
TEK OPERATORS 
MANUAL 

PRODUCT GROUP 42 
070-3857-01 

7D20 • 

Programmable Digitizer 

,- .... ~,.~ ...... 



DIGITALY REMASTERED 
OUT OF PRINT- MANUAL SCANS 

By 
Artek Media 

18265 200th St. 
Welch, MN 55089 

www.artekmedia.com
“High resolution scans of obsolete technical manuals” 

 
 

If your looking for a quality scanned technical manual in PDF format please visit 
our WEB site at www.artekmedia.com or drop us an email at 
manuals@artekmedia.com and we will be happy to email you a current list of the 
manuals we have available.  
 
If you don’t see the manual you need on the list drop us a line anyway we may 
still be able to point you to other sources. If you have an existing manual you 
would like scanned please write for details. This can often be done very 
reasonably in consideration for adding your manual to our library. 

 
Typically the scans in our manuals are done as follows;  

1) Typed text pages are typically scanned in black and white at 300 dpi. 
2) Photo pages are typically scanned in gray scale mode at 600 dpi 
3) Schematic diagram pages are typically scanned in black and white at 600 

dpi unless the original manual had colored high lighting (as is the case for 
some 70’s vintage Tektronix manuals). 

4) Most manuals are text searchable 
5) All manuals are fully bookmarked  

 
All data is guaranteed for life (yours or mine … which ever is shorter). If for ANY 
REASON your file becomes corrupted, deleted or lost, Artek Media will replace 
the file for the price of shipping, or free via FTP download. 
 
 
 
Thanks 
 
 
 
Dave & Lynn Henderson 
Artek Media 
 

http://www.artekmedia.com/
http://www.artekmedia.com/
mailto:nr1dx@arrl.net


TEK OPERATORS 
MANUAL 

PRODUCT GROUP 42 
070-3857-01 

7020 
.... 

Programmable Digitizer 

With Options 

Serial Number _____ _ 

PLEASE CHECK FOR CHANGE 
INFORMATION AT THE REAR 

OF THIS MANUAL 

First Printing JUL 1982 
Revised MAY 1983 

COMIWTTED TO EXCELl.ENCE 



[ 

III. 

IV. 

V. 

VI. 

... " . '. - . " . " ~ . ':'. ~ . 

. Please type Of prim""y. ~' ...... ·~BfeIF~\ ... rtQrmanOe 
PI8port (Sf:AA)fdr .... pro~. . '. . ..... ,.,. , ........ \ . ',' 

sECTiOJlL4.'" . .' 
FIII'in theaerla1 "u~Ofthe7D20;~U! DtGtTt_~".. / 
the 10' key on .... 70~ and coPYth8;.tJrt hof Vemonln~lon. 
~inniftgwlth, TEJ(I702O; .' . 

seCTION e , . 
useyciUt" complete compaIlYma ... r¢addren. ",..incfU4e tbe,,,iuM and 
phone numt)er Qf the ~cn ~nq tfteerror. 1.110, be sure tofil! in the 
name Of the perio/\ a~ the SFPR. 

SECTION C 
Check tfM reason for report and. whether. the.itor Is reprQducible. We 
C8noot property evlauate the'~j)!"Obfem If we have dlffk:u~ In l8'prOduclng , 
the eitor. ' 

, 
SECTION 0 
Give a complete de$cripticn m tttesyatem Configurat~n' on which the 

, \ problem ()CCurred. Please includi' related peripherals. interfaceS, options. 
and Qperating aystem. 

I 

SECTION E 
Describe·the problem ,completely. Include any information which might help 
in evaluating the errQrwlth the SF~R. If you have determined a prOCedure to 
avoid the error COndltlcn~ please include fl\1~ procedur,: If ttt;a problem 
prevents you from ~ccompIlshing any useful work with the. prOduct. please 
atate this faqt. Be aure to include wIth the SfPR. any information (programs. 
llatfngs. 'hard coples~ etc.:) which will help us duplicate yoor problem.) 

vn. SECTION F 
This ..etlan is for ul?e by Tektronix Lab Scopes Software Maintenance' 
personnel. DO NOT WRITE ,IN THIS SPACE. 

Vtll. Mail ... · copies pfthe SoftWareIFlrmware ~rformance Report to: 

TEKTRONIX,' INC. 
LAB SCOPES SOFTWARE MAINTENANCE 

. P.O. BOX 500 DEl. STA. 39-2$5 
BEAVERTON. OREGON 97077 

ADD SEPT 82 



~r. 
::-1f/; 
~}:. 

SEND TO: ~ IMC. '. . 

~1COflU'''''''''~ P.O~· lOX .. OIL .., ......... 
uAvlln'ON.OfIIOOtfmrn . 

7D2O ~_,_ m.w;- __ -.:.. ___ ,..."..--.:.. _____ _ 

V£ .... UNa ~71)ao ...... VWMIN .. Uv .~-~'=·;~aoo· ~ao~·..,--......... _ ......... __ _ 

IIV<SON, POA QPOR't: 
V$ER: ..L' .... ' _-.:.. ___________ --._____ O$oflWIII'e'It'~ Error 

ADDRESS: _______ -'-_______ ;...-- o.~ Error 
o Suogeated En-.-.m 

CITY:, ____ _.,_- STAli __ -.:.. ZIP; ---- 1-___ ..-

PHOfiI£: III. 1Ht ERROR 8EPAOOUCIBLe? 

" 
ev .. eNG 

FORM SUBMITTED BV: __ --" ...... / ..... __ DATI: ____ _ 
,e IftllltfilitMnt 

, , 

sysTeM Dt!SCRlP1'JC)N: IH ...... :-..-.; fitInwar. ~ ,""I,rellledtottle probIeml 
MAlNF8AME: : MAINFRAME SERIAL It _________ _ 

, Dt!SC8IPTION OF' PFlOBLEM: 

( 

'U$T ENCLOSURES: 

~, INTERNAL USE ONLy 
coo NOT WRITE .LOW THIS UNtil 

ACTION TAKEN: 

DAn: RECbVED ____ _ 

RESPONDER: DATE OF RESPONSE: SFPR 1/ 

SFPR LOG 

,\ 

<t 

/ 

\ 



7020 Operators 

TABLE OF CONTENTS 

Page 
OPERATORS SAFETY SUMMARY ............................................. x 
DESCRIPTION ............................................................... xii 

1 GENERA~E~:~~I~~~~~.~ ............................................ 1-1 
ORANGE COLOR USED IN THIS MANUAL .................... 1-1 
TECHNICAL MANUALS ....................................... 1-1 

OPERATORS MANUAL ..................................... 1-1 
SERVICE MANUAL ........................................ 1-2 

INSTALLATION .................................................. 1-3 
RACKMOUNT MAINFRAMES .................................. 1-4 
COMPATIBILITY ............................................... 1-4 
PACKAGING FOR SHiPMENT ................................. 1-4 

SPECiFiCATIONS .................................................... 1-6 
STANDARD ACCESSORIES ...................................... 1 -12 
OPTIONAL ACCESSORIES (not included) ........................ 1 -12 

2 OPERAT~~~R~~~;:~.~~~~.~~ ......................................... 2-1 
CONTROLS AND CONNECTORS .................................. 2-1 
DiSPLAy ........................................................ 2-1 

FUNCTION KEYS ............................................. 2-8 
ERROR MESSAGES .......................................... 2-8 

GET-ACQUAINTED EXERCiSES ...................................... 2-9 
PRELIMINARY SET-UP ........................................... 2-9 
DISPLAY CALIBRATION ......................................... 2-10 

DISPLAY ADJUSTMENT PROCEDURE ........................ 2-11 
INITIALIZE ...................................................... 2-14 
OBTAINING A WAVEFORM DiSPLAy ............................ 2-16 
EXERCISES ..................................................... 2- 17 
INDEX .......................................................... 2-17 
EXERCISE 1 -USING THE VERTICAL CONTROLS ................ 2-17 

SETTING THE INPUT COUPLiNG ............................. 2-19 
HOW TO SET THE VZR (Vertical Zero Reference) ............ 2- 19 
CHANGING THE VERTICAL SENSITIVITY (VOLTS/DIV) ........ 2-21 
USING THE VARIABLE VOLTS/DIV CONTROL ................ 2-21 

EXERCISE 2-USING THE AQR (ACQUIRE) MODE ............... 2-22 
EXERCISE 3-USING THE WAVEFORM MEMORy ............... 2-24 

COPYING AND DISPLAYING A WAVEFORM .................. 2-25 
A NOTE ABOUT THE DSW (DiSplayed Waveform') ORDER .... 2-27 

EXERCISE 4-CHANGING THE DESIGNATED CURSOR 
WAVEFORM .................................................... 2-28 

REV SEPT 82 



7020 Operators 

TABLE OF CONTENTS (CONT) 

Page 
OPERATING INSTRUCTIONS (CONT) 

EXERCISE 5-HOLDING A WAVEFORM IN MEMORy ............ 2-31 
EXERCISE 6-USING THE CURSORS ............................ 2-32 

CURSOR 1 .................................................. 2-32 
CURSOR 2 AND THE f (function shift) KEy ................. 2-34 
USING THE CURSORS INDEPendently OR ALIGNed ......... 2-36 

EXERCISE 7-USING THE CURSOR WAVEFORM DISPLAY 
MODIFIER KEyS ................................................ 2-42 

HOW TO VERTICALLY REPOSITION THE CURSOR 
WAVEFORM ................................................. 2-43 
HOW TO VERTICALLY EXPAND OR COMPRESS THE 
CURSOR WAVEFORM ....................................... 2-46 
USING HMAG (HORIZONTAL MAGNIFY) AND CURSOR 
MOVEMENT ................................................. 2-49 
HMAG AND THE REFerence WAVEFORM ................... 2-52 
HOW TO USE HMAG ALL .................................. 2-56 
USING THE VS (versus) FUNCTION .......................... 2-63 
USING THE REFerence WITH VS ............................ 2-65 
VECTORS AND DOTS ....................................... 2-66 

EXERCISE 8-USING THE AVERAGE AND ENVELOPE 
FUNCTIONS AND SET N ........................................ 2-67 
EXERCISE 9-DIGITIZING MODES AND THE TIME/DIV 
CONTROL ...................................................... 2-72 

REAL-TIME AND EXTENDED REAL TIME ..................... 2-72 
ROLL MODE AND EXTernal CLOCK .......................... 2-72 
EQUIVALENT TIME MODE ................................... 2-73 

EXERCISE 10-SETTING THE TRIGGER POSiTION ............... 2-74 
EXERCISE l1-USING THE HOLD NEXT ........................ 2-77 

REAL-TIME AND EXTENDED REAL TIME ..................... 2-78 
EQUIVALENT TIME MODE ................................... 2-78 
ROLL MODE AND EXTernal CLOCK .......................... 2-78 

EXERCISE 12-USING THE EXTERNAL CLOCK .................. 2-79 
DETAILED OPERATING INSTRUCTIONS ............................. 2-81 

INTRODUCTION .............................................. 2-81 
POWER-UP ..................................................... 2-81 
MENU FUNCTIONS ............................................. 2-83 

MASTER MENU SELECTIONS ................................ 2-83 
1,# STORE PANEL # ..................................... 2-83 
2,# RECALL PANEL # .................................... 2-84 
3 DISPLAY CAL PATTERN ................................ 2-84 
4 UTILITIES .............................................. 2-84 
TEST MENU .............................................. 2-86 

PROMPTS AND WARNINGS .................................... 2-88 
DISPLAY CAlibration ........................................ 2-90 

ii REV SEPT 82 



7020 Operators 

TABLE OF CONTENTS (CONT) 

Page 
OPERATING INSTRUCTIONS (CONT) 

READOUT DiSPLAy ............................................. 2-91 
CURRENT CONTROL SETIINGS AND PROMPT FIELD ......... 2-91 
CURSOR WAVEFORM PARAMETERS ......................... 2-91 

VERTICAL CONTROLS .......................................... 2-92 
SIGNAL CONNECTION ....................................... 2-92 
INPUT CONNECTORS ........................................ 2-92 
VOLTS/DIV (VARIABLE) ...................................... 2-92 
POSITION ................................................... 2-93 
COUPLING (INPUT) .......................................... 2-93 
AQR (ACQUIRE) GAIN ....................................... 2-94 
CH2 INV .................................................... 2-94 

ACQUIRE MODE ................................................ 2-95 
CH1 ¢ 1 .................................................... 2-95 
BOTH ....................................................... 2-95 
ADD ¢ 1 .................................................... 2-95 
CH2 ¢ 2 .................................................... 2-96 

HOLD .......................................................... 2-96 
f (shift function) ............................................... 2-96 
TIME/DIV ...................................................... 2-96 

DIGITIZING MODES .......................................... 2-96 
Extended Real-Time Digitizing (ERD) ....................... 2-98 

TRIGGERING ................................................... 2-99 
SOURCE .................................................... 2-99 
COUPLiNG ................................................. 2-100 
MODE ...................................................... 2-101 

+SLOPE ....................................................... 2-103 
TRIG·D ........................................................ 2-104 
LEVEL ......................................................... 2-104 
¢TRIG POS¢ ................................................. 2-104 
HORIZ POSiTION .............................................. 2-105 
VECTOR ....................................................... 2-105 
MEMORY DiSPLAy ............................................ 2-105 

COpy ...................................................... 2-106 
CSW ....................................................... 2-107 
fcsw REF ................................................ 2-107 

CURSOR WFM ................................................ 2-108 
VPUP -0- AND VPDN.o- (Vertical Position Up and Vertical 
Position Down) ............................................. 2-108 
VCMP g AND VXPD g (Vertical Compress and Expand) ...... 2-109 
HMAG (Horizontal Magnify) ................................. 2-110 
/.HMAG ALL .............................................. 2-110 
VS ......................................................... 2-110 

REV SEPT 82 iii 



7020 Operators 

TABLE OF CONTENTS (CONT) 

Page 
OPERATING INSTRUCTIONS (CO NT) 

CURSORS ..................................................... 2-112 
CURSOR COORDINATES .................................... 2-112 
CURSORS AND MAGNIFIED WAVEFORMS .................. 2-113 
¢1¢ ...................................................... 2-114 
¢2¢ .......................•.............................. 2-115 
llON llOFF ................................................ 2-115 
INDEPendent. .............................................. 2-115 
ALIGN ..................................................... 2-115 

SETN ........................................................ 2-115 
AVE ........................................................... 2-116 
j, AVE N .................................................... 2-118 
ENV ........................................................... 2-118 
.f, ENV N .................................................... 2-120 
j, TEST ...................................................... 2-120 
RQS (REQUEST SERVICE) ...................................... 2-121 
j RQS # ..................................................... 2-121 
REMOTE ONLY (indicator) ..................................... 2-121 
ID (ADDRed Indicator) ......................................... 2-121 
EXT CLOCK ................................................... 2-122 
EXT TRIG ..................................................... 2-123 
GPIB (connector) ............................................... 2-123 

3 O~~~~I~~:iR!~E~=;CRIPTION ................................... , 3-1 
OVERALL BLOCK DIAGRAM DESCRIPTION ....................... 3-1 
CHARGE COUPLED DEVICE (CCD) OPERATION ................... 3-4 
DIGITIZING MODES .............................................. 3-4 
WAVEFORM DISPLAy .......................................... 3-11 

4GP'B 
INTRODUCTION ................................................. ' 4-1 

KEY FEATURES ............................................... 4-1 
SECTION CONTENTS ......................................... 4-2 

GPIB DESCRIPTION ................................................. 4-2 
POWER UP ...................................................... 4-3 
GPIB MODE. TERMINATOR. AND ADDRESS SELECTION ......... 4-4 

ADDRESS SELECTION ....................................... , 4-5 
TERMINATOR SELECTION ..................................... 4-6 
MODE SELECTION ............................................ 4-6 
ALTERNATE GPIB STATUS INDICATORS ......... , ............ 4-7 

REMOTE AND LOCAL OPERATION ............................... 4-7 
INDICATORS ............... , ..................................... 4-8 
GPIB INTERFACE FUNCTIONS .................................... 4-8 

iv REV SEPT 82 



70200D.9ra1tors 

TABLE OF CONTENTS (CONT) 

Page 
GPIB (CONT) 

MESSAGES ......................•.............................•... 4-9 
GPIB INTERFACE MESSAGES .................................... 4-9 

TALK AND LISTEN ADDRESS (MTA, MLA) ........•.....•..... 4-9 
SERIAL POLL ENABLE COMMAND (SPE) ..................... 4-10 
GROUP EXECUTE TRIGGER (GET) ............................ 4-10 
DEVICE CLEAR (DCL) ........................................ 4-10 
SELECTED DEVICE CLEAR (SDC) ..............•.............. 4-10 
INTERFACE CLEAR (IFC) .................... ,., ................ 4-10 

DEVICE-DEPENDENT MESSAGES ................................ 4-11 
INTRODUCTION ..................•........................... 4-11 
COMMAND USAGE .......................................... 4-11 
QUERY USAGE .............................................. 4-13 
DATA TRANSFERS ......................................... 4-16 

Readout .................................................. 4-17 
Text ...................................................... 4-17 
Waveforms ............................................... 4-19 
Waveform Curve .............................•.•.•........ 4·23 
Waveform Preamble and Curve ........................... 4·24 

SERVICE REQUESTS ..•........................•................... 4-25 
USING SRQ................................................. .. 4·25 

Service Request Masks ..............•.....•.............. 4-31 
EVENT QUERIES ............................................. 4-32 

Event Classification ....................................... 4·35 
Event Codes .............................................. 4·36 

USER-REQUEST FUNCTIONS ................................. 4-37 
COMMAND LIST ............................................... 4-38 
SAMPLE PROGRAMS ................................•......... 4-77 

INTRODUCTION .............................................. 4-77 
SAMPLE PROGRAM LIST .................................... 4-77 

4050-Series Operating Programs .......................... 4-78 
4050-Series Application Programs ......................... 4-89 
4041 Operating Programs ................................ 4-97 
4041 Appl ication Progra ms .............................. 4-' 08 5 APPLICATIONS 

~~~I;~~O;D;;-~~;I;g~~N.~. ~.~~~~ ~ .~~.~~.~I.~~ .. ~~~~~~ ..... 5-1 
INSTRUMENTATION SET-UP #1 .................................. 5-2 
APPLICATION 2-ULTRASONIC, NON·DESTRUCTIVE TESTING 
USING 7020 .................................................... 5-3 
INSTRUMENTATION SET-UP #2 .................................. 5-4 
APPLICATION 3-MONITORING INTERCELLULAR NEURONAL 
DISCHARGE ..................................................... 5-6 

REV SEPT 82 v 



7020 Operators 

TABLE OF CONTENTS (CONT) 

Page 
APPLICATIONS (CONT) 

APPLICATION 4-MEASURING PULSE JITTER, FREQUENCY 
SHIFT, AND AMPLITUDE VARIATIONS USING THE 7020 ......... 5-7 
APPLICATION 5-AC LOADLINE ANALYSIS USING THE 
7020 AND 7A13 ................................................ 5-9 
INSTRUMENTATION SET-UP #5 ................................. 5-10 

CALIBRATION ............................................... 5-11 
OPERATION ................................................. 5-11 

APPLICATION 6-USING THE 7020 WITH THE 7854 FOR 
WAVEFORM PROCESSiNG ...................................... 5-13 
INSTRUMENTATION SET-UP #6 ................................. 5-14 

MANUAL TRANSFER ........................................ 5-15 
COMPUTER CONTROLLED TRANSFER ........................ 5-15 

6 INSTRUMENT OPTIONS 

INDEX 

CHANGE INFORMATION 

NOTE 

Service Personnel: Refer to the 7020 Service Manual for information 
on installation Theory of Operation Maintenance, Checks and 
Adjustment, Parts List and Diagrams. 

RELATED DOCUMENT 

The tabbed "ACCESSORIES" page at the rear of the Service Manual lists the 
Tektronix part numbers for all Standard Accessories provided with this product. 
Also, Section 1, General Information, contains a brief basic-content description for 
the following publications: 

MANUALS (Standard Accessories) 

7020 Operators 
7020 Service 

vi REV SEPT 82 



7020 Operators 

LIST OF ILLUSTRATIONS 

Figure No. Page 
1-1 7D20 Release Latch ............................................. 1-4 
1-2 Dimensional Drawing ........................................... 1-13 
2-1 7D20 Controls and Connectors ................................... 2-2 
2-2 7D20 Display .................................................... 2-6 
2-3 Power-up SELFTEST PASS display .............................. 2-10 
2-4 DISPLAY CAL adjustments ...................................... 2-10 
2-5 7D20 MASTER MENU .......................................... 2-11 
2-6 7D20 DISPLAY CAL PATTERN .................................. 2-11 
2-7 Adjust HORIZ CTR .............................................. 2-12 
2-8 Adjust HORIZ GAIN ............................................. 2-12 
2-9 Adjust VERT CTR and VERT GAIN .............................. 2-13 
2-10 Adjust VECT LIN ................................................ 2-13 
2-11 Correctly adjusted DISPLAY CAL PATTERN ...................... 2-14 
2-12 Sine-Wave display .............................................. 2-16 
2-13 Vertical controls ................................................ 2-18 
2-14 VARIABLE VOLTS/DIV readout .................................. 2-21 
2-15 AQR MODE keys ............................................... 2-22 
2-16 MEMORY DISPLAY keys ........................................ 2-24 
2-17 Sine-wave display ............................................... 2-24 
2-18 CSW REF key .................................................. 2-28 
2-19 Cursor Waveform readout ....................................... 2-28 
2-20 The HOLD key .................................................. 2-31 
2-21 Cursor 1 ....................................................... 2-33 
2-22 Cursor keys ..................................................... 2-33 
2-23 The shift function key .......................................... 2-34 
2-24 Using the cursors to measure different parts of the 

2-25 
2-26 

2-27 
2-28 
2-29 
2-30 
2-31 
2-32 
2-33 
2-34 
2-35 
2-36 
2-37 
2-38 
2-39 
2-40 
2-41 
2-42 
2-43 
2-44 
2-45 

same waveform ................................................. 2-41 
Cursor Waveform keys .......................................... 2-42 
Conditions under which the CURSOR WFM keys are active 
for waveforms 1 or 2 .......................................... 2-44 
Vertical compress and expand keys ............................. 2-46 
Horizontal Magnify key .......................................... 2-49 
REFerence Waveform key ....................................... 2-52 
Horizontal Magnify ALL waveforms key ......................... 2-56 
The VS (Versus) key ............................................ 2-63 
VECTOR key .................................................... 2-66 
Waveform processing key ....................................... 2-67 
The TIME/DIV-digitizing modes selector ........................ 2-72 
TRIGger POSition keys .......................................... 2-75 
Trigger POSition readout ........................................ 2-75 
The HOLD NEXT key ........................................... 2-77 
7D20 MASTER MENU .......................................... 2-83 
DISPLAY CAL PATTERN ......................................... 2-85 
UTILITIES MENU ................................................ 2-85 
External Clock prom pt. .......................................... 2-87 
TEST MENU .................................................... 2-87 
SELFTEST PASS message .......................... ' ............. 2-87 
Self Test Fail ................................................... 2-88 
VOL TS/DIV readout ............................................. 2-92 

REV SEPT 82 vii 



7020 Operators 

LIST OF ILLUSTRATIONS (CONT) 

Figure No. Page 
2-46 VARIABLE VOLTS/DIV readout indicator ......................... 2-93 
2-47 Cursor placement for AQR GAIN adjustment .................... 2-94 
2-48 CH 2 INVert readout ............................................ 2-95 
2-49 TIME/DIV readout .............................................. 2-97 
2-50 EXTernal clock readout. ......................................... 2-98 
2-51 Triggering on negative slope ................................... 2-103 
2-52 Trigger POSition readout ....................................... 2-105 
2-53 DSW (displayed waveforms) readout ............................ 2-106 
2-54 7D20 COpy prompt ............................................ 2-107 
2-55 DSW readout with R (Reference) Waveform displayed .......... 2-108 
2-56 Cursor waveform with VZR (Vertical Zero Reference) 

2-57 
2-58 
2-59 
2-60 
2-61 
2-62 
2-63 
2-64 
2-65 
2-66 
2-67 
2-68 
3-1 
3-2 
3-3 

3-4 

3-5 
4-1 
4-2 
4-3 
4-4 
4-5 
4-6 
4-7 
4-8 
4-9 
4-10 
4-11 
4-12 
4-13 
4-14 
4-15 
4-16 
4-17 
4-18 

viii 

altered by VPUP ............................................. 2-109 
HMAG Waveform displayed with its reference waveform ....... 2-110 
Cursor Waveform VS (Versus) prompt .......................... 2-111 
CSW versus readout ........................................... 2-111 
Cursor coordinate readout ...................................... 2-113 
Cursor coordinate readout with VS Waveform displayed ........ 2-113 
Cursor coordinate readout when both cursors are on (LON) ... 2-114 
Cursor 1 location on HMAG'd Waveform ....................... 2-114 
Set N readout prompt ......................................... 2-116 
The AVE readout .............................................. 2-116 
The ENV readout .............................................. 2-119 
ID MENU ...................................................... 2-122 
EXTernal clock readout ......................................... 2-122 
7D20 Overall Block Diagram ..................................... 3-2 
Simplified Block Diagram of Charge Coupled Device (CCD)....... 3-5 
Non-Fast In, Slow-Out Time Base Modes (A) Roll Mode; 
(B) Real-Time Digitizing (RD) Mode ............................... 3-7 
Fast-In, Slow-Out Time Base Modes; (A) Extended Real-Time 
Digitizing (ERD) Mode; (B) Equivalent Time Digitizing ETD Mode .. 3-8 
Extended Real-Time signal acquisition capability of the 7D20 ..... 3-9 
GPIB system configuration ....................................... 4-3 
Function selection display ........................................ 4-5 
Address selection display ........................................ 4-5 
Terminator selection display ...................................... 4-6 
Mode selection display ........................................... 4-6 
Device-dependent vs. interface messages ......................... 4-9 
Complex command format diagram .............................. 4-11 
Simple command format diagram ............................... 4-12 
NR1 data format ................................................ 4-13 
NR2 data format ................................................ 4-14 
N R3 data format ................................................ 4-15 
Query format diagram .......................................... 4-15 
ASCII and IEEE-488 code ....................................... 4-18 
7D20 status reporting block diagram ............................ 4-27 
Event handler flow chart ........................................ 4-28 
Serial poll handler flow chart ................................... 4-30 
All-event query flow chart ...................................... 4-33 
Event query flow chart ......................................... 4-34 

REV SEPT 82 



7020 Operators 

LIST OF ILLUSTRATIONS (CONT) 

Figure No. Page 
5-1 Viewing a reflected pulse signal showing the cursor position 

relative to the trigger pulse ...................................... 5-5 
5-2 Using the ENVeloping mode to show frequency shift ............. 5-7 
5-3 Using signal ENVeloping and mUlti-display feature to 

view pulse jitter ................................................. 5-8 
5-4 Using the 7020 ENVeloping mode to show waveform variations .. 5-8 
5-5 7020 display showing safe operating areas and other 

information ................................................... " 5-12 
5-5 Example of manufacturer's spec's ............................... 5-12 

LIST OF TABLES 

Table No. Page 
1-1 Electrical Characteristics ......................................... 1-6 
1-2 Environmental Characteristics ................................... 1-11 
1-3 Physical Characteristics ......................................... 1-11 
2-1 Control Settings at Power Up ................................... 2-81 
2-2 Front Panel Settings that can be Stored and Recalled ........... 2-84 
2-3 7020 DIGITIZING MODES ....................................... 2-97 
2-4 Digitizing Mode Bandwidth ...................................... 2-98 
2-5 Equivalent Time Digitizing Mode Trigger Requirements .......... 2-103 
2-6 Number of Points Averaged for Each Displayed Point in 

ROLL Mode .................................................... 2-117 
2-7 Number of Points Averaged for Each Max and Min Pair of 

Displayed Points in ROLL Mode ................................ 2-119 
3-1 Summary of Time Base Modes .................................. 3-5 
3-2 ETD Mode ...................................................... 3-10 
3-3 7020 Waveform Display Position ................................ 3-11 
4-1 MEMORY DISPLAY Keypad Code ................................. 4-7 
4-2 7020 GPIB Interface Functions ................................... 4-8 
4-3 Supplemental Characters ........................................ 4-17 
4-4 7020 Status Bytes .............................................. 4-26 
4-5 Service Request Masks ......................................... 4-31 
4-6 Event Codes .................................................... 4-36 
4-7 7D20 Command Set ............................................ 4-39 
5-1 Effective Number of Points When Using ENV While ROLling ..... 5-6 

REV SEPT 82 ix 



7020 Operators 

OPERATORS SAFETY SUMMARY 

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

TERMS 

IN THIS MANUAL 

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

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

AS MARKED ON EQUIPMENT 

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

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

SYMBOLS 

IN THIS MANUAL 

® Static-Sensitive Devices. 

Jj\ This symbol indicates where applicable cautionary or other information is 
~ to be found. 

AS MARKED ON EQUIPMENT 

x 

~ DANGER-High voltage. 

@ Protective ground (earth) terminal. 

& ATTENTION-refer to manual. 
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WARNINGS 

POWER SOURCE 

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

GROUNDING THE PRODUCT 

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

DANGER ARISING FROM LOSS OF GROUND 

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

DO NOT OPERATE IN EXPLOSIVE ATMOSPHERES 

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

DO NOT REMOVE COVERS OR PANELS 

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

DO NOT OPERATE WITHOUT COVERS 

To avoid personal injury, do not operate this product without covers or panels 
installed. Do not apply power to the plug-in unit via a plug-in extender. 
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7020 Operators 

DESCRIPTION 

The 7020 Programmable Oigitizer 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 crt, 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 settings, trigger 
position, displayed waveform number, prompts and error messages, and a master 
menu that allows you to choose seldom used features easily and quickly. 

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

Complete control of the 7020's functions may be controlled via the IEEE-488 
interface. Commands, waveforms, and alphanumeric text messages may be sent or 
received via the front-panel port. 
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GENERAL INFORMATION 

D ESCRIPTION 

The 7020 Programmable Digitizer IS a three<compartment wide 7000·series plug· 
In. II provides Simultaneous dual channel waveform digitizing and a variety of 
display features. Multiple digitizing modes include single shot, repetitive equivalent 
'ime. and roll modes. Programmability and GPIB talk-listen capability allows 101al or 
partial systemization and data transfer lor more elltensive signal processing, Display 
readout provides identification of waveforms, scale factors, prompting messages, 
and cursor measurements. Waveform storage is provided for six waveforms, which 
can be individually selected, positioned, expanded, compressed, magnified, Of 
displayed in a Y ... ersus X format. Digi tal storage allows multiple averaging and 
enveloping along With post and pretrigger capability. 

ORANGE COLOR USED IN THIS MANUAL 
In using the operators manual, YOu will notice that some functfon names are pri nted 
in orange ink . The orange color indicates a Shift funct ion which requires that the f 
(shift function) key be pressed prior to selecting the funct ions. 

TECHNICAL MANUALS 
Both an operators and a service manual are supplied with your 7020 as standard 
accessories. The following information outlines the content 01 these manuals_ 

Operators Manual 

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

SECTION l - GENERAL INFORMATION contains an ,nS!Tumenl description along 
With information for installing the 7020 into a host mainframe. We make a 
special note regarding rackmounting and another about compatibility 
considerations. This section also provides a complete list of the 7020 electrical. 
environmental. and physical specif ications and characteristics. 1\ also lists 
Standard and recommended acceSSOfles, and gives instructions for packaging 
the instrumem lor shipment. 

SECTION 2-OPERATING INSTRUCTIONS provides a general overview of the 
instruments cHf-'abilities. controls and connector information, a series of get 
acquainted exercises, and detailed operating information. 
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SECTION 3-0PERATIONAL THEORY provides additional information about the 
operation of the 7020 digitizer. This section discusses the more technical aspects 
of the digitizing techniques used by the 7020. 

SECTION 4-GPIB contains a general description of the GPIB interface. address 
selection information. 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 5-APPLICATIONS illustrates how your 7020 can be used in a variety 
of situations. In this section we combine the 7020 with other Tektronix products 
for some unique and interesting digital storage application possibilities. 

SECTION 6-INSTRUMENT OPTIONS contains descriptions of available options. 

Service Manual 

Your service manual contains eight sections of information pertaining to the 
servicing needs of your 7020. The following is a brief overview of this manual's 
contents. 

WARNING I 
The fol/owing service instructions are for use by qualified personnel 
only. To avoid personal injury. do not perform any service other than 
that contained in operating 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 7020 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-THEORY OF OPERATION provides a basic block diagram description 
of the 7020 along with general and specific circuit analysis that may be useful 
for servicing the instrument. 

SECTION 3-MAINTENANCE describes routine and corrective maintenance 
procedures with detailed instructions for replacing assemblies. subassemblies. 
and individual parts. Included in this section are full instructions for 
troubleshooting the 7020 using internal diagnostic routines and signature 
analysis. 

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

SECTION 5-INSTRUMENT OPTIONS contains descriptions of available options 
and provides a table for locating any option information found elsewhere within 
the manual. 

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

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

SECTION 8-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 
install 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 until its front panel is flush with the front panel 
of the host mainframe. In four-compartment mainframes, the preferred position for 
installation is in the three right hand compartments. This leaves the left vertical 
compartment available for other 7000-series plug-in units. 

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

NOTE 

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

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

A special option (Option 20) IS availabl e 101 TEKTRONIX R7603 Oscilloscope 
(rackmounl j malOframes that enable you to make GPIB connections at the rear of 
the malOframe. The optIOn Indudes a spec,al cable which muSI be InStalled 10 the 
7020 for thiS purpose ThiS cable IS also available separately and can be ordered as 
an optional accessory 

COMPATIBILITY 

The 7020 is compatible wi th all Tektronix 7000·series mainframes except the 7104. 
Because of the small area and fixed pattern of the 7020 readout. the display from 
the 7020 can cause permanent reduction ,n the crl microchannel plate gain, 
permanently reducing the writ ing rale of the 7104. Any crt damage caused by use 
of the 7020 in the 7104 will not be covered under the instrument w arramy. 

PACKAGING FOR SHIPMENT 

If thiS Instrument IS to be sh'pped for long distances by commerCial transportation. 
we recommend that II be packaged 10 the orlglOal manner The carton an d 
packaglOg material In which your InSl rument was sh'pped Should be saved and used 
for thiS purpose 

Also. If Ihis onstrumenl 's to be shipped 10 a TektroniX Service Center for service or 
repair, auach a tag 10 Ihe Instrument showlOg the follOWing Owner 01 Ihe 
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instrument (with address), the name of the person at your firm who can be 
contacted, complete instrument type and serial number, and a description of the 
service required. Include any self test failure information you have available. 

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

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

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

3. Cushion the instrument on all sides by tightly packing dunnage or urethane 
foam between the carton and the instrument, 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 +200 and +300 C, (2) the instrument and its host mainframe 
must be allowed a 20-minute warm-up period, (3) all specifications are valid at an 
ambient temperature of 0 0 to +450 C, unless 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 Physical 
characteristics are listed in Table 1-3. 

Characteristic 

Deflection Factor 
(Volts/Div) 

Calibration Range 

Gain Ratio Accuracy 

Uncalibrated (Variable) 

Vertical linearity 
(1 kHz square wave) 

Invert Deflection Factor 
Ratio 

Common Mode Rejection 
Ratio (using ADD, INVERT) 

Bandwidth (1 Jis to 
50 ns/div) 

AC Coupled Low-
Frequency Bandwidth 

1-6 

TABLE 1-1 
Electrical Characteristics 

Performance Requirement 

VERTICAL 

5 mV IDiv to 5 V IDiv in 1,2,5 sequence. 

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

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

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

1:1 within 1%. 

At least 10: 1, dc to 50 MHz. 

Dc to 70 MHz. 

10Hz or less. 



Characteristic 

Risetime (ETD) 

Overdrive Recovery 

Maximum Input Voltage 

TABLE 1-1 (CONT) 
Electrical Characteristics 

General Information-7D20 

Performance Requirement 

5 ns or less (6 div. signal centered on screen). 

1 ms or less to recover within 1 div with 
the VOLTS/DIV set at 5 mV and an overdrive 
signal of ±1.5 V. 

DC Coupled (DC+Peak AC) 250 V, 1 kHz or less. 

AC Coupled (DC+Peak AC) 400 V, 1 kHz or less. 

Input Rand C 

Resistance 1 Mel ±1%. 

Capacitance Approximately 20 pF. 

Signal Isolation between 100:1 up to 20 MHz. 
Channels (8 Div Ref) 

Noise (Full scale = Mean value of 50 measurements taken 
10.24 Divisions) at 0.02 Division increments. 

10 mV/Div to 5 V/Div 55 dB Full Scale/RMS Noise. 

5 mV/Div 52 dB Full Scale/RMS Noise. 

Phase Match Between 2 Degrees at 10 MHz. 
Channels 

TRIGGER 

Sensitivity Triggering Minimum Vertical Signal Required 
Frequency 

Range Internal Ext. Ext+10 

AC Coupled 30 Hz-30 MHz 0.4 Div 60 mV 0.6 V 
30 MHz-70 MHz 1.0 Div 150 mV 1.5 V 

AC LF REJ 50 kHz-30 MHz 0.4 Div 60 mV 0.6 V 
30 MHz-70 MHz 1.0 Div 150 mV 1.5 V 

AC HF REJ 30 Hz-30 kHz 0.4 Div 60mV 0.6 V 
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Characteristic 

TABLE 1-1 (CONT) 
Electrical Characteristics 

Performance Requirement 

Sensitivity Triggering Minimum Vertical Signal Required 
Frequency 

Range Internal Ext. Ext+l0 

DC HF REJ DC-30 kHz 0.4 Div 60 mV 0.6 V 

DC DC-30 MHz 0.4 Div 60 mV 0.6 V 
30 MHz-70 MHz 1.0 Div 150 mV 1.5 V 

Max Signal ±6 Div ±1.0V ±10 V 

P-PAUTO 30 Hz-200 Hz 2.0 Div 300 mV 3.0V 
200 Hz-30 MHz 0.6 Div 90mV 0.9V 
30 MHz-70 MHz 1.2 Div 200 mV 2.0V 

Programmed Trigger 
Levels 

Resolution 0.05 Div 7.8 mV 78 mV 

Gain Accuracy ±5% ±8% ±12% 

Offset ±0.25 Div ±50 mV ±500 mV 

Range (Nominal) ±6.4 Div ±1.0 V ±10V 

Position 

Normal -1500 to +10 Div (+0, -1 sample interval). 

ROLL ENV, ROLL AVE o to 10 Div (+0, -1 sample interval). 

Ext Trigger Input 

Resistance 1 MO, ±10%. 

Capacitance Approximately 20 pF. 

Maximum Input Voltage 250 V (1 kHz or less). 
(DC + Peak AC) 
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Characteristic 

Acquisition Window 

Resolution 

Vertical 

Horizontal 

Stored Timing Accuracy 

1 Cursor 

2 Cursors 

Digitizer Maximum Sample 
Rate 

Digitizing Modes 

Equivalent Time 

Extended Real-Time 

Real-Time 

Roll 

External Clock 

Generallnformation-7D20 

TABLE 1-1 (CONT) 
Electrical Characteristics 

Performance Requirement 

DIGITIZER 

Nominally ±5 Div from center graticule line. 

Nominally 0.04 Div. 

TIME/DIV PointslWaveform Resolution 

EXT, 20s-500ps 1024 0.01 Div. 

200ps-2ps 820 0.0125 Div. 

1ps-50 ns 1024 0.01 Div. 

±0.1 % of reading +0, -1 sample interval 
±300 ps. 

±0.1 % of reading ±600 ps. 

40 megasamples/second. 

1 ps/div through 50 ns/div. 

200 ps/div to 2 ps/div. 

50 ms/div to 500 ps/div. 

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

Input Frequency (Max) ~1 0 kHz. 

TTL ~5 Vpk. 
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Characteristic 

Functions Implemented 
(As Per IEEE 488-1978) 

SH1 

AH1 

T5 

L3 

SR1 

RL1 

PPO 

DC1 

Dn 

CO 
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TABLE 1-1 (CO NT) 
Electrical Characteristics 

Performance Requirement 

GPIB INTERFACE 

Description: 

Complete Source Handshake. 

Complete Acceptor Handshake. 

Talk Function Complete (no secondary addressing). 

Listen Function Complete (no secondary addressing). 

Complete Service Request Capability. 

Complete Remote/Local Capability. 

No Parallel Poll Capability. 

Complete Device Clear Capability. 

Complete Device Trigger Capability. 

No Controller Capability. 



Characteristics 

Temperature (External 
Ambient Mainframe 
Temperature) 

Operating 

Storage 

Altitude 

Operating 

Nonoperating 

Vibration 

Operating 

Shock 

Bench Handling 

T ra nsportat ion 

Vibration and Bounce 
(packaged product) 

General Information-7D20 

TABLE 1-2 
Environmental Characteristics 

Information 

o to +40oC in 7403N17603 without fan. 
(fan kit is available) 
o to +45°C in other 7oo0-series mainframes. 

-55° C to +75° C. 

15,000 feet (4.6 Km). 

To 50,000 feet (15.2 Km). 

Tested to MIL-T-28800C SECT. 4.5.5.3.1 
Type 2, Class 5, Style E & F. 

Tested to MIL-T-28800C SECT. 4.5.5.4.1 
Type 2, Class 5, Style E & F. 

Tested to MIL-T-28800C SECT. 4.5.5.4.3 
Type 2. Class 5. Style E & F. 

National Safe Transit Association. 
Preshipment Test Procedure. 

NSTA. PROJECT 1 A-B-1. 

Drop (packaged product) NSTA. PROJECT 1 A-B-2. 

Characteristics 

Net Weight 

Dimensions 

REV SEPT 82 

TABLE 1-3 
Physical Characteristics 

Information 

Approximately 8.5 lb. 3.9 Kg. 

See Figure 1-2. 
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STANDARD ACCESSORIES 

ea ........................................... Operators Manual 
ea ............................................. Service Manual 

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

OPTIONAL ACCESSORIES (not included) 

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

1 ea ....................................... Circuit-Board Extender 
3 ea ....................... 7000-series Plug-In Flexible Extenders 

ea ............................ Internal GPIB Cable for use with 
R7603 Option 20 
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L OPERATING INSTRUCTIONS 

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

CONTROLS AND CONNECTORS 

All controls for operating your 7020 Programmable Digitizer are located on the front 
panel of the instrument. Figure 2-1 shows the front panel and gives brief functional 
descriptions of the controls and connectors. You might find it useful to mark these 
pages for quick reference as you read the instructions in this section. 

DISPLAY 

The 7020 uses the host mainframe to display information. The readout associated 
with the 7020 is generated within the 7020, not in the readout circuitry of the 
mainframe. The 7020 display, shown in Figure 2-2, gives the VOLTS/OIV and 
TIME/OIV settings along with information about displayed waveforms, the cursor 
waveform, and the cursor measurements. Also, PROMPTS and WARNINGS are 
generated and displayed. The top two lines of the readout gives current control 
settings, prompting, and warning messages. The two lower lines of the readout give 
cursor waveform information. 

Foldout for r> 
7020 Controls 's. Connectors 

Figure 2-1 
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INPUT CONTROLS-CH 1 and CH 2 

Input Connector,-Bnc connectors for signal connection. 

POSITION-Vertically positions the incoming signal during digitizing. 

VOLTS/DIV-Selects calibrated vertical sensitivity factors. Volts / Div 
readout is displayed on the crt of the hOSl mainframe. 

VARIABLE VOLTS/DIV- Provides continuously variable uncalibrated 
settings between calibrated steps. 

AC, GND, D C-These keys select the input coupling. 

AQR GAIN- Screwdriver ad justment for adjusting input gain. 

INV (C H 2 only)- Electr ically inverts the signal connected 10 the CH 2 
input . 

AQR MODE- These keys select the method of input to the digitizer: 

CH I_I _Selects CH 1 for digitizing into waveform memory 1. 

BOTH-Selects both channels lor simUl taneous digitizing into their 
respective waveform memories. 

ADD_I _ Causes input signals from both channels to be added 
together and digitized into waveform memory I 

CH 2_2_ Selects CH 2 for digitizing into waveform memory 2. 

MEMORY DISPLAY 

KEYS I -6 -These keys select lheir respective waveform memories for 
display and are also used for making selections from the various 
MENU·s. 

COPY- Allows you to copy waveforms from one memory to another 

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

CSW REF- Shift funct ion of the CSW key allows you to view the 
REFerence waveform when using HMAG and VS. 

Operating Instructions- 7D20 

CURSORS 

¢ 1¢-Cursor movement keys. 

¢2Q -Cursor 2 movement keys. 

6 0N- Shift function turns ON cursor 2. 

6 0FF-Shift function turns OFF cursor 2. 

ALIGN- Shift function aligns cursors on all waveforms. 

INDEP-Shilt function allows the cursors on the cursor waveform to 
move independently of the other waveforms. 

CURSOR WFM (CSW) 

VXPD g - Vert ically expands the cursor waveform. 

VCMp S-VerticaUy compresses the cursor waveform. 

VPUP1}-Moves the cursor waveform up and is used as vertical 
separation when the reference waveform is present. 

VPDN .(I.-Moves the cursor waveform down and is used as vertical 
separation when the reference waveform is present. 

HMAG-Horizonta lly magnifies the cursor waveform by a factor of 10 . 

HMAG AU- Shift function horizontally magnifies all the waveforms 
by a faClor of 10. 

VS- Allows you to display the cursor waveform versus another 
waveform. 

NOTE 

VXPD. VCMP, VPUP, VPON keys operate on HMAG and VS display of 
the cursor waveform when the REFerence waveform is displayed 
although not in HOLD. These keys willa/so operate with waveforms 3 
rhrough 6 regardless of HOLD status. See Exercise 7 (Get-Acquainted 
Exercises) for more information. 

f - Shift function key must be pressed prior to select ing any function 
pr imed in orange. 
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TRIGGERING 

+SLOPE-5elects positive slope lor triggering when iIIummated. When 
not Illuminated, - slope IS used 

LEVEL- Adjusts Ihe !rIggering level 

TRIG'D- Indicator illuminates when waveform being digitized IS 

triggered 

SOU RCE- These keys select the source of the tflgger signal 

COUPLING- These keys select trigger couplmg 

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

¢ TR IG POS¢-Adjusts the trigger posl1;on With respect to the display 
graticule for pretrigger and post trigger operation. 

VECTO R- When illuminated connects adjacent dots With vectors 

TIME / DIV- Selects the digitiZing rates and EXT mode. Control setting 
appears in the display 

HORIZ POSITION- Adjusts the horizontal POSition 01 the Stored 
displayed waveforms 

DISPLAV CAL- These screwdrivel adjustments calibfate the 7020 
display to malch the twst mainframe 

IEEE STO 488 PORT- Allows connection to GPIS 

® SIGNAL PROCESSING 

2-4 

HOLD- Stops all digitizing and HOLDs the current waveforms In 
memory 

AVE-Causes Ihe wavelorm(s) being digitized \0 be continuously 
averaged. 

ENV- Causes the waveform(s) being digitized to be cominuously 
enveloped 

SET N-Sets the value 01 N 

REV SEPT 82 
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SIGNAL PROCESSING (cont) 

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

ENV N - Shift luncllon causes the waveform(s) being digit ized 10 be 
enveloped N number 01 t imes then enters HOLD mode. 

MENU-Causes the 7020 menu/s) to be displayed. 

TEST -Shift lunctlon causes the 7020 TEST menus to be displayed. 

EXT TRIG- Bnc connector 101 connection 01 e)(ternal trigger signal. 

GPIB 

ROS- Causes a service request to be asserted over the GPIS, 

ROS #- Shih function permits selection of 6 unique SRO event codes. 

ID-Produces special GPIB menu lor selection of system parameters, 

SRO- Key illuminates when service request is asserted over the GPIS. 

ADDR- Key illuminates when 7020 IS addressed through GPIS . 

REMOTE ONLY-When illuminated indicates that frOllt panel is under 
GPIS control. Local operation locked out 

EXT CLOCK- Bnc connector for EXTernal CLOCK Signal input. 

In,trumen! serial number. 

Latching mechanism . Pull to release from mainframe 

2 -5 
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GRATICULE LINE #0 

LINES 1 & 2 
DISPLAY 

CURRENT 
SETTINGS 

CUR 

CURSOR 
WAVEFORM 

INFORMATION 

3857-6A 

2-6 

CURSOR VOLTAGE 
POSITION FROM VZR 

WITH L OFF 

Figure 2-2_ 7020 Display. 

TIME/DIV 
SETTING 

VERTICAL 
ZERO 

REFERENCE 
OF CSW 

CURSOR TIME 
POSITION FROM 
TRIGGER POINT 

WITH L OFF 
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GRATICULE LINE #0 

READOUT SPACE 
RESERVED FOR 

PLUG-INS 

PROMPT AND 
WARNING MESSAGE 

FIELD 

READOUT SPACE 
RESERVED FOR 

OTHER PLUG-INS 

CURSOR 
WAVEFORM 

INFORMATION 

VOLTAGE DIFFERENCE 
BETWEEN CURSOR 1 

AND CURSOR 2 
WITH /':, ON 

Figure 2-2 (cont). 7020 Display. 

TIME 01 ERENCE 
BETWEEN CURSOR 1 

AND CURSOR 2 
WITH /':, ON 

3857·68 
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FUNCTION KEYS 
The 7020 function keys allow you to perform a great number of different tasks. You 
will find that some of these keys perform simple on/off chores while others do 
some rather elaborate operations. Most keys illuminate when their respective 
function is active or selected; for example, if memory 3 is being displayed, MEMORY 
DISPLAY key 3 will stay illuminated. Some keys, like the COpy key will blink when it 
is pressed. This is an indication that the 7020 is expecting you to COpy a waveform 
and is waiting for your selection. A blinking key function always is accompanied by 
a prompt message in the display readout except for the f 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 cancelled 
by selecting any function not called for by the prompt. 

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

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

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

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

In general, the 7D20 Programmable Digitizer allows you to digitize waveform 
signals through two input channels without compromising the record length and the 
sampling rate. These inputs can be digitized individually or simultaneously. The 
analog signal information is clocked through eCDs (charge coupled devices) then 
converted to digital information and stored in the appropriate memory of the 7D20. 
Waveform data is always read from the 7D20 memory for display. The 7D20 
contains six memories for waveform storage and all six can be displayed 
individually, in any combination. Further, the cursor waveform (which can be any of 
the six) can be vertically expanded or compressed, horizontally magnified, positioned 
up or down in the display, and displayed versus another waveform. The following 
exercises illustrate how these functions operate. 

PRELIMINARY SET-UP 

Before you begin the Get-Acquainted Exercises there are a few preliminary 
considerations. First, your 7D20 must be properly installed in a Tektronix 7000-
series host mainframe as described in Section 1-Generallnformation. When using 
the 7D20 in 4-compartment mainframes, the preferred installation position is in the 
three right compartments since this keeps the left vertical position available for 
using other 7000-series plug-ins such as the 7D11 Digital Delay Unit, the 7D15 
Counter/Timer, or the 7D13A Digital Multimeter. Vertical plug-in units can also be 
used in this configuration by connecting to the VERT SIG OUT connector on the rear 
of the host mainframe. The Applications Section 5 gives an example of using the 
7A 13 Amplifier unit with the 7D20. Readout display space is reserved for use with 
other plug-ins as shown in Figure 2-2. Set the 4-compartment mainframe to select 
the right vertical channel and B time base. Set the 3-compartment mainframe to 
select the left vertical channel. Turn on the host mainframe power switch to power­
up the 7D20. Adjust the mainframe controls for a good viewable display. During the 
first few seconds after you turn it on, the 7D20 automatically goes through a series 
of internal self-tests. The display will flash and the front panel keys will illuminate 
during the self test period. If all is well at the conclusion of its self-test "SELFTEST 
PASS" will appear in the mainframe display as shown in Figure 2-3. If all is not well 
the 7D20 tells you where to look for the problem. Refer to the Detailed Operating 
Instructions for more information about self test. 
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Figure 2· 3. PGwer-up SElFTEST PASS display. 

DISPLAY CALIBRATION 

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

00 
IIM I</UIV 

"" "lie;. VECTOR 

blI¢2 ~ (C] !!:J 

llN .~ , ,~ , 1I0RII 

IT:! Ii:lI POSITION 

• '" 'OS • MENU ns! 
C! IQ ~ ¥{~! GAlli VIII! ClH VIC! (I~ HORll GA I~ MOROZ e!R 

.~ .~ ® ® @) ® @ 
OlSPLU CAL 

EXT TRIG 

[ I ~ 
3857· 12 

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

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

3857·13 

Figure 2-5. 7020 MASTER MENU. 

3857·14 

Figure 2-6. 7020 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). 

n~~i,='~~r"r ' I 
.' .' " ,'"'''' ""'IT . I __ : : ' I 

L "c·;· . : T·
J 

.. ~~::-.: ..... 
-

.-. 

Figure 2-7. Adjust HORIZ eTR. 

3857·15 

Step 3 Adjust the HORIZ GAIN (horizontal gain) control to bring the right edge of 
the DISPLAY CAL PATIERN into alignment with vertical graticule line 9 of 
the display as shown in Figure 2-8. These adjustments are interactive and 
you may need to work back and forth between them to optimize pattern 
and graticule alignment. 

3857·16 

Figure 2-8. Adjust HORIZ GAIN. 
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Step 4 Adjust the VERT CTR (vertical center) and VERT GAIN (vertical gain) 
controls to align the upper and lower horizontal edges with horizontal 
lines 1 and 7 of the display graticule as shown in Figure 2-9 (bottom 
graticule line is 0). As with the HORIZ CTR and HORIZ GAIN controls. 
these vertical adjustments are interactive and may require that you work 
back and forth between them to optimize this adjustment. 

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 properly 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 MENU to the 
display. Press the MENU key to extinguish the MENU display and proceed 
with the following instructions. 

3857·19 

Figure 2-11. Correctly adjusted DISPI AY CAL PATTERN. 

INITIALIZE 

When the 7020 is powered up, it will then re-establish the control settings it 
remembers from when it was last turned off. Ignore these settings and use the 
INITIALIZE routine included in the 7020 MENU especially for these "Get­
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 

MENU 

2-14 

Remarks 

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

4 

5 

MENU 

Selects the UTILITIES menu 
which appears in the 
display. 

,~-SlIm: 
1, 
.... , .. 

- -h-In 
1,1ll. 

5 
15 

'" 
~Cs .. I 

,-
,ksllil. 
lo ' 

mSE 

LlJ 
EX 
1M 

"" 

Selects the INIT FRONT 
PANEL routine from the 
UTILITIES menu and 
initializes the 7020. On 
power up, the 7020 
remembers its control 
settings from when it was 
last turned off. Initialize sets 
the 7020 to a known state 
for the purpose of our "Get­
Acquainted Exercises." 

. ===- -

1 
rl 
II • 
5 
15 

'" 
"C811 1 

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

NOTE 
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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 7020 is set to acquire signals at the channel 1 input 
connector and to display the contents of memory 1. Initialization also selects the 
waveform in memory 1 as the cursor waveform, which simply means the waveform 
that has the cursors on it. In the 7020, the cursor waveform is always displayed. 

A sine wave will be used for most 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 7020. The signal should be visible in the display as 
soon as you have it connected. Use the CH 1 POSITION control to vertically center 
the displayed sine wave about the center graticule line and make sure the CAL 
(variable volts/div) control is in its calibrated detent position. The HORIZ POSITION 
control also has a calibrated detent position which horizontally centers the 
waveform. Make sure this control is also in its detent position. If necessary, adjust 
the signal generator output amplitude for 4 divisions of signal display. After proper 
adjustment the display should appear as shown in Figure 2-12. 

3857·20 

Figure 2-12. Sine-wave display. 
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EXERCISES 

The exercises on the following pages will acquaint you with the basic, front panel 
(local) operation of your 7020 Programmable Digitizer. Each exercise begins with 
the sine-wave signal displayed exactly as at the end of the preliminary set-up 
instructions which you have just completed. You can go from this initialized point to 
the beginning of any of the following Get-Acquainted Exercises. 

INDEX 

1. USING THE VERTICAL CONTROLS .................................... 2-17 
2. USING THE AQR (ACQUIRE) MODE .................................. 2-22 
3. USING THE WAVEFORM MEMORy ................................... 2-24 
4. CHANGING THE DESIGNATED CURSOR WAVEFORM ................. 2-28 
5. HOLDING A WAVEFORM IN MEMORy ............................... 2-31 
6. USING THE CURSORS ............................................... 2-32 
7. USING THE CURSOR WAVEFORM DISPLAY MODIFIER KEyS ......... 2-42 
8. USING THE AVERAGE AND ENVELOPE FUNCTIONS AND SET N ..... 2-67 
9. DIGITIZING MODES AND THE TIME/DIV CONTROL ................... 2-72 

10. SETIING THE TRIGGER POSiTION .................................... 2-74 
11. USING THE HOLD NEXT ............................................. 2-77 
12. USING THE EXTERNAL CLOCK ....................................... 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 Initialization 
feature, but it may be helpful. 

This exercise demonstrates the controls associated with the 7D20 vertical input 
functions shown in Figure 2-13. Since channell and channel 2 vertical controls 
function identically (except for the channel 2 INV function), only the controls for 
channel 1 will be discussed. Before you begin, make sure the 7020 is 
"INITIALIZED" and the 1 kHz sine wave is connected to the CH 1 input connector as 
described in the PRELIMINARY SET-UP INSTRUCTIONS, then proceed with the 
following exercises. 
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SETTING THE INPUT COUPLING 

The 7020 allows three choices for setting the input coupling. 

Press 

AC DC 
GNO 

Remarks 

These keys select the input coupling for CH 1. Initialization sets the 
7020 for AC coupling so the AC key is illuminated when you begin. 
Alternately press these keys and notice that the pressed key 
illuminates and the previously illuminated key extinguishes. These 
keys are mutually exclusive so only one can be selected at a time. 
Notice too as you alternately press these keys, the effect that each 
has on the displayed waveform. The next exercise shows how to use 
GNO input coupling to set the VZR (vertical zero reference). 

HOW TO SET THE VZR (Vertical Zero Reference) 

The 7020 uses cursors to make measurements on the waveforms. Cursor 1 is 
always on but cursor 2 can be turned off or on as needed. In order for the cursors to 
be accurate they must be referenced to ground or zero volts. This is called the 
vertical (zero) reference level, VZR. The VZR readout indicates where the zero level 
is in divisions from center screen. 

Upon initialization, the VZR is established to be the center of the 7020 display. You 
can change this approximately 5 divisions (plus or minus) from the center position 
as shown below. 

Press 

GNO 

REV SEPT 82 

Remarks 

This references the input 
signal to ground and causes 
a horizontal line to be 
displayed across the display. 
Adjust the CH 1 POSITION 
control and notice that the 
displayed line can be 
positioned up or down in the 
display area. Also notice 
that the VZR readout 
changes as the line is 
repositioned. Although the 
VZR range is ~±5 divisions, 
the POSITION control can 
provide ±9 divjsions of 
signal offset when in AC or 
~C. Position the line one full 
division above the center 
line and observe that the 
VZR readout reads 1 
division. 

Display 

Daw I I1lJ1J9' ~ 
i I I 
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Press 

AC 

Remarks 

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

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 it, use 
the POSITION control to 
position the incoming 
waveform, press GND, then 
press AC (or DC) again. 
Return the VZR level to the 
center graticule line. 

Display 

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. 

2-20 
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The VIR 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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EXERCISE 2 
USING THE AQR (ACQUIRE) MODE 

So that you may start at any of the 12 Get-Acquainted Exercises. the Inillalizatlon 
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 sellings 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 Isee Fig. 2-15) control the way your 7020 acquires sIgnals for 
digitizing. These are mutuallv exclusive functions so onlv one can be se/acre<! al any 
one tIme. Upon initializallon. the 7020 is sel 10 acquire signals present at the CH 1 
input connector as indH:ated by the Illumination of the CH 1 AOR MODE key_ 
Connect the 1 kHz 4 V pop sine wave to channell and connect the trigger output 
(square wave) from your signal generator, If so equipped, 10 channel 2 . If a trigger 
SIgnal IS not available, choose some other time related SIgnal Initialize the 7020 
uSIng the UTILITIES menu. Select 2 v(}lts / di", on Channels 1 and 2. 
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Figure 2 -1 5. AQR M OD E koys. 
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CHANGING THE VERTICAL SENSITIVITY (VOLTS/DIV) 

Initialization sets the vertical sensitivity to 1 volt/divas indicated in the display 
readout. The VOL TS/DIV control allows you to select the vertical sensitivity of the 
7D20 in volts per division. Slowly rotate the VOL TS/DIV 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 a 1, 2, 5 sequence to a maximum of 5 mV /div. Rotating the 
VOLTS/DIV control beyond either the minimum or maximum setting will have no 
further effect on the vertical sensitivity or the displayed sensitivity setting. Return 
the vertical sensitivity to 1 volt/division. 

USING THE VARIABLE VOLTS/DIV CONTROL 

This control allows you to decrease the vertical sensitivity from its 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 
vertical sensitivity continues to decrease as you rotate the VARIABLE VOLTS/DIV 
control and notice the effect this has on the displayed waveform. Return the control 
(by rotating clockwise) to its detent position and note that the> symbol disappears 
from the display. 

VARIABLE 
VOLTS/DIV 
INDICATION 

Figure 2-14. VARIABLE VOLTS/.o'V readout. 

3857-24 
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EXERCISE 2 
USING THE AQR (ACQUIRE) MODE 

So that you may start at any of the 12 Get -Acquainted l:xercises. the Initialization 
feature has been used as necessary to set front -panel control sellings to a known 
state by a single selection ollNIT FRONT PANEL 'rom the UTILITIES menu (refer to 
the hst 01 predetermined settings In the Detailed Operating Instructions under Menu 
Functions). Under normal applications it IS not necessary to use tile Initialization 
feature, but It may be helpful. 

These four keys (see Fig. 2- 15) control t he way your 70 20 acquires signa ls lor 
digitizing. These are mutually exclusive functions so only one can be selected at any 
one time. Upon inltoalizatlon. the 7020 IS set to acquire s ignals present at the CH 1 
Input connector as Indicated by the IlIumlnatoon of the CH 1 AQR MODE key 
Connect the 1 kHz 4 V pop Sine wave to channel 1 and connect the tr igger output 
(square wave) from your Signal generator. If so eqUlppe<J. to channel 2 . If a trigger 
Signal IS rmt available. choose some other time related Signal. Ini t ialize the 7020 
uSing the UTILITIES menu. Select 2 volts / dlv on Channels 1 and 2. 

] AOR CURS 

" '" DC 
MOD E .. ".. Itl :..J IU 
CH 1-1 " .. w,.. S2\CN ~ [J ·:> t 

.,,, IfrlDlP 

~ U 0 2 

CH 2 POSll lOfrI ~ 
,,",' ADD-I . ..-. ~ ~ RU VOLTS/ DIV 

"" !U 

uau 
CM Z-Z 

tlI 
• • IU 

~ 
Il MOlI -, ... 
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Figure 2- 15 . AQA MODE keys. 
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Press 

CH 1-1 

BOTH 

ADD 

CH 2-2 

Remarks 

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

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

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

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

Operating Instructions-7D20 
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EXERCISE 3 
USING THE WAVEFORM MEMORY 

So that you may Start at any of the 12 Get -Acquainted EKercises. 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. 

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

CURSOR WFM ,." , , , "' .. 8 VI'IIP 11 .SUlK 

[jJ t:D II:J ICI [J ICI , • • VtlltP I} VI'DN ';' 

[J [jJ ICI ICI · [J 
NMA6 li.l " ICI ICI 

Figure 2 · 16. MEMORY DISPLAY keys. 
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Figure 2 · 17 . Sine·wave display. 
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displayed. Initialization sets the 7D20 to digitize signal information into waveform 
memory 1 and also establishes waveform memory 1 as the cursor waveform. The 
sine-wave signal is currently visible in the display (see Fig. 2-17) and MEMORY 
DISPLAY key 1 illuminated. Because of initialization, waveform memory 1 is the 
only memory that contains waveform data at this time. The other memories (2 
through 6) have no stored data and, if selected for display, will show a center 
horizontal line. 

COPYING AND DISPLAYING A WAVEFORM 

Waveforms can be copied from one memory to any other so long as you are not 
digitizing into the receiving memory. After initializing, because 9ata is acquiring 
waveform memory 1. you cannot copy into waveform memory 1 at this time (the 
HOLD function terminates the digitizing process). For now, however, the sine-wave 
signal being digitized into channel 1 can be copied from waveform memory 1 into 
any of the other memories. When a waveform is copied, all the acquire and display 
conditions are copied too, the memory being copied into is overwritten and cleared 
of any previous data. The following shows how to copy a waveform into another 
memory and then display the copied waveform. Initialize the 7D20 then: 

Press 

COpy 

Remarks 

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

Tells the 7D20 that you are 
going to copy the contents 
of memory 1 into another 
memory. The left # sign in 
the prompt will change to 
the number 1 and the right# 
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. 

Display 

2-25 



Operating Instructions-7D20 

Press 

3 

3 

2-26 

Remarks 

Tells the 7020 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 
7020.) At this point memory 
3 contains a copy of the 
sine-wave signal being 
acquired into channel 1. 
The prompt now reads as 
shown and the COpy key 
light goes out. However, the 
content of waveform 
memory 3 is not yet 
displayed. 

The 3 key illuminates, the 
copy prompt disappears, 
and the display changes to 
indicate that waveform 3 is 
being displayed. This will be 
difficult to see, however, 
because the waveform in 
memory 3 was copied in the 
same position as the 
original waveform in 
memory 1. Consequently, 
the two waveforms now 
overlap in the display. 
Separate the displayed 
waveforms by turning the 
CH 1 POSITION control to 
vertically reposition the 
signal being digitized into 
waveform 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 waveform) from the 
display by pressing the 
appropriate MEMORY 
DISPLAY keya second time. 

Display 
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A NOTE ABOUT THE DSW (DiSplayed Waveforms) ORDER 

The DSW readout order is determined by the vertical position of the first data points 
of the displayed waveforms. Notice as you vertically reposition waveform 1 so its 
first data point is above the first data point of waveform 3, the DSW readout lists 
waveform 1 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. 
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EXERCISE 4 
CHANGING THE DESIGNATED 

CURSOR WAVEFORM 

So that you may start at any of the 12 Get-Acquainted EKercises. 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 CSW (Cursor Waveform) key shown in Figure 2-18 allows you to choose any of 
the siK waveform memories as the cursor waveform. In the 7020 the cursor 
waveform is always displayed. It cannot be turned off. The CSW (cursor waveform) 
readout in the lower left corner of the display tells which memory is currently 
designated as the cursor waveform (see Fig. 2 · 19). The two bottom l ines of the 

CH 1 
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Figure 2-18. CSW REF key. 
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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 
blink and the prompt: CSW 
# appears in the display 
readout. The # in prompt 
also blinks to indicate that 
the 7D20 is waiting for the 
number of the new cursor 
waveform. 

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

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

DS" • 
I 

I 
II 

i 
CSII 4 

Display 
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Press 

CSW1 

4 

2-30 

Remarks 

Reselects waveform 1 as 
the cursor waveform, 
returns waveform memory 
1 to the display and 
illuminates the key. 

Turns off waveform 
memory 4. 

Display 
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EXERCISE 5 
HOLDING A WAVEFORM IN MEMORY 

Any waveform being digitized, such as the sine-wave signal currently being digitized 
and displayed. can be locked or held in the 7020 memory by pressing the HOLD key 
shown in Figure 2-20. When you press the HOLD key. signal digitizing is instantly 
terminated. Waveform data contained in waveform memories 1 and 2 at that instant 
is retained unchanged in memory. complete with the associated acquire and display 
conditions. This is a manual Of 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 to freeze (waveform motion is no longer visible) in 
the display. The HOLD key performs an on/off function, so pressing the key a 
second time will turn the HOLD function off and extinguish the key illumination. The 
7020 will then resume digitizing new waveform data into memory. 

CURSORS r ·;, fIll6 "'Q 
~ "' A Off IU Ibl [g 

IO"'~IO TIME/OIV 
III O£P AlrG N 1I0lO ~"'" til 0'0 U Ibl tlI 

.," '" . "" [J U [j 

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

So that you may start at any of the 12 Get-Acquainted Exercises, the Initialization 
feature has been used as necessary to set front-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. 

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 
Figure 2-22, cursor 1 can be positioned to any data point on the cursor waveform. 
Use of the cursors is illustrated in the following procedures. 

CURSOR 1 

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

Press 

19 

2-32 

Remarks 

A single press of this 
slewing key causes cursor 1 
to move to the next adjacent 
data point. Notice that when 
you press and hold the 
movement key, the cursor 
moves continuously across 
the full length of the cursor 
waveform. Cursor 1 stops 
when it reaches the last 
waveform data point. Also 
notice that as cursor 1 is 
moved, the cursor wave­
form readout changes to 
give both the vertical 
position and the horizontal 
time value of the waveform 
data point where cursor 1 is 
located. (The horizontal 
time value is referenced to 
the trigger position and the 
cursor 1 vertical position is 
referenced to Vertical Zero 
Reference.) 

Display 



Operaling ln$lructions- 7D20 

Press ., Remarks 

Moves cursor 1 back toward 
the beginning of the cursor 
waveform. Return cursor 1 
10 the first data point. 

CURSOR t 

Figure 2 · 21 . Curtor 1 . 

D 
AOR CURSORS W Mooe 

011-1 ." lI.OH 

ru 1bi) ¢ 10 [O 

(jJ 0'" I ~OH .UI~ '" 

IJ IblI ¢ 2 <:> IblI -.... Iooo-t 

~ U "" ... . "" t)t 2-2 D D iLl 
U 

Figurll 2 ·22 . Curtor kllY$. 
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CURSOR 2 AND THE f (function shift) KEY 

The following show s how to turn on cursor 2 USing the f (f unction shift) key (see 
Fig 2-23) and also Illustrates how cursor 2 IS moved about on the waveform. 

CURSORS 

~o" .o.OH 

[.J " , :::J 
'''Of' _LIS" 
I..J Co 2 e:> U 

"" ... . "" 

f 
!CiI 

"" 

''''' "' ... 
""" U 

Figure 2·23. The ' hift funct ion ke'f. 

Press 

I . 

f 

Remarks 

Move cursor 1 to the right 
about two diVISiOns as 
shown. 

The f !function Stllft) key 
begins to btink This allows 
you to now select any of the 
shift functions. 

6 0N This turns on cursor 2 
(which appears as an 
intenSified dot). e)lllngulsh­
es the ll.OFF key and f 
key, and illuminates ll.ON 
key. NOle thaI when cursor 
2 IS turned on the cursor 
readout changed; II now 
gives the voltage and time 
di fference of cursor 2 with 
respect \0 cursor 1 

2 -34 
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Press 

.2 
2. 

•• 

o. 

I 

/.)OFF 

Remarks 

Thasa two keys move cursor 
2 the same way the 0 1 and 
1¢ 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 to a stop when it 
reaches cursor 1 Position 
cursor 2 about two divisions 
to the fight of cursor 1. 

When Cursor 1 reaches the 
same data pomt as cursor 2 
It pushes cursor 2 toward 
the end of the waveform . 
Cursor 1 cannot be 
positioned \0 the right of 
cursor 2. 

Notice as cursor 1 moves 
away, cursor 2 remams 
where It was previously 
pOSitioned. Return cursor 1 
to the flrsl data point. 

Again permllS the selecllon 
of a shift function The key 
Will begm to blmk 

Turns off cursor 2 
illuminates the n OFF kay 
The 6 0N keyandthe [ key 
are elltlngulshed. 
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USING THE CURSORS INDEPendently OR ALIGNed 

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

Press 

! 

~ON 

,. 

2-36 

Remarks 

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

Turns on cursor 2. The key 
illuminates when pressed, 
the f key stops blinking, 
and the L:lOFF key extin­
guishes. Notice that the 
cursor readout at the 
bottom of the display has 
changed to now show the 
difference In voltage and 
time between cursor 1 and 
cursor 2. 

Position cursor lto vertical 
graticule line 1. 

Display 
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Press 

¢2 

COpy 

Remarks 

POSItion cursor 2 to verllcal 
graticule line 3 . 

The COPY key begins to 

blink and the COpy prompt 
appears in the display 

Tells the 7020 thai YOU 
wan! 10 COpy waveform 
memory 1 Your selection IS 
noted In the f,rst If position 
of the COpy prompt 

Operat ing In structio ns - 7 0 20 

Dis play 
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P ress , 

, 

2 -38 

R emarks 

Tells the 7020 that you 
Wish to COpy waveform 
memory 1 into waveform 
memory 3 . The COPY 
prompt reflects your 
select;on. The COpy prompt 
will disappear when 
another key is pressed. 

Causes wavelorm lIlelllOlV 
3 to be dlsplaVed. IlIumln· 
ates the 3 key. and removes 
the COPY prompt from the 
displav. The DSW readout 
indicates that bo t h 
waveforms 1 and 3 are 
being displaved The 
d;splaved waveforms 
O\Ierlap at thiS lime so 
adjust the CH 1 POSITION 
control 10 verllcallv positIOn 
waveform 1. up one full 
diVISion above ItS current 
position ThiS Will allow you 
to View both waveforms 
Notice that the cursors 
move up With waveform 1 
because it is the the cursor 
waveform. Atso. note the 
pOSItion of the cursors In 
preparation for the ne~1 
step 

Display 



P ress 

csw 

3 

19 29 

R emarks 

The CSW key begins to blink 
and Ihe 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 " 

,h, cursor 
waveform. Notice that the 
cursors '" oow 00 

waveform 3 '0 ,", same 
horizontal location they 
previously occupied 00 

waveform 1. ln other words. 
,", cursors '" st i II 
ALIGN ed with 1 h e i r 
previous horizontal posi-

'ion. 

Position both cursors about 
one division 10 the right of 
their present position. 

Operating I nst ructions~7020 
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Press 

CSW 1 

I INOEP 

CSW 3 

2 -40 

Remarks 

Re-select waveform mem­
or y 1 as the cursor 
waveform and notice that 
the cursors are now on 
waveform but are 
ALIGNed With the pOSition 
you moved them to when 
waveform 3 was the cursor 
waveform 

Select the INDEPendem 
cursor mode. The ALIGN 
key extinguishes and the 
INOEP key Iliummates As 
you wi ll see, movement of 
the cursors on the cursor 
waveform lwaveform 1) will 
have no effect on the 
posiuon of the cursors lnon 
displayed) on waveform 3 

POSition both cursors 
toward the beglnnu\g 01 
waveform 

Re-select wavelorm mem 
ory 3 as the cursor 
wavefor m Notoce that the 
cursors re turn to thelf 
prevIous pOSition on 
waveform 3 and are no 
longer ALIGNed with the 
cursors on waveform 1 

Displav 
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Press 

( ALIGN 
CSWl 

Remarks 

Notice the cursor posItions 
have changed aga.n. The 
ALIGN commilOd forces 
ImmedIate movement of the 
cursors wIthout the need to 
use the cursor movement 
keys. The ALIGN mode 
allows you to measure 
vertical values on wave­
forms in el(actly the same 
hor ilontal location The 
INDEPendent mode allows 
you to measure different 
parts of the Slime waveform 
at the same time (see FIg. 2-
24). AddItIonal uses of the 
ALIGN and INDEPendent 
modes are illustrated in 
conjunctIon wIth the HMAG 
(HOrllontal MAGnification) 
later In theSe elterClses 

CUrsor 1 

W",,"to.m 1 ICSW I , 

Wllvllfo.m 1 copied .nto memo ..... 3 IDSW 3, showing 
cu.sor pO"t ionl moved INDEPendent ot Wllvatorm 1. 

Operating Insuuctionl- 7D20 

Disp)ay 

CU'1Of 2 

Curto. 1 

38S114 

Figure 2 -24 . Uainv the cur,Ort to meIlSU •• diffe.ent pllrt. of the IoIIme wllveform. 
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EXERCISE 7 
USING THE CURSOR WAVEFORM 

DISPLAY MODIFIER KEYS 

So that you may start at any of the 12 Get-ACQuamted ExerCises. the 100tlalization 
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 10 
the list of predetermined sellings In the Detailed Operating Instrucllons under Menu 
Functions). Under normal applications it is not necessary to use the Initialization 
feature. but it may be helpful. 

The CURSOR WFM keys (shown In Fig 2-25) permit you to manipulate the cursor 
waveform In a variety of ways Generally, the VPUP1) , VPDN~. VXPD g. and 
VCMP% keys perform the same funCtions on the stored waveform displays thatlhe 
CH 1 and CH 2 vertical POSITION and VOLTS/ DIV controls perform Ofl Signals being 
aClivefy acqUIred. These keys are operational on Ihe 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 Ihrough 6 are always in a hold condition 
HMAG and VS functions are operational on either Ihe waveform(s) being acquired or 
on waveforms in HOLD 

DISPLAY TRIGGERING ., .. COI/'I.I" slIIIIa , , vXPO 8 VI'OP () ..... .... " .. "''' ICI 11:1 (g o::lI [jj • ra 11:1 11:1 
• • VtM, O .... " '" .. , 
:u 11:1 C O lJ IU Ll ... .. ... .., 

CPr RU HMAG All 11:1 tl :;;J tJ t3 

Figu,. 2 ·25 . CUriO, Wlveform keys. 
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HOW TO VERTICAllY REPOSITION THE CURSOR WAVEFORM 

Tile VPUPil' (vertical poSllion up) and tile VPDN(} (vertical position down) keys 
permit you to vertically move the cursor waveform up IX down in the display. The 
10liowlOg e .. ercise shows you how. 

Press 

HOLD 

VPUP il' 

Remarks 

Terminates the dlglllling 
process and holds the 
current digitized wavelorm 
In waveform memory 1. 
ThiS is necessary because 
CURSOR WFM keys 
VPUPil', and VPDN<) , have 
no ellect on a cursor 
waveform that is being 
actively digitized. They work 
as vertical separation 
controls with the REFer· 
ence waveform present. 
EKcept under the conditions 
shown '" Figure 2·26, a 
cursor waveform that IS 
belOg actively digl1lled IS 
vertically repositioned 
using the respective CH I or 
CH 2 POSITION control. 

(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 10 diviSions with 
respect to the center 
horizonti:ll graticule line 
Continuous movemel1t of 
the cursor waveform results 
when you press and hold 
this key. Maximum vertical 
pOSitioning is approximately 
5 divisions (plus or minus) 
from the letO reference. 

Display 
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WHEN HOLD IS ON 
CURSOR WfM "., ALL kEYS 

~XPO g vpup v 
fUNCTION 

r.l ![:l) 
vtMP u VPOH ... 

til IQI 
csw MU "MAG All " IQI U til 

WHEN HOLD IS OFF CURSOR WFM 

REf OFF ""' .. ~ 'M 

til til 
"M' VPON " 

KEVS NOT ACTIVE 

t] IQI -----csw Mil MMAG All " } IQI U til kEYS ACTIvE 

-----
WHEN HOLD IS OFF 

CURSOR WfM "., 
HMAG ANa Ref ON ALL kEYS ACTIVE .. ~ '"'' til til 

vCMP "r YPON 

t:J [JI 
CS W KU HMAG All " 10 ItJ til 

WHEN HOLD IS OFF 
CURSOR WfM "'., ALL KEVS ACTIVE VS AND REf ON : .... 'M 

til r:J 
" ... .. " 
iLl [g 

CSW HII HMAS ALI " 10 til [JI 

3851 76 

Figu'e 2 · 26 Condltiona ""de, whIch lhe CURSOR WFM keya . ,e &C1've 10< w.vefOfm a 1 or 2 
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Press 

VPDN<} 

VPDN <} 

HOLD 

Remarks 

(VER TICAL POSITION 
DOWN). Press and hold this 
key to return the cursor 
waveform to itS original 
position. Movement 01 the 
waveform stops when the 
or iginal zero reference 
position is reached. Release 
the key and notice that the 
original VZR readout is 
restored and that neither 
the VPUP1l" key nor the 
VPDN.() key is i lluminated. 

A single press of this key 
will now cause the cursor 
waveform to move down 
incrementally and illumin· 
ate the VPDN.() key. Aswith 
theVPUP-o- key. continuous 
movement of the waveform 
wilt result if you press and 
hold this key. Position the 
displayed waveform some· 
what below center. 

Turns off the HOLD function 
and allows the 7020 to 
resume digitizing into 
waveform memory 1. The 
HOLD key will e)(tlngulsh. 
Notice the trace returns to 
its original position because 
the vertical position keys 
don·' affect a cursor 
waveform that is not in 
HOLD 

Operat ing Instructions 7020 
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HOW TO VERTICALLY EXPAND OR COMPRESS THE CURSOR 
WAVEFORM 

The VXPD g (vertical expand) and VCMP S (vertical compress) keys. shown In Figure 
2 ·27. allow you to expand or compress the cursor waveform twO fulllflcrements (In 
a 1.2,5 sequence) from Its acquired vertical scale factor To best demonstrate thiS 
feature. adjust the signal generalOI fOf a slfle-wave ampillude of two diVISions In 
the display. Then proceed with the foliowlflg , 

Y DISPLAY CURSOR WFM TRIGGERING , .," COUPLING SWAct: , • VXPll 8 VP\JP '1 °SLOPE TRIGO pp " ... " Ii:J IiJ D U IiJ • IU [J IiJ 
• • VCMp v 

"" C 
.,,' " U, '" IiJ IiJ IiJO [IJ ::J U rg .,.. "'''' "" csw W IlMAG 411 " i!j !U !W Il IiJ [IJ IIOLO HEXT 0: , .. 

W 
ll:.l t.iI ICI 

CURSORS ¢ TRlG POS "'~ ~, 

dO. .1. Off [J fj;.J iU 
IiJI 0" I!:J 

TIME/DIV 
III'OfP AUG!\' VECTOR 

3857 82 

Figure 2-27. Vertical compless and expand keys. 

Press 

HOLD 

2 -46 

Remarks 

Telmlflates the digitiZing 
process and holds the 
current digitized waveform 
In waveform memory 1 The 
VXPO g and VCMPS keys 
have no effect on a cursor 
waveform that IS being 
actively dlglllied except 
With the REFerence 
wavefor m present 

Displav 



Press 
vxpog 

VCMPt 

VCMPt 

Remarks 

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

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

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

Press this key a second time 
and the cursor waveform 
returns to its original 
digitized vertical scale 
factor. The vxpog key 
extinguishes when this 
occurs. 
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Press 

VCMPZ. 

VCMPZ. 
VPDN{)-

HOLD 

2-48 

Remarks 

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

Compresses the cursor 
waveform again and 
positions it downward in the 
display. 

Terminates the HOLD 
function and: permits the 
7020 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 
cancelled. 

I-
,~PSW 1 
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Operating Instruc tions- 7 D20 

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 appealrs different when the cursor 
waveform is magnified. This is because only a port ion of the magnified waveform 
appears in the display and cursor 1 movement is designed to allow any portion of 
the magnified waveform to be posit ioned within thE~ display area_ Movement of 
cursor 2 is not affected by horizontal magnificat ion. The following exercise 
illustrates the HMAG fu nction and the movement of cursor 1 on the magnified 
WClveform. 

CURSOR W FM ,,,. 
, VX PO 1{ ypup 0 

~ ~' C 
• YCMp e 

'"'" C 
~ ~ D 

CSW REf " ICI ICl 

Remarks 

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

TRIGGERING 

"'~ COUPtlN6 s .. a 

" " ... ~ 
~ ~ ~ 

"'" If AfJ '" [l tI fg ., .. " .... DO 

C ICI tlI 
IIlLO .nXT oc " .. 

Display 
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Press 

HMAG 

19 

2-50 

Remarks 

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

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

Display 
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Press 

,¢ 
(cont) 

vxpog 
VCMP S. 

VPUPO 

VPDNO 

Remarks 

beginning of the cursor 
waveform" 

NOllce that these cursor 
waveform keys don"t affect 
an HMAG"d cursor wave­
form that IS not In HOLD 
Also, notice that the 
message HOLD REOD 
(HOLD reqUired) is display­
ed when yOU attempt to use 
these keys when not In 
HOLD except With the 
REF erence wavefo r m 
present 

Operating Instructions-7020 
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HMAG AND THE REFerence WAVEFORM 

The REF key (shown in fig. 2-29) permits you to view Ihe anginal, unmagnified 
cursor waveform at the same time you are viewing Ihe horizontally magnified 
verSion The cursors appear on the same data points on bolh versions of the 
waveform. The follOWing eKerClse illustrates the use (If Ihis funC1ion 

HI 

Press 

f 

CSW REf 

2 -52 

I"OSlllOIl MEMORY DISPLAY 

YlillAIIl 
VOLTS/DIV 

, 
[iJ , 
[l 

,,,. 
t:I 

Figure 2 -29 . REferenQ41 W.vefo,m key. 

Remarks 

Make sure HOLD IS not 
selected 

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

SelectS the REFerence 
waveform for display. The 
REF waveform appears In 
the display as shown . 
Notice thaI the DSW 
readout Indicates the 
REference waveform is 
being displayed. The first 
data point of each version of 
Ihe waveform overlap . 
Cursor 1 IS posil ioned on 
that poinl. AdJuSI the CH 1 
POSITIO N control and 
notice that both versions of 
the cursor waveform are 
vertically re -positioned as 
the contrails turned. Return 
the waveforms to their 
centered position. 

Display 
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Press 

VPUP'fr 

I 

ON 

Rem a rks 

Notice that this key 
lIertically re-positions only 
the magni f ied version of the 
waveform. Position the 
magnified waveform about 
one division above the 
REF erence walleform 
Notice that cursor 1 is 
positioned on data point 1 
on both versions of the 
walleform. 80th cursors 
appear on the same data 
point on the REFerence 
walleform as on the 
HMAG'd w allefOlm, VPUPD 
and VPONI} act as 
separation controls 
Change CH 1 POSITION 
control and notice the 
walleforms mOlle together 
but maintain separation 

The f key begins to blink 
indica ling 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 walleform 
Howeller, cursor 2 IS not 
IIIs,ble on the HMAG'd 
walle form at thiS lime 
because the data POint that 
It IS POSitioned on IS outSide 
the display area 
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Press ., 

,. 

2 ·54 

Remarks 

POSition cursor 2 on Of 
about vertical graticule line 
6 on the REFerence 
waveform. Cursor 2 should 
slill not be vIsible on the 
magnified cursor wave­
form 

Advance cursor 1 to lhe 
right toward the end of the 
cursor waveform Notice 
how the magnified wave· 
form moves to the left while 
cursor 1 (on the magnified 
waveform) remams fiKed at 
vertical graticule line 2. On 
the REFerence waveform 
cursor 1 moves to the right 
i n the usual manner 
Observe cursor aChon on 
both the REF erence 
waveform and the magnifi ­
ed waveform as you 
continue mOVing cursor 1 
toward the end of the 
wavef()(m; cursor 2 comes 
into the display and travels 
With the magnified verSion 
of the waveform lilt 11 
reaches cursOf 1. lit which 
lime cursor 1 Will push 
cursor 2 toward the end of 
the curs()( waveform. When 
the end of magnified 
waveform comes Into the 
display. the cursOfS resume 
trllveltill they reach the Illst 
dala pamt on the waveform. 

Display 
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Press 

1 ~ 

VCMP2 
VPUPO 
VPDN ~ 

VXPO & 

I 

REF 

HMAG 

Remarks 

Return cursor to the 
begmn,ng of the waveform 
while obser\l,ng the 
movement of the cursors on 
both verSions of the 
waveform 

Notice thai ~ause the 
HMAG key IS Illuminated, 
these functions affect Ihe 
magmfied portion of the 
Cursor wavefOfm display 
Note To modify Ihe 
REFerence wa\leform you 
must be In II HOLD 
condmon and HMAG and 
VS must be off 

The l ke~ Iftumlnattls to 
permit the selecllon of a 
Shfft function 

Turns off the REference 
waveform 

Telnllnates HMAG and Ihe 
HMAG key e~lfngulshes 
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HOW TO USE HMAG All 

This function key, SllOWn In Figure 2·30 anows you to horizontally magni fy ALL the 
displayed waveforms To Illustrate this function we will f irst copy the cursor 
waveform Into atl the Other waveform memories tnllialile the 7020 lind proceed as 
InStrUCted below 

RY DISPLAY CURSOR WFM TRIGGERING , .. , ., .. COUPUIIG SOURa , , YXI'O ~.,: wrup {} ·stOPl TRl6l1 .. " "' .. ICI IC U lJ U • U [J r::J 
• • VI:IIP :~ Wf'lllll , . llYll .. " u .... '" IU IC U IC ::::J :.J LJ ... III flliJ "0> C$* IUf Hw.6 AU " U U :...J fil 0;) [I HOlD _(xl DC U .. 
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Figur. 2 · 30 Honzont a ' Magnify All w.~efo"". key 

Press 

HOLD 

COpy 
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R emarks 

SlOPS digitiZing process and 
holds the waveform In 

memOly 

The COPY key begins 10 
blink and Ihe COPY prompt 
appears m the display 

Display 



Press 

2 

COpy 

3 

2. 3.4. 
5, 8<6 

I 

Remark s 

Selects waveform memory 
1 as the waveform to be 
copied. The COPY prompt 
will confi rm your selection. 

Selects waveform memory 
2 as the destination of tile 
COpy Again. the COPY 
p rompt con f irms wha t 
you've selected. 

The COPY key begins 10 

blink and the COPY prompt 
again requests that you 
select a w aveform 10 copy 

Selects waveform 1 as the 
waveform to be copied The 
COpy prompl confi rms your 
source selection. 

Selects waveform memory 
3 as Ihe destination of the 
COPY COnTinue the above 
prOCeSS unTil waveform 1 IS 
copied Into aillhe rest oflhe 
waveform memories (4, 5, 
and 6f 

Displays the copied 
waveforms This IS Indicat­
ed by the DSW readout 
However. since Ihe 
waveforms were all copied 
on the same position as 
waveform 1. It Will appear 
as though only one 
waveform is being display­

'd. 

The key blinks IndlC<l!ll19 
that you can now select a 
shift function. 

Operating Instructions- 7020 

Display 

2 -57 



Ope rating Instruct ions - 7020 

P ress R emarks 

HMAG ALL The key Iliummates and all 
SIX dIsplayed wavefor ms are 
horrzon tally magnrfled 

VPUP \I 

csw 

2 

2-58 

VertIcally pOSItion the CSW 
to the lOp of the dIsplay 

The key IIiUmlnaieS and Ihe 
CSW prOmpt appears In the 
dIsplay to ,nd,cate that you 

can now select any 
wavefor m memory for Ihe 
cursor waveform 

Selecls waveform memory 
2 as the cursor waveform 
NOllce Ihal cur sor 1 moves 
to w aveform 2 and thaI Ihe 
readoul prompl and Ihe 
CSW dIsplay now Indlcale 
Ihat wave form 2 IS Ihe 
cursor waveform 

Oisplay 



Press 

VPUPif 

Remarks 

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

CSW Again allows selection of a 
new cursor waveform. 

3 

VPUP if 

CSW 

5 

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

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

Again allows selection of a 
new cursor waveform. 

Selects waveform 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 5 just below its 
original position. 

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

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

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

Display 
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Press 

CSW 3 

Remarks 

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

Press and hold the cursor 1 
movement key. Notice that 
the cursor 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 (simulla­
neously) with respect to 
cursor 1. The reason all the 
waveforms move together 
is because their horizontal 
cursor pos i tions are 
ALIGNed. When the last 
data point of the waveform 
comes IntO the display. 
waveform movement 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. 

Operating Instructions- 7D20 

Display 

2 -61 



Oper"ing InstruClions-7D20 

Press 

f INDEP 

'9 

I ALIGN 

Remarks 

Turns off Ihe ALIGN mode 
and l urns on Ihe INDEP 
mode 

N()(ice now Ihat only Ille 
cur so. waveform moves 
across Ihe display when 
cursor 1 reaches the second 
gralicule line. 

NOllce Ihal all wavetorms 
are horizonl ally al igned 
w ilh the cursor w aveform 

f TUlns ott HMAG ALL 
HMAG ALL NOllce that aU displayed 

wavetorms relUin :0 then 
original pOSl1lon on Ihe 
display 

2 ·62 
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USING THE VS (versus) FUNCTION 

The versus funcilon key, shown In Figure 2 ,31 pefllllts you to display the cursor 
waveform with respect to another waveform rather than lime Inlualize the 7020 as 
Instructed in the preliminary sel -up instrUC!lons at the beginning of this section Set 
the TlME/ OIV to 200 #Sl dlv and set the trogger LEVEL 10 center positIOn 

DISPLAY CURSOR WFM 

, 
[J 

• 
~ 

"" M' 
[J 

Press 

COPY, t ,3 

vs 

"'" • WI'II S VI'UP '.' 

[J [J u 
• VeM' ,-, 

[J 0' 
"MAG III 

~ 

Remark s 

Sawes a duplicate of 
waveform I IntO waveform 
memory 3 

The VS key will begin to 
blink and the VS prompt 
appears In the display The R 

sign In the prompt also 
blinks, lndlcallng thaI the 
7020 IS wailing for you to 
deSignate a waveform 
number 10 SubSUlute for the 
time a)(IS 

TRIGGERING 
MOM touPU116 SOlIIU ..... .... .. '" ..,M 

ru • Ii:] [J :u 
.." "'" to, 

!tJ [J IU .... '''''' "" ~ D :.J 
IIOUI IDtT 0: '''' 
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Press 

3 

TRIGGERING 
LEVEL 

VS 

2-64 

Remarks 

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

Turn this control to its fully 
clockwise position. This 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 in any 
of the waveform memories, 
including itself. 

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

Display 
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USING THE REFerence WITH VS 

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

Press 

VS,3 

J REF 

vpup ", 

Remarks 

D i splays the cursor 
waveform versus waveform 
3 as before. 

Turns on the REFerence 
Waveform for viewing at the 
same lime. 

Vertically position the 
versus display about 2 
divisions higher . 

Display 
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19 ., 

vs 

Press R em arks 

While pOSlllonlng cursor I 
left and rlghl. observe liS 
pOSition on both the 
REference and VS wave· 
forms Here Ihe REference 
serves as a time reference 
as indicated by Ihe 
hOrllontal coordinate 
readmg In seconds 

Ter mlnales both the VS 
tuncllon and turns ott the 
REFerence waveform 
Return the TRIGGERING 
lEVEL connollO midrange 

VECTOR S A ND DOTS 

D isplay 

Up 10 thiS pOmt the wavetorm displays you have Viewed conSist of a series 01 dolS 
Ihal represent Ihe digitized waveform data pOints As these dots become separaled 
vertically ,t sometimes becomes dll/,cull 10 deteHllIne which dol follows which Vour 
7D20 has a selectable VECTOR function [see Fig 2·32) thai connects lime adlaCent 
daIS ThiS allows you 10 beller deunmlne the .. time relallOnshlps The VECTORs are 
deSigned Such Ihal you can stili easily discern the wave'form data pomts because 
Ihey appear mlenslf,ed With the VECTORs on 

"' .10" U ILl !:I ILl 
'. :.:J 

AI'.;II ~ 2.;> :.J !D 

"" " .. 
ILl [J 
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EXERCISE 8 
USING THE AVERAGE AND ENVELOPE 

FUNCTIONS AND SET N 

So Ihat you may start at any of the 12 Get-Acquainted ExerCises, the Inltlal<zauon 
feature has been used as necessary to set front -panel control setilngs to a known 
state by a single selection of INIT FRONT PANEL from the UTILITIES menu lrefer to 
the list of predetermined settings In the Detailed Operallng Instructions under Menu 
Functionsl. Under normal applications It IS not necessary to use the Initialization 
feat ure, but 1\ may be helpful. 

These funCtion keys. shown Ifl Figure 2-33 permit you to average or envelope 
waveforms that are being digitized AVEraging IS useful for reducing uncorrelated 
noise In slgnats and Improves its Signal to nOIse ratio . ENVeloping IS useful for 
revealing subtle vanatlons In signats and allowS the 7020 to be left unattended for a 
long period of time while mOnitoring signals for time and amplitude variations such 
as frequency drill Refer to the Detailed Operating Instructions later In thiS seClion 
for the algOflthms used lor waveform processrng Waveforms can be AVEeraged or 
ENVeloped contmuously or you can use the SET N feature to select the number of 
waveforms to process before automatically entering HOLD The folfowmg shows 
how, but flfst , make sure the 7020 IS millal,zed and that the 1 kHz Sine wave IS 
connected as descflbed In the PRELIMINARY SET· UP INSTRUCTIONS 

¢ TfII6 "'0 
CIIl - t 4" 6 Off n:;;J n:;;J IU 
i;J [J¢1c;.[C 

[[] ... , l'-Il(P 4L16N "" .. ru Il o'~[J n:;;J 
1.00-1 

[j 
at 2- 2 b!J !l:iI 

Figu." 2-33. Waveform p,oc"Ulng key • . 
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Press 

AVE 

HOLD 

2 -68 

Remarks 

The AVE key oIlumlnates 
and the 7020 starts to 
continuously average the 

signal as It IS being digitized 
Slightly adjust the CH 1 
POSI TI ON con trol and 
observe the effect The 
display readout displays the 
number of averages as they 
accumulate up to the 
cu rrent value of N, at which 
POint the display Simply 
indicates that the number 01 
ave r ages e)(ceeds th e 
current value o f N and a">" 
sign appears In the prompt 

Selection 0 1 the AVE 
function woll cancel the 
HOLD, ENV, ENV N, SET N, 
and AVE N junCtions If any 

are active 

ThiS termmates the AVE 
process and displays the 
IOlal number of averages on 
the readou t up to the 
current value of N You can 
also terminate the AVE 
functron by sel~Cllng HOLD 
NEXT, which would allow 
the 7020 10 average the 
ne)(t triggered wave form, 
then enter HOLD Agaon, 
the total number of 
waveforms averaged up to 
the current valueof N would 
bed,splayed Termonatlonot 
the AVE function can also 
be eHected by selectl'19 AVE 
N, ENV, and ENV N WITtl the 

selected function beong 
,"Iuated Or , the AVE 
function can be termmated 
by preSSing the AVE key a 
second 11Ine In which case 
the 7020 woulti resume 
normal dl91tlzlng operat Ion 
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Press 

'NV 

VECTOR 

HOLD 
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Remarks 

The HOLD function is 
cancelled. the ENV key 
illuminates and the 
ENVelope function is 
initiated. Thesine wal/ewill 
be continuously enl/eloped 
and the readout displays the 
accumulated tolal of limes 
the wal/eform is ENVeloped. 
While ENVeloping. slowly 
adjust the frequencv of your 
signal generator and 
obserl/e the results 
Selection of the ENV 
function automat ically 
cancels HOLD. AVE, AVE N , 
ENV N . or SET N. 

By connecting adjacent 
samples. the VECTORS 
paint in the enl/elope to aid 
in I/isual interpretation. 

Terminates the ENV 
process and displays the 
total number of times the 
wal/eform was enl/eloped. 
As was the case with the 
AVE function. you can also 
terminate the ENV mode 
with the HOLD NEXT 
function which would allow 
one additional triggered 
waveform to be enl/eloped 
before a utomatically 
entering HOLD and 
displaying the accumulated 
tOlal in the readout. You can 
also terminate the ENVel· 
ope mode by selecting AVE . 
AVE N . or ENV N wilh the 

Operating Instrllctions- 7020 
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Press 

HOLD 
Icont) 

SET N 

f 

AVE N 
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Remarks 

mltlatlng of the 'unclOon 
selected. The ENV mode can 
also be cancelled by 
pressing the ENV key a 
second lime. The key WIll 
elllinguish and the 7020 
will resume normal 
digitizing operation. 

The SET N key will bionk 
when pressed and the SET 
N? prompt appears in the 
display readoul . The prompt 
will indicate the current 
value of N as Shown You 
can change the value of N by 
pressing and holding the 
SET N key This wIll cause N 
to cycle repeatedly through 
thIS sequence of values: 8. 
16, 32. 64. 128. and 256 
Release the key to SlOp at 
the desired value of N. For 
the purpose of thiS ellerclse 
set the value of N to 128 
The SET N prompt will 
disappear from the readout 
when you press the nell! key 
(this could be any key) 

The f key begins to bionk 
mdlcatmg that you can now 
select a shift funcllon 

Selects the AVE N function 
The key Illuminates and the 
sine wave is averaged 1 28 
times Notice that the 
readout begins the AVE N 
count at the value of Nand 
counts down to 0 ; at which 
lime the HOLD funcllon is 
Initialed The readout then 
changes to Indicate Ihat the 
waveform being displayed 
has been averaged 128 
tImes The AVE N funcllon 
can be cancelled by 

Display 
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(cont) 

f 
ENV N 
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Remarks 

selecling HOLD. HOLD 
NEXT. AVE. ENV. Of ENV N 
with the selected tunctlon 
being initiated. 

Selects the ENV N function . 
The ENV N key illuminates 
and the sine wave is 
enveloped 128 times As 
soon as you press ENV N . 
change the frequency of 
your signal generator 
slightly and observe the 
reSUlting display. Notice 
that just like the AVE N 
function. the readout begins 
the envelope count at 128 
(the value of N) and countS 
down to O. At the zero count 
the 7020 automatically 
enters HOLD and the 
readout indicates an 
ENVelope count of 128. The 
ENV N mode will cancel 
with the selection of HOLD. 
HOLD NEXT. AVE. AVE N. 
or ENV with the selected 
function initiated. Note: The 
AVEraging and ENVeloping 
modes will function at all 
TIME/DIV settings. How­
ever, when using ROLL 
mode. some special 
features are prOVided, Refer 
to AVEraging. ENVeloping. 
and SET N funClions in the 
Detailed Operating Instruc­
tions. 

Op9fating Instructions- 7D20 
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EXERCISE 9 
DIGITIZING MODES AND THE 

TIME/ DIV CONTROL 

The 7020 has four digllizing modes automatically selected by the TIME/ DIV 
selector, These different digitizing modes ensure optimum digitizer operation for the 
full range of TIME/ OIV settings. These modes are described here but for more 
information, refer to the Detailed Operating Instructions in this section ilnd to the 
Operetionat Theory, section 3. 

..»,. 
AGO ~o" I!J IlJ 
IC"<I!J 

~ 
TIME/DIV _. . ... """" IlJ 02¢ I!J Ii:J 

,s" ... . '" . IlJ [J !U 

• ... IIBIU nSl U'UI1N[",l~. 

[J [J IlJ ..... Will cYt W!;JI. 
_ ... .," '" - ... 

:~ @ ® ® @) , 
DllftAy CAl. 

,Tt 
3857· 77 

Figure 2 ·34. Tha TlMf/ OIV- dighlling modes o.eleeto • . 

REAL-TIME AND EXTENDED REAL TIME 

So fer we have been using the ree l-time digitizing mode which extends from 50 
ms/ div to 500 Jls/ div. The extended real-time mode extends from 200 Jls/ div to 2 
Jls/ div. The primary diffetence between these tWO modes is that the record length 
(points per waveform) decreases from 100 points/ div to 80 points/ div in the 
extended reilHime mode. See Detililed Operating Instructi()flS. 

ROll MODE AND EXTernal CLOCK 

To demonstrilte the roll mode. adjusl your sme-wave signal 10 ' -Hz, DC coupled. and 
set the TIME/ DIV seteClor for 100 ms/ div. You wilt observe that the signal display 
rolls across Ihe crt . ThiS roll mOl ion Ciln be Stopped al any time by pressing the 
HOLD key. The last dlgllized pomt always appears althe extreme r ight of the displilY. 
As you change from 100 ms/ div to 20 s/ div With the display not in HOLD. nOle that 
the digitiZing process continues in the rOll mode. To use the EXTernill CLOCK 
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function, the TIME/DIV control must be 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 equivalent 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 J,ls/div and changing the sine-wave signal to 100 kHz. Make 
abrupt adjustments of the CH 1 POSITION control to vertically reposition the 
waveform by several divisions (either up or down). When you do this you will notice 
a short time lag occurs and the momentary presence of multiple traces as the 
digitizer completes the record at the changing POSITION control settings. 
Decreasing the TIME/DIV makes this more obvious as the digitizer requires 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 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. 

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 to 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 connector of the 7D20. Set the calibrator for a 1 -kHz, 4 
volt signal output and set the 7D20 TIME/DIV for 100 ps. Initialization set the 7D20 
to trigger on the positive slope of the incoming signal so the display should appear 
as shown in Figure 2-36. Proceed with the exercise. 

Press Remarks 

TRIG POS¢ Onepressofthiskeycauses 
the TRIGger POSition to 
move one full division to the 
right of its zero position. 
Four more presses will step 
the TRIG POS to the center 
of the display. Therefore, 
half of the display shows 
pretrigger and half shows 
post triggered waveform. 
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Figure 2-35. TRIGger POSition keys. 

Figure 2-36. Trigger POSition readout. 

TRIGGER 
POSITION 

Press Remarks Display 

TRIG POS c:> Press and hold this key and 
the TRIG POS will incre­
ment to 10. This results in a 
full 10-division display of 
information which occurred 
prior to the trigger event. 

3857-179 

3857-182 
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Press Remarks 

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

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

TRIG POS¢ Press and hold this key to 
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-Acquainted E)(ercises, the 100lialization 
feature has been used as necessary to set front -panel control sellings 10 a known 
slale by a single selection of INIT FRONT PANEL from the UTtLiTIES menu (refer to 
the lisl of predetermined sellings in the Detailed Operating Instructions under Menu 
Functions). Under normal appliciltions it is not necessary to use the Initialization 
feature. but it may be helpful. 

The HOLD NEXT feature (HOLD NEXT key is shown in Fig. 2-37) is used to capture 
and hold digitized waveforms. Generally speaking, when HOLD NEXT is in effect. 
your 7020 will accept the ne)(t trigger event, digitize a full memory of waveform 
data, then automatically enter HOLD. However, ils aClual operation varies 
somewhat depending upon lhe digitizing mode that is being used. (The digitizing 
modes are demonstrated In EXERCISE 9.) The HOLD NEXT mode can be used to 
acquire data from a single tr igger event just as the single sweep mode is used in a 
conventional oscilloscope. 

Init iahze the 70 20 and perform the follOWing steps to illustrate how HOLD NEXT IS 
used in the different digll izing modes. 

Y DISPLAY CURSOR WfM TRIGGERING "., .D. COUPUII6 SOURCE , , "" 8 '"" 0 • .. M BO. " " "'. I!J It] It] It] I!J • It] I!J It] 
• • • _. "'" u .... .. , 
It] It] 

YGiI, oJ 
It] IU It] IJ It] - , ..... go . 

csw w -'" " It] IU D It] tI It] 
" , .. 

CURSORS 
tI [J 

f 0"" POlo b:T 10 

" "D" tI tI tI tI 
5 ·137 

Figure 2 ·37 . The HOLD NEXT key. 
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REAL-TIME AND EXTENDED REAL TIME (50 ms ~ Time/Div ~ 2 J.ls): 

Press Remarks 

HOLD NEXT Note that the 7020 goes into HOLD and that the TRIG'O light goes 
out. When you first pressed the HOLD NEXT key the 7020 simply 
accepted one more trigger, digitized a full memory of waveform data, 
then entered HOLD. Each subsequent press of the HOLD NEXT key 
arms the circuits to accept a new trigger and repeats the process. The 
TRIG'O light illuminates when the trigger occurs. This is true for the 
real-time digitizing mode (50 ms/div to 500 ps/div) and for the 
extended real-time digitizing mode (200 ps/div to 2 ps/div). 

EQUIVALENT TIME MODE (1 J.ls ~ TIME/DIV ~ 50 ns): 

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

Press Remarks 

HOLD NEXT Notice the 7020 display momentarily updates before entering HOLD. 
In the equivalent time mode (1 ps/div to 50 ns/div), when the HOLD 
NEXT key is pressed, the 7020 accepts enough repetitive triggers to 
build a complete representation of the waveform before entering 
HOLD. The TRIG'O light stays illuminated during each triggered 
digitizing period. Refer to the Operational Theory, Section 3 for 
further information. 

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

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

Press Remarks 

HOLD NEXT Observe that the HOLD NEXT key illuminates when pressed but the 
display continues to roll for a short time. Then, the TRIG'O light 
comes on and a full 10-divisions of waveform rolls past before the 
7020 enters HOLD and the TRIG'O light goes out. Subsequent 
pressing of the HOLD NEXT key will produce the same result. Notice 
in doing so, that the 7020 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 roll across before a trigger can be 
accepted. When a trigger is accepted, the TRIG'O light comes on and 
the displayed waveform continues to roll across the screen until the 
selected TRIG POS is reached. If the TRIG POS is 0 then a full screen 
of data will cross the screen before HOLD is entered and the TRIG'O 
light goes out. Set the TRIG POS to center screen and only half a 
screen of data will roll across after a trigger is accepted. HOLD NEXT 
operates this way throughout the range of 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 

MENU, 4 

4 

Remarks 

Selects the UTILITIES 
menu. 

Select EXT CLOCK POLAR­
ITY from the UTILITIES 
menu. EXT ClK + prompt 
will appear in the display. 
The prompt arrow indicates 
the polarity setting of the 
EXTernal 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 ( t ). 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 volt signal. 

Display 
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Press 

4 
(cont) 

HOLD 

Remarks 

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

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

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

Display 

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

INTRODUCTION 

Detailed Information concerning the controls and operation of the 7020 IS given In 
t1'1e following pages. 

POWER-UP 

At power-up the 7020 automatically performs an internal self test Upon compielion 
of its self test. the 7020 restores many ollIS control settings which were retained in 
mem04'Y when power was last removed. Table 2- ' shows what sellings are rest04'ed 
and which ones return to a power-up default condiliOfl_ 

TABLE 2- ' 
Control Settings at Power Up 

I. Control settings restored upon power-up 
A. CH1 / CH2 

VOLTS/ OIV 
COU PLING 
INVERT {CH2) 

B TRIGGERING 
MODE 
COUPLING 
SOURCE 
SLOPE 
POSITION 

C. HORIZONTAL 
TIME/ OIV 
EXTERNAL CLOCK POLARITY 

o MEMORY DISPLAY 
DISPLAY 1 
DISPLAY 2 
CURSOR WFM # \1 or 2) 
REFERENCE WFM 

E CURSOR WFM (If WFM 1 04' WFM 2 at power down.) 
VPUP. VPDN {For HMAG and VS With REf operation ) 
HMAG. VS 

F, ACQUISITION 
AQR MODE 

G,CURSORS 
MOOe UNDEP or ALIGN ) 
6 0N/60FF 
CURSOR POSITIONS 

TABLE CONTINUED 
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H. GPIB 
ADDRESS 
MODE 
TERMINATOR 

OTHER 
VECTOR 
SET N VALUE 

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

II. Defaults of control sellings not restored at Power Up. 
A. CH1 / CH2 

VARIABLE GAIN CONTROLS.ACTIVE 
POSITION CONTROLS:ACTIVE 

B TRIGGERING 
TRIGGER LEVEL CONTROL.ACTIVE 

C HORIZONTAL 
HORIZ POSITION CONTROL:ACTIVE 

D. MEMORY DISPLAY 
DISPLAY 3-6 :0FF 
CSW: If CURSOR WFM was 3 -6 It IS reset to CHl If AQR MODE IS CH1. 

BOTH, or ADD, and 10 CH2 if AQR MODE is CH2. 
COPV:OFF 

E CURSOR WFM 
VXPQ, VCMP:OFF 
VPUP, VPON :OFF (EII.cept separatIon for HMAG or VS) 
For all WFM's other than CSW, VXPO, VCMP, VPUP, VPDN, HMAG 
and VS are off. 

F ACQUISITION: No default sell,ngs. 
G CURSORS: No default sanings. 
H. GPIB: See GPIB section. 
I. OTHER 

2 -82 

AVE, AVE N :OFF 
ENV, ENV N :OFF 
MENU:OFF 
RQS, RQS II' :OFF 
IO .OFF 
HOLD:OFF 
j 'OFF 
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MENU FUNCTIONS 

The 7020 MENU allows you to select a number of functions using the numbered (1-
6) MEMORY DISPLAY keys. When pressed, the MENU key will illuminate and cause 
the last selected MASTER MENU (see Fig. 2-38) or submenu to be displayed. When 
initially selected after power-up it displays the MASTER MENU. Selecting MENU 
terminates TEST menus, 10, and clears any displayed text. The MENU is terminated 
by pressing the illuminated MENU key or by TEST, 10, or TEXT from GPIB. The 
illuminated MENU key will extinguish upon termination and the displayed menu will 
disappear. The following shows the 7020 menus and explains their associated 
function selections. 

DSII~.I ~I .s 
T os~ J 

'1"- 1 
AS ' R ENU '-!-1 ~ : 

·111 .J-. 
, I, OR PA EL I~· : 1 2. C~A P MEL • -1 . 
III I:D LLrrl 

II:J ,l!II.;i 1l.UOI 
4 UT ES -i- III' 

i 
;"SII I ty :!!ll. y. .. 

y.-.:1.2 --I . [ . • I'!:s 

Figure 2-38. 7020 MASTER MENU. 

MASTER MENU SELECTIONS 

1,# STORE PANEL # 

3857·143 

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

To store front panel settings, press MEMORY DISPLAY key 1. The prompt display 
field will read: STORE #, with the # sign blinking. At this point. you can press any of 
the numbered (1-6) MEMORY DISPLAY keys and the current front panel settings 
will be stored in the respective front panel memory. This in no way interferes with 
the storage of waveform data. Settings previously stored in the selected memory are 
replaced with the current settings. The store function is terminated upon completion 
of the command. 
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TABLE 2-2 
Front Panel Settings that can be Stored and Recalled. 

A. CH1/CH2 
VOLTS/DIV 
COUPLING 
INVERT (CH2) 

B. TRIGGERING 
MODE 
COUPLING 
SOURCE 
SLOPE 
POSITION 

C. HORIZONTAL 
TIME/DIV 
EXTERNAL CLOCK POLARITY 

2.# RECALL PANEL # 

D. MEMORY DISPLAY 
DISPLAY 1-6 
CURSOR WFM# 

E. CURSOR WFM 
NONE 

F. ACQUISITION 
AQR MODE 

G.OTHER 
VECTOR 
SET N VALUE 

This Menu function allows you to recall any set of front panel settings which have 
been stored as described previously. Select this function by pressing MEMORY 
DISPLAY key 2. The prompt: RECALL # will appear in the display. The # sign will 
blink indicating that you should now select the numbered MEMORY DISPLAY key 
corresponding to the settings you wish to recall. Upon pressing the desired key, the 
7D20 will immediately reset to the settings stored in the selected memory. The 
recall function terminates upon completion of the command. 

3 DISPLAY CAL PATIERN 

This menu selection is activated by pressing MEMORY DISPLAY key 3, which 
causes the DISPLAY CAL PATIERN shown in Figure 2-39 to be displayed. The 
DISPLAY CAL PATIERN 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 PATIERN is a 
VECTOR display that forms a flower pattern. Optimum VECTOR displays are 
achieved when the flower pattern is adjusted (using the VECT LIN adjustment) for a 
closed X pattern. The complete procedure for adjusting the DISPLAY CAL 
adjustments is given in the preliminary set-up portion of the "Get-Acquainted 
Exercises". To terminate the DISPLAY CAL PATIERN press MEMORY DISPLAY key 
6 which returns the MASTER MENU to the display or press the illuminated MENU 
key which terminates the MENU mode. Instrument status and waveform data is 
retained during this process. 

4 UTILITIES 

Pressing MEMORY DISPLAY key 4 causes the UTILITIES submenu, shown in Figure 
2-40, to be displayed. As with the MASTER MENU functions, selections from the 
UTILITIES MENU are made by pressing the numeric 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 
MENU, or by pressing the illuminated MENU key which terminates the MENU mode. 
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3857-144 

Figure 2-39. DISPLAY CAL PATTERN. 

Illilllllll 
3857-145 

Figure 2-40. UTILITIES MENU. 

Utilities Menu Selections 

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

3 READOUT ON/OFF. This selection from the UTILITIES menu will turn off or 
on the display readout (lines 1. 2. 15. & 16). Menu and text lines 3- 1 4 are not 
affected. 
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4 EXT CLOCK POLARITY. This UTILITIES menu selection displays the current 
status of the EXTernal CLOCK polarity in the prompt field as shown in Figure 2-41. 
The message "EXT CLK. " or "EXT CLK t " 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 GPIB will clear WFM memories 4 through 6, and will 
initialize the 7D20 front panel to the following predetermined settings: 

A. CH1/CH2 
VOLTS/DIV:1 
POSITION CONTROLS:ACTIVE 
VARIABLE CONTROLS:ACTIVE 
COUPLlNG:AC 
CH2 INVERT:OFF 

B. TRIGGERING 
MODE:P-P 
HOLD NEXT:OFF 
COUPLlNG:AC 
SOURCE:MODE 
SLOPE:POS 
LEVEL CONTROL:ACTIVE 
POSITION:O 

C. HORIZONTAL 
TIME/DIV:1 mS 
POSITION CONTROL:ACTIVE 
EXT CLOCK POLARITY:POS 

D. MEMORY DISPLAY 
DISPLAY 1 :ON 
DISPLAY 2-6:0FF 
CSW:OFF 
COPY:OFF 
REF:OFF 

E. CURSOR WFM 
CSW:1 
VXPD, VCMP:OFF 
VPUP, VPDN:OFF 
HMAG, VS:OFF 

F. ACQUISITION 
AQR MODE:CH1 

G. CURSORS 
MODE:ALlGN 
60FF:ON 
CURSOR 1 :POINT 1 
CURSOR 2:POINT 1024 

H. GPIB 
NONE 

I. OTHER 
AVE, AVE N:OFF 
ENV, ENV N:OFF 
MENU:OFF 
RQS, RQS #:OFF 
ID:OFF 
HOLD:OFF 
j:OFF 

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

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 j (shift function) key, then press the 
MENU TEST key. This will cause the TEST MENU shown in Figure 2-42 to be 
displayed. Next, press the 1 key (MEMORY DISPLAY) to select EXECUTE SELFTEST 
from the TEST MENU. The SELFTEST will then execute (front panel keys will blink, 
etc.) and, upon completion, the SELFTEST PASS message will appear in the display 
as shown in Figure 2-43 and the TEST MENU will extinguish. The 7D20 will reset to 
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3857-146 

Figure 2-41. External Clock prompt. 

3857-189 

Figure 2-42. TEST MENU. 

3857·190 

Figure 2-43. SELFTEST PASS message. 
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the state it was in before SELFTEST was initiated and all 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 displayed when a self test failure occurs. This will continue the 
Self Tests but the number of the failed test will remain in the display. To leave the 
Self Test mode after a failure occurs, press MEMORY DISPLAY key 2 to EXIT 
SELFTEST. The Prompt and Error Message Field will display the SELFTEST FAIL 
message. 

3857-192 

Figure 2-44. Self Test Fail. 

Items 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 7020 Service 
Manual. Should you somehow get the 7020 into one of these test routines and 
can't get out, you may need to turn the power off then back on to restore normal 
operation. 

PROMPTS AND WARNINGS 

The 7020 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 

SET N=XXX? 

2-88 

Description 

Appears in response to pressing the SET N key. The X's will 
indicate the current value of N. Press and hold the key to 
cycle through the possible values of N. 
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Prompt 

COpy #~# 

csw # 

csw X VS # 

STORE # 

RECALL # 

EXT CLK. 
or EXT CLK t 

RQS # 

MODE=mode? 

TERM=term? 

ADDR=XX 

0-10 TPOS REQD 

HOLD REQD 
(HOLD REQUIRED) 

HMAG. VS REQD 
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Description 

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

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

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

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

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

Appears when item 4 on the UTILITIES menu is selected. The 
direction of the arrow indicates the current polarity setting of 
the EXTernal CLocK. Polarity will reverse 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 
(Talk/Listen). 

OFF. T (talk). L (Listen). or TIL 

In this prompt. term = EOI or LF/EOI. 

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 VPUP-fr. VPDN-o-. VCMPZ. or 
VXPDg are pressed while the 7020 is actively digitizing into 
the cursor waveform and REFerence is off. 

This warning is given when you attempt to select the 
REFerence waveform when the 7020 is not displaying a 
HMAG cursor waveform (magnified cursor waveform) or is 
not in the VS (versus) mode. 
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Prompt 

CSW REQD 

Description 

This warning is displayed if you attempt to turn off the cursor 
waveform. 

UPDATE 
IGNORED 

This warning appears if you attempt to change any of the 
parameters in the ID 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 RQS mask is turned off. The RQS mask 
can be turned off by the RQS OFF, PID OFF, or USER OFF 
GPIB commands. Refer to Section 4, GPIB. 

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

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

SELFTEST PASS 
SELFTEST FAIL 
GPIB PASSED 
GPIB FAILED 
EAROM PASSED 
EAROM FAILED* 
FAIL XX (where X failed circuit number). 

DISPLAY CAlibration 

The 7D20 contains five (5) controls to compensate the 7D20 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 
7D20 and is accessed by using the MENU. This procedure is given at the beginning 
of this section in the preliminary set-up part of the "Get-Acquainted Exercises". 
Adjustment of these controls affects only the display and has no effect at all on the 
digitizing characteristics of the 7D20. 

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

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

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

"The EAROM FAILED message is also given when the RECALL command is given and the 

memory being retrieved contains bad data. 
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HORIZ GAIN-This screwdriver control adjusts the 7020 display output to match 
the horizontal gain tolerance of any Tektronix 7000-series mainframe. 

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

READOUT DISPLAY 

The readout display of the 7020 is generated internally and displayed on the crt of 
the host mainframe. There are four lines of characters reserved for the readout 
display. Two lines of characters are centered in the top graticule division (lines 1 
and 2, for the current control settings and prompt field), and two lines of characters 
are centered in the bottom 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 control settings and prompt messages, positioned as 
follows: 

LINE 
1 

LINE 
2 

CH 1 VOLTS/OIV 
Setting 

CH 2 VOLTS/OIV 
Setting 

Prompt Field 

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: 

LINE 
15 

LINE 
16 

Cursor 
Waveform 

Number 

Cursor Waveform 
Vertical Scale 

Factor in 
VOLTS/OIV' 

Cursor Vertical 
Coordinate 

Cursor Waveform 
Horizontal Scale 

Factor in Time or 
VOLTS/OIV' 

Cursor Waveform 
Vertical Zero 
Reference' 

Cursor Horizontal 
Coordinate 

'Also affected by waveform modifiers (e.g., VXPO, VPUP, etc.) 
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VERTICAL CONTROLS 

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

SIGNAL CONNECTION 

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

Coaxial cables may also be used to connect signals to the 7020 input connectors. 
However, cables can have a considerable effect on the accuracy of the displayed 
waveform. To maintain the original frequency characteristics of an applied signal. 
use only low-loss, high-quality coaxial cable. Also, cables should be terminated in 
their characteristic impedance. If this is not possible, use suitable impedance 
matching devices. 

INPUT CONNECTORS 

These bnc connectors provide signal connection for their respective channels. 

VOLTS/DIV (VARIABLE) 

The vertical signal component is determined by the signal amplitude, the 
attenuation factor of the probe, the setting of the VOLT IDIV switch, and the setting 
of the VARIABLE control. The VOLTS/DIV switch (both channels) selects calibrated 
vertical sensitivity settings from 5 V IDIV (counterclockwise) to 5 mV IDIV 
(clockwise) in a 1,2,5 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 control is in the calibrated 
(detent) fully-clockwise position. 

3857·147 

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

3857-148 

Figure 2-46. VARIABLE VOLTS/OIV readout indicator. 

POSITION 

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

COUPLING (INPUT) 

The channell and channel 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 illuminates when DC coupling is selected. DC coupling must be used 
to display the DC component of a signal. It must also be used to display AC signals 
below about 30 hertz (10 hertz with a lOX probe) and square waves with low­
frequency components as these signals are attenuated with AC coupling. 

GND-This key illuminates when GND coupling is selected. Ground coupling 
provides a ground reference at the input of the 7020 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 (ACQUIRE) GAIN 

This screwdriver adjustment varies the vertical gain of the signal being acquired 
(before the signal is digitized). To check the gain of either channel, set the 
VOLTS/DIV switch to 10 mV and connect a 40 mY, 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 7020 must not be in HOLD when making 
this adjustment. You may find it helpful to use the AVE mode when making this 
adjustment since this will average out any noise that might be present on the input 
signal. 

CURSOR 1 SOR 2 

3857·149 

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

CH2 INV 

The Channel 2 INV key is used to electrically invert signals acquired through the 
channel 2 input connector. This function is selected by pressing the CH2 INV key. 
The key will illuminate and a down arrow" t " 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 will have the same polarity as the applied signal and a positive dc voltage 
will cause the displayed signal to move up in the display. When the invert function 
is selected a positive-going waveform at the channel 2 input will be acquired and 
displayed in inverted form and a positive dc voltage will move the displayed 
waveform down. The invert function is particularly useful in "added" operation 
when differential measurements are being made. 
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3857- 150 

Figure 2-48. CH 2 INVert readout. 

ACQUIRE MODE 

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

CH1 Q1 

When selected. this mode enables your 7020 to digitize the signal present at the CH 1 
input connector into waveform memory 1. The selection of this mode automatically 
cancels a previously selected AOR MODE. the CSW is set to 1 (only if CSW was CH 2) 
and CH 2 display is off. 

BOTH 

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

ADD Q1 

This mode enables your 7020 to acquire the signals connected to both channell 
and 2 inputs added together. This added waveform is digitized and stored in 
waveform memory 1. The added waveform is shown in the mainframe display. 
Channel 2 waveform can be inverted for differential mode. Selection of this mode 
also cancels any previously selected AOR 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 ¢ 2 

If selec{ed while {he 7020 IS aC{IVely dlg,{,zmg (nol 'n HOLD). Ih,s mode causes your 
7020 to digitize Ihe Signal present at Ihe CH2 input conneClOr into waveform 
memory 2. The seleclton of this mode automatically cancels a previously selected 
ACR MODE The CSW IS set to 2 (only if CSW was CH 1) and CH \ IS oH. 

HOLO 

When thiS key IS pressed the d'gl1wng process IS IJ1Slantly lermlll1lted and the 
contents of both waveform memories 1 and 2 are Simul taneously held unchanged 
The dlspley appears to freeze motion dUflllg HOLD because the wavefmm memory 
IS not being updcu ed With new data The HOLD luncuon is terminated by pressing 
the HOLD key a second lime or by pressing AVE N, ENV, ENV N, and HOLD NEXT 
(the light will go oot) 

r (shift function) 

Certain keys have shih iunctlOns thai are labeled With mange markings These 
funCllonS are selected by flfst presSing the f key When pressed. IhE f key blinkS 
to indicate that a sh,ft function can be selected Once the shift funcllon IS selected 
the f key light Will go OUI and Ihe S'!lecled function Will be Implemented 

If the f key IS pressed and you then press a key thaI has no shift function, the J 
key Will cancel (the light will go out) and the selected tuncllon Will be implemented 
The f key function can also be cancelled by pressing the bhnklllg f key. The IIghl 
WIll go oul , IIldlcatmg Ihal the funcllon IS no tonger aCllve. 

TIME / DIV 

Th(l TlMEt OIV control tlstabhshes the dlgl1'Zlng rate and dl91tlllng mode (see Table 
2-3) of Ihe 7020 The TlME / OIV sellmg appears III the upper fight corner 01 the 
display as shown on Figure 2 ·49 The TIME/ OIV setting can be adjusted, on at , 2, 5 
sequence from 20 seconds to 50 nanoseconds When the TlME/ OIV control 15 
rotated counterclockwise past 20 seconds/ d,v, the 7020 IS set 101 EXTernal 
CLOCKmg, and EXT f or EXT t w111 appear In Ihe dlsplav on place of Ihe TlME/ OIV 
leadoul as shown In Flgule 2 -50 Funhel lOlation of the TIME/ QIV conlfoi pasl EXT 
In Ihe counterclockwise dlfecl,on, or past 50 nanoseconds/ dIVISiOn In the clockWise 
direction w,1I have no effect on Ihe TlME/ OIV selling 

DIGITIZING MODES 

The 7020 uses four dlgltfllng modes thll l al e aUlOmalically aeterlnlned by Ihe 
nME/ OIV settlllg, Olffelent dlg'ta' sampling technoques are used In each digitIZIng 
mode to opllml l e Ihe 7020 performance capabllolles depending upon Ihe range 01 
the TlME/ OIV seiling The Roll. Real -Time, and Extended Real -Time modes 
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TABLE 2-3 
7020 DIGITIZING MODES 

DIGITIZING Number of Number of Number of points 
MODE points per triggers required sampled per 

TIME/DIV waveform for full waveform single trigger 

EQUIVALENT TIME 1024 Multiple 50 r'ls = 10 points 
1 ps-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 Jls-2 ps 

REALTIME 1024 1 1024 
50 ms-500 ps 

ROll, EXT ClK 1024 1· 1024 
20 s-100 ms 

'Not required except to terminate HOLD NEXT. 

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

3857·151 

Figure 2-49. TIME/DIV readout. 
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3857-152 

Figure 2-50. EXTernal clock readout. 

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

Extended Real-Time Digitizing (ERD) 

In the ERD mode, in order to extend the real-time digitizing capability of the 7020, 
the resolution is set to 80 points/division and digitizing is accomplished by 
interlaced differential sampling. (This is described more fully in Operational Theory, 

TABLE 2-4 
Digitizing Mode Bandwidth 

Digitizing Mode Bandwidth 

ROLL 

REAL-TIME 

EXTENDED REAL TIME: 
TIME/DIV 

200 IJS 
100 IJs 
50 IJS 
20 IJS 
10 IJS 
5 IJS 
2 IJS 

EQUIVALENT TIME 

"Nyquist frequency 

2-98 

100 pointsl div 

(2l/tirne/div) 

(-3 dB) 

70 MHz 

70 MHz 

100 kHz 
200 kHz 
400 kHz 

1 MHz 
2 MHz 
4 MHz 

10 MHz 

70 MHz 

50 

TIME/DIV 

Nyquist Frequency 

* 

* 

200 kHz 
400 kHz 
800 kHz 

2 MHz 
4 MHz 
8 MHz 

20 MHz 

* 
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Section 3.) The resultant effect on bandwidth is shown in Table 2-4. It is important 
to note that in all digitizers, digitized signal frequencies which exceed the Nyquist 
limits will be aliased. The Nyquist frequencies for each digitizing mode are indicated 
in Table 2-4. 

TRIGGERING 

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

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

SOURCE 

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

MODE-The MODE key causes the trigger source to be determined by the AOR 
MODE selection. If the AOR MODE is channel 1, then the trigger source is also 
channel 1. If the AOR MODE is set for channel 2, then the trigger source will 
automatically set to channel 2. If the selected AOR 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 illuminate. SOURCE MODE will cancel if 
another selection; CH1. CH2, LINE, or EXT (+10) is made. 

CH 1-This key permits you to select the channel 1 input for the trigger source. The 
key illuminates when selected and causes the trigger signal to be obtained from the 
signal applied to the 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 sample 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 submultiple) to the line frequency. It is also 
useful for providing a stable display of a line-frequency component in a complex 
waveform. The key illuminates 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
related to the displayed waveform for a stable display. An external trigger signal can 
be used to provide a triggered display when the internal signal is either too low in 
amplitude for correct triggering or contains signal components on which triggering 
is not desired. It is also useful when signal tracing in amplifiers, phase-shift 
networks, wave-shaping circuits, etc. The signal from a single point in a circuit can 
be connected to the EXT TRIG connector through a probe or cable. This way 
acquisition is always triggered by the same signal which permits amplitude, time 
relationship, or waveshape changes of signals at various points in a circuit to be 
examined without resetting the triggering controls. 

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

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

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

LF REJ-This key is used with AC coupling to reject dc, and attenuate low­
frequency trigger signals below about 40 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 coupling key. 

HF REJ-High frequency reject coupling rejects high-frequency signals above 
about 40 kilohertz. This can be selected with either AC or DC 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 dc 
level set by the LEVEL control. 
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MODE 

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

NORM-This key selects the NORMal mode of triggering. Whenever an adequate 
trigger signal is applied and the LEVEL control is correctly set, the NORMal mode 
will provide triggered signal acquisition. When the trigger signal is not adequate or 
the LEVEL control is not properly set, acquisition is halted (TRIG'O light off). Even 
though acquisition is halted, contents of the waveform memory continue to be 
displayed. It is important to understand that when this happens, the displayed 
waveform memory contents are from the last triggered acquisition. Consequently, 
the signal currently being input is not the signal being displayed. The TRIG'O light is 
the best indication of this condition since it will not be illuminated. A new trigger 
will initiate a new acquire cycle which will update the wavefrom memory and 
illuminate the TRIG'O 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'O 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 control setting will not halt 
signal acquisition and the updating of waveform memory. In other words, what 
would appear as a HOLO condition (inadequate trigger signal) in the NORMal 
triggering mode appears as free-run acquisition in the AUTO mode. When this 
happens, the free-run condition is visible in the mainframe display but the display 
doesn't appear stable because the trigger doesn't relate to the input waveform. An 
adequate trigger signal ends the free-running condition. A free-running condition 
can be usefljl when it is desired to measure only the peak-to-peak amplitude of a 
signal without observing the waveshape (such as bandwidth measurements). 

PoP-This key selects peak-to-peak automatic triggering. This mode is the same as 
the AUTO TRIGGERING MOOE except the range of the LEVEL control is restricted to 
within the peak-to-peak value of the trigger signal. This is the most frequently used 
triggering mode since it provides triggered acquisition for almost any setting of the 
LEVEL control whenever an adequate trigger signal is applied. The 7020 internally 
ac couples the signal in this mode. High frequency and low frequency may still be 
selected. 

The range of the LEVEL control in the pop mode is between approximately 20% and 
80% of the peak-to-peak amplitude of the trigger signal. The LEVEL control can be 
set so that the displayed waveform starts at any point within this range on either 
slope. The SLOPE 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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LEVEL control is set to start waveform acquisition at a certain 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-amplitude 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 adequate trigger 
signal is again applied, the free-run condition ends and triggered acquisition 
resumes. The P-P mode is particularly useful 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 7020 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 full memory of waveform data, then enters HOLD. However, operation of 
the HOLD NEXT function varies somewhat with the different digitizing modes as 
explained in the paragraphs that follow. 

In the roll digitizing mode (20 S/div to 100 ms/div and EXT CLOCK) a hold-off 
period occurs when HOLD NEXT is activated, which allows the timing circuits to be 
enabled. During the hold-off interval a screen full of waveform data will roll past 
before a trigger will be accepted. Once the trigger event is accepted, the TRIG'O 
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 
pas is set for 0 a full 10-divisions of waveform will roll across the display before 
HOLD is entered. The entire waveform will then be post-trigger. Setting the TRIG 
pas at 5 will give 5 divisions of pre-trigger so when the trigger event occurs, only 5 
divisions of waveform data will roll across the screen before HOLD is entered. 

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

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

When HOLD NEXT is activated over the GPIB, the 7020 issues a service request 
(SRQ) when HOLD is entered. This provides notice to the controller that a HOLD 
NEXT acquisition has been completed. Refer to Section 4, GPIB for more 
information. 
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TABLE 2-5 
Equivalent Time Digitizing Mode Trigger Requirements 

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

build a waveform build a waveform 

1 /ls 2041205 5 11 
500 ns 102/103 10 29 
200 ns 40141 25 95 
100 ns 20121 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 signal. Conversely, when the key is not 
illuminated the trigger circuits respond to the negative- going portion of the trigger 
signal (see Fig. 2-51). When several cycles of a 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 acquired and displayed, correct SLOPE selection is necessary to 
ensure that acquisition begins on the desired slope of the input signal. 

3857· 153 

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

This indicator light illuminates 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 Operational Theory, Section 
3 for a discussion of aliasing. 

LEVEL 

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

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

To set the LEVEL control, first select the triggering MODE, COUPLING, SOURCE, 
and +SLOPE. Turn the 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 9 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 to the right of its zero position. In the opposite 
direction, the trigger position can be moved to the left of zero to achieve 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 
appropriate key, the trigger position automatically stops at zero. Trigger position 0 
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 displayed. 
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HORIZ POSITION 

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

VECTOR 

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

MEMORY DISPLAY 

MEMORY DISPLAY keys 1 through 6 control the display of the 7020 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 concerning the "display conditions" for 

3857·155 

Figure 2-52. Trigger POSition readout. 

2-105 



Operating Instructions-7D20 

the waveform such as the vertical position (up or down), vertical expansion or 
compression, versus, cursor position and horizontal magnification. The contents of 
any waveform memory can be displayed by pressing its corresponding (1 through 6) 
MEMORY DISPLAY key. When pressed, the numbered MEMORY DISPLAY keys 
illuminate to indicate that the memory is being displayed and the respective 
waveform memory number appears in the upper left corner of the display in the 
DSW (Display Waveform) list as shown in Figure 2-53. Pressing the key a second 
time will extinguish the light and clear the waveform 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. 

3857·156 

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

COpy 

This key permits you to copy a waveform from one memory to another. When a 
waveform is copied from one waveform memory to another, all the associated 
acquire conditions and display conditions are copied too. To do this, press the COPY 
key: the COpy key will start blinking and a prompt will appear in the display. The 
prompt (shown in Fig. 2-54) will read "COpy #-#" with the first number sign 
blinking. Next, press the numbered MEMORY DISPLAY key corresponding to the 
memory you wish to copy. The MEMORY DISPLAY key will illuminate, the contents 
of the associated memory will be displayed, and the prompt will show the number of 
the waveform you are copying in place of the blinking number sign. The second 
number sign will now blink. Next, press the numbered (1-6) MEMORY DISPLAY key 
where you wish to copy the waveform. At this point, the waveform will 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 into which 
you just copied the selected waveform in place of the blinking, second number sign. 
Press any other key and the copy prompt will disappear from the display. A copied 
waveform will not be displayed unless the memory it was copied into was being 
displayed before the copy was made. 
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Figur. 2-54 . 7020 COPY prompt . 

II Should alSo be nOled that when a wavelorm is copied into a wal/elorm memory, 
any informat ion prel/iously stored in that memory will be cleared and consequently 
lost. 

csw 
The CSW (CurSor Wal/elorm) select key allows you to select anyone 01 the si)( 
wal/elorm memories as the cursor wal/elorm. When pressed, the CSW key will 
begin to blink and the prel/ious cursor wal/elorm number in the CSW prompt will be 
replaced w i th a blinking /I sign. You can then select the desired cursor wal/elorm by 
pressing the appropriate MEMORY DISPLAY key. This instantly results in the display 
of the new cursor wal/eform and its associated display inlormation. The CSW 
prompt will rellect the newly selected CSW number and will disappear from the 
display when another key is pressed. 

f CSW REF 
When I/iewing a wal/elorm in the HMAG or VS modes, this furn.:tion allows you to 
also I/iew the wal/elorm as it was prel/ious 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 \0 the discussion of HMAG and VS later in 
this section . 

As a shilt funct ion of the CSW key. the REF key IS actIvated alter first pressing the 
f key. Once selected, the REF key will illuminate and the reference waveform will 
be displayed and an R will appear in the DSW readout as shown in Figure 2-55. 
Cursors on the displayed reference wal/elorm will be pOSitioned on the exact same 
data points as on the displayed HMAG or VS waveform. And, any mOl/ement 01 the 
cursors w ill occur on both waveforms. 

Termination of the HMAG or VS mode will extinguish the REF key i llumination. 
howel/er. the REF state is retained in memory and will be enabled il the HMAG or 
VS mode is entered again. The REF state can be terminated by pressing the f key 
then pressing the REF key. This also e)(tinguishes the REF key i llumination. 
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38~ 7 1/1 

fig"'" 2·55 OSW . eado"t with R IReloume,,) W"~,,lo.m displaved , 

CURSOR WFM 

The CURSOR WFM keys allow vou to manIpulate the cursor wa",e torm In a ",arlety 
of ways. Keep m mmd that each waveform memory has associated WIth it three 
separate memory segments; one for waveform daw, a second for aCQUIre 
conditions, and a third for display condi tions. Use of these keys affect only the 
display condi llon segment of the waveform memory and will not in any way affect 
the waveform data nor the orIginal aCQuIre conditions which remain stored, 
unchanged In waveform memory. Using the CURSOR WFM keys, you can vertIcally 
reposillon, e)tpand. or compress the cursor waveform USll1g these keys you can also 
magnIfy the cursor waveform horizontally or dIsplay it "versus'" anOlher waveform 
or itself 'These keys are operational on the cursor waveform only. Waveforms 3 
through 6 are always In a hold condition . These keys may also set the cursor 
waveform dIsplay to be used as the REFerence waveform Independently of the 
HMAG or VS Cursor waveform dIsplay when the cursor waveform is in HOLD 

The use ot these keys IS descflbed In the follOWing paragraphs 

VPUP V AND VPON{l- (Vertical Position Up and Vertical 
Position Down) 

These slewIng keys, when In HOLD. allow you to rTll)ve the cursor waveform 
vertically about the acqUIred venlcal zero reference A single press of a key moves 
the waveform one vertical dIsplay resolutIon Increment 10,04 diVIsion). II you press 
and hold the key. contInuous movement of Ihe cursor waveform will result 
Movement stopS when the ma)tlmum of about 5 diVIsions lIn eIther direction) from 
the acquired zero level is reached. 

Movement of the cursor waveform dIsplay, ellher up or dow n with respect to liS 
oflglnal display position will result In the Illumination of the appropriate lup or 
down) key. Press and hOld Ihe non-Illuminated, opposing key to return the cursor 
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waveform to its original display posll ion. Waveform movement will automatically 
stop at its original display position. at which time neither key will be i lluminated. To 
cont inue waveform movement past its original position. release the movement key 
momentarily. then press and hold it again. The position of the cursor waveform GNO 
(plus or minuS) with respect to center screen is shown in the VZR display (see Fig. 
2·56). Maximum movement in eit her direction is approximately 5 divisions (further 
if expanded). When the REFerence waveform is present (which means the cursor 
waveform mUSt be in HMAG or VS mode) Ihese keys allow separation control 
between the cursor waveform and its reference. These keys operate in th is mode 
even if the 7020 is not in HOLD, 

3851-158 

Figure 2·56 . Cur.or waveform wi th VZR (Vertice! Zero Reference) altered by VPUPO. 

VCMP t AND vxpog (Vertical Compress and Expand) 

With Ihese keys you can vertically compress or expand the cursor waveform about 
the center of the acquisition window. The cursor waveform can be expanded or 
compresst;!d. two increments (in a 1.2.5 sequence) from its original acquired vertical 
scale factor . 

When the cursor waveform is e .... panded or compressed. the respective vxpog or 
VCMP t key illuminates and the change in vertical scale factor will appear in the 
display in the second from the bottom line labeled CSW. Because these keys have 
opposing action. the opposite key is used 10 return the cursor waveform to its 
original acquired vert ical scale factor. AI which time. neither key w ill be illuminated 

Waveforms being digitized cannot be vertically compressed or ellpanded and are not 
affected by Ihese keys excepl when HMAG or VS modes are selected and the REF 
waveform is displayed. An attempt to do this resuits in the display of the warning 
message "HOLD REGD" Refer to prompts and warnings discussion given earlier in 
th is section. vxpog occurs about crt center whereas VCMPS occurs about VZR 
(Vertical Zero Reference). This feature allowS the user to position the expanded 
waveform anywhere within the graticule area. 
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HMAG (Horizontal Magnify) 

The cursor waveform can be magnlfted (expanded) hOrlzomally from ItS IIcqulred 
state by a factor of 10 times In other words a 100 points / divIsion waveform IS 
displayed at 10 points / division as shown 10 Figure 2·57. By using the cursors as 
clescrlbed later under cursors and magnified waveforms. any portion of the 
magnified cursor waveform can be pOSi tioned withm Ihe viewing area of the display. 
It is often helpful to view the REF lunmagnified) waveform lalso shown in Fig. 2 -57) 
at the same 'ime. Since the cursors appear on exactly the same data points on both 
versions of the waveform. 

The HMAG key illuminates when the function IS aClive. Press the key to select. 
Press agam to terminate- the light Will extinguish. The HMAG function Will also 
terminate ,I the VS mode IS selected. 

3857 178 

Figul e 2·57. HMAG W aveform displayed with its .afatence w aveiol m . 

f . HMAG All 

ThiS function causes all displayed waveforms to be hOrizontally magnifIed 10 limes 
ThiS is II sh,f, function of the HMAG key. As SUCh. the f key must be pressed and 
,lIuminated and Ihe HMAG key blinking. before thiS function can be selected. When 
the All function ,s active and the HMAG key IS pressed withoUi first presSing the f 
kay. only the cursor waveform Will be unmagnified. Since the cursor waveform IS 
not magnified the HMAG key light Will extingUish. Press the key again Iwithout f'fSt 
pressmg the f key) and the cursor waveform will again be displayed magnified and 
the HMAG key Will agam Illuminate, To cancel the All function, press the I key 
flrSl , then press the All key The cursor waveform will also cease to be magni fied If 
the VS mode is selected. 

vs 
Tnls key allows you 10 display the cursor waveform versus another waveform 101 
versus itself) rather than versus time When the funct ion IS active, the 7020 
displays the cursor waveform on Ihe y ·axls (vertical) versus the selected waveform 
on the X-axIS thomomal) . 
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To select the VS function. first press the VS key. The VS key will illuminate and the 
prompt "CSW X VS #" will appear in the display as shown in Figure 2-58. The X in 
the prompt will be the number of the cursor waveform and the # will be blinking. 
Next. press the number of the selected waveform. The cursor waveform will be 
displayed vs the selected waveform. and the CSW information at the bottom of the 
display will indicate that the cursor waveform is being displayed VS the selected 
waveform (see Fig. 2-59). The cursor waveform 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. 

3857-159 

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

3857-160 

Figure 2-59. CSW versus readout. 
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CURSORS 

Each waveform memory has associated with it two cursors where one or both may 
be displayed when the waveform is se lected as the cursor w aveform. The cursors 
appear in the display as intensified dots that coincide with waveform data points. 
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 wi ll cause identical movement of the cursors on 
all other waveforms. Of course, only the cursors on the CSW are visible. 
Independent movement of the cursors is made possib le by se lecting the 
INDEPendent mode as explained later. 

Cursors are moved by use of the slewing keys 0 1. 1¢ , ¢I 2, and 2¢ . The arrows 
indicate the direct ion of cu rsor movement. A single press of a cursor movement key 
will cause the associated cursor to move to the next adjacent data point on the 
waveform. Continuous movement of the cursor wil l result if the key is pressed and 
held. The fo l lowing rules apply to the cursors and their use: 

• Cursor is a lways on. 

• Cursor can be moved to any cursor waveform data point. 

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

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

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

NOTE 

If cursor 2 is sufficiently separated from cursor' . it may not appear on 
the magnified portion of a waveform in the HMAG mode. Th is can be 
more easily observed if the REFerence waveform is turned on. 

CURSOR COOR DI NATES 

The kind of cursor coordinate information displayed on the crt depends on whether 
cursor 1 is on by itself or if cursor 2 is on also. When cursor 2 is off, the displayed 
cursor coordinates give both the vertica l pos ition and the horizontal time value of 
the waveform data point where cursor 1 is located as seen in Figure 2-60. The 
vertical position is given in volts with respect to the VZR (vertica l zero reference) 
value. The hor izontal time value is given w ith respect to the trigger posit ion. This is 
also true whenever the REF waveform is displayed. In the VS mode (without the 
REF waveform) , the display gives only the vertical coord inates of the cursors on 
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wavelorllls as shown m FIgure 2-61 Agam. these coordInates are gIven In volts 
relatIve to the respectIve vertical lero reference values of the two wavt!forms 

386 7 16 1 

f Igure 2 .60 Curso, COO1Omate ,"aOOUI 

3a~ 7 162 

figure 2 · 61 . Cu .. o' cOO1din .. e reedout .... Ith VS Wavefor", displayed 

In the .ON cursor mOde. cursor 2 IS turned on The dIsplay gIves the vertical value 
of cursor 2 relatIve 10 cursor 1 and the hOfl~ontal lime value of cursor 2 relatIVe to 
cursor 1 as shown In FIgure 2-62 When the VS mode IS selected. the dIsplay gIves 
the verllcal valUe of cursor 2 relatIve to cursor 1 for both X and Y waveforms 

CURSORS AND MAGNIFIED WAVEFORMS 

When vlewmg an unmagnifIed cursor .... aveform. the enllre length of the waveform 
IS VISIble wlthm the dIsplay area and cursor 1 can be moved to any data pOInt on the 
waveform However , when HMAG IS selected only part of the waveform remaIns 
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3857 163 

Fig .... e 2 -62 , CUf50r c;oordinllte readout when both <:U.50'$ "'e on (i .ON). 

vIsible. So as to silil be able to examme Ihe entire magnified waveform, Ihe 
follOWing occurs: As cursor 1 is moved loward Ihe end of the waveform, it becomes 
fixed at gratlcule line 2 (see Fig . 2-63). Then the waveform moves relative to cursor 
1 until the last dala poml comes into the display are~J. Cursor 1 then resumes 
movement 1111 1\ reaches the end of the waveform. Sirnilarly, the reverse IS true 
when cursor 1 IS moved back toward the beginning (left) of the waveform. This can 
be more easi ly observed If the REF (reference) waveform is displayed at Ihe same 
lime since the cursors appear on both the magnified cumor waveform and the REF 
waveform . 

CURSOR 1 

3857 1M 

Figure 2 ·63 . Cursor 1 loca tion on HMAG',j Wavefo rm. 

Q' ¢ 
These two slewmg kevs move cursor 1 In the dlrecllon Indicated by the arrows. 
Pressing either of the keys once will cause cursor 1 to me,ve to Ihe next data POint in 
the direction mdicated Continuous movement of cursor 1 results when a cursor 
movement key IS pressed and held. When Ihe last data pornt is reached, in eIther 
direCllon. cursor 1 will come 10 a halt 
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These two slewing keys move cursor 2 In the d,rect,on Indicated by the arrows 
Pressing either of the keys once will cause cursor 2 to move to the nellt data point In 

the direcllon indicated. An exception is when cursor 2 is co-incIdent with cursor 1 
or when cursor 2 is at the end of the waveform /last data point). Continuous 
movement of cursor 2 will result when one of the movement keys is pressed and 
held. Cursor 2 cannot be positioned to the left (toward the beginning of a waveform) 
of cursor 1 nor can it be positioned beyond the last waveform data pomt 

~ON .60FF 

These keys turn cursor 2 l.OFF and 6.0N. As shIft functions of the cursor 1 
movement keys, you must 'I(st 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 cursor 1 and the horizontal time value of cursor 2 relatIVe to 
cursor 1. Each of these functIOns is cancelled upon the selection of the other. 

INDEPendent 

This is an Shift function of the ¢2 key. Selection of the INDEPendent mode permits 
you to move the cursors on the cursor 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 mooe IS 
cancelled by selecting the ALIGN mode. 

AUGN 
This is an shift function of the cursor 2$ key and liS selecllon must be preceded 
with a press of the f key. Selection of the ALIGN mode illuminates the ALIGN key 
and causes the cursors on all waveforms to align with the cursors on the cursor 
waveform. Thereafter, movement of the cursors on Ine cursor waveform WIll cause 
identical movement of the cursors on all olher waveforms. The ALIGN mode can be 
cancelled by selecting the INDEPendent mode described above. 

SET N 

SET N IS used wltn the AVE N and ENV N modes to AVErage or ENVelope an 
incoming waveform N number of times_ WIth tn,s key. you can set the value 01 N to: 
8.16,32.64,128, or 256 The SeT N key illuminates when pressed and "SET N'" 
(current value of N)l"' appears In the dIsplay as shown in FIgure 2-64. Press the SET 
N key agaIn and the value of N will mcrement to Ihe nell l hIgher value. If the SET N 
key IS pressed and held, Ihe value of N will cycle through Ihe above sequence of 
numbers In the display SImply release the key when the desired value of N appears. 
SET N IS terminated by selecting any olher key and the value of N IS relalned. 
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J8~1 16~ 

Figure 2· 64 SET N readout prOmpl 

AVE 

AVEraging IS a method 01 removmg nOise trom a Signal and p'esenllng a belief 
representition of the ac:;tual wal/elorm 

When Ihe AVE key IS pressed II w ill Iliummal/:! and Ihe 7020 Win t>egm 10 

c:;ontlnuouslv dlsplav al/eraged wal/eform daTa The vuIue of N Will adjust the 
resPOnsil/eneSS of the ac:;c:;umulaled al/erage 10 any changes 1M wal/eforms acqUired 
aller the N'" wal/elorm Each addmonal wal/elorm IS weighted bV I N Aher N 
acqUISitionS the prompt f ield win Indicate that the number o f averages IS greater 
than N Isee Fig 2 ·65) 

Wt16n AVEragmg In the ROLL mode ITIME/ DIV seT to \00 ms or slow er) the 
waveform IS sampled at a constant 2 kHz rate II kHz at 20 s/(III/) This allows the 

J8~1 Ibb 
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7020 to caplUre and process a number of samples between each pair 01 displayed 
points. The next polnl displayed is the average 01 these "in between" samples. See 
Table 2-6 

TABLE 2 -6 
Number o f Points Averaged f or 

Each Displayed Point in ROLL M ode 

TlME / DIV Digit ized Po ints / D isplayed Point 

lOOms 2 

200ms 4 

500ms 10 

1 , 20 

2 , 40 

5 , 100 

10, 200 

20, 200 

,XT 100 

In the ROLL Mode AVEraging is performed in real lime. therefore repetitive 
waveforms are not reqUired. AVEraging in the ROLL mode uSing the EXTernal 
CLOCK Input allows 100 samples to be taken between displayed points_ 

The AVE function can be cancelled by pressing the AVE key a second time. Or. 
select ing HOLD, HOLD NEXT. AVE N. ENV, or ENV N will also terminate AVE wilh 
Ihe following rP.~uI I S: 

HOLD- Immediately stops signal acquisition. terminates the AVE function and 
extinguishes the AVE key. The display readout will indicate lhe lotal number of 
averages accumulated, or greater than N. 

HOLD NEXT (TRIG GERING MODEl- Allows one more triggered acquisition 
then enlers HOLO with the same effects as the HOLD key. 

GN D- Termmates the AVE lunction and redefines VZR. 

A VE N-Clears the display then executes the AVE N funct ion . 

ENV and ENV N - Both terminate the AVE function. extinguish the AVE key and 
implement the selected funct ion. 

If the VOLTS/DiV. TIME/ DIV. or TRIG POS are changed, Ihe AVEraging reStarts and 
discards previous information. 
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Algorithm: For 50 ms/ di .... ~ TIME/ DIV :!: 50 ns/ d,v (Not ROLL modal. 

W~ (m) '" 0 For m '" 0,1. . . 1023 
For 1'1 '" 1,2 .... N 
W~ 1m) '" W~·' Im)+{Wo (m)-W~ · ' (m)J/ Q 
where q '" ZO' INT ILog~ 11.443·1'1)] 
W~ is the averaged stored waveform after n acqUisitions 
Wn is the 1'1'" acquired wa .... eform 
For n>N 
W~ 1m) :. Wft.l Im)+Wn (ml-W~ I (m) / N 

I . AVE N 

ThIs shIft lunctlon 01 the AVE key IS selected after hrst preSSing the / key AVE N IS 
the same as the AVE function except when N (current selling of SET N) averages 
have been made, the 7020 automatIcally enters HOLD. Also, when AVE N is 
act i .... ateG, the readout prompt begins at the current value of N and counts down 10 

~ero as averages accumulate. When HOLD IS entered the prompt will then give the 
tota l number of averages. Should you enter HOLD before N averages occur. the 
readout prompt w!U gi .... e the total reached. AVE N accumulll!es complete waveform 
records. therefore Roll operation is suspended for TlME/ DIV settings dOO ms. 
When the AVE N function IS inItIated o .... er the GPIS, the 7020 issues a servIce 
request (SRO) over the bus when HOLD IS entered. Refer to Seclion 4, GPtB . 

ENV 

ENVelopmg IS a method of constructIng a wavefor m uSIng the mInimum and 
maximum values of the sampled dala points. ENVelopIng makes many waveform 
aberrations visible Ihat might otherwise De o .... erlOOked al together. for example. 
frequency drift , 

Press the ENV k.ey and the 7020 WIll begin 10 display envelope processed dala The 
source 01 the data is determIned by tile AOR MODE, An envelope waveform Is 
constructed from the appropriate source and displayed following each lIiggered 
acquiSitIon The display IS updated after each acquisition In a conllnuous process 
The number 0 1 processed acqUisitions IS shown in the d,splay (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 N. and HOLD functions ,f eIther are 
active 

When ENVelop,ng In the ROLL mode rTlME / DIV set to 100 ms or slower) the 
wa .... eform is sampled al a conStant 2 kHz rate (1 kHz al 20 s/ div) ThIS allows Ihe 
capture and processing of a number of samples between each displayed pOlnl 
~mlnimum and maximum) The next two paints dIsplayed are the ma)limum and 
minimum of these "in between" samptes, 
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TABLE 2-7 
Number of Po ints Averaged for Ea ch Max and 

Min Pair of Displayed Po ints in ROLL Mode 

TIME / D IV Digitiz·ed Points/Max-Min Pair 

100 ms 4 

200 ms 8 

500 ms 20 

1 , 40 

2 , 80 

5, 200 

10, 400 

20, 800 

EXT 200 

This mode can be used to capture and process a signal pulse w idth of 500 ps or 
less. Refer to Section 5. Application 3, M onitoring Intercellular Neuronal Discharge. 

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

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

Figura 2 -66 . Tha ENV ' Blld0lJ1, 
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HOLD- Immediately terminates Ihe ENV function and signClI Clcquisltion. The 
number of waveform ENV is displayed in Ine readout prompt field. 

HOLD NEXT- Same effects as HOLD except termination IS delayed until after 
the completIon of the next Clcquisllion. 

GND- Termlnates the ENV function and redellnes VZR. 

f , ENV N- Term,nCltes the ENV function, clears the displayed waveform and 
ini\lates the AVE, AVE N , and ENV function. 

If the VOLTS/ DIV, TIME/ OIV, or TRIG pas are changed, the ENVelop,ng restarts 
Clnd previous information IS discarded. 

Algorithm : For 100 msl div ~ TIM E/ OIV ~ 50 ns/ div (Not ROLL mode) 
For n " 2 to infinity. 

W~ '" Max [W~ . l (m), W " Im)J m '" 0,2,. \022 
w R" Min [W~ , (m), W " (m)) m " ,,3.5 .... 1023 
where W!\ (m) IS the m'" point of the constructed envelope wavelorm 
af ter n Clcquisltions. 
W n (m) is the m'" pOint of the n'" waveform acquisition. 

f . ENV N 

ThiS shill funct,on of Ihe ENV key IS selected after first press,ng the I key ENV N 
operates the same as the ENV mode except when N (the current selling of SET N) 
envelopes are accumulated, the 7020 automatically enters HOLD. When ENV N is 
act ivated the readout prompt begins counting at the current vCllue of N and counts 
down to zero. At the zero count, HOLD is Clutomat ically entered Clnd the readout 
prompt will mdicCite the total number of envelopes. 

Should HOLD be ,n'tlated before N envelopes occur. the total number reached w,1I 
appear '1'1 the readou t prompt. ENV N accumulates complete waveform records, 
therefore Roll operation 's suspended for TIME/ OIV settings ~ 'OO ms. When ENV N 
IS initiated over the GPIB, the 7020 issues a service requeSt (SRO) when HOLD 's 
entered. GPIB operating ,nformat ion IS contained in Section 4. GPIB 

f . TEST 

Selects the Test Menus that are used for executiflg SElFTEST and servlc'ng the 
7020. Refer \0 the Maintenance section 01 the service manual for thiS information . 
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RQS (REQUEST SERVICE) 

When the 7020 IS on bus In TALK/ LISTEN mode. preSSing thiS key Will generate an 
SRO ~servlce request) over the GPIB. The key will illuminate when you do Ihis. A poll 
by the GPIB controller will subsequently extinguish the illuminated key and cancel 
the SRO, 

A power-up SRO is generated as part of the power·up sequence when power IS 
applied to Ihe 7020. If fhe 7020 IS in the GPIB mode and ON LINE. the key will 
extinguish when the 7020 is polled by Ihe controller. Refer to SeCtion 4. GPIB. 

f RQS # 

Allows selection of 6 unique SRO event codes when the 7020 is operating over the 
GPIB . This sends a predetermined status byte. Refer to Section 4. GPIB for 
information concerning GPIB operation. 

REMOTE ONLY (indicator) 

This indicator light Illuminates when the 7020 is in the RWLS (Remote With Lock 
ouf State). When the light is on. the front panel controlS can only be activated or 
changed over the GPIB, All front panel controls are inactive e~cept for the RaS 
functions. fhe variable VOLTS / OIV. HORIZ POSITION. and 10 monitoring of GPIB 
selections. 

10 (ADORed Indicator) 

The 10 key. when pressed. causes the 10 menu to appear in the display as Shown In 

Figure 2-67. The ID menu is used for manually establishing the MODE 
TERMINATION. and ADDRESS for GPIB operation of the 7D20. The ADoR 
illuminates when the 7D20 has been addressed as a Talker or listener. Reier to 
Section 4. GPIB. for further information . 

NOTE 

The firmware version displayed in these illustrations may differ from 
those displayed for your 7020. and are shown for positional reference 
only 
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Fig ... ,,, 2· 67. 10 MENU. 

EXT CLOCK 

3851 193 

Th,s bne connector perrnltS the connectIon of an external clock signal 10 the 7020 
The 7020 can accept a maxImum clock rate of 10 kHl , In order for the EXT CLOCK 
connector to be functIonal, the TfME / DIV SWItch must be set to the EXT pOSItion by 
turnrng It counterclockwIse until the readout indICates EXT t or EXT t in the upper 
righr corner of the display (see Fig. 2 ·68). The arrow indicates the EXT CLOCK edge 
polarIty. Clock edge polallty IS selected vIa Item 4 on the UTILITIES menu . Press 
MEMORY DISPLAY key 4 when the UTILITIES menu IS d,splayed and the EXT CLK 
prompt WIll appear In the dIsplay. Press MEMORY DISPLAY key number 4 a second 
r,me and the arrow (lndicatrng the EXTernal CLOCK polarity) will reverse dllection 
The rndlCator arrow will cont,nue 10 reverse each time the number 4 MEMORY 
DISPLAY key is pressed so long as the UTILITIES menu is dlsplaved. 

3~~1 lI;a 

Figu , ,, 2 -68. EXT" <na l dock '""dou!. 
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EXT TRIG 

ThiS bnc connector permits the connection of an e)tternal trigger Signal to the 7020. 
In order for this connec::IOf to be functional , the EXT or EXT +, 0 TRIGGERING 
SOURCE MODE must be selec::ted. 

GPIB (connector) 

ThiS is the IEEE 488 connector port for connecting the 7020 to operate over the 
GPI8. Information for GPI8 operation IS contained in Section 4. GPIB. 
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OPERATIONAL THEORY 

THIS INFORMA TlON IS NOT REQUIRED FOR OPERA TING THE 7020 

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 coupled devices (CCDs) the Digitizing modes, and the display system is 
included at the end of the block diagram description. 

OVERALL BLOCK DIAGRAM DESCRIPTION 

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

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

The Memory circuitry contains the waveform memory, which consists of digital 
memory and control circuitry. The Waveform Memory is used to store acquired 
waveform 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 storage of data for readout displays. 

The Display circuitry receives digital display data from the Waveform Memory and 
converts it to analog display signals (vertical and horizontal). which drive the 
mainframe vertical and horizontal display amplifiers, to produce the mainframe crt 
display. The Display circuitry produces four types of displays: Y versus time, Y 
versus X, alpha-numeric characters, and cursors. Display setup information from 
the microprocessor determines the display mode. Timing signals from the Time 
Base circuitry synchronize the Display with the Memory access time slots. 
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Figure 3-1. 7020 Overall Block Diagram. 
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The Display circuitry also allows waveforms displayed in the Y versus time mode to 
be expanded, compressed, and offset and magnified horizontally without modifying 
the contents of the Waveform Memory. 

The Trigger circuitry generates the trigger gate 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 
signal, line and external trigger signal. The trigger source, coupling, mode, level and 
slope can be selected from the front panel or externally programmed. 

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

The 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, delta-time and voltage 
measurements, and controls the self diagnostics and GPIB interface firmware. 

CHARGE COUPLED DEVICE (CCD) OPERATION 

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

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

DIGITIZING MODES 

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

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

3857-402 

Figure 3-2. Simplified Block Diagram of Charge Coupled Device (CCD). 

TABLE 3-1 
Summary of Time Base Modes 

Time Base Mode Time/Div Samples 
Range Displayed/Div 

Roll Continuous 20 s to 100 ms 100 
Real-Time Digitizing 

Real-Time Digitizing 50 ms to 500 J.lS 100 

Extended 200 J.ls to 2 J.lS 80 
Real-Time Digitizing 

Equivalent Time Digitizing 1 J.lS to 50 ns 100 

block 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 kHz: 

100 samples 
div 

0.1 s/div 1000 samples/sec 1 kHz 

Thus, every 400'h sample that the CCD takes is stored in the Waveform Memory. 
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When the 1023,d memory location is filled, the Memory circuitry wraps around 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 sample acquired, such that the crt display 
is continuously updated with the 1024 most recently acquired samples, which in 
turn produces the strip-chart effect. 

In the roll mode, a trigger is not required when the front-panel TRIGGERING MODE 
is set for P-P, AUTO or NORM, since the Waveform Memory is continuously being 
filled with new waveform information, which is in turn being displayed on the crt. In 
the HOLD 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 continuously 
samples the input signal at a 400 kHz rate. The A/D converter digitizes each sample 
and selected samples of the signal are stored in a 1 K block of the the Waveform 
Memory, again at a rate determined by the time/div. When a trigger occurs, the 
storage of waveform samples continues until a complete waveform is stored at 
which time signal acquisition is halted. Compensation for the 455 sample delay 
through the CCD is included. The amount of post-trigger or pretrigger selected 
determines which portion of the signal is stored in the Waveform Memory with 
respect to the trigger event. Once the waveform has been stored in the Waveform 
Memory, the time base is reset and another waveform is acquired. This waveform, 
however, is stored in a second 1 K 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 1 K blocks of 
Waveform Memory, such that the most recently acquired portion of the signal is 
always displayed. 

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

Also, the two CCD channels sample the signal in a slightly different manner in the 
ERD mode. In the roll, RD and equivalent time digitizing modes, both CCD registers take 
a sample of the signal simultaneously. In the ERD mode, the two CCD registers take 
alternate samples of the signal. 
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Figure 3-3. Non-Fast In. Slow-Out Time Base Modes (A) Roll Mode; (B) Real-Time 
Digitizing (RD) Mode. 

REV SEPT 82 3-7 



Operational Theory-7D20 

The two CeD channels take 
Sampling continues until trigger 
occurs and post-trigger interval 

Samples held in ceo are then 
fed into one block of the WFM 
at the Slow-Out rate 

Display scans 
one block of 
WFM. while new 
waveform data 

altern 
Fast-I 

ate samples of signal at elapses. at which point sampling 
n sample rate. is stopped. 

1 K 
-"- HCHANNEL AI- f-'-

~ 
BLOCK 1 

PREAMP cco A-fO-O 
CONVERTER 

BLOCK 2 
~ -lCHANNEL B}-- f--!--

1 K 

Trigger Post-Trigger Samples Read Time Base 

~ f-
J 

is being Beq uired 
ock. in another bl 

DISPLAY 

~ 
BLOCK 1 BLOCK 2 

ceo channels sample signal Samples held in ceo are written 
at Fast-In rate. into WFM at Slow-Out rate. 

~Al EXTENDED REAL-TIME DIGITIZING (EAD) MODE 

Samples held in CeD are then fed 
into a 1 K acquire data block of the 
WFM at the Slow-Out Rate. IJP 
moves samples from acquire block 

The two ceo 
channels take 
samples of the 
signal simul­
tit 

Sampling continues until a pre-set 
number of samples following the 

to a display block to build the Display scans 
composite waveform ttl d' I aneous y a a . ISP ay 

Fast-In rate. trigger has Occurred. block. 

r--'- -ICHANNEL A I- r-=-
lJJ 

ACa 
BLOCK 

PREAMP cco A-TO-D 

J r- DISPLAY CONVERTER 
-t., DISP 

r--:- -{CHANNEL B /- r--'- BLOCK 

WFM 
Trigg ., 

ACQUIRE BLOCK ACQUIRE BLOCK r- Fast-In I Slow-Out ~ 

~
Time Between Trigg~r \,./ 

Ramp ~. ~ ~amp 
--l ~ -l f-

,~ . / M ----- !~ 

Microprocessor builds composite 
waveform in dis 18 block of WFM. 

(B) EQUIVALENT TIME DIGITIZING (ETD) MODE P Y 

3857-404A 

Figure 3-4. Fast-In. Slow-Out Time Base Modes; (A) Extended Real-Time Digitizing (ERD) 
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This technique 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 CCO, the time 
resolution in this mode is reduced from 100 samples per division to 80 samples per 
division. In addition, as the samples are alternately shifted out of the two CCO 
registers they are still combined differentially at the output and sent to the A/O 
converter for digitizing. This improves the CCO noise and linearity performance 
while introducing the characteristic cosinusoidal frequency response of a 2-point 
smooth function. 

Shown in Figure 3-5A is a sampled waveform in the ERO mode where alternate 
samples are stored in each of the two registers of the CCO. Shifting samples 
alternately through the CCO and combining them differentially at the output is 
equivalent to convolving the sampled waveform with the two unit impulses shown 
in Figure 3-5B. As shown in Figure 3-5C this convolution is equivalent to passing 
the input frequency spectrum through a filter with the frequency response H(w). 
H(w), the Fourier transform of the convolving function hIt), is shown in Figure 3-50. 
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 waveform step response. 

In the equivalent time digitizing (ETO) mode (see Fig. 3-4B), a composite waveform is 
built up in a 1 K block of the Waveform Memory from a number of waveform trigger 
events. As with the ERO mode, the CCO samples the signal at a fast rate, then 
writes the samples held in the CCO into Waveform Memory at a slower rate. In the 
ETO mode, the fast-in sample rate is fixed at 50 ns per point. In the ETO 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. 

TIME/DIV 

1 JiS 

500 ns 

200 ns 

100 ns 

50 ns 

TABLE 3-2 
ETD Mode 

No. Points Acquired 
per Trigger Event 

204-205 

102-103 

40-41 

20-21 

10-11 

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

Since a number of trigger events are required to create a waveform in the ETD 
mode, a complete 1024 point waveform can only be created when measuring 
repetitive signals. Since multiple points are taken from each trigger event the 7020 
can digitize a complete waveform from a low repetition-rate signal 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 applied for scaling, positioning, vector 
filtering, and conversion to a differential signal for driving the mainframe vertical 
interface amplifiers. Horizontal deflection is accomplished by digital to analog 
conversion of a 10-bit counter in the case of a Yversus T waveform or conversion of 
8-bit X waveform data for a Y versus X waveform. Horizontal display magnification 
(Xl0) is accomplished digitally and is available for Y versus T waveforms. The 
analog horizontal signal is also processed for vector displays and conversion to a 
differential signal for driving the mainframe 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 
7020 Waveform Display Position 

HORIZONTAL POINT # HORIZONTAL 
GRATICULE BIT LEVEL 

DIVISION 1024 P/W 820 P/W (VS mode) 

-0.125 - 0 -
-0.12 0 - 0 
0 12 10 3 
1 112 90 28 
2 212 170 53 
3 312 250 78 
4 412 330 103 
5 512 410 128 
6 612 490 153 
7 712 570 178 
8 812 650 203 

TABLE CONTINUED ~ 
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TABLE 3-3 (CO NT} 
7020 Waveform Display Position 

HORIZONTAL POINT # HORIZONTAL 
GRATICULE BIT LEVEL 

DIVISION 1024 P/W 820 P/W (VS mode) 

9 912 730 228 
10 1012 810 253 
10.08 - - 255 
10.11 1023 - -
10.1125 - 819 -

VERTICAL VERTICAL BIT 
GRATICULE LEVEL (VXPD, 

DIVISION VCMP OFF) 

5.08 255 
5 253 
4 TOP GRATICULE 228 
3 203 
2 178 
1 153 
0 CENTER GRATICULE 128 

-1 103 
-2 78 
-3 53 
-4 BOTTOM GRATICULE 28 
-5 3 
-5.12 0 

3-12 





SECTION 4 CONTENTS 

INTRODUCTION ................................................... , .... 4-1 
GPIB DESCRiPTION ....................................................... 4-2 

POWER UP ............................................................ 4-3 
GPIB MODE, TERMINATOR, AND ADDRESS SELECTION ............... 4-4 
REMOTE AND LOCAL OPERATION ..................................... 4-7 
INDICATORS ..................................... " .................... 4-8 
GPIB INTERFACE FUNCTIONS ............................. _ ............ 4-8 

MESSAGES .............................................................. 4-9 
GPIB INTERFACE MESSAGES .......................................... 4-9 
DEVICE-DEPENDENT MESSAGES ...................................... 4-11 

SERVICE REQUESTS ..................................................... 4-25 
USING SRQ .......................................................... 4-25 
COMMAND LIST ..................................................... 4-38 
SAMPLE PROGRAMS ................................................. 4-77 

4-0 



GPIB 

INTRODUCTION 

If you have read the previous sections of this manual. you are now familiar with the 
basic front panel operation of the 7020. 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 7020 to a 
computer. The 7020 uses the IEEE-488-1978 (GPIB) interface standard, which 
allows easy communication with most computers and other programmable devices. 
Table 4-2 later in this section lists the interface functions that the 7020 
implements. 

In addition to the electrical standard followed by the 7020 (lEEE-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 7020 no 
more difficult than operating it from the front panel. 

KEY FEATURES 

The 7020 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 waveform locations. This allows the acquired signal to be sent to a 
computer for proceSSing or storage. Sending a stored waveform to the 7020 allows 
the user to view the current signal against a known reference or against a limit 
waveform. The 7020 is capable of transferring waveform data in both ASCII and 
Binary format (see Data Transfers in this section). 

Nine Separate User Requests. The 7020 can generate up to nine different user 
requests to the computer, which enhances the interactive capabilities and allows 
the program to better respond to the user"s needs. Two of the user requests are 
generated by pressing the Probe Identify buttons on the body of the P6053B 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 7020 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 problem. When the "DEBUG ON" 
command is received, all command data sent to the 7020 is displayed on the crt. If a 
syntax or functional error is detected by the 7020, an error statement indicating the 
detected problem is displayed just after the error. 

SECTION CONTENTS 

This section consists of five major parts: 

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

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

Service Request. This part discusses the capability of the 7020 to detect and 
report system status and user requests. A listing of all possible event codes is also 
included, along with explanations of each. 

Command List. This part lists and explains all 7020 bus commands and queries, 
and includes the exact syntax for each. 

Sample Programs. To help the user get started in programming the 7020, this 
part includes routines for both the Tektronix 4041 and 4050-series controllers. For 
each type of controller, 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-parallel, 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 IEEE-
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 
connected for each two metres of cable, and at least one-half the devices on the bus 
must be operating. 
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(1) 

(2) 

(PREFERRED CONFIGURATION) (3) 

C2873·301 

Figure 4-1. GPIB system configuration. 

A minimum GPIB system for the 7020 consists of the 7020 and a GPIB controller 
(e.g., a Tektronix 4050-series controller). The controller directs all command and 
data transfers on the GPIB. A larger GPIB system may consist of up to 15 
instruments distributed over a total cable length of no more than 20 metres. These 
instruments may include, in addition to the 7020 and controller, other talkers (e.g., 
counter, digital multi meter, etc.) and other listeners (e.g., line printer, tape drive, 
programmable signal generator, etc.). 

POWER UP 

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

The 7020 performs a self-test routine that tests 63 circuit modules. If a fault 
condition is detected, an SRO (service request) is generated with an Internal Error 
status byte. An event query 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 SRO and an Operation Complete status byte are 
generated. Upon completion or exit from the self-test routine, the front-panel 
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sellings are restored 8S before. and the waveform memory is Initialized. The 
commands for the sell · test routine are: 

TEST START I Initiates self-test routine. 

CONTINUE 

EXIT 

Continues self -test rou l ine alter halting on fault condition. 

Exits self-test routine alter halting on fault condillon. This 
win not terminate an executing self-test. 

TEST Same as Test START. 

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

NOTE 

, . The colored characters in the commands are what the 7D20 will 
accept 85 command abbreviations. See Command Usage later in 
this section for more information. 

2. The vertical line fo/fowing TEST START AND CONTINUE means 
e)(clusive OR. 

GPIB MOOE. TERMINATOR. 
AND ADDRESS SELECTION 

NOTE 

The firmware verSion displayed m these illuStrationS may dllfer from 
those displayed for your 7D20, and are shown for positional reference 
only 

The 7020 prOVides for the selection of the mode. terminator. and buS address by 
means of the front · panel numeric keypad Uocated irl the MEMORY DISPLAY 
section). in conjunction with the 10 menu that IS displayed by the oscilloscope in 
which the 7020 is Installed. The keys that are used for function selection are: 

Key 11'4; SELECT MODE 
Key #5 ' SelECT TERM)NATOR 
Key #6: SELECT ADDRESS 

The selection process IS Initiated by pressing the from - p~lIlet to 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 -panet 10 bUllon When this occurs. all changes that were previously input 
are implemented, unless the 1020 is in REMOTE ONLY . If so. the prompt " UPDATE 
IGNOREO" wilt appear on screen. This prevents the bus from being changed dUTIng 
the selection process Figure 4 ·2 i llustrates the dIsplay when 10 is pressed. 
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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 

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

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

3857-303 

Figure 4-3. Address selection display. 
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TERMINATOR SELECTION 

To select the terminator, press key #5. The prompt field will display the current 
status of the GPIB terminator as "TERM=<term>?". Key #5 and the question mark 
will blink. Repeatedly pressing the key alternates the terminator between EOI and 
LF/EOI. 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. 

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 table is arranged in 8421 binary code. 

TABLE 4-1 
MEMORY DISPLAY Keypad Code 

Indicated Function 
Keypad 

1 2 3 4 5 6 

Select Mode 
OFF BUS 0 0 0 B 0 0 
TALK ONLY 1 0 0 B 0 0 
LISTEN ONLY 0 1 0 B 0 0 
T ALK/LISTEN 1 1 0 B 0 0 

Select Terminator 
LF or EOI 0 0 1 0 8 0 
EOI 0 0 0 0 B 0 

Select Address 
30 0 1 1 1 1 B 
29 1 0 1 1 1 B 
Binary Address AO A1 A2 A3 A4 B 
1 1 0 0 0 0 B 
0 0 0 0 0 0 B 

1 - ON; 0 = OFF; B = blinking 

To terminate the function selection, press the illuminated 10 key, which erases the 
displayed menu, implements the changes just made, and extinguishes the 10 key. 
Also, the keypad is restored to the normal waveform selection state. 

REMOTE AND LOCAL OPERATION 

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

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

INDICATORS 

The front-panel ADDR (addressed) indicator lights whenever the 7D20 is addressed 
by the controller, which occurs in one of the following address states: TACS (Talker 
Active State), TADS (Talker Addressed State), LACS (Listener Active State), or LADS 
(Listener Addressed 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 
IEEE-488-1978 defines the GPIB interface functions and the allowed subsets of 
these functions. The subsets that apply to the 7D20 are listed in Table 4-2. Refer to 
IEEE-488-1978 for more definition regarding the functions. 

TABLE 4-2 
7020 GPIB Interface Functions 

Interface Function Subset Capability 

Source Handshake SH1 Complete 

Acceptor Handshake AH1 Complete 

Talker T5 Complete (no secondary addressing) 

Listener L3 Complete (no secondary addressing) 

Service Request SR1 Complete 

Remote Local RL1 Complete 

Parallel Poll PPO None 

Device Clear DC1 Complete 

Device Trigger DT1 Complete 

Controller 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 all 
instruments on the bus to control the functions of each instrument interface. 
Device-dependent messages (e.g., instrument commands, data, etc.) may be sent by 
an instrument on the bus to any other instrument on the bus. Refer to Figure 4-6, 
which illustrates the relationship of interface messages and device-dependent 
messages. 

I---- INTERFACE -----I I FUNCTIONS I 
r-----------~---, r-~-------------, 

DEVICE 
FUNCTIONS 

e.g.7D20 

ATN 

DEVICE-DEPENDENT 
MESSAGES 

ATN 

INTERFACE 
MESSAGES 

DEVICE 
FUNCTIONS 

e.g. 4050-SERIES 
GRAPHIC 
SYSTEM 

C2873-303 

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

GPIB INTERFACE MESSAGES 

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

TALK AND LISTEN ADDRESSES (MTA. MLA) 

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

The controller uses other kinds of interface messages for other tasks. One is the 
Serial Poll Enable command (SPE), which is used with the service request function. 
Assume that an instrument asserts SRO when it completes acquiring data. The 
controller must poll all devices on the bus, since anyone or all devices can assert 
SRO. To conduct the serial poll, the controller sends SPE, a universal command, 
then addresses each device in turn as a talker and reads a status byte from each. 
Any device asserting SRO also asserts 0107 of the status byte to inform the 
controller that it is actively requesting service. The remainder of the status byte tells 
the controller why it is requesting service. (For more information on this topic, refer 
to the service 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 initialize internal functions 
of devices on the bus. DCl is a universal command that applies to all devices. Its 
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 7020 complies with all requirements set forth by IEEE-488-1978 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 7020. 

2. All pending SRO flags except POWER ON are cleared. 

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

4. Input and output buffers are cleared. 

SelECTED DEVICE CLEAR (SOC) 

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

INTERFACE CLEAR (IFe) 

The IFC (Interface Clear) message interrupts any data input or output, and places the 
7D20 in the unaddressed state. If the 7020 is talking when IFC is asserted, it will 
continue from the point of interruption when again addressed as a talker. Likewise, 
if listening when interrupted, the 7D20 will 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 controller or another device (talker) to 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: 

< > 

{ J 
[ I 
I 

Defined element 
Is Defined As 
Grouping 
Optional, May Be Omitted 
Exclusive Or (one or the other, but not both) 
May be repeated one or more times. 

INTRODUCTION 

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

COMMAND USAGE 

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

HEADER VALUE 

3857·328A 

Figure 4-7. Complex command format diagram. 
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lunctlons. For e)(ample, the Channel 1 Verlical Amplifier has four functions. 
Volts/ Oiv. Position, Coupling. and Variable. The command: 

CHl VOLTS : .2, POS ITION : -1, COUPLING: AC. VARIABLE: ON 

speCifies the four funClions. The header is CH1 . the link arguments are VOLTS. 
POSITION. COUPLING. and VARIABLE. The data is 0 .2. - 1. AC, and ON. 

The second form of command consists of a header that IS followed by an argument. 
having no data involved. E)(amples are: 

DEBUG ON 
RQS ON 
INIT ALL 

Refer to Figure 4-8. which Illustrates the format of the Simpler command. 

L-__ "_'_A_D_'_' __ -"I ~ IL-_A_'_G_U_M_'_N_' __ J 

3851329A 

Figure 4 · 8. Simple commend form al diag .am . 

Multiple commands may be sent to the 7020 In one GPfB message by inserting a 
semicolon (:) between the commands: 

CHI POS ITIQN:3 5,COUPLlNG :GNO; CH2 VOLTS: .1 

ThiS command list sets the channell posItion to 3 5 diVISions and coupling to GNO. 
and the channel 2 volts/ div to 01 

Header and argument may be abbreViated as long as the abbreViations are as 
specified herein. For example 

TRIGGER MODE: p .p ,COU PLING:ACH FREJ, SLQPE;PLUS 
TR MO:P- .COUP:ACH.Sl:Pl 

are Identical commands In thiS sectIOn. the minimum command reqUired IS printed 
In color, w.th the remainder of each word verified if present . Any ad<jilional 
characters will cause an error message to be sent 

The numeriC arguments acceptable to the 7020 comply closely with the ANSI 3.42 
Standard on Representation of NumeriC Values In Character Strings for Information 

4 -12 REV SEPT 82 



GPIB-7D20 

Interchange. The three data types are integer (NR1), floating-point (NR2), and 
exponential notation (NR3). In all three types, the 7020 will not send numeric 
representations of zero that contain a minus sign. NR1, NR2, and NR3 data can be 
used interchangeably anywhere within the 7020 syntax. 

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

SP )-....L..--.-H0.4 

<NR1> ::= (SP ... 1 «SIGN> J <DIGIT> ... 

<SIGN> ::= + I -

<DIGIT> ::= 0 I 1 I 2 I 3 I 4 I 5 I 6 I 7 I 8 I 9 

3857-308 

Figure 4-9. NR1 data format. 

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

NR3 exponential notation is preferred where measurement or 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 7020. Queries consist of either a header 
followed by a '?' or a header followed by a T, then one or more arguments. A query 
consisting of only a header followed 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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<NR2> ::= [ SP ... ] [ <SIGN>] { { <DIGIT> ... <POINT> 

[ <DIGIT> ... ] }: { [ <DIGIT> ... ] <POINT> 

<DIGIT> ... }} 

<POINT> ::= . ( decimal point) 
3857-309 

Figure 4-10. NR2 data format. 
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<NR3> ::= <NR2> <EXRAD> 

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

<EXRAD SIGN> ::= + I -

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

3857-310 

Figure 4-11. N R3 data format. 

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

HEADER LABEL 

3857-330A 

Figure 4-12. Query format diagram. 
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AS an eKample. the header-only query, "CH1 7 would sohClt all the channet 1 
~ttlngs The response would be 

CHI VOL T5 : .2 ,P05ITION: I ,COUPlING:A C, VAR IABlE: OFF ,PROBE : 1 

If Ihe chennel 1 voltsl d lv wes 0 2 volls, POSH Ion was - 1 diVISions, coupling was AC, 
channell was calibrated (VARIABLE control was disabled). and channell was 
connected to a Xl attenuallon probe 

To solicit only the voltsl dlv of channel 2 tilt! query' CH2 7 VO LTS ' would resull In 
the following response 

CH2 VOlTS, 2.0 

If Ihe channel 2 vol tS l dlv seiling was 2 vollS 

Again. as w llh commandS, the header and argument can be abbr8VI!lIed as long as 
the abbrevlallons are as specified For example, 

TR IGGER? MODE and 
TR J MO 

are Identical quelles II should also be noted Ihal Ihe 7020 must be talked once !or 
each query wllh II terminator, but only once after a set of quelles separated by a 
semicolon and followed by a termlnalor The 7020 Will cancel any prevIOus unread 
In Query responses upon receipt of a new command 01 query 

DATA TRANSFERS 

In thl! 7020, data translers lake three major forms 

ReaUout, whrcn conveys data about the operallonal seUlltgs of the 7020, ilnd 
the cursor wavelorm 

2 TeKl, which conveys messagl:!s to and !rom the crt by way 01 thl:! GPIB 

3 Waveforms, whrch conSiSI of cu."e mlO"l1allOn for lIansm,sslon over Ihe bus 

The 7020 lOBus nas lile foliowlfIg chareCte"",cs 

The Irlput bufftlr of thtl 7020 IS 128 charaClelS deep When the Input buffel IS 
lull, the 7020 Will btl unable 10 acc!!"t anv more dala unlll bulle, space 
becomes available 

2 The oulpul buller 01 the 7020 IS '28 charac""rs deep When 128 ch,uaclers 
ere loaded Into tins buller II 1$ considered full 

3 II a quely IS senl Ihat 11115 Ine oulput buller Oelore Ihe 7020 has bt;len lalked 
and the Input butfer IS full , the outpul buller IS empTied of conlenlS, and an 
el<.eculion error SlalUS byte IS repor led An EVENT? at Ihls IIIIIIl would evoke an 
event .eporl of "1/0 buffers lull, OUlput dumped" , Ihe code lor which IS 203 II 
IS pOSSible to send a lorm Query command, command and tIll the mpul 
buller before lalklng Ihe 7020 ThiS Will crea te an 10 deadlock To aVOid loss 
of dala . Ihe controller should talk Ihe 7020 With each query senl. otherWISe, an 
1/ 0 deadlock may occur 
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Readout 

When a readout query IS recell/ed, the 7020 responds by sending the Information 
on Ihe top two and bottom two lines of texl displayed on Ihe crt. Readoullext can be 
Iransmll1ed 10 Ihe 7020, but It will be ingored. Syntax for the readout query is: 

RDOu T7 

and Ihe response IS 

ROOUT " <line l ><CR ><fine 2 >< CR ><fine '5~<CR ><1ine 16>< CR >"] 

T811t 

The le~1 IS Ihe Informa\lon Ihal IS displayed on Ihe center 12 hnes of the crl display 
Each line containS no more than 36 characters TeKI can be sent or received by the 
7020 The characters Ihat the 7020 can display are listed In Figure 4 ·13. from 
character 32 (SP) through 95 (- L which form Ihe center four columns of characters 
In the figure If lower case lellers (97 Ihrough 122) are received, they are converted 
to uppercase. then displayed_ In addition. the characters in Table 4 ·3 can be sent or 
rece,ved: 

Character 

Horiwntal Tab 
Carriage Retulll 
(Up arfow) 
(Down arrow) 
(Delta) t:.. 
(Mllh) m 
(Micro) ~ 
(Nano) n 
(PIca) p 
(Righi arrow J 

TABLE 4 ·3 
Supplemental Charactllrs 

ASCII Character 

HT 
CR 
A 

ESC , 
ESC d 

ESC m 
ESC " ESC n 
ESC p 
ESC r 

Decimal 

9 
13 
94 

27 97 
27 100 
27 109 
27 1 J 7 
27 110 
27 112 
27 114 

Note that Ihe HT character IS eqUivalent 10 sending f ive spaces ,n the text string 

When uSing Ihe te~t feature, the user IS cautioned thai some IUllItaUons should be 
kept In mind: 

The character Stl1 's formed with a 5 ~ 7 standard dot matnK. and,s Imposed on 
a held 01 1536 POints One can calculale the precise number of characters that 
can be displayed by summlllg the dolS used In the characters un!!1 all 1536 
points Idots) al e used. More praChcally. the number of characters poSSible is 
apprOKlmately 100 Spaces or blanks do not count In Ihe calculation of total 
characters 

2 A TEXT command Will term,nate a DEBUG display, or any MENU. TEST. or 10 
command and Will also replace the teKI Ihat IS currently on the display 
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ASCII & IEEE 488 tGPIDI CODE CHART 
87

86
85 

9 9 6 l 9 9 1 9 1 9 I 9 1 1 1 11 11 I 1 11 1 1 1 11 I 1 1 1 

BITS 1-----~----1------L ____ _+----~----~~----L-----

84838281 
CONTROL 

20 40 

11 11 11 9 NUL OLE 
o 10 16 20 

GTl 21 LLO 

fJ 11 lJ 1 SOH OC1 
1721 

22 

11 lJ 1 11 STX OC2 
2 12 18 22 

23 43 

lJ lJ 1 1 ETX OC3 
313 1923 

SOC 24 Del 44 

11 1 fJ lJ EOT OC4 
20 24 

PPC 25 PPU 45 

NUMBERS 
SYMBOLS 

60 

SP o 
3230 

1 
3331 

62 

" 2 
3432 

63 

# 
3533 

3 

64 

$ 4 
3634 

65 

UPPER CASE LOWERCASE 

100 120 160 

@ p p 
<18 40 6450 80 60 '}670 112 

101 121 141 161 

A Q a q 
6551 81 61 9771 

102 142 162 

B R b r 
50 42 6652 82 62 98 72 

103 143 163 

C 5 c 5 
5143 6753 83 63 9973 115 

104 124 144 164 

o T d t 
52 44 68 54 84 64 100 74 '16 

105 145 165 

lJ 1 11 1 ENQ NAK % 5 E U e u 
'5 "5 15 21 25 37 35 53 45 69 55 85 65 101 75 117 

26 66 146 166 

lJ 1 1 11 ACK SYN & 6 F V f v 

11 1 1 1 

1 11 11 11 

1 11 lJ 1 

1 11 1 lJ 

1 lJ 1 

1 1 lJ lJ 

1 1 11 1 

1 1 1 11 

1 1 

6 6 16 22 26 38 36 54 46 70 56 86 66 102 76 118 

27 

BEL ETB 
17 2327 

10 GET 30 SPE 50 

BS CAN 
818 2428 

11 TeT 31 SPO 51 

HT EM 
919 2529 

12 32 52 

LF SUB 
10 lA 26 2A 

13 33 53 

VT ESC + 
11 18 27 28 

FF FS 
12 lC 28 2C 

15 35 55 

CR GS 
13 1 D 29 2D 

'6 36 56 

so 

SI US / 
1') lF 31 2F 

UI'I!~EJlS"l 
co ......... ,..os 

KEY 

67 107 167 

3937 
7 G W 

55 47 71 57 87 67 
9 

103 
W 

119 

70 150 170 

8 H X h x 
40 38 56 48 72 58 88 68 104 78 120 

" 9 
39 

72 

42 3A 

73 

43 38 

< 
3C 

75 

45 3D 

76 

LISTEN 
ADDRESSES 

57 49 

'12 

58 4A 

113 

59 48 

60 4C 

115 

61 -lD 

116 

13' 

73 59 

J 
74 SA 

133 

K 
75 58 

13' 

L 
76 5C 

135 

M 
SD 

Y 

z 

\. 

'51 ,,, 
y 

89 69 10579 121 

152 

z 
90 6A 106 7A 

91 68 

153 
173 { 

107 76 123 
k 

'54 

92 6C 108 7C 124 

155 m 17,)} 

93 6D 109 7D 125 

n 
176 

1107E 12h 

,77 
RUBOUT 

IDEL.) 
7f 127 

octal 25 PPU GPI8 code 

NAK ASCII character 

he:.: 15 21 deCimal 3857-327 

Figure 4·13. ASCII 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 5><CR> ... 
<line 12><CR><line 13><CR><line 14><CR>]" 

The commands between brackets are optional. 

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

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

Waveforms 

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

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

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

2. The curve, a set of data that contains the curve co-ordinates and attributes. 
Waveform transmissions may include both preamble and curve data, or either 
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 either the 1024 or the 820-point format. If 
insufficient points are sent by the CURVE command, the last point is repeated until 
the end of the waveform occurs. 

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

Preamble: 
WFMPRE WFID:W 1.ENCDG:BINARY.NR.PT:l024.PT.FMT:Y. 
XINCR: l .0E-S.PT.OFF:l .2 E+l.XZERO:O.XUNIT:S. 
YMULT:l .0 .YZERO:0 .YUNIT:V.BYT/ NR:1. 
BN .FMT:LF.BIT I N R:8.CRVCHK:CHKSMO 

The ASCII 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 comparison. An 
example of ASCII encoding of a waveform curve follows : 

WFMPRE WFID :W 1.ENCDG:ASCII.NR.PT:1024.PT.FMT:Y. 
XIN CR :l .0E-S.PT.OFF:l .2E+l .XZERO:0.XUNIT:S. 
YMULT:l .0.YZERO:0.YUNIT:V 

Waveform Preambles. Following are the waveform commands. Queries. and the 
definitions of each. 

1 . Waveform Preamble Commands. These commands provide the 7020 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. 

WFM PRE NR .PT: 820 11024 

WFM PRE XI NCR: <x increment> 

WFM PRE PT .OF F: <po;n! #> 

WFM PRE XU NIT: S 

4-20 

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

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

<x increment> ::= time / div / 80 
points / division for a20'point 
waveforms, a nd time / div / 100 
points / division for 1024 - po int 
waveforms . . 

Selects the waveform point at which 
the cursor reads time zero. The range 
is - 150,(X){) ::; point II ::;1023, where 
point 0 is the left most displayed po int 
on the waveform. An execution error 
warning is issued if out of range 
condition occurs. 

Sets displayed horizontal scale factor 
unit for waveforms input from the 
CURVE command. 
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WFMPRE YMULT: 1 <y multiplier> Sets the vertical scale lactor 
(volts/div) for waveforms to input from 
the CURVE command to <y multiplier> 

WFMPRE YZERO: <y zero> Sets the vertical value 01 the center 
horizontal graticule division for 
waveforms input from the CURVE 
command. This corresponds to curve 
data of zero divisions for ASCII curves 
and 80n .. lor binary curves. 

WFMPRE YUNll: V 

<y zero> ::= -volts/div * VZR (vertical 
zero reference) 

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

2 . Waveform Preamble Queries. These queries provide the controller with the 
waveform attr ibutes associated with the waveform curve data specified as the 
source waveform kom the DATA command. The responses apply to curve data 
sent from the 7020 in response to a CURVE? or WAVFRM? query. 

WFMPRE? WFID' 

WFMPRE? ENCDG' 

WFMPRE 7 NR.PT 

WFMPRE 7 PT.FMT' 

WFMPRE? XINCR: 

WFMPRE 7 PT.OFF 

WFMPRE 7 XlERO' 

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

Responds with the current Curve encoding: 
WFMPAE ENCOG; <encdg > 

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

The 7020 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 ume 
between points: WFMPRE XINCR:<x increment> 

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

The 7020 responds. WFMPRE X2ERO;O. This 
indicates that the curve data horizontal origin has 
not been shifted. 

' Th1ll511 queries heve no corrll-tponding 7020 command. Query .esponses .. III ignored 
whenever nllurned to the 7020 in commend form, .nd no error mas-ege is lent. 
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WfMPAEl XU NIT 

WFMPAE1 YMULT 

WFMPA E1 YlEAO 

WFM PA El YU NIT 

WFMPAEl BYTlNA ' 

WFMPA El BN.FM T ' 

WFM PA E7 BIT/ NA ' 

The 7020 responds. WFMPAE XUNfT:S IPT This 
Indicates that the curve data horizontal scale factor 
unit is seconds or pomts. 

Responds w it h the current source waveform 
vert ical sca le factor WFMPAE YMUlT : ~ y 

multiplier> 

Responds Wi th Ihe current source waveform 
vertical l ero. WFMPAE YZERO: ~y zero> 

The 7020 responds WFMPAE YUN IT:V This 
Indicates that the curve data vertical scale factor 
Untt is volts 

The 7020 responds. WFMPRE BYT/ NR:' This 
m dll;ates t hat the curve data lor binary 
transmission IS one byte pel POint 

The 7020 responds WFMPRE BN FMT:lF ThiS 
IndiccHeS that the curve data IS sent In a left ­
just,l,ed binary fraction format 

The 7020 responds. WFMPRE BIT/ NR;8 ThiS 
IndicaUIS that each binary byte has eight blls 

WFM PAE7 C RVC H K ' The 7020 responds WFMPRE CAVCHK: 

WFMPRE l 

CHKSM O nlls IndlcaleS Ihal the lasl byte of the 
binary curve IS a checksum 

Responds wllh the cunent source waveform's 
preamble 

II ASCII 
WFMPRE WFID:<wtmid>,ENCDG:ASCIl . 
NA .PT : ~ p/w> ,PT .FMT:Y ,XINCR: <II incremenP , 
PT.OFF:< point # >.XZERO :O.XUNIT:S . 
YMUlT:<y m ultiplier>,YZERO:<y zero>, 
YUNIT:V 

If binary 
WFMPAE WFID: ~wtmid > , ENCDG: 

BINARY ,NR . PT: ~ p/w> .PT .FMT:Y. 
XINCR:< II incremenP.PT.OFF: 
<point #>.XZERO:O. XUNIT:<II unip. 
YMUlT:<y multipler>.YZERO:<y ze.o>. 
YUNIT:V .BYT INA: 1 .BN . FMT:lF. 
Bn INA:8 ,CRVCHK:CHKSMO 

'Th • •• queri • • h.~e no c;o .... pondinll 7020 comme ... d. Qu • ...,. ••• ponH' • •• ig ... o,ed 
wh. n.v., r. """,ed to the 7020 in comm. nd furm .• nd no . .. ur men .1I1I i • • lInt. 
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Wa veform C urve 

where: 
<wlm t/> ::= 1 1 2 I 3 1 4 1 5 I 6 
<encdg> ::= ASCII I BINARY 
<p/ w > ::" 820 1 1024 

GPI B- 7D 20 

<II inClement> ::= <NR3~ " tlme/ d .... I polnts/ d,v 
<point If> ::= <NR 1 > 
<y multiplier> ::= <NR3> " vertical scale factor 
<y lero> ::= <NR3> "-(VZR *' vertIcal scale factor) 
<wfmid> ::= W <wlm # ~ I 1 W <wfm #>, 

where I mdicates interpolated data . 

1 , Curve Commands. These vansmu waveform pomt data to the 7020 The 
CURVE command takes two different forms: 

CURVE: <ASCII curve> 1 <binary curve> 

<ASCII curve> ::= <ASCII point>,<ASCU pomp . 
<binary curve> ::= %<binary count> <blnary point>. 
<checksum > «checksum> is defined below.) 

Waveform memory ell.tends from -5.12 dIvisions 10 ~5 .08 d,v,s,ons When 
transmittmg an ASCII curve, data is sent In divisions. When transmitting a binary 
curve, data IS sent as poInt numbers with ocxx:xxxJOz , 100000002 . \ 11111112 
corresponding to - 5 .12 divisions. 0 divisions (center screen), and +5 .08 diVIsions. 
respectively. A Short curve IS filled out WIth a reiteratIon of the last po,nt Note that 
an ASCII curve must have at least two points. II only one point is sent, a syntax error 
code will be generated. 

2. Curve Queries. These Queries transmit waveform data from the 7020 to the 
GPl8 controller. Tile DATA command speCIfIes whether ASCII or bmary format 
IS 10 be used. 

CUR VE ? Responds wi th the current source waveform·s curve: 

if ASCII: 
CURVE <ASCII point>, <ASCIl point> ... 

If binary: 
CURve %<binary counp<binary poinP ... <checksum > 

where: 
<ASCII point> ::'" <NR3> 
<binary count> ::= two bytes representIng number of 
data points tl (checksum) 
<binary pO,nt> ::= 8 ·bit byte (00 1 0 1 1 ... 1 FE I FF) 
<checksum> ::= two's complement of the modulo 256 sum of 
the preceding binary data bytes and the bInary count, but not 
the .. % .. preceding the binary byte count. 
<wfmid> :c:= W <wfm If> I I W <wlm #>, (I indicates inter­
polated data .) 
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Wave form P reamble a nd Curve 

The complete waveform may be transmItted from t the 7020 uSlflg the query 
"WAVFRM?" . For convenience. the response includes both preamble and curve. 

WAVFRMi' Responds wIth 
<preamble><curve> 
<preamble> ::= response 10 WFM PREl 
<curve> ::= response to CURV E? 

Wavef or m Data C ommands. To transmit waveforms from the 7020. hrst 
specify the waveform data source. This is done through the command: DATA 
MEMORY:<wfm #>" , which sets the memory source fow reception or transmission. 
The <wfm #> options are memory sources 1 through 6. The second command. 
" DATA ENCOG: <ASCII I BINARY>". chooses between the ASCII formal or the 
binary format . When receiv ing waveforms into the 7020. the same kinds of 
operations apply as when transmitt ing from the instrument. 

The thIrd command, " DATA INTERPOLATE: <ON I OFF" ', sets 820 to 1024,polnt 
interpolatIon mode for aU extended real-time waveforms transmitted from the 7020. 
An 820·point waveform format is used for the extended real ·time waveforms that 
are digitized when the 7020 TlME/ DIV is 200 ps/ di'V to 2 s/ div. For the most 
convenience with some packaged waveform processing programs. the 7020 will 
interpolate the waveform data Into a 1024·point d;Jla length if desired_ The 
algOrithm for the interpolation process, which maintains the value of the tr igger 
point without alteration, is as follows: 

where 

co 3/ 5 PO 215 Pl 
01 = 4/ 5 Pl 1/ 5 P2 
02 P2 
03 :. 1/ 5 P2 4 / 5 P3 
04 = 215 P3 + 3/ 5 P4 
05 3/ 5 P4 215 P5 
a6 4/ 5 P5 1/ 5 P£ 
Q7 P6 
08 = 1/ 5 P6 4 / 5 P7 
01022 = P818 
a1023 '" 1/ 5 P818 T 4 / 5 P8 19 

an = Value of point n of the 1024 ,pOln"l wavelorm 
Pm = Value of point m of the 820·point waveform 

n 0 to 1023 
m = Ot0819 

Note that a2 and a7 ollhe Interpolated waveform are notlabflcated. ThIS IS true lor 
every fifth point on the waveform. 
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SERVICE REQUESTS 

Service requests allow the 7020 to report operating status in detail to the controller, 
which encourages a synergistic relationship 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. 

SRQ 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 second reports on Execution Status, using status bytes such as No Status to 
Report and Operation Complete. The third class consists of User Requests, including 
RQS 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 7020 is used to 
subclassify SRQ responses at a level that is much more specific than that of the 
status byte. For example, event codes 108 through 162 (see Table 4-6) only deal 
with command errors, and each of the codes specifies a certain kind of command 
error. Event code 108, for example, states that a checksum error has occurred; 
event code 109 points out a byte-count error; and so forth. 

USING SRQ 

The SRQ function is device-initiated, in that the 7020 asserts SRQ when an event 
occurs that is included in the event code list, and the corresponding service request 
mask is enabled. (See the discussion on Service Request Masks on the following 
pages.) The controller responds to the SRQ by polling all devices on 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 7020 senses a condition that merits the operator's attention, a status 
byte is sent to the output interface and SRQ is asserted to alert the controller that 
its attention is required. At some time later, the controller interrogates each 
instrument on the GPIB by performing a serial poll. When it interrogates the 7020, 
this instrument responds with the current status byte. If the controller then follows 
with an event query, the 7020 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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Title 

(Device Dependent:) 
Fatal Error 

(System:) 
Power On 
Command Error 
User Request 
Execution Error 
Internal Error 
Execution Warning 
Internal Warning 
Operation Complete 
No Status To Report 

TABLE 4-4 
7020 Status Bytes 

Decimal 
Binary 

(not busy) (busy) 

1R1X0011 227 243 

010X 0001 65 81 
OR1X 0001 97 113 
010X 0011 67 83 
OR1X 0010 98 114 
OR1X 0011 99 115 
OR1X 0101 101 117 
OR1X0110 102 118 
OROX 0010 66 82 
OOOX 0000 0 16 

Priority 

1 

1 
2 
2 
2 
2 
2 
2 
2 
3 

R is asserted with the GPIB command: RQS:ON. If the 7020 is in the 
RQS:OFF mode and polled, the status byte is sent without 0107 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 column 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 
register. 

One exception to the above is the Fatal Error status byte, which acts as a system 
safeguard. If a Fatal Error occurs (which only happens if the 7020 fails), this status 
byte goes directly to the interface, and the 7020 will refuse to respond further to 
any bus commands, except serial poll. Thus, the fatal error status byte never has a 
corresponding event code, for none could be read. The reason for the shut down is 
to prevent transmission of erroneous bus commands that might adversely affect 
other instruments on the GPIB. 

Unlike status bytes, as many as 40 event codes are saved for later examination. 
Referring again to Figure 4-14, note that except for the "LIFO" (last-in, first-out) 
buffer, the structure of event-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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Figure 4-14. 7020 status reporting block diagram. 
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3857-311 

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

Following a serial poll of the 7D20, the controller will usually send an event query to 
the instrument. If such occurs, the current event code is placed on the bus, and the 
event code pending becomes the current event code. See Figure 4-16, which 
illustrates the path of events following a serial 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 relationship between the status byte and the 
corresponding event code will remain consistent. 

When ROS:OFF, status bytes are loaded without causing an SRO to occur with the 
exception of Fatal Error, which interrupts 7D20 operation regardless of its state. 
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INTO CURRENT 5.B. 

LOAD OLD CURRENT 5.B. 
INTO PENDING 5.B. 

LOAD NEW E.C. 
INTO CURRENT E.C. 

LOAD OLD CURRENT E.C. 
INTO PENDING E.C. 

PENDING E.C. 
LIFO BUFFER 

5.B.=5TATU5 BYTE 
E.C.=EVENT CODE 

3857-312A 

END EVENT 
HANDLER 

Figure 4-15. Event handler flow chart. 
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YES 

INTO 

LOAD NEW S.B. E.C. LIFO BUFFER 

INTO 
PENDING S.B. 

LOAD NEW S.B. 
INTO CURRENT S.B. 

LOAD NEW E.C. 
INTO 

LOAD NEW E.C. 
INTO CURRENT E.C. 

3857·3128· 

Figure 4-15 (cont). Event handler flow chart. 
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E.C. = EVENT CODE 
S.B. = STATUS BYTE 

Figure 4-16. Serial poll handler flow chart. 
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Eyent codes follow very nearly the same palh as when RQS:ON. eKcept Ihal the 
prloritl~mg ~ocess does not occur. That IS. as event codes occur. they are loaded 
into the UFO buffer and are dIscarded by overflow when the buffer IS full . 

Service Request Masks 

Upon occasion. the user may set up operations that cause serYlce requests to be 
generated regularly. to the point where Ihey interfere with efficient system 
functioning. The 7020 allows masking aU or part of Ihe service requeSt functions to 
prevent service request interference wilh legitImate programs or operat ions. Tabte 
4·5 hsts the commands Ihat enable and disable the service request functions. 

Commends 

RQS ON IOFF 

CER ON l oFF 

EXR ON IOFF 

INR ON I OFF 

EXW ON l o FF 

OPC ON IOFF 

USER ON IOFF 

PIO ON IOFF 

Querie. 

ROS> 

CER1 

EXR1 

INR ? 

EXW1 

OPC> 

USER ? 

TABLE 4 ·5 
Service Request Masks 

Description 

enables or disables all service request functIons eKcept power 
on and fatal error. 

enables or dIsables command·error service request . 

enables ~ dIsables execution-error service request . 

enables ~ dIsables Internal-error service request 

enables ~ disables eXe<:uhon-warnlng serYlce request. 

enables or dIsables operation-complete serYlce request. 

enables ~ dIsables front -panel generated RQS key service 
request. 

enables or dIsables probe-identify serYlce request. 

Oescription 

responds with .h, RaS service request stalus. RQS <onoff> 

responds wnh <h, e'R servIce request status: CER <onoff> 

responds WIth <h, ,XR service request status: EXR <onoff> 

responds WIth <h, INR service request status: INR <onotf> 

responds with Ihe EXW service request status: EXW<onotf> 

responds WIth the ope servIce request status: OPC <onotf> 

responds With the USER service request status: USER <onotf> 

TABLE CONTINUED 
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Queries 

PID7 

SRO? 

TABLE 4 ·5 (CONT) 
Service Request Masks 

Description 

res~onds with the PI O servIce request status. PtO <ono"> 

res~onds with all serl/lce requeSt settings. 

RQS <ono" > ;CER <ono"> ;EXR <ono"> ; INR <ono">; 
EXW<onoH> ; OPC ~onoff> ;USER <onoff> ;PIO <onoft> 

<onoll> ::"ON iOFF 

EVENT QUERIES 

FollOWing the reception of a status byte. the controller Should sen d an event query 
to speCIfy the el/ent more ~re.::lsely ThiS IS done by use of the query forms 

EVQT'O 
AllEVEfIIT7 

EVENT7 

II an SAO IS pendulg and an event query IS sent before a sellal poll , the 7020 WIll 
re tUln an SRO PENDING event code to remInd the oontroller that a serl/lce request 
IS asserted and that a serial poll should be Initiated 

The query "'EVOTY7 Interrogates the 7020 to hnd how many el/enl codes ale 
pending It should be noted that the 7020 stores even!s as each occurs, even If 
serVIce requests are disabled The query " EVQTY? should be the first 
interrogation. to deter mine the el/en! count The response IS 

EVOTY <NA1 " 

If events are pendmg, and 

EV QTY 0 

II none are pendmg 

The " AlLEVENn . query causes the 7020 to respond by reportIng all pendIng evenl 
codes as follows 

EVENT <NR1 >,< NR1 > ... 

or If no even! codes are pendIng 

EVENT 0 

All event codes are cleared from the buffer when Ihls query IS made FIgure 4 · 17 IS 
a I low chart of Ihe " AllEVENn "' sequence 
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E.C. = EVENT CODE 
S.B. = STATUS BYTE 

NO 

SEND POLLED 
E.C. 

SEND TOP E.C. 

GPIB-7D20 

FROM E.C. LIFO BUFFER 

END ALLEVNT 
HANDLER 

YES 

Figure 4-17. All-event query flow chart. 

3857-315 
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SEND "SRQ 
PENDING" 

E.C. 

E.C. = EVENT CODE 
S.B. = STATUS BYTE 

4-34 

END EVENT? 
HANDLER 

LOAD PENDING 
E.C. INTO 

CURRENT E.C. 

LOAD PENDING 
S.B. INTO 

CURRENT S.B. 

Figure 4-1B. Event query flow chart. 
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The query "EVENT? causes the 7020 to report a single event code. 

EVENT <NR1> 

or: 

EVENT 0 

if none are pending. Figure 4-18 is a flow chart of the event query (EVENT7) 
sequence. 

Event Classification 

Events that are reported by the 7020 fall into the following classes: 

Command Error: 

Execution Error: 

Internal Error: 

System Event: 

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

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

This error results from a malfunction or fault condition 
within the 7020 (self test error). 

This class includes all events that are not errors or 
warnings. 

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

Table 4-6 lists the event codes from the 7020, divided into the classes listed just 
above. 

Code &. Mask 

Command 
Errors (Mask:CER) 

108 
109 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 

Execution 
Errors (Mask:EXR) 

203 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 

Internal 
Errors (Mask:INR) 

331 
332 
393 
394 

TABLE 4-6 
Event Codes 

Description 

Checksum error in curve transfers 
Illegal byte count value on binary transfers 
Symbol or number too long 
Invalid input or control character input 
Invalid special character after escape 
Invalid number input 
Invalid string input 
Symbol not found 
Syntax error 
Invalid EOI 
Invalid delimiter 
Expression too complex 
Excessive binary curve points 
Excessive ASCII curve points 

I/O buffers full, output dumped 
Not in HOLD mode 
Illegal waveform number 
Illegal settings memory 
Illegal cursor number 
Settings recall error 
Display reference error 
Turning off cursor waveform display error 
Illegal data memory 
Roll mode, AVE, ENV, negative trigger position error 
Waveform preamble illegal NR.PT 

Self test failure module #1" 
Self test failure module #2" 
Self test failure module #63" 
Self test completed and failed 

"The selftest base value is 330. The module number of the failed circuit is added to the base 
value (e.g., module #41 would have an event code of 330 + 41 = 371). Possible event codes 
are 331 through 393. 
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Code & Mask 

System 
Events 

401 (Mask:NONEI 
403 (Mask:USERI 
450 (Mask:OPC) 
451 (Mask:USER) 
452 (Mask:USERI 
453 (Mask:USER) 
454 (Mask:USER) 
455 (Mask:USER) 
456 (Mask:USER) 
457 (Mask:PID) 
458 (Mask:PID) 
459 (Mask:NONE) 
460 (Mask:OPC) 

Execution 
Warning (Mask:EXW) 

550 
551 
552 
553 
554 
555 
556 
557 
558 
?59 
560 
561 
562 
563 

TABLE 4-6 (CONTI 
Event Codes 

Description 

7D20 Power On 
User Request (ROS key) 
Hold after AVEN, ENVN, or HOLD NEXT 
ROS 1 
ROS 2 
ROS 3 
ROS 4 
ROS 5 
BOS 6 
CH 1 probe identify 
CH 2 probe identify 
SRO pending 
Selftest operation complete, passed 

Volts/Div out of range 
Vertical position out of range 
Trigger level out of range 
Trigger position out of range 
Horizontal Time/Div out of range 
VXPD command out of range 
CSW position out of range 
Set N value out of range 
Cursor position out of range 
ASCII point out of range 
WFMPRE X increment out of range 
WFMPRE point offset out of range 
WFMPRE Y multiplier out of range 
WFMPRE Y zero out of range 

USER-REQUEST FUNCTIONS 

GPIB-7D20 

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 controller. 
Primitive or simple controllers may lack the means to allow the user to 
communicate changes in instructions, save by altering the software or firmware. 
Through the use of the front-panel keypad (MEMORY DISPLAY section) and the 
RQS # key, the user can communicate up to six different messages to the controller. 
Without using the ROS # key, two more user request functions are available 
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through use of the P6053B probe 10ENT bUllon. Thus, the probe can remotely 
initiate 7020 operations via the controller. In addition. the feature permits probe 
identif ication from the probe tip to verify that the proper probe has been connected 
to the device under lest. 

Use of the feature is as follows: 

1. The user presses the fUllCtion J key to shift the front-panel keys to the orange­
colored functions, then presses ROS U. The prompt field will respond by 
displaying "ROS", followed by a blinking "U" . 

2. The user should now press the appropriate key of the keypad, 1 through 6. This 
generates an SRO having a unique event code. The prompt field displays 
"ROS", followed by the selected number. In turn, the unique event code 
generated by this action may be used to initiate a preplanned activity on the 
part of the controller. Note that the user can also use only the ROS key, whiCh 
calls forth event code 403. If the GPIB mode is OFFLINE, ROS OFF, or USER 
OFF, the prompt field will display "ROS OFF' and no action will occur. 

3 . lithe Identify button on either probe is pressed, an SRO IS generated and event 
code 457 or 458 is produced, depending on the probe selected. If the GPtB 
mode is Of FLINE, ROS OFF, or PIO OFF, the prompt field will display "ROS 
OFF" and no act ion 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 ellample. It is possible to initiate any activity that is possible with the 
controller and accompanying system that can be encoded. For ellample, a menu 
could be created and transferred to the 7020 w ith 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 ellample follows: 

W FM PARAMETERS 

1 MAX 
2 MIN 
3 pop 

4 MEAN 
5 RMS 
6 PULSE PARAM M ENU 

PRESS I ' ROS 1# TO SELECT 

COMMAND LIST 

Along with the functional classes that come naturally Wi th an mstrument such as 
the 7020 (i.e., vertical, horizontal, display,. etc.), the 7020 command set divides into 
three classes: Menu-related, Front-panel related, and Bus-unique. A very few of the 
commands relate to more than one class, and are so noted in the following 
descriptions. 
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TABLE 47 
7020 C -o mmand Sal 

CHANNEl 1 GROUP 

•• MEMORY 
~" 

CH 1 
~~R IUU 

VOL TS/DIV @ , 

(0) 
[[J 

, 
Ie , • 

[l [l 
ro" 
[l 

AOR 

" "" ~ rg "' 
MODE 

!til 
till-I 

C .,,, INotP 

U rg 
CH 2 

Sf" 
[l 

3857-316 
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Command/ Query 

CH1 VO LTS: <volts/ div> 

CH11 VO LTS 

CH1 POSITION: <position> 

CH17 POSITION 

CH1 COUPLING : 
AC I GN O I DC 

CH17 COUPLING 

· e"ecution error werning 

4-40 

TABLE 4-7 {CONT) 
7020 Command Set 

DE,seription 

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 " <7.5E-3. 5 mV 
7.5E -3 '0 <15E-3 W mV 
15E·3 '0 <35E -3 20 mV 
35E -3 '0 <75E-3 50 mV 
75E ·3 '0 <150E-:3 100 mV 

150E-3 '0 <350E-3 200 mV 
350E -3 to <750E -3 500 mV 
750E·3 to <1.5 1 V 

1.5 to <3 .5 2 V 
3.5 to <7.5 5 V 

>7.5 511" 

Responds with the channel I volts/ div 
setting: 

CHI VOLTS: <volts/div> 

Sets the channell position to the valid 
setting neareSt <po~;ition>. 

<position> position {div) 

<-10.25 - 10.24· 
- 10.24 to +10.22 <position> 

>+10.23 +10.22" 

Responds with the channel 1 position 
seiling: 

CH1 POSITlON: <position> 

Sets the channell coupling to either AC, 
GND or DC. 

Responds with channel '·s coupling setting: 

CH1 COUIPUNG: <coupling> 

REV SEPT 82 



Command/ Query 

eH1 VARIABLE ; 
ON I OFF 

CHl1 VARIABLE 

CH1 PR OBE: <prbcode> 

CHl1 PROBE 

CHl1 

GPIB - 7D20 

TABLE 4·7 (CONTI 
7020 Command Set 

Desc;: ription 

Enables/ DIsables CH 1 varIable gam control 

Responds With the channell variable gam 
control status 

CHl YARIABlE:<onoH> 

Command IS Ignored by the 7020 

Responds wIth probe al1enuatton encodIng 
101 channell 

CHl PROBE :<p,bcode> 

Responds with all channel l selllngs 

CHl YOlTS ;<volll/ d iv>. 
PO SITION;<position> . 
COUPlING;<coupi ing> .YARIABlE ; ~ onoH> . 
PROBE:<prbcode> 

~ VOIIS/dlv > _~ <NRJ > 
<POSItIon> .:'" <NR2 > 
<coupling> . ~ AC I GND I DC 
<onoll> :: ON I OFF 
<ptbcode> : 1 I 10 1 100 
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CHANNEL 2 G ROUP 

-""sHOll 

CH 2 

~ 
IM1I 21)j1f 
~pi S lMV 

TABLE 4 7020 C .7 (C O NT) 
omm81ld Set 

""C ""C ""'II:J 

'", POSitiON 
Y,IJO 'Ail ll GA' ~ 

VOLTS/DtV @ 

(0) 
'" !l:!I 

" CO" 0< 

!l:!I [] [] 

PROGRAMMA OIGlTlrf~ 
~ n.J<l:ronix 

I 70201 ( 

Comm81ld/ Q ""Y Oescriptioll 

10 - 0; 
01" 

Ie 10 
ADD-' 
10 

CIt 1-2 E 
10 

• ~ .- ;;; .. , 
~ ...... 
'fll "" ssv 

3 6~7317 

CH2 VO LTS· . <volts/ dlv> Sets the ch allnel2 
seu '"g ne volts/ dlv to arest <vol ts / d,v>. the valid 

<volts/ div> volts/ div 
~ 

<3 .SE-3 S mY· 
3 .SE ·3 to <7 7 SE 3 .5E ·3 
I. . to <15£·3 

' mV 

5E ·3 to <35E ·3 
10 mV 
30 mV 

;5E .3 \0 <75E ·3 
SE-3 to <150E 3 

50 mV 

150E·3 to . 
100 mV 

350E .3 <350E ·3 
to <750E 

200 mV 

750E.3 ·3 
500 mV 

to <1 S 
1 .5 to <3·S 

1 V 

3.5 to <7 :5 
2 V 

' V 

'" , V· 

. 
&~eo=" lioll &«0' wernin g 
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Command/ Query 

CH21 VOLTS 

TABLE 4 ·7 ICONn 
7020 Command Set 

Description 

GPIB- 7020 

Responds with the channel 2 voltsJdlv 
seltlng 

CH2 VOlTS: <volts/div~ 

C H2 POSITION : <pOSition> Sets the channel 2 vertical pOSi tion to Ihe 
valid setting neareSt <pOSHlon~. 

<pos,tion> position Idlv) 

<-10.25 - 10.24-
- 10.24 to ~10.22 <pOSlllon~ 

>+10.23 "0.22-

CH21 POSITION Responds with the channel 2 position 
setting 

CH2 POStTION:<position> 

CH2 COUPLING: Sets the channel 2 coupling to ellher AC. 
AC I GND I DC GND or DC. 

CH27 COUPLING . Responds with channel 2 coupling sel\lng: 

CH2 CDUPUNG:<coupling> 

CH2 VARIABLE: Enables/Disables CH 2 variable gain comfol 
ON I OFF 

CH21 VA RIABLE Responds with the channel 2 varoable gain 
control status: 

CH2 VARIABlE:<of\Off> 

CH2 INVERT: Turns Irwersion 01 the channel 2 Signal 
ON I OFF ellher ON or OFF 

CH27 INVERT Responds with the channel 2 inverSion 
seltlng' 

CH2 INVERT:< onoH> 
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Command/ Query 

CH27 PR OBE 

CH27 
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TABLE 4-7 (CONT) 
7020 Command Set 

Description 

Responds with probe encoding for Channel 2: 

CH2 PROBE:<prbcode> 

Responds with all channel 2 senings: 

CHZ VOLTS: <voha/ div>, POSITION 
<po,ition>, 

COUPLlNG:<coupling>, VARIABLE: <onoH>, 
INVERT: <onoH> : PR OBE : <prbcode> 

<volts/ div> ::" <NR3> 
<position> ::: <NR2> 
<coupling> ::: AC I GND I DC 
<onoll> ::: ON I OFF 
<prbcode> ;:: 1 I 10 I 100 
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TABLE 4 -7 (C ONT) 
7020 Command Set 

TRIGGERING GROUP 

DISPLAY CURSOR WFM ...., , • "'. R "'W " D iCI rei ~ 
• • -" ..• ,,' ru iCI iClO iCI 

co .... . ... .., .. 
ru u ru 

CURSORS 

~ 40H 

¢l I e:- IU 

(]] '114;111 

¢l2<:.-U 

•• • " .. 
:..J !U 

Command/Query 

TRIGGER MODE : 
p oP I AUTO I NORMAL 

TRIGGER ? MODE 

TR IGGER HOlDNEXT: 
ON I OFF 

TRIGGER ? HOlDN EXT 

TRIGGERING 
M'~ COUPLING SOURCl 

·SlOf't. TRIGoO " "' MO~ 

bI • IbiI IbiI bI 
LEVEL "" IF R(J '" IbiI t!I III 

"'.M Hf RU "" IbiI !D t!I 
/IOlD fml DC LINE 

t!I IlJI IbJ 
-:. IRIG POS¢ [J(! -TO 

t!I til t!I 
TIMEIOIV 

."" 
U 

Description 

Sets tliggeT mode to either peak to peak. 
AUTO. or NOH MAL. 

Responds wIth the I"gge"ng mode setting: 

TRIGGER MODE;< mode> 

Turns HOLDNEXT eilher ON or OFF. Relains 
Ihe same trigger level as previously sel by 
poP. AUTO. or NORM. Reter 10 HOLDNEXT 
in Front Panel controls section tor more 
details. Upon entering HOLD, an operalion 
complete SRCl is generaled it OPC:ON. 

Responds with the hold next setting. 

TRIGGER HOLDNEXT:<onotf> 
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Command/ Query 

TRIGGER COUPLING: 
AC I AC LFREJ I 

TABLE 4 ·7 (CO NT) 
7020 Command Sat 

Descrip tion 

Sets trigger coupling 10 either AC. AC low-
frequency reject. AC high-frequency reject 

ACHFREJ I DCHFREJ I DC DC high-frequency rejecl . or DC. 

TRIG GER ? COUPLING Responds with the triggering coupl ing: 

TRIGGER COUPLlNG: <coupling> 

TRIGGER SOU RCE: Sets Iflgger source to eitller MODE. CH1 . 
MODE I CHI I CH2 I CH2 . LINE. EXT. or EXTllO. If MODE is 
LINE I EXT I EXT/ 10 selected. tflgger source IS CHl when acqUire 

mode is CH1 . ADO. or BOTH. and channel 
two when Acquire mode is channel two. 

TR IGGER ? SOURCE Responds w ith the triggering source: 

TRIGGER SOURCE:<.ourca> 

TRIGGER S LO PE : Sels trigger slope to either PLUS or 
PW S I MINUS or MINUS. 

TRIGGER ? S LO PE Responds with the triggering slope: 

TRI GG ER SLOPE:<.lope> 

TRIGGER l EVEL: <level> Sels tr igger level 10 tile valid sell ing nearest 
<level>, 

<level> trigger level 

<-6.425 - 6.4" 
-6.4 to +6 .35 <level> 

>+6.375 +6.35" 

In pop. +6.35 and -6.4 are scaled to correlate tile 
maximum and minimum values of the 
waveform. 

TRIGGER ? l EVEL Responds With the triggering level selling: 

TRIGGER LEVEL:<I8Vel> 
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TABLE 4-7 ICONT) 
7020 Commalld Set 

GPIB- 7 D20 

Description 

TRIGGER POSITION: " division> Sets position for displaying trigger point to 
the valid setting nearest <division>. 

<division> trigger pomt 

<-1500.5 div - 1500-
- 1500.5 to ~ 10.5 ~division> 

10.5 or greater div 10" 

Restriction: Maximum position i, 10'" 
graticule division; minimum is 1500 divisions 
to left of graticule line zero. In ROll or EXT 
digitizing modes, the minimum setting with 
ENV or AVE is O. 

TR IGGER ? POSITIO N Responds with the trigger display position 
setting: 

TRIGGER POSITION : ~ position> 

TR IGGER ? Responds with all triggering settings: 

TRIGGER MODE;<mode>.HOlDNEXT: 
<OIlOtf> , 

COU PlI NG: ~ cou piing> . SOU RC E; " source> . 
S lO PE : <slope> .lEV E l : <level> . 
POSITION : <position> 

<mode> ::" p op I AUTO I NORM 
<coupling> ::" AC I AClFREJ I ACHFREJ I 

DCHFAEJ I DC 
<source> ;:" MODE I CH I I CH2 I LI NE I 

EXT I EXT/ tO 
<slope> ::" PLUS I M INUS 
<level> ::= <NA3> 
<position> ::= <NR1> 
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TIME / OIV GROUP 

TA BLE 4 -7 (CONT) 
7020 Command Set 

I!J I!J 

[ru TtME/DtV 

'" " .. 
.;. :<:>0 I!J 

• .... ... . HORll 

I!J I!J I!J POSITION e • ... _." ~Ol( .. IOO ... 

I!J I!J I!J ... - n", w ,. - ... 
® ® ® ® \ 1MfUI' CAL-

"" 
Command/ Query Display 

~t'tTr1f11t"I •• 

@ 
3857·319 

HO RIZONTAL TIME : <llme/ d;v> Sets time/ div 10 Ihe valid selling nearest 
<I ime/ div>. 

·e~ecul!on error warning 

4 ·48 

<I ime/ div> 

<3SE -9 
3SE -9 10 <7SE-9 
7SE -9 10 <lSOE-B 

lSDE -9 10 <3SOE-B 
3SDE -9 to <7S0E-B 
7SOe -9 10 <1.SE-6 
1.Se-6 to <3 .SE-6 
3.SE-6 10 <7 .SE-6 
7.SE-6 to <1SE-6 
lSe ·6 to <3SE -6 
3SE -6 to <7Se -6 
7SE ·6 to <, SOE -Il 

l S0e-6 to <3S0E -6 
3S0e ·6 to <7S0E-6 
7S0E -6 10 <, .SE -3 
1.SE-3 to <3 .Se-3 
3 .Se -3 to <7 .SE -3 

time/ d!v 

50 nS· 
50 oS 

100 nS 
200 nS 
SOO nS 

1 "S 
2 "S 
S "S 

10 pS 
20 pS 
SO pS 

100 pS 
200 pS 
500 pS 

1 mS 
2 mS 
5 mS 



Command/ Query 

HORIZONTAl? TIME 

HORIZONTAL POSITION: 
ON I OFF 

HORIZONTAL? POSITION 

HORIZONTAL ClOCK: 

TABLE 4 -7 ICONTI 
7020 Command Set 

<tlme/ div' 

Description 

7SE-3 to <lSE-3 
lSE -3 to <3SE-3 
3SE-3 to <7SE -3 
75E -3 to <150E -3 

lS0E -3 to <350E -3 
350E -3 to <750E -3 
750E-3 ,. <1.5 

1.5 to <3.5 
3.5 to <7.5 
75 to <15 
15 to <35 

35 or greater 

GPIB- 7D20 

lime/ div 

10 mS 
20 mS 
50 mS 

100 mS 
200 mS 
500 mS , S 

2 S 
5 S 

' 0 S 
20 S 
20 S· 

Responds to the time/ div seiling: 

HORIZONTAL TlME:<time/ div> 

Turns enable for hOrl~ont81 posi tion knob ON 
or OFF Sets hOrizontal poSition to current 
knob setting or calibra ted selling. 

Responds with the hOf i~ontBI posi tion 
knob enable state· 

HORIZONTAL POSITION:<position> 

Selects internal clock mode with time/ div 
INTERNAL I EXTP I EXTN determined by <time/ dlv> liNT) or external 

clock mode with positive IEXTPI or negative 
IEXTN) edge sensitivity, respectively. 

HORIZONTAl? CLOCK Responds w ith hOrizontal Clock source. 

HORIZONTAL CLOCK:<hclock> 

HORIZONTAL? Responds w ith all the hor izontal selling 

HORIZONTAL T1ME:<time/ div>. 
POSITION: < position> ,CLOCK: <hclock> 
<t,me/ dlv> ::= <NR3> 
<poSition> ;:= ON I OFF 
<hclock> ::= INTERNAL ' EXTP I EXTN 

• eltKutlon • ..-or wamlng 
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DISPLAY GROUP 

--,-, 
VOLTS/OIV ® 

u8u 
~ 

.. , " C C 

Command/ Query 

DISPLAY 1 : 
ON I OFF 

DISPLAY? 1 

DISPLAY 2: 
ON I OFF 

DISPLAY? 2 

DISPLAY 3: 
ON 10FF 

DISPLAY? 3 

4 ·50 

TABLE 4 ·7 !CONT) 
7020 Command Set 

MEMORY DISPLAY CURSOR WFM -, , , ""8 
_. 

IbD til til C III , • • .... _ . 
C C til C· e 

'"" csw ~u -'" .. 
til til C C 

AQR CURSORS W MODE 
at 1-1 .. .. 4. G" 

ILl ILl 00< ILl -, -, 
l8S1·320 

Description 

Turns the waveform 1 display either 
ON or OFF. 

Responds with the display status of 
waveform 1: 

DISPLAY 1 :<onotf> 

Turns the waveform 2 display either 
ON or OFF. 

Responds with the display status of 
waveform 2: 

DISPLAY 2 :<onotf> 

Turns the waveform 3 display either 
ON or OFF. 

Responds with the display status 01 
waveform 3: 

DISPLAY 3: <onotf> 



Command/ Query 

DI SPLAY 4 : 
ON I OFF 

D ISPLAy? 4 

DISPLAY 5 : 
ON I OF F 

DI SPLAY? 5 

DI SPLAY 6 ; 
ON I OFF 

DISPLAY? 6 

DISPLAY CSW : <wfm #> 

DISPLAY? CSW 

DISPLAY VECTOR: 
ON I OFF 

DISPLAY? VE CTOR 

DI SPLAY REFERENCE: 
ON I OFF 

GPIB - 7D20 

TABLE 4 -7 (CaNT) 
7020 Command Set 

Description 

Turns the waveform 4 display either 
ON or OFF. 

Responds with the display status 01 
waveform 4: 

DISPLAY 4 :<onotf> 

Turns the waveform 5 display ei ther 
ON Of" OFF. 

Responds with the display status of 
waveform 5: 

DISPLAY 5:<onoff> 

Turns the waveform 6 display either 
ON or OFF. 

Responds with the display status of 
waveform 6: 

DISPLAY 6 :<onoff> 

Selects wavefo.rm <wfm II > as the cursor 
waveform. 

Responds with the cursor waveform number· 

DISPLAY CSW:<wfm # > 

Turns vector display either ON or OFF. 

Responds with the vector status: 

DISPLAY VECTOR: <onotf> 

Turns the cursor waveform reference display 
display ON or OFF. 

Restriction. Reference waveform can only be 
turned on if tht~ cursor waveform IS in HMAG ., VS modes; otherWise, '" SRO " generated. 
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Command/ Query 

DISPLAY ? REFERENCE 

DISPLAY RDOUT: 
ON 1 OFF 

DISPLAY ? RDOUT 

DISPLAY ? 

CO Pl' " <wfm ,> 
CO PI' 2 , <wfm ,> 
CO PI' 3 , <wlm ,> 
CO Pl' 4 , <wfm ,> 
CO Pl' 5, <wfm ,> 
CO Pl' ., <wfm ,> 
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7020 Command Set 

Descript ion 

Resporlds with the reference cursor wllvelorm 
status 

DISPLAY REFERENCE: ~onott> 

Turns d.splav telll hnes I , 2, 15, arld 16 
on or off OISP RDOUT may be selected 
by means of the Utlhlles menu 

Responds wi th readout dlsplaV status 

DISPLAY RDOUT:<onoH~ 

Responds wl\h the wavelorm display 
Information 

DISPLAY CSW: <csw~ , l :< ono ff> ,2 :<onoff>, 
3 :<onoH> , 4 :<onoH~ ,5 :<onoH> ,6 : <onoff>, 
VECTOR : <onoff> ,R EFER ENCE:<onotf>, 
RDOUT:<onotf> 

Copies wavelorm 1 10 waveform <w1m 1I ~ 

Caples waveform 2 \0 waveform <w1m #> 

Copies wilvelorm 3 10 wilveform <wfm 11 > 

Copies wavelOlm 4 \0 wilvelorm <wfm II > 

COpies w aveform 5 \0 waveform <w1m # > 

Cop.es waveform 6 10 wavefOfm <wfm II > 

<onoll> '" ON 1 OFf 
<w1m II> "'12 13 14 15 16 



TABLE 4 -7 (CO NTI 
7020 Command Set 

GPIB- 7D20 

CU RSOR WAVEFORM GROUP 

.. MEMORY DISPlAY CURSOR WFM ... """' , © , , • VXPD g vpup Ii -a ... "". DIV 
III III III D [j) III • 

I~ 
, • • V6& ~PON <> 

*1 
III III III D 

01" 
aw _. HMAG 0\1,.( " III III I !blI ~ 

W AQR CURSORS , "', pos~, 

" 
MODE 

III Itl [l CIt I-I 4", .0. 011 

III rcC>l~rc 
I I • 

38S7-32 1 

Command/ Query Description 

CSW VOLTS: <volts/ d,v> Th,s command is ignored by the 7020. 

CSW ? VOLTS Responds with the cursor wavelorm·s d'splay 
volts / d,v· 

CSW VOLTS:<vol1l/ div> 

CSW VXPD : <sett,ng) Verllcally expands or compresses the cursor 
wa"eform by selecllng the display \IOlts/div 
for the cursor waveform. 

<setting> display volts/ div 

<-2.5 2 steps lower than acquire<f 
- 25to <15 2 steps lower than acquired 
- ' .5 to <0.5 1 step lower than acquired 
- 0.510 <0.5 same volts/ d,,, as acquired 
0 .5 to <1.5 1 step higher than acquired 
I .S to <2.5 2 steps higher than acquired 

25 or greater 2 steps higher than acquired" 

"."!H;utlon ."0' w • .nm9 
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Command/Query 

CS>N? VxPO 

TABLE 4 -7 (CO NT) 
7020 Command Set 

OellCription 

Restriction: Waveform memory displays may 
be compressed or expanded no more than 
twice the acquired scale lactor (in a 1-2-5 
sequence) without incurring error. VXPD 
does not affect active waveforms except in 
HMAG, ., Y " X modes when ," 
REFerence wavelo.-m is displayed. In these 
cases, an SRG is generated. See Section 2, 
Cursor Waveform 'Keys, for more details. 

Responds with the c:ursor waveform'sdtsplayed 
volts/ div expansion factor : 

CSW VXPO :<.etting> 

CS>N POSITION : <posit ion> Sets cursor waveform's displayed Vertical 
position. 

<position> posit ion offset 

<-5.14 - 5.12-
- 5 .12105.08 <posit ion> 

+5. 10 or greater +5.08-

The poSit ion offset is added to the onginal 
acquired positon lIalue. Vertical expansion 
will also affect the actual displayed position. 
Position does 0.' affect active waveforms 
except in HMAG , or Y vs X modes when the 
REF waveform is displayed. See Section 2. 
Cursor Waveform Keys, for more details. 

CS>N? POSITION Responds with the cursOl'" waveform's display 
posit ion: 

CSW POSITION:<po.ition> 

CS>N HMAG: ON and OFF turns horizontal magnification on or 
ON I OFF I off, respectively. for the CSWwaveform.ALLON 
ALLON I AllOFF and ALLOFF affects all displayed waveforms. 

- •• ec:lltion error w.rning 
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Command/ Quary 

CSW1 HMAG 

CSW VS: <wfm II> I 

o 
CSW1 VS 

CSW1 

REV SEPT 82 

TABLE 4·7 (CONT) 
7D2C Command Set 

Description 

GPIB- 7D20 

Responds WIth the curSOl' waveform·s hmag 
settmg· 

csw HMAG:< hmag> 

An OFF response IndIcates tM cursor waveform 
IS not magni fIed. but other waveforms may be 

DIsplays Ihe cursOf waveform versus waveform 
<wfm If> 

Turns cursor waveform VS dIsplay OFF 

Responds with the cursor waveform·s versus 
status: 

csw VS:<versus> 

To mterrogate the VS status of waveforms other 
Ihan the cursor waveform, the cursor waveform 
must be reselHcted 

Responds WIth the dIsplay Informat ion for 
cursor waveform· 

CSW VOLTS:<voltl / div>.VXPD:<setting>, 
POSITION : <posit ion>, 

HMAG<hmag >. VS:<versus> 

<volts/ d,v> ::= <NR3> 
<seumg> ::= ·2 I ·1 10 11 12 
<posItIon> ::= <NR2> 
<hmag> ::" ON I OFF I ALLON I ALLOFf 
<versus> .:" <wfm II > I 0 
<wfmll)·:= 1 12 13 1 4 15 16 
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ACQUISITION GROUP 

AQR CURSORS 
MODE 
eM 1-1 .... ..,. 
II:J CQ 'QC .. " - 'lIS. 

til Il Q ' Q [I 
Aoo-l 

til S," AVE N 

eN 2-2 til [jJ 
[jJ 

• 
Commend/ Query 

AOR MOD E: 
CH1 I BOTH I 
ADD I CH2 

AOR7 MODE 

AOR HOLD: 
ON I OFF 

AOR7 HOLD 

4·56 

TABLE 4 ·7 (CO NT} 
7D20 Commend Set 

I 
C 

NOLO 

til 

'" , 
[jJ 

....... 
D 

TIMEIDIV -C 

WCI .. __ 

Description 

Sets acquire mode to either CH1. BOTH. 
ADD. or CH2. Reier to front·panel sect ion 
for more details on AOR mode. 

Responds with the acq uire mode sell ing: 

AQA MODE:<mode> 

Turns acquire hold either ON or OFF. 

Responds with the acquire hold status: 

AQA HOLD:<hold> 



Command/ Query 

AQR S ET; <n> 

AOR? SET 

AOR TYPE: 
NORMAL 

AVE 

AVEN 

ENV 

TABLE 4-7 ICONT) 
7020 Command Se1 

Oeacrip110n 

GPJB- 7D20 

Sets N to <n> . N is the number 01 
averages or envelOJ)es. 8$ appropriate. 

<n> N 

<6 8" 
6 1O ." 8 

" 1O .24 16 
24 1O <48 32 
48 1O <96 64 
96 to <192 "8 

192 to <384 256 
384 or greater 256-

responds with <n>; 

AQA SET:<n> 

Acquires waveformjs) normally Terminates 
HOLD condition. 

Averages waveformls) continuously . 
Terminates HOLD. Averages Wfm 1 or Wfm 
2 as determined by AQA Mode control. A 
GPIB AVE command received during AVE is 
Ignored. AVE terminates ENV, ENVN, SETN, 
and 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 SAO 
is generated when the 7020 enters HOLD.-

Envelopes waveform(s) continuously 
Terminates HOLD. Wfm 1 or Wfm 2. 85 

determined by AOR MODE. acquire envelope 
processed data. 

GPIB ENV commands received during 
execution are ignored. 

ENV terminates AVE. AVEN. SETN. ,nd 
ENVN -

-See Sec lion 2 for mo •• ;nlorm-'ion 
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Command/ Query 

ENVN 

AQR1 TYPE 

AQR1 
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TABLE 4 ·7 (CONT) 
7020 Command Set 

Oucription 

Envelopes wavelorm(s) N times. 

Upon completion of the ENVN operation. an 
operation complete SRO is generated when 
the 7020 enters HOLO.-

responds with tne acquire type status: 

AOR TYPE: <type> 

returns the current acquisitIon status: 

AOR MOOE;<mode>,TYPE:<type>, 
HOLD:<hold> ,SET;<n>. 

<mode> ::; CH1 I BOTH I ADD I CH2 
<hold> ::= ON I OFF 
<n> ::= 8 I 16 I 32 I 64 1128 I 256 
<type> ::= NORMAL I AVE IAVEN I ENV I ENVN 



CURSOR GROUP 

AOR CURSORS 
MODe 
CII ,-t ao. 4 0n 

I!J (ClJ ¢ I O[J 

"" !fIIDIP 4L16 '" 

tI III ¢2Q rEf 
"110-1 
[J SU. .... 

tlll-l III [f.J 
tl 

• • [I 

Command/ Query 

CURSOR MODE: 
INDEP 1 A LIGN 

CURSOR? MODE 

CURSOR DELTA: 
ON I OFF 

CURSOR? DELTA 

CURSOR 1: <poml #> 

p/ w :c 820. 

p/ w : 1024: 

·,,,~ulion , ... Or werning 

GP'B- 7D20 

TABLE 4 -7 (CO NTI 
7020 Command Set 

Il0l.0 1100 

W 
tI 

[jJ TIME/DIV 

, ... 
U 

MlfIU l l S1 

I!J 

Description 

Sets Cursor mode to INDEP or ALIGN. 

Responds with Ihe cursor mode: 

CURSOR MODE: (mode~ 

Turns cursor 2 either ON or OFF. 

Responds with Ihe curSQ( della mode. 

CURSOR DElTA:<onoff> 

Sets cursor 1 10 the valid posl l ion 
nearest <pomtll>. 

<point II" point , 
<--0.5 O· 

- 0 .5 to <819.5 <point " >819.5 819" 
<--0.5 O· 

-0.5 to <1023.5 <pomt R> 

~ 1023.5 1023" 
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Command/Query 

CURSOR ? , 

CURSOR 2, <point #> 

p/ w " 820: 

p/ w " 1024: 

CURSOR ? 2 

CUR SOR? 

COORD ? VC RD 

COORD ? HeRD 

a O:lJtO:lCUlion 0:1<1'0' Wllrning 
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TABLE 4-7 !CONT) 
7020 Command Set 

Description 

Responds with cursor l 's point # : 

CURSOR l: <point #> 

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

<point II> point • 
<--{I .S O· 

- 0 .5 to <819.5 <point II> 
~ 819,5 819· 

<--{I.5 O· 
0.' to <1023.5 <poim II> 

~ 1023 ,5 1023· 

Restriction: Cursor 2 may not be set to 
a position less than Cursor I . 

Responds with Cursor 2's status: 

CURSOR 2: <point #~ 

Responds with the cursor status: 

CURSOR MODE:<mode> ,DELTA:<onoH~ , l : 

<point #> ,2: <point #~ 

<mode> ::= INDEP I ALIGN 
<point II> ::= <NRI > 
<onofl> ::= ON I OFF 

Responds with the displayed verllcal 
cursor coordinate !6V value if cursor 
delta mode is on): 

COORD VCRD: <vert coord> 

Responds with the displayed horizontal 
cursor coordinate !ll.t value if cursor delta 
mode is on): 

COORD HCRD;<horz coord> 



Command/ Query 

COORD? 

TABLE 4·7 !CONT) 
7020 Command Set 

Description 

GPIB 7020 

Responds with the displayed cursor 
coordinates: 

COORD VCRD:<ver1 coord>.HCRD: 
<horz coord:> 

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

STORED SETTINGS GROUP 

Command/ Query 

STORE <set #> 

RECALL <set II> 

1957 _324 

Description 

Stores front panel settings in memory 
location <set II> . 

Recalls front panel settings from memory 
location <set #> 

<set II> ::= 1 I 2 I 3 I 4 I 5 I 6 
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DEVICE TRIGGER 

TABLE 4·7 (CONT) 
7020 Command Set 

NOTE 

Device Trigger is Bus,unlque; that is, no front ·panel equlvlllent el/ists 
in the 7D20. 

Command/ Query 

OT OFF I 
HOLD I HOLD NEXT 
AVE I AVEN I 
ENV I ENVN I 
NORMAL I 

on 
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Description 

Disables 7D20 response to GET. 

Executes delerred command on GET 
interlace message. Only one deferred 
command may be triggered from each 
GET. Clears previous pending deferred 
commands without executing them. 

Responds with deferred command to be 
executed on ne)[t GET interface 
message. 

DT <deferred command> 

<deferred command> ::= OFF I HOLD I 
HOLDNEXT I AVE I AVEN I ENV I ENVN I 
NORMAL 



INITIALIZATION GROUP 

TABLE 4-7 (CoNT) 
7020 Command Set 

NOTE 

GPIB- 7020 

The Initializ8tlon Group IS 8us-untque, 

Command/ Query 

INIT 

INIT PANEL 

INIT WAVFRM 

INIT GPIB 

REV SEPT 82 

Description 

full ini tial ization equivalent 10 an INIT 
PANEL. WAVEFORM. GPtS command. 

Initializes front panel selllngs as descnbed 
II'! front-panel section. 

Innializes waveform memories ' ·6 by 
seiling Ihe vertical data and vertical 
zero reference (VZR) values to lero and 
display attributes (VPUP, VPDN, VXPD. 
VCMP, HMAG, VS, and REF) to the 011 
condition. 

Initializes the status of the follOWing 
functions. which affect GPIB operallon; 

Sets' 

Clears, 

OT Off 
ROS ON 
C'R ON 
,XR Off 
INR ON 
SYS ON 
'XW ON 
OPC ON 
USER ON 
PID OFF 
DEBUG OFF 
LONGFORM ON 
RECORDING OFF 
DATA MEMORY;1 
DATA ENCODING:BINARY 
DATA INTERPOLATE;OFF 

Event Buffer 
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SElFTEST 

TABLE 4 ·7 {CONTI 
7020 Command Set 

3857 325 

Tile 7020 per forms a selitest routine tl1at tests 63 CirCUli modules. II a faul t 
condition is detected. an SRO 's generated witl1 an Internal Error status byte. An 
event query may be used to determine tile specific module at fault . Wilen tile 
selltest is complete. an SRO and an Operation Complete status byte are generated. 
Upon completion or exit from tile selitest routine. tile front panel settings are 
restored to Ille status prior to selttest and tile waveform memory is initialized. 

Command/ Query 

TEST START I 

CONTINUE 

EXIT 

TEST 
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Description 

Initiates selltest routine. 

Continues sel l test routlfle l1aving halted 
on fault condition 

Exits seillest routlfle that has halted on !aull 
condition. Will not terminate an executing 
selftest. 

Same as TEST START_ 
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CALIBRATION GROUP 

Command/Query 

CAL DISPLAY I 

DDAC 1 

POSOFF I 

POSGA IN I 

RAMP 

OFF 

CAll 

RAMP? 

REV SEPT 82 

GPIB 7020 

TABLE 4 -7 ICONT) 
7020 Command Set 

3857 - 326 

Description 

Turns Iront-panel display calibmtlon 
pauem on. 

Inltl8teS verllcal display DAC calibration 
routine 

Initiates vertical position offset calibration 
routine. 

Initiates ver tical position gain calibration 
routine_ 

Initiates last ramp calibration routine. 

Turns off selected calibration rOUlme. 

Responds with calibration selection status: 

CAL DISPLAY I DDAC I VERTICAL I 
POSOFF I POSGAIN I RAMP I OFF 

Responds wi th last ramp calibration routine 
oHset gain and count values: 

RAMP GAIN: <'gain :> ,COUNT:<count> 

<gam> ::= <NR2> 
<count> ::= <NR1 :> 
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TABLE 4 -7 (CONT) 
7020 Command Set 

SERVICE REQUEST GROUP 

NOTE 

These Commands and Queries are all bus-umque; thel is, no frOnl ­
panel equivalenls exist, 

Command/ Query Description 

RQS ON I OfF Enables/ disables all service request func:t ions 
except power-on. 

ROS1 Responds wuh the RQS service requeSt 
status; 

ROS <onoff> 

CE R ON I OFF Enables/ disables command-errOl' service 
request . 

CEA1 Responds with the CER service request 
staws: 

CER <onoff> 

EXR ON I OFF Enables/disables execution-error serViCe 
request . 

EXR1 Responds w ith the EXR service request 
status; 

EXR <onoH> 

INR ON I OFF Enables/disables internal-errOl' service 
request 

INR7 Responds with the INR service request 
staws; 

INR <onoH> 

EXW ON I OFF Enables/dlsabltls execution-warning service 
request . 

EXW7 Responds w ith the EXW serVice request 
status: 

EXW<onoH> 
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Command/ Query 

OPC ON I OFF 

ope ? 

USER ON I OFF 

USER? 

PIO ON I OFF 

PIO? 

SRO? 

TABLE 4 ·7 (CONTI 
7020 Command Set 

Description 

GPIB 7020 

Enables/ disables operation-complete servIce 
request . 

Responds with the o pe service request 
status: 

OPC<onoH> 

Enables/ disables front panel generated 
RQS Key service request. 

Responds with the USER service request 
status: 

USER <onoff> 

Enables/ disables probe-ID service request. 

Responds with the PIO service request 
status: 

PIO<onoH> 

Responds with all service request seUings: 

R OS <onoff> ;CER <onoH> ; EXR <onoH> ; 
IN R < onoff> ;E)(W<onoff> ;0 PC <onoff> ; 
USER <oooff>; PID<onoH> 

<ooof/> ::'" ON I OFF 
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TABLE 4 -7 (CONT) 
7020 Command Set 

WAVEFORM PREAMBLE GROUP 

NOTE 

The W/lveform PreIJmbie Group is Bus-unique. 

Command/ Query Oascription 

NOTE 

WFMPRE commends that are not used by the 7D20 will be accepted liS 
part of the waveform preamble or individuIIJ/y. but will be ignored. No 
errOl" or warning will be issued. This permits pre8mbfe outputs to be 
input without generating unnecessary service H.>quests 

WFMPRE WFID : Command is not used by 7020. Destination 
waveform is set with the DATA command. 

WFMPRE 7 WFID Aesponds with thE' current source wave· 
lorm's number and indicates il inter-
polation win be applied to curve 
dat8: 

WFMPRE WFID :<wfmid> 

WFMPAE EN COG : Command is not used by 7020. 08ta 
ASCI! I BINARY encoding is set wilh the DATA command. 

WFMPAE 7 ENCDG Aesponds with thE' current curve encoding: 

WFMPRIE ENCDG:<encdg> 

WFMPAE NR.PT : Sets number of points to input to 820 1 1024. 
820 I 1024 

WFMPRE 7 NR.PT Aesponds with the current source 
waveform's points / waveform: 

WFMPRE NR.PT:< p/ w > 

WFMPRE PT.FMT: Y Command is not used by 7020. Point format 
is fixed as Y format. 

WFMPRE 7 PT.FMT Aesponds with a point format of Y: 

WFMPRE PT.FMT:Y 
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TABLE 4 -7 ICONTj 
7020 Command Set 

Command/ Query Description 

WFMPRE XINCR : <x incremeru> Sets time between points to 
<x incremenp , 

<x mcremenp ::" time/ div / 80 pomts/ 
division lor 820 point waveforms 

<x increment> ::'" time/ div / 100 pomts/ 
diVISion for 1024 pomt waveforms 

WFMPRE1 XINCA Responds with (he lime between pomts 01 
the current source waveform: 

WFMPRE XINCA :<x increment> 

WFMPAE Pl,O H : <point It> Selects the waveform point at which the 
cursor reads time zero. Range is - 150,000 
.spomt It .s 1023, where point 0 is the left-
most displayed point on the waveform. An 
execution erref warning IS given if an OUI 01 
range condition occurs. 

WFMPAE7 Pl.O H Responds wllh the trigger point " . 

WFMPAE PT.OFF:<poinl II > 

WFM PRE XZERO: 0 Command IS not used by 7020. XZERO IS 
fixed as O. 

WFM PRE7 XZERO RespondS with an XZERO of 0 : 

WFMPAE XZERO:O 

WFMPAE XU NIT : S Sets displayed horizontal scale factor unit for 
waveforms ,"pul from the curve command, 

WFMPR E7 XUNIT: <xunlt> Responds with XUNIT, 

WFMPRE XUNIT: <xunip 

WFMPRE YMULT: <y multipl ier> Sels verllcal scale (voIIS/ dlv) to <y multiplier> . 

WFMPRE 7 YMUlT Responds With the current source waveforms 
verllcal scale factor; 

WFMPAE YMULT:< y multiplier> 
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Command/ Query 

TABLE 4-7 (CONT) 
7020 Command S8t 

Description 

WFMPRE Y ZERO : <y zero> Sets V zero to <'y ~ero>. 

<. y z8ro> ::" -(volts/div" VZR (vertIcal 
zero reference)) 

Where VZR is prior to vertical eXpanSion, 
or positioning. 

WFMPRE .., YZERO Responds with the current SOurce 
waveform vertical ~ero: 

WFMPRE YZERO:<.y lero> 

WFMPAE YUNIT : V Sets displayed vertical scale factor unit for 
waveforms input h om the CURVE command. 

WFMPRE YU NIT; <.y unit> Responds with VUNIT, 

WFMPRE YUNIT : <'y unit> 

WFMPRE B YT/ NR : 1 Command IS not used by 7020. Binary 
data fie ld width .s fixed as one byte. 

WFMPRE "1 B YT I NA Responds with a f ield width of 1 byte: 

WFMPRE BYT/ NR:1 

WFMPRE BN.FMT : LF Command IS not used by "1020 Binary 
number format is fixed as b inary-
fraCllon. 

WF MPRE "1 BN.FMT Responds with a number formal of binary 
fraclion· 

WFMPRE BN .FMT:lF 

WF MPRE BIT/ NA : 8 Command 'S not used by 7020. B.nary 
data preC'SlOn IS fixed as eight bits 

WFMPR E1 BIT/ NA Responds with a prec.sion of 8 binary 
bits· 

WFMPRE BfT I NR:8 
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Command / Query 

WFM PRE1 CRVCHK 

WFMPRE1 

REV SEPT 82 

GPIB- 7020 

TABLE 4 ·7 (CO NT) 
7020 Command Set 

Description 

Responds with binary curve that 
includes a checksum: 

WFMPRE CAVCHK: CHKSMO 

Responds w ith the current source 
waveform'S preamble: 

II ASCII. 
WFMPRE WFIO :<wfmid>,ENCOG:ASCII, 
NR.PT:< p / w >,PT.FMT:Y,XINCR:<x incra­
ment>,PT.OFF: <point F/>,XZEAO:Q, 
XUNIT:<xunit>YMULT:<y multiplier>, 
YZERO :<y zero>, YUNIT:<y unit>, 

If binary: 
WFMPRE 
WFIO :<wfmid>,ENCOG:BINARY, 
NA.PT:<p/ w >,PT.FMT:Y,XINCR :<x incra· 
ment>.PT.OFF:<point R>,XZERO :Q,XUNIT: 
<.unit>YMULT:<y multiplier>, YZERO: 
<y zero>.Y UNIT:<y uniP , 
8Y11NR :1 ,BN .fMT:Lf, 
8111 NR:B,CRVCHK:CHKSMO, 

<wfm R> ::'" 1 I 2 I 3 I 4 I 5 I 6 
<encdg > ::= ASCII I BINARY 
<. increment> ::" <NR3> " time/ div / 
points / d iv 
<point F/> ::= <NR1 > 
<I( multiplier > ::= <NR3> " venical scale 
faClOf 
<y l ero> ;:" <NR3> " -(VlR • Yerlical 
scale faclor) 
<wfmid> ;:= W <wfm II> I I W <wfm F/ >, 
where I indiCaies interpolated dalll. 
<I( unit> ::= Capability to be set to eny 
one of the the 7020 single charaCler set, 
el(cept for I,), (;), or ESC lescape). 
<y unit> ::" Same as above. If I( un it or y unit 
is set to " &" , the 7020 wi ll interpret this as a 
blank unit or space. 
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WAVEFORM CURVE 

TABLE 4·7 (CO NT) 
7020 Command Set 

NOTE 

Waveform Curve is Bus·unique 

Command/Query 

CURVE <ASCII curve> 

<binary block curve> 

CURVE? 

4 -72 

Description 

loads destination waveform with 
<ASCII curve>. 

loads destination waveform with 
<binary block curve>. 

<ASCII curve> ::: <ASCII point>',< ASCIl point>I ... 

<binary block curve> ::'" %<binarycount> <binary 
point> . . . <checksum> 

Responds with the current source 
waveform's curve: 

If ASCII: 
CURVE <ASCII poinp.<ASCII point>I .. 

If binary: 
CURVE %<binary count><binary point> . 
<chacksum> 

<ASCII point> ::: <NR2> 
<binary count> ::" two bytes representing 
number of data points .. , 
<binary point> ::" 8-bit byte (00 I 01 I 
02 1 .. ·1 FE 1 FF) 
<checksum> ::" 2's complement of the 
modulo 256 sum of the preceding binary 
data bytes and the binary count but not 
the ' "'l(, '. preceding the binary byte count. 



TABLE 4-7 (CONT) 
7020 Command Set 

GPIB- 7D20 

WAVEFORM PREAMBLE AND CURVE 

NOTE 

Waveform Preamble and Curve is Bus-Unique 

Command/Query Oescript ion 

WAVFRM ? Responds with 

<preamble>~curve> 

<preamble> ;:= response to WFMPRE1 
<curve> ::= response to CURVE1 

DATA ENCOG ; Sets encoding for transmission 01 
ASCII I B IN ARY waveform data from 7020 as binary 

or ASCII 

DATA? ENCDG Responds with curve data encoding for 
waveforms transmitted from 1020' 

DATA ENCDG:<encdg> 

DATA INTERPOLATE: Sets B20 to 1024-pomt Interpolat ion mode 
ON I OFF for all Extended Real -time 

Waveforms tra nsmitted from 7020. 

DATA ? INTERPOLATE Responds with status 01 Interpolation 
mode: 

DATA fNTERPOLATE :<onotf> 

DATA MEMORY: <wfm If> Sets memory destinalion and source for 
all waveform data transmission to and 
from 7020. 

DATA] MEMORY Responds With source/ destination for 
waveform data transmisSion: 

DAT.A MEMOAY:<wfm #> 

DATA? Responds with data command status: 

DATA ENCDG :<encdg>;DATA 
INTERPOLATIE:ON I OFF 
DATA MEMORY:<w!m #> 

<encdg> ::= ASCII I BINARY 

<wfm IP ::= 1 1 2 1 3 1 4 1 5 1 6 

REV SEPT 82 4 -73 



GPIB- 7020 

READOUT/ TEXT 

TABLE 4 -7 !CONT) 
7020 Command Set 

NOTE 

Rfu,douf/ Text is Bus-Unique. 

Command/ Quary 

TEXT "text" 

TExn 

Da:5(:ription 

Displays lexl in cen·ter 12 lines 01 CRT. See 
discussion on TEXT command earlier in 
this seClion. 

Responds with the center 12 hnes 01 
display lext 

TEXT " <l ine 3><CFlH line 4> 
<CR><line 5><C R>. 
<line 12><CR><lino 13> 
<C R><line 14>< CR >" 

<line 3> ::= third line 01 display 
<line 4> ::" fourth line 01 display 

<line 13> .:'" Ihlrteemh line 01 display 
<line 14> : :'" fourtel~nth line 01 display 

NOTE 

A double quote (", wlthm a Ime must be sent 8S two double quotes ,.. 'OJ. 

Rooun 

4·74 

Responds with the four Imes of readout: 

RDOUT " <line l >< CR >< line 2> 
<CR><line 15><CR> 
<line 16><CR >" 

<CR>::; carriage ret urn 



PROGRAMMING AIDS 

TABLE 4-7 (CONT) 
7020 Command Set 

NOTE 

GPIB- 7D 20 

The following commands and queries are bus ·umque. 

Command/ Query 

107 

SET? 

HELP? 

OEBUG ON I OFF 

REV SEPT 82 

Description 

Responds with the 7020's 10: 

10 TEK/7D20.V81 .1.<rom>,<patch» 

<rom> ::'" 2 character ROM version 
<patch> ::'" 2 digit PATCH revision 

Responds with the front pane! settings: 

<ch 1> ;<ch2> ;<horz> ;<aqt>; <csw> ;<disp>; 
<trig>;<curs> 

<chl > . :=' response to CH1? 
<ch2> ::: response to CH2? 
<trig> ::" response to TRIG? 
<horp .:= response to HORIU 
<disp> ;:'" response to DISP? 
<csw> ::= response to CSW! 
<aqr> ::= response to AGR? 
<curs> ::=' response to CURS? 

Responds w ith a list of all valid 
command headers: 

CH1 , CH2, TRIGGER . HORIZONTAL, 
DISPLAY,COPY. CSW. AQR , CURSOR , 
STORE. RECALL,QT, INIT, TEST. CAL. 
RaS. CER, EXR , INR, EXW, OPC , 
USER, PID, SRO, WFMPRE. CURVE, 
DATA, WAVFRM, TEXT, DEBUG , 
RECORDING. LONGFORM 

Turns on debug option, Commands are 
displayed in the order of occurrence on the 
screen area normally used by te)(t 
commands and menus. A command or Query 
that follows an EOI will clear the te)(t area 
before it is displayed. If an error occurs. the 
erroneous item is displayed, fol lowed by the 
16·bit error code describing the type of 
error. Control characters are displayed 
as "@". Lower case characters ate d>splay-
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Commend/Query 

DEBUG ON I OFF (coni) 

DEBUG? 

lONG FORM ON OFF 

LONGFORM i' 

RECO RDING ON O FF 

RECORDING ? 

4 · 7 6 

TABLE 4 ·7 (CO NT) 
7020 Comm end Set 

Description 

ed as upper-case characters. An Eor is 
displayed as an exclamation mark (!). ASCtt 
waveform transmissions are displayed. 
binary wavelorm transmissions are not. 

Responds with the debug status: 

OEBUG <onoff> 

Affects results when querying response to 
either receive longlorm or shortlorm of 
Command or Query. 

Responds with the LONG FORM status: 

LONG FORM ON or La OF 

By using a controller and the RECORDING 
command. it is poss ible to get longer record 
lengths. The RECORDING mode works only 
from 100 mS/div to 20 S/ div. including EXT 
clock mode. In the other time/ div regions. 
RECORDING witt have no effect. RECORDING 
may be used with any acquire mode. and with 
the normal. AVE and ENV, acquire types. 
RECORDING allows the user to read out 
points using a CURVE? command. 1 k at a 
time. The waveforms appear to roll across the 
screen. just as in non -RECORDING mode, but 
every time 1024 new points have been 
acquired they a(e copied inlO a RAM buffer 
accessible via the CURVE? command. There is 
a separate buffer for each channel. The user 
knows it is time to do the next CURVE? 
command. when an OPC service request (66 
or 82) is produced by the 7020. If the user 
receives the service request before the 1024 
points have been read out Irom the CURVE? 
then an overrun condition has occurred, and 
either the controller needs to lake less time to 
read in the curve, or you should use a Slower 
time/ div. 

Responds with RECORDING status: 

RECORDING ON or RECORDING OFF 
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SAMPLE PROGRAMS 

INTRODUCTION 

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

SAMPLE PROGRAM LIST 

4050-Series Operating Programs 
1. Text Generation: 4050-Series to 7020. 
2. Transfer text to Controller. 
3. Transfer Waveform Data to Controller-ASCII format. 
4. Transfer Waveform Data to Controller-binary format. 
5. Transfer Waveform Data to 7020-ASCII format. 
6. Transfer Waveform Variables and Arrays to 7020. 
7. Query routine. 
8. Implement and store 7020 settings. 
9. Query functions. 

10. Print Poll statement. 

4050-Series Application Programs 
1. Event Capture. 
2. Store 7020 settings on Magtape. 
3. SRQ Decoding Routine. 

4041 Operating Programs 
1. ASCII String Array Waveform Transfer to controller. 
2. ASCII String Array Waveform Transfer to 7020. 
3. Binary Numeric Array Waveform Transfer to controller. 
4. Binary Numeric Array Waveform Transfer to 7020. 
5. Output 7020 Front-panel Settings-String Array. 
6. Input 7020 Front-panel Settings-String Array. 
7. Setting the 7020 to Remote. 
8. Setting the 7020 to Local. 
9. Text Transfer: 7020 to Tape. 

10. Text Transfer: Tape to 7020. 
11. Text Generation: controller to 7020. 

4041 Application Programs 
1. SRQ Handler 
2. Store and Recall Front-panel Settings. 
3. Event Capture. 
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4050-Series Operating Programs 

1. Text Generation: 4050-Series to 7020. This program displays text 
information on crt displays of 7020 signals. By means of this program, dates, 
sample numbers, operator names, etc., may be entered. The 4050 constructs an 
ASCII string that consists of individual lines of text that are to appear on the 
oscilloscope crt. The lines of text are sepa rated by a carriage return character. 

REMARKS: 

l~L:) REH * TRPlNSF£R TEXT FROIf 4~5L:J TO 7D20 CRT 
11~ REH * PI= 7D2~ GPIF DEUICE PlDVP,£SS 
12(:) REH * 
13~ REH * LIMIT IS 36 CH(.jRPlCT£RS PER LINE OF TEXT 
14~ REH * LIMIT OF PlPPROXIHPlT£LY lee CHPlRPlCTEP.S TOTPIL 
15~ REM * 
16B REM * BUILD TEXT IN STRING T$ 

PROGRAM: 

170 11-20 
180 ON SRQ THEN 500 
190 DI" T$(12*36) 
200 PRINT "INPUT TEXT AS IT IS TO BE DISPLAVED ON 7D20" 
210 PRINT "<SPACE><RETURN>FOR A BLANK LINE" 
220 PRINT "<RETURN> ONLV TO END INPUT" 
230 L=0 
240 T=0 
250 T$=CHR(34) 
260 Q$=T$ 
270 C$=CHR ( 13) 
280 FOR 1=1 TO 12 
29" PRINT "-->"; 
300 INPUT L$ 
310 IF LEN(L$)<1 THEN 460 
320 IF LEN(L$)+LEN(C$»3b THEN 390 
330 L=LEN(L$) 
340 T=T+L 
350 IFT>I00 THEN 410 
360 T$=T$"L$ 
370 T$=T$"C$ 
380 60 TO 450 
390 PRINT "TOO I1ANV CHARACTERS, RE-ENTER LINE" 
400 GO TO 290 
410 PRINT "TEXT EXCEEDS 100 CHARACTERS BV",T-I00 
420 PRINT "RE-ENTER LINE TO CONFOR" TO LI"ITS" 
430 T=T-L 
440 GO TO 290 
450 NEXT I 
460 S=0 
470 T$=T$"Q$ 
480 PRINT <lA. "TEXT", T$ 
490 END 
SBB POLL D,S;A 
510 RETURN 
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COMMENTS: 

17/21 SET 7D212i GPIB DEVICE ADDRESS 
18121 ENABLE SRQ HANDLER AT LINE 47li:i 
190 DIMENSION TEXT STRING T$ 

212li.::1-22J21 PRINT INSTRUCTION SET 
23121-2"10 INITIALIZE VARIABLES 
28.' LOOP COUNTER FOR TWELVE LINES OF TEXT 
290 PROMPT THE USER TO ENTER ONE LINE OF TEXT 
.301?1 I NF'UT ONE LINE OF TE X T 
3H' CHEef, FOR LAST LINE OF TEXT 
32121 CHECI< FOR LINE THAT EXCEEDS LEGAL LENGTH 
33/Z1-350 CHECK FOR TOTAL TEXT LENGTH LESS THAN 10121 CHAR 
360 ADD CLlRRENT LINE TO PREVIOUS TEXT IN TS 
37121 ADD CARRIAGE RETURN TO END OF LINE 
38i.!1 JUMP TO LINE 45121 
39121 PR I NT ERROR MESSAGE 
412HZI JUMP 10 LINE 29121 
410-420 PRINT ERROR MESSAGE 
44/21 JUMP TO LINE 29121 
45121 END OF LOOP 
46i!i CLEAR STATUS FLAG 
470 ADD QUOTATION MAR,: TO END OF TEXT STRING 
48.' PREPARE THE 7D2.' TO ACCEPT TEXT INFORMATION AND 

SEND THE TEXT STRING 
49121 STOP 
5121121 SERIAL POLL THE 7D2121: S=STATUS BYTE 
51/21 RETURN FROM SRQ HANDLING ROUTINE 

GPIB-7D20 
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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 
lines of readout are each assigned to an ASCII string for proper placement when 
printed on the controller graphics display. 

REMARKS: 

lee REM '* TRRHSF£R TEXT FROM 7D2~ DISPLRY TO 4a5~ 

jil} REM * 
12~ REM '* 7D29 RvnRESS ~ "R" 

PROGRAM: 

13" A=2" 
14" ON SRQ THEN 3"" 
14S W8YTEGl2". 
IS" DII1 T1;(2""> 
16" PAGE 
17" PRINT aA:"RDOUT?" 
18" INPUT aA:A.,s.,CS,DS 
19" PRINT A1; 
2"" PRINT 81; 
2"S FOR 1=1 TO 12 
21" PRINT GlA."TEXT?" 
22121 INPUT GlA.T1; 
230 PRINT T1; 
2S" DELETE T1; 
26" NEXT! 
27" PRINT C1; 
28" PRINT D1; 
29" END 
3"" POLL D,SIA 
31" RETURN 

COMMENTS: 

1.3':) SET 7D2~) GP I B DEV I CE ADDRESS 
14~i ENABLE SRO HANDLER AT LINE 2712) 
150 DIMENSION THE TEXT ARRAY 
1612) PAGE THE GRAPHICS DISPLAY 
17li:l REQUESl THE 7D20' S READOUT DATA 
18121 INPUl EACH LINE OF READOUT INTO A SEPARATE STRING 
19.' PRINT THE FIRST LINE OF READOUT 
200 PRun THE SECOND LINE OF READOUl 
212)5-26':) IhjPUT AND PRINl THE 12 LINES OF TEXT 
2712) PRINT THE lHIRD LINE OF READOUT 
28Ql PRINT THE FOURTH LINE OF READOUT 
::291.2) STOP 
:,e)j,~l SERIAL POLL THE 7D2y-l: S=STATUS BYTE 
310 RE1URN FROM SF:C! HANDLING ROUTINE 
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3. Transfer Waveform Data to Controller-ASCII format. Using the ASCII 
format, transferring data from the 7D20 to the controller is relatively simple. Once 
the string arrays are dimensioned, all that is left is to input the waveform preamble 
and curve information. 

REMARKS: 

ltH~ REM * TR/iNSFER /Ii/iV£FORH FROM HEH(IRY 1 T(I 4(lS(l /iSC II STRINGS 

l1a REM * A:7D28 VEVICE ADDRESS 
12(~ REM * 
13(~ REM * INPUT /Ii/HIEFORH PREAMBLE INTO ASCII STRING P$ 
14'-~ REM * INPUT /lifWEFORH CURVE INTO ASCII STRING /1/. 

PROGRAM: 

150 A=20 
160 ON SRG THEN 260 
170 DIM P$(200),W$(7000) 
IB0 5=0 
190 PRINT OlA:"DATA ENCDG: ASC" 
200 PRINT OlA: "DATA HEM: I" 
210 PRINT G)A: u WFt1PRE?" 
220 INPUT OlA:P$ 
230 PRINT G)A:"~VE?" 
240 INPUT OlA:W$ 
250 END 
260 POLL D,S;A 
270 RETURN 

COMMENTS: 

15121 SET 7D2121 GPIB DEVICE ADDRESS 
16121 ENABLE SRD HANDLER AT LINE 26J.!1 
17j£i DIMENSION ASCI I STRINGS P$ AND W$ 
18111 CLEAR SlATLlS FLAG 
19;21 TELL THE 7D2~j TO SEND ASCII ENCODED DATA 
2~IQI SELECl THE 7D2111 WAVEFORM r1EMORY TO BE READ 
210 REQUEST THE WAVEFORM PREAMBLE DATA 
220 INPUT AND STDRE THE PREAMBLE DATA IN STRING F'$ 
23121 REQUEST THE WAVEFORM CURVE INFORt'lATION 
24121 INPUT AND STORE THE CURVE UATA IN STRING W~ 
25121 STOP 
26,,) SERIAL POLL THE 1D21o::): S=STATUS BYTE 
27121 F:ETURN FRot1 SRC! HANDLING ROUTINE 
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4. Transfer Waveform Data to Controller-binary format. Although it is 
much more simple to transfer data in ASCII format, the binary format is much 
faster. The 4050-series controllers can ignore or strip off ASCII characters when 
reading data into variables and arrays. It may sometimes be necessary, however, to 
retain this ASCII-encoded data. In lines 330-340 of the program below, the portion 
of the curve data that consisted of 'CURVE WFM# %' was saved by specifying '%' as 
an alternate delimiter for the controller. A routine for checksum error detection is 
also included that is not automatically done by the controller. This routine comprises 
lines 380-410. 

REMARKS: 

10(~ REM '* TRANSFER UAVEFfJRH FROM HEM/JRY 1 TO ·,,"7j5(~ VARIABLES .& ARRAY 
118 REM * A= 7D28 GPIB DEVICE ADDRESS 
12('1j REM * 
138 REM * INPUT UAVEFORM PREAMBLE INTO VARIABLES:U.H~X.P.Z.'1 
14('1j REM * /II=/IIAVEFORM HUMBER .. . 
15'-~ REM '* H:POINTS//IIAVEFORM 
i6(Yj REM * ;,\=HOR.lZONTAL INCREMENT 
t7(~ REM * P=POINT OFFSET 
1 .. :;(" REM '* 
19(" REM * 

Z=VER.TICAL ZERO 
'/=VERTICAL MULTIPLIER 

28,-" REM * INPUT UAVEF{IRM CURVE INTO ARRAY: C 
218 REM '* 

PROGRAM: 
220 ON SRQ THEN 420 
230 A=20 
240 S=0 
260 PRINT O>A."DATA ENCDG. BIN" 
270 PRINT O>A."DATA MEMORY. I" 
289 PRINT ;vA:"WFt1P?" 
299 INPUT .A:W,N,X,P,Z,Y 
300 DIM C(Nl,I(9l 
310 PRINT O>A."CURVE?" 
329 WBYTE .vA+b4: 
330 RBYTE I 
349 RBYTE C, C0 
350 WBYTE 0>95. 
360 AI=SUH(Cl+I(9l+I(8l 
370 AI=AI-256lINT(AI/256l 
380 AI=256-AI 
390 IF ABS(C0l=AI THEN 410 • 
400 PRINT "CHECKSUM ERROR" 
41'" END 
429 POLL D,L;A 
430 RETURN 

COMMENTS: 

22121 ENABLE SRQ HANDLER AT LINE 4212! 
23121 SET 7D2Q) GP I B DEV I CE ADDRESS 
2412! CLEAR STATUS FLAG 
26121 REQUE~3T BINARY ENCDDED DAlA FRDM THE 7D2Q! 
27.Q! REQUEST WAVEFORM REGISTER 1 AS DATA SOURCE 
28121 REQUEST WAVEFORM PREAMBLE DfiTA 
29&1 INPUT AND SlORE PREAMBLE DATA IN VARIABLES 
3Q1Ql DIt1ENSION ARRAYS FOR CURVE DAlA 
.. Hic:i REQUEST WAVEFORM CURVE DAlA 
~.2j!1 ASSERT ATTENTIDN AT 7D2l2! ADDRESS 
33QI INPUT CURVE % AND BYlE COUNT 
34Ql INPU"T CURVE Di="'iTA AND CHECkSUM 
:.5j{i ASSERT UNTALI< AT 7D21Z1 ADDRESS 
36Q!-41ZIQI COMPUTE CHECLSUM AND CHECr:: FOR EF:ROR 
41lii SIDP 
4:2'~ SERIAL POLL THEN 7D2~j: S=STATUS BYlE 
43!.?1 RETURN Fr.:OM SRQ HANDL I NG ROUT I NE 
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5. Transfer Waveform Data to Controller-ASCII format. In this program, 
it is assumed that ASCII strings P$ and W$ already contain waveform preamble and 
curve data. 

REMARKS: 

ltJ(J REM*" T RnW3F £ R UHVE F1JRM tlND PRE HM8L £ F RuM ·H~5(~ f:J:3C 11 S T RINas 
118 REM ~ TO 7D28 HRVEFORH REGISTER 1 
120 REM * HRV£FORH PR£RHBL£ IS IN STRING p~ 
13'-~ REM *" CURVE DnTA 15 IN STRING #'1 
14t' REM ,II!- {:F ;~D,::,=J 6PIB DEVICE tJDDRESS 

PROGRAM: 

15'" A=2'" 
16'" ON SRGl THEN 21'" 
17'" PRINT 4lA,"DATA MEI'!,l" 
18'" PRINT 4lA'PS,WS 
2"'''' END 
21'" POLL D,S;A 
22'" RETURN 

COMMENTS: 

1512) SET 7D211:1 GPIB DEVICE ADDRESS 
16'" ENABLE SRQ HANDLER AT Ll NE 21,1 
17,1 SPECIFY DATA MEMORY 1 AS DESTINATION 
18" SEND THE PREAMBLE STR I NG P$ 
19,1 SEND THE CURVE STRING W$ 
2,,1121 STOP 
2H"i SERIAL POLL THE 7D20: S=STATU5 BYTE 
22,1 RETURN FROM SRQ HANDLING ROUTINE 
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6. Transfer Waveform Variables and Arrays to 7020. To transfer 
waveforms from the controller to the 7D20. the waveform preamble and curve 
information must be reconstructed to include the ASCII characters that were 
previously stripped away by the controller. 

REMARKS: 

19 REM * TRRNSFER ~RVEFORM RND PRERMBLE FROM 4~5@ (/RRIRBLES 
1(=J(=J REM * RNlJ RRRRY T(I 7 DZ,-:' HRVEFflRM REBI'3TER #1 
119 REM *' R= 7D2(=J GPIB DEVICE fWDRESS 
12(=J REM * 
13(:' REM * HRVEPRERMBLE CI)NSISTS OF THE FOLLOHING= 
14(:' REM * H=HRVEf(IRM NUMBER 
150 REM * N=POINTS/HRVEFORM 
16@ REM * X=HORIZONTRL INCREMENT 
179 REM * P=POINT OFFSET 
189 REM * Y=VERTICRL MULTIPLIER 
190 REM *' l=VERTICRL ZERO 
200 REM * HRVEFORM CURVE DRTR IS STORED IS RRRRY "cn 
218 REM * co CONTRINS CHECKSUM 
22t1 REM * 

PROGRAM: 

230 A=20 
240 ON SRQ THEN 430 
250 5=0 
260 REM • BUILD WAVEFORM PREAMBLE 
270 W$=STR(W) 
280 NS=STR(N) 
290 U=STR ( X) 
300 P$=STR(P) 
31«1 Y$=STR(Y) 
320 Z $=STR ( 1) 

330 REM • SEND WAVEFORM PREAMBLE 
34121 PRINT GlA:"WFt1PRE WFID:W";WS;",ENCDG:BINARV,NR.PT:II;NS; 
35121 PRINT GlA:"WFttF'RE PT.Ft1T:V,XINCR:";XS;",PT.OFF:";PS; 
36121 PRINT GlA:"WFt1PRE XZERO:I2t,Vt1ULT:";VS;",VZERO:";ZS;",BVT/NR:l"; 
37€J PRINT O>A."WFHPRE BN.FMT.LF,BIT/NR.8,CRVCHK.CHKSM0" 
380 REM • SEND CURVE INFORMATION 
390 WBYTE O>A+64. 
400 WBYTE O>A+32.I 
41€J WBYTE O>A+32.C,C0 
420 WBYTE 0>63,95. 
43121 POLL D,S;A 
440 RETURN 

COMMENTS: 

23~1 SET 7D2k:I GPIB DEVICE ADDRESS 
24121 ENABLE SRQ HANDLER AT LINE 43121 
251011 CLEAR Sl ATUS FLAG 
26j!!-320 CONVEHT VARIABLES TO STRING VARIABLES 
34i21-37/.!1 CONSTRUCT AND SEND WAVEFORM PREAt1BLE STRING 
39121 ASSERT ATTENTION AT 7D2121 ADDRESS 
4/.!1121 SEND CURVE ~I,. AND BYl E COUNT TO 7D21Z1 
41kl SEND CURVE AND CHECKSUt1 DATA TO 7D2v.l 
4212; SET 702121 TO UNTAL"'~. UNLISTEN STATE 
43Ql SERIAL PDLL THE 7D2121: S=STATUS BYTE 
44.' RETURN FROM SRQ HANDLING ROUTINE 
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7. Query Routine. In the query routine, the parameters to be checked are sent 
over the GPIB. followed by a question mark to indicate a query. The 7020 will then 
respond with information to satisfy the query. 

REMARKS: 

lLHl REM * THIS RI)UTIN£ RETURNS THE FR(INT PRNEL SETTINGS FROM 
11~ REM * THE 7D2e AND STORES THEM IN AN RSCII STRING. 
130 REM * SETTINGS RRE STuR£D IN S~ 

14iJ REM * R= ,D2e, GPIT] DEVICE RDDRESS 

PROGRAM: 

150 A=20 
160 ON SRQ THEN 210 
170 DIM S$(600) 
180 PRINT OlA,"SET?" 
190 INPUT <lA,S$ 
195 PRINT S$ 
200 END 
210 POLL D,S;A 
220 RETURN 

COMMENTS: 

15121 SET 702121 GF'IB DEVICE ADDRESS 
16i!i ENABLE SRQ HANDLER AT LINE 2Ull 
170 DIMENSION STRING S$ 
IS,. REOUE.ST FRONT PANEL SETTINGS 
190 INPUT AND STORE SETTINGS IN STR1NG Si> 
195 DISPLAY SETTINGS CONTROLLER 
'2121121 STOP 
21121 SERIAL POLL THE 7D2121: S=STATUS BYTE 
22Qi RETURN FROM SRQ HANDL.ING ROUTINE. 
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8. Implement and store 7020 settings. In this program, it is assumed that a 
group of settings have been stored in string S$, using the SET? query. When set 
over the GPIB, these settings are automatically implemented, then stored in one of 
the six 7020 memory locations. 

REMARKS: 

l~e REM * THIS PROGRRM STORES R STRING OF FRONT PRNEL SETTINGS 
lie REM * IN RNY ONE OF THE 7D29'S 6 FRONT PRNEL MEMORY LOCRTIONS 
138 REM * R= 7D28 GPZP DEVICE RDDRESS SETTINGS RRE STORED IN 
148 REM * STRING S$ 
15L':f REM * 

PROGRAM: 

155 A=20 
1 b0 ON SRQ THEN 230 
170 PRINT "IN WHICH I'1E/'tORY LOCATION DO YOU WANT TO" 
180 PRINT "STORE THE SETTINGS(I-b)?" 
190 INPUT L 
200 PRINT <lA:SS 
210 PRINT OlA:"STORE ",L 
220 END 
23S POLL D,S;A 
240 RETURN 

COMMENTS: 

15~ SET 7D20 GPIB DEVICE ADDRESS 
1612! EN(-IBLE SRU HANDLER A r LINE 2::·Qi 
17j{i-18~\ PROMPT FOR USER INPUT 
19/.11 INF'Ul NUMEtER OF 7D2J.11 SETTINGS REGISTER 

2Ql!21 SEND FRONT t:'ANEL SETTINGS STORED IN STRING Sf, 
21121 SlORE THE SE1TINGS IN THE DESIGNATED REGISTER 
22121 5"1 OF' 
~3k'1 SERIAL POLL THE 7D2121: S=STATU5 BYTE 
24111 RETURN f"ROM SRO HANDLING ROUTINE 
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9. Query Functions. This program permits the user to query a number of 7D20 
functions, such as front-panel settings, cursor status, events, and acquire modes. A 
routine is included in the program that ensures that the query is legal. 

REMARKS: 

1'~'~ R£ /if * T HIS pp.OGRnH 1 S A BENE RRL PURPOSE aUf RY RIJU TINE 
lj(~ REM * IT DETERMINES THE STlHLlS Of VPlRllJUS P{:fRRH£Tt.RS Of 
12,1] REM *" THE 7D2'~ RHD PI-UNTS THE RESPONSE OF THE INSTRUHENT 
13j;1 REM * TO RNY (IN£ /JF R NUftlBER OF OLlER1 £S (IN THE 4(:'5(:' 
140 REM * GRRPHIC DISPLRY NH£N R NULL STRING IS INPUT. THE 
150 REH * fJROGRRH WILL TERHINRT£. 
16'~ REM * n~ ?D2H GPIB DEVICE RDDP.£$S 

PROGRAM: 

17flJ A=2flJ 
18flJ ON SRQ THEN 33flJ 
19f1J PRINT "WHICH OF THE FOLLOWING QUERIES WOULD YOU LIKE TO HAKE?" 
2flJflJ PRINT 
219 PRINT "CHl,CH2,TRIG,HORIZ,DISP,CSW,AQR,CURS,COORD,DT,SRQ,EVENT," 
220 PRINT .. ALLEV,ENQTV,ID,SET,HELP .... 
23flJ INPUT QS 
24flJ IF LEN (Q$) < 1 THEN 32flJ 
25flJ CS=CHR(b3) 
2b'" Q$=Q$t!.CS 
279 PRINT ~A:Q$ 
28'" INPUT OlA.RS 
29flJ PRINT RS 
3"'''' PRINT "NEXT QUERY" 
31flJ GO TO 23flJ 
32flJ END 
339 POLL D,S;A 
34'" IF 5<>98 THEN 37flJ 
35flJ PRINT "ILLEGAL COMMAND" 
3bflJ GO TO 3"'flJ 
37flJ RETURN 

COMMENTS: 

17121 SET 7D2J21 GP I B DEV I CE ADDRESS 
18121 ENABLE SRQ HANDLER AT LINE 33.10::1 
19121-221£) LIST AVAILABLE QUERIES ON GRAPHIC DISPLAY 
23121 INPUT DESIRED QUERY 
241£1 IF NO DUERY REQUESTED. GO TO END 
25121 LOAD STRING C$ WITH A QUESTION MARK 
26121 ADD STRING C$ TO STRING Q$ 
27J.!) SEND 1 HE QUERY ro THE 7D2t21 
28J.!1 I NPUT THE RESPONSE TO THE QUERY 
29QI PRINT THE RESPONSE CODE ON THE GRAPHICS DISPLAY 
3klv.1 PROMPT THE USER FOR THE NEXl QUERY 
31!21 DO IT AGAIN 
':,2121 STOP 
33fi1 SERIAL POLL THE 7D20: S=STATUS BY1E 
34J.!i CHECJ< FOR I LLEGAL QUERY COt-1MAND 
35121 PR I NT ERROR MESSAGE 
":::6121 LET THE USER EN TER A NEW QUERY 
::: 7v.i RETURN FROM SRQ HANDLER ROUT I NE 
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10. Print Poll Statement. The controller will read the status byte generated by 
the 7D20 on an SRO and print the appropriate phrase that describes the SRO. 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 polled generate an SRO, that 
SRO could prevent execution of the program until it is cleared by a poll statement. 

REMARKS: 

lLh:J REM * THiS PROGRAM IS A B{::fSIC SRO HANDLER IHW DECODER" 
l1tl REM * FOR THE 7D2'~ .. 
121.:1 REM * R= 7D20 6P18 DEVICE ADDRESS 
1:;,;1 REM * 

PROGRAM: 

140 A=20 
150 ON SRQ THEN 170 
160 END 
170 POLL D,S;A 
180 PRINT "SRQ ORIGINATED FROI'I ADDRESS",D 
190 IF S<>243 THEN 210 
200 PRINT "STATUS REPORT: FATAL ERROR" 
210 IF S=65 THEN 230 
220 IF S<>81 THEN 240 
230 PRINT "STATUS REPORT: POWER ON" 
240 IF 5(>83 THEN 260 
250 PRINT "STATUS REPORT: EXECUTION ERROR" 
260 IF S=99 THEN 280 
270 IF S<>115 THEN 290 
280 PRINT "STATUS REPORT: INTERNAL ERROR" 
290 IF S=101 THEN 310 
300 IF S<>117 THEN 320 
310 PRINT "STATUS REPORT: EXECUTION WARNING" 
320 IF S=102 THEN 340 
330 IF S<>118 THEN 350 
340 PRINT "STATUS REPORT: INTERNAL WARNING" 
350 IF S<>66 THEN 370 
360 PRINT "STATUS REPORT: OPERATION COI'IPLETE" 
370 IF S=0 THEN 390 
380 IF S<>16 THEN 390 
390 PRINT "STATUS REPORT: NO STATUS TO REPORT'" 
400 RETURN 

COMMENTS: 

14i21 SET 7D2!2! GPIB DEVICE ADDRESS 
150 ENABLE SRD HANDLER AT LINE 170 
16121 SlOP 
17~1 SERIAL POLL THE 7D2v.!: S= SlATUS BYTE 
18121 PRINT ADDRESS OF SRQ ORIGINPITOR 
19JZ! CHECK FOR FATAL ERROR STATUS FLAG 
21.11Ql PR 1 NT SRQ MESSAGE 
2HI-220 CHEC~, FOR POWER ON STATUS FLAG 
:23121 PRINT SRQ MESSAGE 
L4k! CHEU'~ FOR EXECUTION ERRUR SlA1US FLAG 
25121 PR I NT SRQ MESS~~GE 
'~6JZ!-27I2j CHECk FOR INTERNAL ERROR SlATUS FLAG 
28121 PRI NT SRD MESSAGE 
:'9~:1~31c:Ikl CHEC~_ FOR EXECU1 ION WARNING STATUS FLAG 
31121 PRINT SRQ MESSAGE 
-:'2Y-1--33i!i CHEn-, FOR INTERNAL WARNING STATUS FLAG 
:A!21 f'R I NT SRQ MESSAGE 
35121 CHEC~_ FOR OPERAT ION COMPLETE STATUS FLAG 
:::,6111 PRINT SRQ t1ESSAGE 
:.7\.-:)--381.11 CHECK fOR STAl US FLAG EQUAL 10 ZERO 
39121 PR I N r SRD t1ESSAGE 
4QIQl RE TURN FROM SRO HANDLER ROUT I NE 
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4050-Series Application Programs 

1. Event Capture. This program sets the 7020 for the capture of infrequent 
events. Each time a trigger is received by the 7020, the input waveform is digitized, 
transferred over the GPIB to the controller, and stored on the controller magnetic 
tape. After each occurrence, the controller increments to the next tape file, and 
resets the 7020 to a ready state to prepare for the next event. This program requires 
about 100K bytes of magnetic tape memory. 

REMARKS: 
Joe R£~ * THIS 7D20 APPLICATION PROGRAM IS DESIGNED TO ALLON 
1 U-" RE/( * THE 7D2t.7t TO OPERATE IN "BRBY::::'! TN I(OD£, 
120 REM * WHEN THE DEVICE RECEIVES R TRIGGER. THE DIGITIZED 
130 REI( * DATA IS STORED ON TAPE AND THE ORIGINAL SETUP 
140 REM * IS DUPLICATED IN ORDER TO CAPTURE THE NEXT EVENT. 
15t'" REM *" THIS PARTICULAR PROGRAM STORES UP 7(1 6 EVENTS ON TAPE 
160 REM *" R= 7D20 GPIB DEVICE ADDRESS 
170 REM *" 

PROGRAM: 
189 A=29 
199 S=9 
299 ON SRQ THEN 699 
219 PAGE 
215 REI1 FORI1AT THE 4959 TAPE 
229 PRINT "ENTER THE BEGINNING 4959 TAPE FILE NUI1BER" 
239 INPUT F 
249 Fl=F 
259 FIND F 
260 "ARK b,10£Hl10i 
279 FIND F 
275 REI1 DItlENSION THE STRINGS 
2890111 SS(1000) 
299 0111 PS(259) 
390 0111 WS(7900) 
395 REI1 WAIT FOR USER TO SETUP THE FRONT PANEL 
319 PRINT "WHEN FRONT PANEL SETUP IS COI1PLETE, PUSH RQS" 
320 IF S<>83 THEN 320 
330 PRINT GlA,"TRIG HOLDN,ON" 
335 REI1 BEGIN EXECUTION FOR UP TO SIX WAVEFORI1S 
340 FOR 1=1 TO 6 
350 PRINT GlA,"TRIG HOLDN,ON" 
355 REI1 WAIT FOR OPERATION COI1PLETE SRQ FROI1 7020 
360 IF S<>66 THEN 369 
365 REI1 TRANSFER WAVEFORI1 AND PREAI1BLE TO TAPE FILE 
370 FIND F 
380 PRINT GlA,"DATA tlEl1, 1" 
390 PRINT GlA,"DATA ENCDG, ASC" 
499 PRINT GlA:"WFMPRE?" 
410 INPUT GlA,PS 
429 PRINT GlA,"CURVE?" 
430 INPUT GlA,WS 
440 PRINT Gl33,PS,WS 
450 F=F+l 
469 PRINT "END OF CYCLE II", I 
479 S=0 
489 NEXT I 
485 REI1 SEND WAVEFORI1S BACK TO THE 7020 
499 PRINT "WHICH WAVEFORI1 DO YOU WISH TO VIEW(1-6)?" 
590 INPUT W 
510 F=Fl+W-l 
529 FIND F 
530 INPUT Gl33,PS,WS 
549 PRINT GlA,PS 
550 PRINT GlA,WS 
569 PRINT "DO YOU WISH TO SEE ANOTHER(Y OR N)?" 
570 INPUT QS 
589 IF ASC(QS)=89 OR ASC(QS)=121 THEN 490 
599 END 
699 POLL D,S:A 
610 RETURN 
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COMMENTS: 

160 SET 7D20 GPIB DEVICE ADDRESS 
200 ENABLE SRQ HANDLER AT LINE b00 
220-270 FORMAT THE MAG TAPE 
260-300 DIMENSION THE STRINGS 
310-330 WAIT FOR USER TO SET UP 7D20 
370-460 WAIT WAVEFORM ACQUIRE AND DO WAVEFORM 

TRANSFER TO 4050 TAPE FILE 
465-590 ROUTINE TO SND WAVEFORMS BACK TO 7D20 
b00-b10 SRQ HANDLING ROUTINE 
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2. Store 7020 settings on Magtape. This 7020 application program is 
designed to provide permanent storage for and easy user access to a variety of front 
panel settings. After the tape is formatted and the 7020 GPIB device address is 
loaded from the 4050 keyboard, all control is turned over to the 7020 itself. Settings 
are stored and recalled from the magnetic tape by using the numeric keys on the 
7020 front panel and by pushing probe identify buttons. This particular program 
stores up to 10 different 7020 setups. 

REMARKS: 

It.Hl REM 7D2'-~ LEarn Program ******* 
lU1J REM .". PROGRIHf TO LEARN AND STf)P,E FRONT P{jNEL SETTINGS 
12t."l REM * FROM THE 7D2'-~ ()N THE 4(l5(l HAG TAPE 
130 REM * 7D2'-~ ADDRESS IS "W' 

PROGRAM: 

140 A=20 
150 WBYTE 0120, 
160 PRINT O1A,"PID ON" 
170 ON SRO THEN 1200 
180 PRINT "This pr-ogr-a. obt.ains front. panel set.t.ings from t.he 7d20" 
1912' PRINT "using t.he set. query .. These set.t.ings are t.hen st.ored on" 
2"12' PRINT "t.he 412'512' mag t.ape .. Program cont.rol is assvr-t.ed via t.he" 
210i PRINT "7D20 ~RQS .,. but.t.on and t.he Pb053B probe ident.ify but.t.oo .. " 
22" PRINT "To begin,. ent.er- t.he number- of t.he 40i5e m,ag t.ape file" 
230 PRINT "on which you .... ould like t.o st.ore t.he first. 7D20i set.t.ings." 
2412' PRINT " __ >"; 
250 INPUT F 
260 S=F 
270 DELETE SS 
2B0 DIH SS(2000) 
290 DIH HS (1000) 
300 OS=CHR (34) 
310 HS=OS 
320 AS=CHR(13) 
330 BS="HENU,""AS 
340 CS="1. STORE SETTINGS""AS 
350 DS="2. RECALL SETTINSS""AS 
360 VS="3. HENU""AS 
370i E$="TO SELECT, PUSH F, RQS, NUMBER"LA$ 
380 FS=OS 
390 ZS="CURRENT SETTINS IS NUHBER-" 
400 FS=FS"ZS 
410 SS="TO STORE SETTING""AS 
420 HS="TO SEOUENCE THROUGH SETTINGS""AS 
430 IS="PUSH PROBE IDENTIFY BUTTQN""AS 
440 HS=HS"BS 
450 HS=HS"CS 
460 HS=HS"DS 
470 HS=HS"VS 
4B0 HS=HS"ES 
490 HS=HS"OS 
50'" NS=OS 
510 NS=NS"SS 
52121 N$=N$&I$ 
530 NS=NS"OS 
540 OS=OS 
550 OS=OS"HS 
560 OS=OS" IS 
570 OS=OS"OS 
580 REH, PRINT HENU ROUTINE 
590 PRINT O1A,"TEXT",HS 
600 S=0 

PROGRAM (CO NT) 
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PROGRAM (CONT) 

610 IF S<>83 THEN 610 
620 PRINT GlA:"EVENT?" 
630 INPUT GlA:P. 
640 IF VAL(P.)~451 THEN 670 
650 IF VAL(P.)=452 THEN 950 
6b0 GO TO 620 
670 REM. STORE SETTINGS ROUTINE 
belli!l FS=SEG(FS,1,27) 
690 PRINT "FORMATTING TAPE" 
700 FIND F 
710 HARK 10,211i!10i1 
720 PRINT G»A:"TEXT",NS 
730 PRINT "READY" 
740 FOR 1=1 TO 18 
750 PRINT ~A:"EVENT?" 
760 INPUT ~A:P. 
770 IF VAL(P.)<>459 THEN 790 
780 GOSUB 1200 
790 IF VAL(P.)=453 THEN 588 
800 IF VAL(P.)<>457 THEN 750 
810 PRINT ~A:"SET?" 
820 INPUT GlA:S. 
830 Z.=STR (I) 
840 F.=F."Z. 
850 F.=F."". 
860 PRINT GlA: "TEXT", F. 
870 FS=SEG(FS,1,27) 
880 P.= .... 
890 FIND F 
900 PRINT ~33:S. 
910 F=F+l 
920 NEXT I 
930 F=F-10 
940 GO TO 580 
950 REM • ROUTINE TO RECALL SETTINGS 
960 PRINT GlA:"TEXT",O. 
970 FIND G 
980 F=G 
990 FOR 1=1 TO 10 
1000 PRINT ~A:"EVENT?" 
1010 INPUT ~A:P. 
1020 IF VAL(P.)<>459 THEN 1040 
1030 GOSUB 1200 
1040 IF VAL(P.)=453 THEN 588 
1050 IF VAL(P.)<>457 THEN 1000 
1060 S=0 
1070 FIND F 
1080 INPUT ~33:S. 
UJ90 F=F+l 
1100 PRINT GlA:S. 
1110 FS=SEG(FS,1,27) 
1120 Z.=STR <I) 
1130 F.=F."Z. 
1140 F.=F."". 
1150 PRINT ~A: "TEXT",F. 
1160 P.= .... 
1170 NEXT I 
1180 F=F-10 
1190 END 
1200 POLL D,S;A 
1210 RETURN 

COMMENTS: 

140 SET 7D212j GPIB DEVICE ADDRESS 
15[.21 SEND A DEV I CE CLEAR TO THE 7D2J21 
1M) ENABLE PROBE IDENTIFY SRQ 
1711i ENABLE THE SRQ HANDLER AT LINE 45Jli 
180-26121 PRINT INSlRUCTIONS AND INPUT FILE NUMBER 
2Ni-57Qi DIMENSION AND DEFINE ASCI I STRINGS 
58I2i-66~ ROUTINE TO PRINT MENU ON 7D20 AND INPUT RESPONSE 
6~7I2i-'ll!21 ROUTINE TO STORE 7D2121 SETTINGS ON TAPE 
92!t1-116v.i ROUTINE TO RECALL 7D2121 SETTINGS FROM TAPE 
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3. SRQ Decoding Routine. This program is an expanded SRO decoding routine. 
On SRO, the 4050 will read the status byte generated by the 7020. The program 
then goes one step further and interrogates the 7020 as to the quantity and the 
nature of the events that produced the SAO. An event query is sent to the 7020 for 
each event code pending on the system. These event codes, when read by the 4050, 
are translated into phrases that describe the nature of the events. This ability is 
valuable when debugging 7020 programs. 

REMARKS: 

2'-~fH:J REM * THIS PRIJGR~H IS FOR ERRIJR HESSf:jG£ DlSPL~Y FROH THE 7D2(7 
:.!(lUl REH * ~ 8k::. .... lC SRfl H~HDLIHG ROUTINE IS EXPANDED T{J PRINT THE 
2Ll2e' REM * EVENT CODES ORIGINATING FROH THE 7D2'-l, 
2fJ3(7 REM * 
2fJ40 REM * 7D2e IS DEVICE #2~ 
2(75(:1 REM * 

PROGRAM: 

2060 ON SRQ THEN 20B1i1 
2070 END 
21218121 POLL D,5;2121 
2090 PRINT "SRQ ORIGINATED FROI1 ADDRESS",D 
2100 IF S<>243 THEN 2120 
2110 PRINT "STATUS REPORT. FATAl.. ERROR" 
2120 IF S~65 THEN 2140 
2130 IF S<>81 THEN 2150 
2140 PRINT "STATUS REPORT. POWER ON" 
2150 IF S<>83 THEN 2170 
2160 PRINT "STATUS REPORT. EXECUTION ERROR" 
2170 IF S~99 THEN 2190 
2180 IF S<>115 THEN 2200 
2190 PRINT "STATUS REPORT. INTERNAL ERROR" 
2200 IF S~101 THEN 2220 
221'" IF S<>117 THEN 2230 
2220 PRINT "STATUS REPORT. EXECUTION WARNING" 
2230 IF ~102 THEN 2250 
2240 IF S<>118 THEN 2260 
2250 PRINT "STATUS REPORT. INTERNAL WARNING" 
2260 IF 5<>66 THEN 2280 
2270 PRINT "STATUS REPORT. OPERATION CO/'IPLETE" 
228'" IF S~0 THEN 1453 
2290 IF S<>16 THEN 2310 
2300 PRINT "STATUS REPORT. NO STATUS TO REPORT" 
2310 PRINT 0l20."EVQTY?" 
232121 INPUT 4)20:N 
2330 DIM A(N) 
234Jt1J PRINT 4)20;"ALLEV?" 
235121 INPUT 4)20:A 
2360 FOR Q~l TO N 
2370 P~A(Q) 
2380 GOSUB 2410 
239121 NEXT Q 
2400 RETURN 
2410 P~S-50'" 
2420 IF P>0 THEN 2520 
2430 P~S-400 
2440 IF P>'" THEN 2540 
245121 P=5-3"" 
2460 IF P>0 THEN 2560 
2470 P~S-200 
2480 IF P>0 THEN 2580 
249121 P=5-11210 
2500 GOSUB 2600 

PROGRAM (CO NT) 
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PROGRAM (CO NT) 

2510 RETURN 
2520 GOSUB 3850 
2530 RETURN 
2540 GOSUB 3600 
255111 RETURN 
25b0 GOSUB 3390 
2570 RETURN 
2580 GOSUB 2990 
2590 RETURN 
2600 REM • C~D ERROR SUBROUTINE 
2610 IF P=8 THEN 2958 
2620 IF P=9 THEN 2970 
2630 P=P-50 
2640 IF P<ll THEN 2670 
2650 P=P-10 
2660 GO TO 2690 
2670 GOSUB P OF 2710,2730,2750,2770,2790,2810,2830,2850,2870,2890 
2680 RETURN 
2690 GOSUB P OF 2910,2930 
2700 RETURN 
2710 PRINT "SVMBOL OR NUtlBER TOO LONG" 
2720 RETURN 
2730 PRINT "INVALID OR CONTROL CHARACTER INPUT" 
2740 RETURN 
2750 PRINT "INVALID SPECIAL CHARACTER AFTER ESCAPE" 
2760 RETURN 
2770 PRINT "INVALID NUI'1BER INPUT" 
2780 RETURN 
2790 PRINT "INVALID STRING INPUT" 
2800 RETURN 
2810 PRINT "SVMBOL NOT FOUND" 
2820 RETURN 
2830 PRINT "SVNTAX ERROR" 
2840 RETURN 
2850 PRINT "INVALID EOI" 
2860 RETURN 
2870 PRINT "INVALID DELIMITER" 
2880 RETURN 
2890 PRINT "EXPRESSION TOO COI'IPLEX" 
2900 RETURN 
2910 PRINT "EXCESSIVE BlNARV CURVE POINTS" 
2920 RETURN 
2930 PRINT "EXCESSIVE ASCII CURVE POINTS" 
2940 RETURN 
2950 PRINT "CHECKSlJt1 ERROR" 
2960 RETURN 
2970 PRINT "BVTECOUNT ERROR" 
298111 RETURN 
2990 REM. EXECUTION ERRORS ROUTINE 
301110 IF P>4111 THEN 3030 
3010 GOSUB P OF 3070,3090,3110,3130,3150,3170 
302111 RETURN 
3030 P=P-49 
3040 GOSUB P OF 3190,3210,3230,3250,3270,3290,3310,3330,3350,3370 
3050 RETURN 
3060 REM. PRINT ROUTINE 
3070 PRINT "C~D NOT EXECUTABLE IN LOCAL" 
3080 RETURN 
3090 PRINT "SETTINGS LOST DUE TO RTL" 
3100 RETURN 
3110 PRINT "I/O BUFFERS FULL, OUTPUT DUMPED" 
3120 RETURN 
3130 PRINT "SETTINGS CONFLICTS" 
3140 RETURN 
3150 PRINT "ARGUt1ENT OUT OF RANGE" 
3160 RETURN 
3170 PRINT "GROUP EXECUTE TRIGGER IGNORED" 
3180 RETURN 
3190 PRINT "NOT IN HOLD ERROR" 
3200 RETURN 
3210 PRINT "ILLEGAL WAVEFORM ." 
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PROGRAM (CONT) 

3220 RETURN 
3230 PRINT "ILLEGAL SETTINGS MEI1ORY" 
3240 RETURN 
3250 PRINT "ILLEGAL CURSOR NUHBER" 
3260 RETURN 
3270 PRINT "SETTINGS RECALL ERROR" 
3280 RETURN 
3290 PRINT "DISPLAY REFERENCE ERROR" 
3300 RETURN 
3310 PRINT "TURNING OFF CSW WAVEFORH DISPLAY ERROR" 
3320 RETURN 
3330 PRINT "ILLEGAL DATA MEHORY NUHBER" 
3340 RETURN 
3350 PRINT "ROLL HODE,AVE,ENV,NEGATIVE TRIGGER POSITION ERROR" 
3360 RETURN 
3370 PRINT "WAVEFORH PREAHBLE ILLEGAL NR.PT." 
3380 RETURN 
3390 REHlINTERNAL ERRORS ROUTINE 
3400 IF P=1 THEN 3500 
3410 IF P=2 THEN 3520 
3420 IF P=31 THEN 3540 
3430 IF P=32 THEN 3560 
3440 IF P=95 THEN 3580 
3450 P=P-30 
3460 IF P=64 THEN 3580 
3470 PRINT "SELFTEST FAILURE I1ODULE",P 
3480 RETURN 
3490 REHl PRINT ROUTINE 
3500 PRINT "INTERRUPT FAULT" 
3510 RETURN 
3520 PRINT "SYSTEH ERROR" 
3530 RETURN 
3540 PRINT "SELFTEST FAILURE HODULE I" 
3550 RETURN 
3560 PRINT "SELFTEST FAILURE HODULE 2" 
3570 RETURN 
3580 PRINT "SELFTEST FAIL ERROR" 
3590 RETURN 
3600 
3610 
3620 
3630 
3640 
3650 
3660 
3670 
3680 
3690 
3700 

REHl SYSTEH EVENTS 
IF P=1 THEN 3700 
IF P=2 THEN 3720 
IF P=3 THEN 3740 
IF P=50 THEN 3760 
IF P-59 THEN 3830 
IF P=60 THEN 3810 
IF P)50 THEN 3780 
IF P=51 THEN 3780 
REHl PRINT ROUTINE 
PRINT "POWER ON" 

3710 RETURN 

ROUTINE 

3720 PRINT "OPERATION COHf'LETE" 
3730 RETURN 
3740 PRINT "USER REQUEST (RQS KEY)" 
3750 RETURN 
3760 PRINT "HOLD AFTER AVEN, ENVN, OR HOLD NEXT" 
3770 RETURN 
3780 P=P-50 
3790 PRINT "RQS",P 
3800 RETURN 
3810 PRINT "SELFTEST OPERATION COHPLETE" 
3820 RETURN 
3830 PRINT "SRQ PENDING" 
3840 RETURN 
3850 REHl EXECUTION WARNINGS 
3860 P=P-49 
3870 IF P(11 THEN 3900 

3890 GO TO 3920 
3900 GOSUB P OF 3950,3970,3990,4010,4030,4050,4070,4090,4110,4130 
3910 RETURN 
3920 GOSUB P OF 4150,4170,4190,4210 

PROGRAM (CONT) 
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PROGRAM (CO NT) 

3930 RETURN 
394~ REM. PRINT ROUTINE 
395~ PRINT "VOLTS/DIV OUT OF RANGE" 
39b~ RETURN 
397~ PRINT "VERTICAL POSITION OUT OF RANGE" 
398~ RETURN 
399~ PRINT "TRIGGER LEVEL OUT OF RANGE" 
4~~~ RETURN 
4~1~ PRINT "TRIGGER POSITION OUT OF RANGE" 
4~2~ RETURN 
4~3~ PRINT "HORIZONTAL TIME/DIV OUT OF RANGE" 
4~40 RETURN 
4~5~ PRINT "VXPD COt1t1AND OUT OF RANGE" 
4~b0 RETURN 
4~7~ PRINT "CSW POSITION OUT OF RANGE" 
4~80 RETURN 
4~9~ PRINT "SET N VALUE OUT OF RANGE" 
41~~ RETURN 
411~ PRINT "CURSOR POSITION OUT OF RANGE" 
4120 RETURN 
413~ PRINT "ASCI I POINT OUT OF RANGE" 
414~ RETURN 
415~ PRINT "WFMPRE XINCR OUT OF RANGE" 
41b~ RETURN 
417~ PRINT "WFMPRE PT.OFF OUT OF RANGE" 
418~ RETURN 
419~ PRINT "WFMPRE YMULT OUT OF RANGE" 
42~~ RETURN 
421~ PRINT "WFMPRE YZERO OUT OF RANGE" 
422~ RETURN 

COMMENTS: 

.:\1HJ~'1 SERH~L POLL THE "lD2Qj: S=STATUS BYTE 
2j(j'rj~j--Z::::J2h!) DETERMINE lHE NATURE OF THE SRQ 
231y)-235!l1 REOUE5T THE QUANTITY AND NATURE OF THE. EVENT CODES 
2:56\1)-259101) DC) A SOR-r TO DE TERt11 NE THE CA"l EGDRY OF T HE. EVEN T 
:"'6~112)-298kj PRINT COMMAND ERROR EVENT CODES 
~99y'1-:::',38kl PRINT EXECUT ION ERROR EVENT C.UDES 
.:,.:,4!i.j-3~J9~:j PRINT INTERNAL ERf~OR EVE.Nl CODES 
3bJ21v.)--':;,84v.) PRINT SYE1Et-1 EVE.NT CODES 
·38;::w·j--422~·) p~nNl EJ.ECUl ION WARNING EVENT CODES 
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4041 Operating Programs 

1. ASCII Waveform Transfer to controller. In this program, the selected 
7020 waveform memory contents are transferred in ASCII format to the 4041 
controller. 

1,-,,-, RE"I11 Progra11l to rEceivE waveform preamblE .• and Cu.rVE data froIII thE 
11~ 7D20. and pu.t thE data into variables. ThE wavefor. pre-a_bie IS 
12'-' .' st.ored in st.ring ·'NFPREj'. and t·he waveform dat.a valu.es 
13,-' .' st.ored in nu..eric array ·'HFDATA·· .. 
148 Intec;J1!r" wf."u.,dev,stb,addr,nr,te.p J Est·ablish integer variabll?s .. 
150 Re. 7D28 ADDRESS IS SET TO 10 
168 Dev=18.' Establish address for dl?v .. 
178 Op.o .1: "Vpib8(pri="&:str$(dev)&:",eolll=<e»: II .' open channel #1 for 
180 ! deviCE address .. 
190 I Set the End Of Hessage character to EOl only (works with either 
20e .' t.er11linat.or selection.> .. 
210 Rem DZ11Iension st.ring for wavefor1ll preamble st.orage._ and als:o 
220 to res:erve buffer space for the curve data. 
238 Di .. "f~re$ to 209 
248 On srq then call srqhdlr .' es:tablish linkage for SRQ handlzng. 
258 Enable srq .' Enable SRG handler. 
268 Proc8: .1 re-ent.rant. point. for selection of s:torage location. 
278 Input prompt IIEnter waveforlll location for transfer (1-6): ":wfllnum 
288 If wffDllu.-<1 or w1=..,ulII)6 then got.o proc8 .' see if dat.a is wlt·hin 
29(;1 .' all owabl e range" 
J,"~L~ P.e. Set up 7D2L~ t·o get. dat.a from DAt.a HElDory select.ed .. wit·h ASCII 
310 .' encodIng of the dat~. 
328 Input. .1 pro..pt "da lIIe:"&-str$(wf.,ulII)&-",enc:asc;wfmpre?":wflllpre$ 
330 P.em Naveform preamble loaded i"tO wf.pre~. 
34(;1 P.e.1/) Get. t.he nU1lJber of point.s t.rans1IJit·ted frOID t·he preamble. 
358 Te!llp=pos(wf!llpre$,"NR .. PT",I).' Find where NP'"PT IS in the prea11lble. 
368 Nr=v~lc(wflllpre$,te .. p).' El\t.ract. t.he number of points from wfDprel. 
378 Delete var wfdata .' make sure variable IS deleted prIor t.o 
380 .' dl.ens:ioning it. 
398 Di. wfdata(nr) .' Dimension ·-",FDATA·· t.o hold curve dat.a. 
488 Input. .1 dels ", II pro!llpt "curve?":wfdata .' Input curve dat·a 
410 separated with commas. 
438 Stop .' The variable "wf1lJpre'" holds t.he preamble .. and "wfdat.a" holds 
440 I the curve data at thIS time. 
450 End 
S88 Sub srqhdlr .' Serial poll handler sub-program. 
518 Poll stb,addr;dev .' Poll device DEV. 
528 Print "Status byte fro. device .";addr;u is u;st.b .' PrInt. StaTus 
53,"~ By te. 
548 Resu_ .' Ret.urn t·o 1/Iain program" 
55" End 
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2. ASCII Waveform Transfer to 7020. In this program, the selected 4041 
waveform data are transferred to the 7D20 in ASCII format. 

l€fL=t 
119 
12"" 
13/i1 
HfJ 
15/11 
1108 
179 
1$(" 
198 
208 
219 
22~ 

23/i1 
248 
25/11 
269 
27"" 
28(" 
298 
3~,-:f 

318 
328 
338 
34,-:f 
35/11 
3b8 
378 
408 
418 
428 
43,-:f 
448 
45/11 

4-98 

Fie. Progra. to send wavefor. prea.bl e~ and curve data to the 7D2(" 
.' fro. variables,. The wave for. prea:.ble is st.ored in string ··HFHPREf·· 
.' and the wave-for. data values are stored in nu.eric vBriable ··HFDR7R··,. 

Inteoer dev.wf.,u.,stb,addr,nr,t..-p .' Establ ish int.eger variables. 
Fie. 7D2€f RDDRESS IS SE 7 70 H" 

Dev-U' .' estaol ish address for device,. 
Open .11"OpibiJ(pri"'"&:str.(dev)&:",~=<8»I·· .' Open channel 'Ill for 
device address. Set the End Of Message character to EOI only 

.' (works I¥ith either ter.lnator selection.>. 
On srq then call srqhdlr .' Establish linkage for SRI] handler. 
Enable srq " Enable SRI.? handler. 

Re:e The HFHPRE' and HFDIHR .ust already be defined (fro. previous 
.' progra.'>. 

Proc8: .'Re-entrant point for select·ion of st.orage locat.ion. 
Input pro~t "Enter Mavefor. location for storage (1-6)a"awfanuM 
If wf.,u.(1 or MfMnu.>6 then goto proc8 .' Sef:" 2 f data is 1OJ2thin 

.' allo~able range. 
Re. Set up 7D2,-:f to accept data for DRta HE.ory selected .• with RSCII 
.' encod1ng of the data. 

Print .1:"da _:"htr.(wf.,u.)&:",enc:asc",Mf.pr'" .' Send preamble .. 
Relll Create illlage string for transfer of ~HFDRTR~ curve data. 

Te.p .... po.(MflRPr •• , .. ~.PT .. ,I) , Find where HR.PT 15 in the prea.t..le. 
Nr"=valc(Mf~r •• ,te.p) .' Extract the nUlllber of point.s to be sent. 
l.aoe.="fa,>c ,512 (fO, ~ , ~), u&:str$ (nr-513)&:" (fg, ~ , ~ ), fg" .' Creat·e the 

.' i.age string to put co •• as after ~ach nUlIIber sent. 
Print using iaage •• 1:"curve",Mfdata .' Send the curYf:" dat·a, 
Stop .' Curve has been restored to the 7DZe .. 
End 

Sub srqhdlr .' Ser2al poll handler sub-progra1lJ, 
Poll stb,addr;dev .' poll device DEV. 
Print "Status byte frOM device .";addr;" is ";stb .' Print StaTus 
8ytf::'" 
R.suMe ' Return t.o .a2n progra1ll, 
End 
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3. Binary Numeric Array Waveform Transfer to Controller. This routine is 
used to send the currently selected waveform from the 7020 to the controller. The 
waveform data is transferred in Binary format with the waveform preamble 
transferred in ASC". 

HlO Re. Progra. to receive a binary encodEd wavefor. fro1ll the 
118 ! 7D20. and put the data into a string. and nU1IIeric array. 
12'-~ .' The wavefor. prea1llble is st.ored in string .YilFIfPRE.'$·Y" and 
131:) I the wave for. nU1I1I:ric data L<:: stored in variable ··/IIFDRTIF. 
148 Integer wf .... u.,dev,st.b,.ddr,nr,t...-p .' Establish int.eger variables. 
15Ll Re. 7D:2,'" RDDRESS IS SE T TO bl 
Ib4if Dev-U' .' Establ ish address for dEvice. 
178 Open 81: lIgpib8(pri-"&Cst.r$(dev)&:",.a.=<8»:" .' Open channel 
180 ! #1 for device address. Set the End Of Ifessage to EOI only 
19L'" .' (Jolorks with either te-rlllinat·or selection.>. 
28£' Re1ll Di11lE'nsion strings to hold JoIilvefor1ll prea1llbl£ .• and to hold the-
210 curv~ data, 
22" Di .... f-.pre$ t.o 2"", curve$ t.o U,4" .' Prea.ttl e- hol ds no more t·han 
23L~ I 2L~0 charactes._ and longest. curve- data is 1024 + header._ checksu1ll._ 
24L~ I and byte-count, 
25" On srq then call srqhdlr .' Est.abl ish linkage for SRG handler, 
2bf1 Enable srq .' Enabl e- SRI...":i handl er, 
27" Proc": I Re-entrant. point for select.ion of _ctorage location, 
288 Input pro-.pt "Ent.er .... v.for ... locat.ion for transfer (1-6) :": ... f.nu .. 
29" If ... f..,u_<1 CJI""" Nf..,u.>6 t.hen got.o proc" .' Se-e- if data is wit·hin 
JOO .' allowable range, 
J lL~ Re. Set up the- 7D~"'0 to send data fro1ll the- DRta /fE..ory sel ec te-d .. 
320 .' with binary encod~n9~ sending waveform pre-a.ttle first." 
33" Input. .1 pra.pt "da _: "&:st.r$( ... f..,u.)Ic",enclbin; ... f-.p?":Nf-.pre$ 
34" Input .1 pra.pt. "curve?-Jcurve$ .' How ge-t the curve dat·a, 
35~ Re» HO)tl find out how many data points have- been sent, 
368 Te.p-pos(wf-.pre$,"NR .. PT",I).' Locate the- HR"PT heade-r in ilF/fPREf>, 
37" Nr=valc(Nflltpre$,t.-p).' This e-xtracts the nu.t'er fro. the- HR,PT 
380 link argu.ent, 
39" Telltp=pos(curv.$, "X", 1) .' Find whe-re the- binary data st.art.s, 
4"" Rep$(curve$,I,t..-p-l)="n .f Get rid of the heade-r prior to decodin9, 
41" Delete var Jrtfdat.a .' De-lete- variable t,efore- di1lle-nsioning it, 
4'2L~ Re. nimen$~on the- variatde to hold· the- nU1lle-ric data, 
43" Integer wfdat.a(nr) .' lnteger._ and di1lle-nsion at the same- time, 
440 Re-» Convert the binary data to nu.eric array, 
458' Get ... e. buffer curve$ using "8X";Jrtfdat.a .' Decode- the- binary data, 
468 Stop 
478 End 
5IIHI Sub srqhdlr .' Serial poll handle-r $ub-progra., 
51" Poll st.b,,.,ddr;dav .' Poll de-vice- nE.V, 
52" Print. "St.,.,t.us byte frCMa device ." •• ddr. If is .t;st.b .' Pr~nt. StaTus 
53L~ Byte, 
54" R •• u_ .' Re-turn t·o .ain progra»" 
558 End 
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4. Binary Numeric Array Waveform Transfer to 7020. This routine is used 
to send the currently-selected waveform from the 7020 to the controller. The 
waveform data is transferred in Binary format with the waveform preamble 
transferred in ASCII. 

lee Re. Progra. to send a binary encoded wave-for. to the ?DZe 
110 fro. the 4'-'41. The wave for. prea.t..le co.es fro. a st.ring 
12'-' .' '.lariat-Ie.: t.he curve data co.es fro. a nUJDerlC array. 
13£.' .' The variable "IMFIfPREf,·· contains t·he prea.bll?'~ and t.he array 
149 I 'IMFD~T~' contains the curve data. 
150 ReID 7DZO ~DDP.£SS IS SET TO 10. 
lbe Int.eger wf ... u.,dev,st.b,addr,nr,t...-p .' estat>lish integer variables. 
178 Dev=!8 .' Establ ish address for 7D2"'. 
188 Open el;"Qpib8Cpri="lcst.r.(dev)Ic",Ra.t""'<e»I" .' Open channel #1 
190 for device address. Set the End Of Ifessage to £01 only (works 
ZOO .' ~nth either ter.ioaf·or selection.>. 
210 Re. Variables .ust. alreddy be defined fro. previou$ progra. (or 
220 .' t.e recalled fro. tape data file.>. 
23fif On srq t.hen CAll srqhdlr .' Establ i-'::h I inkage for SRa handler" 
248 EnAbl. srq .' Enat.l e SRG handl er" 
258 Proc8, I re-ent.rant. point for select.ion of storage location~ 
268 Input. pra.pt. -Ent.er w~v.for. locAt.ion for t.rAnsfer (1-6):",wf.nug 
278 ]f wf.nu.<l or wf.nu.>6 t.hen got.o proc8 .' See if dat.a within 
28~ .' allowable range. 
:290 Re. Set. up the 7D2L" to receive data int.o the Df:Jta HE.ory selected .• 
3LU' lMith t.inary encoding" 
318 Print. .1: "da _: "lcst.rS (wf.nu.) 1c",enclbinn,.f-.pr.S Send prea.tde" 
328 Put._ buffer curveS using nfalCSX":"curv.",wfdat.A .' Create curve". 
33fif Print. .1:curveS .' Send t.he curve data. 
34//J Stop 
35f/J End 
4_ Sub srqhdlr .' Seridl poll handler $ut.-progra •• 
418 Poll st.b,addr;dev .' Poll device DEV. 
428 Print. "St.at.us byt.e frOM device .";addr;" is ";st.b .' Print. St.aTus 
43"" .' Byt.e ... 
448 ResulM! .' Return to main progra •• 
45f/J End 
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5. Input 7020 Front-panel Settings from String Array. This routine is used 
to transfer one set of front-panel settings from the controller to the 7D20. 

n,:f,,:, Re71 Prograa to send front-panel settlngs t.o the 7D'2""~ The 
11~ f settzngs co •• fro. the strzng ~FPSET'~. 

128 Int.egRr d.v,st.b,addr .' EstabI ish integer variables .. 
13~ Rea 7D2~ RDDRESS IS SET TO 1~_ 

14" Dev=U' ,f E$tabl ish address for device. 
ISS Open .1: "gpib"(pri=""st.r.(dRv)Ir",ea.=<"»:" ~ open channel *1 for 
16~ device address. Set End Of ~essage character to £01 only (works 
17~ with either ter.znator selectzon). 
lee On srq t.hen call srqhdlr .' Establlsh lznkage for SRI.) handling. 
19" Enable srq .' Enable SRI...? handler. 
:it""" Re71 The varzable ··FPSET$'· co.es fro a preV10l.1S progralfl. 
2UJ Print. el:fpset. • .' Send front.-panei settings to 7V'l"",, 
22" St.op -' Front.-panel now reset to orig~nal settings. 
238 End 
308 Sub srqhdlr -' SE"r~al poll handler su.b-progralll. 
31" Poll st.b,addr;dev ' gPoll devu;e DEV. 
32" Print. "St.at.us byt.e fro. device ."Jaddr;" is ";st.b .' Print StaTu.s 
33'-.:' Byte. 
34& Rasu_ -' Retu.rn to III~Hn progra ... 
350 End 
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6. Output 7020 Front-panel Settings to String Array. This routine is used 
to transfer one set of front-panel settings from the 7D20 to the controller. 

l1."J 
11/] 

12. 
13""' 
14. 
158 
16Ll 
170 
18L:f 
19. 
2N 
21. 
22. 
23. 
24. 
3N 
31. 
32. 
338 
34. 
358 
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Re. Progra. to receive front-panel settings fro II 7D20 .• and 
! put the settings in string ~FPS£T$'~ 
Integ~ dev,stb,addr .' £st.ablish integer variables, 

Re. 7D2~ ~DDR£SS IS SET TO 1~, 

Dev-I" .' Est.abI ish address for device. 
Open .11"gpib.(pri="htr.(d.v)&r",~<"»IH .' open channel _1 for 

" device address.. Set. End Of Hessage character to £01 only (/Jllorks 
.' /JIIit·h either t.er.inat·or select.ion), 
Re. Di.ension string ~FPS£T_~ to hold front-panel settings .. 

Di. fp .. t. to 6IIJII .' Setting infor.ation is less t·han 6,:J(1 characters, 
On srq then call .,..qhdlr .' Est.abl ish 1 inkage for SRCI. hand1 ing .. 
En.bl. srq .' Enable SRQ handler~ 
Input .1 pro.pt n&et?"lfp •• t • .' ~sk for settings .• and sf·ore f.he •• 
Stop .' Infor.af.ion nO/lll in ~FPS£T"··" 

End 
Sub .,..qhdlr .' Serial poll handler su.b-progra." 

Poll stb,addr;dev .' XPol1 device D£V" 
Print "Statu. byte fro. device .",.ddr," is ",.tb .' Print Sf.aTus 

.' Fyte" 
Resu_ .' Retu.rn to .ain progr •• " 
End 
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7. Setting the 7020 to Remote. This routine disables the 7020 front-panel 
keys. Thus, during remote operation. accidental changes to the front-panel settings 
are ignored. 

leo Re1D Routine to send the 7D:lfJ t.o R£HOT£-I,}HLY, 
110 Re. 7D10 ~DDR£SS IS le, 
128 Integ.,.. dey / £$tabl ish integer vari abl e, 
130 Dev=l11 
148 Wbyt. 11o, .. tnCS2+dev,unl) .' Send ,TLLO·· ~ IfLII-IL~ to put in re.otE'7 
15(" .' then unlisten device, The 7D2(" lIIill be in REHOT£-OHLY at. this 
16(' tiJDE, 
170 Re. End of routine - may be converted to il subroutine 7 or to a 
IBO .' sut,-prograJlJ as desired, 
1911 End 
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8. Setting the 7020 to Local. This routine returns the 7D20 to local control 
following its operation in "Remote Only". 

l~L:J 

111.> 
12~ 

1311 
14L:J 

15111 
160 
170 
ltH' 
19~ 

2e,~ 

21L~ 

220 

4-104 

Re-. Rou.tine to retu.rn the 7D2L~ to LOCIU I" This rou.tine us:es t.he 
.' addressed cO •• imd 'GTL~ to send the device to LOCRL, If REH is 
.' released .• all devices will retu.rn to local._ not just the .ddressed 
.' devices .5 when using ··G1L' #' 

Re. 7D2e, RDDRESS IS le, 
lnt.gllt"" dev .' Estaol ish integer var~ilt,je, 
Dev-!. 
Wbyt. gtl(d.v),atn(unl) .' Send the ··67L' co •• and._ then unlisten the 

! device, as the gtl function listen addresses the device's to be 
.' SEnt to local#' The 7D'ltJ will be In LOCRL at thi_c ti_£", 
Poe. End of routinE - may be convert·ed t·o a subroutine._ or to a 
.' sub-progra. as desired, 

End 
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9. Text Transfer: 7020 to Tape. Using this routine. the 7D20 sends all 
displayed readout information and text from the 7D20 to the controller for storage 
on the magnetic tape. 

1"" Re. Progra. t.o transfEr rEadout. in for»at·ion " ilnd any screen text. On 
11" .' the- 7D2" screen to the controller .. and have that infor.at~on 
12" .' stored on t.he int.Ernal .agne-t.ic t.ape" 
138 Int.eg .... dev,st.b,,addr .' Estilbl ish integer var:zables" 
14L':f p.£'. 7D2~ RDDRESS IS SET TO JI.,"t" 
15/iJ !lev-U, 
IbQ1 Opttn .1."9pibiJ(pri-"".t.r.(d.v)~",eo.-<iJ»I" .' OpEn channel *1 for 
170 ,'device address. 
188 Opttn .2."t..)(t.(ope-rep,siz- 5ee)"' .' OpEn channEl *2 for storage of 
190 ! readout and text infor.ation. 
2fHiJ On srq 'than cell srqhdlr .' Establ ish linkage for SRG handlEr" 
218 Enable srq .' Enable SRG handii!'r. 
220 Re. Di.ension string variable to hold all readout and text data. 
238 Di. rdout.. t.o 5ee 
248 Input. .1 pra.pt. "rdo?;t.eKt.?":rdout. • .' Rsk for. and reCE2VE rEadout .& 
25" t.ext. dat.a. 
2611 Print. .2Irdout.. I StorE the data on .agnetic tape filE .' TE.XT·-" 
278 Close all 
2B111 Stop 
29111 End 
4"" Sub srqhd1r .' SErial poll handler -"ub-progralfl, 
418 Poll st.b,addr;dev .' Poll dEvice DEV" 
428 Print. "St..t.us byt.e fro. device .";addr;" is ";st.b I Pr~nt St.aTu-" 
430 Byte" 
448 Resu.e .' REturn to 11Iain progra., 
45/iJ End 
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10. Text Transfer: Tape to 7020. Using this routine, the controller inputs the 
text information from the tape and sends it to the 7020. Only the text information is 
sent to the 7020; the readout information cannot be sent. 

U.H:f Re. Pro9ra. t.o t.ran$fer infor.ation (rorl .agne-t.ic t.ape- to t,he scre-e-n 
lIe ! of the- 7D2e. The data that is on tapE"~ contains both the rEadout~ 
1:.."'0 .' and text data. ~11 the infor.at.ion is _c:ent to t.he- 7D2L:f .• which will 
l3e ! only respond to the- text data. The rEadout data ~il1 be ignored. 
14" Int.eger dev,stb,.ddr ! Est,ablish int.e-geT vdriat.les. 
150 Re_ 7D28 RDDRESS IS SET TO le. 
l6IJ Dev-l" 
17" Open .1J .. OPib'Hpr-i-" .. st,... .. (d.v) .... ,eoM .. <,,»: ... ' Open channel '#1 for 
lSe ! devlce address. 
19" Open .21 "teMt" .' open channel #2 for retrelval of the 
2ee readout and tE¥t infor.atlon. 
2U' On sr-q then c.ll sr-qhdlr- .' Est.ab1 ish 1 inkage for SRO handler. 
22" Enable srq .' Enable SRQ handler. 
23L~ Re. Di1le-nsion st.ring variable- to hold all readout. and text. dat.a 
24~ .' on the .a9n~tic tape file. 
258 Di. rdout$ to see 
268 Input .2:rdout$ .' Rece-ive- readout. and text dat.a froTfl 11Iagne-t.lc tape. 
278 Print .1;rdout$&:chrS(13); .' Send t.he- data t.o t.he 7D2L:f. 
288 If not(RO~(2» then goto 268 
298 Close all 
31iiJe Stop' The t.f:nd. lnfor11lat.:zon IS no~ back on the scre-en of t.he 7D2L:f. 
318 End 
41iiJe Sub srqhdlr .' Seri al poll handl e-r $ub- program .. 
418 Poll stb,addr;dev .' Poll de-vice D£{I. 
428 Print "Status byte fra- device ."jaddrl" is ";stb .' Pr:znt StaTus 
"'3~ Byte. 
448 ResulM! ' Re-t.urn to !Odin progrdTfl. 
458 End 
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11. Text Generation: Controller to 7020. This program allows the user to 
input to the controller the desired message to send to the 7020. After the message 
is input to the controller, the entire mess!lge is sent to the 7020 and displayed on 
the crt. 

1"" Re-1fI Progralll t.o alloN gene-rat.ion of a te-xt· .e-ssage- for t.he- 7D2'-~ 
11" .' fro. t.he- controller progra.~ The- gene-ral ru,le- of t.hu.Jllt. (100 
12l?1 ! character ii.it> Nil1 be- u.sEd in this progra •• 
13iJ Inte9"- dev,st.b,addr,total,i .' £st·ablish int.eger variables .. 
14" Data ""'-"_ Ulan IN charact..,-s, re-ent.,- dat.a frOfD beginning." 
1 58 Read arrOf""'S 
16l?1 Re. 7D2l?1 ~DDP.ESS IS JO. 
17" o.v=l" .' Est·at,1 ish deviCE address .. 
188 Open .1:"9pib"(pri..,lIlr.tr.(dev)Ir",~<,,»," I OpEn channel ~1 

19(:' .' for device address .. 
2"" On srq then call srqhdlr .' Establ ish 1 inkage for SRI...~ handler .. 
21" Enable srq .' Enable SRa handler .. 
22l?1 Re. Dilllension string variable to hold characters for text display. 
23121 Di_ text. to 12121,char. to 36 .' TE.porary $toragE of 36 charactErs 
240 .' pEr line (7D20 .axi.u. limit) in $tring ~CHRR_~. 
258 Text.=- .. " .. .' PrE-definE ~TEXT*·· Nith a··"·', 
26~ REm Input up to 12 l~nEs of COdE. and lESS than l~e printablE 
27,:J I charact.ers. 
288 Procl2l: total""'121 .' Init.ial iZE charactEr count.Er. 
29121 For i=1 to 12 
3"" Input pra.pt "--)":char. 
31121 If len(char.)=121 then exit 1 to proc2 
32121 Total=total+len(char.) 
33121 If total(I121121 then 90to procl 
34121 Print error. 
35121 Exit 1 to procl2l 
36121 Procl: rep. (text., len(text.) +1,I2I)=char.&rchr.(13) .' Concat.Enat.e 
370 .' strings. and add <CR> as linE dElimiter. 
380 Next i 
39121 Proc2: .' Ex~t. point from for-nExt loop 
4121121 Text.=text.&r ...... •• I Rdd final·'''·' t.o t.ext. st.ring for transfer. 
4H:J REm HON SEnd t.he data to thE ·'D2(:J scrEEn. 
42121 Print .1: "text";text. 
43121 Stop.' End of prograIII .• J»EssagE dEl ivered. 
449 End 
5121121 Sub srqhdlr .' SEri al poll handl Er sub·- progra.w. 
51121 Poll stb,addr;dev .' Poll dEv~cE .VEV. 
52121 Print "Status byte fro ... device .";addr;" is ";stb I Print St.':lTu$ 
53tl Byte. 
54121 Resuae I Return to ma~n program. 
559 End 
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4041 Application Programs 

1. SRQ Handler. This routine decodes the 7020 status byte and displays the 
actual status message. This is useful in the program development stage of software 
writing. where the programmer is thus not constrained to look up the error code 
meaning. 

lee ReD Progra. to detect SRQ~ poll dEvice li5t~ and decode 7D2e status 
l1e byte. Display actudl status mEssa9E~ and thE binary equlvalent. 
12e ~STB~ is the dEV1CE~S reported status byte. and ~RDDR~ 16 the 
130 address of the deviCE sending this particular stb. 
14,." 
15i'" <" SRQ STATUS BYTE (:...:;'18) 

16f' 
17e DIO #~S -> 8 7 0 J 4 3 2 1 
180 STRTUS CODING: 
1ge SYSTEM --> a R £ B S S S S 
2{-,,1 
210 VEVICE --> 1 R V V V D D V 

25,." 

26'''' 

R RQS BIT~ £ ERROR BIT. B .: BUSY BIT 
SYSTEM STRTUS, D .: DEVICE STlHL!S 

270 Thi s prograVJ Day be treated .• as a ~hol e, as a sub- prograllJ ~l th all 
280 variables local to the sub-progra~. Rlternatively. ~t may be USEd 

290 I as a subroutine ~ithln the malnllne program. 
3121121 Inteoer stb~addr,pos1~pos2,errbjt,deybit,d.Y I Estatd ish integFrs. 
31121 Di. stbS(2) to 1SfiIJ .' DJ.l!UmS:lOn strings. 
32{:' ReD TD:;{:' ADDRESS ]S 1{:' 

33121 Dey=1121 
34121 Serpol: .' Here is where the program really starts. 
350 StbS I I) =" ; POWER DN; OPERATION COI1PLETE; USER RHIUEST; REQUEST CONTROL 
;PASSED CONTROL; I. 
3b0 StbS(2)=";COI1I1AND ERROR;EXECTUION ERROR; INTERNAL ERROR;POWER FAIL 
;EXECUTION WARNING;" 
37121 Poll stb,addr;dev .' Sf:~rJ.ii1 poll devJ..:.:e. 
38121 If (stb band 128)=128 then goto device.' Branch 11 df:'VlCe t,;zt Std .• 

39121 If (stb band 32)=32 then errbit=2 else errbit=1 I Error? 
4121121 Goto decode1 
41121 Device: I Message is devicf:~ df:'pendent 
42121 Gosub liststb 
43121 Print "Device dependent status reported from device .";addr;"~" 
44121 Print "Refer to device"s manual for definition." 
45121 ReSUMe 
46121 Decode1: .' Decode norlllal 11IesS"dge and Ilst it .• 
47121 Gosub liststb 
48121 Stb=stb band 31 .' Re1Jlove all but busy and cod€" bits. 
49121 If (stb band 16)=16 then print "Device presently busy" else goto 51121 
5121121 Stb=stb-16.' Get ri(1 of busy bit if s:et. 
51121 Posl=posn(stbS(er-rbit),";",1,stb).' Find start of I#£:'ssdge .. 
52121 Pos2=posnCstbSCerrbit),";",2,stb).' Find end of f1If:'ssage. 
53121 DecodeS=segS(stbS(errbit),pos1+1,pos2-pos1).' Get decoded f1IEssage .. 
54121 Print "Device"s status message is ";decodeS 
55121 ReSUMe 
56121 Liststb: I LiFt the st.atus byte._ and binary equ.lva1ent .. 
57121 Putmem buffer decodeS usinO "8b":stb 
58121 RepS(decodeS,5,12I)=" .. .' put in d space for readabillty_ 
59121 Print "Status byte ";stb;" reported~ Binary is ";decodeS 
6121121 Return I Rf:~turn to tlJa.lT) progra11l .. 
bl0 End 

4-108 REV SEPT 82 



GPIB-7D20 

2. Store and Recall 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-panel key closures and the use of the 
probe identify button, located at the probe tip. 

1~~ RE. Progra. to Store and Recall Front-panel Settzngs. Thzs roufzne 
11~ ! allows the user to generate up to ten dzfferent front-panel 
1'2"" settzngs, and _<:t·ore t·htn. on the controller .agnet.ic tape, 
r:n." ThE<' front.-pane-i settings are stored ~hen the operator pre-sst?s tho: 
I'll" I ~prot.e zdentzfy' but.ton on thE probe, Each SUCCe-SSlVe- prESS. ~111 

15~ .' st.ore- anot·her front panel sEttzng. Hhen all 6 are- defIne-d. fu.rther' 
16,,, I op(::~ration of the- "pratte ident.ify·· .• "nil caus*=~ t.he- front panel 
17~ I settzngs to be recalled~ and sent back to the 7D2~. 
lee Integ.,.. d.".atb.addr, ... tnuaII, ... lnu • .' Establish integEr varidble-s. 
19" Re. 7D2," ~DDRESS IS H:f 
288 0.,,-18 .' Estilblzsh device address. 
218 Di. fp .. t •• (18) to 688,_nu. to 288 .' Dimension st.rings. 
228 Fp ... t •• _'Uf' Initialize fpsetsf string array .. 
238 Open ela"gpib8(pri-".,.tr.(de")"",eOllll-<8»I" .' Open channel "#1 for 
24H .' device address. Set End Of Message to EOI only, works with any 
25a selected terminator .. 
268 On .rq then cAll .rqhdlr .' Establish linkage for SRO hc"lndling. 
278 Enabl. srq .' Enable SR(~ handler .. 
2S8 Wbyte .dc(d.,,) , Clear znput/output buffers. and any exzst.lng SRO··s 
29~ .' and error conditions .. <selected device clear) 
388 Print ell"pid on" .' Enatde Probe ID rqs bit... 
318 Gosub _nu .' List "Jf:~nu to screen of 7D'2l:f .. 
328 Waitla w.it .' Hait. for next lnterrupt. 
338 Routinell goto .elnum of .. nu,.tor.,rec.ll,tstor.,rstore 
348 Goto .... itl .' Hait for user generated SRL"L 
3S8 Menu: .' Routine t.o send user .. enu to 7D2l:f 
368 Menu.=chr. (13) "chr. (13) &':chr. (9) .,"",.nu: ""chr. (13) 
378 t1enu.=-.nu."chr.(13)"chr.(9).,"1. sto ft pnl setting""chr.(13) 
3S0 t1enu.=lIIenu."chr.(9)""2. rcl ft pnl setting""chr.(13) 
398 t1enu.=menu.&':chr.(9)""3. sto settings on t.p.""chr.(13) 
488 t1enu.=-menu."chr.(9)1c"4. rcl settings from tape""chr.(13)"chr.(13) 
418 t1enu.=menu."chr.(9)""e.g. press ~f rqs 1~ for".,chr.(13) 
42121 t1enu.=menu.&CChr.(9)"chr.(9)Ic"store routine." 
43121 Print .1:"te>et";chr.(34)"menu."chr.(34) .' Send "TEXT "menu'" 
44121 Goto ... aitl .' return to wazt for user SPOt"? .. 
458 Store: .' Routine to acquzre Sf:~t.t.zngs fr.om 7D2L=J 
4b0 S.tnum""'l 
47121 Stor.1: gosub pro.ptl .' Send prolJlpt. to screen of 7D2L=J 
4S8 Wait2: .... it .' Halt for user genf:~rat.ed SRO for t.hlS rout.lne .. 
498 If selnUl.=l then goto routinel .' If .. enu. goto self:~ct pOlnt. .. 
588 If selnullt<>S then goto .... it2 .' If probe id. goto .o;:t:ore sef".t.lngs. 
51121 Input .1 pro.apt "set?,.: fpsets. (setnum) , Input Lomplf:~t.e front. panel 
52H settings from device~ put In array elempnt ~set.num·. 

538 Setnu.=s.tnu,. .... l .' Increment array ele .. ent counter. 
54121 If setnum<ll then goto .tor.l .' Loop back zf less t.han 11 sett.lngs. 
SS8 Selnu_l .' Select l1'enu 
568 Goto routinel .' Go to operation select poznt. 
S78 R.call: .' Routine to send set.t.ings t.o 7D2H 
SS8 S.tnullt-l' Select l1'enu. 
S98 Recallll gosub proltptl ' Prlnt. prompt on 7D'2l"1, 
68121 Print ellfp.ets.(setnum) .' Sent c.ol1'plete front pantd sf:~ttln9.!' t.o 
61a 'device from the array elel1'ent ~setnu .. ~ .. 
628 SlPtnu_setnu ..... l .' Inc relJlen t. array elf:~ment· counter .. 
638 If setnu.<ll then goto ... ait3 .' Loop if all tf:~n have not. been sent .. 
648 SIP I nu .... l .' Sel ec t lJIenu .. 
6S8 Goto routinel .' Go to operation select.ion point ... 
6611 W.it3: ..... it .' Mait. for prot'e user generated SR(J .. 
678 If s.lnu~l th.n goto routinel 
688 If salnu.<>S thttn goto .... it3 
698 Goto r.calll 
71218 Tstore: .' Tape storage rout.ine 
718 Open .2I"fp_t.(op_r~,.iz-6fHN!J) II , Open channel t.o wrlt.e t·o tape 
72~ .' file.. The REP co •• and ~ill either new. or replace eXlsting file. 

PROGRAM (CO NT) 
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738 
74(:' 
75f/J 
768 
778 
788 
798 
Bf/Jf/J 
SlLl 
828 
83f/J 
B48 
SS8 
B6f/J 
878 
BBf/J 
B98 
9f/Jf/J 
918 
928 

1_ 
1818 
182f/J 
1838 
1848 
1045 
185f/J 
186f/J 
1878 
1f/JB8 
n.l9f..l 

11f/Jf/J 
1118 
1128 
1138 
1148 
1158 
1168 
1178 
1188 

4-110 

Print *2 using "UJUa/)u:fpsets • . 1 /JIrite to the tape placing <CR'> 
I after each array eIe.ent to al1o~ easy retreival of inforJlJat.ion_ 

Close 2 -' Clos:e the channel. u.pdate tape direct.ary, 
Selnwa=l -' Select 1IJenu" 
Gato routine1 / Ret.u.rn to operat.ion _",elect point" 

Rstor.: -' Load settings: fro1/) t.ape file 
Open *2;"fp .. ts" .' Open channel to rEad/~rit.e data to tape file. 
Input .2Ifpset •• .t Input data fro. t.ape file (each array eJement. 

! deli_ited ~ith a <CR>. 
Clo .. 2 .' ClOSE the channel to tape file. 
Selnu-=l -' Sel ect menu 
Gato routine1 .' Ret.urn to operat.ion select point" 

PrDflptl: / Send pro.pt aessage to 7D2ff - bu.ild t·ext. strlng first. 
l'1ttnu.=" curr..,t .. ttings nu.tJ~ ia .. It&t r. ( .. tnu.) "chr. (13) 
Kenu.-.anu."chr.(13) 
... nu ......... u." .. pr_s probe identify to advance H &rchr.CI3) 
l"Ittnu.-JDenu."··press ~rqs· to return to _nu .... 
Print .1::"t.Mt .. 'chr.(34) .... enu.ltchr.C34) .' Send menu as t.ext .• 
Return.' Return froIIJ su.brou.tine. 
End 

Sub srqhdlr local evnt .' Serial poll handler su.b-prograJ/) 
Integer evnt 
Poll stb,.ddr;dev .' Poll device D£V. 
If stb=B3 then goto event .1 Use-r re-qu.e$t stat·u.s byt.e. 
Print "Status byte fro. deviclP .";addr," is "Jstb .' Prznt. St.aTus 

.' Byte-. 
Input *1 pra.pt Uevent?"Jevnt 
Print .1 Ev..,t "J str. C.vnt); "occurad." 
R.su_ / Re-t.urn .e-chanzsIIJ to .ain prograIIJ. 

Event: / send an eve-nt·?~ ge-t th.,~ re:::~ponse .• and cont·inue- accordlng t.o 
1 the e-vent that occu.re-d. 

Input .1 pra.pt ".vent?";:evnt 
If avnt z 4e3 then selnu.=1 
If evnt=451 then slPlnum ... 2 
If evnt=452 then selnum=3 
If evnt=453 then selnum=4 
If evnt ... 454 then selnu~=5 
If evnt=457 or evnt=458 then selnum=5 
Resume 
End 

ret.urn frOJl the srq handler rou.tine .. 

REV SEPT 82 



GPIB-7D20 

3. Event Capture. Sometimes called a "babysit routine", this program allows 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 allows the user to leave 
the system unattended, but still capture the required data. 

11.'9 Re. Progra. to capture and record events that· t.rigger the 7D2"~ 
119 I This prograJD (SOJDetiJDE'S ciil11ed il .0 t.abysi t. routine" alloNs t.hE' 
128 u.ser to SEt. u.p t·he 71J2e il_<: desired .. then have a u.ser-selected 
139 ,'nu..ber 0 f Nave-for-illS ae qu.i red " and stored on t·he cant.roll er" s 
14" ,'.agnet. i c tape. T hi s all OI¥S the u.ser t.o 1 eave the sy st·ea u'n-
15,1 ,'attended? bu.t stlll captu.re the requ.ired data. 
16(l Re1lJ Rou.tine aNait.s a '"hold next cOlllpIete" SRO fro,. the 7D2Ll. 
170 .' ",hen the proper SRO is received .• the ",ayeforllJ is t·ransferred 
18e ! to the controller. then stored on tape. 
198 Integ~ dev,stb,addr,cycnu.,data.e,nu .. f.,evnt,siz,numcyc 
2~8 ReD 7D2~ ~DDRESS IS 1~ 

2UJ Dev=18.' Est.ablish device address. 
228 Open .I' .. gpib8(p,-i""' .. ar.t,- ... (dev)., .. ,.a.-<0»)z .. .1 Open channel #1 for 
238 .' device address. Set. the End Of Message ter.inator to E01 only 
24,-, .' (tllorks tIIith any ter.in~tlon selection), 
2SQI On s,-q then call sr-qhdl,- .' Establish linkage t·o SRfl handler routine 
268 Enable sr-q .' Enabl e SRO handl err 
278 ReD Dl.ension strings to approprlate length. 
280 Di. fpset ... to 600,Nf.p,-e'" to 208,text ... to 108 
290 Data 1,1,1 
388 Tab ... =ch,- ... (9) 
310 C ... =ch,- ... (13) 
320 Quot ... =ch,- ... (34) 
330 Read cycnum,data.e,numNfm 
340 P,-oc0: .' Give user prompts on of 7D2'-' .• and get responses 
358 I fro. the 7d2'-' user keys. 
368 C~ll p,-oml 
378 Wait / Walt for USE-'r input, if not. Hhat· e.li."pected. eras!?" SCrt::?f::?n, ant1 
38~ ~rite it. out agaln. 
390 If evnt<1 or evnt)6 then gota p,-oc0 
488 P,-ocl: numcyc=evnt Set cycle counter. and t.ell user t.o set u.p 7D2~ 

418 Call p,-om2 
420 Wai t 
438 If evnt=10 then goto p,-oc2 
448 Goto p,-ocl 
458 P,-oc2: I 6t:~t set.t.ings from ?Df''-' .• and decode whr:-ther one or tHO 
460 / chal)nels ln use. 
478 Disable s,-q 
480 Input "1 p,-ompt "aq,-? mod .. :aq,-... 
498 If pos(aq,-... , .. both .. ,I)8 th.n numwfm=2 I Hu.1»bfo~r of wilveforXO$ for 
495 file Slze. 
se8 If pos(aq,- ... , .. ch2 .. ,I)0 then datame=2 
518 Cycnum=1 .' 1nlt·lallze cycle countt::'r 
528 Siz=6888*nuflMtffm ' Calculate space for waveform dat·a on tapfo~. 

538 P,-oc3: .' start. of babysit.t.ing rou.t.ine. send mf:::'Ssagf::? t.o $cre-en. 
548 Call p,-om5 .' Prompt messagE-' for 7D2'-~. 

550 Enable s,-q 
568 P,-int _I: "t'-ig holdn:on" .' Rf':'-arm the 7D2f' for next t.rigger. 
570 Wait I Wait. for hold-ne.lit int.errupt frO1/) 7D2H 
580 Input _I p,-ompt "event?":evnt 
590 If evnt=458 then goto p,-oc4 
600 P,-int "Invalid event code ,-eceived - EVENT U;evnt 
610 Gato p,-oc3 
62121 P,-oc4: 'Proper stat-u.s cind error code rf:::~ceiyt?d. contlnue proce~'~'lnq. 

63" Call p,-om3 .' Tell U$el" that program l.~' worklng on data. 

648 Open ... = .. Nf.-··I!:st,- ... (cycnu.)"" (ope=,-ep, si z= .. arst,- ... (si z) ar") II 
650 Open .2: open ... 
668 Input .1 P'-CMIIpt "da tINt: .. &,:st,- ... (data.e)I!:",enc:asc; Nf.p?":Nf.p,-.... 
678 Call cu,-ve 
688 If nu~f.=1 then goto closeit 
698 Input _I p,-oapt "da me:2INfmp?":Nf.p,-e'" 
78" Call cu,-ve 
718 Closeit: close 2 .' Close present tape file" 
720 Cycnu.=cycnu_+l 

PROGRAM (CONT) 
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738 If c:yc:nuM>nuIM:YC: then gote done.' If nu.ber of cycles co.pIe-t.ed, 
748 Gato proc3 
758 Donel .f End of prograD .• t.ell t·hat. t.he ~avefor.s have been st·ore-d, 
768 Call pra.4 
77fIJ End 
SSS Sub srqhdlr- .' Serial poll handler su.b-progra •• 
SIS Poll stb,addr-Jdev .' Poll device DEV, 
82m If stb=B3 then gote SSS 
B3" Print UStatus byte from device .n;addr-;" is ";stb I Prlnt StaTus 
835 I Byt.e, 
B4'" R •• u.e .' Ret.u.rn llIEchanlsD to »aln progra •• 
SSS Event: .' Must. be a user key reql.iest.~ decode response int·o evnt., 
B6S Input .1 prompt "event 7": evnt 
B7" If evnt<4S1 or evnt>4Sb then gote special 
BBS Evnt=evnt-45e .' Decode event int.o nUDber 1 to 6 caoresponding to 
89~ front panel user rqs keys. 
9SS Resu.e .' Return t.o gainl inE' when donE' here. 
918 Special: .' Not a user rq.s: key~ see if norJlJal user key. If not.~ do 
92,-::f an event.? and send the data to cont.roller screen. 
93S If evnt=483 then evnt=18 else goto 958 
948 Resu.e .' Rqs key l'Jas pressed. return to gain program. 
958 Pr i nt "EVENT "; evnt; II reported under status byte 83. II 
968 Resume .' Return to lJIainl ine. 
978 End 

lfIJfIJfIJ Sub 
lH10 
lf1J2fIJ 
lf1J3fIJ 
lf1J4fIJ 
lf1JSfIJ 
lf1JbfIJ 
lf1J7fIJ 
lfIJBfIJ 

curve local temp,nr .' Get. curve dat.a~ t·hen store I'Jfmpre$ .; I'Jfdata 
on the magnetic tape. 
Temp=posh.fmpre.,"'nr.pt",l> .' Find whi::~re ·~NR.PT·· is in the prea.TIIble. 
Nr==valc (wfmpre.,temp) .' Ext·ract. number of points frorrr wfmpre$. 
Delete var "fdata 
Dim wfdata(nr) .' Digension ··WFD~T~·· to hold curve data. 
Input .1 dels "," prompt "curve?II:"fdata 
Print .2:"fmpre • .' Put the waveform preamble on tape. 
Print .2:wfdata .' Put. the curve data pO.lnt.s on tape. 

1898 Return 
llfIJfIJ End 
12SS Sub clrscrn local cr. ' Sub-prograrrr to clear t.he screen of the 7D2e. 
121S Die cr.(12) to 1 
122S Cr.=chr.(13) 
1238 Image.=''''text'',x,fa,12(fa),fa'' .' Build the :Jmage for ·~pr.lnt. uS.lng'. 
1248 Print .1 using image.:chr.(34),cr.,chr.(34) .' Send ,·.CR>, ,fI, 

1258 Return.' Return from whence .lt caJlJe. 
12bfIJ End 
1388 Sub prom1 .' sub-program for 7D2,-::f screen prorrrpt. ~1., 

1318 Call clrscrn .' Cl ear the 7D2,-::f screen. 
1328 T.xt.zquot.ltc.lttab.&:'"Enter Qu .. ber of cycles"&:c. 
133S TextS=textS&:tabSIt"to store ... t&:c.&:c.&:tab. 
134S TextS=textS&:"e.g .. press "f rqs 1" fOl"'""&:cSlttabS 
1350 TextS=textS&:"one cycle .. "ltquots 
136S Print .1: "te>et";textS 
137S Return 
13BfIJ End 
14fIJfIJ Sub prom2 .' sub-program for 7d2{::f screen pr01lJpt #2. 

TextS=quot.&:cS&:tabS&:"Please configure the 7d2S as"ltcS 
Te>etS=te>etS&:tabS&:"needed for capturing data .. "ltcS&:cS 
Te>etS=te>etS&:tabS&:"press "rqs" "hen ready. "ltquotS 
Print .1:"te>et";te>etS 
Return 
End 
prom3 .' Sub- progra1lJ for 7D2(::f screen prorrrpt #3. 
Call clrscrn 

141fIJ 
142fIJ 
143fIJ 
144fIJ 
14SfIJ 
14bfIJ 
ISfIJfIJ Sub 
ISlfIJ 
IS2fIJ 
IS3fIJ 
IS4fIJ 
ISSfIJ 
156fIJ 

TextS=chrS(34)&:cS&:cS&:tabS&:""orking on "avefOl"'"m"&:cS 
TextS=textS&:tabS&:". "&:strS (cycnum) It ... please "ait."ltquotS 
Print .1:"text";te>etS 
Return 
End 

PROGRAM (CO NT) 
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1600 Sub 
1610 
1620 
1630 
1640 
1650 
1660 
1700 Sub 
1710 
1720 
1730 
1740 
1750 

pr-o.4 .' Sub-progra;TIJ for 7D2ff screen prompt #4, 
Call clrscrn .' Clear the 7D2(~ screen .. 
TextS=quotS&:cS ... tabS ... tabS"'''Program completed!"&:cS 
TextS=textS&:cS&:tabS&:"waveforms stored on tape. n&:quotS 
Pri nt *1: "text "; textS 
Return 
End 
prolll5 .' Sub-jprogra:rrJ for ID21~ s.:.reen prompt. #5, 
Call clrscrn 
TextS=quotS&:tabS"'''7D28 now babysitting!OI&:quotS 
Print Itl: "text .. ;textS 
Return 
End 
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SECTION FIVE 
APPLICATIONS 

In this section we give some examples of how the 7020 
can be used In specific applications. These applications 
are. but 8 few of the many ways your 7020 will reliably 
simplify your measurement needs. By bringing accurate 
digital storage and GPIB communications capabilities to 
the conventional oscilloscope mainframe. your 7020 is a 
friendly partner in a whole new area of test 
measur~ments. 
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APPLICATIONS 

APPLICATION 1 
MONITORING SLOWLY CHANGING EVENTS 

WITH THE 7020 AND 7011 

Monitoring events or phenomena which change at incredibly slow rates such as 
10-4 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 7020 to digitize and store samples of the event, and a Tektronix 7011 
to serve as a calibrated source supplying the very slow timing (sampling) 
information for the 7020, both of these problems may be overcome. The 7011 is a , 
digitally controlled delaying unit with the capability to delay by Events or Time. For 
this application it will be used as a delay by event device or, simply put, a "divide by 
n counter". The 1-kHz calibrator signal provided by the 7704A mainframe can be 
divided down by 1 to 107 in steps of one. This is selectable at the 7011 front panel. 
This "divided down" signal is obtained at the OLY'O TRIG OUT connector on the 
7011 and applied to the EXT CLOCK input of the 7020. You can control the 
sampling interval for data acquisition by varying the EVENT DELAY count displayed 
on the crt of the 7704A. 

Since the calibrator has a 1 ms period, the crt readout of EVENT DELAY may be 
directly read as N milliseconds per sample point. This provides a range from 1 ms/ 
sample to 104 sec/sample. So a 1024 point record at the slowest speed represents 
115.7 days of information. O'bviously, long term stability of this system may need to 
be considered for such a rare occasion. 

It should be pointed out that the ENV and AVE continuous functions of the 7020 
work in a similar manner to that when ROLLing. The total number of samples 
processed between displayed points is fixed at 100 when externally clocking the 
7020. It has the effect of further dividing the displayed time per point by 100. 

The use of such a set-up is especially useful for long term monitoring of 
temperature and pressure, fluid levels, chemical reactions. and seismic activity. 

5-1 
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INSTRUMENTATION SET-UP #1 

5-2 

1kHz 
Calibrator 

7011 

Ext Trig 
IN Events Start 

Trig IN 

7704A 

7020 

o 

7704A 
Vert Mode ........... RIGHT 
Horiz Mode .............. B 
Calibrator 
Volts .................. 4 V 

7011 
Trig Coupling ........... AC 
Trig Source ............ EXT 
Trig Slope ................ + 
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 

7020 
Time Div .............. EXT 
External 
Polarity ......... 1 (positive) 

3857·50 
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APPLICATION 2 
ULTRASONIC, NON-DESTRUCTIVE TESTING 

USING 7020 

Non-destructive testing of material for uniformity is typically 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 crystals are often used as transducers to convert an electrical 
pulse from a transmitter to ultrasonic waves and, after the ultrasonic burst has 
traveled through the material, convert it back to an electrical signal at the receiver 
end. The crystals are chosen to resonate far above the audio range, often in the 
megahertz region. The pulse repetition rate is chosen low enough so the pulse and 
any reflections reach the receiver before the next pulse is sent. Water is often used 
as a transfer medium, with the crystals and part under test placed in a tank. 

Two test modes are common-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 crystal. The transit time between the 
transmitted pulse 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 oscilloscope. However, 
with the onset of transient digitizers and digital oscilloscopes, a highly accurate 
alternative is now available. 

The 7020 can capture a reflected signal and allow you to measure time referenced 
to the trigger <!nd also to analyze the signal amplitude using a single cursor (L'.OFF). 
Because the time base of the 7020 is derived from a crystal clock, the horizontal 
timing accuracy is much better than that of conventional, ramp driven time bases. 
The improvement is most significant when delayed sweep is compared with the 
7D20's delayed trigger position. For example, to have a variable delay 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 Jls/div, the accuracy of the display is about 3%. At this Time/div, the jitter is 
nearly half of a division! 

Whereas with the 7020 at 10 Jls/div, 15 ms of delay is possible. The approximate 
timing accuracy for 10 ms delay is ±10 Jls. 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 7020 is 0.1% of Full Scale ±300 ps. Depending upon the 
TIME/OIV selected, measurement timing accuracies can approach that of a 
counter/timer. 
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INSTRUMENTATION SET-UP #2 

CH 1 
Input 

Received 
Signal 
Output 

o 7020 

Pulser / Receiver 

Transmit 

7603 

o 

Sync 
Output 

Receive 

o \ u~aterialJ ,der Test 

Transducers 

5-4 

7603 
Vert Mode ............ LEFT 

7020 

External 
Trigger 
Input 

Acquire Mode ........ CH 1 
Triggering 

Coupling ............. AC 
Mode ............ NORM 
Source ............. EXT 
Position ..... As Desired 

Time/Div ....... As Desired 
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To operate, the incident or outgoing transmitted pulse must be used to trigger the 
7020. You must select the delay time required to view the reflected signal. This is 
done by positioning the 7020's trigger horizontally to read the desired number of 
divisions. The readout indicates a negative position when the trigger occurs beyond 
the left hand side of the screen. Only one cursor should be selected (~OFF). This 
will allow you to make accurate time measurements referenced to the trigger 
(time=O). 

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 Sync Out is coincident with the transmitted pulse and therefore serves as the 
trigger for the 7020. 

As shown in the simulated signal in Figure 5-1. the cursor's horizontal coordinate 
value indicates the total time from the Sync Out, used as the trigger, to the viewed 
position on the crt screen. Note that the resolution is on the order of one part in 105 

when compared to the total delay time available. The accuracy of the measurement" 
is 0.1 % of this reading. 

Other 7020 features such as multi-trace display and dual channel acquisition may 
be used to compare results from previous tests or to simultaneously capture two 
reflected signals. These may be acquired as fast as 2 ps/div for a single event and 
as fast as 50 ns/div for repetitive events. Also through the IEEE-488 interface, 
further manipulation of the data by a controller or calculator may provide spectral 
information using Fourier analysis (FFT). For most ultrasonic, non-destructive 
testing, the 7020 is much more flexible than a counter/timer. 

3857·53 

Figure 5-1. Viewing a reflected pulse signal showing the cursor position relative to the 

trigger pulse. 
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APPLICATION 3 
MONITORING INTERCELLULAR NEURONAL 

DISCHARGE 

The measuring of nerve activity in stimulus-response experiments requires viewing 
long windows of time relative to the 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/-lsec 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 (OVST) oscilloscopes have been the preferred device for viewing 
such events. Seldom have digital storage techniques been used because of the need 
for extremely dense information. 

The difficulty lies with the inability of digitizers to properly represent displacements 
which appear on conventional oscilloscopes as a vertical line without any width. In 
order to digitally capture any information, it must be sampled often enough to 
represent salient characteristics. For a simple rectangular pulse, only one sample on 
the top of the pulse is required to accurately represent its amplitude. One sample 
will be guaranteed as long as the digitizer's sample interval is shorter than the 
width of the pulse. If such a pulse width has 520 /-IS sampled at 500/-ls per point to 
build a 5 second long record, 10,000 horizontal points would be required. Whereas, 
a bistable storage scope has horizontal locations which are only one molecule apart, 
so a very narrow pulse appears as a vertical line. This is like having billions of 
"dots". Although, the total number of perceived vertical lines is only a few hundred 
side-by-side. 

In order to optimize the viewing of medium and slow speed events, the 7020'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 events which are 500 /-IS or greater in width by ENVeloping 
continuously. Based on a 500 /-IS sample interval the equivalent number of 
horizontal points required without using ENV are listed in Table 5-1 below. Keep in 
mind that this is only true under certain special conditions. 

5-6 

TABLE 5-1 
Effective Number of Points When Using ENV While ROLling 

No. of Points Required 

2,000 
4,000 
10,000 
20,000 
40,000 
100,000 
200,000 
400,000 

Total Displayed Time 
in Seconds (10:l:Time/div) 

1 
2 
5 
10 
20 
50 

100 
200 
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For the application of neuronal activity, intracellular responses are between 500 IlS 
and 1 ms in width which makes this approach valid. Caution must be taken to never 
attach the 7020 directly to human subjects. Intracellular 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 7020 

Detecting subtle variations of amplitude and time in a signal is extremely difficult to 
do with a non-storage oscilloscope. Variable persistence scopes provide a means for 
recording such signal changes, which allow you to easily view and inspect signal' 
characteristics. However, when the need arises to compare one record with a 
previous one, a certain amount of inconvenience is encountered. One difficulty is 
that although multiple sweeps are recorded, display 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 7020 solves these problems. The ENVeloping feature accumulates maximum 
and minimum values of successive sweeps and effectively simulates a variable 
persistence display. However, the 7020 also provides all of the advantages of digital 
storage; bright and clear displays, indefinite storage and view time, display 
modification (position up and down, etc.), readout of waveform coordinate values, 
multiple waveform storage, and computer interface (lEEE-488). 

3857·54 

Figure 5-2. Using the ENVeloping mode to show frequency shift. 
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The bright and clear displays of up to six waveforms simultaneously, improves the 
visual comparison of acquired signals. The cursors allow for quantitative measures 
of signal variations and the IEEE-488 interface permits long term trend analysis and 
recording using a calculator or computer. 

Of course, the key to this measurement is the ENVeloping. There are generally two 
forms of this, continuous or fixed. Fixed means a predetermined number of 
waveform acquisitions will be used to generate the envelope. You select this 
number via the SET N function (N = 2", n = 3, 4, 5, 6, 7, 8) of the 7020. When N 
number of waveforms have been processed, the 7020 terminates the ENV N mode 
and enters the HOLD state. When using the continuous or infinite ENVeloping, the 
7020 will process waveforms indefinitely until. the HOLD button is pressed. Both 
ENV and ENV N also cancel by an alternate push of that button or by selecting AVE, 
AVE N, or HOLD NEXT. 

3857-55 

Figure 5-3. Using signal ENVeloping and multi-display feature to view pulse jitter. 

3857-56 

Figure 5-4. Using the 7020 ENVeloping mode to show waveform variations. 
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Once a satisfactory envelope is created and held in memory, it may be analyzed 
using the cursors or by overlaying it with a previously generated envelope. To do 
this, simply use the CURSOR WAVEFORM modifiers to position the record up or 
down. 

Now" even slight and subtle waveform variation may be easily revealed. 

APPLICATION 5 
SOA ANALYSIS USING 
THE 7020 AND 7A13 

When testing any transistor switch where the collector current and collector-emitter 
voltage are out of phase, determining the energy dissipated by the device is 
essential. Since this energy may destroy the switching device, its Safe Operating 
Area (SOA) must be determined. This is a common concern when reactive loads 

. must be driven such as inductive loads in power supplies and motors, or capacitive 
loads in liquid crystal displays. 

Some simple visual techniques can save a lot of time in finding the SOA without 
resorting to exacting calculations. Certainly, absolute accuracy is desired as provided 
by signal processing, but visual inspections reveal qualitative data in a very short 
time. 

The simplest approach is to use an oscilloscope to display the collector current (ie) 
versus the collector-emitter voltage (Vee). This allows you to view the actual 
switching characteristics while the device is operating. It is also valuable to be able 
to see how both signals relate to time. In order to probe the circuit under test, a 
differential amplifier is needed to acquire a true Vee. A current probe which can 
respond to dc as well as ac is recommended. However, if a "current sense resistor" 
is available, this is the most economical choice for representing ie. 

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 7020 for acquisition and display, the TEKTRONIX 7A 13 Oifferential 
Amplifier for preconditioning, and the AM 503/P6302 current probe and amplifier, 
SOA information can be easily viewed. The current probe accurately measures from 
dc to 50 MHz and provides a single-ended output to the 7020. The 7A 13 is a OC to 
100 MHz differential amplifier. When installed in a 4 compartment 7000 Series 
mainframe with the 7020, the signal conditioned by the 7A 13 may be routed 
externally to the 7020. This is provided via the mainframe'S trigger signal output 
Ibcated at the rear of the mainframe. This signal is simply cabled and terminated at 
the 7020's vertical input. The bandwidth of this p&tching is about 50 MHz when 
using a 50 ohm termination at the 7020. If a 4 compartment mainframe is not 
available, the P6046 differential probe and amplifier may be used. This provides 100 
MHz bandwidth but lacks the flexibility of the 7A 13. 
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INSTRUMENTATION SET-UP #5 

7A13 
+ 

o 

P6055 

~~ 

5-10 

Vertical 
Signal Out 

7704A 

o 

TM501 

AM503 

o 

P6302 

7704A 

Vert Mode ........... RIGHT 
Horiz Mode .............. B 
A Trigger 
Source ................ LEFT 

7A13 
+ Input ................. DC 
- Input ................. UC 
BW ................... FU~ 
Volts/Div ....... As Desired 
Comparison 
Voltage ................. NA 

7D20 

AQR Mode .......... BOTH 
Triggering 

Mode ............ NORM 
Coupling ............. DC 
Source ... . . . . . .. MODE 
Position ............ + 1 
Slope ........ As Desired 

CH 1 
Volts/Div ..... l0mV/Div 
Coupling ............. DC 

CH 2 
Volts/Div ..... 20mV/Div 
Coupling ............. DC 
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CALIBRATION 

Since the signals are being preconditioned, the 7020 cannot display the true 
sensitivity of the current probe's amps/div or the 7A 13'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 7A 13 but it will be necessary to adjust the 
gain at the 7A13. This is a simple front panel adjustment. To calibrate the 
7A 1317020 deflection and sensitivity, do the following: 

1. Set the 7020 CH 2 for 20 mV /div and for 500 Jls/div. 

2. Set the 7A13 to 1 V/div. 

3. Apply the 4 volt calibrator signal from the heist mainframe to the + input of the 
7A13. 

4. Connect the instruments as shown in the setup illustration. 

5. Adjust the "GAIN" adjustment on the 7A 13's front panel to obtain 4 divisions 
of deflection displayed by the 7020. If more adjustment range is required, use 
the Variable Volts/Oiv on the 7A 13. 

At this point. the actual volts/div may be read directly from the 7A 13. Remember 
when selecting different sensitivities, DO NOT change the volts/div settings on the 
7020. Make all Amps/div and Volts/div selection at the AM 503 and 7A13. 

OPERATION 

Connect the two P6055 probes to the circuit under test. If acquiring Vee is desired, 
connect the + input to the collector and the - input to the emitter. The 7A 13 will 
algebraically subtract the emitter voltage from the collector voltage to yield Vee. 
Connect the P6302 around a convenient loop or element in series with the collector. 
Adjust the AM 503's and 7A 13's deflection factors to produce signals of about three 
divisions each in amplitude. Set up the 7020's display as follows: 

1. Press "VS" followed by a "2" to create an X-V display of ie vs Vee. 

2. Press "REF" to view the "CSW" (cursor waveform), ic, vs time to serve as a 
time reference, and 

3. Press "2" to display Vee (Channel 2) versus time if desired. 

Notice that cursors appear on the X-V display as well as on the REFerence 
waveform. This is especially valuable to determine the time which a particular 
power level was sustained. Ultimately, this information can be used to determine 
the energy dissipated by the device. 

Figure 5-5 shows an example of the information provided by the 7020. If the 
REFerence waveform is not displayed, the cursors readout the X and Y coordinates 
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of the versus display. If the REF is displayed then the horizontal cursor 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 5-6 is an example 
of such specifications. 

For repetitive signals the 7D20 may be used at any time/div setting. Because of the 
destructive nature of secondary breakdown, the ie and Vee information must be 
acquired in a single sweep in the event of a device failure. In this case, the 7D20 
will acquire both channels in a single sweep as fast as 2 tJs/div. Since NORM 

"" 1 VS2 2e~_- i .2p.V. V~. ~.? 
~.~~ 
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Figure 5-5. 7020 display showing safe operating areas and other information. 
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triggering is used, the 7020 will simply retain the last triggered information. At that 
point, HOLO should be pressed to eliminate the chance of a stray signal or noise 
from destroying the data. Alternately, HOLO 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 or rigorous method for making such measurements. A more complete 
discussion of this subject is available from Tektronix, Instrument ~ivision, Lab 
Scopes Marketing. 

APPLICATION 6 
USING THE 7020 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 7020 
extends this ability to capture single events into the video spectrum. 

Also, the settings of the 7020 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 software 
impact on the system engineer. The 7854's waveform functions eliminate the need 
to create and verify many commonly used algorithms. In this sense, the 7854 and 
7020 provide the shortest path to designing a waveform measurement system. 

Before proceeding, a few technical points must be considered to explain the use of 
these two instruments. 

The 7020 is a waveform digitizer. its measurement accuracy is derived from its 
waveform memory. The 7020 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 contents in memory are not disturbed and the cursor readout will 
remain accurate because it is independent of the display adjustments. 

The 7854 acquires waveform information from the plug-ins based on the height, 
width, and position of the display. Accuracy of the 7854 is limited primarily by the 
plug-ins installed in it. Hence, the display output of the 7020 does not present the 
most accurate representation of its memory contents. Errors are also compounded 
when the 7854 digitizes the 7020'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-7D20 

INSTRUMENTATION SET-UP #6 

7854 

IEEE-488 (REAR PANEL SELECTS) 
MODE ........ LISTEN ONLY (CODE 11) 
STATE ........................ ON LINE 

DISPLAY MODE .................. STORED 

7020 

IEEE-488 (MENU SELECTED) 
MODE ..................... TALK ONLY 

7854 

0000 
7020 

0 0 

3857·59 
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MANUAL TRANSFER 

When using the 7854 and the 7020 without an IEEE-488 controller, provisions have 
been made on both instruments to allow you to transfer data manually. 

Initially, set up the 7854 for a SCOPE display, install the 7020 as shown in the set­
up illustration, and acquire a waveform into the 7020. If you have more than one 
waveform in the 7020's memory, you can transfer them one at a time to the 7854. 
Use the CSW key to designate the waveform to be transferred. Press the 7020's 10 
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 REAOX on the 7854 and select SENO CSW ASCII from 
the UTILITIES MENU of the 7020 by pressing key number 1. The resulting display on 
the 7854 will have a horizontal scale factor which is not an integer value; however, 
the timing information is correct. The difference in scale factors occur because the 
7020 is calibrated for 100 points/div, where the 7854 is 102.4 points/div (when 
P /W=1 024). If desired, an integer scale factor can be produced by a 1.024 HXPO 
command on the 7854. If the 7020 acquired its waveform in the Extended Real-time 
range (200 ps/div to 2 ps/div), 820 point waveforms will result. 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 820 original points into an interpolated 
1024 points. On the 7854, turn off the cursors; key in 0, WFM, 1.28 and press 
HXPO. 

COMPUTER CONTROLLED TRANSFER 

Oata transfer from the 7020 to the 7854 may be conducted using an IEEE-488 
controller. In this environment, both the 7854 and the 7020 should be set up for two 
way communication, TALK/LISTEN. From the controller, the 7854 should be 
instructed to listen and initiate a REAOX, and the 7020 instructed to talk and send 
the desired waveform. By a command from the IEEE-488 interface, the 7020 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 options can be found in the Change Information 
section at the back of this manual. 
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Service Request Group' 4· 66 
Stored Settings Group: 4·61 
T,me/ D,v Group 4·48 
Triggering Group: 4·45 
Waveform Curve 4·72 
Waveform Preamble and Curve: 4·73 
Waveform Preamble Group' 4·68 

Command Usage' 4· 11 
Curve Commands' 4· 23 
Curve Ouerles 4·23 
Description of. 4· 2 
Device Dependent Messages' 4· 11 
Event Codes 4·36 
Evenl Ouerles 4·32 
Format Diagrams 

Complex Command 4 · 11 
NRI Dara 4· 13 
NR2 Data. 4· 14 
NR3 Data 4· 15 
Ouerv: 4· 15 
Simple Command 4· 12 

Introduction to 4· 1 
Messages 

Device Dependent 4· 11 
Interface: 4·9 

MemorV Display Keypad Code, Table lor: 4·7 
Mode. Terminator, and Address Selection' 4·4 
Operation, Remote and Local: 4·7 
Power Up: 4·3 
Sample Programs, List of : 4·77 

4041 : 
Appl ication Programs 

Event CaplUre: 4· 111 
SRO Handler" 4· 108 
Slore and Recall Front ·Panel Settings: 4·109 
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Operating Programs· 
ASCII Walleform Transfer to Controlier: 4·97 
Binary Numeric Array Walleform Transfer to Controller: 4·99 
Binary Numeric Array Wlllleform Transfer to 7020: 4·100 
Input 7020 Frol'\l · Pane! Settings from String Array: 4 -101 
Output 7020 Front-Panel Settings to String Array: 4·102 
Setting the 7020 to Local: 4 -104 
Setting the 7020 to Remote: 4·103 
TeKt Generation: Controller to 7020: 4·107 
TeKt Transfer · Tape to 7020: 4 - 106 
TeKt Transfer : 7020 to Tape: 4·105 

4050-Sefles: 
Application Programs: 

Ellent Capture: 4·89 
SRQ Decoding Routine: 4 -93 
Store 7020 Settings on Magtape: 4·91 

Operallng Programs: 4 -78 
Implement and Store 7020 Settings 4·86 
Print Poll Statement: 4 -88 
Query Functions: 4 -87 
Query Routine: 4·85 
TeKt Generation: 4050-Sefles to 7020: 4·78 
Transfer Walleform Data to Controller- ASCII Format· 4·81. 4 -83 
Transfer Wallefarm Data to Controller- Binary Format : 4·82 
Transfer Walleform Variables and Arrays to 7020: 4·84 

Serllice Requests 
Masks: 4 -31 
Status 8ytes. table of 4· 26 
Use of: 4·25 

Status Indicators. 4 ·7 
Wa~eform Data Commands: 4-24 
Wa~eform Preamble Commands: 4·20 
Walleform Preamble Queries. 4 -21 

HMAG 
EKplanation of: 2· 110 (see also EXERCISES) 
Use of (see EXERCISES) 

HOLD 

10 

EKplanation of: (see CONTROLS AND CONNECTORS) 
Use of: (see EXERCISES) 

VerSion Identification: 2 · 121 (see also GPIB: ModeJ 
INITIALIZE: (see EXERCISES) 

Front Panel: (see MENU FUNCTIONS) 
INSTALLATION. (see INSTRUMENT) 
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INSTRUMENT: 
Application for: (see APPLICATIONS) 
Description of: 1- 1 
Display: (see DISPLAY) 
Drawing of: ' - 13 
Installation of: \ -3 
Options: (see OPTIONS) 
Power Up: 2-81 

KEYS: (see FUNCTION KEYS) 

MEMORY: 
Display : (see CONTROLS AND CONNECTORS) 
Waveform: (see EXERCISES) (see also WAVEFORM) 

MENU FUNCTIONS: 2-83 
MASTER MENU: 2-83 

I, 1# STORE PANEL 1#: 2-83 
2. 1# RECALL 1# : 2-84 
3 DISPLAY CAL PATIERN: 2-84 
4 UTiLITIES: 2 -84 

SELFTEST: 
Detaols of: 2-86 

TEST MENU: 
Details of: 2-86 

UTILITIES Menu: 2 -85 
\ SEND CSW ASCII: 2-85 
2 SEND CSW BINARY: 2-85 
3 READOUT ON/ OFF: 2-85 
4 EXT CLOCK POLARITY: 2-86 
5 INIT FRONT PANEl: 2-86 
6 MASTER MENU: 2-86 

MESSAGES: 
Error: 

General: 2-8 
MODES: 

Digitizing: 
Explanation of' 3-4 
Table of: 2-97 

Illustrations of: 
Equivalent Time Digitizing: 3-8 
Extended Real -Time Digitizing: 3-8 
Real-Time DigitiZing: 3-7 
Roll : 3-7 

OPTIONAL ACCESSORIES: (see ACCESSORIES) 
OPTIONS: 6-1 
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PACKAGING. lor Shipment ' -4 
POWER UP: (see INSTRUMENT) 
PROGRAMS (see GPIB) 
PROMPTS AND WARNINGS 2-88 

RACKMQUNT MAINFRAMES: ' · 4 
READOUT DISPLAY 2·91 
REAL· TIME SIGNAL ACQUISITION CAPABILITIES 3·9 

SAFETY SUMMARY (see FRONTMAITER) 
SHIPPING (see PACKAGING) 
SPECIFICATIONS. Tables for 

Electrical 
Digitizer 1-9 
Trigger ' ·7 
VerticaL '-6 

Environmental ' · 11 
Physical: 1- 11 

illustration ' · 13 
STANDARD ACCESSORIES (see ACCESSORIES) 

TRIGGERING 
bplanatlon of. 2-99 (see also CONTROLS AND CONNECTORS) 

VECTOR 
Explanation of (see CONTROLS AND CONNECTORS) 
Use of: (see EXERCISES) 

VOLTS/DIV-
EJtplanalion of. (see CONTROLS AND CONNECTORS) 
Use of (see EXERCISES 

W WAVEFORM 
Cursor 2-42. 2·108. 2- 113 (see also EXERCISES) 
Display, OperatIonal Theory 3- 11 

z 
ObtaIning a 2- 16 
Memory 2-24, 2- 105 

ZERO REFERENCE' 
Setting (see EXERCISES) 
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