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I This Manual

This is the front panel reference manual for the 11402A and 11403
Digitizing Oscilloscopes. If you are a new user, first read the
11402A and 77403 Tutorial to become famifiar with the oscillo-
scope. Use this User Reference to answer specific questions
about operation of the oscilloscope.

The first section, At a Glance, presents quick get-acquainted
information and a map of the various menus. Each menu is

accompanied by pointers into the detailed second section,
in Detail.

114024 and 11403 User Reference i



val

ated Other manuals that complete the documentation set for the S
uals 11402A and 11408 Digitizing Oscilloscopes:

m  The 77402A and 11403 Tutorial (Tektronix part number
070-7418-01) gives step-by-step instructions that demon-
strate basic operation of the oscilloscope.

m  The 71402A and 11403 QuickStart Package (U.S.A. Tekironix
part number 020-1767-01, Europe 020-1768-01) is a complete
leaming laboratory, including a signal generating board and
a workbook. A videotape for the QuickStart Package is
included with your oscilloscope. These show you how 10 use
the power of the11402A or 11403 Oscilloscope to get the
types of measurements you need. The QuickStart Package is
available at no charge, but you need to mail in the postage-
paid card inciuded with the oscilioscope.

®  The 1714024 and 11403 Programimer Reference (Tektronix
part number 070-7420-01) describes using a computer 1o
control the oscilloscope through GPIB or BR8-232-C inter-
faces.

® The 77201A/11402A/11403 Command Reference (Tekironix
part number 070-7421-01) describes the commands used to
program the oscilloscope.

8 The 711201A/11402A/11403 Quick Reference (Tektronix part
number 070-7734-01) provides an index of operations, and
the front-panel steps 1o invoke each operation.

8 The 7714024 and 11403 Service Reference (Tektronix part
number 070-7422-01) provides information to repair and
replace components of the oscilioscope.

i ' About This Manual
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ilance

This section presents general operating instructions and a road
map of the menu system. All menus are shown in this section.
Once you find a menu of interest, you will be directed to a

page in the In Detail section that discusses that menu’s features.

You may want to consult the 174024 and 17403 Tutorial for a
complete introduction 1o the oscilloscope.
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The display shows The major menu butions

the waveforms and let you select the maijor
the menus, which - menu that wilt appear at
you touch 1o activate. the bottom of the display.
See page 6. See page 12.

AN

fouch Panel On/Off The two knobs conirol

n lets you turn off the many functions of the

1 panel so that you can oscilloscope, You set the

to and touch the knobs to control specific

ay without inadvertently functions when you make

ng menu selections, menu selections or touch
icons. The knobs are
describyed on page 10.
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Front Panel and Plug-in Units

The DIGITIZER button stops and staris waveform
acquisition—see page 32. The AUTOSET button
quickly sets the oscilioscope parameters for a
waveform display —see page 39. The HARDCOPY
button prints a copy of the display - see page 73.
The ENHANCED ACCURACY button calibrates
the system for greatest accuracy —see page 63.

The CALIBRATOR output provides a
known signal for calibrating probes and

input cables. See page 135 .

Use the ON/STANDBY switch
as the power switch once the
oscilloscope is installed.

See page 127.

You install plug-in units or blank
covers in the plug-in compartments.
See page 117.

11402A and 11403 User Reference 3



wer line controls include the
VE VOLTAGE SELECTOR
VITCH, the fuse, the power
nnector, and the PRINCIPAL
IWER SWITCH.

e page 127.

The RS-232-C connector allows a
remote computer 1o conirof the
oscilloscope through a serial
interface. See page 143.

/
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Rear Panel

The GPIB connector allows a

remote computer to control the
oscilloscope through an {EEE
Standard 488 paraliel interface.
Thres lights show the status of the
paratiel bus. See page 65.

The PRINTER connector
lets you attach an Epson
FX-80 or compatibie
printer using a Centronics
interface. See page 73.

11402A and 171403 User Reference 5



reform (highlighted) and unselected

«is labels and readouts apply to the selected
aveforms can be selected by touching

ige 181,

RSE?EC Barsmeters

TalklListen
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Display and Touch Panel

3 display shows the output of the oscilloscope, such as waveforms and
asurement information. The display is combinead with the touch panel 1o provide a
ch menu system. Touch the selectors that are displayed in the various menus to
scute those items. Each menu selector has a shaded top portion that names the
ector, and a lower portion that shows the current status of the parameter that the
ector controls.

RS232C Farameters A pop-up menu lets you set specific

- parameters. This is the RS$232C pop-up
menu, which is accessed by touching
the RS232C selector in the Utility2 major
menu.

an8d Un

nl

L On Off

#alkLlsten 968883;' Bitmap
1 Sereasn

ility
Meny

Several different major menus are available. You
display and use the major menus by pressing the
major menu buttons. This is the Utility2 major
menu. Touch the R8232C selector to display the
RS232C pop-up menu. See page 12 for a
description of the major menus.

The Knob menu always shows the parameters the knobs
are currently assigned 1o control (top two selectors). You
can also use the Knob menu to remove waveforms from
the display. You can touch the knob labels to see the
Keypad pop-up menu, which lets you enter a numeric
value for any knob-controlled parameter. See page 10.
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75y : :
~438ng a1ty

SB2ns

1MQ 4B8HMHz R11 Wens
Meny

Le
Main

aff

ch the trigger icon to
gn the knobs to adjust

@ Touch the vertical icon to
assign the knobs 1o adjust

trigger level. If the the waveform vertical size

illoscope is not triggered,
t! appears above the word
'd. See page 161.

and position. See page 171.




icons

Touch the horizontal icon to assign the
knobs to adjust the waveform horizontal
size and position. See page 83.

DefWfm Touch the define waveform
icon to display a pop-up
menu that lets you define a
new waveform 1o be
displayed. See page 175.

Window1 Touch the window icon to

‘BOrS

create a hew waveform that
represents an enlarged portion

of ancther waveform.
See page 187.
Touch the cursors icon to
dispiay bar or dot cursors to
measure waveform values.
See page 51.
lcons always appear on the

scresn. You can select them
at any time, regardiess of
the major menu that is
displayed.

11402A and 11403 User Reference 9



iabels always show the
Jnments (the parameters
1obs will conirol). When
an icon or otherwise

e knob assignments, the
Is are highlighted. The

i of each knob label
-current value of the

* When you turn a knob,

se the current value

nd you will see the change
play and on any displayed

it show the parameter.

Touch either knob iabel
10 display the Keypad
menu for that parameter.

/A\

/
N\

stor lets you remove
'm from the dispiay.
2t (hightight) the

j you want removed
ng it, then touch
tor. A pop-up menu
ou to verify the

See page 175,

The Pan/Zoom selector lets you
expand any part of a waveform using
horizontal magnification. See page
83. When the knobs are assigned to

veriical size and offset, this selector
may change to provide more vertical

control. See page 172.

10
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Knobs, Knob Menu, and
Keypad Menu

if you touch the wrong knob label
by accident, the top two selectors
let you choose the other knob
parameter for Keypad menu
manipulation.

yd

Numer ic En‘wyk'nub Fes g
L
Iﬁ@"%glihﬁmﬂg{n ikl
Numeric Entry E Knot Hes Lheedlcl;:::r:ﬁ’d Fine
Fﬂf”’!ﬁﬁfﬁ%’ﬁfﬁzﬁ selectors affect the
s the . v I knob resolution,
wio 1 When set 1o coarse,
eric each knob click
ur represents a greater
astead of change than when
qob to set to medium or fine.
meter.
ser
ifyou The Set to Min and
the Set to Max selectors
dend let you quickly set a
?’Ent ; parameter 1o either
ES € extreme oOf its range
. of adjustment.

3 sign of
ir; Back
you
rs. The p
o}, i
i {milli) L Le
“you Main
wmber,
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Maay,

Previoys

major menu controls the

h are markers that you

sur waveform to make

ts. Use the Cursors icon to
Ursors major mentu.

.. Hardeopy

Bitmap .|
Eereen

The Utility1 and Utility2 major menus
control general oscilioscope parameters
including display colors, GPIB and
RS-232-C settings, and the internal clock.
See pages 22 and 24.

12
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Major Menu Buttons

The Waveform major menu controls
waveform definition, acquisition, and

the plug-in units. See page 14.

An alternate form of the Waveform
major menu, the All Wims Status

3 menu, can be displayed using the
Pt Page to selector in the Waveform

major menu. Press the Waveform
major menu button to alternate
between this menu and the Waveform
major menu. See page 14.

The Trigger major menu
controls triggering.

See page 186.

Fagle

The Measure major menu
controls the automatic

measurement system.
See page 18.

The Store/Recall major menu
controls storage and recali of
waveform data and oscilioscope
settings. See page 20.

03 User Reference
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ticei Begseription

This pop-up menu lets you specify the
waveform description of the selected
waveform. See page 175,

/ The Page to selsctor

displays the alternate All

Wims Status major menu.

This displays the status of
e &1 watveforms on the
display. See page 182,

w1 Lmpedance

ect

L

ienu lets you set the
plug-in amplifier input
page 119.

Chanoel {nugiing

fLhanne Seiect

This pop-up menu lets you set the
coupling of plug-in ampilifier input
channels. See page 120.

14
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t accumulate
e controls.

page 125. \ '

Waveform Major Menu

Hor[znniz: lescriptian

Acguirtng Timebase: Main
Masn wple Interuatd
i e Intezrual

Yi Dispiay Mode

#Y Disptay Moge: K=Biznisusd Havefarnm

Main Window 1

WY Lisplay Made: W-Stored Haveform

Record length controls.

/ See page 139.

XY waveform controls.
See page 191.

Acouire Deseriptlen

Bion A

uisitign 0

Graticules

sel Bandwidth Limis

Select

See page §9.

-menu lets you set the

imits of plug-in
wut channels.
22,

Graticule controls.

Ausraeg

Fur Aogu

‘_T_I

Averaging and
enveloping,
see page 43.

Acquisition
conirol,
see page 338.

t03 User Reference

15



Select the trigger source using this
pop-up menu. See page 162.

Main Trigeer Zource LDescription

1 the Main or

ow Trigger
this selector.

age 162.

o

ns - A
Trig: Hain SR

| T

Trigger Made

Hain Fryager Lawpling

Select the coupling for
the trigger signal using
this pop-up menu.
See page 163.
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Trigger Major Menu

Touch these selectors to
assign the knobs o
control the trigger level
and holdoff. See page 164.

Window #nidof+f Hoge

. Use this pop-up
menu to set the
. Window trigger
holdoff mode.

- See page 164.

Touch this selector to
change the trigger
siope. See page 164.

33 User Reference 17



Fraik—Peak

Touch a measurement
readout to display a
pop-up menu that lets
you control the way
the measurement is
taken. See page 108.

169%
20#8xs B1, 1308xs
L Mode |

These six selectors are reserved for
readouts of the measurements that
you select. This sample menu
shows that two measurements are
selected. See page 97.

18 At a Glance



Measure Major Menu

Feaoureneniis Use this pop-up menu to
specify which measurements
you want to take. As you
select measurements, the
readouts appear immediately
in the unused selectors of the
major menu. See page 99.

tatistical functis

Use this pop-up menu to
view measurement statistics
or make your measurement

nif

pos ! #0g0s W[’m;""g;_\i relative to a reference
SOU -4 ; value. See page 1086.

‘03 User Reference 19



fhese pop-up menus let you
store and recall displayed
vaveforms. See page 153.

ferm Renall Stored Hevefarm

et |

Froat Fang] Setting (FP3)

ed

Etored Setting \

Hext Setting Recal

Use this pop-up menu
to step through stored
oscilloscope settings
in sequence. See
page 151,

HonVolatiis R&M
AT47E bytey

mnu lets you store an
ting. See page 147.

20
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Store/Recall Major
Menu

Sﬁ,a;fg:?;agseﬁg this Delete displayed or stored
pOp-up men. waveforms using this pop-up
See page 34. menu. See page 153.

Belete Wauefarms

Bisplayed Haveforms Stored Haveforms

Delete frant Panel Setting {FPS)

t£0ll Feont Parei Setting (FPS)

These pop-up menus let
you recall or delete settings.
See page 147,

103 User Reference 21



enu shows
nd plug-in unit

irmware version P Use this pop-up
instalied options. be 19 Furstion menu to
] calibrate probes
“TdentiFreation and to set the
— Caiibrate, Beskes, and Lompensaté Probes function of the
e Fd : CHUE L probe 1D button.
r FE.2 i L
£6.3 ; See page 131.
Fa.4 pa3ee To Cal, Deskew,
ang Compensaie:
i ——————————e— e Cqm’:ecl oru'm;?
rions Sliaranees
Mot Tsilisd Then selest
chpanngl from
H inis menu,
b -
i
| o Use the Page to selector or the
| ¢ T UTILITY button to display the
| Utility2 major menu. See page 24.
|
s

actor to initialize

:Ope t0a knOWn Tite and Date Use this menu 10 set
age 89, b 12:32:%3, | the oscilloscope clock.
Snrime: 1% The. | See page 159.
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Utility1 Major Menu

Instirumest Modes

Auteset

Autoset controls are
described on page 39.

onirols
d on -

icnal

savapodih | =
ff vectored /
vith this
3 page 167.

Control waveform
scaling with this

selector. See page 184.

Hiscalianegus

Touch this selector to set the
— Enhanced Accuracy mode.
See page 63.

Touch this selector to
turn the audible beep
on or off. See page 37.
Touch this selector to turn on
or off display of time and date

with stored waveforms, See
page 155.

Caiar and Intensity

Labe!

Wi

’L&v
Hain

€op-up menu to label a
t or seiting. See page 93.

the display colors or gray
shades and overall display
intensity, See pages 47 (11403}
and 115 (11402A).

103 User Reference
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Jse this pop-up menu to Use thi
et GPIB parameters. se this pop-up ment to
366 page 65. set RS-232-C parameters.

R See page 143.

HIH Feremeters

& F ¥EL.g

Ggregn

: Use the Page to selector or the
ter — YUTILITY button to display the
Utility? major menu. See page 22.

Use the Self Test and Extended
Diagnostic selectors to operate the
diagnostic system and verify that the
oscilloscope is operating properly.
See page 57.
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Utility2 Major Menu

Farctery Paraneacs Hardcopy controls
frontes Coloc Map are described on
page 73.

BRI TIdoE s | .
T

03 User Reference 25
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This section provides detailed information about operation of the
11402A and 11403 Oscilloscopes. Refer to this section to answer
specific guestions about operation of the oscilloscope.

ACOUSIION . . ... i i i it e 28
AudioFeedback ...... ..ttt 37
ALEOSEL .. ...ttt a i e e s 39
Averagingand Enveloping .........c.con it 43
Color Display (11403) ... ... s crrnansananes 47
CISBOPS . it i vsnanneonasonsnnensnnnncencnnsennns 51
DIagnosStics . ... it it it 57
Enhanced ACCUTACY ..o vvrinirnesnnaornrssnnaans 63
GPIB Parameters . . . ..ot i i e i n s s taaa s 65
GratiCUIES ... i s i ettt s s 69
HardeopY « v vt it e i e 73
Horizomtal Controls ... .. e i i i it i erinnarann s 83
Imitalization ...... ... i i it s e 89
Instrument Identification . ... .. i i i i 91
Labeling .. v cv vt i s st et e 23
MeasUr eSS . .. .ttt i e s 97
Monochrome Display (114024) ........ . cvvvernns 115
Plug-InUnits ... .ot i i e s 117
Point Accumulate Mode . ... ... . i 125
POWRE-O L ittt nr v nt s s eara s nana e 127
Probesand Cables ... ... ittt 131
Recordlength......... ..o iniiriiiiannnnninnnans 139
RS-232-C Paramelers . v v sttt s e 143
Stored Sellings ... vttt i it e e 147
Stored Wavelorms .. ... .. inrnrurnassuannsns 153
Time and Date . ... i ittt et e e 159
TGGerNg .. i i e e 161
Vectored Waveforms . . v oo v i vt et i s st neneas 187
Vertical Controls ... ... . it i i i 171
Waveform Definition and Management .. ............. 175
IROWS .. i i i ettt a et a e 187
XY W ave OIS & .. it i i i e e 191
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isition

How
are
ired

terval

Event

Acquisition is the process of collecting points of data from a
signal and assembling them into a waveform record that is
shown on the display. Once you create a waveform, the
oscilioscope continues to acquire the signal and update the
waveform record, and you see a live waveform on the display.

The oscilloscope collects samples from repetitions of a signal
and determines the position of each sampled point with respect
to the trigger event on that repetition. Samples may be taken both
before and after the trigger event. This process continues until
enough sampled points have been collected to assemble a
complete waveform record.

Sampling in Real Time Mode

When the oscilloscope can acquire a complete waveform record
based on a single trigger event, sampling occurs in real time
mode. Non-repetitive events can be captured in real time mode.

|

AN

.

AN /

igger __~_____)/

nples

Real Time Acquisition of a Waveform
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Real lime sampling can occur only when the time between
samples is at least as great as the time required to take a sam-
ple, and is guaranteed only when the sefting is for a single
channel with no windows and a sample interval greater than 50
ns. Any other settings may cause the oscilloscope to switch to
equivalent time sampling.

Sampling in Equivalent Time Mode

etitive Samples from multiple repetitions of a signal can be assembled

an be into a single waveform record. This is called equivalent time

n the sampling. The oscilloscope does not necessarily acquire the

?;,S n samples in sequential order, but determines the position of each

'm’g‘: sample in the final waveform record based on the time between
’ the sample and its trigger event.

s ofa

Signal

‘Event

tecord

Equivalent Time Acquisition of a Waveform
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Acquisition

j the The sample interval is the time difference between successive

arval points on the waveform record. This is different from the sample
rate, which is the actual time that it takes to sample and digitize
the successive points in the waveform record.

To compute the sample interval, divide the time period that the
waveform record displays by the number of points in the wave-
form record. For example, if you display a waveform at 20 ns per
division, a little more than 200 ns of time is displayed. (There are
a few points outside the 10-division graticule on either side.) if
the waveform has 2048 points, the sample interval is 204.8 ns
divided by 2048, or 100 ps.

You can set the number of points in a waveform record, called
the record length, to be 512, 1024, 2048, 4096, 5120, 8192, or
10240 points. Setting the record fength is described in more
detail on page 139.

e wil All waveforms on the Main time base have the same record
arrent length and horizontal size. Similarly, all waveforms on Window
llsa;oé time bases share the same record length and horizontal size.

1

This means that the oscilloscope uses one sample interval for
main waveforms and a different sample interval for window
waveforms. You can see what the current sample intervals are by
looking at the top of the Horizontal Desc pop-up menu in the
Waveform major menu.

ases.
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lling You can freeze the waveforms on the display at any time by

ition pressing the DIGITIZER bution. This button is found above the
plug-in compartment, near the column of major menu buttons.
This technigue lets you stop live waveforms to examine them
more closely.

DIGITIZER | sy FECALBRATOR =
e ASTOSET  hamncoPy  SNEANOED o 0 on “
w - | 4 * -

Next to the DIGITIZER bution are RUN/ARMED and STOP lights.
One or the other of these lights is always on, telling you whether
acquisition is occurring.
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ow to
quire
menu
aging
1. see
3and
g on
18 43.

Acquisition

The Acquire Desc pop-up menu in the Waveform major menu also
controls acquisition. Use the selectors in the Stop Acquisition On
section of the pop-up menu to specify that acquisition stop on

various conditions.

Select % Fill Complete to have acquisition stop when the percent-
age of a complete record specified by the % Fill parameter has
been reached for each waveform record. Select % Set o set the
% Fill parameter using the knobs or knob keypad menu.

Acguire Description

“top Roguisition On

A1l Wims
Menu

Main

The Acquire Desc Pop-Up Menu

11402A and 11403 User Reference
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wms

Select Single Trigger to stop acquisition when a single Main
{rigger is detected and the time base duration has expired. In
Real Time sampling mode, you can use single trigger to acquire
a single triggered sweep of a non-repetitive signal.

If you use the averaging or enveloping features, you can select
Average Complete, Envelope Complete, Or Both Avg & Env {0
specify that acquisition stop after enough records have been
acquired to provide a complete average and/or envelope.

When you wish {o resume normal, continuous acquisition, touch
the Continuous selector under the heading Run Acquisition.

A waveform may be displayed but not acquiring new waveform
data. This will happen when a waveform becomes untriggered in
Normal trigger mode, or if you use the DIGITIZER bution to stop
acquisition.

When the waveform is displayed but is not acquiring data, the
waveform record from the last acquisition remains on the display.
This is why waveforms appear frozen on the display when you
stop acquisition.

You can clear waveform data from the display using the Clear
Waveform pop-up menu in the Store/Recall major menu. This
pop-up menu is illustrated on the next page. To clear a waveform,
touch the selector in the pop-up menu that represents the wave-
form you want to clear. Waveforms are identified both by
waveform number and by waveform expression and time base.

The Clear All selector lets you clear ail continuously acquired
waveforms at once.

You cannot clear a waveform that displays only stored waveform
data. For example, if you have a waveform that is defined to be
$TO1+S$T02, that waveform wili not be listed in the Clear Wave-
form POp-up menu.

If you clear waveforms that are being acquired (live waveforms
on the display), they will biink mormentarily and then continue to
be displayed as new waveform records are acquired.
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When you select a function on the touch screen, you will hear a
beep that means your selection has been noted and is being
acted on. The beep can be turned on or off,

To turn the audio feedback on or off, use the Modes pop-up menu
from the Utility1 major menu. Touch the Audic Feedback selector
in this pop-up menu 1o tumn the beep off or on,

Instrument Modes

futaset

Ph=~Pk Period

Miscellaneous

Utilitud
Many Main

18:49:
ig-Jan-8a

3
|

The Modes Pop-Up Menu
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Adjusting an oscilloscope to display a stable waveform of usable
size and amplitude can be a ime-consuming process. The
Autoset feature can quickly give you a stable, meaningful wave-
form display.

ziemzsa mmﬂ W@ CALIBRATOR on
aTCP 0 Z @ STANDSY @

When you press the AUTOSET button, you tell the oscilloscope 1o
examine the selected waveform and adjust the following for
optimal display:

# Vertical gain and offset;for calculated waveforms, vertical
size and position

®  Main and Window horizontal size and position

& Trigger level and, if necessary, trigger source

If you press the AUTOSET button when no waveforms are de-
fined, the oscilloscope will search the input channeis for a signal
and display the first signal found. During the search, the plug-in
amplifiers will be set to their most sensitive gain settings and to
0V offset; they will not be restored to their previous settings.
Plug-in amplifier coupling is not changed, so a signal at an input
channel that has coupling turned off wili not be detected.
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If you don’t like the results of an Autoset, you can restore the

status of the oscilioscope by touching the Undo Last Autoset
selector in the Modes pop-up menu of the Utility! major menu.

Instrument Modes

Alutoset

Miscelianeous

|
i

AR

|

[

12-JAN-B3 Menu

Main

The Modes Pop-Up Menu

The Modes pop-up menu lets you set several Autoset parameters
$0 that you can tailor the Autoset operation 1o your needs. In
addition 1o the Undo Last Autoset selector, the Autoset section of
this pop-up menu has two selectors that let you specify indepen-
dently the vertical and horizontal Autoset characteristics of the

oscilloscope.
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Autoset

Vertical Autoset Options

The Vertical selector cycles among four values: Peak-to-Peak,
TTL, ECL, and Off.

Peak-to-Peak mode sets the vertical gain and offset so that the
waveform will be four to nine divisions high and centered vertical-
ly on the graticule. Trigger level will also be set. The trigger
source will be set to match the waveform source if the time base
becomes untriggered.

TTL and ECL modes set the vertical gain and offset and trigger
level 10 values appropriate to the TTL and ECL logic families.
Both set plug-in amplifier and trigger coupling to DC and set
Main trigger mode to Auto and Window trigger mode to Normal.

Vertical Autoset may also be turned Off. If you tum Vertical Auto-
set off, Horizontal Autoset will not work properly uniess the signal
is triggered.

Horizontal Autoset Options

The Horizontal selector cycles among four vaiues: Period, Pulse,
Edge, and Off. With any of the first three selected, Autoset will
adjust the Main size and position. Main holdoff will be set to its
minimum value of 490 ns if it is greater than 1 ms when Autoset is
invoked. The trigger source will be set to match the signal source
if the waveform becomes untriggered.

Period mode adjusts the Main size and position so that at least
three cycles of a repetitive signal appear on the graticule. Based
on the trigger slope, either a rising edge or a falling edge is
placed two divisions from the left of the graticule. The Window
horizontal size is set to 1/10 of the main size, with Window1 and
Window2 positions set to two and five divisions from the left of
the Main graticule. Window holdoff will be set to its minimum if
the delay between the Main and Window triggers is more than
five times the Main size.

Pulse mode sets the Main size so that approximately one pulse
is displayed across six horizontal divisions of the screen. The
trigger siope determines whether a rising or falling edge is
placed two divisions from the left edge of the graticule.
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Edge mode sets the Main size to display the edge of a pulse
across the entire graticule and sets Main position so that the
edge is centered horizontally on the graticule. The trigger slope
determines whether a rising or falling edge is displayed.

Horizontal Autoset may be turned off without affecting Vertical
Autoset.

Autoset treats cerlain classes of waveforms differently. If you
invoke Autoset with a stored waveform selected, the resuilt will be
a vertical scaling of the waveform (unless Vertical Autoset is
turmed off). If an active Horizontal Autoset mode is selected,
Autoset will set the horizontal magnification (Zoomy) to 1. Invoking
Autoset on a high precision waveform will cause Pan/Zoom to be
turned off.

When the selected waveform is a multi-channel waveform, Verti-
cal Autoset will be applied to each channel but Horizontal
Autoset will be applied only to the first channel! in the waveform
description. The ampilifier gains of the input channels will be

matched only if the waveform is defined as a “fast,” as opposed

to “high precision,” waveform.

When Autoset is performed on an XY waveform, the two compo-
nents of the waveform are autoset individually. If one of the
components of the XY waveform is a multi-channel “fast” wave-
form, both components witl be treated as multi-channel
waveforms and the amplifier gains for the channels involved will
therefore be matched. Horizontal Autoset is executed only on the
horizontal component of the XY waveform.

if the selected waveform is on a Window time base, invoking
Autoset will cause the Main waveform 1o be auioset if the Main
time base is not triggered. If the Main time base is triggered,
Autoset will simply adjust the size and position of the window. If
Vertical Autoset is in TTL or ECL mode, the vertical size and
position of the window will also be set.
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The averaging and enveloping functions allow you to examine
and manage noisy signals.

B Averaging reduces the apparent noise of a displayed wave-
form and provides a cleaner display. The oscilloscope
presents a waveform that is an average of several accumu-
lated waveform records. Each sample in a record is
numerically averaged with the same sample in all the other
records. The resulting waveform is displayed.

& Enveloping shows the cumulative effect of noise over a
period of time. It is similar to averaging in that several wave-
form records are accumulaied and a combined result is
displayed. An enveloped waveform shows the maximum
excursions of the individual waveform records. This often
results in a “thicker” waveform that shows the limits of vari-
ation of the signal.

There are two ways 10 establish an averaged or enveloped
waveform.

1. If you are establishing a new waveform you can use the AVG(
or ENV( waveform functions as you define your waveform,
These can be selected from the DefWem menu. For more
information on this method, see Waveform Definition and
Management on page 175.

2. The easiest method is to establish the waveform without
averaging or enveloping. Then, after you have the waveform
adjusted, you can invoke either averaging or enveloping.

The following procedure describes averaging and enveloping
using the second method described above.

[] step 1:  Create the waveform you want using any method.

[] step2: If the waveform isn’t selected, touch the waveform
1o select it.
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Enveloping

[] step3: To average the waveform, press the WAVEFORM
button, touch the Acquire Desc selector in the major menu,
and then touch the Average N selector in the pop-up menu.

[ ] Step4: To envelope the waveform, press the WAVEFORM
button, touch the Acquire Desc selector in the major meny,
and then touch the Envelope N selector in the pop-up menu.

Hoeguire Description

“top Acguisition On

Run Heoguisition

Avg#® >3

C4uaNHz | A1t Wims
Menu

The Acquire Desc Pop-Up Menu

The Vertical Desc selector status will show that the average or
envelope function is part of the waveform expression.
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Averaging and Enveloping

When you want 1o retun to normal waveform display, touch the
Average N or Envelope N selector in the Acquire Desc pop-up
menu.

Several complete waveform records are combined to form an
averaged or enveloped waveform. You can set the number of
records that the oscilloscope accumulates and combines.

Use the Set Avg N and Set Env N selectors in the Acquire Desc
pop-up menu to assign the knobs to set the number of records.
The top knob sets the number of records to accumulate for an
average, and the bottom knob does the same for enveloping.

Each knob click changes the current value by a muitiple of two in
the coarse setting. You can use the numeric keypad to enter
specific values or to change the knob resolution.

You can have the oscilloscope stop acquiring waveform data
when a complete average or envelope is accumulated. When the
oscilloscope stops acquiring data the waveform will appear to be
frozen. The selectors in the Stop Acquisition On section of the
Acquire Desc pop-up menu let you specify Single Trigger, Average
Complete, Envelope Complete, Or Both Avg & Env. When you want
to resume normal continuous acquisition, touch the Continuous
selector,

Averaging improves the accuracy of some measurements be-
cause it reduces the effects of random noise. However, some
measurements can be affected adversely by averaging or envel-
oping. For example, if the signal has horizontal jitter, a rise time
measurement taken from the averaged waveform will be slower
than the actual rise time. Be cautious when taking measurements
of averaged or enveloped waveforms.

11402A and 11403 User Reference 45



Enveloping

46 in Detail



‘Display (11403)

tion

Specific colors are assigned to the items on the display. The
background, graticule and selectors, and cursors and measure-
ment annotations are displayed in distinct colors for easy
identification. In addition, there are up to four colors for wave-
forms and an additional color for window waveforms.

The four waveform colors are assigned automatically to wave-
forms as the waveforms are defined. When a window waveform
is defined, it is displayed in the window waveform color. When
you select a waveform, its color brightens.

You can modify the display colors 1o suit your preferences using
the Color pop-up menu in the Utilityl major menu, shown on the
next page. You can change the colors displayed and the overall
intensity of the display. You can also reassign the color of the
selected waveform to any of the four waveform colors.

The upper section of the Color pop-up menu has a selector for
each display color. Next to each selector is a box the color of

that display entity, and beneath the selector is a readout of the
hue, lightness, and saturation values of that color.

B Hue is the characteristic associated with a color name, such
as red, It is expressed in degrees on a range of 0° to 360°.

B Lightness is the intensity of the color, or the amount of light it
transmits. Lightness is expressed from 0% (black) to 100%
(white).

® Saturation is the vividness of the color, or the extent that it
differs from gray. Saturation is expressed from 0% (maximum
white content) to 100% (fully saturated).

To change the color of a displayentity, select the entity in the
Color pop-up menu. The knobs are automatically assigned to
control Lightness and Saturation; select Hue if you want to adjust
the hue of the color. Adjust the color using the control knobs.
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Color Dispiay (11403}

Two selectors in the Color pop-up menu let you restore colors to
their default settings or to the colors previously defined.

® Previous Colors restores all eight display entities 1o the
colors they had when you displayed the Color pop-up menu.

® Default Color sets the selected display entity to the factory
defauit color.

When no display entities are selected, the All label is dis-
played below the Default Color selector, and touching Default
Color will set all eight display entities to the factory default
colors.

Although the four waveform colors are assigned to waveforms in
order as they are created, you can change a waveform’s color
assignment using the Selected Wfm Color selector at the bottom
of the Color pop-up menu. '

The status area below the Selected Wfm Color shows the wave-
form number of the selected waveform and the number of the
color assigned to that waveform, for example Wfm 1 Color 1. The
box next to the selector displays the color of the waveform.

Touch the Selected Waveform Color selector to change the color
assignment of the selected waveform. As you touch the Selected
Waveform Color selector, it cycles through the four waveform
colors available. If the selected waveform is a window waveform,
only one color, the Window Waveform color, is available.

You can adjust the overall intensity, or brightness, of the display.
Touch the Overall intensity selector in the Color pop-up menu to
assign the knobs to control the intensity of the dispiay. Overall
intensity can be from 0% to 100%.
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Cursors provide a way to measure the difference between two
waveform locations that you specity. Cursors are markers that
you position using the knobs. Once the cursors are positioned,
readouts in the Cursors major menu show the absolute locations
of the two cursors and the difference (A) between them.

& Veriical cursors are a pair of vertical bars. The positions of
the cursors and the horizontal distance between them are
shown in horizontal axis units.

®m  Horizontal cursors are a pair of horizontal bars. The posi-
tions of the cursors and the vertical distance between themn
are shown in vertical axis units.

® Paired Dot cursors are a pair of small, diamond-shaped
dots resting on the waveform. As you move a dot cursor
using the knob, it follows the waveform to the left or right.
The cursor readout shows both the vertical and horizontal
positions, in the respective axis units.

1g the ®  Split Dot cursors appear similar to paired dots, except the
asure- dots may be on different waveforms. The readout indicates

o take both the vertical and horizontal measurements, in the respec-
s in- tive axis units.

using

SOrs. You can use cursors to take several measurements. However,

the automated measurement system is easier, faster, and more

accurate. You can take many common measurements using the
Measure major menu. See Measurements on page 97 for more

information.
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Before you use cursors, display the waveform(s) you want to
measure. The waveform should be selected (highlighted). For
split-dots cursors, either waveform may be selected.

To invoke the Cursor major menu, touch the Cursors icon, located
above the graticule with the selected waveform. This icon oper-

ates like one of the menu buttons at the right of the screen; it has
its own major menu. When the Cursor menu is displayed, none of
the lights of the major menu buttons are lighted.

When you touch the Cursors icon, the oscilloscope displays the
cursors and their readouis. Whenever you touch the Cursors icon,
the knobs are assigned to adjust cursor positions.

The Cursor Type selector displays a pop-up menu that allows you
to select the cursors appropriate 1o your application. The data
readouts associated with the displayed cursors appear in the left
half of the major menu area. Select Page to Previous Menu,
immediately below the Cursor Type selector, to exit the Cursors
menu and return 1o the last major menu displayed.

Cursor lupe

Sp i

t Crasr & to Wfm

[ L2
Main Main
yi= 4, B2dy tis 14, 08us
ve= 188, BmY tZ= &7.H8us
By= -4, 720Y¥ At= 53, 38us

1o8t= 18, 76kHz

Frevious L
Many Main

The Cursors Major Menu and Cursor Type Pop-Up Menu
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Selecting Cursor Types

At the top of the Cursor Type pop-Up menu, you can select from
four cursor types. If you select Vertical Bars, Horizontal Bars, or
Paired Dots, the oscilloscope removes the pop-up menu and
shows the selected cursors. The knobs control the cursor posi-
tions.

If you select Spiit Dots, the pop-up menu stays on the display
and the lower half of the pop-up menu becomes active. The
lower menu shows a selector for each displayed waveform (for
example Wfm 1, Wim 2). The selector for the displayed waveform
is highlighted.

At this point, both split-dots cursors are assigned to the selected
(highlighted) waveform. To assign the second (right-most) cursor
1o a different waveform, touch the selector for that waveform. This
action removes the pop-up menu and moves the second cursor
1o the selected waveform,

Additional Cursor Facts

® Cursors appear on the selected waveform. If another wave-
form is selected the cursors move to it.

®  Split Dot cursors cannot be used on XY waveforms. Other
cursor types operate normally on XY waveforms.

®  The horizontal cursor readout includes the inverse of the
delfta (1/A1), which can be used to show frequency. The
cursor readout also shows the absolute values of the cursor
locations and the distance between them.

® A dot cursor is displayed as a vertical bar if it is placed on a
waveform where waveform data cannot be displayed. For
exampie, if your waveform is not triggered and therefore is
not showing on the display, placing dot cursors on it will
show vertical bars. This is because without waveform data,
there is no known vertical position for the dot.
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Measuring Waveform Amplitude

The following procedure shows how 1o use cursors to measure
waveform amplitude.

0J

L
]

Step 1:  Acquire and display a waveform you want 1o
measure, Make sure all of the waveform is within the grati-
cule area, but make the waveform as tall as possible.

Step 2. Select the waveform you want 1o measure.
Step 3:  Touch Cursors, Cursor Type and Horizontal Bars.

Step 4:  Use the knobs 1o move the cursor positions to the
top and bottom of the waveform. Use the Cursor 1 or

Cursor 2 selectors in the Knob menu to increase the resolu-
tion of the knobs. This lets you position the cursors more
precisely. The Av readout at the display bottom indicates the
waveform amplitude.
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Measuring Time Between Points On Different Waveforms

The following procedure shows how to use cursors to measure
time between points on different waveforms.

[] Step1: Create a display of the two waveforms you want to
measure. Make sure that the point you want to measure on
each waveform is visible on the display. For the most accu-
rate results, use the shortest time per division that shows the
points to be measured.

[] step2: Leave either of these waveforms as the selected
waveform, and note the number of the other waveform.

0

Step 3:  Touch Cursors, Cursor Type and Spiit Dots.

[] step4: Touch the waveform selector of the other waveform
that you want to place a cursor on. If you've forgotien its
numbeyr, the waveform description appears in each selector,

[[] step5: The cursors are now placed, one on each wave-
form. Use the knobs to move the cursors to the two locations
between which you want to measure time difference. Then
read the time difference (At) at the bottom of the display.
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The oscilloscope features a diagnostic system that performs
comprehensive tests. This assures you that the oscilloscope is
operating correctly. A set of tests is performed automatically
whenever the oscilloscope is powered on. You can execute
additional diagnostic tests at any time.

There are three categories of tests:

sope ®  Power-on Diagnostics are extremely basic functional tests.

wer- These ensure that the various microprocessors are running

_;TQS‘ and communicating with each other. The power-on diagnos-
en- tics take about 5 seconds to execute and are run only at

1the

fon power-on.

®  Self-test Diagnostics are a subset of the extended diagnos-
tics and are executed as a group at power-on. You can also
execute this group at any time. This group of tests takes
about 15 seconds to execute.

®  Extended Diagnostics are a complete set of tests which you
can execute either individually or as a group at any time. A
separate menu system controls the extended diagnostics.
Any time the self-test diagnostics encounter a failure, the
extended diagnostics menu remains on the screen to notify
you of the failure.

1the The extended diagnostics menu is primarily intended as an aid
:nor for those servicing the oscilloscope. This manual introduces the
anel menu but does not discuss the extended diagnostics completely.

Lany For complete information, see the 714024 and 11403 Service
ests.

e Reference.

Sult,
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Power-on diagnostics execute whenever you tum the power on.
The power-on diagnostics test the most fundamental operations
of the microprocessors and the cormnmunication paths between
MHCIOProcessors.

Power-on diagnostics take about § seconds to execute. During
this time the front panel lights will blink and the display will show
the foliowing message. (if the display is not yet warmed up, you
may not be able to see the message.)

Diagnostics in Progress

Comm Test in Progress

You will also hear “clicking” as the plug-in amplifiers perform their
power-on diagnostics.

If the power-on diagnostics are completed successiully, the
self-test diagnostics are executed immediately and you will see
ihe message Self Test in Progress on the display.

if the power-on diagnostics faif, one or both of the following
indications will notify you,

u  The oscilloscope freezes and a message appears on the
display. For example:

Dsy Kernel Failure
RAM Data Bit

m The oscilloscope freezes, with some of the front panel lights
tumed on, and emits two high-low beeps.
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Diagnostics

The self-test diagnostics execute automatically after the power-
on diagnostics are completed successiully.

The self-test diagnostics can also be initiated by touching the
Self Test selector and selecting Self Test in the Self Test verifica-
tion pop-up menu in the Utility2 major menu.

The self-test diagnostics take 15 seconds to execute. During this
time you will see the message Self Test in Progress on the dis-
play. You will also see the front panel lights blink on and off, and
you will see several test patterns on the display.

If the self-test diagnostics are compieted successfully, the oscil-
loscope will retun to the state it was in before the seif-test
diagnostics ran. In the case where the seli-test diagnostics were
executed after power-on, the oscilloscope will return to the state
it was in when last powered off.

I the self-test diagnostics fail, the extended diagnostic menu is
displayed and the failure is noted on the display. You can exit the
extended diagnostic system and try to use the oscilloscope, but
until the failure is repaired you should not rely on any measure-
ments taken. Call your service person to repair the cause of any
failures,

You can enter the extended diagnostic system through the Utility2
major menu by touching the Extended Diagnostic selector and
selecting Extended Diagnostic in the Extended Diagnostic verifica-
tion pop-up menu. When self-test diagnostics fail, the extended
diagnostic system is entered automatically.

The extended diagnostic system is an independent subsystem of
the oscilloscope. While in this system, the front panel buttons will
not operate and the Bxdended Diagnostics menu covers the entire
display.

To leave the extended diagnostic system and return 10 normal
oscilloscope operation, touch the (E) Exit selector twice. The
oscilloscope will return 1o the state it was in before the extended
diagnostics were entered. In the case where extended diagnos-
tics were entered after power-on, the oscilloscope will return to
the state it was in when last powered off.
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The top portion of the Extended Diagnostics menu shows three
columns with the status of the diagnostic tests.

SUBSYSTEM INDEX FAULT

a) Executive Fhedede
- b) Display ek
¢} Digitizer Rlateiad
d) Left Hnw
e) Center il
f) Right ok

If the extended diagnostic system has been entered because ofa

test failure, the asterisks in the INDEX column will be repiaced
with a failure index. The three columns of this display have the
following meanings:

B SUYBSYSTEM lists the names of the subsystem tests.

= INDEX shows the test status for each subsystem. Four aster-
isks (****} indicate the subsystem tests have yet to be
executed. Four dashes (----) indicate the test requires some
setup. If a blank appears in this column, the test requires
interaction. The word pass indicates all tests in this subsys-
tem have executed successtully. If 22?7 appears in this
column, the fests of that particular subsystem are not appro-
priate for the oscilloscope as it is configured. Any other
number or letter sequence indicates a diagnostic failure.

®  FAULTS shows the number of tesis in the subsystem that fail.
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Running all of the extended diagnostic tests takes about

45 seconds. You may execute all the tests from the Extended
Diagnostics menu by touching the (g All selector to set the all
parameter On, and then fouching the (r) Run selector.

While the diagnostic tests are running, the (r) Run selector be-
comes a {(g) Guit selector. You can touch this selector to stop
execution of diagnostic tests.

When the extended diagnostic tests are complete, the (r) Run
selector is displayed again, and the test status appears in the

INDEX and FAULT columns.

When you are done with the extended diagnostic tests, touch the
(E) Exit selector twice to exit the extended diagnostic system.
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Enhanced Accuracy is an automatic self-calibration that achieves
the highest accuracy level (better than 1% verlical accuracy) for
the oscilloscope. Enhanced Accuracy calibrates the system from
the channel inputs of the plug-in units through the digitizer.

To compensate for differences in propagation delay and acheive
best system accuracy, probes and cables should also be
calibrated. See Probe Calibration on page 135,

Changes of internal oscilloscope temperature greater than £5°C
or configuration changes such as installing new plug-in units or
probes will require Enhanced Accuracy calibration, If you choose
not to run Enhanced Accuracy calibrations, the oscilloscope will
return to normal accuracy, which is typically 3% vertical accuracy
or better.

When Enhanced Accuracy is in effect, the Enhanced Accuracy
symbol (EA ) appears to the left of the graticule. This symbol
also appears when the selected waveform is a stored waveform
that was acquired with the system in the Enhanced Accuracy
state.

Enhanced accuracy calibration can be initiated either manually or
automnatically. To manually run Enhanced Accuracy calibration,
press the ENHANCED ACCURACY button iwice during normal
operation. The second push confirms that you wish to start
calibration. A message on the display will prompt you to run
Enhanced Accuracy whenever the system reverts to normal
accuracy.

N

SingEZER s anscoryy” Feuce CALIBRATOR oo (5
A e E El
awon D [:] E:l . A stanay § g
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in automatic Enhanced Accuracy mode, a message on the

display tells you that Enhanced Accuracy calibration is needed
and is starting.

Enhanced Accuracy calibration takes several minutes 10 execute,
You should not turn off the oscilloscope or change any settings
until the calibration is complete.

To set the Enhanced Accuracy mode 10 Manual or Automatice,
touch the Enhanced Accuracy Mode selector in the Modes pop-up
menu in the Utility1 major menu. For front-panel operation, you
may want to leave Enhanced Accuracy mode set {0 Manual s0
the automatic calibration won't interrupt your work unexpectediy.
For operation by remote computer, you may want to use Auto-
matic mode to maintain enhanced accuracy at afl times.

Instrument Modes

Autoset

Miscellansous

RS i
12-JTAN-89 { Main

The Modes Pop-Up Menu
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The oscilloscope can be controlled by a remote computer
through one of two interfaces. These interfaces are industry
standards IEEE STD 488 and RS-232-C. IEEE STD 488 is also
known as the General Purpose Interface Bus or GPIB.

This manual does not discuss the details of connecting a remote
computer 1o the oscilloscope or the syntax and capabilities of
remote commands. That information is found in the 174024 and
17403 Programmer Reference and the 712014/11402A)11403
Command Reference.

The cable from your GPIB controlier (computer) is connected to
the IEEE STD 488 PORT connector on the oscilloscope rear panel.
Three red lights show the status of specific GPIB signal lines:

®  SRQ (Service Request) is lighted whenever any device on
the bus activates the Service Request jine. This indicates to
the controller that some device has requested service. You
cannot tell which device on the bus has asserted SRQ.

= NRFD (Not Ready For Data) is lighted whenever any listener
device on the bus is not yet ready for the next data byte. You
cannot tell which device on the bus is not ready.

®  NDAC (Not Data Accepted) is lighted whenever a data byte
is on the bus but has not yet been captured by all listener
devices.

N

GPIB Rear Panel Connector and Lights
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aPIB Communication between the devices on a GPIB can occur only if
ters all bus devices are configured in a compatible manner. For

example, each device on the bus must have a unigue identifying
address.

Use the GPIB pop-up menu in the Utility2 major menu to set
these GPIB parameters before you attempt {o communicate with
olher devices on the bus.,

GFIB FParameters

C & F vBl. 1

Talklist

‘Bitmap
Scresn

HMenu Main

The GPIB Pop-Up Menu
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GPIB Parameters

The Mode selector on the GPIB pop-up menu lets you set the
mode to Talklisten, Talk Only, or Off Bus. Off bus effectively
disconnects the oscilloscope from the bus. The oscilloscope
must be in talk/listen mode to communicate with the GPIB con-
troller. Tatk Only may be used to generate display hardcopies on
a GPIB printer or plotter.

Touching the Address selector assigns the knobs 1o control the
GPIB address of the oscilloscope. The GPIB address can be
from 0 to 30. No other device on the bus can use the number that
you assign 1o the oscilloscope.

The Terminator selector lets you choose between EO! and EQI/LF
message terminators. With either message terminator, the oscillo-
scope will assert EO! (the GPIB End Or identify) at the end of
each output message, and will recognize EQ! as a message
terminator. With the Terminator selector set to EOI/LF, the oscillo-
scope will also recognize a Line Feed (LF) character as an input
message terminator, and will end each output message with a
Carriage Return followed by a simultaneous Line Feed and
asserted EOI. Set the Terminator selector to EOI to have the
oscilloscope recognize only EOI as an input message terminator,

The Debug selector lets you turn the debugging feature On or Off.
When you turn Debug On, the oscilloscope displays each com-
mand from the GPIB controller as it is executed. The messages
appear at the top of the display. Debug Off is the normal mode of
operation. Set Debug On if you need to watch the result of each
oscilloscope command of a controlling program running in the
GPIB controller. When debug mode is on it slows the GPIB
interface throughput significantly.
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The grid on the display where waveforms appear is called a
graticule. The graticule axis labels show you the horizontal and
vertical scale faclors of the selected waveform, usually ex-
pressed in time per division and voltage per division.

Graticule with Waveform

If a graticule shows two or more waveforms, one is the selected
waveform and is highlighted. The axis labels are displayed in the
color of the selected waveform. The other waveforms may not
share the same axis labels,
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You can display two different graticules, each half the height of a
single-graticule display. in this case, the graticule with the se-
lected waveform has the vertical (§) and horizontal (<) icons.

As with a single-graticule display, the menu selectors affect the
selected waveform.

~536ns 2@Bnasdiv

S36ns 2BBnssdiv 1.464us

Dual Graticules with Multiple Waveforms
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Graticules

Graticules

HEIl Wims
Manu Main

The Graticules Pop-Up Menu

You can make any waveform the selected waveform by touching
it. I you select the wrong one because the waveforms are close
together, touch again until the desired waveform is selected.
Other methods of selecting waveforms are discussed in Wave-
form Definition and Management on page 175.

You can control the number of graticules and the placement of
waveforms on the graticules using the Graticules pop-up menu in
the Waveform major menu. When dual graticules are displayed,
the Graticules selector is renamed Upper Graticule 01 Lower
Graticule, depending on which graticule has the icons and the
selected waveform.
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When only one graticule is displayed, you can create a dual-
graticule display using the Graticules pop-up menu from the
Waveform major menu. Touch the Create Second Graticule selec-
tor in this pop-up menu. The selected waveform and all
waveforms from Window time bases will be placed on the lower
graticule. The upper graticule will show all other waveforms.

When iwo graticules are displayed, you can move the selected
waveform from one graticule to the other. Touch the Move Wave-
form to Other Graticule selector 10 move the waveform. After the
waveform is moved, it remains the selected waveform. The
horizontal icon (<) and vertical icon () move to the new
graticule.

When two graticules are displayed, you can combine the wave-
forms from both graticules into a single-graticule display. Touch
the Reduce to Single Graticule selector 1o combine the waveforms
onto one large graticule. The waveform that was selected before
the operation remains the selected waveform on the new single
graticule.

if you remove ali the waveforms from the lower graticule of a

dual-graticule display, the display automatically reveris to a
single graticule.
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A variety of printers and piotters are supported for producing a
paper copy of the display. This section will cover how to confi-
gure your system for most printers. Also, refer to your printer
manual for the proper printer settings.

the Connect the printer to the oscilloscope. Depending on the printer,
nter you will want to use the PRINTER connector, the GPIB connector,
. orthe R§-232-C connector.

ector \\

Z32"C gt % FY
ector ) \ﬂ $
ector _

Rear Panel Connectors

B PRINTER is the appropriate connector for Centronics-
compatible printers. This is the standard interface for the
oscilloscope and no special configuration of the oscillo-
scope is required.

®  GPIB is the General Purpose Interface Bus parallel interface
connector. Use a standard cable fifteen meters or less in
fength. if you are not using a controller to initiate the hardco-
py, set the GPIB Mode parameter of the oscilloscope to Talk
Only and set the printer to Listen Only or Listen Always mode
(address 31). Setting GPIB parameters is explained on page
66.
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RS-232-C is a serial interface connector. Use a standard,
straight-wired cable with male connectors on both ends.

Hard flagging is used, so ali lines must be connected. Do not

use a null modem cable. (The DB-25 t¢ Cenironics cable
provided with many personal computers cannot be used to
connect a printer to the oscilloscope, although it appears to
match the RS-232-C connector.) The oscilloscope acts as a
DCE device. Connecting the oscilloscope to a computer also
requires a straight-wired cable, but soft flagging may be
used.

The RS-232-C parameters baud rate, parity, and number of
stop bits of the oscilloscope should be set to maich the
printer or computer. When you connect a printer to the
RS8-232-C connector, you may also need to set the RS-232-C
flagging 1o Hard. Setting RS-232-C parameters is explained
on page 143.
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:0py Set the printing properties of the oscilloscope using the Hardcopy

ions pop-up menu in the Utility2 major menu. This menu includes
selectors for seven types of printers and for specific options
available with some printers.,

Hardoopy Parameters

Printer . Color Map

Compagted

R
il
¥

Bitwmap
Soresn

Meny Main

The Hardcopy Pop-Up Menu (11403)
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Printer Selections
nand The selectors in the Printer section of the Hardeopy pop-up menu

Siated determine the printing configuration of the oscilloscope. The

re not settings of the other hardcopy parameters will vary according to
ializa- the printer that is selected. When you change one of these
iﬁ%’s’ parameters, you are setting its default value for the selected

earin  Printer type. These settings are not changed when you initialize
Jix E. the oscilloscope.

# 8 Pin supporis several 8-pin dot-matlrix printers, including the
Tekironix 4644, Epson FX80 and Epson EX800. The IBM
Proprinter and Epson RX80 may also be used, but only the
HiRes screen format provides useful output. All the supported
printers typically use the PRINTER connector.

Set the configuration switches on your printer as recom-
mended in its manual except set No Auto Line Feed, No Perf
Skip, and Inbuf On.

® 24 Pin supports the Extended Epson command set for 24-pin |
dot-matrix printers, including the Epson LQS500, Epson )
LQ1000, Nec P86, and Nec P7. These printers typically use
the PRINTER connector.

Set the configuration switches on your printer as recom-
mended in its manual except set No Auto Line Feed, No
Auto-Carriage Return, No Perf Skip, and Inbuf On.

# Tek 4692 supporis the Tektronix 4692 color graphics copier.
The Tek 4693D may also be used when set 10 4682 emula-
tion, Full Color, Maximized by Interpolation, and Portrait
Mode. These printers typically use the PRINTER connector.

B Tek 4896 supports the Tektronix 4696 and 4655 color inkjet
plotters. These printers typically use the PRINTER connector.
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Screen Format

The Screen Format selector provides several qualities of hardco-

py output. Different format selections are available for different
printer types.

HiRes produces an enhanced contrast display on printers
with limited gray-scale capability. Selected items, including
windows, are highlighted for easy identification. For plotters,
HiRes produces a hardcopy of the entire screen in which
every waveform record point is plotted.

Draft produces hardcopies faster than HiRes mode but
sacrifices some gray-scale capability. For plotters, Draft
reproduces the screen without the major menu area, and
plots only the minimum and maximum points of each wave-
form record at each horizontal screen location

Reduced produces low-resolution hardcopies a quarter of the

size of Draft hardcopies. Advantages are quicker printing and,_.

use of less memory.

Sereen produces an exact color replica of the screen without

reformatting to enhance features. Available for color printers
and plotters only. For plotters, Screen prints the entire screen,
but plots only the minimum and maximum points of each
waveform record at each horizontal screen location.

Dithered reduces saturation and increases contrast by dither-
ing icons and selector backgrounds. May be used with Tek
4696, Tek 4692, and Bitmap Dump.
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Hardcopy

Direction

The Direction selector controls whether information is sentto a
printer as horizontal rows or as vertical columns. For most print-
ers, this has the effect of rotating the image by 90°. Some
printers will produce an image more quickly in one direction than
in the other. When Direction is set {0 Horizontal, screen informa-
tion is sent to the printer by horizontal rows starting at the top left
corner of the display. When it is set to Vertical, the information is
sent by vertical columns starting at the bottom left corner of the
display.

Data Format

When Bitmap Dump is selected, the screen data is transferred as
an ASCI title block followed by a pixel data block. The format of
the pixel data is determined by the Data Format setting. Touch
this selector to cycle through the four available formats.

& Binary mode bytes of pixel data are sent as a stream of
- binary values without delimiters.

& Binary Compacted mode pixel data are compressed before
being sent. See the discussion of compression, below,

& BinHex mode converis every four bits into a hexidecimal
character. Each line is terminated by a new-line character,

® BinHex Compacted mode pixel data are compressed and
then converted into BinHex characters.

Title Block — consists of three character strings terminated by
new line characters. The first line contains the firmware version
numbers, time and date, and the oscilloscope 1D number. The
second and third lines give the number of pixels per display line
and the number of display lines, respectively. In Binary mode, ihe
tite block is terminated by a NULL character.
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Pixel Data Compression—significantly reduces the size of the

pixel data block. Without compression, each data byie contains
a single three-bit pixel. With compression, two pixels are stored
in the six low-order bits of the data byte, and the two high-order
bits are a repetition encoding with the following meaning:

Repetition Encodings

Bit7 Bit 6 Meaning
0 1 Pattern repeats once
1 0 Pattern repeats twice
1 1 Patiern repeats three times
0 0 Following byte(s) contain repetition count

if the second byte of the pixel block has a value in the range

4-255, it is the pattern repetition count. If the value is 1-3 deci-
mal, it is the high order bits of a 10-bit repetition count, and the
third byte of the pixel block contains the eight tower-order bits.

Output Port

The Quiput Port selector allows you to choose GPIB, BS232C, or
Centronics {the PRINTER connector). The selection must maich
the rear panel connection.
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Hardcopy

Once you have installed a printer and configured the oscillo-
scope properly, you can make a hardcopy of the screen by
pressing the HARDCOPY button on the front panel.

N
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é’ -
“o|ogalese

Any displayed messages are removed before the hardcopy
process begins. When you press the HARDCOPY bution, the
display freezes for a short time. The shades of intensity on the
display may be altered. The printer starts printing immediately.

The length of time that the display is frozen depends on the
hardcopy mode, complexity of the display, and memory available
for hardcopies. During this pause the oscilloscope formats and
buffers the print commands.

After the pause, the oscilloscope returns to normal operation and
continues to print the hardcopy. When the display becomes
active again, you may operate the oscilloscope without affecting
the hardcopy being printed.

When the hardcopy is printed, a message is displayed. The
hardcopy is not complete until this message appears. You shouid
not tum off the oscilloscope, perform self-test diagnostics, or use
the Extended Diagnostics menu until the hardcopy is complete.
Any of these actions will terminate the hardcopy.

You can terminate a hardcopy by selecting Hardcopy Abort, in the
Hardeopy pop-up menu. A message will appear stating that the
hardcopy has been cancelied.

You can also terminate the hardcopy while the screen is still
frozen by pressing the HARDCOPY button a second time.
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The horizontal controls let you set the horizontal size and place-
ment of your waveforms. Touch the horizontal icon (<) to
access these controis.
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Horizontal Controls
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You can change the horizontal magnification, or size, of a wave-
form. You can also move the waveform left or right to see
different portions of the waveform. This is called adjusting the
horizontal position. To do either of these, touch the horizontal
icon (<= ). This assigns the knobs to adjust the horizontal size
(top knob) and position (bottorn knob) of the selected waveform.

To change the size or position of a waveform, touch the desired
waveform to select it. Then you can use the knobs to adjust
horizontal size and position.

The axis label for the left edge of the graticule is slightly different
from the horizontal position of a8 waveform. This is because
waveforms extend slightly beyond the edges of the graticule. The
illustration on the previous page shows the main position (in the
knob label) is -3.5 us, and the left edge of the graticule is

-3.38 ps.

Interactions With Other Waveforms

The knob labels tell you whether the selected waveform is from
the Main time base or a Window time base.

All waveforms from the Main time base share the same size and
position. If you change the size or position of one main wave-
form, you will change the size or position of all of main
waveforms.

Al waveforms from Window time bases have the same horizontal
size. If you change the horizontal size of one window waveform,
you will change the horizontal size of all window waveforms.
Each window waveform can have a unique horizontal position.
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Horizontal Controls

oom Pan/Zoom allows you to magnify any portion of the selected
waveform to examine it more closely. You can magnify (Zoom)
the selected waveform to the point where each digitized sample
appears on the display, and you can move the magnified wave-
form left and right (Pan} fo examine any part of the waveform.

28 not The maximum magnification is determined by the waveform

e way record length, which is described on page 139. You can magnify a
ta are waveform until one point is shown for each horizontal division on
dand the graticule. There are 10 horizontal divisions, so you can

gyoir;]'g magnify a 512-point waveform up to 51 times. The greater the

12 are record length of a waveform, the greater the maximum available
ayed. magnification will be.

Whenever the horizontal icon (<) is highlighted, the lower right
corner of the display shows the Pan/Zoom selector. Normally,
Pan/Zoom is off, and the knobs are assigned to horizontal size
and position. When you touch the Pan/Zoom selector to set it to
on, the knobs are assigned to Horz Mag (Zoom) and Horz Pos Gr
(Pan). The waveform on the next page is the same waveform
shown on page 83, but magnified 10 times horizontally.

You use the top knob, Horz Mag, to specify how much magnifica-
tion you warit on the selected waveform. You use the bottom
knob, Horz Pos Gr, 10 position onto the display the segment of
the waveform that you want to view. The knob label status area
shows how many waveform data points are not shown because
they are off the left end of the screen. When you set Horz Pos Gr
to zero, you display the left-most portion of the waveform.

You can use horizontal magnification to see the exact data points
of a waveform record. Turn off waveform vectoring and set the
magnification so that no more than 512 record points are shown
on the graticule. Waveform vectoring is discussed in Vectored
Waveforms on page 167.
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Horizontal Magnification with PanfZoom
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Horfzontal Controls

Pan/Zoom Pivot

When you change the horizontal magnification with Pan/Zoom,
the displayed waveform is expanded or contracted around a
reference point, which remains fixed on the graticule. By entering
the Modes pop-up menu of the Utilityt major menu and touching
the Pan/Zoom Pivot selector, you can define this reference point
1o be the Left, Center, or Right of the graticule. Changing the
pivot point will not affect the horizontal magnification or position
of waveforms already on the display.

Instrument Modes

fiutoset

Miscellaneous

: 49 Htilityd ]
12-JAN-83 Menu Main

The Modes Pop-Up Menu
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Multitrace Pan/Zoom

Pan/Zoom can be used to position and magnify multiple wave- |
forms, Select Multitrace Pan/Zoom, in the Modes pop-up menu of
the Utilityt major menu. When you set Pan/Zoom 1o on, you will
simultaneocusly set the horizontal magnification and position of all
waveforms that are on the same graticule and have the same
record length as the selected waveform.

Turning off multitrace Pan/Zoom does not change the horizontal
magnification and position of displayed waveforms.
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Whenever you begin a new task, you should initialize the oscillo-
scope so that all settings are at “factory default.” That way you
do not get unexpected results from settings that remain from the
last use of the oscilloscope.

To initialize the system settings to default, touch the Initialize
selector in the Utility1 major menu.

1:23:22 Urilitue
2-JAN-89 Menu

The Utility1 Major Menu

An alternate method to initialize the oscilioscope is to use the
Recall Setting pop-up menu from the Store/Recall major menu,
Touch the Initialize Setting selector in this pop-up menu to initial-
ize the setlings.

The following settings are not affected when you initialize:
®  Stored settings and stored waveforms
& MHardcopy printer default settings

m  Audio Feedback, Display Intensity, Enhanced Accuracy
mode, Time/Date, and display color settings

® The following GPIB parameters: Address, Debug, Mode, and
Terminator

8 The following RS-232-C parameters: Baud Rate, Debug,
Echo, Verbose, Stop Bits, Parity, Flagging, Delay, and EOL.
String
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You can erase all information stored in nonvolatile RAM (all
stored settings and all stored waveforms) by holding down the
WAVEFORM and TRIGGER major menu buttons when you tum on -
the oscilloscope. Release the buttons when the lights next to the
major menu buttons stop flickering. When the power-on se-
quence is complete, the message "TekSecure nonvolatile RAM
erased - instrument ID and enhanced accuracy constants re-
tained” will appear on the display.

The following information is not lost when nonvolatile BAM is
erased:

& Serial number of the oscilloscope
m  Accumulated time the oscilloscope has been on
8 Number of times the oscilloscope has been tumned on

# Time and Date
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Iment Identification

You can determine the configuration of your system by looking at
the ident pop-up menu in the Utility! major menu.

Instrument Identificatinn

Instr Section FH Yers IDe

11483 Executive FG.1
11483 Digitizer F6.8

11483 Display FG.3
11A32 Left F2.4 b83s6
NsT7K Center
NrTK Right

Options ‘
2D - 768K NVYRAM Not Installed
40 ~ DMA Mot Installed

Utitityed
Menu

The ident Pop-Up Menu (11403)

The upper section of the ident pop-up menu lists the intemnal
processors of the oscilloscope and the contents of its plug-in
compartments. It also displays the version number of the firm-
ware (programming) and the serial number for each component.
The notation “N/7K” means that the plug-in compartment is
emply or contains a 7000-Series plug-in unit.

The lower section of the ident pop-up menu shows whether
options 2D (additional nonvolatile RAM) and 4D (Direct Memory
Access, which increases GPIB transfer speed) are installed.
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 You can label active waveforms, stored waveforms, and stored
settings for easier identification, :

A label is a string of up to ten letters, numbers, or spaces that
-appears in the selector for a waveform or a stored setting. Labels

for active waveforms may also be displayed on the screen with
the waveform. C ;

T
B
12375V

-7.625Y : ' ’ =
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Labels Displayed with Active Waveforms
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You can create and edit labels by using the Label pop-up menu,

which appears on the next page. Select Label in the Utility! major

menu to display this pop-up. The uppermost section of this menu
contains selectors for Displayed Waveforms, Stored Waveforms, '
and Stored Settings. Beneath these selectors, the selectors for
individual active waveforms, stored waveforms, or stored settings
appear. If there are more stored waveforms or stored settings
than can be displayed at once, use the Paget and Page| selec-
tors 1o scroli through the menu.

To create or change a label, select the item you want to label
from the Label pop-up menu. For example, select Stored Wave-
forms, then select the stored waveform you want to label. You
can then type the label by touching the character selectors in the
lower half of the menu. The selectors beneath the characters
allow you to choose Upper Case letiers, Lower Case lelters, or
Numbers, which include some punctuation and symbols. You can
mix uppercase letters, lowercase letters, and numbers within a
label. As you type, the label appears in the selector, just below
the waveform or setting number.

Use the Back Space selector to correct errors as you type a label. -
Use the Exit selector to leave the pop-up menu. When you leave
the pop-up menu, new labels are entered automaticaily. If you
want to enter a label without leaving the Label menu, touch the
selector for the labeled item in the menu. Once a label is en-
tered, it appears in every selector for the labeled item.

You cannot use the same label for two items of the same type. f
you attempt to enter a duplicate label, the error message “Dupli-
cate label - label not changed” will appear on the display and
the previous label will be restored.

When you store a labeled waveform, or create an active wave-
form that displays a stored waveform, the label will be copied to
the new waveform uniess this would duplicate a label on another
waveform in the same class.
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The Label Pop-Up Menu

Changing the waveform description of an active waveform will
not change the label of the waveform, except when the new
waveform description consists of a single stored waveform, The
label of the stored waveform would then replace the active
waveform’s label,
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Labels of displayed waveforms may be displayed on the screen
with the waveforms. When Displayed Waveforms is selected,
Display and Position selectors appear beneath the waveform

selectors in the Label pop-up menu. Tuming on Display will cause

the labels to appear with the waveforms. Labels will appear in
the selectors for all waveforms whether Display is turned on or off.

Labels that are displayed on the screen move with the wave-
forms. You can position each label relative to its waveform.
Select Position to assign the knobs to set the vertical (fop knob)
and horizontal (bottom knob) position of the label. The label
position is relative to a specific point on the waveform. By chang-
ing the horizontal position of the label, you are changing the
point the label will follow. By changing the vertical label position,
you can specify the vertical offset of the label from the point. If
the waveform record point is out of the range of the graticule, the
label will remain at the top or bottom of the graticule.
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Measurements are numeric readouts of properties of a waveform.
Measurements are updated continuously so that as the signal
changes the numeric readouts also change. You can select up to
six measurements at a time. The measurement readouts for the
selected waveform appear in the Measure major menu. The
measurements are listed in the following table.

M 1

Selector Measures
Max Maximum amplitude, the most positive peak voltage.
Min Minimum amplitude, the most negative peak voliage.
Mid Middle amplitudie, halfway betwesn maximum ampli-

tude and minimum amplitude.
Mean Arithmetic mean voltage.
RMS True Root Mean Square voltage.

Peak-Peak  The voltage difference between maximum amplitude
and minimum amplitude.

Gain The ratio of the peak-to-peak amplitude of the refer-
ence waveform to the peak-to-peak amplitude of the
selected waveform. For example, the gain of a wave-
form compared to itself is 1 (no units).

Over Shoot  The difference between the maximum ampiitude and
the topiine value, expressed as a percentage of the
difference between the topline and baseline values.

Under Shoot The difference between the baseline value and the
minimum amplitude, expressed as a percentage of the
difference between the topline and baseline values.

Area+ The area under the curve of a waveform.

Area~ The difference between the area under the curve
above a reference level and the area under the curve
below that reference level.

Energy The energy represented under the curve of a wave-
form. This integral of the squared voltages can be di-
vided by the resistance of the circuit to yield power
measurements.
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Measurernents (Cont.)

Selector Measures
-~ Rige The transition time of a rising pulse edge.

Fall The transition time of a falling pulse edge.

Period The time taken for one complete signal cycle.

Frequency  The reciprocal of the period.

Width The time the signal takes to go from one voltage leve!
crossing 10 the next crossing of opposite slope.

Cross The time from the trigger point 1o a specified leval
crossing.

Delay The time between the first and last mesial crossings of

a waveform within the measurement zone.

ming < PropDelay The time from the first mesial crossing of the selected
1ents waveform to the first mesial crossing of the delayed
waveform within the measurement zone.

Skew The time from the first mesial crossing of the reference
waveform to the first mesial crossing of the selected
waveform within their respective measurement zones.

Duty Cycle  The percentage of a period that a waveform spends
above the mesial.

Phase The phase angle from the reference waveform to the
selected waveform.
Main—Win  The time from the Main trigger point to the Window
Trig Time trigger point. This measurement aliows much greater
precision than other timing measurements, and is dis-
. cussed in more detall later in this section,
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Measurements

pa Measurements are taken from waveform record points. The
| for waveform must be adjusted so that all areas that are needed to
snts take the measurements are visible on the display. No part of the

waveform shouid extend above or below the graticule display
area. If a measurement requires a full cycle, as in frequency or
period measurements, adjust the horizontal size to show at least
two complete cycles of the signal. If a measurement requires a
rising or falling edge, as in rise or cross measurements, adjust
the horizontal size and position to show the complete rising or
falling edge. Having an improperly adjusted waveform may result
in an error measurement reacdout.

neter For best accuracy, the %Fill parameter should be set to 100.

d on Otherwise the waveform record may include null points, which
6 33. will affect the accuracy of the measurements.

ling Press the MEASURE button to display the Measure major menu.
s initially, this menu is mostly blank. The six empty selectors are

reserved as places where measurement readouts will appear
when you select your measurements.

The Measure Major Menu

Touch the Measurements selector to display a pop-up menu with
ali the measurement selectors available. Touch the individual
measurement selectors 1o take measurements of your waveform,
As you select each measurement, the result of the measurement
is immediately displayed in one of the selector areas of the
Measure major menu.
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The Measuremenis pop-up menu is shown below with two meas-
urements, Frequency and RMS, selected. The numeric readouts
for these two measurements appear in the major menu area.

Measurements

fimplitude- Timing Arealnergy

Sefect
ments <
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2w the
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e

Measurements Pop-Up Menu with Frequency and RMS Selected
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Measurements

When the measurements you want are selected, you can remove
the pop-up menu by touching either the Exit Menu selector in the
pop-up menu or the Measurements selector in the major menu
area. This lets you see the waveform as the measurements are
taken.

The Main-»Window Trigger Time Measurament

Unlike the other timing measurements, which are iaken from
digitized waveform samples, the Main—-Window Trigger Time
measurement is taken directly from the signals passing through
the trigger circuits. You can use this feature 1o obtain very precise
time interval measurernents, similar to the “Time A-+B mode” on
a counter/timer.

ad to To use the Main—Window Trigger Time measurement, select

idow Main—+Win Trig Time in the Measurements pop-up menu. Since

ler to you can set the trigger source, siope, level, and holdoff separate-

+Win ly for the Main and Window time bases, you can define the Main

fime and Window trigger events so that the time between them repre-

nent. sents the time between edges on two different waveforms or on
the same waveform, and you can be very specific about the
events that define the beginning and end of the time interval.

ation First, define a separate trigger for the Window time base: touch

: g?e the Trigger Select selector in the Trigger major menu until Window

is selected, then select Holdoff by Time: Triggered from Window Or
Holdoff by Evenis: Triggered from Window in the Window Holdoff
#Md pop-up menu. Window iriggering is described fully in the
Window Triggering section on page 164, Use the Source Desc
pop-up menu o define the irigger signat for the selected trigger
{the one listed in the Trigger Select selector).

Selectors for trigger Level, Holdo#, and Siope for both the Main
and Window friggers appear in the Main—Win Trig Time pop-up
menu, which appears on the next page. Touch the Main—Win Trig
Time selector to view this pop-up menu. The horizontal lines that
appear on the display show the trigger levels. The vertical bars
show the location of the trigger events in time and the trigger
indicators (=) show the location of the trigger events on the
trigger signals.
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The Main—Win Trig Time Pop-Up Menu
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Measurements

curacy When the oscilioscope is in the Enhanced Accuracy state and
sed on the probes have been calibrated and deskewed, the accuracy of
8 cali- the Main—+Win Trig Time measurement is 4-(250 ps + 0.002% of
oribed  the measurement interval) and the precision is 10 ps with 100

& 135. averages.

eting To delete a measurement, touch the Measurements selector in the
1ents Measure major menu. In the pop-up menu, touch the selectors for

the measurements you want to remove. As you touch the meas-
urement selectors, they wilt turn off highlighting and the
measurement readouts will be removed from the major menu
area. Clear All deletes all measurements. When you are finished
removing measurements, touch the Exit Menu selector to remove
the pop-up menu.
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The oscilloscope can coilect mean, standard deviation, maxi-
mum, and minimum values for ail active measurements. To
control these statistical functions, select Statistics Comp & Def In
the Measure major menu. The Statistics Comp & Def pop-up
menu is displayed with Statistics Options selected.

Statistical Functions

on

Freguency RMS
maX 32.62kHz MEY .34
min: 32.35kHz mir: 3. 388V
stodu: 48, 58Hz stdur  5.339mY

Statistical Functions /n the Statistics Comp & Def Pop-Up Menu

Whenever the Statistics Comp & Def pop-up menu is displayed,
selecting Statistics Options will display the sta’tlsttca! functions
page of the pop-up menu.

Touch the $tatistics selector o turn statistical computation on or

off. When statistics are on, the mean vaiues of the measurements
appear in the measurement selectors in the major menu. The

symbol x, for mean, precedes the name of each measurement.

The standard deviation, maximum, and minimum values of each ..
measurement appear in the lower portion of the Statistics Comp &
Def pop-up menu.
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Measurements

When statistics are on, the number of samples that have been
used to determine the statistical values appears in the Statistics
Comp & Def selector in the major menu. You can set the number
of samples to be used for stalistics by selecting Statistics N in
the statistical functions page of the Statistics Comp & Def pap-up
menu and then setting the value by using the conirol knobs.

To restart statistics, select Reset in the statistical functions page
of the Statistics Comp & Def pop-up menu. Statistics will also be
reset whenever the value of Statistics N is changed, when
measurement parameters are changed, and when measurements
are turned on or off.

If the oscilloscope encounters an error or an otherwise qualified
measurement while computing statistics, the qualified sample
will be discarded and a question mark ( ? ) will precede the
displayed statistics.

Main-+Window Trigger Time Statistics

Statistics for the Main—Win Trig Time measurement do not appear
in the Statistics Comp & Def pop-up menu. Instead, the Main—Win
Trig Time statistics are controlled from the Main—Win Trig Time
pop-up menu. To view statistics for this measurement, select
Main—Win Trig Time in the measurement readout area and select
Avg 10, Avg 100, Or Avg 1000 in the Statistics section of the pop-
up menu to set the number of samples 1o take to determine the
statistical values.

The mean Main—Win Trig Time value appears in the status area of
the Main—Win Trig Time selector, and the maximum, minimum,
and standard deviation vaiues appear in the Statistics section of
the Main—Win Trig Time pop-up menu. Select Avg Off 10 terminate
statistics for this measurement. Always select Avg Off for a
Main—Window Trigger time measurement in single trigger mode,
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You can establish reference values for your measurements and
have the oscilloscope display the measurement readouts as the -
amount of variance from the reference value. For example, if you '
want to see how much a waveform varies from 0.5 V ims, you
establish a reference value of 0.5 V rms. Then you turm on com-
pare mode and the oscilloscope displays the difference between
the reference value of 0.5 V rms and the rms value of the wave-
form being measured.

You can aiso save the current measurement readouts as the
reference values for those measurernents. if you then tum on the
compare feature, you can observe how much the signal deviates
from those references as you tune the circuit under test.

When the compare mode is on and measurement readouts show
difference values, the measurement readouts show a delta ( A )
in the selector label to remind you that difference vaiues are
being displayed. For example, the RMS measurement readout in
the major menu area becomes the ARMS readout when compare
mode is turned on.

The compare feature affects all measurements on all waveforms. ~

When you turn on compare mode, all measurement readouts
show A comparison values, even if you select a different wave-
form.

Compare mode is tuned on or off using the compare options
page of the Statistics Comp & Def pop-up menu. Select Compare
Options in the Statistics Comp & Def menu to display this page.

You set the reference values 1o the current measurement values
by touching the Save Current Meas Values as References selector.
When you touch this selector, all the reference values for meas-
urements established on the selected waveform are copied from
the current measurement readouts.
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Measurements

Compare and Reference VYalues

Adjust References

continuous L
i Main

Compare Options in the Statistics Comp & Def Pop-Up Menu

When compare mode is off, you can use the knobs to set the
reference values. A selector appears in the Adjust References
section of the Statistics Comp & Def pop-up menu for each meas-
urement currently established on the selected waveform. Each of
{hese has the word Ref after the measurement name, for exam-
ple, the RMS Ref selector. Touch the reference selector for the
measurement reference you want {o adjust, and both knobs are
set to adjust that reference value. To set the numeric reference
value, turn either knob or touch either knob label to display the
keypad pop-up menu.
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Once you have established a measurement on a waveform, you
can find out more information about the measurement and you
can control the way the oscilloscope takes the measurement by
changing the measurement parameters.

Touch the measurement readout selector in the major menu area
1o see the additional information. This displays a pop-up menu
for the individual measurement. |t also displays annotation iines
that overlay the selected waveform displayed on the graticule.
These {ines show the value of the measurement parameters that
periain to that particular measurement.

fn addition to the annotation lines, the portion of the waveform the
oscilloscope uses 10 determine the measurement value is high-
lighted,

The iliustration on the next page shows a typical pop-up menu for
an individual measurement, along with the annotation lines and
the highlighted portion of the waveform.

Many of the selectors in the measurement pop-up menu set the
knobs to adjust the measurement parameters. As you tum the
knob, the annotation lines move o reflect the new value of the
measurement parameter. In the Frequency pop-up menu, the Left
Limit, Right Limit, Mesial, and S/N Ratio selectors set the knobs 1o
control those measurement parameters.

When you remove the measurement pop-up menu by touching its
selector in the major menu area, the annotation lines remain on
the displiay. The knob settings also remain, so you ¢can set the
knobs in the pop-up meny, remove the pop-up menu from the
dispiay, and adjust the measurement parameter with the annota-
tion lines on the waveform. Your view of the waveform is not
impeded by the measurement pop-up menu.

In the illustration on the next page, the Left Limit measurement
parameter is set 1o 36%. The left limit vertical line is positioned
36% of the way across the graticule, and the oscilloscope meas-
ures the frequency from the first compiete cycle 1o the right of the
feft limit. The highlighted portion of the waveform shows the area
being measured.
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A Typical Individual Measurement Pop-Up Menu
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The following table shows the measurement parameters. No
pop-tp menu for an individual measurement uses all these
parameters; only the ones that apply to that particular measure-
ment are shown in the pop-up menu.

" Changing a measurement parameter in one measurement
changes it in all measurements of the selected waveform that use
that parameter, but does not change the parameter for other
waveforms.

Measurement Parameters

Name Definition

Baseline The baseline value is the 0% level on which proximal,
mesial, and distal levels are based. When tracking
mode is set to Both or Baseline, the oscilloscope
repeatedly determines the baseline and you cannot
adjust it. When tracking mode is set to Topline or Off,
you can set baseline, or you can have the oscilloscope
set it once by touching the Setup selector in an individ-
ual measurement pPoOpP-UpR Menu,

Data Determines whether the measurement will be taken from

interval one cycle of the waveform or the entire measurement
zone.
Distal The distal (most distant from the origin) voltage level.

Rise and fall times are measured between the proximal
and distal voitage levels, which are typically 10% and
90% of the baseline to topline voltages.

Left Limit The beginning of the waveform measurement zone,

Level Mode Determines how the proximal, distal, mesial, and refer-
ence levels are set. In absolute level mode, you set
these parameters as absolute values. In refative level
mode, you set them in terms of percentages of the
baseline 1o topline distance. In top defta and base delta
modes, you set the parameiers as offsets to be added o
the topline and baseline, respectively.

Mesial The middie voltage level.
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Measurements

Measurement Parameters (Cont.

MName Definition

Proximal The proximal {closest to origin) voltage level. Rise and
fali times are measured between the proximal and distal
voltage levels, which are typically 10% and 80% of the
baseline to topline voltages.

Reference  The transition-crossing voltage level.
Level

Right Limit  The end of the waveform measurement zone.

$/N Ratio  The amplitude of a noise rejection band centered on the
mesial level. Transitions through the mesial level are
qualified by S/N ratio by the requirement that the signal
enter the noise rejection band and leave the noige rejec-
tion band at the opposite limit with the same slope and
with no intermediate values outside the noise rejection
band. /N ratio may be set to any value from
110 99. The reciprocal of the number is the fraction of
the peak-to-peak signal value that the noise rejection
band extends above and below the mesial line. For a
1V peak-to-peak signal, $/N ratio of 20 creates a noise
rejection band 0.05 V above and 0.05 V below the me-
sial level.

Reference  The waveform to which the selected waveform is com-

Waveform  pared for the Gain, Phase, and Skew measurements.
There is one reference waveform for all waveforms; it
does not change when you select a different waveform.,

Delayed The waveform compared 10 the selected waveform for
Waveform  the PropDelay measurement. The delayed waveform is
set separately for each waveform.

Slope The direction the waveform must pass through a refer-
ence level.
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Definition

Time Mode

Determines whether the left limit and right iimit are set
as absoclute values or as percentages of the record
length. In absolute time mode, these boundaries are set
10 absolute vaiues. In relative mode, the boundaries are
set as percentages of the record length, and the corre-
sponding absolute values of the limits are displayed
along with the percentages in the individual measure-
ment pop-up ment.

Topline

The 100% level on which proximal, mesial, and distal
levels are based. When tracking is set 1o Both or Top-
line, the oscilioscope repeatedly determines the topline
for itself and you cannot adjust it. When tracking is set
to Baseline or Off, you can set the topline or you can
have the oscliloscope set it once by touching the Setup
selector.

Tracking

Determines how the topiine and baseling are set. When
tracking is set to Both, the topline and baseline are
repeatedly determined by the oscilloscope. When
fracking is set to Topline, the oscilloscope determines
the topline value and you can set the baseline. Similarly,
setting tracking o Baseline causes the oscilloscope o
set the baseline but allows you 10 set the topline. When
tracking is Off, you set both topline and baseline.
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Measurements

jing Whenever you define a new waveform, the measurement pa-
ault rameters for that waveform are set to their initial values by
ters copying them from a set of default parameters. The oscilloscope

has one set of default parameters. You can set the default
parameters to the values you want. This does not change the
measurement parameters of any existing waveforms, but it will
determine the initial value of the measurement parameters for all
new waveforms that you define.

You might want to change the default parameters if you are about
to create a number of waveforms and take measurements from
them, and know that they will all need the same measurement
parameters, Setting the default parameters before creating the
waveforms is quicker than changing the measurement
parameters of each waveform individually.

To change the default parameters, select Default Parameters in
the Statistics Comp & Def pop-up menu. The Default Parameters
page of the menu will be displayed, showing a selector for each
measurement parameter. This pop-up menu appears on the next
page.

Touch the selector that names the default you want to set. Time
Mode, Level Mode, Tracking, Slope, and Data interval cycle
through the appropriate values. The other selectors set the knobs
1o adjust the measurement parameters. To reset the defautits to
the values they have when the oscilioscope is initialized, select
Initialize Defaults.

When you have set the defauits the way you want them, you can
change ail the measurement parameters of the selected wave-
form to the default settings by touching the Copy Defaulis to Sel
Wim selector.
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Specific contrasts (gray shades or brightnesses) are assigned to
the items on the display. The background, graticule, waveforms,

selectors, cursors, and measurement annotations are displayed

in different contrasts for easy identification.

You can modify the display contrasts to suit your preferences
using the Intensity pop-up menu in the Utility1 major menu,
shown on the next page.

The upper section of the Intensity pop-up menu has a selector for
each display entity. Next to each selector is a box the contrast of
that display entity. Each selector readout shows the conirast,
from 0% to 100%.

To change the contrast of a display parameter, select the param-
eter in the Intensity pop-up menu. The knobs then adjust that
contrast.

Two selectors in the Intensity pop-up menu let you restore con-
trasts 1o their default settings or to the contrasts previously
defined.

®  Previous Contrasts restores all eight display entities to the
contrasts they had when you displayed the intensity pop-up
menu.,

B Defauit Contrast sets the selected display entity to the factory
default contrast.

When no display entities are selected, the All 1abel is dis-
played below the Defauit Contrast selector, and touching
Default Contrast will set all eight display entities to the factory
default contrasts.

You can adjust the overall intensity, or brightness, of the display.
Touch the Overall Intensity selector in the iniensity pop-up menu
to assign the knobs to control the intensity of the display. Overall
intensity can be from 0% to 100%.
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The oscifloscope has compartments for three plug-in units.
Several types of plug-in units are available. This section includes
general information about plug-in units. For information about a
specific plug-in unit, refer to the manual for that unit.

Before installing a plug-in unit, set the oscilioscope ON/STANDBY
switch to STANDBY. Align the grooves in the top and bottom of
the unit with the guides at the top and bottom of the plug-in
compartment. Push the plug-in unit until its front panel is flush
with the front panel of the oscilloscope.

To remove the plug-in unit, set the ON/STANDBY switch to STAND-
BY, then pull the reiease latch to disengage the unit and pull the
plug-in unit straight out of the compartment.

N
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Qs
% @

el
£

D

el

A Plug-in Ampilifier
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Plug-in settings are initialized when you install a new type of
plug-in unit in the compartment. If you replace one plug-in unit
with another of the same type, the existing settings are retained.

A plug-in unit has a signal connector and an associated button
and indicator light for each input channel. Buttons are labeled
CH#, where # is the channel number. Pressing the bution turns
display of the input channei on or off. The green light next to the
button will light whenever that channel is displayed.

Display of an input channel may also be tumned on or off from the
oscilloscope. For example, the display of an input channel of a
plug-in amplifier is turned on when you define a waveform ex-
pression that includes that channel, and is turned off when all
waveforms displaying the channel are removed from the display.
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Plug~in Units

put The operation of a plug-in unit is controlled by the oscilloscope.
ters You set the input parameters of each input channel from the
oscilloscope front panel or remote interface.

Channel impedance

You can set the channel impedance by using the impedance
pop-up menu in the Waveform major menu. Select the channel
you wish to set from the left side of the menu, then select the
impedance from the right side of the menu. The available imped-
ance values are determined by the type of plug-in amplifier
installed.

When you use a probe, be sure to set the input impedance of the
plug-in amplifier to match that of the probe.

Channel Impedance

Qhannel Select

e
e

Continuous

11 Wfms
Meny Main

The Impedance Pop-Up Menu
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Channel Coupling

Use the Coupling pop-up menu in the Waveform major menu to
set the coupling of input channels. Select the channel from the
left side of the menu, then select coupling from the choices on
the right side of the menu. The coupling options are different for
singie-ended and differential plug-in units. For a single-ended
channel, three coupling options are available.

AC coupling blocks the DC component of the signal and aliows
only the AC component of the signal to be displayed. DC coupl-
ing passes the whole signal to be displayed on the screen. Off
disconnects the selected channel and presents an infinite imped-
ance at the input,

Channe! Coupling

Channgl Select

T

l Henu Main

The Coupling Pop-Up Menu with a Single-Ended Channel Selected
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Plug-in Units

If you select a channel of a differential plug-in unit, impedance
may be selected for the “+ " charnnel and the “~” channel, and an
additional impedance option is available. VC, or voltage compa-
rator, coupling generates a DC offset voltage, which you can set
using the control knobs, at the specified channel for comparison
to the input signal at the other differential channel. The signal
connector will be disabled for the VC coupled channel.

Cnannel Coupling

hannel Selee

4
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The Coupling Pop-Up Menu with a Differential Channel Selected
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Channel Bandwidth Limit

You can set the bandwidth limit of an input channel to reduce the =~
amplitude of unwanted noise or interference at frequencies above ..

the frequency of interest. Select the input channel from the left
side of the BW Limit pop-up menu in the Waveform major menu,
then select the bandwidth from the right side of the pop-up menu,
The bandwidth limits available depend on the type of plug-in
amplifier you are using.

Channel Bandwidth Limit

annel Select

The BW Limit Pop-Up Menu

122 in Detail



Plug-in Units

ffset The vertical offset and sensitivity of a plug-in amplifier are con-

tivity trolled by the vertical setlings of the oscilloscope. See Vertical
Controls on page 171 for information on setting vertical size
(sensitivity) and position (offsef).

reuit For several plug-in amplifiers, the input impedance for DC cou-
ding pling is 50 Q. This low impedance requires some caution.

When input coupling is set to 50 O, a 50 O termination resistance
is connected directly from the input connector to ground. Take

- care that the circuit connected to the input will not be damaged
by the 50 () load.

JTION Switching coupling to DC when more than 25 V is present at the

when input will exceed the peak input voltage specification for some
g with plug-in ampilifiers, and thus may damage the input relay. A dam-
iess of aged relay could cause an error in calibration, Refer {o the

25V. specifications for your piug-in ampilifier. Take care not to invoke

DC coupling unintentionatly by recalling a stored setting that
specifies DC coupling.

Some plug-in amplifiers will automatically disconnect the 50 Q
termination and display a message on the oscilloscope when the
input voltage substantially exceeds 5 V rms. Refer to the manual
for your plug-in ampiifier.
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Overdriving occurs whenever a plug-in amplifier is driven out of
its linear range. For many of the plug-in amplifiers, this linear
range is -1-15 divisions. The amplifier will eventually reach an
equilibrium value. The overdrive recovery of a plug-in amplifier is
the time it takes the amplifier to settle to within a stated fraction
of the equilibrium value after an input step. Overdriving can be
used as a tool for certain measurements with plug-in amplifiers
that have fast overdrive recovery.

For example, suppose a signal changes from +1.7Vto +0.8V
in 1 ns. You could use the overdrive recovery of a plug-in
amplifier to determine if the signal stabilized immediately at
+0.8 V or if it had some small aberration after the transition. By
setting the amplifier offset (vertical offset) to +0.8 V and the
sensitivity (vertical size) to 1 mv/division, aberrations of just
0.1% of the original fransition will be 2.5 divisions in amplitude.

Refer to the specifications for your plug-in amplifier to determine
whether its overdrive recovery is fast enough for your application.
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You can display a waveform in a mode that shows a history of
the waveform. In point accumulate mode, individual samples that
compose each waveform record are added to the display as
individual dots and remain on the display indefinitely while new
samples are taken and displayed.

78RSV

_.2‘9 SV N N N N N N N .
~13%9ns SBnerdiv 361ns

A Point Accumulate Waveform

A point accumulate mode waveform appears different from an
enveloped waveform because you see the individual waveform
record samples. For a complete discussion of enveloped wave-
forms, see Averaging and Enveloping on page 43.
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ate Mode

Use the Horizontal Desc pop-up menu in the Waveform major
menu to turn Point Accumulate mode on or off. Select Point :
Accumnulate to turn on Point Accumulate mode and select Normal

{0 turn it off,

Horizontal Description

Reaguiring Timebase: Main
Main Sample Interval: S8ns/point
indow Sample Interval: SBns/point

1824 points

nulate ¥T Display

T e

XY Display Mode: X=Displayet-Hauefer

de

Main

XY Display Mode: X=Stiored Haveform

The Horizontal Desc Pop-Up Menu
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lion Before you first power on the oscilloscope, you should be certain
that it is correctly installed. The instaliation sequence involves the
following controls, connectors and switches on the rear panel:
® POWER Connector
® FUSE
® LINE VOLTAGE SELECTOR switch

B PRINCIPAL POWER SWITCH

Power Connector, Fuse, and Switches

in addition, you will need to know the location of the
ON/STANDBY switch on the front panel.

The
{DBY

witch D'G’T‘ZE“ wroses  wrooonr e ROAUBRATOR =
=olo oo o |‘
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The following steps describe the installation procedure,
Step 1:  Set the PRINCIPAL POWER SWITCH 10 OFF.

Step 2:  Set the front panel ON/STANDBY switch to
STANDBY.

range for your power system.

]

L]

[] step3: Setthe LINE VOLTAGE SELECTOR to the proper

[] Step4: Check the FUSE to be sure it is of the proper type
and rating, as printed on the rear panel.

[] step5: Install one or more piug-in amplifiers in the front

panel compariments.

To instali a plug-in ampilifier, align the grooves in the top and
bottom of the amplifier with the guides at the top and bottom of
the plug-in compartment. Push the plug-in amplifier until its front
panel is flush with the front panel of the oscilloscope. Plug-in
units are described on page 117.

[ step6:  Connect the power cord from the POWER connec-
tor to your power system.

[] step7: Setthe PRINCIPAL POWER SWITCH to ON.

The PRINCIPAL POWER SWITCH controis all AC power to the
oscilloscope. The ON/STANDBY switch conirols power to most of
the oscilloscope’s circuits, but continues 1o supply power to
certain circuits even when set to STANDBY.

[] step 8: To operate the oscilloscope, set the front panel
ON/STANDBY switch {c ON,

Once the oscilloscope is installed, use the ON/STANDBY swilch
as the power switch.
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Power-0On

-On Each time you power on the oscilloscope, it performs a se-

nce quence of internal checks and then restores the settings that
were established when it was last powered off. The sequence is:

crip- 1. The power-on diagnostics are performed and take about

nos- 5 seconds to execute. If these diagnostics fail, the oscillo-

857, scope will freeze and you will not be able to operate it.

2. The self-test diagnostics are performed and take about
15 seconds to executs. If these diagnostics fail, the extended
diagnostic system is entered and the Extended Diagnostics
menu is displayed.

3. The system restores all the settings and waveforms that it
can. If the configuration of plug-in units has not changed
since the last power-down, the oscilloscope will compietely
restore to the state it was in when powered down.

-Up It takes about 20 minutes for the oscilloscope to warm up after

iod power-on. Enhanced Accuracy is available after the oscilloscope
warms up and achieves thermal stability. Enhanced Accuracy is
described on page 63.

11402A and 11403 User Reference 129



130 in Detail



3s and Cables

usea
nped-
input
natch
e of
ected

1o it

You can connect a signal source to the oscilloscope with a probe
or with a coaxial cable with a BNC connector. Connect a cable
by pushing the BNC connector onto the input channel connector
and turn the connector to secure it. Use an attenuator with the
cable when the signal voltage may exceed the capabilities of
your input channel, In general, it is best to use the shortest cable
possible o avoid signal distortion.

For many applications a probe is preferable io a cable connec-
tion. Common probe features include small, easily portable
signal connectors and attenuation. Special-purpose probes are
available for some applications, such as differential probes used
for comparison of two signals.

This section concems properties and functions common to most
probes used with the 11000 Series. Refer to the documentation
for the probe you are using for specific information.
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The Tekironix catalog lists probes that are recommended for use
with 11000-series oscilloscopes. These probes have a special
comnector and are connected both to the input channel and o a
TekProbe interface that provides communication between the
probe and the input channel. The active probes draw their power
from the input channel connector.

To install a probe, place the probe connector over the input
channel connector. The probe connector must be oriented so that
the tab points to the lower left, The prongs around the outer rim of
the probe connector will be flush with the input channel connec-
tor. Twist the circular plastic casing clockwise to secure the
connection.

e

SN
N

ﬁ"“g\

o

Connecting a Probe to the Input Channel
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Probes and Cables

elD TekProbe intelligent probes can communicate with the oscillo-

ions scope through the input channel connection, Each probe is
equipped with a Probe ID button which, when pressed, initiates
some action by the oscilloscope.

You can use the Probe ID button on a probe to signal the
oscilloscope to perform one of three functions. Three selectors in
the Probes pop-up menu of the Utility1 major menu determine
what action is initiated when a Probe 1D button is pressed.

&8 Waveform Select/New Wim sets the Probe iD button to select
a waveform displaying the channel or, if no such waveform
exists, to create a new waveform displaying only that
channel.

B Wim Select/New Wfm & Autoset sets the Probe ID bution fo
select a waveform displaying the channel or to define a new
waveform displaying the channe! and invoke Autoset on the
new waveform.

E  Sequence Setlings sets the Probe ID button to select the next
setting in the sequence when sequencing of stored settings
is enabled. See Sequencing Through Stored Settings, on
page 151, for an explanation of sequencing.

11402A and 11403 User Reference 133



bles

Probes

Frebe ID Function

Calibrate, Leskew, and Compensate Probss

To Cal, Deskew,
and Compensate:

Connect probe
ar inpuil to the
calibrater;

Then select
channel from
this menu.

4= JAN-83 Meny Main

The Probes Pop-Up Menu

134 in Detail



robe
ation

IATOR
inector

Probes and Cables

The calibrator provides a known and accurate square wave
signal for use as a reference for voltage calibration, frequency
compensation, and time deskewing of probes. The calibrator
connector is next {o the ON/STANDBY switch.

DIGITIZER [ CALIBRATOR
A -
l =0 l 0O O o~ @I]

o=
/).m., i

You initiate probe calibration using the Probes pop-up menu. The
calibrator produces its signal only during probe calibration. You
cannot display the calibrator signal at other times.

The following procedure may be used to calibrate, deskew, and
compensate probes when you are using a standard single-ended
plug-in amplifier:

[7] step 1: Connect the probe or other input lead to the CALI-
BRATOR signal and ground connections.

[ ] step2: Select the channel of the probe or input lead from
the Probes pop-up menu. The channel will be vertically
calibrated and then deskewed against the calibrator signal.
When this process is complete, a message will appear
prompting you to compensate the probe, and the Probe
Compensation menu, shown on the next page, will replace
the Probes pop-up menu.
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Probe Compensation

13-FEB-83 Main

The Probe Compensation Menu

[7] step3: Adjust the compensation control on the probe s0
that the top of the square wave is flat.

[] step4: If you wish to calibrate another channel, touch the
Select Next Chan selector to return to the Probes pop-up
menu. Otherwise, select Exit Comp to finish compensation.
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Probes and Cables

obes A different procedure is recommended to calibrate, deskew, and
ren- compensate probes when you are using a differential amplifier or
) unit differential comparator plug-in unit. This procedure will improve

of the common mode rejection when you are using probes designed for
type- use with a differential plug-in unit.

[] step1: Connect one probe to the - input of the differential
amplifier or comparator. There must be no probe connected
tothe + input.

[ ] step2: Calibrate, deskew, and compensate the probe as
described above, but do not exit the Probe Compensation
menu. :

[[] step3: Connect the other probe to the + input of the
differential plug-in unit. Connect the probe to the CALIBRA-
TOR signal and ground connections. Do not disconnect the
other probe from the CALIBRATOR. The waveform on the
screen will become a straight line which may have a small
spike where the step was displayed. The segments of the
waveform before and after this point may be vertically dis-
placed from each other.

[] step4: Compensate the probe by eliminating the spike in
the displayed waveform. If the probes have a DC attenuation
adjustment, you should use it to eliminate any vertical dis-
placement of the two waveform segments.

[] step5: Select Exit Comp in the Probe Compensation
menu, and disconnect the probes from the CALIBRATOR.
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The number of samples that form a waveform is called the record
length. You can select record lengths of 512, 1024, 2048, 4096,
5120, 8192, and 10240 points (samples).

T

_2 . 7\! N N o N N N N B N
~B36ns 28@ns/div 1.164us

Waveforms with Record Lengths of 512 (top) and 5120 (bottorn)

11402A and 11403 User Reference 139




All waveforms on the Main time base have the same record
length. Window waveforms similarly share identical record
length. To set the record length, select Main Record Lengih or
Window Record Length in the Horizontal Desc pop-up menu in the
Waveform major menu. This menu is shown on the next page.
The knobs will be assigned to control the Main and Window
record lengths.

The sample intervals for the current settings are shown in the
Horizontal Desc pop-up menu above the Main Record Length and
Window Record Length selectors.

Point accumulate mode can only be used with waveforms having
record lengths of 512, 1024, or 2048 points,

The 4086-point record length has the same sample interval (the
time between successive waveform samples) as 5120-point
records. Similarly, the 8192-point record length has the same
sample interval as the 10240-point record length. The 4086-point
and 8192-point waveforms do not cover the entire horizontal
length of the graticule. Fourier transformations can only be per-

formed on record lengths that are a power of two. The 4096-point

and 8192-point record lengths are provided as a convenience,
and the visual truncation is a natural result.
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Record Length

Horizontal Description

fAecauiring Timebase: Main
Main Sampie Interval: S@ﬂb/DOIBi

angth ndow Samp}p Interval;
il

wor < SR i

points points

¥T Displau Maode

AY Display Mode: H=Stored Wawveform

B

Main fconttnuous|
2 18724 ptg

A1l Wims
Meny Main

The Horizontal Desc Pop-Up Menu
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32-C Parameters

32-C
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232-C
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The oscilloscope can be controlled by a remote computer
through one of two interfaces. These interfaces are industry
standards IEEE 8TD 488 and R§-232-C.

This manual does not discuss the details of connecting a remote
computer 1o the oscilloscope or the syntax and capabilities of
remote commands. That information is found in the 774024 and
11408 Programmer Reference and the 17201A/11402A/11403
Command Reference.

Connect the cable from your computer to the R$-232-C connector
on the oscilloscope rear panel. The oscilloscope is configured as
data communications equipment (DCE), and the computer must
be configured as data terminal equipment (DTE).

Location of the RS-232-C Connector on the Rear Panel

Communicétion between the oscilloscope and the attached
computer can occur only if the two are configured in a compat-
ible manner.

Use the R8232¢ pop-up menu in the Utility2 major menu to set
the RS-232-C parameters directly, before you attempt to commu-
nicate with the attached computer. The following list describes
each selector on the RS-232-C pop-up menu:
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RGZ320 Farameters

None

Talkblisten Bitmap

Soreen

Main

The RS232C Pop-Up Menu

32-C ® Baud Rate assigns the knobs to adjust baud rate and delay.
anot You can set the baud rate to 110, 150, 300, 600, 1200, 2400,
‘n\iﬁ: 2400, 4800, 9600, or 19200. You should set the baud rate o

ope match the computer you are using.

® Echo lets you set Echo to On or Off. If you observe two
identical characters fransmitted when you expect only one,
Echo is On when it shouldn’t be. If you see no character
transmitted when one was expected, £cho might be set to
Off inappropriately.

& Stop Bits lets you select among 1, 1.5, or 2 stop bits. Touch
the selector repeatedly until the appropriate number is shown
in the selector. You should set the number of stop bits to
match the computer you are using.
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RS-232-C Parameters

®  Parity lets you select among Even parity, Odd parity, or None.
Touch the selector repeatedly until the appropriate setting is
displayed in the selector. Parity is an error detection scheme.
You should set parity to match that of the computer you are
using.

B Flagging lets you select among Hard flagging, Soft flagging,
or None. Touch the selector repeatedly until the appropriate
setting is displayed in the selector. Flagging is used by the
oscilloscope or the computer to signal that its input buffer is
full and that the other device should stop transmitting until
further notice. You should set the type of flagging to match
the computer you are using.

®  Delay assigns the knobs to set the baud rate and delay,
Delay is the minimum time that the oscilloscope will wait
before responding to a command sent from the computer.
The delay setling can be 0 to 60 seconds.

8 EOL String lets you select the end-of-line query terminator to
one of the following: LF (Line Feed), CR (Carriage Return),
CR/LF, or LF/CR. Touch the selector repeatedly until the
appropriate setting is displayed in the selector.

®  Verbose lets you set Verbose On or Off. When Verbose is On,
the oscilloscope posts to the computer a message stating
the success or failure of each command sent to the
oscilloscope. When Verbose is Off, the computer can specifi-
cally query the oscilloscope about the success or failure of
each command.

®  Debug lets you set Debug On or Off. When Debug is On, the
oscilloscope displays each command from the computer as
it is executed. The messages appear at the top of the dis-
play. Debug Off is the normal mode of operation. Set Debug
On if you need to watch the result of each oscilloscope
command of a program that is running in the computer. When
Debug mode is on it slows performance significantly.
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d Settings

When you initialize the oscilloscope, you recall a stored setting
that was established at the factory. You can save your own
settings for quick recall,

If you establish a test setup, you might want 1o store the setting
and go to another task. After the settings have been changed
because of the intervening work, you could recal the {est setting
that you saved.

You can also use sequencing to recall saved settings in a
specific order. This is useful if your work requires several oscillo-
scope setups for standardized tests.

Stored settings are saved when you power off the osc;lloscope
They will be available when you power on.

The following controls are not saved with stored settings and are
not changed when settings are recalled:

®  Stored waveforms
B GPiB and R8-232-C parameters

®  Sequence settings mode
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ings Use the Store Setting pop-up menu in the Store/Recall major
menu 1o store a setting. After you set the oscilloscope, touch the
Store Setting selector to display the pop-up menu.

Store Present Front Panel Setting (FPS)

Menu Dieplayed with Stored Setting

Rl

Free NonVYolatile RAM
198832 bytes

Recall L1
FrP5 4 Main

The Store Setting Pop-Up Menu

You can choose the major menu that will display when the stored
setting is recalled. Touch the selector for the desired major menu
in the section of the pop-up menu litled Menu Displayed with
Stored Setting. Each major menu is listed as an option.
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Stored Settings

ftored After you choose the major menu you want recalled with the
-abel- stored setting, touch Store Next FPS to store the setting. The FPS
Je 93. (Front Panel Setting) number that will be assigned to the setting

appears under the label Set Next FPS. If you want to specify a
number other than the default, you can assign the knobs to set
the number by touching Set Next FPS. You can choose any
number from 1 to 9999. If you choose a number that is already in
use, the word “Exists!” appears under the Store Next FPS label. If -
you store the setting under that number the previously stored
setting will be deleted.

You can also replace an existing stored setting with the current
setting by touching one of the selectors in the top half of the
Store Setting pop-up menu.

lling You can recall a stored setting using the Recall Setting pop-up
ings menu in the Store/Recall major menu. Touch the FPS$ n selector,
where n is the number of the setting you want to recall.

RBecall Front Panel setting LFPGY

Le off

The Recall Setting Pop-Up Menu
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The Recall Setting pop-up menu also provides a way to initialize
the oscilloscope. Touch the Inftialize Setting selector to reset the
oscilloscope In the same way as when you touch the Initialize
selector in the Utility1 major menu. initialization is described
completely on page 89.

Use the Delete Setting pop-up menu in the Store/Recall major
menu to delete a stored setling. Select the setting or settings to
delete by touching the selectors in the top part of the pop-up
menu. If more than fifteen settings are stored, Paget and Page|
selectors will enable you to scroll through the menu. As you
touch these selectors, they highlight to show that they will be
deleted when you touch the Delete Selected Settings selector.
Touch a highlighted selector a second time to remove it from the
list of settings to be deleted. The All Settings selector is a quick
way to select all the stored settings.

Delete Front Panel! Setting (FPBS)

The Delete Setting Pop-Up Menu
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Stored Settings

cing if you have several settings saved, you can Cycie through the
ywed seftings in order. This is useful if you have a series of fest setups
ings that you want {0 use repeatedily.

The sequencing order of stored settings is the same as the order
in which they appear in the Store Setting pop-up menu. That is,
settings will be executed in numerical order.

You can determine the sequencing order of stored settings by
choosing the numbers for those setlings.

The Sequence Setlings pop-up menu in the Store/Recall major
menu allows you to turmn Sequencing on or off. The field beneath
the Sequence Settings label shows the setting that will be re-
called next.

Seguence Frent
Panel Seittings

Next Setting Recalled
By Piabe {D Bgtton Or

R

The Sequence Setlings Pop-up Menu

When sequencing is on, you can recall the next setting by touch-
ing the Next Setting selector in the Sequence Settings pop-up
ment or by pressing a probe ID button.
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A stored wavetorm is a record of an acquired waveform. You can
think of it as a “snapshot” of a waveform.

Once you have stored a waveform, you can use it as an element
of waveform expressions in other waveforms. For example, you
could define a waveform to be L1-8TO3. This waveform acquires
data from plug-in channel L1 and subtracts from each sample the
data recorded in stored waveform number 3.

When you store a waveform, you take a copy of the waveform
record of the selected waveform. Use the selectors in the Store

Waveform pop-up menu of the Store/Recall major menu to store
waveforms,

Store Waveform

|
L

Wit at%’!lﬂﬁ%ﬂ?ﬁﬁ, i

Free NonVolatile RAM
1186888 bytes

The Store Waveform Pop-Up Menu
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Use the following steps to store a waveform:
[7] step 1: Create a stable waveform on the display.

[[] Step2: Press the Store/Recall major menu button, and
touch the Store Waveform selecior,

[] step3: The waveform will be stored under the number
shown in the Set Next STO selector. If you want to change
this number, touch the selector and use the knobs to change
the number. You cannot store a waveform in a jocation where
ancther waveform is stored.

[7] step 4:  Touch the selector that represents the waveform
you want to store. All displayed waveforms are listed.

You can also use the Store All selector 1o store all the displayed
waveforms as separate stored waveforms. In this case, the Set
Next STO number is the first storage number that will be used.
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Stored Waveforms

fime You can display the time and date that a waveform was stored by
with selecting Stored Wfm Time/Date, in the Modes pop-up menu of
ored the Utility1 major menu, The time and date for each stored wave-
form appears in the waveform selectors. Time and date can be

WMS  displayed with stored waveforms regardiess of whether Stored
Wfm Time/Date was on when the waveforms were stored.
Instrument Modes
fiutoset
Miccellaneous
i Wim
/Date
vector
12-JAN-89

The Modes Pop-Up Menu
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liing Once a waveform is stored, you can use it in a waveform expres-

ored sion. To create a waveform that dispiays a stored waveform,

rms touch the DetWfm icon, then in the pop-up menu touch the Stored -
Waveforms selector, the selector for the stored waveform you
want to display, and the Enter Desc selector.

The Recalli Waveform pop-up menu provides a simpler way to do
the same thing. Press the Store/Recall major menu button and
touch the Recall Waveform selecior {0 display the pop-up menu.
In the pop-up menu, touch the selector for the stored waveform
you want to display.

Recall Stored MWaveform

Main

The Recall Waveform Pop-Up Menu
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Stored Waveforms

ored You can delete stored waveforms by using the Delete Waveform
Irms pop-up menu in the Store/Recall major menu. This pop-up menu
is also used to delete displayed waveforms.

In the Delete Waveform pop-up menu, touch the selectors for the
displayed and stored waveforms you want to delete. The wave-
forms are not deleted until you touch the Delete Selected
Waveforms selector. You may select several waveforms 1o be
deleted before touching the Delete Selected Waveforms selector,
As you select waveforms to delete, their selectors highlight to tell
you they will be deleted. If you touch a waveform selector by
accident, touch it again to remove the highlighting. If you want to
delete all the displayed and stored waveforms, touch the All
Waveforms selector, then touch the Delete Selected Waveforms -
selector.

You cannot delete a stored waveform if it is being used as part of
a displayed waveform. In the illustration on the next page, stored
waveform 2 is used in the waveform definition of displayed
waveform 2. The selector for stored waveform 2 cannot be se-
lected.
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Displayed Weveforme Stored Waveforms

L1 5102

The Delete Waveform Pop-Up Menu
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and Date

The oscilloscope has an internal clock that keeps track of the
time and date. You can set the clock using the Time & Date
pop-up menu in the Utility1 major menu.

This menu also shows you how many times the oscilloscope has
been powered on, and how many hours it has been on.

Time and Date

Time: 14:58:35

Date: 24-JAN-B88
Ontime: 85.8hrs
Powerups: 985 times
Time Datsa

14 Hrility2 L1 aff

T JRN 89 Menu Main

The Time & Date Pop-Up Menu

When you touch the Year, Month, Day, Hour, Minute, Or Second
selector, one of the knobs is assigned to set that clock parame-
ter.
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A trigger is an electrical event on which acquisition is based. The
trigger event occurs when the trigger source, the signal being
monitored by the trigger circuits, passes through a specified
voltage /evel in the specified direction (the trigger siope). This
event becomes a reference point when waveform samples are
combined into a waveform record. In the absence of a trigger
event, the oscilloscope cannot assemble a waveform record and
the signal becomes untriggered.

The trigger status is shown 1o the left of the graticule. If the
selected waveform is triggered, the status appears as trig’d.
Otherwise, Inot! trig’d appears. Depending on the trigger mode,
acquisition may stop when the signal becomes untriggered,
leaving the last triggered waveform record frozen on the display.
When acquisition continues in the absence of an adequate
trigger, acquired samples will be displayed but will not be posi-
tioned properly, producing an unstable waveform display.

You can set the trigger signal source to be an input channel, a
combination of input channels, or the AC line.

You can also set the trigger coupling to selectively pass part or
all of the trigger signal to the trigger circuits,

To improve trigger stability, you can adjust the trigger hoidoff, the
period after a trigger event during which triggers are ignored.

Window waveforms are acquired on a separate time base which
may be triggered either from the Main trigger or a from a distinct
Window trigger. The trigger icon to the left of each graticule
shows which trigger applies to the selected waveform on that
graticule. The Main trigger icon appears as an arrow over the
le}}er M (%), the Window trigger as an arrow over the letter W
(k).

You can assign the knobs to set the trigger level and time holdoff
of the selected waveform by touching the trigger icon (¥ or ).

Use the selectors in the Trigger major menu to access all other
frigger controls,
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Trigger Select selects the Main or Window trigger. Selections you

make from the Trigger major menu affect the selected trigger. You =~

can also select the trigger by touching the trigger icon (% or ¥ ).

The Source Desc selector displays a pop-up menu that allows
you to define the trigger source. You can choose any input chan-
nel, combine center and left channels by adding and subiracting
them, or select the AC line as the trigger source. Use Backspace
to correct errors as you type in an expression. Press Enter Desc

to enter the description and remove the pop-up.

Main Trigger Source Description

Trig:

Main

Main

The Trigger Major Menu and Source Desc Pop-Up Menu
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Triggering

The Coupling selector displays a pop-up menu that allows you to
specify one of several trigger coupling options.

AC coupling blocks the DC component of the trigger signal. bC
friggers acquisition when the DC level of the trigger signal
reaches the specified trigger level,

AC Low Freq Reject rejects the DC component of the trigger
signal and attenuates signals at frequencies below 40 kHz. AC
High Freq Reject rejects the DC component of the trigger signal
and attenuates high-frequency signals above 40 kHz. Select DC
High Freq Reject 10 retain the DC component of the trigger signal
and attenuate signals above 40 kHz.

AC Noise Reject rejects the DC component of the trigger signal
and requires a greater peak-to-peak amplitude to produce a
trigger event. Signals below 40 kHz are attenuated. DC Noise
Reject also requires a greater peak-to-peak signal to produce a
frigger event.

Main Trigger Loupling i

s

Trig: Main Main

The Coupling Pop-Up Menu
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The Slope selector selects between + (a rising slope trigger
event) and - (a falling slope trigger event).

The Levet selector assigns the knobs to set the trigger level {(and
trigger holdoff). Touching this selector is the same as touching
the trigger icon to the left of the graticule.

The Time Holdoff selector assigns the knobs to set the trigger
holdoff (and trigger level). This is the same as touching the
trigger icon. If you have a window time base defined with trigger
holdoff by events, this selector will appear as Events Holdoff
when the window trigger is selected.

The Main time base holdoff can be set to any value from 490 ns
to 10 seconds. The range of the Window time base holdoff by
time is from 20 ns to the end of the Main record duration. Window
time base holdoff by events may be from one to one billion
events,

when one of the waveforms on the display maiches the trigger
signal, the frigger indicator { » ) appears on the waveform to
show the trigger level.

You specify a separate trigger for the Window time base by
choosing Window holdoff by time or events. The Window trigger
will occur on the Window trigger signal only afier a specified
amount of time or number of events have elapsed since the Main
trigger event. You can specify trigger holdoff on the Main time
base by time only.

The Window Holdoff Md seleclor displays a pop-up menu which
allows you to select No Holdoff: Triggered from Main, 10 have the
window run on the Main time base, Holdoff by Time: Triggered
from Window o select a Window time base with a trigger time
holdoff, or Holdoff by Events: Triggered from Window t0 select a
Window time base with trigger holdoff by events.
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Triggering

Window Holdsff Mode

: none
- igs Main

L1 J
Main

The Window Holdoff Md Pop-Up Menu

You can specify different trigger sources for the Window trigger
and the Main trigger, but you cannot use different trigger sources
from the same plug-in. For example, if the Main trigger source is
channel L1, you can define the Window trigger source to be L1,
oreven L1 + €1, but not L1 + L2. If you want {0 change the
source description for both the Main and the Window trigger to L1
+ L2, you must first eliminate the separate Window trigger (by
setlting Window Holdoff Md to No Holdoff) so that the trigger
sources will not conflict.

A status indicator appears in the lower right corner of the knob
menu when the Trigger major menu is displayed. This indicator
shows the status of the selected waveform {not the selected
trigger) and tells you which trigger applies 1o that waveform.
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The Mode selector displays a pop-up menu which allows you to
select Auto Level, Auto, Or Normal.

In Auto Level mode, the oscilloscope automatically sets the
trigger level on a triggering signal. You can change the level
within 20% 1o 80% of the peak-to-peak signal. In the absence of
an adequate trigger signal, the oscilloscope will acquire and
display waveform samples without reference to a trigger event.

Auto mode is available for the Main trigger only. This mode
provides triggered signal acquisition when the trigger level is
correctly set and an adequate trigger signal is present. When the
trigger signal is inadequate or the level is inappropriate, acquired
samples are displayed without reference to a trigger event.

Normal mode is similar to Auto mode, except that acquisition
stops when the trigger signal is inadequate or the level setting is
inappropriate. When acquisition is stopped, the previously ac-
guired waveform record remains frozen on the display. This mode
should be used to acquire signals with repetition rates below

30 Hz.

Trigger Mode

AERA

Main

: none
Trig: Main Main

The Mode Pop-Up Menu
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Vectored waveforms is a display mode that enhances the ap-
pearance of displayed waveforms by eliminating any gaps or
discontinuities.

The waveform display area is 512 pixels (dots) wide. When a
waveform with & record length of 512 samples is displayed, each
sample has its own unigue horizontal posttion on the display.
When waveforms with record tengths longer than 512 samples
are displayed, two or more samples must share the same hori-
zontal ocation. For a waveform of 5120 samples, each horizontal
place shows the resuls of ten samples.

When more than one sample share the same horizontal location,
the resulting display is always a series of vertical lines, called
columns, that extend from the top sample to the bottorn sample.

The oscilloscope normally extends the columns to touch adja-
cent columns, so that no gaps are shown in the waveform. You
can tun this waveform vectoring off so.that no intermediate data
is assumed for display purposes.

Waveform vectoring makes the biggest difference in the appear-
ance of a waveform with 512 samples. As the record length of a
waveform increases, the visual enhancement of waveform vector-
ing becomes less evidert.

When you display a 512-sample waveform with waveform vector-
ing tumned off, the individual samples of the waveform appear as
dots.
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Identical 512-Point Waveforms without Waveform Vectoring (top)
and with Waveform Vectoring (bottom)
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Vectored Waveforms

You turn waveform vectoring on or off using the Modes pop-up
menu in the Utility1 major menu. Touch the Vectored Waveforms
selector to set it to Off or On.

Instrument Modes

futaset
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The Modes Pop-Up Menu
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:al Controls

The vertical confrols let you set the vertical size and placement of
your waveforms. Touch the vertical icon (}) to access these
controls.
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