"T" E OPERATORS PRODUCT GROUP 42
MANUAL 070-3857-01

7D20

Programmable Digitizer

With Options

Serial Number

PLEASE CHECK FOR CHANGE
INFORMATION AT THE REAR
OF THIS MANUAL

First Printing JUL 1982 “
Revised MAY 1983 TekironDe

GOMMITTE0 TA EXCELLENCE






.

VIl

INSTRUCTIONS FOR COMPLETING THE
SOFTWARE/FIRMWARE PERFORMANCE REPORY

Please type or print clearly. Use a separate Software/Firmware Performance
Report {SFPA) for sach probiem,

SECTION A

Fill in the serial number of the 7D26 PROGRAMMABLE DIGITIZER, Press
the 1D key on the 7020 and copy the entire line of Version information.
beginning with TEK/7D20.

SECTION B

Use your complete company maling address. Please include the name and
phone number of the person reporting the error. Also, be sure to filt in the
name of the person submitling the SFPR.

SECTION C

Check the reason for report and whether the etror is reproducible. We
cannct properly eviauate the problem if we have difficulty in reproducing
the error.

SECTION D
Give a compleie description of the system configuration on which the
problem coourred. Please include related peripherzls, interfaces, options,

and operating system.

SECTION E

Describe the problem comptetely. Include any information which might help
in evaluating the error with the SFPR. If you have determined a procedure {0
avoid the error condition, please include this procedure. i 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 will help us duplicate your problem.

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

Mail ait copies of the Software/Firmware Performance Report {0
TEKTRONIX, INC,
LAR SCOPES SOFTWARE MAINTENANCE

P.O. BOX 500 DEL. STA, 38-28%5
BEAVERTON, OREGON 97077
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76020 PROGRAMMARBLE DIGITIZER

SEND TC. TEKTRONIX, (NC.
y SOFTWARE /FIRMWARE
LAR SCOPES SOFTWARE MAINTENANCE
P.0. BOX OO DEE. $TA. 39-285 PERFORMANCE REPORT

BEAVERTON, OREGON 97077

7020 PROGRAMMABLE DIGITIZER SERIAL # —

VERSION LINE OF 7D20 DISPLAY WHEN ID KEY IS PRESSED TEK/7D20

COMPANY NAME . . . REASON FOR REPORT:
USER e 1 SoftwareFirmware Error

£} Documentation Erraf

ADDRESS: -
[J Suggested Enhancement
CITY: e 5 TATES ZIP
PHONE EXTENSION: o 1$ THE ERROR REPRODUCIBLE?
TiYes I HNo
FORM SUBMITTEDR BY: DATE .. [} Intermittent

SYSTEM DESCRIPTION: {Hardware, software, firmware end host related to the problem)

MAINFRAME: MAINERAME SERIAL # e

DESCRIPTION OF PROBLEM:

LiST ENCLOSURES

INTERNAL USE ONLY
D0 NOY WRITE BELOW THIS LINE)

ACTION TAKEN:

F

DATE RECEIVED s
RESPONDER: DATE OF RESPCONSE: SFPR #

SFPR LOG

CJ
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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 persenal injury hazard not immediaiely accessible as cne
reads the marking, or & 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-Senstitive Devices.

A This symbol indicates where applicable cautionary or other information is
to be found.

AS MARKED ON EQUIPMENT
& DANGER—High voltage.

@ Protective ground (earth} terminal.

AATTENT!ONérefer to manual.

% 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 witl not apply more 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
cperation.

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 & properly wired
receptacle before connecting to the product input or cutput 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, ail accessible conductive parts
{inctuding knobs and controls that may appear to be insulating), can render an
electric shock.

DO NOT OPERATE IN EXPLOSIVE ATMOSPHERES

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

DO NOT HEMIOVE COVERS OR PANELS

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

DO NOT COPERATE WITHOUT COVERS

Yo 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 exmnder.
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7D20 Cperators

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 eliminates the need for a storage ort, and
allows viewing information that occurred prior to a triggering event. Six waveforms
can be stored and displayed at the same time for easy comparison.

The 7020 features a complete alphanumerical display of cursor waveform
information and measurement values, time base and amplitude sestings, trigger
position, displayed waveform number, prompts and error messages, and a master
menu that allows you to choose seidom used features easily and quickly.

The master ment 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 aflow service personnel to diagnose faults to the
component level

Complete control of the 7D20’s functions may be controlled via the |EEE-488

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

DESCRIPTION

The 7D20 Programmabie Digitizer is a three-compartment wide 7000-series plug-
in. It provides simuitaneous 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, scaie factors, prompting messages,
and curser 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 alfows multiple averaging and
enveloping along with post and pretrigger capability.

ORANGE COLOR USED IN THIS MARNUAL

tn using the operators manual, you wifl 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 7D20 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 deseription along
with information for installing the 7D20 into a host mainframe. We make a
special note regarding rackmounting and another about compatibility
considerations. This section also provides a complete list of the 7020 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—OPERATING INSTRUCTIONS provides a general overview of the

instruments capabilities, contrels and connector information, a series of get
acquainted exercises, and detailed operating information.
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General Information—7D20

SECTION 3--OPERATIONAL THEQRY provides additional information about the
operation of the 7D20 digitizer. This section discusses the more technical aspects
of the digitizing techniques used by the 7D20.

SECTION 4—GPIB contains a general description of the GPIB interface, address
selection infoermation, description of the instrument status following 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 8—APPLICATIONS iHlustrates how your 7D20 can be used in & variety
of situations. In this section we combine the 7D20 with other Tektronix products
for some unique and interesting digital storage application possibilities.

SECTION 6—INSTRUMENT OPTIONS containg descriptions of avaitable options.

Service Manual

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

contents.
I WARNING I

The following service instructions are for use by qualified personnel
only. To avoid personal infury. do not perform any service other than
that contained in gperating instructions unless you are qualified 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 7B20 into 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—THEQRY OF OPERATION provides a basic block diagram description
of the 7D20 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, subassembties,
and individual paris. 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 l—Functional Check Procedure used to verify that the major functions of the
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instrument perform properly. Part |l—Performance Check Procedure used to
verify that this instrument meets the applicable electrical specifications in
Section 1. Part H—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 T,
and the optimization of its performance respectively.

SECTION 5-INSTRUMENT QPTIONS contains descriptions of available options
and provides a table for focating any option information found eisewhere within
the manual.

SECTION 6—REPLACEABLE ELECTRICAL PARYTS provides the information
necassary to order replaceable parts and assemblies,

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

SECTION B8—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 7D20 is a three-compartment wide, Tektronix 7000-series plug-in unit. To
instail the 7D20 in a host mainframe, align the grooves in the top and bottom of the
instrument with the guides at the top and bottom of the plug-in compartment of the
mainframe. Then, push the 7D20 in unti its front panel is flush with the front panel
of the host mainframe. In four-compartment mainframes, the preferred position for
installatian is in the three right hand compariments. This leaves the left vertical
compartment available for other 7000-series plug-in units.

installation in any mainframe reguires 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 mainfrarme power before installing or removing the
7D20.

Ta remove the 7020 from its host mainframe, pull the release latch (see Fig. 1-1) 1o
disengage it from the mainframe. Pull straight out to remove the 7D20 from the
plug-in compartment.

REV SEPT 82 1.3
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RELEASE LATCH 3857-195

Figure 1-1. 7D20 Release Latch.

RACKMOUNT MAINFRAMES

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

COMPATIBILITY

The 7020 is compatible with all Tektronix 7000-series mainframes except the 7104.
Because of the small area and fixed pattern of the 7020 readout, the display from
the 7D20 can cause permanent reduction in the crt microchannel plate gain,
permanently reducing the writing rate of the 7104. Any cri 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 original manner. The carton and
packaging material in which your instrument was shipped shouid be saved and used
for this purpose.

Also, if thig instrument is io be shipped to a Tektronix Service Center for service or
repair, atiach a tag to the instrument showing the fcliowing: Owner of the
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instrument {with address), the name of the person at your firm who can be
contacted, complete instrument type and seral 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 a 200-pound test strength
and having inside dimensions at least six inches greater than the nstrument

dimensions. This allows for cushioning.

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

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

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

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 electrical 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 silowed a 20-minute warm-up period, (3) ail specifications are vaiid af an
ambient temperature of 0° to +45° C, uniess otherwise stated, {4) the instrument

must be in an environment that meets the limits described in Table 1-2,

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

characteristics are listed in Table 1-3.

TABLE 1-1

Electrical Characteristics

Charactaristic

Performance Reguirement

VERTICAL

Deflection Factor
[Voits/Div}

Calibration Range

5 mV/Divto § V/Divin 1,2,5 sequence,

Gain Ratio Accuracy

Within 2% with AQR GAIN adjusted at
10 mV/Div.

Uncalibrated {Variable)

Continuously variable; VARIABLE extends
deflection factor to at least 12.5 VOLTS/BIV

Vertical Linearity
{1 kHz square wave}

0.12 Div or less expansion or compression
of a center screen 2 Div signal positioned
anywhere within the 4 division graticule area.

Invert Deflection Factor
Ratic

1:1 within 1%.

Common Mode Rejection
Ratio (using ADD, INVERT)

At least 1001, dc to 5O MHz.

Bandwidth (1 us to
50 ns/div)

De to 70 MHz.

AC Coupled Low-
Frequency Bandwidth

10 Hz or less,
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TABLE 1-1 {CONT)
Electrical Characteristics

Characteristic

Parformance Requirement

Risetime (ETD}

5 ns or less (6 div. signaf 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 Voltage

DC Coupted (DC+Peak AC)

250V, 1 kHz or less.

AC Coupled (BC+Peak AC)

400V, 1 kMz or less.

Input R and €

Resistance

1 MQ 1%,

Capacitance

Approximately 20 pF.

Signal Isolation between
Chanrnels (8 Div Ref)

100:1 up to 20 MHz.

Noise {Fuli scale =
10.24 Divisions)

Mean value of 50 measurements taken
at 0.02 Division increments.

10 mV/Biv to b V/Div

55 dB Full Scale/RMS Naoise.

5 mV/Div

52 dB Full Scale/RMS Noise.

Phase Match Between
Channels

2 Degrees at 10 MHz.

TRIGGER
Sensitivity Triggering Minimum Vertical Signal Required
Frequency
Range internat Ext. Ext+10
AC Coupled 30 Hz—30 MHz 0.4 Div 60 mV 06V
30 MHz—70 MHz 1.0 Div 150 mv 1.8V
AC LF REJ 50 k¥z—30 MHz 0.4 Div 80 mv 06V
30 MHz—70 MHz 1.0 Div 150 mV 1.5V
AC HF REJ 30 Hz—30 kHz 0.4 Div B0 mvV 086V
REV SEPT 82 1-7
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TABLE 1-1 (CONT)
Eiectrical Characteristics

Characteristic

Performance Requirement

Sensitivity Triggering Minimum Vertical Signal Required
Frequency
Range Internal Exs, Ext+10
DC HF REJ DC—30 kHz 0.4 Div 60 mv o8V
pC DC—30 MMz 0.4 Div 60 mV 06V
30 MHMz—70 MHz 1.0 Div 150 mV 15V
Max Signal 6 Div OV 10V
P-P AUTO 30 Hz—200 Hz 2.0 Div 300 mV 30V
200 Hz—30 MHz 0.6 Div 90 mv 09V
30 MHz—70 MHz 1.2 Div 200 mV 20V
Programmed Trigger
Levels
Resolution 0.05 biv 7.8 mv 78 mv
Gain Accuracy 15% 8% 12%
Offset 10.25 Div B0 mV 500 mV
Rarnge (Nominal) 6.4 Div 1.0V 0V

Position

Normal

~1500 10 +10 Div (+0, -1 sample intervai).

ROLL ENV, ROLL AVE

0 to 10 Div {+0, -1 sample interval}.

Ext Trigger Input

Resistance

1 MO, $10%.

Capacitance

Approximately 20 pF.

Maximum Input Voltage

{DC + Peak AC)

250 V (1 kHz or less).

1-8
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TABLE 1-1 ([CONT)

Electrical Characteristics

Characteristic

Performance Reguirement

DIGITIZER

Acquisition Window

Nominally 6 Div from center graticule line,

Resoiution
Vertical Nominally 0.04 Div.
Morizorntal TIME/DHV Points /Waveform| Resolution
EXT, 20s—5B00us 1024 0.01 Div,
200us—2us 820 0.0125 Div.
tus-560 ng 1024 0.01 Div.

Stored Timing Accuracy

1 Cursor #0.1% of reading +0, -1 sample interval
1300 ps.
2 Cursors +0.1% of reading £60C ps.

Digitizer Maximum Sample
Rate

40 megasamples/second.

Digitizing Modes

Equivatent Time

1 us/div through 50 ns/div.

Extended Real-Time

20C ps/div to 2 ps/div.

Reai-Time

50 ms/div to 500 us/div.

Roil

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

External Clock

Input Frequency {Max} | 10 kHz.
T7L 5 Vpk.
REV SEPT 82 1-9
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TABLE 1-1 (CONT)
Electrical Characteristics

Characteristic Performance Requirement
GPIB INTERFACE
Functions implemented Description:
{As Per IEEE 488-1978)}
SH1 Complete Source Handshake.
AM1 Complete Acceptor Handshake.
5 Talk Function Complete ino secondary addressing).
L3 Listen Function Complete {no secondary addressing}.
SR1 Complete Service Requast Capability.
AL1 Complete Remote/Local Capability.
PPO No Parallel Poll Capabiiity.
DC1 Comptete Device Ciear Capability,
381 Complete Device Trigger Capability.
Co No Controller Capability.
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TABLE 1-2

Environmental Characteristics

Characteristics

Information

Temperature (Externai
Ambient Mainframe

Temperature}
Operating 0 to +40°C in 7403N/7603 without fan.
{fan Kit is available)
0 to +45°C in other 7000-series mainframes.
Storage -6B° ¢ to +75° C.
Altitude
Qperating 15,000 feet {4.6 Km}.

Nonoperating

To 50,000 feet (15.2 Km).

Vibration
Operating Tested to MIL-T-28800C SECT. 4.5.5.3.1
Type 2, Ciass 5, Style E & F.
Shock Tested to MIL-T-28800C SECT. 4.5.5.4.1

Type 2, Class b, Style E & F.

Bench Handling

Testaed to MIL-T-28800C SECT. 4.5.5.4.3
Type 2, Class 5, Style 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

Physicat Characteristics

Characteristics

Information

Net Weight Approximately 8.5 Ib, 3.9 Kg.
Dimensions See Figure 1-2.
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STANDARD ACCESSORIES

- T Operators Manuai
=Y Service Manual

For more detaited information, refer to the tabbed Accessories page at the rear of
the 7020 Service Manual.

OPTIONAL ACCESSORIES {not included)

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

L T Circuit-Board Extender
3@ . i 7000-series Piug-in Flexible Extenders
T Ba e Internat GPIB Cable for use wih

87603 Option 20
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Figure 1-2. Dimensicnal Drawing.
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CURSORS

&1 —Cursor 1 movement keys.

¢2w --Cursor 2 movement keys.

ADM—Shift function turns ON cursor 2.

ADFF—Shift function turns OFF cursor 2.
ALIGN--Shift function aligns eursors on all waveforms.

IMDEP—Shift function allows the cursors on the cursor waveform to
move independently of the other waveforms.

@ CURSOR WFM (CSW)
VXPDE—Venically expands the cursor waveform.
VCMP §—Vertically compresses the cursor waveform.

VPUP® —Moves the cursor waveform up and is used as vertical
separation when the reference waveform is present.

VPDN O —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.

VE—Allows you io 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 is displayed
although not in HOLD. These keys will also operate with waveforms 3
through & regardiess of HOLD status. See Exercise 7 {Get-Acquainted
Exercisesj for more information.

@ f-—-Shift function key must be pressed prior to selecting any function
printed in orange.
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TRIGGERING

+81LOPE—Selects positive slope for triggering when illuminated. When
not illuminated, -slope is used.

LEVEL—Adjusts the triggering level

TRIG ' D—Indicator Hluminates wher 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 ad;acaht dots with vectors.

TIME/ DV --Selects the digitizing rates and EXT mode. Control setting
appears in the display.

HORIZ POSITION—Adiusts the horizontal position of the stored
displayed waveforms,

DISPLAY CAL-—These screwdriver adjustments calibrate the 7D20
display 10 match the host mainframe.

JEEE $TD 488 PORT—Allows connection to GPIB.

SIGNAL PROCESSING

HOLD—Stops alt digitizing and HOLDs the current waveforms in
memory.

BVE—Causes the waveform(s) being digitized to be continuously -
averaged.

EMV—Causes the waveform(s) being digitized to be continuousiy
enveloped.

SET N—Sets the value of N.
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@@

@G

SIGNAL PROCESSING (cont)

AVE N--Shift function causes the waveformis) being digitized 10 be
averaged N number of times then enters HOLD mode.

ENV M —Shift function causes the waveformis} being digitized to be
enveloped N number of times then enters HOLD mode.

MEMU-Causes the 7D20 menuis) to be displaved.

TEST—S8nift function causes the 7D20 TEST menus to be displayed.
EXT TRIG—Bnc connector for connection of external trigger signal.
GPiB

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

ROS #—Shift function permits selection of & unique SRQ event codes.

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

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

ADDR—Key illuminates when 7D20 is addressed through GPIB.

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

EXT CLOCK—Bne connector for EXTernal CLOCK signai input.
Instrument serial number.

Latching mechanism. Pull to release from mainframe.
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GRATICULE LINE #0

M1 CH 2 TIME/ DIV
VOLTS /DIV VOLTS/DIv SETTING
DISPLAYED
WAVEFORMS TRIGGER
. —__—w POSITION
H - ILII%EI'-
mﬂ‘i
nes 1 & 2 A AL A
DISPLAY
llIFlllilllI
SETTINGS e
MIIIMIIHI
[ U VTV
CURSOQOR 1 . - .. -.-.-
~1k I ~Imli““-_“!z“mmmm
e Emzﬂxml N=-2 00ms] |
U =] |  ERTICAL
ZERO
VOLTS/DIV TIME /DIV REFERENCE
OF CSW OF CSW OF Ccsw

CURSOR TIME
POSITION FROM

CURSOR CURSOR VOLTAGE TRIGGER POINT
POSITION FROM VIR WITH A OFF
WAVEFORM WITH & OFF
INFORMATION
3857-6A

Figure 2-2. 7D20 Display.
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GRATICULE LINE #0O

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

e - I R
Voo NNy

. TN

. e

READOUT SPACE VOLTAGE DIFFERENCE TIME DIFFERENCE
RESERVED FOR BETWEEN CURSOR 1 BETWEEN CURSOR 1
OTHER PLUG-INS AND CURSOR 2 AND CURSOR 2
WITH & ON WITH & ON
CURSOR
WAVEFORM
INFORMATION
3857.6B

IA—
AAARRARAR,

"""'--..
CURSOR 2

Figure 2-2 {cont). 7020 Display.
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FUNCTION KEYS

The 7D20 function keys atlow 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 wili stay illuminated. Some keys, like the COPY key will blink when it
is pressed. This is an indication that the 7D20 is expecting you tc COPY a waveform
and is waiting for your selection. A blinking key function aiways is accompanied by
a prompt message in the display readout except for the J 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 another kind of job. f you give a single press to one of
these keys, for instance the 1% {cursor 1, right movement key), cursor 1 wiil 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 labeted is a shift function and raquires that you first
press the § (shift function} key before that function can be selected or turned off.

ERROR MESSAGES

Some functions can be selected eor used only when certain conditions are met.
Arternpts 10 do otherwise will result in a warning message being displaved in the
readout. An exampie of such would be when you #y to use the VPUPQ (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 tater in
this section.
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DISPLAY ADJUSTMENT PROCEDURE

Step 1

Press MENU, then press MEMQORY DISPLAY key 3 to select the DISPLAY
CAL PATTERN from the MASTER MENLU {Fig. 2-8). Once the DISPLAY CAL
PATTERN is selected the display will appear similar to that shown in
Figure 2-6. You may find it necessary to adjust the TRACE ROTATION
controi on the host mainframe 10 make the verticat and horizental lines of
the DISPLAY CAL PATTERN parafel with those of the display graticule.

3857-13

Figure 2-5. 7D20 MASTER MENU.

380714

Figure 2-8. 7D20 DISPLAY CAL PATTERN.
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Step 2 Adjust the HORIZ CTR (horizontal center) control 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 0).

3857-18

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 line 8 of
the dispiay as shown in Figure 2-8. These adjustments are interactive and
vou may need to work back and forth between them to optimize pattern
and graticule alignment.

3867-18

Figure 2-8. Adjust HORIZ GAINM.

212



Operating instructions—7D20

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 2-8 (bottom
graticule Hne is 0). As with the HORIZ CTR and HORIZ GAIN controls,
these vertical adjustments are interactive and may reguire that vou work
back and forth between them to optimize this adjustment.

3857-17

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

Step 5 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 property aligned with the graticule
and the vector display is adequately compensated as shown in Figure 2-
11, press MEMORY DISPLAY key 6 to return the MASTER MENLU to the
display. Press the MENU key to extinguish the MENU display and proceed
with the following instructions,

385718

Figure 2-11. Correctly adjusted DISPIAY CAL PATTERN.

INITIALIZE

Whean the 7D20 is powered up, it will then re-establish the control settings it
remembers from when it was last turned off. Ignore these setlings and use the
INITIALIZE routine included in the 7D20 MENU especially for these “"Ger-
Acquainted Exercises”. A full 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.
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Press Remarks Display
4 Selects the UTILITIES menu [
which appears in the
dispiay.
5 Selects the INIT FRONT

PANEL routine from the
UTILITIES menu and
initializes the 7020. On
power up, the 7D20
remembers its control
settings from when it was
iast turned off. Initialize sets
the 7020 to a known state
for the purpose of our “Get-
Acquainted Exercises.”

MENLS Turns off the dispiaved
UTIATIES menu. The MENU
key will extinguish.

NOTE

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 signals at the channel 1 input
connector and to display the contents of memory 1. tnitiatization also selects the
waveform in memory 1 as the cursor wavetorm, which simply means the waveform
that has the cursors on it. in the 7020, the cursor waveform is afways dispiayed.

A sine wave will be used for maost of the Get-Acquainted 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 signat should be visible in the disptay as
soon as you have it connected. Use the CH 1 POSITION control to vertically center
the displaved 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
contro!l also has a calibrated detent position which horizontally centers the
waveform. Make sure this control is also in its detent position. f necessary, adjust
the signal generator output amplitude for 4 divisions of signal display. After proper
adjustment the dispiay 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 7020 Programmable Digitizer. Each exercise begins with
the sine-wave signat 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-Acguainted Exercises.

INDEX
1. USING THE VERTICAL CONTROLS. ... ... ..o 2-17
2. USING THE AQR {ACQUIRE} MODE . ... . e e 2-22
3. USING THE WAVEFORM MEMORY ... .o e 2-24
4. CHANGING THE DESIGNATED CURSOR WAVEFORM ................. 2-28
5. HOLDING A WAVEFORM IN MEMORY ... .. ... 2-31
6 USING THE CURSORS ... e e 2-32
7. USING THE CURSOR WAVEFORM DISPLAY MODIFIER KEYS ......... 2-42
8. USING THE AVERAGE AND ENVELOPE FUNCTIONS AND SET N ... 2-87
9. DIGITIZING MODES AND THE TIME/DIV CONTROL ... ...t 2-72
10. SETTING THE TRIGGER POSITION. ... i 2-74
11 USING THE HOLD NEXT ... e e 2-77
12, USING THE EXTERNAL CLOCK .. ... e 2-79
EXERCISE 1

USING THE VERTICAL CONTROLS

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 Initiatization
feature, but it may be hetpful.

This exercise demonstrates the controis 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 controis for
channel 1 will be discussed. Before you begin, make sure the 7D2C is
“INITIALIZED ™ and the 1 kMz sine wave is connected to the CH 1 input connector as
described in the PRELIMINARY SET-UP INSTRUCTIONS, then proceed with the
following exercises.

REV SEPT 82 2-17
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POSITIGN

YARIABLE
VOLTS/BIV

MR 20pf
Ve 250V

CH2 POSITION

VARIABLE
VOLTS/DiV

wMQ 20pF
Yk 5 250V

Figure 2-13. Vertical controls.
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SETTING THE INPUT COUPLING

The 7020 atiows three choices for setting the input coupling.

Press

AC DC
GND

Remarks

These keys select the input coupling for CH 1. Initialization sets the
7020 for AC coupling so the AC key is ifurminated when you begin.
Alternately press these keys and notice that the pressed key
ittuminates and the previously iliuminated key extinguishes. These
kaeys are mutuatly exclusive so only one can be selected at a time,
Notice too as you alternately press these keys, the effect that each
has on the displayed waveform. The next exercise shows how 1o 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 o
be accurate they must be referenced to ground or zerc volts. This is called the
vartical {zero} reference level, VZR. The VZR readout indicates where the zero fevel
is in divisions from center screen.

Upon initialization, the VZR is established o be the center of the 7D20 display. You
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 tfine to be
displayed across the display.
Adiust the CH 1 POSITION
control and notice that the
displayed line can be
positioned up or down inthe
dispiay area. Also notice
that the VZR readout
changes as the line Is
repositioned. Aithough the
VIR range is ~tb divisions,
the POSITHON control can
provide #9 divisions of
signal offset when in AC or
DC. Positicn the line one full
division ahcve the center
tine and observe that the
VZR readout reads 1
division.

Display

3867.34
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Press Remarks Display
AC Again seiects AC input
coupling and causes the -

incoming sine wave to be
digitized and dispiayed.
Now, however, the display-
ed sine wave is centered
one full graticuie line above
the center of the display

graticute as shown. This is : . : g
the new VZR level as T ﬁ
indicated in the VZR LA R

. . 3857-23
readout. Netice that turning

the CH 1 POSITION controi
no longer changes the VZR
level.

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

AC This establishes the VZR at
the last position of the CH 1
POSITION control. Any time
you want to change if, use
the POSITION control to
positien 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 reference for data transferred over the GPIB.
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CHANGING THE VERTICAL SENSITIVITY {(VOLTS/DIV)

Initiatization sets the vertical sensifivity te 1 volt/div as indicated in the display
readout. The VOLTS/DIV control allows you to select the vertical sensitivity of the
7020 in volts per division. Slowly rotate the VOLTS/BIV control and observe the
effect this has on the displayed waveform. Notice too that each change is indicated
in the top line 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 a8 1, 2, 5 sequence to a maximum of 5 mV/div. Rotating the
VOLTS/DIV centrof 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 control allows you to decrease the vertical sensitivity from #s current setting.
Rotate the knob counterclockwise {out of its calibrated detent position) and notice
that a » sign appears in the display readout next to 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
verticai sensitivity continues to decrease as you rotate the VARIABLE VOLTS/DiV
control and notice the effect this has on the dispiayed 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 VOLYTS/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 front-panel controf settings to a known
state by a single selection of INIT FRONT PANEL from the UTILITIES menu {refer 1o
the st 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.

These four keys (see Fig. 2-1B) control the way your 7D20 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 Humination of the CH 1 AQR MODE key.
Connect the 1 kHz 4 V P-P sine wave to channel 1 and connect the trigger cutput
{square wave) from your signal generator, if so equipped, to channel 2. i a trigger
signat is not available, choose some other time retated signal. Initialize the 7020
using the UTILITIES menu. Select 2 volts/div on Channels 1 and 2,

3857-25

Figure 2-15. AQR MODE keys.
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Press
CH 11

BOTH

ADD

CH 22

Remarks

Selects channel 1 for
digitizing and stores the
digitized waveform in
waveform memory 1.
Position the sine wave into
the top half of the dispiay
using the CH 1 PCOSITION
control,

Selects both channeis {(CH 1
and CH 2) for digitizing and
stores the digitized
waveforms in waveform
memories T and 2 respect-
ively. Position the square
wave to the lower haif of the
dispiay using the CH 2
POSITION control.

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

Selects only the channel 2
input for digitizing. The key
ifluminates upon selection
and the waveform present
at the CH 2 input connector
is digitized into waveform
memaory 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.

Dis_ptav

'
I

8.
121

3857-
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EXERCISE 3
USING THE WAVEFORM MEMORY

So that you may start at any of the 12 Get-Acguainted Exercises, the Initialization
feature has been used as necessary 1o 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,

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 1o any of the others. The
memories can be displayed or not as you wish, except that oneg of the six
maemories must be designated the cursaor waveform mermory and is always

MEMORY DISPLAY

1 3 5
=2 O O

2 4 &
O o O

COFY CSw REF

3 0

3857-26]

Figure 2-16. MEMORY DISPLAY keys.

3857.27

Figure 2-17. Sine-wave dispiay.
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displayed. Initialization sets the 7D20 to digitize signal infermation inte waveform
memory 1 and also establishes waveform memory 1 as the gursor 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
threugh 8) have no stored data and, if selected for dispiay, wiil show a center
horizontal line.

COPYING ARND DISPLAYING A WAVEFORM

Waveforms can be copied from one memory to any other so long as you are not
digitizing into the receiving memory. After initializing, because data is acquiring
waveform memery 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 memories. When a waveform is copied, all the acguire and display
conditions are copied tog, the memory being copied into is overwritien and cleared
of any previous data. The following shows how to copy a waveform into another
memory and then display the cepied waveform. Initialize the 7D20 then:

Press Remarks Display

cory 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 thal a
command requiring addi-
tional keypushes is in
process. The 7D20 is
currently waiting for you to
enter the number of the
waveform memory vyou
wish to copy.

1 Tells the 7D20 that you are
going to copy the contenis
of memory 1 into another
memory. The left # sign in
the prompt wili change to
the number § 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,

b

3857.29
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Press

2-26

Remarks

Tells 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
7820.) At this point memory
3 contains a2 copy of the
sine-wave signal being
acquired inta channel 1.
The prompt now reads as
shown and the COPY key
light goes out. However, the
content of waveform
memory 3 is not yel
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 inthe
same position as the
original waveform in
memory 1. Consequently,
the two waveforms now
overlap in the display.
Separate the displayed
waveforms by turning the
CH 1 POSITION contrel to
verticaily reposition the
signal being digitized into
waveform memory 1,

You can display the
contents of any of the six
waveform memories just by
pressing the appropriate
MEMORY DISPLAY keys.
Likewise, you can remove
any waveform {except the
cursor waveferm} from the
display by pressing the
appropriate MEMORY
DISPLAY key asecondtime.

Display

3gsT 30
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A NOTE ABOUT THE DSW (DiSpiayed 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 /s above the first data point of waveform 3, the DSW readout lists
waveform T first. If you vertically position the first data point of waveform 1 below
the first data point on waveform 3, the DSW readout changes to list waveform 3
first.

2-27
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EXERCISE 4
CHANGING THE DESIGNATED
CURSOR WAVEFORM

Se 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 seiection of tNIT FRONT PANEL from the UTILITIES menu (refer to
the list of predstermined 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 (Curser Waveform) key shown in Figure 2-18 allows you to choose any of
the six waveform memories as the cursor waveform. in the 7D20 the cursor
waveform is always displayed. 1t 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

Figure 2-18. CSW REF key.

CURSOR
WAVEFORM
INFORMATION

3857-35

Figure 2-13. 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 cursor waveform.
The following illustrates how:

Press Remarks

csw The CSW key will begin to
hlink and the prompt; CSW
# appears in the display
readout, The # in prompt
also blinks to indicate that
the 7020 is waiting for the
number of the new cursor
waveform.

Drisplay

4 The # in the prompt changes
to a 4 and a horizontal line
appears across the center of
the display. The 4 key also
ittuminates and the CSW
readout now indicates that
waveform 4 is the cursor
waveform.

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

3857-38
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Press Hemarks Display

CSW 1 Reselacts waveform 1 as
the cursor waveform,
returns waveform memory
1 to the display and
#luminates the key.

4 Turns off waveform
memory 4.

3857172
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EXERCISE &
HOLDING A WAVEFORM IN MEMORY

Any waveform being digitized, such as the sine-wave signal currently being digitized
and displayed, can be tocked 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 memeries 1 and 2 at that instant
is retained unchanged in memory, compiete with the associated acguire and display
conditions. This is a manual or arbitrarily initiated function. For a triggered HOLD
refer to EXERCISE 11 for HOLD NEXT.

The HOLD condition is visually indicated in two ways; the HOLD key illuminates and
the displayed waveform appears te freeze {waveform motion is no Tonger 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
7020 wilt then resume digitizing new waveform data into memory.

2857-39

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

So that you may start at any of the 12 Get-Acguainted Exercises, the Inkialization
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 i is not necessary to use the Initialization
feature, but it may be heipful.

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 off
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
Eigure 2-22, cursor 1 can be positioned to any data point on the curser waveform.
Use of the curscors is iliustrated in the following procedures.

CURSOR 1

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

1 A singie press of this

slewing key causes cursor 1
to move to the next adjacent
data point. Notice thatwhen
you press and hold the
movement key, the cursor
moves continuously across
the full length of the cursor
waveform. Cursor 1 siops
when it reaches the iast
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 hoerizontal
time value of the waveform
data point where cursor 1is
located. {The horizomtal
time value is referenced to
the trigger position and the
cursor 1 vertical position is
referenced to Vertical Zero
Reference.)

3857-42
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Press Bemarks Display

&1 Maves cursor 1 back toward
the beginning of the cursor
waveform, Return cursor 1
to the first data point.

CURSOR 1

3867-40

agisi

MOEP ALIGH

3 cn‘zw@

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

The following shows how to turn on cursor 2 using the ! {function shift) key (see
Fig. 2-23) and aiso illustrates how sursor 2 is moved about on the waveform.

3857173

Figure 2-23. The shift function key,

Press Remarks Display
1o Move cursor 1 fo the right ;
about two divisions as
showr.
f The f {function shift) key

begins to blink. This allows
you to now select any of the
shift functions.

HON This turns on cursor 2
{(which appears as an
intensified dot), extinguish-
es the AOQFF key and f
key, and illuminates AQM
key. Neote that when cursor
2 is turned on the cursor
readout changed; it now
gives the veltage and time
difference of cursor 2 with
respect to curser 1.

3857-44
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Press

@2
2%

1

&

AQFEF

Remarks

Thase two keys move cursor
2 the same way the &1 and
12> keys move cursor 1,
However, cursor 2, when
moving toward the begin-
ning of the cursor
waveform, cannot be moved
past cursor 1. Cursor 2
comes te 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 point as cursor 2
it pushes cursor 2 toward
the end of the waveform.
Cursor 1t 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
ituminates the AOFF key.
The ACH key and the f key
are extinguished.

Display

388747

3BE7-45

2-3b6



Operating Instructions—7D20

USING THE CURSORS INDEPendently OR ALIGRNed

The cursors associated with each of the six waveform memories can be operated in
one of two ways, INDEPendently or ALIGRed, 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 to examine vertical
values at the same horizontal position on different stored waveforms, using ALIGMN
forces the cursor positions on all the waveforms to align themselves with the cursor
positions on the cursor waveform. Initialize the 7D20 and continue as instructed

below.

Press

f

AGN

1

2-36

Remarks

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

Turns on cursor 2. The key
ifluminates when pressed,
the f key stops blinking,
and the AQOFF kay extin-
guishes. Notice that the
cursor ~readout at the
bottom of the display has
changed to now show the
difference in voltage and
time bhetween cursor 1 and
cursor 2.

Position cursor 1 to vertical
graticuie line 1.

Display

3857-49
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Press Ramarks Display

G2 Position cursor 2 to verticai
graticule line 3.

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

1 Tells the 7020 that vou
want to COPY waveform
memory 1. Your selection is
noted in the first # position
of the COPY prompt.
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Press

2-38

Remarks

Tells the 7D20 that vyou
wish to COPY waveform
memory 1 into waveform
memory 3. The COPY
prompt reflects vyour
selection. The COPY prompt
wiil disappear when
anocther key is pressed.

Causes waveform memory
3 1o be dispiaved, Hllumin-
ates the 3 key, and removes
the COPY prompt from the
display. The DSW readout
indicates that both
waveforms 1 and 3 are
peing disptayed. The
disptayed waveforms
overlap at this time so
adjust the CH 1 POSITION
control to vertically position
waveform 1, up one full
division above is current
position. This will aliow 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.

Display

38567-84
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Press
CSwW

1 22

Remarks

The CSW key begins to blink
and the CSW prompt
appears in the display. The
7020 is waiting for you to
select the number of the
cursor waveform.

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

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

Display

3

L

3857-68

386763

2-39



Operating Instructions—7D 20

FPress
CSW 1

Jinpep

&t ¢2

CSwW 3

2-40

Remarks

Re-select waveform mem-
ory 1 as the cursor
waveform and notice that
the cursors are now on
waveform 1 but are
ALIGMed with the position
you moved them to when
waveform 3 was the cursor
waveaform,

Select the INDEPendent
cursor mode. The ALIGRH
key extinguishes and the
IRDEP key illuminates. As
you wiil 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
oward the beginning of
waveform.

Re-select waveform mam-
ory 3 as the cursor
waveform. Notice that the
cursors return to their
previous position on
waveform 3 and are no
longer ALIGRed with the
cursors on waveform 1.

Display

3857-70

&

3867-72



Operating Instructions—70D20

Press Remarks

S ALGH Notice the cursor positions
CSW1 have changed again. The
ALIGM command forces
immediate movement ofthe
cursors without the needto
use the cursor movement
keys. The ALIGN mode
allows vyou to measure
vertical values on wave-
forms in exactly the same
horizontal location. The
MDEPendent mode aliows
you to measure different
parts of the same waveform
at the same timae (see Fig. 2-
243 Additional uses of the
ALIGHN and INDEPendent
modes are illustrated in
conjunction with the HMAG
(Horizontal MAGnification}
later in these exercises.

Display

385773

Cursor 1 Cursor 2

Wavetform 1 {CSW 1)

Waveform 1 copied into memory 3 {DSW 3} showing
cursor positions moved INDEFPendent of Waveform 1.

Cursor 1

3857-74

Figure Z2-24. 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 Gei-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 UTHITIES menu {refer to
the list of predetermined settings in the Detailed Operating Instructions under Menu
Functions). Under normal applications it is not necessary 10 use the Initialization
feature, but it may be helpful.

The CURSOR WFM keys (shown in Fig. 2-25) permit you to manipuiate the cursor
waveform in a variety of ways. Generally, the VPUP{, VPDNG, VXPD%, and
VCMP% keys perform the same functions on the stored waveform displays that the
CH 1 and CH 2 vertical POSITION and VOLTS/DIV controls perform on signals 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 must be on. Waveforms 3 through 6 are always in a hold condition.
HMAG and VS functions are operational on either the waveform(s) being acquired or
on waveforms in HOLD.

CURSCOR WM
{LSW)

o s
VKPD L vPUP @

- bl

vcy?g VPDN &
i )

HMAG ALL Vs

0 o

a857-75

Figura 2-25. Cursor Waveform keys.
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HOW TO VERTICALLY REPOSITION THE CURSOR WAVEFCRM

The VPUP< {vertical position up) and the VPBNG {vertical position down) keys
permit you to vertically move the cursor waveform up or down in the display. The
foiowing exercise shows you how.

Press Remarks Display

HOLD Terminates the digitizing
process and hoids the
current digitized waveform
in waveform memory 1.
This is necessary because
CURSOR WFM keys
VPUP ¢, and VPDNG |, have
no effect on a cursor
waveform  that is being
actively digitized. They work
as vertical separation
controls with the RiiFer-
ence waveform present.
Except under the conditions
shown in Figure 2-26, a
cursor waveform that is
being actively digitized is
vertically repositioned
using the respective CH 1 or
CH 2 POSITION contrel.

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

3887-78
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WHEN HOLD i$ ON:

CSW REF

=

WHEN HOLD IS OFF
REF OFF:

CSW REF

=

WHEN HOLD 18 OFF
HMAG AND . REF ON:

CSW REF

WHEN HOLD 1S OFF
V& AND REF ON:

CSW REF
s

CURSOR WFM
(CSW)

wen i e o
=

3 I

veMP Y uPaN O

o o
HM{\G ALL YS

o o

CURSOR WFM
iCSW)
VXPDE VPUP ©
| I

Y ypON &

CURSOR WFM
{£SW)

WKPD E VRUP ¢
= i
VPON O

i L1

HMAE ALl LH]

]

CURSOR WFM
{ESW)

vxeo §
|
3

VNP &

VPUP 4

HMAG ALL

ALL KEYS
FUNCTION

I
S

} KEYS ACTIVE

KEYS NOT ACTIVE

ALL KEYS ACTIVE

ALL KEYS ACTIVE

3857-76

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

VEDN &

HOLD

Femarks

{(VERTICAL POSITION
DOWNY). Press and hold this
key 1o return the cursor
waveform 1o its original
position. Movement of the
waveform stops when the
original zero reference
position is reached. Release
the key and netice 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 fo move down
inerementatly and Humin-
ate the VPDN S key. Aswith
the VEUPS key, continuous
movement of the waveform
will result if you press and
hold this key. Position the
displayed waveform some-
what below center.

Turns off the HOLD function
and allows 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 cursor
waveform that is not in
HOLD.

Display
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HOW TO VERTICALLY EXPAND OR COMPRESS THE CURSOHR
WAVEFORM

The VXPDE;T {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 i
process and holds the 2 5 -'.
current digitized waveform
in waveform memory 1. The

VXPDE and VCMPY keys _' ’ﬂnﬁﬂﬁr"igﬂ
h ffect

wovsform that is being lﬂggmm __
actively digitized except - _

with the REFerence
waveform present.

385783
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Press Remarks Display

vXPDE Press this key one time and
release. The cursor
waveform expands and the
VXPDE key illuminates. Al
expansions and coempres-
sions increment or decre-
ment the stored VOLTS/
DIV in calibrated 1,28
steps. The new vertical
scale factor is displayed in
the CSW readout.

VXPDE 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.

VCMPE Pressing this key causes the
cursor waveform to
compress. The CSW
readout wili reflect the
change. The VXPD?;. key is
still Hlurninated because the
cursor waveform s still
expanded.

VCM Pg Prass this Key a secondtime
and the cursor waveform
returns to its original

digitized vertical scale 3
factor. The VXPDY key

tinguishes when this  |jEYj \
:clurg. I " - ' ‘.‘légaaa“
sistar] fee

3857.87
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Press
VCMPY

VCMPE

VPDN &

HOLD

2-48

Remarks

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

Compresses the curseor
waveform again and
positions it downward inthe
display.

Terminates the HOLD
function and; permits the
7D20 to 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
keys when HOLD is
cancellied.

3857-89
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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 porticn of the magnified waveform
appears in the display and cursor 1 movement is designed to aliow any portion of
the magnified waveform to be positioned within the display area. Movement of
cursor 2 is not affected by horizontal magnification. The following exercise
#lustrates the MHMAG function and the movement of cursor 1 on the magnified
wavetform.

Remarks

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

3857-31
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Press Bemarks Display

- HMAG The key illuminates when
pressed and the cursor
waveform being digitized
into waveform memory 1 is
immed:ately magnified in
the display. HMAGnifica-
tien is by a factor of 10times
s0 the magnified waveform
is displayed with one tenth
the number of horizontal
points. Notice that cursor 1
is an the first data point on
the magnified waveform.

f

38E7-93

1 This slewing key moves
cursor 1 toward the end of
the magnified cursor
waveform, f you press and
hold the cursor movement
key continuous movement
of the cursor will result.
However, notice that the
cursor Sstops at vertical
graticule kne 2 and the
waveform moves to the left
with respect to the cursor.
As the end of the magnitied
waveform cemes into the
display area, cursor 1
resimes movement to the
end of the waveform while
the magnified waveform
remains siationary in the
display. In this manner
curser T can be positiched
to any data point on the
horizontally magnified
cursor waveform and vyou
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

3857-95
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Press

12
{cont)

vxXPD3
VCMPE
VPUP4
VEDN &

Remarks

beginning of the cursor
waveform.

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

Display

3857-199
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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,

3857.96

Figure 2-29. REFerenca Waveform key.

Press Remarks Display
Make sure HOLD is not
selected.
f The f key illuminates to

permit the selection of a
shift function.

CSW REF Selects the HREFerence
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.
Cursor 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 1o their
centered position.

3857.97
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Press
VPUP ¢

L0M

Remarks

Notice that this key
verticaily re-positions only
the magnified version of the
waveform. Position the
magnified waveform about
one division above the
REFerence waveform.
Notice that cursor 1 is
positioned on data point 1
on both versions of the
waveform, Both cursors
appear on the same data
point on the REFerence
waveform as on the
HMAG d waveform, VPUPG
and VPDN& act as
separation controls.
Change CH 1 POSITION
control and notice the
waveforms move together
but maintain separation.

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

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
visibie on the HMAG'd
waveform &t this time
because the data peint that
it is positioned on is cutside
the display area.

3857-98

3857-29
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Press
$2Z

1

2-54

Remarks

Position cursor 2 on or
about vertical graticule line
6 on the HEFerence
waveform. Cursor 2 should
stil not be visible on the
magnified cursor wave-
form.

Advance cursor 1 1o the
right toward the end of the
cursor waveform. HNotice
how the magnified wave-
form moves to the left while
cursor 1 {on the magnified
waveform} remains fixed at
vertical gratieule line 2. On
the REFerence waveform
cursor 1 moves to the right
in the wusual manner.
Observe cursor action on
beth the REFerence
waveform and the magnifi-
ed waveform as you
continue moving cursor 1
toward the end of the
wavefarm, cursor 2 comes
into the display and travels
with the magnified version
of the waveform tili 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
disptay, the cursors resume
travetl tili they reach the last
data point on the waveform.
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Press
14

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 verssions of the
waveform.

Notice thalt because the
HMAG key is ifluminated,
these functions affect the
magnified portion of the
cursor waveform display.
Note: To modify the
REFerence waveform you
musi Bbe in a HOLD
condition and HMAG and
VS must be off.

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

Turns off the REFerence
waveform.

Terminates HMAG and the
HMAG key extinguishes.

Eisplay

3857.174
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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 ail the other waveform memories, initialize the 7D20 and proceed as
instructed below:

3BE7-102

Figura 2-30. Horizontal Magnify AlL waveforms key.

Press Remarks Display
HOLD Stops digitizing process and
holds the waveform m
memaory.

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

i, ..
3857175
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Press

COoPY

il
o w

Remarks

Selects waveform memary
1 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
prompt 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 sbove
process until waveform 1 is
conied into ali the restof the
waveform memories (4, 5,
and 6).

Displays the copied
waveforms, 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 thsough only one
waveform is being display-
ed.

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

Display

3857104
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Press

Remarks

HMAG ALL  The key illuminates and all

VPUP @

csw

2-58

six displayed waveforms are
horizontally magnified.

Vartically position the C8W
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 dispiay now indicate
that waveform 2 is the
cursor waveform,

3867106
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Press Remarks Display

VPUP & The key iHuminates and
causes waveform 2 to move
verticaily up in the display,
separating i from the other
magnified waveforms and
cioser 1o waveform 1.
Position waveform 2 just
below waveform 1 as
showr.

Csw Again allows selection of a
new cursor waveform.

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

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

T 3857110

csw Again aliows selection of a
new cursor waveform.

5 Selects waveiorm 5 as the
cursor waveform.
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Press
VPDN &

CSW, 6

VPDN &

HMAG

HMAG

2-60

Remarks

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

Repeat the above process
for waveform 8. When
finished, the six waveforms
should be separated and
positioned as shown. Notice
that the vertical position of
the first data point of each
waveform is reflected in the
order of the DSW readout.

Notice that when you press
this key, only the cursor
waveform {waveform 8} is
unmagnified and that the
HMAG key extinguishes.

A second pressing of this
key causes the cursor
waveform to again be
horizontally magnified and
the key again #luminates.

Display
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Press
CSW 3

1=

fely

Remarks

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

Press and hoid the cursor 1
movement key. Notice that
the curser moves on
waveform 3 till it reaches
the second vertical graticule
line. Then, the cursor
movement stops and ali the
magnified waveforms travel
across the display {simulta-
neously) with respect to
cursor 1. The reason aii the
waveforms move together
is because their horizontal
cursor positions are
ALiGNed. When the last
data point of the waveform
comes into the display,
waveform movemernt stops
and cursor 1 resumes travel
to the end of waveform 3.

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

GEERE NS

4857116
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Remarks

Turns off the ALIGN mode
and turns on the INDEP
mode.

Press
F INDEF

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

fAU&N Notice that ali waveforms
are horizontally aligned

with the cursor waveform.

Turns off HMAG ALL
Notice that ai displayed
waveforms return to their
ariginal position in the
dispiay.

HMAG ALL

2-62

Display
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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 7D20 as
instructed in the preliminary set-up instructions at the beginning of this section. Set
the TIME/DIV to 200 ps/div and set the trigger LEVEL to center position.

Figura 2-31. The VS (Versus) ey,

Press Remarks

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

3Be7122

Vs The VS key will begin to
blink and the VS prompt
appears inthe display. The #
sign in the prompt also
blinks, indicating that the
7D20 s waiting for you to
designate a waveform
number to substitute for the
time axis.

3857-124
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Prass

TRIGGERING
LEVEL

VS

2-64

Remarks

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

Turn this control to its fully
clockwise position. This will
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 #tself.

Turns off the VS function
and extinguishes the VS8
key. The dispiay now shows
only the cursor waveform
displayed with respect to
time.

Display

3BE7-19%

3857126
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USING THE REFerence WITH VS
The following illustrates how to use the REFerence feature when viewing a VS
waveform dispiay.

Press Remarks Display
V§, 3 Displays the cursor
waveform versus waveform
3 as before.
fREF Turns on the REFerence
Waveform for viewing at the
same time.
3857.186
VPUP © Vertically position the

versus display about 2
divisions higher.
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Press Remarks Display
(34 While positioning cursor 1
&t lefe and right, observe is

position on both the
REFarence and VS wave-
forms. Here the HEFerence
serves as a time reference
as indicated by the
horizoental coerdinate
reading in seconds.

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

3B857-187

VECTORS AND DOTS

Up to this point the waveform displays vou have viewed consist of a series of dots
that represent the digitized waveform data points. As these dots become separated
verticaily it sometimes becomes difficult to determine which dot foliows which. Your
7D20 has a selectable VECTOR function (see Fig. 2-32) that connects fime adjacent
dots. This aliows 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 key.
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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-Acguainted 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 QOperating Instructions under Menu
Functions). Under normal applications it is not necessary to use the Initialization
featyre, but it may be helpful.

These function keys, shown in Figure 2-33 permit you to average or envelope
waveforms that are heing digitized. AVEraging is useful for reducing uncorrelated
noise in signais and improves its signal to noise ratio. ENVeloping is useful for
revealing subtle variations in signais and allows the 7820 to be teft 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
for the algorithms used for waveform processing. Waveforms ean be AVEeraged or
ENVeloped continuously or you can use the SET N feature te select the number of
waveferms to process before automatically entering HOLD. The following 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.

3857-129

Figure 2-33. Waveforms processing keys,
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Press
AVE

HOLD

2-568

Remarks

The AVE key illuminates
and the 7D20 starts to
centinuously average the
signal as it is being digitized.
Slightly adjust the CH 1
POSITION control and
ohserve the effect. The
display readout displays the
number of averages as they
accumulate up to the
current value of N, at which
point the display simply
indicates that the number of
averages exceeds the
current value of Nanda ">"
sign appears in the prompt.
Seiection of the AVE
function will cancel the
HOLD, ENV, ENV ¥, SET N,
and AVE M functions if any
are active.

This terminates the AVE
process and displays the
total 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 itotai number of
waveforms averaged up to
the current value of N would
be displayed. Termination of
the AVE function can also
he effected by selecting AVE
M, ENV, and ENV Mwiththe
selected function being
initiated. Or, the AVE
function can be terminated
by pressing the AVE key a
second time in which case
the 7D20 would resume
normal digitizing operation.

3867-130
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Press
ENV

VECTOR

HOLD

REV SEPT 82

Remarks

The HOLD function is
canceiled, the ENV key
illuminates and the
ENVelope function is
initiated. The sine wave will
be continuously enveloped
and the readout displays the
accumulated total of times
the waveform is ENVeloped.
While ENVeloping, slowly
adjust the frequency of your
signal generator and
ohserve the results.
Selection of the ENV
function automatically
cancels HOLD, AVE, AVE R,
ENV M, or SET N.

By connecting adjacent
sampies, the VECTORS
paint in the envetope 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. Youcan
alse terminate the ENVel-
ape mode by selecting AVE,
AVE B, or ENV § with the

Display

3857-132

3867-154
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Press

HOLD
{cont}

SETN

AVE N

2-70

Remarks

initiating of the function
selected. The ENV mode can
also be cancelled by
pressing the ENV key a
second time. The key will
extinguish and the 7D20
will resume normal
digitizing eperation.

The SEY 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 Nby
pressing and holding the
SET N key. This will cause N
1o cycie repeatedly through
this sequence of values: B,
18, 32, 64, 128, and 256.
Release the key 1o stop at
the desired value of N. For
the purpose of this exercise
set the value of N to 128,
The SET N prompt will
disappear from the readout
when you press the nexikey
{this could be any key}

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

Selects the AVE ®function.
The key #uminates and the
sine wave is averaged 128
times. Notice that the
readout begins the AVE R
count at the vaiue of N and
counts down to 0; at which
time the HOLD function is
initiated. The readout then
changes to indicate that the
waveform being displayed
has been averaged 128
times. The AVE B function
can be cancelied by

Display

3867134

3867135
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Press

AVE N
{cont)

S
ERV B

REV SEPT 82

Remarks

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

Selects the ENV M function.
The ENV N key iluminates
and the sine wave is
enveloped 128 times. As
so0Nn as you press ENV R,
change the frequency of
your signal generator
slightly and observe the
resufting display. Netice
that just like the AVE N
function, thereadout begins
the enveiope count at 128
{the value of N and counts
down fo 0, At the zero count
the 7D20 automatically
enters HOLD and the
readout indicates an
ENVelope count of 128, The
ENV 8 mode will cancel
with the selection of HOLD,
HOLED 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-
aver, when using ROLL
mode, some special
features are provided. Refer
to AVEraging, ENVeloping,
and SET N functions in the
Detailed Operating Instruc-
tions.

Display

vs

3867136
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EXERCISE 8
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 modes are described here but for more
information, refer to the Betailed Operating instructions in this section and to the
Operaticnal Theory, section 3.

3857-77

Figure 2-34. The TIME/DW—digitizing modes salector.

REAL-TIME AND EXTENDED REAL TIME

So far we have been using the real-time digitizing mode which extends from 50
ms/div to 500 us/div, The extended real-time mode extends from 200 pys/div to 2
ys/div. The primary difference between these two modes is that the record length
{points per waveform) decreases from 100 points/div to 80 points/div in the
extended real-time mode. See Detailed Operating Instructions.

ROLL MODE AND EXTernal CLOCK

To demonstrate the roll mode, adjust your sine-wave signal to 1-Hz, DC coupted, and
set the TIME/DIV selector for 100 ms/div. You will ohserve that the signal dispiay
rolls across the ¢rt. This roll motion can be stopped at any time by pressing the
HOLD key. The tast digitized peint 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 in the roll mode. To use the EXTernal CLOCK
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function, the TIME/DIV contro! must he set to EXT, and a signal applied to the EXT
CLOCK input connector. Refer to Exercise 12, Using the External Clock for further
information.

EQUIVALENT TIME MODE

In the egquivalent time digitizing mode several trigger events are needed to digitize a
full record (1024 waveform data points) length. This can be demonstrated by setting
the TIME/DIV to 1 ps/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.
Becreasing the TIME/DIV makes this more obvious as the digitizer requires more
triggers to digitize the waveform at a new position. Refer to the Detailed Operating
instructions in this section and to the Operational Theory, section 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 tist of predetermined settings in the Detailed Operating Instructions under Menu
Functicns). Under normal applications it is not necessary to use the Initialization
feature, but it may be heipful.

With the TRIG POS keys (shown in Fig. 2-35), the 7D20 permits you to view up to
10 divisions of pretrigger and up to 1500 divisions of post trigger. Pretrigger allows
you 1o see events that occur before the trigger event while post triggering acts like a
digital delay which allows you to view events that occur after the trigger event. The
trigger position setting 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 signal from the host
mainframe to the CH 1 input cennector of the 7D20. Set the calibrator for a 1-kHz, 4
voit signal output and set the 7D20 TIME/DIV for 100 us. Initialization set the 7020
to trigger on the positive slope of the incoming signal so the display shoutd appear
as shown in Figure 2-36. Proceed with the exercise.

Press Remarks

TRIG POS2  Onepress of this key causes
the TRIGger PQOSition to
move ane 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.

gl 1
3857-181
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3857-133
Figure 2-35. TRIGger POSition keys.
TRIGGER
POSITION
3857-179
Figure 2-36. Trigger POSition readout.
Press Remarks Display
TRIG POS®  Press and hold this key and F

the TRIG POS will incre-
ment 1o 10, This results ina
full 10-division dispiay of
information which cccurred
priar to the trigger event.

3857.182
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Press
&TRIG POS

<TRIG POS

TRIG POS=s

2-76

Remarks Display

Press and hoid this key and
the TRIG POS increments
back to zero where it
automatically siops.
Relaase the key.

R A 81

3857-183

Press and hold this key and
again the TRIG POS wilt
decrement toe -1500
divisions of post trigger. The
trigger event actuaily
oceurs 1500 divisions (1580
ms) before the beginning of
this waveform.

Press and held this key 10
automatically return the
TRIG POS to zero.
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EXERCISE 11
USING THE HOLD NEXT

So that you may start at any of the 12 Get-Acgquainted 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,
vour 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 MEXT mode can be used to
acquire data from a single frigger event just as the single sweep mode is used in a
conventionai osciloscope.

Initialize the 7D20 and perform the following steps to Hlustrate 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 > Time/Div 2 2 ush
Press Remarks

HOLD NEXT HNote that the 7D20 goes into 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 memory of waveform data,
then entered MHOLD. Each subsequent press of the HOLD NEXY key
arms the circuits 1o accept a new trigger and repeats the process. The
TRIG'D kght Hluminates when the trigger occurs. This is true for the
rgal-time digitizing mode (50 ms/div to B0O ups/divi and for the
extended real-time digitizing mode {200 us/div to 2 ps/divl.

EQUIVALENT TIME MODE {1 us 2 TIME/DIV = 50 ns):

For this part set the TIME/DIV for 100 ns/DIV and adjust the incoming sine-wave
signal to 7 MHz

Press Hemarks

HOLD NEXT Notice the 720 dispilay momentarily updates before entering HOLD.
in the equivalent time mode (1 us/div to 50 ns/div), when the HOLD
NEXT key is pressed, the 7020 accepts enough repetitive triggers 1o
build a complete representation of the waveform before entering
HOLD. The TRIGD light stays illuminated during each triggered
cigitizing period. Refer to the Operational Theory, Section 3 for
further information.

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

Setect 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-Mz sine wave.

Press Remarks

HOLD NEXT Observe that the HOLD NEXT key illuminates when pressed but the
display continues 1o roli for a short time. Then, the TRIGD 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
about a screen full of data to rolt across before a trigger can be
accepted. When a trigger is accepted, the TRIG'D light comes on and
the displayed waveform continues to roll across the screen until the
setected 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 frigger is accepted. HOLD NEXT
operates this way throughout the range of roll 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 memory.

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 Salect 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 CLOCK. 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 {4 1. 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, connect your signal
generator to the EXT CLOCK
input located in the lower
part of the front panel of the
7D20. Apply a 5 voli signat.
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Press Remarks Display
4 Setect 100 Hz frequency,
{cont) this ¢an be either a square

or sine wave. Rotate the
TIME/DIV control gounter-
clockwise until "EXT § " is
dispiayed 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
forth, vary the signal
generator frequency about
2 or 3times slower or faster
and notice that the speed of
the ROLLing also varies.

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

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

The 7D20 MENU allows you to seiect a number of functions using the numbered {1-
8} MEMORY DISPLAY keys. When pressed, the MENU key will illuminate and cause
the last selected MASTER MENU (see Fig. 2-38} or submenu to 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
iNuminated MENU key will extinguish upon termination and the displayed menu wilt
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 10 six sets of front panet
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 #, with the # sign blinking. At this point, you can press any of
the numbered {1-8) 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 selaected 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 D. MEMORY DISPLAY
VOLTS/Div DISPLAY 1-6
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 recal any set of frent pane! settings which have
been stored as described previously. Seleet this function by pressing MEMORY
DISPLAY key 2. The prompt: RECALL # wilf appear in the display. The # sign will
blink indicating that you should now select the numbered MEMORY DISPLAY key
corresponding to the settings you wish to recall. Upon pressing the desired key, the
7D20 will immediately reset 1o the settings stored in the selected memory. The
recall function terminates upon completion of the command.

3 DISPLAY CAL PATTERN

This menu selection is activated by pressing MEMORY DISPLAY key 3, which
causes the DISPLAY CAL PAYTTERN shown in Figure 2-39 to 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 display that forms a fiower pattern. Optimum VECTOR displays are
achieved when the flower pattern is adjusted (using the VECT LIN adiustment} 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
& which returns the MASTER MENU to the display or press the iHluminated 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 MEMORY DISPLAY key that
corresponds to the menu selection you want. The UTILITIES MENU can be
terminated by pressing MEMORY DISPLAY key 6, which returns the MASTER
MENLU, or by prassing the illuminated MENU key which terminates the MENU mode.
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3857-144

Figure 2-38. DISPLAY CAL PATYERN.

3857-145

Figure 2-40. UTILITIES MENU.

Utilities Menu Selections

T SEND CSW ASCIH. The selection of this function from the UTILITIES menu
transmits the cursor waveform preamble and ASCH curve data over 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 talk only mode.

2 SEND CS8SW BINARY. The selection of this function transmits the cursor
waveform preambie and bhinary 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 prasent in the system {refer to GPIB Section 4). 7D20 must be in taik
only mode.

3 READOQUT ON/OFF. This selection from the UTILITIES menu will turn off or

on the display readout {iines 1, 2, 15, & 18} Menu and text lines 3-14 are not
affacted.
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4 EXT CLOCK POLARITY. This UTILITIES menu selection displays the eurrent
status of the EXTernal CLOCK polarity in the prompt field as shown in Figure 2-41.
The message "EXT CLK4§ ~ or "EXT CLKY{ " is displayed (depending on current
polarity status) and the arrow will 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 controls to a known state. Its selection, either from the UTILITIES menu or
from a command over the GPIiB will ciear 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 MODECH1
MODE:P-P G. CURSORS
HOLD NEXT.OFF MODE: ALIGN
COUPLING:AC ADEFON
SOQURCE:MODE CURSOR 1:POINT 1
SLOPE:POS CURSOR 2:POINT 1024
LEVEL CONTROL:ACTIVE H. GPIB
POSITION:O NONE

C. HORIZONTAL f. OTHER
TIME/DIV:T mS AVE, AVE RMOFF
POSITION CONTROL:ACTIVE ENV, ENV MOFF
EXT CLOCK POLARITY:P0S MENU:OFF

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

& MASTER MERNU. This selection from the UTILITIES MENU returns the
MASTER MENU to the dispiay.

TEST MENU

Each time the 7D20 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, upoen completion, the SELFTEST PASS message will appear in the display
as shown in Figure 2-43 and the TEST MENU will extinguish. The 7020 will reset to
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3857-146

3857-189

Figure 2-42. TEST MENU.

3857-190

Figure 2-43. SELFTEST PASS maessage.
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the state it was in before SELFTEST was initiated and alf waveform memories will
be initialized.

Should the SELF TEST fail, the appropriate message will also appear in the display
along with the number of the failed 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 dispiayed when a self test failure occurs. This wili continue the
Self Tests but the number of the faited 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 disptay the SELFTEST FAHR
message.

3857-182

Figurg 2-44. Self Test Fail.

fterns 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 70520 Service
Manual. Should you somehow get the 7D20 into one of these test routines and

can't get out, you may need to turn the power off then back on 1o 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 Dascription

SET N=XXX? Appears in response to pressing the SET N key. The X's will
indicate the current value of N. Press and hoid the key 1o
cycle through the possible values of N,
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Prompe
COPY #-»-#

CoW #

CSW X VS #

STORE #

RECALL #

EXT CLK4
or EXT CLK#

RQS #

MORBE=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 1o 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.

iz displayed when the VS key is pressed. This requires that
you enter the number of the waveform you wish to display
versus the CSW. The cursor waveform number is X.

This prompt appears in response to the selection of item 1 on
the MIASTER MENU. Press the number of the memeory 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
DISPEAY key where front-pane!l seflings were previously
stored and those settings will be automaticaltly restored.

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

This prompt appears in response to the selection of f RQS
# The user completes the command by pressing 1-6 which
gives RQS X prompt.

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

In this prompt, term = EOF or LF/EOIL
In this prompt, XX = 0 - 30.

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

This warning appears if VPUPG, VPDNG, VCMP?}, or
VXPDE are pressed while the 7D20 is actively digitizing into
the cursor waveform and HEFerence is off,

This warning is given when you attempt to select the
FEFerence waveform whan the 7020 is not displaying a
HMAG cursor waveform [magnified curser waveform) or is
not in the VS (versus) mode.
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Prompt Desgription
CSwW REQD This warning is displayed if you atternpt to turn off the cursor
waveform.
UPDATE This warning appears if you attempt 1o change any of the
IGNORED parameters in the 1D menu when the 7D20 is in the remote

with lockout state.

RQS OFF This warning occurs when the RQS or probe identify button
is pressed and the RGS mask is turned off. The RQS mask
can be turned off by the RQS OFF, PID OFF, or USER OFF
GPIB commands. Refer 1o Section 4, GPIB.

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

The following messages are resuits of self test and diagnostic checks. In the event
of a test failure message, refer the problem to a qualified service person.

SELFTEST PASS

SELFTEST FAIL

GPIB PASSED

GPIB FAILED

EAROM PASSED

EAROM FAILED*

FAK XX iwhere X = failed circuit number).

DISPLAY ChAlibration

The 7D20 contains five {5) controls to compensate the 7020 for the calibration of
the host mainframe. These controls 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
7020 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 serewdriver control adjusts the 7D20 display output to match the
vertical position tolerance of any Tektronix 7000-series mainframe.

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

HORIZ CTR—This screwdriver control adjusts the 7D20 dispiay output to match the
horizontal position telerance of any Tektronix 7000-series mainframe.

*The EAROM FAILED message is also given when the RECALL cormmand is given and the
memaory being retrieved contains bad data.
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HORIZ GAIN—This screwdriver contrel adjusts the 7D20 display output to match
the horizontal gain tolerance of any Tektronix 700C-series mainframe.

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

READOUT DISPLAY

The readout display of the 7D20 is generated internally and displayed on the crt of
the host mainframe. There are four lines of characters reserved for the readout
display. Two lines of characters are centered in the top graticule division {lines 1
and 2, for the current control settings and proempt field), and two fines of characters
are centered in the bottom graticule 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 current front-panel controt settings and prompt messages, positioned as
follows:

LINE Not Used CH 1 VOQLTS/DIY CH 2 VOLTS /DiV TIME /DIV
4 by 7D20 Setting Setting Setting
LINE Displayed Tri
el rigger
2 Waveform Frompt Field Position
Number

CURSOR WAVEFORM PARAMETERS

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

une [ cumor T [ Mg G s | [ S setor™
erti n .
15 Waveform Factor in Factor in Time or Vertical Zerf
Number VOLTS /DHVE VOLTS /DIV* Reference
LINE Not Used Cursor Vertical Cursor Horizontal
16 by 7D20 Coordinate Coordinate

*Aiso affectad by waveform modifiers (e.g.. VXPD, VPUP, etg.)

REV SEPT 82
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VERTICAL CONTROLS

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

SIGNAL CONNECTION

In general, probes offer the most convenient means of connecting signals to the
7020 inputs. The 7D20 supports all Tektronix probe readout encoding, Refer to the
Tekironix, Inc. catalog for probe selection.

Coaxial cables may also be used to 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 oniy low-ioss, high-quality coaxial cable. Also, cables should be terminated in
their characteristic impedance. If this is not possible, use suitable impedance
matching devices.

INPUT CONNECTORS

These bnc connectors provide signal connection for their respective channels.

VOLTS /BiV (VARIABLE)

The vertical signal component 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) seiects calibrated
vertical sensitivity settings from b5 V/DIV {(counterclockwise) to 5 mV/DIV
{clockwise} in a 1,2,b sequence. The knob settings are displayed on the crt of the
host 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 position.

3857-147

Figure 2-45. VOLTS/DIV readout.
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The VARIABLE control provides continuously variable, uncalibrated settings
between the calibrated sieps 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 voits/division. By applying a
calibrated voitage source to the input connector, any specific vertical sensitivity
value can be set within the range of the VARIABLE control. When the VARIABLE
controt is moved from its detent position, 2 “>" sign (see Fig. 2-46) wili appear in
the display next to the VOLTS/DIV readout to indicate an uncalibrated setting with
greater attenuation,

“nm'

3857-148

Figurs 2-46. VARIABLE VOLTS/DIV readout indicator.

POSITION

This control vertically positions the .signal being acquired into channel 1 and
channel 2 during digitizing. lts range is $10 div fram center screen.

COUPLING (INPUT)

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

AC—This key illuminates 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 component larger than the AC components
above 30 Hz

DC—This key iffuminates when DC coupling is selected. DC coupling must be used
to display the DC component of a signal. It must aiso be used to display AC signais
below about 30 hertz {1G hertz with a 10X probe} and sguare waves with low-
frequency components as these signals are attenuated with AC coupling.

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

provides a ground reference at the input of the 7D20 without externally grounding
the input connectors, The signals connected to the inputs are not grounded, and the
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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 (ACOUIRE) 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 bottom of the waveform and
cursor 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
adjustrment since this wil average out any noise that might be present on the input
signal.

CURSOR 1

3857-149

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

CH2 1INV

The Channet 2 INV key is used to electrically invert signals acquired through the
channel 2 input connector. This function is selected by pressing the CH2 1NV key.
The key will illuminate and a down arrow 1 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
channel 2 wili have the same polarity as the apptied 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 dispiayed
waveform down. The invert function is particudarly usefui in "added” operation
when differential measurements are being made.
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3867 180

Figure 2-48. CH 2 iNVest readout.

ACQUIRE MODE

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

CH1 =1

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

BOTH

When this key is pressed your 7D20 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 into waveform memory 2. The selection of this
mode automatically cancels a previously selected AQR MODE, and memories 1 and
2 are turned on.

ADD o1

This mode enables your 7D20 to acquire the signals connected to both channeal 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 dispiay.
Channel 2 waveform can be inverted for differential mode. Selection of this mode
also cancels any previously seiected 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 22

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 imto 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 s 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 metion during HOLD because the waveform memory
is not being updated with new data. The HOLD function is terminated by pressing
the HOLD key a second time or by pressing AVE B, ENV, ENV §, and HOLD NEXT
{the light will go out).

S (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 f key light wilt go out and the selected function will be implemented.

If the f key is pressed and vou then press a key that has no shift function, the f
key will cancet {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 no longer active.

TIME/DIV

The TIME/DIV control establishes the digitizing rate and digitizing mode {see Table
2-3) of the 7D23. 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 50 nanoseconds. When the TIME/DIV control is
rotated counterclockwise past 20 seconds/div, the 7D20 is set for EXTernal
CLOCKing, and EXT ¢ or EXT{ 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 counterciockwise direction, or past 50 nanoseconds/division in the clockwise
direction will have no effect on the TIME/DIV setting.

DIGITIZING MODES

The 7020 uses four digitizing modes that are automalically determined by the
TIME/DIV setting. Different digital sampling technigues are used in each digitizing
mode to optimize the 7020 performance capabilities depending upen the range of
the TIME/DIV setting. The Roil, Real-Time, and Extended Real-Time modes
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TABLE 2-3
7D20 DIGITIZING MODES
DHGITIZING Number of Number of Number of points
MODE points per triggers required sampled per
TIME/ DIV waveform for full waveform singte 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 ps—2 pus
REALTIME 10624 1 1024
50 ms--BOO us
ROLL, EXT CLK 1024 I 1024
20 s—100 ms

*Not requirad sxcept to terminate HOLD NEXT,

sequentially digitize incoming waveform signais. in these digitizing modes a singie
trigger will produce a full memory of waveform data points in the HOLD NEXT mode.
The Equivalent Time digitizing mode uses random sampling techniques to digitize
higher frequency signals. Consequently, the Eguivalent Time digitizing mode
requires repetitive triggers to build 8 complete waveform in waveform memory.
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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3857-152

Figure 2-50. EXTernal clock readout.

number of waveform data points acguired for each for single trigger events. Refer to
the Operational Theory, Section 3 for a more detailed discussion of the 7D20

digitizing modes.

Extended Real-Time Digitizing (ERD)

In the ERD mode, in order to exiend the real-time digitizing capability of the 7D20,
the resolution is set to 80 points/division and digitizing is accomplished by
intertaced differentiat sampling. (This is described more fully in Operationa! Theory,

TABLE 2-4

Digitizing Mode Bandwidth

Digitizing Mode Bandwidth MNyquist Frequency
{(-3 dB)
ROLL 70 MHz *
REAL-TIME 70 MMz *
EXTENDED REAL TIME:
TIME/ DiV
200 us 100 kHz 200 kHz
00 us 200 kHz 400 kHz
5O us 400 kHz 800 kHz
20 us 1 MHz 2 MHz
10 us 2 MkHz 4 MHz
B us 4 MHz 8 MHz
2 us 10 MHz 20 MHz
EQUHVALENT TIME 70 MHz *
- ist # 100 points/div 50
yaulst frequency 12){time, div) 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 7D20 are functicnally 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 column of
keys. With this arrangement, stable acquisition and dispiay can usually be obtained
by pressing the top keys: P-F, AC, and MODE. When an adequate trigger signal is
applied and the LEVEL control is correctly set, triggered acquisition is indicated by
an ifluminated TRIG'D indicator. If the TRIG'D light is not on, the trigger signal
amplitude is inadequate, or its frequency is befow 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 iluminate 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
foliowing discussions explain the triggering functions and how they are used.

SQURCE

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

MODE—The MODE key causes the trigger source to be determined by the AQR
MODE selection. If the AQR MODE is channel 1, then the trigger source is also
channel 1. f the AQOR MODE is set for channel 2, then the trigger source will
automatically set to channel 2. if the selected AQR MODE is ADD or BOTH the
trigger source is forced to be channel 1. When MODE triggering is selected the
appropriate CH1 or CH2 key will also #luminate. SOURCE MODE will cancel if
another selection; CH1, CH2, LINE, or EXT (+18) is made.

CH1-—This key permits you to sefect the channel 1 input for the trigger source. The
key illuminates when selected and causes the trigger signat to be obtained from the
signal applied to the channel 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 to 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 sampie of the power-line voltage
from the host mainframe to the trigger circuit. Line triggering is useful when the
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input signal is time-related (multiple or submultipie) to the fine frequency. 1t is also
useful for providing a stable display of a line-frequency component in a complex
waveform. The key ilfuminates when this function is selected.

EXT--Selection of this TRIGGERING SOURCE connects the signal from the EXT
TRIG connector to the trigger circuit. However, the external signal must be time-
refated to the displayed waveform for a stable display. An external trigger signal can
be used to provide a triggered display when the internal signat is either toc 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
netwerks, 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
refationship, or waveshape changes of signais at various points in a circuit to be
examined without resetting the triggering controls.

S EXT+10—The EXT+30 function attenuates the external trigger signal by a factor
of 10. Attenuation of high amplitude external trigger signals is desirabie to increase
the effective range of the LEVEL control. This function is selected after first pressing
the F kev, 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 reiection 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 signat, Signals with low-
frequency components below about 40 hertz (nominally -3 dB) are also attenuated.
In general, AC coupling can be used for most applications. if, however, the signal
contains unwanted frequency compenants or if acguisition is to be triggered at a low
repetition rate or dc level, ong of the ether coupling cheices will provide a better
display.

LF REJ-—This key is used with AC coupling to reiect dc¢, and attenuate low-
frequency trigger signais below about 40 kilohertz, 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 coupiing key.

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

DC—DC coupling is used to provide stable triggering from low-frequency signals,

DC coupling can be used to trigger acquisition when the trigger signal reaches a de
level set by the LEVEL controb.

2-100 REV SEPT 82



Operating Instructions—70D20

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 aguisition 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 NORMat mode of triggering. Whenever an adequate
trigger signal is applied and the LEVEL contro! 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. !t is important to understand that when this happens, the displayed
waveform memory contents are from the last triggered acquisition. Conseqguently,
the signal currently being input is not the signal being displayed. The TRIG'D light is
the best indication of this condition since it wili not be illuminated. A new trigger
will initiate a new acquire cycle which will update the wavefrom memeory and
illuminate the TRIG'D light. 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 control 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 loss or lack
of an adequate trigger signal or an incorrect LEVEL contrel setting will not halt
signal acguisition and the updating of waveform memory. 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 mede. 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 reiate to the input waveform. An
adequate trigger signal ends the free-running condition. A free-running condition
can be usefyl 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 control is restricted to
within the peak-to-peak value of the trigger signal. This is the mest frequently used
triggering mode since it provides triggered acquisition for almost any setting of the
LEVEL contrel 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 contral in the P-P mode is between approximately 20% and
80% of the peak-to-peak amplitude of the trigger signal. The LEVEL controf can be
set so that the displayed wavelorm starts at any point within this range on either
slope. The SLOPE control is discussed later in this section. The trigger circuits
automatically compensate for a change in trigger signal amplitude. Therefore, if the
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L.EVEL controf is set to start waveform acquisition at a cerfain percentage level on
the leading edge of a low-amplitude signal, it triggers at the same percentage level
on the leading edge of a high-amptlitude signal if the LEVEL control is not changed.
In this mode an inadequate trigger signal results in free-running acquisition just the
same as described above for the AUTO triggering mode. When an adeguate trigger
signal is again applied, the free-run condition ends and triggered acquisition
rasumes. The P-P mode is particularly usefu! 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 NORMal triggering should be used.

HOLD NEXT—The HOLD NEXT feature of the 7D20 allows you to capture and
digitize single occurring events. The function is activated by pressing the HOLD
NEXT key, which illuminates to indicate that the circuits are enabled to accept a
trigger. Generally, once enabled, the 7020 accepts the next occurring trigger event,
digitizes a fult memory of waveform data, then enters HOLD. However, operation of
the MOLD NEXT function varies somewhat with the differen: digitizing modes as
explained in the paragraphs that follow.

in the roil digitizing mode (20 S/div to 100 ms/div and EXT CLOCK) & hold-off
period ocours when HOLD NEXT is activated, which allows the timing circuits to be
enabled. During the hold-off intervat a screen full of waveform data will roll past
before a trigger will be accepied. 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. If the TRIG
POS is set for O a fult 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 accurs, only &
divisions of waveform data will rol! across the screen before HOLD is entered.

When the 7020 is in the reai time (50 ms/div 1o 0O us/div) or extended real time
{200 ps/div to 2 us/div) digitizing modes and HOLD NEXT is active (the HOLD NEXT
key iluminated);, the 7D20 will accept the next trigger event, {the TRIG'D light
iHuminates when this occurs), digitize a full memory of waveform data, then
automatically enter HOLD. When HOLD is entered, the HOLD NEXT key lght
extinguishes and the HOLD key illuminates.

In the equivaient 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 aliows for this by accepting muiltiple triggers till enough waveform data
points are accumulated to build a complete waveform, at which time HOLD is
entered. The TRIG'D light stays illuminated (unless repetition rate is siow) during
the accumulation intervai 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 eguivalent time digitizing range.

When HOLD NEXT is activated over the GPIB, the 7D20 issues a service request
{SRO) when MOLD is entered. This provides notice to the controlier that a HOLD
NEXT acquisition has been completed. Refer 1o Section 4, GPIB for more
information.
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TABLE 2-5
Equivalent Time Digitizing Mode Trigger Requirements

THEE/DIV Number of MINIMUM Average number
points per trigger triggers to of triggers to

buitd a waveform | build a waveform
1 s 20472056 5 11
500 ns 1027103 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 illuminates when selected and causes the trigger circuit to respond to the
positive-going portion of the trigger signai. Conversely, when the key is not
#luminated the frigger circuits respond 1o the negative- going portion of the trigger
signal (see Fig. 2-51}). When several cycles of a signal appear in the display, the
setting of this switch is often unimportant. However, if only a certain portion of a
cycle is to be acguired and displayed, correct SLOPE selection is necessary to
ensure that acquisition begins on the desired slope of the input signal

3867-153

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

This indicator fight iluminates 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 control
clockwise until a stable display is obtained. Refer to the Qperational Theory, Section
3 for a discussion of aliasing.

LEVEL

The LEVEL controf 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 point 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 signai.

The LEVEL centrol range is approximately 6.4 divisions in the AUTO and KORM
TRIGGERING MODEs. Refer to TRIGGERING MODE in this section for level range
information in the P-P MODE.

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

©TRIG POS®

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 2-52. A full 10-divisions of pre-trigger can be displayed
by moving the trigger position fully fo the right of its zero position. in the opposite
direction, the trigger position can be moved to the left of zero 10 achisve up to 1500
divisions of post trigger. When a TRIG POS key is pressed and held, the trigger
position automatically stops incrementing or decrementing when its limit is
reached. Likewise, when moving it back toward zero by pressing and holding the
apprepriate key, the trigger position automatically stops at zero. Trigger position O
on the graticule includes several points of pretrigger data prior to the graticule line.
In the extended real-time mode 10 pretrigger points are shown, and in the digitizing
modes, 12 points of pretrigger are dispiayed.

2-104



Operating Instructions—7D20

HORIZ POSITION

This control adiusts the horizontal position of all the waveforms. The HORIZontal
POSITION corntrol has a calibrated detent at the clockwise end of rotation. This
ensures that the TRIGger POSitions are Hned up with the graticule lines as
indicated in the readout. The range of the HORIZ POSITION control is plus or minds
about 2 divisions.

VECTCR

Acquired waveforms are stored in waveform memory as data points, These data
points are disptayed as a series of dots that represent the digitized waveform data
points. As these dots become separated vertically it sometimes becomes difficuit 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 stilt easily discern
the waveform data points because they appear intensified with the VECTORs on.
VECTORs are particularly useful when viewing waveforms in the ENVelope mode.

MEMORY DISPLAY

MEMORY DISPLAY keys 1 through 8 contral the display of the 7D20 waveform
memories. Six memory registers in the 7020 are dedicated to the storage of
waveform data. Each waveform memory register is functionally divided into three
segments. One segment stores the waveform data points. A second segment of the
waveform memory stores the original conditions under which the waveform data
was acquired, such as the vertical sensitivity and the time/division. A third segment
of the waveform memory stores information cencerning the “display conditions” for

3857-155

Figurae 2-52. Trigger POSition readout.
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the waveform such as the vertical position (up or down), vertical expansion or
compression, versus, cursor position and horizental magnification. The contents of
any waveform memory can be displayed by pressing its corresponding {1 through 8}
MEMORY DISPLAY key. When pressed, the numbered MEMORY DISPLAY keys
iHluminate to indicate that the memory is being displayed and the respective
waveform memory number appears in the upper ieft 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 lght and clear the waveform from 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.

3857-158

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

CoPY

This key permits you to copy a8 waveform from one memory to another. When a
waveform is copied from one waveform memory to ancother, all the associated
acquire conditions and disptay conditions are copied too. To do this, press the COPY
key: the COPY key will start blinking and a prompt wiit 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 dispiayed, 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 waveform. At this point, the waveform wili have been
copied into the chosen waveform memory and the COPY key will cease blinking and
stay off. The prompt will now show the number of the waveform memory inte which
you just copied the selected waveform in place of the blinking, secend number sign.
Press any other key and the copy prompt will disappear from the dispiay. A copied
waveform will not be displayed unless the memory it was copied into was being
displayed before the copy was made.
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3857-167

Figure 2-54. 7D20 COPY prompt.

It should also be noted that when a waveform is copied into a waveform memory,
any information previcusly stored in that memory will be cleared and consequently
lost.

CswW

The CSW (CurSor Waveform) sefect key allows you 1o select any one of the six
waveform memories as the cursor waveform. When pressed, the CSW key will
bagin 10 blink and the previous cursor waveform number in the CSW prompt wilt 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 witi reflect the newly selected CSW number 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 ailows you to
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 BEF key is activated after first pressing the
J key. Once selected, the REF key will illuminate and the reference waveform will
be displayed and an R will appear in the DSW readowt as shown in Figure 2-565.
Cursors on the displayed reference waveform wiil 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.

Jermination of the MMAG or VS mode will extinguish the REF key ilumination,
however, the REF state is retained in memory and will be enabled if the HMAG or
VS moede is entered again. The REF state can be terminated by pressing the J key
then pressing the REF key. This aiso extinguishes the REF key iHumination.
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HMAG (Horizontal Magnify)

The cursor waveform can be magnified {expanded) horizontally 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 iater under cursors and magnified waveforms, any portion of the
magnified cursor waveform can be positioned within the viewing area of the dispiay.
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 con both
versions of the wavefarm.

The HMAG key itluminates when the function is active. Press the key to select.
Press again to terminate-—the light will exitinguish. The HMAG function wiil aiso
terminate if the VS mode is selectad.

3857.178

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

F, HMAG ALL

This function causes all displayed waveforms to be horizontaily magnified 10 times.
This is a shift function of the HMAG key. As such, the  key must be pressed and
iHuminated and the HMAG key biinking, before this function can be selected. When
the ALL function is active and the HMAG key is pressed without first pressing the
key, only the cursor waveform will be unmagnified. Since the cursor waveform is
not magnified the HMAG key light will extinguish, Press the key again {without first
pressing the f key} and the curser waveform will again be displayed magnified and
the HMAG key will again illuminate. To cancel the ALL function, press the f key
first, then press the ALL key. The cursor waveform wilf also cease to be magnified if
the VS mode is selected.

Vs

This key aliows you to display the cursor waveform versus another waveform (or
versus itself) rather than versus time. When the function is active, the 7020
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 2-68. The X in
the prompt wiil be the number of the cursor waveform and the # will be blinking.
Next, press the number of the selected waveform. The cursor waveform wilt be
displayed vs the selected waveform, and the C8W information at the bottom of the
display will indicate that the cursor waveform is being dispiayed VS the selected
waveform {see Fig. 2-59). The cursor waveferm information at the bottom 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.

3867-159

Figure 2-58. Cursor Waveform VS {Versus) prompt.

3887-160

Figure 2-58, CSW versus readout.
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CURSQORS

Each waveform memory has associated with it two cursors 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 waveform data peints.
When in HMAG or VS modes and with the REFerence waveform displayed, cursors
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 on the cursor waveform wili cause identicat 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
IMDEPendent mode 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 singie press of a cursor movement key
wiil cause the associated cursor tc move to the next adjacent data point on the
waveform. Continuous movement of the cursor wilt result if the key is pressed and
heid. The following rules apply o the cursors and their use:

® Cursor 1 is always on.
@ Cursor 1 can be moved to 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 18 moved
toward the end of the waveform.

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

NOYE

If cursor 2 is sufficiently separated from cursor 1, it may not appear on
the magnified portion of a waveform in the HMAG mode. This can be
more easily observed f the REFerence waveform s turned on.

CURSOR COORDINATES

The kind of cursor coordinate information displayed on the crt depends on whether
cursor 1 is on by itseif or ¥ cursor 2 is on also. When cursor 2 is off, the displayed
cursor coordinates give both the vertical position and the horizental time value of
the waveform data point where cursor 1 is located as seen in Figure 2-60. The
vertical position i given in voits with respect to the VZR {vertical zera reference)
value. The horizontal time value is given with respect to the trigger position. This is
also true whenever the REF waveform is displayed. In the VS mode {without the
BEF waveform), the display gives only the vertical coordinates of the cursors on
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waveforms 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.

3857-141

Figure 2-860. Cursor coordinate readout,

3857-162

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

in the ADOM cursor mode, cursor 2 is turned on. 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 inn Figure 2-62. When the VS mode is selected, the dispiay gives
the vertical value of cursor 2 reiative to cutser 1 for both X and Y waveforms.

CURSORS AND MAGNIFIED WAVEFORMS

Whaen viewing an unmagnified cursor waveform, the entire length of the waveform
is visibie 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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3887-163

Figure 2-62. Cursor coordinate readout when both cursors are on (AOR).

visible. So as to stilf be able to examine the entire magnified waveform, the
foliowing 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 iast data peint comes into the display area. Cursor 1 then resumes
movement till 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 singe the cursors appear on both the magnified curser waveform and the REF
waveform.

CURSOR 1

3857-164

Figure 2-63, Cursor 1 location on HMAG'd Waveform.

G0

These two slewing keys move cursor 1 in the direction indicated by the arrows.
Pressing either of the keys once will cause cursor 1 to move to the next data point in
the direction indicated. Continuous movement of cursor 1 results when a cursor
movement key is pressed and held. When the iast data point is reached, in either
diraction, 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 once will cause cursor 2 to move to the next data point in
the direction indicated. An exception is when curser 2 is co-incident with cursor 1§
or when cursor 2 is at the end of the waveform ({last data point). Continuous
movemeni 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.

ADN AQFF

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

INDEPendent

This is an shift function of the $2 key. Selaction of the IMIXEPendent mode permits
you to move the cursors on the cursor waveform 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 illuminates when selected. The INDEPendent mode is
cancelled by selecting the ALIGM mode.

ALIGN

This is an shift function of the cursor 22 key and its selection must be preceded
with a press of the f key. Selection of the ALIGN mode illuminates the ALIGRN 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 movernent of the cursors on all other waveforms, The ALIGHN 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 to:
8, 18, 32, 64, 128, or 256. The SET N key illuminates when pressed and "SET N=
{eurrent value of N1?” appears in the display as shown in Figure 2-84. Press the SET
N key again and the value of N will incrament to the next higher vaiue. if the SET N
kev is pressed and held, the value of N will cycle through the above sequence of
numbers in the dispiay. Simply release the key when the desired value of N appears.
SET N is terminated by selecting any other key and the vatue of N is retained.
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3847165

Figure 2-64. SET N readout prompt.

AVE

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

When the AVE key is pressed it will illuminate and the 7D20 wili begin to
continuously display averaged waveform data. The vaiue of N will 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 figld will indicate that the number of averages is greater
than N (see Fig. 2-65).

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

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
peints. The next point displayed is the average of these “in between” samples. See
Table 2-8.

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 H ¢
1s 20

2s 40

5s 100
10s 200
208 200
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 atiows 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 M, ENV, or ENV N will also terminate AVE with
the following resuits:
HOLD-—immediately stops signal acquisition, terminates the AVE function and
extinguishes the AVE key. The display readout will indicate the total number of
averages accumudated, or greater than N.

HOLD NEXT (TRIGGERING MODE}—Aliows one meore triggered acquisition
then entars HOLD with the same effects as the MHOLD key.

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

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

tf the VOLTS/DIV, TIME/DWV, or TRIG POS are changed, the AVEraging restarts and
discards previous information.
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Algorithm: For B0 ms/div > TIME/DIV 2 80 ns/div (Not ROLL mode).

W3 (m) =0 For m = 0,1,..1023

For n = 1,2,..N

W3 (m) = Wi (mMHW (m)-Waa (mibg.

where q = 2¥% INT {Logz {1.443%n)]

W4 is the averaged stored waveform after n acquisitions
W is the n™ acquired waveform

For n>N

W2 (m} = W1 [mH+Wa (m-WE1 (mi/N

/., AVE N

This shift function of the AVE key is selected after first pressing the f key. AVE M is
the same as the AVE function except when N {current setting of SET N) averages
have been made, the 7D20 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. Should you enter HOLD before N averages occur, the
readout prompt will give the total reached. AVE N accumulates complete waveform
records, therefore Roll operation is suspended for TIME/DIV settings 2100 ms.
When the AVE ™ function is initiated over the GPIB, the 7D20 issues a service
request (SRQ) over the bus when HOLD is entered. Refer to Section 4, GFIB.

ENV

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

Press the ENV key and the 7D20 will 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
acguisition. The dispiay is updated after each acquisition in a continuous process.
The number of processed acquisitions is shown in the display (see Fig. 2-66})
Selecting the ENV function will cause the ENV key to illuminate and, at the same
time terminates the AVE, AVE N, SET N, ENV }, 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 kMz rate {1 kMz 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 peints displayed are the maximum and
minimum of these “'in between” samples.
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TABLE 2.7
Mumber of Points Averaged for Each Max and
Min Pair of Displayed Points in ROLL Mode

THARE /DIV Digitized Points/Max-Min Pair

100 ms 4
200 ms

500 ms 20

is 40

2s 80

bs 200

10s 400

20s 800

EXT 200

This mode can be used to capture and process a signal pulse width of 50O us or
less. Refer to Section B, Application 3, Monitoring interceliular Neuronal Discharge.

ENVeloping in the ROLL mode using the EXTernal CLOCK input atlows 100 sampies
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 M keys with th
foliowing results:

3867-167

Figure 2-66. The ENV readout.
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HOLD-—tmmediately 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 defayed until after
the completion of the next acquisition.

GND—Terminates the ENV function and redefines VZR.

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

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

Algorithm: For 100 ms/div 2 TIME/DIV 2 B0 ns/div (Net ROLL mode).
For n = 2 to infinity.

WE = Max [Wht (m), Wn {m)] m = 0,2,..1022

WE = Min W81 (m}, Wri{m)] m = 1,35,..1023

where W&%(m} is the m™ point of the constructed envelope waveform
after n acquisitions.

Wa () is the m™ point of the n™ waveform acguisition,

1

J . ENV N

This shift function of the ENV key is selected after first pressing the f key. ENV N
operates the same as the ENV mode except when N {the current seiting of SET N}
envelopes are accumulated, the 7020 automatically 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 zerc count, HOLD is automatically entered and the readout
prompt will indicate the total number of envelopss.

Should HOLD be initiated before N envelopes occur, the total number reached will
appear in the readout prompt. ENV M accumuiates complete waveform records,
therefore Roll operation is suspended for TIME/DIV settings 2100 ms. When ENV R
is initiated over the GPIB, the 7D20 issues a service request {SRQ) when HOLD is
entered. GPIB operating information is contained in Section 4, GPIB,

S, 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 wilt generate an
SRO (service request) over the GPIB, The key will iluminate when you do this. A pol
by the GPIB controller will subsequently extinguish the illuminated key and cancel
the SRQ.

A power-up SRQ is generated as part of the power-up sequence when power is
appiied to the 7D20. if the 7820 is in the GPIB mode and ON LINE, the key will
extinguish when the 7D20 is polled by the centroller. Refer to Section 4, GPiB.

/ RQS #

Allows setection of 6 unigue SRC event codes when the 7D20 is operating over the
GPiB. This sends a predetermined status byte. Refer to Section 4, GPIB for
informatior concerning GPIB operation.

REMOTE ONLY l(indicator)

This indicator light Hluminates 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 centrols are inactive except for the RQS
functions, the variable VOLTS/DIV, HORIZ POSITION, and ID monitoring of GPIB
selections.

ID (ADDRed Indicator)

The D key, when pressed, causes the ID menu to appear in the display as shown in
Figure 2-87. The ID menu is used for manually establishing the MODE
TERMINATION, and ADDRESS for GPIB operation of the 7D20. The ADDR
illuminates when the 7D20 has been addressed as a Talker or Listener. Refer to
Section 4, GPIB, for further information.

NOTE

The firmware version displayed in these iltustrations may differ from
those displayed for your 7D20, and are shown for positional reference
only.
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3857-1983

Figure 2-67. 10 MENU,

EXT CLOCK

This bnc connector permits the cennection of an external clock signal to the 7D20.
The 7020 can accept a maximum clock rate of 10 kMz. In order for the EXT CLOCK
connector to be functional, the TIME/DIV switch must be set to the EXT position by
turning it counterclockwise until the readout indicates EXT 4 or EXTY in the upper
right corner of the display (see Fig. 2-68). The arrow indicates the EXT CLCCX edge
polarity. Clock edge polarity is selected via item 4 on the UTILITIES menu. Press
MEMORY DISPLAY key 4 when the UTHLITIES menu is displayed and the EXT CLK
prompt will appear in the display. Press MEMOQRY DISPLAY key number 4 a second
time and the arrow {indicating the 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 displayved.

3857168

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 7D20.
In 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 7D2G to operate over the
GPIB. Information for GPIB operation is contained in Section 4, GPIB.
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OPERATIONAL THEORY

THIS INFORMATION IS NOT REQUIRED FOR OPERATING THE 7D20

BLOCK DIAGRAM DESCRIPTION

The following description presents an overview of the operation of the 7D20. Figure
3-1 is an overall block diagram of the plug-in. A discussion of the operation of the
charge coupted 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 Programmabie Digitizer performs analog to digital conversion, waveform
storage, and dighal 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 signai according to the
setting of the front-panel VOLTS/DIV control. It then ampiifies the signal, converts it
into a differential signal and apples it to the CCD circustry.

The Charge Coupled Device (CCD} circuitry takes analog samples of the input signal,
and passes them to the A/D converter for conversion into digital values. (See the
foliowing 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 memery, which consists of digitai
memory and controt circuitry. The Waveform Memory is used to store acquired
waveferm data from the A-to-D converter, and as a source of data for display on the
mainframe crt. in addition, the microprocessor accesses the Waveform Memory to
perform operations such as waveform averaging, GPIB data transfer, cursor
measurements and sterage of data for readout displays.

The Display circuitry receives digital display data from the Waveform Memory and
converts i to analiog dispiay signals {vertical and horizontal), which drive the
mainframe vertical and horizontal display amplifiers, toc produce the mainframe crt
display. The Dispiay circuitry produces four types of displays: Y versus time, Y
versus X, alpha-numeri¢ characters, and cursors. Display setup information from
the microprocessor determines the dispiay mode. Timing signals from the Time
Rase circuitry synchronize the Display with the Memory access time slots.
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Figure 3-1. 7D20 Overall Block Diagram.

3-2



Operational Theory—70D20

£¥1 CLooK

TANGAND 4% PGRT GE1R

TIMESASE

SWITOHES
AN M1 ERAPROCESSOR

INGECAYIRS @

& @

cLaes

[ ot

=g

07

SRR

sl

i
SUMFRAME

[
nemgRy crsmar G

ont;

3857-2338B4

Figure 3.1 (cont]. 7D20 Overalt Biock Diagram.

REV SEPT 82 3-3



Operationatl Theory—7D20

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 signals, 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
signat, fine and external trigger signal. The trigger source, coupling, mode, level and
slope can be selected from the front panel or externally programmed.

The Fime 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 acquisition and
disptay. These sighals 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 controf informatien from the microprocessor, and
in turn, transmits trigger and timing data back to the microprocessor for use in
setting up and controtiing the Memory and Display circuitry.

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

CHARGE COUPLED DEVICE (CCD) OGPERATION

A charge coupled device (CCD} is an analog shift register. Each CCD used in the
7D20 containg 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 1o a register, a sampie 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 celt to cell, until it is applied to the output amplifier and
subsequently to an analog-to-digitai (A-to-D) converter.

DIGIMIZING MODES

The Time Base circuitry has four basic modes of operation: roli, 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 8 1K
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3867-402
Figure 3-2. Simplified Block Diagram of Charge Coupled Device {CCDY
TABLE 3-1
Summary of Time Base Modes
Time Base Mode Time/ Div hSampies )
Range Displaved/ Div

Roll Continucus 20 s to 100 ms 100
Real-Time Digitizing
Real-Time Digitizing 50 ms to 50O us 10C
£xtended 200 ps to 2 us 80

Reat-Time Digitizing

Equivalent Time Digitizing 1 us to B0 ns 100

biock of the Waveform Memory at a rate determined by the time/division setting.
For example, at a time/division setting of 0.1 s/division, samples are stored in the
Waveform Memory at a rate of 1 kiz:

et — = G 1g/div = 1000 samples/sec = 1 kHz
Thus, every 400" sample that the CCD takes is stored in the Waveform Memory.
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When the 1023 memory location is filled, the Memery circuitry wraps arcund to
location 0, 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 sampie acquired, such that the cri dispiay
is continuously updated with the 1024 most recently acquired sampiaes, which in
turn produces the strip-chart effect.

in the roll mode, a trigger is not required when the frent-panel TRIGGERING MODE
is set for P-P, AUTO or NORM, since the Waveform Memory is continuously being
filied with new waveform information, which is in turn being displayed on the crt. in
the HOLE NEXT mode, 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. 3-38), the CCD also continucusly
samples the input signal at a 400 kHz rate. The A/D converter digitizes each sample
and seiected samples of the signa! are stored in & 1K block of the the Waveform
Memory, again at a rate determined by the time/div. When & trigger occurs, the
storage of waveform samples continues until 8 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
determinas 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 signal is
atways 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 untit the samples stored in the CCD correspond to
the selected amount of pre-trigger or posi-trigger desired. The samples held in the
CCD are then shifted out at a 400 kHz rate, digitized by the A/D converier, 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
secend waveform is written into another block of the Waveform Memory, and the
Display circuitry displays the most recently acquired waveform.

As the time/division settings are increased in the ERD mode, the CCD samples the
signal at a much faster rate than the acquired waveform is digitized and written into
memory. This mode of signal acguisition is thus called fast-in, slow-out.

Also, the two CCD channels sample the signal in a slightly different manner in the
ERD mode. Intheroll, RD and equivaient time digitizing modes, both CCD registers take
a sample of the signal simultanecusly. In the ERD mode, the two CCD registers take
alternate samples of the signal.
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This technigque is used to increase the real-time signal acquisition capability of the
7020. 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
resclution in this meode is reduced from 100 sampies per division to 80 samples per
division. In addition, as the samples are alternately shifted ocut 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
smoecth function.

Shown in Figure 3-5A is a sampled waveform in the ERD mode where alternate
samples 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-BB. As shown in Figure 3-5C this convolution is equivalent to passing
the input frequency spectrum through a filter with the frequency response Hiw).
Hies), the Fourier transform of the convelving function hit}, is shown in Figure 3-5D.
Note that at one-half the Nyquist frequency, the frequency response is -3 dB. Of
course frequencies beyond the Nyquist frequency must be eliminated or aliasing will
occur as with any digitizing system. As shown in Figure 3-5E this bandwidth limiting
reduces the system rise time shown in the waveferm step response.

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

TABLE 3-2
ETD Mode
Ne. Points Acquired
TIME /DivV per Trigger Event
1 s 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 Memaory
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 sample clock and the signal being measured are
asynchronous, so a complete representation of the signal is built up after 8 number
of trigger events.

Since a number of trigger events are required to create a waveform in the ETD
mode, a coemplete 1024 point waveform can only be created when measuring
repetitive signals, Since multiple points are taken from each trigger event the 7020
can digitize a compiete waveform from a low repetition-rate sighal much faster than
products that digitize only a single point per trigger.

WAVEFORM DISPLAY

Waveform displays are produced by converting 8-bit vertical waveform memory data
to analog signals. Hardware processing is appiied for scaling, positicning, vector
filtering, and conversion to a differential signal for driving the mainframe verticai
interface ampiifiers. Horizontal deflection is accomplished by digital to analog
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 avaiable for Y wversus T waveforms. The
analog horizontal signal is also processed for vector displays and conversion to a
differential signal for driving the mainframe horizontal interface amplifiers.

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

TABLE 3.3
TD20 Waveform Display Position
HORIZONTAL POINT # HORIZONTAL
GRATICULE BIT LEVEL
DIVISION 1024 P/W 820 P/W (VS mode}
-0.125 e 0 —_
~-0.12 0 e 0
0 12 10 3
1 112 a0 28
2 212 170 53
3 312 250 78
4 412 330 103
5 512 410 128
6 812 480 1563
7 712 570 178
8 B2 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)
g 912 730 228
10 1012 810 253
10.08 s e 255
10,11 1023 e P
i0.1125 — a19 —
VERTICAL VERTICAL BIT
GRATYICULE LEVEL (VXPD,
DIVISION VCMP OFF)
5.08 255
5 253
4 TOP GRATICULE 228
3 203
2 178
1 153
4] CENTER GRATICULE 128
-1 103
-2 78
-3 53
-4 BCTTOM GRATICULE 28
~H 3
~-5,12 o}




GPIB

INTRODUCTION

¥ you have read the previous sections of this manual, you are now familiar with the
basic front panel operation 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 to the added capabilities that accrue from interfacing the 7D20to a
computer. The 7D20 uses the IEEE-488-1878 (GPIB} interface standard, which
allows easy commurtication with most computers and other programmable devices.
Tabie 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-488-1978), 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 7D20 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 to 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 wavefarm locations. This allows the acquired signal to be sent to a
computer for processing or storage. Sending a stored waveform to the 7D20 allows
the user to view the current signal against @ known reference or against a limit
waveform, The 7D20 is capable of transferring waveform data in both ASCIl and
Binary format {see Data Transfers in this section).

Nine Separate User Requests. The 7D20 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 ldentify buttons on the body of the PGO538B Probe.
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One example where the user request functions are useful 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 troubleshooting a probiem. When the “DEBUG ON”
command is received, all command data sent to the 7D20 is displayed onthe crt. f a
syntax or functional error is detected by the 7D20, an errov statement indicating the
detectad problem is displayed just after the error.

SECTION CONTENTS

This section consisis 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 GPIiB functions (address, terminator, etc.).

Massages. This part discusses the 7D20 command and query syntax. The various
waveform transfers are covered indetail, along with the text and readout formats. In
addition, the 7D20 response to |EEE-488-1978 defined interface commands is
discussed.

Service Request. This part discusses the capability of the 7D20 10 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 gueries,
and includes the exact syntax for each.

Sample Programs. To help the user get started in programming the 7D20, this
part incltudes routines for both the Tektronix 4041 and 4050-series controliers. For
each type of controlier, both 1/0 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-paraliel, byte-serial format. The bus consists of eight data lines, three
handshake lines, and five bus management lines. The handshake lines permit
asynchronous operation among instruments having different data transfer rates, so
long as all conform to the handshake state diagrams and other provisions of 1EEE-
488. 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 both (see
Fig. 4-1). To maintain the electrical characteristics of the bus, a device load must be
connectad for each two metres of cable, and at least one-half the devices on the bus
must be operating.
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{2}

F E

{PREFERRED CONFIGURATION} 3

£2873-30

Figure 4.1. GPI8 system configuration.

A minimum GPIB system for the 7D20 consists of the 7D 20 and a GPIB controlier
{e.g., & Tektronix 4050-series controlier). 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 o the 7020 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 seff-test routine is automatically invoked. At
the completion of a successful test routine, the 7D20 comaes on line with the same
settings that existed when power was removed, with sorne exceptions. Power-up
conditions are discussed more fully in Section 2 of this manual. '

The 7D20 performs a self-test routine that tests 63 circuit modules. i a fault
condition is detected, an SRQ {service request} is generated with an Internal Error
status byte. An event guery may be used to determine the specific module at fault,
The controller may then issue a command to continue or exit the self-test routine.
When 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 front-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 seif-test.

NOTE

1. The colored characters in the commands are what the 7D20 will
accept as command abbreviations. See Command Usage later 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 osciloscope in
which the 7D20 is instaited. The keys that are used for function selection are:

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

The selection process is initiated by pressing the front-panel 1D 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 cccurs, ali changes that were previously input
are implemented, unless the 7D20 is in REMOTE ONLY. if so, the prompt "UPDATE
IGNORED"" wili appear on screen. This prevents the bus from being changed during
the selection process. Figure 4-2 illustrates the display when 1D is pressed.
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2day
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vhe L

3857-302

Figure 4-2. Function selection display.

NOTE

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

ADDRESS SELECTION

Te select the GPIB address, press front-panel key #6 {MEMORY DISPLAY). The
prompt field will display the current GPIB address as “ADDR=<addr>?". The
guestion mark and key #6 wil! both blink. Repeatedly pressing key #8 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 dispiay when the GPIB address is 13.

3857-303

Figure 4-3. Address salection 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 guestion mark
will blink. Repeatedly pressing the key alternates the terminator between EOI and
LF/EOL Refer to controller manual for proper terminator choice.

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

3857-304

Figure 4-4. Terminator selection display.

MODE SELECTION

To select the GPIB mode, press key #4. The prompt field on the oscilloscope 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.

PRESS ID TO UPDATE & EXIT
ND UPES : REMOBTE OMLY

1 1wg VIR 6.9

3857-305

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 tabie is arranged in B421 binary code.

TABLE 4-1
MEMORY DISPLAY Keypad Code
indicated Function Keypad
4 z 3 4 5 G

Select Mode

OFF BUS 0 0 ¢ B 0 0

TALK ONLY 1 O 0 B 4 0]

LISTEN ONLY G 1 0 B e 0

TALK/LISTEN 1 t [¢] B e} O
Select Terminator

LF or EOI 0 8] 1 4] B ]

EOH o} 0 0 0 a 0
Select Address

30 0 1 1 1 1 B

29 1 4] 1 H 1 g

Binary Address AD 1 A1 A2 | A3 | Ad 8

1 1 0 0 0 o B

o 0 4] 0 [¢] 8] B

1 - ON; 0 = OFF; B = blinking

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

REMOTE AND LOCAL OPERATION

The 7D20 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-panel information and GPIB information sources. The 7D20 will,
however, execute ail GPIB commands and queries regardless of the remote-tocal
state.

Each front-panel control on the 7D20 generates a local “rtf’’ message when used. I
the 7D20 is in either LOCS {local state) or LWLS {local with lockout state), the front-
panel function will be executed. If the 7D20 is in RWLS (remote with lockout state}
only GPIB commands are executed except for the following functions: probe

4-7



GPIB--7D20

encoding, probe identify, ROS, ROS#H, and monitoring the status of the GPIB
selection via the ID pushbutton. Also, the HORIZONTAL POSITION and VOLTS/DIV
VARIABLE contrels operate unless set to calibrated status via GPIB commands.

INDICATORS

The front-panel ADDR (addressed) indicator lights whenever the 7020 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 State) The front-panel SRQ indicator lights when a 7D20
service request is generated. This is cleared by a poll of the 7D20 by the controller.
The REMOTE ONLY indicator lights when the 7D20 is in RWLS (Remote With
Lockout State).

GPIB INTERFACE FUNCTIONS

tEEE-488-1978 defines the GPIB interface functions and the allowed subsets of
these functions, The subsets that apply to the 7020 are listed in Table 4-2. Refer to
IEEE-488-1378 for more definition regarding the functions.

TABLE 4-2
7020 GPIB Interface Functions

lnterface Function Subset Capability
Source Handshake SH1 Complete
Accepior Handshake AH1 Complete
Talker 75 Complete {no secondary addressing)
Listener L3 Complete {nc secondary addressing)
Service Reguest SR1 Complete
.F!emote l.ocal RL? Complete
Paralte! Poll PPO None
Device Clear BCy Complete
Device Trigger DT Complete
Controiler Co None
Electrical Interface E2 Tri-state
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MESSAGES

GPIB messages fall into two major classes: Interface messages and device-
dependent messages. Interface messages are sent by the GPIB controller to alt
instruments on the hus to control the functions of each instrument interface.
Device-dependent messages (e.9., instrument commands, data, etc.) may be sent by
an insirument on the bus to any other instrument on the bus, Refer to Figure 4-6,
which iliustrates the relationship of interface messages and device-dependent
messages.

INTERFACE
FUNCTIONS
I ATN l
DEVICE-DEPENDENT
MESSAGES
f ' DEVICE
DEVICE i FUNCTIONS
FUNCTIONS | e 4080-SERIES
e.g. 7020 i ] GRAPHIC
i ATN SYSTEM
! INTERFACE f
| MESSAGES [
| l
! t
€2873-303

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

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 ASCH 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 taik 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 ansmit its data. Similarly, My Listen
Address (MLA} and ATN telis a device to listen to the data sent by a talker.
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SERIAL POLL ENABLE COMMAND (SPE}

The controlier uses other kinds of interface messages for other tasks. One is the
Sertal Poll Enablte command {SPE), which is used with the service request function.
Assume that an instrument asserts SRQ when it completes acquiring data. The
controller must peolt all devices on the bus, since any one or all devices can assert
SRQ. Fo conduct the seriat poli, the contreller sends SPE, a universal command,
then addresses each device in turn as a tatker and reads a status byte from each.
Any device asserting SRQ aiso asserts DIO7 of the status byte to inform the
controller that it is actively requesting service. The remainder of the status byte tells
the controfter why it is requesting service. {For more information on this topic, refer
io the service request 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 (DCL)

The controller issues the Device Clear message {DCL) to initiatize internal functions
of devices on the bus. DCL is a universal command that applies to all devices. ks
effect on each instrument, however, is decided by the designer, who can choose to
initialize any device function to any state that suits the purpose of the instrument,

The 7D20 complies with all requirements set forth by IEEE-488-1378 with regard to
the Device Clear function. When Device Clear is accepted, the following occurs:

1. All bus communications in process are terminated without untalking or
unlistening the 7D20.

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

4, Input and output buffers are cieared.

SELECTED DEVICE CLEAR (8DC)

The 7020, i listen-addressed, responds to a Selected Device Ciear (SDC) in the
same way as described for Device Clear.

INTERFACE CLEAR (IFC)

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

Device-dependent messages, which are 7020 commands, data, etc,, are sent from
the conttoller or another davice {talker) io one or more other instruments {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 communications with the 7020.
The symbols are defined as follows:

< > Defined element

= s Defined As

} Grouping

] Opticnal, May Be Omitted

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

i
[

INTRODUCTION

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

COMMAND USAGE

A command can be one of two types: The first and more complex is iustrated by
Figure 4-7. Note that muitipie arguments are permitted if separated by a comma.
The command consists of a header, followed 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

VALUE g

HEADER

3867-328A

Figure 4-7. Complex command format diagram.
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functions, For exampie, the Channel 1 Vertical Amplifier has four functions;
Volts/Biv, Position, Coupling, and Variable. The command:

CH1 VOLTS: 2, POSITION: -1, COUPLING: AC, YARIABLE: 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 invelved, Examplas are:

DEBUG ON
RQS ON
INIT ALL

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

HEADER @ ARGUMENT

3867-3294

Figure 4-8. Simple command format diagram.

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

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

and the channet 2 voits/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 t¢ be sent.

The numeric arguments acceptable to the 7020 comply closely with the ANS] 3.42

Standard on Representation of Numeric Values in Character 8trings for information
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interchange. The three data types are -integer (NR1), Hoating-point {NR2), and
exponential notation {NR3). In alf three types, the 7D20 will not send numeric
representations of zero that contain a minus sign. NR1, NR2, and NR3 data can be
used interchangeably anywhere within the 7D20 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 itllustrates the NR1 data format.

¥
¥¢® }:QJ [ pe  DIGH oo
A
O~
<NRi> u= [ 8P ... 1 <SIGN> | <DIGIT> , . .
<SIGN> = + | -
<DIGIT> x= 01l 112131 4iB1617!818
3857 308

Figure 4.9, NR1 data format.

NR2 #oating-point representation is most useful for numeric date where the range
of data output is timited 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 controller 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 foliowed by a "7, then one or more arguments, A query
consisting of only a header foliowed by a question 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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12 }e
\E /<7

w
- =%
5 3
DIGIT BDHGIT
) 1

<DIGIT> . . . 1]

<POINT> 1= . { decimal point )

ki ¥
DIGIT DIGIT
<NR2Z> = { 8P ., . ][ <SIGN>] {{ <DIGIT> . . . <POINT>

[ <DIGIT> ... 11! {[<DIGIT> . ..} <POINT>

3857-309

Figure 4-10. NR2Z data format.
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—(-) )
] MRZ ——ba@— Yu! piom
: A

w

<NR3> = <NRZ> <EXRAD>
<EXRAD> ;= B <EXRAD SIGN> <DIGIT> [ <DIGIT> .. . ]
<EXRAD SIGM> uz + | -

While talkers must follow the NR3 syntax above, listeners must accept an
MR1 ahead of the EXRAD and representation which omit the EXRAD sign.

38567.310

Figure 4-11. MR3 data format,

syntax as commands. Most responses can be sent directly back to the T020 as a
command 1o set up the identical condition that existed when the response was
generated. Some responses indicate the status of execution of D20 commands.
These may be returned to the 7D20 as commands, but wil be ignored by the
instrument. The query format is depicted in Figure 4-12

()
N

HEADER LABEL

3857-330A

Figure #-12. Query format diagram.
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As an exampie, 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 PRORBE:T

if the channel 1 volts/div was 0.2 volts, position was -1 divisions, coupling was AC,
channel 1 was calibrated (VARIABLE control was disabted), and channei 1 was
connected to a X1 attenuation probe.

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

CHZ VOLTS: 2.0
if the channel 2 volts/div setting was 2 volts,

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 shouid 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 & terminator. The 7D20 will cancel any previous unread
(?) Query responses upon receipt of a new command or guery.

DATA TRANSFERS

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

1, Readout, which conveys data about the operational 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 7020 1/0 Bus has the following characteristics:

1. The input buffer of the 7020 is 128 charactars deep. When the input bufter is
full, the 7D20 wili be unable to accept any more data until buffer space
becomes available.

2. The output buffer of the 70320 is 128 characters deep. When 128 characters
are loaded into this buffer, it is considered full.

3. If a query is sent that fills the output buffer before the 7D20 has been ialked
and the input buffer is full, the output buffer is emptied of contents, and an
execution error status byie is reported. An EVENT? at this fime would evoke an
avent report of "1/0 buffers full, output dumped”, the code for which is 203. it
is possible to send a form: Query, command, command. .. and fil the input
nutfer hefore ialking the 7D20. This will create an 1/0 deadlock. To avoid loss
of data, the controller should tatk the 7D20 with each query sent; otherwise, an
1/0 deadlock may occur.
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Readout

When a readout query is received, the 7D20 respends 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 7020, but it will be ingored. Syntax for the readout guery is:

RDOUT?

and the response is
BRDOUT “<dine 1><CR><line 2><CR><{ine 15><CR><line 16><CR>"]

Text

The text is the information that is displayed on the center 12 lines of the cri display.
Each line contains no more than 36 characters. Text can be sent or received by the
7D20. The characters that the 7D20 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
Supplementel Characters

Character ASCH Character Decimat
Horizontal Tab HT g
Carriage Return CR 13
{Up arrow) AN 94
{Down arrow) ESC a 27 97
{Delta) A ESC d 27 100
{MIITE) m ESC m 27 108
{Micro) u ESC u 27 117
(Nano} n ESC n 27 110
(Pico) p ESC p 27 112
{Right arrow} ESC r 27 114

Mote that the MT 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 1536 points. One can calculate the precise number of characters that
can be displayed by summing the dots used in the characters untit ail 1636
points (dots) are used. More practically, the number of characters possible is
approximately 100, Spaces or bianks do not count in the calculation of totat
characters.

2. A TEXT command wilt terminate a DEBUG display, or any MENU, TEST, or 1D
command and will also replace the text that is currently on the display.
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B7 g g g ] 1 b 1 1
86 g ] 1 1 g 8 1 t
85 8 ’ 1 -4 i t 2 | 1 4 1
BITS
NUMBERS
848382 BY CONTROL SYMBOLS UPFPER CASE [LOWERCASE
il 20 a0 =) w0k 20 146 i
g a0 NUL  DLE]| SP o @ P ! B
4] nfi0 af2n 3z2paa 46 pdi BAT LG BO S G631 17
1 GTL2e Ll Ofds &3 101 121 141 i3
g g3 t] SOH | DCH ! 1 A a a [+
1 HIRE 1721 3313 49E4y BoL61 AR 13 97| 113
z 22 ag " 67 102 122 142 162
g 81 2| STK | DC2 4 B R b v
2 2pR 1822 4§52 [ LV H6E52 f2fez S5 |72 Tk
3 23 41 63 103 123 13 562
go1 1| ETX | DC3 | # 3 ¢ $ ¢ $
3 JE13 AE] b 3532 S1443 BTi03 53 EN) 3 115
4 SOCE2A oL faa B4 1684 124 T i
g 19 5} EQT | DC4 % 4 b T d t
& q)14 2 p2s Jafaa S2faa LTRSS aaqea D7 114
5 PRC |35 PPy fas #5 i) 125 115 185
g1 8 1] ENG | NAK %o 5 E U e u
5 5115 21425 7RI ix] €13 G955 BERS EEETG 147
§ 26 af Gh 186 126 124 168
g1 1 8| ACK | SYN & L] F Y f ¥
E Bi'6 2z 28 3836 L T2 nlse 14 L1 162|446 318
7 27 47 BY T 127 147 a7
g+ 11| BEL | ETB ' T G w g
7 T 2327 19437 13 e Ty| &7 8767 Wwila? 1%
Hid GEYIID SPEQ G n i35 1306 150G iriil
t g0 ] BS | CAN { 8 H X h %
L 218 a2 acqia shfan 72|58 bt 1) EBET 134
i1 TCYEL LX) Y n i 121 TH1 17
t a8 1] HMT ERm } 8 § ki i ¥
& GE1E I0f 3% 471135 S7§4n T3 8T 29169 0% VY ()
12 32 BRI x 7e 12 132
18 18] LF SUB : o £
A 1GEIA i R v Rty Bl & BT TR
12 3 83 T3 7l 133
1 o1 1) VT | ESC + H K { {
B tpg iTgip a5 138 SApaR e S Bi|E8 307 7R 125
i 34 84 74 T3d 034 ihd 174
118 0] FF FS y < L i 1
(o) (AN Hp2e 141380 BOg AL TH] e ¥s 138 1GE 24
4 35 5 ¥i 115 3 153 H
1181] CR GS - = 1 m }
o B R %320 Eic sl BEdal AR z3) [34] [y el 125
18 36 58 % ne 138 E1 7h
1118 80 RS . = M A 1 N
3 1afif an | 2e At | 3E 6] aE PEISE ELS L IGETE IR
17 37 57 Fad UNL1r 137 GNTRE ’:uaem
11 11 gl US / s 0 — [+] 1PEL
F 154 1§ 31y F araF LREAF 79{aF EEE U1 IR 327
ACDRESSED UMIVEASAL LISYEN TALK SECOHDARY ADOHLLSEY
COMMAENDS COMMANDS ADOAESSES AODRESSES G COMMARDS
getati 25 PPU! GPIB coge
BEAK | aschcharacter
hex § 15 211 decimal 38E7-327

Figure 4-13. ASCH and IEEE.-488 code.
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3. Likewise, a DEBUG display, 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 B><CR>..,
<line 12><CR><line 13><CR><ling 14><CR>]"

The commands between brackets are optional

5. K more than 38 characters are received for a single line, a carriage return is
inferred and the remainder is placed on subsequent knes.

6. A TEXT query will always cause tweive lines 1o be sent. Thus, if only three
lines of text characters are in the message, nine blank lines will accompany
them,

Waveforms

Up to six different waveforms may be acquired and stored in the 7D20 memory for
later use. These can be selected at random, and can aiso 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 wavetorm data are:

1. The preamble, which contains items such as wavefom size, scaling
information, format specifications, and simiar items required to determine co-
ordinate values, and auxiiary 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 preambie and curve data, or either
one can be sent alone. Separate query messages may be used to elicit
preamble data or curve data, or both.

The data received by the 7D20 may be in sither the 1024 or the 820-point format. If
insufficient points are sent by the CURVE command, the fast point is repeated untii
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 hefore any waveforms are sent. Subsequent preambles sent need oniy
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 transmifting 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:

Preambie:

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

The ASCIE format is more bulky than the binary format, so the transmission time is
longer than that of binary, but the data is easily readable by comparisen. An
example of ASCH encoding of a waveform curve foliows:

WFMPRE WFIDW 1, ENCDG:ASCHNR.PT:1024 PT.FMTY,
XINCR:1.0E-5,PT.OFF1.2E+1 XZERO:0, XUNIT:S,

YMULT:1.0,YZERO:Q, YUNIT:V

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

definitions of each.

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

CURVE command.

WFMPRE NR.PT: 8201024

WFRMPRE XINCR:

WFMPRE PT.OFF: <point #>

WEFMPRE XUNIT:

4-20

<x increment>

5

Seis number of points that are input
from the CURVE command 1o 820 or
1024,

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

<x increment> = time / div / 80
points/division for 820-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 ~180,00C £ point # <1023, where
point O is the left most displaved point
ont the waveform. An execution error
warning is issued if out of range
candition occurs.

Sets displayed horizontat scale factor
unit for waveforms input from the
CURVE command.
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WFRMPRE YRMULT: 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 80nex for binary curves.

<y zero> = -vols/div X VZR {vertical
zero reference}

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

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

WEMPRE? WFID'

WFMPRE? ENCDG'

WEFMPRE? NR.PT

WFMPRE? PT.FMT

WFMPRE? XINCR:

WFMPRE? PT.OFF

WFBMPRE? XZERO'

Responds with the current source waveform
rnumber and indicates if interpolation will be
applied to curve date; WFMPRE WFID:<wimid>

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
hetween points: WFMPRE XINCR:<x increment>

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

The TD20 responds: WFMPRE XZERG:0. This
indicates that the curve data horizontal origin has
not been shifted.

"Thess queties have no corresponding 7D20 command. Query responses are ignored
whengver returned to the 7D20 in command form, and no srror message is sent.
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WFMPRE?

WEFMPRE?

WFMPRE?

WEMPRE?

WFMPRE?

WFMPRE?

WEMPRE?

WEFMPRE?

WFMPRE?

XUNIT

YRMULT

YZERO

YURNIT

BYT/NR'

BN FMT'

BIT/NR'

cRvCHK

The 7D20 responds: WFRMPRE XUNIT:SIPT. This
indicates that the curve data herizontal scaie 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 YZERG:<y zero>

The 7D20 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 fer binary
transmission is one byte per point.

The 7B20 responds: WFMPRE BN.FRT:LF. This
indicates that the curve data is sent in a left-
justified binary fraction format.

The 7020 responds: WFMPRE BIT/MNR: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 ASCH:

WEMPRE WFID:<wimid> ENCDGASCIH,
NR.PT:<p/w> PT.FMT: Y, XINCR:<x increment,
PT.OFF:<point #> XZERC:0.XUNIT:S,
YMULT: <y muitiplier> YZEROQ:<y zero>,
YUNIT:V

if binary:

WFMPRE WFID:<wimid> ENCDG:
BINARY.NR.PT:<p/w> PT.FMT.Y,
HINCR:<x increment>,PT.OFF;

<point #> XZERO:0 XUNIT:<x unit>,
YRMULT: <y multipler>, YZERQ:<y zero>,
YUNIT:V.BYT NR:1,BN.FMT.LF,
BITINR:8,CRVCHK:CHKSMO

whenaver returned to the 7D20 in command form, and no error message is sent.
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where:
<wim#>:=112|3]4|5|6
<encdgr = ASCH | BINARY
<p/w> = 820 | 1024
<x increment> ;= <NR3> = time/div / points/div
<point #> = <NRt>
<y mukiplier> = <NR3> = vertical scale factor
<y zero> u= <NR3> = ~[VZR % vertical scale factor)
<wfmid> = W cwfm #> | | W <wim #>,
whaere | indicates interpolated data.

Waveform Curve

1.

Curve Commands. These transmit waveform point date to the 7020, The
CURVE command takes two different forms:

CURWVE: <ASCH curve> | <binary curve>
<ASCH curve> = <ASCH point> <ASCH point> ...

<hinary curve> = %-<binary count><binary point>...
<gchecksum> (<chacksum> is defined below.)

Waveform memory extends from -5.12 divisions to +5.08 divisions. When
transmitting an ASCH curve, data is sent in divisions. When transmitting a binary
curve, data is sent as point numbers with 00000000z , 100000002, 111111112
corresponding to -5.12 divisions, O divisions {center screen), and +5.08 divisions,
respectively. A short curve is filled out with a reiteration of the last point. Note that
an ASCI curve must have at least two points. If only one point is sent, a syatax error
code will be generated.

2.

Curve Queries. These queries transmit waveform data from the 7D20 to 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 ASCIE
CURVE <ASCl point>, <ASCH point>...

if binary:
CURVE %-<binary count><binary point>...<chacksum>

where:

<ASCH point> = <NR3>

<binary count .= two bytes representing number of
data points +1 {checksum}

<binary point> ;= 8-bit byte {00 | Ot |...| FE | FF}
<checksum> = two’s complement of the modula 258 sum of
the preceding binary data bytes and the binary count, but not
the “%" preceding the binary byte count.

<wfrmid> = W oewfm #> || W <wim #>, (I indicates inter-
polated data.)
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Waveform 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> 1= response to WFMPRE?
<curve> = response to CURVE?

Weaveform 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 memory source for reception or transmission.
The <wfm #> options are memory sources 1 through 6. The second command,
"DATA ENCDG: <ASCH | BINARY>", chooses between the ASCH format or the
binary format. When receiving waveforms into the 7D2C, the same kinds of
operations apply as when transmitting from the instrument.

The third command, "DATA [NTERPOLATE: <ON | OFF>", sets 820 1o 1024-point
interpolation mode for all extended real-time waveforms transmitted from the 7D20.
An 820-point waveform format is used for the extended real-time waveforms that
are digitized when the 7D20 TIME/DIV is 200 us/div to 2 s/div. For the most
convenience with some packaged waveform processing programs, the 7020 will
interpoiate the waveform data into a 1024-point data length if desired. The
algorithm for the interpeolation process, which maintains the value of the trigger
point without alteration, is as follows:

Q0 = 3/6 PO + 2/5 P1

Qt = 4/5 P1 + 1/5 P2

Q2 = P2

Q3 = 1/b P2 + 4/5 P3

Q4 = 2/6 P3 + 3/6 P4

Q5 = 3/6 P4 + 2/5 PB

Q6 = 4/5 PS5 + 1/5 P8

Q7 = P6

08 = 1/8 PB = 4/5 P7

Q1022 = P818

Q1023 = 1/6 P818 + 4/5 PB19

where: Qn = Value of point n of the 1024-point waveform

Pm = Vaiue of point m of the B20-point waveform
n =0 w0 1023

m =0 to 819

Note that Q2 and Q7 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 detail to the controller,
which encourages a synergistic relatienship to exist among the system components.
Additionally, the user will find service requests a very powerful aid in debugging
programs and in high-order troubleshooting.

SRO responses fall into four major classes. The first reports on the health of the
7020, by means of such status bytes as Power On, Fatal Error, and Internal Error,
The secand reports on Execution Status, using status bytes such as No Status to
Report and Operation Complete. The third class consists of User Requests, including
ROS and RQS# The fourth reports on errors and warnings, using Execution
Warning and Execution Error as a 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 7D20 is used to
subclassify SRQ responses at a level that is much more speciic than that of the
status byte. For example, event codes 108 through 162 (see Table 4-8) 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 points 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
accurs 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 the 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 centroller interrogates each
instrument on the GPIB by performing a serial poll. When it interrogates the 7D20,
this instrument responds with the current status byte. If the controller then foliows
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
7020 Status Bytes
Decimal
Title Binary Priority
{not busy) {busy)}
{Device Dependent:}
Fatat Error 1RIX 0011 227 243 1
{System:)
Power On 10X 0001 65 81 1
Command Error OR1X 0001 87 113 2
User Request 010X 0011 67 B3 2
Execution Error ORIX 0010 98 114 2
Internal Error OR1X 0011 a9 115 2
Execution Warning OR1X 0101 101 117 2
Internal Warning ORtX 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:0FF mode and polled, the status byte is sent without DIO7 asserted. X is
the busy bit, and is asserted only when the 7020 is in AVE, AVEN, ENV,
ENVN, or HOLDNEXT at the time of the SRQ. The first cotumn of decimal
values is without the busy bit set and the last column is with the busy bit set,
Both columns assume RQS:ON,

It 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 {status byte 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 byte current), the highest priority status byte is stored in the pending
ragister.

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 7020 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 ¢ode, for none could be read. The reason for the shut down is
to prevent transmission of erronecus bus commands that might adversely affect
other instrumenis on the GPIB.

Uniike 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-code 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 REPCRTING

SERIAL
POLL | SYSTEM REGISTERS
STATUS
8YTE POLLED
READ EVENT
CODbE
A
CURRENT CURRENT
STATUS b= = — - EVENT
BYTE EVENT CODE
)y CODES AND \
STATUS BYTES A
Y  CORRESPOND ¥
PENDING PENDING
STATUS —~ — — — EVENT
BYTE CODE
f
¥
EVENT
CODE
LIEQ
BUFFER

3857311

Figure 4-14. 7D20 status reporting block diagram.

replaced by the higher priority code, and the lower one moves to the LIFQ buffer.
New event codes of lower priority are placed directly into the LIFO butfer, and those
that are oldest are discarded by overflow if the buffer is fuil

Following a serial poil of the 7020, the controtier will usually send an event guery fo
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 4-18, which
Hustrates the path of evenis following a serial poll.

NOTE

if the 7D20 is polled twice with no intervening event query, the event
code pending (from the first status byte} is discarded and lost. This
occurs so that the refationship between the status byte and the
corresponding event code will remain consistent.

When RQS:OFF, status bytes are toaded without causing an SRQ to occur with the
exception of Fatal Error, which interrupts 7D20 operation regardiess of its state.
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( 7320 EVENT )

LOAD "FATAL ERROR" LOGK UP §.8B.
$.B. INTO CURRENT $.B. FOR NEW EVENT

l

ASSERT SRQ

|

SUSPEND 7020
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7 NEW S.B.
PRIORITY > PENDING>
~. SB7 _~
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]
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iNTO PENDING S.B.
1
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LOAD NEW E.C. INTC
E.C. LIFC BUFFER
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INTO CURRENT E.C, LOAD NEW E.C.
1 INTO PENDING E.C.
LOAD OLD CURRERNT E.C|
INTO PENDING E.C. I
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LOAD OLD PENDING E.C. INTO E.C. LIFO BUFFER
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v
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E.C.=EVENT CODE HANDLER
3857-312A

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
I

CURRENT S.B. READ
BY CONTROLLER

“"CURRENT 8.B.™
_ RQS BIT SET?

“YES
LOAD CURRENT E.C.
INTO POLLED E.C.

1

LOAD PENDING E.C.
INTO CURRENT E.C.
|
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. ROS BIT SET?
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-
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3857-313

Figure 4-16. Serial poll handler flow chart,
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Event codes follow very nearly the same path as when ROS:ON, except that the
prioritizing process does not occur. That is, as event codes occur, they are jcaded
into the LIFQ 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 o be
generated regularly, to the point where they interfere with efficient system
functioning. The 7020 allows masking all or part of the service request functions to
prevent service request interference with legitimate programs or operations. Table
4-5 ksts the commands that enable and disable the service request functions.

TABLE 4B
Service Reguest Masks

Commands Description

RQS ON|OFF enables or disables all service request functions except power
on and fatal error.

CER ONI|OFF enables or disables command-error service request.

EXR ON|OFF enables or disables execution-error service request.

R ON|OFF enables or disables internal-error service request.

EXW OMIOFF enables or disables execution-warning service requeast.

ORC ON|OFF enables or disables operation-complete service request.

USER ONIOFF | enables ‘br disables froni-panel generated RQS key service

request.
PID ON|OFF enables or disables probe-identify service request.
Queries Description

RQS? responds with the RQS service request status: RQS<onoff>
CER? responds with the CER service request status; CER<onoff>
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 reguest status: EXW<onoff>
O8BC? responds with the OPC service request status: OPC<onoff>
LISER? responds with the USER service request status; USER<onoff>

TABLE CONTINUED
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TABLE 4-5 {CONT)
Service Request Masks

Queries Description
PID? responds with the PID service request status: PiD<onoff>
SRQY responds with all service request seitings:

RGS<onoff> ;CER <onoff> ;EXR <onoff> ;INR <cnoff>;
EXW<onoff> ; OPC<onoff>; USER<anoff>;PiD<oncif>

<onoff>::=0N |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?

i an SRQ is pending and an event query is sent before a serial poll, the 7D20 wil
return an SRQ PENDING event code o remind the controller that a service request
is asserted and that a serial poll shouid be initiated.

The query "EVQTY? interrogates the 7820 to find how many event codes are
pending. 1t should he 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:

EVOTY <NRt>

if events are pending, and

EVQTY 0

if none are pending.

The "ALLEVENT? query causes the 7220 to respond by reporting ali pending event
codes as follows:

EVENT <MNRT><NR1>..

or if no event codes are pending

EVENT 0O

All event codes are cleared from the buffer when this guery is made. Figure 4-17 is
a fiow chart of the "ALLEVENT?" sequence.
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( ALLEVNT? )

APOLLED E.C YE
“~ PRESENTL
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E.C.
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. SRQ ASSERTED?) .
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-

oo
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FROM E.C. LIFO BUFFER
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5.B. = STATUS BYTE ( HANDLER )

3857-315

Figure 4-17. All-event query flow chart.
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The query "EVENT?

OF:

causes the 7020 to report a single event code.

EVENT <NR1>

EVENT O

if none are pending. Figure 4-18 is a flow chart of the event guery (EVENT?)

sequence.

Event Classification

Events that are reported by the 7D20 fail into the following classes:

Commandg Error:

Execution Error

Internal Erron

System Event:

Execution Warning:

A command error results when a message cannot be
parsed or lexically analyzed.

An axecution error exists when a message is parsed but
cannot be executed.

This error resuits from a maklunction or fault condition
within the 7D20 (self test error).

This c¢lass inciudes all events that are not errors or
warnings.

The command received is being executed, but a potential
problem may exist.
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Event Codes

Table 4-8 lists the event codes from the 7D20, divided into the classes listed just

above.
TABLE 4-6
Event Codes
Code & Mask Description
Command

Errors (Mask:.CER}
108

Checksum error in curve transfers

108 lifegal byte count vaiue on binary transfers

151 Symbol or number too long

162 invalid input or control character input

153 Invalid special character after escape

154 Invalid number input

155 invalid string input

156 Symbol not found

157 Syntax error

158 Invalid £01

159 Invalid delimiter

160 Expression too complex

161 Excessive binary curve points

182 Excessive ASCH curve points
Execution

Errors {Mask:EXR)
203

170 buffers full, output dumped

250 Not v HOLD mode
251 iliegal waveform number
252 lllegal settings memory
253 lllegal cursor number
254 Settings recall error
255 Disptay reference error
258 Turning off cursor waveform display error
267 Hlega! data memory
258 Rolf mode, AVE, ENV, negative trigger position error
259 Waveform preambile illegal NR.PT
Internal
Errors (Mask:INR)
331 Seiftest failure module #1°
332 Selftest failure modute #2*
383 Selftest failure module #63°
394 Selftest completed and faited

*The selftest base value is 330, The module number of the failed circuit is added to the base
value {e.g., module #41 would have an event code of 330 + 41 = 371}. Possible event codes

are 331 through 393.
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TABLE 4-8 (CONT)
Event Codes

Codse & Mask

Description

System

Events
401 {MaslcNONE)
403 (Mask:USER)
450 (Mask:OPC)
451 {Mask:USER)
452 {(Mask:USER)
453 {Mask:USER}
454 (Mask:USER}
455 {Mask:USER)
456 {MaskUSER!}
457 (Mask:PID)
458 {Mask:PID)
459 (Mask:NONE!}
460 (Mask:OPC)

7020 Power On

User Reguest {RQS key)

Hold after AVEN, ENVN, or HOLD NEXY
RQS
RQS
RQS
RQS
RQS
RQS
CH 1 probe identify

CH 2 probe identify

SRO pending

Selftest operation complete, passed

BT R R e

Execution

Warning (Mask:EXW)

550
551
552
553
554
655
556
557
558
559
660
561
562
563

Volts/Div out of range

Vertical position out of range
Trigger ievel out of range

Trigger position out of range
Horizontal Time/Div out of range
VXPD command cut of range

CSW position out of range

Set N vatue out of range

Cursor position out of range

ASCH peint out of range

WFMPRE X increment out of range
WFMPRE point offset out of range
WFMPRE Y muitiplier out of range
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 7D20 can
communicate implicitly with the user by way of the GPIB and through the controlier,
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
ROS # 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 7020 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-
colered functions, then presses RQS #. The prompt field will respond by
displaying "RQS", fotiowed by a blinking "4,

2. The user should now press the appropriate key of the keypad, 1 through 6. This
generates an SRQ having a unique event code. The prompt field displays
"RQS", followed by the selected number. In turn, the unigue 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 also 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 ocour.

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 probe selected. If the GPIR
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 possibie with the
controller 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-panel keypad. The keypad is then used to make the menu
selections, as prompted by the menu, An example foilows:

WFM PARAMETERS

1 MAX

2 MIN

3 PP

4 MEAN

& RMS

6 PULSE PARAM MENU

PRESS /' RQS # TO SELECT

COMMAND LIST

Along with the functional classes that come naturally with an instrument such as
the 7D20 (i.e., vertical, horizental, display, efc.), the 7020 command set divides into
three classes: Menu-related, Front-panel related, and Bus-unique. A very few of the
commands retate to more than one class, and are sc 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 a2 graphic representation of the related area for reference by the
reader. For 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
dlustration of the CH 1 area of the front panel of the 7D20, 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 Stered 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 panet or any of the menus.

Note also that, following most of the major groups in this tabie, 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
7020 Command Set

CHANNEL 1 GROUP

AlR
CH 1 POSITION o

VARIABLE I
VOLTS/DIV \@

ot 2500 [ R

JBET7-316
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TABLE 4-7 (CONT)
7D20 Command Set

Command/Query Description
CH1 VOLTS: <volts/div> Sets the channel 1 volts/div to the valid
setting nearest <volts/div>.
<volts/ div> volts/div
<3.5E-3 5 mv®
3.5E-3 to <7.5E-3 5 mv
7.5E-3 to <15E-3 10 mV
15E-3 to <356E-3 20 mv
35E-3 to <7BE-3 50 mv
75E-3 to <150E-3 100 my
150E-3 to <3B0E-3 200 mv
350£-3 to <7H0E-3 500 mv
750E-3 to <1.5 1V
1.5 to <35 2V
35 to <75 LY
>7.8 5 v*®
CH1? VOLTS Responds with the channel 1 volts/div
setting:

CH1T VOLYS:<volts/div>

CH1 POSITION: <position> Sets the channel 1 position to the vatid
setting nearest <position>.

<position> position {div}
<10.25 ~10.24%
=-10.24 10 +10.22 <position>
>+10.23 +10.22°
CH1? POSITION Responds with the channel 1 position
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>

Bexacution error warping
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TABLE 4-7 (CONT)
7D20 Command Set

Command/Query Description
CH1 VARIABLE: Enables/Disables CH 1 variable gain control.
ON | OFF
CH1?7 VARIABLE Responds with the channel 1 variable gain

control status:

CH1 VARIABLE: <onoff>

CH1 PROBE: <prbcode> Command is ignored by the 7D20.

CH1? PROBE Responds with probe attenuation encoding
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> = <NRZ>
<coupiing> = AC | GND | DC
<gnoff> 1= ON | OFF
<prbcoder o= 1 1 10 | 100
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TABLE 4.7 {CONT)
7D20 Comimnand Set

CHARNNEL 2 GROUP

M8 20pF

YARIABLE g
VOLTS/DIV @

GAIN

Vik 5 250V |
PROGRAMMABLE Tektronix
DIGITIZER [ 7p20
3857.317
Command/Query Description
CH2Z VOLTS: <voits/div> Sets the channel 2 volts/div to the valid

setting nearest <volts/div>.
<yolts/ div> volts/div
<3.6E-3 5 mv?
3.5E-3 to <7.5E-3 B mv
75E-3 to <1BE-3 G mV
15E-3 to <35E-3 30 mv
35E-3 to <7BE-3 50 mv
7BE-3 to <1B0E-3 100 mV
150E-3 to <3B0E-3 200 mV
3B0E-3 to <THBOE-3 500 mV
750E-3 to <15 LAY
15 to <3.5 2v
35 to <7.5 5V
275 5 v*

a " .
execution error waming
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TABLE 4-7 (CONT)}

7D20 Command Set

Command/Query

Deascription

CH2? VOLTS

Responds with the channel 2 volts/div
setting:

CH2 VOLTS: <voits/div>

CHZ POSITION: <position>

Sets the channe! 2 vertical position to the
valid setting nearest <position>.

<position> position {div)

<-10.25 ~-10.24%
-10.24 w +10.22 <posiion>

»+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 channei 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
control status:

CH2 VARIABLE: <onoff>

CH2 INVERT: Turns inversion of the channet 2 signal
ON | OFF sither ON or OFF
CH2?7 INVERT Responds with the channel 2 inversion

setting:

CH2Z INVERT <onof{>

a . B
eXEeCUtion error warning
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TABLE 4.7 {CONT)
7D20 Command Set

Command/Query

Description

CHZ? PROBE

Respends with probe encoding for channel 2:

CHZ2 PROBE:<prbcode>

CH2?

Responds with all channel 2 settings:

CH2 VOLTS: <volts/div> ,POSITION
<positicn>,

COUPLING:<coupling> VARIABLE: <oncff>,

INVERT: <onoff>:PROBE: <prbcode>

<volts/div> = <NR3>
<position> = <NR2>»
<coupling> = AC | GND | DC
<onoff> 1= ON | QFF
<prbeode> == 1 | 10 | 100
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TABLE 4-7 {CONT)
7020 Command Set

TRIGGERING GROUP

TRIGGERING

, MODE  COUPLING SOURCE
@SL_{]Pi TRIGD AL MAOGE
0 e i
1 LFRES LRI

o a =

NERM HF ﬁE.} £4 2

O i B

HOLD NEXT  DE

I

<:TRIG POSc

oo

Command/Query Description
TRIGGER MODE: Sets trigger mode to either peak to peak,
P-P | AUTO | NORMAL AUTO, or NORMAL.
TRIGGER? MODE Responds with the triggering mode setting:

TRIGGER MODE: <mode>

TRIGGER HOLDNEXT: Turns HOLDNEXT sither ON or OFF. Retains
ON | OFF the same trigger level as previously set by
P-P, AUTO, or NORM. Refer to HOLDNEXT
int 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:<oncff>
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TABLE 4-7 (CONT)
7020 Cammand Set

Command/Query

Description

TRIGGER COUPLING:
AC | ACLFREJ |
ACHFREJ | DCHFREJ | DC

Sets trigger coupling to either AC, AC low-
frequency reject, AC high-frequency reject
DC high-frequency reiect, or DC.

TRIGGER? COUPLING

Responds with the triggering coupling:

TRIGGER COUPLING: <coupling>

TRIGGER SOURCE:
MODE | CH1 | CH2 |
LINE | EXT | EXT/10

Sets trigger source to either MODE, CHT,
CH2, LINE, EXT, or EXT/10. If MODE is
selected, trigger source is CHT when acquire
mode is CH1, ADD, or BOTH, and channet
two when Acquire mode is channel two.

TRIGGER? SOURCE

Responds with the triggering source:

TRIGGER SQOURCE: <source>

TRIGGER SLOPE:
PLUS | MINUS

Sets trigger slope to either PLUS or
or MINUS.

TRIGGER? SLOPE

Responds with the triggering siope:

TRIGGER SLGOPE: <slope>

TRIGGER LEVEL: <levei>

Sets trigger leve!l to the valid setting nearest
<level>.

<level> trigger leval

<-6.425 -6.4°
-§.4 to +6.35 <level>

>+6.375 +6.35"

In p-p, +6.35 and -6.4 are scaled to correlate the
maximum and minimum vatues of the
waveform.

TRIGGER? LEVEL

Responds with the triggering level setting:

TRIGGER LEVEL:<ievel>

B " -
gxacution arror waming
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TABLE 4-7 (CONT)
7D20 Command Set

Command/ Cuery

Description

TRIGGER POSITION: <division>

Sets position for displaying trigger point to
the valid setting nearest <division>.

<division» trigger point

<~1500.5 div ~1500*
-1600.5 to <10.5 <division>
10.6 or greater dwv 10°

Restriction: Maximum position is 10"
graticule divisien; minimam is 1500 divisions
to ieft of graticule line zero. In ROLL or £XT
digitizing modes, the minimum setting with
ENV or AVE is O.

TRIGGER? POSITION

Responds with the trigger display position
setting:

TRIGGER POSITION:<position>

TRIGGER?

Responds with ail triggering settings:

TRIGGER MODE: <mode> HOLDNEXT:
<pnoff>,

COUPLING:<coupling>, SOURCE: <source>,

S OPE: <slope> LEVEL: <level>,

POSITION: <position>

<mode> = P-P | AUTO | NORM

<coupling> = AC | ACLFREJ | ACHFREJ |
DCHFREJ | DC

<source> = MODE | CH1 | CH2 | LINE |
EXT | EXT/10

<slope> = PLUS | MINUS

<level> = <NR3>

<position> ©= <NR1»

4-47



GPIB—7D20

TABLE 4-7 {CONT)
7D20 Command Set

TIME/DIV GROUP

HAORIZ
FOSITION

20s
EXT

H0ns

ROLL =100ms REPETITIVE = tus

T

3867-319

Command/Query Dispiay
HORIZONTAL TIME: <time/div>| Sets time/div to the valid setting nearest
<time/ div>.
<time/ div> time/ div
<35E-9 50 ng*®
35E-9 1o <7BE-9 50 nS
75E-9 to <150E-9 100 nS
150E-9 to <3G0E-9 200 n8
350E-8 to <750E-9 500 nS
75CE-9 to <i.5E-8 1 u$
1.bE-B to <3.BE-6 2 u8
3.BE-6 to <7.5E-8 5 uS
7.6E-8 to <16E-B 10 S
15E-6 to <35E-6 20 uS
35E-6 to <75E-B 50 uS
75E-6 to <150E-6 100 uS
180E-6 to <3b0E-6 200 48
350E-8 to <750E-6 500 uS
750E-6 to <1.5E-3 i mS
1.BE-3 to <3.6E-3 2 mS
3.6E-3 to <7.5E-3 5 mS

®axecution error warning
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TABLE 4-7 {CONT)
7020 Command Set

Command/Query Description

<time/div> time/ div

75E-3 to <1B5E-3 10 mS

15E-3 to <35E-3 20 mS

35E-3 to <75E-3 50 mS

75E-3 to <150E-3 100 mS

150E-3 to <350E-3 200 mS

3B0E-3 to <780E-3 500 mS

750E-3 to <1.5 15

15 to <35 2Ss

35 to <7.5 58

75 to <1b 10 S

16 to <35 20 §

35 or greater 20 8°

HORIZONTAL? TIME Responds to the time/ div setting:

HORIZONTAL TIME: <time/ div>

HORIZONTAL POSITION: Turns enabte for horizontal position knob ON
ON | OFF or OFF. Sets horizontal position to current
knob setting of calibrated setting.

HORIZONTAL? POSITION Responds with the worizontal position
knob enable state:

HORIZONTAL POSITION: <position>

HORIZONTAL CLOCK: Selects internal clock mode with time/ div
INTERNAL | EXTP | EXTHN determined by <time/div> (INT} or external
clock mode with positive (EXTP) or negative
(EXTN) edge sensitivity, respactively.

HORIZONTAL? CLOCK Responds with horizontal clock souTce:

HORIZONTAL CLOCK:< hclock>

HORIZONTAL? Responds with all the horizontal setiing:
HORIZONTAL TIME: <time/div>,
POSITION: <position” ,CLOCK: <hclock>
<ime/div> o= <NR3>

<positiorw 1= ON | OFF

<helocks = INTERNAL | EXTP | EXTN

8 axesution error warning

4-49



GPIB—7D20

e

TABLE 4-7 {CONT)
D20 Command Set

MEMORY DiSPLAY

2

0 o
o O

O- @-

Loy CSW AeF

I

o

R

3867-320

Command/ Query Description
DISPLAY 1: Turns the waveform 1 display either
ON | OFF ON or OFF.
DISPLAY? % Responds with the dispiay status of
waveform 1:

DISPLAY 1:<onoff>

DISPLAY 2: Turns the waveform 2 display either
ON | OFF ON er OFF.
DISPLAY? 2 Responds with the display status of
waveform 2;

DISPLAY 2:<onofe

DISPLAY 3: Turns the waveform 3 dispiay either
ON | OFF ON or OFF.
DISPLAY? 3 Responds with the dispiay status of
waveform 3;

DISPLAY 3:<onoft>
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TABLE 4-7 {CONT)
702C 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 5: Turns the waveferm 5 display either
ON | OFF ON or OFF.
DISPLAY? B Responds with the display status of
waveform b:
DISPLAY 5:<onoff>
DISPLAY & Turns the waveform 6 display either
ON | OFF ON or OFF.
DISPLAY? & Responds with the display status of

waveform 6

DISPLAY 6:<onoff>

DISPLAY C8W: <wim #>

Selects waveform <wfm #> as the cursor
waveform.

DISPLAY? CB8W

Responds with the cursor waveform number:

DISPLAY CSW <wim #>

DISPLAY VECTOR:
ON | OFF

YTurns vector display either ON or GFF.

DISPLAY? VECTOR

Respends with the vecter 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 VS modes; otherwise, an SRBG is
generated.
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TABLE 4-7 [CONT)
FD20 Command Set

Command/CGuery

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 RDBOUT may be selected
by means of the Utilities menu.

DISPLAY? RDOUT

Responds with readout dispiay status:

DISPLAY RDOUT:<onofi>

DHSPLAY?

Responds with the waveform display
information:

DISPLAY CSW:<csw>, T:<onoff> ,2:<onoff>,
3:<onoff> 4:<onoff>,5: <onoff>,B:<onoff>,
VECTOR: <onoff> REFERENCE: <onoff>,
RDOUT: <onoff>

COPY 1. <wim #>

Copies waveform 1 to waveform <wfm #>.

COPY 2: <wim #> Copies waveform 2 to waveform <wfm #>.
COPY 3 <wim #> Copies waveform 3 10 waveform <wim #>.
COPY 4: <wfm #> Copies waveform 4 to waveform <wim #>,
COPY 5: <wim #> Copies waveform 5 to waveform <wfm #>.
COPY 6 <wim #> Copies wavetorm 6 to waveform <wim #>.

<onoff> = ON | OFF
ewfm# =1 |2 13({41516
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TABLE &4-7 {CONT)
7020 Command Set

CURSOR WAVEFORM GROUP

CURSOR WFM
csw;

Command/Query Diescription
CEW VOLTS: <volis/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
<25 2 steps lower than acquired®
-2.510 <1.b 2 steps lower than acguired
-1.5 1o <0.5 1 step lower than acquired
-0.5 to <0.5 same volts/div as acquired
05tc<1.b 1 step higher than acquired
1.5t0 <25 2 steps higher than acquired
2.5 or greater | 2 steps higher than acquired®

Fexecution arror warning
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TABLE 4-7 {CONT)
7D20 Command Set

Command/Query Description

Restriction; Waveform memory displays may
be compressed or expanded no more than
twice the acquired scale factor {in a 1-2-B
sequence} without incurring error. VXPD
does not affect active waveforms except in
HMAG, or Y wvs X modes when the
REFerence waveform is displayed. In these
cases, an SRQ is generated. See Section 2,
Cursor Waveform Keys, for more details.

CESW? VXPD Responds with the cursor waveform's dispiayed
voits/div expansion factor:

CSW VXPD:<setting>

CSwW POSITION: <position Sets cursor waveform's displayed Vertical
position.
<position> position offset
<-5.14 ~-5.12%
-5.12 to 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 detaiis.

cesw? POSITION Responds with the cursor waveform's display
position:

CSW POSITION: <position>

CSW HMAG: ON and OFF turns horizontai magnificationon ot
ON | OFF | off, respectively, for the C8W waveform. ALLON
ALLON | ALLOFF and ALLOFF affects alt displayed waveforms,

*exscution error warning
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TABLE 4.7 (CONT)
7D2¢ 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
is not magnified, but other waveforms may be.

CSW VE: <wim #> |

Displays the cursor waveform versus waveform
<wim #>.

@

Turns cursor waveform VS dispiay OFF.

CSW? VS

Responds with the cursor waveform’'s versus
status:

CSW VS <versus>
To interrogate the VS status of waveforms other

than the curser waveform, the cursor waveform
must be reselected.

CswW?

Respends with the display information for
cursor waveform:

CSW VOLTS: <volts/div> VXPD:<setting>,
POSITICN: <positiors,
HMAG<hmag> VS :<versus>

<volts/div> = <NR3>

<getting> w21 -1 10112
<position> = <NR2>

<hmag> = ON | OFF | ALLON | ALLOFF
<versus> o= <wim #> | 0
awvfm#>3=11213|4|5186

REV SEPT 82
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7020 Command Set

ACQUISITION GROUP

AVE W

=

3857427
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:
ACR MODE:<mode>
AQGR HOLD: Turns acquire hold either ON or OFF. ’
ON | OFF
AQGR? 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 approptiate,

<n> N

<6 8*
6 to <12 8
12 10 <24 i8
24 10 <48 32
48 to <96 64
86 to <192 128
192 to <384 256
384 or greater 256°

AQR? SET

responds with <n>:

AQR SET:<n>

ACGR TYPE:
NORMAL

Acquires waveformys} normally. Terminates
HOLD condition,

AVE

Averages waveform(s) continuously.
Terminates HOLD. Averages Wim 1 or Wim
2 as determined by ACGR Mode control. A
GPIB AVE command received during AVE is
ignored. AVE terminates ENV, ENVN, SETN,
and AVEN.?

AVEN

Averages waveform(s} N times. If 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 7020 enters HOLD*

ENV

Envelopes waveform({s}) continucusly.
Terminates HOLD. Wim 1 or Wfm 2, as
determined by AQR MODE, acquire enveiope
processed data.

GPIB ENV commands received during
execution are ignored.

ENV terminates AVE, AVEN, SETN, and
ENVN.®

"See Section 2 for more information
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TABLE 4-7 {CONT)
70320 Command Set

Command/Query Description

ERVN Envelopes waveformis} N times.

Upon compietion of the ENVN operation, an
operation complete SRQ is generated when
the 7020 enters HOLD.®

AQR? TYPE responds with the acquire type status:

AQR TYPE:<type>

AQRY returns the current acquisition status:

AQR MODE:<mode> TYPE:<type>,
HOLD: <hold> ,SET:<n>,

<mode> = CH1 | BOTH | ADD | CH2

<hoid> = ON | OFF

<p> =8 116 | 32 164 1128 | 268

<type> 1= NORMAL | AVE | AVEN | ENV | ENVN
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TABLE 4.7 {CONT)
7020 Command Set

CURSOR GROUP

CURSORS

& 0N £ OFF

e

3857-323

Command,/Query Description
CURSOR MODE: Sets curser mode to INDEP or ALIGN.
INDEP | ALIGN
CURSOR? MODE Responds with the cursor mode:
CURSGR 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 curser 1 to the valid position
nearest <pointd>.
<point #> point #
p/w = 820: <-Q0.5 o°
-0.5 t0 <8195 <point #>
>819.5 819°
p/w = 1024 <05 (o}
-0.6 to <1023.5 <poirt #>
210235 1023°

& - .
execution error warning
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TABLE 4.7 {CONT)
7020 Command Set

Command/Query

Description

CURSOR? 1

Responds with cursor 1's point #:

CURSOR 1:<point #>

CURSOR 2: <point #>

Sets cursor 2 to the valid position
nearest <point #>,

<point #> point #
p/w = 820: 0.6 o
-0.5 to <8195 <poing #>
>819.5 819°
n/w = 1024 <~0.5 o
05 to <10235 <point #>
»1023.6 1023°%
Restriction: Cursor 2 may not be set to
a position tess than Cursor 1.
CURSORY 2 Responds with cursor 2's status:

CURSOR 2Z:<point #>

CURSOR?

Responds with the gursor status:

CURSCR MODE: <mode> DELTA:<onoff>,1:
<point #>,2:<point #>

<mode> ;= INDEP | ALIGN

<point #> = <NR1>
<onoff> := ON | OFF

COORD? VCRD

Responds with the dispiayed vertical
cursor coordinate {AV value if cursor
delta mode is on):

COCRD VCRD :<vert coord>

COORD? HCRD

Responds with the displayed horizontal
cursor coordinate (At value if cursor delta
mode is on):

COORD HCRD:<horz coord>

*axacution error Warning
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7020 Command Set

Command/Query Description

COQORD? Responds with the displayed cursor
coordinates:

COORD VCRD:<vert coord> HCRD:
<horz coord>

<vert coord> ;= <NR3>
<horz coord> = <NR3>

STORED SETTINGS GROUP

HASTER MEHD

3857-324
Command/Query Description
STORE <set #> Stores front panel settings in memory
lpcation <set #>,
RECALL <set #> Recalls front panel! settings from memory
location <set #>.
<set#f> =1 (21314 |56|6
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TABLE 4-7 {CONT)
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 7D20 response to GET.
HOLD | HOLDNEXT |
AVE | AVEN | Exscutes deferred command on GET
ENV | ENVA | interface message. Only one deferred
NORMAL | command may be triggered from each
GET. Clears previous pending deferred
commands without executing them.
DT? Responds with deferred command to be
executed on next GET interface
message.

DT <deferred command>

<detferred command> 1= OFF | HOLD |
HOLDNEXT | AVE | AVEN | ENV | ENVN |
NORMAL
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TABLE 4.7 (CONT}
7020 Command Set

NOTE

The Initialization Group is Bus-unique.

Command/ Query Description
INTT Full initialization equivaient to an INIT
PANEL, WAVEFOBM, GPIB command.
ENIT PANEL Initializes front pane! settings as described

in front-panel section.

INIT WAVEFRM

Initializes waveform memories 1-6 by
setting the vertical data and vertcal
zaro reference (VZR) values to zero and
display attributes (VPUP, VPDN, VXPD,
VCMP, HMAG, VS, and REF!} 1o 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 O
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
Claars:
Event Buffer
REV SEPT 82 4-63
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TABLE 4.7 (CONT)
7020 Command Set

SELFTEST

TEST WERG

3857-326

The 7D20 performs a seiftest routine that tests 63 circuit modules. if a fauit
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 compisation or exit from the selftest routine, the front panel settings are
restored to the status prior to seiftest and the waveform memory is initialized.

Command/Query Deseription
TEST START | Initiates selftest routine.

CONTINUE | Continues selftest routine having halted
on fauit condition.

EXIT Exits selftest routine that has haited on fauh
condition. Will not terminate an executing
selftest.

TEST Same as TEST START.
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CALIBRATION GROUP

TABLE 4-7 (CONT)
7D20 Command Set

CALIBRATION

¥ SERVICE ONLY %

TEST MEWUE

3867326
Command/ Query Description
CAL DISPLAY | Turns front-panel disptay calibration
pattern on.
DDAC E initiates vertical dispiay DAC calibration
routine.
POSOFF | Initiates vertical position offset calibration
reutine.
POSGAIN | tnitiates vertical position gain calibration
routine.
RAMP | Initiates fast ramp calibration routine.
OFF Turns off selected calibration routine.
CAL? Responds with calibration selection status:
CAL DISPLAY | DDAC | VERTICAL |
POSOFF | POSGAIN | RAMP | OFF
RAMP? Responds with fast ramp calibration routine
offset gain and count values:
RAMP GAIN:<gain>,COUNT:<count>
<gain> = <NR2>
<gount> ;= <NR1>
REV SEPT 82 4-65
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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 eguivalents exist.

Command/Query Description
ROS OWN | OFF Enables/disables all service request functions
except power-on,
ROS? Responds with the RQS service request
status:
ROS<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
requast.
EXR? Responds with the EXR service request
status:
EXR<onoff>
INR ON | OFF Enables/disables intarnal-error service
request.
INRY? Responds with the INR service request
status:
iNR<onoff>
EXW OM | OFF Enabies/disables execution-warning service
request.
EXW? Responds with the EXW service request
status:
EXW<onoff>
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TABLE 4-7 ({CONT)
7D20 Command Set

Command/ Query Description
OPC ON | OFF Enables/disables operation-complete service
request.
opCcr Responds with the OPC service request
$1atus;
OPC<onoff>
USER ON | OFF Enables/disabies front panet generated
RQS Key service request.
USER? Responds with the USER service reguest
status:
USER<onoff>
PID ON | OFF Enables/disables probe-1D sarvice request,
BiD? Responds with the PID service request
status:
PiD<onoff>
SRQ? Responds with all service request settings:

ROS<onoff>;CER<onoff> ;EXR<onoff>;
INR <onoff>;EXW<onoff> ;,0PC<onoff>;
USER <onoff>;PiD <onoff>

<onoff> ;= ON | OFF

4-67



GPIB—7D20

TABLE 4-7 (CONT)
7D20 Command Set

WAVEFORM PREAMBLE GROUP

NOTE

The Waveform Preamble Group is Bus-unigue.

Command/Query

Description

NOTE

WFMPRE cormmands that are not used by the 7020 will be accepted as
part of the waveform preamble or individually, but will be ignored. No
arror or warning will be issued. This permits preamble outputs to be
mput without generating unnecessary service requests.

WFMPRE WFID:

Cormmand is not used by 7020, Destination
waveform is set with the DATA command.

WFMPRE? WFID

Responds with the current source wave-
form’s number and indicates ¥ inter-
polation will be applied to curve

data:

WFMPRE WFiD: <wimid>

WFMPRE ENCDG:
ASCH | BINARY

Command is not used by 7020, Data
encoding is set with the DATA command.

WFMPRE? ENCDG

Responds with the current curve encoding:

WFMPRE ENCDG: <encdg>

WFMPRE NR.PT:
B20 | 1024

Sets number of peints to input to 820 | 1024,

WFMPRET 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. Point format
is fixed as Y format.

WFMPRE? PT.FMT

Responds with a point format of Y:

WFMPRE PT.FMT:¥Y
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7020 Command Set

Command/Query

Description

WFMPRE XINCR: <x increment

Sets time between points o
<X increment>.

<x increment> = time/div / 80 points/
division for 820 point 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: < increment>

WFMPRE PT.OFF: <point #>

Selects the waveform point at which the
cursor reads time zero. Range is -150,000
<point # £1023, where point 0 is the lefi-
most displaved point on the wavefaorm. An
axecution 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: ©

Command is not used by 7020, XZERO is
fixed as 0.

WFMPRE? XZERO

Responds with an XZERQ of §:

WFMPRE XZERC.0

WFMPRE XUNIT: S

Sets displayed horizonial scale factor unit for
waveforms input from the curve command.

WFMPRE? XUNIT, <xunit>

Responds with XUNIT,

WFMPRE XUNIT: <xunit>

WFRMPRE YMULT: <y muitiplier>

Sets vertical scate (volts/div) to <y multiplier>,

WFEMPRE? YRMULT

Responds with the current source waveforms
vertical scate factor:

WFMPRE YMULT:<y multiplier>

REV SEPT 82

4-69



GPIB—7D20

TABLE 4.7 {CONT)

7D20 Command Set

Command/Query

Description

WERMPRE YZERO: <y zero>

Sets Y zero to <y zero>.

<y zergr 1= -{voits/div x VZR {vertical
zero referencel}

Where VZR is prior to vertical expansion,
of 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 7020. Binary
data field width is fixed as one byte.

WFMPRE? BYT/NR

Responds with a fieid width of 1 byte:

WFMPRE BYT/NR:1

WFMPRE BM.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:

WFEMPRE BN .FMT:LF

WFMPRE BIT/NR: 8

Command is not used by 7020. Binary
data precision is fixed as eight bits.

WFMPRE? BIT/NR

Responds with a precision of 8§ binary
bits:

WFMPRE BIT/NR:8

4-70
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WFMPRE? CRVCHK

WFMPRE?

REV SEPT g2

GPIB:@E

TABLE 4.7 (ConT)
7D20 Command Set

Description

Responds with binary curve that
includes a checksym:

WFMPRE CRVCHK: CHKS/MO

Responds with the current source
waveform's preambie:

If AsCyp:
WFMPRE WFlD:<wfmid>,ENCDG:ASC¥I,
NR.PT:< p/w>,PT,FMT:Y,X!NCR:<x incre-
ment>, PT.OFF: <point #> XZERO:0,
XUNIT:<xun§t>YMULT:<v multiplier>,
YZERO:W zero>, YUNIT:<y unit>,

¥ binary:
WFMPRE
WFID:<wfmid>.ENCDG:BINARY.
NR.PT:<p/w>,PT.FMT:Y,X!NCR:<x incre-
ment>,PT.0FF:<poim #> XZERO:0,XUNIT:
<xunit>YMULT:<v multiplier>, YZERQ:

<¥ zero>,Y UNIT: <y unit>,
BYTINH:LBN.FMT:LF,
BIT?NR:B,CRVCHK:CHKSMU-

wim #> .= 4 213|458
“encdg> = ASCIF | BINARY

<X increment> .= <NR3> = time/div /
paints /djy

<point #> .z <NRp1s

X multipliers .= <NR3> = vertical scale
factor

<Y zero> = <NR3> = VZR x verticaj
scate factor)

“wifmid> = wy wim #> | | W <wim #>,
where | indicates interpolated data.

X unit> o= Capability 10 be set 10 any
one of the the 7p20 single character set,
except for (), {h or ESC {escape),

<Y UNit> = Same ag above, If x unit or y unit
is set 10 “&", the 7020 wilt interpret this as a
blank unit or Space,
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7020 Command Set

Command/Query Description

DEBUG ON | OFF {cont) ed as upper-case characters. An EOL S
displayed as an exclamation mark (1. ASCH
waveform transmissions are dispiayee
binary waveform transmissions aré not.

DEBUG? Responds with the debug status:
DEBUG<onoff>
LONGFORM ON OFF Affects results when gquerying respons® te
either receive longform or shortfofMm of
Command or Query. e
LONGFORM? Responds with the LONGFORM status:

LONGFORM ON or LO CF

RECORDING ON OFF By using a controller and the RECORDING d
command, it is possible to get 1onge’ recor
iengths. The RECORDING mode WOrke °“"’;¢T
from 100 m8/div to 20 S/div. ;ncludi};if
clock mode. In the other time/div 18919710
RECORDING will have no effect. RECORDING
may be used with any acquire mode
the normal, AVE and ENV, acquir® ypes:
RECORDING allows the user to read out
points using a CURVE? command. 1% 282
time. The waveforms appear 10 roll across s
screen, just as in non-RECORDING mode:
every time 1024 naw pointg have been fer
acquired they are copied into & AM puffe o is
accessible via the CURVE? command- Therer
a separate buffer for each chaﬂnel' The us
knows it is time to do the next CURVE? &6
command, when an OPC service request {r

ot 82} is produced by the 7D20- 1§ the u&;-%?A
receives the sarvice request betfore the VE?
peints have been read out from the U nd
then an overrun condition has occurred. @ 10
either the contraller needs to take loss t:mvief
read in the curve, or you should us€ @ sia
time/div.

e

RECORDING? Responds with RECORDING status: .
F
RECORDING ON or RECOHDING O
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SAMPLE PROGRAMS

INTRODUCTION

The following pages contain sample programs that may be used in the design of
proegrams that fit task-related applications and specific requirements where a 7020
is used. The programs are set up for beth a Tektronix 4050-series and 4041
controiler. Also, the programs are divided into two classes, operations and
applications, Each of the programs consists of four parts: Introduction, Remarks,
Program, and Commaents, where each applies.

SAMPLE PROGRARM LIST
4060-Series Operating Programs

1.

Text Generation: 4080-Series to 7D20.

2. Transfer text to Controlier.

4060-
i

. Transfer Waveform Data to Controller—ASCIl format.
. Transfer Waveform Data to Controller—binary format.

. Transfer Waveform Data te 7D20—ASCH format.

3
4
5
6. Transfer Waveform Variables and Arrays to 7D20.
7.
8
g
10

Query rowtine.

. lmplement and store 7D20 settings.
. Query functions.

. Print Poll statement.

Series Application Programs
. Event Capture.

2, Swore 7D20 settings on Magtape.
3. SRG Decoding Routine.

4041

1.

1
1

40413

Operating Programs
ASCIHl String Array Waveform Transfer to controller.

2. ASCH String Array Waveform Transfer to 7D20.

3. Binary Numeric Array Waveform Transfer 1o controller,
4, Binary Numeric Array Waveform Transfer to 7D20.

5. Qutput 7D20 Front-panel Settings—String Array.

6.
7
8
9
)
1

Input 7D20 Front-panel Settings—String Array.

. Setting the 7D20 to Remote.
. Setting the 7D20 to Local
. Text Transfer: 7D20 to Tape.

. Text Transfer: Tape to 7D20.
. Text Generation: controller to 7D20.

Application Programs

1. SRQO Handler
2. Store and Recall Front-panel Settings.

3.

REV S

Event Capture.

EPT 82
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4050-Series Operating Programs

1. Text Generation: 4080-Series 1o 7D20. This program displays text
information on crt disptays of 7D20 signais. By means of this program, dates,
sample numbers, operator names, etc., may be entered. The 4050 constructs an
ASCH 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:

Ifaf
P16
18
ize
143
150
168

REM
REH
REH
REM
REM
REH
REH

LI N

TRANSFER TEXT FROM 4858 To 7Hid £RT
A= FDIP BPIR DEVICE ADBRESE

LIMIT IE 35 CHARGLTERS FER LINE QF TEAT
LIMIT OF APPROXIMBTELY 180 CHARACTERS TUihAL

BUILE TERT IN STRING T¥

PROGRARM:

178
ide
19¢
208
21
224
238
24
2564
268
e
pedzig
293
)
318
328
334
BAGH
BT
368
3I7¢
3B8g
594
AR
41¢
4244
438
445
A58
A58
47¢
AR
476
Seg
51a

4-78

A=28

ON BRG: THEN Do
DIM TH12%34)

PRINT “INPUT TEXT A& 1T IS TO BE DISPLAYED ON 724"

PRINT
PRINT
1 =&
T=g

" CEPALE X RETURN>-FOR A BLANK LINE®
YCRETURNY ONLY TG END INPUTY

TH=0HR (345

Ak=TE

Ce=CHR {13}
FGR f=1 T} 32

PRINT
INPUT

[
LS

IF LENU 2341 THEN 440
IF LENILS) +LEN(C%) 36 THEN 394
Ll EnNdLs)

FeTHl

IFT>138 THEN 414
Te=THll %
Fh=TEROE

&0 1O
PRINT
66 TG
PRINT
PRINT
FRT-L
GBS O

456

"EDD MANY CHARACTERS, RE-ENTER LTHE
2598

"TEXT EXCEEDS 188 CHARACTERS BYY,T-188
“RE—~ENTER LINE ¥0 CONFORM TE LINITSY

294

NEXT I

B=8

TH=Te&E%

PRINT
END

DA HTEXTY, T

POLL D,53A
RETURN

REV
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COMMENTS:

174 SET 7DI@ GFIR DEVICE ADDRESS

185 CNARBLE SREO HARDLER AT LINE 474

170 DIMENSION TEXT STRING T$

12 PRINT INSTRUGTION SET

27@ INITEALIZE VARIpHELEDS

LEos COUNTER FOR TWELVE LINES (OF TRAT

FROMFT THE USER TO ENTER ONE LINE OF YEXT

el INPUT ONE LINE OF TEXTY

T1E CHECH FOR LAST LINE OF

3 CHECE FOR LINE THAT £X
[t FOR TOTAL TEAT LENSTH LESS THAN 188 DHOR

ADD CURRENT LINE 7O PREVIOUS TELT IN T

MDD CARRIAGE RETURN TOL END OF LINE

SUMF T LINE 454

FRINT ERROR MELSAGE

JUHE T LINE 290

A2 PRINT ERROR MESSAGE

JUME TD LINE 2%d

EnD OF LOQ0F

CLEAR STRTUR FLRAG

ARD DUOTATION MARK 70 END OF TEXT STRINS

FREFSRE T 7oEE TO ACLLPYT YREAT INFORMATION ARD

SEND THE TEXT STRIMG

SO

SERTAL POLL THE 7D2%: THTUS BYTE

RETURN FROM SR& HANDL ING ROUTINE

MEXT
D& LESAL LENGTH
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2. Transfer text to 4050-series. This program causes the controller to read the
four lines of readout data and any text that appears on the 7D20 display. The four
ines of readout are each assigned to an ASCI| string for proper placement when
printed on the controiler graphics display.

REMARKS:

I8 REW * TRANSFER TEXT FROM 7RIS DIRPLRY TO 4858
73 REM
jgf REM # FDIf RODRESE = /Y

PROGRAM:

130 A=2d

148 ON SRR THEN 38¢
| 145 WBYTEQZ@:

158 DIM Té (286)

o8 PaEE

176 PRINT @8 "RDOUT?Y
18# INPUT @A: A%, B$,0%,D%
199 PRINT A%

203 PRINT B$

285 FOR I=1 TO 12
238 PRINT @Az “TEXT?™
228 INPUT an TS

23% PRINT ¥4

266 DELETE T4

2460 MEXTI

270 PRINT £%

28@ PRINT D4

290 END

308 POLL D, 53R

316 RETURN

COMMENTS:

130 SET TD2¢ GRIR DEVICE ADDRESS
140 ENGRLE SREO HANDLER &7
158 DIMENBIGN THE TE
taf PAGE THE BRAFHL
174 REQUESY AHDOUT DATA

18E [NFUT EALH LINE READOUT INTD A SEFARATE STRIMG
PRINT THE FIRST L INE OF READOUT

2 FRINT THE BECOND LINE OF READDUT

2l INFUT AND PRINT THE 12 LINES (¥ TEXT

FRINT THE THIRD LINE OF READOUT

# FRINT THE FUOURYH LINE OF READOUT

SERIAL THE D2 H=
REZTHRN i HANDLING SO INE
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3. Transfer Waveform Data to Controller—ASCH format. Using the ASCH
format, transferring data from the 7D20 to the controller is relatively simple. Once
the string arrays are dimensioned, al! that is left is o input the waveform preamble
and curve information.

REMARKS:

SR REN 4 TRONSFER WRVEFGRK FROM MEMOGRY ¥ FO 4853 ARCIT STRINGS

J4F REWM » Q=7FR2F DEVICE RUDREZRSE

FE0 REM ¥

2E3F REM # INPUT WBUEFGRM PREAKBLE INTO AREII STRING P®

Z42 REM ¥ INPUT WAVEFORM CURVE INTO AECII STRING WE
PROGRAM:

iT8 A=20

1464 [N SRE THEN 256
178 DIM PS(288) , WS (7866}

i8¢ S=g

198 PRINT d4:"DATA ENCDG: ASC"
208 PRINT DA: "DATA MEM: 1"
218 PRINT 28: "WFMPRE?"

220 INPUT 26:P%

236 PRINT DAz "CURVE?"

24 INPUT 2A:WS

25¢ END

266 FOLL D,5;A

278 RETURN

COMMENTS:

SRR DEVICE AUDRESH

SR HAND ¢ AT LInNE 246
L7¢f BIMENSION AECLE THES P& OND W
P CLEMAR STATLE £
1o TELL THE 7DIE TO SEND ASCII EMIDDED DATA

LT T 7DIE WAVERORM MEMORY TO RE READ

. WAVEFDRM PREAMBLE DATA

STORE THE PREAMBLE GATA IN STREING PS
FERUEST THE WSVEFORM CURVE INFORMATION

IMNPLT AMD STORE THE CURVE BATA T STRING W
jERRRIT
GERLAL POLL TRE 7D2ZE6:
RETLRM FROM SRE HANDL T

STATUS BYTE
FILET INE

REV SEPT 82 4-81
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4. Transfer Waveform Data to Controller—binary format. Although it is
much more simple to transfer data in ASCH format, the binary format is much
faster. The 4080-series contrellers can ignore or strip off ASCH 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 zlternate delimiter for the controller. A routine for checksum error detection is
also included that is not automatically done by the controlier. This routine comprises
times 380-410.

REMARKS:

iy
T
IRe
lig
L
148
Fagd
1S
Fadd
b
gaE
aae

REH
REN
REN :
REH = INPUT WAVEFORN PRESKBLE INTO UARIABLESTH N X, P, I,
REH W=WAVEFOAM NUMRER o

* TRANSFER WAUVEFURH FROM MEMGRY 7 TO 4958 GARIABLER & RApaY
* 7 &
-
*
"
RER * WaPOINTE/MEEEF MM
#®
#
*®
#
®
*

"OAE GRIE DEGILE HUDRERSR

REM AeHGRITONTAL INCREMENT
RER P=POINT QFFSET

REM I=UERTICAL IERD

REM VYEUERTICRL WULTIFLIER
REM TRFEUT MAUVEFORE DURUVE INTO RRRGY: §
REM

PROGRAM:

220
23a
24
28
276
28¢
296
e
314
F2@
1)
34
356
T
I7E
Jusalcg
376
Adg
414
476
436

ON 8RO THEN 428

2

=9

PRINT @f: "DATA ENCDG: BIN"
PRINT DA: "DATA MEMORY: 1"
PRINT A "WEMP7?"

INPUT DAz Wy Ny X P, Z, Y
DIM CINY, 309

PRINT DAz "CURVE?®

WEYTE 9R+hé:

REYTE I

REYTE C,C0

WBYTE 9951

A1=SUMIC) +T(P3+T (B)
B1=A1-256EINT (AL/256)
A1=286~A1

IF ABS{CE)=A1 THEN 419
PRINT "CHECKEUM ERROR"
END

POLL. B, 3A

RETURN

COMMENTS:

EMARLE SRE HANDLER AT LINE 42@
BEIE DEVICE ADDRESS

i BTATUS FLAB

T BINARY ENMCCDED DATA FRIM THE FLREE
WAVEFGRM REGLSTER 1 A8 DATA SCURLCE
REGUEET Wa
INPUT BND STORE

WAVEFDRM CURVE DATA

ERT ATTENTIONM AT 7DR# ADDRESE

INFLT clRvE % oang avTE COUNT

INFUT CURNVE DATA CHECK

i ERT LUNTRLE AT 28 ADDRESS
GOMPUTE  CHECRSUM AND DHED

ko EFOR ERROR

RIAl POLL THEMN 7D2#:
RETURKN FROM SRE HANDLIN

B#TLE BYTE
LT INE

REV SEPT
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5. Transfer Waveform Data to Controller—ASCH format, In this program,
it is assumed that ASCH strings P$ and W$ already centain waveform preambie and
curve data.

REMARKS:
FER ORER # “ORK ANG PREGHEBLE FROM J435¢ ARCIT ATRINGS
FOREM # & WAUEFGRAM REBIRTER 1
REH & WNAULFOREM PREQHELE
REN * RUE TRTS I3 IN
REW # IR GRIR
PROGRAM:
156 A=Re

1o (N SRE THEN 2i8

178 PRINT 2A:"DATA MEM:1"
102 PRINT 3A:PS,Ws

208 END

218 POLL D, 84

228 RETURN

COMMENTS:

158 GEY VD2d GFIB DEVICE ADDRESS

1ad EMNARLE ORUO HANDLER AT LINE 218

i78 SPECIFY OATHE MEMORY 1 A8 DESTINATION
i@y GEND THE PREAMILE BTRING P$

17¢ BEND THE CURVE STRING W

28 BTOF

21 Palb FLE THE 7D2d:
220 BN FROM RO HANDL.

TATUE RByTo
FIJT I NE
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6. Transfer Waveform Variables and Arrays to 7D20. To wansfer
waveforms from the controiler to the 7D20, the waveform preamble and curve
information must be reconstructed to include the ASCIH characters that were
oreviously stripped away by the coniroiler.

REMARKS:
1@ REK x TRENSFER RABUEFORM AND FPREAMBLE FRUOM 4853 UVERIBRLESR
PR #BND Ry 1o 7028 HAVLFORM REGIETER #1
274 # [ TRZP SPIE DEUVILE RDOR
Je *
Eytl = AFE GF THE FOLLOWINGE
I #3 * HeWAULFORN MUMRER
Ftt] = N=ROINTE A HGUELRY
Fag R - K=HOGRITUNTS, YTNCREMENT
ira = F=pPRINT UFFEET
jug * YeUERTICAL HULTIPLIEE
] # FUWERTICRL ZERU
® WLUEFORM LR DATH 12 STORED I3 ARRRY Y07
# D¢ DOMTRING DHES
#
PROGRAM:
233 A=2¢
248 0N ORG THEN 43¢

256 8=@

268 REM % BUILD WAVEFDRM PREAMBLE
276 WE=STRIW)

266 N$=GTRIN)

298
b
E3L]
BB TE=GERZY

T3@ REM ¥ SEND WAVEFDRM FPREAMEBLE

340 PRINT @A: “WFMPRE WEID:W® jW$;", ENCDS: BENARY, NR.PT: "3 N&y

IS8 PRINT 2A: "WEMPRE FT.FMT1Y, XINCR: "3 X%; " ,PT.OFF: s P4y

348 PRINT @A: “WEMPRE XZERD:®, YMULT: "3 ¥$; " YZERD: "3 Z%; ", BYT/NRz 1%
I7B PRINT 9 "WFMPRE BN. FMT:LF, BIT/NR: 8, CRVCHIC: CHICSHE "

366 REM ¥ SEND CURVE INFORMATION

396 WEYTE @A+6A:

a¢n WRBYTE @A+32: 1

419 WEYTE PA+32:0C,0H

426 WRYTE @63,95:

436 POLL D,S;A

548 RETURN

COMMENTS:

SET 7028 GPIE DEVICE ADDRESS
GEE SRE HANDLER AT LINE 422
ETRTUEG FL
COMVERT WARIARLES ING VAaRIaDLES
NETRUCT AND HEMN Pk FREAMBLE GTRING
ENTIGH AT 7 W AGDRERS
VE L AND BY
JRVE AND CHECE
S0
LT
RETLIFRM 5RO

T YD
TO USTALK, WMLISTEN STATE

THE TREE: S=SYATUS BYTE
4 SREHANGLING ROUT INE
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7. Guery Routine. In the query routine, the parameters to be checked are sent
over the GPIB, followed by & questicn mark to indicate a query. The 7D20 will then
respond with information to satisfy the query.

REMARKS:
133 REM » RETURNE THE FRONY PONEL BETYINGR FROM
1ig REH = STOR THEM 1IN AN BSCTF RTRING.
153 FEM = STORED 1IN 2
IHF REH % REVICE ADBAE
PROGRAM:
158 A=28

16@ DN BRE THEN 218
178 DIM 5% (688)

186 PRINT DA "SET?"
159¢ INFUT 3A: 8%
195 PRINT S

299 END

216 POLL D, 530

220 RETURN

COMMENTS:

i5E GET 702E GFIR DEVICE ADDRESE

168 EMABLE SRE HANDLER AT LINEG 216

179 DIMEMSION STRING 5%

if REGUEST FRONT FANEL SETTINGS

T AND STORE SETTINGE IN STRING S
LaY SETTIMNGE CONTROLLER

D
STOF

SERIAL PLL THE
RETLIRN FROM SR

Vi ATUS BYTE
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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 ane of
the six 7D20 memory locations.

REMARKS:

g8 REM ¢ THIZ BROGRAK B

I REK & TN AHY ONE OF TRE

IF3 REW ¥ G= 7DIf GPIR BEVILE ADDR
*
#*

HING aF FRGHNT PANEL ZETTINGX
FRGNT PLRNEL WEKGRY LGCATIONE
RRORETTINGS aRE QTORED IH

148 REWM STRING 28

i3F REM

PROGRAM:

185 A=28
168 ON BRE THEN 230

176 PRINT "IN WHICH MEMORY LOCATION DO YOU WANT TO°
188 PRINT "STORE THE SETTINGE (1-&)7"

19¢ TNPUT L

200 PRINT 3A:5%

238 PRINT dA:"STORE “,L

220 END

23@ POLL D,5;A

2% RETURN

COMMENTS:

BT Fhze GFIR DEVICE ADDREBS
BlLE SR BANDLER &T LINE 23
- 4 FROMET FOR i LRFUT
IMfUT MMERR OF SETTINGS REGIBTER
: FRONT TURED IM STRING S%
TURE THE SETT GENAETLD REGISTLR
a0
HERIAL FOLL THE 7D2R0:S=58TATUS BYTE
RETURN FROM SR HAKNDL ING ROUT INE

S AN THE D
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9. Query Functions. This program permits the user to query a number of 7D20
funetions, such as froni-panel settings, cursor status, events, and acquire modes. A
routine is included in the pregram that ensures that the query is legal

REMARKS:
iR BEW * THILZ PROGRAM I35 A GENERRL PUHRPUIE QEERY ROUTINE
i3 REM = IT HETERMINES THE PHRRRETERS 0F
F9F REM % THE 7RI@ AND PRINTH THE RESPONZE ¢ THE IWNSTENMENT
I3 REM ® T OHY QNE OF B NUHBER OF QUERIES aN THE 4854
I4E REM w GRAFHIC TISPLAY WREEN A HUELL STRING IS5 INPUT, TRE
58 REM ¥ FPROGRAM WILL TERMINBTE,
143 REW = Qe FRIE GPIR DEUICE ABDRAELSR
PROGRAM:
17¢ A=20
106 ON SRO THEN 338
192 PRINT “"WHICH OF THE FOLLOWING GUERIES WOULD YOU LIKE TO #MAkKE?"
208 PRINY *-
2EE PRINT “OHI, OHZ2 YRIEG, HORTZ, DI5P, OB, ABR,, CURS, COORD, DT, SRO,EVENT ,
228 PRINY “ALLEV,ENGTY, 1D, 8ET, . HOLP. "
2358 INPUT Q%
248 IF LEN{@%)<% THEN 328
2528 C¥=CHR (&3}
266 BE=Q8LCS
2¥E PRINT Az 08
284 INPUT @A R$
29@ PRINT R#%
@6 PRINT “NEXT GUERYY
I BCG YO 238
328 END
3@ POLL DL.E3A

344 IF B398 THEN 378
356 PRINT "1LLEGAL COMMAND®
i66 GO TO 88
376 RETURN
COMMERNTS:
i7E SE BFIR DEVICE ADDRESS

NPT
HEaE

IRFLT

P FRIMT

FROMET

SR Y

SN

- ERROR
LET Thk I8ER

RE HANDLER AT LI
AVATLABLE QUERIEES ON GRAFHIC DISFLAY
DESIRED SUERY

FERY RESUESTED, BO 7O ghD

NG C% WITH /& GUESTION MARK

THE 7D24

THE REBFONMSE TD THE QUERY

THE RESPONSE CODE DM THE GRAFMICS DISPLAY
THE USER FOR ThHE NEXT QGUERY

HBESTN

SBERIAL POLL THE 7D2¢: S=8TATUS BVTE

FOf ILLEG Y COMMAND
EGSREE
ENTER A NEW QUERY

RETURN FROM GRE HANDLER ROUTING
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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 statement, one must specify the addresses of all the instruments
that are to be polled. Should an instrument that is not polied generate an SRO, that
SRQ could prevent execution of the program until it is cieared by a poll statement.

REMARKS:

21843
Jra
Fig
I3

REH
RER
REW
REW

THIZR
FOR THE 7Pz,

A
L
# fpr
*

PROGRAM:

1448
15¢
¥
i7e
188
198
ol
21
s
238
288
200
she
2ra
28¢
298
sl
I
320
s’y
Sag
o
Yitr)
R
B8
390
ABS

A=2d
ON SRR THEN 179

END

POLL D,S;R

PRINT "SRR DRIGINATED
IF 5<>243 THEN 218
PRINT "STATUS REPORT:
IF S=65 THEN 238

1¥ S<rB1 THEN 248
PRINT *STATUS REPORT:
IF <383 THEN 268
PRINT “STATUS REPORT:
IF §=99 THEN 286

IF B<>115 THEN 298
PRINT "STATUS REPORT:
IF S=16f THEN 31@

IF S<>117 THEN 320
PRINT "STATUS REPGRT:
IF S=187 THEN 346

iF S<r118 THEN 356
PRINT "STATUS REFORT:
IF 5< 64 THEN 378
PRINT *STATUS REPORT:
IF G=2 THEN 398

IF G416 THEMN 398
PRINT *GYATUS REPORT:
RETURN

COMMENTS:

A

4-88

IR R

e
BT
SERTAL FOLL THE 7D28

RROGESW TR 4 BREIC

1L SR} HANDLER AT

SR GATR TEVILE ADDRERE

FROM ADDRESS™, D

FATAL ERROR?

PEWER ON"

EXECUTION ERROR"

INTERNAL ERROR™

EXECUTION WARNING®

INTERNAL WARNING"

OPERATION COMPLETE"

NO STATLS TO REFPORT"

DEVICE ADDRESY

LINME 179

STATUE EYTE

FRINT ADDRESS (F

SRE

TINT
fe 5
FRINT
CHECH

SEAGE

I AEE
2]

TIOM COMPLETE STATUS FLAS

FOR SBTATUS FLAG EDUAL TO TERD

HANDLER ROUT IME

SR HANBLER AND DECODERY
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4050-Series Applicaticon Programs

. Event Capture. This program sets the 7D20 for the capture of infrequent
events. Each time a trigger is received by the 7D20, the input waveform is digitized.
transferred over the GPIB to the controller, and stored on the controiter magnetic
tape. After each occurrence, the controller increments to the next tape fite, and
resets the 7D20 to a ready state 1o prepare for the next event. This program requires
about 100K bytes of magnetic tape memory.

REMARKS:

98 REN * THID TRIG APPLICATIGH PROBRAR 15 DESIGHNED 7O ALLOM

JIF RERW w THE THEF TO GPERATE FH “RA&RVEITY WuDE.

138 REK # WHEN THE DEVILE RECEFIVEZR A TRIGHEER, THE BIGITIZED
HEM & DOTR IS TOREW 0N TAPE AND THE GRISINAL SETUP
REW = I35 PLHRPLICARTEL IN ORBER TL CRPIURE THE KEKT EUENT,

S8 REN # TH PHERTICHLAR PROGRAM ZTUGRET UP 70 & EVENTE 0N Tarf
POREK ® fpe 2@ BPIR QEVILE RDUR
Ritt &~
PROGRAM:

iBd A=2¢

198 G=@

2% OM SRR THEN 508

218 PABE

Z1% REM FORMAT THE 4905¢ TAPE

228 PRINT "EMTER THE BEGINNING 4830 TAPE FILE NUMBER™

238 INPUT F

288 Fi=F

258 FIND F

268 MARK &, 180806

274 FIND F

275 REM DIMENSION THE STRINGS

288 DIM S%(19d8)

294 DIM PH(258)

F20 DIM W {7d008)

IS5 REM WAIT FOR USER TO SETUF THE FRUNT PANEL

Ei¢ PRINT "WHEN FRONT PANEL SETUP 18 COMPLETE, PUSH RES™

328 IF SL>83 THEN 328

8@ PRINT #A: " TRIG HOLDN: ON*

I35 REM BEBIN EXECUTION FOR UP TO SI1X WAVEFORMS

348 FOR I=! 70 &

IH@ PRINT A3 "TRIG HOLDN: ON“

3558 REM WAIT FUOR DPERATION COMPLEYE SRY FROM 7D2¢

THB IF S 364 THEN 368

365 REM TRANSFER WAVEFORM AND PREAMBLE TO TAPE FILE

373 FIND F

S08 PRINT Az "DATA MEM: 17

398 PRINT 2#:"DATA ENEDG: ASCY

483 PRINT 3A: "WFMPRED"

418 INPUT 3H1P%

420 PRINT 3A:"CURME?"

436 INPUT DA:WE

44 PRINT a33:P%,Ws

433 Faf+l

468 PRINT "END OF OYCLE #¢,1

474 S=g

488 NEXT I

485 REM SEND WAVEFORMS BACK T4 THE 7D28

A9E PRINT "WHICH WAVEFDRM DD YOU WISH TO VIEW{i-&¥7"

Ha¢ INPUT W

S16 F=F1i+W-1

B2@ FIND F

E38 INPUY Q3Z:P%,Ws

S48 PRINT APS

SO PRINT 2 Es

H68 PRINT "DO YOU WISH T0 $EE ANGTHER(Y OR N 72"

78 INPUT 9%

S8@ IF ASCEs) =89 0R ASCRE)=121 THEN 498

SP8 END

HB@E POLL D,5:A

614 RETURN
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COMMENTS:

iBg SET

7028 BPIB DEVICE ADDRESS

208 ENABLE SRE HANDLER AT LINE 84

RRP-RTE
20@-3p0
F1E-3EE
I7 @484

ABS—0Fa
SEE-&1B

4-90

FORMAT THE MAG TAFE

DIMENSION THE STRINGS

WAIT FOR WUBER TG SET UP 7D2¢g

WALT WAVEFDRM ACHUIRE AND DO WAVEFRM
TRANSFER TG 48508 TAPE FILE

ROUTINE TO SND WAVEFORMES BACK Yo 7D28
BRE HANDLING ROLUTINE
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2. Store 7D20 settings on Magtape. This 7D20 application program is
desighed to provide permanent storage for and easy user access 1o a variety of front
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 recalied 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:

Pty
iig
A2
iia

REW ##ieses FUIF Learn Programp ®esseses

X P OLEARN ANE STORE FRONT PANEL ZETTINGS
1EF 4 TRE a@53 MAS THFPE

e

REM « FOIE ADDRE

PROGRAM:

14&
158
14
17@
i8#
L5
208
214
s
23
24
258
2a¢
278
pea=ig
298
st
w1lg
26
B
s I
58
a1
wreé
SRE
EL
L4
2413
426
438
444
458
EE]
a7rad
484
S948
=)
Sig
29
TG
5ad
etul)
Gee
&7a
588
L9
L0

A=20F
WBYTE 228
PRINT @A:"PID ONY
ON SRE THEN 1286
PRINT "This program cbtains #front panel settings from the 7d2e"
PRINT "using the set guery. These settings are then stored on®
PRINT "the 4#5¢ mag tape. Program control is asserted via the'
PRINT "7D2¢ *RES #° butten and the FLESIE probe identify bution.®
PRINT “To begin, enter the pwnber of the 4658 mag tape file”
PRINT "opn which you would like £o store the first 7D28 settings."
PRINT %oty
INPUT F
BmF
DELETE 5%
DiM 5% (28Eg)
DIM ML AGHY
BE=CHR (34}
Mwils
As=CHR (13}
Ba="MENU: "LA%
Ce="],. STORE SETTINGS"&AS
D#="2. RECALL SETTINGS"LA%
VE="3. MENLI"LAE
E$s"T0O SELECT, PUSH F,ROS, NUMBER"&AT
Fe=0%
PE="LURRENT SETTING IS NUMBER-"
F=FoR2$
G$="T0 STORE SETTING"&AS
HE=*TO GESUENCE THROUGH SETTINGGE"&AS
I%="PUSH PROBE IDENTIFY BUYTTON"LAS
ME=MELBS
HME=MELE
MeE=MELDS
bk 2t 2V
ME=MERES
Me=MERQAS
NE=El%
N NELGE
NE=NBE IS
NE=NSLLIS
Ue=0%
OF=0%idis
O$=0%&I%
De=lsis
REM & PRINT MENU ROUTINE
PRINT aR:"TEXT",M%
sl

PROGRAM

{CONT)}
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PROGRAM (CONT)

619
L520
&3¢9
A5
£50
68
&7
&80
&7d
TG
Tie
sl
738
BB
758
THB
778
780
798
B
1@
=ead
838
240
8ho
BOA
87
ada
894
08
P14
2@
T30
48
FHAE
FHd
97
86
TR

IF H43H3 THEN 618
PRINT 2A: "EVENT?"

INPUT 0:P%

IF VAL (P$)=453 THEN 676
IF VAL (F$) =457 THEN 958
GO TO 628

REM ¥ STORE SETTINGS ROUTING
Fa=SES (F$, 1,27)

PRINT “FORMATTING TAPE"
FIND F

MARK 18, 20606

PRENT 261 TEXT", NS

PRINT “READY®

FOR I=31 TO 18

PRINT @A: "EVENT?"

INPUT 2A:PS

IF VAL (P$3 <3559 THEN 796
BOSUR 128

IF VAL (PS)=453 THEN 500
IF VAL (P$)< 457 THEN 758
PRINT 2A:"SET7"

INPUT 26:8%

ZE=GTRLY

FE=FELT$

Fé=FsaGs

FRINT A3 TEXT",F$
Fe=GEG (F$, 1,27)

Pt o

FIND F

PRINT 933168

Fefag

NEXT I

Fef—if

GO TO Sg@

REM & ROUTINE TO RECALL SETTINGS
PRINT @A: "TEXT", 0%

FIND G

Fil3

FOR I=f TD 16

1488 PRINT 2A: "EVENT?"
1618 INPUT 0P
1928 IF VAL{P$I<>45% THEN 1840

1838

BOSUE 1288

1248 IF VAL (P4)=453 THEW 583

e

IF VALIP®){>457 THEN 1086

1668 G0

LETE

1ggg INPUT 333:8%

1898

Fuf +1,

1188 PRINT 2A:15%

13118
1128
113a

SGEG (S, 1,27)

1149 Fe=FsuRs

1158 PRINT 2A: "TEXT",F4
1166 PgmeY

117¢ NEXT I

LIEE F=F-$@

119¢ END

1268 POLL D, 558

1216 RETURN

14 GET FDEE GFIR DEVICE ADDRESS

154 DEND A DEVILE CLEAR TO THE 7h3s
148 EndlELE IDEMTIFY BRE

174 ENABLE T BRE HANDLER /T LINE 458

3 AND INFUT FILE NUMBER

INE ASE5T STRINGS

TE PARINT MENU ON 702¢ AND INPUT RESFONBE
WUTENE TO STORE 7DEa SETTINGE Ok TaPE

SLELE RULITINE 70O RECALL 7DH2G SETTINGS FROM TAPE
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3. SRQ Decoding Routine. This program is an expanded SRQ decoding routine.
On SRQ, the 4080 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
vatuable when debugging 7D20 programs.

REMARKS:

el
e
patrse
F@3f
LEE
ATy

REHW » FTHIZ PROGRAM IS FRR ERAGR HMEZR
& HANDLING ROUTIHE

REH ¥ A BRIZIC B

= DISFPLRY FROM THE Tpia
APBNDER TO PRINT THE

REM » LUVENRT QUOER GRIBINGTING FROW THE FDZH.

AL

HEM

PROGRAM:

2068
287
2086
ZEGa
2igd
Ziid
2120
2136
2348
2l
2164
2174
2iBe
2194
228
22108
i
Z2EE
el
i o
peltn]
22T
2288
T2
2386
2318
2320
a3
2344
2556
2ieE
2378
2388
2396
2888
2419
242¢
2A3H
2448
2454
2468
2478
24880
2894
2588

ON SRG THEN 20840

END

POLL T, 5328

PRINT "SRR ORIGINATED
IF G243 YHEN 2128
PRINT "STATUS REPORT:
IF 5=4% THEN 2148

IF 8<>Bl THEN 2158
FPRINT "STATUS REPORT:
I¥ 8<>B3 THEN 217@
PRINT "STATUS REPORT:
I# S=99 THEN 219@

IF 843115 THEN 2284
PRINT "STATUS REPORT:
IF S=18i THEN 2220
iF 8<>117 THEN 2236
PRINT "GSTATUS REPDRT:
IF 5=102 THEN 2254

IF SCX1LB THEN 2264
FRINY “STATUS REFORT:
IF 84>66 THEN 2280
PRINT “"STATUS REPORT:
1IF 8= THEN :453

If B{>16 THEN 2318
FRINT "STATUS REPBRT:
PRINT 22: "EVRTY?
INPUT 228:N

DIM A{N}

PRINT @2@: "ALLEV?"
INPUT 28 o

FOR 8=1 G N

Fahy (B

GOSUR 2418

NEXT &

RETURN

P=5-558

IF P23 THEN ZS28
P=3-488

IF Py@ THEN 2842

Pram 353

IF P> THEN 2568
P=S—208

IF Pr@ THEN 2GB¢
PG ol

SOBUR 2oEd

kS
REHM # FD2G I8 DEVICE #248
#

FROM ADDRESE™, D

FATAL ERROR™

FPOWER ONT

EXECUTION E£RROR"
INTERNAL. ERROR"
EXECUTION WARNING"

INTERNAL HARNING

DPERATION COMPLETE"

NO STATUS TO REPORT"

PROGRAM (CONT}
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PROGRAM (CONT)

2518
252¢
2538
25408
2508
2544
2574
2584
2594
2608
2516
prd v
2oH3E
PHAY
2658
2oH&E
287
2688
28696
RTEB
2714
272¢
2738
2748
2758
2768
27TS
2784
2756
2842
28I
2B82¢
283¢
2848
2808
20866
2B7¢
26886
2896
290E
2718
2926
2938
2948
2958
2968
2973
2798
L99E
2@
Ta1d
3028
pYukio]
TB8E
de o]
3068
IGTH
J08@
389
3106
1@
31z
158
148
3154
31688
3378
318
198
3288
I8

4-94

RETLIRN

GOSUR 3858

RETURN

GOSUR 3630

RETURKN

BOSUR 3I39¢

RETURN

BOSUB Z99¢

RETURN

REM ¥ COMMAND ERROR SUBRORITINE

1IF P=8 THEW 2958
IF P=9 THEN 297@
P=p-5@

IF PO11 THEN Z&78
Pap-14

B0 TD 2698

BOBUR # OF 2718,2738,275@, 2779, 2798, 281 ¢, 2038, 2856, 28748, 2498

RETURN

GUSLB 7 OF 2916, 2936

RETURN

PRINT “"SYMBOL OR MUMBER TOD LDNB"
RETURN

FEINT “INVALID OR CONTROL CHARACTER INPUT®
RETURN

PRINT "INVALID SPECIAL CHARACTER AFTER ESCAPEY
RETURN

PRINT "INVALID MNUMBER INPUT"

FE TLIRM

PRINT "INVALID STRING INPUTY

FE TLIRN

PRINY “SYMBOL NOT FOUND"

RETIIRN

PRINT "SYNTAX £RROR™

RETURN

PRINT "INVALID EQL®

RE TURNM

PRINT "INVALID DELIMITER™

RETURN

FRINT "EXPRESSION TDO COMPLEX"

RETURN

FRINT "EXCESSIVE BINARY CURVE POINTSY
RETURN

PRINT "EXCEBSIVE ASCII CURVE PDINTS®
RETURN

PRINT "CHECKSUM ERRGRY

RETLURN

FPRINT YBYTECOUNT ERRORM

RETURN

REME EXECUTION ERRORS ROUTINE

IF P>48 THEN 3830

BOSUE P OF 3872,3898,3118,3136, 3156, 3170
RETURN

P=F-49

BOsUE P OF 3198, 3210, 3236, 32508, 3278, 3290, 3319, 333@, 3358, 3378
RETURN

REM¥ PRIMT ROUTINE

PRINT “COMMAND NOT E£XECUTABLE IN LOCAL"
RETLRN

PRINT "SETTINGS |L{SY DUE TO RTLY
RETURN

PRINT “1/0 BUFFERS FULL, CGUTPUT DUMPED®
RETURN

PRINT "SETTINGS CONFLICTS"

RETURN

PRINT "ARGUMENT OUT OF RANGE"

RETURN

FRINT “GROUP £XECUTE TRIGGBER ISNOREDL"
RETLIRN

PRINT “NOT IN HDLD ERRGR™

RETURN

FRINT "ILLEGAL WAVEFORM &7

PROGRAM

(CONT)
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PROGRAM (CONT)

F228
B2EH
324
32548
IZLH2
X2T7E
328@
3298
poss= i

5y
I8

RETLURN

PRINT “ILLEBAL SETTINGS MEMORY"
HE TURN

FRINT "ILLEGAL CURBDR RUMBER®

RE TURN

PRINT “SETTINGS REDALL ERROR®
RETLRN

PRINT “DISPLAY REFERENCE ERROR"
FETURN

PRINT "TURNING OFF CSW WAVEFORM DIGPLAY ERROR®
RETURN

PRINT "ILLEGAL DATA MEMORY NOMBER™
RETURN

FRINT "RULL MODE,AVE,ENV,NEBATIVE TRIGBER PDSETEON ERRORY
RETURN

FRINT "WAVEFORM PREAMBLE ILLEGAL NR.PT."
RETURN

REMEINTERNAL ERRORE ROUT INE

IF P=1 THEMN 3588

IF F=2 THEN 3520

IF P=31 THEN 3546

IF P=32 THEN 3566

IF P=95 THEN 3508

P34

iF P=4& THEN 3588

PRINT "SELFTEST ¥AILURE MODULE" P
RETURN

HEME PRINT ROUTINE

PRINT "INTERRUPT FAULT™

RETURN

PRINT “SYSTEM ERROR"

RETURNM

PRINT “SELFTEST FAILURE FAODULE 17
FEETURN

PRINT "SELFTEST FAILURE MODULE 2
RETURN

PRINT "GELFTEST FAIL ERRUR"

RE TURN

REME SYSTEM EVENTS ROUTINE

IF P=} THEN 3768

IF P=2 THEN 3728

IF THEN 3748

ir THEN 3768
IF THEN 3838
iF THEN 38312
ity THEN 784

1F P=51 THEN 3788
REME PRINT ROUTINE
PRINT "POWER DN"

RETURN

FRINT "OPERATION COMPLETE"

RETURN

PREINT "USER REQUEST (RES KEYX"
RETLIRN

PRINT “HOLD AFTER AVEN, ENYN, OR HOLD MEXT"
RETURN

PP

PRINT “"RUS",F

RETURN

PRINT "SELFTEST OPERATION COMPLETE™
FeE TURN

FRINT *5RE FENDING"

RETURN

REME® EXECUTION HWARNINGS

F=p 45

IF P{il THEN 3968

P=P-i@

GO TO 3928

BOSUR P OF 3950,3978, 3990, 4618, 4B3E, 4858, W76, 1896, 41 14,4138
RETURN
GOSUB P OF 4198,4176,4198, 4216

PROGRAM {CONT)
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PROGRAM (CONT}

393d RETURN

I94¢ REME PRINT ROUTINE

3FT# PRINT "VOLTS/DIV OUT OF RANGE"

3968 REYURN

378 PRINT YVERTICAL POSITION (LT OF RARNSE"
788 RETURN

E9%d PRINT “TRIGBGER LEVEL OUT OF RANBE"
AEHd HETLIRN

A@17 PRINT "TRIGGER POSITION QUT DF RANGE®
A0 RETURN

4938 PRINT "HORIZONTAL TIME/DIV OUT OF RANGE"
AE40 RE TURN

4@TE PRINT "VXPD COMMAND [UT OF RANGE"
A58 RETURN

AE7E PRINT "(GW POSITION ODUT OF RONGE”
4388 RETURN

AR9E PRINT “SET N VALLE DUT OF RANBE"

418 RETURN

4118 PRINT “CURSOR POSITION (KT OF RANGE"
4128 RETURN

4138 PRINT "ASCII POINT OUT OF RANGE"

4149 RETURN

4156 PRINT “WFMPRE XINCH QUT OF RANGE"
4148 RETURN

417¢ PRINT “WFMPRE PT.OFF QUT OF RANGEY
4188 RETURN

4198 PRINT "WFMPRE YMULT BUT OF RANGE®
4200 RETURN

4216 PRINT "WFHPRE YZERD DUT OF RANGE"
4228 RETURN

COMMENTS:

i HAMDLER o7 LINE ¢

THE ¥PR@: S=5TATUS BYTE
THE MATURE OF ThE 2]

HE QUANT [Ty AhND NaTL

L TERMINE

VENT

ey

s

ENT G
R Ik
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4041 Operating Programs

1. ASCH Waveform Transfer to controlier. In this program, the selected
7D20 waveform memory contents are transferred in ASCl format to the 4041
controller.

2438 Rem FProgras ta recelve waveform preamble, and curve data from the
1E3 SOFBrE, and put the data inde variabies. The wavefors preavble is
a4 S ortored in string THFRRE$S', snd the waveforw data val ues ars

i3g ! stored Ir npureric array THFDATAT.

14¢ Integer wiwnum,dev,stb,addr,nr,teap 7 Extabliszh integer variables.
Pt Rewr TR2E APDRESE I3 SET To 1é

HE Dav=i@ / establish address for dev.

178 Opern #i1: gpibdpri="&kstr$(devIk”,pom=<@>) " / open chanvel #& for
za¢ o device address.

17§ ‘Gt the End OF Hezsage character fo E8] oniy Cworks with either
Jed ! terpingtor selection!.

FIF Rem Dimepsian string for waveforw preaphbie storage, and also

Pty S to reserwve buffer space for the turve data.

236 Dim wimpro$ tao 206

Zag On srg then call srghdle 7 estahl ish linkage far FRE hendling.
256 Enabie srq 7 Epsble 3R4 hanoler.

268 Procé: Y orecentrant point for seléction of storage location.

278 Input prompt "Enter wavefors lacation for transfer (1-8):":wimnum
286 If wfmnumd! or wimnum>b then goto proc@ ! see 7 deta is within
Hag foallowable range.

IBF Rep Set up FUZE to get data from DRta Minory selected, with ARCIT
Fi f encoding of the Jdata.

B2a Input #1 prompt “da ae: Retrf{iwfanum) &Y, enc: ascy wingre? " twfnpres
S34 Rew Haveforr preamble Jogded into winpred.

St Ben et the pumber of points transmpitied from the preantle.

158 Temp=pos {iwfnpres, "NR.PT", 1) 7 Fipd where NRE.PT is in the preanbie.
I6d Nr=valc{wfmpret . temp) ’ Extract the number of points frop wippreb.
378 Delete var widata / pakbe rure varigble iz deleted prior io

qag f dimenxienming itf.

354 Dim wfdatainr) ! Pisension "HFUSETR' ¢o bold curve dafa.

Agd Imput #1 dels "," prompt "curve?'rwidata ¢ Inpot curve data

EFE ! separated with compmpas.

A3 Btop 7 The variable "wimpre#” holds the preantle, and "wfdata” bolds
J4a8 ‘ the curve dats st thiz time.

456 End

364 Sub srghdle / Zerisl pell handler sub-progras,

SiE FPoll stb,addridev ¢ FPoll dewice BEUV.

520 Print "SBtatus byte from device #";addri” is “"jssth 7 Print Stalus
&34 S oRByte.

Sag Renume ' Return fo »ain progras.

559 End
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2. ASCl Waveform Transfer to 7D20. In this program, the
waveform data are transferred to the 7020 in ASCH format.

selected 4041

188 Rem Progranm to gend wevelorm preapile. and curve data to the Fpié

1ig ! from wariables. The wavedore preapble is stored in string “WFHPREE"
) ! oand the waveforwm data values are stored in pumeric variable “HFDATR® .
13a Integer dev,wfanum,stb,addr e, temp 7 Frfahbiich integer varighles.
144 Rew 7026 BDDREEER IF SET To 18
158 Pev=18 / establish address for device.
168 Cpen #1:"gpib@(pri="fstr&(devi&" ,com=<B>) 1" / OLpen channel #7 for
irg f device address. Sed the End Of HMepsage cheracter to EOI only
PRl S Aworks with either terpinater selectiont.
19¢ Bn srq then call srahdlr  Establish linkage Ffor SR handier.
208 Erabie srq 7 Eneble SRE bandier.
g Rewm The WFBPREE and HFRATA pust already ke defined (frow previous
Pard il Soprogramt.
23 Procd: {Re~eptrant point for selection of starage location.
24E Input prompt “Enter wavefore location for storage (1-&3:*iwimnum
258 If wifsnuad<l or wfsnum>d then goto proclB ¢ See J¥ ety iz within
SEF Soallowable range.
27 Fem Set up FPIF to accept date Ffor LDAta MEwory selected, with B5CIY
e ' encoding of the data.
296 Print #1:"da me: “&strei{wfmnum) &",enciasc”,wimpres / Send preapbie.
380 Fem Lreate image string for transfer of "HFRGTR™ curve dets.
318 Temp=pos (wimpre$, "NR.PT", 1) ’ find where WR.PT is in the preawhie.
20 Mr=valc{wfmpre$,templ / Exérect the number of points to ke sent.
338 Images="fa,x,5312(fg, 7, "), "ketrdinr-B13&" (fg,7 , "), fg" / Lreate the
F4F Soipage string $0 put cowmas after each number sept.
250 Print using image$ #is"curve",wfdata ’ Send fhe curve date.
b Stop © Curve has been resfored te the FHIG.
370 Endg
488 Sub srqhdir ¢ Serizl pell handler sube-program.
Ai4 Poil sth,addr;dev / poll device DEU.
A2 Prist "Status byte from device #";addr;® is "jstb / Print Ztalus
S35 SO Byte.
A48 Resume ¢ Returp f0 painh prograb.
ATA End

REV SEPT 82
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3. Binary Numeric Array Waveform Transfer to Controller. This routine is
used to send the currantly selected waveform from the 7D20 to the controlier. The
waveform data is transferred in Binary format with the waveform preambie
transferred in ASCH.

Faclsd Rew Program o receive a hinary sncoded wavefors frop the

E3 S TH2E, and put the data into a string, and numeric @rray.

1248 ! The waveforw preamshle is stored in string *HFHPRES® | and

233 fothe wavefore nameric data is stored in variable “HMFBRRYAT.

14 Integer wiscum,devysth,adde,m,temp © Ssdabl ish integer variablies.
1543 Ren FU2F ADDRESS IF GET T i@

1h@ Dav=1@  Lstablish address Ffor devics.

17 Open #i:"gpib@pri="&kstriidev)d", pom=<@B>}:"  Upen channel

Fe:d f #1 for device address. Set the fnd &F Mesrage to EGI only

158 ! tworks with either terminator seiection’.

T Rew Dimepsionp strings to hold waveform preastie, and to hold the
2 focurve data.

229 Dim wifmpred to 200.curved to 1846 ¢/ Prearble holds pe nore than

7 SOE charactes, and longest curve data irx Igad + header, checksaw,
foand byte-count.
On srg then call srghdlr / Establish linkage for FRU handier.

Enable srg ¢/ Enable SRG bandler.
27 Procd: i Re-entrant point for selection of storege location.
] Input prompt “Enter waveform location for transfer (1-8):":wfmnum
298 If wimnum<l or wimnum>4 then goto proc@ ! See [f date is within
fopegis Sowilowalde range.
FRE Rex et up the FIIF fo send odsfe Frop the DAte HEwary selected.
Iz S with binary encoding,. sending waveforps preawble first.
336 Input #1 prompt "da mer"istré${wimnuml " encebing winp?" iwfnpres
T4 Input #3 prompt "curve? icurved / Now get Ehe curve dets.
Fop Rem Now find cuf how many data poinds have beern sent.
ot-te] Temp=pos (wfnpred, "NR.PT", 1} ¢/ Llocate the NBR.PT header in WIMPRES,
378 Nr=valci{wfmpres,templ / This exéracts the pumber frow the HR.PAT
Fag 7 link argument.
3pd Temp=pas (curval, "4, 1) 7 find where fthe hinary data starts.
S Rep%{curves, i, temp—1)="" / Bet rid of the header prior to deceding.
41 Delete var widata ! Delote varzable before dimensioning it.
JI5 Few Bimension the variable fo hold the nuseric data.
433 Integer widatainr) 7 Integer, and dimension até the sawe tiwe.
o 48 Rep Convert the bipary data o puweric array.
553 Betmem buffer curve$ using "8i"swfdata 7 Decode the binary data.
468 Btop
4TS Endd
GF3 Sub asrgbdls ¢ Serial poil handier sub-prograws.
Sig Fall stb,addrjdev ’/ Poll device DEV.
528 Print “"Status byte from device #";addr;” is "jsth 7 Praint SéaTus
534 f Byte.
548 Resume ' Reburn to main pragrav.
S5a 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 7D20 to the controller. The
waveform data is transferred in Binary format with the waveform preamble
transferred in ASCIL

198 Rem FProgram fto send & hinery encoded waveform o the FHFE

i Y Frow the #847. The waveform prespble cowes from a string

FLd f yariable; the curve deta compex Jrom & numeric arrsy.

138 ¢ The variabie "HFHPREES coptains the prearble, and the array

14a fOTHFDATRT <ontains bhe corve data.

PR Fewr FEZé ADDRESS IS GET T4 19,

ibd integer wimnum,dev,stb;addr,.nr temp ¢ establish integer wvarighlies,
176 Dev=1# / Establish addrers for FHZE.

180 Cpen #ic"gpibd(pri="str$idevi& " ;eam=CBX):" ¢ Upen channel #1

19 S for devicr address. Sed the End OF Message to EG] only (works
i S with either termipator selectioni.

P Rep Variaghiss pust already be defined from previowus prograe {or

] fobe recalled from dape date file).

238 On srq then call srghdler ' fsfaklich Tinkage for 284G handler.

248 Enable srq 7 Enaitde SRL handler.

248 Procé: Y re-entrant point for selectiorn of storage location.

268 Input prompt *Enter waveform location for transfer (1-&):17swimnum
278 If wimnumd{i or wfmanumdé then goto proc® 7 See 7 dats widhin

e S allowabie range.

g Rem Sed up the TRIF to receive daets inte the DAta MEasory selected,
I8 Y With kinary encoding.

3td Print #1:"da me: "&strsiwfmnum) &' encibin®, wfmpre$ ’ Zend preanble.
326 Putmen buffer curved using "fax@i": "curve",wifdata /' {reate cyrved.
33 Print #l:curve$ / Send the curve dats.

X454 Stop

352 End

486 Sub srghdlr ¢ Serzal poll handier sub~prograd.

£33 foli stb,addrsdev & Foll device DEV.

42 Print "Status byte from device #"jaddri™ is ®"jstb 7 Prins Sdelux
434 4 Byte.

448 Reswne ° Return to main program.

4354 Ered

4-100 REV SEPT 82



GPIB—7D20

5. Input 7D20 Front-panel Settings from String Array. This routine is used
to transfer one set of front-panel settings from the controller to the 7D20.

¢
e
126
eyl
148
158
Fid
P
iB@
198
a9
2%F
226
258
388
313
320
oy}
343
350

Hew Prograw to send front-pancl settings to the FlId, The

i

settingy come {rop the string TFPIETE.
Integer dev,stb,addr ¢ Estaklish Integer variables.

Remw FRIE REDRESS 15 SET Ta g,

Dev=1@ / fedebliszh address for device.

Open #1: gpib@ipri="kstr$idev)i", pomn=<&>):" ! oppen channel #i for
device address. Set End OF Mesrage character to £06 anly (warks
mith either termingtor selectiond.

On srqg then call srghdlr /7 £stghlish linkage for ERG handiing.
Enakle srq ¢/ fralle FRE handier,

Reg The variable "FPIETE comes from previods pragram.

Sub

Print #1:{fpwet$ ' Send front-panel sedfiings to FOIG.

Stop 7 front-panel pow reset to originel redtings.

Enc

srghdlr ¢/ Serisl poll handler sub-program.

oll stb,addrjdev ! KPoll device DEV.

Print "Status byte from device #%jaddri® is "gstbh 7 Print Stafus
By e .

Resume * RPetarn to pain program.

End
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6. OQutput 7020 Front-panel Settings to String Array. This routine is used
to transfer ona set of front-panel settings from the 7D20 to the contraller.

142 Rem Prograw to receive fronf-panel setiings frow FOIG, and

iid S opuat the settings Ip siring "FREETE’.

12¢ Integer dev,stb,addr / £séagblish integer variables.

bt Remw 7TRZE RNHRESS I3 SET Tu I8,

i4p Dev=l@ / EFrtablish address for device.

150 Open #1: gpib@(pri="ketrs(dev)&" ,gon=<@>}:" ' open channe] ¥} for
24 Sogevice address. Sed End OF Hessage character to £0l only (worksr
ETEE S owith either terminator selection’.

184 Rew Dimenyion string “FPEETET to hold front—panel settings.

198 Dim fpesetd to &B ¢ Setding Inforpation Is less than olf characters.
29 D srg then call seghdlr ¢ Establisp Iinkage For SRQ hardling.
21a Ersable srq ‘ Ensble SR8 handler.

228 Input #1 prompt “cet?:fpset$ ! Ask for seédings, and store then.
238 Stop / Inforwatiocn now in TFRPIETE.

244 End

388 Sub wrghdlr ¢ Serial poll hendlier sub-progranm.

Fi8 Poll sth,addridey ' KPfoll device DEV.

328 Frint "Status byte from device #"jaddr;® is “ysth / Print Sfafur
334 i Byte.

348 Resume ‘ Aeéarn to main progran.

358 End
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7. Setting the 7020 to Remote. This routine disables the 7D20 front-panel
keys. Thus, during remote operation, accidental changes to the front-panel settings

are ignored.

fed
Fgcl
128
134
43
P32
1ee
I7E
R
194

Rew Routine Lo send the 7H28 Lo RENOTE-OHLY.
Rewm 7020 ADDREZS IS I#.

4

I3

Integer dev / frifablich integer variakle.

Dev=1&

Whyte 1lo,atni{3Z+dev,unl) / Send “LLUY, MLA-IO to put in repote,
then anlixten device. The 7022 will be in REMOTE-ONLY at thix
time.

Rew Epd of routine - way be converted to a subroutine, or to a

‘

sul-prograr s desired.
Ena
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8. Setting the 7020 1o Local. This routine returns the 7020 to local control
following its operation in "Remote Ondy'’.

¢
e
12
1350
144
150
168
17e
Lt
9
o
21
22¢

4.104

Rem Routine ko returp the 7020 to LOCAL,. This routine uses the
! addressed command T6TL to send the device to LOCAL., If REN is
released, all devices will returp to local,. not Jjust the addressed
devices as when using “8TLT.

Rew 7D2& ADDRESE IS 14,

Integer dev ¢ Lstabiish integer variable.
Dav=1@

Wbyte gtlidev),atnluni) * Send the "6TL’ commpand, then unlisten the
device, as the gti function Iisten addresses the device s to be
fent to lecal., The 7R20 will be in LOLARL at this time.

’
7

4

!

Ren Lnd of rautine - way be converted o g subroutine, or to &
I o sub-progran as desired.
End
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8. Text Transfer: 7320 to Tapse. Using this routine, the 7020 sends all
dispiaved readout information and text from the 7D20 to the controller for storage
on the magnetic tape.

133 Rew Proagrar to transfer reagdout ipforestion, &nd any screen text on
118 f o the FRZP screen o the controller, and have thet ipformatiaon

a3 ! stored on the intermnal pagnetic tape.

138 Integer dev,stb,addr ’ Estaklish integer variables.

143 Rem 7R28 ADRALRE IS SET T4 I2.

158 Dev=18

168 Open #1:"gpib@{pri="Yatrs (dev)&" ,eom=<@>}x"  Upen channel #I for
7 S device address.

186 Oper #2r "text{ope=rep,siz= B#B)" ’ Open channel #2 for storage of
ied 7 readout and text information.

i Dn srg then call srahdlsr ¢ fstablich linkage for SR handlier.
216 Enabkle srq / fnable SRG handier.

4 Rew Dimension stripg variable to hold all readout and texd dats.
23a Dis rdoutsd to SE8

2488 Input #1 prompt “rdo?ytest?"irdouts /7 A5k for, and receive readout &
w50 S fexd data.

266G Print #2:rdout$ / Store the daty on pagretic tape file "TEXRTT.
27& Ciose all

208 Stap

29F End

488 Sub sragbdlr 7 Serial poll hsndler sub-praogram.

416G Poll stb,addr;dev / Poll device DEV,

426 Print "Status byte from device #";addr;"” is "j;sth / FPrint taTus
#3¢ S O Bytfe.

445 Resume ’/ Returrn to wain progral.

458 End
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10. Text Transfer: Tape to 7D20. Using this routine, the controfler inputs the
text information from the tape and sends it 1o the 7D20. Oniy the text information is
sent to the 7D20; the readout information cannot be sent.

14

418
420
433
445
458

4-106

Rea Program to transfer inforpation frow regnetic fape to the scresp
of the 70E3. The date that is on tape, coentains both the readout,
/ and text dJafta. RIl bthe inforaabion irs sent to ke FDIG, which will
fooanly respond to the texd datas, The readout dats will be Igrored.
Integer dev,stb,addér / Establish infteger variables.
Fem 7028 ARDREZSR 15 SET TG 18.
Dav=18
Dpen #ir"gpib@ (prim"hstré{dev) &, eom=<{@>):" * Open channel #7 for
device address.
Bperns #2:"text" ¢ open channel #2 for retreivel of the
readout and text information.
Un srq then call srghdic 7 Ectabhlish Yinkgge For TRAQ handler.
Enable srg ¢ Epnable SPQ handier.
Rep Dipension string variable to held all readout and text data
Y on the magnetic tape file.
Dim rdoutd to 536
Ipput #2:rdout® ! Receive readoud and text data From wagnetic tape.
Print #lirdoutsiches(lX)y / Send the data to the 7D20.
I¥ notleof (2)) then goto 268

Close all
Btop ° The fext informeiion s now hack on the screen of the FHIA.
End

Sub srqhdlr 7 Serial poll handler sub-program.

Poll stb,addridev / Poil device DEU.

Print "Status byte from device #";addr;® is ";stbh ¢/ Print Stalus
Byte.,

Resume * Beturn %o main prograk.

End
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11. Text Generation: Controiler to 7D20. This program allows the user to
input to the controller ihe 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.

o
1i¢
ize
138
14
154
iga
17a

19
288
218
PR
238
43

Tl
P
bz
2946

£ 1]
324
338
342
itit ]
Lo
37a
3oe
)
4¢3
EN
426
A3E
494
=l
Hig
n23
SIe
S48
==

P&m Frograr to allow generation of & text message ¥for the 7RI
Frow the contraller progras. The general rale of thurb <IB@
! charactes 1igit) will ke ased in $his program.
Integer dev,stb;addr,total.; / fstablish integer variables.
Data "More tharn 188 characters, re-—enter data from beginning.”
Read error$
Rem 7RI} ADDRESE IS I18.
Dev=1d ! Esteblish device address.
Open #i:"gpib@(pri="ketr${devi&”,pom=Cd>)" ~ Open channel #I
" for device addresss
On srqg then cail sroghdle 7 Extablish linkage for SRG fhandler.
Enable srq ¢ énghle SR handier.
Rew Nimgnsion séring wvariable to Hold chaeracters for text display.
Dim textéd to 128,char$ to 36 7 Temporary storage of I6 characters
‘o opep [ipe (FDIZ@ paximpuw 1Iimit) Iin stripg "CHARST .
Textg=""""  pPpre-define "TEXTE' with & 777,
Rem Inpat wup tu id lines of code, and lers than 183 printshie
Soaharaolers.
Procéz total=@ ' [nitislize character counter.
For i=1 to $2
Inpat prompt Y——>"ichar$g
If len(char$}=@ then exit 1 to proc?
Tetal~=total+len (char$)
If totaidigd then goto proci
Print error%
Exit I to proc#
Proci: repSitextd,lenttextd) v1, B =char®qchrs (i3 7 Joncatenate
;! oskrings, and add (CR> ax Iline deiimiter.
Mext 3
Proces J Exit paind ¥rowm far-pext loop
Texts=text$k"" """ 7 ddd Final to text siriny foe Gransiers
Rem How send the data to the VDG sereen.
Print #i:"text"jtentd
Stop / £nd of programn,. Ressege del ivered.
End
Sub srahdle / Seriel poll bandler sab-program.

Popll sth,addrjdev 7 Foll device BEV.

Print "Status byte from device #"jaddr;” is “jsth 7 Print Staioas

S Byte.
Resume / Rsturn £0 main program.
En
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4041 Application Programs

7. 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 censtrained to ook up the error code

meaning.

I8
558
s PASSED CONTROL; "

Jo68

Rep Prograw to detect SRE. poll device lisxt, and decode 7RIF stabus

;
‘
;
4
‘
’
s
v
i
‘
¢
‘
s
;
I3
v
.
.
v

byte. Display sctual statur message, and the Linary sguivalent.
"RTRT is the devic reported status hyte, and TADDRT is the
address nf the device sending this particular sti.

STATUS BYTFE (5TRY &
Bivg #'5 -» 5% 7 & 5 45 2 7
ETRYUE CUDING:

SYSTEM —~> @ R E 8B S 588

BEVICE »=> I R B D BB LD

R@s RIT, E

= ERRGRA RIT, B = RUIY RIT
ZTEN ETAT

O o= BEVICE STRTUS

This pragram way fe treated, as a whole, ay a sub-progran with ell
varighles local to the sab-program. Alternatively. it pay he uzed
&= & subroutine within the mainline prograw.

Integer sib,addr,posi,pos2,errbit,devbit.dev ‘ Lrtatdich infegers.
Bim sth${2) to 188 / Divension sErings.

Rew TR28 REDRESR IR I3

Berpolz i Here is whe

Dev=18
the program really starts.
Htb® (1) =" POWNER ON; OPERATION COMPLETE;USER REBUEST;REQUEST CTONTRUL

Sthe (23="3; COMMAND ERRDR;EXECTUINN ERROR; INTERNAL ERROR;PUMER FAIL

SEXECUTION WARNING: "

378
Jutalil
399
A
a4id
4248
A%
Lo
458
LT
47 &
488
4P
e
S14
s2a
B
Had
556
SHG
nre

4-108

Puil sth,addridev ! serial poll devi
If (stb band 128)=128 then goto device / 8ranch §¢ device bif set.
I+ (=stb band 32)=32 then errbit=2 else errbit=1 7 Erpor?

Goto deceodel

Devicea: Y Message s Jevice dependent

Gosub iistetb

Print “Device dependent status reported from device #";addeg’.
Print "Reter to device's manual for definition.™

Resume

Lecodel: / Decode error ar norwal pessage and Pist it.

Bosub liststb

Stp=ath band 3t 7 Remove all kot fury and code bhits.

If (sth band i6)=16 then print "Device presently busy® else gote Hig
Stbhwsth-16 ° Get rid af hasy Hit iF set
Posl=posn (sthEierrbit), ;" i 8th) / Finy start of mess
PasZ=posn {(sth${errbit) " ", 2,8th) 7 find end of mravage.
Necode$=segs (sths (errbit)posl+iposiZ-posl) / Hed decoded mexsage.
Print *"Device s status message is “jdecode$

Resume

Liststbe S List the Ftatar Lyte, and binary squivalent.

Putmen buffer decodet using "8b%:sth

Rep$ (decode$, S,8r=" " ¢ put in a spaae For readability.
Print “Status byte “jstbh;” reported. Binary is "jdecodes
Returr / Fefurn S0 aait plogral.

End
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2. Store and Recal! Front-panel Settings. This routine allows the user to
generate up to six different front-panel settings and store them on the controller
magnetic tape. The user is given a menu display that allows selection of the desired
operations, The program advances by front-pane! key closures and the use of the
probe identify button, located at the probe tip.

136 Rem Progres tp Store and Recall Fropt-panel Settings. This routineg

iie ! @llows the user to generate wup to fen different fropt-panel

126 fosetlings, and store ther on the controller magnetic tape.

i o The fropt-panel setiings are stored when the aperater prerses the
{44 S tprobe identify’ button on the probe. Each succeszive press, wmill
P ! store another fropt papel seEting. Mhep &ll & are defined, further
168 ! operation of the ‘probe identify', will cause the frant pane!

ire ! setiings to he recalled, and sent hack ty the THBZS,

g8 Integer dev,ustb,addr ,setnum,selnum ' £stablish integer variables.
v Rem TRIO ADDRE Ig 18

i Dev=1@ / ELstatlish device address.

218 Bim fpsetss{1if) to &6@,menus to 2086 5 Jirension strings.

228 Fpeetss="" 7 Ipitiglire fpretsé string array .

238 Gpen $1:"gpihd (pri="heairs(devI& ", eom=CA» 1" v [(pen channel #] for
LHAF Sodevice address. Ret End OF Message to EO] only, works with apy
254 S oselected terminastor.

268 On arg thern call srghdle ¢ Estaebilixh linkage For SRF4 handling.

274 Enable srq / Erable 5SRO handler.

268 Wbyte sdo(dev) / Clear inpud/outpud burffers, and any evisting ERA7 s
REE ! and error conditions. {sefscted device clear?

B3 Print #i:"pid on" ‘ fnable Probe ID rgs Rit.

310 Gosub menu / List senu to soreed of FRIEL

32¢ Waiti: wait ¢ Wait For pext interrupt.

3%@ Routinel: goto selnum of menu,store,recall  tstore, retore

344 Goto wastl ’ Weit for user generated 584

35¢ Menu: £ Roytine fto send user menu to JOIR

Tag Menu$=chri {13 &chr$ i LD &ohr$s (9 & menu: "Skohr$ (135

oy Henu$=menuskchrs (13 Rohrs (93 8"1. sto ft pnl setting“&chrs(13}

T8a Menu$=menuSichr$(PI&"2, rcl ft pnl setting"&chr$(13)

398 Menu$smenuskehrs (9573, stoe settings on tape“Rohr$(13)

428 Menud=menushchr$ (944, rol settings from tape"Whr$ (i3 dchri{l3)
419 Merudsmenuskchr$ (P& "e.g. press “f rgs 17 for"kehr$ (13

A4za Menuf=menuskehr$ (P} Rehrs (P& " store routine.”

AZE Print #1:"text";chr# {38 kmenustkchr$(34} © Seng "TEXT “peny”’

448 Boto waitl ¢ rebarn to waiid for user SAGL

458 Htores Y Routine fto acguire sebiings Ffrom 7HI3

b4 Getrum=1

478 Storei: qaeub prompti ¢ Send prompé fo screen of TUIE

AGA Waitld: wait ‘ Feid Ffor user generatsd JRG For this rogbine.

458 If selnum~1 then goto routinel ! 17 menu, goto select point.

See I+ selnum<>3 then goto wait2 ¢ IFf probe id, goto store setéipgs.
G1d Input #1 prompt "set?Y:fopsets$i{setnum)  Input complete Tront panel
538 7 settings from device, pub in arrey element ' setnuam’ .

it Setnusrsetnumtt ! Increpend array elepent counter.

S48 If setnumdll then qote storel / iLcop back 7 less than If settings.
a9 Selnum=l / Select mwenuy

k=1t ] Goto routinel / Go to aoperation select point.

G578 Recall: Y Rowtine to send soettings to FRIgd

it Betnum=1 / Select peny.

59¢ Recalli:z gosub promptl / Print proept on FHZE soreen.

=317 Print #i:fpsetst(setnum) ’ Zent compiete Fromt pene! setbings to
& E4F S device Frow the array elessnt Tseftpun’.

L2 Setnussetnumel / Increnent array elesent counter.

LH3E& If setnumdii then goto waitd 7 Loop JF all ten have not been zent.
LHad Belnum=l 7 Sglect senu.

LG8 Gato routirel / 8o o operation selecéion point.

668 Wait3: wait ’ Kait For probe user generated DAG.

&78 I¥ selnum=l then gotc routinel

L3 I+ selinumd>3 then goto waitl

&8 Bota recaill

789 Tstore: ! Tape storage routine

KAt Open ¥2:“fpsetsi{ope=rep,siz=&888) " ‘ dpen channel fo write to tape
Yaed s file. The REP command will cither new, or replace existing file.

PROGRAM (CONT)
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PROGRAM (CONT)

T
7
758
THB
Tre
786
T
Hos
#rix
s
B3
BAG
85g
866
B7@
286
898
PR
P13
726
pyiticd
13ia
182e
1G3HF
1848
g4 E
1958
1366
ig7a
1586
1294
194
1156
1128
1138
114@
115&
140
1174
1186

4-110

’

Budy

Print #2 using

"iditas) " riposetas  Write fto the tape placipg JCR>

sfter esch array €lepent to gllow easy refreivsl of informpation.

Close 2 / Lilose &he channel,

Hel

LT Sk W

Seleo

Bote routinel
Retowre:

Bel

mume=l 0

Selwo

Goto rovtinel

T omEnU.

update tape directory.

Return to operation xelect point.
S Load settings frow tape file
Open #2: "fpsets”
Input #2:fposetss
Fdelimited with a
Elose 2 ¢ Close the channel to faps File.

S Qpen chkannel
SCR>.

T omeny
Return

t0 read/write date to taps rile.
! Input date vrop tape File (rach array slepepd is

to aperation select poiné.

Promptl: ! Bend prompt pessage to THEG - baild text strimg first.

Meru$="current settings number is "kstr$isetpun)ichr$ {13
Menu$smriubhkehr 8 (13)
Menut=menusk'press probe identify to advance"qchr$(13)

Manus~menusk'press “rgs’

Print #iz:"text"schr$ (34 dmenu$tohr$ {343

Ret

wrn  Return from

End
srqhdlr leocal evnt 7 Berial poll bandler sub-program
Integer ewnt
Poll stb,addridey ! Foll device DEU.

I+ stb=83 then goto event ! User reguest
nt “Status byte from device #j;addr;"

Pri
Ayt

=

Input &1 prompt "event?':evni
nt "Event"i;stré$i{evat); "oococured.

Pri

Rt

Events

‘

Sozend

an e

ventl, get tLhe

the event that occured.
Input #1 prompt

1+
If
If
I¥
I+
I#

evnt =443
evri=451
evht=452
evRi=483
evnt =454
eynt=4%7

Resume ' re

Ernd

then
then
Ehen
then
then

Yevent?Tievnt
selnum=1
selnum=2
selnams3
sel num=4
salnum=S

zybroutine

e panse,

or evnt=430 then selnum=H5
Frow the srqg handler routine.

£

;

to return to aenu. ™

Send menu a5 TENT.

sEifus byte,
is "ystb 7 Frint S¢alus

S Return rechanisme to main program-

and continue according o
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3. Event Capture. Semetimes called a “babysit routine™, this program aitows the
user to set up the 7D20 as desired, then have a user-selected number of waveforms
acquired and stored on the controller magnetic tape. This ailows the user to ieave
the systern unattended, but still capture the required data.

T
FiF
ine
136
14E
150
PRt
J7
a8
74
25
21e
226
#3e
i
258
Pt
paard
2848
298
et
31
329
33
348

Rem Prograw to capbure and record events that Erigger the THZH.
¢ This program (sometimey called & "habysit roatine’ allows the
¢ user to set up the TDIF ax desired, thep have & user-selected
¢ pumber of waveforms acguired. and stored on the controfier’s
! wagnetic tape. This allows the wser to leave the system un-
i attended, but still capture the required data.
fen Routine awaits @ "hold next compiete’ 3RQ From the FRIM.
¢ Mhen the proper ZRA ix reced cd ., Ehe waveform is trapsferred
! to the coentroller, then stored on tepe.
integer dev, sth, addr, cycnum, datame , namefm, evol, siz,oumcyc
Rem FDI3 ARPRERE IR 18
Dev=1d ¢ Estahlish device address.
Cpen #i:"gpib@{pri="4stré{dev)” ,som={@>):" / Lpen channkl #1 for
i device address, Set the £nd 8F Heszage terminstor &0 EOD only
¢ {works with any Eermination selec
On srq then call mrghdle / fstaplish linkage to FRQ Randler routing
Enahle srq / fnable SRG handler.
few Dimension strings Lo appropriste lengih.
Dim fpset$ ta &608,wimpret$ to 208,text$ to 16@
Data 1,1,1
Tab$=chr$ (9}
Co#=chr % (13}
Quotsschre{34)
Read cycnum, datame, numwfm
Procé: Y Give user proppts on screen of FUIP, and et responses
Y frowp fthe TOZ# uzer keyr-
Zall promss
Wait 7 Maié for aser inpat, iFf nob what expected, £rass SCreen. and
write it oud again.
I+ evntd{i or avntrh then goto procd

Proci: numeyc=evynt ° fet cycle counter, and tell aser fp xed up FREE
Call prom2
Mait
If evat=i# then goto procl
Hoto procl
FrocZi ¢ et settings frop FO28, and decode whether one or w0
foehanneis in uses
Dimabie srg
Input #1 prompt “asgr? mod":agré
1f pos{agr$, "both",1)>F then numwfm=2 ° Hupber of waveforms for
S fife sire.
I¥ poslagr$, "ch2”, 1138 then datame=2
Cyenum=t 7 Inftialize cycle counter
Giz=a@OBinumwim  Callulate space for wavelorp date op tape.
Procss s Séart of babysitting roctine, send pessage o soroen.

all promS ¢ Proapt pessage for FHIE,
Enable sry
Print #1:"trig hoidnzon”™ 7 Re-arp the D& for next trigger.
Wait ¢ Wait for hold-next interrupt from FREE
Input #i prompt “"event?"ievnt
If evnt=458 them goto procd
Print *Invalid¢ event code received - EVENT "j;evnt
Goto procl
Proci: 4 Proper stetus and error code received, continue proce
Call gprom3 7 fell user that progran is Working on data.
Bpénﬁ%"u%mm“&strt(cycnum}&“(apemrap,sizm“&strstﬁiz}&“)“
Open #2:open$
Input #1 prompt “da me:"kstré (datame}&”,pnc:asciwinp?" sufmpres
Call curve
If numwfm=1 then goto closeit
input #1 prompt "da me:2Zjwfmp?"swémpred
Call curve
Closeit: close 2 7 Close present fape File.

Cycnum=e yonumel

PROGRAM (CONT)
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PROGRAM {CONT)

733 If cycnumdnumcyc then goto done / 17 nupber of cycles coppleted.
Fa% Soto procl

758 Done: S End of prograw, tell uzer that the wavelorsms have been stored.
TEH Cali promg

Frg End

288 Sub sruhdle ¢ Serisl poll handler sub-progras.

Hi¢ Poll stb,addrjdev / Poll device BEV.

"G I+ sib=83 then goto B85

838 Print “"Status byte from device #"jaddri™ is "sstbh ° Frintd Séslos
EFS f Byte.

Bag Resume ' Hedurn acchapisn o main progrss.

B8 Events: ! Hust be & aser key request, decode response Into evnt.
Bog Input #1 prompt "event?":ievnt

B70 If evntd45: or svnt>456 then goto special

aseg Evnt=evrnt—458 ’ Decode event into number } to & copresponding o
s { front panel user rogs KEYs.

S@d Resume ! Refurn o mainline when done here.

18 Special: S O Netk & user rgs key, gee if norpal user key. If not, do
Eig ] foan event? and send the data to copfroller screen.

34 I# evnt=483 then evnt=18 elss goto 956

E21 Resume / Rqs key was préssed, returnr 0 main progran.

958 Print “EVENT “;svht;" reported under status byte 83,7

LB Rersiurer 7 Redurn ta painline.

974 End

1668 Bub curve local tesp.nr / 8t curve data. then store winpref & widata

PLLEN 7 on Ehe magnetic tape.

1826 Temp=pos {wimpres, "ne.pt®, 1) ¢ Find whare "HR.PT® ix in the presable.
1&3E Nr=valc{wfmpre$,temp) ¢/ Extract pumber of points From wimnpred.
j@ag Delete var widata

1956 Dim widatal(nr) 7 Dipension “WEDATA® ta kold curve data.

328 Input #1 dels "," prompt "curve?":widata

187G Print #2:wimpre$ / Put the weveform preawble on £ape.

180 Print #2:wfdata 7 Fut the curve deta points on tape.

1BPE Rexturn

1188 £nd

12668 Sub cirscrn focal crd 7/ Sub-progrem te clear the screen of the FOFE.
1218 Dim cr${id) to 1

1228 Cr$=chr& (I3}

1238 Images=""text’ x,fa, 12{fa),fa" ’ Build the in Tprint o Jsing .
1244 Print #1 using imagef:chré{34) . cr$,chri{34; - BoOLORR, TR,
1254 Return / Return From whence it cawpe.

1ioed £nd

1388 Sub promi f sub-program for FROG screen prompt #1.

1314 Call clrscrn / {lrar the 7028 screen.

1328 Texts=quotskcihkiabs%k"Enter number of cycles'&cd

1338 Textd=texttltab$h"te store. "estosbiab$

13448 Textd=text$h™e.g. press *§f rqs 1 for &ctbtabg

135E Texteztexttk"one cycie."kgquots$

13468 Print #1:"text";texts

1376 Return

15688 End

1484 Bub prom2 7 sub-prograw Yor 7408 screen prompd #2.

1419 Text$=quotskcsktab$&k "Fleass configure the 7426 as"kc$

1420 Texti=textsltab$k " neaded for capturing data. "M e%es

1438 Textd=textsltabs& press “rgs” when ready. "4quots

1456 Print #1;"text"jtexts

1458 Return

1466 End

18508 Bub prow3 / Subeprogran for PSR screen prompt #£3.

1518 Call clesern

1528 Text$=chr$ (34) ke ske$&tab$&"working on wavefors"kes

1538 TestS=textshktaht"# “Letrélcyonunl &, please wait."kguots

154G Print #1:"text“stextd

15958 Return

15468 End

PROGRAM (CONT)
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PROGRAM {CONT}

1488 Sub promd4  Sub-prograr for FOZ8 screen prompt #4,

1610 Call cirscrn 7 &lear the TG scorpen,
1626 Textd=guot$bctikiabs¥t ab$d"Program completed! "tked
16308 Texté=text$tcsttabdd M wavetforms stored on tape."hguots
1a48 Print #l:"text";textd
1658 Rerturn
1hae End
1788 Sub proel 7 Sab-Jprograw Jor TRIF screen prampy #i.
i7ig Call clrscra
1728 Texti=quotsktab$sk"7D2% now babysitting! “&quots
i7Ea Print #1z"text";text$
1748 Return
1758 End

REV SEPT 82
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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
107 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 7D11
tn serve as a calibrated source supplying the very slow timing (sampling)
information for the 7D20, both of these problems may be overcome. The 7D1t is a
digitally controtled delaying unit with the capability to delay by Events or Time. For
this application it wilt be used as a deiay 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 to 107 in steps of one. This is selectable at the 7011 front panel.
This “divided down’ signal is obtained at the DLY'D TRIG OUT connector on the
7D11 and applied to the EXT CLOCK 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 & T 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/
samptle to 10° sec/sample. So a 1024 point recerd at the slowest speed represents
115.7 days of information. vaiousiy, long term stability of this system may need to
he considered for such a rare pccasion.

it should be pointed cut that the ENV and AVE continuous functions of the 7020
work in & simitar manner to that when ROLLing. The total number of samples
processed between displayed points is fixed at 100 when externaily clocking the
7D20. 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

77044

1kHz
Calibrator

O 7020

Ext Trig
IN

Trig IN

Ext Clock

Delayed Trig
ouT

Events Start

iN

TT04A

7011

7Dz20

Vert Mode ........... RIGHT
Horiz Mode .......... ... B
Calibrator

Vels .o 4V
Trig Coupling ........... AC
Trig Source ............ EXT
Trig Siope ...y +
Trig Level.......... ..., = 0
Events Start

Trig Slope ................ +
Events Start

Trig Level, .. .... = 2 o'clock
Count Mode ....... EVENTS
Delay........... As Desired
Fine Delay.............. NA
B Sweep

Delay Mode............. NA
Time Div ... ... EXT
External

Polarity ......... U {positive)

385760
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APPLICATION 2
ULTRASONIC, NON-DESTRUCTIVE TESTING
USING 7D20

Non-destructive testing of material for uniformity is typicalty performed using
ultrasonic techniques. 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 crystais are often used as transducers to convert an electrical
pulse from a transmitter 10 ultrasonic waves and, after the ultrasonic burst has
traveted through the materizl, convert # back o an electrical signal at the receiver
end, The crystals are chosen to resonate far above the audio range, often in the
megaheriz 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 crystais and part under test placed in a tank.

Two test modes are common—pulse/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 crystals are used—one transmits and the other receives, often on the
other side of the object from the transmitting crystatl. The transit time between the
fransmitted puise and reflections from surface boundaries or internal defects
reveals the quality of the material or the location 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 resolution when compared with the oscilioscope. However,
with the onset of transient digitizers and digital oscifloscopes, a highly accurate
alternative is now available.

The 7D20 can capture a reflected signa! and allow you to measure time referenced
to the trigger and also to analyze the signal amplitude using a single cursor {AQFF).
Because the time bhase of the 7D20 is derived from a crystal clock, the horizontal
timing accuracy is much better than that of conventional, ramp driven time basas.
The improvement is most significant when deiayed sweep is compared with the
7020's delayed trigger position. For example, to have a variable defay up to 10 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 ups/div, the accuracy of the display is about 3%. At this Time/div, the jitter is
nearly haif of a division!

Whereas with the 7D20 at 10 pys/div, 15 ms of defay is possible. The approximate
timing accuracy for 10 ms delay is £10 us. The display jitter is one sample interval
300 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
countar/timer.
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INSTRUMENTATION SET-UP #2

7603
7603
Vert Mode ............ LEFT
7020
Acquire Meode........ CH 1
Triggering
Couphng.....cooooo.vn AC
?ﬂ%u"‘( Mode............ NORM
7020 SOUrce L., iliaen. EXT
\ O Position .. ... As Desired
?) O Time/Div . ...... As Desired
Externail
Frigger
Received {nput
Signal Syne
Cutput Cutput

Pulser/Receiver

Material
Under Test

Transducers

Transmit ! Receive

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 7D20's trigger horizentally 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 te make accurate time measurements referenced to the trigger
{time=0).

The Pulse/Receiver in the setup illustration is a commercially available unit. It
supplies the stimulus to the transmitting transducer and preconditions the received
signal supplying sufficient output so it can be viewed on the oscilloscope display.
The Syne Qut 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 viewsed
position on the crt screen. Note that the resolution is on the order of one partin 10°
when compared to the total delay time avaitable. The accuracy of the measurement
is ©.1% of this reading.

Other 7D20 features such as multi-trace disptay 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 ys/div for a single event and
as fast as 50 ns/div for repatitive events. Also through the |EEE-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 7020 is much more flexible than a counter/timer.

385753

Figure 8-1. Viewing a reflected pulse signal showing the cursor position relative to the
trigger puise.
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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 pulse 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 psec 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) oscilioscopes have been the preferred device for viewing
such events, Seldom have digital storage technigues been used because of the need
for exiremeldy dense information.

The difficuity lies with the inability of digitizers to properly represent displacements
which appear on conventionat oscilloscopes as a vertical line without any width. In
order to digitally capture any information, it must be sampled often enough fo
represent salient characteristics. For a simple rectangular pulse, only one sample on
the top of the pulse is required to accurately represent its amplitude. One sample
will be guaranmieed as long as the digitizer's sample interval is shorter than the
width of the pulse. [f such a pulse width has 520 us sampled at 500 us per point to
build a 6 second lang record, 10,000 horizontal points would be required. Whereas,
a bistable storage scope has horizontal locations which are only one molecule apart,
$0 @ very narrow puise appears as a vertical line. This is like having billions of
“dots”. Although, the total number of perceived verticai lines is only a few hundred
side-by-side.

tn order 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 still detect the
presence of evenis which are 500 us or greater in width by ENVeloping
continuously. Based on a 500 us sample interval the equivalent number of
horizontal peints required without using ENV are listed in Table 5-1 below. Keep in
mind that this is only true under certain special conditions.

TABLE 8-1
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

40,0600 20

100,000 50

200,000 100

400,000 200
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For the application of neuronal activity, intracellular responses are between 500 us
and 1 ms in width which makes this approach valid. Caution must be taken to never
attach the 7D20 directly to human subjects. Intracelfular electrical potentials are
on the order of 50 mV to 100 mV and may be applied to the 7020 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 oscilfoscope. Variabie persistence scopes provide a means for
recording such signal changes, which aliow you to easily view and inspect signal
characteristics. However, when the npeed arises to compare one record with a
previcus one, a certain amount of inconvenience is encountered. One difficulty is
that although multiple sweeps are recorded, dispiay modification 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 accumuiates maximum
and minimum values of successive sweeps and effectively simulates a variable
persistence display. However, the 7D20 also provides all of the advantages of digital
storage; bright and clear displays, indefinite storage and view time, display
modification {position up and down, ete.), readout of waveform coordinate values,
multiple waveform storage, and computer interface {EEE-488).

3857-64

Figure 5-2. Using the ENVeloping mode to show frequency shift.
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The bright and clear dispiays of up to six waveforms simultaneously, improves the
visual comparison of acguired signals. The cursors allow for quantitative measures
of signal variations and the IEEE-488 interface permits long term trend anailysis and
recording using a calculator or computer,

Of course, the key 1o this measurement is the ENVeloping,. There are generally two
forms of this, continuocus of 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 7D20. 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
7020 will process waveforms indefinitely untii 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.

3857-55

Figure 5-3. Using signal ENVeloping and multi-display feature to view pulse jitter.

3857-56

Figure B-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 coverlaying it with a previously generated envelope. To do
this, simply use the CURSOR WAVEFORM modifiers to positicn the record up or
down.

Now, even slight and subtle waveform variation may be easily revealed.

APPLICATION &
SOA ANALYSIS USING
THE 7D20 AND 7A13

When testing any transistor switch where the collector current and cellector-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 liquid crystal displays.

Some simple visual techniques can save a lot of time in finding the SOA without
resorting to exacting calcuiations. Certainly, absolute accuracy is desired as provided
by signat processing, but visual inspections reveal gualitative data in a very short
time.

The simplest approach is to use an oscilloscope to display the collector current {ic)
versus the collector-emitier voltage {Vee). This allows you to view the actual
switching characteristics while the device is operating, It is also valuable to be abie
to see how hoth signals relate to time. In order to probe the circuit under test, a
diffarential amplifier is needed 1o acquire a frue Vee. A current probe which can
respond to dc as wefl as ac is recommended. However, if a “current sense resistor”
is available, this is the most econcmical 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 7A13 Differential
Amptifier for preconditioning, and the AM 503/P8302 current probe and amplifier,
SOA information can be-easily viewed. The current probe accurately measures from
dc to B0 MHz and provides a single-ended output to the 7D20. The 7A13 is a DC to
100 MHz differential amplifier. When installed in a 4 compartment 7000 Series
mainframe with the 7D20, the signal conditioned by the 7A13 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 7D20.  a 4 compartment mainframe is not
available, the P6046 differential probe and amplifier may be used. This provides 100
MHz bandwidth but jacks the flexibility of the 7A13.
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INSTRUMENTATION SET-UP #5b

Vertical
Signal Out

T704A

TA13

TT04A
Vert Mode ... ..., RIGHT
Horiz Mode .......... ..., B
A Trigger
SOUICE ... LEFT
7A13
+dnput oo Do
- nput oo RPN 51
BW . .o FULL
Volts/Dhiv ....... As Desired
Comparison
Voltage ................. NA
TD2G
AQR Mode .......... BOTH
Triggering
Mode. .. ......... NORM
Coupling............. DC
Source .......... MODE
Pasition ............ + 1
Slope........ As Desired
CH 1
Volts/Div . .... 10mV/Div
Coupling............. BC
CH 2
Volts/Div..... 20mv/Div
Coupling............. 3C

3857-52
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CALIBRATION

Since the signals are being preconditioned, the 7D20 cannot display the true
sensitivity of the current probe's amps/div or the TA13's volts/div. However, the
AM 503 front panel can be read to determine its amp/div. This will be accurate
provided its output is terminated into 50 ohms and displayed at 10 mV/div on the
7020. A similar situation is true for the 7413 but it will be necessary to adjust the
gain at the 7A13. This is a simple front pane! adjustment To calibrate the
TA13/7020 defiection and sensitivity, do the foliowing:

1. Set the 7D20 CH 2 for 20 mV/div and for 500 us/div.
2. Set the 7A13 to T V/div.

3. Apply the 4 voit calibrator signai from the host mainframe te the + input of the
TA13.

4. Connect the instruments as shown in the setup iHustration,

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 actual volts/div may be read directly from the 7A13. Remember
when selecting different sensitivities, DO NOT change the volts/div settings on the
7D20. Make all Amps/div and Volis/div selection at the AM 503 and 7A13.

OPERATION

Connect the two PBOSE probes to the circuit under test. If acquiring Vee is desired,
connect the + input to the colector and the - input to the emitter. The 7A13 will
algebraically subtract the emitter voltage from the collector voltage to yield Ve
Connect the PB302 around a convenient loop or element in series with the collector.
Adjust the AM 503’s and 7A13's deflection factors to produce signals of about three
divisions each in amplitude. Set up the 7D20's display as follows:

1. Press “VS" followed by a "2” to create an X-Y display of ic vs Ve,

2. Press "REF' to view the "CSW" (cursor waveform), ic vs time 1o serve as &
time reference, and

3. Press "2” to dispiay 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 ievel was sustained. Ultimately, this information can be used to determine

the energy dissipated by the device.

Figure 5-5 shows an example of the information provided by the 7D20. H the
REFearence waveform is not displayed, the cursors readout the X and Y coordinates
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of the versus display. if the REF is dispiayed then the horizental cursor coordinate
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 B-8 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 Ve information must be
acquired in a single sweep in the event of a device failure. In this case, the 7020
will acquire both channels in a single sweep as fast as 2 us/div. Since NORM

3867-57

Figure 5-5, 7D20 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 is used, the 7D20 will simply retain the |ast triggered information. At that
point, HOLD should be pressed to eliminate the chance of a stray signal or noise
from destroying the data. Alternately, HOLD NEXT may also be used for a triggered
hold.

This application is intended to aid in the SOA process and by no means represents a
complete of rigorous method for making such measurements. A more compiete
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 audio spectrum. The 7D20
extends this ability to capture single events into the video spectrum.

Also, the settings of the 7D20 may be remotely programmed 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 sofiware
impact on the system engineer. The 7854's waveform functions eliminate the need
to create and verify many commoniy used algorithms. In this sense, the 7854 and
7D20 provide the shortest path to designing a waveform measurement system.

Before proceeding, a few technical peoints must be considered to explain the use of
these twg instruments.

The 7020 is a waveform digitizer. lts measurement accuracy is derived from its
waveform memory. 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 position of the display can be adjusted from
the front panel which can seriously affect measurements made with the graticule.
However, the contenis 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 position of the display. Accuracy of the 7854 is limited primarily by the
plug-ins installed in it. Hence, the display cutput of the 7D20 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 logical

way to accurately represent a 7020 waveform in the 7854 is to transfer the actual
digital data.

5-13



Applications— 7320

INSTRUMEN

TATION SET-UP #6

7854
IEEE-488 {(REAR PANEL SELECTS)
MODE ........ LISTEN ONLY (CODE 11)
STATE ... ON LINE
DISPLAYMODE .................. STORED
7020
IEEE-488 {(MENU SELECTED)
MODE ... o TALK ONLY
7854

ONOROX®)

7020

3857-5%
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MANUAL TRANSFER

When using the 7854 and the 7D20 without an IEEE-488 controller, provisions have
been made on both instruments to allow you to transfer data manually,

initially, set up the 7854 for a SCOPE display, install the 7D20 as shown in the set-
up iHustration, and acquire a waveform into the 7D20. if you have more 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 fo be transferred. Press the 7D20's D
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 ASCIH from
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 vaiue; however,
the timing information is correct. The difference in scale factors ocour because the
7D20 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
cemmand on the 7864, if the 7020 acquired its waveform in the Extended Real-time
range (200 us/div o 2 us/div), 820 point waveforms will resutt. If an 820 point
waveform is sent to the 7854, all of the points 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 B20 original peints into an interpolated
1024 points. On the 7854, turn off the cursors; key in 0, WFM, 1.28 and press
HXPD.

COMPUTER CONTROLLED TRAMSFER

Data transfer from the 7D20 to the 7854 may be conducted using an {EEE-4B88
controlter. In this environment, hoth the 7854 and the 7D20 should be set up for two
way communication, TALK/LISTEN. From the controlier, the 78564 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 1EEE-488 interface, the 7D20 can
interpolate the data before it is sent. When used, the 7020 sends 1024 points to the
7854

This technique 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 7D20 at the time of this printing.

Information about any future optiens can be found in the Change Information
section at the back of this manual.
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