

The following procedural sub-paragraphs deal with

voltage amplitude and linearity for all voltage ranges except
the millivolts. The equipment should be connected as shown
in Figure 4-2 with both inner covers installed. Adjustments
are made through the marked ports in the instrument com-
partment inner cover as shown in Figure 4-6. Perform the test
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in sequence, insuring the equipment set-up procedure in
paragraph 4-28 has been performed prior to starting the test.

4-78.

4-79.

4-80.

LOW FREQUENCY ZERO AND GAIN CALIBRA-
TION

Set the transfer standard and dc Calibrator for 1 volt
operation.

Set the 5200A output to 1 volt on the 10-volt range
and 1kHz on the 1kHz range.

Set the MODE switch to OPER.

Perform the transfer test. The transfer standard null
should be 0 +50 uV (+0.005%).

Adjust INT ZERO (R63, AC/DC Converter pcb) until
the reading is within tolerance.

Set the transfer standard and dc calibrator for 10
volt operation.

Set the 5200A output to 10 volts on the 10-volt
range.

Perform the transfer test. The transfer standard null
should be 0 + 500 uV (+0.005%).

Adjust REF (R48, Reference pcb) until the reading
is within tolerance.

Repeat steps b through i until both readings are
within tolerance without and adjustment.

100 VOLT LOW FREQUENCY CALIBRATION

Set the transfer standard and dc calibrator for 100
volt operation.

Set the 5200A output to 100 volts on the 100-volt
range.

Adjust 100 V (R9, Attenuator pcb) for a transfer
standard null of 0 +5mV (+0.005%).

HIGH FREQUENCY ZERO CALIBRATION

Set the 5200A output to 10 volts on the 10-volt
range and 1IMHz on the 1MHz range.

Set the transfer standard and dc calibrator for 10
volt operation.

Measure the error with the transfer standard and
record the value.

4-81.

4-82.

Set the 5200A output to 1 volt on the 10-volt range.

Set the transfer standard and dc calibrator for 1 volt
operation.

Adjust HIGH FREQ ZERO (R89, AC-DC Converter
pcb) for the same error as recorded in step ¢ +0.02%.

Repeat steps a through f until they can be performed
without adjustment.

HIGH FREQUENCY GAIN CALIBRATION
Set the 5200A output to 1 volt on the 1-volt range.

Set the transfer standard and dc calibrator for 1 volt
operation.

Adjust HIGH FREQ GAIN (R91, AC-DC Converter
pcb) for a transfer standard null of 0 £0.01%.

HIGH FREQUENCY 100V RANGE CALIBRATION

Set the transfer standard and dc calibrator for 10 volt

operation. Set the DC Calibrator for 9.967 volt output.

Set the 5200A output to 10 volts on the 100-volt
range.
NOTE!

The output at 1 MHz is purposely adjusted
0.33% low in order to optimize accuracy at
lower frequencies.

Adjust 100V HIGH FREQ (C3, Attenuator pcb)
for a transfer standard null of zero £0.01%.

4-83. Millivolt Amplitude Calibration

4-84.

The millivolt amplitude calibration procedure requires

the voltages be checked by a ratio method between ranges.
Refer to the OQutput Accuracy - Millivolt Range performance
test, paragraph 4-36 for an explanation of this procedure.
The inner covers must be installed and firmly secured for
these tests.

NOTE!

The statement, “Do not change the equipment
setting” does not apply to the null range switch.
Movement of this switch is often required tQ
obtain on scale null meter readings.

Connect the equipment as shown in Figure 4-3.

R



Insure the equipment set-up procedure in paragraph
4-28 has been performed.

Set the 5200A output to 0.1 volts on the 1-volt
range and 1MHz on the 1MHz range.

Set the MODE switch to OPER.

Adjust the ac differential voltmeter (931B) for a
null indication. Do not change the settings on the
ac differential voltmeter until the 100 mV calibra-
tion is complete.

Set the 5200A output to 100 millivolts on the 100-
millivolt range. Remove the 12-inch coaxial cable
from the sense terminals of the 5200A and the ac
differential voltmeter

NOTE!

Internal Sensing is automatic on the 52004
millivolt ranges.

Adjust 100 mV HIGH FREQ (L1 attenuator pcb)
until the ac differential voltmeter (931B)

indicates the null obtained in step e.
Connect the equipment as shown in Figure 4-4.

Set the 5200A output to 10 mV on the 100-mV
range.

Adjust the ac differential voltmeter (931B) and
oscilloscope differential amplifier (7A22) gain for
an approximate 1 V rms null. Do not change

the test equipment settings until the 10mV
calibration is complete.

Set the 5200A output to 10 mV on the 10mV range.

Adjust 10 mV HIGH FREQ (R12 attenuator
pcb) until the 931B indicates the same null as

obtained in step j.

Set the 5200A output to 1mV on the 10 mV range.

Re-adjust the ac differential voltmeter (931B)
and the oscilloscope differential amplifier (7A22)
gain for an approximate 1 V rms null. Do not
change the test equipment settings until the 1
mV calibration is complete.

Set the 5200A output to 1 mV on the 1 mV range.
Adjust the 1 mV HIGH FREQ (R11 atten. pcb)

until the ac differential voltmeter (931B) indi-
cates the same null as obtained in step n.

5200A

4-85. Error Control Calibration

4-86.  Use the following procedure for the Error Control

calibration:

a. Connect the equipment as shown in Figure 4-3,
insuring that both inner covers are installed and
secured and the equipment set-up procedure in
paragraph 4-28 has been performed.

b. Set the 5200A output to 10 volts on the 10-volt
range and 1kHz on the 1kHz range.

c. Set the MODE switch to OPER.

d. Obtain null on the ac differential voltmeter (931B)
and record the indication.

e. Set the VERNIER dial to 0 and the VOLTAGE
ERROR-% to x1.

f. Adjust ERROR CONTROL ZERO (R75 Reference
pcb) to the reading obtained in step d £0.01%.

g. Check the adjustment by rotating the VOLTAGE
ERROR-% switch between the X1 and OFF
positions. The ac differential voltmeter (931B)
reading should not vary as the switch positions
change.

4.87. TROUBLESHOOTING

4-88. Troubleshooting Notes

4-89.  Troubleshooting for the 5200A consists of a series
of text, tabular flow charts and tables. When operating from
one tabular flow chart and refered to a second or a table,
perform the stated table and then return to the original
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