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CERTIFICATION

Valhaila Scientific, Inc. certifies that
this instrument was thoroughly tested and
inspected and found to meet its published
specifications when it was shipped from the
factory. Valhalla Scientific, Inc. further
certifies that its calibration measurements
are traceable to the National Bureau of
Standards to the extent allowed by NBS's
calibration facility.

WARRANTY

The warranty period for this instrument is
stated on your invoice and packing list.
Please refer to these to determine approp-
riate warranty dates. We will repair or
replace the instrument during the warranty
period provided it is returned to Valhalla
Scientific, Inc. freight prepaid. No other
warranty is expressed or implied. We are
not liable for consequential damages.
Permission and a return authorization
number must be obtained directly from the
factory for warranty repair returns. No
liability will be accepted 1if returned
without such permission.
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00856
Aergvox Corp.
New Bedford, Massachusetts

00686
Film Capacitors, Inc.
Passaic, New Jersey

00779
AMPF inc.
Harrisburg, Pennsyivania

00B53
Sangamo Electric Company
Pickens, South Carolina

ot12%
Allery-Bradiey Co.
Milwaukee, Wisconsin

01255
Litton Industries, Inc
Beveriy Hills, California

01281

TRW Electronic Comp.
Semiconductor Operations
Lawndale, California

01295
Texas Instruments, Inc
Dallas, Texas

01686
RCL Electronics Inc.
Manchester, New Hampshire

02114
Ferroxcube Comp,
Saugerties, New York

02131
General Instrument Corp.
Westwood, Maine

02799
Areo Capacitors, Inc.
GChatsworth, California

03508
General Electric Co.
Syracuse, New Yark

03797
Genisco Technology Corp.
Compton, California

Q03877
Transistron Electronic Corp.
Wakelield, Massachusetts

03811
Clairex Corp.
Mt Vernon, New York

04009
Arrow Hart Inc.
Hartford, Connecticut

Qa7
Essex International Inc.
Anaheim, Calitornia

04222
AVX Corp.
Myrtle Beach, Florida

04423
Telonic industries
Laguna Beach, California

04713
Moterola Inc.
Phoenix, Arizona

04946
Standard Wire & Cable
Los Angeles, California

05276
Pomona Electronics Co., Inc
Pomona, California

05277
Woestinghouse Electric Corp.
Youngwood, Pennsylvania

05397
Kemet, Union Carbide Corp,
New York, New York

05574
Viking Industries
Chatsworth, California

05820
Wakefield Engineering inc.
Wakefield, Masasachusatts

06001
General Electric Co.
Columbia, South Carclina

06383
Panduit Corp.
Tinley Park, illinois

06473
Bunker Ramo Corp.
Chatsworth, Califarnia

06555

Beede Eiectrical Instrument Co.

Penacook, New Hampshire

06743
Clevite Corp.
Clevetand, Qhio

07088
Kelvin Eilectric Company
Van Nuys, California

07256
Silicon Transistor Corp.
Chelmsford, Massachusetts

07263
Fairchild Semiconductor
Mountain View, California

07344
Bircher Co, Inc.
Rochester, New York

07597
Burndy Corp.
Rochester, New York

Q77186
I R C Incorporated
Burlington, lowa

07910
Teledyne Semiconductor
Hawthaorne, California

08065

Accurate Rubber and Plastics Co.

San Diego, Calitornia

08261
Spectra Strip Corp.
Garden Grove, California

08530
Reliance Mica Corp.
Brooklyn, New York

08806
General Electric Co.
Cieveland, Ohio

08026
Babcock Eiectronics Gorp.
Costa Mesa, Califormia

09214
G. E. Co. Semi-Conductar
Auburn, New York

09353
C and K Components
Watertown, Massachusetis

Q9922
Burndy Corp.
Norwatk, Connecticut

09869
Dale Electronics Inc.
Yankton, S. Dakota

11236
CTS of Berne
Berne, Indiana

11403
Best Products Co.
Chicago, Hinois

11503
Keystone Columbia Inc.
Warren, Michigan

11532
Teiedyne Reiays
Hawthome, California

11711
General Instrument Corp.
Hicksvilte, New York

12014
Chicago Rivet & Machine Co.
Bellwood, Ilinois

12060
Diodes, Inc.
Chatsworth, California

12136
Philadelphia Handle Co.
Camden, New Jersey

12405
Hysocl Corporation
El Monte, California

12406
Elpac, Incorporated
Fullerton, California

12615
U.8. Terminals inc.
Gincinnati, Ghio

12617
Hamlin inc.
Lake Mills, Wisconsin

12697
Clarostat Mig. Co.
Dover, New Hampshire

12969
Unitrode Corp.
Watertown, Massachusetis

13103
Thermatloy Co., Inc.
Dallas, Texas

13327
Solitron Devices Inc.
Tappan, New York

13454
Texas Crystals
River Grove, Hllinois

13511
Amphenol Cadre Div.
Los Gatos. Calitornia

13806

Use 56289

Sprague Electric Co,
Concord, New Hampshire

14099
Semtech Corp.
Newbury Park, California

14655
CornellDublier Electronics
Newark, New Jersey

14752
Electro Cube Inc.
San Gabriel, California

14936
General Instrument Corp,
Hicksvilie, New York

15801
Fenwal Electronics Inc.
Framingham, Massachusetts

15818
Teledyne Semiconductors
Mountain View, California

15849
Useco inc.
Van Nuys, California

15898

International Business
Machines Corp.

Essex Junction, Vermont

16332
Replaced by 28478

16473
Cambridge Scientific Ind.
Cambridge, Maryland

16758
Deico Electronics
Kokomao, Indiana

17856
Siliconix, Inc.
Santa Clara, California

18324
Signetics Corp.
Sunnyvale, California
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18612
Vishay Intertechnology Inc.
Malvern, Pennsylvania

18722
RCA
Mountaintop, Pennsylvania

18927
GTE Sylvania Inc.
Titusville, Pennsylvania

21804
Bucheye Stamping Co.
Columbus, Ohio

21845
Solitron Devices Inc.
Riveria Beach, Florida

22767
ITT Semiconductors
Palo Alo, California

23936
Pamotor Div.
Burtingham, California

24355
Analog Devices Inc
Norwood, Massachusetts

24655
General Radio
Concord, Massachusetis

25088
Siemen Corp.
Isilen, New Jersey

25403
Amperex Electronic Corp.
Siatersville, Rhode Istand

25684
Victoreen Instrument Co,, Inc.
Oak Lawn, IHinois

27014

National Semiconductor Corp.

Santa Clara, California

27556
IMB Electronic Products
Santa Fe Springs, California

27264
Molex Products
Downers Grove, Hlinois

28213
Minnesota Mining & Mfg Co.
5t Paul, Minnesota

28480
Hewiett Packard Co.
Palo Atto, Calitornia

20083
Monsanto Co, Inc.
Santa Clara, California

29604
Stackpole Components Co.
Raleigh, North Carolina

30323
Hlinois Tool Works, Inc.
Chicago, lllinois

30883
Electra/Midiand
San Diego, Calitornia

32539
Mura Corp.
Great Neck, New York

32897

Erie Technological Products, Inc.

Carliste, Pennsylvania

32997
Boutns Inc.
Riverside, California

33173
General Electric Co.
Owensboro, Kentucky

34333
Silicon General
Westminister, California

34335 .
Advanced Micro Devices
Sunnyvale, California

34802
Electromotive Inc.
Kenilworth, New Jersey

37942
P.R. Mallory & Co, Inc.
Indianapolis, indiana

43543
Nytronics Inc.
Geneva, New York

44655
Ohmite Mig. Co.
Skokie, illinois

49671
RCA Corp.
New York, New York

49956
Raytheon Company
Lexington, Massachusetts

50088
Mostek Corp.
Carrollton, Texas

50579
Litronix inc.
Cupertino, California

51605

Scientific Compeonents Inc.

Linden, New Jersey

53021
Sangamo Electric Ca.
Springtield, Hlinois

53504
Valhalla Scientific, Inc.
San Diego, California

54294
Cutler-Hammer Inc.
Seima, North Carclina

55026
Simpson Electric Co.
Elgin, Ilinois

56289
Sprague Electric Co.

North Adams, Massachusetts

58474
Superior Electric Co.
Bristol, Connecticut

63743

Ward Leonard Electric Ca, Inc,

Maount Vernon, New York

65092
Waeston Instruments inc.
Newark, New Jersey

70563
Amperite Company
Uinion City, New Jersey

70803
Beiden Corp.
Geneva, lllincis

71279
Cambridge Thermionic Corp.
Cambridge, Massachusetts

71400
Bussmann Mig
Saint Louis, Missouri

71450

CTS Corp.

Elkhart, Indiana

71468

ITT Cannon Electric inc.
Santa Ana, California
71482

Clare, CP.& Co.
Chicago, lilinois

71590

Centrelab Electronics
Milwaukee, Wisconsin

THrar
Coto Coil Co., Inc.
Providence, Rhode Isiand

71744

Chicago Miniature Lamp Works
Chicago, IMinois

71785

TRW Electronics Components

Chicago, Itlinpis

72005
Wilber B. Driver Co.
Newark, New Jersey

72259
Nytronics Inc.
Petham Manor, New Jersey

72619 |
Dialight Div.
Brookiyn, New York

72982
Erie Tech. Products Inc.
£ne, Pennsyivania

73138

Bechman Instrument Inc.
Helipot Division
Fullerton, California

73445
Amperex Electronic Corp.
Hicksville, New York

73734
Federal Screw Preducts, Inc
Chicago, llinois

73899
JFD Electronics Co.
Brooklyn, New York

73949
Guardian Electric Mig Co.
Chicago, tlinois

74276
General Instrument Corp.
Neptune, New Jersey

74306
Piezo Crystal Co.
Carlisle, Pennsylvania

74970
Johnson EF, Co.
Waseca, Minnesota

75042

TRW Electronics Components
IRC Fixed Resistors
Philadelphia, Pennsylvania

75378

CTS Knights Inc.
Sandwich, Illinois
75382

Kulka Electric Corp.
Mount Vernon, New York

75915
Littiefuse Inc.
Des Plaines, Illinois

76055
Mallory Controls
Frankfort, indiana

76493
JW. Miller Company
t os Angeles, California

76854
Qak Industries inc.
Crystal Laka, illinois

77342
Potter & Brumiield Div.
Princeton, Indiana

77638

General instrument Corp,
Rectifier Division
Brooklyn, New York

78488
Stackpole Carbon Co.
Saint Marys, Pennsylvania

78553
Eaton Corp.
Cteveland, Ohio

80031

Electro-Midland Corp.
Mepco Div.

Norristown, New Jersey

56289
Sprague Products
North Adams, Massachusetts

80294
Bourns Inc,, instrument Div.
Riverside, California

81073
Grayhill, Inc.
La Grange, Hlinois
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81085
Triad Transtormer Corp.
Venice, California

B2

Winchester Electronics
Div. of Litton Industries Inc.
Oahville, Connecticut

81483
international Rectifier Corp.
Los Angeles, Calilornia

81741
Chicago Lock Co,
Chicago, lllinois

82389
Switchcralt inc.
Chicaga, Ninois

B2877
Rotron Inc.
Woodstock, New York

82879
iTT Royal Electric Div.
Pawtucket, Rhode |siand

83003
Varo inc.
Garland, Texas

83298
Bendix Corp.
Eatontown, New Jarsey

83330
Herman . Smith, Inc.
Brookiyn, New York

83594
Burroughs Corp.
Plainfield, New Jersay

83740
Union Carbide Com.
New York, New York

84171
Arco Electronics
Great Neck, New York

84411
TRW Electronic Components
Ogallala, Nebraska

84813
Fuse Indicator Corp.
Rockyille, Maryland

84682
Essex International Inc.
Pesabody, Massachusetts

86684
Radio Com. of America
Harriaon, New Jersey

88219
Gould Inc.
Trenton, New Jersey

88245

Litton Systems Inc.
Useco Div.

Van Nuya, California

88419
Comel-Dubilier Electronic Div.
Fuquay-Varian, North Caroling

89730
GE. Co.
Newark New Jersey

90201
Mallory Capacitor Co,
Indianapolis, indiana

56365
Square D Co.
Chicago, tHinois

90303
Maliory Battery Co.
Tarrytown, New York

91094
Essex International Inc.
Newmarket, New Hampahire

91293
Johanson Mig. Co.
Boonton, New Jarsey

91508
Augat inc.
Attieboro, Massachusetts

91637
Dale Electronics Inc.
Columbusa, Nebraska

91682
Elco Corp.
Willow Grove, Pennsylvania

71468

Gremar Mig. Co_, Inc
ITT CannonvGremar
Santa Ang, California

91802
industrial Devices, Inc.
Edgewater, New Jersey

91833
Kaystone Electronics Com.
New York, New York

91929
Honeyweil Inc.
Micro Switch Div.

Freeport, lllinois

92194
Alpha Wire Com,
Elizabeth, New Jersey

83332
Sylvania Electric Products
Wobum, Massachusetts

94988

‘Wagner Electric Comp.
Tung-Sol Div.

Newark, New Jersey

95146

Alco Electronic Products Inc.

Lawrence, Massachuaastts

85275
Vitramon Inc,
Bridgeport, Connecticut

95303

RCA Comp.
Receiving Tube Div.
Cincinnati, Ohic

95348
Gordo's Carp.
Bloomfield New Jersey

95712
Bendix Corp,
Franklin, Indiana

97913

Industrial Electronic
Hardware Corp.
New York, New York

97945

Penwah Com.

5SS White Industrial Products Div.
Piscataway, New Jersey

8278

Maico A, Microdot Co., Inc.
Connector & Cable Div.
Pasadena, California

298291
Seaiectro Comp.
Mamaroneck, New York

98388

Rovyal Industries
Products Div.

San Diego, Califormia

28078
IERC
Burbank, California

99120

Plastic Capacitors, Inc.
Chicago, Ninois
99217

Belt Induatries Elect
Burbank, Cakifornia

29392
ST™
Oukland, California

99515 .

-ITT Jennings Monrovia Plant

Monrovis, Calfornia

98779

Use 29587

Bunker-Ramo Corp.
Landadowne, Pannsylvania

2909942
Centrelab Semiconducior
Et Monts, California
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SECTION I - UNPACKING AND INSTALLATION

1.1 UNFACKING AND INSPECTION

If the shipping carton 1s damaged, request that the carrier's agent be
present when the unit 1s unpacked. If the Instrument appears damaged
when unpacked, the carrler's agent should authorize repairs before the
unit is returned to the factory. Even 1f the instrument appears
undamaged, it may have suffered internal damage 1n transit that may not
be evident until the unit 1s operated or tested to verlfy conformance
wlth 1ts specifications. If the unlt falls to operate or falls to meet
the performance specifications of Section II, notify the carrier's
agent and the nearest Valhalla Sales Office. Retain the shipping
carton Tor the carrler's Iinspection. DO NOT return equipment to
Valhalla Scientific or any of 1ts sales offices prior to obtaining
authorization to do so.

1.2 INITIAL ADJUSTMENTS

The only adjustments required before placing the unit in operation are
to set the rear panel switch to the local power voltage and verify that
the proper fuse 18 Installed as listed in Table 1-1.

1.3 INSTRUCTIONS FOR BENCH USE

The unit is delivered with all required hardware for bench use
Installed and speclal instructlons for use in that manner are not
necessary. However, before connecting the unlt to the local power
source, verlfy that the power cord is equipped with a three-terminal
connector (see the Safety Precautions of paragraph 1.5).

1.4 INSTRUCTIONS FOR RACK MOUNTING

Optional brackets are avallable for mounting the Model 2703 in an
equipment rack. These are listed 1In Section VII. The size of the unit
and the location of 1its center of gravity dictate that it should be
supported on both sides along 1its entire length through the use of
"trays" or slides. If 1t is to be transported while mounted in a rack,
it should be supported so as to prevent upward or downward movement.

Note that the speclficatlions listed in Section II i1ndicate that
accuracy of the unlt 1s degraded at abnormally high temperatures.
Therefore, 1t 1s recommended that blank panels at least 1.75 inches
high be installed between this and any other units in the rack to
insure freedom of alr flow. Under no circumstances should the amblent
air temperature around the unlt exceed 50°C while the unit is 1in
operation or T70°C when power 18 removed.



1.5 SAFETY PRECAUTIONS

The power plug should be a three-contact device and should be inserted
only 1into a three-contact mating socket where the third contact
provides a ground connection. If power 1s provided through an
extenslon cable, the ground connection must be continuous. Any
discontinuity in the ground lead may render the unit unsafe for use.

Table 1-1. Voltage Switch Settings and Fuse Ratings.

SUPPLY SWITCH  FUSE
VOLTAGE SETTING RATING
100 ~ 130 Volts 115 3.0 Amp Slo Blo
200 - 260 Volts 230 1.5 Amp Slo Blo
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2.1

Operating specifications are listed in Tables 2-1 and 2-2.
environmental requirements are listed in Table 2-3.

GENERAL

SECTION II - SPECIFICATIONS

Power and
Accuracy may be

degraded 1f environmental conditlons are not within specified limits.

Table

2-1,

Operating Speclfications.

AMPLITUDE SETABILITY AND RESOLUTION:

RANGE | SETABILITY [RESOLUTION
0.12V 0.122221 fuVv
1.2V 1.22221 10uV
12.V 12.2221 100uV
120.V 122.221 1mV
1200.V 1222.21 10mV
AMPLITUDE ACCURACY*:
10 Hz 1 KHz 10 KHz 30 KHz 100 KHz
RANGE
0.12 0,03 + 0,02 | 0.05 + 0,05
1.2 0.02 + 0.01 0.03 + 0.03
12. 0.03 + 0.03
120. 0.05 + 0.03
1200. 0.03 + 0.03

* Amplitude accuracy is for ninety days at 22°C to 28°C following a thirty-minute warm-
up time. The percentages in the table are of +% of setting and +% of range +20 uV and are
relative to NSB traceable standards. The specifications are valid above 1% of range for

the full range of supply voltages and frequencies.

AMPLITUDE STABILITY:

AMPLITUDE TEMPERATURE

COEFFICIENT:

OUTPUT CURRENT CAPABILITY:

LOAD CAPACITANCE:

LOAD REGULATION:

1/20th of specification per month.

1/20th of specification per °C.

100 mA RMS except 0.12V range is 0.3 mA;

1200V range is TmA.

Minimum Load Impedance 50 ohms
Maximum load capacitance is 500 pf
within output current limitations.

Less than 0.01% change from
no load to full load.

(Continued)

Revised:

1/2/85



Table 2-1.

Operating Specifications (Continued).

FOUR-TERMINAL OPERATION:

Reduces the effect of lead impedance by at
least 100:1 in Remote Sense mode.

FREQUENCY SETABILITY AND RESOLUTION:

INCREMENT 1

RANGE SETABILITY

100 Hz 100,00 Hz 0.01 Hz

1000 Hz 1000.0 Hz 0.1 Hz

10 KHz2 10.000 KHz 1 Hz

100 KHz § 100.00 KHz 1 KHz (10 KHz above 50 KHz)

FREQUENCY ACCURACY:

FREQUENCY STABILITY:

+0.01% of setting for 1 year over
entire temperature range.

+0.0005% of setting per month
40.0001% of setting per °C.

EXTERNAL PHASE LOCK CAPABILITY: Output frequency may be locked to an

external signal over a range of +40%
of the frequency selected on the front
panel. A front panel LED indicates out
of lock condition.




2703 DISTORTION AND NOISE

Frequency THD + N (Typical) THD + N (Maximum)

10Hz - 400KHz MBW 10Hz - SMHz MBW
10Hz - 4KHz 0.015% + 0.01% range + 80uV 0.04% + 0.03% range + 250uV
4KHz - 10KHz 0.045% + 0.01% range + 80uV 0.09% + 0.03% range + 250uV
10KHz - 50 KHz 0.2% + 0.02% range + 80uV 0.4%+ 0.05% range + 250uV
50KHz - 100KHz 0.4% + 0.03% range + 150uV 0.75% +0.07% range + 500uy

Add 0.05% of range on 1200V range below 30Hz

n_m remen hni

The 2703 (as all microprocessor controlled calibration equipment) exhibits common mode
interference in the } to SOMHz range. This means that for low level signals to be adequately
measured, this noise must b grounded at the 2703. Even if the distortion analyzer is
grounded, the output low (black terminal) of the 2703 must be grounded for these signals not
to be converted into series mode high frequency signals. This is especially true if Hewlett-
Packard distortion analyzers are used, since these products have very high measurement
bandwidth (in excess of 10 MHz) but have a very poor common mode rejection at these

frequencies.

Revised 10/5/85
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2705 AC VOLTAGE/PHASE STANDARD

Phase Accuracy - 10 Hz - 1000 Hz + .25°
1 KHz - 10 KHz + 1.5°
Phase Nolse - 10 Hz - 1000 Hz #+ .14°
1 KHz - 10 KHz + .7°
Phase Settability - 10 Hz - 1000 Hz + .1° (0-360° Lag).
1 KHz - 10 KHz + 1° (0-360° Lag).
Harmonic Distortion & 10 Hz - 1000 Hz - AS 2703
Noise - 1 KHz - 10 KHz - Dominated by Phase Nolse

VOLTAGE OUTPUT SPECIFICATIONS - As 2703 + 0.02% of setting below 30 Hz
and above U4KHz. Minimum output of both master and slave 5% of range or

10 mV, whichever greater.

Master-Slave Common Mode Voltage - 100V peak - A maximum of two glaves

can be driven from one master.

Note: When operating a slave unit
phase errors are cumulative fr
unit.

eg 2705 via another slave unit,
om Master eg. 2703 to final slave

FRONT PANEL CONTROLS:

Voltage, Standby/Operate, Local, Remove Sense - As 2703

Phase - Rotary Switches - Continuous Phase Adjustment

Push Buttons - Five Preset Phase
240°

ALL OTHER SPECS SAME AS 2703

Settings - 0°, 90°, 120°, 180°,

Table 2-3. Environmental, Power and Physical Requirements

ENVIRONMENTAL
Working Temperature Range: 0
Storage Temperature Range: -
Maximum Relative Humidity: 7

POWER REQUIREMENTS

Power Supply Voltage: 1
Power Supply Freguency: 5
Power Consumption: 1

to 50°C
30 to 70°C
0% to HLO°C

00-130 or 200-260
volts '

0, 60 or 400 Hz
(+5%)

80 Watts maximum
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SECTION III - MANUAL OPERATION - 2703

3.1 GENERAL

A complete descriptlion of major functions of the front panel controls
and indicators 1s provided in the following paragraphs.

Each time power is applled, all bars and all LEDs on the front panel
will be 1lluminated. Approximately one second later, both displays
will greet the operator with "HELLO". After another second, the
instrument will commence operation in the Standby mode in the 100
millivolt range, set to 100 millivolts at a frequency of 1000 H=z.

3.2 CONNECTIONS

The Model 2703 1s a four-wire instrument. It 1s equipped with separate
terminals for connection of the output voltage and remote sensing leads
of the instrument. However, it may be used as a two-wire instrument as
well. Directions for use in both modes are included 1in following
paragraphs.

CAUTION

The 2703 has rear panel terminals wired in parallel with
those on the front panel. The user should be careful when
making connections that other leads are not already connected
to the other terminal cluster.

3.2.1 FOUR-WIRE CONNECTIONS

When the Model 2703 is used as a four-wire Iinstrument, the voltage
leads and the sense leads of the instrument should be connected
together at the load. Care should be exercised to insure that the
leads connected together at the load are of the same polarity. The
REMOTE SENSE pushbutton should be used to select Remote Sense
(four-wire), as indicated by the LED on the pushbutton beling
f1luminated. It should be noted that should the voltage at the SENSE
terminals be more than 20% of range from that expected, then the unilt
automatically selects STANDBY.

3.2.2  TWO-WIRE CONNECTIONS

When the instrument 1s used with only two wires, the REMOTE SENSE
pushbutton should be used to deselect Remote Sense, as indicated by the
LED on the pushbutton belng extinguished. Sensing 1s then done
internally, and the SENSE terminals are open-circulted.

3.3 STANDBY/OPERATE PUSHBUTTON
The STANDBY/OPERATE pushbutton 1is an alternate action pushbutton

switeh. The output in Standby 1s zero, 1in Operate it 1s the voltage
and frequency indicated in the front panel display.
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3.4 SETTING OUTPUT VOLTAGE AND FREQUENCY

To set the voltage output of the Model 2703, select the desired
full-scale voltage range using the range pushbuttons. The LED on the
key for the chosen range will remain 1lluminated. Set the desired
voltage using the five rotary switches below the VOLTAGE dlsplay. As
the numbers are entered, they appear in the display. Note that
selecting a range other than 1200V, does not change the Standby/Operate
mode. The 1200V pushbutton places the instrument in Standby.

To set the frequency of the Model 2703 output, select the full-scale
frequency range using the frequency range pushbuttons. The LED on the
key for the chosen range will remain illuminated. Set the desired
frequency using the four rotary switches below the frequency display.
As the numbers are entered, they appear in the display.

3.5 LIGHTNING BOLT

To the left of the output terminals is a display that looks llke & bolt
of lightning. When it is 1lluminated, it indicates that the instrument
output voltage 18 30 volts or greater, or that the 1200-volt range is
selected.

3.6 PHASE LOCK PUSHBUTTON

This button alternately selects and deselects the Phase Lock mode of
operation. When the PHASE LOCK mode 18 active, the LED in the key 1is
11luminated. In thls mode, the desired frequency must be connected to
the EXT connector on the rear panel, and the frequency and frequency
range selected should be close to the external frequency. If the
difference between the external frequency and the frequency selected on
the front panel 13 excessive, the LED marked UNLOCKED will be
illuminated.

3.7 REMOTE SENSE PUSHBUTTON

This pushbutton alternately selects and deselects the Remote Sense
(four-wire) mode. The LED indicator in the key is 1lluminated when the
mode 1s active. When it 1s 1nactive, sensing 1s done internally and
the sense terminals are open-circuited,

3.8 LOCAL PUSHBUTTON

This button allows the operator to take control of the instrument if it
is 1n IEEE Remote and If Local Lockout has not been selected (see
Section IV).



SECTION IV - IEEE-488 INTERFACE OPERATION

bh,1 IEEE-488, AN EXPLANATION OF THE BUS

The reader that 1s not familiar with the requirements of IEEE Standard
488 (1978) (IEEE-488) will want to review the following paragraphs
which provide explanations of terms, commands and some examples of
commands. For a complete explanation of the requirements, refer to the
IEEE-488 Standard.

In the text of this section, to provide clarity, # is used for zero and
O 1s used for the letter '0'.

4.2 DEFINITIONS

The following are definitions of the terms used in describing the
IEEE-488 interface.

Bus: A data 1link which 1s usually a set of several parallel wires
within a multi-wire cable.

Bi-Directional Bus: A 'highway' used for two-way communication, with
input and output data beilng carried on the same lines.

Bit Parallel: A data transmission method in which all of the bits
comprising an 1tem of data are present simul taneously on a group of
wires in a bus.

Byte: A group of data bits (usually 8) which are treated as a single
item of data.

Byte Serial: A data transmission method in which information, in
bit-parallel bytes, 1is transferred sequentially between devices.
Device Dependent Message: A message containing commands/data
intended for a speciflc device.

Handshake: An exchange of signals between two devices which 1s used
to control the transfer of data between them.

Interface: The part of an instrument or system which enables it to
be connected tc another via a bus.,

Interface Message: A message intended for interface management.
Local Operation: Operation of a device by 1ts front panel controls

(also referred to as Manual Control).

Remote Operatlon: Operation of device under the control of another
via a bus.



k.3 BUS DESCRIPTICN

The IEEE-U488 Interfacing Standard (also known as IEC DTC66(WG3), ANSI
MCl1-i1, GP-IB, HP-IB, ete.), defines a bi-directional bus for
interconnecting programmable Instrumentation In a bit-parallel, byte
serial fashlion. It defines limitations as follows:

A maximum of 15 devices may be interconnected by a single bus.

The total bus length may not exceed 20 meters, or the number of
devices multiplied by two m, whichever is the shorter.

Maximum transmission rate is 1 megabyte per second.
All bus data 1s digital.

Of the devices on the bus, only one may be a controller, exercising
control over all other devices and also capable of operating as a
talker or listener. The other devices may be listeners (only able to
receive data) or talkers (only able to transmit data) or both. The
model 2703 is capable of talking and listening. The controller may
address other devices and command them to listen or talk. Only one
device may talk at any one time.

The 1interconnecting cable consists of sixteen signal wires and eight
ground returns linking devices 1into a complete system. Each cable
connector 1s a plug/socket combination to permit "daisy-chaining" of
units. The sixteen signal wires are:

Eight data wires {(DI0O-0 through DIO-T)

Pive management wires (ATN, EDI, SRO, IFC and REN)

Three "handshake" wires (DAV, NRFD and NADC)
It should be noted that these wires use "inverse logic". That is to
say that a low level indicates the true (asserted) state and a high
level indicates a false (non-asserted) state.
by DETAILED DESCRIPTION

The filve management wires are described as follows:

ATN - Asserted by the controller whenever an address or a command 1s
present on the bus.

EOI - May be asserted by the controller or any talker. With ATN true,
EOI indicates that the controller 1s polling devices. With ATN false,
EOI is asserted by the talker to indicate the end of data.

SRQ - May be asserted by any device. This 1indicates that the device
requires attention (e.g., a fault has occurred). Normally, the
controller will respond by polling to determine which device requires
service.
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IPFC - May be asserted only by the controller. This line initializes
the bus to a reset state.

REN - May be asserted only by the controller. Thilis signal, when
asserted, places the addressed device into the remote mode.

The three handshake wires are described as follows:

DAV - May be asserted by any talker., Indicates that a valid data byte
is present on the data wires.

NRPD - May be asserted by any listener. Indicates that the listener is
not ready to receive data.

NDAC - May be asserted by any listener. Indicates that the listener
has not yet finished reading the data byte.

The transfer of data on the bus 1s controlled by these three handshake
wires. It 1s impertant to note that the drivers for the handshake
wires are all connected for wired-or operation. That 1s, as long as
any of the devices on the bus asserts a handshake line, 1t wlll remaln
true. Thus, there must be complete consensus among the devices for any
handshake wire to be high (false).

The talker first waits for all devices to be ready to accept data
(checks that NRFD is false) then puts one byte of data on the bus and
asserts DAV, It then walts for all devices to indlcate that the data
has been accepted (that 1s for NDAC to become false) before starting to
transfer the next byte of data. This handshake protocol assures that
data on the bus 1s transferred at the speed of the slowest device on
the bus.

Data 18 sent in 8-bit bytes on the DIO wires, usually (as in the 2703)
using the ISO-7 standard ASCII characters. Table 4-1 1lists each ASCII
character and the bus messages applicable to each. Note that the table
1s divided 1into two main groups; the primary command group and the
secondary command group. The secondary command group 1s not utilized
in the 2703.

The primary command group 1s further divided into four sub-groups as
follows:

1. Addressed Command Group - applied only to addressed devices.
2. The Universal Command Group - applied to all devices.

3.. The Listen Address Group - set of device listen addresses.
4, The Talk Address Group - set of device talk addresses.

Data in the above command groups is sent with ATN true. When data 1is
sent with ATN false, then 1t 13 "device dependent”.
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4.5 GENERAL

A11 IEEE-488 device dependent activity with the 2703 takes place via
input and output buffers.

Input Buffer - Incoming data 1s placed in the 1nput buffer as 1t 1is
received. It is not acted upon until any one of the valid input
delimiters 1s recelved. Then the commands are decoded and the 1nput
buffer contents erased. Input data 1s held off until the previous data
is decoded and actioned. Should an invalid character be found in the
input buffer, then the buffer is only decoded up to the error, the rest
being discarded. An SRQ can be asserted, 1s required, should this
occur.

The valid input delimiters are:

CR ( Carriage Return) or
EOI with the last character.

Output Buffer - With every receipt of the command "E", the output
buffer is filled with the current status of the unit. This data may be
read by the controller any number of times.

The address of the 2703 is set by means of a flve pole switeh on the
rear of the unit.

At power-up, the 2703 will be in the local mode {(l.e., the unit will
respond to commands entered with the front panel keyboard). In order
for the 2703 to enter the remote mode, the following sequence,
stipulated by IEEE-488 1978, must occur:

1. The remote enable, REN, wire on the bus must be true (pulled
low).

2. The 2703 must recelive 1ts listen address.

With an HP 85 computer, this 1s accomplished by the statement REMOTE
710, assuming that the 2703 address is 10. In all future examples, an
HP 85 computer is assumed as 1s the 2703 address of 10.

When the 2703 is in remote, the REMOTE-IEEE 488 indicator on the front
panel will be illuminated and all front panel keys {(except POWER and
LOCAL) are inhibited. The LOCAL key, if pressed, will return control
to the front panel. If the LOCAL control 1s also to be inhibited, then
LOCAL LOCKOUT must be sent over the bus. This 1s achieved with the HP
85 by LOCAL LOCKOUT 7. '

The computer may reset the 2703 to the local state any time by the
command LOCAL 7 (or LOCAL 710 if only the 2703 1s to be returned to the
local mode). Note also that a device clear command will return the
unit to local control.
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4.6 SIMPLE COMMANDS AND EXAMPLES

Six simple commands, with examples, are shown 1in the following
paragraphs.

1. Setting a Voltage Value -- To set the 2703 to a numeric voltage
level, all that 1s required 1s to send the letter "V" followed by
the numeric value in volts. A maximum of seven digits are
accepted, digits 1n excess of seven are ignored.

The overall delimiter 1s any 1nvalld character within numeric
entry.

The following is an example of such a program using the HP 85:

1¢ REMOTE 719

2¢ INPUT A

3¢ OUTPUT 719 ; "V" & VALS$(A)
L@ GO TO 2@

Thls program will prompt the user for an input of the deslred voltage
value on the HP 85 and send this value to the 2703. (It is assumed
that the 2703 1s turned on and that the calibrate switch is OFF). It
should be noted that the unit automatlically selects OPERATE upon the
receipt of an output voltage command. If the user requires no output,
one should send "V@.g".

2. Setting a Prequency Value -- To set the frequency of the 2703,

all that 1s requlred 1s to send an "F" fecllowed by the numerlc
value 1n Hertsz.

The following 1s an example of such a program using the HP 85:
1 REMOTE 71§

2@ INFUT A
38 OUTPUT 71¢ ; "F"&VAL$(A)
4@ GO TO 28
3. Remote/Local Sense Control -- To set the 2703 to Remote Sense,

send S1. To select local sensing send SO.

y, Phase-Lock Control - To select the Phase-Lock mode of
operation, send Pl. To select normal frequency control, send P#@.

5. Device-Dependent Return to Local -- Some controllers do not have
the capabllity of returning a slngle unit to local control. In
the 2703, this 1s accomplished by sending L.

6. Output Buffer Update -- The output data from the 2703 may be

updated to present condltions by sending E (either alone or
followed by another command).
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4.7

ADVANCED COMMANDS AND EXAMPLES

Output Delimiters -- As mentioned earlier, the 2703 updates its
output buffer with the display data. The format of thls data 1s as
follows:

"nnnnnnn L uoc”

followed by the required output delimlter, where:

is the output voltage (6 digits plus decimal point).
1s the output frequency (5 digits plus decimal point),.
is a space 1f not in unlocked, U 1f it 1s.

1s a space 1f not in overload, 0 1if it 1is.

1s a space 1f not 1n Calibratlion mode, C 1f it is.

QO E M3

The required output delimiter 1s set by sendlng an "E" followed by the
required code (see controller manual for detalls regarding the required
delimiter). The 1list of avallable codes is given below:

E@ - Carriage return line feed at end of data.

El - Carriage return line feed (with EOI asserted) at end of data.
E2 - Carriage return only at end of data.
E3 - Carriage return (with EOI asserted) at end of data.

E4 - EQOI asserted with last character.

Note that most controllers use Ef. However, the Commodore PET should

use E3.,

4.8 SRQ, SERIAL AND PARALLEL POLL

1. Parallel Poll Response -- The 2703 may have 1ts parallel poll
response bit set by means of the "PP" command. The user must send
"PPn" to the unit in order to conflgure the response, where "n"
defines the DIO line that 1s to be asserted by the 2703. Sending
"PPO" selects that no response shall be made to a parallel poll.

2. SRQ Definition -~ The 2703 may assert the SRQ wire for one (or
more)} of several reasons. This 1s defined by the user sending
"Qn", where n is the numeric code for the required reasons.
Q@ - Disables the 2703 from asserting SRQ
Ql - Enables the 2703 to assert SRQ on overload
Q2 - Enable to assert SRQ on input data errors
Q@3 - Enable to assert SRQ on all reasons given in Q1 and Q2

3. Serial Poll Response Byte - When the

controller in the system conducts a serial poll, the 2703 responds
with a byte of data informing the controller of the reasons for
the SRQ. 1If the 2703 did not generate the SRQ, a 0 byte is used
as the response. The blt pattern used by the 2703 is shown in
Table 4-2 below.
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Table 4-1. ASCIl Character Codes.
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Table 4-2. SRQ Bit Patterns.

BIT PATTERN
IN RESPONSE REASON

Overload 0100 0001
Error in input data 0100 0010

Note that the most significant bit 1s set if the 2703 1is 1in
Remote. .



SECTION V - THEORY OF OPERATION 2703

5.1 GENERAL

This section of the manual describes operation of the circuits of the
Mcdel 2703 AC Voltage Standard. The functional description of
paragraph 5.2 1s intended to asslist the user in gaining a general
understanding of instrument operation. It refers to the block dilagram
of Figure 5-1. Following the functional description are detalled
circult descriptions which refer to the schematlc dlagrams of Section
X. The c¢ircult descriptions are Intended to provlide the user with
sufficlent information on circult operation to permit efficient
troubleshooting. The information contalned 1n this sectlion, together
with that of Section VI, will provide the background neeessary for
malintaining the instrument.

R

FREQUENCY SINEWAVE OUTPUT
’_——b—— ————
GENERATOR GENERATOR AMPLIFIER

! i T

1

ERROR
COMPARATOR
AC - p¢ [
CONVERTER  |eag—o
REFERENCE
GENERATOR
(bC)
FLOATING
GROUNDED
1EEE-488
oPTION [Tr ey

;

DISPLAY AND KEYBOARD

Figure 5-1. Block Diagram, Model 2703.



5.2 FUNCTIONAL DESCRIPTION

The operator can select any frequency or amplitude of AC sinewave
within the range of the instrument. The selection may be made using
elther the front panel keyboard or from a remote location through the
IFEEE-488 1interface (if provided). The microprocessor continuously
monltors commands from both sources, and sends the current values of
frequency and voltage to the front panel display. The frequency data
from the microprocessor also drives the frequency generator, and the
voltage data is also sent to the AC sinewave generator and to the
reference generator,

The frequency generator is capable of producing any frequency within a
wide range with quartz crystal accuracy. The microprocessor directs
the frequency generator to produce the frequency displayed on the front
panel. The output of the frequency generator is the 8-bit output of a
counter chain, which drives the AC sinewave generator. The AC sinewave
generator in turn synthesizes a sinewave whose amplitude 1s controlled
approximately by the microprocessor, and very accurately by the error
comparator. The sinewave generator's output is amplified by the output
amplifier, which drives the voltage output terminals of the instrument.

The output voltage is held to a very high degree of accuracy by an
analog feedback system consisting of the AC-DC converter, the reference
standard and the error comparator. The output voltage i3 connected to
the 1nput of the AC-DC converter through the sense lnput terminals.
The AC-DC converter precisely rectifies the sinewave and sends the
resulting DC to the error comparator. There it is compared to the DC
output of the reference generator, whose very accurate DC voltage has
been set by the microprocessor to a value proportional to the front
panel display. The output of the error comparator 1s used to adJust
the output amplitude of the slnewave generator so that the voltage at
the output terminals equals the value displayed on the front panel.

In order for the output of the instrument to be isolated from ground,
1t 1s necessary for the power supplied to part of the clrcuitry to be
isolated from ground, while the portions of the circuitry connected to

the front panel and the remote control connector must be referenced to
ground for safety reasons.

5.3 DETAILED CIRCUIT DESCRIPTIONS

This section describes the operation of each circuit of the Model 2703
AC Voltage Standard. The reference designators used in the following
paragraphs are those of the schematic diagrams shown in Section X.

5.3.1 POWER SUPPLY

There are three separate power supplies, using two separate
transformers. One provides +5 volts for the circuits which must
operate at or near chassis ground. The second has electrostatic
shielding between primary and secondary transformer windings, and
provides multiple low voltages for the floating circuits. The third
supplies #250 volts for the 250-volt output amplifier, used for the
100V and 1000V ranges of the instrument. The two low voltage power
supplies are shown in Figure 9-5. Switch SX, the voltage selector
switech on the rearp panel, connects the two primary windings on each

transformer 1n parallel for 115-volt operation and in serles for
230-volt operation.
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5.3.2 DISPLAY AND KEYBOARD

Refer to Figures 9-7 and 9-~8, the Display and Keyboard schematics.
Each switch on the front panel 1is associated with a display. Each
rotary switch 1s palred with a seven-segment diglital display; each
keyboard switch has an integral status indlicator LED. All status LEDs
and segments are driven using a multiplexing technique from a common
8-b1t bus marked "Bar Data"™ at the lower left of Flgure 9-7. The
digital data from all front panel switches is multiplexed onto a 6-bit
bus marked "Switch Data®™ at the right of Figure 9-8.

5.3.2.1 DISPLAY AND KEYBOARD MULTIPLEXING

The multiplexing system operates as follows. Each switch, with its
accompanyling display, 1s assigned a separate time slot by the window
drive eircuit, IC1l, IC15 and IC16. A 1.% MHz clock from the
miecroprocessor drives IC15-13. IC15, a 7T4LS393 dual Ui-bit counter,
divides the input frequency by 256. Its output, IC15-6, drives ICl6-1,
the first counter of a second T4L3S393. 1Its first three stages further
divide by eight at IC16-5. At this point, the frequency 1is
approximately 730 Hz. The first counter's divide-by-sixteen output,
IC16-6, drives the second counter, I1C16-13.

IC16-5, IC16-6, IC16-~10 and IC16-11 are the 4-bit ocutput of IC16,
changing states at the 730 Hz rate. This output drives ICl, a 74154
4-1ine to 16-1line demultiplexer. If the enable 1inputs, IC1-18 and
IC1-19 are low, the sixteen output pins of IC1 are driven low one at a
time, enabling each of fifteen sampling circuits 1in turn for a brilef
interval. (The sixteenth 1s used for synchronization.) Meanwhile,
each time the 4-bit output changes state, IC1l6-4 outputs a falling
edge. This edge is 1nverted by IC14 and triggers pin 3, the clock
}gf$t of IC17, a THLSTY4 positive edge-triggered flip-flop, which sets

When IC17 1s set, IC17-6 swings low, initiating a microprocessor
interrupt request on the line marked FIRQ. Simultaneously, IC17-5
swings high, raising IC1-18 and IC1-19, which blanks the currently
selected display. In response to the 1Interrupt request, the
microprocessor executes an interrupt service routine in which it first
loads the information for the next display in the sequence into IC12, a
T4LS374 octal flip-flop, which in turn places the data on the bar data
bus. Next, the milcroprocessor resets ICl7, unblanking the newly
selected display, and reads the data from the newly selected switch (or
a synchronization flag from IC1-17) into ICl1l, a 74LS541 B8-bit latch,
whose output 1s connected to the display data bus.

The remaining elements of the display and keyboard multiplexing system
are the driver translstors, TR1 through TR14, which enable the
individual seven-segment (plus decimal point) displays or groups of
status LEDs. Simllarly, the individual rotary switches and pushbutton
groups are enabled by low levels directly from the respective outputs
of IC1. The individual segments and LEDs are driven from the bar data
bus through IC3 and ICH4, two 7438 quad open-collector buffers, and RN2,
a 47 ohm B-reslistor array.
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5.3.2.2 ROTARY SWITCH OPERATION

The rotary switches on the front panel operate 1In an unconventional

manner, in that the position of a switeh has no absolute meaning. No
matter how the switches are set at power up, the m;croprocessor
interprets them as beling set at zero. Prom that point untill the

tnstrument is turned off, the microprocessor keeps track only of
changes in swiftch position, calenlating the change in voltage or
frequency each time a switch 1s moved. When a switch 1s moved outside
its range, the microprocessor automatically performs the requlred carry
or borrow to provide the correct display and output.

5.3.2.3 LIGHTNING BOLT

DS1? 1is an 8-LED 1indicator which, when 1lluminated, displays a
1ightning bolt. It is illuminated whenever the microprocessor detects
any of several hazardous conditions. The miecroprocessor loads IC13, a
74LS374 octal flip~flop, with all zeroes. IC13 in turn drives the
eight LEDs through RN1, a 100 ohm 8-resistor array.

5.3.3 MICROPROCESSOR

As stated 1In Section I, the Model 2703 is microprocessor controlled.
Its operating program 1s contained in read-only memory (ROM). Random
access memory (RAM) 1s used to store data obtained during operation
that is reguired for later use. When the instrument 1s calibrated, the
callbration data is stored in non-volatile, random access memory
(NOVRAM). The schematic of the microprocessor board is shown in Flgure
9-10.

A complete description of the microprocessor system operation would
regqulire an explanation of the software stored 1n ROM, including a
complete listing of the program. Such a dissertation is beyond the
scope of this manual. Therefore, the following discussion is limited
to a description of the bus structure and of the registers that acquire
and store data from the data bus and peripheral e¢lrcuits shown 1in
Figure 9-10.

The 6809 microprocessor, IC4, has a 16-blt address bus and an 8-bit
bi-directional data bus. Read and write operations are controlled by a
Read/Write line, designated "R", at IC4-32. A 6809 microprocessor's
I/0 can occupy any memory address; to distingulsh between memory and
I1/0 operatlions, IC8 and IC9, two 74LS138 3-to-8 line decoders, decode
address lines Al10 through Al5. 1IC8 and IC9 are enabled by the system
clock, designated "E", from IC4-34. The outputs of these decoders are
nused to enable the desired I/0 or memory devices. By thils means, ROM,
RAM NOVRAM and various I/0 functions share the memory space as follows.

5.3.3.1 MICRCPROCESSOR MEMORY AND I/0 SECTION

The ROM, IC3, is 8K by 8. It is a 2764, 1IC3 is enabled by IC8-7 when
an address between E@@f and FFFF hexadecimal 1is selected.

The RAM, IC2, is a 4016 2K by 8 static device. It 1is enabled by IC8-13
when an address between A@@# and BFFF hexadecimal 1s selected. The
Read/Write line is gated by the system clock via IC1 to IC2-21.

The NOVRAM, IC24 and IC25, consists of two 2212 256 by U devices,
connected as 256 by 8. 1Its read and write operations are more complex
than those of an ordinary RAM, and are performed at separate addresses.
4 NOVRAM consists of a RAM, with normal read and write capability, and
a2 second, non-volatile memory whlch can be written to and read from
only by copylng to or from the RAM portion.
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In ordinary use, any 1nformation to be permanently saved must first be
written to the RAM, then copied (written) to the non-volatile memory.
Then, each time the device 1is powered up, the contents of the
non-volatile memory must be copied (read) to the RAM. IC24 and IC25
use pin 7 for Read/Write, pin 10 for copy (read), and pin 9 for copy
(write).

In its normal read/write operation, the NOVRAM is enabled by IC8-12
when an address between 8000 and 9FFF hexadecimal 1s selected. Copying
{(reading) from non-volatile to RAM 1is enabled by ICB-11 when an address
between 6000 and 7FFF hexadecimal 1s selected. Copying (writing) from
RAM to non-volatile is enabled by IC8-9 when an address between 4@0¢0
and SFPF 135 selected and the Calibrate switch on the rear panel 1s 1in
the CAL posltion.

5.3.3.2 BUFFERED DATA BUS FUNCTIONS

The microprocessor data bus can drive MOS devices, such as those just
described, but because of load impedance and voltage level differences,
it cannot rellably drive TTL devices. The buffered data bus 1s the

channel through which the microprocessor data bus communicates with all
of the TTL devices 1t services, and through them, with the rest of the
instrument. It consists of eight data lines and eight select lines.
Data 1s transferred 1n both directlons between the microprocessor data
bus and the buffered data bus by IC410, a THLS245 octal transceiver.
The signal directlon through IC10 is governed by the state of the
Read/Write line, which 18 connected to IC10-1. The tri-state outputs
of the device are enabled by IC8-10 when any address below 2@¢gp
hexadecimal 1is selected.

The eight select lines are driven from the elght outputs of IC9, a
7415138 3-1line to 8-1ine decoder. Note that IC9 1s enabled only when
data 1s belng transferred to or from the buffered data bus through
IC10. Three of the select lines, marked ADO-ADZ, are used to enable
IC14, IC15 and IC16. These devices are used to transfer data between
the buffered data bus and the floating bus. The remalning five select
lines are connected to connector pins 51-55. They perform the
functions shown in Table 5-1.

The eight data lines of the buffered data bus appear at connector pins
49-54, from which they are connected to the display and keyboard, and
to the IEEE-488 interface. .

5.3.3.3 ISOLATION CIRCUITS

The circuitry shown below the buffered data bus in Filgure 9-10 is the
Iinterface between the grounded and the floating parts of the
instrument. ICl4 and IC15 are 74LS374 octal flip-flops which serve as
output data latches., ICl4 is enabled by IC9-13, via AD2, when an
address between 8f@ and BPF hexadecimal is selected. IC15 1s enabled
by IC9-14, via AD1l, when an address between U4f@ and UPF hexadecimal 1s
selected.

The latches drive gquad optical isolators IC18, IC19 and 1C20 through
current limiting resistor arrays RNl and RN2. Resistor array RN3
provides collector loads for the phototransistors. The floating data
from ICl4 drives 1IC22, a TU4LSS541 octal bus driver. Ic22 1is
continuously enabled.

The flcating data from IC15 drives IC21, a 74LS138 3-1line to 8-1line

decoder. IC21 provides eight select llines for the floating bus. It is
enabled only when bit D@ is a one.
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The floating bus data ‘ines, FD@-FDY7, are routed to the DC reference
generator, Figure 9-11, the frequency generator, Figure 9-13, and the
output amplifier, Figure 9-15. Of select lines FAP-FAT, FAP-FA2 go to
the DC reference generator, Flgure 9-11, FA3-FAH to the frequency
generator, Figure 9-13, and FA6-FAT7 to the output amplifier, Figure
g-15.

To avold data instability due to differences in settling times of the
optical isolators, transfers of data from the buffered data bus to the
floating data bus are done in the five-step sequence of Table 5-2.

1C16, a TU4LS541 octal bus driver, serves as an input data latech to the
buffered data bus. OFf 1ts eight lines, three bring data from the
floating part of the instrument through isoclator IC17. D@ is high
whenever the output amplifier is overloaded. D1 indlicates whether thc
phase locked loop in the frequency generator is locked. D2 carries out
of range information from the error comparator.

Table 5-1. Buffered Data Bus Functlons.

LINE FUNCTION

AD3 Two control lines

ADY for the IEEE-488 interface,
Figure 9-12

ADS Enables lightning bolt latch,
Figure 9-1

AD6 Enables switch latch, Figure 9-1

AD7 Enables display latch, Figure 9-1

Table 5-2. Transfers of Data.

STEP : COMMENT

1. Disable IC21] Send any address with a 0 LSB.

2. Enable 1C14 | Latches data into 1C14.

3. Enable !C15 | Latches address of desired device into 1C15. Bit ¢ must
be 1, which enables 1C21.

4. Enable 1C21 | Address desired device.

5. Disable 1C21] Rising edge of enable pulse latches data into addressed
device.
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Of the remalning five lines, D3 1s connected to the CAL switch on the
rear panel. When 1t is low, the microprocessor enters the Callbrate
mode. D4-D7 are connected to DIP switch SW2. SW2 selects various
optional calibration procedures. Its functlons are described in
Section VI.

5.3.3.4 POWER-ON RESET

The microprocessor 18 reset each time power 1s applied by R2, C3 and
D1. When power 1s first applied, C3 1s fully discharged. It holds
ICE-37 low for the time 1t takes for C3 to charge through RZ2, about
one-half second. Dl rapldly discharges C3 when power is removed.

5.3.4 DC REFERENCE GENERATOR

Refer to Figure 9-11. The DC reference generator consists of an 8-bit
and a 12-bit digital-to-analog converter (DAC). The outputs of the two
DACs are added together. The 8-bit DAC 1is welghted more heavily; it is
the most significant DAC. The 12-bit converter 1is elght blts less
significant than the 8-bit DAC. Therefore, it 1s weighted so that its
contribution to the output voltage 1s one 1/256 that of the most
significant DAC.

5.3.4.1 8-BIT DIGITAL-TO-ANALOG CONVERTER

Both DACs function 1dentically. The 8-bit DAC 1is described in detall.
It consists of IC102, a TU4LS374 octal flip-flop, and IC106 and IC107,
both 7u4LS85 U4-bit magnitude comparators. A elock, IC113, counters
IC108 and IC109 provide a contlnuously cycling 8-bit number to the "A"
inputs of IC106 and IC107. This constantly changing number 1s compared
to the blnary number which has been placed 1in IC102 by the
microprocessor. .

The magnitude comparators will 1indicate that the cyeclling number 1s
greater than the flxed number part of the time, and less the rest of
the time. In fact, the output of the comparator will be a stream of
pulses whose duty cyecle will exactly reflect the percentage
relationship between the number in IC102 and a full-scale value of
11111111. For example, if the number in IC102 1is 1000000, which 1is
half of full-scale, the output at IC107-7 will have a 50% duty cycle.
If the number in IC102 is 0100000, whlch 1is one quarter of full scale,
the output at IC107-7 will have a 25% duty cycle.

The stream of pulses from the 8-bit DAC, 1if simply filtered to remove
the clock frequency, would yleld a DC voltage accurately divisible into
256 equal increments. While the increments are quite accurate, further
steps must be taken to assure that the absolute magnitude of the DC
voltage 1s accurate.
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5.3.4.2 12-BIT DIGITAL-TO-ANALOG CONVERTER

The 12-bit DAC consists of I1C100, IC101, IC3, ICY4 and IC5. It uses the
same clock and counter as the 8-bit DAC, but requires all 12 of the
gounter outputs. Its theory of operation is 1dentical to that of the
-bit DAC.

5.4,3.3 DC SWITCHING AND SUMMING

The pulse outputs of the DACs are resynchronized to the clock 1in
IC110. This removes any Jjitter caused by ripple in the counters. The
resynchronized pulses are used to drive IC111, a DG303A MOSFET switch
with two 1independent sections, wired in a single pole double throw
configuration. Each section switches between the output of ICl12, a
6.95 volt reference, and ground. The outputs of the switches are
summed 1in a welghted summing network consisting of R101, R102, R103,
R104 and RV102.

NOTE

The voltage at this point will be approximately
zero, because 1t 1s connected to the input of
operational amplifier IC115. Instead of a voltage,
the reference 1s now a current flowing into a low
impedance.

5.3.4.4 LOW PASS FILTER

IC114 and its assoclated components form a three-pole low-pass filter.
It eliminates the pulses entirely, leaving only the average DC. The
output of the DC reference 1s connected to the error detector, where it
1s summed with the output of the AC-DC converter.

5.3.5 ERROR COMPARATOR

The error comparator is shown in Figure 9-11 at the bottom left. Its
purpose is to match the voltage from IC202-6 and the instrument output
voltage, as represented by the output of the AC-DC converter, to the
reference voltage from the DC reference generator. It consists of
I€115, 1IC212, IC213 and IC215 and thelr assoclated components. IC115
1s a non-~inverting amplifier with a gain of 40. Its input 1s the Dc
from the DC reference generator less the 'feedback' from the AC-DC
convertor. RV101l 1s used to adjust IC115 for zero offset.

5.3.5.1 SUMMING SAMPLE AND HOLD

The remaining components of the error comparator comprise the summing
sample and hold. The amplified 'error' from 1C115 1s connected to the
inverting input of IC214, a unity-gain instrumentation amplifier. The
output of IC214 goes through the normally open section of IC213, a
DG303A MOSFET switch, to C218 and the i1nput of IC212.
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IC212 1is connected as a unity-galn voltage follower. Its output is
sent through the normally closed section of IC213 to the non-lnverting
input of IC214, and to C219. The output of IC212 1is the error output
of the error comparator. It 1s connected to the AC sinewave generator,
and through D206 and D207 to the microprocessor's error flag 1input,

IC17-6 in Figure 9-10.

To analyze this circuit, assume that R212 is dlsconnected from the
output of IC212. IC215, a 555 timer, 1s running with a perlod of
approximately 300 milliseconds, switching IC213 at that rate. The
correction voltage (IC212 output) minus the amplified error voltage
(IC115 output) appears at the output of IC214. When IC213 1is enabled,
this voltage charges C218. That same voltage will appear at the output
of IC212. Thus, the output of IC212 is modified every 300 milliseconds
until there is no error between the DC reference generator and the
AC-DC convertor. '

Now assume that the loop is closed by connecting R212 to the output of
Ic212. R212 1s connected to I1IC201, a DAC whose output is a current.
Any voltage present at the output of IC212 will add to or subtract from
the DAC output current, providing an adequate range of adjustment. The
overall result 1is that the error comparator adjusts the approxlimate
voltage from IC201 to precisely the value produced by the DC reference
generator.

One additional consideration 1is the timing of corrections to the error
voltage. Any adjustment which takes place will take time to make 1its
way to the output of the instrument. For thls reason, the error
comparator has unique timing characteristics. The initial error
charges C218, then, 300 milliseconds later, C219. After the next
switch cycle of IC213, if the error has not yet been corrected, it
remains on C218, and the new error 18 added to it. Thus, C218
accumulates errors until they are corrected.

5.3.6 AC SINE WAVE GENERATOR

The AC sinewave generator is shown at the right side of PFlgure 9-11.
It consists of IC201 through IC211 and thelr associated components.
IC201 is a type 1408-6 low precision, 8-bit DAC. Its input is the most
significant eight bits from the microprocessor. It uses the 6.95 volt
reference, adjusted by RV201l, for 1ts reference 1input. RV201 1is
adjusted to closely approximate the correct voltage, so as to minimize
the amount of correction required of the error comparator.

The output of IC201 1s a current, so output amplifier IC202 1s required
to produce a voltage. The output of IC202 18 connected to the
reference input of precision DAC IC206. Note that through the combined
effects of IC201 and the error comparator, the voltage at IC202-6 has
been set precisely to the voltage required to generate the AC voltage
displayed on the front panel.
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IC206 1s a type AD566 12-bit DAC. Since 1ts output is a current, it
requlres output amplifier IC207. Its 12-bit inputs are driven by
IC203, IC204 and IC205, which are 7621 ROMs. Phase data from the
frequency generator, Filgure 9-13, comes into the phase bus, where it
selects a sequence of addresses in the ROMs. Programmed Into those
addresses are 12-blt values for each selected phase of a slnewave.

The output of IC207 is a stair-step approximation of a sinewave whose
amplltude depends on the DC voltage applied to IC206-5 and -7, whose
Shape depends on the values in the ROMs for each phase, and whose
frequency depends on the rate at which phase data 1s beling supplied to
the phase bus by the frequency generator. In order to avold generating
spurious values while the phase data is changing, the tristate outputs
of the ROMs are disabled by TR201 during data transitions.

IC208, IC209 and IC210 comprise a tunable 2-pole low-pass filter. 1Its
purpose 18 to eliminate high order harmonics which are present in a
sinewave generated as a stair-step. The values of capacitors 1n the
filter are selected by the frequency range data, FRO and FR1, from the
display and keyboard sectlion. The values of the resistors are selected
by data from the most significant digit of the frequency display.

5.3.7 FREQUENCY GENERATOR

The frequency generator 13 shown on Figure 9-13. IC4b is one half a
T4LS629 dual voltage-controlled oscillator. It is connected as a 12.8
MHz crystal-controlled oscillator. Its output drives IC9-10, a NAND
gate, whose output drives pin 9 of ICl1l, IC12 and IC13. IC9-9, the
other input of the NAND gate, 1s driven by another osecillator, IC4a.
Pins 6 and 11 of ICY4 enable the individual sections. They are
connected so that only one section 1s enabled at any time. When
disabled, the outputs of IC4 go to a high state.

IC3, an MCLO44 phase comparator, 1is driven by the external frequency
input on the rear panel via amplifier ICl and optical isolator IC2.
The external frequency, on pin 1, i1s compared with the instrument
output frequency taken from the most significant bit of the phase data,
on pin 3. IC4a 1s a free-running osclllator whose control voltage
input, pin 2, is driven by IC3, through filter C6, R10 and C1l2.

IC11, ICl1l2 and IC13 are 74167 decade rate multipliers. Their 4-bit
inputs are driven from the buffered data bus through latches IC7 and
IC8. The rate multipliers divide the incoming 12.8 MHz by an amount
determlined by the frequency data placed on the buffered data bus by the
microprocessor. If the most significant decade 1s set to 10, IC9-1 and
-2 decode the selection code and the frequency 1s switched by IC15
directly to 12.8 MHz instead of the rate multipliers.

IC19 and IC20 perform further frequency division. 1IC19, a T4LS90
decade counter, divides the frequency by five. IC20 is a dual decade

counter,. The output of IC19, IC20a or IC20b is selected by IC18, a
T4LS138 3-1ine to 8-1ine decoder/demultiplexer. The selector inputs of
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IC18 are driven from the frequency range data from the display and
keyboard section. In the 100 KHz range, 1C18-6 1s selected; for 10
KHz, IC18-5; for 1000 Hz, IC18-4; for 100 Hz, IC18-3.

The output of IC18 is normally 256 times the desired frequency. It
drives the clock 1inputs of IC16 and IC17, a pair of T4L3S163A
synchronous binary counters. Their 8-bit output constitutes the phase
data bus whilch drives the ROMs in the AC sinewave generator. The
output of IC18 also drives IC22 pins 1 and 9 to supply sync to other
parts of the instrument. IC22-8 drives TR201 in the AC sinewave
generator; IC22-6 drives the rear panel connector.

At frequencies above 50 KHz, the output of IC18 is 128 times the
desired frequency. Only seven bits of counter output are used, and the
line marked "HF" 1s set high. The HF line has two functions. On the
frequency board, it switches the source of instrument output frequency,
used by the phase lock clrcult, IC3, from bit 7 to bit 6. On the AC
slnewave generator, 1t appears as an extra address line. When it is
high, the generator uses a different slinewave table.

5.3.8 OUTPUT AMPLIFIERS

The output amplifiers are shown 1in Figures 9-15, 9-4 and 9-17. At the
top of Filgure 9-15 1s a block diagram of the entire output amplifier
system. Detalls of the 10-volt and 100-volt amplifiers are shown at
the bottom of Figure 9-15. The 100-volt amplifier requires another
detail, shown at the 1left of Figure 9-4. The 10-volt and 100-volt
ampliflers are both high-gain amplifiers whose galins in the circuit are
determined entirely by the external resistors shown 1in the block
diagram.

The 1ncoming sinewave at Cl 1s 10 volts peak-to-peak at full scale.
The 90.9k resistor, R1l, reduces the signal to one-third of this value.
The 10-volt amplifier directly drives the output on the 0.12V, 1.2V,
and 12V ranges. It is composed of ICl, an operational amplifier, which
has high open-loop gain, TR1, a level shifter, and power FETs TR2 and
TR3, which together form a class A output stage. Its gain 1s elther 1
or 10, depending on the state of relay RLA. R9 and R10 are an cutput
attenuator, providing a gain of 0.1 as well. The gain of 0.1 is used
for the 0.12-volt range; the gain of 1, for the 1.2-volt range; and the
galn of 10, for the 12-volt range. The output of the instrument is
switched between amplifiers and the gains are set by relays RLA, RLB,
RLC and RLD.

The 100-~volt amplifier is shown at the lower right of Figure 9-15. IC2
is an operational amplifier with high open-loop gain, with DC offset
adjustable by RV2. The output stage of the 100-volt amplifier is shown
in Filgure 9-4, It 1s simlilar in design to that of the 10-volt
amplifier, with extra FETs sharing the voltage swing. TRY4 serves as a
level translator. The gain of the output stage is 28, set by R28 and
R29. The overall galn of the 100-volt amplifier is 10, set by R20 and
R22.
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The 100-volt amplifier drives the output terminals on the 120-volt
range, connected by RLB and RLC. On the 1200-volt range, the 100-volt
amplifier drives T1, a 1~to-10 step-up transformer, which in turn
drives the output terminals.

IC3 1s connected as a rectifier, monitoring the virtual grounds at the
inputs of the 10-volt and 100-volt amplifiers through R2 and R21.
These points remain at zero potential unless the galn of one of the
amplifiers falls below the value set by the feedbake loop. This can
occur only if the output swing 1s greater than. the amplifier can
dellver, due either to excessive output voltage, or an undervoltage
power supply. If a voltage appears at IC21-2, it is rectified and
presented as a DC to IC4, which ocutputs a high level through D9 to the
overload input on the microprocessor board.

The relays which switch the output amplifier configuration for various
output ranges and which set the gain within the AC-DC converter are
shown in Figure 9-17. They are driven by IC201 and IC202, both T4LS374
octal flip-flops, which 1in turn are driven by the microprocessor
through the floating data bus.

5.3.9 AC-DC CONVERTER

The AC-DC converter is shown in Figure 9-16, which 1s labeled Feedback.
Its purpose 1is to convert an AC input from the sense terminals (or
directly from the output in Local Sense) to DC for use in the error
comparator. It consists of a variable-gain prescaler, IC10l1 and IC102
and thelr assoclated components, and converter circuits, consisting of
the rest of the circuit.

RLK selects internal or external sensing. In both cases, the AC-DC
converter 1s measuring the difference between the high level input and
the low level input. The high level input passes through an attenuator
comprising R100, R103, R104 and R106, with high frequency compensation
capacitors Cl00 and C105, to the inverting input of IC10l.

The low level input passes through a second attenuator consisting of
R101, R105 and R107 to the inverting input of IC102. Its output is
summed through R110 with the high level input at IC101-2. Fregquency
compensation 1is provided by Cl21. The gain of IC102 is set by R106
alone or in parallel with R108, as selected by RLH. The combination of
relay positions required for each of the output ranges 1s shown 1n
Table 5-3.°

For a switch setting of 1 in the most significant digit, followed by
all zeroes, these attenuation settings result in an output at IC101-6
of 1.0 volt on all ranges except on the 0.12-volt range, where 1t 1s
0.1 volt.

The remaining circuitry has switch selectable gains of 3.2 and 32, as
determined by RLJ. RLJ2 sets the gailn by selecting feedback resisters
R133 or R129 and 133 in series. In order to preserve high frequency
response at a gain of 32, the open-loop gain of the amplifiler 1s
inereased by RLJ1.
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TR100 1s an FET source follower input stage. 1Its output drives IC104,
which iIn turn drives the current output =stage, TR102-TR105.
Feedforward through C108 provides high frequency drive to the output
stage which 1s independent of the characteristics of IC104, The
output of the current stage 1s fed back through R120 to TR100, holding
the DC output voltage at approximately zero volts.

Table 5-3. Relay Positions Versus Range.

RANGE RLE&RLL RLF&RLG RLH RLJ
0.12 X X X
1.2 X X

12. X X X
120. X X
1200. X

Schottky diodes D100 and D101 rectify the AC signal, providing separate
pesitive and negative outputs. These are filtered at R130-Cl19 and
R131-C120 and fed to the inputs of dual amplifier IC104, which serves
as a unity-gain buffer. The outputs of IC104 drive IC103, a unity-gailn
Instrument amplifier. The voltage at the output of IC103 1is
approximately 3.2 volts for an output of 1,0 volt at IC101-6 {(or 0.1
volt at IC101-6 in the 0.12-volt range of the instrument).

The output voltage of IC103 is fed through R132 to a summing point in

the error comparator, where it opposes the current from the DC
reference generator.

The AC-DC converter also drives a comparator circuit comprised of IC106
and 1ts associated components. The comparator provides a square wave
output coineident to the output sinewave waveform. The sguare wave 1s
sent to the frequency generator to provlide phase shift correction
information to a 2705 phase generator.

5.3.10 IEEE-488 INTERFACE

The IEEE-488 interface enables a remote controller to enter commands
Into the Model 2703 when both are interconnected to a general purpose
Interface bus (GPIB) meeting the requirements of IEEE Standard U488
(1978). Programming for control of the Model 2703 in such a system is
completely covered in Section IV. The schematic of the IEEEF-488
Interface 1s shown in Figure 9-5.

Commands and data from the remote controller are processed internally
by the 1interface device, IC2. IC3 and ICY4 are bi-directional
transceivers. The direction of data flow through IC3 and IC4 is
controlled by IC2. IC1l is also a bi-directional transcelver. However,
1t 18 a tri-state device that is controlled by the microprocessor. A
byte of data recelived from the controller 1s processed by IC2 which
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then generates an interrupt (IRQ) to the microprocessor. The micro-
processor responds by enabling IC1l, addressing IC2 and causing it to
write the data to the internal data bus through IC1,

When the 2703 has data for the controller, principally SRQ messages, it
addresses IC2, enables IC1 and writes the data into IC2. IC2 then
processes the data and transmits 1t to the controller.

The processes are almost entirely internal to IC2 and the micro-
processor system. The microprocessor operations are under software
control which 1s not detailed in this manual. Insight into operation
of IC2 can be obtalned by perusal of the device manufacturer's
publications.

5-14



SECTION VI - CALIBRATION AND MAINTENANCE - 2703

6.1 MANUAL CALIBRATION
6.1.1 GENERAL

It 1is recommended that calibratlon be performed with the 2703 fully
assembled (1.e., with covers in place) and after power has been applied
for a minimum of one hour to achleve temperature stabilization.
Calibration may be accomplished manually, using the front panel
controls, or automatically through the IEEE-488 1interface. Whether
calibration is to be accomplished manually or automatlcally, the
keyswitch on the rear panel should be set to CALIBRATE to 1nitiate the
auto-calibration cycle.

6.1.2 INTERNAL CALIBRATION SELECTION SWITCH

The Internal calibration switech 1is found on the MPU and Reference beard
on the left side of the instrument, viewed from the front. The
functions of the filve swiltches, listing from the top, are as follows:
1. Leave OFF for 2703, ON for 2705.

2, ON for short calibration. OFF for long calibration.

3. Leave OFF at all times.

4, Leave OFF, ON to select 1V on .12V range.

5. Leave QFF at all times.

6.1.3 RANGE OFFSET ADJUSTMENT

Adjustment of the offset In voltage value between ranges requlres the
following equipment:

5 1/2 digit AC DVM with linearity better than 0.01% on the 1l-volt
range at 1 KHz (e.g., Guideline 9676A)

NOTE: Most RMS DVMs do not have sufficient linearity.

1. Connect the 1input of the DVM to the output of the 2703. Select
Internal Sense on the 2703. Select the 1.2-volt range and set the
output to 1.0 volt. Measure the voltage on the 1-volt range of
the DVM, and note the value.

2. Keeping the 2703 on the 1.2~volt range, set the voltage to 0.01
volt on the display. Without changing ranges on the DVM, note the
reading.

3. Adjust RV1INl, at the left rear of the 2703, so the DVM reads
1/100th of the initlal reading +0.00002 volt.

6-1



4, Repeat steps 1 through 3 until correct.
CAUTION

UNLESS ONE OR MORE COMPONENTS HAVE BEEN CHANGED, NO
OTHER INTERNAL ADJUSTMENTS SHOULD BE MADE.

6.1.4 LOCAL AUTOMATIC CALIBRATION

The following equipment is required for the automatic calibration
procedure:

DC Voltage Standard, 1-1000 volts at better than 0.005% accuracy
with four-terminal capability (Valhalla 2701B or equivalent).

Thermal-transfer standard with better than 0.01% accuracy to 10
KHz, and better than 0.03% accuracy to 100 KHz, to 100 wvolts
(Fluke 5S40B or equivalent).

I, To enter the calibration mode, turn the key in the rear panel
switch to the CALIBRATE position. The 2703 will now display CAL
in the voltage display for approxlimately one second, then
commences the automatic calibration sequence.

2. The 2703 will automatically select the required voltage and
frequency ranges to be calibrated. At each change of voltage
range, the 2703 will select STANDBY and it will be necessary to
select OPERATE. to obtain an output. Adjust the voltage using the
Voltage Selector switches to the exact value required, then press
the STANDBY/OPERATE switch. The next step will now be selected.
Repeat the process of adjusting the voltage, then pressing the
STANDBY /OPERATE button, until the Bequence 1s completed. The
short and extended calibration sequences are shown in Tables 6-1
and 6-2.

NOTE

The short calibration sequence is sufficient for

most purposes. The extended sequence should be

used every two years or when required.
6.2 IEEE-488 CALIBRATION
6.2.1 PERIODIC CALIBRATION
Calibration via the IEEE-488 interface follows a simular procedure to
manual calibration. The major difference 1s the method by which the
next calibration point is selected by sending "C" over the bus to the
unit.
Thus, the sequence 1is as follows:

1. First point, following a range change.,
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Unit is in standby. Send unit a voltage (e.g., 1.0 for 1 volt
calibration).

Send voltages until output 1s correct.

Send "C"., Unit automatlcally steps onto the next step.

Frequency response callibration.

As step 1, but unit starts 1in OPERATE, thus step C 1s
unnecessary.

Table 6-1. Short Calibration Sequence.

RANGE VOLTAGE FREQUENCY
1.2V 1.00000 1000 Hz
0.12V 10.100000 or 1.00000 1000 Hz:
. 12v 10.0000 1000 Hz
120V 100.000 1000 Hz
1200V 1000,00 _ 10 Hz

Table 6-2. Extended Calibration Sequence.

RANGE VOLTAGE FREQUENCY

0.12Vv |0.100000 or 1.00000|10,20,30,40,50,60,70,80,90,100 XHz,10 Hz
1.2V 1.00000 10,20,30,40,50,60,70,80,90,100 KHz, 10 Hz
12V 10.0000 10,20,30,40,50,60,70,80,90,100' KHz,10 Hz
120V 100.000 10,20,30,40,50,60,70,80,90,100 KHz, 10 Hz
1200V 1000.00 100,200,300,400,500,600,700,800,900,1000 H:z

The user should also note that voltages should be sent as though the
output was 0.1 volt even though the output 1s 1.0 volt.

6.3

CALIBRATION FOLLOWING COMPONENT REPLACEMENT

Following replacement of any component, or removal of the voltage
output PCB, the full automatic callbration routine must be peformed.

If the component replaced was 1n the AC-DC converter sectlion,

the
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following adJustments should be made before the automatic calibration
is performed.

1. Adjust Cl101 on the voltage output PCB for a 1 KHz to 100 KHz
difference of <0.5% at 1 volt output on the 1l.2-volt range.

2. Adjust C102 on the voltage output PCB for a 1 KHz to 100 KH=z
difference of <0.5% at 10 volts output on the 12-volt range.

3. Adjust Cl00 on the voltage output PCB for a 1 KHz to 100 KHz
difference of <0.5% at 100 volts output on the 120-volt range.

y, Repeat steps 1 through 3 untll no further adjustments are
required.

6.4 TROUBLESHOOTING

It 18 not possible to anticipate all faillure modes of the integrated
circult devices and other components of the Model 2703. Therefore, the
servicing technlcian should be familiar with the contents of Section V
-~ Theory of Operation. Knowledge of circuit operation is a requisite
for efficient servicing of the 2703. As a servicing aid the
troubleshooting chart, Table 6-3, 1lists a number of fault symptoms and
possible sources. If the exhibited symptom 18 not listed or a check of
the sources listed does not locate the defective component, it will be
necessary to employ normal troubleshooting procedures. '

Table 6-3. Troubleshooting Chart.

SYMPTOM POSSIBLE TROUBLE SOURCE

No display Check fuse, Power Supply Board
and Microprocessor.

No output Check 10-volt amplifier, frequency board and
DC reference amplifier.
Check sinewave generator.

Highly distorted Check 100-volt amplifier.
output Check 10-voit amplifier output stage.

. Check sinewave generator ROM's,
Output ramps to above If in Remote Sense, check wiring to SENSE
required output, then terminals or check AC-DC converter and ERROR
unit selects standby amplifier.
Output inaccurate Check Error amplifier and AC-DC converter.
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SECTION VII - AVAILABLE OPTIONS

7.1 GENERAL

This section describes several options avalilable from Valhalla
Selentific to increase the utility of the Model 2703.

7.2 OPTION TL-2

This 1s the Talk/Listen interface described in Section IV.
7.3 OPTION R6

This 1s required to rack mount the 2703.

7.4 OPTION BBC

Option BBC 1s a dual shielded cable equlpped with banana plugs. It is
48 inches long with dual banana plugs on each end.

7.5 OPTION C

Option C 1s a palr of cables terminated with alligator clips at one end
and a dual banana plug at the other end.

7.6 OPTION RO3
This 1s suppllied as standard.
7.7 OPTIONS GP-1 AND GP-2

Optlions GP-1 and GP-2 are IEEE-488 (GPIB) cables of one meter and two
meters in length, respectively.

7.8 OPTION 2704

This precision 100:1 divider attaches to the front-panel terminals to
provide very low nolse low-level (0-1 volt) output voltages. Provides
1 mV, 10 mV and 1 volt ranges from 10 Hz to 10 KHz with an overall
specification of +0.07% of output +0.01% of full-scale +1 uV.



SECTION VIII - 2705 OPERATION

8.1 GENERAL

The baslic operation of the Model 2705 1s similar to that of the Model
2703. The operation of the Model 2703 should be reviewed to aild the
operator in the use of the Model 2705.

8.2 MANUAL OFPERATION
8.2.1 GENERAL

A description of major functions of the front panel controls and
indicators 1s provided in the following paragraphs.

Each time power 1s applied, all bars and LEDs on the front panel are
illuminated. Approximately one second later both displays willl greet
the operator with "HELLQO", After another second, the instrument will
commence operation 1n the STANDBY mode In the 120 millivolt range set
to 100 millivolts at a phase of zero degrees.

8.2.2 CONNECTIONS

The Model 2705 is connected to the Model 2703 via a 15 conductor ribbon
cable provided with the 2705. The cable 1s plugged into mating
connectors on the back of the 2703 and 2705. The 2703 connector 1s
labeled "TO SLAVE UNIT". The 2705 has two connectors. The cable from
the 2703 should be plugged intc the connector labeled "TO MASTER UNIT",.
When multiple 2705s are connhected, e.g., 3 phase calibration; the
second slave unit 1s connected to the first slave unit. The first
slave unit funetioning as a master unlt to the second slave unit.
Figure 8.1 illustrates these connections. Note: When multiple slave
units are connected in this manner the phase specificatlons are
cumulative. To avoid the additive phase specifications alternate
connectlions may be used. Speclal cabling 1s requlred which 1s not
supplied with the 2705. Please consult the customer service department
for availability and pricing for this cable.

CAUTION

The 2705 has rear panel termlnals wired in parallel
with those on the front panel. The user should be
careful when making connectlions that other 1leads
are not already connected to the other terminal
cluster.

8.2.2.1 FOUR WIRE CONNECTIONS

When the Model 2705 is used as a four wire 1instrument, the voltage
leads and the sense leads of the instrument should be connected
together at the load. Care should be taken to insure that the leads
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To Slave Unit To Slave Unit

1

To Master Unit To Master Unit
2703 _ 2705 2705
MASTER SLAVE SLAVE
UNIT UNIT UNIT

Figure 8.1 2703/2705 INTERCONNECTIONS




connected together at the load are of the same polarity. The REMOTE
SENSE pushbutton should be used to select Remote Sense as indicated by
the LED on the pushbutton being illuminated. It should be noted that
should the voltage at the sense terminals be more than 20% of range
from that expected, the unit automatically selects STANDBY.

8.2.2.2 TWO WIRE CONNECTIONS

When the instrument 1s used with only two wires, the REMOTE SENSE
pushbutton should be used to deselect Remote Sense, as indicated by the
LED on the pushbutton being extinguished. Sensing 1s then done
internally, and the sense terminals are open-circuited.

8.2.3 STANDBY/OPERATE PUSHBUTTON

The STANDBY/OPERATE pushbutton 1s an alternate action pushbutton
switch. The output in standby is zero, in operate it 1s the voltage
and phase indicated in the front panel display.

8.2.4 SETTING OUTPUT VOLTAGE AND PHASE

To set the voltage output of the Model 2705, select the desired
full-scale voltage range using the range pushbuttons. A LED on the key
for the chosen range will remain illuminated. Set the desired voltage
using the five rotary swltches below the VOLTAGE DISPLAY. To output a
voltage at a specific frequency and phase, the 2705 must have correct
Informatlion from the Model 2703. The only way the 2703 can send this
information to the 2705 is when the 2703 1s in the OPERATE mode and has
at least 1/10 of full scale output dialed up. The 2705 output
amplitude is also limited to a minimum of 1/10 of full scale.

The desired PHASE of the 2705 output 1s set using the four rotary
swltches below the PHASE LEAD display. As the numbers are entered,
they appear 1In the display. The PHASE ANGLE PRESET pushbuttons allow
the operator to rapidly select 0°, 90°, 120°, 180°, or 240° for
cardinal point phase checks. The 2705 has some frequency limitations.
The maximum operating frequency of the 2705 is 10KHz. Any time the 100
KHz frequency range 1s selected on the 2703 the 2705 automatically
selects the standby. Caution: Do not select the 1200 volt range of the
2705 when the 2703 frequency 1s abave 1 KHz.

8.2.5  LIGHTNING BOLT

To the left of the output terminals 1is a display that looks llke a
lightning bolt. When 1t 1s 1illumliated, 1t 1indicates that the
Instrument output voltage is 30 volts or greater, or that the 1200 volt
range has been selected.

8.2.6 REMOTE SENSE PUSHBUTTON

This pushbutton alternately selects and deselects the Remote Sense
(four-wire) mode. The LED indlcator in the key is 1lluminated when
Remote Sensling is selected. When the LED 1is extinguished, sensing 1s
done internally and the sense terminals are open-circuilted.
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8.2.7 LOCAL PUSHBUTTON

This pushbutton alleows the operator to take control of the instrument
if it 1is in IEEE Remote and If Local Lockout has not been selected.
(see Section IV of the manual).

8.2.8 EXTERNAL SYNC FAULT LED

This LED indicates that a fault has occurred 1n the interconnecting
cable between the Model 2703 and the Model 2705.

8.3 IEEE~-488 INTERFACE OPERATION

The complete IEEE operation 1s not described here. Please refer to
Section IV of the manual for a detailed explanatlion of IEEE operation.

8.3.1 SIMPLE COMMANDS AND EXAMPLES

The Phase command; relevant to the model 2705 1s described 1n the
following paragraph. Only commands regarding phase wlll be described
here. All other commands for amplitude and mode are the same as for
the 2703.

8.3.1.1 Setting a Phase Value -- To set the 2705 to a numeric phase
value, all that 1s required 1s to send the letter "P" followed by the
numerlic value 1n degrees. The overall delimiter 1s any 1invalid
.character within numeric entry. The following 1s an example of such a
program using the HP 85:

19 REMOTE 719

2@ INPUT A

3¢ OUTPUT 71@; "P" & VAL $[A]
4g GO TO 2¢

This program will prompt the user for an 1input of the desired phase
value on the HP85 and send this value to the 2705 (it i1s assumed that
the 2705 is turned on, connected to a 2703, and operate selected).

8.4 CALIBRATION

8.4.1 GENERAL

It 1s recommended that callbration be performed with the 2705 fully
assembled (e.g., covers in place) and after power has been applied for
a minimum of one hour to achleve temperature stabilization. The
keyswitch on the rear panel must be set to the CALIBRATE position to
lnitiate the calibation procedure. '

8.4.2 CALIBRATION

To callibrate the 2705 the following steps must be performed in order:

1. Connect the 2705 to the 2703 with the 15 conductor ribbon cable.
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2. Select the 2703 1 volt range, 100 Hz frequency range, OPERATE
mode with 1 volt output at 100 Hz.

3. Turn the 2705 keyswitch to the CALIBRATE position and follow the
callbration sequence as it 1s displayed. Adjust the voltage,
using the Voltage Selector switches, to the exact value required,
then press the STANDBY/OPERATE switch. The next step will then be
selected. Repeat the process of adjusting the voltage then press
the STANDBY/OPERATE switch until the five calibration steps have
been completed.

L, Return the keyswitch to the OPERATE position.

5. Verify the high frequency calibration of the 2705, Select 10 KHz
on the 2703 and check the fregquency response of the .1V, 1V, 10V,
and 100V ranges. Select 1 KHz on the 2703 and verify the
frequency response of the 1000V range.

8.4.3 CALIBRATION FOLLOWING COMPONENT REPLACEMENT

Followling replacement of any component, or removal of the voltage
output PCB the following calibration must be performed.

A. RANGE OFFSET ADJUSTMENT

Note, the following equipment is required to perform the Range Offset
Adjustment: 5 1/2 digit AC DVM with linearity better than 0.01% on the
1V range at 1 KHz (e.g., GUILDLINE 9576A).

1. Connect the DVM to the output of the 2705. Set the 2703 to 1 KHz
and select the 1.2 volt range and set the output to 1.0 volt.
Measure the voltage, using the 1 volt range of the DVM, and note
the value,

2. Keeping the 2705 on the 1.2 volt range, set the voltage to 0.01
volt on the display. Without changlng ranges on the DVM, note the
reading .

3. Adjust RV101 (at the left rear of the 2705) so the DVM reads
1/100th of the initial reading +0.00002 volt.

4. Repeat steps 1 to 3 until correct.
B. FREQUENCY RESPONSE ADJUSTMENT

These adjustments should be made prior to the automatic calibration
sequence,

1. AdJust C10l1, on the voltage output PCB, for minimal difference in
output at 1 volt on the 1.2 volt range between 100 Hz and 10 KHz.

2. Adjust C102, on the voltage output PCB, for minimal difference in
output at 10 volts output on the 12 volt range between 100 HZ and
10 KHz.
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3. Adjust C100, on the voltage output PCB, for minimal difference 1n
output at 100 volts output on the 120 volt range between 100 Hz
and 10 KHz.

4, Repeat steps 1-3 until no further adjustments are requlred.
8.5 THEORY OF OPERATION
8.5.1 GENERAL

Thls section of the manual descrlbes the theory of operation of the
Model 2705. The 2705 1s identical in operation to the 2703 with the
exception of the Phase Generator PCB. This PCB replaces the Frequency
Generator PCB of the 2703.

The Model 2703 and 2705 generate thelr sinewave outputs digltally. An
elght bit counter provides phase data to the slnewave generator 1n the
2703. Clocking and synchronization silgnals from the 2703 frequency
generator PCB are sent to the 2705 via the 15 way cable. An eight bit
counter on the phase generator PCB provides phase data to the slnewave
generator in the 2705. Because the counter on the phase generator is
synchronized with the counter on the frequency generator the sinewave
output of the 2705 will be synchronized with the sinewave output of the
2703.

If the counter in the Phase Generator 1is delayed, in time, from the
frequency generator counter the 2705 sinewave output willl be phase
shifted from the 2703 output. Generating this time delay is what the
Phase Generator does. At this point, the sinewave outputs of the 2703
and 2705 are synchronlized by thelr digltal generatlon. The slnewaves
are phase shifted by the analog amplifiers In thelir signal paths. The
phase shifts are deflined by the analog circuit design and are variable
by component values. To minimize these analog phase shift errors,
correction circuits in the Phase Generator correct the phase shift to a
minimum and constant error.

8.5.2 DETAILED CIRCUIT DESCRIPTION

The synchronizing signals from the master unit are 1solated from the
2705 by opto-couplers IC1-IC4. The MS FREQ 1,2,4,8, FRO DC and FRI1
signals are buffered by IC8 and sent to the active filter in the 2705
sinewave generator. These signals also go to the 2705 output connector
"TO SLAVE UNIT" to drive another 2705. These six signal lines tell the
2705 what frequency range to use. The CABLE line 1s an interlock
signal that 1s normally low. If the lnterconnect cable is disconnected
the CABLE signal goes low Informing the microprocessor that the cable
is faulty. The elght bit data bus from the microprocessor is latched
by IC20 and IC21 to provide phase data toc the phase generator. The
phase data 1s loaded into the first phase correction counter chain
IC22~24 by the LOAD SLAVE signal. The phase data 1s modified by the
counter chain. The counter chain subtracts the amount of 2705 analog
signal path phase shift from the phase data. At the end of this
calculation the LATCH SLAVE signal stores the result in latches IC28
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and IC29. The phase data 1s then loaded into the second counter chaln
IC30-32 by the LOAD MASTER slignal. This counter chain adds the amount
of 2703 analog signal path phase shift to the phase data. At the end
of this calculation the LATCH MASTER signal stores the phase shift data
in latches IC33 and 34. The data 1s then loaded into the output
counter chain IC36-38. IC36 and IC37 generate the phase data that is
applied to the 2705 sinewave generator. The two phase correction
counter chalns' function 1s to hold the phase shift error between the
master and slave unlts constant. The LOAD SLAVE, LATCH SLAVE, LOAD
MASTER, and the LATCH MASTER signals are derived from the STNC and
CLOCK signals from the 2703. The SLAVE ENABLE signal is generated from
the phase comparator IC35. The comparator provides a pulse width
cutput proportlonal to the phase shift between the @7 signal,
synchronized with the digital sinewave, and the phase signal which 1s a
square-wave colinclident with the analog slinewave. This signal is
generated by a comparator 1n the 2705 feedback system. A similar phase
comparator in the 2703 provides the PHASE signal which 1s used to
generate the MASTER ENABLE signal in a similar fashion.
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SECTION IX - USEFUL HINTS

9.1 GENERAL

This section contalns a number of useful hints that will assist the
user in obtaining maximum utility from the Model 2703. As experience
with the Model 2703 in the fleld 1s accumulated, this section will be
expanded in later 1ssues of thls manual.

9.1.1 OPERATION AT LOW OUTPUT LEVELS

It may be noticed that there 1s some high frequency noise present on
the output wave form at very low-levels. Whilst the effect when used
with either average or RMS sensing DVM's are covered in the specifica-
tion, when the 2703 1is used with wlide-band AC voltmeters it 1s
recommended that the 2703 be operated with 1ts output LO grounded. In
extreme cases (voltmeters with <20 MHz bandwidth) a 50 ohm termination
at the voltmeter should be used.

For very low-level applications the 2704 precision 100:1 divider should
be used (remembering the 50 ohm output impedance).



SECTION X - DIAGRAMS

10.1 GENERAL

The 1llustrations of this section are the schematic, logic and assembly
diagrams of the Model 2703. To the extent practical, an assembly
diagram faces the appropriate schematic or logic diagram. All dlagrams
are reductlons of factory engineering drawings. Title blocks, and
other information not required may have been removed.
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