TEKSeriES

Part No. 070-8181-00
Product Group 47

Please check for CHANGE INFORMATION
at the rear of this manual.

o DSA 601A
“DSA 602A

DIGITIZING SIGNAL
ANALYZERS

User
Reference

First Printing FEB 1991




instrument Serial Numbers

Each instrument manufactured by Tektronix has a serial number on a pane! insert or
tag, or stamped on the chassis. The first letter in the serial number designates the
country of manufacture. The last five digits of the serial number are assigned se-
guentially and are unique to each instrument. Those manufactured in the United
States have six unique digits. The country of manufacture is identified as foliows:

BO10000 Tektronix, Inc., Beaverton, Oregon, USA

E200000 Tektronix United Kingdom, Lid., London

J300000 Sony/Tektronix, Japan

H700000 Tektronix Holland, NV, Heerenveen, The Netherlands

Instruments manufactured for Tekironix by external vendors cutside the United States
are assigned a two digit aipha code to identify the country of manufacture (e.g., JP
for Japan, HK for Hong Kong, etc.).

Tekironix, Inc., PO. Box 500, Beaverton, OR 97077

Copyright © Tektronix, Inc., 1991. All rights reserved. Tektronix products are cov-
ered by U.S. and foreign paiems issued and pending. The following are registered
trademarks: TEKTRONIX, TEKPROBE, TEK, SCOPEMOBILE and @

Printed in U.S.A.

Centronics® is a registered trademark of Data Computer Corporation.
Epson® is a registered trademark of Epson America, Inc.

HP LaserJet is a product of the Hewlett-Packard Corﬁpany.

HP Thinkdet is a product of the Hewlett-Packard Company.

IBM® is a registered trademark of Internationat Business Machines Corporation.
Lotus is a registered trademark of Lotus Development Company.

Proprinter® is a registered trademark of International Business Machines Corpora-
tion.




About This Manual NN NN

This is the front panel reference manual for the DSA 601A and
DSA B602A Digitizing Signal Analyzers. If you are a new user, first
read the DSA 801A and DSA 6024 Tutorial to become familiar
with the DSA. Use this User Reference to answer specific ques-
tions about operation of the DSA.

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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Related Other manuals that complete the documentation set for the
Manuals DSA 601A and DSA 802A Digitizing Signal Analyzers are:

® The DSA 601A and DSA 602A Tutorial gives step-by-step
instructions that demonstrate basic operation of the DSA.

» The DSA 601A and DSA 6024 QuickStart Package is a com-
plete learning laboratory, including a signal generating board
and a workbook. A videotape for the DSA 6071A and DSA
602A QuickStart Package is included with your DSA. These
show you how to use the power of the DSA 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 DSA.

x The DSA 607A and DSA 602A Programmer Reference de-
scribes the commands used to program the DSA through
GPIB or RS-232-C interfaces.

®  The DSA 601A and DSA 602A Quick Reference is a manual
- that briefly describes how to perform common tasks with
your DSA, perform any function available from the front
panel, and it inciudes a listing of programming commands.

m  The DSA 601A and DSA 602A Service Reference provides
information to maintain and service components of the DSA,
and provides a complete board-level description of DSA
operation.
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At a Glance

This section presents general operating instructions and a road-
rmap of the menu system. All menus are shown in this section.
Once you find a menu of interest, you will De directed to the
page in the In Detail section that discusses that feature.

You may want to consult the DSA 607A and DSA €02A Tutorial for
a complete introduction.

Front Paneland Plug-inUnits ...................... 2
RearPanel ......oiein e i aasssas 4
Disptay and TouchPanel ............. ..ot 6
lcons ....... e e ae e 8
Knobs, Knob Menu, and Keypad Menu .............. 10
Major Menu BUBONS « .. vveneneeneenennsaneinnn. 12
WaveformMajor Menu ......... . covneiiiionnnn 14
Trigger MajorMenu ..o, 16
Measure Major Menu ...........cvvviiiinnie. 18

" Store/Recall Major Menu ...........coovvevinnn... 20
i Stored Waveform ScanMajorMenu .. ............... 22
Utility 1 MajorMenu . ...t 24
uUtility 2 MajorMenu . ..., .o 26
Utility 3MajorMenu ....... oo 28
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The display shows
the waveforms and
the menus, which

you touch 1o activate.

See page 6.

The major menu buttons let
you select the major menu
that wiil appear at the bottom
of the display. See page 12.
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The TOUCH PANEL ON/OFF
butten lets you tum off the
touch panel so that you can
point to the display without
inadvertently making menu
selections.

O

The two knobs controt
many functions of the
DSA. You set the knobs to
control specific functions
when you make menu
selections or touch icons.
The knobs are described

- on page 10.
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Front Panel and Plug-in Units

The DIGITIZER bution stops and starts waveform
acquisition - see page 39. The AUTOSET button
sets the DSA parameters for a waveform

display —see page 65. The HARDCOPY button
prints a copy of the display—see page 143. The
ENHANCED ACCURACY button calibrates the
system for greatest accuracy — see page 1 11

Use the ON/STANDBY switch
as the power switch once the

DSA is installed. See page 209,

The CALIBRATOR output provides a

known signal for calibrating probes and
input cables. See page 217.

The DISK DRIVE enables
storing waveforms and settings
10 3.5 inch PC compatible floppy
disks. See page 97.

You install plug-in units or blank
covers in the plug-in
companments. See page 201.
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Power line controls include the
LINE VOLTAGE SELECTOR
SWITCH, the fuse, the power
connector, and the PRINCIPAL
POWER SWITCH.

See page 209.

The RS-232-C connector allows a
remote computer 10 control the
DSA through a serial interface.
See page 225.

/
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Rear Panel

The GPIB connector allows a
remote computer to control the
DSA through an [EEE STD 488
parallel interface. Three lights
show the status of the parallel
bus. See page 135

The PRINTER connector

lets you attach an Epson
FX-80 or compatible
printer using a Centronics
interface. See page 143.
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Selected waveform and unselected waveform, Axis
iabels and readouts apply o the selected waveform.
Waveforms can be selected by touching them.

See page 291.
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Display and Touch Panel

The display shows the cutput of the DSA, such as waveforms and measurement
information. The display is combined with the touch panal to provide a touch menu
system. Touch the selectors that are dispiayed in the various menus 10 execute those
itemns. Each menu selector has a shaded top portion that names the selector, and a
lower portion that shows the current status of the parameter that the selector controls.

RG~-232-C Parameters A pop-up menu provides a temporary
— = T dialog to let you set specific parameters.
S;i::‘ : Echs e Sioo :| Thisis the RS232C pop-up menu, which
9688 baud  Un 1 is accessed by touching the RS232C
selector in the Utility 2 major menu,

Parity : ?Eliq.gé?i_hig: i r;'e_r;g'g

" lone  Ssft O

“Hardcopy: o -ldent ] Page.to-=
v B U b U 3

Eitmap

Talklisten3688 baug |
1 | Sereen

Self . Teksecure.

Test - Erase Hem

Extended:
Diagaostigy:

Several different major menus are available. You
display and use the major menus by pressing the
major menu buttons. This is the Utility 2 major
menu. Touch the RS232C selector to display that
pop-up menu. See page 12 for a description of
the various major menus.

-..if?fﬁé The Knob Menu aiways shows the parameters the knobs
5115 are currently assigned to control (top two selectors). You
Main | can also use the knob menu to remove waveforms from

anro b Madnods | the display. You can touch the knob labels to see the
oom: Fast t1on:| Keypad Menu, which lets you enter a numeric value for
s any knob-controlled parameter. See page 10.
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WiAtdod FFTaon

5V

v : _ :
cAYVE
t Touch the vertical
icon to assign the ‘ :
knobs to adjust et e
the waveform
vertical size

and position. See

trig'd

page 277. P
M-

»

2BBnssdiu
v oksrat oy

1MQ-308MHZ

Rectang l
& Touch the trigger icon to Touch the RemAnno icon to
assign the knobs to adjust remove annotations from the
the trigger level. If the DSA is display. This icon appears after
not triggered, Inot! appears you define anncotations, and
above the word trig’d. remains until they are removed.
Ses page 253. See page 187.
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Touch the horizontal icon to
assign the knobs to adiust the
waveform horizontal

size and position. See page 153.

DefWfm

Windowi

FFTmag

Touch the window icon to
create a new waveform that
represents an entarged portion
of another waveform.

See page 297.

RemCurs

Cursors

The RemCurs icon appears
here after you define cursors,
and remains until they are
removed. Touch the
RemCurs icon 1o remove the
cursors from the display.

See page 84.

lcons

Touch the define waveform
lcon to display a pop-up
menu that lets you define a
riew waveform to be
displayed. See page 281.

Touch the FFT magnitude
icon to display the
magnitude of the frequency
spectrum of the selected
waveform. See page 113.

Touch the cursors icon to
display bar or dot cursors
for measurements of
waveform valuas.

Ses page 83.

lcons are always available,
regardiess of the major
menu that is displayed.
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This selector iets you remova
a waveform from the display.
First selact the waveform you
want removed by touching it,
then touch this selector. A
pop-up menu will ask youto
verify the removal.

The knob tabels always show the
knob assignments, the parameters
that the knobs will control. The
bottom half of each knob label
shows the current vafue of the
parameter. When you turn a knob,

; See page 281.
you will see the current vaiue
change, and you will see the change
on the display and on any displayed! .
menus that show the parameter. Touch either knob label
. to display the Keypad
Menu for that parameter.

/
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\ Touch the FINE button to

! : J change knob resciution. The

FINE label is lighted when the
knob resclution is set 1o Fine.

The Pan/Zoom selector lets you
expand any part of a waveform using
horizontal magnification. Sea page 155.
When the knobs are assigned to
vertical size and offset, this selector
may change to provide more vertical
control. See page 278.
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Knobs, Knob Menu, and
Keypad Menu

If you touch the wrong knob label
by accident, the top twe selectors
tet you chocse the other knob
parameter for Keypad Menu
manipulation.

Numeric Entry

You can use the
Keypad Menu o enter
a numeric value for
your parameter instead
of turning the knob
until the parameter is
sat. Touch number
selecters as if you
were typing the
number, and end your
entry by touching the
Enter selector. CHS
changes the sign of
your number; Back
Space lets you correct
errors. The p (plco),

n {nano},.{micro), and
m {milli) selectors et
you scale your
number.

2 Knob Res

- Hain: Paos

e Numeric Entry Knob Res
: 7 . B 9 v 30 \
o ‘ Tus
STTE : Medigmﬂ
' 288ns
< :.Fiqg:'j
T18@ns
/
: cHs o SeE THH
-182.3x
Sai 107 Max
~

! Main |
i Size’
18u

srdiy

The Coarse,
Medium, and Fine
selectors affect the
knaob resolution.
When set 1o coarse,
each knob click
represents a greater
change than when
set to medium or fine.

The Set to Min and
Set to Max selectors
let you quickly set a
parameter to either
extreme of its range
of adjustment.

DSA 801A and DSA 8024 User Reference
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The Cursors major menu controls the
cursors, which are markers that you
position on your waveform to make
measuremenis. Use the Cursors icon to
display the Cursors major menu.

See page 83,
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The Utility 1 and Utility 2 major menus
control general DSA parameters including
display colors, GPIB and RS-232-C
settings, and the internal clock.

See pages 24 and 26,

e i Fage 3

as i Nos doe btatarg L
; ; |
|

I
H

The Utility 3 major menu controls the Disk
Drive inciuding disk directories and files.
See page 97.

|
?
|
i
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Major Menu Buttons

[rEreicon PAriEaatal nequ 08 pratizoles Thue The Waveform major menu
E e T IVl R e controls waveform definition,
Farntaterd Comrat | Tilte acquisition, and the piug-in units.
Bﬂa(gﬂ_ﬂmzi pe?%:‘ng rens See page 14.
\ EIASH mew U Esee An aiternate form of the
spive | anfies St \Wayeform major menu, the All
| Wifms Status menu, can be
‘ | dispiayed using the Page to
selector in the Waveform major
menu. Press the Waveform major
menu bution to alternate between
N\ this menu and the Waveform
major menu. See page 14.
TR | e [ hoen § e, e The Trigger major menu
Hain ;INE W l"gi\r Z0us ; Auta conirols triggergng.
Timer o2 See page 16.
o P ine
TpEsE e T arse e e T eee The Measure major menu
TEE et e sreusies controls the automatic
prazELe measurgment system.
T ; See page 18.
fessy Y T An alternate form of the Measure major
LiteoTibns  2HPLoY |ressere-  menu, the Statistics Histogram menu,

FratogramsBtatisticsl Lompare |
i i i lefeulr

n!anuuus’?:untmuous! i
H i

can be displayed using the Page to
selector in the Measure major ment,
Press the Measure major menu button
to alternate between this menu and the
Measure major menu. See page 19.

e

e Lol kL By 1 T The Store/Recall major menu
i ! LZe?,  controls storage and recall of
Seiving | Seriing | Sertine waveform data and DSA
| settings. See page 20
Frocrols Tgsn Sran | Hent SHER I The Stored Wfm Scan major
Fr A PR I menu allows you to visually
Padt deeny > | “scan” through a set of stored
frow: L1 waveforms. See page 22.
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This pop-up menu lets you modify the
waveform description of the selected
waveform. See page 283.
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At

The Page to selector
displays the alternate All

Pesc

ra:scuies Fage
to
fily Hims
g Flatug
Main L )

AT SR . Wims Status major menu,
Care | e f‘:?? P22 This displays the status of
scde b s

all waveforms on the
display. See page 294.

AN

YT Coatrel
FFY Windowing § Magnitude Farmat
Blackman Blackman— { Soerage v
. Harrts Bource Wi (Jinear)
qff
Hemming  Hannling i ABY Yrms
This pop-up .-gnraes ; flynenet
menu lets you wblanu!nr Pnase § dEVrmg dRfund
§ Format
set the i g T |
impedance, '

coupling, and
bandwidth limits
of plug-in
amptifier input
channels,. See

This pop-up menu lets you
control Fast Fourier Transform
parameters. See page 113.

- page 204,
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Waveform Major Menu

norLxgnteat Uetcraotion

Acguirting Timetose: Main
Main Sanmpie Interwat: Zns<point F1
Window Sample fncterval: lns-peint

Record length
controls.
i Ses page 223.

Display
persistence

Hindow
Pecord Length

Matn
Fecnrd Lenpth

conirols.

1324 points

1824 points

i

See page 109.

Gispisy FPersistente

Infanite

Digrtizer Jaterience
156 sec

Fesitime

Dissntes

Variasie FPerwist
Time
i3
Y Dispiay Hode: KelDrsplayed Wavefarm
Bim 1 Him 2 Wm 3 I
2 +2-3 L 3
sitn  Fais  MEe Hein XY waveform
controls,
. See page 303.
Stored
Vauveforms
' Heauire Desceriptian
\ 1en hoeuire Afier
Set X PN
Tarplete
3ay
Set Argh fAuerage M
- kS are
Zet EnuN Envelsse N
f Telis Lescrigtion 1 iz a5
§ i ) T?;ngle ﬂSvﬂqie
Wfm “fm 2 kfm 3 Him 4 \ Hingow | | TUET TenwEne
[ L2~3 Ll Ll ot Ren {reate [ ¥
Harn Main Main Main Trigoer H Tempiate KN &
1 jlesr Label
£rp)
Page To Putostorse Fun Hoquls Ltian
Parameters Meny
LNt ENUDYE
Langel FAAN 7/
Gratisules Y
Delta #ctions -
| Sawr A Tanzat Thiwe Totat Lanzetut 1o A\Iei’agtng and
L e Faints  Foints enveloping
i?;‘ Lemrliunt Lount ! T fCreate Serond .
FERL . i controls:
: TR Harde opy Ehcw Deﬂtlta Dmc;u; sea page 71
: Points On 1ap ey
i Toy Dt ! i
| S B S Reperiive | Condtona
! Fo single trigger ?ﬂ o
This pop-up menu lets you define a delta Graticule controls: (S:O rot. 28
description for Act on Delta “glitch capture.” controis. ses page 41, ee page 3o,

See page 53.

See page 139.

Digitizer Interleave.
See page 37.
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Select the Main
or Window
Trigger using this
selector. See
page 2586,

p MENUS I
Wit oau m
hicaen
BLASUME D

STORE;

RECALL

(e B

B e ———

H bygk 0L High
CoFegy Fean Freg Tejens

Al tisrze L0 Moize
BT Feqper

Select the coupling for
the trigger signal using
this pop-up menu.
See page 258.

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

See page 259.

T-Tager | Zzource Level Time Mode
Zeiect Desc Holdntf
Matn |43 . E2sv ) Auto
Counitng “Veope Yimer ¥
Timer o
oi l . s
n e

Touch this selector to
change the trigger
slope. See page 259.

Touch this selector to assign
the knobs to control timing
for extended triggering.

See page 264,
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Trigger Major Menu

Foin Triamer Teriw TR iorier Define the trigger source
for the selected trigger

et ¢ ° Bocteon Trizaerins  paing this pop-up manu,
e ’ See page 256.

Le

Trigger an Foge -
pRILE =1 Leue

[Tike Luaiified
Yriasering
Line . - L .

Trigger Bordwidth = 1 f&Hz

z  Cancel

current Main Trigger Descriotion

frdser fede 1 Select the trigger
zare Levet | mode using this
| pop-up menu.

“ See page 263.

Horwal

i
i
i
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e T: “'“:“"'“i' — Use this pop-up menu
1. 13 eHred ®r hingtr e r ma )N . -
: e neres i “’m‘:*’ o : to specify which
* : Fiee’ | measurements you
via s . eoron | eoecsen) want to take. As you
r - Edal ik mpenira
vency Hag select measuremenis,
Touch a measurement win e | tetew  pres- | me | 1D readouts appear
readout to display a Shoot Delay immediately in the
pop-up menu that lets O e | e e unused selectors of
you control the way sheot the major menu.
the measurement is Goin  Cowesy | Dutw  Phase See page 176.
taken. See page 185. fuete
" Prak Peak Area + Arpa - Skew Mainsiin
R —— Tetg Tine
Left Pight
Limit Limit
9% 1085 :
-048.068ns 3, 24402uc'
Tiwe Mode Exlt Meou Ciear A1}
refasive
PHENUS"
*m,wm { Hean T Feak- Hize Fage
2 | ek 4 v
RaaER £.8%4 a, % . S Y ice
e D P A T SO 1253 U ‘}4:;;_;;:”
sEASUNE P
f
rone) b I l

These six selectors are reserved for
readouts of the measurements that
you select. This sample menu
shows that three measurements are
selected. See page 173.
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Measure Major Menu

This section shows histogram
parameters, status and statistics.

7,
4 Ay
iTog-z,_A'SV Mean &V PEIYEE:EY [ Fage
Btme~1, 55y FMGH BV sxle=g% te
Efy=viBus PuPi~BY wxz3o-8% Measure~
Pat«7Bus Hits2d Hipsed oents Henwy
HistograrsBratisticy Compare Rain ans Ma
| Defauit Size gom | Fas|
Hug#>32 Eoantinvous 16u (] 21
Bagkweant sediv | i s
Compare and Feference Values
Lompare Suave Current Keps
Values as Refarances
iy
fAdjust Feferences
Mean Peak Frak Risge
Ref Ref Fer
g.gag8d v o.pg0ed v a.088 ¢
Hizstograms Jotions
Vartical Horizenatal
. Default
Flislagram Histogrem
nff aff Paranerers
Yertical Horizontal
Limits Limits - Exit
I oder H . o
Haveforms . o .
late Use this pop-up menu to make your
; Feuw o measurement to a reference
i bar_mi(-v.
13162 value. See page 183.
rr!isr.aqram Refresh

Scellng Rate
Linssr St
Statistical Functions LLiue Waseforms!
Clear Extt - v Siatvistics Paset ﬁiallgllcs
DFF ied
i Mean Foak Peak
L} th_ t mean; B 4BgV mean: G.090V
- max: 2.083V Max: 5. BAEY
,Se 15 pop up menuio mint 2,088V min: i, 0apy
view to create and o.oBaY srav: C.OOBY
H i mean: {.080s
display a histogram. Tean:  2.060s
Grored Wi min: 2. 8Bds
See page 197. Bratistice] srgw: 8. B3{s
Erat
'

Use this pop-up menu to view measurement
statistics value. See page 183.
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These pop-up menus lat you
store and recall displayed
waveforms. See page 97.

{Store Haweform 1o Fetall Stored mavetorm from RRM (S
1
i HEY4 STOL.WFB  STO2.WFB STO3.WFE  ST04.WFR

BEXT A 9:42:20 @ 42;22 9;42:22 1£:89:02

- g-GCT»93 @-0CT-58  8-9(7-90 12-007-98

j Fogrely
H Main
Biore AlL Ser RNext

270 Inaex
5704

Free zicceg Wim RRM
; ~TOBLE butes

(PO 54 £ 1L WY /

ww:romg Store Wetali | Delete | Disk
Maveiorm Huuﬂorm;v&everomi Cony

|
!
THaER E E " . . ..I..
i
?
i

e Use the Page to selector or the
sif.s 1=~ STORE/RECALL button o
em Seand  display the Stored Waveform
Scan major menu.
See page 22.

sTere ]TRecallT] henEte”
MEASUNE ;

Cetting Setting Sgrting
P [RFRSRVIN RSSO SOOI |
PECALL
v ] \
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“tore Fretent scront ranel zetting Qo DISK

iores g L FF3 3

1 2 3

Hern Fitriawed witn ztored Seliing

{Wavefarm  Trigaer  Messure detirey §

Tiegle sfe Pay
Itstes

| awetform Tr iagee Lursars Stored Utitita £

: WEp Soan

Frgge hundoaistile FaM
1BE wwtes

This pop-up menu lats you store a
DSA setting. See page 231.
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Store/Recall Major
Menu

Telete Havetorss

Delete displayed or stored

Displaysd Waveforms Stored Waveforms PRAM [EEN- A .
Him 1 Wim & ST0L1.WFE STOZ.WFB ST02.KFB WaVEformS uslng th‘s
ST P T N gy
Wim 3 ST0A,WFB  STOS.HFE '

Lz 1616982 19:36:18
Han 12-0CT-90 23-00T-58

Use this menu to copy stored
waveforms from RAM to DISK or
from DISK to RAM. See page 250.

f Topy Glored Waueforms lo RAB From  RAM 2155
Al Trarting with §702
Weveforms

Stored
Serrings

STULHRE T.HfH Si03.WFE TTU4.WFE TOY wWFE
2332 %:42:22 1B:@9:f2 18:36:10
C

E
@:42:286
8 T-29 @-0CT-96 12-9CT-98 23-0CT-88

2-0(T-58

Tt Next AEY
STC index Kaveforms
i 5Y0Z

Felete Front Panei cettimg from  [HEEF BISK |

FPS 1 RS2 FPS 3
H 4 3

Heralt Front Fanel oetiing fram DISK

RS P52 FPs 3
¥ 2 3

a1
Sertings

T These pop-up menus let
Ferrine you recall or delete settings.
See page 231.

Teduence Front Panel Settings

Hert Settang Initiatsd
By Probe [0 Button Or
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Use this selector to start or
stop scanning through a
sequence of stored
waveforms. See page 246.
Use this selector to
display the previous
stored waveform in a

sequence. See page 246.

g 14 e Ty / Use the Page to
WAVEFORAME {:]

Freuious E?n”woo Text ;can f r.aqe Se{eCtor or gh@
- RPCIEE Reaianis S04 ‘J‘;Ej;c E EZEETI s STORE/RE.CALL
F‘g‘ﬁ LT B SR TR button to display the
wessone [ ] | m roms Store/Becail major
— wemime g Tt e e A s et

Acca  pEAARY

menu. See page 20.

LTy E]

Scan Using

knobs to control the limits of the
sequence of stored waveforms {0
This pop-up menu lets you scan. See page 246.
select a sequence of
waveforms tc scan on the
display. See page 247.

§ Touch this selector to assign the
i
|
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Stored Waveform
Scan Major Menu

Use this selector to
display the next stored
waveform in a sequence.
See page 2486.

Touch this selector to assign the
knobs to control the rate at
which stored waveforms are
displayed and replaced in
scanning. See page 248,

Touch this seiector to create
a new waveform that
displays the current stored
waveform in the scanning
sequence. See page 246.
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Use this pop-up
menu to control
the calibrator
output.

See page 77.

Calibratar aHO
Frecuency
1.0824 MMz

irpegance dutout

Fimgiitude
<0 ahm G.59068 V.

” MENUS N
WRVEE itk E:I

TAIGOER D

Frobes

Prone ID Functtion

HSeicct HNew
B PutoSet

Store
Wavefarms

Connect a probe oF Iaput to the caolibrator
then select the channel from this menu.

@ LEFT channel 15 renuired to deskew for
maximum ssmpie rave.

Li ct R
L2 2
L3 c3
La c4

o cAlicrate, deskew, and COMpEnsate prabes:

Use this pop-up
menu to
calibrate probes
and 1o set the
function of the
probe 1D button,
See page 215.

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

Utility 2 major menu. See page 26.

Tsiiorator; Fodes Frobes | coloer Fage o
“A,M:] Hitlsey 2
_— Tt B
b : ate
oy E T
 S——
IUse this selecter to
initialize the DSA {0 a
known state. TR T Use this pop-up menu
See page 159. Lo fidnSl to set the DSA clock.
Pavatipe. S ties  O€® Page 253.
Time Tate
Hours Mgnth
Zl MAR
Miautes Doy
41 2
Cepgnds e ar
57 a%
24
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Utility 1 Major Menu

Tretrurent Mcdes

Autoset
A r B i a Vertital Horizontal Undo Lest AUtOSEt ContrO!s are
geagngypesrs T descoad on page o
' | ,
Pan/Zoom controls are r T Touch this selector to set the

.....mm.,_.-_‘::u.....,\\

described on pages 155. Multitrace FansZsck Averaging Eonenced | Enhanced ACCUFaC‘,I mOde‘
fansZoam  Pluot Type Foouracy See aga '}11

th;’ough 158 Qe Center Backweight Manual p g .

Turn on or off vectored —— hiriioed  feor Stered wielaerenert— Touch this selector to enable
Wavefarms With th%s On Giplwdiew Show D:gsatried

Prefiiver  Date or disable incremental

selector. See page 275. aine rffgéic»: ”Eﬂil‘ii CEZT;’ acquisition. See page 45.

ptione n sired f
Set the Zoom Interpola- 1eisaer ot AN Touch this selector to control the
tion with this control, ereen ; cursor display. See page 84.
See page 277. Touch this selector to change the format
Turn on or off vectored of the stored waveform timestamp.
waveforms with this See page 244.
selector. See page 275. Touch this selector to change

the default cursor type.

Touch this selector See page &3.

Touch this selactor o
turn the audible beep
on or off. See page 83.

to set the Trigger
DC Level mode.
See page 260.

Use this pop-up menu {o
adjust the display colors.
See page 79.

lzler relecizen

Use this-pop-up menu to label a
waveform or setting. See page 165.

; T3hel :
F Background davedarm -
eplayed Stared Gtored Ease Toxr Tajor L
ISt kavefarme  Settings Lapel ‘
Graticule Kaveform
Him 1 Wfm € Wim a1 Gelsetors ¥ Colar 2

i

Hog i) #:~ST0S.W ne
Main Haein Windou wWavefarm
Kavefarm Tojor 2

Cursargs Aaveform
Mode Bieplay Peaitien v8% Lones Cator 4

1
Fanual On |

|

i

H

1 Draciay Frewvious Tefauwic |
! Inteastty Lolors Cater
i 8% AL :
]

l Selested Celor i
TSR Runders Treed . vt fm Calar [CEEES
Wim T Geendara |

Lam-!r Zsse Araphics  Sthers fater 2
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Use this pop-up menu to
set GPIB parameters.
See page 135.

GPTH Parameters

T a7 Vel RG-232+L Parameters Use this pOQ"Up menu to
Hod Boud  Eene Stee  got RS-232-C parameters.
=11 3
EB688 baud L] 1.5 See page 227.
Teidb:isten

Farity Flagging Deioy
Address None Sote 2

EOL String Verboss Tebug
Terminator

CRALF 044 et
01
Debug
0if
- //
WAVEF DAY
[:] 1 TFTE R: I HEFaTeRy | Vet F‘a“ ) Uise the Page to selector or
Thisen [::] thss:enF‘bﬂE baua | Brtmap il ~- the UTILITY button to
glimen . i .
wesswe [ ] mlnm e En;ggci.—é[ -- e display the Utility 3 major
Liagnostie t #
. [:3 ; o r - menu. See page 24.
riery £

Use the Self Test and Extended
Diagnostic selectors to operate the
diagnostic system and verify that the
DSA is operating properly.

See page 91,
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Utility 2 Major Menu

; Hardcood Carameiers ! Hardcopy controls
Primter fotor Hem are described on
e pia 24P | SR page 143.

tnoex 9 index 1

tek 4898 Tek 4B96 |- :°

i

t

1 . N E

E index B tndex 2
i

|

|

1

i Tex 4687 i
KL oos o
Toindex 5 Index 3

AL, HPGL L ot
Inscfet e R B

ingex 7 ingex ¢
Leeesn  Ulrection Dats
Format Format

Screen  Horyzantal EBirHex Detault
Lempacted CotorMan

Secur !ty

Optien

/ mee )
Tutput Flush dueue

Thetrument Lonfigurstion

Tnstr Septton ey ioe

DSA &EIZR Txecutive FI.8 TR541 L6
DSA E3ZAR Digatizer 2.0 BGSA116
SR 62ZA Display fr.g BESAILIE
11R34 Left F3.7 BA43417
H/TK Center

7K Right

Tastaljed Jntions

Gprien 4 - Nen-ualatile PAK

This pop-up menu shows DSA and plug-in
unit identification, firmware version numbers,
and installed options. See page 163.
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- Tis Ogerations USG this pop_up menu 'IO

P perform operations that affect

j e the disk. See page 100.

! V ; LISkl

i

; Txlt

Fueuusq

-muonum

TRIGOER m

IS S IS ‘r,sf?‘ﬁ[;",_ | —~ Use the PAGE to selector or the
P N UTILITY button to display the
| Utility 1 major menu. See page
25.
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Utility 3 Major Menu

Tireciory uUperations
B
chatr midtr rodir
rerdir dtr
FEEC
FPS1.FPE 1634 FES2,FPE 1694
23:49:16  3-FEB-%1 23:49:16 3-FEB-91
TEST IRy
%:87:19 4-FEB-91
W BN
Tile Upkrations
File attrih renamg capy
Tuse
wavetform |
File Data . delete arefix
Format
binary e
HWER
Heww. v
FFS1.FPE 1534 FFE2.FPR 16%4
£3:49:16 3-FEE-91 73:49:16  3-FEB-91
TEST <DIR>
$:87:18 4-FEB-91
Heynoard [EEY

Use this pop~up menu to
perform operations on
directories. See page 102

Use this pop~up menu to
perform operations on files.
See page 104.
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Acquisition

How
Waveforms are
Acquired

Acquisition is the process of collecting points of data from a
signal and assembling them into a waveform record. Waveforms
can be acquired be acquired continuously or acquisition can be
halted after a single trigger event. In continious acquisition
mode, once you create a waveform, the DSA continues to
acquire the signal and you see a live waveform on the display. In
single trigger mode, the DSA stope acquisition after acquiring a
waveform record or pattial waveform record based on a single
trigger event. Triggering is discussed in detail starting on

page 253.

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

Sampling in Real Time Mode

Real time sampling occurs only when the selected sample
interval, the time between samples, is at least as great as the
time required to take a sample. That is, the sample rate must be
low enough that the DSA can acquire a complete wavetorm
record based on a single trigger event. '

DSA 601A and DSA 6024 User Reference 33




Acquisition

Sample Interval

Trigger Event

Pre-Trigger
Samples

Real Time Acquisition of a Waveform

Non-repetitive events can be captured in real time sampling

* made. The maximum sampie rate at which real time acquisition

will occur is 2 GSample/s for the DSA 602A or 1 GSample/s for
the DSA B601A. These sample rates result in sample intervals of
500 ps/point and 1 ns/point, respectively.

Sampling in Equivalent Time Mode

When the DSA cannot acquire a complete waveform record in
real time mode, samples from multiple repetitions cf a signal will
be assembled into a single waveform record. This is called
equivalent time sampling. The DSA does not 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. This is sometimes referred to as Random
Equivalent-time sampling.
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Acquisition

-

Samples of a ————<

Signal

~ Trigger Event

Waveform Record

Equivalent Time Acquisition of a Waveform

Achieving For some applications you will want to ensure that acquisition
Real Time occurs in real time mode. For example, a sequence of laser
Acquisition pulses (repetitive events) may appear similar but exhibit signifi-

cant pulse to pulse variations when observed as separate
single-shot events. Non-repetitive signals (transient events) must
be captured inreal time mode.

You can tell whether the DSA is acquiring signals in real time or
equivalent time mode by observing the [ET] (Real Time) or
(Equivalent Time) indicator that appears below the graticule. The
acquisition mode is also reported in the Horizontal Desc pop-up
menu, shown on the next page. To view this pop-up menu, select
Horizonta! Desc in the Waveform major menu.

‘Acquisition will occur in real time mode if the selected time
between samples is at least as great as the time the DSA takes
to sample and digitize a waveform record point. Therefore, real
time acquisition can be achieved by increasing the sample
interval,
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Acquisition

Setting the record
length is described
in more detatt on
page 221.

Increasing the Sample Interval

The sample interval is equal to the time period that the wavetorm
record displays divided by the number of points in the waveform
record. For example, if you display a waveform at 20 ns per
division, a little more than 200 ns of time is displayed. (There are
a few points outside the 10-division graticuie on either side.) if
the waveform has 2048 points, the sample interval is 204.8 ns
divided by 2048 points, or 100 ps/point. The cumrent sample
interval is reported in the Horizontal Desc pop-up menu.

You can increase the sample interval by increasing the horizontal
size (time per division), the time period the waveform record
displays. To set the horizontal size, select the horizontal icon

{ <) and use the left knob to adjust the size.

You can also increase the sample interval by decreasing the
record fength, the number of points in a waveform record. 7o
change the record length, select Main Record Length or Window
Record Length in the Horizontal Desc pop-up menu and use the
knobs to adjust the record length.
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Acquisition

Horizontal Description

RTIET
Indicators Alcguiring Timebase: Main @

Main Sample Interval: SB8nsspoin
Window Sample Interwval: SBns/point

Recor enat
1824 points

1824 points

Diepiay Persistence Digitizer Interieave
P 1GSYeee’h
“Realtime
Disabied
SVarlapie.  Persist
is

XY Displau Mode: x=Displayed Waveform

Lidfm -1 Wim:2
- S
Main Main

Btared
Wavefarms::

_ 1 rage
o Descy 1 ol o e
Ctopped- Rl Wfms } L2
Status

1MO/380MHz| Fectang

The Horizontal Desc Pop-Up Menu
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Acquisition

Probe Calibration
is discussed
on page 217.

Increasing the Sample Rate

The sample rate is the inverse of the sample interval. When the
DSA operates in eguivalent time mode, the sample rate is an
equivalent sample rate. The equivalent sample rate reflects the
timing resolution of equivaient time acquisition.

The sample rate is always displayed in the status area of the
Horizontal Desc selector in the Waveform major menu. To deter-
mine whether sampling is occurring in equivalent time or in real
time, you can cbserve the [ET] or [RT] indicator below the graticule,
or you can observe the “ET” or "RT" notation following the sam-
ple interval readout in the Horizontal Dese pop-up menu.

When the DSA operates in single shot (single trigger) mode, the
RT notation in the Horizontal Desc pop-up menu may be followed
by the notation “ < 100%,” meaning that the waveform sampled in
real time mode will be an incomplete record.

Achieving the Maximum Real Time Sample Rate

You can use the Digitizer Interleave function, which is available
from the Horizontal Desc pop-up menu, to set the maximum real
time sample rate when a single channel is being acquired. Select
2GS/sec Realtime (1 GS/sec Realtime for ihe DSA 601A) under
Digitizer Interfeave in the Horizontal Desc pop-up menu to enable
or disable this function. The DSA 601A has two digitizers which
individually allow sample rates of up to 500 million samples per
second {500 Msample/s). When Digitizer Interleave is enabled,
the two digitizers of the DSA 601A can alternately sample a
single channel to provide sample rates of up to 1 GSample per
second (1 GSample/s). The DSA B02A has four digitizers, provid-
ing a maximum sample rate of up to 2 GSampie/s when Digitizer
Interleave is enabled.

- After enabling the Digitizer Interleave function, you will need to

follow the Probe Calibration procedure. Even if you are not using
a probe, the Probe Calibration is necessary to ensure optimum
performance. If you are using a subminiature probe, you will
need to use the subminiature probe tip-t0-BNC adapter provided
with the DSA in order to calibrate the system for the maximum
sample rate.
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Acquisition

Subminature Probe Tip-t0-BNC Adapter

Controlling You can freeze the waveforms on the display at any time by

Acquisition pressing the DIGITIZER button. This button is found above the
plug-in compartment, near the celumn of major menu buttons.
This technique lets you stop five waveforms to examine them
more closely.

DIGITIZER Button —-——-—-—\,\

DOTIER M N o 258 [ O
MNED

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

The Acquire Desc pop-up menu in the Waveform major menu also
controls acquisition. Use the selectors in the Stop Acquire After
section of this pop-up menu to specify that acquisition stops on
various conditions. The status area below the Acquire Desc
selector shows the current acquisition status, for example
Stopped, Trig Armed, Or Continuous.
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Acquisition

You can remove waveforms at any time using the Rem Wim
pop-up menu. To remove a selected waveform, touch the Rem
Wfm selector above the knob menu and verify that you want to
remove the indicated waveform.

% Fill Complete

Select % Fill Complete 10 have equivalent time acquisition stop
when the percentage of a complete recard specified by the
% Fill parameter has been reached for each waveform record.

Select Set % to set the % Fill parameter using the knobs or
keypad menus.

Average or Envelope Complete

If you use the averaging or enveioping features, you can select
Average Complete, Envelope Complete, Or Both Avg & Env 10
specify that acquisitions stop after enough records have been
acquired to provide a complete average and/or envelope.
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Acquisition

For details on how to
use the Acquire
Desc pop-up menu Acgutire [escription
to select averaging
or enveloping, see

Ctop Hecauire Rfter

Averaging and Set % cz F; l.l- .
3 Lo E Lompiete:
Enveioping on gy

page 71.

_Sét\ﬁ?gﬁ_ﬁuérdgg{N-?

32 0fFf

-Sét‘EnpwaﬂQ?Tﬁpé 1
Taz 7 Toee

Window
Sat Rep UL Treate j:?e'_pl. Trigh Deluas
Trigger N :Template Camplete;
i Next Label
REP!

RBun Hcguisition

Continuous

Vertical parizontal ~[Rewm
Dese o boio Deses): it ERT- TR L
Le Main Stopped All Wims | L2
Fact cMSrsec Stat Hain

cInput TFER e o Hetion el GMa

Oarame ters] Contraliz L Delta b

d¢Bm None
1 MO/ 388MH=] Rectang

The Acquire Desc Fop-Up Menu
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Acquisition

Triggering is
discussed in detail
starting on page 253.

if the digitizer is
stopped, any adjust-
ment of the horizon-
tal, vertical or trigger
parameters will clear
your waveform since
any parameter
change will no long-
er apply to the wave-
form as captured.
However, you can
turn on Pan/Zoom
and alter the wave-
form. You can also
prevent waveform
clearing when aiter-
ing vertical parame-
ters by initially defin-
ing the waveform as
high precision. (See
Waveform Scaling
on page 294.)

Acquisition Control Modes

The Single Trigger, Single Sequence, and Repetitive Single
Trigger acquisition modes stop acquisition after acquiring a
waveform record or partial waveform record based on a single
trigger event or after acquiring a series of such waveform
records. Touch a Trigger Select selector (Main or Window) in the
Acquire Desc pop-up menu to select the Main or Window trigger
for these functions. The Window rigger can be selected only
when a separate Window trigger is defined.

Select Single Trigger to stop acquisition when a single Main
trigger is detected and the time base duration has expired. In
Real Time sampling mode, you can use Single Trigger to acquire
a single triggered sweep of a non-repetitive signal. Pressing the
DIGITIZER button will re-arm the trigger circuit for another Single
Trigger acquisition. if the first Single Trigger acquisition did not
sample all the active input channels, the next will begin with
those channels.

Select Singte Sequence to have the DSA run a series of Single
Trigger acquisitions, stopping when ail waveform records are at

‘least partially acquired. Use this mocde when not all channels can

be acquired with one trigger. When all channels can be acquired
with one trigger, the Single Trigger and Single Sequence modes
are identical. Press the DIGITIZER button to stant another Single

Sequence acquisition.

Select Rep Trig Compiete to enable Repetitive Single Trigger
acquisition. The DSA wili store a series of Single Trigger acquisi-
tions of the selected waveform or waveforms. You can set the
number of acquisitions by selecting Set Rep Trigger N and adjust-
ing Rep Trig N using the knobs. Press the DIGITIZER button to
begin Repetitive Single Trigger Acquisition. You may notice a

brief delay as the DSA prepares to acquire and store waveforms.

You can select Rep Trig Complete only when all active channels
can be acquired concurrently. See Concurrent Acquisition on
page 51 for a description of limitations on concurrent acquisition.
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Acquisition

You can store multiple waveforms in Repetitive Single Trigger
mode, provided the waveforms can be acquired concurrently.
Select Rep Trig Complete, then Page to Autostore Parameters
Menu to display a pop-up menu that allows you to select multiple
waveforms. Select the waveforms you want to acquire and save
in Repetitive Single Trigger mode by touching their selectors.

The Wraparound selector in the Autostore Parameters pop-up
menu controls memory wrapping. When Wraparound is set 10 Oft
(the default), the number of acquisitions specified by Set Rep
Trigger N in the Acquire Desc pOp-up menu are acquired and
stored.

When Wraparound is set to On, acquisition continues indefinitely
and Rep Trigger N is ignored. All available waveform memory will
be used for Repetitive Single Trigger acquisitions. When wave-
form memory is filled, the oldest waveforms stored by Repetitive
Single Trigger will be replaced by new acquisitions. This is useful
if you want to leave the DSA running for awhiie and examine the
most recent acquisitions.

Note that when the digitizer is started and wraparound is set 1o
On, all stored waveforms with labels that match the curent Base
Label will be deleted and that memory space will be used for
new acquisitions. If you have previously stored waveforms with a
different Base Label, they will be retained.
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Acquisition

Autcstore Parameters
Waveforms Jo Store
Hraparound
B Matn
TH SR
ey
Page .To Roguine.: |
Chescription: Menuw:
Nertical S "l raticules, - Fage Rem
iDese e SO Lto o HEm
L1 Stopped A1 Wfms ¢ L3
Fagt 18MS-sec Status Main
Input FFT- - pw Bt on Fop Trig N Rep Trig #
Parsameterst Controk | - Delta’ EE ; :
- nc ¢ Bm Mone 1 1
1MO/3BAMH2 Rectang

The Autostore Parameters Pop-Up Menu

See Labeling on in Repetitive Single Trigger mode, each acquired waveform
page 165 for more record is stored with a label consisting of a base /abe/ foliowed
information about by a number. The numbers are assigned sequentially.

labeled waveforms. .
When you acquire multiple waveformns in Repetitive Single Trigger

mode, each stored waveform will be labeled with the base label,
followed by the acquisition number, a colon, and the waveform
number (1 through 8) of that waveform. For example, REP10:2
identifies the tenth acquisition of waveform 2 in Repetitive Single
Trigger mode, using the base label “REP.”
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Acquisition

in Repetitive Singie Trigger mode, the DSA allocates stored
waveform memory when you press the DIGITIZER bution, pefore
starting acquisition. If memory wraparound is off, enough memory
to store N acquisitions (set by Set Rep Trigger N) will be ailo-
cated. If memory wraparound is on, all available waveform
memory will be allocated for Repetitive Single Trigger.

Re aware of the following cautions when using Repetitive Single
Trigger mode: :

® When you are using memory wraparound, any stored wave-
forms with labels matching the current base label wili be
deleted as soon as you initiate Repetitive Single Trigger
operation by pressing the DIGITIZER button.

m Because waveform memory is allocated before Repetitive
Single Trigger acquisition begins, you cannot reset the
number of acquisitions while the DSA is acquiring waveforms
in this mode. When memory wraparound is off, attempting tc
change Rep Trig N will stop acquisition.

® You should avoid performing other DSA operations while
acquiring waveforms in Repetitive Single Trigger mocde,
because you may slow down or interrupt Repetitive Single
Trigger operation. Any DSA operation can stop Repetitive
Singte Trigger acquisition.

& Stored waveforms that have been ailocated for Repetitive
Single Trigger acquisitions will have a time stamp of zero
hours, minutes, and seconds and the date 00-JAN-00. (The
time stamps are updated as acquisitions occur and are
stored.) Stored waveform records exist as soon as memory is
allocated for them. Therefore, although you cannot select
these waveforms in the Recall Waveform pop-up menu, you
can query them over the R8-232-C or GPIB interface even
though they do not contain any valid data.

You can choose to generate a Service Request signal (SRQ) after
each Repetitive Single Trigger acquisition. To do this, touch Rep
Trig Complete then touch Page to Autostore Parameters Menu and
toggle the SRQ selector 1o on.
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See page 53 for
more information
about Act on Delta.

incremental
Acquisition

Act on Delta

When you have defined a delta description comparing a dis-
played waveform to an enveloped waveform, you can select
Delta to enable Act on Delta acquisition. Acquisition in this mode
will not begin until you press the DIGITIZER button. Delta descrip-
tions and Act on Deita acquisition are discussed in detail on
page £3.

Returning to Continuous Acquisition

To resume normal, continuous acquisition after using a Stop
Acquisition function, touch the Continuous selector under the
heading Run Acquisition.

Incremental acquisition provides a regular dispiay update for
signal acquisition with a sample interval greater than or equalto
5 ms/point. The display of a very slow sweep is updated as soon
as a part of the waveform record is acquired. For Continuous
Acquisition the waveform record is filled from left to right and the

~ acquisition is free-running. That is, sample points are acquired

and displayed, but there is no horizontal reference point. Hence,
the horizontal scale end points do not relate to waveform features
in any absolute way.

if you select Single Trigger oOf Single Sequence in the Acquire Desc
menu the DSA will position the waveform relative to the trigger
point after a full record has been acquired. If a trigger does not
occur the acquisition will continug to free run, overwriting wave-
form data. Remember in Single Trigger of Single Sequence mode
you must press the Digitizer button to begin an acquisition

When multiple channels are active, the DSA will obtain samples
from one channel for a brief time and then switch or “chop” to the
next channel, Each channel is briefly sampled on each sweep of
the time base.
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Enabling Incrementat Acquire Mode

Touch the Incrementl Acquire selector in the Modes pop-up menu
from the Utility 1 major menu to enable incremental acquisition
mode. Incremental acquisition does not begin until the following
conditions are met:

® The sample interval is greater than 5 ms/point,

s No window waveforms are displayed.

» No waveform functions are part of the vertical description of
a displayed waveform.

= The total sample points of all displayed waveform records
does not exceed 32,256 points.

m Act on Delta is not the selected acquisition mode.
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Instrument Hodes
Autoset
tnda Last
CiRutoSet. :
Miscellaneous
ﬁﬁliliﬁgéé“Paﬁ/ZDGM'Hﬂehqging “Enhanced
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Gptional On Paired Qf ¥
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DO Leiwel
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. ST Mty 2o Em ol
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Taittablzel 1tme-2 f. Label " 1 - Main. Pans|. HMain
s chnal o Bates S b Sizess, Zoem | Position:
11:28:19 Disp: Gn 18u Qff -21.2u
2-JAN-OY Moge: Man srdiv $
The Modes Pop-Up Menu
Clearing A waveformn may be displayed but not be acquiring new
Waveforms waveform data. This will happen when a waveform becomes

untriggered in Normal trigger mode, or if you use the DIGITIZER
button or a Stop Acquisition function to stop acquisition.

When the waveform is displayed but is not acquiring data, the
waveform record from the last acqguisition remains on the display.
This is why waveforms appear frozen on the display when you
stop acquisition.
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if the digitizer is You can clear waveform data from the dispiay using the Rem Wfm
stopped, any adjust- selector above the knobs menu. Touching the Clear Wfm # selec-
ment of the horizon- tor in the pop-up menu clears the selected waveform. The
tal, vertical ortrigge”  gelected waveform is identified both by waveform number (Wfm 2

parameters will clear

your waveform since in the illustration below) and by waveform expression and time

any parameter pase (L2 and Main). (The Clear Wfm # selector clears acquisition
change will no fong- memory but the input channel remains active. The Remove Wim #
er apply 10 the wave- selector tums off the selected channel.)

form as captured.
However, you can

turn on Pan/Zoom Verify RemowesLlear Haveform
and alter the wave- — — : e

form horizontally [Cancel Clear 'AIL Clear o0 Remoye -
without clearing the B i AT IRRE N R 'ﬁfé C meé
waveform. You can Main Ma i

also prevent wave- C3TiGbrater]. Modes - [ Prokes [ Lojor Page - to -
form clearing when e S e e ) P2
altering vertical pa-

rameters by initially Trizialize ~Time &~ T Label s | . Main. . Fans i Main

it ERL Date | obewni |a Size  cfZpom. Position
defining ?he wavet' 17:16:38 Disp: On 15 Of ¢ -6 u
form as high preci- . 8-0CT-28 Mods: Man | s/div L s

sion. (See Waveform

Scaling on page 264,
pag ) The Rem Wfm Pop-Up Menu

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

You cannot clear a waveform that displays only stored waveform
data. For example, if you have a waveform that is defined to be
STO1+ STO2, that waveform will not be selectable inthe Rem
Wfm pop-up menu.

It you clear waveforms that are being acquired (live waveforms
on the display), they will blink momentarity and then continue to
be displayed as new waveform records are acquired,
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Single-Shot
Acquisition
Tips

Always run

probe calibration
when you

enable Digitizer
interleave. Probe
caiibration is
necessary to align
the DSA's digitizers,
even if you are not
using probes.

The DSA 601A and DSA 602A offer excellent capabilities for
single-shot acquisition. Using the Single Trigger options de-
scribed earlier in this section, you can capture non-repetitive
events in real time at sample rates of up to 1 GSample/s for the
DSA 601A or 2 GSample/s for the DSA 602A. You can capture
multiple signals concurrently at lower sample rates. To make the
best use of these capabilities, you will need to be aware of
tactors that affect the real time sample rate of the DSA and how
to configure your DSA for concurrent acquisition.

It you want the DSA to acquire signals at its maximum real time
sample rate, enable Digitizer Interleave and set the Haorizontal
Size so that the maximum sample rate appears in the Horizontal
Desc selector. Once you have acquired a waveform record, use
Pan/Zoom 1o horizontally expand the waveform. Horizontal
controls and Pan/Zoom are discussed in Horizontal Controls on
page 153. The maximum sample rate is determined by the number .
of input channeis acquired concurrently. )

Main and Window Singte-Shot Acquisition

You can use the DSA’s windowing capabilities to acquire two
simultaneous records of the same signal. Because the Main and
Window time bases acquire signals at different sample rates, you
can use a high sample rate to obtain a detailed record of an
event on the Window time base while acquiring on the Main time
base a less detailed record of a greater span of time surrounding
the event. Windows are described on page 297.

For each channel!, one waveform on the Main time base and two
Window waveforms (waveforms acquired on the Window time
base) may be acquired in single-shot mode. The combined
record length of the waveforms acquired can generally be up 10
10240 points.

Observe the “ET” or “RT" readout in the Horizontal Desc pop-up
menu when you set parameters for single-shot acquisition. If the
qualification “< 100% Fill" appears after "RT,” a complete wave-
form record cannot be acquired at the current sample rate and
DSA configuration. A waveform will be acquired in real time
mode, but some points in the waveform record will not be
acquired.
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Concurrent Acquisition

If you wish to acquire multiple channels concurrently, your choice
of input channels can affect the sample rate. The DSA 601A can
acquire two signals concurrently; the DSA B02A can acquire up to
four signals concurrently. The waveform record samples of the
signals will be concurrent 10 within =100 ps.

The input channels that can be sampled simultaneously are
limited to two channels from the left plug-in compartment and
one channel each from the center and right plug-in compart-
ments. For concurrent acquisition, connect your signal sources
as follows.

s For four-channel concurrent acquisition, connect two signal
sources to channels of the left plug-in amplifier. Connect one
signal source to a channet of ihe center plug-in amplifier, and
one to a channel of the right plug-in amplifier.

Four-channe! concurrent acquisition is available in the
DSA B02A at up to 500 MSample/s, but is not available inthe
DSA 801A.

s For two-channel concurrent acquisition, connect two signal
sources to channels of the left plug-in amplifier, or connect
the two sources to channels of two plug-in amplifiers.

Two-channel concurrent acquisition is available in the
DSA 602A at up to 1 GSample/s and inthe DSA 801A at up
o 500 MSample/s.

In any other configuration, the DSA will not acquire all of the input
channels concurrently. instead, the DSA will alternate between
channels it cannot sample simultaneously, and some channels
will be acquired on separate triggered sweeps of the time base.

DSA 801A and DSA B02A User Reference 51



Acquisition

Defining a smoothed
waveform is
explained in Wave-
form Definition and
Managemant on
page 231.

For maximum single-shot timing accuracy, you can use the
SCLOCKD command of the ASCH interface to disable dithering of
the sample clock. See the DSA 601A and DSA 602A Programmer
Reference for more information about this command. Alternative-
ly, you can have a qualified service person connect an internal
jumper o disable sample clock dithering. Either rmethod results in
greater single-shot accuracy at the expense of equivalent time
performance.

High-Resolution Singie-Shot Acquisition

The resolution of the DSA’s digitizer is 8 bits. You can aftain
higher single-shot resolution by using the smoothing function.

When you define a smoothed waveform, the DSA computes a
running average of several adjacent points in the waveform.
High-frequency information is attenuated in the resulting wave-
form record. The equivalent bandwidth of the smoothing
operation is determined by the sample interval and by the num-
ber of points to be smoothed. The following table shows the
maximum bandwidth available when you use smoothing to

- increase resolution.

Single-Shot Resolution and Bandwidth with Smoothing
Resolution Pointste Single-Shot Bandwidth (by Sample Rate)
(nbits)  Smooth T 1 GS/s 500 MS/s 100 MS/s

8 none 1GHz 500MHz 250 MHz 50 MHz
9 3 295 MHz 147 MHz 74 MHz 15 MHz
10 5 177 MHz 86MHz 44 MHz 9 Mtz
11 8 98 MHz 49MHz 25MHz 5 MHz
12 17 52MHz 26 MHz 13 MHz 3 MHz
13 33 37MHz 13 MHz 7 MHz 1 MHz
14 65 14 MHz 7 MHz 3MHz 680 kHz

See the Algorithm section for the formula which ties points 1o
smooth to bandwidth.
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Act on Delta is an acquisition mode in which the DSA monitors a
signal for anomalies, or “deitas.” You can create an enveloped
waveform that defines the acceptable limits of the signal and
have the DSA perform one or more of the following actions when
the signal fravels outside the acceptable envelope:

x  Save the waveform record in which the anomaly occurred
» Make a hardcopy of the waveform record
= Sound an audible alarm (chime)

= Send a signal to a GPIB or R$-232-C controller connecied to
the DSA

The DSA displays delta points falling outside the enveloped
waveform in a color different than the waveform color.

Act on Delta acquisition stops when an anomaly is detected and
can be set to restart automatically.

Test Waveform - In Act on Delta mode, the DSA compares the test waveform, the
and Reference signal you are studying for anomalies, to a reference waveform.
Waveform The reference waveform defines the acceptable limits of variation
of the test waveform and must be an enveloped waveform.
The reference waveform may be a stored waveform or an actively
acquired waveform, but in most cases you will probably want to
use a stored waveform so that the reference limits do not change
while the DSA is monitoring the test signal for variations outside
the limits.
For more information A simple way to create a reference waveform is to add noise to
on creating an the test waveform, envelope and store it, then remove the noise
enveloped wave- and use the stored waveform as the reference waveform.
form, see Averaging
and Enveloping on In order to compare the two waveforms, the record length of the
page 71. reference waveform must be at least as great as the record

length cf the test waveform. The DSA considers only the points in
the reference wavetorm record that correspond with points in the
test waveform, so increasing the record length of the reference
waveform does not affect the Act on Delta comparison.
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Defining the
Delta Event

A delta event occurs when points in the test waveform record are
outside the bounds of the reference waveform. In addition to
setting up the comparison between the test waveform and the
reference waveform, you can specify an acceptable degree of
variation of the test waveform from the reterence waveform.

Defining the Deilta Description

Once you have created an enveloped reference waveform, use
the top half of the Act on Delta pop-up menu in the Waveform
major menu to define a defta description. A deita description is
always of the form Wim1 OUTSIDE Wfm2. Wfm1, the test wave-
form, must be a displayed waveform. Wfm2, the reference
waveform, must be an enveloped waveform.

To enter a delta description, touch the selectors in the Delta
Description section of the Act on Delta pop-up menu. Only the
appropriate selectors are selectable at any point as you enter an
expression. Select the active waveform you want to study from
the Displayed Waveforms shown in the upper section of the
pop-up menu, select the operator OUTSIDE, and select an envel-
oped waveform. If you make an etror as you enter the
description, touch Back Space 10 correct it.

The reference waveform may be an actively acquired waveform
or a stored waveform. If the reference waveform is stored in RAM,
touch Env Disp Waveforms 0Or Env Stored Waveforms to display
selectors for the available displayed or stored enveloped wave-
forms, respectively. If the reference waveform is stored on disk,
all the waveform files are displayed, not just enveloped wave-
forms. Selecting a non-enveloped waveform, however, generates
an error.

The delta description you enter appears at the top of the Act on
Deita pop-up menu shown on the next page. If a delta description
already exists, it appears on the Current Delta Description iine at
the bottom of the pop-up menu. The new delta description is
entered when you select Enter Desc. If you select Cancel Or
otherwise remove the Act on Delta pop-up menu without entering
the description, the existing delta description is retained.
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The current delta description will be erased when either the test
waveform or the reference waveform in the description is re-
moved, or if the waveform description of the reference waveform
is changed so that it is not an enveloped waveform, Changing
the description of the test waveform will not affect the delta
description, as long as the test waveform is not an XY wavetorm.

Deita Description

WFM1 GUTSIDE

Delta description
being entered 4

Selectors for Eny-5tored o
entering delta g Wauefarms!
description ;

Back Space. Lapcel

N
Delta Rctions
Saue sy Repeat: i CRime, "/ Total "’ Consecutiv
Srared. Wime 0 i i Pointsi . Points
Next Labeifunt Count 1
REP; B
LUGREY L Hardoopy Shaw .Delta: Siatus
N L O P_E_l_.;i:'r_i't's in ‘{Jisb-las.
Test Delta
Waveform fArtions
Existing delta ———— Current Delta Descripticn
description appears Vertical Horizontall:Acgquire [oraticules; “Pugg | Rem
here o Dese i iDescidff L BEsc D L E VLY T £ 2
L2 Main Stopped 811 Wfms | L&
Fagt ZMSrsee Cratus  Plain
TTnput | FETo : 0 Wertical [han |¥ertical
Paranaters| Control " SRAUNGE EBjze s L2 BeloOffsets [
il dBm None 1 Le 1.5
1M0-30BMHZ Rectang Vodiv R ¥

The Act on Delta Pop-Up Menu
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Setting Acceptable Limits of Signal Variation

You can set the number of cut-of-bounds waveform record points
that constitute an acceptable degree of variation of the test
waveform from the reference waveform. You can also define a
maximum acceptable length of variation. For example, you might
want to ignore “spikes” that take only a few waveform record
points out of the limits defined by the reference waveform.

Select Total Points and Consecutiv Points in the Act on Delta
pop-up menu to adjust these delta event parameters. These
selectors set the left knob to control the total number of out-of-
bounds waveform record points and the right knob to control the
minimum number of consecutive out-of-bounds record points
required for a delta event.

A delta event will occur only when both the total number oOf
points and the number of consecutive points are outside the
specified bounds. For example, if you set Total Points to fifteen
and Consecutiv Points 1o ten, a delta event will occur when there
are at least fifteen out-of-bounds points in the test waveform
record, at least ten of which occur consecutively.
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Delta Actions When the DSA detects a delta event, acquisition stops. In addi-
tion, the DSA can perform any of the functions described below.
Selectors for these delta actions appear in the Act on Delta
pop-up menu in the Waveform major menu. You can chocse to
have the DSA perform any combination of these functions. You
can also choose to have a summary of the currently selecied
delta actions appear in the Act on Delta selector in the Waveform
major menu. If no delta action is selected, “None” appears in the
Act on Delta selector in the Waveform major menu.

Repeat

Select Repeat to have the DSA automatically restart acquisition in
Act on Delta mode after a delta event has caused acquisition 0
stop. Otherwise, you would restart acquisition by pressing the
DIGITIZER button.

The Evnt Count in the Repeat selector lists the number of delta
events that have occurred, and is reset 10 zero when you press
the DIGITIZER button. This count also appears in the Acquire
Desc selector when the digitizer is running.

Save As Stored Wfm

Stored waveforms Select Save As Stored Wfm to have the DSA store the waveform
are discussed in record in which a delta event occurred. Each stored waveform is
detail on page 97. assigned a label consisting of the current base label (the default
For mare information base label is REP) followed by a sequentially-assigned number.
on basﬁfggiﬁ; 568 The label that will be assigned to the next waveform stored
page ;5‘85. appears in the Save as Stored Wim selector. This label is not

updated while acquisition Is occurring and is therefore only valid
before you begin Act on Delta acquisition.

You can store a series of waveform records for later study by
using Repeat and Save As Stored Wim together. The waveform
stored is always the “test” waveform unless you override this in
the Autostore Parameters menu, If the DSA runs out of memory for
stored waveforms, it will display a single error message and
continue Act on Delta acquisition without storing waveform
records. Note that this occurs unless Wraparound is turmed on in
the Autostore Parameters menu. You can also use the Autostore
Parameters menu to specify which waveforms to store.
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Donotusethe
Hardeopy and
Repeat deita
actions together if
you expect delta
avents 1o ocour in
rapid succession.

Chime

Select Chime to have the DSA produce a single “beep” when a
delta event is detected.

SRQ

When SRQ is selected, the DSA will send a “Conditional acquire
complete” signal request message to the GPIB or RS-232-C
controller when acquisition stops on a defta event.

You do not need to select SRQ uniess you have also selected
Repeat; the “Conditional acquire complete” message will be sent
to the controlier at the end of a single Act on Delta acguisition
even if SRQ is not selected.

In addition, note that the SRQ selector in the Autostore Parame-
ters menu provides an alternative method of generating an SRQ.

Hardcopy

Select Hardcopy to have the DSA create a hardcopy of the
display when acquisition stops on a delta event. See Hardcopy
on page 143 for more information about making hardcopies of the
display.

Do not use the Hardcopy delta action with Repeat if you expect
the delta events t¢ oceur in rapid succession, because hard-
copies will only be generated if there is space for them in the
hardcopy gqueue when the delta event occurs. Instead, select
Save As Stored Wim and make hardcopies showing the stored
waveform records later. :

If you do select Hardcopy and Repeat, you may find that the
display “freezes up” when delta events occur too frequently. You
might need to press the DIGITIZER button to stop acquisition and
then press the HARDCOPY bution to abort the hardcopy being
queued. If you do not stop acquisition, a new hardcopy might be
started soon after you remove the current one.
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Display You can choose fo have either the delta actions or the number of
Eeatures delta points displayed in the status area of the Act on Delta
selector. Touch Status Display in the Act on Delta pop-up menu to
toggle between Delta Actions and Number of Delta Points.

You can choose 1o show the detected delta points on either the
test waveform or on the selected waveform. Touch Show Delta
Points in the Act on Delta pop-up menu to toggle between show-
ing delta points on the test or selected waveform.

it is useful to show the delta points on a selected trace that is not
“live® like the test waveform. You can recall stored waveforms 10
see what points of the stored waveform are outside the reference
waveform, If Repeat and Save were used during Act on Delta 10
store a number of waveforms, you can then individually examine
the delta points on each of the stored waveforms.

Initiating Act Once you have defined the delta event and set up the actions
on Deita you want to occur on a delta event, you can star acquisition in
Acquisition Act on Delta mode by pressing the DIGITIZER button. Unless you
have selected the Repeat deita action, you will need 1o press this
button to restart acquisition after each delta event.
DIGITIZER

Button

DiGITIZER

s Nyoter  ranocory EEANCTD O o
AN

N ] & S

If a delta description already exists, you can aiso select Delta in
the Acquire Desc pop-up menu in the Waveform major menu to
enter Act on Delta acquisition. You must press the DIGITIZER
button to start acquisition after you select Delta. This is an easy
way to return to Act on Delta acquisition after doing intervening
work in another acquisition mode. The DSA enters Delta acqulisi-
tion mode automatically when you touch Enter Desc in the Act on
Deita pop-up menu.
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Viewing Delta Delta points outside the specified bounds are displayed in a

Points color different from the other waveform points. It may be neces-
sary, however, to adjust the color of the delta points by changing

Changing the de- the default colors. Making the waveforms dark and the delta

fault colors is dis- points bright may aid in viewing the delta points. Also, it may be
cussed on page 79. easier to see the colored delta points when the Pan/Zoom selec-
Refer to page155 for tor is set to Off or when Pan/Zoom interpolation is None. if you

information about zoom in on the test waveform, the DSA will autormnatically zoom in

Pan/Zoom. on the first delta point in the waveform record.

Note that the delta points are displayed only when the Digitizer is
stopped. Thus the deita points do not appear when Repeat is on.
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See Acquisition on
page 33 for informa-
tion about the other
acquisition modes
you can select from
the Acquire Desc
pop-up ment.
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Act on Delta
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The Acquire Desc Pop-Up Menu

You cannot use Act on Delta acquisition with incremental acquisi-
tion or with XY waveforms. Nor is Act on Delta allowed when

Histograms are on.
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Audio Feedback

When you setect a function on the touch screen, you will hear a
beep that means your selection has been noted and is being
acted on. The beeper can be turned on or off.

To turn the audio feedback on or off use ihe instrument Modes

pop-up menu in the Utility 1 major me
back selector in the Instrument Modes

beeper off or on.

nu. Touch the Audio Feed-
pop-up menu to turn the

Tnstrument Modes
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Autoset

AUTOSET
Buttorn

The input channels
rmust be calibrated
(Enhanced Accura-
cy in effect) for
Autoset to work
property.

Autoset does not
change your se-
lected Input cou-
pling, Trigger
Source description
or Trigger Coupling.

NN

Adjusting a DSA 1o display a stable waveform of usable size and
amplitude is easily accomplished with the Autoset feature.

pusscony
!

DIGITiZER i
ERHANCED
s ‘M“ﬂ HARCORY  A¢ CLRACY O [i=
- N/ |
Eror ey | &

When you press the AUTOSET button, you teli the DSA to exam-
ine the selected waveform and adjust the foilowing for optimal
display:

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

s Main and Window horizontal size and position
w Trigger level

It you press the AUTOSET putton when no waveforms are de-
fined, the DSA 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 0
0V offset; they will be restored to their previous seftings if no
signal is found. Plug-in arnplifier coupling is not changed, sc a
signal at an input channel that has coupling tumned off will not be
detected.

Autoset is also invoked when you press a Probe 1D putton if you
have selected the Probe 1D Function Wfm Select/New Wfm &
AutoSet from the Probes pop-up menu of the Utility 1 major menu.
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Undoing an If you don’t like the resulits of an Autoset, you can restore the
Autoset status of the DSA by touching the Undo Last AutoSet selector in
the Modes pop-up menu of the Utility 1 major menu.

Instrument Modes
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The Modes Pop-Up Menu
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Autoset

Autoset The Modes pop-up menu lets you set several Autoset parameters

Options so that you can tailor the Autoset operation to your needs. In
addition to the Undo Last AutoSet selector, the Autoset section of
the Modes pop-up menu has two selectors that let you specify
independently the vertical and horizontal Autoset characteristics
of the DSA.

Vertical Autoset Options

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

Peak-to-Peak mode — sets the vertical gain and offset so that
the waveform will be four to nine divisions high and centered
vertically on the graticule. Trigger level will also be set. The
trigger source will be set to match the waveform source if the
ime 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 1o DC and set
Main trigger mode to Auto and Window trigger mode to Normal.

Vertical Autoset may aiso be tuned Off. If you tumn Vertical Auto-
set off, Horizontal Autoset will not work properly unless the signal
is friggered.

Horizontal Autoset Options

Horizontal Autoset The Horizontal selector cycles among four values: Period, Puise,
will not function Edge, and Off. With any of the first three selected, Autoset wiil

properly on signals adjust the Main size and position. Main hoidoff will be setto its
W*thbgfﬁ-‘zgcfzs minimum value of 2 us if it is greater than 1 ms when Autoset is

invoked. The trigger source will be setto match the signal source
if the waveform becomes untriggered.
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Pericd 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 siope, 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?2 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 horizontat 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.

Edge mode —sets the Main size to display the edge of a pulse
across the entire graticule and sets Main position so that the
edge is centered horizontally on the graticule. The trigger slope
determines whether a rising or falling edge is displayed.

Horizontal Autoset may be turned off without affecting Vertical
~ Autoset.
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Special Cases Autoset ireats 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 selecied,
Autoset will set the horizontal magnification (Zoomj) to 1. Invoking
Autoset on a live waveform will cause Pan/Zoom to be turmned off.

Fast and high preci- When the selected waveform is a multi-channel waveform, Verti-
sion waveforms are cal Autoset will be applied to each channel, but Horizontal
explained in Wave- Autoset will be applied only to the first channel in the waveform

form S;:;‘g%g; description. The amplifier gains of the input channels will be

matched only if the wavetorm 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-channal
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. [f
vertical Autoset is in TTL or ECL mode, the vertical size and
position of the window will also be set.
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Averaging and
Enveloping

The averaging and enveloping functions allow you o examine
and manage noisy signats.

Averaging reduces the random noise of a displayed waveform
and provides a cleaner display. The DSA presents a waveform
that is an average of several accurmulated waveform records.
Each sample in a record is numerically averaged with the same
sample in all the other records. The resulting waveform is dis-
played.

There are two types of averaging available:

® Back-weighted averaging generates an average that is
exponentially weighted by previous (back) waveforms. This
produces a continuous display during the averaging process
and continues to generate an average value after the
specified number of averages is reached. Each new average
consists of N-1 parts previous average and one part new
data, where N is the specified number of averages.

® Summation averaging totals a specified number of input
waveforms, then divides the total by the specified number.
No display accompanies this type of averaging until
averaging is complete, and no new waveform data is
incorporated into the average once the total is reached.

Fnveloping shows the cumulative effect of noise and signat
variation over a period of time. It is simitar to averaging in that
several waveform records are accumulated 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 variation of the
signal.
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Defining an
Averaged or
Enveloped
Waveform

If you aren’t sure
how to define a
waveform, see
Waveform Definition
and Management on
page 281

There are two ways 1o establish an averaged or enveloped
waveform.

= |f 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 281.

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

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

[] step1: Create the waveform you want using any method.

I:] Step 2:  If the waveform isn't selected, touch the waveform
to select it.

[:] Step 3  To select the type of averaging, press the uTiTY
button until the Utility 1 major menu appears, then touch
Averaging Type in the Modes pop-Up mMenu.

[] step4: To average the waveform, press the WAVEFORM
menu button, touch the Acquire Desc selector in the major
menu, and then touch the Average N selector in the pop-up
menu. To envelope the waveform, touch the Envelope N
selector in the pop-up menu.

Selecting Average N invokes the average type selected inthe
Modes menu. If you want to change average type you must turn
Average N off then back on to recognize a change in the Modes
menu average type.
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The Acquire Desc Pop-Up Menu

The Acquire Desc selector status shows that the average function
is now part of the waveform expression. It also shows the type of
averaging selected.
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Record Count

Limiting
Acquisition

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

Use the Set AvgN and Set EnvN selectors in the Acquire Desc
pop-up menu to assign the knobs to set the number of records.
The left knob sets the number of records 1o accumulate for an
average, and the right knob does the same for enveloping.

Each knob click changes the current value by a muitipie of two in
the coarse setting or in increments of one when the front pane!
button is set to FINE. You can use the numeric keypad to enter
specific values.

You can have the DSA stop acquiring waveform data when a
complete average or envelope is accumulated. When the DSA
stops acquiring data the waveform will appear to be frozen on
the display. The selectors in the Stop Acquire After section of the
Acquire Desc pop-up menu let you specify Average Complete,
Envelope Complete, or Both Avg & Env. (Both Average and Enve-
lope functions must be used in waveform definitions for the Both
Avg & Env function {o be selectable.) When you want to resume
normat continuous acquisition, touch the Continuous selector.
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Side Effects of Averaging improves the accuracy of some measurements be-
Averaging and cause it reduces the effects of random noise. However, some
Enveioping measurements can be affected adversely by averaging or envel-
oping. For example, if the signal has horizontal jitter, a rise time
measurernent taken from the averaged waveform will be slower
than the actual rise time. Be cautious when taking measurements
of averaged or enveloped waveforms.

If the digitizer is stopped, any adjustment of the horizontal,
vertical or trigger parameters will clear your waveform since any
parameter change will no longer apply to the waveform as cap-
tured. You can, however, tumn on Pan/Zoom and alter the
waveform horizontally without clearing the waveform. You can
also prevent waveform clearing when altering vertical parameters
by initially defining the waveform as high precision. (See Wave-
farm Scaling on page 294.)

Terminating To turn averaging or enveloping off, toggie the Average N or
Averaging or Enveiope N selector in the Acquire Desc pop-up menu.

Enveloping
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Calibrator

The calibrator provides an accurate voltage/signal source for
basic gain and timing applications and provides an accurate
signal source for probe calibration. For information on probe
calibration, see page 213.

CALIBRATOR
Connectors

The Calibrator is not You can select the frequency and output voltage of the calibrator
available when output. To set or determine the parameters of the Calibrator
Enhanced Accuracy, Output, select Calibrator Output from the Utitity 1 major menu.
pr%?:g%ﬂg g;“;rr‘é ?r: Then, from the Calibrator Output pop-up menu successively touch
Drogress. the Frequency selector and note these selections:

»  1.024 MHz sets the calibrator output to a 1.024 MHz, approxi-
mately 560 mV pk-pk square wave signal. The baseline
voltage is approximately -60 mV and the series output
impedance is 50 Q.

» DC sets the calibrator output to a DC level from -10 V10
+10 V. The series output impedance is 450 0.

When DC is selected, the Adjust Level selector can be used
to assign both contro! knobs to Calibrator Output. The knob
resolution may be set to 250 mV (Coarse), 5.0 mV (Mediumy),
or 0.1 mV (Fine). Coarse and Fine resolution can be selected
with the FINE button on the front panel. Medium resolution
can be set from the Numeric Entry & Knob Res pop-up menu.
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1.000 KHz sets the calibrator output to a 1 kHz, 5 V pk-pk
square-wave signal. The baseline voltage is 0 V and the
series output impedance is 450 (.

Catibrator BNC

Impedance Jutput
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Colar Fage to | Rem
ST Ui ity 2 pEm i
Li
Main
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The Calibrator Output Pop-Up Menu

The Output Amplitude and series output impedance of the cali-
brator are listed below the Frequency and Adjust Amplitude
selectors in the Calibrator Output pop-up menu.
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Color Display

Color Selection

The color display provides a convenient means to identify dis-
play items. Specific colors aré assigned to the items on the
display. The background, graticule and selectors, and cursors
and measurement annotations are displayed in distinct colors for
easy identification.

The DSA provides two separate color models. In the standard
color model, there are up to four colors for waveforms and an
additiona! color for window waveforms. When a window wave-
form is defined, it is displayed in the window waveform color.
When you select a waveform, its color brightens.

In the second color model {called the “original” color model,
there is a color for the selected waveform and a different color for
unselected waveforms. Similarly, two separate colors distinguish
the selected window waveform and the unselected window
waveforms.

You can modify the display colors to suit your preferences using
the Color pop-up menu in the Utility 1 major menu, shown on the
next page. You can change the coiors displayed and the overall
intensity of the display. You can also choose the default or origi-
nal color mode! using this pop-up menu. :

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 parameter, and beneath the selector is a readout of
the hue, lightness, and saturation vaiues of that color.

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

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

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

~
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Color Dispiay

To change the color of a display parameter, select the parameter
in the Color pop-up menu. The knobs are autornatically assigned
to control Lightness and Saturation; select Hue if you want 1o
adjust the hue of the color. Adjust the color using the conirol
knobs.

The Cotor Pop-Up Menu
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Restoring
Colors

Setting the
Display
intensity

Selecting the
Color Model

in the standard color
model, the selected
waveform is
brightened.

Color Display

Two selectors in the Color pop-up menu let you restore colors 1o
their default settings or to the colors previously defined.

® Previous Colors restores all eight display parameters to the
colors they had when you entered the Color pop-up menu.

m Default Color sets the selected display parameter to the
factory default color.

When no display parameters are selected, the All label is
displayed below the Defauit Color selector, and touching
Default Color will set all eight display parameters to the
factory default colors.

You can adjust the overall intensity, or brightness, of the display.
Touch the Display Intensity selector in the Color pop-up menu to
assign the knobs to control the intensity of the display. Overall
intensity can be from 0% to 100%.

Touch the Color Model selector to change the color model. The
status area of this selector shows which modet is currently
selected, Standard or Original. When you touch this selector, the
screen clears and is re-drawn based on the other cotor model.
The illustration on the previous page shows the Color menu with
the Standard color parameters.

The Standard Color Model

In the standard color model, four waveform colors are assigned
to waveforms in order as they are created. When you select a
waveform, its color brightens. You can reassign the color of the
selected waveform to any of the four waveform colors using the
Selected Wim Color selector at the bottom of the Color pop-up
menu.

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

The Original Color Model

In the original color in the original color model, the selected waveform on the main
model, the selected time base is displayed in the Selected Main Waveform color, and
waveform is dis- all other waveforms on that time base are shown in the Unse-

played In a different
color from other
waveforms.

lected Main Waveform color. The selected waveform on the
window time base is displayed in the Selected Window Waveform
color, and other waveforms on that time base are displayed in the
Unselected Window Waveform color.
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Cursors

Consider using the
automated measure-
ment system 1o take
measurameants
instead of using
Cursors.

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 absoiute locations
of the two cursors, and the difference (A) between them.

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

s Horizontal Bar cursors are a pair of horizontal bars. The
positions of the cursors and the vertical disiance between
them are shown in vertical axis units.

s 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 herizontal positions, in
the respective axis units.

.w  Split Dot cursors appear similar 10 paired dots, except the

dots may be on different waveforms. The readout indicates
hoth the vertical and horizontal measurements, in the respec-
tive axis units.

You can use cursors to take several measurements. However, the
autormated measurement system is easier, faster, and more
accurate. You can take many cOmmon measurements using the
Measure major menu. See Measurements on page 173 for more
information. ‘
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Cursor
Operation

The Cursors icon
functions like a
major menu button,

Before you use cursors, display the waveform(s) you want 10
measure, The waveform should be selected (highiighted). For
split-dot cursors, either waveform may be selected.

To invoke the Cursor major menu, touch the Cursors icon, located
above the graticule containing the selected waveform. This icon
operates like one of the menu buttons at the right of the screen: it
has its own major menu. When the Cursor menu is displayed,
none of the lights of the major menu buttons are lighted.

When you touch the Cursors icon, the DSA displays the cursors
and their readouts and assigns the knobs to adjust cursor posi-
tions.

The Cursors maior menu has two selectors, the Cursor Type
selector and the Page to (Previous Menuj selector. The rest of the
major menu area shows the data readouts associated with the
displayed cursors.

The cursors can be set to remain displayed even after exiting the
Cursors major menu by first getting into the Utility 1 major menu.
Touch the Modes pop-up menu and press Cursor Hold. When in
this mode, the RemCurs icon appears in the lower jeft portion of
the graticule. This icon appears when cursors are displayed. This
icon enables you to remove the cursors at any time without
retuming to the Cursors menu. Cursors are automatically re-
moved when the Measure major menu is displayed.
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The Cursors Major Menu and Cursor Type Pop-Up Menu

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 DSA removes the pop-up menu and shows the
selected cursars. The knobs control the cursor positions.

If you select Split Dots, the pop-up menu stays on the display

and the right half of the pop-up menu becomes active. The right
half of the menu shows a selector for each displayed wavetorm
{for example Wfm 1, Wim 2). The selector for the selected wave-
form is highlighted.

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

The default cursor type can be specified by pressing Default
Cursor in the Modes pop-up menu in the Utility 1 major menu.
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Cursors can be con-
strained to moved in
fixed incrementis or
aliowed to jump
from one peak 1o ihe
next.

The Coarse, Me-
dium, and Fine
selectors can be

found on the Knob

DOP-UP Ment.

There is an additional selector, Coarse Dots Mode which specifies
how the cursors are moved around on a waveform. Touch the
Cursor Type selector in the Cursors major menu and then touch
the Coarse Dots Mode selector. When the default, Fixed Interval,
is selected, the Dots cursors are moved a fixed interval from their
previous location with each knob click. The interval is under knob
control and its resolution could be coarse, medium, or fine. The
+ Peak Search Mode wili place the cursors on the peaks of the
waveform as you turn the knob (each click will move the cursor 10
the next peak). The knob readout indicates the horizontal position
of the cursors. + /-~ Peak Search Mode will move the cursor from
peak to valley and peak again, while - Peak Search Mode will
detect the valley points of the waveform. Peak Search mode
mode works only when the knob resolution is set to coarse. (See
Knobs on page 10.)

Additional Cursor Facts

o w 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 normaily on XY waveforms.

® The horizonta! cursor readout includes the inverse of the
delta (1/A1), which can be used to show frequency. Below
that is the siope Av/At, used to measure the slew rate. The
cursor readout also shows the absolute values of the cursor
locations and the distance between them.

® Dot cursors are positioned on actual waveform points. Bar
cursors are referenced to display pixels. Therefore Dot
cursors will yield higher resolution and more accurate mea-
surements.
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= A dot cursor is displayed as a vertical bar if it is placedon a
waveform where waveform data cannot be displayed. This is
because without waveform data, there is no known vertical
position for the dot.

s If a dot cursor is positioned on a waveform record point that
is off the edge of the screen, an arrow appears at the screen
edge pointing toward the off-screen CUrsor.
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Cursor Measuring Waveform Amplitude

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

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

OR

I:] Step 2. Select the waveform you want to measure.

0l

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 FINE buitons
adjacent t0 the knobs to increase the resolution of the knobs.
This tets you position the cursors more precisely. The Av
readout at the botiom of the display indicates the waveform
amplitude.
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Measuring the Waveform Slew Rate

The following procedure shows how to use cursors to measure
waveform slew rate.

[] step1: Acquire and display the portion of the waveform
you want to measure.

[] step2: Magnify the waveform horizontally, but make sure
the portion you want o measure is within the graticule.

[ ] Step3: Touch Cursors, Cursor Type, and Paired Dots.

[] step4: Position the cursors on the linear portion of the
waveform. Use the FINE buttons adjacent to the knobs 10
increase the resolution of the knobs. This lets you position
the cursors more precisely. The Av/At readout at the bottom
of the display indicates the slew rate.
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Measuring Time Between Points On Different Waveforms

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

[7] stept: Create a display of the two waveforms you want to

measure. Make sure that the point you want to measure on
each waveformn 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
waveformn, and note the number of the other waveform.

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 dispiay.
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Diagnostics

The DSA features a diagnostic system that performs comprehen-
sive tests. This assures you that the DSA is operating correctly. A
set of tests is performed automatically whenever the DSA s
powered on, You can execute these and additional diagnostic
tests at any time.

The DSA executes
the power-on and
self-test diagnostics
when you tumn the
powaer on.

Do not touch the
touch screen Or
press the front panel
buttons during any
diagnostic tests.
Spurious failures
may result.

There are three categories of tests:

Power-on Diagnostics are extremely basic functional tests.
Tnese ensure that the various microprocessors are running
and communicating with each other. The power-on diagnos-
tics take about § 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 that you
can execute either individually or as a group at any time. A
separate menu system controls the extended diagnostics,
Any time the self-test diagnostics encounter a failure, the
extended diagnostics menu remains on the screen so that
you are notified of the failure.

The extended diagnostics menu is primarily intended as an
aid for those servicing ihe DSA. This manual introduces the
menu but does not discuss the extended diagnostics com-
pletely. For complete information, see the DSA 607A and
[DSA 602A Service Reference.
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Diagnostics
Power-on
Diagnostics

Power-on diagnostics execute when you tumn 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.

Diagnostics in Progress

Comm Test in Progress

(If the dispiay is not yet warmed up, you may not be able to see
the message.)

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 immediately and you will see
thé message Self Test in Progress on the display.

If the power-on diagnostics fail, one or both of the following
indications will notify you.
®» The DSA freezes and a message appears on the display. For
exampie:
Dsy Kernel Failure
RAM Data Bit

® The DSA freezes, with some of the front panel lights tumned
on, and emits two high-low beeps.
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Diagnostics

Self-test The self-test diagnostics execute automatically after the power-
Diagnostics on diagnostics are completed successfully.

The self-test diagnostics can also be initiated by touching the
Self Test selector in the Utility 2 major menu.

The selt-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 pattems on the display.

If the self-test diagnostics are completed successtully, the DSA
will return to the state it was in before the self-test diagnostics
ran. In the case where the self-test diagnostics were executed
after power-on, the DSA wili retum to the state it was in when last
powered off.

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

- ures.

Extended You can enter the extended diagnostic system by touching the
Diagnostics Extended Diagnostic selector in the Utility 2 major ment. When
self-test diagnostics fail, the extended diagnostic system is
entered automatically.

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

To leave the extended diagnostic systern and retumn to normal
DSA operation, touch the (E) Exit selector in the Extended Diag-
nostics menu. The DSA will retumn to the state it was in before the
exiended diagnostics were entered. In the case where extended
diagnostics were entered after power-on, the DSA will relum to
the state it was in when last powered off.
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Diagnostics

If the DSA does not
pass the extended
diagnostic tests, do
not rely on any
measurements
taken. Call your
service person for
repair.

The top portion of the Extended Diagnostics menu shows three
columns with the status of the diagnostic tests. The first four
blocks are shown below; there are a total of fifteen subsystem
test blocks.

BLOCK INDEX FAULTS
a) Exec Control ——
b} Front Panel .
c) Internal 1/0 -
d) External 1/O N—

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:

®m  BLOCK lists the names of the subsystem tests.

®m  [NDEX shows the test status for each subsystem. Four aster-
isks (****} indicate the subsystem tests have yet to be
executed. Four dashes (----} indicate the test requires some
setup. If a blank appears in this column, the test requires
interaction. The word pass indicates all tests in this subsys-
tem have executed successfully. If 22?2 appears in this
column, the tests of that particular subsystemn are not appro-
priate for the DSA as it is configured. Any other number or
lefter sequence indicates a diagnostic fallure.

®  FAULTS shows the number of tests in the subsystermn that fail.
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Diagnaostics

Running all of the extended diagnostic tests takes about a min-
ute. You may execute all the tests from the Extended Diagnostics
menu by touching the (x) Ali selector to set the all parameter On,
and then touching the (r) Run selector.

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

When the extended diagnostic tests are complete, the (r) Run
selector is displayed again, and the test stalus appears in the
INDEX and FAULT columns.

When you are done with the extended diagnostic tests, touch the
(E) Exit selector.
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Disk Drive

The DSA 601A and 602A are equipped with a floppy disk drive,
s0 you can store and recall waveforms and front panel settings 10

and from a 3.5 inch PC-compatible floppy disk.

DIGITIZER
) arosT  rwocome SEARCED O rﬂ

e O OO e

Disk Drive

The Disk Drive Location

The Utility 3 major menu contains commands for controlling the
floppy disk drive. To enter the Utility 3 major menu, press the
UTILITY button, then touch the Page to selector until the third
menu appears. You can also reach the Utility 3 major menu by
pressing the UTILITY button until the Utitity 3 menu appears on

the screen.

. Digk Ulrectoryibo.oFile . Page:to '] Rem
oliggens S Opsl e iy B s lity 1TRfm 3
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dind.
“WindowPans [ Windowl -
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Utility 3 Major Menu
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Disk Drive

File Types

Note that the binary
waveform file format
on disk is not the
same as the binary
waveform format
transferred over the
GPIB or RS-232-C,

The Utility 3 major menu contains three selectors: Disk Ops,
Directory Ops, and File Ops. Each of these selectors provide a
pop-up menu. At the top of each pop-up menu is the command
line that displays commands as they are entered. Displayed
above the File List is the directory that contains the files listed.
Also in each pop-up menu are selectors used to enter com-
mands. The commands are equivalent to MS-DOS commands.

The File Ops menu contains a File Type selector and a File Data
Format selector.

All settings files are stored as binary files and have the extension
FPB.

When working with waveform files in the File Ops pop up menu,
you can choose the format in which the data is stored. You can
choose between binary, ASCli, 11k Utility and Worksheet. Each
format has a three character file extension assigned to it (WFB,
WFA, W04, WF1, respectively). The format you choose depends
upon the application you will use. For example, if you want to
use the file in Lotus 1-2-3, you would set the waveform file data
format to Worksheet and then import the file into 1-2-3. The
default waveform file data format is binary.

When saving a hardcopy to the disk, be sure to set the Output
port selector, after setting the desired printer format, to Disk in the
Hardcopy pop-up menu. (The DSA remembers the output port
assigned to each printer format.)
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The current directory

is shown on this line

File Type
Selector

File Data
Format
Selector

The directory on
this line contains
the file(s) in the
file listing.

Disk Drive

File Cperations

waveform

File Tiata™
Farmat::

binary
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Digk Drive

Disk
Operations

Status information is
displayed in the
command entry area
as the disk is
formatted.

To format, label, or check disks, touch the Disk Ops (Disk Opera-
tions) selector to enter the Disk Ops pop-up menu.

Formatting Disks

The format selector operates identically to the MS-DOS format
command. Formatting sets up a PC compatible floppy disk to
accept MS-DOS files.Just as with MS-DOS, formatting a disk that
is already formatted resuits in the inetrievable loss of all data on
the disk.

To format a disk, insert a 3.5 inch floppy disk in the disk drive
and touch format,A:, enter a label if desired and then touch Enter.
A message will appear at the top of the display indicating the
results of the operation. The DSA can use double-sided double-
density or double-sided high-density disks.

Labetling Disks

The labe! selector operates identically to the MS-DOS label
command. You can add, change, or delete the disk label. Touch
the Label and A: selectors, then type a label using the pop-up
keyboard. The label identifies a formatted disk in eight characters
or less. The label appears below the Label selector in the Disk
Ops pop-up menu.

Checking Disks

The chkdsk selector analyzes the disk, just as the MS-DOS
chkdsk \f command does. it scans the disk, identifies orphan
sectors and corrupt structures, and returns unused sectors to the
free pool. To identity a corrupt disk, run a diagnostic check by
inserting the disk, then touching chkdsk, A:, and Enter. A mes-
sage appears at the top of the graticule displaying the results of
the operation.
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Disk Drive

] Gisk Operations
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Disk Drive

Directory
Operations

You cannot remove
a directory if it con-
tains any files or
subdirectories See
File Operations for
more information
about removing files.

To change directories, make directories, remove directories,
rename directories, and list the contents of existing directories on
a disk, use the operations in the Directory Ops pop-up menu.

Making Directories

To make a subdirectory of the root directory, A:\, touch the mkdir
selector followed by A:, the Keyboard selector, and \. Use the
keyboard on the screen to name your directory. Directory names
can be up to eight characters in length and can include & three
character file extension. After you type in the name, touch Enter.
To see a list of directories, select File List at the bottom of the
Directory Ops pop-up menu. You can also create subdirectories
of subdirectories in the same manner. Example: mkdir A\WAVE-
FORM, ENTER then mkdir, AA\WAVEFORM\TEST1, ENTER. TEST1
is a subdirectory of WAVEFORM.

Changing Directories

You can change the current directory to a specified directory by
touching the chdir selector. Type in the directory name using the
pop-up keyboard. You can also select chdir, File List and touch
the name of the desired directory. Touch the Enter selector to
implement the change.

Removing Directories

You can remove a specified directory by using the rmdir com-
mand. Touch rmdir, then type the directory name, or select the
directory by touching its name in the Fite List. Touch Enter. TO

verify that the directory was removed, touch dir, A, and Enter.
The removed directory should not appear in the file list.

Renaming Directories

You can change the name of a directory by using the rendir
command. First select rendir, foliowed by the directory you want
to rename. Enter a space, type in the new name, and touch Enter.
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Birectory Uperations
AN
e
Til
- " \ -
z i i - S
FackIoace o Exid
Madn
Size
B@u
srdiv s

Directory Ops Pop-Up Menu

DSA 601A and DSA 602A User Reference 103



Disk Drive

File Operations

Listing the Contents of Directories

To display the contents of the current directory, touch the dir
command then File List. To view the contents of another directory,
touch the dir selector, type in the name of the directory ( or select
the directory by touching the name in the File List) then touch File
List.

The wildcards guestion mark ( ? ) and asterisk  * ) work identi-
cally, as in MS-DOS, for listing directories and files. ? is a
substitute for a single character. * substitutes for more than one
character. For example, dir A:\S*.* Enter displays a list of all files
that begin with the letter 8 in the root directory of A:.

The pointers period ( . ) and double period ( .. ) appear in subdi-
rectories and refer to directories. . is a link to the current
directory. .. is a pointer to the parent directory. You can select
these pointers to simplify path descriptions.

Use file operations to change the mode (read only or read and
write), rename files, copy files, and delete files. File operations
also allow you to specify the format of the data in waveform files
{binary, ASCIi, 11K Utility, or Worksheet) and to set the default file
prefix for each of the file types. For example, you can change
STOMmMmM.WFA to WFMnnn.WFA,

Changing Attributes

The attrib selector toggles between read only and read/wirite
files. A read only file is indicated by a +r in the command line; a
read/write file is indicated by a -r. These indicators also appear
in the right portion of the file selector in the file list. To change a
file attribute, touch attrib, A:, and the file you want to change,
then touch Enter.

Renaming Files

The rename selector allows you to change the name of a file to
the new name specified. Touch rename, A:, the file you warnt {0
rename, space, Keyboard, the new filename, and finally Enter. To
verify the change, touch File List.
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Disk Drive

You can also copy Copying Files
files from RAM to
DISK and DISK to To copy a file to another location on the disk, touch the copy
RAM using the Disk selector, select the file you want to copy, a space, the directory,
Copy selector inthe and the new filename. To copy all files in a directory to another
STORE/RECALL directory type in copy, *.* , Space, and the directory you are
major men.l. copying to.
See page 21.
Deleting Files
You can also delete You can delete a file by touching detete, the file to be deleted,
files by using the and Enter. You can delete more than one file by using wildcards.

Delete Waveform
or Delete Setting

selectors in the Changing Prefixes

STORE/RECALL You can change the prefix for newly created files for each File
major menu, Type. Simply select the File Type for which you would like to
See page 21. change the prefix. Select prefix and use the pop-up keyboard to

type in the new prefix. Then touch the Enter selector.

Storing To store waveforms to the disk, set the desired directory path for
information your waveforms by using the Directory Ops pop-up menu in the
to Disk Utility 3 major menu. Then use the selectors in the Store Wave-

form pop-up menu of the Store/Recall major menu.

To save a waveform or your front panel settings, you need to
specify whether to save to RAM or to the floppy disk. To do this,
select between the DISK and RAM icons that appear at the top
right of the Store Waveform and Store Setting POP-UP MENUS. For
more information see the Stored Waveforms section on page 239
and the Stored Settings sections on page 228.
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Before storing a file on disk, be sure to specify the disk as the
destination of the stored file. To do this:

m Press the STORE/RECALL button and select the Store Wave-
form or the Store Setting pop-up menu. Select the stored file
destination by touching the DISK icon. The RAM and DISK
icons toggle between RAM and the currently specified direc-
tory path on the disk. The directory path is set using the chdir
command in the Directory Ops pop-up menu.

For more information on storing information, see Stored Settings
on page 229 and Stored Waveforms on page 239.
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Display Intensity

If you set the intensi-
ty to a level that
does not aliow you
1o see the touch me-
rus, do not change
the knob assignment
form Display intensi-
ty or it may be diffi-
cult to reassign the
knobs back to Dis-
play intensity later. If
you cannot see the
touch menus, you
can invoke the de-
fault intensity by us-
ing the TekSecure
reset. See page 160.

Dispiay Intensity
Selector

To adjust the display intensity, select Display intensity in the Color
pop-up menu of the Utility 1 major menu. This assigns the knobs
to control the intensity of the display. You can then use either
knob to adjust the intensity. Adjusting the display intensity affects

all colors equally.
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Display Persistence

Normally, a waveform appears “live” on the display because
gach acquired waveform record replaces the waveform record
currently on the display. This is “normal” display persistence.

You can also display a waveform in a mode that shows a history
of the waveform. If you select variable persistence, individual
samples that compose each waveform record are added to the
display as individual dots, and remain on the display for a length
of time you specify while new samples are taken and displayed.

infinite persistence is similar to variable persistence, but dis-
played waveform samples are not cleared from the display
uniess you explicitly clear or remove the waveform.

Use the Horizontal Desc pop-up menu in the Waveform major
menu to change the display persistence of the selected wave-
form. This menu is shown on the next page. Normal seiects
normal display persistence, Infinite selects infinite persistence,
and Variable selects variable persistence. To set the length of
time that waveform points remain on the display in variable
persistence mode, select Persist Time and adjust the time using
the knobs or keypad pop-up menu.

The following restrictions apply to waveforms in variable or
infinite persistence modes:

®  You cannot perform automated measurements on waveforms
displayed in variable or infinite persistence modes.

» Variable or infinite persistence is available only with record
lengths up to 2048 points.

®  You cannot use both variable and infinite persistence on the
same graticule. if you select either Variable oOr Intinite persist-
ence for one waveform, any other waveforms on the graticule
that are not in normal mode will change to the selected
persistence mode.

» Al waveforms displayed in variable or infinite persistence
mode on the same graticule will be displayed in the same
color. Their color will match the color of the most recently
selected waveform displayed in variable or infinite persist-
ence mode.
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Display Persistence

s XY waveforms are always displayed with either variable or

infinite persistence if there is any waveform on the same axis
in any of the above modes.

Horizontal Description
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Enhanced Accuracy

Use Enhanced
Accuracy only after
a 20-minute
warm-up period.

Running
Enhanced
Accuracy

ENHANCED
ACCURACY
Button

Enhanced Accuracy is an automatic self-calibration that achieves
the highest accuracy level (better than 1% verical accuracy) for
the DSA. Enhanced Accuracy catibrates the vertical system from
the channe! inputs of the plug-in units through the digitizer.

To compensate for differences in propagation delay and achieve
best system accuracy, probes and cables should aiso be
calibrated. See Probe Calibration on page 217.

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

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

Enhanced accuracy calibration can be initiated either manuatly or
automatically. To manually run Enhanced Accuracy calibration,
press the ENHANCED ACCURACY button 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.
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Enhanced Accuracy

Do not tum the
power off while
Enhanced Accuracy
calibration is in
progress.

Setting the
Enhanced
Accuracy Mode

Enhanced
Accuracy Mode
Sefector

In automatic Enhanced Accuracy mode, a message on the
display tells you that Enhanced Accuracy calibration is needed
and is starling.

Enhanced Accuracy calibration takes several minutes to execute.
You should not tumn off the DSA or change any settings until the
calibration is complete.

To set the Enhanced Accuracy mode {0 Manual or Automatic,
touch the Enhanced Accuracy Mode selector in the Instrument
Modes pop-up menu in the Utility 1 major menu.
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Fast Fourier Transforms

You can use the Fast Fourier Transtorm (FFT) capability of the
DSA to obtain a frequency domain display of a waveform. You
can display both the magnitude and the phase of the frequency
components of the signal.

There are six FFT magnitude formats available with a linear or
decibel vertical scale.

You can perform Fast Fourier Transforms on any arbitrary wave-
form. The record length of the waveform must be a power of two,
up to a maximum of 16384 points.

The DSA can display the reai and imaginary components of the
FET. It will also perform the inverse FFT of areal and imaginary
pair, from frequency domain to time domain.

The DSA offers a choice of six FFT windowing functions that
modify the time domain data to minimize “jeakage” of energy
across frequency components.

Signal source averaging is available to improve the quality of the
FFT display by reducing the effects of random noise.

You can use the automated frequency domain measurements to
make magnitude and frequency measurements and you ¢an use
cursors to take phase measurements.
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Fast Fourier Transforms

Defining an FFT
Waveform

Using the DefWim

icon to define a

waveform is

explainad on
page 282.

You can define an FFT display of a waveform using the DefWim
pop-up menu or you can use the FFTmag and FFTpha icons.

Defining an FFT Display Using the DefWfm Pop-up Menu

You can define a waveform that displays the FFT magnitude or
FFT phase using the Defwfm pop-up menu, which is displayed
when you select the DefWfm icon. The FFTmag( and FFTphase(
selectors in the Waveform Functions can be used to define a
dispiay of the magnitude or the phase of the frequency spectrum
of a waveform. The part of the waveform description that is within
the FFTmag( or FFTphase( function may be any arbitrary wave-
form. A list of previously defined waveforms is displayed in the
pop-up menu after the function is selected.

Using the same menu, you can also display the real and imagi-
nary components of an FFT using the FFTreal( and FFTimag(
selectors.

The tFFT( selector is used for performing an inverse FFT transfor-
mation.
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Fast Fourier Transforms

Vertical Description
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Fast Fourier Transforms

Defining an FFT Display Using the FFTmag and FFTpha Icons

You can display the magnitude of the frequency spectrum ofa
displayed waveform by selecting the waveform and touching the
FFTmag icon. The DSA will create a second graticule to display
the FFT magnitude of the waveform. If the dispiay already shows
two graticules, the FFT magnitude will be displayed on the lower
graticule.

Once you have created a display of the magnitude of the fre-
quency spectrum, the FFTpha icon appears above the lower
graticule. Touch this icon to display the phase of the frequency
components of the waveform. The FFT phase waveform will
appear on the lower graticule.

The FFT values are relative to the center of the time domain
trace. The FFT phase waveform can be displayed in either a
wrapped or unwrapped format. The wrapped format forces the
phase to be displayed between = 180°. The unwrapped format
places no restrictions on the phase display. This format is ac-
cessed in the FET Control pop-up menu using the Phase Format
selector.
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Fast Fourier Transforms
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Fast Fourier Transforms

Amplitude
Resolution

Frequency
Range and
Resolution

Amplitude resolution is influenced by the windowing function
used and by the vertical adjustment of the time domain wave-
form. For maximum amplitude resolution, the time domain
waveform should be adjusted so that it is centered vertically on
the graticule and is as tall as possible without going beyond the
graticule, above or below. Setting vertical size and position of
waveforms is explained on page 277.

The range and resoiution of the frequency spectrum displayed by
the DSA are determined by the sample rate and record length of
the time domain waveformm.

A waveform record of N points in the time domain corresponds to
a record of the same number of points in the frequency domain.
However, for any real signal, the frequency domain data will be
symmetrical about DC, and only the positive part of the spectrum
is displayed. Of the displayed points of the FFT waveform, the
N/2 even-numbered points are the frequency lines computed by
the FFT: the N/2 odd-numbered points are added by interpola-
tion.

The maximum frequency that can be determined by a Fast Fourier
Transform is the Nyquist frequency, which is equal to one-half the
effective sample rate. in fact, the maximum frequency displayed
by the DSA, Frnax. is slightly lower than the Nyquist frequency; it
is equal to the Nyquist frequency minus the frequency interval,

8F, the interval between frequency lines. The frequency range
displayed is from DC (0 Hz) 10 Fpax.

The frequency interval, 8F, is equal to the Nyquist frequency
divided by the number of frequency lines in the FFT display (half
the record length of the time domain waveform). Since the Ny-
guist frequency is half the sample rate, this works out to the
sample rate divided by the record length.
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For more information
on setting horizontal

size see page 153.

Setting record
length is discussed
on page 221.

Fast Fourier Transforms

sample rate
record length

O0F =

sample race

Fmax = 7

- OF

Equations for Frequency Interval and Frequency Range

The sample rate is displayed in the status field of the Horizontal
Desc selector in the Waveform major menu. The record length
appears in the Horizontal Desc pop-up menu. You can change the
frequency interval and frequency range by changing the record
length and horizontal size of the time domain wavetorm. Both
record length and horizontal size affect the sample rate.

If the record length increases without a change in the sample
rate, frequency resolution improves (8F decreases). When possi-
ble, the DSA will automatically modify the sample rate 1o
rnaintain the current horizontal size when you change the record
fength. When the sample rate increases, Fmax and 8F both in-
crease, giving the FFT waveform a broader frequency range with
less frequency resolution.
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Aliasing Aliasing occurs when the input signal includes components at
frequencies higher than the Nyquist frequency. These frequency
components appear in the FFT waveform display as peaks at
lower frequencies. The higher-frequency components are re-
flected around the Nyquist frequency. For example, a frequency
component 5 MHz above the Nyguist frequency will appear as a
peak 5 MHz below the Nyquist frequency in the FFT waveform
display.

You can eliminate aliasing by setting the sample rate to be at
least twice the highest frequency in the input signal, or higher
than twice the analog bandwidth of the DSA (1 GHz). Increasing
the record length or decreasing the horizontal size will increase
the sample rate.

The best way to avoid aliasing is to apply a filter to the signal to
cut high-frequency components. The plug-in amplifier bandwicth
limits and the 100 MHz antialiasing digitizer filter of the DSA
provide a limited filtering capability. See Plug-in Units on page 201
for more information on the digitizer filter and on setting plug-in
amplifier bandwidth limits.

. You can apply backweighted averaging (Number of averages =
Set Avg N in the Acquire Desc menu) to the source signal to
reduce random noise and prevent aliasing of high-frequency
noise in repetitive waveforms. Select Average Source Wim in the
FFT Control pop-up menu from the Waveform major menu to have
the source waveform averaged prior to FFT computation. The
time domain waveform, if it is displayed, is not affected by this
averaging.
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F+T Control
FFT Windowing Magnitude format
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) The FFT Control Pop-Up Menu

FFT Magnitude You can change the vertical scaling of the FFT magnitude display
Format by touching the Magnitude Format selector in the FFT Control
pop-up menu. There are six formats available.

m dBm-The display is in dB relative 1o 2 0.316 V peak sine
wave on 50 O (0 dBm).

m V (linear)—This displays the linear magnitude of the peak
volis.

m Vrms—This displays the linear magnitude of the rms volts
rather than peak volis.

a  dBVrms— For this scale, 0 dB corresponds to a 1V ms sine
wave.
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& dBV-—This displays a scale where 0 dB corespondstoa 1V
peak sine wave.

® dBfund—This displays logarithmic magnitudes relative to the
fundamental.

If you want to display the FFT magnitude of a waveform in dB
relative to a specific reference, you can subtract your reference
value from the FFT magnitude of the waveform when you enter
the FFT waveform description. For example, enter FFTmag(L1)
--10 to display the FFT magnitude of the signal at channel one of
the ieft plug-in unit retative to a 10 dB reference.
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FFT Windowing
Functions

Fast Fourier Transforms

The Fast Fourier Transform operates on the time-domain wave-
torm record acquired by the DSA. The FFT algorithm assumes
that the signal is composed of an infinite repetition of this wave-
form record.

Since the time domain waveform record rarely matches an actual
periodicity in the signal, the frequency spectrum displayed will
reflect extra frequencies due to discontinuities at the time-domain
waveform record edges. These additional frequencies are known
as leakage error.

The effect of discontinuities at the ends of the time domain
waveform record can be limited by choosing an FFT windowing
function that tapers near the waveform record ends. The DSA
provides a rectangular FFT window, which does not taper the
time domain data, and five tapering FFT windows of different
shapes.

Each time domain FFT windowing function corresponds to a filter
in the frequency domain. Each frequency domain filter has a high
central lobe, or passband. The width of this lobe determines how
well adjacent frequency components can be resolved. The height
of the side lobes surrounding the central lobe determines how
much leakage can occur. Leakage is the spreading of energy
from one frequency component across the displayed frequency
spectrum; low amplitude frequency components can be entirely
masked by leakage.

Select an FFT windowing function from the FFT Window Selection
section of the FFT Control pop-up menu. The selected FFT win-
dowing function applies to all FFT waveform displays. The
shapes of the FFT windowing functions and their effects on a
signal composed of two sine waves are shown in the following
discussion; equations for the FFT windowing functions are pro-
vided in Appendix D: Algorithms.
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The Rectangular Window

The rectangular window does not taper the time domain data. In
the frequency domain, the filter shape is sin(x)/x. This is the best
window {0 use when you want to examine the frequency spec-
trum of a non-repetitive signal. The rectanguiar window should
also be used when you want to measure frequency components
near DC.

Touch Rectang in the FFT Controt pop-up menu to select this
windowing function.

< FFTpha Def Hrin
58d Bm o ‘
1848
Adiy
Time Window - S
.. frigd .
: & il Ly bkl
) H ‘ - ] ;
£ 3
i (AN
~-58dBm :
585, 94 kHz 4,882BMHz div 49,414MHz=
-20 vi« 15.bd@dBm f1l= 5.B853MHz {ursor. | .. FPage .. | Kem.
uPx 27.68dBm f2= 7.617MHz |7 Tupeii:liitol s Miad
Av= 11.B7dB Af= 1.75BMHz Paired Previgus FFTm.
140 fots Menau Main
-50 Cursor 1. Cursor 2.
Frequency Filter 5.859MHz 7.617MHz

FFT Magnitude Displayed Using Rectangular Window

124 in Detajl



Fast Fourier Transforms

The Triangular Window

The triangular (or Bartlett) window is the convoiution of two
rectangles half the width of the window, so the frequency spec-
trum of the triangular window is the product of the rectangular
window's spectrum with itself.

Touch Triangular in the FFT Control pop-up menu to select this
windowing function.
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The Hanning Window

The Hanning (or Hann, or cosine) window is derived from a
cosine. This window provides reasonably good amplitude accu-
racy and leakage rejection.

Touch Hanning in the FFT Control pop-up menu to select this
windowing function.
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The Hamming Window

The Hamming window is similar to the Hanning window, but is
optimized to lower the first side lobe, which is why the separation
between the two spikes in the illustration below is greater than in
the illustration on the previous page. This window is especially
usefut for resolution of frequencies that are very close together.

Touch Hamming in the FET Control pop-up menu to select the
Hamming window.
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The Blackman Window

The Blackman window reduces leakage better than the Hamming
window because of the lower side lobes in the frequency do-
main, but the resolution of nearby frequencies is diminished.

Touch Blackman in the FFT Contro! pop-up menu to select this
windowing function.
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The Blackman-Harris Window

The Blackman-Harris window has the widest pass band (lowest
frequency resolution) and lowest side lobes (best elimination of
leakage) of the six window functions. This window is especially
good for viewing a broad spectrum.

Touch Blackman-Harris in the FET Control pop-up menu to select
this windowing function.
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Making
Measurements

You can use the cursors to make measurements on an FFT wave
form display or you can use automated frequency domain mea-
surements described on page175.

Select the FFT waveform and touch the Cursors icon to display
the Cursors major menu. See Cursors on page 83 for more
information on using cursors.

When making measurements on an FFT waveform, recall that the
odd-numbered points in the waveform record are derived by
interpolation. The even-numbered record points are the frequency
lines; peaks in the FFT magnitude always occur on the even-
numbered points. You can see the peaks more clearly by using
Pan/Zoom to horizontally magnify the FFT waveform as de-
scribed on the next page.

When you first display cursors on an FFT waveform, paired dot
cursors are automatically selected, with one dot cursor placed at
DC and the other at F,5x. You can use the paired dot cursors to
make relative measurements of the peaks of an FFT waveform.
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Paired Dots Cursors on an FFT Magnitude Display

The DC value displayed with the FFT magnitude is twice the

actual DC amplitude. This value does not include any vertical
offset of the plug-in amplifiers. When making measurements near
DC, use the rectangular window function. The DC component can
be suppressed in the FFT control pop-up menu.

Split dots cursors can be used to make phase measurements.
With both the magnitude and the phase of waveform in the
frequency domain displayed, you can place one cursor on the
FFT magnitude display and the other on the FFT phase display.
By adjusting the cursors horizontally so that the Afreadout is
0.000 Hz, you can easily match the phase readout to the corre-

sponding peak in frequency magnitude.

The reference for phase is the center of the screen. A cosine
waveform perfectly centered on the screen will display 0° phase

for its fundamental spectrat component.
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Changing You can change the vertical and horizontal size and position of
Vertical and the EFT waveform display by selecting the vertical and horizontal
Horizontal Size icons and using the knobs to adjust size and position.

When you touch the vertical icon (1), the knobs are assigned to
control Vertical Mag: Wfm and Vertical Pos: Wim, the vertical
magnitude and position of the waveform. As with other calculated
waveforms, the vertical controls of the FFT waveform affect only
the appearance of the waveform. See Vertical Controls on page

With Pan/Zoormn off, the knobs are assigned 10 Frequency Span/
div and Frequency Resolution. The Span/div function changes the
frequency range by changing the time domain sample rate. The
Frequency Resolution function changes the record length, leaving
the sample rate unchanged. When you touch the horizontal icon
(=), the knobs are assigned to control Horizontal Magnify
{(zoom) and Horizontal Pos Gr (pan) with Pan/Zoom on. Changing
the horizontal magnification and position of an FFT waveform
using Pan/Zoom changes the appearance of the waveform, but
does not increase the horizonta! (frequency) resolution. For more
details about Pan/Zoom, including changing the pivot point and
using multitrace Pan/Zoom, see page 185.
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GPIB
Connection

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

This manual does not discuss the details of connecting a remote
computer to the DSA, or the syntax and capabilities of remote
commands. That information is found in the DSA 607A and

DSA 602A Programmer Reference.

The cable from your GPIB controfler (computer) is connected t0
the IEEE STD 488 PORT connector on the DSA rear panel. Three
red lights show the status of specific GPIB signal lines:

® SRQ (Service Request) is lighted whenever any device on
the bus activates the Service Request 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 tell which device on the bus is not ready.

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

leoecoeoe)

GPIB Rear Panel Connector and Lights
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Setting GPIB Communication between the devices on a GPIB can occur only if
Parameters 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 Parameters pop-up menu in the Utility 2 major
menu to set these GPIB parameters directly before you attempt to
communicate with other devices on the bus.

PIB Parameters
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The GPIB Parameters Pop-Up Menu

GPIB Parameters are The Mode selector in the GPIB Parameters pop-up menu lets you
not changed when set the mode to Talk/Listen, Talk Only, or Off Bus. Off bus effec-
you initiaiize the tively disconnects the DSA from the bus. The DSA must be in
DSA. talk/listen mode to communicate with the GPIB controller. Tatk

Only may be used to generate display hardcopies on a GPIB
printer or plotter.
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Touching the Address selector assigns the knobs to control the
(PIB address of the DSA. The GPIB address can be from 0 to 30.
No other device on the bus can use the number that you assign
to the DSA.

The Terminator selector lets you choose between EOI and EOVLF
message terminators, With either message terminator, the DSA
will assert EQI (the GPIB End Or identify) at the end of each
output message, and will recognize EOl as a message termina-
tor. With the Terminator selector set to EOI/LF, the DSA will also
recognize a Line Feed (LF) character as an input message
terminator, and will end each output message with a Carriage
Retun followed by a simultaneous Line Feed and assert EOl. Set
the Terminator selector to EQ1 to have the DSA recognize only
EQ! as an input message terminator.

The Debug selector lets you tum the debugging feature On or Off.
When you turn Debug On, the DSA dispiays each command from
the GPIB controller as it is executed. The messages appear at
the top of the display. Debug Off is the normal mode of opera-
tion. Set Debug On if you need to watch the result of each DSA
command of a controlling program running in the GPIB controller.
When debug mode is on it slows the GPIB interface throughput
significantly.
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Graticules

Top Edge Value

Vertical Scale
Factor

Right Edge Value

Horizontal Scale
Factor

Ground Reference
Indicator

Bottom Edge
Value

Left Edge Value

Waveforms extend
outsidte the graticule
area slightly. The
axis labels represent
the graticule edge,
not the waveform
edge.

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.

Tk

Clirsorg Hindow FFTmab DefWim

Graticule with Waveform

If a graticule shows two or more waveforms, one is the selected
waveform. The other waveforms may not share the same axis
iabels.
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(raticules

For more inforrmation
about choosing
display colors, see
Color Display on
page 79.

fcons

Selected
Waveform

You can display two different graticules, each half the height of a
single-graticule display. You can choose the colors for the se-
lected waveforms on the Main and Window time bases. In
addition, the graticule with the selected waveform has the vertical
(}) and horizontal { <=} icons.

As with a single-graticule display, the menu selectors affect the
selected waveform.
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Dual Graticules with Multiplte Waveforms
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Graticulies
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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 281.

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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Managing
Graticules and
Waveforms

When only one graticule is displayed, you can create a dual-
graticule display using the Graticules pop-up menu from the
Waveform major menu. Touch the Create Second Graticule selec-
tor in this pop-up menu. The selected waveform will be placed on
the lower graticule. The upper graticule will show all other wave-
forms.

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

When two graticules are displayed, you can combine the wave-
forms from both graticules into a single-graticule display. Touch
the Reduce to Single Graticule selector to combine the waveforms
ontc 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.

When the Window1 or FFTmag icon is selected while one grati-
cule is displayed, a second graticule is created with the new
waveform (window or FFT) displayed on the lower graticule, and
all other waveforms will be displayed on the upper 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.

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

]
AR
ar 1
£ (N y ]
el
GPIB Connector N
RS-232-C
Connector ‘525
o o Ay
19
8 ‘2
e

PRINTER Connector

[eeoeooes

Rear Panel Connectors

= PRINTER is the appropriate connector for Centronics-compat-
ible printers. This is the standard interface for the DSA, and
no special configuration of the DSA is required.

» GPIB is the General Purpose Interface Bus paraltel interface
connector. Use a standard cable fifleen meters of less in
length. if you are not using a controiler to initiate the hardco-
py, set the GPIB Mode parameter of the DSA to Talk Only and
set the printer to Listen Only or Listen Always mode (address
31). Setting GPIB parameters is explained on page 137.

DSA 601A and DSA 602A User Reference 143

-



Hardcopy

RS-232-C is a serial interface connector. Use a standard,
straight-wired cable with male connectors on both ends.

Hard flagging is used, so all lines must be connected. Do not
use a null modem cable. {The DB-25 to Centronics cable
provided with many personal computers cannot be used 1o
connect a printer to the DSA, aithough it appears to match
the RS-232-C connector.) The DSA acts as a DCE (Digital
Communications Equipment) device. Connecting the DSA to
a computer also requires a straight-wired cable, but soft
flagging may be used.

The DSA’s RS-232-C baud rate, parity, and number of stop
bits should be set to match those of 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 226.
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Hardcopy Set the printing properties of the DSA using the Hardcopy pop-up
Options menu in the Utility 2 major menu. This menu includes selectors
for eight types of printers and for specific options available with
some printers.

Hardcopy Parameters

Printer Color Map
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The Hardcopy Pop-Up Menu
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Hardecopy

Printer selection and
the associated
parameters are not
affected by
inttialization. The
factory default
settings appear in
Appendix E.

Printer Selfections

The seleciors in the Printer section of the Hardcopy pop-up menu
determine the printing configuration of the DSA. The settings 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 DSA.

8 Pin supports several eight-pin dot-matrix printers, inciuding
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
dot-matrix printers, including the Epson LQS00, Epson
LQ1000, Nec P8, and Nec P7. These printers typically use
the PRINTER connector.

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

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

Tek 4696 supports the Tekironix 4696 and 4695 color inkjet
plotters. These printers typically use the PRINTER connector.

Tek 4697 supports the Tektonix 4697 ColorQuick ™ Ink-Jet
printer. This printer typically uses the PRINTER connector.
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= Bitmap Dump provides the ability to acquire the screen data
for extemal processing. For example, you can use this option
to send the display data to a computer. The format of this
information is determined by the Data Format selector. (Data
format is discussed on page 148.) You will typically want to
use the GPIB or RS-232-C connector for this type of fransfer.

® Al Inkjet supports the HP ThinkJet, HP PaintJet, and HP

LaserJet printers. The ThinkJet should be used in HP graph-
ics mode, not Epson emulation mode. For the HP ThinkJet,
either Draft or HiRes screen mode may be used, but HiRes
mode will be very slow. HiRes mode also works with the HP
LaserJet printer. The Screen mode and Dithered mode may
be used with the PaintJet. Either the PRINTER connector or
the GPIB connector may be used.

® HPGL supporis the HP-GL color piotter command set. An
HPGL hardcopy will show graticules, axis labels, and all
waveforms. You can choose beiween cross-hair graticules or
full line graticules by pressing Graticule in the Hardcopy
pop-up menu. Cross-hair graticules draw a box with two
crossing center lines, each with tic marks as the graticule.
Full line graticules draw a box with a set of full length lines
for each graticule line. Supported printers include the Tek
HC100, HP-7475, and HP-7550. These printers can be con-
nected to the PRINTER connector. The HP-7475 and HP-7550
may be connected to the GPIB or R8-232-C connector.

Color Map

The selections in the Color Map section of the menu become
available whenever a color printer or plotter is selected. A color
selector is available for each display item. To change a color,
simply select the item in the menu and then use the control
knobs or keypad pop-up menu to adjust the setting. To restore
the color map to its factory default settings, touch the Set to
Default Color Map selector.
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The color selections are expressed in terms appropriate to the
selected printer. When Tek 4692 or Tek4697 is selected, the colors
are expressed as hexidecimal RGB values. For the Tek 4696
selection, twelve color name selections are available. HPGL
supports pen numbers 0 10 8.

Specifically for the Tek 4692 printer, selecting Set to Screen Color
Map sets the color map to match the display coior scheme.

Screern Format

The Screen Format selector provides several qualities of hard-
copy output. Different format selections are available for different
printer types.

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

®  Draft produces hardcopies faster than HiRes mode but
sacrifices gray-scale capability. For plotters, Draft reproduces
the screen without the major menu area, and plots only the
minirmum and maximum points of each waveform record at
each horizontal screen jocation.

m  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 piotters only). For piotters, Screen prints the entire
screen, but plots only the minimum and maximum points of
each waveform record at each horizontal screen location.

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

The copy format Security Option produces a display of only the
graticule and the waveform. This format produces a hardcopy
without numbers, text, or menu information.

Direction

The Direction selector controls whether information is sentto a
printer as horizontal rows or as vertical columns. For most print-
ers, this has the effect of rotating the image by 90°. Some
printers will produce an image more quickly in one direction than
in the other. When Direction is set 10 Horizontal, screen informa-
tion is sent to the printer by horizontal rows starting at the top left
comer of the display. When it is set to Vertical, the information is
sent by vertical columns starting at the bottom left corner of the
display.

Data Format

When Bitmap Dump is selected, the screen data is transferred as
an ASCII titie block foliowed by a pixel data block. The format of
the pixe! data is determined by the Data Format setting. Touch
this selector to cycle through the four availabie formats.

®  Binary mode bytes of pixe! data are sent as a stream of
binary values without delimiters.

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

m BinHex mode converts every four bits into a hexidecimal
character. Each line is terminated by a new-line character.

E BinHex Compacted mode pixel data are compressed and
then convenrted into BinHex characters.
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Title Block — consists of three character strings terminated by
new-line characters. The first line contains the instrument name
and the time and date. The second and third lines give the num-
ber of pixels per display line and the number of display lines,
respectively. In Binary mode the title block is terminated by a
NULL character.

Pixei Data Compression - significantly reduces the size of the
pixel data biock. Without compression, each data byte 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:

_____________ Repeution Encodings oo

6 Meaning

it
9] i Pattem repeats once
1 0 Pattern repeats twice
1 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 deci-
mal, it is the high order bits of a 10-bit repetition count, and the
third byte of the pixet block contains the eight lower-order bits.

Qutput Port

The Output Port selector allows you to choose GPIB, RS232C,
Centronics (the PRINTER connector), or Disk. The selection must
match the rear panel connection.
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Making a Once you have instalied a printer and configured the DSA proper-
Hardcopy ly, you can make a hardcopy of the screen by pressing the
HARDCOPY button on the front panel.

HARDCOPY .

Button
PIGITIZER
. smoart /) nascomr N TIANCES, O o
e ] N/ i

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 DSA formats and buffers
the print commands.

After the pause, the DSA retumns to normal operation and contin-
ues to print the hardcopy. When the display becomes active
again, you may operate the DSA without affecting the hardcopy
being printed.

You can also initiate a new hardcopy at this point. The DSA will
automatically queue muitiple screen displays for hardcopy
output. The number of hardcopies that can be queued is subject
to the amount of available memory.

Do not turn off the When the hardcopy is printed, a message is displayed. The
~ DSA or perform hardcopy is not complete until this message appears. You should
diagnostics until the not turn off the DSA, perform self-test diagnostics, or use the
heg gﬁ}%‘gf Extended Diagnostics menu until the hardcopy is complete. Any

of these actions will terminate the hardcopy.
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Terminating a You can terminate a hardcopy by selecting Fiush Queue, in the
Hardcopy In Hardcopy pop-up menu. A message will appear stating that the
Progress hardcopy has been cancelled. If this message does not appear,
the printer may no longer be communicating with the DSA. The
Flush Queue selector becomes a Clear Interface selector untif a
message is received from the printer. Select Clear Interface to

abort any hardcopies that have not already been sent 1o the
printer.

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 (<) 10
access these controls.

? Clirsors hifdstst EFTmag DefHfm
Horizontal Icon ' .
e Ko L e i Y
v
sdiv
trj_'g;e_' '
M e a
L1
-3.5V : .
-1.192us 488ns/civ__[F1
Degt'tgt}aiv u_r;}ij'zunta__i; chuigtef;_..tGr;‘atf:‘;;.;;.i:e_s ¥
B O B T it JRAMES | - 1 NSt RN bl
Knob Labels L1 Main Continuoud
Fast PSAMS/sec
Tinput | FF T o B
Parameterns Lontrol..f LoD
i dBm
1 MO 388BMH2z Rectang
Pan/Zoom
Selector

Horizontal Controls
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Setting
Horizontal Size
and Position

Touch a knob label
to display the
Keypad pop-up
meny. This lets you
set horizontal size
and position
numerically, or
quickly set them 1o
maximum or
minimum limits. it
also lets you set the
knob resolution,

You can change the horizontal scale factor, or size, of a
waveform. You can also move the waveform left or right fo 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
(left knob) and position (right knob) of the selected waveform.

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 that the main position
(the knob labely is -1.24 ps, and the left edge of the graticule is
-1.182 us. The reference for these time references is the trigger
point of the waveform.

When Pan/Zoom is off and the selected waveform is an FFT and
the horizontal units are in Hertz, the left knob is labeled Frequen-
cy Span/Div and the right knob is labeled Freq Resolution/Div. The
left knob controls Frequency Span by changing Main Size and
the right knob controls the frequency bin width by changing the
record length. When Pan/Zoom is on, it operates as before.

Interactions With Other Waveforms

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

All waveforms from the Main time base share the same size,
position, and record length. If you change the size or position of
one main waveform, you will change the size or position of all
main waveforms.

All waveforms from Window time bases have the same horizontal
size. If you change the horizontal size of one window waveform,
you will change the horizontal size of all window waveforms.
There are two window time bases; each can have its own hori-
zontal position. All waveforms using the Window1 timebase will
have the same horizontal position; all waveforms using the
Window?2 timebase will have the same horizontal position.
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Pan/Zoom PanfZoom allows you to magnify any portion of the selected
waveform to examine it more closely. You can magnify (zoom)
the selected waveform to the point where each digitized sample
appears on the display, and you can move the magnified
waveform left and right (pan) to examine any part of the

waveform.
Pan/Zoom does not The maximum magnification is determined by the waveform
change the way record length, which is described on page 221. You can magnify a
waveform data are waveform until one point is shown for each horizontal division on
Saé“e%'?,‘f aﬂtd the graticule. There are 10 horizontal divisions, so you can
cha rzgggrm o ‘;Qyot?}g magnify a 512-point waveform up to 50 times. The greater the
waveform data are record length of a waveform, the greater the maximum available
displayed. magnification will be.

Whenever the horizontal icon (=) is highlighted, the Pan/Zoom
selector appears between the knob labels. 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 On, the knobs are
assigned to Horizontal Magnify (Zoom) and Horizontal Pos Gr
(Pan}. The waveform on the next page is the same waveform
shown on page 153, but magnified 8 times horizontally.

Use the left knob, Horizontal Magnify, to specify how much
magnification you want on the selected waveform. Use the right
knob, Horizontal 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 Horizontal
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 to examine individual acquired points. Waveform
vectoring is discussed in Vectored Waveforms on page 273.

You can choose between four types of interpolation during the
Pan/Zoom mode. Refer to page 275 in Vectored Waveforms for
details.

When in the Pan/Zoom mode, measurements are performed on
the acquired data, not on the product of the Pan/Zooming.
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Pan/Zoom Pivot

When you change the horizontal magnification with Pan/Zoom,
the displayed waveform is expanded around a reference point,
which remains fixed on the graticule. By entering the Modes
pop-up menu of the Utility 1 major menu and touching the
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 aiready on the display.

Instrument Modes

flutoset

Vertical Horizon

Pan/Zoom
Options
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‘ o Date
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The Modes Pop-Up Menu
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Multitrace Pan/Zoom

Pan/Zoom can be used to position and magnify muliiple
waveforms. Select Multitrace Pan/Zoom, in the Modes pop-up
menu of the Utility 1 major menu. When you set Pan/Zoom to On,
you will simuttaneously set the horizontal magnification and
graphical position of all waveforms that are on the same graticule
and have the same record length as the selected waveform.

Tuming 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 DSA so
that all settings are at “factory default.” That way you do not get
unexpected results from settings that remain from the last use of
the DSA.

To initialize the system settings to their defauits, touch the Initial-
ize selector in the Utility 1 major menu and select Initialize in the
displayed pop-up menu to verify the selection.

Verify Selection

ancel Initialize

Calibrator] Fodes & Probes: [ Calar o | Pege to - Fem

i titgB pim 3

L1
Main
& Lekel | Maln . Pans | . Main-
sl et iy pel e Poom | Pogition:
Disp: On S8n Of -136n
Mode: Man s/div 5

The Initialize Verify Pop-Up Menu

An alternate initialization method is to select Initialize Setting in
the Recall Setting pop-up menu in the Store/Recall major menu.

The following setlings are not affected when you initialize:

m  Stored seitings and stored waveforms

= Hardcopy printer default settings

» Display intensity and display color settings

» The GPIB parameters Address, Debug, Mode, and Terminator

» The RS-232-C parameters Baud Rate, Debug, Echo, Verbose,
Stop Bits, Parity, Flagging, Delay, and EOL String
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Initializing and
Erasing
Nonvolatile
RAM

Extended Diagnos-
tics is entered only if
the self test was initi-

ated from the front
panel, if the self test
was initiated from
the GPIB, a status
string is returned but
the DSA does not
enter the Extended

Diagnostics menu.

s  Time and date
®  Current disk directory

There are two methods by which you can erase all information
stored in nonvolatile RAM. The first method is by holding down
the WAVEFORM and TRIGGER major menu buttons when you tum
on the DSA. Release the butions when the lights next to the
major menu buttons are all off. The second method is by touch-
ing Teksecure Erase Mem in the Utility 2 major menu. Both
methods invoke the Teksecure Erase Memaory function.

The Teksecure feature is provided to enable you to ensure that
the instrument removes all proprietary information that may be
stored in nonvolatile RAM.

The Teksecure Erase Memory function first initiates an instrument
self test, which causes all volatile RAM to be erased. After the
self test is complete, then Teksecure erases ali non-volatile RAM,
with the exceptions listed below. When the power-on sequence is
complete, the message “Teksecure Status: Erased; Instrument ID,
calibration constants, on-time, and number of power-ups re-
tained” will appear on the display.

if the DSA passes its self test but Teksecure does not execute
properly, the following message appears “Teksecure Status:
Fatled; Refer instrument to qualified service personnel.” If the
DSA fails its self test, it will then enter the Extended Diagnostics
menu. The “Teksecure Status...” message appears only after the
DSA exits the Extended Diagnostics menu.

After Teksecure completes successfu‘lly, partial enhanced accura-
cy calibration is performed. Also, Enhanced Accuracy will not be
available until the warm-up period has expired. See Power-On.

When nonvolatile RAM is erased, the DSA writes over all nonvol-
atile RAM locations where settings can be stored with the
hexidecimal vaiue 0000 and writes the hexadecimal value ABCD
over all locations where waveforms can be stored. Any Enhanced
Accuracy calibration of the DSA is lost.
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The following information is not lost when nonvolatile RAM is
erased:

®  Serial number of the DSA
m  Accumnulated time the DSA has been on
B Number of times the DSA has been tumed on

m  Factory calibration constants, which are established at the
factory and cannot be changed by the user or by the DSA

m Time and Date
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Instrument Configuration

You can determine the configuration of your system by looking at
the Ident pop-up menu in the Utility 2 major menu.

instrument Configuraticn

Instr Section ROM I1D#

DSA 682A Executive FZ2.8 BaS2L116
DSR BBZ2R Digitizer 2.0 BB58116
DSA 6H2A Display Fz.8 B@SBliG
11A34 teft F3.7 8843417
N 7K Center

N 7K Right

Installesd Options

Gption 4C - Non-uvalatile RAM

T ePIB . ] R5-Z32-C [ Hardcopy

Talk Only 9688 baud Bitmap
7 Screen !
CExtended:| . aelf  |teksecure.| . Maln C Main
Disgnostic Test:  Erase Mems Size ‘Postiion
28n ~56n
sodiv - S

The Ident Pop-Up Menu

The upper section of the Ident pop-up menu lists the internal
processors of the DSA and the contents of its plug-in compart-
ments and displays the version number of the firmware
(programming) and the serial number for each component. A
notation of N/7K means that the plug-in compartment is empty or
contains a 7000-Series plug-in unit.

The lower section of the Ident pop-up menu lists any installed
options, along with a brief description.

You will need the information from this menu when discussing the
DSA with your local Tektronix representative.
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Labeling

You can label active waveforms, stored waveforms, and stored
settings for easier identification. You can also change the base
label. The base label is assigned automatically to stored
waveforms acquired in the Repetitive Single Trigger mode or in
the Act on Delta mode. In addition, you can write up to tweive
lines of text anywhere on the screen.

A label is a string of up to ten letters, characters, numbers, or
spaces. Labels appear in the selector for a waveform or a stored
setting and can also be displayed on the screen with active
waveforms. The entire DSA character set, including graphic
characters, Greek characters, numbers, upper and jower case
letters, and other symbols, can be used in labels.
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Creating Labels
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Labels Displayed with Active Waveforms

You can create and edit labels by using the Label pop-up ment,
which appears on page 169. Select Label in the Utility 1 major
menu to display this pop-up menu. The uppermost section of this
menu contains selectors for Displayed Waveforms, Stored Wave-
forms, Stored Settings, Base Label, and Text. Beneath these
selectors, the selectors for individual active waveforms, stored
waveforms, or stored settings appear. If there are more stored
waveforms or stored settings than can be displayed at once, use
the Paget and Page] selectors to scroll through the menu.
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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 yoti to choose Upper Case letters, Lower Case letlers,
Numbers (including punctuation characters), Graphics, Greek
letters, or Other symbols {primarily European characters). You
can mix any combination of letters, numbers, and symbols within

_a label. As you type, the label appears in the selector, just beiow
the waveform or setting number.

Use the Backspace selector 1o correct errors as you type a label.
Touch the Erase selector to completely erase the selected label.
Use the Exit selector o leave the pop-up menu.

When you store a labeled waveform, or create an active wave-
form that displays a single stored waveform, the label will be
copied to the new waveform.

You can add up to twelve lines of text to any part of the display
by selecting Text. Use the character selectors in the lower half of
the menu 1o enter the text. Multiple colors of text can be selected
by touching the desired color. Color changes to the text appear
as escape sequences in the display area. The Back Space
selector deletes the character to the left of the arrow cursor. If
multiple lines of text are displayed, touch a line to select for
editing. You can piace the text anywhere in the graticule. Touch-
ing the Position selector assigns the left knob 10 Text Vert Pos and
the right knob to Text Horz Pos. Simply use the knobs 10 position
the text on the display. :

To edit the text, touch the Edit selector. In the edit mode, the
knobs are assigned to the arrow cursor position. The position of
the arrow cursor indicates where the change will occur. Both
knobs aliow you 1o move the arow cursor horizontally along the
line of text.
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Automatic Waveform Labels

You can have labels automatically specified during waveform
definition by changing the Mode selector in the Label pop-up
menu to “Automatic.” The label generated consists of the first ten
characters of the trace description.

if the trace description changes, the label changes to the new
description, unless the new waveform description consists ofa
single stored waveform. The labe! of the stored waveform would
then replace the active waveform'’s label.

The defauit horizontal position of the waveform label depends on
the trace number. The left edge of the label is placed a specified
number of divisions, equal to the trace number, away from the left
edge of the graticule. Thus, the default horizontal position of the
label for waveform 1 is 1 division to the right of the left edge of

~ Note that this the graticule. The default position of the waveform 4 label is 4
applies only it? new divisions in from the left edge of the graticule.
aces
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Changing the
Base Label

Repetitive Single
Trigger mode is
discussed on
page 44,

Acton Deltais
discussed on
page 53.

Dispiaying
Labels with
Active
Waveforms

The current base label is the one that is used whenever acquisi-
tion occurs in Repetitive Single Trigger mode or in Act on Delta
mode. As each waveform record is acquired, it is stored and
labeled with a sequential number appended to the base label.
For example, a series of waveform records might be labeled
“REP1,” “REP2,” “REP3,” eic. The default base label is “RER,” for
“repetition.”

When multiple waveforms are selected for storing in Repetitive
Single Trigger mode or Act on Delta mode, a colon and the
waveform number of the acquired waveform are appended {o the
label. For example, it waveform 1 and waveform 3 are acquired,
the first acquisition would produce waveforms labeled "“REP1:1"
and “REP1:3.”

You can change the base label just as you would change any
other label. Select Base Label in the Label pop-up menu. Erase
the existing base label and enter a label of your choice. The
base label is limited to five characters, so that numbers of up to
three digits, a colon, and the waveform number may be ap-
pended to the label. Digits may not be entered as part of the
base label.

Labels of active waveforms may be displayed on the screen with
the waveforms. When Displayed Waveforms is selected, Display
and Position selectors appear beneath the waveform selectors in
the Label pop-up menu. Tuming on Display will cause the labels
o appear with the displayed waveforms. Labels will appear in
the selectors for active waveforms whether Display is tumed on or
off. )
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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 (left knob)
and horizontal (right knob) position of the label. The label posi-
tion is relative to a specific point on the waveform. By changing
the horizontal position of the label, you are changing the point
the label will follow. By changing the vertical label position, you
can specify the vertical offset of the label from the point. If the
waveform record point is out of the range of the graticule, the
label will remain at the top or bottom of the graticule. Also, the
label cannot be moved off the left edge, even if the waveform
point is. However, it will go off the right edge except for the left
edge of the leftmost character.
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Measurements

Amplitude
Measurements

<

Measurements are numeric readouts of properties of a waveform.
Measurements are updated continuously so that as the signai
changes the numeric readouts also change. You can selectup to
six measurements at a time. The measurement readouts for the
selected waveform appear in the Measure major menu. The
measurements are listed in the following table.

Measurements

Selector Measures

Max Maximum amplitude, the most positive peak voltage.

Min Minimum amplitude, the most negative peak voltage.

Mid Middie amplitude, halfway between maximum amplitude
and minimum armplitude.

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 reference
waveform? 10 the peak-to-peak amplitude of the selected
waveform. For example, the gain of a waveform com-
pared to itself is 1 (no units).

Over The difference between the maximum amplitude and the

Shoot topline value, expressed as a percentage of the differ-
ence between the topline and baseline values.

Under The difference between the baseline value and the mini-

Shoot mum amplitude, expressed as a percentage of the differ-

ence between the topline and baseline values.

+ The delayed waveform is set separately for each waveform, and is used only
for the PropDelay measurement. The reference waveform is the same for alf
selected waveforms; it does not change when you select a new waveform.
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Measurements (Cont.)

- Rise The transition time of a rising pulse edge.

Fali 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 ’}”he time from the trigger point to a specified level cross-
ing.

Delay The time between the first and last mesial crossings of 2

waveform within the measurement zone.

Timing PropDelay The time from the first mesial crossing of the selected
Measurements < waveform to the first mesial crossing of the delayed
waveformt 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? tothe
selected waveform.

Main—Win The time from the Main trigger point to the Window
Trig Time  trigger point. This measurement allows much greater

precision than other timing measurements, and is dis-
N cussed in more detail later in this section.

+ The delayed waveform is set separately for each waveform, and is used only
for the PropDelay measurement. The reference waveform is the same for all
selected waveforms; it does not change when you select a new waveform,
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Frequency
Domain
Measurements

Area and Energy
Measurements

Settingup a
Waveform for
Measurements

The %Fill
parameter is
discussed in

Acquisition on
page 40.

Measurements

_Mea_sure_ments {Cont.)

Measures

Spectral This provides frequency tracking for the fundamental

Frequency  and user-specified harmonic as well as spectral peak
frequency measurements.

Spectral This provides amplitude tracking for the fundamental

Magnitude  and user-specified harmonic as well as spectral peak
amplitude measurements.

THD Total harmonic distortion.

Area+ The sum of the absolute value of the area under the
curve above a reference level and the absolute value of
the area under the curve below that reference level.

Area- The difference between the absolute value of the area
under the curve above a reference level and the abso-
iute value of the area under the curve below that refer-
ence level.

Energy The energy represented under the curve of a wave-

torm. This integral of the squared voitages can be di-
vided by the resistance of the circuit to yield power
measurements.

Measurements are taken from waveform record points. The
waveform on which measurements are based must be adjusted
so all areas that are needed to take the measurements are visible
on the display. No part of the waveform should extend above oOr
below the graticule display area. If a measurement requires a full
cycie, as in frequency or period measurements, adjust the hori-
zontal 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 and vertical size and
position to show the complete rising of falling edge.

For best accuracy, the %Fill (located in the Acquire Desc menu)
parameter (located in the Acquire Desc menu) should be set to
100. Otherwise, the waveform record may include null points,
which will affect the accuracy of the measurements.
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Having an improper-
ly adjusted wave-
form may result in
an error measure-
ment readout. See
page 194.

Establishing
Measurements

Note that
measurements are
performed on
linearly interpolated
acquired data,
regardiess of the
selected Pan/Zoom

interpolation type.

Having an improperly adjusted waveform for a measurement may
result in a qualified measurement readout. For example, mea-
surements may be qualified by greater than or equalto (=),
less than or equal to ( < ), or a question mark ( ? ). An error
readout may also result.

The frequency domain measurements are designed to work on
FFTmag(w(n)) waveform (the magnitude of the Fast Fourier
Transform of waveform w(n)). If the measurements are enabled
and the selected waveform is not an FFTmag, the status field will
display FFTmag wim only.

Once the waveform display is established, press the MEASURE
button to dispiay the Measure major menu. Initially, this menu is
mostly blank. The six empty selectors are reserved as places for
measurement readouts that appear when you select measure-
ments.

Feasure- . Page.: | Fem
imentss | te T WMl
- Statistics| L1
ZHistooramMain
Mainsc Pans L Maina
CBizeys S oam] Pasitlon
S58u Off ~Bu

ss/div s

Meastire Major Menu

Touch the Measurements selector o display a pop-up menu
showing the measurement selectors. Touch the individual meas-
urement 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 Meas-
ure major menu.

The illustration on the next page shows the Measurements pop-up
menu with two measurements, BMS and Frequency, selected.
The numeric readouts for these two measurements are in the
major meny area.

176 In Detaif



Measurements

/ Measurements
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Measurements Pop-Up Menu with Frequency and RMS Sefected
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You need to acquire
a window waveform
in order o usa the
Main-+Win Trig
Time measure-
ment.

For more information
about triggering, see
page 233.

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

The Main—Window Trigger Time 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 to obtain very precise
time interval measurements, similar to the “Time A—+B mode” on
a counter/timer.

To use the Main—Window Trigger Time measurement, seiect
Main—+Win Trig Time in the Measurements pop-up menu. Since
you can set the trigger source, siope, level, and holdoff separate-
ly for the Main and Window time bases in the Trigger maijor

menu, you can define the Main and Window trigger events so
that the time between them represents the time between edges
on two different waveforms or on the same waveform, and you
can be very specific about the events that define the beginning
and end of that time interval.

First, define a separate trigger for the Window time base: touch
the Trigger Select selector in the Trigger major menu untit Window
is selected, then select Window Holdoff: By Time Or Window
Holdoff: By Events in the Source Desc pop-up menu. Window
triggering is described fully in the Window Triggering section on
page 258. 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 is shown on the next page. Touch the Main—Win
Trig Time selector to view this pop-up menu. The horizontal lines
that appear on the display show the trigger levels. The vertical
bars show the location of the trigger events in time and the
trigger indicators ( ~ ) show the location of the trigger events on
the trigger signals.
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Deleting To delete a measurement, touch the Measurements selector in the

Measurements Measure major menu. In the pop-up menu, touch the selectors for
the measurements you want to remove. As you touch the meas-
urement selectors, they will tumn 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.

Measurement Tne DSA can collect mean, standard deviation, maximum, and
Statistics minimum values for all active measurements. To control these
statistical functions, go to the Statistics & Histogram page of the
Measure major menu and select Statistics.

Cimtistical functions (Live Wavefourms)
Statistics © Reset . Stattstics
Sl gk NN
Gn 188
gMS Freguency

mean: 3.258Y mean: d2,8B8kHz

max 4.844V max: 1. 334MH2
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Live Him JERA-IVEENNT-Lr L stdu: 5.546kHz
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Stored WM
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Live Wfm Statistics in the Statistics Pop-Up Menu
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When the Statistics pop-up menu is displayed, you can choose
to display the statistical functions of any number of stored wave-
forms or any live waveforms by touching Live Wim Statistics or
Stored Wim Statistics. The stored waveforms must be stored in
waveform RAM. Waveforms stored to disk cannot be accessed in
this mode.

Touch the Statistics selector to turn statistical computation on or
off. When statistics are on, the mean values of the measurements
appear in the measurement selectors in the Measurements page
of the major menu. The symbol x, for mean, precedes the name
of each measurement. The standard deviation, the mean value,
and the maximum and minimum values of each measurement
appear in the lower portion of the Statistics pop-up menu.

if the DSA encounters an eror or an otherwise qualified measure-
ment while computing statistics, the sample that caused the error
will be discarded and a question mark ( 7 ) will precede the
displayed statistics.

Measuring Live Waveforms

When statistics are on, the number of samples that have been
used to determine the siatistical values appears in the Statistics
selector in the major menu. You can set the number of samples
to be used for statistics by selecling Statistics N in the Statistics
page of the Statistics pop-up menu and then setting the value by
using the control knobs.

To restart statistics, select Reset in the statistical functions page
of the Statistics pop-up menu. Statistics will also be reset when-
ever the value of Statistics N is changed, when measurement or
waveform parameters are changed, or when measurements are
tumed on or off.
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Statistical measure-
ments cannct be
taken on waveforms
stored on disk.

Reference Wave-
forms must be dis-
played waveforms,

See page 188.

Measuring Stored Waveforms

To make statistical measurements on stored waveforms, first
touch the Stored Waveform Statistics selector in the Statistics
pop-up menuy, then touch Measure to periorm the measurement. A
number appears under the Measure selector, This number is a
running total of the stored waveforms measured and is an indica-
tion that something is happening. When finished measuring, the
measure selector will revert 1o “stopped”. You can change the
group of waveforms used for statistical computation by selecting
the Base Labe! of the waveforms you want to measure. Select the
Measure from:/to: selector to assign the knobs and adjust the
Meas From and Meas To values to further restrict the group of
stored waveforms being measured. If you want to use all of the
stored waveforms for computing the statistics, touch All Stored
Waveforms. For more information see page 245.

The display will show the mean, standard deviation and the
minimum and maximum values for the specified group of wave-
forms. The number of the stored waveform responsible for the
maximum and minimum values is also displayed in the STO
column.

Main—Window Trigger Time Statistics

Statistics for the Main-+Win Trig Time measurement do not appear
in the Statistics pop-up menu. Instead, the Main—Win Trig Time
statistics are controlled from the Maln—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 deternine 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 1o terminate
statistics for this measurement. Always select Avg Off fora
Main—Window Trigger time measurement in single trigger mode.
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Comparing
Measurements
to References

Measurements

You can establish reference values for your measurements and
have the DSA display the measurement readouts as the amount
of variance from the reference value. For example, if you want to
see how much a waveform varies from 0.5 V rms, establish a
reference value of 0.5 V rms. Then tumn the compare mode on
and the DSA displays the difference between the reference value
of 0.5 V rms and the rms value of the waveform being measured.

You can save the curent measurement readouts as the reference
values for those measurements. 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 readouts show a delta ( A }
in the selector label to remind you that difference values are
being displayed. For example, the RMS measurement readout in
the major menu area becomes the ARMS readout when compare
mode is tumed on.

The compare feature affects all measurements on all waveforms.
When you tum on compare mode, all measurement readouts
show A comparison values, even if you select a different wave-
form.

Compare mode is turned on or off by fouching Compare in the
Compare Options page of the Compare & Defaults pop-up menu
in the Statistics & Histogram page of the Measure major menu.
Select Compare Options in the Compare & Defaults menu to
display this page. '

You set the reference values to the curent measurement values
by touching the Save Current Meas Values as References selector.
When you touch this selector, ali the reference values for meas-
uremnents established on the selected waveform are copied from
the current measurement readouts. '
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Compare Options in theCompare & Defaults Pop-Up Menu

You can use the knobs to set the reference values. A selector
appears in the Adjust References section of the Compare &
Defaults pop-up menu for each measurement currently estab-
lished on the selected waveform. Each of these has the word Ref
after the measurement name, for example, 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, tum either knob or use
the pop-up keypad when you touch the knob selector.
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Changing Once you have established a measurement on a waveform, you
Measurement can find out more information about the measurement and you
Parameters can control the way the DSA takes the measurement by changing
the measurement parameters.

Touch the measurement readout selector in the major menu area
to 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 lines 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
DSA uses to determine the measurement vaiue is highlighted.

The illustration on the next page shows a typical pop-up menu for
a measurement, along with the annotation lines and the high-
lighted portion of the waveform.

Many of the sejectors in the measurement pop-up menu set the
knobs to adjust the measurement parameters. As you tum the
knob, the annotation lines move to reflect the new value of the
measurement parameter. For example, 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
selector 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 tines on the waveform. Your view of the waveform is not
impeded by the measurement pop-up Ment.
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A Typical Individual Measurement Pop-Up Menu
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The annotation lines will remain on the display until you leave the
Measure major menu even if the knobs are assigned to another
function. If you ieave the Measure major menu, the annctations
will not be displayed but they will return when the menu is re-ent-
ered. The annotation lines can be removed at any time by
touching the RemAnno icon near the lower left comer of the
graticule. If trigger annotations are displayed simultaneously, the
RemAnno icon will remove the lines most recently selected.

In the iliustration 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 the DSA measures the
frequency from the first complete cycle to the right of the left limit.
The highlighted portion of the waveform shows the area being
measured.
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The following table shows the measurement parameters. 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.

Name

Definition

Baseline

The baselina value is the 0% level on which proximal,
mesial, and distal levels are based. When tracking
mode is set to Both or Baseline, the DSA repeatedly
determines the baseline and you cannot adjust it. When
tracking mode is set to Off or Topline you can set
baseline, or you can have the DSA set it once by
touching the Setup selector in an individual measure-
ment pop-up menu.

Data
Interval

Determines whether the measurement will be taken from
one cycle of the waveform within the measurement
zone, or from the entire measurement zone. (You can
change the measurement zone by changing the Left
Limit and Right Limit parameters.)

Distal

The distal {most distart from the origin) reference level.
Rise and fall times are measured between the proximal
and distal levels, which are typically 10% and 80% of
the baseline to topline amplitude.

Left Limit

The beginning of the waveform measurement zone,

Level Mode

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

Mesial

The reference level nearest the middie-amplitude level.
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Measurement Parameters (Cont.)

Name Definition

Proximatl The proximal (closest to origin) voltage level. Rise and
tall times are measured between the proximal and distat
voltage leveis, which are typically 10% and 90% ofthe
baseline o topline voltages.

Reference  The transition-crossing voltage level.
Level

Right Limit  The end of the waveform measurement zone.

S/H Ratio The amplitude of a noise rejection or hysteresis band
centered on the mesial level. Transitions through the
mesial level are qualified by S/N ratio by the require-
ment that the signal enter the noise rejection band and
leave the noise rejection band at the opposite limit with
the same slope and with no intermediate values ouside
the noise rejection band. S/N ratio may be set 10 any
value from 1 to 89. The reciprocal of the number is the
fraction of the peak-to-peak signal value that the noise
rejection band extends above and below the mesial line.
For a 1V peak-to-peak signal, S/N ratio of 20 creates 2
nolse rejection band 0.05 V above and 0.05 V below the
mesial ievel.

Reference The waveform to which the selected waveform is com-

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

Delayed The waveform compared 1o the selected waveform for
Waveform  the PropDelay measurement. The delayed waveform i5
set separately for each selected waveform.

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

DSA 601A and DSA 802A User Reference 189



Measuremenis

Measurement Parameters (Cont.}

Definition

For frequency domain measurements, Search Mode
determines how spectral components are detected. If
Search Mode is harmonic, the instrument decides that
the first highest pezak in the measurement zone is the
fundamental frequency component. Setting the harmon-
ic nurnber to n, will move the measurement to the nth
harmonic of the input signal. If, by toggling Search
Mode, you set the Search Mode to Peak, the spectral
components will be treated as simply spectral peaks. A
spectral peak is defined as a FFTmag waveform peak
higher than a reference level, adjustable from the same
pop-up. Peak Index set to n will perform the measure-
ment on the nth spectral peak of the FIFT magnitude
waveform.

Peak Index

Performs the measurement on the nth spectral peak of
the FFT magnitude waveform. Its range of values is from
1to 1000. (See Search Made definition).

Harmonic
Number

A harmonic number of n moves the measurement to the
nth harmoric of the input signal. its range of values is
frorn 1 to 1000. (See Search Mode definition).
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Time Mode

Determines whether the left limit and right limit are set
as absolute values or as percentages of the record
tength. In absolute time mode, these boundaries are set
to absolute values. In refative mode, the boundaries are
set as percentages of the record length, and the corre-
sponding absolute vaiues of the 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 DSA repeatedly determines the topline for itself
and you cannot adjust it. When tracking is set to Base-
line or Off, you can set the topline or you can have the
DSA set it once by touching the Setup selactor,

Tracking

Determines how the topline and baseline are set. When
tracking is set to Both, the topline and baseiine are
repeatedly determined by the DSA. When tracking is set
to Topline, the DSA determines the topline value and
you can set the baseline. Similarly, setting tracking to
Baseline causes the DSA to set the baseline but aliows
you to set the topline. When tracking is Off, you set both
topline and baseline,

DSA B01A and DSA 602A User Reference 191



Measurements

Changing
Default
Parameters

When you define a new waveform, the measurement parameters
for that waveform are set to their initial values by copying them
from a set of default parameters. The DSA 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 Compare & Defauits in
the Statistics & Histogram page of the Measure major menu.
Then select Default Parameters. The pop-up menu appearing on
the next page will show a selector for each measurement param-
eter.

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 vaiues they have when the DSA is initialized, select initialize
Defaulis.

When you have set the defaults the way you want them, you can
change all the measurement parameters of the selectec wave-
form to the default settings by touching the Copy Defaults to Sel
Wim selector.
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Default Parameters
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Default Parameters in the Compare & Defaults Pop-Up Menu
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Measurement
Errors

When the DSA cannot make an accurate measurement, it dis-
plays an error qualifier with the measurement result.
Measurement errors usually result from improperly adjusted
waveforms (waveform features needed for the measurement are
off the graticule or outside the measurement zone) of from incom-
plete waveform record acquisitions.

The three measurement qualifiers are > (greater than or equal
to), < (less than or equal to), ? (uncertain), and error. These
characters are displayed in the measurement readout area.
Greater than or Equal to () Readouts

A greater than or equal to () readout can occur.

m  On a Peak-Peak, Amplitude, Of Gain measurement when part
of the measured waveform is off the graticule.

®  On a Max, Mean, Mid, or Over Shoot measurement when the
measured waveform is off the top of the graticule.

Less than or Equal to (<) Readouts

A less than or equal to (<) readiout can occur:

% On a Min, Mean, Mid, of Under Shoot measurement when the
measured waveform is off the bottorn of the graticule.

Uncertain {?) Measurement Readouts

The following conditions can result in an uncertain (?) readout:

® The measured waveform contains null (unacquired) values.

Set the %Fill parameter to 100 to avoid this condition. See
page 40 for details on the %Fill parameter.

u For Rise, Fall, Frequency, Period, or Width, the measured
waveform is enveloped or includes enveloped components.
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m For Mean Or RMS, the data interval is set to one period and
the measured waveform is enveloped or includes enveloped
components.

Error (error) Measurement Readouts
The following conditions can resuit in an efror (error) readout:

m For a Frequency or Period measurement when the measure-
ment zone does not contain a period of the wavetorm.

® For a Mean, RMS, Area+, Area-, Or Energy measurement, the
data interval was set to one period and the measurement
zone does not contain a period of the waveform.

m For a Cross measurement when no transition of the specified
slope is found in the measurement zone.

® For a Cross measurement when the reference level does not
fall within the Min and Max values for the measurement zone.

m For a Rise measurement when the DSA cannot compute a
valid Proximal time, followed by a valid Distal time, within the
measurement zone.

= For a Fall measurement when the DSA cannot compute a
valid Distal time, followed by a valid Proximal time, within the
measurement zone.

® For a Width measurement when two mesial crossings of
opposite slope cannot be found within the measurement
zone.

= Whenever a measurement is selected with no waveforms
displayed.
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Histograms

The DSA can display histograms constructed from the selected
waveform’s record data. You can display either a vertical or
horizontal histogram. Only one type of histogram can be dis-
played at a time.

Histograms cannot be displayed for stored waveforms. Histo-
grams can be displayed for calculated waveforms if the
calculated waveform contains at least one active waveform (even
if the calculated waveform contains a stored waveformy).

Histograms are created by using the Statistics & Histogram page
in the Measure major menu. You can specify the section of the
selected waveform used to determine the histogram and set
histogram scaling to either linear or logarithmic. You can specify
that acquisitions stop after a set number of waveform acquisi-
tions have been acquired or if a specified number of hits are
within given limits.

Displaying a Histogram

You create a histogram by using the Statistics & Histogram page
of the Measure major menu and tumning on histograms in the

~ hisfogram pop-up menu. A rectangular box is displayed when

histograms are turned on. This box selects the portion of the
waveform used to generate the histogram. If there is more than
one waveform on the display, the histogram generated corre-
sponds fo the selected waveform. When a vertical or horizontal
histogram is selected, the record length of the selected waveform
time base is changed to 512 points. The display persistence of
the selected waveform is changed to Infinite.

Histogram Controis

The histogram display can be affected by several controls. You
can specify which part of the selected waveform is used to
calculate the histogram. You can stop acquisitions based on the
number of waveforms acquired or the number of samples within
the specified area. You can set how often the histogram display
is updated with new data and you can set scaling of histogram
data to logarithmic or linear. All the histogram controls are lo-
cated in the Histograms POpP-Up Menu.
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Changing the Size of the Histogram Box

To change the portion of the selected waveform used to create
the histogram, touch either Vertical Limits or Horizontal Limits.
Touching the Vertical Limits selector assigns the left knob to
upper limit and the right knob to lower limit. Touching Horizontal
Umits assigns the left knob to left limit and the right knob to right
fimit. Tuming either knob will change the position of the assigned
edge of the histogram box, thus limiting the part of the selected
waveform used for the histogram.

The vertical and horizontal limits of the histogram box can be set
without tuming on the histogram display. To set the size and
location of the histogram box without tuming on the histogram
display, just touch either Vertical Limits or Horizontal Limits. This
ability enables you to set up your histogram display before you
begin acquiring your data. The histogram box size is an atiribute
of the waveform; each waveform can have its specified histo-
gram area.

Histogram displays are set separately for each displayed wave-
form. Because a histogram applies only to the selected
waveform, when you select a different waveform, the newly
selected waveform histogram will be displayed. (Keep in mind
that only one histogram, that of the selected wavefomn, will be
displayed at a time.)

Limiting Acquisition

To stop acquisition after acquiring a set number of waveforms,
touch Set N Waveforms. This assigns the knobs to limit the num-
ber of waveforms acquired. The range for the number of
wavefonms acquired is 1 to 232 (approximately four billion).
Touching the Stop N Waveforms selector will start the waveform
acquisition count down, as indicated in the histogram selector
status field. The number of waveforms left to acquire is shown in
the lower left comer of the display under the Histogram selector.

Once acquisitions have stopped by reaching the condition set,
they can be restarted by pressing the RUN/STOP button. To retum
to a continuous acquisition mode, you can toggle the Stop N
Waveforms selector or select the Continuous Acquisition mode in
the Acquire Desc pop-up menu in the Waveforrn major menu.
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You can also stop acquisition based on the number of samples
acquired within the histogram box. To stop acquisition after
acquiring a set number of samples, first touch Set N Samples.
This assigns the knobs to fimit the number of samples acquired.
Using the knobs, set the number of samples you wish to acquire.
The range for the number of samples acquired is 1 to 22 -1
(approximately four billion). Touching Stop N Samples will start
the sample acquisition count down, as indicated in the histogram
selector status field. The actual number of hits accumulated into
the box can exceed the specified count when many points are
acquired on a single acquisition.

For calculated waveforns, the histogram is performed on the
calculated data. In equivalent time acquisition mode, all points in
the waveform: are recalculated, not just the newly acquired
points. This means that the number of samples within the histo-
gram box will not reflect the number of actual acquired data
points within the box.

Again, if you want to stop or restart a new cycle of the acquisition
while still in the acguisition mode, press RUN/STOR

The data that appears in the histogram readout is caiculated as
waveforms are acquired. The histogram display is updated
based on the Refresh Rate.

Changing the Refresh Rate

The rate at which the histogram display is updated can be varied
from five seconds to three minutes. To change the time interval of
the histogram, touch Refresh Rate. You can now tum either of the
control knobs to change the time between updates or you can
use the knob pop-up menu to enter the time directly.

Changing Scaling

You can set the histogram scaling to either linear or logarithmic.
To change the histogram scaling, touch Histogram Scaling. Linear
scaling better illustrates the relative quantity of various data,
while logarithmic scaling provides better detail at the edges of
the histogram.
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Clearing the Histogram Data

To clear the data in the histogram display, touch the Clear selec-
tor in the Histogram pop-up menu.

The Histogram Readout

In the major menu area of the display is a readout of histogram
characteristics. Included in the display are the vaiues for the
position of each of the sides of the histogram box, statistical
values, and measurements.

= Top, Btm, Lft, and Rgt represent the position of each of the
sides of the histogram box, in appropriate axis units. For
example, Top and Btm values are given in volts; Lit and Rgt
are given in seconds for voltage vs time waveforms.

w Mean is the average value of all the acqguired points within
the histogram box. Pk Pk is the difference between the most
positive acquired point and the least positive or most nega-
tive acquired point, when Vertical Histogram is selected.
When Horizontal Histogram is selected, Pk PK is the differ-
ence between the left-most data point and the right-most
data point within the histogram box.

»  RMSA is the RMS deviation (also known as standard devi-
ation). =10 represents the percentage of waveform points
that fell within one standard deviation from the mean. p=% 20
and p=3c represent the percentage of waveform points that
fell within two and three standard deviations from the mean,
respectively.

= Wfms is the number of waveforms that have been acquired
since the histogram display was tumed on. Hits is the num-
ber of waveform data points that have fallen inside the
histogram box.
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Installing and
Removing a
Plug-in Unit

CAUTION

Naver install or
remove a plug-in
unit when the DSA
power is on. Set the
ON/STANDBY
switch to STANDBY
first.

Alignment Groove

Indicator Light
Channel Button

Signal Connector

Release Latch

The DSA has compartments for up to 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 DSA 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 DSA.

To remove a plug-in unit, set the ON/STANDBY switch 10 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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Display On/Off

Setting Input
Parameters

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 tums
display of the input channel on or off. The yellow light next to the
button wili light whenever that channel is displayed.

Display of an input channel may aiso be tumed on or off from the
DSA. For example, the display of an input channe! of a plug-in
ampilifier is tumed on when you define a waveform expression
that includes that channel, and is tumed off when all waveforms
displaying the channe! are removed from the display.

The operation of a plug-in unit is controlied by the DSA. Some of
the input channe! controls are determined by selections made in
the Input Parameters pop-up menu. Select Input Parameters in the
Waveform major menu to display this pop-up menu.

Input parameters are specified individually for each channel. To
set the input parameters for a channel, select the channel! from
the Channel Select section of the Input Parameters pOp-up menu,
then use the other selections in the menu to set the parameters.
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Channel Impedance

The tmpedance section of the Input Parameters pop-up menu
shows the input impedance values available for the selected
channel, which are dependent on the type of plug-in unit. Touch a
selector in this section of the pop-up menu to select the input
impedance.

When you use a probe, the impedance of the plug-in unit should
match the impedance of the probe. Active “intelligent” probes
will eliminate inappropriate impedance options. Probes are
discussed on page 213.

Channel Coupling

You can set the coupling of the selected input channel by making
a selection from the Coupling section of the Input Parameters
pop-up 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. DC coupl-
ing passes the whole signal to be displayed on the screen. Off
disconnects the selected channel from the input connector.

Input coupling for a differential channel can be independently
selected for the + and - inputs. Differential channels may allow
V,, Or voltage comparison coupling, which connects either the

+ or - input to an intemal DC comparison voltage. This mode is
also known as slideback comparison, and uses the differential
channel as a singel-ended input with a wide range DC offset. The
Vertical Offset knob controls either differential DC offset, Vg
offset, or active probe offsets, depending on the selected cou-
pling. Please refer to the differential amplifier manual for a more
detailed explanation.

The use of an active intelligent probe will eliminate the AC
coupling option.
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If the 100 MHz digi-
tizer filter is used,
the DSA will not al-
low real time (RT)
operation for 1 GS/s
or 2 GS/s inter-
leaved modes.

Vertical Offset
and Sensitivity

Channel Bandwidth Limit

You can set the bandwidth limit of the selected channel to reduce
the amplitude of unwanted noise or interference at frequencies
above the frequency of interest. The bandwidth limits available
depend on the type of plug-in unit you are using. Touch one of
the selectors in the Bandwidth section of the Input Parameters
pop-up menu fo set the bandwidth limit.

Digttizer Filter

A 100 MHz digitizer filter is available and may be tumed on or off
by touching the 100 MHz selector in the Digitizer Filter section of
the Input Parameters pop-up menu. This filter reduces the effects
of noise and signals above 100 MHz. See page 309 in the Appen-
dices for attenuation specifications.

You can get better filtering by using both the digitizer filter and a
channel bandwidth limit. The resultant bandwidth will be less
than 100 MHz. The DSA will automatically calculate the band-
width and will display its value in the Input Parameters selector.

The vertical offset and sensitivity of a plug-in amplifier are con-
trolled by the vertical settings of the DSA. See Vertical Controls
on page 277 for information on setting vertical size (sensitivity)
and position (offset).
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DC Circuit For several plug-in amplifiers, the input impedance for DC cou-
Loading pling is 50 Q. This low impedance requires some caution.

When input coupling is set to 50 Q, a 50 ) termination resistance
is connected directly from the input connector to ground. Take
care that the circuit connected to the input wili not be damaged
by the 50 () ioad.

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

Use caution when input will exceed the peak input voltage specification for some
working with plug-in amplifiers, and thus may damage the input relay. A dam-
voitages in excess cf aged relay could cause an error in calibration. Refer to the
25 volts. specifications for your plug-in amplifier.

Two ways of unintentionally invoking DC coupling are:

® Pressing the AUTOSET button, because the Autoset process
starts by searching for a DC voltage

®  Recalling a stored setting that specifies DC coupling

Some plug-in amplifiers will automatically disconnect the 50 O
termination and display a message on the DSA when the input
voltage substantially exceeds 5 V rms. Refer to the manual for
your plug-in amplifier.
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Overdriving

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 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. Over-
driving 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 +1.7Vio +08V
in 1 ns. A plug-in amplifier could be used to determine if the
signal stabilized immediately at +0.8 V or if it had some small
aberration after the transition. By setting the amplifier offset
(vertical offset) to +0.8 V and the sensiivity (vertical size) to

1 mV/division, aberrations of just 0.1% of the original fransition
will be 2.5 divisions in amplitude.

Refer to the specifications for your plug-in unit to determine
whether its overdrive recovery is fast enough for your application.
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The following steps describe the installation procedure.
Step 1:  Set the PRINCIPAL POWER SWITCH 1o OFF.

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

range for your power system.

[] Step3: Setihe LINE VOLTAGE SELECTOR to the proper
[] step4a: Check the FUSE to be sure it is of the proper type
and rating, as printed on the rear panel.
CAUTION [[] step5: Instali one or more plug-in amplifiers in the front
Never instali or paneil compartments.

remove a plug-in
unit with the DSA
power on.

To install a plug-in unit, align the grooves in the top and bottom
of the plug-in unit with the guides at the top and bottom of the
plug-in compartment. Push the plug-in unit until its front panel is
fiush with the front pane! of the DSA. Plug-in units are described
on page 201.

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

[] Step7: Set the PRINCIPAL POWER SWITCH {0 ON.

The PRINCIPAL FOWER SWITCH controls all AC power to the
DSA. The ON/STANDRBY switch controis power to most of the
DSA's circuits, but continues to supply power to certain circuits
even when set to STANDBY.

[] step8: To operate the DSA, set the front panel ON/
STANDBY switch 10 ON.

Once the DSA is installed, use the ON/STANDBY switch as the
power swiich.
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Power-On Each time you power on the DSA, it performs a sequence of
Sequence internal checks and then restores the settings that were estab-
lished when it was last powered off. The sequence is:
Complete 1. The power-on diagnostics are performed, and take about
descriptions of the 5 seconds to execute. If these diagnostics fail, the DSA will
d*aQ”OS"?aZf o freeze and you will not be able to operate it.

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

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

4. A partial Enhanced Accuracy calibration is automatically run
if the plug-in configuration has changed.

Waveforms that have been stored with the Store Waveform
functions are saved only if the DSA is equipped with Option
4C, Nonvolatile RAM.

Warm-Up It takes about 20 minutes for the DSA o warm up after power-on.
Period Enhanced Accuracy is available after the DSA warms up and
achieves thermal stability. Enhanced Accuracy is described on
page 111.
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Probes and Cables

Whenyou use a
probe, the imped-
ance of the input
channel must match
the impedance of
the probe connected
to it. See Channel
Impedance on

page 204.

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

For many applications a probe is preferable to a cable connec-
tion. Common probe features include small, easily portabie
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 commeon to most
probes used with 11000 Series plug-in amplifiers. Refer to the
documentation for the probe you are using for specific
information,
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Installing a
Probe

The Tektronix product catalog lists TekProbe probes that are
recommended for use with 11000 Series plug-in amplifiers and
DSAs. These probes have a special connector and are con-
nected both to the input channel and to an interface that provides
communication between the probe and the plug-in amplifier. The
active probes draw their power from the plug-in amplifier.

To install a probe, place the probe connector over the input
connector of the plug-in amplifier. 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 fiush with the
interface connector of the plug-in amplifier. Twist the circular
plastic casing clockwise to secure the connection.

Connecting a Probe to the input Channei
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Probe ID TekProbe intelligent probes can communicate with the DSA
Functions through the plug-in amplifier interface connection. In addition,
each probe is equipped with a Probe ID button that, when
pressed, initiates some action by the DSA.

You can use the Probe 1D button on a probe to signal the DSA to
perform one of four functions. in the Probes pop-Up menu inthe
Utility 1 major menu, four selectors determine the action that is
initiated when a Probe 1D button is pressed.

% Waveforin Select/New Wfm sets the DSA so that pressing the
Probe ID button will select a waveform displaying the chan-
nel the probe is connected to. If no such waveform exists, the
DSA will create a new waveform displaying only that chan-
nel.

m  Wfm Select/New Wfm & Autoset sets the DSA so that pressing
the Probe ID button selects a waveform displaying the chan-
nel, or defines a new waveform displaying the channel and
invokes autoset on the new waveform.

»  Sequence Settings sets the DSA so that pressing the Probe
ID button selects the next setting in the sequence. See
Sequencing Through Stored Settings, on page 236, for an
explanation of sequencing.

® Store Waveforms sets the DSA so that pressing the Probe 1D
button causes all waveforms containing that channe! (in their
trace description) to be stored. Remember that stored wave-

If no waveforms exist forms can be stored either to disk or BRAM. You specify where
with this channel, a - the waveform will be stored in the Store Waveform menu, by
new waveform will selecting either the RAM or DISK icons.
ba created and then
stored.
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Probes
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Probe The Probes pop-up menu is also used to calibrate, deskew, and
Calibration compensate probes. The following procedure may be used to
calibrate, deskew, and compensate probes when you are using a
standard single-ended plug-in amplifier:

[7] step1: Connect the probe or other input lead to the CALI-
BRATOR signal and ground connections.

2 h
= ER RN
—
CALIBRATOR =5 _—
Connectors -~y B ,
:rhl® :....@l ——

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

[] step3: Adjust the compensation control on the probe so
that the top of the square wave s flat.

D Step 4:  If you wish to calibrate another channel, touch the
Select Next Chan selector {o return to the Probes pop-up
menu. Otherwise, select Exit Comp to finish compensation.

The two probes A different procedure is recommended to calibrate, deskew, and
~ usedwitha compensate probes when you are using a differential amplifier or
differential plug-in differential comparator plug-in unit. This procedure will improve
unit should be of the common mode rejection when you are using probes designed for
sametype. | ise with a differential plug-in unit.

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

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

[] step3: Connectthe 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
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other probe from the CALIBRATOR. The waveform on the
screen will become a straight line that might have a small
spike where the step was displayed. The segments of the
waveform before and after this point might be vertically
displaced from each other.

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

[] step5: Select Exit Comp in the Probe Compensation menu,
and disconnect the probes from the CALIBRATOR.
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Record Length

The nurmber of samples that form a waveform is called the record
length. You can select record lengths of 512, 1024, 2048, 4096,
5120, 8192, 10240, 16384, 20464, and 32768 points (samples).
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6.25Y R ' : o i
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Waveforms with Record Lengths of 512 (top) and 20464 (bottom)

You conirol the record fength by using the Horizontal Desc pop-up
menu in the Waveform major menu. The Main Record Length and
Wwindow Record Length selectors assign the knobs to set the
record lengths. The Horizontal Desc pop-up menu shows the
sample intervals for the curent settings.
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Horizontal

Description
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All waveforms on the main time base have the same record
length. Window waveforms similarly share identical record
fength.

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

The 4096-, 8192-, 16384-, and 32768-point record lengths do not
cover the entire horizontal length of the graticule. Each of these
record lengths has the same sample interval as the next-larger
record length. They are provided for use with Fast Fourier Trans-
forms, which can only be performed on record lengths that are a
power of two. The Fast Fourier Transform of the DSA operates on
any waveform with a record length that is a power of two except
32768 points.

The record length selected also limits the horizontal size range
{time/division) as follows:

Horizontal Size by Record Length

Record Length Horizontal Size (Time/Division)

512 points 50 ps/div

1024 points 100 ps/div
2048 points 200 ps/div
4096 points 500 ps/div
5120 points 500 ps/div
8192 points 1 ns/div
10240 points ‘ 1 ns/div
16384 points 2 ns/div
20464 points 2 ns/div
32768 points 5 ns/div
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RS-232-C Parameters N NN

The DSA 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 DSA or the syntax and capabilities of remote
commands. That information is found in the DSA 607A and

DSA 602A Programmer Reference.

RS-232-C Connect the cable from your computer 10 the RS-232-C connector
Connection on the DSA rear panel. The DSA is configured as data cormnmuni-
cations equipment (DCE), and the computer must be configured
as data terminal equipment (DTE).

T,
i =u P
14 1 ANPTTUNL
L AN (T4 R
Ui s WY TN JHN
e ML _ANF
RS-232-C 1
El
Connector ‘.‘?,qi‘; \ —
P i N ﬁ 3
\ Y
S
L CEses
[ee0000 o0

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

Setting Communication between the DSA and the attached computer can
RS-232-C occur only if the two are configured in a compatible manner.
Parameters

RS~-232-¢ Parameters

’ Hardcopy |- 1dent | Page to [ Kem’
e TN IR SPTNE S IR STIC R A R
Talkbistend6d8 baud Bitmap L1
1 Screen Wind.
Extended | . .Setf _ fleksecure:|. Window..Pans [Hindowl.
Diagnostic . Test - Erase Mem:|. ' Size. - Zdowm: | Pesition
1a Cff -15.8u
s/diwv 3

The RS232C Parameters Pop-Up Menu

Use the BS232C Parameters pop-up menu in the Ulility 2 major
menu to set the RS-232-C parameters directly, before you attempt
to communicate with the attached computer. The following list
describes each selector on the RS-232-C pop-up menu:

The RS-232-C ® Baud Rate assigns the knobs to adjust baud rate and delay.
parameters are not You can set the baud rate to 110, 150, 300, 600, 1200, 2400,
changed when you 2400, 4800, 9600, or 19200. You should set the baud rate to

Initialize the DSA. match the computer or peripheral 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
tfransmitted when one was expected, Echo might be setto
Off inappropriately.
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AS-232-C Parameters

B 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 device that is aftached.

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

®  Delay assigns the knobs 1o set the baud rate and delay.
Delay is the minimum time that the DSA will wait before
responding to a command sent from the computer. The delay
setting can be 0 o 60 seconds.

m  EOL String lets you select the end-of-line query terminator to
one of the following: LF (Line Feed), CR (Carriage Return),
CRJ/LF, or LF/CR. Touch the selector repeatedly until the
appropriate setting is displayed in the selector.
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Verbose and Dabug
are used for exiernal
programming by
computer. f you are
using the RS-232-C
port for printer/plot-
ter output, set these
parameters to Off,

Verbose lets you set Verbose On or Off. When Verbose is On,
the DSA posts to the computer a message stating the suc-
cess or fallure of each command sent to the DSA. When
Verbose is Off, the computer can specifically query the DSA
about the success or failure of each command.

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

When you initialize the DSA, you recall a stored setting that was
established at the factory. You can save your own settings for
quick recall o nonvolatile RAM or to disk.

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 setting
that you saved.

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

Stored settings are saved when you power off the DSA. They will
be available when you power on.

The following are not saved with stored settings, and are not
changed when setlings are recalled:;

m  Stored waveforms
w  GPIB and R8-232-C parameters

®m  Sequence settings mode
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Stored Settings

Storing Settings

Use the Store Setting pop-up menu in the Store/Recall major
menu to store a setting. After you set the DSA, touch the Store

Setting selector to display the pop-up menu,

Store Present Frant Panel Setting To

PIZK

Menu Displaued with Stored Setting

S Stores Utility 1
LREmalL L

Single Hfm
Status
Raveforn
“i1 Wfms'
Status
Store Next Free NonVolatile RAM
sanF RS 544 pytes
contore o LooRecall sl Delates T i3 ekaim] i Page Rem
[ Haveform [ Haveform | Mavefarmi |0 Qoo tasr Wim ol
Stored L1
Hfm Scan Main
are ZoRegalti. i Delete | Getilext bet Next
Bett(Aa: L Setvtivng:. FPS Indes FES Index
4 4

The Store Setting Pop-Up Menu
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Storing Settings
to Nonvolatile
Ram

You can label stored
settings. See
{abeling on

page 165.

Stored Settings

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.

You can choose whether to save the setfting on a disk or in
nonvolatile RAM by pressing the comesponding icon at the top of
the Store Setting pop-up menu.

After you choose the major menu you want recalied with the
stored setting, touch Store Next FPS to store the setting. The FPS
(Front Panel Setting) number that will be assigned to the setting
appears under the label Set Next FPS index. If you want to speci-
fy a number other than the default, you can assign the knobs to
set the number by touching Set Next FPS Index. You can choose
any number from 1 to 20. 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 wiil be deleted.

As a shortcut, you can store a setting by touching one of the
selectors in the upper part of the Store Setting pop-up menu. This
removes any setting previously stored there. If no setting has
been stored, no selector will appear.

Although there are twenty stored setting locations, the number of
settings you can store is limited by the amount of memory avail-
able. You will not be able to store more than approximately four
settings unless your DSA is equipped with Option 4C, Nonvola-
tile RAM.

DSA 601A and DSA 602A User Reference 231



Stored Settings

Storing Settings
to Disk

After you choose the major menu you want recalled with the
stored setting, touch Store Next FPS to store the setting. The file
name that will be assigned to the setling appears under the label
Set Next FPS Index. Disk files are named with a prefix, an index
number, and an extension. The total number of prefix characters
plus index characters is limited to eight. The default prefix is FPS.
The prefix can be changed to any characters you want. 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 Index.

FPS 234. FPB
ey e e

Prefix Index Extension
Number

The Parnts of a Disk File Name

If you try to save settings to an index number that is already in
use, the word “Existsl” appears under the Store Next FPS label. If
you store the setting under that number, the previously stored
setting will be deleted.

You can change the prefix in the File Ops pop-up menu in the
Utility 3 major menu. Choose “settings”™ under the File Type
selector and Prefix. Type in the prefix you want and touch Enter.
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Stored Settings

Recalling You can recali a stored setting using the Recall Seiting pop-up
Stored Settings menu in the Store/Recall major menu. Touch the RAM or DISK
icon and then the desired front panel setting selector.

Recatll Front Fane! Setting From DISK
PS4 TUEPS @ I FPS 30
.31?-;”‘” -ﬂé R -é-=ﬂx

Initialize
Getting

Sequence Front Panel Settings

Next Setting Initiated
By Probe 1D Button Or

L T R £ L] Nt ST Yy
aEguEEnl ing NEXT ST RN

Off

Tiore .. Reeail [ Dedete TTBisk. | FPage:. - | Rem

MHaveform | Wave form: Waize fonmit o Capu i et Wie 1
Stored L1

Wim Scan #Main

ST - Reco “Delete | Set Next: Set Hext

CSertingd WS il Sentiog. FP5 Index: FrRS Index

4 4

The Recall Setting Pop-Up Menu

The Recall Setting pop-up menu also provides a way to initialize
the DSA. Touch the Initialize Setting selector to reset the DSA in
the same way as when you touch the Initialize selector in the
Utility 1 major menu. Initialization is described completely on
page 158.
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Stored Settings

Deleting Stored
Settings

Use the Delete Setting pop-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. 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. Touching the All Settings
selector is a quick way to select all the stored settings however,
if you are selecting all settings on disk, you are fimited to a
maximum of 128 settings. If you have more than 128 settings
stored on disk, you will have to delete settings one at a time until
you have 128 or less on disk so you can use the All Settings
selector.

Maximum Number of Settings Selectable with
_the AWl Settings Selector

Menu RAM DISK

Delete Setting No Limit 128
Disk Copy RAM > DISK No Limits
Disk Copy DISK > RAM 128
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Stored Settings

Deiete Front Panel Sett:ing Ffrom [RER] DISK
RS
S
Settlings
coatore il Kepall ] Delete: ] Dick Page - ['Renm
Haveform | Waveform: Cepy Coto sl HEm
Stored ce
Wfm Scan Main
CStore ) Recall. . Main = Pans Main
Setting i i Setting Size . Eaom | FPosttion
2hn Of f -78n
ssdiv 8
The Delete Setting Pop-Up Menu
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Stored Settings

Sequencing
Through Stored
Settings

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

The sequencing order of stored seftings is the same as the order
in which they appear in the Recall Setting pop-up menu. When the
settings are stored to RAM, the sequence number of a setting
appears in the selector for that setting in the Store Setting and
Recall Setting pop-up menus. When the settings are stored to
disk, the time/date stamp will appear below the setting selector.

The Sequencing selector in the Sequence Front Panei Settings
section of the Recall Setting pop-up menu aliows you to tun
sequencing on or off. The field beneath the Recall Setting selector
shows which setting is displayed. 2 of 1: 6 means the second
stored setting is being displayed from a total of six stored
settings.

When sequencing is on, you can recall the next setting by touch-
ing the Next Setting selector in the Sequence Front Panel Settings
section of the pop-up menu or by pressing a probe ID button,
when the probe ID function is set to Sequence Setting. Setting the
probe 1D function is explained on page 215.

For settings stored to disk, sequencing recalls all files in the
current directory as defined by the setting. If you recall a setting
that was originally stored in a different directory than the current
directory, the current directory will change to maich that of the
stored sefting recalled.
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Stored Settings

Copying Stored You can copy stored settings from disk o RAM or from RAM to
Settings disk using the Disk Copy pop-up menu. From the Disk Copy
pop-up menu touch the Stored Settings selector. Then, at the top
of the menu, select the RAM icon if you want to copy to disk from
RAM, or the DISK icon if you want to copy to RAM from disk.

You can select the setlings you want to copy or if you want to
copy all of the stored settings, touch All Settings to select all of
the settings (there are limits on how many settings can be se-
lected using the All Settings selector, see the table below). To
copy the settings, select Copy Selected Settings.

Maximum Number of Settings Selectable with

........ _____ theAllSettings Selector
Menu RAM DISK
Delete Settings No Limit 128
Disk Copy RAM > DISK No Limits
Disk Copy DISK > RAM 128

7 The Set Next FPS Index in the Disk Copy pop-up menu shows the
index of the next set of settings to be stored. The next available
index is also shown at the top of the menu.
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Copy Stored Settinmgs To DISK from BISK
Starting with fA:~FPS3.FPB

L StareHn
" Haveforms

FPET i FP5 2. FRE I

Set: Newt: AL
FPS Index. ‘Setiings
FFS3.FPR

o Stpreso | Kegall .| Delete
Waveform. b Haveform | Waveform

Kemn

Store-.: [ Recallb [ "Delete | Maln-Pans |- Makm .
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The Disk Copy Pop-Up Menu
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Stored Waveforms

Storing
Waveforms

A stored waveform is a record of a single acquisition cycle. You
can think of it as a “snapshot” of a waveform.

Once you have stored a waveform, you can use it as an element
of waveform expressions in other waveforms. For example, you
could define a waveform to be L1-8T03. 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 store 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 to volatile RAM or with Option 4C, to non-volatile
waveform RAM.

You can also store waveforms to disk. Use the selectors in the
Store Waveform pop-up menu of the Store/Recall major menu to
store waveforms to disk.

Store MWaveform 1o

EER DISK
Wia 2

L1 L1
~Main Windowl
Storel ATl SetiNext,
s o BT Index

5701

Free Stored Wim RAM
482432 buytes

Recall [ Delete 1.0 Disk: . ji. Fage . |.Rem

Wale form | Haveform i Copgn 00 ta Wem 1
Stored L1
Wim Scan Main
TBiore. . | .Rmecall. || Delete | Set Next Set Next
Sevt ing: L Setting  pBettiog F PR Indei: FPS ilndex:
4 4

The Store Waveform Pop-Up Menu
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Stored Waveforms

Storing Use the following steps to store a waveform:

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

[] step2: Press the Store/Recall major menu button, and
touch the Store Waveform selector. Then select either the
RAM or DISK icon at the top of the Store Waveform pop-up

ment.
You can fabel stored [] step3: The waveform will be stored under the number
Wa"’ig)g”’:,s- See shown in the Set Next STO Index selector. If you want 0
ae;n%gn change the number, touch this selector and use the knobs to
Pag ) change the number. You cannot store a waveform in a loca-
iion where another waveform is already stored.
[:] Step 4: Touch the selector that represents the waveform

you want to store. All displayed waveforms are listed.

XY waveforms can- You can also use the Store All selector to store all the displayed
nat be stored. Also, ‘waveforms as separate stored waveforms. In this case, the Set
Infinite or Variable Next STO Index number is the first storage number that will be

Persistence mode used.

waveforms are
stored as normal
waveforms.
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Stored Waveforms

The Stored A time stamp is displayed in the status field of each selector for 2
Waveform Time waveform stored in volatile RAM or in non-volatile waveform
RAM, if Option 4C is installed. The first line of this time stamp

Stamp Format shows the time, in hours, minutes, and seconds, that the wave-
form was stored. The second line can show either the date the
waveform was stored, or hundredths of seconds. You may want
to display hundredths of seconds, for example, when you have
acquired waveforms in the Repetitive Single Trigger or Act on
Delta mode.

For disk files, the time stamp of the file is the time the file was
stored, not the time the file data was acquired.

Select Stored Wfm Time Fmt, in the Modes pop-up menu in the -
Utility 1 major menu, to change the format of the time stamp for
data stored in RAM. This selector can be set 10 Show Date Or
Show Hundredths. The Stored Wm Time Fmt selector does not
affect to disk files.
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Instrument Modes

Autoset

“Bechracy
Manual
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The Modes Pop-Up Menu
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Stored Waveforms

Recalling Once a waveform is stored, you can use it in any waveform
Stored expression. To create a waveform that displays a stored wave-
Waveforms form, touch the DefWfm icon, then in the pop-up menu touch the

Stored Waveforms selector. Then touch either the RAM of DISK
icon, the selector for the stored waveform you want 10 display,
and the Enter Desc seiector.

The Recalt Waveform pop-up menu provides a simpler way 10 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 either the RAM or DisSK icon and the
selector for the stored waveform you want to display.

Becall btorec Waveform From EEHR] DISK

5T01 ¢

13:87:24
3- TAN-G8

tore S oo Rems
Havetform aveform i el
cz
Wfm Sgan Main
Btere Deletes | s ME TN
CSetting i SBELt Lo b - Posiitipn:
: -78n
s

The Recall Waveform Pop-Up Menu

DSA B07TA and DSA B02A User Reference 243



Stored Waveforms

Scanning
Stored
Waveforms

You can scan only
waveforms in RAM,
you carvt scan wa-
veforms on disk.

You will not be able
1o initiate scanning if
there are already
eight waveforms on
the display.

You can visually scan through a set of waveforms stored in RAM.
The DSA will display each stored waveform briefly and you can
stop the scanning when you see a waveform of interest. You can
scan through a specified set of stored wavefonms, such as the
waveforms stored using Repetitive Single Trigger, to find the
record of an event of interest. For more information on the Repeti-
tive Single Trigger capability, see page 44.

To scan through stored waveforms, select Page to Stored Wim
Scan in the Store/Recall major menu. This will display the Stored
Waveform Scan major menu. The selectors in this menu aliow you
to select a set of stored waveforms for scanning, scan through
them, stop and restart scanning, keep a waveform for display
and set the scan rate.

Previous Boanrsotep | - Newt |, Gcen. . |  Pege’ . L:Rem:
Cico o LBrapped ) it b U REYe ) Wém 2
5703 5701 1 Stores Le
EPZ wimsssec Fecall Main
a i Gean ¢ H oo L Soam Lo bcam -

i S o) oE 4 |sifrcom G Teiils
from: 1 i 3

to: 3

The Stored Waveform Scan Menu

Start and stop scanning by touching the Scan/Stop selector. The
name of the waveform that is currently displayed appears in this
selector. You can step through the sequence manually by touch-
ing the Next and Previous selectors. The Scan/Stop selector will
not be selectable when there are already eight waveforms on the
display, because one displayed waveform must be created for
scanning.

When you identify a waveform you would like to examine in more
detail, you can select Keep for Display to make a copy of it. This
will create a displayed waveform with the same label as the
stored waveform it displays. If eight waveforms are already
displayed, Keep for Display will not be selectable.
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Stored Waveforms

You can only scan waveforms in RAM. The RAM icon must be
selected in one of the waveform menus in the Store/Recall major
menu 1o enable Stored Wim Scan.

For more information You can specify a set of stored waveforms that will be displayed
on base labels, see in scanning. The Scan Using selector displays a pop-up menu
mt;:gngegn that lets you scan only waveforms with a particular base label.
p .

Select All Stored Waveforms in the upper section of this menu to
include all waveforms in the scan. The lower section of the
pop-up menu displays a selector for every existing base label.
Touch one of these selectors to limit the scan to waveforms
stored in the Repetitive Single Trigger mode using that base
label.

Scan Using

Base Labels

REP,

S BEAnZoRER. ] CNERL,.. . acan . | Poage . | Rem ]
i Gappediad i Vo 3 Lo WEm: g
STO1 Store”s L2
Fecall Main
CDean
Lol g
3

The Scan Using Pop-Up Menu
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Stored Waveforms

Deleting Stored
Waveforms

You can also limit the range of stored waveforms displayed. The
Scan selector shows the numbers of the first and last stored
waveforms in the scanning range. Touch this selector to assign
the knobs to control the limits of the scanning range. Coarse
resolution will let you adjust the limits in increments of ten; fine
resolution gives you increments of one. By specifying the first
and last waveforms, you can further restrict the set of waveforms
o be scanned.

You can set the rate at which scanned waveforms are displayed.
Select Scan Rate 0 assign the knobs to adjust the rate. You can
scan as fast as ten waveforms per second or as siowly as one
waveform every ten seconds.

You can delete waveforms stored in RAM or on the disk by using
the Delete Waveform pop-up menu in the Store/Recail major
menu. The Delete Waveform 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 teli
you they will be deleted. If you touch a waveform selector by
accident, touch it again to remove the highlighting.

When you select a stored waveform with a Jabel that matches the
current base label, all stored waveforms with labels that match
that base label will be selected. You can use this method to
delete a set of waveforms stored with the Repetitive Single
Trigger function.

246 in Detail



Stored Waveforms

If you want to delete all the displayed and stored waveforms,
touch the All Waveforms selector, then touch the Delete Selected
Waveforms selector. There is a limit to the number of waveforms
that can be selected with the All Waveforms selector, depending
on whether you are selecting waveforms in RAM (no limits) or on
disk (128). See the table below for more information. Note that
the All Waveforms selector is still selectable even if there are
more than 128 disk waveforms. Thus, you can still select all the
displayed waveforms by using the All Waveforms selector.

Maximum Number of Waveforms Selectable with
the A

Menu RAM DISK

Deiate Waveforms No Limit 128
Disk Copy RAM > DISK No Limits
Disk Copy DISK > RAM 128

You cannot delete a stored waveform if it is being used as part of
a displayed waveform. In the Delete Waveform pOp-Up menu on
the next page, stored waveform 1 is used in the waveform defini-
tion of displayed waveform 3. The selector for stored waveform 1
cannot be selected.
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Copying Stored
Waveforms

Delete Waveforms

Displauyed Waveforms Stored MWaveforms DISK

5703 STO2 v ET03

$3:87:24 13:18:51 13:18:51
33AN-BB  3-JAN-G0

13: 1851
3~JAN~B8

e d SRELE

Haveforms
Ciatores ] Kecall ~Disk - Page .. | fem.
Hayetform:] Havefsorn. T Copys b vteton L m 3
Stored 001

Wfm Scan |
o Srope 12+ Delete Horizontalfans Hurizontal
Bettingii| g Sesting. | Megnify o Zaoim o .F?.e;s-.Gr-a‘i
1

On
X pts

The Delete Waveform Pop-Up Menu

You can copy stored waveforms from disk o RAM or from RAM to
disk using the Disk Copy pop-up menu. First touch the Stored
waveforms selector. Then, at the top of the menu, select the RAM
icon if you want to copy to disk from RAM, or the DISK icon if you
want to copy to RAM from disk.

You can select the waveforms you want 1o copy or if you want to
copy all of the stored waveforms, touch Al Waveforms t0 select
all of the waveformns (see the restriction on the All Waveforms
selector on page 247). To copy the waveforms, select Copy
Selected Waveforms.
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Stored Waveforms

The Set Next STO Index in the Disk Copy pOp-up menu shows the
index of the next waveform to be stored. The next available index

is also shown at the top of the menu.

Tore Gtored Waveforms o DISK From [BE DISK
Starting with f:;~STO1.WFB

UBRered
LaEertings

28:24: 38 Ja5: 87 17:86:12
be-JAN-31 29-JAN-91 38-JAN-S1
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caWAvETREmS 10 Index. Hapeiforms.
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Vsdiv v

|sesiing | Se

The Disk Copy Pop-Up Menu
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Stored Waveforms

Recovering With Option 4C, you can try to recover waveforms that might
Deleted Stored have been deleted unintentionally from non-volatile RAM. In the
Waveforms Delete Wfm pop-up menu, touch the Attempt to Recover Stored
Waveforms from NVRAM selector. A message will appear at the
top of the graticule indicating the status of the search. The recov-
ered waveforms will be numbered sequentially, starting with the
next index number shown under the Set Next STO selector.
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Time and Date

The DSA has an intemnat clock that keeps track of the time and
date. You can set the clock using the Time & Date pop-up menu
in the Utility 1 major menu.

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

Time and Date

Time: 21:29:38
Date: 3-FEB-91
Ontime: 734.8hrs
Fowerups: 243 times
Time Date

Haurs . §
21
" Mingtes

e i éiﬁ_

Secohds 7 iYear

PR

Catibrator] NModes ' | Probes. | GCalor.: |Fage-tao .| Kezm
P TR 13 EIRPR DDV IE N N ST g SO 13 1) CF B SVER~o 112 0 |
L1

Main

Initialize e Label o ou . Monmthooo coclag
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The Time & Date Pop-Up Menu

Wwhen you fouch the Hours, Minutes, Seconds, Month, Day, or
Year selector, one of the knobs is assigned to set that clock
parameter.
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Triggering

To find out more
about window wave-
forms, see Windows

on page 297.

Use the trigger icon
{ % or 7)to assign
the knobs to set the
trigger level and
holdoff.

A trigger is an electrical event on which acguisition is based. The
trigger event occurs when the trigger source, the signal being
monitored by the trigger circuits, passes through a specified
voltage Jevel in the specified direction (the trigger slope). This
event becomes a reference point in time when wavetorm sam-
ples are combined into a waveform record. In the absence of a
trigger event, the DSA cannot align a waveform record to a fixed
point in time and the signal becomes untriggered.

The trigger status is shown to the left of the graticule. If the
selected waveform is friggered, 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 & plug-in channel, a
combination of plug-in channets, or the AC line. You can also set
the trigger coupling to selectively pass part or alt of the trigger

_signal to the trigger circuits. To improve trigger stability, you can

adjust the trigger holdoff, the period after a trigger event during
which triggers are ignored.

The DSA has a set of extended trigger options that allow you to
define more specific conditions in which triggering can occur.
These extended trigger capabilities include Boolean triggering,
time-qualified triggering, and level-qualified triggering.

Window waveforms are acquired on a separate time base that
may be triggered either from the Main trigger or 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 armow over the
letter M { % ); the Window trigger as an arrow over the letler W

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

Use the selectors in the Trigger major menu to access all other
trigger controls.
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Trigger
Selection

Source

Trigger Select selects the Main or Window trigger. Selections you
make from the Trigger major menu affect the selected trigger. You
can also select the trigger by touching the trigger icon (% or ¥ ).

The Source Desc selector displays a pop-up menu that allows
you to define the trigger source. You can choose any piug-in
channel, combine channels from the center and left plug-ins by
adding and subtracting them, or select the AC line as the trigger
source. As you type in the trigger source description, it appears
at the top of the Source Desc pop-up menu. Use Backspace 10
correct errors as you type in the description. Press Enter Desc {0
enter the description and remove the pop-up menu. You can
cancel your selection and remove the pop-up menu at any point
by pressing Cancel.

The current trigger description is displayed in the bottom line of
the Source Desc pop-up menu. If the description is four charac-
ters or less, it will also be displayed under the trigger icon to the
left of the graticule. The DSA trigger bandwidth is also reported in
this pop-up menu. (The system trigger bandwidth also depends
on the plug-in amplifier used and may be less than the DSA
trigger bandwidth.)

You can also select extended triggering functions from the Source
Desc pop-up menu. These functions appear under Boolean
Triggering, Trigger on Edge WHILE at Level, and Time Qualified
Triggering in the Source Desc pop-up menu. See Extended Trig-
gering on page 262 for more information about these triggering
functions.

When a single channel is being acquired from a plug-in amplifier
in the left compartment at the maximum sampling rate (1 Gsam-
plefs for the DSA 601A and 2 Gsample/s for the DSA 602A),
selecting a different channel from the same plug-in amplifier as
the trigger source will cause acquisition to revert to equivalent
time mode, although you can select a channel from a different
plug-in amplifier without affecting the real-time acquisition of the
channel. Similarly, if two channels from the left and right compart-
ments are being acquired at haif the maximum sampling rate,
choosing as the trigger source a channe! from the left compart-
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ment other than the one already being acquired will force the
DSA to revert to equivalent time acquisition.

Main lriager Source bescription

Boolean Triggering

HOTo s R

Trigger on bdge
HHILE at Level

Time Gualified
Triguering

Trigger Bandwidth = 1 GHz

Current Main Trigger Uescriptian

Tewe Lo i o1 kmes - Mode.
o Havdaf a0
3.6Y 2us Auto
1 Timer gl | Maln Irig CMackne T ime
ol Fimerote b Lese b Hodds s
Zns 3.6Y 28
1lms

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

None of the AC trig-
ger coupling options
are available when
extended trigger
functions are used.

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

AC coupling attenuates signals at frequencies below 60 Hz.

DC coupling triggers acquisition when the DC leve! 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 80 kHz.

AC High Freq Reject rejects the DC component of the trigger
signal and aftenuates high-frequency signals above 30 kHz.

DC High Freq Reject retains the DC component of the trigger
signal and attenuate signals above 30 kHz.

AC Noise Reject rejects the DC component of the trigger
signal. It requires a greater peak-to-peak amplitude than
other AC coupling selections to produce a trigger event.

DC Noise Reject also requires a greater peak-to-peak signal
than other DC coupling selections to produce a trigger event.
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Slope

Level and
Holdoff

Triggering

Main Trigger Coupling

drigger. [ . bourge T Time . | Mode .| ties
SiBalectiolinBese ShHo ldoft o L
Main L1 cus Auto
Qg i damer t) | Main-Trig Main 1ime
b Timersitgihy Lewe 1 Holdof £ -
1 Z2ns 3.8Y 28
1ms

The Coupling Pop-Up Menu

The Slope selector selects between + (a rising slope trigger
event) and - (a falling slope trigger event). The trigger slope must
always be positive when extended trigger functions are used.

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.
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To find out more
about Boolean trig-
gering, see page
263.

Trigger DC
Level

Window
Triggering

The Main time base holdoff can be set fo any value from 2 usto
500 seconds. The range of the Window time base holdoff by time
is from 35 ns to the end of the Main record duration, up to 1000
seconds. Window time base holdoff by events may be from one
to one billion events.

When one of the waveforms on the display matches the trigger
signal, the trigger indicator (» ) appears on the waveform to
show the trigger level, except when there is a Boolean function
using both trigger circuits or when an AC coupled trigger mode is
selected.

The trigger DC level may be set either as a fixed level on the
display or as a fixed vaiue in vertical axis units (usually volis). To
change the way trigger DC level is set, select Trigger DC Level in
the Modes pop-up menu in the Utility 1 major menu. This selector
shows Screen of Absolute as status.

When Trigger DC Level is set o Screen, the trigger DC level is
independent of the vertical offset {vertical position) of the trigger
source, If you change the offset of the trigger source, the trigger
level will remain at the same vertical level on the screen.

When Trigger DC Level is set to Absolute, the trigger DC level is
an absolute voitage {(or other vertical axis unit) level. If you
change the vertical offset of the trigger source, the trigger level is
also offset; it remains at the same level relative 1o the input
signal.

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

When Window Trigger is selected, the Source Desc pop-up menu
allows you to select Window Triggered From Main, Window Holdoff
By Time or Window Holdoff By Events These selectors choose
how the window record is positioned and triggered.
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Window Triggered From Main disables the window trigger. You can
position the window record relative to the main trigger by using
the front panel knobs.

window Holdoff By Time enables the window trigger. You can
specify a time following the main trigger for the window trigger
using the right front pane! knob.

window Holdoff By Events enables the window trigger on the nth
window event or trigger after the main trigger by using the right
front panel knob.

You can specify different trigger sources for the Window trigger
and the Main trigger, but you cannot use different trigger sources
from the same plug-in unit. For example, if the Main trigger
source is channel L1, you can define the Window trigger source
to be L1, or even L1 + C1, but not L1 + L2. If you want 10 change
the source description for both the Main and the Window tfrigger
to L1 + L2, you must first eliminate the separate Window trigger
(by selecting Window Triggered From Main) so that the trigger
sources will not contlict.

A status indicator appears between the knob labels in the Trigger
major menu. This indicator tells you which trigger applies to the
selected waveforrn (not which trigger is selected).
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The Source Desc Pop-Up Menu for the Window Trigger
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if the digitizer is
stopped, any adjust-
ment of the horizon-
tal, vertical or trigger
parameters will clear
your waveform since
any parameter
change will no long-
er apply 1o the wave-
form as captured.
You can, however,

tum on Pan/Zoom

and alter the wave-
form horizontally
without clearing the
waveform.

You an also prevent
waveform clearing
when altering verti-
cal parameters by
initially defining the
waveform as high
precision. (See Wa-
veform Scaling on
page 294.)

Triggering

The Mode selector displays a pop-up menu that allows you to
select Auto Level, Auto, Or Normal.

In Auto Level mode, the DSA 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 DSA will acquire and display waveform sam-
ples without reference to a trigger event. Auto Level mode is not
available when extended trigger functions are used.

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 10 a trigger event.

Normal mode is similar to Auto mode, except that acquisition
stops when the trigger signal is inadequate of the level setting is
inappropriate. When acquisition is stopped, the previously ac-
quired waveform record remains “frozen” on the display. The
Normal mode should be used to acquire signals with repetition
rates below 30 Hz.
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Extended
Triggering

Trigoer Mode

‘Ruto Level:
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The Mode Pop-Up Menu

In addition to its basic triggering capabilities, the DSA provides
Boolean triggering, time-qualified triggering, and level-qualified
triggering.

These extended triggering options may be used separately or,
with some exceptions, can be combined in the trigger source
description. When any of these triggering options is used, the
trigger bandwidth is limited to 500 MHz. Aiso, the trigger coupling
must be set to DC, DC Noise Reject, or DC High Frequency
Reject, the trigger slope must be positive, and the trigger mode
must be Auto or Normal. If other trigger settings are selected, the
DSA will autornatically change the trigger seftings when you enter
an extended trigger expression.
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Boolean Triggering

With Boolean triggering, a trigger event occurs whenever a
Boolean function of up to two trigger sources changes from false
io true. The Boolean value of a trigger source is irue if the trigger
source voltage s above a level you set for that source. You can
use the Boolean logic operators NOT, AND, OR, and XOR 1o
construct a Boolean trigger function. The Boolean trigger function
must be false a minimum of 2 ns before the transition, and must
remain true a minimum of 2 ns after the transition, in order to be
recognized.

Use the Source Desc pop-up menu in the Trigger major menu to
enter a Boolean trigger expression. Selectors for the operators
NOT,.AND, OR, and XOR appear under the heading Boolean
Triggering.

The unary operator NOT may be applied to a trigger source to
create a function that is true whenever the trigger source voltage
is below the level you set for the source. You can use this opera-
tor along with the other Boolean operators or with the other
extended triggering options. The NOT operator may be used for
the Main or Window trigger.

The binary operator AND combines two trigger source descrip-
tions into a function that is true only when both of the
components of the function are true.

The binary operator OR combines two trigger source descriptions
1o form a function that is true whenever either, or both, of the
components is true.

The binary operator XOR (exc!usivé OR) may be used to create a
function that is true when either of its components is true, but
false when both are true or both are faise.
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When you define a Boolean trigger expression, you must set the
level that distinguishes a “high” or “true” value from a “low” or
“fajse” value. Touch the Level selector and use the left knob 10
adjust the level. If you have entered a binary Boolean trigger
expression, the Level selector changes to show Level A Level B.
When you touch this selector, the left knob is assigned to control
the level (Level A) for the first source in the Boolean expression
and the right knob controls the level (Level B) for the second

source.
Level A
Level B [ Trigger | oource:/ Towime.. . Mode, -
Selector Y setect | Desp i Hovdos s |0 oo ue
Main 11 XOR £} 2us Rute
Eoupling.} Sioos drmer .t Madn o o Main
= L CTimer w@ L Size Position:
oc + Z2ns 184 ~27n
lms s/div ¢
The Trigger Major Menu with a Binary Boolean Trigger Expression
You cannot define a The binary operators AND, OR, and XOR are availabie only for
_ separate Window the Main trigger. You cannot use a binary Boolean expression in
trigger when you are conjunction with level-qualified (see page 267) or comparison
using binary Bool- time-qualified triggering (see page 266). You cannot have a
ean triggering.

separate window trigger when you are using binary Boolean
triggering; the Window time base will automatically be set to
trigger on the Main trigger.

You can use the same trigger source on either side of a boolean
trigger expression, for example L1 AND NOT L1. In this case, the
settings for Level A and Level B deterrnine the logic thresholds for
the first and second use of the frigger source.
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When there is a Boolean function using both trigger circuits, and
the corresponding waveforms are displayed on the screen,
horizontal annotation lines will show the trigger levels instead of
the trigger arrow. An arrow at the bottom of the graticule shows
the trigger horizontal position. Also appearing at the bottom of
the graticule is the RemAnno icon. This icon will remove the
annotation bars. When measurement annotation bars are dis-
played simultaneously, the RemAnno icon will remove the
annotations most recently selected.

RemAnno
lcon
 Trigger. o) limes: ] Mode:  j.Kem
i Belent Holdaff #i 0 0 pWim: 5
Main Zus Auto FfTm.
Main
FCoupling:| Tiupe Timer tliHarizontalFans Horizontal
' SR  Timer.t2 [ Magnify Zoom | Pos:Gro
DC + 2ns 1% On 258
ime b4 pts

Trigger Major Menu with RemAnno icon

Time-Qualified Triggering

When you define a time-qualified trigger expression, a trigger will
be generated when the state of one or two trigger sources meets
the timing requirement you set. The length of time that a trigger
source remains above the transition level is compared to the set
fime. When the timing restrictions are satisfied, a trigger event
occuwrs. You can use time-qualified triggering and Boolean trigger
functions together.

DSA BO1A and DSA 6024 User Reference 265



Triggering

The >t1 <12 and
<11 >12 selectors
are not available if a
separate {(Main or
Window) trigger
expression already
uses one of the
{imers.

Use the <t1 selector in the Time Qualified Triggering section of
the Source Desc pop-up menu to specify that a trigger will occur
when the trigger source has been above the transition level for a
time period less than the specified limit, t1. Similarly, if you select
>t1, a trigger will occur on the true-to-false transition of a trigger
source pulse longer than the time limit t1. if the trigger source
description does not inciude any binary Boolean operators, you
can define a separate time interval for the Window trigger. An
example of a time-qualified triggering expression is NOT L1 <t1,
which specifies that triggering occurs after the trigger source has
remained below the transition level for a time no longer than t1.

The >t1 <t2 and <t1>t2 selectors iet you specify a range of
duration for the trigger source to exceed the transition level. The
value of £2 must always be greater than the value of t1. Select
>t1 <12 to have a trigger event occur after a pulse of the trigger
source with duration between the values of t1 and t2. Select
<t1>12 to have a trigger event occur when the frigger source has
been above the transition leve! for a time outside the boundaries
defined by t1 and t2; that is, a time less than t1 or greater than t2.
You can use these timing functions for either the Main trigger or
the Window trigger, but not for both. If the trigger source descrip-
tion includes a binary Boolean expression, a separate Window
trigger will not be available.

You can use the operator TO 10 create a comparison time-quali-
fied triggering expression. The time between transitions on wo
trigger signals is then compared to the timing restrictions. Com-
parison timing may not be used with binary Boolean expressions,
nor can it be used for the Window trigger expression. Use the
Level A Level B selector in the Trigger major menu or the trigger
icon { ¥ ) to assign the knobs to set the transition levels for the
two signals compared.

Select Timer 1 Timer 2 in the Trigger major menu to set the
knobs to control the values of t1 and t2.
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An example of Time Qualified Triggering is shown on page 268,
using Leveis. In this example you can trigger if the waveform
transition through the trigger levels selected is greater than the
selected time interval, t1. Note that Level A applies to the first
channel(s) in the trigger expression. Level B appiies to the sec-
ond channel in the trigger expression. <first channel > Boolean
Operator <second channel> <fimer>. You can remove the
trigger annotations by touching the RemAnno iCon.

Level-Qualified Triggering

You can define a trigger expression in which trigger events cn the
trigger source signal are vaiid only when a second source is
above or below a certain level.

To use level-qualified triggering, enter the trigger source on which
the trigger event, or edge, will occur in the Source Desc pop-up
menu, select WHILE, and enter the description of the source
whose level will determine whether trigger events are recognized.
Neither trigger source can include binary Boolean operators. You
can use the unary operator NOT to indicate a negative-slope
transition for the first source or, for the second source, to accept
trigger events only when the source is below the level. Use the
Level A Level B selector in the Trigger major menu or the trigger
icon { %) to assign the knobs to control the qualifying levels of
the two trigger sources.

You cannot define a Level-qualified triggering is available for the Main trigger only; a
~ separate Window separate Window trigger may not be defined. Level-quaiified
trigger when you are triggering and time-qualified triggering cannot be combined in a
using Level-qualified trigger source description.
friggering.
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268 In Detail



Utilities

The DSA provides three utility menus available by pressing the
UTILITY button.

Utility 1 Major The Utility 1 major menu contains selectors for:

Menu
» Calibrating and initializing the DSA. (See Calibrator on page

77 and Initialization on page 159.)

® Adjusting methods of acquiring and displaying waveforms.
(See the Modes pop-up menu in the Ata Glance section on
page 25.)

m Displaying time and date. (See Time and Date on page 251)

m Calibrating, deskewing, and compensating probes. (See
Probes and Cables on page 213.)

» Labeling waveforms or settings and displaying text on the
screen. (See Labeling on page 165.)

s Selecting display colors. (See Color Display on page 78.)

There are pr—

- glibratur] Mod
three Utility ;w g T B ES
Major Menus

T f -Froges |. Codor: “Page . 1o . ren
Dok e R i ut;l;tge Pt

Tnitializel Time & f.label.. . CRHueso L ightnesg:
16:14:42 Disp: Un 158 %
15-0CT-98 Mode; Man ¢ %

Utility 1 Major Menu
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Utility 2 Major
Menu

This menu also includes miscellaneous commands for:

Waveform scaling. (See Waveform Definition and Manage-
ment on page 281.}

Changing the time stamp format of stored waveforms. (See
Stored Waveforms on page 239.)

Automatic self-calibration. (See Enhanced Accuracy on
page 111))

Controlling the autoset operation. (See Autoset on page 65.)

The Utility 2 major menu contains selectors for:

Controlling the DSA by a remote computer. (See GPIB Pa-
rameters on page 135 and RS-232-C Parameters on page 225)

Printing a paper copy of the display. (See Hardcopy on
page 143.)

Verifying that the DSA is operating properly. (See Diagnostics
on page 91.)

Erasing all information stored in nonvolatile RAM (See
Teksecure command in the Initialization section on page 159.)

TBPIE T [ RE-Z3Z°C THardeopy | Ident - | Fage 15 -
T T Do e e D Mt 3
TalkListen3688 baud Hitmap
i Screen
Extended: | . Gelf- i eksecune-p - Makh: - o Main
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1Bu —27n
s/div s

Utility 2 Major Menu
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The Utility 2 major menu also contains a pop-up menu showing
unit identification, firmware version numbers, and installed op-
tions. (See instrument Configuration on page 163.)

Utility 3 Major The Utility 3 major menu contains selectors affecting the disk
Menu drive.There are three pop-up menus that define operations con-
ceming the disk, file directories, and files.

a The Disk Ops pop-up menu contains commands for format-
ting, labeling, and checking the disk.

x The Directory Ops POp-Up menu contains commands for
changing, making, renaming, removing directories and listing
directories and files.

s The File Ops pop-up menu contains commands for renaming,
copying, and deleting files and for changing the mode be-
tween read only and read/write. You can also specify the
data format and set a default file prefix.

"For more information see the Disk Drive section on page 97.
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Utility 3 Major Menu
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Vectored Waveforms

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 sampies must share the same hori-
zontal location. For a waveform of 5120 samples, each horizontal
place shows the resulis of ten samples.

When two or more samples 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 sampie.

The DSA normally extends the columns to “touch” adjacent
columns, so that no gaps are shown in the waveform. You can
turn this waveform vectoring oft so that no intermediate data is
assumed for display purposes.

Waveform vectoring makes the greatest difference in the appear-

- ance of a waveform with 512 samples. As the record length of a
waveform increases, the visual enhancement of waveform vector-
ing becomes less evident.

When you display a 512-sample waveform or magnify (Pan/
Zoom) longer record lengths to display 512 points with waveform
vectoring turned off, the individual samples of the waveform
appear as dots.
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Interpolation

Vectored Waveforms

You tumn waveform vectoring on or off using the Modes pop-up
menu in the Utility 1 major menu. Touch the Vectored Waveforms
selector o set it to Off or On.

When the Vectored Waveforms selector is set to On, you can
choose from four types of interpolation by touching the Zoom intp
selector. The selected type of interpolation fills in between the
dots providing a continuous waveform display. The four choices
are None (N0 interpolation), Linear interpolation (default), Sin(x)/x
interpolation, and Sin(x)/x PreFilter interpolation. The purpose of
prefiltering with the sin(x)/x interpolation is to reduce the ringing
caused by the interpolation algorithm on fast transition signals.

If you select interpolation, the DSA will display in the annotation
color, the individual data points as well as the interpolated
waveform. For single channel waveform descriptions (L1,C2,
etc.), the dots represent ihe actual acquired data points. The
other displayed points are interpolated from those points. For all
other waveform descriptions, the dots represent calculated data
points. These points are calculated from acquired data points.
The other displayed points are interpolated from the calcutated
data points. The foliowing restrictions apply.

& There must be less than four traces on the screen.

s Data points will be displayed in the annotation color when
the magnification factor is sufficient to distinguish them from
adjacent points.

® |f you select sinx/x prefilter the data points determined by e
prefilter will be displayed. However, CUrSOrs will indicate the
position of non-fittered data points.
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Vertical Controls

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

Setting Vertical
Size and Offset

Touch a knob label
to display the
keypad pop-up
menu. This lets you
set vertical size and
offset numerically, or
setthem to
maximum or
minimum limits.

If the digitizer is
stopped, any adjust-
ment of the horizon-
tal, vertical or trigger
parameters will clear
your waveform since
any parameter
change will no long-
er apply to the wave-
form as captured.
You can, however,
tum on Pan/Zoom
and alter the wave-
form horizontaily
without clearing the
waveform.

You an also prevent
waveform clearing
when altering vertl-
cal parameters by
initially defining the
waveform as high
precision. (See Wa-
veform Scaling on
page 264.)

You can change the vertical magnification, or size, of a waveform,
You can also move the waveform up or down on the display. This
is called adjusting the vertical offset. To do either, touch the
vertical (§) icon; this assigns the knobs to adjust the vertical size
{left knob) and offset {right 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 10
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 L1+ L2, for example, you can adjust
the vertical size of only one channel at a time. This has the
following side effects:

& Changing the channel size or offset for this waveform
changes the channel size or offset for all the other waveforms
that dispiay that channel.

® If the waveformn you are adjusting has more than one channel
in its waveform expression, changing the vertical size of one
channei does not change the size of the other channels. If
the vertical scale factors of all the channels in a waveform do
not match, the vertical size of the waveform is undefined.

For example, in the case of the waveform L1+L2, ifL1 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 Chan Sel selector appears
between the knob labels. This selecior always shows the chan-
nel the knobs are set to adjust. You can touch this selector untit it
shows the channel you want to adjust, then use the knobs to
adjust the channel.
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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 men.

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

See Waveform When you adjust the vertical controls of a high precision wave-
Scaling on page 294 form, the Chan Sei selector can be used to specify the individual
for a description of channel to adjust, and to specify the Calcd Wfm, Or calculated

high precision (high precision) waveform. When you specify that you want to
waveforms. adjust the calculated waveform, the knobs adjust the magnifica-

tion and position of the waveform without changing the vertical
size and position of other waveforms displaying that channel.

Trace Separation

When you adjust the vertical size and offset of a waveform on &
Window time base, the Chan Sel selector can be used to specify
the individual channel o adjust, and to specify Tre 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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Waveform Definition and

Management

Defining New
Waveforms

You define new
waveforms ona
wincow time base
using the Window1
and Window2 icons,
described on

page 297.

Wavetorms are the visible representation on the dispiay of the
electrical signals, or combinations of signals, that the DSA
acquires and digitizes. You can define and display up to eight
waveforms simultaneously.

You can define a new waveform by:

® Pressing the appropriate Channel button on a plug-in
amplifier.

s Entering a waveform description.

A waveform description is a definition of the signal sources and
mathematical computation that determines the waveform display.
An example of a simple waveform description is L1, which speci-
fies that a waveform should show the signal source applied to
channel 1 of the left plug-in amplifier.

An example of a more complex waveform description is

Log(L1 +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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Defining Waveforms Using the Channel Button

To define a waveform that represents a plug-in amplifier channel,
press the channel button on the plug-in amplifier. There are two
limitations to this method of defining waveforms:

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

& The waveform description will consist only of this channel.
You cannot use this method to enter complex waveform
descriptions.

Defining Waveforms Using the DefWfm lcon

To enter waveform descriptions using the Defwfm icon, touch the
DefWfm icon above the top right comer of the graticule on which
you want to define a new waveform. When you touch the icon,
the DefWfm pop-up menu is displayed.

Use the selectors on the pop-up menu to “type” your waveform
description. As you type, the waveform description you are
building appears at the top of the pop-up menu. The Back Space
selector lets you correct emors as you type. When your waveform
description is complete, touch the Enter Desc selector 10 remove
the pop-up menu and create the new waveform description.
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For example, 1o enter the description Log(L1 + L2), touch the
following selectors in sequence: Log(, L1, +, L2,), Enter Desc.
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The selectors in the DefWfm pop-up menu are grouped into the
following categories:

# Channel Selectors appear in the top left portion of the
screen. This lets you specify a channetl of an installed plug-in
amplifier. Only the channel numbers of installed piug-in
amplifiers are displayed.

» Numeric Keypad appears in the top right portion of the
screen. It lets you enter a numeric vaiue, or one of the four
arithmetic operators (+, -, *, and /}, as part of your waveform
description.

m  Waveform Functions are specified using the selectors in the
center of the screen. This area of the menu is shared with
several other lists. If the Waveform Functions selector is
hightighted, the waveform function selectors are shown.
Touch the Waveform Functions selector to return to the wave-
form functions list if one of the other lists is shown.

m Displayed Waveforms are listed in the center portion of the
screen. The Displayed Waveforms selector is available after
specifying a waveform function that accepts a displayed
wavefonm as a parameter. See page 287 for applicable
waveform functions.

m  Stored Waveforms list all the waveforms that have been
stored. This area of the menu is shared with the waveform
functions selectors described above. If the Stored Waveforms
selector is highlighted, the stored waveforms selectors are
shown. Touch the Stored Waveforms selector to hightlight it if
any other list is shown.

You can combine Waveform Functions and Stored Waveforms
in the same waveform description by using the Waveform
Functions and Stored Waveforms selectors. The description
L1-{2*Smooth(STO1, 5)) is entered as L1, -, {, 2, *, Smooth(,
Stared Waveforms, ST01,,, 5, ), ), Enter Dese.
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m Adjustable Constants are scalar constants that you can
specify and they can be used in waveform definitions or
function argument lists. Touch Adjustable Constants in the
DefWim pop-up menu. This allocates the knobs 10 Adjust
Constt and Adjust Const2, enabling you to vary the value of
these constants. For example, entering Filter (L1, Const1)
allows you to vary the risetime parameter of the filter function
by knob control and observe the results on the displayed
waveform. To reallocate the knobs to the adjustable con-
stants, touch Defwfm or enter the Vertical Description pop-up
menu and touch the Adjustable Constants selector.
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All waveform
functions have an
cpening parenthesis.
You must use a clos-
ing parenthesis to
enciose the function
arguments.

Backweighted
averaging, summa-
tion averaging (see

page 71), and

enveloping can be
applied to previously
defined waveforms
currently being
displayed.

Waveform Definition and Management

®  Syntax Selectors let you specify the order of mathematical
operations. Each opening parenthesis must be matched with
a closing parenthesis. Use the comma (, ) selector to sepa-
rate argurments to functions, like Smooth(, that require more
than one argument. Use Back Space 10 correct errors as you
enter the wavefonm description. Always finish your waveform
description by touching the Enter Desc selector.

Using Waveform Functions in Waveform Descriptions

You can cycle among three pages of waveform functions. The
functions operate on arguments that are waveform descriptions
or constants. A specified function is applied to each individual
sample of the argument waveform. The waveform that is dis-
played results from the function being applied to each sampie.

Constants in waveform descriptions may be either numerical
values, expressions, or adjustable constants.

The Convolve, Correlate, Delay, FFTmag, FFTphase, FFTreal,
FFTimag, IFFT, Smooth, and Filter functions accept arbitrary
waveforms, previously defined and displayed, as parameters.

In the Waveform major meny, touch the Page to All Wfms Status
selector, then touch Show Full Wim Desc to see a full description
of all displayed wavefonmns.

Waveform Functions

Functio Effect on'‘Arguments

Abs (wim) Provides the absolute valug of the argu-
ment waveform.
Avg (wfm) Averages several waveform record acquisi-

tions of the argument. The number of re-
cords acquired is controlled by the knobs
after touching the Avg N salector in the Ac-
quire Desc pop-up menu.

Convolve (wim1, wfm2)  Performs a non-circular convolution of the
waveform arguments.
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Function

Waveform Functions (Cont.)

Effect on Arguments

Correlate (wfmi, wimz)

Performs a correlation of the waveform ar-
guments.

Dejitter (wim)

Compensates for the horizontal effects of
noise to remove jitter from a repetitive sig-
nal. Dejitier can be applied only to a wave-
form consisting of a single input channel. A
second argument, a number from 0 to 9,
determines the noise tolerance; maximum
dejitter is performed with a second argu-
ment of 0. Waveforms that do not match at
any point in the pattern are discarded.

Delay {wfm, const)

Delays the argument waveform by the spe-
cified number of waveform points.

Diff (wfm)

Provides the differential of the argurment,

Env (wfm)

Provides the limit of excursion of several
waveform record acquisitions of the argu-
ment. The number of records acquired is
controlied by the knobs after touching the
Env N selector in the Acquire Desc pop-
up menu.

Exp {wfm)

Provides the natural antilog of the argu-
ment.

FFTimag (wim)

Provides the imaginary part of the Fast
Fourier Transform of the specified wave-
form.

FFTmag (wfm)

Provides a Fast Fourier Transform rnagni-
tude display of the specified waveform.

FFTphase {wim)

Provides a Fast Fourier Transform phase
dispiay of the specified wavafarm.

FFTreal (wim)

Provides the real part of the Fast Fourier
Transform of the specified waveform,
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Waveform Functions (Cont.)

Function Effect on Arguments

Filter (wfm, const) Generates an N pole filtered output of the
selected waveform. The cutoff frequency is
specified in terms of the rise time (specified
as a constant).

IFET (wim', wimZ2) Provides the inverse Fast Fourier Transform
of the specified waveforms. Wim1 is as-
sumed to be the real component and Wim2
the imaginary component of a complex

FFT.
Intg (wim) Provides the integral of the argument.
intp (Wwim) interpotates the waveform record by re-

placing nuil points with the average value
of the points on either side of the nuli paint.
You can apply the Interpolate function to
any single active waveform or to any single

stored waveform.
Ln (wim) Provides the natural logarithm of the argu-
ment.
NOTE: Log (wim) Provides the base 10 logarithm of the argu-
All arguments referred ment,
toas Constmaybe  pulse (const, const) Provides a pulse with a specified starting
either constant or point and a specified width.

Adjustable
Constants.
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Waveform Functions (Cont.)

Function Effect on Arguments

Signum (wfm) Provides the sign of the argument. Retums
1 if the vertical data point is greater than
zero, -1 1f it is less than zerp, and O if it is
equal 10 0.

Smooth (wim, const) Provides a moving average of the specified
waveform. This function has two argu-
ments, separated by a comma (,}. The first
argument is the waveform to be smoothed;
the second is the number of samples in the
moving average. If the second argument is
9, then 4 samples before each pointand 4
samples after each point are averaged with
the point value. If the second argument is
an gven number, one is subtracted from i
to make it odd.

Sqrt (wfm) Provides the square root of the argument.

280 in Detail



Waveform Definition and Management

Waveform When you define a new waveform, the DSA assignsita
Numbers waveform number. Waveform numbers range from 1 through 8.
New waveforms are assigned the lowest available number. Once
a number is assigned to a waveform, the number does not

change.
Selecting The selectors, knobs, and buttons operate on the selected
Waveforms waveform. The graticule axis labels show the vertical and hori-

zontal size and position of the selected waveform. Selectors that
show waveformn status, such as the Verticat Desc 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 horizontal or vertical
size and position, the adjustments affect the selected waveform.

when you have more than one waveform on the display, you can
select any waveform. Select a waveform by touching it on the
display or by using the All Wims Status page of the Waveform
major menu.

The graticule axes change color {0 match the color of the se-
lected waveform. When you define a new waveform, the graticule
axes become the color of the new waveform.

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 from the
display and select a waveform.

You can drag your finger across ‘mé display to change the posi-
tion of the box before you lift your finger to select the waveform.
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If several waveforms pass through the area indicated by the
touch box, one becomes the selected waveform when you
remove your finger from the display. 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.

Selecting Waveforms Using the All Wims Status Menu

You can see the status of all disptayed waveforms at once using
the All Wfms Status menu. You are shown the waveform number,

the first part of the waveform description, the time base, and the
vertical and horizontal size per division.

To view this information, touch the Page to Ali Wfms Status selec-
tor in the Waveform major menu or press the WAVEFORM button
to display the All Wims Status menu. The light beside the Wave-
form 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. Touch the Page to
Single Waveform selector or press the WAVEFORM buiton to
restore the previous Waveform major ment.

You can show the full description of all the waveforms by touch-
ing Show Full Wfm Desc in the All Wfms Status menLL.
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‘WEm Desc R TN L
Single L2
Waveform Main
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Modifying or You can change the waveform description of the selected
Redefining waveform. When you touch the Vertical Desc selector in the
Waveforms Waveform major menu, the Vertical Desc pop-up menu is dis-
played.

This menu is identical to the pop-up menu that is displayed when
you touch the DefWfm icon. When you display the Vertical Desc
pop-up menuy, the waveform description of the selected
waveform appears at the top of the pop-up menu. You can use
the Back Space selector to modify or redefine the waveform, or
you can extend the waveform description. When you touch the
Enter Desc selector, the new waveform description is applied to
the selected waveform.

Removing You can remove waveforms from the display in three different
Waveforms ways: use the Rem Wfm selector in the knob menu, use the
Channel button on the plug-in amplifier, or use the Delete Wave-
forms menu in the Store/Recall major menu.

Removing Waveforms Using the Rem Wfm Selector

The Rem Wim selector in the status area always shows the
nurmber, the waveform description, and the time base of the
selected waveform. The status area is displayed at all times, so
the Rem Wim selector is available regardiess of the major menu
displayed.

When you touch the Rem Wfm selector, a pop-up menu asks
whether you want to remove or clear the selected waveform. This
prevents accidental removal of waveforms. For more information
about clearing waveforms, see page 48.
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Waveform
Scaling

Wem 1
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i Sizes i Zoom Pasition:
SBe Off -8 H
s/div s

The Rem Wfm Selector in the Knob Menu

Removing Waveforms Using the Channel Button

You can use the CH button on the plug-in amplifier to remove all
waveforms displaying that channel as part of their waveform
description.

When a channel on a plug-in amplifier is incorporated as part of a
waveform, the yellow channel light on the plug-in amplifier is on.
If you press the channel button when the light is on, alf
waveforms displaying that channel are removed.

When you define a new waveform, it is defined as either 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 description forces high precision. Floating-point
functions such as Diff{ and Log( will force the waveform to be
defined as high precision.
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You can force all waveforms, including all single channel traces,
ta be defined as high precision waveforms. To do this, touch
Modes in the Utility 1 major menu. The Modes pop-up menu
appears. In this pop-up menu, the Waveform Scaling selecior can
be set to Optional or Forced. When set to Optional, new
waveforms are defined as fast waveforms if they can be imple-
mented as fast waveforms. When set to Forced, new wavetorms
are defined as high precision waveforms.

Once a waveform is defined, its waveform scaling cannot be
changed. The setting of the Waveform Scaling selectar affecis
only the definition of new waveforms.

For high precision waveforms, care must be exercised that the
underlying channel(s) do not overrange the digitizer. It is possible
to have a displayed waveform that appears to be properly scaled
when the underlying input channel is overranging the digitizer.
When this occurs, spikes will appear in the display running from
the waveform 1o the top or bottom of the screen. These problems
can be fixed by selecting the channel selector in the knob menu
and adjusting the input channel sensitivity or offset untit the
spikes disappear or by creating a fast, single-channel waveform
of the underlying channel and adjusting the vertical size and
offset until it is on the screen.
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Windows

Creating a
Window

Window

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 Window1 icon above the
graticule. When you touch the Window1 icon, the DSA 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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A Window Waveform Display
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Windows

When you create a window waveform, it becomes the selected
waveform. The DSA shows this waveform in the selected window
waveform color and highlights the windowed portion of the main
waveform in this color.

Window Time The window waveform has the same waveform expression as the
Base and main waveform. The difference between the two is the time base
Trigger 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 aiways
shows the time base of the selected waveform.

For more information The Window time base can be triggered from the Main trigger or
on Triggering, see by a separate Window trigger. To define a window trigger, set
page 253. Trigger Select in the Trigger major menu to Window, then select

either Window Holdoff By Time Or Window Holdoff By Events from
the lower section of the Window Trigger Source Desc pop-up
menu. You can then set the Window trigger source, level, aad
holdoff just as you set the Main trigger. If you define a Wirdow
trigger, the Window trigger icon ( % } will appear to the left of the
graticule when a window waveform is selected and a second
trigger arow may appear on the main waveform.

For more information You can set the record length for window waveforms by touching
on Record Length, the Window Record Length selector in the Horizontal Desc pop-up -
see page 221.  menu. The knobs will be assigned to adjust the Main and Win-

dow record lengths.

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.
Creating a You can create two window waveforms from each main wave-
Second form. After you create one window waveform, the Window2 icon
Window 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 Window1 Or Window2
icon simply selects that waveform. You cannot create a window
waveform of a window waveform.
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Changing You can change the size and position of a window waveform just
Window Size as you do with any main waveform. Touch the horizontal icon
and Position (<) to assign the knobs to horizontal size and position. Com-

plete information about horizontal size and position is on

All window wave- page 153.
forms are the same All main waveforms share the same time base, so all have the
horizontal size. if you same horizontal size and position. Each window waveform can
‘change horizontal have a different horizontal position. However, each window
size on one window shares the same time base and consequently the same size.
waveform, you When you touch the horizontal icon (=), the knobs are as-

change horizontal
size on all window
waveforms.

signed to Window Size and Window1 Position or Window2
Position. The window size is always less than or equal to the
main horizontal size. Main and Window records will always
overlap by at least one point.

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 {o always see the portion of the
main waveform that the window waveform magnifies.

Trace Separation

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

When you have used frace 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 Sel selector until it indicates the
channel you want. Complete information about vertical size and
offset is on page 277.
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XY Waveforms

You cannot take
measuremeants of XY
waveforms.

At most one actively
acquired XY wave-
form or two stored XY
waveforms may be
displayed at one
time.

Fast and high-

precision waveforms

are described in
Waveform Scaling
on page 294.

Most waveforms show a signal voitage (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 voitage of the other
waveform on the other axis.
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An XY Waveform

You can create an XY waveform to compare the amplitudes of
two high-precision waveforms, or of two fast waveforms, but you
cannot combine a fast waveform with a high-precision waveform.
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Creating an XY
Waveform

XY Waveform
Section

You initiate and controf an XY waveform using the Horizontal Desc
pop-up menu in the Waveform major menu. The XY Display Mode
section of this menu allows you {o choose Displayed Waveforms

or Stored Waveforms.
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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 %-axis (the horizontal axis). This wavefonm may
be any displayed waveform or stored waveform.

[] step2: Define and display a waveform with the information
you want on the Y-axis (the vertical axis).

[} step3: Touchor otherwise select the waveform that dis-
plays the Y-axis information.

[] Step4: Press the WAVEFORM major menu button, and
touch the Horizontal Desc selector to display the pop-up
menu.

[:] Step 5:  If the waveform that shows the information for the
X-axis is a disptayed waveform, verify that Displayed Wave-
forms is selected in the XY Display Mode section of the
pop-up menu. If the X-axis waveform is a stored waveform,
Stored Waveforms should be selected.

[T] step6: Touch the selector in the Horizontal Desc POP-Up
menu that represents the waveform showing the X-axis
information.

When you touch {he X-axis waveform selector in the Horizontal
Desc 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 & 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
defining the X-axis information.
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XY Waveforms

Adijusting Size
and Position

To restore an XY waveform to normal YT (voltage versus time)
mode, select the XY waveform and touch the Normal 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 Vertical
Size and Vertical 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 knab labels.

Touch the horizontal icon (< ) to assign the knobs to adjust the
horizontal size and position of the XY waveform. Since voltage
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 knab labels will

display Horizontal Pos: XY and Horizontal Size: XY, and the chan-
nel controlled 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 dispiayed 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 Caled Wfm, and adjusting the size and
position scales the waveform. :
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Appendix A:

Accessories

Standard
Accessories

Instrument
Options

The DSA 601A or DSA 602A instrument package includes the
following standard accessories:

®  DSA 601A and DSA 602A Tutorial, Tektronix part number
070-8180-00.

DSA 607A and DSA 602A User Reference (this manual),
Tektronix part number 070-8181-00.

DSA 6074 and DSA 602A Prograrmmer Reference, Tektronix
part number 070-8182-00.

DSA 801A and DSA 6024 Quick Reference, Tekironix part
number 070-8183-00.

DSA 600 Series Service Reference, Tekironix part number
070-8184-00.

= Power Cord (North American 120 V), Tektronix part number
161-0066-00.

To obtain replacements, refer to a Tekironix products catalog or
contact your local Tekironix field representative.

The following options are available for the DSA 601A and

DSA 602A Digitizing Signal Analyzers. For additional information
and prices, see a Tekironix products catalog or contact your local
Tektronix field representative.

= Option 1R Rack Mount, converts the DSA for rack mourting.

= Option 1C Loop-through BNC’s, adds eight BNC's to the
front and rear panets so that signals may be routed from the
front panel to the rear panel (or rear to front).

» Option 4C Nonvolatile RAM, adds nonvolatile memory for
intemal storage of 468,288 waveform points.
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Accessories

Optional
Accessories

®m Option 1P HC-100 Four-Color Pen Plotter.
= Option 2P 4697 ColorQuick Ink-Jet Printer.

= Option 3P 4693DX Color Image Printer.

The following optional accessories have been selected from our
catalog specifically for the DSA 601A and DSA 602A Digitizing
Signat Analyzers. For detailed information and prices, see a
Tekironix products catalog or contact your local Tektronix field
representative.

w Two-meter GPIB cable, Tekironix part number 012-0991-00.
» Ten-foot RS-232-C cable, Tekironix part number 012-091 1-00.

m Ten-foot Centronics printer cable, Tektronix part number
012-0555-00.

= Tektronix 4697 ColorQuick Ink-jet printer, 4693DX Color Image
Printer, 4696 Color Ink-jet printer, or Tekironix HC-100 pen
plotter.

® Tektronix P6701 and P6702 optical to electrical converters.

® Tektronix P6408 word recognizer probe.
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Accessories

Power Cord The following power cords are available for the DSA:

Options
w  Option A1 Universal European 220 V/6A, 50 Hz, Tektronix part
number 161-0066-08.

» Option A2 United Kingdom 240 V/13A, 50 Hz, Tektronix part
number 161-0066-10.

= Option A3 Australian, 240 V/10A, 50 Hz, Tektronix part num-
ber 161-0066-11.

m Option A4 North American 240 /154, 80 Hz, Tektronix part
number 161-0066-12. '

= Option A5 Switzerland 220 V/10A, 50 Hz, Tektronix pan
number 161-0154-00.
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Appendix B:
Specifications

The electrical characteristics apply 10 the following conditions’

s The DSA has had a 20-minute warm-up period.

s The DSAis operatinginane

nvironment that meets the Himits

described in Environrental Specifications in this section.

Characteristic

Vertical System Specifications

Specifications

Input sources 3 plug-in amplifiers, up 10 i2
channels

Bandwicth Dependent on plug-in ampilifier

Rise time Dependent on piug-in ampiifier

Vertical gain accuracy

+ 19 of full-scale range, in
Enhanced Accuracy state

Vertical resolution

8 bits

Signal averaging of N acquisitions
increases bit resolution by l0gz(N)
up to a limit of 14 bits

Input sensitivity

Dependent on piug-in amplifier

Vertical acquisition resolution

Single graticule 25 points/div

Dual graticule 25 points/div
Vertical display resolution

Single graticule 50 pixels/div

Dual graticule 25 pixels/div
Antialiasing Filter

Bandwidth 100 MHz

Attenuation -17 dB at 250 MHz,

-25dD at > 500 MHz
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Specifications

Time Base Specifications

Characteristic

Specification

Intemal reference clock

500 MHz surface acoustic wave
resonator oscillator

Time Base Accuracy

+0.005%, -0.015%, from 0°C to
45°C

Sample rate
DSA 601A

DSA 602A

1 GSamplefs maximum {single
channel, from Left plug-in com-
partment)

2 GSample/s maximum (single
channel, from Left plug-in com-
partment)

Record Length

User selectable, 512, 1024, 2048,
4086, 5120, 8192, 10240, 16384,
20460, or 32768

Sweep rates

In general, a 1-2-5 sequence from
50 ps/div to 100 s/div

Record duration

512 psto 1023.95s

Dynamic Accuracy

Typical dynamic accuracy, main-
frame with Sample Clock Dither
Jumper in ON position (dither dis-
abled), 11A72 plug-in, Sample
Rate of 1 GS/sin DSA 601A or
2 GS/s in DSA 602A only, with no
signal averaging or digital filter-
ing, measured with p-p sine am-
plitude = 90% of digitizer full
scale at 1 kHz.

Frequency Effective Bits

1 kiHz 7.2
10 MHz 7.2
100 MHz 6.7
250 MHz 6.3
500 MHz 57
1 GHz 4.5
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Specifications

Input and Output Specifications

Characteristic Specification
Touch panel infrared beam touchable array,
22 rows of 11 columns
Knobs 2 general-purpose knobs, set by
user to desired function
Calibrator output: DC Levels DC voltages suitable for calibrat-
ing the gain of 10X probes from
the probe tip at <5 V/div
Calibrator output: Low-Frequency
AC Square Wave
Frequency 1.000 kHz £0.1%
Voltage 5.0V +3% into 1 M{ load,
500 mV =+ 3% into a 50 {1 load.
Positive polarity with baseline at
A"
Output Resistance 450 ) £0.5%
Calibrator output: High Frequency
AC Square Wave
Frequency 1.024 MHz =0.1%
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Specifications

Trigger Specifications

Characteristic Specification

Trigger source Two independent trigger circuits
can derive triggers from the Left,
Center, and Right plug-in compart-
ments

Trigger mode
Auto Free runs after 40 ms timeout
{Main trigger only)

Auto Level Automatically establishes a level
for the trigger source; seeks new
level after 40 ms timeout. Main
free runs in absence of signal
Triggering occurs only after valid

Narmal trigoering event

Trigger level Can be set independently for two
trigger circuits. In Basic Trigger,
Level determines the vertical posi-
tion on the trigger signal where
triggering can occur. In Extended
Trigger, Level is the threshold that
determines the state (high or low)
of the trigger signal

Trigger level resolution 0.01 divisions

Trigger accuracy 0.2 divisions at 1 kHz
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Specifications

Trigger Specifications {Cont.)

Characteristic Specification

Trigger sensitivity
DC coupled 0.4 division from DC to 10 MHz,
increasing to 1 division at maxi-
mum trigger bandwidth
DC Noise-Reject Coupled 1.2 division from DC to 10 MHz,
increasing o 3 divisions at maxi-
mum trigger pandwidth

DC High-Freq. Reject Coupled 0.5 division from DC 10 30 kHz

AC coupled 0.4 division from 60 Hz t0
10 MHz, increasing to 1 division at
maximum trigger pandwidth

AC Noise-Reject Coupled 1.2 divisions from 60 Hz 10
10 MHz, increasing to 3 divisions
at maximum trigger bandwidth

AC High-Freq. Reject Coupled 0.5 division from 60 Hz to
30 kHz.

AC Low-Freq. Reject Coupled 0.5 division from 80 KHz tO
10 MHz, increasing to 1 division at
maximum trigger pandwidth

Maximum trigger pandwidih Equals selected plug-in band-
wicith up to 1 GHz, 500 MHz with
Extended Triggering
Main hotdoff Minimum 2 ps holdoff
Window holdotf . Minirmum 35 ns holdoff
Boolean trigger
Minimum TRUE time The Boolean trigger function must

remain TRUE a minimum of2ns
i arder to be recognized

Minimum FALSE time 2 ns prior to being recognized
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Specifications

Trigger Specifications (Cont.)

Characteristic Specification

Time Qualified trigger, single timer
Time interval Range 2nsto 1.048 ms
Time Interval Resolution 2 ns increments
Time Interval Accuracy Within 2% of reading = 2ns

Time Qualified trigger,
trigger time bracket defined
{(zt1<2or <t1>12)
Time Interval Range Lower bound range: 2 ns to
1.048 ms. Upper bound range:
lower bound + {2 ns 10 1.048 ms)

Time Interval Resolution 2 ns {upper or lower bound)

Time Interval Accuracy Lower bound within 2% of reading
=+ 3 ns, Upper bound within 2% of
reading 4 ns

Edge Qualified trigger
Set-up time, ENABLE to EDGE  The enabling trigger source must
be stable (sither high or low)} at
least 2 ns before the transition of
the edge trigger source

Hold time, EDGE to ENABLE  The enabling trigger source must
be stable {gither high or low) at
least 2 ns after the transition of the
edge trigger source

Set-up time, EDGE to itself The edge trigger source must re-
rmain stable (gither high or low) for
at least 2 ns immediately before
the transition

Hold time, EDGE to itself The edge trigger source must re-
main stable {either high or low) for
at least 2 ns immediately following
the transition
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Specifications

Display Specifications

Characteristic Specification

CRT 10 inch diagonal, color, magneatic
deflection. Nominal screen size
168 mm (6.6 inch) vertical by
130 mm (5.1 inch) horizontal

Video resolution 704 pixel vertical by 552 pixel hori-
zontal
Character display 44 lines of 55 characters
Character height Minimum 2.6mm {upper case)
Character cell 16 pixel vertical by 10 pixel hori-
zontal

T AC Line Power Specifications

Characteristic Specification
Voltage Ranges g0 to 132V ms or
180 to 250V rms

Voltage ranges apply for waveform
distortion, which reduces peak
line voltage 5% or less

Frequency 48 Hzto 72 Hz
Power
DSA 601A 485 W
DSA 602A 585 W
Maximum Line Current
DSA B0TA 8 A rms at 50 Hz, 90 V line
DSA 602A 9.5 A rms at 50 Hz, 90 V line
Fuse Rating 12 A, 250 V slow blow
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Specifications

Mainframe Environmental Specifications

Characteristic

Specification

Temperature

Operating

Nomn-operating

Meets MIL-T-28800C, Type lil,
Class 5, tested per paragraphs
455.1.3and 4.55.1.4

0°Ct045°C
-40°Cto + 75°C (Possible loss of

norvolatile memory and clock in-
formation below -40°C

Humidity Exceeds MIL-T-28800C, Type ill,
Class 5, tested per paragraph
4.6.5.1.2.2
Up 1o 85% relative humidity, at up
to 45°C

Altitude Meets MIL-T-28800C, Type lll,
Class 5

Operating Up 10 4.5 km (15,000 ft)
Non-operating Up to 15 km (50,000 1)

Vibration Operating, plug-in units nct in-
stalled: meets MIL-T-28800C, Sec-
tion 4.5.5.3.1, Type lll, Class &

Shock Non-operating, plug-in units not

installed: meets MIL-T-28800C,
Section 4.5.5.4.1, Type lil, Class 5,
Equipment not operating

Bench handling

Operating: meets MIL-T-28800C,
Type I, Section 4.5.5.4.3, Class 5

Packaged product vibration and
bounce

Packaged product, plug-in units
not installed: meets ASTM D89-75,
Method A, Para 5

(NSTA Proj. 1A-B-1)
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Specifications

Mainframe Environmental Specifications {(Cont.)

Characteristic Specification

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 compan-
ments. Meets the following re-
quirements of MIL-STD-4618:
CE-08, Part 4, Curve 1,

CS-01, Part 7,

CS5-02, Part 4,

CS-08, Part 5,

RE-02, Part 7 (300 kHz to 1 GHz);
RS-01, Part 4;

RS-02, Part 4;

RS-03, Pant 7 {10 mV/div and
fimited to 1 GHz).

Meets FCC part 15, subpart J,
class A.

Meets VDE 0871/6.78 for Class
“B".

Safety Listed UL 1244; CSA Bulletin
5568, September 1973: Tektronix
self-certification to comply with
IEC 348 recommendations.
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Disk Drive Environmental Specifications

Characteristic Specification

Operating, performing R/W 20% humidity +4°Cto +50°C.
operations. Atmospheric con-  80% humidity +4°Cto +30°C.
straints imposed by media.

Non-operating 5% humidity -40°C to +65°C.
95% humidity ~40°C to +42°C.
Altitude
Operating To 15,000 feet. Maximum cperating
temperature decreases 1°C for each
1000 feet above 5000 feet.
Non-operating To 50,000 feet.
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Appendix C:
Acquisition Operation

Two 8-bit digitizers in the DSA 601A allow simultaneous,

500 MS/s, single-shot acquisition from two channels; or you can
elect to interleave the digitizers to achieve a 1 GS/s sample rate
from one channel (see figure on page 320).

interleaving can be enabled from the Horizontal Description
pop-up menu. When interleaving is active, the input signal path is
internally shared between the digitizers. The clock for each
digitizer is skewed by 1/2 the sample rate so that the input signal
can be sampled every nanosecond.

The DSA 602A has four 8-bit digitizers capable of 500 MS/s
simultaneocus single-shot acquisition from four channels, 1 GS/s
from two channels, or, with digitizer interleaving enabled, 2 GS/s
from one channel (see figure on page 320).

Actual real-time sample intervais for each channel are internally

determined based upon a number of factors —the location and

number of active plug-in channels (see figure on page 321), the
record length and the sweep rate (see the table beginning on

page 322), and the pre-trigger conditions —but will always be an

integer multiple of 1 ns in the DSA 601A, or 500 ps in the

DSA 602A.

For each channe! being acquired, one Main and two Window
records may be acquired (Main and Window Records in the
DSA 600A Series is similar to Main Sweep and Delayed Sweep
acquisitions in analog oscilloscopes). Window records provide
enhanced detail in areas of interest on the Main waveform.

1 GHz system bandwidth (available with the 11A71 and 11A72
plug-ins) captures frequency content up to Nyquist. Both main-
frames are equipped with an anti-alias filter to prevent the
inclusion of high frequency information into low frequency data.

DSA 601A and DSA 602A User Reference 319



Acquisition Operation

DSA 601A

e SIH I 500 MS/s |
—{ s/l 500 msis |

/

é S/H | 500 MS
1 GS/s H s ]
s/H ] 500 Msis |

N

/

2 GS/s

N\

DSA 602A

— s+ 500 MS/s |
- 57+ 500 MS/s |
— s/ 500 msss |
— s/} 500 MS/s |

d S/H | 500 MS/s |
siH— 500 MS#s |

d S/H | 500 MS/s |
s/H - 500 MS/s |

d S/H 1 500 MS/s |
s/H 500 MS/s |

- \/—I_ S/H L 500 Msis |
S/H 1 500 MS/s |

Digitizer interleaving allows for 1 GS8/s maximum sample rate in the
DSA 601A and 2 GS/s in the DSA 602A
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DSA 601A DSA 602A
Four Channel Four Channel Concurrent
Concurrent Acquistion Acquistion at up to
{Not Available*) —| 500 MS/s
-® *Except at Sample el Use any two channels
— Rates 200 S/s and Sl from the left plug-in, plus
Slower. any cne channel from the
center plug-in, plus any
one channel from the
right plug-in.
Two Channel Two Channel
Concurrent Acquisition Concurrent Acquisition

at up to 500 MS/s

Use any two channels
from the left plug-in,

or any one channel from
the teft plug-in, plus any
one channel from the
center plug-in,

or any one channasl from
the left plug-in, plus any
one channe! from the
right plug-in,

or any one channel from
the center plug-in, plus
any one channel from the
right plug-in.

26066

A% kL

elcl

Lok oL

elekel

L

b

atupto 1GS/s

Use any two channels
from the left plug-in,

or any cne channel from
the left plug-in, plus any
cne channel from the
center plug-in,

or any one channel from
the teft plug-in, plus any
one channel from the right
plug-in,

or any one channel from
the center plug-in, plus
any one channel from the
right plug-in.

a6

L

\5

Single Channel
Acquistion at up to
1GS/s

{Jse any one channel
from the left plug-in.

D666

[

Single Channel
Acquistion at up to
2Q8/s

Use any one channel
from the left plug-in.

Channel Locations for Real-Time Acquisition
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Acquisition Operation

Resultant Sampling Rates Based on
_ Record Length and Sweep Speed

Sweep 512 1024 2048 4096* 5120
Speed

100.0 s/div . 500.0.m
50.0 s/div K
20.0 s/div
10.0 s/div

5.0 s/div
2.0 s/div
1.0s/div -

500.0 ms/div =i

200.0 ms/div 7 250.0¢

100.0 ms/div .. 500.0'S

50.0 ms/div . 1.0kS
20.0 ms/div ©~ 25 kS
10.0 ms/div ¢
5.0 ms/div
2.0 ms/div - 250 k¢
1.0 ms/div {

500.0 }lSI’le o
200.0 ps/div =
100.0 ps/div ‘5
50.0 us/div
40.0 ps/div 00— : e L
20.0 ps/div - 25 MS o 5.0M, 10.0MS 250MS 250 MS-:
100 ps/div  SOMS _ 100MS 2 S00MS  50.0MS
8.0 ps/div R
5.0 us/div - 10.0M
4.0 ps/div =
2.5 pus/div
2.0 ps/div -
1.0 ps/div -

2500 MS
500.0 MS*
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Resultant Sampling Rates Based on
~ Record Length and Sweep Speed

Sweep 512 1024 2048 4096* 5120
Speed

800.0 ns/div
500.0 ns/div |
4000 ns/div
250.0 ns/div
200.0 ns/div
100.0 ns/div
50.0 ns/div

25.0 ns/div S - - -
20.0 ns/div - 50GS 100GS 250GS 250 GS

10.0 ns/div 50GS 10.0GS 200GS 500 GS 50.0GS
s50ns/div 10.0GS 200 GS 400GS 1000GS 100.0 GS
4.0 ns/div — — — - —
20ns/div 25.0GS 500GS 100.0 GS 250.0GS 250.0 GS
1.0ns/div  50.0GS 1000 GS 200.0GS 500.0GS 500.0 GS

500.0 ps/div 100.0 GS 200.0GS — 1.07S 1.0TS
400.0 ps/div — — 500.0 GS - -
200.0 ps/div  250.0 GS 500.0GS 1073 - -
100.0 ps/div.  500.0 GS 1.07TS - - -
50.0 ps/div 1078 — - -

40GS

*These record lengths do not extend over the full ten divisions. They
are limited to approximately 8 divisions, with the exception of the 32,768

record length which is 6.4 divisions.

Real-time Sampling
5 DSA 601A — 1 to 2 channels;

DSA 602A — 1 to 4 channels;
DSA 607A, 3+ channels, and DSA 6024, 5+ channels, are ac-

quired in real time by alternating between channels.

DSA 601A — 1 channel;
DSA 6024 — 1to 2 channels

DSA 6024 — 1 channel.

Equivalent-time Sampling
] DSA 601A or DSA 602A — when 1 or more channels are in equiva-
fent time.
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Acquisition Operation

Resuitant Sampling Rates Based on
Record Length and Sweep Speed

Sweep 8192* 10240 16384* 20480 32768*

Speed
100.0 s/div . 10.0S 2008 2008 5008
50.0s/div © 2008 s 4008 40.0S 10008
20.0 s/div . 50.1 10008 10008 25008
10.0 s/div = 200085 20005 50008

5.0 s/div
2.0 s/div
1.0s/div -

500.0 ms/div 2.0 k!
200.0 ms/div -
100.0 ms/div

50.0 ms/di

40008 4000S  1.0kS
" 1.0kS  10kS  25kS
20kS  20kS  50kS

4.0kS 4.0kS 10.0kS
10.0kS 10.0kS  25.0kS
;. 200kS 20.0kS 50.0kS
S 40.0kS  40.0kS  100.0kS
- 100.0kS 100.0kS 250.0kS

20.0 ms/div
10.0 ms/div | 100.0k . 200.0kS 200.0kS 500.0kS
5.0 ms/div ::200. 400.0kS 4000kS  1.0MS

S 1.OMS 1.0 MS 25 M8
o 20MS 2.0MS 50MS

. 40MS  40MS  10.0MS
5 10.0MS  10.0MS  25.0MS
o 200MS. 200MS 500MS
MS: - - 100.0 MS
S5 50.0MS 50.0MS -
377 100.0 MS  100.0 MS  250.0 MS

2.0 ms/div i
1.0 ms/div 1

500.0 ps/div -~ 2.0

: Rl S - - 500.0 MS
8.0 ps/div - - 2500 MS  250.0 MS -
5.0 ps/div & - 1.0GS
4,0 ps/div 500.0 MS
2.5 ps/div b e
2.0 ps/div

1.0 ps/di
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Resultant Sampling Rates Based on
Record Length and Sweep Speed

Sweep g192* 16240 16384* 20480 32768*
Speed

800.0 ns/div
500.0 ns/div
400.0 ns/div
250.0 ns/giv —_ - e — —r
200.0ns/div 5.0 GS 5.0GS 100GS 10.0GS 250GS
100.0ns/div. 10.0GS 10.0GS 20.0GS 20.0GS 50.0G%
50.0ns/div. 200GS 200GS 400GS 40.0GS 100.0GS
25.0 ns/div - — — - ~—
200ns/div. 50.0GS 50.0GS 100.0GS 1000GS 250.0GS
10.0ns/div. 100.0GS 100.0GS 200.0GS 200.0GS 500.0GS
5.0 ns/div  200.0 GS 200.0 GS — — 1.0TS
4.0 ns/div - - 500.0 GS 500.0GS —
20ns/div 500.0GS 5000GS 1.07S 1.07S —
1.0 ns/div 1.07TS 1.0TS - e -

500.0 ps/div - - - -~ -
400.0 ps/div —_ — - - —
200.0 ps/div - — — - -
100.0 ps/div - - - - -

50.0 ps/div - - - - -

4.0GS 40GS 10.0GS

*These record lengths do not extend over the full ten divisions. They
are limited to approximately 8 divisions, with the exception of the 32,768
record length which is 6.4 divisions.

Real-time Sampling

Y. DSA B01A — 1 to 2 channels;
DSA 6024 — 1 to 4 channels;
DSA 601A, 3+ channels, and DSA 6024, 5+ channels, are ac-
guired in real time by alternating between channels.

. DSA 601A — 1 channel:
DSA 6024 — 1to 2 channels

DSA 6024 — 1 channel.
Equivalent-time Sampling

D DSA 601A or DSA 602A — when 1 or more channels are in equiva-
lent time,
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Acquisition Operation

Record Length Record Length is selectable from 512 to 32,768 points, providing
the ability to capture and analyze long, single-shot or repetitive
events in all their detail.

To make the most of the capabilities of the DSA 600A Series,
Option 4C — Non-Volatile RAM — provides more than 450,000
points of storage, enough memory for the most demanding
applications. NVRAM stores waveform data when the DSA 600A
is tumed off or when there is a power failure.

Single-Shot Acquisition

DSA 601A DSA 602A

Sample 500 MS/s 1GS/s 500 MS/s 1 GS/s 2GS/s
Rate

Numberof 2 1 4 2 1
Channels

Time 2ns 1ns 2ns 1ns 500 ps
Resolution

Record 512 to 512 to 51210 51210 512 to
Length WKpts  20Kpts 10K pts 20K pts 32K pts
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Repetitive Singte-Shot Acquisition

Repetitive Single-Shot Acquisition lets the user automatically
capture, store, label, and time and date stamp a waveform;
re-arm the trigger; and then repeat this process up to 918 times1.

Any number of repetitions, from 1 to 918, can be selected, de-
pending on the record length.

The average repetition rate is up to 150 waveforms per second
for a 512 point record length. The repetition rate is reduced for
longer record lengths and slow sample rates (see the chart
below).

Coupled with the DSA 600A Series’ Extended Trigger capabilities,
the Repetitive Single-Shot Acquisition feature is a powerful tool
for selectively capturing anomalous events within repetitive
signals. This feature also makes it easy to store acquired
waveforms for later examination using the Stored Waveform Scan
capability.

Repetition Rates for Repetitive Single-Shot Acquistiion

Record Average Number of Waveforms

Length Stored per Second
Number of Active Channels
{points) 1 2 3 4
512 150 a5 70 57
1024 110 64 51 38
2048 76 45 Y 24
4096 48 26 18 14
5120 40 22 15 12
8192 28 15 10 o
10240 23 12 8 6
16384 14 8 NA NA
20464 12 7 NA NA
32768 8 NA NA NA

10Option 4C isrequired to obtain the maximum number of waveforms in
the Repetitive Single acquisition mode.
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Fast Data Transfer

The ASCHl command, REPCURVE, does repetitive single-shot
acquisitions (as is done with repetitive single-shot) and transfers
each acquisition over the bus at a rate of approximately 100
waveforms per second. See Chart B for actual transfer rates for
multiple waveforms and various record lengths.

Acquistion an he REPCURVE Command

Record Average Number of Waveforms

Length Transferred per Second
Number of Active Channels
(points) 1 2 3 4
512 120.8 60.3 39.2 29.4
1024 78.7 38.1 249 19.0
2048 46.5 23.2 15.5 11.6
4096 25.2 12.7 8.4 6.3
5120 20.9 10.4 6.9 52
8192 13.3 6.6 4.4 3.3
10240 10.8 5.4 36 2.7
16384 6.6 3.3 NA NA
20464 55 272 NA NA
32768 3.4 NA NA NA

Summation Averaging: Averages per Second

Reaitime Sample Rate

Record Length 500 MS/s 1GS/s 2 GS/s
512 165 130 110
1024 130 105 80
2048 80 80 70
4096 85 50 50
8182 30 30 30
10240 25 25 25
16384 NA 17 17
20464 NA 15 15
32768 NA NA 9
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Backweighted Averaging: Averages per Second

Realtime Sample Rate

Record Length 500 MS/s 1GS/s 2 GS/s
512 170 135 110
1024 135 110 a5
2048 g5 85 75
4096 60 55 50
8192 35 30 30
10240 30 25 25
16384 NA 19 19
20484 NA 15 15
32768 NA NA 10
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Appendix D:
Algorithms

Digitized waveforms are a sequence of samples stored as16-bit
signed integers. The samples are numbered from O through the
waveform record length less one; a 512-point waveform record
numbers samples from 0 through 511.

Three sample values represent invalid data points:

» The value -32,768 (8000re:) represents nuli, an unacquired
data point. A waveform that is defined but has never been
acquired contains null values. Clearing a waveform fills it
with null values.

» The value —-32,767 (8001re:) represents a data value below
the dynamic range of the digitizer. This is called underrange.
Underrange values do not appear on a displayed waveform.

®  The value + 32,767 (7FFFrex) 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 noted as an error. There
are exceptions to these rules, as noted below. All waveform
functions assume that the waveform record contains data other
than these three values, unless specifically noted.
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Waveform
Functions

Absolute Value
Abs(w(n)) =w(n)
for w(n) =z 0
Abs(w(n)) = - win)
for win) <0
where:

n = index into the record of data points
w(n) = input sampled data point

Average
Avgp(w(n)) = w(n)
forp=1

w(n) - Avgp-s (w(n))
p

- Avgp(win)) = Avgp(w(n)) +

for I1<p<P

w(n) ~ Avg,-; (w(n))
P

Avgp(w(n)) = Avgp (W (n)) +
forp =P

where:
n = index into record of data points
w(n) = input sampled data point
p = record number
P = total number of waveform records specified for
average
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Convohlution

The DSA convolves two time domain waveforms by multiplying
their FFT transforms and then returning to the time domain by
applying the inverse FFT to the complex product.

X, (k) = FFT (x;(n})
X, (k) = FFT (x;(n))

where:
FFT is the forward Fourier fransform.

x(n) = RelIFFT(X, (k) X X,(k)))

where:
IFFT is the inverse Fourier transform.

The Convolve(WFMa,WFMb) function performs non-circular con-
volution between the two waveforms. The correlation is done in

fixed-point math, discarding any plug-in offset the waveforms
may have had. In other words, the convolution is done using the
waveforms as they appear on the screen, assuming that O volts is
at the center of the screen verically.

Both waveforms are required to have the same record fength, and
since a radix-2 FFT is used, the record length must be a power of
2. Rectangular windowing is used, and the waveforms are
padded with zeros to twice their true length before the FFTs are
performed. The result of the convolution function will thus be the
sum of the input lengths.

Note that alihough the FFT is used, the FFT Control pOp-up menu
selections are ignored by this function. The DSA 600A performs
the computation assuming both waveforms were acquired at the
same sample rate, so care should be taken when using stored
waveforms.
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Since convolution is the area of the product of the two waveforms
being shifted, computation takes into account the time per divi-
sion in order to compute the area. Thus, to get a DC gainof 1,
the area under the filter must sum to 1 for the time per division
being used. Note that convolution isn't really being done from

+ infinity to —infinity, therefore, there will be some end-of-wave-
form effects.

Correfation

The DSA performs the comelation of two waveforms in several
steps. First it computes the FFT transforms of the two input
sequences.

X, (k) = FFT (x;(n))
Xp(k) = FFT (xz(n))

where:
FFT is the forward Fourier transform.

Next, the complex product, X,(k) x X, * (k) is computed,

where X, * (k) is the complex conjugate of X, (k) -

Finally the resulting output waveform is obtained by extracting the
reat part of the inverse FFT on X, (k) X X, * (k) -

x(n) = R, [IFFT (X,()) x X * (k))}

The Correlat(WFMa,WFMb) function performs a normalized
correlation between the two waveform parameters. The correla-
tion is done in fixed-point math, discarding any plug-in offset the
waveforms may have had. In other words, the comelation is done
using the waveforms as they appear on the screen, assuming
that O volts is at the center of the screen vertically.
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Both waveforms are required to have the same record length, and
since a radix-2 FFT is used, the record length must be a power of
2. Rectangular windowing is used, and the waveforms are
padded with zeros to twice their true length before the FFTs are
performed, The result of the comelation function will thus be the
sum of the input lengths.

Note that although the FFT is used, the FFT Control pop-Up menu
selections are ignored by this function.
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Dejitter

To perform the dejitter function, the DSA chooses a reference
edge on the first acquisition of a waveform. This reference edge
is found within the first 3/, of the waveform record, excluding the
first 1/ of the record. On all subsequent acquisitions of the
waveform, the DSA attempts to line up the appropriate edge of
the waveform with the reference edge.

Edges are lined up to within a minimum tolerance that is deter-
mined by second argument {a number between 0and9)tothe
dejitter function. The smailer the number, the smaller the accept-
able variation will be.

Delay
Delay (w(n),d) =w(n +d)

w(n) = input waveform
d = record number

The waveform boundary points are extensions of the end points
of the source waveform. The reference for delay is the first point
of the acquired waveforms, that is, the left edge of the screen.
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Differentiate
Diff(w(n)) = 0
for n=0
Diff(w(m)) = [w(n+ 1) ~w(n-1)]/(27)
for 1 =n< (R-1)
Diff(w(n)) = [w(R-1) -w(R-2)]/T
for n=(R-1)
where:
n = index into the record of data points
w(n) = input sampled data point

T time interval between successive samples
R record length

!

DSA 601A and DSA 6024 User Reference 337



Algorithms

Envelope
Env,(w(n)) = null
for p=0
Env,(w(n)) = Minimum of [Env,-;(w(n)), w(n-1), wi(n)}
for p>0andn odd(l, 3, 5,...,R-2)
Env,(w(n)) = Maximum of [Envy.; (w(n)), w(n), win+i)]
for p>0andn even(Z, 4, 6,...,R-1)

where:
n = index into record of data points

w(n) = 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.

Exponentiat
Exp(w(n)) = *®

where:
n = index into record of data points

w(n) = input sampled data point

This function is implemented by a polynomial series approxima-
tion in the waveform processor.
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Fast Fourier Transform

The DSA computes an integer radix-2 FFT of a complex
sequence:

x(n} = win) + jb(n)

where
w(n) = the time-domain waveform point
b{n) =0

X(k) , the complex sequence representing the Discrete Fourier
Transform of the sequence x(n) , is computed as:

1 R-1
X0k mEZx(n) X Wy *xm
n=0
for k=[0 ... R-I}

where
R, the record length, is a power of 2

_n
WR =g "R

The linear magnitude (FFTmag ) and the phase (FF Tphase ) of
the FFT are computed as:

FFTmag(k) = JA(k)? + B(k)*

. B(k)
FFTphase(k) = arctan(A(k))

“where
A{k) = real part of X(k)
B(k) = imaginary part of X ()
The magnitude and phase for negative frequencies are dis-

carded, and linear interpolation is used to expand the positive
frequencies to fill the entire record length.
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The magnitude of the frequency spectrum in decibels is given as:
FFTmaggp(k) = 20 log(FFTmag(k))

where the 0 dBm point is defined as the sine wave of 0.316 V
peak (0.224 V ms), which gives 1.0 mW into 50 (.

Filter

Applies the Smooth function to a trace two times. The filter
function has two arguments. The first argument is the trace to be
filtered; the second argument is a rise time. Each time Filter is
evaluated, the record length, time per division, and the specified
rise time are used to calculate the number of dots to be used in
the smoothing algorithm.

Filter(w(n)) = Smooth{Smooth(w(n)))
where:

n+h

Smooth{w(n)) = (1/s) Z w(m) + (h ~n) x w(0)

m=0
for n<h

n+h

Smooth(w(n)) = (I/s| > w(m)

mzsn-fk
for h = n<s R-I-h

R-1 )
Smooth(w(n)) = (I/s)| > w(m) + (M=-I1-n) x w(M-1)

m=n-h

for 1 > M~I-h
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where
n = index into record of data points
w{n) = input sampled data points
s = smoothing interval = Round (sf)

_ risetime
" (time per dot) x 1.10557

sf

risetime = the second argument to Filter

where
risetime > 4 ps and <1000 s
h = half interval: (s - 1)/2 rounded up
R = record length in points

The smoothed trace is derived by computing the average value
of the corresponding point of the original frace and some number
of points of the original trace 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.
Near the ends of the trace, nonexistent points beyond the ends of
the trace are required for averaging. The nonexistent points are
assumed 1o be the value of the corresponding end points. This
method of extending the trace is arbitrary, so the results within a
sroothing interval of the ends of the trace must be interpreted
accordingly.

FFT Real and FFT IMAG

These functions extract the real and imaginary parts of the com-
plex fast Fourier transform.

FFTreal (w(n)) = Re [FFT(w(n))};
FFTimag (w(n)) = Im [FFT(w(n))}.

The DSA compensates for the loss of energy due to FFT window-
ing functions. The resulting FFT output is multiplied by the inverse
of the coherent gain of the window. However, if performing an
IFFT on the real and imaginary components created with one
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window while using another window, the correction will not work
right and the resulting scale of the IFFT output will be wrong.

FFT Windowing Functions

The selected FFT windowing function is applied to the time-do-
main waveform before the FFT is computed. The FFT windowing
functions are as follows:

Blackman x(n) = 0.42-0.5cos(2an/N) + 0.08cos(4nn/N)
forn=0,.., N-1
: 4
Blackman-Harris x(n) = 0.35875-0.48829 cos(2an/N)+0.14128 cos(—%’i)
~0.01168 cos(6an/N)
forn=0,.., N-1
Hamming x(n) = 0.54-0.46 (I-cos 2zn/N)
forn=0,.., N-I
Hanning X(;l) = 0.5 (1-cos 2an/N)
forn=0,.., N-1
Rectanguiar x(n)y =1
forn=0,.., N-1
. 2n
Triangular =—
g x{(n) N
forn=0,.., 35
2n
w D e
x(n) IS

N
o) me— ., N=1
for n >

where
® = the record length, which must be a power of 2.
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The filter characteristics of the FFT windowing functions are
summarized in the table below.

Frlter Characrenstrcs of FFr Wmdowmg Funcnons

H:ghest Noise 3dB 6dB
Windowing Side- Band- Band- Band-
Function lobe width width width

(dB) {bins) {bins) {bins)

Rectangular  -13 1.00 0.88 1.21 3.92 392

Scallop Worst
Loss Loss
(dB) (dB)

Trianguiar =27 1.33 1.28 1.78 1.82 3.07
Hanning -32 1.50 1.44 2.00 1.42 3.18
Hamming ~43 1.36 1.30 1.81 1.78 3.10
Blackman -58 1.73 1.68 2.35 1.10 3.47
Blackman-

Rarris -92 2.00 1.80 ‘ 272 0.83 3.85

These numbers are taken from a table in Frederic J Harris: Handbook of Digital
Signal Processing, edited by Dougtas F. Elliot, Academic Press, San Diego,
. 1887, pp. 254-255.

where
bins refers to the frequency bins, the even-numbered points in the
FFT waveform

highest sidelobe is the minimum stopband attenuation, which
indicates how well leakage is blocked.

noise bandwidth Is the equivalent noise bandwidth (the width of an
equivalent rectangular spectral response that would pass the same
noise power as this windowing function).

3 dB bandwidth and 6 dB bandwidth apply to the major lobe.
These affect the frequency resolution,

scallop loss is the attenuation of the windowing function atthe
odd-numbered {interpolated) points in the FFT waveiorm.

worst loss is the worst-case processing foss (the sum of the scallop
loss and the equivalent noise bandwidth, in dB.)
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Integrate
Intg(w(n)) =0
for n=0

m=1

Intg(win)) = [1/2 w(0) + w(m) +1/2 w(n)
n

<

for 1 =

where:!
n = index into record of data points

w(n) = input sampled data point
T = time interval between successive samples
R record length in points

xT
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interpolate

Intp(w(n)) = w(l) + [l”—g%-—::”—m] % (n - 1)

Jor al n ; [ =2 Candr = R-I

Intp(w(n)) =w(r)
Jor all n ; I<(Candr < R-1

Intp(w(n)) =w(l)
for alin ; ! = 0andr > R-1

Intp(w(n)) = win)

otherwise

where
n = index into record of data points

w(n) = input sampled data point

R = record length in points
! = index of the acquired data point preceding the

unacquired data
index of the acquired data point following the

unacquired data

f

r

Inverse Fourier Transform
Given the two waveform parameters of the IFFT function x,(n)
and x,(n) . the algorithm will compute the inverse fourier trans-

form of the complex sequence x,(n) +jx:(n) -

R-1
X(n) = > [xa(k) +jxa (k)] Wg ™

k=0
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X{n) itself is a complex sequence and the resulting waveform
output, x(n) is:

x(n) = Re|X(n)}

2R X
We=e ” 'k, where R is the record length, a power of 2.

Note that the 1/R scaling factor which could be applied either to
the forward or inverse FFT fransformation, is used in the first one.
A second note is on the use of FFT windowing function. The
scale of the FFT output was adjusted to compensate for the loss
of energy due to FFT windowing functions. When performing the
IFFT, the user must use the same type of windowing function in
order to get a correct factor for the resulting waveform.

Logarithm
Log(w(n)) = logio(w(n))

where;
n = index into record of data points
w(n) = input sampled data point

This function is implemented by a polynomiai series approxima-
tion in the waveform processor.

Naturat Logarithm
Ln(w(n)) = log.(w(n))

~where:
n = index into record of data points

w(n) = input sampled data point

This function is implemented by a polynomial series approxima-
tion in the waveform processor.
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Pulse
The pulse function is defined as:

Pulse(f;, fz) =0

or nT<t, and nT>¢;+1
2

Pulse(t;, fz) =]
Jor t;<nT <t;+1;

where T is the sample interval, t; is the pulse delay and t the
width of the pulse, in time units. The time reference for the pulse
is the first point of the acquired waveform, that is the left edge of
the screen.

Signum
Signum(w(n)) =1
Jor win) >0
Signum(w(n)) =0
for wn) =0
Signum(w(n)) = -1
Jor win) <0
where:

n = index into record of data points
w(n) = input sampled data point
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Smooth

n+h

Smooth(w(n)) = (1/s)| > w(m)+ (h-n) X w(0)

m={

for n<h

n+h

Smooth(w(n)) = (1/s) Z w{m)

m=n-h

for h < n < R-I-h

R-1
Smooth(w(n)) = (I/s)| >, w(m) + (R=1-n) X w(R~I)
m=n~h
for n>R-1-h
where:

n = index into record of data points

w(n) = input sampled data point

s = smoothing interval in samples; the second argument
h = half interval: (s - 1)/2 rounded down

R = record length in points

The smoothed waveform is derived by computing the average
value of the comresponding point of the original waveform and
some number of points of the original waveform on either side of
the comresponding point. The number of points on either side is
derived from the smoothing interval, the second argument of the
Smooth function.

Near the ends of the waveform, nonexistent points beyond the
ends of the wavefarm are required for averaging. The nonexistent
points are assumed 1o be the vaiue 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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Smoothing results in a bandwidth reduction which is a function of
the effective sample interval, T, and the number of points
smoothed, s.

Square Root
Sqrt(w(n)) = (w(m))'/?

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

This function is implemented by a polynomial series approxima-
tion in the waveform processor.

Interpolation Prefilter for Pan/Zoom Sinx/x Interpolation

In case of very fast rising edge signals, with few acquired points
during rise time, the sinx/x interpolation will introduce severe
ringing on the interpolated waveform.

In order to minimize this effect, the acquired data which meets
the above described criterias, is preprocessed, “prefiltered” by
applying the following algorithm.

Analyze six consecutive points p0......p5, and their five come-
sponding siopes, s0,.....84. ‘

If slope s2 is radically different than slopes s1 and s3, and if the
curve is much steeper at slope s2 than the rate of change around
p1 and p4 would seem to indicate, then move both p2 and p3
closer to each other vertically, by applying a correction:
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P4 S4 P5

53

P3
§2

P2
S1

PG S0 P1

Pan/Zoom Interpolation with Pre-Filter

f ((abs(s] -53)+€) < (abs(sI +53 -2 X 52)) {
if (abs(s0O—sl) < (abs(s2)/4))
p2 =p2 - correction X s2;
it (abs(s3 —-s4) < (abs(s2)/8))

p3 =p3 +correction X 52;

}

where
€=0.390625

correction = 0.145

have been determined empirically to limit overshoot to 3.5%.
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Histogram Waveform data is collected in 512 histogram buckets, in the array
Statistics histogram{512]. The total number of samples acquired within the
histogram box is N.

Peak_Peak Value

START bucket is the first non-empty entry in the histogram array.
STOP bucket is the last non-empty entry in the histogram array.

Peak_Peak = STOP_bucket - START bucket + 1

Mean value {u)
The histogram mean value is determined as:

STOP_ bucker . .
_ Z i X histogram{i}
k= N
i=START bucket

Standard Deviation (RMSA)
The standard deviation of the sample distribution is o:

STOP bucket

> histogramli] X (i - u)?
imSTART bucket

N-1

Gﬁ

Sample Distribution (n* «0)
The sample distribution in percentage is:
LY

2 histogram{i] x 100

iy

p £ ao%] =

N
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Measurements

Measurements are taken using the measurement parameters. You
can directly set many of the measurement pararmeters, or you
can specify that some are to be determined automatically by the
DSA. It is common to have the DSA dynamically measure fopline
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 is the percentage of topline to baseline height to use for
mesial level. Proximal and distal levels are calculated similarly
from percentage levels. 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 vaiue, count the number of data points
having that vaiue.

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 belowy), the
value associated with the point count is the topline. If the
largest point count is not greater than Floor , then the maxi-
murn 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 vaiue is used as the baseline.

The Floor value is caiculated as the maximum of two values,
AVE and Correction , 10 insure that the topline or baseline
calculated is appropriate for the waveform measurement
zone,

2 n
AVE = 2 > count,
n por count;

where:
count; = the jth non-zero point count in the waveform
histogram
n = the number of non-zero point counts in the waveiform
histogram

n
C tion = 8 + MULT ——
orrection = 8 U 3712

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.
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Area+
n-1 . ..
Area+ = zAbs{w(; + I)~—R£+ ABS[w{(j) - R] < T
j=m
where

m = index of left-most measurement zone sampie
n = index of right-most measurement zone sample
w(j) = input sampled data point

R = reference level measurement parameter

T = time interval between successive samples
Abs = the absolute vaiue function

Area-
n-1
w(+ 1) -R]+[w()-R]
Areg- =
rea Z 5 xT
}=m
where:

m = index of lefi-most measurement zone sample
n = index of right-most measurement zone sample
w(j) = input sampled data point
R
T

reference level measurement parameter
time interval between successive samples

i

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 1o determine the crossing time, when the
reference level value does not correspond 10 acquired data.
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Delay

1. On the selected waveform, search the measurement zone for
the left-most mesial crossing. The horizontal position is

Crossy .

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

3. Calculate the delay:

Delay = 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.

Duty Cycle

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

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

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

100 x Wi
DutyCycle = w%
Period

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

100 x Width %

DutyCycle = 100 -
utyL-ycie Period
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n-1
Pa 1 2 ™2
Energy = ZWO+ )2+WU) x T

Jj=m

m index of left-most measurement zone sample
n index of right-most measurement zone sample
w(j) = input sampled data point

T = time interval between successive samples

Fall

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

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

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

4, Calculate the fali time:
Fall = bp—ta

Linear interpolation between vertical points and between time
intervals is necessary 1o 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 zone for the left-most mesial cross-
ing of positive siope. 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 siope. 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.
If Cross, > Cross, ,set Cross; = Cross, , Cross, = Cross, |
and Slope = 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 1o 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:

)
Crosss; — 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,,f .

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

PeakPeak,,, .

3. Calculate the gain:
Gain = PeakPeak,, [ PeakPeak,,

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.

Max

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
Low@+ D) +wl)
Mean = ;Wp(n g
where:

m = index of left-most measurement zone sample
n = index of right-most measurement zone sample

w(j) = sampled data point
The summation extends over the interval of time corresponding 1o

one period when Data Interval is set to one period, or the entire
measuremnent zone when Data Interval is set to the entire zone.
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Mid
Max + Min
2

An overrange vaiue in the waveform record will qualify the meas-
urement with “2", 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 be “0.0000 ?V”. If the waveform is null, the
measurement value will show “eror”,

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 “emor”.

Overshoot

Max - topline
topline - baseline

OverShoot = 100

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

Peak-Peak
PegkPeak = Max - Min

An overrange or underrange value in the waveform record will
qualify the measurement with “2". If the waveform record has
both underrange and overrange values, the measurement readout
will be qualified with “=". If the waveform is nuil, the measure-
ment value will show “error”.
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Period

1. Search the measurement zone 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 10 the right of
the first mesial crossing. The horizontal coordinate of this

crossing is Cross, -

2 gearch the measurement zone for the left-most mesial cross-
ing of negative slope. Continue the search to the right to find
ihe first lower signai/noise ratio 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. If
Cross, > Cross, , set Cross; = Cross, , Cross; = Cross, .
and Slope = 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 rignt. It 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 = Crossy — 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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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 to the
selected waveform. (Perform a Skew measurement). This
value is Skew .

3. Calculate the phase shift:

Skew

Phase = | ———or
e (360 x Period

) MOD 360°

where:
MOD 360° is the “modulo 360" function.

If the measurement of either Period or Skew results in an error,
the Phase measurement will show “error”,

Prop Delay

1. Onthe selected waveform, search the measurement zone for
the left-most mesial crossing of the specified slope. The
horizontal position is Cross. .

2. Onthe delayed waveform, search the measurement zone for
the left-most mesial crossing of the specified slope. The

horizontal position is Crossg, -
3. Calculate the delay:

PropDelay = Crosse;— Crossay

Linear interpolation between vertical points and between time
intervals is necessary to determine the crossing time, when the
mesial vaiue does not comespond 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, & .

3. From the proximal crossing, examine points to the right,
iooking for the distal crossing tq . Update 1, if subsequent
proximai crossings are found.

4, Ca!culé‘te the rise time:
Rise =tg—1tp

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
n-t . 2 ~21172
russ = 3 220D +w ()]
- (n-m)
where: :

m = index of left-most measurement zone sample
n = index of right-most 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
measurement zone when Data Interval is setto the entire zone.
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Skew

1. On the reference waveform, search the measurement zone
for the left-most mesial crossing of the specified slope. The
horizontal position I8 Crossy .

2 On the selected waveiorm, search the measurement zone for
ihe teft-most mesial crossing of the specified slope. The

horizontal position i8 Cross.. .

3. Calculate the skew:
Skew = Crossse — Crossee

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

Under Shoot

baseline - Min

UnderShoot = 100 - — %
topline — baseline

If the vaiues of topline and baseline are equal, the measurement
value will show “eror”.
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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 1o 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 ratio 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. If
Cross, > Cross, , set Cross; = Cross, , Cross; = Cross, .
and Slope = negative.

4. Calcuiate 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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Domain
Measurements

Spectral
Frequency

Algorithms

There are two modes of operation, harmonic and peak search. {f
Search Mode is set to harmonic, the instrument will determine the
fundamental frequency, fo, by searching for the highest peak of
the FFT magnitude in the measurement zone. The harmonic
components are compuied as n X fo where n is the user de-
fined hanmonic number. Note that harmonic components will be
searched for outside the measurement zone as well. The upper
limit is the 1000t harmonic. The components larger than the

Nyquist frequency will fold back in the Nyquist range, ’% fsis
the sampling frequency); they are the aliased components of the
frequency spectrum.

in the peak search mode, no harmonic relations are assumed
between the spectral components. A spectral peak is defined as
a peak of the FFT magnitude waveform greater than a user
adjustable reference level. The index of the spectral peak 1o be
measured can be user specified.

In order to improve the frequency measurement and magnitude
resolution beyond the sampling resolution, the frequency and
magnitude of a peak (in either harmonic or peak search mode) is
determined by using a FFT interpolation algorithm.

Harmonic Mode

®  Scan measurement zone on FFT magnitude waveform to find

the highest spectral peak, S: =S , where ¢ isthe
waveform index of the highest peak.

8 Determine the largest adjacent spectral component,
Sz=8(-1} or S:=(t+1)

® Using FFT window characteristics, find the fundamental
frequency by interpolating between the two largest spectral
components.

fi1=({+ad) fo

DSA 6071A and DSA 602A User Reference 365



Algorithms

where:
fi = fundamental frequency

f, = frequency resolution

¢ = index of the highest peak

5= icoeff(0) x S,—icoeff(1) X S,
icoeff(2) X S2+5;

a=+1if S;=85{+1)

a=-11if S;=8(-~1)

icoeff(i) is an array of interpolation coefficients which depend
on the type of FFT Windowing Function.

m The nt frequency hammonic of the waveform is determined by
multiplying the user specified harmonic number by funda-
mental frequency, then searching the waveform for the
nearest spectral peak. The interpolation algorithm is applied
again in order to prevent the increase of the eror rate by the
harmonic number.

NOTES: interpolation Coefficients
Al even points of the N R EEEUETELIE P T
frequency magni-  FFT Window icoetf(0) icoeti(1) icoeft(2)
tude waveform are
results of FFT calcu- Blackman 25486667398 1.5170635356 1.0632064084
lation, and all oad Blackman-Harris 32326135798 21999343343 10653584909
points are linearly
interpolated points. Hamming 1.8732586725 (.7978634346 1.1807784758
Thus, the algorithm Hanning 50 10 10
ignores all odd
points. The real fre- Rectangular 1.0 0 1.0
quency resolution is Triangular 17708896670 07177145486  1.1063502367
twice the frequency
per point of the
waveform.
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Peak Search Mode

m  Scan the FFT Magnitude waveform to find the nth spectral
peak. A spectral peak is defined as a waveform peak above
a user adjusted reference level.

®  Apply the FFT interpolation algorithm described above, to
find the spectral frequency.

Spectral Harmonic Mode

Magnitude The DSA computes the magnitude of a harmonic frequency by
interpolating the FFT magnitude waveform and compensating for
the FFT windowing function effect.

®» The fundamental frequency is determined as described in the
speciral frequency algorithm.

= Given the frequency of the spectral component, the routine
identifies the two consecutive bins between which the har-
monic component is to be found. Smax is the amplitude of

the highest of the two adjacent spectral components.

® The amplitude of the harmonic peak is calculated by using
the frequency interpolation factor ¢ calculated for the funda-

mental frequency (see spectral frequency).

n= __M X weorrect
sin{nd) /o
weoeff{0
weorrect = f (0]
weoeff[i] X 6%

weoeff[0] + > 2

i=1
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where:

An = amplitude of the ¥ harmonic

weorrect = window correction factor

m = the FFT window order

weoeff[i] = FFT window coefficients given in next table.

o = interpolation factor (see Spectral Frequency)

indow Coefficients

FFT Window weoeff(0) weoetf(1) wooeff(2) weoefl{d) m
Blackman 0.42 ~-0.5 0.08 0 2
Blackman-Harris 0.35875 -0.48829 0.14128 001168 3
Hamming 0.54 -0.46 0 0 1
Hanning 05 -0.5 0 0 1
Rectangular 1.0 0 o 0 0
Triangular 0.5 0 0 0 -1

Peak Search Mode

In peak search mode, apply the FFT interpolation aigorithm and
magnitude correction 1o the spectral component which is the nth
peak of the FFT magnitude waveform.
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THD (Total

Harmonic
Distortion) ® Find the magnitude of the highest spectral peak and of

adjacent values: S(¢¢-1) ., S(¢) . S{¢/+ 1) inthe FFT magni-
tude waveform,

(SE-1)Y + (S¢+1))*
SE-D+SO+S¢+ 1)

Determine the fundamental frequency.

Ar=850+

®  For each of the first ten harmonic components detemmine the
three highest adjacent waveform points in the FFT magnitude
waveform, S~ 1), S(&) . §{¢+ 1) and compute:

S~ +(SE+1)

AnmS(g) +S(€_1) +S(£) +S(€+ 1)

for n=2,...10

s Compute Total Harmonic Distorticn

JAz ZrAs T+ A7
Aj

THD =
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Appendix E:
Hardcopy Defaults

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 Centrorics
Tek 4696 Dithered Vertical N/A Centronics
Tek 4697 Dithered Horizontal  N/A Centronics
Bitmap Screen Vertical BinHex Centronics
Dump Compacted

Alt Inkjet Draft Harizontal N/A Centronics
HPGL Screen NSA N/A Centronics

The default settings for the color map associated with a color
printer setting may be recovered by selecting Detauit Color Map
in the Hardcopy pop-up menu.
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Appendix F:

Messages

Selected
Message
Descriptions

The DSA displays a message at the top of the display whenever
one of the following events occurs:

» Errors indicate that the DSA cannot perform a requested
operation.

®» Wamings are displayed when the DSA performs the
requested operation, but wams you that the results may be
corrupted or meaningless.

m Ready Messages indicate that the DSA is waiting for your
response to complete the task.

» 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 using the HARDCOPY button, any
message on the display is removed immediaiely before making
the copy. If a hardcopy is initiated via the ASCHl COPY command,
any message on the display will be inciuded on your printed

copy.

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

Autoset - not functional with this waveform type.

The selecied waveform is a window waveform that has no “par-
ent” waveform on the Main time base, and the Main time base is
not triggered.
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That XY waveform has incompatible components.

You cannot create an XY waveform that cormpares 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 remete interface (GPIB or
RS-232-C) has disabled the touch panel. The DSA 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 off-line. Be
sure you have selected the appropriate output port from the
Hardcopy Options pop-up menu, and check the printer.

Hardcopy Aborted.

The user has aborted the print via “Flush Queue” or by pressing
the HARDCOPY button a second time. This message also ap-
pears if the output port is set to “Disk” and the print terminates
abnommally due to a disk error, for example “Directory Full.”
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Safety

The following safety information is provided for your protection
and to prevent damage to the DSA, and appiies to ail 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 life.

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 itseif,

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

Symbols in Manuals

®

Static Sensitive Devices

Symbols on Equipment

% S VAN

DANGER Protective ATTENTION
High Voltage ground {earth) Refer to
terminal manual

DSA 601A and DSA 802A User Reference 375




Safely

CAUTION

Operating the DSA
without the covers in
place may cause
overheating and
harm the DSA.

@ CAUTION

Applying a veltage
outside the range
printed on the plug-
in unit can result in
damage. Static elec-
tricity is also a
hazard.

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 DSA

The DSA is grounded through the power cord. To avoid electric
shock, plug the power cord into a properly wired receptacie
where earth ground has been verified by a qualified service
person. Do this before making connections to the input or output
terminals of the DSA,

Without the protective ground, all parts of the DSA are shock
hazards. This includes knobs and controls that may appear to be
insulators.

Use the Proper Fuse

Using an improper fuse can create a fire hazard. Always use
fuses that exactly meet the specifications in the parts list. Match
fuse type, voltage rating, and current rating.

Do Not Remove Covers or Panels
To avoid personal injury, do not operate the DSA without the
panels or covers.

Do Not Operate in Explosive Atmospheres

The DSA provides no explosion protéction from static discharges
or arcing components. Do not operate the DSA in an atmosphere
of explosive gases.

Elecirostatic Discharge

Never apply a voltage to a plug-in unit that is outside the range
printed on the front pane! of the plug-in unit. Operate the DSA
only in a static-controlled environment.
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Packaging for If you ship the DSA, pack it in the original shipping carion and
Shipment packing material. If the original packing material is unavailabie,
package the DSA as follows:

[] step 1: Obtain a corrugated cardboard shipping carton
with inside dimensions at least 15 cm (6 in) tailer, wider, and
deeper than the DSA. The shipping carion must be con-
structed of cardboard with 375 pound test strength.

[] step 2. 1f you are shipping the DSA to a Tektronix field
office for repair, attach a tag to the DSA showing the DSA
owner and address, the name of the person {o contact about
the DSA, the DSA type, and the serial number.

[ ] step3: Wrap the DSA with polyethylene sheeting or
equivalent material to protect the finish.

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

[(] Step5: Seal the carton with shipping tape or an industrial
stapler.
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Glossary

Acquisition
The process of sampling the signals coming through the
input channels and accumulating the samples into wave-
forms.

Act On Delta
An acquisition mode in which the DSA monitors an active
waveform for variations outside an enveloped waveform.

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

Annotation Lines
Lines that appear on the display to show the measurement or
frigger parameters.

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

Averaging
Displaying a waveform that is the averaged 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 DSAs and plug-in amplifiers, bandwidth
is usually given as an upper limit (the lower limit is DC).
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Base Label
The non-numeric portion of the label of a waveform acquired
in the repetitive single trigger or Act on Delta acquisition
mode. The label of each such waveform consists of the base
label followed by a sequentially assigned number.

Bitmap 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.

Calibration
Fine-tuning of the system for vertical and horizontal (time
base) accuracy. The DSA, plug-in units, and probes or
cables must be calibrated together as a system for best
accuracy.

Channel
The input connector on a plug-in unit, 10 which you attach a
probe or cable connected to the signal source. Also, the
smallest component of a waveform exprassion.

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

Command Line
See Entry Line

Compensation
For probes, the adjustment of controlling elements that
compensate for undesirable characteristics. Voltage probes
must be compensated. A screw on the probe is adjusted to
compensate the probe.

Control Knob
see Knob

Coupling
Coupling is used to block or pass all o part of a signal into
the digitizer or the trigger.
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Cursor
Any of four styles of paired markers that you position with the
knobs. The DSA displays the positions of the cursors and the
distance between them in axis units.

Default Measurement Parameter
A value from the default set of measurement parameters. You
can change the defauit values. Whenever a waveform is
created, the measurement parameters are copied from the
default set.

Deflection Factor
The ratio of input signal to response; the reciprocal of sensi-
tivity.

Degauss
To remove the magnetism of a mass of magnetic material.
Current probes must be degaussed before use. The CRT in
the DSA is degaussed at power up.

Dejitter
A waveform function that compensates for horizontal jitter in
a waveform by aligning waveform recards horizontally.

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
DSA B01A and DSA 602A, the ending measurement point for
timing measurements.
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Dithered
A hardcopy mode in which two colors or a black-and-white
pattem are used to produce varying shades of gray or color
corresponding to the different display colors.

Dithering
Pseudo-random noise added to the horizontal system to
enhance equivalent time performance. Also noise added to
the vertical system to enhance vertical resolution of averaged
signals.

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 dispiay.

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

Enhanced Accuracy
An automatic seif-calibration of the DSA and any installed
plug-in units as a system. Probes or cables must aiso be
calibrated as part of the system for best accuracy.

Entry Line
A text line that shows your input as you enter selections in a
pop-up menu. ‘

Enveloping
Displaying a waveform that shows the exiremes 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.
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Fast Fourier Transform (FFT)
A function that produces a display of the frequency spectrum
of a waveform. The DSA can display the magnitude and the
phase of components, as well as the real and imaginary
components in the frequency spectrum.

Fill
Refers o the completeness of a waveform record. 100% fill
is a complete record.

GPIB (General Purpose Interface Bus)
An interface (IEEE standard 488) that can be used for remote
computer control of, and data capture from, the DSA.

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 Description
See Waveform Description

Horizontal Size
The span of time displayed within each horizontal graticule
division.

icon
A special selector near the edge of the graticule or in a menu
that performs a specific function when touched.

Initialization
Setting the DSA to a known, default condition.
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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 control to which a knob
is assigned.

Knoh
One of the two large rotary controls below the DSA screen.

Knob Assignment
The vaiue that a knob wilt adjust at a given time.

Knob Menu
The on-screen menu that atways 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 primary time base on which waveforms are acquired.

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

Major Menu Button
A labeled button to the right of the display that determines
which major menu is displayed.
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Measurement
An automated numeric readout that the DSA provides and
updates directly from the displayed waveform in real time.

Measurement Parameter
One of several conirois, including reference values and
limits, that determine how measurements are taken. You can
change these parameters to control 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 middle point of a range of points. As used in the DSA,
the middle measurement point between proximal and distal
points for timing measurements, and the intermediate height
between baseline and topline for amplitude measurements.

Offset
A user-specified control that subtracts a specified voitage or
amperage from the input signal to vary the position of the
displayed signal.

Ontime
The cumulative number of hours the DSA has been powered
on.

Qutline Box :
A visual feedback mechanism of the touch panel. You
potential selection is always indicated by a box while your
finger is touching the screen.

Overdrive
A condition that occurs when amplifiers are driven into a
non-finear operating range.
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Overload
A condition that occurs when a potentially damaging voitage
is applied to the input connector.

Persistence Mode
A mode of operation where the DSA displays newly acquired
waveform data points while keeping the previously acquired
data points on the screen.

Pixel
A visible point on the display. The DSA display is 552 pixels
wide and 704 pixels high. Each pixel may be set internally to
any of the display colors.

Polarity
Changing the waveform or trigger polarity inverts the chan-
nel's signal.

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 jocated on the rear pane! of the
DSA.

Probe ID
A button on a probe that invokes acticns in the mainframe
when pressed. The action is specified in the Probes pop-up
menu of the Utility 1 major menu.

Proximal :
The point closest to a reference point. As used inthe
DSA 601A and DSA 602A, the beginning measurement point
for timing measurements.

Queuing (Spocling)
The temporary storage of data in preparation for cutput to an
extemal device, for example a printer or computer.
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Real 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 Length
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 DSA.

Sample Interval
The time interval between successive samples in a waveform
record.

Sample Rate
The speed with which the DSA acquires samples, expressed
in samples per second. The inverse of sample interval.

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.

Sensitivity
The ratio of the input signal to the displayed response. Most
often in input units/division.

Setting
The state of the front panel and system at a given time.
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Single Trigger
An acquisition mode in which acquisition is stopped &fter a
single trigger is detected and the time base duration has
expired.

Single Sweep
See Single Trigger

Single Shot
See Single Trigger

Soft keys
Refers 10 the keys on the dispiay panel, (the keys displayed
on the CRT). Also called selectors.

Spooling
See Queuing

Standby
_ A condition in which input power is disconnected from all but
a few of the DSA’s circuits. Standby is generally used when
the DSA is not in use.

Stored Setting
A complete copy of the instrument’s status at a particular
time that is saved in non volatile memory.

Stored Wavetorm
A collection of sampled points that constitute a single wave-
form record that is saved in memory or on a disk.

Sweep Speed
See Horizontal size

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

Trace
See Waveform

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

Trigger
An electrical event that is used as a horizontal reference for
acquired waveform samples.

Vertical Description
See Waveform Description

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

Volts/Division
See Vertical Size

Waveform
The visible representation of an input signal or combination
of signals.

Waveform Description
The definition of what the waveform displays. It can include
one or more channels combined arithmetically and modified
by functions.
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Waveform Number
A number assigned by the DSA o identify a waveform.
Displayed 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.

Window Timebase
The altemate timebase on which window waveforms are
acquired. The window time base always has a faster sweep
speed (smaller horizontal size) than the main fimebase.

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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Symbols

. (pointer), 104
.. (pointer}, 704

A

Accuracy, Enhanced, 7717-~772
Acquire Desc pop-up menu, 39—42, 44, 46, 59, 61, 72—75
Acquisition, 33—42, 44, 4652, 59
conditional, 39—42, 44, 48, 59, 61
Digitizer Interleave, 38, 57
equivalent time, 34—35
Incremental Acquire, 46 —48
real time, 33— 38, 57
sample rate, 321
single shot, 50, 52, 326, 327
Slow Sweep, 4648
- stopping and starting, 39, 59
transfer rate, 328
Act on Delta, 46, 53~67
delta actions, 57 —59
Delta Description, 54— 5656
Delta event, 54, 56

Act on Delta pop-up menu, 549
Adjustable Constants, 285286

Aigorithms
histograms, 357
measurement, 337, 352 — 364
waveform function, 337332, 334, 336 — 349

All Wims Status meny, 282
All Wfms Status selector, 282
Amplifiers. See Plug-in units

Annctations, 187
RemAnno icon, 265

Audio feedback, 63
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Autoset, 65—69
Hotizontal, 67 —68
Pan/Zoom, 69
search, 65
stored waveforms, 68
Vertical, 67
window, 69
XY waveforms, 69

AUTOSET button, 65
Autostore Parameters pop-up menu, 43—44

Averaging, 77— 75
Back-Weighted, 77, 328
Summation, 77, 328

Axis labels, 7139

B

Back-Weighted Averaging, 77, 328
Bandwidth, plug-in channeis, 206
Base Label, 182

Baseline, 352 —353

Beep. See Audio feedback
Brightness. See Display Intensity

Buttons, 2
AUTOSET, 65
DIGITIZER, 23, 39, 58 '
ENHANCED ACCURACY, 2—-3, 111112
HARDCOPY, 23, 157
MEASURE, 2—-3,72—13
PROBE ID, 275
STORE/RECALL, 23, 12—13
TRIGGER, 2—3, 12-13
UTILITY, 23, 12—13
WAVEFORM, 23, 12—13
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C

Cables, 273, 269

Calibration, 269
probes, 77, 217—219
self, 270

Calibrator, 77, 217 — 219
frequency, 77 —78
output connector, 77
output voltage, 77 78
Calibrator Output pop-up menu, 77—78
Calipers. See Cursors
Chan Sel selector, 278
Channel button, 202
Clear Waveform pop-up menu, 48— 48
Clearing waveforms, 48—49
Clock. See Time and date
Color, 7982
display, 269
pop-up menu, 79, 87, 107
windows, 298
Computer, remote control, 270

Connectors, 2, 45
CALIBRATOR Output, 77
GPiB, 135-1736, 7143
POWER, 209
PRINTER, 743
RS-232-C, 143144, 225

Constants, Adjusiable, 286

Copying Settings to Disk/RAM, 237

Coupling
plug-in channels, 205
trigger, 256

Coupling pop-up menu, 256 —257

Cursor Type pop-up menu, 85
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Cursaors, 83-90

D

Data format, 98
Default Format, 98

DefWfm

icon, 282

pop-up meny, 775, 282285, 287
Delete Setting pop-up menu, 234— 235, 238
Delete Waveform pop-up menu, 246, 248, 250

Diagnostics, 91—95, 270
extended, 97, 9395
power-on, 97— 92
self-test, 97, 93

Digitizer, 33

DIGITIZER button, 29, 59
Digitizer Filter, 206
Digitizer interleave, 38, 51

Directory
changing a directory, 702
contents, 7104
file list, 104
making a directory, 702
narning a directory, 702
removing a directory, 702
renaming a directory, 702
Directory Operations, 98, 102, 271
Disk
chkdsk command, 700
default prefix, 232
files, 232
format command, 700
label command, 700
storing settings, 232
Disk Copy pop-up menu, 2482489
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Disk Drive, 97— 104, 106

Disk Operations, 98, 100, 271
Display, 2, 6~7

Display intensity, 81, 107
Display Persistence, 709— 110
Displaying labels, 1770171

E

Enhanced Accuracy, 117—112, 211
Enveloping, 771—75

Equivalent time sampling, 34
Erasing nonvolatile RAM, 160~ 767
Error messages, 373-374

Errors, measurements, 194— 195

F

Fast. See Waveform Scaling

Fast Fourier Transforms, 713— 137, 133
aliasing, 120
Blackman-Harris window, 728
defining, 774
FFT Control pop-up menu, 716, 120121
FFTmag icon, 176—117
FFTphaicon, 716
hamming window, 727
hanning window, 126
imaginary component, 774
imaginary components, 773
magnitude formats, 7713
measurements, 130, 137
phase format selector, 776
real component, 173—1714
record length, 773
rectangular window, 724
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triangular window, 725
windowing functions, 723 — 129
File
atiributes, 104
data format, 704
File Data Format, 706
File extension number, 98
File List, 98
File Operations, 98, 104, 232, 271
File Type, selector, 99
Files
copying, 105
deleting, 105
prefix, 104, 105
read only, 704
read/write, 704
renaming, 704
Filter, digitizer, 206
“Format, 700

default, 98
Disk Ops pop-up menu, 700

Fuse, 4—5, 209, 315

G

Glitch capture. See Act on Defta

GPIB, 135—138
connector, 135136, 143
pop-up menu, 737—1738

Graticules, 139—1742
Graticules pop-up menu, 747—142
Ground reference, indicator, 299
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H

Hardcopy, 743152, 270
button, 757
color map, 7147 — 148
defaults, 377
pop-up menu, 88, 145150, 1562

HARDCOPY button, 757
Hardcopy Options pop-up menu, 377
High precision. See Waveform Scaling

Histogram, 796, 198, 200
acquisition, 798
clearing, 200
controls, 7196
creating, 796
displaying, 7196
displays, 198
Refresh Rate, 799
. scaling, 799
size, 198
statistical values, 200
Histograms, algorithms, 357
Horizontal
controls, 153— 758
icon, 153, 299
Pan/Zoom, 155— 156, 158
size and position, 35—38, 51, 1563158, 299
Horizontat Desc pop-up menu, 3536, 109, 110, 221 —222,
302—-304

Horizontal icon, 36, 153

I

icons, 8
Cursors, 84
DefWfm, 282
DISK, 703, 248
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FFYmag, 176117
FFTpha, 7176

horizontal, 36, 753, 299
main trigger, 253

RAM, 703

RemAnno, 265
RemCurs, 84

vertical, 277—279, 299
window trigger, 253, 298
Window1, 297 - 298

Ident pop-up menu, 163
impedance, 204

Incremental Acquire, 4648
Infinite persistence, 109

Information
erasing, 270
storage, 705

initialization, 168— 167, 270
erasing nonvolatile RAM, 760—167

initializing, 269
Input connectors. See Probes
input Parameters, pop-up menu, 204 —206
Input parameters, 203

pop-up menu, 203
Input Parameters pop-up menu, 202
Instrument Configuration, 763, 277
instrument Modes pop-up menu, 63, 712, 157158, 275 - 276
intensity, display, 87
Interpolation, zoom, 275
Inverse FFT, 713
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K

Keypad pop-up menu, 70—-177
Knob menu, 10—17
Knobs, 2, 10— 11

L

Label pop-up menu, 166— 170
Labelling disks, 700

Labels, 7165171, 269
base label, 770
displayed on graticule, 1770171
positioning, 777
LINE VOLTAGE SELECTOR switch, 209
L.ower Graticule pop-up menu, 147—1742

M

Main position. See Horizontal size and position
Main size. See Horizontal size and position

Measurements, 773, 775— 189, 182193
algorithms, 337, 352—364
Area+, 175, 354
Area-, 175, 354
comparing to references, 783--784
Cross, 174, 354
default parameters, 792793
defining, 776 — 178
Delay, 774, 355 -
Duty Cycle, 174, 355
Energy, 775, 356
Errors, 775, 176
erors, 194785
factors affecting accuracy, 75
Fall, 1774, 356
Frequency, 774, 357
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Gain, 173, 358

individual measurement pop-up menus, 785—786
Main-Win Trig Time, 174, 178—179, 358
Max, 173, 358

Mean, 173, 358

Mid, 173, 3589

Min, 773, 359

QOver Shoot, 773, 359
parameters, 185—189
Peak-Peak, 173, 359

Period, 174, 360

Phase, 174, 361

PropDelay, 174, 361

Rise, 174, 362

RMS, 7173, 362

setting up a waveform, 1775176
Skew, 174, 363

stored waveforms, 7182

trigger, 178—178

tUnder Shoot, 173, 363

Width, 774, 364

Measurements pop-up menu, 176 —178, 7180
Memory wraparound, repetitive single trigger, 43 —45
Menus, 12—29

Messages, 373—374

Mode pop-up menu, 267262

Modes pop-up menu, 66 —67, 247 —242, 295—296
Multitrace Pan/Zoom, 158 ‘

N

Nonvolatile RAM, erasing, 160767
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O

Offset, vertical, 206

ON/STANDBY switch, 209

Option 4C, 237, 239, 241, 244, 246, 250
Output port, 98

Overall intensity, 87

P

Packaging, 377

Pan/Zoom, 155—-158
multitrace, 758
pivot, 757

Persistence, 709

Phase Format selector, 7116

Plug-in units, 207208
bandwidth, 206
channel button, 202
compartments, 2
coupling, 205
DC circuit loading, 207
impedance, 204
input parameters, 203
installation, 207 —202
overdriving, 208
removal, 207

Pointers, 104

Pop-up menus, 6—7
Acquire Desc, 3942, 44, 46, 59, 61, 72—75
Act on Delta, 5459
Autostore Parameters, 43—44
Calibrator Output, 7778
Clear Waveform, 48—49
Color, 7982, 107
Coupling, 256 —-257
Cursor Type, 8385

DSA index
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DefWfm, 775, 282287
Delete Setting, 234~ 235, 238
Delete Waveform, 246, 248, 250
Directory Ops, 98, 703
Disk Copy, 237, 248—249
Disk Ops, 98—99, 101
FFT Control, 120— 121
File Ops, 98, 232
GPIB Parameters, 137138
Graticules, 147142
Hardcopy, 745149, 150, 152
Hardcopy Options, 377
Horizontal Desc, 35~36, 109~ 110, 221222, 302 —304
ident, 763
individual measurement, 785186
input Parameters, 202 — 206
Instrument Modes, 63, 112, 157158, 275276
Keypad, 10— 11
Label, 7166170
Lower Graticule, 747—742

" Measurements, 1776 178, 180
Mode, 267
Modes, 6667, 241 —242, 295296
Probe Compensation, 277, 218—278
Probes, 275—219
Recall Setting, 233
Recall Waveform, 243
Rem Wfm, 49
RS232C Parameters, 226 —228
Scan Using, 245 '
Source Desc (Main trigger), 2564—255
Source Desc (Window trigger), 260
Statistics Comp & Def, 180187, 183184, 192—193
Store Setting, 230, 237, 236
Store Waveform, 239—240
Time & Date, 257
Upper Graticule, 747742
Vertical Desc, 283— 285, 287, 293

POWER connector, 209
d Power-on, 209211

402 index



Prefix, default, 232

PRINCIPAL POWER SWITCH, 209

PRINTER connector, 743

Printing. See Hardcopy

Probe Calibration, 77, 2772179

Probe Compensation pop-up menu, 277279
Probe ID button, 215276

Probes, 77, 213— 219, 269
comnection, 274
installation, 274
intelligent, 215
Probe 1D function, 275

Probes pop-up menu, 275—279

R

Real Time sampling, 33—38, 57, 322—325
Recall Setting pop-up menu, 233
Recall Waveform pop-up menu, 243

Record length, 221—223, 322—325, 326
windows, 298

Rem Wfm pop-up menu, 49

Repetitive Single Trigger, 42, 44

RS-232-C connector, 143— 1744, 225
R$232C Parameters pop-up menu, 225228

S

Safety, 375-377

Sample rate, 38, 51, 320, 322-325
Scan Using pop-up menu, 245
Sensitivity, vertical, 206
Sequencing, 236

Set Next FPS, 2371—232

DSA Index
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Set Next FPS Index, 237
Set Next STO, 250
Set Next STO Index, 249
Settings
copying, 237
default, 759160
initialize, 759— 160
sequencing, 229, 236
stored, 705, 229231, 233236, 238
storing to disk, 232

Shipping, 377

Single Shot acquisition, 326, 327

Single Sequence, 42

Single Sweep. See Single Trigger

Single Trigger, 42

Source Desc (Main trigger) pop-up menu, 254—255
Source Desc pop-up menu (Window trigger), 260
Specifications, 30312, 3156—316, 378

Spectral Frequency, 775

Spectral Magnitude, 775

SRQ, 58

Gtatistics, 180—182
stored waveforms, 782

Statistics Comp & Def pop-up menu, 7801787, 783184,
182-~193

Store Next FPS, 237

Store Next FPS, 232

Store Setting pop-up menu, 230—237, 236
Store Waveform pop-up menu, 239—240
Stored settings, 229

Stored Waveforms, 239 — 246, 248—249
recovering from NVRAM, 250
scanning, 244 - 246
time stamp format, 247242
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Storing Information, 7056
Summation Averaging, 77
Sweep. See Waveforms
Sweep mag. See Pan/Zoom
Sweep Speed, 322 —325

Swilches, 2, 4—5
LINE VOLTAGE SELECTOR, 209
ON/STANDBY, 209

PRINCIPAL POWER SWITCH, 209
System Identification. See Instrument Configuration

T

Teksecure, 7158, 270
Text, displaying on screen, 269
Time & Date pop-up menu, 257

Time and Date, 269
.~ stored waveforms, 2471-—242

Time and date, 257

Time bases, 154

Topline, 352353

Total Harmonic Distortion, 175
Touch panel, 6—7

Trace. See Waveforms

Trace Separation, 299

Trigger
DC Level, 258
extemal. See Triggering source
intemal. See Triggering source

Trigger holdoff, range, 258
Trigger icon, 253

Triggering, 253 264
Auto Level Mode, 267
Auto mode, 267, 263 —264

DSA Index
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Booiean, 263 —264
coupling, 253, 256
events holdoff, 257
extended, 253, 262 —267
holdoff, 253, 258 —260
indicator, 258

level, 257
level-qualified, 267
mode, 267

Normai mode, 267
source, 253

source description, 258
status, 259

time holdoft, 257
time-qualified, 265— 266
windows, 253, 258, 258

U

Upper Graticule pop-up menu, 147— 142

Utility Major Menu, 269—271
Page to selector, 97

\'

Variable persistence, 109
Vectored waveforms, 273 —276

Vertical
accuracy. See Enhanced Accuracy
icon, 277 — 279, 299
offset, 206
polarity. See Waveforms, defining
position. See Vertical offset
sensitivity, 206
size and offset, 277 — 279, 299

Vertical Desc pop-up menu, 283285, 287, 293
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Waveform, scaling, 294
Waveforms, 2871 — 285, 287, 2980—296

clearing, 48— 49

defining, 287 — 285, 287
displaying, 270

functions, 72, 287 —280
modifying, 293

removing, 293 —294

scaling, 270, 294296
selecting, 140— 1741, 297282
size and position, 299

Stored, 782 Y
stored, 7105, 239—246, 248250, 270 g
Trace Separation, 279 L
vectoring, 273 —276

waveform descriptions, 287—284, 287

waveform function algorithms, 337332, 334, 336 —349

- waveform numbers, 297

XY, 301 —304

Wildcards

Windows, 287 — 299

?, 104
*, 104

color, 298

holdoff, 258

icons, 257

record length, 298
time base, 298
trigger icon, 298
triggering, 258, 298
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X

XY waveforms, 307 —304

Z

Zoom Interpolation, 275
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