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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 inferruption.

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 Fiuke 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
replacermnent 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.C. Box 8090 P.G.Box 1186
Everett WA 5602 B.D. Eindhoven
98206-9090 The Netherlands
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SERVICING SAFETY SUMMARY

This instrument has been designed and tested in accordance with IEC Publication
348, Safety Requirements for Electronic Measuring Apparatus. This manual
contains information, warnings, and cautions that must be followed to ensure safe
operation and to maintain the 5790A in a safe condition. Use of this equipment in
a manner not specified herein may impair the protection provided by the equip-
ment.

SAFETY TERMS IN THIS MANUAL

WARNING statements identify conditions or practices that could result in per-
sonal injury or loss of life.

CAUTION statements identify conditions or practices that could resultin damage
tc equipment.

SYMBOLS MARKED ON EQUIPMENT

6 DANGER — High voltage. | Power On
L Ground (earth) terminat. O Power Off

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

INPUT SOURCE LIMITS

To avoid electric shock or fire, connect the input terminals only to sources that do
not exceed 1000V rms or de, and that cannot exceed 200 mA operational or
short-circuit current.

POWER SOURCE

The 5790Ais intended to operate from a power source that will not apply more than
264V ac rms between the supply conductors or between either supply conductor
and ground. A protective ground connection by way of the grounding conductor in
the power cord is essential for safe operation.

USE THE PROPER FUSE

To avoid fire hazard, use only a fuse identical in type, voltage rating, and current
rating as specified on the rear panel fuse rating label. Do not use makeshift fuses
or short-circuit the fuse holder.

GROUNDING THE 5790A

The 5790Ais a Safety Class | {grounded enclosure) instrument as defined in IEC
348. The enclosure is grounded through the grounding conductor of the power

SAFETY
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SAFETY

SAFETY-2

cord. To avoid electrical shock, plug the power cord into a properiy wired earth
grounded receptacle before connecting anything to any of the binding posts,
terminals, or connectors. A protective ground connection by way of the grounding
conductor in the power cord is essential for safe operation.

USE THE PROPER POWER CORD

Use only the power cord and connector appropriate for the voltage and plug
configuration 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 5790A in an atmosphere of explosive gas.
DO NOT ATTEMPT TO OPERATE IF PROTECTION MAY BE IMPAIRED
If the 5790A appears damaged or operates abnormally, protection may be
isn;?jgeeg Do not attempt to operate it. When in doubt, have the instrument

DO NOT REMOVE COVER UNLESS QUALIFIED TO DO SO

To avoid electric shock, do not remove the 5790A cover unless you are quali-
fied to do so. Service procedures are for qualified service personnel only.

DO NOT SERVICE ALONE

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

USE CARE WHEN SERVICING WITH POWER ON
Dangerous voltages exist at several points inside this product. To avoid per-

sonal injury, do not touch exposed connections and components while the
power is on.
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Introduction and Specifications
SPECIFICATIONS

INTRODUCTION 1-1.

The 5790A makes ac-dc transfer measurements and accurate ac measurements from 700
uV to 1000V (10 Hz to 1 MHz). The optional 5790A-03 Wideband Module increases
the 5790A frequency range to 30 MHz for inputs connected to the WIDEBAND 50Q
Type “N” connector. Accessory 5790A-7001 allows the use of Fluke A40 or A40A
Current Shunts with 5790A for making accurate ac-dc current transfer measurements up
to 20A.

Refer to the 5790A Operator Manual for operating instructions, use of the front and rear
panel features, remote programming, and all other information for the operator.

This service manual is a maintenance guide for the 5790A. The following topics are
included:

Theory of operation
Calibration
Performance testing
Access procedures
Troubleshooting
Parts lists
Schematic diagrams

& & & ¢ & » =B

WARRANTY AND SERVICE INFORMATION 1-2.

Each 57%0A is warranted for a period of 1 year on delivery to the original purchaser.
The warranty is printed on the reverse side of the title page of this manual.

Factory authorized service for the 5790A is available at selected Service Centers. For
warranty or after-warranty service, contact the nearest Service Center for instructions. A
compiete list of Service Centers appears at the end of Section 6.

To reship the 5790A, use its original shipping carton. If the original carton is not
available, use a container that provides adequate protection during shipment. Protect the
5790A with at least three inches of shock-absorbing material on all sides of the
container. Do not use loose fill to pad the shipping container. Loose fill allows the
instrument to settle to one cormer of the shipping container, which could result in
damage during shipment.

SPECIFICATIONS 1-3.

Specifications are valid after allowing a warm-up period of 30 minutes, or twice the
time the 5790A has been tumed off, whichever is less. For example, if the 5790A has
been turned off for 5 minutes, the warm-up period is 10 minutes.

To simplify evaluation of how the 5790A covers you workload, use the Absolute
Uncertainty Specification. Those include stability, temperature coefficient, linearity, and
traceability to exterpal standards.

NOTE

When you use the 5790A within £5°C of the temperature of the last
calibration, you do not need to add anything to the Absolute Uncertainty
Specifications ro determine the ratios berween 57904 uncertainties and the
uncertainties of a unit under test. The initial calibration at Fluke is done at
23°C. (You can verify the temperature of the last calibration at any time by
pressing the [SPEC] key.)
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Use the Relative Uncertainty Specifications if you use a different procedure to calibrate
the 5790A than is specified in the 5790A Service Manual. To calculate absolute
uncertainty specifications under such conditions, combine the absolute uncertainty
associated with your external equipment and calibration procedures with the Relative
Uncertainty Specifications.

Secondary Performance and Operating Characteristics are provided for special calibra-
tion requirements such as stability or operation at temperature extremes.
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SPECIFICATIONS

1

Absolute Uncertainty Specifications

«5°C of Calibration Temperature

Absolute Uncertainty

AC/DC Measurement Mode
Veoltage Transfer =(PPM of Reading +
Range Frequency Range Mode ( g + uv)
+PPM 90 Days 1 Year 2 Years
2 Years .
22 mv 10 Mz - 20 Mz 1700 +1.3 1700 +1.3 4700 +1.3
20 Mz - 40 Mz 740 +1.3 740 +1.3 740 +1.3
40 Hz - 20 kHz 420 +1.3 420 +1.3 420 +1.3
20 kHz - 50 kMz 810 +2.0 810 +2.0 820 +2.0
50 kHz - 100 kMz 1200 +2.5 1200 +2.5 1200 +2.5
100 kiHz - 300 kHz 2300 +4.0 2300 +4.0 2300 +4.0
300 kHz - 500 kHz 2400 +6.0 2400 +8.0 2600 +8.0
500 kHz - 1 MHz 3200 +6.0 3500 +8.0 5000 +8.0
7 my 10 Hz - 20 Hz 850 +1.3 850 +1.3 850 +1.3
20 Hz - 40 Hz 370 +1.3 370 +1.3 370 +1.3
40 Mz - 20 kMz 210 +1.3 210 +1.3 210 +1.3
20 kHz - 50 kHz 400 +2.0 400 +2.0 410 +2.0
50 kHz - 100 kiz 600 +2.5 600 +2.5 610 +25
100 kHz - 300 kMz 1200 +4.0 1200 +4.0 1200 +4.0
300 kHz - 500 kHz 1300 +8.0 1300 +8.0 1400 +8.0
500 kHz - 1 MHz 2000 +8.0 2300 +8.0 3600 +8.0
22 mV 10 Hz - 20 Hz 200 +1.3 290 +1.3 280 +1.3
20 Hz - 40 Hz 180 +1.3 190 +1.3 180 +1.3
40 Hz - 20 kHz 110 +1.3 110 +1.3 110 +1.3
20 kHz - 50 kHz 210 +2.0 210 +2.0 210 +2.0
50 kHz - 100 kMz 310 2.5 310 +2.5 310 +2.5
100 kHz - 300 kHz 810 +4.0 810 +4.0 820 +4.0
300 kHz - 500 kHz 860 +6.0 880 +8.0 1000 +8.0
500 kHz - 1 MHz 1400 +6.0 1700 +8.0 2600 +8.0
70 mV 10 Hz - 20 Hz 240 +1.5 240 +1.5 240 +1.5
20 Hz - 40 Hz 120 +1.5 120 +1.5 130 +1.5
40 Hz - 20 kHz 84 +15 65 +1.5 68 +1.5
20 kHz - 50 kHz 120 +2.0 130 +2.0 130 +2.0
50 kHz - 100 kHz 2680 +2.5 260 +2.5 260 +2.5
100 kHz - 300 kMz 510 +4.0 510 +4.0 B30 +4.0
300 kHz - 500 kkz 680 +8.0 670 +8.0 680 +8.0
500 kHz - 1 MHz 1100 +8.0 1100 +8.0 1300 +8.0
220 mvV 10 Hz - 20 Mz 210 210 +1.5 250 +1.5 210 +1.5
20 Hz - 40 Hz 82 84 415 85 +1.5 87 +1.5
40 Mz - 20 kHz 34 37 +1.5 38 +1.5 43 +1.5
20 kKhz - 50 kHz 67 89 +2.0 68 +2.0 73 +2.0
50 kMz - 100 kHz 160 +2.5 160 +2.5 1680 +2.5
100 kMHz - 300 kHz 240 +4.0 250 +4.0 280 +4.0
300 kHz - 500 kMz 360 +6.0 380 +8.0 400 +8.0
500 kHz - 1 MHz 840 +6.0 1000 +8.0 1200 +8.0
700 mV 10 Hz - 20 Hz 210 210 +1.5 210 +1.5 210 +1.5
20 Hz - 40 Hz 73 75 +1.5 76 +1.5 78 +1.5
40 Hz - 20 kHz 27 3t +1.5 33 +1.5 38 +1.5
20 kHz - 50 kHz 47 50 +2.0 51 +2.0 56 +2.0
50 kHz - 100 kHz 79 +2.5 79 4235 84 +2.5
100 kHz - 300 kHz 180 +4.0 180 +4.0 210 +4.0
300 kHz - 500 kHz 300 +6.0 "300 +8.0 340 +8.0
500 kHz - 1 MHz 900 +6.0 960 +8.0 1200 +8.0

1-5
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Absolute Uncertainty Specifications
+5°C of Caiibration Temperature {(cont)

Absolute Uncertainty

AC/DC Measurement Mode

\g:‘ag%e Frequency Range T;::zfeer «(PPM of Reading)
=PPM 90 Days 1 Year 2 Years

2 Years

22y 10 Hz - 206 Hz 200 200 200 200
20 Hz - 40 Hz 63 65 66 69
490 Hz - 20 kHz 18 22 24 29
20 kHz - 50 kMz 43 45 46 52
50 kHz - 100 kHz 70 71 76
100 kHz - 300 kHz 150 160 200
300 kHz - 500 khHz 250 260 310
500 kHz - 1 MHz 840 900 1200
v 10 Hz - 20 Hz 200 200 200 200
20 Hz - 40 Hz 63 686 67 70
40 Hz ~ 20 kHz 18 22 24 29
20 kHz - 50 kHz 44 46 48 53
50 kHz - 100 kHz 80 81 a8
100 kHz - 300 kHz 180 190 220
300 kHz - 500 kHz 380 400 470
500 kHz - 1 MHz 1100 1200 150¢
22V 10 Hz - 20 Hz 200 200 200 200
20 Hz - 40 Hz 63 66 67 70
40 Hz - 20 kHz 21 25 27 31
20 kHz -~ 50 kHz 44 48 48 53
50 kHz - 100 kHz 80 81 85
100 kHz - 300 kHz 180 180 220
300 kHz - 500 kHz 380 400 47¢
500 kHz - 1 MHz 1100 1200 1500
70V 10 Mz - 20 Hz 200 200 200 200
20 Hz - 40 Hz 63 67 68 72
40 Hz - 20 kHz 25 30 32 39
20 kHz - 50 kHz 55 56 &7 63
50 kHz - 100 kHz 91 24 110
100 kHz - 300 kHz 180 200 220
300 kHz - 500 kHz 400 410 510
500 kHz - 1 MHz 1100 1200 1500
220V 10 Hz - 20 Hz 200 200 200 200
20 Hz - 40 Hz 63 67 68 72
40 Hz - 20 kHz 23 29 31 38
20 kHz - 50 kHz 63 67 69 77
50 kHz - 100 kHz 96 98 110
100 kHz - 300 kHz 210 210 260
300 kHz - 500 kHz 440 500 700
700V 10 Hz -~ 20 Hz 200 200 200 200
20 Hz - 40 Hz 92 96 99 119
40 Hz - 20 kHz 38 38 41 47
20 kHz - 50 kHz 120 130 180
50 kHz - 100 kHz 400 500 830
1000V 10 Hz - 20 Hz 200 200 200 200
20 Hz - 40 Hz 92 g6 98 110
40 Hz - 20 kHz 33 37 38 44
20 kHz - 50 kHz 120 130 150
50 kHz - 100 kHz 400 500 850

16
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Relative Uncertainty Specifications

+5°C of Calibration Temperature

Relative Uncertainty

AC/C Measurement Mode
VoRage Transfer +=(PPM of Reading +
Range Frequency Range Mode i Vi
=PPM 80 Days 1 Year 2 Years
2 Years :
22 mv 10 Hz - 20 Hz 100 +1.3 110 +1.3 110 +1.3
20 Hz - 40 Hz 54 +1.3 64 +1.3 88 +1.3
40 Hz - 20 kHz 44 +1.3 57 +1.3 61 +1.3
20 kHz - 50 kiz 57 +2.0 67 +2.0 10 +2.0
50 kHz - 100 kHz 79 +25 86 +2.5 120 +2.5
100 kiHz - 300 kHz 19 +4.0 230 +4.0 380 +4.0
300 kHz - 500 kHz 59 +6.0 720 +8.0 12004+8.0
500 kHz - 1 MHz 22 4+8.0 2600 +8.0 4400 +8.0
7 mv 10 Hz - 20 Hz 80 +13 83 +1.3 86 +1.3
20 Hz - 40 Hz 33 +1.38 39 +1.3 45 +1.3
40 Hz ~ 20 kHz 29 +1.3 36 +1.3 42 +1.3
20 kHz - 50 kHz 40 +2.0 44 +2.0 63 +2.0
50 kHz - 100 kMz 53 +25 57 +2.5 72 425
100 kHz - 300 kHz 11 +4.0 130 +4.0 210 +4.0
300 kHz - 500 kHz 37 +6.0 450 +8.0 740 +8.0
500 kHz - 1 MHz 16 +6.0 2000 +8.0 3400 +8.0
22 mvV 10 Hz - 20 Hz 69 +1.3 72 +1.3 75 +1.3
20 Hz - 40 Hz 34 +1.3 40 +1.3 46 +1.3
40 Hz - 20 kHz 30 +1.3 36 +1.3 43 +1.3
20 kHz - 50 kHz 40 +2.0 45 +2.0 64 +2.0
50 kHz - 100 kHz 53 +2.5 57 +2.5 73 +2.5
100 kHz - 300 kHz 97 +4.0 110 +4.0 1680 +4.0
300 kHz - 500 kHz 31 +6.0 380 +8.0 610 +8.0
500 kMHz - 1 MHz 12 +6.0 1500 +8.0 2500 +8.0
70 mV 10 Hz - 20 Hz 860 +1.5 61 +1.5 62 +1.5
: 20 Hz - 40 Hz 27 +1.6 30 +1.5 37 +1.5
40 Hz - 20 kHz 22 +1.5 25 +1.5 34 +1.5
20 kHz - 50 kHz 34 +2.0 36 +2.0 44 +2.0
50 kHz - 100 kHz 53 +2.5 54 +2.5 62 +2.5
100 kHz - 300 kHz 11 +4.0 120 +4.0 170 +4.0
300 kHz - 500 KMz 27 +8.0 280 +8.0 320 +8.0
500 kHz - 1 MHz 81 +6.0 970 +8.0 1200 +8.0
220 mV 10 Hz - 20 Mz 55 80 +1.5 81 +1.5 62 +1.5
20 Hz - 40 Hz 20 27 +1.5 29 +15 35 +1.6
40 Hz - 20 kHz 17 22 +1.5 24 +15 31 +1.8
20 kHz - 50 kHz 17 22 +2.0 24 +20 33 +2.0
50 kHz - 100 kHz 51 +25 52 +2.5 59 +2.5
100 kkiz - 300 kHz 10 +4.0 120 +4.0 170 +4.0
300 kHz - 500 kHz 26 +6.0 280 +8.0 310 +8.0
500 kHz - 1 MHz 89 +6.0 850 +8.0 1200 +8.0
700 mv 0 Hz - 20 Hz 55 60 +1.5 81 +1.5 62 +1.5
20 Hz - 40 Hz 20 27 +1.5 29 +15 34 +1.5
40 Hz - 20 kHz 15 22 +1.5 24 +1.5 31 +15
20 kHz - 50 kHz 15 22 +2.0 24 +2.0 33 +2.0
50 kHz - 100 kHz 51 +2.5 52 +2.5 59 425
100 kHz - 300 kHz 10 +4.0 120 +4.0 170 +4.0
300 kHz - 500 kHz 26 +6.0 270 +8.0 310 +8.0
8500 kMHz - 1 MHz 89 +6.0 950 +8.0 1200 +8.0
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Relative Uncertainty Specifications
+5°C of Calibration Temperature (cont)

Relative Uncertainty

AC/DC Measurement Mode
‘g:;agg: Frequency Range Ta;::feer +(PPM of Heading)
*PPM 90 Days 1 Year 2 Years
2 Years
2.2V 10 Hz - 20 Mz 85 60 61 62
20 Hz - 40 Hz 19 26 28 34
40 Hz - 20 kHz 15 20 22 27
20 kHz - 50 kkHz 15 21 23 33
50 kHz - 100 kiMz 48 50 57
100 kiMHz - 300 kkz az 110 160
300 kMz - 500 k2 220 230 280
500 kHz - 1 MHz 830 8380 1200
7V 10 Hz - 20 Hz 55 60 61 62
20 Hz - 40 Hz 19 27 29 35
40 Hz - 20 kHz 15 20 22 27
20 kHz - 80 kHz 18 23 26 35
50 kHz - 100 kHz 62 84 73
100 kHz - 300 kH=z 140 150 180
300 kHMz - 500 kiMz 360 380 450
500 kHz - 1 MMz 1100 1200 1500
22y 10 Hz - 20 Hz 55 60 61 62
20 Hz - 40 Hz 19 28 30 37
40 Hz - 20 kHz 15 20 20 27
20 kHz - 50 kHz 18 23 26 35
50 kHz - 100 kHz 62 84 69
100 kHz - 300 kHz 140 150 180
300 kHz - 500 kHz 360 380 450
500 kHz - 1 MHz 1100 1200 1500
70V 10 Hz - 20 Hz 55 60 ez 63
20 Hz - 40 Hz 19 29 31 39
40 Hz - 20 kHz 15 23 25 34
20 kHz - 50 kHz 22 25 27 39
50 kHz - 100 kH=z 64 68 85
100 kHz - 300 kHz 140 180 180
300 kHz - 500 kHz 370 380 490
500 kHz - 1 MHz 1100 1200 1500
220V 10 Hz - 20 Hz 55 61 62 64
20 Hz - 40 Hz 18 30 32 40
40 Hz - 20 kHz 15 23 25 34
20 kHz - 50 kHz 24 30 34 49
50 kHz - 100 kHz 66 8g 83
100 kHz - 300 kHz 160 170 220
300 kHz - 500 kHz 410 480 680
700V 10 Hz - 20 Hz 85 62 83 65
20 Hz - 40 M2z 19 31 33 41
40 Hz - 20 kHz 19 24 25 31
20 kHz - 50 kkz 100 110 140
50 kHz - 100 kHz 390 500 850
1000V 10 Hz - 20 Hz 55 62 63 65
20 Hz - 40 Hz 18 31 33 41
40 Mz - 20 kHz 19 24 25 31
20 kHz - 50 kHz 100 110 140
50 ki4z - 100 kHz 390 500 850
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Secondary Performance and Operating Characteristics

24 Hour AC Temperature Coefficient’
Stability =1°C - N 0°C to 10°C
\;;’a‘:f:: Frequency Range Siow Filter 10°C 10 40°C | J0ot 0 50°C | Recieion -2
Peak-Peak
=V PPM/°C
22 mv 10 Hz -~ 20 Hz 0.4 50 50
20 Hz - 40 Hz 0.4 50 50
40 Hz - 20 kHz 0.4 50 50 >10 MQ
20 kHz - 50 kHz 0.4 50 50
50 kHz - 100 khHz 0.8 75 75
100 kHz - 300 kHz 1.5 100 100
300 kHz - 500 kHz 3.0 150 150
500 kHz - 1 Mz 45 200 260
7 mv 10 Mz - 20 Hz 0.4 15 15
20 Hz - 40 Hz 0.4 15 18
40 Hz - 20 kHz 0.4 15 15 >10 M@
20 kHz - 50 kHz 0.4 15 15
50 kHz - 100 kHz 0.8 25 25
100 kHz - 300 kHz 1.5 60 60
300 kHz - 500 kMz 3.0 80 80
500 kiHz - 1 MHz 4.5 125 125
22 mv 10 Hz - 20 Hz 04 5 5
20 Mz - 40 Hz 0.4 5 5
40 Hz - 20 kHz 0.4 5 5 >10 M@
20 kHz - 50 kHz 0.4 5 5
50 kHz - 100 kHz 08 8 8
100 kHz - 300 kiiz 1.5 10 16
300 kHz - 500 kHz 3.0 40 40
500 kHz - 1 MHz 45 100 100
=(PPM of Reading}
70 mV 10 Hz - 20 Hz 18 5 5
20 Hz - 40 Hz 18 5 5
40 Hz - 20 kHz 18 5 5 >10 MG
20 kHz - 50 kHz 18 5 5
50 kHz - 100 kHz 24 8 8
100 kMz - 300 kHz 24 10 10
300 kHz - 500 kHz 48 30 30
500 kMz - 1 MHz 150 75 75
220 mvV 10 Hz - 20 Hz i2 1.5 3.0
20 Mz - 40 Hz 8 1.5 3.0
40 Hz - 20 kHz 8 15 3.0 >10 MQ
20 kHz - 80 kHz 8 20 3.0
50 kiHz - 100 kHz 18 5.0 8.0
100 kHz - 300 kHz 24 0.0 10.0
300 kHz - 300 kHz 38 200 20.0
500 kHz - 1 MHz 120 50.0 50.0
700 mv 10 Hz - 20 Hz 8 1.5 3.0
20 Mz - 40 Hz 8 1.5 3.0
40 Hz - 20 kHz 5] 1.5 3.0 >10 MQ
20 kHz - 50 kHz 6 2.0 3.0
50 kHz - 100 kHz 12 5.0 8.0
100 kHz - 300 kHz 18 10.0 10.0
300 kHz - 500 kHz 36 26.0 20.0
500 kHz - 1 MHz 96 50.0 50.0

1-9
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Secondary Performance and Operating Characteristics {cont)

24 Hour AC Temperature Coefficient”
Stability =1°C j . 0°C to 16°C
\;;i:}a:: Frequency Range Slow Filter 10°C to 40°C | , o0 10 50°C Resligrt’::\cez
Peak-Peak
=(PPM of Reading) PPM/°C
Y, 10 Hz - 20 Hz 8 15 3.0
20 Hz - 40 Hz 5 1.5 3.0
40 Hz - 20 kHz 5 1.5 3.0 >10 MQ
20 kiHz - 50 kH=z 5 20 3.0
50 kHz - 100 kHz 10 50 8.0
100 kHz - 300 kHz 18 10.0 10.0
300 kHz - 500 kHz 30 20.0 20.0
500 kHz - 1 MHz 30 50.0 50.0
™ 10 Hz - 20 Hz 8 1.5 3.0
20 Mz - 40 Hz 5 1.5 3.0
40 Hz - 20 kHz 5 1.5 3.0 50 k&
20 kHz - 50 kHz 5 2.0 3.0
50 kHz - 100 kHz 10 5.0 8.0
100 kkMz - 300 kHz 18 15.0 15.0
300 kHz - 500 kHz 30 30.0 30.0
500 kHz - 1 MHz 90 65.0 85.0
22V 10 Hz - 20 Hz 8 15 3.0
20 Hz - 40 Hz 5 15 3.0
40 Hz - 20 kHz 5 15 3.0 50 k@2
20 kHz - 50 kHz 5 2.0 3.0
50 kHz - 100 kHz 10 50 8.0
100 kHz - 300 kHz 18 15.0 15.0
300 kHz - 500 kHz 30 30.0 30.0
500 kMz - 1 MHz 90 65.0 65.0
70V 10 Hz - 20 Hz 8 1.5 3.0
20 Hz - 40 Hz 5 15 3.0
40 Hz - 20 kiMz 5 15 3.0 50 k2
20 kHz - 50 kHz 5 20 3.0
50 kHz - 100 kHz 18 50 8.0
100 kHz - 300 kHz 36 15.0 15.0
300 kHz - 500 kHz 43 40.0 40.0
500 kMz - 1 MHz 120 75.0 75.0
220V 10 Hz - 20 Hz 8 15 3.0
20 Hz - 40 Hz 5 1.5 3.0
40 Hz - 20 kHz 5 1.5 3.0 50 kR
20 kHz - 50 kHz 5 2.0 3.0
50 kHz - 100 kHz 18 50 8.0
100 kHz - 300 kHz 38 150 15.0
300 kHz - 500 kHz 48 40.0 40.0
700V 10 Mz - 20 Hz 8 15 40
20 Hz - 40 Hz 5 1.5 4.0 500 k&
40 Hz - 20 kHz 5 15 4.0
20 kMz - 50 kHz 18 5.0 7.0
50 kHz - 100 kHz 36 15.0 15.0
1000V 10 Hz - 20 Hz 8 15 4.0
20 Hz - 40 Hz 5 15 40 500 ke
40 Hz - 20 kMz 5 1.5 4.0
20 kHz ~ 50 kHz 18 50 7.0
50 kHz - 100 kHz 36 15.0 15.0

1. Add to uncertainty when more than 5°C from calibration temperature.
2. Input capacitance approximately 100 pF,
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Secondary Performance and Operating Characteristic {cont)

Autorange Limits® Resolution
Volitage Range
Upper Lower Filter Fast Filter Med/Slow
22 mv 22 mv 600uvV 0.1 pv 0.1 uv
7 mv 7 mv 1.9 mv 0.1 v 0.1 uv
22 mv 22 mV 6 mv 0.4 v 0.1 uv
70 mv 70 mV 19 mv 0.1 uv 0.1 pv
220 mv 220 mv 60 mv 0.1 wv 0.1 uv
700 mv 700 mV 180 mV 1.0 uv 0.1 uv
22V 2.2V 600 mv 1.0 uv 0.1 pv
7V v 1.8V 10 uV 1.0 uv
22v 22V Y 10 pv 1.0 uv
70V 70V 19V 100 pv 10 v
220V 220V 60V 100 uV 10 uv
700V 700V 190V 1.0 mV 100 Vv
1000V 1050V 800V 1.0 mV 100 uV
3. In locked ranges readings may be made approximately 1% beyond the autorange limits.

More Secondary Performance and Operating Characteristic

Maximum Non-destructive Input............. 1200V rms
Guard Isolation..........c.oovinininnnn.. 10V peak
Volit-Hertz Product ......................... 1x 108
Frequency Accuracy ({from 0°C to 50°C)
10 Hz-120Hz. ... oo 100 ppm + 10 digits
Above 120 Hz................. ..o 100 ppm + 2 digits
Frequency Resolution...................... 1.00 Hz to 119.99 Hz

0.1200 kiz to 1.1908 kHz

1.200 kHz to 11.999 kHz

12.00 kHz to 119.99 kHz

0.1200 MHz o 1.0000 MMz

1.0000 MHz to 1.1999 MMz (wideband only)

1.200 MHz to 11.999 MHz (wideband only)

12.00 to 30.00 MHz (wideband only)
Reading Rafe

<40 Mz .. 2 seconds per reading
40 Hz. 2 seconds decreasing linearly to 1 second at 200 Hz
200 Hz oo ~+- 1 second per reading
Maximum Settling Time to Full Specifications {in
range lock)
Fitter Off 1 sample
L 6 seconds
<200 Hz... . ... 8 seconds
>200 Hz.............. et 4 saconds
Filter Fast 4 averaged sampies
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More Secondary Performance and Operating Characteristic {coni)

dC o 10 seconds
<200 Mz oo 16 seconds
200 Hzo oo 8 seconds
Fitter Medium 16 averaged samples
O 22 seconds
<200 Hz......oo o 32 seconds
200 Hz.o .o 16 seconds
Filter Slow 32 averaged samples
O oo 40 seconds
<200 Hz. ... 64 seconds
2200 Hz. oo 32 seconds

Filter Buffer Restart Limits;
Fine: Fast: 10 counts

Medium/Slow .
<220 mV.. . 10 counts
=220 MV 100 counts
Medium: Fast: 100 counts
Medium/Slow
<220 MV 100 counts
220 MV 1000 counts
Course: Fast: 1000 counts
Medium/Slow
<220 MV 1000 counts
X220 MV 10000 counts
Input Waveform ,........... ... .. ... ... .. Specified for sinewave with THD less than 1%

Wideband Uncertainty Specifications (Option -03)

Flatnessso Fiatness® Absolute Uncsrt?inty
Voltage? 1 Year =3°C Temperature 0C to 30°C
Ran Frequency Range ={% of Coeffici =% of Reading +uV) Resolution
ge . oefficient
Reading PPMSC
+uV) 80 Days 1 Year 2 Years
22 mV 110 Hz - 30 Hz 0.10 +0 75 05 +12 ] 06 +1.5 0.8 +2
30 Mz - 120 Hz 0.05 +0 75 05 +12 1 06 +1.5 0.8 +2
120 Hz - 1.2 kHz 0.05 +0 75 6.5 +1.2 } 086 +1.5 0.8 42
1.2 kMz - 120 kHz | 0.05 +0 75 05 +1.2 | 086 +15 0.8 +2 0.1 uv
120 kHz - 500 kHz | 0.07 +1 75 05 +12 08 +1.5 0.8 +2
500 kHz - 1.2 MHz | 0.07 +1 75
1.2 MHz - 2 MHz 0.07 +1 100
2 MHz - 10 MHz 0.17 +1% 200
10 MHz - 20 MHz 0.30 +1 200
20 MHz - 30 MHz Q.70 +2 400
7 mv 10 Hz - 30 Hz 0.10 +0 75 0.4 +5 0.5 +7 0.7 +8
30 Hz - 120 Hz 0.05 +0 75 0.4 +5 0.5 +7 0.7 +8
120 Hz - 1.2 kHz 0.05 +0 75 0.4 +5 05 +7 0.7 +8
1.2 kHz - 120 kHz | 0.05 0 75 04 +5 0.5 +7 0.7 +8 0.1 pv
120 kHz - 500 kMHz | 0.07 +1 75 0.4 +5 05 +7 0.7 +8
500 kHz - 1.2 MHz | 0.07 +1 75
1.2 MHz - 2 MHz 0.07 +1 100
2 MHz - 10 MHz 010 +1 200
10 MHz - 20 MHz 0.17 +1 200
20 MHz - 30 MHz 037 +1 300
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SPECIFICATIONS
Wideband Uncertainty Specifications (Option -03) (cont)
Flatness® 6 Absolute Uncertainty
Voltage* 1 Year =3°C Te;:riaa:):‘::tsure 0°C to 5?°C7 .
Ran Frequency Range ={% of Coeffici =(% of Reading +pV) Resolution
ge . oefficient
Reading PPM/'C
+uV) 90 Days 1 Year 2 Years
=(% of
Reading)
22 mV |10 Hz - 30 Hz 0.10 75 04 +10 | 05 +183 | 0.7 +16
30 Hz - 120 Hz 0.05 75 04 +10 | 05 +13 | 0.7 +16
120 Hz - 1.2 kHz 0.05 75 04 +10 | 05 +13 | 0.7 +16
1.2 kHz - 120 kHz 0.05 75 04 +10 | 05 +13 | 0.7 +16 0.1 uv
120 kHz - 500 kHz 0.07 75 04 +10 | 05 +13 | 0.7 +16
500 kMz - 1.2 MHz 6.07 73
1.2 MHz - 2 MHz Q.07 75
2 MHz - 10 MHz Q.10 100
16 MHz - 20 MHz 0.17 100
20 MHz - 30 MHz 0.37 200
70 mV |10 Hz - 30 Hz 0.10 40 04 +20 | 0.5 430 | 06 +40
30 Hz - 120 Hz G.05 46 04 +20 | 05430 | 06 +40
120 Mz - 1.2 kHz 0.05 40 04 +20 | 05 +30 | 0.6 +40
1.2 kHz - 120 kHz 0.05 40 04 +20 | 05 +30 | 0.6 +40 1.0 pv
120 kHz - 500 kHz 0.05 40 0.4 +20 | 05 +30 | 0.6 +40
500 kHz - 1.2 MHz 0.05 40
1.2 MHz - 2 MHz 0.05 75
2 MHz - 10 MMz .10 100
10 MHz - 20 MHz 0.18 100
20 MHz - 30 MHz 0.35 200
220 mV 110 Hz - 30 Hz 0.10 40 03 +60 | 04 +80 | 0.5 +100
30 Hz - 120 Mz 0.04 40 03 +60 | 0.4 +80 | 0.5 +100
120 Hz - 1.2 kHz 0.04 40 0.3 +60 | 0.4 +80 | 0.5 +100
1.2 kHz - 120 kHz 0.04 40 0.3 +60 | 0.4 +80 | 0.5 +100| 1.0 uVv
120 kHz - 500 kHz 0.04 40 0.3 +60 | 0.4 +80 | 0.5 +100
500 kHz - 1.2 MHz 0.05 40
1.2 MHz - 2 MHz 0.05 75
2 MHz - 10 MHz 0.10 100
10 MHz - 20 MHz .15 100
20 MHz - 30 MH=z 0.35 200
700 mV |10 Hz - 30 Hz 0.10 40 0.3 +200{ 0.4 +300 | 0.5 +400
30 Hz - 120 Hz 0.03 4G 0.3 +200 | 0.4 +300 | 0.5 +400
120 Hz - 1.2 kHz 0.03 4G 0.3 +200 | 0.4 +300 | 0.5 +400
1.2 kMz - 120 kHz 0.03 46 0.3 +20C | 0.4 +300 | 0.5 +400 | 10.0 uV
120 kHz - 500 kHz 0.03 40 0.3 +20C | 0.4 +300 | 0.5 +400
500 kHMz - 1.2 MHz 0.05 40
1.2 MHz - 2 MHz 0.05 75
2 MHz -~ 10 MHz 0.10 100
10 MHz - 20 MHz 0.15 100
20 MHz - 30 MHz 0.35 200
2.2V 10 Hz - 30 Hz 0.10 40 0.3 +300 [0.35 +400; 0.4 +500
30 Hz - 120 Hz 0.03 40 0.3 +300 [0.35 +400! 0.4 +500
120 Mz - 1.2 kHz 0.03 40 0.3 +300 {0.35 +400} 0.4 +500
1.2 kHz - 120 kHz 0.03 40 0.3 +300 {0.35 +400; 0.4 +500 | 10.0 v
120 kHz - 500 kHz 0.03 40 0.3 +300 {0.35 +400; 0.4 +500
500 kMz - 1.2 MHz 0.05 40
1.2 MMz - 2 MHz 0.05 75
2 MHz - 10 MHz G.10 100
10 MMz - 20 MHz G.15 10C
20 MHz - 30 MHz (.35 206
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Wideband Uncertainty Specifications (Option -03) {cont)

Flatness® 6 Absolute Uncertainty
Voltaged 1 Year :3°C TeFri'na:;?astsure 0°C to 59°c7
Ran Frequency Range +H% of Coefficient #(% of Reading +uV) Resoluticn
ge Reading oefficien
V) PPMIC | 90 Days | 1 Year | 2 Years
v 10 Hz - 30 Hz 0.10 40 0.3 +500 [C.35 +800{0.4 +1000
30 Hz - 120 Hz 0.03 40 0.3 +500 |0.35 +800{0.4 +1000
120 Hz - 1.2 kHz 0.03 40 0.3 +500 [0.35 +800|0.4 +1000
1.2 kHz - 120 kMz 0.03 40 0.3 +500 [0.35 +800{0.4 +1000| 100.0 pV
120 kHz - 500 kHz 0.03 40 0.3 +500 (0.35 +800|0.4 +1000
500 kHz - 1.2 MMz 0.05 40
1.2 MHz - 2 MHz 0.05 75
2 MHz - 10 MHz 0.10 100
10 MHz - 20 MHz 0.15 100
20 MHz - 30 MHz 0.35 200
4, Range limits same as INPUT1T or INPUTZ2.
5. Relative to 1 kHz, for 2-year specification multiply by 1.5,
6. Add to flatness specifications when more than 3°C from calibration temperature.
7. At input connector,

Wideband Characteristics
Maximum Non-Destructive Input. .. ........

Guard Isolation

Shunt Input Characteristics

« The shunt input was designed to allow ac/de current transfers using the Fluke A40 Series current
shunts.

* 5790A-7001 A40/A40A Current Shunt Adapter and Cable required.

Shunt Model Current Range

input Resistance
Operating Input Voltage

Maximum Non-Destructive Input. .. ........
General Specifications

Warm-up Time

Relative Humidity

Operating............ovviinan ... 45% to B0°C 75% to 45°C 95% o 30°C
SIOrage. . ... - <85% non-condensing
Altitude
Operating................ ...t 3,050 meters (10,000 feet)
Non-Operating ........................ 12,200 meters (40,000 feet)
Temperature
Operating..............c.covieeini .. 0°C to 50°C
Calibration............................ 15°C o 35°C
Storage. ... e -40°C to 70°C

200V mms
0.5V peak

500 (+0.5%)
500 (+5%)

30 minutes

250 mV to 500 mv
50V ms
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SPECIFICATIONS

{cont)
EMI/RFI
Complies with......................... FCC Part 15 Subpart B, Class B:
VDE 0871, Class B;
ESD: EIA PN- 1361.
Surge. . ... ANSI C62.41-1980, Category A
Reliability .............. ... .............. MIL-T-2880D, paragraph 3.13.3
Size
Height. ... ... ... ... i L, 17.8 cm (7 i} standard rackmount + 1.5 cm (0.6 in)
Width ... .., 43.2 cm (17 in)
Depth .. ... 63 cm (248 in)
Maximum Power Reguirements
B790A. ... 95 VA
With Wideband Option. ................ 120 VA
Weight
STO0A. . ... 24 kg (53 Ib)
With Wideband........................ 245 kg (54 Ib)
Line Power................cuovieeeaii. .. 47 Hz 1o 63 Hz; =10% of selectable line voltages:
100V, 110V, 115V, 120V, 200V, 220V, 230V, 240V
Safety .. ...l Complies with UL1244 and IEC 348-1976 and IEC
1010 and CSA C22.2 No. 231 and ANSIISA 882
Remote Interfaces ........................ RS-232, IEEE-488

e e & Kol R R I R OR———

178 om {70in)

63 cm (24.8 it 6.35 om (25 i)

FOR CABLE
ACCESS
(REARy

— X

T

Figure 1-1. Dimensions
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Theory of Operation 2
INTRODUCTION

INTRODUCTION 2-1.

This section provides theory of operation in increasing level of detail. The 5790A is first
defined in terms of how it makes internal ac-dc transfers to measure unknown ac
voltages. Detailed circuit descriptions follow, first for system interconnections including
the motherboards, then for digital assemblies, and finally for the analog assemblies. The
section ends with a discussion of how the 5790A uses calibration constants.

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

5790A OVERVIEW 2-2.

The 5790A AC Measurement Standard is configured internally as an automated ac-de
transfer standard. All measurements are controlled by internal microprocessors. The
following elements are among those critical to establishing the accuracy of the 5790A.

* The FIS (Fiuke RMS Thermal Sensor) is the transfer element. It compares a
precisely known adjustable dc voltage {or a square wave derived from dc) to an
unknown ac voltage. If the FTS output remains unchanged when the input switches
from the unknown ac voltage to the known dc voltage, the rms value of the ac
voltage is equal to the dc voltage. The FTS has extremely flat frequency response
and has short term stability approaching 1 part per million (ppm).

° Highly stable thin-film resistor networks scale the 7V range and higher to the FTS
2V operating ievel and to scale the precision chopped reference to the 0.7 mV Jevel

* An ADC (analog to digital converter) measures the FTS output

* A high-resolution DAC (digital to analog converter) generates precisely variable dc
for the ac-dc transfer

* An ultra-stable dc voltage reference establishes DAC accuracy

* A dec-to-square-wave converter chops the DAC output to eliminate de reversal error
in the rms sensor

FUNCTIONAL BLOCK DIAGRAM DISCUSSION 2-3.

Refer to part 1 of Figure 2-1, the functional block diagram. The ac signal to be
measured is applied to the FTS first through attenuators (precision resistor networks
switched in or out depending on range), the transfer switch, and precision amplifiers
(again depending on range). The A/D Amplifier (A15 assembly) measures the output of
the FIS. In the block diagram this measurement is called M1.

The next step in the transfer process is shown in part 2 of Figure 2-1. The system takes
another measurement, called M2. The CPU sets the precision DAC (digital to analog
converter) to approximately the same voltage as the output of the divider network for
M1. This voltage is converted to a 28-Hz square wave by the precision chopper circuit
and applied to the FTS through the transfer switch and the same range amplifier. The
output of the FTS is measured again to yield M2.

In Wideband mode, the option 5790A-03 Wideband module takes over the function of
the Transfer assembly. The chopped reference from the A/D Assembly is 80 Hz for
Wideband mode. The Wideband assembly is ac-coupled, therefore does not make ac-de
transfers.

Refer to the flowchart (part 3 of Figure 2-1) in the block diagram. After M1 and M2 are
taken, the CPU computes the value of the unknown ac voltage at the input, called Vac,
using the fellowing formula:

Vae = Vdo + (M2 - M1}
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If Vac and Vdc closely agree, the results are displayed on the front panel and the
measurement is complete. If the difference between Vac and Vdc is too large, the CPU
readjusts the DAC based on the above formula and begins another measurement cycle.

Calibration constants to correct for FTS and amplifier frequency response variations are
stored in memory and applied to measurements before they are displayed. In order to
apply the correct constants, a frequency counter measures the frequency of the incoming
signal.

DIGITAL SECTION OVERVIEW 2-4,

The unguarded Digital Section contains the CPU assembly (A20), Digital Power Supply
assembly (A19), Front Panel assembly (A2), Keyboard assembly (A1), and the Rear
Panel I/G assembly (A21). Figure 2-2 is a block diagram of the digital section of the
ST90A.

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
68000 microprocessor. It controls local and remote interfaces, as well as serial commu-
nications over a fiber-optic link to the guard crossing portion of the Reguiator/Guard
Crossing assembly (A17). The guard crossing controls the guarded analog circuitry.

A Keyboard assembly provides the user with front-panel control of the 5790A. It
contains six keycap LEDs and a keypad. It connects to the Front Panel assembly via a
cable.

The Front Panel assembly provides information to the user on an Measurement 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 I/O assembly includes digital interfaces for the IEEE-488 bus and
RS-232-C.

ANALOG SECTION OVERVIEW 2-5,

The guarded analog section of the 5790A contains the following assemblies:

Filter (A18)

Regulator/Guard Crossing (A17)
Transfer (A10)

A/D Amplifier (A15)

DAC (Al6)

Wideband (A6, Option -03)

L - - - L] -

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. The Guard Crossing
interfaces with the unguarded CPU assembly via a fiber-optic link. The Transformer
assembly, together with the Filter assembly and the regulator portion of the Regula-
tor/Guard Crossing assembly, create the system power supply for all the analog
assemblies.

SYSTEM INTERCONNECT DETAILED CIRCUIT DESCRIPTION 2-6.

2-6

The motherboard assembly contains the Digital Motherboard assembly (A4), and the
Analog Motherboard assembly (A3). These two Motherboards are mechanically
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Figure 2-1, Functional Biock Diagram
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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 Mother-
board. AC voltage taps from the Transformer assembly (A22) are conmnected to the
Analog Motherboard through these connectors. Refer to the Motherboard and Input
Block schmatic diagrams for more information.

Digital Motherboard Assembiy (A4) 2-7.

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 (Al19), CPU
assembly (A20), Front Panel assembly (A2), Rear Panel assembly (A21), and the two
24V dec 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.

Transformer Assembly (A22) 2-8.

The Transformer assembly receives ac line inputs routed through the A4 Digital
Motherboard. This assembly supplies outputs throughout the 5790A, all of which are
routed through the A4 Digital Motherboard.

The Transformer assembly, the Filter 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 I/O assembly, and the cooling fans.

Analog Motherboard Assembly (A3) 2-9,

The Analog Motherboard contains the connectors for all assemblies in the guarded
section of the 5790A. The Analog Motherboard also contains five relays, a fiber-optic
transmitter, a fiber-optic receiver, and a cable for binding post connections. Table 2-1
lists Analog Motherboard connectors.

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.

Table 2-1. Anatog Motherboard Connectors

MOTHERBOARD CONNECTED TO
CONNECTOR ASSEMBLY

J106 and J206 Wideband {A6, Option -03}
J110 and J210 Transfer (A10)
J115 and J215 AD Amplifier (A15)
J116 and J216 DAC (A18)
J117 and J217 Reguiaf;ar/Guara Crossing (A17)
J118 and J218 Filter (A18)
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The cable from the motherboard to the binding posts consists of three insulated wires
and four shields.

Rear Panel /O Assembly (A21) 2-10.

The Rear Panel 1/O assembly provides the RS-232-C and IEEE-488 interface connec-
tions.

REAR PANEL POWER SUPPLIES 2-11.

Supplies +5V LOGIC, +12V, and -12V are referenced to +5V LOGIC COMMON and
are generated on the Digital Power Supply assembly (A19). Some ICs on the A21
assembly do not have power and ground pins shown on the schematic. This information
is included in the table on sheet 1 of the Rear Panel schematic,

REAR PANEL DIGITAL CONTROL 2-12.

The rear panel decodes address lines from the bus connected to the main CPU through
connector J121. Decoding is accomplished with a C22V10 PLD (U8).

CLOCK REGENERATION CIRCUIT 2-13.

In order to minimize EMI (electro-magnetic interference) inside the 5790A chassis, the
rear panel accepts a low-level (~200 mV p-p sine wave) 3.68 MHz clock from the CPU
assembly and conditions it to proper TTL clock levels.

This is done by a differential amplifier, U18, which amplifies the incoming signals
3.6864MHZCLK and 3.6864MHZCLK*. The output of U18 is a TTL level 3.68 MHz
clock called RP3.68MHZ that is buffered by PLD U8 creating RPCLK for use by
DUART (dual universal asynchronous receiver/transmitter) US, and IEEE interface IC
U2.

IEEE-488 (GPIB) INTERFACE 2-14.

The IEEE-488 (GPIB) interface circuit provides the interface between the TEEE-488
connector (J1) and the 5790A processor on the CPU (A20) assembly. The circuitry uses
a TMS9914 (U2) General Purpose Interface Bus (GPIB) adapter to meet the require-
ments for talker/listener operation on the IEEE-488 bus. This circuit translates asynchro-
nous 8 bit data and control information, under control of an external controller, and
converts this information to an acceptable format for the CPU.

The TMS9914 has internal circuitry which handshakes in the proper GPIB protocol and
stores data in an internal buffer. This IC also has the capability of interrupting the CPU.
The CPU can then handle the interrupt through its own handler routine. The data lines
between U2 and J1 are buffered by a 75160A (U3) data buffer, and the command lines
are buffered by a 75162A (U4) command buffer. J1 is a standard IEEE-488 connector.
The shell of this connector is tied to chassis ground for EMI/RFI shielding.

RS-232-C INTERFACE 2-15.

2-10

The RS-232-C interface circuit uses a 68C681 DUART (US), a 1488 line driver (U6),
and a 1489 line receiver (U7). Figure 2-3 shows the RS-232 connector pinout (rear
panel view).

The DUART does the parallel/serial data conversion and provides two channels of serial
RS-232-C communication. One channel is not used.

The other channel is available to RS-232-C conmnector J2 to meet serial interface needs
between the 5790A and the external world. The transmit line (*TXDA) is driven by
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PIN  NAME FUNCTION

GND CHASSIS GROUND
XMT  TRANSMITTED DATA
REC ~ RECEIVED DATA
RTS  REQUEST TO SEND
CTS  CLEARTO SEND

RET  SIGNAL (1OGIKC) GROUND

-~ L R

'O o/u’o/o”d@o’ooooof? O} HEAR PANEL VEW

OOOOOO.\OOOOO

\\_ DTR  DATA TERMINAL READY

Figure 2-3. RS-232 Connector Pinout

U6D to TX of J2, pin 2. The receive line RX goes from J2, pin 3 through receiver U7C
to the receive line *RXDA of the DUART.

The DUART (UU5) also has six input lines, three of which monitor signals CTSA*, CAL
SWAY, and CAL SWB*. The CTS (clear to send) line from J2, pin 5 goes through
receiver U7A becoming CTSA*. Line CAL SWA* connects to the rear panel CALI-
BRATION STORE switch. Line CAL SWB* connects to the rear panel CALIBRA-
TION MODE switch. Output lines (transmnted data, RTS*, *DTR) are as shown in the
connector pinout view.

REAR PANEL CPU INTERFACE 2-18.

The rear panel is interfaced to the CPU assembly (A20) via connector J121 on the rear
panel. The CPU has:

* Five address lines (RPA1-RPAS) which comprise the ADDRESS BUS
* Seven contro} lines which comprise the CONTROL BUS

* A low-level 3.6864 MHz clock (CLOCK, CLOCK*)

* Eight data lines RPDO-RPD7

Interfacing between the Rear Panel data bus (D100-D107) and the CPU data bus
(RPDO-RPD7) is done with a bus transceiver Ul.

DIGITAL SECTION DETAILED CIRCUIT DESCRIPTION 2-17.

Detailed descriptions of each assembly in the digital section are provided next.

Digital Power Supply Assembly (A19) 2-18.

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 I/O 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
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.
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+5V POWER SUPPLY 2-19.

The unregulated +5V supply uses CR25-CR28 in a full-wave rectifier configuration
with filter capacitors C12, C13, and Cl14. Other components in the circuit filter
high-frequency noise and provide a common-mode choke. Regulator U3 is fused by
3.15A slow-blow fuse F5.

=12V POWER SUPPLIES 2-20,

Full-wave rectifiers and filter capacitors generate the unregulated +12V and -12V
supplies. AC inputs are fused by F3 and F4, both 2A slow blow. Three-terminal +12V
and -12V regulators (U1 and U2, respectively) are used. Diodes protect the regulator
from input shorts and from reverse voltage. Inductors L3-L6 filter the reguiated outputs.
Resistor 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 5790A.

+35V POWER SUPPLY 2-21.

The +35V power supply powers the grid drivers and anode drivers on the front panel
Measurement Display circuitry. The +35V supply is full-wave rectified, and regulated
by Zener diodes VR14, VR15, and transistor Q5. The input is fused by F2, a 0.125A
slow-blow,

Components RS and Q6 make up the current-limiting circuit. During an over-current
condition, the voltage drop across RS 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.

+75V POWER SUPPLY 2-22.

The +75V power supply powers the grid drivers and anode drivers on the front panel
control display circuitry. The +75V supply is full-wave rectified, then regulated by 36V
zeper diode VR6, 39V zener diode VR7, and transistors Q1 and Q3. Zener diodes VR6
and VR7 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 CRS protects the circuit from reverse voltage.

+35V AND +75V SHUT-DOWN CIRCUIT 2-283.

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

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

2-12

SIGNAL TEST NOMINAL TOLERANCE CURRENT RATED

NAME POINT OUTPUT LIMIT OUTPUT
+78V OUT TP2 73V =8% 121 mA 100 mA
+35V QUT 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
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and Measurement 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 P119 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 pulls 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 Q3, shutting down
the +35V supply.

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 Assembly (A20) 2-24,

The CPU (Central Processing Unit) for the 5790A is a single-board computer based on a
68HCO00 microprocessor. Figure 2-4 is a block diagram of the CPU assembly. Table
2-3 is a glossary of CPU acronyms that you may find helps to read the schematic
diagram. 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:

* The microprocessor and its support circuitry
*  Memory
* Peripheral ICs and I/O interfaces

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

POWER-UP AND RESET CIRCUIT 2-25.

The power-up and reset circuitry consists of line monitor IC U1, C3, C6, CR1, R3, Z3,
switch SW1, and inverters on UZ2. This circuit provides a2 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 falis below 4.55V £0.05V, U1 resets the
5790A. 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 5790A configuration to a
default condition.

The heart of this circuit is the line monitor IC Ul. On power-up or when SW1 is
pushed, Ul 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
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Table 2-3. CPU Acronym Glossary

SIGNAL NAME FUNCTION
AD1-A23 Address lines
ADCLKCS* Clock/calendar (L33} chip setect
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 panéi IEEE-488 interrupt
CLKCALINT* Clock/calendar interrupt
DO0-D15 Data lines
DOGCLR Deg clear (clears watchdog timer)
DOGINTH Dog interrupt (interrupt from watchdog timer)
DRTDTK* DUART data transfer acknowledge
DTACK* Data transfer acknowledge
£ Enable for 6800 family devices (737.28 kHz clock)
EXDUARTINT* External DUART Interrupt
FANA1 Signal monitoring fan 1
FANZ Signal monitoring fan 2
FANINT* Fan monitor interrupt
FCO Function code output 0
FCi 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
INTRCNTLY Interrupt control 1
INTRCNTL2 interrupt contral 2
IPLO* Interrupt priority level 0
IPL1* Interrupt priority level §
IPL2# Interrupt priority level 2
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Tabie 2-3. CPU Acronym Glossary {cont)

SIGNAL NAME FUNCTION
KEYBRDINT* Keyboard interrupt
LDS* Lower data strobe
MISCCS™ Miscellaneous chip select enable (upper address bits decoder)
NVMCS* Nonwvolatile 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 1124)
PSFAILINT® Power supply fail interrupt
RAMOCS* RAM chip select (19 and U20)
RAM1CS™ RAM chip select {U21 and U22)
RAM2CS* RAM chip select (U40 and U41)
R/WR* Read/write
RDINT* Read interrupt
ROL* 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
UbDg* Upper data strobe
WRL* Write lower
WRU* Write upper
XDUARTCS* External DUART chip select

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.
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CLOCK GENERATION 2-26.

The clock generation circuit uses components Y1, Y2, U3, U4, R4, RS, C8, C9, and ES5.
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 ES allows for selection of the alternate oscillator (Y2) as the system
clock.

WATCHDOG TIMER 2-27.

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
DOGCLR?2 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 DOGCLR2 is under software control. The watchdog timer can be
disabled by cutting jumper El.

ADDRESS DECODING AND DTACK (DATA ACKNOWLEDGE) 2-28.

Two Programmable Logic Devices (PLDs) accomplish address decoding and DTACK
(data acknowledge) generation. ICs U5 and U6 provide chip selects and generate
acknowledgement 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 1o 60FFFF 1o
RAM1CS* 610006 t© 61FFFF e
RAMRCS* 620000 to 623FFF no
NVMCS* RW C00000 to CFFFFF no
MISCCS* RwW D0000O to DFFFFF no
RPSEL* R/w DOOC0G to DO1FFF LDg*
RPDUARTCS* Bw D00000 to DOOO1F LDS*
RPIEEECS™ R/W DO0020 1o DODO2F LDS*
FRNTPNLCS* R/W D02000 to DO3FFF AS*
OTDCS* R/W D02000 to DO27FF AS*
DMDCS* R/wW D02800 to DO2FFF AS*®
LED-OUTPUT-CNTRL R DO3400 to DO37FF AS*

2-17
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Table 2-4. CPU Memory Map (cont)

CHIP SELECT READ/WRITE ADDRESS RANGE AS* OR LDS* REQUIRED?

LED-EATCH-EN W D03400 to DO37FF AS*

KEYBOARDCS* Rw D03800 to DO3SFF AS*

GCDRTCS* R/W DO4000 to DOSFFF LDS*

XDUARTCS* DOG000 to DOTFFF LDg*

RDINT* RW DO8000 to DOSFFF AS*

DOGCLR w 008000 to DOSFFF even only, AS*
ADCLKCS* £00000 to EFFFFF AS*

INTERRUPT CONTROLLER

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 68HC000. When the 68HC000 responds {o 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 LSBs of the vector
according to how it is programmed. The 4 MSBs are pulled up on resistor network Z1.
Table 2-5 shows the interrupts, their priority levels, and vectors.

GLUE LOGIC

2-29.

2-30.

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*,

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

INTERRUPT PRIORITY LEVEL VECTOR (HEX)
N 7 - (not used)
DOGINTH 6 F4
BRPDRTINT* 5 F6
GCDUARTINT* s F7
EXDUARTINT* 5 8
CLKCALINT* 4 F5
BRPIEEEINT* 4 F8
KEYBRDINT* 3 FA
BPSFAILINT* 2 FB
FANINT* 0 FF {not used)
RDY/BSYL 0 FF {not used)
No interrupt ¢] FF
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2

RAM (RANDOM-ACCESS MEMORY) 2-31.

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 (32 KB or 128 KB each). The 5790A is shipped with U19-U22
installed, using 32K x 8 parts and providing 128 KB of static RAM.

ROM (READ-ONLY MEMORY) . 2-32.

Read-only memory is contained in three pairs of sockets, U15-U16, U17-U18, and
U23-U24. These sockets accommodate 27010 EPROMS, 128K x § devices (128 KB
each). Jumpers allow 256 KB devices to be used in their place. The 5790A is shipped
with U15-U18 installed, providing 512 KB of EPROM.

ELECTRICALLY-ERASABLE PROGRAMMABLE READ-ONLY MEMORY 2-33.
(EEPROM)

IC Ul3 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 5790A is shipped with a 32KB EEPROM installed.

The EEPROMs are designed so that writes to the device are prevented by holding the
output enable line (NVMOE*) low. Diodes CR5, CR6 and CRS, 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 5790A off then on
again, without interfering with the power-up charge time of the capacitor. Diode CRS
allows the normal microprocessor read of the device to take place. And diode CRS
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) 2-34.
CIRCUIT

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 IC (U32) drives the
fiber-optic transmitter on the digital Motherboard.

The DUART has 8 output lines that perform various functions. INTRCNTL1 and
INTRCNTLZ 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 Ud4 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 US 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 2-35.
Time and date information is stored in a battery-backed clock/calendar circuit consisting
of 32.768 kHz crystal Y3, 3V lithium battery BTI, 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
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are to ensure jow power operation when the +5V supply is off. U33 -generates
CLKCALINT* under software control.

CLOCK FILTER CIRCUIT 2-36.

The clock filter circuit generates a 3.6864 MHz 200 mV sine wave for the Rear Panel
I/O and Front Panel assemblies. This circuit buffers the 3.6864 MHz Clock with an
inverter in U3. The circuit contains de-blocking capacitor C80, two stages of a low pass
LC filter (1.80 and C81, L81 and C82), transformer T51, and termination resistor R82.

CPU TO REAR PANEL INTERFACE 2-37.

Components U25, U26, U27, and connector P220 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 IC 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
P220. :

CPU TO FRONT PANEL INTERFACE 2-38.

Components U25, U28, U29, U30 and connector P120 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 IC
enable. IC U28, enabled by FRNTPNLEN*, buffers address lines A05-A12. IC U29,
also enabled by FRNTPNLEN®, buffers address lines AO1-A04 and control line R/WR*.
Two sections of U25 in parallel buffer ITORESET*, 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
P120. :

Front Panel Assembly (A2) 2-39,

The Front Panel assembly, operating in conjunction with the Keyboard assembly (linked
by a cable), is the operator interface to the 5790A. This assembly contains two separate
vacuum-fluorescent displays: the Control Display and the Measurement 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,
LED drive, and decoding and timing circuitry.

Connector J1 interfaces with the CPU assembly and the Digital Power Supply assembly
via the Digital Motherboard.

CLOCK REGENERATION CIRCUITRY : 2-40.

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 US 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, producing 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 VRS, with C64 acting as the supply bypass.

REFRESH FAILURE DETECT CIRCUITRY 2-41.

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
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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.

Flipflop 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 Measure-
ment Display through DMDBLANK and OTDBLANK, and alerts the CPU that this
failure has occurred.

DECODING AND TIMING CIRCUITRY 2-42.

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 controis the Control Display grid drivers, ABCLK
and CDCLK control the Control Display anode drivers, and OTDBLANK controls the
Measurement 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.

CONTROL DISPLAY CIRCUITRY 2-43.

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 (U20-023),
four high veltage 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.

Table 2-6. Front Panel Memory Map

NAME READ/WRITE ADDRESS
OTDCS* RIW DO2000 to DO27FF
DMDCS* RAW D02800 to DO2FFE
LED_OUTPUT_CNTRL R DO3400 to DO37FF
LED_LATGH_EN w D03400 to DOS7EF
KEYBOARDCS* RIW D03800 to DO3BEF
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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 G3 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 Haz.

Both the A and C (U16 and U18), and B and D (U17 and U19) anode drivers’ input
registers are laiched 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 UI3B and U13A. These drivers are controlled by AOUT and
BOUT. AOUT 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 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 VR?2
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 QS5, 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 debournce.

Dual-port RAM Ul contains all the Control Display data written by the 68HCO00
microprocessor on the CPU board. PLD U4 contains a 10-bit address counter which is
used by U4 to read the contents of Ul. Ul 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.

MEASUREMENT DISPLAY CIRCUITRY 2-44.

Measurement Display circuitry consists of a custom 2-row, 22-character vacuum-
fluorescent display under the control of PLD US. 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.
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The custom display is divided into 24 grids. The 22 characters are made up of fourteen
seven-segment digits and eight 14-segment characters. See the schematic diagram for
more information.

IC U5 is an EP900 PLD, programmed to provide the timing and control signals for the
Measurement Display circuitry. Display data written by the microprocessor into the
Measurement 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.

Measurement Display filament driver circuitry centers on transistors Q7-Q12. 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 AQUT is high, U13C
turns Q8 and Q10 on. Q10 turns Q12 on, providing a path for the filament current
through Q8 and QI2. 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 driving the filament. Zener diode VR3 provides
the dc voltage offset necessary for proper filament operation.

Dual-port RAM U2 contains all the Measurement Display data written by the 68HCO000
microprocessor on the CPU board. U5 contains a 7-bit address counter which US uses to
read the contents of U2, U2 provides a BUSYO signal to U3, which is active low
whenever the CPU and US try to access the same RAM location at the same time. If the
microprocessor attempts to write to the same RAM location U35 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 US
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
68HCO00 microprocessor, telling it there is a keyboard interrupt. Keyboard interrupt
inputs to US, KEYBOARDINTR (active high), is generated by PLD U9.

KEYBOARD SCANNER CIRCUITRY 2-45,

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 US where it generates
FPINTR¥, which interrupts the 68HCO00 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 US is gated out to
the speaker through U9.

LED CIRCUITRY 2-46.

The LED circuit controls the six keycap light-emitting diodes on the Keyboard assem-
bly. It includes a 741.8373 &-bit latch (UU10), and resistors R16 through R19 and R78
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through R80. Keycap LEDs light to indicate which input is selected, and to indicate
when external trigger mode (EX TRIG) or external guard (EX GRD) is selected.

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.

Keyboard Assembly (A1) 2-47.

The Keyboard assembly provides the operator with front panel control of the 5790A. It
connects to the Front Panel assembly (A2) through a cable, and includes an elastomeric
keypad, and six keycap LEDs.

The elastomeric keypad and the printed circuit board form a 45-swiich keyboard
arranged in eight columns and six rows (only 32 of these keys are used). 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 six keycap LEDs (CR1 through CR6) are controlled by the LED driver circuit on
the Front Panel assembly. Refer to the Keyboard schematic for the name of the signal
line that controls each keycap LED.

ANALOG SECTION DETAILED CIRCUIT DESCRIPTION ' 2-48.

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

Filter Assembly (A18) 2-49,

The Filter assembly receives ac inputs from the main power transformer secondaries and
provides unregulated dc to the Regulator/Guard Crossing assembly (A17), and regulated
dc supplies to the DAC assembly. The unregulated supplies are listed in Table 2-8 and
the regulated supplies are listed in Table 2-9.

UNREGULATED CH SUPPLIES 2-50.

Line CH COM is the return path for the +15 CHR and -15 CHR 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 CHR and -15 CHR, respectively.
Inputs are fused with 1.6A slow-blow fuses F1 and F2.

Table 2-7. Control Lines for the Keyboard LEDs

KEYCAP LED CONTROL LINES
INPUT 2 LED1A
EX GRD LED2A
WBND LED2B
SHUNT LED1B
INPUT 1 LEDSA
X TRIG LED3B
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Table 2-8. Unregulated Supplies from the Filter Assembly

SIGNAL. NOMINAL MAX. P-P RATED TEST
NAME QUTPUT TOLERANCE : RIPPLE OUTPUT POINT
+15 CH 27v =BV 2V 200 mA P2
-16 CH e rav =8V 2V 200 mA TP
OSC COM RETURN TP4
+5 LHR 12v =4V 3V 3.5A TPt
-5 LHR _ -12v =4V 2V 400 mA TP8
LH COM RETURN TP3
+17 SR 2 =8Y 3V 1.3A TP10
-17 SR 27V =8V 3V 1.3A TP14
17 S COM RETURN P12
+5 FR1R 12V =4\ 2v 400 mA TF7
-18 FR1R 27V =8V 2v 50 mA TP20
FR1 COM RETURN TP18
+30 FR1R 50V =15V av 85 mA TP15
FRtR COM RETURN TP18
+30 FR2R -50V =15V 3v 85 mA TP8
FR2 COM RETURN TP11
Table 2-9. Regulated Supplies from the Filter Assembly
SIGNAL NOMINAL TOLERANCE CURRENT RATED TEST
NAME OUTPUT LIMIT OQUTPUT POINT
-5 FR2 -8V 0.3V 0.15A 0.03A TP13
FR2 COM RETURN TP11
+5 FRt +5V 0.3V 2A 0.1A TP18
-18 FR1 -18V 0.9V 2A 0.05A TP21
FR1 COM RETURN TP1g
UNREGULATED LH SUPPLIES 2-51.

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 =17 SR SUPPLIES

The =17 SR supplies use a full-wave center-tapped rectifier consisting of four diodes
(CR8, CR16, CR12, CR13) configured as a bridge rectifier. Capacitors C13 and C14
filter the +17 SR supply, while C15 and Ci6 filter the -17 SR supply.

2-52.
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TRIAC CIRCUIT ' 2-53.

The triac circuit protects the 5790A if it is inadvertently plugged into an excessively
high line voltage. For example, it protects the 5790A 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 2-54.

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

The unregulated +5 FRIR 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 FRIR 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 €22, and
protection diode CRI18.

UNREGULATED FR1 SUPPLY 2-55.

FRIR COM is the return path for the unregulated +30 FR1 supply. This supply uses
full-wave bridge rectifier CR14 and filter capacitor CI8. Its input is fused with 0.5A
slow-blow fuse F7.

FR2 SUPPLIES 2-56.

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 FR2ZR
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.

Regulator/Guard Crossing Assembly (A17) 2-57.

The Regulator/Guard Crossing assembly (A17) provides two separate functions: voltage
regulation for the analog power supplies and digital controller functions for the inguard.
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
discuassion.

VOLTAGE REGULATOR CIRCUITRY 2-58.

The regulator circuit receives unregulated dc from the regulator filter circuit on the
Filter assembly (A18) and provides nine regulated dc outputs that power the analog



Theory of Operation
ANALOG SECTION DETAILED CIRCUIT DESCRIPTION

assemblies. Table 2-10 lists the regulated supplies from the Regulator/Guard Crossing
Assembly.

REGULATED LH SUPPLIES 2-59.

The +5RLH supply used the unregulated +5LHR supply from the Filter assembly. The
+5RLH supply uses three-terminal TO-3 regulator U11, bypass capacitors C20 and C70,
protection diodes CR17 and CR20. Resistors R21 and R22 set the output voltage level
of +SRLH. LH COM is the return path.

The +5LH supply used the unregulated +5LHR supply from the Filter assembiy. The
+5LH supply uses three-terminal TO-3 regulator U8 with heat sink, bypass capacitors
C20 and C69, and protection diodes CR14 and CR16. LH COM is the return path.

The -5LH supply uses the unregﬁlated -SLHR from the Filter assembly and consists of
three-terminal TO-220 regulator U12, bypass capacitors C23 and C24, and protection
diodes CR21 and CR24. RLH COM is the return path.

Capacitors C20, C23, C69, C70, and C24 improve the stability and provide filtering for
U8, Ull, 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.

REGULATED =178 SUPPLIES 2-60.

S COM is the return path for the +178, and -17S supplies. S COM is also connected to
LH COM. These signal lines can be found on the Motherboard and the Regulator/Guard
Crossing assembly.

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 RS and R6. The
output voltage is set by resistors RS and R6. Capacitors C9 and C67 are for bypass.
Capacitor C11 improves ripple rejection. Diode CRS protects the regulator against
shorts at the input, while CR11 and CR26 protect 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 with heat sink, and R10 and R11. The output voltage

Table 2-10. Regulated Outputs from the Regulator/Guard Crossing Assembly

SIGNAL NOMINAL | TOLERANCE | CURRENT RATED TEST

NAME CUTPUT LIMIT OUTPUT PCINT
+18 CH +158V =800 mV 2A 200 mA TP3 (common TP4)
-15 CH ~15V =800 mV 2A 200 mA TP5 (common TP4)
+5RLH +5.975V =426 mV 2A 600 mA TP14 (common TR10)
+5LH +5.1V 300 mV 2A 600 mA TPit (cammon TP10)
-5LH -5V =300 mV 2A 400 mA TP15 {common TP10)
+17S +17.475V | 2475 mV 4A 1.0A TP8 (common TPg)
-178 -17.865V | =835 mv 6A 1.0A TP12 {common TP}
+30FR1 +30.968V 1.7V 1A 85 mA TP2 (common TP1)
+30FR2 +30.98V =17V 1A 85 mA TP7 {common TP6)
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is set by resistors R10 and R11. Capacitors C68 and C15 are for bypass. Capacitor C14
improves ripple rejection. Diode CR15 protects the regulator against shorts at the input,
while CR13 and CR27 protect the regulated output from reverse voltage.

REGULATED =15CH SUPPLIES 2-61.
CH COM is the return path for the +15CH and -15CH supplies.

The +15CH supply uses the unregulated +15CHR supply from the Filter assembly. This
supply uses three-terminal TO-220 regulator U2. Capacitors C1 and C2 are for bypass.
Diode CR3 protects the regulator against shorts at the input, while CR2 protects the
regulated output from reverse voltage.

The -15CH supply uses the unregulated -15CHR supply from the Filter assembly. This
supply uses three-terminal TO-220 regulator U3. Capacitors C4 and C5 are for bypass.
Diode CR7 protects the regulator against shorts at the input, while CRS5 protects the
regulated output from reverse voltage,

FR1 SUPPLY 2-62.

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 regula-
tor Ul with heat sink, bypass capacitors C3 and C6 and protection diodes CR1, CR4,
and CR6. Resistors R1 and R2 set the output voltage. Capacitor C7 improves ripple
rejection. Diodes CR1 and CR4 protect Ul against input shorts, while CR6 protects
against reverse voltage.

FR2 SUPPLY 2-63.

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 regula-
tor U5 with heat sink, bypass capacitors C10 and C28, and protection diodes CRO,
CR10, and CR12. Resistors R4 and RS set the output voltage in the same manner as the
+44S 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 2-64.
The Inguard CPU controls all the apalog assemblies. [t communicates with the
Unguarded CPU assembly (A20) through a serial fiber-optic link. The Inguard CPU is a
Hitachi 63B03Y0 CMOS microcontroller (U56). Support circuitry includes 32K x 8 bit
(32 KB} of external CMOS ERROM, 8K x 8 bit (8 KB} of external CMOS static RAM,
watchdog timer circuitry, reset and power glitch detect circuitry, a serial fiber-optic link
to the unguarded CPU, a DUART (dual asynchronous receiver transmitter) to provide
two serial interface channels, and decoders and buffers to interface to the guarded
digital bus.

Inguard CPU Memory Map 2-65,
Table 2-11 shows the memory map of the Inguard processor.

Inguard Memory Configuration 2-66.

The microcontroller (U56) has 32 KB of external EPROM program memory in IC U64.
IC U862 provides 8 KB of external static CMOS RAM. Programmable Logic Device
(PLD) U58 does the decoding of the microcontrollers address and status lines to select
the appropriate device.

tinguard Clock Circuit 2-67.

Crystal Y52, resistors R54, R53, and R53, capacitors C61 and C62, along with inverters
USIA and USIF provide the 7.3728 MHz system clock. Programmable Logic Device
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Table 2-11. Inguard CPU Memory Map

ADDRESS SPACE (HEX}) NAME USE
0000 through 0027 Infernal Registers in the 6301
0028 through 003F Unused
0040 through 013F internal RAM in the 6301 (256 Bytes)
0140 through OFFF Unused
1000 through 100F DUART
1010 through 1FFF Unused
2000 through 2007 cso* Motherboard assembly 82C55
2008 through 200F Cs1* A/D assembly 82C55
2010 through 2047 cs2* A/D assembly NULL DAC
2018 through 201F Cs3* Urused
2020 through 2027 CS4q* DAC assembly 8254
2028 through 202F Css* Unused
2030 through 2037 cse* Urused
2038 through 203F csr* Unused
2040 through 2FFF Unused
3000 through 7FFF RAM
8000 through FFFF ROM

(PLD) U58 divides this by two to generate the 3.6864 MHz DUART clock called

DUARTCLK.

Inguard Watchdog Timer

2-68.

The watchdog timer circuit uses a 74HC4020 (U59) counter. The microcontroller (U56)
generates a 19.2 kHz square wave (SCLK) on pin 11. Once the clock frequency is
initialized, it runs without software supervision. This clock drives U39, 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 goes through inverter US1D to generate the NMIPOP*
signal (a nonmaskable interrupt) to the microcontroller. Programmable Logic Device
(PLD) U58 also gets NMIPOP* which it uses to generate POP. Circuitry on the analog
assemblies use the POP signal to open all the input relays and clear other circuitry. The
microcontroller must toggle pin 11 of U59 more frequently than 427 ms to prevent the
watchdog timer from going off unless the watchdog is disabled by holding CLRCNTR

high.

Power-Up and Reset Circuitry

2-69.

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 and 6 of U60 is are open-collector outputs, pulled high by Z51 and low by Z55.
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Break Detection 2-70.

The break detect circuit acts as a serial communications break detector enabling the
CPU assembly (A20) to reset the microcontroller (US6) via the power-up and reset
circuitry. This break detect circuit uses a 74HC4020 counter (U63) and an inverter
US1C. The microcontroller (U56) outputs a 19.2 kHz square wave (SCLK) on pin 11.
This signal clocks U63, which in turn divides the signal by 4096 to produce successive
logic low and high intervals (each of 106 ms) at the BREAK output (U63, pin 1). Under
normal conditions the RCV (receive) line is high to hold U63 clear. The main 63HCO00
CPU can force a reset of the Guard Crossing over the fiber-optic link by holding RCV
low for more than 106 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 2-71.

Guarded digital and analog circuits are jsolated 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 (US7) which drives
fiber-optic transmitter mounted on the Analog Motherboard. Receive signal RCV comes
from fiber-optic receiver also mounted on the Analog Motherboard. The receiver
converts the light signal to TTL levels that become the RCV signal at the microcontrol-
fer. 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.

Interface to Guarded Digital Bus 2-72.

The interface to the guarded digital bus consists of a 74HCT245 {(U55), a 74HCT244
(U52), a 74HC137 (U53), resistor packs 752, Z53, and 254, and the POP line from
U38. U52A and US2B 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. US55 is a bi-directional data bus buffer (DO-D7). Resistor packs 753 and Z54
maich the lines of the buffered data bus, reducing reflected noise. IC U53 performs a
3-t0-8 decode of address lines AB3-ABS, generating & select lines (CSO*-CS7*) on the
guarded digital bus. These 8 signals select the various components on the Analog
Motherboard. The POP signal from US58 is a reset line sent to the analog assemblies,
DUART (dual asynchronous receiver transmitter) U65 provides the serial communica-
tion channel to the A/D chip on the A/D Amplifier (A1S5) assembly. HGRCV and
HGXMT are the serial communication lines from and to the A/D chip.

Inguard CPU interrupts 2-73.

The Inguard CPU microprocessor handies many different interrupts. These are listed in
Table 2-12 in order of priority with the highest priority interrupts first.

Transfer Assembly (A10) 2-74.

Figure 2-5 is a block diagram of the A10 Transfer assembly. This assembly contains the
transfer switches, 22V/220V dividers, precision ac amplifiers, FTS, and associated

Table 2-12. Inguard CPU Interrupts

VECTOR
MSB LSB INTERRUPT DESCRIPTION
FFFE FFFE RES* Powerup and Reset
FFEE FFEF TRAP Address error or opcode error
FFFC FFFD NMt* Nonmaskable interrupt (Watchdog NMIPOP*)
FFFA FFFB Swi Software interrupt (unused)
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Table 2-12. Inguard CPU Interrupts (cont)

VECTOR
INTERR D PT

MSBE LSB UPT ESCRIPTION
FFF8 FFFg IRQ1* DUART (IRQ1%)
FFF6 FFF7 ICI Timer 1 input capture (unused)
FFF4 FFF5 Oci Timer 1 output compare 1,2 (sofiware timers
FFF2 FFF3 TOI Timer 1 overflow {unused)
FFEC FFED Cml Timer 2 counter match (unused)
FFEA FFEB IRQ2* Input Protection Fault (IRQ2)
FFFO FFF1 ]8I0 RDRF + ORFE + TDRE + PER (internal UART)

RDRF = Receive Data Registé{ Full

ORFE = Overrun Framing Error

TDRE = Transmit Data Register Empty

PER = Parity Error

control and support circuitry. This assembly also contains input selection relays and
provides the drive signals for the Analog Motherboard relays. The 700V/1000V divider
is located on the Analog Motherboard.

INPUT SIGNAL PATHS | .75,

The 5790A has two dc to 1 MHz/700 uV to 1000V inputs, one SHUNT input and one
WIDEBAND input. All of these inputs except the WIDEBAND input are routed to the
Transfer assembly. (The WIDEBAND input goes to the A6 Wideband assembly.) The
two dc to 1 MHz inputs are identical internally, but use different external connector
types. INPUT 1 is a Type “N” coaxial connector and INPUT 2 consists of five-way
binding posts.

Relays K1 through K4 on the Transfer assembly and K3 and K4 on the Analog
Motherboard select the active input. These relays are wired as a 2 X 3 crosspoint switch

CPU CPU

INPUT TRANSFER
INPUT ATTENUATORS SWITCH
INPUTS =B switcring "] AND PROTECTION

FLUKE TO Al5 AID
THERMAL RMS | AMPLIFIER
SENSOR CIRCUIT ASSEMBLY

MODULE

FROM
CHOPPER
ONA15
AID
AMPUFIER

Figure 2-5. A10 Transfer Assembly Biock Diagram
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having 2 inputs and 3 outputs, with the input selected by the operator and the output
determined by the selected range. Figure 2-6 is a simplified schematic of the input
attenuator networks.

700 AND 1000V Ranges 2-76.

For input voltages greater than 220V, i.e., the 700V and 1000V ranges, the selected
input (INPUT 1 or INPUT 2) is routed to the 700V/1000V divider by Analog
Motherboard relays K3 (INPUT 1) or K4 (INPUT 2). A divider attenuates the input
signal by a factor of 1000 and routes the signal to the Transfer assembly through
connector J110. Once on the Transfer assembly, the scaled input signal is switched into
the precision amplifier by IC analog switches U2 and Ul. In the 700V and 1000V
ranges, U2 does the transfer switching between the input signal and the internally-
generated chopped dc, while Ul simply provides a continuous connection from U2 to
the amplifier.

7 to 220V Ranges 2-77.

For inputs in the 7V to 220V ranges, relay K3 or K4 applies the selected input to
200V/22V divider Z1. This divider has 2 taps; a divide-by-100 for the 220V and 70V
ranges, and a divide-by-10 for the 22V and 7V ranges for frequencies below 100 kHz.
The divide-by-100 tap is also used for the 7V and 22V ranges above 100 kHz. Relay K6
routes the output of the divide-by-10 tap to the input amplifier via Ul. This relay
prevents excessive voltage from appearing at the input of Ul while in the 220V range.
The divide-by-100 tap goes directly to Ul In the 7 to 220V ranges, ac/chopped dc
transfers are done by alternately closing the KV and de, and either 220V or 22V
channels of Ul. In these ranges, the U2 CHOP switch is always closed.

Millivolt Ranges 2-78.

For the 2.2V range and below, relays K1 and K2 select the input. The output of these
relays route the input signal through the protection circuit A10A2. The protection circuit
output is swiiched into the precision amplifiers by U1 the same way as the 220V/22V
divider taps. The protection circuit protects the precision amplifiers from destructive
voltages. The circuit behaves like a 1 kQ series resistance during normal operation and
quickly changes to an extremely high resistance when the voltage exceeds about 4V
rms.

SHUNT Input Signal Path 2-79.

The SHUNT input is compatible with the Fluke series of A40 current shunts. These
shunts, when used with the adapter shipped with the 5790A, allow you to measure
relative current between 2.5 mA and 20A with a full-scale output voltage of 0.5V rms.

~ Relay K5 switches the SHUNT signal into the terminating 90.9Q resistor R7. The signal
is then applied to the precision amplifiers through U1 and U2 in much the same way as
in the 1000V and 700V ranges.

PRECISION AMPLIFIERS 2-80.

To maintain high input impedance at the 5790A INPUT terminals, an amplifier buffers
input signals before they are be applied to the FTS, which has an input impedance of
40082. (The input impedance specification of the 5790A varies from 50 kQ to 10 MQ,
depending on input voltage range.) '

Amplifiers are also required in some ranges to boost the input signal to the appropriate
level for the FTS. The optimum operating range for the FTS is between 0.7V and 2.2V
(exactly a 10-dB range). Input signals below 0.7V are amplified as well as buffered. As
described under the previous heading, high-voitage divider outputs are in the range from
0.22V to 2.2V.
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Amplifier A10A1 is a dual-gain, discrete, surface mount assembly, with 0-dB and 10-dB
configurations. For the 0.22V, 2.2V, 22V, 220V, and 1000V ranges, the gate of Q3 is
high and the gate of Q2 is low, configuring A10A1 as a unity-gain buffer. For all of
these ranges except the 0.22V range and the 22V range above 100 kHz, the output of
Al0A1 falls between 0.7V and 2.2V and is connected directly to the FTS, US, by relay
K7.

For the 70 mV, 700 mV, 7V, 70V, and 700V ranges, A10A1 is configured as a 10-dB
amplifier by reversing the drive signals to Q2 and Q3. In these ranges, except for the
70mV range and the 7V range above 100 kHz, the output of A10A1 is again between
0.7V and 2.2V, and likewise connected to US through relay K7.

For the 70 mV and 220 mV ranges, and the 7V and 22V ranges above 100 kHz, an
additional gain of 20 dB is needed to bring the input signal up to the 0.7V to 2.2V range
required by US. This is accomplished by switching the output of A10A1 into the input
of AI10A3 with Ul2. A10A3 is a 20-dB, fixed-gain amplifier similar in design to
AI0A1. Relay K7 is toggled to disconnect A10A1 and connect the output of A10A3 to
the sensor.

For inputs between 700 uV and 22 mV a different, high-gain signal path is employed.
This path is switched by Q7 and Q8. For inputs in this range, the DISABLE* signal is
held high, turning on Q7 and turning off Q8, allowing the AMP IN signal to be
connected to U6. For voltages outside the 700 uV to 22 mV, the DISABLE* bit is
driven negative, opening Q7 and closing Q8, shorting the input of U6 to ground.

A gain of 100 or 40 dB is required to meet the nominal FTS input voltage for input
vollages between 7 mV and 22 mV. This is achieved by cascading U6 (gain of 10), and
A10A3 ( gain of 10), with UI2 and K7 providing the necessary connections to the FTS,
US5. The 2 mV and 7 mV ranges need an additional 20 dB and 10 dB of gain. This gain
is provided by switching the output of U6 into the input of amplifier U11. U1l is
configured with a gain of 10 (20 dB) and is switched into A10A3 by U12 for the 2 mV
range. For the 7 mV range, the output of U1l is attenuated by 10 dB by R10 and R36,
and switched into A10A3 by U12.

THERMAL SENSOR CIRCUIT , 2-81.

2-34

The FTS circuit converts the ac or de signal at its input into a dc voltage equal to the
rms value of the input. The FTS consists of two identical islands suspended in air, each
containing a heater resistor and an NPN transistor. Each island provides close thermal
coupling between the resistor and transistor. Between islands there is high thermal
isolation. As shown in the schematic, these two transistors are connected as a differen-
tial gain stage with a differential input voltage of zero volts. Applying a voitage to the
resistor on one of the islands causes that island to heat up. This in turn heats the
transistor, reducing its base-emitter voltage causing an imbalance in the differential
collector current. This differential current change is converted to a single-ended error
current by the current mirror consisting of the two PNP transistors of U101 Op-amp
U102 integrates this error current, converting it to an error voltage. The output of U102
pin 1 is then passed through a square-root circuit consisting of the other half of U102
and U103. The resultant error signal is then applied to the other side of US through
R103, heating up that side of the sensor. When the heat on both islands of the FTS is
equal, the differential error current reaches zero and the circuit is in equilibrium.

An over-voltage protection circuit monitors the base-emitter voltage of the sensor
transistors. As with other silicon junctions, the base-emitter junction on the FTS
transistors exhibits a -2 mV/°C temperature coefficient. When the base-emitter junction
falls below 200 mV, the output of U4 goes from -15V to +15V, turning on Q1. This



Theory of Operation
ANALOG SECTION DETAILED CIRCUIT DESCRIPTION

2

shorts the sensor input to ground through the diode bridge, CR7 through CR10 and
allows the FTS to cool. When the temperature falls and the base-emitter voltage
increases past the 200 mV threshold, U4 again changes state and turns off the clamp.
During a continuous overload, the protection circuit oscillates between these two states.

To facilitate rapid autoranging, the output of U4 generates an interrupt signal for the
CPU by turning on Q6. This way the CPU can react quickly to an overload at the FTS.

DIGITAL INTERFACE AND CONTROL 2-82.

An 82CS5 peripheral interface IC on the Analog Motherboard latches in digital control
signals. A pair of UCNS5801 power drivers (U20 and U21) control relays. Three octal
latches (U22 through U24) control the solid-state switches. Components U34, U36, Q5,
and Q6 process the overload and protection interrupts.

A/D Amplifier Assembly (A15) | 2-83.

The Al5 A/D Amplifier board contains circuitry for generating the chopped dc
reference for the A10 Transfer assembly and circuitry for measuring the output of the
Fluke Thermal Sensor circuit, also on the Transfer assembly. The chopper circuit is
described first, followed by the A/D amplifier and frequency counter.

CHOPPER CIRCUIT 2-84.

Refer to Figure 2-7 for a block diagram of the chopper circuit. The chopper circuit
contains the following main circuit blocks:

¢ 2V divider/DC reference select
* Precision inverter

*  Chopper oscillator

*  Chopper switches

* Chopper attenuators

2V Divider/DC Reference Select 2-85.

Line S-COM is supplied through resistor R4 when the chopper is not in use. DAC-
SNS-HI is supplied (2.2 to 7V) on the 7x10"n ranges (available at TP8). A 5:1 divider
(Z6 pins 8-10) is switched in to supply 0.7 to 2.2V on the 2.2x10"n ranges (available at
TP7). TP16 is at RCOM.

ouTPLT 2V DIVIDER
FROM-# DC REFERENCE
A6 DAC SELECT L

PRECISION | === ¥
INVERTER 28 Ha
chorpERr || cHOPPER | TO
™ ATTENUATORS[ > A10
SWITCHES o
CHOPPER | ASSEMBLY
OSCILLATOR
~trer
28 Hz

Figure 2-7. Chopper Circuit Block Diagram
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Pracision Inverter 2-86.

This block provides -0.7 to -7V from 2 0.7 to 7V input using an LTC1043 (U9) as a
switched-capacitor inverter. Capacitor C9 sets the frequency of an internal oscillator
which continuously alternates the switches at about 400 Hz. Capacitor C5 is charged
through R7 with a positive voltage, inverted, then discharged into C6. This provides a
negative reference voltage without introducing the offset voltage of an op-amp or the

temperature coefficient of a resistor network. The output of this circuit is available at
TP3.

Chopper Oscillator 2-87.

This block provides a pair of square waves (50% duty cycle, 180 degrees out of phase)
that clock the chopper switches. A 4047 (U8) is configured as an astable multivibrator.
Resistor R2 and C4 control the 31.5 Hz rate except when wideband operation is
selected, where U13 switches R15 in parallel with R2 to change the frequency to 80 Hz.
Lines OSC-SET and OSC-RESET are normally low. Setting OSC-SET high stops the
chopper in the inverting state. Setting OSC-RESET high stops the chopper in the
nop-inverting state.

Chopper Switches 2-88.

This block provides a symmetrical square wave equal in rms value to the dc input
voltage (0.7 to 7V). A square wave is used instead of dc for making transfers for two
main reasons:

1. The square wave passes through the ac-coupled amplifiers on the wideband board,
while dc would be blocked by the coupling caps.

2. Errors caused by dc offsets which add directly to a dc reference tend to average out
with a dual polarity input.

Op-amp U10 buffers the positive reference and Q3 increases current capability. Resistor
R11 biases Q3 and R10 provides current limiting. IC U6 switches the output and sense
alternately to a 20-dB divider (Z6) or 2 dummy load (R14). Similarly, components U11,
Q4, R12, R13, and U7 switch the ncgative reference between the dummy load and
divider.

Chopper Attenuator 2-89.

2-36

This block selects the output level of the chopper by switching in 20 and 40 dB
aftenuators. Total attenuation is:

* 0 dB for the 22V, 22V, 220V, and 1000V ranges (neither attenuator in)
¢ 20 dB for 220 mV, 700 mV, 7V, 70V, and 700V ranges

* 40 dB for 22 mV and 70 mV ranges

* 60 dB for 2.2 mV and 7 mV ranges (both attenuators in)

Relay K1 selects either 0 or 20-dB output from Z6 pin 3 or 1. Most of the current from
this attenuator is cancelled by an opposite current in the dummy load, R14. The
remaining current returns to CH-COM through the mecca point at TP1. IC U13 pins 1-3
or pins 14-16 select the 0 or 40-dB output from Z2 pin 1 or 3. Capacitors C10 and C11
form a 40-dB capacitive divider to reduce output impedance at high frequencies. Relay
K2 routes the output to the A6 Wideband assembly for wideband operation, or to the
Al0 Transfer assembly for all other modes.
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The following chart shows division ratio and attenuation for the various ranges:

* Input range 2.2 mV: divide by 5, 20 + 40 dB attenuators

* Input range 7 mV: no division by by 5, 20 + 40 dB atienuators

* Input range 22 mV: divide by 5, 40 dB attenuator

* Input range 70 mV: no division by by 5, 40 dB attenuators

* Input range 220 mV: divide by 5, 20 dB attenuator

° Input range 700 mV, 7V, 70V, and 700V: no division by by 5, 20 dB attenuator
* Input range 2.2V, 22V, 220V, and 1000V: divide by 5, no attenuators

A/D AMPLIFIER CIRCUITS 2-90.

Refer to Figure 2-8 for a block diagram of the A/D amplifier circuit. The A/D amplifier
circuit contains the following main circuit blocks:

Nuil DAC

Instrumentation amplifier

Switchable active low-pass filter

A/D converter

Frequency counter with switchable low-pass filter

Null DAC 2-91.

The Null DAC is set by the CPU to equal the A/D measurement taken with the
instrumentation amplifier on the X1 setting (the first pass). This measurement shows on

L 2 L & L]

L T eve [
DAC
LPF
x10 AND x1
INSTRUMENTA- v ¥ . AD
TION AMPLIFIER 7| CONVERTER
FTS CIRCUIT AND FILTERS
OUTPUT
FROM A1Q ==
TRANSFER
ASSEMBLY
FROM FTS SWITCHABLE .| FREQUENCY cPU
ciRGUIT ] LPF | COUNTER
INPLUT
CPU

Figure 2-8, A15 A/D Amplifier Block Diagram
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the display as the reading with lower resolution and the U indicator lit. This DAC has a
14-bit resolution, where 0 counts gives OV, 3fff hex counts gives +2.2V full scale.

After the first pass, the instrumentation amp is set to X10 and the input signal is offest
with the Null DAC to get higher resolution readings. The Null DAC circuit has a high
degree of short-term stability, which is the critical parameter in its application.

IC U16 is an R-2R ladder DAC, using an internal feedback resistor and external op
amp, U17. Since Ul6 is an R-2R ladder DAC, it injects a current which varies with
DAC counts into the ground. IC U23 buffers R-COM to control the current from Uls,
preserving DAC linearity.

A 0.5 mA reference current is produced by U23 pins 5 and 6 and R18 through 20. This
current biases 6.4V zener VR6. Z1 pins 1 through 3 divide down the zener voltage to
provide a +1V reference for U24. U27 pins 5 through 7 and R20 and R21 form an
inverting amplifier that provides a -2.5V reference for the NULL-DAC U16.

Instrumentation Ampliﬁer 2-92.

The instrumentation amplifier amplifies the difference between the output of the Null
DAC and the output of the FTS circuit on the Transfer assembly. The output of the
instramentation amplifier is fed directly into the A/D amplifier IC, U24. The result of
this system is greatly improved resolution from the A/D IC. The instrumentation
amplifier is switched between a unity gain and a Xi0 configuration.

Components Ul4 and U15 are used as 4-to-1 multiplexers to select the input signal to
the noninverting and inverting inputs to the instrumentation amp. The noninverting
input can be connected to lines RCL, DAC-SNS-HI, R-COM or NULL-DAC. The
inverting input can be connected to DIV-OUT, DAC-SNS-HI, R-COM or NULL-DAC.

Components U19 and U20 buffer the inputs. Components U21, Z2 and Z3 convert the
differential input signal to a single-ended output, available at TP14. (Equivalent to TP10
minus TP9.) The single-ended output is fed to the A/D IC through R27. If this voltage is
too large for the A/D to read, a signal six times smaller is available through R29 and
R30. Maximum resolution is obtained using U22, R24, and R25 as a X10 amplifier.

Capacitor C14 filters high frequency noise, and VR2 and VR3 clamp the output to less
than the A/D ICs power rails. Components U2, R45 through 47 and C42 through 44
form a three-pole Bessel active filter to reduce noise and ripple.

Switchable Active Low-Pass Filter 2-93.

A five-pole Bessel active filter attenuates low frequency ripple. U24 pin 58 is the input
to the filter and pin 56 is the output. Pin 59 and 60 connect to an internal op amp. This
op amp, together with U3, C1, 2, 18, 19, 23, R23, 38, 33, 40, and 41 comprise the filter.
Switches inside the A/D IC can precharge C18 and 19 quickly to reduce settling time.

A/D Converter 2-94,

2-38

A proprietary Fluke IC (U24) containing an A/D converter and frequency counter forms
the basis for this circuit. Voltage is measured through pins 3, 14, 15, 16, 18, or 23. The
following list describes the U24 pin functions:

* Pin 14 is the diagnostic input.

* Pin 15 is the divide-by-6 input. It measures larger voltages than the unity-gain and
X10 inputs, but with the least resolution.

* Pin 18 is the unity-gain-input. It measures voltages up to 3V with less resolution
than the X10 input, but more resolution than the divide-by-6 input.
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* Pin 23 is the X10 input. It measures voltage up to 32 mV

* Pins 28 through 35 comprise an output port that control the inputs to the instrumen-
tation amp through Ul4 and U15.

*  Pins 36 and 37 connect to Y1, C15, and C16 to to provide the clock for A/D timing
and serial interface communication.

* Pins 39 and 40 are the serial interface, buffered by U25 pins 1 through 4.

*  Pins 45 through 50, together with C17 and Z1 pins (4 through 8) form the integrator
for the dual-slope A/D converter.

*  Pins 51 and 52 comnect {o a +1V reference as described under “Null DAC.”

Frequency Counter and Low-Pass Filter 2-95.

The Fluke A/D IC (U24) contains the frequency counter. Frequency is measured
through pin 3. If the input signal is dc, its polarity is determined through this input.

The low-pass filter (R31 and C24) is switched in the frequency measurement line only
to filter out high frequency noise. Transistor Q5 and R44 switch C41 in paralle! with
C24 for additional filtering for low-level input voltages at low frequencies.

DIGITAL CONTROL AND POWER SUPPLY 2-96.

An 82C55 peripheral interface IC (U26) latches in digital control signals. A UCN5801
power driver (U27) controls relays K1 and K2.

The power supply for the A/D Amplifier is comprised of the following components and
circuits:

* Resistors R3 and 6 VR4 and 5 provide =8V supplies for U9.

* Resistor RS and VR1 provide a +5V floating supply for ICs U8 and 13. Resistor
R48 and regulator VR7 supply +15V for Ul6.

*  Capacitors C7, 8, 12, 28 through 39, 50 through 55, 62 through 64, and 67 through
70 bypass the power rails.

DAC Assembly (A16) 2-97.

The DAC (digital-to-analog converter) provides a digitally adjustable precision dc
voltage from O to 11V. The DAC contains four assemblies:

DAC Main Board (A16)
DAC Filter SIP (A16A1)
Reference Hybrid (4HR9)
DC Amplifier Hybrid (4HR6).

L] L] L ®

The DAC uses a pulse-width-modulated scheme to vary its output. The main DAC
circuits that work together for a stable and linear de voltage are:

* A 13V temperature-controlled reference hybrid (4HR9)
* Duty-cycle control circuitry

* A five-pole active filter (A16A1 assembly)

* An output stage

Among the support circuits are:

* A sense-cancellation circuit
* Linearity control circuits
* Negative offset circuit
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All these circuit blocks are shown in Figure 2-9, the biock diagram of the DAC
assembly.

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 exira resolution.

The filter rejects all ac components of the waveforms above 30 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.

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.

0.78 mv DG PS5
NEGATIVE
F
DUTY- CYCLE OFFSET
L
CONTROL
13V DG CHAN.2
REFERENCE
TP7 5-POLE
FILTER
3 - | ATBAT P
CHAN, 1 STAGE
13V Do é—‘{pnuw- CYCLE
CONTRCL
Y
SHUNT SENSE
!
ey [oRe iy
GANCELLATION
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Figure 2-9. A16 DAC Assembly Block Diagram
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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.

DAC ASSEMBLY REFERENCE CIRCUITRY 2-98.

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. The dc reference circuitry is very stable and generate
little noise,

The dc reference circuitry is on the reference hybrid, located on the 4HRY assembly.
The 4HR9 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 operating power and
ground returns.

The 13V reference contains two cascaded 6.5V temperature compensated transis-
tor/zener diode pairs called ref amps (U6 and U7). The excellent temperature character-
istics of the ref amps are obtained by biasing the collector current of 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. 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). H 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, changes the power into the heater
resistor screened on the back of the substrate 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.

DUTY-CYCLE CONTROL CIRCUIT 2-99.

Refer to sheet 3 of the DAC schematic for the cycle control circuitry. 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
digitai bus.
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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. The 82C54 programmable interval timer (U6) and 8 MHz clock (U7) generate
this signal.

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 QUT1 (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
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 UI1B is divided down to
3V by a 100 kQ and 30 kQ resistor in the 4HRY 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 4HR9 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, U7 generates the clock inputs for U14. The output Q1 (pin
5) from U14 creates CHI 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, VRI11, VR12, and R44-R46, so it
switches from 0 to 18V, creating CH1 SERIES B, which switches Q04 and Q5.

DAC FILTER CIRCUIT 2-100.

The dac filter circuit is located on the DAC Filter SIP assembly. The dominant pole of
the five-pole Bessel filter is near 30 Hz. This gives 80 dB of rejection at 190 Hz.

DAC QUTPUT STAGE 2-101.

2-42

The output stage of the DAC assembly consists of the DC Amplifier Hybrid assembly
(4HR6) 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. This hybrid is temperature-
controlled by a heater control circuit in the same manner as explained on the Reference
Hybrid. Transistor Q3 supplies appropriate power to the heater resistor.

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

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

SENSE CURRENT CANCELLATION CIRCUIT 2-102.

This circuit supplies the sense current of equal, but opposite, polarity to the current in
the feedback resistors. This eliminates current in the sense comnection DAC SNS HI.
Components UIA and four resistors on the 4HR6 assembly do this task.

LINEARITY CONTROL CIRCUIT 2-103.

The linearity control circuitry contains the series linearity control circuit and the shunt
linearity control circuit, as labeled 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 5Q) 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
15.710 k€ resistor on the 4HR9 assembly. This circuit eliminates filter current in the
series switch Q3.

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 15.710 kQ resistor in 4HRY and Q4, which makes the
resistance from TP2 to TP5 look like near O ohms.

The shunt linearity control circuit uses op amp U2B, FET Q22, two 80 kS resistors on
the 4HR6 assembly, and one resistor in the 4HRY assembly. Op amp U2B is configured
as an amplifier with an inverting gain of 1. This gain is determined by the two 80 kO
resistors in the 4HR6 assembly. :

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
4HR6 assembly to the output of U2B. This cancels out the current that would flow
through Q6 which makes it look like 0Q.

NEGATIVE OFFSET CIRCUIT 2-104.

This circuit creates a constant offset voltage of approximately -127 mV at the filter
input. Thus, for 2 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 4HR6 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 4HR9 assembly to create the -127 mV on the filter
input.

Wideband Module (A6, Option -03) 2-105,

The 5790A Wideband option extends the S790A operating range to accept signals from
600 uV to 7V over a frequency range of 10 Hz to 30 MHz. The input impedance at the
front panel WIDEBAND Type “N” connector is 50Q on all ranges. Essentially, the
Wideband assembly takes over the function of the A10 Transfer assembly when the
5790A is in the Wideband mode. Refer to Figure 2-10 and the Wideband Assembly
schematic diagram for the remaining theory discussion.
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Wideband inputs are made to the WIDEBAND 500 Type “N” connector on the front
panel, and the option is activated by pressing the [WBND] key. In Wideband mode,
eight input ranges are available: 2.2 mV, 7 mV, 22 mV, 70 mV, 220 mV, 700 mV,
2.2V, and 7V. The operator selects ranges the same way as in standard operation. Once
the system has settled in the proper range, the displays show the amplitude and the
frequency of the input.

The front pane] WIDEBAND connector is connected by a cable to the Wideband (A6)
assembly through board input connector J1. If the mput exceeds approximately 14V pk,
the A6A2 Input Protection module clears relay driver U26, thereby dropping out all four
input relays, protecting the circuit from damage. If the input is greater than full scale on
the highest range (7V), but less than the 14V trip point of the Input Protection module,
the Range Comparators detect an overrange condition. Digital control of Wideband
circuit then clears relay driver U26, dropping out the input relays to open the input path.

NOTE

A detailed circuit description of the AGA2 Input Protection module is
provided further on,

INPUT SIGNAL PATH FOR THE UPPER FOUR RANGES 2-1086.

The following text describes the input signal path from the front panel to the mnput of
rms sensor buffer amplifier U5 as shown on the block diagram. Input signals on the
upper four Wideband ranges (7V, 2.2V, 700 mV, and 220 mV) pass through relays K1
and K4 to resistor network Z1, which provides a 50Q load. The input signal is also
sensed by the AGA2 Tnput Protection module through diodes CR1 and CR31 for positive
voltages and through CRS and CR30 for negative voitages.

Resistor network Z1 attenuates the upper four ranges 10 dB and passes the signal to
relays K7, K2, K3, K8 and attenuator Z2, which has switchable 10-dB and 20-dB
sections. The relays configure attenuator Z2 for the upper four ranges as necessary to
produce a 70 mV full-scale input to buffer amplifier US. The relays configure 72 as
follows:

* 7V range: With 7V input K7, K2, K3, K8 are reset, which switches in both 10 dB
and 20 dB sections of Z2 into the path, providing 30 dB of attenuation. With 2 7V
input to 10-dB attenuator Z1, the output of Z2 is therefor at 70 mV.

¢ 2.2V range: Relays K7 and K2 bypass the 10-dB section of Z2. A 2.2V input results
in a 70 mV RMS signal at the RMS sensor amplifier input (Q6 and US), which is
the same full scale value as in the 7V range.

® 700 mV range: Relays K7 and K2 switch in the 10-dB section of Z2 and relays K3
and K& bypass the 20-dB section of Z2. A full-scale input of 700 mV gives 70 mV
full scale at the RMS sensor amplifier input (Q6 and U3).

* 220 mV range: Relays K7, K2, K3, and K8 bypass both 10-dB and 20-dB sections
of Z2 to give 70 mV full scale at the RMS sensor input.

The 70 mV output of Z2 is connected by FET Q15 to the input of the RMS sensor
amplifier Q6 and US. When the 80-Hz chopped reference (WB CHOP) is needed in the
signal path, Q15 opens the input signal path and Q16 switches in WB CHOP).

INPUT SIGNAL PATH FOR THE LOWER FOUR RANGES 2-107.

The 70 mV, 22 mV, 7 mV, and 2.2 mV ranges foliow a different path to sensor buffer
amplifier U5 as shown in the block diagram. Relays K1 and K4 are deactivated and
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relays K9 and K10 are activated. A 50Q load is provided by Z3 and the signal passes
through FET Q13 to an amplifier/attenuvator network composed of 25 dB amplifier Q3
and U3, 10 to 30 dB attenuator Z4 (with relays K5 and K6}, 17 dB amplifier U2, and
then through FET switch Q17 to the RMS sensor amplifier (Q6 and US5).

When the 80-Hz chopped reference (WB CHOP) is needed in the signal path, Q13
opens the input signal path and Q14 switches in WB CHOP). FET switches for the
upper four ranges, Q15 and Q16, are always turned off in the lower four ranges.]

The lower four ranges are input signal paths are configured as follows:

* 70 mV range: The signal is connected to 25-dB amplifier U3 through FET Q13 and
amplified to 1.2V. Resistor R29 (50Q) and load Z4 (50€2) drop the signal 6 dB to
600 mV at K5. Relays K5 and K6 are reset, which passes the signal through both
the 10 dB and 20 dB sections of resistor network Z4, to give a signal level at the
input of the 17 dB amplifier U2 (pin 3) of 19 mV. Amplifier U2 raises the signal
level to 140 mV. Resistor divider R35 and R25 reduce the signal by 6 dB to 70 mV
and the signal passes to the RMS sensor amplifier input (Q6 and US5) through FET
Q17.

* 22 mV, 7 mV, and 2.2 mV ranges: These are obtained by switching out the
attenuator sections of resistor network Z4 in 10-dB steps down to zero attenuation in
the 2.2 mV range.

DC OFFSET FEEDBACK FOR AMPLIFIER U3 (LOWER BANGES) 2-108.

Amplifier U10 and associated parts provide a de feedback loop to keep the dc voltage at
the output of amplifier U3 (pin 6) near zero. The dc is sensed by resistor R68, amplified
by U10 and feedback to FET pair Q3 at pin 6. The loop adjusts the voltage at Q3 pin 6
until the amplifier output dc voltage is near zero.

The transistors Q19, Q20, Q21, and Q22 in the sources of the dual FETS Q3 and Q6 are
used to set the bias current to approximately 10 mA in each transistor and provide
temperature compensation for the transconductance of the FETS. As the temperature
increases, the base-emitter voltage of the transistors decreases and the current increases
to keep the voltage between the base and the -6V supply constant. The increased current
compensates for the decrease in the FET transconductance as the temperature increases.

RMS SENSOR CIRCUIT 2-108.

Buffer amplifier U5 amplifies the scaled inputs to 1.2V rms and passes the signal
through the protection diode bridge (CR16 through CR19), and to rms sensor U15 ac
input (pin 10). The A6A1 module forces a de voltage into the dc input of rms sensor
U15 pin 6 to balance the heating effect of the ac input. As in the A10 Transfer
assembly, with the rms sensor balanced, the dc input to the sensor is equal to the rms of
the ac input.

TRANSFER METHODOLOGY 2-110.

2-46

The dc output from the rms sensor is connected to the RCL line at P106 pins 12A and
12C by FET switch U16 (pins 3 to 2) and measured by the Al5 A/D Amplifier
assembly. System software takes the A/D measurement and programs the 80-Hz square
wave signal (WB CHOP) from the A/D amplifier whose rms value is approximately
equal to the signal input at the rms sensor amplifier input Q6.

System software switches the WB CHOP signal into either the upper-four-range or the
lower-four-range signal path as previously described. The WB CHOP signal is then
adjusted, if necessary, to give the same dc output of the RMS sensor U15 as the input is
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alternated between the input signal and the WB CHOP signal at a 1-Hz rate. After
applying appropriate constants determined when the 5790A was calibrated, the rms
value of the input is displayed on the front panel

DC OFFSET FEEDBACK FOR THE RMS SENSOR AMPLIFIER 2-111.

Amplifier U12 and associated parts provide a dc feedback loop to keep the dc voltage
on rms sensor UL5 AC input (pin 10) near zero. The dc is sensed by resistor R8&6,
amplified by U12, and fed back to input FET pair Q6 at pin 6. The loop adjusts the
voltage at Q6 pin 6 until the sensor dc voltage is approximately zero.

RANGE COMPARATOR 2-112.

Comparator U1l and U13, and associated parts form a circuit that indicates when the
Ims sensor circuit is being driven beyond normal limits. Each of the 4 Schottky diodes
CR16 through CR19 is biased by current sources Q7 and Q8 to 6 mA each. When
amplifier US is forced by large input signals to drive more than +6 mA output, diode
CR16 and CR19 stop conducting. The 12 mA from Q7 flows through CR17 and split
between the sensor input at U15 pin 10, and R126. The sensor receives 7.6 mA which
gives +3V across the 400Q input of rms sensor ULS pin 10. The 3V is a safe level for
the sensor.

When amplifier U5 is forced to drive more than -6 mA output, diodes CR18 and CR17
stop conducting and the 12 mA from Q8 is split between the resistors and sensor input.
The sensor voltage is thereby clamped at +3V. When the diodes stop conducting in
either direction, the voltage at US pin 6 output jumps to the saturated level of =5V,

When the output of amplifier U5 reaches +2.5V comparator U1 pin 4 or pin 9 drops
low (pin 4 for +2.5V and pin 9 for - 2.5V) and pulls the voltage of capacitor C63 down
to the trip level of 1.5V at the input of U13 (pin 3). The output of U13 at pin 1 drops
low and indicates the need to change to the next highest range. At this signal, the signal
at TP9 (RANGE COMP) causes gate U27 pin 11 to go high and turn on FET Q11. With
Q11 on, the interrupt line at P206 pin 1A is low, thereby telling the digital system to
range up.

If the up-ranging mechanism reaches the 7V range and U13 pin 1 does not indicate that
the sensor amplifier is within the normal range, an overload condition exists and
Wideband mode is turned off.

Diodes CR20, CR21, Q9, Q10 and associated components form a backup clamp for the
rms sensor and are activated only if the CR16 through CR19 protection bridge fails. It
clamps the sensor ac input pin 10 to +3.25V.

WIDEBAND FREQUENCY COUNTER 2-113.

A circuit on the A6A1 assembly conditions signals for use by the frequency counter
circuit on the A15 A/D Amplifier assembly. The counter function for Wideband mode is
provided by buffer Q23 and the counter section of the A6A1 assembly. The output of
mms sensor buffer amplifier US is connected to emitter follower Q23 through resistor
R143. Q23 isloates the counter circuit from the signal measurement path. The output of
Q23 is attenuated by R106 and R141 and passed to the AGA1 assembly input at pin 14
of the SIP connector. The input is sent to comparator Ul at pin 2. Comparator Ul
produces an output of 3.4V (HIGH) or 0.3V (LOW) whenever the input exceeds the
input threshold of about £30 mV. The output of comparator U1 is therefore at normal
logic levels and can be used by divider U2 to divide down by 16.

For frequencies greater than 1.99999 MHz, the output from the circuit is taken from the
divider U2 when quad switch U3 closes the switch from pins 3 to 2 and connects the
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signal to output resistor R11. When quad switch U3 closes the switch from pins 14 to
15 the output is sent on the COUNTER line across the Motherboard to the frequency
counter circuit of A15 A/D Amplifier assembly, where the frequency is measured for
display on the Measurement Display.

For frequencies below 2 MHz, the output from the circuit is taken from comparator Ul
when quad switch U3 closes the switch from pins 10 to 11 and passes the signal to R11
and out the COUNTER line as before. Resistors R6, R10, and resistor networks 72 and
Z3 set the bias and signal levels needed on the COUNTER output line. The signal level
on the COUNTER output line is 400 mV. Below 2 MHz, additional filtering of the
input signal is provided by capacitor C14 which is switched into the circuit by PIN
diode CR1. CR1 is turned on by Q2 when Q1 is turned off by the digital control signal
FILT. The frequency on the COUNTER line is equal to the input frequency between 10
Hz and 1.99999 MHz, and divided by 16 from 2 MHz to 30 MHz (resulting in 125 KHz
to 1.875 MHz).

DIGITAL CONTROL 2-114,

Digital control of the Wideband assembly comes from the instrument digitat bus and is
stored in latches on the Wideband assembly. Relays K2, K7, K3, and K8 are controlled
by driver/latch U25 when data is strobed in by bus line PB6. Relays K1, K4, K5, and
K6 are controlled by driver/latch U26 with strobe PB7. FETs are controlled by latch
U20 and strobe PC1. Swiiches are controlled by U21 and strobe PC2.

ABA2 INPUT PROTECTION MODULE 2-115.

2-48

The A6A2 Input Protection assembly drops out the Wideband input relays the input
signal reaches approximately =14V in amplitude. Opening the input relays protects
Wideband circuits from damage. The instrument drops out of Wideband mode and
activates the INPUT 2 binding posts whenever the A6A2 circuit trips.

The ABA2 circuit is composed of dual comparator U1, transistors Q1 and Q2, zener
diodes VR1 and VR2, and associated components. Zener diode VR1 biases the positive
input at pin 1 to +12V. Transistor Q1 is off until the Wideband input signal reaches
about +14V, which causes diodes CR1 and CR31, or CR24 and CR25 on the Wideband
board to start conducting. When Q1 conducts about 5 mA, it turns on and starts to raise
the voltage at comparator U1 pin 5. The other input of the comparator at Ul pin 4 is
biased to +0.5V. When the input at Ul pin 5 exceeds +0.5V, the comparator output
turns on and drops the voltage on the output connector pin 11 to 0V. Zener diode VR2
biases the negative input at pin 3 to -12V. Transistor Q2 is off until the Wideband input
signal reaches about -14V, which causes diodes CR5 and CR30, or CR14 and CR15 on
the Wideband board to start conducting.

When Q2 conducts about 5 mA, it turns on and starts to lower the voltage at comparator
U1 pin 9. The other input of the comparator at U1 pin 10 is biased to -0.5V. When the
input at Ul pin 9 drops below -0.5V the comparator output turns on and drops the
voltage on the output comnector pin 11 to OV, just as with the positive signal.

The comparator output signal at pin 11 passes to the Wideband board as the INP PROT
signal and connects to a latch composed of two sections of gate package U27. Normal
operation of the latch has INP PROT high and RESET high with the output at U27 pin 6
low. The output at U27 pin 3 is high, which gives a stable latch condition. U27 pin 6 is
also the CLR line which connects to relay driver U26 at pin 1. The output of U27 pin 8
is high. When INP PROT drops low, the output of the latch at U27 pin 6 and CLR goes
high. The high CLR signal turns off all outputs on the U26 relay driver and thereby
drops out all of the input relays K1, K4, K9, and K10. With U26 pin 15 now high, the
output to PCA4 digital line at connector P206 pin 10C is also high. The output of U27 pin
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8 goes low and cause U27 pin 11 to go high and turn on FET Q11. Q11 pulls the INT
line low at connector P206 pin 1A.

The digital system recognizes that the WIDEBAND input was over £14V when the INT
line goes low at he same time that the level at PC4 (connector P206 pin 10C) went high.
The system is returned to normal operation when the RESET line programmed from
latch U21 pin 19 is momentarily set low to reset the U27 latch. Also PC4 is programed
low by U26 pin 15 and the circuit is back to normal operation.
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INTRODUCTION 3-1.

This section gives procedures for calibrating and verifying a normally operating 5790A.
In case of malfunction, refer to Section 5.

This section defines the 5790A calibration methods, then presents step-by-step proce-
dures for calibrating the main input. You can apply calibration voltages to either INPUT
I or INPUT 2. Calibration is valid for both inputs after calibration is complete.
Following main input calibration is the procedure to calibrate the WIDEBAND input
{only if the Option 5790A-03 Wideband AC module is installed).

Verification is a procedure vou can use to determine calibration statiis {in or out of
tolerance} on recall. Procedures for verifying the main input and Wideband option are
presented separately.

Calibration Cycle 3-2.

Calibration is required as often as specified by your selected calibration cycle. You
choose a 90 DAY, 1 YEAR, or 2 YEAR calibration cycle in a setup menu as described

- in Section 4, or using remote commands as described iz Sections 5 and 6. The
calibration procedure is the same for all calibration intervals. Your calibration cycle
selection determines which set of specifications from Section 1 is valid. It is also used
for Cal Shift Reports, and for display when you press the [SPEC] key.

Periodic and Service Calibration 3-3.

Periodic calibration is what you perform at the end of each calibration cycle and is all
that is required to keep a normally functioning 5790A operating within specifications.
For this procedure you set the rear panel CALIBRATION MODE switch to PERIODIC.

Service calibration is a more complex calibration procedure that is required only after
hardware repair or replacement. Service calibration is similar to the procedure done at
the factory when the 5790A is built. For this procedure set the rear panel CALIBRA-
TION MODE switch to SERVICE. This switch setting adds many calibration points to
the software-controlled calibration routine. The CALIBRATION MODE switch setting
has no effect on WIDEBAND input option calibration or verification.

Full or Range Calibration 3-4,

When you perform a periodic calibration of the main input, you calibrate the de
measwrement function first because subsequent ac calibration relies on 5790A dc
measurement accuracy. Calibrating both the dc and ac functions is called full calibra-
tion,

Instead of full calibration, you can select range calibration, which presents display
prompts for calibrating the dc or ac functions of a single input range. This allows you
you to repeat portions of a just-completed calibration. You can use the “Skip Step”
softkey to redo one or a few points, leaving the rest of the calibration points unchanged.
Once you press a range cal softkey, you proceed with calibration steps exactly as
explained under “Calibrating the Main Input” or “Calibrating the WIDEBAND Input”
heading.

Automating Calibration and Verification 3-5.

Fluke uses an automated calibration and verification system to accomplish the proce-
dures described here. To minimize time you spend on repetitive measurements and
calculations, you may want to automate the following procedures to the greatest extent

3-3



5790A

Service Manual

possible. Sections 5 and 6 of the User Manual document the remote interfaces and
commands that can help you with calibration.

NOTE

A technical paper describes the system in use at Fluke to calibrate and
verify the 5790A: Calibration and Traceability of a Fully Automatic AC
Measurement Standard, by David Deaver, presented in the NCSL Work-
shop and Symposium, 1991. Reprints are available from Fluke.

How Calibration Memory is Organized 3-6.

Three sets of calibration constants are maintained in memory. Associated with each set
of constants is the date and ambient temperature of calibration. Figure 3-1 shows the
three sets and how they are purged following a calibration store operation. The three
sets of constants are described below, from newest to oldest:

1. The “active™ set. This is a volatile memory that normally contains a copy of the
contents of the stored set of calibration constants. The only time it contains different
data is after you perform calibration of one or more ranges, but before you store the
updated constants. After calibration, you must either store or discard the updated
constants before you resume normal operation.

2, The “stored” set. At each power up, the contents of this nonvolatile nemory is
copied into the active set memory. Therefore, the stored set is identical to the active
set until you perform a new calibration.

3. The “old” set. Although it is no longer in use, the previous set of calibration
constants is saved in nonvolatile memory. This set is kept in order to make
comparisons in Cal Shift reports.

AFTER CALIBRATION BUT BEFORE STORING:

ACTIVE STORED oLD
SET SET SET
(VOLATILE) (NONVOLATILE) (NONVOLATILE)
STORE OPERATION:
ACTIVE STORED oLb DISCARD
SET - SET > SET e
(VOLATILE) (NONVOLATILE) (NONVOLATILE)

AT EACH POWER-UP:

ACTIVE COPY STORED CLD
SET * SET SET
(VOLATILE) (NONVOLATILE) (NONVOLATILE)

3-4

Figure 3-1. 5790A Calibration Memory Organization
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NOTE
For a theoretical discussion of calibration constants, refer to Section 2.

How to lise the Calibration Menus 3-7.

When you press the [UTIL MENUS] key followed by the “Cal” softkey. The top-level
calibration menu appears as shown below:

The functions of the softkeys and the location of related instructions are described next.

THE CAL MENU 3-8.

Assuming that the CALIBRATION MODE swiich is in the PERIODIC position, the
“Cal” softkey produces the following menu:

The functions of the softkeys in this menu are as follows:

* Main Cal: starts dc and ac calibration of the main input. The procedure is described
under “Calibrating the Main Input” in this section. (This softkey is “Service Cal” if
the CALIBRATION MODE switch is in the SERVICE position.)

*  WBND Cal: appears only if the Wideband AC option is installed. It starts absolute
(gain) and flatness calibration of the Wideband option. The procedure is described
under “Calibrating the Wideband AC Option” in this section.

* 2.2V Range AC Cal: provides quick access to the main input ac calibration steps of
a single range. The procedure is the same as for “Calibrating the Main Input” in this
section. The range showing depends on the range that is presently selected.

* 2.2V Range DC Cal: provides quick access to the main input dc calibration steps of
a single range. The procedure is the same as for “Calibrating the Main Input” in this
section. The range showing depends on the range that is presenily selected.

NOTE

If the CALIBRATION MODE switch is in the SERVICE position, a softkey
Jor “Xfer Offset Adjust” appears in the top-level calibration menu. It
generates a display with a pointer that helps vou make an internal
adjustment on the Transfer assembly. The adjustment removes the offset in
the millivolt input amplifier stage, and is required only following repair or
replacement of that assembly. Instructions for this adjustment are
described under “Service Calibration”.
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ZERO CAL SOFTKEY 3-9.

Starts the Zero Calibration procedure described in Section 4 of the Operator Manual. Tt
is recommended that you perform this brief, automatic procedure at least every 30 days.
The setting of the CALIBRATION STORE or MODE switches does not matter for Zero
Calibration.

SEE CAL DATES SOFTKEY ' 3-10.

This softkey displays the dates of the last zero calibration, main calibration. service
calibration (normally when the 5790A was built), and Wideband option calibration (if
installed).

CAL REPORTS SOFTKEY 3-11.
This softkey produces a menu that lets you print one of the following types of
calibration reports through the serial interface:

*  MEASUREMENT SHIFTS: STORED VS. OLD: Use this report at any time to see
the shifts that occurred at the last stored calibration.

NOTE

A report of ACTIVE VS. STORED measurement shifts is offered only after
you have completed a calibration process and not yet stored rthe updated
CONSIanIs.

* CALIBRATION CONSTANTS: Print this report to list the active, stored, and old
set of calibration constant names and values. There are many different types of
constants for each calibration point that correct gain, zero, dc turnover, and flatness
LITOES.

UPDATE CAL DATES MENU 3-12.
Pressing the Update Cal Dates softkey produces the following menu:

There is only one case in which you would use these functions: If you perform a
complete main input calibration or wideband calibration process and not a single
significant shift was detected, you press one of these keys to update the date and
temperature of the stored set of calibration constants to the current date. The rear panel
CALIBRATION STORE switch must be set to ENABLE to update cal dates. Updating
the calibration date in this way does not generate a new set of calibration constants.

PERIODIC CALIBRATION 3-13.

The following information describes how to calibrate the 5750A to external standards. You
can substitute either manual or automated equivalent equipment and methods, for the
following calibration procedures, but only if the equipment and standards used have
uncertainties equal to or befter than specified. During 5790A calibration, select the fast,

medium, or slow filter.
3-6
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Calibrating the Main Input 3-14.

Calibrate INPUT1 or INPUT2 by using the following sequence of procedures:

1. Characterize the dec source
2. Perform dc calibration
3. Perform ac calibration

Throughout dc and ac calibration, the Control Display prompts you with the next step
and informs you of the progress of calibration. The number of calibration steps depends
on whether the CALIBRATION MODE switch is set to PERIODIC or SERVICE. The
cable connections for the dc and ac calibration are kept as similar as possible so that a
minimom of mechanical changes are required during the procedure.

CHARACTERIZING THE DC SOURCE 3-15.

To meet the test uncertainty requirements for 5790A main input dc calibration, you
must first characterize (i.e., calibrate to a higher uncertainty than the published
specifications) the dc function of the S700A at th