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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



5200A

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.
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