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INSTRUCTIONS FOR COMPLETING THE
SOFTWARE/FIRMWARE PERFORMANCE REPORT

Please type or print clearly. Use a separate Software/Firmware Performance
Repert (SFFPR) for each problem.

SECTION A

Fill in the serial number of the 7D20 PROGRAMMABLE DIGITIZER. Press
the 1D key on the 7020 and copy the entire line of Version information,
heginning with TEK/7D20.

SECTION B

Use your complete company mailing address. Please include the name and
phone number of the person reporting the error. Also, be sure 1o fill in the
name of the person submittiing the SFPR.

SECTION C

Check the reason for report and whether the error is reproducible. We
cannot properly evlauate the problem if we have difficulty in reproducing
the error.

SECTION D

Give a complete description of the system cenfiguration on which the
problem occurred. Please include related peripherals, interfaces, options,
and operating system.

SECTION E

Describe the problem completety. Include any information which might help
in evaluating the error with the SFPR. Hf you have determined a procedure to
avoid the error condition, please include this procedure. if this problem
prevents you from accomplishing any useful work with the product, please
state this fact. Be sure to include with the SFPR any information (programs,
listings. hard copies, etc.) which wili help us duplicate your problem.

SECTION F
This section is for use by Tektronix Lab Scopes Software Maintenance
personnel. DG NOT WRITE IN THIS SPACE.

Mail all copies of the Software/Firmware Performance Report to:
TEKTRONIX, INC.
tAB SCOPES SOFTWARE MAINTENANCE

P.O. BOX 500 DEL. STA. 398-285
BEAVERTON, OREGON 97077

ADD SEPT 82



7D20 PROGRAMMABLE DIGITIZER

SEND TO: TEKTRONIX, INC
: Y SOFTWARE /FIRMWARE
LAB SCOPES SOFTWARE MAINTENANCE
P.0. BOX 600 DEL. STA. 39-285 PERFORMANCE REPORT

BEAVERTON, OREGON 97077

7020 PROGRAMMABLE DIGITIZER SERIAL #

VERSION LINE OF 7020 DISPLAY WHEN 1D KEY IS PRESSED TEK/7D20

COMPANY NAME. REASON FCOR REPORT:
USER: 03 Software/Firmware Error
0 Documentation Error
ADDRESS: _
0 Suggested Enhancement
ciry. . e STATE: ____ ZIPt _ J— G
PHONE: EXTENSION: IS THE ERROR REPRODUCIBLE?
O yes 0 No
FORM SUBMITTED BY:, . — . . 0ATE. .~ — O tntermittent

SYSTEM DESCRIFTION: {Hardware, software. lirmware and host related 1o the problem)

MAINFRAME MAINFRAME SERIAL #

DESCRIPTION OF PROBLEM:

LIST ENCLOSURES:

INTERNAL USE CONLY
{DO NOT WRITE BELOW THIS LINE)

ACTION TAKEN

DATE RECEWED . ——_ . e ——

RESPONDER DATE OF RESPONSE SFPR ¥ — e ———

SFPR LOG

Tektronix
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OPERATORS SAFETY SUMMARY

The general safety information in this part of the summary is for both operating and
servicing personnel. Specific warnings and cautions will be found throughout the
manual where they apply, but may not appear in this summary.

TERMS

IN THIS MANUAL

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

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

AS MARKED ON EQUIPMENT

CAUTION indicates a personal injury hazard not immediately accessiblie as one
reads the marking, or a hazard to property including the equipment itself,

DANGER indicates a personal injury hazard immediately accessible as one reads the
marking.

SYMBOLS

IN THIS MANUAL
® Static-Sensitive Devices.

{E This symbaol indicates where applicable cautionary or other infarmation is
to be found.

AS MARKED ON EQUIPMENT
4 DANGER-Hgh voltage.

@ Protective ground {earth) terminal

AATTENTION—refer to manual.

x REV SEP 1982
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WARNINGS

POWER SOURCE

This product is intended to operate in a mainframe connected to a power source
that will not apply mare than 250 voits rms between the supply conductors or
between either supply conductor and ground. A protective ground connection by
way of the grounding conductor in the mainframe power cord is essential for safe
operation.

GROUNDING THE PRODUCT

This product is grounded through the grounding conductor of the mainframe power
cord. To avoid electrical shock, plug the mainframe power cord into a properly wired
receptacle before connecting to the product input or output terminals, A protective
ground connection by way of the grounding conductor in the mainframe power cord
is essential for safe operation.

DANGER ARISING FROM LOSS OF GROUND

Upon loss of the protective-ground connection, all accessible conductive parts
(including knobs and controls that may appear to be insulating), can render an
electric shock.

DO NOT OPERATE IN EXPLOSIVE ATMOSPHERES

To avoid explosion, do not operate this product in an atmosphere of explosive gases.

DO NOT REMOVE COVERS OR PANELS

To avoid personal injury, do not remove the preduct covers or panels. Do not operate
the product without the covers and panels properly instalied.

DO NOT OPERATE WITHOUT COVERS

To avoid personal injury, do not operate this product without covers or panels
installed. Do not apply power to the plug-in unit via a plug-in extender.

REV SEP 1982 i
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DESCRIPTION

The 7D20 Programmable Digitizer is designed to enhance the capabilities of 7000-
series oscilloscope mainframes. Multiple waveform storage, crt readout, two
cursors for point-to-point measurements, pre- and post-trigger viewing, store and
recall of up to six front-panel settings, and signal averaging to reduce noise are just
a few of the features this three-wide plug-in unit provides.

Waveform storage using digital memory etiminates the need for a storage crt, and
allows viewing information that occurred prior to a triggering event. Six waveforms
can be stored and displayed at the same iime for easy comparison.

The 7D20 features a complete alphanumerical display of cursor waveform
information and measurement values, time base and amplitude settings, trigger
position, displayed waveform number, prompts and error messages, and a master
menu that allows you to choose seldom used features easily and quickly.

The master menu offers a convenient way to enable special functions such as the
STORE and RECALL of front-panel settings as well as altowing you to branch-out to
other menus. The test menu is designed to assist in troubleshooting the 7020 in the
event of a failure. The SELF TEST may be implemented at any time to ensure user
confidence. The other selections allow service personne! to diagnose faults to the
comoenent level,

Complete control of the 7020°s functions may be controlied via the IEFE-488

interface. Commands, waveforms, and alphanumeric text messages may be sent or
received via the front-panel port.

xii REV SEP 1582
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GENERAL INFORMATION

DESCRIPTION

The 7D20 Programmable Digitizer is a three-compartment wide 7000-series plug-
in. it provides simultaneous dual channel waveform digitizing and a variety of
display features. Multiple digitizing modes include single shot, repetitive equivalent
time, and roll modes. Programmability and GPIB talk-listen capability allows total or
partial systemization and data transfer for more extensive signal processing. Display
readout provides identification of waveforms, scale factors, prompting messages,
and cursor measurements. Waveform storage is provided for six waveforms, which
can be individually selected, positioned, expanded, compressed, magnified, or
displayed in a Y versus X format. Digital storage allows multiple averaging and
enveloping atong with post and pretrigger capability.

ORANGE COLOR USED IN THIS MANUAL

In using the operators manual, you will notice that some function names are printed
in orange ink. The orange color indicates a shift function which requires that the f‘
{shift function) key be pressed prior to selecting the functions.

TECHNICAL MANUALS

Both an operators and a service manual are supplied with your 7D20 as standard
accessories. The following information outlines the content of these manuals.

Operators Manual

The operators manual for the 7020 contains six sections of information to explain
the operation of your instrument. The content of the operators manual is described
below:

SECTION 1—GENERAL INFORMATION contains an instrument description atong
with information for installing the 7D20 intc a host mainframe. We make a
special note regarding rackmounting and another about compatibility
considerations. This section also provides a complete list of the 7D20 electrical,
environmental, and physical specifications and characteristics. It also lists
standard and recommended accessories, and gives instructions for packaging
the instrument for shipment.

SECTION 2—QPERATING INSTRUCTIONS provides a general overview of the

instruments capabilities, controls and connector information, a series of get
acquainted exercises, and detailed operating information,
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SECTION 3—OPERATIONAL THEORY provides additional information about the
operation of the 7D20 digitizer. This section discusses the more technicat aspects
of the digitizing techniques used by the 7D20.

SECTION 4-—GPIB contains a general description of the GPIB interface, address
selection informatian, description of the instrument status fellowing power-up,
and descriptions of the commands and messages which can be transferred over
the GPIB. The section also provides a command language index.

SECTION 5—APPLICATIONS illustrates how your 7D20 can be used in a variety
of situations. In this section we combine the 7020 with other Tektronix products
for some unique and interesting digita! storage application possibilities.

SECTION 6—INSTRUMENT QPTIONS contains descriptions of available eptions.

Service Manual

Your service manual contains eight sections of information pertaining to the
servicing needs of your 7D20. The following is a brief averview of this manual’s

contents.
WARNING I

The folfowing service instructions are for use by qualified personnel
only. To avoid personal injury, do not perform any service other than
that comtained in operating instructions unless you are gualified to do
so. Refer to Operators Safety Summary and Service Safety Summary
prior to performing any service.

SECTION 1—GENERAL INFORMATION contains an instrument description along
with information for installing the 7020 into a host mainframe. We make a
special note regarding rackmounting and another about compatibility
considerations. This section also provides a complete hist of the 7D20 electrical,
environmental, and physical specifications and characteristics. [t also lists
standard and recommended accessories, and gives instructions for packaging
the instrument for shipment.

SECTION 2—THEORY OF OPERATION provides a basic block diagram description
of the 7020 along with general and specific circuit analysis that may be useful
for servicing the instrument.

SECTION 3—MAINTENANCE describes routine and corrective maintenance
procedures with detailed instructions for replacing assemblies, subassemblies,
and individual parts. Included in this section are full instructions for
troubleshooting the 7D20 using internal diagnostic routines and signature
analysis.

SECTION 4—CHECKS AND ADJUSTMENTS is divided into three separate parts:
Part I —Functional Check Procedure used to verify that the major functions of the
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instrument perform properly. Part H—Performance Check Procedure used to
verify that this nstrument meeis the applicable electrical specifications in
Section 1. Part Ill—Adjustment Procedure provides an adjustment procedure to
ensure that this instrument is performing at peak capabilities and meets or
exceeds the listed electrical specifications at the time of adjustment under the
specified conditions. These three parts provide for verification of the qualitative
integrity of the product, its performance relating to specifications in Section 1,
and the optimization of its performance respectively.

SECTION 5—INSTRUMENT QPTIONS contains descriptions of available options
and provides a table for locating any option information found efsewhere within
the manual.

SECTION 6--REPLACEABLE ELECTRICAL PARTS provides the information
necessary to order replaceable parts and assembiies.

SECTION 7—DIAGRAMS AND CIRCUIT BOARD ILLUSTRATIONS includes
detaited circuit schematics, locations of assembled boards within the instrument,
voltage and waveform information and circuit board component locators.
Signature analysis troubleshooting charts and tables also are included within
this section,

SECTION B—REPLACEABLE MECHANICAL PARTS provides information
necessary for ordering mechanical parts and includes exploded-view drawings
which identify individual parts and assemblies within the 7D20.

INSTALLATION

The 7020 is a three-compartment wide, Tektronix 7000-series plug-in unit. To
install the 7D20 in a host mainframe, align the grooves in the top and bettom of the
instrument with the guides at the top and bottom of the plug-in compartment of the
mainframe. Then, push the 7D20 in until its front panel is flush with the front panel
of the host mainframe. In four-compartment mainframes, the preferred position for
installation is in the three right hand cempartments. This leaves the left vertical
compartment available for other 7000-series plug-in units.

installation in any mainframe requires that the 7D20 display output be adjusted to
compensate for the calibration tolerances of the host mainframe. The procedure for
doing this is given in the Operating Instructions, Section 2.

NOTE
Switch off the mainframe power before installing or removing the
7D20.

To remove the 7D20 from its host mainframe, pull the release latch {see Fig. 1-1) to
disengage it from the mainframe. Puli straight out to remove the 7020 from the
plug-in compartment.
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" POSITION

CH2

- VARIABLE
mVOLTS/DI

W Z0pE - .

; Yok 5 250
PROG RAM
DI

7020 i .
"~ RELEASE LATCH 3867-195

Figure 1-1. 7D20 Release Latch.

RACKMOUNT MAINFRAMES

A special option {Opticn 20) is available for TEKTRONIX R7603 Oscilloscope
{rackmount) mainframes that enable you to make GPIB cannections at the rear of
the mainframe. The option includes a special cable which must be installed in the
7020 for this purpose. This cable 1s also available separately and can be ordered as
an optional accessory.

COMPATIBILITY

The 7020 is compatible with ati Tektronix 7000-series mainframes except the 7104,
Because of the small area and fixed pattern of the 7020 readou?, the display frem
the 7D20 can cause permanent reduction in the c¢rt microchannel plate gain,
permanently reducing the writing rate of the 7104. Any crt damage caused by use
of the 7020 in the 7104 will not be covered under the instrument warranty.

PACKAGING FOR SHIPMENT

If this instrument is to be shipped for long distances by commercial transportation,
we recommend that it be packaged in the orniginal manner. The carton and
packaging material in which your instrument was shipped should be saved and used
for this purpose.

Also, if this instrument is to be shipped to a Tektronix Service Center for service or
repair, attach a tag 1o the instrument showing the fellowing: Owner of the
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instrument (with address), the name of the person at your firm who can he
contacted, complete instrument type and serial number, and a description of the
service required. Include any self test failure information you have available.

If the original packaging is unfit for use or not available, package the instrument as
follows:

1. Obtain a corrugated cardboard shipping carton with 2 200-pound test strength
and having inside dimensions at least six inches greater than the instrument

dimensions. This allows for cushioning.

2. Wrap the instrument with polyethylene sheeting or equivalent material to
protect the finish of the instrument

3. Cushion the instrument on all sides by tightly packing dunnage or urethane
foam between the carton and the instrument, atlowing three inches on each
side.

4. Seal the carton with shipping tape or with an industrial stapier.

5. Mark the address of the Tektronix Service Center and your return address on
the carton in one or more prominent locations.
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SPECIFICATIONS

The etectrical characteristics listed in Table 1-1 apply when the following conditions
are met: {1) Adjustment of the instrument must have taken place at an ambient
temperature between +20° and +30° C, {2} the instrument and its host mainframe
must be allowed a 20-minute warm-up period, (3) all spectfications are valid at an
ambient temperature of 0° to +45° C, unless otherwise stated. (4) the instrument
must be in an environment that meets the limits described in Table 1-2.

Any apolicable conditions not listed above are expressly stated as part of that
characteristic. Environmental characteristics are listed in Table 1-2 and Physical
characteristics are listed in Table 1-3.

TABLE 1-1
Electrical Charactaristics

Characteristic Performance Requirement
VERTICAL
Deflection Factor
{Volts/Div)
Calibration Range 5 mV/Div to 5 V/Div in 1,2,5 sequence.
Gain Ratio Accuracy Within 2% with AQR GAIN adjusted at
10 mV/Div.
Uncatibrated (Variable) Centinuously variable; VARIABLE extends
deflection factor to at least 12.5 VOLTS/DIV
Vertical Linearity 0.12 Div or less expansion or compression
{1 kHz square wave) of a center screen 2 Div signal positioned
anywhere within the t4 division graticuie area.
Invert Deflection Factoer 1:1 within 1%.
Ratio
Common Moede Rejection At least 10:1, dc to 50 MHz.

Ratio {using ADD, INVERT)

Bandwidth (1 us to D¢ to 70 MHz.
50 ns/div)
AC Coupled Low- 10 Hz or less.

Frequency Bandwidth
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TABLE 1-1 (CONT)
Electrical Characteristics

Characteristic

Performance Requiremsnt

Risetime (ETD)

5 ns or less (B div. signal centered on screen).

Overdrive Recovery

signal of £1.5 V.

1 ms or less to recover within 1 div with
the VOLTS/DIV set at 5 mV and an overdrive

Maximum Input Voitage

DC Coupled {(DC+Peak AC)

260V, 1 kHz or less.

AC Coupled (DC+Peak AC})

400 V, 1 kHz or less.

Input R and C

Resistance

1 MQ +1%.

Capacitance

Approximately 20 pF.

Signal Isolation between
Channels {8 Div Ref}

100:1 up to 20 MHz.

Noise {Full scale =
10.24 Divisions)

Mean value of 50 measurements taken
at 0.02 Division increments.

10 mVv/Div to 5 V/Div

55 dB Full Scale/RMS Noise.

5 mV/Div

52 dB Full Scale/RMS Naise.

Phase Match Between
Channels

2 Degrees at 10 MHz,

TRIGGER
Sensitivity Triggering Minimum Vertical Signal Required
Frequency
Range Internal Ext. Ext+1Q
AC Coupled 30 Hz—30 MHz 0.4 Div 60 mV 06V
30 MHz—70 MHz 1.0 Div 160 mV 1.5V
AC LF REJ 50 kHz—30 MHz 0.4 Div 60 mv 06V
30 MHz—70 MHz 1.0 Div 150 mv 1.5V
AC HF REJ 30 Hz—30 kHz 0.4 Div B0 mV 06V
REV SEPT 82 1-7
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TABLE 1-1 (CONT)
Electrical Characteristics

Characteristic

Performance Requirement

Sensitivity Triggering Minimum Vertical Signal Reguired
Frequency
Range Internal Ext, Ext=10
DC HF REJ DC—30 kHz 0.4 Div 80 mV 06V
DC DC—30 MHz 0.4 Div 60 mv 06V
30 MHz—70 MHz 1.0 Div 150 mV 1.5V
Max Signal 6 Div *1.0V 10V
P-P AUTO 30 Hz—200 Hz 2.0 Div 300 mvV 30V
200 Hz—30 MHz 0.6 Div 90 mv [OR: RV}
30 MHz—70 MHz 1.2 Div 200 mV 20V
Programmed Trigger
Levels
Resolution 0.05 Div 7.8 mV 78 mv
Gain Accuracy 5% 8% 12%
Offset +0.25 Div 50 mv 500 mv
Range (Nominal) 6.4 Div 1.0V 10V
Position
Normal -1500 to +10 Div (+0, -1 sample interval).
ROLL ENV, ROLL AVE 0 to 10 Div {+0, -1 sample interval},
Ext Trigger Input
Resistance 1 MQ, £10%.
Capacitance Approximately 20 pF.
Maximum Input Voltage 250 V (1 kHz or less).
{DC + Peak AC)
1-8 REV SEPT 82
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TABLE 1-1 (CONT)

Electrical Characteristics

Characteristic

Performance Requirement

DIGITIZER

Acquisition Window

Nominally 5 Div from center graticule line.

Resolution
Vertical Nominally 0.04 Div,
Horizontal TIME/DIV Points/Waveform| Resolution

EXT, 205—500us 1024 0.01 Div.
200us—2us B20 0.0125 Div.
1us—5b0 ns 1024 .01 Div.

Stored Timing Accuracy

1 Cursor +0.1% of reading +0, -1 sample interval
1300 ps.
2 Cursors 10.1% of reading 600 ps.

Digitizer Maximum Sample
Rate

40 megasamples/second.

Digitizing Modes

Equivalent Time

1 ps/div through 50 ns/div.

Extended Real-Time

200 ps/div to 2 ps/div.

Real-Time

50 ms/div to b00 us/div.

Roll

20 s/div to 100 ms/div and EXTernal CLOCK.

External Clock

Input Frequency (Max} | <10 kHz.
TTL <5 Vpk.
REV SEPT 82 1-9
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TABLE 3-1 [CONT)
Electrical Characteristics

Characteristic Performance Requirement
GPIB INTERFACE
Functions Implemented Description:
{As Per |IEEE 488-1978)
SH1 Complete Source Handshake.
AH1 Complete Acceptor Handshake.
T5 Talk Function Complete {no secondary addressing).
L3 Listen Function Complete {no secondary addressing).
SR1 Complete Service Request Capability.
RL1 Complete Remote/Local Capability.
PPO Na Parallel Poll Capability.
DC1 Complete Device Clear Capability.
DT Complete Device Trigger Capability.
Cco No Controller Capability.
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TABLE 1-2

Environmaental Characteristics

Characteristics

Information

Temperature (External
Ambient Mainframe

Temperature)
Operating 0 to +40°C in 7403N/7603 without fan.
{fan kit is availabfe)
0 to +45°C in other 7000-series mainframes.
Storage -66° C to +75° C.
Adtitude
Qperating 15,000 feet {4.6 Km).

Nonoperating

To 50,000 feet {15.2 Km).

Vibration
Operating Tested to MIL-T-28800C SECY. 45.5.3.1
Type 2, Class 5, Style E & F.
Shack Tested to MIL-T-28B00C SECT. 4.5.5.4.1

Type 2, Class 5, Style E & F.

Bench Hand!ling

Tested to MIL-T-2B800C SECT. 4.5.5.4.3
Type 2, Class b, Styfe E & F.

Transportation

National Safe Transit Association,
Preshipment Test Procedure.

Vibration and Bounce
(packaged product}

NSTA, PROJECT 1 A-B-1.

Drop {packaged product)

NSTA, PROJECT 1 A-B-2.

TABLE 1-3

Physical Characteristics

Charactaristics

Information

Net Weight

Approximately 8.5 |b, 3.9 Kg.

Dimensions

See Figure 1-2.

REV SEPT 82
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STANDARD ACCESSORIES

B oot e e e Operators Manual
= O Service Manual

For more detailed information. refer to the tabbed Accessories page at the rear of

the 7020 Service Manual.

OPTIONAL ACCESSORIES (not included)

The following accessaries are available for use with the 7D20. Refer to the tabbed
Accessories page at the rear of the 7020 Service Manual for more detailed

infor maticn.

B BA e e e Circuit-Board Extender
3 ea ..o 7000-series Plug-In Flexible Extenders
1 B e e Internal GPIB Cable for use with

R7603 Option 20
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Figure 1-2. Dimensional Drawing.
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OPERATING INSTRUC__T!ONS

OPERATION

For operation, your 7020 Programmable Digitizer must be properly instalted in a
Tektronix 7000-series host mainframe. Installation is explained in the General
Information section. Waveforms acquired by your 7D20 are viewed in the
mainframe display, along with waveform identification, scale factors, cursor
measurements, and prompting messages.

CONTROLS AND CONNECTORS

AM controls for operating your 7D20 Pregrammable Digitizer are focated on the front
panel of the instrument. Figure 2-1 shows the front panel and gives brief functional
descriptions af the controls and connectors. You might find it useful 1o mark these
pages for gquick reference as you read the instructions in this section.

DISPLAY

The 7D20 uses the host mainframe to disptay information. The readout associated
with the 7D20 is generated within the 7D20, not in the readout circuitry of the
mainframe. The 7D20 display, shown in Figure 2-2, gives the VOLTS/DIV and
TIME/DIV settings along with information about displayed waveforms, the cursor
waveform, and the cursor measurements. Also, PROMPTS and WARNINGS are
generated and displayed. The top two lines of the readout gives current control
settings, prompting, and warning messages. The two lower lines of the readout give
cursor waveform information.

Foldout for
7020 Controlis & Connectors
Figure 2-1
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@ INPUT CONTROLS—CH 1 and CH 2
input Connectors—Bnc connectors for signal connection.
POSITION—Vertically positions the incoming signal during digitizing.

VOLTS/DIV—Selects calibrated vertical sensitivity tactors. Volts/Div
readout is displayed on the crt of the host mainframe.

VARIABLE VOLTS/DIV—Provides coniinucusly variable uncalibrated
settings between calibrated steps.

AC, GND, DC—These keys select the input coupling.
AQR GAIN—Screwdriver adjustment for adjusting input gain.

INV (CH 2 only}—Eiectrically inverts the signat connected to the CH 2
input.

AQR MODE—These keys select the method of input to the digitizer:
CH 1=+1—5elects CH 1 for digitizing into waveform memory 1.

BOTH—Selects both channels for simultaneous digitizing into their
respective waveform memories.

ADD-+1—Causes input signais from both channels to be added
together and digitized into waveform memory 1.

CH 2+2—Selects CH 2 for digitizing into waveform memory 2.

@ MEMORY DISPLAY
KEYS 1-6—These keys select their respective waveform memories for
display and are also used for making selections from the various
MENU's.

COPY—Allows you to copy waveforms from one memory to another.

CSW---Allows you to designate which waveform memeory is the cursor
waveform.

CSW REF-—-5hift function of the CSW key allows you to view the
REFerence waveform when using HMAG and VS.
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TRIGGERING
MOOE  COUPLING SOURCE

p-p AC MODE

ML 20pF
Yy S250¥

IR HORIZ GAIN HORIZ CTR

MR 20pF
Yok S 250V

PROGRAMT
DIG

3857-5
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®

®

®

CURSORS
Gt —Cursor 1 movement keys.
©2% —Cursor 2 movement keys.
AQN—Shift function turns ON cursor 2.
AQFF—Shift function turns OFF cursor 2.

ALIGN—Shift function aligns cursors on all waveforms.

INDEP—Shitt function allows the cursors on the cursor waveform to

move independently of the other waveforms.

CURSOR WFM {CSWw)
VXPD§ —Vertically expands the cursor waveform.

VCMPg—VerticaIIy compresses the cursor waveform.

VPUP< —Moves the cursor waveform up and is used as vertical

separation when the reference waveform is present.

VPDN & —Moves the cursor waveform down and is used as vertical

separation when the reference waveform is present.

HMAG—Horizontally magnifies the cursor waveform by a factor of 10,

HMAG ALL—Shift function horizontally magnifies all the waveforms

by a factor of 10.

VS—Aliows you to display the cursor waveform versus another

waveform.

NOTE

VXPD, VCMP, VPUP, VPDN keys operate on HMAG and VS display of
the cursor waveform when the REFerence waveform fs displayed
although not in HOLD. These keys will also operate with waveforms 3
through 6 regardiess of HOLD status. See Exercise 7 (Get-Acquainted
Exercises! for more information.

f—Shift function key must be pressed prior to selecting any function

printed in orange.

REV SEPT 82
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®

® ®

® @

2-4

TRIGGERING

+SLOPE—Selects positive slope for triggering when illuminated. When
not illuminated, -slope is used.

LEVEL—Adjusts the triggering level.

TRIG'D—Indicator tlluminates when waveform being digitized is
triggered.

SOURCE—These keys select the source of the trigger signal.
COUPLING—These keys select trigger coupling.

MODE—These keys are used to select the triggering mode, including
HOLD NEXT.

@ TRIG POS o> —Adjusts the trigger position with respect to the display
graticule for pretrigger and post trigger operation.

VECTOR-—When illuminated connects adjacent dots with vectors.

TIME/DIV-—Selects the digitizing rates and EXT mode. Controt setting
appears in the display.

HORIZ POSITION-—Adjusts the horizontal position of the stored
displayed waveforms.

DISPLAY CAL—These screwdriver adjustments caiibrate the 7D20
display to match the host mainframe.

IEEE STD 488 PORT—Allows connecticn to GPIB.

SIGNAL PROCESSING

HOLD—Stops all digitizing and HOLDs the current waveforms in
memaory.

AVE—Causes the waveformi{s} being digitized to be continuously
averaged.

ENV-—-Causes the waveform(s) being digitized to be continuously
enveloped.

SET N—Sets the value of N.

REV SEPT 82
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SIGNAL PROCESSING {cont}

AVE N -—Shift function causes the waveform(s) being digitized to be
averaged N number of times then enters HOLD mode.

ENV N -—Shift function causes the waveform{s} being digitized to be
enveloped N number of times then enters HOLD mode.

MENU—Causes the 7020 menu{s) to be displayed.

TEST—Shift function causes the 7D20 TEST menus to be displayed.
EXT TRIG—Bnc connector for connection of external trigger signal.
GPIB

ROS—Causes a service request to be asserted over the GPIB.

RQS #—Shift function permits selection of 6 unique SRQ event codes.

ID—Produces special GPIB menu for selection of system parameters.

SRQ—Key illuminates when service request is asserted over the GPIB.

ADDR—Key illuminates when 7020 is addressed through GPIB.

REMOTE ONLY—When illuminated indicates that front panel is under
GPIB control. Local operation locked out.

EXT CLOCK-—Bnc¢ connector for EXTernal CLOCK signal input.
Instrument serial number.

Latching mechanism. Pull ta release from mainframe.
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3857-64

Figure 2-2. 7020 Display.
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GRATICULE LINE HO

READQUT SPACE PROMPT AND
RESERVED FOR WARNING MESSAGE
OTHER PLUG-INS FIELD

CURSOR 1

CURSOR
WAVEFORM 1

CURSOR 2
(— s
READOUT SPACE VOLTAGE DIFFERENCE TIME DIFFERENCE
RESERVED FOR BETWEEN CURSOR 1 BETWEEN CURSOR 1
OTHER PLUG-INS AND CURSOR 2 AND CURSOR 2
WITH A ON WITH A ON
CURSOR
WAVEFORM

INFORMATION

3857 68

Figure 2-2 (cont). 7D20 Display.
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FUNCTION KEYS

The 7D20 function keys aliow you to perform a great number of different tasks. You
will find that some of these keys perform simple on/off chores while others do
some rather elaborate operations. Most keys illuminate when their respective
function is active or selected; for example, if memory 3 is being displayed, MEMORY
DISPLAY key 3 will stay illuminated. Some keys, like the COPY key will blink when it
is pressed. This is an indication that the 7D20 is expecting you to COPY a waveform
and is waiting for your setection. A btinking key function always is accompanied by
a prompt message in the display readout except for the 1 key. Upon completion of
such a process the key blinking will cease. The prompt message disappears when
another key is used. Blinking key functions can be interrupted and thereby cancelied
by selecting any function not called for by the prompt.

Slewing keys perform yet ancther kind of job. tf you give a single press to one of
these keys, for instance the 19 (cursor 1, right movement key), cursor 1 will move
to the next data point to the right. If you press and hold the same key, cursor 1 will
begin continuous and increasingly more rapid movement to the right. Of course,
cursor 1 will stop when it reaches the limit of its travel.

No doubt you've noticed that some keys are labeled with an orange color. This
indicates that the function thus labeled is a shift function and requires that you first
press the f {shift function) key before that function can be selected or turned off,

ERROR MESSAGES

Some functions can be selected or used only when certain conditions are met.
Atternpts to do otherwise will result in a warning message being displayed in the
readout. An example of such would be when you try to use the VPUP{ (Vertical
Position UP) key when the cursor waveform is not in HOLD. A complete list of
WARNINGS and their causes appears in the Detailed Operating Instructions later in
this section.
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GET-ACQUAINTED EXERCISES

The following pages contain a series of exercises that will acquaint you with the
front panel (loccal) operation of your 7D20. Before you start you should carefully
review the CONTROLS, CONNECTORS and DISPLAY infoermation given in Figures 2-
1 and 2-2.

in general, the 7020 Programmable Digitizer allows you to digitize waveform
signals through two input channels without compromising the record length and the
sampling rate. These inputs can be digitized individually or simultanecusly. The
analog signal information is clocked through CCDs {charge coupled devices} then
converted to digital information and stered in the appropriate memery of the 7020,
Waveform data is always read from the 7020 memeory for display. The 7020
contains six memories for waveform storage and all six can be displayed
individually, in any combination. Further, the cursor waveform {which can be any of
the six) can be vertically expanded or compressed, horizontally magnified, positioned
up or down in the display, and displayed versus another waveform. The following
exercises illustrate how these functions operate.

PRELIMINARY SET-UP

Before you begin the Get-Acquainted Exercises there are a few preliminary
considerations. First, your 7D20 must be properly instatled in a Tektronix 7000-
series host mainframe as described in Section 1—General Information. When using
the 7D20 in 4-compartment mainframes, the preferred installaticn position is in the
three right compartments since this keeps the left vertical position availabte for
using other 7000-series plug-ins such as the 7D11 Digital Delay Unit, the 7015
Counter/Timer, or the 7013A Digital Multimeter. Vertical plug-in units can aiso be
used in this configuration by connecting to the VERT SIG OUT connector on the rear
of the host mainframe. The Applications Sectian 5 gives an example of using the
7A13 Amplifier unit with the 7D20. Readaut display space is reserved for use with
other plug-ins as shown in Figure 2-2. Set the d-compartment mainframe to select
the right vertical channel and B time base. Set the 3-compartment mainframe to
select the left vertical channel. Turn on the host mainframe power switch to power-
up the 7D20. Adjust the mainframe controls fer a good viewable display. During the
first few secands after you turn it on, the 7D20 automatically gees through a series
of internal seif-tests. The display will flash and the front panef keys will illuminate
during the self test period. If all is weilf at the conclusion of its self-test "SELFTEST
PASS" will appear in the mainframe display as shown in Figure 2-3. If ail is not well
the 7D20 tells you where to look for the problem. Refer to the Detailed Operating
Instructions for more informatien about self test.

2-9
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3857-7

Figure 2-3. Power-up SELFTEST PASS display.

DISPLAY CALIBRATION

Assuming that this is the first time your 7D20 has been operated in the mainframe
in which you now have it installed, it is necessary at this point to adjust the 7020 10
compensate for the calibration tolerance of the host mainframe using the
adjustments shown in Figure 2-4. These operator adjustments affect only the 7020
display and in no way affect its digitizing accuracy or abilities. Allow the 7D20 and
the host mainframe to warm-up for about 20 minutes to ensure that the
temperature has stabitized before performing the foliowing procedure.

HORIZ GAIN

DISPLAY CAL

3857-12

Figure 2-4. DISPLAY CAL adjustments.
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DISPLAY ADJUSTMENT PROCEDURE

Step 1 Press MENU, then press MEMORY DISPLAY key 3 1o select the DISPLAY
CAL PATTERN from the MASTER MENU {Fig. 2-5). Once the DISPLAY CAL
PATTERN is selected the display wilt appear similar to that shewn in
Figure 2-6. You may find it necessary to adjust the TRACE ROTATION
control on the host mainframe to make the vertical and horizantal lines of
the DISPLAY CAL PATTERN parallel with those of the display graticule.

ﬁﬂi“ﬂﬁﬁiﬁiﬂl

3857.13

Figure 2-5. 7D20 MASTER MENU.

385714

Figure 2-6. 7020 DISPLAY CAL PATTERN.
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Step 2 Adjust the HORIZ CTR (horizontal center) controi to bring the left edge of
the DISPLAY CAL PATTERN in alignment with graticule line 1 of the
display as shown in Figure 2-7 (left-most graticule line is Q).

386715

Figure 2-7. Adjust HORIZ CTR.

Step 3 Adjust the HORIZ GAIN (horizontal gain) control to bring the right edge of
the DISPLAY CAL PATTERN into alignment with vertical graticule tine 9 of
the display as shown in Figure 2-B. These adjustments are interactive and
you may need to work back and forth between them to optimize pattern
and graticule alignment.

3B57-16

Figure 2-8. Adjust HORIZ GAIN.
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Step 4 Adjust the VERT CTR (vertical center) and VERT GAIN (vertical gain)

controls to align the upper and lower horizontal edges with horizontal
lines 1 and 7 of the display graticule as shown in Figure 2-9 (bottom
graticule Hne is 0). As with the HORIZ CTR and HORIZ GAIN controls,
these vertical adjustments are interactive and may require that you work
back and forth between them to optimize this adjustment.

3865717

Step 5

Figure 2-9. Adjust VERT CTR and VERT GAIN.

Adjust the VECT LIN (Vector Linearity) control to close the crossing pattern
in the DISPLAY CAL test pattern as shown in Figure 2-10. This will
optimize the vector display by compensating for the delay line length of
the host mainframe.

3857.-18

Figure 2-10. Adjust VECT LIN.
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Step 6 When you are satisfied the display is properly aligned with the graticule
and the vector display is adequately compensaled as shown in Figure 2-
11, press MEMORY DISPLAY key 6 to return the MASTER MENU to the
display. Press the MENU key to extinguish the MENU display and proceed
with the following instructions.

385719

Figure 2-11. Correctly adjusted DISPIAY CAL PATTERN.

INTTIALIZE

When the 7D20 is powered up, it wili then re-establish the controi settings it
remembers from when it was last turned off. Ignare these settings and use the
INITIALIZE routine included in the 7D20 MENU especially for these "'Get-
Acguainted Exercises”. A fulf list of the INITIALIZE settings is given in the Detailed
Operating portion of this section. To INITIALIZE, proceed with the following:

Press Remarks Display
MENU The key illuminates and the
MASTER MENU appears in
the display.

2-14
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Press

MENU

Remarks

Selects the UTILITIES menu
which appears in the
display.

Selects the INIT FRONT
PANEL routine from the
UTILITIES menu and
initializes the 7D20. On
power up, the 7D20
remembers its control
settings from when it was
last turned off. Initialize sets
the 7D20 to a known state
for the purpose of our “Get-
Acquainted Exercises,”

Turns off the displayed
UTILITIES menu. The MENU
key will extinguish.

NOTE

Display

3357 9

See “Menu Functions” in the Detailed Operating Instructions for a
comprehensive list of the INIT FRONT PANEL predetermined control
settings.
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OBTAINING A WAVEFORM DISPLAY

After initialization your 7D20 is set to acquire stgnals at the channel 1 input
connector and to display the contents of memory 1. Initialization also selects the
waveform in memory 1 as the cursor waveform, which simply means the waveform
that has the cursors on it. In the 7D20, the cursor waveform is always displayed.

A sine wave will be used for most of the Get-Acgquainted Exercises so adjust your
sine-wave generator to output a 1-kHz, 4-volt signal and connect this signal to the
CH 1 input connector of the 7D20. The signal should be visible in the display as
soon as you have it connected. Use the CH 1 POSITION coentrol to vertically center
the displayed sine wave about the center graticule line and make sure the CAL
{variable volts/div) control is in its calibrated detent position. The HORIZ POSITION
control also has a calibrated detent positien which horizontally centers the
waveform. Make sure this control is also in its detent position. If necessary, adjust
the signal generator output amplitude for 4 divisions of signal disptay. After proper
adjustment the display should appear as shown in Figure 2-12.

3857 .20

Figure 2-12. Sine-wave display.
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EXERCISES

The exercises on the following pages will acquaint you with the basic, front panel
(local) operation of your 7D20 Programmable Digitizer. Each exercise begins with
the sine-wave signal displayed exactly as at the end of the preliminary set-up
instructions which you have just completed. You can go from this initialized point to
the beginning of any of the following Get-Acquainted Exercises.

INDEX
1. USING THE VERTICAL CONTROLS. ... .. .o 2-17
2. USING THE AQR (ACQUIRE) MODE ...... ... vy 2-22
3. USING THE WAVEFORM MEMORY ... it iii e iaiinns 2-24
4, CHANGING THE DESIGNATED CURSOR WAVEFORM ... ............... 2-28
5. HOLDING A WAVEFORM IN MEMORY ... ... .. ... .o 2-3
6. USING THE CURSORS ... ... e 2-32
7. USING THE CURSOR WAVEFORM DISPLAY MODIFIER KEYS ......... 2-42
8. USING THE AVERAGE AND ENVELOPE FUNCTIONS AND SET N ..... 2-867
9. DIGITIZING MODES AND THE TIME/DIV CONTROL ................... 2-72
10. SETTING THE TRIGGER POSITION. ... s 2-74
11. USING THE HOLD NEXT ... i e e 2-77
12. USING THE EXTERNAL CLOCK ... ... i e 2-79
EXERCISE 1

USING THE VERTICAL CONTROLS

So that you may start at any of the 12 Get-Acquainted Exercises, the !nitialization
feature has been used as necessary to set front-panei control settings to a known
state by a single selection of INIT FRONT PANEL from the UTILITIES menu (refer to
the list of predetermined settings in the Detailed Operating Iastructions under Menu
Functions). Under normal applications it is not necessary 10 use the nitiatization
feature, but it may be helpful.

This exercise demonstrates the controls associated with the 7D20 vertical input
functions shown in Figure 2-13. Since channel 1 and channel 2 vertical controls
function identically {except for the channel 2 INV function), only the controls for
channel 1 will be discussed. Before you begin, make sure the 7D20 is
“INITIALIZED” and the 1 kHz sine wave is connected to the CH 1 input connector as
described in the PRELIMINARY SET-UP INSTRUCTIONS, then proceed with the
fotlowing exercises.

REV SEPT 82 2-17
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;r CH 1 POSITION v

volfshy (@)
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\
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CH 2 POSITION ﬁ";ﬂl;}
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Figure 2-13. Vertical controls.
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SETTING THE INPUT COUPLING

The 7D20 allows three choices for setling the input coupling.

Press

AC DBC
GND

Remarks

These keys select the input coupling for CH 1. Instialization sets the
7D20 for AC coupting so the AC key is illuminated when you begin.
Alternately press these keys and notice that the pressed key
illuminates and the previously illuminated key extinguishes. These
keys are mutually exclusive so only one can be selected at a time.
Motice too as you alternately press these keys, the effect that each
has on the displayed waveform. The next exercise shows how to use
GND input coupling to set the VZR {vertical zero reference}.

HOW TO SET THE VZR (Vertical Zero Reference)

The 7D20 uses cursors to make measurements on the waveforms. Cursor 1 is
always on but cursor 2 can be turned off or on as needed. In order for the cursors to
be accurate they must be referenced to ground or zero volts. This is called the
vertical (zero} reference level, VZR. The VZR readout indicates where the zero level
is in divisions from center screen.

Upon initiatization, the VZR is established to be the center of the 7D20 display. Yeu
can change this approximately 5 divisions {plus or minus) from the center position
as shown below.

Press
GND

REV SEPT 82

Remarks

This references the input
signal to ground and causes
a horizontal line to bhe
displayed across the display.
Adjust the CH 1 POSITION
control and notice that the
displayed line can be
positioned up or down inthe
display area. Also notice
that the VZR readout
changes as the line is
repositioned. Although the
VZR range is =th divisions,
the POSITION control can
provide *9 divisions of
signal offset when in AC or
DC. Position the line one full
division above the center
line and observe that the
VZR readout reads 1
division.

Display

3857-34
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Press Remarks

AC Again selects AC input
coupling and causes the
incoming sine wave to be
digitized and displayed.
Now, however, the display-
ed sine wave is centered
one full graticule line above
the center of the display
graticule as shown. This is
the new VZR level as
indicated in the VZR
readout. Notice that turning
the CH 1 POSITION control
no longer changes the VZR
level.

385? 23

GND When you press GND this
time you’'ll notice the VZR
readout changes again. Be-
cause you moved the CH 1
POSITION contrel in the
preceding step, you also
changed the zerc reference.

AC This establishes the VZR at
the last position of the CH 1
POSITION control. Any time
you want to change it, use
the POSITION control to
position the incoming
waveform, press GND, then
press AC {or DC) again.
Return the VZR level to the
center graticule line.

3857-169

To set the VZR reference at any time simply press GND, then return to either AC or
DC. The POSITION control should not be changed without repeating this process.

NOTE

The VZR value is only used by the single vertical cursor readout and to
establish a relerence for data transferred over the GPIB.
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CHANGING THE VERTICAL SENSITIVITY {(VOLTS/DIV}

Initialization sets the vertical sensitivity to 1 volt/div as indicated in the display
readout. The VOLTS/DIV control allows you to setect the vertical sensitivity of the
7D20 in volts per division. Slowly rotate the VOLTS/DIV control and observe the
effect this has on the displayed waveform. Notice too that each change is indicated
in the top iine of the display readout. As the VOLTS/DIV control is rotated in the
counterclockwise direction the Vertical sensitivity can be decreased to a minimum
of 5 V/div. Rotation of the control in a clockwise direction increases the vertical
sensitivity, in a 1, 2, B sequence to a maximum of 5 mV./div. Rotating the
VOLTS/DIV control beyond either the minimum or maximum setting will have no
further effect on the vertical sensitivity or the displayed sensitivity setting. Return
the vertical sensitivity to 1 volt/division.

USING THE VARIABLE VOLTS/DIV CONTROL

This contrel allows you to decrease the vertical sensitivity from its current setting.
Rotate the knob counterclockwise (out of its calibrated detent position) and natice
that a > sign appears in the display readout next 1o the VOLTS/DIV setting as
shown in Figure 2-14. This indicates that the vertical attenuation is now
uncalibrated and is greater than the displayed VOLTS/DIV setting. Observe that the
vertical sensitivity continues to decrease as you rotate the VARIABLE VOLTS/DIV
control and notice the effect this has on the displayed waveform. Return the control
{by rotating clockwise) to its detent position and note that the > symbol disappears
from the display.

VARIABLE
VOLTS/DIv
INDICATION

3B57.24

Figure 2-14. VARIABLE VOLTS/DIV readout.
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EXERCISE 2
USING THE AQR (ACQUIRE) MODE

So that you may start at any of the 12 Get-Acquainted Exercises, the Initialization
feature has been used as necessary to set frent-panel control settings to a known
state by a single selection of INIT FRONT PANEL from the UTILITIES menu (refer to
the list of predetermined settings in the Detailed Operating Instructions under Menu
Functions}. Under normal applications it is not necessary to use the Initialization
feature, but it may be helpful.

Thase four keys (see Fig. 2-15) control the way your 7020 acquires signals for
digitizing. These are mutually exclusive functions so only one can be selected at any
one time. Upon initialization, the 7D20 is set to acquire signals present at the CH 1
input connector as indicated by the illumination of the CH 1 AQR MODE key.
Connect the 1 kHz 4 V P-P sine wave to channel 1 and connect the trigger output
(square wave) from your signal generator, if so equipped, to channel 2. If a trigger
signal is not available, choose some other time related signal. Initialize the 7D20
using the UTILITIES menu. Select 2 volts/div on Channels 1 and 2.

3857-25

Figura 2-15. AGR MODE keys.
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Press
CH 1-+1

BOTH

ADD

CH 2+2

Remarks

Selects channel 1 for
digitizing and stores the
digitized waveferm in
waveform memory 1.
Position the sine wave into
the top half of the display
using the CH 1 PQOSITION
control.

Selects both channels (CH 1
and CH 2) for digitizing and
stares the digitized
waveforms in waveform
memaories 1 and 2 respect-
ively. Position the square
wave ta the lower half of the
display using the CH 2
POSITION control.

Selects the ADD AQR
MODE illuminating the
ADD key and causes both
inputs [channels 1 and 2} to
be added together and the
result stored in waveform
memory 1. Notice the result
of adding the square wave
with the sine wave.

Selects only the channel 2
input for digitizing. The key
illuminates upon selection
and the waveform present
at the CH 2 input connector
is digitized into waveform
memory 2. Notice that the
trigger source of the time
base has been automatical-
ly changed to channel 2.
This will occur any time
MODE has been selected as
the trigger source.

Display

Operating Instructions—7020
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EXERCISE 3
USING THE WAVEFORM MEMORY

So that you may start at any of the 12 Get-Acquainted Exercises, the Initialization
feature has been used as necessary to set front-panel control settings to a known
state by a single selection of INIT FRONT PANEL from the UTILITIES menu (refer to
the list of predetermined settings in the Detailed Operating Instructions under Menu
Functions). Under normal applications it is not necessary to use the Initiaiization
feature, but it may be helpfui.

Your 7020 contains six memory registers devoted to the storage of waveform data.
MEMORY DISPLAY keys are shown in Figure 2-16, Waveforms are digitized into
memories 1 and 2 and can be copied from these memories to any of the others, The
memories can be displayed or not as you wish, except that one of the six
memories must be designated the cursor waveform memory and is always

S——

"MEMORY DISPLAY

a &l

o L

COPY CSw REF

3

3857-26

3857-27

Figure 2-17. Sine-wave display.
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displayed. Initialization sets the 7D20 te digitize signal information inio waveform
memory 1 and alsc establishes waveform memory 1 as the cursor waveform. The
sine-wave signal is currently visible in the display (see Fig. 2-17) and MEMORY
DISPLAY key 1 illuminated. Because of initialization, waveform memory 1 is the
only memory that contains waveform data at this time. The other memories (2
through 6) have no stored data and, if selected for display, will show a center
horizontal line.

COPYING AND DISPLAYING A WAVEFORM

Waveforms can be copied from one memory tc any other so long as you are not
digitizing into the receiving memory. After initializing, because data is acquiring
waveform memory 1, you cannot copy into waveform memory 1 at this time (the
HOLD function terminates the digitizing process). For now, however, the sine-wave
signal being digitized into channel 1 can be copied from waveform memory 1 into
any of the other memeries. When a waveform is copied, all the acquire and display
conditions are copied too, the memary being copied into is overwritten and cleared
of any previous data. The following shows how to copy a waveform inte another
memory and then display the copied waveform. Initiglize the 7020 then:

Prass Remarks Display

COPY The COPY key will begin to
blink and a prompt appears
in the display. The left most
# sign in the prompt also
will blink. A blinking key or
prompt indicates that a
command requiring addi-
tional keypushes is in
process. The 7D20 is
currently waiting for you to
enter the number of the
waveform memory you
wish to copy.

385728

1 Tells the 7020 that you are
going to copy the contents
of memory 1 into another
memory. The left # sign in
the prompt will change to
the number 1 andtheright #
will begin to blink. This
indicates that you should
now enter the number of
the memory into which you
want to copy waveform
memory 1.
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Press
3

2-26

Remarks

Telis the 7D20 to copy
waveform memory 1 into
waveform memory 3 and
completes the copy process.
{You could have copied the
waveform into any of the
other five memories of the
7D20.) At this pointmemory
3 contains a copy of the
sine-wave signal being
acquired into channel 1.
The prompt now reads as
shown and the COPY key
light goes out. However, the
content of waveform
memory 3 is not yet
displayed.

The 3 key illuminates, the
copy prompt disappears,
and the display changes to
indicate that waveform 3 is
being displayed. This will be
difficult to see, however,
because the waveform in
memory 3 was copied in the
same position as the
original waveform in
memory 1. Conseguently,
the two wavelorms now
overlap in the display.
Separate the displayed
waveforms by turning the
CH 1 POSITION control to
vertically reposition the
signal being digitized into
waveform memaory 1.

You can display the
contents of any of the six
waveform memories just by
pressing the appropriate
MEMORY DISPLAY keys.
Likewise, you can remave
any waveform {except the
cursor waveform) from the
dispiay by pressing the
appropriate MEMORY
DISPLAY key asecond time.

WL
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A NOTE ABOUT THE DSW (DiSplayed Waveforms) ORDER

The DSW readout order is determined by the vertical position of the first data points
of the displayed waveforms. Notice as you vertically reposition waveform 1 so its
first data point is abave the first data point of waveform 3, the DSW readout lists
waveform 1 first, If you vertically position the first data peint of waveform T below
the first data point on waveform 3, the DSW readout changes to list waveform 3
first,
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EXERCISE 4
CHANGING THE DESIGNATED
CURSOR WAVEFORM

So that you may start at any of the 12 Get-Acquainted Exercises, the Initialization
feature has been used as necessary to set front-panel control settings te a known
state hy a single selection of INIT FRONT PANEL from the UTILITIES menu {refer 1o
the fist of predetermined settings in the Detailed Operating Instructions under Menu
Functions). Under normal applications it is not necessary to use the Initialization
feature, but it may be helpful.

The CSW (Cursor Waveform) key shown in Figure 2-18 aliows you te choose any of
the six waveform memories as the cursor waveform. In the 7D20 the cursor
waveform is always displayed. It cannot be turned off. The CSW (cursor waveform}
readout in the lower left corner of the display tells which memory is currently
designated as the cursor waveform (see Fig. 2-19). The two bottom lines of the

CURSOR
WAVEFORM
INFORMATION

3B857-35

Figure 2-19. Cursor Waveform readout.
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readout pertain only to the CSW. Initialization designates that memory 1 be the
cursor waveform. Any waveform memory can be selected as the curser waveform.
The following illustrates how.

Press
CSwW

Remarks

The CSW key will begin to
blink and the prompt: CSW
# appears in the display
readout. The # in prompt
also blinks to indicate that
the 7D20 is waiting for the
number of the new cursor
waveform.

The # inthe prompt changes
to a 4 and a heorizonta! ine
appears across the center of
the display. The 4 key also
iluminates and the CSW
readout now indicates that
waveform 4 is the cursor
waveform.

Waveform 1 can now be
turned off since it is no
longer the cursor wave-
form. The key extinguishes
and the DSW readout
changes to indicate that
only waveform 4 is being
displayed.

Display

3857 38
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Press
CSW

2-30

Remarks

Reselects waveform 1 as
the cursor waveform,
returns waveform memoaory
1 toc the display and
Hluminates the key.

Turns off wavetorm
memory 4.

Display
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EXERCISE b
HOLDING A WAVEFORM IN MEMORY

Any waveform being digitized, such as the sine-wave signal currently being digitized
and displayed, can be locked or held in the 7D20 memory by pressing the HOLD key
shown in Figure 2-20. When you press the HOLD key, signal digitizing is instantly
terminated. Waveform data contained in waveform memories 1 and 2 at that instant
is retained unchanged in memory, complete with the associated acquire and display
conditions. This is a manual or arbitrarily initiated functien. For a triggered HOLD
refer 10 EXERCISE 11 for HOLD NEXT

The HOLD condition is visually indicated in two ways,; the HOLD key iluminates and
the displayed wavetorm appears to freeze {(waveform motion is no longer visible} in
the display. The HOLD key performs an on/off function, so pressing the key a
second time will turn the HOLD function off and extinguish the key illumination. The
7D20 will then resume digitizing new waveform data into memory.

9857-38

Figure 2-20. The HOLD key.
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EXERCISE 6
USING THE CURSORS

So that you may start at any of the 12 Get-Acquainted Exercises, the Initialization
feature has been used as necessary to set front-panet control settings to a known
state by a single selection of INIT FRONT PANEL from the UTILITIES menu {refer to
the list of predetermined settings in the Detailed Operating Instructions under Menu
Functions}. Under normal applications it is not necessary to use the Initialization
feature, but it may be helpful.

Two cursors are available for use with each waveform memory when the memory is
selected as the cursor waveform. The cursors appear as intensified dots on the
cursor waveform. Cursor 1 is always turned on but cursor 2 can be turned on or oft
as you choose. Initialization turns cursor 2 off and sets cursor 1 to the left most data
point on the cursor waveform. The intensified dot at the beginning of the cursor
waveform is cursor 1 {see Fig. 2-21). Using the cursor movement keys shown in
Figure 2-22, cursor 1 can be positioned to any data point on the cursor waveform.
Use of the cursors is illustrated in the following procedures.

CURSOR 1

The following shows how to move cursor 1 on the cursor waveform.
Press Remarks Display

1o A single press of this

slewing key causes cursor 1
toc move to the next adjacent
data point. Notice that when
you press and hold the
movement key, the cursor
moves continuously across
the fuil length of the cursor
waveform. Cursor 1 stops
when it reaches the last
waveform data point. Also
notice that as cursor 1 is
moved, the cursor wave-
form readout changes to
give both the vertical
position and the horizontal
time value of the waveform
data point where curser 1 is
lgcated. (The horizontal
time value is referenced to
the trigger position and the
cursor 1 vertical position is
referenced to Vertical Zero
Reterence.)
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Press Remarks Display

&1 Moves cursor 1 back toward
the beginning of the cursor
waveform. Returp cursor 1
1o the first data point.

CURSOR 1

3857-40

CURSORS

2 0N A OFF
O orve I

INDEF AlIGN ©

ey

3857-41

Figure 2-22. Cursor keys.
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CURSOR 2 AND THE [ {function shift) KEY

Tha foliowing shows how to turn on cursor 2 using the ! {function shift) key (see
Fig. 2-23) and also illustrates how curser 2 is moved about on the waveform.

'CURSORS .. .

A}N : A n_i‘?.pi T
[ N S
NDEP < Ao T
Merory.

SETN LT AVEN .

3857:173
Figure 2-23. The shift function key.
Press Remarks Display
T Move cursor 1 to the right
about two divisions as
shown.
f The f {function shift) key

begins to blink. This ailows
you 1o now select any of the
shift functions.

OHON This turns on cursor 2
{which appears as an
intensified dot), extinguish-
es the AOFF key and |
key, and illuminates AON
key. Note that when curser
2 is turned on the cursor
readout changed; it now
gives the voltage and time
difference of cursor 2 with
respect to cursor 1.

=
1l
IM
R
|
|
5
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Press

a2
20

12

<1

HNOFF

Remarks

These two keys move cursor
2 the same way the &1 and
1> keys move cursor 1.
However, cursor 2, when
maoving toward the begin-
ning of the cursor
waveform, cannot be moved
past cursor 1. Cursor 2
comes to a stop when it
reaches cursor 1. Position
cursor 2 about two divisions
to the right of cursor 1.

When cursor 1 reaches the
same data peint as cursor 2
it pushes cursor 2 toward
the end of the waveform.
Cursor 1 cannot be
positioned to the right of
cursor 2.

Notice as cursor 1 moves
away, cursor 2 remains
where it was previously
positioned. Return cursor 1
to the first data point.

Again permits the selection
of a shift function. The key
will begin te blink.

Turns off cursor 2
illuminates the AQFF key.
The AON key and the f key
are extinguished.

Operating Instructions—7D20
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USING THE CURSORS INDEPendentiy OR ALIGNed

The cursors associated with each of the six waveform memories can be operated in
one of two ways, INDEP endently or ALIGNed. If INDEPendent is used you can
move the cursors on the cursor waveform without affecting the positions of the
undisplayed cursors on the other waveforms. This can be useful when examining
different portions of two different waveforms, When you want 10 examine vertical
values at the same horizontal position on different stored waveforms, using ALIGN
forces the cursor positions on all the waveforms to align themselves with the cursor
positions on the cursor waveform. Initialize the 7020 and continue as instructed

below.

Press

!

AON

10

2-36

Remarks

Allows the selection of a
shift function. The key
begins to blink.

Turns on cursor 2, The key
illuminates when pressed,
the [ key stops blinking,
and the ~OFF key extin-
guishes. Notice that the
cursor readout at the
bottom of the display has
changed to now show the
difference in wvoltage and
time between cursor 1 and
cursor 2.

Position cursor 1 10 vertical
graticule line 1.

Display

B
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Press
@2

COPY

Remarks

Position cursor 2 ta vertical
graticule line 3.

The COPY key begins to
blink and the CCPY prompt
appears in the display.

Teils the 7D20 that you
want to COPY waveform
memoery 1. Your selection is
noted in the first # position
of the COPY prompt.

Display

R0 I I I I
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VUV VVYVVY
R N S
e KN IR 5

385763
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Press

2-38

Remarks

Tells the 7D20 that you
wish to COPY waveform
memory 1 inte waveform
memory 3. The COPY
prompt reflects vyour
selection. The COPY prompt
will disappear when
another key is pressed.

Causes waveform memaory
3 to be displayed, illumin-
ates the 3 key, and removes
the COPY prompt from the
display. The DSW readout
indicates that both
waveforms 1 and 3 are
being displayed. The
displayed waveforms
overlap at this time so
adjust the CH 1 POSITION
contral to vertically position
waveform 1, up one full
division above its current
position. This will allow you
to view both waveforms.
Notice that the cursors
move up with waveform 1
because it is the the cursor
waveform. Also, note the
position of the cursors in
preparation for the next
step.

ENAEES
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===
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Press
CsSwW

12 2%

Remarks

The CSW key begins toblink
and the CSW prompt
appears in the display. The
7D2( is waiting for you to
select the number of the
cursor wavefarm.

This designates waveform
memory 3 as the cursor
waveform. Notice that the
cursors are now on
waveform 3 in the same
horizontal location they
previcusly occupied on
waveform 1. In other words,
the cursors are still
AlLIGNed with their
previous horizontal posi-
tion.

Position both cursors about
one division to the right of
their present position.

~_Operating Instructions— 7020
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Press
CSw 1

S INDEP

a1 @2

CSwW 3

2-40

Remarks

Re-select waveform mem-
ory 1 as the cursor
waveform and notice that
the curscrs are now on
waveform 1 but are
ALIGNed with the position
you moved them to when
waveform 3 was the cursor
waveform.

Select the INDEPendent
cursor mode. The ALIGN
key extinguishes and the
INDEP key illuminates. As
you will see, movement of
the cursors on the cursor
waveform (waveform 1) will
have no effect on the
position of the cursors (non
displayed} on waveform 3.

Position both cursors
toward the beginning of
waveform.

Re-select waveform mem-
ory 3 as the cursor
waveform. Notice that the
cursors return to their
previous position on
wavelorm 3 and are neo
longer ALIGNed with the
cursors on waveform 1.

Display
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Press Remarks

fALIGN Notice the cursor positions
CSW 1 have changed again. The
ALIGN command forces
immediate movement of the
cursors without the need to
use the cursor movement
keys. The ALIGN mode
allows you to measure
verlical values on wave-
forms in exactly the same
horizontal igcation. The
INDEPendent mode allows
you to measure different
parts of the same waveform
at the same time (see Fig. 2-
24). Additiona! uses of the
ALIGN and INDEPendent
modes are illustrated in
conjunction with the HMAG
(Horizontal MAGnification)
ater in these exercises.

Display

Cursor 1 Cursor 2

/]

Waveform 1 (CSW 1)

Waveform 1 copied into memory 3 {DSW 3) showing
cursor positions moved INDEPendent of Waveform 1.

Cursor 2

Cursor 1

3857-74

Figure 2-24. Using the cursors to measure different parts of the same waveform.
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EXERCISE 7
USING THE CURSOR WAVEFORM
DISPLAY MODIFIER KEYS

So that you may start at any of the 12 Get-Acquainted Exercises, the initialization
feature has been used as necessary to set front-panel control settings 1o a known
state by a single selection of INIT FRONT PANEL from the UTILITIES menu (refer to
the list of predetermined settings in the Detailed Operating Instructions under Menu
Functions}. Under normal applications it is not necessary to use the Initialization
feature, but it may be helpful.

The CURSOR WFM keys (shown in Fig. 2-25} permit you to manipulate the cursor
waveform in a variety of ways. Generally, the VPUP&, VFDNG, VXPDQ, and
VCMP{} keys perform the same functions on the stored waveform displays that the
CH 1t and CH 2 vertical POSITION and VOLTS/DIV controis perform on signais being
actively acquired. These keys are operational on the cursor waveform only. When
CH 1 and CH 2 are selected as the cursor waveform, CH 1 or CH 2 must be placed in
HOLD, or REF musl be on. Waveforms 3 through 6 are always in & hold condition.
HMAG and VS functions are operational on either the waveformis) being acquired or
on waveforms in HOLD.

RIS

. "CURSOR WFM
ICSW}

VPUP > :
VPN O
el DHMAG AL VS

g M @ -
PEL TR

3857.75

Figure 2-25. Cursor Waveform keys.
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HOW TO VERTICALLY REPOSITION THE CURSOR WAVEFORM

The VPUFP< (vertical position up) and the VPDN& (verticai position down) keys
permit you to vertically move the cursor wavefarm up or down in the display. The
following exercise shows you how.

Press Remarks Display

HOLD Terminates the digitizing
process and haolds the
current digitized waveform
in waveform memory 1.
This is necessary because
CURSOR WFM keys
VPUP ¢, and VPDN{G , have
ng effect on a cursor
waveform that is being
actively digitized. They work
as vertical separation
controls with the REFer-
snce waveform present.
Except under the conditions
shown in Figure 2-26, a
cursor waveform that is
being actively digitized is
verticaliy repositioned
using the respective CH 1 or
CH 2 POSITION control.

VPUP ¢ (VERTICAL POSITION UP}L
A single press of this key
moves the cursor wave-
form up incrementally. The
key illuminates and the VZR
{Vertical Zero reference)
readeout indicates the new
GND position of the
waveform in divisions with
respect to the center
horizontal graticuie line.
Continuous movement of
the cursor waveformresults
when you press and hold
this key. Maximum vertical
positioning is approximately
5 divisions {plus or minus)
from the zero reference.

3867-78
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WHEN HOLD IS ON:

CSW REF
i~

WHEN HOLD IS OFF
REF OFF:

Ccsw HEF

T

WHEN HOLD IS OFF
HMAG AND.REF ON:

CSw REF

WHEN HOLD IS OFF
VS AND REF ON:

CURSOR WFM
{CSW)

VKPR VPP
I
o veON &

HMAG ALL Vs

i L

CURSOR WFM
[csw)

VXPD [ VPUP of
ﬁ’_f . -

VOMBY VDN ¢

L

CURSOR WFM
{CSW}

vXPE H  VPUP

0

VOMPL  vPON

HMAG ALL LA

i

CURSOR WFM

CSW)
VXPO H VPUP 4
i ‘
VCMP L VPON U

=1 [
HMAG ALt Vs

B

ALL KEYS
FUNCTION

|
|

} KEYS ACTIVE

KEYS NOT ACTIVE

ALL KEYS ACTIVE

ALL KEYS ACTIVE

JRe7-76

Figure 2-26. Conditions under which the CURSOR WFM keys are active for waveforms 1 or 2,
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Press
VPDN &

VPDN &

HOLD

Remarks

(VERTICAL POSITION
DOWN). Press and hold this
key to return the cursor
waveform to its original
position. Movement of the
waveform stops when the
original zero reference
position is reached, Release
the key and notice that the
original VZR readout is
restored and that neither
the VPUP< key nor the
VPDNS key is illuminated.

A single press of this key
will now cause the cursor
waveform to move down
incrementally and iHumin-
ate the VPDNY key. As with
the VPUPG key, continuous
movement of the waveform
will result if you press and
hold this key. Position the
displayed wavefarm some-
what helow center.

Turns off the HOLD function
and alows the 7D20 to
resume digitizing into
waveform memory 1. The
HOLD key will extinguish.
Notice the trace returns to
its original position because
the vertical position keys
don’'t affect a curser
waveform that is not In
HOLD.

Display

... Operating Instructions 7020
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HOW TO VERTICALLY EXPAND OR COMPRESS THE CURSOR
WAVEFORM

The VXPD@ {vertical expand) and VCMP% {vertical compress) keys, shown in Figure
2-27, allow you to expand or compress the cursor waveform two full increments (in
a 1.2.5 sequence) from its acquired vertical scale factor. To best demonstrate this
feature, adjust the signal generator for a sine-wave amplitude of two divisions in
the display. Then proceed with the following:

Figure 2-27. Vertical compress and expand keys.

Press Remarks Display

HOLD Terminates the digitizing
process and holds the
current digitized waveform
int waveform memory 1. The
VXPDE and VCMPZ keys
have no effect on a cursor
waveform that is being
actively digitized except
with the REFerence
waveform present.

3857-82

2-46




~_Operating Instructions—7D20

Press
vXPDE

VXPD Y

VCMPE

VCMP3

Remarks

Press this key one time and
release. The cursor
waveform expands and the
VXPDY key illuminates. All
expansions and compres-
sions increment or decre-
ment the stored VOLTS/
DIV in calibrated 1,2,5
steps. The new vertical
scale factor is displayed in
the CSW readout.

Press this key a second time
and the cursor waveform
increments once more to
the next higher vertical
scale factor. Again, the
CSW readout changes to
reflect the new vertical
display factor.

Pressing this key causes the
cursoer waveform to
compress. The CSW
readout will reflect the
change. The VXPD% key 13
still illuminated because the
cursor waveform is still
expanded.

Press this key a secondtime
and the cursor waveform
returns to its original
digitized vertical scale
factor. The VXPDg key
extinguishes when this
OCCUrs.

: 1
s
n
Bl
n
i

3857 8?
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Press Remarks Display

VCMPZ The cursor waveform
compresses again. The
VCMPZ  key illuminates
indicating the waveform
has been compressed
relative to its original
digitized amplitude. The
CSW readout displays the
new vertical scale factor.

VCMP% Compresses the cursor

VPDON & waveform again and
positions itdownward in the
display.

HOLD Terminates the HOLD

function and. permits the
7D20 1o resume digitizing
into waveform memory 1.
Notice the displayed cursor
waveform returns to its
original position and is no
longer affected by the
vertical position, vertical
compression or expansion E.E&ﬁ
keys when HOLD is

canceled.

3857.-50
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USING HMAG (HORIZONTAL MAGNIFY) AND CURSOR MOVEMENT

The HMAG key (see Fig. 2-28) permits you to horizontally magnify the cursor
waveform by 10 times. Movement of cursor 1 appears different when the cursor
waveform is magnified. This is because only a portion of the magnified waveform
appears in the display and cursor 1 movement is designed to allow any portion of
the magnified waveform to be positioned within the display area. Movement of
cursor 2 is not affected by horizontal magnification. The foltowing exercise
tlustrates the HMAG function and the movement of cursor 1 on the magnified
waveform.

Figure 2-28. Horizontal Magnify key.

Remarks

Adjust the signal generator amplitude for a
4-division display of the sine wave.

h
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a857-91
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Press
HMAG

T

2-50

Remarks

The key illuminates when
pressed and the cursor
waveform being digitized
into waveform memaory 1 is
immediately magnified in
the display. HMAGnifica-
tion is by a factor of 10 times
so the magnified waveform
is displayed with one tenth
the number of horizontal
points. Notice that cursor 1
is on the first data point on
the magnified waveform.

This slewing key moves
cursor 1 toward the end of
the magnified cursor
waveform. If you press and
hold the cursor movement
key continuous movement
of the cursor will result.
However, notice that the
cursor stops at vertical
graticule line 2 and the
waveform moves to the left
with respect to the cursor.
As the end of the magnified
waveform comes into the
display area, cursor 1
resumes movement to the
end of the waveform while
the magnified waveform
remains stationary in the
display. In this manner
cursor 1 can be positioned
to any data point on the
horizontally magnified
cursor waveform and you
can scan the entire
magnified waveform for
viewing. This also ensures
that cursor 1 stays always
within the display area. This
sequence is reversed when
cursor 1 is moved back
toward the beginning of the
magnified cursor wave-
form. Return cursor 1 to the

Display




Press

to
{cont}

VXPD3
VCMPZ
VPUPO
VPDN &

Remarks

beginning of the cursor
waveform.

Notice thal these cursor
waveform keys don't affect
an HMAG'd cursor wave-
form that is not in HOLD.
Alsg, notice that the
message HOLD REGD
{HOLD required) is display-
ed when you attempt to use
these keys when not in
HOLD except with the
REFerence waveform
present.

Operating Instructions—7020

Display
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HMAG AND THE REFerence WAVEFORM

The REF key (shown in Fig. 2-29) permits you to view the original, unmagnified
cursor waveform at the same time you are viewing the horizontally magnified
version. The cursors appear on the same data points on both versions of the
waveform. The following exercise illustrates the use of this function.

Press

CSW REF

2-52

Figure 2-28. REf erence Waveform hkey.

Remarks

Make sure HOLD is not
selected.

The f key illuminates to
permit the selection of a
shift function.

Selects the REFerence
waveform for display. The
REF waveform appears in
the display as shown.
Notice that the DSW
readout indicates the
REFerence waveform is
being displayed. The first
data point of each version of
the waveform overlap.
Curgsor 1 is positioned on
that point. Adjust the CH 1
POSITION control and
notice that both versions of
the cursor waveform are
vertically re-positioned as
the control is turned. Return
the waveforms to their
centered position.

Display
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Press Remarks

VPUP & Notice that this key
vertically re-positions only
the magnified version of the
waveform. Position the
magnified waveform about
one division above the ST
REFerence waveform. i “ﬂ“““mﬁﬂ
Notice that cursor 1 is 5 llﬂlﬂl‘fl"l"lﬂlﬂlﬂ
positioned on data point 1 : " .......
on both versions of the i
waveform. Both cursors
appear on the same data
point on the REFerence
waveform as on the
HMAG'd waveform, VPUP{
and VPDN& act as
separation controls.
Change CH 1 POSITION
control and notice the
waveforms move together
but maintain separation.

aBs7-98

S/ The f key begins to blink
indicating that you can
select a shift function.

HON Turns on cursor 2 which is
located on the last data
point of both the HMAG'd
and REFerence waveform.
However, cursor 2 is not
visible on the HMAG'd
waveform at this time
because the data point that
it is positioned on is outside
the display area.

3g57.99
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Press
&2

iw

2-54

Remarks

Positisn cursor 2 on or
about vertical graticule line
6 on the REFerence
waveform. Cursor 2 should
still not be visible on the
magnified cursor wave-
form.

Advance cursor 1 to the
right toward the end of the
cursor waveform. Notice
how the magnified wave-
form moves to the left while
cursor 1 {on the magnified
waveform) remains fixed at
vertical graticule line 2. On
the REFerence waveform
cursor 1 moves to the right
in the usual manner.
Observe cursor action on
poth the REFerence
waveform and the magnifi-
ed waveform as vyou
continue moving cursor 1
toward the end of the
waveform; cursor 2 comes
into the display and travels
with the magnified version
of the waveform till it
reaches cursor 1, at which
time cursor 1 will push
cursor 2 toward the end of
the cursor waveform. When
the end of magnified
waveform comes into the
display, the cursors resume
travel till they reach the last
data point onthe waveform.

Display
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Press
1o

VCMPE
VPUPG
VPDN &
VXPD

REF

HMAG

Remarks

Return cursor 1 to the
beginning of the waveform
while observing the
movement of the cursors on
both versions of the
wavelorm.

Notice that because the
HMAG key is illuminated,
these functions affect the
magnified portion of the
cursor waveform display.
Note: Te modify the
REFerence waveform you
must be in a HOLD
condition and HMAG and
VS must be off.

The [ key illuminates to
permit the selection of a
shift function.

Turns off the REFerence
waveform.

Terminates HMAG and the
HMAG key extinguishes.

Display

___Operating Instructions—7D20
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HOW TO USE HMAG ALL

This function key, shown in Figure 2-30 allows you to horizontally magnify ALL the
displayed waveforms. To illustrate this function we will first copy the cursor
waveform into all the other waveform memories. Initialize the 7D20 and proceed as
instructed below:

Figure 2-30. Horizontal Magnify ALL waveforms key.

Press Remarks Display
HOLD Stops digitizing process and
holds the wavefarm in
memory.

COPY The COPY key begins to
blink and the COPY prompt
appears in the display.

3857175
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Press

COPY

Remarks

Selects waveform memory
i as the waveform to be
copied. The COPY prompt
will confirm your selection.

Selects waveform memory
2 as the destination of the
COPY. Again, the COPY
prempt confirms what
you've selected.

The COPY key begins to
blink and the COPY prompt
again requests that you
select a waveform to copy.

Selects waveform 1 as the
waveform to be copied. The
COPY prompt confirms your
source selection.

Selects waveform memory
3 as the destination of the
COPY. Continue the above
process until waveform 1 is
copied into all the restofthe
waveform memories (4, 5,
and 8).

Displays
wavelorms.

the copied
This is indicat-
ed by the DSW readout
However, since the
waveforms were all copied
in the same position as
waveform 1, it will appear
as though only one
waveform is being display-
ed.

The key blinks indicating
that you can now select a
shift function.

___Operating Instructions—7D20

Display
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Press
HMAG ALL

VvPUP €

cswW

2-58

Remarks

The key illuminates and all
six disptayed waveforms are
harizontally magnied.

Vertically position the CSW
to the top of the display.

The key illuminates and the
CSW prompt appears in the
display to indicate that you
can now select any
waveform memory for the
cursor waveform.

Selects waveform memory
2 as the cursor waveform.
Notice that cursor 1 moves
to waveform 2 and that the
readout prompt and the
CSW display now indicate
that waveform 2 is the
cursor waveform.

Display
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Press
VPUP

CSwW

VPUP ©

Csw

Remarks

The key illuminates and
causes waveform 2 to move
vertically up in the display,
separating it from the other
magnified waveforms and
closer to waveform 1.
Position waveform 2 just
betow waveform 1 as
shown.

Again allows selection of a
new cursor waveform.

Selects waveform 3 as the
curser waveform. The
cursor moves to waveform
3.

Now moves waveform 3
vertically up in the display.
Position wavefarm 3 just
below waveform 2.

Again allows selection of a
new cursor waveform.

Setects waveform 5 as the
cursor waveform,

Display

) Operati__ng_ In;t__r_u__c_tﬂ_gns—?D 20
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Press
VPDN &

CSw, 6
VPDN &

HMAG

HMAG

2-60

Remarks

Moves waveform 5 down in
the display. Position
waveform 5 just below its
original position.

Repeat the above process
for waveform 6. When
finished, the six waveforms
should be separated and
positioned as shown. Notice
that the vertical position of
the first data point of each
wavetorm is reflected in the
order of the DSW readout.

Notice that when you press
this key, only the cursor
waveform {waveform 6) is
unmagnified and that the
HMAG key extinguishes.

A second pressing of this
key causes the cursor
waveform 10 again be
horizontally magnified and
the key again illuminates.

Display




Press
CSw 3

i

Remarks

Select waveform memory 3
as the cursor waveform.
Waveform 3 is selected as
the cursor waveform for
convenience only, any of
the waveforms could be
selected for the next two
steps.

Press and hold the cursor !
movement key. Notice that
the cursor moves on
waveform 3 till it reaches
the second vertical graticuie
line. Then, the cursor
movement stops and all the
magnified waveforms travel
across the disptay (simulta-
negusly) with respect to
cursor 1. The reason all the
waveforms move together
is because their horizental
cursor positions are
ALIGNed. When the last
data point of the waveform
comes into the display,
waveform movement stops
and cursar 1 resumes travel
to the end of waveform 3.

Pressing this key reverses
the previcous process and
returns cursor 1 to the
beginning of waveform 3.

- ___(_)_E_gf__a}_ir_ag_ Instructions—70D20
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Press
[ INDEP

i

J ALIGN

HMAG ALL

2-62

Remarks

Turns off the ALIGN mode
and turns ¢n the INDEP
mode.

Notice now that only the
cursor waveform moves
across the display when
cursor 1 reaches the secend
graticule line.

Notice that all waveforms
are ‘horizontally aligned
with the cursor waveform,

Turns off HMAG ALL
Notice that all displayed
waveforms return 2o their
original position in the
display.

Display

3ag57-118
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USING THE VS (versus) FUNCTION

The versus function key, shown in Figure 2-31 permits you to display the cursor
waveform with respect to another waveform rather than time. Initialize the 7020 as
instructed in the preliminary set-up instructions at the beginning of this section. Set
the TIME/DW to 200 ws/div and set the trigger LEVEL to center position.

3857-123

Figure 2-31. The VS {[Versus} key.

Press Remarks Display

COPY, 1.3 Saves a duplicate of
waveform 1 into waveform
memory 3.

3B57-122

VS The VS key will begin to 2ea,8
. TPOS ©
blink and the VS prompt
appears inthe display. The #
sign in the prompt also
blinks, indicating that the
7020 is waiting for you to
designate a waveform
number to substitute for the
time axis.

o vl 12008 YIR 0.8
va-iR0{0nY  Te-28,0.8

IR57-124

2-63



Operating Instructions—7D20

Press

TRIGGERING
LEVEL

VS

2-64

Remarks

This causes the cursor
waveform {waveform 1) o
be versus waveform 3. The
VS key remains illuminated
but is no lenger blinking.
The resultant display will
appear as shown because
waveform 1 is usedforthe X
and Y axis of the display.
Notice that the cursor
readout uses volts for the
horizontal value rather than
seconds.

Turn this control to its fully
clockwise position. This wilt
change the phase relation-
ship of waveforms 1 and 3
as shown. In this way, the
cursor waveform can be
displayed VS the data inany
of the waveform memories,
including itself.

Turns off the V5 function
and extinguishes the VS
key. The display now shows
only the cursor waveform
displayed with respect to
time.

Display

v 2088
CeW J1 Ve 3 Tro8 @
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3857.125
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USING THE REFerence WITH V$

The following illustrates how to use the REFerence feature when viewing a VS
waveform display.

Press Remarks Display

VS, 3 Displays the cursor T ‘ 208u8
waveform versus waveform cey ': “:' : -V"';
3 as hefore. [ A

fREF Turns on the REFerence
Waveform for viewing at the
same time.

VPUP 4 Vertically position the

versus display about 2
divisions higher.

3857.128
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Press Remarks Display
19 While positioning cursor 1
Ll left and right, observe is

position on both the
REFerence and VS wave-
forms. Here the REFerence
serves as a time reference
as indicated by the
horizontal coordinate
reading in seconds.

Vs Terminates both the VS
function and turns off the
REFerence waveform.
Return the TRIGGERING
LEVEL control to midrange.

3857187

VECTORS AND DOTS

Up to this point the waveform displays you have viewed consist of a series of dots
that represent the digitized waveform data points. As these dots become separated
verticaily it sometimes becemes difficult to determine which dot follows which. Your
7D20 has a seleciable VECTOR function {see Fig. 2-32) that connects time adjacent
dots. This allows you to better determine their time relationships. The VECTORs are
designed such that you can still easily discern the waveform data points because
they appear intensified with the VECTORs on.

Figure 2-32. VECTOR koy.
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EXERCISE 8
USING THE AVERAGE AND ENVELOPE
FUNCTIONS AND SET N

So that you may start at any of the 12 Get-Acquainted Exercises, the Initialization
feature has been used as necessary to set front-panel control settings to a known
state by a single selection of INIT FRONT PANEL from the UTILITIES menu (refer to
the list of predetermined settings in the Detailed Operating Instructions under Menu
Functions). Under normat applications it is not necessary to use the Initiatization
feature, but it may be helpful.

These function keys, shown in Figure 2-33 permit you to average or envelope
waveforms that are being digitized. AVEraging is useful for reducing uncorrelated
noise in signals and improves its signal to noise ratio. ENVeloping is useful for
revealing subtle variations in signals and allows the 7D20 to be left unattended for a
long period of time while monitoring signals for time and amplitude variations such
as frequency drift. Refer to the Detailed Operating Instructions later in this section
tor the algorithms used for waveform processing. Waveforms can be AVEeraged or
ENVeloped continuously or you can use the SET N feature to select the number of
waveforms 10 process before automatically entering HOLD. The fellowing shows
how, but first, make sure the 7D20 is initialized and that the 1 kHz sine wave is
connected as described in the PRELIMINARY SET-UP INSTRUCTIONS.

AVE N ENV N

3857-129

Figure 2-33. Waveform processing keys.
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Press
AVE

HOLD

2-68

Remarks

The AVE key illuminates
and the 7D20 starts to
continuously average the
signal as it is being digitized.
Slightly adjust the CH 1
POSITION control and
observe the effect. The
display readout displays the
number of averages as they
accumutate up to the
current value of N, at which
point the display simply
indicates that the number of
averages exceeds the
current valueof Nanda '">"'
sign appears in the prompt.
Selection of the AVE
function will cancet the
HOLD, ENV, ENV N, SETN,
and AVE N functions if any
are active.

This terminates the AVE
process and displays the
tatal number of averages in
the readout up to the
current value of N. You can
also terminate the AVE
function by selecting HOLD
NEXT, which would allow
the 7D20 to average the
next triggered waveform,
then enter HOLD. Again,
the total number of
waveforms averaged up to
the current value of N would
be displayed. Termination of
the AVE function can atso
be effected by selecting AVE
N, ENV, and ENV N with the
selected function being
initiated. QOr, the AVE
function can he terminated
by pressing the AVE key a
second time in which case
the 7020 would resume
normal digitizing operation.

3857130

3857 131
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Press
ENV

VECTOR

HOLD

REV SEPT 82

Remarks

The HOLD function is
cancelled, the ENV key
illuminates and the
ENVelope function is
nitiated, The sine wave will
be continuously enveloped
and the readoutdisplays the
accumulated total of times
the waveform is ENVeloped.
While ENVeloping, slowly
adjust the frequency of your
signal generator and
observe the results.
Selection of the ENV
function automatically
cancels HOLD, AVE, AVEN,
ENV N, or SET N.

By connecting adjacent
samples, the VECTORS
paint in the envelope to aid
in visual interpretation.

Terminates the ENV
process and displays the
total number of times the
waveform was enveloped.
As was the case with the
AVE function, you can also
terminate the ENV mode
with the HQOLD NEXT
function which would allow
one additional triggered
waveform to be enveloped
before automatically
entering HOLD and
displaying the accumulated
total in the readout. You can
also terminale the ENVel-
ope mode by selecting AVE,
AVE N, or ENV N with the

3857-132

3B57-154
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Press

HOLD
{cont)

SETN

AVE N

2-70

Remarks

initiating of the {unction
selected. The ENV mode can
alsc be cancelled by
pressing the ENV key a
second time. The key wiil
extinguish and the 7D20
will resume normal
digitizing operation.

The SET N key will blink
when pressed and the SET
N? prompt appears in the
display readout. The prompt
will indicate the current
value of N as shown. You
can change the value of N by
pressing and holding the
SET N key. This will cause N
to cycle repeatedly through
this sequence of values: 8,
16, 32, 64, 128, and 256.
Release the key to stop at
the desired value of N. For
the purpose of this exercise
set the vaiue of N to 128.
The SET N prompt will
disappear from the readout
when you press the nextkey
{this could be any key).

The f key begins to blink
indicating that you can now
select a shift function.

Selects the AVE N function.
The key illuminates and the
sine wave is averaged 128
times. Nctice that the
readout begins the AVE N
count at the value of N and
counts down to ; at which
time the HOLD functicn is
initiated. The readout then
changes to indicate that the
waveform being displayed
has been averaged 128
times. The AVE N function
can be cancelied by

Display

3B57-134

3857-135
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AVEN
[cont}

ENV N
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Remarks

selecting HOLD, HOLD
NEXT, AVE, ENV, or ENV N
with the selected function
being initiated.

Selects the ENV N function.
The ENV N key illuminates
and the sine wave 15
enveloped 128 times. As
soon as you press ENV N,
change the frequency of
your signal generator
slightly and observe the
resulting display. Notice
that just like the AVE N
function, thereadout begins
the envelope count at 128
(the value of N) and counts
down to 0. At the zero count
the 7D20 automatically
enters HOLD and the
readout indicates an
ENVelope count of 128. The
ENV N mode will cancel
with the selection of HOLD,
HOLD NEXT, AVE, AVE N,
or ENV with the selected
function initiated. Note: The
AVEraging and ENVeloping
modes will function at all
TIME/DIV settings. How-
ever, when using ROLL
mode, some special
features are provided. Refer
to AVEraging, ENVeloping.
and SET N functions in the
Detailed Operating Instruc-
tions.

Display

3857136
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EXERCISE 9
DIGITIZING MODES AND THE
TIME/DIV CONTROL

The 7D20 has four digitizing modes automatically selected by the TIME/DIV
selector. These different digitizing modes ensure optimum digitizer operation for the
full range of TIME/DIV settings. These maodes are described here but for more
information, refer to the Detaitled Operating Instructions in this section and to the
Operational Theory, section 3.

) J3 A
3857-77)

Figure 2-34. The TIME/DIV—digitizing modes selactor.

REAL-TIME AND EXTENDED REAL TIME

So far we have been using the real-time digitizing mode which extends from 50
ms/div to 800 ps/div. The extended real-time mode extends from 200 us/div to 2
us/div. The primary ditference between these two modes is that the record length
(points per waveform} decreases from 100 points/div to BO points/div in the
extended real-time mode. See Detailed Operating Instructions.

ROLL MODE AND EXTernal CLOCK

To demaonstrate the roll mode, adjust your sine-wave signal to 1-Hz, BC coupled, and
sel the TIME/DIV selector for 100 ms/div. You will observe that the signal display
rolls across the crt. This roll motion can be stopped at any time by pressing the
HOLD key. The {ast digitized point always appears at the extreme right of the display.
As you change from 100 ms/div to 20 s/div with the display not in HOLD, note that
the digitizing process continues N the roll mode. To use the EXTernal CLOCK
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function, the TIME/DiV control must be set to EXT, and a signai applied to the EXT
CLOCK input connector. Refer to Exercise 12, Using the External Clock for further
information.

EQUIVALENT TIME MODE

In the equivalent time digitizing mode several trigger events are needed to digitize a
full record (1024 waveform data points) fength. This can be demonstrated by setting
the TIME/DIV to 1 us/div and changing the sine-wave signal to 100 kHz. Make
abrupt adjustments of the CH 1 POSITION control to vertically reposition the
waveform by several divisions (either up or down). When you do this you will notice
a short time lag occurs and the momentary presence of multiple traces as the
digitizer completes the record at the changing POSITION control settings.
Decreasing the TIME/DiV makes this more obvious as the digitizer requires maore
triggers to digitize the waveform at a new position. Refer 10 the Detailed Operating
instructions in this section and to the Operational Theory, sectien 3, for more
information.
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EXERCISE 10
SETTING THE TRIGGER POSITION

So that you may start at any of the 12 Get-Acquainted Exercises, the Initialization
feature has been used as necessary to set front-panel control settings to a known
state by a single selection of INiT FRONT PANEL from the UTILITIES menu (refer to
the list of predetermined settings in the Detailed Operating Instructions under Menu
Functions). Under normal applications it is net necessary to use the Initialization
feature, but it may be helpful.

With the TRIG POS keys (shown in Fig. 2-35}, the 7D20 permits you to view up 10
10 divisions of pretrigger and up to 1500 divisions of post trigger. Pretrigger allows
you to see events that occur before the trigger event while post triggering acts like a
digital delay which aliows you to view events that occur after the trigger event. The
trigger position seiting appears in the upper right corner of the display readout just
below the TIME/DIV setting as shown in Figure 2-36. For this exercise, instead of
the sine wave you've been using, connect the calibrator signat from the host
mainframe 1o the CH 1 input connector of the 7D20. Set the calibrator for a 1-kHz, 4
volt signal output and set the 7020 TIME/DIV for 100 s initialization set the 7D20
10 trigger on the positive slope of the incoming signal so the display shauld appear
as shown in Figure 2-36. Proceed with the exercise.

Press Remarks Display

TRIG POS 2 Onepress of this key causes
the TRiGger POSition to
move one full division to the
right of its zero position,
Four more presses will step
the TRIG POS to the center
of the display. Therefore,
half of the display shows
pretrigger and half shows
post triggered waveform.

38571814
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ATRIG POS |

3857.133

TRIGGER
POSITION

3857-179

Press Remarks

TRIG POS®  Press and hold this key and
the TRIG POS will incre-
ment to 10 Thisresults in a
full 10-divisien display of
information which occurred
prior to the trigger event.

3857-182
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Press
STRIG POS

©TRIG POS

TRIG POS=

2-76

Remarks

Press and hold this key and
the TRIG POS increments
back to zero where it
automatically stops.
Release the key.

Press and hold this key and
again the TRIG POS wiil
decrement to -1500
divisions of post trigger. The
trigger event actually
occurs 1500 divisions {150
ms) before the beginning of
this waveform.

Press and hold this key to
automatically return the
TRIG POS to zero.




Operating Instructions—7D20

EXERCISE 11
USING THE HOLD NEXT

So that you may start at any of the 12 Get-Acquainted Exercises, the Initialization
feature has been used as necessary to set front-panel control settings to a known
state by a single selection of INIT FRONT PANEL from the UTILITIES menu {refer to
the list of predetermined settings in the Detailed Operating Instructions under Menu
Functions). Under normal applications it is not necessary to use the initialization
feature, but it may be helpful.

The HOLD NEXT feature (HOLD NEXT key is shown in Fig. 2-37) is used to capture
and hold digitized waveforms. Generally speaking, when HOLD NEXT is in effect,
your 7D20 will accept the next trigger event, digitize a full memory of waveform
data, then automatically enter HOLD. However, its actual operation varies
somewhat depending upon the digitizing mode that is being used. {The digitizing
modes are demonstrated in EXERCISE 9.) The HOLD NEXT mode can be used to
acquire data frem a single trigger event just as the single sweep mode is used in a
conventional oscilloscope.

initialize the 7D20 and perform the following steps to illustrate how HOLD NEXT is
used in the different digitizing modes.

Figure 2-37. The HOLD NEXT key,
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REAL-TIME AND EXTENDED REAL TIME (50 ms 2 Time/Div > 2 us).
Press Remarks

HOLD NEXT Note that the 7D20 goes inta HOLD and that the TRIG'D light goes
out. When you first pressed the HOLD NEXT key the 7D20 simply
accepted one more trigger, digitized a full memery of waveform data,
then entered HOLD. Each subsequent press of the HOLD NEXT key
arms the circuits to accept a new trigger and repeats the process. The
TRIG'D light illuminates when the trigger occurs. This is true for the
real-time digitizing mode (50 ms/div to 500 ws/div] and for the
extended real-time digitizing mode {200 us/div to 2 wus/div).

EQUIVALENT TIME MODE (1 us > TIME/DIV 2 50 ns):

For this part set the TIME/DIV for 100 ns/DIV and adjust the incoming sine-wave
signal to 1 MHz.

Press Remarks

HOLD NEXT Notice the 7D20 display momentarily updates before entering HOLD.
In the equivalent time mode {1 us/div 10 50 ns/div}, when the HOLD
NEXT key is pressed, the 7D20 accepts enough repetitive triggers to
build a complete representation of the waveform before entering
HOLD. The TRIG'D light stays illuminated during each triggered
digitizing period. Refer 1o the Operaticnal Theory, Section 3 for
further information.

ROLL MODE AND EXTernal CLOCK {20 s - 100 ms)

Select DC coupling on CH 1 and set the TRIGGERING MODE for NORM with DC
COUPLING and HF REJ. Set the TIME/DIV control for 100 ms/div and change the
input signal to a 1-Hz sine wave.

Press Remarks

HOLD NEXT Observe that the HOLD NEXT key illuminates when pressed but the
display continues to roll for a short time. Then, the TRIG'D light
comes on and a full 10-divisions of waveform rolls past before the
7D20 enters HOLD and the TRIG'D light goes out. Subsequent
pressing of the HOLD NEXT key will produce the same result. Notice
in doing so, that the 7D20 triggers on the same point and slope of the
waveform each time. When HOLD NEXT is activated in the roll mode,
a hold off period occurs while the circuits are armed. This allows
ahout a screen full of data to rokl across before a trigger can be
accepted. When a trigger is accepted, the TRIG'D light comes on and
the displayed waveform continues to rofl across the screen until the
selected TRIG POS is reached. If the TRIG POS is O then a full screen
of data will cross the screen before HOLD is entered and the TRIG'D
light goes out. Set the TRIG POS to center screen and only half a
screen of data will roll across after a trigger is accepted. HOLD NEXT
operates this way throughout the range of roli digitizing mode (20
s/div to 100 ms/div and EXT clock).
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EXERCISE 12
USING THE EXTERNAL CLOCK

EXTernal CLOCK digitizing mode permits you to digitize signals using an external
clock to determine when digitized point values are stored in waveform memary.
Polarity of the EXTernal CLOCK is set by using the MENU feature of your 7D20 as
instructed below:

Press Remarks Display
MENU, 4 Selects the UTILITIES )
menu.
4 Select EXT CLOCK POLAR-

ITY from the UTILITIES
menu. EXT CLK¥ prompt
will appear in the display.
The prompt arrow indicates
the polarity setting of the
EXTernal CLQCK. Each
subsequent press of the 4
key will reverse the polarity
setting so long as the
UTILITIES menu is being
displayed. Set the EXT CLK
polarity to positive { $ ). You
can clear the prompt by
pressing any other key.
However, if you press the
menu key the prompt and
the. displayed menu will
both be cleared from the

display.
Now, t t signal :“" B
Now, conneet vour Siome 'lﬂml!?%,m

input located in the lower
part of the front panel of the
7020. Apply a 5 volt signal.
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Press

4
{cont}

HOLD

Remarks

Select 100 Hz frequency,
this can be either a square
or sine wave. Rotate the
TIME/DIV control counter-
clockwise until "EXT ¢ “is
displayed in the upper right
corner of the readout.

The waveform display
should be rolling. If not, be
sure you are not in HOLD.
While turning the CH 1
POSITION control back and
ferth, vary the signat
generator frequency about
2 or 3 times slower or faster
and notice that the speed of
the ROLLing also varies.

Enters HOLD and the
waveform stops moving.
Observe the cursor's
horizontal coordinate no
longer reads in seconds.
Since the EXT CLOCK may
not always be acalibrated or
constant frequency source,
the cursor readout simply
indicates point numbers
instead of time.

Display

3857-142

This concludes the GET-ACQUAINTED EXERCISES. For additional information, refer
to the DETAILED OPERATING INSTRUCTIONS that follows in this section.
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DETAILED OPERATING INSTRUCTIONS

INTRODUCTION

Detailed information concerning the controls and operation of the 7D20 is given in
the following pages.

POWER-UP

At power-up the 7020 automatically performs an internal self test. Upon completion
of its self test, the 7D 20 restores many of its control settings which were retained in
memery when power was last removed. Table 2-1 shows what settings are restored
and which ones return to a power-up default condition,

TABLE 2-1
Control Settings at Power Up

I. Control settings restored upon power-up:
A. CH1/CH2
VQLTS/DIV
COUPLING
INVERT (CH2)
B. TRIGGERING
MODE
COUPLING
SOURCE
SLOPE
POSITION
C. HORIZONTAL
TIME/DIV
EXTERNAL CLOCK POLARITY
D. MEMORY DISPLAY
DISPLAY 1
DISPLAY 2
CURSOR WFM # {1 or 2)
REFERENCE WFM
E. CURSOR WFM (If WFM 1 or WFM 2 at power down.}
VPUP, VPDN (For HMAG and VS with REF operation.)
HMAG, VS
F. ACQUISITION
AQR MQODE
G. CURSQORS
MODE (INDEP or ALIGN}
HON/NOFF
CURSOR POSITIONS

TABLE CONTINUED
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TABLE 2-1 (CONT)
Control Settings at Power Up

H. GPIB
ADDRESS
MODE
TERMINATOR
. OTHER
VECTOR
SET N VALUE

. Defaults of control settings not restored at Power Up.
A. CH1/CH2
VARIABLE GAIN CONTROLS:ACTIVE
POSITION CONTROLS:ACTIVE
B. TRIGGERING
TRIGGER LEVEL CONTROL:ACTIVE
C. HORIZONTAL
HORIZ POSITION CONTROL:ACTIVE
D. MEMORY DISPLAY
DISPLAY 3-6:0FF
CSW: If CURSOR WFM was 3-6 it is reset to CH1 if AQR MODE is CH1Y,
BQOTH, or ADD, and to CH2 if AQR MODE is CH2.
COPY:.QFF
E. CURSOR WFM
vXPD, VCMP:OFF
VPUP, VPON:OFF (Except separation for HMAG or VS)
For all WEM's other than CSW, VXPD, VCMP, VPUP, VPDN, HMAG
and VS are off.
ACQUISITION: No default settings.
. CURSORS: No default settings.
. GPIB: See GPIB section.
OTHER
AVE, AVE N:OFF
ENV, ENV N:OFF
MENU:OFF
RQS, RQS#.OFF
ID:OFF
HOLD:OFF
S oFF

" XxXom
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MENU FUNCTIONS

The 7020 MENU aliows you to select a number of functions using the numbered (1-
6} MEMORY DISPLAY keys. When pressed, the MENU key will illuminate and cause
the last selected MASTER MENU (see Fig. 2-38) or submenu 1o be displayed. When
initially selected after power-up it displays the MASTER MENU. Selecting MENU
terminates TEST menus, ID, and clears any displayed text. The MENU is terminated
by pressing the illuminated MENU key or by TEST, ID, or TEXT from GPIB. The
illuminated MENU key will extinguish upon termination and the displayed menu will
disappear. The following shows the 7D20 menus and explains their associated
function selections.

3857-143

Figure 2-38. 7020 MASTER MENU.

MASTER MENU SELECTIONS
1.# STORE PANEL #

This Menu function {see Fig. 2-38) permits you to store up to six sets of front panel
settings. These settings are retained in memory at power down and can be recalled
using menu item 2, which is described next. Table 2-2 gives the items that are
stored, other items retain their current or most recent status before a recall
command.

To store front panel settings, press MEMORY DISPLAY key 1. The prompt display
field will read: STORE 4, with the # sign btinking. At this point, you can press any of
the numbered {1-6) MEMORY DISPLAY keys and the current front panel settings
will be stored in the respective front panel memory. This in no way interferes with
the storage of waveform data. Settings previously stored in the selected memory are
replaced with the current settings. The store function is terminated upon completion
of the command.
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TABLE 2-2
Front Panel Settings that can be Stored and Recalled.
A. CH1/CH2 C. MEMORY DISPLAY
VOLTS/DivV DISPLAY 1-86
COUPLING CURSOR WFM#
INVERT {CH2) E. CURSOR WFM
B. TRIGGERING NONE
MODE F. ACQUISITION
COUPLING AQR MODE
SOURCE G. OTHER
SLOPE VECTOR
POSITION SET N VALUE
C. HORIZONTAL
TIME/DIV
EXTERNAL CLOCK POLARITY

2,# RECALL PANEL #

This Menu function allows you to recall any set of front panel settings which have
been stored as described previously. Select this function by pressing MEMORY
DISPLAY key 2. The prompt: RECALL # will appear in the display. The # sign will
blink indicating that you should now select the numbered MEMORY DISPLAY key
corresponding 10 the settings you wish to recall. Upon pressing the desired key, the
7020 will immediately reset to the settings stored in the selected memory. The
recal functicn terminates upon comptetion of the command.

3 DISPLAY CAL PATTERN

This menu selection is activated by pressing MEMORY DISPLAY key 3, which
causes the DISPLAY CAL PATTERN shown in Figure 2-39 10 be displayed. The
DISPLAY CAL PATTERN is used with the DISPLAY CAL adjustments on the front
panel to compensate the 7D20 display for the calibration of the host mainframe.
Adjustment of these controls affect only the display and has no effect on the
digitizing accuracy of the 7D20. Included in the DISPLAY CAL PATTERN is a
VECTOR disptay that forms a flower pattern. Optimum VECTOR displays are
achieved when the flower pattern is adjusted (using the VECT LIN adjustment) for a
closed X pattern. The complete procedure for adjusting the DISPLAY CAL
adjustments is given in the preliminary set-up portion of the “"Get-Acquainted
Exercises”. To terminate the DISPLAY CAL PATTERN press MEMORY DISPLAY key
B which returns the MASTER MENLU to the display or press the illuminated MENU
key which terminates the MENU mode. Instrument status and waveform data is
retained during this process.

4 UTILITIES

Pressing MEMORY DISPLAY key 4 causes the UTILITIES submenu, shown in Figure
2-40, to be displayed. As with the MASTER MENU functions, selections from the
UTILITIES MENU are made by pressing the numeric MEMQRY DISPLAY key that
cofresponds to the menu selection you want. The UTILITIES MENU can be
terminated by pressing MEMORY DISPLAY key 6, which returns the MASTER
MENU, or by presstng the illuminated MENU key which terminates the MENU mode.
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3857-144
Figure 2-39. DISPLAY CAL PATTERN.
RN
| unhrise |
RN
gt i
 cuboi poL
el
I
I
3857145

Figura 2-40. UTILITIES MENU.

Utilities Menu Selections

1 SEND CSW ASCII. The selection of this function fram the UTILITIES menu
transmits the cursor waveform preamble and ASCH curve data cver the GPIB. This
command is provided for use with other GPIB instruments in a listen only mode
where no controller is present in the system (refer to the GPIB Section 4). 7D20
must be in 1alk only mode.

2 SEND CSW BINARY. The selection of this function transmits the cursor
waveform preamble and binary curve data over the GPIB. This command is also
provided for use with other GPIB instruments in a listen only mode where no
controller is present in the system (refer to GPIB Section 4). 7020 must be in talk
only mode.

3 READOUT ON/OFF. This selection from the UTILITIES menu will turn off or
on the display readout {lines 1, 2, 15 & 186). Menu and text lines 3-14 are not
affected.
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4 EXT CLOCK POLARITY. This UTILITIES menu selection displays the current
status of the EXTernal CLOCK polarity in the prompt fieid as shown in Figure 2-41.
The message "EXT CLK4 " or "EXT CLK{ “ is displayed (depending on current
polarity status) and the arrow witl be blinking. The EXT CLOCK polarity will reverse
with each additional press of MEMORY DISPLAY key 4.

5 INIT FRONT PANEL. This MENU {feature is included mainly to simplify the
Get-Acquainted Exercises but may be used any time that you wish to set the front
panel centrols to a known state. Its selection, either from the UTILITIES menu or
from a command over the GPIB will clear WFM memories 4 through 6, and will
initialize the 7D20 front panel to the following predetermined settings:

A CH1/CH2 E. CURSOR WFM
VOLTS/DIV:1 CSW:1
POSITION CONTROLS:ACTIVE VXPD, VCMP:OFF
VARIABLE CONTROLS:ACTIVE VPUP, VPDN:OFF
COUPLING:AC HMAG, VS:OFF
CH2 INVERT:OFF F. ACQUISITION

B. TRIGGERING AQR MODE:CH1
MODE:P-P G. CURSORS
HOLD NEXT:OFF MODE:ALIGN
COUPLING:AC AOFF:ON
SOURCE:MODE CURSOR 1:POINT 1
SLOPE:POS CURSOR 2:POINT 1024
LEVEL CONTROL:ACTIVE H. GPIB
POSITION:O NONE

C. HORIZONTAL I. OTHER
TIME/DIV:1 mS AVE, AVE N:OFF
POSITION CONTROL:ACTIVE ENV, ENV N:OFF
EXT CLOCK POLARITY:POS MENU:OFF

D. MEMORY BDISPLAY RQS, RQOS #:OFF
DISPLAY 1:0ON ID:OFF
DISPLAY 2-6:0FF HOLD:OFF
CSW.OFF fOFF
COPY:OFF
REF:OFF

6 MASTER MENU. This selection from the UTILITIES MENU returns the
MASTER MENU to the dispiay.

TEST MENU

Each time the 7020 is powered up it automatically executes an internal “Self Test'™.
This self test can, however, be run anytime at the discretion of the operator. To
manually initiate SELFTEST, first press the f {shift function) key, then press the
MENU TEST key. This will cause the TEST MENU shown in Figure 2-42 to be
displayed. Next, press the 1 key (MEMORY DISPLAY) to select EXECUTE SELFTEST
from the TEST MENU. The SELFTEST will then execute (front panel keys will blink,
etc.) and, upon completion, the SELFTEST PASS message will appear in the display
as shown in Figure 2-43 and the TEST MENU will extinguish. The 7D20 will reset 10
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TGRbeERE Td

3857146
Figure 2-41. External Clock prompt.
3867.189
Figura 2-42_ TEST MENU.
3857190

Figure 2-43. SELFTEST PASS message.
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the state it was in before SELFTEST was initiated and all waveform memaries will
be initialized.

Should the SELF TEST fail, the appropriate message will also appear in the display
along with the number of the faited test as shown in Figure 2-44. This information
should be reported to a qualified service person for repair.

SELF TEST can be continued by pressing MEMORY DISPLAY key 1 in response to
the Failure menu displayed when a self test failure occurs. This will continue the
Self Tests but the number of the failed test will remain in the display. To leave the
Self Test mode after a failure occurs, press MEMORY DISPLAY key 2 to EXIT
SELFTEST. The Prompt and Error Message Field will display the SELFTEST FAIL
message.

3857-192

Figure 2-44. Self VTest Fail.

ltems 2. 3, and 4 on the TEST MENU are service related items. Use of these tests is
intended only for qualified service personnel and are explained in the 7D20 Service
Manual. Should you somehow get the 7020 into one of these test routines and
can’t get out, you may need to turn the power off then back on to restore normal
operation.

PROMPTS AND WARNINGS

The 7D20 displays prompts and warnings in response to certain actions or
conditions. The following is a complete list of these prompts and warnings along
with descriptions of why they will be displayed.

Prompt Deascription

SET N=XXX? Appears in response to pressing the SET N key. The X's will
indicate the current value of N. Press and hold the key Lo
cycle through the possible values of N.
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Prompt
COPY H#

CSW it

C8W X VS #

STORE #

RECALL #

EXT CLK}
or EXT CLK#

RQS #

MODE=mode?

TERM=term?

ADDR=XX

0-10 TPOS REQD

HOLD REQD

(HOLD REQUIRED)

HMAG, vS REQD

REV SEPT 82

Description

Appears in response to pressing the COPY key. This requires
entry of the number of the waveform to be copied and the
number of the waveform destination,

Appears when the CSW key is pressed. This requires the
number of the desired cursor waveform.

Is displayed when the VS key is pressed. This requires that
you enter the number of the waveform you wish 1o display
versus the CSW. The cursor waveform number is X,

This prompt appears in response 1o the selection of item 1 on
the MASTER MENU. Press the number of the memory in
which you wish to store the front-panel settings.

This prompt appears in response to the selection of item 2 on
the MASTER MENU. Press the number of the MEMORY
DISPLAY key where front-panel settings were previously
stored and those settings will be automatically restored.

Appears when item 4 on the UTILITIES menu is selected. The
direction of the arrow indicates the current polarity setting of
the EXTernal CLocK. Polarity will reverse upen each
subsequent press of MEMORY DISPLAY key 4 so long as the
UTILITIES menu is displayed.

This prompt appears in response 1o the selecticn of | RQS
#. The user completes the command by pressing 1-6 which
gives RQS X prompt.

In this prompt, mode = OFF, T f{talk), L (Listen), or T/L
{Talk/Listen).

In this prompt, term = EOl or LF/EOL
in this prompt, XX = 0 - 30.

This warning is given in AVE ar ENV ROLL Mode (or the
EXTernal ClocK) if a negative trigger position is selected.

This warning appears if VPUP®, VPDNGo, VCMPS, or
VXF‘Dg are pressed while the 7D20 is actively digitizing into
the cursor waveform and REFerence is off.

This warning is given when you attempt to select the
REFerence waveform when the 7D20 is not displaying a
HMAG cursor waveform {magnified curser waveform)} or is
net in the VS (versus) mode.
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Prompt Description
CsSwW REQD This warning is displayed if you attempt to turn off the cursor
waveform.
UPDATE This warning appears if you attempt to change any of the
IGNORED paramaters in the ID menu when the 7020 is in the remote

with lockout state.

RQS OFF This warning occurs when the RQS or probe identify button
is pressed and the RQS mask is turned off. The RAQS mask
can be turned off by the RQS OFF, PID OFF, or USER OFF
GPIB commands. Refer to Section 4, GPIB.

TALK ONLY REQD This warning occurs when send CSW Binary, or send CSW
ASCIl command is selected if the GPIB mode is not Talk Only.

The following messages are results of self test and diagnostic checks. in the event
of a 1est failure message, refer the problem to a qualified service person.

SELFTEST PASS

SELFTEST FAIL

GPIB PASSED

GPIB FAILED

EAROM PASSED

EAROM FAILED*

FAIL XX (where X = failed circuit number).

DISPLAY CAdLibration

The 7020 contains five (5) controis to compensate the 7D20 for the calibration of
the host mainframe. These controis must be adjusted by the operator each time the
7D20 is installed in a new or different host mainframe. To adjust these controls it is
necessary to call up a waveform that is permanently stored in the memory of the
7D20 and is accessed by using the MENU. This procedure is given at the beginning
of this section in the preliminary set-up part of the "Get-Acquainted Exercises’
Adjustment of these controls affects only the display and has no effect at all on the
digitizing characteristics of the 7D20.

VERT CTR—This screwdriver control adjusts the 7D20 display output to match the
vertical position tolerance of any Tektronix 7000-series mainframe.

VERT GAIN—This screwdriver control adjusts the 7D20 display output te match
the vertical gain tolerance of any Tektronix 7000-series mainframe.

HORIZ CTR—This screwdriver contral adjusts the 7D20 display output to match the
horizontal position tolerance of any Tektronix 7000-series mainframe.

*Tha EAROM FAILED message is also given when the RECALL command is given and the
memory being retrieved contains bad data.
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HORIZ GAIN—This screwdriver control adjusts the 7020 display output to match
the horizontal gain tolerance of any Tektronix 7000-series mainframe.

VECT LIN—This screwdriver control optimizes the quality of the VECTOR display
from one host mainframe to another by compensating for their various delay line
lengths.

READOUT DISPLAY

The readout display of the 7020 is generated internally and displayed on the crt of
the host mainframe. There are four lines of characters reserved for the readout
disptay. Two lines of characters are centered in the top graticule division (lines 1
and 2, for the current control settings and prompt field), and two lines of characters
are centered in the bottom graticute division {lines 15 and 16, for the cursor
waveform parameters). The functions of these four lines are detailed below.

CURRENT CONTROL SETTINGS AND PROMPT FIELD

These readout lines {lines 1 and 2} are centered in the top graticule division; they
display the eurrent front-pane! control settings and prompt messages, positioned as
follows:

LINE Not Used CH 1 vOLTS /DY CH 2 VOLTS/DIV TIME /OIV
1 by 7D20 Satting Setting Setting
LINE Displayed i T
2 Waveform Prompt Field P:;I:?lgz:\
Number

CURSOR WAVEFORM PARAMETERS

These readeout lines {lines 15 and 16) are centered in the bottom graticule division;
they display information about the cursor waveform, and are positioned as follows:

LINE Cursor Cl\]frsgl: V\Il'a!\;reftl"m %UTS.OF \';V‘fvgfonm Cursor Waveform
ertical Scale orizontal Scale ;
15 Waveform Factor in Factor in Time or Vertical Zero
Number VOLTS/DIV" VOLTS/Div* Reference *
LINE Not Used Cursor Vertical Cursor Horizontal
16 by 7D20 Coordinate Coordinate

*Also affected by waveform madifiers {e.g.. VXPD, VPUP, etc.)

REV SEPT 82
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VERTICAL CONTROLS

With the exception of the channel 2 invert function all controls for both input
channels are identical so only channel 1 controls will be discussed.

SIGNAL CONNECTION

in gereral, probes offer the most convenient means of connecting signals to the
7D20 inputs. The 7D20 supports all Tektronix probe readeut encoding. Refer to the
Tektronix, Inc. catalog for probe selection.

Coaxial cables may also be used te connect signals to the 7D20 input connectors.
However, cables can have a considerable effect on the accuracy of the displayed
waveform. To maintain the original frequency characteristics of an applied signal,
use only low-loss, high-quality coaxial cable. Also, cables should be terminated in
their characteristic impedance. lf this is not possible, use suitable impedance
matching devices.

INPUT CONNECTORS

These bnc connectors provide signal connection for their respective channels.

VOLTS/DIV {VARIABLE)

The wvertical signal cemponent is determined by the signal amplitude, the
attenuation factor of the probe, the setting of the VOLT/DIV switch, and the setting
of the VARIABLE control. The VOLTS/DIV switch (both channels} selects calibrated
vertical sensitivity settings from 5 V/DIV (counterciockwise} to 5 mV/DIV
(clockwise) in a 1,2,6 sequence. The knob settings are displayed on the crt of the
hest mainframe in the positions shown in Figure 2-45. The VOLTS/DIV settings
shown in the display apply only when the VARIABLE contro! is in the calibrated
{detent} fully-clockwise positton.

3857-147

Figure 2-45. VOLTS/DIV readout.
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The VARIABLE control provides continuously variable, uncalibrated settings
between the calibrated steps of the VOLTS/DIV switch. With the VARIABLE control
fully counterclockwise and the VOLTS/DIV set to 5 volts/div, the uncalibrated
vertical sensitivity is extended to at least 12.5 volts/division. By applying a
calibrated voltage source to the input connector, any specific vertical sensitivity
value can be set within the range of the VARIABLE contrel. When the VARIABLE
control is moved from its detent position, a “>"" sign (see Fig. 2-46) will appear in
the display next to the VOLTS/DIV readout to indicate an uncalibrated setting with
greater attenuation.

3867-148

Figure 2-46, VARIABLE VOLTS/DIV readout indicator,

POSITION

This control vertically positions the signal being acquired into channel 1 and
channel 2 during digitizing. Its range is #10 div from center screen.

COUPLING {INPUT)

The channel 1 and channel 2 coupling (AC-GND-DC) keys allow a cheice of input
coupling methods. The type of display desired and the applied signal will determine
the coupling to use.

AC—This key iluminates when selected. With AC coupling the DC component of
the applied signal is blocked by a capacitor in the input circuit. AC coupling provides
the best display of signals with a DC compenent farger than the AC components
above 30 Hz

DC—This key illuminates when DC coupling is selected. DC coupling must be used
to display the DC component of a signal. It must also be used to disptay AC signals
below about 30 hertz {10 hertz with a 10X probe) and square waves with low-
frequency components as these signals are attenuated with AC coupling.

GND—This key iluminates when GND coupling is selected. Ground coupling

provides a ground reference at the input of the 7D20 without externaily grounding
the input connectors. The signals connected to the inputs are not grounded, and the

2-93



Operating Instructions—7D20

same DC load is presented to the signal source. Use GND coupling to determine
VZR (vertical zero reference) level for the digitizer. When GND coupling is selected,
the VZR reading updates in the display as the POSITION control is changed. To
ensure that the VZR setting remains valid the POSITION control must not be moved
after leaving GND position. This only affects the cursor readings with one cursor on.

AQR (ACQUIRE) GAIN

This screwdriver adjustment varies the vertical gain of the signal being acquired
{before the signal is digitized). To check the gain of either channel, set the
VOLTS/DIV switch to 10 mV and connect a 40 mV, 1-kHz signal from the
mainframe calibrator to the input of the channel being checked. Turn on cursor 2
and position the cursors so that cursor 1 is on the bottem of the waveform and
cursar 2 is on the top as shown in Figure 2-47. The readout should indicate exactly
40 mV difference between cursor 1 and cursor 2. If not, adjust the CURSOR GAIN
control till this reading is obtained. The 7D20 must not be in HOLD when making
this adjustment. You may find it helpful to use the AVE mode when making this
adjustment since this wilf average out any noise that might be present on the input
signal.

CURSOR 1 "CURSOR 2

TN
LT T
BT e LB

3857-149

Figure 2-47. Cursor placement for AQR GAIN adjustment.

CHZ INV

The Channel 2 INV key is used to electrically invert signals acquired through the
channel 2 input connector. This function is selected by pressing the CH2 INV key.
The key will illuminate and a down arrow “ ¥ will appear in the readout {see Fig. 2-
48} as indications that the waveform being acquired through channel 2 is being
inverted. When the invert function is not selected, the signal acquired through
channet 2 will have the same polarity as the applied signal and a positive dc voltage
will cause the displayed signal to move up in the display. When the invert function
is selected a positive-going waveform at the channel 2 input will be acquired and
displayed in inverted form and a positive dc voltage will move the displayed
waveform down. The invert function is particularly useful in “added™ operation
when differential measurements are being made.
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3857-150

Figure 2-48, CH 2 INVert readout,

ACQUIRE MODE

These four keys select the vertical acquisition mode by which your 7020 acquires
signal information. These keys illuminate when pressed to indicate the mode
selected. Only one mode selection can be active at a time so the selection of any
one of the AQR MODEs will cancel any AQR MODE previously selected.

CH1 =1

When selected, this mode enables your 7D20 to digitize the signal present at the CH 1
input connector into waveform memory 1. The selection of this moede automatically
cancels a previously selected AQR MODE, the CSW is setto 1 {only if CSW was CH 2}
and CH 2 display is off.

BOTH

When this key is pressed your 7020 is enabled to digitize signal information
simultaneously, with full bandwidth, record length, and sample rate from both
channels 1 and 2 inputs. Channel 1 signals are digitized into waveform memory 1
and Channel 2 signals are digitized intc waveform memory 2. The selection of this
mode automatically cancels a previously selected AQR MODE, and memories 1 and
2 are turned on.

ADD 1

This mode enables your 7020 to acquire the signals connected to beth channel 1
and 2 inputs added together. This added waveform is digitized and stored in
waveform memory 1. The added waveform is shown in the mainframe display.
Channel 2 waveform can be inverted for differential mode. Selection of this mode
also cancels any previously selected AQR MODE. The CSW is set to 1 {only if CSW
was CH 2) and the CH 2 display is off.
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CH2 o2

If selected while the 7D20 is actively digitizing {not in HOLD), this mode causes your
7D20 to digitize the signal present at the CH2 input connector into waveform
memory 2. The selection of this mode automatically cancels a previously selected
AQR MODE. The CSW is set to 2 {only if CSW was CH 1) and CH 1 is off.

HOLD

When this key is pressed the digitizing process is instantly terminated and the
contents of both waveform memories 1 and 2 are simultaneously held unchanged.
The display appears to freeze motion during HOLD because the waveform memory
is not being updated with new data. The HOLD function 1s terminated by pressing
the HOLD key a second time or by pressing AVE N, ENV, ENV N, and HOLD NEXT
{the light will go out).

/ (shift function)

Certain keys have shift functions that are labeled with orange markings. These
functions are selected by first pressing the f key. When pressed, the f key blinks
to indicate that a shift function can be selected. Once the shift function is selected
the / key light will go out and the selected function will be implemented.

If the f key is pressed and you then press a key that has no shift function, the f
key will cancel (the light will go out) and the selected function will be implemented.
The f key function can also be cancelled by pressing the blinking f key. The light
will go out, indicating that the function is nc longer active.

TIME/DIV

The TIME/DIV control establishes the digitizing rate and digitizing mode {see Table
2-3) of the 7D020. The TIME/DIV setting appears in the upper right corner of the
display as shown in Figure 2-49. The TIME/DIV setting can be adjusted, ina 1, 2, 5
sequence from 20 seconds to B0 nanosecends. When the TIME/DIV control is
rotated counterclockwise past 20 seconds/div, the 7D20 is set for EXTernal
CLOCKing, and EXT 4 or EXTY will appear in the display in place of the TIME/DIV
readout as shown in Figure 2-50. Further rotation of the TIME/DIV control past EXT
in the counterclockwise direction, or past 50 nanoseconds/division in the clockwise
direction will have nc effect on the TIME/DIV setting.

DIGITIZING MODES

The 7020 uses four digitizing modes that are automatically determined by the
TIME/DIV setting. Different digital sampling techniques are used in each digitizing
mode to optimize the 7D20 performance capabilities depending upon the range of
the TIME/DIV setting. The Roll, Real-Time, and Extended Real-Time modes
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DIGITIZING Number of Number of Number of points
MODE points per triggers required sampled per
TIME/DIV waveform for full waveform single trigger
EQUIVALENT TIME 1024 Multiple 50 ns ~ 10 points
1 us—50 ns 100 ns = 20 points
200 ns = 40 points
500 ns = 100 points
1 ps = 200 points
EXTENDED 820 1 820
REAL TIME
200 pus—2 us
REALTIME 1024 ] 1024
50 ms—500 ys
ROLL, EXT CLK 1024 1* 1024

20 5—100 ms

*Not required except to terminate HOLD NEXT.

sequentially digitize incoming waveform signals. In these digitizing modes a single
trigger will produce a full memory of waveform data peoints in the HOLD NEXT mode.
The Equivalent Time digitizing mode uses random sampling techniques 1o digitize
higher frequency signals. Consequently, the Equivalent Time digitizing mode
requires repetitive triggers to build a complete waveform in waveform memeory.
Table 2-3 gives the TIME/DIV range for each of these digitizing modes and the

3857-161

Figure 2-49. TIME/DIV readout.
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3857-1562

Figure 2-50. EXTemnal clock readout.

number of waveform data peints acquired for each for single trigger events. Refer to
the Operational Theory, Section 3 for a more detailed discussion of the 7020

digitizing modes.

Extended Real-Time Digitizing {ERD)

In the ERD mode, in order to extend the real-time digitizing capability of the 7D20,
the resolution is set to BO points/division and digitizing is accemplished by
interlaced differential sampling. (This is described more fully in Operational Theory,

TABLE 2-4

Digitizing Mode Bandwidth

Digitizing Mode Bandwidth Nyquist Frequency
{-3 dB)
ROLL 70 MHz *
REAL-TIME 70 MHz *
EXTENDED REAL TIME:
TIME/ DIV
200 us 100 kHz 200 kHz
100 us 200 kHz 400 kHz
50 us 400 kHz 800 kHz
20 us 1 MHz 2 MHz
10 us 2 MHz 4 MHz
5 us 4 MHz 8 MHz
2 us 10 MHz 20 MHz
EQUIVALENT TIME 70 MHz *
oot . 100poins/diy 50 __
yquist frequency = Tl gy TIME/DIV
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Section 3.) The resultant effect on bandwidth is shown in Table 2-4. It is important
to note that in all digitizers, digitized signal frequencies which exceed the Nyquist
limits will be aliased. The Nyquist frequencies for each digitizing mode are indicated
in Table 2-4.

TRIGGERING

The triggering features of the 7020 are functionally grouped into three categories;
SOURCE, COUPLING, and MODE. The associated triggering keys are arranged in a
sequence which places the most-often used selections at the top of each cotumn of
keys. With this arrangement, stable acquisition and display can usually be obtained
by pressing the top keys: P-P, AC, and MODE. When an adequate trigger signal is
applied and the LEVEL centrol is correctly set, triggered acquisition is indicated by
an illuminated TRIG'D indicator. if the TRIG'D light is not on, the trigger signal
amplitude is inadequate, or its frequency is below the lower frequency limit of the
AC coupling, or the 7D20 may be in HOLD. If proper acquisition is not obtained with
these keys, other selections must be made.

In the ROLL digitizing mode the TRIG'D light does not illuminate because triggering
is not used. An exception to this is when HOLD NEXT is used in the ROLL mode.
Refer to the discussion of the HOLD NEXT function later in this section. The
following discussions explain the triggering functions and how they are used.

SOURCE

Keys in this column select the source of the trigger signal. The keys illuminate when
selected.

MODE—The MODE key causes the trigger source to be determined by the AQR
MODE selection. If the AQR MODE is channe! 1, then the trigger source is also
channel 1. 1f the AQR MODE is set for channel 2, then the trigger source will
automatically set to channel 2. If the selected AGR MODE is ADD or BOTH the
trigger source is forced to be channel 1. When MODE triggering is sefected the
appropriate CH1 or CH2 key will also illuminate. SOURCE MODE will cancel if
another selection; CH1, CH2, LINE, or EXT {+10) is made.

CH1—This key permits you to select the channel 1 input for the trigger source. The
key illuminates when selected and causes the trigger signal to be obtained from the
signal applied to the channet 1 input. This provides a stable display of the signal
applied to the channel 1 input.

CH2—This key permits you to select the channel 2 input for the trigger source. The
key illuminates when selected and causes the trigger signal to be obtained from the
signal applied 1o the channel 2 input. This provides a stable display of the signal
applied to the channel 2 input.

LINE—Selection of LINE SOURCE connects a sample of the power-iine voltage
from the host mainframe to the trigger circuit. Line triggering is useful when the
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input signal is time-refated (multiple or submultiple} to the line frequency. It is atso
useful for praviding a stable display of a line-frequency compenent in a complex
waveform. The key ifluminates when this function is selected.

EXT—Selection of this TRIGGERING SOURCE connects the signal from the EXT
TRIG connector 1o the trigger circuit. However, the external signal must be time-
related to the displayed waveform for a stable display. An external trigger signal can
be used to provide a triggered display when the internal signal is either too low in
amplitude for correct triggering or contains signal components on which triggering
is not desired. It is also useful when signal tracing in amplifiers, phase-shift
networks, wave-shaping circuits, etc. The signal from a single point in a circuit can
be connected to the EXT TRIG connector through a probe or cable. This way
acquisition is always triggered by the same signal which permits amplitude, time
relationship, or waveshape changes of signals al various points in a circuit to be
examined without resetting the triggering controls.

T EXT:10—The EXT+10 function attenuates the external trigger signal by a factor
of 10. Attenuation of high amplitude external trigger signals is desirable to increase
the effective range of the LEVEL control. This function is selected after first pressing
the [ key, then the EXT+10.

COUPLING

The triggering COUPLING keys select the way the trigger signal is connected to the
trigger circuits. Each key permits selection or rejection of some frequency
components of the trigger signal and each illuminates when selected. These
coupling choices are discussed in the following paragraphs.

AC—AC coupling blocks the dc component of the trigger signal. Signals with low-
frequency components below about 40 hertz {neminally -3 dB) are also attenuated.
In general, AC coupling can be used for most applications. lf, however, the signai
contains unwanted frequency components or if acquisition is to be triggered at a low
repetition rate or dc level, one of the other coupling choices will provide a better
display.

LF REJ—This key is used with AC coupling to reject dc, and attenuate low-
frequency trigger signals below about 40 Xilohertz. Acquisition is, therefore,
triggered by the higher-frequency components of the trigger signal. Low frequency
rejection coupling is particularly useful for providing stable triggering when the
trigger signal contains line-frequency components. Selecting LF REJ automatically
selects AC coupling and illuminates the AC coupling key.

HF REJ—High frequency reject coupling rejects high-frequency signals above
about 40 kilohertz. This can be selected with either AC or DC coupiing.

DC—DC coupling is used to pravide stable triggering from tow-frequency signals.

OC coupling can be used to trigger acquisition when the trigger signa!l reaches a de
level set by the LEVEL control.
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MODE

Keys in this column select the TRIGGERING MODE. The P-P mode is used for most
applications because of the ease of obtaining triggered aquisition of waveforms. The
AUTO, NORM, and HOLD NEXT modes are used for special situations and
applications. The triggering mode functions are discussed in the following
paragraphs.

NORM—This key selects the NORMal mode of triggering. Whenever an adequate
trigger signal is applied and the LEVEL control is correctly set, the NORMal mode
will provide triggered signal acquisition. When the trigger signal is not adequate or
the LEVEL control is not properly set, acquisition is halted (TRIG'D light off). Even
though acquisition is halted, contents of the waveform memory continue to be
displayed. It is imporiant to understand that when this happens, the displayed
waveform memory contents are from the last triggered acquisition. Conseguently,
the signal currently being input is not the signal being displayed. The TRIG'D light is
the best indication of this condition since it will not be ifluminated. A new trigger
will initiate a new acquire cycle which will update the wavefrom memory and
illuminate the TRIG'D hght. This triggering mode must be used to acquire signals
with repetition rates below about 30 hertz.

AUTO—This key selects the AUTO triggering mode. AUTO triggering provides
triggered signal acquisition when the LEVEL controt is correctly set and when an
adequate trigger signal is applied. The TRIG'D light indicates when signal
acquisition is triggered.

The AUTO triggering mode is similiar to the NORMal mode except that foss or lack
of an adequate trigger signal or an incorrect LEVEL control setting will not halt
signal acquisition and the updating of waveform memary. In other words, what
would appear as a HOLD condition {inadequate trigger signal) in the NORMal
triggering mode appears as free-run acquisition in the AUTO mode. When this
happens, the free-run condition is visible in the mainframe display but the display
doesn’t appear stable because the trigger doesn't relate to the input waveform. An
adequate trigger signat ends the free-running condition. A free-running cendition
can be uvsefyl when it is desired to measure only the peak-to-peak amplitude of a
signal without observing the waveshape (such as bandwidth measurements).

P-P—This key selects peak-to-peak automatic triggering. This mode is the same as
the AUTO TRIGGERING MODE except the range of the LEVEL contrcl is restricted to
within the peak-to-peak value of the trigger signal. This is the most frequently used
triggering mode since it provides triggered acquisition for almost any setting of the
LEVEL control whenever an adequate trigger signal is applied. The 7D20 internally
ac couples the signal in this mode. High frequency and low frequency may still be
selected.

The range of the LEVEL control in the P-P mode is between approximately 20% and
80% of the peak-to-peak amplitude of the trigger signal. The LEVEL control can be
set so that the displayed waveform starts at any point within this range on either
slope. The SLOPE controt is discussed tater in this section. The trigger circuits
automatically compensate for a change in trigger signal amplitude. Therefore, if the
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LEVEL control is set to start waveform acquisition at a certain percentage leve! on
the leading edge of a iow-amplitude signal, it triggers at the same percentage level
on the leading edge of a high-amplitude signal if the LEVEL control is not changed.
in this made an inadequate trigger signal results in free-running acquisition just the
same as described above for the AUTO triggering mode. When an adequate trigger
signal is again applied, the free-run condition ends and triggered acquisition
resumes. The P-P mode is particularly usefui when observing a series of
waveforms, since it is not necessary to reset the LEVEL control for each acquisition.
However, P-P triggering is sometimes ineffective on low repetitive rate signals such
as may be encountered in ROLL modes so NORMa! triggering should be used.

HOLD NEXT—The HOLD NEXT feature of the 7020 allows you to capture and
digitize single occurring events. The function is activated by pressing the HOLD
NEXT key., which illuminates 1o indicate that the circuits are enabled to accept a
trigger. Generally, once enabled, the 7020 accepts the next occurring trigger event,
digitizes a full memory of waveform data, then enters HOLD. However, operation of
the HOLD NEXT function varies somewhat with the different digitizing medes as
explained in the paragraphs that follow.

In the roll digitizing mode (20 §/div 10 100 ms/div and EXT CLOCK) a hold-off
period occurs when HOLD NEXT is activated, which allows the timing circuits to be
enabled. During the hold-off interval a screen full of waveform data will roll past
befere a trigger will be accepted. Once the trigger event is accepted, the TRIG'D
light comes on and stays lighted until the acquisition is complete and HOLD is
entered. When HOLD is entered is determined by the TRIG POSition. i the TRIG
POS is set for O a full 10-divisions of waveform will roll across the display before
HOLD is entered. The entire waveform will then be post-trigger. Setting the TRIG
POS at 5 will give 5 divisions of pre-trigger so when the trigger event occurs, only 5
divisions of waveform data will roll across the screen before HOLD is entered.

When the 7020 is in the real time {50 ms/div to 500 us/div) or extended real time
{200 us/div to 2 ps/div) digitizing modes and HOLD NEXT is active {the HOLD NEXT
key illuminated); the 7020 will accept the next trigger event, (the TRIG'D light
iluminates when this occurs), digitize a full memory of waveform data, then
automatically enter HOLD. When HOLD is entered, the HOLD NEXT key light
extinguishes and the HOLD key ifluminates.

In the equivalent time digitizing mode {1 us/div to 50 ns/div) repetitive triggers are
required to build a complete representation of the waveform. The HOLD NEXT
feature allows for this by accepting muhiple triggers till enough waveform data
points are accumulated to huild a complete waveform, at which time HOLD is
entered. The TRIG'D light stays illuminated {unless repetition rate is slow) during
the accumulation interval and turns off when the process is complete {when HOLD
is entered). Table 2-5 gives the number of triggers required to build a waveform for
the different TIME/DIV settings in the equivalent time digitizing range.

When HOLD NEXT is activated over the GPIB, the 7D20 issues a service request
{SRQ) when HOLO is entered. This provides notice to the controller that a HOLD
NEXT acguisition has been completed. Refer to Section 4, GPIB for more
information.
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TABLE 2-5
Equivalent Time Digitizing Mode Trigger Requirements
TIME/DIV Number of MINIMUM Average number
points per trigger triggers to of triggers to

build a waveform | build a waveform

1 us 204/205 5 11
500 ns 102/103 10 29
200 ns 40/41 25 95
100 ns 20/21 50 224
50 ns 10/11 100 516

When using the HOLD NEXT function it is very important to check that the trigger

LEVEL is adjusted so the trigger will be accepted. Otherwise, you may miss the
event you want to capture.

+SLOPE

This key ituminates when selected and causes the trigger circuit to respond to the
positive-going portion of the trigger signal. Canversely, when the key is not
illuminated the trigger circuits respond to the negative- going portion of the trigger
signal {see Fig. 2-51}. When several cycles of a signai appear in the display, the
setting of this switch is often unimportant. However, if only a certain portion of a
cycle is to be acquired and displayed, correct SLOPE selection is necessary 10
ensure that acquisition begins on the desired slope of the input signal.

3857 153

Figure 2-51. Triggering on negative slope.
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TRIG'D

This indicator light ilfuminates when signal acquisition is triggered. in the ROLL
digitizing mode triggers are not required so the TRIG'D light doesn’t illuminate
except when the HOLD NEXT function is active {refer to the discussion of the HOLD
NEXT mode). In the absence of a trigger event the digitizer ceases to update and the
last triggered acquisition is displayed. if the trigger light is on but the display is
unstable, this usually indicates an aliasing condition. Turn the TIME/DIV contro!
clockwise until a stable display is obtained. Refer to the Operationat Theory, Section
3 for a discussion of aliasing.

LEVEL

The LEVEL control adjusts the voltage level on the trigger signal at which triggering
occurs. When the LEVEL control is set in the clockwise direction, the trigger circuit
responds at a more positive paint on the trigger signal. When the LEVEL control is
set in the counterclockwise direction, the trigger circuit responds at a more negative
point on the trigger signal

The LEVEL control range is approximately 16.4 divisions in the AUTO and NORM
TRIGGERING MODEs. Refer to TRIGGERING MODE in this section for level range
information in the P-P MODE.

To set the LEVEL control, first select the triggering MODE, COUPLING, SCURCE,
and +SLOPE. Turn the LEVEL control tully counterclockwise then, rotate it clockwise
until the display of the acquired signal begins at the desired point.

<TRIG POSY

The TRIG POS (trigger position} slewing keys allow you to increment & or
decrement< the trigger position by whole divisions from its zero position on the left
vertical graticule line. The trigger position appears in the upper right corner of the
display as shown in Figure 2-562. A full 10-divisions of pre-trigger can be displayed
by moving the trigger position fully 1o the right of its zero position. In the opposite
direction, the trigger position can be moved to the left of zero to achieve up 10 1500
divisions of post trigger. When a TRIG POS key 1s pressed and held, the trigger
position automatically stops inctementing or decrementing when its limit is
reached. Likewise, when moving it back toward zero by pressing and holding the
appropriate key, the trigger position automatically stops at zero. Trigger position O
on the graticule includes several points of pretrigger data prior 10 the graticule line.
In the extended real-time mode 10 pretrigger points are shown, and in the digitizing
modes, 12 points of pretrigger are displayed.
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HORIZ POSITION

This control adjusts the horizonta!l position of afl the waveforms. The HORIZontal
POSITION control has a calibrated detent at the clockwise end of rotation. This
ensures that the TRIGger PQSitions are lined up with the graticule lines as
indicated in the readout. The range of the HORIZ POSITION control is plus or minus
about 2 divisions.

VECTOR

Acquired waveforms are stored in waveform memory as data points. These data
points are displayed as a series of dots that represent the digitized waveform data
points. As these dots become separated vertically it sometimes becomes difficult to
determine which dot follows which. The VECTOR function, when selected connects
time adjacent dots and the key illuminates. This allows you to better determine their
time relationships. The VECTORs are designed such that you can still easily discern
the waveform data points because they appear intensified with the VECTORs on.
VECTORs are particutarly useful when viewing waveforms in the ENVelope mode.

MEMORY DISPLAY

MEMORY DISPLAY keys 1 through 6 control the display of the 7D20 waveform
memories. Six memory registers in the 7820 are dedicated to the storage of
waveform data. Each waveform memory register is functionally divided into three
segments. One segment stores the waveform data peints. A second segment of the
waveform memory stores the original conditions under which the waveform data
was acquired, such as the vertical sensttivity and the time/division. A third segment
of the waveform memaory stores infarmation concerning the “display conditions” for

3B57-165

Figure 2-52. Trigger POSition raadout.
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the waveform such as the wvertical position {(up or down), vertical expansion or
compression, versus, cursor position and horizontal magnification. The contents of
any waveform memory can be displayed by pressing its corresponding (1 through 6)
MEMORY DISPLAY key. When pressed, the numbered MEMORY DISPLAY keys
itluminate to indicate that the memory is being displayed and the respective
waveform memory number appears in the upper left corner of the display in the
DSW (Display Waveform) list as shown in Figure 2-53. Pressing the key a second
time will extinguish the light and clear the waveform frem the display. However,
this is not true of the cursor waveform which cannot be turned off. The numbered
MEMORY DISPLAY keys also have a second function. They are used for making
selections from the MENU, discussed earlier in this section.

3857-156

Figure 2-53. DSW (displayed waveforms) readout.

COPY

This key permits you to copy a waveform from one memory to another. When a
waveform is copied from one waveform memory to another, all the associated
acquire cenditions and display conditions are copted too. To do this, press the COPY
key: the COPY key will start blinking and a prompt will appear in the display. The
prompt (shown in Fig. 2-54) will read "COPY #-+#"" with the first number sign
blinking. Next, press the numbered MEMORY DISPLAY key corresponding to the
memory you wish to copy. The MEMORY DISPLAY key will illuminate, the contents
of the associated memory will be displayed, and the prompt will show the number of
the waveform you are copying in place of the blinking number sign. The second
number sign will now blink. Next, press the numbered {1-6) MEMORY DISPLAY key
where you wish to copy the wavetorm. At this point, the waveform witl have been
copied into the chosen waveform memary and the COPY key will cease blinking and
stay off. The prompt will now show the number of the waveform memory into which
you just copied the selected waveform in place of the blinking, second number sign.
Press any other key and the copy prompt will disappear from the display. A copied
waveform wiil not be displayed unless the memory it was copied inlo was being
displayed befcre the copy was made.
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3857-157

Figure 2-54, 7D20 COPY prompt.

It should also be noted that when a waveform is copied into a waveform memaory,
any infermation previously stered in that memory will be cleared and consequently
lost.

Csw

The CSW (CurSor Wavefarm) select key allows you to select any one of the 5ix
waveform memories as the cursor waveform. When pressed, the CSW key will
begin to blink and the previous cursor waveform number in the CSW prompt will be
replaced with a blinking # sign. You can then select the desired cursor waveform by
pressing the appropriate MEMORY DISPLAY key. This instantly results in the display
of the new cursor waveform and its associated display information. The CSW
prompt wiil reflect the newly selected CSW nurnber and will disappear from the
display when another key is pressed.

f CSW REF

When viewing a waveform in the HMAG or VS modes, this function allows you te
also view the waveform as it was previous to the HMAG or VS mode as a reference.
The REF function can only be used when the 7D20 is in the HMAG or VS modes
and cannot otherwise be selected. Refer to the discussion of HMAG and VS later in
this section.

As a shift function of the CSW key, the REF key is activated after first pressing the
/ key. Once selected, the REF key will illuminate and the reference waveform will
be displayed and an R will appear in the DSW readout as shown in Figure 2-55.
Cursors on the displayed reference waveform will be positioned on the exact same
data points as on the displayed HMAG or VS waveform. And, any movement of the
cursors will occur on both waveforms.

Termination of the HMAG or VS mode will extinguish the REF key illumination,
however, the REF state is retained in memory and will be enabled if the HMAG or
VS mode is entered again. The REF state can be terminated by pressing the f key
then pressing the REF key. This also extinguishes the REF key illumination.
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3857177

Figure 2-55. DSW readout with R (Reference) Waveform displayed.

CURSOR WFM

The CURSOR WFM keys allow you to manipulate the cursor waveform in a variety
of ways. Keep in mind that each waveform memory has associated with it three
separate memory segments; one for waveform data, a second for acquire
conditions, and a third for display conditions. Use of these keys affect only the
display condition segment of the waveform memory and will not in any way affect
the waveform data nor the original acquire conditions which remain stored,
unchanged in waveform memory. Using the CURSOR WFM keys, you can vertically
reposition, expand, or compress the cursor waveform. Using these keys you can also
magnify the cursor waveform horizontally or display it “versus™™ another waveform
or itself. These keys are operational on the cursor waveform only. Waveforms 3
through 6 are always in a hold condition. These keys may also set the cursor
waveform display to be used as the REFerence waveform independently of the
HMAG or VS cursor waveform display when the cursor waveform is in HOLD.

The use of these keys is described in the following paragraphs.

VPUP{ AND VPDN{ (Vertical Position Up and Vertical
Pasition Down}

These slewing keys, when in HOLD, allow you to move the cursor waveform
vertically about the acquired vertical zero reference. A single press of a key moves
the waveform one vertical display resolution increment (0.04 division}. If you press
and hold the key, continuous movement of the curser waveform will result.
Movement stops when the maximum of about 5 divisions {in either direction) from
the acquired zero level is reached.

Maovement of the cursor waveform display, either up or down with respect 1o its

original display position will result in the illumination of the appropriate (up or
down) key. Press and hold the non-illuminated, oppesing key to return the cursor
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waveform to its original display position. Waveform movement will automatically
stop at its original display position, at which time neither key will be illuminated. To
continue waveform movement past its original position, release the movement key
momentarily, then press and held it again. The position of the cursor waveform GND
{plus or minus} with respect to center screen is shown in the VZR display (see Fig.
2-56). Maximum movement in either direction is approximately 5 divisions (further
if expanded). When the REFerence waveform is present (which means the cursor
waveform must be in HMAG or VS mode) these keys allow separation control
between the cursor waveform and its reference. These keys operate in this mode
even if the 7020 is not in HOLD.

3857158

Figure 2-56. Cursor waveform with VZR {Vartical Zero Refarence) altered by VPUP{O.

VCMPZ AND VXPDE (Vertical Compress and Expand)

With these keys you can vertically compress or expand the cursor waveform about
the center of the acquisition window. The cursor waveform can be expanded or
compressed, two increments (in a 1,2,5 sequence) from its original acquired vertical
scale factor.

When the cursor waveform is expanded or compressed, the respective VXPDE or
VCMP3E key illuminates and the change in vertical scale factor will appear in the
display in the second from the bottom line labeled CSW. Because these keys have
opposing action, the opposite key is used to return the cursor waveform to its
original acquired vertical scale factor. At which time, neither key will be illuminated.

Waveforms being digitized cannot be vertically compressed or expanded and are not
affected by these keys except when HMAG or VS modes are selected and the REF
waveform is displayed. An attempt to do this results in the display of the warning
message "HOLD REQD". Refer to prompts and warnings discussion given earlier in
this section. VXPD% occurs about crt center whereas VCMP% occurs about VZR
{Vertical Zero Reference}. This feature allows the user to positicn the expanded
waveform anywhere within the graticule area.
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HMAG (Horizontal Magnify)

The cursor waveform can be magnified {expanded) harizontally from its acquired
state by a factor of 10 times. In other words a 100 points/division waveform is
displayed at 10 points/division as shown in Figure 2-57. By using the cursors as
described later under cursors and magnified waveforms, any portion of the
magnified cursor waveform can be positioned within the viewing area of the display.
It is often helpful to view the REF {unmagnified) waveform (also shown in Fig. 2-57)
at the same time. Since the cursors appear on exactly the same data points on both
versions of the waveform.

The HMAG key illuminates when the function is active. Fress the key 1o select.
Press again to terminate—the light will extinguish. The HMAG function will also
terminate if the VS mode is selected.

3857178

Figure 2-57. HMAG Waveform displayed with its reference waveform.

/., HMAG ALL

This function causes all displayed waveforms to be harizontally magnified 10 times.
This is a shift function of the HMAG key. As such, the f key must be pressed and
iluminated and the HMAG key blinking, before this function can be selected. When
the ALL function is active and the HMAG key is pressed without first pressing the f
key, only the cursor waveform wili be unmagnified. Since the cursor waveform is
rot magnified the HMAG key light will extinguish. Press the key again (witheut first
pressing the f key) and the cursor waveform will again be displayed magnified and
the HMAG kéy will again illuminate. To cancel the ALL function, press the j key
first, then press the ALL key. The cursor waveform will also cease to be magnified if
the VS mode is selected.

VS

This key allows you to display the cursor waveform versus another waveform (or
versus itself) rather than versus time. When the function is active, the 7D20
displays the cursor waveform on the Y-axis {vertical} versus the selected waveform
on the X-axis (horizontal).
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To select the VS function, first press the VS key. The VS key will illuminate and the
prompt “CSW X VS #" will appear in the display as shown in Figure 2-58. The X'in
the prompt will be the number of the cursor waveform and the # will be blinking.
Next, press the number of the selected waveform. The cursor waveform will be
displayed vs the selected waveform, and the C5W information at the bottom of the
display will indicate that the cursor waveform is being displayed VS the selected
waveform (see Fig. 2-69). The cursor waveform information at the bottem of the
display will change to indicate the volts/div of the two waveforms. Refer to the
discussion of the display earlier in this section.

3857-159

Figura 2-58. Cursor Waveform VS5 (Versus) prompt.

3857-160

Figure 2-59. CSW versus readout.
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CURSORS

Fach waveform memory has associated with it two cursers where one or both may
be displayed when the waveform is selected as the cursor waveform. The cursors
appear in the display as intensified dots that coincide with wavetorm data points.
When in HMAG or VS modes and with the REFerence waveform dispiayed, cursars
appear on the same data points on both versions of the waveform,

At power-up, when the ALIGN mode is selected, cursors for all waveforms are
aligned with those of the cursor waveform. And, consequently, any movement of
the cursors an the cursor waveform will cause identical movement of the cursors on
all other waveforms. Of course, only the cursors on the CSW are visible.
independent movement of the cursors is made possible by selecting the
INDEPendent made as explained later.

Cursors are moved by use of the slewing keys $1, 19, 2, and 2. The arrows
indicate the direction of cursor movement. A single press of a cursor movement key
will cause the associated cursor to move to the next adjacent data point on the
waveform. Continuous movement of the cursor will result if the key is pressed and
held. The foliowing rutes apply to the cursors and their use:

® Cursor 1 is always on.
® Cursor 1 can be moved 1o any cursor waveform data point.

® Cursor 1 is always coincident with or closer to the beginning of the waveform
than cursor 2.

® Cursor 1 pushes cursor 2 when the two are coincident and cursor 1 is moved
toward the end of the waveform.

@ Cursor 2 movement is halted whben it becomes coincident with cursor 1 as you
attempt to move cursor 2 toward the beginning of the waveform.

NOTE

if cursor 2 is sufficiently separated from cursor 1, t may rnot appear on
the magnified portion of a waveform in the HMAG mode. This can be
more easily observed if the REFerence waveform is turned on.

CURSOR COORDINATES

The kind of cursor coordinate information displayed on the crt depends on whether
cursor 1 is on by itself or if cursor 2 is on also. When cursor 2 is off. the displayed
cursor coordinates give both the vertical position and the horizontal time value of
the waveform data point where cursor 1 is located as seen in Figure 2-60. The
vertical position i1s given in volts with respect to the VZR (vertical zero reference)
value. The horizcntal time value is given with respect to the trigger positicn, This is
also true whenever the REF waveform is displayed. In the VS mode (without the
REF waveform), the display gives only the vertical coordinates of the cursors on
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wavetorms as shown in Figure 2-61. Again, these coordinates are given in volts
relative to the respective vertical zero reference values of the two waveforms.

3857-161

Figure 2-60. Cursor coordinate readout.

3R67-162

Figure 2-61. Cursor coordinate readout with VS Waveform displayed.

In the AON cursor mode, cursor 2 is turned an. The display gives the vertical value
of cursor 2 relative to cursor 1 and the horizontal time value of cursor 2 relative to
cursor 1 as shown in Figure 2-82. When the VS mode is selected, the display gives
the vertical value of cursor 2 relative to curser 1 for both X and Y waveforms.,

CURSORS AND MAGNIFIED WAVEFORMS

When viewing an unmagnified cursor waveform, the entire length of the wavetorm
is visible within the display area and cursor 1 can be moved to any data point on the
waveform. However, when HMAG is selected only part of the waveform remains
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3857-163

Figure 2-62. Cursor coordinate readout when both cursors are on (“ON}.

visible. So as to still be able to examine the entire magnified waveform, the
foltowing occurs: As cursor 1 is moved toward the end of the waveform, it becomes
fixed at graticule line 2 {see Fig. 2-63). Then the waveform moves relative to cursor
1 until the last data point comes into the display area. Cursor 1 then resumes
movement Uil it reaches the end of the waveform. Similarly, the reverse is true
when cursor 1 is moved back toward the beginning (left) of the waveform. This can
be more easily observed if the REF {reference) waveform is displayed at the same
time since the cursors appear on both the magnified cursor waveferm and the REF

waveform.
CURSOR 1
e
LA A
VIN\ViiVIY
T e A
B ok o
3857 164
Figure 2-63. Cursor 1 location on HMAG'd Waveform.

IR TES

These two slewing keys move cursor 1 in the direction indicated by the arrows.
Pressing either of the keys once will cause cursor 1 1o move to the next data po:nt in
the direction indicated. Continuous movement of cursor 1 results when a cursor
movement key is pressed and held. When the last data point is reached, in either
direction, cursor 1 will come to a hait.
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G2

These two slewing keys move cursor 2 in the direction indicated by the arrows.
Pressing either of the keys ence will cause cursor 2 to move to the next data point in
the direction indicated. An exception is when cursor 2 is co-incident with cursor 1
or when cursor 2 is at the end of the waveform (last data point). Continuous
movement of cursor 2 will result when one of the movement keys is pressed and
held. Cursor 2 cannot be positioned to the left (toward the beginning of a waveform)
of cursor 1 nor can it be positioned beyond the last waveform data point.

AON AOFF

These keys turn cursor 2 AOFF and AON. As shift functions of the cursor 1
movement keys, you must first press the fkey to activate these functions. When
cursor 2 is turned on, the displayed cursor coordinates will reflect the vertical value
of cursor 2 relative 1o cursor 1 and the horizontal time value of cursor 2 relative to
cursor 1. Each of these functions is cancelled upon the selection of the other.

INDEPendent

This is an shift function of the <2 key. Selection of the INDEPendent mode permits
you to move the cursors on the cursor wavelorm without affecting the position of
the cursors on any other waveforms. Selection of this mode requires that the f key
be pressed first, the key iluminates when selected. The INDEPendent mode is
cancelled by selecting the ALIGN mode.

ALIGN

This is an shift function of the cursor 2¢ key and its selection must be preceded
with a press of the / key. Selection of the ALIGN mode illuminates the ALIGN key
and causes the cursors on all waveforms to align with the cursors on the cursor
waveform. Thereafter, movement of the cursors on the cursor waveform will cause
identical movement of the cursors on alt other waveforms. The ALIGN mode can be
cancelled by selecting the INDEPendent mode described above.

SET N

SET N is used with the AVE N and ENV N modes to AVErage or ENVelope an
incoming waveform N number of times. With this key, you can set the value of N 1o
8, 16, 32, 64, 128, or 258. The SET N key illuminates when pressed and “SET N=
(current value of NJ?" appears in the display as shown in Figure 2-64. Press the SET
N key again and the value of N will increment 1o the next higher value. i the SET N
key is pressed and held, the value of N will cycle through the above sequence of
numbers in the display. Simply release the key when the desired value of N appears.
SET N is terminated by selecting any other key and the value of N is retained.
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SRANLLEEAR
A G 3

3857-168

Figure 2-64. SET N readout prompt.

AVE

AVEraging is a method of removing noise from a signal and presenting a better
representation of the actual waveform.

When the AVE key is pressed it will illuminate and the 7D20 will begin to
cominuously display averaged waveform data. The value of N wili adjust the
responsiveness of the accumulated average to any changes in waveforms acquired
after the N™ waveform. Each additional waveform is weighted by 1/N. After N
acquisitions the prompt field will indicate that the number of averages is greater
than N {see Fig. 2-65).

When AVEraging in the ROLL mode (TIME/DIV set to 100 ms or slower] the
waveform is sampled at a constant 2 kHz rate {1 kHz at 20 s/div}. This allows the

oo s | | Wowska | | cponle |
SN R P O R PR R

3857-166

Figure 2-65. The AVE readout.
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7020 to capture and process a number of samples between each pair of displayed
points. The next peint displayed is the average of these “in between’™ samples, See
Table 2-6.

TABLE 2-6
Number of Points Averaged for
Each Displayed Point in ROLL Mode

TIME/DIV Digitized Points/Displayed Point

100 ms 2
200 ms 4
500 ms 10
1s 20

2s 4Q

5s 100
10s 200
20s 200
EXT 100

In the ROLL Mode AVEraging is performed in real time, therefore repetitive
waveforms are not required, AVEraging in the ROLL mode using the EXTernal
CLOCK input allows 100 samples to be taken between displayed points.

The AVE function can be cancelled by pressing the AVE key a second time. Or,
selecting HOLD, HOLD NEXT, AVE N, ENV, or ENV N will also terminate AVE with
the following results:
HOLD—Immediately stops signal acquisition, terminates the AVE function and
extinguishes the AVE key. The display readout will indicate the total number of

averages accumulated, or greater than N.

HOLD NEXT (TRIGGERING MODE)--Ailows one more triggered acquisition
then enters HOLD with the same effects as the HOLD key.

GND—Terminates the AVE function and redefines VZR.
AVE N—Clears the display then executes the AVE N function.

ENV and ENV N—Both terminate the AVE function, extinguish the AVE key and
implement the selected function,

If the VOLTS/DIV, TIME/DIV, ar TRIG POS are changed, the AVEraging restarts and
discards previous information.
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Algorithm: For 50 ms/div 2 TIME/DIV 2 50 ns/div {Not ROLL mode}.

Wiim) =0 For m = 0,1,..1023

For n = 1,2,..N

W3 (m) = Wi (mHWa (m)-Wiha (m)l/q.

where q = 2** INT [Log2 (1.443"n}]

W3 is the averaged stored waveform after n acquisitions
Whn is the n™ acquired waveform

For n>N

W2 (m) = Wia (mPWa (m)>-Wa1 (m}/N

/. AVE N

This shift function of the AVE key is selected after first pressing the f* key. AVEN is
the same as the AVE function except when N {current setting of SET N) averages
have been made, the 7020 automatically enters HOLD. Also, when AVE N is
activated, the readout prompt begins at the current value of N and counts down to
zero as averages accumulate. When HOLD is entered the prompt will then give the
total number of averages. Shouid you enter HOLD before N averages occur, the
readout prompt will give the total reached. AVE N accumulates complete waveform
records, therefore Roll gperation is suspended for TIME/DIV settings =100 ms.
When the AVE N function is initiated over the GPIB, the 7D20 issues a service
request (SRQ) over the bus when HOLD is entered. Refer to Section 4, GPIB,

ENV

ENVeloping is a method of constructing a waveform using the minimum and
maximum values of the sampled data peints. ENVeloping makes many waveform
aberrations visible that might otherwise be overlooked altogether, for example,
frequency drift,

Press the ENV key and the 7D20 wil! begin to display envelope processed data. The
source of the data is determined by the AQR MODE. An envelope waveform is
constructed from the appropriate source and displayed following each triggered
acquisition. The display is updated after each acquisition in a continuous process.
The number of processed acquisitions is shown in the display (see Fig. 2-66).
Seiecting the ENV function will cause the ENV key to illuminate and, at the same
time terminates the AVE, AVE N, SET N, ENV N, and HOLD functions if either are
active.

When ENVeloping in the ROLL mode (TIME/DIV set to 100 ms or slower) the
waveform is sampled at a constant 2 XHz rate (1 kHz at 20 s/div}. This allows the
capture and processing of a number of sampies between each displayed point
{minimum and maximum). The next two points displayed are the maximum and
minimum of these “in between” samples.
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TABLE 2-7
Number of Points Averaged for Each Max and
Min Pair of Displayed Points in ROLL Mode

TIME/DIV Digitized Points/Max-Min Pair

100 ms 4
200 ms 8
500 ms 20
1s 40

2s 80

5s 200
10s 400
20s 800
EXT 200

This mode can be used to capture and process a signal pulse width of 500 us or
less. Refer to Section B, Application 3, Menitoring Intercellular Neurenal Discharge.

ENVeloping in the ROLL mode using the EXTernal CLOCK input allows 100 samples
to be taken between displayed points.

To cancel the ENV function press the key a second time. Or, the ENV function can
be terminated by pressing the HOLD, HOLD NEXT, GND, or f ENV N keys with the
following results:

3857-167

Figure 2-66. The ENV readout,
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HOLD—Immediately terminates the ENV function and signal acquisition. The
number of waveform ENV is displayed in the readout prompt field.

HOLD NEXT—Same effects as HOLD except termination is delayed until after
the completion of the next acquisition.

GND—Terminates the ENV function and redefines VZR.

f ENV N—Terminates the ENV function, clears the displayed waveform and
initiates the AVE, AVE N, and ENV function.

if the VOLTS/DIV, TIME/DIV, or TRIG POS are changed, the ENVeloping restarts
and previous information is discarded.

Algorithm: For 100 ms/div 2 TIME/DIV = 50 ns/div (Not ROLL mode).
For n = 2 1o infinity.

I
1]

WS = Max [WE1 (m}, Wn {m}] m = 0.2,..1022

WE = Min W21 {m), Wn {m}] m = 1,3,5,..1023

where Wa{m) is the m™ point of the constructed envelope waveform
after n acquisitions.

Wo {m) is the m™ point of the n™ wavetorm acquisition.

1]

f. ENV N

This shift function of the ENV key is selected aiter first pressing the f key. ENV N
operates the same as the ENV mode except when N {the current setting of SET N}
anvelopes are accumulated, the 7D20 automaticatly enters HOLD. When ENV N is
activated the readout prompt begins counting at the current vatue of N and counts
down to zero. At the zeso count, HOLD is automatically entered and the readout
prompt will indicate the total number of envelopes.

Should HOLD be initiated before N envelopes occur, the total number reached will
appear in the readout prompt. ENV N accumulates complete waveform records,
therefore Roll operation is suspended for TEME/DIV settings 2100 ms. When ENV N
is initiated over the GPIB, the 7020 issues a service request (SRQ) when HOLD is
entered. GPIB operating information is contained in Section 4, GPIB.

f, TEST

Selects the Test Menus that are used for executing SELFTEST and servicing the
7D20. Refer to the Maintenance section of the service manual for this information.
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RQS (REQUEST SERVICE)

When the 7D20 is on bus in TALK/LISTEN mode, pressing this key will generate an
SRQ (service request) over the GPIB. The key will illuminate when you do this. A poll
by the GPIB controller will subsequently extinguish the illuminated key and cancel
the SRQ.

A power-up SR( is generated as part of the power-up sequence when power is
applied to the 7D20. i the 7D20 is in the GPIB mode and ON LINE, the key will
extinguish when the 7020 is polled by the controller. Refer to Section 4, GPIB.

/" RQS #

Altows selection of 6 unique SRQ event codes when the 7D20 is operating over the
(GPIB. This sends a predetermined status byte. Refer to Sectien 4, GPIB for
information concerning GPIB operation.

REMOTE ONLY (indicator)

This indicater light illuminates when the 7D20 is in the RWLS (Remote With Lock
out State}. When the light is on, the front panel controls can only be activated or
changed over the GPIB. All front panel controls are inactive except for the RQS
functions, the variable VOLTS/DIV, HORIZ POSITION, and iD monitoring of GPIB
selections.

ID (ADDRed Indicator)

The 1D key, when pressed, causes the ID menu to appear in the display as shown in
Figure 2-67. The D menu is used for manually establishing the MOBE
TERMINATION, and ADDRESS for GPIB operaticn of the 7D20. The ADDR
illuminates when the 7020 has been addressed as a Talker or Listener. Refer to
Section 4, GPIB, for further information.

NOTE

The firmware version displayed in these illustrations may differ from
those displayed for your 7020, and are shown for positional reference

only.
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3867-193

Figure 2-67. ID MENU.

EXT CLOCK

This bnc connector permits the connection of an external clock signal to the 7020,
The 7020 can accept a maximum clock rate of 10 kHz. in order for the EXT CLOCK
connector to be functional, the TIME/DIV switch must be set to the EXT poesition by
turning it counterclockwise until the readout indicates EXT 4 or EXT{ in the upper
right corner of the display (see Fig. 2-68). The arrow indicates the EXT CLOCK edge
polarity. Ciock edge poiarity is selected via item 4 on the UTILITIES menu. Press
MEMORY DISPLAY key 4 when the UTILITIES menu is displayed and the EXT CLK
prompt wili appear in the display. Press MEMORY DISPLAY key number 4 a second
time and the arrow (indicating tite EXTernal CLOCK polarity) will reverse direction.
The indicator arrow will continue to reverse each time the number 4 MEMORY
DISPLAY key is pressed so long as the UTILITIES menu is displayed.

3857-168

Figure 2-68., EXTernal clock readout.
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EXT TRIG

This bnc connector permits the connection of an external trigger signal to the 7D020.
ln order for this connector to be functional, the EXT or EXT +10 TRIGGERING
SOURCE MODE must be selected,

GPIB (connector)

This is the IEEE 488 connector port for connecting the 7D20 to operate over the
GPIB. Information for GPIB operation is contained in Section 4, GPIB.
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OPERATIONAL THEORY

THIS INFORMATION 1S NOT REQUIRED FOR QPERATING THE 7D20

BLOCK DIAGRAM DESCRIPTION

The following descriptian presents an overview of the operation of the 7020, Figure
3-1 is an overal! block diagram of the plug-in. A discussion of the operation of the
charge coupled devices {CCDs) the Digitizing modes, and the display system is
included at the end of the block diagram description.

OVERALL BLOCK DIAGRAM DESCRIPTION

The 7D20 Programmable Digitizer performs analog to digital conversion, waveform
storage, and digita) to analog conversion for display (see Fig. 3-1). The input signal
is applied to the Preamplifier circuitry through either or both the CH 1 or CH 2 input
connectors. The Preamplifier circuitry attenuates the input signal according to the
setting of the from-panel VOLTS/DIV control. It then amplifies the signal, converts it
into a differential signal and applies it to the CCD circuitry.

The Charge Coupled Device (CCD) circuitry takes analog samples of the input signal,
and passes them 1o the A/D converter for conversion into digital values. (See the
following discussion of the operation of the CCDs } The digitized samples are applied
to the Memory circuitry. The CCD receives its timing and synchronization
information from the Time Base circuitry.

The Memory circuitry contains the waveform memory, which consists of digital
memory and control circustry. The Waveform Memory is used to store acquired
waveform data from the A-to-D converter, and as a source of data for disptay on the
mainframe crt. tn addition, the microprocessor accesses the Waveform Memory 1o
perform operations such as waveform averaging, GPIB data transfer, cursor
measurements and storage of data for readout displays.

The Display circuitry receives digital display data from the Waveform Memeory and
canverts it to analog display signals {vertical and horizomtal), which drive the
mainframe vertical and herizontal display amplitiers, to produce the mainframe crt
display. The Display circuitry produces four types of displays: Y versus time, Y
versus X, alpha-numeric characters, and cursors. Display setup information from
the microprocessor determines the display mode. Timing signals from the Time
Base circuitry synchronize the Display with the Memory access time slots.
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The Display circuitry also allows waveforms displayed in the Y versus time mode to
be expanded, compressed, and offset and magnified horizontally without modifying
the contents of the Waveform Memory.

The Trigger circuitry generates the trigger gate signais, which provides a trigger
reference point to the Time Base circuitry for the acquired data. it can produce a
trigger gate from four different trigger signal sources; Ch 1 input signal, Ch 2 input
signal, line and external trigger signal. The trigger source, coupling, mode, level and
slope can be selected from the front panel or externally programmed.

The Time Base circuitry provides the basic timing for the 7D20. It generates a
number of ¢clock and handshake signals which are used within the Time Base, CCD,
Memory and Display circuitry to control the timing of waveform acguisition and
display. These signals control the rate at which the CCDs sample the signal, and
which of these samples are subsequently stored in the waveform memaory. The Time
Base circuitry receives setup and control information from the microprocessor, and
in turn, transmits trigger and timing data back to the microprocessor for use in
setting up and controlling the Memory and Display circuitry.

The Microprocesser circuitry controls the setup of the 7D20 for its various modes of
operation, and initiates the acquisition and display of waveforms. it aisc performs
calculations such as signal averaging, enveloping, delta-time and voltage
measurements, and controls the self diagnostics and GPIB interface firmware.

CHARGE COUPLED DEVICE (CCD) OPERATION

A charge coupled device (CCD) is an analog shift register. Each CCD used in the
7D20 contains two analog shift registers (see Fig. 3-2}, which are driven
differentially. Register A samples the [-) side of the differential input signal; Register
B samples the (+} side of the signal.

On each sampling clock te a register, a sample is taken of the signal. This sample is
then stored in the first cell of the analog shift register. On subsequent clocks, this
sample is passed from cell to cell, until it is applied to the output amplifier and
subsequently to an analog-to-digital {A-to-D) converter.

DIGITIZING MODES

The Time Base circuitry has four basic modes of operation: roll, real-time digitizing
(RD), extended real-time digitizing (ERD} and equivalent time digitizing (ETD}). The
setting of the TIME/DIV control determines the mode of operation of the Time Base.

The roll mode (see Fig. 3-3A) creates a display on the mainframe crt similar to that
of a strip chart recorder. In this mode, the CCD circuitry continuously samples the
input signal at a 400 kHz rate. Samples are continuously being digitized at the
output of the CCD by the A/D converter. Selected samples are then stored in a 1K
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INPUT SAMPLING

CLOCK A
ANALOG SHIFT REGISTER A
CHARGE L QuTPUT
moection b= [ T T T T [&L 8 ] | A ameuiren
PORT A 455 CELLS / A
PREAMP
ANALOG SHIET REGISTER B
CHARGE L OUTPUT ,
u maecrion = T T 1 {1 15 1 1 | ameuses
PORT B 455 CELLS i 8
CHARGE COUPLED DEVICE (CCD)

INPUT SAMPLING

CLOCK B
3857402
Figure 3-2. Simplified Block Diagram of Charge Coupled Device (CCD).
TABLE 3-1
Summary of Time Base Modes
Time Base Mode Time/ Div _Sampies .
Range Displayed/Div

Roil Continuous 20 s to 10C ms 100
Real-Time Digitizing

Real-Time Digitizing 50 ms to 500 us 100

Extended 200 ps to 2 us 80
Real-Time Digitizing

Equivalent Time Digitizing 1 us to 50 ns 1006

block of the Waveform Memory at a rate determined by the time/division setling.
For examptie, at a time/division setting of 0.1 s/division, samples are stored in the
Waveform Memory at a rate of 1 kHz:

O.1s/div. = 1000 sampies/sec = 1 kHz

Thus, every 400" sample that the CCD takes is stored in the Wavetorm Memory,
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When the 1023 memory location is filted, the Memory circuitry wraps around to
location O, such that the Waveform Memory is treated as an infinitely long register.
The Display circuitry scans the Waveform Memory continuously, changing the start
point in the Waveform Memory for each new sample acquired, such that the crt display
is continucusly updated with the 1024 most recently acquired sampilas, which in
turn produces the strip-chart effect

In the roll mode, a trigger is not required when the front-panel TRIGGERING MODE
is set for P-P, AUTO or NORM, since the Waveform Memory is continuously being
filled with new waveform information, which is in turn being displayed on the ¢rt. In
the HOLD NEXT made, however, waveform acquisition can be halted a selected
number of samples following a trigger event. The acquired waveform is then held in
the Waveform Memory.

In the real-time digitizing {(RD} mode (see Fig. 3-3B}, the CCD also continuously
samples the input signal at a 400 kHz rate. The A/D converter digitizes each sample
and selected samples of the signal are stored in a 1K block of the the Waveform
Memory, again at a rate determined by the time/div. When a trigger occurs, the
storage of waveform samples continues unlil a complete waveform is stored at
which time signal acquisition is halted. Compensation for the 455 sample delay
through the CCD is included. The amount of post-trigger or pretrigger selected
determines which portion of the signal is stored in the Waveform Memory with
respect to the trigger event. Once the waveform has been stored in the Waveform
Memory, the time base is reset and another waveform is acquired. This waveform,
however, is stored in a second 1K block of Waveform Memory. While the second
waveform is being acquired, the first waveform is displayed on the crt. This process
is repeated continuously, switching back and forth between the two 1K blocks of
Waveform Memory, such that the most recently acquired portion of the signa! is
always displayed.

in the extended real-time digitizing (ERD} mode (see Fig. 3-4A), a selected portion
of the signal is first captured in the CCD, then written into the Waveform Memory.
In this case, the two CCD registers continuously sample the input signal at a rate
determined by the time/division setting. When the trigger event occurs, the CCD
continues to sample the signal unt:l the samples stored in the CCD correspond to
the selected amount of pre-trigger or post-trigyer desired. The samples held in the
CCOD are then shifted out at a 400 kHz rate, digitized by the A/D converter, and
written into Waveform Memory. Once the waveform is stored in Waveform Memory,
the time base is reset and another waveform is acquired. As with the RD mode, the
second wavefarm is written into another block of the Waveform Memory, and the
Disptay circuitry displays the most recently acquired waveform.

As the time/division settings are increased in the ERD mode, the CCD samples the
signat at a much faster rate than the acgquired wavetorm is digitized and written into
memory. This mode of signal acquisition is thus called fasi-in, slow-out,

Alsp, the two CCD channels sample the signal in a slightly different manner in the
ERD mode. In the roll, RD and equivalent time digitizing modes, both CCD registers take
a sample of the signal simultaneously. In the ERD mode, the two CCD registers take
alternate samples of the signal.
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Figure 3-3. Non-Fast In, Slow-Out Time Base Modes {A) Roll Mode
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This technique is used to increase the real-time signal acquisition capability of the
7D20. Since the portion of the waveform that can be captured in this mode is
dependent on the combined length of the two registers of the CCD, the time
resolution in this mode is reduced from 100 samples per division to 80 samples per
division. In addition, as the samples are alternately shifted out of the two CCD
registers they are still combined differentially at the output and sent to the A/D
converter for digitizing. This improves the CCD noise and linearity performance
while introducing the characteristic cosinusoidal frequency response of a 2-point
smooth function.

Shown in Figure 3-5A is a sampled waveform in the ERD mode where alternate
samptes are stored in each of the two registers of the CCD. Shifting samples
alternately through the CCD and combining them differentially at the output is
equivalent to convolving the sampled waveform with the two unit impulses shown
in Figure 3-6B. As shown in Figure 3-5C this convolution is equivalent to passing
the input frequency spectrum through a filter with the frequency response H(w}.
H{w), the Fourier transform of the convolving function hit), is shown in Figure 3-6D.
Note that at one-half the Nyquist frequency, the frequency response is -3 dB. Qf
course frequencies beyond the Nyguist frequency must be eliminated or aliasing will
occur as with any digitizing system. As shown in Figure 3-5€ this bandwidth limiting
reduces the system rise time shown in the waveform step response.

In the equivalent time digitizing (ETD) mode (see Fig. 3-4B), a composite waveform is
built up in a 1K biock of the Waveform Memory from a number of waveform trigger
events. As with the ERD mede, the CCD samples the signal at a fast rate, then
writes the samples held in the CCD into Waveform Memory at a slower rate, [n the
ETD mode, the fast-in sample rate is fixed at 50 ns per point. In the EYD mode,
however, only a limited number of samples are taken from each trigger event, and
alternate sampling is no fonger used (see Table 3-2). From subsequent triggers,
more samples are taken until an accurate composite representation of the waveform
is buift up in the Waveform Memory.

TABLE 3-2
ETD Mode
No. Points Acquired
TIME/DIV per Trigger Event
1 us 204-205
500 ns 102-103
200 ns 40-41
100 ns 20-21
50 ns 10-11

In order to determine where to store the set of samples in the Waveform Memory
with respect to samples taken from other trigger events, the Time Base measures
the time interval between the trigger event and the next sample taken with a fast
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ramp time interpolator. The sampte clock and the signal béing measured are
asynchronous, so a complete representation of the signal is built up after a number
of trigger events.

Since a number of trigger events are required to create a waveform in the ETD
mode, a complete 1024 point waveform can anly be created when measuring
repetitive signals. Since multiple points are taken from each trigger event the 7D20
can digitize a complete waveform from a low repetition-rate signal much faster than
products that digitize only & single paint per trigger.

WAVEFORM DISPLAY

Waveform displays are produced by converting 8-bit vertical waveform memory data
to analog signals. Hardware processing is applied for scating, positioning, vector
filtering, and conversion to a differential signal for driving the mainframe vertical
interface amplifiers. Horizontal deftection is accomplished by digital to analeg
conversion of a 10-bit counter in the case of a Y versus T waveform or conversion of
8-bit X waveform data for a Y versus X waveform. Horizontal display magnification
{X10) is accomplished digitally and is available for Y versus T waveforms. The
analog horizontal signal is also processed for vector displays and conversion to a
differential signal for driving the mainframe horizental interface amplifiers.

Front-panel calibration controls permit adjusting the vertical and horizental display
gain and offset to match the calibration tolerance of all 7000-series mainframes.
This procedure is given in Display Calibration, Section 2, Qperating Instructions.
Tahle 3-3 shows the position of the waveform display relative to the graticule of an
ideal mainframe-crt system:

TABLE 3-3
7D20 Waveform Display Position
HORIZONTAL POINT # HORIZONTAL
GRATICULE BIT LEVEL
DIVISION 1024 P/W 820 P/W (VS mode)
-0.125 — o —
-0.12 0 —_ 0
o] 12 10 3
i 112 90 28
2 212 170 53
3 312 250 78
4 412 330 103
5 512 410 128
6 612 430 153
7 712 570 178
8 812 650 203

TABLE CONTINUED =
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TABLE 3-3 {CONT}
7020 Waveform Display Position

HORIZONTAL POINT # HORIZONTAL
GRATICULE BIT LEVEL
DIVISION 1024 P/W 820 P/W (VS mode)
9 912 730 228
10 1012 810 263
10.08 — — 255
10.11 1023 — —
10.1125 — 819 —
VERTICAL VERTICAL BIT
GRATICULE LEVEL (VXPD,
DiVISION VCMP OFF)
5.08 2565
5 253
4 TOP GRATICULE 228
3 203
2 178
1 163
0 CENTER GRATICULE 128
-1 103
-2 78
-3 53
-4 BOTTOM GRATICULE 28
-5 3
-5.12 0

312
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GPIB

INTRODUCTION

If you have read the previous sections of this manual, you are now familiar with the
basic front panel aperation of the 7D20. Reading the previous sections will help you
make full use of the 7020 GPIB command set capabilities. This section is intended
to introduce you 1o the added capabilities that accrue from interfacing the 7D20to a
computer. The 7D20 uses the IEEE-488-1978 (GPIB) interface standard, which
allows easy communication with most computers and other programmable devices.
Table 4-2 later in this section lists the interface functions that the 7D20
implements.

In addition to the electrical standard followed by the 7D20 {IEEE-48B-1978), the unit
conforms to the GPIB CODES, FORMATS, CONVENTIONS AND FEATURES
STANDARD that is used in the design of Tektronix, Inc. GPIB products. This
standard provides precise language symbols that make programming the 7020 no
more difficult than operating it from the front panel.

KEY FEATURES

The 7D20 has been designed with the end user in mind. To this end, a number of
key features are included in the instrument:

Text Messages

Bidirectional Waveform Transfers
Nine Separate User Requests
Debug Command

Text Messages. To eliminate distracting written procedures, messages 10 the
operator can be displayed on the crt. Other items of text, such as computer results
and documenting remarks, can also be displayed by the same means.

Bidirectional Waveform Transfers. Waveform data may be sent to or from any
one of the six waveform locations. This allows the acquired signa! to be sent to a
computer for processing or storage. Sending a stored waveform to the 7020 allows
the user to view the current signal against a known reference or against a limit
waveform. The 7020 is capable of transferring waveform data in both ASCIl and
Binary format {see Data Transfers in this section).

Nine Separate User Requests. The 7020 can generate up to nine different user
requests to the computer, which enhances the interactive capabilities and allows
the program to better respond to the user’s needs. Two of the user requests are
generated by pressing the Probe Identify butions on the body of the P6053B Probe.
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One example where the user request functions are usefui is for an operator to
signal the computer to advance to the next test sequence, and set up the 7D20 as
required. {See Service Requests in this section}.

Debug. This is a highly useful command for the programmer, both during system
development and while troubteshooting a problem. When the "DEBUG ON”
command is received, all command data sent to the 7D20 is displayed on the crt. if a
syntax or functional error is detected by the 7020, an error statement indicating the
detected problem is displayed just after the error.

SECTION CONTENTS

This section consists of five major parts:

GPIB Description. This part highlights the basic operation of the interface. In
addition, it contains information on getting started with the GPIB and selecting the
various GPIB functions (address, terminator, etc.).

Messages. This part discusses the 7020 command and query syntax. The various
waveform transfers are covered in detail, along with the text and readout formats. In
addition, the 7D20 response to IEEE-488-1978 defined interface commands is
discussed.

Service Request. This part discusses the capability of the 7D20 to detect and
report system status and user requests. A listing of all possible event codes is also
included, along with explanations of each.

Command List. This part lists and explains all 7D20 bus commands and queries,
and includes the exact syntax for each.

Sample Programs. To help the user get started in programming the 7D20, this
part includes routines for both the Tektronix 4041 and 4050-series controllers. For
each type of controller, both {0 and application routines are included.

GPiB DESCRIPTION

The GPIB is an interface system that transfers signal information over a sixteen-line
bus in a bit-parallel, byte-serial format. The bus consists of eight data lines, three
handshake lines, and five bus management lines. The handshake lines permit
asynchranous operation among instruments having different data transfer rates, so
long as all conform to the handshake state diagrams and other provisions of 1EEE-
A88. The data transfer rate is limited by the slowest active instrument connected to
the bus.

The bus can be either a star or linear configuration, or a combination of bath (see
Fig. 4-1). To maintain the electrical characteristics of the bus, a device load must be
connected for each two metres of cabie, and at least cne-half the devices on the bus
must be operating.

4-2




GPIB—7D20
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(PREFERRED CONFIGURATION) (3

) L L el

C2873-31

Figure 4-1. GPIB system configuration.

A minimum GPIB system for the 7D20 consists of the 7020 and a GPIB controller
{e.g., a Tektronix 405Q-series controller). The controller directs all command and
data transfers on the GPIB. A larger GPIB system may consist of up to 15
instruments distributed over a total cable length of no more than 20 metres. These
instruments may include, in addition to the 7D20 and controller, other talkers (e.g.,
counter, digital multimeter, etc.) and other listeners (e.g.. line printer, tape drive,
programmable signal generator, etc.).

POWER UP

When power is applied to the 7D20, a self-test routine is automatically invoked. At
the completion of a successful test routine, the 7020 comes on line with the same
settings that existed when power was removed, with some exceptions. Powver-up
conditions are discussed more fully in Section 2 of this manual.

The 7D20 performs a self-test routine that tests 63 circuit modules. If a fault
condition is detected, an SRQ (service request} is generated with an Internal Error
status byte. An event query may be used to determine the specific medule at fault.
The controller may then issue a command 1o continue or exit the self-test routine.
Whan the self-test is complete, an SRQ and an Operation Complete status byte are
generated. Upon completion or exit from the self-test routine, the fromt-panel
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settings are restored as before, and the waveform memory is initialized., The
commands for the self-test routine are:

TEST START | Initiates self-test routine,
CONTINUE | Continues self-test routine after halting on fault condition.
EXIT Exits self-test routine after halting on fault condition. This

will not terminate an executing self-test.
TEST Same as Test START.

Refer to the Operating Instructions and the Service Manual Maintenance
Instructions for more complete information regarding self-test.

NOTE

1. The colored characters in the commands are what the 7020 will
accept as command abbreviations, See Command Usage fater in
this section for more information.

2. The vertical line following TEST START AND CONTINUE means
exclusive OR.

GPIB MODE, TERMINATOR,
AND ADDRESS SELECTION

NOTE

The firmware version displayed in these illustrations may differ from
those displayed for your 7D20, and are shown for positional reference
only.

The 7D20 provides for the selection of the mode, terminator, and bus address by
means of the front-panel numeric keypad (located in the MEMORY DiSPLAY
section), in conjunction with the 1D menu that is displayed by the oscilloscope in
which the 7020 is installed. The keys that are used for function selection are:

Key #4: SELECT MODE
Key #5: SELECT TERMINATOR
Key #6: SELECT ADDRESS

The selection process is initiated by pressing the front-panel |D key, which changes
the numeric keypad from waveform selection to function selection, and produces
the identification message. The selection process is terminated by again pressing
the front-panel ID button. When this occurs, all changes that were previously input
are implemented, uniess the 7020 is in REMOTE ONLY. If so, the prompt "UPDATE
IGNORED'* will appear on screen. This prevents the bus from being changed during
the selection process. Figure 4-2 illustrates the display when ID is pressed.
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20aY

ceIB ID

4K/ 7030.¥61 . 1.F1.00

4 SELECT MODE
S BELECT TERR
6 SELECT ADDR

PRESS 1D TO UPDATE & EXIT
NO UPDATE IN REMOTE ONLY

CEM 1 Z0n¥  1aB VIR Bb.&
VYue182 . 4a¥ T=~120.8,8

3857-302

Figure 4-2. Function selaction display,

NOTE

All function choices are stored when power is removed. and restored
when the power is resumed.

ADDRESS SELECTION

To select the GPIB address, press front-panel key #6 (MEMORY DISPLAY). The
prompt field will disptay the current GPIB address as "ADDR=<addr>?”. The
question mark and key #6 will both blink. Repeatediy pressing key #6 increments
the address number, beginning with the current address. The address will
increment to 30 and begin again at zero.

Figure 4-3 shows the display when the GPIB address is 13.

28m¥
ADDR=13?

GPIB 1D

Tek-?D2@,v0l.1.F1.0G0

4 SELECT MODE

5 SELECT TERM
& BELECT ADDR

PREGS 1D TO UPDATE & EXIY
HD UPDATE IN REMOTE OMLY

csw |} 26uy iat YIR 8.9
Ve-102.4aV Tu-128.0y%

3857-303

Figure 4-3. Address selection display.
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TERMINATOR SELECTION

To select the terminator, press key #5. The prompt field will display the current
status of the GPIB terminator as "TERM=<term>?". Key #5 and the question mark
will blink. Repeatediy pressing the key alternates the terminator between EQI and
LF/EQl. Refer to controller manual for proper terminator choice.

Figure 4-4 illustrates the display when the LF/EO! terminator is selected.

20aV tmS
TERMaLF-EOL T TPOS @

GPI® ID

TEXK-7D22.vE1.4,F1.80

4 SELECT MODRE
S BELECY TERM
& SELECT ADDR

PRESS ID TO UPDATE & EXIT
ND UPDATE 1N RENDTE ONLY

Z0aV laS ¥ZR 0.0
YuelB2, 4V Tu-120.0,8

3B57-304

Figure 4-4. Terminator selection display.

MODE SELECTION

To select the GPIB mode, press key #4. The prompt field on the oscilloscepe display
will show the current status of the GPIB mode as "MODE=<mode>?". (Key #4 and
the question mark will blink.}

Repeatedly pressing the key will sequence the mode selection through off bus, talk
only, listen only, and talk/listen.

Figure 4-5 illustrates the oscilloscope display when the talk/listen mode is selected.

20m¥Y
RODE=T~L?

GPiB 10
TEK/PD20C,¥01,1.F2 BR

4 GELECT WODE

3 SELECT TERM
& BELECT ADOR

PRESS ID TO UPDATE & EXIT
HO UPDATE 1IN REMOTE OWLY

28 1a8 YIR 0.8
Ve=192. 40V Tu-120.6:8

3867-305

Figure 4-5. Mode selection display.
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ALTERNATE GPIB STATUS INDICATORS

In some cases, the oscilloscope display may not be visible, or may not be functioning
correctly, in either case making normal function selection impossible. The light
pattern of the numeric keypad displays the GPIB function status. Table 4-1 lists the
function selection states. The table is arranged in 8421 binary code.

TABLE 4-1
MEMORY DISPLAY Keypad Code
Indicated Function Keypad
1 2 3 4 5 6

Select Mode

OFfF BUS 0 0 0 B 0 0

TALK ONLY 1 0 0 B 0 0

LISTEN ONLY o] 1 a B 0 0

TALK/LISTEN 1 1 0 B 0 0
Select Terminator

LF or EO! 0 0 1 B 0

EOI 0 0 0 0 B a
Select Address

30 0 1 1 1 1 B

29 1 0 1 1 1 B

Binary Address AC | A1 A2 | A3 | Ad B

1 1 0 0 0 0 B

o] 0 0 0 9] 0 B

1 - ON; O = OFF; B = blinking

To terminate the function setection, press the illuminated 1D key, which erases the
displayed menu, implements the changes just made, and extinguishes the 1D key.
Also, the keypad is restored to the normal waveform selection state.

REMOTE AND LOCAL OPERATION

The 7020 complies with the requirements noted in IEEE-488 for the Remote-Local
interface function, which provides the instrument with the capability to select
between front-pane! information and GPIB information sources. The 7D20 will,
however, execute all GPIB commands and queries regardless of the remote-local
state.

Each front-panel control on the 7020 generates a local “rtl” message when used. If
the 7D20 is in either LOCS (Jocal state) or LWLS (local with lockout state), the front-
panel function will be executed. If the 7020 is in RWLS (remote with lockout state}
only GPIB commands are executed except for the following functions: probe
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encoding, probe identify, RQS. RQSH, and monitoring the status of the GPIB
sefection via the |D pushbutton. Also, the HORIZONTAL POSITION and VOLTS/DIV
VARIABLE controls operate unless set to calibrated status via GPIB commands.

INDICATORS

The front-panel ADDR (addressed) indicater lights whenever the 7D20 is addressed
by the controller, which occurs in one of the following address states: TACS (Talker
Active State), TADS (Talker Addressed State), LACS (Listener Active State), or LADS
(Listener Addressed Siate). The front-panel SRQ indicator lights when a 7D20
service request is generated. This is cleared by a poll of the 7020 by the controller.
The REMOTE ONLY indicator lights when the 7D20 is in RWLS (Remote With
Lockout State}.

GPIB INTERFACE FUNCTIONS

|IEEE-488-1978 defines the GPIB interface functions and the allowed subsets of
these functions. The subsets that apply to the 7D20 are listed in Table 4-2. Refer to
IEEE-488-1978 for more definition regarding the functions.

TABLE 4-2
7D20 GPIB Interface Functions

Interface Function Subset Capability
Source Handshake SH1 Complete
Acceptor Handshake AH1 Complete
Talker T5 Complete {no secondary addressing)
Listener L3 Complete {no secondary addressing}
Service Request SR1 Complete
Remote Local RL1 Complete
Parallel Poll PPO None
Device Clear DC1 Complete
Device Trigger D11 Complete
Controller co None
Electrical Interface E2 Tri-state

4-8



GPIB—7D20

MESSAGES

GPIB maessages fall into two major classes: Interface messages and device-
dependent messages. Interface messages are sent by the GPIB controller to all
instruments on the bus to control the functions of each instrument interface.
Device-dependent messages (e.g., instrument commands, data, etc.) may be sent by
an instrument on the bus to any other instrument on the bus. Refer to Figure 4-6,
which illustrates the relationship of interface messages and device-dependent
messages.

INTERFACE
FUNCTIONS
f ATN |
DEVICE-DEPENDENT
MESSAGES
I | DEVICE
DEVICE | FUNCTIONS
FUNCTIONS | g 4050-SERIES
e.g. 7020 ] | GRAPRIC
| ATN SYSTEM
| INTERFACE [
' MESSAGES |
[ !
C2873 303

Figure 4-6. Device-dependent vs. interface messages.

GPIB INTERFACE MESSAGES

The controller uses interface messages to manage the bus {e.g., designate talkers
and listeners, etc.), Each instrument on the bus listens to every interface message.
The interface messages in the controller's vocabulary are defined by IEEE-488-
1978. The messages can be considered to be ASCll codes that assume a new
meaning when sent by the controller with the Attention (ATN) line asserted.

TALK AND LISTEN ADDRESSES (MTA, MLA)

Two of the interface messages are the talk and listen addresses. When a device
sees its talk address (called My Talk Address or MTA) and ATN asserted
simultaneously, it must become a talker. When the controller removes ATN, the
device begins the source handshake to transmit its data. Similarly, My Listen
Address (MLA) and ATN tells a device to listen to the data sent by a talker.
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SERIAL POLL ENABLE COMMAND (SPE)}

The controller uses cther kinds of interface messages for other tasks. One is the
Serial Polt Enable command (SPE}, which is used with the service request function.
Assume that an instrument asserts SRQ when it completes acquiring data. The
cantroller must poll alt devices on the bus, since any one or all devices can assert
SRQ. To conduct the seriat poll, the controller sends SPE, a universal command,
then addresses each device in turn as a talker and reads a status byte from each.
Any device asserting SRQ aisc asserts DIO7 of the status byte to inform the
controller that it is actively requesting service. The remainder of the status byte tells
the controller why it is requesting service. (For more information on this topic, refer
to the service reguest discussion later in this section.)

GROUP EXECUTE TRIGGER (GET)

The Device Trigger function uses an addressed command: Group Execute Trigger
{GET). Refer to Table 4-7 later in this section for more information.

DEVICE CLEAR (DClL)

The controller issues the Device Ciear message {DCL} to initialize internai functions
of devices on the hus, DCL is a universal command that applies to all devices. Its
effect on each instrument, however, is decided by the designer, who ¢an choose to
initialize any device function to any state that suits the purpose of the instrument.

The 7D20 complies with alt requirements set forth by IEEE-488-1978 with regard to
the Device Clear function. When Device Clear is accepted, the fotlowing occurs:

1. All bus communications in process are terminated without untalking or
unlistening the 7020.

2. All pending SRQ flags except POWER ON are cleared.
3. All pending event query responses except POWER ON are cleared.

4. Input and output buffers are cleared.

SELECTED DEVICE CLEAR (SDC)

The 7D20, if listen-addressed, responds to a Selected Device Clear (SDC) in the
same way as described for Device Clear.

INTERFACE CLEAR: (IFC)

The IFC {Interface Clear} message interrupts any data input or output, and places the
7D20 in the unaddressed state. If the 7020 is talking when IFC is asserted, it will
continue from the point of interruption when again addressed as a talker. Likewise,
if listening when interrupted, the 7020 will resume receiving data when again
addressed as a listener.
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DEVICE-DEPENDENT MESSAGES

Device-dependent messages, which are 7D20 commands, data, etc., are sent from
the controller or another device (talker) to one or more other nstruments {listeners)
on the bus. Device-dependent messages affect the functions of the instruments
{e.g.. commands), but they do not directly affect the actual GPIB interface.

NOTE

BNF notation is used herein to define cornmunications with the 7020,
The symbols are defined as follows:

< > Defined element

Is Defined As

Grouping

Optional, May Be Omitted

| Exclusive Or (one or the other, but not both)
May be repeated one or more times.

———
—_—— N

INTRODUCTION

The 7D20 Command set s divided into two classes: Commands, which direct an
action to be taken, and Queries, which interrogate the 7020 concerning the state of
the 7020.

COMMAND USAGE

A command can be one of two types: The first and more complex is illustrated by
Figure 4-7. Note that multiple arguments are permitted if separated by a comma.
The command consists of a header, foliowed by a link argument, in turn followed by
data. The term header is used for the class of words that select one of a group of

HEADER LABEL VALUE >

3857-328A

Figura 4-7. Complex command format diagram.
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functions. For example, the Channel 1 Vertical Amplifier has four functions:
Volts/Div, Position, Coupling, and Variable. The command:

CH1 VOLTS: .2, POSITION: -1, COUPLING: AC, VARIABLE: ON
specifies the four functions. The header is CH1, the link arguments are VOLTS,

POSITION, COUPLING, and VARIABLE. The data is 0.2, -1, AC, and ON.

The second form of command consists of a header that is followed by an argument,
having no data involved. Examptes are:

DEBUG ON
RQS ON
INIT ALL

Refer to Figure 4-8, which illusirates the format of the simpler command.

HEADER ARGUMENT

3867-32%A

Figure 4-8. Simple command format diagram.

Multiple commands may be sent to the 7D20 in one GPIB message by inserting a
semicolon {;} between the commands:

CH1 POSITION:3.5,COUPLING:GND;CH2 VOLTS: 1
This command list sets the channel 1 posttion to 3.5 divisions and coupling to GND,

and the channel 2 volts/div to 0.1,

Header and argument may be abbreviated as long as the abbreviations are as
specified herein. For example:

TRIGGER MODE:P-P,COUPLING:ACHFREJ,SLOPE:PLUS
TR MO:P-,COUP:ACH.SL:PL

are identical commands. In this section, the minimum command required is printed
in color, with the remainder of each word verified if present. Any additional
characters will cause an error message to he sent

The numeric arguments acceptable to the 7020 comply closely with the ANSI 3.42

Standard on Representation of Numeric Values in Character Strings for Information
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interchange. The three data types are integar {NR1), floating-point (NR2), and
exponential notation (NR3). in all three types, the 7020 will not send numeric
representations of zero that contain a minus sign. NR1, NR2, and NR3 data can be
used interchangeably anywhere within the 7020 syntax.

NR1 integer representation is most useful for numeric data where either limited
interpretation or generation of data is required (e.g., restricted or fixed-range) and
also where large volumes of fixed-format data or high-speed data are transferred
between devices. In these applications, data rates are of primary significance.
Figure 4-9 illustrates the NR1 data format.

Y

r:® ,f\ Y | ot
O/ U/

A

.O-

<NR1>::=[SP ...} [ <SIGN>] <DIGIT> . ..

Y

<SIGN> 1= + | -

<DIGIT> x=01 112131 4l5186!171819

3857-308

Figure 4-9. NR1 data format.

NR2 fleating-point representation is most useful for numeric data where the range
of data output is limited or data is intended to be used with devices where human
interpretation prevails. Figure 4-10 illustrates the NR2 data format.

NR3 exponential notation is preferred where measurement or contreller devices
must accommodate a wide range of values or where the specific range of data to be
output (or input) is unpredictable. Figure 4-11 illustrates the NR3 data format.

QUERY USAGE

A query solicits information from the 7D20. Queries consist of either a header
followed by a 7" or a header followed by a 7", then one or more arguments. A query
consisting of only a header followed by a guestion mark addresses the entire group
of information: a query consisting of a header followed by an argument addresses
an individual subset of the group. Query responses are formatted using the same
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“I

IS

f 3

A
Y

DIGIT DIGIT

()=
—/
()

DIGIT DIGIT

<NR2> = [ $P ... ][ <SIGN>] [{ <DIiGIT> . . . <POINT>
[<DIGIT> .. .1} {[ <DIGIT> ... ] <POINT>
<DIGIT> .. .|}

<POINT> :;= . ([ decimal point )

3857-309

Figure 4-10. NR2Z data format.
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_@ Y
———] NR2 ‘@— [ DIGIT
O

<EXRAD> ::= E <EXRAD SIGN> <DIGIT> [ <DIGIT> .. . ]

Y

<NR3> ;1= <NR2Z> <EXRAD>

<EXRAD SIGN> ;= + | -

While talkers must follow the NR3 syntax above, listeners must accept an
NR1 ahead of the EXRAD and representation which omit the EXRAD sign.

3B67.310

Figure 4-11. NR3 data format.

syntax as commands., Most responses can be sent directly back to the 7D20 as a
command to set up the identical condition that existed when the response was
generated. Some responses indicate the status of execution of 7020 commands.
These may be returned to the 7020 as commands, but will be ignored by the
instrument. The query format is depicted in Figure 4-12

HEADER ? LABFL -

3857-330A

Figure 4-12. Query format diagram.
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As an example, the header-only query, "CH1?" would solicit all the channel 1
settings. The response would be:

CH1 VOLTS:.2,POSITION:-1.COUPLING:AC.VARIABLE:OFF,PROBE:1

if the channel 1 volts/div was 0.2 volts, position was -1 divisions, coupling was AC,
channel 1 was calibrated {VARIABLE control was disabled), and channel 1 was
connected to a X1 attenuvation probe.

To solicit only the volts/div of channel 2, the query “CH2? VOLTS" would result in
the following response:

CH2 VOLTS: 2.0
if the channel 2 volts/div setting was 2 volis.

Again, as with commands, the header and argument can be abbreviated as long as
the abbreviations are as specified. For example,

TRIGGER? MODE and
TR? MO

are identical queries. It should also be noted that the 7D20 must be talked once for
each query with a terminator, but only once after a set of queries separated by a
semicolon and followed by a terminator. The 7020 will cancel any previous unread
{?) Query responses upon receipt of a new command or query.

DATA TRANSFERS

In the 7D20, data transfers take three major forms:

1. Readout, which conveys data about the operatienal settings of the 7D20, and
the cursor waveform.

2. Text, which conveys messages to and from the crt by way of the GPIB.
3. Waveforms, which consist of curve information for transmission over the hus.

The 7D20 10 Bus has the following characteristics:

1. The input buffer of the 7D20 is 128 characters deep. When the input buffer is
full, the 7D20 will be unable to accept any more data until buffer space
becomes available.

2. The output buffer of the 7D20 is 128 characters deep. When 128 characters
are loaded into this buffer, it is considered full

3. M a query is sent that fills the cutput buffer before the 7D20 has been talked
and the input buffer is full, the output buffer is emptied of contents, and an
execution error status byte is reported. An EVENT? at this time would evoke an
event report of “8/0 buffers full, output dumped”, the code for which is 203. It
is possible to send a form: Query, command, command. .. and fill the inpat
buffer before talking the 7D20. This will create an /0 deadlock. To avoid loss
of data, the controller should talk the 7D20 with each query sent; otherwise, an
170 deadlock may occur.
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Readout

When a readout query is received, the 7D20 responds by sending the information
on the top two and bottom two lines of text displayed on the crt. Readout text can be
transmitted to the 7D20, but it will be ingored. Syntax for the readout guery is:

RDOUT?

and the response is:

RDOUT ““<line 1><CR><line 2><CR><line 15><CR><line 16><CR>"]

Text

The text is the information that is displayed on the center 12 lines of the crt display.
Each line contains no more than 36 characters, Text can be sent or received by the
7D20. The characters that the 7020 can display are listed in Figure 4-13, from
character 32 (SP) through 95 {-). which form the center four columns of characters
in the figure. If lower case letters (97 through 122} are received, they are converted
to uppercase, then displayed. in addition, the characters in Table 4-3 can be sent or
received:

TABLE 4-3
Supplemental Characters

Character ASCIt Character Decimal
Horizontal Tab HT g
Carriage Return CR 13
{Up arrow} A 94
{Down arrow) ESC a 27 97
{Delta) A ESC d 27 100
{Milli} m ESC m 27 109
{Micro} u ESC u 27 117
{Nano) n ESC n 27 110
{Pico) p ESC p 27 112
{Right arrow) ESC r 27 114

Note that the HT character is equivalent to sending five spaces in the text string.

When using the text feature, the user is cautioned that some limitations should be
kept in mind:
1. The character set is formed with a 5 x 7 standard dot matrix, and is imposed on
a field of 1636 points. One can calculate the precise number of characters that
can be displayed by summing the dots used in the characters until all 1536
points {dots) are used. More practically, the number of characters possibie is
approximately 100. Spaces or blanks do not count in the calculation of total
characters.

2 A TEXT command wil! terminate a DEBUG display, or any MENU, TEST, or ID
command and will also replace the text that is currently on the display.
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B? ] g @ ] 1 1 1 1
BS 8 8 1 1 g g 1 1
BS a s g 1 g 1 a 1
BITS
NUMBERS
R CONTROL SYMBOLS UPPER CASE |LOWERCASE
@ [m A0 60 00 120 Tag 160
g oe el NUL | DLE | SP o @ P ! P
1] afo 16| 20 32430 4B | 20 647 50 BO f 46|70 12
1 GTL|21 tLafar Y] n 121 111 161
gae 1| SOH | DC1 ! 1 A Q a q
1 LA REY 1mEn 335 450131 RIS 34 [38 G| re 9l
Fd 22 a2 A2 102 122 42 162
"
ge 18| STX | DC2 2 B R b r
2 12 14122 34|37 so)ay BB 52 azqes 94|72 114
kl ol a3 A3 [ek] 123 141 163
g ¢ 11 ETX | DC3 # 3 C s c 5
1 3|13 19§23 15(13 FLN B BF[5] X1 LK) 1 1y
k] sDC| 24 DCL §a2 ad toa 124 144 164
¢+ o8] EOT | DCA L3 4 D T d t
E] 1|14 ingoa as|da 52§44 EB| 54 BafHA 10e|ra 116
kl PRC(2S FPu | 45 RS 1ns 125 145 165
g 1 o 1| ENQ | NAK %o 5 E U e u
5 njles atls 51fa5 B9 55 LEY (VIR ) (R
& it 46 BE Ll 126 & Vhiv
g1 1 ¢e] ACK | SYN & 6 F V'l f v
[ L:ERE- 22|26 18 {36 54346 TSR K6 |66 [P ) &
H 27 47 &7 nr 17 ta7 167
1)
2 11 1| BEL | ETB 7 G w g w
7 i &l L 1937 a5)ar AT 1A L 03|77 1149
w0 GETIIG SPE |50 i AR11] 13D 150 1
188 0} BS ! CAN { 8 H X h x
& BL1B 2425 a0 |38 KLY Bt Fépan LR L 104 TR 126
LR} Tcrim S5PD )50 Tt 1 [ H) m1 18
1 a8 1] HT EM ) 9 1 Y i y
9 419 252 41139 KN EX 1159 ga 44 1051719 i
Ar's iz 52 n 1z 32 1652 [XF4
- -
1 e 1+ e} LF SuUB : J z i z
A 1T 1A Pl Y A E1:1 T he i T an| e 0f| TR 122
13 EE] 51 3 "l 133 LN 173
18 1] VI | ESC | + : K [ k {
;] 1118 2728 41|18 Wpag e L RN L1 wr iy 1770
11 13 a4 4 114 10 1594 (RS
]
118 8| FF FS , < L \ 1 '
< 12(1¢ P-A N a3 [AC 120 Bl . RO . an, | T "r"}
14 15 45 bl (A Lis Fas 17N
iieq| Rl Gs | = | = | m m )
¥ 131D PN Wi as o Rijan TTsD aj|eD ALECH ) (e
IF a8 aE " 116 AR L} 146 [
11+ 18| SO AS . > N A o
F 1a[1E 0§ ZE a6 e heafF TRENE G 148E g TE L
7 17 i 7 UMNL1i7 1) L3 RS i
AUBQUT
11 1 4 S US / ? (4] J— 0 iDEL]
F 151 F EAE ¥ LE L BlAF T sF KRS L3 LIS e |_,'
wouREiSED  mmIvERSAL Lsrem ticampans AoORESSES
AR S N nuntases oAl
actal | 25 PPU| GPIB code
NAK ASClicharacter
hex | 15 214 decimal 3857-327

Figure 4-13. ASCIl and |EEE-488 code.
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3. Likewise, a DEBUG disptay, or any MENU, TEST, or ID command will terminate
a TEXT command and replace the displayed text with that accompanying the
new command.

4, Syntax for the TEXT command is:

TEXT “<line 3>[<CR><line 4><CR><line 5><CR>...
<line 12><CR><line 13><CR><line 14><CR>]""

The commands between brackets are optional,

5. f more than 36 characters are received for a single line, a carriage return is
inferred and the remainder is placed on subsequent lines.

6. A TEXT query will always cause twelve lines to be sent. Thus, if only three
lines of text characters are in the message, nine blank lines will accompany
them.

Waveforms

Up te six different waveforms may be acquired and stored in the 7D20 memory for
later use. These can be selected at random, and can also be stored in any order.

The general format of the transmitted waveform data closely complies with the
Tektronix Codes and Formats Standard, which specifies the form of transmission
required for waveform data. The two parts of the waveform data are:

1. The preamble, which contains items such as wavefom size, scaling
information, format specifications, and similar items required to determine co-
ordinate values, and auxiliary information like identification strings and units;
and

2. The curve, a set of data that contains the curve co-ordinates and attributes.
Waveform transmissions may include both preamble and curve data, or either
cne can be sent alone. Separate query messages may be used to elicit
preamble data or curve data, or both

The data received by the 7020 may be in either the 1024 or the 820-point format. if
insufficient points are sent by the CURVE command, the last point is repeated until
the end of the waveform occurs.

Each curve, when interpreted in accordance with its corresponding preamble,
constitutes a complete waveform transmission. For proper interpretation of curve
data, a minimum preamble must be transmitted for the selected waveform
destination before any waveforms are sent. Subsequent preambles sent need only
transmit changed information. Curve data will be associated with the preamble
previously stored at the same destination. Curve data may be sent in binary or ASCI
format. Binary format is especially suited for transmitting large blocks of data at
high speed., but is not easily readable in this form.
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An example of binary encoding of a waveform curve follows:

Preamble:

WFMPRE WFID:W 1,ENCDG:BINARY NR.PT:1024,PT.FMT:Y,
XINCR:1.0E-5,PT.OFF:1.2 E+1 XZERO:0,XUNIT:S,
YMULT:1.0,YZERO:Q,YUNIT:V,BYT/NR:1,

BN FMT:LF BIT/NR:8,CRVCHK:CHKSMO

The ASCIl format is more bulky than the binary format, so the transmission tirme is
longer than that of binary, but the data is easily readable by comparison. An
example of ASCIl encoding of a waveform curve follows:

WFMPRE WFID:W 1 ENCDG:ASCH,NR.PT:1024,PT.FMT:Y,
XINCR:1.0E-5 PT.OFF:1.2E+1 XZERO:0, XUNIT:5,

YMULT:1.0,YZERO:0,YUNIT:V

Waveform Preambles. Following are the waveform commands, queries, and the

definitions of each.

1. Waveform Preamble Commands. These commands provide the 7D20 with
scale factor attributes, number of points per wavetorm, and the trigger
reference location to be assigned to waveform data sent to the 7D20 by the

CURVE command.

WFMPRE NR.PT: 820|1024

WFMPRE XINCR:

WFMPRE PT.OFF: <peint #>

WFMFPFRE XUNIT:

4-20

<X increment>

S

Sets number of points that are input
from the CURVE command to 820 or
1024,

Sets the time between points input
from the CURVE command to <x
increment>.

<x in¢crement> = time / div / BO
points/division for B820-point
waveforms, and time / div / 100
points/division for 1024-point
waveforms.

Selects the waveform point at which
the cursor reads time zero. The range
is -150,000 £ point # <1023, where
point O is the left most displayed point
on the waveform. An execution error
warning is issued if out of range
condition occurs.

Sets displayed horizontal scale factor
unit for waveforms input from the
CURVE command.
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WFMPRE YMULT: 1 <y multiplier> Sets the vertical scale factor

(volts/div} for waveforms to input from
the CURVE command to <y multiplier>.

WFMPRE YZERO: <y zero> Sets the vertical value of the center

WFMPRE YUNIT: V

horizontal graticule division for
waveforms input from the CURVE
command. This corresponds to curve
data of zero divisions for ASCIl curves
and B0nex for binary curves.

<y zero> = —volts/div ¥ VZR {vertical
zero reference}

Sets the displayed verticat scale factor
unit for waveforms input by the
CURVE command.

2. Waveform Preamble Queries. These queries provide the controller with the
waveform attributes associated with the waveform curve data specified as the
source wavelorm from the DATA command. The responses apply to curve data
sent from the 7D20 in response to a CURVE? or WAVFRM? query.

WFMFRE? WFID'

WFMPRE? ENCDG'

WFMPRE? NR.PT

WFMPRE? PT.FMT'

WFMPRE? XINCR:

WFMPRE? PT.OFF

WEMPRE? XZERO'

Responds with the current source waveform
number and indicates if interpolation will be
applied to curve data: WFMPRE WFID:<wfmid>

Responds with the current curve encoding:
WFMPRE ENCDG:<encdg>

Responds with the current source waveform’s
points/waveform: WFMPRE NR.PT:<p/w>

The 7D20 responds: WFMPRE PT.FMT:Y. This
indicates that the curve data is vertical data with
respect to time.

Responds with the current source waveform’s time
between points: WFMPRE XINCR:<x increment>

Responds with the trigger point number: WFMPRE
PT.OFF:<point #>

The 7020 responds: WFMPRE XZERO:0. This
indicates that the curve data horizontal origin has
not been shifted.

'"These queties have no cotrespending 7D20 command. Query responses sre ignored
whenaver returned to the 7D20 in command ferm, and no error message is sent.
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WFMPRE?

WFMPRE?

WFMPRE?

WFMPRE?

WFMPRE?

WFMPRE?

WFMPRE?

WFMPRE?

WFMPRE?

XUNIT

YMULT

YZERO

YUNIT

BYT/NR'

BN.FMT’

BIT/NR'

CRVCHK'

The 7020 responds: WFMPRE XUNIT:S{PT. This
indicates that the curve data horizontal scale factor
unit is seconds or points.

Responds with the current source waveform
vertical scale factor: WFMPRE YMULT:<y
multiplier>

Responds with the current source waveform
vertical zero: WFMPRE YZERO:<y zero>

The 7020 responds: WFMPRE YUNIT:V. This
indicates that the curve data vertical scale factor
unit is volts.

The 7D20 responds: WFMPRE BYT/NR:1. This
indicates that the curve data for binary
transmission is one byte per point.

The 7D20 respands: WFMPRE BN.FMT:LF. This
indicates that the curve data is sent in a left-
justified binary fraction format.

The 7020 responds: WFMPRE BIT/NR:8. This
indicates that each binary byte has eight bits.

The 7D20 responds: WFMPRE CRVCHK:
CHKSMO. This indicates that the last byte of the
binary curve is a checksum.

Responds with the current source waveform's
preamble:

if ASCII

WFMPRE WFID:<wfmid>, ENCDG:ASCI,
NR.PT:<p/w> PT.FMT: Y, XINCR:<x increment>,
PT.OFF:<point #> XZEROQ:0,XUNIT:S,
YMULT:<y multiplier>, YZERO:<y zero>,
YUNIT:V

if binary:

WFMPRE WFID:<wfmid> ENCDG:
BINARY.NR.PT:<p/w>,PT.FMT:Y,
XINCR:<x increment>,PT.OFF:

<point #> XZERO:0, XUNIT:<x unit>,
YMULT: <y multipler>, YZERO:<y zero>,
YUNIT:V,BYTINR:1,BN.FMT:LF,
BITINR:8,CAVCHK:CHKSMO

'Thege queries have no corresponding 7D20 command. Query responses are ignored
whanever returned to tha 7D20 in command form, and no error message is sent.
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where:
«cwim#>:=1 2|3 |4 |56
<encdg> ::= ASCIl | BINARY
<p/w> 1= 820 | 1024
<x increment> 1= <NR3> = time/div / points/div
<point #> = <NR1>
<y multiplier> ::= <NR3> = vertical scale factor
<y zero>» = <NR3> = —[VZR % vertical scale factor)
<wimid> = W <wim #> | | W <wim &>,
where 1 indicates interpolated data.

Waveform Curve

1.

Curve Commands. These transmit waveform point data to the 7D20. The
CURVE command takes two different forms:

CURVE: <ASCIl curve> | <hinary curve>
<ASCll curve> = <ASCH point>,<ASCIHl point>...

<binary curve> := %<binary count><binary point>...
<checksum> (<checksum> is defined below.}

Waveform memory extends from -5.12 divisions to +5.08 divisions. When
transmitting an ASCIH! curve, data is sent in divisions. When transmitting a binary
curve, data is sent as point numbers with 000000032 . 100000002, 111111112
corresponding 10 -5.12 divisions, O divisions (center screen), and +5.08 divisions,
respectively. A short curve is filted out with a reiteration of the last point. Note that
an ASCll curve must have at least two points. If anly one peint is sent, a syntax error
code will be generated.

2.

Curve Queries. These gueries transmit wavefarm data from the 7020 1o the
GPIB controller. The DATA command specifies whether ASCIl or binary format
is to be used.

CURVE? Responds with the current source waveform’s curve:
if ASCIH:
CURVE <ASCII point>,<ASCIl point>...
if binary:
CURVE %<binary count><binary point>...<checksum>
where:
<ASCIl point> = <NR3>
<binary count> = two bytes representing number of
data points +1 {checksum)
<binary point> ::= B-bit byte {00 | 01 |...| FE | FP)

<checksum> 1= two's complement of the modulo 256 sum of
the preceding binary data bytes and the binary count, but not
the “%" preceding the binary byte count.

<wimid> = W <wfm #> || W <wfm #>, (I indicates inter-
polated data.}
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Wavaform Preamble and Curve

The complete waveform may be transmitted from the 7D20 using the query
“WAVFRM?". For convenience, the response includes both preamble and curve.

WAVFRM? Responds with
<preamble><curve>
<preamble> = response to WFMPRE?
<curve> = respense to CURVE?

Waveform Data Commands. To transmit waveforms from the 7D20, first
specify the waveform data source. This is done through the command: DATA
MEMORY <wfm #>", which sets the memery scurce for reception or transmission.
The <wfm #> options are memory sources 1 through 6. The second command,
“DATA ENCDG: <ASCH | BINARY>", chooses between the ASCIl format or the
binary format. When receiving waveforms into the 7D20, the same kinds of
operations apply as when transmitting from the instrument.

The third command, “DATA INTERPOLATE: <ON | OFF>", sets 820 to 1024-paint
interpolation mode for all extended real-time waveforms transmitted from the 7020.
An 820-point waveform tformat is used for the extended real-time waveforms that
are digitized when the 7020 TIME/DIV is 200 us/div to 2 s/div. For the most
convenience with some packaged waveform processing programs, the 7020 will
interpolate the waveform data into a 1024-point data length if desired. The
algorithm for the interpolation process, which maintains the value of the trigger
point without alteration, is as follows:

Q0 = 3/5 PO + 2/5 P1
Q1 = 4/5 Pt + 1/5 P2

Q2 = P2
Q3 = 1/5 P2 + 4/5 P3
Q4 = 2/5 P3 + 3/5 P4
Q5 = 3/6 P4 + 2/5 P5
Q6 = 4/56 P5 + 1/5 P6
Q7 = P6
Q8 = 1/56 P6 = 4/5 P7
Q1022 = P18
Q1023 = 1/5 P818 + 4/5 P19
whare: Qn = Value of point n of the 1024-point waveform
Pm = Value of point m of the 820-point waveform
n=0 1 1023
m = 0 to 819

Note that 02 and (7 of the interpolated waveform are not fabricated. This is true for
every fifth point on the waveform.
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SERVICE REQUESTS

Service requests allow the 7D20 to report operating status in detaif to the controller,
which encourages a synergistic refationship to exist among the system components,
Additionally, the user will find service requests a very powerful aid in debugging
programs and in high-order troeubleshooting.

SRQ responses fall into four major classes. The first reports on the hesith of the
7D20, by means of such status bytes as Power On, Fatal Error, and Internal Error,
The second reports on Execution Status, using status bytes such as No Status to
Report and Operation Complete. The third class consists of User Requests, including
RS and RQS#. The fourth reports on errors and warnings, using Execution
Warning and Execution Error as 2 means of conveying status.

Responses to the controller divide into two discrete levels. The first, the status byte,
is used as a general response. For example, Power On, Internal Error, Command
Error, and Execution Error are all status bytes, and are meant to indicate the general
class of condition that initiated the SRQ.

The second response level is the event code, which in the 7020 is used to
subclassify SRQ responses at a level that is much more specific than that of the
status byte. For example, event codes 108 through 162 {see Table 4-6) only deal
with command errors, and each of the codes specifies a certain kind of command
error. Event code 108, for example, states that a checksum error has occurred,
event code 109 peints out a byte-count error; and so forth.

USING SRQ

The SRQ function is device-initiated, in that the 7D20 asserts SRQ when an event
occurs that is included in the event code list, and the corresponding service request
mask is enabled. {See the discussion on Service Request Masks on the following
pages.) The controller responds to the SRQ by polling all devices on tha bus, which
clears the SRQ, and receives the status byte that indicates the class of event, such
as Command Error, etc. The status bytes are listed and defined in Table 4-4.

Refer to Figure 4-14, which is a block diagram of the Status Byte and Event Code
Buffers. It depicts two paths, one for the status bytes, the other for the event codes.
Each event code corresponds with a particular status byte.

When the 7D20 senses a condition that merits the operator’s attention, a status
byte is sent to the output interface and SRQ is asserted to alert the controller that
its attention is required. At some time later, the controller interrogates each
instrument on the GPIB by performing a serial poll. When it interrogates the 7020,
this instrument responds with the current status byte. If the controller then follows
with an event query, the 7D20 will respond with the current event code {which
corresponds with the current status byte). Figure 4-15 is a flow chart that illustrates
the path that is followed when an event code is generated.
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TABLE 4-4
7D20 Status Bytes
Decimal
Title Binary Priority
{not busy) {busy)
{Device Dependent:)
Fatal Error 1R1X 0011 227 243 1
{System:)
Power On 010X 00O 65 a1 1
Command Error OR1X 0001 97 113 2
User Request 010X 0011 67 83 2
Execution Error gR1X 0010 a8 114 2
Internal Error QOR1X 0011 a9 115 2
Execution Warning OR1X 0101 101 117 2
Internat Warning 0OR1X 0110 102 118 2
Operation Complete OROX 0010 66 82 2
No Status To Report | 000X 0000 0 16 3

R is asserted with the GPIB command. RQS:ON. If the 7D20 is in the
RQS:OFF mode and polled, the status byte is sent without D107 asserted. X is
the busy bit, and is asserted only when the 7D20 is in AVE, AVEN, ENV,
ENVN, or HOLDNEXT at the time of the SRQ. The first column of decimal
values is without the busy bit set and the last celumn is with the busy bit set.
Both columns assume RQS:ON.

1t should be noted that status bytes are not stacked; that is, only the current status
byte {in the interface} and the status byte of highest priority (s1atus byle pending) are
saved. All status bytes of lower priority than the one pending are discarded. Also,
the status byte in the pending register is discarded and replaced if one of higher
priority appears. Thus, with the exception of the status byte stored in the interface
(status byle current), the highest priority status byte is stored in the pending
register.

One exception to the above is the Fatal Error status byte, which acts as a system
safeguard. If a Fatal Error occurs (which only happens if the 7D20 fails), this status
byte goes directly to the interface, and the 7D20 will refuse to respond further to
any bus commands, except serial poll. Thus, the fatal error status byte never has a
corresponding event code, for none could be read. The reason for the shut down is
to prevent transmission of erroneous bus commands that might adversely affect
other instruments on the GPIB.

Unlike status bytes, as many as 40 event codes are saved for later examination,
Referring again to Figure 4-14, note that except for the "LIFO" (last-in, first-out)
buffer, the structure of event-cede storage is similar to that of the status bytes. New
event codes that occur are sorted to determine the priority of each; if one is of
higher priority than that stored in the Event Pending buffer, the code in the buffer is
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STATUS REPORTING
SERIAL
POLL SYSTEM REGISTERS
STATUS
BYTE POLLED
READ EVENT
CODE
A
CURRENT CURRENT
STATUS b= — — —{ EVENT
BYTE EVENT CODE
] _copes ano [
STATUS BYTES 4
Y  CORRESPOND Y
PENDING PENDING
sTATUS - — — —{ EVENT
BYTE CODE
y
Y
EVENT
CODE
LIFO
BUFFER
3857-311
Figure 4-14_ 7D20 status reporting block diagram.

replaced by the higher priority code, and the lower one moves to the LIFO buffer.
New event codes of lower priority are placed directly into the LIFO buffer, and those

that are oldest are discarded by overflow if the buffer is full.

Following a serial poll of the 7020, the controller will usually send an event query to
the instrument. If such occurs, the current event code is placed on the bus, and the
event code pending becomes the current event code. See Figure 4-16, which
illustrates the path of events following a serial polk

NOTE

If the 7D20 is polled twice with no intervening event query, the event
code pending (fram the first status byte) is discarded and fost. This
occurs so that the relationship between the status byte and the
corresponding event code will remain consistent.

When RQS:OFF, status bytes are loaded without causing an SRQ to occﬁr with the
exception of Fatal Error, which interrupts 7D20 operation regardless of its state.
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LOAD "FATAL ERROR” LOOK UP §.B.
§.B. INTO CURRENT S.B. FOR NEW EVENT

I

ASSERT SRQ

l

SUSPEND 7020
OPERATION

DISCARD

LOAD NEW S.B.
INTO CURRENRT S.8.
1
LOAD OLD CURRENT S.B.
INTO PENDING S.B.
:

LOAD NEW E.C. INTO
E.C. LIFO BUFFER

LOAD NEW S.B.
INTO PENDING S.B.

LOAD NEW E.C. |
INTO CURRENT E.C. LOAD NEW E.C.
1 INTO PENDING E.C.

LOAD OLD CURRENT E.C|
INTO PENDING E.C. I

1 LOAD OLD PENDING E.C.
LOAD OLD PENDING E.C. INTO E.C. LIFO BUFFER
INTO E.C. LIFO BUFFER

- @
S$.B.=STATUS BYTE END EVENT
E.C.=EVENT CODE HANDLER

3857-312A

Y

Figure 4-15. Event handier flow chart.
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Figure 4-15 [cont). Event handler flow chart.
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SERIAL POLL
BY CONTROLLER
]

CURRENT 5.B. READ
BY CONTROLLER

CURRENT S.B.
RQS BIT SET?

LOAD CURRENT E.C.
INTO POLLED E.C.

I

LOAD PENDING E.C.
INTO CURRENT E.C.
i

LOAD PENDING S.B.
INTGC CURRENT S$.B.

CURRENT S.B.
RQS BIT SET?

ASSERT SRQ

END SERIAL POLL
HANDLER

EVENT CODE
STATUS BYTE

3857-313

Figure 4-16. Searial poll handler flow chart.
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Event codes foilow very nearly the same path as when RQS:0ON, except that the
prioritizing process does not occur. That is, as event codes occur, they are loaded
into the LIFO buffer and are discarded by overflow when the buffer is full.

Service Request Masks

Upon occasion, the user may set up operations that cause service requests to be
generated regularly, to the point where they interfere with efficient system
functioring. The 7020 allows masking all or part of the service request functions to
prevent service request interference with legitimate programs or operations. Table
4-b lists the commands that enable and disable the service request functions.

TABLE 4-5
Service Request Masks

Commands Description

RQS ON|OFF enabies or disables all service request functions except power
on and fatal error.

CER ON[OFF engbles or disables command-error service request.
EXR ON|OFF enables or disables execution-error service request.
INR ON|OFF enables or disables internal-error service request.

EXW ON|OFF enables or disables execution-warning service request.

OPC ON|OFF enables or disables operation-complete service request.

USER ON|OFF | enables or disables front-panel generated RQS key service

request.
PID ONIOFF enables or disables probe-identify service request.
Quaeries Description

RQS? responds with the RQS service request status: RQS <onoff>
CER? responds with the CER service request status: CER<onotf>
EXR? responds with the EXR service request status: EXR<onoff>
INR? responds with the INR service request status: INR<onoff>
EXW? responds with the EXW service request status; EXW<onoff>
oPC? responds with the OPC service request status: OPC<onoff>
USER? responds with the USER service request status: USER <onoff>

TABLE CONTINUED
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TABLE 4-5 (CONT)
Service Request Masks

Queries Description
PI1D? responds with the PID service request status: PID<onoff>
SRQ? responds with all service request settings:

RQS<onoff>;CER<onoff> .EXR<onoff>;INR <onoff>;
EXW<onoff>;0PC<onoff>;USER <onoff> ;PID<onoff>

<anoff>::=ON |OFF

EVENT QUERIES

Following the reception of a status byte, the controller should send an event query
to specify the event more precisely. This is done by use of the query forms:

EVQTY?
ALLEVENT?
EVENT?

If an SRQ is pending and an event guery is sent before a serial poll, the 7020 will
return an SRQ PENDING event code to remind the controller that a service reguest
is asserted and that a serial poll should be mitiated.

The query “EVQTY? interrogates the 7D20 to find how many event codes are
pending. It should be noted that the 7D20 stores events as each occurs, even if
service requests are disabled. The query “EVQTY? should be the first
interrogation, to determine the event count. The response is:

EVQTY <NR1>
if events are pending, and:
EVQTY O
if none are pending.

The "ALLEVENT?" query causes the 7D20 1o respond by reporting all pending event
codes as follows:

EVENT <NR1><NR1>...

or il no event codes are pending:

EVENT O

All event codes are cleared from the buffer when this query is made. Figure 4-17 is
a flow chart of the "ALLEVENT?" sequence.

4-32



GPIB—70D20

SEND
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G” E.C.

( ALLEVNT? )
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1
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Figure 4.-17, All-event query flow chart.
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The query "EVENT? causes the 7D20 to report a single event code.

or:

EVENT <NR1>

EVENT O

if none are pending. Figure 4-18 is a flow chart of the event query (EVENT?)

sequence.

Event Classification

Events that are reported by the 7D20 fall into the following classes:

Command Error:

Execution Error:

Internal Error:

System Event:

Execution Warning:

A command error results when a message cannot be
parsed or lexically analyzed.

An execution error exists when a message is parsed but
cannot be executed.

This error resuits from a malfunction or fault condition
within the 7D20 (self test error),

This class includes all events that are not errors or
warnings.

The command received is being executed, but a potential
problem may exist.

4-35



GPIB—7D20

Event Codes

Table 4-B lists the event codes from the 7D20, divided into the classes listed just
abhove.

TABLE 4-6
Event Codes
Code & Mask Description
Command
Errors (Mask:CER)
108 Checksum error in curve transfers
109 IlHegal byte count value on binary transfers
151 Symbol or number too fong
152 Invalid input or control character input
163 Invalid special character after escape
154 Invalid number input
155 Invalid string input
156 Symbaol not found
167 Syntax error
158 Invalid EOI
159 Invalid delimiter
160 Expression too complex
161 Excessive binary curve points
162 Excessive ASCI curve points
Execution
Errors (Mask:EXR)
203 I/0 buffers full, output dumped
250 Not in HOLD mode
251 lllegal waveform number
252 Hlegal settings memaory
253 Illegal cursor number
254 Settings recall error
255 Display reference error
256 Turning off cursar waveform display error
257 lllegal data memary
258 Roll mode, AVE, ENV, negative trigger position error
259 Waveform preamble illegal NR.PT
Internal
Errors (Mask:INR)
331 Selftest failure module #1°
332 Selftest failure module #2°
393 Selftest failure module #63°
394 Selftest completed and failed

*The selftest base value is 330. The module number of the failed circuit is added to the base
value {e.g., module #31 would have an event code of 330 + 41 = 371}. Possible event codes
are 331 through 393.
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TABLE 4-6 {({CONT)
Event Codes

Code & Mask

Description

System

Events
401 [(Mask:NONE}
403 {Mask:USER)
450 (Mask:OPC)
451 (Mask:USER)
452 {Mask:USER)
453 (Mask:USER)
454 (Mask:USER)
465 (Mask:USER)
456 (Mask:USER)
457 (Mask:PID)
458 (Mask:PID)
459 (Mask:NONE)
460 (Mask:OPC)

7020 Power On

User Request {RQS key)

Hold after AVEN, ENVN, or HOLD NEXT
RQS
RQS
RQS
RQS
RQS
RCS
CH 1 probe identify

CH 2 probe identify

SRQ pending

Selftest operation complete, passed

DB WA =

Execution
Warning (MaskEXW])
550 Volts/Div out of range
551 Vertical position out of range
552 Trigger leve! out of range
553 Trigger position out of range
554 Horizontal Time/Div out of range
555 VXPD command out of range
556 CSW position out of range
557 Set N value out of range
558 Cursor position out of range
559 ASCIl point out of range
560 WFMPRE X increment out of range
561 WFMPRE point offset out of range
562 WFMPRE Y multiplier out of range
563 WFMPRE Y zero out of range

USER-REQUEST FUNCTIONS

Ordinarily, communications over the GPIB occur from user to controller, then over
the GPIB to devices like the 7D20. Likewise, a talker-listener like the 7820 can
communicate implicitly with the user by way of the GPIB and through the controller.
Primitive or simple controllers may lack the means to allow the user to
communicate changes in instructions, save by altering the software or firmware.
Through the use of the front-panel keypad (MEMORY DISPLAY section) and the
RQS #key, the user can communicate up to six different messages to the controller.
Without using the RQS # key, two more user request functions are available
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through use of the PGOB3B probe IDENT button. Thus, the probe can remotely
initiate 7D20 operations via the controller. In addition, the feature permits probe
identification from the probe tip to verify that the proper probe has been connected
to the device under test.

Use of the feature is as follows:

1. The user presses the function fkey to shift the front-panel keys to the orange-
colored functions, then presses RQS #. The prompt field will respond by
displaying "RQS", followed by a blinking “#".

2. The user should now press the appropriate key of the keypad, 1 through 6, This
generates an SRQ having a unigue event code. The prompt field displays
"RQS", followed by the selected number. In turn, the unique event code
generated by this action may be used to initiate a preplanned activity on the
part of the controller. Note that the user can alsc use only the RQS key, which
calls forth event code 403. if the GPIB mode is OFFLINE, RQS OFF, or USER
OFF, the prompt field will display "RQS OFF” and no action will occur.

3. If the Identify button on either probe is pressed, an SRQ is generated and event
code 457 or 458 is produced, depending on the prabe selected, If the GPIB
mode is OFFLINE, RQS OFF, or PID OFF, the prompt field will display "'RQS
OFF" and no action will occur.

The user-request functions allow numerous applications that would otherwise not
be available. Along with the text feature, this allows the user to produce special
menus, for example. It is possible to initiate any activity that is possible with the
controifer and accompanying system that can be encoded. For example, a menu
could be created and transferred to the 7D20 with a TEXT command by the user
through the front-pane! keypad. The keypad is then used to make the menu
selections, as prompted by the menu. An example follows:

WFM PARAMETERS

MAX
MIN

P-P

MEAN

RMS

PULSE PARAM MENU

PRESS f RQS # TO SELECT

S bW =

COMMAND LIST

Along with the functional classes that come naturally with an instrument such as
the 7D20 {i.e., vertical, horizontal, display, etc.}, the 7020 command set divides into
three classes: Menu-related, Front-panel related, and Bus-unique. A very few of the
commands relate to more than one class, and are so noted in the following
descriptions.
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The 7020 command set is listed in Table 4-7. Each major segment of the command
list is headed by a graphic representation of the related area for reference by the
reader. Far example, near the beginning of the command list, the commands and
queries for Channel 1 are listed. At the head of the Channel 1 listing is an
illustration of the CH 1 area of the front panel of the 7020, to which those
commands are closely related. Likewise, the Stored Settings portion of the
Command List is preceded by an illustration of the Master Menu, which relates
directly to the Stored Settings commands. Following the Stored Settings commands
is the Device Trigger commands list, which is preceded by the statement that the
following set of commands is bus-unique and has no direct counterpart in either the
front panel or any of the menus.

Note also that, following most of the major groups in this table, there is a group of
explanations for the bracketed items. Following the Time/div group, for example, is:
<time/div>:=<NR3> which means:
Time per division is defined as a
number in exponential notation format.

TABLE 4-7
7D20 Command Set

CHANNEL 1 GROUP

)

[ CH 1 POSITION AOR

GAIN

VARIABLE s
VOLTS/Div '\@

20 -
e = 2807 I |

i
1857-316
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TABLE 4-7 (CONT)
7D20 Command Set

Command/ Query Description
CH1 VOLTS: <volts/div> Sets the channel T volts/div 1o the valid
setting nearest <volts/div>.
<volts/div> volts/div
<3.5E-3 5 mv*
35E-3 to <7.5E-3 5 mv
7.5E-3 to <15E-3 10 mV
1BE-3 to <35E-3 20 mv
36E-3 to <75E-3 50 mV
75E-3 10 <150E-3 100 mv
150E-3 to <350E-3 200 mV
350E-3 to <750E-3 500 mv
750E-3 to <1.5 1V
1.6 to <35 2V
35 10 <75 5V
>75 5 v*
CH1? VOLTS Responds with the channel 1 volts/div
setting:

CH1 VOLTS: <volts/div>

CH1 POSITION: <position> Sets the channel 1 position to the valid
setting nearest <position>.

<position> position [div)
<-10.25 -10.24°
-10.24 to +10.22 <position>
>+10.23 +10.22°
CH1? POSITION Responds with the channel 1 positian
setting:

CH1 POSITION:<position>

CH1 COUPLING: Sets the channel 1 coupling to either AC,
AC | GND | DC GND or DC.
CH1? COUPLING Responds with channel 1's coupling setting:

CH1 COUPLING: <coupling>

a - .
exscution error warning
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TABLE 4-7 (CONT)
7020 Command Set

Command/Query Description
CH1 VARIABLE: Enables/Disables CH 1 variable gain control.
ON | OFF
CH1? VARIABLE Responds with the channel 1 variable gain

control status:

CH1 VAR!IABLE:<onoff>

CH1 PROBE: <prbcode> Command is ignored by the 7D20.

CH1? PROBE Responds with probe attenuation enceding
for channel 1:

CH1 PROBE:<prbcode>

CH1? Responds with all channel 1 settings:

CH1 VOLTS: <volts/div>,

POSITION: <position>,
COUPLING:<coupling> VARIABLE:<onoff>,
PROBE:<prbcode>

<volts/div> ;= <NR3>
<position> == <NR2>
<coupling> = AC | GND | DC
<pnoff> == ON | OFF
<prbcode> ;=1 [ 10 | 100
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TABLE 4-7 {CONT)
7D20 Command Set

CHANNEL 2 GROUP

-
CH 2 POSITION AR
VARIABLE
VOLTS/0IV
/ ; 2
& =
AC GND h[
oy £ 750Y Ll 3 madl
Ei/
\ )i \
PROGRAMMABLE ™o (" "hug
DIGITIZER ID20 e
3857-317
Command/Query Description
CH2 VOLTS: <volis/div> Sets the channel 2 valts/div to the valid
setting nearest <volts/div>.
<vplts/ div> volts/div
<3.6E-3 5 mv*®
35E-3 to <7.BE-3 5 mV
75E-3 1o <15E-3 10 mvV
15E-3 to <3BE-3 30 mv
35E-3 to <7BE-3 5O mvV
75E-3 to <150QE-3 100 mV
150E-3 to <350E-3 200 mv
350E-3 to <7H0OE-3 500 mvV
750E-3 10 <1.b 1V
1.5 to <35 2V
35 10 <7.5 bV
»7.5 5 V*®

] . .
execution error warning
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TABLE 4-7 {CONT)}

7D20 Command Set

Command/Query

Description

CH2? VOLTS

Responds with the channel 2 volts/div
setting:

CH2 VOLTS: <volts/div>

CH2 POSITION: <position>

Sets the channel 2 vertical position to the
valid setting nearest <position>.

<position> position {div)

<-10.25 -10.24"
~10.24 to +10.22 <position>

>+10.23 +10.22°

CH2? POSITION

Responds with the channel 2 position
setting:

CH2 POSITION: <position>

CH2 COUPLING:
AC | GND | DC

Sets the channel 2 coupling to either AC,
GND or DC.

CH2? COUPLING:

Responds with channel 2 coupling setting:

CH2 COUPLING: <coupling>

CH2 VARIABLE:
ON | OFF

Enables/Disables CH 2 variable gain control.

CH2? VARIABLE

Responds with the channel 2 variable gain
controf status:

CHZ VARIABLE: <onoff>

CH2 INVERT: Turns inversion of the channel 2 signal
ON | OFF either ON or OFF
CH2? INVERT Responds with the channel 2 inversion

setting:

CHZ INVERT: <onoff-

a . -
axgcution arror warning
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TABLE 4-7 {CONT)
7D20 Command Set

Command/Query

Description

CH2? PROBE

Responds with probe encading for channel 2:

CH2 PROBE: <prbcode>

CH2?

Responds with all channel 2 settings:

CH2 VOLTS:<volts/div> ,POSITION
<position>,

COUPLING:<coupling> VARIABLE: <onoff>,

INVERT: <onoff>:PROBE: <prbcode>

<volts/div> ::= <NR3>
<position> = <NR2>
<goupling> = AC | GND | DC
<onoff> == ON | OFF
<prbcode> =1 | 10 | 100
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TABLE 4-7 [CONT}

7220 Command Set

TRIGGERING GROUP

TRIGGERING
MODE  COUPLING SOURLE
+SLOPE TRIGD p-p AC MODE
0 e I R R
LEVEL AUTO  LFREJ  GH1!

/“\ L1 O i

NUF!_M HF AEJ CH 2

[

HOLD NEXT % LINE
@TRIG POS ExT,:—m

3867-318

Command/Query

Description

TRIGGER MODE:
P-P | AUTO | NORMAL

Sets trigger mode to either peak to peak,
AUTO, or NORMAL.

TRIGGER? MODE

Responds with the triggering mode setting:

TRIGGER MODE:<mode>

TRIGGER HOLDNEXT:
ON | OFF

Turns HOLDNEXT either ON or QFF. Retains
the same trigger level as previously set by
P-P, AUTO, or NORM. Refer to HOLDNEXT
in Front Panel controls section for more
details. Upon entering HOLD, an operation
complete SRQ is generated if OPC:ON.

TRIGGER? HOLDNEXT

Responds with the hold next setting:

TRIGGER HOLDNEXT: <onoff>
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TABLE 4-7 {CONT)
7D20 Command Set

Command/Query

Description

TRIGGER COUPLING:
AC | ACLFREJ |
ACHFRE.) | DCHFREJ | DC

Sets trigger coupling to either AC, AC low-
frequency reject, AC high-frequency reject
DC high-frequency reject, or DC.

TRIGGER? COUPLING

Responds with the triggering coupling:

TRIGGER COUPLING: <coupling>

TRIGGER SCURCE:
MODE | CH1 | CH2 !
LINE | EXT | EXT/10

Sets trigger source to either MODE, CH1,
CH2, LINE, EXT, or EXT/10.1f MODE is
selected, trigger source is CH1 when acquire
mode is CH1, ADD, or BOTH, and channel
two when Acguire mode is channel two.

TRIGGER? SOURCE

Responds with the triggering source:

TRIGGER SOURCE:<source>

TRIGGER SLOPE:
PLUS | MINUS

Sets trigger slope to either PLUS or
or MINUS.

TRIGGER? SLOPE

Responds with the triggering slope:

TRIGGER SLOPE:<slope>

TRIGGER LEVEL: <level

Sets trigger level to the valid setting nearest
<laevel>.

<level> trigger levei

<«6.425 -6.4"
-6.4 to +6.35 <level>

»>+6.375 +6.35"

Inp-p,+6.35 and -6.4 are scaledtocorrelate the
maximum and minimum values of the
waveform.

TRIGGER? LEVEL

Responds with the triggering level setting:

TRIGGER LEVEL:<level>

a - s
execution afror warning
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TABLE 4-7 (CONT}
7D20 Command Set

Command/Query

Description

TRIGGER POSITION: <division>

Sets position for displaying trigger point to
the valid setting nearest <division>.

<division> trigger point

<-1600.5 div -15600"
-1500.5 to <105 <division>
10.5 or greater div 10°

Restriction. Maximum position is 10"
graticule division; minimum is 1500 divisions
to left of graticuie line zero. In ROLL or EXT
digitizing modes, the minimum setting with
ENV or AVE is Q.

TRIGGER? POSITION

Responds with the trigger display position
setting:

TRIGGER POSITION:<pasition>

TRIGGER?

Responds with all triggering settings:

TRIGGER MODE:<mode> HOLDNEXT:
<onoff>,

COUPLING:<coupling>,SOURCE: <source>,

SLOPE:<slope> LEVEL: <level>,

POSITION: <position>

<mode> = P-P | AUTO | NORM

<goupling> = AC | ACLFREJ | ACHFREJ |
DCHFREJ | DC

<source> = MODE | CH1 | CH2 | LINE |
EXT | EXT/10

<glope> ;1= PLUS | MINUS

<level> ::= <NR3>

<position> ;= <NR1>
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TABLE 4-7 [CONT)
7020 Command Set

TIME/DIV GROUP

HERIZ
POSITION

TIME/DIV

20s
1

50ns

ROLL =100 ms

REPETITIVE=1us
. i EE

3857-319

Command/Query

Display

HORIZONTAL TIME: <time/div>

Sets time/div to the valid setting nearest
<time/div>.

<time/div> time/ div
<35E-9 50 nS®
35E 9 to <75E-9 50 nS
76E-9 to <150E-9 100 nS
160E-9 to <350E-9 200 nS
350E-9 to <7B0E-9 500 nS
750E-9 to <1.5E-6 145
1.5€-6 to <3.5E-6 2 uS
36E-6 to <7.5E6 5 uS
7.5E-6 to <15E-6 10 S
15E-6 10 <35E-6 20 uS
35E-6 10 <75E-6 50 4S
76E-6 to <150E-6 100 uS
150E-6 to <350E-6 200 4S
350E 6 to <750E-6 500 uS
750E-6 to <1.5E-3 1 mS
15E-3 to <3.5E-3 2 mS
3.56-3 to <7.5E-3 5 mS

a . .
axeacution error warning
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TABLE 4-7 [CONT)
7D20 Command Set

Command/Query Description

<time/div> time/div
7.5E-3 to <15E-3 10 mS
15E-3 to <356E-3 20 mS
3BE-3 to <75E-3 50 mS
75E-3 to <1B0E-3 100 mS
150E-3 to <350E-3 200 mS
350E-3 to <750E-3 500 mS
7650E-3 to <15 15
1.5 to <3.5 2S
35 to <76 58
7.5 to <15 10 S

15 to <35 20 S

35 or greater 20 §°

HORIZONTAL? TIME

Responds to the time/div setting:

HORIZONTAL TIME: <time/ div>

HORIZONTAL POSITION:
ON | OFF

Turns enable for horizontal position knob ON
or OFF. Sets horizontal position to current
knob setting or calibrated setting.

HORIZONTAL? POSITION

Responds with the horizontal position
knob enable state:

HORIZONTAL POSITION: <position>

HORI{ZONTAL CLOCK:
INTERNAL | EXTP | EXTN

Selects internal clock mode with time/div
determined by <time/div> {INT) or external
clock mode with positive (EXTP) or negative
{EXTN) edge sensitivity, respectively,

HORIZONTAL? CLOCK

Responds with horizontal clock source:

HORIZONTAL CLOCK:<hclock>

HORIZONTAL?

Responds with all the horizental setting:
HORIZONTAL TIME: <time/div>,
POSITION: <position>, CLOCK: <hclock>
<time/div> = <NR3>

<position> = ON | OFF

<helock> = INTERNAL | EXTP | EXTN

*axecution arror warning
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TABLE 4-7 (CONT)
7020 Command Set

DISPLAY GROUP

MEMORY DISPLAY

§

= 0
I

COPY CSw REF

o

SiAtie

3857-3

20
Command/Query Description
DISPLAY 1: Turns the waveform 1 display either
ON | OFF ON or OFF.
DISPLAY? 1 Responds with the display status of
waveform 1:

DISPLAY 1:<onoff>

DISPLAY 2: Turns the waveform 2 display either
ON | OFF ON or OFF.
DISPLAY? 2 Responds with the display status of

waveform 2:

DISPLAY 2:<onoff>

DISPLAY 3: Turns the waveform 3 display either
ON | OFF ON or OFF.
DISPLAY? 3 Responds with the dispiay status of

waveform 3:

DISPLAY 3:<onoff>
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TABLE 4-7 (CONT)
7D20 Command Set

Command/Query Description
DISPLAY 4: Turns the waveform 4 display either
ON | OFF ON or OFF,
DISPLAY? 4 Responds with the display status of
waveform 4:
DISPLAY 4:<onoff>
DISPLAY b5: Turns the waveform & display either
ON | OFF ON or OFF.
DISPLAY? 5 Responds with the display status of
waveform 5:
DISPLAY 5:<onoff>
DISPLAY 6: Turns the waveform 6 display either
ON | OFF ON or OFF,
DISPLAY? 6 Responds with the display status of

waveform 6:

DISPLAY 6:<onoff>

DISPLAY CSW: <wim #>

Selects waveform <wfm #> as the cursor
waveform.

DISPLAY? CSW

Responds with the cursor waveform number;

DISPLAY CSW:<wfm #>

DISPLAY VECTOR:
ON | OFF

Turns vector display either ON or OFF.

DISPLAY? VECTOR

Responds with the vector status:

DISPLAY VECTOR: <onoff>

DISPLAY REFERENCE:
ON | OFF

Turns the cursor waveform reference display
display ON or OFF.

Restriction. Reference waveform can only be
turned on if the cursor waveform is in HMAG
or VS5 modes; otherwise, an SRQ is
generated.

4-51



GPIB—7D20

TABLE 4-7 (CONT)
7D20 Command Set

Command/Query

Description

DISPLAY? REFERENCE

Responds with the reference cursor waveform
status:

DISPLAY REFERENCE:<onoff>

DISPLAY RDOUT:
ON | OFF

Turns display text lines 1, 2, 15, and 16
on or off. DISP RDOUT may be selected
by means of the Utilities menu.

DISPLAY? RDOUT

Responds with readout display status:

DISPLAY RDOUT:<onoff>

DISPLAY?

Responds with the waveform display
information:

DISPLAY CSW:<csw>,1:<onoff>,2:<onoff>,
3:<onoff> ,4:<onoff>,5:<onoff> ,6:<onoff>,
VECTOR:<onoff> REFERENCE:<onoff>,
RDOUT: <onoff>

COPY 1: <wfm #>

Copies waveform 1 to waveform <wfm #>.

COPY 2: <wfm #>

Copies waveform 2 to waveform <wfm #>.

COPY 3: <wfm #>

Copies waveform 3 to waveform <wfm #>.

COPY 4. <wfm #>

Copies waveform 4 to waveform <wfm #>,

COPY 5: <wfm #>

Copies waveform 5 to waveform <wfm #>.

COPY 6: <wim #>

Copies waveform 6 10 waveform <wfm #>,

<onoff> = ON | OFF
<wim#>:=1|2|3|4|5]|6
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CURSOR WAVEFORM GROUP

TABLE 4-7 {(CONT)
7D20 Command Set

CURSOR WFM
{csw)

3857-321

Command/ Query

Deascription

CSW VOLTS: <volts/div>

This command is ignored by the 7D20.

CSW? VOLTS

Responds with the cursor waveform’s display

volts/div:

CSW VOLTS: <volts/div>

CSW VXPD: <setting>

Vertically expands or compresses the cursor
waveform by selecting the display volts/div
for the cursor waveform,

<setting>

display volts/div

<-2.5
-25t0 A5
-1.5to0 <0.5
-0.5 to <0.5
0.5 to <1.5
151t0<25
2.5 or greater

2 steps lower than acquired®
2 steps lower than acquired
1 step lower than acquired
same volts/div as acquired
1 step higher than acquired
2 steps higher than acquired
2 steps higher than acquired”

“axecution error warning
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TABLE 4-7 {CONT)
7020 Command Set

Command/CQuery Description

Restriction: Wavefarm memory displays may
be compressed or expanded no more than
twice the acquired scale factor (in a 1-2-5
sequence) without incurring error, VXPD
does not affect active waveforms except in
HMAG, or Y vs X modes when the
REFerence waveform is displayed. In these
cases, an SRQ is generated. See Section 2,
Cursor Waveform Keys, for more details.

CSW? VXPD Responds with the cursor waveform’s displayed
volts/div expansion factor:

CSW VXPD:<satting>

CSW POSITION: <position> Sets cursor waveform’s displayed Vertical
position.
<position> position offset
5.4 -5.12°
-5.12 10 5.08 <position>
+5.10 or greater +5.08%

The position offset is added to the original
acquired positon value. Vertical expansion
will also affect the actual displayed position.
Position does not affect active waveforms
except in HMAG, or Y vs X modes when the
REF waveform is displayed. See Section 2,
Cursor Waveform Keys, for more details.

Ccsw? POSITION Responds with the cursor waveform’s display
position:

CSW POSITION: <position>

CSW HMAG: ON and OFF turns horizontal magnification onor
ON | OFF | off, respectively, for the CSW waveform. ALLON
ALLON | ALLOFF and ALLOFF affects all displayed waveforms.

a . .
axecution arror warning
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TABLE 4-7 (CONT)
7D02C Command Set

Command/Query

Description

CSW? HMAG

Responds with the cursor waveform's hmag
setting:

CSW HMAG:<hmag>

An OFF response indicates the cursor waveform
ts not magnified, but other waveforms may be.

CSW VS: <wim #> |

Displays the cursor waveform versus waveform
<wfm H>.

0

Turns cursor waveform VS display QFF.

CsSw? VS

Responds with the cursor waveform's versus
stalus:

CSW VS:<versus>
To interrogate the VS status of waveforms other

than the cursor waveform, the cursor waveform
must be reselected.

cswre

Responds with the display information for
cursor waveform:

CSW VOLTS:<volts/div> , VXPD:<setting>,
POSITION: <position>,
HMAG<hmag>,VS:<versus>

<yolts/div> = <NR3>
<getting>>=-2]-1]0{1]2
<position> ;= <NR2>

<hmag> = ON | OFF | ALLON | ALLOFF
wersus> o= <wim #> | 0
<wim#>:=1{2{3|4}5]|6

REV SEPT 82
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TABLE 4-7 {CONT)
7D20 Command Set

ACQUISITION GROUP

SET N AVE N ENV N

Command/Query Description
AQR MODE: Sets acquire mode to either CH1, BOTH,
CH1 | BOTH | ADD, or CH2. Refer to front-panel section
ADD | CH2 for more details on AQR mode.
AQR? MODE Responds with the acquire mode setting:

AQR MODE:<mode>

AQR HOLD: Turns acquire hold either ON or OFF.
ON | OFF
AQR? HOLD Responds with the acquire hold status:

AQR HOLD:<hold>
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TABLE 4-7 (CONT)
7D20 Command Set

Command/Query

Description

AQR SET: <n>

Sets N to <n>. N is the number of
averages or envelopes, as appropriate.

<n> N

<B g

6 to <12 8

12 to <24 16
24 1o <48 32
48 to <96 64
96 to <192 128
192 10 <384 256
384 or greater 256"

AQR? SET

responds with <n>:

AQR SET:<n>

AQR TYPE:
NORMAL

Acquires waveformi{s) normally. Terminates
HOLD condition.

AVE

Averages waveform(s) continucusly.
Terminates HOLD. Averages Wfm 1 or Wim
2 as determined by AQR Meode control. A
GPIB AVE command received during AVE is
ignored. AVE terminates ENV, ENVN, SETN,
and AVEN*

AVEN

Averages waveform(s} N times. |f AVEN is
received during AVE then AVE is terminated
and AVEN executes. Upon completion of the
AVEN operation, an operation complete SRQ
is generated when the 7D20 enters HOLD.®

ENV

Envelopes waveform{s) continuously.
Terminates HOLD. Wim 1 or Wim 2, as
determined by AQR MODE, acquire envelope
processed data.

GPIB ENV commands received during
execution are ignored.

ENV terminates AVE, AVEN, SETN, and
ENVN*®

"See Section 2 for mora information
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TABLE 4-7 (CONT)
7020 Command Set

Command/Query

Description

ENVN

Envelopes waveform(s) N times.

Upon completion of the ENVN operation, an
operation complete SRQ is generated when
the 7D20 enters HOLD.®

AQR? TYPE

responds with the acquire type status:

AQR TYPE:<type>

AQR?

returns the current acquisition status:

AQR MODE:<mode> TYPE: <type>,
HOLD: <hold> ,SET:<n>,

<mode> = CHY | BOTH | ADD | CH2

<hold> ::= ON | OFF

<n> =8 | 16|32 | 64 | 128 | 256

<type> = NORMAL | AVE | AVEN | ENV | ENVN
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TABLE 4-7 {CONT)
7020 Command Set

CURSOR GROUP

CURSORS

AN A OFF
IR

INDEP ALIGN

] «2= [

3857-323

Command/Query Description
CURSOR MOBDE: Sets cursor mode to INDEP or ALIGN.
INDEP | ALIGN
CURSOR? MODE Responds with the cursor mode:
CURSOR MODE: <mode>
CURSOR DELTA: Turns cursor 2 either ON or OFF.
ON | OFF
CURSOR? DELTA Responds with the cursor delta mode:
CURSOR DELTA:<onoff>
CURSOR 1: <point #> Sets cursor 1 to the valid position
nearest <point#>,
<point #> point #
p/w = 820: <05 0"
-0.5 to <B19.5 <point H#>
>B19.5 819°
p/w = 1024: <-(.b o®
-05 to «10235 <point #>
210235 1023°

a n -
execution arror warning
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TABLE 4-7 (CONT)
7D20 Command Set

Command/Query

Dascription

CURSOR? 1

Responds with cursor 1's point #:

CURSOR 1:<point #>

CURSOR 2: <point #>

Sets cursor 2 to the valid position
nearest <point #>.

<point H> point #
p/w = 820: <0.5 o°
-0.5 to <8195 <point H>
>B19.5 B19°
p/w = 1024: <05 0°
05 to <10235 <point #>
210235 1023°
Restriction: Cursor 2 may not be set to
a position less than Cursor 1.
CURSOR? 2 Responds with cursor 2's status:

CURSOR 2:<point #>

CURSOR?

Responds with the cursor status:

CURSOR MODE:<mode> ,DELTA:<onoff> 1:

<point #>,2:<point #>
<mode> ::= INDEP | ALIGN

<point #> = <NR1>
<onoff> .= ON | OFF

COORD? VCRD

Respends with the displayed vertical
cursor coordinate {AV value if cursor
delta mode is on):

COORD VCRD:<vert coord>

COORD? HCRD

Responds with the displayed horizontal
cursor coordinate (At value if cursor delta
mode is on}:

COORD HCRD:<horz coord>

a - .
exaculion arfor warning
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TABLE 4-7 {CONT)
7D20 Command Set

Command/Query Description

COORD? Responds with the displayed curser
coordinates:

COORD VCRD:<vert coord> HCRD:
<horz coord>

<yert coord> = <NR3>
<horz coord> ::= <NR3>

STORED SETTINGS GROUP

MASTER MENU

.# STORE PANEL 3

A RECALL FANEL @
DISPLAY CAL PATTERW
UTILITIES

3857-324
Command/Query Description
STORE <set #> Stores front panel settings in memory
location <set #>.
RECALL <set #> Recalls front pane! settings from memory
location <set #>.
<seth>=1]2|314|5]86
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7D20 Command Set

DEVICE TRIGGER

NOTE
Device Trigger is Bus-unique; that is, no front-panel equivalent exists
in the 7D20.
Command/Query Description
DT OFF | Disables 7020 response te GET.
HOLD | HOLDNEXT |
AVE | AVEN | Executes deferred command on GET
ENV | ENVN | interface message. Only one deferred
NORMAL | command may be triggered from each
GET. Clears previous pending deferred
cemmands without executing them.
DT? Responds with deferred command to be
executed on next GET interface
message.

DT <deferred command>

<deferred command> = QFF | HOLD |
HOLDNEXT | AVE | AVEN | ENV | ENVN |
NORMAL
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7D20 Command Set

INITIALIZATION GROUP
NOTE

The Injtialization Group is Bus-unique.

Command/Query Deascription

INIT Full initialization equivalent to an INIT
PANEL, WAVEFORM, GPIB command.

INIT PANEL Initializes front panel settings as described
in front-panel section,

INIT WAVFRM Initializes waveform memories 1-6 by
setting the vertical data and vertical
zero reference (VZR) values to zero and
display attributes (VPUP, VPDN, VXPD,
VCMP, HMAG, VS, and REF) to the off
condition.

INIT GPIB Initializes the status of the following
functions, which affect GPIB operation:

Sets:
DT OFF
RQS ON
CER ON
EXR OFF
INR ON
SYS ON
EXW ON
oPC ON
USER ON
PID OFF
DEBUG OFF

LONGFORM ON

RECORDING OFF

DATA MEMORY:1

DATA ENCODING:BINARY

DATA INTERPOLATE:OFF
Clears:

Event Buffer
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SELFTEST

TABLE 4-7 {CONT}
7020 Command Set

TEST MENU

EXECUTE SELFTESY

% CALIBRATION ¥
¥ EXTEMDED TEST ¥
% CIRCUIT EXERC)SER ¥

¢ SERVICE ONLY &

3B57-325

The 7020 performs a selftest routine that tests 63 circuit modules. If a fault
condition is detected, an SRQ is generated with an Internal Error status byte. An
event query may be used to determine the specific module at fault, When the
selftest is complete, an SRQ and an Operation Complete status byte are generated.
Upon completion or exit from the selftest routine, the front panel settings are
restored to the status prior to selftest and the waveform memery is indialized.

Command/Query Description
TEST START | Initiates selftest routine.
CONTINUE | Continues selftest routine having hatted
on fault condition.
EXIT Exits selftest routine that has halted on fault

condition. Will not 1erminate an executing
selftest.

TEST

Same as TEST START.
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7D20 Command Set

NOTE

Additional information is included in the service manual.

CALIBRATION GROUP

CALIBRATION
¥ SERVICE ONLY 3

FAST RAMP GAlH/EOUNT

VERTICAL DISPLAY DAC
POSITION OFFSET
POSITION GRTH

TEST MENU

3857-326

Command/Query Description
CAL DISPLAY | Turns front-pane! display calibration
pattern on.
DDAC | Initiates vertical display DAC calibration
routine.
POSOFF | Initiates vertical position offset calibration
routine.
POSGAIN | Initiates vertical position gain calibration
routine.
RAMP | Initiates fast ramp calibration routine.
OFF Turns off sefected calibration routine.
CAL? Respands with calibration selection status:
CAL DISPLAY l DDAC I vERTICAL |
POSOFF[ POSGAIN | rAMP | OFF
RAMP? Responds with fast ramp calibration routine

offset gain and count values:
RAMP GAIN: < gain>>,COUNT: <count>-

<gain> 1=<NR2>
~Zcount> i=<NR1>

REV APR 1984
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TABLE 4-7 (CONT)
7D20 Command Set

SERVICE REQUEST GROUP

NOTE

These Commands and Queries are all bus-unigue; that is, no front-

panel equivalents exist.

Command/Query

Description

RQS ON | OFF

Enables/disables all service request functions
except power-on.

ROS?

Responds with the RQS service request
status:

RQS<onoff>

CER ON | OFF

Enables/disables command-error service
request.

CER?

Responds with the CER service request
status:

CER<onoff>

EXR ON | OFF

Enables/disables execution-error service
request.

EXR? Responds with the EXR service request
status:
EXR<onotf>
INR ON | OFF Enables/disables internal-error service
request.
INR? Responds with the INR service request

status:

INR<onoff>

EXW ON | OFF

Enables/disables execution-warning service
request.

EXW?

Responds with the EXW service request
status:

EXW<onoff>
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7020 Command Set

Command/Query Description
OPC ON | OFF Enables/disables operation-complete service
request,
OPC? Responds with the OPC service request
stalus:
OPC<onoft>
USER ON | OFF Enables/disables front panel generated
RQS Key service request.
USER? Responds with the USER service request
status;
USER <onoft>
PID ON | OFF Enables/disables probe-ID service request.
P1D? Responds with the PID service request
status:
PID<onoff>
SRQ? Responds with all service request settings:

RQS <onoff>;CER<cnoff> ;EXR<onoff>;
INR<onoff>;EXW<onoff>;0PC<onoff>;
USER <onoff>;PID<onoff>

<onoff> ::= ON | OFF
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7020 Command Set

WAVEFORM PREAMBLE GROUP

NOTE

The Waveform FPreamble Group is Bus-unique.

Command/Query

Description

NOTE

WFMPRE commands that are not used by the 7D20 will be accepted as
part of the waveform preamble or individually, but 'will be ignored. No
error or warning will be issued. This permits preamble outputs to be
input without generating unnecessary Service requests.

WFMPRE WFID:

Command is not used by 7D20. Destination
waveform is set with the DATA command.

WFMPRE? WFID

Responds with the current source wave-
form’s number and indicates if inter-
polation will be applied to curve

data:

WFMPRE WFID:<wfmid>

WFMPRE ENCDG:
ASCIl | BINARY

Command is not used by 7D20. Data
encoding is set with the DATA command.

WFMPRE? ENCDG

Responds with the current curve encoding:

WEFMPRE ENCDG: <encdg>

WFMPRE NR.PT:
820 | 1024

Sets number of points to input to 820 | 1024

WFMPRE? NR.PT

Responds with the current source
waveform’s points/waveform:

WFMPRE NR.PT:<p/w>

WFMPRE PT.FMT: Y

Command is not used by 7D20. Paint format
is fixed as Y format.

WFMFPRE? PT.FMT

Responds with a point format of ¥:

WFMPRE PT.FMT:Y

4-68



GPIB—7D20

TABLE 4-7 [CONT)
7D20 Command Set

Command/CQuery

Description

WFMPRE XINCR: <x increment>

Sets time between points to
<x increment>,

<x increment> = time/div / 80 points/
division for 820 paint waveforms.

<x increment> ;= time/div / 100 points/
division for 1024 point waveforms

WFMPRE? XINCR

Responds with the time between points of
the current source waveform:

WFMPRE XINCR:<x increment>

WFMPRE PT.OFF: <point #>

Selects the wavetorm point at which the
cursor reads time zero, Range is -150,000
<point # <1023, where point 0 is the left-
most displayed point on the waveform. An
execution error warning is given if an out of
range condition occurs.

WFMPRE? PT.OFF

Responds with the trigger point #:

WFMPRE PT.OFF:<point #>

WFMPRE XZERO: O

Command is not used by 7020, XZERO is
fixed as O.

WFMPRE? XZERO

Responds with an XZERO of O:

WFMPRE XZERO:0

WFMPRE XUNIT: S

Sets displayed horizontal scale factor unit for
waveforms input from the curve command.

WFMPRE? XUNIT: <xunit>

Responds with XUNIT,

WFMPRE XUNIT:<xunit>

WFMPRE YMULT: <y multiplier>

Sets vertical scale (volts/div) to <y multiplier>.

WFMPRE? YMULT

Responds with the current source waveferms
vertical scale factor:

WFMPRE YMULT: <y multiplier>

REV SEPT 82
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TABLE &-7 (CONT)

7020 Command Set

Command/Query

Description

WFMPRE YZERQO: <y zero>

Sets Y zero to <y zero>,

<y zero> = -{volts/div x VZR (vertical
zero reference)}

Where VZR is prior to vertical expansion,
or positioning.

WFMPRE? YZERO

Responds with the current source
waveform vertical zero:

WFMPRE YZERO:<y zero>

WFMPRE YUNIT: V

Sets displayed vertical scale factor unit for
waveforms input from the CURVE command,

WFMPRE YUNIT: <y unit>

Responds with YUNIT,

WFMPRE YUNIT: <y unit>

WFMPRE BYT/NR: 1

Command is not used by 7D2Q, Binary
data field width is fixed as one byte.

WFMPRE? BYT/NR

Responds with a field width of 1 byte:

WFMPRE BYT/NR:1

WFMPRE BN.FMT: LF

Command is not used by 7D20. Binary
number format is fixed as binary-
fraction.

WFMPRE? BN.FMT

Responds with a number format of binary
fraction:

WFMPRE BN.FMT:LF

WFMPRE BIT/NR: 8

Command is not used by 7D20. Binary
data precision is fixed as eight bits.

WFMFPRE? BIT/NR

Responds with a precision of 8 binary
hits:

WFMPRE BIT/NR:8
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TABLE 4-7 (CONT)
7D20 Command Set

Command/Query

Description

WFMPRE? CRVCHK

Responds with binary curve that
inciudes a checksum:

WFMPRE CRVCHK: CHKSMO

WFMPRE? Responds with the current source
waveform's preamble:
If ASCII:
WFMPRE WFID:<wimid> ENCDG:ASCII,
NR.PT:< p/w>,PT.FMT:Y.XINCR: <x incre-
ment>, PT.OFF:<point #>,XZEROQ:0,
XUNIT:<xunit>YMULT: <y multiplier>,
YZERO:<y zero>,YUNIT:<y unit>,
If binary:
WFMPRE
WFID: <wfmid>,ENCDG:BINARY,
NR.PT:<p/w>,PT.FMT.Y XINCR: <x incre-
ment> PT.OFF:<point #> XZERO:0,XUNIT:
<xunit>YMULT: <y mutltiplier>, YZERO:
<y zero>Y UNIT:<y unit>,
BYTINR:1,BN.FMT:LF,
BITINR:8,CRVCHK:CHKSMO,
<wfm #> =1 |2 |3 {4 |5 |6
<encdg> = ASCll | BINARY
<x increment> ;= <NR3> = time/div /
points/div
<point #> ;= <NR1>
<x multiplier> ::= <NR3> = vertical scale
factor
<y zero> = <NR3>» = -(VZR « vertical
scale factor)
<wimid> = W <wim #> | | W <wim #>,
where | indicates interpolated data.
<x unit> = Capability to be set to any
one of the the 7D20 single character set,
except for (,}, (). or ESC {escape).
<y unit> = Same as above. If x unit or y unit
is set to &', the 7D20 will interpret this as a
blank unit or space.
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WAVEFORM CURVE

TABLE 4-7 (CONT)
7D20 Command Set

NOTE

Waveform Curve is Bus-unique

Command/Query

Description

CURVE <ASCH curve>

Loads destination waveform with
<ASCIH curve>.

<hinary biock curve>

Loads destination waveform with
<hinary block curve>.

<ASCIl curve> .= <ASCll point>',<ASCIl point>}. ..

<binary block curve> = %<binary count><binary
point>, .. <checksum>

CURVE?

Responds with the current source
wavetorm's curve:

It ASCIL:
CURVE <ASCIl point>,<ASCIl point>}...

If binary:
CURVE %-<binary count><binary point>.
<checksum>

<ASCI point> = <NR2>

<binary count> = two bytes representing
number of data points +1

<binary point> == B-bit byte (00 | 01 |
02 {...| FE | FR}

<checksum> := 2's complement of the
modulo 256 sum of the preceding binary
data bytes and the hinary count but not
the “%" preceding the binary byte count.

4-72



GPIB—7D20
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7D20 Command Set

WAVEFORM PREAMBLE AND CURVE

NOTE

Waveform Preamble and Curve is Bus-Unigue

Command/Query Description
WAVFRM? Responds with
<preamble><curve>
<preamble> = response to WFMPRE?
<gurve> = response to CURVE?
DATA ENCDG: Sets encoding for transmission of

ASCIl | BINARY

waveform data from 7D20 as binary
or ASCIl

DATA? ENCDG

Responds with curve data encoding for
waveforms transmitted from 7020:

DATA ENCDG:<encdg>

DATA INTERPOLATE:
ON | OFF

Sets 820 to 1024-point interpolation mode
for alt Extended Real-time
Waveforms transmitted from 7D20.

DATA? INTERPOLATE

Responds with status of interpolation
mode:

DATA INTERPOLATE: <onoff>

DATA MEMORY: <wfm #>

Sets memory destination and source for
all waveform data transmission to and

from 7020.

DATA? MEMORY

Responds with source/destination for
waveform data transmission:

DATA MEMORY:<wfm #>

DATA?

Responds with data command status:

DATA ENCDG:<encdg>,DATA
INTERPOLATE:ON | OFF
DATA MEMORY:<wfm #>

<encdg> = ASCIl | BINARY
<wim #> =12 3|4 |56

REV SEPT 82
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7D20 Command Set

READOUT/TEXT

NOTE
Readout/Text is Bus-Unigue.
Command/Query Deascription

TEXT "“"text” Displays text in center 12 lines of CRT. See
discussion on TEXT command earlier in
this section.

TEXT? Responds with the center 12 lines of
display text:

TEXT "<line 3><CR><line 4>
<CR><line B><CR>. ..

<ling 12><CR><line 13>
<CR><line 14><CR>"

<ling 3> ;:= third line of display
<line 4> = fourth line of display

<line 13> .= thirteenth bine of display
<line 14> ::= fourteenth line of display

NOTE

A double quote (7) within a line must be sent as two double gquotes (7 7'}

RDOUT? Responds with the four lines of readout:

RDOUT “<line 1><CR><line 2>
<CR><line 15><CR>
<line 16><CR>"

<CR>::= carriage return
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7020 Command Set

PROGRAMMING AIDS

The following commands and

NOTE

queries are bus-urigue.

Command/Query Description

1D? Responds with the 7D20's |D:
ID TEK/7D20,V81.1,<rom>. <patch>
<rom> ;= 2 character ROM version
<patch> ;= 2 digit PATCH revision

SET? Responds with the front panel settings:
<ch1>;<ch2>;<horz>;<aqr>;<csw>; <disp>;
<trig>;<curs>
<ch1> = response to CH1?
<ch2> ::= response to CH2?
<trig> ;= response to TRIG?
<horz> ;= response to HORIZ?
<disp> = response to DISP?
<Ccsw> = response to CSW?
<aqr> = response to AQR?
<curs> = response to CURS?

HELP? Responds with a list of all valid

command headers:

CH1, CH2, TRIGGER, HORIZONTAL,
DISPLAY.COPY, CSW, AQR, CURSOR,
STORE, RECALL.DT, INIT, TEST, CAL.
RQS, CER, EXR, INR, EXW, OPC,
USER, PiD, SRQ, WFMPRE, CURVE,
DATA, WAVFRM, TEXT, DEBUG,
RECORDING, LONGFORM

DEBUG ON | OFF

Turns on debug option. Commands are
displayed in the order of occurrence on the
screen area normally used by text
commands and menus. A command ar query
that follows an EQl wiil clear the text area
before it is displayed. if an error occurs, the
erronecus item is displayed, followed by the
16-bit error code describing the type of
error. Control characters are displayed

as "'@". Lower case characters are display-

REV SEPT 82
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TABLE 4-7 {CONT)
7D20 Command Set

Command/Query

Description

DEBUG ON | OFF (cont}

ed as upper-case characters. An EOl is
displayed as an exclamation mark (!}. ASCI
waveform transmissions are displayed,
binary waveform transmissions are not.

DEBUG?

Responds with the debug status:
DEBUG <onotf>

LONGFORM ON OFF

Affects results when querying respanse to
either receive longform or shortform of
Command or Query.

LONGFORM?

Responds with the LONGFORM status:
LONGFORM ON or LO OF

RECORDING ON OFF

By using a controller and the RECORDING
command, it is possible 1o get longer record
lengths. The RECORDING mode works only
from 100 mS/div to 20 S/div, including EXT
clock mode. In the other time/div regions,
RECORDING will have no effect. RECORDING
may be used with any acquire mode, and with
the normal, AVE and ENV, acquire types.
RECCRDING altows the user to read out
points using a CURVE? command, 1k at a
time. The waveforms appear to roll across the
screen, just as in nen-RECORDING mode, but
every time 1024 new points have been
acquired they are copied into a RAM buffer
accessible via the CURVE? command. There is
a separate buffer for each channel. The user
knows it is time 1o de the next CURVE?
command, when an OPC service request (66
or 82) is produced by the 7D20. if the user
receives the service request before the 1024
points have been read out from the CURVE?,
then an overrun condition has occurred, and
either the contreller needs to take less time to
read in the curve, or you should use a slower
time/div.

RECORDING?

Responds with RECORDING status:
RECORDING ON or RECORDING OFF
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SAMPLE PROGRAMS

INTRODUCTION

The following pages contain sample programs that may be used in the design of
programs that fit task-related applications and specific requirements where a 7020
is used. The programs are set up for both a Tektronix 4050-series and 4041
controlier. Also, the programs are divided into two classes, operations and
applications. Each of the programs consists of four parts: Introduction, Remarks,
Program, and Comments, where each applies.

SAMPLE PROGRAM LIST

4050-Series Operating Programs
1. Text Generation: 4050-Series to 7D20.
2. Transfer text tc Controller.
3. Transfer Waveform Data to Controlfer—ASCIl format.
4. Transfer Waveform Data to Controlter—binary format.
5. Transfer Waveform Data to 7D20—ASCIH format.
6. Transfer Waveform Variables and Arrays to 7D20.
7. Query routine.
8. Implement and store 7D20 settings.
9 Query functions.
10. Print Po!l statement.

4050-Series Application Programs
1. Evemt Capture.
2. Store 7D20 settings on Magtape.
3. SRQ Decoding Routine.

4041 QOperating Programs

. ASCIl String Array Waveform Transfer to controller.
. ASCIl String Array Waveform Transfer to 7D20.

. Binary Numeric Array Waveform Transfer to controller.
. Binary Numeric Array Waveform Transfer to 7D20.
. Cutput 7D20 Frant-panel Settings—String Array.

. Input 7D20 Front-panel Settings—String Array.

. Setting the 7D20 to Remote,

. Setting the 7D20 tc Local.

. Text Transfer: 7D20 to Tape.

. Text Transfer: Tape to 7D20.

. Text Generation: controlier to 7D20.

o000 N AWK =

—

4041 Application Programs
1. SRQ Handler
2. Store and Recall Front-panel Settings.
3. Event Capture.
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7D20

4050-

Series Operating Programs

1. Text Generation: 4050-Series to 7D20. This program displays text
information on crt displays of 7020 signals. By means of this program, dates,
sample numbers, operator names, etc., may be entered. The 4050 constructs an
ASCIl string that consists of individual lines of text that are to appear on the
oscilloscope crt. The lines of text are separated by a carriage return character.

REMARKS:
80 REM % TRANSFER TEXT FROM 4353 Ta 7BZ0 CRT
i3 REM # B= 7023 GPIB DEVICE APDRESE
120 REM #
130 REW w LIKIT 17 Ju CHARACTERS PER LINE 0F TEXT
740 REH w LINIT 6F APPRUKIMATELY 198 CHARRCTERE TOTAL
150 REM
fGip REM # RUILD TEXT IN STRING T#
PROGRAM:
178 A=20
1B@ ON SRR THEN S5@8
i7@ DEM T$(12¥38)
268 PRINT "INPUT TEXT AS IT IS FO BE DISPLAYED DN 7D28"
21@ PRINT "<SPACE>(RETURN>FOR A BLANK L INE”
2268 PRINT "<RETURN> ONLY TO &ND INPUT®
230 =9
2408 T=@
5@ T#=CHR{34)
26@ A+=T*
278 C$=CHRI13)
298 FOR 1=1 TO 12
298 PRINT "—=3>";
386 INPUT LS
318 TF LEN(L$I<1 THEN 448
320 IF LEN{LS}+LEN(C%}>3& THEN 398
3§ L=LENILS)
348 T=T+L
35@8 IFT>10@ THEN 413
366 TE=TSLLS
376 TH=THLCS
38@ GO TO 454
9@ PRINT "TDO MANY CHARACTERS, RE-ENTER LINE™
4@@ GO TO 298
a1@ PRINT "TEXT EXCEEDS 18@ CHARACTERS BY“,T-18d
42@ PRINT "RE-ENTER LINE TO CONFORM 10 LIMITS®
438 T=T-L
aag GO TD 298
456 NEXT I
448 S=@
476 Tx=THLOS
488 PRINT A:“TEXT", T+
49a END
568 POLL D,S5;A
516 RETURN
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COMMENTS:

17¢ SET 7D2¢ GFIE DEVICE ADDRESS

18¢ ENABLE SRGE HANDLER AT LIME 47@

199 DIMENSION TEXT STRING T%

Dekd=0z2a BFRINT O INSTRUCTION SET

SoA-2V IMNITIALIIE VYARIABLES

wBu LO0OF COUNTER FOR TWELVE LINES OF TEXT
U FROMPT THE USER TOD EMTER ONE LINE OF TEXT
INFUT OME LINE CF TEXT
CHECK FOR LAST LINE OF TEXT
# CHECK FOR LINE THAT EXCEEDS LEGAL LEMNGTH
~30% CHECEK FUOR TOTAL TEXT LENGTH LESS THAN 1@t CHAR
b ADD CURREMT LINE TO PREVIOUS TEXT IN T
79 /DD CARRIAGE RETURN 10 END OF LINE
AOJUME TO L INE 456

FRINT ERROR MESSACE

JuMe 10 LINE 29¢
=40 PRINT ERRDR MESSAGE
JUMP I LIHE 296

¢ EWND OF LOOF

A6 CLEAR STATUS FLAG

47ét ABD DUDTATTON FARE T0 END OF TEXT ST1RING
434t FREFARE THE 7DZ@ TE ALCERT TEXT LNFUOKMATION ARND

SEND THE TEXT STRING

4745 STOP
S@@ SERITAL FOLL THE 7D2&; S=STATUS BYTE
DlE RETURN FROM SRE HAMNDLUIMG ROUTINE

4-79



GPIB—7D20

2. Transfer text to 4050-series. This program causes the cantroller to read the
four lines of readout data and any text that appears on the 7020 display. The four
lines of readout are each assigned to an ASCII string for proper placement when
printed on the controlter graphics display.

REMARKS:

MY REM * TRANZFER TEXT FRGM FRId BISPLAY T4 4853
11F REM *
123 REM # 7Did RODRESS = “R/”

PROGRAM:

138 A=28

148 ON SRG THEN 3@d
145 WBYTE®26:

15@ DIM T${206)

168 PAGE

176 FRINT @Az "RDOUT?"
188 INPUT 2A;A%,B%,C%,D%
19¢ PRINT A%

206 PRINT B%

205 FOR I=1 YO 12
218 PRINT @A;*TEXT?*
2208 INPUT PA:TH

238 PRINT Ts

256 DELEVE Ts

266 NEXTI

270 PRINT Cs

2814 PRINT D%

29@ END

380 POLL B,S;A

318 RETURN

COMMENTS:

17¢b BET 702w GFIB DEVICE ADDRESS

146 ENABRLE Sk HANDLER AT LINE 274

108 DIMENSION FHE TEX1 ARRAY

Lew PAGE THE BRAFHIUS DISFLAY

179 REWMIEST THE FDhlw™ S REAROUT DATA

igg IMFUT EACH LINE OF REALBUUIT INTD A SEFARATE STRIMG
FRINT THE FIRST LINE OF READOUT

FRINT THE SECOND LIME OF READOUT

Zedd IMPUT AMD FRINT THE 12 LLINES OF Tex
FRINT THE THIRD LINE OF READOUT

FRIND iHE FOURTH EINE OF READOUT

S

BERIAL 1FALL THE 702 S=STATUS BRYTE
RETURN FROM SR HANDL THE RIGTTHE
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3. Transfer Waveform Data to Controller—ASCII format. Using the ASCII
format, transferring data from the 7D20 to the contreller is relatively simple. Once
the string arrays are dimensioned, all that is left is to input the waveform preamble
and curve information.

REMARKS:

104 REH » TRANSILR WAVEFURAM FRUM MEWORY [/ Tu JULd ASCT]I STRINGS -
110 REM » [A=7UZd DEVICE AUDRE
29 REH =

13d REH x INPUT WAVEFGRN PRLGMBLE INTO ASCII STEING Ps
243 REM * INPHT WAUVEFORM CURVE INTO AECIT SIRING WE
15¢ A=28

L6@ ON SRD THEN 2&8
179 DIM P%(285), WS (7@

188 S=8

190 PRINT 2A:"DATA ENCDG: ASC"
28¢ PRINT 2A: "DATA MEM: i

218 PRINT dA: "WFMPRE7Z"

226 INPUT 2A:P%

238 PRINT 24: "CURVE?"

248 INPUT 2A:W$

256 END

2690 POLL D,S;A

278 RETURN

COMMENTS:

t5e SET ¥D2é GFIE DEVILE ADDRESS

164 ENGRLE SRE HAWNDLER AT LIMNE 244

P7¢ DIMENSION ASCYIT STRINGS Fi Al We

186 CLEAR STATUN FLAG

199 [ELL THE 7D} TO SEND ASCIIL ENCODED DATA
Dby BELELCT THE 7 1 WRAVEFORM MEMORY T GE READ
219 REQUEST THE WAYEFORM FREAMEBELE DATA

INFUT AhD GBTORE THE PRECAMDLE DATA DN STRING T4
REMIEST THE WOVEFORHM CURYE INFORIMATION

248 IMFUT AND STORE THE CURVE DRATA TH BTRIMG W
Q50 STOF

26t BERTAL FOLE THE LD 5=UTATUS By Tk

273 RETURM FROM SRE HAMBLING ROUTINE

REV SEPT 82 4-81
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4. Transfer Waveform Data to Controiler—binary format. Although it is
much more simple to transfer data in ASCIl format, the binary format is much
faster. The 4050-series contrellers can ignore or strip off ASCIl characters when
reading data into variables and arrays. It may sometimes be necessary, however, to
retain this ASCll-encoded data. In lines 330-340 of the program below, the portion
of the curve data that consisted of 'CURVE WFM# %’ was saved by specifying "%’ as
an alternate delimiter for the controiler. A routine for checksum error detection is
also included that is not automatically done by the controller. This routine comprises

lines 380-410.
REMARKS:
S REH « I I0 SES0 UBRIRRLEL & ARRAY
i REM #
i) REH =
I3E ALK # THPUT KBUEFIIRM PREAMBLE INTC UVABIARLES:W N_K P2,V
133 REM # W=HaVEFORN NUMBER
I&Y PIH = N=PROGINTSZMAUEFURY
2uit REM A=HORIFUNTAL INCREMENT
15 REH P=pROINT UFESET
1 BEM o+ S=VERTICAL fERD
Y OREM # VEUERTICAL MULTIPLIER
Y REM w INPUOT WAULFOREM CURUE INTH ARAAY: €
LI REM -
PROGRAM:
228 ON SRQ THEN 4248
238 A=28
24@ 5=
268 PRINT 3A:"DATA ENCDG: BIN"
278 PRINT aA: "DATA MEMORY: 1"
2B8 PRINT 2A: "WFHP?"
298 INPUT DA:W, N, X,P,7,¥
I@ag DIM CINY ,1(F}
318 PRINT 2A:"CURVE?"
329 WRYTE J3A+44:
3@ RBYIE 1
I4¢ RBYTE C,Cé
X5 WBYTE @95:
&8 AT=SUMIC)+I{(?)+I(8)
278 Al=A1-25&6FENT (A1 /25463
I8G AI=2504—AL
98 IF ABS(CAY=A1 THEN 4:ig
433 FRINT "CHECKSUM ERROR™
418 END
42¢& POLL D,L;A
438 RETURN
COMMENTS:

224

ENABLE SRO HANMDLER AT LINE 424

QaE BET TDC@ GRLE DEVICE ADDRESS

284
i REDLES T BINARY EMCODED DATA FROM THE 70UV

CLEAR S1aTUS FLAG

REQUEST WAVEFDORM REGISTER 1 A5 DATA SOURLE
RERUEST WAVEFORM FREAMELE DATA

INFUT AN STORE FREAMELE DATA TN WARIARLES
DIFMENSGTION ARRAYS FLUR LURVE DATA

REGUEST WAVEFORM CURVE TDaTA

115! TOATTEWMTION AT 7Ryl ADUDREDS

InFUD CURVE % AND BYTE COUNT

THEUT CURME L6 T AlD CHECKSLIM

3 i URIALE AT 7 i ADDRESS

CLMFUTE CHELRSLIM AND CHECH £0 ERMOR

SER1AL FOLL THEN 7Dy

STATUS BYTE

G4 RETUH FROM GRO HANDL TRG ROUT TRHE

REV

SEPT
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5. Transfer Waveform Data to Controller--ASCIl format. In this program,
it is assumed that ASCIl strings P$ and W$ already contain waveform preamble and

curve data.

REMARKS:

daBY REM » TRONEFFR WHUEFORK RND PREGMELE FRUM J0F5L3 M1l ZIRINGD
FEG REM * T FRIO MWAUEFORM REGIZTER o

JEE REM R WAULFORM PREGHRLE T8 IN STRAING F¥

{38 REM » JURUE 87204 13 IW HING W¥

I REM & 3o U5 GRIR DEVIOE ARORERR

PROGRAM:

158 A=2g

162 ON SRQ THEM 21#

1760 PRINT @A:"DATA MEMzLY
1BB PRINT 3JA: P4, We

2@8 END

zl@ POLL D,53A

2286 RETURN

COMMENTS:

150 BET FD2@ GFIE DEVICE ADDRESS

168 EMABLE SRO HANDLER AT LINE 21

17@ SFECIFY DATa MEMORY 1 AS DESTINATION
1898 SENL THE FREAMBLE STRING F$

196 SEND THE CURVE STRING We

T BTOR

21¥ SERIAL FOLL THE 7D2@: S=STAIUS BYTE
29 RETURM FROM SRE HANDLING ROUTINE

4-83



GPIB-"7D20

6. Transfer Waveform Variables and Arrays to 7D20. To transfer
waveforms from the controller to the 7D20, the waveform preamble and curve
information must be reconstructed to include the ASCH characters that were
previously stripped away by the controller.

REMARKS: T

I3 REM & [RENSFER WAUEFGORK ONR PREAMBLE +RGH JE50 UARRIABLES H
iP0 REM « AND ARARY TO FUHID WAUVEFORM RED ER #21

2E3 REM ® A= TRUY RIS DEVILE RDOREE _
{20 REM <
P34 REM e WRUEPPEGMBLE [QNIISTE OF THE FULLUWING:
140 REM = HeWAVEFORN NUMRER
i REM = H=POYNTS/MARULFORM
1ufl REM # K=HORITONTAL INCRENMENT
7 REM - FeBLINT GFFEET
1E PR o= v=UERTICRL MULTIPLIER
f#F REH » I=GERTICRL FERU
SO0 REM * WAVEFORM CURAVE DAETA T2 STGRED 15 ARRAY 07
L2 REM # L COWIAIND
280 REM £
PROGRAM:
238 A=28
244 ON SRQ THEKR 434
258 5=

260 REM 1 BUILD WAVEFORM PREAMELE
276 We=8TR{W)

2HE N$=STRI(N)

298 X$=STR{X)

I3 PE=STR(P}

Ji@ Y4=85TR{Y)

320 1$=BTR(I} : H
338 REM % SEMD WAVEFORM FREARMBLE

348 PRINT WF1D:W" jWe; ", ENCOG: BINARY ,NR.PT: "5 NS;
358 PRINT PT.FMTsY, XINCR:" ;X5 ", PT.OFF2 ";P%;
340 PRINT XZERO: @, YMULTz"; ¥$; *, YZERO: “;2%; “, BYT/NR: 1";

378 PRINT BN.FHMT:LF, B1T/NR: B, CRVCHK : CHKSMB "
BB KEM % SEND CURVE INFORMATI1ON

39 WRYTE 9A+64:

434 WBYTE 2A+32:1

418 WBYTE 9A+32:C,08

429 WBYTE 243,95:

433 POLL D,S;A

449 RETURN

COMMENTS:

274 SET D20 GRIR DEVICE ADDRESG

243 ENABLE SRE) HANDLER AT [LINE 4248

CLEAR STATUS FLAG

1 CONVERT VWRRIAELES TO STRING VARIABLES
i CONSTRUCT AND SEND WAVEFORM FREAMBLE STRING
ASSERT ATTENTIUN AT 7DWw ADDRESS

430 SEMD CURVE % AND BYTE COUNT 10 7024

J1g SEND CURWE AND CHECHSUM DATA TO 7DZ

420 SE 10 UNTALY UMLISTEM STATE

470 BERIAL FOLL THE /D2 BE=BTATUS BYTE

Adph KE TUKN FROM SRO HANDLING ROUTINE
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7. Query Routine. In the query routinge, the parameters to be checked are sent
over the GPIB, followed by a question mark 1o indicate a query. The 7020 will then
respond with information to satisfy the query.

REMARKS:
S REK w THIS ROUTINE RETURNS THE FRONT PANEL CETTINGS FRUM
L3 REM « THE TDIG AND STORES THEW IN BN BECIT BING,
L3I0 REM « SETTINGT BRE ZYOREZ IN 3§
143} REM « A= FRRd GRIR DEVICE ADDR
158 A=2&

144 ON SRQ THEN 214
178 DIm 5% (68@)

188 PRINT @Az “"BET?"
199 INPUT 3A: 5§

195 PRINT S8

28¢ END

214 POLL D,S5;A

228 RETURN

COMMENTS:

15 BET 7D2% GFIE DEVICE ACDRESSH

168 ENARBLE SRO HANDLER AT LINE 214

170 DIMENSION STRING 5%

188 REQUEST FROMT FAMEL SETTINGS

19 IMFUT AND STORE SETTINGS IN STRING 5%
195 DIGFLAY SETTIMGS CONTRUOLLER

2l STOF

21 GERIAL POLL THE /L02W: S=STATUS kYI1E
A RETURN FROM SR RANDL ING ROUTINE
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8. Implement and store 7D20 settings. In this program, it is assumed that a
group of settings have been stored in string S$, using the SET? query. When set
over the GPIB, these settings are automatically implemented, then stored in one of

the six 7020 memory locations.
REMARKS:
J00G REM = THIZ PROGGRAK STOREL i ZTRING GF FRONT PANFIL SETTINGS
113 RPEM = TN ANY ONE OF THE TDX3 w FROMT PANEL MEMORY LOCARTIONS
I35 REA & 8= FOZF GPIR BEVICE ADDEESS ZETTINGE RRE IZTORED IN
i4 REM » ZTRING I8
F5iv REN «
PROGRAM:
1958 A=28
1643 ON SRE THEN 232
178 PRINT "IN WHICH MEMORY LOCATION DO YOU WANT TO"
188 FRINT “STORE THE SETTINGS{l-&27"
19& INFPUT L
208 PRINT 2A:5%
216 PRINT 3A:"S5TORE ",L
228 END
239 POLL D,5;A
24@ RETURN
COMMENTS:
154 sET 7bhDa GFIR DEVICE ADDRESS
1au EhaRLE SRU HANDLER AT LINE 274
17é- 188 FROMFT FOR USER IMNFUT
INFrO ] MUMBER OF 7D2 SETMVINGS REGISTER

1
il
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SEMD FROMT FANEL, SETTINGS STORED TN STRING S%
STORE THE SETTINGS IN THE DESIGNATED REGISTER
S

i GERIAL FUOLL THE /Duie: S=8TATUS BYTE

RETURN FRUM SR HANLDLING ROUTINE
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9. Query Functions. This program permits the user to query a number of 7D20
functions, such as front-panei settings, cursor status, events, and acquire modes. A

routine is included :n the program that ensures that the query is legal.

REMARKS:
I REM o+ THIZ PEROGRAM IX 0 GENERAL PURPOIE QUERY ROUTINE
I REM » TT RETERMINES THE ETATUR GF UARTOUE
d2F REM = TRE 702F AND PRINTS THE REGPONZE
130 REM = T4 ENY ONE OF 4 NUREEFR GF QUERIEE ON THE 4050
F43 REHM = GRAPHIL DISALAY WHEN A WULL STRING IG INPUT
I50 AEN * FPROBRAAN WILL TEAMINATE .
Tegd ALK » A= FD2d SPIR DEVICE ADOREZRT

PROGRAM:

178 =28
184 ON SR@2 THEN 338

198 PRINT “WHICH OF THE FOLLOWING RQUERIES WOULD YOU LIKE TO MAKE?"

234 FRINT

218 PRINT "CHL,CH2,TRIG,HORIZ,DISP, CSW,AQR, CURS, COORD, DT, BRA,EVENT, "

223 PRINT "ALLEV,ENDTY, ID,SET,HELF."
238 INPUT Q%

242 IF LEN(Q%)<1 THEN 326
25@ Ce=CHR (&3}

26@ DE=0$iLF

278 PRINT 2A:0%

2@ TNPUT DA:RE

29@ PRINT R%

3A8 PRINT "NEXT QUERY"

314 GO TO 23@

328 END

33 POLL D,S;A

4@ IF S5<>»?B THEN 7@

358 PRINT “ILLEGAL CDMMAND™
3458 GO TO 38d

378 RETURMN

COMMENTS:

17¢ SET1 J02¢ GPINR DEVICE ADDREGS

186 ENABLE SRO HANDLER AF LIME 208

f9u-22¢ LIST AVAILARLE DUCRIES OM GRAFHIC DISFLAY
Do IMFUT DESIRED BUERY

FAd IF NO QUERY REQUESTED, GO 10 EMND

254 LOAD STRIMNG 0% WITH A GQUESTIUN MORE

oW DD STRING CF TD SIRING 0%

279 SEND ITHE DUERY TO THE 7DIé

FAE IRFUT THE REEFONSE T0 THE QUERY

99 FRINT JHE RESFONSE CODE ON THE GRAFHICS DISPLAY
Zehd PROMET THE LISER FOR THE MEXT QUERY

Sl L IT AGATN

STO#

SERLAL FOLL THE 7DI¢r S=8TATUS RYIE

5 CHECK., FiOR ILLEGAL QUERY CORHANLE

W FRINY ERROR MESGAGE

Tal LET THE USER EMTER A NEW DUERY

SRR RETURN FROM SRO HANDLER ROWLTINE

PARAMETERE
THE TNETRUMENT
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10. Print Poll Statement. The controller will read the status byte generated by
the 7020 on an SRQ and print the appropriate phrase that describes the SRQ. In a
4050-series poll staternent, one must specify the addresses of all the instruments
that are to be polled. Should an instrument that is not polled generate an SRQ, that
SRQ could prevent execution of the program until it is cleared by a poll statement.

REMARKS:

20F REM ¢ THIS PROGRAK IS A BRZ1C SRU HANDLER AND BECODER”
210 REM = fup THE 7DZO.

I BEM » A= FDEO SRIR DEUICE RODRELS

130 REM =

PROGRAM:

146 A=2@

154 DN SRQ THEM 178

16 END

178 POLL D,S5;A

184 PRINT "SRO ORIGINMATED FROM ADDRESS™,D
198 1F S<>243 THEN 218

2088 PRINT "STATUS REPDRT: FAFAL ERROR"

218 1F G=465 THEN 238

220 IF S<>B1 THEN 2448

23@ PRINT “STATUS REPORT: POWER DN™

248 IF S<-83 THEN 2&0

258 PRINT “STATUS REPDRT: EXECUTIDN ERRDR™
264 1F 5=97 THEN 2B@

279 IF S<>115 THEN 294

288 PRINT *“STATUS REPORT: INTERNAL ERROR"
298 If S=i1d1 THEN 31&

3@@ IF S5<>i17 THEN 324

319 PRINT “STATUS REPORT: EXECUTION WARNIMNG"
328 IF S=142 THEN 3498

33¢ IF S<>118H THEN 358

348 PRINT "STATUS REPDRT: INTERNAL WARNING"
30& IF S5<{>4& THEN 3I7@

368 PRINT “"STATUS REFDRT: OPERATIDN COMFLETE"
374 IF 5= THEN 392

388 IF S<>1&4& THEN 3v@

39@ PRINT "STATUS REPORT: NO STATUS TD REPORT™
483 RETURN

COMMENTS:

14 SET TD2E GFIR DEVICE ADDRESS

154 ENAHLE SRO HANDLER AT LINE 17w

taw S1UF

17¢ HERIAL FOLL. THE 7D: S= STATUS BYTE

10¢ PRIMT ARDRESS OF SRO DRTGEINATOR

1% CHEUY. FOR FATAL ERKOR STATUS FLAG

2und FRINT GRQ MESSAGE

S22 CHECH FOR FOWER OW STAalls FUAG

230 PRIMNT GRO MESSAGE

S CHEGE FOR EXECUTIUN ERRUOR STATUS FLAG
208 PRINT SRE MESSAGE

VAR UHEUK FOR INTERNAL ERROR STATUS FLAG
230 PRINT SKU MESSABE

o LB Gk FUR EXECUT IUN WARKNING S1A1US FLAG
TIRT SRU MESSAGE

CHECE FOR IMIERMAL WARNIMG STATUS FLAG
i PRINT ShRe HESSAGE

UHELER FORK OFERATION COMPLETE STATUS FLAG
FRINT SR HESSAGE

St UHECE FOR QTATUS FLAG ECUAL TY ERO
I FRIND SRU FESHOBE

ey KETURA FROM SHU HANDL ER KOUT THE
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4050-Series Application Programs

1. Event Capture. This program sets the 7D20 for the capture of infrequent
events. Each time a trigger is received by the 7020, the input waveform is digitized,
transferred over the GPIB to the controller, and stored on the controller magnetic
tape. After each occurrence, the controller increments to the next tape file, and
resets the 7020 to a ready state to prepare for the next event. This program requires
about 100K bytes of magnetic tape memory.

I3 REM THIZ 7D APPLICATION PROGRAN I3 DESISGNED TO ALLGOH
110 REM THE 7FRL@ TO OFPERATE IN "RARFEITY MODE.
183 REM MHEN TH QEVILE RECEIVES & TRIGSER, THE DIGITIIED

213
140
PR
£}
F

TURER ON TARPE AND THE ORIGINAL SETUP

ALY
REM
REM
REM =

THIZ PARTICULAR PROGRAM ARES WP TO o EUENTE ON
A YD} GRIL DEULLE ARDRECD

I3
-
*

REM = BaTa T:
-
*
-

PROGRAM:

1pa
196
zea
28
215
220
238
249
254
25@
274
275
288
294
308
385
318
32¢
334
335
Iaa
250
355
360
345
ive
380
39e
420
a1
92p
432
442
453
450
478
484
493
498
S8g
S5ie
528
53@
548
556
S6e
574
580
599
L8
&1@

A=2d

S=a

0N SRR THEN 480

PAGE

REM FORMAT THE 4858 TAPE

PRINT "ENTER THE BEGINNING 4858 TAPE FILE NUMBER"
INFUT F

F1=F

FIND F

MARK &, 12dA0

FIND F

REM DIMENSION THE STRINGS

DIM Ss{18408)

DIM P$(253)

DIMK Ws(7488)

REM WAIY FOR USER TO SETUP THE FRONT PANEL
PRINT "WHEN FRONT PANEL SETUP 18 COMPLETE, PUSH RES"
IF 5{>83 THEN 32&

PRINT 2A:“TRIG HOLDMN: ON"

REM BEGIN EXECUTION FOR UP TO SIX WAVEFORMS

FOR I=1 TO &

PRINT 2A:"TRIG HOLDN:ON"

REM WAIT FDR DPERATION COMPLETE SRG FROM 7020
IF S5<{>&4& THEN 348

REM TRANSFER WAVEFORM AND PREAMBLE TO TAPE FILE
FIND F

PRINT 2A:"“DATA HEM: 1"
PRINT "DATA ENCDG: ASCY
PRINT WFHMPRE? "

INPUT *

PRINT TCURVE?"

INFUT *

FRINT P, W

F=F+1

PRINT “END OF CYCLE #v,I
S=9

NEXT [

REM SEND WAVEFORMS BACK TD THE 7D24@

PRINT "WHILH WAVEFORH DD YDOU WISH TO VIEW(1-5)7"
INPUT W

F=F1+W-1

FIND F

INPUT 233:#%,Wd

PRINT 3A:FP%

PRINT JA:ks

PRINT “DO YDU WISH TO SEE AMOTHER{Y OR N} 72"
INPLT 0%

IF ASC(G%)=8% DR ASC(U%)=121 THEN 49@

END

POLL D,S5:A

RETURN

J5 BUPLICARIED 1K ORDER Tu CAPTURL THE NEXT EUVENT.

TARL
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COMMENTS:

i8¢ BETV

7028 GPIE DEVICE ADDRESS

28@ ENABLE SRG HANDLER AT LINE 429

22@é-27@
2Ba-300
3ie-32a
Y79-480

4g5-578
LHBA-614

4.90

FORMAT THE MAG TAPE

DIMENSION THE STRINGS

walT FOR USER TO SET WP 7D2@

WAIT WAVEFDRM ACQUIRE AND DU WAVEFDRH
TRANSFER TD 4456 TAPE FILE

ROUTINE TD 5SnND WAVEFDRMS BACK FC 7D22
SRA HANDLING RDUTINE
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2. Store 7D20 settings on Magtape. This 7D20 application program is
designed to provide permanent storage for and easy user access to a variety of frant
panel settings. After the tape is formatted and the 7D20 GPIB device address is
loaded from the 4050 keyboard, all control is turned over to the 7D20 itself. Settings
are stored and recalled from the magnetic tape by using the numeric keys on the
7020 front panel and by pushing probe identify buttons. This particular program
stores up to 10 different 7D20 setups.

REMARKS:

AT
1o
FFgy
13a

PEH wduwwwr TUHIE Learn Program »aesxsxs

REH « PROGRAKM 1w LEARN AND ZTORE FRONY PANEL SETTIINGE
REM » FRGM THE TDUS OGN THE 4058 MAG TRPF

AEM « FOI ARDRERS T2 /7

PROGRAM;

148
i5¢é
148
179
184
178
204
218
228
238
294
258
268
278
288
298
Iaa
14
328
IEA
Sa¢
356
Jb8
78
E=1
399
A3
4ia
428
432
Ada
AT
458
47a
486
49
Soa
S51d
S28
3348
544
254
566
574
S84
598
L0

A=28

WBYTE 328:

PRINT aA:"FPID ON"

DN SRR THEN 1284

FRINT "This program obtains front panel settings from the 7d28"
PRINT "using the set query. These settings are then stored on™
PRINT “the 485@ mag tape. Program control is asserted via the"
PRINT "7D2@ °"RES #' button and the P&@S3A provbe identify button.™
PRINT "To begin. enter the number of the 495@ mag tape file"
PRINT "on which you would like to store the first 7028 settings.”
PRINT "-—>";

INPUT F

B=F

DELETE S%

DIM S%(2000)

DIM Hs (1822

Q%~=CHR (34])

ME=0Gs

A$=CHR (13)

PE="MENU; "%&A%

Cs="1. STORE SETTINGS*"tAS

De="2. RECALL SETTINGS"RA%

Vi - MENU"LA$

E$="TD SELECT, PUSH F,ROS,NUMBER"L%A%

Fe=Q%

2%="CURRENT SETTING IS5 NUMBER-—"

Fe=F$LI%

G%="TO STORE SETTING"&A%

H% 0 SEQUENCE THROUGH SETTINGS"LA%

I%="PUSH PROBE IDENTIfY BUTTON"%LA%

HE=H$LE$

HE=H$LTS

ME=M$LD%

HE=MELVE

MHe=M$LES

HE=MSLO%

N$=0%

NE=NELGS

Ne~Ne&I$

NE=N$LO%

O%=G%

D$=0%LH%

O0%=D%Xk]l%

D#=0%La%

REM ¥ PRINT MENU ROUTINE

PRINT 2A:“TEXT",H$

5=

PROGRAM

(CONT)}
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PROGRAM {CONT)

&1a
&20
&38
LA5
ALHD@
L6d
&78
4HBE
&98
708
718
720
738
7ad
734
760
77a
788
798
apa
816
aza
838
Bag
a85a
B&sB
87a
806
B2
208
1B
28
938
Q4@
958
FL8
74
08
998

IF §¢>B3 THEN 418
PRINT @A: "EVENT?"

INPUT 2A:P3

IF VAL{P$)=451 THEN 478
1F VAL (P$)=452 THEN 952
GO FO &20

REM # STORE SETTINGS ROUTINE
F$=BEG (F$,1,27)

PRINT "FORMATTING FTAPE"
FIND F

MARK 18, 2000

PRINT @A: "TEXT",N$

PRINT “READY"

FOR 1=t TO 18

PRINT @A:“"EVENT?"

INPUT 2A:P%

IF VAL (P$) <3459 THEN 798
GOSUB 1288

1IF VAL (P$) =453 THEN 580
IF VAL tP$)<>357 THEN 758
PRINT @A:“SET?*

INFUT 2A:5%

Z$=STR(I}

Fe=F$L7$

Fa=FsL0s

FRENT @A: “TEXT*,F$
F$=SEG (F$,1,27)

Pa=""

FIND F

PRINT 233:5%

F=F+1

NEXT 1

F=F-i@

60 TO SB8

REM & ROUTEINE TO RECALL SETTINGS
PRINT dA; "TEXT", 0%

FIND G

F=G

FOR I=1 TO t@

1438 PRINT 2A: "EVENT?"

1814 INPUT JA:P$

1828 IF VAL (P%)}<>45%7 THEN 1848
1838 GOSUB 1288

184¢ IF VAL (P$)=433 THEN SBd
1952 IF VAL (P$}<>a57 THEN 1029
168 S=4

1878 FEIND F

148 INPUT 233:5%

1698 F=F+1

148 FRINT 2A:G%

1118

F4$=SEG(F$,1,27)

1128 I%=STR(I}
1133 F$=F&Z$
1148 F=FsL0%

1154

PRINT 2A:"TEXT",F%

1168 P¥=""

11780

NEXT 1

1188 F=F-1a

1198
1284
1218

COMM

144
15w
Lo
17w
18-

27w

Gla—9 i KOUTINE 10 STORE 70248 SETTINGS

END
POLL D,S3A
RETURN

ENTS:

SET D2 GFIb DEVICE ADDRESS

SEND A DEVICE CLEAR TO THE 7B24

ERnELE FROBE IDENTIFY SkQ

ENABLE THE SRR HANPDLER AF LINE 458
Lot PRIMT INSTRUCTIONS AND IMFUT FiLE HUMBER
e/ BIMENSTUM AND DEFINE ASGCIT STHINGS
SHel-&&w HIEIVTRE 10 FRINT HENU QW 702 AND U

oM TAFE

KESFUONSE

Yuod-1ie0 ROUTLNE [0 RECALL 7D0e SETTINGS FROM TARE
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3. SRQ Decoding Routine. This pregram is an expanded SRQ decoding routine.
On SRQ, the 4050 will read the status byte generated by the 7D20. The program
then goes one step further and interrogates the 7D20 as to the quantity and the
nature of the events that produced the SRQ. An event query is sent to the 7D20 for
each event code pending on the system. These event codes, when read by the 4050,
are translated into phrases that describe the nature of the events. This ability is
valuable when debugging 7D20 programs

REMARKS:

25
Pt Y
P
2050
T
Pyt

THIZ PRUGRAM I
A RAZIC
LUVENT COBER

REM
RLH
REW
REM
Rry
HEM

FUEe Iz

LI L ]

PROGRAM:

2960
2879
2286
28598
2180
2118
2128
2138
2148
2158
2168
2t78
21898
2194
2264
221
2228
2238
2242
2250
2264
2278
2284
2298
2348
2318
2329
2332
2343
2358
2382
2378
2388
2398
2400
2419
2428
2438
2443
2452
2462
2479
2408
2494
2508

ON SRAO THEN 2@9d

END

POLL D,S;28

PRINT “SRO ORIGINATED
IF 5<{>243 THEN 2128
PRINT "STATUS REPORT:
1IF 5=4% THEN Z14@

IF S5<>81 THEN 2152
PRINT “STATUS REPORT:
JF s5<{>»83 THEN 217¢
PRINY "STATUS REPORY:
IF 5=99 THEN 2174

IF §4{>115 THEN 22ed
PRINT “STATUS REPORT:
IF S=141 THEN 2224

IF 5<{>117 THEN 2233
PRINT "STATUS REPORT:
IF S=182 THEM 2258

IF 5<>118 THEN 226@
FRINT "STATUS REPORT:
IF S5<>&&6 THEN 2288
FPRINY "STATUS REPORT:
IF 8=& THEN 1453

IF S<{¥1& THEN 2318
PRINT “STATUS REPDRT:
PRINT 32@:"EVQATY?"
INPUT 228:N

DIM ALNY
PRINT 229;
INPUT 228: A

FDR G=1 TO N
P=RA{Q}Y

Gosua 2418

MNEXT Q

RETLIRN

P=5-586

IF P>@ THEN 2528
P=5—423

IF P>8 THEN 2548
P=5-14a

IF P>3 THEN 254
P=5-2a3

1IF P> THEN 2582
P=5-1¢0

GOSUR 2500

ALLEY?"

SAG HANDLING
ORIGINATING FROM THE FTDIF.

FOR ERRGR MEZIRGE DIFPLAY FROM THE TUIA
ROUTINE IE EXFANDED TO PRINT THE

DEVICE #un

FROM ADDRESS",D

FATAL ERROR"

POWER ON™

EXECUTIGN ERROR™
INTERNAL ERROR™
EXECUTION WARNING"

INTERNAL WARNIMNG"

OPERATION COMPLETE"

NO STATUS T8 REPORT™

PROGRAM

{CONT)
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PROGRAM (CONT}

2518
2528
2534
254@
2558
2568
2578
2508
2590
26608
251
2620
2638
2640
265
2660
2676
24686
2698
2700
271@
2720
2738
2740
2758
2768
2778
278ed
279
2834
Z81é
2826
zZa3eé
2848
2856
28466
za7a
28B4
2a98@
2968
2912
2924
2932
29448
2952
72964
2978
258a
2998
3Ieap
Ja1e
3320
Ia3a
za4a
Iase
IaLd
Ie7e
3200
3d7E
3146
316
3128
3130
3140
3158
168
I176
3198
31998
3262
1218
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RE TURN
GOSUB 3858

RETURN

GUSUB 3688

RETURN

GOSUB 3398

RETURN

GOSUB 2999

RETURN

REM & COMMAND ERROR SUBROUTINE

IF P=8 THEN 295@

IF P=9 THEN 2978

F=P-58

IF P<11l THEN 267@

P=p-18

50 TO 2498

GOSUB P OF 2718,2738,2798,2778,2792,2018, 2638, 2658, 2674, 2892
RETURN

GOSUB P DF 2910,2938

RETURN

FPRINT "SYMBOL OR NUMBER TOO LONG

RETURN

FRINT “INVALID OR CONTROL CHARACTER INPUT"
RETURN

PRINT "INVALID SPECIAL CHARACTER AFTER ESCAPE"
RETURN

PRINT "INVALID NUMPER INPUT"

RETURN

PRINT "INVALID STRING INPUT"

RETURN

PRINT "SYMBOL NOT FOUND"

RETURN

PRINT "SYNTAX ERROR™

RETURN

PRINT "INVALID EDI"

RETURN

PRINT “INVALID DELIHITER®

RETURN

PRINT “EXPRESS1ON TOU COMPLEX"

RETURN

PRINT “EXCESSIVE BINARY CURVE POINTS®
RETURN

FRINT "EXCESSIVE ASCII CURVE PDINTS"
RETURN

PRINT “CHECKSUM ERROR”

RETURN

FRINT “BYTECOUNT ERROR"

RE TURN

REM® EXECUTION ERRORS ROUTINE

IF P48 THEN 3834

GOSUR P OF 3@878,389¢,3118,%138,315@,3176
RE TURN

P=p-4%

GOSUB P OF 3199, 3219,3238,3250, 3276, 3298, 3318, 5330, 3358, 3372
RETURN

REM® PRINT ROUTINE

PRINT "COMHAND NOT EXECUTABLE IN LOCAL"
RE TURN

PRINT “SETTINGS LOST DUE TO RTL"
RETURN

PRINT "1/0 BUFFERS FULL, OUTPUT DUMPED"
RETURN

PRINT "SETTINGS CONFLICTS"

RETURN

PRINT "ARGUMENT OUT OF RANGE™

RETURN

PRINT “"GROUP EXECUTE TRIGGER IGHORED"
RETURN

PRINT "NOT IN HOLD ERROR”

RETURN

PRINT "ILLEGAL WAVEFORM #

PROGRAM
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PROGRAM (CONT)

3228
3233
z248
3258
1268
3278
298
1294
3368
3ze
3324
3330
Izae
3350
3350
3374
3368
3398
RET-T
3418
3402
34308
3442
34508
3360
2478
3488
494
3526
3510
3526
3538
3549
1552
3560
3576
3504
359
3682
Ib1d
3628
THIH
3642
2658
66
3678
2684
670
3788
271@
3728
3738
3744
3758
3740
3774
3788
1794
888
3818
3828
3836
X848
3858
3848
3878
3882
xa9a
3704
I91€
392

RETURN

PRINT "ILLEGAL SETTINGS MEMORY"

RETURN

PRINT *ITLLEGAL CURSOR NUMBER"

RETURN

PRINT "SETTINGS RECALL ERRODR"

RETURN

PRINT “DISPLAY REFERENCE ERRDR"

RETURN

PRINT "TURNING OFF CSW WAVEFORM DISPLAY ERROR
RETURN

PRINT "ILLEGAL PATA HMEMDRY NUMBER™

RETURN

PRINT "ROLL MODE,AVE,ENV,NEGATIVE TRIGGER POSITION ERROR"

RE TURN

PRINT "WAVEFORM PREAMELE ILLEGAL NR.PT."
RETURN

REME EINTERNAL ERRORS ROUTINE

IF P=1 THEN 3524

1F P=2 THEN 352@

IF P=31 THEN 3544

IF P=32 THEM 3548

IF P=95 THEN 35Bd@

P=F-39

iF P=&4 THEN 3584

PRINT "SELFTEST FAILURE MODULE®,P
RETURN

REME PRINT ROUTINE

PRINT *INTERRUPT FAULT"

RETURN

PRINT “SYSTEM ERRDR"

RETURN

PHRINT "SELFTEST FAFLURE MODULE 1"
RETURN

PRINT "SELFTEST FAILURE HODULE 2*
RETURN

PRINT "SELFTEST FAIL £RROR"
RETURN

REM® SYSTEM EVENTS ROUTINE

IF P=1 THEN 3764

IF P=2 THEM 37208

1F P=3 THEN 3744@

IF F=58 THEN 3768

IF P-59 YHEZN 30834

IF P=48 THEN 3B18

IF P>5@ THEN 3784

1IF P=51 THEN 37B&

REM4 PRINT ROUTINE

PRINT "POWER ON"

RETURN

FRINT "DPERNTION COMPLETE"

RETURN

PRINT "USER REGUEST (RUS KEY)™

RE TURN

PRINT "HOLD AFIER AVEN, ENVN, DR HOLD NEXT"
RE TUFN

P=P-5&

PRINT "ROS",P

RE TURN

FRINT "SELFTES! DPERATION COMPLETE"
RE TURN

PRINT "SRG PENDING"

RE TURN

REMS EXECUTEDM WARNINGS

P=P-4%

IF Pcli THEN 3968

P=P-1@

GO TO 3928

GOSUE P OF 3950, 3970, 3998,4@18, 4630, 4650, 4876, 467@, 4118, 4130
HE TURN

GOSUE P OF 4156,417¢,4198,4218

PROGRAM (CONT)
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PROGRAM (CONT)

393@
3940
3958
I956@
3978
37688
Ion
4208
4@16
4224
4830
agag
4254
LBEE
1878
S2B0
1998
4190
4114
4121
415
4148
4154
4168
5178
41489
4192
4204
4219
4222

RETURN
REM2 FRINF ROUTINE
PRIMT “VOLTS/DIV OUT GF RANGE"

RETURN

FRINT “VERTICAL POSITION OUT OF RANGE"
RETURN

FRINT "TRIGGER LEVEL 0UT OF RANGE"
RETURN

FRINT "TRIGGER FOSITION OUT GF RANGE"
RETURN

FRINT "HORIZONTAL TIME/DEY OUT OF RANGE"
RETURN

FRINT "VXPD COMHAND DUT OF RANGE"
RETURN

FRINY "CGW POSITION OUT OF RANGE"
RETURN

PRINF "SET N VALUE DUT DOF RANGE"
RETURN

FRINF "CURSUR POSITION OUF OF RANGE"
HE TURN

FPRINT "ASGLT PUINT OUT OF RANGE”
RETURN

FRINT “WFMPRE XINCR OUT OF RANGE"
RETURN

PRINT "WFMPRE PT.OFF OUT OF RANGE™

RETURN
FRINT "WFHMPRE YHULT OQUT OF RANGE”
RETURN
FRINT "WFHFRE YZERO OUT OF RANGE"
RETURN

COMMENTS:

Culont
N7
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EMAblE ShUO HAMELER &1 LINE 268

&rar

flAL FPOLL FHE 7D2ets G=BTATUS EBYIE
DETERMINE  THE MATURE DF THE SRG
FREWIEST THE OUANTY Iy AML NATURE OF THE
i A SURT IO BETERMLNE MNHE CATEGURY UF
FRINT COMMAND ERROR EVENT CODES

FHINT EXECUTION ERKUR EVEMT COLES
FRINL THTERNAL ERBUR EVENT {ULES

FRIM STEFL EVENMNT CODED

FHEND EAELCUT 100 WARKERG EVERT L0DES

EVEMT CORDES
THE EVEMIT




4041 Operating Programs

_GPIB—~7D20

1. ASCIl Waveform Transfer to controller. In this program, the selected
7020 waveform memory contents are transferred in ASCIl format to the 4041

controller.
1043 Remd Program to receive waveform preamble, and curve data fros fhe
118 f7RL, and put the dJata into variables. The waveform preasble 15
e 2 stored in string "HFPRAES . and the wavelors data values are
iia ! stared in numeric array ‘WEDATAT.
148 Integer wisnum,dev,stb,addr,nr,temp © £xfablzsh integer variabtles.
158 Rem 7RI RUDR I3 3€7 To 18
148 Dev=18 ’ estaflish address for dev.
178 Open #1:"gpib@(pri="&str$idevil",eom=<@8>):" ’ open channel #2 for
PR f device address.
iee f Set the End OF Mezsage character to EGT only {(works with ci1ther
Ipe f terminator selection).
X1 Fem Dimensiop string for wavefora presmble storage. and also
Zog f to reserve Luffer space for the carve data,
238 Dim wimpres$ to 232
249 On srq then call srghdir ! eséabiish linkage for SRG bandling.
256 Enable srq ’ fnatle SRU handler.
2468 Proc@: ! re-entrant point for selection of sdtorage location.
2708 Input prompt “Enter wavefarm location for transfer (1-&):":wfmoum
280 If wimnum<{f or wimnum>4 then goto proc@ ' see 1F data 15 withip
Py f allowakle range.
Jod Rep Set up 700G to get Jats from DAta MEpory selected, weth AICIT
310 ‘ epcoeding of the Jata.
329 Input #1 prompt "da me: "kstr$ (wimnum) %", enc:asc;wimpre?' i wimpres
333 Rem Haveform preamble lToaded into wfmpreé.
343 Fem Get the nusfer of peints transmiticd frow the preamble.
358 Temp=pos(wémpre$, “NR.PT",1) / Find where NR.PT 15 ip the preawtd e,
3608 Ne=valciwfmpre$ temp) / Extract the number of points from winpres,
374 Delete var wfdata ° make sure variatde 15 deleted prior to
Tap T dimensiening it.
398 Dim wfdatalnr) ‘ Bisension "HWFDATA® to hold curve data.
443 Input #1 dels “," prompt “"curve?"iwfdata / Inpu? curve data
EF ! separated with cosmas.
438 Stop 7 The variable "wfwpres® holds the preantle. and “widatae” holds
I 43 Y ths curve data at this time.
458 End
S@@ Sub srghdlr  Serial poll handler sub-program.

ole Poll sth,addrjdev ’ Poll Jevice DBEU.

524 Print “Status byte from device #"j;addr;" is “;stb ’ Print Stalus
53 S Ryt

540 Resume ' Return €0 main progras.

558 End

REV SEPT 82
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2. ASCil Waveform Transfer to 7D20. In this program, the selected 4041
waveform data are transferred to the 7D20 in ASCH format.

107 Pes Prograw to send wavelfors preasble. and curve data to the 7008

P ! from varieables. The wavefors preamile is stored in string "WEMPREE'
ize ! and the maveform data values are stored b nuReric variable “HFUATAT .
13¢ Integer dev,wfmnum,stb,addr,nr,temp ‘' Establish Integer varzables.
P Rew 7D ADODRERS JX SET To id

158 Dev=108 ' cstablish address for device.

168 Open #1:"gpib@pri="4stré{dev)k” mom=<{@>)1" ' Open chanpel #7 for
174 ! device address. Set the End 0f Mesrage character to £G4l only

raa ! {works mith either terminator selectiopl.

198 Dn srq then call srghdlr 7 Extabiish linkage Jor SR& handler.

208 Enable srg ’ £rable 3RG handler.

210 few The KWEMPRES and WFOATA must zlready te defined (from previous
2o foprogramt.

238 Procgd: fRe-egntrant point for selection of storage location.

248 Input prompt "Enter waveform location for storage (1-6):"iwfmonum
250 If wimnumil or wimnum>s then goto proc@ 7 See if data Is within

Pe3d ¢ @ilowable range.

P Ren 3et up 70#P to accept data for DAta WErory selected, with RECIT
270 * encoding of the data.

294 Print #1:"da me:"kstr${mfmnum) ", enczasc”,nifmpres * Send preashle.
Fae Peo Lreate rmage string for trapsfer of "MFDARTA™ curve data.

316 Temp=pos (wfmpre$, "NR.PT",1) ' find where NR.PT iz ip the preamble.
323 Nr=valci{wfmpre$, temp) ' Evtract the nunber of points to b2 sent.
333 Image$="fa,»,512(f9,7,7), "kstrs(nr-S13)&"{fg,”, "}, fg" / Create the
FA3 ! 1mage string to put copmas after cach numher sent.

358 Print using image$ #1:"curve”,wfdata /' Send the curve data.

531 Stop * Curve has Leen restored tao the 7DI¢.

379 End

483 Sub srqhdlr ! Ferial poil handler sul-program.

4t@ Poll sth,addrjdev ’ poll device DEV.

AZ@ Print "Status byte from device #"jaddr;*" is “";stbh ' FPrint Stalus
43¢ S Byte.

448 Resume ‘ fefurn to main prograz.

454 End
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3. Binary Numeric Array Waveform Transfer to Controller, This routine is
used to send the currently selected waveform from the 7D20 to the controller. The
waveform data is transferred in Binary format with the waveform preamble
transferred in ASCIL

PEUY
1
P
13a
149
fop
168
170
reg
19e
280
i@
228
Py
Z4a
258
268
278
288
299
Ja0
I
Jzd
330
349
5
368
378
Jad
328
490
410
428
438
444
450
ALS
478
S99
S1e
520
x1t]
548
558

Rew Prograx to receive & Linary encoded wavefora from the
¢ FD2E, and put the data fpto & siring, and numeric array.
7 The mavefore preamble is stored in string "HFMPREE'™ . and
‘ the wavefors puseric data is stored in variable "WFDATIAT.
Integer wfmnum,dev,stb,addr,nr temp / Establish integer variahies.
Rea TDIF ROBRESS IS FET TU I8
Dev=18 ‘' Establish address for device.
Open #1:"gpib@(pri="kstr$(dev)k",eom=<@>)1" ' lpep chanpeld
+ #1 for device address., Set the End (f Merrage to £0] only
¢ {works with €ither terpipator selection?.
Rem Dimensciop strings to hold wavefors preanble, and to hold the
S ocurve Jdata.
Dim wfmpres to 200,curve$ to 1948 / Preapbie holds no more than
200 charactes, and longest curve data I1s 124 + header, checkrum.
and byte-count.
Dn srg then call srghdlr ’ Estaklish linkage far SRG handler.
Enable srq ’ Enakle SAG handler.
Procé: 7 Re-entrant point for selection of storage location.
Input prompt "Enter waveform location for transfer (1-&)3%rwfmnum
I# wimnum<l or wfmnum>& then goto proc@ 7 See if data 15 within
! allowairle range.
Rep Set up the FUVO to send date frox the DAta Mimory selected,
© with blnary epcoding, sending wavefors arcapkle first
Input #1 prompt “da me:"bkstre(wfmnumi”, encibiniwimp
Input #1 prompt "curve?"icurves ¢ Now get the curve data.
Rem Wow find out Pow many data points have hbeen sent.
Temp=pos (wimpres, "NR.PT", 1) / Locate the NR.FPT header 1n WFMPRES.
Nr=valc (wfmpre$,temp) / 7h:s extracts the number frow the WE.PT
flink argument.
Temp=pos (curvet, "L, 1} 7 Find where the hinary dats staris.
Repf{curvet, 1, temp—11= / Bet rid of the header prior to decoding.
Delete var wfdata / Delete variahle before dimensioning 1%,
Len Dimencion the variatle to hold the nureric data.
Integer wifdatainr) 7 Integer, and dimension at the same time.
Pem Convert the hinary data to pumeric array.
Betmem buffer curve$ using "Bi":wfdata ' Decode the binary date.
Stop
End
Sub srghdlr / Serial poll handier sub—program.
Poll stb,addr;dev * Poll device DEV.
Print "Status byte from device #"jaddr3” is ";stb 7 Frant Staius
/ Byte.
Resume * Feturn to main program,
End
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4. Binary Numeric Array Waveform Transfer to 7D20. This routine is used
to send the currently-selected waveform from the 7020 to the controller. The
waveform data is transferred in Binary format with the waveform preambie
transferred in ASCII.

18 Rem Frogram to send a binary encoded waveform to the 7D22

143 ‘f from the $347. The wavefore preamsble comes from a string
e s variable; the curve data comwes from a pumeric array.

FEI i Ihe wvariatle "WENPRES™ contains the preasble. and the array

148 ¢ "HWFDRTR' coptains the curve data.
150 Rep 7000 ADDRERT IS SET T& 1.

16@ Integer wimnum,dev,sth, addr nr,tesp ' estabd ish iInteger variabfes,

172 Dev=18 ' Lstak]ish address for FDZ3.

182 Open #li"gpib@(pri="bketrdidevii” eom={@>}2* ’ (pen channel #1

FET: ! for device address. Set the End OF Nessage o FUI only tworks

apa ! wirih erther tersipator selectionl.

ira Hewm Variables nust already be defined frow previous program {or

Pyl S ke recalled from tape data file?.

238 On srq then call srghdlr / Establish Iinkage for 3RG handler.

248 Enable srgq / Enable SRU handler.

25@ Proc®d; { re-entrant point for selection of storage location.

260 Input prompt “Enter waveform location for transfer (1-&):":iwfmnum

274 If wifmhum{l or wimnum>é then goto procl  See f data within

2a8 f allowable range.

Pt Ao Zet up the TDIP to receive data into the DAta MEmory selecited,

I ! Rith Eivary encoding.

312 Print #1:"da me:"Latrsiwfanuall”,encrbin” ,wifmpres * Send preamble.

328 Putmem buffer curvesd uaing "faxBL":"curve",widata ‘ Create curvek.

338 Print #licurves$ ' Send the curve Jdatas

348 Stop

352 End °
48@ Sub srghdlr  Serial poll khapndler sub-—progras.

A18 Poll stb,addridev * Poll device BEV.

428 Print "Status byte® from device ¥";addr3"” is "jstb ¢ frapt Stafus -
43 Y Byte. :
448 Resume ‘ FReturn ta msain program. = F
450 End
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5. lnput 7D 20 Front-panel Settings from String Array. This routine is used
to transfer one set of front-panel settings from the controller to the 7D020.

g
Rt
128
133
1a@
156
2443
7o
182
194
P
218
229
232
Ies
318
328
33é
3458
358

Rew Program to send {ront-panel settings €o the 7DI3. The

:

settings come from the string "FRIET$.
Integer dev,stb,addr * Estagllish integer variables.

Rem 7D20 ADDRESZ 13 SET TO 1o,

‘

Dev=1@ ' Establish address for device.

Dpen #1:"gpib@(pri="LtstréidevIL”, gom=<{S>):" ! open channel #l for
device address., Set Lnd 4 Message character to £0] only twuerks
with e1ther terminator seleclionh.

On srg then call srghdlr 7 Establish linpkage for CRG hendling.
Enable srq ¢ fnable 284 handler.

Rem The varjahle "FPEETE" comes {rod previous prograb.

Print #l:fpsets ¢ Send Ffront-pancel settings to 7020,

Stop ¢/ Ffront-panel pow resfet to orig:nal settings,

End

srghdlr ¢ Ser:al poll handler suf-prograp.

Pall stb,addrjdev ’ KPolf device DEV.

frint "Status byte from device #";addr;" is "j3stb * Print Ztalus
Ryte.

Resume ‘' Returp Lo main progruam.

End
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6. Output 7D 20 Front-pane! Settings to String Array. This routine is used
to transfer one set of front-panel settings from the 7D20 to the controller.

18d
114
128
734
iag
15@
6@
173
18@
17a
2ed
219
228
238
248

Rer Prograw to receive front-panel setiings frome 7048, and
7 put the settings in stripng TFPRETE’ .
Integer dewv,stb,addr ' fcfabiish integer variables.
Rewm 7020 ADDRESS I3 SET 7o 18,
Dev=1@ ’ Lstablish aeddress for device.
Open #1:"gpib@ipri="%atrtidevik” eom={@>):" / open channel ¥#1 {for
f device address. Set End OFf Message character to €01 only (works
2 with ¢ither tersinator selection).
Fem Dinension string "FPIETET to hold front-panel settings.
Dim fpsets to &4@@ ' Setting information is less than @G characters.
On srq then call srqhdlr ¢ Esfakiish linkage for RO bhspdiing.
Enable srqg / £nahbhle 3RG handler.
Input #1 prompt "set?":fpset$ / Ask for settings. and store them.
Stop / Information now Iin "FPRETE7.
End

3#9 Sub srghdlr ! Serisl poil hendler sub-progras.

318
328
Jid
348
358

4-102

Pall sth,addr;dev / KPoll device DEU,

Print "Status byte from device #%;addr;" is “;stb / Print Sfalus
By te.

Resume / Return to main program.

End
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7. Setting the 7D20 to Remote. This routine disables the 7020 front-panel
keys. Thus, during remote operation, accidental changes 1o the front-panel settings
are ignored.

Pauic)
113
128
13a
148
758
rad
17é
1308
ive

Re

Re

‘
.

Fe
.

send the FU20 to REMUTE-GNLY.
Iz I,
fetalrlrsh fnteger variable.

2 Routine to
» FUd QDDA
Integer dev
Dev=18

Woyte 1lo,atn{32+dev,unl) / Send "LLu™, HLA-I1 to put in remote,

then unlisten device. The FDIZG will he in RENOTE-GNLY at thirs
tipe.

m £nd of rocvtine - may be convertad to a subroutine, or to a
sab—program ar Jdesired.

End
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8. Setting the 7D20 to Local. This routine returns the 7020 to local control
following its operation in “Remote Only".

204
R
128
133
143
15@
1460
179
FRii)
194
LA
240
228

4-104

Rew Routine to retfurn the 7020 to LGCAL, This routine uses the

! addressed command "GIL" toc send the device to LOCAL. If REN is

‘ released, all devices will return to leocal, pot Just the addressed

‘! devices &5 when wsing "GYL’.

Rem 7013 ARDREZS 15 10, k
Integer dev ’ fLstablish integer variable. '

Dev=19

Woyte gtl (dev),atniunl) ¢ Send the "GTL’ command, then unlisten the

device, a5 the gtl function listen addresses the device' s to he

 sept to local. The 7020 will be in LOCAL at this time.

Aew End of routine - May be converted to a subroutine, or to a
! subi-prograk as Jdesired.
End
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9. Text Transfer: 7D20 to Tape. Using this routine, the 7020 sends all
displayed readout information and text from the 7020 1o the centroller for storage
on the magnetic tape.

Iaa
21a
12a
1348
143
158
168
17
1688
iva
234
218
LI
238
249
250
250
278
289
299
Aa&
a1@
420
S30
449
45¢

Bew Program teo ftransfer readout Information, and any screen text on
£ the FDIZD screen to the controller. and kbave that information
f stored on the internal magnefic tape.

Integer dev,sth,addr ’ fstablish integer varjables.
Rem 7D2¢ ADDRESS 15 SE7 TG 0.

Dev=190

Open #11"gpib@ipri="kstr$idav}i” eom=<@>) 1" ' iOpen channel #I for
S device address.
Open #2;"text (Dpe=rep,siz> SPB)"  Upen channel #% for storage of
readout and fext Inforwatjon.
On srg then call wrghdir ' £stablish linkage 7or FRG handler.
Enable srq ‘ Efpable SAU handler.
Rew Dimension string variabie to hold all readout and text data.
Dim rdout$ to 588
Input #1 prompt "rdo?;text?"irdout$ ° fAsk for, and recerve readout &
text data.
Print #2irdout$ ' Store the data on magnedic fape file "TEXT' .
Close all
Stop
End

Sub srghdir ¢ Zerial poll pandler sub-progran.

Poll stb,addrijdev / Poll device DEU,

Print "Status byte from device #";addr;" is "jsth * Prin?t Stalus
! Byte.

Resume ‘ Feturn to pain progras.

End
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10. Text Transfer: Tape to 7D20. Using this routine, the contraller inputs the
text information from the tape and sends it 10 the 7D20. Only the text information 1s
sent to the 7D20; the readout information cannot be sent.

0 Rem Program to transfer inforwastion from pagnetic tape to the screen
Fyy f ef the FOI@. The data that ifs on tape, contains both the readout,
iz 7 and text Jdata. All the Iinforpation if fent to the 7DIA. which will
130 Y only respond to the text data. The readout data will ke Jgnored.
148 Integer dev,stb,addr / Estatdish integer variabies.

154 Rem FDIF ADROREZRS IX SET 76 14.

168 Dev=19¢

178 Dpen #1:"gpib@lpri="kstr%{dev)&"  eom=<@&>}:" ' Upen channel #! for
FEitl 7 device address.

198 Dpen #2Z:"text® / cpen channel HZ for retrejval of the

Pyt ! readout and text information.

218 On srq then call srghdlr / Estatlrsh Iinkage For SRG handler.

Z228 Enable srg -’ Epafie 5RAG handler.

230 Rewm Dipension string variakle to hold all readout and fext Jdata

4@ 7 op the pagnetic tape file.

208 Dim rdout$% to S&6

268 Input #Z:rdout® ! Heceive readout and text data from magnetic tape.
274 Print #l:rdoutsbchr$(13}; / CZend the date to the 7DI2A.

B0 1f not{eaf(2}) then goto 2&4

298 Close all

359 Stop / The text 1nformagfion 21 now back on the rcreen of the THIZG.
31a End

4@ Sub srqhdlr ° Zerzal poll handier rub-program.

418 Poll stb,addrj;dev * Poll device DEY.

428 Print "Status byte from device #";addr;" is "jsth ¢ Prznt Etalus
S35 ! O Byte.,

448 Resume ' Return to main program.

450 End

4-106 REV SEPT 82



GPIB—7D20

11. Text Generation: Controller to 7D20. This program allows the user to
input tc the controller the desired message to send to the 7D20. After the message
is input to the controller, the entire message is sent to the 7D20 and displayed on

the crt.

Iag Aem Program to allow generation of @ tevt wessage for the 7020
ira i from the controiler progras. The general rule of thuef (JO0O
120 ! character ITimit) will be used ip this program,

138 Intager dev,stb,addr,total,i /' Estaflish integer variakles.
149 Data "More than 18@ characters, re-enter data from beginning."
158 Read errors$

foad Res 7D23 RDORERS 13 18,

178 Dwv=1@ ' Establich device address.

188 Open B1:"gpib@ipri="bstr$ (dev)k",eoma<@2)t" 7 Gpen channel #1
FRgtl S for devicr address.

204 O sr-g then call srqbdlr 7 Estaetdish tinkage for SRQ handler.
218 Erable srq 7 fpakle SRG Phandier.

220 Rem Dipension string variakle to hold characters for text display.
238 Dim texts to 128,char$ ta 34 7 Tesporsry storage of 3¢ characters
rda Y oper Tipe (7028 paximum Iimit) in <tring "CHARE™.

250 Texts="""" ’ Are-define "TEXTE  with & "',

Tad Pew Input up to ii lines of code, and less than 103 printable
278 ! characters.

288 Procd: total=@ 7 In:tralize character counter,

290 For i=t to 12

389 Input prompt "—-->":chars%

310 If ien{char®)=@ then exit 1 to proc2

328 Total=total+lenichar%}

3% 1f total<idd then goto proci

I4F Print error%

35a Exit § to proc@

360 Procl: repSi{texts,lenitextk}+1,@)=charskchr€{13) ' Concatenats
et f straings, and add <CR> as line delipiter.

3B@ Next i

390 Procl: f Exit poInt from for-next loop

480 Fextts=text®k" """ 7/ Add final "  fo text string for transter.
410 Res Now send the date to the FDId screen.

/428 Print #l:"text";texts

458 Btop 7 E£nd of program. message delivered.

440 End

5@@ Sub srqhdlr ¢ Serral poll handler sub-prograe.

5142 Poil stb,addr;dev  FPoll device OEU.

529 Print "Status byte from device #"jaddri™ is "$sth ' Preint Siefos
53¢ ‘ Byte.

549 Resume ' Return to @ain program,

ooa End
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4041 Application Programs

1. SRQ Handler. This routine decodes the 7D20 status byte and displays the
actual status message. This is useful in the program development stage of software
writing, where the programmer is thus not constrained to lock up the error code
meaning.

gl
389
314
Jod
338
ES 10
358

s PASSED COMTROL;

343

Rer Program to detect SRY, poll device list, and decode 7RIt status

v
’
:
;
il
.

hiyte. Display actual status message, and the binary equivaient,
"ATB' 15 the device s reported staftus Lyte. and "ADDRT 15 the
address of the device sending this particular sth.

< BRG STRTUI RYTE (5TBY >
Dle #°8 ~> 87 ¢ 5 43 %1

STATHE CODING:
SYSMEN --> B R E RS S S S

7l

DEVICE -~» 2 R B PLD BRU

R = Rus RIT, £ = ERRGR BIT, B = BUsSY RIT
& SYSTEM SIATUS, D = DEVILE 3TATUSR

Ih1s program may be treated, as & whole, ar & suk-progrea with all
varlafbiles local to the sub-prograo, Alternatively, il may be used
as a subroutine within the mainiine program.

Integer stb,addr,posi,posZ,errbit,devbit,dev  £stablish integers,
Dim stbh$(2) to 158 ' Dipcnsinn Strings.

Rem 7013 ARDRESS IZ 18

Dev=18&

Serpaol:z ! Here is5 where the progras realily starts.

Stb# (1)=";POWER ON;OPERATION COMPLETE;USER REQUEST; REQUEST CONTROL

Sth$ (2} =" ;COMMAND ERROR;EXECTUION ERRDR; INTERNAL ERROR; POWER FAIL

sEXECUTION WARNING; ™

378
3ea
394
404
418
42@
438
449
450
4468
478
480
498
88
Sie
524
o34
k=3 1%]
atel )
&8
o7Fé
oBg
o594
&HDS
&14

4.108

Poll sth,addr;dev / serial poll device.

1§ (stb band 128)=128 then goto device / Branch If device Lit set.
If i(sth band 32}=32 then errbit=2 else errhit=1 * frror?

Goto decodel

Devica: f Messdge 15 Jevice dependent

Gosubp liststb

Print "Device dependent status reported from device #";addr;"."
Print "Refer to device’s manual for definition."

Resume

Decadet: ¢ Decode error ar nermdl message and last it.

Gosub liststh

Stb=stb band 31 ° Femove all hut busy and code bits.

14 (stb band 1&)=14& then print “Device presently busy" else goto 518
Sth=stb—i& / Set rid of busy Lit 7 rsel.
Posi=posni{sth${errbit),";",1,stb) / Ff:ind start of message.

PosZ=posn {stb$lerrbit),";",2,stb) / Ffind end of pessdage-
Decodets=seqt (sthslerrbit) ,posi+l,pos2—posl) ’ fet decoded message.
Print "Device’s status message is "jdecode$

Resume

Liststb: r list the status byte, and binary equivalent.

Futmem buffer decode$ using "Bb“:sth

fiep$ (decode$,5,@8k=" " ! put in & space for reagdatil ity
Print “Status byte “"jstb;* reported. Binary is "j;decade$
Return 7 feturn to wdrin prograv.

End
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2. Store and Recall Front-panel Settings. This routine allows the user to
generate up to six different front-panel settings and store them an the controlier
magnetic tape. The user is given a menu display that aliows selection of the desired
operations. The program advances by front-pane! key closures and the use of the
prebe identify button, located at the probe tip.

i Rep Prograw to Stere and Recall Ffront-pane!l Seétipgs. This routine
i1 ‘{ allows the user to generate up to ten different front-panel

P !/ settings, and store them on the controllfer pagrnetic tape.

£3a ¢ Yhe Ffropt-panel settings are stored when the operator presses the
14 Y "prabe identify’ hutten on fthe probe. Each successive presz, wild
150 S store gnother front pane] setting. Mhen all & are defined, further
1ed ! operation of the “probe 1dentify’ . will ceuse Lhe frant pane!

73 S setlings to he recalled, and sent hack ta the 7DIO.

188 Intwger dev,stb,addr,setnums,selnum Establieh integer variakhies.
Iva Rew 7OIA RODRESS IS td

208 Dav=18 ' Fstubllsh device address.

218 ${18) to LB, mmnud Lo 200 ¢ Disension strings.

228 * Initralise fpretsé string array.

238 Open #l:"gpib@i{pri="katrs (dev)&" wom=<@>}1" ‘' (pen channei Wi for
Pty ! dfwvice address, Set Epd OFf HMessage to EOI only, morks with any
@50 ! selected terminator.

268 On srq then call srghdlr * Estatlizh linkage for ZRQ handling.
278 Enable srq * fnatle SRL handler.

206 Wbyte sdcidev) ’ Clear input/output Luffers, and any exrsfing LSRG <
awa ! and errcr conditions. (selected device clear?

300 Print #1:"pid on"” / Enahkie Probte 1D rgs Fi2t¢.

38 Bosub menu / List menu to screen of FRIA,

328 Waitl: wait 7 Mait for pext nterrupt,

33& Routinel: goto selnum of menu,store,recall,tstore,rstore

340 Goto waitl / Wuit for user generated SRu.

358 Henu: ’ Routine tu send user mpenu to 7DIB

3608 Menu$=chr$ (13} kchr$ (13)kchr % (?) &k "menuz "&chr (13)

370 Henus=menus$kchr$(13) 4chr$ (F)4"1. sto ft pn]l setting"kchr$(i3)

IBa Menu$=menusdchr$ {FI&"2. rcl ft pnl setting“"&kchr$(13)

398 Menu$=menuskchrs (?)4"3, sto settings on tape"kchr${13}

488 Menu$=menuskchrs{PIL"4, rcl settings from tape kchr${l13)kchrs(13)
418 Menu$=menus$tchr$ () &"e.g. press "f rgs 17 for"kchr$(i3)

420 Menus=menuskchr${P)chr# (?) k" store routine, "

438 Print #l:"text"jchr$(3altmenuskchr$(34}) ¢ Send “TEXT “menu””

A48 Boto waitl 7 return to wast for user SRO.

458 Store: ‘¢ Routine to acquire setbings frow 7034

458 Setnum=1

476 Storel: gosub promptl ’ Fend prompt to screen of FOUO

40@ Waitz: wait ! Walt {or user geperated SRY for this routine.

494 1+ selnum=1 then goto routinel /' If menu. goto select pornt,

Saa 1f selnum<>3 then goto wait2 * If prote 1d. goto =<tore setftings.
514 Input #1 prompt "set?":fpsets$isetnum) ¢ Inpput complete fropt pancl
S0 * rettrngs from dgevice., put 0 drray elepent sefrnum’ .

5938 Setnum=setoum+l ’ Increpent array element counter,

548 I#¥ setnum<li then gota storel ¢ Loop back 1f less thap [} rettings,
558 Selnum=1 ‘' Select menu

S48 Goto routinel ’ 6o to operation sclect pornt.

5708 Recall: Y Routipe to send seftings to 7000

SB@ Setnum=1 / Nelect mepu,

5984 Recalllz gosub promptl ¢ Fript proept on FRIG screen.

LOS Print #i;fpsetsesisetnum)  3ent complete front pancl settings to
¥4 ! device from the array element " setnun’,

A28 Setnum=setnum+l ‘' Incresent grray element counter.

&38 1 setnumdil then goto waitd ¢ Loop 27 all fen have not heen sent.
AAR Selnum=l / Select oepu.

&58 Goto routinel ! Go éo operation selection paint.

L5 Wait3: walt f Mait for proke user generated IR,

&£70 1¥ selnum=1 then goto routine)

4L88 1§ selpum{>3 then goto wait3

&£98 Goto recalll

788 Tstore: ! Tape storage routine

718 Open #2:"fpsets(ope=rep,siz=5808)" ¢ Upen channel! to write fo tape
Fzé ! firle. fhe REF coamand will either pew. or replace existing 7Fife.

PROGRAM (CONT)
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PROGRAM (CONT)

738
7P
758
7468
770
788
798
a8
aia
B2@
830
848
85a
[=1.1"]
a7e
Baa
8ed
295
516
20
1088
idia
18208
1&30
1@48
a5
1850
19468
1478
1803
aed
118
1114
1128
11308
1140
1158
1148
1178
iige

4-110

Print #2 using “1@(fa/)":fpsetss / Write to the tape placing <CR-
after each array element to sllowm casy retreival of information.
Close 2 / flose the channel, update fape directory.

Selnum=1 /' Select menu.-

Goto routinel / Return tp operztion select point.

Rstore: 7 Load settings from tepe {ile

Open #2:“fpsets" ' Open channel to read/write data to tape file.
Input #2rfpsetm$ ' Input date from tape file (€ach array eiement 25
delipited with & LR,

Close 2 ! Ciaose the channel to tape file.

Selrnum=1 ¢ Felect renu

Goto routinel / Return to opsration select point.

Promptl: ¢ Send prompl mesrage to FOI3 - build text stripg first.

Sub

Menu$="current settings number is "kstr$isetnualichrs{i3}
Menut=menutichr$ (13}

Menut=menusk'press probe identify to advance“kchr${(13]
Menus=menuki’press ‘rgs’ to return to menu.”

Print #1:"text"jchr$(34)imenuskchr$(34) / Zend penu as text.
Return ¢ Return frox subroutine.

End

srqhdlr local evnt / Serial poll handler sub-prograns

Integer evnt

Poll stb,addrjdev * FPoll device DEU.

14 stb=83 then gota event / User reguest status hyte.

Print "Status byte from device #"jaddrj” is "jsth / Print Stalus
Byte.

Input #1 prompt "event?"ievnt

Print "Event"istr$i{evnt);"occured.”

Resume * Return mechanicwp to main program.

Event: ‘ send ap ewent?, get the response. and continur according te

'

the event that vccured.

Input #1 prompt "event?':evnt

1f evnt=3a3 then selnum=i

If evnt=451 tben selnpum=2

If evnt=452 then selnum=3

If evnt=453 then selnum=4

1+ evnt=434 then selnum=5

I+ evnt=457 or evnt=458 then selnum=5

Resume ’ retfurn frow the srg handler routine.
End
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3. Event Capture. Sometimes called a "babysit routine™, this program allows the
user to set up the 7020 as desired, then have a user-selected number of waveforms
acquired and stored on the controller magnetic tape. This allows the user io leave
the system unattended, but still capture the required data.

I3a
11
1z¢
13¢
1443
258
Foagd
i7e
ia¢
19¢
2
Zi6
228
SF0
Ide
258
268
are
289
298
a9
318
320
I3
348
358
24L8
374
3&3
394
48@

41
429
AZE
443
458
4l
A7
408
4948
L]
S
S1@
528
538
548
556
S5&0
578
oBa
598
LHOA
&18
£28
&H38
&40
£58
bL68
&7a
LE8
£98
7¢8
718
720

Procd: f Proper stgbus and error Code recelved. centinue pro

Rem Prograb to capture and record events that trigger the 7028,
i This prograp (sometywer called a “hakysit routipe’ allows the
{ user fo set up the FDI} ar desired, then have 2 user-selected
 puster of maveforss acquired, and stored on the controller’s
* magnetic tape. This allowns the user to leave the systenm un-
i attendsd, Fut still capture the required Jdata.

Rem Poutine awaits a “hold next complete’ ZRQ frow the FOIG.

¢ When the proper SRG 15 recelived, the wavefors is transferred
‘¢ fo the controller. thep stored on tape.

Integer dev,stb,addr,cycnum,datame,numwim, avnt, siz,numcyc
Rew 7O2( ADOFRE Iz 1d

Dev=1@ ' Estahlish device address.

Open #1:"gpibB(pri="Lstr$ (dev)L",eom=<@>)1" ' Lprp channel NI far
¢ device address, Set the End 4f Mesrage terminsfor to FOl only
© (morks with any terminatiop selectionl.

On srq then call srghdir 7 £stablish linkage to SRU handler routine

Enahle =srq ' £rnable ZRG handler,

Pem Dimension strings to appropriate length.

Dim $psets to H@F , wimpres to 208, texts to 188

Data 1,1

Tab$=chr%(J}

Cé=chr${13}

Quots=chr$(34)

Read cycnum,datame, umuém

Proc@d: Y Giruve user prudbpts pp rforeen of FRIO, and gef responses

‘ from the FdIi@ user Keys.

Call promi

Wait / Wa:t rfor aser input. If not what cxpected, erase
! write 2t out again.

1¥ evnt<l or evnt>& then goto proc@

reen . and

Proci: numeyc=evnt ° Set cycle courter, and tell user to set up 7FBIC

Call prom2

Wait

1f evnt=18 then goto proc?
Goto procl

ProcZ: S pet settingr from D23, apd Jdecode whether one or RO

S ocharnels Ip use.

Disable =rq

Input #1 prompt "agr? mod':aqr$

If pos(aqr$,"both", 1)@ then numwfm=2 / Numher of wavelfores for
Y frle Fize.

If posiagrs,”"ch2",1)>@ then datame=2

Cycnum=1 - initiralsre cycle counter

Siz=p@BAnumwim ‘' Calculste space Tor waveform Jdats onm tapr.

Proc3: ¢ Start of babysitting routine. send message to sure€b.

Call prom5 ‘ Prompt message Yor 7RI,

Enable srg

Print #1:“trig holdnzon*" * He-ara the 7028 for next trigger.
Mait < Mast For hold-pext interrupt from 70I0

Input #1 prompt "event?":ievnt

If evnt=458 then goto proc4d

Print "Invalid event code received - EVENT "jewvnt

Goto procd

TEImg.
Call prom3 7 7Tel!!l urer that prugraw is workzpng on dafa.
Opens="wim—"Lstréicycnum}&” (Dpe=rep,siz="4str$i{sizI&"}"

Open #2:opent

Input W1 prompt “"da me:"4kstr&(datameld”, encrasc;wfmp?":wfmpres
Call curve

If numnfm=1 then goto closeit

Input #1 prompt “da me:23wimp?"rwifmpret

Call curve

Closeit: close 2 7 Lilose present tape file.

Cycnum=cycnum+]

PROGRAM (CONT)
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PROGRAM (CONT)

738
748
758
748
778
886
a1a
620
a3a
w3
849
850
B&8
878
BEd
ava
988
718
sz
93¢
942
50
ETY]
370
1208
FLT
1820
1838
1848
1050
-Yx]
1078
1888
1890
11690
1260
1218
1224
1238
1249
1258
1260
1368
1319
1320
1338
1340
1356
1364
1376
1364
2 T-"]
1418
1420
1438
1448
1458
1460
1580
1518
1528
153@
1540
1550
1560

4-112

If cycnuanumcyc then goto done ' I7 nusber of cycles completed.
Goto procl¥
Dones ! End af prograas, tell user that the waveforas have feen stored.
Eall promd
End _ _
Sub srqhdlr ‘ Serial poll handler sub-program.
Poll sth,addrjdev * Poll device BEV.
I+ ath=83 than goto BS2
Print “Status byte from device #"jaddrj" is "jstb ' Prunt Stales
s Byte.
Resume ‘ Return mechanism fo maip program.
Events ! Must be a user key request  decoede response into e€vnt.
Input #1 prospt “event?*:evnt
If evnt<45]1 pr evnt>a54 then goto special
Evnt=evnt-458 ‘ fPecode event inta nusber { to & cooresponding to
S front panel user rgs Keys.
Resume / Rcturn to mainlipe when done here.
Special: ! Mot a user rqs key, se€ i1f noreal user key. If not, dao
Y an event? and send the dJdata to controller screen.
If evnt=483 then evnt=18 else goto 758
Resumae ‘' Rqs key was pressed, return Lo sain progran.
Print "EVENT "“jevnt;*" reported under status byte B3. "
Resume ’ Retourn to mainline.
End
Sub curve local temp,nr / Get curve data, then store wippre$ & wfidato
s an the magnetic tape.
Temp=pos (wfmpre$, "nr.pt”,1) 7 Ffind where "NR.PTT isx in the preamile.
Nr=valc (wfmpret, temp) / £xtract nusber of points from wimpres,
Delete var wfdata
Dim widatainrd / Pimension "WFDATA' to hold curve data.
Input #1 dels “," prompt “"curve?":wfdata
Print #2:wifmpre$ / Fut the waveforw preantle on tape.
Print #2:wfdata / Put the curve date points on tape.
Return
End
Sub clrscrn local cr$ ! Sub-progras to clear the screen of the FDZO.
Dim cr$il2} to 1
Cre=chr${13) -
Image$=""text’ ,x,fa,12(fa), fa" / Build the image for “print usirg’ . -
Print #1 using image%:chr${34),cr,chr$(34) ’ Send 7> LR V7o,
Return / Return from whence It cane.
£nd
Sub proml ¢ sub-progras for 7023 screen prowmpt #1.
Call clrscrn / Clear the 7RI} screen.
Text$=gquot$kcsktabsk"Enter nusber of cycles"&c¥
Textt=textistabhs&“to store."&kcsbkcsbtabs
Text$=textdk"e.g. press f rge 17 for"kc$ktab¥
Text$=ztext$h"ane cycle."kquot$
Print #1l:"text";texts
Return
End
Sub prom2 ! sukb-prograw for 7di@ screen prompt #I.
Text$=quotsbcsbtabsk"Please configure the 7420 as'bc$
Text extshtabsk " needed for capturing data.'"Lcsic$
Texts=textsktabsk"press ’rqs’ when ready."&quot$
Print #l:"text";texts
Return
End
Sub prom3 ! Sab-prograp for FHER screen prompt #3.
Call clrscrn
Text$=chr$ {34} kctbcihktabsb"working on waveform"&c¥
Textd=textShtabsb"# "kstr$(cycnum)&". please wait."kquots
Print #t:"text";texts$
Return
End

PROGRAM (CONT}
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PROGRAM (CONT)

1682 Sub promd ¢ Sub-program for 7DIG screen prompt A4,

1618
1628
1630
1548
1656
1664
1704
171@
1724
1738
1748
1754

Sub

Call clrscrn ¢ Clear the 7D0#0 screen.
Text$=quots&c$ktab$kt absk"Program completed!“kes
Texté=textsbctbtabsl " waveforms stored on tape."fgquot$
Print #l:"text";texts

Return

End

prom> ¢ Sub-Jprograw for TR28 screen prompt K5
Call clrscrn

Text$=quot$&tabsk" 70208 now babysitting! "Lguots
Print #1:"text";texts

Return

end
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APPLICATIONS

APPLICATION 1
MONITORING SLOWLY CHANGING EVENTS
WITH THE 7D20 AND 7D11

Monitoring events or phenomena which change at incredibly slow rates such as
10 Hz, is a difficult task for conventional oscilloscopes. The first problem arises in
not being able to sweep the trace slowly enough. The second is producing a
comprehensive waveform which represents the changes.

By using the 7D20 to digitize and store samples of the event, and a Tektronix 7D 11
to serve as a calibrated source supplying the very slow timing (sampling)
information for the 7D20, both of these problems may be overcome. The 7D11 is a
digitally controlled delaying unit with the capability to delay by Events or Time. For
this application it will be used as a delay by event device or, simply put, a “divide by
n counter”. The 1-kHz calibrator signal provided by the 7704A mainframe can be
divided down by 1 10 107 in steps of one. This is selectable at the 7D11 front panel.
This “divided down’ signal is obtained at the DLY'D TRIG QUT connector on the
7011 and applied to the EXT CLCCK input of the 7D20. You can control the
sampling interval for data acquisition by varying the EVENT DELAY count displayed
on the crt of the 7704A.

Since the calibrator has a 1 ms period, the crt readout of EVENT DELAY may be
directly read as N milliseconds per sample point. This provides a range from 1 ms/
sample to 10 sec/sample. So a 1024 peoint record at the slowest speed represents
115.7 days of information. O'bviousty, long term stability of this systermn may need 1o
be considered for such a rare occasion.

It shoutd be pointed out that the ENV and AVE continuous functions of the 7020
work in a similar manner to that when ROLLing. The total number of samples
processed between displayed points is fixed at 100 when externally clocking the
7020. It has the effect of further dividing the displayed time per point by 100.

The use of such a set-up is especially useful for long term monitoring of
temperature and pressure, fluid levels, chemical reactions, and seismic activity.
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INSTRUMENTATION SET-UP #1

Delayed

Ext Trig ouT

IN Events Start

Trig IN

Ext Clock
IN

Trig

77044
Vert Mode ........... RIGHT
Horiz Mode .............. B
Calibrator
Volts ..o 4 v
7D11

F704A Trig Coupting ........... AC
Trig Source ............ EXT
Trig Slope .. ..ol +
Trig Level.............. = 0

Events Start
Trig Slope ... ... +

Events Start
1_kHz Trig Level,...... = 2 o'clock
Calibrator Count Mode .. ..... EVENTS
/ Delay ........... As Desired
Fine Delay .. ............ NA

P B Sweep

Delay Mode. ......... ... MNA

7D11 7020 wlay Meode

oo| O
Time Div ........ ... .. EXT
O External

O Polarity ......... I {positive)

3857-50
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APPLICATION 2
ULTRASONIC, NON-DESTRUCTIVE TESTING
USING 7D20

Non-destructive testing of material for uniformity is typicatly performed using
ultrasonic technigues. Frequencies in the ultrasonic range make possible the
resolution necessary to measure material thickness and locate flaws. An inspector
using ultrasonic equipment can “see” beneath the surface of materials to locate
even minute flaws.

To do this, quartz crystals are often used as transducers to convert an electrical
pulse from a transmitter to ultrasonic waves and, after the ultrasonic burst has
traveled through the material, convert it back to an electrical signal at the receiver
end. The crystals are chosen to resonate far above the audic range, often in the
megahertz region. The pulse repetition rate is chosen low enough so the pulse and
any reflections reach the receiver before the next pulse is sent. Water is often used
as a transfer medium, with the crystals and part under test placed in a tank.

Two test modes are common—puise/echo and pitch/catch. Pulse/echo is similar to
radar. A single crystal is used for both transmitting and receiving. In a pitch/catch
mode, two crystalts are used—one transmits and the other receives, often on the
other side of the object from the transmitting crystal. The transit time between the
transmitted pulse and reflections from surface boundaries or internal defecis
reveals the quality of the material or the logation of the defects. This time may be
measured using a counter timer or viewing the output of the transducer on an
oscilloscope display. In the past, the counter/timer was preferred because of the
higher accuracy and reseoiution when compared with the oscillescope. However,
with the onset of transient digitizers and digital oscilloscopes, a highly accurate
aiternative is now available.

The 7D20 can capture a reflected signat and allow you 10 measure time referenced
to the trigger and also to analyze the signal amplitude using a single cursor {AQFF).
Because the time base of the 7020 is derived from a crystal cleck, the horizontal
timing accuracy is much better than that of conventional, ramp driven time bases.
The improvement is most significant when delayed sweep is compared with the
7D20's delayed trigger position. For example, 1o have a variable delay upto 1O ms, a
dual time base with delay must have the main sweep at 1 ms/div. If the trigger jitter
is 0.05% of the Time/div, this results in 500 ns of jitter. If the delayed sweep is set
at 1 us/div, the accuracy of the disptay is about 3%. At this Time/div, the jitter is
nearly half of a division!

Whereas with the 7D20 at 10 gs/div, 15 ms of delay is possible. The approximate
timing accuracy for 10 ms delay is £10 us. The display jitter is one sample interval
1300 ps. For this example it is approximately 100 ns. If less delay is required, then a
faster sweep speed may be selected resulting in even better accuracy. The stated
timing accuracy of the 7D20 is 0.1% of Full Scale $300 ps. Depending upon the
TIME/DIV selected, measurement timing accuracies can approach that of a
counter/timer,
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INSTRUMENTATION SET-UP #2

Material
Under Test

Transducers

7603
7603
Vert Mode ............ LEFT
7020
Acquire Mode........ CH 1
Triggering
Coupling............. AC
lcn:ul Mode............ NORM
7D20 Sogrge ............. !E)ﬂ
\ O Position .....As Desired
x) Time/Div ....... As Desired
External
Trigger
Received Input
Signal Sync
Output Output
Puiser/Receiver
Transmit Raceive

O | ey

3857-51
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To operate, the incident or outgoing transmitted pulse must be used to trigger the
7D20. You must select the delay time required to view the reflected signal. This is
done by positioning the 7D020's trigger horizontally to read the desired number of
divisions. The readout indicates a negative position when the trigger occurs beyond
the left hand side of the screen. Only one cursor should be selected (AOFF). This
will allow you to make accurate time measurements referenced to the trigger
{time=0).

The Pulse/Receiver in the setup illustration is a commercially available unit. |t
supplies the stimulus to the transmitting transducer and preconditions the received
signal supplying sufficient output so it can be viewed on the cscilloscope display.
The Sync Out is coincident with the transmitted pulse and therefore serves as the
trigger for the 7D20.

As shown in the simulated signal in Figure 5-1, the cursor's horizontal coordinate
value indicates the total time from the Sync Out, used as the trigger, to the viewed
position on the crt screen. Note that the resolution is on the order of one part in 10°
when compared to the total delay time available. The accuracy of the measurement
is 0.1% of this reading.

Other 7D20 features such as multi-trace display and dual channel acquisition may
be used to compare results from previous tests or to simultaneously capture two
reflected signals. These may be acquired as fast as 2 ps/div for a singte event and
as fast as 50 ns/div for repetitive events. Also through the IEEE-488 interface,
further manipulation of the data by a controller or calculator may provide spectral
information using Fourier analysis (FFT). For most ultrasonic. non-destructive
testing, the 7D20 is much more flexible than a counter/timer,

3857-563

Figure 5-1. Viewing a reflected pulse signal showing the cursor position relative te the
trigger pulse.
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APPLICATION 3
MONITORING INTERCELLULAR NEURONAL
' DISCHARGE

The measuring of nerve activity in stimulus-response experiments requires viewing
long windows of time relative to the puise width of the neuronal discharge. For a
given record of time, such activity appears as a shower or burst of spikes resembling
a partly deteriorated picket-fence. For example, the pulse width of a unit discharge
may be 700 usec and viewed on an oscilloscope screen representing a total window
of 1 to 5 seconds. On occasion, longer periods of time are used. Traditionally,
bistable storage (DVST) oscilloscopes have been the preferred device for viewing
such events. Seldom have digital storage technigues been used because of the need
for extremely dense information.

The difficulty lies with the inability of digitizers to properly represent displacemenis
which appear en conventional oscilloscopes as a vertical line without any width. in
order to digitaily capture any information, it must be sampled often enough to
represent salient characteristics. For a simple rectangular pulse, only one sample on
the top of the puise is required to accurately represent its amplitude. One sample
will be guaranteed as long as the digitizer's sample interval is shorter than the
width of the pulse. If such a pulse width has 520 us sampled at 5Q0 us per point to
build a 5 second long record, 10,000 herizontal peints would be required. Whereas,
a bistable storage scope has horizontal locations which are onty one molecule apart,
so a very narrow pulse appears as a vertical line. This is like having billions of
“dots”. Although, the total number of perceived vertical lines is only a few hundred
side-by-side.

In arder to optimize the viewing of medium and slow speed events, the 7D20's
ROLLing display presents a comprehensive, uninterrupted picture of events viewed
at 0.1 s/div and slower. in the roll digitizing mode, it is possible to stifl detect the
presence of events which are 500 us or greater in width by ENVeloping
continuously. Based on a 500 us sample interval the equivalent number of
horizontal points required without using ENV are listed in Table 5-1 below. Keep in
mind that this is only true under certain special conditions.

TABLE 5-1
Effective Number of Points When Using ENV While ROLLing
No. of Points Required Total Displayed Time
in Seconds {(10xTime/div)

2,000 1

4,000 2

10,000 5

20,000 10

40,000 20

100,000 50

200,000 100

400,000 200

5-6



Applications—7D20

For the application of neuronal activity, intracellular responses are between 500 us
and 1 ms in width which makes this approach valid. Cautien must be taken to never
attach the 7D20 directly to human subjects. Intracellular electrical potentials are
on the order of BO mV to 100 mV and may be applied to the 7D20 without
preamplification.

APPLICATION 4
MEASURING PULSE JITTER,
FREQUENCY SHIFT, AND AMPLITUDE
VARIATIONS USING THE 7D20

Detecting subtle variations of amplitude and time in a signal is extremely difficult to
do with a non-storage oscilloscope. Variable persistence scopes provide a means for
recording such signal changes, which allow you to easily view and inspect signal
characteristics. However, when the need arises to compare one record with a
previous one, & certain amount of inconvenience is encountered. One difficulty is
that although multiple sweeps are recorded, display maodification is not possible.
Comparisons are typically made between photos or photos and the crt display. If
long term trends need to be analyzed and cataloged or a great number of devices
need to be tested, photos become an unacceptable burden.

The 7D20 solves these problems. The ENVeloping feature accumulates maximum
and minimum values of successive sweeps and effectively simulates a variable
persistence display. However, the 7020 also provides all of the advantages of digital
storage; bright and clear displays, indefinite storage and view time, display
modification {position up and down, etc.). readout of waveform coordinate values,
multiple waveform siorage, and computer interface (IEEE-488).

ev T T T pews
ENveiz48  TPOS 3

cew 1 . (2w iZeyA . vER-1.@
; Qv-'nua.v_'L, sls

3857-54

Figure §-2. Using the ENVeloping mode to show frequency shift.
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The bright and clear displays of up to six waveforms simultaneously, improves the
visual comparison of acquired signals. The cursors allow for quantitative measures
of signal variations and the IEEE-488 interface permits long term trend analysis and
recording using & calculator or computer.

Of course, the key to this measurement is the ENVeloping. There are generally two
forms of this, continuous or fixed. Fixed means a predetermined number of
waveform acquisitions will be used to generate the envelope. You select this
number via the SET N function (N = 2", n = 3, 4, 5, 6, 7, 8) of the 7020. When N
number of waveforms have been processed, the 7D20 terminates the ENV N mode
and enters the HOLD state. When using the continuous or infinite ENVeloping, the
7D20 will process waveforms indefinitely until the HOLD button is pressed. Both
ENV and ENV N also cancel by an alternate push of that button or by selecting AVE,
AVE N, or HOLD NEXT.

31857-55

Figure 5-3. Using signal ENVaioping and multi-display feature to view pulse jitter.

[V
ENVa2437

3B67.66

Figure 5-4. Using the 7D20 ENVeloping mode to show waveform variations.
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Once a satisfactory envelope is created and held in memory, It may be analyzed
using the cursors or by overlaying it with a previously generated envelope. To do
this, simply use the CURSOR WAVEFORM modifiers to position the record up or
down.

Now, even slight and subtle waveform variation may be easily revealed.

APPLICATION 5
SOA ANALYSIS USING
THE 7D20 AND 7A13

When testing any transistor switch where the collector current and collector-emitter
voltage are out of phase, determining the energy dissipated by the device is
essential. Since this energy may destroy the switching device, its Safe Operating
Area {SOA) must be determined. This is a common concern when reactive loads
must be driven such as inductive loads in power supplies and motors, or capacitive
loads in liguid crystal displays,

Some simple visual techniques can save a lot of time in finding the SOA without
resorting to exacting calculations, Certainly, absolute accuracy is desired as provided
by signal processing, but visual inspections reveal qualitative data in a very short
time,

The simplest approach is to use an oscilloscope to display the collector current {ic)
versus the collector-emitter voltage (Vee). This allows you 1o view the actual
switching characteristics while the device is operating. It is also valuable to be able
to see how both signals relate 1o time. In order to probe the circuit under test, a
differential amplifier is needed to acquire a true Vee. A current probe which can
respond to d¢ as well as ac is recommended. However, if a “‘current sense resistor”’
is available, this is the most economical choice for representing i,

Another point to consider is destructive testing of the switching device. The display
must be capable of capturing the signal when the failure occurs.

By using the 7D20 for acquisition and display, the TEKTRONIX 7413 Differential
Ampilifier for preconditioning, and the AM 503/P6302 current probe and amplifier,
SOA information can be easily viewed. The current probe accurately measures from
dc to 50 MHz and provides a single-ended output to the 7020. The 7A13 isa DC 10
100 MHz differential amplifier. When installed in a 4 compartment 7000 Series
mainframe with the 7D20, the signal conditioned by the 7A73 may be routed

 externally to the 7D20. This is provided via the mainframe’s trigger signal cutput
located at the rear of the mainframe. This signal is simply cabled and terminated at

" the 7D20°s vertical input. The bandwidth of this patching is about 50 MHz when
using a 50 ohm termination at the 7020. If a 4 compartment mainframe is not
available, the P6046 differential probe and amplifier may be used. This provides 100
MHz bandwidth but lacks the flexibitity of the 7A13.
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INSTRUMENTATION SET-UP #5

Vertical
Signal Qut
7704A
7A13 7D20
f +
o ) _we

P6055

7704A
Vert Mode ........... RIGHT
Horiz Mode .............. B
A Trigger
SOUFCE. oot enes LEFT
7A13
4dnput oL oC
Input ..o uc
BW ... FULL
Volts/Div ....... As Desired
Comparison
Voltage .......... ... .o MNA
7D20
AQR Mode .......... BOTH
Triggering
Mode............ NORM
Coupling............. DC
Source .......... MODE
Position . ........... + 1
Slope........ As Desired
CH 1
Volts/Div . .... 10mV/Div
Coupling............. DC
CH 2
Voits/Div..... 20mv/Div
Couphling........v0ve oC
3857-52
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CALIBRATION

Since the signals are being preconditioned, the 7020 cannot disptay the true
sensitivity of the current probe’s amps/div or the 7A13's volts/div. However, the
AM BO3 front panel can be read 1o determine its amp/div. This will be accurate
provided its output is terminated into 50 ohms and displayed at 10 mV./div on the
7D20. A simiiar situation is true for the 7413 but it will be necessary to adjust the
gain at the 7A13. This is a simple front panel adjustment. To calibrate the
TA13/7020 deflection and sensitivity, do the following:

1. Set the 7D2C CH 2 for 20 mV/div and for 500 us/div.
2. Set the 7A13 to 1 V/div.

3. Apply the 4 voit calibrator signal from the host mainframe to the + input of the
7A13.

4. Connect the instruments as shown in the setup illustration.

5. Adjust the "GAIN" adjustment on the 7A13's front panel to obtain 4 divisions
of deflection displayed by the 7D20. If more adjustment range is required, use
the Variable Volts/Div on the 7A13.

At this point, the actuat volis/div may be read directly from the 7A13. Remember
when selecting different sensitivities, DO NOT change the volis/div settings on the
7020. Make all Amps/div and Volts/div selection at the AM 503 and 7A13.

OPERATION

Connect the two P6055 probes 1o the circuit under test. If acquiring Vee is desired,
connect the + input to the collector and the - input to the emitter. The 7A13 will
algebraically subtract the emitter veltage from the collector voltage to yield Vee
Connect the P6302 around a convenient loop or element in series with the collector.
Adjust the AM 603's and 7A13"s deflection facters to produce signals of about three
divisions each in amplitude. Set up the 7020's display as follows:

1. Press “VS" followed by a "2" to create an X-Y display of ic v§ Ve

2. Press "REF' to view the "CSW" {cursor waveform), i, vs time to serve as a
time reference, and

3. Press 2" to display Ve (Channel 2) versus time if desired

Notice that cursors appear on the X-Y display as well as on the REFerence
waveform. This is especially valuable to determine the time which a particular
power level was sustained. Ultimately, this information can be used to determine

the energy dissipated by the device.

Figure 5-b shows an example of the information provided by the 7D28. If the
REFerence waveform is not displayed, the cursors readout the X and Y coordinates
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of the versus display. If the REF is displayed then the horizontal cursor ceordinate
reads time. So, by selecting the REF on and off, and positioning the cursors, data
points may be extracted for computation, This will permit comparing measured
information with the device manufacturers specifications. Figure 5-6 is an example
of such specifications.

For repetitive signals the 7020 may be used at any time/div setting. Because of the
destructive nature of secondary breakdown, the ic and Vee information must be
acquired in a single sweep in the event of a device failure In this case, the 7D20
will acquire both channels in a single sweep as fast as 2 us/div. Since NORM

csw. 1ve2

3857-57

Figure 5-5. 7020 display showing safe operating areas and other information.
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Figure 5-6. Example of manufacturer’'s spec’s.
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triggering s used, the 7D20 will simply retain the last triggered information, At that
point, HOLD should be pressed te eliminate the chance of a stray signal or noise
from destroying the data. Alternately, HOLD NEXT may also be used far a triggered
hold.

This application is intended to aid in the SOA process and by no means represents a
complete or rigerous methed for making such measurements. A more complete
discussion of this subject is available from Tektronix, Instrument Division, Lab
Scopes Marketing.

APPLICATION 6
USING THE 7D20 WITH THE 7854
FOR WAVEFORM PROCESSING

The 7854 is a waveform processing oscilloscope which allows you to manipulate
waveforms similar to using a scientific programmable calculator. The 7854 digitizer
has a single event capture speed slightly above the audic spectrum. The 7020
extends this ability to capture single events inte the video spectrum.

Also, the settings of the 7D20 may be remotely pregrammed for use in an
automated measurement environment. In this application, it is important to point
out that this combination is not the most efficient system component when speed is
considered. However, it may be desirable since it greatly reduces the software
impact on the system engineer. The 7854's waveform functions eliminate the need
to create and verify many commonly used algorithms. In this sense, the 7854 and
7020 provide the shortest path to designing a waveform measurement system.

Before proceeding, a few technical points must be considered te explain the use of
these two instruments.

The 7D20 is a waveform digitizer. its measurement accuracy is derived from is
waveform memeory. The 7D20 produces a refreshed display {when installed in any
7000 Series mainframe) which is in no way time related to the events which it
captures. Also, the height, width, and positicn of the display can be adjusted from
the front panel which can seriously affect measurements made with the graticule.
However, the contents in memory are not disturbed and the cursor readout will
remain accurate because it is independent of the display adjustments.

The 7854 acquires waveform information from the plug-ins based on the height,
width, and positicn of the display. Accuracy of the 7854 is limited primarily by the
plug-ins installed in it. Hence, the display output of the 7020 does not present the
most accurate representation of its memory contents. Errors are also compounded
when the 7854 digitizes the 7D20's output. Quantization, noise, and linearity all
contribute to this error.

There is a simple solution to this dilema, the IEEE-488 interface. The only logicai

way to accurately represent a 7020 waveform in the 7854 is to transfer the actuat
digital data.
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INSTRUMENTATION SET-UP #6

OOO0O0

7854
IEEE-4B8 (REAR PANEL SELECTS)
MODE ........ LISTEN ONLY (CODE 11)
STATE ..o ON LINE
DISPLAY MODE ... STORED
7D20
IEEE-488 (MENU SELECTED)
MODE .................. .. TALK ONLY
7854

7D20

3B57-569
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MANUAL TRANSFER

When using the 7854 and the 7020 without an IEEE-488 controller, provisions have
been made on both instruments 1o allow you to transfer data manually.

Initially, set up the 7854 for a SCOPE display, install the 7D20 as shown in the set-
up illustration, and acquire a waveform into the 7D20. i you have maore than one
waveform in the 7D20’s memory, you can transfer them one at a time to the 7854,
Use the CSW key to designate the waveform to be transferred. Press the 7D20s 1D
key to set the transfer mode to TALK ONLY and select the UTILITIES menu. Select
1024 points per waveform on the 7854

To initiate the transfer, press READX on the 7854 and select SEND CSW ASCH fram
the UTILITIES MENU of the 7D20 by pressing key number 1. The resulting display on
the 7854 will have a horizontal scale factor which is not an integer value; however,
the timing information is correct. The difference in scale factors occur because the
7020 is calibrated for 100 points/div, where the 7854 is 102 4 points/div (when
P/W=1024). If desired, an integer scale factor can be produced by a 1.024 HXPD
command on the 7854, If the 7020 acquired its waveform in the Extended Real-time
range {200 us/div to 2 ps/div), B20 point waveforms will result. H an 820 point
waveform is sent to the 78564, all of the poirts will transfer but the value of points
821 through 1024 on the 7854 will be filled with zeros and the 7854 will issue a
warning.

This waveform may be expanded to fit the 820 original points inta an interpolated
1024 points. On the 7854, turn off the cursors; key in 0, WFM, 1.28 and press
HXPD.

COMPUTER CONTROLLED TRANSFER

Oata transfer from the 7D20 to the 7854 may be conducted using an IEEE-488
controller. In this environment, both the 7854 and the 7020 should be set up for two
way communication, TALKALISTEN. From the controller, the 7854 should be
instructed to listen and initiate a READX, and the 7D20 instructed to talk and send
the desired waveform. By a command from the IEEE-488 interface, the 7D20 can
interpolate the data before it is sent. When used, the 7D20 sends 1024 peints to the
7854,

This technigue relies on the controller to coordinate the transfer but not actually
handle the waveform data.
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- INSTRUMENT OPTIONS

No options were available for the 7D2Z0 at the time of this printing.

Information about any future options can be found in the Change Information
section at the back of this manuat
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Mode, Terminator, and Address Selection: 4-4
Operation, Remote and Local; 4-7
Power Up: 4-3
Sample Programs, List of: 4-77
40473
Application Programs:
Event Capture: 4-111
SRQ Handier: 4-108
Store and Recall Front-Panel Settings: 4-109
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Qperating Programs:
ASCIl Waveform Transfer to Controller: 4-97
Binary Numeric Array Waveform Transfer to Controller: 4-39
Binary Numeric Array Waveform Transfer t¢ 7D20: 4-100
Input 7D20 Front-Panel Settings from String Array: 4-101
Quiput 7D20 Front-Pane! Settings to String Array: 4-102
Setting the 7D20 to Local: 4-104
Setting the 7D20 to Remote: 4-1C3
Text Generation: Controller to 7D20: 4-107
Text Transfer: Tape to 7020: 4-106
Text Transfer: 7D20 to Tape: 4-105
4050-Series:
Application Programs:
Event Capture: 4-89
SRQ Decoding Routine: 4-93
Store 7D20 Settings on Magtape: 4-91
Operating Programs: 4-78
Implement and Store 7D20 Settings: 4-86
Print Poll Statement: 4-88
Query Functions. 4-87
Query Routine: 4-85
Text Generation: 4050-Series to 7020: 4-78
Transfer Waveform Data to Controller—ASCII Format: 4-81, 4-83
Transfer Waveform Data to Controller—Binary Format: 4-82
Transfer Waveform Variables and Arrays 10 7D20: 4-84
Service Requests:
Masks: 4-31
Status Bytes, tahle of: 4-26
Use of: 4-25
Status Indicators: 4-7
Waveform Data Commands: 4-24
Waveform Preamble Commands: 4-20
Waveform Preamble Queries: 4-21

HMAG:
Explanation of: 2-110 {see alspo EXERCISES)
Use of: (see EXERCISES)
HOLD:
Expianation of: (see CONTROLS AND CONNECTORS)
Use of; {see EXERCISES)

{D:

Version ldentification. 2-121 {see afso GPIB: Mode)
INITIALIZE: ({see EXERCISES)

Front Panel: (see MENU FUNCTIONS)
INSTALLATION: (see INSTRUMENT)
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I INSTRUMENT:
Application for: (see APPLICATIONS)

Descriptien of: 1-1

Display: {see DISPLAY}

Drawing of: 1-13

Instaltation of: 1-3

Options: {see OPTIONS)

Power Up: 2-81

K KEYS: {see FUNCTICN KEYS)

MEMORY;
Display: (see CONTROLS AND CONNECTORS)
Waveform: {see EXERCISES) (see afso WAVEFORM)
“MENU FUNCTIONS: 2-83
MASTER MENU: 2-83
1, # STORE PANEL #: 2-83
2, # RECALL #: 2-84
3 DISPLAY CAL PATTERN: 2-84
4 UTILITIES: 2-84
SELFTEST:
Details of: 2-86
TEST MENU:
Details of: 2-86
UTILITIES Menu: 2-85

1
z
3
4
5

6

SEND CSW ASCIl: 2-85
SEND CSW BINARY: 2-85
READOUT ON/OFF. 2-85
EXT CLOCK POLARITY: 2-86
INIT FRONT PANEL: 2-86
MASTER MENU: 2-86

MESSAGES:

Error;

General: 2-8

MODES:

Digitizing:
Explanation of: 3-4
Table of: 2-97

Hlustrations of:
Equivalent Time Digitizing: 3-8
Extended Real-Time Digitizing: 3-8
Real-Time Digitizing: 3-7
Rell: 3-7

OPTIONAL ACCESSCRIES: {see ACCESSORIES)
OPTIONS; 6-1
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PACKAGING, for Shipment: 1-4
POWER UP: {see INSTRUMERNT)
PROGRAMS: {(see GPIB)
PROMPTS AND WARNINGS: 2-88

RACKMIOUNT MAINFRAMES: 1-4
READQUT DISPLAY: 2-91
REAL-TIME SIGNAL ACQUISITION CAPABILITIES: 3-9

SAFETY SUMMARY: {see FRONTMATTER]
SHIPPING: (see PACKAGING)
SPECIFICATIONS, Tables for:
Electrical:
Digitizer: 1-9
Trigger: 1-7
Vertical: 1-6
Environmental: 1-11
Physical: 1-11
Hlustration: 1-13
STANDARD ACCESSORIES. (see ACCESSORIES}

TRIGGERING:
Explanation of: 2-99 {(see afso CONTROLS AND CONNECTORS)

VECTOR:
Explanation of: (see CONTROLS AND CONNECTORS)
Use of (see EXERCISES)

VOLTS/DIV:
Explanation of: {see CONTROLS AND CONNECTORS)
Use of. {see EXERCISES

WAVEFORM: :
Cursor: 2-42, 2-108, 2-113 {see afso EXERCISES)
Display, Operational Theory: 3-11
Obtaining a: 2-16
Memory: 2-24, 2-105

ZERQ REFERENCE:
Setting (see EXERCISES)






