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LIMITED WARRANTY & LIMITATION OF LIABILITY

Each Fluke product is warranted to be free from defects in material and workmanship under normal use and
service. The warranty period is one year and begins on the date of shipment. Parts, product repairs and services
are warranted for 90 days. This warranty extends only to the original buyer or end-user customer of a Fluke
authorized reseller, and does not apply to fuses, disposable batteries or to any product which, in Fluke's opinion,
has been misused, altered, neglected or damaged by accident or abnormal conditions of operation or handling.
Fluke warrants that software will operate substantially in accordance with its functional specifications for 90 days
and that it has been properly recorded on non-defective media. Fluke does not warrant that software will be error
free or operate without interruption.

Fluke authorized resellers shall extend this warranty on new and unused products to end-user customers only but
have no authority to extend a greater or different warranty on behalf of Fluke. Warranty support is available if
product is purchased through a Fluke authorized sales outlet or Buyer has paid the applicable international price.
Fluke reserves the right to invoice Buyer for importation costs of repair/replacement parts when product purchased
in one country is submitted for repair in another country.

Fluke's warranty obligation is limited, at Fluke's option, to refund of the purchase price, free of charge repair, or
replacement of a defective product which is returned to a Fluke authorized service center within the warranty
period.

To obtain warranty service, contact your nearest Fluke authorized service center or send the product, with a
description of the difficulty, postage and insurance prepaid (FOB Destination), to the nearest Fluke authorized
service center. Fluke assumes no risk for damage in transit. Following warranty repair, the product will be
returned to Buyer, transportation prepaid (FOB Destination). If Fluke determines that the failure was caused by
misuse, alteration, accident or abnormal condition of operation or handling, Fluke will provide an estimate of repair
costs and obtain authorization before commencing the work. Following repair, the product will be returned to the
Buyer transportation prepaid and the Buyer will be billed for the repair and return transportation charges (FOB
Shipping Point).

THIS WARRANTY IS BUYER'S SOLE AND EXCLUSIVE REMEDY AND IS IN LIEU OF ALL OTHER
WARRANTIES, EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO ANY IMPLIED WARRANTY OF
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. FLUKE SHALL NOT BE LIABLE FOR ANY
SPECIAL, INDIRECT, INCIDENTAL OR CONSEQUENTIAL DAMAGES OR LOSSES, INCLUDING LOSS OF
DATA, WHETHER ARISING FROM BREACH OF WARRANTY OR BASED ON CONTRACT, TORT, RELIANCE
OR ANY OTHER THEORY.

Since some countries or states do not allow limitation of the term of an implied warranty, or exclusion or limitation
of incidental or consequential damages, the limitations and exclusions of this warranty may not apply to every
buyer. If any provision of this Warranty is held invalid or unenforceable by a court of competent jurisdiction, such
holding will not affect the validity or enforceability of any other provision.

Fluke Corporation Fluke Europe B.V.
P.O. Box 9090 P.O. Box 1186
Everett WA 5602 B.D. Eindhoven
98206-9090 The Netherlands
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Interference Information

This equipment generates and uses radio frequency energy and if not installed and used in strict
accordance with the manufacturer’s instructions, may cause interference to radio and television
reception. It has been type tested and found to comply with the limits for a Class B computing
device in accordance with the specifications of Part 15 of FCC Rules, which are designed to
provide reasonable protection against such interference in a residential installation.

Operation is subject to the following two conditions:
e This device may not cause harmful interference.

e This device must accept any interference received, including interference that may cause
undesired operation.

There is no guarantee that interference will not occur in a particular installation. If this equipment
does cause interference to radio or television reception, which can be determined by turning the
equipment off and on, the user is encouraged to try to correct the interference by one of more of
the following measures:

e Reorient the receiving antenna
o Relocate the equipment with respect to the receiver
e Move the equipment away from the receiver

e Plug the equipment into a different outlet so that the computer and receiver are on different
branch circuits

If necessary, the user should consult the dealer or an experienced radio/television technician for
additional suggestions. The user may find the following booklet prepared by the Federal
Communications Commission helpful: How to Identify and Resolve Radio-TV Interference
Problems. This booklet is available from the U.S. Government Printing Office, Washington, D.C.
20402. Stock No. 004-000-00345-4.

Declaration of the Manufacturer or Importer

We hereby certify that the Fluke Model 5700A/5720A Series |l Calibrator is in compliance with
BMPT Vfg 243/1991 and is RFI suppressed. The normal operation of some equipment (e.g.
signal generators) may be subject to specific restrictions. Please observe the notices in the users
manual. The marketing and sales of the equipment was reported to the Central Office for
Telecommunication Permits (BZT). The right to retest this equipment to verify compliance with
the regulation was given to the BZT.

Bescheinigung des Herstellers/Importeurs

Hiermit wird bescheinigt, dap Fluke Models 5700A/5720A Series |l Calibrator in Ubereinstimung
mit den Bestimmungen der BMPT-AmtsblVfg 243/1991 funk-entstort ist. Der vorschriftsmaBige
Betrieb mancher Geréate (z.B. MeBsender) kann allerdings gewissen Einschrankungen
unterliegen. Beachten Sie deshalb die Hinweise in der Bedienungsanleitung. Dem Bundesamt fur
Zulassungen in der Telekcommunikation wurde das Inverkehrbringen dieses Gerates angezeigt
und die Berechtigung zur Uberpriifung der Seire auf Einhaltung der Bestimmungen eingerdumt.

Fluke Corporation






OPERATOR SAFETY
SUMMARY

WARNING

HIGH VOLTAGE

is used in the operation of this equipment

LETHAL VOLTAGE

may be present on the terminals, observe all safety precautions!

To avoid electrical shock hazard, the operator should not electrically contact
the output hi or sense hi binding posts. During operation, lethal voltages of
up to 1100V ac or dc may be present on these terminals.

Whenever the nature of the operation permits, keep one hand away from
equipment to reduce the hazard of current flowing thought vital organs of
the body.

Terms in this Manual

This instrument has been designed and tested in accordance with IEC Publication 348,
Safety Requirements for Electronic Measuring Apparatus. This manual contains
information and warnings which have to be followed by the user to ensure safe operation
and to retain the instrument in safe condition.

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

Caution statements identify conditions or practices that could result in damage to the
equipment or other property.



Symbols Marked on Equipment
DANGER — High Voltage
Protective ground (earth) terminal

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

Power Source

The 5700A/5720A Series 11 is intended to operate from a power source that will not apply more
than 264V ac rms between the supply conductors or between either supply conductor and ground.
A protective ground connection by way of the grounding conductor in the power cord is essential
for safe operation.

Use the Proper Fuse

To avoid fire hazard, use only the fuse specified on the line voltage selection switch label, and
which is identical in type voltage rating, and current rating.

Grounding the 5700A/5720A Series Il

The 5700A/5720A Series 11 is Safety Class I (grounded enclosure) instruments as defined in IEC
348. The enclosure is grounded through the grounding conductor of the power cord. To avoid
electrical shock, plug the power cord into a properly wired earth grounded receptacle before
connecting anything to any of the 5700A/5720A Series II terminals. A protective ground
connection by way of the grounding conductor in the power cord is essential for safe operation.

Use the Proper Power Cord

Always use the power (line) cord and connector appropriate for the voltage and outlet of
the country or location in which you are working.

B> =

Always match the line cord to the instrument.

e Use the AC line cord supplied with this instrument with this instrument only.
e Do not use this line cord with any other instruments.

¢ Do not use any other line cords with this instrument.

Use only the power cord and connector appropriate for proper operation of a S700A/5720A
Series II in your country.

Use only a power cord that is in good condition.
Refer cord and connector changes to qualified service personnel.

Do Not Operate in Explosive Atmospheres

To avoid explosion, do not operate the 5700A/5720A Series Il in an atmosphere of explosive gas.

Do Not Remove Cover

To avoid personal injury or death, do not remove the 5700A/5720A Series II cover. Do not
operate the 5700A/5720A Series 11 without the cover properly installed. There are no user-
serviceable parts inside the 5700A/5720A Series 11, so there is no need for the operator to ever
remove the cover.

Do Not Attempt to Operate if Protection May be Impaired

If the 5700A/5720A Series Il appears damaged or operates abnormally, protection may be
impaired. Do not attempt to operate it. When in doubt, have the instrument serviced.



SERVICING SAFETY
SUMMARY

FOR QUALIFIED SERVICE
PERSONNEL ONLY

Also refer to the preceding Operator Safety Summary

Do Not Service Alone

Do not perform internal service or adjustment of this product unless another person
capable of rendering first aid and resuscitation is present.

Use Care When Servicing With Power On

Dangerous voltage exist at many points inside this product. To avoid personal injury, do
not touch exposed connections and components while power is on.

Whenever the nature of the operation permits, keep one hand away from equipment to
reduce the hazard of current flowing through vital organs of the body.

Do not wear a grounded wrist strap while working on this product. A grounded wrist strap
increase the risk of current flowing through the body.

Disconnect power before removing protective panels, soldering, or replacing components.

High voltage may still be present even after disconnecting power.



FIRST AID FOR
ELECTRIC SHOCK

Free the Victim From the Live Conductor

Shut off high voltage at once and ground the circuit. If high voltage cannot be turned off
quickly, ground the circuit.

If the circuit cannot be broken or grounded, use a board, dry clothing, or other
nonconductor to free the victim.

Get Help!

Yell for help. Call an emergency number. Request medical assistance.

Never Accept Ordinary and General Tests for Death

Symptoms of electric shock may include unconsciousness, failure to breathe, absence of
pulse, pallor, and stiffness, and severe burns.

Treat the Victim

If the victim is not breathing, begin CPR or mouth-to-mouth resuscitation if you are
certified.
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Introduction and Specifications 1
Introduction

Introduction 1-1.

The Fluke Model 5700A Calibrator is a precise instrument that calibrates a wide variety
of electrical measuring instruments. The 5700A maintains high accuracy over a wide
ambient temperature range, allowing it to test instruments wherever they are, rather than
only in a temperature-controlled standards laboratory. With a 5700A, you can calibrate
precision multimeters that measure ac or dc voltage, ac or dc current, and resistance.
Option 5700A-03 Wideband AC Voltage extends this workload to include many rf
meters.

Specifications for the 5700A are provided at the end of this section. The 5700A is a fully-
programmable precision source of the following:

e DC voltage to 1100V

e AC voltage to 1100V, with output available from 10 Hz to 1.2 MHz

e AC and DC current to 2.2A, with output available from 10 Hz to 10 kHz.
e Resistance in values of 1x10" and 1.9x10" from short to 100 MQ

e Optional wideband ac voltage from 300 uV to 3.5V (-57 dBm to +24 dBm) 10 Hz to
30 MHz.

The 5700A contains many features that make it an easy-to-use and powerful tool in and
out of the standards lab. For a thorough list of these features, refer to the 5700A Operator
Manual. The Operator Manual is the primary source of information on all topics relating
to operating the instrument in local and remote modes, and also contains a list of Fluke
support services that may concern service personnel.

Service Information 1-2.

Fluke warrants the 5700A to the original purchaser for one year from the time of
delivery. The Warranty is located on the back of the title page. If a failure occurs during
the warranty period, contact a Fluke Service Center for instructions.

If a failure occurs after the warranty period has expired, Fluke will repair the 5700A for a
charge. Depending on your needs, location, and capabilities, you may decide to service
you 5700A independently or use Fluke for all or part of repair and full verification tasks.
This service manual contains theory, access procedures, troubleshooting information,
schematic diagrams, and parts lists that can be used to service a 5700A independently.

Warning
Servicing described in this manual is to be performed by
qualified service personnel only. To avoid electrical shock, do
not perform any servicing unless qualified to do so.

Specifications 1-3.

The following tables provide specifications for the 5700A, including operation with the
Wideband AC Module (Option 5700A-03) and the 5725A Amplifier.

Specifications are valid after allowing a warm-up period of 30 minutes, or twice the time
the 5700A has been turned off. For example, if the 5700A has been turned off for five
minutes, the warm-up period is ten minutes.

To simplify evaluation of how the 5700A covers your calibration workload, use the
5700A Absolute Uncertainty specifications. Absolute uncertainty includes stability,
temperature coefficient, linearity, line and load regulation, and the traceability to external
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standards. You do not need to add anything to absolute uncertainty to determine the ratios
between 5700A uncertainties and the uncertainties of your calibration workload.

Relative Uncertainty specifications are provided for enhanced accuracy applications.
These specifications apply when range constants are adjusted (see "Range Calibration™).
To calculate absolute uncertainty, you must combine the uncertainties of your external
standards and techniques with relative uncertainty.

Secondary Performance Specifications and Operating Characteristics are included in
uncertainty specifications. They are provided for special calibration requirements such as
stability or linearity testing.
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Specifications
Table 1-1. Specifications
DC Voltage
Absolute Uncertainty Relative Uncertainty
+ 5°C from calibration temperature +1°C
Range | Resolution | 24 Hours | 90 Days | 180 Days | 1 Year 24 Hours 90 Days
+ (ppm output + pVv) + (ppm output + pVv)
220 mv 10 nv 6.5+.75 7+.75 8+.75 9+.8 25+.5 4+ 5
2.2v 100 nv 35+1.2 6+1.2 7+12 8+1.2 25+1.2 4+12
11V 1uv 35+3 5+4 7+4 8+4 15+3 35+4
22V 1uv 35+6 5+8 7+8 8+8 15+6 35+8
220V 10 uv 5+ 100 6 + 100 8 + 100 9+ 100 2.5+ 100 4 + 100
1100V 100 pv 7 + 600 8 + 600 10 + 600 11 + 600 3+ 600 4.5 + 600
Secondary Performance Specifications and Operating Characteristics
Included in Uncertainty Specifications
Temperature Coefficient Noise
Stability [Note]
+1°C 0°-10°C Linearity | Bandwidth | Bandwidth
Range 24 Hours 10°-40°C and t1°C 0.1-10 Hz | 10-10 kHz
40°-50°C pk-pk RMS
+ (ppm output + pV) + (ppm output + pV)/°C + (ppm output + pV) nv
220 mv 3+.3 4+1 15+.5 1+.2 15+.1 5
2.2V 3+1 3+.1 15+2 1+.6 A5+ .4 15
11V 3+25 A5+ 2 1+15 3+2 A5+2 50
22V 4+5 2+.4 15+3 3+4 15+4 50
220V 5+40 3+5 1.5 +40 1+40 15+ 60 150
1100V 5+ 200 5+10 3+ 200 1+200 .15 + 300 500

Note: Temperature coefficient is an adder to uncertainty specifications that does not apply unless operating more than £5°C from
calibration temperature.

Minimum output: OV for all ranges, except 100V for 1100V range

Maximum load: 50 mA for 2.2V through 220V ranges; 20 mA for 1100V range; 50Q output impedance on
220 mV range; all ranges <1000 pF,>25Q

Load regulation: <0.2 ppm + 0.2 uV change, full load to no load

Line regulation: <0.1 ppm change, £10% of selected nominal line

Settling time: 3 seconds to full accuracy; + 1 second for range or polarity change; + 1 second for 1100V
range

Overshoot: <5%

Common mode rejection: 140 dB, DC to 400 Hz

Remote sensing: Available OV to +£1100V, on 2.2V through 1100V ranges

1-5
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AC Voltage
Absolute Uncertainty Relative Uncertainty
Range | Resolution Frequency + 5°C from calibration temperature +1°C
24 Hours 90 Days 180 Days 1 Year 24 Hours 90 Days
Hz + (ppm output + pV) + (ppm output + pV)
10-20 500 +5 550 +5 600 +5 600 +5 500 +5 550 +5
20-40 200 +5 220+5 230+5 240 +5 200 +5 220 +5
29 mV 1nv 40-20k 100 +5 110+5 120 +5 120+ 5 60+5 65+5
<m n 20k-50k 340+5 370+5 390+5 410+5 100+5 110+5
50k-100k 800 +8 900 + 8 950 + 8 950 + 8 220+8 240 +8
100k-300k 11% + 15 12% + 15 .13% + 15 13% + 15 400 + 15 440 + 15
300k-500k .15% + 30 17% + 30 17% + 30 .18% + 30 .10% + 30 .11% + 30
500k-1M 4% + 40 44% + 4 A47% + 40 .48% + 40 .3% + 30 .33% + 30
10-20 500 + 6 550 + 6 600 + 6 600 + 6 500 + 6 550 + 6
20-40 200+ 6 220+ 6 230+ 6 240 + 6 200+ 6 220+ 6
22 mv 10NV 40-20k 100 + 6 110+ 6 120 + 6 120+ 6 60 +6 65 + 6
m n 20k-50k 340+ 6 370+6 390 + 6 410+6 100+ 6 110+6
50k-100k 800 +8 900 + 8 950 + 8 950 + 8 220 +8 240 +8
100k-300k 11% + 15 12% + 15 .13% + 15 13% + 15 400 + 15 440 + 15
300k-500k .15% + 30 17% + 30 17% + 30 .18% + 30 .10% + 30 .11% + 30
500k-1M 4% + 40 44% + 4 A47% + 40 .48% + 40 .3% + 30 .33% + 30
10-20 500 + 16 550 + 16 600 + 16 600 + 16 500 + 16 550 + 16
20-40 200 + 10 220 + 10 230 + 10 240 + 10 200 + 10 220+ 10
220 mV 100 NV 40-20k 95 + 10 100 + 10 110 + 10 110 + 10 60 + 10 65+ 10
m n 20k-50k 300 + 10 330 + 10 350 + 10 360 + 10 100 + 10 110+ 10
50k-100k 750 + 30 800 + 30 850 + 30 900 + 30 220 + 30 240 + 30
100k-300k 940 + 30 1% + 30 .11% + 30 .11% + 30 400 + 30 440 + 30
300k-500k .15% + 40 17% + 40 17% + 40 .18% + 40 1% + 40 11% + 40
500k-1M .30% + 100 .33% + 100 .35% + 100 .36% + 100 .3% + 100 .33% + 100
10-20 500 + 100 550 + 100 600 + 100 600 + 100 500 + 100 550 + 100
20-40 150 + 30 170 + 30 170 + 30 180 + 30 150 + 30 170 + 30
29V Luv 40-20k 70+7 75+7 80+7 85+7 40+7 45+ 7
! " 20k-50k 120 + 20 130 + 20 140 + 20 140 + 20 100 + 20 110 + 20
50k-100k 230 + 80 250 + 80 270 + 80 280 + 80 200 + 80 220 + 80
100k-300k 400 + 150 440 + 150 470 + 150 480 + 150 400 + 150 440 + 150
300k-500k .10% + 400 .11% + 400 .12% + 400 .12% + 400 .1% + 400 .11% + 400
500k-1M .20% + 1 mV 22% + 1 mV .23% +1mV 24% + 1 mV 2% +1mV 22% + 1 mV
10-20 500 + 1 mV 550 + 1 mV 600 + 1 mV 600 + 1 mV 500 + 1 mV 550 + 1 mV
20-40 150 + 300 170 + 300 170 + 300 180 + 300 150 + 300 170 + 300
20y 100V 40-20k 70+ 70 75+ 70 80+ 70 85+ 70 40+ 70 45+ 70
H 20k-50k 120 + 200 130 + 200 140 + 200 140 + 200 100 + 200 110 + 200
50k-100k 230 + 400 250 + 400 270 + 400 280 + 400 200 + 400 220 + 400
100k-300k 500 + 1.7 mV 550 + 1.7 mV 550 + 1.7 mV 600 + 1.7 mV 500 + 1.7mV 550 + 1.7 mV
300k-500k 12% + 5 mVv 13% + 5 mVvV 13% +5mVv 14% + 5 mV 12% + 5 mV 13% +5mV
500k-1M .26% + 9 mV .28% + 9 mV .29% + 9 mV .30% + 9 mV .26% + 9 mV .28% + 9 mV
+ (ppm output + mV) + (ppm output + mV)
10-20 500 + 10 550 + 10 600 + 10 600 + 10 500 + 10 550 + 10
20-40 150 + 3 170+ 3 170+ 3 180 + 3 150 + 3 170+ 3
40-20k 75+1 80+1 85+1 90+1 45+ 1 50+1
220v 100 v 20k-50k 200 + 4 220 + 4 240 + 4 250 + 4 100 +1 110 +1
50k-100k 500 + 10 550 + 10 600 + 10 600 + 10 300 + 10 330 + 10
100k-300k .15% + 110 .15% + 110 .16% + 110 .16% + 110 .15% + 110 .15% + 100
300k-500k .50% + 110 .52% + 110 .53% + 110 .54% + 110 .50% + 110 .52% + 110
500k-1M 1.20% + 220 1.25% + 220 1.25% + 220 1.30% + 220 1.20% + 220 1.20% + 220
1100V 11 mVv 50-1k 75+4 80+4 85+4 90 +4 50+4 55+4
5725A Amplifier:
40-1k 75+4 80+4 85+4 90 +4 50+ 4 55+4
1100v 1k-20K 105 +6 125+6 135+6 165+6 85+ 6 105+6
1mv 20k-30k 230 +11 360 + 11 440 + 11 600 + 11 160 + 11 320+ 11
750V 30k-50k 230+ 11 360 + 11 440 + 11 600 + 11 160 + 11 320 + 11
50k-100k 600 + 45 .13% + 45 .16% + 45 .23% + 45 380 + 45 12% + 45
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Specifications
AC Voltage (continued)
Secondary Performance Specifications and Operating Characteristics
Included in Uncertainty Specifications
Temperature Maximum
Stability Coefficient Distortion
Range Frequency +1°C 0°-10°C Output Impedance Bandwidth
24 Hours 10°-40°C and 10 Hz-10 MHz
40°-50°C
Hz +pv +uv/°C Q + (% output + pVv)
22mv 10-20 5 .05 05 50 .05+ 10
20-40 5 .05 05 .035+ 10
40-20k 2 .05 .05 .035+10
20k-50k 2 1 A .035 + 10
50k-100k 3 2 2 .035 + 10
100k-300k 3 3 3 .3+30
300k-500k 5 4 4 .3+30
500k-1M 5 .5 .5 2+ 30
22 mV 10-20 5 2 3 50 .05+ 11
20-40 5 2 3 .035 +11
40-20k 2 2 3 .035 +11
20k-50k 2 A4 5 .035+11
50k-100k 3 5 5 .035+11
100k-300k 5 .6 .6 .3+30
300k-500k 10 1 1 .3+30
500k-1M 15 1 1 1+30
+ (ppm output + puVv) + (ppm output pV)/°C
220 mV 10-20 150 + 20 2+1 2+1 50 .05+ 16
20-40 80 + 15 2+1 2+1 .035 + 16
40-20k 12+ 2 2+1 2+1 .035 + 16
20k-50k 10+ 2 15+ 2 15+2 .035 + 16
50k-100k 10+ 2 15+4 15+4 .035 + 16
100k-300k 20+ 4 80+5 80 +5 .3+30
300k-500k 100 + 10 80+5 80+5 .3+30
500k-1M 200 + 20 80+5 80 +5 2+ 30
Load Regulation
+ (ppm output + pV)
2.2V 10-20 150 + 20 50 + 10 50 + 10 10+ 2 .05 + 80
20-40 80 + 15 15+5 15+5 10+ 2 .035 + 80
40-20k 12+4 2+1 5+2 10+4 .035 + 80
20k-50k 15+5 10+2 15+4 30 +10 .035 + 80
50k-100k 15+5 10+4 20+ 4 120 + 16 .035 + 80
100k-300k 30+ 10 80 + 15 80 + 15 300 ppm 3+110
300k-500k 70 + 20 80 + 40 80 + 40 600 ppm .3+110
500k-1M 150 + 50 80 + 100 80 + 100 12% 1+110
22V 10-20 150 + 20 50 + 100 50 + 100 10 + 20 .05 + 700
20-40 80 + 15 15+ 30 15+ 40 10 + 20 .035 + 700
40-20k 12+8 2+10 4 +15 10 + 30 .035 + 700
20k-50k 15+10 10 + 20 20 + 20 30 + 50 .035 + 700
50k-100k 15+10 10 + 40 20 + 40 80 + 80 .035 + 700
100k-300k 30+ 15 80 + 150 80 + 150 100 + 700 .3+ 800
300k-500k 70 + 100 80 + 300 80 + 300 200+ 1.1 mV .3+ 800
500k-1M 150 + 100 80 + 500 80 + 500 600 + 3.0 mV 2 + 800
220V 10-20 150 + 200 50 +1mV 50 +1mV 10 +.2 mV .05 +10 mV
20-40 80 + 150 15 +300 15 + 300 10+.2mV .05 +10 mVvV
40-20k 12 + 80 2+80 4 + 80 10 +.3 mV .05 +10 mV
20k-50k 15 + 100 10 + 100 20 + 100 30 +.6 mV .05 +10 mV
50k-100k 15+ 100 10 + 500 20 + 500 80 +3mV 1+13mV
100k-300k 30 + 400 80 + 600 80 + 600 250 + 25 mV 1.5+50 mV
300k-500k 100 + 10 mV 80 + 800 80 + 800 500 + 50 mV 1.5+50 mV
500k-1M 200 + 20 mV 80+1mV | 80+1mV 1000 + 110 mV 3.5+ 100 mV
+(ppm output + mV) +(ppm output)/°C +(% output)
1100V 50-1k 20+ 5 2 | 5 10 + 1 .07

1-7
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AC Voltage (continued)
Secondary Performance and Operating Characteristics (continued)
Included in Uncertainty Specifications

5725A Amplifier:

Temperature Coefficient

Stability Load Regulation Distortion
Range Frequency +1°C 0°-10°C [Note 2] Bandwidth
24 Hours 10°-40°C and 10 Hz-10 MHz
40°-50°C
Hz +(ppm output + mV) +(ppm output)/°C +(ppm output + mV) +(% output)
150 pF 1000 pF
40-1k 10+ .5 5 5 10+1 .10 .10
1100V 1k-20k 15+2 5 5 90 + 6 .10 15
20k-50k 40+ 2 10 10 275+ 11 .30 .30
50k-100k 130+ 2 30 30 500 + 30 .40 .40
i L. Output display formats: Voltage or dBm, dBm referencee
Voltage Maximum Current Load Limits
N 600Q.
Range Limits
2.2V [Note 1] Minimum output: 10% on each range
20V 50 mA, 0°C-40°C >500 External sense: Selectable for 2.2v, 22V, 220V, and
1100V ranges; 5700A <100 kHz, 5725A <30 kHz
220V 20 mA, 40°C-50°C 1000 pF
1100V 6 mA 600 pF Settling time to full accuracy:
5725A Amplifier: 1000 pF [Note 2] Frequency (Hz) Settling time (seconds)
40 Hz-5 kHz 50 mA <20 7
1100V 5 kHz-30 kHz 70 mA 300 pF 120-120k 5
30 kHz-100kHz | 70 mA >120k 2
150 pF
[Note 3]
Notes: + 1 second for amplitude or frequency range change; + 2
1. 2.2V Range, 100 kHz-1.2 MHz only: uncertainty specifications cover seconds for 5700A 1100V range; + 4 seconds for 5725A
loads to 10 mA or 1000 pF. For higher loads, load regulation is 1100V range
added. Overshoot:: <10%
2. The 5725A will drive up to 1000 pF of load capacitance. Uncertainty gommon mode rejection: 140 dB, DC to 400 Hz
requency:

specifications include loads to 300 pF and 150 pF as shown under
"Load Limits." For capacitances up to the maximum of 1000 pF, add
"Load Regulation."

3. Applies from 0°C to 40°C

Ranges (Hz):

10.000-11.999, 12.00-119.99

120.0-1199.9, 1.200k-11.999k

12.00k-119.99k,120.0k-1.1999

Uncertainty: +0.01%

Resolution: 11.999 counts

[——15700A Phase lock: Selectable rear panel BNC input

[ 5725A Phase uncertainty (except 1100V range):

5205A or >30 Hz: £1° + 005°/kHZ), <30 Hz: +3°

5215A Input voltage: 1V to 10V rms sine wave (do not exceed 1V

; for mV ranges)

2.2x10 V-Hz Frequency range: 10 Hz to 1.1999 MHz

Lock range: +2% of frequency

Lock-in time: Larger of 10/frequency or 10 msec

Phase reference: Selectable, rear panel BNC output
Range: £180°

3BV - —— — — — === — = — == — - — — —|= = 5700A-03 | Phase Uncertainty (except 1100V range):

+1° at quadrature points (0°, £90°, +180°) elsewhere +2°

; ; ; : Stability: £0.1°

10 Hz 50 Hz 1 kHz 100 kHz 1 MHz 30 MHz Resolution: 1°
FREQUENCY Output level: 2.5V rms 0.2V

Frequency range: 50 kHz to 1 kHz, useable 10 Hz to 1.1999

MHz

x40 Hz 30 kHz

100v

220V

&

20v— VOLT-HERTZ CAPABILITY

VOLTAGE

T-- -
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Resistance
Absolute Uncertainty of Characterized Value Relative Uncertainty
Nominal +5°C from calibration temperature [Note 1] +1°C
Value 24 Hours 90 Days 180 Days | 1 Year 24 Hours 90 Days
Q +ppm +ppm
0 50 uQ 50 pQ 50 pQ2 50 uQ 50 uQ 50 uQ
1 85 95 100 110 32 40
1.9 85 95 100 110 25 33
10 26 28 30 33 5 8
19 24 26 28 31 4 7
100 15 17 18 20 2 4
190 15 17 18 20 2 4
1k 11 12 13 15 2 35
1.9k 11 12 13 15 2 35
10k 9 11 12 14 2 35
19k 9 11 12 14 2 35
100k 11 13 14 16 2 35
190k 11 13 14 16 2 35
M 16 18 20 23 25 5
1.9M 17 19 21 24 35 6
10M 33 37 40 46 10 14
19M 43 47 50 55 20 24
100M 110 120 125 130 50 60
Secondary Performance Specifications and Operating Characteristics
Included in Uncertainty Specifications
Temperature Two-Wire Adder
Coefficient Full Maximum active
) N [Note 2] Spec Difference compensation
Nominal | Stability Load Maximum of [Note 4]
Value +1°C 0°-10°C Range Peak Characterized Lead
24 Hours | 10°-40°C and [Note 3] | current to Nominal Resistance
o o
40°-50°C Value 010 10
Q +ppm +ppm/°C mA mA +ppm +mQ
0 — — — 8-500 500 — 2 4
1 32 4 5 8-100 700 500 2 4
1.9 25 6 7 8-100 500 500 2 4
10 5 2 3 8-11 220 300 2 4
19 4 2 3 8-11 160 300 2 4
100 2 2 3 8-11 70 150 2 4
190 2 2 3 8-11 50 150 2 4
1k 2 2 3 1-2 22 150 10 15
1.9k 2 2 3 1-1.5 16 150 10 15
10k 2 2 3 100-500 pA 7 150 50 60
19k 2 2 3 50-250 pA 5 150 100 120
100k 2 2 3 10-100 pA 1 150
190k 2 2 3 5-50 pA 500 pA 150
M 25 25 6 5-20 pA 100 pA 200
1.9M 35 3 10 2.5-10 A 50 LA 200
10M 10 5 20 5-2 uA 10 pA 300
19M 20 8 40 25-1pA 5pA 300
100M 50 12 100 50-200 nA 1pA 500
Notes:

1. Specifications apply to displayed value. 4-wire connections, except 100 mQ.

2. Temperature coefficient is an adder to uncertainty specifications that does not apply unless operated more than 5°C from calibration

temperature, or calibrated outside the range 19°C to 24°C. Two examples:

a) Calibrate at 20°C: Temperature coefficient adder is not required unless operated below 15°C or above 25°C.

b) Calibrate at 26°C: Add 2°C temperature coefficient adder. Additional temperature coefficient adder is not required unless operated below

21°C or above 31°C.

3. Refer to current derating factors table for loads outside of this range.
4. Active two-wire compensation may be selected for values less than 100 k<, with either the front panel or the meter input terminals as

reference plane. Active compensation is limited to 11 mA load, and to 2V burden. Two wire compensation can be used only with Q meters

that source continuous (not pulsed) dc current.

1-9
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Current Derating Factors

Nominal Value Value of Derating Factor K for Over or Under Current
Two-Wire Comp Four-Wire Four-Wire
Q I<I, I<I, <1<
(Note 1) (Note 1) (Note 2)

SHORT 4.4 0.3 —

1 4.4 300 4X10°

1.9 4.4 160 1.5X 10"

10 4.4 30 1.6 X 10°

19 4.4 16 3X10°

100 4.4 35 1X10?

190 4.4 25 1.9 X 10°

1k 4.4 0.4 0.1

1.9k 4.4 0.4 0.19

10k 5000 50 2.0

19k 5000 50 3.8

100k — 7.5 2X10°

190k — 4.0 3.8X10°

M — 1.0 1.5X 10"

1.9M — 0.53 2.9X10*

10M — 0.2 1X10°

19M — 0.53 1.9X10°

100M 0.1 —

Notes:

1. For I<I, errors occur due to thermally generated voltages within the 5700A. Use the following equation to determine the error, and
add this error to the corresponding UNCERTAINTY or STABILITY specification.

Error = K(I, - /(1. X 1)
Where: Error is in mQ for all TWO-WIRE COMP values and FOUR-WIRE SHORT, and in ppm for the remaining FOUR-WIRE values.
K is the constant from the above table;
I and | are expressed in mA for SHORT to 1.9 kQ;
I and | are expressed in puA for 10 k2 to 100 MQ
2. For I <I<l,,. errors occur due to self-heating of the resistors in the 5700A. Use the following equation to determine the error in ppm
and add this error to the corresponding UNCERTAINTY or STABILITY specification.
Error in ppm = K(I*-1,%)
Where: K is the constant from the above table;
I and |, are expressed in mA for SHORT to 19 kQ;
I and |, are expressed in uA for 100 kQ2 to 100 MQ
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Specifications

1

DC Current
Absolute Uncertainty
+5°C from calibration temperature . .
) . P Relative Uncertainty £1°C
R Resolution For fields strengths >1 V/m but <3 V/m, add 1% of
ange
9 range
24 Hours 90 Days 180 Days 1 Year 24 Hours 90 Days
nA + (ppm output + nA) + (ppm output + nA)
220 pA 1 45 + 10 50 + 10 55+ 10 60 + 10 24 +2 26+ 2
2.2 mA 1 45+ 10 50 + 10 55+ 10 60 + 10 24 +5 26+5
22 mA 10 45 + 100 50 + 100 55 + 100 60 + 100 24 +50 26 + 50
A + (ppm output + pA) + (ppm output + pA)
220 mA 1 55+1 60+ 1 65+1 70+1 26 +.3 30+.3
2.2A 1 75+ 30 80 + 30 90 + 30 95 + 30 40+7 45+ 7
[Note 1]
5725A Amplifier:
11A 10 330 + 470 340 + 480 350 + 480 360 + 480 100 + 130 110 + 130
Secondary Performance Specifications and Operating Characteristics
Included in Uncertainty Specifications
Temperature Coefficient Burden Maximum .
Noise
[Note 2] Voltage Load
Range Stability £1°C 24 0°-10°C Compliance Adder For Full Bandwidth Bandwidth
Hours 10°-40°C and Limits [Note 3] Accuracy 0.1-10 Hz 10-10 kHz
40°-50°C [Note 4] pk-pk RMS
\ + (ppm output + nA) + (ppm output + nA)/°C +nA/NV Q ppm output + nA nA
220 A 5+1 1+.40 3+1 10 2 20k 6+.9 10
2.2mA 5+5 1+2 3+10 10 2 2k 6+5 10
22mA 5+ 50 1+20 3+ 100 10 10 200 6+ 50 50
220 mA 8 + 300 1+ 200 3+1pA 10 100 20 9 + 300 500
2.2A 9+7pA 1+25pA A3 + 10 pA 3 2 1A 2 12+ 1.5pA 20 uA
[Note 5]
5725A: |+ (ppm output + pA) + (ppm output + pA)/°C ppm output + pA pA
11A 25+ 100 20+ 75 30 + 120 4 0 4 15+ 70 175
Notes:

Maximum output from 5700A terminals is 2.2A. Uncertainty specifications for 220 pA and 2.2 mA ranges are increased by 1.3 X when
supplied through 5725A terminals.

Specifications are otherwise identical for all output locations.

1. Add to uncertainty specifications:

+200 X I ppm for >100 mA on 220 mA range
+10 X I? ppm for >1A on 2.2A range

N

temperature.

3. Burden voltage adder is an adder to uncertainty specifications that does not apply unless burden voltage is greater than 0.5V.

4. For higher loads, multiply uncertainty specification by:
0.1 x actual load

maximum load for full accuracy

5. 5700A compliance limit is 2V for outputs from 1A to 2.2A. 5725A Amplifier may be used in range-lock mode down to OA.

Minimum output: O for all ranges, including 5725A.

Temperature coefficient is an adder to uncertainty specifications. It does not apply unless operating more than +5°C from calibration

Settling time to full accuracy: 1 second for pA and mA ranges; 3 seconds for 2.2A range; 6 seconds for 11A range; + 1 second for range or

polarity change
Overshoot: <5%
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AC Current
Absolute Uncertainty Relative Uncertainty
Frequency| +5°C from calibration temperature +1°C
Range |Resolution For fields strengths >1 V/m but <3 V/m, add 1% of range
24 Hours 90 Days 180 Days 1 Year 24 Hours 90 Days
Hz + (ppm output + nA) + (ppm output + nA)
10-20 650 + 30 700 + 30 750 + 30 800 + 30 450 + 30 500 + 30
20-40 350 + 25 380 + 25 410 + 25 420 + 25 270 + 25 300 + 25
220 pA 1nA
40-1k 120 + 20 140 + 20 150 + 20 160 + 20 110+ 20 120 + 20
1k-5k 500 + 50 600 + 50 650 + 50 700 + 50 450 + 50 500 + 50
5k-10k .15% + 100 .16% + 100 .17% + 100 .18% + 100 .14% + 100 .15% + 100
10-20 650 + 50 700 + 50 750 + 50 800 + 50 450 + 50 500 + 50
20-40 350 + 40 380 + 40 410 + 40 420 + 40 270 + 40 300 + 40
2.2mA 10 nA
40-1k 120 + 40 140 + 40 150 + 40 160 + 40 110 + 40 120 + 40
1k-5k 500 + 500 600 + 500 650 + 500 700 + 500 450 + 500 500 + 500
5k-10k .15% + 1 pA .16% + 1 uA 17% + 1A .18% + 1 pA .14% + 1 pA .15% + 1 pA
10-20 650 + 500 700 + 500 750 + 500 800 + 500 450 + 500 500 + 500
20-40 350 + 400 380 + 400 410 + 400 420 + 400 270 + 400 300 + 400
22 mA 100 nA
40-1k 120 + 400 140 + 400 150 + 400 160 + 400 110 + 400 120 + 400
1k-5k 500 + 5 uA 600 + 5 uA 650 + 5 uA 700 + 5 uA 450 + 5 uA 500 + 5 pA
5k-10k .15% + 10 uA .16% + 10 uA .17% + 10 uA .18% + 10 uA .14% + 10 pA .15% + 10 pA
Hz + (ppm output + pA) + (ppm output + pA)
10-20 650 + 5 700 +5 750 +5 800 +5 450 +5 500 +5
20-40 350 + 4 380 + 4 410+ 4 420 + 4 280 + 4 300 + 4
220 mA 1uA
40-1k 120+ 4 150 + 4 170+ 4 180 + 4 110+ 4 130+ 4
1k-5k 500 + 50 600 + 50 650 + 50 700 + 50 450 + 50 500 + 50
5k-10k .15% + 100 .16% + 100 .17% + 100 .18% + 100 .14% + 100 .15% + 100
20-1k 600 + 40 650 + 40 700 + 40 750 + 40 600 + 40 650 + 40
2.2A 10 pA
1k-5k 700 + 100 750 + 100 800 + 100 850 + 100 650 + 100 750 + 100
5k-10k .80% + 200 .90% + 200 .95% + 200 1.0% + 200 .75% + 200 .85% + 200
5725A Amplifier:
40-1k 370 + 170 400 + 170 440 + 170 460 + 170 300 + 170 330+ 170
11A 100 A
1k-5k 800 + 380 850 + 380 900 + 380 950 + 380 700 + 380 800 + 380
5k-10k .3% + 750 .33% + 750 .35% + 750 .36% + 750 .28% + 750 .32% + 750
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1

Specifications
AC Current (continued)
Secondary Performance Specifications and Operating Characteristics
Included in Uncertainty Specifications
Maximum
Temperature Coefficient Noise and
Stability Resistive
[Note 1] Distortion
Range Frequency +1°C Compliance Load
24 Hours 0°-10°C Limits For Full Bandwidth
10°-40°C and Accuracy 10 Hz-50 kHz
40°-50°C [Note 2] <0.5V Burden
Hz + (ppm output + nA) + (ppm output + nA)/°C Vrms Q + (% output + pA)
10-20 150 +5 50+5 50+5 .05+.1
220 A 20-40 80+5 20+5 20+5 7 2K .05+.1
40-1k 30+3 4+.5 10+ .5 .05+.1
1k-5k 50+ 20 10+1 20+1 25+ .5
5k-10k 400 + 100 20 + 100 20 + 100 5+1
10-20 150 +5 50+5 50+5 .05+.1
22 mA 20-40 80+5 20+4 20+4 7 500 .05+.1
40-1k 30+3 4+1 10+2 .05+.1
1k-5k 50 + 20 10 + 100 20 + 100 25+ .5
5k-10k 400 + 100 50 + 400 50 + 400 S5+1
10-20 150 + 50 50 + 10 50 + 10 05+.1
22 mA 20-40 80 + 50 20+10 20+10 7 150 .05+.1
40-1k 30+ 30 4+ 10 10 + 20 .05+.1
1k-5k 50 + 500 10 + 500 20 + 400 25+ .5
5k-10k 400 + 1 A 50 + 1 A 50 + 1 A 5+1
Hz + (ppm output + pA) + (ppm output + pA)/°C
10-20 150 +.5 50 + .05 50 + .05 .05+ 10
220 mA 20-40 80+.5 20 + .05 20 + .05 7 15 .05+ 10
40-1k 30+.3 4+.1 10+.1 .05+10
1k-5k 50+3 10+ 2 20+2 .25 +50
5k-10k 400 +5 50+5 50+5 .5+ 100
20-1k 50+5 4+1 10+1 .5+ 100
2.2A 14 5
1k-5k 80 + 20 10+5 20+5 [Note 3] .3+ 500
5k-10k 800 + 50 50 +10 50 + 10 1+1mA
5725A Amplifier: + (% output)
40-1K 75 + 100 20 +75 30 +75 05
11A 1k-5k 100 + 150 40 + 75 50 + 75 3 3 [Note 4] .12
5k-10k 200 + 300 100 + 75 100 + 75 5

Notes:

Maximum output from 5700A terminals is 2.2A. Uncertainty specifications for 220 uA and 2.2 mA ranges are increased by 1.3 x plus 2 pA when

supplied through 5725A terminals. Specifications are otherwise identical for all output locations.

1. Temperature coefficient is an adder to uncertainty specifications that does not apply unless operating more than £5°C from calibration temperature.

2. For larger resistive loads multiply uncertainty specifications by:

actual load

)2

maximum load for full acuracy

3. 1.5V compliance limit above 1A. 5725A Amplifier may be used in range-lock mode down to 1A.
4. For resistive loads within rated compliance voltage limits.
Minimum output:: 9 puA for 220 pA range, 10% on all other ranges. 1A minimum for 5725A.
Inductive load limits: 400 uH (5700A or 5725A). 20 uH for 5700A output >1A.

Power factors: 5700A, 0.9 to 1; 5725A, 0.1 to 1. Subject to compliance voltage limits.

Frequency:
Range (Hz):

10.000-11.999, 12.00-119.99,
120.0-1199.9, 1.200k-10.000k

Uncertainty: £0.01%

Resolution: 11,999 counts

Settling time to full accuracy: 5 seconds for 5700A ranges; 6 seconds for 5725A 11A range; +1 second for amplitude or frequency range change.

Overshoot: <10%
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Wideband AC Voltage (Option -03)
Specifications apply to the end of the cable and 50Q termination used for calibration:

Absolute Uncertainty
Range +5°C from calibration temperature
30 Hz-500 kHz
Volts dBm Resolution 24 Hours 90 Days 180 Days 1 Year
+ (% output + pV)
1.1mv -46 10 nv 4+ 4 5+ .4 6+.4 8+2
3mv -37 10 nv 4+1 45+1 5+1 7+3
11 mv -26 100 nV 2+4 35+ 4 5+4 7+8
33mv -17 100 nV 2+10 3+10 45+ 10 6+ 16
110 mV -6.2 luv 2+40 .3+40 .45 + 40 .6 +40
330 mV +3.4 1pv 0.2 + 100 0.25 + 100 .35+ 100 .5+ 100
1.1V +14 10 uv .2 +400 .25 + 400 .35 + 400 .5 + 400
3.5v +24 10 uv 15 + 500 .2 + 500 .3+ 500 .4 + 500
Amplitude Flatness, 1 kHz Settling
Frequency Reference Temperature Tlmel |T° Harmonic
Frequency | Resolution Coefficient Fu Distorti
Voltage Range oefficien istortion
9 9 Accuracy
1.1 mVv | 3mV | >3 mV
Hz Hz 1% tppm/°C Seconds dB
10-30 .01 3 3 3 100 7 -40
30-120 .01 1 1 1 100 7 -40
120-1.2k 1 1 1 1 100 5 -40
1.2k-12k 1 1 1 1 100 5 -40
12k-120k 10 1 1 1 100 5 -40
120k-1.2M 100 2+3uV A+3uV A+3pv 100 5 -40
1.2M-2M 100k 2+3uV A+3uV A+3pv 100 0.5 -40
2M-10M 100k 4+3uV 3+3uV 2+3pv 100 0.5 -40
10M-20M M 6+3uV 5+3uV 4+3pv 150 0.5 -34
20M-30M M 15+15uV | 1.5+3uV | 1+3uv 300 0.5 -34

Additional Operating Information:

dBm reference = 50Q

Range boundaries are at voltage points, dBm levels are approximate.

dBm = 10 log (%),

0.22361V across 50Q =1 mW or 0 dBm
Minimum output: 300 nV (-57 dBm)
Frequency uncertainty: £0.01%
Frequency resolution: 11,999 counts to 1.1999 MHz, 119 counts to 30 MHz.

Overload protection: A short circuit on the wideband output will not result in damage. After settling time,
normal operation is restored upon removal.
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Specifications

1

General Specifications:

Warm-Up time: 2 X the time since last warmed up, to a maximum of 30 minutes.

System installation: Rear output configuration and rack- mount kit available.
Standard interfaces: IEEE-488, RS-232, 5725A, 5205A or 5215A, 5220A, phase lock in (BNC), phase

reference out (BNC).

Temperature performance: Operating: 0°C to 50°C.
Calibration: 15°C to 35°C. Storage: -40°C to 75°C.

Relative humidity: Operating: <80% to 30°C, <70% to 40°C, <40% to 50°C.

Storage: <95%, non-condensing.

Safety: Designed to comply with UL1244 (1987); IEC 348-1978; IEC 66E (CO) 4; CSA 556B.

Guard isolation: 20 volts

EMI/RFI: Designed to comply with FCC Rules Part 15, Subpart J, Class B; VDE 0871, Class B.

Reliability: MIL-T-28800D,para. 3.13.3.

Line Power: 47 to 63 Hz; £10% allowed about selectable nominal line voltage: 100V, 110V, 115V, 120V,
200V, 220V, 230V, 240V. Maximum power: 5700A, 300VA; 5725A, 750VA.

Size:

5700A: Height 17.8 cm (7 in), standard rack increment, plus 1.5 cm (0.6 in) for feet; Width 43.2 cm (17 in),
standard rack width; Depth 63.0 cm (24.8 in), overall; 57.8 cm (22.7 in), rack depth.

5725A: Height 13.3 cm, (5.25 in); Width and depth same as 5700A. Both units project 5.1 cm, (2 in) from

rack front.
Weight: 5700A: 27kg (62 Ibs); 5725A: 32kg (70 Ibs).

<F——— 432cm(17in) ——P>

A

.8cm (7in)

6.35cm (2.5 in)'\l

63 cm (24.8 in)

\V4

l/l

FOR CABLE
ACCESS
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Auxiliary Amplifier Specifications

Note: See 5205A and 5220A Instruction Manuals for complete specifications.
5205A (220V - 1100V ac, 0V - 1100V dc)

Overshoot:: < 10%

Distortion (bandwidth 10 Hz - 1 MHz):

10 Hz - 20 kHz .07%
20 kHz - 50 kHz 2%
50 kHz - 100 kHz  .25%

90 Day Accuracy Temperature Coefficient for
Frequency at 23° £5°C 0°-18°C and 28°-50°C
+ (% output + % range) + (ppm output + ppm range)/°C
DC 0.05 + 0.005 15+3
10 Hz - 40 Hz 0.15 + 0.005 45+ 3
40 Hz - 20 kHz 0.04 + 0.004 15+3
20 kHz - 50 kHz 0.08 + 0.006 50 + 10
50 kHz - 100 kHz 0.1+0.01 70 + 20

5220A (AC Current, 180-day specifications):

Accuracy:
20 Hz - 1 kHz 07% + 1 mA
1 kHz - 5 kHz (.07% + 1mA) x frequency in

kHz
Temperature Coefficient (0° - 18°C and 28° - 50°C): (.003% + 100 pA)/°C
Distortion (bandwidth 300 kHz):

20 Hz - 1 kHz 1% + 1 mA
1 kHz - 5 kHz (1% + 1 mA) x frequency in
kHz

Note: 5700A/5220A combination is not specified for inductive loads.
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Theory of Operation 2
Introduction

Introduction 2-1.

This section provides theory of operation in increasing level of detail. The calibrator is
first broadly defined in terms of digital functions (relating to the Digital Motherboard
assembly) and analog functions (relating to the Analog Motherboard assembly). The
interrelationship of these two areas is then explored in discussions of each output
function. Finally, the overall picture is rounded out with a discussion of system
interconnections.

Most of this section is devoted to detailed circuit descriptions, first of in the digital
(unguarded) section, then in the analog (guarded) section.

Calibrator Overview 2-2.

Figures 2-1, 2-2, and 2-3 comprise the block diagram of the 5700A. These figures are
presented further on in the Analog Section Overview and the Digital Section Overview.

The 5700A is configured internally as an automated calibration system with process
controls and consistent procedures. Internal microprocessors control all functions and
monitor performance, using a switching matrix to route signals between modules.
Complete automatic internal diagnostics, both analog and digital, confirm operational
integrity.

The heart of the measurement system is a 5 1/2-digit adc (analog-to-digital converter),
which is used in a differential mode with the 5700A dac. (The dac is described next under
"Internal References.")

Internal References 2-3.

The major references that form the basis of the 5700A's accuracy are the hybrid reference
amplifiers, patented Fluke solid-state thermal rms sensors, an extremely linear dac, and
two internal precision resistors.

Hybrid Reference Amplifiers 2-4.

A precision source can only be as accurate as its internal references, so the dc voltage
reference for the 5700A was chosen with extreme care. Years of data collection have
proven the ovenized reference amplifier to be the best reference device available for
modern, ultra-stable voltage standards.

In a microprocessor-controlled precision instrument such as the 5700A, the important
characteristics of its dc voltage references are not the accuracy of the value of the
references, but rather their freedom from drift and hysteresis. (Hysteresis is the condition
of stabilizing at a different value after being turned off then on again.) The 5700A hybrid
reference amplifiers excel in both freedom from drift and absence of hysteresis.

Fluke Thermal Sensor (FTS) 2-5.

Thermal rms sensors, or ac converters, convert ac voltage to dc voltage with great
accuracy. These devices sense true rms voltage by measuring the heat generated by a
voltage through a known resistance.

Conventional thermal voltage converters suffer from two main sources of error. First,
they exhibit frequency response errors caused by component reactance. Second, they
have a poor signal-to-noise ratio because they operate at the millivolt level. The FTS has
a full-scale input and output of 2V and a flat frequency response.
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After initial functional verification of the Fluke Thermal Sensors, their characteristics
only change by less than 1/10th of the allowed ac/dc error per year. External calibration
of the ac voltage function of the 5700A consists of verifying that the 5700A meets its
specifications.

Digital-to-Analog Converter (DAC) 2-6.

A patented 26-bit dac is used in the calibrator as a programmable voltage divider. The
dac is a pulse-width modulated (pwm) type with linearity better than 1 ppm (part-per-
million) from 1/10th scale to full scale.

Digital Section Overview 2-7.

The unguarded Digital Section contains the CPU assembly (A20), Digital Power Supply
assembly (A19), Front Panel assembly (A2), Keyboard assembly (A1), and the
unguarded portion of the Rear Panel assembly (A21). Figure 2-1 is a block diagram of
the digital section of the 5700A.

Power for the digital assemblies and the cooling fans is supplied by the Digital Power
Supply assembly.

The CPU (central processing unit) assembly is a single-board computer based on the
68HCO000 microprocessor. It controls local and remote interfaces, as well as serial
communications over a fiber-optic link to the crossing portion of the Regulator/Guard
Crossing assembly (A17). The guard crossing controls the guarded analog circuitry.

A Keyboard assembly provides the user with front-panel control of the 5700A. It
contains four LED's, a rotary edit knob, and a forty-five key keypad. It connects to the
Front Panel assembly via a cable.

The Front Panel assembly provides information to the user on an Output Display and a
Control Display. The Front Panel also contains circuitry that scans the keyboard and
encodes key data for the CPU.

The Rear Panel assembly includes digital interfaces for the following:

e |EEE-488 bus connection
RS-232-C DTE serial port
o Four auxiliary amplifiers: the 5725A, 5205A, 5215A, and 5220A

Analog Section Overview 2-8.

2-6

The guarded analog section of the 5700A contains the following assemblies:

Wideband Output (A5) (Part of Option -03)
Wideband Oscillator (A6) (Part of Option -03)
Current/Hi-Res (A7)

Switch Matrix (A8)

Ohms Cal (A9)

Ohms (A10)

DAC (A1l1)

Oscillator Control (A12)

Oscillator Output (A13)

High Voltage Control (A14)

High Voltage/High Current (A15)

Power Amplifier (A16)

Regulator/Guard Crossing (A17)

Filter/PA Supply (A18)
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These analog assemblies are interfaced to the Analog Motherboard assembly (A3). The
guarded digital bus generated by the guard crossing portion of the Regulator/Guard
Crossing assembly controls all analog assemblies except the Filter/PA Supply. The Guard
Crossing interfaces with the unguarded CPU assembly via a fiber-optic link. The
Transformer assembly, along with the filter portion of the Filter/PA Supply assembly and
the regulator portion of the Regulator/Guard Crossing assembly, create the system power
supply for all the analog assemblies. The Power Amplifier Supply portion of the
Filter/PA Supply assembly provides the high voltage power supplies required by the
Power Amplifier assembly. The amplitudes of these high voltage supplies are controlled
by circuitry contained on the Power Amplifier assembly.

Figures 2-2 and 2-3 are block diagrams for the analog section of the 5700A.

Functional Description Presented by Output Function 2-9.

This part of the theory section presents 5700A operation from the perspective of each
output function. It describes which assemblies come into play, and how they interact. It
does not provide a detailed circuit description. Refer to the individual assembly theories
further on in this section for detailed circuit descriptions.

DC Voltage Functional Description 2-10.

2-8

The DAC assembly (A11) provides a stable dc voltage and is the basic building block of
the 5700A. DC voltages are generated in six ranges:

220 mV
2.2V
11V
22V
220V
1100V

The 11V and 22V ranges are generated by the DAC assembly, with its output, DAC OUT
HI and DAC SENSE HI routed to the Switch Matrix assembly, where relays connect it to
INT OUT HI and INT SENSE HI. Lines INT OUT HI and INT SENSE HI connect to the
5700A binding posts by relays on the Analog Motherboard assembly (A3).

The 2.2V range is created on the Switch Matrix assembly by resistively dividing by five
the 11V range from the DAC assembly. Relays on the Switch Matrix and Analog
Motherboard route the 2.2V range output to the 5700A binding posts.

The 220 mV range is an extension of the 2.2V range. The Switch Matrix assembly
resistively divides by ten the 2.2V range to create the 220 mV range. Relays on the
Switch Matrix and Analog Motherboard route the 220 mV range output to the front panel
binding posts.

The 220V range is generated by the DAC and Power Amplifier assemblies. The Power
Amplifier amplifies the 11V range of the DAC assembly by a gain of -20 to create the
220V range. The output of the Power Amplifier is routed to the High Voltage Control
assembly (Al14), where a relay connects it to PA OUT DC. Line PA OUT DC is routed to
the binding posts via relays on the Switch Matrix and Analog Motherboard.
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The 1100V range is generated by the High Voltage/High Current assembly (A15)
operating in conjunction with the Power Amplifier assembly and the High Voltage
Control assembly. The 11V range of the DAC assembly is routed to the High
Voltage/High Current assembly which amplifies by a gain of -100 to create the 1100V
range. Basically the high voltage output is obtained by rectifying and filtering a high
voltage ac signal generated by the High Voltage Control assembly operating in
conjunction with the Power Amplifier assembly.

AC Voltage Functional Description 2-11.

The Oscillator Output assembly (A13) is the ac signal source for the 5700A. The
Oscillator Control assembly (A12), controls the amplitude of this ac signal by comparing
it with the accurate dc voltage from the DAC assembly and making amplitude corrections
via the OSC CONT line. The frequency of oscillation is phase locked to either the high
resolution oscillator on the Current/Hi-Res (A7) assembly or an external signal connected
to the PHASE LOCK IN connector on the rear panel. AC voltages are generated in the
following ranges:

2.2 mV
22 mV
220 mV
2.2V
11V
22V
220V
1100V

The 2.2V and 22V ranges are generated by the Oscillator Output assembly and routed to
the 5700A binding posts via relays on the Switch Matrix (A8) and Analog Motherboard
assemblies.

The 220 mV range is generated on the Switch Matrix assembly, which resistively divides
by ten the 2.2V range of the Oscillator Output assembly. Relays on the Switch Matrix
and Analog Motherboard route the 220 mV range to the 5700A binding posts.

The 2.2 mV and 22 mV ranges are generated on the Switch Matrix assembly. In this
mode, the Switch Matrix resistively divides the 2.2V range or the 22V range by 1000 to
create the 2.2 mV and 22 mV ranges respectively. Relays on the Switch Matrix and
Analog Motherboard route these ranges to the 5700A binding posts.

The 220V range is generated on the Power Amplifier assembly. In this mode, the Power
Amplifier is set for a nominal gain of -10 to amplify the 22V range from the Oscillator
Output to the 220V range. The 220V ac range from the Power Amplifier is routed to the
5700A binding posts by relays on the High Voltage Control assembly and the Analog
Motherboard.

The 1100V range is generated by the High Voltage Control assembly operating in
conjunction with the Power Amplifier assembly. In this mode, the 22V range from the
Oscillator Output is amplified by the Power Amplifier and High Voltage Control
assemblies, which create an amplifier with a nominal gain of -100. Relays on the High
Voltage Control and Analog Motherboard assemblies route the 1100V ac range to the
5700A binding posts.
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Wideband AC V Functional Description (Option -03) 2-12.

The Wideband AC Voltage module (Option -03) consists of the Wideband Oscillator
assembly (A6) and the Wideband Output assembly (A5). There are two wideband
frequency ranges:

e 10Hzto1l.1MHz
e 1.2 MHzto 30 MHz

During operation between 10 Hz and 1.1 MHz, output from the Oscillator Output
assembly is routed to the Wideband Output assembly where it is amplified and attenuated
to achieve the specified amplitude range. The output is connected to the 5700A front
panel WIDEBAND connector. Operation between 1.2 MHz and 30 MHz works the same
way, except the input to the Wideband Output assembly is the ac signal from the
Wideband Oscillator assembly.

DC Current Functional Description 2-13.
DC current is generated in five ranges:

20 pA - 220 pA
220 pA - 2.2 mA
2.2 mA - 22 mA
22 mA - 220 mA
2.2A

All current ranges except 2.2A are generated by the current portion of the Current/Hi-Res
assembly. These currents are created by connecting the output of the DAC assembly, set
to the 22V range, to the input of the Current assembly. The Current assembly uses this dc
voltage to create the output current. The current output can be connected to the AUX
CURRENT OUTPUT binding post by relays on the Current assembly, to the OUTPUT
HI binding post by relays on the Current, Switch Matrix, and Analog Motherboard
assemblies, or to the 5725A via the B-CUR line by relays on the Analog Motherboard
assembly and Rear Panel assembly.

The 2.2A range is an extension of the 22 mA range. The 22 mA range output from the
Current assembly is amplified by a gain of 100 by the High Voltage/High Current
assembly operating in conjunction with the Power Amp assembly and the High Voltage
Control assembly. The 2.2A current range is routed back to the Current assembly where it
is connected to either the AUX CURRENT OUTPUT binding post, the OUTPUT HI
binding post, or the 5725A in the same manner as the lower current ranges.

AC Current Functional Description 2-14.

AC current is created in the same manner as dc current, except the input to the Current
assembly is the ac voltage from the Oscillator Output assembly set to the 22V range. The
switching between ac and dc is carried out on the Switch Matrix, Oscillator Control,
Oscillator Output, and DAC assemblies.

2-12
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Ohms Functional Description 2-15.
Two assemblies function as one to supply the fixed values of resistance:

e Ohms Main assembly (A10)
e Ohms Cal assembly (A9)

All of the resistance values except the 1Q, 1.9Q, and short are physically located on the
Ohms Main assembly. The 1Q, 1.9Q, and short are physically located on the Ohms Cal
assembly. The desired resistance is selected by relays on these Ohms assemblies and is
connected to the 5700A binding posts by relays on the Analog Motherboard. The Ohms
Cal assembly also contains the appropriate circuitry to enable the 5700A to perform
resistance calibration. Once calibrated, the 5700A output display shows the true value of
the resistance selected, not the nominal (e.g., 10.00031 kQ, not 10 kQ).

Four ohms measurement modes are available. For the two-wire configuration,
measurement with or without lead-drop compensation sensed at the binding posts of the
UUT (using the SENSE binding posts and another set of leads), or at the ends of its test
leads is available for 19 kQ and below. Four-wire configuration is available for all but the
100 MQ value.

System Interconnect Detailed Circuit Description 2-16.

The motherboard assembly contains the Digital Motherboard assembly (A4), and the
Analog Motherboard assembly (A3). These two Motherboards are mechanically fastened
together with screws. They are electrically connected by connectors P81 and P82 on the
Digital Motherboard and connectors J81 and J82 on the Analog Motherboard. AC voltage
taps from the Transformer assembly (A22) are connected to the Analog Motherboard
through these connectors. Refer to Figure 2-4 for an overview of system

interconnections. Figure 2-4 continues on the reverse side, showing system grounds.

Digital Motherboard Assembly (A4) 2-17.

The Digital Motherboard contains the line-select switches, line fuse, power switch, a
fiber-optic transmitter (J73), and a fiber-optic receiver (J74). It also contains connectors
for the Transformer assembly (A22), Digital Power Supply assembly (A19), CPU
assembly (A20), Front Panel assembly (A2), Rear Panel assembly (A21), and the two
24V dc fans mounted in the chassis.

The fiber-optic receiver and transmitter provide the serial communication link between
the CPU on the unguarded Digital Motherboard and the Regulator/Guard Crossing on the
guarded Analog Motherboard.
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Transformer Assembly (A22) 2-18.

The Transformer assembly receives ac line inputs routed through the A4 Digital
Motherboard. This assembly supplies outputs throughout the 5700A, all of which are
routed through the A4 Digital Motherboard.

The Transformer assembly, the filter portion of the Filter/PA Supply assembly (A18), and
the regulator portion of the Regulator/Guard Crossing assembly (A17) create the system
power supply for all analog assemblies. The Transformer assembly also supplies ac
voltages to the Digital Power Supply assembly which generates five regulated dc voltages
for use by the CPU, Front Panel assembly, Rear Panel assembly, and the cooling fans.

Analog Motherboard Assembly (A3) 2-19.

The Analog Motherboard contains the connectors for all assemblies in the guarded
section of the calibrator. The Analog Motherboard also contains 13 relays, a fiber-optic
transmitter, a fiber-optic receiver, a cable for binding post connections, and two cables
for the interface to the Rear Panel assembly. Table 2-1 lists Analog Motherboard

The fiber-optic transmitter (J72) and the fiber-optic receiver (J71) provide the serial
communication link between the Regulator/Guard Crossing assembly and the CPU
assembly on the unguarded Digital Motherboard.

Control lines for relays K1-K10 and K13 on the Analog Motherboard assembly are
generated on the Switch Matrix (A8) assembly. Control line RLY11*, which controls
relay K11, is generated on the Current/Hi-Res assembly (A7). Control line RLY12*,
which controls relay K12, is generated on the Rear Panel assembly (A21).
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Table 2-1. Analog Motherboard Connectors

Motherboard Connector

Connected to Assembly

J101

J111

J201 and J202
J211 and J212
J301 and J302
J311 and J312
J401 and J402
J501 and J502
J511 and J512
J601 and J602
J611 and J612
J701 and J702
J801 and J802
J901 and J902

Wideband Oscillator Assembly (A6)
Wideband Output Assembly (A5)

Switch Matrix Assembly (A8)
Current/Hi-Res Assembly (A7)

Ohms Main Assembly (A10)

Ohms Cal Assembly (A9)

DAC Assembly (A11)

Oscillator Control Assembly (A12)
Oscillator Output Assembly (A13)

High Voltage/High Current Assembly (A15)
High Voltage Control Assembly (A14)
Power Amplifier Assembly (A16)
Regulator/Guard Crossing Assembly (A17)
Filter/PA Supply Assembly (A18)

Line INT OUT Hl is the calibrator output for ac voltage operation in the 22V range and
below, dc voltage operation in the 220V range and below, all resistance functions, and all
ac/dc current ranges. Relays on the Current assembly route the current output to the AUX
CURRENT OUTPUT binding post via the | OUT line if so selected by the operator. INT
SENSE HlI is the sense high path during these modes of operation. INT OUT HI is
connected to the OUTPUT HI binding post through relay K1. INT SENSE HI is
connected to the SENSE HI or OUTPUT HI binding post through relays K2 and K3.

Line HV OUT is the calibrator output for dc voltage operation in the 1100V range, and ac
voltage operation in the 220V and 1100V ranges. Line HV SENSE is the sense high path
during these modes of operation. HV OUT is connected to the OUT HI binding post
through relays K9 and K1. HV SENSE is connected to the SENSE HI or OUTPUT HI

binding post through relays K10, K2, and K3.

The 5725A Amplifier output is B OUT HI and the sense high path is B SNS HI. When
the 5725A is active, B OUT HI is connected to the OUT HI binding post through relays
K4 and K1. When the 5725A Amplifier is inactive, B OUT HI is connected to GUARD
CHASSIS by relay K12. Line B SNS Hl is tied to B OUT HI through diode clamps CR1
and CR2 and is connected to the SENSE HI or OUTPUT HI binding post through relays

K5, K2, and K3.

The cable from the motherboard to the binding posts consists of six insulated wires and
six shields, each with its own drain wire. The OUT HI line, SENSE HI line, OUT/SENSE
HI line and AUX CURRENT line each connect to an insulated wire and each has a shield
around the wire. These shields are connected to OUT LO, SENSE LO, OUT/SENSE LO,
and 1/V GUARD, respectively. The I/'V GUARD line is connected to | GUARD during
operation in the current mode or V GUARD during operation in the voltage mode. This

selection is done by relay K11.

When the 5700A is in standby, all binding posts are open-circuited except the GROUND
binding post. In addition, GUARD CHASSIS is connected to S COM by K6. When in the
operate condition, this connection is broken (K6 energized) and GUARD CHASSIS is
connected to V GUARD via K7, which goes to the GUARD binding post, and to OUT
LO via K8. GUARD CHASSIS is also connected to OSC LO GD by K13 except during

ac or dc millivolt operation, when instead OSC LO GD is connected to S COM.
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Front/Rear Binding Posts 2-20.

An internal cable can be configured to enable either the front panel or panel binding
posts. When compared to front panel binding posts, the rear panel provides the same
OUTPUT HI, OUTPUT LO, SENSE HI, SENSE LO, AND V GUARD functions. Also,
the rear panel provides an | GUARD (current guard) connection for use when the 5700A
is supplying low-level ac current through a long cable. Use of the | GUARD connection
removes errors introduced by leakage through such cables. The rear panel binding posts
do not provide an AUX CURRENT OUTPUT connection. The procedure to disable the
front panel binding posts and enable the rear panel binding posts is to be done at Service
Centers, although it is described in this manual in Section 4.

Rear Panel Assembly (A21) 2-21.

The Rear Panel assembly provides physical and electrical connections for the auxiliary
amplifiers, along with RS-232-C and IEEE-488 interface connections. Relays on the Rear
Panel assembly are used as the interfaces for the 5205A, 5215A, 5220A, or 5725A
amplifiers, or for switching the PHASE LOCK IN and VARIABLE PHASE OUT
signals.

Three Auxiliary Amplifiers can be physically connected to the Rear Panel assembly of
the 5700A: the 5725A at J7, the 5220A at J4, and either 5205A or 5215A at J3. Only one
amplifier can be in use at one time.

e The Rear Panel assembly provides relay switching for 5725A signals. VVoltage
outputs from the 5725A are routed to the binding posts on the 5700A. Current
outputs are soured at the 5725A OUTPUT binding posts. An alternate configuration
is also available, allowing for routing of 5700A current outputs to the 5725A
OUTPUT binding posts.

e When the 5220A (current output) is selected via the front panel, the output of the
5700A is routed to connector J4 on the rear panel, which is the interface to the
5220A.

e \When the 5205A (ac and dc volts) or 5215A (ac volts only) function is selected via
the calibrator keyboard, the output of the calibrator is routed to connector J3 (pins 1,
9, 2, and 10) on the Rear Panel assembly.

Filter PA Supply Assembly (A18) 2-22.

The Filter/PA Supply assembly incorporates two sections. The first section contains
filters and regulators for some of the in-guard low-voltage supplies, and the second
contains the power supply for the Power Amplifier output. Theory for each section is
discussed separately.

Digital Section Detailed Circuit Description 2-23.

Detailed descriptions of each assembly in the digital section are provided here. Simplified
schematics and block diagrams are provided to supplement the text.

Digital Power Supply Assembly (A19) 2-24.

The Digital Power Supply assembly receives ac voltages from the transformer and
provides five regulated dc voltages for use by the CPU, Front Panel assembly, Rear
Panel assembly, and the cooling fans. All power supply voltages are referenced to
COMMON, which is the transformer center tap for the £12V supplies. Test points at the
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top of the assembly can be used to check unregulated input voltages, and regulated dc
output voltages. Table 2-2 lists the supplies generated by the Digital Power Supply.

Table 2-2. Supplies Generated by the Digital Power Supply

Signal Name Test Point N(;)un:g:til Tolerance Current Limit ORl?tt:St
+75V OUT TP2 73V +/-8% 121 mA 100 mA
+35V OUT TP5 35V +-7% 52 mA 40 mA
+12 VOLTS TP8 12v +/-5% 1.5A 700 mA
-12 VOLTS TP10 12v +/-5% 1.5A 450 mA
+5V TP12 5.2V +/-5% 2.4A 2.0A
COMMON TP13

+5V Power Supply 2-25.

The unregulated +5V supply uses CR25-CR28 in a full-wave rectifier configuration with
filter capacitors C12, C13, and C14. Capacitors C20 and C21 filter out high-frequency
noise. Inductor L8 is a common-mode choke and C11 is a bypass capacitor. The regulator
is fused by 3.15A slow-blow fuse F5.

The regulated +5V is generated by three-terminal low-dropout +5V regulator U3 with
heat sink. The regulator's output voltage is increased about 0.2V by CR35, a germanium
diode connected between the regulator's ground pin and COMMON. Capacitor C14 is for
bypass. Capacitor C23 filters out high-frequency noise. Diode CR29 protects the
regulator against input shorts, and diode CR30 protects the regulator from reverse
voltage. Inductor L7 and C16 further filter the output to P41.

+12V Power Supplies 2-26.

A full-wave rectifier made of diodes CR17-CR20 and filter capacitors C6 and C7
generate the unregulated +12V and -12V supplies. AC inputs are fused by F3 and F4,
both 2A slow blow.

The regulated +12V supply is generated by a three-terminal +12V regulator U1 with heat
sink. Capacitors C5 and C9 are for bypass. Diode CR21 protects the regulator from input
shorts, and diode CR23 protects the regulator from reverse voltage. Capacitor C22 filters
out high frequency noise.

Three-terminal -12V regulator U2 with heat sink generates the regulated -12V supply.
Capacitors C8, C10, and C19 are for bypass. Diode CR22 protects the regulator from
input shorts, and diode CR24 protects the regulator from reverse voltage.

Inductors L3-L6 filter the regulated outputs. R7 further isolates the £12V FAN lines from
the £12V power lines. The +12V FAN and -12V FAN lines power the two 24V dc fans
inside the calibrator.

+35V Power Supply 2-27.

The +35V power supply powers the grid drivers and anode drivers on the front panel
output display circuitry.
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A full-wave rectifier made of diodes CR9-CR12 and filter capacitor C3 generate the
unregulated +35V supply. Its input is fused by F2, a 0.125A slow-blow. Capacitor C18 is
for bypass. Capacitor C25 filters out high frequency noise.

Zener diodes VR14, VR15 and transistor Q5 generate the +35V regulated output. Zener
diodes VR14 and VR15 (both 18V) make up the control element which sets the output
voltage. Transistor Q5 is used as an emitter follower. CR13 is the constant current source
supplying current to the zener diodes and the base of Q5. Components R5 and Q6 make
up the current-limiting circuit. During an over-current condition, the voltage drop across
R5 turns Q6 on, thus drawing current away from the base of Q5 and limiting current flow
to the output. Diode CR16 protects this circuit from reverse voltage and C4 is a bypass
capacitor. Inductor L2 filters the regulated output. Resistor R13 is a bleed-off resistor for
Ca.

+75V Power Supply 2-28.

The +75V power supply powers the grid drivers and anode drivers on the front panel
control display circuitry.

A full-wave rectifier made of diodes CR1-CR4 and filter capacitor C1 generate the
unregulated +75V supply. Its input is fused by F1, a 0.315A slow-blow. Capacitor C17 is
for bypass. Capacitor C24 filters out high frequency noise.

The +75V regulated output is generated by 36V zener diode VR6, 39V zener diode VRY7,
and transistors Q1 and Q3. Zener diodes VR6 and VVR7 set the output voltage. Transistors
Q1 and Q3, in a Darlington configuration for current gain, are used as an emitter
follower. Transistor Q4, zener diode VRS, and resistors R2 and R3 make up the constant
current source supplying current to the zener diodes and the base of Q3. Current limiting
is performed by R1 and Q2 in the same manner as in the +35V supply. Diode CR8
protects the circuit from reverse voltage and C2 is a bypass capacitor. Inductor L1 filters
the regulated output. Resistor R6 is a bleed-off resistor for C1.

+35V and +75V Shut-Down Circuit 2-29.

2-20

The +35V and +75V high voltage supplies are shut down when a fault occurs in the
control display refresh circuitry. This shut-down circuit prevents the Control Display and
Output Display from burning out, and also verifies that the master clock is generating
control signals for both displays.

During normal operation, 75VSD is low, turning Q10 off. Line RESETL pulls the base of
Q9 high through R9, turning Q9 on. This action in turn pulls the junctions of CR31-CR32
and CR33-CR34 low, turning Q7 and Q8 off. The +75V and +35V constant-current
sources can then supply the appropriate zener diodes and drive the bases of the respective
emitter followers.

When a display refresh fault occurs, the 75VSD line on P41 pin 5C, coming from the
Front Panel assembly, goes high. this signal, pulled up by R4, drives the base of Q10
through base resistor R11. Transistor Q10 then saturates, pulling the base of Q9 near
ground, turning Q9 off. On power-up or during a CPU reset, the RESETL signal is low,
pulling the base of Q9 near ground through R9, also turning Q9 off. Resistor R12 is a
turn-off resistor for Q9. Diodes CR31 and CR33 are in a wired-OR configuration. When
Q9 is saturated (on), CR31 and CR33 pull their respective junctions to CR32 and CR34
near ground, turning Q7 and Q8 off. When Q9 is off, the junctions are pulled high
through R8 and R10, saturating Q7 and Q8 (on). When on, Q7 removes the base drive
from Q3, shutting down the +75V supply. Similarly, Q8 removes the base drive from Q5,
shutting down the +35V supply.
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Diodes CR32 and CR34 simply ensure that Q7 and Q8 are off when Q9 is on. Resistor
R8 guarantees that Q7 will hold the +75V supply off until it drops below 15.6V, and R10
holds the +35V supply off to 7.8V.

CPU (Central Processing Unit) Assembly (A20) 2-30.

The CPU (Central Processing Unit) for the 5700A is a single-board computer based on a
68HCO000 microprocessor. The CPU assembly communicates with the Guarded Digital
section, the Front Panel assembly, and the Rear Panel assembly. The board can be
divided into three primary areas:

e The microprocessor and its support circuitry
e Memory
e Peripheral chips and I/O interfaces

Microprocessor support circuitry consists of a power-up and reset circuit, clock
generation, a watchdog timer, address decoders and DTACK (data acknowledge)
generator, bus error timeout, and interrupt controller.

Figure 2-5 is a block diagram of the CPU assembly. Table 2-3 is a glossary of the
acronyms used in the text and schematic for the CPU assembly.

Power-Up and Reset Circuit 2-31.

The power-up and reset circuitry consists of line monitor chip U1, C5, C6, CR1, R3, Z3,
switch SW1, and inverters on U2. This circuit provides a 195 ms reset pulse at power-up
or upon pressing and releasing SW1, placing the CPU assembly in a known safe
condition. If the power supply glitches or falls below 4.55V +0.05V, U1 resets the
5700A. The reset pulse duration is determined by C5. Note that SW1 performs a different
function than the front panel RESET button. SW1 is a hardware reset that is hard-wired
to and directly read by the microprocessor. The front panel RESET button is a software
reset; it tells the system software to restore the 5700A configuration to a default
condition.

The heart of this circuit is the line monitor chip U1. On power-up or when SW1 is
pushed, U1 forces an active-low reset pulse on RESETL and an active-high pulse on
RESET. RESETL helps to prevent accidental writes to EEPROM and drives an inverter
in U2 to turn off LED CR1. CR1 indicates that the +5V supply is on and that the CPU is
operating, i.e. not reset. RESETL also resets the rear panel assembly. The other output,
RESET, drives two inverters in U2. One of these inverters provides HALT*. The other
generates IORESET*, which drives the processor's RESET, and provides a reset for the
front panel interface and DUARTS (dual universal asynchronous receiver/transmitter)
circuitry.

Clock Generation 2-32.

The clock generation circuit uses components Y1, Y2, U3, U4, R4, R5, C8, C9, and E5.
The crystal Y1, along with the resistors, capacitors, and an inverter in U3 generates the
7.3728 MHz primary system clock CLK. This system clock is used by the processor and
is divided down by a binary counter (U4) for clocks of 3.6864 MHz, 28.8 kHz, and 450
Hz. The 450 Hz clock is used by the watchdog timer, the 28.8 kHz is used by U6 in the
decoding circuit, and the 3.6864 MHz is used by the DUARTS, and the clock filter
circuit. Jumper E5 allows for selection of the alternate oscillator (Y2) as the system
clock.
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Table 2-3. CPU Acronym Glossary

Signal Name Function
A01-A23 Address lines

ADCLKCS* Clock/calendar (U33) chip select
AS* Address strobe

BERR* Bus error

BGACK* Bus grant acknowledge

BR* Bus request

BRPDRTINT* Rear panel DUART interrupt
BRPDTK* Rear panel data transfer acknowledge
BRPIEEEINT* Rear panel IEEE-488 interrupt
CLKCALINT* Clock/calendar interrupt

D00-D15 Data lines

DOGCLR Dog clear (clears watchdog timer)
DOGINTH Dog interrupt (interrupt from watchdog timer)
DRTDTK* DUART data transfer acknowledge
DTACK* Data transfer acknowledge

E Enable for 6800 family devices (737.28 kHz clock)
EXDUARTINT* External DUART Interru

FAN1 Signal monitoring fan 1

FAN2 Signal monitoring fan 2

FANINT* Fan monitor interrupt

FCO Function code output 0

FC1 Function code output 1

FC2 Function code output 2

FPDTK* Front panel data transfer acknowledge
FRNTPNLCS* Front panel chip select
FRNTPNLEN* Front panel enable

GCDRTCS* Guard crossing DUART chip select
GCDUARTINT* Guard crossing DUART interrupt
INTRCNTL1 Interrupt control 1

INTRCNTL2 Interrupt control 2

IPLO* Interrupt priority level 0

IPL1* Interrupt priority level 1

IPL2* Interrupt priority level 2
KEYBRDINT* Keyboard interrupt

LDS* Lower data strobe

MISCCS* Miscellaneous chip select enable (upper address bits decoder)
NVMCS* Nonvolatile memory chip select
NVMOE* Nonvolatile memory output enable
PROMOCS* PROM 0 chip select (U15 and U16)
PROM1CS* PROM 1 chip select (U17 and U18)
PROM2CS* PROM 2 chip select (U23 and U24)
PSFAILINT* Power supply fail interrupt
RAMOCS* RAM chip select (U19 and U20)
RAM1CS* RAM chip select (U21 and U22)
RAM2CS* RAM chip select (U40 and U41)
R/WR* Read/write

RDINT* Read interrupt

RDL* Read data lower

RDU* Read data upper

RDY/BSYL Ready/busy

RPSEL* Rear panel chip select

RRPNLEN* Rear panel enable

RXDA Receive Data Port A

RCVB Receive Data Port B

SCLK Serial clock

TXDA Transmit Data Port A

TXDB Transmit Data Port B

uUDS* Upper data strobe

WRL* Write lower

WRU* Write upper

XDUARTCS* External DUART chip select
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Watchdog Timer 2-33.

The watchdog timer circuitry uses a 74HC4020 binary counter (U11) to divide the 450
Hz from the clock generation circuit to produce interrupt DOGINTH, signifying that the
system may be locked up. This interrupt is generated 1.14 seconds after the last
DOGCLR2 signal from interrupt controller U10. Therefore, DOGCLR2 must occur more
often then every 1.14 seconds to clear U11 and prevent the watchdog interrupt.
Generation of DOGCLR?2 is under software control. The watchdog timer can be disabled
by cutting jumper E1.

Address Decoding and Dtack (Data Acknowledge) 2-34.

Two Programmable Logic Devices (PLDs) accomplish address decoding and DTACK
(data acknowledge) generation. ICs U5 and U6 provide chip selects and generate
acknowledgment signals for those devices without DTACK lines. IC U5 receives
DTACK signals from the asynchronous devices and ORs these signals together to form
DTACK*. Table 2-4 is the memory map for the system. It shows the chip select, address
range, and notes whether AS* (address strobe) or LDS* (lower data strobe) is required.

Table 2-4. CPU Memory Map

Chip Select Read/Write Address Range AS* or LDS* Required?
PROMOCS* R 0 to 3FFFF no
PROM1CS* R 40000 to 7FFFF no
PROM2CS* R 80000 to BFFFF no
RAMOCS* 600000 to 60FFFF no
RAM1CS* 610000 to 61FFFF no
RAM2CS* 620000 to 623FFF no
NVMCS* R/W C00000 to CFFFFF no
MISCCS* R/W D00000 to DFFFFF no
RPSEL* R/W D00000 to DO1FFF LDS*
RPDUARTCS* R/W D00000 to DO001F LDS*
RPIEEECS* R/W D00020 to DO002F LDS*
Y52XXRD* R D00030 to D00031 LDS*
Y5205WR* w D00032 to DO0033 LDS*
Y5220WR* w D00034 to DO0035 LDS*
FRNTPNLCS* R/W D02000 to DO3FFF AS*
OTDCS* R/W D02000 to DO27FF AS*
DMDCS* R/W D02800 to DO2FFF AS*
ENCODERCSR R D03000 to DO33FF AS*
ENCODERRESETW w D03000 to DO33FF AS*
LED_OUTPUT_R R D03400 to DO37FF AS
LED_LATCH_EN R/W D03400 to DO37FF AS*
KEYBOARDCS R/W D03800 to DO38FF AS*
GCDRTCS* D04000 to DO5FFF LDS*
XDUARTCS* R/W D06000 to DO7FFF LDS*
RDINT* w D08000 to DO9FFF AS*
DOGCLR D08000 to DO9FFF even only, AS*
ADCLKCS* E00000 to EFFFFF AS*
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Interrupt Controller 2-35.

PLD U10 is the priority interrupt controller. The interrupt controller reads incoming
interrupts and interrupt control lines, then encodes the highest priority interrupt into the
interrupt level for the 68HCO000. When the 68HCO000 responds to an interrupt request, it
asks the interrupt controller for an 8-bit vector that corresponds to the pending interrupt
of highest priority. The interrupt controller responds with the 4 LSB's of the vector
according to how it is programmed. The 4 MSB's are pulled up on resistor network Z1.
Table 2-5 shows the interrupts, their priority levels, and vectors.

Table 2-5. CPU Interrupts, Priorities, and Vectors

Interrupt Priority Level Vector (Hex)
NMI 7 - (not used)
DOGINTH 6 F4
BRPDRTINT* 5 F6
GCDUARTINT* 5 F7
EXDUARTINT* 5 F8
CLKCALINT* 4 F5
BRPIEEEINT* 4 F9
KEYBRDINT* 3 FA
BPSFAILINT* 2 FB
FANINT* 0 FF (not used)
RDY/BSYL 0 FF (not used)
No interrupt 0 FF

Glue Logic 2-36.

ICs U2, U3, and U9 form the glue logic circuit, which keeps various CPU functions
running properly. The four OR gates in U9 and an inverter in U3 use control signals
UDS*, LDS*, and R/WR* from the microprocessor to generate control signals WRU*,
WRL*, RDL*, and RDU*.

RAM (Random-Access Memory) 2-37.

Random-access memory is contained in three pairs of sockets, U19 and U20, U21 and
U22, and U40 and U41. These sockets accommodate either 32K x 8 or 128K x 8 static
CMOS RAM modules (32KB or 128 KB each). The 5700A is shipped with U19-U22

installed, using 32K x 8 parts and providing 128 KB of static RAM.

ROM (Read-Only Memory) 2-38.

Read-only memory is contained in three pairs of sockets, U15-U16, U17-U18, and U23-
U24. These sockets accommodate 27010 EPROMS, 128K x 8 devices (128 KB each).
Jumpers allow 256 KB devices to be used in their place. The 5700A is shipped with U15-
U18 installed, providing 512 KB of EPROM.
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Electrically-Erasable Programmable Read-Only Memory (EEPROM) 2-39.

IC U13 is an EEPROM. The socket accommodates a 32K x 8 device (32 KB of storage.)
A jumper is provided to allow an 8K x 8 (8 KB) device to be used in place of the 32 KB
device. The 5700A is shipped with a 32KB EEPROM installed.

The EEPROM requires protection against inadvertent writes during power-up and power-
down sequences, which could corrupt calibration constants stored there by the 68HCO000.
The 32 KB EEPROM provides for software-controlled protection against accidental
writes.

Hardware is also used to further ensure data integrity. The EEPROMSs are designed so
that writes to the device are prevented by holding the output enable line (NVMOE*) low.
Diodes CR5, CR6 and CR8, together with resistor R6, perform a wired-OR function for
three signals that control NVMOE*. Components R6, CR6 and C17 hold NVMOE™* to a
valid logic low for typically 37.3 ms during power-up; 26.8 ms minimum, 49.6 ms
maximum. Diode CR7 provides a discharge path for C17 on power-down, allowing the
operator to quickly turn the 5700A off then on again, without interfering with the power-
up charge time of the capacitor. Diode CR8 allows the normal microprocessor read of the
device to take place. And diode CRS5 allows power monitoring IC U1 to hold NVMOE*
low when the +5V power supply drops below 4.5V on power-down or during power
glitches.

DUART (Dual Universal Asynchronous Receiver/transmitter) Circuit 2-40.

The 68C681 DUART (U31) has several functions. Its primary function is to provide the
asynchronous serial lines that communicate with the Guarded Digital Controller over the
fiber-optic path off the Digital Motherboard. A 75451 driver chip (U32) drives the fiber-
optic transmitter on the digital Motherboard.

The DUART has 8 output lines that perform various functions. INTRCNTL1 and
INTRCNTL2 go to the interrupt controller and are fed back to the DUART inputs. These
are used by the interrupt controller to enable certain interrupts. Line SCLK is a test
output of the channel A serial clock.

The DUART monitors the EEPROM ready signal and the FANINT™* signal. It also has a
spare serial channel that goes to connector J5. Components U44 and U43 convert the
TTL-level signals at the DUART to RS-232-C-level signals at J5.

The DUART generates its own DTACK signal, DRTDTK*, which is used by U5 to
generate system DTACK, DTACK*. A second DUART, U42, with associated RS-232-C
drivers and receivers is used only for test purposes. It generates its own DTACK, wire-
ORed to DRTDTK™*.

Clock/Calendar Circuit 2-41.

Time and date information is stored in a battery-backed clock/calendar circuit consisting
of 32.768 kHz crystal Y3, 3V lithium battery BT1, clock/calendar IC U33, and capacitors
C10 and C11. The clock/calendar IC has the necessary circuitry internally to switch
operation from the power supply to battery BT1. Pull-up resistors in Z5 off U33 are to
ensure low power operation when the +5V supply is off. U33 generates CLKCALINT*
under software control.
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Clock Filter Circuit 2-42.

The clock filter circuit generates a 3.6864 MHz 200 mV sine wave for the Rear Panel and
Front Panel assemblies. This circuit buffers the 3.6864 MHz Clock with an inverter in
U3. The circuit contains dc-blocking capacitor C80, two stages of a low pass LC filter
(L80 and C81, L81 and C82), transformer T51, and termination resistor R82.

CPU to Rear Panel Interface 2-43.

Components U25, U26, U27, and connector P62 interface the CPU to the rear panel. Bi-
directional bus transceiver U26 buffers the data lines. Signal R/WR* controls the
transmission direction of the data lines, and RRPNLEN¥ is the chip enable. IC U25
buffers control lines BRPDRTINT*, BRPIEEEINT*, and BRPDTK*. U27, enabled by
RRPNLEN%*, buffers address line A01-A05 and control lines WRL* and R/WR*. Control
lines RESETL, RPSEL*, TXDB, RCVB, and XMT go directly to connector P62.

CPU to Front Panel Interface 2-44.

Components U25, U28, U29, U30 and connector P61 interface the front panel to the
CPU. Bi-directional bus transceiver U30 buffers the data lines. Control signal R/WR*
controls the transmission direction of the data lines, and FRNTPNLEN™* is the chip
enable. IC U28, enabled by FRNTPNLEN™*, buffers address lines A05-A12. IC U29, also
enabled by FRNTPNLEN™*, buffers address lines A01-A04 and control line R/WR*. Two
sections of U25 in parallel buffer IORESET*, providing twice the drive current of a
single section, generating BRESET™*. Three other sections of U25 buffer FPINT™,
FPDTK™*, and PSFAILINT*. Control line FRNTPNLCS* goes directly to connector P61.

Fan Monitor 2-45.

The fan monitor circuit detects whether one of the two fans is fully or partially shorted,
open-circuited, or drawing excessive current. Current-sense resistors on the Digital
Motherboard send analog signals FAN1 and FAN2 to the CPU through P61. FAN1 is
subtracted from FAN2 in U52D, and the difference is amplified before being sent to a
window comparator made up of U52B and U52C (plus associated resistors). Capacitors
C12 and C13 act as low-pass filters for the two signals, preventing spurious noise from
interfering with detection circuitry.

When the output of U52D is greater than +5V, the output of U52B goes low (to about -
11V); otherwise the output is high (about +11V). U52A takes the +5V and generates a -
5V reference for comparator U52C. When the output of U52D is more negative than -5V,
the output of U52C goes low (to about -11V); otherwise the output is high (about +11V).
The outputs of U52B and U52C are wire-ORed through CR2 and CR3, using R52 and
R53 to limit current sunk by the comparators when their respective outputs are low.
Schottky barrier diode CR4 converts the -11V outputs of the comparators, when either is
low, to a TTL-level logic low, which is the active (true) level of FANINT™.

When both fans are functioning properly, diodes CR2 and CR3 are reverse-biased,
effectively taking the comparators out of the circuit. At this point, R51 pulls FANINT* to
a valid TTL-level logic high, the inactive state of FANINT*. R51 and CR4 level-shift the
+11V signal to valid TTL levels.

Signal FANINT* goes to DUART U31 and to the interrupt controller U10 for further
processing. System software monitors FANINT* through U31, and can program the
DUART to generate a GCDUARTINT™ interrupt signal on FANINT* going low.
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Front Panel Assembly (A2) 2-46.

The Front Panel assembly, operating in conjunction with the Keyboard assembly (linked
by a cable), is the operator interface to the 5700A. This assembly contains two separate
vacuum-fluorescent displays: the Control Display and the Output Display. Each display
has its own control, high voltage drive, and filament-switching circuits. This assembly
also contains clock regeneration, refresh failure detect, keyboard scanner, rotary knob
encoder, LED drive, and decoding and timing circuitry.

Connector J2 connects this assembly with the Keyboard/Encoder. Connector J1 interfaces
with the CPU assembly and the Digital Power Supply assembly via the Digital
Motherboard.

Clock Regeneration Circuitry 2-47.

To minimize EMI (electro-magnetic interference), the Front Panel assembly accepts a
low-level sine-wave (approximately 200 mV p-p) 3.6864 MHz clock from the CPU
assembly and converts it to a TTL-acceptable level. This is done by high-speed
differential comparator (U7A), operating on incoming signals 3.6864MHZCLK and
3.6864MHZCLK*. The output of U7A is the input to U8 and is also inverted by U11B to
create the 3.6864 MHz clock signal CLOCK. Twelve-stage binary counter U8 divides the
3.6864 MHz clock by eight and U11A inverts the signal to create 460.8 kHz. The master
clock is further divided by U8, which outputs a 900 Hz signal on pin 1. These clocks
provide system timing for the other ICs on the assembly. A -5.2V supply for U7 is
provided by VR5, with C64 acting as the supply bypass.

Refresh Failure Detect Circuitry 2-48.

If a clock failure were to occur, the refresh cycles of the vacuum-fluorescent displays
would be interrupted. This condition could damage the tubes if not immediately detected.
Refresh failure detect circuitry monitors the GRIDDATA output from the last high
voltage driver (U23) for the Control Display. This output (REFRESH) is used to clear a
watchdog timer (U6) every refresh cycle. If the refresh is interrupted and GRIDDATA
does not occur, the watchdog timer times out and latches U12. Flip-flop U12 generates
control lines 75VSD and PSFAILINTR*. Control line 75VSD is routed to the Digital
Power Supply assembly to shut down the +35V and +75V power supplies, thus
preventing damage to the vacuum-fluorescent displays. Interrupt line PSFAILINTR* is
used by PLD U3 to properly blank the Control Display and Output Display through
DMDBLANK and OTDBLANK, and alerts the CPU that this failure has occurred.

Decoding and Timing Circuitry 2-49.

Main decoding and master timing functions for the front panel are accomplished by an
EP900 PLD (Programmable Logic Device), U3. Two state machines control display
refresh and filament switching. Filament switching is handled by two non-overlapping
57.6 kHz signals.

Signals GSTRBE and STROBE are master timing and synchronization signals used by
the other ICs. Signal DMDBLANK controls the Control Display grid drivers, ABCLK
and CDCLK control the Control Display anode drivers, and OTDBLANK controls the
Output Display grid and anode drivers. Front panel DTACK and interrupt functions, and
generation of the various chip select and reset signals are also provided by U3. Table 2-6
is a memory map for the front panel.
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Table 2-6. Front Panel Memory Map

Name Read/Write Address
OTDCS* R/W D02000 to DO27FF
DMDCS* R/W D02800 to DO2FFF
ENCODERCS* R D03000 to DO33FF
ENCODERRESET* W D03000 to DO33FF
LED_OUTPUT_CNTRL R D03400 to DO37FF
LED_LATCH_EN w D03400 to DO37FF
KEYBOARDCS* R/W D03800 to DO3BFF
Control Display Circuitry 2-50.

Control display circuitry consists of a 26-row by 256-column vacuum-fluorescent dot
matrix display under the control of PLD U4, four high voltage grid drivers (U20-U23),
four high voltage anode drivers (U16-U19), a filament switching circuit, and 1K x 8 (1
KB) dual-port RAM UL.

This display is divided into 129 grids; alternate grids contain two anode columns lettered
B C or D A. Grid G129 and column C in grid G128 are not used. Each column contains
26 individual anodes.

IC U4 is an EP900 Programmable Logic Device (PLD). It provides the timing and
control signals for control display circuitry. Display data written by the microprocessor
into the Control Display's dual port RAM (U1) is read by U4 and sent serially to the high
voltage anode drivers. Both the anode and grid drivers are serial TTL-level input, 32-bit
parallel high voltage output devices. IC U4 also controls the grid timing and display

refresh.
* Kk ok ok ok ok ok ok *k ok ok ok ok ok Kk * Kk ok ok ok ok ok ok
*+ B C «x * D A x *+ B C «x
* * * * * *
* G4 x * G5 * G6 *
* * * * * *
* Kk ok Kk Kk ok Kk Kk * Kk ok ok Kk ok ok Kk * Kk ok Kk Kk ok ok Kk

Adjacent columns in adjacent grids are driven, while the opposite columns are turned off.
For instance, grid G4 contains columns B and C, and grid G5 contains columns D and A.
G4 and G5 are driven simultaneously while anode columns G4-C and G5-D are activated,
and G4-B and G5-A are driven off. Next, grids G5 and G6 are driven simultaneously,
while columns G5-A and G6-B are activated, and G5-D and G6-C are driven off. This
pattern is repeated for all 128 grids at a refresh rate of about 75 Hz.

This particular scheme was selected because of the way the anode drivers are loaded with
display data. Both the A and C (U16 and U18), and B and D (U17 and U19) anode
drivers' input registers are latched with the same data, while the output drivers are
appropriately enabled and displaying the data previously strobed to the driver outputs
from the input registers. The input register data is strobed to the output drivers while all
of the drivers are disabled, or blanked. Following this, either the A and B drivers are
enabled to display the A-B data, when the C and D drivers, latched with A-B data, are
disabled, or the C and D drivers are enabled to display the C-D data, when the A and B
drivers, latched with C-D data, are disabled.

Control display filament driver circuitry consists of transistors Q1 through Q6 and zener
diodes VR1 and VR2, with associated resistors. The transistors are driven by 7406 open
collector drivers U13B and U13A. These drivers are controlled by AOUT and BOUT.
AOQUT and BOUT are synchronous, non-overlapping, three-eighths duty cycle, 57.6 kHz
timing signals generated by U3. Each signal is alternately active high for 6.51 us, with a
dead time between active signals of about 2.17 us to allow for turn-off times of the drive
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transistors. When AOUT is high, U13B turns Q2 and Q4 on. Q4 turns Q6 on, providing a
path for the filament current through Q2 and Q6. Zener diode VVR2 provides the dc
voltage offset necessary for proper filament operation. Then when BOUT is high, U13A
turns Q1 and Q3 on. Q1 turns Q5 on, providing a path for the filament current through
Q3 and Q5, effectively reversing the direction of the voltage driving the filament. Zener
diode VR1 provides the dc voltage offset necessary for proper filament operation.

PLD U4 also generates the 225 Hz square-wave SCAN signal used by PLD U9 to control
front panel keypad scanning and key debounce.

Dual-port RAM U1 contains all the Control Display data written by the 68HC000
microprocessor on the CPU board. PLD U4 contains a 10-bit address counter which is
used by U4 to read the contents of U1. U1 provides a BUSYD signal to U3, which is
active low whenever the CPU and U4 try to access the same RAM location at the same
time. If the microprocessor attempts to write to the RAM location that U4 is reading (as it
refreshes the DMD), U3 uses BUSYD to hold off DTACK to the microprocessor. This
prevents the written data from being lost. The other busy signal, generated when U4
attempts to read from a location being written to by the microprocessor, is ignored.
Losing display data for one refresh cycle is insignificant.

Output Display Circuitry 2-51.

2-30

Output display circuitry consists of a custom 2-row, 22-character vacuum-fluorescent
display under the control of PLD U5. The circuit contains high voltage grid driver U15,
high voltage anode driver U14, a filament switching circuit, and a 1K x 8 (1 KB) dual-
port RAM, U2.

The custom display is divided into 24 grids. The 22 characters are made up of fourteen
seven-segment digits and eight 14-segment characters.

IC U5 is an EP900 PLD, programmed to provide the timing and control signals for the
output display circuitry. Display data written by the microprocessor into the Output
Display's dual-port RAM U2, is read by U5 and sent serially to the high voltage anode
driver. Both the anode and grid drivers are serial TTL-level input, 32-bit parallel high
voltage output devices. Only 31 anode driver outputs and 24 grid driver outputs are used,
the remaining high voltage outputs are left unconnected. IC U5 also controls grid timing
and display refresh.

A special refresh scheme is used by the Output Display to intensify a specific digit to be
displayed. This feature is used by the 5700A when in Error Mode, while editing a value
displayed on the Output Display. The digit selected for editing is brighter than the other
digits. To accomplish this, U5 monitors data it reads from the dual-port RAM. Following
the entry of the fourth data byte to the input registers of the anode driver, the registers are
strobed to the high voltage output drivers, then the drivers are enabled. If data bit D7 of
the fourth byte is low, the state machine in U5 simply goes on to refresh the next digit at
the normal rate of approximately 200 Hz. If, however, bit D7 of the fourth byte is high,
the state machine enters a delay routine that adds about 625 us to the normal 5 ms anode
and grid on-time, thereby intensifying the digit. Unlike the Control Display, only one grid
at a time is turned on.

Output display filament driver circuitry consists of transistors Q7-Q12 and zener diodes
VR3 and VR4, plus associated resistors. The transistors are driven by 7406 open-
collector drivers U13C and U13D. These drivers are controlled by AOUT and BOUT as
in the Control Display. When AOUT is high, U13C turns Q8 and Q10 on. Q10 turns Q12
on, providing a path for the filament current through Q8 and Q12. Zener diode VR4
provides the dc voltage offset necessary for proper filament operation. Then when
BOUT is high, U13D turns Q7 and Q9 on. Q7 turns Q11 on, providing a path for the
filament current through Q9 and Q11, effectively reversing the direction of the voltage
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driving the filament. Zener diode VR3 provides the dc voltage offset necessary for
proper filament operation.

Dual-port RAM U2 contains all the Output Display data written by the 6BHC000
microprocessor on the CPU board. U5 contains a 7-bit address counter which U5 uses to
read the contents of U2. U2 provides a BUSYO signal to U3, which is active low
whenever the CPU and U5 try to access the same RAM location at the same time. If the
microprocessor attempts to write to the same RAM location U5 is reading as it refreshes
the Control Display, U3 uses BUSYO to hold off DTACK to the microprocessor. This
prevents written data from being lost. The other busy signal, generated when U5 attempts
to read from a location being written to by the microprocessor, is ignored. Losing display
data for one refresh cycle is insignificant.

IC U5 also generates the FPINTR* (front panel interrupt, active low) signal sent to the
68HCO000 microprocessor, telling it there is an encoder or keyboard interrupt. The
interrupt inputs to U5, ENCODERINTR (encoder interrupt, active high) and
KEYBOARDINTR (keyboard interrupt, active high), are generated by PLDs U24 and U9
respectively.

Keyboard Scanner Circuitry 2-52.

The key matrix is scanned by PLD U9. It sequentially drives one of the eight columns for
about 2.2 ms, then reads all six rows of the matrix on each column scan. When a key is
pressed and the column associated with that key is scanned, the row associated with that
key goes low. If the key is still pressed after a 6.6 ms debounce period, U9 generates
signal KEYBOARDINTR. This signal goes to U5 where it generates FPINTR*, which
interrupts the 68HCO000 microprocessor. The microprocessor generates KEYBOARDCS*
through PLD U3, causing U9 to output encoded row and column data on the data bus for
the microprocessor to read. This also resets the keyboard interrupt.

The microprocessor controls the speaker, also referred to as the beeper. Writing a logic
high on data line D6 to U9 enables the speaker, writing a logic low on D6 disables the
speaker. When enabled, a 900 Hz square-wave signal generated by U8 is gated out to the
speaker through U9.

Knob Encoder Circuitry 2-53.

Knob encoder circuitry consists of PLD U24 and resistors R22, R23, R26, and R27. The
resistors configure the U24 knob inputs as Schmitt trigger inputs, with approximately 400
mV of hysteresis. The Schmitt inputs receive the two quadrature signals from the optical
shaft encoders at the knob, and remove digital bounce that can result from slowly rotating
the knob. The state machine inside U24 uses these signals to determine direction and
amount of rotation.

A feature was incorporated to allow the operator to quickly spin the knob and allow the
5700A to properly track it in spite of the inherent delay servicing the interrupt. Every
time the operator moves the knob through a 180° rotation of a single detent, U24
generates ENCODERINTR which is sent to U5. IC U5 then generates FPINTR*,
interrupting the 68HC000 microprocessor. The microprocessor services the encoder
interrupt by reading U24. On a read, indicated by a logic low on ENCODERCS*, U24
places the contents of a seven-bit up/down counter on the data bus. The counter keeps
track of the number of 180° rotations that have occurred between the time the interrupt
was first initiated and the counter is read. The counter is incremented or decremented
depending on the direction of rotation. Signal ENCODERRESET*, generated by U3 on a
write to the front panel encoder address space, clears the encoder interrupt.
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Led Circuitry 2-54.

The LED circuit controls the four light-emitting diodes mounted on the keyboard
assembly. It includes a 74LS373 8-bit latch (U10), and four resistors (R16-R19). The
respective LEDs light when the following states are active: external sense (EX SNS),
external guard (EX GRD), the wideband module is active (WBND), or when an attached
5725A Amplifier is active (BOOST).

Latch (U10) is controlled by the LED_LATCH_EN signal from the decoding PLD U3.
Signal LED_LATCH_EN latches the CPU data bus into the internal latches of U10 on a
write to the front panel LED memory space. This data appears at the output when control
line LEDENABLE™* goes low. Control line LED_OUTPUT_CNTRL from U3 is inverted
by U11C to create LEDENABLE*. Table 2-7 shows which line activates each LED.

Table 2-7. Control Lines for the Keyboard LEDs

Keyboard Led Control Lines
EX SNS LED1A
EX GRD LED2A
W BND LED2B
BOOST LED1B
Keyboard Assembly (A1) 2-55.

The Keyboard assembly provides the operator with front panel control of the 5700A
Calibrator. It connects to the Front Panel assembly (A2) through a cable, and includes an
elastomeric keypad, four LEDs, and a rotary encoder (output adjustment) knob.

The elastomeric keypad and the printed circuit board form a 45-switch keyboard arranged
in eight columns and six rows. The keyboard scanner circuit on the Front Panel assembly
sequentially drives columns one through eight. When a key is pressed, a low appears on
the corresponding row as the key's column is scanned. The keyboard scanner circuit
encodes the key's row and column location, then takes appropriate action.

The four LEDs (CR1-CR4) are controlled by the LED driver circuit on the Front Panel
assembly. LED CR1 is turned on by LED1A when external sensing is selected. LED CR2
is turned on by LED2A when external guard is selected. LED CR3 is turned on by
LED2B when the wideband module is active. LED CR4 is turned on by LED1B when an
attached 5725A Amplifier is active.

The rotary output adjustment knob activates UUT "Error Mode", allowing the operator to
adjust the 5700A output. It can also control the phase shift for variable phase output. The
knob assembly consists of two optocouplers (DT1 and DT2) and a magnetically-detented
rotary knob. As the knob is turned, optocoupler DT1 generates a pulse signal on
ENCODERA and optocoupler DT2 generates a pulse signal on ENCODERB. These
signals are routed to the Front Panel assembly where knob encoder circuitry interprets
these signals and takes appropriate action. The current-limiting resistor for LEDs within
DT1 and DT2 is located on the Front Panel assembly.

Analog Section Detailed Circuit Description 2-56.

Detailed descriptions of each assembly in the analog section are provided here.
Simplified schematics are provided to supplement the text.

Filter/PA Supply (A18), Low-voltage Filter/Regulator Section 2-57.
The Filter assembly receives various ac inputs from the main power transformer and
provides unregulated dc to the Regulator/Guard Crossing assembly (A17), and regulated
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dc supplies +5FR1, -18FR1, and -5FR2 to the DAC assembly. The unregulated supplies

are listed in Table 2-8 and the regulated supplies are listed in Table 2-9.

Table 2-8. Unregulated Supplies from the Filter Assembly

. Nominal Max. P-P Test

Signal Name Output Tolerance Ripple Rated Output Point
+15 OSCR 27V +/-8V 2v 200 mA TP2
-15 OSCR 27V +/-8V 2V 200 mA TP5
OSC COM RETURN TP4
+5 LHR 12v +/-4V 3V 3.5A TP1
-5 LHR 12v +/-4V A 400 mA TP6
LH COM RETURN TP3
+44 SR 60V +/-15V 3V 155 mA TP7
-44 SR 60V +/-15V 3V 460 mA TP9
44 S COM* TP22
+17 SR 27V +/-8V 3V 1.3A TP10
-17 SR 27V +/-8V 3V 1.3A TP14
17 S COM* RETURN TP12
+5 FR1R 12v +/-4V 2V 400 mA TP17
-18 FR1R 27V +/-8V 2V 50 mA TP20
FR1 COM RETURN TP19
+30 FR1R 50V +/-15V 3V 85 mA TP15
FR1R COM RETURN TP16
+30 FR2R RETURN +/-15V 3V 85 mA TP8
FR2 COM TP11

*44 S COM and 17 S COM are tied together on the Regulator/Guard Crossing assembly (A17).
Table 2-9. Regulated Supplies from the Filter/PA Supply

Signal Name ’\gl;?;&?l Tolerance Current Limit Rated Output Test Point
-5 FR2 -5V +/-0.3V 0.15A 0.03A TP13
FR2 COM RETURN TP11
+5 FR1 +5V +/-0.3V 2A 0.1A TP18
-18 FR1 -18V +/-0.9V 2A 0.05A TP21
FR1 COM RETURN TP19
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Unregulated OSC Supplies 2-58.

Line OSC COM is the return path for the +15 OSCR and -15 OSCR supplies. These
supplies use a full-wave center-tapped configuration. They consist of bridge rectifier CR3
and two filter capacitors, C4 and C6, for +15 OSCR and -15 OSCR, respectively. Inputs
are fused with 1.6A slow-blow fuses F1 and F2.

Unregulated LH Supplies 2-59.

Line 5 LH COM is the return path for the +5 LHR and -5 LHR supplies. These supplies
use a full-wave center-tapped configuration, and consist of four diodes (CR1, CR2, CR4,
CR5) configured as a bridge rectifier.

Capacitors C2 and C3 filter +5 LHR, and C5 filters -5 LHR. Capacitor C1 reduces the
level of generated transients.

Unregulated S Supplies 2-60.

The +44 SR supplies use full-wave center-tapped rectifiers. Bridge rectifier CR6 is
followed by two filter capacitors C7 and C8 for the +44 SR and -44 SR supplies,
respectively. Inputs are fused by 0.5A slow blow fuses, F3 and F5. The £17 SR supplies
also are full-wave center-tapped, consisting of four diodes (CR8, CR10, CR12, CR13)
configured as a bridge rectifier. Capacitors C13 and C14 filter the +17 SR supply, while
C15 and C16 filter the -17 SR supply.

Triac Circuit 2-61.

The triac circuit protects the 5700A if it is inadvertently plugged into an excessively high
line voltage. For example, it protects the 5700A if it is plugged into a 230V line when the
rear panel line voltage select switches are set for 115V operation.

This circuit contains triac CR19, zener diodes VR20, VR21, resistor R1, and capacitor
C23. The zener diodes set a trip voltage of 82V. If the ac voltage across the main
transformer secondary for the £17V supply exceeds 82V, the triac fires, shorting out the
winding, which causes the main transformer primary fuse to blow.

FR1 Supplies 2-62.

Line FR1 COM is the return path for the unregulated +5 FR1R raw supply and the
regulated +5 FR1, and -18 FR1 supplies. Each supply uses a full-wave bridge
configuration.

The unregulated +5 FR1R supply consists of bridge rectifier CR15 and filter capacitor
C19. The input is fused with 1.6A slow-blow fuse F8. The regulated +5 FR1 supply uses
the unregulated +5 FR1R supply and contains regulator U2, filter capacitor C20, and
protection diode CR16.

The -18 FR1 supply consists of bridge rectifier CR17 and filter capacitor C21. Its input is
fused with 0.5A slow-blow fuse F9. The regulated -18 FR1 supply uses the unregulated -
18 FR1 supply and contains regulator U3, filter capacitor C22, and protection diode
CR18.

Unregulated FR1 Supply 2-63.

FR1R COM is the return path for the unregulated +30 FR1 supply. This supply uses full-
wave bridge rectifier CR14 and filter capacitor C18. Its input is fused with 0.5A slow-
blow fuse F7.
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FR2 Supplies 2-64.

FR2 COM is the return path for unregulated +30 FR2R supply and regulated -5 FR2
supply. Each supply uses a full-wave, bridge configuration. The unregulated +30 FR2R
supply consists of bridge rectifier CR7 and filter capacitor C9. Its input is fused with
0.5A slow-blow fuse F4. The -5 FR2 supply consists of bridge rectifier CR11, filter
capacitor C11, regulator U1, bypass capacitor C12, and protection diode CR9. The input
is fused with 315 mA slow-blow fuse F6.

Filter/PA Supply (A18), Power Amplifier Output Supply Section 2-65.

The power amplifier output power supply section of the Filter/PA Supply assembly
(A18) receives ac voltage from the main power transformer to generate power supplies
+PA and -PA for the output stage of the Power Amplifier assembly (A16). These two
power supplies can be switched between the following three modes of operation,
depending on the needs of the Power Amplifier.

e +PA and -PA to £185V respectively.
e +PA and -PA to £365V respectively.
e +PA and -PA are both turned off.

Figure 2-6 is a simplified schematic for the Power Amplifier Output Supply section of
this assembly.

+PA Supplies Digital Control 2-66.

Circuitry to control the three modes of operation of the +PA and -PA supplies is located
on the Power Amplifier Digital Control SIP assembly (A16A1). This SIP assembly is
mounted on the main Power Amplifier assembly (A16). Not on the assembly is the quad
comparator U201.

The main Power Amplifier assembly generates four control lines:

+HI/LO V
LO/HI |
+ON/OFF
H/LV S

Component Z201 pulls these signals up. At calibrator power up, the £PA supply is off.
The Power Amplifier Digital Control SIP (A16A1) selectively pulls these control lines
low to achieve the two modes of operation. Pulling control lines +HI/LO V and
+ON/OFF low sets the +PA supply to +365V. Releasing +HI/LO V changes the +PA
supply to 185V.

The comparator (U201) provides level shifting to control the PMOSFETS in the -PA
circuit in a similar way. Signal -ON/OFF is generated from +ON/OFF, and -HI/LO V
from -H/LV. Control line +LO/HI | switches transistor Q217 which controls relay K201.
Relay K201 selects the current limit for both +PA and -PA supplies.
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Figure 2-6. Power Amplifier Output Supply Simplified Schematic
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+250V and £500V Supplies 2-67.

Input signals PA CT, PA HAC1, PA HAC2, PA LAC1, and PA LAC2 come from the
main transformer.

e PACT is the center tap.

e PAHACLI and PA HAC?2 are high voltage taps with approximately 400V rms and are
fused by F201 and F204 respectively.

e PALAC1 and PA LAC2 are lower voltage taps with approximately 200V rms and
are fused by F202 and F203 respectively.

e PA LACL1 and PA LAC2 and bridge rectifier CR222 generate the unregulated £250V
supplies.

e PAHAC1 and PA HAC2 and diodes CR217, CR218, CR220, CR221, CR223,
CR224, CR227, and CR228 are in a bridge rectifier configuration to generate the
unregulated +500V supplies.

When the PA supply outputs £185V, current is drawn only from the lower voltage taps
LAC1 and LAC2.

+PA and -PA Supplies 2-68.

Unregulated voltage for +PA is selected between the +250V and +500V unregulated
supplies by control line +HI/LO V and diodes CR201, CR203, CR208, and CR210.

Transistor Q204 is a current source that biases VR212 and VR216.

Supply +PA is +185V when the +HI/LO V signal is above 3V. (Transistors Q205 and
Q208 are turned on.) Transistor Q205 shorts VR216, while Q208 places a short across
VR214, VR215, and VR219. A voltage of +185V appears at the gate of Q202 because of
VR212. Approximately 140V appears at the gate of Q201. This 140V and about 250V at
the anode of CR208 reverse biases CR201 and CR210, thereby shutting off Q201.
Current flows out of the 250V unregulated supply through CR203 and Q202. Regulated
supply voltage +PA is determined by the gate voltage of Q202, which is about 190V
when +HI/LO V is above 3V.

When +HI/LO V is close to 0V, both Q208 and Q205 are turned off, and over 400V
appears at the gate of Q201. CR203 and CR208 are reverse biased, and the supply current
flows from the +500V unregulated supply through Q201, CR201, and Q202. The gate
voltage of Q202 is approximately 370V, nearly the same as +PA.

The -PA side works exactly like the +PA side except -PA is switched between -185V and
-365V by control line -HI/LO V.

The £PA supplies can be replaced by the +44SR unregulated supplies by moving switch
S201 switched towards the top edge of the board. This feature provides the means to
troubleshoot the Power Amplifier using reduced voltages.

Note
Make sure S201 is returned to the +PA position before resuming normal
operation.
+PA Supply Current Limit 2-69.

The current limit for both the +PA and -PA supplies is set to either about 90 mA (K201
de-energized) or 150 mA (K201 energized) by K201. Control line +LO/HI | controls
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relay K201. The high-current mode (150 mA) is used during operation in the 1100V dc
range and the 2.2A range.

Output current on the +PA side is sensed between the emitter and base of Q203 by R202
and/or R201. Supply +PA shuts off to near OV when enough current is flowing through
+PA to forward-bias Q203. Then, current though Q203 charges capacitor C209 through
R214 to a voltage above the threshold voltage at the inverting input of comparator
U201C. The overcurrent condition must persist for about 75 ms for C209 to charge above
the threshold. The output of U201 goes high, turning on Q207. This forces the zener
diode bias current to flow through Q207 instead of VR212 or VR216, leaving only a few
volts at the gate of Q202, thus shutting +PA off. The output of U201C also saturates
Q218 and reduces the comparator threshold voltage to near OV. This provides the
comparator with hysteresis; C209 has to discharge close to 0V before +PA can turn on
again. The +PA supply cycles on and off as long as the overcurrent condition exists.

Transistor Q206 provides another current limit. While otherwise similar to the Q203
limit, the Q206 current limit turns on at 0.5A and turns off immediately without any
delay. The Q206 limit thereby protects the supply under short circuit conditions.

Current limiting on the -PA side works similarly to the +PA side with one difference.
That is that shutoff of -PA can happen under two circumstances:

e -PA s loaded beyond its current limit.
e +PAis shut off. (Shut off of -PA is slaved to shut off of +PA.)

Regulator/Guard Crossing Assembly (A17) 2-70.

The Regulator/Guard Crossing assembly (A17) provides two separate functions: voltage
regulation for the analog power supplies, and digital control of the guard crossing. The
voltage regulation portion is described first followed by the digital control portion. Refer
to the schematic diagrams for the Regulator/Guard Crossing Assembly for this
discussion.

Voltage Regulator Circuitry 2-71.

The regulator circuit receives unregulated dc from the regulator filter circuit on the
Filter/PA Supply assembly (A18) and provides 13 regulated dc outputs and 1 unregulated
dc output for the various analog assemblies. Table 2-10 lists the regulated supplies from
the Regulator/Guard Crossing Assembly.

Regulated OSC Supplies 2-72.

2-38

The +15 OSC and -15 OSC supplies are used exclusively by the Oscillator Output (A12)
and Oscillator Control (A13) assemblies. OSC COM is the return path for these supplies.
The +15 OSC uses the unregulated +15 OSCR from the Filter assembly and consists of
three-terminal TO-220 regulator U2 with heat sink, bypass capacitors C1 and C2, and
protection diodes CR2 and CR3. The -15 OSC uses the unregulated -15 OSCR from the
Filter assembly and consists of three-terminal TO-220 regulator U3 with heat sink,
bypass capacitors C4 and C5, and protection diodes CR5 and CR7. Capacitors C2 and C5
improve the stability of U2 and U3 respectively. Diodes CR3 and CR5 protect U2 and U3
from reverse voltages. Diodes CR2 and CR7 protect U2 and U3 from input shorts.
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Table 2-10. Regulated Outputs from the Regulator/Guard Crossing Assembly

Signal Name NOOLTSFI)TE” Tolerance Current Limit Rated Output Test Point
+15 0SC +15V +/-800 mV 2A 200 mA TP3
-15 0SsC -15Vv +/-800 mV 2A 200 mA TP5
+5RLH +5.975V +/-425 mV 2A 600 mA TP14
+5LH +5.1V +/-300 mV 2A 600 mA TP11
-5LH -5V +/-300 mV 2A 400 mA TP15
+44S +44.15V +/-2.03V 0.5A 140 mA TP13
-44S -44.15V +/-2.03V 0.5A 140 mA TP16
+17S +17.000V +/-475 mV 4A 1.0A TP8
-17S -17.000V +/-835 mV 6A 1.0A TP12
15S -15V +/-800 mV 2A 300 mA TP19
+30FR1 +30.96V +-1.7V 1A 85 mA TP2
+30FR2 +30.96V +-1.7V 1A 85 mA TP7

Regulated LH Supplies 2-73.

LH COM is the return path for the +5RLH, +5LH, -5LH and +8RLH supplies. The
+5RLH, +8RLH, and +5LH supplies use the unregulated +5LHR supply from the Filter
assembly. The +5RLH supply uses three-terminal TO-3 regulator U11 with heat sink,
bypass capacitors C20 and C21, protection diodes CR17 and CR20, and the diode
combination of CR34 and CR35. The +5LH supply uses three-terminal TO-3 regulator
U8 with heat sink, bypass capacitor C16, protection diodes CR14 and CR16, and resistor
R13. The -5LH supply uses the unregulated -5LHR from the Filter assembly and consists
of three-terminal TO-220 regulator U12 with heat sink, bypass capacitors C23 and C24,
and protection diodes CR21 and CR24. Capacitors C16, C21, and C24 improve the
stability of U8, U11, and U12 respectively. Diodes CR14, CR17, and CR24 protect the
regulators from input shorts. Diodes CR16, CR20, and CR21 protect the regulators from
reverse voltage. Resistor R13 and diodes CR34 and CR35 increase the output of
regulators U8 and U11. The unregulated +8RLH supply is generated by fusing the
unregulated +5LHR supply from the Filter assembly with 3.15A slow-blow fuse F1.

Regulated S Supplies 2-74.

Line S COM is the return path for the +448S, -44S, +17S, -17S, +15S and -15S supplies.
Line S COM is also connected to LH COM. The +44S supply uses the unregulated
+44SR from the Filter assembly. This supply uses three-terminal TO-39 regulator U10,
Q2, VR3, VR4, VR5, R20, R14, R15, CR18, CR19, CR25, C17, C18, C19, C65, PTC
resistor R60. The regulator IC (U10) provides the current and thermal limiting. Its
regulated output voltage is set by R14 and R15, yielding a nominal output of +44.15V.
Components Q2, R20, VR3 and VR4 act as an emitter follower to protect the regulator
against a potentially excessive input-output voltage differential in the event of a short
circuit. Capacitor C65 filters this voltage to the regulator. Diodes CR19 and CR25 protect
the regulator against shorts at the input, while CR18 protects the regulated output from
reverse voltage. Capacitors C17 and C18 are for bypass. Capacitor C19 improves
rejection of input variations. Components U10 and Q2 have heat sinks to provide thermal
protection for both normal and short-circuit conditions. The regulator is shunted by R60
and VR5, which normally pass 28 mA of current to remove the power from the regulator.
In an output short condition, the value of the PTC increases, limiting current through the
device to less than 17 mA at 25°C.
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The -44S supply uses the unregulated -44SR supply from the Filter assembly. This
supply uses three-terminal TO-39 regulator U13, Q1, VR1, VR2, VR6, R17, R18, R19,
PTC Resistor R61, CR22, CR23, CR32, CR33, C22, C25, C26, and C66. The regulator
IC, U13, provides the current and thermal limiting. Its regulated output voltage is set by
R17 and R18, yielding a nominal output of -44.15V. Components Q1, R19, VR1, VR2
and CR32 act as an emitter follower and protect the regulator against a potentially
excessive input-output voltage differential if a short circuit occurs. Capacitor C66 filters
the voltage to the regulator. The regulator is shunted by R61 and VR6, which pass 28
mA. In an output short condition, the value of the PTC increases, limiting current through
the device to less than 17 mA at 25°C.

Diode CR32 removes VR2 from the circuit in a shorted condition to meet U13's input-
output differential specifications. Diodes CR22 and CR33 protect the regulator against
shorts at the output, while CR23 protects the regulated output from reverse voltage.
Capacitors C25 and C26 are for bypass. Capacitor C22 improves rejection of any input
variations. The heat sink on regulator U13 guarantees thermal protection for both normal
and short-circuit operating conditions.

The +17S supply uses the unregulated +17SR supply from the Filter assembly. This
supply uses three-terminal TO-3 regulator U6 with heat sink, and R5 and R6. The output
voltage is set by resistors R5 and R6 in the same manner as the +44S supply. Capacitors
C8 and C9 are for bypass. Capacitor C11 improves ripple rejection. Diodes CR8 and
CR26 protect the regulator against shorts at the input, while CR11 protects the regulated
output from reverse voltage.

The -17S supply uses the unregulated -17SR supply from the Filter assembly. It uses
three-terminal TO-3 regulator U7 and R10 and R11. The output voltage is set by resistors
R10 and R11 in the same manner as the -44S supply. Capacitors C13 and C15 are for
bypass. Capacitor C14 improves ripple rejection. Diodes CR15 and CR27 protect the
regulator against shorts at the input, while CR13 protects the regulated output from
reverse voltage.

The +15S supply uses the unregulated +17SR supply from the Filter assembly. It consists
of +15V three-terminal TO-220 regulator U4. Capacitor C27 is required for the stability
of U4. Diode CR28 protects the regulator against shorts at the input, while CR29 protects
the regulated output from reverse voltage.

The -15S supply uses the unregulated -17SR supply from the Filter assembly. It consists
of -15V three-terminal TO-220 regulator U9. Capacitor C29 stabilizes U9. Diode CR31
protects the regulator against shorts at the output, while CR30 protects the regulated
output from reverse voltage.

FR1 Supply 2-75.

FR1 COM is the return path for the +30FR1 supply. This supply uses the unregulated
+30FR1R supply from the Filter assembly and consists of three-terminal TO-39 regulator
U1 with heat sink, bypass capacitors C3 and C6 and protection diodes CR1, CR4, and
CRG6. Resistors R1 and R2 set the output voltage in the same manner as the +44S supply.
Capacitor C7 improves ripple rejection. Diodes CR1 and CR4 protect U1 against input
shorts, while CR6 protects against reverse voltage.

FR2 Supply 2-76.

2-40

FR2 COM is the return path for the +30FR2 supply. This supply uses the unregulated
+30FR2R supply from the filter assembly and consists of three-terminal TO-39 regulator
U5 with heat sink, bypass capacitors C10 and C28, and protection diodes CR9, CR10,
and CR12. Resistors R4 and R8 set the output voltage in the same manner as the +44S
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supply. Capacitor C12 improves ripple rejection. Diodes CR9 and CR10 protect U5
against input shorts, while CR12 protects against reverse voltage.

Guarded Digital Control Circuitry

The Inguard CPU controls all the analog assemblies. It communicates with the
Unguarded CPU assembly (A20) through a serial fiber-optic link. The Inguard CPU is a
Hitachi 637A01Y0 CMOS microcontroller (U56) with 16K x 8 bit (16 KB, or 16
kilobyte) internal CMOS EPROM. Support circuitry includes 8K x 8 bits (8 KB) of
external CMOS static RAM, watchdog timer circuitry, reset and power glitch detect
circuitry, test switches, a serial fiber-optic link to the unguarded CPU, and decoders and
buffers to interface to the guarded digital bus. The assembly also generates an 8 MHz
sine wave for use by some of the analog assemblies.

Inguard CPU Memory Map
Table 2-11 shows the memory map of the Inguard processor.

2-77.

2-78.

Table 2-11. Inguard CPU Memory Map

Address Space (Hex) Name Use
0000 - 0027 Internal Registers on the 6301
0028 - 003F Unused memory space
0040 - 013F Internal RAM 256 Bytes
0140 - 3FFF CSo* Unused memory space
4000 - 4007 CS1* Wideband Output (A5)
4008 - 400F CS2* Current/Hi-Res (A7)
4010 - 4017 CS3* Switch Matrix (A8)
4018 - 401F CS4* Ohms Cal (A9)
4020 - 4027 CS5* Unused
4028 - 402F CS6 DAC (A11)
4030 - 4037 CST7* DAC (A11)
4038 - 403F CS8* Current/Hi-Res (A7)
4040 - 4047 CS9* Oscillator Control (A12)
4048 - 404F CS10* Oscillator Output (A13)
4050 - 4057 CS11~ High Voltage Control (A14)
4058 - 405F CS12* Power Amplifier (A16)
4060 - 4067 CS13* Rear Panel (A21) Boost
4068 - 406F CS14* Current/Hi-Res (A7)
4070 - 4077 CS15* Wideband Oscillator (A6) Unused
4078 - 407F Unused
4080 - 5FFF Unused(memory overlay of 4000-407F)
6000 - 9FFF Unused
A000 - BFFF External RAM
C000 - FFFF Internal ROM or EPROM

Inguard Memory Configuration

2-79.

The microcontroller (U56) has 16 KB (kilobytes) of internal EPROM program memory.
IC U62 provides 8 KB of external static CMOS RAM, with a jumper option for a plug-in
replacement with a 2 KB device.
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Inguard Clock Circuit 2-80.

This circuit uses 8 MHz crystal Y52 and step-down transformer T51 to generate a low-
level (200 mV p-p) 8 MHz clock used by other guarded assemblies throughout the
calibrator. Transformer (T51) has a center-tapped secondary, and provides CLK COM,
CLK and CLK*. The CLK and CLK* sine-wave signals are sent to certain analog
assemblies where they are converted into square wave clock signals for timing purposes.

Inguard Watchdog Timer 2-81.

The watchdog timer circuit uses a 74HC4020 (U59) and part of Programmable Logic
Device (PLD) U58. The microcontroller (U56) generates a 19.2 kHz square wave
(SCLK) on pin 11. The frequency of this clock is the same as the baud rate of the serial
interface. Once the clock frequency is initialized, it runs without software supervision.
This clock drives U59, which divides by 16384 to obtain a logic low interval of 427 ms
followed by a logic high interval of 427 ms. The output of the U59, POPIN, goes to the
PLD, which asserts POP to the analog hardware and NMIPOP* to the processor if U59 is
not reset every 427 ms. The PLD also asserts POP on power-up and on any hardware
reset. In order to prevent POP and NMIPOP*, the watchdog counter must be reset by
reading or writing any analog hardware, or by toggling the POPCLRL line. The
POPCLRL line is also used to disable the watchdog by going low.

Power-Up and Reset Circuitry 2-82.

This circuit consists of U60, SW51, C55, C56, R52, and Z51. The line monitor chip
(U60) detects three events: the power supply falling below 4.5V, reset being initiated by
closure of momentary contact switch SW51, or BREAK being asserted from the break
detection circuitry. If any of these conditions occurs, U60 resets the board for 130 ms.
Pin 5 of U60 is an open-collector output, pulled high by pin 12 of Z51.

Break Detection 2-83.

The break-detect circuit acts as a serial communications break detector enabling the CPU
assembly (A20) to reset U56 and U58 via the power-up and reset circuitry. This break-
detect circuit uses a 74HC4020 binary counter (U63) and an inverter U51C. The
microcontroller (U56) outputs the 1.2288 MHz ECLK clock on pin 64. This signal clocks
U63, which in turn divides the signal by 16,384 to produce successive logic low and high
intervals (each of 6.67 ms) at the BREAK output (U63, pin 3). Under normal conditions
the RCV (receive) line is high to hold U63 clear. The main 68HC000 CPU can force a
reset of the Guard Crossing over the fiber-optic link by holding RCV low for more than
6.67 ms, which causes BREAK to go high. BREAK, inverted by U51C, is used by the
reset circuitry to force a Guard Crossing reset via RESET™.

Fiber-Optic Link to CPU 2-84.

Guarded digital and analog circuits are isolated from the unguarded CPU assembly (A20)
by a fiber-optic link that asynchronously transmits serial data. On the transmit side, the
microcontroller transmit output (XMT) controls a 75451 (U57) which drives fiber-optic
transmitter J72 mounted on the Analog Motherboard. Receive signal RCV comes from
fiber-optic receiver J71 also mounted on the Analog Motherboard. The receiver converts
the light signal to TTL levels that become the RCV signal at the microcontroller. A fiber-
optic cable links the fiber-optic transmitter on the Analog Motherboard to the fiber-optic
receiver on the Digital Motherboard. Another fiber-optic cable links the other
receiver/transmitter pair on the motherboards.
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Interface to Guarded Digital Bus 2-85.

The interface to the guarded digital bus consists of a 74HCT245 (U55), a 74HCT244
(U52), two 74HC137s (U53 and U54), inverters U51B and U51D, resistor packs Z52,
Z53, and Z54, and the POP line from U58. U52A and U52B buffer various control and
address lines. Resistors from Z52 pull the lines of U52A to desired inactive states when
BUSEN™ is at a logic high, disabling the bus. U55 is a bi-directional data bus buffer (DO-
D7). Resistor packs Z53 and Z54 match the lines of the buffered data bus, reducing
reflected noise. ICs U53, U54, and U51D perform a 4-to-16 decode of address lines A3-
AB, generating 16 chip-select lines (CS0*-CS15*) on the guarded digital bus. These 16
signals select the various assemblies on the Analog Motherboard. U51B buffers and
inverts the INT interrupt signal from the DAC assembly. The POP signal from U58 is a
reset line sent to the analog assemblies.

Inguard CPU Interrupts 2-86.
The Inguard CPU microprocessor handles many different interrupts. These are listed in

Table 2-12 in order of priority with the highest priority interrupts first.

Table 2-12. Inguard CPU Interrupts

Vector
Interrupt Description
MSB LSB
FFFE FFFF *RES Power Up Reset
FFEE FFEF TRAP Address error or op code error
FFFC FFFD INMI Non maskable interrupt (NMIPOPL)
FFFA FFFB SWiI UNUSED
FFF8 FFF9 IIRQ1 IIRQL,ISF (A/DINTL)
FFF6 FFF7 ICI Timer 1 input capture (unused)
FFF4 FFF5 (0]¢]] Timer 1 output compare 1,2 (unused)
FFF2 FFF3 TOI Timer 1 overflow (unused)
FFEC FFED CMI Timer 2 counter match
FFEA FFEB IIRQ2 UNUSED
FFFO FFF1 SIO RDRF + ORFE + TDRE + PER

RDRF = Receive Data Register Full
ORFE = Overrun Framing Error
TDRE = TRANSMIT DATA REGISTER EMPTY

PER = Parity Error

Switch Matrix Assembly (A8) 2-87.

Refer to Figure 2-7 for a simplified schematic of the Switch Matrix assembly (A8). The
Switch Matrix assembly does the following tasks:

e Coordinates the flow of signals from each analog assembly (excepting the Wideband
AC Module (Option -03)) to the calibrator's binding posts. This communication
determines the calibrator's range.

e Coordinates the connection of various analog and digital common lines during
operate, standby, and calibration modes.

e Controls such binding post functions as operate/standby, internal/external sense, and
internal/external guard.

e Provides an internal cal zero amplifier used in the calibration of offsets for all dcv
ranges (except the 1100V range).
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The Switch Matrix assembly consists of 33 latching type, two- and four-pole relays. The
relays are driven by special driver chips, which are controlled by the assembly's 24-
output 82C55 chip. The Switch Matrix also contains the 5700A-4HR1 Temperature-
Controlled Precision DC Amplifier Hybrid and RNET assembly, which is used when the
calibrator is in the dc 2.2V or 220 mV range. The resistor network also is used to create
resistive dividers to generate the ac or dc 220 mV, ac 22 mV, and ac 2 mV ranges.
Additional analog circuitry in the Switch Matrix Assembly includes the dc 2.2V range
output stage, the internal cal zero amplifier, FETSs to support assembly calibration,
assembly diagnostics, and circuitry to control some of the motherboard relays.

Switch Matrix Digital Control 2-88.

2-44

Refer to sheet four of the Switch Matrix schematic diagram for the following discussion.
The heart of the Switch Matrix digital control circuitry is an 82C55 Programmable
Peripheral Interface IC (U1) under software control via the guarded digital bus. This IC
has three ports that generate 24 outputs. These outputs are used to control eight
UCNS5801 Latching Driver ICs (U5-U12) controlling all Switch Matrix latching relays,
one UCN5801 Latching Driver (U13) controlling the 10 non-latching relays on the
motherboard, a 4028 decoder (U2), five FET switches (Q6-Q7, Q9-Q11), and an analog
multiplexer (U4) for self diagnostics.

Eight UCN5801 latching driver ICs (U5-U12) drive Switch Matrix latching relays. Port
A (PAO-PAT) from U1 provides a common input bus. Each driver chip has a separate
strobe line. A 4028 decoder (U2) generates strobe lines USSTB-U13STB for strobing
U5-U13 respectively. These individual strobe lines are decoded from PBO-PB3 of U1.
When a strobe line is selected, the data on the bus is strobed in the respective driver chip.
The output enables are controlled directly by PC0O-PC3 of U1. One bit of port C enables
two drivers. PCO enables U5 and U6, PC1 enables U7 and U8, PC2 enables U9 and U10,
and PC3 enables U11 and U12. By enabling only two driver ICs at a time, excessive
power supply current draw is prevented. To ensure that the relays are latched properly,
the driver chips must be enabled for 10 ms. As an example, the following steps are taken
to set up relays in the first bank:

1. Write the proper data for the relays associated with driver U5 (K2,K9, K11, and K15)
to port A of the 82C55.

2. Write 0 hex to PBO-PB3 to make USSTB go high. Now write 9 hex toPB0-PB3 to
make all strobe lines go low. The data has now been strobed into U5.

3. Write the proper data for the relays associated with U6 (K3, K4, K5, and K24) to port
A of the 82C55.

4. Write 1 hex to PB0-PB3 to make U6STB go high. Now write 9 hex toPB0-PB3 to
make all strobe lines go low. The data has now been strobed into U6.

5. Write FE hex to port C (PCO is low), wait 10 ms and write FF hex to port C. This
takes the outputs of U5 and U6 out of tri-state and allows the proper relay coils to be
energized for 10 ms.
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Figure 2-7. Switch Matrix Assembly Simplified Schematic
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A UCNb5801 driver (U13) drives non-latching relays on the motherboard. The
motherboard non-latching relay supply circuit, as outlined in sections A6 through A8 of
the schematic diagram, contains U17, Q1, Q2, CR1, CR2, CR10, and R6-R12. Port A of
U1 provides data for this driver (PAO0-PA7), and decoder U2 provides the strobe signal.
Since this driver controls non-latching relays, the enable is tied to LH COM.

The non-latching relay supply circuit provides approximately 7V to the relays on the
motherboard during pull-in, and approximately 3.5V during normal operation. This
voltage is routed to the motherboard on the RLY+V line. The 7V is needed to ensure
pull-in while the 3.5V is sufficient to prevent drop out. This cuts relay heating and
thermal EMFs. PC5 controls the non-inverting amplifier U17. This amplifier is the
control element for Transistor Q1. When PC5 is low, the output is 3.5V, and when PB5 is
high, the output is 7V. Components CR1, Q2 and R10-12 form a fold back current limit
for the supply. The following steps are taken to select a particular state for Motherboard
relays RLY1-RLY10:

1. Write the data corresponding to the desired state to port A(PA0-PA7Y) of the 82C55
(U1).

2. Strobe the data into U13 by writing 8 hex to PB0O-PB3 to make U13STBgo high, then
a 9 hex to make it go low.

3. Apply 7V to the relay coils by setting PC5 high.

4. Wait approximately 20 ms for the relays to pull in, then reduce the coil voltage to
3.5V by setting PC5 low.

There are five FETs on the Switch Matrix. Q9 and Q10 (sheet 3, C7), which are N-
channel JFETs controlled by port B (PB5) of U1, are driven by an LM393 open-collector
comparator (U15A) to provide the proper level shifting. DMOS enhancement FETS are
used for the remaining three FETs (Q6, Q7, and Q11). Refer to sheet 1, B5 of the
schematic diagram. FETs Q6 and Q7 are driven by U1, port B, with a high on PB4
turning on Q6, and a logic high on PB7 turning on Q7. FET Q11 is driven on by a logic
high from U1, port C (PC4).

The diagnostic circuit (sheet 4, B7) enables the calibrator to monitor +8RLH, the 2.2V
range output voltage, +5RLH, -5LH, +17S, -17S, the assembly temperature (U3), and the
OVEN TEMP line from the heated hybrid. OVEN TEMP, +5RLH, -5LH, and +8RLH are
divided down by a factor of 11 by Z5 and Z6. A 4051 analog multiplexer (U4) is
controlled by PAO-PA2 and PC6 from U1. This multiplexer selects which one of these
eight voltages is applied to the SDL line, where it is measured by the adc circuit on the
DAC assembly (A11).

Switch Matrix Operation.: 11V DC and 22V DC Ranges 2-89.
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Refer to Figure 2-8 for the following discussion. DC 11V and 22V ranges are generated
by the DAC assembly and routed directly to the front panel binding posts through relays
on the Switch Matrix and Motherboard.

Line DAC Hl is connected to INT OUT HI through relays K18B, K27, and K30. INT
OUT Hl is connected to the OUTPUT HI binding post through relay K1 on the
motherboard. Line DAC SENSE HI is connected to INT SENSE HI through relays
K18A, K25, and K26. Motherboard relays K2 and K3 switch INT SENSE HI to the
SENSE HI binding post during external sensing, or OUTPUT/SENSE HI during internal
sensing.

Lines PA COM and DAC LO are connected by relays K11 and K12, and connected to the
OUTPUT LO binding post by relay K10. Switch Matrix relays K14 and K15 connect R
COM to the SENSE LO binding post during external sensing, or to OUTPUT/SENSE LO
during internal sensing.
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Switch Matrix Operation.: 2.2V AC and 22V AC Ranges 2-90.

Refer to Figure 2-9 for the following discussion. AC 2.2V and 22V ranges are generated
by the Oscillator assemblies and routed directly to the front panel binding posts through
relays located on the Switch Matrix and Motherboard.

Line OSC OUT is connected to INT OUT HI through relays K19A, K18B, K27, and
K30. INT OUT HlI is connected to the OUTPUT HI binding post through relay K1 on the
motherboard. Line OSC SENSE is connected to INT SENSE HI through relays K19B,
K18A, K25, and K26. Motherboard relays K2 and K3 switch INT SENSE HI to the
SENSE HI binding post during external sensing, or OUTPUT/SENSE HI during internal
sensing.

Line OSC COM is connected to the OUTPUT LO binding post through relays K11 and
K10 on the Switch Matrix. Switch Matrix relays K13 and K15 connect OSC SENSE LO
to the SENSE LO binding post during external sensing, or OUTPUT/SENSE LO during
internal sensing.

Switch Matrix Operation.: 220V AC and DC Ranges 2-91.
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Refer to Figure 2-10 for the following discussion. In the dc 220V range, PA OUT HI
from the Power Amplifier assembly (A16) is routed to the High Voltage Control
assembly (A14), where it goes through relay K10 and becomes PA OUT DC. Line PA
OUT DC is routed to the Switch Matrix and connected to INT OUT HI through relays
K20, K19A, K18B, K27 and K30. Relay K1 on the motherboard connects INT OUT HI
to the OUTPUT HI binding post.

Line PA SENSE DC is connected to INT SENSE HI through relays K20, K19B, K18A,
K25, and K26. Motherboard relays K2 and K3 switch INT SENSE HI to the SENSE HI
binding post during external sensing, or OUT/SENSE HI during internal sensing. PA
COM and DAC LO are connected by relays K11 and K12, and connected to the
OUTPUT LO binding post by relay K10. Switch Matrix relays K14 and K15 connect R
COM to the SENSE LO binding post during external sensing, or OUTPUT/SENSE LO
during internal sensing.

In the ac 220V range, Power Amplifier outputs PA OUT HI and PA SNS AC are routed
to the High Voltage Control assembly (A14) where relays K10, K3, and K13 connect
them to HV OUT and HV SNS respectively. HV OUT is connected to the OUTPUT HI
binding post through relays K9 and K1 on the motherboard. Motherboard relays K10,
K2, and K3 connect HV SNS to the SENSE HI binding post during external sensing, or
to OUTPUT/SENSE HI during internal sensing. Connection to the OUTPUT LO and
SENSE LO binding posts is done with relays on the Switch Matrix. PA COM is
connected to the OUTPUT LO binding post through relays K11 and K10. Switch Matrix
Relays K13 and K15 connected OSC SENSE LO to the SENSE LO binding post during
external sensing, or OUTPUT/SENSE LO during internal sensing.
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Switch Matrix Operation: 2.2V DC Range 2-92.

Refer to Figure 2-11 for the following discussion. The dc 2.2V range circuit consists of
the dc 2.2V attenuator and a dc 2.2V range amplifier as outlined on sheet 3 of the Switch
Matrix schematic. This circuit contains a CA3096 transistor array 1C (U19A-E),
transistor Q4, FETs Q12 and Q13, resistors R20, R23-R30, and R32, relays K1 and K2,
part of the resistor network 4R07, and a dc amplifier heated hybrid.

The resistor network is bonded to the hybrid and this entire assembly is called the 5700A-
4HR1 (HR1) on the schematic. Transistor Q3 drives the heater resistor on the hybrid. The
heater control circuit adjusts the base voltage of Q3 to deliver the correct power to the
heater resistor to maintain thermal control. Transistor Q8 protects the hybrid in case Q3
fails.

To produce the dc 2.2V range, the DAC assembly (A11) is set to the 11V range. DAC
OUT HI and DAC SENSE HI are connected to pin 10 of the resistor network by relay
K1, and DAC LO is connected to pin 9 by relay K2. The network divides the voltage by
five. The divided voltage from pin 8 is connected to the input (pin 11) of the dc amplifier
hybrid.

This temperature-controlled amplifier is used as a buffer amplifier. The output of the
buffer amplifier (pin 18) drives the 2.2V range high current output stage consisting of
U19, Q4, R25-R30, R32, and CR7-CR9. This circuit enables the 2.2V range to support
50 mA of current with current limiting. FETs Q12 and Q13 provide localized feedback
for the precision dc amplifier during unusual conditions, such as a short circuit at the
OUTPUT binding posts or when this range is in standby.

Line 2.2V OUT is connected to INT OUT HI through relays K27 and K30 on the Switch
Matrix. Line INT OUT HI is connected to the OUTPUT HI binding post through relay
K1 on the motherboard. Line 2.2V SENSE is connected to INT SENSE HI through relays
K25 and K26 on the Switch Matrix. Motherboard relays K2 and K3 switch INT SENSE
HI to the SENSE HI binding post during external sensing, or to OUTPUT/SENSE HI
during internal sensing.

Line PA COM is connected to the OUTPUT LO binding post through relays K11 and
K10. Switch Matrix relays K14 and K15 connect R COM to the SENSE LO binding post
during external sensing, or OUTPUT/SENSE LO during internal sensing.

2-51



5700A

Service Manual

BIy G35
- Iy 43S -
071 100 T i WOJ Bd
1353y A
1353y
135S
- S e (AP
071 3JSN3AS j R .
- v o GZy 4is 13579 WOJ ¥
IH JSNIS INI T . ¥
1353 TR
13539 | 36N3S A€ o B
0 135 T -
- . LzX 435 TECEN 07 280
IH 1n0 INI T Z S g
L% = ETY
L3S | 1N0 AZ°Z / o
dWd ¥344ng —— B
1363 IH 3ISNIS dbBa
B
135
43
1/ -
13534 IH 240

Figure 2-11. Switch Matrix Configuration for 2.2V DC Range
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Calibration of the 2.2V Range 2-93.

Refer to Figure 2-12 for the following discussion. Calibration of the 2.2V range involves
determining its offset and gain constants.

To calibrate the offset:
1. The gain of the internal cal zero amplifier is set to 130 by turning on Q6 via PB4.

2. A checkpoint reading is taken, which represents OV at the input of the internal call
zero amplifier. In this configuration, PBS turns on FET Q7 connecting RCOM to the
internal cal zero amplifier input, K29 is open (set position), and the output of the cal
zero amplifier is connected to RCL via relays K31 and K32.

3. The input of the internal cal zero amplifier is connected to the output of the 2.2V
range. The 2.2V range is adjusted until the adc reads the same as the checkpoint
reading within the given tolerance. In this configuration, 2.2V OUT and 2.2V SENSE
are tied together by relay K28 and the output (NIT SENSE HI) of the range is
channeled into the internal cal zero amplifier input (sheet 1) through relay K29.

To calibrate the gain of the 2.2V range, the 13V buffered reference (BRF13 and BSRF13)
from the DAC assembly (A11) is connected to the input of the 2.2V range by FETs Q9
and Q10 on sheet 3 of the schematic. Since this network divides the voltage by five, a
voltage of 2.6V is obtained at the 2.2V OUT and 2.2V SENSE points. These points are
tied together by relay K28. This voltage is then channeled to the RCL line by relays K31
and K32 where it is connected to the +input of the adc amplifier on the DAC assembly
(Al11). The DAC output is connected to the -input of the adc amplifier and is adjusted
until a null is achieved. At this point, the DAC voltage represents the output voltage of
the 2.2V range. Gain is determined since the output, input, and offset of the 2.2V range
are now known.

Switch Matrix Operation.: 220 mV DC Range 2-94.

Refer to Figure 2-13 for the following discussion. The 220 mV range is an extension of
the dc 2.2V range. The 2.2V range is divided by ten to produce the 220 mV range. This
10:1 divider (on sheet 2 of the Switch Matrix Schematic) is part of the resistor network
on the 4HR1 assembly.

The 220 mV range is passive with an output resistance of 50Q. This range is generated
by connecting the 2.2V OUT and 2.2V SENSE to pin 3 of the 10:1 divider by relays K16
and K6. Lines PA COM and R COM are connected to pin 2 of the 10:1 divider by relays
K11 and K21. This divided output from pin 1 is called AC/DC mV on the schematic.
This portion of the resistive attenuator is also used for generating the ac 2.2 mV and 22
mV ranges. The AC/DC mV signal is then connected to INT SENSE HI through relay
K17A on sheet 1 of the Switch Matrix schematic. Line INT SENSE HI is connected to
the OUTPUT HI binding post through relays K2 and K3 on the motherboard. Sensing for
the LO occurs by connecting R COM and PA COM via K11 and K21. A single line is run
out to the OUTPUT LO binding post by relay K33 on the Switch Matrix.
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Figure 2-12. Calibration of the 2.2V DC Range

2-54



Theory of Operation 2

Analog Section Detailed Circuit Description

gey L3S |

07 3SNIS/LN0

T
1353y

ARRNES

~IH 3SN3S INI

T

13s3d

AW 20/29

ER
R -
1353y WOJ dd
1A
A -
@1 A8 135 135 1353y Wod o
d41AI0 o —— - 135
1353y 13538 | IGN3IS AZ°C e s
<) 91 [ S
| 135 135 13534 07 J8a
i M S Ag
el T )
e 133 | 10 Az 2 “ JUIAID 135
43
dWd ¥344n8 e — @ -
13538 {TH 3SN3S J80 .
™
135
43
c»l/ A,
1353y IH 1No 2ud

Figure 2-13. Switch Matrix Configuration for 220 mV DC Range

2-55



5700A
Service Manual

Switch Matrix Operation: 220 mV AC Range 2-95.

Refer to Figure 2-14 for the following discussion. As previously mentioned, the ac 220
mV range uses the same resistor network as the dc 220 mV range. In generating the ac
220 mV range the Oscillator assembly is set to the 2.2V range. Lines OSC OUT and OSC
SENSE are connected to pin 3 of the 10:1 divider by relays K5 and K6. Lines OS COM
and OSC SENSE LO are connected to pin 2 by relays K11 and K9 respectively.

This divided output from pin 1 is referred to as AC/DC mV on the schematic. The
AC/DC mV is then connected to INT SENSE HI through relay K17 on sheet 1 of the
Switch Matrix schematic. Signal INT SENSE HI is connected to the OUTPUT HI
binding post through relays K2 and K3 on the motherboard. Sensing for the LO occurs by
connecting OS COM and OSC SENSE LO via K11 and K9. A single line is run out to the
OUTPUT LO binding post by relay K33 on the Switch Matrix.

Switch Matrix Operation.: 2.2 mV and 22 mV AC Ranges 2-96.

Refer to Figure 2-14 for the following discussion. The ac 2.2 mV and 22 mV ranges use
the 100:1 divider and the 10:1 divider of resistor network on 4HR1 for a total division of
1000:1. Switch Matrix operation for these two ranges is the same. For the 2.2 mV range,
the Oscillator assembly is set to the 2.2V range. For the 22 mV range, the Oscillator
assembly is set to the 22V range.

Signals OS COM and OSC SENSE LO are connected to pin 6 of the 100:1 divider and
pin 2 of the 10:1 divider by relays K11 and K9. OSC OUT and OSC SENSE are
connected to the input (pin 7) of the 100:1 divider by relay K3 (A and B). The output of
this 100:1 divider is then connected to the input of the 10:1 divider (pin 3) by relay K7.
At the output of the 10:1 divider (called AC/DC mV on the schematic) there is a total
division of 1000:1. Connection to the binding posts is done in the same manner as in the
ac 220 mV range. In all cases, the output impedance of the millivolt ranges is 50€.

Calibration of the mV Ranges 2-97.

Calibration of the mV ranges involves determining the resistor ratios of the 10:1 divider
and the 1000:1 divider (100:1 and 10:1 dividers cascaded). In addition, an offset
calibration is performed on the 10:1 divider to remove thermal EMF error for the 220 mV
dc range.

Refer to Figure 2-15 for the following discussion. The 10:1 divider offset is calibrated by
configuring the Switch Matrix for the 220 mV dc range, except with the output of the
range (AC/DC mV) switched into the input of the internal cal amplifier through relays
K17 and K29. The Calibration procedure is the same as described for the 2.2V range
offset calibration except that during a checkpoint reading, control line PC4 turns on Q11
which connects SWM SENSE LO to the input of the zero amplifier, representing OV for
the 220 mV range.
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Figure 2-15. Divider Calibration
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Calibration of the 10:1 divider ratio is accomplished by connecting the DAC assembly
output (DAC OUT HI and DAC SENSE HI) through relays K24 (A and B) and K6 to the
input of the 10:1 divider. DAC LO, PA COM, and R COM are connected to the common
of the 10:1 divider by relays K12, K11, and K21 respectively. The DAC output is set to
2.2V to produce approximately 0.22V at the output of the 10:1 divider (AC/DC mV).
Relays K17 and K29 direct this voltage to the internal cal zero amplifier, which is
configured for a gain of 10, giving 2.2V plus an unknown error at its output.

The equation for this output is the DAC output (2.2V) multiplied by the 10:1 divider ratio
(unknown) multiplied by the internal cal zero amp gain (calibrated, approximately 10).
Once the output of the internal cal zero amplifier is determined, the 10:1 divider ratio is
the only unknown, so it can be calculated.

To determine the output of the internal cal zero amplifier for this configuration, a
checkpoint reading is first taken by connecting both inputs of the DAC's adc amplifier to
the DAC output, which is set to 2.2V. This reading represents a null at 2.2V. The output
of the internal cal zero amplifier is then channeled to the RCL line by relays K31 and
K32 and to the +input of the adc amplifier on the DAC assembly with the DAC output
still connected to the -input. An adc reading is now taken and the checkpoint reading is
subtracted from it. This value is the adc's representation of the deviation of the internal
cal zero amplifier output from 2.2V.

However, due to inaccuracy in the adc, an additional step must be taken. The -input of the
adc amplifier is connected to RCOM and the +input to the DAC output. The DAC output
is adjusted until the adc reads the previous value within the given tolerance. At this point,
the DAC output voltage represents accurately the deviation of the internal cal zero
amplifier output from 2.2V. The output of the internal cal zero amplifier is now
calculated, allowing the 10:1 divider ratio to be determined.

Refer to Figure 2-16 for the following discussion. Calibration of the 100:1 divider ratio is
similar to calibration of the 10:1 divider ratio. The 13V buffered reference (BRF13 and
BSRF13) is connected to the input of the 100:1 divider pin 7 by relay K4 (A and B).
DAC LO, PA COM , and R COM are connected to pin 6 of the 100:1 divider by relays
K12, K11, and K21 respectively. The voltage at the divider output (pin 5) is
approximately 0.13V. Relay K7 connects the output of the 100:1 divider to the input of
the 10:1 divider. Relays K6 and K8 connect it to the ac mV CAL line, which is the input
to the internal cal zero amplifier. The result is 1.3V at the amplifier output. This voltage
is switched onto the RCL line by relays K31 and K32 to the DAC assembly, where the
DAC is nulled to it. At this point, the DAC voltage represents the internal cal zero
amplifier output and the 100:1 divider ratio is calculated.

Internal CAL Zero Amplifier 2-98.

The main function of the internal cal zero amplifier is to remove the offsets of each of the
dc ranges except the 1100V range. (The 1100V dc range is zeroed at the High
Voltage/High Current assembly.) The internal cal zero amplifier is switched into two gain
configurations for range zeroing; a gain of 130 for the 22V ranges and below, and a gain
of 10 for the 220V range. Each range is channeled into the internal cal zero amplifier via
relay K29. The range is then compared against OV by connecting R COM to the amplifier
via FET Q7. For the 220 mV range, the reading for OV (or checkpoint reading) is taken
by turning on Q11 instead of Q7 in order to achieve a 50Q2 impedance. The output of the
amplifier is connected to the RCL line by relays K31 and K32, and then channeled to the
DAC assembly where the signal is measured by the adc.
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The internal cal zero amplifier is outlined in a broken line rectangle on sheet 1 of the
schematic. Its functional parts are U20-U21, R38-44, R46-47, Q6-7, Q11, and Z2. When
Q7 is on, the input of the zero amplifier is connected to OV for a reference point. When
Q6 is on, the gain of the zero amplifier is 130. Op amp U21 and its associated resistors
form a current-cancellation circuit. It senses the output of the zero amplifier and creates a
current equal in magnitude but opposite in polarity to the current through the gain
resistors (Z2), resulting in zero current in the precision common (RCOM).

Switch Matrix 5725A Amplifier Interface 2-99.

The Switch Matrix also provides switching between the calibrator and the 5725
Amplifier. The ac and dc input signals necessary to operate the 5725A are connected by
relay K22. Relay K23 connects B SNS LO to either OSC SENSE LO or R COM via
relay K14.

DAC Assembly (A11) 2-100.

The DAC (digital-to-analog converter) is the basic building block of the calibrator. Other
assemblies create ac and dc voltages and currents with its precision dc voltage. The DAC
contains five assemblies:

DAC Main Board (Al11)

DAC Filter SIP (A11A1)

DAC Buffered Reference SIP (A11A2)
Reference Hybrid (HR5)

DC Amplifier Hybrid (HR6).

The DAC assembly serves two main functions:

e To provide a highly repeatable stable dc voltage
e To support calibration of the calibrator

The DAC's adc circuit is used to accomplish calibration. It is made up of an analog to
digital converter (adc) and the adc amplifier. Together, these are used to completely
characterize the calibrator, using only one external voltage source and two external
resistor standards.

Basic DAC Theory of Operation 2-101.

Figure 2-17 is a simplified schematic of the DAC assembly. The DAC uses a pulse-
width-modulated scheme to produce a precision dc voltage of OV to 22V with positive
and negative polarity. The DAC contains:

A 13V temperature-controlled reference hybrid (HR5)

Duty-cycle control circuitry

A five-pole active filter (A11A1 assembly)

An output stage

Digital control circuitry

These basic subcircuits work together for a stable and linear dc voltage.
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The DAC assembly also contains:

A sense-cancellation circuit
Linearity control circuits
Negative offset circuit

An output switching circuit

The two inputs of the five-pole filter are two precision square waves with different fixed
amplitudes and independently variable duty cycles controlled by software. The filter's
first input square wave is called the first channel. It is switched between the reference
voltage (13V) and OV.

The filter's second input square wave is called the second channel. It is switched between
approximately 0.78 mV and OV. Its amplitude is derived by resistively dividing the 13V
reference. This second channel is used for extra resolution.

The filter rejects all ac components of the waveforms above 10 Hz. Since the frequency
of the square waves is 190 Hz, the output of the filter is a dc voltage which is the sum of
average voltages of the two waveforms. The Output Stage, which consists of the dc
amplifier hybrid and the output buffer, isolates the filter output from the DAC output and
gives current drive to the DAC output.

The output stage has a current limit of approximately 60 mA. It can be configured for a
gain of one for the 11V range, or a gain of two for the 22V range. Relays on the DAC
output lines allows them to be inverted for negative polarity.

To change the DAC voltage, the average value of the two square waves must be varied.
To determine the average value, multiply the waveforms amplitude by its duty cycle.
Vary the duty cycle and keep the amplitude fixed to change the DAC voltage.

For example, if the duty cycle of the first channel is 10% and the second channel 50%,
the overall average voltage would be:

(0.1 x 13V) + (0.5 x 0.78 mV) = 1.300390V.

The duty cycle resolution is 0.0024%, which gives a first channel resolution of 0.309 mV
and second channel resolution of 18.5 nV.

The duty cycle control circuitry creates the two digital square waves for the first and
second channels. These two waveforms are first run through optocouplers for isolation
and then into analog switching and level shifting circuits. These circuits derive the proper
signals to switch the input of the filter at the levels explained above.
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Figure 2-17. DAC Assembly Simplified Schematic
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DAC Assembly Digital Control 2-102.

The digital control circuit is located on sheet 6 of the DAC schematic. The 82C55
Programmable Peripheral Interface 1C (U31) is the heart of this circuit.

This IC, which is under software control via the guarded digital bus, has three ports that
provide 24 static lines. Port A (PAO-PA7) is configured as a read-only port register. It
passes the adc readings from the ADC IC (U25) to the guarded digital bus.

PBO0-PB4 of port B control relays K1-K4 and K6-K8 via relay drivers U33 and U34. PBO
is also control line DAC OUT SEL used to turn on FET Q25, via FET Q26, and connect
RCOM to SCOM during calibrator operation in the ac function.

PC7 of port C, buffered by U8A, provides the enable for these relay drivers. Relay driver
U33 controls latching relays K7 and K8. Outputs from U33 are also used by Relay driver
U34 to control latching relays K1-K6. PB5-PB7 are decoded by U32 to create six control
lines. These control lines are used to select one input to the adc amplifier -input. KSSEL
is an input to the relay drivers to control latching relay K5. The remaining five control
lines are used by comparators in U35 and U36. These comparators provide the proper
level shifting to create control lines BSRF6 SEL, BSRF13 SEL, REF6 SEL, REF13 SEL,
and ADC COM SEL. These control lines are used to control FETs on the DAC Buffered
Reference SIP assembly (A11A2).

PCO of port C is buffered by U8 (B and C) and routed through opto-isolator U37 to create
RANGE SELECT, which sets the DAC to the 11V or 22V range. PC1 is used in the duty
cycle control circuit to shut off the 8 MHz clock via buffer USF and the first channel via
OR gate U9D. This is done during calibrator operation in the resistance function. PC2
controls a FET in U23 for use in self-diagnostics. PC3 and PC4 are level-shifted by
comparators in U36 before they are used to control FETs in U23. PC5 of port C is
connected to a comparator in U36. This comparator provides the proper level shifting to
create control line ADCAMP OUT SEL to control a FET in U23. PC6 is control line
ADC TRIGGER which triggers the adc (analog-to-digital converter) IC U25. A0, Al,
and CS*, from the guarded digital bus, are used by OR gates in U9 (B and C) to create
control line ADC READ for use by the adc IC U25.

DAC Assembly Reference Circuitry 2-103.

The reference circuitry is on the reference hybrid, located on the HR5 assembly. The
HR5 assembly contains a ceramic substrate reference hybrid bonded to a resistor
network.

All components on this assembly are surface mount devices, except U6 and U7. The
resistors are screened with a thick film paste. Associated resistors, capacitors, and zener
diodes are mounted on the main board to supply this hybrid with the appropriate power
and ground returns.

As previously explained, the amplitudes of the pulse width modulated signals for the first
and second channel are assumed to be fixed. Any change in amplitude shows up as an
error on the output of the DAC. Since the reference is used to determine the amplitude, it
must be very stable and generate little noise.

The 13V reference contains two cascaded 6.5V temperature compensated transistor/zener
diode pairs called ref amps (U6 and U7). The excellent temperature characteristics of the
ref amps are obtained by biasing the collector current on their transistors with a value
such that the TC (temperature coefficient) of its base-emitter junction cancels the TC of
the zener diode. Since the base-emitter junction and the zener diode are in series, the
result is a near zero TC.
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Correct bias currents are achieved with a thin-film resistor network in a surface-mount
package mounted on the hybrid.

The reference circuit is designed such that the effects of the thin-film resistors and op
amp errors are second order. Thus, accuracy is determined almost entirely by the ref
amps.

To further reduce the effects of ambient temperature variations, the hybrid is heated to a
constant 62°C by the heater control circuitry on sheet 1 of the DAC schematic.

Temperature is sensed near the ref amps by a thermistor (RT1). If the substrate
temperature changes, the thermistor resistance changes. This creates a correction voltage
to the base of Q2 (on the main board). This, in turn, causes the power into the heater
resistor, which is screened on the back of the substrate, to increase or decrease as
necessary to maintain a stable temperature.

Thermal runaway is prevented by a protection circuit. Once the substrate temperature
reaches approximately 67°C, the change in resistance of RT2 causes Q9 to turn on. As
transistor Q9 turns on, it steals base current from Q1 on the main board, which brings it
out of saturation. This breaks the current path through the heater resistor. This condition
exists only if there is a failure.

The exact value of the reference is determined during calibration. Because of the stability
of the reference, it can be used for future internal calibration procedures to remove short
term errors in the calibrator.

The 13V output, REF13 HlI, is from pin 9 and REF13 SENSE is on pin 12. Also, a 6.5V
reference line, REF6, is brought out on pin 14 of the reference for use during calibration.

In order to make these reference voltages available to other assemblies, the 6.5V and 13V
references are buffered on the DAC Buffered Reference SIP assembly (A11A2). This
assembly also contains the circuitry to switch the references and buffered references into
the input of the adc during calibrator calibration. Refer to the section on the DAC
Buffered Reference SIP for more information.

Duty-Cycle Control Circuit 2-104.

Duty-cycle control circuitry is pictured on sheet 3 of the schematics. DAC output
voltages are represented in software by what are called first and second channel counts.
Each count is a 16-bit number which is sent to the DAC assembly via the guarded digital
bus.

For example, a first channel count of 20,000 (in decimal) represents a DAC output
voltage of approximately 6.5V (half the reference voltage).

The first function of the duty-cycle control circuitry is to convert each count into a stable,
TTL level, square wave, with a duty cycle proportional to the numeric value of the count.
This is accomplished with the 82C54 programmable interval timer (U6).

A low-level 8 MHz clock is generated on the Regulator/Guard Crossing assembly (A17)
and routed to the DAC assembly via the motherboard. This low-level clock, CLK and
CLK*, is amplified to a TTL level by comparator U7 to generate the 8 MHz clock which
is used by U6 and the adc IC U25.

The 82C54 programmable interval timer receives its input counts from the guarded
digital bus and creates the second channel signal on OUT2 (pin 20) and the first channel
signal on OUT1 (pin 16).

The second channel signal is buffered by U8 (D and E) and runs through opto-isolator
U12 to become CH2 FLOATING. This signal alternately turns FETs Q30 and Q32 on
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and off to turn the 3V source (called 3V) into a floating 3V pulse width modulated
waveform called CH2 FILTER INPUT.

The 3V source is created from the 13V reference. The 13V reference is buffered by op
amp U1B, configured as a voltage follower. The output from U1B is divided down to 3V
by a 100 kQ and 30 kQ resistor in the HR5 assembly, creating 3V.

This 3V is again buffered by op amp U11, configured as a voltage follower, to create the
3V, which is switched by FETs Q30 and Q32. CH2 FILTER INPUT uses three resistors
on the HR5 assembly to resistively divide its 3V amplitude by an additional factor of
approximately 3800.

The first channel signal is buffered by U8 (G and H) and run through opto-isolator U13,
to become CH1 FLOATING. Since the first channel is much more critical than the
second, CH1 FLOATING is clocked into a flip flop (U14) to ensure an accurate
waveform.

To clock in this waveform, the low-level 8 MHz clock (CLK and CLK*) from the
Regulator/Guard Crossing assembly (A17) is isolated by transformer T1 and amplified to
a TTL level by comparator U10. This generates the clock inputs for U14. The output Q1
(pin 5) from U14 creates CH1 SERIES A, which switches Q7. The output Q1* (pin 6) is
inverted by Q35, creating CH1 SHUNT, which switches Q6. The output Q1*, which is a
TTL level, is also amplified by components Q33, Q34, VR11, VR12, and R44-R46, so it
switches from 0 to 18V, creating CH1 SERIES B, which switches Q4 and Q5.

The watchdog timer sets the first channel filter input to OV if a failure occurs on the 8
MHz clock. This circuit uses a monostable multivibrator (one shot) U15, C63, and R48.
The 8 MHz clock is divided to 4 MHz by U14. This 4 MHz clock is connected to U15
and discharges C63 to ground. If the 4 MHz clock stops, C63 charges up, causing the Q1
output of U15 to go low. This logic low on Q1 is connected to the preset pin of U14
(PRI), which causes its Q1 output high and its Q1* output low. This condition turns on
the shunt switch and turns off the series switch, which forces the filter input to be
REFCOM.

DAC Filter Circuit 2-105.

The dac filter circuit is located on the DAC Filter SIP (A11A1) assembly. The dominant
pole of the filter is near 10 Hz. This gives 120 dB of rejection at 190 Hz.

The +30FR1 supply and 15V zener diode, VR1, create the 15V supply (15V) for the op
amps in the filter circuit. 15V is also connected to the main DAC board, where it is used
with R111 as a pull up for the RANGE SELECT control line.

DAC Output Stage 2-106.

2-66

The output stage of the DAC assembly consists of the DC Amplifier Hybrid assembly
(HR6) and the output buffer circuitry. Like the Reference Hybrid, the DC Amplifier
Hybrid is constructed of surface-mount components (except precision op amp U2), on a
ceramic substrate hybrid, bonded to a resistor network.

It is temperature-controlled by a heater control circuit in the same manner as explained on
the Reference Hybrid. Transistor Q3 provides proper power to the heater resistor.

The DC Amplifier Hybrid consists of a precision op amp U2, with a bootstrapped power
supply (Q1, Q2, R1-R4, VR1-VR2). The op amp has low noise and low offset. It is
bootstrapped to improve the common-maode rejection in its noninverting configuration.

The DC Amplifier assembly interfaces with the output buffer (U5) to create the output
stage. Control line RANGE SELECT configures this output stage for unity gain for the
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11V range or a gain of 2 for the 22V range. In the 11V range, Q15 is turned off, which
gives U5 unity gain, and Q20 is on, which gives the DC Amplifier unity gain.

In the 22V range, Q20 is off and Q21 is on, which switches in the 40 kQ feedback
resistors located on the HR6 assembly. Precise ratio matching of these resistors provides
high accuracy in the 22V range.

FET Q15 is on in the 22V range so that the output of the dc amplifier is half the output of
the DAC. This is necessary so that the output of the dc amplifier is approximately the
same as its inputs, which allows the bootstrap circuit to work.

The output buffer (U5) provides drive for the DAC output. It is used in a feedback loop
with the DC Amplifier Hybrid so that the dc accuracy is dependent upon the dc amplifier,
and the output drive capability is dependent on the output buffer.

The output buffer is current-limited to a short circuit current of about 60 mA. The short-
circuit protection circuitry works as follows:

1. The supply current is sensed by R23. When the output current of U5 reaches
approximately 50 mA, the voltage across R23 is large enough to turn on Q10.

2. As Q10 turns on, the voltage across R20 increases, and pulls down the supply voltage
at pin 4 of U5.

3. Inorder to prevent the supply of U5 from dropping below the input, Q8 saturates
turning on Q11 which shorts the input to FR1 COM.

4. When the short is removed, R22 and C41 cause Q11 to turn off slowly, which
prevents a large overshoot at the DAC output.

Sense Current Cancellation Circuit 2-107.

This circuit uses op amp U1A and four resistors on the HR6 assembly. This circuit
supplies the sense current of equal, but opposite, polarity to the feedback resistors in the
22V range. This eliminates current in the sense lead during external sensing.

Linearity Control Circuit 2-108.

The linearity control circuitry contains the series linearity control circuit and the shunt
linearity control circuit, as outlined on the schematic. These linearity control circuits
eliminate filter current in the series switch (Q5) and the shunt switch (Q6). This is
necessary because Q5 and Q6 have finite resistance (3 to 5Q2) and a small mismatch in
the resistances can cause a linearity error.

The series linearity control circuit uses op amp U38, resistor network Z2, and a single
19.996 kQ resistor on the HR5 assembly. This circuit eliminates filter current in the
series switch Q5.

When the series switch (FET Q5) is on, it connects the 13V reference to the first channel
input of the filter, and FET Q4 is also turned on. This causes U38 to supply the current to
the filter through the 19.996 kQ resistor in HR5 and Q4, which makes the resistance from
TP2 to TP5 look like near 0 ohms.

The shunt linearity control circuit uses op amp U2B, FET Q22, three 80 kQ resistors on
the HR6 assembly, and one resistor in the HR5 assembly.

Op amp U2B is configured as an amplifier with an inverting gain of 1 in the 11V range,
and an inverting gain of 0.5 in the 22V range. This gain is determined by FET Q22 and
the three 80 kQ resistors in the HR6 assembly.
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When the shunt switch (FET Q6) is on, connecting the input of the filter to REFCOM,
the current from the filter flows through the two 40 kQ resistor (pin 7 to pin 8) on the
HR6 assembly to the output of U2B. This cancels out the current that would flow through
Q6 which makes it look like 0.

Negative Offset Circuit 2-1009.

This circuit creates a constant offset voltage of approximately -127 mV at the filter input.
Thus, for a DAC output voltage of OV, the first channel count must be approximately 400
to offset this negative voltage. This guarantees a minimum duty cycle pulse width of
approximately 50 us.

This minimum duty cycle is necessary to overcome the offset of the output stage and to
allow the reference voltage to settle out after being switched into the filter input. Op amp
U2A and two 20 kQ resistors in HR6 form an amplifier with an inverting gain of 1. This
amplifier input is the 13V reference which produces -13V at its output. This -13V is
divided by resistors in the HR5 assembly to create the -127 mV on the filter input.

DAC Output Switching 2-110.

The floating outputs of the DAC are switched with latching-type relays K1, K2, K3, K4,
and K8.

Relays K1 and K2 determine the polarity of the DAC. In the reset position, the DAC
output is positive. In the set position, output is negative. Relay K1 also generates DAC
LO DIAG and DAC HI DIAG which are used by the adc circuit during DAC diagnostics.

Relays K3 and K4 switch the DAC to various assemblies. In the reset position, the DAC
is available to all assemblies except the oscillator. Relays K3 and K4 are set during
operation in the ac function so the DAC output is connected to the DAC/OSC lines which
run only to the Oscillator assembly. Also during operation in the ac function, control line
DAC OUT SEL turns on FET Q25, via FET Q26, to connect SCOM to RCOM.

Relay K8, when in the set position, allows the DAC to be sensed right on the output of
the DAC assembly.

DAC Buffered Reference Sip 2-111.

2-68

The DAC Buffered Reference SIP assembly (A11A2) has two main functions. First, it
buffers the 6.5V and 13V references so they can be used by other assemblies.

The 6.5V reference, REF®6, is buffered by op amps U1A and U2A which creates BRF6
and its sense line BSRF6. The 13V reference, REF13 FILT, is buffered by op amps U1B
and U2B which creates BRF13 and its sense line BSRF13. These are routed to other
assemblies in the calibrator for use during calibrator calibration.

Second, it allows the reference voltages, or the buffered reference voltages, to be
switched to the REFCAL line, which is connected to the inverting input of the adc
amplifier by K5 during calibration of the DAC assembly.

Control line REF6 SEL and FETs Q1 and Q2 connect the 6.5V reference REF6 to
REFCAL.

Control line BSRF6 SEL and FETs Q5-Q7 tie BRF6 and BSRF6 together and connect
them to REFCAL.

Control line REF13 SEL and FETs Q8 and Q9 connect the 13V reference REF13 to
REFCAL.
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Control line BSRF13 SEL and FETs Q12-Q14 tie BRF13 and BSRF13 together and
connect them to REFCAL.

ADC COM can also be connected to REFCAL by FET Q15 and control line ADC COM
SEL.

Self-Calibration Hardware 2-112.

The main components of the calibration hardware are the adc amplifier and the adc
(analog to digital converter). This adc circuitry converts dc analog voltages into 22-bit
binary numbers which the software interprets.

ADC Amplifier 2-113.

ADC amplifier circuitry is located on sheet 4 of the DAC schematic. The adc amplifier is
used like a null detector. It has two inputs (inverting and noninverting) and a single
output with ADC AMP OUT and ADC AMP SENSE connected together.

The noninverting input (+INPUT) is switched between ADC COM, RCL, or DAC
SENSE CAL by relays K6 and K7. DAC SENSE CAL is the output of the DAC and
RCL is the calibration line which other assemblies use during their calibration.

The inverting input (-INPUT) is switched between DAC SENSE CAL and REFCAL by
relay K5. ADC amplifier inputs are high impedance. The output voltage is the voltage
difference between the inputs multiplied by the overall adc amplifier gain of 11.

To determine adc amplifier output, the following formula is used: (Noninverting input -
inverting input) x 11 = adc amplifier output. For example, if the noninverting input is a
5.0V and the inverting input is at 5.1V, the output would be -1.1V. (The calculation for
this example is (5.0V - 5.1V) x 11 = -1.1V.) Op amp U20A configured as an amplifier
with an inverting gain of 1 is used to cancel the current in ADC COM generated from op
amp U19A.

Zener diodes VR19 and VR20 keep the output of the adc amplifier from exceeding
+4.0V. Similarly, this protection is provided for the adc amplifier inputs by VR17, VR18,
VR21 and VR22.

ADC Input Selection 2-114.

The input to the adc chip, U25, is selected by a quad FET analog switch array, U23. A
large filter (R74 and C84) and a buffer (U24) are put on the adc input line to filter out 60
Hz and 190 Hz before it is connected to the adc chip input (pin 22).

During calibrator diagnostics, control line PC2 selects the SDL (system diagnostic line)
line, which is used by other analog assemblies to monitor their diagnostic voltages.

During diagnostics of the DAC assembly control, line PC3 selects DAC HI DIAG which
is divided by R79 and R84. Control line PC4 selects DCAMP HEATER and REF
HEATER which are summed and divided by R80, R81, and R83.

Since DCAMP HEATER and REF HEATER are referenced to FR1 COM, DAC LO
DIAG is buffered by U22 to provide the proper current return.

During calibrator calibration, control line ADC OUT SEL selects the output of the adc
amplifier.
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ADC Circuit 2-115.
The adc (analog-to-digital converter) is shown on sheet 5 of the DAC schematic.

Most of the adc is contained on one chip (U25) which uses the Fluke-patented
recirculating remainder technique.

The adc has rms noise of approximately 20 uV between readings. This is reduced by a
factor of 5 by averaging the readings. The adc measures input voltages between -1.8V
and +1.8V.

Hardware for the adc has four major sections external to adc IC U25. These sections are:

ADC reference voltage

ADC dac

ADC comparator/amplifier
Timing/data control circuitry.

The adc reference voltage circuit is made up of zener diodes VR29, VR30, and resistors
R91-R93, which generate a 6.4V reference. This -6.4V is inverted by U27B to create the
+6.4V reference and is also buffered by U27A and connected to U25. A reference
common point for the adc reference is made by buffering ADC COM with op amps U20B
and U26A, resulting in an isolated ADC COM. Buffering allows the common point to be
referenced to ADC COM, yet current from R85, C89, C90, R93, VR29, and VR30 to
return to SCOM through the output of the buffer instead of through ADC COM.

The adc dac contains the dac amplifier, U28B, and a binary ladder network consisting of
resistors in Z10. Digitally controlled analog bit switches are contained in U25. The bit
switches determine the output voltage of U28B by control of the binary ladder network.
The output voltage of U28B can be varied from -1.95V to 1.95V.

The adc comparator/amplifier contains op amp U29, two remainder storage capacitors
(C89 and C90), an autozero storage capacitor (C95), and several digitally-controlled
analog switches in U25.

The supplies for U29 are bootstrapped off its input voltage. This circuitry includes U28A,
VR31-VR34, R95-R100, Q56, Q57, and C97.

The timing/data control circuit is the digital portion of U25. This internal circuitry
controls the adc by manipulating the switches in the adc comparator/amplifier and the bit
switches in the adc dac.

An adc conversion cycle is triggered by the falling edge of control line ADC TRIGGER
from the digital control circuit. Once triggered, the adc, under control by U25, generates
five 6-bit nibbles without any further interaction.

Once the adc is triggered, it goes through five measurement cycles. Each cycle is made
up of three functions, an autozero function, a compare function and a remainder store
function. Figure 2-18 illustrates these three functions.

Before the adc is triggered, it stays in the autozero function. In this function, the adc dac
is set to OV with some offset error. Through U25, pin 3 of U29 is connected to ADC
COM and pins 2 and 6 are connected together. In this function, the offset of the adc dac
is stored on C95.

In the compare function, U29 compares the adc dac with the adc input (during the first
pass) or the stored remainder (C89 or C90) during the remaining four passes. The voltage
to be measured is switched into pin 3. The adc dac is connected to pin 2 and adjusted
according to the polarity output of U29 resolving the voltage on pin 3. During this
function the six bits of one nibble are determined.
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During the remainder store function, U29 amplifies and stores the difference between the
ADC INPUT and the adc dac output on one of the remainder storage capacitors, C89 or
C90. In this function, U29 is configured by the adc as a difference amplifier with a gain
of 16. The output of U29 is now the difference between the input voltage and the DAC
voltage, multiplied by 16. This voltage is stored on C89 or C90.

On the next cycle, this remainder voltage is switched into U29 as the input voltage during
the compare function.

Once this is repeated five times, U25 sends out an interrupt signal (ADC INT) to tell the
processor that it is waiting to read. To read the five passes of the adc, the processor reads
port A of the 82C55 five times.

For the most critical applications, the adc measures the output of the adc amplifier. Since
the output of the adc amplifier is adjusted until it reaches a checkpoint voltage, the adc
needs only to be repeatable at this voltage and low in noise. This reduces the constraints
on adc linearity and long term stability which allows a much simpler adc reference to be
used.

How the DAC is Used in Self-calibration 2-116.

For internal and external calibration, the adc amplifier output is switched to ADC
INPUT.

The adc amplifier acts as a null meter. It measures the voltage difference between its
inverting and noninverting inputs and amplifies it by a gain of 11.

The adc amplifier can measure common-mode voltages up to 14V. Input switching
circuitry allows the DAC SENSE, buffered and unbuffered reference, RCL, and ADC
COM to be switched into the adc amplifier inputs.

To make a typical cal measurement, software sets the DAC to the approximate expected
common-mode voltage. The DAC is then switched into both adc amplifier inputs and an
adc reading is taken. This is the checkpoint measurement. It represents the adc amplifier
common-mode and offset error, and the errors in the adc and adc amplifier input
switching. The unknown voltage is switched into one input of the adc amplifier and the
DAC is adjusted by software until the adc reading matches the checkpoint reading. At
this point the unknown voltage is equal to the DAC voltage and is represented by the
current DAC counts.

DAC Assembly Calibration 2-117.
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The DAC assembly is completely characterized using a single external 10V source.
Calibration occurs in the following steps:

Ratio calibration of the first and second channels is performed first. The first channel
count is set for a DAC output of near OV. The second channel count is set to its minimum
value of approximately 10,000. The DAC output is connected to the input of the zero
amplifier on the Switch Matrix assembly (A8) and its output connected to the +input of
the adc amplifier via the RCL line and the -input is connected to ADC COM.

The adc measures this value and stores it as a checkpoint reading. The first channel is
decremented by one count and the second channel is increased until the adc reads the
same as the previous checkpoint. The number of counts the second channel is increased
represents the channel ratio constant.

The £11V and £22V range zeros are calibrated next. This is done by the same technique
as the ratio cal except the checkpoint reading is obtained by connecting the input of the
zero amplifier on the Switch Matrix assembly to RCOM. The DAC output (DAC SENSE
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CAL) is then connected to the zero amplifier input and adjusted until the adc reads the
same as the previous checkpoint. This determines the exact first and second channel
counts for a OV output.

Next, the +11V and +22V range gain constants are calibrated by nulling the DAC to the
external 10V source, connected to the front panel binding posts of the calibrator. This
10V source is connected to the RCL line by relays on the Switch Matrix assembly (A8).

The RCL line is connected to the +INPUT of the adc amplifier. The DAC output is
connected to the -INPUT of the adc amplifier and is adjusted until the adc reads a null.
This determines the first and second channel counts required for an exact 10 V output
from the DAC. Software determines floating point gain constants from these counts.

The exact value of all the reference voltages (6.5V and 13V) are determined next. The
reference voltage to be determined is connected to the -INPUT of the adc amplifier. The
DAC output is connected to the +INPUT and adjusted until the adc reads a null. The
reference voltage is the value to which the DAC is set. This procedure is done for the
6.5V buffered and unbuffered, and 13V buffered and unbuffered references.

Oscillator Section Overview 2-118.

The ac module consists of two plug-in assemblies, the Oscillator Output assembly (A13)
and the Oscillator Control assembly (A12). These assemblies generate a precision
amplitude-stabilized ac sine wave from 0.22V to 22V with a frequency range of 10 Hz to
1.2 MHz. This signal is either routed to the OUTPUT binding posts if the desired output
is within this range, or used internally by the Power Amplifier, High Voltage, Wideband,
Current, Switch Matrix, or an Auxiliary Amplifier (Model 5725A, 5205A, 5215A, or
5220A) for voltages and/or functions outside this range.

Output sensing of the amplitude helps obtain an accurate output signal regardless of
output amplitude and load variations. Sensing is available for all voltage ranges above
200 mV at the calibrator SENSE binding posts. In the current function, and for voltages
less than 200 mV, sensing is performed internally and output accuracy is guaranteed only
for specified operating conditions.

The Oscillator Output assembly (A13) creates an ac voltage. The Oscillator Control
assembly (A12) controls the amplitude of this ac signal by comparing the SENSE HI
signal from the Oscillator Output with an accurate dc voltage from the DAC assembly
(A11). The Oscillator Control assembly adjusts the amplitude of the Oscillator Output via
the OSC CONT line. The frequency accuracy is controlled by the phase-locked loop
circuit on the Oscillator Output assembly, which phase locks to the signal created by the
Current/Hi-Res assembly (A7), or to an external signal connected to the 5700A rear panel
through the PHASE LOCK IN jack.

The following discussions separately cover these two assemblies.

Oscillator Control Assembly (A12) 2-119.

The Oscillator Control assembly (A12) contains all the precision ac amplitude control
circuitry except the output AGC amplifier, which is located on the Oscillator Output
assembly (A13). The primary function of the Oscillator Control assembly is to monitor
the output of the 5700A in the ac voltage function, and to adjust the output until the rms
voltage across the SENSE point is equal to the voltage requested by the operator. This
assembly provides amplitude control for both the ac current function and the Wideband
AC Module (Option -03) during low-frequency operation.
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The oscillator control circuitry contains an averaging converter, an error intergrator, a
three-pole filter, an ac/dc thermal transfer circuit, an ac/ac thermal transfer circuit, a 15-
bit dac, and a digital control circuit.

All power supplies used by this assembly are generated by the Guard Crossing/Regulator
assembly (A17) except the +5 OSC supply, which is generated by a three-terminal +5V
regulator (U25) from the +15 OSC supply. The +15 OSC supplies are buffered by L3,
L4, C34 and C35 to create the £15A supplies, and L1, L2, C86 and C87 to create the
+15B supplies. A +2.5V reference voltage is created from the +5LH supply by resistors
R52 and R53. A -200 mV reference voltage is created from the -15V OSC supply by
resistors R57 and R58 for use exclusively by the protection circuitry for thermal sensors
U14 and U16.

Oscillator Control Digital Control 2-120.

The digital control circuit contains an 82C55 Programmable Peripheral Interface (U20)
and latching relay drivers (U23, U24). The 82C55 is controlled via the guarded digital
bus, and has three ports that generate 24 outputs. Port A (PAO-PA7) is a common input
bus (DATA) for the relay drivers (U23, U24) and the 14-bit DAC (U10). Relay driver
U23, which controls latching relays K1 through K4, K6, and K8, is strobed by PC5 and
enabled by PC7 of port C. Relay driver U24, which controls latching relays K5, K7, and
K9, is strobed by PC6 and enabled by PC7 of port C. The SW control bus contains
control lines SW1-SW4 from PB4-PB7 of port B which control a CMOS analog switch
IC U19. PC1-PC4 of port C create control lines GCAL, AC*/DC, DAC* and BIT14*
respectively. The Oscillator Output assembly (A13) generates two more control lines:
LFCOMP* and HFCOMP*. These control lines are routed to this assembly via the
motherboard and enter on pins 18A/C and 19A/C of connector P502.

A self-diagnostic circuit contains a multiplexer (U18) and resistor networks Z5 and Z6. It
monitors 15V, VREF, and the outputs of the error integrator and 14-bit DAC. These
inputs are divided by the resistor networks, while U18 applies one to the SDL line. The
SDL line is routed to the DAC assembly (A11) to be measured by the adc circuit.

Oscillator Input Switching 2-121.

Relay K1 selects an input to the Oscillator Control assembly. During ac voltage
operation, relay K1 is reset. This connects the input (SENSE HI) to the averaging
converter and the ac sense buffer to OSC SENSE HI. The reference voltage, VREF, is
connected to both DAC/OSC OUT HI and DAC/OSC SENSE HI, which is the dc voltage
from the DAC assembly (A11). During internal calibration K1 is set, so VREF is the
6.5V reference voltage (BRF6 and BSRF6) from the DAC assembly. The input to the
averaging converter and ac sense buffer is DAC/OSC OUT HI and DAC/OSC SENSE HI
from the DAC assembly.

Sense Current Cancellation 2-122.

2-74

The SENSE HI current cancellation circuit, containing op amp U1, Q1, Q2, K8, K2B and
associated components, supplies the current into SENSE HI (Z2 pin 1) so that no current
is pulled from the OSC SENSE HI line. During operation in the 2.2V and 22V, range K8
is set so the input is OSC OUT. In the 220V range K8 is reset so OSC SENSE HI is
connected to the input. Relay K2B is reset in the 2.2V range and set in the 22V range.
Transistors Q1 and Q2 form a bootstrapped supply for U1.

The SENSE LO current cancellation circuit, built around op amp U2, forces the return
current back to SCOM instead of OSC SENSE LO. Relay K2A is reset in the 2.2V range
and set in the 22V range.
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To better understand the detailed circuit descriptions for the averaging converter, error
intergrator, and three-pole filter, refer to Figure 2-19.

Averaging Converter 2-123.

The averaging converter contains the buffer amplifier and rectifying amplifier circuits as
outlined on sheet 1 of the schematic.

The buffer amplifier is a non-inverting unity gain amplifier (U3). Input to the buffer
amplifier is either a 0 or 20 dB attenuator contained in Z2 as selected by K3. In the 2.2V
range, SENSE HI is connected directly to the buffer amplifier with K3 in the reset
position. In the 22V range, K3 is in the set position, so the buffer amplifier input (SENSE
HI) is attenuated 20 dB by the 18 kQ and 2 k< resistors in Z2. The buffer amplifier
output voltage is always between 0.22 and 2.2V, and is capacitively coupled to the
rectifying amplifier by C22 and C25.

The rectifying amplifier is comprised of U5, U7, Q3 and Q4, and has an inverting gain of
2. When the input voltage (from the buffer amp) is positive, feedback is negative through
CR5 and a 2 kQ resistor in Z1 (pins 6 and 5). When the input voltage is negative, the
feedback path is through CR4 and a different 2 kQ resistor in Z1 (pins 3 and 5). This
amplifier produces a full-wave rectified negative output current proportional to input
voltage. Output current is summed at the input of the error intergrator with the positive
adjustable reference current (VREF, which is the output of the DAC assembly).

Error Integrator 2-124.

The error integrator circuit contains op amp U11, CMOS analog switch U8A, and
capacitors C42 and C43. When operating at frequencies above 119 Hz, op amp U11 and
C43 form an integrator. When operating at frequencies below 119 Hz, control line
LFCOMP* goes low to close U8A, adding C42 to C43. This reduces the integrator
crossover point by a factor of ten. If the magnitude of the averaging converter dc output
current is different than the reference current, the output of the error integrator begins to
change. Error integrator output goes through a three-pole filter and is buffered by U9A to
generate OSC CONT. OSC CONT is routed to the Oscillator Output assembly to adjust
the Oscillator amplitude. The output of the error integrator is also monitored by the
diagnostic circuit via ERROR INT. OUT.

Three-Pole Filter 2-125.

The three-pole filter contains op amp U9B, CMOS analog switches U8B-U8D, and C26-
C31. This circuit filters out ac from the output of the error integrator. Control line
LFCOMP* goes low when operating at 119 Hz or less to reduce the crossover point.

Analog Amplitude Control Loop 2-126.

This loop is comprised of the averaging converter, error integrator, three-pole filter, and
the agc amplifier on the Oscillator Output assembly (A13). It stabilizes the 5700A output
voltage in the presence of load changes. This loop by itself is very stable but does not
have the conversion accuracy or gain flatness necessary to meet the precise amplitude
specifications of the 5700A. Thus this circuit is used only to provide quick load
regulation recovery and short term output stability.
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AC/CD Thermal Transfer Circuit 2-127.

Refer to Figure 2-20 for the following discussion. The ac/dc thermal transfer circuit
achieves basic mid-band amplitude accuracy. This is done by first applying the reference
voltage (VREF) to the thermal rms sensor (U14) and measuring the output. Next, the ac
voltage is applied to the thermal rms sensor and the dc output is compared to the previous
reading. The sensor detects the difference between the ac and dc input voltages to within
a few ppm.

If there is an ac/dc difference, the dc reference current applied to the error integrator of
the analog control loop is adjusted via the 15-bit dac until the ac/dc difference is zero.
The ac/dc thermal transfer circuit that performs this function is further described in detail.
It contains the dc sense buffer, ac sense buffer, ac/dc thermal sensor, and the square-root
amplifier and 15-bit dac as outlined on the schematic.

As previously mentioned, the input to the thermal rms sensor is either the dc reference
voltage (VREF) buffered by the dc sense buffer or the ac voltage (SENSE HI) buffered
by the ac sense buffer.

The dc sense buffer circuit uses op amp U30 as a buffer amplifier. Enhanced-mode FET
Q10 provides feedback for U30 while FETs Q8 and Q9 are off. During a dc transfer,
control line AC*/DC and comparator U21C turn on the FETS, applying the output of the
dc sense buffer to the input of thermal rms sensor U14.

The ac sense buffer circuit contains op amps U12A, U12B, U13; FETs Q6, Q7, Q11,
Q12; relay K4, and associated components. Relay K4 selects the input resistance to
amplifier U13, which has a nominal inverting gain of 0.316 in the 22V range and 3.16 in
the 2.2V range.

During operation in the 22V range, relay K4 is set, feeding the input, SENSE HI, through
the 20 kQ resistor in Z3. When operating in the 2.2V range, the 2.22 kQ and 20.0 kQ
resistors in Z3 are put in parallel by K4 in the reset position, reducing the input resistance
to 2 kQ.

During an ac transfer, control line AC*/DC and comparator U21D turn on FET Q12 so
the output of amplifier U13 is applied to the input of thermal rms sensor U14. At this
time, FET Q11 is turned off and the feedback path for U13 is through the 6.32 kQ
resistor in Z3.

During a dc transfer, Q12 is off and comparator U21B turns on FET Q11, providing the
feedback path for U13. Op amps U12A and U12B provide low offset and increase the
gain. Control line HFCOMP and comparator U22C turn on FETs Q6 and Q7 during
operation in the 1 MHz range.

The output of either the dc sense buffer or the ac sense buffer becomes the input of
thermal rms sensor U14. During operation from 0.22V to 0.7V in the 2.2V range, or 2.2V
to 7V in the 22V range, relay K7 is set, directly connecting the input signal to the sensor.
The input to the thermal sensor is through R31 by K7 in the reset position during
operation from 0.7V to 2.2V in the 2.2V range, or 7V to 22V in the 22V range.

Comparator U21A provides protection for thermal rms sensor U14. If the junction
temperature of the sensor goes above 200°C, the voltage at pin 3 increases, driving the
output of U21A negative. This turns off the FETs controlling the output of the dc sense
buffer. The ac sense buffer gain goes to zero by turning on FET Q11.
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The ac/dc thermal sensor and square-root amplifier, as outlined on the schematic, contain
the thermal sensor U14, op amp U15 and transistor array U17. The dc voltage from the
thermal sensor is connected to U15B configured as an integrator. Comparator U22B is
used to control FETs Q18 and Q20. These FETSs are turned on, adding C84 and C62 to
the integrator, by control lines LFCOMP* and AC*/DC both at logic low. The output of
integrator U15B is used by the square-root amplifier contained in U15A, U15C and U17.
This circuit keeps the settling time of the sensor constant when its input is varied between
full and 1/3 scale. The output of the sensor is connected to the RCL line by relay K6 and
CMOS analog switch U19A and U19B. During operation from 0.22V to 0.7V in the 2.2V
range, or 2.2V to 7V in the 22V range, sensor output is connected to the RCL line
through buffer U31, U19B, and K6 in the set position. During operation from 0.7V to
2.2V in the 2.2V range, or 7V to 22V in the 22V range, sensor output is connected to the
RCL line through U19A and K6. Control lines SW1 and SW4 control U19A and U19B
respectively. The RCL line is routed to the DAC assembly (A11) where its amplitude is
measured by the adc circuit.

To do an ac/dc transfer, the dc sense buffer is connected to the thermal sensor and the
sensor output is connected to the +input of the DAC's adc circuit. The -input of the adc
circuit is connected to the DAC output (VREF), and the difference between the two is
measured and stored in memory. Next, the output of the ac sense buffer is connected to
the sensor and the sensor output is connected to the +input of the DAC's adc circuit. The
difference is measured and compared to the previous reading. The difference between
these two readings is the difference in rms value of the ac and dc input voltages. If there
is an ac/dc difference, the dc reference current applied to the error integrator of the analog
control loop is adjusted via the 15-bit dac until the ac/dc difference is zero.

The 15-bit dac contains an AD7534 dac IC (U10), FET Q19 and op amp U26. The first
14 bits (bits 0-13) are generated by the dac IC U10, and bit 14 is generated by Q19, R26,
and control line BIT14. Control busses DATA and MUX from the digital control circuit
select the data and address for U10. The output is inverted by U26 to create 14 BIT DAC
OUT, which is applied to the summing node of the error integrator by R20. This output is
also monitored by the diagnostic circuit.

Oscillator Calibration 2-128.

Calibration consists of determining the offset and gain errors of the ac/dc switching
circuitry. Errors are measured at dc using the calibrator DAC and the 6.5V reference as
the primary sources of accuracy. This characterization is valid for frequencies up to 1
kHz. Above 1 kHz, ac/ac characterization is used to ensure the output accuracy.

The DAC assembly (A11) is set to 0V with its output connected to the ac sense buffer
(via SENSE HI) by relay K1 in the set position. The output of the ac sense buffer is
connected to the RCL line by K6 in the set position and by control line GCAL and
comparator U22A turning on Q13. The OV input is stored as Vinl. The output measured
by the adc circuit on the DAC assembly is stored as Voutl.

Relay K1 ties 6.5V reference BRF6 and BSRF6 to VREF, where it is measured at the
output of the thermal sensor in the same manner as a dc transfer. This measured output is
stored in memory.

The DAC output is set to 20V or 2V and is measured at the output of the thermal sensor
in the same manner as an ac transfer. The DAC is then adjusted until this measured
output is the same as stored in the previous step. The DAC setting is stored as Vin2 and
the 6.5V reference is Vout2. The gain can now be calculated with the formula: (Vout2 -
Voutl)/(Vin2 - Vinl).
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AC/CD Frequency Response Characterization 2-129.

Characterization is accomplished by first performing an ac/dc transfer with the Oscillator
Output set to a low frequency. The ac/ac thermal sensor circuit, containing the thermal
sensor U16 and op amp U15D, characterizes the frequency response of the main ac/dc
thermal sensor. This sensor has no active circuitry at its input, and all switching is done
by relays to ensure a flat frequency response.

In the 20V range, the Oscillator Output is switched through R34 to the ac/ac thermal
sensor via SENSE HI, K5, and K9 in the set position. In the 2.2V range, R34 is bypassed
by K9 in the reset position. The output of this sensor is routed to the RCL line via U19C
and K6. A reading is taken and stored in memory as ACref.

The output frequency of the Oscillator Output is changed to the first cal point and the 15-
bit dac is adjusted until the reading from this ac/ac thermal sensor is the same as ACref.

The RCL line is then switched back to the ac/dc thermal sensor. A reading is taken stored
in memory as ACdif. The gain constant is calculated using the formula (ACdif +
Vdac)/Vdac, where Vdac is the DAC assembly (A11) voltage.

This ac/ac transfer function is also performed for the 220V range and the 1100V range.
These ranges are generated by the Power Amplifier assembly (A16) and the High
Voltage/High Current assemblies (A14 and A15). High voltage ac signals are attenuated
and connected to AC CAL, where they are connected to the sensor though relay K5 in the
reset position. In the 220V range, the output of the sensor is divided by Z4 and connected
to the RCL line by U19D and K®6.

Protection for this thermal sensor is provided by comparator U22D, FET Q14, zener
diodes VR5, VRS, resistor network 210, and diodes CR12 and CR13. During normal
operation, U22D keeps Q14 off. If the junction temperature of the sensor goes above
200°C, the voltage at pin 3 increases, driving the output of U22D positive. This turns on
Q14, shunting the input of the sensor to common through CR12 and CR13.

Oscillator Output Assembly (A13) 2-130.

The Oscillator Output assembly is controlled by the Oscillator Control assembly. Refer to
Figure 2-21 and the schematic diagram for the following discussion.

The Oscillator Output assembly generates an ac sine wave from 0.22V to 22V with a
frequency range of 10 Hz to 1.1999 MHz. There are five frequency ranges (100 Hz, 1
kHz, 10 kHz, 100 kHz and 1 MHz) and two voltage ranges (2.2V and 22V). The output
signal is either routed to the OUTPUT binding posts, or it is used internally by the Power
Amplifier, High Voltage, Wideband AC Module (Option -03), Current, or Switch Matrix
assemblies, or it is routed to an Auxiliary Amplifier for generation of voltages and/or
functions outside this range. Output sensing is available for all voltage ranges above 220
mV at the SENSE binding posts.

The Oscillator Output assembly contains a fixed-amplitude quadrature RC oscillator, a
0.22-22V digital/linear gain-controlled amplifier, a fixed-amplitude variable phase-
shifting network, phase-locked loop control circuitry for phase locking to an external
signal or the PLOCK signal from the Current/Hi-Res assembly (A7), and digital control
circuitry.

All power supplies used by this assembly except the -12S supply are generated by the
Guard Crossing/Regulator assembly (A17). The -12S supply is generated on this
assembly by a three-terminal -12V regulator (U2) using the -17S supply as its input.
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Figure 2-21. Quadrature RC Oscillator Circuit
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Oscillator Output Digital Control 2-131.

The digital control circuit consists of an 82C55 Programmable Peripheral Interface
(U26), a 5801 Latching Relay Driver (U24), and three HC374 Octal D-Type Flip Flops
(U12, U32, U33). The Programmable Peripheral Interface (U26) is under software
control via the guarded digital bus and has three ports which generate 24 outputs. Port A
(PAO-PAT) is a common input bus for U24, U12, U32, U33, and U28. Latching relay
driver U24 controls the four latching relays K1-K4. Relays K1-K3 select the frequency
range and K4 selects the voltage range. This IC is strobed by PC3 of port C and enabled
by PC6 of port C. To ensure that the relays are latched properly the driver must be
enabled for 10 ms.

Latch U32 is clocked by PCO and generates the data bus FREQ DATA for controlling 8-
bit resolution hybrid resistive dacs U5 and U7. Latch U12 is clocked by PC1 and
generates the data bus AMPL DATA for controlling U11, which is identical to U5 and
U7. Latch U33 is clocked by PC2 and generates control bus PHASE, which controls
multiplexer U27 in the phase shifter circuit and control bus MUX, which controls the
SDL multiplexer U25 in the diagnostic circuit. This diagnostic circuit monitors the +44S
supplies, £15S supplies, INTEGRATOR OUT, LOOP FILTER OUT, and AMP1 which
is from U30, the A13A1 assembly. These voltages are divided by Z2 and Z3 and
connected to the SDL line by multiplexer U25, where they are measured by the adc
circuit on the DAC assembly (A11).

PBO-PB2 of port B generates control bus PLOCK RNG which is used in the phase-locked
loop circuit. PB4 is control line 0/180 to control FET Q7 via comparator U31B in the
phase-locked loop circuit. PB6 is control line LFCOMP* to control FET Q6 via
comparator U20A in the integrator circuit. PB7 is control line HFCOMP*, which is
routed to the Oscillator Control assembly (A12). PC4 and PC5 are control lines DAC
STRB and DAC SEL respectively, which control the dual 8-bit dac U28 in the phase
shifter circuit. PC7 is control line INH to enable the multiplexer U25 in the diagnostic
circuit.

Quadrature RC Oscillator 2-132.

The quadrature oscillator is a double integrator type. It contains two op amp RC
integrators and a unity-gain inverting summing amplifier. The integrators are identical
and use relay-switched feedback capacitors to select five frequency ranges. An 8-bit
resolution resistive dac selects frequency within a range.

The summing amplifier uses op amp U3 to provide a 180° phase shift in the oscillator
loop at unity gain. Its exact phase shift and gain are adjusted by the amplitude control and
phase-locked loop circuits to satisfy the conditions required for amplitude stable
oscillation: exactly 360° loop-phase and unity gain. This amplitude control circuit uses an
integrator and multiplier as outlined on sheet 1 of the schematic. These two circuits are
described in detail later.

The two op amp RC integrators are the quadrature amplifier and the oscillator amplifier.
Their purpose is to provide -90° each to the loop phase with an amplitude slope of -
20dB/decade. The quadrature amplifier contains op amp U6, 8-bit resolution resistive dac
U5, and relays K1B, K2B, and K3B. The relays select feedback capacitors C25, C24,
C22, and C21 for frequency ranges 100 Hz, 1 kHz, 10 kHz and 100 kHz respectively. For
the 1 MHz range, all the above capacitors are removed from the loop, and the only
feedback path is C19. The input resistor is the 8-bit resolution resistive dac U5 which is
under the control of the FREQ DATA bus from the digital control circuit. Its equivalent
resistance is R = (256/X)*2 kQ, where X is the digital code on the FREQ DATA bus.
The oscillator amplifier contains op amp U9 and performs the same function as the
quadrature amplifier. Its input resistance is controlled by resistive dac U7. Relays K1A,
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K2A, and K3A select the feedback capacitance. Since their phase shift is constant with
frequency and the sum of the phase shifts around the loop is zero for all frequencies, we
have satisfied one half of the requirement for oscillation. In summing the gain in dB
around the loop it is apparent that unity gain occurs at only one frequency. This happens
when the closed loop gains of the integrators are unity. This corresponds to F = 1/(2 x PI
X R x C), which is the frequency of oscillation.

Oscillator Amplitude Control 2-133.

Since small excess phase shifts exist in all three amplifiers and the gain of the summing
amplifier cannot be made exactly one, it is impossible to generate an amplitude-stable
sinusoidal waveform from just these elements. A control circuit consisting of an error
integrator and a linear four-quadrant multiplier is used to sense the output amplitude and
stabilize it by adjusting the loop phase shift slightly.

To do this, a fourth oscillator signal is generated using U8 to invert the output of the
guadrature amplifier. The Oscillator now has four equal-amplitude signals all spaced 90°
apart. These signals are rectified and summed by CR1-CR4 and Z6 in such a way that a
dc representation of the output amplitude is created. This dc signal is summed with a -
12V reference voltage by the error integrator circuit which contains op amp U18. If there
is a magnitude difference between the rectified dc and the reference, the output of the
error integrator changes. This in turn controls the amplitude of the oscillation. This is
done via multiplier U16, a linear-variable resistance with a value inversely proportional
to the error integrator output voltage.

If the control input (x input) to the multiplier is zero, the equivalent resistance from the
signal input (y input) is infinite. If the control input is negative, the equivalent resistance
is negative. The Y signal input of the multiplier is the quadrature amplifier output. Any
nonzero control voltage changes the phase shift of the loop by injecting a small amount
of out-of-phase current into the summing amplifier. This negative feedback is used to
stabilize the amplitude of the oscillating signal by allowing one output amplitude only to
satisfy the required conditions of oscillation. During operation in the 100 Hz range,
control line LFCOMP* and comparator U20A turn off FET Q6.

Phase-ocked Loop 2-134.

The Oscillator Output assembly is phase locked to an external frequency to increase
frequency accuracy. This external frequency comes from the High-Resolution Oscillator
on the Current/Hi-Res assembly (A7) or from an external source connected to the rear-
panel PHASE LOCK IN jack.

The frequency capture range is approximately +5% of the nominal output frequency
range. This is done by comparing the oscillator output frequency SUMMING AMP OUT
or INT OSC OUT against the external frequency source P LOCK HI with a phase
detector. The P LOCK HI signal is referenced to P LOCK LO. The phase-locked loop
circuit locks SUMMING AMP OUT to the external frequency when the calibrator is in
the 22V range or less. The phase-locked loop circuit locks INT OSC OUT, which is 180°
out of phase from SUMMING AMP OUT, during calibrator operation at higher voltages.
This occurs because the output from the Power Amplifier and High Voltage assemblies
(which are used to generate the higher voltage ranges) are 180° out of phase from the
Oscillator output. When the 5700A is in the higher voltage ranges, control line 0/180 and
op amp U31B turn on Q7, which selects INT OSC OUT to the Zero Crossing Detector.

Since the phase detector circuit requires digital inputs, both signals are converted to
square waves using U23A/B as dual zero crossing detectors. Square waves from the zero
crossing detector circuitry are fed to the phase detector circuit containing U22A/B and
U21. The phase detector circuit looks for the falling edge of both signals. The first signal
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that makes a positive to negative transition causes the phase detector to turn on either the
positive (CR5, CR6) or the negative (CR7, CR8) charge pump, depending on which
signal is first. The Charge Pump is turned off when the other signal makes its transition.
Thus the signal with the highest frequency has its respective charge pump pulsed on and
off while the other charge pump remains off.

The accumulated charge is integrated by the loop filter circuit, which contains op amp
U31A, multiplexer U17, Z1, and C75-C84. Multiplexer U17 is controlled by the PLOCK
RNG control bus from the digital control circuit. This multiplexer changes the cross-over
point of the loop filter by selecting C83 and C84 for feedback in the 100 Hz range.
Capacitors C81 and C82 are used for the 1 kHz range, C79 and C80 for the 10 kHz range,
C77 and C78 for the 100 kHz range, and C75 and C76 for the 1 MHz range.

The output of the loop filter controls two multipliers (U15 and U19) similarly to the
amplitude control section. The only difference is that the signal input is derived from the
in-phase signal. In the case of U15, the input signal is QUADRATURE AMP OUT,
which changes the unity-gain frequency of the oscillator amplifier. In the case of U19,
the input signal is SUMMING AMP OUT, which changes the unity-gain frequency of the
quadrature amplifier. The new frequency of oscillation is the new unity gain frequency of
the integrators. Under phase-locked conditions, neither charge pump is allowed to turn on
because neither signal reaches the phase detector first.

2.2V and 22V Range Output Amplifier 2-135.

The 2.2V and 22V range output amplifier is an inverting wide-band low-distortion
amplifier that provides output signal OSC OUT HI at the OUTPUT binding posts in the
2.2V and 22V ranges. OSC OUT HI is used by the Power Amplifier and High Voltage
assemblies to generate the higher voltage ranges.

This amplifier uses a surface-mount gain block (U30) called the Oscillator Wideband
SMD PCA (A13A1) and a complementary Darlington emitter follower bootstrapped
output stage. Relay K4 selects feedback resistor R28 for the 2.2V range and R29 for the
22V range. It also changes the open-loop frequency response for each voltage range. Its
gain within a range is controlled by the gain control multiplier circuit and the dac gain
control circuit.

The dac gain control circuit contains the same 8-bit resolution resistive dac (U11) as in
the oscillator with the exception that it is controlled by the AMPL DATA control bus
from the digital control circuit. This resistive DAC provides the coarse gain control. The
gain control multiplier circuit contains a multiplier U10, which provides a small linear
control range of several dac counts. The control input to the multiplier, OSC CONT,
comes from the Oscillator Control assembly (A12). This allows the output amplitude to
be adjusted as required by the Oscillator Control Assembly. The theory of operation for
the rest of the output stage is described following the A13A1 theory.

Oscillator Wideband Smd Assembly (A13A1) 2-136.

2-84

The A13Al is a surface-mount assembly on the Oscillator Output assembly (A13) that
provides the 22V output signals of the 5700A. It is essentially an operational amplifier
built using discrete components to provide the necessary speed, power output and
breakdown voltage required for such a high output signal.

The input stage is a differential pair (Q2 and Q3) that is buffered by a source follower
QL. The transconductance is determined by R3, R4 and R26. The inherent input offset
voltage of this stage is corrected by U1 and U2 and related components. The output of
Q3 is level-shifted by VR5-VR7 before being applied to the mid stage. Transistor Q4
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serves as a high-impedance current sink used to bias the input stage to approximately 10
mA. Potentiometer R30 adjusts the dc zero at the output of U2.

The mid stage is a common-emitter, Miller-compensated gain stage (Q5) that drives a
common-base level shifter (Q13) on the Oscillator Output assembly. This stage is current
limit protected by R12 and Q4. The dominant pole is set with the Miller capacitor C5 and
the input stage transconductance. The mid stage is biased to 10 mA by Q6 and related
components.

The output stage of the amplifier is a bootstrapped complementary Darlington pair. The
only parts of the output stage on this A13A1 assembly are the input transistors Q7 and
Q8. The output bias current is set by R17 and CR4-CR5 to be approximately 40 mA. This
keeps the output stage class A for all normal output conditions.

Output Stage 2-137.

The output stage circuit is a complementary Darlington emitter follower bootstrapped
buffer amplifier. The input transistors are Q7 and Q8 on the A13Al assembly. These
transistors drive the output transistors Q8 and Q14 respectively. Transistors Q10 and Q11
in the positive side and Q16 and Q17 in the negative side are parallel transistors
bootstrapped by VR3 and VVR4. Current sources CR13, CR14, CR17, CR18, CR15,
CR16, CR11, and CR20 provide the bias current for their respective bootstrapped
transistors. Current limiting for the positive side is provided by Q9 and R91. During an
overcurrent condition, the voltage drop across R91 turns on Q9, which draws current
away from the base of Q11. Current limiting is done in the same manner for the negative
side with Q15 and R99.

Switch S1 can be switched to pull the input of the A13A1 output stage low for
troubleshooting the output stage. Refer to the Oscillator Output troubleshooting section
for more information.

Phase Shifter 2-138.

The phase shifter circuit provides a fixed amplitude variable phase auxiliary signal at the
rear panel of the calibrator. This signal is the same frequency as the output, but can be
phase shifted over a 360° range. The four phases (each 90° apart) for the oscillator circuit
are divided by Z4 and Z5. These signals are connected to the dual four-channel
multiplexer (U27), which is under the control of the PHASE control bus from the digital
control circuit. This multiplexer selects any two adjacent oscillator phases (e.g. 0° and 90°
) that are connected to the input of a dual monolithic DAC U28. These signals are then
scaled by the dac (U28), also under the control of the digital control circuit. The two
outputs of this dac are summed by op amp U29. Using this method, the output of U29 is a
phase shifted signal between 0 and 360°, where the scaling of the signals phase shift
within a 90° range.

Power Amplifier Assembly (A16) 2-139.

The Power Amplifier assembly outputs dc voltages from +22V to + 219.99999V and ac
voltages from 22V to 219.99999V rms. The frequency limit for 220V ac output is 100
kHz. Output voltage limits are derated at frequencies above 100 kHz. At 1 MHz, the
maximum output voltage is 22V rms. The Power Amplifier drives the High Voltage
assemblies (A14, A15) in all high voltage and high current functions.

This assembly also contains calibration circuitry that enables the internal calibration
system to determine exact Power Amplifier ac and dc gain, offsets and frequency
response.
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The main sections of this assembly are the input stage, mid stage, output stage, sense-
current cancellation circuit, the dc and ac gain calibration circuits, and the Power
Amplifier Digital Control SIP assembly (A16A1), which is mounted on the Power
Amplifier assembly.

Power Amplifier Digital Control Sip Assembly (A16A1) 2-140.

2-86

Digital control for the Power Amplifier assembly is contained on the SIP assembly
(A16A1) mounted at the bottom of the Power Amplifier. This assembly configures the
Power Amplifier assembly for its various modes of operation. (Also see "+PA Supplies
Digital Control" in the Power Amplifier Supply theory of operation.)

The heart of the Digital Control assembly is an 82C55 Programmable Peripheral Interface
IC (U11) operating under software control via the guarded digital bus. This IC has three
ports that generate 24 outputs. These outputs control two 5801 relay driver 1Cs (U10,
U12), two LM339 Comparators (U13, U15) and an analog multiplexer (U14) used for
diagnostics.

Relay driver U10 generates eight control lines (LCO*-LC7*) that control four latching
relays (K1-K4). Relay driver U12 generates eight control lines (CO*-C7*) for non-
latching relays K10-K17. CO* also controls FETs Q57 and Q58. Port A (PAO-PA7) from
U11 provides an input bus common to relay drivers U10 and U12. Each driver has
separate strobe and enable lines from port C of U11. Driver U10 is strobed by PC7 and
enabled by PC5. Driver U12 is strobed by PC4 and enabled by PC6. When a STROBE
line is selected, data on the bus (PAO-PAY) is strobed into the respective driver chip.
When an ENABLE is selected, this strobed data appears at the output, thereby energizing
the appropriate relays. Latching relays only need to be energized for 10 ms; non-latching
relays need to be energized continuously.

As an example, the following steps are taken to set up latching relays controlled by relay
driver U10.

1. Write the proper data for these relays to port A of the 82C55 (U11).
2. Write hex A to PC4-PC7 to strobe the data into U10.

3. Write hex 0 to PC4-PC7, wait 10 ms and write hex 2 to PC4-PC7. This takes U10's
output out of tri-state and energizes the proper relay coils for 10 ms. Since PC4 and
PC6 are always low, U12 is undisturbed.

Two LM339 quad comparators (U13 and U15) get their data from port B of U11 (PBO-
PB7) and generate control lines SWO0-SW7. SWO0-SW2 are inputs to decoder U9, which
generates eight additional control lines (CONTO0*-CONT7*) for controlling FETs and
solid state switches. Control line SW3 controls FETs Q50 and Q51. Control lines SW4-
SWT7 are routed through the motherboard to the Filter/Power Amplifier Supply assembly
(A18) to control the +PA and -PA supplies.

The diagnostic circuit enables the 5700A to monitor eight diagnostic (MUX) signals on
the Power Amplifier assembly. A 4051 analog multiplexer (U14) is controlled by PCO-
PC3 from U11. This multiplexer selects of the eight MUX signals to the SDL line, where
it is measured by the adc circuit on the DAC assembly (A11). Resistor network Z2 and
various resistors and zener diodes on the Power Amplifier assembly divide these MUX
signals down to a proper level for measurement by the adc circuit. The eight monitored
points are:

MUXO0 Output of U7; indicates the status of the amplifier loop
MUX1 +PA Supply

MUX2 -PA Supply

MUX3 Power Amplifier output
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e MUX4 Indicates the temperature of the Power Amplifier assembly
MUX5 Power Amplifier dc input
e MUXT Diagnoses the state of the hybrid heater-control circuit

PA Common Circuitry 2-141.

Common circuitry consists of the +PA and -PA supplies, input stage, mid stage, and the
output stage. These four circuits are described under the next four headings.

Power Amplifier input node, gain, and feedback are different for dc and ac operation.
Power Amplifier gain is -20 in the dc function, determined by the ratio of resistor
network bonded to the HR8 assembly (500 k€/25 k). Gain in the ac function is -10,
which is determined by the ratio resistors [(R11 + R12 + R13)/R17]. This is described in
more detail under "DC Voltage Function™ and "AC Voltage Function".

+PA and -PA Supplies 2-142.

The =PA supplies are high voltage supplies generated by the Filter/PA Supply assembly
(A18). These supplies can be controlled by the Digital Control SIP assembly (A16A1)
and are switched between the two modes shown in Table 2-13.

+185V
+365V

Theory of operation for the Filter/PA Supply assembly (A18) describes how these
voltages are generated and selected.

Table 2-13. PA and -PA Supply Settings at Different Outputs

Calibrator Output +PA -PA
Less than 22V ac or dc +185V -185V
22 to 110V dc +185V -185V
110 to 220V dc +365V -185V
-220 to -110V dc +185V -365V
22 to 101V ac (freq < 120 kHz) +185V -185V
22 to 85V ac (freq > 120 kHz) +185V -185V
Other voltages +365V -365V
220 to 550V dc or ac +185V -185V
550 to 1100V dc or ac +365V -365V
220 mA to 2.2A +365V -365V
PA Input Stage 2-143.

The input stage consists of a heater-controlled hybrid HR8, op amp U7, transistor Q6,

and JFET Q2. The HR8 assembly consists of an op amp mounted on a heated-substrate
hybrid, with a resistor network bonded to it. Hybrid HR8 provides the input stage with
excellent dc characteristics of low offset, noise and drift. The hybrid heater-control circuit
(on sheet 3 of the schematic) adjusts the base voltage of Q38 to deliver the correct current
to the heater resistor. This maintains the hybrid assembly at a constant temperature in
spite of environmental temperature variations. Transistor Q35 protects the hybrid in case
Q38 fails. Input of the hybrid op amp is protected by CR13 and CR14. Output of the
hybrid op amp is connected to the input of a faster op amp (U7), which provides
additional dc gain and a higher slew rate. JFET Q2 and transistor Q6 combined with these
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two op amps complete the input stage. Q2 is a very low-bias-current, high-frequency
JFET.

In mid to high-frequency operation, Q2 is effectively the only path for the input stage
signal. HR8 and the U7 op amps are bypassed at these frequencies by R89, C42, R24,
and C12. As a result, the base of Q6 is at ac ground. In dc to mid-frequency operation,
the gate of Q2 is at ground potential. At any frequency, the potential difference between
the gate of Q2 and the base of Q6 results in a current through Q6 as determined by R22,
and by the transconductance of Q2 and Q6. The input stage is called a transconductance
stage because an input voltage results in a current output at the collector of Q6.

This current output is coupled to the mid stage (Q12, Q14, and Q16) by Q8, Q9, Q13 and
C15, where it results in a voltage across the base-emitter of Q16 (the input of the mid
stage). Current source Q9 determines bias current in Q2 and Q6. Variations of Q6 output
current become voltage variations at the base of Q16. This transfer is through Q8 and
Q13 at dc and low frequencies, and through C15 at high frequencies.

The input stage operates with low voltage supplies (+17V) whereas Q16 of the mid stage
is connected to the -PA supply, which can be as high as -365V. This potential difference
is dropped across level shifter Q13.

PA Mid Stage 2-144.

The mid stage (Q12, Q14, and Q16), biased by the 8 mA current source (CR53, Q31,
Q32 and R87 on sheet 2 of the schematic), is a voltage amplifier providing additional
gain. The base of transistor Q16 is the input to the mid stage. MOSFETs Q12 and Q14
are biased by R41 and R53 respectively. Components CR21, CR23, and VR22 protect
Q12 from excessive source-to-gate voltage, and R112 prevents Q12 from oscillating.
Components CR25, CR29, VR28, and R113 perform the same function for Q14. A signal
at the base of Q16 appears amplified at the drain of Q12. Total impedance from the drain
of Q12 to ground, divided by R58, determines gain at dc and low frequencies. At high
frequencies, the effective drain to ground impedance is R53. Relay K12A parallels C18
and C57 during dc operation for a lower bandwidth. Capacitors C18 and C57 provide the
Miller capacitance for the amplifier.

Transconductance gain of the input stage and the Miller capacitance determine Power
Amplifier frequency response at high frequencies. All the voltage gain of the Power
Amplifier comes from the input and mid stages.

PA Output Stage 2-145.

2-88

The Output Stage is an emitter follower that provides current gain but no voltage gain. It
is needed because the mid stage cannot drive the rated load by itself.

Voltage across R74 and R35 determines the bias current through the output stage. This
voltage equals the voltage across Q7, minus the value (4 x Vbe) (for each transistor Q4,
Q5, Q10, and Q11). Transistor Q7 is configured as a Vbe multiplier, the voltage across
which (and thus the output stage bias current) is the value (1 + (R23+R26)/R32). The
output bias current is 50 mA.

NMOSFETs Q1, Q3, and transistor Q5 source current, while PMOSFETs Q15, Q17, and
transistor Q10 sink current from the load. This output stage can drive up to 50 mA of
load current as determined by the current limit circuit on £PA supplies on the Filter/PA
Supply assembly (A18).

Zener diodes VR15 and VR18 bootstrap MOSFETs Q3 and Q15 respectively, and
provide the power supplies SC+ and SC- to op amp U1 in the sense current cancellation
circuit. Two stacked NMOSFETSs (Q1, Q3) on the top end (+PA side), and two stacked
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PMOSFETSs (Q15, Q17) on the bottom end (-PA side) withstand the high voltage drops
between +PA supplies and output. NMOSFETs Q1 and Q3 are biased by R15 and R19
respectively. PMOSFETs Q15 and Q17 are biased by R52 and R57 respectively.
Components CR5, CR7 and VR6 protect Q1 from excessive source-to-gate voltage and
R108 prevents Q1 from oscillating. Protection is also provided for remaining MOSFETSs
in the output stage. Output of this stage, called PA OUT HlI, is the output of the Power
Amplifier assembly. Components R120 and L10 isolate capacitive loads.

PA Sense Current Cancellation Circuitry 2-146.

During dc operation of the Power Amplifier, sense current in the 500 k<2 feedback
resistor (on the resistor network in the HR8 assembly) can cause an output error because
of the finite resistance path of the connection to the load. Op amp U1 eliminates this error
by feeding an equal and opposite current in this path. The magnitude of this current is
determined by PA OUT HI, which is connected to the non-inverting input of U1. This
circuit generates a current through R8, which is equal to current flowing through the 500
kQ feedback resistor. Sense-current cancellation is active only in dc 220V range.

PA in Standby 2-147.

The Power Amplifier schematic shows all relays and DG211 FET switches in the standby
condition. The Power Amplifier 25 kQ input resistor and R17 are tied to OS COM
through Q39 and R118. Power Amplifier output is close to zero and the whole loop is

stabilized.
To better understand Power Amplifier configuration in the ac/dc 220V range, refer to
Figure 2-22.

PA Operation: 220V DC Range 2-148.

During dc operation, Power Amplifier gain is -20, as determined by the 500 k€/25 kQ
resistor network on the HR8 assembly. Control line SW3, inverted by U8, turns on Q51.
This references the +input of the precision op amp in the input stage to R COM. The
DAC assembly is set to the negative 11V range and its outputs, DAC OUT HI and DAC
SENSE HlI, are connected to pin 2 of the resistor network on the HR8 assembly by relay
K2. The sense current cancellation circuit is active during dc operation. Its output, SIG1,
is connected to the resistor network feedback resistor pin 1 by relay K15A. The amplifier
has a much lower bandwidth in this mode because of the much higher Miller capacitance
in C57. Lower bandwidth results in lower amplifier noise.

The output signal, PA OUT HI, is routed to the High Voltage Control assembly (A14),
where it goes through relay K10 and becomes PA OUT DC. PA OUT DC is routed to the
Switch Matrix for connection to the OUTPUT HI binding post. The sense signal, PA
SENSE DC from the Sense Current Cancellation circuit, is routed to the Switch Matrix
assembly (A8) for connection to the OUT/SENSE HI or SENSE HI binding posts, thus
making the binding post the sense point in internal sense and allowing for external sense
through the SENSE HI binding post.
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Figure 2-22. Power Amplifier Simplified Schematic
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PA Operation: 220V AC Range 2-149.

During ac operation, Power Amplifier gain is -10 as determined by the 4.99 kQ input
resistor R17, and 49.9 kQ feedback resistors (R11 + R12 + R13). Control line SW3 turns
Q50 on, which references the +input of the precision op amp in the input stage to OS
COM. The Oscillator assembly (A13) is set to the 22V range and its output OSC OUT HI
is connected to the input resistor R17 by relay K10A. The Power Amplifier output is
connected to the feedback resistors R11-R13 by relay K12B.

The Power Amplifier output is attenuated by a precise 1/100 by 220V range ac
attenuator. The attenuated signal is connected to OSC SENSE HI, where it is sent to the
Oscillator Control assembly (A12). The Oscillator Control assembly regulates the
Oscillator Output so that an exact calibrated ac signal appears at OSC SENSE HI. Since
the 220V range ac attenuator is completely characterized (as explained below), the exact
desired signal appears at PA SENSE AC and hence at the appropriate sense point at the
output.

The 220V range ac attenuator circuit contains op amp U4, a 400 k<Q/4 k< resistor
network Z1, and transistor Q54. PA SENSE AC, which is connected to PA OUT HI at
the load, is connected to the 400 kQ input resistor (pin 1) of Z1 by relay K16. The 400
kQ/4 kQ node (pin 3) of Z1 is connected to the inverting input of U4.

During ac operation, control line CO* is inverted by U8, which turns on Q58 to connect
the non-inverting input to OSC RCOM. Transistor Q54 supplies current gain for the
output of U4 to drive the capacitance of the OSC SENSE HI line. This voltage is
connected to the 4 kQ feedback resistor (pin 4) of Z1. The output is connected to OSC
SENSE HI by relays K10B and K11. The dc feedback 500 k€/25 kQ resistor network
and the sense-current cancellation circuitry are disconnected by energizing K15.

The sense signal, PA SENSE AC, and the output signal, PA OUT HlI, are routed to the
High Voltage Control assembly (A14), where relays K10, K13, and K3 connect them to
HV SENSE and HV OUT. HV SENSE and HV OUT are connected to the binding posts
by the motherboard relays in the same manner as in the 1100V high voltage mode. Refer
to the High Voltage assembly theory of operation for more information.

High Voltage Assembly Support Mode 2-150.

High Voltage AC 1100V Range 2-151.

During high voltage ac operation, the output of the Power Amplifier is routed to the input
of a step up/down transformer on the High Voltage Control assembly (A14). Overall gain
from the Oscillator Output to the High Voltage Output is -100 as determined by the 4.99
kQ input resistor R17, and 500 k<2 feedback resistor (R3 + R4 + R81 + R82 + R83).
Relay K10A connects the ac signal OSC OUT HI from the Oscillator Output assembly to
input resistor R17. Relay K12 remains open as shown on the schematic, while K15 is
energized to remove feedback used in 220V-dc operation.

Output from the High Voltage Control assembly, called HVAC on the schematic, is
connected to the feedback resistors. Relay K17B is energized to close the feedback loop.
Control line SW3 is high, which turns Q50 on and turns Q51 off. Because sensing back
to the Oscillator Control assembly is done by the High Voltage/High Current assembly,
the output of the 220V range ac attenuator is disabled from OSC SENSE HI by relay
K11.

High Voltage DC 1100V Range and Current 2.2A Range 2-152.

Operation of the Power Amplifier is the same for the 1100V dc and the 2.2A current
functions. In these functions, the output of the Power Amplifier is routed to a step
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up/down transformer on the High Voltage Control assembly (A14). The Power Amplifier
is configured the same as for 220V ac operation, except that the input is the square-wave
signal HVCL from the High Voltage Control assembly, rather than OSC OUT Hl,
through relays K13B and K10A.

220V DC Internal Calibration Network 2-153.

The 220V dc internal calibration network determines the exact gains and offsets of the
power amplifier. This circuit uses part of the resistor network HR8 as the input
attenuator, and uses op amp U9, and zener diodes VR57 and VVR58. Relay K4 connects
the output of this circuit to the RCL line.

Zener diodes VR57 and VR58 reduce the power supplies for chopper-stabilized amplifier
U9, which is used as a voltage follower.

PA Calibration 2-154.

The following paragraphs describe how the Power Amplifier assembly is calibrated
during the internal portion of calibration, or calibration check. This process calibrate the
offset, gain, and frequency characteristics of the Power Amplifier.

The instrument measures the offset of the main amplifier (220V range). The DAC output
is amplified by the Power Amplifier, which is configured for the dc 220V range, and its
output connected to the internal cal zero amplifier located on the Switch Matrix
assembly. Output of this internal cal zero amplifier is channeled to the DAC's adc
amplifier circuit by the RCL line. Input of the internal cal zero amplifier is first connected
to R COM where a checkpoint reading is taken by the DAC's adc circuit. The output of
the Power Amplifier is then connected to the input of the internal cal zero amplifier and
the DAC output is adjusted to the checkpoint reading out of the zero amplifier. This
adjusted DAC output is a measure of the offset of the Power Amplifier. Also, refer to the
Switch Matrix theory of operation.

The 175 k€Q/25 kQ (internal cal) resistor network located on HR8 is calibrated next (see
Figure 2-23). First the offset of the 220V dc internal cal amplifier is measured. This is
done by connecting pin 6 of 175 kQ/25 kQ resistor network to RCOM by relay K1, and
pin 7 to ACOM by U5C and relay K3. ACOM is connected to RCOM through 051
during this step. Output of this internal cal amplifier is connected to the RCL line by
relay K4, where it is measured by the adc circuit on the DAC assembly. As before, the
DAC's output needed to obtain the checkpoint for this step represents the offset of the
internal calibration amplifier.

Resistor network attenuation is calibrated next. Components USA, U5D and K3 connect
BSRF13 and BRF13 to the 175 kQ end, while K1 connects R COM to the 25 kQ end of
the resistor network. The resulting 1.625V at the output is connected to the RCL line by
relay K4, where it is connected to the +input of the adc amplifier circuit on the DAC
assembly. The DAC output is connected to the adc circuit -input, and adjusted until the
checkpoint reading is obtained. The exact value of this voltage is now known, so the
system software computes the exact attenuator ratio from this known voltage, BSRF13
value, and the previous offset measurement.
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Figure 2-23. Power Amplifier DC Calibration Network
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Power Amplifier dc gain of approximately -20 is calibrated next. The Power Amplifier is
configured as in the 220V dc operation, except the input is connected to the DAC's 6.5V
reference BRF6 and BSRF6 by U2C and U2D respectively. The resulting -130V at the
Power Amplifier output is connected to the 175 kQ end of the internal cal resistor
network by relay K3. The 25 k< end of this network is connected to DAC OUT HI and
DAC SENSE HI by relay K1. The output of the internal cal amplifier is connected to the
DAC's adc circuit as in the previous steps, and the DAC OUTPUT is adjusted until
checkpoint is measured by the adc circuit. Since the exact attenuation of the resistor
networks is already known, the exact Power Amplifier output voltage can be calculated.
This in turn gives the exact Power Amplifier dc gain, since the exact value of 6.5V
reference BSRF6 is known.

Attenuation of the 220V range ac attenuator (U4 and 396 kQ/4 kQ resistor network Z1)
is calibrated next. This is illustrated in Figure 2-24. First, the offset of the attenuator
circuit is measured by connecting the non-inverting input of U4 to ACOM through Q57
and thus to RCOM through Q51. Then, the Power Amplifier is configured for the 220V
dc range with its inputs connected to the DAC's 6.5V reference BRF6 and BSRF6 by
U2B and U2C respectively. The resulting -130V is connected to the 400 kQ input resistor
(Z1) of the 220V range ac attenuator by relay K16.

The +1.3V from the output of the attenuator circuit is connected to the RCL line by relays
K10B and K11. This voltage on the RCL line is connected to the +input of the adc
amplifier circuit on the DAC assembly. The DAC output is connected to the -input of the
adc amplifier circuit, and is adjusted until a null is achieved. The exact value of this
voltage is now known so the system software can compute the exact attenuator ratio.

The 220V range ac attenuator's attenuation ratio can vary over the frequency range. This
variation can be accounted for if the frequency response of this network is characterized
at a few spot frequencies. This is done by connecting the Power Amplifier output, which
is set to 22V, to the AC CAL line by relay K14. The AC CAL line goes into the AC/AC
CAL thermal sensor located on the Oscillator Control assembly. The Power Amplifier
output of 22V is also attenuated through the AC Attenuator and sensed by the Oscillator
Control via OSC SENSE HI. The Oscillator adjusts its output, and hence the Power
Amplifier output, until the ac/ac cal thermal sensor measures the same ac level for all
these spot frequencies. The signal levels at OSC SENSE HI are stored in software at all
such points.

The ac/ac cal thermal sensor located on the Oscillator Control assembly has a flat
frequency response. The change in the ac attenuator's output at various frequencies for a
constant thermal sensor output defines the frequency response of the Power Amplifier ac
attenuator. These computed ac attenuator factors are stored in the system memory and are
taken into account when the calibrator is configured to output ac voltages from the Power
Amplifier.

Output stage current is limited to about 250 mA; Q60 limits the current soured by the
output stage, and Q61 limits the current the output stage has to sink. Transistor Q62
limits the current flowing through the middle stage. These current limits both protect the
power amplifier circuitry and improve power amplifier transient response. Diode CR64 is
a current source that maintains a current flow of at least 5 mA through the output devices
at all times.
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Figure 2-24. Power Amplifier Calibration AC Attenuator
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High Voltage Assemblies (A14 and A15) 2-155.

The High Voltage/High Current assembly (A15) and the High Voltage Control assembly
(A14) are used in with conjunction with other assemblies in the calibrator to generate the
+1100V dc, 1100V ac, and the 2.2A ranges. The two assemblies work together in
generating these ranges. This theory of operation explains how these ranges are generated
and discusses the individual circuits on each assembly. Refer to the High Voltage/High
Current assembly simplified schematics (Figures 2-24 through 2-28) or the schematic
diagram to understand this theory of operation better.

1100V AC Range 2-156.

Refer to Figure 2-25 for the following discussion. The ac signal generated by the
Oscillator Output assembly (A13) is amplified by the Power Amplifier assembly (A16).
The output of the Power Amplifier, PA OUT DC, is routed to the High Voltage Control
assembly (A14), where it is further amplified by transformer T1 to generate the 1100V ac
range. This high voltage signal from T1 is also the feedback signal to the Power
Amplifier assembly. Relays K14-K16 connect the transformer windings in series during
operation below 120 Hz.

Line PA OUT DC is connected to one side of the primary winding of step-up transformer
T1 by relay K1 on the High Voltage Control assembly (A14). The other side of the
primary winding is tied to PA COM through R67. One side of the secondary winding is
tied to PA COM by relays K9 and K6. The other side of the secondary winding, the high
voltage ac signal, is connected to HV OUT by relays K5, K12 and K3. Line HV OUT is
connected to the OUTPUT HI binding post by relays K9 and K1 on the motherboard.

This high voltage ac signal is also connected to HVAC by relay K5. Line HVAC is the
feedback signal to the Power Amplifier assembly. During high voltage operation, the
input resistance of the Power Amplifier assembly is 5 kQ2. Line HVAC is connected to
the feedback resistance, which is a series of resistors totaling 500 k€. This creates a gain
of 100 to the Oscillator Output.

The SENSE HI binding post is connected to HV SENSE by relays K3, K2, and K10 on
the motherboard. HV SENSE, which is tied to HV OUT at the load, is connected to INT
HV SNS by relay K13 on the High Voltage Control assembly (A14). INT HV SNS is
routed to the High Voltage/High Current assembly (A15), where it is connected to the ac
sense buffer circuit by relay K6. This circuit attenuates the high voltage signal by 100
and connects it to OSC SENSE HI through relay K4B. The level of attenuation is
determined by the 7 MQ input and 70 k€2 feedback resistors on the HR7 assembly. OSC
SENSE HI is used by the Oscillator Output assembly, which adjusts its output signal to
maintain an exact feedback signal level. HV OUT and HV SENSE are routed to the High
Voltage assembly (A15) where components CR9, CR10, and R33-R35 keep the voltage
difference between them at 0.7V should they become disconnected at the load. Relay
K11 connects HV OUT to HV SENSE during calibration in the ac function.
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Figure 2-25. High Voltage/High Current Assembly 1100V AC Range
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1100V DC Range 2-157.

Refer to Figure 2-26 for the following discussion. The High Voltage assembly (A15)
amplifies the output of the DAC assembly (Al11), set to the 11V range, by a gain of -100
to generate the 1100V dc range.

For operation in the 1100V dc range, DAC OUT HI and DAC SENSE HI from the DAC
assembly, set to the 11V range, are tied together and connected to the input of the dc HV
amplifier circuit by relay K1. The dc HV amplifier circuit, the HV dc output series pass
and current limit circuit, and the HV dc power supply circuit on the High Voltage Control
assembly (A14) constitute an overall amplifier with an inverting gain of 100. This gain is
determined by the 70 kQ input and 7 MQ feedback resistors on the HR7 assembly.

High voltage dc output, generated on the High Voltage Control assembly (Al14), is
obtained by filtering an approximate trapezoidal wave. The overall loop gain of this
amplifier divides this ripple so the high voltage dc output is clean and stable.

Signal routing to the front panel binding posts is done in the same manner as the ac
1100V range.

HVDC Power Supply Filter Circuit 2-158.

The high voltage dc power supplies are generated by the High Voltage Control assembly
(A14) in conjunction with the Power Amplifier assembly (A16). The High Voltage
Control assembly generates an amplitude-controlled square wave, HVCL, from the
magnitude control circuitry. The magnitude control circuit contains all the circuitry on
sheet 2 of the High Voltage Control assembly schematic.

Signal HVCL is amplified by the Power Amplifier assembly with its output, PA OUT
DC, connected to one side of the primary winding of transformer T1 by relay K1. The
other side of the primary is connected to PA COM by R67. The secondary windings of
T1 are connected to bridge rectifier CR1-CR4 by relays K9 and K6. The dc voltage from
this rectifier is called +HVDC and -HVDC. Resistors R3-R5 form a 600 k< bleeder
resistor for C1. Line HVDC is selected between +HVDC and -HVDC by relays K4 and
K11. Line HVDC is connected to HV OUT by relays K5, K12 and Ka3.

During operation with a negative DAC voltage and a positive output from the High
Voltage/High Current assembly, +HVDC is connected to HV OUT by relays K4, K11,
K5, K12 and K3. +SP C is created from -HVDC by relays K4 and K8. During operation
with a positive DAC voltage and a negative output from the High Voltage/High Current
assembly, -HVDC is connected to HV OUT by relays K4, K11, K5, K12 and K3. -SP C
is created from +HVDC by relays K4 and K8. Zener diodes VR4 and VRS keep -SP C
and +SP C, respectively, from exceeding 16V. The dc voltage level of +SP C and -SP C
is controlled by the HV dc output series pass and current limit circuit on the High
Voltage/High Current assembly. This in turn controls the magnitude of HVCL which sets
the level of HVDC.

HV DC Output Series Pass and Current Limit Circuit 2-159.

The HV dc output series pass circuit controls the level of +SP C when the high voltage

output is positive, and -SP C when the high voltage output is negative. Typically +SP C
and -SP C are approximately +6.8V dc with ripple equal and opposite polarity from the
HVDC ripple.
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Figure 2-26. High Voltage/High Current Assembly 1100V DC Range
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When the DAC assembly is set to the +11V range, the output from the High Voltage
assembly (with a gain of -100) is in the -1100V range. In this mode, -SP C is connected
to the collector of transistor Q3. The output from the dc HV amplifier follows a change in
the output voltage from the DAC assembly. This change controls how much Q3 is turned
on or off. As the DAC voltage is increased, Q3 turns on pulling -SP C to PACOM. This
causes the magnitude control circuit to increase the amplitude of HVCL which increases
the output from the Power Amplifier assembly, thus increasing the HVDC until the
overall loop is stable.

Operation in the +1100V range is basically the same, with transistor Q6 controlling +SP
C in the same manner as above.

Current limiting is provided by Q4 if more than 35 mA is drawn from the output. If this
condition occurs, Q4 pulls down CUR LIM, which is routed to the High Voltage Control
assembly. (CUR LIM is also called RST.) When CUR LIM (RST) is pulled low, PS OFF
goes high to turn off the square wave, HVCL, which shuts down the HVDC supplies. The
generation of HVCL is described under the heading, "Magnitude Control".

DC HV Amplifier/AC Sense Buffer 2-160.

The dc HV amplifier and the ac sense buffer are basically the same circuit. The
configuration is changed to provide the 100:1 amplification of dc voltage and the 100:1
attenuation of the high voltage ac signal. This is defined by the way the HR7 resistor
network is configured in the circuit. This configuration is described in the 1100V ac
range and 1100V dc range theory.

This circuit contains the HR7 resistor network and the circuitry contained in detail 1 as
shown on sheet 1 of the High Voltage (A15) schematic. It is used in both the ac and dc
voltage modes. Detail 1 contains the HR7 hybrid assembly which is an op amp mounted
on a heated substrate hybrid bonded to a resistor network. The HR7 assembly gives this
circuit excellent dc characteristics of low offset, noise and drift. The hybrid heater control
circuit adjusts the base voltage of Q8 to deliver the proper power to the heater resistor.
This maintains the HR7 assembly at a constant temperature in spite of environmental
temperature variations. Transistor Q9 protects the hybrid in case Q8 fails. The output of
the HR7 op amp is connected to a faster op amp (U2), which provides additional gain and
a high slew rate. The output of U2 is called HYAMP OUT on the schematic.

In the dc voltage function, the output of this circuit, configured as a dc HV amplifier, is
connected to the series pass circuit by relay K5B. Relays K5A, K7 and K14 add C4 in
parallel with the 7 MQ feedback resistor in the HR7 assembly to filter the noise. ACOM
is connected to RCOM by relay K3.

During operation in the ac voltage function relays are positioned as shown on the
schematic. Components VR7 and VR8 provide input protection for the op amp on the
HR7 assembly. Op amp U1 is added to the circuit by relays K9, K8B and K6. This op
amp inverts HVAMP OUT so that the signal to OSC SENSE HI is in phase with the
output of the Oscillator assembly. ACOM is connected to OSC RCOM by relays K3 and
K4A.

2.2A Range 2-161.

2-100

Refer to Figure 2-27 for the following discussion. Most of the same circuitry is used to
create the ac and dc 2.2A current ranges. The Current assembly (A7) is configured to the
22 mA range and connected to the IHV line which drives the 2.2A amplifier circuit on
the High Voltage assembly (A15). This 2.2A amplifier provides a gain of 100 to the 22
mA range from the Current assembly to create the 2.2A range.
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Resistor network Z5 and hybrid H4 determine the performance of the 2.2A range.
Current from the A7 assembly develops a voltage across the 57W portion of Z5. The
2.2A current amplifier circuit forces the same voltage across the 0.57W portion of Z5.
Because the ratio of these resistors is 100, the current through 0.57W resistor is 100 times
that coming from the Current assembly (A7). Relay K12 connects this 2.2A range current
to B CUR where it is routed to the Current assembly (A7), which provides the proper
relay switching to the front panel binding posts.

The 2.2A amplifier circuit contains the heater-controlled hybrid H4, op amps U3-U5, and
transistors Q11-Q16. This circuitry is outlined as detail 2 on sheet 2 of the High
Voltage/High Current assembly schematic. The H4 hybrid consists of an op amp
mounted on a heated substrate. The heater control circuit adjusts the base voltage of Q18
to deliver the proper power to the heater resistor. This maintains the hybrid at a constant
temperature in spite of environmental temperature variations. Transistor Q19 protects the
hybrid in case Q18 fails.

The output of the H4 hybrid is a voltage directly proportional to the current output G
OUT. Q22 and R72-R76 form a high-frequency path for loop stability. In the ac current
function, op amp U3A and its associated circuitry create a half-wave signal equal to the
positive peaks of the ac signal from H4. Resistor R47 keeps this half-wave signal
approximately 0.7V above 0V. This half-wave signal is then subtracted from the ac signal
coming from H4 by op amp U3B and its associated circuitry. This creates a half-wave
signal equal to the negative peaks of the ac signal from H4. Resistor R45 keeps this half-
wave signal approximately 0.7V below OV. Transistor Q15 and resistor R50 generate a
current from the negative peaks created by U3B. Transistor Q16 and R48 generate a
current from the positive peaks created from U3A. The current from Q15 and R50
develops a voltage across the 191Q resistor (R69). This voltage is used by op amp U4
which drives transistors Q11 and Q12 in the Darlington configuration for current gain.
Resistor R67 is the feedback path for U4. The voltage across 191 resistor R69 is the
same as across the 0.1Q resistors R68 and R78. Since the value of R68 and R78 is 1000
times less than R69, the current through R68 is 1000 times greater. The current from Q16
and R48 is increased by 1000, in the same manner as previously stated, with op amp U5,
resistors R56, R57, and R77, and Darlington-configured transistors Q13 and Q14.

Only half of the circuitry is used, since the output current is either positive or negative in
the dc current function. When outputting a positive current, the voltage from H4 is
negative. Since there is no positive voltage, the output of U3A is zero, thus no current is
developed by R48 and Q16. At this time, the negative voltage from U3B generates an
output current in the same manner as in the ac current function. The opposite occurs
when outputting a negative dc current.

2.2A Power Supply Filter Circuit 2-162.

2-102

The 2A range power supply filter circuit on the High Voltage Control assembly (A14),
operating in conjunction with the Power Amplifier assembly (A16), generates the VI
*supplies used by the 2.2A amplifier circuit on the High Voltage/High Current assembly
(A15). The High Voltage Control assembly generates an amplitude controlled square
wave, HVCL, from the square wave generator and square wave amplifier circuits. This
HVCL is amplified by the Power Amplifier assembly (A16), which is set for a gain of 10.
This amplified output, PA OUT DC, is connected to the primary side of transformer T1
by relay K1. The stepped-down secondary voltage is full-wave rectified by CR5 and
filtered by C3 and C4 to generate the VI+ and VI- supplies respectively. VI+ are low-
voltage, high current supplies. These supplies, along with the secondary center tap VI
COM, are routed to the High Voltage assembly.

VI+ supplies the output current when sourcing while VI- sinks it. To minimize power
dissipation, the magnitude of the VI+ supplies is controlled to minimize the emitter to
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collector voltage on the output stage transistors (Q11, Q14). This is done by controlling
the magnitude of the HVCL signal. The controlling function is described later in the
Magnitude Control theory.

High Voltage Digital Control 2-163.

Digital control circuitry on the High Voltage Control assembly (A14) also contains the
control for the High Voltage/High Current assembly (A15). The heart of the digital
control circuitry is an 82C55 Programmable Peripheral Interface IC (U9), which is under
software control via the guarded digital bus. This IC has three ports which generate 24
outputs. These outputs are used to control four 5801 driver ICs (U10-U13), and an analog
multiplexer (U14) for self diagnostics.

All relays on both HV assemblies are controlled by drivers U10, U11, U12, and U13.
Driver U12 controls relays K14-K16, and generates seven control lines for controlling
various FETs and CMOS Analog Switch ICs contained on both assemblies. Port A (PAO-
PAT) of U9 provides a common input bus for all drivers. Port C (PC0O-PC5) of U9
provides the strobe and enable lines for these drivers. Driver U10, which controls the
non-latching relays (K1-K6, K8-K13) on the High Voltage Control assembly, is strobed
by PC1. PCO is inverted by U8C to provide the enable. Driver U11 controls latching
relay K7 on the High Voltage Control assembly and latching relays K1-K3 on the High
Voltage/High Current assembly. This driver is strobed by PC3. PC2 is inverted by USD
to provide the enable. Driver U13, which controls the non-latching relays on the High
Voltage/High Current assembly (K4-K12 and K14), is strobed by PC5 and enabled in the
same manner as U10. Driver U12, which generates the Control Lines, is strobed by PC4
and enabled in the same manner as U10. Control line RST, from this driver, is inverted
by U8E to create PS OFF. This control line is used by the magnitude control circuit
described later.

The diagnostic circuit enables the 5700A to monitor seven points on either the High
Voltage/High Current assembly (A15) or the High Voltage Control assembly (A14). A
4051 analog multiplexer (U14) is controlled by PB4-PB7 of port B of U9. This
multiplexer selects which one of these seven voltages are to be applied to the SDL line
where it is measured by the adc circuit on the DAC assembly (A11). HV MUX0-HV
MUX3 are points on the High Voltage/High Current assembly. HY MUXO0 and HV
MUX1 monitor the oven temperature of the H4 and HR7 hybrids respectively. The
output of the dc HV amplifier/ac sense buffer circuit is divided by R18 and R19 to
generate HV MUX2. HV MUX3 monitors the current draw through the HV dc output
series pass circuit to detect an overcurrent condition in the high voltage dc mode.
Resistors R28 and R27 sense the current for a positive high voltage output and a negative
high voltage output respectively. MUX5-MUX?7 are points on the High Voltage Control
assembly. MUX5 monitors the high voltage output. HV OUT is divided by R9-R13 and
R64.

This divided output is connected to the output peak measure circuit which uses op amp
U1B. In the dc V function, this circuit is a voltage follower. In the ac voltage function,
this circuit is a peak detector.

The output of U1B charges C5 with R17 being the discharge path. This provides a
positive dc voltage at MUX5. The output of the absolute value circuit is divided by R55
and R56 to generate MUX6. The output of the reference and error amplifier circuit is
divided by R46 and R47 to generate MUX7.

High Voltage Calibration 2-164.

Refer to Figure 2-28 for the following discussion. The resistor network, (70 kQ and 7
MQ) which is part of the HR7 hybrid/resistor network assembly, determines the accuracy

2-103



5700A
Service Manual

of both 1100V ac and dc ranges. Calibration involves determining its offset and gain
constants.

To determine the offset, DAC outputs are connected to 70 kQ input resistor by K1. The
output of the dc HV amplifier is inverted by U1 and its output is connected to the 7 MQ
feedback resistor by K9, K8B, and K6. This configuration creates an inverting amplifier
with a gain of 100. Relay K9 connects the output of this amplifier to the RCL line, where
it is measured by the adc circuit on the DAC assembly (A11). The DAC's adc circuit first
connects both its +input and -input to RCOM and takes a checkpoint reading. The +input
is then connected to the RCL line, which at this time is the amplifier output, and adjusts
the DAC output to obtain the same reading as the previous check point. This offset cal
constant is stored in nonvolatile memory.

To determine the gain, the High Voltage/High Current assembly is configured in the ac
1100V range, except PA SNS DC is connected directly to the 7 MQ input resistor of the
ac sense buffer by relays K8 and K6 instead of going through step-up transformer T1.
The 6.5V reference (BRF6) is connected to the Power Amplifier assembly (A16) which is
configured for an inverting gain of 20 to create a -130V output. The ac sense buffer
circuit attenuates this signal by 100 to generate 1.3V at its output. This 1.3V is connected
to the RCL line by relay K2 where it is connected to the +input of the adc circuit on the
DAC assembly. DAC OUT HI, which is connected to the -input, is adjusted until a null is
achieved. The gain can be determined by using this and the previous offset reading. This
determines the exact ratio of 70 kQ and 7 MQ resistor network on the HR7 assembly.
This known ratio can then be used to output very accurate dc voltages in 1100V dc range.

Calibration of the AC Function 2-165.

2-104

The HR7 resistor network, previously calibrated at dc, is further characterized for its
frequency response. The 5700A is placed in the ac 1100V range, except with HV OUT
and HV SENSE tied by relay K11 on the High Voltage/High Current assembly (A15)
instead of being tied at the load. The Oscillator Output assembly is set so the output of
the High Voltage/High Current Voltage assembly is approximately 695V at 130 Hz. This
high voltage output (INT HV SNS) is connected to the AC CAL line, through 399.6 kQ
resistor Z6, by relays K10 and K8A on the High Voltage assembly. The AC CAL signal
is routed to the Oscillator Control assembly (A12) where it is measured by a 400Q2 rms
sensor.

Since the voltage is approximately 700V and it is applied through a 399.6 kQ resistor
(Z6) to the 400€2 rms sensor, approximately 1.75 mA of current flows through the rms
sensor on the Oscillator Control assembly. A dc reading of the sensor, which is
approximately 0.7V (1.75 mA x 400Q), is taken and then stored in memory with the
Oscillator Output level.

The Oscillator Output frequency is then increased to 500 Hz. The Oscillator Output level
is adjusted so the dc reading from the rms sensor is the same as for 130 Hz, and stored in
memory. This step is again repeated at 1 kHz. This characterizes the HR7 resistor
network's frequency response. An accurate ac voltage can now be obtained at any
frequency between 50 Hz and 1 kHz. The theory of operation for the rms sensor is
contained in the Oscillator Control (A12) theory.
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Figure 2-28. High Voltage/High Current Assembly Calibration
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Calibration of the Current Function 2-166.

Refer to Figure 2-29 for the following discussion. The resistor network Z5 determines the
accuracy of the 2.2A current range. Calibration involves determining its offset and gain
constants. The 5700A is configured as in the 2.2A dc function, except that the Current
assembly (A7) is set to the 2.2 mA range.

To determine offset, the output (B CUR) is routed back to the Current assembly where it
is connected to INT OUT HI. INT OUT HI is routed to the Ohms Main assembly (A10),
where it is connected to a previously calibrated 10€2 resistor. The voltage generated
across this 10Q resistor is routed to the differential amplifier on the Ohms Cal assembly
(A9). The output of the differential amplifier is routed to the DAC assembly (A11) where
it is measured by its adc circuit. A checkpoint reading is first taken by removing INT
OUT HI from the 10Q resistor and measuring the voltage across the resistor. The offset is
then measured by connecting INT OUT HI to the 10Q resistor. The DAC assembly,
which controls the output of the Current assembly, is adjusted until the adc circuit
measures the same as the previous checkpoint reading.

To determine gain, the 5700A is configured as in the previous step, except with the
Current assembly outputting 1.3 mA generated from the 13V reference (BRF13 and
BSRF13) from the DAC assembly. This 1.3 mA is amplified 100 times by the 2.2A
amplifier. The resulting 130 mA is connected to the 10€ resistor on the Ohms Main
assembly by the same path as for the offset calibration. The resulting 1.3V across this
10Q resistor is routed to the Ohms Cal assembly (A9), where it is connected to the -input
of the differential amplifier. The +input of the differential amplifier is connected to the
output of the DAC assembly. The output of the differential amplifier is connected to the
RCL line which is routed to the adc circuit on the DAC assembly. The DAC output,
which is the +input of the differential amplifier, is adjusted until a null is measured on the
RCL line by the DAC's adc circuit. This step is repeated by changing the -input of the
differential amplifier to the other side of the 10€2 resistor. The software now computes
the exact voltage drop across the 10Q2 resistor. Gain is determined by using this and the
previous offset reading.

High Voltage Magnitude Control 2-167.

The square wave (HVCL) used in the previously described functions, is created and
amplitude controlled by the High Voltage Control assembly (A14). This circuitry, shown
on sheet 2 of the schematic, contains the absolute value circuit, signal/polarity selection
circuit, reference and error amplifier, square wave generator, and the square wave
amplifier.

The absolute value circuit contains op amp U2A, U2B, Q3, diodes CR8 and CR9,
capacitor C20, and resistors R27-R32 and R68. During operation in the ac current
function, this circuit creates an absolute value of the G OUT signal from the collectors of
the 2.2A output transistors. Op amp U2A generates a negative half-wave signal equal to
the positive peaks of G OUT. Resistors R32 and R27 sum this half-wave signal and the
input signal G OUT at the input of U2B. Capacitor C20 averages the voltage so the
output of U2B is a dc voltage which represents the positive peak voltage of G OUT. In
the high voltage dc function, the 2.2A amplifier circuit is not used, so the output of U2B
isOV.
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Figure 2-29. High Voltage/High Current Assembly 2.2A Range Calibration
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The signal/polarity selection circuit generates the ERROR SIGNAL used by the error
amplifier. It contains op amp U2C, CMOS analog switch U6, and resistor R35-R39.
Control line V/I controls U6B and U6C which select the VI+ when in the current mode.
Control lines +* and * control U6A and U6D respectively. These switches, operating in
conjunction with U6B and U6C, select between VI+, -SP C or +SP C. In the current
function, U2C subtracts the power supply voltage (VI+) from the absolute voltage created
by the absolute value circuit to create ERROR SIGNAL. This gives a measure of the
emitter to collector voltage of the driving device for each operating function. In the
positive dc voltage function, U2C is configured as a unity-gain inverting op amp. In the
negative dc voltage function, U2C is configured as a voltage follower.

The reference and error amplifier circuit contains op amp U2D, CMOS analog switch
U7B, zener diode VR1, transistors Q2 and Q4, diodes CR10-CR11, capacitor C18, and
resistors R40-R45. Zener diode VR1, R40-R45, Q4, and U7B create a reference voltage.
Control line V/I controls U7B which switches R43-R45 in or out to change this reference
voltage value, depending on the operating function. In the HV dc range, R40 and R41 are
used, balancing the error amplifier with the ERROR SIGNAL near 6.8V. In the 2A dc
range, U7B and Q4 are on, R43 is paralleled with R41, and R45 is paralleled with R40,
so the error amplifier balances when the ERROR SIGNAL is near 3.1V. In the 2A ac
function, Q4 is off, R44 is in series with R45, so the error amplifier balances when the
ERROR SIGNAL is about 5.2V. The output of U2C, ERROR SIGNAL, is summed with
the reference voltage by R40 and R41. This voltage is connected to the error amplifier
U2D which, with C18, is configured as an integrator. The error amplifier generates the
signal AMPLITUDE, which dynamically controls the amplitude of the square wave. This
AMPLITUDE is connected to the input of U7C. -AMPLITUDE, provided by inverting
op amp U1A, is connected to the input of U7D. Control line PS OFF provides a soft start
of the error amplifier. With this line high, Q2 is turned on, shorting C18, which sets the
AMPLITUDE control line to OV. Once the High Voltage/High Current assembly is set up
for proper operation, this line goes low to turn off Q2.

The square wave generator circuit creates a 1 kHz signal QSQB and its complement
QSQB*. These signals are generated by R26, C17, and a stable multivi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>