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OPERATORS SAFETY SUMMARY

The general safety information in this part of the summary is for both operating and

servicing personnel. Specific warnings and cautions will be found throughout the

manual where they apply, but may not appear in this summary.

TERMS

IN THIS MANUAL

CAUTION statements identify conditions or practices that could result in damage to

the equipment or other property.

WARNING statements identify conditions or practices that could resuit 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.

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

AS MARKED ON EQUIPMENT

DANGER—High voltage.

S Protective ground (earth) terminal.

/\ ATTENTION—refer to manual.

WARNINGS

POWER SOURCE

This product is intended to operate from a power source that will not apply more

than 25@ 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 power cord is essential for safe operation.
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USE THE PROPER POWER CORD

Use only the power cord and connector specified for your product. Use only a power

cord that is in good condition.

For detailed information on power cords, refer to Section 1, Introduction.

Refer cord and connector changes to qualified service personnel.

GROUNDING THE PRODUCT

This product is grounded through the grounding conductor of the power cord. To

avoid electrical shock, plug the 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 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.

USE THE PROPER FUSE

To avoid fire hazard, use only the fuse specified in the parts list for your product,

and which is identical in type, voltage rating, and current rating.

Refer fuse replacement to qualified service personnel.

DO NOT OPERATE IN EXPLOSIVE ATMOSPHERES

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

unless it has been specifically certified for such operation.

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.
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MANUAL COLORS

The colors of biack, blue, brown, and green are used throughout this manual to

high-light specific features of the manual designed to aid you in understanding the

operation of your 7854 Oscilloscope.

In addition to being used for the main body of text, black is used on the graticule

displays of the self-teaching exercises to indicate information which has not

changed during execution of the associated commands.

Certain command mnemonics (such as BOTH, AQS, FREQ, etc.) are printed in blue

as they appear on the instrument keyboard(s). A blue mnemonic indicates that the

command is invoked as a "shift function” and must be preceded with the f
command unless issued through the GPIB. Also, blue boxes surround applications

information given throughout the self-teaching exercises.

Exercise headings (such as ACQUIRING A SINGLE-SWEEP WAVEFORM and

procedure titles (such as USING THE BEAMFINDER) are printed in brown at the

start of the exercise or procedure. In addition, brown is used for the following

symbol to indicate places where the 7854 can be turned off without affecting the

next exercises:

NEXT EXERCISE BEGINS WITH POWER-UP

Green is used in the text to indicate nomenclature precisely as it appears on the

7854 display screen (e.g, AQR WARNING, BUSY, FRE ERROR, ..HCRD, etc.).

However, green used in the display graticules of the self-teaching exercises reflects

information either newly displayed or changed as the direct result of executing the

associated commands.
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FRONT-PANEL DESCRIPTIONS (Cont)
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STORED INTensity—Controls brightness of the stored waveform display.

S Stored Intensity (Indicator)—llluminates when in STORED or BOTH
display mode.

READOUT Intensity—Controls brightness of the alphanumeric readout
display. Disables readout system in counterclockwise detent position.

GRAT ItLLUM—Controls illumination of graticule lines.

CONTRAST—Screwadriver adjustment to control brightness contrast
between real-time intensified zones and the waveform display.

AST|IG—Screwdriver adjustment used in conjunction with FOCUS control to
obtain a well-defined display.

TRACE ROTATION—Screwdriver adjustment to align trace(s}) with
horizontal graticule lines.

Measurement Keyboard (not labeled)—Controls internal waveform
processor functions and selects crt display modes. (See Figure B for details.}
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MEASUREMENT-KEYBOARD DESCRIPTIONS (Cont)

(3) CURSORS

NOTE

The cursors, when on, are displayed on the OPW in the
STORED or BOTH CRT DISPLAY modes as intensified points.

CRS2- Turns on both cursors. Displays the coordinates of Cursor
2 relative to Cursor 1 in line #15 of the display.

CRS1 Shift function of (CRS2-1); turns on Cursor 1 only.
Displays the coordinates of Cursor 1 relative to the start of
the waveform in line #15 of the display.

CRS1< Moves Cursor 1, if on, toward the start of the waveform.

CRS1> Moves Cursor 1, if on, toward the end of the waveform.

CRS2< Moves Cursor 2, if on, toward Cursor 1.

Q pe)n ND Vv Moves Cursor 2, if on, toward the end of the waveform.

OFF Turns off the cursors.

@) Selects the shift function of the next key pressed.

@) EXTERNAL

NOTE

The following keys and indicators are used primarily in
conjunction with the GPIB (General Purpose Interface Bus).

ROS Asserts a service request from the 7854.

Displays the 7854 identification message on the crt.

REMOTE ONLY (Indicator}—llluminates when the 7854 is being
remotely controlled over the GPIB and the keyboard is locked out.

SRO (Indicator)—llluminates when a service request is being asserted by
the 7854.

{70 (Indicator)—Illuminates when the 7854 is addressed to talk or listen
over the GPIB.

ERROR (Indicator)—Illuminates when an error or warning condition
occurs.

@ 
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MEASUREMENT-KEYBOARD DESCRIPTIONS (Cont)

(6) WFM ACQUISITION

BUSY (Indicator})—llluminates when the processor is busy executing a

command.

STOP

i) Zz oO

>O Bs)

AVG 1000

AVG190

AVG19

@) CRT DISPLAY

SCOPE

STORED

i

Prematurely ends execution of GND, AQR, AVG, AVG18,

AVG1@@, or AVG12@@@ commands; aborts all pending

commands. Stops program execution.

Presets ground reference for subsequent waveform

acquisition. Ground reference is set at the algebraic mean

vertical position of the real-time trace(s)

Acquires repetitive real-time waveform(s) with readout;

stores result in waveform memory.

Shift function of (AaR) : acquires single-sweep
waveform with readout; stores result in waveform

memory.

Averages repetitive real-time waveform 1@@@ times; stores

resulting waveform with scale factors in waveform

memory.

Averages repetitive real-time waveform 10@ times: stores

resulting waveform with scale factors in waveform

memory.

Averages repetitive real-time waveform 1@ times; stores

resulting waveform with scale factors in waveform

memory.

Selects real-time waveform and readout display mode.

Selects stored waveform and character display mode.

Shift function of [STORED] ; selects mixed display of

real-time waveform and stored waveform with character

display.
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Foldout for

Front Panel Measurement Keys & Indicators

(Figure B)

xix



7854 Operators

Tektronix 7854 OSCILLO;COPE
(- WFM ACQUISITION

( WEMPARAMETERS _—\(_— CRT DISPLAY
MAX MIN -P

STOP BUSY

G4 RMS MEAN MID

Jj)
FR

ENERGY = AREA PER

—PULSE =
FALL

(@)—4. RISE _DELAY WIDTH <_CRS1 >

BOTH

STORED = SCOPE

Figure B. Locator for keys and indicators on the 7854 front-panel measure-

ment keyboard.

XX

MEASUREMENT-KEYBOARD DESCRIPTIONS

()) WFM PARAMETERS

NOTE

The following parameters are computed on the OPW

foperational waveform) between and including the cursors, if

on. The results are returned to the X register and displayed in

its field in the STORED or BOTHCRT DISPLAY modes.

Computes the waveform'’s most positive value, relative to

the VZR (vertical zero reference).

>

Computes the waveform’s most negative value, relative to

the VZR.O@& SJ{ Computes the waveform’s peak-to-peak value (MAX -

MIN).

Computes the waveform’s root-mean-square value.Ee) = wn

<mDd2 Computes the waveform’'s algebraic mean value.

Computes the waveform’s middle value [(MAX + MIN) / 2].=fs

AREA Computes the area under the waveform.

m Zz m ee)Q< Computes the waveform’s energy.

PER Computes the waveform’s period.

Shift function of (PER): computes the waveform’s

frequency.

@) PULSE Parameters

NOTE

The following parameters are computed on the OPW as
defined by the cursor positions. Cursor 1 identifies the pulse

baseline and Cursor 2 identifies the pulse top. The results are

returned to the X register and displayed in its field in the

STORED or BOTH CAT DISPLAY modes.

RISE Computes the rise time of the waveform’s identified pulse.

FAL Shift function of [RISE]; computes the fall time of the

waveform’s identified pulse.

Computes the delay time of the waveform’s identified

pulse.

Computes the width of the waveform’s identified pulse.

Go2aBco>-x<
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Foldout for

Front Panel Controls, Connectors & Indicators

(Figure A)
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Figure A. Locator for 7854 front-panel controls, connectors, and indicators.

FRONT-PANEL DESCRIPTIONS

@

@

Ooo8©©
©©®©©©
®

Camera Power Connector (not labeled)—Three-pin connector provides

power for camera operation and receives single-sweep reset signal.

CALIBRATOR (Switch and Output Connector}—Provides calibrated 1-kHz

square-wave voltages.

POWER (Switch and Indicator)—Switch controls power to the instrument;

indicator illuminates when power is on.

VERTICAL MODE-—Selects plug-in unit(s) for real-time input source of

vertical deflection. Status indicated by illuminated button.

A TRIGGER SOURCE—Selects real-time internal trigger source for A HORIZ

plug-in unit,

HORIZONTAL MODE-—Selects plug-in unit(s) for real-time input source of

horizontal deflection. Status indicated by illuminated button.

VERT TRACE SEPARATION (B)—Vertically positions the B HORIZ trace

with respect to the A HORIZ trace (dual-sweep real-time modes only).

B TRIGGER SOURCE-—Selects real-time internal trigger source for B HORIZ

plug-in unit.

Ground (not labeled)—Binding post to establish common ground between

associated equipment.

B INTENSITY—Cortrols brightness of real-time trace produced by the plug-

in unit installed in the B HORIZ compartment.

B Intensity (Indicator}—liluminates when selected by HORIZONTAL MODE

switch.

FOCUS—Controls crt trace definition.

A INTENSITY—Controls brightness of real-time trace produced by the plug-

in unit installed in the A HORIZ compartment.

A Intensity (Indicator)—llluminates when selected by HORIZONTAL MODE

switch.

BEAMFINDER—When pressed, compresses and defocuses displayed real-

time waveforms within graticule area.
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Foldout for

Rear Panel Controls, Connectors & Indicators

(Figure C)
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erties AUDIBLE ERROR :WARNING

upon sorfnt 9mm raiK only | Moot ‘ON oF
4 SE LPEN Ont >

Uh Ea] &

Js
Z-AXIS INPUT—Input for external intensity modulation of the real-time crt

-. BQ
@ @& @ &

DISCONNECT POWER INPUT BEFORE REPLACING
FUSE

FOR CONTINUED FIRE HAZARD PROTECTION REPLACE

WITH SAME TYPE 44 FAST 250 VOLT FUSE

LINE FUSE—4 A fast-blowing type.

CONTROL ILLUMINATION—Sets illumination level of TRIGGER SOURCE

switches and lighted push-button switches on associated plug-in units.

CONTROL

| HLUMINATION

Z-AXIS INPUT

ea

i
OORCCOCCSR0005 ce © zax
Ooogooo0co9e005o | * MO > i play.

& EE ES eSa Ene a GS @ (33) @) SIGNAL OUT—Output signal derived from vertical signal as selected by A
OOCOOH000bboOo0 es ie oF TRIGGER SOURCE switch.

SSSereeseqcoon a & (i) ® + SAWTOOTH OUT—Sawrooth output signal derived from the A or B time-

® SERSBESceoo55° TERNAL @) DNa Gate signal derived from either the A Gate, B Gate, or A

QOGGOSESeeeb00 ‘ © Gs) SINGLE SWEEP RESET—Input to reset single-sweep function of A and B
OOOOOOOORCR00H fy EESTy time-base units.

G6) Power Cord Input—Input to allow attachment of power cord.

© se AEDES A Sho woco ‘O) LINE VOLTAGE SELECTOR—Sets instrument for 115-volt or 230-voit
Q GcatiieDsemvice rensonves NG | nominal line operation.

®

mer EXTERNAL KEYBOARD Connector—Allows connecting an_ external
egy NE OT —() keyboard such as the 7854 Waveform Calculator, to the mainframe.

cou our a) MEMORY BACK-UP POWER Connectors—Two female banana jacks for
@ mae" applying 5.5 to 6.5 V DC to provide non-volatile memory.
3 2 ce a

cate our (2) TTL SIGNAL OUTPUT SWL/SWH—BNC connector to provide TTL-
@ i compatible signal. Level set by operator with Waveform Calculator keyboard.

son a se.ecvoa] aancr [wax eowre|wax cunmey] (7) (a) AQS ABORT—Pushbutton switch to terminate AQS command.

AUDIBLE ERROR/WARNING ON-OFF—Switch to enable (ON) or disable
&
@ Tint fuse aa fasT | eRe eb weoms &

7 +

Figure C. Locator for 7854 rear-panel controls, connectors, and indicators.

(OFF) audio tones internally generated under error or warning conditions.

GPIB Connector—lIEEE 488 1978 specified connector to allow connecting

the instrument to the GPIB. (Not available with Options @D & 1D.)
®

) GPIB Address Selection—An eight-element, binary-coded switch to select

GPIB mode and address.
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Foldout for

Waveform Calculator Keys & Indicators

(Figure D}
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WAVEFORM CALCULATOR DESCRIPTIONS

(2) PROGRAM ENTRY

NOTE

19 18 17 16 15 4©) @) © ® @® ©) The following program commands, except LNN are not
programmable and can only be invoked by direct execution.

Switches the processor and the display to the program Edit

mode to allow writing a program. This function is invokedVERTICAL

STACKS | an ee “oO
as, c DATA STORAGE ? 8 | i

PROG

—— Vt -

PROGRAM ENTRY execute Busy a with alternate actuations of the key.
fl @ N

© Ge bRev next [bree OSs déto | EVs: SRORT PARSE ui a 3) NEXT In the Entry mode: terminates a new program line being
- ) ~ | — : ‘| — — ' a ~ VE j- _ } i inserted and advances the edit prompt to the next line. In

; : ; the Edit mode: advances the edit prompt to the next line.

(~sarT WFM FUNCTIONS STORED WFM

DIFF +ORD HPLET., HER DISPLAY 12 In the Entry mode: deletes a new program line and returns
INTG ORD (TAP SMOOTH =" HXPO 

;

(- a Ty — Ree he to the Edit mode with the edit prompt at the next line. In

EXP K | ; } : ] : 4 E | “) the Edit mode: deletes the edit line and leaves the edit
{ f

tN prompt at the same line
WFM PARAMETERS ap

7 is DSW .MAX 0 MIN PP - 7 r | Shift function of CG): deletes entire program. Returns
@) eS ! | ) f ) \ to the Edit mode if actuated while in the Entry mode.

PREV- = oe RMS: MEAN MID > PAW *PNT *CN * In the Entry mode: performs an implicit NEXT command,

_ SAVE + | c ~ r i = a a — Jaa oe _ . 30) then returns prompt to the previous line.
: Ce Oe ee) re eee

ROLL, FRE r LNN Shift function of (PREV) : begins storage of a numeric

@- Seno : a Mey r AREA a CURSORS 0) label in the program and must be followed by two digit-
alciianenaa f > ov Doe _i * Th j : } CHER VERB ore GABA ; 5 4 entry commands for the label.

Crm PULSE ery,

aM "ENTER. se | pea winTH CURSOR POSITION

— | / | | / : ) 7 ai _j <cRsi> ss <-CRS2 > 9 | | cus | @ Arithmetic Commands
. — |: NOTE

Tektronix 7854 waverorm CALCULATOR
ff the operand{s) for the following functions are constants the

result is a constant given in the X register. If, however, the

operand is a waveform, the result is a new waveform returned

to waveform memory.

2873-411 SORT Computes the square root of the contents of the X register.

® @ & @ ®

Computes the natural logarithm of the contents of the X

register.

Figure D. Locator for Waveform Calculator keys and indicators.

z

xaUvx Shift function of Cn). Computes the exponential
function of the contents of the X register.

ABS Computes the absolute value of the contents of the X

register.
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WAVEFORM CALCULATOR DESCRIPTIONS (Cont)

SG Shift function of . Computes the signum of the

contents of the X register.

Subtracts the contents of the X register from the contents

of the Y register.

Adds the contents of the X register to the contents of the Y

register.

Multiplies the contents of the Y register by the contents of

the X register.

Divides the contents of the Y register by the contents of the

X register.

® EXTernal

SAVE Sends one record of the program (from the current

program line to the end-of-program line) to the external

GPIB interface. This function is not programmable.

READX Reads data from the external GPIB interface; constants are

returned to the X register, waveforms are placed in

waveform memory.

Shift function of (READX }. Sends the data from the X
register, or if the X register contains a waveform memory

address the data from the specified waveform memory is

sent, to the external GPIB interface.

SWH Sets the level of rear-pane!l TTL SIGNAL OUTPUT to high.

(Sw Shift function of (SWH_). Sets the level of rear-panel TTL
SIGNAL OUTPUT to low.

(@) STACK Control

ENTER Terminates number entry into the X register if in the

number entry state, otherwise, pushes the stack to enter

new data.

xX<> Interchanges the contents of the Y and X registers.

Shift function of Gey). Rolls the contents of the stack
registers.

CLX Clears the X register by popping the stack.

Shift function of (ocx). Clears the stack by setting the
Q.stack registers to
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WAVEFORM CALCULATOR DESCRIPTIONS (Cont)

G) WFM PARAMATERS (Duplicated on the measurement keyboard.)

NOTE

The following parameters are computed on the operational

waveform between and including the cursors, if on. The

results are returned to the X register and displayed in its field

in the STORED or BOTH CRT DISPLAY modes.

MAX Computes the operational waveform’s most positive value,

relative to the vertical zero reference (VZR).

Computes the operational waveform’s most negative value,

relative to the VZR.

BE Computes the operational waveform’s peak-to-peak value

(MAX — MIN).

RMS Computes the operational waveform’s root-mean-square

value.

Computes the operational waveform’s algebraic mean

value.

Computes the operational waveform’s middle value

(MAX + MIN} 7 2).

Computes the area under the operational waveform.

Computes the operational waveform’s energy.

Computes the operational waveform’s period.

Shift function of PER]. Computes the operational

waveform’s frequency.

ma![szmlie5ro)z =<

@) PULSE Parameters (Duplicated on the measurement keyboard.)

NOTE

The following parameters are computed on the operational

waveform as defined by the cursor positions. Cursor 1

identifies the pulse baseline and Cursor 2 identities the pulse

top. The results are returned to the X register and displayed in

its field in the STORED or BOTH CAT DISPLAY modes.

RISE Computes the rise time of the identified operational

waveform pulse.

FALL Shift function of ( RISE] . Computes the fall time of the

identified operational waveform pulse.

DELAY Computes the delay time of the identified operational

waveform pulse.

WIDTH Computes the width of the identified operational waveform

pulse.
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(@) CURSOR POSITION (Duplicated on the measurement keyboard.)

CRS1i<

CRS1>

CRS2<

CRS2>

Numeric Entry

<10x}jmn
@) CURSORS

Moves Cursor 1, if on, toward the start of the operational

waveform.

Moves Cursor 1, if on, toward the end of the operational

waveform.

Moves Cursor 2, if on, toward Cursor 1.

Moves Cursor 2, if on, toward the end of the operational

waveform.

Enters the designated digit into the X register.

Enters the decimal point into the X register.

Displays the exponent identifier and field in the X register.

Changes the sign of the mantissa or exponent of the

number being entered in the X register.

NOTE

The cursors, when on, are displayed on the operational

waveform in the STORED and BOTH CRT DISPLAY modes as

intensified points.

CRS2-1

VCRDvvxrfo}<xobs)le)ie)ee]noPs]Ps]o=ie]Le)
OFF

Turns on both cursors. Displays the coordinates of Cursor

2 relative to Cursor 1. (Duplicated on the measurement

keyboard.)

Shift function of [_CRS2-1 J. Turns on Cursor 1 only.

Displays the coordinates of Cursor 1 relative to the start of

the waveform. (Duplicated on the measurement keyboard.)

Returns the horizontal coordinate (with one cursor on) or

the relative horizontal coordinate (with both cursors on) to

the X register.

Shift function of ( HCRD ]. Moves the cursor(s), if on, so

that the horizontal coordinate or relative horizontal

coordinate equals the value in the X register.

Returns the vertical coordinate (with one cursor on) or the

relative vertical coordinate (with both cursors on) to the X

register.

Shift function of {.VCRD }. Moves the cursor(s), if on, so

that the vertical coordinate, or relative vertical coordinate,

equals the value in the X register.

Turns off the cursors. (Duplicated on the measurement

keyboard.)
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DATA STORAGE

P/W Returns the points-per-waveform setting to the X register.

Shift function of Sets the points-per-waveform

value to one of 128, 256, 512, or 1024

PNT Returns the vertical value of the operational waveform

point specified in the X register to the X register.

Shift function of Sets the operational waveform

point specified in the X register to the vertical value given

in the Y register.

Returns the constant to the X register from the constant

register specified

Shift function of Copies the constant given in the

Y register into the constant register specified in the

X register

WEM Recalls the stored waveform specified in the X register

from waveform memory to the display

(Wre ) Shift function of Copies the operational
waveform into the waveform memory specified in the

X register.

() Shift Commands

ea Selects shift function of the next key pressed. (Duplicated
on the measurement keyboard)

Shift function of [EEX clears the shift flag.

@) STORED WFM DISPLAY

NOTE

The following commands affect the stored waveform displayed in

the STORED or BOTH CRT DISPLAY modes only. They have

no effect on the real-time waveforms or the displayed

alphanumeric characters.

The stored waveform(s) are displayed with time as the

horizontal axis (Y-T mode).

Shift function of TIME The stored waveform(s) are

displayed in the X-Y mode using the waveform specified in

the X register as the horizontal axis.

The stored waveform(s) are displayed as a series of points

joined together with straight-line vectors.

Shift function of (| VECT The stored waveform(s) are

displayed as a series of points.
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DSW The stored waveform specified in the X register is

displayed in addition to the operational waveform

2)= Clears the stored waveform specified in the X register from

the display if it was previously displayed with the DSW

command.

CLO Shift function of Clears all waveforms, except

° the operational waveform, from the display if they were

displayed with the DSW command.

@) VERTICAL POSITION

VPUP Moves the operational waveform upward.

VPDN Moves the operational waveform downward

CRT DISPLAY (Duplicated on the measurement keyboard.)

Sc Selects real-time waveform and readout display mode.

Je
3m

STORED Selects stored waveform and character display mode.

(BOTH } Shift function of [STORED] . Selects mixed display of
real-time and stored waveforms, with character display.

(5) WEM ACQUISITION

AQR Acquires repetitive real-time waveform(s) with readout;

stores result in waveform memory. (Duplicated on the

measurement keyboard.}

“AGS } Shift function of [AQR]|. Acquires single-sweep

waveform(s) with readout, and stores the result in waveform

memory. (Duplicated on the measurement keyboard).

AVG Averages the repetitive real-time waveform the number of

times listed in the X register and stores the result in

waveform memory.

Presets ground reference for subsequent waveform

acquisition. Ground reference is set at the algebraic mean

vertical position of the real-time trace. (Duplicated on the

measurement keyboard}

“RDOUT } Shift function of Returns the real-time readout
value (without units) of the readout word specified in the

X segister to the X register

ERROR (Indicator)—Illuminates when an error or warning condition occurs.

(Duplicated on the measurement keyboard.)
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(2) WFM SCALING

VZR Returns the location of the operational waveform’s vertical

zero reference (VZR) in divisions relative to the center

horizontal graticule line to the X register.

Shift function of . Moves the operational waveform

so that its VZR is at the level specified in the X register.

<bad<melNoOee) Vertically expands the operational waveform about the

center horizontal graticule line by the factor specified in

the X register. The vertical scale factor of the operational

waveform is changed so that the waveform’s value does

not change. A negative number in the X register will also

invert the operational waveform.

VSCL Returns the vertical scale factor (size per vertical graticule

division) of the operational waveform to the X register.

VSCL Shift function of | VSCL J. changes the vertical scale

factor of the operational waveform to the value specified in

the X register.

HSCL Returns the horizontal scale factor (size per horizontal

graticule division) of the operational waveform to the

X register.

=xaw. i) Shift functions of the | HSCL ]. Changes the horizontal

scale factor of the operational waveform to the value

specified in the X register.

WFM FUNCTIONS

ITRP Replaces a delimited portion of the operational waveform

with a Straight line. Delimiters are the cursors, if on, or the

horizontal locations in the Y and X registers.

INTG Integrates the operational waveform.

Shift function of [ INTG Differentiates the operational

waveform.

Returns the value of the operational waveform at the

horizontal position specified in the X register,to the X register.

LORD } Shift function of the . Sets the operational

waveform vertical value, at the value given in the Y register.

SMOOTH Smooths the operational waveform (performs an n-point

average) using the value in the X register.

CupteT } Shift function of [SMOOTH] . Horizontally positions the

operational waveform to the left.
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Horizontally expands the operational waveform, or the

delimited portion of the operational waveform, by the value

in the X register. The horizontal scale factor is changed by

the expansion ratio to maintain the value of the operational

waveform. The cursors, if on, are delimiters.

Shift function of HXPD]. Horizontally positions the

operational waveform to the right.

PROGRAM EXECUTE

The

NOTE

following program commands, except STEP, are

programmable.

EXEC

STEP

D Cc Zz

GSB

RTN

GOTO

LBL

IFy>x

i:FY
REV JUN 1983

Switches the processor and the display to the program

Execute mode. This function is invoked with alternate

actuations of the key.

Switches the processor to the Step state and begins
single-line execution of the program. This command is not

programmable.

Switches the processor from the idle state to the Run
state.

In the idle or Step states: move the execute pointer to the

Program line specified by the number in the X register for the

start of the subroutine. In the Run state: moves the execute

pointer to the specified line and continues execution of the

subroutine.

Shift function of . In the idle or Step state: returns

the execute pointer to the program line where the execute

pointer was located prior to a GSB command. In the Run

state: returns the execute pointer and continues execution.

in the idle or Step state: moves the execute pointer to the

program line specified in the X register. In the Run state:

moves the execute pointer to the specified line and continues

execution.

Shift function of [GOTO] . Returns the program line

number to the X register of the first program line holding the

specified label.

Compares the contents of the Y and X registers, and in the
STORED or i3¢°*+« CRT DISPLAY modes, displays the test
result if TRUE or FALSE.

Shift function of (Fy>x). Compares the contents of the Y
and X registers and, in the STORED or : CRT

DISPLAY modes, displays the test result of TRUE or

FALSE.
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( START ) Shift function of (Run). In the idle state: switches the
processor to the Run state and begins execution with the

first command of program line @@@. In the Run state:

continues execution with the first command of program

line Q8.

Terminates AOR, AVG, or GND if executing; terminates

READX , SENDX, >TEXT, TEXT, or SAVE prior to the start

of data transfer; terminates program execution. (Duplicated

on the measurement keyboard.)

(PAUSE } Shift function of |STOP} . Stops execution for about 0.7

seconds.

BUSY (Indicator)—Illuminates when the processor is busy executing a

command
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Introduction

The 7854 Oscilloscope system can be operated in any of three distinct display

modes—SCOPE, STORED, or BOTH—as selected with the keys located in the CRT

DISPLAY blocks on either the measurement or Waveform Calculator keyboards.

These display modes are defined as follows: (a) SCOPE Mode—Real-time waveform

and readout displays supplied by the selected plug-in units (as in conventional

oscilloscopes). (b) STORED Mode—Stored waveform and alphanumeric character

displays supplied by the internal processor of the 7854 Oscilloscope. (c) BOTH

Mode—Mixed displays of the real-time waveforms from the plug-in units with the

stored waveforms and alphanumeric character displays supplied from the internal

processor.

Other features of your 7854 oscilloscope system are introduced in the remainder of

this section. In addition, this section includes the following:

1. Brief descriptions of each control, connector, key, and indicator;

2. Installation instructions including power-up conditions; and

3. A glossary of terms used throughout this manual.
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7854 FEATURES

The TEKTRONIX 7854 Oscilloscope with Waveform Calculator combines the

features of a high-performance plug-in oscilloscope with a waveform-oriented

dedicated-function digital processor.

The 7854 accepts Tektronix 7000-Series plug-in units for display control. The flexibility

and variety provided by the wide line of plug-in units available allow the system to

accommodate many measurement applications. The left pair of plug-in compartments

are used for the vertical deflection of the real-time signal and the right pair are for the

horizontal deflection. Electronic switching between each pair will produce multi-trace

real-time vertical or horizontal displays.

In addition, the waveform processor provides equivalent-time sampled digitizing of

waveforms to 400 megahertz equivalent-time bandwidth. The processor can be

operated from either keyboard (front-panel measurement keyboard or detachable

Waveform Calculator keyboard} or remotely over the GPIB (General Purpose

Interface Bus}. By changing the resolution of the waveform memory in the standard

version of the 7854 Oscilloscope, up to 16 waveforms can be stored in memory: up

to 9 of these can be displayed at one time. A mixed (OT) mode is provided to

display both the real-time waveforms and the stored waveforms for comparison or

measurement.

Cursors are provided for the stored waveforms to delimit or identify portions of the

waveform to be measured. These cursors are generated by the processor and can

be manually positioned by executing the appropriate commands from the

keyboard(s), automatically positioned through execution of a stored program, or

remotely positioned from the GPIB controller. Some of the dedicated functions (e.g.,

WIDTH, RISE, ITRP, etc.) are cursor-dependent. The cursor coordinates (or relative

coordinates) are provided on the display in the STORED or 7: modes.

Specific characteristics of the STORED display can be selected with the keyboards

or over the GPIB. The Waveform Calculator provides display control to vertically or

horizontally expand the stored waveform; display any stored waveform versus

another in X-Y mode, or versus time in Y-T mode; display the stored waveform as

individual points, or with vectors drawn between points. Also, functions are

provided to manipulate the entire stored waveform. For example, any stored

waveform can be either vertically or horizontally positioned without affecting the

absolute voltage values; or any stored waveform can be differentiated, integrated, or

smoothed and the resulting waveform displayed.

Programming, consisting of a sertes of commands stored for later execution, is

available to simplify measurements which must be repeated. Editing and execution

is controlled either from the Waveform Calculator or the GPIB.
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INSTALLATION

This instrument was inspected both mechanically and electrically before shipment

from the factory to be free of mars or scratches and to meet or exceed al! electrical

specifications. Upon receipt, inspect the instrument for any physica! damage which

may have been incurred in transit. Then, refer a qualified service person to the

Performance Check Procedure in the Calibration section of the 7854 Service

Manual to verify the electrical performance of the instrument. If mechanical

damage or performance deficiencies are found, contact your local Tektronix Field

Office or representative.

OPERATING POWER INFORMATION

This instrument will operate from either a 115-volt or 23Q-volt nominal line-voltage

source, 48 to 44@ hertz.

OPERATING VOLTAGE

The LINE VOLTAGE SELECTOR switch (located on the rear panel of the 7854

Oscilloscope mainframe) allows selection of 115-volt or 230-volt nominal line

voltage operation. To select the correct nominal line voltage, first change the power

cord and plug to match the power-source receptacle (if necessary). Then, use a

small screwdriver to move the LINE VOLTAGE SELECTOR switch to the desired

range.

‘ CAUTION

ae ae a a a a a ane

To prevent damage to the instrument, always check the settings of the

LINE VOLTAGE SELECTOR switch located on the rear panel of the

7854 Oscilloscope mainframe before connecting the instrument to the

line-voltage source.

POWER CORD INFORMATION

A power cord with the appropriate plug configuration is supplied with each

instrument. For your convenience the color-coding of the power cord conductors is

given in Table 1-1. Also, should you require a power-cord plug other than that

supplied, refer to the Power-Cord and Plug Identification Table 1-2.

1-2 @
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WARNING }

This instrument operates from a single-phase power source, and has a

detachable three-wire power cord with a two-pole, three-terminal

grounding-type plug. The voltage to ground (earth) from either pole of

the power source must not exceed the maximum rated operating

voltage, 258 volts.

Before making connection to the power source, determine that the

instrument is adjusted to match the voltage of the power source, and

has a suitable plug (two-pole, three-terminal, grounding type}. Refer

any changes to qualified service personnel.

This instrument is safety class | equipment (lIEC* designation). Alf

accessible conductive parts are directly connected through the

grounding conductor of the power cord to the grounding contact of the

power cord. Therefore, the power plug must only be inserted in a

mating receptacle with a grounding contact. Do not defeat the

grounding connection. Any interruption of the grounding connection

can create an electric shock hazard.

For electric shock protection, the grounding connection must be made

before making connection to the instrument's input or output

terminals.

*International Electrotechnical Commission

TABLE 1-1

Power-Cord Conductor Identification

Conductor Color Alternate Color

Ungrounded (Line) Brown Black

Grounded (Neutral) Light Blue White

Grounding (Earthing) Green/Yellow Green/ Yellow
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MEMORY BACK-UP power /\,
Two female banana jacks (on the rear panel of the 7854 Oscilloscope mainframe)

allow application of about 6.25 V de (8.7 A maximum) to provide back-up power for

the volatile storage devices used for processor memory. The instrument is fuse

protected for application of any voltages applied to the MEMORY BACK-UP POWER

INPUT up to +5 volts (de plus peak ac). When power is first applied to the MEMORY
BACK-UP POWER INPUT the red indicator lights to indicate that the fuse has not
blown.

LLL LLL LO

5

> CAUTION

LLL LLL LPN

To prevent loss of data fram memory due to a power failure, apply

memory back-up power.

OPERATING TEMPERATURE

The 7854 can be operated in ambient air temperatures between @° and +5@° C, and
can be stored in ambient temperatures from -55° to +75° C. After being stored in

temperatures outside the operating limits, allow the chassis temperature to return

to within the operating limits before applying power.

The 7854 Oscilloscope mainframe is cooled by air drawn in through holes in the

top, side, and bottom cabinet panels and blown out through the fan exhaust. To

ensure proper instrument cooling, maintain the clearance provided by the feet on

the bottom cabinet panel, and allow at least 2 inches of clearance at the top, sides,

and rear of the instrument.

If the internal temperature of the mainframe exceeds a safe operating level, a

thermal cutout will repeatedly disconnect the instrument power supply. This

condition stops when the temperature returns to a safe level.

INSTALLING PLUG-IN UNITS

The 7854 Oscilloscope mainframe accepts up to 4 Tektronix 70@@-series plug-in

units. This feature allows selection of bandwidth, sensitivity, real-time display

modes, etc., and provides for future expansion of the system.

@ 1-5
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The overall electrical capabilities of the system are mainly determined by the

characteristics of the selected plug-ins. For information on other plug-in units, refer

to the current Tektronix Products catalog.

S cAUTION§
PLL IDS.

To prevent instrument damage, plug-in units should not be installed or

removed without first turning off the 7854 Oscilloscope. However, to

prevent loss of data from memory, be sure memory back-up power is

applied before turning off the instrument.

To install a plug-in unit into a compartment, align the slots in the top and bottom of

the plug-in unit with the corresponding guide rails in the plug-in compartment.

Insert the plug-in unit into the compartment until it locks into place. To remove a

plug-in unit, pull out on the release latch to disengage the plug-in. To meet the EMC

(electromagnetic compatibility) specifications, cover all unused plug-in

compartments with an EMC-shielded blank plug-in panel, Tektronix part @16-0155-

BO.

The gain of the 7854 vertical and horizontal systems is normalized. This allows

plug-in units to be interchanged among plug-in compartments without adjustment

of the system. To verify plug-in accuracy, their basic calibration should be checked

when installed. (Refer a qualified service person to the plug-in unit manual for

further information).

CONNECTING THE WAVEFORM CALCULATOR L\

The 7854 Waveform Calculator is shipped to you in a package separate from the

7854 Oscilloscpe mainframe. Upon receipt, inspect the Waveform Calculator for any

physical damage which may have been incurred in transit. To attach the Waveform

Calculator to the 7854 Oscilloscope, mate the connector at the end of the calculator

cable to the rear-panel EXTERNAL KEYBOARD input on the mainframe. Then

secure the connector with the screws provided on the outer edges of the cable

connector.

GENERAL PURPOSE INTERFACE BUS (GPIB)

The 7854 (except Option @D) is equipped with an IEEE 488-1978 Digital Interface

for Programmable Instrumentation, commonly referred to as a General Purpose

Interface Bus, or GPIB. The GPIB allows remote control of all processor functions,

and data transfers to and from the 7854.

The GPIB connector and associated address and function selector switches are

mounted on the rear panel of the 7854. Refer to the GPIB section of this manual for

complete GPIB information.

1-6 @
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POWER-UP CONDITIONS

When the 7854 is turned on (without memory back-up power applied), the

waveform processor runs four self-checking tests. Although these tests are not all-

inclusive, they indicate if major portions of the processor are properly working. The

self-test sequence outlined below begins when power is applied to the 7854.

Step 1: When power is applied the following indicators will light: POWER,

selected positions of the A and B TRIGGER SOURCE switches, and all

selected indicators on the plug-in units. For approximately three seconds

after power-up the following indicators will remain off: all positions of the

VERTICAL and HORIZONTAL MODE switches, all Intensity indicators, all

red front-panel (measurement keyboard) and Waveform Calculator

indicators.

Step 2: All positions of the VERTICAL and HORIZONTAL MODE switches, all

Intensity indicators, and all red front-panel and Waveform Calculator

indicators will now light.

Step 3: A fault condition found through any of the four tests is indicated with the

lights of the VERTICAL and HORIZONTAL MODE switches. Fault condition

codes are listed in Table 1-3. Be sure to note the code received so that you

may more fully inform the service person about the trouble.

TABLE 1-3

Self-Test Fault Codes

VERTICAL MODE HORIZONTAL MODE Circuitry

Indicator Status Indicator Status With Fault

All lights on. B light on. RAM

All lights on. CHOP light on. ROM

All lights on. CHOP and B lights on. Real-time Clock

All lights on. ALT light on. Display

‘)

If a fault code occurs, press any button of the VERTICAL or HORIZONTAL

MODE switches and the self-testing will continue. Then, refer a qualified

service person to the Performance Check Procedure in the Calibration

section of the 7854 Service Manual to verify the electrical performance of

the instrument.
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Step 4: Successful completion of the self tests is indicated by the issuance of the

audible warning tone (if the rear-panel AUDIBLE ERROR/WARNING

switch is ON), and the extinguishing of all red indicators, the S and A

Intensity indicators, all VERTICAL MODE lights except LEFT, and all

HORIZONTAL MODE switch lights except B. !n addition, if the READOUT

intensity control is set to about midrange, the message SELF TEST

COMPLETE will be displayed on the crt.

PRESET CONDITIONS

After successful completion of the processor self tests, several parameters of the

7854 are set to predetermined conditions. These power-up conditions are:

CRT DISPLAY Mode .........0. cece eee cee eee Set to SCOPE

Program Mode ..........2. cece cece eee eens Set to EXECUTE

Program Memory ......... 00.0 c cc cece ce cent ence eee Cleared

VERTICAL MODE ............000 cece ee teens Set to LEFT

HORIZONTAL MODE......... 0.0.0.0 cee cece tereteeee Set to B

Stored Waveform Display ..............0.00cseve eee Not displayed;

set to VECTors

P/W (Points/Waveform) .........0.00 eect ee eens Set to 512

Stack RegisterS..........00. e eee cee eee Cleared to @

OPW (Operational Waveform) ..............0.0 eee cee eee Set to @

All Waveform Memory Points............... Set to the zero value

(center horizontal graticule line)

VZR (Vertical Zero Reference)..................eee eee Set to @ (all

waveform memories)

Vertical Scale Factor 2.0... 0.0.0 ccc cece ee ene eee Set to 1 (all

waveform memories)

Vertical Scale Factor Unit ........... 00.0... eee eee Set to V (all

waveform memories)

Horizontal Scale Factor ........00. eee ec eee eee Set to 1 (all

waveform memories)

Horizontal Scale Factor Unit .....................0005 Set to S (all

waveform memories)

Constant RegisterS....... 0.0... cece cee ee eee eee Set to @

TTL Output... 0. eeeeres Set HIGH

All GPIB Service-Request Functions..................0005- Set ON

OPERATING POSITION

A bail-type stand, mounted on the bottom of the mainframe, permits the instrument

to be tilted up about 1@° for more convenient crt viewing.

1-8 @
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GLOSSARY OF TERMS

The terms listed in this glossary are used throughout this manual and are defined

here for your convenience.

ADDRESS

A value that identifies a specific storage location.

ALGORITHM

A fully specified procedure used for solving a mathematical problem in a finite

number of steps.

ASCH

Abbreviation for “American Standard Code for Information Interchange”. A seven-

bit character code used extensively in data transmission in which 128 numerals,

letters, symbols, and special control codes are represented.

AUTOSCALE

Automatic vertical scaling of a stored waveform to maximize the display range to

between 13.5 divisions ‘rom center screen.

BITS

A single entity used to encode data and designated by either @ or 1.

BUS

An interface of one or more signal lines used to connect two or more devices over

which messages are transferred.

BYTE

A unit of 8 bits used to encode data. The data transfers over the GPIB are byte

serial, bit parallel.

CALCULATOR LANGUAGE

A computer ianguage that consists primarily of commands, each of which is capable

of invoking a function to be executed.

COMMAND

An instruction which initiates the processor to perform a pre-programmed function.

COMMAND BUFFER

A device for stcring incoming commands, in order of arrival, while previously

received commands are being executed by the processor.

CONSTANT

in the 7854 a constant is a single-valued variable.
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CONSTANT REGISTER

A storage register which is able to hold only one constant at a time.

Option Number CNS Registers CNS Number

@D 4) _

Standard ' 58 0-49

2D1 108 @-99

CONTROLLER

A device on the GPIB which is in charge of establishing talkers and listeners for

data transfers.

CURSORS

One or two specially identified points on the operational waveform used to delimit

or identify for further waveform manipulation or measurement.

CURVE

An ASCII string used to represent actual waveform data points over the GPIB.

DATA PATH

Refer to Figure 1-1 for illustrated definition.

DIGIT

One of the symbols: 9,1,2,3,4,5,6,7,8, and 9.

DIGITIZER

A device which converts analog data into numbers. In the 7854 the digitizer

converts the real-time signals into the digitally-represented stored waveforms.

DOTS

A mode used to represent and display the stored waveforms as a series of discrete

points.

EDIT

To modify the stored program, e.g., to insert or delete commands into or from a

program.

EQUIVALENT TIME

In digitizing oscilloscope operation: the time scale associated with the output of the

digitizer.

EQUIVALENT-TIME BANDWIDTH

The range of frequencies which can be adequately digitized.

1 Applies only to instruments with serial numbers below B085121. For instruments with

serial number B085121 and above, features previously provided by Option 2D are standard.
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REAL-TIME PATH

CHANNEL OUTPUT

SWITCH STORED DATA AMPLIFIER

PATH

ee

e

e

e

: WAVEFORM

® NUMERIC PATH PROCESSOR
ecoeceeoom eeeveese eveeeeeesoesesnnssee GPIB

REAL-TIME PATH: Standard oscilloscope circuitry; includes channel switch, output

amplifier, and crt.

STORED DATA PATH: Includes the channel switch, digitizer, memory, output

amplifier, and crt.

NUMERIC PATH: Includes the channel switch, digitizer, memory, and

computational aglorithms; data output is via GPIB {General Purpose Interface Bus).

2873-402

Figure 1-1. Definition of Data Path Terms.

EQUIVALENT-TIME SAMPLING

The method used to digitize and store repetitive real-time waveforms in the 7854

whereby a stored waveform is built from samples taken during many cycles of a

repetitive real-time waveform.

ERROR

Issued when the command which was to be executed could not be executed

because a restriction condition existed.

ESIGN

The sign (either + or -) associated with the exponent.

EVALUE

The absolute value of the exponent.

EXECUTION

Performing a command.

EXPONENT

A signed two-digit number that indicates the power to which the base (1@) is raised.

@ 1-11
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FIELD

A specified area of the graticule used to display a particular category of data, (e.g.

the contents of the X register, the mnemonic of the fast command executed, etc.).

FLAG

A character that signals the occurrence of some condition, such as thef indicates

that a shift function will follow.

FLOATING-POINT

In the 7854: a form of notation in which quantities are expressed as a mantissa

(within the range of 1.000 through 999.9) with an exponent.

FUNCTION

A statement to the processor that specifies the operation to be performed. In the

7854 the values or locations of the operands are implicit in the function.

GPIB

The abbreviation for General Purpose Interface Bus which is defined by the IEEE

standard 488-1978.

GPIB-ONLY COMMANDS

Commands accessible only via the external interface; commands having no

corresponding keys.

HANDSHAKE

A method of transferring data over the GPIB involving an interlocked sequence of

signals (e.g., DAV, NRFD, NDAC, etc.).

INTERRUPT

To stop a process in such a way that it can be resumed.

1/0 (Input/Output)

A term used to refer to data transfers between devices.

JITTER

Instability of a displayed signal in either amplitude or phase.

LABEL

In the 7854 a label consists of the character "L” followed by two digits that serve to

identify a program line.

LISTENER (or Acceptor)

A device on the GPIB which is receiving data from another device on the GPIB.

Several listeners are allowed for any data transfer.

1-12 @
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LETTER EXPONENT

A single letter following the mantissa of a displayed floating-point number which

represents a power of 18 multiplier (e.g., in 2.467m the m represents E-@3).

LSD

Abbreviation for “least significant digit”, which is the digit with the lowest

weighting in a number. Usuaily the right-most digit.

MAINFRAME

That portion of the 7854 which houses the plug-in units and the majority of

circuitry. Does not include the Waveform Calculator or the specific plug-in units.

MANTISSA

That portion of a floating-point number representing the significant digits of the

number (e.g., 2.460 is the mantissa in the number: 2.46@QE+29).

MEASUREMENT KEYBOARD

The keys and associated indicators located on the front panel of the 7854

mainframe.

MESSAGE TERMINATOR

A means of specifying the last byte to be transferred over the GPIB in any one

message.

MNEMONIC CODE

Symbolic language codes that are easily remembered because they closely

resemble the operation that they specify. All 7854 mnemonics are briefly defined

below:

ABS Compute and return absolute value to the X register.

AQR Acquire repetitive waveform(s).

AQS Acquire single-shot waveform(s).

AREA Compute and return OPW area.

AVG Average the real-time waveform.

AVG12 Average the real-time waveform 1@ times.

AVG1@@ Average the real-time waveform 1@@ times.

AVG1008 Average the real-time waveform 1800 times.

BOTH Set display mode for both real-time waveforms and stored

waveforms.

© 1-13
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MNEMONIC CODE (Cont)

CEROFF* Turn off service requests for command errors. (Issued only

over GPIB.)

CERON* Turn on service requests for command errors. (Issued only

over GPIB.)

CHS Change sign.

CLD Clear the stored display of all stored waveforms displayed

with the DSW command.

cif Clear shift flag.

CLL Clear program line.

CLP Clear entire program memory.

CLS Clear stack.

CLW Clear the designated stored waveform from the display.

CLX Clear X register by popping the stack.

CNS Return value from constant register.

CNS Store value in constant register.

CRS1 Turn Cursor 1 on.

CRS1< Move Cursor 1 toward start of OPW.

CRS1> Move Cursor 1 toward end of OPW.

CRS2-1 Turn both cursors on.

CRS2< Move Cursor 2 toward Cursor 1.

CRS2> Move Cursor 2 toward end of OPW.

DELAY Compute and return delay time.

DIFF Differentiate the OPW.

poTs Display stored waveform(s) in DOTS mode.

DSW Display the designated stored waveform.

*These mnemonics are not printed on the instrument.
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MNEMONIC CODE (Cont)

EEX Enter exponent.

ERR?* Transmit error status over GPIB.

ENERGY Compute and return energy.

ENTER Enter data in stack; terminates numeric entry or pushes the

stack.

EXECUTE Go to the program Execute mode.

EXP Compute exponential function.

EXROFF* Turn off service requests for execution errors. (Issued only

over GPIB.)

EXRON* Turn on service requests for execution errors. (Issued only

over GPIB.)

f Set shift flag.

FALL Compute and return fall time of OPW puise.

FREO Compute and return frequency of OPW.

GND Set ground reference.

GOTO Go to specified program line.

GSB Go to program subroutine.

HCRD Return cursor(s) horizontal coordinate.

>HCRD Set horizontal coordinate of cursor(s).

HMDA* Set HORIZONTAL MODE to A.

HMDALT* Set HORIZONTAL MODE to ALT.

HMDB* Set HORIZONTAL MODE to B.

HMDCHOP* Set HORIZONTAL MODE to CHOP.

HPLFT Horizontally position the OPW left.

HPRGT Horizontally position the OPW right.

*These mnemonics are not printed on the instrument.
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MNEMONIC CODE (Cont}

HSCL Return OPW horizontal scale factor.

HSCL Set OPW horizontal scale factor.

HXPD Horizontally expand the OPW.

ID Display instrument identify message.

ID * Transmit instrument identify message over the GPIB.

INTG Integrate OPW.

ITRP Linearly interpolate.

iPY=) Compare constants or referenced waveforms in X and Y

registers for equality.

IFVY>x Compare constants or referenced waveforms in Y and X register

for “greater than”condition.

IOCOFF” Turn off service requests for |/O commands. (Issued only

over the GPIB.)

1OCON* Turn on service requests for |1/O commands. (Issued only

over the GPIB.)

LBL Return labeled program line number.

LN Compute and return natural logarithm.

LNN Begin entering program line label.

MAX Compute and return maximum value of OPW.

MEAN Compute and return mean value of OPW.

MID Compute and return middle value of OPW.

MUN Compute and return minimum value of OPW.

NEXT Advance to next program line.

OFF Turn cursor(s) off.

OPCOFF* Turn off service requests for operation complete. (Issued only

over the GPIB.)

*These mnemonics are not printed on the instrument.
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MNEMONIC CODE (Cont)

OPCON*

ORD

‘ORD

PAUSE

PER

PNT

PNT

P-P

PREV

PROG

P/W

Pow

READX

REMOFF*

REMON*

RDBOUT

RISE

RMS

ROLL

ROS

ROSOFF*

Turn on service requests for operation complete. (Issued only

over the GPIB.)

Return ordinate (vertical) value of specified horizontal

coordinate of OPW.

Set OPW to specified ordinate value at specified horizontal

coordinate.

Pause temporarily in program execution.

Compute and return period of OPW.

Return value of specified point of OPW.

Set point of OPW to specified value.

Compute peak-to-peak value of OPW.

Back up to previous program line.

Enter programming mode.

Return points-per-waveform setting.

Set the points-per-waveform of all waveform memories.

Input data into 7854 X register from GPIB.

Turn off service requests for ROS. (Issued only over the

GPIB.)

Turn on service requests for ROS. (Issued only over the

GPIB.)

Return real-time readout word contents.

Compute and return rise time of OPW.

Compute and return root-mean-square of OPW.

Shift data circularly within the stack.

Transmit SRQ query request.

Turn off all service requests except Power On. (Issued only

over the GPIB.)

*These mnemonics are not printed on the instrument.
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MNEMONIC CODE (Cont)

ROQSON* Turn on all service requests (under most conditions and is

issued only over the GPIB).

RT Return from program subroutine.

RUN Run program beginning with the first command of the

current program line.

SAVE Transmit program over GPIB.

SCOPE Set display mode to SCOPE.

renies Transmit constant or referenced waveform from the 7854

X register over GPIB.

Compute and return signum function.

SMOOTH Smooth OPW.

SORT Compute and return square root.

SOR?* Transmit display line 16 over GPIB.

Execute program from start (first command of line @@Q).

STEP Single-line program execution.

STOP Terminate program or command execution or equivalent-time

sampling acquisition.

STORED Set display mode to STORED.

SWH Set TTL SIGNAL OUTPUT to high.

Set TTL SIGNAL OUTPUT to low.

TEXT” Transmit displayed alphanumeric characters over GPIB.

(Issued only over the GPIB.)

>TEXT* Input alphanumeric characters to display from GPIB. (Issued

only over the GPIB.)

TIME Display waveform versus time (Y-T mode).

VCRD Return cursor(s) vertical coordinate.

Set cursor(s) vertical coordinate.

*These mnemonics are not printed on the instrument.
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MNEMONIC CODE (Cont)

VECT

VMDADD*

VMDALT*

VMDCHOP*

VMDL*

VMDR*

VPDN

VPUP

vs

VSCL

>VSCL

VXPD

>VZR

WFM

>WFM

WIDTH

xX<>y

8-9

Display stored waveform(s) in vector mode.

Set VERTICAL MODE to ADD.

Set VERTICAL MODE to ALT.

Set VERTICAL MODE to CHOP.

Set VERTICAL MODE to LEFT.

Set VERTICAL MODE to RIGHT.

Move OPW down.

Move OPW up.

Display waveform versus waveform (X-Y mode).

Return OPW vertical scale factor.

Set OPW vertical scale factor.

Vertically expand the OPW.

Return the vertical zero reference of the OPW.

Set the OPW vertical zero to the specified graticule location.

Return and display specified stored waveform.

Store OPW into specified waveform memory.

Compute and return width.

Exchange contents of X and Y registers.

Add.

Subtract.

Multiply.

Divide.

Decimal point.

Digits.

*These mnemonics are not printed on the instrument.
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MSD

Abbreviation for “most significant digit”, which is the digit with the highest

weighting in a number. Usually the left-most digit.

NESTING

A programming technique involving the calling of subroutines from other

subroutines.

NOISE

A term referring to spurious or undesirable electrical signals.

OPERAND

Any quantity that is used as input for a command and affects its results.

OPERATIONAL WAVEFORM (OPW)

The operational waveform is always displayed in the stored mode, and is the only stored

waveform whose scale factors are displayed. It is the waveform operand for certain

waveform functions and the cursors are associated with it. The operational waveform is

the one whose number is presently in the X register, and is the default stored waveform

which is currently being manipulated or operated upon.

PREAMBLE

An ASCII string used to define the scaling information for a waveform transferred

over the GPIB.

PROGRAM

A set of stored commands that specifies the series of functions to be automatically

performed by the processor.

PROGRAM LINE

A set of commands which reside on one line of a program, each line having a

unique line number.

POPPING THE STACK

A method of removing data from the stack whereby the data is retrieved from the X

register.

PUSHING THE STACK

A method of entering new data into the stack whereby the new data is written into

the X register.

QUANTIZE

To convert a continuous variable, such as a real-time waveform, into a series of

specified steps or levels. There are no “in-between” values in such a quantized

waveform. Each value of signal is replaced by the nearest available level.
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QUERY

A GPIB output command used to get status information beyond that contained in

the status byte.

RAM

Abbreviation for "random-access memory”. A memory that can be both written into

and read from.

REAL-TIME WAVEFORMS

Having to do with the actual time during which physical events take place; usually

used to refer to conventional oscilloscope displays.

REAL-TIME SAMPLING

The method used to sequentially digitize and store single-sweep waveforms in the

7854.

RETURN

A bringing back of data from the memory to the stack. Also, means “returns execution

control from a subroutine to the calling program”.

ROM

Abbreviation for “read-only memory”. A storage arrangement primarily for infor-

mation-retrieval applications. A memory that can only be read from, not written into.

ROUNDING

Method used to modify a number which contains more significant digits than can be

preserved. Numbers in the 7854 are rounded to 4 significant digits.

RPN

Abbreviation for “reverse polish notation”. An arithmetic system used by the 7854

whereby the operand(s) are specified before the function.

rsv

IEEE STD 488-1978 local message indicating request service.

SCALE FACTOR

The factor by which the number of scale divisions indicated must be multiplied to

compute the vertical deflection or sweep duration.

SRO

IEEE STD 488-1978 remote message indicating service request.

SERIAL POLL

A sequential method used by the GPIB controller to receive status from other

devices on the GPIB.
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STACK

A storage area reserved for temporarily holding constant operands or results, or

referencing waveforms in waveform memory, and consisting of five registers named

Ww, T, Z, Y, and X.

STORING

The entire procedure, performed under control of the processor, to place data in

memory.

SUBROUTINE

A series of instructions that perform a specific task and are only a portion of the

main program. Primarily used to prevent duplication of code in programs.

TALKER (or Source)

A device on the GPIB which is transferring data to other devices on the GPIB. Only

one talker is allowed for any data transfer.

TRUNCATE

The dropping of digits from one end of a data item, usually the least significant end,

causing loss of precision or information.

VECTOR

A mode used to represent and display the stored waveforms as a series of straight-

line segments between two time-adjacent points.

VOLATILE STORAGE

A storage device in which stored data are lost when power is removed.

WARNING

Issued when the results from the command executed may not be what the user

expects. The results should be examined carefully.

WAVEFORM PROCESSOR

Part of the 7854 which contains the waveform and program storage, arithmetic

unit, and special register groups. It performs arithmetic operations, controls

instruction execution, and provides timing signals and other housekeeping

operations. Also referred to as the processor.
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Specification

This Specification section contains tabular listings of the Electrical, Environmental,

and Physical Characteristics of the 7854 Oscilloscope with Waveform Calculator,

Refer a qualified service person to the Performance Check Procedure in the

Calibration section of the 7854 Service Manual to verify the electrical performance

of your instrument.

Also included in this section are:

Instrument shipping instructions;

. A list of standard accessories for the 7854 Oscilloscope;

. The 70@@-series oscilloscope system specifications; and

. A table of plug-in unit compatibilities.PWN
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7854 MAINFRAME AND WAVEFORM

CALCULATOR SPECIFICATIONS

The electrical characteristics listed in Table 2-1 apply when the following conditions

are met: (1) Calibration of the instrument must have taken place at an ambient

temperature between +2@° and +3@° C, (2) the instrument must be allowed a 20-

minute warm-up period, (3) all specifications are valid at an ambient temperature of

@° to +5@° C, unless otherwise stated, and (4) the instrument must be in an

environment that meets the limits described in Table 2-2.

Any applicable conditions not listed above are expressly stated as part of that

characteristic. Environmental Characteristics are listed in Table 2-2 and Physical

Characteristics are listed in Table 2-3.

TABLE 2-1

Electrical Characteristics

Characteristic | Performance Requirement

REAL-TIME VERTICAL SYSTEM

Deflection Factor as Compatible with all 7@@@-series plug-in

Checked With 067-0587-82 units.

Calibration Fixture,

Referenced to 6 Div

Difference Between 1%, or less.

Vertical Channels

Low-Frequency Linearity @.1 div, or less, compression or expansion of

a center-screen 2 div signal repositioned

vertically anywhere within the graticule area.

System Bandwidth Varies with plug-in unit selected. See

7@00-Series Oscilloscope Systems

Specification at the end of this section.

Step Response

System Rise Time Varies with plug-in unit selected. See

7000-Series Oscilloscope Systems

Specification at the end of this section.

Channel Isolation

All Vertical Modes At least 18@:1 from deto 250 MHz; and at least

(Except ADD) 49:1 from 256 MHz to 475 MHz.

@ 2-1
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TABLE 2-1 (CONT)

Electrical Characteristics

Characteristic Performance Requirement

REAL-TIME VERTICAL SYSTEM (Cont)

Delay Line Permits viewing the leading edge of triggering

signal.

Displayed Difference in

Signal Delay Between

Vertical Channels

Externally Triggered 6@ ps, or less.

Internally Triggered 208 ps, or less.

REAL-TIME HORIZONTAL SYSTEM

Deflection Factor as

Checked With 067-9587 -02

Calibration Fixture

Compatible with all 78@@-series plug-in

units.

Difference Between

Horizontal Channels

1%, or less.

Linearity at 1 ms/Div 8.05 div, or less, error at each graticule line

after adjusting for no error at the second and

tenth graticule lines.

Fastest Calibrated Sweep Rate 50 ps/div.

Horizontal Bandwidth Referenced

to 18 Div of 50-kHz

Dc to at least 1 MHz (-3 dB).

Phase Shift Between

Vertical and Horizontal Systems

2°, or less, from dc to at least 35 kHz.

With Option @2 (B HORIZ

Compartment Only)

2°, or less, from dc to 1 MHz.

DIGITIZER

Vertical

Acquisition Window From +5 div above, to -5 div below the center

horizontal graticule fine.
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TABLE 2-1 (CONT)

Electrical Characteristics

Characteristic Performance Requirement

DIGITIZER (Cont)

Vertical (cont)

Resolution: Stored and

Numeric Data Paths'

Nominally 8.8098 div.

Noise: Numeric Data Path’

DC Gain Accuracy as

Checked With @67-8587-@2

Calibration Fixture,

Referenced to 6 Div

@.0@8 div or less, mean value of 1@@ rms

measurements, mainframe only.

Stored and Numeric

Data Paths’

Within 1% at temperature of calibration.

Change With Temperature Q.8%, or less, per 18° C.

DC Offset

Stored Data Path’ Within 0.2 div of real time waveform, at

temperature of calibration.

Numeric Data Path’ Within @.1 equivalent graticule div of zero,

at temperature of calibration.

Change With Temperature 8.1 div, or less, per 18° C.

System Bandwidth: Stored

and Numeric Data Paths’

Varies with plug-in unit selected. See

7@6@0-Series Oscilloscope Systems

Specification at the end of this section;

bandwidth shall be same specification limits

as given for real-time operation.

Matching To Real Time Real time and acquisition system sine-wave

amplitude response should match each other

to within 1+[2.5(f/10@ MHz)]%, where

@ <f <40@ MHz, (f in MHz).

"Refer to Figure 1-1 in Section 1, Introduction.
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TABLE 2-1 (CONT)

Electrical Characteristics

Characteristic Performance Requirement

DIGITIZER (Cont)

Vertical (cont)

System Step Response:

Stored and Numeric

Varies with plug-in unit selected. See

7@@0-Series Oscilloscope Systems

Data Paths’ Specification at the end of this section; step

response shall be same specification limits

as given for real-time operation.

Horizontal

Acquisition Window From -5 div left, to +5 div right of the center

vertical graticule line.

Resolution: Stored and

Numeric Data Paths’

Nominally: @.8098 div at 1024 P/W;

8.0196 div at 512 P/W;

@.0392 div at 256 P/W:;

@.8784 div at 128 P/W;

Noise: Numeric Data Path’ @.@1 div or less, mean value of 188 rms

measurements, mainframe only.

DC Gain Accuracy, as

Checked With @67-9587-02

Calibration Fixture,

Referenced to 6 Div

Stored and Numeric

Data Path’

Within 1% at temperature of calibration.

Change With Temperature @.4%, or less per 18° C.

DC Offset

Stored Data Path’ Within @.1 div of graticule center, at

temperature of calibration.

Numeric Data Path’ Within 8.1 equivalent graticule div of zero,

at temperature of calibration.

Change With Temperature @.1 div, or less, per 18° C.

"Refer to Figure 1-1 in Section 1, Introduction.
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TABLE 2-1 (CONT)

Electrical Characteristics

Characteristic Performance Requirement

DIGITIZER (Cont)

Equivalent Time Sampling For proper acquisition, input signals must be

repetitive single-valued waveforms of the

horizontal variable. Processor does not

check that these conditions are met.

Maximum Sweep Speeds for P/W Maximum Sweep

Single-Shot Acquisition with Speed (us/div)

7B87 Time Base with Pre- 128 50

trigger Acquire Clock (For 256 120

Dual Trace Use Next Slower B12 200

Sweep Speed)
1024 580

CRT SYSTEM

Graticule

Type Internal; illuminated with variable edge

lighting.

Display Area 8 div vertically by 1@ div horizontally.

Div Unit 1 div=1 cm.

Phosphor

Standard P31.

Option 78 Plt.

Photographic Writing Speed

(With Polaroid 3000 ASA

Film, Without Film Fogging

P-11 Phosphor)

TEKTRONIX C51 Camera,

fl.2 Lens and 1:8.5

Object-to-Image Ratio

At least 2.5 cm/ns. Photograph is viewed with

front illumination. In typical applications, P31

phosphor has approximately one-half the

writing speed of P11 phosphor.

REV MAY 1982
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TABLE 2-1 (CONT)

Electrical Characteristics

Characteristic Performance Requirement

EXTERNAL CONNECTORS

Camera Power Front-panel 3-contact connector (on crt bezel)

compatible with Tektronix C-5@ series

cameras.

Bottom Pin Ground.

Center Pin Single-sweep reset.

Top Pin +15 NV.

CALIBRATOR Output Front-panel bne connector.

Wave Shape Square wave.

Polarity Positive-going with baseline at @V.

Output Resistance 458Q.

Output Voltage (Selected by front-panel CALIBRATOR

switch.)

Load 2180 kQ 48 mV, 04V,4V.

Load = 58Q 4 mV, 46 mV, 0.4 V.

Accuracy Within 1%.

Output Current 40 mA available through CALIBRATOR output

with a bnc-to-current loop adapter.

CALIBRATOR switch must be set to 4 V for

calibrated output.

Repetition Rate 1.0 kHz, within @.25%.

Duty Cycle 49.8% to 58.2%.

Rise Time and Fall Time 25@ ns or less.

(108 pF maximum load)

Ground post Provides convenient user ground reference

point on front panel.
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TABLE 2-1 (CONT)

Electrical Characteristics

Characteristic | Performance Requirement
EXTERNAL CONNECTORS (Cont)

EXTERNAL KEYBOARD 25-pin female rear-panel connector for

connecting an external keyboard.

GPIB IEEE-488-1978 24-pin female rear-panel connector for

connecting instrument to GPIB. Meets IEEE

488-1978. (Not available on Option @D).

MEMORY BACK-UP POWER Two rear-panel female banana jacks. Provides

connections for external power to maintain

power on RAM, thereby providing non-volatile

memory.

Voltage Requirement 6.0 to 6.5 Vdc.

TTL SIGNAL OUTPUT Rear-panel bnc connector provides TTL-
SWL/SWH compatible signal.

Output Level Set by user commands available on the

Waveform Calculator.

SWL Command Selects low level output (between ®@ V and

+@.8 V). Maximum current sink is 16 mA.

SWH Command Selects high level output (between +2.4 V and

+5.0 V). Maximum current source is 2.6 mA.

+SAWTOOTH OUT Rear-panel bnc connector.

Polarity Positive-going with baseline at @ V, within 1 V,
into 1 MQ load.

Output Voltage 10 V maximum.

Rise Time tnto 50 50 mV /unit-of-time, selected by the time-base

unit time/div switch, within 15%; 100 ns/div

maximum.

Rise Time Into 1 MQ 1 V/unit-of-time, within 10%, selected by the

time-base unit time/div switch: 1 us/div

maximum.

Output Resistance Approximately 950 .
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TABLE 2-1 (CONT)

Electrical Characteristics

Characteristic Performance Requirement

EXTERNAL CONNECTORS (Cont)

+GATE OUT Rear-panel bne connector.

A Gate Derived from A HORIZ time-base unit

main gate.

B Gate Derived from B HORIZ time-base unit

main gate.

Dty'd Gate Derived from A HORIZ time-base unit

delayed gate.

Polarity

A or B Gate Positive-going with baseline at @ V, within

1.8 V, into 1 MQ load.

A Dly’d Gate Positive level whenAtime-basedelayed sweep

or B sweep is enabled; @ V, within 1.8 V, into

1 MQ load, when sweeps are disabled.

Output is positive when no plug-in is used or

when plug-in does not provide delay gate.

Output Voltage 18V maximum.

Into 5@ Q Load 0.5 V, within 18%.

Into 1 MQ Load 1QV, within 18%, (up to 1 ps/div).

Rise Time Into 50 2 2@ ns or less.

Output Resistance Approximately 958 Q.

SIGNAL OUT Rear-panel bnc connector selected by

A TRIGGER SOURCE switch.

Source Same as A TRIGGER SOURCE.

Output Voltage +15 V maximum.

Into 50 Q Load Approximately 25 mV/div of vertical

deflection.
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TABLE 2-1 (CONT)

Electrical Characteristics

Characteristic Performance Requirement

EXTERNAL CONNECTORS (Cont)

SIGNAL OUT (cont)

Output Voltage (cont)

Into 1 MQ Load Approximately 8.5 V/div of vertical

deflection.

Bandwidth Into 58 Varies with vertical plug-in selected. See

Load (-3 dB} 7@@0-Series Oscilloscope Systems

Specifications at the end of this section.

DC Centering @V, within 1 V, into 1 MQ load.

Aberrations 15% p-p, or less, within 58 ns of step.

Output Resistance Approximately 958 9.

Z-AXIS INPUT Rear-panel bne connector.

Polarity and Sensitivity +2 V provides complete blanking from

maximum intensity condition; -2 V

provides complete unblanking from minimum

intensity condition.

Low-Frequency Limit Dc.

Input Resistance Approximately 478 9.

Input Capacitance Less than 5@ pF.

Open Circuit Voltage Approximately @ V.

Maximum Input Voltage 15 V (dc plus peak ac).

Maximum Repetition Rate 1 MHz.

SINGLE SWEEP RESET Rear-pane! bne connector.

Input Input to reset single-sweep function of

time-base units installed in A and B HORIZ

compartments.
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TABLE 2-1 (CONT)

Electrical Characteristics

Characteristic Performance Requirement

EXTERNAL CONNECTORS (Cont)

SINGLE SWEEP RESET (cont)

Signal Required Closure to ground (or switching from the

high level to the low level in less than 1 ms)

resets the sweep.

High Level +65@V to +1@V, sink less than 4 vA.

Low Level +8.5 V to -5 V, sink less than 18 mA.

Minimum Pulse Width 18 us at 50% amplitude points.

Maximum Input Voltage +5@ V to -5 V (de plus peak ac).

AC Power Input 3-pin male connector.

GPIB INTERFACE

Functions Implemented Description:

(As Per IEEE 488-1978)

SH1 Complete Source Handshake.

AH1 Complete Acceptor Handshake.

T5 Talk Function.

L3 Listen Function.

SR1 Complete Service Request Capability.

RL1 Complete Remote/Local Capability. 7

PP No Parallel Poll Capability.

DC1 Complete Device Clear Capability.

DT1 Complete Device Trigger Capability.

(a7) No Controller Capability.
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TABLE 2-1 (CONT)

Electrical Characteristics

Characteristic Performance Requirement

COMMAND ACCURACY

NOTE

All keyboard commands not listed below do not contribute accuracy

errors, with exception of the >VCRD command. Refer to Section 9,

Command Language, for additional information.

Waveform Functions

Arithmetic Functions

SORT

LN

EXP

SGN

+,-,/,%

Accurate to 4 significant digits

+6 * 104) * (VSCL).

Cursors Functions

HCRD Accurate to 4 significant digits

+(6 * 10°)* (HSCL).

VCRD Accurate to 4 significant digits

+6 *1@°)«* (VSCL).

Data Storage Functions

PNT Accurate to 4 significant digits

+6 *10°)* (VSCL).

oPNT Accurate to 4 significant digits

+(6 * 104)* (VSCL).

Wfm Functions

ORD

SMOOTH

DIFF

ITRP

INTG

Accurate to 4 significant digits

+(6 *1@°) «(VSCL).
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TABLE 2-1 (CONT)

Electrical Characteristics

Characteristic | Performance Requirement

COMMAND ACCURACY (Cont)

Waveform Functions (cont)

Wfm Functions (cont)

Accurate to 4 significant digits

+6 #1074)» (VSCL).

{f autoscaling occurs, all waveform points

are rescaled to: +(6 * 18%) * (VSCL).

Wfm Parameters

MAX Accurate to 4 significant digits

MIN +(6 * 18°) «(VSCL).

P-P

MID

MEAN

RMS

ENERGY Accurate to 4 significant digits

+(6 * 18°) * (VSCL?) * (HSCL).

AREA Accurate to 4 significant digits

+(6 * 10°) * (VSCL) » (HSCL).

Accurate to 4 significant digits

+(6 « 10)* (HSCL).

DELAY Accurate to 4 significant digits

WIDTH +(6 * 19%) * (HSCL).

RISE

PER

Wfm Scaling Functions

VZR Accurate to 4 significant digits

VSCL +(6 * 18°)» (VSCL).
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TABLE 2-1 (CONT)

Electrical Characteristics

Characteristic | Performance Requirement

COMMAND ACCURACY (Cont)

Waveform Functions (cont)

Wfm Scaling Functions (cont)

HSCL Accurate to 4 significant digits

HSCL +6 *10°)*(HSCL).

VZR Accurate to 4 significant digits

VXPD +(6 * 18°) » (VSCL).

Constant Functions

Arithmetic Functions

SORT Accurate to 4 significant digits.

LN

eyP

+7,*

POWER SOURCE

Voltage Range (AC, RMS) Selected by rear-panel LINE VOLTAGE

SELECTOR switch.

115 V Range From 9@ to 132 V.

238 V Range From 18@ to 250 V.

Line Frequency From 48 to 44@ Hz.

Maximum Power Consumption 238 W, nominal.

Maximum Current 3.5 A at 68 Hz, 98 V line.

1.8A at 68 Hz, 182V line.

Fuse 4 A fast-blowing type.
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TABLE 2-3

Physical Characteristics

Characteristic Information

Net Weight

Mainframe (Without Plug-Ins) 19.8 Kg (42.0 Ibs).

Waveform Calculator 1.14 Kg (2.5 Ibs).

Overall Dimensions

Mainframe Refer to Figure 2-1.

Waveform Calculator Refer to Figure 2-2.

Ventilation Safe operating temperature maintained by

electronically driven dc fan. Automated

resetting, thermal cutout switch protects

instrument from overheating.

Finish Anodized front panel. Blue viny! painted

aluminum cabinet.
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7999-SERIES OSCILLOSCOPE

SYSTEMS SPECIFICATION

Your TEKTRONIX 7854 Oscilloscope system provides exceptional flexibility in

operation with a wide choice of general- and special-purpose plug-in units. Usage

of a plug-in unit can be determined by the type number as follows:

The first digit (7) denotes the oscilloscope system for which the plug-in is designed

(7@@@-series).

The second letter describes the purpose of the plug-in unit:

— Amplifier unit

— "Real Time” time-base unit

— Curve tracer

— Digital unit

Spectrum analyzer

— Miscellaneous

— Sampling unit

— Sampling time-base unitHnSro0omp |

The third and fourth digits of the plug-in type number do not carry any special

connotation.

An “N” suffix letter added to the normal four-digit type number identifies a unit not

equipped with the circuity necessary to encode data for the 70@@-series readout

system; therefore, scale factor information cannot be acquired by the 7854 from

these types of plug-in units.

Table 2-4 fists the horizontal specifications which are system dependent. For more

complete specifications on plug-in units for the 700@-series oscilloscope system,

refer to the Tektronix Products catalog.

Table 2-5 lists the vertical specifications which are system dependent. For more

complete specifications on plug-in units for the 70@@-series oscilloscope system,

refer to the Tektronix Products catalog.

The 7854 Oscilloscope is compatible with Tektronix 70@@-series plug-in units with

the exceptions listed in Table 2-6.
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TABLE 2-6

7854 Plug-In Incompatibilities

Plug-In Operating Symptoms Cause

Unit Conditions

VERTICAL AMPLIFIER UNITS

7A21N All operating Unable to elect- 1. Delay-line out-

conditions. rically and mech- put coaxial cable

anically connect too short.

7A21N to 7854.

2. Delay-line out-

put coaxial cable

shorted together and

connected to +5 volt

supply on 7A21N

board.

3. Harmonica con-

nector for regulated

supplies is wired

differently on 7854.

4. Monitoring hole

alignment is off.

7A18 Plug-in chop. 7854 will not 7854 logic does not

7A18A acquire any wave- allow AQR when plug-

7A24 forms. in unit is in chop mode.
7A26

HORIZONTAL AMPLIFIER UNITS

7B7 B starts after Retrace when Too much delay

with delay. delayed sweep is between 7B71 delay

7B71 B triggerable delayed beyond gate and 7B7@

after delay. end of delaying sweep gate.

sweep.

7B5@ All operating Leading edge of 7854 delay line

7B51 conditions. internally triggered length.

7B52 waveform cannot

7B53A be viewed.
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7854 Plug-In Incompatibilities

TABLE 2-6 (CONT)

Plug-In Operating Symptoms Cause
Unit Conditions

HORIZONTAL AMPLIFIER UNITS (Cont)

7B5@ 7854 HORIZONTAL Only one time 7854 alternate sweep

7B51 MODE in ALT base will reset. switching logic locks

7B7 with both horiz- out one time base;

7B71 ontal time-base these time-base

units set for units do not reset

single-sweep op- when locked out.

eration.

7B1d Delayed sweep, Displayed traces The 7854 considers

7B15 A time mode, mixed together. both waveforms to

7B8 in 7854 B HORIZ- be one.

7B85 ONTAL MODE.

7B92 Delayed sweep Displayed traces Not a valid AQR

7B92A mode with both mixed together. mode, since the 7854

traces displayed. considers both wave-

forms to be one.

The delaying sweep

or the delayed sweep

may be acquired as

long as only one

sweep is displayed.

SAMPLING UNITS

77114 All operating 7711 will not 7711 does not
conditions. alternate with generate holdoff

other sweep plug- pulses.

in units.

Waveform acqui- 7854 will not 7711 does not

sition with the finish an AOR. generate holdoff

7854. Unable to perform pulses.

AVG or GND

commands.

7812 7812 set for 7812 will not 7812 does not

single-scan

operation.

start by remote

or camera reset

connectors.

provide single-sweep

reset.

1 The 7T11A does generate holdoff pulses and is therefore compatible.

REV AUG 1986 2-25



Specification—7854

a

TABLE 2-6 (CONT)

7854 Plug-in Incompatibilities

Plug-In Operating Symptoms Cause

Unit Conditions

SAMPLING UNITS (Cont)

7814 7814 in dual 7854 acquires 7814 sends no

trace, waveform both traces as multiple waveform

AQR with the one waveform. information to the

7854. 7854.

DIGITAL UNITS

7D12 7D12 vertical 7854 may indicate 7D12 alt/chop

display on. an AQR ERROR switch setting

when the wave- incorrect. Refer

form is acquired. to 7D12 manual.

LOGIC ANALYZER UNITS

7D@1 Waveform acqui- Unable to acquire Multiple traces and

7D@2 sition (AQR) with usable waveform incompatible readout

the 7854. or readout. format. (Use 7DQ1 /

7D@2/7854 as

conventional scope

system only.)

SPECTRUM ANALYZER UNITS

7L13 7L13 set for 7L13 will not 7L13 does not

single-sweep start by remote provide single-

operation. or camera con- sweep reset.

nector.

7L5 7L5 set for non- Single-sweep 7L5 control logic.

storage mode with reset causes 7L5

manual or normal to operate in

sweep. single-sweep mode.

7854 waveform 7854 will not 7L5 uses vertical

acquisition (AOR) acquire any 7L5 plug-in chop which

in any 7L5 mode. waveforms. the 7854 will not

acquire. (Custom

modification available

to resolve this

problem.)
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TABLE 2-6 (CONT)

7854 Plug-In Incompatibilities

Plug-In Operating Symptoms Cause

Units Conditions

SPECTRUM ANALYZER UNITS (Cont)

7418 7L18 stored wave- 7854 acquires 7.18 does not

form mode. both traces as send multiple wave-

7854 waveform one waveform. form data to the

acquire (AQR) 7854. (Custom

mode. modification available

to eliminate cursor

trace.)

7L18 set to non- Single-sweep reset 7L18 logic.

store mode with causes /L18 to

manual or normal operate in single-

sweep. sweep mode.

SPECIAL PURPOSE

7CTIN Waveform acqui- 7854 Acquires 7CT1IN sends no

sition with the all curve tracer multiple waveform

7854. steps as one information to the

waveform. 7854.
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General Operating

Information

Information in this section of the manual applies in all operating modes of the 7854

Oscilloscope and includes information on:

ANOORWNH>
The display graticule;

The light filter;

Care of the ert screen;

Control lumination;

Readout intensity;

Display focus and horizontal trace alignment;

The 7854 output signals; and

Display photography.

ey
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DISPLAY GRATICULE

The display graticule is marked on the inside of the crt faceplate to provide accurate,

parallax-free visual display measurements. The display graticule is divided into eight

vertical and ten horizontal divisions. The vertical gain and horizontal timing of the

plug-in units are calibrated to the graticule markings so that accurate

measurements can be made from the crt display. The illumination of the graticule

lines can be varied with the GRAT ILLUM control. Figure 3-1 shows the display

graticule and defines the various markings provided to aid visual measurements of

the display. The terminology defined on the illustration will be used in all

discussions involving the display graticule.

SECOND CENTER TENTH

VERTICAL VERTICAL VERTICAL

LINE LINE LINE

to ccficcfec foc piccbececdeccebeceefesesfees fe —-100% LINE

4 «e— 90% LINE

L t CENTER

L t LINE

t 10% LINE
fs a es rrr coreBees seve Peeee perce dene [e—0% LINE

2873-4

Figure 3-1. Definition of graticule markings.

LIGHT FILTER

The tinted crt faceplate filter minimizes light reflections from the face of the crt. This

will improve the contrast when viewing the display under high ambient light. The

light filter may be removed for crt photography. To remove the filter, pull outward on

the bottom of the plastic crt mask and remove it from the crt bezel. Remove the

tinted filter; !eave the clear plastic implosion shield installed, and replace the mask.

The implosion shield should be left in place at all times to protect the crt face from

scratches.

Do not remove the clear plastic implosion shield covering the ert

faceplate; the ert implosion shield provides protection to the operator

from ert implosion.
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An optional mesh filter is available from Tektronix, Inc. (included with Option 3).

This filter provides shielding against electromagnetic radiation from the face of the

crt. The mesh filter fits in place of the plastic tinted filter and plastic crt mesh and

also serves as a light filter. Order the mesh filter by Tektronix Part 378-603-090.

CARE OF CRT SCREEN

To prolong the useful life of the crt phosphor, always use the minimum display

intensity necessary to produce a clear, well-defined display and avoid repeated or

prolonged use of the same area of the crt. If a particular display is to be observed for

an extended period of time, change the position occasionally to use other portions of

the display area.

CONTROL ILLUMINATION

The CONTROL ILLUMINATION switch, on the rear panel of the oscilloscope

mainframe, sets the illumination level of the A and B TRIGGER SOURCE switches

and of the lighted pushbutton switches on the plug-in units. The available positions

are OFF, MEDIUM, and HIGH. The CONTROL ILLUMINATION switch does not affect

the function or intensity indicators (such as BUSY, SROQ, and S), or the lights of the

VERTICAL MODE and HORIZONTAL MODE selectors.

READOUT INTENSITY

The READOUT control determines the intensity of only the alphanumeric portion of

the display, independently of the displayed waveforms. This control is functional in

all display modes. The readout system is inoperative when the READOUT control is

in the fully counterclockwise OFF position. This is desirable when the top and

bottom divisions of the graticule are needed for waveform display, or when the real-

time trace interruptions necessary to display the characters interfere with the

displayed waveforms.

DISPLAY FOCUS

The 7854 Oscilloscope contains an automatic focusing circuit which maintains

optimum focus for all intensity settings once a correct setting of the FOCUS control

is established. The easiest way to obtain the correct setting of the FOCUS control is

by focusing the characters of the readout display. First set the READOUT contro! so

that the displayed characters are clearly visible, then adjust the FOCUS control for

best definition of the character display.
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ASTIGMATISM-FOCUS ADJUSTMENT

If a well-defined display cannot be obtained with the FOCUS control, use the

following procedure to set the front-panel ASTIG adjustment.

NOTE

To check for proper setting of the ASTIG adjustment, slowly turn the

FOCUS control through the optimum setting. If the ASTIG adjustment

is correctly set, the vertical and horizontal portions of the display will

focus at the same position of the FOCUS control. This setting of the

ASTIG adjustment should be correct for any display.

1. Install an amplifier unit in the LEFT VERT compartment and a time-base unit in

the A HORIZ compartment.

2. Set the 7854 Oscilloscope for SCOPE mode by pressing the (SCOPE } key on

the measurement keyboard. Set the VERTICAL MODE switch to LEFT and the

HORIZONTAL MODE switch to A, if necessary.

3. Connect the output of a sine-wave generator to the input of the amplifier unit.

Set the sine-wave generator repetition rate to 1 kilohertz and the vertical

amplifier deflection factor for a 2-division display.

4. Set the time-base unit sweep rate for 0.2 millisecond/division and the triggering

for a stable display. Set the A INTENSITY control so the display is at a usable

intensity level (about midrange).

5. Turn the FOCUS control fully counterclockwise and set the ASTIG adjustment to

midrange.

6. Set the FOCUS control so the thickness of the sine wave is as thin as possible.

7. Adjust the ASTIG adjustment so the thickness of the sine wave is as thin as

possible.

8. Repeat steps 6 and 7 for the best overall focus and consistent trace width.

HORIZONTAL TRACE ALIGNMENT

The TRACE ROTATION control allows the trace to be aligned with the horizontal

graticule lines. To set the control, position the real-time trace (with no input signal

applied to the selected amplifier plug-in unit) to the center horizonta! line and adjust

the TRACE ROTATION control so that the trace is parallel with the center horizontal

graticule line.
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CALIBRATOR OUTPUT

The CALIBRATOR provides a convenient signal for checking basic vertical gain and

sweep timing, and is also useful for adjusting probe compensation as described in

probe instruction manuals.

Accurate output voltages of 48 millivolts, @.4 volt, and 4 volts into high-impedance

toads are provided from the CALIBRATOR. In addition, 4 millivolts, 48 millivolts, and

8.4 volt are provided to drive 5@-ohm foads. The current loop accessory (Tektronix

Part @12-0341-2@) provides a 49-milliampere output current (with CALIBRATOR set

for 4-volt output), which can be used to check and calibrate current-measuring

probe systems. The current signal is obtained by clipping the probe around the

optional current loop accessory.

The repetition rate of the CALIBRATOR is 1 kilohertz. The calibrator circuit uses

frequency-stable components to maintain accurate frequency and a constant duty

factor. Thus the signal can also be used for checking the basic sweep timing of the

time-base units (1-kilohertz rate only).

The square-wave output signal can be used as a reference wave shape when

checking or adjusting the compensation of passive, high-resistance probes. The

square wave from the CALIBRATOR has a flat top; therefore, any distortion in the

displayed waveform is due to the probe compensation.

SIGNAL OUTPUTS

Three bnc connectors on the rear panel of the 7854 Oscilloscope mainframe provide

output signals for the user.

+ SAWTOOTH OUT

The + SAWTOOTH OUT connector provides a positive-going sawtooth signal from

either the time-base unit installed in the A HORIZ or from the time-base unit

installed in the B HORIZ compartment, regardless of the display mode selected.

To avoid electric-shock hazards, only qualified service personnel should

internally modify the operation of this instrument.

Selection of either the A HORIZ or B HORIZ compartment as the source of the

+ SAWTOOTH OUT signal is possible. Refer such selection to qualified: service

personnel only. The unit of time for the sawtooth output is determined by the

setting of the time/division switch of the appropriate time-base unit. Refer to

Table 2-1, in the Specification section, for specific signal parameters.
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+ GATE OUT

To avoid electric-shock hazards, only qualified service personne! should

internally modify the operation of this instrument.

The + GATE OUT connector provides a positive-going rectangular pulse which is

derived from a time-base unit installed in either horizontal compartment, regardless

of the display mode selected. The + GATE OUT signal can be selected from either

the A HORIZ compartment or the B HORIZ compartment. Refer such selection to

qualifed service personnel only. The duration of the + GATE OUT signal is the same

as the duration of the respective sweep, or in the case of the delayed gate, will start

at the end of the delay period and Jast until the end of the sweep from the delaying

time-base unit. The amplitude of the + GATE OUT signal is about 8.5 volt into a 5@-

ohm load, or about 1@ volts into a 1-megohm load.

SIGNAL OUT

The SIGNAL OUT connector provides a sample of the real-time vertical deflection

signal from the LEFT VERT or RIGHT VERT amplifier plug-in unit, regardless of the

display mode selected. The source of the signal at this connector is determined by

the A TRIGGER SOURCE switch. With the A TRIGGER SOURCE switch in the VERT

MODE position, the output signal is determined by the setting of the VERTICAL

MODE switch. If the VERTICAL MODE is in LEFT or RIGHT, the output signal is

obtained only from the trigger source of the selected vertical unit. In the ALT vertical

mode, the SIGNAL OUT switches between the trigger signals from the two vertical

units. However, due to the requirements of the triggering system, the output signal

in the CHOP vertical mode is a composite signal (the algebraic sum of the trigger

signals) as is obtained in the ADD vertical mode. The LEFT VERT and RIGHT VERT

positions of the A TRIGGER SOURCE switch are independent of the vertical mode

selected, and therefore provide the vertical trigger output signal only from the

selected vertical unit (even though the vertical unit may not be selected for display).

The amplitude of the SIGNAL OUT into a 5@-ohm load is about 25 millivolts/division

of crt display, or about @.5 volt/division of crt display into a 1-megohm load. See

Table 2-1 in the Specification section of this manual.

DISPLAY PHOTOGRAPHY

A permanent record of the crt display can be obtained with an oscilloscope camera

system. The instruction manual for the Tektronix Oscilloscope Camera includes

complete instructions for obtaining waveform photographs.
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The crt bezel provides integral mounting for Tektronix Oscilloscope Cameras. The

three pins located on the left side of the crt bezel connect power to compatible

camera systems. Control signals are also received from Tektronix automatic

cameras to allow camera-controlled single-shot photography (see the camera

manual for further information).

If the alphanumeric portion of the display is to be included on waveform

photographs, the following suggestions will aid in obtaining good photographs:

1. Focus the oscilloscope display and the camera on the alphanumeric portion of

the crt display. The auto-focus feature in this instrument will help to maintain

the traces at optimum focus.

2. Set the READOUT control for the minimum intensity setting that allows the

alphanumeric characters to be written. This normally occurs at a slightly lower

intensity level than is necessary for complete writing of the waveform display.

Some experimentation may be necessary to establish the correct level. Too high

a setting of the READOUT contro! will result in a broad, poorly defined

photograph of the alphanumeric display.
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Scope Display Mode

Information

in the SCOPE display mode only the real-time waveforms and readout are displayed

on the crt screen. The capabilities of the 7854 Oscilloscope in this mode depend

mainly upon the plug-in units selected for use with the mainframe. Al! 7A-series

vertical amplifier plug-in units can be used with the 7854 Oscilloscope. Bandwidth

and sensitivity ranges should be taken into consideration when selecting amplifier

units. Time-base units of the 7B1@-, 7B8Q-, and 7B9@-series are also compatible

with the 7854 Oscilloscope. Sweep rates and triggering ranges should be

considered when selecting time-base plug-in units. In addition, several special

purpose plug-in units are available to allow the 7854 to be used for many

specialized applications. See the Tektronix Products catalog for further information.

Specific applications for the 7854 are not given in this manual. Contact your

Tektronix Field Office or representative for assistance in making specific

measurements.

All keys on the 7854 keyboards are active in the SCOPE display mode; however, the

results of pressing a key will not be apparent.

Information given in this section of the manual applies only to real-time waveform

and readout displays and includes:

. Obtaining a scope display;

. The real-time A and B INTENSITY controls;

Z-Axis modulation;

Using the BEAMFINDER;

The real-time readout display;

The vertical and horizontal mode combinations;

. Vertical trace separation;

. Intensity contrast:

. Trigger source selection; and

10. The real-time functions checkout procedure.
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OBTAINING A SCOPE DISPLAY

To obtain a SCOPE (real-time) display, first connect the 7854 Oscilloscope

mainframe (POWER switch off) to a power source that meets the voltage

requirements of the instrument. If the available line voltage is outside the setting

limits of the LINE VOLTAGE SELECTOR switch (on the rear panel), set the LINE

VOLTAGE SELECTOR to the appropriate. setting.

NOTE

This exercise will be referred to from other sections of this manual as

you fearn the greater capabilities of the 7854 Oscilloscope. Flagging

this page may be useful.

1. Set the front-panel controls as follows:

GRAT ILLUM ... 0...e eee Counterclockwise

READOUT 1... cecenee ence ens Quarter range

STORED INTensity...............0.00.0. ceca Counterclockwise

A INTENSITY 0000. cece eee eee eaee Counterclockwise

FOCUS 2... ccc ence een e nese ee eeneees Midrange

B INTENSITY oo. eeeeect een Counterclockwise

POWER 2.0... cece ence ence tebe eenereennteves Off

CALIBRATOR ... 0... cece cece ene eet e eee eeeeneentenns 4Vv

VERTICAL MODE ...... 00. cece ccc cece eee e nee eneeneenas LEFT*

A TRIGGER SOURCE ..............00. cece cc en ee eens VERT MODE

HORIZONTAL MODE......... 0. cece ccc cece nce n ee eteeaees B*

VERT TRACE SEPARATION (B).............0..c0c cece eee Midrange

B TRIGGER SOURCE ....... 0... ccc cece cee eee VERT MODE

GPIB ADDRESS SELECTOR ................0.00c cece eee OFF line

*These controls are automatically set to the specified positions as a power-up condition.

See Power-Up Conditions in Section 1, Introduction.

2. Install Tektronix 7A-series amplifier units in the LEFT VERT and RIGHT VERT

compartments, and Tektronix 7B-series time-base units in the A HORIZ and B

HORIZ compartments.

. Press the POWER switch to the on (locked in) position. Notice that the

oscilloscope will go through the automatic verification sequence described in

section 1 under Power-Up Conditions.

[es

Set both time-base units to 8.5 millisecond/division and triggering to auto mode

with ac coupling from the internal source.
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5. Rotate the B INTENSITY control until the trace is at a desirable viewing level

{about quarter range).

6. Connect the CALIBRATOR output to the channe! 1 input of the LEFT VERT

amplifier unit with a 42-inch bnc cable.

7. Set the deflection factor of the LEFT VERT amplifier unit to display a signal

amplitude of 2 divisions on the crt.

8. Set the B HORIZ time-base triggering controls for a stable display, triggered on

the negative-going slope.

The 1-kHz, 4-volt CALIBRATOR signal is now displayed on the crt screen.

A AND B INTENSITY CONTROLS

The A INTENSITY contro! determines the brightness of the display produced by the

plug-in unit installed in the A HORIZ compartment; the B INTENSITY control

determines the brightness of the display produced by the plug-in unit installed in

the B HORIZ compartment.

POLLO OLN LY

2 CAUTION

RAED LLLL LS.

To avoid damage to the crt phosphor, avoid any condition where an

extremely bright. sharply-focused dot exists on the crt screen. Also,

remember that the light filter reduces the apparent light output from

the crt.

The crt display brightness (beam current) is limited during X-Y operation or when

either, or both, time-base units being displayed are set for a slow sweep rate. This

reduces the danger of damaging the crt phosphor with a stationary or slowly moving

spot.

Z-AXIS MODULATION

Z-axis modulation can be used to relate a third item of electrical phenomena to the

vertical (Y-axis} and the horizontal (X-axis) coordinates without affecting the

waveshape of the real-time signal. This is accomplished by changing the intensity of

the real-time waveform to provide a “gray scale” display.
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The voltage amplitude required for visible trace modulation depends on the setting

of the A and B INTENSITY controls. A two-volt, peak-to-peak, signal applied to the

Z-AXIS INPUT connector will completely blank the display even at maximum

intensity levels; lower amplitude signals can be used to change only the relative

trace brightness. Negative-going signals increase the display intensity and positive-

going signals decrease the display intensity.

Refer to Table 2-1, in the Specification section of this manual, for Z-axis signal

requirements.

Time markers applied to the Z-AXIS INPUT connector provide a direct time reference

on the display. With uncalibrated horizontal sweep, the time markers provide a

means of reading time directly from the display. If the markers are not time-related

to the displayed waveform, use a single-sweep display.

The Z-axis blanking phenomena or the real-time X-Y display cannot be stored in

waveform memory.

USING THE BEAMFINDER

The BEAMFINDER pushbutton helps locate a real-time display that overscans the crt

viewing area either vertically or horizontally. When the BEAMFINDER is pressed,

the display is compressed and defocused to be within the graticule area.

To locate and reposition an overscanned real-time display:

1. Press the BEAMFINDER. While the display is compressed, change the vertical

and horizontal deflection factors of the vertical amplifier and horizontal time-

base plug-in units until the display is about two divisions high and four divisions

wide. (Horizontal deflection usually needs to be reduced only in X-Y modes.)

2. Adjust the vertical and horizontal position controls to center the display on the

graticule.

3. Release the BEAMFINDER; the display should remain within the graticule area.

REAL-TIME READOUT DISPLAY

The readout system provides an alphanumeric display of information on the crt

along with the waveform display. When the 7854 is in the SCOPE display mode, the

alphanumeric information displayed by the readout system is obtained from the

plug-in units installed in the plug-in compartments.
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The readout information from each channel or each plug-in unit is called a “word”.

Up to eight words of real-time readout information may be displayed on the crt (two

channels from each of the four plug-in compartments). The location of each readout

word is fixed and is directly related to the plug-in unit and channel from which it

originates. Figure 4-1 shows the area of the graticule where the readout word from

each plug-in unit channel is displayed. Notice that the readout from channel 1 of

each plug-in unit is displayed in the top division of the graticule, and the readout

from channel 2 is displayed directly below that of channel 1 in the bottom division of

the graticule. Only the readout information for plug-in units and channels selected

will usually appear in the crt viewing area. However, some special purpose plug-in

units may over-ride the VERTICAL MODE and HORIZONTAL MODE switches (in the

SCOPE display mode) to display readout even though the compartment is not

selected for display.

WORD #@ WORD #1 WORD #2 WORD #3
FROM FROM FROM FROM

LEFT VERT RIGHT VERT ~~ B HORIZ B HORIZ

CHANNEL 1| CHANNEL 1 | CHANNEL 1] CHANNEL 1|
T T

;

|
i \ 1

worb #4 | worp #5 | worp #6 | WORD #7
FROM FROM FROM FROM

LEFT VERT RIGHT VERT AHORIZ BHORIZ

CHANNEL 2 CHANNEL 2 CHANNEL 2 CHANNEL 2

NOTE

Each plug-in readout word displays a maximum of 10 characters 2873-5

Figure 4-1. Location and definition of the real-time readout.

READOUT IDENTIFY

An “Identify” feature is provided on some probes and amplifier units to correlate the

real-time readout word with the originating plug-in unit and channel. When the

“Identify” button of an amplifier unit or probe is pressed, the word IDENTIFY

appears in the readout location allocated to that plug-in and channel. Other readout

words in the display remain unchanged. When the “Identify” button is released, the

readout display from the plug-in channel is again displayed. Circuitry in some

amplifier units can also produce a noticeable change in the real-time waveform

display to identify the associated trace when the “Identify” button is pressed (see

the plug-in unit instruction manual for details).
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READOUT ACCESS PLUG-IN UNIT

The 7M13 READOUT plug-in unit provides convenient control of the crt readout

characters. This allows information, such as dates and identifying nomenclature, to

be displayed on the crt in the SCOPE display mode. This capability is particularly

useful when making photographs.

VERTICAL AND HORIZONTAL

MODE COMBINATIONS

Twenty combinations of VERTICAL MODE and HORIZONTAL MODE switch settings

are possible. The total possible number of real-time display combinations is further

multiplied by the variety of plug-in units available for use with this instrument, the

interchangeability of plug-ins (i.e., either an amplifier or a time-base unit can be

installed in any of the four compartments), and by the capabilities of the plug-in

units which are used in the instrument (e.g., a dual-trace amplifier unit can be used

in either of the two single-channel modes, in dual-trace modes, or added-

algebraically mode; a delaying time base may be used either for a sweep or for a

delayed sweep). Since listing all display combinations which can occur in the

SCOPE display mode would be difficult due to the large selection of available plug-in

units, Table 4-1 lists only the displays obtained with each combination of VERTICAL

MODE and HORIZONTAL MODE switch positions. Status of the VERTICAL and

HORIZONTAL MODE switches is indicated by the illuminated buttons. These

switches do not latch.

VERTICAL MODES

When the LEFT or RIGHT button of the VERTICAL MODE switch is pressed, only the

signal from the plug-in unit in the designated compartment is displayed.

Alternate Mode

The ALT position of the VERTICAL MODE switch produces a display which

alternates between the LEFT VERT and RIGHT VERT compartments with each

sweep. Although the ALT mode can be used at all sweep rates, the CHOP mode

provides a more satisfactory display at sweep rates below about 28 milliseconds/

division. At these slower sweep rates, the alternate-mode switching becomes

perceptible.

Alternate mode displays have three types of triggering available. When the A and B

TRIGGER SOURCE switches are set to the VERT MODE position, each sweep is

triggered by the signal being displayed on the crt. This provides a stable display of

two unrelated signals, but does not indicate the time relationship between the

signals. In the LEFT VERT or RIGHT VERT positions of the TRIGGER SOURCE

switches, the two signals are displayed showing true time relationships. However, if

the signals are not time related, the display from the plug-in unit not providing a

trigger signal will be unstable on the crt.
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TABLE 4-1

Real-Time Display Combinations’

Vertical Horizontal

Mode Mode Comments

LEFT Aor B One trace. Vertical deflection from single unit;
horizontal deflection from single unit.

ALT or CHOP Two traces. Vertical deflection from single unit;

horizontal deflection from both units.

ALT Aor B Two traces. Vertical deflection from both units;
horizontal deflection from single unit.

ALT or CHOP Two traces. Vertical deflection from both units;

horizontal deflection from both units. Indepen-

dent-pairs (sweep slaving) operation. See

Alternate Mode discussion in this section.

ADD Aor B One trace. Vertical deflection is algebraic sum-
mation of signals from both units; horizontal

deflection from single unit.

ALT or CHOP Two traces. Vertical deflection is algebraic sum-

mation of signals from both units; horizontal

deflection from both units.

CHOP AorB Two traces. Vertical deflection from both units;
horizontal deflection from single unit.

ALT or CHOP Four traces. Vertical deflection from both units;

horizontal deflection from both units.

RIGHT A or B One trace. Vertical deflection from single unit;
horizontal deflection from single unit.

ALT or CHOP Two traces. Vertical deflection from single unit;

horizontal deflection from both units.

‘Combinations given are for single-channel vertical and horizontal units only.

When the ALT vertical mode is selected and either the ALT or CHOP horizontal

mode is selected, the instrument operates in the independent-pairs (sweep-slaving)

mode. During this mode, the signal from the LEFT VERT unit is always displayed at

the sweep rate of the B HORIZ time-base unit, and the signa! from the RIGHT VERT

unit is displayed at the sweep rate of the A HORIZ time-base unit (non-delayed

sweep only). This results in two displays which are completely independent of each

other in vertical deflection and sweep rate. This independent-pairs display is

equivalent to the display obtainable with a dual-beam oscilloscope for most

repetitive display combinations.
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The display sequence in independent-pairs mode of operation is somewhat changed

in delayed-sweep operation of the time-base unit. First, the LEFT VERT signal is

displayed at the sweep rate of the A HORIZ time-base unit (delaying sweep), then at

the rate of the B HORIZ time-base unit (delayed sweep). The vertical display then

shifts to display the RIGHT VERT signal consecutively at the delaying and delayed

sweep rates.

Chopped Mode

The CHOP position of the VERTICAL MODE switch produces a display which is

electronically switched between the LEFT VERT and RIGHT VERT signals, at about a

one-megahertz rate. In general, the CHOP mode provides the best display at sweep

rates slower than about 20 milliseconds/division or whenever dual-trace, real-time,

single-shot phenomena are to be displayed. At faster sweep rates the chopped

switching becomes apparent and may interfere with the display.

When the A or B TRIGGER SOURCE switches are set to VERT MODE, the internal

trigger signals from the vertical plug-ins are algebraically added, and the time-base

units are triggered from the resultant signal. The LEFT VERT or RIGHT VERT trigger-

source positions provide trigger signals to the time-base units from the selected

vertical unit only. This allows two time-related signals to be displayed showing true

real-time relationships. (If the signals are not time-related, the display from the

channel which is not providing the trigger signal will appear unstable.)

The CHOP mode can be used to compare two single-shot, transient, or random real-

time signals which occur within the time interval determined by the time-base unit

(ten times the selected sweep rate). To provide correct triggering, the displayed

signal providing the trigger signal must precede the second display.

Algebraic Addition

The ADD position of the VERTICAL MODE switch can be used (1) to display the sum

or difference of two real-time signals, (2) for common-mode rejection to remove an

undesired signal, or (3) for dc offset (applying a dc voltage to one channel to offset

the dc component of a signal on the other channel).

The overall deflection on the crt in the ADD mode is the algebraic sum of the real-

time signals from the two vertical plug-in units. Determining the voltage amplitude

of the resultant display is difficult unless the amplitude of the signal applied to one

of the plug-ins is known. This is particularly true when the vertical units are set to

differing deflection factors, since it is not obvious which portion of the display

results from the signal applied to a given plug-in unit. The polarity and repetition

rate of the applied signals will also affect the ADD display.
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Observe the following precautions when using the ADD mode:

1. Do not exceed the input-voltage ratings of the plug-in units.

2. Do not apply large signals to the plug-in units. A good rule is to limit the applied

signal to no more than about eight times the vertical deflection factor. For

example, with a vertical deflection factor of 8.5 volt/division, the voltage applied

to that plug-in should not exceed four volts. Larger voltages may result in a

distorted display.

3. To ensure the greatest dynamic range in the ADD mode, set the position controls

of the plug-in units to a setting which would result in a mid-screen display if

viewed in the LEFT or RIGHT positions of the VERTICAL MODE switch.

4. For similar response from each channel, use identical plug-ins and set the plug-

in units for the same type of input or coupling mode.

HORIZONTAL MODES

When either the A or B button of the HORIZONTAL MODE switch is pressed, the

vertical signal is displayed at the sweep rate of the selected time-base unit. Set the

applicable intensity control and trigger-source switch for the desired display.

Alternate Mode

The ALT position of the HORIZONTAL MODE switch provides crt sweeps derived

alternately from the two time-base units. Although the ALT horizontal mode can be

used at all sweep rates, the CHOP mode provides a more satisfactory display at

sweep rates below about 28 milliseconds/division. At slower sweep rates, the

switching between the traces becomes perceptible.

NOTE

This instrument will not present a real-time display in the ALT position

of the HORIZONTAL MODE switch if either horizontal plug-in

compartment is left vacant.

The A and B INTENSITY controls allow individual adjustment of the traces produced

by the time-base units in the A HORIZ and B HORIZ compartments. Correct

triggering of both time-base units is essential in obtaining the correct display in the

ALT horizontal mode. If either of the time-base units does not receive a correct

trigger, and therefore does not produce a sweep, the other unit cannot produce a

sweep either. This means that one time-base unit cannot begin its sweep until the

previous unit has completed its entire display. This can be avoided by setting the

time-base units for auto-mode triggering. See Trigger Source for operation of the A

and B TRIGGER SOURCE switches. Also, see Vertical Trace Separation for

information about positioning the B HORIZ display when in the ALT horizontal

mode.
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Chopped Mode

When the CHOP button of the HORIZONTAL MODE switch is pressed, the real-time

display is electronically switched between the two time-base units at about a 200-

kilohertz rate. In general, the CHOP horizontal mode provides the best display (1)

when either of the time-base units is set to a sweep rate slower than about 20

milliseconds/division, and (2) when the two time-base units are set to widely

differing sweep rates. In the CHOP horizontal mode, equal time segments are

displayed from each of the time-base units. This provides a real-time display which

does not greatly change in intensity as the sweep rate of either time-base unit is

reduced (in contrast to the ALT horizontal mode where the slowest trace tends to be

the brightest).

The A and 8 INTENSITY controls provide individual intensity adjustment of the

traces produced by the time-base units in the A HORIZ and B HORIZ compartments.

Triggering is not as critical in the CHOP horizontal mode as in ALT; if one of the

units is not properly triggered, only the trace from the untriggered time-base unit is

missing from the display. The other trace is presented in the normal manner. See

Vertical Trace Separation and Trigger Source for further information.

VERTICAL TRACE SEPARATION

When either of the dual-sweep horizontal modes (ALT or CHOP) is selected, the

VERT TRACE SEPARATION (B) control allows the trace produced by the B HORIZ

plug-in to be positioned above or below the trace produced by the A HORIZ plug-in.

To use the control, first position the trace produced by the A HORIZ unit. Then,

adjust the VERT TRACE SEPARATION (B) control to move the trace produced by the

B HORIZ unit away from the A HORIZ display.

INTENSITY CONTRAST

The CONTRAST adjustment varies the brightness of the intensified portion of the

real-time waveform displayed when the A HORIZ and B HORIZ time-base units are

operating in the delaying/delayed mode. (This adjustment does not affect the

cursors displayed in the STORED display mode.)

TRIGGER SOURCE

The A and B TRIGGER SOURCE switches select the internal trigger signals for the A

HORIZ and B HORIZ time-base units. For most applications, these switches can be

set in the VERT MODE position. In this position, the internal trigger signal is

automatically switched as the VERTICAL MODE switch is changed, or as the display

is electronically switched between the LEFT VERT and RIGHT VERT plug-ins while
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in the ALT vertical mode. The VERT MODE position also provides a usable trigger

signal in the ADD or CHOP positions of the VERTICAL MODE switch. Therefore, this

trigger source position ensures that the time-base units receive a trigger signal

regardless of the setting of the VERTICAL MODE switch.

lf correct triggering for the desired display cannot be obtained in the VERT MODE

position, the trigger source for either time-base unit can be changed to obtain the

trigger signal from either the LEFT VERT or RIGHT VERT plug-in. The internal trigger

signal is obtained from the selected vertical compartment whether the plug-in in

that compartment is selected for display or not. If the internal trigger is selected

from a vertical unit which is not also selected for display, the trigger signal must be

time-related to the displayed signal in order to obtain a triggered (stable) display.

REAL-TIME FUNCTIONS

CHECKOUT PROCEDURES

This checkout procedure verifies proper operation of the real-time related controls,

indicators, and connectors; and may also be used to familiarize the operator with

the operation of the mainframe controls, indicators, and connectors. The processor-

related functions, such as those selected with the measurement and Waveform

Calculator keyboards, can be verified by performing the exercises given in sections 5

and 6.

Only functions (not measurement quantities or specifications) are checked in this

procedure; therefore, a minimum amount of test equipment is required. If

performing this checkout procedure reveals improper performance or instrument

malfunction, check the operation of associated equipment; then refer to qualified

service personnel for repair or adjustment of the instrument.

TEST EQUIPMENT REQUIRED

The following test equipment was used in this checkout procedure. Other test

equipment which meets these requirements may be substituted. When other

equipment is substituted, the control settings or setup may need to be altered.

1. Function Generator (used only to check out the Z-AXIS INPUT)

Description: Frequency range, 25@ kilohertz to 1 megahertz; output amplitude, 2

volts peak-to-peak into 58 ohms; waveshape, sine.

Type Used: TEKTRONIX SG 5@3 Signal Generator (used with TM 500 Power

Module).
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2. Cables (2 required)

Description: Length, 42 inches; connectors, bne.

Type Used: Type RG-58/U, 5@-ohm coaxial, Tektronix Part 012-0057-01.

3. T Connector

Description: Connectors, bnc-to-bne.

Type Used: Bnc-to-bne connector, Tektronix Part 183-0030-00.

4. Adapter

Description: Connectors, bnc female-to-bnc female.

Type Used: Bnc female-to-bnc female, Tektronix Part 103-0828-00.

PRELIMINARY SETUP

1. Connect the 7854 to a power source that meets the voltage requirements of this

instrument (POWER switch off). If the available line voltage is outside the setting

limits of the LINE VOLTAGE SELECTOR switch (on rear panel), see Operating

Power Information under Installation in section 1.

2. Set the front-panel controis as follows:

FOCUS 0.0. ene ee eee nnn e ene n ee Midrange

B INTENSITY ........ 002. c eee ceceee eens Counterclockwise

A INTENSITY 1.0.2... 0. eee eee eee eee Counterclockwise

READOUT «2.0... ccc eee cect cent enn e teen ees OFF

STORED INTensity ......0. 0.60 e eee eee eee eee Quarter range

GRAT ILLUM ....... 2... eceee eens Counterclockwise

POWER ooo c cccene e nee n ene cent teens ON

CALIBRATOR 2.0.0.0... ccc cence et ene b een eee 4v

VERTICAL MODE .........2-.00 cece eee teeters LEFT*

A TRIGGER SOURCE ........ 0.0 cc ceceeee VERT MODE

HORIZONTAL MODE....... 0-000 cee ccc eee ee eee eens A*

VERT TRACE SEPARATION (B).............00. cece eens Midrange

B TRIGGER SOURCE ..........0. cece cee eee VERT MODE

CRT DISPLAY 1.0.0... 00 ccc cee ee ete e net ene SCOPE

*LEFT and B are automatically selected as Power-Up Conditions. (See Section 1,

Introduction.)
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3. Install Tektronix 7A-series amplifier units in the LEFT VERT and RIGHT VERT

compartments. Install Tektronix 7B80-, 7B9@-, or 7B1Q-series time-base units in

the A HORIZ and B HORIZ compartments.

4. Set both time-base units to 1 millisecond/division and triggering to auto mode

with ac coupling from the internal source.

5. Rotate the A INTENSITY control until the trace is at a desirable viewing level.

(Position trace if necessary.)

6. Connect the CALIBRATOR output to the input of the LEFT VERT amplifier unit

with a 42-inch bne cable.

7. Set the LEFT VERT deflection factor to display a signal amplitude of 2 divisions

on the crt.

8. Set the A HORIZ time-base triggering for a stable display.

DISPLAY FOCUS CHECKOUT

Rotate the FOCUS and ASTIG controls and observe the square-wave display. Notice

that the thickness of the trace varies. Set the FOCUS and ASTIG controls for a well-

defined trace as described in steps 6 through 8 of the Astigmatism-Focus

Adjustment procedure in section 3.

TRACE ALIGNMENT CHECKOUT

Disconnect the input signal. Position the LEFT VERT trace to the center horizontal

graticule line. If necessary, use the TRACE ROTATION control to align the trace with

the center graticule line.

GRATICULE ILLUMINATION CHECKOUT

Rotate the GRAT ILLUM control throughout its range and notice that the graticule

lines are illuminated as the control is turned clockwise.

CONTROL ILLUMINATION AND TRACE INTENSITY CHECKOUT

Set the rear-panel CONTROL ILLUMINATION switch to HIGH. Notice that the A

INTENSITY indicator and the selected pushbutton switch positions are all

illuminated. Sequentially press all of the HORIZONTAL MODE switch positions and

notice the A and B INTENSITY lights; these lights indicate which intensity control is

active. Set the CONTROL ILLUMINATION switch to the MEDIUM position. Observe
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dimming of the lighted pushbutton switches on the plug-in units and the selected

settings of the TRIGGER SOURCE switches.

Rotate the active A or B INTENSITY control and notice that the corresponding trace

intensity varies. Press on the measurement keyboard and notice that

the STORED INTensity indicator is lit. Rotate the STORED INTensity control and

notice that the stored trace intensity varies.

Set the rear-panel CONTROL ILLUMINATION switch to the HIGH position. Press

SCOPE } and return the HORIZONTAL MODE switch to A.

VERTICAL DEFLECTION CHECKOUT

Connect the 4-V CALIBRATOR output to the input connectors of both amplifier units

with two 42-inch bnc cables and a bnc T connector. Set the deflection factor of the

LEFT VERT amplifier unit to display about 2 divisions of signal on the crt.

Notice that the position control of only the LEFT VERT amplifier unit affects the

vertical position of the displayed square wave. Position the square wave to the

upper half of the graticule.

Set the VERTICAL MODE switch to RIGHT. Set the deflection factor of the RIGHT

VERT amplifier unit to display about 2 divisions of signal on the crt.

Notice that the position control of only the RIGHT VERT amplifier unit affects the

vertical position of the displayed square wave. Position the square wave to the

lower half of the graticule.

Set the VERTICAL MODE switch to ALT. Two traces should be displayed on the crt.

The top trace is produced by the LEFT VERT amplifier unit and the bottom trace is

produced by the RIGHT VERT amplifier unit; the sweep for both traces is produced

by the A HORIZ time-base unit. Set the sweep rate of the A HORIZ time-base unit to

5@ milliseconds/division; notice the display alternates between the LEFT VERT and

RIGHT VERT amplifier units after each sweep. Turn the A HORIZ time-base sweep

rate switch through its range: notice that the display alternates between amplifier

units at all sweep rates.

Set the VERTICAL MODE switch to CHOP. Turn the A HORIZ time-base unit sweep

rate switch throughout its range. A dual-trace display will be presented at all sweep

rates, and both amplifier units are displayed by the A HORIZ time-base unit on a

time-sharing basis. Set the A HORIZ time-base unit sweep rate switch to 0.5

millisecond/ division.

Set the VERTICAL MODE switch to ADD. The display should be four divisions in

amplitude. Notice that the position control of etther amplifier unit moves the display.

Set the VERTICAL MODE switch to LEFT.
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HORIZONTAL DEFLECTION CHECKOUT

Position the start of the trace to the left-most graticule line with the A HORIZ time-

base position control. Notice that the position control of only the A HORIZ time-base

unit affects the horizontal position of the displayed trace (not the position control of

the B HORIZ time-base unit).

Set the HORIZONTAL MODE switch to B. Adjust the B INTENSITY control for a

visible display.

Notice that the position control of only the B HORIZ time-base unit affects the

horizonta! position of the displayed trace. Position the start of the trace to the left-

most graticule line with the B HORIZ time-base unit position control.

Set the HORIZONTAL MODE switch to ALT. Two traces should be presented on the

crt. If the traces overlap, set the VERT TRACE SEPARATION (B) control to position

one trace to the bottom of the graticule area. Turn the sweep rate switches of both

time-base units throughout their range. Observe that each time-base unit controls

one of the traces independently of the other time-base unit. Also notice that when

one of the time-base units is set to a slow sweep rate (below about 50

milliseconds/division) sweep alternation is evident (only 1 of the traces is presented

on the crt at a time). Set the sweep rates of both time-base units to @.5

milliseconds/ division. Rotate the A INTENSITY control; notice that the intensity of

the trace produced by the A HORIZ time-base unit changes. Likewise, the B

INTENSITY contro! changes the intensity of the trace produced by the B HORIZ time-

base unit only. Return both INTENSITY controls to desirable levels.

Set the HORIZONTAL MODE switch to CHOP. Two traces should be displayed on

the crt in a manner similar to that of the ALT display. Turn the sweep rate switches

of both time-base units throughout their ranges.

Set the CALIBRATOR switch to @.4 V. Set the VERTICAL MODE switch to CHOP.

Four traces should be displayed on the crt. If not, set the position controls of the

amplifier units and the VERT TRACE SEPARATION (B) control to position the four

traces into view. Set the position controls of the plug-in units to identify which trace

is produced from each plug-in unit. (If amplifier units have the “Identify” feature, it

can be used to identify the traces.) Set the A HORIZ time-base unit for a sweep rate

of 1 millisecond/division. The LEFT VERT amplifier unit should be displayed at the

sweep rate of both time-base units.

Set the HORIZONTAL MODE switch to ALT. Observe that the display is very similar

to that obtained in the previous sweep. The main difference in this display is that

the traces are now displayed alternately (noticeable only at slow sweep rates).

Set the VERTICAL MODE switch to ALT, Set the CALIBRATOR switch to 4 V. Notice

that only 2 traces are displayed. The trace produced by the LEFT VERT amplifier unit

should be displayed at the sweep rate of the B HORIZ time-base unit and the trace

produced by the RIGHT VERT amplifier unit should be displayed at the A HORIZ
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time-base unit sweep rate. This feature is calied independent-pairs operation and is

obtained only when the VERTICAL MODE switch is in the ALT position, the

HORIZONTAL MODE switch is in either the ALT or the CHOP position, and the time-

base units are in the independent mode.

TRIGGERING CHECKOUT

Set the VERTICAL MODE switch to LEFT and the HORIZONTAL MODE switch to A.

Center the display on the crt with the LEFT VERT amplifier position control.

Disconnect the input signal from the RIGHT VERT amplifier unit input connector.

Sequentially select all of the VERTICAL MODE switch positions. Notice that a stable

display is obtained in all settings of the VERTICAL MODE switch (straight line in

RIGHT switch position).

Set the A TRIGGER SOURCE switch to LEFT VERT. Again, sequentially select all of

the VERTICAL MODE switch positions; notice that the display is again stable in all

positions, as in the previous step, and that the LEFT VERT pushbutton is

illuminated.

Set the A TRIGGER SOURCE switch to RIGHT VERT. Sequentially select all of the

VERTICAL MODE switch positions and notice that a stable display cannot be

obtained in any position (this is because there is no input signal connected to the

RIGHT VERT amplifier unit) and that the RIGHT VERT pushbutton is illuminated.

Return the A TRIGGER SOURCE switch to VERT MODE and notice that it is

illuminated.

The B TRIGGER SOURCE switch operates in a manner similar to the A TRIGGER

SOURCE switch when the B HORIZ time-base unit is selected to provide the display.

Set the B TRIGGER SOURCE switch to VERT MODE and the VERTICAL MODE

switch to ALT.

Set the HORIZONTAL MODE switch to B and the VERTICAL MODE switch to LEFT.

READOUT CHECKOUT

Turn the READOUT control clockwise until an alphanumeric display is visible within

the top or bottom division of the crt. Change the deflection factor of the amplifier

unit that is selected for display. The readout should change as the deflection factor

is changed. Likewise, change the sweep rate of the time-base unit which is selected

for display; the readout for the time-base unit should change as the sweep rate is

changed.

Set the selected time-base unit for X1@ magnification. Notice that the readout

display will change to indicate the correct magnified sweep rate. If a readout-

encoded 1@X probe is available for use with the amplifier unit, install it on the input

connector of the LEFT VERT amplifier plug-in unit. Notice that the deflection factor

indicated by the readout is increased 1@ times when the probe is added. Return the

time-base unit to normal sweep operation and disconnect the probe.
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Sequentially select all of the VERTICAL MODE and HORIZONTAL MODE switch

positions. Notice that the readout from a particular plug-in occupies a specific

location on the display area. If either of the vertical plug-in units is a dual-trace unit,

the readout for channel 2 is displayed within the lower division of the ert. Return

the VERTICAL MODE switch to LEFT and the HORIZONTAL MODE switch to A. Set

the READOUT control to OFF.

BEAMFINDER CHECKOUT

Set the deflection factor of the LEFT VERT amplifier to 18 millivolts/division and the

CALIBRATOR for a 4 V output. Notice that the square-wave display is not visible,

since the deflection exceeds the scan area of the crt.

Press the BEAMFINDER push-button switch; notice that the display is returned to

the viewing area in compressed form. Release the BEAMFINDER switch and notice

that the display again disappears from the viewing area.

With the BEAMFINDER switch pushed in, increase the LEFT VERT amplifier

deflection factor until the display is reduced to about 2 divisions vertically. Adjust

the position control of the displayed amplifier unit to position the compressed

display near the center of the graticule. Release the BEAMFINDER switch and

observe that the display remains within the viewing area.

CALIBRATOR CHECKOUT

Connect the CALIBRATOR output to both the LEFT VERT and RIGHT VERT amplifier

units with two bnc cables and a bnc T connector. The display amplitude should be

approximately 2 divisions. If not, adjust the deflection factor accordingly.

Select different CALIBRATOR pushbuttons (labeled 4 V, @.4 V, and 48 mV) and

notice that the displayed signal changes accordingly (CALIBRATOR output must be

terminated into more than a 1@@ kilohm load for stated output), When the

CALIBRATOR output is terminated into 5@ ohms, the output is 8.1 times the stated

output.

Z-AXIS INPUT CHECKOUT

If an external signal is available (2 volts peak-to-peak minimum}, the function of the

Z-AXIS INPUT can be demonstrated. Connect the external signal to both the input

connector of the displayed amplifier unit and the Z-AXIS INPUT connector. Set the

sweep rate of the displayed time-base unit to display about 5 cycles of signal. Set

the amplitude of the signal generator until intensity modulation is visible on the

display (change the amplifier unit deflection factor as necessary to produce an on-
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screen display). The positive peaks of the waveform should be blanked out and the

negative peaks intensified. Notice that the setting of the INTENSITY controls

determines the amount of intensity modulation that is visible. Disconnect the

cables.

SIGNAL OUT CHECKOUT

Set the VERTICAL MODE switch to CHOP and connect the SIGNAL OUT connector

to the input of the RIGHT VERT amplifier unit. Connect the 4 V CALIBRATOR output

to the LEFT VERT amplifier unit. Notice that the CALIBRATOR output waveform is

present at the SIGNAL OUT connector at reduced amplitude.

+ SAWTOOTH OUT CHECKOUT

Set the VERTICAL MODE switch to RIGHT and connect the + SAWTOOTH OUT

connector to the input of the RIGHT VERT amplifier unit. Set the HORIZONTAL

MODE switch to A. Notice that a sawtooth waveform is displayed. Remove the B

HORIZ time-base unit and notice the display. If the sawtooth waveform disappears,

the + sweep sawtooth signal available at the + SAWTOOTH OUT connector

originates from the B HORIZ time-base unit as selected by the Sweep Selector

switch. If the sawtooth display remains, the + sweep sawtooth available at the

+ SAWTOOTH OUT connector originates from the A HORIZ time-base unit as

selected by the Sweep Selector switch.

+ GATE OUT CHECKOUT

The signal available at the + GATE OUT connector is dependent on the Gate

Selector switch position (i.e., A, B, or Detay’d). If the Gate Selector switch setting is

not known, the following procedure will determine the switch setting and verify that

the proper signal is present.

Set the VERTICAL MODE switch to RIGHT and connect the + GATE OUT connector

to the input of the RIGHT VERT amplifier unit. Set the HORIZONTAL MODE switch

to A. If a single square-wave + gate display is obtained proceed to the next

paragraph; if not, the Gate Selector switch is set to Delay'd and, thus, the signal

available at the + GATE OUT connector is the delayed gate from the A HORIZ time-

base unit, which requires that a delaying time-base unit be installed in the A HORIZ

compartment. Set the A HORIZ detaying time-base unit for B Starts After Delay

mode. Notice that the display is a single square wave. Vary the delaying time base

delay-time control and notice that the displayed square-wave width varies.

Remove the B HORIZ time-base unit and notice the display. If the + gate waveform

disappears, the + gate signal available at the + GATE OUT connector originates from

the B HORIZ time-base unit as selected by the Gate Selector switch. If the + gate

display remains, the + gate signal available at the + GATE OUT connector originates

from the A HORIZ time-base unit as selected by the Gate Selector switch.

@ 4-17



Scope Display Mode Information—7854

re

SINGLE SWEEP RESET CHECKOUT

Connect the 4 V CALIBRATOR output to the LEFT VERT amplifier unit. Obtain a

display of the CALIBRATOR output. Set both time-base unit triggering controls for

single-sweep operation. Connect one end of the bne cable to the rear panel + GATE

OUT connector. Connect the other end of the cable to the SINGLE SWEEP RESET

connector while watching the crt. A single-sweep display of the CALIBRATOR

output signal should be obtained each time the + GATE OUT signal is applied to the

SINGLE SWEEP RESET connector.

This completes the Real-Time Functions Checkout Procedures.
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Using the

Measurement Keyboard

This section of the manual demonstrates, in the form of self-teaching exercises, the

operation of all front-panel measurement keyboard commands, except those given

in the EXTERNAL block. These exercises are for the Option 8D 7854 Oscilloscope

which can be operationally simulated by disconnecting the Waveform Calculator

and the GPIB cables from the oscilloscope rear-panel connectors.

All displays shown in the exercises in this manual are correct for the given

conditions—specified and previously displayed real-time waveform, the position of

the stored waveform, etc.—but might not be exactly duplicated on your instrument

due to the extreme sensitivity of the processor. Therefore, your readings may vary

slightly from those shown in the exercise displays.

In addition to the exercises to demonstrate the WFM ACQUISITION, CURSOR, and

WFEM PARAMETER commands available on the measurement keyboard, this section

includes information on:

1. Waveform storage considerations;

2. The command buffer;

3. Error and warning indications; and

4. The character display in the STORED and BOTH modes.
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WAVEFORM STORAGE CONSIDERATIONS

Before measurements can be made by the processor, the real-time waveform must

be stored in waveform memory. With Option @D, only one waveform can be stored

at a time. Scale factors (vertical deflection factor and horizontal sweep rate) with

units, and the vertical zero reference (VZR) are stored in memory with the waveform

points since ail are required to fully specify the waveform value.

The processor can only store the waveform selected by the VERTICAL MODE,

HORIZONTAL MODE, or plug-in unit display mode switches; other waveforms, or

those which would be displayed with a plug-in unit chop mode, are considered

invalid by the processor and cannot be stored. Each acquisition command has an

associated maximum number of waveforms which can be displayed during

execution; if more are selected, the processor cannot perform the acquisition

command and an error condition exists. (See Error and Warning Indications later in

this section for more details.)

Only one repetitive real-time waveform can be selected for display prior to any AVG

(Average) command; however, two waveforms can be selected at the time of an

AQR (Acquire Repetitive Waveform) or AQS (Aquire Single-Sweep Waveform)

command. If two waveforms are selected at the time of an AOR or AQS command,

only one will be stored and available for subsequent measurement. Use the

following rules to determine which selected waveform is stored:

1. If the two waveforms are selected with the VERTICAL MODE switch in ALT or

CHOP, the vertical values of the stored waveform are those from the LEFT VERT

plug-in unit.

2. If the two waveforms are selected with the plug-in unit in the alternate mode,

the vertical values of the stored waveform are those from channel 1 of the plug-

in unit.

3. If the VERTICAL MODE switch is in ADD and either vertical plug-in unit is in the

alternate mode, the vertical values of the stored waveform are those of channel

1 of the alternating plug-in added to the value of the other plug-in unit.

4. If the two waveforms are displayed with the HORIZONTAL MODE switch in ALT

or CHOP, the sweep values of the stored waveform are those from the B HORIZ

time-base unit.
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Figure 5-1. The acquisition graticule in relation to the display graticule.

The stored waveform consists of the vertical coordinate values of 512 equally-

spaced horizontal points taken from within the boundaries of a 18 x 1@ division

“acquisition graticule” (see Fig. 5-1). Any part of the real-time signal which exceeds

the vertical limits of + or - 5 divisions from vertical zero (the center horizontal

graticule line) is clipped at the edge of the acquisition graticule. Any points outside

the 1@-division horizontal limits are ignored.

If the selected VERTICAL MODE, HORIZONTAL MODE, and plug-in display mode

settings would result in more than one vertical or horizontal scale factor readout

being displayed in the SCOPE display mode, the processor performs a search

sequence to determine which one will be stored with the waveform points. The first

valid scale factor encountered in the search is stored. The vertical scale factor

search sequence is: LEFT VERT channel 1 (R@), LEFT VERT channel 2 (R4), RIGHT

VERT channel 1 (R1), and RIGHT VERT channel 2 (R5). The horizontal scale factor

search sequence is: B HORIZ (R3, R7), A HORIZ (R2, R6). (See Fig. 4-1 for locations

of the readout, R designated, word.)

{f a valid scale factor is not found in the required readout word(s), a default scale

factor of “1” is assigned by the processor and a warning is issued. To determine if

the required readout word is a valid scale factor, the processor scans the readout

word starting at the first (leftmost) character. If the readout word is blank, or

contains non-numeric characters only, the default scale factor is assigned. Leading

non-numeric characters, such as >”, are not stored as part of the scale factor. The

scale factor unit (e.g., V or S) is stored and displayed with the scale factor, but is not

used by the processor for any other purpose.
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COMMAND BUFFER

Keyboard commands (except STOP) received while the processor is BUSY are stored in

the command buffer (capacity: 10 commands) while awaiting execution. (A STOP com-

mand is executed immediately and any remaining commands in the buffer are dis-

carded). If commands are received while the command buffer is full, they are ignored and

a warning is issued. Normally the processor will continue executing the commands in the

order they were received until the buffer is empty. However, if an error occurs, process-

ing stops and the command buffer is immediately emptied of any stored commands.

ERROR AND WARNING INDICATIONS

Before executing any command the processor checks for error conditions which

would prevent execution; and during command execution the processor checks for

warning conditions which could give incorrect or unexpected results. Whenever an

error or warning condition occurs, an audible warning lasting approximately 300

milliseconds is issued (if the rear-panel AUDIBLE ERROR/WARNING switch is ON).

During this tone, in either the STORED or BOTH display modes, the alphanumeric

and stored waveform display are blanked to provide additional warning. (In SCOPE

display mode, only the readout portion of the display is blanked during the tone.)

The ERROR indicator will light for either an error or a warning, and will remain lit

until another command is received by the processor.

NOTE

if an error or warning occurs during the SCOPE display mode when the

AUDIBLE ERROR/WARNING switch is OFF, the condition might not be

noticed. Therefore, always pay close attention to the ERROR indicator

whenever any command is issued.

ERRORS

When an error condition occurs, execution of the command is aborted and any

subsequent commands stored in the commmand buffer are erased. The ERROR

indicator is lit and the error message is displayed until the condition is corrected or

until a new command is given. Error messages are displayed in the STORED and

BOTH display modes only and in the form: , where are the first

three mnemonic characters of the aborted command. Table 9-2@ lists the error

conditions which can occur.

WARNINGS

lf during command execution a condition occurs which may cause the results to

be other than might normally be expected for the command, execution is

completed and (in STORED or BOTH display modes) a warning message is

displayed until a new command is given. Warning messages are displayed in the

form: , where are the first three characters of the command

mnemonic associated with the warning. Table 9-21 lists warning conditions which

can occur.
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WAVEFORM ACQUISITION EXERCISES

A real-time waveform is placed in memory using either the AQR, AQS, AVG1@,

AVG1@@, or AVG1@@@ commands. These command keys are located in the WFM

ACQUISITION block at the top of the 7854 measurement keyboard (see Fig. B,

block 6). Also focated in this block are the GND (Ground) and STOP keys, and the

BUSY indicator. The STOP key prematurely terminates a GND, AOR, AVG1Q,

AVG1@@, or AVG1@B@ command if that command is still executing. The BUSY

indicator lights when the processor is busy executing any command.

NOTE

The : and © 24.55% commands (not labeled on panel) are

available as the shift functions of the GND and STOP keys respectively.
However, as they are oflittle use to the operator without the Waveform

Calculator or GPIB interface, they are discussed in Section 6, Using the

Waveform Calculator.

The following exercises only illustrate the function and operation of the WFM

ACQUISITION keys and indicator, and must be sequentially performed in order to

obtain similar results.

ACQUIRING A REPETITIVE WAVEFORM

Perform the procedure for Obtaining a Scope Display given in Section 4, Scope

Display Mode Information.

Position the 4 V CALIBRATOR signal so that the first positive-going pulse starts at

the second vertical graticule line, and so the square wave is centered around the

center horizontal graticule line.

Set the STORED INTensity control to quarter range.

To Acquire the waveform:

Press Display Comments

AQR : meres The BUSY indicator is |it

: while the processor is

executing the command.

Scale factors (vertical

deflection factor and

horizontal sweep rate) of

oon the valid waveform are

acquired and stored.

' : SOR WARNINGis

issued (and displayed in

the STOREDor i373 T34

modes) if: (1) More than

5% contiguous points are

not filled, (2) an invalid
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ACQUIRING A REPETITIVE WAVEFORM (Cont)

Comments (cont)

scale factor readout is

encountered, (3) non-

unique scale factors are

encountered in add

vertical modes, or (4) the

AQR command is pre-

maturely terminated with

the STOP command.

Refer to Waveform

Storage Considerations

for further details.

NOTE

If the specified readout position does not contain a valid scale factor,

a default value of “1” is assigned by the processor and an

AQR WARNING is displayed when in the STORED or BOTH display

modes.

AQR Operation: Equivalent-time random sampling is used to construct the

waveform into memory from as many repetitions of the real-time waveform as

required (see Fig. 5-2). This command is useful at all sweep speeds.

EQUIVALENT-TIME

DISPLAY

REPETITIVE

REAL-TIME

INPUT

SIGNAL

2873-275

Figure 5-2. The input pulse of a repetitive signal is reconstructed using equivalent-time

random sampling.
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ACQUIRING A REPETITIVE WAVEFORM (Cont)

The digitizer simultaneously samples and quantizes the repetitive real-time

waveform. This sampling is asynchronous with respect to the sweep and only the

samples acquired within the horizontal limits of the graticule while the waveform is

visible are considered valid. During digitizing most of the waveform points will have

been sampled more than once, while some may not have been filled at all. The most

recent data is retained in memory.

Waveform acquisition is terminated when at least 99% of all valid points have been

sampled and stored into memory and at least one complete sweep has occurred, or

when a STOP command is received.

AOR Restrictions: No more than two real-time waveforms may be selected for

display and no plug-in chop modes are permitted prior to execution of an AQR

command. FRROR is issued if either restriction is violated.

Press Display Comments

STORED cone ee ° The stored calibrator

signal with scale factors

and data from the

processor is displayed on

Sun

NOTE

Notice that the stored calibrator signal is a representation, both in

waveshape and position, of the real-time CALIBRATOR signal just

observed in the SCOPE display mode; however, the alphanumeric

information has changed. The alphanumerics displayed in the STORED

display mode are discussed in detail under Stored Character Display

following these exercises.
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SETTING THE GROUND REFERENCE (IN THE BOTH MODE)

Notice that the number following (vertical zero reference) in line #1 of the

stored display has been _ to this point in the exercises. This means that the @-volt

level of the stored waveform is assumed to be at the center horizontal graticule line.

This setting is a Power-Up Condition (see section 1) set by the processor. The

GND command provides a means to set a Specific ground reference level for

subsequently stored waveforms.

To demonstrate, go to the BOTH display mode:

Press Display Comments

Ga cows wena sy coos The processor is flagged

to perform the shift

function of the next key

pressed. (If the next key

pressed does not have a

shift function, no function

is performed.)

@ @ WEM

BOTH Both the real-time and
OPW 8 VZR @ 2Vv 586uS

; the stored calibrator

signals are displayed.

Rotate the LEFT VERT

| | | | | | | | | amplifier position control

to verifythat both

waveforms are present.

(See Both Display Mode

for further information.)

B @ WFM

Exercise continues on next page
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SETTING THE GROUND REFERENCE (Cont)

Now set the input coupling switch of the LEFT VERT amplifier unit to ground, and

position the trace to one division below the center horizontal graticule line. This will

be the new ground reference level.

Press Display Comments

opw ven B ay 300.8 Although the displayed

waveforms do not

change, the BUSY

indicator lights and

BUSY is displayed while

the processor stores

4 this level in a ground

reference register. The

vertical value, -1.002

8 WEM 1.082. GND in this example, is

given in graticule

divisions with reference

to the center horizontal

graticule line; and is

displayed in the X

register location—bottom

line, center, of the crt.

This new ground

reference will not

change until either a

new GND command is

issued or the 7854 is

turned off.

Set the input coupling switch of the LEFT VERT amplifier unit to dc. Do not

reposition the real-time waveform.

Press Display Comments

AQR The previously stored
oPW @ VZR i.e 2v 5O8uS

waveform has been

replaced by the newly

acquired calibrator

signal.

HE owen AGH
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SETTING THE GROUND REFERENCE (Cont)

Press Display Comments

STORED The stored calibrator
OPW 6 VZR -1,882 2V 590uS

signal is displayed with

the baseline at the new

ground reference level.

VZR reading in the top

division of the graticule

reflects the currently

stored ground setting of

1.802 division below

-1,002 @ wea Storer : the center horizontal

graticule line.

GND Operation: The processor stores the algebraic mean vertical level of the real-

time trace for the ground (vertical zero) reference of waveforms subsequently

stored.

GND Restrictions: No more than two real-time waveforms may be selected for

display and no plug-in chop modes are permitted prior to execution of the GND

command. GND ERROR is issued if either restriction is violated.

To assure that the ground reference is set as close as possible to the desired

level, monitor the ground setting as displayed in the X register of the

STORED or BOTH modes. If the value displayed is not what you want,

simply reposition the real-time trace and press again. Repeat if

necessary.
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AVERAGING A WAVEFORM

To remove random noise which may be present on the real-time waveform or to increase

the resolution of the digitized waveform, use an AVG (Average) command. The AVG190,

AVG100, and AVG1000 keys on the measurement keyboard averages the real-time

waveform the specified number of times before placing the resulting waveform into

waveform memory.

To demonstrate, return to the SCOPE display mode by pressing . Next,

set the VERTICAL MODE to ADD and attach an unshielded cable to the 1 MQ input

of the RIGHT VERT amplifier unit. Set the RIGHT VERT amplifier to maximum

sensitivity and the LEFT VERT amplifier to 1 V/Div. Set the B HORIZ time base for

0.2 mitliseconds/division. |The crt should display a 4-division square wave with

about 1 division of noise riding on it. Return to the STORED display mode by

pressing (STORED }.

Press Display Comments

AVG100 During command execu-
opwa vzR -1,882 Vv 266 uS

tion: the BUSY indicator

is lit; the previously

stored waveform is

maintained on the

display; and the

~ mnemonic, mes-

sage, and number of

averages to be completed

are displayed in the

bottom division (line #16)

of the graticule.

After command execu-

tion: the BUSY indicator

is off; the newly stored

waveform is displayed in

line #16 of the display;

and the last command

mnemonic, is

displayed.

OPW @ VZR -1.882

@ WFEM
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AVERAGING A WAVEFORM (Cont)

AVG Operation: Acquires repetitive real-time waveform as for AQR command.
Then the processor repeatedly re-acquires the real-time waveform, by points, and

accumulates new data into the corresponding points of the stored waveform. If the

value of a point is found to be changed from its initial value, the difference is

modified with a weighting factor and added to the initial value. The result is that at

any time during averaging the stored waveform will approximate the algebraic mean

value of the individual waveforms acquired so far.

AVG Restrictions: Only one real-time waveform may be selected for display,
no chop or aiternate modes permitted, prior to execution of the AVG commands.

is issued if this restriction is violated.

STOPPING ACQUISITION

The STOP command is used to terminate either an AQR, GND, or AVG command
while the processor is busy executing that command. To iNustrate:

Press Comments

AVG1 808 The display is similar to

that previously described

during execution of

AVG10@.

While the BUSY indicator is lit:

Press Display Comments

STOP orw 8 ven. vase Ww 2p0,8 The stored waveform

wos : now consists of the

number of averages

completed prior to the

STOP; if no averages

‘ ee were completed, all

waveform points are set

to zero.

: is issued when a STOP is

@ WFM @ WM executed.

NOTE

The STOP command is executed immediately upon receipt by the

processor.

NEXT EXERCISE BEGINS WITH POWER-UP
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ACQUIRING A SINGLE-SWEEP WAVEFORM

When the real-time signal to be stored is not repetitive because of varying

amplitude, waveshape, or repetition rate, use the AQS command to store the

signal.

To acquire a single-sweep waveform, perform the first step of Obtaining a Scope

Display given in Section 4, Scope Display Mode Information.

Then install a Tektronix 7A-series amplifier unit in the LEFT VERT compartment and

a 7B87 Time Base With Pretrigger Acquire Clock in the B HORIZ compartment.

Perform steps 3 through 8 of the procedure for Obtaining a Scope Display.

Now set the 7B87 to the single-sweep mode. (Refer to the 7B87 Instruction Manual

for more detailed operating information for the 7B87 Time Base With Pretrigger

Acquire Clock.)

Press Display Comments

STORED a - ~ Stored display at power-

be

tf | wee : The display is blanked
and the BUSY indicator is

litwhilethe processor

awaitsthe triggered

sweep.

5-12 @
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ACQUIRING A SINGLE-SWEEP WAVEFORM (Cont)

Press Display Comments

7B87 Single oew a vena a aoe s Stored single-sweep

Sweep Reset : calibrator signal and

Pushbutton . AQS mnemonic are dis-

played. AQS WARNING
| | | | | is issued if more than 5%

contiguous points are not

filled.

8 WEM BWEM AGS

AQS Operation: The processor uses real-time sampling (see Fig. 5-3) to sequentially

sample and store 512 points of the single-sweep waveform unless the command is

prematurely terminated by use of the rear-panel AQS ABORT pushbutton. The

processor will not accept any other commands during AQS execution (which includes

waiting for the single-sweep trigger).

If fewer than 512 points have been stored when the command is terminated, the

stored points are right-justified on the display and the remaining points are

displayed at the value of the first stored point. If no points have been sampled when

the command is terminated, all points are set to and displayed at the vertical zero

reference level.

REAL-TIME

DISPLAY

SINGLE-SWEEP

INPUT

SIGNAL

2873-276

Figure 5-3. The single-sweep input signal is sequentially sampled and each point is

displayed as it actually occurred.
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ACQUIRING A SINGLE-SWEEP WAVEFORM (Cont)

NOTE

This command can be prematurely terminated only with the rear-panel

AQS ABORT pushbutton.

AOS Restrictions: No more than two real-time waveforms may be selected

for display and no plug-in chop display modes are permitted prior to execution of

the AQS command. Also the B HORIZ compartment must contain a properly

adjusted 7B87 Time Base with Pretrigger Acquire Clock that is selected for disptay.

&OS ERROR is issued if either restriction is violated.

NEXT EXERCISE BEGINS WITH POWER-UP

STORED CHARACTER DISPLAY

With the 7854 in the STORED or BOTH display modes, the aiphanumeric character

information displayed by the crt is provided by the processor. In addition to the stored

waveform scale factors, data and status messages from the processor are also

displayed. Each data message or scale factor is displayed in a specific fixed field (see

glossary) assigned to that item. The graticule area is formatted into 16 display lines

(numbered 1 through 16, top to bottom) of 4@ characters each. Each field is assigned a

maximum number of characters, and is not necessarily unique with respect to data

assigned. A typical character display in the STORED mode is shown in Figure 5-4.

Refer to this illustration throughout the following discussion.

VERTICAL VERTICAL HORIZONTAL

jOPERATIONA! ZERO SCALE SCALE
WAVEFORM | REFERENCE FACTOR FACTOR

NUMBER LOCATION OF OPW OF OPW

OPERATIONAL

WAVEFORM ebay. ' fae DISPLAY
INFORMATION ‘ CINE #7

‘

CURSOR GuRSOR:
VERTICAL HORIZONTAL
NS ee

COORDINATES é i : i LINE 18
STACKY &X as i ESS EEE be DISPLAY

AND LINE #16

PROCESSORMESSAGES Y REGISTER X REGISTER | | STATUS
FIELD FIELD COMMAND MESSAGE

MNEMONIC

Figure 5-4. Typical character display of STORED mode.
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OPERATIONAL WAVEFORM STATUS

Information displayed in the top division of the graticule (line #1) pertains to the

operational waveform (OPW) and consists of four fields. The first field of line #1,

OPW &@, indicates that the operational waveform is from waveform memory address

number @. The second field, VZR -1, indicates that the waveform’s vertical zero

location is one division below the center horizontal graticule line. The third and

fourth fields are the scale factors which were stored with the waveform (vertical

deflection factor and horizontal sweep rate as supplied by the plug-in units), and are

usually displayed with scale factor units (e.g., V or S).

CURSOR STATUS

When cursors are on, cursor coordinates, are displayed in display line #15. (See Fig.

5-4.) lf one cursor is on, the coordinates given are those of Cursor 1. The first field

of this line, VCRO- 2S.7GnV, is the vertical coordinate of Cursor 1 measured

from the VZR and given in scale factor units. The second field, HCRD- 3.66,/S, is

the horizontal coordinate of Cursor 1 measured from the start of the waveform and

given in scale factor units. With both cursors on, the coordinates given are those of

Cursor 2 relative to Cursor 1. This is indicated by the .. (delta) in . VCRD:° and

“HCRD- (called relative coordinates). If the cursors are off, this line is blank.

STACK AND PROCESSOR STATUS

The contents of the Y and X stack registers and status messages are displayed in the

bottom line of the display. (The operand stack is discussed in detail in Section 6, Using

the Waveform Calculator). The first two fields of this line are the contents of the Y and X

stack registers. (For all practical purposes, the contents of the Y register, which usually

contains the last contents of the X register, can be ignored while operating the Option

@D instrument). Status messages comprise the remaining fields of this line. These

messages include the mnemonic of the command just executed or of the command now

executing; plus the execution status messages of BUSY. WARNING, ERROR, STOP IN,

END, and PL XXX. (See Programming in section 6 for explanations of the and

PL XXX mesages).

NUMERIC DISPLAYS

All numeric displays in the STORED mode (except scale factors, which have been

previously formatted by the plug-in units) adhere to the general format of:

<sign> <mantissa><exponent>

The sign is displayed only for negative numbers (-), and is blank for positive

numbers. A zero value is displayed as ©, and up to four mantissa digits in the range

of 1.806 through 999.9 are displayed.
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If the number is within the range of 1.008 * 18"? through 999.9 * 19'2, a letter
exponent is displayed. See Table 5-1. Numbers outside the range for letter

exponents are displayed in the form:

<sign> <mantissa>E <esign> <evalue>

where the esign is * if the exponent is positive and — if negative, and the evalue is

displayed as a two-digit integer, multiple of 3.

TABLE 5-1

Letter Exponents

Multiplier Prefix Symbol

10°12 pico P

19° nano n

19° micro i

19° milli m

18° kilo K

10° mega M

10° giga G

19" tera T
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CURSORS EXERCISE

Cursors are one or two specially identified points of the operational waveform.

When the cursors are on, their position on the waveform is identified by intensified

points, and their vertical and horizontal coordinates are displayed on the crt. (See

Stored Character Display for more information on the cursor coordinates.) The

cursors are also used to define portions of the operational waveform for waveform

and pulse parameter measurements.

The cursor control keys are located at the lower right edge of the 7854

measurement keyboard (see Fig. B, block 3). The following exercise only illustrates

the function and operation of the cursor control keys. Effects of cursor status and

position on waveform parameter commands are illustrated by performing the

exercises given later in this section under Waveform Parameter Measurements.

POSITIONING THE CURSORS

Perform the procedure for Obtaining a Scope Display given in Section 4, Display

Mode Information.

Position the CALIBRATOR signal so that the first positive-going pulse starts at the

second vertical graticule line, and the baseline is one division below the center

horizontal graticule line.

Set the STORED INTensity control to quarter range.

Press Display Comments

AVG1@ ay memessoas, ~~: Calibrator signal and

scale factors are stored.

SELR TES? iamMecice

Exercise continues on next page
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POSITIONING THE CURSORS (Cont)

Press

STORED

Display

4 4 f 4 4 2 i

oPw 2 VZA 8 2Vv 588uS

a @ WFM

To move Cursor 1 to the right:

Press

5-18

Comments

Stored calibrator signal is

displayed.

Cursor 1 is turnedon.

Cursor 1 appears at left

edge of display if it has

not been moved since the

7854 was turned on,

otherwise it appears at its

last positioned horizontal

location. Cursor coordin-

ates are displayed in line

#15.

Comments

Cursor 1 moves right.

Notice how the co-

ordinate readings change

toreflect the new

position of the cursor.

is

issued when Cursor 1

reaches the end of the

waveform.
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POSITIONING THE CURSORS (Cont)

NOTE

For all manual cursor positioning keys, the initial actuation moves the

designated cursor by one point. If you continue to hold the key down,

the cursor begins continuous movement, accelerating across the

display. When the key is released, cursor movement is immediately

halted.

To move Cursor 1 to the left:

Press

To turn on both cursors:

Press Display

CRS2-1 OPW & VZR 8 2v 58auS

VCORD =". > “HCRO =:
a OWFM

Comments

Cursor 1 moves to the

left. Notice the change

in cursor coordinate read-

ings. FS) SSRI ig

issued when Cursor 1

reaches the start of the

waveform.

Comments

Turns on Cursor 2.

Relative cursor coordin-

ates express the differ-

ence between Cursor 2

and Cursor 1 (identifiable

by ).

Exercise continues on next page
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POSITIONING THE CURSORS (Cont)

Position Cursor 1 to the third vertical graticule line.

To move Cursor 2 left:

Press

CRS2<

To move Cursor 2 right:

Press

To turn off the cursors:

Press

OFF

5-20

Comments

CRS WARNING is
issued when Cursor 2

reaches Cursor 1. Cursor

2 cannot be positioned

before Cursor 1 on the

operational waveform.

Notice that the relative

coordinates read gy and

@§ Indicating both

cursors are positioned at

the same point.

Comments

Cursor 2 moves to the

right. CRS WARNING
issued when Cursor 2

reaches the right edge of

the graticule.

Comments

Turning the cursors off

does not change their

horizontal location. Verify

this by pressing (CRS2-1).



Using The Measurement Keyboard—7854

POSITIONING THE CURSORS (Cont)

After turning on both cursors, position Cursor 1 to the left edge of the graticule and

Cursor 2 to the center vertical graticule line. Then:

Press Comments

CRS1> Notice that as Cursor 1

passes through the

center vertical graticule

line it picks up Cursor 2

and both move toward

the right.

CRSi< Move Cursor 1 at least

one division to

the left of Cursor 2.

CRS2< CRS WARNINGiIs

issued when Cursor 2

meets Cursor 1. Notice

that Cursor 2 cannot pick

up Cursor 1.

Turn cursors off.

NEXT EXERCISE BEGINS WITH POWER-UP
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WAVEFORM PARAMETER MEASUREMENTS

The keys located in the WFM PARAMETER block at the left of the measurement

keyboard (see Fig. B, blocks 1 and 2) cause the processor to compute various scaler

parameters of the operational waveform. Basically, two types of parameters are

computed: amplitude parameters (with the MAX, MIN, P-P, MID, MEAN, RMS, AREA,

and ENERGY commands) and time parameters (with the PER, FREQ, DELAY, WIDTH,

RISE and FALL commands). Cursor status and position affect the calculation of these

parameters.

The following exercises only illustrate the function and operation of the WFM

PARAMETER keys. Refer to Section 9, Command Language, for the specific

algorithm used for each computation.

MAKING AMPLITUDE-PARAMETER MEASUREMENTS

Perform the procedure for Obtaining a Scope Display given in Section 4, Scope

Display Mode information.

Set the input coupling switch of the LEFT VERT amplifier unit to ground. Position

the trace one division below the center horizontal graticule line.

Press to set the ground reference level for all measurements made in this

exercise.

NOTE

If the GND is not set, the measurements will be taken with reference to

the center horizontal graticule line and not necessarily with reference

to the @-volt level of the waveform.

Return the input coupling switch of the LEFT VERT amplifier unit to de.

Horizontally position the CALIBRATOR signal so that the first positive-going pulse

starts at the second vertical graticule line.

Set the STORED INTensity control to quarter range.

NOTE

Cursor status and position affect all voltage parameter measurements

as follows: (1} With both cursors off, the measurement spans all stored

waveform points; (2) with Cursor 1 on, the measurement spans from

(and including) Cursor 1 to the right end of the waveform; and {3} with

both cursors on, the measurement spans between (and including) the

cursor points.
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MAKING AMPLITUDE-PARAMETER MEASUREMENTS (Cont)

Press

To measure the MAXimum value of the waveform:

Press

MAX

REV JUN 1983

Display

2Vv 588.8

SELF TEST COMPLETE

OPW VZR- 0,997 av $00.9

® WFM STORED918,6m

Display

OPW: 8 VZR 8.997 2v 5aeus

8 WEM 4.249 MAX

Comments

The calibrator signal is

averaged 1 times and

stored in waveform

memory.

Return to the STORED

display mode.

Comments

The maximum value (the

stored waveform’s most

positive point relative to

the VZR) is returned to

the X register field and

the MAXmnemonic is

displayed. (The unit of

measurement is the

same as the vertical scale

factor unit.)

Exercise continues on next page
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MAKING AMPLITUDE-PARAMETER MEASUREMENTS (Cont)

To measure the MINimum value of the waveform:

Press Display

MIN

Comments

opwo vzR 0.997 ov 500,s The minimum value (the

stored waveform’s most

negative point relative to

the VZR) is returned to

the X register field and

theMIN mnemonic is

displayed.

4,243 7.324m win

To measure the Peak-to-Peak value of the waveform:

Press Display Comments

OPpw ® VZR -8.997 2v 5BOyS: The peak-to-peak value
of the stored waveform

is returned to the X

register field and the

) P-P) mnemonic is

displayed. Notice that

the P-P value is the

difference between

MAX and MIN.

7.324m 4,242 PoP

To measure the MiDdle value of the waveform:

Press Display Comments

MID The middle value is
OPW 9 VZR -8.997 2Vv 5aouS

returned to the X register

field and theMID

mnemonic is displayed.

The MID value is halfway

between MAX and MIN.

4.242 2.128 : MID
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MAKING AMPLITUDE-PARAMETER MEASUREMENTS (Cont)

NOTE

When taking the MEAN and RMS measurements, turn on and position

the cursors to span an integer number of cycles. For the following

examples we have arbitrarily chosen to span three cycles.

To measure the MEAN value of the waveform:

Press Display

(CRS2-1 ) opw @ VZR -8.997 av 5aGuS

CRSI> .

CRS2<

VERD 6.184mv HERD 3.847 mS

' 4.242 2jeg CRS?

MEAN

To measure the Root-Mean-Square of the waveform:

Press

OPW @ VZR -2,997 2v 586uS

JUUUW
éNCRD = 6.184mV “HCRD = 3,847mS

2.128 2.019 MEAN

Display

RMS
OPW a VZR -8.997 2v 58ByuS

JUUUU
AM =. 6 AH = 3,CAR 5? TRAMV | ag HERO 3,847mS

Comments

Turn on and position the

cursors as shown.

The algebraic mean value

of all spanned waveform

points is returned to the

X register field and the

MEAN mnemonic is

displayed. (See Section 9,

Command Language, for

the specific algorithm.)

Comments

The root-mean-square

value of all spanned

waveform points is

displayed in the X

register field and the

RMS mnemonic is

displayed. (See Section 9,

Command Language, for

the specific algorithm.)
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MAKING AMPLITUDE -PARAMETER MEASUREMENTS (Cont)

NOTE

When taking AREA and ENERGY measurements turn on and position

the cursors to span one cycle of the waveform.

To measure the AREA under the waveform:

Press

CRS1>

Display

OPW 8 . VZR -8,997 2v $00uS

AVCRD = = “AMCAD 22 0s4
2.019 2.86405

OPW.B vZR -8.997 2v 58OuS

AVCRD = -18 98mV_ —- AHCRD =| 1.986mS

To measure the ENERGY under the waveform:

Press Display

EN ERGY, OPW @ VZR -@.997 2Vv 588uS

AVCRD = -18 :99mv ASHCRO = 1.686mS

Comments

Position Cursor 1 as

shown.

The area under all

spanned waveform points

is returned to the X

register field and the

AREA mnemonic is

displayed. (See Section 9,

Command Language, for

the specific algorithm.)

Comments

The energy under all

spanned waveform points

is returned to the X

register field andthe

ENERGY mnemonic is

displayed. (See Section 9,

Command Language, for

the specific algorithm.)

NEXT EXERCISE BEGINS WITH POWER-UP
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MAKING TIME-PARAMETER MEASUREMENTS

NOTE

For the following measurements, if a point is not located specifically at

the designated crossing level. the processor estimates the horizontal

crossing location using linear interpolation between the two points

adjacent to the crossing level.

Perform steps 1 through 3 of the procedure for Obtaining a Scope Display given in

Section 4, Scope Display Mode Information.

Set the B HORIZ time-base unit to 8.5 microsecond/division and triggering to auto

mode with ac coupling from the internal source. Set the sweep magnifier to the X1@

position.

Rotate the B INTENSITY control until the trace is at a desirable viewing level.

Connect a square wave of approximately 2.5 megahertz from a function generator

(recommended type; TEKTRONIX FG 583 Function Generator with TM 580 Power

Module) to the input of the LEFT VERT amplifier unit. (Match impedances if

necessary.)

Set the LEFT VERT amplifier deflection factor and the function generator output

amplitude to display a signal of 4 divisions amplitude on the crt.

Adjust the B HORIZ time-base triggering controls for a stable display triggered on

the negative-going slope.

Adjust the B HORIZ position control and the function generator output frequency to

obtain a display similar to that shown below for _AVG1@@ J.

Set the STORED !NTensity control to quarter range.

Press Display Comments

AVG186 Store the pulse.

Exercise continues on next page
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MAKING TIME-PARAMETER MEASUREMENTS (Cont)

Press Display Comments

STORED cee een - _— Display the stored pulse.

CRS2-1 OPW 8 2k 6 wv sons Turnon and position ne

cursors as shownat the

CRS1> left.
CRS2<

SaISEN HOR!

g BWEM ergs

NOTE

For the time-parameter functions the processor computes the

horizontal spacing between identified levels of the operational

waveform whose vertical positions have certain specified values {i.e.,

baseline, 58% fevel pulse top, etc.). These points and the

corresponding measurements are illustrated in Figure 5-5. Refer to

this figure throughout the following instructions. Always, for the time-

parameter functions, the baseline and pulse top are identified by

Cursor 1 and Cursor 2 respectively. If the cursors are off, Cursor 1 (and

therefore the baseline) is assumed to be at the left edge of the

graticule, and Cursor 2 (the pulse top) at the right edge. If several

pulses are displayed, Cursor 2 also identifies the pulse to be measured.
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MAKING TIME-PARAMETER MEASUREMENTS (Cont)

CURSOR 1 CURSOR 2

RISE | FAL

{. PERIOD.

100% (TOP)~ —~

90%) ———

REFERENCE LEVEL— —

50% ——

10%—

(0% (BASELINE}——

DELAY = WIDTH

Figure 5-5. Time-parameter relationships.

Measuring a Pulse

To measure the RISE time of the pulse:

Press Display Comments

RISE opwa vz o wv 50S. The rise time is returned

to the X register field and

RISE mnemonic is

displayed.

AVCRD = 4,889V SHCRD = 268.2nS

a WtM Si. 86 BISF

RISE Operation: The time between the 18% and 98% levels adjacent to the closest

5@% level before Cursor 2 is returned to the X register.

RISE Restrictions: If both cursors are on, the VCRD must not be within: +(6E-

@4) * (vertical scale factor), prior to executing the RISE command. RIS ERROR is

issued if the restriction is violated.
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MAKING TIME PARAMETER MEASUREMENTS (Cont)

To measure the FALL time of the pulse:

Press Display Comments

@a@ (FAL The fall time is returned
oPpw @ vZzR @ Ww 58nS:

to the X register field

and FALL mnemonic is

displayed.

FALL Operation: The time between the 90% and 10% levels adjacent to the first

50% level following Cursor 2 is returned to the X register.

FALL Restrictions: Cursor 2 must be on and the waveform must cross the 98% and

10% levels after Cursor 2. Also, the \VCRD must not be within: +(6E-04) * (vertical

scale factor), prior to executing the FALL command. FAL ERROR is issued if either

restriction is violated.

To measure the DELAY of the pulse:

Press Display Comments

DELAY opw 6 VZR 6 w Sans The delay time is returned

to the X register field

and DELAY mnemonic is

displayed.

DELAY Operation: The time from Cursor 1 to the closest 50% level before Cursor 2

is returned to the X register.

DELAY Restrictions: If both cursors are on, the \VCRD must not be within: + (6E-

04) * (vertical scale factor), prior to executing the DELAY command. DEL ERROR is

issued if this restriction is violated.
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MAKING TIME-PARAMETER MEASUREMENTS (Cont)

To measure the WIDTH of the pulse:

Press Display Comments

WIDTH Sowa Ro ~ cas The width is returned to
the X register field and

mnemonic is

displayed.

WIDTH Operation: The time from the closest 5@% level before Cursor 2 to the

closest 5@% level after Cursor 2 is returned to the X register.

WIDTH Restrictions: Cursor 2 must be on and the waveform must cross the 50%

level after Cursor 2. Also, the ..VCRD must not be within: +(6E-@4) * (vertical scale

factor), prior to executing the WIDTH command. WID ERROR is issued if either

restriction is violated.

Measuring A Pulse Train

Set the B HORIZ time-base time/division to 2 microseconds/division and the sweep

magnifier to the X18 position.

Press Display Comments

AVG100 Store the pulse train.
OPW B VZR 8 Ww 2880S

Exercise continues on next page
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MAKING TIME-PARAMETER MEASUREMENTS (Cont)

Press Display Comments

CRS1> owe ven o w soo Position the cursors

ase : approximately as shown.

VORD 3.995V HORT T4220

235.9n owem ORS?

To measure the |

Press Comments

: The processor requires a
OPW 8 VZR-B Ww 298nS:

vertical level of the

waveform to be in the X

register prior to executing

the (PER). Since the
MID is convenient, we

have placed it in the X

register.

ANCRD= 3,995V ASHCRD = 742.2nS
O WEM 139.2m1 MIC

PER The period is returned to

the X register and PER

mnemonic is displayed.

OPW @ VZR @ qv 2800S

PER Operation: The time between the first crossing of the waveform across the

level specified in the X register to the next crossing of the specified level, in the

same direction, is returned to the X register.

The search for the crossing begins at the left end of the specified interval. Any place

where the waveform touches the crossing level, but does not actually cross, is detected

as a crossing in either direction.
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MAKING TIME-PARAMETER MEASUREMENTS (Cont)

PER Restrictions: The X register must contain a constand representing a vertical level

which the waveform crosses twice in the same direction (either positive-going or

negative-going), between the cursors if they are on. PER ERROR is issued if the

restriction is violated.

To measure the FREQuency of the pulse train first:

Press Display Comments

MEAN ae ~ soma The processor requires

a vertical level of the

waveform to be in the

X register prior to

executing the FREQ

command. In this

example we have used

the MEAN level.

AVCRD = 3.995V AHCRD = 742.2nS
491,60 LAN :Hy.Sre MEA

The frequency is returned
opw a vzR @ w 200nS to the X register and

FREQ mnemonic is

displayed.

AVCRD = 3.995V “AHCRD = 742.2nS
491.6n 2AM PREG

FREQ Operation: The processor computes the period, as described above, then

returns the reciprocal of the period to the X register.

FREQ Restrictions: The X register must contain a constant representing a vertical

level which the waveform crosses twice in the same direction. FRE ERROR is

issued if the restriction is violated.

NEXT EXERCISE BEGINS WITH POWER-UP
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OTH DISPLAY MODE

The BOTH display combines the real-time waveform(s) of the SCOPE mode and the

stored waveform and character display of the STORED display mode. The real-time

waveform of the BOTH mode is controlled by the associated plug-in units and the

stored waveform and character display is controlled by the processor. This display

mode is used primarily for the comparison of real-time and stored waveforms.

SELECTING THE BOTH DISPLAY MODE

Perform the procedure for Obtaining a Scope Display given in Section 4, Scope

Display Mode information.

Position the CALIBRATOR signal so that the first positive-going pulse starts at the

second vertical graticule line, and so the baseline is at the center horizontal

graticule line.

Set the STORED INTensity control to quarter range.

Press Display Comments

AVG1@0 Average and store the

- ~ calibrator signal.

Reposition the real-time CALIBRATOR signal so that the pulse tops are one division

below the center horizontal graticule line.

Set the time-base unit in the B HORIZ compartment to 1 millisecond/division.

Press Display Comments

@@ (oTH) Both the real-time
: me CALIBRATORsignal and

the stored calibrator

signal are displayed on

the crt. Character infor-

Poveeh ferme teens memes ened mationis the same as

—-e— es ene — previously described for

STORED display; no

real-time readout from

the plug-in units is

disp!ayed.
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SELECTING THE BOTH DISPLAY MODE (Cont)

NOTE

In all display modes of the Option @D instrument, all commands in the

WFM ACQUISITION, WFM PARAMETERS, and CURSORS blocks on

the 7854 measurement keyboard, function as previously described.

The real-time waveform is controlled by the plug-in units as described

in Section 4, Scope Display Mode Information.

NEXT EXERCISE BEGINS WITH POWER-UP
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Using the

Waveform Calculator

The Waveform Calculator keyboard provides accessibility to increased processing

capabilities for stored waveform manipulation and measurement, and for numeric

computations. And in addition to the three display modes available with the

measurement keyboard, the Waveform Calculator provides command programming

which allows a repetitive command sequence to be performed automatically by the

processor.

This section builds upon the information presented in sections 1 through 5 of this

manual and should be read in sequence.

This section discusses only the increased capabilities available with the Waveform

Calculator and is divided into two subsections:

1. Stored Display Mode information—additional information pertaining to the

STORED display mode using the Waveform Calculator; and

2. Programming—a discussion of programming using the Waveform Calculator.
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STORED DISPLAY MODE INFORMATION

In addition to displaying real-time waveforms and readout (as described in Section

4, Scope Display Mode Information), the crt can display various aspects of the

processor's data memory—stored constants, stored waveforms, operational

waveform (OPW) scale factors, operand stack contents, and program status—in the
STORED display mode. Also, the BOTH display mode is available for comparing

real-time and stored waveforms. The Waveform Calculator keyboard is the primary

port to input operands and programs to the processor, and operates similarly to

hand-held programmable stack-oriented calculators using Reverse Polish Notation

(RPN). (Programming is explained under Programming later in this section.)

This subsection has been divided further into Mathematical Calculations and
Waveform Processing. Stack operation, processor operation (RPN), and numeric

functions and limitations are explained under Mathematical Calculations. Waveform

Processing explains waveform storage, data memory, and waveform manipulation.

MATHEMATICAL CALCULATIONS

Plug-in units are not necessary when only mathematical calculations are to be

performed, since only the Y and X register fields (on the STORED or BOTH display)

are observed during execution of mathematical functions.

OBTAINING A STORED DISPLAY

WITHOUT WAVEFORMS

Although mathematical calculations can also be performed and observed in the

BOTH display mode, the STORED display mode is used here. To enter the STORED

display mode:

1. Connect the Waveform Calculator to the 7854 Oscilloscope mainframe (POWER

switch off} as described under Installation in Section 1, introduction.

2. Connect the 7854 (POWER switch off) to a power source that meets the voltage
requirements of the instrument. If the available line voltage is outside the setting

limits of the LINE VOLTAGE SELECTOR switch (on the mainframe rear panel),

see Operating Power Information under Installation in section 1.
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OBTAINING A STORED DISPLAY WITHOUT WAVEFORMS (Cont)

3. Set the front-panel controls as follows:

GRAT ILLUM ... 0... ee eee cee eee Fully counterclockwise

READOUT Intensity ....... 00.0. e eee ee ee ees Quarter range

STORED INTensity ........... 00.00. c evens Fully counterclockwise

A INTENSITY 0.00.00.ee ee cece eens Fully counterclockwise

FOCUS 2ccece nee nent n beeen ee eeens Midrange

B INTENSITY 2.0... 0... Fully counterclockwise

POWER 2.2... ccc cece tebe cece et neeeenenes On (locked in)

CALIBRATOR ....... 0... c cece e ec eceeeee anne eben ee eeees 4VvV

VERTICAL MODE ............ccc ccc eee cece cece tenes LEFT*

A TRIGGER SOURCE ............0. ccc eee eee eae VERT MODE

HORIZONTAL MODE..... 0... ccc cece cnet teen e eens B*

VERT TRACE SEPARATION (B)..........0000 cece eee e eens Midrange

B TRIGGER SOURCE .............0c. eee eee VERT MODE

*These controls are automatically set to the specified positions at power turn on. See

Power-On Conditions in section 1.

4. Press the LSTORED) key on either keyboard. (identically named keys on the

measurement and Waveform Calculator keyboards perform the identical!

function.}

5. Adjust the READOUT intensity control until the readout is at a desirable viewing

level (about quarter range).

THE STACK

The stack is a special storage structure primarily used to provide operands for

commands, and as the target for results from the processor. The displayed Y and X

registers are two of the five data registers which constitute the stack. These

registers have been labeled W, T, Z, Y, and X, and are pictorially represented as:

REGISTER

NAMES

4 REGISTERWFM4.1M 25K 9.45 6 CONTENTS

N _/
a

Displayed in STORED mode as the

first two readout fields of the bottom line.
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Each stack register may contain either a numerical constant (displayed in numeric

format) or a waveform memory address (displayed as nm WFM). (The actual

waveform data remains in the designated waveform memory.) All data flow into and

out of the stack is via the X register.

To accommodate a new data item, the previous contents of each register is first

moved to the next register left, then the new data is entered into the X register. This

is called “pushing the stack” and is illustrated in Figure 6-1B and C.

When a new data item is required from the stack, the stack is “popped” as shown in

Figure 6-1D and E. First, the data item in the X register is “popped” to the

processor, then the data in the remaining stack registers is copied into the next

register right. Notice that the contents of the W register remains unchanged.

NUMERIC ENTRY

Numbers are entered in the stack via the X register, by pressing the numeric keys

(Cc , , and @ through @) ), Just as though you were writing on a
piece of paper. The decimal point must be keyed in if it is part of the number;

however, any additional decimal point entered after the first will be ignored and a

warning’ will be issued. Any sequence of digits, up to a total of twelve characters,

may be entered as a mantissa; but the processor will ignore any additional digits

entered and will issue a warning’.

Initially the mantissa is positive, but CHS (Change Sign) commands can be issued at

any time during the mantissa entry. Any number of CHS commands may be issued

during entry of the mantissa and each will reverse the existing sign of the mantissa.

Mantissa entry is terminated by EEX (Enter Exponent), ENTER, or any non-numeric

command (except CHS, RUN, STEP, STOP, or PAUSE).

When working with numbers which are either too large or too small for the normal

mantissa limits, using an exponent is particulary advantageous. To enter an exponent,

press following mantissa entry or a non-numeric command, and key in the

desired exponent. (If a mantissa is not entered prior to an EEX command, a default

mantissa of “1” is assigned and displayed). Any number of digits may be entered for the

exponent, but only the last two are retained by the processor. Decimal points or addi-

tional EEX commands issued during exponent entry are ignored by the processor and a

warning’ is issued. The exponent sign is initially positive, but any number of CHS

commands may be issued at any time during exponent entry to reverse the existing

exponent sign. Exponent entry is terminated by the ENTER command or by any non-

numeric command except CHS, RUN, STEP, STOP, or PAUSE.

‘The warning message of XXX WARNING is not displayed for this warning.
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A. The Stack.

4.1M 25K 9.45 @ WFM 1

B. Pushing a new data item (3.414) into the stack.

Ww T zZ Y x

| | | [|
@ aim... 25K...4. 9.45....0 WEM ...-1.....3.414@

| | | | | 4

C. The stack after being pushed. Notice that the original

contents of the W register are lost.

w T Z Y x

25K 9.45 @ WFM -1 3.414

D. Data item (3.414) is popped to an outside target as required

by the processor.

| tld,
25K—j 25K ....9.45....0WFM..... -1..24663.414 9 processor

| |

E. The stack after being popped. Notice that the contents of the

W register remain unchanged, but its data has been duplicated

in the T Register.

w T Z Y x

25K 25K 9.45 g@WFM -1

2873-44

Figure 6-1. A demonstration of stack “pushing” and “popping”.
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When numeric entry is terminated, the mantissa is rounded to a maximum of four

significant digits within the range of 1.0@@ through 999.9, and the exponent is

displayed as a letter if within the range of 10'* to 19". At this point, the value of
the number is:

(displayed exponent)

(rounded mantissa) *1@

The location of the keys demonstrated in the following exercises are shown in

Figure D, blocks 2 and 8 at the front of this manual.

KEYING IN NUMBERS

Perform the procedure for Obtaining a Stored Display Without Waveforms given

earlier in this section.

Operands are keyed into the X register by pressing the numeric keys in the
sequence used when writing on paper. For example, to key in the number 851.25:

Press X Register Field Comments

8 Mantissa sign is blank

indicating a positive number.

85 Successive mantissa digits
G) 851 entered are displayed to the

right of existing digits.

Notice that each character is

generated by the associated

key.

(a) 851. The decimal point is entered

as part of the mantissa.

Additional decimal points

issued are ignored and a

warning’ is given.

851.2 Up to a total of 12 characters

(digits + decimal point) may

851.25 be keyed in. Additional

characters entered are

ignored and a warning’ is

given.

'The warning message of XXX WARNING is not displayed for this warning.
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KEYING IN NUMBERS (Cont)

NOTE

If the shift, Ga , command is issued during numeric entry the
processor will blank 5 characters of the X register display to the right of

the center vertical graticule line and will display the here. The value

of the number is not affected and the display is returned to normal

following a cif command.

ENTERING NEGATIVE NUMBERS

To key in a negative number, press the keys for the number, then press

(Change Sign). The number, preceded by a minus sign (-), will be displayed in theX

register.

To change 851.25 now in the X register to a negative number:

Press X Register Field Comments

CHS -851.25 Notice that only the minus

sign is displayed; positive

numbers do not have a

displayed sign.

The sign of a number may be changed any number of times, and at any time during

mantissa entry.

CLEARING THE X REGISTER

If a mistake is made while keying in a number, clear the entire number string by

pressing (Clear X Register). Then enter the correct number.

For example, you have entered -851.25 when you should have entered -814.25:

Press X Register Field Comments

CLX The stack is popped;

mnemonic is displayed.

814.25 The correct number is

entered.

NOTE

The CLX command does not reset the X register to 0; it merely pops the

stack. In the example, the @ came from the Y register.
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PERFORMING TWO-OPERAND FUNCTIONS WITH CONSTANTS

Two-operand functions are key commands that must have two numbers entered in

order for the operation to be performed. Examples of two-operand functions are the

-, +,%, and / arithmetic commands.

crest esictn. ooAURORE WEI LS a

To place two constants into the stack and perform an operation:

a. Key in the first number.

b. Press to separate the first constant from the second. The

first constant may, if necessary, be rounded by the processor at this

time.

c. Kev in the second number.

d. Press the arithmetic function key to perform the operation.

NOTE

When a function key is pressed, the processor (if not busy) immediately

executes that function.

To illustrate, add 12 and 13 by pressing @ , , CENTER) , , , and

. Notice that the stack is popped twice to remove the operands and . The

result of 25 is then pushed to the X register.

The other arithmetic functions are similarly performed.

NOTE

Hereafter in this manual when numbers are entered into the stack they

will not be represented as individual keystrokes.

To Perform: Press: X Register:

25- 13 25 13 ©

13 * 3 13 3

12/4 12 4
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Arithmetic Function Operation

+: The contents of the Y register is added to the contents of the X register; result is

returned to the X register.

-: The contents of the X register is subtracted from the contents of the Y register;

result is returned to the X register.

*; The contents of the X register is multiplied by the contents of the Y register;

result is returned to the X register.

/: The contents of the Y register is divided by the contents of the X register; result is

returned to the X register. A warning’ is issued if the divisor is @ and the result is set

internally to the largest representable binary number and displayed as eight asterisks

preceded by the appropriate sign (i.e., © --++-+>: ).

PERFORMING CHAIN CALCULATIONS

During chain catculations only one operation at a time is performed, and the results

are displayed as you calculate. The stack stores the intermediate results until

needed, and then inserts them into the calculation. This makes ail complex

calculations merely a series of one- and two-operand functions.

For example, solve (9 + 5) / 2 =

lf you were to work the problem on paper you would first calculate the intermediate

result of (9 + 5)...

A9+67/ 2

14/2

. .and then you would divide the intermediate result by 2...

14/2=7

To work this problem on the 7854, you proceed the same way.

Solve for the intermediate result first:

NOTE

Press before proceeding so that your stack display will agree

with that shown in this exercise.

‘The warning message of XXX WARNING is not displayed for this warning.
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PERFORMING CHAIN CALCULATIONS (Cont)

Press Display Comments

Y Register X Register

Field Field

9 g 9 Enter the first number.

(The Y register contains

the results of the last

function performed.)

ENTER @ 9 Separate the two numbers.

Notice that when the

number was being entered it

was left-justified in the

X register field, and after

numeric entry is terminated

it is right-justified. (ENTER

mnemonic is displayed.)

5 93 5 Enter the second number.

g 14 Intermediate result. (+ is

displayed.)

Now solve for the final result:

NOTE

The does not need to be pressed to separate the

intermediate result from the next number keyed in, since the processor

assumes digits keyed in immediately after performing any function are

a new entry.

Press Display Comments

Y Register X Register

Field Field

2 14 2 The intermediate result is

pushed to the Y register

when the new entry is

made.

4) 7 Pressing the function key

divides the intermediate

result by the new number

and returns the result to the

X register.
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PERFORMING CHAIN CALCULATIONS (Cont)

NOTE

The results of any mathematical function are displayed in the X

register field.

Problems which are even more complex can be solved in the same manner by

keeping the following rules in mind:

1. Reduce the problem to a series of one- and two-operand functions.

2. Separate the numbers of a two-operand function by using the ENTER command

unless one of the numbers is an intermediate result.

3. Pressing any function key immediately performs the function.

4. Intermediate results are accumulated in the stack and inserted into the problem

on a last-in, first-out basis.

To illustrate, let's solve the following problem:

2 ——
- ew -

[(12* 2.67)-4] + 10.707 * 15) Vv1.414

First, rewrite the problem in a serial fashion of one- and two-operand functions:

{(12* 2.67)-4} + {2 / (8.787 *15)} - \/1.414 =

Now solve for the intermediate results:

Press Comments

12 LENTER The first intermediate

result of 28.04 is dis-
Fs2.67 4 |) played in the X register.

2 LENTER The second intermediate

result of 188.6m is

-707 CENTER displayed. Notice that the

15 first intermediate result
is now in the Y register.

1.414 (SORT The third intermediate

result of 1.189 is

displayed in the X register.
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PERFORMING CHAIN CALCULATIONS (Cont)

Now complete the problem by performing the operations between the intermediate

results in a right-to-left sequence:

Press Comments

OQ The final result of 27.84

is displayed in the X

register.

NEXT EXERCISE BEGINS WITH POWER-UP

KEYING IN EXPONENTS

When working with numbers which are either too large or too small for the

mantissa limits of 1.080 to 999.9, enter the number using an exponent (power of

18). To enter an exponent, press (Enter Exponent) following mantissa entry

or any non-numeric command. If a mantissa is not entered prior to an

command, a default mantissa of 1 is assigned and displayed. This is useful when

keying in exact powers of 1. For example, to key in 1 million (19°) simply press

CEEX)6.

If more than two digits are keyed in following an EEX command, only the last two

are retained and displayed.

The exponent sign can be changed any number of times, anywhere during entry of

the exponent, by pressing .

Although exponents can be entered as any power of 1@, they are displayed as a

multiple of 3 following termination of the exponent entry state. Exponents between

the multiplier range of 1@'* and and 10’ are displayed with letters, while those
outside this range are displayed as a 2-digit integer which is a multiple of 3. The

exponent letters, listed in Table 5-3, appear directly to the right of the mantissa

upon termination of numeric entry or after a computation.

Multiply the 1 million previously entered by 1Q@@ by pressing (_ ENTER ), 1220,

. Notice that the exponent is displayed as a G; the processor automatically

maintained the exponent as a multiple of three by shifting the decimal point.

When a number resulting from a calculation exceeds 9.999 x 10° in magnitude, it is

displayed as 9 asterisks (««»*++«+«*) preceded by the mantissa sign. When the

numeric result is equal to or less than 1.000 x 10°, it is displayed as 0.000+++«

(preceded by the mantissa sign). In both cases the value is internally maintained for

use in further calculations.
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USING THE STACK

The STACK commands on the Waveform Calculator allow the user to view and

rearrange the contents of all registers in the stack. The function and operation of

these commands (CLS, CLX, ROLL, x<>y, and ENTER) are illustrated in the

following exercises. Also demonstrated are the SORT, EXP, LN, SGN, and ABS

functions. (See Fig. D, blocks 2 and 4 for the location of the keys demonstrated in

the following exercises.)

REVIEWING STACK CONTENTS

The ROLL command allows you to review the stack contents or to shift data within

the stack.

Perform the procedure for Obtaining a Stored Display Without Waveforms given

earlier in this section.

To observe the ROLL function, first load the stack with the numbers 1 through 5 by

pressing:

1, CENTER), 2, CENTER), 3, CENTER), 4, CENTER). 5

The stack is now loaded with the numbers you keyed in and looks like:

T Zz

Lit 2}3}4]s]

Each time the ROLL command is given, the stack contents shift circularly right by

one register and the contents of the X register is rotated into the W register.

Press Tf] ROLL _) and the stack contents are “rolled” to:

Ww T Z Y xX

Lsti}t2}ts3 [4]

Notice that only the contents of the registers are shifted; the registers maintain

their positions.

Press the @ CROLL) sequence four more times to return the data to their
original registers.
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EXCHANGING X AND Y

The x<>y (X Exchange Y) command exchanges the contents of the X register with

the contents of the Y register without affecting the other registers in the stack. For

example, with the data intact from the previous ROLL exercise, pressing

changes the stack from this. . .

Ww T Zz Y xX

Lit2}s{4] 5}

to this...

WwW T Z Y xX

Lil2}3{s5]a4]

Pressing again will return the numbers in the X and Y registers to their

original positions.

CLEARING THE STACK

To clear all five registers of the stack, press (Clear Stack). This

replaces all data contained in the stack with zeros:

4 Y xWw iT

[oTe[o[o[o]

Clearing the stack before starting a new calculation is not necessary since the

processor will push the stack before entering a new number.

You can verify that the stack has been cleared by using the ROLL command to

review the stack contents.

USING THE ENTER COMMAND

When a number is keyed in, the stack ts pushed and the new number is then

written into the X register. In order to key in a second number, you must separate

the digits of the first number from the digits of the second by terminating the

numeric entry state of the processor. This is done with the ENTER command.
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USING THE ENTER COMMAND (Cont)

For example, key in the number 45 and the stack looks like:

Ww T zZ Y x

Loteo{eo{ ||

Press (ENTER }.

Numeric entry is terminated (as indicated by the right shift of the X register

contents) and the stack is prepared for a new number. Therefore, when you key in

the second number of 48 the stack contents change from this. . .

Ww oT Z Y Xx

Pte]

to this...

Y xXw TZ

LeTe{eot-[-|

Notice that the stack is pushed at the beginning of numeric entry so that there is no

need for the ENTER command to also push the stack. However, if the processor is

not in the numeric entry state when an ENTER command is issued (e.g., an

arithmetic function key was just pressed), the stack is pushed and the contents of

the X register remain unchanged. This is useful for either performing an arithmetic

function upon an intermediate result, for maintaining and separating the first

intermediate results from a second, or for performing a two-operand function when

the two operands are identical.

For example, to square 48: press CENTER ), (ENTER ), , and the stack

changes through this. . .

Ww T Z Y xX

Colel=l11

to this...

Xwot ZY

Loteofeo] {|
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OBSERVING STACK OPERATION WITH SINGLE-OPERAND

FUNCTIONS

Single-operand functions (SORT, &*#, LN, ABS, and SiSTM) are performed upon the

contents of the X register only and not upon the contents of the Y, Z, T, or W

registers.

The SGN (Signum) and ABS (Absolute Value) commands alter the operand in the X

register. The SGN function is most useful when performed on a waveform and is

used to indicate whether the contents of the X register (constant or referenced

waveform) are greater than, equal to, or less than zero. These three states are

indicated by 1, @, on“i respectively. For example, to obtain the signum of -2@:

press 20, CCHS), 3K). The result of indicates that the original

value was less than wa.
The absolute value of a constant is the magnitude of the constant without reference

to the sign. To obtain the absolute value of the -2@: press 2@, , .

The result of #°° is given in the X register.

To obtain the square root of a number in the X register, press (SORT) . For

example, to find the square root of 25: press 25, (SQRT) . The result is 5.

NOTE

ASQR WAkM 4 is issued if the contents of the X register are negative

prior to executing the SQRT command, and the square root of the

magnitude is returned.

To compute the natural logarithm (loge X) of the number in the X register, press

{ LN _). For example, to obtain the natural log of 8: press 8, CN). The result is

NOTE

ALN Whit, is issued if the contents of the X register is <_ prior

to the LN command.

The exponential function is computed by raising e (2.718) to the powerof the

number in the X register. For example, to compute e®: press 8, Se. tan. The

result of 2.98" is given in the X register.

Exercise continues on next page
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Stored waveform data is not lost until a command is executed which either changes

the value of the waveform points or of the stored scale factors. Until this occurs, the

original waveforms can be recovered by issuing another >P/W command to restore

the originally selected value. However, the stack contents, display status, and OPW

number are not recoverable.

WAVEFORM ACQUISITION AND DATA STORAGE

The Waveform Calculator allows one or two real-time waveforms to be acquired into

waveform memory with the use of the AQR or AQS commands. To do so, however,

no more than two real-time waveforms may be selected for display; also, no plug-in

chop modes are permitted prior to issuing the command. When only one real-time

waveform is selected for display it is stored in waveform memory 8. When two

waveforms are stored in this manner, use the following rules to determine which of

the selected real-time waveforms is stored in waveform memory @ (@ WFM) and

which is stored in waveform memory 1 (1 WFM):

1. If the VERTICAL MODE switch is in either ALT or CHOP to select two real-time

waveforms for display, @ WFM is from the LEFT VERT amplifier unit and 1 WFM

is from the RIGHT VERT amplifier unit.

2. If the selected amplifier plug-in unit (either LEFT VERT or RIGHT VERT) is in the

alternate mode, @ WFM is from channel 1 and 1 WFM is from channel 2 of the

selected amplifier unit.

3. If the VERTICAL MODE switch is in ADD and either vertical amplifier is in the

alternate mode to select two real-time waveforms for display, @ WFM is channel

1 of the alternating amplifier added to the other vertical amplifier input signal,

and 1 WFM is channel 2 of the alternating amplifier added to the other vertical

amplifier input signal.

4. If the HORIZONTAL MODE switch is in either ALT or CHOP to select two real-

time waveforms for display, @ WFM is from the B HORIZ time-base unit and 1

WFM is from the A HORIZ time base.

Scale factors are stored with the appropriate waveform component whenever

possible. Refer to the information given under Waveform Storage Considerations in

Section 5, Using the Measurement Keyboard, for further details on scale factor

acquisition.

When using an Average command to store a waveform, remember that only one

real-time waveform can be selected for display prior to AVG execution. A/so, since

the processor uses 1 WFM memory space as working storage to perform the AVG

command, any waveform stored in 1 WFM will be lost unless it is copied into

another waveform memory using the >\WEFM (Copy to Waveform Memory} command.
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The following exercises only illustrate the function and operation of the WFM

ACQUISITION and DATA STORAGE commands (except CNS and >CNS) and must

be sequentially performed in order to obtain results similar to those shown. (The

CNS and >CNS commands were previously demonstrated under Using the Constant
Registers earlier in this section.) Figure D, blocks 1 and 15 shows the location of

the keys demonstrated in the following exercises.

OBSERVING THE WAVEFORM MEMORIES AT POWER-UP

Perform the procedure for Obtaining a Scope Display in Section 4, Scope Display

Mode Information.

Position the CALIBRATOR signal so that the first positive-going pulse starts at the

second vertical graticule line, and so the square wave is centered around the center

horizontal graticule line.

Set the STORED INTensity control to quarter range.

To observe the power-up conditions of the waveform memories:

Press Display Comments

STORED ‘opw'o vin op y ve The power-up condition

of @ WFM is displayed:

All point values are set to

9, VZR is set to 8, and

the scale factors are set

to 1V and 1S. All stack

registers power-up to 8.

i ) @ STORLE

P/W. fopw 6 VzR @ Vv 18) The waveform resolution

: register powers-up to a

setting of 512 as

presently displayed in the

X register; therefore, the

waveform memories are

organized as presented in

Table 6-1 allowing 4

: waveforms to be stored

: with the standard 7854

instrument.

Exercise continues on next page
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SETTING THE GROUND REFERENCE (Cont)

GND Operation: 128 points of the real-time waveform are acquired as described

for the AQR command in section 5. Then the processor computes the algebraic

mean value of the acquired points (relative to the center horizontal graticule line)

and stores this in the ground reference register. The contents of waveform memory

are not changed. If no points have been acquired, due to a premature termination

via the STOP command, the ground reference is set to @. This process is then

repeated for the second waveform. (Note that at power-up the vertical zero

reference, VZR, is set to the center horizontal graticule line.)

GND Restrictions: No more than two real-time waveforms, and no plug-in unit

chop modes, are permitted prior to issuing a GND command. GND ERROR is

issued if either restriction is violated.

ACQUIRING TWO WAVEFORMS

To demonstrate how to simultaneously acquire two real-time waveforms, first

return the input coupling switch of the LEFT VERT amplifier to dc. Then set the A

HORIZ time-base unit to 1 ms/div, the HORIZONTAL MODE switch to ALT, and the

VERTICAL MODE switch to LEFT. Press (SCOPE}. Set the A INTENSITY for a

visible display. Use the VERT TRACE SEPARATION (B) control to position the

baseline of the B HORIZ square wave to the center horizontal graticule line. (If

necessary, adjust the A HORIZ time base to position the A display to begin at the

first vertical graticule line.)

Press Display Comments

AQR re Seu Both displayed real-time

CALIBRATOR signals are

eee acquired and stored in

waveform memory ac-

cording to the previously

discussed rules. (See

saree ee may eee Waveform Acquisition

and Data Storage.)

AQR WARNING is

issued if default scale

factors are assigned, if

non-unique scale factors

are detected (e.g., real-

time ADD mode select-

ed), if more than 5%

contiguous points are

unfilled, or if the

command is prematurely

terminated with the

STOP command.
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ACQUIRING TWO WAVEFORMS (Cont)

AOR Restrictions: No more than two real-time waveforms and no plug-in unit chop

modes are permitted prior to issuing an AQR command. AQR ERROR is issued if

either restriction is violated.

Press Display Comments

STORED eerie —- a The stored calibrator

signal from the B HORIZ

sweep is shown display-

ed with the previously

set ground reference

(VZR_ 3.867) infor-

1 OWEM OONEM STORED

1 (WEM_) OPW 1 VZR 0.555 ov tas The stored calibrator

° signal from the A HORIZ

sweep is displayed. This

waveform was Stored in 1

WEM when the previous

AQR was issued, and is

referenced to the ground

| | | | | | | | | | | | | | | setting (VZR) or 6.955.

ewWEM TONEM OWE AS
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AVERAGING A WAVEFORM

By using the AVG command available on the Waveform Calculator keyboard, the

operator can designate the number of Averages to be done to a repetitive real-time

waveform.

NOTE

The noise-reduction characteristic of the AVG command is

demonstrated in the exercise for Averaging A Waveform in Section 5,

Using the Measurement Keyboard.

To demonstrate the AVG command by averaging the CALIBRATOR signal 75 times,

first return to the SCOPE display mode by pressing (SCOPE). Then set the
HORIZONTAL MODE switch to B and vertically center the CALIBRATOR signal

around the center horizontal graticule tine. Then:

Press Display Comments

: fopw > V7R 3 B87 av 560,.5, The real-time CALIBRA-
: , TOR signal and the

contents of 2 WFM are

displayed. (The +: > 5

display mode is used

here to aid in under-

standing the AVG

TOUoo=
3 °WFM 2 WFM BOTH

75 Sew o WER eT 3 Seazs Both the real-time and

the newly averaged

calibrator signals are

displayed. (To verify this,

vary the LEFT VERT

position control.)

AVG WARNING is

issued if more than 5%

contiguous points are

unfilled, or if the

command is prematurely

terminated with a STOP.

2 WEM S WEM AVG :

AVG Restrictions: The X register must contain a constant which (when rounded) is

from 1 to 1823 inclusive, and only one real-time waveform is permitted, prior to

issuing any AVG command. AVG ERRORis issued if either restriction is violated.
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AVERAGING A WAVEFORM (Cont)

To observe the effects of an Average command on 1 WFM:

Press Display Comments

STORED opw 8 VaR 3 08) BV Saas. Return to STORED

\ : display mode. (The real-

time signal is no longer

displayed.)

2 WFM @WEM st ORE ED

The contents of 1 WFM

are displayed. Notice that

1 WFM is returned to the

power-up condition after

having been used as

working storage by the

processor for the AVG

command. However,

since we had duplicated

the waveform data into 3

sunnee fn NEM WFM prior to the AVG,

the data has not been

lost.

1 LWEM
‘OPW. ZR 6

OBSERVING EFFECTS OF A >P/W

Review the present contents of each of the four waveform memories (available in

the standard 7854 with the present conditions):

Press Display Comments

@ (\WEM . : Display @ WFM contents.
OPW Ft VZROOS.007 oY Oo BU, *

7 OWEM aos WEM
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OBSERVING EFFECTS OF A >P/W (Cont)

Press Display Comments

1 (WEM Display 1 WFM contents.OPW VZR 6 Ww

OEM 7 WEKM WEM

2 (WEM Display 2 WFM contents.
oPw'é VZR 3S Pa BAPE S)

JUUUL
1 WEA 2WiM WEM

3 ([WEM : Display 3 WFM contents.
OPW 3) VZR 0.855 2 dass

TUUUUUUUE
2WEM aWFEM WEM
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OBSERVING EFFECTS OF A >P/W (Cont)

Now, let’s change the P/W value and observe the reorganization of the waveform

memories:

Press Display Comments

1924 
The P/W value is

: voce changed from 512 to

Lf] 1024; therefore, each
waveform memory now

| I contains twice the num-

itt | ber of waveform points.
BL (Since the processors’

memory can only hoid a

set number of waveform

points, this has the effect

of dividing the number of

available waveform

memories by 2.) The first

512 displayed points

were in @ WFM and the

second 512 points were

in 1 WEM prior to the

-P/W. The processor

automatically rescales

the horizontal spacing of

the displayed points so

that they span only the

1@-division graticule.

Therefore, the scale

factors and °.? Swill not

necessarily reflect the

true values of the newly

displayed waveform.

Also, note that the stack

registers have all been

setto 4

‘P/W Restrictions: The X register must contain a constant which (when rounded

to an integer) is one of 128, 256, 512, or 10824, prior to execution of the P W

command. © ERROR is issued if this restriction is violated.

Exercise continues on next page
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OBSERVING EFFECTS OF A >P/W (Cont)

To recover the waveforms as they were origna!ly stored:

Press Display Comments

512 OPWi ZR 3.07 ay cons The calibrator signal

2 voce : stored using 75

is displayed as originally

stored in @ WFM. All

waveform memories have

been restructured.

8 Bo pw

NOTE

Stored waveform data is recoverable only if the P/W value is returned

to the original setting before a command is executed which either

changes the value of any waveform point, the stored scale factors, or

the vertical zeros.

RECALLING AND SETTING THE VALUE OF A POINT

Each stored point of the operational waveform can be directly accessed.

For example, to recall the vertical value of the 192TM point:

Press Display Comments

102 OPW'8 VZR -3.087 2v 68008 We have entered the

point number of 182 into

the X register. This is the

point whose vertical

| | | | | | | | | value we need.

8 Wwe

6-32 @



Using The Waveform Calculator—7854

RECALLING AND SETTING THE VALUE OF A POINT (Cont)

Press Display Comments

PNT OpW.8 VER 3-007 30 0008 The vertica! value of point

. 1@2 is displayed in the

X register.

Es 8.051 PNT

PNT Restriction: The X register must contain a constant which, when rounded to

an integer, is from @ to the maximum waveform point number (inclusive). PNT

ERROR is issued if this restriction is violated.

To have the processor return the vertical value of a specific point on a

Stored waveform:

‘a. Key in the number of the point.

b. Press (_PNT).

c. Read the vertical value of the designated point from the X register.

Now, let's change the value of a specific point. To change the present setting of

point number 182 to the VZR setting of @ volt:

Press Display Comments

@ (ENTER OPW 8 VZA 3.087 QV 560uS The vertical value of

volts relative to the VZR

of the OPW has been

entered into the stack.

JUUUU

8.051 @ ENTER

Exercise continues on next page
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COMPUTED WAVEFORM SCALING, OVERFLOW,
AND UNDERFLOW

All new waveforms which have been generated by the processor (e.g., with the use

of the arithmetic functions) are automatically scaled vertically so that:

1. The vertical scale factor is in the format of d * 18", whered=1,2, or5, andn=

integer.

2. TheVZR is set to a full graticule division within the vertical range limits of +2@ and

-2@ divisions from the center horizontal graticule line.

3. The waveform points are displayed within + or - 3.5 divisions from the center

horizontal graticule line.

4. First the vertical scale factor and then the VZR are set as small as possible while

still consistent with 1 through 3 above.

Whenever a waveform point value (vertical scale factor times the point value, in

divisions relative to the VZR) is smaller than the smallest internally representable

value of 1* 2°77 it is set to @.

if all points of a waveform are @, the VZR is set to9, the vertical scale factor is set

to 1, and the horizontal scale factor is left unchanged.

If a point value exceeds the largest internally representable value of: (1-2°7'5) *

(257787), it is set to this value and the waveform is scaled to + or -3 divisions.

WAVEFORMS AS ARITHMETIC OPERANDS

The arithmetic functions (previously discussed under Mathematical Calculations in

this section of the manual) can also be used with waveform(s) as the operand(s).

The following exercises demonstrate the effects of these one- and two-operand

functions when waveforms replace the numbers as the operands.

A one-operand arithmetic function performed on a waveform results in a new

waveform in @ WFM.

A two-operand arithmetic function performed with one waveform and one constant

results in a new waveform in @ WFM which is calculated by combining each

waveform point value with the constant value. The resulting horizontal scale factor

and both scale factor units (e.g., V, S) are retained from the original waveform.

A two-operand arithmetic function performed using two waveforms results in a new

waveform in @ WFM which is calculated by applying the specified operation to

corresponding points of each operand waveform. In this case, if the horizontal scale

factor and horizontal scale factor unit of each operand was the same, the resulting
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horizontal scale factor unit will be retained from both operands; however, if they

differed, the resulting unit will be left blank, the default scale factor of 1 will be

assigned, and a warning’ will be issued. In addition, the resulting vertical scale

factor unit will be blank if the operand units were not identical prior to or

) and whenever either or is performed. Figure D, block 2 shows the

location of the keys demonstrated in the following exercises.

OBSERVING WAVEFORMS WITH ONE-OPERAND ARITHMETIC

FUNCTIONS

To perform one-operand arithmetic functions (SQRT, LN, , ABS, and

SGN) with a waveform as the operand:

a. Place the waveform memory address into the X register using the

WFM command.

bh, Press the desired function kev (see the above list).

To demonstrate the one-operand arithmetic functions of SORT, LN, EXP, ABS, and

SGN using a waveform as the operand, first perform steps 1 through 3 of the

procedure for Obtaining a Scope Display in Section 4, Scope Display Mode

Information.

Set the B HORIZ time-base unit to 20 microseconds/division and triggering to auto

mode with ac coupling from the internal source on the negative slope.

Rotate the B INTENSITY contro! until the trace is at a desirable viewing level (about

quarter range).

Connect a triangular shaped waveform (from @ to +2 V dc} from a function generator

(recommended type: TEKTRONIX FG 583 Function Generator used with a TM 5@@

Power Module) to the input connector of the LEFT VERT amplifier unit with a 42-

inch bnc cable. (Match impedances, if necessary.)

Set the deflection factor of the LEFT VERT amplifier unit and the output amplitude of

the function generator to display 2 divisions of signal on the crt.

Set the input coupling switch of the LEFT VERT amplifier to ground and position the

trace one division below the center horizontal graticule line. Press . Return

the input coupling to the dc mode.

Adjust the function generator output frequency for 2.5 cycles of displayed signal.

"The warning message of XXX WARNING is not displayed for this warning.
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OBSERVING WAVEFORMS WITH ONE-OPERAND ARITHMETIC FUNCTIONS (Cont)

Set the B HORIZ time-base unit triggering and position controls for a stable display

horizontally centered on the crt.

Set the STORED INTensity control to midrange.

Press

(AGR_) (STORED )

2 @@ Cowen)

2 LWEM

6-38
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Ces

OPW vzR best 20uS'

/. /N
a a

\ of an

\ ‘ ‘ : \ i . ‘ , Hi

1,837 boi cage

OPW) VZRE 20us

of

aon ” ~
a , i ~,

Comments

Acquire and store the

signal into 2 WFM for

later use.

The processor applies the

SORT algorithm to each

point of the OPW and

places the result in@

WFM. Notice that the

new waveform has been

automatically scaled by

the processor. (See

Computed Waveform

Scaling, Underflow, and

Overflow for more

details.)SQR WARNING

is issued whenever any

point of the OPW is

negative prior to the

SORT command.

Recall 2 WFM to the

display.
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OBSERVING WAVEFORMS WITH ONE-OPERAND ARITHMETIC FUNCTIONS (Cont)

Press Display Comments

The natural logarithm of

the triangular waveform

from 2 WFMis dis-

played as @WFM.

fo LN WARNING is issued

20uS

@ WFM 8 WFM

/. if any point of the OPW
/ | was @or negative prior to

| the LN command.

' The exponential function
28uS

of the triangular wave-

form from 2 WFM is

displayed as @ WFM.

Vertical Position

(Aar)3

Go to the display

mode and position the

real-time waveform to be

centered about the @ V dc

level (one division below

the center horizontal

graticule line). Then

reacquire the waveform

and store it in 3 WFM.

Exercise continues on next page
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OBSERVING WAVEFORMS WITH ONE-OPERAND ARITHMETIC FUNCTIONS (Cont)

Press Display Comments

(SGN) Ga OR ; So: The signum function is

performed on each point

of the triangular wave-

form from 3 WFM and

| the result placed in @

WFEM. Where the value of

a point was greater than

Mit issetto+1, where

equal to @ it is set to @,

and where less than @ it
3 WEM BWFM son

is set to-1.

3 {WEM opw a) VZR ono * 20,8 The absolute value of

ABS each point of the
triangular waveform from

3 WFM is displayed. The

resulting waveform is not

SRYXSDD automatically scaled.

® WEM OWEM pas

To avoid overflow when computing the LN(x) of a waveform with zero-

valued points, use the following sequence:

a. Identify the zero-valued waveform points.

b. Change the zero-valued points to the smallest non-zero value, which

is: (6E-04)* (Vertical Scale Factor).

ce. Take the LN of the waveform.

For example, to find the LN of 1 WFM:

a. Find the zero-valued points by pressing | (WFM) 1 (X <> y)

CD Cs0N).
hb. Scale this waveform to represent the smallest possible value by

pressing | (WFM) C¥SCL) 6 (EEX) CCHS) 04 0

CWFM) (CX) @ Ciscr).

c. Now add this waveform to the original waveform and compute the

natural logarithm by pressing 0 CWFM) 1 (WEM)

CN).
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OBSERVING WAVEFORMS WITH TWO-OPERAND ARITHMETIC

FUNCTIONS

Two-operand arithmetic functions can be performed upon two constants (as

demonstrated under Mathematical Calculations), upon one waveform and one

constant, or upon two waveforms.

To demonstrate the use of the arithmetic functions using a constant and a

waveform first press (STORED }, then:

Press Display Comments

2 (WEM ow. VaR ose Vy vans Recall signal from

+ 2WFM.

INI

9 WFM 2 WIM WEM

2 opw in vent qv jas, The value of each point of

~ the operational waveform

(in relation to the VZR) is

multiplied by 2.

To demonstrate this more fully, let's observe what occurs to a specific point when a

two-operand arithmetic function is performed using a waveform as one of the

operands.

Press Display Comments

75 opwa van a tog The value of point 75 of

the operational wave-

form, 882.6m, is dis-

played in the X register.
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OBSERVING WAVEFORMS WITH TWO-OPERAND ARITHMETIC FUNCTIONS (Cont)

Press

@ (\WEM

Display

OPW @ v2R -1 Vv 20yuS!

VZR -1 iv 20u8:

"The warning message of =*% WAKNING

6-42

Comments

Enter the waveform

operand of @ WFM into

the stack,

Enter the constant

operand of 2 into

the stack.

The entire waveform isoPpwa VZR @ aon 2648

A A divided by 2 and rescaled.

Poy A warning) is issued if

; . \ ; any point of the divisor is
\ of of Q. If the corresponding

SF \ f point of the dividend is
Mf vi

also @, the result is

setto@.

is not displayed for this warning.
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OBSERVING WAVEFORMS WITH TWO-OPERAND ARITHMETIC FUNCTIONS (Cont)

Press Display Comments

75 Notice that the value of
OPW @ VZR G 58amv 28uS

this point has been

divided by 2.

A stored waveform can be normalized such that the peak-to-peak value is

1.0 volt by recalling the waveform and pressing @M . Also, the
MID point of the waveform can be set to zero volts by recalling the

waveform and pressing ©).

Now, let’s add two waveforms to illustrate the use of two-operand arithmetic

functions when both operands are waveforms:

Press Display Comments

2 Enter the two operands of

opwes eR ° 20u8 2. WFM and 3 WFM into
3 [LWFM

the stack.

OA is

wa ‘ OM *

Exercise continues on next page
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OBSERVING WAVEFORMS WITH TWO-OPERAND ARITHMETIC FUNCTIONS (Cont)

Press Display Comments

owe var & 1 20us The two waveforms are

added together point by

point. The resulting

waveform is placed in

VN
440 ae, oowEM +

NOTE

Refer to Section 9, Command Language. for the algorithms used for

each command.

Two repetitive real-time signals which represent current and voltage can be

multiplied to determine instantaneous power. With both signals displayed

(using ALT or CHOP vertical modes), press @ . Be sure that

the GND reference has been previously set to the desired value.

NEXT EXERCISE BEGINS WITH POWER-UP
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STORED WAVEFORM DISPLAY

The Waveform Calculator adds several commands which allow the operator to set

various parameters of the stored waveform display. For example, without the

Waveform Calculator the stored waveforms are always displayed as vectors drawn

between the points of the waveform (VECT). However, with the Waveform

Calculator you can select to display the waveform points only, using the DOTS

command. Care must be taken when displaying waveforms using the DOTS mode

to avoid perceptual aliasing or envelope errors. Perceptual aliasing, a type of optical

illusion inherent in dot displays, occurs because the human eye tends to connect

the dots to their closest neighbors. The closest dots on the display, however, may

not be the next points in sequence. This illusion can be avoided by using the vector

display mode.

An envelope error occurs when the waveform points do not fall on the peaks of the

signal, leaving some of the signa! outside the displayed envelope. This problem can

occur in either display mode (DOTS or VECT): but, it can be helped by using more

points-per-waveform or a faster sweep speed.

The Waveform Calculator allows up to 9 stored waveforms to be displayed on the crt

screen at the same time (using DSW) to aid in waveform comparison, and also

allows waveforms to be displayed versus another waveform (VS) instead of versus

time (TIME). The following exercise demonstrates the effects of the STORED WFM

DISPLAY commands. See Figure D, block 12 for the location of these keys.

DISPLAYING STORED WAVEFORMS AS DOTS OR VECTORS

Perform steps 1 through 3 of the procedure for Obtaining a Scope Display in Section

4, Scope Display Mode Information.

Set the B HORIZ time-base unit to 28 microseconds/division and triggering to auto

mode with ac coupling from the internal source on the negative slope.

Rotate the B INTENSITY control until the trace is at a desirable viewing level (about

quarter range).

Connect a triangular shaped waveform from a function generator (recommended

type: TEKTRONIX FG 583 Function Generator used with a TM 5@@ Power Module)

to the input connector of the LEFT VERT amplifier unit with a 42-inch bne cable. (If

necessary, match impedances.)

Set the deflection factor of the LEFT VERT amplifier unit and the output amplitude of

the function generator to display two divisions of signal on the crt.

Adjust the function generator output frequency for about four cycles of displayed

signal.

Set the B HORIZ time-base unit triggering and position controls for a stable display

horizontally centered on the crt.
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DISPLAYING STORED WAVEFORMS AS DOTS OR VECTORS (Cont)

Using the position control of the LEFT VERT amplifier unit, position the tops of the

waveform to one division below the center horizontal graticule fine.

Set the STORED INTensity control to quarter range.

Press Display Comments

128 er ' Set the P/W to 128.

Do. : _ (Refer to Table 6-1 for

organization of the

AQR waveform memories.)

Store the waveform.

STORED ren ~ “ui Displaythe stored

waveform. Notice that

the waveform is display-

ed as vectors drawn

between the 128 points

of the waveform.

VAV AY, \,/\

ih

The waveform is display-opwe vzR'a8 wv 20S:

ed as dots only.

2 @ WEM 2075 i
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DISPLAYING STORED WAVEFORMS AS DOTS OR VECTORS (Cont)

Press Display Comments

VECT OPW. vzR @ W 20uS Return to the vector

mode.

A A 2 f.
fr f 1

a Vw . J

a oo WEM

DISPLAYING SEVERAL STORED WAVEFORMS

A maximum of 9 stored waveforms can be displayed at the same time on the crt. To

demonstrate, first store the following signals:

Press Display Comments

2 @aCwrM) Geo vn yy Sasi Copy the triangular

: waveform into 2 WFM for

use in demonstrating the

DSW (Display Stored

Waveform) command.

Return to the SCOPE mode (by pressing (SCOPE ) ) and set the function generator

to display five cycles of square wave.

Adjust the LEFT VERT amplifier unit to display one division of signal centered

around the center horizontal graticule line.

Press Comments

3 @a Store the square wave

into 3.WFM.

Exercise continues on next page
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DISPLAYING SEVERAL STORED WAVEFORMS (Cont)

Set the function generator to display five cycles of sine wave.

Adjust the LEFT VERT amplifier unit to display two divisions of signal with the base

one division above the center horizontal graticule line.

Press Comments

4 @a Store the sine wave into
4 WFM.

Now, to display all of these signals on the screen at the same time, first return to

the STORED display mode:

Press Display Comments

STORED 28.8 The sine wave from 4

a cs WEFM and the power-up

1 Upsw \ / \. condition of 1 WFM are
. / displayed. The scale

factors and V2 are

only for the operational

waveform (4 WFM).

Line 2 of the character

display shows 4 and 1

indicating which wave-

form memories the

displayed waveforms are

from. The left-to-right

sequence of these

numbers corresponds to

the top-to-bottom

sequence of point @ of

each displayed wave-

form. DSW WARNING

is issued if 8 waveforms

have already been

displayed with the DSW

command. (If the

operational! waveform

was not displayed with

the DSW command, a

total of 9 waveforms may

be displayed.)
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DISPLAYING SEVERAL STORED WAVEFORMS (Cont)

Press Display Comments

2 (DSW pore The triangular waveform

ee oe A AS on from 2 WFM is also

~ fk fA of too: \ ; 4 displayed. Waveform

/ vy ae SANG memory address ?is

added to display line 2.

3 (osw) orwie VZR8 Ww 20uS The square wave from 3

- WEFM is added to the

3 WEM 4 WFM DSW

DSW Restrictions: The X register must contain a constant which, when rounded to

an integer, is from @ to the maximum valid waveform memory address (inclusive).

DSW ERRGR is issued if this restriction is violated.
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CLEARING STORED WAVEFORMS FROM THE DISPLAY

To clear a waveform from the display which has been displayed with the DSW

command, first enter the waveform memory address number of the waveform to be

cleared. For example, to clear 2 WFM from the present display:

Press Display

2 { CLW ) [OPW4sVZR 6 Vv 2048:
psw 4 1 3 :

3 WFM

oes ce cs ce

i

i

j

}

j

i

}

j

j

4 WFM

Comments

2 WFM contents are

cleared from the display.

If necessary, the DSW

line of display shifts to

reflect the new top-to-

bottom sequence of point

9 of the remaining

displayed waveforms.

CLW WARNING is

issued if waveform

designated for clearing

was not displayed with

the DSW.

CLW Restrictions: The X register must contain a constant which (when rounded) is

an integer from @ to the maximum valid waveform memory address (inclusive), prior

to executing a CLW command. Ci ERROR is issued if this restriction is violated.

To clear all waveforms from the display, except the operational waveform, which

have been displayed with the DSW command:

Press Display

2 Coe
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OPW 4

VAVAVAVAVA

3 WFM

vzeR & Ww 20us

4 WEM

Comments

Al! waveforms displayed

with DSW are cleared

from the display (except

the operational wave-

form, even though it too

may have been displayed

with the DSW command).
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DISPLAYING STORED WAVEFORMS IN THE X-Y MODE

Up to nine stored waveforms can be displayed versus another in the X-Y

mode.

Use the command as follows:

a. Display the waveform (with either WFM or DSW command) which

will provide the vertical (Y-axis) values for the X-¥ display.

b. Key into the X register the waveform memory number of the

waveform to provide the horizontal (X-axis) values.

c. Press f | LL

Return to Scope Mode. Connect 4-volts of a 5@-kHz sine wave from the function

generator to the input of the LEFT VERT amplifier unit with a 42-inch bne cable.

(Match impedances, if necessary.)

Set the LEFT VERT amplifier unit and the function generator to display four divisions

of signal centered around the center horizontal graticule tine.

Set the B HORIZ time-base unit for 2 microseconds/division using the 2@ ys/div

and X1@ magnification settings. Set the triggering controls for auto mode with ac

coupling from the internal source.

Adjust the B INTENSITY if necessary.

Using the B HORIZ position control, display one cycle of the sine wave as shown

below:

Press Display Comments

512 wa CPW} per : Return P/W setting to
_ | 512 to increase the

resolution of stored

: waveforms. This sine

“4 an wave will be stored for

‘ Aves » “display later ina Lissajous
. pattern.
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DISPLAYING STORED WAVEFORMS IN THE X-Y MODE (Cont)

Press

AVG1@

3

>WEM

Display Comments

a Store the sine wave in 3

WFM.

OPW. 3 =vV2R 8 2us
Display both the real-time

and the stored sine

waves.

Using the B HORIZ time-base unit trigger level control, position the real-time sine wave

as shown below:

6-52

Display

OPW & 2us

a 3 WEM itr

Comments

Position the sine wave

92° out of phase with

the stored sine wave.
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DISPLAYING STORED WAVEFORMS IN THE X-Y MODE (Cont)

Press

2

>WEM

Display Comments

OPW 2 VZR @

3 WEN PowEM

Store the out-of-phase

sine wave in 2WFM.

2u8

VZR 98

2 OWEM 5

Enter the address

number of the waveform

memory which is to be

the horizontal axis of the

display (the versus

waveform).

OPW 2

2

PN

|

WEM, 2 OWPM vx

The Lissajous pattern

formed by displaying the

operational waveform

versus 3 WFM is shown.

The “horizontal scale

factor” is the vertical

scale factor of the versus

waveform. The waveform

memory address number

of the versus waveform

(which in this case is -) is

displayed at the right end

ofdisplay line 2, pre-

ceded by the mnemonic

Exercise continues on next page
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DISPLAYING STORED WAVEFORMS IN THE X-Y MODE (Cont)

Operation: The horizontal position of each displayed waveform point is the

vertical value (in divisions, measured from the center horizontal graticule line) of the

like-numbered point of the waveform chosen for the horizontal axis.

Restrictions: The X register must contain a constant which, when rounded, is

an integer from @ to the maximum valid waveform memory address number

(inclusive), prior to executing a command. VS ERROR is issued if this

restriction is violated.

All waveforms displayed following the command (and prior to a TIME command)

are displayed versus the designated waveform. To illustrate:

Press Display Comments

3 (DSW opw 2 VZR 8 W Ww 3 WFM is displayed

ow vs 3 versus 3 WFM.

“

3:WFM 2 WFM oa.

DISPLAYING STORED WAVEFORMS IN THE Y-T MODE

To return to using time as the horizontal axis of the display:

Press Display Comments

TIME opw2 vzn 8 Ww ° All displayed waveforms

ow. 2 3 - (3 WEM and 2 WEM in

_ this case) are displayed

a eo using time as the

\ va /o~ horizontal axis.
§ i f ‘ Ea en

\ ?

\ ~S é vA
Nic ee” Paes real

3 WFM 2 WFM Toast

NEXT EXERCISE BEGINS WITH POWER-UP
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CURSORS

The cursor commands available on the measurement keyboard are duplicated on

the Waveform Calculator keyboard and will not be discussed here in detail;

however, the four additional cursor ccmmands included on the Waveform

Calculator keyboard will be demonstrated. See Figure D, blocks 7 and 9 for the

location of the CURSOR keys used in the following exercises.

POSITIONING THE CURSORS

Perform the exercise entitled Displaying Stored Waveforms in the X-Y Mode, to the

point where the following display is shown on the crt graticule:

Display Comments

Topw Vzk 6 W “Lissajous pattern is

displayed.

Press Display Comments

CRS2-1 opw 2 Vza 6 Vv iW Both cursors are turned

on. Notice that they are

positioned at the start

and end of the displayed

operational waveform.

Also notice that the

YCRMandthe HOD

readings are given with

the same units as those

awem so owem displayed with the

corresponding vertical

and horizontal scale

factors. In this particular

case, the unit symbol for

both scale factors and

both cursor coordinates

Exercise continues on next page
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POSITIONING THE CURSORS (Cont)

Press

Press

The Cursor

Positioning

Keys As

Necessary To

Obtain Shown

Display

Display

OPW 2 vzZa: 8

2MCRD =

3 WFM

SHCRD =

2 WEM

i
i

OPW: 2 VZR 8

AVCRD = -3.235mv
3 WFM 2 WEI

AHCRD =;

Mi
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Comments

Notice that Cursor1 is

moved toward the end of

the operational wave-

form, not necessarily to

the right.

Cursor 2 moves to the

start of the operational

waveform.

Comments

Position cursors to the

center horizontal grat-

icule fines,

Display the operational

waveform versus time.

Although the cursors

have physically changed

their horizontal location

on the display, they have

maintained the vertica!

position to which they

were set.
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POSITIONING THE CURSORS (Cont)

Press Display Comments

(CRS1 ) opw2 vze 8 v 2S Turn off Cursor 2.

To move Cursor 1 directly to a point which is a specified time from the start of the

waveform:

Press Display Comments

10 (EEX opw'2vzr 8 WwW 2S We have entered the
CHS) 6 

new setting for the

HCRD(1G,,) into

the X register.

VERD = -610.4yV HCRD = 6.1178
2WEM en, iy

Ga >HCRD) orw2 var a Ww 2uS Cursor 1 is moved to the

stored point nearest the

value in the X register.

HCRD = |::

Exercise continues on next page
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POSITIONING THE CURSORS (Cont)

To set the 2 cursors a specified distance apart:

Press Display Comments

(CRS2-1) opw 2 VZR 8 w 2s Turn on both cursors.

2 WEM 18}

6 ( EEX opw 2 vzR @ w as Enter the amount of time

: to separate the cursors.
CHS ) 6 p

2NCRD = 2.605V "AHCRD = 5.235uS
1

>HCRD opwi2 v2R @ WwW 2us Cursor 2 is moved 6 US

to the right of Cursor 1.

HC WARNING is

issued if the number in

the X register represents

a position beyond the

right edge of the

graticule for Cursor 2.

See >HCRD Operation.
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POSITIONING THE CURSORS (Cont)

>HCRD Operation: If the position designated in the X register does not coincide

with a stored waveform point, the cursor is set to the nearest stored point. If both

cursors are on at the time of a >HCRD command, Cursor 2 is moved so that the

difference between Cursor 1 and Cursor 2 is as close as possible to that specified in

the X register. However, if this represents a position beyond the right edge of the

graticule, Cursor 2 is set to the right edge and HC WARNING is issued.

>HCRD Restrictions: At least one cursor must be turned on, the X register must

contain a constant which is greater than @, and the operational waveform must not

have been displayed with the VS command, prior to executing the >HCRD

command, HC ERROR is issued if any of these restrictions are violated.

To set the vertical coordinate of Cursor 1 to a specified setting, and thus move the

cursor:

Press Display Comments

Ga CRS1 Sees ~ - Turn off cursor 2 and

9.25 enter the new setting of

. the vertical coordinate.

>VCRD The vertical coordinate

orpw 2 ven 8 w 248 and position of the

cursor change to be as

close as possible to the

specified setting. See

>VCRD Operation.

Exercise continues on next page
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POSITIONING THE CURSORS (Cont)

To set Cursor 2 a specified vertical distance from Cursor 1:

Press Display Comments

CRS2-1 OPW > ven @ WwW ys lurnon both cursors.

VCRD 396. 7inv ° HCORO 625 nS .
bu 258m CRS? 4

Enter the vertical dis-1.5 OPW 2 vZzR ® WwW 2uS
. tance from Cursor 1. See

>VCRD Operation.

ENCRD = 396.7mv “ AHCRD = 625nS

Zin 1.5

>VCRD Coe RS y za Move Cursor 2 the
specified distance from

Cursor 1.
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POSITIONING THE CURSORS (Cont)

The following keystroke sequence can be used to position the cursors to the

0 PNT and the MAX point for measuring pulse parameters:

a. Turn on and position Cursor | to the MAX point by pressing

CORST_) (Wax) GYERD).
b. Position Cursor 2 to the same point by pressing 0

>HCRD }.

¢. Reposition Cursor | to the 0 PNT by pressing CRS1 ) 0

>HCRD )}.

d. Turn on both cursors CRS2-1 and make the desired

measurement (i.e, DELAY, RISE, etc.)

>VCRD Operation: With only one cursor on (CRS1 mode), the operational

waveform is scanned for the specified vertical level from the present cursor location

to the end of the waveform. If a crossing or touching point is not found, the scan

continues from the start of the waveform to the cursor. The cursor is set to the point

prior to the first crossing or touching point found.

With both cursers on (CRS2-1 mode), the operational waveform is scanned from

Cursor 2 to the end of the waveform. If a crossing or touching point is not found, the

scan then begins again at Cursor 1 and continues toward Cursor 2. Cursor 2 is then

set to the point prior to the first crossing or touching point found.

>VCRD Restrictions: The cursor(s) must not be turned off, and the operational

waveform must either cross or touch the designated vertical level within the

allowed cursor movement range, prior to execution of the >VCRD command. ~!°

ERROR is issued if either restriction is violated.
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RECALLING CURSOR COORDINATES

To recall the horizontal coordinate (or relative horizontal coordinate if both cursors

are on) to the X register:

Press Display Comments

HCRD opw oven 0 yy 2s The displayed horizontal

coordinate (or relative

horizontal coordinate) is

returned tothe X

register.

HCRD Restriction: At least one cursor must be turned on prior to executing

an HCRD command. HCR ERROR is issued if this restriction is violated.

To recall the vertical coordinate (or relative vertical coordinate if both cursors are on)

to the X register:

Press Display Comments

VCRD opw 2 ven o w ns The displayed vertical

coordinate (or relative

vertical coordinate) is

returned to the

X register.

VCRD Restriction: At least one cursor must be turned on prior to executing a

VCRD command. VCR ERROR is issued if this restriction is violated.

NEXT EXERCISE BEGINS WITH POWER-UP
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WAVEFORM SCALING, EXPANSION,

AND POSITIONING

Commands are available with the Waveform Calculator to change the scale factors

and vertical zero reference settings of the operational waveform without

subsequently affecting the dimensions of the waveform. Also available are

commands to vertically or horizontally expand or position the operational waveform.

Figure D, blocks 17 and 18 shows the location of the keys demonstrated in the

following exercises.

SETTING THE SCALE FACTORS

To change the vertical or horizontal scale factors of the operational

waveform:

a. Key in the new setting for the scale factor.

b. Press the shift @a key.

c. Press (PVSCL ) to change the vertical scale factor or CHSCL \ to

change the horizontal scale factor.

Perform the procedure for Obtaining a Scope Display in Section 4, Scope Display

Mode Information.

Position the CALIBRATOR signal so that the first positive-going pulse starts at the

second vertical graticule line, and so the square wave is centered around the center

horizontal graticule tine.

Set the STORED INTensity control to quarter range.

Press Display Comments

AQR coer oe ~~" Display the stored

STORED calibrator signal.

Exercise continues on next page
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SETTING THE SCALE FACTORS (Cont)

To change the vertical scale factor of the operational waveform to 5 uv:

Press Display Comments

5 (| EEX First enter the new scale
OPW 6 vZR 508uS f . t h x .

~ actor into the X register,

6 then issue the >VSCL
Wa Cvsct command. The vertical

scale factor has changed

from to .

The unit associated with the vertical scale factor, in this case V, remains the same.

-VSCL Operation:The operational waveform is displayed with the number in the X

register as the vertical scale factor.

‘VSCL Restrictions: The X register must contain a constant which is greater than @

prior to executing the >VSCL command. is issued if this restriction is

violated.

To change the horizontal scale factor of the operational waveform to 1 ms:

Press Display . Comments

1 (_EEX_) lopw ee VZR B Su V First enter the new scale

factor into the X register,

3 . then issue the >HSCL
Ga >HSCL command. The horizontal

scale factor of :

has changed to .

The unit - remains the

same.
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SETTING THE SCALE FACTORS (Cont)

To easily determine the number of a specific point on the stored waveform:

a. Change the horizontal scale factor to be equal_to_the (P/W) divided

(1) by pressing 10 @ Ga CHSCL).
b. Turn on and position Cursor 1 as desired.

c. The point number where the cursor is located can now be read from

the displaved setting.

If this procedure is used with, both cursors on, the setting will

reflect the number of points between the cursors.

>HSCL Operation: Executing a *>HSCL command is the equivalent to changing the

time span of the operational waveform by a value equal to: (the number in the X

register) divided by (the original horizontal scale factor). The operational waveform

is then displayed with the number in the X register as the horizontal scale factor.

>HSCL Restrictions: The X register must contain a constant which is greater than

Q, and the operational waveform must not be displayed with the VS command, prior

to executing the >HSCL command. is issued if either restriction is

violated.
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RECALLING THE SCALE FACTORS

To recall the setting of the operational waveform’s vertical scale factor:

Press Display Comments

VSCL opw ova a a oan The vertical scale factor

of the OPW is returned to

the X register.

To recall the setting of the operational waveform’s horizontal scale factor:

Press Display Comments

HSCL a ey aan The horizontal scale

factor of the OPW is

returned to the X

register.

JUUUU
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EXPANDING THE STORED WAVEFORM

Vertical Expansion

To vertically expand the operational waveform display, without changing

the waveform values:

a. Key in the expansion rate.

b. Press VXPD).

To vertically expand the operational waveform by a factor of 3:

Press Display Comments

3 LVXPD OPW van o ; — The operational wave-

Tore ee form has been vertically

Poy ho expanded by a factor of

3 times about the center

PT bo pont horizontal graticule line.
Pe The vertical scale factor

is divided by the same

factor in order to

maintain the waveform

values. See VXPD

Operation below.

. is

issued if the operational

waveform is from @ WFM

andthe command causes

any waveform points to

fall outside +1@ divisions

from the center horiz-

ontal graticule line.

These points are then set

to +1@ divisions.

VXPD Operation: The operational waveform is vertically expanded around the

center horizontal graticule line by the expansion factor specified in the X register. If

the expansion factor is negative, the waveform is expanded and then inverted. The

vertical scale factor is divided by the expansion factor in order to maintain the

waveform values.

VXPD Restrictions: The expansion factor must be a constant and must be entered

into the X register prior to the VXPD command. IH the operational waveform is not

from @ WFM, the expansion must not result in any point falling outside the +10

division vertical limits. \)A:* #i Qi: is issued if either restriction is violated.
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EXPANDING THE STORED WAVEFORM (Cont)

Horizontal Expansion

Cursor status affects the operation of the HXPD (Horizontal Expansion) command.

To horizontally expand the operational waveform with both cursors off or

with only Cursor 1 on:

a. Enter the waveform memory address of the operational waveform

into the X register by using the WFM command.

b. Key in the expansion factor. (The OPW number will push into the Y

register at this time.)

c. Press (HXPD J.

To horizontally expand the operational waveform by a factor of 2:

Press Display Comments

@ 5 opw es ver 0 eer ~~ Enter the number of the

. 7 = rormim re operational waveform

= coil toea into the X register after

a) copying the waveform

into 5 WFM for storage.

2 opwa = vzr 8 1.667,V tm Key in the expansion

“7 TMM Tm factor of 2.
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EXPANDING THE STORED WAVEFORM (Cont)

Press Display Comments

HXPD owe ven g Leenv verre The operational wave-

form is horizontally

expanded by a factor of 2.

Point @ at the teft edge of

the graticule remains

fixed and the waveform is

expanded to the right.

is

issued if the expansion

factor istessthan , in

points of the expanded

waveform are filled by

extending the value of

the right-most point of

the original waveform.

HXPD Operation (Cursors Off): The operational waveform is horizontally expanded

about the left edge (point @) of the graticule by the expansion rate specified in the X

register. The horizontal scale factor is divided by the expansion factor in order to

maintain the waveform values.

HXPD Restrictions (Cursors Off): The Y register must contain the waveform

memory address, and the X register must contain a constant greater than @, prior to

executing the HXPD command. is issued if either restriction is

violated.

To demonstrate the HXPD command with Cursor 1 on:

Press Display Comments

CRS! ‘opwa vzR @ 1.667LV 300,5 Turn on Cursor 1 and
CRS1> position it as shown.

Exercise continues on next page
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EXPANDING THE STORED WAVEFORM (Cont)

Press Display Comments

3 oo : Enter the expansion

a “acane wee factor into the X register.

(Notice that the

waveform memory

address of@ WFM was

: already in the X register,

therefore we did not

need to re-enter it before

the expansion factor.)
Le casnenpe sme evenneurwereng

a Wem 3

opw a vz @ 16667,V — The operational wave-

ae ee form has been horizon-

! tally expanded by a

factor of 3 times to the

right of Cursor 1.

HXP WARNING is

issued if the expansion

factor is less than

{1@ / (the divisions

en yeRO FS HRD = from Cursor 1 tothe

: —_ : right edge of the

graticule)}; meaning that

one or more points at the

right end of the waveform

are filled by extending the

right-most point of the

original waveform.

HXPD Operation (Cursor 1 On): The operational waveform is horizontally

expanded about Cursor 1 by the expansion rate specified in the X register. The

horizontal scale factor is changed by the expansion factor in order to maintain the

waveform horizontal values.

HXPD Restrictions (Cursor 1 On): The Y register must contain the operational

waveform address and the X register must contain a constant greater than @, prior

to executing the HXPD command. #ikf =&&@ ae is issued if either restriction is

violated.
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EXPANDING THE STORED WAVEFORM (Cont)

To horizontally expand the positive-going pulse now displayed with both cursors on:

Press Display Comments

CRS2-1 ‘opwe. vine 1687 165.08 Turn on purser 2 and

: position the cursors as
CRS1i<

shown,

CRS2<

OPW & VZR BO 4.667. satus The portion of the
operational waveform

between the cursors has

been expanded to fill the

full 18 graticule divisions.

The cursors maintain

their horizontal positions

on the graticule. The

horizontal scale factor

RD win a wemrarr has been changed to
: maintain the waveform

values.

q

eenl
f

To horizontally expand the operational waveform with both cursors on:

a. Enter the waveform number of the operational waveform into the

stack by using the WFM command.

b. Position the cursors to delimit that portion of the operational

waveform to be expanded.

c. Press CHXPD ).

Exercise continues on next page
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EXPANDING THE STORED WAVEFORM (Cont)

HXPD Operation (Both Cursors On): That portion of the operational waveform

delimited by the cursors is expanded to fill the 19-division graticule. The horizontal

scale factor is changed to maintain the waveform values.

HXPD Restriction (Both Cursors On): The X register must contain the waveform

memory address of the operational waveform prior to executing the HXPD

command. is issued if this restriction is violated.

NEXT EXERCISE BEGINS WITH POWER-UP

POSITIONING THE STORED WAVEFORM

Using commands available on the Waveform Calculator, the operational waveform

can be repositioned either vertically or horizontally.

To demonstrate, first perform the procedure for Obtaining a Scope Display in

Section 4, Scope Display Mode Information.

Position the CALIBRATOR signal so that the first positive-going pulse starts at the

second vertical graticule line, and so the square wave is centered around the center

horizontal graticule line.

Set the STORED INTensity control to quarter range.

Vertical Positioning

Since operation of the VPDN (Vertical Position Down) command is similar to that of

VPUP (Vertical Position Up), only VPUP will be demonstrated.

Press Display Comments

AQR : , Display the stored

STORED calibrator signal.
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POSITIONING THE STORED WAVEFORM (Cont)

To move the operational waveform up:

Press Display

OPW 8 VZR 2v $60uS

a @ WFM

Comments

The operational wave-

form moves upward

by increments (102.4

increments/ division). If

the key is depressed

longer than approximate-

ly 326 milliseconds, the

movement of the wave-

form begins to be

continuous, advancing in

incremental steps as long

as the key is depressed.

Notice that the

reading changes to

reflect the new vertical

position of the waveform.

is

issued if the operational

waveform is from @ WFM

and the move has caused

any points to be outside

the vertical limit of +28

divisions from the center

horizontal graticule line.

These points are then set

at +2 divisions. The

warning is not issued

until after the move is

made, therefore take care

that the waveform is not

unnecessarily clipped.

VPUP Restrictions: The vertical zero reference must not exceed +2@ divisions; and

if the operational waveform is not @ WFM, all points of the moved waveform must

be within +2@ divisions of the center horizontal graticule line. is

issued if either restriction is violated.

®

Exercise continues on next page
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POSITIONING THE STORED WAVEFORM (Cont)

To manually move the operational waveform down, press (VPDN). VPD

WARNING is issued if the operational waveform is from @ WFM and if the move

would result in any points falling outside the -2@ division vertical limit. Those points

are then set to -2@ divisions from the center horizontal graticule line.

VPDN Restrictions: The vertical zero reference must be higher than, or equal to,

-2@ divisions; and if the operational waveform is not @ WFM, all points of the moved

waveform must be within -2@ divisions of the center horizontal graticule line. VPD

ERROR is issued if either restriction is violated.

The operational waveform can also be vertically positioned by directly setting the

vertical zero reference (VZR) to a specified value. For example:

Press Display Comments

2.5 opwavzra_ 9.947 ov 500,5. Enter the new vertical

zero reference (in

divisions relative to the

center horizontal grat-

icule fine).

The operational wave-

form has been moved to

the new vertical zero

reference level of 2.5

divisions above the center

horizontal graticule line.

“VZ WARNING is issued

if the operational

waveform is @ WFM and

the move would cause

any points to fall outside

the vertical limits of +2

divisions. Those points

are then set to the vertical

limits.
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POSITIONING THE STORED WAVEFORM (Cont)

VZR Restrictions: The X register must contain a constant from -2@ to less than

+2@; and if the operational waveform is not from @ WFM, all points of the moved

waveform must be within +28 divisions of the center horizontal graticule line, prior

to execution of the -VZR command. ~VZ ERROR is issued if either restriction is

violated.

To return the operational waveform to the original display:

Press Display Comments

o 2 lowe vine ny sav,s ‘Return the operational

waveform to the display.

JUUUL
2.5 @ V7R

Horizontal Positioning

Cursor status affects the operation of the horizontal position commands.

To demonstrate the horizontal positioning commands (HPLFT and HPF), we

will first mark the displayed waveform with a reference by moving a point to a

higher vertical value. Now, with the cursors off:

Press Display Comments

2.5 (ENTER om er eennnnen Keyin the new vertical
2v 560uSol i: a .

Pwo vzk value of 2.5 volts into

the X register.

o 2,8 LNTLR

Exercise continues on next page
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POSITIONING THE STORED WAVEFORM (Cont)

Press Display Comments

206 opw ea vzR 8 “QV 8 ayS Key in the point number
/ : { [L(P/W) 718] *

/ (number of divisions to

the right of the waveform

: start where the point is)},

: ; in this case, .

ga >PNT vopwo ven o ov 00,8. The point is moved to the
: 2.5 volt level. (Adjust the

STORED INTensity, if

necessary.)

To horizontally position the operational waveform with the cursors off:

a. Enter the amount of time by which the operational waveform is to be

moved.

b. Press the shift Ga key.
c. Press the to move the waveform to the right, or press

HPLFET to move the waveform left.
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POSITIONING THE STORED WAVEFORM (Cont)

Now, move the operational waveform to the left by 25¢ microseconds:

Press Display Comments

250 ; Enter the amount of time
OPW 8 v2R 8 2v 588uS : .

which the waveform will
H 6 be moved.

HPLET oroyen oe 500.8 The square wave is

moved left 25@ ys (0.5

division).

HPLFT Operation (Cursors Off): The operational waveform is rotated to the left by

the amount of time in the X register.

HPLFT Restrictions (Cursors Off): The X register must contain a constant from Sto

the maximum horizontal value of the operational waveform, prior to execution of the

HPLFT command. is issued if this restriction is violated.

Exercise continues on next page
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POSITIONING THE STORED WAVEFORM (Cont)

To move the operational waveform to the right by 5@@ microseconds:

Press Display Comments

520 oew a ver @ oy soos Enter the amount of time

by which the waveform

6 will be moved (588 ps).

2.5 Sate B86

WACHPRGT) we vane ay yoeis The squarewave is
moved 5@@ us to the

right.

“a 2.6 HPRGT

HPRGT Operation (Cursors Off): The operational waveform is rotated to the right

by the amount of time in the X register.

HPRGT Restrictions (Cursors Off): The X register must contain a constant from @

to the maximum horizontal value of the operational waveform, prior to execution of

the HPRGT command. HPR ERROR is issued if this restriction is violated.

To horizontally position a specific point of the operational waveform to a

designated position on the display graticule:

a. Turn on Cursor 1 and position it to the waveform point of interest.

hb. Key in the time reference on the display graticule | (number of

horizontal divisions)« (the horizontal scale factor)} where the

waveform point is to be placed.

c. Press the shift Tf) key.
d. Press the appropriate horizontal position key (either CHPLET } or

CHPRGT )).
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POSITIONING THE STORED WAVEFORM (Cont)

To move the marker on the displayed operational waveform to be at the center

vertical graticule line:

Press Display Comments

Vf | CCRS7_) “opw a vir a 2V S88uS an onene position
ursor 1 tothe waveform

CRS1>
marker.

Ls) 265

2.5 (| EEX opwe ven oy 3500/8 Emer the time reference

te) (5 divisions *
CHS } 3 . .

509 ps) in the X register

VCRD 2.5V HCRD = 2,256mS

a (4 PRGT ) : ~The waveform is rotated
a [OPW @ VZR B 2Vv 580uS .

: to the right by the

amount of time necessary

to move the marker to the

2.5 ms reference.

i f i i if 4

: vCRD HCRD = 2,256mS

Exercise continues on next page
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POSITIONING THE STORED WAVEFORM (Cont)

HPRGT Operation (Cursor 1 On): The operational waveform is rotated to the right

by the absolute value of the difference between the HCRD setting and the time in

the X register.

HPRGT Restrictions (Cursor 1 On): The X register must contain a constant which

is from @ to the maximum horizontal value {1@ * (horizontal scale factor)} of the

operational waveform, prior to execution of the HPRGT command. °:0)) 243%. is

issued if this restriction is violated.

To move the marker to the second vertical graticule line, first position Cursor 1 to

the top of the marker. Now:

Press Display Comments

5@6 (EEX “opwo vzr a av 5808 Enter the time reference.

CHS } 6

VCRD = 2.5V HCRD = 2.5mS

HPLFT “opw 8 ‘van 8 - “Ov _— 00,8. The waveform is rotated
left by the amount of

time necessary to move

ee — the marker to the 58@ ys

reference.

vVCRD = HCRD - 2.5mS

HPLFT Operation (Cursor 1 On): The operational waveform is rotated to the left by

the absolute value of the difference between the setting and the time in the

X register.

HPLFT Restrictions (Cursor 1 On): The X register must contain a constant which is

from @ to the maximum horizontal value {1@ »* (horizontal scale factor)} of the

operational waveform, prior to execution of the HPLFT command. -: GPs ig

issued if this restriction is violated.
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POSITIONING THE STORED WAVEFORM (Cont)

To horizontally move the operational waveform by the time difference

between the two cursors (the relative horizontal coordinate):

a. Turn on and position both cursors.

b. Press the shift GB kev. ;
¢. Press the appropriate horizontal position key (either. . . . “or

CHERGT})

To place waveform point 256 of the operational waveform to the 4-volt level:

Press Display Comments

4 LENTER) 256 ory van o " ov. s0a8, Move point 256 to the

| 4-volt level.

VCRD = HCRD = 2,5mS

To move the operational waveform left by the setting:

Press Display Comments

CRS2-1 rnin on ne nnn . TurnonCursor 2.
OoPw:'s = =VZR 6 2v 500uS

Exercise continues on next page
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POSITIONING THE STORED WAVEFORM (Cont)

Press Display Comments

@@ CHPLET) Bae TTT soo,8 The waveform is rotated

: left by 2.49 ms (AHCRD

value). Notice that this

resulted in the shorter

marker appearing to

move to the right due to

the wrap-around opera-

tion of HPLFT (and

i HPRGT); however, it is

“MCRD: 4.854 “HCRD = 2.49mS : still 4 divisions (2.49 ms}

as on to the left of the higher

marker.

tivct? Operation (Cursors On): The operational waveform is rotated left by the

amount of time between the cursors (the - HCRD reading).

To move the waveform to the right:

Press Display Comments

CRS1< owe. vena ey eggs Position the cursors as

CRS2< shown,

: “VCRD Gy 77 “HCRD = 1,25m5
2.5 4 CRS

@@ CHPRGT) opwo. ven ge ov 500)5. The waveform is rotated
: right by 1.25 ms

(HCRD value).

JVCRD = 2,169 SHCRD = 144.25mS

2.5 4 HPRGT .
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POSITIONING THE STORED WAVEFORM (Cont)

HPRGT Operation (Cursors On): The operational waveform is rotated right by the

amount of time between the cursors (the ~HCRD reading).

NEXT EXERCISE BEGINS WITH POWER-UP

WAVEFORM FUNCTIONS

All of the commands in the WFM FUNCTIONS block on the Waveform Calculator

require the horizontal extent of the operational waveform in order to calculate the

new waveform. (This is in contrast to the arithmetic functions which treat each

waveform point value as a constant.) The following exercises demonstrate the ‘

(Differentiation), INT ({ntegration), ORD (Return Ordinate), Ft?) (Set Ordinate),

ITRP (Interpolate), and SMOOTH commands. See Figure D, block 18 for the location

of the corresponding keys.

NOTE

The DIFF and INTG functions are not exactly reciprocal in the 7854

due to the specific algorithms used. Each function introduces a small

amount of smoothing.

DIFFERENTIATING A WAVEFORM

Perform the procedure for Obtaining a Scope Display in Section 4, Scope Display

Mode Information.

Position the CALIBRATOR signal so that the first positive-going pulse starts at the

second vertical graticule line, and so the square wave is centered around the center

horizontal graticule line.

Set the STORED INTensity control to quarter range.

Press Display Comments

AVG1@ “oe ovine oy sao.s Store and display the

STORED : calibrator signal.

6 O OWEM STORED
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Display Comments

The square-wave signal

has been differentiated.

The vertical scale factor

is blank. See Section 9,

Command Language, for

the specific algorithm.

Restrictions: The X register must contain a valid waveform memory address

prior to executing the Lirik command.

violated.

NOTE

Remember that any de or constant goes

and is not retained automatically.

INTEGRATING A WAVEFORM

is issued if this restriction is

to zero upon differentiation

To integrate the displayed operational waveform:

CommentsPress Display

INTG OPW 8 VZR 580uS
ae q t t )

i |

5 7 |

a g WM

The waveform has been

integrated. The vertical

scale factor unit is blank.

See Section 9, Command

Language, for the specific

algorithm.

INTG Restrictions: The X register must contain

prior to executing the INTG command.

violated.
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SMOOTHING THE WAVEFORM

Essentially, smoothing replaces each point of the stored waveform with the average

value of the waveform within the specified distance about the point.

To smooth a stored waveform:

a. Display the waveform to be smoothed (and enter tts waveform

number into the X register) by using the WFM command.

b. Enter the width of the smoothing window (in divisions) to be used for

smoothing the waveform into the X register.

c. Press ( SMOOTH }.

For example, to smooth the displayed waveform with a window of 1.5 divisions:

Press Display Comments

15 opwe vk 1 a 5005 The operational wave-

SMOOTH 4 form has been smoothed
using a 1.5-division

smoothing window. See

Section 9, Command

Language, for the specific

~ algorithm.

a @ WFM

SMOOTH Restrictions: The Y register must contain a valid waveform number and

the X register must contain a constant from @ to 2 (inclusive), prior to execution of

the SMOOTH command. is issued if either restriction is violated.
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RECALLING AND SETTING AN ORDINATE VALUE

To recall the value of the operational waveform at the horizontal coordinate of 1.5

milliseconds (from the start of the waveform):

) Display Comments

1 5 CEEX)

(CCHS)

Enter the horizontal

coordinate (from the start

of the operational

waveform) whose

ordinate value is

desired.

OPW & VZR 1 580uS

opw evn 1 500)S The ordinate value of

1.867 is returned to

the X register.

@ WEM

Cursor | can be used to change a specific waveform point to a new value:

a. Turn on and position Cursor | to the point of interest.

b. Kev in the new point value.

c. Recall the setting to the x register meth HOR 2).
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RECALLING AND SETTING AN ORDINATE VALUE (Cont)

To set the ordinate value of the operational waveform at 2 milliseconds from the

start of the waveform to a value of 3:

Press Display Comments

3 LENTER opwo. vzR 1 1 500s Enter the new value,

, into the stack.

2 pw VZR-1 1 5208 Enter the distance from
the start of the

3
operational waveform.

St] (GRD ) “opwo. VZR -1 1 5008 Set the ordinate value.

Exercise continues on next page
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RECALLING AND SETTING AN ORDINATE VALUE (Cont)

Operation: The operational waveform is set to the vertical value given in the

Y register at the location given in the X register.

Restrictions: The Y register must contain a constant and the X register must

contain a constant from @ to the maximum horizontal value of the operational

waveform (inclusive), prior to execution of the >ORD command. Sop as is

issued if either restriction is violated.

NOTE

The waveform is autoscaled following a «3:8 command, if necessary.

INTERPOLATING ON THE WAVEFORM

To interpolate between the second and third vertical graticule lines with the cursors

off:

Press Display Comments
500 oe aes er Enter the horizontal

6 location {(graticule

divisions) * (horizonta!

scale factor)} of 568 ys

into the stack.

ENTER opwavzR-A 4 5090p Separate the locations
and enter the second

1 EEX horizontal! location.
CHS _}3
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INTERPOLATING ON THE WAVEFORM (Cont)

Press Display Comments

ITRP. owe wenn ; coos Interpolate between

508 us and 1 ms of the

operational waveform.

588

To draw a straight line (linearly interpolate) between two specified points on

the operational waveform with the cursors off:

a. Kev one of the horizontal locations into the stack.

b. Press to terminate entry of the first location.

c. Key the second horizontal location into the stack.

d. Press {_ITRP ).

ITRP Operation (Cursors Off): The portion of operational waveform delimited by

the horizonta! locations specified in the Y and X registers is replaced with a straight

fine.

ITRP Restrictions (Cursors Off): The Y and X registers must both contain constants

from @ to the maximum horizontal value of the operational waveform (inclusive),

prior to execution of the ITRP command. is issued if either restriction is

violated.

Exercise continues on next page
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INTERPOLATING ON THE WAVEFORM (Cont)

To interpolate from the start of the second positive-going pulse to the top of the

glitch:

Press Display Comments

@g CcRsi) Turn on Cursor1 and
OPW @ v2R -1 1 5OaLS M41 i

position it to the start of
CRS1> i f

the second positive-going

pulse.

P ovcab 1. 2ue HOARD 1.38705

528 tm crs)

CHcRD ) drupe Return the horizontal
(OPW 8 VZR -1 3 586uS coordinate value (the

horizontal location of the

desired starting point for

interpolation) into the

X register.

VCRD = 1.289 HCRD = 1.387mS

yay 1.382im HORDE

CRS1> ; . . . Position Cursor 1 to the

OPW VZR 1 ’ 5eeus top of the glitch, the end

point for interpolation.

VCRD = = HCRD = 2.0 @2m5

Im 4.387m CHS
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INTERPOLATING ON THE WAVEFORM (Cont)

Press Display Comments

ITRP opwo. van 1 ; 500.8 The designated portion of

the operational waveform

is replaced with a

straight line.

VCRD 3 HCRD 2.862mS

Im 16387m PRR

LOE TN meen mane tenA

SeraterecenneerseaRBoAOMERATTLED“DED
To interpolate with only Cursor 7] on:

a. Enter the starting point horizontal location into the X register.

b. Position Cursor 1] to the end point of the portion to be interpolated.

c. Press ITRP ).

ITRP Operation (Cursor 1 On): The portion of operational waveform delimited by

Cursor 1 and the horizontal location specified in the X register is replaced with a

straight line.

ITRP Restrictions (Cursor 1 On): The X register must contain a constant from @ to

the maximum horizontal value of the operational waveform (inclusive), prior to

execution of the ITRP command. iTR ERROR is issued if this restriction is violated.

To interpolate from the center vertical graticule line to the present position of

Cursor 1:

Press Display Comments

@(WEM Display @ WFM.

vVCRD 3 HCRD 2.9682mS

1.3875 aoWEM WEM
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INTERPOLATING ON THE WAVEFORM (Cont)

Press Display Comments

CRS2-1 Owe. ven 4 ’ soo,6 4 -UTN on and position

Cursor 2 as shown.

1.387m @WFM :

ITRP Interpolate between the
OPW 1 580uSVZR -1

cursors.

AVCRD = -1.952 “AHCRD = 817.645
1.387m @WRM +

To interpolate with both cursors on:

a. Display the operational waveform using the WFM command.

b. Position the cursors at the end points of the portion to be

interpolated.

c. Press (ITRP J.

ITRP Operation (Cursors On): The portion of the operational waveform delimited by

the cursors is replaced with a straight line.

ITRP Restriction (Cursors On): The X register must contain a valid waveform

number prior to execution of the ITRP command. °«° **{8t.i- is issued if this

restriction is violated.
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INTERPOLATING ON THE WAVEFORM (Cont)

This procedure is helpful when you want to generate a linear section of

waveform between two specific vertical values:

a. Turn on and position Cursor | to the desired starting point of the

linear section.

b. Set the starting point to the desired vertical level.

¢. Move Cursor | to the ending point and set this to the desired vertical

level.

d. Interpolate between these points.

For example, to generate a linear section from the second vertical graticule

line to the sixth, from 2 volts to -O.5 volt:

a. Press Ga CRSI) and move the cursor to the second vertical
graticule line.

b. Set this point to the2-volt level by pressing2 CHCRP ) tf |
>ORD

c. Move Cursor | to the sixth (center) vertical graticule line and set this

point to the -0.5 volt level by pressing 5 (_CHS HCRD Lf |
>ORD }.

d. Press to move the HCRD of the starting point to the X

register. Then interpolate by presing LLITRP J.

You may at times find it useful to manually generate known waveforms. The

following three examples may be helpful.

To generate a ramp which is symmetrical around the crt center; press

0 0) (%) I © . (Cursors must be

off.)

To generate two cycles ofa triangular waveform from the generated ramp:

Press fe) OC.
Now, to generate one cycle of sine wave, which will be accurate within 1({ at

512 ne First generate the two cycles of iriangular shape. Now press:

oe SMOOTH) 2 Geen) SMOOTH ) (_HSCL. )

5 HPLFI HXPD HSCL ) 2.5 («) Ga
ohT

NEXT EXERCISE BEGINS WITH POWER-UP
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PROGRAMMING

A 7854 program is a series of commands stored by the processor for later

execution. The program can then be run as often as necessary. The results obtained

at the end of program execution are identical to those you would have received by

manually pressing the keys one at a time.

NOTE

Programs can be written into the program memory either from the

Waveform Calculator keyboard or from the GPIB. Only programming

with the Waveform Calculator keyboard is discussed here: see Section

7, GPIB Information, for details concerning 7854 programming over the

GPIB.

PROGRAM MEMORY

The commands that make up the program are stored by the processor in the

program memory. The program memory is separate from the stack, constant

registers, and waveform memories; but the processor may utilize any or all of these

storage devices during program execution.

Stored programs are organized by program lines which consist of a three-digit

processor-assigned line number and a mnemonic-oriented command group.

Program lines are sequentially numbered from to a maximum of . Each

program line must contain at least one command (in addition to the line number),

and may contain more. A representative program line could be:

LINE

NUMBER

Fete

me a ee
EDIT

COMMAND
PROMPT GROUP

Notice that the keystroke commands are stored and displayed as the corresponding

mnemonics, and that spaces automatically separate adjacent mnemonics. To

conserve space, the blanks between adjacent numeric commands (@-9, ., EEX, and

embedded CHS commands) are suppressed.

The total number of commands that may be entered on one program line is limited

to 35 characters, which includes the separating spaces between mnemonics. If a

command is issued during program entry which would cause the command group to

exceed the limit of 35 characters, a warning’ is issued and a new program line is

started. The fast command issued (which exceeded the allowable line length) then

becomes the first command on the new line.

‘The warning message of is not displayed for this warning.

6-94 @



Using The Waveform Calculator—7854

erereeng enn)

Program memory will hold a maximum of 920 (commands plus line numbers), 2000

with Option 2D 1, and a maximum of 1000 program lines. If the program memory is

full and you attempt to enter an additional command: (1) The ERROR indicators will

light; (2) the audible warning tone will be issued if the AUDIBLE ERROR/WARNING

switch is ON; (3) the display will blink; and (4) commands other than CLL (Clear

Line), CLP (Clear Program), or EXECUTE, will not be accepted.

PROGRAM MODES

Three program modes are provided with the Waveform Calculator: (1) The Entry

mode in which commands are not executed but are instead stored in program

memory for later execution; (2) the Edit mode which allows the deletion and

rearrangement of entire lines of programmed commands; and (3) the Execute mode

which allows the processor to automatically execute the programmed commands.

THE ENTRY AND EDIT DISPLAYS

The edit prompt, , indicates where the program can be currently accessed for entry

or editing and is displayed at the start of the program line printed on crt display line

8. This program line (which is preceded by the edit prompt) is called the current

program line when entering or editing a program. The end-of-program line is the

blank line following the last assigned program line.

The Entry and Edit modes override the CRT DISPLAY commands to display up to 16

lines of program. The current program line is printed on display line 8 with the

previous seven program lines displayed above this, and the subsequent eight

program lines displayed below. Program lines are assigned line numbers after an

entered line is terminated. A typical! program display is shown in Figure 6-2.

2873-351

Figure 6-2. A typical program display on the 7854 Oscilloscope.

1 Applies only to instruments with serial numbers below B085121. For instruments with

serial number B085121 and above, features previously provided by Option 2D are standard.
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THE ENTRY MODE

The program Entry mode is invoked by the first programmable command received

by the processor following either the PROG (Program Entry) command or an edit

command. lf a program is not already stored, only the edit prompt and the

mnemonic of the last received command will be displayed (see Fig. 6-3); otherwise,

a one-line space is opened in the program prior to the current program line, and the

edit prompt and newly entered command mnemonic are displayed at the start of this

new program line (see Fig. 6-4). Any additional programmable commands issued

are sequentially added to the command group of the current program line. The Entry

mode can be identified by the absence of a line number before the command group

of the displayed current program line. To leave the Entry mode simply issue any of

the program edit commands or the EXECUTE command.

2873-352

Figure 6-3. Example of the program Entry mode without previously stored programs.

2873-353

Figure 6-4, Example of the program Entry mode with a previously stored program.
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THE EDIT MODE

The program Edit mode is invoked by issuing CLL (Clear Line), «°: © (Clear Program),

PREV (Go to Previous Line) or NEXT (Go to Next Line) when in the Entry mode; or by

issuing the PROG command when in the Execute mode if a program is already

stored. The Edit mode (see Fig. 6-5) is distinguishable from the Entry mode by the

line number between the displayed edit prompt and the command group of the

current program fine. The Edit mode is exited by issuing the EXECUTE command or

by invoking the Enter mode.

2873-354

Figure 6-5. Example of the program Edit mode.

THE EXECUTE MODE

The Execute mode is invoked, only after a program has been stored in the program

memory, by issuing either RUN, , or STEP following the EXECUTE command.

The Execute mode is made up of two distinct states: (1) The Run state which is

entered by executing the RUN or command, and (2) the Step state which is

entered by executing the STEP command. Before invoking either state of the

Execute mode (and after leaving the Enter or Edit mode with the EXECUTE

command) the processor is in the “idle” state. While in the idle state, the processor

will only execute directly issued commands from the keyboards or the GPIB.

STOP is the only directly issued command which will be accepted during the Run or

the Step state; all other directly issued commands are ignored. The 7854 returns to

the idle state after executing a stored STOP command or by a directly issued STOP.

An error, or a warning occurring in the Step state, will also return the processor to

idle.
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AN INTRODUCTORY PROGRAM

The exercises given here are intended to acquaint you with the program entry

display and will not go into the details of command operation.

This introductory program will average a real-time signal 75 times, store the

averaged waveform in 3 WFM, measure the peak-to-peak amplitude of the

waveform and place this amplitude in constant register 1 (1 CNS). Then a window

from +1@% to -18% of the peak-to-peak amplitude is computed; the 119% amplitude

value is stored in 2 CNS and the 98% value in 3 CNS. The input signal is then

averaged again and the present peak-to-peak amplitude is compared with the 118%

and 98% limits.

To do this manually you would first set up the desired real-time display and then

issue the following commands:

75 3 oe (*WEM } Average and store the
selected waveform in 3

WFM.

1 #8 (CocNs) Measure the P-P
amplitude and store in

1 CNS.

1 1.1) 2 @ CCns) Compute 118% value
and store in 2 CNS.

1 8.9 @ 3 oS] Compute 98% value and
store in 3 CNS.

(CAvGia ) (PP) 4 GB CCNS) Average the input
signal (only 1@ times,

for speed) and place

the P-P value in 4

CNS.

2 CCNS Compare if the present

P-P value is greater

than the 118% limit

value.

3 CCNS ) 4 CCNS ) (IFy>x) Compare if the 98%

limit is greater than the

present P-P value.

Now, let’s enter the introductory program into program memory.
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ENTERING THE PROGRAM

Perform steps 1 through 5 of the procedure for Obtaining a Scope Display given in

Section 4, Scope Display Mode Information.

Press Display Comments
pre enen Hens The program Entry mode

: i is invoked. The edit

prompt is displayed at

: : the start of display line

@BCinNN} 291 _ The start of this program

: : is identified with a tabel

(L@1). Notice that the :

mnemonic was only

an _ displayed until the shift

: ‘ : function was issued.

NOTE

All new commands used in this exercise will be discussed in detail

later in this section.

: advanced to the next
program line. Notice that

the line number (@ee)

has been added to the

previous program line.
(7008 Ld!

Exercise continues on next page
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ENTERING THE PROGRAM (Cont)

Press Display Comments

SCOPE The mnemonics of the

7 issued commands are

Vertical Mode: : entered into the

LEFT . . command group of the

current program line.

Spaces separate adjacent

commands (except

adjacent numeric

commands). This

command group will

initialize the real-time

display.

Horizontal Mode:

Notice that the mnemonics° Hs "2 are displayed to indicate

the selected vertical and horizontal modes. (All settings of the

VERTICAL and HORIZONTAL MODE switches are programmable; see

the Glossary in section 1 for mnemonics.)

OFF Initialize the cursors by

NEXT 7 assuring that they are

turned off. The NEXT

terminates the line and

advances the edit

prompt.
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ENTERING THE PROGRAM (Cont)

Press Display Comments

75 3 Enter the commands to

#3 an : - : average and store the

; waveform. Notice that

NEXT ' the space between the

and__is suppressed.

1 | Attempt to enter the

we : remaining commands of

were . the program. Although

1 1.1 a i this is a more efficient

use of the program

memory, this will make

editing a program more

difficult and is done here

to demonstrate the

automatic NEXT which

occurs when the line

length of 35 characters

is exceeded. Notice that

the processor terminated

the full program fine,

advanced the edit

prompt, placed the

offending command in

the new current program

line, and issued a

warning’.

@2

1

Exercise continues on next page

‘The warning message of : is not displayed for this warning.
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ENTERING THE PROGRAM (Cont)

Press Display Comments

0.9 G 3 ee Enter the commands to

compute and store the

a : 98% limit.
NEXT 7

C.LNN } , - Enter the commands to

(AVGIO) average the input signal

92 LAVGIO and store the P-P value
4 i in 4 CNS. The label ()

will be used as the start

‘ of the loop.

NEXT

2 Compare the present P-P

value to the 119% limit.

: If the P-P value is greater

STOP ‘ the program will stop.

NEXT
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ENTERING THE PROGRAM (Cont)

Press Display Comments

3 eee Compare the 98% limit to

4 (cNS . the P-P. If the P-P value

} is less the program will

IFY>x ; Ace FE stop. Notice that line

© 3° Skuse “eye 4 BG is no longer

STOP _ displayed, although it is
NEXT retained in program

memory.

2 Wa (81) lf the present P-P value

DONG | is within the monitoring

GOTO limits, the program will
NEXT return to label 1@2 and

continue executing

commands from there.

STOP The end of this program

‘iycocu > ig identified with a STOP.

The introductory program is now stored in the 7854 program memory and can be

executed at any time.
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EXECUTING THE PROGRAM

To execute the introductory program now stored in the 7854, first invoke the idle

state by pressing (_EXECUTE J. The processor now returns display control to the

previously selected CRT DISPLAY mode (SCOPE).

NOTE

The PROG and EXECUTE functions are issued with alternating

actuations of the (PROGRAM ENTRY/EXECUTE ) key.

Now connect an 8-volt (peak-to-peak), 1-kHz sine wave to the input of the LEFT

VERT amplifier unit from a function generator. (Recommended type: TEKTRONIX

FG 5@3 Function Generator used with a TM 5@@ Power Module.)

Set the LEFT VERT amplifier unit to display about 4 divisions of signal centered

around the center horizontal graticule line.

To execute the program from the first command of line Q8@:

Press Display Comments

| eee eee The program is executed
command-by-command

beginning with the first

command of line GGG.

The lighted BUSY

i indicators are the only

re indication that you will

have that this program is

executing.

Vary the output amplitude of the function generator until the BUSY lights go out.

Verify that the program has been executed by first setting the STORED INTensity

control to quarter range. Now:

Press Display Comments

STORED - The contents of @ WFM

are displayed. Notice that

the current program line

number (* =) is

displayed in display fine

16 near the right edge of

the graticule. This

indicates which program-

med STOP caused the

interruption.
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CLEARING THE PROGRAM

To clear the entire contents of the program memory, which in this case is the

introductory program, first return to the Edit mode by pressing {_PROG }. Then:

Press Display Comments

Ga CP} “A warning’ is issued and
the crt displays only the

statement ”

{

NEXT The program memory is

° cleared.

If after the CLF is issued you don’t want to clear the program memory, simply issue

any command other than NEXT and the CLP command will be aborted.

If you have more than one program stored and you want to clear a selected program

and not the entire program memory, use the CLL (Clear Line) command as described

later under Editing a Program.

CLP Operation: The CLP command must be followed with the NEXT command in

order to clear the program memory. After the CLP command is issued the display

shows only the statement: «5.5 tf p Te cree ane ms

If the following command issued is not NEXT, the CLP command is aborted.

CLP Restrictions: If the CLP command is not issued in the Edit or Entry mode,

CLP ERROR results.

‘The warning message of : 4 is not displayed for this warning.
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PROGRAMMING TECHNIQUES

In the Introductory Program exercises just performed, you entered and executed a

program that computed a +18% amplitude window for a waveform. This program,

when entered into the program memory, consisted of the following four major parts:

(1) The beginning, (2) the initialization, (3) the body, and (4) the ending. All 7854

programs should contain these four parts, although they need not be entered

sequentially due to the power of such programming features as branches and

subroutines. However, we recommend that you try to keep these parts sequential in

the program memory until you are comfortable with 7854 programming. Flowcharts

should be used when writing programs to keep track of the different parts of the

programs.

FLOWCHARTS

A flowchart should be used when writing a program to outline the process used by

the program to solve a problem. With up to 1888 program lines available, you could

quite easily get lost while creating a long program. A flowchart, in addition to

documenting your program, will help you design programs by breaking them into

smaller groups of commands.

Flowcharting symbols vary from source to source; however, in this manual we will

use ovals to represent the beginning and end of a program or routine, and

rectangles to represent groups of commands. Diamonds will be used to represent

decisions where a choice of two outputs can be made.

You can make your flowcharts as basic or as detailed as you like. At times your

flowchart may exactly duplicate the programmed commands; and at other times,

having several command groups represented by a single block in the flowchart

could be more useful.

Flowcharts should be drawn linearly, from the top of the page to the bottom,

reflecting the flow of the program from beginning to end. Use the flowcharts given

throughout the rest of this section to help you understand the features of

programming with the 7854. Then draw your own flowcharts to help you write, edit,

and document your programs.

Figures 6-6 and 6-7 both show flowcharts for the Introductory Program. Neither is

more correct than the other; however, the flowchart shown in Figure 6-7 would be

more help in creating a specific program. Make your flowcharts as detailed as

required to aid in documenting your programs or routines. Figure 6-8 gives a

flowchart for a pulse-measuring program.
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BEGIN

INITIALIZE DISPLAY

Y

STORE REFERENCE WAVEFORM

AND AMPLITUDE LIMITS

Y

MONITOR INCOMING

SIGNAL

STOP

2873-371

Figure 6-6. Basic flowchart of the introductory program.
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SETUP REAL-TIME DISPLAY

Y
TURN OFF CURSORS

Y
AVERAGE AND STORE

REFERENCE WAVEFORM

Y
COMPUTE 110% AND 90%

AMPLITUDE LIMITS; STORE

IN CONSTANT REGISTERS

7aaa

Y

AVERAGE INCOMING

SIGNAL; MEASURE ITS

P-P VALUE

IS P-P

VALUE

GREATER

THAN 110%

LIMIT?

IS P-P

VALUE

LESS THAN

110% LIMIT

2873-372
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SETUP REAL-TIME DISPLAY:

LEFT AND B

]TURN OFF cursors |

| STORE AND DISPLAY PULSE WAVEFORM |

| MEASURE PULSE MAX VALUE |

| TURN ON cursor 1 |

i SET VCRD TO MAX VALUE |

| STORE HCRD OF MAX POINT |

| RETURN CURSOR 1 TO POINT 0 |

} TURN ON CURSOR 2]

| SET CURSOR 2 TO MAX POINT. |

| MEASURE AND STORE RISE |

[ MEASURE AND STORE FALL |

| MEASURE AND STORE DELAY |

| MEASURE AND STORE WITH |

(stor ) 2873-373

Figure 6-8 Flowchart for the basic pulse-measuring program.
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DEFINE PROGRAM BEGINNING

The beginning of every program or routine should always be defined with a label.

Labels permit you to have up to 1@@ uniquely labeled routines (labeled from LOG to

3) In program memory. These routines can be executed in any order desired. For

best visual identification of the beginning, don’t place any additional commands on

the same line. Also, always document the use of each label in program memory as

you assign it, since labels can also be used as targets for branches. Be careful not to

assign the same label more than once in the program memory because the

processor will only find the first occurrence of the label and will ignore any others.

PROGRAM INITIALIZATION

Normally a program or routine will require that certain features (such as the vertical

and horizontal modes, the display mode, the stack, the cursors, etc.) be preset to a

known condition. This is called initialization and, whenever possible, should be done

with programmed commands. Obviously not all features can be set or selected with

programmed commands and these will have to be set manually. But, in any case, all

initialization should be done prior to executing the program and should be

documented thoroughly. A properly initialized program will result in far less errors

and mistakes due to improper operands than will a program which was not properly

initialized.

THE PROGRAM BODY

The program body consists of the commands executed between the program

beginning and ending which either solve a specific problem or process specific data

in a predetermined order. The program body could use such features as branches,

loops, or subroutines; or it may not use any of these. Whether or not the program

body makes use of these programming features will depend upon what the program

is to accomplish, as well as your familiarity with these features.

The program body will also include commands to allow you to “view” the program

when it is executing, as well as commands to help locate program mistakes (debug).

Unconditional Branching

The stored GOTO (Go To Program Line) command is used to transfer program

execution to a specified program line, and should always be used in conjunction

with the LBL (Return Label) command. For example, if the processor is executing

a program and encounters “6 GOTO”, execution is immediately transferred to

the first command of program line 886. However, if the processor encounters

" cio27ti" execution is transferred directly to the first command of the line

containing label L@6, no matter what program line label L@6 is in. When a GOTO
command is used to transfer program execution as just described, this is called an

unconditional branch.
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Looping

When program execution is branched to a previous program line, the branch is

referred to as a loop. A loop was used in the Introductory Program to repeatedly

store and monitor the amplitude of the incoming signal. When used in this manner,

to continually update data or perform calculations, the loop is a powerful

programming feature.

Conditional Branching

Two commands are available which give the processor the ability to make decisions

based on the comparison of the contents of the Y and X registers. These commands,

IF¥>xXand IF.¥=) when stored in a program, will transfer execution based on the

results of the comparison. Sf the specified condition is TRUE, program execution

continues with the next command; if FALSE, execution continues with the first

command of the next fine.

Subroutines

When a group of commands is to be executed several times throughout the

program, consider using a subroutine. The GSB (Go to Subroutine) command is

used like the GOTO command to transfer program execution to a specified line

number, and should also be used in conjunction with the LBL command to branch

to the start of the line containing the specified label. However, unlike the GOTO

command, when the program next encounters a RTN (Return) command, execution

is transferred back to the command following the calling GSB. Execution then

continues sequentially through program memory.

Subroutines can contain a loop, or can be executed as part of a loop. Also, a

subroutine can call another subroutine; this is known as “nesting”. Subroutine

nesting is limited by the number of RTNs that the processor can keep pending. !n

the 7854 up to 1@ subroutines can be nested. However, when using subroutines

keep in mind that whenever the end-of-program line is reached by the processor,

the subroutine return register is cleared.

DEFINE PROGRAM ENDING

The program ending should be defined with a programmed STOP. When the

processor is executing a program and encounteres a stored STOP command,

execution is halted and the processor goes to the idle state. A label accompanying

the STOP can be used to differentiate between the end-of-program STOP and other

stored STOPs. This is most useful when searching for program mistakes

(debugging). Again, be sure to document the use of the assigned label(s).
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WRITING A PROGRAM

The process used to write any program can be separated into the following four

steps: (1) Define the program objective (2) detail the intended flow of the program

with a flowchart (3) translate the flowchart statements into specific commands, and

(4) enter the program. The following exercises will illustrate this process. The

location of the keys demonstrated here are shown in Figure D, blocks 1 and 19.

CREATING A PULSE-MEASURING PROGRAM

The first step when writing any program is to define the objective. We will now

create a program to store a selected pulse waveform; then measure and store the

associated RISE, =A4Li, DELAY, and WIDTH parameters.

Now that the program objective ts defined, we need a flowchart. Try to be as specific

as possible when making flowcharts to aid yourself in translating the flowchart into

specific 7854 commands. Figure 6-8 is a flowchart for our pulse-measuring

program.

After you are satisfied that your flowchart is as complete and detailed as you

require, translate the flowchart statements into specific command groups. Let's

now do this for our pulse-measuring program:

Flowchart Commands Comments

Statements

Begin a ft) Assign label : > to the

program beginning.

Setup real-time SCOPE Select the real-time

display: LEFT Vertical Mode: (_LEFT LEFT VERT and B HORIZ

and B. Horizontal Mode: (B) compartments for display.

Turn off cursors OFF

Store and display 2 Acquire the real-time

pulse waveform. a pulse and store in

STORED 2 WFM; select STORED

display.

Measure pulse MAX 7) Measure MAX and store

point. va value in @ CNS.

Turn on Cursor 1. 2 i CRS1}
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Flowchart

Statements

Set VCRD to MAX

value.

Store HCRD of MAX

point.

Return Cursor 1

to point @.

Turn on Cursor 2

Set Cursor 2 to

MAX point.

Measure and store

RISE.

Measure and store

FALL.

Measure and store

DELAY.

Measure and store

WIDTH.

STOP

Commands

2 Ccns)

Cac)1
Ga Ccns)

® @@ Cucro)

1 Cons)

(RISE)2

Ga (FALL)3

(DELAY)4

WIOTH } 5

@a (cNs

Comments

Return MAX value from

@ CNS to X register;

set Cursor 1 to the MAX

point by changing the

to this value.

Store position of MAX

point in 1 CNS.

Return Cursor 1 to point

@ by setting the

to

Return position of MAX

point from 1 CNS to

X register; move Cursor 2

to this position by

changing the

Store RISE time in

2 CNS.

Store FALL time in

3 CNS.

Store DELAY time in

4 CNS.

Store WIDTH in 5 CNS.

Identify end-of-program

with STOP.

Now you’re ready to enter the program into the 7854 program memory.

6-113



Using The Waveform Calculator—7854

deseen ennnnnnnnetiesenee eee. |

ENTERING THE PULSE-MEASURING PROGRAM

NOTE

A complete listing of the entered program is given at the end of this

exercise in Figure 6-9. Consulting this listing while entering the

program may be helptul.

Press 
Comments

PROG 
Invoke the Edit mode.

&a a4) Enter label L@@ to identify
the program beginning.

LNN Operation: The LNN command, when executed, starts a label in the program.

This command must be followed by two digit commands to complete the label.

Initially the label is displayed as LNN; however the first N is then replaced with the

first digit entered, and the second N with the second digit.

LNN Restrictions: The LNN command is executed only when the processor is in

the program Entry mode, and must be followed either by the CLL (Clear Line)

command or by two successive digit commands. Otherwise, LNN ERROR is issued,

although the message is only displayed in the STORED or BOTH modes.

Continue entering the program:

Press Comments

NEXT Advance the edit prompt

to the following program

line. A warning’ is

issued whenever a new

line is started.

NEXT Operation: When the NEXT command is issued in the Entry mode, the entry

line is terminated (line number assigned), and the edit prompt is advanced to the

next program line. If the NEXT command is issued in the Edit mode, the edit prompt

is advanced to the next program line.

If the (_NEXT_)} key is held down after the initial actuation, the edit prompt

increments through the existing program lines (if any) toward the end-of-program

line.

'The warning message of XXX WARNING is not displayed for this warning.
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ENTERING THE PULSE-MEASURING PROGRAM (Cont)

Automatic NEXT Operation: Whenever a command is issued which causes the

program entry line to exceed the 35 character line length limit, an automatic NEXT

is executed. At this time a line number is assigned to terminate the full line, a new

line is started with the last entered command, and a warning’ is issued.

NEXT Restrictions: The NEXT command is executed only in the Entry or Edit

modes, and only if the current program line is not the end-of-program line.

NEX ERROR is issued if any of these restrictions are violated, although the error

message is only displayed if the command was issued over the GPIB while in the

Execute mode.

Now, enter the remaining commands of the pulse-measuring program (using the

NEXT to separate command groups) by pressing:

(_SCOPE_) CLEFT} of VERTICAL MODE of HORIZONTAL MODE (_NEXT,

2 @® Cwrm) (Stored) (Next)

® @B Ccns) (vex)

@@ CcrRs1) Cnext)

@ Wa (vcRD_.) (next)

HCRD) 1 @@ (-CNS_) (NExT)

@ @B CoxcrD) CNextT)

(_CRS2-1 ) (NEXT)

1 CONS) @B C-HcRD) CvexT)

2 @@ CCNS) CXExXT)

"The warning message of XXX WARNING is not displayed for this warning.
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ENTERING THE PULSE-MEASURING PROGRAM (Cont)

2 < 3

4

5

The pulse-measuring program is now stored in program memory.

888 1e8C

81 SCOPE VMDOL HMDB

082 OFF

693 AQR 2 >WFM STORED

@84 MAX 6 >CNS

905 CRS1

986 98 CNS >VCRD

997 HCRD 1 >CNS

698 @ >HCRD

999 CRS2-1

818 1 CNS >HCRD

g11 RISE 2>CNS

@12 FALL 3>CNS

813 DELAY 4°>CNS

914 WIDTH 5 >CNS

915 STOP
2873-375

Figure 6-9. Listing of the basic pulse-measuring program.
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EXECUTING A PROGRAM

As previously explained, a 7854 program can be executed in either of two states:

Run or Step. The following exercises demonstrate the use of each state. Figure D,

block 19 shows the location of the keys demonstrated here.

STARTING THE PULSE-MEASURING PROGRAM

With the pulse-measuring program stored in the program memory, return to the idle

state by pressing (_EXECUTE ).

Connect an 8-volt (peak-to-peak) 1-MHz square wave to the LEFT VERT amplifier

unit from a function generator. (Recommended type: TEKTRONIX FG 5@3 Function

Generator used with a TM 5@@ Power Module.)

Set the B HORIZ time-base unit for a 108 nanosecond/division sweep rate using a 1

microsecond/division setting with X1@ magnification.

If necessary, return to the SCOPE display mode by pressing {_SCOPE J.

Adjust the deflection factor of the LEFT VERT amplifier unit to display about four

divisions of signal. Vertically center the display.

Using the B HORIZ position control, position a positive-going pulse to horizontal

center.

Run the pulse-measuring program from the first command of line @8O by pressing

@B (START ). When the program is finished, the display will appear similar to

that shown in Figure 6-10.

2873-377

Figure 6-10 Typical display after executing the pulse-measuring program.
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STARTING THE PULSE-MEASURING PROGRAM (Cont)

START Operation: When the START command is directly issued with the

processor in the idle state, the processor goes to the Run state and begins executing

the program with the first command of line @@@. If a stored START command is

encountered when the processor is in the Run state, program execution is

immediately transferred to the first command of line @@0. However, if a stored

START command is encountered when in the Step state, program execution is

halted and the processor returns to the idle state with the edit prompt set to line

900. All START commands clear the subroutine return register (the register used

for tracking RTN commands).

Restrictions: If the command is directly issued but a program is not

in the program memory, STA ERROR is issued.

RUNNING THE PULSE-MEASURING PROGRAM

When more than one routine is in program memory and you want to execute a

selected routine which does not begin at line @@0, you must first set the edit prompt

to the beginning of the desired routine. Although this can be done manually in the

Edit mode, if you have assigned a label to specify the beginning of the program,

using directly issued LBL and GOTO commands can be quicker.

For example, at this time the edit prompt is at program line 015, and we want to

execute the program which begins with label L@@. (Although in this case the label is

at line 008, it might not always be at this line number.)

Press Comments

o @R (.BL) The displayed program

status changes from

PL 15 to PL @ to

indicate that the edit

prompt has moved to

line @@8, which is the

first occurrence of label

LOG. GOT WARNING is

issued if the constant in

the X register was

greater than the last

assigned program line

number. Also, this

causes the edit prompt

to be set to the blank

end-of-program line, the

program line number to

be blanked from the

STORED or BOTH

display, and the

processor to return to

the idle state.
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RUNNING THE PULSE-MEASURING PROGRAM (Cont)

At this time you can execute the program beginning with the first command of the

current program line by pressing (_RUN_}. Notice that the pulse-measuring

program is again executed.

Bi Operation: The program line number containing the first occurrence of the

label specified in the X register is returned to the X register.

LBL Restrictions: The X register must contain a constant which, when rounded to

the nearest integer, is from @ to 99 (inclusive) and represents a label which occurs

at least once in the program memory. is issued if either restriction is

violated prior to execution of the LBL command.

GOTO Operation: When the GOTO command is directly issued, the edit prompt is

moved to the program line specified by the number in the X register; but, the

processor remains in the idle state. When a stored GOTO command is encountered

with the processor in the Run state, program execution is continued at the first

command of the program line specified by the number in the X register. However,

when a stored GOTO command is encountered in the Step state, the edit prompt is

then moved to the program line specified in the X register.

GOTO Restrictions: The X register must contain a constant which, when rounded

to the nearest integer, is from @ to 999 inclusive. is issued if this

restriction is violated prior to execution of the GOTO command.

RUN Operation: The processor goes to the Run state of the program Execute mode

when the RUN command is executed. Stored commands are sequentially executed

in the Run state.

RUN Restrictions: If the RUN command is issued when the edit prompt is at the

end-of-program line, or when a program has not been stored, is

issued and the processor will not go to the Run state.
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STEPPING THROUGH THE PULSE-MEASURING PROGRAM

Programs can be executed one line at a time by using the Step state of the Execute

mode. Set the edit prompt to the beginning of the pulse-measuring program by

pressing @ we GOTO ).

To Execute the command group of the current program line:

Press Comments

STEP The command group of

the current program line

is executed. Since the

ony command on this

line was a label, the

i NAb mnemonic is

displayed and the edit

prompt is advanced a

line as indicated by

issued if the edit prompt

is at the end-of-program

line.

Continue stepping through the pulse-measuring program with the (STEP ). The
display will change to the real-time pulse, and (after two more STEP commands) will

reacquire and display the stored pulse. Refer to the listing given in Figure 6-9 as

you step through the program to verify that the program is indeed being executed by

command groups.

Notice that when you reach program line 15 execution is stopped by the stored

STOP command. If is pressed again, the processor finishes executing any

commands remaining on this line. The next brings us to the end-of-

program line where is issued.

STEP Operation: The processor goes to the Step state of the program Execute

mode when the STEP command is executed. This command is not programmable. In

the Step state, the commands on the current program line are sequentially

executed, the edit prompt is advanced to the next line, and the processor returns to

the idle state. However, if the line contains a stored STOP or RUN command, the

processor will either stop or switch to the Run state, respectively.

NOTE

The STEP command will not terminate numeric entry into the X

register.
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EDITING A PROGRAM

The editing commands of NEXT, PREV, and CLL are provided to aid you in altering

programs already stored in program memory without necessitating a complete re-

entering of the altered program. If, however, the existing program is to be drastically

changed, you may want to use the ~-" command to clear the program memory and

then enter the newly written program. These exercises will demonstrate the editing

commands, as well as the conditional statements (’~ and IFY>X) and the

subroutine commands (GSB and ***:). The location of these keys are shown in

Figure D, block 19.

ALTERING THE PULSE-MEASURING PROGRAM

Figure 6-11 shows a modified flowchart of the pulse-measuring program. We have

added a loop to the flowchart which will stop the program after executing it ten

times, and we are now going to alter the existing program to do the same.

Perform the previous exercise for Stepping Through a Program. Then return the

existing program to the display by pressing (_PROG J.

Manually move the edit prompt back through the existing lines to line @@2 by

pressing and holding the {_PREV_)} as necessary.

PREV Operation: The edit prompt is backed to the previous program line. If the

PREV command is issued in the Entry mode, the current program line is terminated.

If the key is held down, the edit prompt will decrement through the

program lines until released or until line @@@ is reached.

PREV Restrictions: If the PREV command is directly issued in the Execute mode, or

if the current program line is @@@, ©": “= =" is issued. The error message will

only be displayed in the STORED or °°" mode.

To enter the commands which will initialize the loop counting register (6 CNS):

Press Comments

@ (CENTER) 6 : This will place a @ in
6 CNS when the program

is first run. Notice that a

new entry line was

opened prior to what had

been line @@3. The newly

issued commands are

entered here.

Exercise continues on next page
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| seTuP REAL-TIME DISPLAY LEFT AND B |

| SET LOOP COUNTING REGISTER (6 CNS} TO @ |

y

ASSIGN LABEL (L@2} TO ACTUAL START OF

PULSE STORING AND MEASURING COMMANDS

MEASURE PULSE MAX

TURN ON CURSOR 1

SET VCRD TO MAX VALUE

| STORE HCRD OF MAX POINT ]

| RETURN CURSOR 1 TO POINT @ |

TURN ON CURSOR 2

[ set cursor 2 To max paint |

| MEASURE AND STORE RISE |

[ MEASURE AND STORE FALL |

| MEASURE AND STORE DELAY |

[MEASURE AND STORE WIDTH|

(INCREMENT LOOP COUNTING

REGISTER BY1

HAVE

10 LOOPS

OCCURRED

?

2873-379

Figure 6-11. Flowchart for the pulse-measuring program using a loop.
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ALTERING THE PULSE-MEASURING PROGRAM (Cont)

Now, terminate this entry line and advance the edit prompt to the following line by

pressing (_ NEXT_). Then:

Press Comments

CLNN}) @2 (OFF) The label L@2 is assigned

to the start of the

commands to store and

measure the pulse. Add

the command to turn off

the cursors.

Remove the duplicated OFF command by pressing |_NEXT. (_ CLL _). Notice that

the line containing the duplicated OFF command has been deleted, and that the

following command groups have all been moved up one line to close the gap.

CLL Operation: When the CLL command is issued the commands on the current

program line are removed and all command groups following it are moved up one

line.

CLL Restrictions: If the CLL command is issued when the processor is in the

Execute mode, or when the edit prompt is at the end-of-program line,

is issued. The error message is only displayed in the STORED or BOTH modes.

Advance the edit prompt to what is now program line @16 by pressing and holding

down the NEXT}. To increment the loop counting register and add the

conditional loop: .

Press Comments

6 1 6 Ga This will increment

6 CNS by 1.

6 18 The contents of 6 CNS

2 rf) will be compared with

the value of 1. If they

are equal the program

will stop; otherwise

program execution is

transferred to label L@2.

Exercise continues on next page
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ALTERING THE PULSE-MEASURING PROGRAM (Cont)

IFX=y Operation: When the {Fx=) command is executed, the processor compares

the contents of the X register to that of the Y register. If both registers contain

constants at the time of the comparison, the result is TRUE when the constants

have identical values. If both registers contain waveform memory addresses, the

processor compares corresponding pairs of points on the referenced waveforms

(between cursors, if on); the result is TRUE when the difference between all

compared points is zero. If one register contains a constant and the other contains a

waveform memory address, each point of the waveform (between cursors, if on) is

compared to the constant value; the result is TRUE when al! compared waveform

points do not vary from the value of the constant. Scale factor units are ignored if

they differ. After execution of a stored IFx=) command, program execution

continues normally with the next command if the result was TRUE. Otherwise,

program execution continues at the start of the next program line (if comparison

results are FALSE). Test results, RUE or FALSé, are displayed in line 16 of the

STORED or BOTH mode.

A complete listing of the pulse-measuring program with a conditional loop is given

in Figure 6-12.

988 LOB

981 SCOPE VMDL HMDB

9682 9 ENTER 6 >CNS

993 1682 OFF

684 AQR 2 >WFM STORED

685 MAX @ >CNS

9686 CRS1

987 9 CNS >VCRD

988 HCRD 1 >CNS

889 @ >HCRD

918 CRS2-1

611 1 CNS >HCRD

812 RISE 2 >CNS

913 FALL 3 >CNS

914 DELAY 4 >CNS

815 WIDTH 5 >CNS

616 6 CNS 1+ 6 >CNS

917 6 CNS 128 IFX=¥ STOP

918 2 LBL GOTO

919 STOP
2873-380

Figure 6-12. Listing of the pulse-measuring program with a loop.

Execute the modified program by pressing (EXECUTE) @ (START |. When

the program stops, check the contents of 6 CNS (the loop-counting register) by

pressing 6 to verify that the loop was executed 1@ times.
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USING SUBROUTINES

The commands used in the pulse-measuring program to position Cursor 1 to point 8

and Cursor 2 to the MAX point could be useful for other programs; so let’s put them

in a subroutine that can be accessed by other programs. Also, let’s add a subroutine

which will monitor the amplitude of the pulse and stop the program when the

amplitude is not between 7 and 9 volts (peak-to-peak). Figure 6-13 gives a flowchart

for the main program, Figure 6-14 gives one for the cursor-positioning subroutine,

and Figure 6-15 gives one for the amplitude-monitoring subroutine.

To avoid possible confusion we will completely re-enter the new version of the

pulse-measuring program. So clear the present program from the memory by

pressing (PROG) @B|

Again, translate the flowchart of Figure 6-13 into specific command groups and

enter them into the 7854 by pressing:

a CNN90 CHEXT)

SCOPE) VERTICAL MODE (CLEFT _) HORIZONTAL MODE NEXT

@ 6 @B CONS” (NEXT)

Wa “iNN) 02 (AOR) 2 Be (STORED) (_NEXT_)

3 @@ —ec > Cese) Wed)

GSB Operation: When the GSB is executed the edit prompt is moved to the line

specified in the X register. If the program was running at the time the GSB was

encountered, program execution is transferred to the first command of the specified

line. The subroutine return register is set to point to the next command following

the GSB.

NOTE

The GSB command will not terminate numeric entry.

GSB Restrictions: The X register must contain a constant which, when rounded to

the nearest integer, is from @ to 999 inclusive. Also, not more than 1@ levels of

nesting can be issued... § so) is issued if either restriction is violated;

although the error message is only displayed in the STORED or mode.

Exercise continues on next page
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SETUP REAL-TIME DISPLAY: LEFT AND B

i
SET LOOP COUNTING REGISTER (6 CNS) TO &

y I

ASSIGN LABEL, STORE AND DISPLAY PULSE

Y
POSITION CURSORS USING SUBROUTINE

Y
MEASURE AND STORE RISE

Y
MEASURE AND STORE FALL

!
MEASURE AND STORE DELAY

i
MEASURE AND STORE WIDTH

Y
INCREMENT LOOP COUNTING REGISTER

HAVE

10 LOOPS

OCCURRED

?

2873-381

Figure 6-13 Flowchart of main body of the pulse-measuring program using subroutines.
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TURN CURSORS OFF

i
MEASURE PULSE MAX;

STORE IN @ CNS

i
TURN ON CURSOR 1

Y
SET CURSOR 1 TO MAX POINT

STORE MAX LOCATION IN 1 CNS

Y
RETURN CURSOR 1 TO POINT @

Y
TURN ON CURSOR 2

Y
SET CURSOR 2 TO MAX POINT

2873-382

Figure 6-14. Flowchart of the cursor-positioning subroutine.
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BEGIN

Y

MEASURE P-P VALUE OF 2 WFM;

STORE RESULT IN 7 CNS

IS

7 (VOLTS)

GREATER THAN

P-P VALUE?

IS

P-P VALUE

GREATER THAN

9 (VOLTS)?

2873-385

Figure 6-15. Flowchart of the ampiitude-monitoring subroutine.
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USING SUBROUTINES (Cont)

Continue entering the program by pressing:

2 @A@ (CNS) (NEXT)

2 —” 3 @a CcNns) CXEXT)

DELAY) 4 @@ © _cNS ) CNEXT)

WibTH) 5 8M (_CNS_) CNEXT)

6 CCNS) 1 6 @@ Ccns) (yext)

6 10 @@ Cipxv=:) GSToP) CNExT)

._}CGoTo_) (NEXT)

ee oR 01 CD

Now enter the cursor positioning-subroutine by pressing:

GH 93 CNEXT)

Cvax)o &@|CNS_) CNEXT)

7) ®a Cyvcrp) (next)

1 @8 ©_e€ns) (we)

Exercise continues on next page
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@ @@ (cHCRD) (NEXT)

((CRS2-1_) (NEXT)

1 (2HERO_) (NEXT)

@@ CRN)

RYN Operation: When the RTN command is executed, the edit prompt is moved to

the line holding the calling GSB command, and the next executed program

command (as indicated by the subroutine return register) is the one following the

GSB.

RTN Restrictions:

without a calling GSB.

is issued if the RTN command was executed

Refer to Figure 6-16 for a listing of the program memory at this time. Then run the

program. (Press (EXECUTE ) @%TM (START ),)

886 106

682 @ ENTER 6 >CNS

624 3 LBL GSB

985 RISE 2 >CNS

686 FALL 3 >CNS

@87 DELAY 4 >CNS

688 WIDTH 5 >CNS

811 2 LBL GOTO

@12 STOP L@1

013 L@3

014 OFF

@15 MAX 8 >CNS

916 CRS1

917 @CNS >VCRD

818 HCRD 1>CNS

819 @ >HCRD

028 CRS2-1

621 1 CNS >HCRD

@22 RTN

981 SCOPE VMDL HMDB

683 L@2 AQR 2 >WFM STORED

999 6 CNS 1 +6 >CNS

918 6 CNS 1@ IFX=¥ STOP

2873-383

Figure 6-16 Listing of pulse-measuring program and cursor-positioning subroutine.
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USING SUBROUTINES (Cont)

Now, let’s enter the amplitude-monitoring subroutine to be nested within the

cursor-positioning routine.

First press (PROG ) to return to the program Edit mode. Now advance the edit

prompt to tine @22 with the (NEXT ). Enter the calling commands by pressing 4

Ga (GSB). Advance the edit prompt, again by using the ( NEXT ), to

the end-of-program line.

Now enter the amplitude-monitoring subroutine by pressing:

CUNN) @4 (NEXT)

2 Gwe) (82) 7 @@ Ccns”) Cyext)

7 CENTER ) 7 (CNS) (IF¥>x_) (STOP) (NEXT)

7 CCNS_) CENTER) 9 CIEV>x_) (STOP) (NEXT)

@@ Cam)

A complete listing of both subroutines is shown in figure 6-17.

813 163

G14 OFF

915 MAX @ >CNS

016 CRS1

617 @ CNS >VCRD

618 HCRD 1 >CNS

919 @ >HCRD

826 CRS2-1

921 1 CNS >HCRD

922 4 LBL GSB

923 RTN

024 L@4

@25 2 WFM P-P 7 >CNS

026 7 ENTER 7 CNS IFY>X STOP

@27 7 CNS ENTER 9 IFY>X STOP

928 RIN 2873-386

Figure 6-17. Listing of the cursor-positioning and amplitude-monitoring subroutine.

Exercise continues on next page
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USING SUBROUTINES (Cont)

IF¥>xX Operation: When the IFy>x command is executed, the processor compares

the contents of the X register to that of the Y register. If both registers contain

constants at the time of comparison, the result is TRUE when the constant in the Y

register is more positive than the constant in the X register. If both registers contain

waveform memory addresses, the processor compares corresponding pairs of points

on the referenced waveforms (between cursors, if on); the result is TRUE when

even one point of the Y register referenced waveform is more positive than the

value of the corresponding point of the X register referenced waveform. If one

register contains a constant and the other contains a waveform memory address,

each point of the waveform (between cursors, if on) is compared to the constant

value; the result is TRUE when the value in the Y register (either constant or

referenced waveform point) is more positive than that in the X register.

After execution of a stored IF¥>X command, program execution continues normally

with the next command if the result was TRUE. Otherwise, program execution

continues at the start of the next program line. Test results, 7"''/" or "00, are

displayed in line 16 of the STORED or BOTH mode.

PROGRAM INTERRUPTIONS

In addition to having a program stop execution as a result of a decision, you will

often want to stop execution in order to input new data or to pause during execution

to view results. The stored STOP andPAUSE commands, or a directly issued STOP

command, can be used to interrupt program execution as demonstrated in the

following exercises. See Figure D, block 19 for the location of these keys on the

Waveform Calculator.

USING THE STORED STOP

When a stored STOP command is executed by a running program, program

execution stops.

To demonstrate, run the pulse-measuring program now in the 7854 program

memory:

Press Comments

(EXECUTE ) (START } The program is executed

and then stops when the

stored STOP is

encountered on line 81.

The processor returns to

the idle state. Notice that

the truncated mnemonic

of the command prior to

the stored STOP, plus

the status message

., are displayed

in line 16.
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USING THE STORED STOP (Cont)

Stored STOP Operation: When the processor encounters a stored STOP command

in either the Run or Step state, program execution is stopped. At this time the

processor returns to the idle state and displays the previously executed command

mnemonic (except STOP or PAUSE) plus the status message . If you press

(EXECUTE ) (| RUN_) without having moved the edit prompt, execution will begin

with the command following the STOP.

NOTE

The STOP command (stored or direct) will not terminate numeric entry

into the X register.

PAUSING TO VIEW PROGRAM RESULTS

The stored PAUSE command is used to “slow down” a program during execution to

allow you to view the displayed results. Executing a stored command will

momentarily interrupt the program execution. The length of the interruption can be

extended by storing two or more successive °°: commands.

Let’s now add stored PAUSE commands to interrupt the existing program after the

RISE, FALL, DELAY, and WIDTH commands.

Now move the edit prompt to line @05 using the | PREV_ J.

To add the PAUSE commands:

Press Comments

CRISE) @@MH (Pause: Bg oes Insert commands

2 Wa CONS) Ge) (a after RISE by entering

the new command group

and deleting the old line.

@a@ CFA) Wa Ceause: Ga. Insert commands

3 ®a CONS) GET) CD) after

(DELAY) @@ CPAUSE @g oo. Insert commands

after DELAY.
4 @WM C_cNs) (NEXT) (CLL)

a ( PAUSE ) Lf Cee Insert commands
5 Wa (CNS) (NEXT) CLL) after WIDTH.

Exercise continues on next page
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PAUSING TO VIEW PROGRAM RESULTS (Cont)

See Figure 6-18 for a listing of the main program at this time.

geo 188

881 SCOPE VMDL HMDB

682 @ ENTER 6 >CNS

9683 L@2 AQR 2 >WFM STORED

064 3 LBL GSB

685 RISE PAUSE PAUSE 2 >CNS

986 FALL PAUSE PAUSE 3 >CNS

887 DELAY PAUSE PAUSE 4 >CNS

988 WIDTH PAUSE PAUSE 5 >CNS

989 6 CNS 1+ 6 >CNS

818 6CNS 1@IFX=Y STOP

911 2LBLGOTO

912 STOPL@1
2873-384

Figure 6-18. Listing of the pulse-measuring program with commands added to view results.

PAUSE Operation: The PAUSE command interrupts all command execution for

approximately @.7 second.

NOTE

The command will not terminate numeric entry into the X

register.

Return to the Execute mode by pressing and then run the program

(press Ga ). Notice how the program execution is interrupted
following the RISE, FALL, DELAY, and WIDTH measurements for each of the 18

successively acquired pulses.

Of course, for the stored P&USE command to be effective, you must first format the

display to show the results you are interested in viewing.

THE DIRECT STOP

Another method used to interrupt a running program is to directly issue a STOP

from the keyboard(s). However, if program execution is to be continued after being

stopped, you must take care not to alter anything which is required for proper

continuation of the program. For example, the stack contents, numeric entry status,

cursor status or position, the subroutine return register, waveform memory and

constant register contents are all likely to change the outcome of the program if

they are altered. Therefore, you may want to avoid using direct STOPs.
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THE DIRECT STOP (Cont)

Direct STOP Operation: If the directly issued STOP occurs while the processor is

executing the AQR, AVG, AVG1@, AVG1@@, AVG18@8, or GND commands (stored

or direct), the executing command is prematurely terminated. Otherwise, the

processor completes execution of the current command. The processor then returns

to the idle state and the truncated mnemonic of the command executing when the

STOP was received, plus the - : gtatus message, is displayed in line 16 of the

STORED or BOTH mode. If program execution is then resumed with the RUN

command, execution begins with the command following the command during

which the STOP was received.

PROGRAM EXAMPLES

The following programs are provided as additional program examples. Only the

purpose and constraints of each program are explained since you should have a

working knowledge of the 7854 commands used in these example programs. Of

course, each of these programs can be modified to agree with prior assignments of

waveform memory or constant registers. Line numbers have been left off the

program listings given here so that you will not be unduly restrained in the use of

these programs.

PERCENT OF OVERSHOOT

This program wil! calculate the percent of overshoot of the operational waveform.

After execution, the percent calculated will be displayed in the X register, as well as

being stored in 1 CNS. Since this program calculates the percentage rate

independently of the VZR setting, the GND need not be set.

Constraints: The @% level of the operational waveform must be at the left edge of

the graticule, and the 180% level must be at the right edge of the graticule. Any

number of cycles can be displayed between these two points, provided that all

pulses are identical.

L@1

STORED 4 AVG

CRS 9 >HCRD

VCRD 2 >CNS

CRS2-1 HSCL 18 * ENTER

P/W / ~ >HCRD

MAX 2 CNS - VCRD / 1 - 188*

1 >CNS

STOP 1 LBL GOTO
2873-387

Figure 6-19. Program to calculate the percent of overshoot.
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PROPAGATION DELAY

The propagation delay between the first MID point of each of two signals will be

calculated and, after execution, displayed in the X register field. Also, the two

signals will be displayed on the screen after execution (and stored in 1 WFM and 2

WEFM).

Constraints: The vertical amplifier(s) must not be in the chop mode. The two input

signals must have at least one displayed transition (either positive- or negative-

going).

LG1 AQR STORED CLD

CRS1 @ -HCRD OFF

@ WFM MIN -.5 VXPD 1 >VZR

@ WFM 2 >WFM

1 WFM MIN -.5 VXPD 3CHS >VZR

@ WFM 1 >WFM

1 DSW 2 DSW

CRS1 2 WFM MID >VCRD HCRD 1 >CNS

1 WFM MID >VCRD HCRD 1 CNS - STOP 2873-388

Figure 6-20. Program to calculate propagation delay.

CONVOLUTION OF WAVEFORMS

This program will calculate the convolution between an input signal and the

impulse response. After execution the result of the convolution is displayed on the

graticule (and stored in @ WFM).

Constraints: The input waveform must be in 1 WFM and the impulse response

must be in @ WEFM prior to execution of this program. Also, to avoid time-domain

aliasing with nonperiodic signals, both 1 WFM and @ WFM contents should be zero

from the left edge of the graticule to the center vertical graticule line.

@ WFM STORED VSCL 1 >CNS

1 WFM 2 >WFM & WFM 1 >WFM & WFM &

*P/W 198 / >HSCL

1 WFM CLX >HSCL 2 WFM CLX >HSCL

CLS >CNS

LOO 2 WFM @ CNS PNT 1 WFM CLX 0

IFX=Y¥ 1 LBL GOTO

CLX ENTER ABS >VSCL CLX SGN VXPD

1 WFM & WFM +

L61 1 WFM 1 HPRGT @ CNS 1 + @ >CNS

P/W IFX=¥ @ WFM 1 CNS * STOP

®@ LBL GOTO
2873-389A

Figure 6-21. Program to convolve waveforms.
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SINE OF WAVEFORMS

This program will compute and display the sine of an input waveform.

This program finds the equivalent of the input waveform from -7/2 to 7/2 by using

a mod function, and then uses a 4-turn taylor series. The sine of the waveform is

then displayed from @ WFM.

NOTE

The cosine of a waveform can be computed by adding 1/2 to the input

waveform at the beginning of this program.

Constraints: The input waveform must not exceed +(511*27) in magnitude.

STORED @ WFM 1 >WFM SGN 2 >WFM

1 WFM ABS 6.283 / 1 >WFM

256 ENTER @ >CNS

LO@ 1 WFM @ CNS IFY>X 2 LBL GOTO

L861 @ CNS 2 / ® >CNS .75

IFY>X @ LBL GOTO

3 LBL GOTO

L@2 - SGN MIN - SGN @ CNS CHS *

@ WFM 1 WFM + 1 >WFM 1 LBL GOTO

L63 1 WFM 5 - SGN MIN - SGN 1 WFM

X<>¥ - 2 WFM * © WFM 1 >WFM

.25 - SGN MIN - SGN 2 >WFM 1 WFM *

2CHS* 5 + 2 WFM* 1 WFM+ 1 >WFM

.25 + SGN 1CHS VXPD MIN - SGN 2 >WFM

1 WFM * 2CHS * 5 - 2 WFM *

1 WFM + 6.283 * 2 >WFM

5@48CHS / 2 WFM * 1 ENTER 120 / +

2 WFM * 2 WFM * 1 ENTER 6CHS / +

2 WFM * 2 WFM * 1 + 2 WFM*

STOP
2873-390

Figure 6-22. Program to display the sine of a waveform.
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GPIB

Information

The 7854 (except Option OD) is equipped with an interface which conforms to !EEE

Standard 488-1978 Digital Interface for Programmable Instrumentation, commonly

referred to as a General Purpose Interface Bus, or GPIB.

The GPIB allows permanent storage of 7854 programs, remote programming of the

7854, and data transfers to and from the 7854.
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DESCRIPTION

The GPIB is an interface system using sixteen signal lines: eight data lines, three

handshake lines, and five bus management lines. Information is transferred over

the bus in a bit-parallel, byte-serial format using an asynchronous “handshake”

procedure. This handshake allows communication between instruments with

different transfer rates if they conform to the handshake state diagrams and other

protocols defined in the IEEE standard. The data transfer rate is effectively limited

by the slowest active instrument (talker or listener) on the bus. This ensures the

accurate transfer of data to and from all active instruments.

The GPIB system can be connected in either a star or linear configuration, or a

combination of both (see Fig. 7-1). To maintain the electrical characteristics of the

bus, a device load must be connected for each two metres of cable, and at least half

of the devices connected to the bus must be powered up.

A minimum GPIB system for the 7854 Oscilloscope would consist of the 7854 anda

GPIB controller (e.g., a Tektronix 485@-series graphic system). The controller directs

all command and data transfers on the GPIB.

(1)

(3)

2873-301

Figure 7-1. GPIB system configurations.
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A larger GPIB system may consist of up to 15 instruments distributed over a total

cable length of up to 20 metres. These instruments may include, in addition to the

7854 and controller, other talkers (e.g., counter, digital multimeter, etc.) and other

listeners (e.g., line printer, tape drive, programmable signal generator, etc.).

A more detailed description of the actual operation of the GPIB interface may be

found under GPIB Theory at the end of this section.

GPIB FUNCTIONS

The IEEE Standard 488-1978 defines the GPIB interface functions and the

allowed subsets of those functions. The subsets that apply to the 7854 are listed in

Table 7-1.

TABLE 7-1

7854 GPIB Interface Functions

Function Subset Capability

Source Handshake SH1 Complete.

Acceptor Handshake AH1 Complete.

Talker TS Complete.

{no secondary address)

Listener L3 Complete.

(no secondary address)

Service Request SR1 Complete.

Remote/Local RL1 Complete.

Parallel Poll PP® None.

Device Clear DC1 Complete.

Device Trigger DT1 Complete.

Controller eo) None.
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The primary GPIB address of the 7854 is set by using the Address selection

switches located on the rear panel of the 7854 (see Fig. 7-2). Actually, these

switches set only the lower five bits of the address. The upper three bits are

determined by the function (e.g., 801 for Listen Address, @1@ for Talk Address). To

set the primary GPIB address of the 7854, use a pen or other pointed object to set

the binary equivalent of the desired primary address. Any primary address between

and including decimal (@@@GO binary) and 3@ decimal (1111 binary) may be used.

Do not set 31 decimal (11111 binary) as the primary address; 31 is reserved for use

by the controller to “untalk” or “unlisten” a device. (Tektronix 4@5@-series graphic

systems also reserve @ decimal for another function.)

To set the 7854 for a primary GPIB address of 10 (decimal), set the address switches as

~ qq0g0000
18 4 2 1-— ADDRESS

0+8+0+2+0=10

* INDICATES THIS END PRESSED

To set the 7854 for GPIB operation (ON LINE) using a Line Feed (LF) character along

with the EOI line asserted as a message terminator and TALK /LISTEN mode, set the left

three switch sections as shown below.

EOI 0 0
TALK /LISTENTERM ——(0 ;—t-

LF OR EO! 10 TALK ONLY MODE
Li1 LISTEN ONLY

ON LINE | | F

= )
OFF LINE |

2873-300

Figure 7-2. Address and mode selection.
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The remaining three switches select the operating mode of the 7854. The switch

section to the left (ON LINE/OFF LINE) connects or disconnects the 7854 from the

bus. (One device load is presented to the bus even when the 7854 is OFF LINE.) The

other two switch sections set the message terminator or allow the 7854 to be used

in a Talk Only or Listen Only mode. The message terminator is selected for

compatibility with the GPIB controller being used. Refer to the controller manual for

message termination requirements. (Set to EOI when using a Tektronix 405@-series

graphic system as the GPIB controller.)

POWER-UP AND RESET STATES

POWER-UP STATE

When the 7854 is turned on, a self-test procedure is started to check the 7854

circuitry (see Power-Up Conditions in section 1). On completion of the self test, the

7854 asserts SRO (Service Request) on the GPIB and sets the status byte to indicate

the results of the self-test. (See Service Request in this section.) This SRO can be

cleared by a serial poll, or by executing any valid 7854 command.

RESET STATES

The following resets return the 7854 to the listed conditions.

Device Clear

The 7854 responds to either a DCL (Device Clear) or SDC (Selected Device Clear)

message by executing a STOP command, aborting any input/output or waveform

acquisition Command in progress, and clearing all SRQ’s. If an external input

command (READX or >TEXT) is in progress, the partially filled data area is cleared (@

WFM points = @, X-register = @, or any text input is deleted) and a warning is

displayed. If an external output command (SAVE, SENDX, or TEXT) is in progress, it

is terminated and a warning is displayed. (The READX, >TEXT, SAVE, SENDX, and

TEXT commands are described under Commands in this section.)

Interface Clear

The IFC (Interface Clear) message interrupts any data input or output. If the 7854 is

talking, it will continue from that point when it is again addressed as a talker. If the

7854 is listening, it will continue inputting data when it is again addressed as a

listener.

Stop Key

if the 7854 is in talk-listen mode, pressing the 7854-keyboard STOP key will abort

an I/O command (SAVE, TEXT, >TEXT, SENDX, READX) if the 7854 is not yet

addressed as a talker or listener. If data transmission has already started, the STOP

command is buffered until the 1/O (Input/Output) command is finished.

If the 7854 is in talk-only mode or listen-only mode, the STOP command will abort

an 1/0 command even if data transmission has started.
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MESSAGES

All of the many possible messages that may be sent over the GPIB can be split into

two major classifications; interface messages or device-dependent messages.

Interface messages are sent by the GPIB controller to the other instruments on the

bus to control the functions of each instrument’s GPIB interface. Device-dependent

messages (e.g., instrument Commands, data, etc.) may be sent by any instrument on

the bus, to any other instrument(s) on the bus. (See Fig. 7-3.)

INTERFACE

FUNCTIONS

| ATN |
DEVICE-DEPENDENT

MESSAGES

| l DEVICE

DEVICE FUNCTIONS
FUNCTIONS | 9. 4050-SERIES

e.g. 7854 | GRAPHIC
| ATN SYSTEM

| INTERFACE |
MESSAGES |

| !

2873-303

Figure 7-3. Device-dependent messages vs. interface messages.

GPIB INTERFACE MESSAGES

Interface messages are used by the controller to manage the bus (e.g., designate

talkers and listeners, etc.). All instruments on the bus listen to every interface

message.

The interface messages that constitute the controller’s vocublary are defined by the

standard. They can be thought of as ASCII codes given a new meaning when sent

by the controller with the Attention (ATN) line asserted.

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 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 fisten to the data sent by a talker.
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The controller uses other kinds of interface messages for other tasks. One is the

Serial Poll Enable command (SPE) used with the service request function. Suppose

an instrument is designed to assert SRQ when it has acquired some data. The

controller must poll the devices to find the interrupting device since any one (or

more than one) can assert SRQ. 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 DIO7 of the status

byte to tell the controller that it is actively requesting service. The remainder of the

status byte tells the controller why it is requesting service. (See Service Request

later in this section.)

The device trigger function uses an addressed command: Group Execute Trigger

(GET). In the 7854, GET is equivalent to the RUN command.

The controller issues the Device Clear message (DCL) to initialize internal functions

of devices on the bus. A universal command, DCL 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. Its effect

in the 7854 is described under Power-up And Reset States earlier in this section.

DEVICE-DEPENDENT MESSAGES

Device-dependent messages (e.g., 7854 commands, data, etc.) are transferred from

any one instrument (talker) to one or more other instruments (listeners) on the bus.

Device-dependent messages may effect the functions of the instruments (e.g.,

commands), but they do not directly effect the actual GPIB interface.

COMMANDS

Refer to Section 9, Command Language, for a complete listing of the 7854

commands with descriptions. All commands listed in section 9 can be sent through

the GPIB to the 7854, which will react exactly as if the equivalent key(s) had been

pressed on the Waveform Calculator or Measurement keyboards. Commands can be

given to the 7854 from the Waveform Calculator keyboard, the Measurement

keyboard, the GPIB, or any combinaton of the above. (Pressing any key on either

7854 keyboard generates a local rt] message.) Commands are executed in the order

in which they are received by the 7854, regardless of the source of the command.

The 7854 keyboards can be disabled by setting the 7854 to remote-only mode.

Remote-only mode prevents the accidental insertion of a command from the 7854

keyboard into a command string from the GPIB. (See Fig. 7-4 and 7-5 for sample

programs.)

To send a command to the 7854 through the GPIB, send (to the 7854's address} the

command mnemonic (or numeric command) as it appears on either of the 7854

keyboards (separating each mnemonic with a space).
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196 REM * SUBROUTINE TO SET 7854 TO REMOTE-ONLY STATE

118 REM * 7854 IS GPIB DEVICE #10

120 REM *

130 WBYTE @ 17,42.63:

148 RETURN

LINE 138 COMMENTS:

17 = Send GPIB Local LOckout command (LLO)

42 = Send 7854's listen address (device #+32)

63 = Send GPIB UNListen command (UNL)

2873-304

Figure 7-4. Subroutine to set 7854 for remote-only operation (disable keyboards).

1988

116

128

1308

1428

REM * SUBROUTINE TO SET 7854 TO NORMAL (REMOTE/LOCAL) STATE

REM * 7854 is DEVICE #198

REM *

WBYTE @ 42,1,63:

RETURN

LINE 138 COMMENTS:

42 = Send 7854's listen address {device #+32)}

1 = Send GPIB Go To Local command (GTL)

63 = Send GPIB UNListen command (UNL)

2873-305

Figure 7-5. Subroutine to set 7854 for normal (remote/local) operation.

Multiple commands may be grouped as one message and sent in the same manner

as a single command by separating each command (mnemonic or numeric) with a

space.

Example: 1 @ 2 4 >P/W AVG1@ MAX SENDX

NOTE

No more than ten (18) commands should be grouped following an 1/O

{Input/Output} command in the same message. The 7854 will buffer

up to ten commands following an!/O command, and will execute them

on completion of the 1/O command. More than ten commands will

cause the |/O command to be aborted and all commands following the

1/O command to be ignored.

In addition to the standard commands, the 7854 has some commands for use with

the GPIB only. These commands are listed below. (See Section 9, Command

Language for detailed descriptions.)
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Input/Output Commands

SAVE Outputs the contents of the program memory (from the edit

prompt through end-of-program) to the GPIB.

SENDX Outputs the contents of the X register (constant or waveform

data) to the GPIB.

READX Inputs a number (or waveform) from the GPIB and places it in

the X register. (Waveform data is stored as @ WFM.)

>TEXT Inputs up to 12 lines of text (4@ char. max. each) from the GPIB

for display on the 7854 crt (in STORED, SCOPE, or BOTH

modes).

TEXT Outputs a copy of all 16 lines of currently displayed text to the

GPIB (includes crt readout and blank lines).

Service Request Control

RQS Asserts Service Request (SRQ).

ROQSON / ROSOFF Enables/disables all service request functions except

power on.

REMON / REMOFF _ Enables/disables effect of ROS command.

OPCON / OPCOFF Enables/disables operation-complete service request.

CERON / CEROFF Enables/disables command-error service request.

EXRON / EXROFF Enables/disables execution-error service request.

IOCON / IOCOFF Enables/disables service request due to an Input/Output

command being initiated.

NOTE

All service-request ON / OFF functions are set to ON condition at

power-up.
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Queries

ERR? Outputs error status;

ERR @@ if no error exists or

ERR @1 if an error does exist.

iD? Outputs a copy of the 7854 identification display to the GPIB.

(ID TEK/7854,V79.1,XX.YY,ZK where XX is the ROM version,

YY is the ROM revision, and Z is 2, 4, or 8, indicating the

number of kilobytes of RAM installed.)

SRQ? Outputs a copy of the bottom line of the calculator display.

(SRQ XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX where

XXXX... is the bottom tine of the display.)

NOTE

Do not send a query (ERR?, 1D?, or SRQ?} to the 7854 following an 1/O

command (SAVE, SENDX, TEXT, >TEXT, or READX}) until the 1/0

command is completed. A query will interupt the 1/O command and

cause unpredictable 1/0. (Use a Serial poll to determine |/O-command

status, if necessary. Status byte > 127 indicates 1/O in progress.)

DATA TRANSFERS

Data that can be sent through the GPIB include programs, numeric values,

waveforms, and text strings. The format of all data sent (output) by the 7854 is such

that the same data can then be sent back (input) to the 7854 without any

intermediate processing or loss of information. (The only exception to this is when

the 7854 is set for EO! OR LF as the message terminator in the Talk-Listen mode

and waveform data is being sent. In this case a carriage return and line feed

separate the waveform preamble and curve data. The line feed must be deleted

before sending the data back to the 7854.)

Programs

Refer to Programming in section 6 for detailed instructions for entering a program

into the 7854 program memory. The GPIB allows permanent storage and rapid

loading of 7854 programs.

NOTE

Initial program entry, editing, and testing should be done in the 7854,

not in the controller. This eliminates the possibility of mnemonic

spelling errors and other difficult-to-find problems in your program.
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To send a program from the 7854 through the GPIB for permanent storage on tape
or disk, simply move the edit prompt to the beginning of the program and issue the

SAVE command. The program will be sent as one record, with the NEXT command
and a carriage return appended to the end of each program line. The line numbers

are removed from the program when it is sent and line labels will appear as

LNN a b where a and b are single digit integers representing the label number.

These format changes allow the program to be easily entered into the 7854 program

memory, and the carriage returns allow the controller to transfer the program (line-

by-line) to tape or disk. (See Fig. 7-6 for sample program.)

188

118

128

1398

149

150

168

178

18

198

290

218

226

230

248

259

260

2708

REM * TRANSFER 7854 PROGRAM TO 4@5@ TAPE FILE

REM * 7854 1S GPIB DEVICE #19

REM *

REM * STORE PROGRAM ON FILE NUMBER: F

REM *

ON SRQ THEN 266

$=

PRINT @19:"EXECUTE 8 GOTO PROGRAM SAVE”

IF S<>208 THEN 186

FIND F

ON EO! THEN 246

INPUT @1@:Ls

PRINT @33:L$

GO TO 200

PRINT @33:L$

END

POLL 0,S;198

RETURN

LINE BY LINE COMMENTS:

158 Enable SRO interrupt handler at 260

168 Clear status flag

178 Command 7854 to send entire program
188 Wait for ‘SAVE’ service request status byte
198 Position 4956 tape to file F

206 Enable EOI interrupt handler at 249

218 Input next line of program from 7854

228 Save line of program on tape

238 Continue until EOI

248 On EO! save last line of program on tape

258 Stop

268 Serial poll 7854; S = status byte

278 Return from SRQ interrupt handler

2873-306

Figure 7-6. Transfer 7854 program to controller tape file (SAVE sample program).
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To copy a program back to the 7854 program memory, first execute the PROG

command to enter the Program Entry mode. Then send the stored program to the

7854's address. When the program has been copied by the 7854, it may be

modified and/or executed in the normal manner using the 7854 keyboard. (See Fig.

7-7 for sample program.)

188 REM*+TRANSFER PROGRAM FROM 4658 TAPE FILE TO 7854

118 REM *7854 IS GPIB DEVICE #18

126 REM *

138 REM *LOAD PROGRAM FROM FILE NUMBER: F

1469 REM *

158 ON SRO THEN 256

166 S=8

178 PRINT @18:"PROGRAM CLP NEXT”

186 IF S<>66 THEN 1898

199 FIND F

298 ON EOF (8) THEN 249

219 INPUT @33:L$

228 PRINT @19:L$

238 GO TO 218

248 END

25@ POLL D,S;198

268 RETURN

LINE BY LINE COMMENTS:

159 Enable SRQ interrupt handler at 2590

169 Clear status byte

178 Command 7854 accept a new program

188 Wait for operation complete status byte

198 Position 405@ tape to file F

288 Enable end-of-file interrupt handler at 249

218 Input next line of program from tape file

228 Send line of program to 7854

238 Continue until end-of-file

2428 Stop

258 = Serial poll 7854; S = status byte

269 Return from SRO interrupt handler

2873-307

Figure 7-7. Transfer 7854 program from controller tape file to 7854.

Numeric Values

Numeric values (constants) can be transferred from the 7854 over the GPIB by

placing the value in the X register and then executing the SENDX command. (See

Fig. 7-8 for sample program.)

Numeric values can be transferred back to the 7854 and placed in the X register by

executing the READX command and then sending the number to the 7854 over the

GPIB. (See Fig. 7-9 for sample program.)
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188 REM*TRANSFER CONSTANT (MAX) FROM 7854 TO 485 VARIABLE

116 REM*7854 IS GPIB DEVICE #198

126 REM*

136 REM*INPUT CONSTANT INTO VARIABLE: M

149 REM*

158 ON SRO THEN 218

169 S=6

178 PRINT @18:"MAX SENDX”

188 IF S<>218 THEN 189

198 INPUT @19:M

298 END

218 POLL D,S;18

226 RETURN

LINE BY LINE COMMENTS:

158 Enable SRQ interrupt handler at line 219

166 Clear status flag

178 Command 7854 to send the ‘MAX’ value

188 Wait for 'SENDX’ service request status byte

198 Input constant (MAX) from 7854 into variable M

288 Stop

218 Serial poll 7854; S = status byte

220 Return from SRO interrupt handler

2873-308

Figure 7-8. SENDX sample program.

196 REM*TRANSFER 49859 VARIABLE TO 7854'S X REGISTER

119 REM *7854 IS GPIB DEVICE #16

126 REM *

1308 REM *OUTPUT CONSTANT FROM VARIABLE: M

149 REM*

159 ON SRO THEN 2198

168 S=0

178 PRINT @10:"READX”

189 IF S<>211 THEN 188

199 PRINT @198:M

208 END

218 POLL D,S;18

220 RETURN

LINE BY LINE COMMENTS:

158 Enable SRO interrupt handler at 219

168 Clear status flag

178 Command 7854 to accept data

188 Wait for '"READX’ service request status byte

198 Output variable M to 7854

288 Stop

218 Serial poll 7854; S = status byte

229 Return from SRQ interrupt handler

2873-309

Figure 7-9. READX sample program.
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Waveforms

Waveform data is sent as one message; the waveform preamble, a separator, and

the curve data. The waveform preamble contains information such as

points/waveform, volts/division, time/division, offset voltage, etc. The separator is

either a carriage return (Message Terminator set to EOI) or a carriage return and

line feed (Message Terminator set to LF OR EOl). The curve data contains the actual

vertical ordinate value (in divisions) of each point of the waveform relative to the crt

graticule.

Waveform Preamble: A typical waveform preamble, as sent by the 7854, is shown

below.

WFMPRE ENCDG:ASC,NR.PT:512,PT.FMT:Y,XZERO:6,XINCR:9.766E-86,

XUNIT:S, YZERO:2.764,YMULT:1,YUNIT:V:

The abbreviations in the waveform preambie are as follows:

WFMPRE' waveform preamble (header)
ENCDG:ASC' curve data encoded ASCII decimal
NR.PTP/W) number of points/waveform

PT.FMT:Y' point format (curve data in vert. div.)
XZERO:@' no horizontal offset
XINCR:[1@*HSCL/(P/W)} horizontal increment between points

XUNIT:S horizontal scale factor units (S=seconds)

YZERO:[-(VSCL * VZR)] vertical zero offset

YMULT:(VSCL) vertical scale factor

YUNIT:V vertical scale factor units (V=volts)

‘Fixed value, cannot be changed.

Curve Data: A typical curve data (partial) is shown below:

CURVE 1.3779, 1.3777, 1.3778, 1.3777,..., 1.3777, —2.6953, —2.6955, —2.6954,

— 2.6955

The curve data consists of the header (CURVE) followed by one ASCII coded decimal

number for each point of the waveform. Each number is separated by commas and

represents the vertical distance of that point from the center horizontal graticule

line, measured in graticule divisions (negative if befow center).
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To send (output) a stored waveform (or more properly, send data representing a

waveform) from the 7854 through the GPIB, the waveform must be placed in the

X register. The waveform data can then be sent by giving the SENDX command.

(See Fig. 7-18 and 7-11 for sample programs.)

To copy a waveform back into the 7854, execute the READX command and send the

waveform preamble and curve data to the 7854's address. The waveform preamble

and curve data must be sent as a single message with no line feed between the two

strings. The waveform will become the operational waveform (@ WFM} in the 7854

and can then be copied to another waveform memory address if desired. (See Fig.

7-12 and 7-13 for sample programs.}

196 REM*«TRANSFER WAVEFORM #8 FROM 7854 TO 4950 ASCII STRINGS

126 REM *7854 1S GPIB DEVICE #19

130 REM *

149 REM <INPUT WAVEFORM PREAMBLE INTO ASCII STRING: PS

158 REM «INPUT WAVEFORM CURVE INTO ASCII STRING: WS$

168 REM*

178 DIM PS(286),WS(8206)

180 ON SRQ THEN 258

196 S=6

208 PRINT @18:"0 WFM SENDX”

216 IF S<>218 THEN 216

228 'NPUT @10:P$

230 INPUT @18:WS$

248 END

259 POLL D,S;16

260 RETURN

LINE BY LINE COMMENTS:

178 Dimension ASCItI strings P$ & WS

188 Enable SRO interrupt handler at line 259

199 Clear status flag

208 Command 7854 to send waveform #8

218 Wait for ‘SENDX’ service request status byte

228 = Input waveform preamble from 7854 to P$

2328 Input waveform curve from 7854 into W$

249 Stop

258 Serial poll 7854; S = status byte

268 Return from SROQ interrupt handler

2873-310

Figure 7-18. Waveform transfer from 7854 to controller (ASCII strings).
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198 REM* TRANSFER WAVEFORM #9 FROM 7854 TO 4659 VARIABLES & ARRAY

116 REM* 7854 1S GP'R DEVICE #198

1260 REM*

136 REM*!INPUT WAVEFORM PREAMBLE INTO VARIABLES: N,Z21,X,22,Y

140 REM* N : POINTS /WAVEFORM

150 REM* 21 = HORIZONTAL ZERO

160 REM* X = HORIZONTAL INCREMENT BETWEEN POINTS

176 REM* Z2 = VERTICAL ZERO

186 REM* Y = VERTICAL SCALE FACTOR

196 REM*INPUT WAVEFORM CURVE INTO ARRAY: W

200 REM *

218 ON SRO THEN 300

220 S@

238 PRINT @10:"0 WFM SENDX”

240 IFS 218THEN 24¢8

258 INPUT @10:N,21,X,Z2,Y

260 DELETE W

278 DIM W(N)

280 INPUT @18:W

296 END

398 POLL D,S;18

3198 RETURN
LINE BY LINE COMMENTS:

218 Enable SRQ interrupt handler at line 380

220 Clear status flag

238 Command 7854 to send waveform #9

246 Wait for 'SENDX’ service request status byte

258 Input waveform preamble arguments into N,Z1,X,Z22.Y

268 Delete Array W

278 Dimension array W to size N (N- Points/Waveform)

2806 ‘tnput waveform curve into array W

296 Stop

308 Serial poll 7854; S_— status byte

21@ Return from SRO interrupt handler 2873 311A

Figure 7-11. Waveform transfer from 7854 to controller (numeric array).

100 REM * TRANSFER 4058 ASCII STRINGS TO 7854'S WAVEFORM 49

118 REM * 7854 IS GPIB DEVICE #18

128 REM * OUTPUT WAVEFORM PREAMBLE FROM ASCII STRING: P$

148 REM * OUTPUT WAVEFORM CURVE FROM ASCII STRING: WS

15@ REM *

160 ON SRO THEN 220

178 S=6

188 PRINT @198:"READX”

198 IF S-~>211 THEN 198

280 PRINT @12:PS;WS

219 END

220 POLLD,S;19

230 RETURN

LINE BY LINE COMMENTS:

168 Enable SRQ interrupt handler at 229

178 Clear status flag

188 Command 7854 to accept data

198 Wait for ‘READX’ service request status byte

208 Output waveform from PS & WS to 7854

218 Stop

228 Serial poll 7854; S = status byte

238 Return from SRQ interrupt handler 2873 312

Figure 7-12. Waveform transfer from controller (ASCII strings) to 7854.
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196 REM*TRANSFER 4951 VARIABLES AND ARRAY TO 7854's WAVEFORM #8

118 REM*

128 REM *OUTPUT WAVEFORM PREAMBLE FROM VARIABLES: N,Z1,X,22,Y

138 REM * N = POINTS/WAVEFORM

148 REM * Z1 = HORIZONTAL ZERO

159 REM * X = HORIZONTAL INCREMENT BETWEEN POINTS

160 REM * Z2 = VERTICAL ZERO

178 REM* Y = VERTICAL SCALE FACTOR

188 REM *OUTPUT WAVEFORM CURVE FROM ARRAY: W

196 REM *

286 DIM P$(208)

216 ON SRO THEN 469

220 REM * BUILD WAVEFORM PREAMBLE

238 PS$="WFMPRE ENCDG:ASC,NR.PT:”

246 TS=STR(N)

256 PS=PS&TS

268 PS=P$&",PT.FMT:Y,XZERO:”

276 TS$=STR(Z1)

288 PS=PS&TS

298 PS=PS&",XINCR:”

308 TS=STR(X)

318 PS=PS&TS

328 PS=PS&",.XUNIT:S,YZERO:”

338 TS$=STR(Z2)

340 PS=PS&TS

350 PS=PS&",YMULT:”

3608 TS=STR(Y)

378 PS=PS&TS

386 PS=PS&",YUNIT:V;CURVE ”

398 S=6

406 PRINT @1@:"READX”

418 IF S<>211 THEN 419

420 REM~* THE COMMA(.) BETWEEN PS$ AND WIN LINE 449 IS REQUIRED,

430 REM*A SEMICOLON (:) WILL NOT WORK

449 PRINT @19:P$,W

459 END

469 POLL D,S;18

476 RETURN

LINE BY LINE COMMENTS:

268 Dimension ASCII string PS

219 Enable SRQ interrupt handler at line 469

239 through 389:

Build waveform preamble in P$

398 Clear status flag

490 Command 7854 to accept data

418 Wait for "READX’ service request status byte

449 Send waveform to 7854

456 Stop

469 Serial poll 7854; S = status byte

476 Return from SRO interrupt handler

2983-313

Figure 7-13. Waveform transfer from controller (numeric array) to 7854.
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Text

Up to 12 lines of text (4@ characters max. each) may be sent to the 7854 to be

displayed on the crt along with the waveform(s). This text can include operator

prompts, additional information for documenting photographs, or any comments the

programmer may wish to display on the 7854 crt.

To send text to the 7854, give the >TEXT command, followed by a single string of

text which has carriage return codes (ASCII decimal 13) inserted at the line breaks.

The text display remains until another >TEXT command is given, a crt display

command (STORED, SCOPE, BOTH, or ID) is given, or the 7854 is put into Program

mode. (See Fig. 7-14 for sample program.)

The text to be displayed may include characters not found on the ASCII code chart

(located at the end of this section). Table 7-2 lists the additional special characters

which may be displayed on the 7854 crt and the codes used to represent them.

TABLE 7-2

Special Character Codes

Special Character ASCII Code (decimal) Keystrokes

B (cap. beta) SOH 1 ESC CTRL-A

y (gama) STX 2 ESC CTRL-B

n (eta) EOT 4 ESC CTRL-D

Q (box) ENQ 5 ESC CTRL-E

OH (rectangle) ACK 6 ESC CTRL-F

6 (delta) BEL 7 ESC CTRL-G

° (degree) BS 8 ESC CTRL-H

a (alpha) HT 9 ESC CTRL-I

A (cap. delta) SO 14 ESC CTRL-N

W (pi) S! 15 ESC CTRL-O

p (rho) DLE 16 ESC CTRL-P

@ (sigma) DCc1 17 ESC CTRL-Q

7 (tau) DC2 18 ESC CTRL-R
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TABLE 7-2 (CONT)

Special Character Codes

Special Character ASCII Code (decimal) Keystrokes

ue (mu or micro) DC3 19 ESC CTRL-S

» (nu) Dc4 28 ESC CTRL-T

Q (cap. omega) SYN 22 ESC CTRL-V

@ (omega) ETB 23 ESC CTRL-W

\ (Square root) EM 25 ESC CTRL-Y

= (right arrow) SUB 26 ESC CTRL-Z

- (left arrow) ESC 27 ESC CTRL-[

| (down arrow) FS 28 ESC CTRL-\

1 (up arrow) GS 29 ESC CTRL-]

For example, to display a yf symbol, send ESC followed by CTRL-S or the decimal

ASCIl codes 27, 19.

All 16 lines of text being displayed on the 7854 can be sent back to the controller for

editing or inspection by giving the TEXT command. This text includes all currently

displayed text previously sent to the 7854 via the >TEXT command (lines 3 through

14), and all crt-readout text (lines 1-2 and 15-16). The TEXT command is executable

in SCOPE, STORED, or BOTH modes only. (See Fig. 7-15 for sample program.)

SERVICE REQUEST

The service request function allows the 7854 to keep the GPIB controller informed

of its status. This is done by asserting SRO (Service Request) and then sending a

status byte to the controller when polled. The status byte is an eight-bit binary

number which represents the status of the 7854. Most of the SRQ’s can be disabled

if desired; however, the status byte is still available. The only SRQ that cannot be

disabled is the Power-On SRQ which is asserted on completion of the 7854 self test

(if the 7854 is ON LINE when power is applied). Any service request can be cleared

by performing a serial poll of the 7854.
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1098

118

128

136

146

158

1628

178

1868

196

288

216

220

230

248

258

266

278

280

299

300

318

320

330

348

3568

REM * TRANSFER TEXT FROM 4056 TO 7854 CRT

REM * 7854 IS GPIB DEVICE #18

REM *

REM * BUILD TEXT IN STRING: TS

REM *

ON SRO THEN 348

DIM T$(12*41)

PRINT “LINPUT TEXT AS IT IS TO BE DISPLAYED ON 7854”

PRINT “J<SPACE--RETURN: FOR A BLANK LINE”

PRINT "-RETURN- ONLY TO END INPUTJ”

C$=CHR(13)

FOR I=1 TO 12

PRINT "--°":

INPUT L$

IF LEN(L$)< 1 THEN 299
TS-TS&LS

TS-TS&C$

NEXT|

$6

PRINT @10:"EXECUTE ~TEXT”

IF S->213 THEN 316

PRINT @10:T$

END

POLL D.S:18

RETURN

LINE BY LINE COMMENTS:

150 Enable SRQ interrupt handler at line 348

168 Dimension ASCII string T$ (12 lines of 41 characters)

178 through 198:

Prompt 4859 user to input text

208 Null Ts

219 Define CS as «CARRIAGE RETURN>

220 Loop to accept maximum of 12 tines

238 Issue line input prompt

249 Input next line of text

259 If only «CARRIAGE RETURN® then done inputting

268 Concatenate text onto TS

278 Concatenate a _CARRIAGE RETURNTM after each line

288 Continue accepting text

290 Clear status flag

3988 Command 7854 to accept text for display

318 Wait for ‘“TEXT’ status byte

3298 Send text to 7854

330 Stop

3498 Serial poll 7854; S = status byte

350 Return from SRO interrupt handler

2873-314A

Figure 7-14. -TEXT sample program.
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1968 REM * TRANSFER TEXT FROM 7854 DISPLAY TO 4959

118 REM *

128 ON SRO THEN 2898

138 PAGE

149 PRINT @19:"SRQ?”

159 INPUT @19:SS

169 $=POS(S$,"SRQ “,1)

178 S$=SEG(S$,S$+4,LEN(S$)-S-3)

189 S=0

196 PRINT @10:"TEXT”

268 IF $212 THEN 296

216 FOR I=1 TO 15

226 INPUT @1@:L$

238 PRINT L$

248 NEXTI

250 PRINT S$

268 INPUT @19:LS

276 END

288 POLL D.S:19

298 RETURN

LINE BY LINE COMMENTS:

126 Enable SRO interrupt handler at line 288

138 Page 4659 crt screen

148 Use ’SRQ?’ querie to get line #16 of 7854's readout

159 [nput line #16

169 Find position of substring ‘SRO’ in response

176 Remove querie header

188 Clear status flag

198 Command 7854 to send readout

200 Wait for ‘TEXT’ service request status byte

218 Loop to input first 15 lines of text

228 Input line of text

2308 Display line of text on 4959

248 Continue inputting first 15 lines

256 Use 16th line from ‘SRQ?’ querie

268 Clear fast line of text from 7854

278 Stop

2898 Serial poll 7854: S = status byte

298 Return from SROQ interrupt handler

2873-315

Figure 7-15. TEXT sample program.

Status Bytes

The status bytes which are sent by the 7854 and their meanings are listed in Table

7-3.
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TABLE 7-3

7854 Status Bytes

Normal QBOX BOBS" | (8,16)

Ext. command group complete’ OXCB BBB? | (2,66)

End of program’ @XQQ B10" | (2,66)

Execution error? QX1B O12" | (34,98)

External command error? OX1@ @@01" | (33,97)

Power On @1OX @GO1* | (65,81)

Power on check failure Q11X 8811" | (99,115)

ROS command executed‘ B101 BOB | (80)

SAVE command initiated® 1X21 @@@@° | (144,208)

SENDX command initiated” 1XB1 @B12° | (146,210)

READX command initiated® 1X@1 811" | (147,211)

TEXT command initiated? 1X@1 B108" | (148,212)

>TEXT command initiated® 1X@1 8101" | (149,213)

‘OPCOFF command will disable this service request.

2EXROFF command will disable this service request.

3CEROFF command will disable this service request.

4REMOFF command will disable this service request.

SIOCOFF command will disable this service request.

‘bit 5 true (1) indicates busy condition.

“bit 7 true (1) indicates active service request.

NOTE

The RQSOFF command will disable all SRQ’s except power on.

Therefore, for any other service request to function, the ROSON

command must be given, along with the command to enable that

service request.
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Polling

A serial pol! allows the GPIB controller to check the status of any or all instruments

on the bus. When the 7854 is polled, it sends the appropriate status byte and (if the

7854 was asserting SRO} clears its service request. The status byte can then be

used to initiate corrective action, proceed with the program, or send a message to

the operator. (See Fig. 7-16 for sample program.)

198 REM*SERIAL POLL SUBROUTINE #1

119 REM*

128 POLL D,S;18

138 RETURN

149 REM*SERIAL POLL SUBROUTINE #2

158 REM*

168 WBYTE @95,63,24,74:

176 RBYTES

186 WBYTE @95,25:

199 RETURN

LINE BY LINE COMMENTS:

190 Use 4858 POLL command if 7854 is requesting service

128 S = status byte

138 End of subroutine #1

140 Use 4058 WBYTE and RBYTE commands if 7854 is not

requesting service

166 95 = Send GPIB UNTalk command (UNT)

63 = Send GPIB UNListen command (UNL)

24 = Send GPIB Serial Poll Enable command (SPE)

74 = Send 7854's talk address

172 Input status byte (S}

188 95 = Send GPIB UNTalk command (UNT)

25 = Send GPIB Serial Poll Disable command (SPD)

198 End of subroutine #2

2873-316

Figure 7-16. Serial-poll sample subroutines.

GPIB THEORY

The IEEE Standard 488-1978 is a complete description of the GPIB interface. The

following brief description is included here to, hopefully, simplify the standard’s

technical descriptions and state diagrams, and make them a little easier to

understand. This description should be read in conjunction with the IEEE standard.

GPIB SIGNAL LINES

The GPIB contains three groups of signal lines: data, handshake, and control.

The eight data lines, DIO1 through DIO8, are used to carry both interface messages

and device-dependent messages.

7-22 @



GPIB Information—7854

a

The asynchronous, three-wire handshake is controlled by these lines:

DAV (Data Valid}—asserted by the transmitting device.

NRFD (Not Ready For Data) and NDAC (Not Data Accepted)—asserted by the

receiving device.

The five interface control lines are used for the following functions:

ATN (Attention)—specifies how data on the DIO lines is to be interpreted; as

interface messages when asserted; as device dependent messages when

unasserted.

IFC (Interface Clear)—is used to initialize the interface functions of all instruments

and return control to the system controller.

SRO (Service Request) is used to request service from the controller.

REN (Remote Enable)—allows remote control of devices on this bus.

EOI (End Or Identify)—indicates the last byte of a message.

See IEEE Standard 488-1978, Standard Digital Interface for Programmable

Instrumentation, for full definitions of these lines and the protocol for their use.

THE HANDSHAKE

The data and handshake lines are used for the source and acceptor handshake.

Actually, they are two parts of the same handshake. Fig. 7-17 shows the states of

these lines as they are set by a talker using the source handshake and a listener

using the acceptor handshake. Note that the timing diagram relates the electrical

signats on the bus to the states of the source and acceptor handshakes. By looking

at both, it may be easier to grasp the sequence of the interlocked handshakes than it

is to absorb, by themselves, the state diagrams in the standard.

1. To begin, the source goes to the Source Generate State (SGNS). In this state, the

source is not asserting a data byte on the data lines or Data Valid (DAV), When

no bus driver is asserting a line, the line rises to a high level (Q) set by the bus

terminating network. The acceptors are in the Acceptor Not Ready State (ANRS)},

asserting both Not Ready For Data (NRFD) and Not Data Accepted (NDAC). In this

condition, NRFD and NDAC are both low (asserted).

2. The source sets the data byte on the data lines and enters the Source Delay

State (SDYS). If this is the last data byte in the message, the source asserts the

End Or Identify (EOI) line at the same time. The source waits for the data to

settle on the lines and for all acceptors to reach the Acceptor Ready State

(ACRS).

3. Each acceptor says, “I'm ready” by releasing Not Ready For Data (NRFD) to move

to the Acceptor Ready State (ACRS). This is one of the points in the handshake

designed to accommodate slower listeners. Any acceptor can delay the source

handshake by asserting NRFD.
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source |ZSTATES [ 5| —_ sovs—|

DI01-8 Ore

sas —>| —swns—e| —scns—|

DAV
SIGNAL

LINES
\ ASSERTED

Low

NRFD f DO ¢
® | >

NDAC

ACCEPTOR 2 | ¢ >
STATES [ANRS—> 3 ACDS |-s ANRS >

<x

2873-302

Figure 7-17. Source and acceptor handshake sequence.

4. When the source sees Not Ready For Data (NRFD) high, the Source Transfer

State (STRS) is entered by validating the data with Data Valid (DAV). The source

then waits for the data to be accepted.

5. When the receiving devices see DAV true, they go to the Accept Data State

(ACDS). Each device asserts Not Ready For Data (NRFD) because it is busy with

the current data byte and is not ready for another.

6. As each device accepts the data, the device releases Not Data Accepted (NDAC)

to move from the Accept Data State (ACDS) to the Acceptor Wait for New cycle

State (AWNS). Again, all receivers must release the Not Data Accepted (NDAC)

line for the source to see a high fevel.

When the source sees NDAC high (all listeners have accepted the data), the

Source Wait for New cycle State (SWNS) is entered.

7. In the SWNS, the source unasserts Data Valid (DAV). This causes the acceptors

to proceed to the Acceptor Not Ready State (ANRS), their initial state in the

handshake. In ANRS, they assert Not Data Accepted (NDAC).

8. The source continues to the Source Generate State (SGNS), its initial state in the

handshake, to prepare a new byte for transmission.
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ASCII & IEEE 488 (GPIB) CODE CHART
87 a a a 8 1 1 1 1

B6 F 8 1 1 8 a 1 1B5 8 | 1 8 | 1 a 1 8 1
BITS

NUMBERS

CONTROL SYMBOLS UPPER CASE | LOWER CASE
B4B362 B1

0 20 40 60 100 120 140 160

aoooa|NUL| DLE] SP fe) @ P \ p
ie) oO} 10 169/20 32130 48 B40 64) 50 Bog60 96) 70 412

1 GTL]21 LLOat 61 101 121 141 161

56 @ 981) SOH| DC1 ! 1 A Qa a q
1 qf4t 474921 33/31 agfai 65] 51 81961 g7) 71 113

2 22 42 " 62 402 122 142 162

eo 1a| STX | DC2 2 B R b r
2 2412 18922 34132 50942 66/52 82462 ga} 72 iia

3 23 a3 63 103 123 143 163

oa@11}ETX |pe3| # 3 c s c s
3 3413 19923 35133 S1 P43 67) 53 83463 99] 73 115

4 SOC | 24 DCL} 44 64 104 124 144 164

e166] EOT | DC4 $ 4 D T d t
4 4] 14 20424 3634 52544 68) 54 B4164 1004 74 116

5 PPC} 25 PPUP 45 65 105 125 145 165

e 1 2 1) ENQ | NAK fo 5 E U e u
5 5115 214925 37435 sgpa5 69/55 8596s 101) 75 VW?

6 26 46 66 106 126 146 166

o 112] ACK | SYN & 6 F Vv f v
6 6116 227 26 38/36 54746 70) 56 B6]66 102] 76 118

7 27 a7 67 107 127 147 167

1

@ 111] BEL | ETB 7 G Ww g w
7 TWA? 239 27 3937 56747 71/57 87167 103) 77 119

10 GET|30 SPE 950 70 110 130 150 170

1228s]! BS | CAN ( 8 H x h x
8 244 28 40138 5648 72158 8896s 104) 78 420

11 TCTP3t SPDP51 71 qt 431 151 Wd

1@281{ HT EM ) 9 I Y i y
g g}19 25929 41439 s7yag 73/59 Baeo 105) 79 121

12 32 52 * 72 4192 132 152 172

19016] LE SUB : J z j z
A VO}IA 26F 24 42/34 S8p 4a TALSA 9OT6A 106) 7A 122

13 33 53 73 113 133 153 473

1e@11] vt | esc} + ; K [ k {
8 41/18 2740268 43)/3B 590468 75/5B g1y6B 107/78 123

14 34 54 74 14a 134 154 wy

1163] FF FS F < L \ I
c 12]1C 287 2C 44)3C 60F4C 76] 5C g2b6C 108] IC 12a

15 35 55 75 15 135 155 75

1191 | CR GS - = M J m }
is} 13]1D 29720 45/30 61940 77150 93760 1094 7D 125

16 36 56 76 116 136 156 176

1119{ SO | RS . > N A n ~
E V4} 1€ 30 F2E 46 /3E 62q4ae€ 7BISE gabe VO] 7E 1b

17 37 S7 v? UNCLE 117 137 UNTPt5? i?T out
RUBOU

1111] St | US / ? ° _ o (DELI
F YH] IF 31 2F 47 43F 63g4F T9)5F 95 6F yt) Fe lee

aoonessen univensac usTeM TALN SECONDARY ADDRESSES

touts COMMANGS AvOnesses avoaegses OF oomnes

KEY
octal] 25 PPU| GPIB code

NAK ASCII character

hex] 15 21] decimal

@ 7-25







Instrument Options

Your 7854 Oscilloscope may be equipped with one or more options. This section

includes a brief description of each option, and an Option Information Locator table.

The Option Information Locator table lists all the options and tells where they are

mentioned in this manual. For further information about options, see your Tektronix

Products catalog or contact your Tektronix Field Office.
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OPTION 62

Option @2 provides X-Y mode phase correction of the real-time signals. A horizontal

delay line and compensation network equalizes the signal delay between either

vertical compartment and the horizontal deflection system. With this network

installed and activated, the phase shift between the vertical and horizontal systems

is adjustable to less than 2° from dc to one megahertz.

OPTION 83

With Option @3 installed, the instrument will meet the EMC (electromagnetic

compatibility) specifications given in section 2.

OPTION 78

Replaces standard crt phosphor with P11.

OPTION 8D

Deletes the Waveform Calculator and GPIB facilities by removing 2@0@ words of

memory, and replacing the rear-panel GPIB connector and ADDRESS SELECTION

switches with a blank panel. Operation of the instrument will not change except

that the front-panel ROS key and I/O, SRQ, and REMOTE ONLY indicators are

inoperative. All access to the Waveform Calculator commands is denied when the

2K of memory is removed.

OPTION 2D !

An additional 4096 words of memory are added with Option 2D to expand the

program memory, waveform memory, and constant registers. Program memory is

increased to a maximum of 2@@@ commands, waveform memory is increased to

512@ waveform points, and the constant registers are increased to 100.

OPTION A1

The standard power cord is replaced with the Universal European 220-volt type

power cord (Tektronix Part 161-0066-09).

OPTION A2

The standard power cord is replaced with the UK249-volt type power cord (Tektronix

Part 161-@066-19).

OPTION A3

The standard power cord is replaced with the Australian 24@-volt type power cord

(Tektronix Part 161-@@66-11).

OPTION A4

The standard power cord is replaced with the North American 24@-volt type power

cord (Tektronix Part 161-@066-12).

1 Applies only to instruments with serial numbers below BO085121. For instruments with

serial number B085121 and above, features previously provided by Option 2D are standard.
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OPTION 1S

Option 1S includes a currently applicable version of the Diagnostic Memory Card

(Tektronix Part @67-@961-XX) with the 7854 Oscilloscope. This card is part of the

digital servicing package and is not required for instrument operation or

understanding.

OPTION 2S

Option 2S includes a currently applicable version of the Signature Tables (Tektronix

Part @7@-2972-XX) with the 7854 Oscilloscope. The Signature Tables are required

for signature analysis troubleshooting, but not for instrument operation or

understanding.

INSTRUMENT OPTION IDENTIFICATION

7854 Oscilloscopes with one or more options have a tag attached to the rear-panel

of the mainframe to identify each included option (@2, 3, 78, @D, 2D, A1, A2, A3, or

A4). The tag(s) will be located as shown in Figure 8-1. Instruments with Options 1S

or 2S will not have any identification tag since these options are not part of the

7854 Oscilloscope.

CAUTION @
ELECTRIC SHOCK HAZARD

THIS INSTRUMENT MUST @£ GROUNDED

00 NOT AEMOVE COVERS. REFER SEAVICING TO

QUALIFIED SEAVICE PERSONNEL @

DISCONNECT POWER INPUT BEFORE REPLACING | a

rose i ( OPTION
[ 4TINUED FIRE HAZARD PROTECTION REPLACE - -

WITH SAME TYPE 4A FAST. 260 VOLT FUSE po=222aclt 3 IDENTIFICATION
‘ 1 TAGS
L~----..- d

@smnsvon

< FF MEDIUM

ba of
UNE VOLTAGE Gy

Sececron GD

is

SELECTOR) RANGE | MAX POWER|MAX CURRENT

Tov [wa z5o¥) = 730W 1A @ mov @

®

2873-399

Figure 8-1. Location of Option Identification Tags.
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TABLE 8-1

Option Information Locator

Location in Manual

Option Section Heading Information

@2 8 Option Gives a brief description of

Instrument G2 Option @2.

Options

@3 3 Light Mentions that the crt mesh filter is

General Filter included with Option @3.

Operating

Information

8 Option Gives a brief description of

Instrument @3 Option 83.

Options

78 8 Option Gives a brief description of

Instrument 78 Option 78.

Options

@D 1 General Mentions that, except for instru-

Introduction Purpose ments with Option @D, the 7854

Interface has a GPIB.

Bus

5 Introduction Describes use of keyboard on 7854

Using The Option @D.

Measurement

Keyboard Waveform Explains that with Option @D,

Storage only one waveform can be stored

Considerations| at a time.

Selecting Describes display modes of 7854

Both CRT Option @D.

Display Mode

6 Waveform Mentions that the Option @D

Using The Memories & | instrument will not process

Waveform Resolution waveforms.

Calculator

(Waveform Waveform Lists parameters of pulse

Processing) Acquisition of pulse acquisition for standard

And Data and Option @D instruments in

Storage Table 6-1.

8-3



Instrument Options—7854

TABLE 8-1 (CONT)

Option Information Locator

Location in Manual

Option Section Heading Information

@D 7 Introduction Mentions that Option @D deletes

(cont) GPIB the GPIB, the Waveform Calculator

Information keyboard, and 2,000 words of

memory.

8 Option Gives a brief description of

Instrument @D Option @D.

Options

2D1 6 Using The Explains how the constant registers

Using The Constant are referenced (by addresses @-99)

Waveform Registers with Option 2D.

“sured. Storing A Explains how the constant registers
. A Constant are referenced (by addresses 0-99)

Display . :
Mode Info) with Option 2D.

Retrieving Explains how the constant registers

A Constant are referenced (by addresses 0-99)

with Option 2D.

(Waveform Waveform Lists parameters of pulse

Processing) Acquisition acquisition for standard and

& Data Option 2D instruments in Table 6-1.

Storage

| Observing The! Mentions that the X register must
Waveform contain a number within the limits

Memories At | of the P/W setting for Option 2D.

Power-Up

8 Option Gives a brief description of

Instrument 2D Option 2D.

Options

9 Error And Mentions that the X register does

Command Warning not contain a constant between

Language Messages, zero and 99.

Table 9-26

Displayed Mentions that the X register does

CNS Error not contain a constant between

Messages, zero and 99.

CNS ERROR

and >CN

1 Applies only to instruments with serial numbers below B085121. For instruments with

serial number B085121 and above, features previously provided by Option 2D are standard.
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TABLE 8-1 (CONT)

Option Information Locator

Location in Manual

Option Section Heading Information

Al 1 Operating Lists details of Option Al.

Introduction Power

Information

(Table 1-2)

8 Option Gives a brief description of

Instrument Al Option A1.

Options

A2 j Operating Lists details of Option A2.

Introduction Power

Information

(Table 1-2)

8 Option Gives a brief description of

Instrument A2 Option A2.

Options

A3 1 Operating Lists details of Option A3.

Introduction Power

information

(Table 1-2)

8 Option Gives a brief description of

Instrument A3 Option A3.

Options

A4 1 Operating Lists details of Option A4.

Introduction Power

Information

(Table 1-2)

8 Option Gives a brief description of

Instrument A4 Option A4.

Options

1S 8 Option Gives a brief description of

Instrument 1S Option 1S.

Options

28 8 Option Gives a brief description of

Instrument 28 Option 2S.

Options |

8-5







Command Language

Information in this section is intended only as reference material on the operation of
the 7854 Oscilloscope. The information is generally presented in a tabular format:
however, all information about a command is not necessarily contained in only one

table. Refer to the Command Index at the rear of this manual for the locations of
related command information.
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OPERATIONAL CONVENTIONS

The following conventions are intended as a reference guide to describe the overall

operating principles of the 7854 Oscilloscope.

OPERATING MODES

Figure 9-1 illustrates the basic 7854 modes in order of priority. Column A lists the

commands that can be executed when in the program Entry and Edit modes, and

column B lists the commands that cannot be executed when in the program Execute

mode.

CRT DISPLAY

The crt graticule lines are spaced 8 cm vertically and 18 cm horizontally, with

markers each @.2 cm. The character display area (within graticule outline) is

assigned 16 lines, numbered 1 through 16, starting at the graticule top. Each line

contains spaces for 48 characters, numbered 1 through 4@, starting at the graticule

left. Characters to be displayed have preassigned fields in the display area for each

display mode, as illustrated in Figures 9-2, 9-3 and 9-4.

REAL-TIME WAVEFORMS AND READOUT DISPLAY

All real-time waveforms within the crt graticule area (8 by 18 cm) is valid. Readout

is determined by the plug-in unit, and will be displayed as described in Figure 9-2.

However, if the selected plug-in unit is not equipped to encode readout, the

processor will assign a default scale factor and issue a warning.

STORED WAVEFORMS AND CHARACTER DISPLAY

All waveform data is valid within the acquisition graticule area of 10 by 18 cm.

(Area extends vertically plus and minus one additional cm from the crt graticule.)

Refer to Figure 5-1 for more information.

Horizontal Resolution: Stored waveform horizontal resolution depends upon the

P/W selection (see Table 9-1).

TABLE 9-1

Points-Per-Waveform vs Horizontal Resolution

P/W Horizontal Resolution

(increments/ div)

128 12.8

256 25.6

512 51.2

1024 102.4
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ProgramProgram

Execute ModeEntry and Edit Modes

Display Commands Display © Commands

f i

Lines of program SAVE, and edit commands NEXT, PREV, CLL, 1}

text. NEXT, PREV, CLL and and: *:') commands are

not executable. Ali otherare executable. All other

commands are programmable. commands are executable.

f f Y

SCOPE Mode STORED Mode re iis Mode

Real-time waveforms Stored waveforms Real-time waveforms,

and readout and stored character stored waveforms, and

display. stored character display

{no real-time readout).

i Y f

VERTICAL and HORIZONTAL MODES

Y

Plug-In Unit Modes

2874-403

Figure 9-1. The 7854 hierarchy of operational modes.
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Scope Mode

Character Numbers

5 10 15 20 25 30 35 40

TTAJATAJAVAJAJAJATA/A}B/BIB/B/B/BIB/B/B/ByCic|/c}|c]C|c}cic{cic|D|D]o|/D/DinsolDipdIo

DisplayLineNumbers

Symbol Description

A LEFT VERT plug-in unit, channel 1.

B RIGHT VERT plug-in unit, channel 1.

Cc A HORIZ plug-in unit, channel 1.

D B HORIZ plug-in unit, channel 1.

E LEFT VERT plug-in unit, channe! 2.

F RIGHT VERT plug-in unit, channel 2.

G A HORIZ plug-in unit, channel 2.

H B HORIZ plug-in unit, channel 2.

2873 404

Figure 9-2. Character display fields utilized in the SCOPE mode.
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Stored or Mode

Character Numbers

5 10 15 20 25 30 35 40

1JAJAJA|+|[B1B]«l+]clcl]cl*|D/D/D/DIJDIDE:E;E;ELE/E; E/E] E/E] F ;GiIG|GIGIG|G/G/G|G/GyH

DisplayLineNumbers

2873-405A

Figure 9-3. Character display fields utilized in the STORED or BOTH mode.
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Stored or Both Mode

Symbol Description

QOTON<xKXS<CHMHDROVOZZrFAC+TOMMIOD?Y«
Blank space.

OPW.

Operational waveform number (left justified).

VZR.

Vertical zero number, in divisions (left justified).

Vertical scale factor, per division (right justified).

Vertical scale unit.

Horizontal scale factor, per division (right justified).

Horizontal scale unit.

DSW.

Integer, displayed waveform number (right justified).

VS.

Integer, horizontal axis waveform number (left justified).

TEK/7854V79.1,

Firmware version.

Available RAM.

ADDRESS:

Address. ©

Talk/listen mode and terminator.

ON:

Status message.

OFF:

Status message.

Blank if one cursor on; A if two cursors on.

VCRD.

Vertical cursor coordinate including unit (left justified).

Blank if one cursor on; A if two cursors on.

HCRD.

Horizontal cursor coordinate including unit (left justified).

e Y constant (right justified). Display is either a

f Y waveform number (right justified). constant, or a waveform

g WFEM number followed by

h X constant (right justified). the mnemonic WFM.

i X waveform number (right justified).

j WFM. :

k Key mnemonic (left justified). If no status message

l Key mnemonic (left justified). follows the mnemonic,the

entire mnemonic is

displayed. If a status

message does follow the

mnemonic, it is truncated

to 3 characters.

m Status message (left justified).

n PL.

° Program line number.

2873-405B

Figure 9-3 (cont.} Character display fields utilized in the STORED or BOTH mode.
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Program Entry and Edit Mode

Character Numbers

5 10 15 20 25 30 35 40

1

2

—

3

eetae
4

in td

5

uv 6

ih —s = Ee CER SR SG

E 7

3

28
2 + tn

39

a
e110

2 + aia “— i
On

12

an Sy Ee as es Gaetaa

13

14

r ++

Symbol Description

> (edit prompt, displayed only on tine number 8.)

Line numbers (processor assigned, @@@ through 999).

Program Text.

Blank space.

2873-406

Figure 9-4. Character display fields utilized in the program Entry and Edit modes.
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Vertical Resolution: 182.4 increments/div (only at time waveform is stored into

memory); P/W is fixed at 512 with Option @D.

Y-T Mode

The components of a stored waveform superimposed upon a calibrated graticule

are:

1. Vertical Scale Factor. Specifies the numeric value of each vertical division and

the associated unit (e.g., Vv). Scale factors are constants, and have the same

range and precision as positive constants.

2. Horizontal Scale Factor. Specifies the numeric value of each horizontal division

and the associated unit (e.g., S).

3. Waveform. Consists of vertical coordinates (in units of vertical graticule

divisions) corresonding to the individual points of the waveform. Waveforms are

displayed as a series of points at the specified graticule locations, with or

without connecting vectors.

The points are numbered, for reference, from @ to the points-per-waveform

minus one, Waveform values have a maximum range of +2@ divisions, and are

stored within a resolution of 1/1638.4 of a division. The stored waveform

vertical range is +2 divisions from vertical zero. Also, each point must be less

than 2@ divisions from every other point.

4. Vertical Zero. Specifies the vertical location (in graticule divisions) of waveform

zero with relation to crt graticule zero. The vertical zero values have a maximum

range of +2@ divisions, and are stored with a resolution of 1/1638.4 of a

division. When the display location is specified in graticule divisions, vertical

zero is at the specified graticule location, with positive upward.

5. Horizontal Zero. When the display location is specified in graticule divisions,

horizontal zero is at the left edge of the graticule, with positive to the right.

X-Y Mode

The horizontal position of each displayed waveform point represents the vertical

value of the corresponding waveform point on the horizontal waveform; the

corresponding waveform point location is measured from the horizontal graticule

center (zero reference) and is measured in divisions, with positive to the right.

The mnemonic vS, followed by the horizontal waveform number, is displayed on

line 2 of the character display field. Refer to Figures 9-2 and 9-3.

The displayed horizontal scale factor is the same as the horizontal waveform vertical

scale factor.

The horizontal cursor-coordinate display reflects the displayed horizontal scale

factor, (i.e., HCRD = (divisions)* (HSCL)). This is, in effect, the veorft: value of the

cursor points on the horizontal waveform.

@ 9-7
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STORED WAVEFORM ACQUISITION

Waveform acquisition is the storage of real-time waveforms into the waveform

memory. Waveform and scale factors are acquired because both are required to

fully specify waveform values.

REAL-TIME WAVEFORM ACQUISITION

The digitizer converts the displayed real-time waveform(s) into numeric form for

storage in the data memory. The generated digital data corresponds to that

observable visually, such as graticule division and scale factor terms. The only

deliberately introduced changes are due to quantizing.

The instrument acquisition system operates properly with single-valued functions of

the horizontal variable. X-Y type waveforms will not be correctly acquired.

The digitizer control starts and stops the digitizer, and also controls its mode. Real-

time single-shot, equivalent-time sampled, and signal averaged modes are

available.

REPETITIVE DIGITIZING

Repetitive digitizing uses equivalent-time sampling to construct complete

waveform(s) from many repetitions of the same real-time waveform(s); this mode is

useful at all sweep speeds.

The digitizer simultaneously samples and quantizes the horizontal and vertical real-

time trace location. The horizontal value specifies the point number where the

vertical value is stored.

Sampling is asynchronous with respect to the sweep. Only those samples taken

while the sweep gate is on are considered valid. Samples taken from portions of the

real-time trace horizontally outside the graticule are loaded into the corresponding

extreme stored points (hence these points are generally erroneous). At any time

during digitizing, most points will have been sampled more than once (the latest

data is retained), while some may not have been filled at all.

Waveform acquisition terminates when either of the following occurs:

1. At least 99% of all sampled points of the real-time waveform are stored into

memory, and at least one complete sweep has occurred.

2. A STOP command from the keyboard is received.

9-8 @
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REAL-TIME DIGITIZING

Real-time digitizing samples and digitizes only one occurrence of the real-time

waveform(s). The fastest equivalent sweep speed at which this mode is usable is

limited by the maximum sample rate at which the digitizer hardware can operate.

The instrument requires a clock-generator time base to supply a clock, which then
determines the sampling rate. An external clock signal may also be connected via

the plug-in’s external clock connector.

During digitizing, vertical signals are sampled every clock cycle, digitized, and then

stored in memory. The memory contains the last P/W samples, or all samples if

fewer clock cycles have occurred.

UNFILLED/ERRONEOUS POINTS

After termination, any unfilled and known erroneous points are corrected as

follows:

Up to 9.81 of the total sampled points in the on-screen portion (horizontally) of the

trace may not have been digitized. These are randomly distributed, and are filled by

linear interpolation from adjacent valid data. When the real-time trace terminates

outside the horizontal graticule boundary, the corresponding stored waveform end

point(s) are set to the same value(s) as the adjacent point(s). When the trace

terminates on-screen, the stored end point data is copied to all unfilled points, to the

end of the waveform.

If no points are filled, due to a forced STOP before any or enough sweeps have

occurred, the scale factors are acquired as described, and all waveform points are

set to zero.

WAVEFORM STORAGE

Waveform data is stored in a digital storage area.

A stored waveform is represented by a sequence of 16-bit binary integers. Each

number repersents a point of the waveform.

Points-per-Waveform (P/W) is the number of points in a waveform. Points are

numbered from @ through [(P/W)-1] and are assumed to be uniformly spaced at

increments of (18 / [(P/W)-1]) divisions along the horizontal graticule axis. Point &

is at the left edge of the graticule.

The stored data format is used directly for internal input from the digitizer and

output to the display. (The user numerical! access is via software routines which

transform the internal format to and from the external decimal form.)
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WAVEFORM RESULTS

New waveform data generated by computation is always stored at waveform

memory address @ WFM.

OVERFLOW AND UNDERFLOW

Large and Small Constants

The largest internally representable constant magnitude is approximately 19° or

257.787. larger constants are set to this magnitude with the proper sign. The largest

constant magnitude that can be displayed is 1@°°; larger constants are displayed

as: (mantissa Sign) +**+****,

The smallest internally representable constant magnitude is approximately 19° or

992.767. smaller constants are set to zero.

The smallest constant magnitude that can be displayed is 10°°: smaller constants
are displayed as zero.

Large and Small Waveforms

All waveform point values larger than the largest constant magnitude are set to that

magnitude with the proper polarity, and are displayed at the plus or minus 3 division

level. All other waveform points are set to zero.

Waveform point values smaller than the smallest magnitude may be accessed

externally (e.g., by waveforms). If all waveform values are smaller than the smallest

magnitude, the entire waveform value is set to zero.
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INSTRUMENT COMMANDS
The following tables list all the commands, and provide a concise description of their
functions.

ARITHMETIC FUNCTIONS

The commands ABS through SORT, listed in Table 9-2 are performed on a single
constant or waveform operand; the remaining commands (+, -, *, /) are performed
on two constant or waveform operands. Table 9-3 lists operand types and results

when using the Y and X registers for mathematical computations.

TABLE 9-2

Arithmetic Commands

Command Execution

ABS Function: Computes absolute value of contents
(Returns Absolute Value) of X register, and returns result to X register.

The result is not autoscaled; and if the

operand is a waveform, the VZR and vertical

scale factor are retained.

Stack: Pops contents of X register; pushes

result back into X register.

Vertical Scale Factor Units: Remains same as

operand unit.

EXP

(Exponential!)

Function: Computes exponential function of X

register contents, and returns result to X

register.

Stack: Pops contents of X register: pushes

result back into X register.

Scale Factor Units: Blanked if operand is

waveform.

LN

(Returns Natural Logarithm)

Function: Computes natural logarithm of

absolute value of contents of X register;

returns result to X register.

Stack: Pops contents of X register; pushes

result back into X register.
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TABLE 9-2 (CONT)

Arithmetic Commands

Command Execution

LN (cont) Scale Factor Unit: Blanked if operand is a

waveform.

Warning: Issued if the X register contains

either a negative or zero constant, or a

waveform memory address in which any point

of the waveform is negative or zero.

SGN Function: Computes signum of X register

(Returns Signum) contents, and returns result to X register.

Result is not autoscaled; if operand is a

waveform the vertical scale factor is set to 1,

and is set to

Description: The signum of the contents of the

X register equals:

1 where contents of X register is greater

than @.

@ where contents of X register is @.

-1 where contents of X register is less

than @.

Stack: Pops contents of X register; pushes

results back into X register.

Both Scale Factor Units: Blanked if operand is

waveform.

SORT Function: Computes square root of absolute

(Returns Square Root) value in X register; returns result to X

register.

Stack: Pops contents of X register; pushes

result back into X register.

Scale Factor Units: Blanked if operand is a

waveform.

Warning: Issued if the X register contains

either a negative constant, or a waveform

memory address in which any point of the

waveform is negative.
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TABLE 9-2 (CONT)

Arithmetic Commands

Command Execution

+ (Add) Function: Adds contents of Y register to

contents of the X register; returns result to X

register.

Stack: Pops contents of X and Y registers;
pushes result back to X register.

— (Subtract) Function: Subtracts contents of X register from

contents of Y register; returns results to X

register.

Stack: Pops contents of X and Y registers;

pushes result back to X register.

* (Multiply) Function: Multiplies contents of Y register by

contents of X register; returns result to X

register.

Stack: Pops contents of X and Y registers;

pushes result back to X register.

/ (Divide) Function: Divides contents of Y register by
contents of X register: returns result to X

register.

Stack: Pops contents of X and Y registers;

pushes results back to X register.

Warning: Issued if the X register (divisor)

contains either a zero constant, or a waveform

memory address in which any point of the

waveform is zero. The result is internally set to

the largest representable binary number of the

same sign as the Y register (dividend): a field

of eight * (asterisks) preceded by the

appropriate sign is displayed. However, if the Y

register also contains a zero, or a waveform

memory address in which the corresponding

point of the waveform is also zero, the result

is set to zero.

@ 
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TABLE 9-3

Operands and Results

Operands Result

(Contents of Y and

X Registers)

Two Constants A constant, returned to X register.

Two Waveforms A waveform returned to waveform memory

address @ WFM. (Each resulting waveform point

is calculated by applying the specified operation

to the corresponding points of the referenced

waveforms.)

Scale Factors If both horizontal scale factors of the

referenced waveforms are the same, the

resulting waveform has the same scale factor;

otherwise, the scale factor is assigned a value

of "1" and a warning is issued.

Scale Factor Units Horizontal: {f both horizontal scale factors and

units of the referenced waveforms are the

same, the resulting scale factor unit is the

same: otherwise, the unit is blank.

Vertical: For + and - functions the resulting

vertical scale factor unit is blank if the two

referenced waveforms have differing vertical

units. For * and / functions the resulting

vertical scale factor unit is blank.

Constant and Waveform A waveform returned to waveform memory

address @ WFM. (Each resulting waveform point

is calculated by combining each waveform point

with the constant value.)

Scale Factor Units The vertical and horizontal scale factor units of

the resulting waveform are the same as the

operand waveform.
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CRT DISPLAY

Table 9-4 lists the overall display content as selected by the CRT DISPLAY

commands.

TABLE 9-4

CRT Display Commands

Command Execution

SCOPE Function: Selects real-time waveform(s) and

(Scope Display) readout display on crt.

STORED Function: Selects stored data display on crt.

(Stored Data Display)

BOTH Function: Selects a combined display,

(Combined Display) consisting of a stored data display plus the

real-time waveform(s) only; no real-time readout

is displayed.

CURSORS

Cursors are one or two specially identified points displayed (with bright dots) on the

operational waveform. The cursors delimit portions of the waveform for waveform

parameter calculations. They also have special significance for pulse parameter

measurements. Refer to Table 9-5, Cursor Commands, for functions and

restrictions.

ONE CURSOR

Cursor 1 is displayed on a point of the operational waveform.

VCRD is the vertical coordinate of Cursor 1’s point, in scale factor units, relative to

VZR.

HCRD is the horizontal coordinate of Cursor 1's point, relative to the start of the

waveform, in scale factor units.

TWO CURSORS

Cursors 1 and 2 are displayed on points of the operational waveform.

VCRD is the vertical location of Cursor 2 relative to Cursor 1, in scale factor units.

(. VCRD setting is equal to the operational waveform value at Cursor 2 minus the

operational waveform value at Cursor 1.}
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HCRD is the horizontal location of Cursor 2 relative to Cursor 1, in scale factor

units. .HCRD setting is equal to the Cursor 2 point number minus Cursor 1 point

number times the horizontal increment.)

CURSOR MOVEMENT

Cursor movement is described in terms of horizontal position along the operational

waveform. Therefore, the vertical position is determined by the horizontal position.

Restrictions

14. Each cursor must coincide with an operational waveform point.

2. Cursor 1 can be moved to any operational waveform point.

3. Cursor 2 can be moved to any point in the portion of the waveform between, and

including, Cursor 1 and the end of the waveform.

4. For stored programs, only the initial actuation of the manual slewing keys is

stored and executed.

5. Cursors can be positioned via the manual slewing keys (CRS1<), (CRS1>),

((CRS2<), and (CRS2>). The initial actuation moves the cursor by one point.

lf the key remains actuated longer than approximately 308 milliseconds, the

cursor begins continuous movement, slowly at first, accelerating in about 1

second to maximum speed. Releasing the key terminates the cursor movement.

6. Cursors can be positioned directly with the >VCRD and »HCRD commands.

7. The cursor coordinates can be returned to the X register with the VCRD

and HCRD commands.

TABLE 9-5

Cursor Commands

Command Execution

OFF Function: Turns off cursors.

(Cursors Off)

CRS1 Function: Turns on Cursor 1.

(One Cursor On)

Display: Cursor 1 is displayed on the

operational waveform. Coordinates are displayed

in scale factor units.
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TABLE 9-5 (CONT)

Cursor Commands

Command Execution

CRS2-1

(Both Cursors On)

Function: Turns on Cursors 1 and 2.

Display: Cursors are displayed on the

operational waveform. Relative coordinates are

displayed in scale factor units.

CRS1<

(Cursor 1 Left)

Function: Moves Cursor 1 toward start of

waveform.

Restriction: Cursors cannot be OFF.

Warning: Issued if Cursor 1 is at start of

waveform.

CRS1>

(Cursor 1 Right)

Function: Moves Cursor 1 toward end of

waveform (picks up Cursor 2, displayed or not).

Restriction: Cursors cannot be OFF.

Warning: Issued if Cursor 1 is at end of

waveform.

CRS2<

(Cursor 2 Left)

Function: Moves Cursor 2 toward start of

waveform.

Restriction: Cursor 2 must be displayed (in

CRS2-1 mode).

Warning: Issued if Cursor 2 is at Cursor 1

location.

CRS2>

(Cursor 2 Right}

Function: Moves Cursor 2 toward start of

waveform.

Restriction: Cursor 2 must be displayed {in

CRS2-1 mode).

Warning: Issued if Cursor 2 is at end of

waveform.

>HCRD

(Set Horizontal Coordinate)

Function: Moves Cursor 1 (in CRS1 mode)

or Cursor 2 (in CRS2-1 mode) so that the

horizontal coordinate, or relative coordinate, ts

equal to the value in the X register.

9-17
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TABLE 9-5 (CONT)

Cursor Commands

Command Execution

HCRD (cont) Restriction: Cursors must not be OFF; constant

in X register must be 2@; display mode must

not be in X-Y.

Warning: Issued if constant in X register

represents a position beyond the right graticule

edge. Simultaneously sets cursor(s) to right

graticule edge.

NOTE

The cursor is set to the nearest stored point when the specified

position does not coincide with a stored point.

‘VCRD Function: Moves Cursor 1 (in CRS1 mode) or

{Set Vertical Coordinate) Cursor 2 (in CRS2-1 mode) so that the vertical

coordinate, or relative vertical coordinate, is

equal to value in X register.

Restriction: Cursors must not be OFF. The

operational waveform must cross or touch the

specified vertical level (contained in X register)

somewhere within the allowed cursor

movement range.

NOTE

In all searching operations to be described, scanning always begins

halfway between the initial location of the cursor to be moved, and the

following point. If the next crossing is nearest to the present cursor

location, that crossing is ignored.

In CRS1 mode, the operational waveform is scanned from Cursor 1 to

the end of the waveform. If a crossing is not found, the scan continues

from the start of waveform back to the cursor location. The cursor is

set to the first crossing or touching point found.

In CRS2-1 mode, the operational waveform is scanned from Cursor 2

toward the end of the waveform. If a crossing is not found, the scan

continues from Cursor 1 forward to Cursor 2. Cursor 2 is then set to

the first crossing or touching point found, where the touching point is

preceded by at least one point of a different value. If the specified

vertical level does not coincide with a stored point value, the cursor is

set to the point which has the nearest vertical value.
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TABLE 9-5 (CONT)

Cursor Commands

Command Execution

VCRD Function: Copies the displayed vertical

(Returns Vertical Coordinate) | coordinate (CRS1 mode), or relative coordinate

(CRS2-1 mode}, into the X register.

Stack: Pushes the result into the X register.

Restriction: Cursors cannot be OFF.

HCRD Function: Copies the displayed horizontal

(Returns Horizontal coordinate (CRS1 mode), or relative coordinate

Coordinate} (CRS2-1 mode), into the X register.

Stack: Pushes the result into the X register.

Restriction: Cursors cannot be OFF.

DATA STORAGE

Table 9-6 lists the commands and functions used for storing and retrieving

waveform and constant data.

TABLE 9-6

Data Storage Commands

Command Execution

CNS Function: Contents of a constant register

(Return Constant) (designated by address number in X register)

are returned to X register.

Stack: Pops X register; pushes contents of

constant register into X register.

Restriction: X register must contain constant

which, when rounded to nearest integer, is

from @ to 49 @ to 99 with Option 2D‘),

inclusive.

1 Applies only to instruments with serial numbers below B085121. For instruments with |
serial number B085121 and above, features previously provided by Option 2D are standard.
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TABLE 9-6 (CONT)

Data Storage Commands

Command Execution

“CNS Function: Copies contents of Y register to

(Store Constant) constant register number given in X register; if

contents of Y register is a waveform address,

copies WFM number to X register.

Stack: Pops X register.

Restriction: X register must contain constant

which, when rounded to nearest integer, is

from © to 49 (® to 99 with Option 2D‘),

inclusive.

PNT Function: Returns vertical value of operational

(Return Waveform waveform point number referenced in X

Point Value) register, to the X register.

Stack: Pops the operational waveform point

number from the X register; pushes vertical

value to X register.

Restriction: Contents of X register (rounded to

nearest integer) must be from @ to [(P/W)-1],

inclusive.

PNT Function: Sets operational waveform point in

(Set Waveform Point Value) X register to value contained in Y register.

Stack: Pops X register.

Restriction: Contents of X register (rounded to

nearest integer) must be between, and

including, zero and value of (P/W minus one).

Contents of Y register must be a constant

which, when divided by the vertical scale factor

is within the vertical range limits of the

waveform. See Y-T Mode in Operational

Conventions, at the beginning of this section.

P/W Function: Copies points per waveform setting

(Return Points Per into X register.

Waveform Setting)

Stack: Pushes X register.

1 Applies only to instruments with serial numbers below B085121. For instruments with

serial number B085121 and above, features previously provided by Option 2D are standard.
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TABLE 9-6 (CONT)

Data Storage Commands

Command Execution

>P/W Function: Reconfigures waveform memory so

(Set Points Per Waveform) that the size of all waveforms (points per

waveform) is the same as_ the constant in the

X register, providing it is one of the available

sizes (128, 256, 512, or 1024). Performs

implicit CLD command.

Stack: Ciears stack (all registers equal to zero).

Restriction: Contents of X register must be

either 128, 256, 512, or 1824, where contents

of X register is rounded to nearest integer.

WFM Function: Contents of waveform memory

(Recall Waveform) (number in X register) becomes operational

waveform.

Stack: Pops X register; pushes waveform

address to X register.

Restriction: X register must contain a constant

which, when rounded to nearest integer, is

from @ to maximum valid waveform memory

address number (inclusive).

WEM Function: Copies operational waveform into

(Copy Stored Waveform) waveform memory (address number in X

register).

Stack: Pops X and Y registers; pushes

waveform address to X register.

Restriction: Y register must contain valid

waveform memory address. X register must

contain a constant which, when rounded to

nearest integer, is from @ to maximum valid

waveform memory address number (inclusive).
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EXTERNAL FUNCTIONS

Table 9-7 lists the external interface commands executed from both the Waveform

Calculator keyboard or the measurement keyboard.

TABLE 9-7

External Interface Commands

Command Execution

iD

(Identify)

Function: Identifies following data on crt screen.

Display

Line Display Format

9

18

DOES CPR OPO

Device Type.

Implemented version of Codes and

Format Standard.

ROM version.

ROM patch version for specified

ROM version.

Instrument memory capability by option:

Memory Option

2K 8D

gk | (Standard*)

8K 1 2D1

GPIB address.

GPIB modes.

Message terminator.

GPIB service request command status

(except with Option @D).

1 Applies only to instruments with serial numbers below B085121. For instruments with

serial number B085121 and above, features previously provided by Option 2D are standard.
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TABLE 9-7 (CONT)

External Interface Commands

Command Execution

READX

(Read Data From

External Interface)

Function: Inputs data from external interface:

Received in X register if data record is

constant; received in waveform memory address

@ WFM if data record is a waveform.

Stack: Pushes constant or waveform memory

address, © \VF8*, to X register.

Restriction: GPIB interface must be properly

selected, and incoming data must be of proper

format and contents. Refer to Section 7, GPIB

Information.

RQS

(Request Service)

Function: Sends rsv (7854 local service request

message) to interface if enabled by GPIB

REMON command.

SAVE

(Save Program)

Function: Sends one record consisting of

stored program text to external interface;

current program line through end-of-program is

sent.

Restriction: GPIB interface must be properly

selected and current program line must not be

end-of-program.

Programmability: Command not programmable.

SENDX

(Send Data to

External interface)

Function: Transmits contents of X register

(if constant) to external interface; if X register

contains waveform memory address, transmits

corresponding waveform memory contents to

external interface.

Stack: Pops X register.

Restriction: GPIB interface must be properly

selected.

SWH

(Set Output High)

Function: Sets signa! output at rear-panel

TTL SIGNAL OUTPUT connector to high state.

SWL

(Set Output Low)

Function: Sets signal output at rear-panel

TTL SIGNAL OUTPUT connector to low state.
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NUMBER ENTRY

Table 9-8 lists the number entry commands as executed from the Waveform

Calculator keyboard. Table 9-9 describes the functions and character positions

within the number entry field.

TABLE 9-8

Number Entry Commands

Command Execution

Function: Enter and display decimal point

(Decimal Point) in mantissa.

Stack: Pushed at first decimal point (or

number) entry.

Warning: An audible tone and stored display

blink (numeric warning) ocurs if more than one

decimal point is entered in mantissa, or if

decimal point entry in exponent (following EEX)

is attempted; ° s2NING message not

displayed.

@,1,2,3,4,5,6,7,8,9 Function: Input constants from keyboard

(Digits) {mantissa or exponent after EEX).

Display: Number entry displayed.

Stack: Pushed at first number (or decimal

point) entry.

EEX Function: Begins exponent entry.

(Enter Exponent)

Display After Mantissa Entry: Mantissa

followed by exponent identifier (£), initial esign

(), and evalue (-— ).

Display Without Mantissa Entered: Default

mantissa ( } and decimal point {.}, followed by

exponent identifier, esign, and evalue.

Stack (Without Mantissa Entered): Pushes

stack.

Warning: Numeric warning issued if in

exponent entry mode and EEX is initiated

again, or if decimal point is issued.
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TABLE 9-8 (CONT)

Number Entry Commands

Command Execution

CHS Function: Changes sign of X register value, or

(Change Sign) of exponent during exponent entry.

Restriction: X register must contain a constant.

NUMERIC ENTRY

Number entry begins with a digit, decimal point, or EEX command following any

nonnumeric command.

Constants may enter the stack in two distinct ways:

1. By a sequence of numeric commands from the keyboard or GPIB.

2. As a result of a command execution.

Number Entry Display

Numbers entered are displayed in a number entry field as described in Table 9-9.

TABLE 9-9

Number Entry Field

Horizontal Character Function

Position (Display Line 16)

12 Mantissa Sign: Minus sign displayed if

negative (blank if positive), and is entered with

CHS command.

13-25 Mantissa: 12 digits (or 11 digits and 1 decimal

point). Entry is started with any digit or

decimal point, and is terminated by EEX or any

nonnumeric command except CHS, RUN, STEP,

STOP, or PAUSE. The first character (decimal

point, entered digit, or a default 1) is displayed

in horizontal position 13. Entered digits are

displayed to the right of existing digits, up to

position 25. The terminating command rounds

the displayed mantissa to four significant

digits.
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TABLE 9-9 (CONT)

Number Entry Field

Horizontal Character Function

Position (Display Line 16)

NOTE

An f command during number entry blanks character positions 22
through 26 inclusive, and the mnemonic * is displayed: however, the

internal numeric value is not affected. A cif or any nonshift function
will return the display to normal.

26-29 Exponent (EEX): Exponent identifier, sign,

and two digits are displayed (E-6@)

following the mantissa:

26 £ (Exponent identifier.)

27 or (Exponent sign is initially positive.)

28, 29 0 (Exponent digits; digits move to left

as entered, but only last two entered

are retained and displayed.)

Exponent entry starts with EEX command

and is terminated by any nonnumeric

command except CHS, RUN, STEP, STOP,

or PAUSE. If no mantissa was entered,

a default mantissa of is assigned and

displayed.
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PROGRAM ENTRY/EXECUTE

Table 9-1@ lists the program Entry and Execute commands executed from the

Waveform Calculator keyboard.

TABLE 9-19

Program Entry and Execute Commands

Command Execution

CLL

(Clear Program Line}

Function: In program Entry mode, deletes new

line and returns to Edit mode with edit prompt

at line following the new line. In Edit mode,

deletes current line command group and leaves

edit prompt at same line number. Program text

following the deleted line is moved up to close

the gap (line numbers of all following command

groups are reduced by one).

Restriction: Must be in program Entry or Edit

mode and edit prompt must not be at end-of-

program line.

Programmability: Command not programmable.

CLP

(Clear Program Memory)

Function: Clears entire program memory.

Confirmation: When CLP is received, an

audible warning is given, and the program

display shows only the statement "

NEXT command will complete the CLP function.

Any other command will abort the CLP

command and will restore the previous status.

Restriction: Must be in program Entry or Edit

mode.

EXECUTE

(Execute Mode)

Function: Selects program Execute mode when

executed (or selects program Entry or Edit

mode if already in Execute mode).

Programmability: Command not programmable.
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TABLE 9-198 (CONT)

Program Entry and Execute Commands

Command Execution

GOTO DIRECTLY ISSUED

(Go To Program Line) Function: Next program command becomes

first command in program line number in X

register; remains in idle state.

Stack: Pops X register.

Restriction: The X register must contain a

constant which, when rounded to the

nearest integer, is from @ to 999 (inclusive).

Warning: Issued if the X register contains a

constant greater than the last stored

program line number. (Edit prompt goes to

end-of-program line; and line number

removed from display line 16.)

STORED EXECUTION

Function: In Step state, returns to idle

state; next program command is first

command of program line number in X

register. In Run state; continues execution

at first command of program line number in

X register.

Display: Current program line number (in X

register) is in display line 16.

Stack: Pops X register.

Restriction: The X register must contain a

constant which, when rounded to the

nearest integer, is from @ to 999 (inclusive).

Warning: Issued if the X register contains a

constant greater than the last stored

program line number. (Edit prompt goes to

end of program; and line number

removed from display.)
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TABLE 9-18 (CONT)

Program Entry and Execute Commands

Command Execution

GSB DIRECTLY ISSUED

(Go To Subroutine) Function: Next command in program

becomes first command in program line

number in X register; returns to idie state.

Display: Current program line number is in

display line 16.

Return Register: Advances to command

following the GSB command.

Stack: Pops X register.

Restriction: The X register must contain a

constant which, when rounded to the

nearest integer, is from @ to 999 (inclusive).

Not more than 1@ levels of nesting is

allowed.

Warning: Issued if the X register contains a

constant greater than the last stored

program line number. (Edit prompt goes to

end-of-program line.)

STORED EXECUTION

All details same as listed above except: If

executed in Run state, remains in Run state

and continues execution from next

command.

IFW i DIRECTLY ISSUED

(If Contents Of Function: Compares contents of Y and X

X Register Is registers.

Equal To Contents

Of Y Register) Operation: If the contents of the Y and X

registers are both constants, a simple

comparison is made. The test is if

the displayed contents of both registers have

identical values.

lf the contents of the Y and X registers are

both referenced waveforms, values at

corresponding pairs of points are compared.
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TABLE 9-18 (CONT)

Program Entry and Execute Commands

Command Execution

IFX=3' (cont) The test is ?#i’: if the difference is zero at
all points (between cursors, if on). If only

one of the registers holds a constant, it is

treated as a waveform of constant value.

Display: *8icr or * 4) S* status message,

depending on result of comparison.

STORED EXECUTION

Function: Continues execution, if result of

comparison is “9i::%, at next command;

otherwise, execution continues at first

command of next program line. Scale factor

units are ignored if different.

Operation and Display: All details same as

above.

IFVy>x DIRECTLY ISSUED

(If Contents Of Function: Compares contents of Y and X

Y Register Is registers.

Greater Than

Contents Of Operation: A simple comparison is made

X Register) between the contents of the X and Y

registers, if both are constants. If both are

referenced waveforms, values at

corresponding points are compared. The test

is if the contents of the Y register

exceeds that of the X register at one or

more points (between cursors, if on). If only

one of the registers is a constant, it is

treated as a waveform of constant value.

Display: Mnemonic and **:! or FALSE

status message, depending on results of

comparison.

STORED EXECUTION

Function: Continues execution, if result of

comparison is <i): , at next command;

otherwise, execution continues at first

command of next program fine.

Operation and Display: Al! details same as

above.
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TABLE 9-18 (CONT)

Program Entry and Execute Commands

Command Execution

LBL Function: Returns number of program line

(Return Label Line) containing first occurrence of label number in

X register, to the X register.

Stack: Pops X register; pushes result to X

register.

Restriction: The X register must contain a

constant which, when rounded to the nearest

integer, is from @ to 99 (inclusive). The label

specified in the X register must occur in the

stored program.

LNN Function: Begins storing a label in the

(Begin Label) program; this command must be followed by

two digits. Label entry ends (label is stored)

when second digit is received.

Display: Program display shows:

LNN (after LNN command)

LaN (a is the first digit)

Lab (b is the second digit)

Restriction: The LNN command must be

followed by two digits, or by a CLL or CLP

command. Must be in program Entry or Edit

mode.

NEXT Function: In program Entry state, terminates

(Advance to Next Line) new line being entered and returns to program

Edit state with edit prompt at next tine; in Edit

state, repetitively advances edit prompt to next

line.

Automatic NEXT: If (in program Entry mode) a

programmable command is received whose

mnemonic would cause the program line to

exceed the allowed length (35 characters), an

automatic NEXT is executed to terminate the

line, and the mnemonic is automatically

inserted at the start of a new line.
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TABLE 9-18 (CONT)

Program Entry and Execute Commands

Command Execution

NEXT (cont) Restriction: Must be in program Entry or Edit

mode and edit prompt must not be at end-of-

program line.

Warning: Issued when new line started.

Programmability: Command not programmable.

PAUSE Function: Stops command execution for

(Pause) approximately @.7 seconds. This command does

not terminate a numeric command sequence.

PREV Function: !f in program Entry mode, terminates

(Back To Previous Line) new line being inserted and returns to Edit

mode with edit prompt at new line; in Edit

mode, backs edit prompt to previous line. If key

remains activated for more than 300

milliseconds, edit prompt backs through the

program at approximately 8 lines per second.

Restriction: Must be in program Entry or Edit

mode and edit prompt must not be on line

BOO.

Programmability: Command not programmable.

PROG

(Program Entry)

Function: Selects program Entry or Edit mode

when executed (or selects Execute mode if

already in program Entry or Edit mode).

Current Program Line: Identified by the edit

prompt (>) which remains on display line 8 (left

edge at crt center) throughout program entry or

edit.

Programmability: Command not programmable.

RTN

(Return From Subroutine)

DIRECTLY ISSUED

Function: Next command becomes command

identified by return register; clears register

and returns to idle.

Restriction: Return register must be set.
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TABLE 9-18 (CONT)

Program Entry and Execute Commands

Command Execution

RTN (cont) STORED EXECUTION

All details same as above except: In Run

state, remains in Run state and continues

execution from new next command.

RUN DIRECTLY ISSUED

(Run Program) Function: System goes to Run state of

Execute mode.

Restriction: Program must be stored and

edit prompt must not be at end-of-program

fine.

STORED EXECUTION

Function: No effects; execution continues

with next command.

NOTE

The RUN command does not terminate a numeric command sequence.

START DIRECTLY ISSUED

(Execute Program Function: initiates Run state. Execution

From Start) begins with first stored command (first

command of line @0@); clears subroutine

return register.

Restriction: A program must be stored in

memory.

STORED EXECUTION

Function: In the Step state, stops execution

and returns to idle; next program command

is first stored command; clears subroutine

return register.

In the Run state, continues execution at the

first stored command; remains in Run state;

clears return register.
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TABLE 9-18 (CONT)

Program Entry and Execute Commands

Command Execution

STEP Function: Goes to Step state and begins

(Single Line execution at next program command.

Program Execution)

Warning: Issued if edit prompt is at end-of-

program line (remains in idle state).

Programmability: Command not programmable;

direct execution only.

NOTE

The STEP command does not terminate a numeric command sequence.

STOP

(Stop)

DIRECTLY ISSUED

Function: No function; warning issued if

STOP command received in idle state. If a

real-time waveform acquisition command

(AQR, AVG1@, AVG188, AVG1@@@, AVG, or

GND) is being executed, execution is

terminated. The GPIB commands READX,

SENDxX, >TEXT, TEXT, and SAVE, are

stopped prior to the start of data transfer.

The command buffer is cleared.

lf issued while executing a program,

completes current command, then stops

execution (returns to idle). The next program

command follows the command that was in

progress when the STOP was received.

Display: Mnemonic of command being

executed (if any) when STOP command was

received, and a STOP IN status message if

interrupted program execution.

STORED EXECUTION

Function: Stops execution and goes into idle

state. Next program command is command

following the STOP.

Display: The fast executed command

mnemonic (except STOP, or PAUSE) and the

STOP iN status message.

NOTE

The STOP command does not terminate a numeric command sequence.
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SHIFT FUNCTION

Table 9-11 lists the shift function commands.

TABLE 9-11

Shift Flag Commands

Command Execution

cLf Function: Clears shift function (fcommand).

(Clear Shift Flag)

f Function: Shifts operation to alternate key

(Sets Shift Flag) function (printed in blue on panel above

applicable keys).

Display: Mnemonic * when shift flag set.

Operation: The shift flag is cleared by any

command, except the fcommand itself. If the

associated key has a shift function, that

function is executed. Otherwise no function is

performed.

The S key does not affect the status of numeric

input if the next key activated has no shift

function, or is cif
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Table 9-12 lists the commands that move data within the stack, executed from the

Waveform Calculator keyboard.

TABLE 9-12

Stack Control Commands

Command Execution

(Clear Stack)
Function: Clears stack; sets all registers

to zero.

CLX

(Clear X Register)

Function: Clears X register; pops stack as follows

(refer to Fig. 6-1):

—Copies contents of Y register to X register;

—Copies contents of Z register to Y register;

—Copies contents of T register to Z register:

—Copies contents of W register to T register;

—Original contents of W register remain in

W, and are duplicated in T register.

ENTER

(Enter)

Function: Terminates numeric entry if in the

numeric entry state; otherwise pushes stack as

follows (refer to Fig. 6-1):

—Contents of W register are lost.

—Copies contents of T register to W register;

—Copies contents of Z register to T register:

—Copies contents of Y register to Z register;

—Copies contents of X register to Y register;

—X register contents unchanged.

(Roll Stack)

Function: Simultaneously rolls (or circulates) stack

contents as follows (refer to Fig. 6-1):

—Copies contents of Y register to X register;

—Copies contents of Z register to Y register;

—Copies contents of T register to Z register;

—Copies contents of W register to T register:

—Copies original contents of X register to

vacated W register.

X<oy

(Interchanges X and Y)

Function: Interchanges contents of X and

Y registers.

9-36



Command Language—7854

cn

STORED WFM DISPLAY

Table 9-13 lists the commands that control the content and format of stored

waveform displays.

TABLE 9-13

Stored Waveform Display Commands

Command Execution

Function: Clears all waveforms displayed using

(Clear Display) DSW command. Operational waveform remains

displayed, even though it also was displayed

using DSW command.

CLW Function: Clears stored waveform (specified

(Clear Stored Waveform) in X register) from stored display, providing it

was displayed using DSW command.

Stack: Pops X register.

Restriction: The X register must contain a

constant which, when rounded to the nearest

integer, is from @ to the maximum valid

waveform memory address (inclusive).

Warning: Issued if specified waveform was not

displayed with DSW command.

(Dot Display)

Function: Displays stored waveform(s) as dots

in the display location of each waveform point.

DSW

(Display Stored Waveform)

Function: Displays stored waveform (WFM

address in X register) on stored display (in

addition to other waveforms already displayed).

Displays the waveform number (given in X

register} in addition to other waveforms already

displayed.

lf this waveform is already displayed, it remains

displayed. Up to 8 total waveforms can be

displayed using the DSW command. Then,

executing DSW will pop the stack and issue a

warning, but the stored waveform display won't

change.
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TABLE 9-13 (CONT)

Stored Waveform Display Commands

Command Execution

DSW (cont) The operational waveform is always displayed.

There could be 9 displayed waveforms if the

operational waveform number has not been the

operand for a DSW command.

if the operational waveform number is in the X

register when the DSW is executed, the

waveform remains displayed.

The numbers of all displayed waveforms are

displayed in line 2 of the character display,

preceded by the (35. mnemonic. Left-to-right

sequence of numbers is the same as top-to-

bottom sequence of the corresponding

waveform © points.

NOTE

Due to display hardware limitations,

the display may show visible flicker

if >2048 total points are displayed.

Stack: Pops contents of X register.

Restriction: The X register must contain a

constant which, when rounded to the nearest

integer, is from @ to the maximum valid

waveform memory address number.

Warning: Issued if eight waveforms already

displayed with DSW.

TIME Function: Time (waveform point number times

(Versus Time) horizontal increment) is the horizontal axis for

all displayed waveforms.

VECT Function: Displays stored waveform(s) as

(Vector Display) straight-line vectors joining the display locations

of adjacent waveform points.

vs Function: The waveform whose address number

(Waveform Versus is contained in the X register provides the

Waveform) horizontal axis for all displayed waveforms.
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TABLE 9-13 (CONT)

Stored Waveform Display Commands

Command Execution

VS (cont) Description Of X-Y Display: The horizontal

position of each displayed waveform point is

the vertical graticule position of the

correspondingly numbered waveform point of

the horizontal! waveform, in divisions, measured

from horizontal graticule center.

The mnemonic S$ followed by the horizontal

waveform number is displayed on line 2.

The displayed horizontal scale factor is the

same as the horizontal waveform vertical scale

factor.

Stack: Pops X register.

Restriction: The X register must contain a

constant which, when rounded to the nearest

integer, is from @ to the maximum valid

waveform memory address number.
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VERTICAL POSITION

Table 9-14 lists the commands that control the vertical position of the operational

waveform.

TABLE 9-14

Vertical Position Commands

Command Execution

NOTE

The following keys vertically position the operational waveform.

Each initial actuation moves the waveform by one vertical

resolution increment (1/102.4 div}. Keeping the key depressed

longer than approximately 300 ms begins a continuous

movement, in steps of one display resolution increment, for as

long as the key is held down.

These keys are programmable. Each key actuation is stored as

one command, and each stored execution moves the operational

waveform by one increment.

VPDN Function: Moves operational waveform

(Vertical Position Down) downward.

Restriction: Vertical zero reference (VZR) must

be greater than -2@ divisions. All points of the

operational waveform (if not @ WFM) must

remain within -2@ divisions of the center

horizotnal graticule line.

Warning: Issued if operational waveform is

@ WFM, and any points are clipped at -2

divisions.

VPUP Function: Moves operational waveform

(Vertical Position Up) upward.

Restriction: Vertical zero reference (VZR) must

be less than +2@ divisions. All points of the

operational waveform (if not @ WFM) must

remain within +2@ divisions of the center

horizontal graticule line.

Warning: Issued if operational waveform is

@ WFM, and any points are clipped at +2@

divisions.
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Waveform acquisition {s the storage of real-time waveforms into the waveform

memory. Table 9-15 lists the commands that control the waveform acquisition.

TABLE 9-15

Waveform Acquisition Commands

Command Execution

AQR Function: Digitizes one or two displayed

(Acquire Repetitive repetitive real-time waveforms, including the

Waveforms) scale factors, into waveform memory.
Acquisition stops either when at least one

complete sweep has occurred and at least 99%

of the points have been filled, or when

prematurely terminated with a directly issue
d

STOP command.

Post Acquisition Processing: All. unfilled

waveform points are linearly interpolated from

the adjacent filled points. Unfilled end points

are set to the nearest filled point value. If no

points were acquired, due to premature

termination, all waveform points are set to

zero, default scale factors are assigned, and 
the

VZR is set to zero.

Display: Real-time waveforms may be displaye
d

during execution of this command in SCOPE

mode. Scale factors and/or previously store
d

information are displayed in STORED mode.

Stack: Pushes waveform memory address

@ vets to the X register; also, to the

Y register, for two waveforms.

Direct Stop: A STOP command from the

keyboard terminates AQR execution.

Restriction: No more than two real-time

waveforms may be displayed, and vertical pl
ug-

in unit(s) must not be in chop mode.

Warning: Issued if nonunique readout selected,

default scale factor(s) assigned, more than 5%

contiguous points unfilled, or command

prematurely terminated with STOP.

@ 
9-41



Command Language—7854

ee

TABLE 9-15 (CONT)

Waveform Acquisition Commands

Command Execution

whi Function: Digitizes one or two real-time
(Acquire Single-Sweep single-shot waveforms into waveform memory.
Waveforms) Stops acquisition upon receipt of a signal from

the clock generator plug-in (7B87 Time Base
with Pretrigger Acquire Clock), or when the

AQS ABORT is actuated.

Post-Acquisition Processing: The waveform

memory contains the last acquired points/

waveform number of samples taken from the

real-time waveform. The last point acquired is

the rightmost point on the stored waveform.

If fewer than (P/W) samples have been taken
when digitizing is terminated, the filled points

are right justified, and the empty points filled

with the value of the first (leftmost) filled point.

If no points have been filled when digitizing is
terminated, all point values are set to @,

default scale factor(s) assigned, and the VZR is

set to @.

No instrument commands are accepted during

execution. Keyboard input is ignored. The

effect is as though the command buffer were
full, except that no warning is given.

Display: Only the real-time waveform(s)

displayed during execution of this command in

SCOPE mode; no scale factors or stored

information is displayed in STORED mode.

Stack: Pushes waveform memory address

0 WFM to the X register; also, 1 WEM to the

Y register, for two waveforms.

Direct Stop: Digitizing stops when the

mainframe AQS ABORT contro! is actuated.
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TABLE 9-15 (CONT)

Waveform Acquisition Commands

Command Execution

AQS (cont) Restriction: No more than two real-time

waveforms may be selected. Vertical plug-in

unit(s) must not be in chop mode. The

B HORIZ compartment must be selected, and

must contain a properly adjusted 7B87 Time

Base with Pretrigger Acquire Clock.

Warning: Issued if nonunique readout is

selected, default scale factor(s) assigned, more

than 5% contiguous points unfilled, or if

command prematurely terminated.

AVG

(Average Waveforms)

Function: Averages one real-time waveform the

number of times specified in the X register,

and stores the result at waveform memory

address @ WFM. (Uses 1 WFM for working

storage during execution; 1 WFM is zero

valued at all points upon completion.)

Post-Acquisition Processing: Al! unfilled

waveform points are linearly interpolated from

the adjacent filled points. Unfilled end points

are set to the nearest filled point value. If no

points were acquired due to premature

termination, all waveform points are set to

zero, default scale factors are assigned, and the

VZR is set to zero.

Algorithm: Refer to Command Algorithms at

the end of this section.

Display: During execution the X register

displays the number of averages remaining to

be done; the real-time and stored waveforms

are retained on the display.

Stack: Pops X register; pushes : to the

X register.

Direct Stop: A STOP command from the

keyboard terminates AVG execution.
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TABLE 9-15 (CONT)

Waveform Acquisition Commands

Command Execution

AVG (cont) Restriction: No more than one real-time

waveform can be selected for display. The X

register must contain a constant which, when

rounded to the nearest integer, is from 1 to

1823 (inclusive).

Warning: Issued if more than 5% contiguous

points unfilled or if command prematurely

terminated with STOP.

AVG1@, AVG18@, Function: Averages real-time waveform either

AVG1@@@ (Average 1G, 180, or 1@8@ times.

Waveform 18, 18@,

1@@@ Times)
Algorithm: Refer to Command Algorithms at

the end of this section.

Display: Real-time waveforms are displayed

during execution; scale factors and/or stored

information may also be displayed. The X

register display shows number of averages

remaining.

Stack: Before averaging, pushes : , oF

to the X register. After completion, pops

the X register; pushes to the X

register.

Direct Stop: A STOP command from the

keyboard terminates the AVG1@, AVG10@, or

AVG18@@ execution.

Restriction: No more than one real-time

waveform can be selected for display.

Warning: \ssued if more than 5% contiguous

points are unfilled, or if command is

prematurely terminated with a STOP command.
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TABLE 9-15 (CONT)

Waveform Acquisition Commands

Command Execution

GND

(Set Ground Reference)

Function: Presets real-time ground reference(s)

for subsequent acquisition to the mean vertical

position of the real-time trace. With one real-

time trace displayed, presets ground reference

for waveforms digitized into @ WFM. With two

real-time traces, presets ground references for

waveforms digitized into @ WFM and 1 WEM,

respectively.

Acquires 128-point real-time waveform as

described for the AQR command. Computes the

mean value, in divisions referenced to graticule

vertical zero, and stores this in the ground

reference register. The contents of waveform

memory are not changed. If fewer than 128

points have been acquired, ground reference is

set to the mean of the filled point values. If

no samples are acquired, due to a forced STOP

before enough sweeps have occurred, the new

ground reference(s) is set to zero.

Stack: Pushes ground reference for waveforms

stored into @ WFM, to the X register; and

ground reference for waveforms stored into 1

WFM, to the Y register, for two waveforms.

Direct Stop: A STOP command from the

keyboard terminates the GND execution.

Restriction: No more than two real-time

waveforms may be selected for display. Plug-in

unit(s) must not be in chop mode.

Warning: Issued if more than 5% contiguous

points are unfilled, or if GND command is

prematurely terminated with a STOP command.

RDOUT

(Return Real-Time

Readout Value)

Function: Copies contents of selected real-time

readout position specified by the X register

contents, to the X register. If the position

selected is blank, or does not contain a valid

number, a is returned. (See Waveform

Storage Considerations in section 5 for details

on valid readout.)
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TABLE 9-15 (CONT)

Waveform Acquisition Commands

Command Execution

RDOUT (cont) Stack: Pops the X register; pushes the readout

value.

Restriction: The X register must contain a

constant which, when rounded to the nearest

integer, is from @ to 7 (inclusive).

Warning: Issued if specified readout position is

blank.

WFM FUNCTIONS

The waveform function commands compute a new waveform from the operational!

waveform, and the constant parameter(s) where applicable. Table 9-16 lists the

waveform function commands.

TABLE 9-16

Waveform Function Commands

Command Execution

DIFF Function: Differentiates and stores operational

(Differentiate) waveform at @ WFM. Blanks the vertical scale

factor unit.

Algorithm: Refer to Command Algorithms at

the end of this section.

Stack: Pops X register; pushes 0 WFM to the

X register.

Restriction: The X register must contain a valid

waveform memory address.

9-46 @



Command Language—7854

TABLE 9-16 (CONT)

Waveform Function Commands

Command Execution

HPLFT

(Horizontal Position Left)

Function: Horizontally rotates operational

waveform left.

Cursor Status: Determines operation as follows:

CURSORS OFF—Rotates the waveform left

by the time value in the X register.

ONE CURSOR ON-—Rotates the waveform

left by the absolute value of the horizontal

coordinate (F#8TM) minus the value in the X

register.

TWO CURSORS ON—Rotates the waveform

left by the CRE time.

Stack: Pops X register.

Restriction: The X register must contain a

constant which is from @ to the maximum

horizontal value of the operational waveform

(inclusive).

HPRGT

(Horizontal Position Right)

Function: Horizontally rotates operational

waveform right.

Cursor Status: Determines operation as follows:

CURSORS OFF—Rotates the waveform right

by the time value in the X register.

ONE CURSOR ON—Rotates the waveform

right by the absolute value of the horizontal

coordinate (HR) minus the value in the X

register.

TWO CURSORS ON—Rotates the waveform

right by the CRE time.

Stack: Pops X register.
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TABLE 9-16 (CONT)

Waveform Function Commands

Command Execution

HPRGT (cont) Restriction: The X register must contain a

constant which is from @ to the maximum

horizontal value of the operational waveform

(inclusive).

HXPD Function: Horizontally expands operational

(Horizontally Expand) waveform.

Cursor Status: Determines operation as follows:

CURSORS OFF

Operation: Magnifies operational waveform

(by value in X register) from left edge of

graticule; @ point remains fixed.

Stack: Pops X register; pushes 8 WFM to

the X register.

Restriction: The Y register must contain a valid

waveform memory address. The X register

must contain a constant greater than 0.

Warning: Issued if the X register contains a

constant which is less than one.

ONE CURSOR ON

Operation: Magnifies operational waveform

(by value in X register) from right of cursor.

Cursor remains at same location relative to

the graticule.

Stack: Pops X register; pops Y register;

pushes ~ -<'" to the X register.

Restriction: The Y register must contain a

valid waveform memory address. The X

register must contain a constant greater

than @.

Warning: Issued if the X register contains a

constant which is less than 1@/(distance

from Cursor 1 to the right graticule edge, in

divisions).
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TABLE 9-16 (CONT)

Waveform Function Commands

Command Execution

HXPD (cont) TWO CURSORS ON

Operation: Magnifies portion of waveform

between cursors to fill the display screen.

Cursors remain at same location relative to

graticule.

Stack: Pops X register; pushes to

the X register.

Restriction: The X register must contain a

valid waveform memory address.

Warning: Issued tf = =i 2? equals

Algorithm: Refer to Command Algorithms at

the end of this section.

Horizontal Scale Factor: This result is stored

at @ WEM. In all cases, horizontal scale factor

is divided by the expansion ratio to keep

relative horizontal waveform values unchanged.

Vertical Scale Factor: Autoscaling is disabled.

Original scale factor and vertical zero are

maintained.

ITRP Function: Replaces portion of operational

(Interpolate) waveform, between two specified points, with a

straight line. The result is stored in waveform

memory address @ WFM, which then becomes

the operational waveform.

Cursor Status: Determines operation as follows:

CURSORS OFF

Operation: The end point horizontal locations

are specified by the values in the X and Y

registers, in scale factor units.

Restriction: The X and Y registers must

contain a constant from @ to the maximum

horizontal coordinate of the operational

waveform.
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TABLE 9-16 (CONT)

Waveform Function Commands

Command Execution

ITRP (cont) ONE CURSOR ON

Operation: The end point horizontal locations

are specified by the value in the X register

and the Cursor 1 location.

Restriction: The X register must contain a

constant from @ to the maximum horizontal

coordinate of the operational waveform.

TWO CURSORS ON

Operation: The end points are the cursor

locations.

Stack: Pops X register; pushes @ WFM to

the X register.

Restriction: The X register must contain a

valid waveform memory address.

Vertical Scale Factor: Autoscaling is disabled.

The existing vertical scale factor and vertical

zero are retained.

INTG Function: Integrates the operational waveform.

(Integrate) The result is stored in waveform memory

address @ WFM, which then becomes the new

operational waveform. Blanks the vertical scale

factor unit.

Algorithm: Refer to Command Algorithms at

the end of this section.

Stack: Pops X register; pushes @ WFM to the

X register.

Restriction: The register must contain a valid

waveform memory address.

ORD Function: Returns vertical ordinate value of

(Return Ordinate Value) operational waveform (in scale factor units) at

horizontal location indicated in X register, to

the X register.
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TABLE 9-16 (CONT)

Waveform Function Commands

Command Execution

ORD (cont) Stack: Pops X register; pushes result to X

register.

Restriction: The X register must contain a

constant from @ to the maximum horizontal

value of the operational waveform (inclusive).

>ORD Function: Sets the operational waveform

(Set Ordinate Value) horizontal location indicated in the X register to

the vertical value in the Y register. The result

is stored in @ WFM, which then becomes the

operational waveform.

Stack: Pops contents of X and Y registers;

pushes previous contents of X register.

Restriction: The Y register must contain a

constant. The X register must contain a

constant from @ to the maximum horizontal

coordinate of the operational waveform

(inclusive).

SMOOTH

(Smooth)

Function: Averages operational waveform by an

amount determined by the number of divisions

(between @ and 2) entered in X register.

Resultant waveform is stored at waveform

memory address @ WFM.

Algorithm: Refer to Command Algorithms at

the end of this section.

Stack: Pops X register; pops Y register; pushes

@ WFM to the X register.

Vertical Scale Factor: Autoscaling is disabled.

Vertical scale factor and vertical zero of the

original waveform are maintained.

Restriction: The Y register must contain a valid

waveform memory address. The X register must

contain a constant from @ to 2 (inclusive).
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WFM PARAMETERS

The waveform parameter commands compute various constant parameters of the

operational waveform. There are two parameter groups: The vertical unit

parameters which return vertical axis values, and the pulse parameters which

return horizontal axis values. Table 9-17 lists the waveform parameter commands.

The following vertical waveform parameter commands are computed using

waveform point values in scale factor units. Cursor status and position affect the

calculation of all the vertical parameters as follows:

CURSORS OFF. The function spans all waveform points.

ONE CURSOR ON. The function spans from (and includes) the cursor point to the

right end of the waveform.

TWO CURSORS ON. The function spans between (and includes) the cursor

points.

TABLE 9-17

Waveform Parameter Commands

Command Execution

VERTICAL PARAMETERS

AREA Function: Returns area under all spanned

(Returns Area) waveform points to the X register.

Algorithm: Refer to Command Algorithms at

the end of this section.

Stack: Pushes value to X register.

ENERGY Function: Returns the squared area under all

(Returns Energy) spanned waveform points to the X register.

Algorithm: Refer to Command Algorithms at

the end of this section.

Stack: Pushes value to X register.

MAX Function: Returns waveform maximum (most

(Returns Maximum Value) positive) value to the X register.

Stack: Pushes value to X register.
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TABLE 9-17 (CONT)

Waveform Parameter Commands

Command Execution

VERTICAL PARAMETERS (Cont)

MEAN Function: Computes algebraic mean value of all

(Returns Mean Value) spanned points, and returns result to the

X register.

Algorithm: Refer to Command Algorithms at

the end of this section.

Stack: Pushes value to X register.

MID Function: Returns middle value [(MAX + MIN)/2]

to the X register.

Stack: Pushes value to X register.

MIN Function: Returns waveform minimum point

(Returns Minimum Value) (most negative) value to the X register.

Stack: Pushes value to X register.

P-P

(Returns Peak-to-Peak

Value)

Function: Returns peak-to-peak (MAX - MIN)

value to the X register.

Stack: Pushes value to X register.

RMS

(Returns Root-Mean-

Square Value)

Function: Returns root-mean-square value of

all spanned points to the X register.

Algorithm: Refer to Command Algorithms at the

end of this section.

Stack: Pushes value to X register.

PULSE PARAMETERS

NOTE

For all pulse parameter commands except PER and FREQ the left end of

the spanned interval (as specified either by the start of the waveform or by

Cursor 1. if on) defines the @% vertical level (baseline). The 100% vertical

level (pulse top) is defined by the end of the interval (specified by the end

of the waveform or by Cursor 2, if on}.
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TABLE 9-17 (CONT)

Waveform Parameter Commands

Command Execution

PULSE PARAMETERS (Cont}

DELAY Function: Returns the time from Cursor 1 to

(Returns Delay) the last 58% point before Cursor 2, to the X

register.

Stack: Pushes DELAY time to the X register.

Restriction: “© must not be within:

+(6E-4)* (vertical scale factor).

Function: Returns the time between the 90%

(Returns Fall Time) and 10% points adjacent to the first 58% point to

the right of Cursor 2.

Stack: Pushes * “:: time to the X register.

Restriction: Cursor 2 must be on. The operational

waveform must cross the 90% and 10% levels

after Cursor 2. — Fs must not be within:

+(6E-4)* (vertical scale factor).

Function: Returns a crossing frequency to the

(Returns Frequency) X register.

Algorithm: Refer to Command Algorithms at the

end of this section.

Stack: Pops X register; pushes the value to

the X register.

Restriction: The X register must contain a

constant. The operational waveform must cross

the level specified in the X register twice in the

same direction.

PER Function: Returns time in horizontal scale

(Returns Period) factor units between the first and second

crossings, in the same direction, of the operational

waveform across the level in the X register.

Algorithm: Refer to Command Algorithms at the

end of this section.
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TABLE 9-17 (CONT)

Waveform Parameter Commands

Command Execution

PULSE PARAMETERS (Cont)

PER (cont) Stack: Pops X register; pushes PER value to the X

register.

Restriction: The X register must contain a

constant. The operational waveform must cross

the level in the X register at least twice in the

same direction (between cursors, if on).

RISE Function: Returns the time between 10%

(Returns Rise Time) and 98% points adjacent to the last 58% point

before (to the left of} Cursor 2.

Stack: Pushes RISE time to the X register.

Restriction: VCRO must not be within:

+(6E-4)* (vertical scale factor).

WIDTH Function: Returns time between closest 58%

(Returns Width) points to the left and right of Cursor 2 to the X

register.

Stack: Pushes WIDTH value to the X register.

Restriction: Cursor 2 must be on. The operational

waveform must cross the 5@% level after Cursor 2.

VCRD must not be within: +(6E-4)* (vertical

scale factor).
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WFM SCALING

Table 9-18 lists the commands that provide access to the operational waveform

scale factors and zero location.

TABLE 9-18

Waveform Scaling Commands

Command Execution

HSCL

(Return Horizontal

Scale Factor)

Function: Copies operational waveform

horizontal scale factor to the X register.

Stack: Pushes value to X register.

>HSCL

(Set Horizontal

Scale Factor)

Function: Copies contents of X register to the

operational waveform horizontal scale factor.

Restriction: The X register must contain a

constant greater than zero. The operational

waveform must not be displayed with the VS

command.

VSCL

(Return Vertical

Scale Factor)

Function: Copies operational waveform vertical

scale factor (size of each vertical graticule

division) to the X register.

Stack: Pushes value to X register.

oVSCL

(Set Vertical

Scale Factor)

Function: Copies contents of the X register to

the operational waveform vertical scale factor.

Does not alter stored waveform values relative

to graticule. Displayed vertical scale unit not

changed.

Restriction: The X register must contain a

constant greater than zero.

VXPD

(Vertically Expand)

Function: Expands the operational waveform

vertically about the screen center (by the value

in the X register); changes the vertical scale

factor by the reciprocal of the absolute value in

the X register to keep the waveform values

unchanged. Negative values in the X register

invert the waveform about screen center.

Stack: Pops X register.
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TABLE 9-18 (CONT)

Waveform Scaling Commands

Command Execution

VXPD (cont) Restriction: The X register must contain a

constant. The resulting vertical zero reference of

the operational waveform must be within +20 to

-2@ divisions. If the operational waveform is not

from @ WEM all resulting waveform oints must

be within 2@ divisions from the VZR or from all

other waveform points.

Warning: Issued if operational waveform is

from @ WFM and at least one point is clipped

at +1@ divisions from the center horizontal

graticule line.

VZR Function: Copies operational waveform vertical

(Return Vertical zero reference (in graticule divisions relative to

Zero Reference) center screen) to the X register.

Stack: Pushes X register.

>VZR Function: Moves operational waveform

(Set Vertical vertically, so that its vertical zero reference is

Zero Reference) the value (in divisions) in the X register.

Restriction: The X register must contain a

constant from -2@ to +2@ (inclusive). All points

of the operational waveform (if not from

@ WEM) must be within +2@ and -2@ divisions.

Warning: Issued if the operational waveform is

from @ WFM, and any point is clipped at +20

divisions from the center horizontal graticule

line.
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GPIB COMMANDS

Table 9-19 lists the commands that can be executed through the external interface

only, as they have no corresponding keyboard pushbuttons. Refer to Section 7, GPIB

Information, for sample programs using these commands.

TABLE 9-19

GPIB Only Commands

Command Execution

CEROFF Function: Enables/disables local request for

CERON service due to external command error.

ERR? Function: Outputs error status:

"ERR @@6" if no error exists, or

"ERR @1” if an error does exist.

EXROFF Function: Enables/disables local request for

EXRON service due to instrument command execution

error.

ID? Function: Outputs a copy of the 7854

identification display to the GPIB. (“ID

TEK/7854,V79.1,.XX.YY,ZK” where XX is the

ROM version, YY is the ROM revision, and Z is

2, 4, or 8, indicating the number of kilobytes

of RAM installed.)

IOCOFF Function: Enables/disables request for service

IOCON due to initiated instrument |/O command.

OPCOFF Function: Enables/disables local request for

OPCON service due to return to idle state (except error

stop).

REMOFF Function: Enables/disables request for service

REMON due to execution of the Service Request (ROS)

command.

ROSOFF Function: Disables all service requests, except

(Service Request Off) power on.

ROSON Function: Selects full-service-request capability.

(Service Request On)
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TABLE 9-19 (CONT)

GPIB Only Commands

Command Execution

SRQ? Function: Outputs a copy of the bottom line of

the calculator display. (“SRQ XXXXXXXXXXXXX

XXXXXXXXKXXXXXXXXXX" where XXXX.., is the

bottom line of the display.)

TEXT Function: Sends a data record to the external

(Output Displayed interface containing an ASCII representation of

Characters) all 16 lines of the Execute mode character

display. 1f the SCOPE display mode is selected,

the real-time scale factors are sent.

Restriction: The GPIB interface must be

properly selected.

Programmability: This command is

programmable; therefore, it cannot be used to

output program text.

>TEXT Function: Inputs a record (up to 12 lines,

(Input Characters maximum of 4@ characters each) of ASCII

To Display) characters from the external interface, and

displays it as lines 3 through 14 on the

Execute mode display.

Restriction: The GPIB interface must be

properly selected.

Warning: Issued if line is more than 40

characters long, or more than 12 lines.

Programmability: This command is

programmable.
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MESSAGES AND ALGORITHMS

Command Error and Warning messages are defined in the tables below. Command

Algorithms are provided, where appropriate, at the end of this section.

ERROR AND WARNING MESSAGES

Some commands have associated restrictions on the type and/or value of their

operands. These conditions are checked for each command; any error terminates

further execution, and displays an error message.

With some commands, the state of the instrument and/or the value of their

operands may cause the result to be other than expected. In these cases, the

command is executed, followed by a displayed warning message. Tables 9-28 and

9-21 list the errors and warnings, the commands) affected, and the possible

causes.

TABLE 9-26

Error Messages

Displayed Command(s)

Message Affected Possible Causes

AOR ERROR AQR a. More than two real-time waveforms

are selected.

b. Plug-in unit is in chop mode.

SOS ERROR AQSs a. More than two real-time waveforms

are selected.

b. Vertical plug-in unit is in chop

mode.

c. The B HORIZ compartment is not

selected or does not contain a properly

adjusted 7B87 Time Base with

Pretrigger Acquire Clock.

avd ERROR AVG a. More than one real-time waveform

is selected.

b. The X register does not contain a

constant which, when rounded to the

nearest integer, is from 1 to 1023

{inclusive}.
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TABLE 9-28 (CONT)

Error Messages

Displayed Command(s)

Message Affected Possible Causes

Foes AVG19, a. More than one real-time waveform

AVG180, is selected.

AVG 1808

No Message CHS a. The X register does not contain

a constant.

CLL a. Command issued in program

Execute mode.

b. Edit prompt is at end-of-program.

a. Command issued in program

Execute mode.

CLW a. The X register does not contain a

constant which, when rounded to the

nearest integer, is from @ to the

maximum valid waveform memory

address number (inclusive),

CNS a. The X register does not contain a con-

stant which, when rounded to the nearest

integer, is from @ to 49 (@ to 99 with Option

2D '), inclusive.

- a. The X register does not contain a con-

stant which, when rounded to the nearest

integer, is from 0 to 49 (0 to 99 with Option

2D 1), inclusive.

CRS1<, a. Specified cursor is not on.

CRS1>,

CRS2<,

CRS2>

DELAY a. is within: +(6E-@5)«

(vertical scale factor}.

a. The X register does not contain a

valid waveform memory address.

1 Applies only to instruments with serial numbers below 8085121. For instruments with

serial number B085121 and above, features previously provided by Option 2D are standard.
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TABLE 9-28 (CONT)

Error Messages

Displayed Command(s)

Message Affected Possible Causes

DSW a. The X register does not contain a

constant which, when rounded to the

nearest integer, is from @ to the

maximum valid waveform memory

address number.

FALL a. Cursor 2 is not on.

b. The operational waveform does not

cross the 98% and 10% levels after

Cursor 2.

c. VCRD Is within: +(6E-04)«

(vertical scale factor).

FREQ a. The X register does not contain

a constant.

b. The operational waveform does

not cross the level specified in the

X register twice in the same

direction.

GND a. More than 2 real-time waveforms

are selected.

b. Plug-in unit is in chop mode.

GOTO a. The X register does not contain

a constant which, when rounded to

the nearest integer, is from @ to 999

(inclusive).

GSB a. The X register does not contain a

constant which, when rounded to the

nearest integer, is from @ to 999

(inclusive).

b. More than 1@ levels of nesting

entered.

HCRD a. Cursor(s) are not on.
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TABLE 9-28 (CONT)

Error Messages

Displayed

Message

Command(s)

Affected Possible Causes

HC ERROR >HCRD a. Cursor(s) are not on.

b. The operational waveform is

displayed with

c. The X register does not contain

a constant which is greater than 9.

HPL ERROR HPLFT a. The X register does not contain

a constant which is from @ to the

maximum horizontal value of the

operational waveform (inclusive).

HPR ERROR HPRGT a. The X register does not contain

a constant which is from @ to the

maximum horizontal value of the

operational waveform (inclusive).

HS ERROR >HSCL a. The X register does not contain a

constant greater than @.

b. The operational waveform is

displayed with

HXPD

(Cursors Off}

or

(Cursor 1 On)

a. The Y register does not contain a

valid waveform memory address.

b. The X register does not contain a

constant greater than @.

HXPD

(Both Cursors

On)

a. The X register does not contain a

valid waveform memory address.

INF ERROR INTG a. The X register does not contain a

valid waveform memory address.

TR ERROR ITRP

(Cursors Off)

a. The X or Y registers do not

contain constants from @ to the

maximum horizontal coordinate of

the operational waveform.
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TABLE 9-28 (CONT)

Error Messages

Displayed Command(s)

Message Affected Possible Causes

ITRP a. The X register does not contain

(cont) (Cursor 1 On) a constant from @ to the maximum

horizontal coordinate of the

operational waveform.

ITRP

(Both Cursors

On)

a. The X register does not contain a

valid waveform memory address.

a. The X register does not contain a

constant which, when rounded to the

nearest integer, is from @ to 99

{inclusive).

b. The label specified in the X register

does not occur in the stored program.

a. Command issued in program

Execute mode.

b. Command not followed by two

digit-entry commands or the CLL or

* command.

NEXT a. Command issued in program

Execute mode.

b. Edit prompt is at end-of-program.

ORD a. The X register does not contain

a constant from @ to the maximum

horizontal value of the operational

waveform (inclusive).

a. The Y register does not contain a

constant.

b. The X register does not contain

a constant from @ to the maximum

horizontal coordinate of the

operational waveform (inclusive).
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Affected
Displayed

Message
Possible Causes

qa. The X register does not contain a

constant.

b. The operational waveform does

not cross the level in the X

register at least twice in the same

direction (between cursors, if on).

a. The X register does not contain

a constant which, when rounded to

the nearest integer, is from @ to

[(P/W)-1], inclusive.

a. The Y register does not contain a

constant.

b. The (contents of the Y register)

divided by the (vertical scale factor)

is not within waveform data vertical

range.

c. The X register does not contain

a constant which, when rounded to

the nearest integer, is from @ to

[(P/W)-1], inclusive.

a. Command issued in program

Execute mode.

b. Edit prompt is at line QOO.

a. The X register does not contain a

constant which, when rounded to the

nearest integer, is either 128, 256,

512, or 1824.

a. GPIB interface not properly

selected.

a. The X register does not contain a

constant which, when rounded to the

nearest integer, is from @ to 7

(inclusive).
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TABLE 9-29 (CONT)

Error Messages

Displayed Command(s)

Message Affected Possible Causes

RiS ERROR RISE a. VCRD is within: +(6E-@5)*

(vertical scale factor).

RIN ERROR RTN a. Return register not set.

RUN ERROR RUN a. No stored program.

b. Edit prompt is at end-of-program.

SAV CARGR SAVE a. No stored program.

b. Edit prompt is at end-of-program.

c. GPIB interface not properly

selected.

SEN ERROR SENDxX a. GPIB interface not properly

selected.

SMO ERROR SMOOTH a. The Y register does not contain a

valid waveform memory address.

b. The X register does not contain a

constant from @ to 2 inclusive.

STA ERROR START a. No stored program.

TEX ERROR TEXT a. GPIB interface not properly

selected.

TE ERROR >TEXT a. GPIB interface not properly

selected.

VCR ERROR VCRD a. Cursor(s) are off.

vO ERROR “VCRD a. Cursor(s) are off.

b. The operational waveform does

not touch or cross the specified

level within the allowed cursor

movement range.
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Displayed

Message

TABLE 9-28 (CONT)

Error Messages

Command(s)

Affected

VPDN

VPUP

< ie)

»>VSCL

VXPD

>VZR

WFM

Possible Causes

yVir is at +2@ or -20 divisions.»

b. All points of the operational

waveform {if not from @ WEM) will

not remain within +28 divisions of

the center horizontal graticule line.

a. The X register does not contain a

constant which, when rounded to the

nearest integer, is from @ to the

maximum valid waveform memory

address number.

a. The X register does not contain a

constant greater than @.

a. The X register does not contain a

constant.

b. Resulting waveform would

not be within +2@ to -20 divisions.

c. All waveform points will not be

within 2 divisions from the

or from all other waveform points.

ee

a. The X register does not contain a

constant from -2@ to +2 (inclusive).

b. All points of the operational

waveform (if not from 8 WEM) will

not be within +2@ and -20

divisions.

a. The X register does not contain a

constant which, when rounded to the

nearest integer, is from @ to the

maximum valid waveform memo
ry

address number (inclusive).
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TABLE 9-26 (CONT)

Error Messages

Displayed Command(s)

Message Affected Possible Causes

a. The Y register does not contain a

valid waveform memory address.

b. The X register does not contain a

constant which, when rounded to the

nearest integer, is from @ to the

maximum valid waveform memory

address number (inclusive).

WIDTH a. Cursor 2 is off.

b. The operational waveform does

not cross the 50% level after

Cursor 2.

c. is within: +(6E-@4)*

(vertical scale factor).

TABLE 9-21

Warning Messages

Displayed Command(s)

Message Affected Possible Causes

AQR a. Nonunique readout selected.

b. Default scale factor(s) assigned.

c. More than 5% contiguous points

unfilled.

d. Command prematurely terminated

with STOP.

a. More than 5% contiguous points

unfilled.

AVG, a. More than 5% contiguous points

AVG1@, unfilled.

AVG18@,

AVG190@6 b. Command prematurely terminated

with STOP.
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TABLE 9-21 (CONT)

Warning Messages

Displayed Command(s}

Message Affected Possible Causes

CLW a. Specified waveform was not

displayed with DSW.

CRS1? a. Cursor at end of operational

CRS2> waveform.

CRS1< a. Cursor at start of operational

waveform.

CRS2< a. Cursor 2 at Cursor 1.

gs DSW a. Eight waveforms already displayed
with DSW.

No Message EEX a. EEX command issued during
exponent entry.

GND a. More than 5% contiguous points

unfilled.

b. Command prematurely terminated

with STOP.

GOTO a. The X register contains a constant

greater than the last stored program

line number.

GSB a. The X register contains a constant

greater than the last stored program

line number.

nOoar a. The value in the X register

represents a position beyond the

right graticule edge.

HXPD a. The X register contains a constant

(Cursors Off) which is less than 1.

HXPD

(Cursor 1 On)

a. The X register contains a

constant which is less than:

10/(distance from Cursor 1 to the
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TABLE 9-21 (CONT)

Warning Messages

Displayed Command(s)

Message Affected Possible Causes

HXPD a. WOR! equals «:.

(cont) (Both Cursors

On)

LN a. The constant in the X register is

either @ or negative.

b. At least one point of the waveform

referenced in the X register is either

@ or negative.

No Message NEXT a. New program line is started.

RDOUT a. Specified readout position is blank

or does not contain a valid readout.

SORT a. The constant in the X register is

negative.

b. At least one point of the waveform

referenced in the X register is

negative.

STEP a. Edit prompt is at end-of-program.

STOP a. STOP command issued as part of a

stored program.

STOP a. Direct STOP command issued

during execution of a stored program.

>TEXT a. Line too long, too many characters,

or too many lines.

VPDN a. Operational waveform is from

@ WFM and at least one point

would be below -2@ divisions.

VPUP a. Operational waveform is from

@ WFM and at least one point

would be above +2@ divisions.
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TABLE 9-21 (CONT)

Warning Messages

Displayed

Message

Command(s)

Affected Possible Causes

VXPD a. Operational waveform is from

@ WFM and at least one point

would be more than 1@ divisions

from the center horizontal graticule

line.

fea oVZR a. Operational waveform is from

@ WFM and at least one point

would be more than 2@ divisions

from the center horizontal graticule

line.

No Message Q-9 a. More than 12 (digits plus decimal

point) issued as mantissa.

No Message
a. More than one decimal point issued

during mantissa entry.

b. Decimal point issued during

exponent entry.

a. Both operands are waveforms with

differing horizontal scale factors.

a. Both operands are waveforms with

differing horizontal scale factors.

b. The X register contains 9.

c. At least one point of the

operational waveform is equal to Q.
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COMMAND ALGORITHMS

The algorithms listed below describe the operation of the associated 7854

commands. Algorithm terms are defined in Figure 9-5.

M POINT

CURSOR 1 CURSOR 2

Any point, from and including the M point, to the last point priorto N (N-1 point) isaJ point.
Any point except the M point is a J + 1 point.

Y (J) = the vertical coordinate of the designated point in divisions relative to VZR.

2873-407

Figure 9-5. Algorithm terms defined.

AREA

Algorithm—tf M and N are the interval end-points (M < N), then:

Na

AREA = Px ([Y(U+1) + Y(J)1/2)* (horizontal increment)

For one point (N=M), AREA = @.

Where: horizontal increment= horizontal time increment between two adjacent points.

This is equivalent to estimating the area by linear interpolation between points

(Trapezoidal rule).
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AVG

Acquires the real-time waveform, then repeatedly reacquires it, accumulating new

data, point-by-point, into corresponding points of the averaged waveform. At each

point, the process is characterized by the stable averaging formulas given below:

Let Y@(N) = averaged stored waveform value after N cycles

Y1(N) = new data acquired during acquisition N.

Initially YQ(Q) = @

After cycle N, Y@(N) = Y@(N-1) + [Y1(N) - Y@(N-1}]/N

Continue until N = Value in X register.

It can be shown that this process is equivalent to the simple additive average:

Y@(N) = 2 [Y 1(J}]/N

Stable averaging is used because, in the averaged data, the stable component

(repeating from cycle to cycle in the raw data) does not grow in size. After every

cycle, the averaged data has the values it should have if the process were complete

at that time. Thus, the user can observe the progress of the process, and has the

option of early manual termination.

Practical Operation—The practical details and specifications described in

connection with repetitive acquisition apply to every digitized poirt during

averaging.

A modified stable averaging formula is used:

Y@(N) = YE{N-1) + [Y1(N) - Y@(N-1)]/M

Where M = 2 expi{int [Log2 (1.443 * N)]}

Int = integer value

This increases computing speed, but the influence of all samples is not equal in the

final result, leading to slightly less noise rejection (approximately 0.7 dB less for

random Gaussian noise).

An average value of N is used to compute M at any stage of the process:

total processed points

points per waveform
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Due to the random sequence of new point acquisition more samples of some points will

be processed than of others. The standard deviation on the actual number of samples

at any given point is:

NS=V

This method avoids keeping count of each individual point; but it leads to a variation

in noise rejection from point to point, which effectively adds an extra noise

component.

DIFF

Ideal Algorithm—Resulting waveform = d (operational waveform)/dx.

Practical Algorithm—The continuous operand waveform is conceptually derived

from the discrete operational waveform by linear interpolation between the stored

data points. Then, the differential coefficient at each data point is defined as the

mean slope of the adjacent segments:

for N = 1 to (M-1)

diff(N) = ({Y(N+1) - Y(N-1)]/2) / (horizontal increment)

diff(@) = [Y(1) - Y(@)] 7 (horizontal increment)

diff(M) = [Y(M) — Y(M-1)} / (horizontal increment)

where:

diff(N} = differential coeff at point N.

Y(N) = operational waveform value at point N.

M = points per waveform minus one.

Horizontal increment = horizontal time increment between two adjacent points.

For the general point, this is equivalent to the slope of the parabola passing thru the

corresponding point of the operational waveform and its two adjacent points.

ENERGY

Algorithm—lf M and N are the interval end-points (M < N), then:

N-1

ENERGY = oa ([¥(J+1)? + Y¥(J)?]/2)* (horizontal increment)

For one point (N=M), ENERGY = @.

where:

Horizontal increment = horizontal time increment between two adjacent points.

This is equivalent to squaring all waveform points, then estimating the area using

linear interpolation between points (Trapezoidal rule).
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FREQ

Algorithm-—Computes period as described for PER command, then comp
utes its

reciprocal.

HXPD

Algorithm—For each waveform point which will become part of the expanded

waveform, the new horizontal location is computed, and that value placed at the

nearest point location. Intervening data is generated by linear inte
rpolation.

In the expanded waveform, values of the unexpanded points are stored in the ac
tual

point location closest to the computed location. This generates a “random”

perturbation of the expanded waveform, proportional to the slope at the moved points.

{Interpolation is used to fill intervening points. Points outside the interval 
bounded by

the original data values are filled with the value of the closest original point. Ac
tual

data, which may have been present at other than stored points, generally wo
uld

behave differently.

INTG

Ideal Algorithm—INT(x) = S- (operational waveform) dx

Practical Algorithm—The continuous integrand waveform is conceptually derived

from the operational! waveform by linear interpolation between the st
ored points.

Then, the area to point N of the integral waveform is calculated using the trapezoidal

rule:

INT(@) = B

for N = 1 to (points per waveform -1):

INTIN) = (Y(2)/2 + YU) + ¥(2) + oF Y(N)/2]* (horizontal increment).

where:

INT(N) = value of integrated waveform point N.

Y(N) = value of integrand waveform point N.

Horizontal increment = horizontal time increment between two adja
cent points.

MEAN

Algorithm—lf M and N are the interval end-points (M < N), then:

MEAN = "5! {Y(J#1)+ YOJ)/2(N-M)

For one point (N=M), MEAN = Y(N)

This is equivalent to AREA = (horizontal extent).
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PER

Algorithm—Computes time between first crossing of operational waveform across

level (value in X register) to next crossing in same direction. Searching starts at the left

end of the interval.

Any point where the waveform touches the level (value in X register) but does not cross

it is detected as a crossing.

RMS

Algorithm—if M and N are the interval end-points (M < N), then:

RMS = sart +3 [Y(J+1}? + War 2-anf

For one point (N=M), RMS = absolute value of Y(N).

SMOOTH

Ideal Algorithm—-The waveform is convolved with a square pulse of width (equal to

the value in the X register) in graticule divisions, centered about time zero.

Practical Operation—The pulse width (value in X register) indivisions is converted to

the equivalent number of horizontal increments, which is then rounded up to the

nearest odd number S.

For each point of the new waveform: the corresponding point of the old waveform, and

the (S-1)/2 points on either side of it, are averaged and the value stored as the new

point.

Near the ends of the waveform, the above method requires up to (S-1)/2 nonexistent

points beyond the ends. The values of the corresponding end points are used for these

nonexistent points.

Errors—The actual width of the pulse differs from the specified width; in general, an

error of up to +1 horizontal increment could occur.

The method of extending the waveform ends is arbitrary, and the results within a pulse

width of the ends must be interpreted in the lightof the method. Actual data which may

have existed beyond the ends would generally give a different result, but it is unknown

to the calculator.
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A
ABS (Absolute Value)

demonstration of, xxvi; 6-15,40
discussion of, 1-13; 6-12,15,37,40; 9-11
location of, Fig. D block 2

usage of, 6-15,40,93

AOR (Acquire Repetitive Waveform)
demonstration of, 5-4: 6-24
discussion of, xxii,xxxi: 1-13; 5-1,4,5; 6-20,24: 9-41
location of, Fig. B block 6: Fig. D block 15
restrictions for, 5-6; 6-25; 9-41,60
usage of, 5-4,8; 6-24, 38,39,44,46,47,48.63,72,112.11 5,125
warnings issued for, 5-4,5; 6-24: 9-41.68

AQS (Acquire Single-Sweep Waveform)

demonstration of, 5-12
discussion of, xxii, xxxi; 1-13; 5-1,4,12,13,14,20; 9-42
location of, Fig. B block 6; Fig. D block 15
maximum sweep rate, 2-5
restrictions for, 5-14, 9-43,60

usage of, 5-12

warnings issued for, 5-13; 9-43,68

AREA (Return Area)

accuracy of, 2-12

algorithm for, 9-72

demonstration of, 5-26

discussion of, xx,xxviii; 1-13: 5-22,26: 9-52
location of, Fig. B block 1: Fig. D block 5
usage of, 5-26

AVG (Average)

algorithm for, 9-73

demonstration of, 6-28

discussion of, xxxi: 1-13: 5-10.11; 6-20,28: 9-43
location of, Fig. D block 15
restrictions for, 5-11; 6-28; 9-44,60
usage of, 6-28,98,101

warnings issued for, 5-11; 6-28; 9-44,68

AVG1@ (Average 18 Times)

algorithm for, 9-73

discussion of, xxii; 1-13; 5-4,10,11; 6-20; 9-44
location of, Fig. B block 6

restrictions for, 5-11; 9-44.61

usage of, 5-17,23; 6-52,53,83,98,102
warnings issued for, 5-11: 9-44,68
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AVG1@@ (Average 188 Times)

algorithm for, 9-73

demonstration of, 5-10

discussion of, xxii; 1-13; 5-4,10,11; 6-20; 9-44

location of, Fig. B block 6

restrictions for, 5-11; 9-44,61

usage of, 5-10,27,31,34

warnings issued for, 5-11; 9-44,68

AVG1@@ (Average 1800 Times}

algorithm for, 9-73

demonstration of, 5-11

discussion of, xxii; 1-13; 5-4,10; 6-20; 9-44

location of, Fig. B block 6

restrictions for, 5-11; 9-44,61

usage of, 5-11

warnings issued for, 5-11; 9-44,68

B
BOTH (Both Display)

demonstration of, 5-7,34

discussion of, xxii,xxxi; 1-1,13; 5-3,7,14,15,16,34,35; 6-1; 7-17,18; 9-4,5,15

location of, Fig. B block 7; Fig. D block 14

usage of, 5-7,34; 6-23,28,39,52

C
CEROFF (Disable Command Error SRQ)

discussion of, 1-14; 7-8,21:; 9-58

CERON (Enable Command Error SRQ)

discussion of, 1-14; 7-8; 9-58

CHS (Change Sign)

demonstration of, 6-6

discussion of, xxix; 1-14; 6-3,6,11,94; 9-25

location of, Fig. D block 8

restrictions for, 9-25,61

usage of, 6-6,15,40,57,58,64,77, 78,79,80,86 87.88.93

CLD (Clear Display}

demonstration of, 6-50

discussion of, xxxi; 1-14; 6-19,50; 9-37

location of, Fig. D block 12

usage of, 6-50

CL/(Clear Shift Flag)
discussion of, xxx; 1-14; 6-6; 9-26,35

location of. Fig. D block 11
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CLL (Clear Program Line)

demonstration of, 6-123

discussion of, xxvi; 1-14; 6-95,97,114,121,123; 9-27

location of, Fig. D block 1

restrictions for, 6-123; 9-27,61

usage of, 6-123,133

CLP (Clear Program Memory)

demonstration of, 6-105

discussion of, xxvi; 1-14; 6-95,97,105,121; 9-27
location of, Fig. D block 1

restrictions for, 6-105; 9-27,61

usage of, 6-105,125; 7-11

warnings issued for, 6-105

CLS (Clear Stack)

demonstration of, 6-13

discussion of, xxvii; 1-14; 6-12,13; 9-36

location of, Fig. D block 4

usage of, 6-13

CLW (Clear Waveform)

demonstration of, 6-50

discussion of, xxxi; 1-14; 6-50; 9-37
location of, Fig. D block 12

restrictions for, 6-50; 9-37,61

usage of, 6-50

warnings issued for, 6-50; 9-37,69

CLX (Clear X Register)

demonstration of, 6-6

discussion of, xxvii; 1-14; 6-6,12; 9-36

location of, Fig. D block 4

usage of, 6-6,8,40,93

CNS (Return Constant)

demonstration of, 6-17

discussion of, xxx; 1-14; 6-17,18; 9-19

location of, Fig. D block 10

restrictions for, 6-17; 9-19,61

usage of, 6-17,98,101,102,103,113,115,123,124,129,130,131

CNS (Store Constant)

demonstration of, 6-17

discussion of, xxx; 1-14; 6-17; 9-20

location of, Fig. D block 10

restrictions for, 6-17; 9-20,61

usage of, 6-17,98,101,102,112,113,115,116,121,123,125,129,131,133

CRS1 (Cursor 1 On)

demonstration of, 5-18

discussion of, xxi,xxix; 1-14; 5-18; 6-61; 9-16

location of, Fig. B block 3; Fig. D block 9
usage of, 5-18; 6-57,59,61,90,93,112,115,129
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CRS1< (Cursor 1 Left}

demonstration of, 5-19,21

discussion of, xxi,.xxix; 1-14; 5-19; 9-17

location of, Fig. B block 3; Fig. D block 7

restrictions for, 9-17,61

usage of, 5-19,21; 6-71,82

warnings issued for, 5-19; 9-17,69

CRS1> (Cursor 1 Right)

demonstration of, 5-8,21

discussion of, xxi,xxix; 1-14; 5-19; 9-17

location of, Fig. B block 3; Fig. D block 7

restrictions for, 9-17,61

usage of, 5-18,21,25,26,28,32; 6-56,90

warnings issued for, 5-18; 9-17,69

CRS2-1 (Both Cursors On)

demonstration of, 5-19; 6-55

discussion of, xxi,xxix; 1-14; 5-19; 6-55; 9-17

location of, Fig. B block 3; Fig. D block 9

usage of, 5-19,25,28; 6-55,58,59,61,71,81,92,113,115,130

CRS2<« (Cursor 2 Left)

demonstration of, 5-20,21

discussion of, xxi,xxix; 1-14; 5-19,20; 9-17

location of. Fig. B block 3; Fig. D block 7

restrictions for, 9-17,61

usage of, 5-20,21,25; 6-56,71,82,92

warnings issued for, 5-20,28; 9-17,69

CRS2> (Cursor 2 Right)

demonstration of, 5-20

discussion of, xxi,xxix; 1-14; 5-19; 9-17

location of, Fig. B block 3, Fig. D block 7

restrictions for, 9-17,61

usage of, 5-20,32

warnings issued for, 5-20; 9-17,69

D
DELAY (Return Delay Time)

accuracy of, 2-12

demonstration of, 5-30

discussion of, xx.xxviii; 1-14; 5-22,29,30; 9-54

location of, Fig. B block 2; Fig. D block 6

restrictions for, 5-30; 9-54,61

usage of, 5-30; 6-113,116,129,133

DIFF (Differentiate)

accuracy of, 2-11

algorithm for, 9-74

demonstration of, 6-84

discussion of, xxxii; 1-14; 6-83,84; 9-46

location of, Fig. D block 18

restrictions for, 6-84; 9-46,61

usage of, 6-84
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DOTS (Dots Display)

demonstration of, 6-46

discussion of, xxx; 1-14; 6-45,46; 9-37

location of, Fig. D block 12

usage of, 6-46

DSW (Display Stored Waveform)

demonstration of, 6-48

discussion of, xxxi; 1-14; 6-45,48; 9-37

location of, Fig. D block 12

restrictions for, 6-49; 9-38,62

usage of, 6-48,49,54

warnings issued for, 6-48; 9-38,69

E
EEX (Enter Exponent)

demonstration of, 6-11

discussion of, xxix; 1-14; 6-3,11,94; 9-24,25,26

location of, Fig. D block 8

usage of, 6-11,40,57,58,64,77,78, 79,80,86,87,88
warnings issued for, 9-24,69

ENERGY (Return Energy)

accuracy of, 2-12

algorithm for, 9-74

demonstration of, 5-26

discussion of, xx,xxviii; 1-15; 5-22; 9-52

location of, Fig. B block 1; Fig. D block 5

usage of, 5-26

ENTER (Enter Data)

demonstration of, 6-7,14

discussion of, xxvii; 1-15; 6-3,7,12,13; 9-36

location of, Fig. D block 4

usage of, 6-7,9,10.11,12,14,17,33,34,75,81,88,89,121,125,131

ERR? (Transmit Error Status)

discussion of, 7-9; 9-58

EXECUTE (Program Execute Mode)

demonstration of, 6-104

discussion of, xxxiii; 1-15; 6-95,96,97,104: 9-27

location of, Fig. D block 19

usage of, 6-104,117,124,130,132,134: 7-10,19

EXP (Exponentiation)

accuracy of, 2-11,13

demonstration of, 6-15,39

discussion of, xxvi; 1-15; 6-12,15,37,39; 9-11

location of, Fig. D block 2

usage of, 6-15,16,39
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EXROFF (Disable Execution Error SRQ)

discussion of, 1-15; 7-8,21; 9-58

EXRON (Enable Execution Error SRQ}

discussion of, 1-15; 7-8; 9-58

F

f (Set Shift Flag)
demonstration of, 5-7

discussion of, xxi,xxx; 1-15; 5-7; 6-6; 9-26,35

location of, Fig. B block 4; Fig. D block 11

usage of, 5-7; preceding all shift commands

+ (Return Fall Time}

accuracy of, 2-12

demonstration of, 5-30

discussion of, xx,xxviii; 1-15; 5-22,29,30; 9-54

location of, Fig. B block 2; Fig. D block 6

restrictions for, 5-30; 9-54,62

usage of, 5-30; 6-113,115,129,133

(Return Frequency)

accuracy of, 2-12

algorithm for, 9-75

demonstration of, 5-33

discussion of, xx,xxviii; 1-15; 5-22,33; 9-54

location of, Fig. B block 1; Fig. D block 5

restrictions for, 5-33; 9-54,62

usage of, 5-33

G
GND (Set Ground Reference)

demonstration of, 5-8; 6-23

discussion of, 1-15; 5-4,8,9; 6-23,24; 9-45

location of, Fig. B block 6; Fig. D block 15

restrictions for, 5-9; 6-24: 9-45,62

usage of, 5-8,9,22; 6-23,37

warnings issued for, 6-23; 9-45,69

GOTO (Go To Program Line}

demonstration of, 6-118

discussion of, 1-15; 6-110,111,119; 9-28

location of, Fig. D block 19

restrictions for, 6-119; 9-28,62

usage of, 6-103,118,120,123,129; 7-10

warnings issued for, 6-118; 9-28,69

GSB (Go To Subroutine)

demonstration of, 6-125

discussion of, xxxiii; 1-15; 6-111,121,125; 9-28,29

location of, Fig. D block 19

restrictions for, 6-125; 9-29,62

usage of, 6-125,131

warnings issued for, 9-29,69
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HCRD (Return Horizontal Coordinate)

accuracy of, 2-11

demonstration of, 6-62

discussion of, xxix; 1-15; 6-62; 9-16,19

location of, Fig. D block 9

restrictions for, 6-62; 9-19,62

usage of, 6-62,86,90,93,113,115,129

»HCRD (Set Horizontal Coordinate)

demonstration of, 6-57,58

discussion of, xxix; 1-15; 6-57,58,59; 9-16,.17,18

location of, Fig. D block 9

restrictions for, 6-59; 9-18,63

usage of, 6-57,58,61,113,115,130

warnings issued for, 6-58.59; 9-18,69

HMDA (Horizontal Mode A)

demonstration of, 4-14

discussion of, 1-16; 4-8

location of, Fig. A block 6

HMDALT (Horizontal Mode ALT)

demonstration of, 4-14

discussion of, 1-15; 4-8

location of, Fig. A block 6

HMDB (Horizontal Mode B)

demonstration of, 4-14; 6-100

discussion of, 1-15; 4-8; 6-100

location of, Fig. A block 6

usage of, 6-100,112,115,125

HMDCHOP (Horizontal Mode CHOP)

demonstration of, 4-14

discussion of, 1-15: 4-9

location of, Fig. A block 6

HPLFT (Horizontal Position Left)

demonstration of, 6-75,76,77

discussion of, xxxii; 1-15; 6-75,76,77,80,8182; 9-47

location of, Fig. D block 18

restrictions for, 6-77,78,80; 9-47,63

usage of, 6-76,77,80,81,82,93

HPRGT (Horizontal Position Right)

demonstration of, 6-78,79,80,82

discussion of, xxxiii; 1-15; 6-78,79,80,83; 9-47

location of, Fig. D block 18

restrictions for, 6-78; 9-48,63

usage of, 6-76,78,79,81
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HSCL (Return Horizontal Scale Factor}

accuracy of, 2-13

demonstration of, 6-66

discussion of, xxxii: 1-15; 6-66; 9-56

location of, Fig. D block 17

usage of, 6-66,93

HSCL (Set Horizontal Scale Factor)

accuracy of, 2-13

demonstration of, 6-64

discussion of, xxxii; 1-15; 6-64; 9-56

location of, Fig. D block 17

restrictions for, 6-65; 9-56,63

usage of, 6-63,64,65

HXPD (Horizontally Expand Waveform)

algorithm for, 9-75

demonstration of, 6-69,70,71

discussion of, xxxiii; 1-16; 6-68,69,70,71,72; 9-48

location of, Fig. D block 18

restrictions for, 6-69,72; 9-48,49,63

usage of, 6-69,70,71,93

warnings issued for, 6-69,70; 9-48,49,69,70

I
ID (Identify Instrument)

discussion of, xxi; 1-16; 7-17; 9-22

location of, Fig. B block 5

ID? (Transmit Instrument Identity)

discussion of, 7-8; 9-58

INTG (Integrate)

accuracy of, 2-11

algorithm for, 9-75

demonstration of, 6-84

discussion of, xxxii; 1-16; 6-83,84; 9-50

location of, Fig. D block 18

restrictions for, 6-84; 9-50

usage of, 6-84,93

ITRP (Interpolate}

accuracy of, 2-11

demonstration of, 6-89,90,91,92

discussion of, xxxii; 1-16; 6-83,89,90,91,92,93; 9-49

location of, Fig. D block 18

restrictions for, 6-89,91,92; 9-49,50,63,64

usage of, 6-89,91,92,93

FX. (Hf X Register Equals Y Register)

demonstration of, 6-123

discussion of, xxxiii; 1-16; 6-111,121,124; 9-29,30

tocation of, Fig. D block 19

usage of, 6-123,129
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Appendix A—Command Index

IFy>x (If Y Register Greater Than X Register)

demonstration of, 6-131

discussion of, xxxiii; 1-16; 6-111,121,132; 9-30

location of, Fig. D block 19

usage of, 6-98,102,103,131

IOCOFF (Disable Input/Output SRQ)

discussion of, 1-16; 7-8,21; 9-58

IOCON (Enable Input/Output SRO}

discussion of, 1-16; 7-8; 9-58

(Return Labeled Line)

demonstration of, 6-118

discussion of, xxxiii; 1-16; 6-110,111,118; 9-31

location of, Fig. D block 19

restrictions for, 6-119; 9-31,64

usage of, 6-103,118,120,123,125,129,131

LN (Natural Logarithm)

accuracy of, 2-11,13

demonstration of, 6-15,39

discussion of, xxvi; 1-16; 6-12,15,16,37,39; 9-11,12

location of, Fig. D block 2

usage of, 6-15,16,39,40

warnings issued for, 6-15,39; 9-12,70

(Begin Label)

demonstration of, 6-99,114

discussion of, xxvi; 1-16; 6-99,114; 9-31

location of, Fig. D block 1

restrictions for, 6-114; 9-31,64

usage of, 6-99,102,112,114,123,125,129,131

M
MAX (Return Maximum Value)

accuracy of, 2-12

demonstration of, 5-23

discussion of, xx,xxviii; 1-16; 5-22,23; 9-52

location of, Fig. B block 1; Fig. D block 5

usage of, 5-23; 6-61,112,115,129: 7-12

MEAN (Return Mean Value)

accuracy of, 2-12

algorithm for, 9-75

demonstration of, 5-25

discussion of, xx,xxviii; 1-16; 5-22,25; 9-52

location of, Fig. B block 1; Fig. D block 5

usage of, 5-25
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MID (Return Middle Value)

accuracy of, 2-12

demonstration of, 5-24

discussion of, xx, xxviii; 1-16; 5-22,24; 9-52

location of, Fig. B block 1; Fig. D block 5

usage of, 5-24,32; 6-43,93

MIN (Return Minimum Value)

accuracy of, 2-12

demonstration of, 5-24

discussion of, xx,xxviii; 1-16; 5-22,24; 9-52

location of, Fig. B block 1, Fig. D block 5

usage of, 5-24

N

NEXT (Go To Next Line)

demonstration of, 6-105,114

discussion of, xxvi; 1-16; 6-97,99,105,114,115,121; 7-10; 9-31

location of, Fig. D block 1

restrictions for, 6-115; 9-32,64

usage of, 6-99 and throughout Programming.

warnings issued for, 6-101,114,115; 9-32.70

O
OFF (Cursors Off}

demonstration of, 5-20

discussion of, xxi,xxix; 1-16; 5-20; 9-16

location of, Fig. B block 3; Fig. D block 9

usage of, 5-20,21; 6-93,100,112,115,123,129

OPCOFF (Disable Operation Complete SRQ)

discussion of, 1-16; 7-8,21: 9-58

OPCON (Enable Operation Complete SRQ)

discussion of, 1-16; 7-8; 9-58

ORD (Return Ordinate Value)

accuracy of, 2-11

demonstration of, 6-86

discussion of, xxxii; 1-16; 6-83.86; 9-50

location of, Fig. D block 18

restrictions for, 9-51,64

usage of, 6-86

ORD (Set Ordinate Value}

accuracy of, 2-12

demonstration of, 6-87

discussion of, xxxii; 1-16; 6-83,88; 9-51

location of, Fig. D block 18

restrictions for, 6-88; 9-51,64

usage of, 6-86,87,93
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P

PAUSE (Pause)

demonstration of, 6-133

discussion of, xxxiv; 1-17; 5-4; 6-3,132,133,134; 9-25,32
location of, Fig. D block 19

usage of, 6-133,134

PER (Return Period)

accuracy of, 2-12

algorithm for, 9-76

demonstration of, 5-32

discussion of, xx,xxviii; 1-17; 5-22,29,32: 9-54
location of, Fig. B block 1; Fig. D block 5

restrictions for, 5-33; 9-55,65

usage of, 5-32

PNT (Return Point Value)

accuracy of, 2-11

demonstration of, 6-33

discussion of, xxx; 1-17; 6-33; 9-20

location of, Fig. D block 10

restrictions for, 6-33; 9-20,65

usage of, 6-33,41,43

>PNT (Set Point Value)

accuracy of, 2-11

demonstration of, 6-34

discussion of, xxx; 1-17; 6-34; 9-20

location of, Fig. D block 10

restrictions for, 6-34; 9-20,65

usage of, 6-34,76,81

P-P (Return Peak-to-Peak Value)

accuracy of, 2-12

demonstration of, 5-24

discussion of, xx,xxviii; 1-17; 5-22,24; 9-53
location of, Fig. B block 1; Fig. D block 5
usage of, 5-24; 6-43,98,101,102,131

PREV (Go To Previous Line}

demonstration of, 6-121

discussion of, xxvi; 1-17; 6-97,121: 9-32

location of, Fig. D block 1

restrictions for, 6-121; 9-32,65

usage of, 6-121,133

PROG (Program Entry Mode)

demonstration of, 6-99

discussion of, xxvi; 1-17; 6-96,97,104; 9-32

location of, Fig. D block 1

usage of, 6-99,104,114,121,124,131; 7-10.11
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P/W (Return Points-per-Waveform)

demonstration of, 6-21

discussion of, xxx; 1-17; 6-18,19,20,21; 9-20

location of, Fig. D block 10

usage of, 6-21,65

Oe] W (Set Points-per-Waveform)

demonstration of, 6-31,32

discussion of, xxx; 1-17; 6-18,19,20,31; 9-21

location of, Fig. D block 10

restrictions for, 6-31; 9-21,65

usage of, 6-31,32,46,51

R

READX (input X Register Value)

discussion of, xxvii; 1-17; 7-4,8,9,11,14,21; 9-23

location of, Fig. D block 3

restrictions for, 9-23,65

usage of, 7-12,15,16

REMOFF (Disable Effect of ROS)

discussion of, 1-17; 7-8,21; 9-58

REMON (Enable Effect of ROS)

discussion of, 1-17; 7-8; 9-58

ROHOUT (Return Readout Setting)

demonstration of, 6-35

discussion of, xxxi; 1-17; 5-4; 6-35; 9-45

location of, Fig. D block 15

restrictions for, 6-35; 9-46,65

usage of, 6-35

warnings issued for, 6-35; 9-46,70

RISE (Return Rise Time)

accuracy of, 2-12

demonstration of, 5-29

discussion of, xx,xxviii; 1-17; 5-22,29; 9-55

location of, Fig. B block 2; Fig. D block 6

restrictions for, 5-29; 9-55,66

usage of, 5-29; 6-113,115,129,133

RMS (Return Root-Mean-Square)

accuracy of, 2-12

algorithm for, 9-76

demonstration of, 5-25

discussion of, xx,xxviii; 1-17; 5-22,25; 9-53

location of, Fig. B block 1: Fig. D block 5

usage of, 5-25
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ROLL (Roll Stack)

demonstration of, 6-12

discussion of, xxvii; 1-17; 6-12; 9-36

location of, Fig. D block 4

usage of, 6-12,13

RQS (Assert SRQ)

discussion of, xxi; 1-17; 7-8,21; 9-23

tocation of, Fig. B block 5

RQSOFF (Disable All SRQ‘s}

discussion of, 1-17; 7-8,21; 9-58

ROSON (Enable All SRQ‘s}

discussion of, 1-17; 7-8,21; 9-58

RTN (Return from Subroutine)

demonstration of, 6-130

discussion of, xxxiii; 1-17; 6-111,121,130; 9-32

location of, Fig. D block 19

restrictions for, 6-130; 9-32,66

usage of, 6-130,131

RUN (Run Program)

demonstration of, 6-119

discussion of, xxxiii; 1-17; 6-3.97,119,120,133; 9-25,33

location of, Fig. D block 19

restrictions for, 6-119; 9-33.66

usage of, 6-119

S
SAVE (Save Program)

discussion of, xxvii: 1-17; 7-4,8,9,10,21; 9-23

location of, Fig. D block 3

restrictions for, 9-23,66

usage of, 7-10

SCOPE (Scope Display)

discussion of, xxii.xxxi; 1-1,17; 4-1 to 4-18; 7-17.18; 9-3,15

location of, Fig. B block 7; Fig. D block 14

usage of, 3-3; 4-13; 5-10; 6-24,47,100,112,115,117,125

SEND (Output X Register Value)

discussion of, xxvii; 1-18; 7-4,8,9,11,14,21; 9-23

location of, Fig. D block 3

restrictions for, 9-23,66

usage of, 7-12,14,15

A-13



Appendix A--Command Index

SGN (Return Signum)

accuracy of, 2-11

demonstration of, 6-15,40

discussion of, xxvii; 1-18; 6-12,15,37,40; 9-12

location of, Fig. D block 2

usage of, 6-15,40

SMOOTH (Smooth Waveform}

accuracy of, 2-11

algorithm for, 9-76

demonstration of, 6-85

discussion of, xxxii: 1-18; 6-83,85; 9-51

location of, Fig. D block 18

restrictions for, 6-85; 9-51,66

usage of, 6-85,93

SORT (Return Square Root)

accuracy of, 2-11,13

demonstration of, 6-15,38

discussion of, xxvi; 1-18; 6-12,15,37,38; 9-12

location of, Fig. D block 2

usage of, 6-15,38

warnings issued for, 6-15,38; 9-12,70

SRQ? (Transmit Line 16)

discussion of, 7-9; 9-59

usage of, 7-20

STAKE (Start Program)

demonstration of, 6-104,117

discussion of, xxxiv; 1-18; 6-97,104,118; 9-33

location of, Fig. D block 19

restrictions for, 6-118; 9-33,66

usage of, 6-104,117.124,130,132,134

STEP (Execute Program By Lines}

demonstration of, 6-120

discussion of, xxxiii; 1-18; 6-3,97,120; 9-25,34

location of, Fig. D block 9

usage of, 6-120

warnings issued for, 6-120; 9-34,70

STOP (Stop)

demonstration of, 5-10; 6-132

discussion of, xxii, xxxiv; 1-18; 5-3,4; 6-3,97.111,120,132,133 134,135; 7-4; 9-25,34

location of, Fig. B block 6; Fig. D block 19

usage of, 5-10; 6-102,103,113,116,123,129,131

warnings issued for, 9-70

STORED (Stored Display)

demonstration of, 5-6

discussion of, xxii.xxxi; 1-1,18; 5-3,6.14,15.16: 6-1,104; 7-17.18; 9-4,5,15

location of, Fig. B block 7; Fig. D block 14

usage of, 4-13; 5-6,9,10,12,18,23,28; 6-1,21,25, 29,38,41,46,48,52,53,63,72,83,

104,112,115,125
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SWH (Set TTL SIGNAL OUT High}

accuracy of, 2-7

discussion of, xxvii; 1-18; 2-7; 9-23

location of, Fig. D block 3

SWL (Set TTL SIGNAL OUT Low)

accuracy of, 2-7

discussion of, xxvii; 1-18; 2-7: 9-23
location of, Fig. D block 3

T

Appendix A—Command Index

TEXT (Transmit Text)

discussion of, 1-18; 7-4,8,9,18,21; 9-59
restrictions for, 9-59,66

usage of, 7-20

>TEXT (Input Text)

discussion of, 1-18; 7-4,8,9,17,18,21; 9-59
restrictions for, 9-59,66

usage of, 7-19

warnings issued for, 9-59,70

TIME (Versus Time}

demonstration of, 6-54

discussion of, xxx; 1-18; 6-19,45,54: 9-38
location of, Fig. D block 12

usage of, 6-54,56

V
VCRD (Return Vertical Coordinate)

accuracy of, 2-11

demonstration of, 6-62

discussion of, xxix; 1-18; 6-62; 9-16,19

location of, Fig. D block 9

restrictions for, 6-62; 9-19,66

usage of, 6-62

“VCRD (Set Vertical Coordinate)

accuracy of, 2-11

demonstration of, 6-59,60,61

discussion of, xxix; 1-18; 2-11; 6-59,61; 9-16,18
location of, Fig. D block 9

restrictions for, 6-61; 9-18,66

usage of, 6-59,60,61,113,115,129

VECT (Vector Display)

demonstration of, 6-47

discussion of, xxx; 1-18; 6-45,47; 9-38

location of, Fig. D block 12

usage of, 6-47

VMDADD (Vertical Mode ADD}

demonstration of, 4-13

discussion of, 1-18; 4-7

location of, Fig. A block 4
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VMDALT (Vertical Mode ALT)

demonstration of, 4-13

discussion of, 1-18; 4-5

location of, Fig. A block 4

VMDCHOP (Vertical Mode CHOP)]

demonstration of, 4-13

discussion of, 1-18; 4-7

location of, Fig. A block 4

VMDL (Vertical Mode LEFT)

demonstration of, 4-13; 6-100

discussion of, 1-18; 4-5; 6-100

location of, Fig. A block 4

usage of, 6-100,112,115,125

VMODR (Vertical Mode RIGHT)

demonstration of, 4-13

discussion of, 1-18; 4-5

location of, Fig. A block 4

VPDN (Vertical Position Down)

discussion of, xxxi: 1-19; 6-72,74; 9-40

location of, Fig. D block 13

restrictions for, 6-74; 9-40,67

warnings issued for, 9-40,70

VPUP (Vertical Position Up)

demonstration of, 6-73

discussion of, xxxi: 1-19; 6-72,73; 9-40

location of, Fig. D block 13

restrictions for, 9-40,67

usage of, 6-73

warnings issued for, 6-73; 9-40,70

(X Versus Y Mode)

demonstration of, 6-53

discussion of, xxx; 1-19; 6-45,53,54,59,65; 9-7,38

location of, Fig. D block 12

restrictions for, 6-54; 9-38,67

usage of, 6-51,53

VSCL (Return Vertical Scale Factor)

accuracy of, 2-12

demonstration of, 6-66

discussion of, xxxii; 1-19; 6-66; 9-56

location of, Fig. D block 17

usage of, 6-40,66

(Set Vertical Scale Factor)

accuracy of, 2-12

demonstration of, 6-64

discussion of, xxxii; 1-19; 6-64; 9-56

location of, Fig. D block 17
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“VSCL (Cont)

restrictions for, 6-64; 9-56.67
uSage of, 6-40,63,64

VXPD (Vertically Expand Waveform)
accuracy of, 2-13

demonstration of, 6-67
discussion of, xxxii; 1-19: 6-67: 9-56location of, Fig. D block 17
restrictions for, 6-67; 9-57,67
usage of, 6-67

warnings issued for, 6-67: 9-57,71

VZR (Return Vertical Zero Reference)
accuracy of, 2-12

discussion of, ~oodi: 1-19; 9-57
location of, Fig. D block 17

VZR (Set Vertical Zero Reference}
accuracy of, 2-13

demonstration of, 6-74,75
discussion of, xxxii; 1-19; 6-74: 9-57location of, Fig. D block 17
restrictions for, 6-74; 9-57,67
usage of, 6-74,75
warnings issued for, 6-74; 9-57.71

WEM (Return Stored Waveform)
demonstration of, 6-22
discussion of, XXX; 1-19; 6-22; 9-24location of, Fig. D block 10
restrictions for, 6-22: 9-21,67
usage of, °'22,25.26,29,30,38,39,40,41.42,43,68.91,93,131:7-14.15

WEM (Copy Stored Waveform)
demonstration of, 6-26
discussion of, x0; 1-19; 6-20,26: 9-21location of, Fig. D block 10
restrictions for, 6-26; 9-21,68
usage of, 6-26.27,38,39,47,48,52.53,68,98.101 112,115,125

WIDTH (Return Width)
accuracy of, 2-12

demonstration of, 5-31
discussion of, XX xxviii; 1-19; 5-22,29,31; 9-55location of, Fig. B block 2; Fig. D block 6restrictions for, 5-31: 9-55,68
usage of, 5-31: 6-113,116,129 133

@ 
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X<>y (X Exchange Y)

demonstration of, 6-13

discussion of, xxvii; 1-19; 6-12,13; 9-36

location of, Fig. D block 4

usage of, 6-13,40

0,1,2,3,4.5,6,7.8.9 (Digits)

demonstration of, 6-5

discussion of, xxix; 1-19; 6-3,94; 9-24

location of, Fig. D block 8

usage of, Throughout Section 6

warnings issued for, 6-5; 9-71

. (Decimal Point)

demonstration of, 6-5

discussion of, xxix; 1-19: 6-3; 9-24

location of, Fig. D block 8

usage of, 6-5 and throughout Section 6

warnings issued for, 6-5; 9-24,71

+ (Add)

accuracy of, 2-11,13

demonstration of, 6-7

discussion of, xxvii; 1-19; 6-7,8,36: 9-13

location of, Fig. D block 2

usage of, 6-7,9,10,11 ,40,44,93,123.129

warnings issued for, 9-71

- (Subtract)

accuracy of, 2-11,13

demonstration of, 6-7

discussion of, xxvii; 1-19; 6-7,8,36; 9-13

location of, Fig. D block 2

usage of, 6-7,10,11 43,93

warnings issued for, 9-71

* (Multiply)

accuracy of, 2-11,13

demonstration of, 6-7,41

discussion of, xxvii; 1-19; 6-7.8,36,41; 9-13

location of, Fig. D block 2

usage of, 6-7,10.11 (14,16,40.41 ,44,93,98, 101,102

warnings issued for, 9-71

/ (Divide)

accuracy of, 2-11,13

demonstration of, 6-7,42

discussion of, xxvii; 1-19; 6-7,8,36,42; 9-13

location of, Fig. D block 2

usage of, 6-7,9,1 0,16,40,42,43,65

warnings issued for, 6-8,42; 9-1 3,71
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Tektromix. MANUAL CHANGE INFORMATION
(COMAATT TED TO EXCELLENCE Date: 3/e7 Change Reference: M59032

Product: 7854 Operators Manual Part No.:_970-2873-00

DESCRIPTION PG. 42

Page vi

FOR SN 6099999 AND 8ELOW

SECTION 8—INSTRUMENT OPTIONS

8-1

8-1

8-1
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FOR SN B100000 AND ABOVE

SECTION 8—INSTRUMENT OPTIONS
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Product __.7854 Operators Date: 1/31/87 Change Reference _M59032

DESCRIPTION

Page xxiil

FOR SN B099999 AND SELOW

Foldout for Rear Panel Cor , Cc s&h 2 (Figure c)

11 MEMORY BACK-UP POWER Connectors—Two female banana jacks for

applying 5.5 to 6.5 V DC to provide non-volatile memory.
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Product 7854 Operators Date: _1/31/87 Change Reference _M59032

DESCRIPTION

Page xxiil

FOR SN B100000 AND ABOVE

Foidout for Rear Panel C. ia, Ce a & indk s (Figure c)

14 MEMORY BACK-UP POWER—3:5 V Lithium Battery located on memory board

used for applying 2-3.5 V DC to provide non-volatile memory.

A
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Figure C. Locator for 7854 rear-panel controis, connectors, and

indicators.
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Product
7854 Operators Date: 1/31/87 Change Reference M59032

DESCRIPTION

Page 1-5

FOR SN B099999 AND BELOW

MEMORY BACK-UP PowER |

Two female banana jacks (on the rear panel of the 7854 Oscilloscope mainframe) allow

application of about 6.25 V dc (0.7 A maximum) to provide back-up power for the

volatile aged used for p memory. The instrument is fuse protected

for f 1 of any voltages applied to theMEMORY BACK-UP POWER INPUT up to

+50) volts (dc plus peak ac). When power is first applied to theMEMORY BACK-UP

POWER INPUT the red indicator lights to indicate that the fuse has not blown.

CAUTION

To prevent loss of data from memory due to a power failure, apply

memory back-up power.

FOR SN B100000 AND ABOVE

MEMORY BACK-UP !

When in MEMORY BACK-UP POSITION this provides MEMORY BACK-UP in the Self Test

on Turn On position. At Turn On i will reset RAM and do tts seff-test.

Page 1-6

FOR SN 8099999 AND BELOW

GENERAL PURPOSE INTERFACE BUS (GPIB)

The 7854 (except Option OD) is equipped with an IEEE 488-1978 Digital Interface for

Programmabie Instrumentation, ly referred to as a G 1 Purpose intert

Bus, or GPIB. The GPIB allows remote control of all processor functions, and data

transters to and from the 7854.

The GPIB connector and associated address and function selector switches are mounted

on the rear panel of the 7854. Refer to the GPIB section of this manual for complete

GPIB intormation.
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Product 7854 Operators Date: Change Reference1/31/87 M59032

DESCRIPTION

FOR SN B100000 AND ABOVE

GENERAL PURPOSE INTERFACE BUS (GPIB)

The 7854is equipped wah an IEEE 488-1978 Digital Interface tor Programmable
‘ation, ferred to as a G i Purpose interface Bus,or GPIB.

The GPIB allows remote control of all p functions, and data fers to and
fromthe 7854.

The GPIB » and i di and function ses riches are mounted
on the rear panel of the 7854. Referto the GPIB section of this I for a

GPIB information.

Page 1-7

FOR SN 8099999AND BELOW

POWER-UP CONDITIONS

When the 7854is turned on (wahout memory back-up power applied), the waveform

processor runs four sell-checking tests. Although these tests are not all-inclusive,
they indicate # major portionsof the p wep 19. The self-test

sequence outlined below begins when power is applied to the 7856.

Step 1: When power is applied the following indicators will ight: POWER, selected

positionsof the A and 8 TRIGGER SOURCE switches, and all selected

indicatorson the plug-in units. For approximatelythree seconds after

power-up the following indicators wilt remain off: all positions of the

VERTICAL and HORIZONTAL MODE switches, all Intensity indicators, all red

front-panel ( keyboard) and Waveform Caiculator indicators.tl

Step 2: All positions of the VERTICAL and HORIZONTAL MODE switches, ail Intensity

indicators, and all red front-panel and Waveform Calculator indicators will

now light.

Step 3: A fault condition found through any of the four tests is indicated with the

lights of the VERTICAL and HORIZONTAL MODE switches. Fault condition

codes are listed in Table 1-3. Be sure to note the code received so that you

may more fully inform the service person about the trouble.

Page 5 of 30



Product __7854 Operators Date. __1/31/87 59032Change Reference

DESCRIPTION

Step 1:

Step 2:

Step 3:

Page 1-10

FOR SN B100000 AND ABOVE

POWER-UP CONDITIONS

When the 7854 is turned on (without memory back-up on), the waveform processor

tuns four self-checking tests. Akhough these tests are not all-inclusive, they indicate

4 major portions of the processor are property working. The self-test sequence

outlined below begins when power is applied to the 7854.

When power ts applied the foliowing indicators will light: POWER, selected

positions of the A and B TRIGGER SOURCE swatches, and all selected

indicators on the plug-in units. For approximately three seconds after

power-up the following indicators wiil remain off: ail positions of the

VERTICAL and HORIZONTAL MODE swaches, ail Intensity indicators, all red

front-panel (measurement keyboard) and Wavetorm Calculator indicators.

All positions of the VERTICAL and HORIZONTAL MODE switches, all Intensity

indicators, and ail red front-panel and Wavetorm Calculator indicators wiil

now light.

A fault condition found through any of the four tests is indicated with the

lights of the VERTICAL and HORIZONTAL MODE swatches. Fault condition

codes are listed in Table 1-3. Be sure te note the code received so that

you May more fully inform the service person about the trouble.

FOR SN 8099996 AND BELOW

CONSTANT REGISTER

A storage register which is able to hoid oniy one constant at a time.

Option | Number CNS Registers i CNS Number

20 i) _
Standard 50 0-49

1BO i @-99

FOR SN B100000 AND ABOVE

CONSTANT REGISTER

A storage register which is able to hold only one constant af a time.

Option | Number CNS Registers ' CNS Number

Standard I 100 2-99

Page § of 309



Product 7854 Operators Date. 1/31/87 Change Reference M59032

DESCRIPTION

Page 2-7

FOR SN B099999 AND BELOW

TABLE 2-1 (CONT)

Etectrical Characteristice

Characteristic Pert Requir

EXTEANAL CONNECTORS (Cont)

EXTERNAL KEYBOARD 2S-pin female rear-pansi connector for

conmecangan exmmal keyboard

GPIB EEE-<a8- 1978 24-pin lernave rear-panel connecin: for

Connecang instrumentto GPIB. Meets

KEEE 488-1978. (Not evetabie on

Opeon 0)

MEMORY BACK-UP POWER Two rear-panel temaie banana jacks.

Provides connectors for externa

1 Power to Manian power on RAM,

thereby prowdng non-volesiememory.

Voltage Requirement 6Bwb5 Vdc.

TTL SIGNAL OUTPUT Rear-panei bre connector prowdes
SWUSWH TTL-compannie signa.

Oumput Lever Set by user commands avaiable on the
Wavetorm Caiculaior

SWL Command Selects low level output (between OV
and +@.6 V). Meswnum current unis

18mA,

SWH Command Selects hgh level output (beaween
+2.4.V and +S.0V). Mauumum current

Source18 2.6 mA,

+SAWTOOTH OUT Rear-panel bic connector.

Polany Posmve-goingwih basemneai OV,
weown 1 Vp1 MQ toad.

Output Voltage 16 V¥ maumum

5Q mViunit-of-pme. selected by the

bme-base und Ded swich. within

15%, 19@ near maumum

1 Viunut-of- nme. waitin 10%,

Page 7 of 30



Product’ 894 Operators Date: _1/31/87 Change Reference M59032

DESCRIPTION

Page 2-7

FOR SN 8100000 AND ABOVE

TABLE 2-1 (CONT)

Electrical Characteristics

Characteristic | Pert Requi

EXTERNAL CONNECTORS (Cont)

EXTERNAL KEYBOARD 25-pin temaie reer-panei connector for
connecangan extemal keyboard.

GP18 EEE -488- 1978 24-pin fernale rear-panelconnector for
connecang instument 0 GPIG. Meets

(EEE 408-1978. (Not sveiable on

Opson 20}.

TTL SIGNAL OUTPUT Reer-paneibnc connec prowdes

SWUSWH TT-companbie signal.

Output Level ‘Set by user commendsavaiable on he
‘Wevetorm Caicusenor.

SW. Command Selects iow level ov
and +@.8V). Maumum aurent sink 6

16 mA.

SWH Command Selects high level output (beween
42.4 V and +5.0¥)}. Maxumum current

source6 2.6 mA.

+SAWTOOTH OUT Reer-penelbnc connector.

Polenty Posisve-going wih baseline at OV,
‘wathin1 V, into 1 MQ load.

Cxtpul Vonage 10V masmum.

Rise Tine in SO. ‘SQ mV/une-ol-ume.selected by the
Brne-baseund amevdiv sanich, within

15%, 100 nasdy maumnum.

Rie Time inp 1 MD 1 Viuns-ol-tene, wathin 10%,

selected by he bme-base urst umerdiv

genich,| pa/div manmum.

Output Resistance Apprommately950 0.

Page8 of 30
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Date: Change Reference
M59032

DESCRIPTION

FOR SN 80999900 AND BELOW

On the beck of divider page

Section Five

7854

Using the

Measurement Keyboard

This section of the manual demonstrates, in the form ot sell-teaching exercises, the

operation of ail front-panet ‘ d ds, except those given in

the EXTERNAL block. These exercises are forthe Option GD 7854 Oscilloscope which
can be oper ily simulated by di 19 the Wavelorm Caiculator and the GPIB
cables trom the Hh pe rear-panel -

All displays shown in the exercises in this manual are correct for the given

conditions—specitiedand previously displayed real-time form, the postion of the

Stored waveform, fC. —bux might not be exactly dup dicated on yourit due to
the extreme sensitivity of the p Th , YOur readings may vary slightly
from those shown in the exercise displays.

In addition to the exercises to demonstrate the WFM ACQUISITION. CURSOR, and WFM

PARAMETER lable on the keyboard, this section includ
information on:

1. Wavetorm storage ; ions;

2. The command butter;

3. Error and warning indications; and

4. The character display in the STORED and BOTH modes.

Page 9 of 30
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DESCRIPTION

FOR SN 8100000 AND ABOVE

On the back of divider page

Section Five

7854

Using the

Measurement Keyboard

Thess section of the manual demonstrates, mn the form of seif-teaching exercises, the

oparation of al tront-panel measurement keyboard commands, except those given in

the EXTERNAL block. These exercses can be perlormed by disconnecting the Wavetorm

Caiculator and the GPIB cables trom the oscilloscope rear-panel connectors.

All displays shown in the exercises in this manual are correct for the given

conditions—specitied and previously displayed real-time wavetorm, the position of the

stored wavetorm, etc. —but might not be exactly duplicated on your instrument due to

the extreme sensiimityof thep . Therefore, your readings may vary slightly

from those shown in the exercise displays.

In addition to the exercises to demonstrate the WFM ACQUISITION, CURSOR, and WFM

PARAMETER commands lable on the keyboard, this section includes

information on:

1. Wavelorm storage considerations,

2. The command butler:

3. Error and warning indications; and

4. The character dispiay in the STORED and BOTH modes.

NOTE

Memory Backup SW must be in Self-Test on Turn On position for these

exerases.

Page 10 of 30



7854 Operators
Product Date: Change Reference

1/31/87 M59032

DESCRIPTION

Page 5-1

First Paragraph

FOR SN 8099999 AND BELOW

WAVEFORM STORAGE CONSIDERATIONS

Betore measurements can be made by the processor, the real-time wavetorm must be .
stored in waveform memory. With Option QD, only one waveform can be stored at a

time. Scale factors (vertical detiection factor and horizontal Sweep rate) with units,

and the vertical zero reference (VZR) are stored in memory with the wavetorm points

since all are required to fully specify the waveform value.

First Paragraph

FOR SN B100000 AND ABOVE

WAVEFORM STORAGE CONSIDERATIONS

Before measurements can be made by the processor, the real-time waveform must be
stored in waveform memory. Scale factors (vertical detlection factor and horizontal

sweep rate) with units, and the vertical zero reference (VZR) are stored in memory

with the waveform points since ail are required to fully specify the waveform vaiue.

Page 5-21

FOR SN B099909 AND BELOW

POSITIONING THE CURSORS (Cont)

After turning on both cursers, position Cursor 1 to the left edge of the graticuie and

Cursor 2 to the center vertical graticule line. Then:

Press Comments

CRS1> Notice that as Cursor 1 passes through the center vertical

graticule line # picks up Cursor 2 and both move toward the

right.

CRS1< Move Cursor 1 at least one division to the ieft of Cursor 2.

CRS2< CRS WARNING is issued when Cursor 2 meets Cursor 1.

Notice that Cursor 2 cannot pick up Cursor 1.

OFF Turn cursors oft.

NEXT EXERCISE BEGINS WITH POWER-UP

Page 1] of 30



Product__7854 Operators Dare, 1/31/87 Change Reference M59032

DESCRIPTION

Page 5-21

Presse

CRS1>

CRSt«

CRS2<

FOR SN 8100000 ANO ABOVE

POSITIONING THE CURSORS (Cont)

After turning on both cursors, position Cursor 1 to the teft edge of the graticule and

Cursor 2 to the center vertical graticule ine. Then:

Comments

Notice that as Cursor | passes through the center varical

graticule tine & picks up Cursor 2 and both mave toward the

night.

Move Cursor 1 st ieast one division to the teft of Cursor 2.

CRS WARNING is issued when Cursor2 meets Cursor |

Notice that Cursor 2 cannot pick up Cursor 1

Turn cursors off.

NEXT EXERCISE BEGINS WITH POWER-UP

NOTE

Memory Backup SW mustbe in Sel Test on Tum On position.

Page 12 at 30
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DESCRIPTION

FOR SN BO990909 AND BELOW

On the back of divider page

Section Six

7854

Using the

Waveform Calculator

The Waveform Calculator keyb provid ibility to i d processing

Capabilities for stored fe ipulation and and for i
computations. And in additionto the three display modes available with the

keyb the Wavetorm Cah provid id prog 9
which allows a repetith ql to be perk Jd y by the

processor.

This section builds upon the into Ion pr din ions 1 through 5 of this
manualand should be read in sequence.

This section discusses only the increased capabilities available with the Wavelorm
Calculator andis divided into two subsecti

1. Stored Display Mode Information—additional information Pertaining to the

STORED display mode using the Waveform Calculator; and

2. Programming—a discussion of pr =] Ing usingthe Wavet Calculator.

Page 13 gy 30
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DESCRIPTION

FOR SN B100000 AND ABOVE

On the back of divider page

Section Six

7854

Using the

Waveform Calculator

The Waveform Calculator keyboard provides accessibility to increased processing

capabilities tor stored waveform manipulation and measurement, and for numeric

computations. And in addition to the three display modes available with the

measurement keyboard, the Waveform Calculator provides command programming

which allows a repetitive command sequence to be performed automatically by the

processor.

This section builds upon the information presented in sections 1 through 5 of this

manual and should be read in sequence.

This section discusses only the increased capabilities available with the Waveform

Calculator and is divided into two subsections:

1. Stored Display Mode information—additional information pertaining to the

STORED display mode using the Waveform Calculator; and

2. Programming—a di ionat prog ing using the Wavetorm Calcuiator.

NOTE

Memory Backup SW mustbe in Self-Test on Tum On.

Page 14 of 30
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Date: Change Reference
M59032

DESCRIPTION

Page 6-17

FOR SN Bo99900AND BELOW

USING THE CONSTANT REGISTERS

In addition to lation ofi diate results by the stack, fifty constant

registers (100 with Option 2D) are ible for the storage of These
are unaffected by operati ing within the stack and are

fi d with ds b> through 49 (@ through 99 with Option 20).

STORING A CONSTANT

To store the number 2.5 in constant register 4: press2.5, ENTER , 4 . f

, >CNS

To storea ber ina egis'

a. Key inthe constant.

bd. T ic entry by p g ENTER

c. Key in the regi doi mber (@ through 49, or Q through 99 with

Option 2D) where the constant is to be stored.

d. Press f »CNS .

>CNS Op The ot the Y register are copied into the constant register

designated by the address fumber in the X register, then the X register is popped and

the Wis displayed in theX register field.

»CNS Restriction: The contentsof the X regi ddress) must

be an integer between, and including, O through 49 (@ through 99 with Option 2D).

RETRIEVING A CONSTANT

To copy data trom a constant register to the X register: first key in the constant

tegister address, then press CNS To recall the number 2.5 from register 4: press

4, CNS The stored wt is retrieved and displayed in the X reg: field.

CNS Operati The of the gister (designated by the address

number in the X register) is copied into the X register.

CNS Restriction: initially the X register must contain a constant which (when

rounded) is an imeger between, and including, @ through 49 (2 through 99 with Option

20).

Page 15 of 30
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Date: Change Reference
M59032

DESCRIPTION

Page 6-17

FOR SN B100000 AND ABOVE

USING THE CONSTANT REGISTERS

in addition to accumulation at intermediate results by the stack, one hundred constant
registers are accessibie for the storage of constants. These constant registers are
unaffected by operations occurring within the stack and are reterenced with address
numbers @ through 99.

STORING A CONSTANT

To store the number 2.5 in constant register 4: press25, ENTER . 4, f
>CNS

To store a number in a constant register:

a. Key inthe constant.

b. Terminate numenic entry by pressing ENTER .
c. Key inthe register address number (© through 99) where the constant is to

be stored.

d. Press f »CNS

»>CNS Operation: The contents of the ¥ register are copied into the constant register
designated by the address number in the X register, then the X register is popped and
the constant is displayed in the X register field.

»CNS Restriction: The contents of the X register (constant register address) must
be an integer between, and including, @ through 99.

RETRIEVING A CONSTANT

To copy data from a constant regrster to the X register: first key in the constant
register address. then press CNS To recall the number 2.5 from register 4: press
4, CNS The stored constant is retrieved and displayed in the X register field.

CNS Operation: The content of the « register (desig d by the aad.
number in the X register) is coped into the X register.

CNS Restriction: Initially the X register must contain a constant which (when
rounded) is an integer between, and including, @ through 99.

Page 16 yf 30



Product
7854 Operators 1/31/87

Date Change Reference
M59032

DESCRIPTION

Page 6-18

FOR SN 8099909 AND BELOW

WAVEFORM MEMORIES AND RESOLUTION

The memory space lable within the p: for sf age is a fixed

amount; however, the utilization of this space is selectable by the operator. By setting

the points-per-waveform (P/W) vaiue the form ies are alb d and the

stored waveform resolution is selected. The available P/W vaiues (except on the

Option QD instrument which is set at 512) are 128, 256, 512, and 1024; all stored

waveforms are the same resoiution at any given time. In addition to determining stored

m resolution, the selected P/W vaiue aiso determines the numberof waveform

Memories availabie at any given time. The higher the PW value selected, the greater

the resolution, but fewer waveforms can then be stored. Table 6-1 summanzes the

effects of each P/W value on waveform resolution, waveform memories, and the

stored waveforms.

Changing the PW value initiates a major rearrangement of the waveform memories

such that all stored data and status information contained in waveform memory is

drastically affected. Priorto a >P/W (Set Points/Wavetorm) command, each

form memory the vertical di of the form points, the

vertical zero reference level, and the scale factors d with the fe

points.

FOR SN B100000 ANO ABOVE

WAVEFORM MEMORIES AND RESOLUTION

The memory space available within the p tor form storage is a fixed

amount: however, the utilization of this space is selectable by the operator. By setting

the points-per-waveform (P/W) value the waveform memories are allocated and the

stored waveform resolution is selected. The available P/W values are 128, 256, 512,

and 1224; ail stored waveforms are the same resolution at any given time. in addition

to determining stored wavetorm resolution, the selected PAW value aiso determines the

number of et memories lable at any given time. The higher the PW vaiue

selected, the greater the resolution, but fewer waveforms can then be stored. Tabie 6-

1 summanzesthe effects of eachPW value on form resolution, form

memories, and the stored waveforms. .

Changing the PW vaiue intiates a major rearrangement of the wavelorm memories

such that all stored data and status information contained in waveform mamory is

drastically affected. Prior to a »P/W (Set Points/Wavetorm) command, each

waveform memory contains the vertical coordinates of the waveform points, the

vertical zero reference level, and the scale factors d with the form

points.
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DESCRIPTION

Page 6-19

FOR SN 8090999 AND BELOW

TABLE 6-1

>PW Effects

7es4 PW Totat Waveform Wavetorm Number of

Version Value Waveform Memory Point Points Per

Memories Addresses Numbers Horizontal
' Graticule

i Division

7854 With 512 2 o1 O51 ‘ 51.2
Option 2D

Standard 7854 | 128 16 5 @-127 12.8
256 8 O7 255 25.6 _
512 4 o3 Osi : 51.2

1024 2 1 1223 102.4

With Option 2D 128 40 39 0-127 | 12.8
256 20 2-19 Q-255 : 25.6
512 19 o9 O511 $1.2
1024 5 D4 &-1023 i 102.4

FOR SN B100000 AND ABOVE

TABLE 6-1

»>P/W Effects

7884 Pw | Total Wavetorm Waveform = Number of
Version Vaiue Wavetorm § Memory Point ~ Points Per

| Memories Addresses Numbera Horizontal
| Graticule

| Division

Standard 7854 | 128 | 40 PO @39 9-127 12.8
256 : 20 219 0-255 25.6

| $12. |, 10 | @-9 @-511 51.20
1024 |S ! o4 @-1023 102.4

Page 18 yf 30
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DESCRIPTION

Page 6-95

First Paragraph

FOR SN BO99909 AND BELOW

Program y will hold a of 922 ( plus line ers), AOD
with Option 2D, and a maximum of 1902 program lines. i the program memory is full

and you attempt to enter an additional command: (1) The ERROR indicatorswill light;

(2) the audible warming tone will be issued # the AUDIBLE ERROR/WARNING switch is

ON; (3) the displaywill blink; and (1) commands other than CLL (Clear Line), CLP

(Clear Program), or EXECUTE, will not be accepted.

First Paragraph

FOR SN 5100000AND ABOVE

Progr y will hold a Of WR2 ( ds plus line numbers), anda

ot 1902 program lines.If the prog y is full and you attemptto

enter an additional command: (1) The ERROR indicators will light; (2) the audible

waming tone will be issued # the AUDIBLE ERROR/WARNING switch is ON; (3) the

display will blink; and (r) commands other than CLL (Clear Line), CLP (Clear

Program), or EXECUTE, will not be accepted.

FOR SN BO90999 AND BELOW

On the back of divider page

Section Seven

7854

GPIB

Information

The 7854 (except Option 0) is equipped with an interface which conforms to IEEE

Standard 488-1978 Digital interface for Programmable instrumentation, commonly

if toasaG | Purpose interface Bus,or GPIB.

The GPIB aliows permanent storage of 7854 prog remote prog ing of the

7854, and data transters to and from the 7854.

Page19 of 30
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DESCRIPTION

FOR SN B100000 ANO ABOVE

On the back of divider page

Section Seven

7854

GPIB

Information

The 7854 is equipped with an interface which conforms to IEEE Standard 488-1978

Digital interface for Programmable Instrumentation, commonly referred to as a General

Purpose lIntertace Bus, or GPI8.

The GPIB allows permanent storage of 7854 programs, remote programming of the

7654, and data transfers to and from the 7854.

Page &1

FOR SN Bo99999 AND BELOW

OPTION22

Opton 22 provides X-Y mode phase correcton of the real-time signals A honzontaldelay line and

network the signal delay between either vertical compartment and the

honzontal defiechon system. With this network ins tailed and actvated. the phase shift between

the vertcai and honzontal syssems is adjustable to less than 2° from dc to one megahertz

OPTION 23

With Option @3 instatled, the instrument wil meet the EMC (electromagnenc companbiity)

specificatons given wn sacbon 2.

OPTION 78

Replaces standard crt phosphor with Pt 1

OPTIONOD

Deletes the Waveform Calculator and GPIB taciibes by removing 20X22 words of memory, and

replacing the rear-panel GPIB connector andADDRESS SELECTION switches witha blank pane!

Operation of the instrumentwill not change except that the front-panel AOS key and VO, SRO, and

REMOTE ONLY indicators are noperauve. All accessto the Callout ry

dened when the 2K of memory is removed

OPTION2D

An adchbonal 4296 words of memory are added with Opbon 2D to expand the program memory,

form memory,and registers Program memory 1s increased to a maxwnum of 2000

. ys dd to 5120 form points, and the constant registers
are increasedto 100

OPTIONA1

The standardpower cord Is rep with the Ui WE 220-voktype power cord

(Tektronix Part 16 1-66-29)

Page 20 of 30
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DESCRIPTION

OPTIONA2

The standard power cord is replaced with the UK242-volt type power cord (Tektronix Part 16 1-

OQEE- 10).

OPTIONA3

The standard power cord is replaced with the Australian 242-volt type power cord (Tektronix

Past 161-266-11).

OPTIONA4

The standardpower cord is rep wath the North A 24-volltype power cord

(Tektronix Past 16 1-<O266-12).

Page 81

FOR SN B100000 AND ABOVE

OPTION @2

Opton 22 provides X-Y mode phase correction of the real-tme signals. A horizontal delay fine and

yon network equalizes the signal delay between erther vertcal compartment and the

horizontal deflecton sysiem. With this network installed and actvated, the phase shift between

the vertical and horizontal systems is adjustable to jess than 2° from dc to one megahertz.

OPTION@3

With Option 23 installed, the inssument will meet the EMC (electromagnetic compatibility)

speciicationsgiven in section 2.

OPTION78

Replaces stancerd crt phosphor with P11.

OPTIONAi

The standard power cord is replaced with the Liniversal European 222-voit type power cord

(Tektronix Part 161-066-429).

OPTIONA2

The standard power cord is replaced with the UK242-volt type power cord (Tektronix Part 161-

OQOEE- 12).

OPTIONA3

The standard power cord is replaced with the Australian 24@-voit type power cord (Tektronix

Pan 161-2066-11)

OPTIONA4

The standard power cord is replaced with the North Amencan 240-volt type power cord

(TektronixPart 16 1-<2066- 12).
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Product 7854 Operators Date: 1731/8? Change Reference

DESCRIPTION

Page 82

(third paragraph)

FOR SN 8099909AND BELOW

INSTRUMENTOPTION IDENTIFICATION

7854 Oscilloscopes with one or more options have a tag attached to the rear-panel of

the maintrameto identifyeach included option (O2, 23, 78, OD, 2D, A1, A2, A3, or

AA). The tag(s) will be located as shown in Figure 8.1 instrumentswith Options 1S or

2S will not have any identification tag since these options are nor part of the 7854

Oscilloscope.

(third paragraph)

FOR SN B100000 AND ABOVE

INSTRUMENTOPTION IDENTIFICATION

7854 Oscilloscopes with one or more options have a tag attached to the rear-panel of

the mainframe to identily each included option (O2, 23, 78, Al, A2, A3, or A4). The

tag(s) will be located as shown in Figure 6.1 instrumentswith Options 1S or 2S will

Page 22 of 30
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DESCRIPTION

Page 8-3

FOR SN 8099909 AND BELOW

TABLE 6-1

Option information Locator

Location in Manual

Option Section | Heading Intor

ae. L} Opton Givesa bret descnpton
instrument of Option 22.

Options

bc) 3 Light Mentions that the crt mesh
General Fawr fitlar is included with

informaton

8 Option Gives a brief descnption

Ingrument bx) of Option 23.
Options

78 8 Option Gives a bnet descnpton
Inssurment 73 of Option 78.

Options

[9] 1 General Mentions thal, except for
Inwroducson Purpose instruments with Opton

interface QD, the 7854has a GPIB.

Bus

5 Describes use of key J

Using The on 7854 Option @D

Keyboard

Wavetorm Explainsthat with Option

Storage 0, only one waveform

iv i canbestredatanme.

Descnbes display modes

Both CRT of 7854 OptionOD.

Display Mode

it

6 | Waveform Mantions that tha Option
Using The & 20 will not

Waveform Resolution process waveforms.
C

(Waveform

Processing) Waveform Lists parameters of pulse
Acquisition of pulse acquisition for

And Data standardand Option OD

Storage instruments in Table 6-1
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DESCRIPTION

Page 63

FOR SN 8100000 AND ABOVE

TABLE 8-1

Option information Locator

Option Section Heading information
@ a Option ] Geves a bnet descnpton

ingrument | _ ad Opeon@2

an a ee ne
t><] 3 j ght | Mentorsthal the crt mesh

General Fome | Miter es anchactedwath
Operating \ + Operon23
Informabon , ,

_ Loe eee fenue -. ean

8 Opton T Gives 8 brei descnpton
instrument a) * gtOpeonG3

Optons
weefp 

ope ee ae

76 6 Opron Gives a bref descnpton

Instrument i 73 ot Opeon75

Options !
i
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DESCRIPTION

Page 84

FOR SN 8099009 AND BELOW

TABLE 8-1 (CONT)

Option information Locator

Option i Section Heading Intormation
oo 7 I Me that Opton 0

deletes the GPIB, he

Wavelorm Calculator

keyboard, and 2.230

words of memory.

6 | Using The | Explains how the constantUsing The | Constant i fegisters are referencedWaveiorm 
(by addresses 2-99)
with Option 20.

(Stored _

Explains how the constant
registers are relerenced

(by addresses ©-99)

with Option 20.

Mentonsthat the X

registermust contain a

Rumberwithin the mits

of the PAW setungfor

Opton 20.

Gives a bniet descnpton
of Opton 20.

Mentone that the X

register does not

Conte a constant
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FOR SN B100000 ANO ABOVE

EXTERNAL FUNCTIONS

Table 9-7 lists the | intert: d d from both the WaveformCalculator keyb orthe nert keyboard

TABLE 9-7

External intertace Commands

Command ] Execution

1 Function: identities following data on crt screen.

(Kdentity)
!

Display |

Line Display Format

9 ' Jeurasel, vre.sT olaot ext
i ANUMEMORY

10 : ADORESS: 10° TALK LISTEN? Ecr?
12 | ON#: ROS IOC REM EXR CER OPC

13 orr?,

' Device Type.

2 implementedversion of Codes and Format
Standard.

3 ROM version.

‘ FROM patch version for specihed ROM
version.

5 insyumentmemory capabéity by opton:

i
i Mamory Option

i aK (standard)

Ld GPIB accross.

7 q GPIB modes.

8 | Message termmnator.

9 | GPIB service request command status.

A NV MEMORY indicates Memory Back Up _
Mode.

: Salt Test.
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