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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 71403 Tutorial to become familiar 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. 
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Other manuals that complete the documentation set for the 
11402A and 11408 Digitizing Oscilloscopes: 

The 77402A and 71403 Tutorial (Tektronix part number 
070-7418-01) gives step-by-step instructions that demon- 
strate basic operation of the oscilloscope. 

The 77402A and 11403 QuickStart Package (U.S.A. Tektronix 
part number 020-1767-01, Europe 020-1768-01) is a complete 
learning laboratory, including a signal generating board and 
a workbook. A videotape for the QuickStart Package is 
included with your oscilloscope. These show you how to use 
the power of the11402A or 11403 Oscilloscope to get the 
types of measurements you need. The QuickStart Package is 
available ai no charge, but you need to mail in the postage- 

paid card included with the oscilloscope. 

The 77402A and 11403 Programmer Reference (Tektronix 
part number 070-7420-01) describes using a computer to 
control the oscilloscope through GPIB or RS-232-C inter- 
faces. 

The 7720TA/11402A/11403 Command Reference (Tektronix 
part number 070-7421-01) describes the commands used to 
program the oscilloscope. 

The 17201A/11402A/1 1403 Quick Reference (Tektronix part 
number 070-7734-01) provides an index of operations, and 
the froni-panel steps to invoke each operation. 

The 17402A and 11403 Service Reference (Tektronix part 
number 070-7422-01) provides information to repair and 
replace components of the oscilloscope. 
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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 tn Detail section that discusses that menu’s features. 

You may want to consult the 77402A and 11408 Tutorial for a 
complete intyoduction io ine oscilloscope. 
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The display shows 
the waveforms and 
the menus, which - 
you touch to activate. 
See page &. 

The major menu buttons 
let you select the major 

menu that will appear at 
the bottom of the display. 
See page 12. 

\ 

aA 

fouch Panel On/Off 
n lets you turn off the 

1 pane! so that you can 
to and touch the 
ay without inadvertently 
ng menu selections. 

The two knobs cortro} 

many functions of the 
oscilloscope. You set the 
knobs to contro! specific 
functions when you make 
menu selections or touch 
icons. The knobs are 
described on page 10. 
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The DIGITIZER button stops and starts waveform 
acquisition—see page 32. The AUTOSET button 
quickly sets the oscilloscope 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 177. 
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wer line controls include the The RS-232-C connector allows a 
VE VOLTAGE SELECTOR remote computer to contro! the 
VITCH, the fuse, the power oscilloscope through a serial 
nnector, and the PRINCIPAL interface. See page 143. 
IWER SWITCH. 
e@ page 127. 

= 
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Rear Panel 

The GPIB connector allows a 
remote computer to control the 

oscilloscope through an [EEE 
Standard 488 parallel interface. 
Three lights show the status of the 
paraiiel bus. See page 65. 

The PRINTER connector 
lets you attach an Epson 
FX-80 or compatible 
printer using a Centronics 
interface. See page 73. 
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reform (highlighted) and unselected 
ds labels and readouts apply to the selected 
aveforms can be selected by touching 
ge 181. 

TO gy 
i i at al i 

AER ‘ 

GV 

1.54 : : 
CE aaa ere ae ee 

Rossee Baremeters 

Bitmap TalklListen 
1 Soreen 

“Aug (LZ) 
Main. 
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3 display shows the output of the oscilloscope, such as waveforms and 
asurement information. The display is combined with the touch panel to provide a 
ch menu system. Touch the selectors that are displayed in the various menus to 
cute those items. Each menu selector has a shaded top portion that names the 

actor, and a lower portion that shows the current status of the parameter that the 
actor controls. 

RSeaeC Parameters 

“LE On Off 

FalkListen S500Rd Bitman .. 
i 

A pop-up menu lets you set specific 

parameters. This is the RS232C pop-up 
menu, which is accessed by touching 
the RS232C selector in the Utilty2 major 
menu. 

Sereen 

Ueilitud 

Ment 

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

The Knob menu always shows the parameters the knobs 
are currently assigned to contro! (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 
vaiue for any knob-controlled parameter. See page 10. 
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128n eoiyv 

Continuous 
lbane~div 

4GuhHz Rll bYas 
Meru 

Le aff 

Main 

ch the trigger icon to 
gn the knobs to adjust 

trigger level. if the 

{ Touch the vertical icon to 

iloscope is not triggered, 

t! appears above the word 
'd, See page 161. 

assign the knobs to adjust 
the waveform vertical size 
and position. See page 177. 
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Touch the horizontal icon to assign the 
knobs to adjust the waveform horizontal 
size and position. See page 83. 

DefWtm Touch the define waveform 

icon to display a pop-up 
menu that lets you define a 
new waveform to be 

displayed. See page 175. 

Windowt Touch the window icon to 

‘SOrs 

create a new waveform that 
represents an enlarged portion 
of another waveform. 
See page 187. 

Touch the cursors icon to 

dispiay bar or dot cursors to 
measure waveform values. 
See page 51. 

Icons always appear on the 
screen. You can select them 
ai any time, regardless of 
the major menu that is 
displayed. 
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labels always show the 
ynmenis (the parameters 
iobs will contro}. When 
an icon or otherwise 
e knob assignmenis, the 
is are highlighted. The 
Hf of each knob label 
- Current vaiue of the 
. When you turn a knob, 
3¢ the Currant value 
nd you will see the change 
play and on any displayed 
at show the parameter. 

Touch either knob label 
to display the Keypad 
menu for that parameter. 

stor lets you remove 
™m from the display. 
at (hightight) the 
»you want removed 
nq it, then touch 

for. A pop-up menu 

ou to verify the 
See page 175, 

The Pan/Zoom selector iets you 
expand any part of a waveform using 

horizontal magnification. See page 
83. When the knobs are assigned to 
vertical size and offset, this selector 

may change to provide more vertical 
control, See page 172. 
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if you touch the wrong knob label 
by accident, the top two selectors 
let you choose the other knob 
parameier for Keypad menu 
manipulation. 

athe 
WU to 
eric 
ur 
sstead of 

<nob to 
meter. 

> sign of 
w; Back 

you 
rs. The p 
ino}, 
im {milli} 
: you 
qumber, 

Ht EH 

Numeric Entry 2 Enob Res i 

TG 
Numeric Entry | Knob 

nie 
Kes 

a 

188 

iVediv 

ee 

Le 
Main 

Le 

The Coarse, 

Medium, and Fine 

selectors affect the 
knob resolution, 

When set to coarse, 

each knob click 
represents a greater 
change than when 

set to medium or fine. 

The Set to Min and 

Set to Max selectors 
iet you quickly set a 
parameter to either 
extreme of its range 

of adjustment. 
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MENUS 

FORM 

GER 

SURE 

IRE; 
ALL 

ATTY P
U
L
L
 

najor menu controls the 
n are markers that you 
Sur waveform to make 

ts. Use the Cursors icon to 

ursors major menu. 

ooh ERE RG ee | Hardcopy 

Bitmap - 
Jserepen 

TatkListen rcicet: 

self: 
Teck: : 

The Utility’ and Utility2 major menus 
control general oscilloscope parameters 
including display colors, GPIB and 
RS-232-C settings, and the internal clock. 
See pages 22 and 24. 
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Bayefora : 
Meng ud 

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 
menu, can be displayed using the 
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. 

Trigger - 
Be tact 

Main 

The Trigger major menu 
controis triggering, 
See page 16. 

The Measure major menu 
controis the automatic 
measurement system. 
See page 18. 

The Store/Recail major menu 
controls storage and recall of 
waveform data and oscilloscope 
settings. See page 20. 
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ticai Bescription 

Hack: Goaca 

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

The Page to selector 
displays the alternate All 
Wims Status major menu. 

This displays the status of 
ae all waveforms on the 
Menu display. See page 182. 

ef Impedance 

Bot 

ienu jets you set the 

plug-in amplifier input 
page 119. 

Chancel] Vuugiiag 

anngi Sebect + - 

This pop-up menu lets you set the 
coupling of plug-in amplifier input 
channels. See page 120. 
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jor 
Record jength controis. 

VA See page 139. 

Horlgnatal Deeorset bon 

Timebase: Main 
Interval’: i8fns 
interval: 

Acaguide tng 

sn Sample it accumulate 

€ controls. - 
page 125. 

Y? Gispiay Mode 

*, 

XY waveform controls. 

KY [ieplay Node: ArStored Waveform See page 191. 

stag | 

f Acquies Deserpatlen 

Stas Asaguisition On | 

Fur AHequisitien 

Graticuiss 

eet Bandwidth Limit 

Averaging and 
enveloping, 
see page 43. 

Select 

Graticule controls. ae 
Acquisition 

See page 69. control, 

see page 33. 

-menu lets you set the 
mits of plug-in 
sut channels. 

22. 
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4 the Main or 
ow Trigger 
this selector. 

rage 162. 

Trigger Made 

/ Bute evel. 

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

Main Trigger Seurce Deseription 

Mair Feigger Laup]ling 

Select the coupling for 
the trigger signal using 
this pop-up menu. 
See page 163. 
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Touch these selectors to 

assign the knobs to 

control the trigger leve! 
and holdoff. See page 164. 

Window #oidoF? Boge : Use this pop-up 

if menu to set the 

_ Window trigger 
‘uu | holdoff mode. 

| See page 164, 

Touch this selector to 
change the trigger 
slope. See page 164, 
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| _Feekreee | Touch a measurement 
pubefec Blame readout to display a 

Lo Seen. aiisiex, POP-“iP menu that lets 
Pine: Hoge _ you control the way 
reiative the measurement is 

taken. See page 108. 

_ Rise]. He 

use fg , 

Lovee 

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. 
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Measurements 

| Statistical Funestiens 

otf 

Rige 
mex: 8, H88s 
min? a. Bebe 

etde: dos 

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. 

Use this pop-up menu to 
view measurement statistics 
or make your measurement 
relative to a reference 
value. See page 106. 

(03 User Reference 19



These pop-up menus let you 
store and recall displayed 
vaveforms. See page 153. 
form i Fecal? Stored Wavefara 

aR 

] 
] 
] 
i 
] 
on 

Froat Panei Settteg (FPS) 

Sequence Frant 

Panel Settings 

verhiog 

Ot 

Hest Setting Recalied 

Re Frebe If Button Or 
Maa ‘eha i 

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

ed with Stored Setting \ 

et 

HonVolatiie R&M Set Max t 
B347c bytes FES 

a 

nu lets you store an 

ting. See page 147. 
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Clear displayed 
waveforms using this 
pop-up menu. 

Delete displayed or stored 
waveforms using this pop-up 
menu. See page 153. See page 34. 

Delete Havefarnre 

isolayed Waveforms Stared Waveforms 

Le 

Hiadow 1 

Delete front Panel Setting tFPS) 

scoll Feont Pane? Setting (FPS) These pop-up menus fat 

you recall or delete settings. 
See page 147. 
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enu shows 
nd plug-in unit 
irmware version 

installed options. 

Pdentif ication 

Fe Vers Ife 

€ Fé. 
r Fe,4 

F6.3 
Fa.4 DOSS 

bigness 

Mat Instaliad ; 
Rot Instalied | 

Prones 

Probe TD ranetian 

LA 

Calibrate, Becskew, and Compensate Probes 

OR 

Use this pop-up 
menu to 
calibrate probes 
and to set the 
function of the 
probe ID button. 

| See page 131. 
To fal, Beskew,! 
ang Compensated 

Commect oroce 
or aifpat ta the 
calitrater; 

Then select 
cranne] fron 

tnig menu, 

Ge
et

ie
ns

ii
cn

ti
ie

ti
e 

ctor to initialize 
rope to a known 
age 89. 

Use the Page to selector or the 

™ UTILITY bution to display the 
Utility2 major menu. See page 24. 

time and Date 

Time: @: e079 
Gate: @7-JAN-98 

Ontima: 185. Sars 
Poweruts: ted times 

Time Bate 

Use this menu to set 
the oscilloscope clock, 
See page 159. 
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Autoset controls are 

described on page 39. 

Touch this selector to set the 
~~ Enhanced Accuracy mode. 

See page 63. 

Hf vectored y, Touch this selector to 
yith this 

controls 
don _ 

turn the audible beep 
> page 167. on or off. See page 37. 

Control waveform Touch this selector to turn on 
scaling with this or off display of time and date 
selector. See page 184. with stored waveforms. See 

page 155. 

Cofar and Intensit 

Rigetad | Fobstiop! 
2 oi rr 

Hea 
ERE OB Ce ber i i 

Use this pop-up menu to adjust 
the display colors or gray 
shades anc overail display 
intensity. See pages 47 (11403) 
and 115 (41402A}. 

IOp-up menu to label a 
| or setting. See page 93. 
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Jse this pop-up menu to 
et GPIB parameters. 
jee page 65. 
BYTE Peremneters 

Use this pop-up menu to 
set RS-232-C parameters. 
See page 143. 

BOLSce Carageters 
CaF Yea | 

oo Moda s.. 

Yarkligtan 

‘yes 

eek. + 

; Joe 

a 

bo PETE fe 
iste. ditaan | 

/ Use the Page to selector or the 
— UTILITY button to display the 

Utility? major menu. See page 22. 

é 

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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tardcepy Parameters Hardcopy controls 

pointer ._| Seller’ Bee are described on 
ee Se Eines * page 73. 

not 

a Hinkex 

Campacted 
iis 
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This section provides detailed information about operation of the 
11402A and 11403 Oscilloscopes. Refer to this section to answer 
specific questions about operation of the oscilloscope. 

ACQUISHION ©. 0. ce eee eee eens 29 

Audio Feedback ....... 0000 cece eee eet eens 37 

AUTOSOL 2.0 ce eee eee ee ene ee ee wena, 39 
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GraticuleS 2.00... cee eee ee ee eee ee ee 69 

Hardcopy . 2.0.0 eee eee eee eee eee eens 73 

Horizontal Controls ..0. 0... cc ee ee eee a eee 83 

WHIAIZATION oe ee ee ee eee 89 

instrument identification .........00cn eevee ee eneuee 91 
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RAS-232-C Parameters .. 00... ccc ee eee ee eens 143 

Stored SettingS 2.0.0... cece ee ee ee 147 
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Waveform Definition and Management ..............5 175 
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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 
oscilloscope 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. Sarnples may be taken both 
before and after the trigger event. This process continues until 
enough sampled points have been coilected 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 rea/ time 
mode. Non-repetitive events can be captured in real time mode. 

Real Time Acquisition of a Waveform 
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Real time 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 setting 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 

Samples from multiple repetitions of a signal can be assembled 
into a single waveform record. This is called equivalent time 
sampling. The oscilloscope does not necessarily acquire the 
samples in sequential order, but determines the position of each 
sample in the final waveform record based on the time between 
the sample and its trigger event. 

Equivalent Time Acquisition of a Waveform 
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Acquisition 

jthe The sample interval is the time difference between successive 
2rval 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 
4 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 length is described in more 
detail on page 139. 

@ will All waveforms on the Main time base have the same record 
arrent length and horizontal size, Similarly, all waveforms on Window 
Us mo time bases share the same record length and horizontal size. 
lan 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 Dese pop-up menu in the 
Waveform major menu. 

aSes. 
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Hling You can freeze the waveforms on the display at any time by 
ition oressing ihe DIGITIZER button. This button is found above the 

plug-in compariment, near the column of major menu buttons. 
This technique lets you siop live waveforms to examine them 
more closely. 

ge DIGITIZER Ge amos waco pug 

Next to the DIGITIZER button are RUN/ARMED and STOP lighis. 
One or the other of these lights is always on, telling you whether 
acquisition is occurring. 
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Acquisition 

The Acquire Dese 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 pararneter has 
been reached for each waveform record, Select % Set to set the 
% Fill parameter using the knobs or knob keypad menu. 
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Select Single Trigger to stop acquisition when a single Main 
trigger is detected and the time base duration has expired. In 
Reali Time sampling mode, you can use single trigger to acquire 
a singie 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 to 
specify that acquisition stop after enough records have been 
acquired to provide a complete average and/or envelope. 

When you wish to resume normai, 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 irigger mode, or if you use the DIGITIZER button 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 Ali 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 
STO1 + STO2, that waveform will 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 blink momentarily and then continue to 
be displayed as new waveform records are acquired. 
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The Clear Waveform Pop-Up Menu 
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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 Medes pop-up menu 
from the Utility! major menu. Touch the Audio Feedback selector 
in this pop-up menu to turn the beep off or on. 

Instrument Modes 

Autaset 

Miscellaneous 

Utilitue al oft. $H:49-83 
a9 Menu Main 

249: 
Lé-JaNn- 

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

g@@ DIGITIZER a eS see, samcoee za CALIBRATOR 

aaa eG -@ 

When you press the AUTOSET button, you tell ihe oscilloscope to 
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 channels 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 
0 V 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 will not be detected. 
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if you don’t like the results of an Autoset, you can restore the 
status of the oscilloscope by touching the Undo Last Autoset 
selector in the Modes pop-up menu of the Utilityi major rnenu. 

Instrument Modes 
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Period 
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Miscellaneous 

Optional 
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Main 

The Modes Pop-Up Menu 

The Modes pop-up menu lets you set several Autoset parameters 
so that you can tailor the Autoset operation to your needs. In 
addition to 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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Vertical Autoset Opiions 

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 ihe waveform source if the time base 
becomes untriggered. 

TTL and ECL modes set the vertical gain and offset and trigger 
level to 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 turn Vertical Auto- 
set off, Horizontal Autoset will not work properly unless 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 
Window 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 slope 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 thai the 
edge is centered horizontally on ihe 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 certain classes of waveforms differently. If you 
invoke Autoset with a stored waveform selected, the result will be 
a vertical scaling of the waveform (unless Vertical Autoset is 
turned off). If an active Horizontal Autoset mode is selected, 
Autoset will set the horizontal magnification (Zoom) to 1. Invoking 
Autoset on a high precision waveform will cause Pan/Zoorn to be 
tured off. 

When the selecied waveform is a multi-channel waveform, Verti- 
cal Autoset will be applied to each channel but Horizontal 
Autoset will be applied only to ithe first channel in the waveform 
description. The amplifier gains of the input channeis 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 will 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 to be autoset 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 signais. 

w 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. 

a Enveloping shows the cumulaiive effect of noise over a 
period of time. {tis 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 to 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 DefWfm 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. 

[|] Step 2: If the waveform isn’t selected, touch the waveform 
to select it. 
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Enveloping 

[-] Step 3: To average the waveform, press the WAVEFORM 
bution, touch the Acquire Dese selector in the major menu, 
and then touch the Average N selecior in the pop-up menu. 

[| Step 4: To envelope the waveform, press the WAVEFORM 
button, touch the Acquire Desc selector in the major menu, 
and then touch the Envelope N selector in the pop-up menu. 

Acguire Deseripntion 

Stop Acquisition Gn 

Run Aequisition 

i@ue“div 
Main Hyg é bad 

@ 16e4 nts 

MH Ail Wéms | Bug 
Menu 

The Acquire Dese Pop-Up Menu 

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

When you want to return to normal waveform display, touch the 
Average N or Envelope N selector in the Acquire Dese 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 ithe 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 Goes the same for enveloping. 

Each knob click changes the current value by a multiple 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. 
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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 to suit your preferences using 
the Coler pop-up menu in the Utility? 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. 

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

” =© 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 contend 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) 

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

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

m Default Color sets the selected display entity to the factory 
default 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. 

ning Although the four waveform colors are assigned to waveforms in 
orm order as they are created, you can change a waveform’s color 
lors assignment using the Selected Wim Color selector at the bottom 

of the Color pop-up menu. 

The status area below the Selected Wim 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. 

ithe You can adjust the overail intensity, or brightness, of the display. 
olay Touch the Overall intensity selector in the Color pop-up menu to 
isity assign the knobs to control the intensity of the display. 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 specify. 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. 

# Vertical cursors are a pair of vertical bars. The positions of 
the Cursors and the horizontal distance between them are 

shown in horizontal axis units. 

# Horizontal cursors are a pair of horizontal bars. The posi- 
tions of the cursors and the vertical distance between them 
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. 

=m §©Split Dot cursors appear similar to paired dots, except the 
dots may be on different waveforms. The readout indicates 
both the vertical and horizontal measurements, in the respec- 
tive axis units, 

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 ihe major menu buttons are lighted. 

When you touch the Cursors icon, the oscilloscope displays the 
cursors and their readouts. 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 
io select the cursors appropriate to your application. The data 
readouts associated with the displayed cursors appear in the left 
half of ihe major menu area. Select Page to Previous Menu, 
immediately below the Cursor Type selector, to exit the Cursors 
menu and return to the last major menu displayed. 

Cursor Tupe 

Selit Cersr €@ to wim 

Li Le 
Main Main 

vis 4. dcuy tis 14. Wins 
ves LR6.UmV tee G7. dbus 
Avs «4, 728¥ Ate S53. 358us Paired : 

TvdAte 18. 7bkHez Bets 67. 3a us 

Previgus Le 
Menu Main 

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

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. 

lf you select Split 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 Wim 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 
to a different waveform, touch the selector for that waveforrn. This 
action removes ihe pop-up menu and moves the second cursor 
io 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 
delta (1/At), which can be used to show frequency. The 
cursor readout also shows the absolute values of the cursor 
iocations and the distance between them. 

# A dot cursor is displayed as a vertical bar if itis 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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irsor Measuring Waveform Amplitude 

iples The following procedure shows how io use cursors to measure 
waveform amplitude. 

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

[| Step 2: Select the waveform you want to measure. 

["] Step 3: Touch Cursors, Cursor Type and Horizontal Bars. 

[| Step 4: Use the knobs to 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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Cursors 

Measuring Time Between Points On Different Waveforms 

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

[-] Step 1: 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. 

Step 2: Leave either of these waveforms as the selected 
waveform, and note the number of the other waveform. 

CI Step 3: Touch Cursors, Cursor Type and Split Dots. 

[-] Step 4: Touch the waveform selector of the other waveform 
that you want to place a cursor on. If you've forgotten its 
number, the waveform description appears in each selector, 

[| Step 5: 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 correcily. 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: 

Power-on Diagnostics are extremely basic functional tests. 
These ensure that the various microprocessors are running 
and communicating with each other. The power-on diagnos- 
tics take about 5 seconds to execute and are run only at 
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 seif-test diagnostics encounter a failure, the 
extended diagnostics menu remains on the screen to notify 
you of the failure. 

The extended diagnostics menu is primarily intended as an aid 
for those servicing the oscilloscope. This manual introduces the 
menu but does not discuss the extended diagnostics completely. 
For complete information, see the 77402A and 11403 Service 
Reference. 
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Power-on diagnostics execute whenever you turn the power on, 
The power-on diagnostics test the most fundamental operations 
of the microprocessors and the communication paths between 
microprocessors. 

Power-on diagnostics take about 5 seconds to execute. During 
this time the front panel lights will blink and the display will show 
the following message. (If the cdispiay is not yet warmed up, you 
may not be able to see the message.) 

Diagnostics in Progress 

Comm Tesi in Progress 

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

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

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

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

Dsy Kernei Failure 
RAM Data Bit 

m The oscilloscope freezes, with some of the front panel lights 
turned 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 successfully. 

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 Utilitye 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 return to the state it was in before the selfest 
diagnostics ran. In the case where the self-test diagnostics were 
executed after power-on, the oscilloscope will return to the state 
it was in when last powered off. 

if he self-test diagnostics fail, the extended diagnostic menu is 
displayed and ihe 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. Cail 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 sysiem is an independent subsystem of 
the oscilloscope. While in this system, the front panel buttons will 
not operaie and the Extended Diagnostics menu covers the entire 
display. 

To jeave the extended ciagnostic system and return to normal 
oscilloscope operation, iouch the (E) Exit selector twice. The 
oscilloscope will return to 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 FAULTS 

a) Executive hailed 

- b) Display iiahihel 

c) Digitizer i iatadal 

d) Left HAAR 

e) Center RRR 

f) Right wee 

if the extended diagnostic system has been entered because ofa 
test failure, the asterisks in the INDEX column will be replaced 
with a failure index. The three columns of this display have the 
following meanings: 

# SUBSYSTEM 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. lf a blank appears in this column, the test requires 
interaction. The word pass indicates all tests in this subsys- 
tem have executed successfully. If 7??? appears in this 
column, the tests 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 tests in the subsysiem that fail. 
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Diagnostics 

Running all of ihe extended diagnostic tests takes about 
45 seconds. You may execute ail the tests from the Extended 
Diagnostics menu by touching the 69 All selector to set the all 
Parameter On, and then touching the (r) Run selector. 

While the diagnostic tests are running, the @) Run selector be- 
comes @ (q} Quit selector. You can touch this selector to stop 
execution of diagnostic tesis. 

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% vertical accuracy) for 
the oscillascope. Enhanced Accuracy calibrates the systern 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 
symboi ( iA] ) 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 
automatically. To manually run Enhanced Accuracy calibration, 
press the ENHANCED ACCURACY bution twice 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. 

ge DIGMZER gg CALIBRATOR 

LI | moh ar | 
O o ff 

aranoay #4, 
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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 to execute. 
You should not turn off the oscilloscope or change any settings 
until the calibration is complete. 

To set the Enhanced Accuracy mode to Manual or Automatic, 
touch the Enhanced Accuracy Mode selector in the Modes pop-up 
menu in the Utility] major menu. For front-panel operation, you 
may want to leave Enhanced Accuracy mode set to Manual so 
the automatic calibration won’t interrupt your work unexpectedly. 
For operation by remote computer, you may want to use Auto- 
matic mode to maintain enhanced accuracy ai all times. 

Instrument Modes 

Autaset 

Miscellaneous 

18:49:83 
Htilitye A ica 

Bene ENCES 
Menu Main 

The Modes Pop-Up Menu 
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The oscilloscope can be controlled by a remote computer 
through one of two inierfaces. 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 to the oscilloscope or the syntax and capabilities of 
remote commands, That information is found in the 174024 and 
17403 Programmer Reference and the 11201A/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 Requesi) is lighted whenever any device on 
the bus activates the Service Request line. 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 iell 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. 

== 

GPIB Rear Panel Connector and Lights 
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PIB 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 unique identifying 
address. 

Use the GPIB pop-up menu in the Utility2 major menu to set 
these GPIB parameiers before you attempt io communicate with 
other devices on the bus. 

GPIE Parameters 

CR F VB1.4 

Screen 

Menu Main ob 

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 TaikListen, 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. Taik Only may be used to generate display hardcopies on 
a GPIB printer or plotter. 

Touching the Address selector assigns the knobs to 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 to the oscilloscope. 

The Terminator selector lets you choose between EO! and EOI/LF 
message terminators. With either message terminator, the oscillo- 
scope will assert EOI (ihe GPIB End Or identify) at the end of 
each output message, and will recognize EO! as a message 
terminator. With the Terminator selector set 10 EOI/LF, the oscillo- 
scope will also recognize a Line Feed (LF) character as an input 
message terminator, and wiil end each output message with a 
Carriage Return followed by a simultaneous Line Feed and 
asserted EOI. Set the Terminator selector to EO! 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 frorn 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 sach 
oscilloscope command of a controlling program running in the 
GPIB controller. When debug mode is on it slows the GPIB 
interface throughput significanily. 
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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 factors of the selected waveform, usually ex- 
pressed in time per division and voltage per division. 

“TEE 

trig’d 

Ba: 

Graticule with Waveform 

lf 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 araticules, each half the height of a 
single-graticule display. In this case, the graticule with the se- 
lected waveform has the vertical (4) and horizontal (~») icons. 

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

us 

Sadons ebGne*div 1.464us 

Dual Graticules with Multiple Waveforms 

70 In Detail



Graticules 

fBraticules 

Caonmtinuaus 

LQ 4EEMHz ALi WYms | Le Le 

The Graticules Pop-Up Menu 

You can make any waveform the selected waveform by touching 
it, if 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 or 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- 
graticuie 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 two graticules are displayed, you can move the selected 
waveform from one graticule to the other. Touch the Move Wave- 
form to Other Graticule selector to move the waveform. After the 
waveform is moved, if 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 to 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 all the waveforms from the lower graticule of a 
dual-graticule display, the display automatically reverts to a 
single graticule. 
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A variety of printers and plotters 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. 

Connect the printer to the oscilloscope. Depending on the printer, 
you will want to use the PRINTER connector, the GPIB connector, 
or the RS-232-C connector. 

aN 
IN 

o
e
 

Rear Panel Connectors 

” PRINTER is the appropriate connector for Centronics- 
compatibie 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 parailel interface 
connector. Use a standard cabie fifteen meters or jess in 
length. 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 interlace connector. Use a standard, 
straight-wired cable with male connectors on both ends. 
Hard flagging is used, so all lines must be connected. Do not . 
use a null modem cable. (The DB-25 io Centronics 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 cabie, 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 match the 
printer or computer. When you connect a printer to the 
RS-232-C connector, you may also need to set the RS-232-C 
flagging to Hard. Setting RS-232-C parameters is explained 
on page 143. 
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Hardcopy 

-Opy Set the printing properties of the oscilloscope using the Hardcopy 
ions pop-up menu in the Utility2 major menu. This menu includes 

seleciors for seven types of printers and for specific options 
available with some printers. 

Hardeony Parameters 

Printer Color Map 

Screen Horizontal BinHex 
Conpatted 

Mardaesi Mears 

RS23ee 

Talklisten| 368@3a Hitman 
t Soreen 

The Hardcopy Pop-Up Menu (17403) 
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Printer Sejections 

The selectors in the Printer section of the Hardcopy pop-up menu 4 | 

determine the printing configuration of the oscilloscope. The 
seltings of the other hardcopy parameters will vary according to 
the printer that is selected. When you change one of these 
parameters, you are setting its default value for the selected 
printer type. These settings are not changed when you initialize 
the oscilloscope. 

8 Pin supporis several 8-pin dot-matrix printers, including the 
Tektronix 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 7 
dot-matrix printers, including the Epson LQ500, Epson 
LQ1000, Nec P6, 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 Feea, No 
Auto-Carriage Return, No Perf Skip, and Inbuf On. 

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

Tek 4696 supports ine Tektronix 4696 and 4685 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- c . 

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

a” 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. 

# Screen 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 iocation. 

-  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 sent to a 
printer as horizontal rows or as vertical columns. For most print- 
érs, 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 to 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 corer of the 
Gisplay. 

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 vaiues without delimiters. 

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

#  BinHex mode converts 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 
title 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: 

R Encodi, 

Bit 7 Bit 6 Meaning 

0 7 Pattern repeats once 

4 0 Pattern repeats twice 

4 1 Pattern 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 cdeci- 
mail, it is the high order bits of a 10-bit repetition count, and the 
third byte of the pixel block contains the eight lower-order bits. 

Output Port 

The Output Port selector allows you to choose GPIB, RS232C, or 
Centronics (he PRINTER connector, The selection must match 
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 panei. 

aN i 

@ DIGITIZER ® 

je Ol} OVO | 

Any displayed messages are removed before the hardcopy 
process begins. When you press the HARDCOPY button, 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 should 
not turn 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 
Hardcopy pop-up menu. A message will appear stating that the 
hardcopy has been cancelled. 

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 controls. 
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Horizontal Controis 
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You can change the horizontal magnification, or size, of a wave- 
form. You can aiso 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 (bottom 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 ihe 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 a 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 LS. 

interactions With Other Waveforms 

The knob labels tell you whether the selected waveform is from 
ihe 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. 

All waveforms from Window time bases have the same horizontai 
size. lf 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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Horizontai Controis 

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 sarnple 
appears on the display, and you can move the magnified wave- 
form left and right (Pan) to examine any part of the waveform. 

The maximum magnification is determined by the waveform 
record length, which is described on page 139. You can magnify a 
waveform until one point is shown for each horizontal division on 
the graticule. There are 10 horizontal divisions, so you can 
magnify a 512-point waveform up to 51 times. The greater ihe 
record length of a waveform, the greater the maximum available 
magnification will be. 

Whenever the horizontal icon («+ ) is highlighted, the tower right 
comer 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 want on the selected waveform. You use the bottom 
knob, Horz Pos Gr, to 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 Pan/Zoom 
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Horizontal Controls 

Pan/Zoom Pivot 

When you change the horizontal magnification with Pan/Zoom, 
ihe displayed waveform is expanded or contracted around a 
reference point, which remains fixed on the graticule. By entering 
ihe Modes pop-up menu of the Utility1 major menu and touching 
ihe Pan/Zoom Pivot selector, you can define this reference point 
to 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 

Autasat 

Miscellaneous 

ility 
Menu Main 

The Nodes 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 Utility] major menu. When you set Pan/Zoom to on, you will 
simultaneously set the horizontal magnification and position of all 
waveforms that are on the same graticule and have the same 
record iength 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 ihat all settings are at “factory default.” That way you 
do not get unexpected results from settings that remain frorn the 
last use of the oscilloscope. 

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

Se cae ce eee 

The Utility? Major Menu 

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

The following settings are not affected when you initialize: 

Stored settings and stored waveforms 

Hardcopy printer default settings 

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

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

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 
siored settings and ail stored waveforms) by holding down the 
WAVEFORM and TRIGGER major menu buttons when you turn 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 ~ instrumem iD and enhanced accuracy constanis re- 
tained” will appear on the display. 

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

& Serial number of the oscilloscope 

™ Accumulated time the oscilloscope has been on 

# Number of times the oscilloscope has been turned on 

# Time and Date 
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You can determine the configuration of your system by looking at 
the Ident pop-up menu in the Utilityi major menu. 

Instrument Identification 

Instr Seotion FH Vers Tp 

11483 Eeecutive Fo.t 
$4483 Digitizer FS.8 
12483 Display Fa.3 
1iAS32 Left Fed D@SB6 
Nek Center 
N-7K Right 

Ontians . 

2D - 7FHBK NVRAM Not Instaited 
4h -~ DMA Not Installed 

The ident Pop-Up Menu (11403) 

The upper section of the ident pop-up menu lists the internal 
processors of ihe oscilloscope and the contents of its plug-in 
compartments. i 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 
empiy 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. : 
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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 seitings 
than can be displayed at once, use the Paget and Page| selec- 
tors to scroll 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 letters, 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 automatically. 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. If 
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 labei will be copied to 
the new waveform unless 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 
wavetorm’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. Turning 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 (top 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 fabel, 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 ihe range of the graticuie, 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 
measuremenis are listed in the following table. 

Measurements 

Selector Measures 

Max Maximum amplitude, the most positive peak voltage. 

Min Minimum amplitude, the most negative peak voltage. 

Mid Middie amplitude, haifway between 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 7 (no units). 

Over Shoot =‘ The difference between the maximum amplitude and 
the topline 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 uncer 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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Measurements (Cont) 

Selector Measures 

/ Rise The transition time of a rising pulse edge. 

Fail 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 level! 
crossing to the next crossing of opposite slope. 

Cross The time from the trigger point to a specified level 
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 
ents < 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 paint to the Window 

Trig Time trigger point. This measurement allows much greater 
precision than other timing measurements, and is cis- 

\ cussed in more detail later in this section. 
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Measurements 

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

waveform should 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 readout. 

neter For best accuracy, the %Fill parameter should be set to 100. 
don Otherwise the waveform record may include null paints, which 
@ 33. will affect the accuracy of the measurements. 

ng Press the MEASURE button to display the Measure major menu. 
nis 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 
all the measurement selectors available. Touch the individual 
measurement selectors to 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 Measurements 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. 
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Measurements Pop-Up Menu with Frequency and RMS Se/ected 
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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 ihe Measurements selector in the major menu 
area, This lets you see the waveform as the measurements are 
taken. 

The Main-+Window Triager Time Measurement 

Unlike the other timing measurements, which are taken 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 io 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 Tire measurement, select 
\dow Main-+Win Trig Time in the Measurements pop-up menu. Since 
ler to you can set the trigger source, slope, levei, and hoidoff 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 

ihe 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 
, at the Trigger Select selector in the Trigger major menu until Window 

is selected, then select Holdof by Time: Triggered from Window or 
Holdoff by Events: Triggered from Window in the Window Holdoff 
Mad pop-up menu. Window triggering is described fully in the 
Window Triggering section on page 164. Use the Source Desc 
pop-up menu to define the trigger signal for the selected trigger 
(the one listed in the Trigger Select selector). 

Selectors for trigger Level, Holdoff, and Slope for both the Main 
and Window triggers 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 evenis on the 
trigger signals. 
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The Main Win Trig Time Pop-Up Menu 
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Measurements 

curacy When the oscilloscope is in the Enhanced Accuracy state and 
36d on the probes have been calibrated and deskewed, the accuracy of 
€ Call- the Main-+Win Trig Time measurement is +:(250 ps + 0.002% of 
icribed the measurement interval) and the precision is 10 ps with 100 
6 155. averages. 

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

ihe measuremenis you want to remove, As you touch the meas- 
urement seleciors, they will 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 collect mean, standard deviation, maxi- 
mum, and minimum values for all active measurements. To 
contro] 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 
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Statistical Functions in the Statistics Comp & Def Pop-Up Menu 

Whenever the Statistics Comp & Def pop-up menu is displayed, 
selecting Statistics Options will display the Statistical functions 

page of ihe pop-up menu. 

Touch the Statistics selector to tum statistical computation on or 
off. When statistics are on, the mean values 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. * 

104 in Detail



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 statistics by selecting Statistics N in 
the statistical functions page of the Statistics Comp & Def pop-up 
menu and then setiing the value by using the control knobs. 

To restart statistics, select Reset in ihe 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 parameiers are changed, and when measurements 
are turned on or off. 

if the oscilloscope encounters an error or an otherwise qualified 
measurement while computing statistics, ihe 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 ihe 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 to 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 values appear in the Statistics section of 
the Main Win Trig Time pop-up menu. Select Avg Off to terminate 
statistics for this measurement. Always select Avg Off for a 
Main—Window Trigger time measurement in singie trigger mode. 
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You can establish reference values for your measurements and 
have the oscilloscope display ihe 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 rms, you 
establish a reference value of 0.5 V rms. Then you turn 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 readouis as the 
reference values for those measuremenis. if you then turn 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 readouis show a delia ( A ) 
in the selector jabel 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 made, all measurement readouts 
show A comparison values, even if you select a different wave- 
form. 

Compare mode is turned 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 to the current measurement values 
by touching the Save Current Meas Values as References selecior. 
When you touch this selecior, all the reference values for meas- 
urements established on the selected waveform are copied from 
the current measurement readouts. 
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Measurements 
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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 
ihese has the word Ref after ihe measurement name, for exam- 
ple, the RMS Ref selector. Touch the reference selector for the 
measurement reference you want to 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 
io see the additional information. This displays a pop-up menu 
for the individual measurement. It also displays annotation lines 
that overlay the selected waveform displayed on the graticule. 
These fines show the value of the measurement parameters that 
pertain to that particular measurement. 

In addition to the annotation lines, the portion of the waveform the 
oscilloscope uses io determine the measurement value is high- 
lighted. 

The illustration 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 turn the 
knob, the annotation lines move io 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 to 

control those measurement parameters. 

When you remove the measurement pop-up menu by touching its 
selecior in the major menu area, the annotation lines remain on 
the display. The knob settings also remain, so you can set the 
knobs in the pop-up menu, remove the pop-up menu from the 
display, 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 to 36%. The left limit vertical line is positioned 
36% of the way across the graticule, and ihe oscilloscope meas- 
ures the frequency from the first compiete cycie to the right of the 
left 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 tabie shows the measurement parameiers. No 
pop-up 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 
repeatecily determines the baseline and you cannot 
adjust it. When tracking mode is set to Topline or Off, 
you can set baseline, or you can Nave the oscilloscope 
set it once by touching the Setup selector in an individ- 
ual measurement pop-up menu, 

Data 

interval 

Determines whether the measurement will be taken from > 
one cycle of the waveform or the entire measurement 

zone. 

Dista! The distal (most distant from the origin) voltage level. 
Rise and fall times are measured between the proximal 
and distal voltage jevels, which are typically 10% and 
90% of the baseline to topline voltages. 

Left Limit The beginning of the waveform measurement zones. 

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. |n relative level 

mode, you set thern in terms of percentages of the 
baseline to topline distance. In fop delta and base deita 
modes, you set ihe parameiers as offsets to be added to 
the topline and baseline, respectively. 

Mesial The middie voltage level. 
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Measurements 

Measurement Parameters (Cont) 

Name Definition 

Proximal The proximal (closest to origin) voltage level. Rise and 
fall times are measured between the proximal and distal 
voltage levels, which are typically 10% and 90% of the 
baseline to topline voltages. 

Reference The transitlon-crossing voltage level. 
Level 

Aight Limit The end of the waveform measurement zone. 

S/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 noise rejec- 
tion band at the opposite limit with the same slope and 
with no intermediate values outside the noise rejection 
band. S/N ratio may be set to any value from 
1 10 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 
1 V peak-to-peak signal, S/N ratio of 20 creates a noise 
rejection band 0.05 V above and 0.05 V below the me- 
sial level, 

Reference The waveforrn to which the selected waveform is com- 
Waveform pared for the Gain, Phase, and Skew measuremenis. 

There is one reference waveform for all waveforms; it 

does not change when you select a different waveform. 

Delayed The waveform compared to 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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Measurement Parameters (Cont.) 

Dejinition 

Time Mode Determines whether the left limit and right limit are set 
as absolute values or as percentages of the record 
length. In absofute time mode, these boundaries are set 
tO absolute vaiues. In relative mode, the boundaries are 
set as percentages of the record length, and the corre- 

sponding absolute vaiues of ths limits are displayed 
along with the percentages in the individual measure- 
ment pop-up menu. 

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

Tracking Determines how the topline and baseline are set. When 
tracking is set to Both, the topline and baseline are 
repeatediy determined by the oscilloscope. When 
tracking is set to Topiine, the oscilloscope determines 
the topline value and you can set the baseline. Similarly, 
setting tracking to Baseline causes the oscilloscope to 
set the baseline but allows you io 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 ihe 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 
to adjust the measurement parameters. To reset the defaults to 
the values they have when the oscilloscope is initialized, select 
initialize Defaults. 

When you have set the defaults 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 Defaults to Sel 
Wm 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 Utility] 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 contrast, 
from 0% to 100%. 

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

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

” §©6©Previous Contrasts restores all eight display entities to the 
contrasts they had when you displayed the intensity pop-up 
menu, 

@ Default Contrast sets the selected display entity to the factory 
default contrast. 

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

You can adjust the overall intensity, or brightness, of the display. 
Touch the Overall intensity selector in the intensity 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 oscilloscope 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 oscilloscope 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 release latch to disengage the unit and pull the 
plug-in unit straight out of the compartment. 

/ 

A Plug-in Amplifier 
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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 button 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 tumed on or off from the 
oscilloscope. For example, the display of an input channei 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 

wut 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 

Channel! Select 

Cn 

| Menu | 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 
single-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 allows 
only the AC component of the signal to be displayed. BC 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. 

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

lf you select a channel of a differential plug-in unit, impedance 
may be selected for the “+” channei and the “~” channel, and an 
additional impedance option is available. VC, or voltage compa- 
raior, 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. 

Channel Coupling 

annel Selee 

ZO chm ©. 
AL Wims Li oFF 

_— . - _ oe enane Menu Main 

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 oO 

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 

4BAMH 2 

i 
HBMHZ 

The BW Limit Pop-Up Menu 
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Plug-in Units 

Wfset The vertical offset and sensitivity of a plug-in amplifier are con- 
tivity trolled by the vertical settings of the oscilloscope. See Vertical 

Controls on page 171 for information on setting vertical size 
(sensitivity) and position (offset). 

rouit For several plug-in amplifiers, the input impedance for DC cou- 
iding pling is 50 ©. This low impedance requires some caution. 

When input coupling is set to 50 ©, a 50 0 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 BDC when more than 25 V is present at the 
when input will exceed the peak input voltage specification for some 

g with plug-in amplifiers, and thus may damage the input relay. A dam- 
ess Of aged relay could cause an error in calibration, Refer to the 
25 V. specifications for your plug-in amplifier. Take care not to invoke 

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

Some plug-in amplifiers will automatically disconnect the 50 0 
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 amplifier. 
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ving 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 £15 divisions. The amplifier will eveniuailly 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 +1.7 Vito +0.8V 
in ins. You could use ithe overdrive recovery of a plug-in 
amplifier to determine if the signal stabilized immediately at 
+0.8 V or if it had some smail 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 transition will be 2.5 divisions in amplitude. 

Refer to the specifications for your plug-in amplifier to determine 
wheiher 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. 

“He 
al e 

“2 O7Sy : , : : : : : : . 

~iad dns Sfinediw shins 

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. 

11402A and 11403 User Reference 125



ate Mode 

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

Horizontal Deseription 

Wi 

Acquiring Timebase: Main 
Main Sample Interval: S8ns-paint 
ndow Sample Interval: Sonspoi 

HeRFLeHeetH eee: 

nulate 

sfector 

_ 
YY Display 

XY Disniay Mode: X=BDisp layet Wausetern 

Maite 

XY Display Mode: X*Stored KHaveform 

Cantinugus 

The Horizontal Desc Pop-Uip Menu 
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lion Before you first power on the oscilloscope, you should be certain 
that it is correctly installed. The installation sequence involves the 
following controls, connectors and switches on the rear panel: 

”# POWER Connector 

#@ FUSE 

@ LINE VOLTAGE SELECTOR switch 

# PRINCIPAL POWER SWITCH 

Area ~~ \I - 

Power Connector, Fuse, and Switches 

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

The 
IDBY 
witch [o-e Pa DIGITIZER mm putose; — wanpeopy ric 
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The following steps describe the installation procedure. 

Step 1: Set ihe PRINCIPAL POWER SWITCH to OFF. 

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

range for your power system. 

CI 

LJ 

["] Step 3: Set the LINE VOLTAGE SELECTOR to the proper 

[ | Step 4: Check the FUSE to be sure it is of the proper type 
and rating, as printed on the rear panel. 

|| Step 5: install one or more plug-in amplifiers in the front 
panel compartments. 

To install a plug-in amplifier, 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. 

[| Step 6: Connect the power cord from the POWER connec- 
tor to your power system. 

[] Step 7: Set the PRINCIPAL POWER SWITCH to ON. 

The PRINCIPAL POWER SWITCH controls ail AC power to the 
oscilloscope. The ON/STANDBY switch controls power to most of 
the oscilloscope’s circuits, but continues to supply power to 

certain circuits even when set to STANDBY. 

[ Step 8: To operate the oscilloscope, set the front panel 

ON/STANDBY swiich to ON. 

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

Each time you power on the oscilloscope, it performs a se- 
quence of internal checks and then restores the settings that 
were established when it was last powered off. The sequence 

1. The power-on diagnostics are performed and take about 
5 seconds to execute. If these diagnostics fail, the oscillo- 
scope will freeze and you wil! not be able to operate it. 

2. The self-test diagnostics are performed and take about 

is: 

15 seconds to execute, If these diagnostics fail, the extended 
diagnostic system is entered and the Extended Diagnostic 
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 

Ss 

since the last power-down, the oscilloscope will completely 
restore to the state it was in when powered down. 

lt takes about 20 minutes for the oscilloscope to warm up after 
power-on. Enhanced Accuracy is available after the oscillosco 
warms up and achieves thermal stability. Enhanced Accuracy i 
described on page 63. 

pe 

) 
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You can connect a signal source to the oscilloscope with a probe 
or with a coaxial cabie 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 to 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 ihe documentation 
for the probe you are using for specific information. 
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The Tektronix catalog lists probes that are recommended for use 
with 11000-series oscilloscopes. These probes have a special 
connecior and are connected both to the input channel and to 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. 

Connecting a Probe to the input Channel 
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Probes and Cables 

eID 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 
ihe Probes pop-up menu of the Utility1 major menu determine 
what action is initiated when a Probe ID button is pressed. 

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

# Wm Select/New Wim & Autoset seis the Probe ID button to 
select a waveform displaying the channel or to define a new 
waveform displaying the channel and invoke Autoset on the 
new waveform. 

m Sequence Seitings 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. 
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Frebe ID Function 

Caltbrate, Deskew, and Compensate Probes 

To Cal, Beskeuw, 
and Compensate: 

Connect probe 

ar input to the 

calibrator; 

Then selact 
channel from 

this menu. 

13:81:13 Utility 
ed~JAN-8S Menu Main 

The Probes Pop-Up Menu 
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Probes and Cabies 

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 to the ON/STANDBY switch. 

S 
ga DIGITIZER I a 

; oo ATOSET = ARGON «= BANORD 
[a 7 —f O~- © 

A 

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: 

["] Step 1: Connect the probe or other input lead to the CALI- 

BRATOR signal and ground connections. 

[|] Step 2: 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 

215: i 
13-FEB-89 Menu 

The Probe Compensation Menu 

[| Step 3: Adjust the compensation control on the prabe so 
that the top of the square wave is flat. 

[| Step 4: 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 
aren- compensate probes when you are using a differential amplifier or 
vunit differential comparator plug-in unit. This procedure will improve 
if the common mode rejection when you are using probes designed for 
type. use with a differential plug-in unit. 

|_| Step 1: Connect one probe to the - input of ihe differential 
amplifier or comparator. There must be no probe connected ~ 
to the + input. 

[_] Step 2: Calibrate, deskew, and compensate the probe as 
described above, but do not exit the Probe Compensation 
menu. 

[_] Step 3: 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. 

[ | Step 4: 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. 

["] Step 5: Select Exit Comp in the Probe Compensation 
menu, and disconnect the probes from the CALIBRATOR. 
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The number of sampies 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). 

Fe NR NSP eR CTA TA ce Si NP ER Ele tlh 

SPE A hinge gn a OPN teil 

-2. 74 : : : : : : : : 

~BAGBnS 2ebbns/div 1.164ue 

Waveforms with Record Lengths of 572 (top) and 5720 (bottom) 
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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 Length or 
Window Record Length in the Horizontal Dese pop-up menu in the 
Waveform major menu. This menu is shown on the next page. 
The knobs will be assigned to contro! the Main and Window 
record lengths. 

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

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

The 4096-point record length has the same sample interval (the 
time between successive waveform samples) as 5120-peoint 
records. Similarly, the 8192-point record length has the same 
sample interval as the 10240-point record length. The 4096-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 c 7 

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

Horizontal Description 

Acquiring Timebase: Main 
Main Sampte Interval: Sfms/ogint 

sngth La shinee anti? Interval: S8ns/paint ction Sa a ae 
1824 points : points 

YT Displau Made 

AY Display Mode: K=Displayed Wavefarm 

XY Display Mode: K-Stered Waveform 

Ali Weas 
Menu Main 

The Horizontal Desc 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. 

This manual does not discuss the details of connecting a remote 
computer to the oscilloscope or the syntax and capabilities of 
remote commands. That information is found in the 77402A and 
11403 Programmer Reference and the 11201A/11402A/11403 
Command Reference. 

Connect the cable from your computer to the RS-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 2S-232-C Connector on the Rear Panel 

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

Use the RS232C 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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The RS232C Pop-Up Menu 

Baud Rate assigns the knobs to adjust baud rate and delay. 
You can set the baud rate to 110, 150, 300, 600, 1200, 2400, 
2400, 4800, 9600, or 19200. You should set the baud rate to 
maich the computer you are using. 

Echo lets you set Echo to On or Off. if you observe two 
identical characters transmitted when you expect only one, 
Echo is On when it shouldn’t be. If you see no character 
transmitted when one was expected, Echo 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 ihe selector. Parity is an error detection scheme. 
You should set parity to match that of the computer you are 
using. 

# 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. 

m 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 setting can be 0 to 60 seconds. 

# 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. 

m 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 
itis 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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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 to store the setting 
and go to another task. After the settings have been changed 
because of the intervening work, you could recall the test seiting 
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 oscilloscope. 
They will be available when you power on. 

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

# Stored waveforms 

m GPIB and RS-232-C parameters 

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

Store Present Front Panel Setting CFPS} 

Menu Dieplaued with Stered Setting 

Free NonVolatile RAM 
1BBB32 butes 

“Recall fo id 
FRS 4 Hain 

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 titled Menu Displayed with 
Stored Setting. Each major menu is listed as an option. 
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Stored Settings 

itored 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 7 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 repiace 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. 

Hing 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. 

Recall Front Panel Setting (FPS3 

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 Initialize Setting selector to reset the 
oscilloscope in the same way as when you touch the Initialize 
selector in the Utilityi major menu. initialization is described 
completely on page 89. 

Use the Delete Setting D0p-up menu in the Store/Recall major 
menu to delete a stored setting. 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 ail the stored settings. 

Delete Front Panel Setting (FPS) 

The Delete Setting Pop-Up Menu 

750 in Detail



Stored Settings 

cing if you have several settings saved, you can cycle through the 
jred settings in order. This is useful if you have a series of test setups 
ings that you want to use repeatedly. 

The sequencing order of stored seitings 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 settings. 

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

Sequence Front 
Panel Settings 

ofe 

Next Setting Recalled 
Bu Probe ID Button Or 

Naot ira 
mo Wh a eae 

FA i 

The Sequence Settings 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 
menu or by pressing a probe ID button. 
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A stored waveform 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 Li-STO3. 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 

a 
id 

Main 

Lo | i ae 

3 

Freee NonVolatite RAM 
1iBBBS bytes 

a 

The Store Waveform Pop-Up Menu 
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Use the following steps to store a waveform: 

["] Step 1: Create a stable waveform on the display. 

[_] Step 2: Press the Store/Recall major menu button, and 
touch the Store Waveform selector. 

["] Step 3: The waveform will be stored under the number 
shown in the Set Next STO selector. If you want io change 
this number, touch the selector and use the knobs to change 
the number. You cannot store a waveform in a location where 

another waveform is stored. 

|| Step 4: Touch the selector that represents the waveform 

you want to store. All displayed waveforms are listed. 

You can also use the Store Ail selector to 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 

rime You can display the time and date that a waveform was stored by 
with selecting Stored Wim Time/Date, in the Modes pop-up menu of 
ored the Utility] major menu. The time and date for each stored wave- 

form appears in ihe waveform selectors. Time and date can be 
2S displayed with stored waveforms regardiess of whether Stored 

Wim Time/Date was on when ihe waveforms were stored. 

Instrument Modes 

Autoset 

Miscellaneous 

i Wim 
/Date 

vector 

18:49:83 . 

1¢2-JAN-BS Menu Main 

The Modes Pop-Up Menu 
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Once a waveform is stored, you can use it in a waveform expres- 
sion. To create a waveform that displays a stored waveform, ’ 
touch the DefWfm 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 Recall 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 selector to display the pop-up menu. 
in the pop-up menu, touch the selector for the stored waveform 
you want to display. 

Recall Stored Waveform 

OFF ce 

The Recall Waveform Pop-Up Menu 
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Stored Waveforms 

ored You can delete stored waveforms by using the Delete Waveform 
rms pop-up menu in the Store/Recall major menu. This pop-up menu 

is aiso 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 to 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 itis 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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The Delete Waveform Pop-Up Menu 
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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 Utility] 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: 

Date: 
Ontime: 

Poweruns: 

14:58:35 
24-JAN-34 
§5.8brs 
46 times 

Time 

eC 

fate 

AN 

a Bai EERE 

14:50:55 
_ba-JAN-83 

f 
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 
voliage /eve/ 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 to 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 ho/doff, the 
period after a trigger event during which triggers are ignored. 

Windaw 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 
letter M (% ), the Window trigger as an arrow over the letter W 

(%). 

You can assign the knobs to set the trigger level and time holdoff 
of the selected waveform by touching the trigger icon (* or 7). 
Use the selectors in the Trigger major menu to access all other 
tigger 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 o 

can also select the trigger by touching the trigger icon (+ or ~). 

The Source Dese selecior 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 subtracting 
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 

HO: none Li 
Trig: Main Main 

The Trigger Major Menu and Source Desc Pop-Up Menu 
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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. pc 
triggers 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 to 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 
trigger event. 

Main Trigger Coupling | 

ee 

Trig: Main 

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

The Level 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 hoidoff 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 fram one to one billion 
events. 

When one of ihe waveforms on the display matches the trigger 
signal, the trigger indicator ( } appears on the waveform to 
show the trigger level. 

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

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

EERSTE i penae sree 

| HO: none 
tetas ¥ ain Main of | 

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 triager 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 Li + C1, but notli + L2. If you want to change the 
source Gescription for both the Main and the Window trigger to L1 
+ 12, you must first eliminate the separate Window trigger (by 
setting 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 io that waveform. 
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30 Hz. 

The Mode selector displays a pop-up menu which aliows 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% to 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 signa! is inadequate or the level setting is 
inappropriate. When acquisition is stopped, the previously ac- 
quired waveform record remains frozen on the display. This mode 
should be used to acquire signals with repetition rates below 
30 Hz. 

Trigger Mode 

Cn 

Main 

mt 
aH a us 

huts | > none 
es Sn Se Trig: Main Main 

ah
 

wt
 

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 a record length of 512 samples is displayed, each 
sample has its own unique horizontal position on the display. 
When waveforms with record lengths longer than 512 samples 
are displayed, two or more samples must share the same hori- 
zontal location. For a waveform of 5120 samples, each horizontal 
piace shows the results of ten samples. 

When more than one sarnple 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 bottom sample. 

The oscilloscope normally extends the columns fo touch adija- 
cent columns, so that no gaps are shown in the waveform, You 
can turn 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 iess evident. 

When you display a 512-sample waveform with waveform vector- 
ing turned 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 Utility] major menu. Touch the Vectored Waveforms 
selector to set it io Off or On. 

Instrument Medes 

Sutaset 

Miscellangaus 

iored 

orms 
ector 

18:49:83 Ubraility 
te-JAN-89 Menu Main 

The Mades Pop-Up Menu 
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The vertical controls let you set the vertical size and placement of 
your waveforms. Touch the vertical icon (+) to access these 
controls. 

abels ELE EEN 

48QMHz 

n Se} f~ 
lector 

Vertical Controls 
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You can change the vertical magnification, or size, of a waveform. 
You can aiso move the waveform up or down on the display. This oo 

is called adjusting the vertical offset. To do either, touch the : 
vertical (4) icon; this assigns the knobs to adjust the vertical size 
{top knob) and offset (bottom knob) of a channel of the selected 
waveform. 

if you want to change the size or offset of a different waveform, 
touch the desired waveform to select it. Then use the knobs to 
adjust vertical size and offset. 

Adjusting Channels and Adjusting Waveforms 

When you adjust the vertical size or offset of a waveform, you are 
adjusting the sensitivity or DC offset of one of the channels that is 
in the waveform expression. If the waveform you are adjusting 
has the waveform expression Li+L2, you can adjust the vertical 
size of only one channel at a time. This has the following side 
effects: 

a Changing the channel size or offset for this waveform : 
changes the channel size or offset for all the other waveforms °. 
that display that channel. 

# if the waveform you are adjusting has more than one channel 
in its waveform expression, changing the vertical size of one 
channel does not change the size of the other channels. if 
the vertical scale factors of all the channels in a waveform do 
not maich, the vertical size of the waveform is undefined. 

For example, in the case of the waveform L1+L2, ifLi has a 
vertical size of 50 mV/div and L2 has a vertical size of 

100 mV/div, the waveform will have undefined vertical units. 

You can select the channel you want to adjust. Whenever the 
vertical icon ( } ) is highlighted, the lower right corner of the 
display shows the Chan Sel selector. This selector always shows 
the channel the knobs are set to adjust. You can touch this 
selector until it shows the channel you want to adjust, then use 
the knobs to adjust the channel. 

172 ; in Detail



eform 

ie 184 
ion of 

3ision 

orms. 

Vertical Controls 

Adjusting High Precision Waveforms 

High precision waveforms use floating-point arithmetic in their 
calculation. When the selected waveform is a high precision 
waveform, you will see High Prec in the bottom line of the Vertical 
Desc selector in the Waveform major menu. 

You can adjust the vertical size and position of high precision 
waveforms without adjusting a channel. . 

When you adjust the vertical controls of a high precision wave- 
form, the Chan Sel selector at the lower right of the display can 
be used to specify the individual channel to adjust, and to spec- 
ify the Calcd Tra, or calculated (high precision) waveform. When 
you specify that you want to adjust the calculated. waveform, the 
knobs adjust the size and position of the waveform without 
changing the vertical size and position of other waveforms dis- 
playing that channel. 

Trace Separation 

When you adjust the vertical size and offset of a waveform ona 
Window time base, the Chan Sei selector at the lower right of the 
display can be used to specify the individual channel to adjust, 
and to specify Trace Sep Md, or trace separation mode. This 
vertical offset control lets you move a window waveform up or 
down to visually separate it from other window waveforms or 
from the Main time base waveform. 
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Waveforms are the visible representation on the display of the 
electrical signal, or combination of signals, that the oscilloscope 
samples and digitizes. You can define and display up to eight 
waveforms simultaneously. 

You define a new waveform on the Main time base by entering a 
waveform expression. A waveform expression is a description of 
the signal sources and mathematical computation that deter- 
mines the waveform display. An example of a simple waveform 
expression is L1, which specifies that a waveform should show 
the signal source of channel 1 in the left plug-in amplifier, with no 
mathematical computation. The waveform defined by this wave- 
form expression displays the signal that the oscilloscope 
sampies and digitizes frorn the specified input channel. 

An example of a more compiex waveform expression is 
Log(Li+L2), which specifies that the signals from channels 1 and 
2 Of the left plug-in amplifier are to be algebraically added, and 
the base 10 log of the sum is to be shown as the final waveform. 
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You can define a new waveform by pressing the appropriate input 
channe! button on an input channel or by using the DefWfm icon 
to enter a waveform expression. 

Defining Waveforms Using the Channel Button 

When you want to define a waveform that represents a single 
input channel, you can press the CHn button, where n is the 
channel number for that channel. There are two limitations to this 

method of defining a waveform: 

# The channel must not be part of any other waveform being 
displayed. If the green channel light is on, pressing the CHn 
button removes all waveforms that include that channel as 
part of their waveform definition. 

m The waveform expression will consist only of this channel. 
You cannot use this method to enter complex waveform 
expressions. 

Defining Waveforms Using the DefWim icon 

You enter waveform expressions using the DefWfm icon. A 
DefWfm icon appears above the top right corner of the graticuie 
or graticules on the display. Touch the DefWfm icon above the 
graticule on which you want to define a new waveform. When you 
touch the icon, a blank DefWfim pop-up menu is displayed. This 
pop-up menu covers the entire display, as shown on the next 
page. 

Use the selectors of the DefWfm pop-up menu to “type” your 
waveform expression. As you type, the waveform expression you 
are building appears at the top of the pop-up menu. The Back 
Space selector lets you correct errors as you type. When your 
waveform expression is complete, touch the Enter Dese selector 
to remove the pop-up menu and create the new waveform. 

For example, to enter the expression Log{L1+412), touch the 
following selectors in sequence: Log({, Li, +, 12,), Enter Desc. 
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The selectors presented in the DefWfm pop-up menu are grouped 
into the following categories: 

ma Channel Selectors let you specify an input channel. Channel oe 
numbers of installed plug-in units only are displayed. 

x Numeric Keypad iets you enter a numeric value, or one of 
the four arithmetic operators +, -, *, and /, as part of your 
waveform expression. 

nclude a Waveform Functions jet you specify functions, which are 
veform listed on the next page. This area of the menu is shared with 
ns ane ihe stored waveforms selectors described below. if the 

Waveform Functions selector is highlighted, the waveform 
vero function selectors are shown. Touch the Waveform Functions 
. selector to highlight it if the stored waveforms list is shown. 

m Stored Waveforms list all the waveforms that have been 
stored. For a discussion of stored waveforms, see page 153. 
This area of the menu is shared with the waveform functions ~~ 
selectors described above. If the Stored Waveforms selector ~. 
is highlighted, the stored waveform selectors are shown. 
Touch the Stored Waveforms selector to highlight it if the 
waveform functions list is shown. 

You can combine Waveform Functions and Stored Wave- 
forms in the same waveform expression by using the 
Waveform Functions and Stored Waveforms selectors. The 
expression L1~-(2*Smooth(STO1,5)) is entered as Li, -, (, 2, *, 
Smooth(, Stored Waveforms, STO1,, , 5,),), Enter Desc. 

n func- a Syntax Selectors fet you specify the order of mathematical 
1open- operations. Each opening parenthesis must be matched with 
IS. You a closing parenthesis. Use the comma (,) selector to sepa- 
sos rate arguments to functions, like Smooth(, that require more 
‘n ction than one argument. Use Back Space to correct errors as you 
ments, enter the waveform expression. Always finish your waveform = 

expression by touching the Enter Dese selector. 
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Waveform Definition and Management 

Using Waveform Functions in Waveform Expressions 

Waveform functions operate on arguments which are usually 
channels or waveform expressions. The function is applied to 
each individual sample of ihe waveform. The waveform that is 
displayed results from the function’s being applied to each 
sample. 

Waveform Functions NIL 

Function Effect on Arguments 

Abs(...) The absolute value of the argument waveform. 

Avg(...} The average of several waveform record acquisitions of 
the argument. The number of records acquired is 
controlled by the knobs after touching the Avg N 
selector in the Acquire Desc pop-up menu. 

Diff( ... ) The differential of the argument. 

Env(...) The limit of excursion of several waveform record 
acquisitions of the argument. The number of records 
acquired is controiled by the knobs after touching the 
Env WN selector in the Acquire Desc pop-up menu. 

Exp(...)} The natural antilog of ihe argument. 

Intg{...) The integral of ihe argument. 

iIntp(...) Replaces null points within a stored waveform with 
vertical values equal to the average of the next valid 
values on each side of the null point. 

Lr... } The natural logarithm of the argument. 

Log{...} The base 10 logarithm of the argument. 
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Waveform Functions NIL 

Function Effect on Arguments 

Signum(...) The sign of the argument. Returns 1 if an argument is 
greater than zero and ~1 if it is less than zero. 

Sqrt( ...} The square root of the argument. 

Smooth(...) A moving average of a stored waveform. This function 
nas two arguments, separated by a comma (,}. The first 
is a stored waveform to be smoothed; the second is the 
number of samples in the moving average. if the 
second argument is 9, then 4 sampies before each 
point and 4 samples after each point are averaged with 
the point value. lf ihe second argument is an even 
number, one is subtracted from it to make it odd. 

form When you define a new waveform, it is assigned a waveform 
bers number, Waveform numbers range from 1 through 8. New wave- 

forms are assigned the lowest available number. Once a number 
is assigned to a waveform, the number does not change. 
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Waveform Definition and Management 

ting When you define a new waveform, it is the selected waveform 
WMS and is highlighted: 

When multiple waveforms are displayed, there is one selected 
waveform. The selectors, knobs, and buttons operate on the 
selected waveform. The graticule axis labels show the vertical 
and horizontal size and position of the selected waveform. 
Selectors that show waveform status, such as the Vertical Dese 
and Horizontal Desc selectors in the Waveform major menu, show 
the status of the selected waveform. When you use the horizontal 
(<> ) and vertical (+) icons to assign the knobs to adjust hori- 
zontal or vertical size and position, the adjustments affect the 
selected waveform. 

When you have more than one waveform on the display, you can 

select and highlight any waveform. You can select a waveform by 
touching it on the display or by using the All Wims Status major 
menu. 

Selecting Waveforms by Touch 

The fastest way to select a waveform is to touch it on the display. 
When you touch the graticule area of the display, a box is dis- 
played that shows the boundaries of your touch. If a single 
waveform passes through the boxed area when you remove your 
finger, that waveform will become the selected waveform. The 
touch box disappears when you remove your finger and select a 
waveform. 

You can drag your finger across the display to change the posi- 
tion of the box before you remove your finger to select the 
waveform. 

If several waveforms pass through the area indicated by the 
touch box, one becomes the selected waveform when you 
remove your finger. Touching the same area repeatedly will select 
different waveforms. You can select waveforms by touching the 
same spot on the display repeatedly until the waveform you want 
is selected. 
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Selecting Waveforms Using the All Wims Status Menu 

You can see the status of ail displayed waveforms at once using : 
the All Wims Status menu. You are shown the waveform number, 
the first part of the waveform expression, the time base, and the 

vertical and horizontal size per division. 

To view this information, touch the Page to selecior on the 
Waveform major menu. The entire Waveform major menu is 
replaced by the All Wims Status major menu. The light beside the 
WAVEFORM button remains lighted. 

This menu shows one selector for each displayed waveform. You 
can select any waveform by touching its selector. The selector for 
the selected waveform is always highlighted. The Page to selec- 
tor restores the regular Waveform major menu. 

The Alf Wims Status Menu 

You can change the waveform expression of the selected wave- 
form. When you touch the Vertical Desc selector in the Waveform 
major menu, the Vertical Desc pop-up menu is displayed. 

This menu is identical to the pop-up menu that is displayed when 
you touch the DefWim icon. When you display the Vertical Desc 

pop-up menu, the waveform expression of the selected waveform 
appears at the top of the pop-up menu. You can use the Back 
Space selector to alter the waveform, or you can extend the 

waveform expression. When you touch the Enter Dese selector, 
the new waveform expression is applied to the selected wave- 

form. 
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wing You can remove waveforms from the display in two different 
rms ways: using the Remove Wim selector in the knob menu or using 

the CHn buttonbeside the channel input connector. 

Removing Waveforms Using the Remove Wfm Selector 

The Remove Wfm selector in the knob menu always shows the 
number, ihe waveform expression, and the time base of the 
selected waveform. The knob menu is displayed at all times, so 
the Remove Wim selector is available regardless of the major 
menu displayed. 

When you touch the Remove Wfm selector, a small pop-up menu 
asks you to verify that you want to remove the waveform. This 
prevents you from removing a waveform accidentally. 

Main 

The Remove Wim Selector in the Knob Menu 

Removing Waveforms Using the Channel Button 

You can use the CH# button beside the input connector to re- 
move ail waveforms that display that channel as part of the 
waveform expression. 

-When an input channel is incorporated as part of the selected 
waveform, the green channel light beside the input connector 
iums on. If you press the channel button when the light is on, a// 
waveforms displaying that channel are removed. 
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When you define a new waveform, it is defined either as a fast 
waveform or a high precision waveform. Fast waveforms are 
computed with integer arithmetic and operate significantly faster 
than high precision waveforms. High precision waveforms use 
floating-point arithmetic to provide highest precision and accu- 
racy. 

Normally, the waveform is defined to be fast unless some part of 
the waveform expression forces high precision. Floating-point 
functions such as Diff( and Log{ will force the waveform to be 
defined as high precision. 

You can force waveforms to be defined as high precision wave- 
forms by using the Modes pop-up menu in the Utility] major 
menu. In this pop-up menu, ihe Waveform Scaling selector can be 
set to Optional or Forced. When Waveform Scaling is set to op- 
tional, new waveforms are defined as fast waveforms if they can 
be implemented as fast waveforms. When Waveform Scaling is 
sat to forced, all new waveforms are defined as high precision 
waveforms. 

Once a waveform is defined, its waveform scaling cannot be 
changed. The setting of the Waveform Scaling selector affects 
only the definition of new waveforms. 
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A window waveform is a waveform that represents a horizontally 
magnified portion of another waveform. A window waveform is 
acquired separately from the main waveform that it magnifies. 

You create a window by touching the Window? icon above the 
graticule. When you touch the Window’ icon, the oscilloscope 
creates a second graticule to show the window waveform. If a 
second graticule already exists, the window waveform will be 
displayed on the lower graticule. 
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When you create a window waveform, it becomes the selected 
waveform. The oscilloscope shows this waveform in the selected ~~ 
window waveform color and highlights the windowed portion of 
the main waveform in this color. 

The window waveform has the same waveform expression as the 
main waveform. The difference between the two is the time base 
that each uses; the main waveform uses the Main time base, 
while the window waveform uses a Window time base. The 
Horizontal Desc selector in the Waveform major menu always 
shows the time base of the selected waveform. 

The Window time base can be triggered from the Main trigger or 
by a separate Window trigger. To define a window trigger, set 
Trigger Select in the Trigger major menu to Window and set 
Window Hoidoff Md to either Holdoff by Time: Triggered from 
Window or Holdoff by Events: Triggered from Window. You can 
ihen set the Window trigger source, level, and holdoff just as you 
set the Main trigger. If you define a Window trigger, the Window 
trigger icon (%) will appear to the left of the graticule when a 
window waveform is selected and a second trigger arrow may 
appear on the main waveform. 

You can set the record length for window waveforms by touching 
the Window Record Length selector in the Horizontal Dese pop-up 

menu. The knobs will be assigned to adjust Main Record Length 
and Window Record Lengih. 

The window waveform is independent of the main waveform. 
Once a window waveform is established, you can remove the 
main waveform or move the window waveform from graticule to 
graticule. 

You can create two window waveforms from each main wave- 
form. After you create one window waveform, the Windowe2 icon 
becomes available when the main waveform is selected. Touch- 
ing this icon creates a second window waveform. Once a 
window waveform is created, touching the Windowi or Window2 
icon simply selects that waveform. You cannot create a window 
waveform of a window waveform. 
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ging You can change the size and position of a window waveform just 
Size as you do with any main waveform. Touch the horizontal icon 
ition {<= ) fo assign the knobs to horizontal size and position. Com- 

plete information about horizontal size and position is on page 
83. 

Nave- 

same All main waveforms share the same time base, so ali have the 
if you same horizontal size and position. Each window waveform has 
rontal lis own time base, so each can have a different horizontal pasi- 
ndow tion. However, ali window time bases have the same horizontal 
) YOU size, When you touch the horizontal icon ( «» ), the knobs are 
ota! assigned to Window Size and Window! Position or Window2 
rms. Position. The window size must be no greater than the main 

horizontal size. 

As you change the horizontal size or position of a window wave- 
form, the highlighted portion of the main waveform changes size 
and position. This allows you to always see the portion of the 
main waveform that the window waveform magnifies. 

Trace Separation 

When you touch the vertical icon (4), the Chan Sel selector will 
indicate Tre Sep Md, or trace separation mode. In trace separa- 
tion mode, the knobs are labeled Trace Sep and move the 
selected waveform up or down without moving other waveforms 
that show the same channels as the selected waveform. The 
offset of the plug-in channel is not changed. This lets you visually 
separate ihe selected window waveform from other window or 
main waveforms that may overlap it. 

When you have used trace separation mode to move a window 
waveform, the graticule labels and ground reference indicator 
always apply to the selected window waveform. 

You can use the Chan Sel selector to select a channel, and then 
adjust the vertical size or offset just as you would with any main 
waveform. Touch the Chan Sei selector until it indicates the 
channel you want. Complete information about vertical size and 
offset is on page 171. 
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Most waveforms show a signal voltage (the vertical axis) as it 
varies over time (the horizontal axis). You can display a waveform 
that compares the amplitudes of two waveforms, independent of 
time. Such an XY waveform shows the signal voltage of one 
waveform on one axis against the signal voltage of the other 
waveform on the other axis. 

“Ha 
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An X¥ Waveform 

You can create an XY waveform to compare the amplitudes of 
two high-precision waveforms, or of two fast waveforms, but 
cannot combine a fast waveform with a high-precision waveform. 
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n XY You initiate and contro! an XY waveform using the Horizontal Dese 
form pop-up menu in the Waveform major menu. Two sections of the 

menu are titled XY Display Mode, one for displayed waveforms 
and one for stored waveforms. 

Horizontal Description 

Requiring Timebase: Main 

Main Samole Interval: cyneceaint 
Mindaw Sample Interval 

Telia liu) | ua ue 
H24 points e4 paints 

YT Display Made 

a i al i HI 

/ AY Display Made: A*Displayed Waveform 

H 

a 

/eform 
ection “AY Bispiay Mode: KeStared Havetform 

\ 

ee 
Main Cantinugus 

Fa S 1424 ets __ Lees 

“aa , BC ShGMHe | ALL Wims Ld 
Menu Hedin 

The Horizontal Desc Pop-Up Menu 
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XY Waveforms 

The sequence to follow when creating an XY waveform is: 

(] Step 1: Define a waveform that shows the information you 
want on the X axis (the horizontal axis). This waveform may 
be a displayed waveform or a stored waveform. 

[{] Step 2: Define and display a waveform with the information 
you want on the Y axis (ihe vertical axis). 

[_] Step 3: Touch or otherwise select the waveform that dis- 
plays the Y-axis information. 

[.] Step 4: Press the WAVEFORM major menu button, and 
touch the Horizontal Dese selector to display the pop-up 
menu. 

[] Step 5: Touch the selector in the Horizontal Desc pop-up 
menu that represents the waveform showing the X-axis 
information, If the X-axis waveform is a displayed waveform, 
it will appear in the section titled XY Display Mode: X=Ac- 
quired Waveform. if the X-axis waveform is a stored 
waveform, it will appear in the section titled XY Display Mode: 
X= Stored Waveform. 

When you touch the X-axis waveform selector in the Horizontal 
Dese pop-up menu, the selected waveform is immediately con- 
verted into an XY waveform on the display. The waveform 
description of the X-axis waveform appears in the Horizontal Desc 
selector, and the waveform description of the Y-axis waveform 
appears in the Vertical Desc selector. 

if the waveform defining the X-axis information is a displayed 
waveform, this process will leave two waveforms on the display: 
the XY waveform and the X-axis information waveform. Once the 
XY waveform is established, you can remove the waveform 
displaying the X-axis information. 
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Size 

ition 

To restore an XY waveform to normal! Yt (voltage versus time) 
mode, select the XY waveform and touch the Normal YT selector 
in the Horizontal Desc pop-up menu. 

You can adjust the vertical and horizontal size and position of an 
XY waveform. 

Touch the vertical icon (}) to adjust the vertical size and position 
of the XY waveform. The knobs will be assigned to adjust Vert 
Size and Vert Offset of a channel that is displayed as part of the 
vertical axis description of the XY waveform. If the vertical axis 
description includes more than one channel, you can select and 
adjust the channels separately by touching the Chan Sel selector. 
The selected channel appears in the Chan Sel selector and in the 
knob labels. 

Touch the horizontal icon ( «» } io assign the knobs to adjust the 
horizontal size and position of the XY waveform. Since voliage 
information is displayed along the horizontal! axis, horizontal 
position is controlled by adjusting the vertical size and offset of 
the channel(s) of the X-axis waveform. The knob labels will 
display Horz Pos XY and Horz Size XY, and the channel con- 
trolled by the knobs will appear in the Chan Sel selector. If more 
than one channel is displayed along the X axis, use the Chan Sel 
selector to select each displayed channel. 

When you adjust the horizontal or vertical size and position of an 
XY waveform that displays stored waveform information, the Chan 
Sel selector displays Caicd Tra, and adjusting the size and posi- 
tion scales the waveform. 
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The 11402A and 11403 Oscilloscope packages include the 
foliowing standard accessories: 

The 77402A and 711403 Tutorial (lektronix part number 
070-7418-01) gives step-by-step instructions that demon- 
strate basic operation of the oscilloscope. 

The 11402A and 11403 QuickStart Package (U.S.A. Tektronix 
part number 020-1767-01, Europe 020-1768-01) is a complete 
learning jaboratory, including a signal generating board and 
a workbook, A videotape for the QuickStart Package is 
included with your oscilloscope. These show you how to use 
the power of the 11402A or 11403 Oscillascope 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 included with the oscilloscope. 

The 77402A and 11403 Programmer Reference (Tektronix 
part number 070-7420-01) describes using a computer to 
contro! the oscilloscope through GPIB or RS-232-C inter- 
faces. 

The 11201A/11402A/17403 Command Reference (Tektronix 
part number 070-7421-01) describes the commands used to 
program the oscilloscope. 

The 17201A/11402A/11403 Quick Reference (Tektronix part 
number 070-7734-01) provides an index of operations, and 
the front-panel steps to invoke each operation. 

The 174024 and 11403 Service Reference (Tektronix part 
number 070-7422-01} provides information to repair and 
replace components of the oscilloscope. 

Power Cord (North American 120 V), Tektronix part number 
161-0066-00. 
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onal The following optional accessories have been selected from our 

ries catalog specifically for the 11402A and 11403 Oscilloscopes. For ~~ 

detailed information and prices, see a Tektronix products catalog © 
or contact your local Tektronix field representative. 

# Option 1R, Rack Mounit~converis the 11402A or 11403 

Oscilloscope for rack mounting. 

# Option 2D, Memory Expansion-— adds 768 kBytes of non- 
volatile memory to expand the waveform and settings 
memory. 

a Option 1C, Loop-through BNC Connectors adds eight BNC 
connectors to the front and rear paneis of the oscilloscope 
so that signals may be routed from the front panei to the rear 
panel (or rear to front). 

a Option 4D, DMA Conirolier— adds a DMA controller to the 
main processor system. GPIB data transfer is increased to 
100 kBytes/second and the speed of other internal opera- 
tions is increased. 

mw Two-meter GPIB cable, Tektronix part number 012-0991-00. 

#  Ten-foot RS-232-C cable, Tektronix part number 012-091 1-00. 

&# en-foot Centronics-compatible printer cable, Tektronix part 
number 012-0555-00. . 

@ Tektronix Lab Cart, Model K217. 

a Tektronix 4696 Color Printer. 

@ Tektronix 4693D Color Printer. 

m Tektronix HC100 Color Plotter. 
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Accessories 

-ord The following power cords are available for the 11402A and 
ions 11403 Oscilloscopes. 

# Option Ai Universal European 220 V/6 A, 50 Hz, Tektronix 
part number 161-0066-09. 

# Option A2 United Kingdom 240 V/6 A, 50 Hz, Tektronix part 
number 161-0066-10. 

# Option A3 Ausiralian 240 V/6 A, 50 Hz, Tektronix part number 
161-0066-11. 

# Option A4 North American 250 V/10 A, 60 Hz, Tektronix part 
number 161-0066-12. 

@ Option AS Swilzerland 240 V/6A, 50 Hz, Tektronix part number 
161-0154-00. 
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The electrical characteristics apply to the following conditions: 

# The oscilloscope has had a 20-minute warm-up period. 

# The oscilloscope is operating in an environment that meets 
the limits described in Environmental Specifications in this 
‘section. 

Vertical System Specifications 

Characteristic Specifications 

Input sources 3 plug-in ampilfiers, up to 12 
channels 

Bandwidth Dependent on plug-in amplifier 

Rise time Dependent on plug-in arnplifier 

Vertical resolution 10 bits. . 
Signal averaging of N acquisitions 

increases bit resolution by loge(N) 
up to a Hmit of 14 bits 

input sensitivity Dependent on plug-in amplifier 

Vertical acquisition resolution 
Single graticule 100 points/civ 
Dual graticule 100 points/div 

Vertical display resolution 
Single graticule 50 pixels/div 
Dual graticule 25 pixels/div 
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Time Base Specifications 

Characteristic Specification 

internal reference clock Crystal-controlled reference 

oscillator. 

Time interval accuracy with 0.002% -+ 100 ps 
acquired waveforms 

_Sarnpie rate 
Single channe! Any single channel from the Left, 

Center, or Right plug-in compan- 
ment may be acquired at up to 
20 Msample/s 

Two channel Any combination of two channels 
from different plug-in compart- 
ments may be acquired at up to 5 
Msampie/s 

Three channel Any combination of three chan- 
nels from different plug-in com- 

partmenis may be acquired at up 
to 2.5 Msampie/s 

Record Length User selectable, 512, 1024, 2048, 
4096, 5120, 8192, or 10240 points 

Sweep rate resolution 3-2-5 sieps from 0.5 ns to 100s 

Record duration 5.11 ns to 1023 s 
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Specifications 

input and Output Specifications 

Characteristic Specification 

Touch panel infrared beam touchabie array, 
22 tows of 11 columns 

Knobs 2 general-purpose knobs, set by 
user to desired function 

Calibrator Active only during Probe Calibra- 
tion 

Output Voltage Suitable for calibration DC gain of 
10X probes at <5 V/div at the 
probe tip 
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Trigger Specifications 

Characteristic Specification 

Trigger source Two independent trigger circults 
(Main and Window) can derive 
triggers from the Left, Center, anc 
Right plug-in compartments. Main 
time base may also be triggered 
from the AC line. 

Trigger mode 
Auto 

Auto Level 

Normai 

Free runs after 60 ms timeout with 

no triager detected 
(Main trigger only} 

Automaticaliy establishes a level 
for the trigger source; seeks new 
level after GO ms timeout. Main 

free runs in absence of signal 

Triggering occurs only after valid 
triggering event 

Trigger level Can be set independently for Main 
and Window trigger circuits. 

Trigger level resolution 0.1% of full scale 

Minimum holdoff 
Main 500 ns or less 

Window 20 ns or less 

Maximum holdoff 
Main i0s 

Window 10245 
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Specifications 

Trigger Specifications (Cont.} 

Characteristic Specification 

Main Trigger sensitivity 
DC Coupled 0.5 divisions from DC to 50 MHz; 

1.5 divisions from 50 MHz to 
t GHz with minimum holdoff 

DC Noise-Reject Coupied 1.2 Givisions from DC to 50 MHz; 
3 divisions from 50 MHz to 1 GHz 
with minimum holdoff 

DC High-Freq. Reject Coupled 0.65 divisions from DC to 30 kHz 

AC coupled 0.5 divisions from 60 Hz to 
50 MHz; 1.5 divisions from 50 MHz 
to 1 GHz with minimum hoidoff, 
Attenuates signals below 60 Hz 

AC Noise-Reject Coupled 1.2 divisions from 60 Hz to 
50 MHz; 3 divisions from 50 MHz 
to 1 GHz with minimum holdoff 

AC High-Freq. Reject Coupled 0.65 divisions from 60 Hz to 
30 kHz 

AC Low-Freq. Reject Coupled 0.65 divisions from 80 kHz to 
50 MHz; 1.5 Givisions from 50 MHz 
to 1 GHz with minimum holdof, 
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Trigger Specifications (Cont.) 

Characteristic Specification 

Window Trigger sensitivity 
DC Coupied 0.5 divisions from DC to 50 MHz; 

4.5 divisions from 50 MHz to 
500 MHz with minimum holdoff 

DC Noise-Reject Coupied 1.2 divisions from DC to 50 MHz; 
3 divisions from 50 MHz to 
500 MHz with minimum holdoff 

DC High-Freq. Reject Coupied 0.65 divisions from DC to 30 KHz 

AC coupled 0.5 Givisions from 60 Hz to 
50 MHz; 1.5 divisions from 50 MHz 
to 500 MHz with minimum holdoff. 

Atienuates signais below 60 Hz 

AC Noise-Reject Coupled 1.2 divisions from 60 Hz to 
50 MHz; 3 divisions from 50 MHz 
to 500 MHz with minimum holdoff 

AC High-Freq. Reject Coupled 0.65 divisions fram 60 Hz to 
30 kHz 

AC Low-Freq. Reject Coupled 0.65 divisions from 80 kHiz to 
50 MHz; 1.5 divisions from 50 MHz 
to 500 MHz with minimum hoidoff. 
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Specifications 

Display Specifications 

Characteristic Specification 

CRT 
11403 8 1/2 inch diagonai, color, mag- 

netic defiection. Vertical raster 

orientation. Nominal screen size 
§.087 inches vertical by 4.496 in- 
ches horizontal 

11402A 9 inch diagonal, monochrome, 
magnetic deflection. Vertical raster 
orientation. Nomina! screen size 
6.16 inches vertical by 4.80 inches 
horizontai 

Character display 44 lines of 55 characters 

Character height Minimum 0.16 in (upper case} 

AC Line Power Specifications 

Characteristic Specification 

Voltage Ranges 90 to 132 V rms or 
180 to 250 V rms 
Selected by rear panel Line Volt- 
age Selector. Voliage ranges ap- 
ply for waveform distortion, which 
reduces peak line voltage 5% or 
iess 

Frequency 48 Hz to 440 Hz 

Power consumption 320 W maximum 

Maximum Line Current 4.6 Arms at 50 Hz, 90 V line, with 
5% Clipping. 

Fuse Rating 6 A, 250 V, nermal blow 
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Environmental Specifi 

Characteristic Specification 

Temperature Meets MIL-T-28800C, Type Hl, 
Class 5, tested per paragraphs 
4.5.5.1.3 and 4.5.5.1.4 

Operating 0°C to 50°C 

Non-operating ~40°C to +75°C (Possible loss of 
nonvolatile memory and clock in- 

formation below -40°C) 

Humidity Exceeds MIL-T-28800C, Type Hil, 
Class 5, tested per paragraph 
4.5.5.1.2.2 
Up to 95% relative humidity, at up 

to 50°C 

Althude Meets MIL-T-28800C, Type ill, 
Class 5 

Operating Up to 4,5km (15,000 ff} 

Non-operating Up to 15km (50,000 ft} 

Vibration Operating, plug-in units not in- 
stalled: meets MIL-T-28800C, Sec- 
tion 4.5.5.3.7, Type IH, Class 5 

Shock Non-operating, plug-in units not 
installed: meets MIL-T-28800C, 
Section 4.5.5.4.1, Type ill, Ciass 5, 
Equipment not operating 

Bench handling Operating: meets MIL-T-28800C, 
Type lil, Section 4.5.5.4.3, Class 5 
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Specifications 

Environmental Specifications (Cont.) 

Characteristic Specification 

Packaged product vibration and Packaged product, plug-in units 
bounce not installed: meets ASTM 

0995-75, Method A, Para 5 
(NSTA Proj. 1A-B-1) 

Drop of packaged product Packaged product, plug-in units 
not installed: meets ASTM 
D775-61, Method 1, Para 5 
(NSTA Proj. 1A-B-2) 

Electrostatic immunity No disruption or degradation of 
performance from electrostatic 
discharge common in the office/ 
laboratory environment 

Electromagnetic compatibility Plug-in units or blank panels must 

be installed in all plug-in compart- 
ments 
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The following safety information applies to all operators and 
service personnel. 

Terms in Manuals 

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

WARNING statements identify conditions or Practices that could 
result in personal injury or loss of fife. 

Terms on Equipment 

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

DANGER indicates a personal injury hazard immediately accessi- 
ble as one reads the marking. 

Symbois in Manuals 

Static Sensitive Devices 

symbols on Equipment 

© 
DANGER Protective ATTENTION 

High Voltage ground (earth) Refer to 
terminal manual 
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Power Source 

This product is intended to operate from a power source that will : 

not apply more than 250 V rms between the supply conductors or 

between either supply conductor and ground. 

Grounding the Oscilloscope 

The oscilloscope is grounded through the power cord, To avoid 

electric shock, plug the power cord into a properly wired recepia- 

cle where earth ground has been verified by a qualified service 

person. Do this before making connections to the input or output 

terminals of the oscilloscope. 

Without the protective ground, all parts of the oscilloscope are 

shock hazards. This includes knobs and controls that May ap- 

pear to be insulators. 

Use the Proper Fuse 

Using an improper fuse Can create a fire hazard. Always use co 

fuses that exactly meet the specifications in the parts list. Match © 

fuse type, voltage rating, and current rating. 8 

Do Not Remove Covers or Paneis 

To avoid personal injury, do not operate this oscilloscope without 

the panels or Covers. 

Do Not Operate in Explosive Atmospheres 

The oscilloscope provides no explosion protection from static 

discharges or arcing components. Do not operate the oscillo- 

scope in an atmosphere of explosive gases. 

Electrostatic Discharge 

Never apply a voliage to a plug-in that is outside the range 

printed on the plug-in front panel. Operate the oscilloscope only 

in a static-controiled environment. 
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Safety 

19 for if you ship the oscilloscope, pack ft in the original shipping 
ment carton and packing material. If the original packing material is 

unavailable, package the oscilloscope as follows: 

[_] Step 1: Obtain a corrugated cardboard shipping carton 
with inside dimensions at least 15 crn (6 in) taller, wider, and 
deeper than the oscilloscope. The shipping carton must be 
constructed of cardboard with 375 pound test strength. 

[ ] Step 2: If you are shipping the oscilloscope to a Tektronix 
field office for repair, attach a tag to the oscilloscope show- 
ing the oscilloscope owner and address, the name of the 
person to contact about the oscilloscope, the oscilloscope 
type, and the serial number. 

[_] Step 3: Wrap the oscilloscope with polyethylene sheeting 
or equivalent material to protect the finish. 

[_] Step 4: Cushion the oscilloscope on all sides by tightly 
packing dunnage or urethane foam between the carton and 
and the oscilloscope, allowing 7.5 cm (3 in) on each side. 

[-] Step 5: Seal the carton with shipping tape or an industrial 
stapler, 
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Digitized waveforms are a sequence of samples stored asi6-bit 
signed integers. The samples are numbered from 0 through the 
waveform record length less one; a 512-point waveform record 
numbers samples from 0 through 511. 

Three sample vaiues represent invalid data points: 

a The value -32,768 (hexidecimal 8000) represents nul/, an 
unacquired data point. A waveform that is defined but has 
never been acquired contains null values. Clearing a wave- 
form filis it with null values. 

= The value -32,767 (hexidecimal 8001) represents a data 
value below the dynamic range of the digitizer. This is called 
underrange. Underrange values do not appear on a dis- 
played waveform. 

a The value + 32,767 (hexidecimal 7FFF) represents a data 
value above the dynamic range of the digitizer. This is called 
overrange. Overrange values do not appear on a displayed 
waveform. 

When a waveform function encounters one of these three data 
values, it passes the invalid data value as its output. When a 
measurement encounters one of these three data values, the 
measurement is qualified by <, >, or is noted as an error. There 
are exceptions to these rules, which are noted in the following 
algorithm descriptions. All waveform functions assume that the 
waveform record contains data other than these three values, 
unless specifically noted. 
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form Absolute Value 

tions Abs(n) = W(n) 
forW(n) 2 0 

Abs(n) = ~ W{n) 

for Win) <0 

where: 
n = index into the record of data poinis 
Win) = input sampled data point 

Average 

Avg,{n) = Win) 

forp = 1 

W{n) — AVEp-1 (7) 
Avgp(n) = Avgp.1(%) + INT (ogg (p/ loge2)) 

fori<p<P 

W(n) ~ AVSp-1 (7) 
P Avgp(n) = AV8p-1(n) + 

forp =P 

where: 
n = index into record of data points 
W(n) = input sampled data point 
p = record number 

P = total number of records specified for average 

INT = integer part of 

214 Appendices



Algorithms 

Differentiate 

Diff(n) = [W(1) - W(0)]/T 

forn =0 

Diff(n) = [Wat 1)-Wa- D)/27) 

forl sn s (R-1) 

Diff(R - 1) = [W(R- 1) - W(R-2)]/T 

forn = R-1 

where: 
n = index into the record of data points 
Win) = input sampled data point 
T = time interval between successive samples 
R = record length 

Envelope 

Env,(n) = W(n) 

forp = 1 

Env,(n) = Minimum of [Envp.4(n), Win), Win + 1] 

forp > landn even(2, 4, 6,...,R-1) 

Env, (n) = Maximum of [Env,.1(n), W(n- 1), W(n)] 

forp > landn odd(1,3,5,...,R-2) 

where: 
n = index into record of data points 
Win) = input sampled data point 
p = record number 
R = record length 

P , the total number of records specified for enveloping, is used 
only to determine completion for conditional acquisition when 
acquisition is stopped on envelope complete. 
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Exponential 

Exp(n) = e¥@) 

where: 

mn == index into record of data points 
W(n) = input sampled data point 

This function is implemented by the 80287 math coprocessor and 
supporting routines. 

integrate 

Inig(n) = 0 

forn = 0 

Amoi 

Inig(n) =| 1/2 W(0) + > Wim) +1/2 WH) | x T 
m=1 

fort snsR 

where: 
n = index into record of data points 
W(n) = input sampled data point 
Y = time interval between successive samples 
R = record length in points 
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Algorithms 

interpolate 

Intp(n) = WO) + ae xX (n~ 1) 
ro] 

for allan ; 2 Qandrs R-1i 

Intp(n} = Wr) 

for alin ; 1<OQandr< R-1 

Inip(n) = W(D 

for alln ; 12> Oandr>R-1I 

Inip(n) = W(n) 

otherwise 

where 
n = index into record of data points 
W(n) = input sampled data point 
& = record length in points 
i = index or the acquired data point preceding the 

unacquired data 
index of the acquired data point following the 
unacquired data 

r 

Logarithm 

Log(n) = logio W(n) 

where: 
n = index into record of data points 
W(n) = input sampled data point 

This function is implemented by the 80287 math coprocessor and 
supporting routines. 
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Natural Logarithm 

Ln(n) = log, W(n) 

where: 
n = index into record of data points 
W(n) = input sampled data point 

This function is implemented by the 80287 math coprocessor and 
supporting routines. 

Signum 

Signum(n) = 1 

for W(n) > 0 

Signum(n) = 0 

for W(n) =0 

Signum(n) =~ 1 

for W(n) <0 

where: 
n = index into record of data points 
W(n) = input sampled data point 
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Algorithms 

Smooth 

nth 

Smooth(n) = (1/s) > w(m) +(h-n) x W(O0) 
m=O 

ed 

forn <A 

nth 

Smooth(n) = (1/s) » W(m) 
rm=n~fA 

forh sins R-i+h 

R-1 

Smooth(n) = (1/s)} >, Wim) + (R~ 1-1) x W(R-1) 
m=n-h 

form > R-1-hA 

where: 
n = index into record of data points 

W(n) = waveform record point with index n 
s = smoothing interval in sampies; the second argument 
hk = half interval: (s ~ 1}/2 rounded up 
R = record iengih in points 

The smoothed waveform is derived by computing the average 
value of the corresponding point of the original waveform and 
some number of points of the original waveform on either side of 
the corresponding point. The number of points on either side is 
derived from the smoothing interval, the second argument of the 
Smooth function. The Smooth function can be performed on 
stored waveforms only. 

Near the ends of the waveform, nonexistent points beyond the 
ends of the waveform are required for averaging. The nonexistent 
points are assumed to be the value of the corresponding end 
points. This method of extending the waveform is arbitrary, so the 
results within a smoothing interval of the ends of the waveform 
must be interpreted accordingly. 
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Square Root 

Sgrt(n) = W(n)\* 

where: 
n = index into record of data points 
Win) = input sampled data point 

This function is implemented by the 80287 math coprocessor and 
supporting routines. 
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ients 

Algorithms 

Measurements are taken using the measurement parameters. You 
can directly set many the measurement parameters, or you can 
specify that some are to be determined automatically by the 
oscilloscope. It is common to have the oscilloscope dynamically 
measure topline and baseline. 

You specify automatic topline and baseline positioning by tuming 
tracking to Both in the individual measurement pop-up menus. 
The mesial level, once the topline and baseline values have 
been determined, is calculated: 

mesial = [{m%/100) x (topline — baseline)}] + baseline 

where m% is the percentage of topline to baseline height to use 
for mesial level. Proximal and distal levels are calculated simi- 
larly from percentage leveis. These percentage levels are set 
using the knobs. 

When you use tracking, the topline and baseline are determined 
from a histogram of the waveform, as follows: 

1. Create a histogram of the waveform data points. For each 
possible vertical value, count the number of data points 
having that value. 

2. The largest value that has a non-zero point count is the 
maximum value. 

3. The smallest value that has a non-zero point count is the 
minimum value. 

4, Determine the median value, halfway between the maximum 
and minimum values. 

5. Examine the point counts between the median value and the 
maximum value, to find the largest point count. If this point 

count is greater than the Floor value (defined below), the 
value associated with the point count is the topline. If the 
largest point count is not greater than Floor , then the maxi- 
mum value is used as the topline. 
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6. Examine the point counts between the median value and the 
minimum value to find the largest point count. If this point 
count is greater than the floor value (defined below), the 
value associated with the point count is the baseline. If the 

largest point count is not greater than Floor , then the mini- 
mum value is used as the baseline. 

The Floor value is calculated as the maximum of two values, 

AVE and Correction , to insure that the topline or baseline 
calculated is appropriate for the waveform measurement 
zone. 

9 it 

AVE = — nt; - 2,count 

where: 
count; = the 7 th nor-zero point count in the waveform 

histogram 
n = the number of non-zero point counis in the waveform 

histogram 

n 
yrection = 8 + MULT ---— Correction = 8 U, e 

where: 
n == the number of points in the measurement zone 
MULT is determined by signal amplitude: 
MULT = 1 for signal amplitude > 7.5 divisions 
MULT = 2, 

5.0 divisions < signal amplitude < 7.5 divisions 
MULT = 3, 

2.5 divisions < signal amplitude < 5.0 divisions 
MULT = 4, 

signal amplitude < 2.5 divisions. 

222 Appendices



Algorithms 

Area+ 

n= ‘ 4 yy Areas = 5 Ab + D=R) + ABS[w()-R] 7 

pum 

where: 

m = index of leftmost measurement zone sample 
n = index of rignt-most measurement zone sample 
W(/) = input sampled data point 
R = reference level measurement parameter 
T = time interval between successive samples 
Abs = the absolute value function 

Area- 

n-i 

[WG+1)-R] +[wQ-R] _, Area- = rea 2d 5 x TP 

jam 

where: 

m = index of left-most measurement zone sample 
n = index of right-most measurement zone sample 
W() = input sampled data point 
R = reference level measurement parameter 
7 = time interval between successive sampies 

Cross 

The cross measurement finds the left-most crossing of the refer- 
ence level of the proper slope that is within the measurement 
zone. The horizontal position of the crossing point is displayed. 

Linear interpolation between vertical points and between time 
intervals is necessary to determine the crossing time when the 
reference level value does not correspond to acquired data. 
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Delay 

1. On the selecied waveform, search the measurement zone for : 

the left-most mesial crossing. The horizontal position is 

Cross, . 

2. Onthe same waveform, search the measurement zone for 
the right-most mesial crossing. The horizontal position is 
Cross, . 

3. Calculate the delay: 

Delay = Crossz ~ Cross, 

Linear interpolation between vertical points and between time 
intervals is necessary to determine the crossing time when the 
mesial value does not correspond to acquired data. 

Duty Cycie 

1. Calculate the Period of the selected waveform (perform a 
period measuremen). 

2. Calculate the pulse width of the selected waveform (perform 
a widih measurement). This value is Width . 

3. if the positive portion of the part of the waveform measured 
forthe Period measurement lies between the first two mesial 
crossings in the measurement zone, then: 

100 * Width 

Period 
DutyCycle = 

if the positive portion of the part of the waveform measured 
forthe Period measurement lies between the second and 
third mesial crossings in the measurement zone, then: 

100 xX Width DutyCycle = 100 ~ 
MI OE Period 
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Energy 

Energy = ane ae r 

where: 

m = index of leftunost measurement zone sample 
n = index of right-most measurement zone sample 
WY) = input sampled data point 
7 = time interval between successive samples 

Fall 

1. Find the first point in the measurement zone ihat is greater 
than the distal value, searching from left to right. 

2. From this point, find the first distal crossing and note the 
time, tg. 

3. From the distal crossing, examine points to the right, looking 
for the proximal crossing t, . Update i, if subsequent distal 
crossings are found. 

4. Calculate the fall time: 

Fall = tn ba 

Linear interpolation between vertical points and between time 
intervais is necessary to determine the crossing times, when the 
proximal and distal values do not correspond to acquired data. 
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Frequency 

1. Search the measurement zorie for the left-most mesial cross- > 
ing of positive slope. Continue the search to the right to find 
the first upper signal/noise ratio level crossing to the right of 
the first mesial crossing. The horizontal coordinate of this 
crossing is Cross, . 

2. Search the measurement zone for the left-most mesial cross- 
ing of negative slope. Continue the search to the right to find 
the first lower signal/noise ration level crossing to the right of 
the second mesial crossing. The horizontal coordinate of this 
crossing is Cross, . 

3. If Cross, < Cross, , set Cross; = Cross, , 
Cross, = Cross, , and Slope = positive. 
lf Cross, > Cross, , set Cross, = Cross, , Cross, = Cross, , 

and Slope = negative. 

4. lf Slope = positive, search for the third leftmost mesial 
crossing, and continue the search to find the next upper 
signal/noise ratio level crossing to the right. If Slope = 
negative, use the next lower signal/noise ratio level crossing 
to the right. The horizontal coordinate of this crossing is 

Cross; . 

5. Calculate the frequency: 

1 

Cross3 ~ Cross; 
Frequency = 

Linear interpolation between vertical points and between time 
intervals is necessary to determine the crossing time, when the 
mesial value does not correspond to acquired data. 
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Gain 

1. Calculate the peak-to-peak value of the reference waveform. 
(Perform a Peak-Peak measurement). This value is 
PeakPeak yer . 

2. Calculate the peak-to-peak value of the selected waveform. 
(Perform a Peak-Peak measurement). This value is 
PeakPeaky. . 

3. Calculate the gain: 

Gain = PeakPedks, [| PeakPeakyep 

Main— Window Trigger Time 

The Main-+Window trigger time measurement is performed in the 
digitizer. The value reported is the time from the trigger event for 
the Main time base to the trigger event for the Window time base. 

Viax 

The maximum digitized or calculated data point in the measure- 
ment zone of the waveform record. An overrange value in the 
waveform record will qualify the measurement readout with “>”. 
if the waveform is null, the measurement value will show “error”. 

Mean 

n~1 

_ WG +1)+ WY) 
Mean = > [2(n~m)] 

jem 

where: 

m = index of lefi-most measurement zone sample 
n = index of rightmost measurement zone sample 
W(j) = sampled data point 

The summation extends over the interval of time corresponding to 

one period when Data Interval is set to one period, or the entire 

measuremeni zone when Data Interval is set to the entire zone. 
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Mid 

Max + Min 

2 

An overrange value in the waveform record will qualify the meas- 
urement with “=>”, and an underrange value in the waveform 
record will qualify the measurement with “<2”, If the waveform 
record has both uncerrange and overrange values, the measure- 
ment readout will be “0.0000 ?7V”. If the waveform is null, the 
measurement value will show “error”. 

Mid = 

Min 

The minimum digitized or caiculated data point in the measure- 
ment zone of the waveform record. An underrange value in the 
waveform record will qualify the measurement readout with “<{”. 
if the waveform is null, the measurement value will show “error”. 

Overshoot 

Max — topline 
OverShoot = 100 ; ; 

topline -— baseline 

lf the values of topline and baseline are equal, the measurement 
value will show “error”. 

Peak—Peak 

PeakPeak = Max - Min 

An overrange value in the waveform record will qualify the meas- 
urement with “=>”, and an underrange value in the waveform 
record will qualify the measurement with “>”. if the waveform 
record has both underrange and overrange values, the measure- 
ment readout will also be qualified with “=”. If the waveform is 
null, the measurement value will show “error”. 
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Period 

1. Search the measurement zone for the lefi-most mesial cross- 
ing of positive slope. Continue the search to the right to find 
the first upper signal/noise ratio level crossing to the right of 
the first mesial crossing. The horizontal coordinate of this 
crossing is Cross, . 

2. Search the measurement zone for the left-most mesial cross- 
ing of negative slope. Continue the search to the right to find 
the first lower signal/noise ration level crossing to the right of 
the second mesial crossing. The horizonial coordinate of this 
crossing is Cross, . 

3. If Cross, < Cross, , set Cross, = Cross, , 

Cross, = Cross, ,and Slope = positive. If 

Cross, > Cross, , 8@t Cross; = Cross, , Cross, = Cross, , 
and Siope = negative. 

4. If Slope = positive, search for the third left-most mesial 
crossing, and continue the search to find the next upper 
signal/noise ratio level crossing to the right. if Slope = 
negative, use the next lower signal/noise ratio level crossing 
to the right. The horizontal coordinate of this crossing is 
Cross; . 

5. Calculate the period: 

Period = Cross3 - Cross; 

Linear interpolation between vertical points and between time 
intervais is necessary to determine the crossing time when the 
mesial value does not correspond tc acquired data. 
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Phase 

1. Calculate the period value of the reference waveform. (Per- 
form a Period measurement). This value is Period . 

2. Calculate the delay from the reference waveform io the 
selected waveform. (Perform a Skew measurement). This 
value is Skew . 

3. Calculate the phase shift: 

Skew 
P = 
hase 360 X Period mod 360 

if the measurement of either Period or Skew results in an error, 

the Phase measurement will show “error”. 

Prop Delay 

1. On the selected waveform, search the measurement zone for a 
the lefi-most mesial crossing of the specified slope. The 

horizontal position is Cross,q . 

2. On the delayed waveform, search the measurement zone for 
the left-most mesial crossing of the specified slope. The 
horizontal position is Cross,, . 

3. Calculate the delay: 

. PropDelay = CrosSay ~ Crosser 

Linear interpolation between vertical points and between time 
intervals is necessary to determine the crossing time when the 
mesial value does not correspond to acquired data. 
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Rise 

1. Find the first point in the measurement zone that is less than 
the proximal value, searching from left to right. 

2. From this point, find the first proximal crossing and note the 
time, ft, . 

3. From the proximal crossing, examine points to the right, 
looking for the distal crossing ¢,. Update ¢, if subsequent 
-proximal crossings are found. 

4. Calculate the rise time: 

Rise = ty tp 

Linear interpolation between vertical points and between time 
intervals is necessary to determine the crossing times when the 
proximal and distal values do not correspond to acquired data. 

RMS 

noi : 2 2341/2 pus 2 5 WU+ 2 + WO) 
on 2(n -m) 

where: 
m = index of leftmost measurement zone sample 
n = index of right-most measurement zone sample 
W() = sampied data point 

The summation extends over the interval of ime corresponding to 
one period when Data Interval is set to one period, or the entire 
measurement zone when Data Interval is set to ihe entire zone. 
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Skew 

1. On the reference waveform, search the measurement zone 
for the left-most mesial crossing. The horizontal position is 
CrOSS rep « 

2. Onthe selected waveform, search the measurement zone for 

the lefi-mosit mesial crossing. The horizontal position is 
CTOSS set « 

3. Calculate the skew: 

Skew = CrosSset ~ Cro8Srep 

Linear interpolation between vertical points and between time 
intervals is necessary to determine the crossing time when the 
mesial value does not correspond to acquired data. 

Under Shoot 

ne — Mi 

UnderShoot = 100 baseline mn 
topline ~ baseline 

if ihe values of topline and baseline are equal, the measurement 
value will show “error”. 
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Width 

1. Search the measurement zone for the leftmost mesial! cross- 
ing of positive slope. Continue the search to the right to find 
the first upper signal/noise ratio level crossing to the right of 
the first mesial crossing. The horizontal coordinate of this 
crossing is Cross, . 

2. Search the measurement zone for the leftmost mesial cross- 
ing of negative slope. Continue the search to the right to find 
the first lower signal/noise ration Jevel crossing to the right of 
the second mesial crossing. The horizontal coordinate of this 
crossing is Cross, . 

3. If Cross, < Cross, , set Cross; = Cross, , 
Cross, = Cross, , and Slope = positive. ff 
Cross, > Cross, , Set Cross; = Cross, , Cross, = Cross, , 

and Slope = negative. 

4. Calculate the width: 

Width = Cross, ~ Cross; 

Linear interpolation between vertical points and between time 
intervals is necessary to determine the crossing time when the 
mesial value does not correspond to acquired data. 
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The following table summarizes the factory default settings 
associated with each printer selection in the Hardcopy pop-up 
menu. These settings are not affected by initialization. 

Hardcopy Defaults 

Printer Screen Direction Data Output Port 
Format Format 

8 pin HiRes N/A N/A Centronics 

24 pin HiRes N/A N/A Centronics 

Tek 4692 Screen Vertical N/A Centronics 

Tek 4696 Dithered Vertical N/A Centronics 

Bitmap Screen Vertical BinHex Centronics 
Dump Compactedi 

AR Inkjet Draft Horizontal N/A Centronics 

HPGL HiRes N/A N/A Centronics 

The default settings for the color map associated with a color 
printer setting may be recovered by selecting Default Color Map. 
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The oscilloscope displays a message at the top of the display 
whenever one of the following events occurs: 

# Errors indicate that the oscilloscope cannot perform a 
requested operation. 

a Warnings are displayed when the oscilloscope performs the 
requested operation, but warns you that the results may be 
corrupted or meaningless. 

u Ready Messages indicate that the oscilloscope is waiting for 
your response to complete the task. 

a Operation Complete Messages indicate that an operation is 
complete. 

When a message appears on the display, you can remove it by 
performing any operation: touching the graticule area, making a 
menu selection, or pressing a button. 

When a hardcopy is made, any message on the display is re- 
moved immediately before making the copy. 

The meaning of most messages is self-evident. This section lists 
some of the messages that might be unciear, and gives more 
information about the cause of the message. 

Autoset - not functional with this waveform type. 

The selected waveform is a window waveform that has no parent 
waveform on the Main time base and the Main time base is not 
triggered. 

Autoset - trigger search failed. 

Horizontal Autoset failed because the oscilloscope was not 
triggered and Vertical Autoset was turned off. 
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That XY waveform has incompatible componenis. 

You cannot create an XY waveform that compares a Fast wave- 
form (a waveform acquired using integer arithmetic) to a High 
Precision waveform. 

Front panel locked out. 

A command from a computer on a remote interface (GPIB or 
RS-232-C) has disabied the touch panel. The oscilloscope will 
ignore front panel selections until the remote computer restores 
touch panel operation. 

Hardcopy absent or off-line. 

The PRINTER (Centronics) output port is selected, and there is no 
printer connected to the PRINTER port or the printer is offline. Be 
sure you have selected the appropriate output port from the 
Hardcopy pop-up menu, and check the printer. 
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Acquisition 
The process of sampling the signals coming through the 
input channels and accumulating the samples into wave- 
forms. 

Active Graticule 
in a dual-graticule display, the graticule that shows the 
selected waveform. 

Annotation Lines 

Lines that appear on a waveform to show the measurement 
parameters. 

Autoset 
A means of letting the oscilloscope set itself to provide a 
stable and meaningful display of a given waveform. 

Averaging 
Displaying a waveform that is the combined result of several 

" acquisitions, thereby reducing apparent noise. 

Axis Label 
There are three notations on each axis. The first and last 
notation on each axis show the numeric value of the graticule 
edge (not the edge of the displayed points, which are slightly 
outside the graticule}, The center notation is the scale factor 
expressed in units per division. 

Bandwidth 
The frequency range within which an instrument's perform- 
ance with regard to a particular characteristic falls within 
specified limits. For oscilloscopes and amplifiers, bandwidth 
is usually given as an upper limit (the lower limit is DC). 

Biimap Dump 
A hardcopy mode in which an image of the display is sent, 
usually to a computer, as a series of binary or binhex data. 
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Calibration 
Fine-tuning of the system for vertical and horizontal (ime 
base) accuracy. The oscilloscope, plug-in units, and probes 
or cables must be calibrated together as a system for best 
accuracy. 

Channel 
The input connector on a piug-in unit, to which you attach a 
probe or cable connected to the signal source. Also, the 
smallest component of a waveform expression. 

Channel Number 
The number assigned to a specific signal input connector. 

Compensation 
For probes, the adjusiment of controlling elements that 
compensate for undesirable characteristics. 

Complex Waveform 
A waveform with a waveform description beyond a single 
channel specification. Any waveform using a numeric value, 
a function, a reference to a stored waveform, or an arithmetic 
operator is a complex waveform. However, using the average 

function does not make a waveform complex. 

Control Knob 
see Knob. 

Coupling 
The association of two or more systems or circuits for the 
transfer of power or information from one to the other. 

Cursor 
Any of four styles of paired markers that you position with the 
knobs. The oscilloscope displays the positions of the cursors 
and the distance between ther in axis units. 
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Defauli Measurement Parameter 
A value from the default set of measurement parameters. 
You can change the default values. Whenever a waveform is 
created, the measurement parameters are copied from the 
default set. 

Delayed Sweep 
See Window. 

Display 
The face of the screen on which waveforms, menus, icons, 
and messages appear. The display also includes the touch 
panel for user input and selection. 

Distal 
The most distant point from a reference point. As used in the 
14403 Oscilloscope, the ending measurement point for 
timing measurements. 

Dithered 
A hardcopy mode in which black-and-white patterns are used 
to produce varying shades of gray corresponding to the 
different display colors. 

Dragging 

The act of changing your touch panel selection by moving 
your finger without removing it from the screen. The selection 
that is activated is the last one that you were touching before 
removing your finger from the display. 

Dual Graticule 
A display with two graticules. Each one is half the height of 
the single graticule. 

Enhanced Accuracy 
An automatic self-calibration of the oscilloscope and any 
instailed plug-in units as a system. Probes or cables must 
also be calibrated as part of the system for best accuracy. 

1714024 and 11403 User Reference 244



Eniry Line 
A text line that shows your input as you enter selections in a o 

pop-up menu. 

Enveloping 
Displaying a waveform that shows the extremes of variation 
of the input signal(s) over several acquisitions. 

Equivalent Time 
An acquisition mode in which waveform data from several 
triggered sweeps of the time base are combined into a 
single waveform record. 

Free-running 
A condition in which the waveform is displayed without a 
trigger. 

GPIB (General Purpose interface Bus) 
An interface (EEE standard 488) ihat can be used forremmote  ..... 

computer contro! of, and data capture frorn, the oscilloscope.” 

Graticule 
The grid where waveforms are displayed. 

Hardcopy 
A paper print of the display. 

Holdoff 
The interval between acquisitions during which the time base | 

and trigger circuit are inhibited. 

Horizontal Size 
See Main Size. 

icon 
A marker near the edge of the graticule that performs a 
specific function when touched. 
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initialization 
Setting the oscilloscope to a compietely known, default 
condition. 

interpolation 
A function used to derive values for points between known 
sampled values. 

Keypad Menu 
A pop-up menu that controls knob resolution and lets you 
enter specific numeric values for any conirol to which a knob 
is assigned. 

Knob 
One of the two large rotary controls to the right of the 
oscilloscope screen. 

Knob Assignment 
The value that a knob will adjust at a given time. 

Knob Menu 
The on-screen menu that always displays the current knob 
assignment. The knob menu also lets you display the Key- 
pad menu. 

Knob Resolution 
The amount of change caused by each click of a knob. 

Main Size 
The span of time displayed within each horizontal graticule 
division on the Main time base. 

Main Time Base 
The time base on which waveforms other than window wave- 
forms are acquired. 

Major Menu 
A menu that is displayed across the bottom of the screen. 
One of ihe major menus is always displayed. 

174024 and 11403 User Reference 243



Major Menu Button 
A labeled button to the right of the display that determines 
which major menu is displayed. 

Measurement 
An automated numeric readout that the oscilloscope pro- 
vides and updates direcily from the displayed waveform in 
real time. 

Measurement Parameter 
One of several controls, including reference values and 
limits, hat determine how measuremenis are taken. You can 
change these parameters to contro! the automated measure- 
ments. 

Measurement Statistics 
The accumulation of a history of individual measurement 
readouts, showing the maximum, minimum, mean, and 
standard deviation values of a selected number of measure- 
ment samples. 

Measurement Tracking 
The process of automatically adjusting the measurement 
parameters to reflect changes in the waveform. 

Mesial 
The middie point of a range of points. As used in the 11403 
Oscilloscope, the middle measurement point between proxi- 
mal and distal points for timing measurements, and the 
intermediate height between baseline and topline for ampili- 
tude measurements. 

Nonvolatiie RAM (NVRAM) 
internal oscilloscope memory that is not lost when the oscil- 
loscope is turned off. 

Outline Box 
A visual feedback mechanism of the touch panel. Your 
potential selection is always indicated by a box while your 
finger is touching the screen. 
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Pixel 
A visible point on the display. The display is 551 pixels wide 
and 704 pixels high. Each pixel may be set to any of the 
display colors. 

Point Accumulate Mode 
A mode of operation where the oscilloscope displays newly 
acquired waveform data points while keeping the previously 
acquired data points on the screen. 

Pop-up Menu 

A temporary menu that provides an interactive dialog for a 
specific function. A sub-menu of a major menu. 

Principal Power Switch 
The master power switch located on the rear panel of the 
oscilloscope. 

Proximal 
The point closest to a reference point. As used in the 11403 
Oscilloscope, the beginning measurement point for timing 
measuremenis. 

Queuing (Spooling) 
The temporary storage of data In preparation for output to an 
external device, for example a printer or computer. 

Reai Time 
An acquisition mode in which all the samples for a waveform 
record are taken from a single triggered sweep of the time 
base, 

Record Lengith 

The number of samples (data points) that make up a wave- 
form record. 

RS-232-C 

An interface that can be used for remote computer control of, 
and data capture from, the oscilloscope. 
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Sample Interval 
The time interval between successive samples in a waveform ¢ 

record, 

Sampling Rate 
The speed with which the oscilloscope acquires samples, 

expressed in samples per second. 

Selected Waveform 
The waveform that is acted on by the knobs and menu 

selectors, and to which measurement readouts apply. 

Selector 
An area of a menu that performs some action when you 

touch it. 

Setting 
The state of the front panel and system at a given time. 

Single Trigger 
An acquisition mode in which acquisition is stopped after a 

single trigger is detected and the time base duration has 

expired. 

Single Sweep 
See Single Trigger. 

Single Shot 
See Single Trigger. 

Spooling 
See Queuing 

Standby 
A condition in which input power is disconnected from ail but 

a few of the oscilloscope’s circuits. Standby is generally 

used when the oscilloscope is not in use. 
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Stored Waveform 
A collection of sampled points that constitute a single wave- 
form record that is saved in memory. 

Time Base 
The time-dependent specifications that control the acquisi- 
tion of a waveform. The time base determines when and for 
how long to acquire and digitize signal data points. 

Time/Division 

See Main Size. 

Trace 
See Waveform. 

Tracking 
The process of automatically adjusting the measurement 
parameters or window position to refiect changes in the 
waveform. 

Trigger 
An electrical event that is used as a horizontal reference for 

acquired waveform samples. 

Uptime 
The cumulative number of hours the oscilloscope has been 
powered on. 

Vertical Description 
see Waveform Description. 

Vertical Size 
The number of vertical axis units displayed within a vertical 
division of the graticule. Usually the vertical units are volts 
and the vertical size corresponds to plug-in amplifier 
sensitivity. 

Volis/Division 
See Vertical Size. 
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Waveform 
The visible representation of an input signal or combinaiion 
of signals. 

Waveform Description 
The definition of what the waveform displays. It can include 
one or more channels combined arithmetically and modified 
by functions. 

Waveform Number 
A number assigned by the oscilloscope to identify a wave- 
form. Dispiayed waveforms are numbered 1 through 8. A new 
waveform is always given the lowest available number. 

Waveform Record 
The data points that make up a waveform on the display or in 
memory. 

Window 
A waveform that represents a horizontally expanded portion 
of another waveform. Windows are acquired on a separate 
time base from the waveforms they magnify. 

XY Waveform 
A graphical comparison of two waveforms. Both horizontal 
and vertical position of the data points in an XY waveform 
reflect signal data. 

Yt Waveform 
A waveform where the vertical position of the waveform data 
points reflects signal data and the horizontal position of the 
waveform data points reflects time. 
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Accuracy, Enhanced, 63-64 

Acquire Desc pop-up menu, 33-34, 43-45 

Acquisition, 29-35 
conditional, 33-34 

equivalent time, 30 
real time, 29-30 
stopping and starting, 32 

Algorithms 
measuremem, 273, 2271-233 
waveform function, 273-220 

All Wims Status menu, 782 

Amplifiers. See Plug-in units 

Audio feedback, 37 

Autoset, 39-42 
Horizontal, 47-42 
Pan/Zoom, 42 

search, 39 
stored waveforms, 42 
Vertical, 47 
window, 42 
XY waveforms, 42 

AUTOSET button, 39 

Averaging, 34, 43-45 

Axis labels, 69 

Bandwidth, plug-in channels, 722 

Baseline, 227-222 

Beep. See Audio feedback 

Buttons, 2 | 
AUTOSET, 39 

DIGITIZER, 32 

ENHANCED ACCURACY, 63 
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HARDCOPY, 87 
MEASURE, 72-73 
STORE/RECALL, 72-73 
TRIGGER, 72-73 
UTILITY, 72 
WAVEFORM, 72-73 

BW Limit pop-up menu, 722 

Cc 
Calibration, probes, 135-737 

Calibrator, 135-137 

Calipers. See Cursors 

Chan Sel selector, 772 

Channel button, 778 

Clear Waveform pop-up menu, 34-35 

Clearing waveforms, 34-35 

Clock. See Time and date 
Color, 47~ 49 

windows, 188 

Color pop-up menu, 47- 49 

Connectors, 2,-4 
GPIB, 65, 73 
POWER, 727 
PRINTER, 73 
RS-232-C, 73-74, 143 

Contrast, 775-776 

Coupling, plug-in channels, 720-727 

Coupling (trigger) pop-up menu, 763 

Coupling (vertical) pop-up menu, 720-727 

Cursor Type pop-up menu, 57-53 

Cursors, 57-55 

Cursors icon, 52 
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DefWim icon, 776-779 

DefWim pop-up menu, 776-779 

Delay Time. See Window size and position 

Delayed Sweep. See Windows 

Delayed Time/Div. See Window time base 

Deiete Setting pop-up menu, 750 

Delete Waveform pop-up menu, 757~758 

Diagnostics, 57-67 
extended, 57, 59-67 
power-on, 57-58 
self-test, 57, 59 

Digitizer, 29 

DIGITIZER bution, 32 

Display, 2, 6-7 

Display intensity, 49, 175-776 

Displaying Labels, 96 

E 
Enhanced Accuracy, 63~64 

ENHANCED ACCURACY button, 63 

Enveloping, 34, 43-45 

Equivalent time sampling, 30 

Erasing nonvolatile RAM, 90 

Error messages, 237-238 

F 
Fast. See Waveform scaling 

Fine Position. See Knob menu 

Fuse, 4-5, 127, 205 
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GPIB, 65-67 

GPIB connector, 65, 73 

GPIB pop-up menu, 66-67 

Graticuies, 69-72 

Graticules pop-up menu, 77-72 

Hardcopy, 73-87 
Defaults, 235 

HARDCOPY button, 87 

Hardcopy pop-up menu, 75-87, 235 

High precision. See Waveform scaling 

Horizontal 
controls, 83-88 
~» icon, 789 
Pan/Zoom, 85-86 
size and position, 30-37, 83-86, 789 

Horizontal Desc pop-up menu, 726, 140-141, 192-194 

«» Horizontal icon, 83-84 

Icons, 8-9 
Cursors, 52 
DefWim, 176-179 
«> horizontal, 83-84, 789 
% Main Trigger, 167 
{ vertical, 177-173, 189 

‘i Window Trigger, 767, 188 
Window, 787-788 
Windowe, 788 

ident pop-up menu, 97 
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impedance, 719 

impedance pop-up menu, 779 

initialization, 89-90 
erasing nonvolatile RAM, 90 

input Parameters pop-up menu, 779 

insialling plug-in units, 177-778 

instrument identification, 97 

intensity, display, 49, 175-776 

Intensity pop-up menu, 775~776 

Keypad pop-up menu, 10-17 

Knob menu, 70-77 

Knobs, 2, 70-77 

L 
Label pop-up menu, 94-95 

Labeis, 93-96 
displayed on graticule, 96 
positioning, 96 

LINE VOLTAGE SELECTOR switch, 127 

Lower Graticule pop-up menu, 77~72 

Main position. See Horizontal size and position 

Main size. See Horizontal size and position 

Measurements, 97-714 
algorithms, 273, 227-233 
Area+ , 97, 223 
Area-, 97, 223 
comparing to references, 106-107 
Cross, 98, 223 
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default parameters, 173-7174 
defining, 99-707 
Delay, 98, 224 
Duty Cycle, 98, 224 
Energy, 97, 225 
factors affecting accuracy, 45 
Fall, 98, 225 
Frequency, 98, 226 
Gain, 97, 227 
individual measurement pop-up menus, 708-709 
Main-Win Trig Time, 98, 107-703, 227 
Max, 97, 227 
Mean, 97, 227 

Mid, 97, 228 
Min, 97, 228 
Over Shoot, 97, 228 
parameters, 708-777 
pPeak-Peak, 97, 228 
Period, 98, 229 
Phase, 98, 230 
PropDelay, 98, 230 
Rise, 98, 237 
RMS, 97, 237 
Skew, 98, 232 
trigger, 107-703 
Under Shoot, 97, 232 
Width, 98, 233-234 

Measurements pop-up menu, 99-703 

Menus, 12-25 

Messages, 237-238 

Modes pop-up menu, 37, 40, 64, 87-88, 155, 169, 184-785 

Multitrace Pan/Zoom, 88 

N 
Nonvolatiie RAM, erasing, 90 
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Offsel, vertical, 723 

ON/STANDBY switch, 727 

Overall intensity, 49, 175-776 

Packaging, 277 

Pan/Zoom, 85-88 
multitrace, 87-88 
pivot, 87 

Plug-in units, 177-724 
bandwidth, 722 
channel button, 778 
compartments, 2 
coupling, 1720-727 
DC circuit loading, 723 
impedance, 779 
installation, 777-778 
overdriving, 124 
removal, 777 

Point accumulate mode, 725-726 

Polarity, vertical. See Waveforms, defining 

Pop-up menus, 6-7 
Acquire Desc, 339-34, 43-45 
BW Limit, 722 
Clear Waveform, 34-35 
Color, 47-49 
Coupling (trigger), 763 
Coupling (vertical), 720-727 
Cursor Type, 57-53 
DefWim, 176-179 
Delete Setting, 750 
Delete Waveform, 757-758 
GPIB, 66-67 
Graticules, 77-72 
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Hardcopy, 75-87, 235 
Horizontal Desc, 126, 140-147, 192-194 

ident, 97 
impedance, 779 
individual measurement, 708-709 
input Parameters, 779 
intensity, 775-776 
Keypad, 70-77 
Label, 94-95 
Lower Graticule, 77-72 

Measurements, 99-707, 703 
Mode, 766 
Mode (trigger), 766 
Modes, 37, 40, 64, 87-88, 155, 769, 784-785 
Probe Compensation, 735-137 
Probes, 133-737 
Recall Setting, 749-750 
Recall Waveform, 156 
RS232C, 143-145 
Sequence Settings, 757 
Source Dese (rigger), 762 
Statistics Comp & Def, 704-107, 113-114 
Store Setting, 148-749 
Store Waveform, 753-754 
Tire & Date, 759 
Upper Graticule, 77-72 
Vertical Desc, 782 
Window Holdoff Md, 765 

POWER connector, 727 

Power-on, 127-1729 

PRINCIPAL POWER SWITCH, 727 

PRINTER connecter, 73 

Printing. See Hardcopy 

Probe Calibration, 735-137 

Probe Compensation pop-up menu, 735-737 

Probe ID button, 133-1734 
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Probes, 737-737 

Connection, 732 
installation, 732 

Probes pop-up menu, 733-137 

Reai Time sampling, 29-30 

Recaii Setting pop-up menu, 149-150 

Recall Waveform pop-up menu, 756 

Record length, 739-747 
windows, 788 

Removing plug-in units, 777 

RS-232-C connector, 73-74, 143 

RS-232-C parameters, 143-145 

RS232C pop-up menu, 143-7145 

Safety, 209-277 

Sample interval, 740 

Scaling, waveform, 784-185 

Sensitivity, vertical, 723 

Sequence Settings, 747 

Sequence Settings pop-up menu, 757 

Settings 
default, 89 
initialize, 89 
sequencing, 757 
stored, 147-757 

Shipping, 277 

Single Shot. See Acquisition, single trigger 

Single Sweep. See Acquisition, single trigger 

Smooth function, 779-780 
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Source Desc (trigger) pop-up menu, 762 

Specifications, 799-206 

Statistics, 104-705 

Statistics Comp & Def pop-up menu, 704-707, 113-174 

Status indicators, trigger, 765 

Store Setting pop-up menu, 748-749 

Store Waveform pop-up menu, 753-754 

Stored settings, 747-157 
sequencing, 757 

Stored waveforms, 753-758 
Time and Date, 755 

Sweep. See Waveforms 

Sweep Mag. See Pan/Zoom 

Switches, 2, 4-5 
LINE VOLTAGE SELECTOR, 127 

ON/STANDBY, 727 
PRINCIPAL POWER SWITCH, 727 

T 
Time & Date pop-up menu, 759 

Time and Date, stored waveforms, 755 

Time and date, 759 

Time bases, 84 

Time/Division. See Horizontal size and position 

Topline, 227-222 

Touch panei, 6-7 

Trace. See Waveform 

Trace Separation, 789 

Trigger Holdoff, range, 764 

Trigger icons, 767 
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Triggering, 167-766 
Auto Level Mode, 766 
Auto Mode, 766 
Coupling, 767, 163 
events holdoff, 764 
holdoff, 767, 164-768 
«> indicator, 764 
Level, 764 
mode, 766 
Normal Mode, 766 
source, 767 
source description, 764 
status, 765 
time hoidoff, 764 
windows, 767, 164, 788 

Upper Graticule pop-up menu, 77-72 

Vectored waveforms, 167-169 

Vertical 
accuracy. See Enhanced Accuracy 
# icon, 777-173, 189 
polarity. See Waveforms, defining 
position, 777-773 
size and offset, 177-773, 189 

Vertical Dese pop-up menu, 782 

Vertical offset, 723 

Vertical sensitivity, 723 

Volts/Division. See Vertical size and offset 
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Waveforms, 776-785 
clearing, 34-35 
defining, 175-179 
functions, 43 
modifying, 782 
removing, 783 
scaling, 784-185 
selecting, 70-77, 187-182 
stored, 753-758 
trace separation, 773 
vectoring, 167-789 
waveform expressions, 775-779 
waveform function algorithms, 273-220 
waveform numbers, 780 
XY, 791-194 

Window Holdoff Md pop-up menu, 765 

Window trigger icon, 788 

Window icon, 187-788 

Windowe icon, 788 | 

Windows, 787-789 
color, 788 
hoidoff, 764 
record length, 788 
time base, 788 
triggering, 164, 788 

X 
XY waveforms, 197-794 

260 Index


