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Warranty

Tabor Electronics' products are warranted against defects in material and workmanship, when
used under normal operating conditions, for a period of one year after delivery. Tabor
Electronics will repair or replace without charge any product which proves defective during
this period. Repair necessitated by misuse of the product is not covered by this warranty. No
other warranties are expressed or implied, including but not limited to the implied warranties
of merchantability and fitness for a particular purpose. Tabor Electronics is not liable for
consequential damage.

REPAIR AND CALIBRATION

Prior authorization isrequired from Tabor Electronics before products are returned for service.
All service must be performed by Tabor Electronics’ factory or an authorized service center.
Please contact the factory directly for repair and re-calibration:

Tabor Electronics, Ltd.
9 Hatasia Street
Tel Hanan, Israel 20302
Tel: 972-4-821-3393
Fax: 972-4-821-3388



Tabor Electronics Ltd.

REPAIR AND CALIBRATION REQUEST FORM

To allow us to better understand your repair requests, we suggest you use
the following outline when calling and include a copy with your instrument
to be sent to the Tabor Repair Facility.

Model Serial No. Date

Company Name Purchase Order #

Billing Address

City
State/Province Zip/Postal Code Country
Shipping Address
City
State/Province Zip/Postal Code Country
Technical Contact Phone Number ()
Purchasing Contact Phone Number ()

1. Describe, in detail, the problem and symptoms you are having. Please include
all set up details, such as input/output levels, frequencies, waveform details, etc.

2. If problem is occurring when unit is in remote, please list the program strings used
and the controller type.

3. Please give any additional information you feel would be beneficial in facilitating
a faster repair time (i.e., modifications, etc.)

4. |s calibration data required? Yes No (please circle one)
Call before shipping Ship instruments to nearest support office
Note: We do not accept listed on back.

“collect” shipments.



Safety Precautions

The following safety precautions should be observed before using this product and associated
computer. Although some instruments and accessories would normally be used with non-haz-
ardous voltages, there are situations where hazardous conditions may be present. This product
is intended for use by qualified personnel who recognize shock hazards and are familiar with
the safety precautions required to avoid possible injury. Read the operating information
carefully before using the product. Exercise extreme caution when a shock hazard is present.
Lethal voltage may be present on cables, connector jacks, or test fixtures.

The American National Standard Institute (ANSI) states that a shock hazard exists when
voltage levels greater than 30V RMS, 42.4V peak, or 60 VDC are present. A good safety
practice is to expect that hazardous voltage is present in any unknown circuit before touching
or disconnecting the line cord. Before operating an instrument, make sure the line cord is
connected to a properly grounded power receptacle. Inspect the connecting cables and test
leads for possible wear, cracks, or breaks before each use.

For maximum safety, do not touch the product, test cables, or any other of the instrument parts
while power is applied to the circuit under test. ALWAY S remove power from the entire test
system before connecting cables or jumpers, installing or removing cards from the computer,
or making internal changes, such as changing card address. Do not touch any object that could
provide a current path to the common side of the circuit under test or power line (earth) ground.
Always keep dry hands while handling the instrument. If you are using test fixtures, keep the
lid closed while power is applied to the device under test. Safe operation requires that the
computer lid be closed at all times during operation.

Carefully read the Safety Precautions instructions that are supplied with your computer.
Instruments, cables, leads or cords should not be connected to humans. Before performing any
maintenance, disconnect the line cord and all test cables. Finally, maintenance should be
performed by qualified service personnel only. If you have no past experience in instrument
servicing, we strongly recommend that installation and initial tests on the instrument be done
by your dealer or by the factory itself.



DECLARATION OF CONFORMITY

We: Tabor Electronics Ltd.

9 Hatasia Street, Tel Hanan
ISRAEL 20302

declare, that the 50 MHz Pulse/Function Generators

Model 8020 and Model 8021

meet the intent of Directive 89/336/EEC for Electromagnetic Compatibility and complies with the

requirements of the Low Voltage Directive 73/23/EEC. Compliance was demonstrated to the following
specifications as listed in the official Journal of the European Communities:

Safety:
EN 61010-1

IEC 1010-1 (1990) + Amendment 1 (1992)

EMC.:

EN 50081-1 Emissions:
EN 55022 - Radiated, Class B
EN 55022 - Conducted, Class B

EN 50082-1 Immunity:
IEC 801-2 (1991) - Electrostatic Discharge
IEC 801-3 / ENV50140 (1993) - RF Radiated
IEC 801-4 (1991) - Fast Transients

Model 8020 and Model 8021 were tested in typical configuration.
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SECTION 1

GENERAL INFORMATION

1-1. INTRODUCTION

This manual provides operation and maintenance infor-
mationfor theM odel 8020 Function Generator. Section 1
isageneral description of theModel 8020. Sections2 and
3 contain installation and operation instructions. |EEE
programmingisexplained in Section 4. Maintenanceand
performancechecksare providedin section 5. Thetheory
of operation is described in section 6. Section 7 outlines
calibrationandtroubleshooting procedure. Section8con-
tain tables of replaceable parts and recommended spare
parts. Section 9 contai ns schematic and component loca-
tiondiagrams.

1-2. DESCRIPTION

Model 8020 isahigh performance - digital function gen-
erator. It providesavariety of signal waveforms, for useas
test stimuli to many different electronic devices. Micro-
processor based, Model 8020 is extremely easy to set up
for manual use aswell assimpleto programin an |EEE-
488 GPIB system environment. Thegenerator featuresas
standard: lin/log sweep, pulse waveforms and complete
triggeringfacilities- includinginternal trigger generator.

M odel 8020 providesawidefrequency coverageanda
large amplitude span; ensuring continuing usefulnessfor
avariety of tasks, today aswell asin thefuture, when de-
mands change. Rapid, repeatabletesting every timeisas-
sured by thirty non-volatile stored set-upsthus, ensuring
exact duplication of previousset-upsno matter how com-
plex is assured. Its performance, programmability and
economy makeit equally at homein every laboratory.

Output may be selected to be either continuous, gated
or triggered. The function generator features a built-in
trigger generator which canreplacean external triggering
device. Additional convenience is achieved through the
MANUAL button permitting user control over triggering
seguences.

Alternately, model 8020 may also be used asan inde-
pendent sweep generator withitsoutput signal swept over
an exceptionally wide range of 10 decades. A choice of
eight sweep modes, both linear and logarithmic, covers
most applications which are known today. A MARKER
outputisprovidedtopermit Z-axismodul ation of anoscil -
loscopetointensify partsof thescopetrace.

Output level rangesfrom 20 mV to 30 Vp-p into open
circuit or 10 mV to 15V p-p into 50 ohms. Maximum DC
offset plus AC signal is variable within a window level
from-15V to+15V intoopencircuitorfrom-7.5Vto+7.5
V into 50 ohms.

The function generator employs a built-in counter.
Thiscounterisnotavailabletotheoutsideworldhowever,
itisincorporatedinaninternal loop which automatically
monitorsthe output frequency. When adeviation of more
than afew tenth of apercentisdetected by thecounter, the
frequency is automatically corrected by the internal mi-
Croprocessor.

Therearetwo other model swhichwill bedescribedin
thismanual:

Model 8021 - 20 MHz Pulse/Function Generator.
This instrument is identical in its basic functions to the
Model 8020. In addition, thisinstrument offers Pulseand
Ramp capabilities. Pulsewidthandrampwidthrangesare
controllablewithinarangeof 25.0nSt09.99S. Pul secom-
plement andinverted rampfunctionsarealsoavailable.

Model 8022-20MHzAM FunctionGenerator. This
model offers an amplitude modulation function in addi-
tion to the 8020 functions. Carrier level is controllable
within the range of 0 to 100 %. Modulating signal is ap-
plied through afront panel BNC connector. The operator
may select asacarrier any of the standard availablefunc-
tions.

Page 1-1
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Model 8020

NOTE

Thismanual providesacompletedescription
of al features of the 8020 series. Therefore,
several of thefeatureswhich aredescribedin
the following paragraphes may not be in-
stalledinyour instrument.

1-3. INSTRUMENT & MANUAL IDENTIFICATION

The serial number of theinstrument islocated ontherear
panel of theinstrument. Thetwo most significant digits
identify instrument modifications. If this prefix differs
from that listed on the title page of this manual, there are

differencesbetween thismanual and your instrument.

CHANGES ssheet.

1-4. OPTIONS

Model 8020 offers a GPIB interface bus option; desig-

nated asOPTION 1.

Optionlisfieldinstallableor may beorderedwithnew
instrumentsfrom thefactory. Installation procedures are
given in Section 6 of this manual. There are no software
modifications necessary when installing the option. The
instrument will automatically sense the presence of the
newly installed interface and will then permit operation

throughthe | EEE-488 GPIB interface.

Page 1-2

1-5. SPECIFICATIONS

Instrument specifications arelisted in Tables 1-1. These
specifications are the performance standards or limits
against whichtheinstrument istested.

NOTE

All specificationsinthefoll owingtableapply
with output terminated with 50 feedthrough
terminationandwithanamplitudeof 15V p-p.
Warm-up periodis30 minat anambient tem-
peratureof 25+/-5deg C.

1-6. SAFETY CONSIDERATIONS
Technical correctionstothismanual (if any) arelisted
in the back of this manual on an enclosed MANUAL

M odel 8020isaSafety Class1instrumentwithanexposed
metal chassis that is directly connected to earth via the
power supply cableand hasbeen manufactured according
tointernational saf ety standards. Beforetheinstrumentis
switched on, make sure that protective earth terminal is
connectedto aprotectiveearth viathe power cord. Do not
removeinstrument coverswhen operating or when power
cordisconnectedtomains.

Any adjustment, maintenanceandrepair of theopened
instrument under voltage should be avoided as much as
possible, but when inevitable, should be carried out only
by askilled personwhoisaware of the hazardinvol ved.

1-7. ACCESSORIES SUPPLIED

The 8020 is supplied with ac power cord and with anin-
struction manual. Extramanual isavailableonrequest.
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Table 1-1. Model 8020 Specifications

WAVEFORMS; Sine, Triangle, Square, Positive Pulse, Negative Pulse, TTL Pulse (SYNC out), DC

FREQUENCY CHARACTERISTICS

Range: 2mHz to 20 MHz

Resolution: 3 1/2 digits (2000 counts max) with exponent

Accuracy:
Continuous: +/-3 % of full scale from 2 mHz t0 9.99 Hz; .1 % of full scale from 10 Hz to 20MHz
VCO and Gated: +/-3 % of reading to 2.000 MHz; +/-5 % of reading to 20 MHz

Jitter: <0.1% 50 pS

WAVEFORM CHARACTERISTICS

Sinewave Total harmonic distortion:
<1 % from 2 mHz to 20.0 Hz
<.5% from 20 Hz to 100 KHz
<1 % from 100 KHz to 1 MHz

Harmonic signals: >25 db below the carrier level from 1 MHz to 20 MHz
Triangle Linearity: Better than 99% up to 100 KHz (measured between 10% to 90% of amplitude)
Squarewave, Pulse:
Rise/Fall time: <12 nS (10 % to 90 % of amplitude)
Abberation: <5%
TTL Pulse:
Rise/Fall time: <25nS

OUTPUT CHARACTERISTICS

Stand-by mode: Output Normal or Disabled, selectable

Impedance: 50 ohms +/-2 %

Output Level: 20.0 mV to 30.0 V p-p into open circuit; 10.0 mV to 15.0 V p-p into 50 ohms
Resolution: 2 1/2 digits (150 counts) with exponent

Accuracy (1 KHz2): +/-2 % of reading from 1.0V to 15.0 V

+/-3 % of reading from .10V to 1.50 V
+/-4 % of reading from 10 mV to 150 mV

Vernier Control: Continuous throughout the output level

Output Protection: protected against continuous short to case ground.

Flatness (sine): <0.5dbto 1 MHz; <1.5 db to 20 MHz

Offset Resolution: 3 digits with exponent

Offset Range: Offset and amplitude are independently sel ectable within the following window levels:
Window Amplitude Offset Offset

Level Range Accuracy

+/-7.50 V 1.0E0-15.0E0 OEO0-7.00EO 1% +/-(1% of Ampl + 40mV)
+/-2.37V 48E0- 150E 0 OE0-213EO 2% +/-(1% of Ampl + 10mV)
+/-750mV J10EOQ- .47E0 OE-3- 700 E-3 2% +/-(1% of Ampl + 4mV)
+/-237TmV 10E-3 - 150E-3 OE-3- 232E-3 3% +/-(1% of Ampl + 1ImV)
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Table 1-1. Model 8020 Specifications (continued)

DC CHARACTERISTICS (models 8020 & 8022)

Range:

Resolution:
Accuracy:

Variable from -15V to + 15V into open circuit;
-7.5V to+7.5V into 50 ohms

3 digits (750 counts max) with exponent
+/-(1% of reading +20 mV) to 7.50 V;

+/-(2% of reading +2 mV) to 750 mV

TRIGGERING CHARACTERISTICS

Source:

Modes:
Normal:
External Trigger:
Internal Trigger:
Gated:

External Rate:

Ext. Trigger Level:
Int. Trigger Period:
Slope:

Manual front panel push button, external TRIG IN or internal trigger generator

Continuous waveform is generated

Each input cycle generates a single output cycle

An internal timer repeatedly generates asingle output cycle

External signal enables generator. First output cycle synchronous with active slope of triggerirn
signal. Last cycle of output waveform always fully completed

To 20 MHz

TTL

Continuously adjustable from 10 Sto 1000 S

Positive going leading edge

LOGARITHMIC SWEEP CHARACTERISTICS

Modes:

Width:
Rate per Decade:
Steps per decade;

Sweep Output:
Marker QOutput:

Sweep Stop Resolution:

Auto, Manual, Triggered and Gated sweep. Main frequency, when triggered, repeatedly
changes from frequency set by the frequency start to frequency set by the sweep

stop setting. Frequency will sweep up, down, or up-down depending on the rela
tionship between the sweep start and sweep stop set-ups and the selected sweep

mode

10 decades maximum

continuously adjustable from 10 mSto 1000 S (nominal) per decade

Depends on sweep time and range. Automatically adjusted by the instrument to get the
maximum steps per sweep time. Maximum steps are 200; minimum steps are 50

2 V/decade for decades; 1 V/decade for 5 decades

0V with no marker; dropsto approx -5V when marker frequency is reached. Remains -5V
from the marker frequency to the end of the sweep

Same as frequency resolution

LINEAR SWEEP CHARACTERISTICS

Modes:
Sweep Width:
Sweep Time:
Sweep Out:
Sweep Steps:

Same as in logarithmic sweep

3 decades maximum

continuously adjustable from 10 mSto 1000 S (hominal)

0to 10V +/-5%

Depends on sweep time and range. Automatically adjusted by the instrumentto get the
maximum steps per sweep time. Maximum steps are 1000; minimum steps are 16

Page 1-4
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Table 1-1. Model 8020 Specifications (continued)

Marker Output: Same as logarithmic sweep
Sweep Stop Resolution:  Same as Freguency resolution

VOLTAGE CONTROLLED OSCILLATOR (VCO) CHARACTERISTICS

Input Impedance: 10 Kohms +/-5 %

Sensitivity: 0V to-10V +/-20 % produces frequency change 1/1000 from main frequency when
main frequency is set to 2000 counts

Bandwidth: DCto 70 KHz

FM Sensitivity: 0V to 100 mV modulates to 1% deviation from center frequency

PULSE /RAMP CHARACTERISTICS- MODEL 8021

Pulse Modes: Symmetrical Pulse, Positive Pulse, Negative Pulse and Complement
Pulse Width Range: 25.0nSt09.99 S
Max Duty Cycle: 90 % (limited by 25 nS dead time)
Ramp Modes: Positive Going Ramp, Negative Going Ramp
Ramp Width Range:  5.00uSt09.99 S
Max Frequency: 150 KHz
Max Duty Cycle: 90 % (limited by 1 uS dead time)
Resol ution: 3 digits with exponent
Accuracy: +/-3 % +/-4 nS 25.0 nSt0 99.9 mS; +/-10 % 100 mSt09.99 S

PWM (pulse width modulation):

Mode: Externa PWM

Input: Viafront panel PWM IN BNC connector

Input Impedance: 10 Kohms +/-5 %

Sensitivity: +/-5 V produces >10 % pulse width change when instrument is set to 100 counts

AM CHARACTERISTICS - MODEL 8022

Mode: External AM
Input: Viafront panel AM IN BNC connector
Input |mpedance: 10 Kohms +/-5 %
Carrier:
Waveform: All available front panel waveforms
Level Range: Continuously adjustable from 0 % to 100 % (100 % carrier level is proportional to one
half of the programmed amplitude level)
Resolution: 3 digits (100 counts max)
Distortion: <1 % at 70 % modulation (Measured with Fc = 1 MHz and Fm = 1 KHz)
Modulating Signal:
Bandwidth: DC to 500 KHz (DC coupled)
Sensitivity: 0V to 2.5 Vp-p produces 0 % to 100 % modul ations respectively when carrier is set to 100

%; 0V to 5 Vp-p produces suppressed carrier amplitude modulation (SCAM)
having an output amplitude level of 0V to 15 Vp-p into 50 ohms respectively
when carrier is set to 0 %
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Table 1-1. Model 8020 Specifications (continued)

GPIB INTERFACE (I EEE-488-1978) - Option 1

Programmabl e controls:

Subsets:
Data Output Format:
Data Input Format:

Service Request:
String Termination:
Address Selection:

ENVIRONMENTAL
Operating temperature:
Specified Accuracy:
Storage temperature:
Humidity range:
GENERAL

Display:

Power:
Stored Settings:

Dimensions:
Weight:

All front panel controls except POWER switch; Output may be disabled through
abus command

SH1, AH1, T6, TEO, L4, LEO, SR1, RL1, PP2, DC1, DT1, CO

Fixed output format consisting of 15 or 17 ASCII characters plus terminators

ASCII characters lower or upper case. ASCII characters smaller than 20 HEX (32) are
ignored except CR (0D HEX)

Selectable for illegal commands, illegal parameters and error

Selectable CR, LF, EOI or combination of all.

Front panel programming. Addressis stored in a non-volatile memory

0 deg C to 40 deg C ambient
+25deg C +/-5deg C
-40deg Cto+70deg C
80% R.H

4 digits 7 segment LEDs 14.2mm high with automatic decimal point, exponent and polarity
indicators

115/230 Vac +/- 10 %, 50 or 60 Hz, 50 VA max

30 compl ete sets of front panel control settings. The previous control settings and GPIB ad-
dress are stored in a non-volatile memory. Storage guaranteed for 24 month

87x210x 390 mm (H x W x L)

Approximately 5 Kg
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SECTION 2

INSTALLATION

2-1. INTRODUCTION

Thissection containsinformation and instructionsneces-
sary for theinstallation and shipping of the function gen-
erators - 8020 series. Details are provided for initial in-
spection, power connection, grounding safety require-
ments, installation information, and re-packing instruc-
tionsfor storage or shipment.

2-2. UNPACKING AND INITIAL INSPECTION

Unpacking and handling of the counter requiresonly the
normal precautionsand procedures applicabletothe han-
dlingof sensitiveel ectroni cequi pment. Thecontentsof all
shippingcontai nersshouldbecheckedforincludedacces-
sories and certified against the packing slip to ascertain
that the shipment iscompl ete.

2-3. PERFORMANCE CHECKS

The instrument was carefully inspected for mechanical
and el ectrical performance before shipment fromthefac-
tory. It should be free of physical defects and in perfect
electrical order upon receipt. Check the instrument for
damage in transit and perform the electrical procedures
outlined in Section 5. If there isindication of damage or
deficiency, seethewarranty inthismanual and notify your
local Tabor field engineering representative or the fac-
tory.

CAUTION

It is recommended that the operator be fully
familiar with the specifications and all sec-
tionsof thismanual. Failuretodosomay com-
promisethewarranty andtheaccuracy which
Tabor hasengineeredintoyour instrument.

2-4. POWER REQUIREMENTS

Thefunction generator may be operated from any one of
thefollowing sources: a. 103.5t0 126.5Volts (115 Volts

nominal) b. 207to0 253 Volts(230Voltsnominal).

The instrument operates over the power mains fre-
guency range of 48to 63 Hz. Alwaysverify that the oper-
ating power mainsvoltageisthe sameasthat specified on
therear panel voltage selector switch.

CAUTION

Failureto switch theinstrument to match the
operatinglinevoltagewill damagetheinstru-
ment and may voidthewarranty.

The Model 8020 should be operated from a power
sourcewithitsneutral at or near ground (earth potential).
The instrument is not intended for operation from two
phases of a multiphase ac system or across the legs of a
single-phase, three-wire ac power system. Crest factor
(ratioof peak voltagetorms) shoul dbetypically withinthe
range of 1.3to0 1.6 at 10% of the nominal rms mainsvolt-

age.

2-5. GROUNDING REQUIREMENTS

To insure the safety of operating personnel, the U.S.
0O.S.H.A. (Occupational Safety and Health) requirement
and good engineering practice mandate that the instru-
ment panel and enclosurebe* earth” grounded. All Tabor
instrumentsare provided withan UnderwritersL aborato-
ries(U.L.andV.D.E) listed three-conductor power cable,
which when plugged into an appropriate power recepta-
cle, grounds the instrument. The long offset pin on the
mal e end of the power cablecarriesthegroundwiretothe
long pin of the Euro connector (DIN standard) receptacle
ontherear panel of theinstrument.

Topreservethesafety protectionfeaturewhen operat-
ing theinstrument from atwo-contact outlet, use athree-
prong to two-prong adapter and connect thegreenlead on
theadapter toan“earth” ground.
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CAUTION

Toavoidoperator shock hazard donot exceed
the power mains voltage frequency rating
whichlimitstheleakagecurrentbetweencase
and power mains. Never expose the instru-
menttorain, excessivemoisture, or condensa-
tion.

2-6. INSTALLATION AND MOUNTING

The instrument is fully solid state and dissipates only a
small amount of power. No special cooling is required.
However, theinstrument shoul d not beoperatedwherethe
ambient temperature exceeds40 deg C, whentherelative
humidity exceeds80% or condensati onappearsanywhere
ontheinstrument. Avoidoperatingtheinstrument closeto
strong magnetic fields which may be found near high
power equipment such as motors, pumps, solenoids, or
high power cables. Usecarewhenrack mountingtolocate
the instrument away from sources of excessive heat or
magnetic fields. Alwaysleave 4 cm (1.5inches) of venti-
lation spaceon all sidesof theinstrument.

2-7. BENCH OPERATION

The Model 8020 is shipped with plastic feet, tilt stand in
placeand ready for use asabench or portableinstrument.
Seeoutlinedrawing Figure2-1for dimensions.

2-8. RACK MOUNTING

Theinstrument may berack mountedinastandard 19inch
rack. Theinstrument may berack mountedin Rack Mount
Kit option 8020-rack.

2-9. PORTABLE USE

Theinstrument may beusedinapplicationsrequiringport-
ability.Atiltstand consistingof tworetractabl el egsispro-
videdwitheach unit.

2-10. SHORT TERM STORAGE

If theinstrument isto be stored for ashort period of time
(less than three months), place cardboard over the panel
andcovertheinstrumentwithsuitableprotectivecovering
such asaplastic bagor strong craft paper. Place power ca-
ble and other accessories with the instrument. Store the
covered voltmeter inaclean dry areathat isnot subject to
extremetemperature variations or conditions which may
causemoistureto condenseontheinstrument.
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2-11. LONG TERM STORAGE OR
RE-PACKAGING FOR SHIPMENT

Iftheinstrumentistobestoredforalong periodor shipped,
proceed asdirected below. If you haveany questionscon-
tact your local Tabor field engineering representative or
the Tabor Service Department at thefactory.

If the original Tabor supplied packaging isto be used
proceed asfollows:

1. If the original wrappings, packing material, and con-
tai ner have been saved, re-pack theinstrument and acces-
soriesoriginally shippedtoyou. If theoriginal containeris
not available, one may be purchased through the Tabor
Service Department at thefactory.
2.Besurethecartoniswell sealedwithstrongtapeor metal
straps.

3. Mark the carton with the model number and serial
number withindeliblemarking. If itisto beshipped, show
sendingaddressandreturnaddressontwosidesof thebox;
cover all previousshippinglabels.

Iftheoriginal containerisnotavailable, proceedasfol -
lows:

1.Beforepackingtheunit, placeal | accessoriesintoaplas-
tic bag and seal thebag.

2. For extendedstorageor longdistanceshippingonly, use
U.S. government packing method |1 C and tapeatwo-unit
bag of desiccant (per MIL-D-3464) ontherear cover.
3.Placeal3cm (5inch) by 30cm (12inch) pieceof sturdy
cardboard over thefront panel for protection.

4. Placethe counter into aplastic bag and seal thebag.

5. Wrapthebaggedinstrument and accessoriesinoneinch
thick flexible cellular plastic film cushioning material
(per PPP-C-795) and placein abarrier bag (per MIL-B-
131). Extract theair from bag and heat seal .

6. Placebaggedinstrument and accessoriesintoa250 mm
(10 inch) x 360 mm (14 inch) x 508 mm (20 inch) fiber
boardbox (per PPP-B-636typeCF, classWR, variety SW,
gradeV 3C). Fill additional spaceswithrubberized hair or
cellular plasticcushioning material. Closebox inaccord-
ancewith container specifications. Seal with sturdy water

resistant tape or metal straps.
7. Mark container “DELICATE INSTRUMENT”,
“FRAGILE", etc. Mark instrument model and serial

number and date of packaging. Affix shipping labels as
required or mark accordingtoMIL-STD-129.
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NOTE
RETURN AUTHORIZATION NUMBER
If theinstrument isto be shipped to Tabor for FROM THE FACTORY BEFORE SHIP-
calibrationor repair, attachatagtotheinstru- PINGTHEINSTRUMENT TOTABOR.
ment identifying the owner. Note the prob-
lem, the symptoms, and service or repair de- 2-12. SAFETY
sired. Record themodel and serial number of
theinstrument. Show thework authorization Befully acquainted and knowledgeabl ewithall aspectsof
order aswell asthedateand thisinstruction manual before using theinstrument to as-
method of shipment. ALWAY SOBTAIN A sure operator safety and protection against personnel
shock hazard. hazard.
212 359
8 =
|- I_L_:.. e | |
.rf-";
S o

Figure2-1. Model 8020 - outlinedimensions.
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SECTION 3

OPERATING INSTRUCTIONS

3-1.INTRODUCTION

Model 8020 operation is divided into two general cate-
gories: basic bench operation, and | EEE-488 operation.
Basic bench operation, whichiscoveredinthissection,
explains how to use the model 8020 for generating the
required waveform characteristics. | EEE programming
(with option 1 installed) can al so be used to greatly en-
hance the capability of the instrument in applications
suchasautomatictest equipment. Thisaspectiscovered
in detailsin Section 4.

3-2.FRONT PANEL FAMILIARIZATION

Thefront panel layout of theM odel 8020isshowninFig-
ure 3-1. Thefront panel isgenerally divided into three
sections: controls, connectors, display and indicators.
The following paragraphs describe the purpose of each
of theseitemsin details.

3-2-1.Controls

All front panel controls except POWER are momentary
contact switches. M ost controlsinclude an annunciator
light for indication of the sel ected parameter and operat-
ing mode. Some controls do not have an annunciator
light. Exercising these control s generates animmediate
responseonthedisplay.

Front panel controls may be divided into functional
groups: Status, Display/Modify, Trigger Mode, Operat-
ing mode, Output and Modifiers.

3-2-1-1. Status

Three push-button areincluded in the status group. The
function of each of these buttonsisdescribed in thefol-
lowing.

POWER - ThePOWER switchcontrolsthe AC power to
theinstrument. Pressing and releasing the switch once
turns the power on. Pressing and releasing the switch a
second timeturnsthe power off.

2nd/EXE - Several push-buttonswereassignedasecond
functionwhichareonly accessibleafter the[ 2nd] button
was depressed. These functions are market below the
buttonsinyellow script. Some second functionsrequire
that the [2nd] push-button be pressed again before the
functionisexecuted.

LCL - The LOCAL push-button when pressed, and the
instrument isinitsremote mode (but not inremotelock-
out condition LLO), restores theinstrument to itslocal
operatingmode. Whenthegeneratorisinlocal operating
mode, pressing this push-button generates no response.
A 2ndfunctionisassignedtothisswitch. Depressingthis
push-button after the[2nd] button modifiesthenumeric
read-out to display the programmed GPI B address.

3-2-1-2.Display/Modify

TherearetwoDISPLAY/MODIFY push-buttonswhich
areusefor modifyingthedisplayedreading. Eachtimea
button is depressed a different parameter is displayed.
The selected parameter isindicated by an LED. The di-
mensions which are associated with each parameter are
located below the numeric display. The following pa-
rametersmay be displayed and modified:

FREQ - Frequency of the selected output waveform.
Frequency is defined for repetitive signals only. When
thefunctiongeneratorissettooperateintriggered mode,
the programmed frequency value has no effect on the
output. In gated mode, the frequency definesthe repeti-
tionratewithinthegatingsignal. Insweepmode, thepro-
grammed value defines the sweep start point. The pro-
grammed frequency retainsitsvalue at both SYNC and
the main output connectors.

AMPL - Amplitudeof thesel ectedwaveformat themain
output connector. The output signal isdriven from a50
ohms source therefore, the value of the amplitude pa-
rameter isspecifiedandaccurately controlled only when
theoutput isterminated with 50 ohms. If thesignal from
the output connector isconnected to an high impedance
circuit, theactual amplitudelevel at theoutput connector
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isdoubled. Amplitude control has no effect on the am-
plitudelevel at the SY NC output connector.

OFST - DC offset of the selected waveform at themain
output connector. Similarly to theamplitude, the offset
parameter is specified and accurately controlled only
whentheoutputisterminated with 50 ohms. Offset con-
trol hasno effect onthe SY NC output connector.

WID - (Model 8021 only) The width parameter iscom-
mon to the pulse and the ramp waveforms. When the
function generator is set to operate in pulse mode, this
parameter specifiesthepul sewidth at theoutput connec-
tor. Whentheinstrumentisset to operateinramp mode,
thisparameter specifiestherampwidthat theoutput con-
nector.

In pulse mode, the pul se width parameter definesthe
time interval between two consecutive transitions; posi-
tiveto negativetransitionin normal output modeor nega-
tive to positive transition in pulse complement mode.
Thedisplayed and specifiedval ueisthat obtained at the 50
% of amplitudesetting.

The definition of ramp width is alittle more compli-
cated becausethe edgesarelessdefined. Inthiscasethe
specified and displayed ramp width valueisthat obtained
by theturn point of theedges- positiveto negativeturning
pointsinpositiveramp output or negativeto positiveturn-
ing pointsin negativeramp output.

CARR - (Model 8022 only) Carrier defines the ampli-
tude of the output waveform signal when the function
generator is set to operate inits AM mode and when no

modulating signal isappliedtothe EXT. AM input con-
nector. Thecarrier level isspecified aspercentageof the
programmed amplitude value where 100 % carrier is
equivalent to 50 % of the displayed amplitudelevel.

The carrier signal is driven from a 50 ohms source
therefore, the value of the carrier parameter is specified
and accurately controlled only when the output is termi-
nated with 50 ohms. If thesignal from the output connec-
tor is connected to an high impedance circuit, the actual
carrier level at the output connector is doubled. Carrier
control has no effect on the amplitudelevel at the SYNC
output connector.

STOP - Defines the sweep stop frequency. When the
function generator isset to operatewith one of its sweep
modes, the waveform at the output connector sweeps
from frequency set by the FREQ settingtothat set by the
stopfrequency. Inseveral sweep modessweep stop may
changeitsfunctionto sweep start. The programmed fre-
guency retainsitsvalueat both SY NC and the main out-
put connectors.

TIME - In linear sweep mode, sweep time determines
the time that it takes for completing one sweep cycle.
Sweep time is different for logarithmic sweep mode
where the specified value is that required for sweeping
one decade. The generator may be set to sweep over 10
decades. In that case, the sweep time should be multi-
plied by ten. Decadesizerangesfrom200t0 1999 counts
(or 20:1 if settings other than full and minimum scales
arerequired). If only part of the decade is being swept,
the sweep timeisreduced proportionally.

-
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Figure3-1. Front Panel Controls, Indicatorsand Connectors
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MARK - Specifies the frequency of which the sweep
marker changes its voltage level at the marker output
connector. The marker output is only active when the
functiongeneratorissettooperatewithoneof itsbuilt-in
sweep modes.

TRIG PER - A built-in generator provides an internal
triggering stimulant in such caseswherean external sig-
nal is not available. The displayed value specifies the
interval between consecutivetriggering sequences.

Table 3-2 liststhe limits for each of the above parame-
ters.

3-2-1-3.Trigger Mode

Two push-buttonsaregroupedinthe TRIGGER MODE
section. Selection of oneof thetrigger modesisdoneby
depressing oneof thesebuttons. Thesel ected modeisin-
dicated by an LED. Model 8020 may betriggered from
either one of thefollowing sources:

1. External signal which may beappliedtothe TRIGIN
connector

2. Aninternal - asynchronoustrigger generator

3. GPIB commands(like GET)

4. Front panel [MANUAL] push-button

The[MANUAL] triggerisactivewhentheinstrument
setto operateinitsexternal trigger mode. Thispush-but-
tonwhendepressed servesasareplacement for anexternal
trigger source.

3-2-1-4.OperatingM ode

Two push-buttons are available at the operating mode
group. Selection of one of the operating modesis done
by depressing oneof thesebuttons. Theselected modeis
indicated by anLED.

Model 8020 may operate in several operating mode
such assweep or VCO modes. Model 8021 providestwo
additional modes: pulseand PWM. Model 8022 provides
additional amplitude modulation mode.

3-4-1-5. Output

There are two push-buttons in the OUTPUT group.
These buttons are used for selecting an output wave-
formsfor the output connector. Theselectedfunctionis
indicated by an LED.

3-4-1-6.Modifier

The MODIFIER push-buttons simulate digital potenti-
ometers. The MODIFIER push-buttons operate in con-
junctionwiththeDISPLAY/MODIFY group. Thereare
four setsof modifying buttons. Three sets are dedicated
for changingthedisplayedread-out. Oneset changesthe
range of thedisplayed parameter.

3-2-2Connectors

The connectorsare used for connecting the Model 8020
to the unit under test and to and to external triggering
source.

1. TRIGINPUT - The TRIG INPUT connector is used
forapplyinganexternal triggering sourcetothefunction
generator.

2.VCOINPUT -TheVCOINPUT connector isusedfor
applying an external dc voltage source to the function
generator. Thesameinputisusedfor connecting apulse
width modulating signal (model 8021 only) or for con-
necting an amplitude modulating signal (model 8022

only).

2a. VCO/PWM INPUT - The VCO/PWM INPUT
(model 8021 only) connector serves two functions. In
V CO operating mode thisinput is used for applying an
external dcvoltagesourcetothefunctiongenerator. The
sameinputisusedfor connecting apul sewidthmodul at-
ing signal when theinstrument is set to operatein pulse
mode.

2b. VCO/AM INPUT - The VCO/AM INPUT (model
8022 only) connector servestwo functions. InV CO op-
erating mode thisinput isused used for applying an ex-
ternal dc voltage source to the function generator. The
sameinput isusedfor connecting an amplitudemodul at-
ing signal whentheinstrumentissettooperateinitsAM
mode.

3. SYNC OUT - The SYNC OUT connector outputs
fixed amplitude pulsesfroma50 ohmssource. Thisout-
put issynchronouswith the main output.

4. OUTPUT - The OUTPUT connector is used as the
mainoutput for thefunction generator. Outputisdriven
from a 50 ohms source. Special care should be taken
whentheseoutputsareconnectedtothedeviceunder test
because these outputs are capabl e of delivering upto 30

Vp-p.
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3-2-3.Display AndIndicators

1.DISPLAY - Thefunction of thenumericdisplay isto
indicatetheval ueof thevariousparameters. Thedisplay
consistsof a4 digit mantissaand asingledigit exponent.
The exponent uses aleading minus indicating negative
values. Thesignontheexponent changesto +for zeroor
positive values. Thedisplay isalso used for indicating
other information such asmessages.

2. DIMENSIONS - Parameter dimensions are |ocated
below the numeric display. thereare 3indicatorswhich,
together withtheexponent, areused for determining the
correct value of thedisplayed parameter.

3.INDICATORS-24indicatorsarelocated onthefront
panel. Theseindicatorsareused aspointersto aselected
parameter such as frequency, amplitude and offset or
modes such asgated, triggered and VV CO.

3-3.REARPANEL FAMILIARIZATION

3-3-1. Connector sAnd Switches

1. AC RECEPTACLE - Power is applied through the
supplied power cord to the 3-terminal AC receptacle.
Notethat the selected ac mainsvoltageis marked onthe
linevoltage selector switch.

2.LINESWITCH-TheLINEVOLTAGESELECTOR
switch selects one of the primary voltage which are
marked on both sides of the switch.

3.LINEFUSE - Thelinefuseprovidesprotectionforthe
AC power lineinput. For information on replacing this
fuse, refer to Section 5.

4. |EEE-488 CONNECTOR - This connector is used
for connecting theinstrument tothe | EEE-488 bus.

5. SWEEP OUT CONNECTOR - This connector is
used for connecting theinstrument the X input onthe os-
cilloscope. Its output is either fixed, in linear sweep
mode, or proportional to the sweep time per decade, in
logarithmic sweep mode.

6.MARKEROUTPUT CONNECTOR - Thisconnec-
tor isused for connecting thefunction generator tothe Z
input on the oscilloscope. This output is only active
when sweep modeison.
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3-4. POWER-UPPROCEDURE

The basic procedure of powering up the Model 8020is
described below.

1. Connect the female end of the power cord to the AC
mainsreceptacleontherear panel . Connect theother end
of thepower cordtoagrounded AC outlet.

WARNING

Be sure the power line voltage agrees with
the indicated value on the rear panel of the
instrument. Failure to heed this warning
may result in instrument damage.

The instrument is equipped with a 3-wire
power cord designed to be used with
grounded outlets. When the proper connec-
tions are made, the instrument chassis is
connected to the power lineground. Failure
to use aproperly grounded outlet may result
in personal shock hazard.

2. Turnonthemainspower by pressingandreleasingthe
POWER switchonthefront panel.

3. Theinstrument will then begin operation by perform-
ing a display and indicator test which takes approxi-
mately onesecond. All front panel indicatorswill turnon
andthedisplay will appear asfollows:

8.8.88.8

4. Toverifythatall display segmentsareoperating, com-

paretheinstrument’ s display with the above during the

test.

5. Followingthedisplay test, theinstrument proceedsby

displayingitsmodel number similar tothefollowing:
8020

6. Once the model number is displayed, the instrument

performs ROM and RAM tests. Successful execution of

these testsis followed by a one second read-out of the

installed softwarerevisionsimilartotheexamplebel ow:
So1.0

7.Followingthedisplayed softwarerevision, theinstru-
ment proceeds with displaying the installed options.
When no option is installed, the instrument skips this
message. If option 1 (GPIB) isinstalled, theinstrument
displaysthefollowing message:

OPt.1
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8. Following the option message, the instrument pro-
ceedswith displaying the previously selected GPIB pri-
mary address. If GPIB optionisnot installed theinstru-
ment skipsthismessage. TheGPI B addressisset by front
panel programming and is stored in the non-volatile
memory. For example, with the generator programmed
toaddress 15, thedisplay will show:

IE15

9. Followingthesedi splay messages, theinstrument wil |
commenceits normal operating mode and begin gener-
ating waveforms. Note that the instrument is equipped
with a non-volatile memory. This memory automat-
ically monitors front panel traffic and retains its latest
set-upfor eventssuchasaccidental power | oss. I ncaseof
power loss the instrument resumes operation with its
previously programmed front panel set-up.

Itispossibletoremovethesequenceof displayed mes-
sagesfromthepower up procedureby usingabuilt-inshift
function. Depressing [SHIFT] and then [RANGE UP] in
sequence writes a special code to the non-volatile mem-
ory. Thenext timethegenerator ispowered up, theinstru-
ment will skip the power up procedure and will immedi-
ately commencewithdisplayingthefront panel set-up.re-
peating the sequence of [SHIFT] and [RANGE UP] re-
stores normal power up procedure. Other shift functions

Table3-1. Default States After Software Reset

aredescribed | ater inthissection.

3-5.SOFTWARERESET

One, whoisnotyet fully familiar withfront panel opera-
tion of the function generator, may find himself locked
into a“dead-end” situation where nothing operates the
way it should. Thefastest way of restoring thegenerator
toaknown stateisby resettingitssoftware. Thismay be
done by pressing the [2nd] push-button and then press-
ing the [DCL] push-button (second function to the
[RANGE DOWN] push-button). The instrument then
resetstoit’ sfactory selecteddefaults. Table3-1summa-
rizesthesedefaults.

3-5-1. Parameter Preset

Asdiscussed in paragraph 3-5, softwarereset placesall
front panel parametersat their factory selected defaults.
It may however berequired to preset one or two parame-
tersand leavetherest untouched. Inthat casetheinstru-
ment provides additional capabilities with its [P.SET]
(preset) function. Depressing simultaneously the
[RANGE UP] and the [RANGE DOWN] push-buttons
modifies the displayed parameter to its presel ected de-
fault value. Defaults values are summarized in Table 3-
1

FUNCTION DESCRIPTION DEFAULT STATE
FREQ Frequency 10.00KHz
AMPL Amplitude 1.00V
OFST Offset 0.00Vv
WID Pulse/RampWidth 10.0S
CARR Carrier Level 100%
STOP Sweep Stop Frequency 2.00KHz
TIME SweepTime 1.00S
T.PER Internal Trigger Period 1.00S
MARK SweepMarker Frequency 5.00KHz
DCAMPL DCAmplitude 0.00V

2nd FunctionsOFST OffsetMode Off
LIN/LOG SweepMode Linear
INTTRIG Internal Trigger Mode Off
SWPMODE SweepMode Sweepup
ST.BY Stand By Off
STATUS | EEE Status Local
DISPLAY/MODIFY Displayed Parameter Freguency
TRIGGER Trigger Mode Continuous
MODE OperatingMode Normal
OUTPUT Output Waveform Sinewave
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NOTE

Software reset has no effect on stored front
panel set-ups in memory locations 00
through 30. Software reset also has no effect
on the programmed GPIB address.

3-6.DISPLAY MESSAGES

Model 8020 has several display messages pertaining to
its operation. The generator also displays an error indi-
cationwhenafront panel programmingerror isdetected.
These messages and error indications are discussed in
thefollowing. Notethat the instrument has anumber of
additional display messages associated with | EEE-488
programming. These messages are discussed in section
4 of thismanual.

3-7.DETECTING PROGRAMMING ERRORS

M odel 8020isaproduct of many yearsof experienceand
compl ete understanding of human engineering require-
ments. During its design stage, a great deal of time was
devotedfor simplifyingfront panel programming proce-
dures, thereby minimizingthepotential of programming
errors. Itisimpossiblehowever for aninexperienced op-
erator to completely avoid some errors. For such cases,
thefunctiongenerator employsabuilt-inerror detection
mechani sm which warnsagai nst programming errors.

Errorsare categorized in four main groups:

1. Generdl errors

2. Pulse/Ramp setup errors
3. Offset errors

4. |EEE errors

3-7-1.General Errors

Errorsinthisgroup are caused by improper usage of the
instrument. Such errorsoccur whileattemptingtoplace
theinstrumentinanillegal mode. For example, depress-
ing simultaneously two push-buttons (except [P.SET])
hasno valid definition. In this case, theinstrument sim-
ply ignoresthiserror and continues with its normal op-
eration.

3-7-2. Pulse/Ramp Set-up Errors(model 8021 only)

The pulse/ramp setup errors are inter-parameter incon-
sistencieserrors, such as pule width greater than the se-
lected period. Thepulsegenerator teststheprogrammed
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parameter every timethat amodifier push-button is de-
pressed. Programming the M odel 8020 with pulse/ramp
errorsispossibleand executablehowever, whensucher-
rorsaredetected, thelight nexttotheselectedwaveform
starts blinking; indicating that the signal at the output
connector may emergewith other parametersthen those
programmed. Thelight blinksuntil the error conditions
areremoved.

Pulse/Ramp errors may occur under one or more of the
following conditions:

1. The programmed pulse/ramp WID (width) parame-
ter isgreater than the selected period (1/FREQ).

2. Model 8021 is placed in sweep mode and the pro-
grammed pul se/rampwidth parameterisgreater thanthe
sel ected sweep stop period.

3. Model 8021 isplacedininternal triggered mode and
theprogrammed pulse/rampwidthisgreater thanthe se-
lectedinternal trigger period.

4. The programmed ramp width is outside the limit of
5.00uS.

5. The programmed ramp frequency is outside the limit
of 150KHz.

3-7-3.OffsetErrors

Normally, the output waveform is used symmetrically
aroundtheQV line. Thismeansthat with an output volt-
age of 10 Vp-p and with no offset applied, the lowest
peak reaches -5 V. Consequently, the highest peak
reaches +5 V. The instrument provides an additional
flexibility by using its output waveformin conjunction
wthanoffsetvoltage. Itishowever,impossibletoexceed
the instrument limits. Offset and amplitude are inde-
pendently selectablewithinthelimitsgiveninTable3-2.

The instrument will reject any attempt to call the
[OFST] functionif thesum of theamplitudeand the off set
exceedsthespecifiedlimitsandwill display thefollowing
error messageonitsread-out:

ERR
Thefunction generator then resumes normal operation.
No offsetisapplied to the output waveform.
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Tabel 3-2. Offset Amplitude Programming Limits

Window Amplitude Offset

Range Range
+/-7.50V 1.0E0-15.0E0 OEO-7.00EO
+/-2.37V 48E0-150E0 OEO0-2.13E0
+/-750mV .10E0-.47EQ OE-3- 700E-3
+/-237mV 10E-3- 150E-3 OE-3- 232E-3

3-7-4.|EEE-488Errors

In general, whenever a GPIB programming attemptsto
put the model 8020 into an error condition, thefunction
generator responds in two ways. First by displaying a
front panel messageandthan, if programmed so, by rais-
ingan SRQflaginitsstatusbyte. Thecontroller may then
addressthegenerator using theserial poll command and
request itsstatusbyte.

The generator incorporates anumber of display mes-
sageswhichareassociatedwitherrorsinvolving GPIB in-
terfaceprogramming. Thesemessagesarediscussedinde-
tail in Section 4 of thismanual.

There is one message however, which should be ex-
plained at this point because it may interfere with front
panel operation. A remote enable or a device dependent
command sent to theinstrument through the busturnsthe
REMOTE light on. Inthis case, all front panel push-but-
tons except [LCL] are disabled. Press one of these push-
buttons causesthe function generator to respond with the
following message:

LcL

Thismessageindicatesthat theinstrument expectsthat
the[LCL] push-button befirst depressed otherwise front
panel operation isignored. After the[LCL] buttonisde-
pressed, theREMOTE light turnsoff andtheinstrumentis
ready to accept further front panel programming se-
quences.

Unless the [LCL] push-button is pressed and the RE-
MOTE light turnsoff.

3-8.SELECTING 2nd FUNCTIONS

A few front panel push-buttons were assigned a secon-
dary function. Thesefunctionsareprintedinyellow be-
low thebuttonand areaccessiblethroughthe[2nd] push-
button.

There are twelve front panel buttons whih were as-
signed asecondary function. Thesefunctionsare:

ADR STO

EXE SWP MODE
OFST COMPLEMENT
LIN/LOG ST-BY

INT TRIG RCL MODE
RCL DCL

Theoperation of these secondary functionsisdescribed
laterinthischapter. Pressingthe[2nd] push-button gen-
eratesthefollowing display read-out:

2nd ?

The question mark (?) appears blinking; indicating
that the instrument isready for a consequent press of an-
other push-button which was assigned a secondary func-
tion. Depressing [2nd] oncemore cancel sthisfunction.

3-9.MODIFYING PARAMETERS

Therearevariousparameters, suchasfrequency and am-
plitude, which control the shape of thewaveform at the
output connector. Modification of aspecific parameter
issimply doneby pressingthe push-button bel ow there-
quested parameter until thelight next totherequired pa-
rameter illuminates. At this time the numeric readout
displayed a value plus an exponent. The dimension is
marked on the panel next to each parameter. For exam-
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ple,theFREQdimensionisHz. Display readout of 10.00
(exp)+3tellsusthat theoutput waveformisprogrammed
to have afrequency of 10.00 KHz. Limits for each pa-
rameter are given in Table 3-3. The parameter is then
modified using the [MODIFIER] and the [RANGE]
push-buttons.

The parameterswhich can be modified are marked on
thefront panel asfollows:

FREQ STOP
AMPL  WID (model 8021)
TIME CARR (model 8022)
OFST MARK

In addition, some parameters are accessiblethrough the
[2nd] button. These parametersare:

ADR SWP MODE
RCL RCL MODE
STO

3-9-1.Modifier

Themodifier group consistsof threesetsof push-buttons
each set having its top button marked with an arrow
pointing up and its bottom key marked with an arrow
pointing down. These modifier push-button control the
displayed readout within aselected range.

[x1UP] or [x1 DOWN] push-buttonswhen depressed
and released onceincrements or decrementstheleast sig-

Tabel 3-3. Front Panel Parameter Entry Limits

nificant digit on the numeric display. Depressing these
buttonsfor morethan one second modifiesthisdigit con-
stantly until the button isreleased or until the parameter
limitisencountered. Incrementingthe[x1] above9carries
1totheseconddigit.

The [x10 UP] or [x10 DOWN] push-buttons control
thesecond digit. Their operationissimilar tothe[x1] op-
eration. Incrementingthe[x10] above9carriesltothesec-
onddigit.

The[x100UP] or [x100 DOWN] push-buttonscontrol
thethird and themost significant digit.

3-9-2.RANGE

The[RANGE] buttonscontrol therangeof thedisplayed
parameter. Depressing and releasing the[RANGE UP]
or the[RANGE DOWN] buttonsincreases or decreases
respectively the displayed range. Depressing these but-
tonswhenthegenerator isalready at itshighest or lowest
rangewill produceno further change.

3-9-3. Parameter Limits

In general, parameters were assigned definite bounda-
ries. Theinstrument was design in such away that front
panel programming, under no circumstances, may |lead
to an error situation by exceeding the specified limits.
GPIB parameter programming errors are discussed in
section 4. Front panel programming permits modifica-
tion of parameters within the limits which are givenin

PARAMETER LOW LIMIT HIGH LIMIT REMARKS

FREQ (frequency) 2.00 mHz 20.00 MHz

AMPL (amplitude) 10 mV 150V Into 50 ohms

AMPL (dc amplitude) omv +/-7.50 V DC output waveform
OFST (offset) omv +/-7.00 V Amplitude dependent
WID (pulse/ramp width) 25.0nS 9.99S Model 8021 only
CARR (carrier) 0% 100 % Model 8022 only
STOP (log sweep stop) 2.00 mHz 20.00 MHz

STOP (lin sweep stop) 2 counts 2000 counts Same range

TIME (sweep time) 10 mS 1000 S

T.PER (trigger period) 10us 1000 S

MARK (log marker freq) 2.00 mHz 20.00 MHz

MARK (lin marker freq) 2 counts 2000 counts Same range

STORE (store) 00 # 30#

RECALL (recall) 00 # 30#

GP ADR (GPIB address) 00 # 31#
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Table3-3. Notethat themodifier buttons[x1],[x10] and
[x100] can only modify a parameter within one range.
These buttonsin conjunction with the [RANGE] push-
button may cover the entire specified range.

3-10.SELECTINGANOUTPUT WAVEFORM

Selecting one of theavailable output waveformsisdone
by depressing one of the two push-buttonsin the OUT-
PUT sectionuntil thelight nexttotherequiredwaveform
illuminates. M odels 8020 and 8022 each output six dif-
ferent waveshapes through the OUTPUT connector.
Thesewaveformsare:

SINE WAVE POSITIVE SQUARE WAVE
TRIANGLE NEGATIVE SQUARE WAVE
DC SQUARE WAVE

Model 8021 offers eight additional waveforms DC
waveformisomitted:

PUL SE

PULSE COMPLEMENT

POSITIVE PULSE

POSITIVE PULSE COMPLEMENT
NEGATIVE PULSE

NEGATIVE PULSE COMPLEMENT
RAMP

INVERTED RAMP

3-11.DISABLING THEOUTPUT

TheM odel 8020 featuresastand-by modewhichdiscon-
nects the waveform from the output connectors. The
stand-by functionisespecially useful inplaceswherethe
output is constantly connected to the device under test
and where modification of waveform parameters may
endanger thisdevice.

Toplacetheinstrumentinitsstand-by modedepressin
sequencethe[2nd] andthe[ST BY] push-buttons. These-
lected waveform light turnsoff; indicating that the output
signal isdisconnected fromthe connectors.

Toresumenormal operation simply depressoneof the
push-buttoninthe OUTPUT section. Thelight nexttothe
previously sel ectedwaveformilluminates; indicatingthat
the output signal in now connected to the output connec-
tors.

3-12.SELECTING AN OPERATING MODE

Model 8020 may operate as a function generator, as a
sweep generator and as a voltage controlled oscillator.
Selecting one of these operating modesisdoneby press-
ing one of the push-buttonsin the MODE section until
thelight next to the desired modeilluminates.

Inaddition, Model 8021 offers pul se operating mode.
Model 8022 offersAM mode. When all lightsinthemode
section are off, the generator isplaced initsnormal func-
tion generator mode.

3-12-1. Function Generator M ode

Function generator modeisthe normal operating condi-
tionswheretheoutput waveformisprogrammedto have
various parameters. These parameters are stable
throughout the continuous operation of the generator.
The generator is placed in its normal operating mode
whenall lightinthe M ODE section are off.

3-12-2. Sweep Gener ator M ode

Placing the model 8020 in sweep mode transforms this
instrument into an independent sweep generator. The
function generator has eight built-in sweep modes of
which four of them arelinear sweep modesand four are
logarithmic sweep modes. Selecting between linear or
logarithmic sweep modeisperformed asfollows:

1. Depress the [2nd] push-button and observe that the
display ismodifiedtoindicatethefollowing:

2nd ?
(? appears flashing)

2. Depress the [LIN/LOG] push-button in the DIS-
PLAY/MODIFY group and observe that the LOG light
below the numeric display illuminates; indicating that
thegenerator isset to sweep having alogarithmic scal e.
3. Repeating the sequence of depressing [2nd] and
[LIN/LOG] push-buttons turns the LOG light off. The
instrument then sweepslinearly.

3-12-2-1. Selecting Sweep Dir ection

When placed in sweep mode, the selected waveform at
theoutput connector repeatedly changesitsfrequency in
adirection set by the sweep start (FREQ) parameter to
frequency set by the sweep stop (STOP) parameter. The
time for completing one sweep cycle is determined by
thesweeptime(TIME) parameter. Therearefour differ-
ent directions that the output waveform may sweep to.
The difference between the various modesis more sig-
nificant when using the triggered sweep mode as de-
scribedinthefollowing:
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SWEEP UP - The function generator, when triggered,
sweeps from value set by FREQ to value set by STOP.
Sweep time is determined by TIME. At the end of the
sweep, the output waveform remains at the stop fre-
guency. Following another trigger, the output jumps
quickly toits start frequency and the above cycleisre-
peated. In normal mode the generator repeats its sweep
cyclecontinuously.

SWEEP DN - The sweep down mode is similar to the
sweep up mode except that the output waveform, when
triggered, sweeps from frequency set by the sweep stop
(STOP) parameter to frequency set by the sweep start
(FREQ) parameter. Sweep time is determined by the
TIME parameter. At the end of the sweep, the output
waveformremainsat thestart frequency. Following an-
other trigger, the output jumps quickly to its stop fre-
guency and the above cycleisrepeated. | n normal mode
thegenerator repeatsits sweep cyclecontinuously.

SWEEP UP-DN - The function generator, when trig-
gered, sweepsfrom value set by the FREQ parameter to
value set by the STOP parameter and back to the FREQ
value. Sweep timeisdoubled than the displayed TIME
parameter. Attheend of the sweep, theoutput waveform
remains at the start frequency. Following another trig-
ger, theabovecycleisrepeated. |nnormal modethegen-
erator repeatsitssweep cycle continuously.

SWEEPDN-UP-Thesweepdownmodeissimilartothe
sweep up mode except that the output waveform, when
triggered, sweepsfromvalueset by the STOP parameter
tovalueset by theFREQ parameter and back tothe STOP
value. Sweep timeisdoubled than the displayed TIME
parameter. Attheend of the sweep, theoutput waveform
remains at the stop frequency. Following another trig-
ger, theabovecycleisrepeated. |nnormal modethegen-
erator repeatsitssweep cycle continuously.

Selecting one of the above sweep directions is de-
scribed in the following. The same procedureis used for
bothlinear and | ogarithmic sweep scales.

1. Depress the [2nd] push-button and observe that the
display ismodifiedtoindicatethefollowing:

2nd ?
(? appears flashing)
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2. Depressthe[ SWPMODE] push-buttonintheM ODE
group and observethat one of thefollowing read-outsis
displayed:

UP, dn, U-d or d-U

This reading indicates the selected sweep mode. To
modify thesel ected sweep modeto oneof theabovemodes
depress the [x1 UP] modifier push-button until the se-
lected modeisdisplayed.

3. Depressthe[ EXE] push-button. Theoutput waveform
now sweepswith the sel ected sweep mode.

3-12-3. VoltageControlled Oscillator M ode

Placing thefunctiongenerator in V CO (voltage control-
led oscillator) operating mode removes the frequency
control from its output connector. The frequency of the
sel ected waveform isthen proportional to an amplitude
level of a signal which may be applied to the VCO IN
connector. VCO mode may also be used as FM (fre-
guency modulation) mode. Inthiscase, an applied sine-
wave at the VCO IN connector determine modulation
characteristics.

Thegenerator isplacedinV CO operating modewhen
thelight nexttoVCOilluminates.

3-12-4. PulseGenerator M ode(model 8021 only)

Model 8021 offers additional capability to the basic
function generator by allowing modification of its out-
put duty cycle (WID). Ramp and Square waveforms at
the output connector remains symmetrical (50 % duty
Cycle) innormal operating mode. Placing the generator
in PUL SE mode replaces output symmetry to that pro-
grammed for WID. Width to frequency relation should
beobserved. When error conditionsexiststhelight next
to the selected waveform blinks.

PUL SE mode may also be used as PWM (pulsewidth
modulation) mode. Inthiscase, anapplied sinewaveat the
PWM IN connector determine modulation charac-
teristics. Model 8021isplacedin PUL SE operating mode
whenthelight nextto PUL SE illuminates.
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3-12-5. AM Mode(model 8022 only)

Model 8022 offers additional capability to the basic
function generator by allowing amplitude modulation
(AM) of itsoutput waveform (carrier). Placing thefunc-
tiongeneratorin AM modemodifiesoutput amplitudeto
that obtained by the amplitude-carrier (AMPL-CARR)
relationship. Modulating signal isappliedtothe AM IN
connector. Operator may sel ect any of theavailableout-
putwaveformsascarrier. Frequency and amplitudelim-
itsof themodulating signal should be observed.

TheModel 8022isplacedin AM operatingmodewhen
thelight nextto AM illuminates.

3-13. TRIGGERING THE PULSE GENERATOR

Selectingoneof theavail abletriggeringmodesissimply
a matter of depressing push-buttons in the TRIGGER
section until the light next to the desired mode illumi-
nates. Whennolightinthe TRIGGER MODE sectionis
on, thefunctiongenerator operatesinitsnormal continu-
ousmode.

Theinstrument may operatein oneof thefollowingtrig-
gering modes:

GATED - Anexternal signal enablesthegenerator. First
output pulseis synchronous with the active slope. Last
pulseisalwayscompleted.

TRIGGERED - Each input cycle, at the TRIG INPUT
connector, generatesasingleoutput pulse. Output pulse
issynchronouswiththeactiveslope.

The Model 8020, when set to atrigger mode, accepts
various stimulants. When operating from an external
source, thegenerator may be programmed to betriggered
onaleadingedgeof aTTL level signal.

When external sourceisnotavailable, theoperator has
achoice of either usingtheMANUAL push-button or the
internal trigger generator. The MANUAL button simu-
lates an external signal. If the generator is placed in
GATED mode, an output signal will be available aslong
astheMANUAL push-buttonisdepressed. Whenthegen-
erator is set to TRIG (triggered) mode, each time the
MANUAL button isdepressed asingle output waveform
isgenerated. TheMANUAL push-button hasno effectin
normal mode of operation or whentheinstrument isset to
internal trigger mode.

To use the internal trigger generator first set the re-
quired trigger period. Place the generator in TRIG mode
and depress in sequence the [2nd] and the [INT TRIG]
push-buttoninthe TRIGGER group. TheINT TRIG light
under the numeric display illuminates; indicating that the
generatorisplacedininternal trigger mode. Repeatingthe
sequenceof depressing[2nd] and[INT TRIG] turnsoff the
INT TRIG light and placestheinstrument in normal trig-
ger mode.

3-14. USING FRONT PANEL SET-UPS

Setting-up all parametersin aversatileinstrument such
asthe Model 8020 takes sometime. Theset-uptimeis
longer when acoupl e of testsareinvolve and morethan
one set-up isrequired. The function generator incorpo-
ratesabattery backed-up non-volatile memory that pre-
servesstoredinformationfor alongtime. Thesizeof the
non-volatile memory permits storage of up to 30 com-
plete front panel set-ups. Front panel set-ups can bere-
calledoneat atime. Thegenerator al soempl oysaspecial
recall mode which permits automatic scrolling through
the stored set-ups. Operator may select scrolling in an
ascending or descending order.

3-14-1. StoreSet-ups

First modify the front panel parameters as necessary to
perform your tasks. Parameter modification procedure
isdiscussed in paragraph 3-8. When all parameters are
set and checked, proceed with storing this set-up asfol-
lows:

1. Depressinsequencethe[2nd] and [ ST O] push-button
and observe that the display is modified to indicate the
following:

S XX

“S" meansthat theinstrumentisplacedin storemode.
“xx” indicates the number of the present storage cell.
Numbers may range from 00 to 30. Depressing [2nd] re-
moves the generator from store set-up mode and leaves
front panel settingsunchanged.

2. Toprogram individual memory cellsto specific front
panel set-ups depress the MODIFIER [x1 UP] or [x1
DOWN] until thedesired number isdisplayed. Depress-
ing [EXE] locks-intheentirefront panel set-up for later
usage. The instrument then resumes normal its opera-
tion.

3. Repeat the above procedure for as many set-ups that
arerequired. Storedfront panel set-upsarelimitedto 30.
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3-14-2. Recall Set-ups

The model 8600 employs a non-volatile memory
(RAM). The computer circuit continuously monitors
front panel trafficand savesitinaspecial locationwithin
the RAM. This location is separate to the stored front
panel set-ups. After turning AC MAINSoff or in caseof
an accidental power failure, the generator will update
front panel indicators with the last set-up before power
shut-down.

Torecall afront panel set-up proceed asfollows:

1. Depressinsequencethe[2nd] and[RCL] push-but-
tonand observethat thedisplay ismodifiedtoindicatethe
following:

C xx

“C” meansthat theinstrumentisplacedinrecall mode.
“xx" indicates the number of the present storage cell.
Numbers may range from 00 to 30. Depressing [2nd] re-
moves the generator from recall set-up mode and leaves
front panel settingsunchanged.

2. Recalling a specific front panel set-up is done by de-
pressing the MODIFIER [x1 UP] or [x1 DOWN] until
thedesired cell number isdisplayed. Depressing [EXE]
updatesfront panel set-up with those parameters stored
intherecalled memory cell.

3. Repeat the above procedure for as many set-ups that
arerequired. Recalled front panel set-upsarelimited to
30.

3-14-2-1. Using TheRecall Mode

Model 8020 employs a special recall mode which per-
mits ascending or descending scrolling through a
number of set-upshby pressing either theMODIFIER [x1
UP] or [x1 DOWN] push-buttons respectively. This
modeisespecially useful for repetitive proceduressuch
ascalibration and performancetests.

Tosetthefunctiongenerator for operationintherecall
mode proceed asfollows:

1. Depress the [2nd] push-button and observe that the
display ismodifiedtoindicatethefollowing:

2nd ?
? appear sflashing

2. Depressthe[ RCL M ODE] push-button (second func-
tion to[x1]) and observe that the display is modified to
indicatethefollowing:
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C 00

Theinstrumentisnow settooperateinitsrecall mode.
The display is first updated with the parameters which
werestoredinmemory cell 00.
3.UsetheMODIFIER[x1UP] or [x1 DOWN] for scroll -
ing through the memory bank.

4. Depress [EXE] to exit this function and to return to
normal display operation.

3-15. USING THEOFFSET

When setting the of f set parameter, the user must keepin
mind that the offset is attenuated with the signal. The
function generator utilizes 3 post amplitude attenuators
of which 2 attenuate the signal by 20dB and one attenu-
atesby 10dB. Thereisalso a10dB pre-amplifier attenu-
ator. Rangesareinternal to theinstrument and are auto-
matically selected with the required amplitude level.
Thismay causesomeconfusionsincetheoperator hasno
accessto sel ecting an attenuator. Also, not knowingthis
fact may cause an offset error at amplitude values that
seemto bereasonable. Asstated before, offset isampli-
tude dependent. It istherefore suggested to first set up
the amplitude and offset parametersindependently and
only then to place the generator in offset mode. Offset
and amplitude are independently selectable within the
limitsgiveninTable 3-2.

To placethefunction generator in an offset mode, de-
pressthe[2nd] push-buttonandthenthe[ OFST] push-but-
ton. If thesel ected of fset-amplitude parametersarewithin
the specified windows, the OFST light illuminates; indi-
cating that the offset mode is now active. Repeating the
sequence of depressing [2nd] and [OFST] turnsthe light
off and placestheinstrument initsnormal mode of opera-
tion. Theselected waveformswill then be symmetrical.

3-16. CHANGING THE GPIBADDRESS

GPIB address is modified using front panel program-
ming therefore, conventional address switches are not
provided. Thenon-volatilememory storesthe GPIB ad-
dress. Detailedinstructionshow to changethe GPI B ad-
dressaregivenin Section 4.
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SECTION 4

GPIB OPERATION

4-1. INTRODUCTION

The GPIB (general purpose interface bus) is an
instrumentation data bus with standards originally
adopted by the IEEE (Institute of Electrical and
Electronic Engineering) in 1975 and given the IEEE-
488 designation. In November 1987 the IEEE-488
document was revised, primarily for editorial classi-
fication and addendum, and the new document was
identified as IEEE-488-1978.

This document has been the standard for gen-
eral-purpose instrumentation bus (GPIB) which has
been adopted by worldwide instrumentation manu-
facturers. In June 1987 the IEEE approved a new
standard for programmable instruments and devices
IEEE Standard 488.2-1987 Codes, Formats, Proto-
cols, and Common Commands. The original docu-
ment, IEEE-488-1978, was re-titled IEEE-488.1.

The IEEE-488.2 standard was designed to make
the interface system easier to use by requiring that
all devices provide certain capabilities such as talk
and listen, respond to device clear commands, and
be capable of service requests. Other functions such
as parallel poll are left optional with the instrument
manufacturer. The Model 8020 complies with all of
the mandatory IEEE-488.1 and IEEE-488.2 require-
ments. Some of the issues which |IEEE-488.2 Ad-
dresses are:

1. A required minimum set of IEEE-488.1 capa-
bilities.

2. Reliable transfer of messages between a talker
and listener and precise syntax in those messages.

3. A set of commands which would be useful in
all instruments.

4. Common serial poll status reporting.

5. Synchronization programming with instrument
functions.

This section contains general bus information as
well as detailed programming information and is
divided as follows:

1. General introductory information pertaining to
the IEEE-488 bus may be found primarily in para-
graphs 4-2 through 4-5.

2. Information necessary to connect the Model
8020 to the bus and to change the bus address is
contained in paragraphs 4-6 and 4-7.

3. Programming of the instrument with general
bus command is covered in paragraph 4-8.

4. Device-dependent command programming is
described in detail in paragraph 4-10. The commands
outlined in this section can be considered to be the
most important since they control virtually all instru-
ment functions.

5. Additional information pertaining to device status
reporting and error messages can be found in para-
graphs 4-13 and 4-15.

4-2. BUS DESCRIPTION

The IEEE-488 bus was designed as a parallel data
transfer medium to optimize data transfer without
using as excessive number of bus lines. In keeping
with this goal, the bus has only eight data lines
which are used for both data and most commands.
Five bus management lines and three handshake
lines round out the complement of signal lines. Since
the bus is of parallel design, all devices connected
to the bus have the same information available
simultaneously. Exactly what is done with the infor-
mation by each device depends on many factors,
including device capabilities.

A typical bus configuration for remote controlled
operation is shown in Figure 4-1. The typical system
will have one controller and one or more instruments
to which commands are given and from which data
is received. There are three categories that describe
device operation. These include: controller; talker;
listener.

The controller controls other devices on the bus.
A talker sends data, while a listener receives data.
an instrument, may be a talker only, a listener only,
or both a talker and listener.
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Figure 4-1. IEEE Bus Configuration
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Any given system can have only one controller
(control may be passed to an appropriate device
through a special command). Any number of talkers
or listeners may be present up to the hardware
constraints of the bus. The bus is limited to 15
devices, but this number may be reduced if higher
than normal data transfer rates are required or if
long interconnect cables are used.

Several devices may be commanded to listen at
once, but only one device may be a talker at any
given time. Otherwise, communications would be
scrambled much like an individual is trying to select
a single conversation out of a large crowd.

Before a device can talk or listen, it must be
appropriately addressed. Devices are selected on
the basis of their primary address. The addressed
device is sent a talk or listen command derived from
its primary address. Normally, each device on the
bus has a unique primary address so that each may
be addressed individually. The bus also has another
addressing mode called secondary addressing, but
not all devices use this addressing mode.

Once the device is addressed to talk or listen,
appropriate bus transactions may be initiated. For
example, if an instrument is addressed to talk, it will
usually place its data on the bus one byte at a
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time. The listening device will then read this infor-
mation, and the appropriate software is then be used
to channel the information to the desired location.

4-3. IEEE-488 BUS LINES

The signal lines on the IEEE-488 bus are grouped
into three general categories. The data lines handle
bus information, while the handshake and bus man-
agement lines assure that proper data transfer and
bus operation takes place. Each of the bus lines is
“active low” so that approximately zero volts is a
logic “one”. The following paragraphs describe the
purpose of these lines, which are shown in Figure
4-1.

4-3-1. Bus Management Lines

The bus management group is made up of five
signal lines that provide orderly transfer of data.
These lines are used to send the uniline commands
described in paragraph 4-8-1.

1. ATN (Attention) - the ATN line is one of the
more important management lines. The state of the
ATN line determines whether controller information
on the data bus is to be considered data or a
multiline command as described in paragraph 4-8-2.
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Figure 4-2. IEEE Handshake Sequence

mmX X SOURCE
DAV SOURCE
VALID
NRFD | | ACCEPTOR
1 |
. I |
L I (HL— i —
| |
NOAC " | ACCEPTOR
| ]
I |
DATA DATA
TRANSFER  TRANSFER
BEGINS ENDS

2. IFC (Interface Clear) - Setting the IFC line
true (low) causes the bus to go to a known state.

3. REN (Remote Enable) - Setting the REM line
low sends the REM command. This sets up instru-
ments on the bus for remote operation.

4. EOI (End Or Identify) - The EOI line is used
to send the EOI command that usually terminates
a multi-byte transfer sequence.

5. SRQ (Service Request) - the SRQ line is set
low by a device when it requires service from the
controller.

4-3-2. Handshake Lines

The bus uses three handshake lines that operate in
an interlocked sequence. This method assures reliable
data transfer regardless of the transfer rate. Generally,
data transfer will occur at a rate determined by the
slowest active device on the bus.

One of the handshake lines is controlled by the
data source, while the remaining two lines are con-
trolled by accepting devices. The three bus handshake
lines are:

1. DAV (Data Valid) - The source controls the
state of the DAV line.

2. NRFD (Not Ready For Data) - the acceptor
controls the state of the NRFD line.

3. NDAC (Not Data Accepted) - the acceptor
also controls the NDAC line.

The complete handshake sequence for one data
byte is shown in Figure 4-2. Once data is on the
bus, the source checks to see that NRFD is high,
indicating that all devices on the bus are ready for
data. At the same time NDAC should be low from
the previous byte transfer. If these conditions are
not met, the source must then wait until the NRFD
and NDAC lines have the correct status. If the
source is controller, NRFD and NDAC must remain
stable for at least 100 ns after ATN is set low.
Because of the possibility of bus hang up, some
controllers have time-out routines to display error
messages if the handshake sequence stops for any
reason.

Once the NRFD and NDAC lines are properly
set, the source sets the DAV line low, indicating
that data on the bus is now valid. the NRFD line
then goes low; the NDAC line goes high once all
devices on the bus have accepted the data. Each
device will release the NDAC line at its own rate,
but the NDAC line will not go high until the slowest
device has accepted the data byte.

After the NDAC line goes high, the source then
sets the DAV line high to indicate that the data on
the bus is no longer valid. At this point, the NDAC
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line returns to its low state. Finally, the NRFD line
is released by each of the devices at their own
rates, until the NRFD line finally goes high when
the slowest device is ready, and the bus is set to
repeat the sequence with the next data byte.

The sequence just described is used to transfer
both data and multiine command. The state of the
ATN line determines whether the data bus contains
data or commands.

4-3-3. Data Lines

The IEEE-488.2 bus uses the eight data lines that
allow data to be transmitted and received in a
bit-parallel, byte-serial manner. These eight lines use
the convention DIO1 through DIO8 instead of the
more common DO through D7 binary terminology.
The data lines are bi-directional and, as with the
remaining bus signal lines, low is true.

4-4. INTERFACE FUNCTION CODES

The interface function codes are part of the IEEE-
488.2 standards. These codes define an instrument’s
ability to support various interface functions and
should not be confused with programming commands
found elsewhere in this manual.

Table 4-1 lists the codes for the Model 8020.
The numeric value following each one or two letter
code define Model 8020 capability as follows:

SH - (Source Handshake Function) - The ability
for the Model 8020 to initiate the transfer of mes-
sage/data on the data bus provided by the SH
function.

AH - (Acceptor Handshake Function) - The ability
for the Model 8020 to guarantee proper reception
of message/data on the data bus provided by the
AH function.

T - (Talker Function) - The ability of the Model
8020 to send device-dependent data over the bus
(to another device) is provided by the T function.
Model 8020 talker capabilities exist only after the
instrument has been addressed to talk.

L - (Listen Function) - The ability of the Model
8020 to receive device-dependent data over the bus
(from anther device) is provided by the L function.
Listener function capability of the Model 8020 exist
only after it has been addressed to listen.

RS - (Service Request Function) - The ability of
the Model 8020 to request service from the controller
is provided by the RS function.
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Table 4-1. Model 802020 Interface Function Codes

CODE INTERFACE FUNCTION

SH1 Source Handshake Function

AH1 Acceptor Handshake Capabilities

T6 Talker (basic talker, serial

poll, unaddressed to talk on LAG)

L4 Listener (basic listener,
unaddressed to listen on TAG)

SR1 Service request capability

RL1 Remote/Local capability

PP2 Parallel Poll capability

DC1 Device Clear capability

DT1 Device Trigger capability

Co No controller capability

El Open collector bus drivers

TEO No Extended Talker capabilities

LEO No Extended Listener capabilities

RL - (Remote-Local Function) - The ability of the
Model 8020 to be placed in remote or local modes
is provided by the RL function.

PP - (parallel Poll Function) - The ability of the
Model 8020 to respond to a parallel poll request
from the controller is provided by the PP function.

DC - (Device Clear Function) - The ability for
the Model 8020 to be cleared (initialized) is provided
by the DC function.

DT - (Device Trigger Function) - The ability of
the Model 8020 to have its output triggered is
provided by the DT function.

C - (controller Function) - The Model 8020 does
not have a controller function.

TE - (Extended Talker Capabilities) - The Model
8020 does not have extended talker capabilities.

LE - (Extended Listener Function) - The Model
8020 does not have extended listener function.

4-5. SOFTWARE CONSIDERATIONS

The most sophisticated computer in the world would
be useless without the necessary software. This
basic requirement is also true of the IEEE-488.2
bus, which requires the use of handler routines as
described in this paragraph. Before a controller can
be used with the IEEE-488.2 interface, the user must
make certain that appropriate handler software is
present within the controller. With the IBM PC com-
puter, for example, the GPIB interface card must be
used with an additional software which contains the
necessary handler software.
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Other small computers that can be used as
controllers have limited IEEE command capability.
The capabilities of some computers depends on the
particular interface being used. Often, little software
“tricks” are required to achieve the desired results.

From the preceding discussion, the message is
clear: make sure the proper software is being used
with the instrument. Often, the user may incorrectly
suspect that a hardware problem is causing fault,
when it was the software that was causing the
problem all along.

4-6. HARDWARE CONSIDERATIONS

Before the instrument can be used with the IEEE-488
bus, it must be connected to the bus with a suitable
connector. Also, the primary address must be properly
programmed as described in this section.

4-6-1. Typical Controlled Systems

The IEEE-488.2 bus is a parallel interface system.
As a result, adding more devices is simply a matter
of using more cables to make the desired connections.
Because of this flexibility, system complexity can
range from simple to extremely complex.

The simplest possible controlled system comprises
a controller and one Model 8020. The controller is
used to send commands to the instrument, which
sends data back to the controller.

The system becomes more complex when addi-
tional instruments are added. Depending on program-
ming, all data may be routed through the controller,
or it may be transmitted directly from one instrument
to another.

4-6-2. Connections

The instrument is connected to the bus through an
IEEE-488.2 connector. This connector is designed
to be stacked to allow a number of parallel connec-
tions on one instrument.

NOTE

To avoid possible mechanical dam-
age, it is recommended that no more
than three connectors be stacked on
any one instrument. Otherwise, the
resulting strain may cause internal
damage to the connectors.

The IEEE-488.2 bus is limited to
a maximum of 15 devices, including
the controller. Also, the maximum
cable length is 20 meters. Failure to

Table 4-2. IEEE-488 Contact Designations

Contact IEEE-488

Number Designation Type

1 DIO1 Data

2 D102 Data

3 DIO3 Data

4 DIO4 Data

5 EOI Management
6 DAV Handshake
7 NRFD Handshake
8 NDAC Handshake

9 IFC Management
10 SRQ Management
11 ATN Management
12 SHIELD Ground

13 DIO5 Data

14 DIO6 Data

15 DIO7 Data

16 DIO8 Data

17 REN Management
18-24 Gnd Ground

observe these limits will probably re-
sult in erratic bus operation.

Custom cables may be con-
structed using the information in Table
4-2. Table 4-2 also lists the contact
assignments for the various bus lines.
Contacts 18 through 24 are return
lines for the indicated signal lines,
and the cable shield is connected to
contact 12. Each ground line is con-
nected to digital common in the Model
8020.

CAUTION

The voltage between IEEE common
and ground must not exceed 0 V or
damage may result to your instru-
ment.

4-7. CHANGING GPIB ADDRESS

The primary address of your instrument may be
programmed to any value between 0 and 30 as
long as the selected address is different from other
devices addresses in the system. This may be
accomplished using a front panel programming se-
guence. Note that the primary address of the instru-
ment must agree with the address specified in the
controller’s program.
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NOTE

The programmed primary address is
briefly displayed during the power-up
cycle of the Model 8020. It is stored
in the non-volatilie memory of the
instrument and is retained even when
power is turned off.

To check the present address, or to enter a new
one, proceed as follows:

1. Depress the [2nd] push-button once then de-
press the [ADR] push-button. The display will be
modified to display the following:

IEXX

Where x may be any number from 0 to 30.

2. Use the MODIFIER [x1Y] or the [x1 R] push-
buttons for selecting a new GPIB primary address.

3. To store the newly selected primary address
depress [EXE]. The instrument then resumes normal
operation.

4-8. BUS COMMANDS

Table 4-3. IEEE-488 Bus Command Summary

While the hardware aspect of the bus is essential,
the interface would be essentially worthless without
appropriate commands to control the communications
between the various instruments on the bus. This
paragraph briefly describes the purpose of the bus
commands, which are grouped into the following
three categories:

1. Uniline commands: Sent by setting the as-
sociated bus line low (true).

2. Multiline commands: General bus commands
which are sent over the data lines with the ATN
line low (true).

3. Device-dependent commands: Special com-
mands that depend on device configuration; sent
over the data lines with ATN high (false).

4. Common commands and queries: A special
set of commands that all devices must use and
does not depend on device configuration; sent over
the data lines in the same format as the device
dependent commands.

4-8-1. Uniline Commands

Uniline commands are sent by setting the associated
bus line to low. The ATN, IFC, and REN commands
are asserted only by the system controller. The SRQ
command is sent by an external device. The EOI
command may be sent by either the controller or

COMMAND TYPE COMMAND

REN
EOI
IFC
ATN
SRQ

LLO
DCL
SPE
SPD
SDC
GTL
GET

UNL
UNT

Uniline

Multiline Universal

Unaddress

Device- Dependent(**)

STATE OF COMMENTS

ATN LINE(*)

X Set up for remote operation

X Sent by setting EOI low

X Clears Interface

Low Defines data bus contents

X Controlled by external device

Low Locks out front panel controls

Low Returns device to default conditions

Low Enable serial polling

Low Disables serial polling Addressed

Low Returns unit to default condition

Low Returns to local control

Low Triggers device for reading

Low Removes all listeners from bus

Low Removes all talkers from bus

High Programs Model 802020 for various
modes.

(*) X = Don't Care, (**) See paragraph 4-9 for complete description
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an external device depending on the direction of
data transfer. The following is descriptions of each
command.

REN - (Remote Enable) - The remote enable
command is sent to the Model 8020 by the controller
to set the instrument up for remote operation. Gen-
erally, this should be done before attempting to
program the instrument over the bus. The Model
8020 will indicate that it is in the remote mode by
illuminating its front panel REM indicator. To place
the Model 8020 in the remote mode, the controller
must perform the following steps:

1. Set the REN line true.
2. Address the Model 8020 to listen.

NOTE

Setting REN true without addressing
will not cause the REM indicator to
turn on; however, once REN is true,
the REM light will turn on the next
time an address command is re-
ceived.

EOI (End Or Identify) - The EOlI command is
used to positively identify the last byte in a multi-byte
transfer sequence. This allows variable length data
words to be transmitted easily.

IFC (Interface Clear) - The IFC command is sent
to clear the bus and set hand shake lines to a
known state. Although device configurations differ,
the IFC command usually places instruments in the
talk and listen idle states.

ATN (Attention) - The controller sends ATN while
transmitting addresses or multiline commands. De-
vice-dependent commands are sent with the ATN
line high (false).

SRQ (Service Request) - The SRQ command is
asserted by an external device when it requires
service from the controller. If more than one device
is present, a serial polling sequence, as described
in paragraph 4-8-2, must be used to determine which
has requested service.

4-8-2. Universal Multiline Commands

Universal commands are multiline commands that
require no addressing. All instrumentation equipped
to implement the command will do so simultaneously
when the command is transmitted over the bus. As
with all multiine commands, the universal commands
are sent over the data lines with ATN set low:

LLO (Local Lockout) - The LLO command is sent
by the controller to remove the Model 8020 from
the local operating mode. Once the unit receives
the LLO command, all its front panel controls (except
Power) will be inoperative.

NOTE

The REN bus line must be true before
the instrument will respond to an LLO
command.

To lock out the front panel controls of the Model
8020, the controller must perform the following steps:

1. Set ATN true.
2. Send the LLO command to the instrument.

DCL (Device Clear) - The DCL command may
be used to clear the Model 8020, setting it to a
known state. Note that all devices on the bus
equipped to respond to a DCL will do so simulta-
neously. When the Model 8020 receives a DCL
command, it will return to the default conditions listed
in Table 4-4. Factory pre-selected parameters are
listed in Table 3-1. To send a DCL command the
controller must perform the following steps:

1. Set ATN true.
2. Place the DCL command on the bus.

SPE (Serial Poll Enable) - The serial polling
sequence is used to obtain the Model 8020 status
byte. Usually, the serial polling sequence is used to
determine which of several devices has requested
service over the SRQ line. However, the serial polling
sequence may be used at any time to obtain the
status byte from the Model 8020. For more information
on status byte format, refer to paragraph 4-14. The
serial polling sequence is conducted as follows:

1. The controller sets the ATN line true.

2. The SPE (Serial Poll Enable) command is
placed on the bus by the controller.

3. The Model 8020 is addressed to talk.

4. The controller sets ATN false.

5. The Model 8020 then places its status byte

on the bus to be read by the controller.
6. The controller then sets the ATN line low and
places SPD (Serial Poll Disable) on the bus to end
the serial polling sequence.

Steps 3 trough 5 may be repeated for other
instruments on the bus by using the correct talk
address for each instrument. ATN must be true when

Page 4-7



IEEE-488.2 Operation

Model 8020

Table 4-4. Default Conditions. (Status After SDC, DCL, or *RST )

Mode Default
Display/Modify DO
Sweep Mode SO
Offset Mode 00
Operating Mode VO
Gated Mode GO
Trigger Mode TO
Pulse Mode (Model 8021) PO
AM Mode (Model 8022) A0
Output Mode (Model 8021) Co
St-by BO
Response Message Format X0
Response Message Terminator Z0
Event Status Enable Mask *ESEO
SRQ Enable Register Mask *SREO

Status

Display frequency

Sweep mode off

Offset mode off

VCO mode off

Gated mode off

Trigger mode off

Pulse mode off

Am mode off

Pulse complement off, Ramp down off
Output stand-by off

Response header OFF

New line(LF), END(EOI) terminator
No mask

No mask

the talk address is transmitted and false when the
status byte is read.

SPD (Serial Poll Disable) - The SPD command
is sent by the controller to remove all instrumentation
on the bus from the serial poll mode.

4-8-3. Addressed Commands

Addressed commands are multiline commands that
must be preceded by a listen command derived from
the device’'s primary address before the instrument
will respond. Only the addressed device will respond
to each of these commands:

SDC (Selective Device Clear) - The SDC command
performs essentially the same function as the DCL
command except that only the addressed device will
respond. This command is useful for clearing only
a selected instrument instead of all devices simul-
taneously. Model 8020 will return to the default
conditions listed in Tables 3-1 and 4-4 when re-
sponding to an SDC command. To transmit the SDC
command, the controller must perform the following
steps:

1. Set ATN true.
2. Address the Model 8020 to listen.
3. Place the SDC command on the data bus.

GTL (Go To Local) - The GTL command is used
to remove the instrument from the remote mode of
operation. Also, front panel control operation will
usually be restored if the LLO command was pre-
viously sent. To send the GTL command, the controller
must perform the following sequence:
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1. Set ATN true.
2. Address the Model 8020 to listen.
3. Place the GTL command on the bus.

NOTE

The GTL command does not remove
the local lockout state. With the local
lockout condition previously set, the
GTL command will enable front panel
control operation until the next time
a listener address command is re-
ceived. This places the Model 8020
in the local lockout state again.

GET (Group Execute Trigger) - The GET command
is used to trigger or arm devices to perform a
specific task depends on device configuration. Al-
though GET is considered to be an addressed
command, many devices respond to GET without
being addressed. Using the GET command is only
one of several methods that can be used to initiate
a trigger. More detailed information on triggering can
be found in Section 3 of this manual. To send GET
command over the bus, the controller must perform
the following sequence:

1. Set ATN true.
2. Address the Model 8020 to listen.
3. Place the GET command on the data bus.

GET can also be sent without addressing by omitting
step 2.
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4-8-4. Unaddress Commands

The two unaddress commands are used by the
controller to simultaneously remove all talkers and
listeners from the bus. ATN is low when these
multiine commands are asserted.

UNL (Unlisten) - All listeners are removed from
the bus at once when the UNL commands is placed
on the bus.

UNT (Untalk) - The controller sends the UNT
command to clear the bus of any talkers.

4-8-5. Device-dependent Commands

The meaning of the device-dependent commands is
determined by instrument configuration. Generally,
these commands are sent as one or more ASCII
characters that tell the device to perform a specific
function. For example, M2 is sent to the Model 8020
to place the instrument in the external trigger mode.
The IEEE-488.2 bus treats device-dependent com-
mands as data in providing that ATN is high (false)
when the commands are transmitted.

4-8-6. Common Commands and Queries

Since most instruments and devices in an ATE
system use similar commands which perform identical
functions, the IEEE-488.2 document has specified a
common set of commands and queries which all
device must use. This avoids the problem in which
devices from various manufacturers used a different
set of commands to enable functions and report
status. The IEEE-488.2 treats the common commands
and queries as device dependent commands. For
example, *TRG is sent over the bus to trigger the
instrument. Some common commands and queries,
however, are optional; most of them are mandatory.
The following set of command groups ensure that
all devices communicate uniformly:

1. System Data - These commands are used to
store or retrieve information such as device identifi-
cation, descriptions and options. It is possible to
determine the manufacturer, model, and serial number
of the device under remote control.

2. Internal Operation - These commands include
such instrument operations as resetting, self-calibrat-
ing, and self-diagnostics of a GPIB device. The
device may respond to a calibration query to indicate
that the calibration was carried out successfully and
report any calibration errors that may have occurred.
The reset command sets the device-dependent func-
tions to a known state and must not affect the state

of the IEEE-488 interface, the Service Request Enable
register, or Standard Event Status Enable register.
3. Status and Event - These commands control
the status structure of the GPIB device and provide
a means to read and enable events. Included in
these commands are Clear, Event Status Enable,
Power-on Status, and Service Request Enable.

4. Synchronization - The operation of the devices
within the system are synchronized with these com-
mands. Included is a Wait to Continue command
which forces the devices to complete all previous
commands and queries. The Operation Complete
command tells the device to set bit 0 in the Standard
Event Status register when it completes all pending
operations.

5. Device Trigger - These commands enable a
device to be triggered and specify how it responds
to the trigger message. The Define Device Trigger
command stores a sequence of commands which
the device will follow when the Group Execute Trigger
(GET) is received.

6. Stored Settings - These commands are used
to save the state of the device under control, to be
used at a later time. The Save command stores the
present state of the device in the device’s memory.
If there is more than one location in which this data
can be stored, the command is followed by a number
which designates the storage register to use. The
Recall command restores the state of the device,
as stored in its memory from the previous Save
command. As with the Save command, the Recall
command must be followed by a number to specify
the register from which the stored settings are to
be recalled.

4-9. DEVICE LISTENING FORMATS

This paragraph discusses the formatting of <Program
Message> elements received by a device from its
system interface. Allowable IEEE-488.2 <Program
Message> is composed of sequence of <Program
Message> units, each unit representing a program
command. Each program command is composed of
a sequence of functional syntactic elements. Legal
IEEE-488.2 program commands are created from
functional elements sequences.

Some commands of universal instrument system
application have been defined by the IEEE-488.2.
They are the common commands; these commands
and queries are specific path selections through the
functional syntax diagram as specified in the IEEE-
488.2 standard. The remaining commands are de-
vice-specific and are generated by the device designer
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using the functional syntax diagram and the needs
of the device. The functional elements include sepa-
rators, terminators, headers, and data types. These
elements are discussed in the following.

4-9-1. Functional Element Summary

<Program Message> Represents a sequence of
zero or more <Program Message Unit> elements
separated by <Program Message Unit Terminator>
elements.

<Program Message Unit> Represents a single
command or programming data received by the
device.

<Command Message Unit> Represents a single
command or programming data received by the
device.

<Query Message Unit> Represents a single query
sent from the controller to the device.

<Program Data> Represents any of the six dif-
ferent program data types.

<Program Message Unit separator> Separates
the <Program Message Unit> elements from one
another in a <Program Message>.

<Program Data Separator> Separates sequential
<Program data> elements that are related to the
same header.

<Program Header Separator> Separates the
header from any associated <Program Data>.

<Program Message Terminator> Terminates a
<Program Message>.

<Command Program Header> Specifies function
operation. Used with any associated <Program Data
elements>.

<Query Program Header> Similar to <Command
Program Header> except a query indicator (?) shows
that a response is expected from the device.

<Character Program Data> A data type suitable
for sending short mnemonic data, generally where
a numeric data type is not suitable.

<Decimal Numeric Program Data> A data type
suitable for sending decimal integers or decimal
fractions with or without exponents.

<Suffix Program Data> An optional field following
<Decimal Numeric Program Data> used to indicate
associated multipliers and units.

<NonDecimal Numeric Program Data> A data
type suitable for sending integer numeric repre-
sentation in base 16, 8, or 2. Useful for data that
is more easily interpreted when directly expressed
in a non-decimal format.

<String Program Data> A data type suitable for
sending 7-bit ASCIl character strings where the
content needs to be “Hidden” (by delimiters)
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<Arbitrary Block Program Data> A data type
suitable for sending blocks of arbitrary 8-bit informa-
tion.

<Expression Program data> A data type suitable
for sending data that is elevated as one or more
non-expression data elements before further parsing.

4-9-2. Separator Functional Element Summary

The various elements within the <Program Message>
are separated by ASCII characters that were specially
assigned for this purpose. These separators are
discussed in the following paragraphs.

4-9-2-1. Program Message Unit Separator

The <Program Message Unit Separator> separates
sequential <Program Message Unit> elements from
one another within a <Program Message>. The <Pro-
gram Message Unit Separator> is defined as:

It is allowed to use leading <white space> elements
before the <Program Message Separator>. <White
Space> is defined as a single ASCll-encoded byte
in the range of 00-09, 0B-20. This range includes
the ASCII control characters and the space, but
excludes the new line.

4-9-2-2. Program Data Separator

The <Program Data Separator> separates sequential
<Program Data> elements from one another after a
<Command Program Header> or <Query Program
Header>. It is used when a <Command Program
Header> or <Query Program Header> has multiple
parameters. The <Program Data Separator> is defined
as:

Preceding and succeeding <White Space> elements
are permitted.

4-9-2-3. Program Header Separator

The <Program Header Separator> separates the
<Command Program Header> or <Query Program
Header> from the <Program Data> elements. The
<Program Header Separator> is defined as white
space:

<White Space>

Refer to paragraph 4-9-2-1 for the definition of <White
Space> elements.
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4-9-3. Program Message Terminator

A <Program Message Terminator> terminates a se-
guence of one or more definite length <Program
Message Unit> elements. There are three possible
<Program Message Terminator> elements:

1. NL (new line);
2. NL END (EOI); and
3. END (EOI)

NL is defined as a single ASCIl-encoded byte
OA (10 decimal). Leading <White Space> elements
are permitted. The instrument interprets any and all
of the three terminators as semantically equivalent.
No alternative encoding are allowed. Note that |IEEE-
P981 amendment forbids the use of CR as a <Pro-
gram Message Terminator> element. This is because
some controller treat CR as the end of transmission
and leave the LF character in the unit, thereby
creating an error in the controller.

4-9-4, Command Program Header

The <Command Program Header> represents the
operation to be performed in a device. The header
may be optionally followed by associated parameters
encoded as <Program Data> elements. There are
three defined <Command Program Header> elements:
<Simple Command Program Header>, <Compound
Command Program Header>, and <Common Com-
mand Program Header.

<Simple Command Program Header> is defined
as:

<Program Mnemonic>

For example, FRQ. Leading <White Space> ele-
ments are permitted. Upper/lower case alpha char-
acters are treated with the same semantic equiva-
lence. <Compound Command Program Header> is
not used in model 8020 and will not be discussed
here. A <Common Command Program Header> is
defined as:

*<Program Mnemonic>

For example, *TRG. Leading <White Space> ele-
ments are permitted. Upper/ lower case alpha char-
acters are treated with the same semantic equiva-
lence.

4-9-5. Query Program Header

The <Query Program Header> represents the op-
eration to be performed in a device. A <Query

Program Header> causes the device to generate a
response. This element may be optionally followed
by associated parameters encoded as <Program
Data> elements. There are three defined <Query
Program Header> elements: <Simple Query Program
Header>, <Compound Query Program Header>, and
<Common Query Program Header. A <Simple Query
Program Header> is defined as:

<Program Mnemonic>?

For example, FRQ?. Leading <White Space> ele-
ments are permitted. Upper/lower case alpha char-
acters are treated with the same semantic equiva-
lence. <Compound Query Program Header> is not
used in model 8020 and will not be discussed here.
A <Common Query Program Header> is defined as:

*<Program Mnemonic>?

For example, *CAL?. Leading <White Space> ele-
ments are permitted. Upper/lower case alpha char-
acters are treated with the same semantic equiva-
lence.

4-9-6. Program Data

A <Program Data> functional element is used to
convey a variety of parameter information related to
the <Program Header>.

4-9-6-1. Character Program Data

The <Character Program Data> functional element
is not implemented in Model 8020. Therefore it shall
not be discussed in this manual.

4-9-6-2. Decimal Numeric Program Data

The <Decimal Numeric Program Data> is a flexible
version of the three numeric representations as de-
fined in ANSI X3.42-1975 - NR1, NR2, and NRS3.
A <Decimal Numeric Program Data> elements are
defined as:

1. NR1 elements consists of a set of implicit
point representations of numeric values. i.e. (+/-
)12345.

2. NR2 elements are the representations of explicit
point numeric values. i.e. (+/-)12.345.

3. NR3 elements are representations of scaled

explicit radix point numeric values together with an
exponent notation. i.e. (+/-)123.456E(+/-)3.
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4-9-6-3. Suffix Program Data

A <Suffix Program Data> element permits the use
of a suffix following the <Decimal Numeric Program
Data> (NRf). The suffix expression associated units
and (optional) multipliers that modify how the NRf
is interpreted by the device. The presence of a
<Suffix Program Data> after an NRf is always optional.
No particular <Command Program Header> or <Query
Program Header> is a device shall require the use
of a <Suffix Program Data> element.

4-9-6-4. Non-Decimal Numeric Program Data

The <Non-Decimal Program Data> functional element
is not implemented in Model 8020. Therefore it shall
not be discussed in this manual.

4-9-6-5. Arbitrary Block Program Data

The <Arbitrary Block Program Data> functional ele-
ment is not implemented in Model 8020. Therefore
it shall not be discussed in this manual.

4-9-6-6. Expression Program Data

The <Expression Program Data> functional element
is not implemented in Model 8020. Therefore it shall
not be discussed in this manual.

4-10. DEVICE-DEPENDENT COMMAND
PROGRAMMING

IEEE-488.2 device-dependent commands are sent to
the Model 8020 to control various operating conditions
such as display modify, operating mode, output and
parameter interrogate. Each command is made up
of a program, command or query header followed
by program data, program suffix, and terminated by
program message terminator. The IEEE bus treats
device-dependent commands as data in, providing
that ATN is high when the commands are transmitted.
For example the output amplitude is programmed
by sending the following <Program Message Unit>:
AMP 10.5V.

A number of <Program Message Unit> elements
may be grouped together in one <Program Message>
provided that each <Program Message Unit> is sepa-
rated by a <Program Message Unit Separator>.
<Program message Unit> elements within a <Program
Message> are executed exactly in the same order
they are received from the controller. The Model
8020 ignores all non-printable ASCII characters (00
HEX through 20 HEX) except the “CR” (carriage
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return). A command string is terminated by a <Pro-
gram Message Terminator> which tells the instrument
to execute the <Program Message>.

If an illegal <Program Header> or <Program Data>
is present within a <Program Message>, the instru-
ment will:

1. Ignore the illegal part or the <Program Mes-
sage> (but will execute the rest of the <Pro-
gram Message>).

2. Display an appropriate front panel error mes-
sage.

3. Set certain bits in its status registers.

4. Generate an SRQ if programmed to do so.

Device-dependent programming aspects are cov-
ered in paragraph 4-8-5 and 4-10.

NOTE

Before programming the instrument
over the bus, It is recommended that
the instrument be set to its default
values by sending an SDC or DCL
over the bus. See paragraph 4-8-3
for information on using the SDC
command.

In order to send a device-dependent or a common
command, the controller must perform the following
sequence:

1. Set ATN true.

2. Address the Model 8020 to listen.

3. Set ATN false.

4. Send the command string over the data bus
one hyte at a time.

NOTE

REN must be true when attempting
to program the Model 8020.

Device-dependent commands that affect Models
8020, 8021, and 8022 are listed in Table 4-5.
Common commands and queries are listed in Table
4-6. All the commands listed in the Tables 4-5 and
4-6 are covered in detail in the following.

4-10-1. Display (D)

The display modify command controls what the
Model 8020 places on the display. The eight pa-
rameters associated with the display command set
the instrument to display the frequency, amplitude,
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Table 4-5. Device-Dependent Command Summary

Mode Program Header
and Data Description
Display
VFRQ Frequency
VAMP Amplitude
VOFS Offset
VWID Pulse Width (model 8021)
VCAR Carrier Level (model 8022)
VSTP Sweep Stop Frequency
VSWT Sweep Time
VRPT Internal Trigger Period
VMRK Sweep Marker Frequency
VDCO DC Output Level
Sweep Mode
SO Sweep Off
S1 Log Sweep - Start to Stop (up)
S2 Log Sweep - Stop to Start (down)
S3 Log Sweep - Start to Stop to Start
S4 Log Sweep - Stop to Start to Stop
S5 Lin Sweep - Start to Stop (up)
S6 Lin Sweep - Stop to Start (down)
S7 Lin Sweep - Start to Stop to Start
S8 Lin Sweep - Stop to Start to Stop
Operating Mode
VO VCO Mode Off
V1 VCO Mode On
A0 Amplitude Modulation Off
Al Amplitude Modulation On
PO Pulse Width Off
P1 Pulse Width On
00 Offset Off
01 Offset On
Trigger Mode
GO Gate Mode Off
G1 Gate Mode On
T0 Trigger Mode Off
Tl Trigger Mode On - External Trigger
T2 Trigger Mode On - Internal Trigger
Output Mode
CO (model 8021) Pulse Complement Off, Ramp Down Off
C1l (model 8021) Pulse Complement On; Ramp Down On
BO Output Stand-by Off
Bl Output Stand-by On
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Table 4-5. Device-Dependent Command Summary (continued)

Mode

Output Waveforms

Program Parameters

(Model 8021 only)

(Mode 8022 only)

Review Parameters

(Model 8021 only)
(Mode 8022 only)

(Model 8021 only)
(Mode 8022 only)

(Model 8020 and 8022 only)

(Model 8020 and 8022 only)

Response Data Query

(Model 8020 and 8022 only)

Header
and Data

uo
Ul
u2
u3
U4
us

FRQ
AMP
OFS
WID

CAR
STP

SWT
RPT

MRK
DCO

VFRQ
VAMP
VOFS
VWID
VCAR
VSTP
VSWT
VRPT
VMRK
VDCO

FRQ?
AMP?
OFS?
WID?
CAR?
STP?
SWT?
RPT?
MRK?
DCO?
STT?

Description

Sine

Triangle

Squarewave

Fixed base-line positive squarewave
Fixed base-line negative squarewave
DC; Ramp (Model 8021)

Program output frequency

Program output amplitude

Program output offset

Program pulse width

Program carrier Level

Program sweep stop

Program sweep time

Program internal trig. generator per.
Program sweep marker

Program dc output level

Display output frequency

Display output amplitude

Display output offset

Display pulse width

Display carrier Level

Display logarithmic sweep stop
Display sweep time

Display internal trig. generator per.
Display logarithmic sweep marker
Display dc output level

Interrogate output frequency
Interrogate output amplitude
Interrogate output offset
Interrogate pulse width
Interrogate carrier Level
Interrogate sweep stop
Interrogate sweep time
Interrogate internal trig. generator per.
Interrogate sweep marker
Interrogate dc output level
Interrogate machine status

Suffix*
Data

HZ, KHZ, MHZ

MV, V

MV, V

NS, US, MS, S
%

HZ, KHZ, MHZ

NS, US, MS, S

NS, US, MS, S
HZ, KHZ, MHZ

MV, V

HZ, KHZ, MHZ

MV, V

MV, V

NS, US, MS, S
%

HZ, KHZ, MHZ

NS, US, MS, S
NS, US, MS, S
HZ, KHZ, MHZ

MV, V

* Suffix Data is optional.
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Table 4-5. Device-Dependent Command Summary (continued)

Mode Program Header
and Data Description
Response Message Format
X0 Response header OFF
X1 Response header ON
Z0 New line (LF), END (EOI) terminator
Z1 New line (LF) terminator
Z2 END (EOI) terminator
Z3 No terminator
Common Commands
*CLS Clear status command
*ESE Standard event status enable command
*OPC Operation complete command
*RCL Recall front panel set-up command
*RST Reset command
*SAV Save front panel set-up command
*SRE Service request enable command
*TRG Trigger command
*WAI Wait-to-continue command
Common Queries
*ESE? Standard event status enable query
*ESR? Standard event status register query
*IDN? Identification query
*OPC? Operation complete query
*SRE? Service request enable query
*STB? Read status byte query
*TST? Self-test query
STANDARD EVENT STATUS ENABLE REGISTER MASK
*ESEO No mask
*ESE1 ESB bit set on operation complete
*ESE2 Not used
*ESE4 ESB bit set on query error
*ESES ESB bit set on device dependent error
*ESE16 ESB bit set on execution error
*ESE32 ESB bit set on command error
*ESE64 ESB bit set on user request
*ESE128 ESB bit set on power on
SERVICE REQUEST ENABLE REGISTER MASK
*SREO No mask
*SRE1 Not used
*SRE2 RQS/MSS bit set on offset error
(Model 8021 only) *SRE4 RQS/MSS bit set on pulse error
(Model 8021 only) *SRE8 RQS/MSS bit set on ramp error
*SRE16 RQS/MSS bit set on MAV bit
(message available)
*SRE32 RQS/MSS bit set on ESB hit
(standard event status register)
*SRE128 Not used
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offset, pulse width (model 8021), carrier level, sweep
stop frequency, sweep time / trigger period or the
sweep marker frequency. The display mode may be
programmed by sending one of the following com-
mands:

VFRQ = Frequency

VAMP = Amplitude

VOFS = Offset

VWID = Pulse Width (model 8021)
VCAR = Carrier Level (model 8022)
VSTP = Sweep Stop Frequency
VSWT = Sweep Time

VMRK = Sweep Marker Frequency
VRPT = Internal Trigger Period

4-10-2. Operating Mode (V, P, A, O)

This command gives the user control over the op-
erating mode of the instrument. The operating mode
may be programmed by sending one of the following
commands:

VO = VCO Mode Off

V1 = VCO Mode On

PO = Pulse Mode Off (model 8021)

P1 = Pulse Mode On (model 8021)

A0 = Amplitude Modulation Mode Off (model 8022
only)

Al = Amplitude Modulation Mode On (model 8022
only)

00 = Offset Mode Off

01 = Offset Mode On

4-10-3. Trigger Mode (G, T)

The trigger mode command gives the user control
over the operating mode of the Model 8020. There
are a number of acceptable external sources for
stimulating the function generator. The instrument
may also be set to operate in continuous mode or
with having an internal stimulant. The generator
may be programmed to accept either an external
stimulant or an internal stimulant. Program the Model
8020 to one of the trigger modes by sending one
of the following commands:

GO0 = Gated Mode Off

G1 = Gated Mode On

TO = Triggered Mode Off

T1 = Triggered Mode On - External Trigger
T2 = Triggered Mode On - Internal Trigger
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4-10-4. Output Mode (C, B)

The output mode command places the function gen-
erator in stand by mode. In model 8021 this command
places the output in pulse complement mode and
in inverted ramp mode. The output mode may be
programmed by sending one of the following com-
mands

CO = Pulse Complement Off; Ramp Down Off (model
8021)

C1 = Pulse Complement On; Ramp Down On (model
8021)

BO = Output Stand-By Off

B1 = Output Stand-By On

4-10-5. Waveform (U)

The waveform command give the user control over
the output waveform. The six parameters which are
associated with the waveform commands, set the
instrument to output sinewave, triangle, squarewave,
positive pulse, negative pulse, or DC. The waveform
may be programmed by sending one of the following
commands:

U0 = Sine

Ul = Triangle

U2 = Rectangular

U3 = Positive Pulse

U4 = Negative Pulse

U5 = DC; Ramp Up (model 8021)

4-10-6. Parameter Programming

The parameter programming command sets the func-
tion generator to the various levels which are required
for the unit under test. There are 10 different pa-
rameters which may be modified using this command.
The command message unit is comprised of three
parts: the <command program header>, the <decimal
numeric program data>, the <suffix program data>
(optional), and the <program message terminator>.

The <command program header> mnemonic is in-
dependent of control location on the front panel but
relates to front panel nomenclature. For example,
FRQ mnemonic is related to front panel Frequency
marking.

The <decimal numeric program data> is a flexible
version of numeric representation denoted by NRf.
Operator may choose to program <decimal numeric
program data> using NR1, NR2, or NR3 formats.
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Examples of the various <decimal numeric program
data> is given in the following.

NR1 elements consists of a set of implicit point
representations of numeric values. i.e. (+/-)12345.

NR2 elements are the representations of explicit
point numeric values. i.e. (+/-)12.345.

NR3 elements are representations of scaled explicit
radix point numeric values together with an exponent
notation. i.e. (+/-)123.456E(+/-)3.

The <suffix program data> element permits the
use of suffix following the NRf. The suffix expresses
associated units and (optional) multipliers that modify
how the NRf is interpreted by the device.

For an example, to program the model 8020 for
a frequency output of 10.7 MHz, the following <pro-
gram message unit> options may be used:

FRQ 10700000; or
FRQ 10.7MHZ; or
FRQ 10.7E+6; or
FRQ 10.7E6HZ; etc.

<Command program header> and <suffix program
data> and (optional) multipliers summary is given in
the following

FRQ ...HZ, KHZ, MHZ = Program frequency
parameter

AMP ..MV, V = Program amplitude parameter

OFS ..MV, V = Program offset parameter

WID ..NS, US, MS, S = Program pulse width

parameter (model 8021 only)

CAR ...% = Program modulated carrier level
parameter (model 8022 only)

STP ...HZ, KHZ, MHZ = Program logarithmic sweep
stop parameter

SWT ...NS, US, MS, S = Program sweep time
parameter

MRK ...HZ, KHZ, MHZ = Program logarithmic
sweep marker parameter

RPT ...NS, US, MS, S = Program internal trigger
generator period parameter

DCO ..MV, V = Program DC output level (models

8020 and 8022 only)

The programming limits for each of the above pa-
rameters are listed in Table 3-2. After DCL or SDC,
the instrument defaults to its factory selected values.
Factory defaults are listed in Table 3-1 and 4-4.

4-10-7. Common Commands

As discussed in previous paragraphs most instruments
and devices in an ATE system use similar commands
which perform identical functions to avoids the prob-
lem in which devices from various manufacturers
used a different set of commands to enable functions
and report status. Some common commands and
queries, however, are optional; most of them are
mandatory. Common commands and queries are
listed in Table 4-6. The following set of common
commands are utilized in the model 8020 (optional
common commands that are not included in the
model 8020 command set will not be discussed
here).

*CLS (Clear Status Command) - clears status
data structures, and forces the device to the Operation
Complete Command/Query lIdle State. If the Clear
Status command immediately follows a <Program
Message Terminator>, the Output Queue and the
MAV bit will be cleared.

*ESE (Standard Event Status Enable Command)
- followed by a number in the range of 0 to 255,
sets the Standard Event Status Enable Register bits.
The binary equivalent of the number represents the
values of the individual bits set into the Standard
Event Status Enable register.

*OPC (Operation complete Command) - causes
the device to generate the operation complete mes-
sage in the Standard Event Status Register when
all pending selected device operations have been
finished.

*RCL (Recall Command) - restores the state of
the device to a state previously stored in the device’'s
memory. If the device has more than one memory
register, the command must be followed by a number
to specify which register is to be used. The functions
restored by the *RCL command are the same as
those affected by the *RST command. Model 8020
may recall settings in registers designated with num-
bers from 00 to 30.

*RST (Reset) - Sets device-dependent functions
to a known state, purges all *OPC commands and
queries, and aborts all pending operations. The output
gueue, Service Request Enable Register, Standard
Event Status Enable Register, and power-on flag
are not affected. Device defaults are listed in Table
4-4

*SAV (Save Command) - allows the user to store
the present state of a device in local memory. If
the device has more than memory location, the
command must be followed by a number to designate
the storage register to be used. Model 8020 may
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store settings in registers designated with numbers
from 00 to 30.

*SRE (Service Request Enable Command) - fol-
lowed by a number, sets the Service Request Enable
register which determines what bit in the status byte
will cause a service request from the device. The
binary equivalent of the number represents the values
of the individual bits of the Service Request Enable
Register.

*TRG (Trigger Command) - has exactly the same
effect as a GET when received, parsed, and executed
by the device.

*WAI (Wait to Continue Command) - causes a
device to wait until all previous commands and
queries are completed before executing any which
follow the *WAI command.

4-10-7-1. Set-ups (*SAV, *RCL)

The setups commands select the memory location
where front panel setup is to be stored (*SAV) or
from where recalled (*RCL). To store or recall a
setup use one of the following commands:

*SAVnn
*RCLnn

Where nn may range from 00 to 30. nn is the
selected memory cell of which the setup is to be
stored or from where the setup is to be recalled.

Table 4-6. Common Commands and Queries Summary

4-11. DEVICE TALKING FORMATS

This paragraph discusses the formatting of <Response
Message> elements sent from a device via its system
interface. Allowable IEEE-488.2 response message
is composed of a sequence of <Response Message>
units, each unit representing a response to a query.
Each <Response Message> is composed of a se-
guence of functional syntactic elements. Legal IEEE-
488.2 <Response Message> is created from functional
elements sequences. A <Response Message is in-
terpreted by a controller running an application pro-
gram, and as such, needs to convey its information
precisely for consistent operation with a wide range
of controllers. A <Response Message>, therefore,
has a more restrictive format than a <Program
Message>.

Some queries of universal instrument system ap-
plication have been defined by the IEEE-488.2. They
are the common queries; these queries are specific
path selections through the functional syntax diagram
as specified in the IEEE-488.2 standard. The re-
maining queries are device-specific and are generated
by the device designer using the functional syntax
diagram and the needs of the device. The functional
elements include separators, terminators, headers,
and data types. These elements are discussed in
the following.

Mode Program Header Suffix*
and Data Data

COMMON COMMANDS *CLS
*ESEn
*OPC
*RCLn
*RST
*SAVn
*SREnN
*TRG
*WAI

COMMON QUERIES
*ESE?
*ESR?
*IDN?
*OPC?
*SRE?
*STB?
*TST?

Description

Clear status command

Standard event status enable command
Operation complete command

Recall front panel set-up command
Reset command

Save front panel set-up command
Service request enable command
Trigger command

Wait-to-continue command

Standard event status enable query
Standard event status register query
Identification query

Operation complete query

Service request enable query

Read status byte query

Self-test query

Page 4-18



Model 8020

IEEE-488.2 Operation

4-11-1. Functional Element Summary

<Response Message> Represents a sequence
of one or more <Response Message Unit> elements
separated by <Response Message Unit Terminator>
elements.

<Response Message Unit> Represents a single
message unit sent from the device.

<Response Data> Represents any of the eleven
different <Response Data> types.

<Response Message Unit Separator> Separates
<Response Message Unit> elements from one an-
other in a <Response Message>.

<Response Data Separator> Separates sequen-
tial <Response Data> elements that are related to
the same header or to each other.

<Response Header Separator> Separates the
header from the associated <Response Data>.

<Response Message Terminator> Terminates a
<Response Message>.

<Response Header> Specifies the function of
the associated <Response Data> element(s). Alpha
characters mnemonically indicate the function.

<Character Response Data> A data type suitable
for sending short mnemonic character strings. Gen-
erally used when a numeric data type is not suitable.

<Decimal Numeric Response Data> A data type
response suitable for sending decimal integers or
decimal fractions with or without exponents.

<NonDecimal Numeric Response Data> A data
type suitable for sending integer numeric repre-
sentation in base 16, 8, or 2. Useful for data that
is more easily interpreted when directly expressed
in a non-decimal format.

<String Response Data> A data type suitable
for sending 7-bit ASCII character strings where the
content needs to be “Hidden” (by delimiters). This
element is generally used to send data for direct
display on a device.

<Definite Length Arbitrary Block Response
Data> A data type suitable for sending blocks of
arbitrary 8-bit information when the length is known
beforehand.

<Indefinite Length Arbitrary Block Response
Data> A data type suitable for sending blocks of
arbitrary 8-bit information when the length is not
known beforehand or when computing the length
beforehand is undesirable.

<Arbitrary ASCIl Response data> A data type
suitable for sending arbitrary ASCII data bytes when
alternate data types are unworkable.

4-11-2. Separator Functional Element Summary

The various elements within the <Response Mes-
sage> are separated by ASCII characters that were
specially assigned for this purpose. These separators
are discussed in the following paragraphs.

4-11-2-1. Response Message Unit Separator

The <Response Message Unit Separator> separates
sequential <Response Message Unit> elements from
one another when multiple <Response Message Unit>
elements are sent in a <Response Message>. The
<Response Message Unit Separator> is defined as:

4-11-2-2. Response Data Separator

The <Response Data Separator> separates sequential
<Response Data> elements from one another when
multiple data elements are sent. The <Response
Data Separator> is defined as:

4-11-2-3. Response Header Separator

The <Response Header Separator> separates the
<Response Header> from the <Response Data>.
The <Response Header Separator> is defined as:

<Space>

4-11-3. Response Message Terminator

The <Response Message Terminator> element’s func-
tion is to terminate a sequence of one or more
<Response Message Unit> elements. There are three
possible <Response Message Terminator> elements:

1. NL (new line);
2. NL END (EOI); and
3. END (EOI)

NL is defined as a single ASCIl-encoded byte
0A (10 decimal). Leading <White Space> elements
are not permitted. The instrument interprets any and
all of the three terminators as semantically equivalent.
No alternative encoding are allowed. Note that IEEE-
P981 amendment forbids the use of CR as a <Re-
sponse Message Terminator> element. This is be-
cause some controller treat CR as the end of
transmission and leave the LF character in the unit,
thereby creating an error in the controller.
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4-11-4. Response Header

The <Response Header> is available for use by the
device designer for device-specific responses. It may
be used, for example, to create responses in directly
resendable <Program Message Unit> format or to
identify response data to the controller. There are
three defined <Response Header> elements: <Simple
Response Header>, <Compound Response Header>,
and <Common Response Header. A <Simple Re-
sponse Header> is defined as:

<Response Mnemonic>

For example, FRQ. Leading <White Space> ele-
ments are not permitted. Upper/lower case alpha
characters are treated with the same semantic equiva-
lence. <Compound Response Header> is not used
in model 8020 and will not be discussed here. A
<Common Response Header> is defined as:

*<Response Mnemonic>

For example, *SRE. Leading <White Space> ele-
ments are not permitted. Upper/ lower case alpha
characters are treated with the same semantic equiva-
lence.

4-11-5. Response Data

A <Response Data> functional element is used to
convey a variety of response information related to
the <Response Header>. The element type is de-
termined by the eliciting query. <Non-Decimal Re-
sponse Data>, <String Response Data>, and <Arbi-
trary Block Response Data> functional elements are
not implemented in Model 8020. Therefore it shall
not be discussed in this manual.

4-11-5-1. Character Response Data

The <Character Response Data> functional element
is used to convey information best expressed
mnemonically as a short alpha or alphanumeric string.
It is useful when numeric parameters are inappro-
priate, for example, model humber and manufacturer
identification.

4-11-5-2. Decimal Numeric Response Data

The <Decimal Numeric Response Data> is a flexible
version of the three numeric representations as de-
fined in ANSI X3.42-1975 - NR1, NR2, and NRS3.
A <Decimal Numeric Response Data> elements are
defined as:
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1. NR1 elements consists of a set of implicit
point representations of numeric values. i.e. (+/-
)12345.

2. NR2 elements are the representations of explicit
point numeric values. i.e. (+/-)12.345.

3. NR3 elements are representations of scaled
explicit radix point numeric values together with an
exponent notation. i.e. (+/-)123.456E(+/-)3.

4-12. READING FROM THE MODEL 8020

The reading sequence is used to obtain, from Model
8020, various <Response Message Units> such as
frequency, amplitude, offset or operating modes. The
<Response Message Unit> elements are placed in
an output queue. The output queue may be read
by device-defined queries. Such device-defined que-
ries cause the item read to be removed from the
output queue. Model 8020 executes the <Program
Message> elements in the order received. The output
is cleared when any of the following occur:

1. Reading all the items in the output queue.

2. Upon receipt of a new <Program Message>.

3. Upon receipt of the *CLS, DCL or SDC com-
mands.

4. Upon Power on.

IEEE-488.2 specifies that a device cannot send
<Response Message> elements unless commanded
to do so. This is specified as an “Unterminated
Action”. The “Unterminated Action” is executed when
the controller attempts to read a <Response Mes-
sage> from the device without first having sent a
complete Query Message, including the <Program
Message Terminator>, to the device. In the event
of “Unterminated Action” model 8020 performs the
following steps:

1. Sets the Query Error bit in the Standard Event
Status Register.

2. Clears the output queue.

3. Sets brg False.
If a read sequence is interrupted by a new <Program
Message> before it finishes sending a <Response
Message>, model 8020 executes an “Interrupted
Action”. GPIB bus response is similar to the “Un-
terminated Action”.

The reading sequence is conducted as follows:

1. The controller sets the ATN line true.
2. The Model 8020 is addressed to talk.
3. The controller sets ATN false.
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4. The instrument sends the information string
over the bus one byte at a time.
5. The controller recognizes that the string is
terminated.
The controller sets the ATN line true.
7. The UNT (untalk) command is placed on the
bus by the controller.

o

4-12-1. Interrogate Parameter Data Query

The interrogate parameter data query allows access
to information concerning present operating conditions
of the instrument. When the interrogate parameter
data query is given, the Model 8020 will transmit
appropriate data string information the next time the
instrument is addressed to talk. Model 8020 Inter-
rogate Parameter Data Query include:

FRQ? = Interrogate output frequency parameter

AMP? = Interrogate output amplitude parameter

OFS? = Interrogate output offset parameter

WID? = Interrogate pulse width parameter
(model 8021 only)

CAR? = |Interrogate Carrier level parameter
(model 8022 only)

STP? = |Interrogate logarithmic sweep parameter
(model 8020 only)

SWT? = |Interrogate sweep time parameter (model
8020 only)

MRK? = Interrogate logarithmic sweep marker pa-
rameter (model 8020 only)

RPT? = Interrogate internal trigger generator
period parameter

DCO? = Interrogate dc output level parame-
ter(model 8020 and 8022 only)

RPT? = Interrogate trigger period parameter

STT? = |Interrogate machine status

For example, model 8020 is asked to return
frequency, amplitude, and offset parameters in a
single <Response Message>

Command: FRQ?;AMP?
Response:FRQ 1.000E+3;AMP 1.00E+0

Table 4-7 shows the general <Response Mes-
sage> format for each of the above commands.
Default values are shown. These defaults are gen-
erated after an SDC or DCL commands.

4-12-2. Common Queries

As discussed in previous paragraphs most instruments
and devices in an ATE system use similar commands
which perform identical functions to avoids the prob-
lem in which devices from various manufacturers

used a different set of commands to enable functions
and report status. Some common commands and
gueries, however, are optional; most of them are
mandatory. The following set of common queries are
utilized in the model 8020 (optional common queries
that are not included in the model 8020 command
set will not be discussed here).

*IDN? (Identification Query) - Causes the generator
to respond with its identity. The returned data is
organized into four fields, separated by commas.
The unit must respond with its manufacturer and
model number in the first two fields and may also
report its serial number and options in field three
and four. If the later information is not available, the
device must return an ASCII O for each. For example,
model 8021 response to *IDN? is TA-
BOR,8021,0,REV2.0.

*OPC? (Operation Complete Query) - causes the
device to generate the operation complete message
in the Standard Event Status Register when all
pending selected device operations have been fin-
ished.

*SRE? (Service Request Enable Query) - enables
the user to read the contents of the Service Request
Enable register. The device returns a number in the
range of 0 to 63 or 128 to 191, since bit 6 (RSQ)
cannot be set. The binary equivalent of the number
represents the value of the bits of the Service
Request Enable Register.

*STB? (Read Status Byte Query) - Reads the
status byte containing the master summary status
(MSS) bit. The device responds with an integer in
the range of 0 to 255, whose binary equivalent
represents the value of the bits of the status byte.

*TST? (Self-Test Query) - Tells the device to
perform an internal self-test and report back to the
controller if any errors are detected. The generator
responds to this query with a number. A value of
1 in the response indicates that the self-test routine
has detected an error. A value of 0 in the response
indicates that the self-test was carried out success-
fully.

4-12-3. Response Header (X)

The <Response Header> from the <Response Mes-
sage> string may be suppressed using this command.
When the <Response Header> is suppressed the
output data string is 3 byte shorter. The <Response
Header> may be suppressed using the following
commands:

X0 = Response header OFF
X1 = Response header ON
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4-12-4. Response Message Terminator (Z2)

To allow a wide variety of controllers to be used,
the terminator can be changed by sending the ap-
propriate command over the bus. The default value
is New Line (LF), End (EOI) sequence (mode Z0).
The terminator sequence will assume this default
value after receiving a DCL or SDC.

The EOI (END) line on the bus is usually set
low by the device during the last byte of its data
transfer sequence. In this way, the last byte is
properly identified, allowing variable length data words
to be transmitted. The Model 8020 will normally send
EOI during the last byte of its data string or status
word. The <Response Message Terminator> in model
8020 may be programmed by sending one of the
following commands:

Z0 = New Line (LF), END (EOI) terminator
Z1 = New Line (LF) terminator

Z2 = END (EOI) terminator

Z3 = No terminator

NOTES

1. Most controllers use the LF character to terminate
their input sequence. Using the NO TERMINATOR
mode (Z3) may cause the controller to hang up
unless special programming is used.

2. Some controllers may require that EOI be present
at the end of the string.

4-13. DEVICE STATUS REPORTING

Device status reporting defined by IEEE-488.2 builds
upon and extends the original specifications of the
status byte of the IEEE-488.1 document. A complete
model is defined for all status reporting. Figure 4-3
illustrates the IEEE-488.2 status reporting model
showing the IEEE-488.1 status byte, which can be
read by either a serial poll or Status Byte Query.
Summary of related common commands and queries
is given in the following.

*STB? - Returns an NR1, which is the value of
the IEEE-488.1 status byte and the MSS (Muster
Summary Status) summary message.

*OPC - Sets the Operation Complete event bit
in the Standard Event Status Register when all
selected pending device operation have been com-
pleted.

*OPC? - Places a “1" in the output queue when
all selected pending operations are completed which
in turn cause the MAV (Message Available) summary
message to be generated.
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*CLS - Clears all Event Registers summarized in
the status byte.

*ESR? - Returns an NR1, which is the value of
the Standard Event Status Enable Register.

*SRE NRf - Sets the bits of the Service Request
Enable Register.

*SRE? - Returns an NR1, which is the value of
the Service Request Enable Register.

4-14. STATUS BYTE REGISTER (STB)

The Status Byte Register contains the device’s STB
and RQS (or MSS) messages. |IEEE-488.1 defines
the method of reporting the STB and RQS, but
leaves the setting and clearing protocols and se-
mantics for the STB message undefined. The standard
further defines specific device STB summary-mes-
sages.

A Muster Summary Status (MSS) message is
also provided which is output as bit 6 with the STB
response to a *STB? common query. The Status
Byte Register is altered only when the state of the
overlaying Status Data Structure is altered. The
description of the various bits within the Status Byte
Register is given in the following.

Bit 0 - Not Used

Bit 1 - Offset Error. The state of this bit indicates
whether or not an offset error occurred. Offset error
may occur when amplitude and offset parameters
exceed the instrument limits and the offset function
is turned on.

Bit 2 - Width Error. The state of this bit indicates
whether or not a pulse width error have occurred.
Width error may occur when the programmed pulse
width is larger than the programmed pulse period
parameter.

Bit 3 - Ramp Error. The state of this bit indicates
whether or not a ramp error have occurred. Ramp
error may occur when ramp parameters exceed the
instrument limits.

Bit 4 - Message Available Queue Summary Mes-
sage (MAV). The state of this bit indicates whether
or not the output queue is empty. The MAV sum-
mary-message is true when the output queue is not
empty. This message is used to synchronize infor-
mation exchange with the controller. The controller
can, for example, send a query command to the
device and then wait for MAV to become true. If
an application program begins a read operation of
the output queue without first checking for MAV, all
system bus activity is held up until the device
responds.
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Bit 5 - Standard Event Status Bit (ESB) Summary
Message. The ESB summary message is an |IEEE-
488.2 defined message. Its state indicates whether
or not one or more of the enabled ESB events have
occurred since the last reading or clearing of the
Standard Event Status Register.

Bit 6 - Master Summary Status (MSS)/Request
Service (RQS) Bit. Its state indicate if the device
has at least one condition to request service. The
MSS bit is not part of the IEEE-488.1 status byte
and will not be sent in response to a serial poll.
The RQS bit, however, if set, will be sent in response
to a serial poll.

Bit 7 - Not used.

4-14-1. Reading the Status Byte Register

The Status Byte Register can be read with either a
serial poll or the *STB? common query. Both of
these methods read the IEEE-488.1 STB message.
The value sent for the bit 6 position is, however,
dependent upon the method used.

4-14-1-1. Reading with a Serial Poll

When serial polled, the generator returns the 7-bit
status byte plus the single bit RQS message. The
status bye and RQS message are returned to the
controller as a single data byte. The RQS message
is sent on line D107 (bit 6). RQS TRUE means that
bit 6 line is asserted (pulled to a low voltage) when
the status byte is sent. The response represents the
sum of the binary-weighted values of the Status Byte
Register.

Reading the Status Byte Register with a serial
poll sets the RQS message FALSE until a new
reason for service has occurred. The STB portion
of the Status Byte Register is read non-destructively.
The value of the status byte is not altered by a
serial poll. Once the model 8020 has generated an
RQS, its status byte should be read to clear the
SRQ line so the controller can detect an SRQ from
another device. Otherwise the instrument will con-
tinuously assert the SRQ line.

4-14-1-2. Reading with the *STB?

The *STB? common query causes the generator to
send the contents of the Status Byte Register and
the MSS (Master Summary Status) summary message
as a single <NR1 Numeric Response Message>
element. The response represents the sum of the

Table 4-7. Response Message Format Summary

Command Response Format (*)
FRQ? FRQ 1.000E+3(terminator)
AMP? AMP 1.00E+O0(terminator)
OFS? OFS 0.00E+0(terminator)
WID? WID 10.00E-3(terminator)
CAR? CAR 100E+0(terminator)
STP? STP 9.000E+3(terminator)
SWT? SWT 1.00E+0(terminator)
MRK? MRK 5.000E+0(terminator)
DCO? DCO 0.00E+0(terminator)
RPT? RPT 1.00E+O(terminator)
(*) NL END is normal terminator. Ter-
minator may change (see paragraph
4-12-4).

binary-weighted values of the Status Byte Register.
The *STB? common query does not alter the status
byte.

4-14-1-3. Clearing the Status Byte Register

The entire Status Byte Register can be cleared by
removing the reasons for service from the Auxiliary
Status Registers. Sending the *CLS common com-
mand to the device after a <Program Message
Terminator> and before <Query Message Unit> ele-
ments clears the Standard Event Status Register
and clears the output queue of any unread messages.
With the output queue empty, the MAV summary
message is set to FALSE.

Methods of clearing the other auxiliary status
registers are discussed in the following. The RQS
message in the Status Byte Register will be FALSE.
The use of the IEEE-488.1 DCL or SDC commands
another method of clearing the Status Byte Register,
however, in some cases it is not recommended to
use this method since the entire front panel set-up
is reset to factory default values.

4-14-1-4. Service Request Enable Register

The Service Request Enabling Register is an 8-bit
register that enables corresponding summary mes-
sages in the Status Byte Register. Thus, the appli-
cation programmer can select reasons for the model
8020 to issue a service request by altering the
contents of the Service Request Enable Register.
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The Service Request Enable Register is read with
the *SRE? common query. The response to this
query is an number that represents the sum of the
binary-weighted value of the Service Request Enable
Register. The value of the unused bit 6 is always
zero.

The Service Request Enable Register is written
using the *SRE common command followed by a
<Decimal Numeric Program Data> element repre-
senting the bit values of the Register. A bit value
one indicates an enabled condition. Consequently, a
bit value of zero indicates a disabled condition. The
Service Request Enable Register is cleared by send-
ing *SREO. The generator always ignores the value
of bit 6. Summary of *SRE messages is given in
the following.

*SREO - No mask.

*SRE1 - Not used.

*SRE2 -  Service request on offset error.
*SRE4 -  Service request on pulse width error.
*SRE6 -  Service request on ramp.

*SRE16 - Service request on MAV.
*SRE32 - Service request on ESB.
*SRE128 - Not used.

4-14-2. Standard Event Status Register (ESR)

The Standard Event Status Register is a special
application of the status reporting. IEEE-488.2 docu-
ment specifies the meaning of each bit of this
register. The 8 bits of the ESR have been defined
by the IEEE-488.2 as specific conditions which can
be monitored and reported back to the user upon
request.

The Standard Event Status Register is destruc-
tively read with the *ESR? common query. The
Standard Event Status Register is cleared by a *CLS
common command, on power-on, and when read by
*ESR?.

The arrangement of the various bits within the
register is firm and is required by all GPIB instruments
that implement the IEEE-488.2. Description of the
various bits is given in the following.

Bit 0 - Operation Complete. Generated in response
to the *OPC command. It indicates that the device
has completed all selected and pending operations
and is ready for a new command.

Bit 1 - Request Control. This bit operation is
disabled on model 8020.
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Bit 2 - Query Error. This bit indicates that an
attempt is being made to read data from the output
gueue when no output is either present or pending.

Bit 3 - Device Dependent Error. This bit is set
when an error in a device function occurs. For
example, the following <Program Message> will cause
DDE error: AMP10E+0;OFS10E+0. Both parameters
are legal and within the specified limits, however,
the function generator is unable to generate such
an amplitude and offset combination. Following the
Device Dependent Error the generator continues to
process the input stream.

Bit 4 - Execution Error. This bit is generated if
the <Program Data> element following the header
is outside of the legal input range of the generator.

Bit 5 - Command Error. This bit indicates the
generator received a command that was a syntax
error, or a command that the device does not
implement. A GET receive inside a <Program Mes-
sage> will also cause a Command Error.

Bit 6 - User Request. This event bit indicates
that one of a set of local controls, the MANUAL
push-button in this case, has been activated. This
event bit occurs regardless of the remote or local
state of the device.

Bit 7 - Power On. This bit indicates that the
device's power source was turned off, then on, since
the last time that the register was read.

4-14-2-1. Standard Event Status Enable
Register (ESE)

The Standard Event Status Enable Register allows
one or more events in the Standard Event Status
Register to be reflected in the ESB summary-message
bit. The Standard Event Status Enable Register is
an 8-bit register that enables corresponding summary
messages in the Standard Event Status Register.
Thus, the application programmer can select reasons
for the model 8020 to issue a ESB summary-message
bit by altering the contents of the ESE Register.

The Standard Event Status Enable Register is
read with the *ESE? common query. The response
to this query is an number that represents the sum
of the binary-weighted value of the Standard Event
Status Enable Register.

The Standard Event Status Enable Register is
written using the *ESE common command followed
by a <Decimal Numeric Program Data> element
representing the bit values of the Register. A bit
value one indicates an enabled condition. Conse-
quently, a bit value of zero indicates a disabled
condition. The Standard Event Status Enable Register



Model 8020

IEEE-488.2 Operation

S
B [
= o
5 5 T s £
@ 5 E S € 0
[0] i Q = o (@)
c g_ - c [0] g (&)
(@) & S o 0O 0 7 5
& . E 3 8 » ¢ ®
2 o £ o S © T o
[e) o) o > [0} > [0) o
o -] (@) L a (e} 14 (@]
Standard
7161514131 2]1|0/| Event Status Register
*ESR?

o

C/
Q
\

~

C/
Q
\

5 TO
3 O
8 N\ s
= Standard
Event Status Enable
7|e|5|4|3]2]1]0 Register
*ESE<NRf>, *ESE?
Output Queue
Ramp Error Pulse Error Offset Error ~ Not Empty
|
RQS :
Service l ~—— read by Serial Poll
Request 7 6 [EsBMAV[ 3 2|1 ]O0 Status Byte Register
Generation . * "
MSS read by *STB*

@,
@,
(

., \>/> O = Logical AND
C

Logical Or

e
Service Request

7 s5lal3l2l11]0 Enable Register

6*SRE<NR1>, *SRE?

Figure 4-3. IEEE-488.2

Status Reporting Model

Page 4-25



IEEE-488.2 Operation

Model 8020

is cleared by sending *ESEO. Summary of *ESE
messages is given in the following.

*ESEO - No mask.

*ESE1 - ESB on Operation Complete.
*ESE2 - ESB on Request Control.

*ESE4 - ESB on Query Error.

*ESE6 - ESB on Device Dependent Error.
*ESE16 - ESB on Execution Error.
*ESE32 - ESB on Command Error.
*ESE64 - ESB on User Request.

*ESE128 - ESB Power on.

4-14-3. Machine Status Register (STT)

The Machine Status Register (STT) is a special
register which contain the present front panel setting.
The STT is non-destructively read with the STT?
qguery. The response to this query is a NR1 <Numeric
Response Data> with the length of 11 digits. These
digits are numeric representation of the various Ma-
chine Status options as illustrated in Figure 4-6.

4-15. FRONT PANEL ERROR MESSAGES

The process of programming the Model 8020 involves
the proper use of syntax. Syntax is defined as the
orderly or systematic arrangement of programming
commands or languages. The Model 8020 must
receive valid commands with proper syntax or it will:

1. Ignore the part of the <Program Message Unit>
in which the invalid command appears.

2. Set appropriate bits in the Standard Event Status
Register.

3. Generate an SRQ if programmed to do so.

4-15-1. ILI (Illegal Instruction) Error

An ILI error results when the Model 8020 receives
an invalid <Program Header> such as AMPL1.00.
This command is invalid because the real command
should read AMP1.00. When such an illegal <Program
Header> is detected by the instrument, the following
message will be displayed on the Model 8020 for
about one second:

ILI
4-15-2. ILP (lllegal Parameter) Error

An ILP error occurs when the <Numeric Data>
parameter associated with a legal <Program Header>
command is not valid. For example, the command
AMP100E+0 is not a valid option because the required
amplitude is outside the legal limits of the model
8020. When such an illegal <Numeric Data> is
detected, the following message will be displayed
on the Model 8020 for about one second:

ILP

4-15-3. ILE (Device Dependent) Error

An ILE error occurs when two legal <Program Mes-
sage> elements and when both elements have legal
<Program data>cause unacceptable conditions for
the instrument. For example, AMP10E+0; OFS6E+0
<Program Message> will cause an ILE error although
each <Program Message Unit> by itself could work
perfactly well under different condition. When such
an error is detected, the following message will be
displayed on the Model 8020 for about one second:

4. Display an appropriate front panel message. ILE

Figure 4-6. Machine Status String (STT) Interpretation *
<Program Header> D S @) G T P/A cC B U X Z
<Progran Data> 0 0 0 0 0 0 0 0O O 0O O

* Status given after IEEE-488.1 DCL or SDC commands, or afetr IEEE-488.2 *RST common command.
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SECTION 5

MAINTENANCE AND PERFORMANCE TESTS

5-1. INTRODUCTION

This section provides maintenance, service information,
and performancetests for the 8020 series and for the GPIB
option (option 1). Fusereplacement procedure, linevoltage
selection and option installation procedure are also in-
cluded.

WARNING

The procedures described in this section are
for use only by qualified service personnel.
Do not perform these procedures unless
qualifiedtodoso. Many of thestepscovered
in this section may expose the individual to
potentialy lethal voltages that could result
in personal injury or death, if normal safety
precautinos are not observed.

5-2. LINE VOLTAGE SELECTION

TheModel 8020 may be operated from either 115V or 230
V nominal 50- 60 Hz power sources. A special transformer
may beinstalled for 100 V and 200 V ranges. Theinstru-
ment was shipped from the factory set for an operating
voltage of 230 V. To change the line voltage, proceed as
follows:

WARNING
Disconnect the Model 8020 from the power
cord and al other sources before changing
the line voltage setting.

1. Using a flat-blade screwdriver, place the line voltage
selection switch in the desired position. The selected volt-
age is marked on the selection switch.

2. Install a power line fuse consistent with the operating
voltage. See paragraph 5.3.

CAUTION
The correct fuse type must be used to main-
tain proper instrument protection.

5-3. FUSE REPLACEMENT

The Model 8020 has a line fuse to protect the instrument
from excessive current. This fuse may be replaced by
using the procedure described in the following :

WARNING
Disconnect the instrument from the power
lineand from other equipment beforereplac-
ing the fuse.

1. Place the end of aflat-blade screwdriver into the slot in
the LINE FUSE holder ontherear panel. Pushin androtate
thefuse carrier onequarter turn counterclockwise. Release
the pressure on the holder and itsinternal spring will push
the fuse and the carrier out of the holder.

2. Removethefuseand replaceit with the proper typeusing
Table5-1 asaguide.

CAUTION
Do not use a fuse with a rating higher than
specified or instrument damage may occur.
If the instrument persistently blows fuses, a
problem may exist within the instrument. If
so, the problem must be rectified before
continuing operation.

5-4. GPIB INTERFACE OPTION FIELD

INSTALLATION (option 1)
The GPIB (genera purpose interface bus) option when

installed permit a connection to an A.T.E bus controllable
system. Detailed information on the IEEE488 standard is

Table 5-1. Line Fuse Selection

POWERLINE VOLTAGE FUSETYPE
90 -125v 0.63A,250V  5x20mm
195- 250V 0.315A, 250V, 5x20mm
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availablein Section 4 of thismanual. If purchased with the
Model 8020, the option will be factory installed; however
the instrument may easily be upgraded in the field by
installing the option as described in the following proce-
dure.

5-4-1. Option 1 Installation Procedure

1. Remove the top cover of the instrument as described in
the disassembly instructions in paragraph 5-5.

WARNING
Disconnect the line cord and test |eads from
the instrument before removing the top
cover.

2. Assemble U47 (8291), U48 (75160) and U49 (75161)
as shown in Figure 5-1.

3. Remove the small plate that coversthe rear panel GPIB
opening.

4. Place the GPIB connector onto the rear panel and bolt
the special spacers which are provided with this option, to
therear panel. It isimportant to position the GPIB connec-
tor exactly in the center of the opening otherwise the
mating connector will not fit. Also only use the special
spacing screws that are supplied with this option. Use
lock-washers to prevent the option from loosening during
transit.

5. Plug the loose end of the flat cable to J2 and press the
connector to secureit toitsplace. Make surethat the cable

Figure 5-1. GPIB Interface Option Installation

is positioned properly, that pin 1 is connected to pin 1 on
the main board and that no pin on the main board is left
free.

6. Replace the top cover.

7. Turn on the power and observe the power up procedure.
The instrument will display the following as part of its
power-up procedure;

OPt.1
This reading indicates that the instrument accepted the

installed option and is now ready to operate on a bus
controlled system.

5-5. DIASSEMBLY INSTRUCTIONS

If it is necessary to troubleshoot the instrument or replace
a component, use the following disassembly procedure to
remove the top cover:

1. Remove the two screws that secure the top cover to the
rear panel.

2. Grasp the top cover at therear and carefully lift it off the
instrument. When the tabs at the front of the cover clear
the front panel, the cover may be pulled completely clear.

3. When replacing the top cover, reverse the above proce-
dure; be sure to install the tabs at the front panel before
completely installing the cover.
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5-6.

5-7.

5-8.

SPECIAL HANDLING OF STATIC SENSITIVE
DEVICES

MOS devicesare designed to operate at avery high imped-
ance levels for low power consumption. As a result, any
normnal static charge that builds up on your person or
clothing may be sufficient to destroy these devices if they
arenot handled properly. When handling such devices, use
precautions which are described in the following to avoid
damaging them.

1. The MOS ICs should be transported and handled only
in containers specially designed to prevent static build-up.
Typically, these parts will be received in static-protected
containers of plastic or foam. Keep these devicesin their
original containers until ready for installation.

2. Remove the devices from the protective containers only
at aproperly grounded work station. Also ground yourself
with a suitable wrist strap.

3. Remove the devices only by the body; do not touch the
pins.

4. Any printed circuit board into which the deviceisto be
inserted must also be grounded to the bench or table. 5.
Use only anti-static type solder sucker.

6. Use only grounded soldering irons.

7. Once the deviceisinstalled on the PC board, the device
is normally adequately protected, and normal handling
resume.

CLEANING

Model 8020 should be cleaned as often as operating con-
ditionrequire. Thoroughly cleantheinside and the outside
of the instrument. Remove dust from inaccessible areas
with low pressure compressed air or vacuum cleaner. Use
alcohol applied with a cleaning brush to remove accumu-
lation of dirt or grease from connector contacts and com-
ponent terminals.

Clean the exterior of the instrument and the front panel
with a mild detergent mixed with water, applying the
solution with a soft, lint-free cloth

REPAIR AND REPLACEMENT

Repair and replacement of electrical and mechanical parts
must be accomplished with great care and caution. Printed
circuit boards can become warped, cracked or burnt from
exessive heat or mechnical stress. The following repair
techniques are suggested to avoid inadverant destruction
or degradation of parts and assemblies.

Use ordinary 60/40 solder and 35 to 40 watt pencil type
soldering iron on the circuit board. The tip of the iron
should be clean and properly tinned for best heat transfer
to the solder joint. A higher wattage soldering iron may
separate the circuit from the base material. Keep the sol-
dering iron in contact with the PC board for a minimum
time to avoid damage to the components or printed con-
ductors.

To desolder components use a commercia “solder
sipper”, or better, solder removing SOLDER - WICK, size
3. Always replace acomponent with its exact duplicate as
specified in the parts list.

5-9. PERFORMANCE CHECKS

Thefollowing performance checks verify proper operation
of the instrument, and should normally be used:

1. Aspart of incoming inspection of instrument specifica-
tions,

2. Aspart of troubleshooting procedure;

3. After any repair or adjustment, before returning instru-
ment to regular service.

5-9-1. Environmental Conditions

Tests should be performed under labortory conditions hav-
ing an ambient temperature of 25 +/-5 deg C and arelative
humidity of less than 80%. If the instrument has been
subjected to conditions outside these ranges, allow at least
one additional hour for the instrument to stabilize before
beginning the adjustment procedure.

5-9-2. Warm-Up Period

M ost equipment issubject to at least asmall amount of drift
when it isfirst turned on. To ensure accuracy, turn on the
power to the Model 8020 and allow it to warm-up for at
least 30 minutes before beginning the performance tests
procedure.

5-9-3. Recommended Test Equipment

Recommended test equipment for troubleshooting, cali-
bration and performance checking is listed in table 5-2.
Test instruments other than those listed may be used only
if their specifications equal or exceed the required charac-
terigtics.
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Table 5-2. Required Test Equipment.

Instrument Recommended
M odel
Counter Tabor 6020
DMM Tabor 4121
Function Generator Tabor 8200
Synthesizer Marconi 2019
Oscilloscope Tek 465
Distortion analyser K-H 6900
Spectrum analyser HP 182T/8557A
50 ohm feedthrough
Termination Tek 011-0049-01

Specifications

200MHz Universal
.1V-100V,ACrms,DC
1mHz - 20MHz
80KHz-1040MHz
100MHz band width
100Hz - IMHz

10KHz - 350MHz

50 ohm, 2W, 1%

(*) P= Performance Test, A= Adjustments, T= Troubleshooting

Use (*)
PAT
PA,T
PA

PAT
PA

PA

5-10. PERFORMANCE CHECKS PROCEDURE

5-10-1. Frequency - Gated Mode

Accuracy specifications: +/-3 % of full scale up to 1.999
MHz; +/-5% of full scaleupto 20.00MHz
Equipment: Counter

1. Set 8020 asfollows:

CONTROL POSITION
Amplitude 1.50V
Offset 0.00V
Trigger Mode Continuous
Display Modify FREQ
OperatingMode VCO
Output Squarewave

2. Set counter to frequency measurment.
3. Set 8020 frequency and verify counter frequency reading
asfollows:

8020SETTING COUNTERREADING

2.000 Hz 1.940 Hz-2.060 Hz
20.00 Hz 19.40 Hz-20.60 Hz
200.0 Hz 194.0 Hz-206.0 Hz
2.000KHz 1.940KHz-2.060KHz
20.00KHz 19.40KHz-20.60KHz
200.0KHz 194.0KHz-206.0KHz
2.000MHz 1.940KHz-2.060MHz
20.00MHz 19.00MHz-21.00MHz
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5-10-2. Frequency - Continuous M ode

Accuracy specifications: +/-3%of full scaleupto9.999Hz;
+/-0.1%of full scaleupto 20.00MHz (full scalereading

152000 counts)

Equipment: Counter

1. Set 8020 as follows:

CONTROL
Amplitude
Offset

Trigger Mode
Display Modify
OperatingMode
Output

POSITION

150V
0.00Vv
Continuous
FREQ
Normal
Squarewave

2. Set counter to frequency measurment.
3. Set 8020 frequency and verify counter frequency reading

asfollows:

8020SETTING

COUNTERREADING

20.00Hz

200.0Hz

2.000KHz
20.00KHz
200.0KHz
2.000MHz
20.00MHz

19.98 Hz-20.02Hz

199.8 Hz-200.2Hz

1.998KHz-2.002KHz
19.98KHz-20.02KHz
199.8KHz-200.2KHz
1.998KHz-2.002MHz
19.98 MHz-20.02MHz
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5-10-3. Amplitude

Accuracy specifications(1KHz): +/-2%of readingfrom 1.0
Vt015.0V; +/-4%of readingfrom10mV to 1.50V
Equipment: DMM

1. Set 8020 asfollows:

CONTROL POSITION
Freguency 1.000KHz
Amplitude 15.0V
Offset 0.00Vv
Trigger Mode Continuous

Display Modify AMPL
OperatingMode Normal
Output Squarewave

2. Set DMM to ACV measurments (RMS).
3. Set 8020 amplitude and verify DMM amplitude reading
asfollows:

8020SETTING DMM READING

Square15.0V 7.35V-7.65V
Squarel.50V 720V - .780V
Square150mV 72.0mV-78.0mV
Trianglel5.0V 4.25V -4.41V
Trianglel.50V 415V - .450V
Trianglel50mV 41.5mV-45.0mV
Sine15.0V 522V -5.42V
Sinel.50V 511V -.533V
Sine150mV 51.1mV -55.3mV

5-10-4. DC Characteristics

Accuracy specifications: +/-(1 % of reading + 20mV) from
-7.50V to +7.50 V; +/-(2 % of reading + 2 mV) from -
750V to+.750V

Equipment: DMM

1. Set 8020 as follows:

CONTROL POSITION
Freguency X (don’tcare)
Amplitude X (don'tcare)
Function DC

Trigger Mode Continuous

Display Modify AMPL
OperatingMode Normal

2. Set DMM to DCV measurments.

3. Set 8020 amplitude and verify DMM amplitude reading
asfollows:

OFFSET SETTING DMM READING

+/-7.50 V +/-7.40V to+/-7.60V
+/-5.00 V +/-4.93V to+/-5.07V
+/-750 mV +/-.733V to+/-. 767V
+/-500 mV +/-.488V to+/-.512V

5-10-5. Squarewave Characteristics

Specified transition time: nS (10% to 90% of amplitude)
Specified abberation: 5% of amplitude
Equipment: Oscilloscope

1. Set 8020 as follows:

CONTROL POSITION
Frequency 1.000MHz
Amplitude 15.0V
Offset 0.00V
Trigger Mode Continuous

Display Modify FREQ
OperatingMode Normal
Output Squarewave

2. Set oscilloscope and verify as follows:
Rise Time 12 nsec Fall Time 12 nsec Overshoot 5% of
amplitude

5-10-6. Sine Charactristics

Specifiedtotal harmonicdistortion: %from2mHzt019.99
Hz; .5%from 20 Hzto 100 KHz % from 100 KHzto 1
MHz

Specified harmonicsignals: Morethan 25 dB below thecar-
rierlevel from1MHzto20MHz

Equipment: Distortion Analyzer, Spectrum Analyser

1. Set 8020 as follows:

CONTROL POSITION
Frequency 10.0Hz
Amplitude 10.0v
Offset 0.00v
Trigger Mode Continuous

Display Modify FREQ
OperatingMode Normal
Output Sine

2. Set Distortion Analyzer to % Distortion measurements
and verify distortion reading as follows:
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8020SETTING DISTORTIONANALYZER

READING
10.00Hz 1.0%
100.0Hz 0.5%
1.000KHz 0.5%
10.00KHz 0.5%
100.0KHz 0.5%
1.000MHz 1.0%

3. Tune Spectrum Analyser for minimum display ampli-
tude and adjust gain so that fundamental corresponds to
0dB.

4. Change 8020 frequency setting to 10 MHz.

5. Verify that all harmonics are less than -25dB

6. Change 8020 frequency setting to 20 MHz.

7. Verify that all harmonics are less than -25dB.

5-10-7. Sine Flatness

Level flatness: .5 dB to 2.000 MHz; .5 dB to 20.00 MHz
Equipment: Oscilloscope

1. Set 8020 as follows:

CONTROL POSITION
Freguency 2.000KHz
Amplitude 15.0V
Offset 0.00Vv
Trigger Mode Continuous
Display Modify FREQ
OperatingMode Normal
Output Sine

2.Connect 8020 OUTPUT tooscilloscopeand set
oscilloscopetodisplay waveformwithinexactly 6

vertical divisions.

3. Change 8020 Frequency setting to 2.000 MHz. Verify
that peak to peak of displayed waveformisgreater than 5.7
divisions.

4. Change 8020 Freguency setting to 20.00 MHz. Verify
that peak to peak of displayed waveformisgreater than 5.1
divisions.

5-10-8. Trigger, Gate, Manual

Specifications: Each trigger input cycle or manual button
press generates a gated output signal or a single output
cycle

Equipment: 8200 Function Generator, Oscilloscope

1. Set 8020 as follows:
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CONTROL POSITION
Freguency 20.00KHz
Amplitude 15.0V
Offset 0.00V
Trigger Mode Gated
Display Modify FREQ
OperatingMode Nornal
Output Sine

2. Set external 8200 function generator to 1 KHz and 4 V
positive pulse. Connect external 8200 function generator
to TRIG IN BNC. Check on oscilloscope for 8020 output
signal.

3. Disconnect external function generator and press the
MANUAL push- button. Check on oscilloscopefor signal
present at 8020 output as long as MANUAL button is
depressed.

4. Change 8020 setting to Triggered mode.

5. Reconnet external function generator to 8020 TRIG IN
terminal.

6. Check on oscilloscope for 8020 output signal. A single
waveshapeisgenerated on every rising edge of thetrigger-
ing signal.

7. Change 8020 setting to 10Hz.

8. Disconnect external function generator and press the
MANUAL button. check on oscilloscopefor asingle pulse
after each time the MANUAL button was depressed. Use
TTL output of external function generator to trigger oscil-
loscope externaly whenever necessary.

5-10-9. Sweep

Specifications: Logarithmic 10 decades, Linear 3 deades,
Automaticup or down, Gated and Triggered sweep
Equipment: Oscilloscope, Counter

1. Set 8020 as follows:

CONTROL POSITION
Freguency 20.00KHz
Amplitude 15.0V
Offset 0.00V
Trigger Mode Continuous
Sweep stop 2.00KHz
Sweeptime 1Sec
Sweep marker 10.00KHz
Display Modify TIME
OperatingMode SweepOn
SweepType LogarithmicDown
Output Sine
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2. Connect Output terminal to oscilloscope and Set oscil-
loscope so that sweep may be obseved. Note that 8020
sweeps down.

3. Change 8020 Sweep Time setting throughout the range
and observe that sweep time changes accordingly.

4. Change Sweep type setting to UP and observe that 8020
sweeps up. 5. Connect Sweep Out terminal on the rear
panel totheoscilloscopeand observethat DC level changes
2V for afull sweep cycle.

6. Connect Marker out to the oscilloscope and observe that
output changes from 0V to -5V when marker frequency is
reached

7. Change Trigger Mode to Gated

8. Connect an external gating signal tothe TRIG IN termi-
nal. Observe that the 8020 sweeps as long as the gating
signal remains high

9. Change 8020 Trigger Modeto Sweep and Triggered and
observe that the 8020 sweeps once for every rising edge of
the triggering signal

NOTE
It is aso possible to check the sweep in the
different trigger modes usingthe MANUAL
button whereaslong asit isdepressed serves
asgating signal in gated mode and astrigger
in triggered mode.

5-10-10. VCO Control

Control amplitude: 0V to 10V DC +/-20%.
V COcontrol range: 1000: 1 changefromfregquency settingat

NOTE
Performance verification of VCO operation
should be carried out with avery clean DC
voltage. A noisy Power supply output will
cause phase modulation in the 8020 output.

5-10-11. Pulse Width (model 8021)

Accuracy Specifications: +/-(3 % + 4 nSec) from 25 nSto
99.9mS; +/- 10%from 100mSt09.99S

Equipment: Counter, Oscilloscope, 50 ohm Feed-through
Termination, BNC Cable

1. Set 8021 as follows:

2000counts

Equipment: Power Supply, DMM, Counter

1. Set 8020 as follows:

CONTROL POSITION
Frequency 2.000MHz
Amplitude 1.50V
Offset 0.00Vv
Trigger Mode Continuous
Display Modify FREQ
Output Squarewave
OperatingMode VCOOn

CONTROL POSITION
Amplitude 1.50V
Offset 0.00V
Trigger Mode Continuous
Display Modify WID
OperatingMode Pulse
Output Squarewave

2. Set counter to pulse width measurement.
3. Connect 8021 to Channel A of the counter. Set 8021
Pulse Width and Frequency and verify counter reading as

follows:
FREQ WIDTH COUNTER
SETTING SETTING READING
2.000E6 99.9E-9 100 nS+/-7 nS
500E 3 500E-9 500 NS +/-19 nS
50.0E 3 5.00E-6 5.00 uS +/-.15uS
5.00E 3 50.0E-6 50.0 uSec +/-1.5 uS
500E 0 500E-6 500 uS +/-15uS
50.0E 0 5.00E-3 5.00 mS +/-.15 mS
5.00E 0 50.0E-3 50.0 mS +/-1.5mS
1.00E 0 500E-3 500 mS +/-50 mS
100E-3 5.00E 0 5.00 S+/-500 mS

The following ranges are to be checked using an oscil-

loscope.

2. Apply power supply output to VCO IN connector and
slowly increase power supply amplitude from OV to 10 V
+/-20% DC. Verify with counter that output frequency
changes from 2.000 MHz to about 2 KHz.

4. Connect 8201 OUTPUT to the oscilloscope input and
verify measurements as follows:

FREQ WIDTH OSCILLOSCOPE
SETTING SETTING READING
10.00E6 25.0E-9 25nS+/-4nS
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5-10-12. Amplitude M odulation (model 8022)

Sensitivity Specifications: 2.5V p-p produces 100 % modu-
lationdepthwhencarrierissetto 100 %.

AM Distortion: 1%at 70% AM with 1KHz envelopeand 1
MHzcarrier.

AM Envelope Bandwidth: DC to 500 KHz.

Equipment: Function generator, Oscilloscope, Distortion
Meter, De- modulator

1. Set 8022 as follows:

CONTROL POSITION
Frequency 1.000MHz
Amplitude 15.0V
Offset 0.00V
Trigger Mode Continuous
Display Modify CARR
Output Sine

OperatingMode AM
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2. Connect 8022 output to oscilloscopeinput. Adjust oscil-
loscope vertical gain so that trace height is +/-2 vertical
divisions.

3. Set external function generator to output 1 KHz sine
waveform and connect external function generator to AM
IN connector.

4. Adjust amplitude of external generator until oscilloscope
displays 100 % modulation. Remove external generator
from AM input and verify that external generator ampli-
tudeis2.5Vp-p+/-0.25V.

5. Change external function generator to 1 KHz sine wave-
form and 1.2 Vp-p amplitude. Connect external generator
to 8022 AM IN connector.

6. Change external generator frequency settingfrom 1 KHz
to 500 KHz and 8022 frequency setting to 10.00MHz.
Verify that 8022 output did not decrease by more than 30
%.

7. Change 8022 frequency setting to 1 MHz. Change
external function generator settings to 1 KHz sine wave-
form and 1.7 Vp-p amplitude. Connect external generator
to 8022 AM IN connector.

8. Connect 8022 output through the AM de-modulator to
the distortion analyzer. Verify that distortionislessthan 1
%.
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6-1.

6-2.

SECTION 6

THEORY OF OPERATION

INTRODUCTION

Thissection containsan overall functional description of
the8020 seriesfunctiongeneratorsaswell asdetailed cir-
cuitanalysisof thevarioussectionsof theinstruments. In-
formation pertaining to the pulse width, the amplitude
modulationandthestandard | EEE interface(Option1) are
alsoincluded.

Informationisarrangedto provideadescription of in-
dividual functional circuit blocks. As an aid to under-
standing, the descriptions are keyed to accompanying
block diagramsand simplifiedschematics. Detail ed sche-
matics and component layout drawings arelocated at the
end of thisinstruction manual.

OVERALL FUNCTIONAL DESCRIPTION

The 8020 seriesisaline of fully programmable function
generators having various standard output functions. All
parameters are adjustable through front panel touch
switches or through |EEE programming. The high per-
formance of the8020 seriesisaccomplished by utilizinga
very fast, discrete analog circuits. Microprocessor and
digital circuitscontrol the performance of theanalog cir-
cuitsand permit direct interfacing to the front panel key-
board anddisplay andtotheoptional | EEE-488 GPIB; op-
tion1.

A simplifiedblock diagram of theinstrument isshown
in Figure 6-1. The heart of the function generator isits
VCO, wheretwo identical currentswith opposite polari-
tiesarecreated. Thesetwocurrentsareswitchedin, onand
off, charging and consequently discharging a capacitor.
Thiscyclegeneratesacontinuousreclining and declining
voltageramps. Therepetition rate dependson the applied
capacitor andthe supplied current.

Thesamerampisused for drivingthetriangleand the
squarewave buffers. The triangle waveform is also util-
ized in generating the sinewave output by using a sine
shaper. The three basic waveforms are then amplified or

attenuated through the output amplifier and fed to the
OUTPUT connector. The output amplifier is capable of
drivingitswaveformsintoa50 load.

External gating or triggering effect the current which
issuppliedtothecurrent generator.

Theanal ogsignal sarecontrolledby DtoA converters.
The D to A convertersreceivetheir controlling informa-
tion through serial to parallel converters; directed by the
Mi Croprocessor components.

6-3. ANALOG CIRCUITRY

Thefollowing paragraphscontain descriptionsof thecur-
rent generator theV CO (voltagecontrolled oscillator) the
sine shaper the trigger circuit the final amplifier and the
attenuators. Complete and detailed schematics are lo-
cated at the end of thismanual .

6-3-1. Current Generator

Thecurrent generator generatesthenecessary currentsfor
theV COandthetrigger circuits. Figure6-2isasimplified
diagram of thecurrent generator. Thecurrentgeneratoris
composed of the following sections: Reference source,
DAC, Up/Down current sources, and trigger current
source. Eachoneisdiscussedindetail below.

REFERENCE SOURCE - Thereference source gener-
atesthevoltagefor the DAC. Thereference comprisesa
zener diode CR13, operational amplifier U33andtheir as-
sociated components. When used asavoltage controlled
oscillator, an external voltageisappliedtotheVCOinput
terminal through U48 and U49. Thisvoltageisthen fed
through U33tothecurrent generator.

DAC - The DAC (digital to analog converter) includes

U34 and operational amplifier U28. Shift registers U29
and U30control thedigital informationfor thedatainputs
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of U34. Thereferencefor the DAC isprovided from the
output of thereferencesource.

UP/DOWN CURRENT SOURCES - The output from
the DAC from U34 isvoltage shifted by Q10 and applied
toavoltagemirror U27 and Q9. The emitter of Q9 drives
the up current source while the collector, through CR8
drives the down current source. The up current sourceis

Figure6-1. Model 8020 - Symplified Block Diagram

formed by U25, Q6 and their associated components. The
down current sourceisformed by U26, Q7 and their asso-
ciated components.

TRIGGERCURRENT SOURCE - Thesameprecision-
current generator, which supplies the down current
source, suppliesthe current to the trigger current source.
Thetrigger current source isdoubled and compared with
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the down current source. The trigger current source is
comprised of theQ8and R19.

6-3-2. Voltage Controlled Oscillator

Figure6-3isasimplified block diagram of the VCO sec-

Figure6-2. Current Generator Simplified Block Diagram

the feedthrough from the switch drive signal to therange
capacitors.

TRIANGL E BUFFER - Thetrianglebufferincludesim-
pedance converter FET Q19, transistors Q22, 23, 24 and
Q25 andtheir associated components.
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tion. Refer to this Figure throughout the following de-
scriptions. Assumingthat thediodebridgeswitchisoper-
atinginsuchaway that | upisflowingtotherange capaci-
tor,thecapacitorischargedwiththiscurrentwhichcreates
apositive going voltage ramp. Thisvoltage ramp isfed
through an impedance converter to the triangle buffer.
Thisbuffer isolatesthe capacitorsfromthelevel detector
and providessufficient voltageamplitudefor thelevel de-
tector. When the voltage ramp reaches a predetermined
threshold level, the level detector operates the diode
switch so that the current now flows through the | down
source. Thiscausesthe samereaction asdescribed above
butwithoppositedirection. Thefollowing paragraphsde-
scribethevoltagecontrolled oscillator in depth.

DIODE SWITCH - Thediodeswitch consistsonthefol-
lowing parts: CR19, CR20, CR17, CR18, CR21 and
CR22. The up current is supplied through R67 and the
downcurrentissuppliedthroughR68. CR17and CR19as
well as CR18 and CR20 are connected in seriesto reduce

LEVEL DETECTOR - The level detector consists of
U43andQ27throughQ30. Thepositivethreshol disset by
R101 and R107 and the negative thresholdis set by R104
and R106. Therectangular signalswhicharethen usedto
switchthediodeswitcharetakenfrom Q27 and Q30. Q26
with CR23, CR24 and CR25 translate the rectangular
waveform fromthecollector of Q28toaTTL level signal
whichisthensenttothetrigger circuitry.

RANGE CAPACITORS- Thefrequency atthemai nout-
put isbeing generated by charging capacitorswhich also
create the triangle waveform. The range capacitors C38
through C46 areused for the20Hzto 20M Hz ranges. U38
receives the serial datafrom the digital circuit, converts
the serial datato parallel information whichisfed to the
guad comparator U39. The outputsof the quad compara-
torarethenfedtothebasesQ15throughQ18whichinturn
select the correct range capacitor.
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Figure6-3.VCO Simplified Block Diagram.
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CAPACITOR MULTIPLIER - The capacitor multi-
plierisusedforthe2mHzto 19.9Hz ranges. Thefunction
of this circuit is to generate an equivalent large capaci-
tance. Thelarger valuesof capacitorsarerequiredtogen-
erate lower frequencies. The capacitor multiplier is
formed by U40 ,U41 and their associated components.
The multiplier ratio is selected by changing the ranging
resistorsinthe negative feedback path of U40. Therang-
ing resistors are selected by Q43 and anal og switch U42.
Theswitching control isprovided by the serial to parallel
converter U38.

6-3-3. Sine Shaper

The sine shaper consists of a series of differential stages
which are formed by the transistor arrays U45, U46 and
U47. Thedifferential stagesare connectedin parallel and
receive the drive signal from the triangle buffer output.
This circuit takes advantage of the non- linear charac-
teristicsof thetransistorsand by biasing themto different
dclevels, the output of the common coll ector isshaped to
asinewave. Thesinewaveisthenamplified and re-biased
tooscillatearound OV with adifferential amplifier which
isformed by Q34, Q35, Q36 and Q37, U45b, U45c and
their associated components.
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6-3-4. Trigger Circuit

Thetrigger circuitisactivewhen oneof thetrigger modes
isselected. Thetrigger circuit is composed of two main
sections: the clamp circuit and the trigger logic circuit.
Figure6-4isasimplified block diagram of the clamp cir-
cuit. Refer tothisFigureandtotheschematic diagramsat
the end of thismanual throughout the following descrip-
tion. Detailed description of the clamp and the trigger
logic circuitsisprovidedinthefollowing. Descriptionis
givenfor bothtrigger and gated modes.

CLAMP CIRCUIT - The clamp circuit is composed of
U24, Q20, Q21 and their associated components. When
notrigger modeissel ected, U24isclearedwithitsinverted
Qoutput setto“1". Atthistime, thetrigger current flows
through Q20. Q21, which is connected as adiode, isre-
versed biased and do not interfere with normal VCO op-
eration.

Sel ecting one of trigger or gated modesitsinverted Q
output ismodified to “0". The up current from the VCO
circuitisdiverted through Q21 to thejunction of Q20 and
Q21. Duetothefact that the Current from thetrigger cur-
rent is doubl e that of the up or down currents, the current
flow through Q20 will equal tothat flowing through Q21.
Under these conditions, the clamp level, at the triangle
buffer input will besettological " 0" level. Thissequence
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clampstheinput of thetrianglebuffertoalevel whichisset
by the clamp voltagegenerator.

Figure 6-5 shows the waveforms of the clamp circuit in
triggered operating mode and Figure 6-6 showsthewave-
formsof theclamp circuitin gated operating mode.

Figure6-4. Model 8020 Clamp Circuit Simplified Diagram

TRIGGERLOGIC - Thetrigger logicisformed by U22
andU24. Thetriggeringsignal isroutedthroughR12tothe
input of U22A. Selecting continuous mode setsthe con-
trol inputsof U22band U22cto“0". ThissetsU24to " 0"
level and keeps Q21 off. Thisaction blocks any signals
comingfromthetrigger input.
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Figure6-6. Model 8020 Clamp Circuit Waveforms(Gated M ode)
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Whenthegenerator isset to operatein Gated modethe
gating signal isrouted through U22 to U24. TheVCO s
enabled when the gating signal ishigh and disabled when
thegatingsignal islow.

Sel ecting triggered mode, setsthecontrollinginput to
U22B to high and thecontrolling input to U22Ctolow. A
positivetransition from thetrigger input generates a nar-
row negative going pulse at U24. This sequencein turn
enablesonecycleat theV CO output.

6-3-5. Pulse Shaper

The purpose of the pulse shaper isto convert the signal
fromthelevel detector to pulseshaving very fast riseand
fall timesand with preciseamplitude. The pulseshaperis
located on the output amplifier assembly board. Refer to
the schematics at the end of this manual throughout the
following description.

The pulsefromtheVVCO isrouted viaU1 to the pulse
shaper. The pulse shaper consistsof Q1, Q2, Q3 and Q4,
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positive current generator Q10 and negative current gen-
erator Q9. Whenthegenerator isset to operatein square-
wave function, the output of the pulse shaper, alternates
between the positive current source and the negative cur-
rent source. When in positive pulse function, the output
alternatesbetweenthepositivecurrent sourceand ground
andwheninnegative pulsefunction, theoutput alternates
between the negative current source and ground. The
positivecurrent sourceconsistsof U3, Q10andtheir asso-
ciated components. R127 adjuststhepositivecurrent. Q7
controlsQ8when positivepulseisselected. Thenegative
Current source consists of U2, Q9 and their associated
components. R126 adjusts the negative current ampli-
tude. Q5 controlsQ6 when negativepul seissel ected.

6-3-6. Preamplifier

The pre-amplifier is located on the output amplifier as-
sembly board. Refer to the schematics at the end of this
manual throughout thefollowing description. Thepream-
plifier consistsof U11, Q12, Q13, Q14, Q15and Q16 and
their associated components. U8isaserial toparallel con-
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verter which operates the quad comparator U9 which in
turn operates signal selector U10. U10 selects one of the
following signals: triangle, sinewave or pulses from the
pulseshaper. Thesignal fromtheselectorisfedinparallel
toalow frequency amplifier U11 and its associated com-
ponents and through C17 and C18 to the high frequency
amplifier. Theoutput of the preamplifier, at thejunction
of R46 and R47 isthenroutedto theattenuator. Q12isa-
10 dB gain switch which connects R54 in parallel to the
feedback resistor R56.

6-3-7. Attenuator

Theattenuator islocated ontheoutput amplifier assembly
board. Refer to the schematics at the end of this manual
throughout the following description. The attenuator is
controlledby 3quadcomparatorsU5,U6andU7. Thedata
whichisrequiredto operatethe comparatorsisconverted
from serial to parallel by U4. The attenuator isconnected
inabinary fashionand comprisesFETsQ17 through Q32.
Oneormoreswitchesareonat atimewhichinturnchanges
the equivalent resistance from the preamplifier to the
power amplifier. Thisadjuststhe amplitude level to the
correct level for the output power amplifier.

6-3-8. Offset Generator

Theoffset generator islocated on the output amplifier as-
sembly board. Refer to the schematics at the end of this
manual throughout the following description. The offset
generator generates a DC voltage which is summed with
the selected waveform. The DC voltage is generated by
the D/A converter U14 and operational amplifiers U15
and U16. The reference voltage level is generated by
CR21andisadjustedby R99. TheD toA converteriscon-
trolled by serial to parallel converter U13. U17 iscon-
nected as a comparator which, when commanded from
U19,turnsFET switchQ35o0nor of f; changingthepol arity
of the DC offset. The DC offset amplitude is coupled
through R79to the output power amplifier.

6-3-9. Power Amplifier

Refer to the schematicsat the end of thismanual through-
out the following description. The output amplifier con-
sistsof low frequency amplifier U18, high frequency am-
plifier Q33, Q34 and Q39 through Q46 and class B power
stage Q38 through Q43. The signal is coupled to the low
frequency amplifier through R95 and to the high fre-
guency amplifier through C36 and C42. The output from
the power amplifier at the junction of R117 and R118is

connected through a 50 ohm resistance to the decade at-
tenuator.

6-3-10. Post Amplifier Attenuator

The post amplifier attenuator is the final stage through
which the signal isfed. Attenuation ranges from 0dB to
30dB. U19 receives serial information from the micro-
processor serial bus, convertstheserial informationtopar-
allel and operates relays K1, K2 and K3 through buffer
U20. Therelaysselect oneof thedivider networkswhich
areformed by theresistorsR120through R125. Relay K3
disconnects the output signal from the output terminal
when adisablecommandisgiventhroughthel EEE bus.

6-3-11. Power Supply

Refertothepower supply schematicat theend of thisman-
ual for thefollowing discussions. Thepower supply con-
sists of amain power transformer, three bridgerectifiers,
fourregulatorsanda5V regulatorwhichisformedby U21,
Q3, Q4 and Q5, and their associated components. The
LINE fuseand the Line Selector are accessible at the rear
panel. The LINE VOLTAGE SELECT switch select
115V or 230V operation. CR2isused asafull-waverecti-
fier to provide a sufficient DC voltage for the -24V and
+24V regulatorsU17 and U18 respectively. CR1isused
asafull-waverectifier to provideasufficient DC voltage
for the -15V and +15V regulators U19 and U20 respec-
tively. U21 receives areference voltage of 5V from the
15V supply. Thisreferenceiscompared withthe5V sup-
ply. Thedifferenceisamplifiedby U21andQ5andapplied
tothe seriesregulator Q3 which, inturn, correctsthe out-
put voltageto equal that of thereferencevoltage.

6-4. PULSE GENERATOR CIRCUIT (model 8021)

The pulse generator circuit is constructed on the same
board as the output amplifier. The complete assembly,
whichincludestheabovesectionsplusthepul segenerator
circuit, isuniquetothemodel 8021. Inthefollowing, only
the section pertaining to the pul se generator i s described.
Therest of the circuitsareidentical to those available on
themodel 8020. Figure 6-8isafunctional block diagram.
For completeand detail ed schematics, refer totheback of
thismanual.

Ingeneral, theheart of thepul segenerator circuitisthe
switchingtransistor. Thistransistor whenturned off or on
enablesachargeor dischargesequencerespectively onthe
range capacitor. The charge current and the selected ca-
pacitor determinethewidth of the pul se.
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Thesequenceisinitiated from asteady state condition
wherethe switching transistor ison. At that time the cur-
rent generator, therange capacitor and thecomparator in-
put areshortedto ground. Theoutput fromthecomparator
isset to “1". A positive transition from the VCO circuit
modifiesthestateof theflip-flopturningthetransistor off.
Thecurrent from the current generator isallowed to flow
to therange capacitor. The capacitor ischarged to alevel
equal tothereferencevoltage. Atthat timethecomparator
flipsitsoutput stateto” 0", forcing thissequencetoanend.
Thefollowing describesthe various sections of the pulse
generator indetails.

CURRENT GENERATOR - The current generator is
composed of D/A converter U36, Serial to parallel con-
verter U37 and voltage reference CR41. The CPU gener-
atesserial datawhichisconvertedto parallel information
by U37. CR41 generatesaprecisevoltagewhich controls
the accuracy of the current generator. The current gener-
atorismadeof anoperational amplifiersU33and U35, and
transistors Q67 through Q70. The current is supplied to
the sel ected capacitor through the collector of Q67.

Figure6-7. Pulse Generator Functional Block Diagram.

RANGE CAPACITORS - Serial datafrom the CPU is
converted to parallel information by U30 and U38. The
parallel information, through switching transistors Q62,
Q64, Q65, Q60, Q61 Q75and Q76, isthen used for sel ect-
ingtheappropriatecapacitor fromoneof C79throughC86
and C106 respectively.

COMPARATOR - The comparator circuit consists of a
FET buffer Q66, amonolithic comparator U34 and their
associated components. The reference voltage is gener-
atedfromthe+15V supply by theresistor divider R193and
R196.

SELECTOR - Theselector circuit U31 selectsone of the
pulse, pulse complement or square waveforms. One of
thesewaveformsarethen fed to the pul se shaper.

RAMPAMPLIFIER - Theramp amplifier iscomprised
of operational amplifiersU39and U40. U41 controlsFET
switchesQ73and Q74. Theseswitchessel ect ramp polar-

ity.
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6-6. DIGITAL CIRCUITRY
6-5. AM CIRCUIT (model 8022)

The AM circuit is constructed on the same board as the
output amplifier. Thecompleteassembly, whichincludes
the above sections plus the AM circuit, is unique to the
model 8022. Inthefollowing, only the section pertaining
totheamplitude modulation circuit isdescribed. Therest
of thecircuitsareidentical tothoseavailableonthemodel
8020. Figure 6-9isafunctional block diagram. For com-
pleteanddetailed schematics, refer totheback of thisman-
ual.

The modulator is composed of transistor arrays U24
and U25, transistors Q47, Q48 and Q56 and their associ-
ated components. Thecarrier isappliedtothebaseof Q47.
The modulating signal is applied through R130, U25,
R131 and R174 to the modulator circuit. Carrier level is
controlledby U21. U21 receivesserial datafromthe CPU
and convertsthisdatato parallel information for driving
u22.

AM AMPLIFIER - The AM amplifier is adifferential
amplifier consisting of transistors Q49 through Q54 and
their associated components. Theoutput, at thejunctionof
R163andR167isfedthrougharelay K4tothepre-ampli-
fiercircuit.

Figure6-8. AM Circuit Functional Block Diagram.

M odel 8020 operationissupervised by theinternal micro-
processor (CPU). The CPU controls parameter selection
process, front panel switching, thedisplayed read-out and
|EEE operation. All of these tasks are performed under
software supervision. This section briefly describes the
operation of the various sections of the microprocessor
anditsassociateddigital circuitry. A simplifiedblock dia-
gram isincluded for user reference. For more complete
circuit detailsrefer to the digital schematics at the end of
thismanual.

Circuit operation centers around the microprocessor
unit (CPU) U5. TheCPU isan 8-bit microprocessor capa-
ble of directly addressing up to 64K bytes of program
memory (ROM) and uptoanother 64K bytesof datamem-
ory (RAM). The microprocessor works with a 10 Mhz
clockwhichisdividedby U6toprovideclocksforthevari-
ous sections of the instrument. Software for the CPU is
contained in one EPROM U8 containing 32K bytes of
memory space. Temporary storageis provided by RAM
U9whichcanstoreupto 2K bytesof information.

6-6-1. Display And Keyboard Interface

Interfacing between the CPU, the keyboard and the dis-
play isperformed by the Keyboard/Display interface U2.
The information for the seven segment LEDs is sent
through buffer U1 and limiting resistorsRN1. U1 multi-
plex thedigitsand LED and drivethehigh current transis-
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torsQ1through Q8 which, inturn, drivetheanodesof the
appropriateL ED. ThesenselinesS0, S1and S2determine
which of the button were depressed.

6-6-2. Counter Circuit

Thecounter circuitisemployedinthemodel 8020 for the
purposeof controllingtheaccuracy of thefrequency at the
output connector. The counter circuit is composed of di-
vider U10,selector U11, Dflip-flopUl12andselectorU13.
The counter circuit countsthe number of pulsesfrom the
V CO. The CPU then computestherel ation between these
pulsestothereferenceclock. Theresultiscomparedtothe
required accuracy. If deviation is sensed, the CPU sends
correcting datato the current generator circuit.

6-6-3. IEEE-488 I nterface (option 1)

Theinstrument hasabuiltin | EEE-488interfacethat per-
mitsremote control through asystem controller.

Page 6-10

ThelEEE interfaceismade up of U11, (General Pur-
poselnterface Adapter), U15and U16 interface busdriv-
ers. OntheCPU sideof theGPI B, datatransmissionishan-
dledmuchlikeany other bustransaction. Theoutput of the
Ul4 isstandard |EEE format and is buffered by the two
IEEE busdriversU15and U16. Thebusdiversareneces-
sary for enhancingthedrivecapability of theinterface. Up
to15devicesmay beconnectedinparallel.
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SECTION 7

ADJUSTMENTS

7-1. INTRODUCTION

This section contains information necessary to adjust the
8020 series, thepulsegenerator circuit (model 8021) andthe
amplitudemodulationcircuit (model 8022).

WARNING

The procedures described in this section are
for use only by qualified service personnel.
Donot performtheseproceduresunl essquali-
fiedtodoso. Many of thestepscoveredinthis
section may expose the individual to poten-
tially lethal voltagesthat could result in per-
sonal injury or deathif normal safety precau-
tionsarenot observed.

7-2. ADJUSTMENTS
7-2-1. Environmental Conditions

Adjustments should be performed under |aboratory condi-
tions having an ambient temperature of 24 +/-5 degC and a
relativehumidity of lessthan70%. If theinstrument hasbeen
subjected to conditions outside these ranges, allow at least
oneadditional hour for theinstrument to stabilizebeforebe-
ginningtheadjustment procedure.

7-2-2. Warm-Up Period

M ost equipment issubject to at least asmall amount of drift
when it isfirst turned on. To ensure long-term calibration
accuracy, turnonthepower totheModel 8020andallowitto
warm-upfor atleast 20 minutesbeforebeginningthead] ust-
ment procedure.

7-2-3. Recommended Test Equipment

Recommendedtest equipment for calibrationislistedin Ta-
ble5-3. Testinstrumentsother thanthoselisted may beused
onlyif their specificationsequal or exceedtherequired char-
acterigtics.

7-2-4. Adjustment Procedures

All adjustmentsareperformedwiththePOWER switchON.
Thetopcover shouldberemovedtoallow accesstotest points
and adjustments. Between adjustments, always leave top
cover ontheunittokeepinternal temperature.

WARNING

Takespecial careto prevent contact withlive
circuitsor power lineareawhich could cause
electrical shock resultingin seriousinjury or
death. Useanisolated tool when making ad-
justments. Use plastic or nylon screw-driver
whenadjustingthetimebasetrimmer asother
material will cause confusion in this adjust-
ment.

Refer to the component layout in Section 9 when neces-
sary for determining adjustment points. Follow the proce-
durein the sequence indicated because some of the adjust-
ments are interrelated and dependent on the proceeding
steps.

Verify that Model 8020 isfunctioning according to the
performancechecks. Makesurethat all resultsarewithin, or
closeto, the range of the required specifications, otherwise
refertothetroubleshootingproceduresgivenlaterinthissec-
tion.

Center all trimmers and if necessary, remove selected
components and clear the holesto allow a selection of new
components.

Perform the following adjustment procedure. If an ad-
justment can not be made to obtain aspecific result, refer to
thetroubleshooting procedures.

NOTE
If not otherwise specified, set Model 8020
controls as follows and terminate the OUT-
PUT witha50ohmsfeedthroughtermination.
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CONTROL POSITION
Frequency Asrequired by procedure
Amplitude 1.00V
Offset 0.00Vv
Sweep Stop 2.0MHz
Sweep Time 1S
SweepMarker 10MHz
OperatingMode Normal (all lightsoff)
Trigger Mode Continuous(all lightsoff)
Output Squarewave

7-3. ADJUSTMENT PROCEDURE

7-3-1. Power Supply Adjustment

Equipment: DMM

1. Set DMM to DC measurements. Measureand record the
-15V supply voltagewith 10mV resolution.

2. AdjustR172sothat the+15V supply wouldbethesameas
thevoltagelevel recordedinstep 1.

7-3-2. Distortion Adjustment

Equipment: Distortion Analyzer, Oscilloscope

1. Change 8020 Output settingto Sine.

2. Change 8020 Frequency settingto2.000KHz.

3. Settheoscilloscopeto1V/Div.andDCcouplingandadjust
thetracelinevertically tobeexactly at thecenter of thescreen
(ov).

4.ConnecttheOUTPUT terminal totheoscill oscopeand ad-
just R172to get asymmetrical waveform, about theQV line,
onthescreen.

5. Disconnect the OUTPUT from the oscilloscope and con-
necttheOUTPUT tothedistortionanalyzer.

6. Adjust R115 and R129, repeatedly, until the distortion
reading ontheanalyzer islessthan 0.2%. Notethat eachone
of theseresistorscontributeasmall amount to thedistortion
correction. Itisuptotheservicetechnicianto find themost
effectivesequenceto performthisstep.

7. Disconnect the OUTPUT from the analyzer and repeat
steps3and4.

7-3-3. Frequency Adjustment

Equipment: Counter, Oscilloscope, 50 ohms feedthrough
termination

1. Change 8020 operatingmodesettingtoVV CO.
2.Change8020 Freguency settingto 2.000KHz.
3. Connect the OUTPUT terminal to the universal counter
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input. Terminate counter input with 50 ohms feedthrough
termination.

4. Set counter tofrequency measurementsand adjust R29for
areading of 2.000KHz +/-10Hz onthecounter display.

5. Change 8020 Frequency setting to 20.00 KHz and check
thatthereadingonthecounteris20.00KHz+/-30Hz. I f read-
ingisnot within the specified valuereadjust R29 so that the
errorin2.000KHzand 20.00KHzisthesame.

6. Change 8020 Freguency settingto2.00MHz.

7. Set counter and adjust C38to giveareading of 2.00 MHz
+/-30KHz onthecounter display.

8. Set the oscilloscopeto 20 mV/Div. and DC coupling and
adjust thevertical tracelineto be exactly at the center of the
screen (0 V). Connect a10:1 high frequency probe,with a
very shortgroundlead, tothejunctionto TP7. Adjustthever-
tical gain of the oscill oscope so that the peak to peak ampli-
tudeonthescreenwill beexactly 6 divisions. Change 8020
frequency setting to 15.00 M Hz. Select C56 and adjust C60
until peak to peak trace is 6 divisions +/-1 small division.
Notethatthetraceshoul dbevertically symmetrical aboutthe
OVline.

9. Readjust C60togiveareading of 15.00MHz +/-300KHz
onthecounter display.

10. Change 8020 Frequency settingto 2.00MHz.

11. Check withcounter if readingis2.00MHz +/-30KHz. If
readingisnot withinthespecified valuereadjust C38.

12. Repeat steps9through 11 until best accuracy isachieved.
13. Change 8020 Frequency settingto200.0KHz.

14. Setcounter andsel ect C44 (approximately 330PF) togive
areading of 200KHz +/-3KHzonthecounter display.

15. change 8020 Frequency settingto 2.000MHz.

16. Select C41 (approximately 47PF) togiveareadingof 2.00
MHz +/-30KHz onthecounter display.

7-3-4. Low Frequency Adjustment

Equipment: Counter

1. Change8020 Freguency settingto 10.00Hz.
2. Connectthe8020 OUTPUT terminal tothecounter.
3.AdjustR59t010.00Hz +/-.1Hz.

7-3-5. Low Frequency Distortion Adjustment

Equipment: Distortionanalyzer, Counter

1. Change8020 Frequency settingto 10.00Hz.

2. Change 8020 Output settingtosine.
3.Connect80200UTPUT terminal tothedistortionanal yzer
input.

4. Adjust R44for minimumdistortion.
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5. Disconnect the 8020 OUTPUT from the distortion ana-
lyzer andreconnectittothecounter input.

6. Change 8020 Output setting to squarewave.

7. Verify that thefrequency reading on the counter is10.00
Hz+/-.1Hz. If readingisnotwithinrange, repeat steps7-3-4
and7-3-5until all adjustmentsarewithinthespecifiedrange.

7-3-6. Trigger Start Phase Adjustment

Equipment: DMM

1. Change8020front panel settingsasfollows:

Output settingto Triangle.

Trigger settingto Gated.

Amplitudesettingto15.0V.

2. Connect DMM to 8022 output connector.

3.Set DMM and select R73foraDMM readingof OV +/-.1
V.

7-3-7. Amplitude Adjustment

Equipment: DMM (RMYS)

1. Change8020 Amplitudesettingto 15.0V.
2.Change8020 Freguency settingto 1.000KHz.

3. Set DMM to ACV measurementsand connect 80200UT-
PUT through a 50 ohms feedthrough termination to the
DMM.

4. Set Output waveformandperformadjustments, ontheam-
plifier board assembly, asinthefollowingtable:

OUTPUT ADJUST- RERQUIRE
WAVEFORM  MENT DMM READING
Sine R39 5.31V +/-20mV
Triangle R38 4.33V +/-20mV

Positive Pulse R127
Negative Pulse  R126
Square —

3.75V +/-10mV
3.75V +/-10mV
7.50V +/-20mV

7-3-8. Offset Adjustment

Equipment: DMM, 50 ohmsfeedthroughtermination

1. Change 8020 frequency setting to 1.000 KHz and ampli-
tudesettingto1.00V.

2. Change 8020 Offset settingto 7.00V and turn offset on.
3.SetDMM toDCV measurementsand connect 80200UT-
PUT, through a 50 ohms feedthrough termination to the
DMM.

4. AdjustR99, ontheamplifier boardassemblytogivearead-
ingof 7.00V +/-50mV ontheDMM.

5. Change8020 offset settingto-7.00V.

6. Verify that DMM reading is-7.00 mV +/-50 mV. If not
withinrangere- adjust R99 to compromise between thetwo
readings.

7-3-9. Squar ewave Response Adjustment

Equipment: Oscill oscope, 50o0hmsfeedthroughtermination

1. Temporarilyinstall C23- 6.8 pFand C21- 15pF.

2. Change 8020 Frequency settingto 1.000 M Hz.

3. Change 8020 Amplitudesettingto 15.0V.

4. Connect 8020 OUTPUT connector, through a 50 ohms
feedthrough termination, tothe oscill oscopeinput.

5. Set oscilloscopeto 20uS/Div. and adjust the Vertical con-
trol on the oscilloscope to display the square waveformin
exactly 6vertical divisions.

6. Changeoscill oscopesettingto5nS/Div.

7. Adjust C62, on the amplifier board assembly for the best
rise/fall timesand for minimum overshoot and undershot. If
necessary, sel ect C23for best pulseresponse.

8. Change 8020 Amplitude settingto 1.50 V and verify that
theresponseiswithinthelimits. If necessary, re-select C21
for best pulseresponse.

7-3-10. Sine Flatness Adjustments

Equipment: Oscill oscope, 50ohmsfeedthroughtermination

1. Change8020 Function settingto Sine.

2.Change8020 Freguency settingto 100.0KHz.

3. Change8020 Amplitudesettingto 15.0V.

4. Connect 8020 OUTPUT, through a50 ohmsfeedthrough
termination, totheoscilloscope.

5. Adjust oscilloscopecontrol stodisplay the Sinewavewith
exactly 6 vertical divisionspeak topeak.

6. Change 8020 Frequency settingto20MHz.

7. Select C6 (approximately 10 pF), on the amplifier board
assembly, so that the sinewaveamplitude on the screenwill
bewithintherangeof 5.1to5.3vertical divisions.
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7-3-11. Triangle Flatness Adjustments
Equipment: Oscill oscope, 500hmsfeedthroughtermination

1. Change8020 Function settingto Triangle.

2. Change 8020 Frequency settingto 100.0KHz.

3. Change 8020 Amplitudesettingto 15.0V.

4. Connect 8020 OUTPUT, through a50 ohmsfeedthrough
termination, totheoscilloscope.

5. Adjust oscilloscope controls to display the triangle with
exactly 6 vertical divisionspeak to peak.

6. Change 8020 Frequency settingto20MHz.

7. Select C7 (approximately 15PF), on the amplifier board
assembly, sothat thetriangleamplitudeonthescreenwill be
withintherangeof 5.1t05.3vertical divisions.

7-3-12. Reference Oscillator Adjustment
Equipment: Counter

1. Set counter for frequency measurements. Using a :10
probe, measurethefregquency at pin 3of U14.

2. Select C68, onthemai nboardassembly, foracounter read-
ingof 5.0000MHz +/- 100Hz.

7-3-13. Pulse Width Adjustment (model 8021 only)
Equipment: Counter

1. Connect 8021 output through a50 ohmsfeedthrough ter-
mination to the counter input. Set counter and 8021 settings
and adjust controlsonthefinal amplifier board assembly, as
follows:

8021 WID 8021 FREQ COUNTER
SETTING SETTING ADJUST READING
500mS  100.0 Hz R211  5.00 mS+/-50 uS
500 uS 1.000KHz R211* 500 uS+/-5uS
50.0uS  10.00KHz C84 50.0 uS+/-.5uS
500 nS 1.000MHz C89 500 nS+/-10 nS
250nS  1.000MHz R188 25.0nS+/-2nS
(Repeat last two steps)

500uS  100.0KHz CB86

5.00 uS +/-50 nS

* Repeat adjustmentsuntil best accuracy isachieved.
7-3-14. Ramp Amplitude Adjustment (model 8021 only)
Equipment: Oscilloscope

1. Set 8021 output to ramp, frequency settingto 1.000 KHz,

pul sewidth settingto 500 uSand amplitudesettingto 6.0 V.
2. Set oscilloscopeinput to DC coupling and vertical gainto
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belV/div. Adjusttracevertica positionsothatit appears3
divisionsbel ow thecenter line.

3. Connect 8021 output, through a50 ohmsfeedthroughter-
mination, to oscilloscopeinput. Select R218 sothat thebase
lineissettothreedivisionsbel ow thecenter line.

4. Adjust R213for apeak to peak amplitude of 6 vertical di-
visions.

7-3-15. Amplitude M odulation Adjustment (model 8022

only)

Equipment: Oscilloscope, functiongenerator, DMM

1. Set8022outputto AM modeon, frequency settingto 1.000
KHz,amplitudesettingto15.0V, output settingtosinewave-
formand carrier settingto 0 %.

2. Connect 8022 output, through a50 ohmsfeedthroughter-
mination, to DMM input. Set DMM to ACV and 200 mV
range. Adjust R135, onthefinal amplifier board, foraDMM
readingof OV +/-20mV.

3. Change 8022 carrier setting to 100 %. Adjust R174 for a
DMM readingof 2.65V +/-10mV.

4.Change8022carrier settingto0%andtrigger modesetting
toTRIG.

5. Set external functiongenerator tooutput sinewaveformat
1.000 KHz and 4 V p-p amplitude. Connect external gener-
atorto8022 AM inputandadjust R142foraDM M reading of
0V +/-20 mV. Remove external generator from 8022 AM
input.

6. Change 8022 carrier settingto 100 % and gated mode. Set
DMM toDCV and 200 mV range. Adjust R159foraDMM
reading of 0 V +/-20 mV. Disconnect 8022 output from
DMM.

7. Set external functiongenerator tooutput sinewaveformat
1.000KHz. Connectexternal functiongeneratorto8022AM
input.

8. Connect 8022 output, through a50 ohmsfeedthroughter-
mination, totheoscilloscope. Connect 8022 SY NCoutputto
oscilloscopeexternal triggerinput. Setoscill oscopetoexter-
nal trigger.

9. Change 8022 frequency settingto1 MHz.

10. Adjust external function generator amplitude until the
traceontheoscill oscopeexhibits100% modul ation. Re-ad-
just R142 for equal positive and negative portions of the
modulated signal. Note and record peak to peak amplitude
level.

11. Change8022 carrier settingto0%. Theoscill oscopenow
displaysan SCAM waveform (suppressed carrier amplitude
modulation). M odify external functiongenerator amplitude
sothat thepeak to peak amplitudeisexactly asnoted before.
If necessary re-adjust R135 for equal positive and negative
portionsof themodul ated signal.
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8.1 GENERAL

Thissection containsinformation for ordering replacement
parts. the replacement parts are available from Tabor Elec-
tronics. Mechanical partsare shown separately on Figure 8-

1

8.2 ORDERING INFORMATION

When ordering replacement parts, always include the fol-

lowinginformation:

PARTSLIST

SECTION 8

a) Instrument M odel number.
b) Instrument Serial number.

¢) Tabor part number.
d) Part description.
€) Circuit designation (whereapplicable).

8.3 PARTSDESCRIPTION

In the following Parts List Tables, unless otherwise noted,

pacitanceisgiveninuF.

Table8-1. Model 8020 PartsList- MainBoard Assembly

resistorsare 5% 1/4W, resistance isgiven in ohms, and ca-

REF DESCRIPTION PART #

C1 CAP CER.1-20+80% 50V 1500-01040
c2 CAP CER.1-20+80% 50V 1500-01040
C3 CAP CER.1-20+80% 50V 1500-01040
C4 CAP CER.1-20+80% 50V 1500-01040
C5 CAP CER.1-20+80% 50V 1500-01040
C6 CAP CER.1-20+80% 50V 1500-01040
c7 CAP CER.1-20+80% 50V 1500-01040
Cc8 CAP CER.1-20+80% 50V 1500-01040
Cc9 CAP CER.1-20+80% 50V 1500-01040
C10 CAPCER.1-20+80%50V 1500-01040
Cll1 CAPCER.1-20+80% 50V 1500-01040
Cl12 CAPCER.1-20+80% 50V 1500-01040
C13 CAPCER.1-20+80% 50V 1500-01040
Cl14 CAPELEC220025V 1533-02280
C15 CAPELEC220025V 1533-02280
Cl6 CAPELEC10025V 1533-01070
C17 CAPELEC10025V 1533-01070
C18 CAPELEC100050V 1535-01080
C19 CAPELEC100050V 1535-01080
C20 CAPELEC10025V 1533-01070
C21 CAPELEC10025V 1533-01070
C22 CAPELECA47016V 1532-04770
C23 CAPELEC1000016V 1532-01090
C24 CAPELEC22016V 1532-02270
C25 CAPCER33P20%50V 1500-03300
C26 CAPCER1n20%50V 1500-01020
C27 CAPCER.1-20+80%50V 1500-01040
C28 CAPCERS56P 20% 50V 1500-05600
C29 CAPCERA47P 20% 50V 1500-04700
C30 CAPCERA47P20%50V 1500-04700
C31 CAPCER1n20%50V 1500-01020
C32 CAPCER1n20%50V 1500-01020

REF DESCRIPTION PART #
C33 CAPCERA47P 20% 50V 1500-04700
C34 CAPCERA47P 20% 50V 1500-04700
C35 CAPTANT1035V 1540-0106A
C36 CAPTANT1035V 1540-0106A
C37 CAPMICA220P 10% 500V 1510-02210
C38 CAPVAR5-18PDV11PS18A 1550-01800
C40 CAPMICA820P 10% 300V 1510-08210
C42 CAPPOLY 4700P 2% 160V 1520-04720
C43  CAPPOLY 4700P 2% 160V 1520-04720
C45 CAPPOLY.11%63V 1520-01040
C46 CAPPOLY11% 63V 1520-01050
C47 CAPCER.1-20+80% 50V 1500-01040
C48 CAPCER.1-20+80%50V 1500-01040
C49 CAPCER.1-20+80%50V 1500-01040
C50 CAPCER.1-20+80%50V 1500-01040
C51 CAPCER.1-20+80% 50V 1500-01040
C52 CAPTANT1035V 1540-0106A
C53 CAPCER.1-20+80%50V 1500-01040
C54 CAPTANT1035V 1540-0106A
C55 CAPCER33P 20%50V 1500-03300
C57 CAPCERA47P 20% 50V 1500-04700
C58 CAPCER22P 20% 50V 1500-02200
C59 CAPCERA47P 20% 50V 1500-04700
C60 CAPVAR7-40P5MM 1550-02000
C6l1 CAPCER.1-20+80%50V 1500-01040
C62 CAPCER.1-20+80%50V 1500-01040
C63 CAPCER.1-20+80%50V 1500-01040
C64 CAPPOLY2.263V5% 1522-02250
C65 CAPCER.1-20+80% 50V 1500-01040
C66 CAPCER.1-20+80%50V 1500-01040
C67 CAPCER.1-20+80% 50V 1500-01040
C68 CAPMICASELECTED (12PTYP.)
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Parts List

Model 8020

Table8-1. Model 8020 PartsL ist- Main Board Assembly (continued)

REF DESCRIPTION PART #

C69 CAPCER.1-20+80%50V 1500-01040
C70 CAPCER.1-20+80% 50V 1500-01040
C71 CAPCER.1-20+80% 50V 1500-01040
C72 CAPCER.1-20+80% 50V 1500-01040
C73 CAPCER.1-20+80%50V 1500-01040
C74 CAPTANT1035V 1540-0106A
C76 CAPCER.1-20+80% 50V 1500-01040
C77 CAPCER.1-20+80%50V 1500-01040
CR1 DIODEBRIDGEWS05 0300-50100
CR2 DIODEBRIDGEWS05 0300-50100
CR3 DIODEBRIDGE KBL-005 0300-50200
CR4 DIODE1N4151 0300-00400
CR5 DIODESA-5A 0300-90300
CR6 DIODE1N4151 0300-00400
CR7 DIODE1N4151 0300-00400
CR8 DIODEZENER1N758A 0300-20400
CR9 DIODEZENER1N755 0300-20310
CR10 DIODE1N4151 0300-00400
CR11 DIODE1N4151 0300-00400
CR12 DIODE1N4151 0300-00400
CR13 DIODEREF 1N825A 0300-21100
CR14 DIODEZENER1N758A 0300-20400
CR15 DIODE1N4151 0300-00400
CR16 DIODEZENER1N758A 0300-20400
CR17 DIODES5082-2810 0300-10200
CR18 DIODE5082-2810 0300-10200
CR19 DIODES5082-2810 0300-10200
CR20 DIODE5082-2810 0300-10200
CR21 DIODE5082-2810 0300-10200
CR22 DIODE5082-2810 0300-10200
CR23 DIODE1N4151 0300-00400
CR24 DIODE1N4151 0300-00400
CR25 DIODE1N4151 0300-00400
CR26 DIODEZENER1N754A 0300-20300
CR27 DIODEZENER1N753A 0300-20200
CR28 DIODE5082-2810 0300-10200
CR29 DIODES5082-2810 0300-10200
CR30 DIODEZENER1N754A 0300-20300
CR31 DIODE1N4151 0300-00400
CR32 DIODE1N4151 0300-00400
CR33 DIODEZENER1N753A 0300-20200
CR34 DIODE1N4151 0300-00400
CR35 DIODEZENER 1IN759A 0300-20500
CR36 DIODE1N4151 0300-00400
CR37 DIODE1N4151 0300-00400
Q1 TSTR2N4401 0400-01810
Q2 TSTR2N3904A 0400-01200
Q3 TSTRMJE2955A 0400-40300
Q4 TSTR2N3906A 0400-01340
Q5 TSTR2N3904A 0400-01200
Q6 TSTR2N5087 0400-01900
Q7 TSTR2N5210 0400-01910
Q8 TSTR2N3904A 0400-01200
Q9 TSTR2N5087 0400-01900
Q10 TSTR2N5210 0400-01910
Q11 TSTR2N3904A 0400-01200
Q12 TSTRJ109 0400-02500
Q13 TSTR2N3906A 0400-01340
Q15 TSTR2N3904A 0400-01200

REF DESCRIPTION PART #

Q16 TSTR2N3904A 0400-01200
Q17  TSTR2N3904A 0400-01200
Q18 TSTR2N3904A 0400-01200
Q19 TSTRDN5566 0400-40500
Q20 TSTR2N3646 0400-00200
Q21 TSTR2N3646 0400-00200
Q22 TSTR2N5771 0400-00750
Q23 TSTR2N3646 0400-00200
Q24 TSTR2N3646 0400-00200
Q25 TSTR2N5771 0400-00750
Q26 TSTR2N3906A 0400-01340
Q27 TSTRMPS3827 0400-02820
Q28 TSTR2N5771 0400-00750
Q29 TSTR2N5771 0400-00750
Q30 TSTR2N4122 0400-00500
Q31 TSTR2N3904A 0400-01200
Q32 TSTRJ109 0400-02500
Q33 TSTR2N3906A 0400-01340
Q34 TSTR2N4122 0400-00500
Q35 TSTRMPS3827 0400-02820
Q36 TSTR2N5771 0400-00750
Q37 TSTR2N5771 0400-00750
Q38 TSTR2N3904A 0400-01200
Q39 TSTR2N3904A 0400-01200
Q40 TSTR2N4124 0400-00300
Q43 TSTRJ109 0400-02500
R1 RES COMP 3.3K 0100-03320
R2 RES MTF 249 1% 0104-24900
R3 RES MTF 2.49K 1% 0104-24910
R4 RES VAR 500 3386F 0203-05010
R5 RES COMP 1K 0100-01020
R6 RES COMP .27 2W 0103-0R270
R7 RES COMP 1K 0100-01020
R8 RES COMP 100 0100-01010
R9 RES COMP 1K 0100-01020
R10 RESMTF4.02K1% 0104-40210
R11 RESMTF15K1% 0104-15020
R12 RESCOMP 220 0100-02210
R13 RESCOMP47 0100-04700
R14 RESCOMP33 0100-03300
R15 RESCOMP 1K 0100-01020
R16 RESMTF499.1% 0105-49900
R17 RESMTF499.1% 0105-49900
R18 RESCOMPI1K 0100-01020
R19 RESMTF2491% 0104-24900
R20 RESCOMPI1K 0100-01020
R21 RESMTF499.1% 0105-49900
R22 RESMTF499.1% 0105-49900
R23 RESMTF1.1K1% 0104-11010
R24 RESMTF1K1% 0104-10010
R25 RESMTF1051% 0104-10500
R26 RESCOMP 33K 0100-03330
R28 RESMTF10K 1% 0104-10020
R29 RESVAR5K3386F-1-502 0203-05020
R30 RESCOMP1.5K 0100-01520
R32 RESMTF4.99K 1% 0104-49910
R34 RESCOMP 620 0100-06210
R35 RESCOMP 100 0100-01010
R36 RESCOMP 10K 0100-01030
R38 RESCOMP 100 0100-01010




Model 8020 Parts List
Table8-1. Model 8020 PartsL ist- Main Board Assembly (continued)
REF DESCRIPTION PART # REF DESCRIPTION PART #
R39 RESCOMP 100K 0100-01040 R107 RESMTF4.53K1% 0104-45310
R42 RESMTF1K1% 0104-10010 R108 RESCOMP 3.9K 0100-03920
R43 RESMTF10K1% 0104-10020 R109 RESCOMP 10K 0100-01030
R44 RESVAR10K 3386F 0203-01030 R110 RESCOMP1.2K 0100-01220
R45 RESCOMP 100 0100-01010 R111 RESCOMP 10K 0100-01030
R46 RESMTF1M1% 0104-10040 R112 RESCOMP 100 0100-01010
R47 RESMTF 100K 1% 0104-10030 R113 RESCOMP 15 0100-01500
R48 RESCOMP 10K 0100-01030 R114 RESMTF4.99K 1% 0104-49910
R49 RESMTF1.1K1% 0104-11010 R115 RESVARS50K 3386F 0203-05030
R50 RESCOMP 1M 0100-01050 R116 RESCOMP33 0100-03300
R51 RESCOMP 1M 0100-01050 R117 RESMTF49.91% 0104-49R90
R52 RESCOMP3.3K 0100-03320 R118 RESCOMP 220 0100-02210
R53 RESCOMP 100 0100-01010 R120 RESCOMP 100K 0100-01040
R54 RESCOMP 100 0100-01010 R121 RESCOMP 33 0100-03300
R55 RESMTF47.5K1% 0104-47520 R122 RESCOMP 10K 0100-01030
R56 RESMTF10K1% 0104-10020 R123 RESCOMP 22K 0100-02230
R58 RESCOMP3.3K 0100-03320 R124 RESCOMP 33 0100-03300
R59 RESVAR10K3386F 0203-01030 R126 RESMTF1.13K1% 0104-11310
R61 RESCOMP 1K 0100-01020 R128 RESMTF1401% 0104-14100
R62 RESCOMP 1K 0100-01020 R129 RESCOMP 1K 0100-01020
R63 RESCOMP 1K 0100-01020 R130 RESMTF9.09K 1% 0104-90910
R64 RESCOMP 1K 0100-01020 R131 RESMTF4.99K 1% 0104-49910
R65 RESCOMP 33 0100-03300 R132 RESCOMP560 0100-05610
R66 RESCOMP51 0100-05100 R133 RESCOMP 560 0100-05610
R67 RESCOMP 100 0100-01010 R134 RESCOMP33 0100-03300
R68 RESCOMP 100 0100-01010 R135 RESCOMP 100 0100-01010
R69 RESCOMP 3.9K 0100-03920 R136 RESMTF6191% 0104-61900
R70 RESCOMP 39 0100-03900 R137 RESCOMP 270 0100-02710
R138 RESMTF1151% 0104-11500
R71 RESMTF 100 1% 0104-10000 R139 RESCOMP 100 0100-01010
R72 RESMTF 127 1% 0104-12700 R140 RESCOMP 33 0100-03300
R73 RESSELECTED
R74 RESCOMP1.2K 0100-01220 R141 RESCOMP 100 0100-01010
R75 RESCOMP39 0100-03900 R142 RESMTF1.87K1% 0104-18710
R76 RESCOMP2.7K 0100-02720 R143 RESCOMP 270 0100-02710
R77 RESCOMP2.7K 0100-02720 R144 RESMTF1541% 0104-15400
R78 RESCOMP 39 0100-03900 R145 RESMTF1401% 0104-14100
R79 RESCOMP1.2K 0100-01220 R146 RESMTF1151% 0104-11500
R80 RESCOMP7.5K 0100-07520 R147 RESMTF7.32K1% 0104-73210
R81 RESCOMP33 0100-03300 R148 RESMTF1541% 0104-15400
R82 RESCOMP7.5K 0100-07520 R149 RESMTF8251% 0104-82500
R83 RESCOMP33 0100-03300 R150 RESMTF49.91% 0104-49R90
R84 RESCOMP 15K 0100-01530 R151 RESCOMP33 0100-03300
R86 RESCOMP2.7 0100-02R70 R152 RESMTF2611% 0104-26100
R87 RESCOMP 15K 0100-01530 R154 RESMTF1271% 0104-12700
R88 RESMTF9761% 0104-97600 R155 RESCOMP 270 0100-02710
R89 RESMTF9761% 0104-97600 R156 RESMTF2611% 0104-26100
R90 RESCOMP 390 0100-03910 R157 RESCOMP 33 0100-03300
R91 RESCOMP 820 0100-08210 R159 RESMTF1271% 0104-12700
R92 RESCOMP820 0100-08210 R160 RESMTF4991% 0104-49900
R93 RESCOMP82 0100-08200 R161 RESCOMPMTF1.5K1% 0104-15010
R94 RESCOMP82 0100-08200 R162 RESMTF1001% 0104-10000
R95 RESCOMP39 0100-03900 R163 RESMTF4.02K1% 0104-40210
R96 RESCOMP10 0100-01000 R164 RESCOMP 10 0100-01000
R97 RESCOMP68 0100-06800 R165 RESCOMP 10 0100-01000
R100 RESCOMP10 0100-01000 R166 RESCOMPMTF1.5K1% 0104-15010
R101 RESMTF3651% 0104-36500 R167 RESMTF4991% 0104-49900
R102 RESMTF3651% 0104-36500 R168 RESCOMP 100 0100-01010
R103 RESCOMP1.2K 0100-01220 R169 RESCOMPS51 0100-05100
R104 RESCOMP1.2K 0100-01220 R170 RESCOMP 820 0100-08210
R106 RESMTF4.53K1% 0104-45310 R171 RESCOMP51 0100-05100
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Model 8020

Table8-1. Model 8020 PartsL ist- Main Board Assembly (continued)

REF DESCRIPTION PART # REF DESCRIPTION PART #
R172 RESVAR2K3386F 0203-02020 U22  IC74LS00 0510-00100
R174 RESCOMP 1K 0100-01020 U23  IC74F00 0500-11900
R175 RESCOMP 10K 0100-01030 U25  ICLM308A 0500-53400
R176 RESCOMP 10K 0100-01030 U26  ICLM308A 0500-53400
R177 RESCOMP 100K 0100-01040 U27  ICLM308A 0500-53400
R178 RESCOMP 10K 0100-01030 U28  ICLM308A 0500-53400
U29  ICCD4094B 0540-01100
Ul ICBFER 9668 (L204) 0500-11600 U30 ICCD4094B 0540-01100
Uz ICP8279 0500-20700 U3l ICCD4094B 0540-01100
U3 |IC 74HC4049 0520-07300 U33 IC LM741C 0500-56310
U4 1C74LS138 0510-02700 U34  IC12BITD/AAD7541AIN 0560-00800
us  1CP8031 0500-21410 U35  IC10BITD/AAD7533IN 0560-00700
U6 IC SN74HC4040 0520-07000 U36 ICLM741C 0500-56310
U7 IC74LS373 0510-03650 U37  ICLM741C 0500-56310
us  1C27256 0500-21240 U38  ICCD4094B 0540-01100
U9 ICMK48202B-20 0500-11160 U39  ICQUADOPAMPLM324 0500-53210
U10  IC74HCTA4040PLL 0520-07200 U40 ICOPAMPTLO81CP 0500-56700
Uil IC74LS00 0510-00100 U4l  ICLM741C 0500-56310
Uiz 1C74LS74 0510-01100 U42  ICANALOG SWDG211CJ 0500-90900
Ul3  IC74LSS51 0510-00810 U43  ICARRAY CA3102BE 0500-57700
Ul4  ICP8291A 0500-21300 U44  ICLM741C 0500-56310
uUi1s ICBUFFERDS75160N 0500-21510 u45 ICARRAY CA3127E 0500-60000
Ul6 ICBUFFERDS75161N 0500-21520 U46 ICARRAY CA3127E 0500-60000
Ul7 ICREGULATORMC7924CP 0500-52700 U47 ICARRAY CA3127E 0500-60000
Ul8 ICREGULATORMC7824CP 0500-52600 U48  ICOP AMP CA3140E 0500-57200
u19 ICREGULATOR MC7915CP 0500-52500 u49 ICANALOG SWDG211CJ 0500-90900
U20  ICREGULATORLM317T 0500-53600
U21  ICOPAMPLM308A 0500-53400
Table8-2. Model 8020 PartsList - Final Amplifier Board Assembly
REF DESCRIPTION PART # REF DESCRIPTION PART #
Cl  CAPCER.1-20%+80% 50V 1500-01040 C31 CAPCER1Nn20%50V 1500-01020
C4  CAPCER.1-20%+80% 50V 1500-01040 C32 CAPCER1n20%50V 1500-01020
C5  CAPCER.1-20%+80% 50V 1500-01040 C33  CAPCER 100P 20% 50V 1500-01010
C6  SELECTED C34  CAPCER1n20%50V 1500-01020
C7  SELECTED C36 CAPCER.1-20%+80% 50V 1500-01040
C8  CAPCER.1-20%+80% 50V 1500-01040 C37 CAPCER1n20%50V 1500-01020
C10 CAPCER.1-20%+80% 50V 1500-01040 C38 CAPCER1n20%50V 1500-01020
Cll  CAPCER.1-20%+80% 50V 1500-01040 C39 CAPCER1n20%50V 1500-01020
Cl2  CAPCER.1-20%+80% 50V 1500-01040 C41  CAPCER10P 20%50V 1500-01000
C13 CAPCER.1-20%+80% 50V 1500-01040 C42  CAPCER.1-20%+80% 50V 1500-01040
Cl4 CAPCER15P20%50V 1500-01500 C43  CAPCER.1-20%+80% 50V 1500-01040
C16 CAPCER.1-20%+80% 50V 1500-01040 C44  CAPCER33P20%50V 1500-03300
Cl7 CAPCER.1-20%+80% 50V 1500-01040 C45 CAPCER.1-20%+80% 50V 1500-01040
C18 CAPCER.1-20%+80% 50V 1500-01040 C46  CAPCER.1-20%+80% 50V 1500-01040
Cl9 CAPCER.1-20%+80% 50V 1500-01040 C47  CAPCER.1-20%+80% 50V 1500-01040
C20 CAPCER.1-20%+80% 50V 1500-01040 C48  CAPCER.1-20%+80% 50V 1500-01040
C21 SELECTED C49  CAPCER.1-20%+80% 50V 1500-01040
C22  CAPCER27P20% 63V 1500-02700 C50 CAPCER.1-20%+80% 50V 1500-01040
C23  SELECTED C51  CAPCER 100P 20% 50V 1500-01010
C24  CAPCER.1-20%+80% 50V 1500-01040 C52  CAPCER.1-20%+80% 50V 1500-01040
C25 CAPCER.1-20%+80% 50V 1500-01040 C53 CAPCER.1-20%+80% 50V 1500-01040
C26  CAPCER.1-20%+80% 50V 1500-01040 C54  CAPCER.1-20%+80% 50V 1500-01040
C27 CAPCER.1-20%+80% 50V 1500-01040 C55 CAPCER.1-20%+80% 50V 1500-01040
C28 CAPCER1n20%50V 1500-01020 C56  CAP CER.1-20%+80% 50V 1500-01040
C29 CAPCER1n20%50V 1500-01020 C57  CAPCERA43P20%50V 1500-04300
C30 CAPCERA4.7P20%50V 1500-04R70 C58 CAPTANT1035V 1540-0106A
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Model 8020 Parts List
Table8-2. Model 8020 PartsList - Final Amplifier Board Assembly (continued)
REF DESCRIPTION PART # REF DESCRIPTION PART #
C59 CAPPOLY.120% 100V 1521-01040 Q26 TSTR2N4392A 0400-40000
C60 CAPTANT1035V 1540-0106A Q27 TSTRJ175 0400-02520
C61 CAPPOLY.120% 100V 1521-01040 Q28 TSTR2N4392A 0400-40000
C62 CAPVARS5-18P DV11PS18A 1550-01800 Q29 TSTRJ175 0400-02520
C63 CAPCER.1-20%+80% 50V 1500-01040 Q30 TSTR2N4392A 0400-40000
C64 CAPCER33P20%50V 1500-03300 Q31 TSTRJ175 0400-02520
Q32 TSTR2N4392A 0400-40000
CR1 DIODEZENER 1N754A 0300-20300 Q33 TSTR2N3646 0400-00200
CR2 DIODE ZENER 1N754A 0300-20300 Q34 TSTR2N3640 0400-00100
CR3 DIODE 1N4151 0300-00400 Q35 TSTRJ109 0400-02500
CR4 DIODE 1N4151 0300-00400 Q36 TSTR2N3904A 0400-01200
CR5 DIODE 1N4151 0300-00400 Q37 TSTR2N3906A 0400-01340
CR6 DIODEZENER1N751A 0300-20010 Q38 TSTR2N5160A 0400-00800
CR7 DIODE 1N4151 0300-00400 Q39 TSTR2N3866A 0400-01610
CR8 DIODE 1N4151 0300-00400 Q40 TSTR2N3904A 0400-01200
CR9 DIODE 1N4151 0300-00400 Q41 TSTR2N4122 0400-00500
CR10 DIODE 1N4151 0300-00400 Q42 TSTR2N3904A 0400-01200
CR11 DIODE 1N4151 0300-00400 Q43 TSTR2N2219A 0400-40100
CR12 DIODE 1N4151 0300-00400 Q44 TSTR2N2219A 0400-40100
CR13 DIODE 1N4151 0300-00400 Q45 TSTR2N2905A 0400-01500
CR14 DIODE 1N4151 0300-00400 Q46 TSTR2N2905A 0400-01500
CR15 DIODE 1N4151 0300-00400
CR16 DIODE 1N4151 0300-00400 R1 ~ RESCOMP180 0100-01810
CR17 DIODE 1N4151 0300-00400 R2 ~ RESCOMP180 0100-01810
CR18 DIODE 1N4151 0300-00400 R5 RES COMP 33K 0100-03330
CR19 DIODE 1N4151 0300-00400 R6 ~ RESCOMP 100K 0100-01040
CR20 DIODE 1N4151 0300-00400 R8  RESCOMP1.2K 0100-01220
CR21 DIODE REF 1N825A 0300-21100 R9 ~ RESCOMP1.2K 0100-01220
CR22 DIODE 1N4151 0300-00400 R10 RESCOMP 560 0100-05610
CR23 DIODE 1N4151 0300-00400 R11  RESCOMP120 0100-01210
CR24 DIODE 1N4151 0300-00400 R12  RESCOMP120 0100-01210
CR25 DIODE ZENER 1N758A 0300-20400 R13  RESCOMP 33K 0100-03330
R14 RESCOMP 100K 0100-01040
K1 RELAY RZ-1 0900-00700 R15 RESMTF1K1% 0104-10010
K2 RELAY RZ-1 0900-00700 R16 RESMTF1K1% 0104-10010
K3  RELAYRZ-1 0900-00700 R17 RESMTF10K 1% 0104-10020
R18 RESMTF15K 1% 0104-15020
Q1  TSTR2N5771 0400-00750 R19 RESCOMP1K 0100-01020
Q2  TSTR2N5771 0400-00750 R20 RESMTF 10K 1% 0104-10020
Q3  TSTR2N3646 0400-00200 R21 RESMTF15K 1% 0104-15020
Q4  TSTR2N3646 0400-00200 R22 RESCOMP 1K 0100-01020
Q5  TSTR2N4126 0400-00400 R23 RESCOMP33K 0100-03330
Q6  TSTRJ109 0400-02500 R24 RESCOMP33K 0100-03330
Q7  TSTR2N4124 0400-00300 R25 RESCOMP3.3K 0100-03320
Q8  TSTRJ109 0400-02500 R26 RESCOMP3.3K 0100-03320
Q9  TSTR2N4124 0400-00300 R27 RESCOMP 15K 0100-01530
Q10 TSTR2N4126 0400-00400 R28 RESMTF4021% 0104-40200
Q12 TSTRSD214DE 0400-02310 R29 RESMTF1001% 0104-10000
Q13 TSTR2N3904A 0400-01200 R30 RESCOMP3.9K 0100-03920
Q14 TSTR2N3906A 0400-01340 R31 RESCOMP2.7K 0100-02720
Q15 TSTR2N3904A 0400-01200 R32 RESCOMP1K 0100-01020
Q16 TSTR2N3906A 0400-01340 R33 RESCOMP2.7K 0100-02720
Q17 TSTR2N4392A 0400-40000 R34 RESCOMP1K 0100-01020
Q18 TSTRSD214DE 0400-02310 R35 RESCOMP820 0100-08210
Q19 TSTR2N4392A 0400-40000 R36 RESCOMP1K 0100-01020
Q20 TSTRSD214DE 0400-02310 R37 RESCOMP 15K 0100-01530
Q21 TSTR2N4392A 0400-40000 R38 RESVAR1003386F 0203-01010
Q22 TSTRSD214DE 0400-02310 R39 RESVAR2003329H 0201-02010
Q23 TSTR2N4392A 0400-40000 R40 RESCOMP220 0100-02210
Q24 TSTRSD214DE 0400-02310 R41 RESCOMP22 0100-01500
Q25 TSTRJ175 0400-02520 R42 RESCOMP270 0100-02710
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Model 8020

Table8-2. Model 8020 PartsList - Final Amplifier Board Assembly (continued)

REF DESCRIPTION PART #

R43 RESCOMP 100 0100-01010
R44 RESCOMP4.7K 0100-04720
R45 RESCOMP 18K 0100-01830
R46 RESCOMP10 0100-01000
R47 RESCOMP 10 0100-01000
R48 RESCOMP 22 0100-02200
R49  RESCOMP 225% 0100-02200
R50 RESCOMP 33K 0100-03330
R51 RESCOMP4.7K 0100-04720
R52 RESCOMP 390 0100-03910
R53 RESCOMP 225% 0100-02200
R54  RES.MTF2941% 0104-29400
R55 RESCOMP 220 0100-02210
R56 RESMTF6811% 0104-68100
R57 RESMTF3651% 0104-36500
R58 RESMTF3651% 0104-36500
R59 RESMTF7321% 0104-73200
R60 RESMTF7501% 0104-75100
R61 RESMTF7321% 0104-73200
R62 RESMTF7501% 0104-75100
R63 RESMTF3651% 0104-36500
R64 RESMTF7321% 0104-73200
R65 RESCOMP 100K 0100-01040
R66 RESMTF40.2K1% 0104-40220
R67 RESMTF7501% 0104-75100
R68 RESMTF1301% 0104-13100
R69 RESCOMP 100K 0100-01040
R70 RESMTF12.1K1% 0104-12120
R71 RESCOMP2.7 0100-02R70
R72 RESMTF22.1K1% 0104-22120
R73 RESMTF2K1% 0104-20010
R74 RESCOMP 100K 0100-01040
R75 RESMTF47.5K1% 0104-47520
R76 RESMTF5111% 0104-51100
R77  RESCOMP 100K 0100-01040
R78 RESMTF5.11K1% 0104-51110
R79 RESMTF597 1% 0104-59700
R80 RESMTF90.9K1% 0104-90920
R81 RESCOMP1.8K 0100-01820
R82 RESCOMP 3.9K 0100-03920
R83 RESCOMP 100 0100-01010
R84 RESMTF165% 0104-16500
R85 RESCOMP 185% 0100-01800
R86 RESMTF7501% 0104-75100
R87 RESCOMP5.6K 0100-05620
R88 RESMTF7501% 0104-75100
R89 RESCOMPI1K 0100-01020
R90 RESCOMP 270 0100-02710
R91 RESCOMP3.9K 0100-03920
R92 RESCOMP 100 0100-01010
R93 RESMTF2261% 0104-22600
R94  RESCOMP 155% 0100-01500
R95 RESCOMP 1K 0100-01020
R96 RESCOMP 1K 0100-01020
R97 RESMTF10K1% 0104-10020
R98 RESCOMP 10K 0100-01030

REF DESCRIPTION PART #
R99 RESVAR2K3386F 0203-02020
R100 RESMTF1K1% 0104-10010
R101 RESCOMPI1K 0100-01020
R102 RESMTF10K1% 0104-10020
R103 RESCOMP 33K 0100-03330
R104 RESCOMP 10K 0100-01030
R105 RESCOMP 10K 0100-01030
R106 RESCOMP2.7K 0100-02720
R107 RESCOMP2.7K 0100-02720
R108 RESCOMP 3.9K 0100-03920
R109 RESCOMP470 0100-04710
R110 RESCOMP332W 0103-03300
R111 RESCOMP33 0100-03300
R112 RESCOMP33 0100-03300
R113 RESCOMP10 0100-01000
R114 RESCOMP10 0100-01000
R115 RESMTF1001% 1W 0104-1000B
R116 RESMTF1001% 1W 0104-1000B
R117 RESCOMP10 0100-01000
R118 RESCOMP 10 0100-01000
R119 RESCOMP332W 0103-03300
R120 RESMTF61.91%1W 0104-61R9B
R121 RESMTF2491% 1/2W 0104-2490A
R122 RESMTF61.91%1W 0104-61R9B
R123 RESMTF1%1W96.5 0104-96R5B
R124 RESMTF71.51/2W 1% 0104-71R5A
R125 RESMTF1%1W96.5 0104-96R5B
R126 RESVAR5K3386F 0203-05020
R127 RESVARS5K3386F 0203-05020
R128 RESCOMP 1K 0100-01020
R129 RESCOMP47 0100-04700
RN1 RESNET33K/5 0110-0333B
RN2 RESNET33K/5 0110-0333B
RN3  RESNET 33K/5 0110-0333B
RN4  RESNET 33K/5 0110-0333B
ul ICTRIPLELINEREC 10107 0500-41100
u2 ICLM741C 0500-56310
u3 ICLM741C 0500-56310
u4 ICREGISTER CD4094B 0540-01100
us IC QUAD COMP LM339N 0500-50400
]9 IC QUAD COMP LM339N 0500-50400
u7 IC QUAD COMP LM339N 0500-50400
us ICREGISTER CD4094B 0540-01100
u9 IC QUAD COMP LM339N 0500-50400
U10 ICDMOS SW SD5000N 0500-57110
Ull ICTRANSARRAY CA3096 0500-5790
Ul2 ICCOMPARATORLMS311N 0500-53300
Ul3 ICREGISTERCD4094B 0540-01100
Ul4 IC10BITD/AAD7533JN 0560-00700
Ul5 ICLM308A 0500-53400
Ul6 ICLM301AH 0500-53000
u1l7 ICLM741C 0500-56310
U18 ICTRANSARRAY CA3096 0500-57900
U19 ICREGISTERCD4094B 0540-01100
U20 ICBUFFER9668(L204) 0500-11600
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Model 8020 Parts List
Table8-3. Model 8021 PartsL st - Front Panel Board Assembly
REF DESCRIPTION PART # REF DESCRIPTION PART #
Cl  CAPELEC47016V 1532-04770 DS23 LEDREDMV57124-18G.I 1000-00700
C2  CAPCER.1-20%+80% 50V 1500-01040 DS24 LEDREDMV57124-18G.| 1000-00700
DS25 LEDREDMV57124-18G.I 1000-00700
CR1 DIODE1N4151 0300-00400 DS26 LEDREDMV57124-18G.| 1000-00700
CR2 DIODE1N4151 0300-00400 DS27 LEDREDMV57124-18G.I 1000-00700
CR3 DIODE1N4151 0300-00400 DS28 3MM LEDRED 5082-4480 1000-00300
DS1 LEDHDSP 75017 SEG 6020 1200-10200 Q1  TSTR2N4403 0400-01800
DS2 LEDHDSP 75017 SEG 6020 1200-10200 Q2  TSTR2N4403 0400-01800
DS3 LEDHDSP 75017 SEG 6020 1200-10200 Q3  TSTR2N4403 0400-01800
DS4 LEDHDSP 75017 SEG 6020 1200-10200 Q4  TSTR2N4403 0400-01800
DS5 3MMLEDRED5082-4480 1000-00300 Q5  TSTR2N4403 0400-01800
DS6  3MMLEDRED5082-4480 1000-00300 Q6  TSTR2N4403 0400-01800
DS7 LEDREDMV57124-18G.| 1000-00700 Q7  TSTR2N4403 0400-01800
DS8 LEDREDMV57124-18G.| 1000-00700 Q8  TSTR2N4403 0400-01800
DS9 LEDREDMV57124-18G.| 1000-00700
DS10 LEDREDMV57124-18G.I 1000-00700 R1  RESCOMP220 0100-02210
DS11 3MMLEDRED5082-4480 1000-00300 R2  RESCOMP 220 0100-02210
DS12 LEDREDMV57124-18G.| 1000-00700 R3  RESCOMP220 0100-02210
DS13 LEDREDMV57124-18G.I 1000-00700 R4  RESCOMP 220 0100-02210
DS14 LEDREDMV57124-18G.I 1000-00700 R5  RESCOMP33 0100-03300
DS15 LEDREDMV57124-18G.I 1000-00700 R6  RESCOMP 220 0100-02210
DS16 LEDREDMV57124-18G.| 1000-00700 R7  RESCOMP33 0100-03300
DS17 LEDHDSP 7507 +/- 16020 1200-10100 R8  RESCOMP 220 0100-02210
DS18 LEDHDSP 75017 SEG 6020 1200-10200 R9  RESCOMP 220 0100-02210
DS19 LEDREDMV57124-18G.| 1000-00700 R10 RESCOMP 220 0100-02210
DS20 LEDREDMV57124-18G.| 1000-00700
DS21 LEDREDMV57124-18G.I 1000-00700 S1-S18 SWITCHKEY 2000-61600
DS22 LEDREDMV57124-18G.I 1000-00700 Ul  IC74LS138 0510-02700
Table8-4. Model 8021 PartsL ist - Pulse Generator Board Assembly
REF DESCRIPTION PART # REF DESCRIPTION PART #
C79 CAPTANT1035V 1540-0106A C103 CAPCER.1-20%+80% 50V 1500-01040
C80 CAPPOL11%63V 1520-01050 C104 CAPCER.1-20%+80% 50V 1500-01040
C81 CAPPOLY.11%63VFKE 1520-01040 C105 CAPCER.1-20%+80% 50V 1500-01040
C82  CAPPOLY 4700P 2% 160V 1520-04720 C106 CAPELECT10016VLOWLEAK 1532-0107P
C83  CAPPOLY 4700P 2% 160V 1520-04720
C84  SELECTED VALUE (560P MICATYP) CR35 DIODE CARRIER5082-2810 0300-10200
C85  CAPMICA820P 10% 300V 1510-08210 CR36 DIODEZENER1N756A 0300-20700
C86  SELECTED VALUE (560P MICATYP) CR37 DIODE 1N4151 0300-00400
C87  CAPCER 33P20%50V 1500-03300 CR38 DIODEZENER1N756A 0300-20700
C88  CAPMICAS56P 10%500V 1510-05600 CR39 DIODE 1N4151 0300-00400
C89 CAPVARS5-18PDV11PS18A 1550-01800 CR40 DIODE 1N4151 0300-00400
C90  CAPCER 1n20%50V 1500-01020 CR41 DIODEREF 1N825A 0300-21100
C91  CAPCER.1-20%+80% 50V 1500-01040 CR42 DIODE 1N4151 0300-00400
C92  CAPCER.1-20%+80% 50V 1500-01040 CR43 DIODE 1N4151 0300-00400
C93  CAPCER.1-20%+80% 50V 1500-01040 K5  RELAY1FA5V 0900-01100
C94  CAPCER.1-20%+80% 50V 1500-01040
C95  CAPCER.1-20%+80% 50V 1500-01040 Q60  TSTR2N3904A 0400-01200
C96  CAPCER 10P 20% 50V 1500-01000 Q61  TSTR2N3904A 0400-01200
C97  CAPCER.1-20%+80% 50V 1500-01040 Q62  TSTR2N3904A 0400-01200
C98  CAPCER.1-20%+80% 50V 1500-01040 Q63 TSTR2N2369A 0400-00900
C99  SELECTEDVALUE Q64 TSTR2N3904A 0400-01200
C100 CAP CER.1-20%+80% 50V 1500-01040 Q65 TSTR2N3904A 0400-01200
C101 SELECTEDVALUE Q66  TSTRDN5566 0400-40500
C102 CAPCER.1-20%+80% 50V 1500-01040 Q67 TSTR2N5087 0400-01900
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Model 8020

Table8-4.Model 8021 PartsList - Pulse Generator Board Assembly (continued)

REF DESCRIPTION PART # REF DESCRIPTION PART #
Q68 TSTRJ109 0400-02500 R206 RESMTF4.99K 1% 0104-49910
Q69 TSTRJ109 0400-02500 R207 RESCOMP 1K 0100-01020
Q70  TSTR2N3904A 0400-01200 R208 RESMTF1.1K1% 0104-11010
Q71  TSTR2N3904A 0400-01200 R209 RESCOMP 22K 0100-02230
Q72  TSTR2N3904A 0400-01200 R210 RESCOMP 22K 0100-02230
Q73  TSTR2N4392A 0400-40000 R211 RESVAR 1K 3386F 0203-01020
Q74 TSTR2N4392A 0400-40000 R212 RESMTF 10K 1% 0104-10020
Q75 TSTR2N3904A 0400-01200 R213 RESVAR 1003386F 0203-01010
Q76  TSTR2N3904A 0400-01200 R214 RESCOMP 10K 0100-01030
R215 RESCOMP3.3K 0100-03320
R180 RESCOMP 1K 0100-01020 R216 RESMTF 10K 1% 0104-10020
R181 RESCOMP 1K 0100-01020 R217 RESCOMP 10K 0100-01030
R182 RESCOMP2.7 0100-02R70 R218 SELECTEDVALUE
R184 RESCOMP 10K 0100-01030 R219 RESMTF 10K 1% 0104-10020
R185 RESCOMP 1K 0100-01020 R220 RESCOMP 22K 0100-02230
R186 RESCOMP 1K 0100-01020 R221 RESCOMP3.3K 0100-03320
R187 RESCOMP1K 0100-01020 R222 RESCOMP3.3K 0100-03320
R188 RESVAR2003386F 0203-02010 R223 RESCOMP3.3K 0100-03320
R189 RESCOMP33 0100-03300 R224 RESMTF 10K 1% 0104-10020
R190 RESMTF 20K 1% 0104-20020 R225 RESCOMP 22K 0100-02230
R191 RESCOMP 100 0100-01010 R226 RESCOMP 1K 0100-01020
R192 SELECTEDVALUE (1001%TYP) R227 RESCOMP 1K 0100-01020
R193 RESMTF 10K 1% 0104-10020
R194 RESCOMP 1K 0100-01020 U30  IC74HC4094 0520-07400
R195 SELECTEDVALUE (1001%TYP) U3l IC74F64 0500-12780
R196 RESMTF2K1% 0104-20010 U32  ICT74ACT74 0505-00800
R197 RESCOMP 100 0100-01010 U33  ICLM741E 0500-56300
R198 RESMTF2.26K 1% 0104-22610 U34  ICAD9686BQ 0500-60700
R199 RESMTF2151% 0104-21500 U35  ICLM741C 0500-56310
R200 RESCOMP 10K 0100-01030 U36  IC10BITD/AAD7533IN 0560-00700
R201 RESMTF1K1% 0104-10010 U37  ICSHIFTREGISTOR CD4094B 0540-01100
R202 RESCOMP 22K 0100-02230 U38  ICSHIFTREGISTOR CD4094B 0540-01100
R203 RESCOMP 22K 0100-02230 U39  ICDUALCOMPLM318N 0500-53200
R204 RESCOMP 22K 0100-02230 U40  ICDUALCOMPLM318N 0500-53200
R205 RESCOMP 22K 0100-02230 U4l  ICDUALOPAMPLM1458N 0500-56500
Table8-5.Model 8022 PartsList- AM Generator Board Assembly
REF DESCRIPTION PART # REF DESCRIPTION PART #
C65 CAPCER.1-20%+80% 50V 1500-01040 Q48 TSTR2N5771 0400-00750
C66  CAPCER.1-20%+80% 50V 1500-01040 Q49 TSTR2N5771 0400-00750
C67 CAPCER.1-20%+80% 50V 1500-01040 Q50 TSTR2N5771 0400-00750
C68 CAPTANT1035V 1540-0106A Q51 TSTR2N3646 0400-00200
C69 SELECTEDVALUE Q52 TSTR2N3646 0400-00200
C70  CAPCER.1-20%+80% 50V 1500-01040 Q53  TSTR2N3904A 0400-01200
C71 CAPCER.1-20%+80% 50V 1500-01040 Q54 TSTR2N3906A 0400-01340
C72  CAPCER10n20%50V 1500-01030 R130 RESMTF4.99K 1% 0104-49910
C73  CAPCER.1-20%+80% 50V 1500-01040 R131 RESMTF3.01K 1% 0104-30110
CR25 DIODE REF 1N825A 0300-21100 R132 RESCOMP1.2K 0100-01220
CR26 DIODE 1N4151 0300-00400 R133 RESMTF4.99K 1% 0104-49910
CR27 DIODE 1N4151 0300-00400 R134 RESCOMP 10K 0100-01030
CR28 DIODE ZENER 1N755 0300-20310 R135 RESVAR 2K 3386F 0203-02020
CR29 DIODE 1N4151 0300-00400 R136 RESMTF1.78K1% 0104-17810
K4  RELAYRZ-1 0900-00700 R137 RESMTF5.62K1% 0104-56210
L1 FERRITE BEAD 24 57-1355 4200-00000 R139 RESCOMP47K 0100-04730
L2 FERRITE BEAD 24 57-1355 4200-00000 R140 RESMTF 10K 1% 0104-10020
Q47 TSTR2N5771 0400-00750 R141 RESMTF4.99K 1% 0104-49910




Model 8020 Parts List

Table8-5.Model 8022 PartsList- AM Generator Board Assembly (continued)

REF DESCRIPTION PART # REF DESCRIPTION PART #
R142 RESVAR 100K 3386F-1-104 0203-01040 R161 RESMTF2.26K1% 0104-22610
R143 RESMTF49.91% 0104-49R90 R162 RESCOMP 330 0100-03310
R144 RESMTF49.91% 0104-49R90 R163 RESCOMP10 0100-01000
R145 RESMTF9091% 0104-90900 R164 RESMTF1001% 0104-10000
R146 RESMTF9091% 0104-90900 R165 RESMTF1001% 0104-10000
R147 RESMTF49.91% 0104-49R90 R166 RESCOMP 330 0100-03310
R148 RESMTF1001% 0104-10000 R167 RESCOMP10 0100-01000
R149 RESMTF1001% 0104-10000 R169 RESCOMP470 0100-04710
R150 RESCOMP2.7 0100-02R70 R170 RESMTF10K 1% 0104-10020
R151 RESCOMP2.7 0100-02R70 R171 RESMTF5.62K1% 0104-56210
R152 RESMTF2.26K1% 0104-22610 R172 RESMTF4991% 0104-49900
R153 RESCOMP47 0100-04700 R173 RESMTF4021% 0104-40200
R155 RESMTF100.25% 0106-10000 R174 RESVAR1K3386F 0203-01020
R156 RESMTF100.25% 0106-10000 U218 ICSHIFTREGISTOR CD4094B 0540-01100
R157 RESCOMP 33 0100-03300 U22  IC10BITD/AAD7533JN 0560-00700
R158 RESCOMS5101/2W 0101-05110 U23  ICOPAMP CA3140E 0500-57200
R159 RESVAR1033867F 0203-01000 U24  ICTRANSARRRAY CA3054 0500-57600
R160 RESCOMP 22 0100-02200 U25 ICTRANSARRRAY CA3054 0500-57600
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